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ABSTRACT

The e ffec ts  of q u an tita tiv e  a n d /o r  qualita tive  ch an g es  to  

d ie ta ry  fa t and  p ro te in  on  th e  genotoxicity  of d ie ta ry  carc in o g en s 

w ere evalu a ted  in  female BALB/c mice using  in v ivo  and  in  v itro  

b ac te ria l m utation a ssay s . An in crease  in d ie ta ry  fa t  co n ten t 

(from 1% to  20%) in c reased  th e  in v itro  ac tivation  of MelQ 

(2-am ino-3,4-dim ethylim idazo[4,5-f]quinoline) and T rp -P -2  

(3-am ino-l-m ethyl-5H -pyrido[4 ,3b]indole) with th e  ex ten t of th e  

in c rease  being d ep en d en t on th e  ty p e  of fa t used  a lth o u g h  th e  

ac tiva tion  of aflatoxin Bi was u n a lte red . Changes in  in v ivo  

genotoxicity  w ere also seen  b u t th ese  did not alw ays re f le c t th e  in  

v itro  re su lts .

As th e  p ro te in  co n ten t of th e  d ie t in c reased  from 5% to  20% 

th e re  was a  decline in th e  in  v ivo  m utagenicity  of aflatoxin  Bi (b u t 

no t MelQ and  T rp -P -2 ). Diet re la ted  changes to  hepatic  enzym es 

involved  in th e  ac tiva tion  and  detoxification of aflatoxin  Bi do no t 

explain th e  red u c tio n  in  genotoxicity  observ ed  in  mice fed  a h igh  

p ro te in  d iet. D istribu tion  s tu d ie s  indicate  th a t  d ie ta ry  fa t  and  

p ro te in  may in fluence  th e  u p tak e  and  tu rn o v e r  of m utagens in  th e  

liv e r a lth o u g h  fa t ap p ea red  not to  influence the  u p tak e  of com pounds 

from th e  g a s tro - in te s tin a l tra c t .

The d ie ta ry  fib re  p ec tin  sign ifican tly  in c reased  caecal n itra te  

re d u c ta se  a c tiv ity  b u t had  no a p p a re n t e ffec t on th e  in  v ivo  

n itro sa tio n  of am inopyrine to  th e  m utagen nitrosodim ethylam ine. 

Extrem e ch an g es  to  th e  g u t flo ra  (germ -free  mice com pared to 

conventional) how ever, did re s u lt  in  changes to hepatic  metabolism
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of m utagens in v ivo .

As th e  age of mice u sed  in  genotoxicity  a ssa y s  in c reased  from 2 

-  24 w eeks, th e  m utagenicity  in v ivo  and  in v itro  of MelQ and  

T rp -P -2  decreased . Sim ilarly, aflatoxin  Bi genotoxicity  was 

red u ced  in  o lder animals in v ivo  b u t no t in v itro . C hanges in 

hepatic  activation  and  detoxification cap ac ity  of th e  liv e r ap p ear 

to  explain th e se  age d ep en d en t chan g es . However age had  no 

co n sis ten t e ffec t on g u t flo ra  metabolism.

To im prove th e  sen s itiv ity  of th e  host-m ed ia ted  a ssay , various 

m odifications to  th e  a ssa y  w ere in v es tig a ted  an d  an a lysis  of th is  

bacte ria l d a ta  was a ss is te d  by  e lec tro n  m icroscopy showing b acte ria l 

d is trib u tio n  w ithin th e  liver.
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CHAPTER 1

In troduction

1. G eneral In troduction .

T hroughou t th e  world one in te n  d eath s a re  caused  by can cer 

(Howe 1986). However, can cer incidence a t ce rta in  anatom ical s ite s  

d isp lays m arked v aria tio n s  betw een populations. These v a ria tio n s  

occur betw een co u n tries , w ithin co u n tries  and over time ind ica ting  a  

m ajor role fo r environm ental fa c to rs  in the  etiology of cancer (Howe 

1986). If th e se  environm ental fac to rs  a re  iden tified , it may be 

possible fo r th e ir  role in  carcinogenesis to  be red u ced  o r even  

abolished. Some of th e  fac to rs  a re  well known, such  as tobacco, 

alcohol and a sb es to s , b u t o th e rs  have been more d ifficu lt to  

determ ine. Ways in  which th e  environm ent may ex ert its  in fluence 

on carcinogenesis a re  many, fo r example, by th e  prom otion of 

tum ours, by ac ting  as a source of carcinogens o r carcinogenic 

p re c u rso rs , o r by  modifying mammalian and g u t flo ra  metabolism 

(activation  o r detoxification) of carcinogenic compounds.

There is s tro n g  evidence to  su g g e s t th a t  among environm ental 

fac to rs , d ie t may be of p a rtic u la r  im portance in th e  developm ent of 

can cers  of th e  g a s tro -in te s tin a l t r a c t  and  b reast. W ynder & Gori 

(1977) estim ated th e  p ropo rtion  of d ie t re la ted  can cers  to  be almost 

60% fo r women and  over 40% fo r men. However, of possib ly  g re a te r  

concern , is th e  estim ate th a t  changes to  d ie ta ry  p rac tice s  could 

re su lt  in  th e  p rev en tio n  of 10 -  70% of cancer (Doll & Peto 1981).

A ran g e  of d ie ta ry  com ponents, from m acro -n u trien ts  to  vitam ins and  

trace  elem ents, a re  th o u g h t to  be involved in th e  enhancem ent and
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inh ib ition  of cancer. Thus fa r, th e re  is no reliab le evidence to  

ind icate  which d ie ta ry  changes would have th e  g re a te s t p rev en ta tiv e  

effect.

Age is  an o th er fac to r linked w ith cancer. At most s ite s  th e  

incidence ra te  of carcinomas p e r annum (i.e. th e  p robab ility  of 

developing a new cancer next year) in c reases in  p roportion  to  age 

(S tenback  & A rranto  1985). Cancer accounts, th e re fo re , fo r a  la rge  

p roportion  of deaths in o lder people and  th e  num ber of people within 

th ese  age g roups is increasing  considerably . According to Siegel 

(1981), 10.5% of people living in  developed co u n tries  a re  o v er 65 

y ears  and by th e  year 2000 th is  f ig u re  will have increased  to  12.1 -  

13.1%. U nderstand ing  th e  mechanism th a t  causes cancer incidence to 

in crease  with age may aid th e  trea tm en t of th is  d isease. However, 

a t p re sen t, th e re  is no consensus abou t th e  mechanisms involved.

The aim of th e  work p re sen te d  in th is  th e s is  was to gain a  

g re a te r  u n d ers tan d in g  of the  role of d ie t and  o th e r h o s t-re la ted  

fac to rs  in  carcinogenesis. The s tu d y  was prim arily  concerned  with 

the  effects  of age and  th e  d ie ta ry  com ponents, fa t, p ro te in  and 

fib re  on the  metabolism of poten tia l carcinogens. The carcinogens 

chosen for investigation  a re  those cpnsidered  to  have a role in  th e  

in itiation  p rocess of carcinogenesis in  man, in p a rtic u la r  those 

carcinogens found in food.

To investigate  th e  induction  and developm ent of carcinogenesis 

is a  time consuming and  expensive process. As a  re su lt, th e re  has 

been a move to develop te s ts  which both  cost le ss  and provide 

re su lts  a fte r  sh o rte r  periods. The realization  th a t  chemical
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carcinogens a re  freq u e n tly  m utagenic has given r ise  to bacteria l 

m utagenicity  te s ts  as a tool fo r a sse ss in g  the  carcinogenic 

poten tia l of chem icals, since th e  mechanism of change induced  in 

bacteria l DNA, by  chemicals, is considered  to be th e  same as th a t  

which in itia tes  can cer (Mohn 1981). Because of th ese  advan tages, 

sh o rt-te rm  b ac te ria l m utagenicity  a ssay s  w ere u sed  in th e  p re se n t 

s tu d y . Since th ese  te s ts  a re  simple models of h ighly  complex 

in te rac tio n s  th ey  do have th e ir  lim itations. For example, the  

simplified metabolic system  (hepatic  S9) which is used , re flec ts  

n e ith e r th e  pharm acokinetics, nor th e  metabolic capacity  of th e  

in tac t animal. To help overcome th e se  problem s, th e  in v ivo  

host-m ediated  b ac te ria l m utation a ssay  has also been employed to 

take in to  account changes in ab so rp tio n , excretion and o th e r in v ivo  

metabolic system s. To complement th is  work, experim ents have been 

ca rried  ou t in v estig a tin g  th e  e ffec t of d ie t and h o s t-re la ted  

fac to rs  on various a sp ec ts  of metabolism th a t occur in v ivo , 

including the  up take  of chem icals from th e  g a s tro -in te s tin a l tra c t, 

the  hepatic  ac tivation  (cytochrom e P450 and  mixed function  oxidases) 

and  detoxification (g lu tath ione and  g lu ta th ione tra n s fe ra se s )  of 

carcinogens and  the  metabolic ac tiv itie s  of the  g u t m icroflora th a t  

may be involved in th e  b io transform ation  of carcinogens o r th e ir  

p recu rso rs .

2. Formation a n d  metabolism of carcinogens.

a. Activation and detoxification .

The mechanism of chemical carcinogenesis and  m utagenesis is 

th o u g h t usually  to  involve th e  covalen t b inding of electrophilic  

re a c ta n ts  to nucleophilic s ite s  in cellu lar macromolecules such  as 

DNA (Bresnick 1980). C ertain  chem icals a re  reactiv e  p e r  se  while
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o th e rs  need to  be converted  to  reactive  m etabolites (Miller & Miller 

1979). C onsequently , any  modification to  th is  activation  p rocess , 

o r to  th e  detoxification of th ese  electroph iles may m arkedly a ffec t 

th e  su b seq u en t developm ent of cancer.

A ctivation to  a reactive  in term ediate  can be ca rried  o u t by a 

ran g e  of chemical reactions, term ed Phase I metabolism, of which 

oxidation v ia th e  cytochrom e P450-dependent monooxygenase system  is 

a p rim ary  ro u te  (Fig. 1).

xenobiotic

fa tty  acid s tero l

stero id

NADPH ► flavoprotein  --------- ► Cytochrome P450

red u c tase

H 20^  ^ROH

F igure  1. Cytochrome P450 d ependen t mixed function  

oxidase system  (Parke & Ioannides 1982).

[ This ub iqu itous mixed function  oxidase system , com prising of

cytochrom es P450 and cytochrom e P450 red u c tase  is, in mammalian 

tis su e s , located in  th e  endoplasm ic reticulum , w ith the  g re a te s t 

ac tiv ity  occu rrin g  in th e  smooth membranes of th e  liv e r (P arke & 

Ioannides 1982). C onsequently, th is  location is the  major s ite  of 

form ation of reac tiv e  in term ediates from environm ental chemicals.
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The cytochrom e P450 com ponent form s th e  term inal oxidase of 

th is  e lec tron  tra n s fe r  system  (Fig. 1) and  co n sis ts  of a  family of 

closely re la ted  isoenzym es w ith molecular w eights of 48000 -  60000, 

fo u rteen  of which have been p u rified  so fa r  in r a t  liver (Yang & Yoo 

1988).

The cytochrom e P450 red u c tase  is a  flav in-con ta in ing  enzyme 

consis ting  of flavin  adenine dinucleotide (FAD) and  flavin  

m ononucleotide (FMN) w ith a  monomeric molecular w eight of a round  

78000 (Yang & Yoo 1988). I ts  role in the  mixed function  oxidation 

system  is to  tr a n s fe r  e lec trons from NADPH to th e  cytochrom es P450 

(Fig. 1). In  so doing, th e  re su lta n t ferro -cy tochrom e P450 is  able 

to  cata lyse the  activation  of molecular oxygen w ith one of th e  

oxygen atoms being added to  th e  su b s tra te  (G uengerich & McDonald 

1984).

In  addition to th e  various cytochrom e P450 isoenzym es th e re  is 

an o th er more d is tin c t form of th is  cytochrom e -  cytochrom e P448 -  

which may also ex ist in v a ria n t forms. Parke and  Gray (1978) have 

postu la ted  th a t an  increase  of cytochrom e P448 in  th e  r a t  liv e r is 

an  indication of chemical toxicity. F u r th e r  to  th is  Ioannides e t 

al (1984) su g g es t th a t compounds which induce cytochrom e P448 should 

be considered  as potentia l carcinogens.

O ther Phase I reactions involved in xenobiotic metabolism 

include reduction , h y d ro lysis , h y d ra tio n  and isom erization. I t  is 

considered  th a t  th e  prim ary  function  of th is  g roup  of reactions is 

to p rep a re  th e  compound fo r th e  s e t of reac tions term ed Phase II 

metabolism o r conjugation , which generally  lead to a  w ater soluble
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p ro d u c t th a t  can  be excre ted  in bile o r u rine . As w ith Phase I, 

Phase II metabolism also involves a  d iverse  g roup  of enzym es acting  

on a la rg e  ran g e  of com pounds and  includes reac tio n s  su ch  as 

g lucuron ida tion , su lphation , g lu ta th ione  con jugation , m ethylation, 

g lucosidation , ace ty la tion  and  fa tty  acid conjugation .

C onjugation w ith g lu ta th ione  ('y-glutam ylcysteinylglycine; Fig. 

2) is an  im portan t detoxification pathw ay fo r a  num ber of m utagens 

and  carc inogens, includ ing  th e  reactiv e  m etabolites of aflatoxin Bi, 

benzo(a)pyrene , m ethyl-4-am inoazobenzene and  n itro p y ren e  (K ette re r 

1988).

SH
I

COOH CHz
I I
CHCH2CH2CONHCHCONHCH2COOH
I
NH2

F igu re  2. The s tru c tu re  of g lu tath ione

The cy ste in y l re s id u e  in g lu ta th io n e’s un ique tr ip e p tid e  

s tru c tu re  p ro v ides a  nucleophilic thio l which, to g e th e r  w ith its  n e t 

negative  ch arg e  and  h y d ro p h ility , a c ts  to in c rease  th e  aqueous 

so lub ility  of th e  lipophilic moieties w ith which i t  has become 

co n ju g a ted  (K ette re r e t al 1983), The high m olecular w eight of 

g lu ta th ione  e n su re s  th a t  g lu ta th ione  con ju g ates  a re  p re fe re n tia lly  

sec re te d  v ia  th e  b ilia ry  system . G lutathione a p p ea rs  to  be 

u n iv e rsa l in n a tu re  and  often  o ccu rs  a t  a h igh  in trace llu la r 

co n cen tra tio n  (5 -  lOmM in r a t  liver; K etterer 1988). At
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physiological pH it  ex ists  as two nucleophilic species -  g lu ta th ione 

an d  its  th io late  anion, although  th e  la t te r  only  re p re se n ts  1% of 

th e  to ta l g lu ta th ione  p re sen t. In  mammals, g lu ta th ione  con jugates  

a re  usually  metabolized fu r th e r  by h y d ro ly sis  and  N -acetylation, 

e ith e r  in th e  g u t o r k idney, to give N -acety lcyste iny l con jugates  

known as  m ercap turic  acids which a re  th e n  ex cre ted  in th e  u rin e  

(C hasseaud 1976).

The ca ta ly sis  of th e  in itia l con jugation  of th e  metabolite w ith 

g lu ta th ione  is c a rried  o u t by g lu ta th ione tra n s fe ra s e s  (Habig e t al 

1974) which a re  w idespread  in  both  animal and  p lan t t is su e s  (Grover 

& Sims 1964) occu rrin g  usually  as a  spectrum  of isoenzym es 

c h a rac te ris tic  of each p a rtic u la r  tis su e  (K ette rer 1988). In  the  

r a t  liv e r, th e  g re a te s t source of g lu tath ione tra n s fe ra se s  is in  th e  

cytosol (Tipping & K etterer 1981). There ap p ea r to  be a t  leas t ten  

soluble isoenzym es (K etterer 1988) with similar dim eric s tru c tu re s  

which have broad  overlapp ing  su b s tra te  spec ific ities and similar 

p hysica l p ro p e rtie s  (Habig e t al 1974).

b. Formation o f  carcinogens b y  th e  g u t flora.

The developm ent of cancer may also be in fluenced  by d ifferences 

in th e  form ation of carcinogens w ith in  th e  body, p a rtic u la rly  by th e  

g a s tro -in te s tin a l flora. Changes to  th is  complex microbial 

community, which is capable of metabolizing a  la rg e  v a rie ty  of 

xenobiotics and  endogenously  sy n thesized  com pounds, can a lte r  th e  

microbial b io transform ation  of compounds and  so modify any  

toxicological consequences of th is  metabolism fo r th e  h o s t (Rowland 

e t al 1985). For example, many fo reign  com pounds o r th e ir  

m etabolites, a re  con jugated  w ith g lucuronic acid in  th e  liver
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re n d e rin g  them  w ater-so lub le  and  usually  u n reac tiv e  and  so more 

su itab le  fo r  excretion  in to  th e  bile to be elim inated ev en tu a lly  v ia  

th e  faeces. In  th e  in te s tin a l t r a c t  th ese  con ju g ates  may be 

h y d ro ly sed  by  b acte ria l fi-g lucuron idase  enzym es, p re s e n t in  th e  g u t, 

lib e ra tin g  th e  p a re n t compound. As a  re s u lt  of th is  hyd ro ly sis , 

xenobiotics may be reab so rb ed  in to  th e  p o rta l system  giv ing  r ise  to 

en tero h ep a tic  c ircu lation  and  delaying excretion, th u s  p o ten tia tin g  

toxic o r carcinogen ic  e ffec ts  (Rowland & Walker 1983). A num ber of 

carc inogens a re  co n jugated  w ith  g lucuronic acid , fo r example, 

N -hydroxy-N -2-fluorenjjacetam ide (Grantham e t al 1970), 

benzo (a)py rene  (K inoshita & Gelboin 1978), n itro p y ren e  (Morotomi e t  

al 1985) and  4-acety lam inobiphenyl (Wheeler e t al 1975).

The g a s tro - in te s tin a l flo ra  can also hyd ro lyse  hepatic  

co n ju g a tes  form ed with su lfo n a te , amino acids o r acetic  acid. 

Glycosides may also be h y d ro ly sed  in the  g u t and  many p lan t 

g lycosides which a re  in g ested  in  th e  normal d ie t a re  h y d ro lysed  in  

th is  way w ith, in  c e r ta in  cases, toxic effects, fo r example, when 

cycasin  (the g lycoside of methylazoxym ethanol) o r cyanogenic 

g lycosides a re  in g ested  (Rowland & Walker 1983).

A fu r th e r  example of th e  ab ility  of g a s tro -in te s tin a l flo ra  to 

metabolize non-toxic xenobiotics to  reac tiv e  in term ed ia tes is the  

bac te ria l red u c tio n  of n itra te  to  n itr ite , ca rried  o u t prim arily  by 

th e  o ra l m icroflora (S p iegelhalder e t al 1976) red u c in g  n itra te  

rec ircu la ted  in  th e  saliva. I t  has  been estim ated th a t  as  much as 

25% of in g ested  n itra te  is re c irc u la te d  in to  saliva w ith 20% of th is  

sa liv ary  n itra te  being  red u ced  to  n itr ite  (S piegelhalder e t al 

1976)). N itrate  is a  normal c o n s titu en t of food, w ith v egetab les



and  d rin k in g  w ater being th e  p rincip le  sources. N itrite  is also 

p re s e n t as a  p re se rv a tiv e  in  meat and  o th e r cu red  p ro d u c ts . The 

consum ption of d ie ta ry  n itra te  and  n itr ite  in take  is estim ated  to 

lie betw een 30 -  300mg p e r  day for n itra te , b u t only 0.3 -  llm g  of 

n itr ite  p e r  day (ECETOC 1988).

N itrite  itse lf  is no t considered  to  be a  carcinogen  b u t i t  can 

combine w ith ce r ta in  amino g ro u p s to yield carcinogen ic  o r  m utagenic 

N -n itroso  com pounds (nitrosam ines o r n itrosam ides; G reen e t al

1982). This n itro sa tio n  reaction  usually  re q u ire s  an acid 

env ironm ent (such  as in th e  stomach) in which th e  n itr i te  is 

in itia lly  co n v erted  to  n itro u s  acid and th en  co n v erted  to  an  active  

n itro sa tin g  species. The n itro sa tio n  of the  te r t ia ry  amine, 

am inopyrine (un til re c en tly  u sed  commonly as an  analgesic), a s  shown 

in F igu re  3, p ro d u ces  th e  p o ten t carcinogen nitrosodim ethylam ine, 

causing  th e  induction  of liv e r  tum ours in ro d en ts  (Taylor & L ijinsky  

1975, Barale e t al 1981). The occu rrence  of N -nitroso  com pounds in  

normal g a s tr ic  co n ten ts  has been rep o rted  (Mysliwy e t al 1974) and 

is in c reased  in  th e  r a t  following colonization of th e  stom ach by 

n itra te  re d u c ta se -p o sitiv e  s tra in s  of b acte ria  (Hashimoto e t al

1976). F u rtherm ore , N -n itroso  compounds d e tec ted  in  hum an blood 

a re  co n sidered  to  be d e rived  from g astr ic  so u rces  (Fine e t al 1977, 

Kowalski e t al 1980).

As w ith all n itrosam ines, nitrosodim ethylam ine re q u ire s  

mammalian metabolism, p rim arily  by  the  hepatic  m onooxygenase system , 

to g en era te  i ts  active  form (Mailing 1966, G abridge & L egator 1969, 

review  by M ontesano & B artsch  1976). The u n s tab le  electroph ilic  

in term ed ia tes th a t  re s u lt  re a c t with cellu lar c o n stitu en ts , a lthough

-  30 -



ch3

H3C ' v/ Nv N— c 6h 5p
\ \H3C N '

c h 3
aminopyrine

+ HNO.
\
c h 3 
I

H3 0 V / f \ j \
o n A a  > - c 6H5

° - 1 \ n
O N O —|-----^

N O 
/  \

H3C CH-

I
CH

N \

ONO

h 3c ~ ^ . Ns\ n - c6h 5 

HO O

H20  \ + h n o 2

H3c
+ ; n — n = o

H3C /

nitrosodimethylamine

OH OH O C6H-CH3
1 1 11 r  1

H3C — C — C — C — N — N — NO

\ ~2H

O O O  C6H(:CH3II II II II
H3C — C — C — C — N — N — NO

1 -diketobutyryl-1 -phenyl-2-methyl-2-nitrosohydrazide

F ig u re  3. The n itro sa tio n  of am inopyrine in acidic conditions
(Barale e t al 1981)

-  31 -



H3C \
N —  N =r O

h 3c ^
Nitrosodimethylamine 

|  hydroxylation

h 3c -
.N — N = 0

N-methyl-N-hydroxymethylnitrosamine
h o h 2c

I
N— N = 0

-HCHO

H3C

H > y H 20

|| H2C — N =  N

h 3c — n = n — o h
m e t h y ld ia z o n i u m  hydroxide

*
+H3C— N =  N

I-N2

h 3c +
methyicarbonium ion

i
binds to cellular macromolecules

F igure  4. The ac tiv a tio n  of nitrosodim ethylam ine 
(Lai & Arcos 1980)

-  32 -



it  is the  m ethylcarbonium  ion (Fig. 4) th a t  is th o u g h t to  in itia te  

can ce r v ia DNA m ethylation (Magee & B arnes 1967, Lai & Arcos 1980, 

Pegg & P e rry  1981).

The g u t flo ra  has a  fu r th e r  c ru c ia l role in  th e  metabolism of 

n itrocom pounds. The red u c tio n  p ro d u c ts  of c e r ta in  arom atic and 

he terocyclic  nitrocom pounds -  used  in  both  in d u s try  and  medicine -  

have been found to  be toxic, carcinogenic  o r m utagenic, as  fo r 

example, th e  r a t  hepatocarcinogen , d in itro to luene  (Rowland e t al

1985).

The p resen ce  of a  g u t flo ra  can, th e re fo re , have im portan t 

im plications fo r xenobiotic metabolism w ithin th e  in te s tin a l t r a c t  

in d ica ting  th a t  th e  g u t flo ra  may have an im portan t ro le  in 

carcinogenesis. In v estig a tio n s  in to  th e  e ffec t of th e  g u t flo ra  on 

in te s tin a l carcinogenesis w ere c a rrie d  o u t by  L aqueu r e t al (1967). 

They found th a t while cycasin  was a  p o ten t in te s tin a l carcinogen  in  

conven tional-flo ra  ro d en ts , in  th e ir  ge rm -free  c o u n te rp a r ts , no 

tum ours o r hepatotoxicity  w ere ap p aren t. This was a ttr ib u te d  to  

th e  lack of fi-g lucosidase in  th e  germ -free  animals. Even tho u g h  

th is  is th e  only example of a  specific  bac te ria l enzym e being 

c learly  incrim inated in th e  causation  of tum ours, th e  g u t flo ra  has 

been  found, w ith c e rta in  in te s tin a l carcinogens su ch  as  

d im ethy lhydrazine, to  have a  tum our prom oting e ffec t (Reddy e t al 

1974) while w ith o th e r carcinogens th e  p resen ce  of a  g u t flo ra  has a  

p ro tec tiv e  effect, as w ith azoxym ethane (Reddy e t  al 1975), 

N -m ethy l-N -n itro -N -n itrosoguanid ine and N -m ethy l-N -n itrosourea  

(Balish e t al 1977).
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In  addition  to chem icals p re s e n t  in  th e  in te s tin e , th e  g u t 

flo ra  ap p ea rs  to  have a  ro le in  th e  metabolism of carc inogens a t 

o th e r  s ite s  of th e  body, fo r in s tan ce , Roe & G rant (1970) found 

g erm -free  animals to  have a  lower incidence of d im ethylbenz- 

a n th racen e -in d u ced  hepatic  tum ours th a n  animals w ith a  conventional 

flora. To in v estig a te  th is  phenom enon fu r th e r ,  an  in v ivo  

investiga tion , rep o rte d  in  C hap ter 5 of th is  th e s is , was c a rrie d  ou t 

examining th e  e ffec t of g e rm -free  s ta tu s  on th e  hepatic  m utagenicity  

of com pounds found in  food.

3. D ietary C arcinogens.

The p resence  of carc inogens o r  th e ir  p re c u rso rs  in th e  d ie t is 

likely to be an  im portan t fac to r in  th e  aetiology of human cancer.

This g roup  of com pounds may a rise  from a num ber of so u rces, such  as 

cooking, microbial deg rad atio n  of food, a rtific ia lly  added  chemicals 

o r from chemical re s id u es  deriv ed  from p estic id es  and  fungicides. 

Because of th e ir  possib le  role in  th e  developm ent of can cer, the  

carcinogens chosen  fo r th e  p re s e n t s tu d y  w ere o ften  selec ted  from 

those  found in  th e  human d iet. In  p a rtic u la r  two cooked food 

m utagens 2-am ino-3,4-dim ethylim idazo-[4,5-f]quinoline (MelQ) and 

3-am ino-l-m ethy l-5H -pyrido[4 ,3 -b]indo le  (T rp -P -2 ), re p re se n tin g  the  

c lasses aminoimidazo azaa ren es  and  am inocarbolines re sp ec tiv e ly , 

w ere used  and  th e  fu ngal m etabolite aflatoxin Bi, w hich is a  common 

contam inant of s tap le  c a rb o h y d ra te  foods in  tro p ica l co u n trie s  (Fig.

5).

a. Cooked-food m utagens .

I t  was f i r s t  rea lized  th a t  cooked food could be a  source  of 

carcinogens when L ijinsky  and  S hub ik  (1964) d iscovered  polycyclic
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arom atic hyd ro carb o n s, su ch  as  benzo(a)pyrene , w ere com bustion 

p ro d u c ts  of fa t on g rilled , smoked o r fr ied  meat o r fish  (L ijinsky  & 

Ross 1957). More recen tly  p y ro ly s is  p ro d u c ts  of p ro te in  

(heterocyclic  arom atic amines) found in ch arco a l-g rilled  s teak s  and  

smoked food, w ere found to  be h ighly  m utagenic (Sugim ura e t al 1977, 

Nagao e t al 1977). The most p o ten t m utagenic a c tiv ity  was ob serv ed  

fo r p y ro ly sa tes  of D-L try p to p h a n , namely 3-am ino-1,4-dim ethy 1-5H- 

pyrido[4 ,3-b]indo le  (T rp -P -1 ) an d  3-am ino-1-m ethyl-5H -pyrido 

[4 ,3-b]indole (T rp -P -2 ) (Sugim ura e t al 1977, Kosuge e t al 1978). 

However, th ese  com pounds form ed by  grilling  fish  and  beef (Yamaizumi 

e t al 1980, Yamaiguchi e t al 1980) accounted  fo r only a  small 

p ro p o rtio n  of the  to ta l m utagenic ac tiv ity  p re s e n t and  a re  only 

form ed a t v e ry  high  tem p e ra tu res  not norm ally u sed  in  cooking. 

F u r th e r  m utagenic com pounds w ere iso lated  from beef (Commoner e t al

1978) and  sa rd in es  (Kasai e t al 1979) cooked a t  tem p era tu res  below 

200°C and  iden tified  as 2-am ino-3-m ethylim idazo[4,5-f]quinoline 

(IQ), 2-am ino-3,4-dim ethylim idazo[4,5-f]quinoline (MelQ) and

2-am ino-3,8,dim ethylim idazo[4,5-f] quinoxaline (MelQx) (Kasai e t al 

1980a,b, 1981b). Sugim ura (1985) estim ated th a t  th e  av erag e  in take  

of heterocyclic  amines is a ro u n d  lOOpg daily, a lthough  th is  may v a ry  

considerab ly  depending  on th e  d ie t of an  ind iv idual.

Heterocyclic amines a re  form ed via MaiUard (non-enzym ic 

brow ning) reactions (S p ingarn  & Garvie 1979, Powrie e t al 1981, 

Shibamoto 1982). A pathw ay fo r th e  form ation of th e  

im idazoquinolines has been p roposed  by J a g e rs ta d  e t al (1986) in 

which c rea tin in e , ob tained  on heating  c rea tin e , form s th e  imidazole 

p a r t  of the  molecule. The quinoline moiety is  th o u g h t to  a rise  

p rim arily  from a  condensation  reactio n  betw een pyrim idines (Maillard
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reaction  p ro d u c ts ) and  a ldehydes (formed via S tre c k e r  d eg rad a tio n  of 

free  amino acids). A num ber of heterocyclic  amines have been  shown 

to be carcinogenic  in  ro d e n ts  p roducing  tum ours in  a  ran g e  of 

tis su e s , a lthough  th e  s tu d ie s  used  v e ry  high doses of compound. For 

in s tan ce , in  th e  s tu d y  of Takayama e t al (1984) 3 -  4mg of IQ w ere 

g iven  each day fo r 35 w eeks to  ra ts . IQ and  IQ ty p e  com pounds have 

been found to  be m ultipo tent carcinogens, w hereas th e  try p to p h a n  

p y ro ly sa te s  te n d  to  p roduce  tum ours in th e  liver only  (M atsukura e t 

al 1981, Hosaka e t al 1981, Takayama e t al 1985).

These com pounds re q u ire  metabolic activation  to  be m utagenic 

(Sugim ura 1982, Felton e t al 1986), with much evidence im plicating 

th e  action  of cytochrom e P448 of the  mixed function  oxidase pathw ay 

(Ishii e t al 1980a,b, Yamazoe e t al 1983, Alldrick e t al 1986,

W atanabe e t al 1982). The proposed  pathw ay of T rp -P -2  activation

is shown in F igure  6. The activation  of IQ-like com pounds by

N-oxidation of th e  exocyclic amino g roup  (Barnes e t al 1985) 

involves cytochrom e P448 mediated N -hydroxylation (Yamazoe e t al

1983). This m etabolite, like N-OH-Trp-P-2, is su b je c t to  fu r th e r  

metabolism by enzym es p re s e n t in th e  cytosol (A bu-S hakra  e t al 

1986), w ith th e  ultim ate m utagenic species being su lp h a te  e s te r s  of 

N -hydroxides (Nagao e t al 1983).

T u resk y  e t al (1986) iden tified  a  non-m utagenic sulpham ate 

d e riv a tiv e  as th e  m ajor b ilia ry  metabolite of IQ in  r a ts  su g g es tin g  

th e re fo re , th a t  N -sulphation  is a  m ajor co n tr ib u to r  to th e  

detoxification and  elim ination of IQ. A nother ro u te  of 

detoxification fo r MelQ and  IQ may involve con jugation  w ith 

g lu tath ione (Loretz & Pariza  1984, Alldrick e t al 1986). A lthough
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-  38 -



conjugation  of N-OH-Trp-P-2 w ith  g lu ta th ione  has been  dem onstrated , 

w ith th e  p ro d u c tio n  of a t  le a s t th re e  d iffe ren t co n ju g a tes , one of 

th ese  was more m utagenic th a n  N-OH-Trp-P-2 (Saito e t  al 1984).

b. A flatoxin Bi

Aflatoxin Bi is  a  p ro d u c t of th e  fu n g u s  A sperg illu s  fla v u s  

which commonly contam inates p e an u ts  and o th e r s tap le  c a rb o h y d ra te  

foods s to red  in c e r ta in  tro p ica l clim ates and  has been s tro n g ly  

associated  w ith th e  p re sen ce  of can ce r of th e  liv e r in  th e se  

co u n trie s  (P eers  & Linsell 1973, P ee rs  e t al 1976, review  by  Natl.

Acad. Sci. 1982). Aflatoxin Bi (Fig 5) is th e  most p o ten t 

hepatocarc inogen  known, a lthough  i t  can p roduce tum ours in  a  num ber 

of o th e r  s ite s  inc lud ing  th e  stom ach (B utler & B arnes 1966), colon 

(Newberne & R odgers 1973), k idney  (E pstein  e t al 1969) and  lung  

(Newberne e t al 1967). The m utagenic p ro p e rtie s  of aflatoxin Bi 

a re  d ep en d en t upon its  v in y l e th e r  double bond (Coles e t al 1977) 

w ith th e  reac tiv e  m etabolite being th e  epoxide, aflatoxin 

Bi-2,3-oxide (sometimes num bered  8,9; G arner e t al 1972, Sw enson e t  

al 1977). This m etabolite covalen tly  b inds to  N7 of guan ine in  RNA 

and  DNA (Lin e t al 1977, Croy e t al 1978). I t  has been p roposed  

th a t th is  ac tiva tion  of aflatoxin  Bi is only a minor pathw ay in  th e  

to ta l metabolism of th is  com pound -  th e  m ajor pa thw ays p ro d u c in g  

detoxification p ro d u c ts  (Fig. 7) w ith th e  exception p e rh a p s  of 

aflatoxicol, which is read ily  co n v erted  back to  aflatoxin Bi, an d  

may se rv e  as a  re se rv o ir  of aflatoxin  since i ts  form ation may 

prolong cellu lar exposure  to  th e  carcinogen  (Hsieh 1986).

T here  is considerab le  ev idence  to  indicate  th a t  th e  metabolism 

of aflatoxin to i ts  active  form re q u ire s  th e  cytochrom e
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P 450-dependent mixed func tion  oxidase system  (Yoshizawa e t al 1982, 

Swenson e t al 1977, Ames e t al 1973, Lin e t al 1977) and  sev era l 

forms of cytochrom e P450 a p p ea r to  be involved, includ ing  some P448 

species (Ish ii e t al 1986, Shim ada e t al 1987, Yoshizawa e t  al 

1982).

The main detoxification pathw ay  fo r th e  aflatoxin Bi-epoxide is 

con jugation  to g lu ta th ione  (Degan & Neumann 1978, 1981) m ediated by  

glu ta th ione tra n s fe ra se  (Swenson e t  al 1975, Lotlikar e t al 1980) 

a lthough  an o th er possib le detoxification pathw ay is h y d ra tio n  to  th e  

dihydrodiol followed by con jugation , a t  one of th e  hydroxyl g ro u p s, 

with g lucuron ide o r su lphate .

In  addition  to  form ing a d d u c ts  in  nucleic acids o r con jugation  

with g lu ta th ione , th e  epoxide may form dihydrod io ls o r hem iacetals. 

These may also be active  v ia  form ation of d ialdehyde phenolate  

in term ediate  which re a c ts  w ith p rim ary  amines in  p ro te in  to  form a 

Schiff base as a  biochemical lesion (Hsieh & Wong 1982).

I t  can be seen  th a t  d ie ta ry  com ponents such  as  cooked food 

m utagens o r aflatoxin Bi may have an  im portan t role in in itia ting  

cancer in man. However, o th e r  d ie ta ry  com ponents including  

n u tr ie n ts  may also have a  ro le  in  carcinogenesis.

4. D ietary m odification of c an ce r

a. Epidemiological ev idence

A d ie ta ry  com ponent w hich is th o u g h t to  have a  m arked role in  

a lte ring  th e  developm ent of c an ce r is  d ie ta ry  fa t. Demographic
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s tu d ies  have revealed  a  s tro n g  and  co n sis ten t link betw een p e r  

capita  in take  of d ie ta ry  fa t  and  b re a s t cancer incidence and  

m ortality  (review  by Natl. Acad. Sci. 1982, D rasar & Irv in g  1973,

Gray e t al 1979). In  add ition , d ie ta ry  fa t has been associated  

w ith can ce rs  of th e  colon (D rasar & Irv in g  1973), rectum  (Jain  e t  al

1980) and  p ro s ta te  (A rm strong & Doll 1975, Rose e t al 1986). This 

association has also been  su p p o rted  by inv estig a tio n s  of m ig ran t 

populations, no tab ly  th e  Japanese , w here incidence of b re a s t  and  

colon can ce r has been found to  be h ig h er in th e  f i r s t  and  second 

generation  of Jap an ese  im m igrants to Hawaii and  California th a n  in 

native Jap an ese  living in Jap an  (Buell 1973, Haenzsal e t al 1973).

I t  has also become ev id en t th a t  in low risk  co u n trie s  underg o in g  

w estern ization  th e re  has been  a r is e  in b re a s t can cer incidence 

(Reddy e t al 1980, Hirayama 1979). A com parison of th e  levels of 

cancer betw een g ro u p s of people w ithin a co u n try  has also im plicated 

d ie ta ry  fa t as a m ajor cause  of colon and  b re a s t  cancer. For 

example, S even th  Day A dven tists, who r e s tr ic t  th e ir  meat in tak e  and  

so lower th e ir  fa t consum ption, exhib it a  lower incidence of b re a s t  

and colon can ce r com pared to  non-A dven tis ts  from th e  same a re a  

(Phillips 1975, Jen se n  1983).

There is how ever, some d isp u te  over th e  im portance of 

p a rtic u la r  a sp ec ts  of d ie ta ry  fa t and  th e ir  association  w ith cancer.

F urtherm ore, meat consum ption -  especially  beef -  is an  im portan t 

source of d ie ta ry  fa t and  has also been  linked  w ith can ce r of th e  

colon and b re a s t  (review  by A rm strong & Doll 1975, M cKeown-Eyssen & 

B righ t-S ee 1984). Meat is , of cou rse , also a  m ajor d ie ta ry  source

iple ̂ w h e th e r
*4 rz,

For exam ple,!w hether th e  fac to r involved is animal fa t, sa tu ra te d

sa tu ra te d  fa t o r content,
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of p ro te in , so i t  has not been s u rp r is in g  th a t  epidem iological 

s tu d ie s  have revealed  co rre la tio n s  betw een th e  incidence of, and  

m ortality  from, cancer of th e  b re a s t  and  la rg e  bowel of v a rio u s  

c o u n trie s  w ith p e r  capita  in tak es  of both  to ta l p ro te in  and  animal 

p ro te in  (A rm strong &. Doll 1975, D rasar & Irv in g  1973). However, i t  

is  d ifficu lt to d is tin g u ish  th e  ro le  of d ie ta ry  p ro te in  and  fa t  in  

th e  aetiology of can ce r because of th e  v e ry  high  association  betw een 

fa t and  p ro te in  in take  in  w este rn  d ie ts  (Natl. Acad. Sci. 1982).

In  add ition , to ta l caloric in tak e  has been linked  to  tum ourigenesis  

(K ritchevsky  1986) b u t again  th e  in te rp re ta tio n  of th is  co rre la tio n  

is com plicated by th e  a lte red  d is tr ib u tio n  of specific  n u tr ie n ts  

su ch  as fa t, ca rb o h y d ra te  and  f ib re  which may in d ep en d en tly  

in fluence carcinogenesis (Natl. Acad. Sci. 1982).

I t  is p e rh a p s  notew orthy  th a t  a  num ber of epidem iological 

investig a tio n s  have failed to  fin d  a  co rre la tion  w ith fa t in tak e  and  

can ce rs  of th e  b re a s t and  colon (Bingham e t al 1979, Lyon & Sorenson 

1978, Smith e t al 1985, K atsouyanni e t al 1986, M ettlin 1984, 

Stemmermann e t al 1984) o r w ith  meat consum ption (Enstrom  1975, 

Graham e t al 1978, Kinlen 1982). Many of th e se  s tu d ie s  u sed  data

deriv ed  from a  single co u n try . I t  is possib le  th e re fo re , th a t  th e

d ie ts  w ere too uniform  to  perm it associations betw een d ie t and  

d isease to  be d e tec ted  (Reddy 1986). D ifferences in  consum ption of

d ie ta ry  fib re  o r  o th e r food item s th a t  may red u ce  can ce r r is k  may

also have co n trib u ted  to  th e se  conflic ting  re su lts . This was 

considered  to be th e  case in  a  s tu d y  by  M acLennan e t al (1978) in  

which th e  d ie ts  of two S candinav ian  populations, who had  d iffering  

r isk s  fo r colon cancer, had a  sim ilar fa t co n ten t b u t contained  

d iffe ren t am ounts of fib re .



D ietary fib re  has o ften  been  p u rp o r te d  to  have a  p ro tec tiv e  

role a g a in s t cancer, no tab ly  can ce r of th e  la rg e  bowel (K ritchevsky 

1986). The re s u lts  of epidem iological s tu d ie s  bo th  su p p o rt (IARC 

1977, Modan e t al 1975, Jen so n  e t al 1982, Rozen e t  al 1981, Dales 

e t al 1978) and conflict w ith th is  h y p o th esis  (Jain  e t al 1980,

Phillips 1975, Hill e t al 1979). For example, Bingham e t al (1979) 

found  th e re  to  be no s ig n ifican t co rre la tio n  betw een to ta l f ib re  

in tak e  and  co rresp o n d in g  m ortality  ra te s  fo r colon and  rec ta l 

c an ce rs  in  d iffe ren t reg io n s  of G reat B ritain . However, when the  

e ffec ts  of ind iv idual com ponents of fib re  w ere examined, th e re  was 

an  in v e rse  co rre la tion  betw een colon can ce r incidence and  th e  

consum ption of th e  p en to san  frac tio n  of f ib re  (found in  whole w heat 

p ro d u c ts ) su g g es tin g  th a t  fu r th e r  epidem iological s tu d ie s  on fib re  

should  co n cen tra te  on an a ly sis  of specific  d ie ta ry  fib re  com ponents.

Epidemiological in v estig a tio n s  have p layed  an im portan t ro le  in 

determ ining  the  association  betw een d ie t an d  human cancer.

However, th ese  s tu d ie s  a re  lim ited in  th e ir  in te rp re ta tio n  a s  th e y  

a re  conducted  on h e te ro g en e tic  populations consum ing complex and 

v aried  d ie ts. Problem s th e re fo re  a rise  in evalua ting  p rec ise  

levels of exposure  o r in  determ in ing  th e  role of specific  d ie ta ry  

co n stitu en ts . In  o rd e r  to  p rov ide  fu r th e r  ev idence to  su p p o rt 

h yp o th eses  deriv ed  from epidem ological in v estig a tio n s  on th e  role of 

d ie t and  n u tritio n  in th e  developm ent of can ce r, experim ental 

s tu d ie s  on animals w ere c a rr ie d  out.

b. Experim ental ev idence

As early  as  1942, Tannenbaum  dem onstra ted  th a t  d ie ta ry  fa t  

enhanced  th e  developm ent of bo th  chem ically and  spon taneously
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induced  mammary tum ours in mice, th u s  su p p o rtin g  th e  re s u lts  of 

epidem iological s tu d ies. Since th en , num erous in v estig a tio n s  

(review  by  W eisburger 1986) have im plicated h igh  fa t d ie ts  w ith an  

in c rease  in  b re a s t  o r bowel tum our incidence in  ro d e n ts  induced  by  

carc inogens su ch  as 7 ,12-d im ethylbenzanthracene (DMBA), 

N -n itroso-N -m ethylurea, (Dao & Chan 1983, Chan e t al 1983), 

azoxym ethane o r 1 ,2-d im ethylhydrazine (Bansal e t  a l 1978). In  

add ition  to  th e  q u an tity  of fa t consum ed, th e  ty p e  of fa t  has also 

been  shown to  influence tum ourigenesis. G enerally th e  ev idence 

su g g e s ts  th a t  u n sa tu ra te d  fa t d ie ts  a re  more effec tive  in  in c reasin g  

tum our yield th a n  sa tu ra te d  fa t (Carroll & Khor 1971, Reddy e t  al 

1977, Newberne e t al 1979, L ongnecker e t  al 1981). This is 

p a rtic u la rly  sa lien t as a t  p re s e n t th e re  is an  em phasis to  red u ce  

s a tu ra te d  fa t consum ption in  w este rn  co u n trie s , an d  if n ecessa ry , 

rep lace  i t  w ith  u n sa tu ra te d  fa t. To in v estig a te  th is  re la tio n sh ip  

fu r th e r  a  se r ie s  of in v ivo  and  in v itro  s tu d ie s  have been  c a rr ie d  

o u t (rep o rted  in  C hapter 3 of th is  th e s is ) , examining th e  e ffec t of 

d ie ts  h igh  in  s a tu ra te d  o r m onounsaturated  fa t on th e  m utagenicity  

of p o ten tia l d ie ta ry  carcinogens.

An in v estig a tio n  in to  th e  e ffe c t of q u an tita tiv e  ch an g es  in  

d ie ta ry  p ro te in  on th e  m utagenicity  of carc in o g en s was also c a rr ie d  

o u t (see C hap ter 4). A num ber of have in v e s tig a te d  th e

association  betw een d ie ta ry  p ro te in  and  neoplasia in  anim als, r
- r r v ^

a lthough  h c u o e  b e o i T h e

re su lts  ind ica te  th a t  d ie ta ry  p ro te in  may indeed  have a  ro le  in  

carcinogenesis  w ith th e  am ount of p ro te in  consum ed being  of 

p a rtic u la r  im portance. For in s tan ce , S ilver stone and  Tannenbaum  

(1951) found th a t  a  h igh  p ro te in  d ie t in c reased  th e  num ber of
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sp on taneous hepatom as in  mice com pared to  a low p ro te in  diet. High 

p ro te in  d ie ts  have also been shown to enhance neoplasia  induced  by  a 

v a r ie ty  of carcinogens including  N -acetyl-2-am inofluorene (M orris e t  

al 1948), 1 ,2-dim ethylhydrazine (Topping & Visek 1976),

3 -m ethy lcho lan threne  (Shay e t al 1964) and  aflatoxin Bi (M adhavan & 

Gopalan 1968, Wells e t al 1976, Tem charoen e t al 1978), a lthough  

w ith DMBA tum our incidence was red u ced  (Miller e t al 1941). 

F u rtherm ore , th e  re la tionsh ip  betw een d ie ta ry  p ro te in  and  cancer is 

com plicated by s tu d ie s  th a t  have shown levels of p ro te in  above 25% 

do no t p roduce  fu r th e r  enhancem ent and  may even  in h ib it 

tum ourigenesis  (Ross & B ras 1973, Tannenbaum  & S ilverstone  1949, 

Topping & Visek 1976). W hether th is  is due to  a  red u ced  in take  of 

food and  to ta l calories o r w hether due to o th e r a d v e rse  e ffec ts , is 

no t y e t known (Natl. Acad. Sci. 1982).

A ltering th e  ty p e  of p ro te in  can also a ffec t neoplasia  since an  

in v estig a tio n  by N utter e t al (1983) found in c reased  tum our 

incidence in  mice fed  high  milk p ro te in  d ie ts  com pared to  mice fed 

d ie ts  h igh  in  beef p ro te in , a lthough  no d ifference  was found when 

animal and  p lan t p ro te in  w ere com pared (Carroll 1975).

U nfortunate ly , many of th e  p ro te in  d ie ts  u sed  in th e  above 

s tu d ie s  a re  questionab le  since, in c e r ta in  cases, n u tr ie n ts  o th e r 

th an  p ro te in  w ere also varied . As d ie ta ry  p ro te in  may play an  

im portan t role in carcinogenesis, th e  p re s e n t s tu d y  was ca rried  ou t 

u sing  sh o rt- te rm  in v ivo  and  in  v itro  m utagenicity  experim ents (as 

d esc rib ed  in  C hapter 4) u sing  carefu lly  p re p a red , balanced, p u rified  

d ie ts  (w ith lactalbum in as th e  p ro te in  source) to  in v estig a te  th e  

h y p o th esis  th a t  d iffe ren t q u an titie s  of d ie ta ry  p ro te in  may
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in fluence  th e  a c tiv ity  of po ten tia l genotoxins.

As w ith th e  epidem iological da ta, th e  re su lts  of ro d e n t 

experim ental s tu d ie s  in v estig a tin g  th e  e ffec t of d ie ta ry  fib re  on 

tu m o u rig en esis , a re  in co n sisten t. The re s u lts  a p p ea r to  be 

d e p en d e n t on a  num ber of fac to rs , such  as  ty p e  of animal species, 

th e  carc inogen  g iven , ro u te  of adm in istra tion  and  s ite  of tum our 

developm ent as  well as th e  ty p e  of fib re  consum ed. For example, 

d im e th y lh y d raz in e-in d u ced  colon can cer was in h ib ited  w hen r a ts  w ere 

fed  b ra n  o r cellulose (B arbolt & Abraham 1978, Wilson e t al 1977) 

b u t b ra n  had no e ffec t on tum our incidence in  th e  duodenum  o r caecum 

and  cellulose was not p ro tec tiv e  when th e  carcinogen  was 

azoxym ethane o r  n itro som ethy lu rea  (Ward e t al 1973, W atanabe e t al

1979).

From th e se  re s u lts  i t  is  c lear th a t  fib re  canno t be co n sid ered  

as  a  sing le  d ie ta ry  com ponent. I t  a p p ea rs  th a t  th e  in fluence  of 

ind iv idua l ty p e s  of fib re  on carcinogenesis  d epends on th e  ex ten t to  

w hich th e y  a re  ferm ented . F ib res th a t a re  poorly  ferm en ted , su ch  

as w heatb ran , cellulose o r lign in , in h ib it tum our developm ent 

(F leiszer e t al 1978, Nigro e t al 1979, Reddy e t al 1983) w hereas, 

th e  more soluble ferm entable  fib re s  including  pectin , co rn  b ra n  and  

g u a r gum have been  shown to  enhance carc inogenesis  (B arnes e t al 

1983, Reddy e t al 1983, Jacobs & Lupton 1986).

Both epidem iological and  experim ental d a ta  s tro n g ly  su g g e s t 

th a t  carc in o g en esis  can  be in fluenced  by  a v a r ie ty  of d ie t re la ted  

fac to rs . In  o rd e r  to  gain  a  g re a te r  u n d e rs tan d in g  of th is  

re la tio n sh ip , th e  influence of d ie t, w ith p a r tic u la r  re fe re n c e  to
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fa t, p ro te in  an d  fib re , on in v ivo  and  in v itro  m utagenesis has been  

in v e s tig a te d  (C hap ters 3, 4 and  5). F u rtherm ore , th e  m echanisms 

involved  in  th e  modification of m utagenic ac tiv ity  by  d ie t w ere 

examined.

c. M echanisms in vo lved  in  d ie ta ry  m odification o f  carcinogenesis

i. Prom otion

I t  is th o u g h t th a t  d ie ta ry  fa t may prom ote carc in o g en esis  since 

C arroll (1980) found in c reased  incidence of mammary tum ours when 

h igh  fa t d ie ts  w ere fed a f te r , b u t not before , DMBA adm in istra tion . 

Similar re s u lts  w ere ob ta ined  by  Bull e t al (1979) w ith azoxym ethane 

- in d u ced  bowel tum ours and  by de Gerlache e t al (1987) in  h ep a to - 

carc in o g en esis . However, p o ly u n sa tu ra ted  fa t seemed to  e ffec t 

aflatoxin  B i-induced  hepatic  tum our form ation d u rin g  bo th  in itia tion  

and  prom otion (Newberne e t al 1979). Promotion of can ce r by  

d ie ta ry  fa t may be due to  an  in crease  in bile acid excretion  (bile 

ac id s  being  th e  p rim ary  liv e r m etabolites of cho leste ro l). An 

in c rease  in th e  am ount of bile acids has been d e tec ted  in  stools of 

popu la tions ea ting  a w e s te rn -s ty le  d ie t com pared to  popula tions 

consum ing ty p ica l A frican o r Asian d ie ts  (Hill e t al 1971, Reddy & 

W ynder 1973) and  has also been  d e tec ted  in  colon can ce r p a tie n ts  

com pared to  th e ir  health y  c o u n te rp a r ts  (Hill e t al 1975, R eddy & 

W ynder 1977). In c reased  bile acid excretion  to g e th e r  w ith an 

in c rease  in azoxym ethane-, d im ethy lhydrazine- and

n itro so m eth y lu rea -in d u ced  colon tum ourigenesis  was a lso  a p p a re n t in  

ro d e n ts  fed  e ith e r  h ig h -fa t d ie ts  o r cholestyram ine -  a  non 

ab so rb ab le  re s in  th a t  in c reases  bile sa lt excretion  (Reddy & M aeura

1984). Promotion of carcinogenesis  may also occu r th ro u g h  o th e r  

means su ch  as solvation, by a lte rin g  th e  ra te  of carc inogen  tr a n s fe r
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to th e  la rg e  bowel (Vahouny & Kay 1981) o r by m odulating endocrine  

balances as  has been p o s tu la ted  fo r b re a s t, ovarian  and  endom etrial 

c an ce r (W eisberger 1986).

The s tag e  of carc in o g en esis  on which d ie ta ry  p ro te in  has th e  

g re a te s t  im pact is  no t y e t known. P resto n  e t al (1976) found  

aflatoxin Bi a d d u c t form ation was red u ced  in  ro d en ts  fed  low p ro te in  

d ie ts , su g g es tin g  an  involvem ent of d ie ta ry  p ro te in  a t  the  

in itia ting  s tag e  of carcinogenesis . Yet a low p ro te in  d ie t red u ced  

th e  p o s t-in itia tio n  developm ent of bo th  aflatoxin B i-induced  

p ren eo p las tic  liv e r  lesions (Appleton & Campbell 1982) and 

neoplastic  foci (Appleton & Campbell 1983). This may be due to 

changes in  th e  p ro life ra tiv e  a c tiv ity  of cells, since inh ib ition  of 

cell rep lica tion  o ccu rs  in  th e  liv e r of animals w ith a  re s tr ic te d  

p ro te in  in tak e  (Dallman 1971, Enwonwu & Monro 1970). However, 

d ie ta ry  p ro te in  may modify o th e r  im portan t functions such  as immune 

s ta tu s  and  p ro teo ly tic  enzym e a c tiv ity  (Appleton & Campbell 1983).

In th e  p re s e n t  s tu d y  how ever, th e  role of d ie t as a  prom otor has not 

been considered . The main em phasis has been th e  e ffec t of d ie t on 

the  ac tiv a tio n  of carcinogens.

ii. A ctivation and  detoxification.

Many d ie ta ry  fa c to rs  a re  known to  induce specific  cytochrom e 

P450 isoenzym es o r cause  selec tive  inactivation  of ind iv idual P450 

isoenzym es re su ltin g  in  concom itant changes in  th e  metabolism of 

ce r ta in  xenobiotics and  a lte ra tio n  of th e  re la tive  im portance of 

com peting metabolic pathw ays.

S tu d ie s  indicat p o ly u n sa tu ra ted  fa ts  o r e ssen tia l fa tty
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acid s, su ch  as linoleic acid , vitam in E o r cholestero l, are 

involved  in  in c reased  metabolism of xenobiotics (review  by Natl.

Acad. Sci. 1982). D ietary fa t, in  p a rtic u la r  u n sa tu ra te d  fa t, has 

been shown to  a lte r  th e  s t ru c tu re  of th e  microsomal membrane (Lang 

1976, Bidlack e t al 1986) and  a  lack of e ssen tia l fa tty  acids in  th e  

d ie t cau ses  microsomal m em branes to  become more s a tu ra te d  (Bidlack 

e t al 1986).

D ietary p ro te in  also a p p e a rs  to  a ffec t th e  cytochrom e 

P450-dependen t monooxygenase system . In  hum ans consum ing a  low 

p ro te in  d ie t, a  lower metabolic c learance  of am inopyrine and 

theophy lline  was o b se rv ed  (A nderson e t al 1982, Mucklow e t al 1980, 

Kappas e t al 1976) and  in  animals th e  microsomal cytochrom e P450 

co n ten t and  cytochrom e P450 re d u c ta se  ac tiv ity  was red u ced  to g e th e r  

with a  decline in  th e  mixed fu n c tio n  oxidase ac tiv itie s  tow ards a  

num ber of s u b s tra te s  w hen th e  qua lity  o r q u an tity  of p ro te in  was 

red u ced  (Campbell & Hayes 1976, review  by  Meydani 1987).

Less inform ation is  availab le on th e  e ffec t of d ie t on 

g lu ta th ione  and  g lu ta th io n e -tra n s fe ra se s . N orred and  Marzuki 

(1984) have dem onstra ted  th a t  d ie ts  devoid of o r low in 

p o ly u n sa tu ra ted  fa t and  h igh  in  s a tu ra te d  fa t p roduced  a  lower level 

of g lu ta th io n e -tra n s fe ra se  a c tiv ity  in  r a t  hepatocy tes. Clinton e t  

al (1984) found  no d iffe ren ces  in  g lu ta th ione  tra n s fe ra s e s  in  high 

u n sa tu ra te d  an d  s a tu ra te d  fa t  d ie ts , a lthough  th e se  ac tiv itie s  w ere 

induced  by phen o b arb ito n e  w hen th e  ra ts  w ere fed a source  of 

p o ly u n sa tu ra ted  fa tty  ac id s (Wade e t al 1978). S u lp h u r amino ac id s 

of d ie ta ry  p ro te in  p a rtic ip a te  in  th e  b io sy n th esis  of g lu ta th ione 

and  i t  was found  th a t  red u c in g  d ie ta ry  p ro te in  in take  red u ced  th e
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c o n c e n tra tio n  of h e p a tic  g lu ta th io n e  (M ainigi & Cam pbell 1981).

iii. Form ation of carc inogens by  th e  g u t flora.

The am ount and  ty p e  of n u tr ie n ts  p re s e n t in  th e  g u t is 

obviously  d ep en d en t upon  diet. C hanges in  th e  n u tr ie n t co n ten t can 

change th e  composition an d  metabolic a c tiv ity  of th e  g u t microbial 

community. On th e  whole it would a p p ea r th a t  ch anges to  e ith e r th e  

p ro te in  o r th e  fa t co n ten t of th e  human d ie t do not a ffec t, to  any  

g re a t ex ten t, th e  com position of faecal flo ra  (Rowland e t al 1985). 

However, examination of th e  metabolic a c tiv ity  of th e  human faecal 

flo ra  has ind ica ted  th a t  c e r ta in  b ac te ria l enzyme ac tiv itie s  

in c rease , namely fi-g lu cu ro n id ase , n itro re d u c ta se  and  azo reductase , 

when a  h igh  meat con tain ing  d ie t is  consum ed (Reddy e t al 1978, 

Reddy & W ynder 1973, Goldin e t al 1978) b u t th is  is  o ffse t when th e  

consum ption of d ie ta ry  fib re  is ra ised . Sim ilarly, experim ental 

s tu d ies  have shown th a t  ro d e n ts  exh ib it a lte red  m icrobial metabolic 

ac tiv itie s  in resp o n se  to  both  ch an g es  in  d ie ta ry  fa t and  meat 

(Rowland e t al 1985). In  g en era l feed ing  h igh  fa t  d ie ts  reduced  

n itra te  re d u c ta se  ac tiv ity  and  w hen th e  fa t u sed  was beef d rip p in g , 

an  in c rease  in B -g lucuron idase  a c tiv ity  was observed .

M arked changes in  th e  metabolic ac tiv ity  of th e  r a t  h in d g u t 

flo ra  have also been re p o r te d  w ith changes in  d ie ta ry  fib re . Bauer 

e t al (1979) found th a t  th e  faecal B -g lucuron idase  ac tiv ity  in ra ts  

was in c reased  when th e y  w ere fed  a  d ie t supplem ented in  c itru s  

pectin . This in c rease  was asso c ia ted  w ith a  s ig n ifican t r ise  in 

d im ethy lhyd raz ine-induced  co lo -rec ta l tum ours, ind ica ting  th a t 

g lucuron ide deconjugation  re leased  an  active  carcinogen  w ithin th e  

gu t. Similar in c rease s  in  B -g lucu ron idase  a c tiv ity  have been
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o b se rv ed  fo r r a ts  fed 5 -  10% pectin  by Rowland e t al (1983a) and  

DeBethizy e t al (1983). Such ch an g es  in g lucuron ide  h y d ro ly s is  may 

in c rease  en te ro h ep a tic  c ircu la tion  and  explain th e  o b serv a tio n  of 

Chadwick e t al (1978) th a t  10% c itru s  pectin  in c reased  th e  excretion  

of rad io labelled  p ro d u c ts  an d  th e  co n cen tra tio n  of label in  hepatic  

t is su e  of r a ts  tre a te d  with [14C] lindane.

D ietary  pectin  w ith a  h igh  methoxyl co n ten t, has also been 

re p o rte d  to  in c rease  n itra te  re d u c ta se  ac tiv ity  of r a t  g u t flora.

Pectin , a  ferm entable  fib re , co n sis ts  mainly of polym erized 

ga lac tu ron ic  acid  w ith add itional rham nose, a rab in o se  and  galactose 

su b u n its  (Rowland e t al 1985). The uronic  acid  backbone can

f u r th e r  re a c t to  v a ry in g  ex ten ts  w ith metal hyd rox ides o r  cations,
be

orj^esterified  w ith methoxyl g ro u p s , re su ltin g  in  a  v a r ie ty  of 

d iffe re n t s t ru c tu re s  which can  a ffe c t th e  m icrobial communities of 

th e  g u t in  d iffe ren t ways (Rowland e t al 1985). The pectin  re la ted  

in c rease  in n itra te  re d u c ta se  ac tiv ity  could lead to  an in c rease  in 

th e  in v ivo  p roduction  of n itr ite . The bac te ria l red u c tio n  of 

n itra te  to  n itr ite  is also assoc iated  w ith n itrosam ine form ation as 

d esc rib ed  above (see section  2b). Anaerobic incubation  of caecal 

co n ten ts  from ra ts  fed  a 5% (h igh  methoxyl) pectin  d ie t g en e ra te s  

s ig n ifican t am ounts of N -n itrosopro line  from n itra te  and  [14C] 

p ro line th a n  incubations con tain ing  caecal co n ten ts  from ra ts  fed  a  

f ib re - f re e  d ie t (Mallett e t al 1982). In  add ition , caecal co n ten ts  

from p e c tin -fe d  animals also show in c reased  p ro d uction  of Ames T est 

positive  m utagens (presum ably  nitrosodim ethylam ine) when incubated  

w ith dim ethylam ine and  n itra te  (M allett e t al 1982). Work 

p re se n te d  in C hap ter 5 of th is  th e s is  in v e s tig a te s  th e  e ffec t of 

d ie ta ry  pec tin  on n itro sa tio n  in v ivo  by examining form ation of
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nitrosodim ethylam ine from am inopyrine and  n itr ite .

As well a s  being a source  of n u tr ie n ts  fo r th e  g u t flora, 

d ie ta ry  fib re  may have a  num ber of o th e r e ffec ts  on th e  g a s tro 

in te s tin a l environm ent. For in s tan ce , i t  may a c t a s  a  bulk ing  

a g en t causing  the  b ac te ria  to be d ilu ted  and  so decreasin g  th e  to ta l 

bac te ria l a c tiv ity  of th e  g u t co n ten ts , o r  th e  co n cen tra tio n  of 

carc inogens o r prom otors p re s e n t in  th e  colon (Reddy e t  al 1978). 

D ietary fib re  can a lte r  th e  d igestion  and  ab so rp tio n  of some 

n u tr ie n ts  which may lead to  ch an g es in th e  am ount of n o n -fib ro u s  

s u b s tra te s  available to  th e  bacteria . F u rth erm o re , fib re  may 

a ffec t p ro d uction  of th e  in te s tin a l mucosa and  m ucus w hich again  can  

influence th e  b acte ria l population of th e  g a s tro - in te s tin a l t r a c t  

(Brown e t al 1979).

5. Age an d  cancer.

The incidence of many ty p e s  of can ce r, in p a r tic u la r  common 

ep ithe lia l tum ours su ch  as  lung  can cer, in c rease s  p ro g ress iv e ly  w ith 

age. Numerous hypotheses ex ist in  explaining a g e -re la te d  in c reases  

in tum our incidence, a lthough  in  g en era l th e y  fall in to  two 

ca teg o ries  (Anisimov 1985). The f i r s t  a t tr ib u te s  th e  re la tio n sh ip  

to an  accum ulation of carcinogen ic  reac tio n s  w ith age a n d /o r  an 

in c reasin g  leng th  of exposure , w hereas th e  second p o s tu la te s  th a t  

a g e -re la te d  changes in  th e  hum an organism  in c rease s  th e  p ro b ab ility  

of tum our appearance  and  prom otes tum our grow th  and  p ro g ress io n  

(Anisimov 1985).

In  experim ental s tu d ie s  w ith ro d e n ts , th e  age a t  w hich animals 

a re  exposed to carcinogens has a  m arked e ffec t on tum our incidence.

-  53 -



I t  has been  found  th a t  anim als tre a te d  as neonates o r in fan ts  

develop s ig n ifican tly  more tum ours w ithin a sh o r te r  period  of time 

th a n  anim als tre a te d  as  young ad u lts . This has been  shown to  be 

th e  case  fo r  hep atic  tum ours in mice induced  by  a  ran g e  of N -nitroso  

com pounds su ch  as  N -nitrosodiethylam ine and  N -n itro so e th y lu rea  

(V esselinovitch  e t al 1974, 1984) and  fo r n itrosodim ethylam ine-and 

n itro sod ie thy lam iner-trea ted  ra ts  (Hard 1979, Peto e t al 1984). In  1

th e  la t te r  s tu d y , i t  was re p o rte d  th a t  when n itrosodiethylam ine 

trea tm en t b eg an  a t  3 w eeks of age, th e  liv e r tum our incidence ra te  

was six tim es h ig h e r th a n  w hen trea tm en t began  a t  20 w eeks. The 

a u th o rs  concluded  th a t  tem porary  fa c to rs  ex isted  in  v e ry  young 

anim als w hich g re a tly  enhance the  sen s itiv ity  of th e  liv e r to  

n itrosod iethy lam ine. Similar a g e -re la te d  d iffe ren ces  w ere o b serv ed  

in  mammary tum our developm ent in  r a ts  tre a te d  w ith DMBA (Nagasawa e t 

al 1976, S inha & Dao 1980), 3 -m ethy lcho lan th rene  (H uggins e t al 

1961) o r  n itro so m eth y lu rea  (G rubbs e t al 1983). However, th is  

in c rease  in  young  animals was not o b se rv ed  fo r n itrosod iethy lam ine — 

induced  oesophageal tum ourigenesis (Peto e t  a i 1984).

Not on ly  does age in fluence th e  incidence of tum ours, i t  can 

also a ffe c t th e  ty p e  of tum our induced . Hard (1979) re p o rte d  a 

bimodal d is tib u tio n  of ren a l tum our incidence w ith re sp e c t to  age in  

ra ts  g iven  nitrosodim ethylam ine. This d is tr ib u tio n  was th e  

consequence  of th e  induction  of two ty p e s  of k idney  tum ours. 

M esenchymal tum ours w ere c h a ra c te r is tic  of animals exposed to 

n itrosodim ethylam ine d u rin g  th e  neonatal and  imm ature pe rio d s , w ith 

th e  g re a te s t  su scep tib ility  to  tum ours o c cu rrin g  in  1 month old 

ra ts . By c o n tra s t, tum ours induced  by nitrosodim ethylam ine in
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o ld er ( 2 - 4  m onths) ra ts  w ere genera lly  in  th e  co rtica l epithelium .

M arked a g e -re la te d  ch anges have also been re p o rte d  in  th e  

a c tiv itie s  of th e  cytochrom e P450 mixed fu n c tio n  oxidase system  

(S h o rt e t a l 1976) which may, a s  a  consequence , a l te r  th e  

d isposition  of toxic o r carcinogen ic  s u b s tra te s  in vivo. In  th e  

fo e tu s  and  th e  neonate , th e  haem oprotein and  flavopro te in  com ponents 

of th e  mixed func tion  oxidase a re  in itia lly  a b se n t o r  v e ry  low b u t 

gen era lly  in c rease  to g e th e r w ith th e ir  re sp ec tiv e  ac tiv itie s  d u rin g  

th e  immediate p e rin a ta l period  (Neims e t al 1976). However, th e  

v a rio u s  isoenzym es which com prise the  cytochrom e P450 exh ib it 

d iffe re n t developm ental p a tte rn s  (K linger 1982, M annering 1985).

For example, th e  hydroxylation  of 4-m ethylcoum arin in  r a ts  reach es  

a  peak 3 to  5 days p o s t-p a rtu m  and  th en  declines to a d u lt levels 

(F euer & Liscio 1970), while th e  metabolism of o th e r  s u b s tra te s  a re  

maximal 2 w eeks (Gram e t al 1969), 1 month (Basu e t al 1974) o r 6 

m onths (Kamataki e t al 1985, Kaur & Gill 1985) a f te r  b ir th . C ertain  

mixed fu n c tio n  oxidase ac tiv itie s  stab ilise  in a d u lt anim als and  

give approxim ately  c o n stan t v a lues a t  1 o r 2 y ea rs  of age (Koizumi 

e t al 1987) while th e  expression  of o th e r  fu n c tio n s  d ecreases  in 

a d u lt o r g e ria tr ic  animals (S h o rt e t al 1976, Kamataki e t al 1985).

A c o h e ren t p a t te rn  fo r th e  developm ent of cytochrom e P450-associated 

pathw ays is c lea rly  lacking and  may re flec t th e  in fluence  of d ie t 

(Vesell 1984, Bidlack e t al 1986), horm ones (Kamataki e t al 1985, 

B andiera e t al 1986), species an d  s tra in  d iffe ren ces  on enzyme 

sy n th es is  and  expression .

A la rg e  num ber of carc inogens and  m utagens a re  d ep en d en t on 

mammalian xenobiotic-m etabolising enzym es fo r th e ir  genotoxic
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a c tiv ity , w hich may th e re fo re  exh ib it a g e -re la te d  ch anges, as  

dem o n stra ted  by  R aineri e t al (1986). For example, th e  ac tiva tion  

of 3 -m eth y lch o lan th ren e  o r benzo(a)pyrene  by  a ro c lo r-in d u ced  r a t  

hepatic  S9, an d  ac tiv a tio n  of N -n itro sopyrro lid ine  by  male h am ster 

p re p a ra tio n s , d ecreased  w ith in c reasin g  donor age (Raineri e t al

1986). This dependence  may in  tu r n  lead to  d iffe ren tia l 

su sc e p tib ility  of anim als a t  va rio u s  s tag es  of th e ir  developm ent to  

th e  m utagenic o r  carcinogen ic  e ffec ts  of such  com pounds.

E lec troph ilic  in te rm ed ia tes  of xenobiotics p ro d u ced  by th e  

mixed fu n c tio n  oxidase system  can  be m etabolized by  con jugation  to  

g lu ta th ione . No d iffe ren ce  in th e  hepatic  g lu ta th io n e  co n ten t has 

been  found  betw een neonatal and  ad u lt mice o r  r a ts  (S tohs e t  al 

1982, Jam es & P h easan t 1978) b u t m arked a g e -re la te d  ch an g es  can  be 

o b se rv ed  in  th e  ac tiv itie s  of hepatic  g lu tath ione tra n s fe ra s e s , th e  

g roup  of enzym es w hich ca ta ly se  th e  con jugation  w ith g lu ta th ione  

(G regus e t al 1985). G enerally, hepatic  g lu ta th ione  tra n s fe ra s e  

ac tiv itie s  in  mice and  r a ts  in c rease  from a basal neonatal level and  

reach  a d u lt levels by 5 w eeks of age b u t th e  ra te  of in c rease  v a rie s  

betw een th e  d if fe re n t t ra n s fe ra s e s , as  re flec ted  b y  th e  s u b s tra te  

u sed  (K linger 1982, H enderson 1978). As d e sc rib ed  above (see 

sec tions 3a & 3b) g lu ta th ione  and  g lu ta th ione  tra n s fe ra s e s  a re  

th o u g h t to  p ro v id e  an  im portan t detoxification pathw ay  fo r aflatoxin  

Bi (Coles e t al 1985) an d  a re  also considered  to  have  a  role in 

he terocyclic  amine metabolism.

I t  has p rev io u sly  been  d esc rib ed  in sec tion  4ciii of th is  

c h ap te r , how th e  ac tiv itie s  of in te s tin a l flo ra  a re  sen s itiv e  to  

d ie ta ry  m odification and  th e  possib le e ffect th is  may have on
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carc in o g en esis . I t  was consid ered , th e re fo re , th a t  a g e -re la te d  

ch an g es to  g u t flo ra  enzym e ac tiv itie s  would also influence 

tum ourigenesis . At b ir th , th e  mammalian g u t is s te r ile  b u t rap id ly  

becomes colonised by a  wide v a rie ty  of organism s deriv ed  from th e  

m other’s sk in , vag in a  and  faeces as well as from a ir  and  food 

(S chaed ler e t al 1965). Many of th e se  bac te ria  a re  unab le  to 

colonize th e  neonatal g a s tro - in te s tin a l t r a c t  and  so ap p ea r only 

tra n s ie n tly , how ever o th e rs  -can colonise ecological n iches in th e  

g u t and  ev en tu a lly  form th e  climax community of th e  a d u lt (Savage

1981). Such communities a re  form ed th ro u g h  succession  (Savage

1977). For in s tan ce , in  suck ling  mice, Lactobacilli ap p ea r 

th ro u g h o u t th e  g u t a  few days a f te r  b ir th  (S chaedler e t al 1965). 

Populations of facu lta tiv e  an aero b es, su ch  as Escherichia coli and  

S trep to co cc i sp . also develop and  reach  h igh  levels p rio r  to  w eaning 

(Savage 1977). D uring w eaning, when th e  animals beg in  to  sample 

solid food, a  m ajor ch ange  in population occu rs  and  s tr ic tly  

anaerob ic  b ac te ria  beg in  to  colonise the  la rge  in te s tin e  (Lee & 

Gemmell 1972) and  qu ick ly  in c rease  in  num bers. As th e  num bers of 

the  s t r ic t  an aerobes r is e  th e re  is a concom itant decline in th e  

population of facu lta tiv e  an aero b es  (Lee & Gemmell 1972, S chaed ler 

e t al 1965). Similar successio n s  of in te s tin a l b ac te ria l 

populations occur in  o th e r  anim als includ ing  man (M orishita & Miyaki 

1979, Bullen e t al 1977, Tomkins e t al 1981, Mata & U rru tia  1971).

In  view of th e se  m ajor ch an g es  in  b acte ria l com position th a t  

occur in  th e  developing mammal, i t  seems likely th a t  concom itant 

changes occu r in  th e  m etabolic ac tiv ity  of th e  m icroflora.

A lthough th is  has not been  system atically  s tu d ied , a g e -re la te d  

d iffe ren ces  have been re p o rte d  fo r th e  bac te ria l metabolism of bile
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acids an d  ch o les te ro l (Huang e t al 1981) w ith in fan ts  ex cre ting  much 

lower am ounts of m icrobially-m odified s te ro id s  in  faeces th a n  

ad u lts . Goldin e t al (1978) found th a t  caecal microbial 

B -g lu cu ro n id ase  a c tiv ity  was g re a te r  in  o lder r a ts  th a n  in  young.

I t  has also been  d em onstra ted  in  mice and  hum ans th a t  th e  ra te  of 

dem ethylation of m ethy lm ercury  by th e  g u t flo ra  in c rease s  a t  th e  

time of w eaning (Rowland e t  al 1983b). Such ch an g es  in  b acte ria l 

enzyme a c tiv itie s  can  lead to  a lte ra tio n s  in  th e  metabolism of 

in g ested  com pounds and , in  tu rn ,  to d iffe ren tia l su scep tib ility  of 

ad u lt an d  in fa n t to  th e  toxic e ffec ts  of such  com pounds.

Developm ental ch an g es  in th re e  bacte ria l enzym es associated  

with th e  caecal flo ra  of mice o v e r th e  period  2 to 24 w eeks a f te r  

b ir th  have  been in v e s tig a te d  d u rin g  th is  p ro je c t (C hapter 6). Since 

th e  developing  g u t f lo ra  is  in  a  s ta te  of flux, i t  is possib le  th a t  

it is more sen s itiv e  to  m odification by diet. C onsequently  th e  

sen s itiv ity  of th e  g u t flo ra  of mice a t  d iffe ren t ag es  to  

modification by p ec tin  was a lso  s tu d ied .

6. M ethodology.

To in v e s tig a te  th e  e ffe c ts  of age and  d ie t on th e  hepatic  

metabolism of carc in o g en s to  m utagenic species, th e  Salmonella 

m utagenicity  a ssay  and  th e  host-m ed ia ted  assay  w ere employed. The 

Salmonella m u tagen icity  a ssa y  (th e  Ames Test; Ames e t al 1973) was 

developed, and  c u rre n tly  u sed , a s  a  simple and  rap id  sc reen in g  te s t  

to d e tec t p o ten tia l ca rc in o g en s. The a ssay  co n sis ts  of h is tid in e  

au xo trophs of Salmonella typh im urium , t e s t  su b stan ce  and  a  

re p re se n ta tiv e  frac tio n  of mammalian metabolism (for example, liv e r 

homogenate) being po u red , to g e th e r  w ith top a g a r, on to  a g a r
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se le c tiv e  fo r h is tid in e  r e v e r t a n ts  (Ames e t al 1975). The 

Salm onella  s t r a in s  a re  p a r t ly  d e f ic ie n t in  th e i r  lip o p o ly sacch a rid e  

la y e r  th ro u g h  an  r fa  m u tation  w hich  r e s u l t s  in  in c re a se d  cell 

m em brane p e rm e ab ility  to  chem icals of la rg e  m olecular w e ig h t 

(Ames e t al 1973). To in c re a s e  th e  s t r a i n s ’ s e n s itiv ity  to  c e r ta in  

m u tag en s  DNA errc*-p.one r e p a ir  d e fic ien cy  h as  been  in tro d u c e d  m ediated  

by  th e  m utation  p lasm id pkM lO l (McCann e t al 1975). A f u r th e r  

m odification of th is  a s s a y , w hich  can  ag a in  im prove its  s e n s i t iv i ty  

(and  u sed  in th e  p r e s e n t  s tu d y ) ,  is  a  liq u id  p re in c u b a tio n  in  w hich  

th e  v a r io u s  com ponen ts  a re  in c u b a te d  a t  37°C fo r 30 m inu tes p r io r  to 

p o u rin g  on to  th e  se le c tiv e  a g a r .

A d isa d v a n ta g e  of th e  Ames te s t ,  how ever, is  th a t  i t  is  u n ab le  

to  s im ulate  a c c u ra te ly  th e  whole ra n g e  of m etabolic p a th w a y s  p r e s e n t  

in  th e  in ta c t anim al. The u se  of liv e r  hom ogenates p laces  em phasis

on a c tiv a tin g  re a c tio n s  b u t  d is r e g a rd s  t is s u e  d is tr ib u tio n , 

e x tra h e p a tic  a c tiv a tio n  a n d  d e to x ifica tio n . The h o s t-m e d ia te d  

a s sa y  w as one t e s t  d ev e lo p ed  to  overcom e th is  problem  and  p ro v id e d  

th e  f i r s t  im m ediate p ro o f th a t  some m u tag en s , su c h  as 

n itro sod im ethy lam ine , r e q u ire  m etabolic a c tiv a tio n  by  mammals b e fo re  

e x e r tin g  th e i r  e ffec t.

In itia lly  an  in tr a p e r i to n e a l  h o s t-m e d ia te d  a s sa y  w as p e rfo rm ed  

by  G abridge  an d  L eg a to r in  1969, b u t  a d m in is tra tio n  of th e  in d ic a to r  

o rgan ism  by th is  m ethod r e s u l te d  in  th e  a s s a y  being  re la tiv e ly  

in se n s itiv e . In tra v e n o u s  a d m in is tra tio n  of b a c te r ia  is now 

p re fe r r e d ,  s in ce  th is  m ethod h a s  th e  a d v a n ta g e  of a  la rg e  f ra c tio n  

of th e  b a c te r ia  be ing  re ta in e d  in  th e  liv e r  -  th e  main s ite  of 

xenobio tic m etabolism  -  th e re b y  in c re a s in g  th e  ch an ce  th a t
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sh o rt- liv e d  reac tiv e  m etabolites reach  th e  ta rg e t  b ac te ria  (Glatt e t  

al 1985). A fu r th e r  a d v an tag e  of th e  host-m ed ia ted  a ssa y  is th a t  

th e  carc inogen  can be adm in istered  v ia  a  num ber of ro u te s , including  

p e r  os, in trav en o u sly  and  su b cu tan eo u sly , which can  p rov ide  a 

g re a te r  u n d e rs ta n d in g  of th e  metabolism of th e  compound in  question .

S ta tio n a ry  p hase , rough-w alled  b acte ria , su ch  as  Escherichia  

coli and  Salmonella typh im urium , a re  o ften  b u t no t solely, u sed  in  

th e  host-m ed ia ted  a ssa y  since th e y  a re  small enough  to  g e t th ro u g h  

fine blood cap illaries  a f te r  in trav e n o u s  in jec tion , a lth o u g h  o th e r 

in d ica to r cell ty p e s  inc lude  y e as t (F rezza  e t  al 1979), N eurospora  

(Whong & Ong 1979), b ac te rio p h ag e  (Mohn e t al 1977) and  mammalian 

cells (Capizzi e t al 1974, Hsie e t al 1978). C onsequently , a  

num ber of genetic  en d p o in ts  a re  available inc lud ing  fo rw ard  m utation 

m arkers  such  as  an tib io tic  re s is ta n c e  in K coli D494 which has the  

add itional ad v an tag e  of re d u c in g  h o s t-d e p e n d e n t p la te  contam ination 

(Neale & Solt 1980), backw ard  m utation, mitotic gene conversion  and 

recom bination, re cess iv e  le th a l m utations and  chromosomal 

a b e rra tio n s  (L egator e t al 1982).

In  1984 Mohn developed a DNA-repair host-m ed ia ted  assay . This 

assay  com pares th e  su rv iv a l of DNA re p a ir -p ro f ic ie n t and  

re p a ir-d e fic ie n t ( uvrB , recA) E, coli s tra in s  in je c ted  in  con tro l 

and  tre a te d  animals. Mohn & v an  Zeeland (1985) con sid e red  th is  

a ssay  to  have sev e ra l a d v an ta g e s  o v e r gene m utation te s ts  since th e  

ta rg e t  size fo r th is  form er en d p o in t (le thal damage if no t rep a ired ) 

is much la rg e r  th an  fo r m utations a t  specific  loci, encom passing a 

la rge  num ber of DNA a lte ra tio n s . F u rth erm o re , in  th is  ty p e  of 

host-m ediated  a ssay , th e  p h eno typ ic  exp ression  of le th a lity  is
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immediate and  only a  few h u n d red  cells a re  re q u ire d  to  perform  th e  

a ssay . In  o rd e r  to  a sse ss  th e  d iffe ren tia l b ac te ria l su rv iv a l Mohn 

(1984) re n d e re d  the  s tra in s  d iffe re n t in  th e ir  ab ility  to  ferm ent 

lactose , so th a t  su rv iv a l of bo th  s tra in s  can be determ ined  on a 

sing le  a g a r medium con tain ing  lactose an d  n e u tra l re d  as a  pH 

ind ica to r. Finally, s trep to m y c in -d ep en d en t m utations were 

in tro d u ced  to  p re v e n t u ncon tro lled  g row th  of th e  bac te ria l ceUs 

w ithin  th e  v a rio u s  o rg an s  and  to  avoid contam ination of th e  ag ar 

medium (Mohn 1984).

In  th e  p re s e n t s tu d y , th re e  host-m ed ia ted  a ssa y s  were used  -  

th e  DNA-repair, ampiciUin re s is ta n c e  in  E, coli and  finally , a  

host-m ediated  a ssay  u sing  Salmonella typhim urium  TA98 developed by 

A rni e t al (1977). An ad v an tag e  of th e  la t te r  host-m ed ia ted  a ssay  

is th a t  th e  re su lts  can  be com pared w ith  those  from th e  in v itro  

Salmonella m utagenicity  a ssay . S evera l experim ents, a s  detailed  in 

C hap ter 7, w ere also c a rr ie d  o u t to  t r y  and  fu r th e r  im prove th e  

sen s itiv ity  of th e  host-m ed ia ted  assay , in  p a r tic u la r  th e  DNA-repair 

host-m ediated  assay .

In  add ition  to  bac te ria l m utation te s ts ,  d ie t-a n d  a g e -re la te d  

changes to  o th e r a sp ec ts  of hep atic  and  ex trah ep a tic  xenobiotic 

metabolism w ere in v estig a ted , in c lu d in g  m easurem ents of cytochrom e 

P450, mixed function  oxidase a c tiv itie s , g lu ta th ione  co n ten t and
-Hne. rne^rxbo tienn  o f  - t in e

g lu ta th io n e -tra n s fe ra se  a c tiv itie s  and  a lte ra tio n s  to ^ g u t m icroflora.

The p rim ary  aim of th e se  experim ents was to  ob ta in  a
P

more compete view of th e  e ffec ts  of m ajor d ie ta ry  com ponents (fat, 

p ro te in  and  fib re) as well as h o s t-a g e , on carc inogen  metabolism.
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CHAPTER 2

M aterials and  M ethods

1. Chemicals.

All chem icals w ere AR g rad e  and  s to red  a t  room tem p eratu re  

u n le ss  o therw ise  s ta ted . The main su p p lie rs  w ere BDH Chemicals, 

Poole, UK; Fisons Scientific A pparatus, Loughborough, UK and  Sigma 

Chemical Company L td., Poole, UK.

2. M utagens.

MelQ (MW: 212.25) and  IQ (MW: 198.22) were genero u s g ifts  from 

Prof. K. Olsson and  Dr S. G rivas, Sw edish U n iversity  of A gricu ltu ral 

Science, U ppsala, Sweden and gave single peaks w hen su b jec ted  to 

HPLC on a W aters C18 p-B ondapack column (personal communication A. 

A bu-S hakra). T rp -P -2  was p u rch ased  in its  ace ta te  form (MW:

257.28) from Wako Chemicals GmbH, Neuss, FRG and  m igrated  as a 

sing le  sp o t on silica gel G25 (so lven t system : iso bu tano l-ace tic  

ac id -w ate r, 80:10:10 by volume). Aflatoxin Bi (MW: 312.30) was 

ob ta ined  from Sigma Chemical Co., Poole, UK. These fo u r m utagens 

w ere s to re d  a t  -20°C and  d isso lved  to  th e  re q u ire d  co n cen tra tions in 

p u re  dim ethylsulphoxide (DMSO). Radioactively labelled m utagens 

[2 -14C]MeIQ (specific ac tiv ity , lOmCi/mmol) and  [3 -14C ]Trp-P-2 

(specific  ac tiv ity , lOmCi/mmol) w ere p u rch ased  from Toronto Research 

Chemicals Inc., Ontario, Canada and  s to red  frozen  in DMSO a t  a 

co n cen tra tio n  of 2.13mg/ml, lOOpCi/ml fo r MelQ, o r 2.57mg/ml, 

lOOpCi/ml fo r T rp -P -2 . [U -3H]Aflatoxin Bi (specific  ac tiv ity , 

lOCi/mmol) was k indly  given by  Dr G. Neal, Medical R esearch  Council 

(MRC), C arshalton , S u rrey , and  s to re d  frozen  a t -20°C in  100%
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m ethano l a t  a  c o n c e n tra tio n  o f 15.62pg/m l, 500pCi/m l.

D im ethylam inoantipyrine (am inopyrine; MW: 231.30) was 

p u rc h a se d  from Sigma Chemical Co., and  s to re d  desiccated  in  th e  

d a rk , a t  room tem p era tu re  and  d isso lved  in  0.9% saline to  th e  

re q u ire d  co n cen tra tio n  immediately p r io r  to  use .

N itrosodim ethylam ine (MW: 74.08) was ob ta in ed  from Eastm an 

O rganic Chemicals, R ochester, NY, USA, s to re d  desiccated  in  th e  d a rk  

a t  4°C an d  d ilu ted  in  saline to  th e  co n cen tra tio n  re q u ire d  ju s t  

before  use.

N itrosom ethylurea (MW: 103.10) was p u rc h a se d  from  S ch u h a rd t,
L

Germ any, recrysta |.ized  by Dr P. Swann of th is  medical school and 

s to re d  d esiccated  in  th e  d a rk  a t  -20°C. S tock so lu tions of 

n itro so m eth y lu rea  w ere p re p a red  in 0.9% saline pH5 a t 1.04 mg/ml 

(lOmM) and  s to re d  in  covered  bo ttles  a t  -20°C. Ind iv idual bo ttles 

w ere thaw ed once only, immediately p rio r  to  use.

H ycanthone (MW: 452.6) was p u rc h a se d  as  th e  m esylate form 

(E trenol) from W inthrop Inc., UK, s to red  a t  room tem p e ra tu re  in  th e  

d a rk  and  d isso lved  in  saline to  th e  re q u ire d  co n cen tra tio n  

imm ediately p r io r  to  use.

3. Animals.

Female BALB/c in b red  mice, ag ed  3 w eeks w ere p u rc h a se d  from 

H arlan Olac (1976) L td., B icester, Oxon., k e p t in  g rid -bo ttom ed  

cages and  fed  on th e  ap p ro p ria te  d ie ts  u n til u se  (usually  a t  7 -  8



w eeks of age). To change th e  d ie t of newly p u rc h a se d  mice from a 

s to ck  commercial d ie t to  a  p u rified  d ie t, a s  d e sc rib ed  below, will 

a ffe c t th e  am ount an d  ty p e  of n u tr ie n ts  p re se n t in  th e  

g a s tro - in te s t in a l t r a c t  and  hence, may a lte r  th e  com position of th e  

g u t flo ra . Mice w ere, th e re fo re , m aintained on experim ental d ie ts  

fo r a  period  of a t  le a s t 3 w eeks, to  e n su re  th a t  th e  m icrobial flo ra  

had stab ilized  (M allett e t al 1983).

For th e  s tu d y  in v estig a tin g  th e  e ffec t of age on hepatic  and  

g u t flo ra  metabolism in  mice (C hapter 6), p re g n a n t female in b re d  

BALB/c mice w ere ob ta ined , from Harlan Olac L td., approxim ately  3 

w eeks a f te r  m ating and  fed  a  stock  b reed in g  d ie t (Rat and  Mouse Diet 

No. 3, Special Diet S erv ices, Witham). A fter g iv ing  b ir th , th e  

m others w ere tr a n s fe r re d  onto a  pu rified , f ib re - f re e  d ie t (Table 1) 

and  th e  o ffsp rin g  w ere w eaned onto  th is  o r a  5% p ec tin  d ie t (Table 

1) a t 3 w eeks of age and  m aintained on th e se  d ie ts  u n til th e  time of 

sacrifice .

G erm -free female BALB/c mice w ere born  and  m aintained germ -free  

in  p lastic  film iso la to rs  a t  th e  MRC Toxicology U nit, C arshalton ,

S u rrey . The mice w ere given  s te rile  ta p  w a ter and  fed  a  s te rile  

f ib re - f re e  d ie t (Table 1) from w eaning, when 3 w eeks old, u n til use 

a t  7 -  8 w eeks of age.

Food and  w ater w ere p rov ided  ad libitum  to  all animals.
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4. Diets.

Olive oil was p u rc h a se d  from Boots pic, Nottingham. C itrus 

f r u i t  p ec tin  w ith  an  8% methoxyl co n ten t, a -ce llu lo se , safflow er oil 

an d  lactalbum in w ere p u rch ased  from Sigma Chemical Co., Poole, UK. 

Beef d rip p in g  (food g rad e) and  co rn  oil w ere ob ta ined  from a  local 

re ta ile r .

The d ie ts  w ere p re p a re d , (a t BIBRA, as detailed  in  Tables 1 -  

4), so th a t  n u tr ie n ts  w ere supplied  in  th e  p ro p o rtio n s  recom m ended 

by th e  National R esearch  Council (1978). Diets con tain ing  

d iffe re n t am ounts of p ec tin  w ere p re p a re d  by supp lem enting  a  

f ib re - f re e  d ie t w ith 0.5% (w/w ), 2% (w/w) o r 5% (w/w) p ec tin  as 

specified  in  Table 1.

High fa t  d ie ts  w ere p re p a re d  by  su b s titu tin g  th e  maize s ta rc h  

in  a  1% safflow er oil d ie t (low fat) w ith e ith e r  olive oil, beef 

d rip p in g  o r  safflow er oil u n til th e  re q u ire d  fa t co n ten t was 

ach ieved  (Table 2). The rem aining n u tritio n a l com ponents w ere 

a d ju s te d  so th a t  th e  d ie ts  had sim ilar p ro te in , vitam in and  m ineral 

d en sitie s  i.e. th e  ra tio  of n u tr ie n t mass to  to ta l e n e rg y  available 

was c o n s ta n t fo r  all d ie ts . As a re s u lt  of problem s in  feed ing  th e  

u n s a tu ra te d  oil d ie ts , due to  th e ir  liqu id  co n sis ten cy , a -ce llu lo se  

(10% w/w) was inc luded  in  la te r  ba tch es  of d ie t a s  a  so lid ify ing  

a g e n t (Table 2).

Diets defic ien t in  p ro te in  w ere ob tained  by  rep lac in g  th e  

p ro te in  com ponent, lactalbum in, of a  20% (w/w) p ro te in  d ie t w ith 

maize s ta rc h  (Table 3). Lactalbum in c o n t a in s  4% lactose , so 

add itional q u a n titie s  of lactose w ere added  to  th e  d ie ts  d e fic ien t
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T ab le  1 Com position o f  f i b r e - f r e e
and p e c t in  c o n ta in in g  d ie t s

D iet In g red ien t Amount (g /kg)

F ib re - f re e maize s ta rc h  
case in  
m ineral mix1 
v itam in  mix1 
corn o i l 2

755
150
35
10
50

Amount (g/kg 
f ib r e - f r e e  d ie t )

0.5% p e c tin c i t r u s  f r u i t  p ec tin 5

2% p e c tin c i t r u s  f r u i t  p ec tin 21

5% p e c tin c i t r u s  f r u i t  p ec tin 53

From Wise e t  a l (1982).

1 see Table 4 fo r  com position.
2 con ta ined  lg /1  d l-a - to c o p h e ry l a c e ta te . This was in c reased  to  

3 g /l when fed  to  germ -free mice.
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T able 2 C om position o f f a t  d i e t s

In g red ien t Q uantity (g/kg d ie t )

Low f a t  1 35% Fat d ie t Low f a t  2 25% Fat d ie t

c ase in  150 216 200 270
maize s ta rc h  795 355 645 306
m ineral mix1 35 51 35 47
vitam in  mix1 10 14 10 13.5
safflo w er o i l  103 143 102 1 3 .52
a -c e llu lo se - 100 100
f a t  (beef d rip p in g ,

o liv e  o i l  o r
safflo w er o i l )  - 350 250

I n i t i a l l y ,  35% f a t  d ie ts  were used and compared to  d ie ts  co n ta in in g  
only 1% f a t  (R ecipes: Low f a t  1 & 35% Fat d ie t ;  M a lle tt e t  a l 1984).
In o rd e r to  in c re a se  the  s o l id i ty  o f the  high u n sa tu ra te d  f a t  d ie t s ,
10% c e llu lo s e  was added to  the  d ie t s  and compared to  an a p p ro p ria te  
low f a t  d ie t  (R ecipes: Low f a t  2 & 25% Fat d i e t s ) .

1 see Table 4 fo r  com position.
2 con tained  5 g /l d l-a - to c o p h e ry l a c e ta te .
3 con tained  3 g /l d l-a - to c o p h e ry l a c e ta te .
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T ab le  3 C om position o f p ro te in  d i e t s

Q uantity  (g/kg d ie t )

In g red ien t Lactalbumin co n ten t (w/w)

5% 7.5% 12.5% 20%

lactalbum in 50 75 125 200
maize s ta rc h 849 824 774 699
la c to se 2 1.8 0.8 -

L-m ethionine 0 .8 1.2 2.0 3.2
v itam in  mix1 10 10 10 10
m ineral mix1 0.4 0.4 0.4 0.4
m ineral mix2

supplement 37.9 37.9 37.9 37.9
corn o i l 3 50 50 50 50

From Wise e t  a l (1983)

1 see Table 4 fo r  com position.
2 con tained  per kg d ie t  1 5 .8g calcium  te trahydrogen  
d io rthophosphate , lOg potassium  c i t r a t e ,  4.8g magnesium su lp h a te , 
1.3g sodium c h lo r id e , 0 .2g  sodium m e ta s il ic a te  and 5.8g calcium  
carbonate .
3 con tained  lg /1  d l-a - to c o p h e ry l a c e ta te .
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T able 4 C om position o f  M ineral and V itam in mixes

used  in  anim al d i e t s

M ineral mix g/kg Vitamin mix g /kg1

potassium  c i t r a t e 290.1 maize s ta rc h 837.7 (812.25)
calcium  te trahyd rogen ch o lin e  c h lo rid e 134.0 (134.0)

d iorthophosphate 275.7 in o s i to l 20.0 (20.0)
calcium  carbonate 241.6 nico tinam ide 3.0 (12.0)
magnesium su lp h ate 139.3 r e t in y l  p a lm ita te
sodium c h lo rid e 37.34 (4000000iu) 1.6 (4 .80)
sodium m e ta s il ic a te 5.34 calcium  p an to thenate  1.6 (4 .80)
f e r r i c  c i t r a t e 6.08 pyridoxine
manganous carbonate 3.03 hydrochloride 0 .7 (4 .20)
zinc carbonate 0.61 r ib o f la v in 0 .6 (3 .60)
n ic k e l su lp h a te 0.39 thiam in
cu p ric  carbonate 0.28 hydroch loride 0 .6 (3 .60)
s tan n ic  ch lo rid e 0.083 f o l i c  ac id 0 .2 (0 .60)
sodium f lu o r id e 0.065 b io tin 0.02 (0.06)
ammonium m etavanadate 0.032 menadione 0.005 (0.015)
chromic ch lo rid e 0.028 c h o le c a lc ife ro l 0.0025 (0.0075)
sodium se le n a te 0.0096 cyanocobalamin 0.001 (0.003)
potassium  iod ide 0.0056
ammonium molybdate 0.00208

From Wise e t  al (1982).

1 The numbers in  p a re n th e s is  a re  th e  le v e ls  o f v itam ins added to  
d ie ts  fed to  germ -free anim als.
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in  p ro te in . S ince lac ta lbum in  is  d e f ic ie n t in  th e  amino acid  

m e th ion ine , ad d itio n a l m eth ion ine  w as a d d e d  to  th e  d ie ts  a t  a  

c o n c e n tra tio n  e q u iv a le n t to  1.6% of th e  lac ta lbum in  co n c e n tra tio n .

G erm -free  anim als w ere  p ro v id e d  w ith  a  s te r i le  f ib r e - f r e e  d ie t 

(T able 1). As a  p re c a u tio n , th e  v itam in  su p p lem en ts  w ere  in c re a se d  (T a b le  i+) 

to  co m pensa te  fo r  p o ss ib le  lo sse s  d u r in g  s te r i l is a t io n  an d  fo r  th e  

a b se n c e  of th o se  v itam in s  norm ally  c o n tr ib u te d  by  m icrobial 

s y n th e s is .  The d ie t w as s te r i l iz e d  by  ex p o su re  to  7 - ir ra d ia t io n  (5 

M rad from  a ^C o so u rc e )  a n d  th e  d r in k in g  w a te r  w as s te r i liz e d  by 

au to c lav in g . C on tro l mice, w ith  a  co n v en tio n a l f lo ra , w ere fed  

th is  s te r i le  d ie t also.

To p ro v id e  th e  e s s e n tia l  f a t ty  a c id s , sa fflo w er oil o r co rn  oil

w as in c lu d ed  in all d ie ts  a n d  w as su p p lem en ted  w ith  d l-a - to c o p h e ry l

a c e ta te  (Vitamin E). D iets w ere  s to re d  fo r a maximum of 3 m onths

a t  4°C.

5. B acterial S tra in s .

The b a c te r ia l s t r a in s  u se d  an d  th e i r  g e n o ty p e s  a re  n o ted  in 

Table 5.

6 . B acterial Media.

a. E. coli D494

232 s a lt  so lu tio n  p ro v id e d  b asic  m ineral re q u ire m e n ts  and  

co n ta in ed , p e r  l i t r e  of d oub le  s t r e n g th  so lu tio n , 8.16g KH2PO4 , 2.0g 

NaCl, 4.0g NH4CI, 0.004g FeS04 in  tw ice d is tille d  w a te r  a d ju s te d  to  

pH 7.2 w ith 1M NaOH.
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Table 5 The b a c te r ia l  s t r a in s  employed

S tra in Genotype

E scherich ia  c o li  D494 081 p a n t ',  met~, p r o ',  B i" , 
complement

E scherich ia  c o li  K-12/343/7652 galRs 18t arg -bb , nad-113, 
uvr*, rec* , S tr-D ,
A (Lac, pro)

E scherich ia  c o li  K-12/343/7532 galRs 18, arg-bb, nad-113, 
ly s -b 0 , recA13, A( uvrB, bio) 
S tr-D , Lac*

E scherich ia  c o li  K-12/343/8012 galRs 18, arg-bb , nad-113, 
l y s - 60, u v r*, rec+,
Str-D , A (Lac, pro) LPS“

E scherich ia  c o li  K-12/343/7722 gaiRs 18, a rg -5 6 , nad-113, 
l y s - 60, recA13, A(uvrB, bio) 
S tr-D , Lac*, LPS-

Salm onella  typhimurium  TA983 r f a ,  AfuvrB, c h i, b io , gal )  
hisD3052 and c o n ta in s  
R fa c to r  plasm id pKMlOl

Salm onella  typhimurium  TA1003 r fa ,A (u vr$ , c h i, b io , gal)  
hi s G46 and R fa c to r  
plasm id pKMlOl

1 from G. Schmidt, Max Plank I n s t i t u t  fo r  Immunbiologie, F rieburg ,
W.Germany.

2 from G. Mohn, Dept of R ad iation  G enetics and Chemical
M utagenesis, U n iv e rs ity  of Leiden, Leiden, N etherlands.

3 from B. Ames, B iochem istry Dept, U n iv e rs ity  o f C a l ifo rn ia ,
Berkeley, USA.

A bbreviations

pant -  p an to then ic  ac id bio -  b io t in
met -  m ethionine ly s -  ly s in e
pro -  p ro lin e rec -  recom bination  re p a ir
Bi -  v itam in  Bi uvr -  ex c is io n  re p a ir
h is -  h is t id in e Str-D -  s trep tom ycin  dependent
gal -  g a lac to se r fa -  deep rough m utation
la c -  la c to se chi -  n i t r a t e  red u c tase
arg -  a rg in in e LPS - membrane lip o p o ly -
nad -  n ia c in sacch arid e
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PEP medium con tained , p e r  li tre , 500ml 232 sa lts , lOg 

B acto-Peptone (Difco Labs), 5g D -glucose in tw ice d istilled  w ater, 

s te riliz ed  a t  121°C, 151b/in2 fo r 15 mins.

1% N u trien t B roth  (NB) was p re p a re d  w ith lg  Oxoid N u trien t 

B roth  No. 2 in  100ml d istilled  w ater and  s te rilized  a t  151b/in2 fo r 

15 mins.

Minimal medium a g a r  p la te s  con tained , p e r  li tre , 500ml 232 

sa lts  an d  15g Bacto-A gar (Difco Labs) s te rilized  to g e th e r  w ith  tw ice 

d istilled  w a ter by au toclav ing  in  an  Agar-M atic AS-3 bench top  a g a r 

s te r iliz e r  (New B runsw ick Scientific  Co. Inc ., Edison, NY, USA) 

151b/in2 fo r 20 min and  held  a t  50°C u n til p o u red . This was 

supplem ented  p r io r  to  p ou ring  w ith glucose an d  amino acids 

s te riliz ed  sep a ra te ly  a t  101b/in2 fo r 10 min and  added  to  a  final 

co n cen tra tio n  of 0.5% D -glucose, 30\ig/ml L-m ethionine and  L -pro line, 

lO pg/m l D -pan to then ic  acid  and  th iam in^ (Vitamin BI).

Minimal medium a g a r  p la te s  supplem ented  w ith am picillin 

(Beechams P harm aceuticals, ‘standard*  m aterial s to re d  desiccated  a t 

4°C) to  a  final co n cen tra tio n  of 4m g/l. The am picillin was 

p re p a re d  as  a  2.5mg/ml so lu tion  and  s te rilized  th ro u g h  a  0.2yim 

f il te r  (S ch le icher and  Schuell, D assel, W.Germany), w ith 1.6ml 

ad d ed , p e r  litre  of a g a r, immediately p r io r  to  p o u rin g . These 

p la tes  w ere p re p a re d  1 - 2  days before  use  as  am picillin is 

g rad u a lly  deac tiv a ted  w hen in  so lu tion  o r a t  te m p e ra tu re s  above 4°C.

b. E. coli K -12/343 s tra in s

PEPS-bouillon con tained , p e r  litre , 20g B acto-P eptone, 5g
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B acto -T ryp tone  (Difco Labs) and  5g NaCl s te rilized  a t  151b/in2 fo r 

15 mins. This was supplem ented  w ith lactose (Difco Labs) to  a  

fin a l co n cen tra tio n  of lOmg/ml, an  amino acid so lu tion  p ro v id in g  

thiam ine (lyig/m l fina l co n cen tra tio n ), d -b io tin  (5\ig/m l), nicotin ic 

acid  (20yig/ml), L -h istid in e  (30jig/m l), L -pro line (30jLig/ml),

L -a rg in in e  (30yig/ml) and  L -lysine (30pg/m l) both  s te r iliz ed  a t  

101b/in2 fo r 10 min and  w ith strep tom ycin  su lp h a te  (filte r  

s te rilized ) to  a final co n cen tra tio n  of 50}ig/ml.

NR-S a g a r  con tained , p e r  litre , PEPS-bouillon supplem ented  w ith 

15g B acto-A gar and  30m g/l of th e  filte r—ste rilized  pH in d ica to r 

n e u tra l re d  ' - " "

(Difco Labs). P lates w ere used  w ithin one week a s  th e  ab ility  of 

n e u tra l re d , w hen in solution, to  d e tec t acidic pH dim inishes.

P hosphate  b u ffe red  saline (PBS) pH 7.2, con ta ined  4g NaCl, 7g 

Na2HP04.2H20 and  3g KH2PO4 p e r  litre  d istilled  w ater. This was 

usually  supplem ented  w ith 50mg/l s trep tom ycin  su lp h a te  (PBS-S).

c. S. typhim urium  TA98 and  TA100

2.5% N u trien t B roth  (NB) co n sis ted  of 2.5g Oxoid N u trien t B roth  

in  100ml tw ice d istilled  w ater and  s te rilized  a t  151b/in2 fo r 15 

min.

Vogel B onner E medium con tained  lOg MgS04.7H20, lOOg c itr ic  

acid  m onohydrate, 500g K2HPO4 and  175g NaHNH4P04.4H20.

Minimal glucose a g a r  p la tes  con tained , p e r  l i tre , 20ml Vogel 

B onner E medium and  15g B acto-A gar s te rilized  to g e th e r  a t  151b/in2
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fo r  20 min, supplem ented  w ith  D -glucose to  a  fina l co n cen tra tio n  of 

20mg/ml s te r iliz ed  a t  101b/in2 fo r  10 min.

N u trien t a g a r  p la te s  con tained , p e r  litre , 25g NB, 15g 

B acto-A gar in  tw ice d istilled  w ater, au toclaved  a t  151b/in2 and  

supp lem ented  w ith  f il te r  s te rilized  ampicillin to a  co n cen tra tio n  of 

4 |ig /m l.

Tris/K C l con tained , p e r  litre , 3.025g T ris [(hydroxym ethyl) 

m ethylam ine], a d ju s te d  to  pH 7.4 w ith 5N HC1, and  11.5g KC1 and  

s te riliz ed  a t  151b/in2 fo r 15 min.

7. P rep a ra tio n  of b ac te ria l c u ltu re s .

a. M aintenance .

A liquots (0.8ml) of c u ltu re s  grown in  e ith e r  NB (E. coli D494 

and  5. typh im urium  TA100) o r PEPS-bouillon (E. coli 343 s tra in s )  to  

mid logarithm ic p h ase  w ere d is tr ib u te d  in to  s te r ile , g lass  b ijou  

b o ttle s  con ta in ing  0.07ml DMSO, frozen  rap id ly  w ith  d ry  ice and  

e thano l and  s to re d  a t  -70°C.

A s ta tio n a ry  c u ltu re  of S. typhim urium  TA98 grow n in  2.5% NB 

supplem ented , w ith  0.2% g lycero l was sedim ented a t  3000g fo r 25 min, 

re su sp e n d e d  to  its  o rig in a l volume w ith a  1:1 (v /v )  m ixture of PBS 

and  40% g lycero l, d isp en sed  in to  b ijou  b o ttle s  an d  fro zen  a t  -20°C. 

Each c u ltu re  was te s te d  fo r  ampicillin re s is ta n c e  an d  c ry s ta l  v io let 

se n s itiv ity . F rozen  c u ltu re s  w ere d isca rd ed  a f te r  1 month.

b. Growth

To in itia te  b ac te ria l grow th  a  few c ry s ta ls  of th e  fro zen
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c u ltu re s  w ere | ad d e d  to  8ml PEP medium (E. coli D494 and  S. 

typh im urium  TA100) o r PEPS-bouillon (E. coli 343 s tra in s )  an d  

in c u b a ted  a t  37°C fo r 6 - 8  h o u rs  w ithout shak ing . This tu rb id  

c u ltu re  was th e n  u sed  to  inoculate fla sk s  con tain ing  NB (fo r E, coli 

D494 an d  S. typh im urium  TA100) o r PEPS-bouillon (E. coli 343 

s tra in s )  an d  m aintained a t  37°C in a  shak ing  w a ter b a th  o v e rn ig h t.

A few d ro p s  of thaw ed frozen  c u ltu re  of S. typh im urium  TA98 

w ere added  to  f la sk s  con tain ing  2.5% NB and  shaken  in a  w a ter 

b a th  a t  37°C o v e rn ig h t.

For experim ents re q u ir in g  b ac te ria  in exponential g row th , an 

a liq u o t of s ta tio n a ry  o v e rn ig h t c u ltu re  was inocu la ted  in to  two 

fla sk s  con tain ing  50ml f re s h  grow th medium. The volume of th e  

inoculum  was th a t  estim ated  to  give an optical d en s ity  of 0.1 as 

read  on an  EEL P ortab le  Colorim eter using  a  blue f i l te r  OB 10. The 

c u ltu re  was in cu b a ted  sh ak in g  a t  37°C and  sam ples from one of th e  

fla sk s  w ere rem oved and  th e  optical d en sity  m easured . When the  

op tica l d e n s ity  re a d in g  was o b serv ed  to be in c reas in g  a t  a  

logarithm ic ra te  w hen p lo tted  ag a in s t time, th e  second fla sk  of 

c u ltu re  was ra p id ly  cooled by  placing in a  b a th  of iced w ater.

If re q u ire d  th e  c u ltu re s  w ere sedim ented in a  MSE High Speed 18 

o r an  IEC C entra-3R S High Speed benchtop  c en tr ifu g e  a t  10,000g fo r 

10 mins a t  4°C. Each s tra in  was re su sp e n d ed  in  0.9% saline (pH7.2) 

o r PBS as  a p p ro p ria te  (see sec tions 10 & 11).
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c. Tris-EDTA perm eabilization o f bacteria*

C u ltu res  of th e  p a ired  s tra in s  E. coli 343/765 and  343/753 w ere 

grow n o v e rn ig h t to  s ta tio n a ry  p h ase  in  PEPS-bouillon con tain ing  5mM 

MgCk. The cells w ere w ashed by  sedim enting th e  b a c te ria  and  

re su sp e n d in g  in  an  eq u iv a len t volume of 0.12M Tris-HCl b u ffe r  pH 8.0 

(con ta in ing  p e r  li tr e , 14.52g T ris  a d ju s ted  to pH 8.0 w ith HC1) th en  

g en tly  sedim ented  again  and  re su sp e n d e d  to  approxim ately 1 -  2 x 

108 b ac te ria /m l in  0.12M Tris/HCl pH 8.0. A co n cen tra ted  solution 

of EDTA (0.01M) was ad d ed  to  th e  bacte ria l su sp en sio n  to  a  final 

co n cen tra tio n  of 0.5mM, mixed well, incubated  fo r 3 min a t 37°C 

before  add ition  of 0.04M MgCte (to a  final co n cen tra tio n  of 2mM) to 

stop  EDTA a c tiv ity  (Leive, 1968). The b ac te ria  w ere th e n  

c en tr ifu g e d  and  re su sp e n d e d  as  re q u ire d  fo r th e  in  v itro  

genotoxicity  assay .

8. P rep a ra tio n  of mouse caecal and  hepatic  frac tio n s .

a. Preparation o f  caecal fractions.

Mice w ere k illed by ce rv ica l dislocation, th e  e n tire  caecum 

excised and  a  c ru d e  su sp en sio n  of th e  pooled caecal c o n ten ts  from a t  

leas t 3 mice p re p a re d , u s in g  a  known volume (betw een 3 -  7ml) of 

s te r ile  cold 0.1M KH2PO4 b u ffe r  pH 7.2 (contain ing , p e r  litre ,

13.61g KH2PO4 and  su ffic ie n t 2N NaOH to give th e  re q u ire d  pH). 

N on-bacteria l d e b ris  was sedim ented  a t  700g fo r 2 min in  a  MSE 

Superm inor cen tr ifu g e . The su p e rn a ta n t was decan ted  an d  used  

immediately (see sec tion  9).

b. Preparation o f  hepa tic  fractions.

L iver whole hom ogenate. Mice w ere killed by cerv ica l 

d islocation and  th e  liv e rs  from a t  leas t 3 animals w ere pooled and
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hom ogenized a sep tica lly  in  50mM Tris/150mM KC1, pH 7.4 (3 volum es/g  

liv e r) u s in g  five  rec ip ro ca l s tro k e s  of a  P o tter-E veljhem  tis su e  

hom ogenizer.

H epatic p o s t-m ito ch ro n d ria l (S9) frac tio n s  w ere p re p a re d  by 

d iffe ren tia l c en tr ifu g a tio n  (9000g fo r 20 min) of th e  whole 

hom ogenate u sin g  a  MSE High Speed 18 cen trifu g e . A liquots (2ml) of 

th e  s u p e rn a ta n t (S9) w ere imm ediately sn ap -fro zen  in  s te r ile  tu b e s  

by immersion in  liqu id  n itro g en  and  s to red  a t -80°C u n til re q u ire d .

Hepatic microsomal frac tio n s  w ere p re p a re d  by a  second 

c en tr ifu g a tio n  of f r e s h  S9 a t  104,000g fo r 1 hour u s in g  a MSE E uropa 

65M u ltra c e n tr ifu g e . The re su ltin g  su p e r ta n t (cy to so l) was 

sn ap -fro z en  an d  s to re d  a t  -80°C u n til re q u ire d . The microsomal 

pe lle t was re su sp e n d e d  to  th e  o rig in a l liv e r w eight w ith T ris  b u ffe r  

(lOmM Tris-HCl pH 7.4, ImM EDTA, 20% glycero l, 1.15% KC1). If th e  

sam ples w ere not to  be u sed  im mediately th ey  w ere sn ap -fro z en  in  

liqu id  n itro g en  and  s to re d  a t  -80°C.

c. Estim ation o f  p ro te in  c o n ten t .

The p ro te in  co n ten t of hepatic  frac tio n s  was estim ated  by th e  

m ethod of Lowry e t al (1951). Samples w ere d ilu ted  to  

approxim ately  150yg p ro te in /m l w ith  0.5M NaOH. Aliquots of 0.5ml 

w ere th e n  d ilu ted  w ith 5ml of f r e s h  Lowry re a g e n t (2% Na2C03'-l% 

CuS04: 2% Na/K ta r t r a te  100:1:1 by  volume) and  allowed to  s ta n d  fo r 

10 min a t  room tem p era tu re . A fte r th is  time, 0.5ml of 50% (v /v )  

Folin-C iocalteu phenol re a g e n t was added  to  each sample and  weU 

mixed. S ta n d a rd s  (bovine serum  album in, 0 -  250\ig/ml in  0.5M NaOH) 

w ere tre a te d  in  parallel. A fter 40 min the  ab so rb an ce  a t  720nm was
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d e te rm in e d  on  a  Cecil 272 s p e c tro p h o to m e te r  (Cecil In s tru m e n ts  L td ., 

C am bridge). A lin e a r  s ta n d a rd  c u rv e  w as o b ta in ed  from  w hich, v a lu e s  

fo r  th e  ex p erim en ta l sam ples w ere  d e te rm in ed .

9. D eterm ination of enzym e ac tiv itie s .

su M icrobial

D eterm ination  of b a c te r ia l enzym e a c tiv it ie s  w ere c a r r ie d  o u t
o s  cie^ci'itxr*d

on m ouse caeca l s u sp e n s io n s  p re p a re d ^ in  sec tio n  8a. All a s s a y s  

w ere  p e rfo rm e d  a t  37°C in  g la ss  b ijoux  b o ttle s  f i t te d  w ith  a  screw  

cap  a n d  r u b b e r  sep tum . A naerob ic  co n d itio n s  w ere  m ain ta ined  by 

b u b b lin g  a  m ix tu re  of H2/CO 2/N 2 (3:10:87 by  volum e) th ro u g h  th e  

sy stem . The su sp e n s io n  of caeca l c o n te n ts ,  to g e th e r  w ith  0.1M 

KH2PO4 b u f fe r  pH 7.2 to  a f in a l volum e of 3.9ml, w ere p re - in c u b a te d  

fo r  10 min a t  37°C b e fo re  in je c tio n  o f th e  s u b s t r a te  th ro u g h  th e  

sep tum . A liquo ts of th e  re a c tio n  m ix tu re  w ere w ith d raw n  in a 

sim ilar m an n er a t  sp e c if ie d  time p o in ts . C ellu lar d e b r is  was 

sed im en ted  by  c e n tr ifu g a t io n  a t  5000g fo r  5 min in a MSE b en ch  to p  

c e n tr ifu g e .

N itra te  r e d u c ta s e  a c t iv i ty  w as d e te rm in e d  a s  d e sc r ib e d  by  Wise 

e t  al (1982). To s t a r t  th e  re a c tio n  0.1ml sodium  n i t r a te  (final 

c o n c e n tra tio n  20mM) w as a d d e d  to  th e  in c u b a tio n . A liquo ts (0.5ml) 

of th e  re a c tio n  m ix tu re  w ere  th e n  w ith d raw n  from  th e  sy stem  a t  

v a r io u s  in te rv a ls  a n d  c e n tr ifu g e d . The c o n c e n tra tio n  of n i t r i te  in 

th e  s u p e r n a ta n t  w as d e te rm in e d  by  th e  m ethod of th e  A ssociation  of 

O fficial A naly tica l C hem ists (1970), in  w hich  0.5ml of G reiss  

re a g e n ts  1 an d  2 w as a d d e d  to  0.1ml s u p e rn a ta n t  an d  made up  to  4ml 

w ith  de ion ized  w a te r . A fte r 20 min th e  a b so rb a n c e  a t  542nm was 

m easu red  u s in g  a  Cecil 272 sp e c tro p h o to m e te r . If r e q u ire d ,  th e
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volume of s u p e rn a ta n t was a d ju s te d  to  ob ta in  a  more a ccu ra te  read in g  

on th e  spectropho tom eter. S ta n d a rd s  w ere p re p a re d  u sin g  a  ran g e  of 

volum es (0.0 -  1.0ml) of O.lmM sodium n itr i te  d ilu ted  to  a  volume of 

4ml w ith  deionized w ater and  tre a te d  w ith G reiss R eagents as 

d e sc rib e d  p rev iously .

N itro red u c tase  a c tiv ity  was determ ined  by th e  method of Wise e t  

al (1982). The reactio n  was s ta r te d  by in tro d u c in g  0.1ml 

p -n itro b en zo ic  acid so lution (final co n cen tra tio n  1.5mM) to  th e  

incubation . A liquots (0.5ml) w ere rem oved a t  re g u la r  in te rv a ls  

a f te r  add ition  of th e  s u b s tra te  an d  mixed w ith 0.5ml 10% 

trich lo ro ace tic  acid (TCA). The d en a tu red  p ro te in  was sedim ented 

by cen trifu g a tio n . The co n cen tra tio n  of p-am inobenzoic acid  in  th e  

su p e rn a ta n t frac tio n  was determ ined  by th e  method of B ra tton  & 

M arshall (1939). To 0.5ml of th e  s u p e rn a ta n t was added  0.125ml

0.1% sodium n itr ite , 0.125ml 0.5% ammonium su lp h a te  and  0.125ml 0.1%
A*-',

naph^le thy lened iam ine  hyd ro ch lo rid e  (causing  d iazo tisation  of th e  

p-am inobenzoic acid), and  made up  to  2.5ml w ith  deionized w ater. 

A fter 30 min a t  room tem p era tu re  th e  ab so rb an ce  a t  545nm was 

determ ined  usin g  a Cecil 272 spec tropho tom eter. S ta n d a rd s  were 

p re p a re d  u sing  0.0 -  0.1ml of 0.5mM p-am inobenzoic acid  to g e th e r
b e in g

w ith 0.25ml 10% TCA an d  made u p  to  0.5ml w ith  w a ter b e fo re /tre a te d  

in  an  iden tical m anner to  th e  su p e rn a ta n ts .

fi-g lucu ron idase  and  fi-g lucosidase  ac tiv itie s  w ere determ ined by 

th e  m ethod of Rowland e t al (1983a) u s in g  as  s u b s tra te s  O.lral 

p -n itro p h en o l-B -g lu cu ro n id e  and  p -n itro p h en o l-B -D -g lu co p y ran o sid e  

re sp ec tiv e ly  (final co n cen tra tio n  3mM). A liquots (0.5ml) of th e  

reactio n  m ixture w ere rem oved a t  v a rio u s  time po in ts a f te r  th e
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ad d itio n  of th e  su b s tra te . A fter cen tr ifu g a tio n , th e  ab so rb an ce  of 

th e  s u p e rn a ta n t a t  402nm was determ ined  u sin g  a  Cecil 272 

sp ec tro p h o to m ete r. The reac tio n  ra te s  w ere th e n  calcu la ted  u sing  

th e  ex tinc tion  coeffic ien t of 18.30cm2/mmol.

The a c tiv ity  of h y d ro ly tic  enzym es, su ch  a s  6 - g lu cu ro n id ase  is 

u su a lly  n o t d ecreased  by freez in g  as  is th e  case  of th e  re d u c tiv e  

enzym es n itro -  an d  n itra te  re d u c ta se  (Coates e t al 1988), so on 

occasions when no t enough  time was availab le  to  determ ine all th e  

a ssa y s  on f re s h  caecal m aterial, th e  caecal su sp en sio n s  w ere frozen  

a t  -80°C and  B -g lucuron idase  and  B -g lucosidase a c tiv itie s  determ ined  

th e  following day. To confirm  th e  s tab ility  of th e  enzym e,

B -g lucu ron idase  ac tiv ity  was determ ined  in f re s h  and  fro zen  caecal 

su sp en sio n s  p re p a re d  from mice fed  th e  f ib re - f re e  d ie t. A s lig h t 

in c rease  in  ac tiv ity  was o b se rv ed , r is in g  from 103}imol of 

p -n itro p h en o l p ro d u c e d /h r /g  caecal co n ten ts  (jim o l/h r/g ) in  fre sh  

m aterial to  116 ^im ol/hr/g  on frozen  caecal su sp en sio n . Similar 

in c re a se s  have been o b se rv ed  fo r B -glucosidase (p e rso n a l 

communication I.R. Rowland) and  a re  p resum ably  due to  cell ly sis  

allowing g re a te r  access  of s u b s tr a te s  to enzym es (Vince e t al 1976). 

A lthough freez in g  was not th e  p re fe r re d  m ethod, in  any  p a rtic u la r  

experim ent th e  caecal co n ten ts  w ere tre a te d  id en tica lly  an d  fo r each 

experim ent (p re sen ted  in C h ap ters  5 & 6) i t  is  s ta te d  w h e th er f re sh  

o r fro zen  caecal su sp en sio n s  w ere used .

D eterm ination of m icrobial num bers in  caecal co n ten ts .

An estim ation of th e  to ta l num ber of b a c te ria  (v iab le and  

nonviable) was ob ta ined  from a d ire c t m icroscopic co u n t on a 

hea t-fix ed , G ram -stained p re p a ra tio n  as  d esc rib ed  by Holdeman &
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Moore (1975). An a liquo t (lO^il) of an  a p p ro p ria te  d ilu tion  in 

saline (u sua lly  10"3) of caecal su sp en sio n  (as p re p a re d  in  sec tion  

8a) was sp re ad  even ly  o v e r a  1cm sq u a re  m arked on a  slide, a ir  

d rie d , h ea t-fix ed  and  G ram -stained. The slide was again  allowed to 

d ry  in  a ir  p r io r  to  coun ting  u n d e r  a  lig h t m icroscope (G illett &

S ib e rt L td ., London, UK). For each  sample a t le a s t 10 fie ld s  (2 

edge fie ld s  an d  8 c en tre  fie lds) o r  100 organism s w ere coun ted , 

w h ichever was g re a te r . A ccording to  th e  m ethod of Holdeman & Moore 

(1975) an y  ch ains of b ac te ria  w ere co u n ted  as  "1". The mean num ber 

of b a c te r ia  p e r  ml of caecal su sp en sio n  o r  p e r  gram  caecal co n ten ts  

was th e n  calcu la ted  from th e  mean num ber of co u n ts  p e r  field  and  

from th e  num ber of fie lds p e r  cm2 -  a s  m easured u s in g  a  ca lib ra ted  

m icroscope slide.

b. Mammalian.

Cytochrom e P450.

The cytochrom e P450 co n ten t of th e  hepatic  S9 and  microsomal 

frac tio n s  was determ ined  from th e  ca rb o n  monoxide sa tu ra te d  

d ith ion ite  d ifferen ce  spec trum  a s  d e sc rib ed  by Omura & Sato (1964). 

Samples of hepatic  S9 and  microsomal frac tio n s  w ere d ilu ted  in  0.2M 

KH2PO4 b u ffe r  pH 7.4 so as  to con tain  th e  eq u iv a len t of 0.06 -  0.08g 

of f r e s h  tissu e /m l. A small q u a n tity  of solid sodium d ith ion ite  

was added  to  th e  sample and  mixed g en tly  before  d iv id ing  th e  sam ples 

in to  two m atched spectropho tom eter c u v e tte s . U sing a  Cecil CE599 

autom atic scann ing  sp ec tropho tom eter (Cecil In s tru m e n ts  L td., 

Cam bridge) th e  cu v e tte s  w ere scan n ed  in itia lly  betw een 400 an d  500nm 

to determ ine th e  baseline level. C arbon monoxide was bubbled  

th ro u g h  th e  co n ten ts  of one c u v e tte  fo r 1 min p r io r  to  a  second scan  

in  w hich th e  d ifference  spec trum  betw een 400 an d  500nm of th e  two
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c u v e tte s  was reco rd ed . From th e  re s u lts  th e  A(450-490)nm fo r each 

sam ple was determ ined  and  u sin g  th e  ex tinc tion  coeffic ien t of 

cy tochrom e P450 a s  91cm2/nimol (Omura & Sato 1964) th e  cytochrom e 

P450 co n cen tra tio n  (nmol/ml) of each sample was calcu la ted .

Cytochrom e P450 is  so named because  of th e  c h a ra c te r is t ic  sp e c tra l 

a b so rp tio n  maximum a t  450nm w hen red u ced  and  complexed w ith  carbon  

dioxide.

Cytochrom e c red u c tase .

The determ ination  of th is  microsomal flav o p ro te in  enzym e was 

b ased  on th e  p rin c ip le  th a t  w hen oxidized cytochrom e c is  co n v erted  

to  re d u c ed  cytochrom e c i t  has, un like th e  form er, a  c h a ra c te r is tic  

a b so rp tio n  maximum of 550nm (Lake 1987). Microsomal su sp en sio n  

(0.1ml of a  50mg f re s h  tis su e /m l susp en sio n ) was ad d ed  to  two 

m atched sp ec tro p h o to m ete r c u v e tte s , each con tain ing  1ml 0.125mM 

cytochrom e c (s to red  a t  4°C) in  0.1M KH2PO4 b u ffe r  pH 7.6 and  0.2ml 

15mM KCN an d  made up  to  2.4ml o r 2.5ml w ith b u ffe r  fo r th e  te s t  and  

re fe re n ce  c u v e tte s  re sp ec tiv e ly . The c u v e tte s  w ere in cu b a ted  a t 

37°C fo r  10 mins p r io r  to add ition  of 0.1ml B-nicotinam ide aden ine  

d inucleo tide  p h o sp h a te  red u ced  form (NADPH) to  th e  te s t  cu v e tte .

The in c re ase  in  ab so rb an ce  a t  550nm w ith  time was re c o rd ed  u sin g  a  

Cecil CE599 autom atic scann ing  sp ec tropho tom eter. The in itia l ra te  

of cy tochrom e c red u c tio n  (A550nm/min) was determ ined  an d  usin g  th e  

ex tinc tion  coeffic ien t of red u ced  cytochrom e c a t  550nra o f  

21cm2/mmol (Williams & Kamin 1962) th e  NADPH-cytochrome c re d u c ta se  

a c tiv ity  (nm ol/m in/m l microsomal sample) was calcu la ted .
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Mixed fu n c tio n  oxidase enzyme activ ities.

i. 7 -e thoxycoum arin - and  7 -e th o x y reso ru fin  O -d eeth y lases.

A ctiv ities of 7-ethoxycoum arin- and  7 -e th o x y re so ru fin -0 -d ee th y la se  

in  h ep a tic  microsomal frac tio n s  w ere m easured by flu o rescen ce  

in te n s ity  a s  d e sc rib e d  by Lake (1987). A liquots (eq u iv a len t to  5mg 

microsomal tis su e ) w ere added  to  tu b e s  con tain ing  0.5mM

6-nico tinam ide aden ine  dinucleo tide pho sp h ate  (NADP+), 7.5mM 

D L -isocitric  acid , 5mM MgS04 and  1 u n it iso c itric  d eh y d ro g en ase  made 

up  to  a  fina l volume of 2ml w ith  50mM Tris-HCl b u ffe r1. The 

sam ples w ere allowed to  e q u il ib ra te  to  37°C p r io r  to  ad d itio n  of

th e  a p p ro p ria te  s u b s tra te  (2mM 7-ethoxycoum arin  o r  5|iM

7 -e th o x y re so ru fin ) d isso lved  in  Tris-HCl1 and  in cu b a ted  a t  37°C fo r 

10 min b efo re  p lacing  on ice and  add ition  of 1ml 5% ZnS04 an d  1ml 

s a tu ra te d  barium  hydrox ide  to  each tu b e . A fter c en tr ifu g a tio n  a t 

2000g fo r  15 min u sin g  a MSE coolspin cen tr ifu g e , 1ml of th e  

d ep ro te in ized  s u p e rn a ta n t was mixed w ith 2ml 0.5M glycine/NaOH 

b u ffe r2 an d  th e  fluo rescence  reco rd ed  u sing  a  P erk in -E lm er 

flu o rescen ce  spec tro p h o to m ete r3. The b ack g ro u n d  flu o rescen ce  was 

a sse sse d  in  sam ples in  which s u b s tra te  was added  to  rep lic a  tu b e s  

a f te r  th e  in cu b atio n  period . S ta n d a rd s  w ere p re p a re d  u s in g  O.lmM 

7-hydroxycoum arin  o r  2pM re so ru fin  in  rep lace  of th e  microsomal 

tis su e . The enzym e a c tiv ity  ex p re ssed  as  nmol/min/mg t is su e  was 

determ ined .

1 pH 7.6 fo r e thoxycoum arin-O -deethy lase  

pH 8.2 fo r  e th o x y reso ru fin -O -d ee th y la se

2 pH 10.5 fo r  ethoxycoum arin-O -deethy lase  

pH 8.5 fo r e th o x y reso ru fin -O -d ee th y lase

3 excita tion  an d  em ission m onochrom ators s e t a t  380 an d  452nm
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re sp e c tiv e ly  fo r  ethoxycoum arin-O -deethy lase  and  535 and  582nm 

fo r e th o x y re so ru fin -O -d ee th y la se .

ii. B enzphetam ine N -dem ethylation.

The de term ina tion  of benzphetam ine N -dem ethylation was based  on 

th e  m ethod of Lu e t  a l (1969) tubich m easures form aldehyde p rod u c tio n . 

T ubes con ta in in g  0.7mg microsomal tis su e , 3.33mM sem icarbazide, ImM 

benzphetam ine, 0.5mM NADP+, 6mM g lu co se -6 -p h o sp h a te  an d  3 u n its  

g lu c o se -6 -p h o sp h a te  d eh y d ro g en ase  w ere made up  to  a  fin a l volume of

1.5ml w ith  0.05M Tris-HCl b u ffe r (pH 8.8) and  in cu b a ted  fo r  20 mins 

a t  37°C. The reac tio n  was s to p p ed  by add ing  1ml 10% TCA and  

sam ples c e n tr ifu g e d  a t  2000g fo r 10 mins. An a liq u o t of 

su p e rn a ta n t  (1ml) was mixed w ith  1ml Nash re a g e n t (con ta in ing  p e r  

litre , 150g ammonium a ce ta te , 3ml glacial acetic  acid , 2ml 

ace ty lace tone) and  in cu b a ted  fo r 10 mins a t  60°C befo re  reco rd in g  

th e  a b so rp tio n  a t  412nm u sin g  a  Cecil 272 sp ec tropho tom eter.

T issue b lan k s w ere also p re p a re d  using  rep lica  sam ples b u t 

con tain ing  no s u b s tra te . S ta n d a rd s  con tain ing  0.0 -  0.4|imol 

fo rm aldehyde/m l w ere tre a te d  in parallel.

G lutathione an d  g lu ta th io n e - tra n s fe ra se  ac tiv itie s .

Levels of re d u c ed  g lu ta th io n e  and  oxidized g lu ta th io n e  w ere 

determ ined  by  th e  Dept of B iochem istry a t  BIBRA u sin g  th e  whole 

liv e r hom ogenate a s  d e sc rib ed  by  Adams e t al (1983).

The a c tiv itie s  of g lu ta th io n e - tra n s fe ra se s  in  th e  hepatic  

cy toso l w ere estim ated  by  th e  m ethod of Habig e t al (1974) u sing  

l-c h lo ro -2 ,4 -d in itro b en zen e  (CDNB), l,2 -d ich lo ro -4 -n itro b en z e n e  

(DCNB) and  1,2 -ep o x y -3 -(p -n itro p h en o x y )p ro p an e  (ENPP) as su b s tra te s .
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D eterm in a tio n  of a fla to x in  B i-g lu ta th io n e  co n ju g a tio n .

The ab ility  of mouse hepatic  cy toso l to  c o n v e r t aflatoxin  Bi- 

2,3 epoxide to  a  g lu ta th io n e  co n ju g a te  was determ ined  by  Dr G. Neal, 

MRC, C arsha lton , S u r re y  u sin g  th e  method of O’B rien e t al (1983). 

Hepatic cy to so l was in cu b a ted  w ith aflatoxin Bi a c tiv a ted  to  

afla toxin  Bi-2,3 epoxide in  s i tu , by quail microsomes supplem ented  

w ith 5mM re d u c ed  g lu ta th ione . The p roduction  of aflatoxin  

B i-g lu ta th io n e  c o n ju g a te s  was m easured  using  re v e rs e  p h ase  HPLC.

10. In  v itro  m u tagen ic ity  and  genotox icity  a ssay s .

a. Salmonella m u ta g en ic ity  a ssa y .

In  all experim en ts, th e  Salmonella m utagen icity  a ssa y  was 

perfo rm ed  a t  37°C w ith  a  p re in cu b a tio n  s tep  of 30 min, based  on th e  

method of Maron & Ames (1983). For a ssay s  u sin g  hepatic  S9 

frac tio n s  (as p re p a re d  in  sec tion  8b) th e  incubation  tu b e s  con tained  

(in a  to ta l volume of 0.8ml) 2yimol NADP+, 2.5yimol 

D -g lu co se-6 -p h o sp h a te , 16.5yimol KC1, 4ymol MgCb, 50jimol NaH2P04 

b u ffe r  (pH 7.4), 2 u n its  g lu co se -6 -p h o sp h a te  d eh y d ro g en ase , 0.1ml 

s ta tio n a ry  ph ase  (o v e rn ig h t c u ltu re )  S. typh im urium  TA98 o r  TA100 

(con ta in ing  1 -  2 x 109 b acte ria /m l) and  a p p ro p ria te  co n cen tra tio n s  

of m utagen. A ssays u s in g  hepatic  microsomal tis su e  con tained  p e r  

in cu b atio n  tu b e  (in a  fina l volume of 0.6ml) 2pmol NADP+, 4.5pmol 

D L -isocitric acid , 5.5 u n its  iso c itric  d eh y d ro g en ase , 16.5\imol KC1, 

4\imol MgCh, 50jimol NaH2P04 b u ffe r  (pH 7.4), 0.1ml s ta tio n a ry  ph ase  

S. typh im urium  TA98 an d  m utagen. Tris/KCl was u sed  to  a d ju s t  

volumes a s  n e c e s sa ry  in  bo th  m icrosom e-and S 9-con ta in ing  a ssay s . 

C oncen tra tions of m utagen and  tis su e  frac tio n s  u sed  a re  d e sc rib ed  

u n d e r each  ind iv id u a l experim ent. A fter th e  30 min in cubation  

period , 2ml molten top  a g a r  (50°C) con tain ing  O.lyimol h is tid in e  and
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O.lyimol b iotin  was ad d ed  to  each tu b e  and  th e  m ixture overla id  onto  

20ml Vogel B onner a g a r  p la te s . The p la tes  w ere in cu b a ted  fo r 48hr 

a t  37°C an d  th e  num ber of h is tid in e  re v e r ta n ts  was sco red  u sin g  an  

’A rte k ’ colony c o u n te r  (A rtek System s Corp., New York, USA.). All 

a s sa y s  w ere c a r r ie d  o u t in  tr ip lica te .

b. In  v itro  g e n o to x ic ity  a ssa y .

This a ssa y  is sim ilar to  th e  Salmonella m u tagen icity  a ssay , b u t 

u ses  th e  p a ire d  E. coli K-12/343 s tra in s  (Table 5) based  on th e  

m ethod of Mohn (1984). S ta tio n a ry  ph ase  c u ltu re s  of each  s tra in  to  

be u sed  w ere c e n tr ifu g e d  and  re su sp e n d e d  in  PBS-S to  an  op tical 

d en s ity  of 51. A small volume (0.2ml) of th e  re su sp e n d e d  b ac te ria  

was in cu b a ted  fo r 30 mins a t  37°C in  PBS-S w ith th e  a p p ro p ria te  

co n cen tra tio n s  of m utagen  in  a  fina l 1ml volume. If  a  p rom utagen  was 

u sed , hep atic  S9 fra c tio n s  and  co fac to rs  (2}imol NADP+, 2.5^imol 

D -g lu co se-6 -p h o sp h a te , 16.5yimol KC1, 4\imol MgCl2 and  50yimol NaH2P04 

b u ffe r, pH 7.4) w ere in c luded  in th e  incubation  mix. At th e  end  of 

th e  in cu b atio n  period  an  a liquo t (0.1ml) was rem oved an d  d ilu ted  

100-fold in ice cold saline to  s to p  an y  fu r th e r  reaction .

A ppropria te  f u r th e r  d ilu tio n s  w ere c a r r ie d  o u t and  a liq u o ts  (0.1ml) 

p la ted  on to  NR-S a g a r  an d  in cu b a ted  fo r  24hr a t 37°C. The num ber 

of su rv iv in g  re d  re p a ir  d e fic ien t E. coli 343/753 o r 343/772 (Lac+, 

uvrB, recA) an d  w hite E. coli 343/765 o r  343/801 (Lac+, u v rf , re e f) 

was th e n  de term ined  by colony coun ting . The su rv iv a l of th e  re p a ir  

defic ien t s tra in  re la tiv e  to  th e  re p a ir  p ro fic ien t s tra in  w as th e n  

calcu la ted  an d  ex p re ssed  a s  a  p e rcen tag e .
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1 approxim ately  3 -  4 x 109 bac te ria /m l fo r 343/765

5 -  7 x 10s bac te ria /m l fo r  343/753

4 -  5 x 109 bac te ria /m l fo r  343/801

4 -  5 x 108 bac te ria /m l fo r 343/772

11. H ost-m ediated  a ssa y s .

a. E. coli D494

This m ethod was based  on th e  in tra san g u in eo u s  host-m ed ia ted  

a ssa y  d e sc rib ed  by  Solt & Neale (1980). A s ta tio n a ry  p h ase  c u ltu re  

of E. coli D494 was re su sp e n d e d  in  0.9% saline (pH 7.2) to an  

op tica l d e n s ity , a t  A420, of 50 eq u iv a len t to  a  b ac te ria l d en s ity  of 

betw een 7 -  8 x 1010 cells/m l. Mice w ere in jec ted  in trav en o u sly  

v ia  th e  ta il ve in  w ith  0.2ml of th is  b ac te ria l suspension . The 

m utagens to  be te s te d  w ere e ith e r  adm in istered  in trav en o u sly  (w ith 

th e  b a c te ria  if a  prom utagen) o r o ra lly , a t  ap p ro p ria te  tim es before 

o r following th e  b ac te ria l in jec tio n  depend ing  on th e  aims of th e  

experim ent. C ontrol anim als rece iv ed  a bac te ria l in jec tion  and  an 

a p p ro p ria te  volume of so lven t.

T hree h o u rs  a f te r  ad m in istering  th e  b ac te ria  th e  mice were 

killed by  cerv ica l d islocation , th e  liv e r rem oved, w ashed in  s te rile  

saline and  hom ogenized in  1ml saline u sin g  a  Poly tron  hom ogenizer 

(Kinematica, GmbH, S w itzerland). If re q u ire d  o th e r tis su e s  (for 

example, lung , k id n ey  o r  sp leen) w ere rem oved and homogenized in  

p a irs  in  0.5ml saline.

To determ ine th e  num ber of am picillin r e s is ta n t  (AmpR) m utan ts 

0.1ml a liquo ts  of c ru d e  hom ogenate w ere sp read , in tr ip lica te , on to  

minimal a g a r con tain ing  4jig/m l am picillin. Total v iable num bers

-  87 -



w ere determ ined  by p la tin g  su itab le  d ilu tions on to  minimal a g a r  

p la te s . All p la te s  w ere in cu b a ted  a t  37°C fo r 24 hou rs . The 

m utation ra te  was calcu la ted  a s  th e  num ber of AmpR m utan ts  p re s e n t  

p e r  109 su rv iv o rs .

5. E. coli 343/765 and  343/753

The m ethod is  based  on th a t  of Mohn (1984). S ta tio n a ry  phase  

c u ltu re s  of E.coli 343/765 and  343/753 grow n u p  in PEPS-bouillon 

w ere mixed in  th e  ra tio  1:20 (v /v )  re sp ec tiv e ly , p r io r  to  

h a rv e s tin g . The b ac te ria l mix was re su sp e n d e d  in  saline to  an  

op tica l d e n s ity  of 80 (eq u iv a len t to  2 -  3 x 1010 b ac te ria  of each 

s tra in /m l). A liquots (0.1ml) of th e  re su sp e n d e d  b ac te ria l mix 

w ere in je c ted  in to  mice, e ith e r  in trav e n o u sly  v ia  th e  ta il vein  

a n d /o r  p e r  os. M utagen so lu tions w ere adm in istered  a s  in  th e  E. 

coli D494 host-m ed ia ted  assay . N inety m inutes a f te r  in jec tion  of 

th e  b ac te ria , th e  mice w ere killed by  cerv ica l d islocation , th e  

liv e r rem oved, w ashed in  saline and  hom ogenised, in  1ml PBS-S u sin g  

a  Po ly tron  hom ogenizer. The small in te s tin e  and  caecal sac w ere 

excised from th o se  anim als g iven  b a c te ria  o rally  an d  hom ogenised in  

2ml PBS-S. If re q u ire d , faecal p e lle ts  w ere also  collected  from 

th e  mouse cages and  hom ogenized in  2ml PBS-S. A ppropria te  

d ilu tions of th e  hom ogenates w ere p la ted  on to  NR-S a g a r  and  

su b se q u e n tly  in cu b a ted  fo r  24hr a t  37°C. The freq u e n cy  of red  

E.coli 343/753 (Lac+, uvrB /recA ) and  w hite E.coli 343/765 (Lac- 

uvr+ /rec+ ) colonies w ere th e n  de term ined  as fo r  th e  in v itro  

genotoxicity  a ssay  in  o rd e r  to  calcu la te  th e  in duction  of DNA 

damage.
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c. Salmonella typh im urium  TA98.

A m odification of th e  in tra san g u in eo u s  h o st-m ed ia ted  a ssa y  by 

A rni e t al (1977) was u sed . A s ta tio n a ry  p h ase  c u ltu re  of S . 

typh im urium  TA98 was re su sp e n d e d  to  l /5 0 th  of i ts  o rig in a l volume in  

0.9% saline (5 x 1010 cells/m l). An a liquo t (0.1ml) of th is  

b ac te ria l su sp en sio n  was in je c ted  in trav e n o u sly  in to  mice v ia  th e  

ta il v e in  imm ediately p r io r  to  an  o ra l dose of m utagen. The 

m utagen  was d isso lved  in  p u re  DMSO and  a  to ta l volume of O.Olml/g 

body w eigh t was given. C ontrol anim als rece iv ed  0.01ml DMSO/g body 

w eight. In  th o se  experim ents w here  only  one co n cen tra tio n  of 

m utagen  was u sed , th e  chosen  co n cen tra tio n  was d e riv e d  from re su lts  

of re c e n t host-m ed ia ted  a ssa y s  u s in g  th e  com pound in  q u estio n  and  

found  to  give a ro u n d  500 -  700 re v e r ta n ts /p la te .  This was

d esig n ed  to  maximize th e  se n s itiv ity  of th e  a ssa y  so as to  be able 

to  d e te c t in c rease s  o r d ecrea se s  in  m utagenicity  betw een trea tm en t 

g ro u p s . One ho u r a f te r  b ac te ria l in jec tio n  th e  mice w ere killed by 

ce rv ica l dislocation, th e ir  liv e rs  rem oved, w ashed an d  homogenized 

in  10ml Tris/KCl u sing  an  U ltra -T u rra x  hom ogenizer 

(IK A -Labortechnik, Sw itzerland). A fter in itia l c en tr ifu g a tio n  fo r 

10 min a t  lOOg (to sed im ent cell d e b ris )  th e  s u p e rn a ta n t  was 

c e n tr ifu g e d  a t  1700g fo r 30 mins an d  th e  sedim ented  b ac te ria l cells 

th e n  re su sp e n d e d  in  1ml Tris/KCl. To determ ine th e  num ber of 

h is tid in e  re v e r ta n ts ,  0.1ml b ac te ria l su sp en sio n  was mixed w ith  

2.5ml top  a g a r  (50°C) co n ta in ing  O.ljimol h is tid in e , O.lpmol biotin 

and  25}ig/ml ampicillin an d  p o u red  on to  Vogel B onner a g a r  p la tes.

T hree rep lica te  p la te s  w ere  made fo r each  sample.

Total num bers of viable b a c te ria  p re s e n t  in  each  liv e r w ere 

calcu la ted  from th e  liv e r w eigh t an d  by p la tin g  a  su itab le  d ilu tion
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of th e  s u s p e n s io n  on to  n u t r i e n t  a g a r  p la te s .  From th i s  va lue , it 

was p o ss ib le  to  ca lcu la te  th e  n u m b e rs  of b a c te r ia  p o u re d  on to 

Vogel B onner  p la te s .  Howes (1987) r e c e n t ly  show ed th a t  w hen  a 

r a n g e  of 2 x 107 to  1 x 109 b a c te r ia  w ere  p la te d  on to Vogel B onner 

p la te s ,  th e  mean n um ber  of r e v e r t a n t s  d i f fe re d  by  on ly  2 colonies, 

w ith  c o u n t s  of 17.0 + 4.6 (mean + SD) a n d  18.6 + 2.5 colonies  

re s p e c t iv e ly  re c o rd e d .  M utation d a ta  from h o s t-m e d ia te d  a s s a y s  

u s in g  S. ty p h im u riu m  TA98 w ere  u sed  if th e  n u m b e rs  of b a c te r ia  

p la te d  fell w ith in  th i s  r a n g e .  An a l iq u o t  of th e  b a c te r ia l  dos ing  

s u s p e n s io n  was also  d ilu ted  a p p r o p r ia te ly  a n d  p la te d  on to  n u t r i e n t  

a g a r ,  in  o r d e r  to de te rm ine  th e  n u m b e rs  of b a c te r ia  a d m in is te re d  to 

each  mouse. Using th i s  v a lu e  i t  was p o ss ib le  to  ca lcu la te  th e  

p e rc e n ta g e  of dosed  v iab le  b a c te r ia  re c o v e re d  in th e  l ive r .  All 

p la te s  w ere  in c u b a te d  a t  37°C fo r  48 h r  befo re  be ing  c o u n te d ,  u s in g  

an  A rtek  au tom atic  colony c o u n te r .

12. D is tr ib u t io n  s tu d ie s .

a. H o st-m ed ia ted  assay .

In  se lec ted  h o s t-m e d ia te d  a s s a y s  (u s in g  S. typ h im u riu m  TA98 as  

th e  in d ic a to r  o rgan ism , sec tion  11c), th e  mice w ere  dosed  w ith  

rad io labe l led  m utagen , e i th e r  [ 2 -14C] MelQ, [3 - i4C] T r p - P - 2  o r  

[U -3H]aflatoxin Bi a t  a  c o n c e n t ra t io n  s u c h  th a t  eac h  mouse in 

g e n e ra l  r e c e iv e d  7 .5pC i/kg  of [14C] o r  20pC i/kg  of [3H] p e r  gram 

body  w eigh t.  Imm ediately  a f t e r  c e rv ic a l  d is loca tion  of th e  mice, 

th e  h e a r t s  w ere  c u t  o pen  a n d  a  sample (approx im ate ly  0.1ml) of blood 

co llec ted  in to  a  h e p a r in iz e d  s y r in g e  a n d  p laced  in to  a  sc in t il la tion  

via l a n d  w eighed . The l iv e r  w as rem oved , w eighed  a n d  hom ogenized 

in 5ml Tris/K Cl u s in g  an  U l t r a -T u r r a x  hom ogenizer. An a l iquo t 

(0.5ml) of th e  hom ogenate was p laced  in a  sc in t i l la t ion  vial. From
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th e  rem aining hom ogenate, to  which a  fu r th e r  5ml of Tris/KCl had 

been  ad d ed , S . typhim urium  cells w ere reco v ered  an d  th e  num ber of 

r e v e r ta n t  b a c te ria  determ ined as  d e sc rib ed  in  sec tion  11c above.

To solubilize th e  blood and  liv e r sam ples, 1ml Soluene mix (1:1 

soluene 350:propan-2-ol) was ad ded  to  each vial an d  in cu b a ted  a t 

37°C fo r 30 -  60 mins u n til solubilization  was com pleted. The 

sam ples of blood w ere th en  decolourized w ith 35% h y d ro g en  peroxide 

ad d ed  d rop -w ise . H ionic-fluor sc in tilla tion  flu id  (10ml) was ad d ed  

to  each  solubilized sample, th e  sam ples w ere p laced  in  th e  d a rk  a t  

4°C o v e rn ig h t before  m easuring th e  level of rad io ac tiv ity  p re s e n t in 

each  sample u sin g  a  Packard  liquid  scin tilla tion  c o u n te r . The 

rad io ac tiv ity  of a p p ro p ria te  d ilu tions of th e  labelled  m utagen 

so lu tion  was also  determ ined in th e  same m anner as  th e  tis su e  

sam ples.

R adioactiv ity  was calcu lated  in  d is in te g ra tio n s  p e r  m inute 

(dpm). In itia lly , th e  rad io ac tiv ity  in  th e  blood was ca lcu la ted  as 

dpm /g  blood. Since mice have approxim ately  80ml of b lood /kg  body 

w eigh t (ICN N utritional Biochemicals 1979) and  th e  specific  g ra v ity  

of blood is 1.057 (Ditmer, 1961), i t  was possib le to  estim ate  th e  

am ount of a c tiv ity  in  th e  to ta l blood volume and  e x p re ss  th is  as  a  

p e rc en ta g e  of th e  dose adm in istered . For th e  liv e r, rad io ac tiv ity  

was in itia lly  calcu la ted  as dpm fo r th e  whole o rg an , a d ju s t in g  th e  

value  to  acco u n t fo r th a t  volume of liv e r th a t  com prises blood 

(approxim ately 0.332g/g liv e r w eight). Those v a lu es  w ere th e n  

ex p re ssed  as a p e rcen tag e  of th e  to ta l [14C] dose adm in is te red  to  

each  mouse.
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b. A b so rp tio n  o f  m u ta g en s  from  th e  g a s tr o - in te s t in a l  tra c t.

BALB/c mice, 7 - 8  w eeks of age , fed  on a p p r o p r ia te  d ie ts  w ere  

a n a e s th e t i z e d  w ith  S aga ta l  (p e n to b a rb i to n e  sodium BP; 60m g/kg) .

The in te s t in e  of each  mouse was exposed  v ia  a  small abdom inal 

inc is ion  a n d  l ig a ted ,  e i th e r  c lose to th e  p y lo r ic  s p h in c t e r  a n d  a t  

th e  i leo -caeca l ju n c t io n  (small in te s t in e )  o r  a t  th e  ileo -caeca l 

ju n c t io n  an d  c lose  to  th e  rec tu m  ( la rg e  in te s t in e ) .  A volume 

(0.2ml o r  0.1ml fo r  th e  l iga ted  small an d  la rg e  in te s t in e  

re s p e c t iv e ly )  of [14C ]T rp -P -2  in DMSO (0.15mg/ml; 0.75pCi/ml) was 

in je c te d  in to  th e  l ig a ted  sec tion  u s in g  a  fine  hypoderm ic* The 

in te s t in e  was r e t u r n e d  to th e  abdom en, th e  c a v i ty  was c lo sed  with a

s u t u r e  a n d  a  p ad  of s a l in e -so a k e d  t i s s u e  laid o v e r  th e  abdom en.
l i g a t u r e s  o f  t h e  

Mice w ith '^ large in te s t in e  w ere  le f t  fo r  30 an d  60

m inu tes ,  w h e re a s  mice which had  re c e iv e d  th e  rad io lab e l led  m u tagen

in th e  small in t e s t in e  w ere le f t  fo r  3, 6, 9 an d  15 m inu tes .

D uring  th e s e  tim es mice w ere  k e p t  warm on an  e le c tr ic  b lan k e t .

A fte r  th e  a p p r o p r ia te  tim es, th e  a n a e s th e t iz e d  mice w ere  killed 

by  c a rd ia c  p u n c tu r e .  A sample (approx im ate ly  0.1ml) of blood was 

co llec ted  from th e  c h e s t  c a v i ty  in a  h e p a r in iz e d  s y r in g e ,  p laced  in 

a s c in t i l la t io n  v ia l an d  w eighed. The l iv e r  an d  l ig a ted  g u t  

sec tio n  w ere  eac h  rem oved , w eighed  an d  hom ogenized in  5ml T ris/K Cl 

u s in g  an  U l t r a x -T u r ra x  hom ogenizer. A 0.5ml a l iq u o t  of th e  l iv e r  

hom ogenate ,  a n d  a  0.2ml a l iq u o t of th e  hom ogenized in te s t in e ,  w ere  

p laced  in to  sc in t i l la t io n  v ia ls .  T hese  sam ples w ere  th e n  t r e a te d  

a s  d e s c r ib e d  in  th e  above  sec tio n  9.
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13. Electron microscopy.

L iv e rs  w ere  rem oved  from mice, d iv ided  in to  t h r e e  lobes, an d  

s u b m e rg e d  in a  1% so lu tion  of osmium te tro x id e  in  p h o s p h a te  b u f fe r  

pH 7.2, p r io r  to  a  r a p id  ’c h o p p in g ’ of th e  lobes  in to  

ap p ro x im ate ly  1mm c u b e s .  For com plete f ixa tion  of th e  l iv e r ,  th e  

t i s s u e  rem a ined  in osmium fo r  a t  le a s t  2 h o u rs .

The t i s s u e  was th e n  p r e p a r e d  fo r  e le c t ro n  m icroscopic  

exam ination. T h is  was c a r r ie d  o u t  a t  th e  Dept of P a tho logy  a t  

U n iv e r s i ty  College a n d  Middlesex Hospital, London. Osmium-fixed 

t i s s u e  was d e h y d r a t e d  th r o u g h  a  g ra d e d  s e r ie s  (25% to a b so lu te )  of 

an a ly t ic a l  s t a n d a r d  e th an o l,  em bedded  in S p u r r  r e s in  (Agar Aids, 

S ta n s te a d ,  Essex.) an d  po lym erized  a t  60°C fo r  16 h r .  T h ick  (lum ) 

r e s in -e m b e d d e d  s e c t io n s  w ere  c u t  on an  LKB U ltra tom e III microtome 

a n d  s ta in e d  w ith  1% to lu id ine  blue. Thin, p r im ro se -y e l lo w -s i lv e r  

s ec t io n s  (700 -  500A) w ere  c u t  u s in g  a R e ich e r t  U l t ra c u t  

u ltram icro tom e a n d  s ta in e d  with an  alcoholic so lu tio n  of u r a n y l  

a c e ta te  followed by  R ey n o ld s ’ (1963) lead c i t r a te .  Thick, 

r e s in -e m b e d d e d  se c t io n s  w ere  exam ined w ith  a  Zeiss P ho tom icroscope 

while th in ,  r e s in -e m b e d d e d  sec tio n s  w ere  exam ined in  a  Jeo l 100B 

e le c t ro n  m icroscope a t  60 o r  80 KV a n d  r e c o r d e d  on EM T echn ica l Film 

(I lfo rd  L td , M obberley , C hesh ire .) .

14. Statistical analysis.

In it ia l ly ,  th e  in d iv id u a l  r e s u l t s  w ere  t e s t e d  fo r  

h o m o sced a s t ic i ty  u s in g  th e  B a r t le t t  T es t  (S n e d e c o r  & C ochran  1967) 

an d ,  if r e q u i r e d ,  th e  d a ta  w ere tr a n s fo rm e d  to  e i t h e r  logio o r  s q u a r e  

ro o t  v a lu e s  to  ac h ie v e  th is  (Altman e t  al 1983). A nalysis  of th e  

r e s u l t s  was th e n  c a r r i e d  o u t  by a n a ly s is  of v a r ia n c e  u s in g  e i th e r
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th e  M initab (M initals Inc ., P ennsy lvan ia , USA; Ryan e t al 1976) o r  

G ensta t S ta tis tic a l Package (Alvey e t al 1982). S ign ifican t 

d iffe ren c es  betw een mean values w ere a sse ssed  u sin g  th e  le a s t 

s ig n ific an t d iffe ren ce  c r ite r io n  (S nedecor & C ochran 1967).
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CHAPTER 3

M odulation o f  m ouse h ep a tic  m etabolism  b y  

d ie ta r y  fa t

The s tu d ie s  r e p o r te d  in th i s  c h a p te r  in v e s t ig a te  th e  in f lu e n c e  

of d ie ta ry  f a t  on  th e  a c t iv a t io n  of food m u tagens  afla tox in  Bi, MelQ 

an d  T r p - P - 2  by  mouse h ep a t ic  S9 p r e p a ra t io n s  in th e  Salm onella  

m u ta g e n ic i ty  a s s a y  u s in g  S. typ h im u riu m  TA98 (see M ethods sec tio n  

10a). T hese  r e s u l t s  a r e  com pared  to th e  in v iv o  m u tagen ic  a c t iv i ty  

of th e  t h r e e  chem ica ls  in th e  h o s t-m e d ia te d  b ac te r ia l  m uta tion  a s s a y  

also  u s in g  S. ty p h im u riu m  TA98 as  in d ica to r  (M ethods sec t io n  11c).

In  ad d i t io n ,  th e  e f f e c t  of d ie ta ry  fa t  on th e  u p ta k e  of [14C ]T rp -P -2  

from th e  mouse g a s t r o - in t e s t in a l  t r a c t  was in v e s t ig a te d  (see  M ethods 

sec tio n  12b). The d ie ts  c o n s is te d  of a  1% saff low er oil d ie t  (low 

fa t)  o r  t h a t  d ie t  su p p le m e n te d  with 25% (w/w) beef d r ip p in g  o r  25% 

(w/w) olive oil r e p r e s e n t in g  h igh  s a tu r a t e d  an d  m o n o u n s a tu ra te d  fa t  

d ie ts  r e s p e c t iv e ly  (see  M ethods sec tion  4, Table 2). Mice w ere  fed  

th e s e  d ie ts  fo r  a  3 -  4 week per iod  an d  a p p e a re d  h e a l th y  a n d  a l e r t  

t h r o u g h o u t  t h i s  p e r i o d *  In  the  final sec tion  of th is

c h a p te r  a r e  r e p o r te d  th e  r e s u l t s  of s tu d ie s  exam ining th e  e f f e c t  of 

d ie ta ry  f a t  on  th e  m u tag en ic ity  of n itrosod im ethy lam ine  in v iv o  in  

mice (see M ethods, sec tio n  11a).

1. Salm onella mutagenicity assay

The h e p a t ic  S9 f r a c t io n s  u sed  in th i s  s tu d y  w ere  p r e p a r e d  from 

a s in g le  b a tc h  of mice a n d  s to r e d  a t  -80°C un ti l  im mediately p r io r  

to  u se  (see  M ethods sec tio n  8b). Despite all th r e e  d ie ts  being  

isocaloric , th e  body  a n d  l iv e r  w e ig h ts  of mice fed  th e  two h ig h  f a t
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d ie ts  w ere , on a v e ra g e ,  6% a n d  11.5% la rg e r  (for body  a n d  l iv e r  

w e ig h ts  r e s p e c t iv e ly )  com pared  to  mice fed th e  low fa t  d ie t  (Table
r r  t - o o  - ' j

6a). However, on ly  th e  i n c r e a s e  in th e  body w e ig h ts  of mice fedK8
6a). For mice fed  th e  low fa t  d ie t ,  th e  re la t iv e  l iv e r  w e ig h t

th e  beef  d r ip p in g  \  low f a t  d ie t  was ^ sign if ican t (p<0.05; Table

ra t io  (w e ig h t of l iv e r  p e r  lOg body  w eigh t)  was 0.55 in c re a s in g  to  

0.58 fo r  mice fed  th e  beef  d r ip p in g  d ie t  an d  olive oil d ie ts  (Table 

6a).

The mean p ro te in  c o n te n t  of th e  h ep a t ic  S9 f r a c t io n s  p r e p a r e d  

from mice fed  th e  c o n t ro l  d ie t  w as 32.1mg p ro te in /m l S9 (Table 6a). 

The p ro te in  c o n te n t  of h ep a t ic  f r a c t io n s  from mice fed  th e  beef 

d r ip p in g  a n d  olive oil d ie ts  was low er (by  12 a n d  20% re s p e c t iv e ly ) ,  

a l th o u g h  th e  d i f f e re n c e s  w ere  n o t  s ig n if ic a n t  (Table 6a).

In  th e  b a c te r ia l  m uta tion  a s s a y  th e  n um ber  of h is t id in e  

r e v e r t a n t s  r e c o rd e d  p e r  p la te  fo r  th e  co n tro l  sam ples, in w hich DMSO 

was a d d e d  to  th e  in c u b a t io n  in p lace  of m u tagen ,  r a n g e d  from 14 + 3 

H isV pla te  (mean + SD) in th o se  a s s a y s  co n ta in in g  no S9, to  17 + 4 

r e v e r t a n t s  a t  3.0mg S9 p ro te in /m l  in c u b a t io n  mix (Fig. 8). In  

th e se  c o n t ro ls ,  th e  d ie t  of th e  mice from which th e  h ep a t ic  

f r a c t io n s  w ere  d e r iv e d ,  had  no s ig n if ic a n t  in f lu en ce  upon  th e  

r e v e r s io n  of 5. ty p h im u r iu m  TA98 to h is t id in e  p r o to t r o p h y  (Fig. 8).

In  in c u b a t io n s  co n ta in in g  0.8nmol a fla toxin  Bi (Fig. 8) t h e r e  

was an  a lm ost l in e a r  in c re a s e  in  th e  n u m b e rs  of in d u c e d  h is t id in e  

r e v e r t a n t s  co ncom itan t w ith  th e  in c re a s e  in S9 p ro te in  

c o n c e n tra t io n ,  r i s in g  from 93 + 17 (mean + SD) H isV plate  a t  0.2mg 

S9 p ro te in /m l  in c u b a t io n  mix to  973 + 197 His* r e v e r t a n t s  a t  3.0mg 

p ro te in /m l  -  a  dou b lin g  in th e  n u m b e rs  of r e v e r t a n t s  p e r  p la te  for

-  96 -



Table 6 Body and l iv e r  w eights of mice fed  d i f f e r e n t  
f a t  d ie t s  and p ro te in  con ten t o f h ep a tic  S9 

f r a c t io n s  prepared  from th ese  mice.

D iet

Low f a t Beef d rip p in g O live o i l

Body weight (g )
a 17.38 + 1.54 18.58 + 1.62* 18.20 ± 1.50
b 17.90 + 1.24 18.82 + 1.53** 18.66 ± 1.26*
c 15.00 + 0.71 - 17.67 ± 1.84***
d 17.13 + 1.88 18.25 + 0.74 -

L iv e r  weight (g) 
a 0.96 + 0.10 1.08 + 0.09 1.06 + 0.03
b 0.81 + 0.06 0.86 + 0.10* 0.97 + 0.09***
c 0.69 + 0.08 - 0.91 + 0.10***
d 0.73 + 0.08 0.81 + 0.06*

R e la tiv e  l i v e r w eight
a 0.55 + 0.03 0.58 + 0.03 0.58 + 0.01
b 0.45 ± 0.04 0.46 + 0.05 0.52 + 0.04***
c 0.43 + 0.04 - 0.51 + 0.08*
d 0.43 ± 0.02 0.44 + 0.03 -

P ro te in  con ten t; (mg p ro te in /m l S9)
a 32.10 + 4.05 28.23 + 1.91 25.75 + 6.57

a Mice used fo r  p re p a ra tio n  of h ep a tic  S9 f r a c t io n s ,  see se c tio n  
1, F ig s . 8 -  10.

b Mice used in  host-m edia ted  assays using  S. typhimurium  TA98, see 
s e c tio n  2, Table 7. 

c Mice used in  d is t r ib u t io n  s tu d ie s , see se c tio n  3b.
d Mice used in  host-m edia ted  assays using  E. c o l i , see s e c tio n  4,

Tables 11 & 12.

L ivers  from 5 mice were pooled fo r  each S9 f r a c t io n ,  w ith 4 
f r a c t io n s  p repared  fo r  each d ie t  (see  Methods s e c tio n  8b)-.
R e la tiv e  l i v e r  w eight was c a lc u la te d  as th e  w eight o f l i v e r  p e r lOg 
body w eight. R esu lts  a re  given as means + SD. A s te r isk s  in d ic a te  
s ig n i f ic a n t  d if f e re n c e s  from the  low f a t  group *** p<0.001;
** p<0.01; * p<0.05, (Anova).
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F ig u re  8 A ctivation  of afla tox in  Bi by  hepatic  S9 frac tio n s  jfrom 
mice fed  d if fe re n t f a t  d ie ts . For each  S9 frac tio n , liv e rs  from  5 
mice w ere pooled a n d  4 S9 frac tio n s  (a t a  co n cen tra tio n  of 0.25g 
liv e r/m l S9) w ere p re p a re d  fo r each  d iet. Various co n cen tra tio n s  
of each  h ep a tic  fra c tio n  w ere in c u b a ted  in  a  fina l volume of 0.6ml, 
con ta in in g  0.8nmol afla tox in  Bi (o r 25jil DMSO; C ontro ls), 5. 
typh im urium  TA98 an d  a p p ro p ria te  co fac to rs  fo r 30 mins a t  37*C 
befo re  be ing  p o u re d  on to  Vogel B onner ag ar: a ll a s sa y s  w ere
c a r r ie d  o u t in  tr ip lic a te  (see M ethods sec tion  10a). R esu lts  a re  
g iven  a s  m eans fo r  each  d iet: Low fa t ( • ) ;  Beef d rip p in g  ( A ) ;
Olive oil ( ■ ).
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F ig u re  9. A ctivation  of T rp -P -2  by  hepatic  S9 f ra c tio n s  from  mice 
fed  d if fe re n t f a t  d ie ts . V arious co n cen tra tio n s  of h ep a tic  
frac tio n s  w ere  in c u b a ted  in  0.6ml w ith  0.08nmol T rp -P -2 . For 
f u r th e r  d e ta ils  see  Fig. 7 a n d  M ethods sec tion  10a. R esu lts  a re  
g iven  as m eans fo r  each  d ie t w ith  com parisons betw een  v a lu es  c a rrie d  
o u t u s in g  A nova an d  th e  LSD c rite r io n . Diets: Low fa t  ( • ) ;  beef
d rip p in g  ( A ) ;  olive oil ( ■ ) .
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F ig u re  10. A ctivation of MelQ by  hepatic  S9 frac tio n s  from mice fed 
d if fe re n t f a t  d ie ts . V arious co n cen tra tio n s  of each  S9 frac tio n  
w ere in cu b a ted  in  0.6ml w ith  0.05nmol MelQ. For f u r th e r  d e ta ils  
see Fig. 7 an d  M ethods sec tio n  10a. R esults a re  g iven  as  means fo r 
each  d ie t w ith  com parisons betw een v a lu es  c a r r ie d  o u t u sing  Anova 
and  th e  LSD c rite r io n . Diets: Low fa t ( • ) ;  beef d rip p in g  (A) ;
olive oil ( ■ ).
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each  1.7 fold r i s e  in th e  S9 p ro te in  c o n c e n t ra t io n  (Fig. 8). Diet 

h ad  no a p p a r e n t  in f lu e n c e  on th e  m u tag en ic i ty  of af la tox in  Bi, a t  

a n y  c o n c e n t ra t io n  of S9 u s e d  (Fig. 8).

However, w ith  th e  h e te ro c y c l ic  am ines, T r p - P - 2  (0 .08nm ol/assay) 

a n d  MelQ (0 .05nm ol/a ssay ) ,  h ep a t ic  S9 f r a c t io n s  from mice fed  e i th e r  

h ig h  f a t  d ie t  had  a  g r e a t e r  ab i l i ty  to  a c t iv a te  th e s e  com pounds  to 

b ac te r ia l  m u ta g e n s  th a n  S9 from mice fed  th e  low fa t  d ie t  (F igs. 9 & 

10). S ig n if ic a n t ly  h ig h e r  n u m b e rs  of r e v e r t a n t s ,  a t  p<0.001, w ere 

in d u c ed  by v i r tu a l ly  all c o n c e n t r a t io n s  of S9 u se d  from mice fed  the  

beef  d r ip p in g  o r  olive oil d ie ts  th a n  S9 from mice fed  th e  c o n tro l

n um b er  of r e v e r t a n t s  fo r  bo th  \ Fo r example, w hen mice

w ere dosed  w ith  T r p -P -2  in c re a s e s  in th e  n u m b e r  of m u ta tions  p e r  

p la te ,  of up  to 1.25 a n d  1.4 fold fo r  mice fed  th e  beef d r ip p in g  an d  

olive oil d ie ts  r e s p e c t iv e ly ,  w ere  o b s e r v e d  (Fig. 9). The a c t iv i ty  

of MelQ in c re a s e d  in i t ia lly  w ith in c re a s in g  S9 p ro te in  c o n c e n tra t io n  

a t  a similar r a te  fo r  all t h r e e  d ie ts ,  so t h a t  fo r  each  2 fold 

in c re a s e  in th e  c o n c e n t ra t io n  of S9 p ro te in  t h e r e  was 

app rox im ate ly  a  1.3 fo ld  r i s e  in th e  n u m b e rs  of h is t id in e  

r e v e r t a n t s .  At c o n c e n t ra t io n s  above  1.75mg S9 p ro te in /m l  

in c u b a tio n  mix th e  r a t e  of in c re a s in g  m u tagen ic  a c t iv i ty  slowed

(Fig. 10). Similar S9 p ro te in /a c t iv a t io n  c u r v e s  w ere  o b ta in e d  fo r

T rp -P -2 ,  a l th o u g h  th e  in it ia l  r a t e  of in c re a s e  in r e v e r t a n t  n u m b e rs  

was g r e a t e r  fo r  sam ples  co n ta in in g  S9 from mice fed  th e  two h igh  fa t  

d ie ts  (Fig. 9). At S9 p ro te in  c o n c e n t ra t io n s  ab o v e  2mg p ro te in /m l

in c u b a tio n  mix, th e  n u m b e rs  of in d u c e d  m u ta n ts  r e a c h e d  a p la teau  fo r

th o se  h ep a t ic  f r a c t io n s  p r e p a r e d  from mice fed  th e  low f a t  a n d  olive 

oil d ie ts  (Fig. 9).
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2. Host-mediated assays

As fo r  th e  in v i tr o  s tu d ie s ,  th e  body  a n d  l iv e r  w e ig h ts  of mice 

fed  th e  h ig h  f a t  d ie ts  w ere  g r e a t e r  th a n  th o se  of mice fed  th e  low
Ck Ir^Oec^se.

f a t  d ie t  (Table 6b) in  body  w e ig h t

H  ice fed  o(u/e^ 0 1 L diet: a 20% in c re a s e

in l iv e r  w e ig h t  com pared  to  th e

c o n t ro ls .  However, on ly  a  6.2% r is e  in l iv e r  w e ig h t  was fo u n d  fo r  

th o s e  anim als fed  th e  beef  d r ip p in g  d ie t  (Table 6b). C o n seq u en tly  

th e  r e la t iv e  l iv e r  w e ig h t  of mice g iv en  olive oil was g r e a t e r  

(pCO.OOl) th a n  th a t  of b o th  o th e r  d ie t  g ro u p s ,  b e ing  0.45, 0.46 an d  

0.52 fo r  mice fed  low fa t ,  beef  d r ip p in g  a n d  olive oil d ie ts  

r e s p e c t iv e ly  (Table 6b).

The r e s u l t s  of th e  h o s t-m e d ia te d  a s s a y s  (Table 7) show ed th a t  

in  mice fed  th e  d i f f e r e n t  fa t  d ie ts  a n d  a d m in is te re d  th e  so lv en t  

(DMSO) in p lace of th e  m u tagen ,  th e  n u m b e rs  of His* r e v e r t a n t s  w ere  

be tw een  10 a n d  32 p e r  p la te  fo r  all t h r e e  d ie t  g ro u p s  w ith  no 

s ig n i f ic a n t  d ie t  r e la te d  d i f f e re n c e s  (Table 7). T h is  r a n g e  of 

v a lu e s  was com parab le  to  th e  b a c k g ro u n d  r e v e r s io n  to h is t id in e  

p r o to t r o p h y  of th e  S. ty p h im u riu m  TA98 c u l tu r e  u se d  in  th e s e  

ex p e r im e n ts  (20 + 4; mean + SD r e v e r t a n t s  p e r  p la te ) .

In  mice exposed  to  m u tag en s  th e  in v iv o  a c t iv i ty  of th e  

h e te ro c y c l ic  am ines T r p - P - 2  (1 .5m g[5 .8pm ol]/kg) a n d  MelQ 

(0.4m g[1.88pm ol]/kg) was r a i s e d  only  s l ig h t ly  (b y  app ro x im ate ly  10%) 

w hen  mice w ere  fed  a  25% beef  d r ip p in g  d ie t  in  p lace  of th e  co n tro l ,  

low fa t  d ie t. As in th e  in  v i tro  s tu d ie s ,  \  in d u c e d  a 

g r e a t e r  n u m b e r  of m u ta n ts  th a n  beef d r ip p in g ,  g iv in g  v a lu es
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Table 7 E ffe c t o f high f a t  d ie t s  on th e  a c t i v i t y  
o f food mutagens in  the  host-m edia ted  assay

D iet

His* r e v e r ta n ts /p la te

A fla to x in  Bi 
lOmg/kg

Trp-P-2 
1 .5mg/kg

MelQ
0.4mg/kg

C ontrol 
DMSO only

Low f a t 653 + 109 610 + 262 633 + 209 22 + 5
(8) (4) (9) (7)

Beef d rip p in g 533 + 175* 683 + 169 681 + 234 21 + 4
(8) (7) (9) (8)

O live o i l 475 + 234** 818 + 302* 802 + 295* 23 + 7
(8) (7) (9) (9)

5. typhimurium  TA98 dosing suspension  (background re v e rs io n ) 2 0 + 4

Female BALB/c mice were exposed to  mutagens and S. typhimurium  TA98 
in  th e  host-m ed ia ted  assay  d esc rib ed  in  Methods s e c tio n  11c.
R esu lts  a re  given as means + SD, n in  p a re n th e s is . A s te r isk s  
in d ic a te  s ig n i f ic a n t  d if fe re n c e s  from th e  low f a t  group, ** p<0.01, 
* p<0.05 (Anova).
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Table 8 A re p re se n ta tiv e  recovery o f S. typhimurium  TA98 
from th e  l iv e r s  o f mice in  th e  host-m ed ia ted  assays

o f Table 7

Mutagen D ie t Mean V iable b a c te r ia  per
L iver ______________________________
w t(g)

0.1ml resuspended l iv e r  
p e l le t  (xlO6 )1 (% dose)

MelQ (0 . 4mg/kg)

Low f a t 0.79 70 + 21 13.0 + 3.5
Beef d rip p in g 0.82 81 + 21 15.1 + 3.5
O live o i l 0.94 76 + 27 15.3 + 5.1

C ontro ls (DMSO o n ly )

Low f a t 0.77 99 + 18 18.5 + 2.4
Beef d rip p in g 0.83 99 + 30 19.1 + 5.5
O live o i l 0.93 8 + 30 21.8 + 5.1

5. typhimurium  TA98 dosed per mouse: 9 .7  x 109 c e l l s

Mice were in je c te d  iv  w ith 0.1ml suspension o f S . typhimurium  TA98 
im m ediately fo llow ed by mutagen o r th e  so lv en t (DMSO) p .o . in  the  
host-m ed ia ted  assay  (see  Methods s e c tio n  11c). A fte r 1 hour, mice 
were s a c r i f ic e d ,  th e  l iv e r  removed and homogenized. B a c te r ia  were 
recovered  by c e n tr ifu g a tio n  and resuspended in  1ml T ris/K C l.
A liquo ts  (0.1ml of a p p ro p ria te  d i lu t io n s )  o f th e  resuspended p e l le t s  
were p la te d  on to  n u tr ie n t  agar and incubated  fo r  48 hours a t  37°C 
(see Methods s e c tio n  11c).

1 This s e t  o f r e s u l t s  re p re se n ts  th e  number o f v ia b le  b a c te r ia  
counted on n u tr ie n t  agar p la te s  and th e  number o f b a c te r ia  
poured onto  each Vogel Bonner p la te .
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app rox im ate ly  1.3 fold g re a te r  th a n  th e  co n tro ls  b u t s ig n ific an t a t 

on ly  p<0.05 (Table 7).

In  c o n tra s t ,  th e  m utagen icity  of aflatoxin  Bi (lOmg 

[32 |im ol]/kg) in  v ivo  in  mice fed e ith e r  h igh  fa t  d ie t w as 

s ig n ific a n tly  le ss  th a n  th a t  in  mice fed  th e  low fa t  d ie t. On 

a v e ra g e , 653 r e v e r ta n ts  w ere re c o rd ed  p e r  p la te  from  mice fed  th e  

low fa t  d ie t com pared to  533 and  475 re v e r ta n ts  fo r  mice fed  beef 

d r ip p in g  an d  olive oil re sp ec tiv e ly  (Table 7).

The n u m bers of v iab le S. typh im urium  TA98 re c o v e re d  from th e  

liv e rs  of mice fed  th e  d iffe re n t fa t d ie ts , v a rie d  from  8% -  27% of 

th e  b a c te ria l dose in je c te d  w ith th e  num bers of b a c te r ia  p o u red  on 

to  th e  Vogel B onner p la te s  (from a 0.1ml sam ple of liv e r  hom ogenate) 

ra n g in g  betw een 4 x 107 and  2 x 108 cells. Table 8 g ives th e  

r e s u l ts  from th e  h o st-m ed ia ted  a ssay  w ith th e  m utagen  MelQ to g e th e r  

w ith a  s e t  of c o n tro l mice (g iven  DMSO in  place of th e  m utagen) 

w hich is  re p re s e n ta t iv e  of d a ta  ob tained  in  all th re e  s tu d ie s . The 

re c o v e ry  of S, typh im urium  TA98 from th e  liv e r w as n o t in flu en ced  by  

th e  d ie t fed  to  th e  mice, a lth o u g h  b ac te ria l n u m bers  w ere, on 

a v e rag e , 1.4 fold h ig h e r  in th e  co n tro l mice th a n  in  th e  m u tag en - 

t r e a te d  anim als.

3. D is trib u tio n  s tu d ie s

a. H ost-m ed ia ted  a ssa y s

In  th e  h o st-m ed ia ted  a ssa y s  of Table 7, rad io labelled  m utagens 

w ere ad m in is te red  to  th e  anim als (see M ethods sec tion  12a). The 

m utagens [2 -14C]MeIQ, [3 -14C ]T rp-P-2  and  [U-3H ]aflatoxin Bi w ere 

g iven  by  o ra l in tu b a tio n  to  th e  mice a t  doses of 0.4mg;1.88\iCi/kg
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body w eigh t fo r  MelQ, 1.5mg;7.5jiCi/kg fo r T rp -P -2  and  10mg;25|iCi/kg 

fo r afla tox in  Bi. Since th e  body w eigh ts of th e  mice ra n g e d  

betw een 15 an d  21g (Table 6) an d  th e  rad io labelled  m utagens w ere 

ad m in is te red  on a  p e r  kg body w eigh t b asis  (M ethods sec tio n  12a & 

11c), th e  am ount of rad io ac tiv ity  adm in istered  to  each  mouse v a ried . 

The r e s u l ts  w ere, th e re fo re , calcu la ted  a s  rad io ac tiv ity  (dpm) 

p re s e n t  in  to ta l blood (estim ated  as 80ml of blood p e r  kg mouse body 

w eigh t), d p m /liv e r (based  on w et w eight) and  as  th e  p ro p o rtio n  of 

th e  ad m in is te red  dose (Table 9). At th e  time of sac rifice , one 

h o u r a f te r  th e  mice had  been  g iven  [14C ]T rp-P-2  o r  [14C]MeIQ, 

approx im ately  1 -  2% of th e  adm in istered  rad io ac tiv ity  was p re s e n t  

in  th e  blood, ir re s p e c tiv e  of d ie t (Table 9). In  mice g iven  

[3H ]aflatoxin, 2 -  4% of th e  ad m in istered  rad io label was d e tec te d  in  

th e  blood b u t, a s  w ith th e  heterocyc lic  am ines, th e re  wb«, no 

s ig n ific an t d ie t- re la te d  d iffe ren ces . In  c o n tra s t,  th e  am ount of 

ra d io a c tiv ity  in  th e  liv e r  (Table 9) was as  g re a t a s  14% of th e  

adm in is te red  dose. However, fo r  th o se  mice fed  th e  two h igh  fa t  

d ie ts , th e  am ount of rad io ac tiv ity , ir re sp e c tiv e  of th e  m utagen  

u sed , was c o n s is te n tly  lower (by  21 -  45%) th a n  th a t  re c o rd ed  in  th e  

liv e rs  of mice on th e  low fa t  d ie t. This red u c tio n  was 

p a r tic u la r ly  m arked  fo r  T rp -P -2  and  aflatoxin  Bi (Table 9).

b. A bso rp tio n  o f  [14C] T rp -P -2  from  liga ted  g u t  sec tio n s

The re d u c ed  am ount of rad io ac tiv ity  in  th e  liv e rs  of mice fed
h a o e  ts e e n

th e  beef d rip p in g  o r  olive oil d ie ts  (see sec tion  a. above) may ^  a  

consequence  of d ie t- in d u c e d  d iffe ren ces  in  th e  ab so rp tio n  of rad io 

labelled  m utagen  from  th e  g a s tro - in te s t in a l t ra c t .

To determ ine th e  e ffe c t of d ie ta ry  fa t on th e  ab so rp tio n  of
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com pounds from  th e  g a s tro - in te s t in a l t r a c t  [14C ]T rp-P -2  was in je c ted  

in to  e i th e r  th e  lig a ted  small o r la rg e  in te s tin e  of mice fed  th e  low 

fa t  o r  olive oil d ie ts  (see M ethods section  12b). The 

u p ta k e  of [14C] rad io lab e l in to  th e  blood and  liv e r from  th e  lig a ted  

sec tio n s  was th e n  m easured  (see M ethods sec tion  12b).

O ver th e  15 m inute period  th a t  th e  a b so rp tio n  of rad io label 

from  th e  small in te s tin e  was re c o rd ed , th e re  was a  n e a r  lin ea r r is e  

in  th e  am ount o f label p re s e n t  in  th e  blood, in c reas in g  by  

approx im ate ly  0.046% (of th e  in jec ted  [14C] dose) p e r  m inute 

ir r e s p e c tiv e  of d ie t (Table 10; Fig. 11). This re su lte d  in  0.7% of 

th e  ra d io a c tiv ity  being  in  th e  blood a f te r  15 m inutes (Fig. 11;

Table 10). A concom itant in c rease  in  th e  am ount of [14C] in  th e  

liv e r  was a p p a re n t. In  th e  liv e r, th e  am ount of ra d io a c tiv ity  

in c re a se d  a t  a  ra te  of 0.56% (of the  adm in istered  dose) p e r  m inute 

fo r th e  in itia l six m inutes. T h e re a fte r  th e  ra te  of in c rease  

a p p ea re d  to  slow re su ltin g  in  ab o u t 6% of th e  adm in is te red  [14C] 

dose being  in  th e  liv e r  15 m inutes a f te r  dosing  (Fig. 11; Table 10). 

As fo r  th e  blood, no s ig n ific a n t d ie t-re la te d  d iffe ren ces  in  th e  

am ount of label in  th e  liv e r  w ere a p p a re n t (Fig. 11; Table 10). I t  

was n o ted , how ever, th a t  a s  before , th e  liv e r  w eigh ts  of mice fed  

th e  olive oil d ie t w ere s ig n ifican tly  g re a te r  (by  31%) th a n  th o se  in  

mice fed  th e  low fa t  d ie t (Table 6c). C onsequently , th e  am ount of 

rad io a c tiv ity  p re s e n t  p e r  g liv e r was lower in  mice fed  th e  h ig h  fa t 

d iet.

The in itia l ab so rp tio n  of rad io label from th e  small in te s tin e  

was v e ry  ra p id  as  only  40 -  50% of th e  adm in is te red  dose w as 

d e tec ted  in  th e  small in te s tin e  (and i ts  co n ten ts) 3 m inutes a f te r
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Table 9 R a d io a c tiv ity  in  th e  blood and l iv e r  o f mice fed 
d i f f e r e n t  f a t  d ie t s  and dosed .w ith  ra d io la b e l le d  
mutagens in  th e  host-m ed ia ted  assays of Table 7

Mutagen
&

D iet

R a d io a c tiv ity  Mean 
dosed/mouse L iver
(dpm x 104 ) wt(g)

R a d io a c tiv ity  p e r l iv e r  

dpm(xl04 ) % o f dose

a . A fla to x in  Bi 
Low f a t  (8) 
Beef d rip p in g  
O live o i l

b. MelQ
Low f a t  (9) 
Beef d rip p in g  
O live o i l  (9)

c . Trp-P-2  
Low f a t  (5) 
Beef d rip p in g  
O live o i l  (8)

( 8 )
(7)

(9)

(7)

66.38+4.36 
65.45+5.65 
69.19+6.00

5.79+0.57 
6.33+0.52
6.22+0.37

31.74+0.73 
34.58+2.02 
32.04+1.90

0.85
0.82
1.00

0.79
0.82
0.94

0.79
0.89
0.96

6.75+1.48 
4.44+1.48 
5.53+2.27

0.34+0.16
0.30+0.10
0.27+0.08

2.88+0.51 
2.04+0.94 
1.56+0.69

10.21+2.41
6.71+1.91**
7.88+2.99

5.85+2.48 
4.61+1.41 
4.34+1.32

9.07+1.64
5.81+2.54*
4.88+2.22***

R a d io a c tiv ity  in  blood 
/g  /mouse % o f dose

(dpm x 104 )

a. A fla to x in  Bi 
Low f a t  
Beef d rip p in g  
O live o i l

1.32+0.44 
1.19+0.31 
1.13+0.38

1.81+0.62 
1.59+0.44 
1.64+0.63

2 .72±0.90 
2.43+0.65 
2.33+0.78

b. MelQ 
Low f a t  
Beef d rip p in g  
O live o i l

0.06+0.02 
0.06+0.02 
0.07+0.03

0.09+0.03
0.08+0.03
0.10+0.04

1.44+0.47 
1.31+0.48 
1.53+0.59

c. Trp-P-2  
Low f a t  
Beef d rip p in g  
O live o i l

0.29+0.11 
0.28+0.08 
0.32+0.09

0.40+0.16
0.42+0.14
0.44+0.11

1.24+0.49
1.20+0.35
1.40+0.38

A fte r a b a c te r ia l  ( iv )  in je c t io n  mice were g iven , p .o . ,  a  dose o f 
[3H ]a fla to x in  B i, [ 14C]MeIQ o r  [ 14C]Trp-P-2 in  th e  host-m ed ia ted  
assay  (see  Methods s e c tio n  11c). A fte r 1 h r , mice were s a c r i f ic e d ,  
th e  l i v e r  and an a l iq u o t  (approx 0.1m l) o f blood removed from each 
mouse and th e  amount o f r a d io a c t iv i ty  determ ined (see  Methods 
s e c tio n  12a). R esu lts  a re  given as mean + SD (n in  p a re n th e se s ) . 
A s te r isk s  in d ic a te  s ig n i f ic a n t  d if f e re n c s  from mice fed  th e  low f a t  
d ie t  * p<0.05; ** p<0.01; *** p<0.001 (Anova).
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F ig u re  11. T he e f fe c t  of d ie ta ry  fa t on th e  u p ta k e  of [14C ]T rp -P -2  
from  th e  lig a te d  sm all in te s tin e . In to  th e  lig a ted  small in te s tin e  
of a n a e th e tiz e d  mice was in je c ted  0.2ml of [14C ]T rp-P -2  in  DMSO 
(0.15mg;0.75juCi/ml). At v a rio u s  tim es a f te r  dosing , mice w ere  
killed , th e  l iv e r  a n d  an  a liq u o t of blood rem oved an d  th e  am ount of 
ra d io a c tiv ity  in  th e s e  t is s u e s  was determ ined  (see Table 10 a n d  
M ethods sec tio n  12b). R esu lts  a re  g iven  as  means of 3 sam ples. 
A nalysis of s ta t is t ic a l  s ig n ificance  was c a rr ie d  o u t u s in g  Anova. 
Diets: Low fa t  ( •  ); Olive oil ( O ).
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Table 10 E ffe c t of a 25% o liv e  o i l  d ie t  on the  uptake 
of [ 14C]Trp-P-2 from th e  l ig a te d  sm all and 

la rg e  mouse in te s t in e

T issue
&

D iet

R a d io a c tiv ity  (dpm x 104/ t i s s u e  o r /ml
blood)

Time a f t e r  dosing (mins) 
3 6 9 15

44.3 x 104 dpm

1. L igated  sm all in te s t in e

R a d io a c tiv ity  adm in is te red  /mouse
a. L iver

Low f a t  0.82+0.20 1.40+0.19 2.12±0.41 2.48±0.83
O live o i l  0.57+0.15 1.58±0.40 2.15+0.23 2.91±0.66

b. Blood
Low f a t  0.05+0.01 0.07+0.02 0.13±0.02 0.17+0.08
O live o i l  0.03+0.01 0.08+0.03 0.11+0.04 0.20+0.05

c . Small in te s t in e  (+ c o n te n ts )
Low f a t  17.29+3.98 20.49±1.11 20.01+0.78 17.91+1.65
O live o i l  21.00+1.61 15.97+1.12* 14.83+4.01* 14.49+1.78

30 60

2. L igated  la rg e  in te s t in e

R a d io a c tiv ity  ad m in is tered  /mouse 
a. L iver

22.1 x 104 dpm

Low f a t 1.48+0.49 1.71+0.05
O live o i l 2.05+0.52 1.94+ 0 .10:

b. Blood
Low f a t 0.16+0.09 0.25+0.16
O live o i l 0.23+0.02 0.29+0.06

c. Large in te s t in e (+ c o n te n ts )
Low f a t 7.66+0.14 4.71+0.53
O live o i l 5.62+1.53 4.19+1.40

d. Small in te s t in e (+ c o n ten ts )
Low f a t 0.55+0.20 2.43+0.08
O live o i l 0.81+0.22 1.30+0.31=

Mice were a n a e s th e tiz e d  p r io r  to  th e  sm all o r th e  la rg e  in te s t in e  
being l ig a te d . An a liq u o t (0 .1  o r 0.2ml fo r  sm all and la rg e  
in te s t in e  re s p e c tiv e ly )  of [ 14C]Trp-P-2 (0.15mg; 0.75 yCi/m l) was 
in je c te d  in to  th e  l ig a te d  s e c tio n . At v a rio u s  tim es a f t e r  dosing) 
3 - 4  mice were k i l l e d ,  th e  l i v e r ,  i n te s t in e  (and c o n ten ts ) and an 
a liq u o t (approxim ately  0.1ml) o f blood removed and the  amount of 
r a d io a c t iv i ty  p re sen t in  th e se  t i s s u e s  determ ined (see  Methods 
s e c tio n  12b). R esu lts  a re  given as means + SD. A s te r isk s  
in d ic a te  s ig n if ic a n t  d if f e re n c e s  from mice fed th e  lo w -fa t d ie t ,
* p<0.05, ** p<0.01 (Anova).
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F ig u re  12 The e ffe c t of d ie ta ry  fa t  on th e  u p ta k e  of [14C ]T rp-P -2  
from mouse lig a ted  la rg e  in te s tin e . In to  th e  lig a ted  la rg e  
in te s tin e  of a n a e th e tiz e d  mice was in je c ted  0.1ml of [14C ]T rp-P -2  in 
DMSO (0.15mg;0.75pCi/ml). At 30 a n d  60 m inutes a f te r  dosing mice 
w ere killed , a n d  th e  liv e r , an  a liq u o t of blood a n d  th e  small and  
la rg e  in te s tin e  rem oved. The am ounts of ra d io a c tiv ity  in  th e se  
tis su e s  w ere de te rm in ed  (see  Table 10 and  M ethods sec tion  12b). 
R esults a re  g iv en  a s  m eans of 3 -  4 sam ples + SD. A ste risk s  
ind ica te  s ig n ific a n t d iffe ren c es  from th e  low fa t  g ro u p  ** p<0.01;
* p<0.05 (Anova). D iets: Low fa t  (PI); olive oil (E/3).
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th e  mice had  been  d osed  (Table 10). S u b s e q u e n t ly ,  th e  r a t e  of

u p ta k e  d im in ished  s ince  26% of th e  in je c te d  rad io lab e l  rem ained  in 

th e  small in t e s t in e  of mice fed  th e  olive oil a t  th e  la s t  t im epo in t 

(15 m inu tes  a f t e r  dos ing ; Table 10). F u r th e rm o re ,  fo r  mice fed  

th e  low fa t  d ie t ,  no f u r t h e r  a b s o rp t io n  of ra d io a c t iv i ty  was 

a p p a r e n t  be tw een  3 a n d  15 m inu tes  a f t e r  th e  an im als  w ere  dosed  

(Table 10).

In  e x p e r im en ts  in w hich  th e  la rg e  in te s t in e  was l ig a ted  (from 

th e  caecum  to  th e  rec tu m ) app ro x im ate ly  1.5% of th e  a d m in is te re d  

r a d io a c t iv i ty  was fo u n d  in th e  blood 30 m inu tes  a f t e r  in je c t in g  

[14C ]T rp -P -2  T h i s  o c c u r r e d  i r r e s p e c t iv e  of th e  d ie t  fed

to th e  mice (Fig. 12; Table 10). This  in c re a s e d  to  2% a t  th e  1 

h o u r  tim epoin t. The l iv e r s  of mice fed  th e  low fa t  d ie t  co n ta in ed  

a ro u n d  6 -  8% of th e  rad io lab e l  a t  bo th  th e  30 a n d  60 m inute  

t im epo in ts .  In  c o n t r a s t ,  mice fed  th e  olive oil d ie t  co n ta in e d  up  

to 1.4 fold more rad io labe l  th a n  th e  c o n t ro l  mice (Fig. 12; Table

10). I t  can  be seen  in  F ig u re  12 t h a t  30 m inu tes  a f t e r  in je c t in g  

[14C ]T rp -P -2  more th a n  60% of th e  ra d io a c t iv i ty  h ad  been  a b s o rb e d  

from th e  l ig a ted  la rg e  in te s t in e  in an im als  fed  th e  low f a t  d ie t  and  

a ro u n d  75% in mice fed  olive oil. The u p ta k e  of [14C] from th e  

la rg e  in te s t in e  d u r in g  th e  n ex t  30 m inu tes  was no t so m arked , as  

a p p ro x im :  j  2 2 % of th e  a d m in is te re d  dose

remained in the ligated 

sec tion  a t  th e  1 h o u r  t im epoin t.  A s ig n if ic a n t  am oun t of 

ra d io a c t iv i ty  was a lso  m e asu re d  in th e  small in te s t in e ,  be tw een  2.5%

in c r e a s e d  to 11% fo r  mice fed  th e  low fa t  d ie t  a n d  to  a ro u n d  6% fo r  ^ icĵ - ( r-3 

th e  olive oil d ie t  1 h o u r  a f t e r  d o s in g  (Fig. 12; Table 10).

an d  3.5% of th e  a d m in s te re d  dose  a f t e r  30 m inu tes .  The
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4. E ffec t of d ie ta ry  f a t  on th e  m u tagen ic ity  of n itrosodim ethylam ine 

in  th e  h o s t-m ed ia ted  a ssa y

In  th e  h o st-m ed ia ted  a ssa y  u s in g  S. typh im urium  TA98 (d esc rib ed  

in  sec tio n  2 above) d ie ta ry  fa t had  only a  m oderate in fluence  on th e  

m u tag en ic ity  of T rp -P -2  and  MelQ. A sim ilar re s u l t  was o b ta in ed  in  

p re v io u s  experim en ts when th e  e ffe c t of d ie ta ry  fa t  on 

n itrosod im ethy lam ine  a c tiv ity  was in v e s tig a te d .

The d ie ts  fed  to  mice in  th is  s tu d y  w ere p re p a re d  to  s lig h tly  

d if fe re n t re c ip es  (see M ethods sec tion  4; Table 2) to  those  

d e sc r ib e d  in  th e  p rev io u s  sec tio n s  1 -  3, in  th a t  th e y  con tained  no 

cellu lose and  th e  low fa t d ie t was supp lem en ted  w ith  30% (w/w) beef 

d r ip p in g  o r 30% (w/w) safflow er oil. U n fo rtu n a te ly , no re liab le  

d a ta  were ob ta in ed  from  mice fed  th e  30% safflow er oil d iet. This 

d ie t had  a  liqu id  co n sis ten cy  and , a s  a  re s u lt ,  mice te n d ed  to 

become co v ered  in  th e  d ie t lead ing  to  eczem a and  also  ap p ea red  to 

have  a  re d u c ed  cap ac ity  to  m aintain body te m p e ra tu re . To overcom e 

th is  problem , in  th e  s u b se q u e n t s tu d ie s  on th e  e ffe c t of d ie ta ry  fa t 

on th e  m u tagen ic ity  of aflatoxin  Bi, MelQ and  T rp -P -2  (d esc rib ed  in 

th e  above sec tio n s  1 - 3 ) ,  th e  d ie ts  w ere modified by inc lusion  of 

cellu lose (10% w/w) w hich in c reased  th e  so lid ity  of th o se  d ie ts  

co n ta in in g  h igh  levels of safflow er oil o r olive oil.

The body w eigh ts  of mice fed  th e  beef d rip p in g  d ie t w ere 

approx im ately  lg  (6.5%) h eav ie r th a n  th o se  of mice fed  th e  low fa t 

d ie t (Table 6d). This d iffe ren ce , how ever, was no t s ign ifican t.

The liv e rs  of mice, fed  th e  h ig h  fa t d ie t w ere also  h eav ie r (by

11%) s ig n ific an t a t  th e  p<0.05 level th a n  th o se  mice fed  th e  low fa t
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d ie t, w ith  v a lu e s  of 0.81 + 0.06g an d  0.73g + 0.08g re sp ec tiv e ly  

re c o rd ed . The re la tiv e  liv e r w eigh t was also  g re a te r  in  mice fed  

th e  h ig h  fa t  d ie t w ith v a lu es  ca lcu la ted  a s  0.42 fo r  mice fed  th e  

low fa t  d ie t an d  0.46 fo r mice fed  beef d r ip p in g  (Table 6).

In itia lly , th e  h o st-m ed ia ted  a s sa y  w ith th e  com plem ent- 

r e s is ta n t  E, coli D494 an d  am picillin re s is ta n c e  a s  a  fo rw ard  

m utation  m ark e r was u sed  to  determ ine  th e  e ffe c t of d ie ta ry  fa t  on 

th e  m u tag en ic ity  of n itrosodim ethylam ine (10m g[135pm ol]/kg) in  v ivo  

(see M ethods sec tion  11a). The re s u l ts  from th re e  s e p a ra te  

experim en ts  c o n s is te n tly  showed a  small, b u t s ta tis tic a lly  

in s ig n ific a n t in c re ase  (of 1.4 fold) in  th e  n u m bers of am picillin 

r e s is ta n t  m u tan ts  reco v e red  from th e  liv e rs  of mice fed  th e  30% beef 

d rip p in g  d ie t (Table 11). A ty p ica l example of su c h  an  in c re a se  is  

seen  in  Experim ent 1 of Table 11 w here  a  m utation  ra te  of 6289 Amp* 

m u tan ts /1 0 9 b a c te r ia  was ob ta ined  from  mice fed  th e  low fa t  d ie t, 

w h ereas 8459 m u tan ts /1 0 9 b a c te ria  w ere  re c o rd ed  in  th e  liv e rs  of 

mice fed  th e  h ig h  fa t (beef d rip p in g ) d ie t. C ontro l mice (g iven  an  

in jec tio n  of b a c te ria  only) e x p re ssed  a  m utation ra te  to  am picillin 

re s is ta n c e  of a ro u n d  13 m u tan ts /1 0 9 b a c te r ia  (Table 11).

The re c o v e ry  of E, coli D494 from  th e  mouse liv e rs  was found to 

v a ry  co n sid e rab ly  from 3% to  76% of th e  ad m in is te red  dose (Table

11). A lthough no s ig n ific an t d iffe ren c es  in  th e  re c o v e ry  of' 

b ac te ria  was a p p a re n t betw een m u ta g e n -tre a te d  anim als an d  co n tro ls  

(g iven  saline  in  p lace of n itrosodim ethylam ine) mice fed  th e  h igh  

beef d rip p in g  d ie t c o n s is te n tly  ex h ib ited  a  low er re c o v e ry  of 

b a c te ria  from th e  mouse liv e rs  th a n  mice fed  th e  low fa t  d ie t (Table 

11).
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Table 11 E f fe c t  o f a 30% beef d rip p in g  d ie t  on th e  
g e n o to x ic ity  o f n itrosod im ethy lam ine in  th e  

h ost-m ed ia ted  assay  u sing  E. c o li  D494

D ie t n Mean
L iver
w t(g)

V iable E. c o l i  per 

ml homogenate 

T o tal(x lO 8 ) AmpR

l iv e r  

% dose

M utation Rate 
(AmpR /1 0 9 

v ia b le  c e l l s )

1. N itrosod im ethylam ine  ( lOmg/kg)

a.Low fat 3 0.69 4.44+1.82 2543+893 49.0+24.2 6289+1065
Beef 6 0.83 2.72+0.80 2050+510 33.4+ 6 .9 8459+2564

b.Lowfat 6 0.75 10.30+5.50 1432+346 32.5+17.6 1726+ 805
Beef 9 0.79 6.00+1.93 1487+546 19.9+ 4 .7 2555+ 945

c.Low fat 8 0.65 4.65+2.60 1013+710 14.4+ 7 .3 2158+ 637
Beef 3 0.83 3.37+1.84 1001+565 1 0 .6± 7 .4 3172+1390

2. C ontro ls (s a lin e in  p la ce  o f  mutagen)1

Lowfat 4 0.76 7.08+4.57 5+ 5 22.0+ 6 .5 11+7
Beef 4 0.80 6.75+1.47 5+14 21.2+ 4 .3 15+7

E. c o li in jec ted /m o u se : 1.5 x 1010 c e l l s

In 3 s e p a ra te  experim ents ( a , b  and c) a s in g le  in trav en o u s (0.2m l) 
in je c t io n  (0.3m l) co n ta in in g  a com bination o f E. c o l i  (0 .2m l) and 
n itrosod im ethy lam ine  (0.1m l) in  s a l in e  was given to  mice (fed  e i th e r  
a low f a t  d i e t  o r th a t  d ie t  supplem ented w ith  30% b eef d rip p in g ) in  
th e  ho st-m ed ia ted  assay  (Methods s e c tio n  11a). A fte r 3 hours mice 
were s a c r i f ic e d ,  l i v e r s  removed, homogenized and a l iq u o ts  (0.1m l of 
a p p ro p ria te  d i lu t io n s )  p la te d  on to  n o n -se le c tiv e  agar and agar 
s e le c t iv e  fo r  a m p ic il l in  r e s is ta n c e  (AmpR). R esu lts  a re  expressed  
as means + SD. Comparison between d ie t s  was c a r r ie d  o u t u s in g  
Anova.

1 A re p re s e n ta t iv e  m utation ra te  (from experim ent b . ) fo r  mice 
in je c te d  w ith  b a c te r ia  only .
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Table 12 E f fe c t  o f a 30% beef d rip p in g  d i e t  on th e  
a c t i v i t y  o f n itrosod im ethy lam ine in  th e  

DNA-repair host-m ed ia ted  assay

D ie t Dose
mg/kg

n Mean
l iv e r
w t(g)

V iable E .  c o l i /ml
homogenate (xlO7 )

343/765 343/753

R e la tiv e
s u rv iv a l

W 1

1. Ni trosod im ethylam ine

a . Lowfat 1 5 0.74 21.9 + 2.7 13.90 + 4.2 62.7 + 14.5
5 4 0.79 22.6 + 3.2 7.45 + 4.3 30.6 + 11.8

7.5 5 0 .78 21.1 + 2.6 1.81 + 0 .5 8 .8 + 3.4

Beef 1 5 0.88 17.2 + 3.3 11.81 + 2 .0 70.4 Hr 14.4
5 3 0.82 17.5 + 4.9 3.91 + 2.5 28.8 + 6.4

7.5 3 0.83 27.4 + 12 5.57 + 2.6 17.9 + 8.01***

b. Lowfat 1 4 0.74 20.2 + 4.1 15.65 + 2.7 78.8 + 12.4
10 4 0 .68 24.4 + 4.1 2.81 + 1.3 11.5 + 4 .6
15 5 0.70 19.2 + 4.0 1.54 + 0.5 8 .5 + 3.7

Beef 1 4 0.86 20.2 + 2.1 15.10 i 3 .0 74.7 + 13.7
10 3 0.79 22.9 + 2.0 2.83 + 1.6 12.0 + 4.9
15 3 0.84 16.8 + 4.1 2.00 + 7.5 12.1 + 4.9

2. C ontro ls (sa l ine  o n ly )

Lowfat 3 0.74 24.3 + 3.06 25.4 + 4.1 100.7 + 8.5

Beef 3 0.86 24.6 + 2.62 25.8 + 3.2 105.8 + 8.5

E, c o l i  adm inistered/m ouse: 1 :1C '109 c e l l s  o f each s t r a in

In two se p a ra te  experim ents (a  and b) a s in g le  in trav en o u s in je c t io n  
(0.2m l) co n ta in in g  a com bination o f b a c te r ia  ( E. c o l i  343/765 and 
343/753) and n itrosod im ethy lam ine  in  s a l in e  was given to  .mice (fed  
e i th e r  a  low fat d i e t  o f th a t  d i e t  supplem ented w ith  30% beef 
d rip p in g ) in  th e  host-m ed ia ted  assay  (see  Methods s e c tio n  l i b ) .
A fte r 90 mins. mice were s a c r i f ic e d  and each l iv e r  homogenized in  
lml PBS-S. A liq u o ts  (0.1m l) o f a p p ro p ria te  d i lu t io n s  (10- 5 ) were 
then  p la te d  onto  NRS-S ag ar. Comparisons between d ie t s  were 
c a r r ie d  ou t u sing  Anova and th e  LSD c r i t e r io n ,  *** p<0.001.

1 S u rv iv a l o f th e  r e p a ir  d e f ic ie n t  s t r a in  (343/753) r e l a t iv e  to  th e  
r e p a ir  p r o f ic ie n t  s t r a i n  (343/765) and expressed  as a p e rcen tag e .
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These re s u l ts  w ere th e n  com pared to  th o se  from  th e  DNA re p a ir  

h o s t-m ed ia ted  a ssa y  u sin g  th e  p a ired  E. coli s t r a in s  343/765 an d  

343/753 (Table 12; see  M ethods section  l ib ) .  In  co n tro l mice 

(g iv en  saline  in  p lace of nitrosodim ethylam ine) th e re  was no decline  

in  th e  re la tiv e  su rv iv a l of th e  re p a ir  defic ien t s tra in  (E, coli 

343/753). F u rth e rm o re , in  mice g iven  d iffe re n t c o n c e n tra tio n s  of 

n itrosod im ethy lam ine th e re  was no a p p a re n t re d u c tio n  in  th e  su rv iv a l 

of E. coli 343/765 re c o v e re d  from th e  liv e rs  of mice fed  e i th e r  of 

th e  two d ie ts . However, th e  su rv iv a l of E. coli 343/753 w as 

re d u c e d  m arked ly  ev en  a t  th e  low est co n cen tra tio n  of 

n itrosod im ethy lam ine (lm g[13,5]im ol]/kg) (Table 12). As th e  

c o n ce n tra tio n  of n itrosodim ethylam ine in c reased  (u p  to  15m g/kg, 

e q u iv a len t to  202pm ol/kg) th e re  was a  concom itant re d u c tio n  in  th e  

re la tiv e  s u rv iv a l of E, coli 343/753. However, in  th e  two 

experim en ts  g iven  in  Table 12, th e  ex ten t of th e  loss of E. coli 

343/753 d iffe red  betw een th e  two experim ents. F o r in s ta n c e , in  

experim en t l a  of Table 12, mice w ere g iven  7.5mg 

n itro so d im eth y lam in e /k g , re su ltin g  in  a re la tiv e  su rv iv a l of 343/753 

of, on av e rag e , 8% of th a t  of 343/765. In  com parison, in  

experim en t lb  (Table 12) a  sim ilar su rv iv a l ra te  (of 8%) w as 

o b ta in ed  in  mice dosed  w ith  15mg n itrosod im ethy lam ine/kg . No 

m arked d iffe ren ce  in  liv e r  o r body w eight of th e se  mice w as 

a p p a re n t. T here  was no c o n s is te n t d ie t-re la te d  d iffe ren ce  in  th e  

re la tiv e  su rv iv a l of E. coli 343/753 o b serv ed . The only  

s ig n ific an t d ie t- re la te d  d iffe ren ce  in th e  re la tiv e  su rv iv a l of 

343/753 was in  th o se  mice dosed  w ith 7.5mg n itro so d im eth y lam in e /k g , 

(Table 12) in  w hich th e  a c tiv ity  of th e  m utagen w as 10% le ss  in  mice 

fed  th e  beef d rip p in g  d ie t com pared to  th e  low fa t  d ie t.
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To sum m arize, th e  r e s u l ts  of th is  c h a p te r  have dem onstra ted  

th a t  in v itro  hep atic  f ra c tio n s  from  mice fed  d ie ts  w ith a  h ig h  fa t 

c o n te n t ex h ib it a  g re a te r  c ap ac ity  to  p ro d u ce  m utagenic m etabolites 

from  th e  h e te ro cy c lic  am ines MelQ an d  T rp -P -2  th a n  th o se  from  mice 

fed  a  low fa t  d ie t. The m u tagen ic ity  of aflatoxin  Bi how ever, was 

u n a ffec ted  by  d ie t. F u rth e rm o re , th e se  re s u lts  w ere n o t re p ro d u c e d  

in  th e  in v ivo  s tu d ie s . Both MelQ an d  T rp -P -2  showed on ly  small 

in c re a se s  in  m utagenic a c tiv ity  in  v ivo  in mice fed  h igh  fa t  d ie ts , 

w h ereas th e  a c tiv ity  of afla tox in  Bi in  v ivo  was re d u c ed  in  th e se  

mice com pared to  th a t  of mice fed  th e  low fa t d ie ts . In  add ition , 

d ie ta ry  fa t had  little  a p p a re n t  e ffe c t on th e  m utagen icity  of 

n itrosodim ethylam ine in  vivo. D is tribu tion  s tu d ie s  in d ica ted  th a t  

th e se  in v iv o /in  v itro  d iffe ren c es  w ere no t due to  d ie t- re la te d  

ch an g es  in  th e  u p tak e  of com pounds from th e  g a s tro - in te s t in a l tra c t .
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CHAPTER 4

The effect of dietary protein on the hepatic metabolism of

fo o d  m utagens.

The im portance of d ie ta ry  p ro te in  co n cen tra tio n  on th e  

genotox icity  of food m utagens afla toxin  Bi, MelQ and  T rp -P -2  w as 

in v e s tig a te d  in  v ivo  in  th e  host-m ed ia ted  a ssay  an d  in  v itro , u s in g  

th e  Salmonella  m u tagen icity  a ssa y , w ith S, typh im urium  TA98 a s  th e  

in d ica to r s tra in  fo r  b o th  te s ts .  The mice u sed  in  th e se  

experim en ts w ere fed , fo r 3 - 4  w eeks, on d ie ts  con ta in ing  5%, 7.5%, 

12.5% o r  20% (w/w) lactalbum in a s  th e  sole sou rce  of d ie ta ry  p ro te in  

(see M ethods sec tion  4; Table 3) w ith no a p p a re n t d e trim en ta l e ffe c t 

on th e  h ea lth  of th e  mice. F u r th e r  in v estig a tio n s  in to  th e  e ffe c t 

of 5% and  20% d ie ta ry  lactalbum in on th e  co n ten t and  fu n c tio n  of 

hep a tic  cytochrom e P450 an d  g lu ta th io n e  a re  also re p o rte d  in  th is  

c h ap te r .

1. H ost-m ediated  a ssa y s .

Mice fed  d if fe re n t am ounts of d ie ta ry  p ro te in  w ere dosed  p e r  os  

w ith  aflatoxin  Bi (10mg[32vimol]/kg), MelQ (1.5m g[7\im ol]/kg, 

0.5mg[2.34}imol]/kg o r 0.25m g[1.18pm ol]/kg), T rp -P -2  (10mg[40yimol]/kg 

o r  lm g[4}im ol]/kg) o r  th e  so lv en t DMSO (con tro ls). In  co n tro l mice 

(g iven  DMSO in  place of m utagen) th e  num ber of h is tid in e  r e v e r ta n ts  

re c o rd ed  (approxim ately  20 r e v e r ta n ts  p e r  p la te  ir re sp e c tiv e  of th e  

d ie t fed  to  mice; Fig. 13), was sim ilar to  th e  b ack g ro u n d  re v e rs io n  

to  h is tid in e  p ro to tro p h y  of S, typh im urium  TA98, determ ined  a s  18 +

9 re v e r ta n ts /p la te .

-  119 -



% lactalbumin in diet

F ig u re  13 E ffect of d ie ta ry  p ro te in  co n cen tra tio n  on th e  in  v ivo  
m utagen icity  of afla tox in  Bi. In  th e  h o st-m ed ia ted  a ssa y , w ith  S . 
typh im urium  TA98 a s  in d ic a to r (see M ethods sec tio n  11c) mice w ere 
dosed  p.o. e ith e r  w ith  lO m g/kg afla tox in  Bi ( •  ) o r  th e  so lv en t DMSO 
( O ; C ontrol). The d a ta  o b ta in ed  fo r  afla toxin  Bi w ere 
tran sfo rm ed  to  logio v a lv es  b e fo re  s ta t is tic a l an a ly s is  (Anova). 
Com parisons betw een  tb e  20% lactalbum in  d ie t an d  each  of th e  
rem aining d ie ts  w ere c a r r ie d  o u t u s in g  th e  le a s t s ig n ific an t 
d ifferen ce  c rite r io n , *** p<0.001, ** p<0.01, * p<0.05. R esu lts
a re  g iven  as u n tra n s fo rm e d  m eans of 6 -  8 mice.
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Table 13 The e f f e c t  o f d ie ta r y  p ro te in  co n ce n tra tio n  
on th e  in  v ivo  a c t i v i t y  o f a f la to x in  Bi 

(Experim ent 2)

D ie t (% lac ta lbum in )

5 20

1. M utation d a ta : H is* /p la te

A fla to x in  Bi 356 + 76*** 
(6)

171 + 50 
(7)

C o n tro ls 40 + 12 
(4)

41 + 8 
(4)

S. typhimurium  TA98 dosing  suspension  (background re v e rs io n ) :  3 4 + 9

2.  R a d io a c tiv i ty  data

Blood: dpm (x l0 4 )/m l
I % of dose given

3.90 + 1.17* 
3.81 + 1.14*

2.22 + 1.10 
2.16 + 1.07

L iv er: dpm (xlO4 ) / l i v e r  
% of dose given

10.21 + 2.47 
8.15 ± 1.61

8.01 + 3.02 
6.52 ± 2.40

R a d io a c tiv ity  given/m ouse (dpm x 104 )
124.4 ± 9 .6 123.0 ± 14.2

A fte r an iv  in je c t io n  o f S. typhimurium  TA98, mice were given p .o . a 
dose o f [ 3H ]a fla to x in  Bi (10mg;25yiCi/kg) in  th e  host-m ed ia ted  assay  
(see  Methods s e c tio n  11c and 12a). A fte r 1 hour, mice were 
s a c r i f ic e d ,  th e  l i v e r  and an a l iq u o t  o f blood removed and t r e a te d  as 
d e sc rib ed  in  Methods s e c tio n s  11c and 12a. The amount o f 
r a d io a c t iv i ty  and m utagenic a c t i v i t y  in  th e  l i v e r  and th e  amount o f 
r a d io a c t iv i ty  in  th e  blood were determ ined . R esu lts  a re  given as 
means + SD, n in  p a re n th e se s . A s te r isk s  in d ic a te  s ig n if ic a n t  
d if f e re n c e s  from th e  20% lac ta lb u m in  group; *** p<0.001, * p<0.05
(Anova). R efer to  Table 14 fo r  body and l iv e r  w eigh ts.
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Table 14 Body and l i v e r  w eights o f mice fed  d i f f e r e n t  
c o n ce n tra tio n s  o f lac ta lb u m in  and subsequen tly  

used in  host-m ed ia ted  a ssay s .

Mutagen D ie t % n 
lacta lbum in

Body Weight 
g

L iver Weight 
g

R e la tiv e  
l i v e r  w eight 

r a t i o 1

1. A fla to x in  Bi (lOmg/kg;
5 7

F ig . 13)
13.57+0.79 0.63+0.06 0.46+0.05

7.5 7 13.57+0.98 0.72+0.06* 0.53+0.03**
12.5 8 13.75+1.39 0.65+0.08 0.47+0.04

20 8 13.50+1.20 0.62+0.09 0.46+0.04

2. A fla to x in  Bi (lOmg/kg;
5 6

Table 13)
15.16+1.17 0.52+0.06 0.34+0.03**

20 7 15.00+1.73 0.64+0.14 0.42+0.05

3. MelQ (1.5mg/kg;
5

F ig . 14) 
8 12.88+0.99*** 0.64+0.05*** 0.50+0.04

7.5 8 12.25+0.89*** 0.55+0.04*** 0.45+0.03
12.5 8 13.13+1.25*** 0.61+0.04*** 0.46+0.02

20 8 15.25+1.16 0.73+0.04 0.48+0.06

4. MelQ (0.5mg/kg;
5

F ig . 14) 
6 16.00+1.26 0.71+0.04** 0.45+0.04**

7.5 6 15.50+1.38 0.63+0.09 0.41+0.03
12.5 6 15.00+0.89 0.64+0.06 0.43+0.02

20 7 15.14+1.95 0.60+0.07 0.40+0.01

5. MelQ (0 .2  5mg/kg;
5

F ig .
7

14)
15.43+2.64 0.66+0.10 0.43+0.02

7.5 7 15.43+2.30 0.74+0.13 0.48+0.03
12.5 7 14.00+1.63 0.64+0.09 0.45+0.04

20 7 14.43+0.98 0.65+0.02 0.45+0.04

6. Trp-P-2  ( lOmg/kg 
5

F ig .
8

15)
12.63+1.06** 0.57+0.04* 0.45+0.03

7.5 8 13.13+1.55** 0.61+0.06 0.47+0.04
12.5 8 12.13+1.13*** 0.63+0.14 0.51+0.08

20 8 15.13+1.8.1 0.69+0.14 0.46+0.05

7. Trp-P-2  (1mg/kg;
5

F ig .
7

15)
16.00+1.63 0.77+0.07 Q.48+0.02

7.5 7 14.57+1.51 0.72+0.06 0.50+0.08
12.5 7 16.29+1.89 0.70+0.09 0.43+0.02

20 6 15.17+1.17 0.73+0.05 0.48+0.04

R esu lts  a re  expressed  as means + SD fo r  each host-m ed ia ted  a ssay .
(numbered 1-7 in  th e  ta b le  above). Table and F igure  numbers r e f e r  to  
m utagen ic ity  d a ta . A s te r isk s  in d ic a te  s ig n i f ic a n t  d if fe re n c e s  w ith  
re sp e c t to  20% p ro te in  d i e t .  *** p<0.001, ** p<0.01, * p<0.05 
(Anova).
1 The l iv e r  w eight per lOg body w eight.
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The m ost m arked e ffec t of chang ing  d ie ta ry  p ro te in  

c o n ce n tra tio n  was on th e  m utagenic a c tiv ity  of afla toxin  Bi (Fig. 

13). As th e  p ro te in  co n ten t of th e  d ie t in c reased  th e re  w as a  

concom itan t d ec rease  in  th e  m utagen icity  of aflatoxin , w ith  v a lues 

fa lling  from  1108 His4 re v e r ta n ts /p la te  in mice fed  5% lactalbum in 

to  282 r e v e r ta n ts  in  mice fed  20% lactalbum in -  an  ov era ll decline 

of 75% (p<0.001; Fig. 13). A co n sid e rab le  red u c tio n  was even  

a p p a re n t  in  mice fed  th e  7.5% p ro te in  d ie t s ince th e  num ber of 

r e v e r ta n ts  re c o rd ed  a t  th is  d ie ta ry  p ro te in  co n cen tra tio n  was less  

th a n  h a lf th a t  in d u ced  in  anim als fed  th e  5% lactalbum in  d ie t (Fig. 

13).

In  a  second ho st-m ed ia ted  a ssa y  in  w hich lOmg [3H]aflatoxin 

B i/k g  body  w eigh t was ad m in is tered  to  mice fed  5% o r  20% 

lactalbum in , a  re d u c tio n  (of 52%) in th e  num bers of in d u ced  

r e v e r ta n ts  was again  o b se rv ed  in  th o se  mice fed  th e  h ig h  p ro te in  

d ie t (Table 13a). However, in com parison to  th e  in itia l experim ent 

th e  m utagenic  re sp o n se  fo r b o th  d ie ta ry  g ro u p s  was low er, by  a t 

le a s t 50%, even th o u g h  th e  dose of aflatoxin  Bi w as th e  same 

(lO m g/kg) in  bo th  experim ents. The body w eigh ts  of mice w ere on 

a v e rag e  13.5g and  15g fo r th e  f i r s t  an d  second experim ent 

re sp e c tiv e ly , w ith  no d ie ta ry  in flu en ce  upon th e se . The liv e r 

w eigh ts  of mice fed  5% lactalbum in in  th is  second experim en t w ere 

low er (b y  19%), re su ltin g  in  a  s ig n ifican tly  (p<0.01) low er re la tiv e  

liv e r  w eigh t fo r  th e se  mice com pared to th o se  fed  20% lactalbum in 

(Table 14).

In  mice g iven  MelQ an d  T rp -P -2  no c o n s is te n t d ie t- re la te d  

ch ange  in  r e v e r ta n t  num bers w as o b se rv ed  (F igs. 14 & 15). Mice
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F ig u re  14 E ffec t of d ie ta ry  p ro te in  co n ce n tra tio n  on th e  in  v ivo  
m u tagen icity  of MelQ. In  th e  h o st-m ed ia ted  a ssa y , w ith  S. 
typh im urium  TA98 a s  in d ic a to r, (see  M ethods sec tio n  11c), mice w ere 
dosed  p.o. w ith  d if fe re n t co n ce n tra tio n s  of MelQ. R esu lts  a re  
g iven  as  m eans of 6 -  8 mice. A ste r isk s  in d ica te  s ig n if ic a n t 
d iffe ren c es  from  th o se  mice fed  20% lactalbum in; *** p<0.001,
** p<0.01, * p<0.05 (Anova).
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F ig u re  15 E ffec t of d ie ta ry  p ro te in  c o n ce n tra tio n  on th e  in  v ivo  
m u tagen ic ity  of T rp -P -2 . In  th e  h o st-m ed ia ted  a s sa y  w ith  S. 
typh im urium  TA98 a s  in d ic a to r (see M ethods sec tio n  11c), mice w ere 
dosed p.o, w ith  lm g /k g  o r  lO m g/kg T rp -P -2 , R esu lts  a re  g iv en  a s  
means of 6 -  8 mice. A ste r isk s  in d ica te  s ig n ific a n t d iffe ren c es  
from th o se  mice fed  20% lactalbum in; *** p<0.001, ** p<0.01, * 
p<0.05 (Anova).
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dosed  w ith  1.5mg M elQ/kg and  fed  20% lactalbum in ex h ib ited  a  

re d u c tio n  in  m utagenic  a c tiv ity  of 18% (from 2907 to  2383 

H isV plate) com pared to  mice fed  th e  5% lactalbum in d ie t, w h ereas  

anim als g iv en  0.25mg an d  0.5mg MelQ/kg e x p re ssed  an  in itia l fall (of 

46% an d  36% re sp e c tiv e ly ) , followed by  a  s u b se q u e n t r is e  in  th e  

m u tag en ic ity  of MelQ a s  th e  d ie ta ry  p ro te in  c o n ce n tra tio n  in c re a se d  

(Fig. 14). T his re s u lte d  in  no d iffe ren ce  in  m utagenic a c tiv ity  

betw een  mice fed  th e  two extrem e (5% and  20%) p ro te in  d ie ts  and  

dosed  w ith  0.25mg M elQ/kg, and  fo r 0 .5m g/kg dose a  20% re d u c tio n  in 

in d u ced  r e v e r ta n ts  in  anim als g iven  th e  h igh  p ro te in  d ie t (F ig. 14).

The only  ch an g e  in  th e  o b se rv ed  a c tiv ity  of T rp -P -2  ( lm g /k g )  

was in  mice fed  12.5% lactalbum in w hen th e re  was a  1.4 fold in c re a se  

in  th e  num ber of r e v e r ta n ts  com pared to  mice fed  5%, 7.5% an d  20% 

lactalbum in  d ie ts  (Fig. 15). Mice adm in is te red  th e  h ig h e r  dose of 

T rp -P -2  (lO m g/kg) ex h ib ited  sim ilar levels  of m u tagen ic ity  of 2900 

r e v e r ta n ts /p la te ,  a t  d ie ta ry  p ro te in  c o n cen tra tio n s  of 5%, 7.5% and 

12.5%, b u t in  mice fed  th e  20% lactalbum in d ie t th e re  w as a  25% 

re d u c tio n  in  th e  num ber of re v e r ta n ts ,  falling  to  2200 

r e v e r ta n ts /p la te  (Fig. 15).

The num ber of S. typh im urium  TA98 re c o v e re d  from  th e  liv e rs  of 

mice in  a ll th e  h o s t-m ed ia ted  a ssa y s , ra n g e d  from  7% to  39% of th e  

to ta l b a c te ria l dose in je c ted . A re p re se n ta tiv e  sam ple of th e se  

re c o v e rie s  a re  show n in  Table 15. C onsequen tly , th e  n u m b ers  of 

b a c te ria  p o u red  on to  each  Vogel B onner p la te  v a r ie d  betw een  3 x 107 

to  3 x 108 cells  w hich a re  w ith in  th e  specified  lim its d e ta iled  in  

M ethods sec tion  11c. No c o n s is te n t d ie t- re la te d  e ffe c t was 

o b se rv ed  in  th e  re c o v e ry  of b a c te ria  from  mice. Nor w as th e re  a
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Table 15 A r e p re s e n ta t iv e  recovery  o f S. typhimurium  TA98 
from th e  l i v e r s  o f mice used in  the  host-m ed ia ted  

a ssay s  o f F igures 13 -  15

Mutagen
&

D ie t 
% lac ta lb u m in

Mean
l iv e r

V iable b a c te r ia  p e r

dose w t(g)
0.1ml resuspended 
p e l l e t  (xlO8 )1

l iv e r  
(% dose)

MelQ 
0 .5mg/kg

5 .0
7 .5

12.5
20.0

0.71
0.63
0.64
0.60

1.27 + 0.39 
1.66 + 0.55 
1.35 + 0.39 
1.74 + 0.45

21.1 + 6 .0  
26.1 + 8 .4  
21.4 ± 6 .0  
26.9 + 6 .0

C o n tro ls  
DMSO only

5 .0
7.5

12.5
20.0

0.70
0.68
0.67
0.66

1.65 + 0.27 
1.50 + 0.25 
1.09 + 0.21 
1.07 + 0.27

27.9  + 3 .7
27.8  + 6 .4
21.8 + 5 .5  
21.4 ± 3 .9

5. typhimurium  TA98 dosed p e r mouse: 1 x 1010 c e l l s

Each mouse was in je c te d  iv w ith  0. 1ml suspension o f 5. typhimurium
TA98 im m ediately fo llow ed by mutagen o r the  so lv en t (DMSO) p .o . in  
th e  host-m ed ia ted  assay  (Methods S ec tion  11c). A fte r  1 hour, mice 
were s a c r i f i c e d ,  th e  l iv e r s  removed and homogenized in  T ris/K C l. 
B a c te r ia  were sedim ented by c e n tr ifu g a tio n  and resuspended in  1ml 
T ris/K C l. A liq u o ts  (0.1m l o f a p p ro p ria te  d i lu t io n s )  o f th e  
resuspended b a c te r i a l  p e l l e t s  were p la te d  on to  n u t r i e n t  ag ar and 
incubated  fo r  48 h rs  a t  37°C (Methods se c tio n  11c). R e su lts  a re  
given as  means (+ SD).

1 This s e t  o f r e s u l t s  re p re se n ts  th e  number o f v ia b le  b a c te r ia  
counted on n u t r i e n t  agar p la te s  and th e  number o f  b a c te r ia  
poured onto  each Vogel Bonner p la te  to  determ ine re v e rs io n  to  
H is+.
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s ig n ific a n t d iffe ren ce  in  th e  re c o v e ry  of b a c te ria  from  m u tag en - 

tr e a te d  anim als com pared  to  th e  co n tro ls  (g iven  so lv en t only; Table 

15).

In  c e r ta in  of th e  h o st-m ed ia ted  a ssa y s  d e sc rib e d  above th e  

m utagen  was rad io lab e lled  (see Table 13 & 16). One h o u r a f te r  

ad m in is terin g  th e  rad io lab e l ([14C]MeIQ, [14C ]T rp-P -2  o r 

[3H]aflatoxin Bi), 1 -  4% of th e  ra d io a c tiv ity  dosed  rem ained  in  th e  

blood, w ith no s ig n if ic a n t d iffe ren ce  betw een th e  d ie ts  a p p a re n t  

fo r  e ith e r  of th e  h e te ro cy c lic  am ines (Table 13 & 16). H ow ever, 

fo r  aflatoxin  Bi, blood from  mice fed  5% lactalbum in d ie t co n ta in ed  

1.8 fold more ra d io a c tiv ity  (p<0.05) th a n  mice fed  th e  h ig h  (20%) 

p ro te in  diet.

In  mice dosed  w ith  radiolabejly m utagens, i t  was o b se rv e d  th a t  

w hen [14C]MeIQ (0.5m g;7.5pC i/kg), T rp -P -2  (lm g;7 .5pC i/kg) o r  

aflatoxin  Bi (10mg;25yiCi/kg) w ere g iven , th e  am ount of ra d io a c tiv ity  

in  th e  liv e r  d ec rea sed  (in to ta l b y  32%, 38% and  22% re sp e c tiv e ly )  

as  th e  d ie ta ry  p ro te in  co n ce n tra tio n  in c re a se d  (Tables 13 & 16). 

However, th is  was on ly  s ta tis tic a lly  s ig n ifican t (p<0.05) fo r  th e  

m utagens MelQ and  T rp -P -2  betw een th e  two extrem e d ie ts  (5% an d  20% 

lactalbum in). No d ie t- re la te d  d iffe ren ces  in  th e  am ount of 

rad io ac tiv ity  w ere a p p a re n t  in  th e  liv e rs  of mice g iven  th e  low er 

dose of MelQ (0.25m g;6.4\iCi/kg: Table 16).

To e n su re  th a t  d ie t- in d u c e d  ch an g es  in  w eigh t w ere  n o t 

in fluenc ing  th e  m utation  d a ta , th e  body and  liv e r  w e ig h ts  of a ll th e  

mice w ere m easured  a t  th e  time of sac rifice  (Table 14). No 

co n s is te n t d ie t-d e p e n d e n t ch an g e s  in e ith e r  body o r  liv e r  w e ig h ts
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T able 16 R a d io a c tiv ity  in  th e  blood and l iv e r  of mice fed  a 
range o f p ro te in  d ie t s  and given [ 14C]MeIQ o r [ 14C]Trp-P-2 

in  c e r ta in  ho st-m ed ia ted  assay s  o f F ig s . 14-15

D ie t R a d io a c tiv ity T o ta l R a d io a c tiv ity  in
% lac ta lb u m in  dosed/mouse Blood L iver

(xlO3 ) dpm(xl03 ) % dose dpm(xl03 ) % dose

1. MelQ (0 .5m g;7 .5uC i/kg)
5 263.2 9.14 3.47 21.20* 7.99*

±20.8 ±2.92 ±1.05 ±5.32 ±1.53

7 .5 255.0 7.27 2.86 17.93 7.05
±22.7 ±1.52 ±0.57 ±2.46 ±0.92

12.5 246.8 5.25 2.10 13.04 5.21
±14.7 ±3.18 ±1.18 ±7.53 ±2.76

20 249.1 8.52 3.31 13.79 5.40
±32.1 ±5.48 ±1.72 ±7.27 ±2.18

2. MelQ ( 0 .25mg; 6 . 4uC i/kg)
5 199.6 4.99 2.44 10.09 5.10

±34.1 ±2.10 ±0.72 ±5.76 ±2.73

7.5 199.6 4.49 2.24 10.04 5.02
±29.7 ±1.69 ±0.75 ±3.15 ±1.46

12.5 181.1 3.84 2.16 9.48 5.27
±21.1 ±1.39 ±0.86 ±2.82 ±1.55

20 186.7 5.22 2.71 11.96 6.42
±12.6 ±1.17 ±0.54 ±2.71 ±1.42

3. Trp-P-2  (lm g;7 .5uC i/kg)
5 272.0 6.34 2.31 17.82* 6.45*

±27.7 ±1.94 ±0.61 ±4.98 ±1.47

7.5 246.5 5.34 2.16 11.86 4.80
±27.9 ±1.81 ±0.71 ±3.27 ±1.21

12.5 276.9 5.93 2.24 12.44 4.67
±32.1 ±2.95 ±1.27 ±5.00 ±2.20

20 25.8 4.20 1.59 10.60 . 4.02
±19.9 ±2.51 ±0.89 ±4.74 ±1.63

Follow ing ai b a c te r i a l  ( iv ) in je c t io n mice were given p .o . a dose of
[ 14C] MelQ o r [ 14C] Trp-P-2 A fte r 1 hour, th e mice were
s a c r i f ic e d ,  th e  l i v e r  and an a l iq u o t  o f blood removed and t r e a te d  as 
d e sc rib ed  in  Methods s e c tio n  12a to  determ ine th e  amount o f 
r a d io a c t iv i ty  p re s e n t. R esu lts  a re  given as means ± SD of 6-8 
an im als. R efer to  Table 14 fo r  l i v e r  and body w eigh ts. A s te r isk s  
in d ic a te  s ig n i f ic a n t  d if f e re n c e s  from 20% lactalbum in  group, * 
p<0.05 (Anova).
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w ere o b serv ed . F u rth erm o re  th e  re la tiv e  liv e r w eigh t (w eight of 

liv e r p e r  lOg body w eight) was sim ilar in  all mice, ir re sp e c tiv e  of 

d ie t (Table 14).

2. Salmonella m u tagenicity  a ssay .

H epatic microsomes w ere p re p a re d  from female BALB/c mice fed  5% 

o r 20% lactalbum in and  in cu b a ted  w ith each  m utagen (MelQ, T rp -P -2  

and aflatoxin  Bi) in th e  Salmonella  m utagen icity  a ssa y  (M ethods 

section  10a).

No sig n ifican t d ie t-d e p e n d e n t d iffe ren ces  in  th e  body o r  liv e r 

w eights of mice u sed  fo r th e  p re p a ra tio n  of hepatic  microsomes w ere 

a p p a re n t w ith mean va lu es  ob ta ined  of 15g and  0.73g fo r th e  body and  

liv e r w eigh ts re sp ec tiv e ly  (Table 17). However, th e  microsomal 

p ro te in  co n ten t was found  to  be 5% g re a te r  in  mice fed  th e  low (5%) 

p ro te in  d ie t, a lthough  th is  d iffe ren ce  was not s ta tis tic a lly  

s ig n ifican t (Table 17).

In  con tro l a ssa y s , w hen th e  m utagen was rep laced  w ith DMSO, an 

in c rease  from a ro u n d  24 to  36 re v e r ta n ts  was a p p a re n t a s  th e  

microsomal co n cen tra tio n  in c reased  reach in g  a  p la teau  a t  

approxim ately 3.75yil (approxim ately  45\ig microsomal p ro te in ) of 

microsomal su spension  p e r  a ssa y  (Table 18). No obvious 

d ie t-re la te d  d iffe ren ces  in  th e  re v e rs io n  of S. typhim urium  TA98 to  

h is tid ine  p ro to tro p h y  was e v id en t in  th e se  con tro ls .

For all th re e  m utagens, th e  num bers of induced  re v e r ta n ts  ro se  

as th e  microsomal co n cen tra tio n  in c reased  (Figs. 16 -  18). The 

ra te  of in c rease  v a ried  w ith each  m utagen and  th e  dose u sed ,
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Table 17 Body and l iv e r  w eights and p ro te in  co n cen tra tio n  
o f h e p a tic  f r a c t io n s  from mice fed 5% and 20% lacta lbum in  

d ie t s  and used in  in  v i t r o  assays (F ig s . 16 -  18)

D iet 
% lacta lbum in

Body
wt(g)

L iver
wt(g)

P ro te in  c o n ce n tra tio n  
(mg p ro te in /m l)

microsomes c y to so l whole
homogenate

5 15.18 0.736 14.07 13.86 19.76
+ 1.37 ±0.07 ±3.60 ±1.38 ±2.27

20 15.04 0.738 10.43 14.44 18.92
+1.27 +0.05 +1.27 +0.51 +1.27

L ivers from 5-6 mice were pooled and homogenized in  T ris/K C l (a t  a 
co n cen tra tio n  eq u iv a len t to  0.25g liv e r /m l)  w ith 4 homogenates 
p repared  fo r  each d ie t .  From th ese  whole homogenates microsomal 
and c y to so lic  f r a c t io n s  were prepared  as d e sc rib ed  in  Methods 
se c tio n  8b. Microsomal p e l l e t s  were resuspended in  T r is  b u ffe r  to  
th e  o r ig in a l  l i v e r  w eight. R esu lts  a re  given as  mean ± SD and 
com parisons between d ie ts  were c a r r ie d  out using  Anova. No 
s ig n i f ic a n t  d if fe re n c e s  were apparen t.
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Table 18 E ffe c t o f microsome c o n ce n tra tio n  on th e  re v e rs io n  
of S. typhimurium  TA98 to  h is t id in e  p ro to tro p h y  

in  th e  Salm onella  m u tagen icity  assay

H is+ r e v e r ta n t s /p la te

D ie t (% lac ta lb u m in )

5 20

1.25 24 + 7 24 + 2

2.50 35 + g* * * 24 + 11

3.75 35 + 6 32 + 2* * *

5.00 33 + 5 33 + 4

7.50 31 + 9 36 + 6

12.50 29 + 7 32 + 8

R efer to  legend o f F ig . 16 and Methods s e c tio n  10a fo r  d e t a i l s  of 
method. In p lace  o f mutagen, 0.1ml DMSO was added to  each a ssay . 
R esu lts  a re  given as means o f t r i p l i c a t e  p la te s .  S ig n if ic a n t  
d if f e r e n c e s  from th e  p rev ious microsomal c o n c e n tra tio n  were assessed  
u s in g  Anova and th e  LSD c r i t e r io n ;  *** re p re s e n ts  p<0.001.

Microsomal
c o n c e n tra tio n

( ji l /a s s a y )
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F ig u re  16. A ctivation  of afla toxin  Bi by d if fe re n t  c o n cen tra tio n s  
of h ep a tic  m icrosom es from  mice fed  a 5% o r  20% p ro te in  d ie t. Equal 
volum es of 4 microsomal sam ples (each p re p a re d  from  6 pooled liv e rs  
a t  a  co n ce n tra tio n  e q u iv a len t to  lg  liver/m l) from  mice fed  e ith e r  
5% o r  20% lactalbum in  w ere mixed to  p ro d u ce  a  s in g le  microsomal 
su sp e n sio n  p e r  d ie t. V arious co n cen tra tio n s  of th is  pooled 
microsomal su sp e n sio n  w ere in cu b a ted  in a  fina l volum e of 0.6ml, 
w ith  S. typhim um ium  TA98, co fac to rs , and  0.32nmol o r  1.6nmol 
afla tox in  Bi fo r  30 mins a t  37°C befo re  being  p o u re d , in  top  a g a r , 
on to  Vogel B onner p la te s  (see M ethods sec tio n  10a). R esu lts  a re  
g iven  a s  m eans of tr ip lic a te  p la te s . Com parison betw een  th e  two 
d ie ts  w as c a r r ie d  o u t u s in g  Anova an d  th e  LSD c r ite r io n , ** p<0.01,
* p<0.05. Diets: (#A) 5% and  (o a ) 20% lactalbum in.
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F ig u re  17. A ctivation of T rp -P -2  by d if fe re n t c o n c e n tra tio n s  of 
h ep a tic  m icrosom es d e riv e d  from  mice fed 5% o r  20% p ro te in  d ie ts . 
F or d e ta ils  of m ethods see  legend  to  F ig u re  16 an d  M ethods sec tion  
10a. R esu lts  a re  g iven  a s  m eans of tr ip lic a te  p la te s . Com parison 
betw een th e  two d ie ts  was c a r r ie d  o u t u s in g  Anova a n d  th e  LSD 
c r ite r io n , * p<0.05. Diets: ( •  ▲) 5% and  (OA) 20% lactalbum in .
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F ig u re  18. A ctivation  of MelQ by d iffe re n t c o n ce n tra tio n s  of 
h ep a tic  m icrosom es d e riv e d  from mice fed  5% o r  20% p ro te in  d ie ts . 
For d e ta ils  o f m ethods see legend  to  F ig u re  16 an d  M ethods sec tion  
10a. R esu lts  a re  g iv en  a s  means of tr ip lic a te  p la te s . Com parison 
betw een  th e  two d ie ts  was c a rrie d  o u t u s in g  Anova a n d  th e  LSD 
c r ite r io n , *** p<0.001. Diets: ( •  A )  5% o r  (OA) 20%
lactalbum in .
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a lth o u g h  maximum ac tiv a tio n  was achieved  a t  th e  h ig h e s t  microsomal 

c o n c e n tra tio n  (12.5\il/0.6ml a ssay ; equ iv alen t to  ab o u t 150jig 

m icrosom al p ro te in ) . For example, when 0.12nmol of MelQ w as 

in c lu d e d  in  th e  in cu b atio n , th e  num ber of r e v e r ta n ts  in c re a se d  from  

200 H isV plate  to  1250 His+/p la te  as  the  microsomal co n ce n tra tio n  

in c re a s e d  from  1.25pl to  12 .5 jil/assay  (Fig. 18).

No d ie t- re la te d  d iffe ren ces  in  th e  ac tiv a tin g  c ap a c ity  of 

m icrosom es w ere  o b se rv ed  fo r MelQ (0.12nm ol/assay; F ig .18) and  

T rp -P -2  (0 .04nm ol/assay; Fig. 17). There was a  t r e n d  fo r 

m icrosom es from  mice fed  th e  5% lactalbum in d ie t, com pared  to  th o se  

from  mice fed  th e  20% lactalbum in d iet, to ex h ib it a  g re a te r  a b ility  

to  a c tiv a te  0.05nm ol/assay  MelQ (Fig. 18) and  0 .2nm ol/assay  T rp -P -2  

(F ig. 17) b u t a t  on ly  one microsomal co n cen tra tio n , 5pl fo r  T rp -P -2  

an d  12.5pl fo r  MelQ (eq u iv a len t to  approxim ately 60 an d  150jig 

p ro te in  re sp ec tiv e ly ) w ere  th e  d ifferences s ig n ific an t. The 

ac tiv a tio n  of afla toxin  Bi (1.6 nm ol/as say; Fig. 16) was a lso  h ig h e r  

w hen m icrosom es from mice fed  th e  low p ro te in  d ie t w ere  u sed  in  th e  

in c u b a tio n  mix, s ig n ific a n t a t  microsomal co n ce n tra tio n s  of 5fil an d  

7.5yil/0.6ml a s s a y  (Fig. 16). However, when 12.5yxl of microsomal 

su sp e n s io n  w as in c o rp o ra te d  in to  th e  incubation  mix co n ta in in g  

1.6nmol afla tox in  Bi, th e  d ie ta ry  e ffec t was re v e r s e d  w ith  

m icrosom es d e riv e d  from  mice fed  20% lactalbum in, in d u c in g  th e  

g re a te r  num ber of r e v e r ta n ts  (Fig. 16). A ctivation  of 

0 .32nm ol/assay  afla tox in  Bi d isp layed  no m arked d ie ta ry  e ffe c t, 

a lth o u g h  i t  shou ld  be no ted  th a t  when 7.5}il (approx im ately  90pg 

p ro te in )  of m icrosom es p e r  a ssa y  w ere used , th e  a c tiv a tin g  cap ac ity  

of m icrosom es from  mice fed  th e  5% lactalbum in d ie t was h ig h e r 

(p<0.05) th a n  th a t  of m icrosomes from mice fed  th e  20% lactalbum in
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d ie t, w ith  191 h is tid in e  r e v e r ta n ts  reco rd ed  fo r th e  5% lactalbum in  

d ie t as  com pared  to  150 fo r  20% lactalbum in (Fig. 16).

3. C ytochrom e P450 c o n te n t an d  mixed fu n c tio n  ox idase  a c tiv itie s .

The in flu en ce  of d ie ta ry  p ro te in  on hep atic  m icrosomal 

m etabolism  w as in v e s tig a te d  in mice fed th e  two ex trem e (5% o r  20%) 

lacta lbum in  d ie ts . H epatic microsomes from mice fed  th e  5% p ro te in  

d ie t co n ta in ed  approx im ate ly  33% more cytochrom e P450 p e r  gram  of 

liv e r  th a n  m icrosom es from mice fed th e  20% p ro te in  d ie t (Table 19). 

However, w hen th e  v a lu es  w ere ex p ressed  as nm ols/m g microsomal 

p ro te in , to  a cco u n t fo r  th e  g re a te r  microsomal p ro te in  c o n te n t of 

liv e rs  from  mice fed  5% lactalbum in (Table 14), th e  d ie ta ry  

in flu en ce  upon  th e  am ount of hep atic  cytochrom e P450 w as no lo n g er 

e v id en t s in ce  b o th  approx im ated  0.9 -1.0 nmol cy tochrom e P450/mg 

m icrosomal p ro te in .

A m arked  re d u c tio n  in  e th o x y re so ru fin -O -d ee th y la se  a c tiv ity  

(a ro u n d  60%) was a p p a re n t  in  microsomes from mice fed  5% lactalbum in  

com pared to  th e  20% lactalbum in  d ie t ir re sp e c tiv e  of w h e th e r  th e  

a c tiv ity  w as e x p re sse d  p e r  gram  of liver o r p e r  mg m icrosom al 

p ro te in  (Table 19). No s ig n ific an t d iffe ren ces  w ere  a p p a re n t  in  

th e  h ep a tic  a c tiv itie s  of benzphetam ine dem ethylase  an d  

e thox y co u m arin -O -d ee th y lase  of mice fed th e  th e  two d ie ts  (Table

19)» w ith  v a lu es  of approx im ate ly  3.5 jim o le s /h r/g  liv e r  an d  1400 

n m o le s /h r /g  liv e r  re sp e c tiv e ly , obtained.

4. G lu tath ione a n d  g lu ta th io n e  co n ju g a tes .

The a b ility  of h ep a tic  cytosolic frac tio n s  to  form  afla tox in  

B i-g lu ta th io n e  c o n ju g a te s  was a sse ssed  in  mice fed  5 an d  20%
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T able 19 Cytochrome P450 and mixed fu n c tio n  o x idase  a c t i v i t i e s  
o f microsomal f r a c t io n s  (used in  F ig s . 16 -  18) 

from mice fed  5% and 20% p ro te in  d i e t s .

Cytochrome P450
nm ols/g l i v e r  

/mg p ro t .

7-e th o x y re so ru f in -O -d ee th y la se  
n m o les/h r/g  l i v e r  

/mg p ro t .

7-e thoxycoum arin-O -deethylase  
n m o les/h r/g  l i v e r  

/mg p ro t .

Benzphetamine dem ethylase 
p m o les/h r/g  l i v e r  

/mg p ro t .

D iet % lacta lbum in

5

14.65 + 1.55* 
0.92 + 0.61

70.87 + 21.26** 
5.48 + 2.62**

1444 + 151 
108.6 + 32.1

3.47 ± 0.53 
0.26 + 0.10

20

10.99 + 1.37 
1.07 + 0 .19

163.29 ± 21.60 
15.97 + 3.51

1381 ± 188 
133.5 + 20.7

3.82 ± 0.25
0.37 + 0.05

H epatic  microsomes were p repared  from mice fed 5% o r  20% lac ta lb u m in  
(Methods s e c tio n  8b ). Cytochrome P450 co n ten t and th e  a c t i v i t i e s  
o f th re e  mixed fu n c tio n  ox id ases  were determ ined as d e sc r ib e d  in  
Methods s e c t io n  9b. V alues a re  given as means + SD o f  4 sam ples, 
each sample c o n ta in in g  l iv e r s  pooled from 5 - 6  mice. D iffe re n c es  
between d ie t s  were compared u sing  Anova; ** p<0.01, * p<0.05.
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lactalbum in  d ie ts  by th e  method d esc rib ed  in C h ap ter 2, sec tion  

9bii. Quail m icrosom es w ere in c lu d ed  in th e  in cu b atio n  in  o rd e r  to  

a c tiv a te  in  s i tu  a fla tox in  Bi to  i ts  reac tiv e  m etabolite, afla tox in  

Bi epoxide. U sing re v e rs e  p h ase  HPLC th e  epoxide was d e tec te d  as 

aflatoxin  B i-8 ,9 -d ih y d ro d io l in  th e  T ris-d io l complex. F ig u re  19 

re p re s e n ts  th e  r e s u l ts  of in cu b a tio n s  contain ing h ep a tic  cy to so l 

pooled from  4 sam ples from mice fed  5% and 20% lactalbum in.

However, th e se  experim en ts  have been  rep ea ted  u sin g  in d iv id u a l 

cy tosolic  f ra c tio n s  w ith  sim ilar re s u lts . At th e  end  of th e  15 

m inute in cu b a tio n , th e  am ount of th e  d ihydrod io l (id en tif ied  by  

co -ch ro m ato g rap h y ) acco u n ted  fo r  only 3% of th e  to ta l m etabolites 

(Fig. 19). The m ajor m etabolite was the  aflatoxin B i-g lu ta th io n e  

co n ju g a te  w hich acco u n ted  fo r  a ro u n d  90% of th e  to ta l m etabolites, 

ir re sp e c tiv e  of th e  d ie t of th e  mice (Fig. 19). At th e  end  of th e  

in cubation  on ly  6% of th e  to ta l m etabolites was afla tox in  Bi (Fig.

19). In  th e se  s tu d ie s  excess g lu ta th io n e  was ad d ed  to  th e  

in cubation  m ixture. Since th e  cap ac ity  of the  liv e r to  co n ju g a te  

aflatoxin  Bi o r  i ts  m etabolites to  g lu ta th ione  in v ivo  could  be 

in fluenced  by  th e  co n cen tra tio n  of hepatic  g lu ta th io n e , th e  e ffe c t 

of d ie ta ry  p ro te in  on  g lu ta th io n e  co n cen tra tio n  in th e  liv e r  of 

BALB/c mice was in v e s tig a te d .

L iver hom ogenates d e riv e d  from mice fed th e  20% lactalbum in 

d ie t co n ta in ed  g re a te r  am ounts, 1.2 and  1.7 fold, of re d u c e d  and  

oxidized g lu ta th io n e , re sp e c tiv e ly , th a n  mice fed 5% p ro te in  (Table

20). However, th is  w as on ly  s ta tis tic a lly  s ig n ific an t fo r  th e  

o b serv ed  d iffe re n c e s  in  oxidized g lu ta th io n e  w here v a lu es  of 2.4 

nmoles (2.4pM) an d  4.08 nmoles oxidised g lu ta th io n e /g  liv e r  (4pM) 

were o b ta in ed  fo r th e  low an d  h ig h  p ro te in  d ie ts  re sp e c tiv e ly  (Table
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Peak M etabo lite
% o f t o t a l  m e tab o lite

D iet (% 
5

lac ta lb u m in )
20

1 a f la to x in  Bi 5.84 6.08

2 a f la to x in  B i-g lu ta th io n e  
co n jugate 89.26 87.39

3 a f la to x in  B i-d ih y d ro d io l 2.88 2.69

F igure  19 Reverse phase HPLC chromatograms o f a f la to x in  Bi and 
m e tab o lite s  produced by in cu b a tio n s  of q u a il microsomes and cy to so l 
p repared  from mice fed  e i t h e r  5% (A) o r 20% (B) lac ta lbum in  (see  
Methods s e c tio n  9 b i) .
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Table 20 H epatic  g lu ta th io n e  co n ten t o f mice 
fed  5% and 20% lacta lbum in  d ie t s .

G lu ta th io n e  c o n ce n tra tio n

D ie t o x id ized  reduced
% lac ta lb u m in  _____________________  ________

nm oles/ nm oles/
g l i v e r  mg p ro te in  g l i v e r  mg p ro te in

5 2.388** 0.044* 4392 80.29
+0.38 +0.01 ±744 +18.89

20 4.080 0.071 5188 90.02
+0.84 +0.02 +660 +12.32

G lu ta th io n e  c o n ten t was determ ined  in  f re sh  l iv e r  homogenate ( a t  a 
c o n ce n tra tio n  0 .25g liv e r/m lT ris /K C l) from mice fed  5% o r 20% 
lac ta lbum in  accord ing  to  th e  method of Adams e t  a l  (1983).
R esu lts  a re  exp ressed  as means + SD of 4 sam ples. Each sample 
co n ta in ed  l iv e r s  pooled  from 6 mice. R efer to  Table 17 fo r  body and 
l iv e r  w eigh ts. A s te r isk s  in d ic a te  s ig n i f ic a n t  d if f e r e n c e s  from 20% 
lac ta lb u m in  group, * p<0.05, ** p<0.01 (Anova).
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20). S ince th e  p ro te in  c o n te n t of th e  liv e r hom ogenate was sim ilar 

in  b o th  d ie t g ro u p s  (19mg p ro te in /m l hom ogenate; Table 17), th e  

in c re a se d  c o n ce n tra tio n s  of g lu ta th io n e  in  mice fed  20% p ro te in  w ere 

s til l  a p p a re n t  w hen th e  am ounts of red u ced  an d  oxidized g lu ta th io n e  

w ere  ex p re ssed  a s  p e r  mg p ro te in .

5. E ffec t o f h ep a tic  cy to so l on th e  microsomal a c tiv a tio n  of food 

m utagens.

An experim ent was c a r r ie d  o u t to  determ ine w h e th e r th e  add ition  

of cy toso l, p re p a re d  from  mice fed  5 o r 20% lactalbum in , would 

m odify th e  m utagen icity  of m icrosom ally -activated  afla tox in  Bi, MelQ 

an d  T rp -P -2  in  th e  Salmonella  m u tagen icity  a s s a y  (M ethods sec tion  

10a). Hepatic microsomal f ra c tio n s  w ere d e riv e d  from  mice fed  5 o r 

20% lactalbum in  an d  w ere from th e  same stock  a s  th o se  u sed  fo r th e  

Salmonella  m u tagen icity  a s s a y  d e sc rib ed  in  sec tio n  2 of th is  

c h a p te r . To th o se  a s sa y s  co n ta in ing  (in a  to ta l volum e of 0.6ml) 

afla tox in  Bi (1.6 nm ol/as say ) o r MelQ (0.12nm ol/assay) 5pl of 

microsomal su sp en sio n  w as ad d ed  p e r  a ssa y  (eq u iv a len t to  ab o u t 60}ig 

p ro te in )  and  to  sam ples co n ta in in g  T rp -P -2  (0.2 nm ol/as say ), 3.75pl 

(45pg p ro te in ) of microsomal su sp en sio n  was ad d ed . The 

co n ce n tra tio n s  of m icrosom es an d  m utagen w ere ch o sen  from  p rev io u s  

experim en ts, show n in  F ig u re s  16 -  18, on th e  b a s is  th a t  th e y  would 

in d u ce  su ffic ie n t num bers of m u tan ts  to  d e te c t a  ch an g e  in  a c tiv ity  

an d  in  ad d itio n , w ere p o sitio n ed  on th e  lin ea r p a r t  o f th e  

m icrosom al/activation  c u rv e . D ifferen t co n ce n tra tio n s  of hepatic  

cy to so l (0 -  500pg p ro te in )  w ere  th e n  ad d ed  to  th e se  a ssa y s  p r io r

to  th e  30 min p re -in c u b a tio n  s tep .
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As th e  co n cen tra tio n  of cy to so l in c reased  (from  0 -  350pg 

p ro te in /a s sa y )  th e  ac tiv a tio n  of aflatoxin  Bi declined  from  350 

H isV plate  to  250 His+/p la te  (Fig. 20) a lth o u g h  th is  d ec rea se  was 

n o t s ta tis tic a lly  s ig n ifican t. With MelQ (0 .12nm ol/assay) and  

T rp -P -2  (0 .2nm ol/assay) how ever, th e  num ber of h is tid in e  re v e r ta n ts  

in c re a se d  concom itant w ith  th e  in c rease  in cy to so l co n cen tra tio n  

(p<0.001) r is in g  (by  57%) from  700 to  1100 m u ta n ts /p la te  fo r  T rp -P -2  

an d  (b y  2.2 fold) 500 to  1100 m u ta n ts /p la te  fo r MelQ 

(0.12nm ol/assay; Fig. 20). F o r th e  m utagen T rp -P -2 , hepatic  

a c tiv a tio n  was maximal w hen cy to so l was ad ded  to  a  co n ce n tra tio n  of 

250pg cytosolic  p ro te in /a s sa y  an d  betw een 400 an d  500}ig of cytosolic  

p ro te in /a s s a y  fo r  MelQ (Fig. 20).

F or afla toxin  Bi an d  T rp -P -2  th e  e ffe c t of cy to so l on 

m utagenic a c tiv ity  was no t d e p en d e n t on th e  d ie t of th e  mice from 

w hich th e se  hep atic  fra c tio n s  w ere d e riv ed  (Fig. 20). However, th e  

a c tiv ity  of MelQ was s ig n if ic a n tly  lower (by 7 -  14%) w hen cy toso l 

from mice fed th e  h ig h  p ro te in  d ie t was added  to  th e  a ssa y  r a th e r  

th a n  w hen cy toso l from mice fed  th e  low p ro te in  d ie t w as u sed  (Fig.

20). F u rth e rm o re , in  th e  co n tro l g ro u p s  (in w hich no cy toso l was 

added) th e  ac tiv a tio n  of b o th  MelQ and  T rp -P -2  by  m icrosom es from 

mice fed  th e  5% p ro te in  d ie t w as s ig n ifican tly  g re a te r  th a n  th o se  

from  mice fed  th e  h ig h  p ro te in  d ie t (by approxim ately  10%) -  a 

r e s u lt  th a t  is in  c o n tra s t  to  p rev io u s  re s u lts  (Fig. 18).

A ssays w hich co n ta in ed  DMSO only in  p lace of th e  m utagen 

exh ib ited  an  in c re a se  in  th e  num ber of r e v e r ta n ts /p la te  from  12 to 

17 and  13 to  22 (u sin g  microsomes from mice fed  5% an d  20% 

lactalbum in re sp ec tiv e ly ) as th e  am ount of cy toso lic  p ro te in
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F ig u re  20. E ffect of hepatic  cy toso l on th e  microsomal ac tiv a tio n  

of afla tox in  Bi (1.6 nm ol/as say ), T rp -P -2  (0.2 n m o l/a ssa y ) an d  MelQ 

(0 .12nm ol/assay). Cytosolic an d  microsomal fra c tio n s  w ere  p re p a re d  

from mice fed  a  5 ( •  ) o r 20% ( o  )lactalbum in d ie t (a t 

c o n ce n tra tio n s  eq u iv a len t to  0.25g liv e r/m l an d  lg  liv e r/m l fo r 

cy to so l an d  microsomes re sp ec tiv e ly ). T hese h ep a tic  f ra c tio n s  

co n ta in ed  th e  pooled liv e rs  of 6 mice p e r  sam ple w ith  4 sam ples 

p re p a re d  fo r  each  d iet. The am ount of microsomal fra c tio n  ad d ed  

p e r  a s s a y  was 5ul fo r aflatoxin  Bi and  MelQ (e q u iv a len t to  

approx im ate ly  60jig p ro te in ) and  3.75]il (eq u iv a len t to  approxim ately  

45ug p ro te in )  fo r T rp -P -2  and  in cu b a ted  to g e th e r  w ith  cy toso l, S. 

typ h im urium  TA98, m utagen an d  co fac to rs  fo r  30 mins a t  37°C before  

p o u re d , in  top  a g a r , on to  Vogel B onner p la te s  (M ethods sec tio n  

10a). R esu lts  a re  g iven  as  m eans of 4 sam ples w ith  tr ip lic a te  

p la te s  fo r  each  sample. Com parisons betw een d ie ts  c a r r ie d  o u t 

u s in g  Anova an d  th e  LSD c rite r io n , *** p<0.001, * p<0.05.
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Table 21 
5.

E f fe c t o f h e p a tic  c y to so l on th e  re v e rs io n  of 
typhimurium  TA98 to  h i s t id in e  p ro to tro p h y .

D ie t 
% lac ta lb u m in

H is+ r e v e r ta n ts /p la te

C y to so lic  c o n c e n tra tio n  (yg p ro te in /a s sa y )

0 250 500

5 12.3 ± 4 .9  16.0 + 1.0 16.5 ± 6 .0

20 13.2 + 3 .8  17.2 + 5 .1 22.1 ± 5 .6

In th e  Salm onella  m u tag en ic ity  assay  c o n tro l sam ples co n ta in ed , p e r. 
a ssay , 0.1m l DMSO in  p lace  o f mutagen and 5pl o f  microsomal 
suspension  (see  legend to  F ig . 20 fo r  fu r th e r  d e t a i l s ) .  R esu lts  
a re  given as means + SD, w ith  com parisons between d ie t s  c a r r ie d  ou t 
u sing  Anova.
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in c re a se d  from  0 to  500pg (Table 21).

R esu lts  p re s e n te d  in th is  c h ap te r  have  show n th a t  q u a n tita tiv e  

c h an g e s  in  d ie ta ry  p ro te in  can m arkedly in flu en ce  th e  in  v ivo  

m utagenic  a c tiv ity  of th e  fu nga l toxin, aflatoxin  Bi, b u t h as no 

c o n s is te n t a ffe c t on th e  a c tiv ity  of cooked food m u tagens MelQ and  

T rp -P -2 . This d ie ta ry  m odification of aflatoxin  m etabolism  would 

a p p e a r  n o t to  be re la ted  to  d ie t-in d u ced  ch an g e s  in  th e  a c tiv itie s  

of h ep a tic  enzym es involved  in  the  ac tiv a tio n  an d  de tox ifica tion  of 

th is  com pound, b u t  may in s tead , be re la ted  to  c h an g e s  in  th e  u p ta k e  

o r d isp o sitio n  of afla toxin  Bi.
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CHAPTER 5

The in flu en ce  o f  d ie ta r y  f ib re  on -fhc=>_ -f ic/t̂

a n d  on th e  form ation  an d  m etabolism  

o f  n itrosod im eth ylam in e.

The fe rm e n ta b le  f ib r e  p e c t in  has  been  fo u n d  to  modify
-+ (-> &  c l c ? r c v  -

m etabolism ,\ A p re l im in a ry  ex p er im en t was c a r r i e d  o u t  to  d e te rm in e  

w h e th e r  d ie t a r y  p e c t in  modifies th e  metabolic a c t iv i t ie s  of th e  

caeca l  f lo ra  of female BALB/c mice. As a r e s u l t  of p e c t in - in d u c e d  

c h a n g e s  in  n i t r a t e  r e d u c t a s e  a c t iv i ty  in th e  caeca l c o n te n t s  of 

BALB/c mice, th e  in f lu e n c e  of d ie ta ry  p ec t in  on n i t ro s a t io n  

r e a c t io n s  in  v iv o  was exam ined. As a  model, th e  n i t r o s a t io n  of 

a m in o p y r in e  w ith  th e  p ro d u c t io n  of th e  c a rc in o g e n  

n it ro so d im e th y lam in e  w as u sed .  P re lim ina ry  e x p e r im e n ts  

in v e s t ig a t in g  th e  e f f e c t  of d ie ta r y  pec t in  on th e  g en o to x ic i ty  of 

n i t ro so d im e th y lam in e  in  v iv o  a n d  in  v i tro  a r e  a lso  r e p o r te d .

A lth o u g h  d ie t a r y  f ib r e  can  ind u ce  m ajor c h a n g e s  in  g u t  f lo ra  

m etabolism , i t  would a p p e a r  from r e s u l t s  of th e  limited s tu d y  

p r e s e n t e d  in  th i s  c h a p t e r  t h a t  th e r e  was no a p p a r e n t  c h a n g e  in 

h ep a t ic  metabolism. To d e te rm in e  w h e th e r  c h a n g e s  to  t h e  g u t  f lo ra  

can , a t  t h e i r  most ex trem e , a l t e r  h epa t ic  metabolism, th e  in v iv o  

m u ta g e n ic i ty  of t h r e e  d ie t a r y  c a rc in o g e n s  (w hich  r e q u i r e  mammalian 

metabolism  to  be a c t iv e )  w as a s s e s s e d  in g e rm - f r e e  mice a n d  in  mice 

w ith  a  c o n v e n t io n a l  f lo ra .

1. Effect of dietary pectin on gut flora metabolism.

The e f f e c t  of a d d in g  0.5%(w/w) o r  5%(w/w) d ie ta r y  p e c t in  to  a
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co n tro l f ib r e - f re e  d ie t on th e  ac tiv itie s  of fo u r caecal enzym es 

(n itra te  re d u c ta se , n itro re d u c ta se , 13-g lu cu ron idase  and  

B -g lucosidase), was in v e s tig a te d  in  female BALB/c mice ( re fe r  to  

Method sec tio n s  8 an d  9a).

The mice a p p e a re d  h ea lth y  th ro u g h o u t th e  d ie ta ry  regim e, 

a lth o u g h  a t  th e  time of sac rifice  mice fed  th e  5% p ec tin  d ie t w ere 

s lig h tly  (8%) sm aller in  size th a n  mice fed  th e  co n tro l d ie t. The 

mean body w e ig h ts  a t  th is  time w ere 16.43g, 17.06g and  17.89g fo r 

mice fed  5% p ec tin , 0.5% p ec tin  and  th e  f ib re - f re e  d ie t re sp e c tiv e ly  

(Table 22). However, mice fed 5% pec tin  had en la rg ed  caeca  w ith  

th e  mean caecal w eigh t be ing  abou t tw ice th a t  of mice fed  th e  

co n tro l d ie t (p<0.01; Table 22). The caecal w eigh t of mice fed  

0.5% p ec tin  was v e ry  sim ilar to  th a t  of th e  co n tro ls  (0.062g; Table 

22).

The ad d itio n  of 0.5% p ec tin  to  th e  mouse d ie t had no m arked 

e ffe c t on th e  a c tiv itie s  of th e  fo u r caecal enzym es com pared to  mice 

fed  th e  f ib re - f re e  d ie t (Fig. 21). The 5% p ec tin  d ie t p ro d u ced  

s ig n ific an t ch an g es , in  p a r tic u la r  to th e  ac tiv ity  of n itra te  

re d u c ta se , w hich was 6 fold g re a te r  (when ex p re ssed  p e r  gram  caecal 

co n ten ts  o r  p e r  1010 b ac te ria ) th a n  th a t  in  mice fed  th e  co n tro l 

d ie t (Fig. 21). This ch an g e  in  the  a c tiv ity  of n itra te  re d u c ta s e  

in  p e c tin -fe d  mice w as in c re a se d  to  14 fold w hen th e  d a ta  w as 

ex p re ssed  in  te rm s of th e  a c tiv ity  p re s e n t  in  th e  whole animal 

(ac tiv ity  p e r  caecum ) -  a  calcu lation  w hich ta k es  in to  acco u n t 

d ie t- re la te d  d iffe ren c es  in  caecal w eight (Fig. 21).

The 5% p ec tin  d ie t a lso  p roduced  a 77% red u c tio n  in
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Table 22 Body, l i v e r  and caeca l w eights o f mice fed 
d ie t s  c o n ta in in g  d i f f e r e n t  amounts of p e c tin

D ie t % p e c tin

0 0 .5  5

Body w eight (g) 17.89 ± 1.08 17.06 ± 1.17 16.43 ± 1.02**

Caecal w eight (g) 0 .066 ± 0.015 0.062 ± 0.006 0.126 ± 0.090**

B a c te r ia /g  caeca l 
c o n ten ts  (xlO11) 7 .87 ± 6.32 2.27 ± 0.91 4.01 ± 2.43

L iver w eight (g) 0.801 + 0.055 -  0.723 + 0.039

H epatic S9 p ro te in
(rng p ro te in /m l S9) 44.91 + 9.78 -  42.54 ± 1.89

H epatic cytochrome P450
(nmol/g l iv e r )  25.58 ± 2.95 -  29.76 ± 5.44

Mice were fed  d i f f e r e n t  amounts o f p e c tin  as d e sc rib ed  in  Methods 
s e c tio n  4, Table 1. C aecal c o n te n ts  o f 3 mice were pooled and 
suspended in  KH2 PO4 b u f f e r ,  w ith  4 suspensions p repared  fo r  each 
d ie t  (see  Methods s e c t io n  8 a ). B a c te r ia l  enum eration o f th e  caeca l 
co n ten ts  was c a r r ie d  o u t by d i r e c t  m icroscopic count (Methods 
se c tio n  9 a ). H epatic  S9 f r a c t io n s  were p repared  from mice, w ith  4 
f r a c t io n s  (each c o n ta in in g  3 pooled l iv e r s )  p repared  fo r  .each d ie t  
(Methods s e c tio n  8 b ). R esu lts  a re  g iven as means + SD. A s te r isk s  
in d ic a te  s ig n i f ic a n t  d if f e r e n c e s  from th e  f ib r e - f r e e  (0% p e c tin )  
group, ** p<0.05 (Anova).
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F ig u re  21 The e ffe c t of d ie ta ry  p ec tin  on mouse caecal enzym e 

a c tiv itie s . The caecal c o n ten ts  of mice fed d if fe re n t p e c tin  d ie ts  

w ere  rem oved a n d  caecal su sp en sio n s  p re p a re d  (see M ethods sec tion  

8a). Caecal c o n te n ts  from  3 mice w ere pooled fo r each  caecal 

su sp e n sio n  w ith  4 su sp e n s io n s  p re p a re d  fo r each d iet. From th e se  

f r e s h ly  p re p a re d  su sp e n s io n s  th e  ac tiv itie s  of n itra te  re d u c ta s e  

(NT) an d  n itro re d u c ta se  (NR) w ere determ ined  and  u sin g  fro zen  

su sp e n s io n s  13-glucuronidase (GN) and  B -glucosidase (GS) w ere 

m easured  a s  d e sc r ib e d  in  M ethods section  9a. R esu lts  a re  g iv en  a s  

m eans an d  e x p re sse d  a s  umol of p ro d u c t formed: a. p e r  g caecal 

c o n te n ts , b. p e r  caecum  and  c. p e r  1010 b acte ria . Diets: 

f ib r e - f re e  <n ), 0.5% p e c tin  ( ), 5% pectin  ( g  ). A s te r isk s

in d ica te  s ig n if ic a n t d iffe ren c es  from th e  f ib re - f re e  d iet; ***

P<0.001; ** p<0.01; * p<0.05.

1 Values x 10.
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I3 -g lucosidase a c tiv ity  an d  a  35% red u c tio n  in  th e  a c tiv ity  of 

I3 -g lucuron idase  (w hen ca lcu la ted  as  p e r  gram  caecal c o n te n ts  o r  a s  

p e r  1010 b ac te ria ) a lth o u g h  only  th e  d iffe ren ce  in  fi-g lu co sid ase  

a c tiv ity  p e r  gram  caecal c o n te n ts  was s ta tis tic a lly  s ig n ific a n t 

(p<0.05), When e x p re ssed  p e r  caecum (Fig. 21) th e  size  o f th e se  

d iffe re n c e s  in  enzym e a c tiv ity  w as red u ced , re su lt in g  in  

app rox im ate ly  sim ilar v a lu es  (a ro u n d  5 - 6  p m o l/h r/caecu m ) fo r 

B -g lu cu ro n id ase  an d  a  50% red u c tio n  (from a ro u n d  3 to  1.5 

jim o l/h r/caecu m ) in  B -g lucosidase  a c tiv ity  in  p e c tin -fe d  mice 

com pared  to  mice fed  a  f ib re - f re e  d ie t (Fig. 21).

The ra te  of n itro re d u c tio n  was u n a ffec ted  by  e i th e r  p ec tin  d ie t 

(Fig. 21) w ith  approxim ate ly  l.lp m o l of p-am inobenzoic acid  

p ro d u c e d /h r  p e r  gram  caecal co n ten ts , ir re sp e c tiv e  of d ie t.

The en h an ced  n i tr a te  re d u c ta se  ac tiv ity  in  caeca  of p e c tin -fe d  

mice may, a s  a  co n seq u en ce , cau se  in c reased  p ro d u c tio n  of n itr ite . 

N itrite  can  combine w ith c e r ta in  amino g ro u p s  y ie ld ing  ca rc in o g en ic  

an d  m utagenic  N -n itrosocom pounds. An in v e s tig a tio n  w as c a r r ie d  o u t 

to  d e term ine  w h e th e r mice fed  p ec tin  exh ib it an  in c re a se d  p ro d u c tio n  

of th e se  p o ten tia l ca rc in o g en s . As a model fo r  th e se  experim en ts, 

th e  n itro sa tio n  of th e  te r t ia r y  amine am inopyrine (a n o n -m u tag en ), 

to  th e  h ig h ly  p o te n t m utagen , n itrosodim ethylam ine, w as u sed . This 

s tu d y  re lied , p rim arily , on  th e  d e tec tion  of d ie t- re la te d  

d iffe ren c es  in  m utagenic  a c tiv ity  in  th e  liv e rs  of mice d o sed  w ith  

am inopyrine. However i t  was f i r s t  n ece ssa ry  to  e s ta b lis h  w h e th e r 

d ie ta ry  p ec tin  m odifies th e  reac tio n  of am inopyrine w ith  n itr i te  o r  

if p e c tin  in flu en ces  n itrosodim ethylam ine m u tag en ic ity  in  th e  liv e r.
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2. Effect of dietary pectin on the mutagenicity of
nitrosodimethylamine in vitro and in vivo.

To in v e s t ig a te  th e  in fluence  of d ie ta ry  p ec tin  on  th e  in  v itro  

a c tiv ity  of n itrosod im ethy lam ine , hepatic  S9 fra c tio n s  w ere  p re p a re d  

from  th o se  mice fed  th e  f ib re - f re e  and  5% p ec tin  d ie ts  in  th e  

p re v io u s  experim en t. The f ra c tio n s  w ere in c u b a ted  w ith  v a r io u s  

c o n c e n tra tio n s  (0 -  50mM) of n itrosodim ethylam ine in  th e  Salmonella  

m u tag en ic ity  a s s a y  w ith  S. typh im urium  TA100 as  th e  in d ic a to r  s tra in  

(M ethods sec tio n  10a).

D ie tary  p e c tin  had  no s ig n ific a n t e ffec t on th e  liv e r  w e ig h ts  

of mice u se d  in  th is  s tu d y  (Table 22) o r on th e  am ount of p ro te in  

an d  cy tochrom e P450 p re s e n t  in  th e  hepatic  f ra c tio n s  (approxim ately  44  

•mg p ro te in /m l S9 an d  27nmol cytochrom e P450/g liv e r  re sp ec tiv e ly : 

Table 22).

H epatic fra c tio n s  from  mice fed  e ith e r  d ie t w ere  eq u ally  

capab le  of a c tiv a tin g  n itrosodim ethylam ine to  a  b a c te ria l m utagen  a t  

all b u t one of th e  co n ce n tra tio n s  (25mM) te s te d  (Fig. 22). At th is  

c o n ce n tra tio n  of 25mM th e  a c tiv ity  of n itrosod im ethy lam ine  w as 1.17 

fold g re a te r  (p<0.05) w hen S9 frac tio n s  from  mice fe d  5% p e c tin  w ere 

u sed  th a n  w hen f ra c tio n s  from  mice fed th e  f ib r e - f r e e  d ie t w ere  

in c lu d ed  in  th e  in cu b a tio n  mix. T here  was no m arked  d ie t-d e p e n d e n t 

d iffe ren ce  in  th e  n u m bers  o f re v e r ta n ts  sco red  in  co n tro l sam ples, 

co n ta in ing  saline  in  p lace  of th e  m utagen, w ith  34 an d  30 H isV plate 

co u n ted  fo r f ra c tio n s  from  mice fed  th e  f ib re - f re e  an d  5% p e c tin  

d ie t re sp e c tiv e ly  (Fig. 22). T hese co n tro l m utation  r a te s  a lso  

approx im ated  th e  b a ck g ro u n d  re v e rs io n  fre q u e n c y  of S. typh im urium  

TA100 of 33 H isV plate  a s  de term ined  on th e  day  of th e  experim ent.
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F ig u re  22 A ctivation  of n itrosodim ethylam ine by hepatic  S9 
f ra c tio n s  from  mice fed  a  f ib r e - f re e  o r 5% p ec tin  d ie t. For each  
S9 frac tio n , liv e rs  from  3 mice w ere pooled an d  4 S9 fra c tio n s  (a t a  
c o n ce n tra tio n  of 0.25g liv e r/m l S9) p re p a red  fo r each  d ie t. An 
a liq u o t (0.06ml) of each  h ep a tic  frac tio n  (or saline: A ) was 
in cu b a ted  in  a  fina l volum e of 0.6ml w ith S. typh im urium  TA98, 
co fac to rs  an d  d if fe re n t c o n ce n tra tio n s  of n itrosod im ethy lam ine fo r 
30 mins a t  37°C b efo re  being  p o u red , in top  a g a r , on to  Vogel B onner 
p la te s; all a s s a y s  w ere  c a r r ie d  o u t in tr ip lic a te  (M ethods sec tio n  
10a). R esu lts  a re  g iv en  a s  m eans. S ta tis tic a l s ig n ificance  was 
a s se s se d  u s in g  Anova an d  th e  LSD c rite rio n .
Diets: F ib re - f re e  ( O ), 5% p ec tin  ( O ).
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The c o n c e n tra tio n  of n itrosod im ethy lam ine th a t  in d u ced  th e  

g re a te s t  n u m b er of r e v e r ta n ts  was 25mM, re s u lt in g  in  a  3 -fo ld  

in c re ase  in  th e  n u m b er of His4 r e v e r ta n ts /p la te  above th a t  of th e  

co n tro ls  (sam ples c o n ta in in g  saline  in  place of m utagen). However, 

th is  in c re a se  in  His4 r e v e r ta n ts  w as not s ig n ific an tly  d if fe re n t 

from  th e  o th e r  te s te d  c o n c e n tra tio n s  of n itrosod im ethy lam ine (10, 40 

and  50mM) fo r  w hich  2 -  2.5 fold in c rease s  above th e  b a ck g ro u n d  w ere  

o b se rv e d  (Fig. 22).

The in  v iv o  m u tag en ic ity  of n itrosodim ethylam ine 

(2m g[27pm ol]/kg) was d e te rm in ed  in itia lly  in  th e  l iv e rs  of female 

BALB/c mice fed  e i th e r  f ib r e - f re e ,  0.5%, 2% o r a  5% p e c tin  d ie t, 

u s in g  th e  in tra sa n g u in e o u s  h o st-m ed ia ted  a s sa y  w ith  E. coli D494 as  

th e  in d ic a to r s t r a in  (see  M ethods section  11a an d  Table 23,

E xperim ent 1). T h e re  w as no s ta tis tic a lly  s ig n if ic a n t d ie t- re la te d  

d iffe ren ce  in  th e  h ep a tic  m u tagen ic ity  of n itrosod im ethy lam ine  

(2m g/kg) in  v ivo  a lth o u g h  th e  m utation ra te s  from  mice fed  p e c tin  

w ere, on a v e ra g e , low er (b y  15 -  26%) th a n  th o se  from  mice fed  th e  

f ib re - f re e  d ie t. The g re a te s t  re d u c tio n  in m utagenic  a c tiv ity  w as in  

mice fed  0.5% p e c tin  (Table 23; Experim ent 1.). The n u m b ers  of 

v iable b a c te r ia  re c o v e re d  from  th e  liv e rs  of th e se  mice w as n o t 

a ffec ted  by  d ie ta ry  p e c tin  c o n te n t a s, on a v e ra g e , 80% of th e  

in je c ted  dose w ere re c o v e re d  in  each  d ie t g ro u p .

Two f u r th e r  h o s t-m ed ia ted  a ssa y s  w ere c a r r ie d  o u t u s in g  mice 

fed  a f ib r e - f r e e  o r  0.5% p e c tin  d ie t to  de term ine  w h e th e r  th e  

red u ced  a c tiv ity  of n itrosod im ethy lam ine  in  mice fed  0.5% p e c tin  was 

a  re p ro d u c ib le  an d  s ig n ific a n t e ffec t. In  n e ith e r  ex p erim en t was a
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T ab le  23 The e f f e c t  o f  d ie t a r y  p e c t in  on th e  g e n o to x ic i ty  o f
n itro so d im e th y la m in e  in  th e  h o s t-m e d ia te d  a s sa y

D ie t n V iable E, c o l i  per 
%

M utation r a te  
(AmpR/1 0 9 

v ia b le  c e l l s )p e c tin
ml homogenate l iv e r

T o ta l (xlO8 ) AmpR % dose

1. N itrosod im ethy lam ine  (2mg/kg)

0 4 10.45 + 1.98 303 + 94 74 + 33 3085 + 741
0 .5  7 10.41 + 2.56 246 ± 38 85 + 18 2267 + 999
2 .5  6 11.99 + 6.02 272 ± 75 89 + 29 2609 + 1068
5 8 9 .53 + 2.30 200 ± 61 70 + 19 2360 + 600

E. c o l i  in jec ted /m o u se : 2 x 109 c e l l s

2. N itrosod im ethylam ine  (2mg/kg)

0 7 10.43 + 3,57 180 + 68 32 + 11 1858 + 1040
0 .5  8 11.85 + 5.15 218 + 72 36 + 14 1926 + 652

C on tro ls  ( s a l in e  o n ly )

0 9 16.63 + 6.91 14 + 7 50 + 21 92 + 33
0 .5  5 27.19 ± 5.47 22 + 8 84 + 18 84 + 12

E. c o l i  in jec ted /m o u se : 6 x 109 c e l l s

3. N itrosod im ethylam ine  (2mg/kg)

0 3 28.60 + 4.86 1083 + 254 66 + 10 3750 + 303
0 .5  5 22.30 ± 4.28 764 ± 87 50 + 9 3466 + 435

C ontro ls ( s a l in e  o n ly )

0 9 20.67 ± 3.74 76 + 13 47.1 + 8 .0 370 + 62
0 .5  6 26.62 + 7.27 94 ± 18 47.8 + 20.2 365 + 59

E, c o l i  in jec ted /m o u se : 8 x 109 c e l l s '

In  th re e  s e p a ra te  experim ents (1 -  3) a s in g le  in trav en o u s  in je c t io n  
(0.2m l) c o n ta in in g  a  com bination o f b a c te r ia  ( E. c o l i  D494) and 
n itro sod im ethy lam ine  in  s a l in e  was given to  mice (fed  d i f f e r e n t  
d i e t s ;  fo r  body and l i v e r  w eights see Table 24) in  th e  ho st-m ed ia ted  
assay  (Methods s e c tio n  11a). A fte r 3 hours mice were s a c r i f i c e d ,  
l iv e r s  removed, homogenized and a liq u o ts  (0.1ml o f a p p ro p r ia te  
d i lu t io n s )  p la te d  on to  n o n -se le c tiv e  agar and ag ar s e le c t iv e  fo r  
a m p ic i l l in  r e s is ta n c e  (AmpR). R esu lts  a re  exp ressed  as means + SD 
from t r i p l i c a t e  p la te s  of n sam ples. Comparisons between m utation  
r a te s  fo r  mice fed  d i f f e r e n t  d ie t s  were c a r r ie d  o u t u s in g  Anova.
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m arked d ie t- re la te d  ch an g e  in  m utation  ra te  o b se rv ed , w ith  m ean 

v a lu es  from  b o th  d ie t g ro u p s  approx im ating , in  th e  f i r s t  experim en t, 

1900 AmpR m u tan ts /1 0 9 v iab le  b a c te r ia  and  in  th e  second , 3600 AmpR 

m u ta n ts /1 0 9 v iab le  b a c te ria . From th e se  above r e s u l ts  i t  can  be 

seen  th a t  th e  in d u c tio n  of am picillin re s is ta n c e , by  

n itrosod im ethy lam ine , from  one experim en t to  a n o th e r  can  v a ry  

c o n sid e rab ly , e^en th o u g h  th e  dose of n itrosod im ethy lam ine is  

u n ch an g ed  (2m g/kg). T his v a ria tio n  would seem to  be u n re la te d  to  

d iffe ren c es  in  mouse size since  th e  mean body w eig h ts  of mice u sed  

in  th e se  ex p erim en ts  w ere sim ilar (approxim ately 16g) w ith  th e  

re la tiv e  liv e r  w e ig h t a v e ra g in g  0.47 (Table 24). The ex p erim en ts  

w ere perfo rm ed  in  a  an  e ig h t w eek period  and  u sed  th e  same s to ck  

c u ltu re  of E. coli D494 s to re d  in  DMSO a t  -80°C (M ethods sec tio n  

7a).

In  co n tro l mice (g iv en  sa line  in  place of m utagen) fed  v a rio u s  

c o n ce n tra tio n s  of p e c tin , th e  in  v ivo  m utation of E. coli to  AmpR 

was no t a ffe c ted  by  d ie t, a lth o u g h  th e  mean m utation ra te  v a r ie d  on 

a  daily  b a s is  from 80 to  400 AmpR m utan ts /1 0 9 s u rv iv o rs  (Table 23).

N itrosodim ethylam ine can  be m etabolized to  a  re a c tiv e  

in te rm ed ia te  in  o rg a n s  o th e r  th a n  th e  liv e r. D uring my s tu d ie s  an  

in v estig a tio n  com paring  th e  in  v ivo  m utagenic a c tiv ity  of 

n itrosod im ethy lam ine (5m g[67pm ol]/kg) in  a  num ber of o rg a n s  (liv e r, 

sp leen , k id n ey  an d  lu n g ) of female BALB/c mice w as c a r r ie d  o u t.

The g re a te s t  m utagenic  a c tiv ity  was o b se rv ed  in  th e  lu n g  w h ere  th e  

mean m utation  ra te  w as 3174 AmpR m u tan ts /1 0 9 s u rv iv o rs  (Table 25). 

However, th e re  w ere  la rg e  v a ria tio n s  in th e  m utation r a te s  o b ta in ed  

in  th is  t is su e , as  in d ica ted  by  th e  s ta n d a rd  dev iation  value  of 1820
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Table 24 Body and l iv e r  w eights o f mice fed  d i f f e r e n t  
amounts o f p e c tin  and used in  th e  experim ents 

p re sen ted  in  Table 23

Expt D ie t 
%

p e c tin

n Body w eight 
g

L iver w eight 
g

R e la tiv e
l iv e r

w eight1

1, N itrosod im ethylam ine  tr e a te d

0 4 16.15 + 0.36 0.74 + 0.04 0.46 + 0.02
0 .5 7 17.32 + 0.56 0.84 + 0.07 0.48 + 0.04
2 6 15.45 ± 1.11 0.71 + 0.04 0.46 + 0.46
5 8 16.49 + 0.63 0.81 + 0.09 0 .49 ± 0.05

2. N itrosod im ethylam ine  tr e a te d

0 7 15.43 + 1.63 0.75 + 0.13 0.48 + 0.05
0.5 8 16.46 + 1.63 0.77 + 0.10 0.48 + 0.02

C ontro ls (g iven s a l in e  in  p la ce o f  mutagen)

0 9 15.11 + 1.50 0.72 + 0.14 0.47 + 0 .04
0.5 5 16.68 + 0.71 0.78 + 0.08 0.46 + 0.03

3 . N itrosod im ethylam ine  tr e a te d

0 3 16.58 + 1.02 0.79 + 0.06 0.47 + 0.01
0.5 5 16.33 ± 1.12 0.73 + 0.05 0.45 + 0 .04

C ontro ls

0 9 16.69 + 0 .83 0.76 + 0.06 0.45 + 0 .03
0 .5 6 17.10 ± 0 .95 0.77 + 0.04 0 .45 ± 0.03

R esu lts  a re  exp ressed  as  means + SD fo r each experim ent ( 1 -  3). 

1 The l iv e r  w eight per lOg body w eight
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T able 25 The in  v ivo  m u tag en ic ity  of 
n itro sod im ethy lam ine  in  d i f f e r e n t  

mouse organs

Organ Organ 
w eight

V iable E. c o l i  per M utation Rate 
(AmpR/1 0 9

(g)
ml homogenate

v ia b le  c e l l s )
organ

T o ta l (xlO8 ) AmpR (% dose)

1. N itro sod im ethy lam ine  (5mg/kg)

L iver 0.96+0.09 
Lung 0.14+0.02 
Spleen 0.10+0.02 
Kidney 0.26+0.03

10.22+2.89 162.9+84.6 
2.58+1.87 69.7+36.3 
3.83+2.82 42.6+35.5 
0 .20+0.08 2.7+2.4

56.6+12.7 
3 .0+2.1  
3 .9+3.1  
0 .3+ 0 .2

2121+ 845 
3174+1820 
1149+ 194 
1190± 734

2, C on tro ls ( s a l in e in  p la c e  o f  mutagen)

L iver 0.90+0.12 
Lung 0.15+0.02 
Spleen 0.10+0.02 
Kidney 0.25+0.04

7.1+ 3 .0  7.5+9.3 
7 .3+1.2  10.0+9.3 
1 .2+0.5  13.8+7.4 
0 .2+ 0 .1  ND

34.6+23.6 
2 .1+ 2.8  
2 .4+1.1  
0 .3+ 0 .3

19+18
60+15

125+64
ND

E. c o l i  in jec ted /m o u se : 3 .5  x 109 c e l l s

A s in g le  i . v .  in je c t io n  (0 .2m l) co n ta in in g  a com bination of 
n itrosod im ethy lam ine  an d /o r b a c te r ia  (E. c o l i  D494) in  s a l in e  was 
given to  4 fem ale BALB/c mice in  th e  h o st-m ed ia ted  assay  (Methods 
s e c tio n  11a). A fte r  3 hours mice were s a c r i f i c e d ,  th e  a p p ro p ria te  
organs removed, homogenized and a l iq u o ts  (0.1m l o f a p p ro p r ia te  
d i lu t io n s )  p la te d  on to  n o n -s e le c t iv e  agar and ag ar s e le c t iv e  fo r  
a m p ic il l in  r e s is ta n c e .  R e su lts  a re  exp ressed  as means + SD.

ND -  below th e  le v e l  o f d e te c tio n .
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AmpR m u tan ts /1 0 9 s u rv iv o rs . E. coli D494 also  ex h ib ited  a  h ig h  

m utation  r a te  in  th e  liv e rs  of n itro so d im e th y lam in e -trea ted  mice 

(2121 AmpR m u tan ts /1 0 9 su rv iv o rs )  w ith th e  le a s t  m utagenic a c tiv ity  

o b se rv e d  in  th e  sp leen  an d  k id n ey  w ith v a lu es , in  b o th  t is su e s , 

approx im ating  1150 AmpR m u tan ts /1 0 9 su rv iv o rs  (Table 25).

In  co n tro l mice (g iven  saline  in  place of m utagen) th e  m utation 

ra te s ,  of E. coli to  AmpR, w ere d ep en d en t on th e  tis su e  from  w hich 

th e  b a c te r ia  w ere re c o v e re d . For in s tan ce  th e  g re a te s t  b ack g ro u n d  

a c tiv ity  was in  th e  sp leen  in  w hich 160 AmpR m u tan ts  p e r  109 

b a c te r ia  w ere  re c o rd ed  w h ereas  in  th e  k id n ey  th e  m utation ra te  was 

below th e  de tec tio n  level fo r  th is  a ssay  (Table 25). The re c o v e ry  

of b a c te r ia  was sim ilar in  bo th  co n tro l mice an d  th o se  mice tre a te d  

w ith n itrosod im ethy lam ine. As expected , th e  g re a te s t  num ber of 

cells w ere located  in  th e  liv e r  from  which 40 -  50% of th e  in je c ted  

b a c te r ia  w ere , on a v e ra g e , re co v ered . In  th e  lu n g  an d  sp leen  2 -  

3% of th e  in je c te d  cells  w ere fo und  and in  th e  k id n ey  th e  re c o v e ry  

ra te  fell to  0.3% (Table 25).

3. The e ffe c t of d ie ta ry  p e c tin  on  th e  a c tiv ity  of

am inopyrine  a n d  sodium  n itr i te  in  th e  h o s t-m ed ia ted  a ssa y .

The p re v io u s  s tu d ie s  in d ica te  th a t  th e  g eno tox ic ity  of 

n itrosod im ethy lam ine in  mouse liv e r  {in v ivo  a n d  in  v itro )  is  n o t 

g re a tly  in flu en ced  by d ie ta ry  p ec tin . A f u r th e r  s tu d y  was c a r r ie d  

o u t to  de term ine  w h e th e r d ie ta ry  p ec tin  a ffe c ts  th e  reac tio n  of 

am inopyrine and  sodium  n itr i te  in  vivo, by  m easu rin g  h ep atic  

m u tagen ic ity  in  mice dosed  w ith  th e se  com pounds. In  th is  

experim en t d iffe re n t c o n ce n tra tio n s  of am inopyrine (15 -  60m g/kg) 

w ere ad m in is te red  p e r  os  w ith  sodium  n itr i te  in  th e  h o st-m ed ia ted
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a s s a y  u s in g  E, coli D494 (M ethods sec tio n  11a). The re a c tio n  of 

am in o p y rin e  w ith  sodium  n itr i te  is su ch  th a t  2 moles of sodium  

n i t r i te  r e a c t  p e r  mole of am inopyrine , w ith  th e  p ro d u c tio n  of 1 mole 

of n itrosod im ethy lam ine. In  o rd e r  to  p ro v id e  su ff ic ie n t n i t r i te  fo r 

optim al ac tiv a tio n  of am inopyrine to  o ccu r, e q u iv a le n t am ounts , by 

w eig h t, of am inopyrine and  n itr i te  w ere dosed  w hich  p ro v id e d  

app rox im ate ly  4 moles of sodium  n i tr i te  (MW: 69.0) fo r  e ach  mole of 

am inopyrine  (MW: 231.3).

From Fig. 23 an d  Table 26 i t  can  be seen  th a t  a  5% p e c tin  d ie t 

h ad  no s ig n ific a n t e ffe c t on th e  in  v ivo  m u tag en ic ity  of v a r io u s  

do ses  (15, 22, 30 o r  60 m g /k g  body w eight) of am inopyrine  an d  sodium 

n itr i te . A f u r th e r  s tu d y  (Table 26; E xperim ent 2), s im ilar to  th a t  

d e sc r ib e d  above b u t u sed  on ly  a s ing le  dose of am inopyrine  an d  

n i t r i te  (30m g/kg of each  com pound), a lso  fa iled  to  d e te c t  a n y  

in flu en ce  of d ie ta ry  p ec tin  on th e  o b se rv ed  m utagen ic  a c tiv ity  

p re s e n t  in  th e  liv e r , s ince  a  m utation  ra te  of 1860 + 1310 AmpR 

m u ta n ts /1 0 9 v iab le  b a c te r ia  (mean + SD) was re c o rd e d  fo r  mice fed  

th e  co n tro l f ib re - f re e  d ie t an d  2150 + 1453 m u tan ts  fo r  p e c tin -fe d  

anim als (Table 26).

The g re a te s t  m utagenic  re sp o n se  re c o rd ed  in  mice dosed  w ith 

d if fe re n t am ounts of am inopyrine  an d  sodium n it r i te  (Table 26) was 

fo r th e  22m g/kg dose w hich gave r is e  to  a  m uta tion  ra te  o f a ro u n d  

2300 AmpR m u tan ts /1 0 9 b a c te ria . At th e  h ig h e r  c o n c e n tra tio n s , 30 

and  60mg am inopyrine an d  n i t r i te /k g ,  m utagenic a c tiv ity  declined  by  

a  maximum of 15 an d  52% re sp e c tiv e ly  com pared to  th o se  mice g iven  

th e  22m g/kg dose (Fig. 23, Table 26). Sim ilar dose re sp o n se  c u rv e s  

w ere o b ta in ed  in  two e a r lie r  experim en ts  in mice fed  on ly  th e
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F ig u re  23 T he in flu en ce  of d ie ta ry  p ec tin  on th e  n itro sa tio n  of 
am inopyrine  to  a  b a c te r ia l m utagen. Mice fed  e i th e r  a  f ib r e - f r e e  o r  
5% p e c tin  d ie t  w ere in je c te d  iv  w ith  E, coli D494 a n d  o ra lly  w ith  
d if fe re n t  c o n c e n tra tio n s  of am inopyrine a n d  sodium  n i t r i te  in  th e  
h o s t-m ed ia ted  a ssa y . F o r f u r th e r  d e ta ils  re fe r  to  T able 26 a n d  
M ethods sec tio n  11a. R esu lts  a re  g iven  a s  means from  4 mice. 
C om parisons betw een  d ie ts  w ere  c a rr ie d  o u t u s in g  A nova a n d  th e  LSD 
c r ite r io n . D iets: F ib re - f re e  (® ); 5% p ec tin  (O ).
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T able  26 E f fe c t o f d ie ta ry  p e c tin  on th e  a c t i v i t y  o f 
am inopyrine (AP) and sodium n i t r i t e  (NO2 ) 

in  th e  h o st-m ed ia ted  assay

Expt D ie t Dose n V iable E. c o l i  per M utation r a t e
mg/kg (AmpR/1 0 9

v ia b le  c e l l s )
ml homogenate l i v e r

AP NO2 T o ta l(x l0 8 ) AmpR % dose

1. F ib r e - f r e e 15 15 4 10.7+2.3 78+48 64+15 906+258
5% p e c tin 15 15 4 7.6+2.9 85+52 45+17 991+470

F ib r e - f r e e 22 22 4 7.1+1.2 142+35 41+9 2316+1006
5% p e c tin 22 22 4 5.7+1.6 155+74 34+9 2354+969

F ib r e - f r e e 30 30 4 6 .6+ 2.9 111+45 38+18 1980+955
5% p e c tin 30 30 4 8.3+2.1 148+16 46+13 2013+383

F ib r e - f r e e 60 60 4 6.3+1.2 68+33 37+7 1115+648
5% p e c tin 60 60 4 8.3+1.3 162+46 49±7 1984+607

2. F ib r e - f r e e 0 30 9 23.4+6.3 18+11 75+31 79+53
5% p e c tin 0 30 8 31.4+9.7 35+12 93±42 98+51

F ib r e - f r e e 30 30 8 29.8+8.2 109+45 85+37 364+151
5% p e c tin 30 30 8 27.2+7.5 136+65 83±29 416±298

E. c o l i  in jec ted /m o u se : 2.8 x 109 c e l l s

In 2 experim ents (1 & 2) mice were in je c te d  i . v .  w ith  a  suspension  
(0 .2m l) o f E. c o l i  D494 im m ediately p r io r  to  an in je c t io n  p .o . o f 
am inopyrine and sodium n i t r i t e  in  s a l in e  in  th e  h o s t-m ed ia ted  assay  
(Methods s e c tio n  11a). A fte r 3 hours mice were s a c r i f i c e d ,  l iv e r s  
removed, homogenized and a l iq u o ts  (0.1m l o f a p p ro p r ia te  d i lu t io n s )  
p la te d  on to  n o n -s e le c tiv e  agar and agar s e le c t iv e  fo r  a m p ic i l l in  
r e s is ta n c e  (AmpR) .  R e su lts  a re  given as means + SD, from 
t r i p l i c a t e  p la te s  o f n samples (see  F ig . 23 ). Comparisons between 
m utation  r a t e s  fo r  mice fed  d i f f e r e n t  d ie t s  were c a r r ie d  o u t u sin g  
Anova.
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Table 27 Dose response o f am inopyrine (AP) and sodium 
n i t r i t e  (NO2 ) in  th e  host-m ed ia ted  assay

Expt Dose n V iable E, c o l i  per M utation r a te
mg/kg (AmDR/1 0 9

v ia b le  c e l l s )
ml homogenate l i v e r

AP NO2 T o tal(x lO 8 ) Amp® % dose

1 01 01 4 10.5 + 3.2 47 + 9 52 + 17 472 + 88
58 58 5 7.5 + 1.6 192 + 44 38 + 7 2624 + 657

115 115 5 8.8 + 2.0 73 + 26 43 + 11 831 + 306

2 01 01 4 11.3 + 1.1 87 + 16 54 + 5 751 + 59
15 15 4 13.0 + 3.6 174 + 78 58 + 12 1491 + 1000
30 30 4 11.6 + 4.6 207 + 41 54 + 18 1868 + 550
60 60 4 12.4 + 5.3 133 + 22 59 + 22 1219 + 523

3 01 01 3 14.2 + 4 .6 4 6 + 9 56 + 2 326 + 36
O1 50 3 10.7 + 3 .3 48 + 15 42 + 13 468 + 147

12 12 3 13.6 + 2 .8 48 + 32 56 + 16 406 + 169
25 25 3 12.1 + 1.2 63 + 26 48 + 23 540 + 198
50(pH3) 50 4 11.7 ± 2 .6 60 ± 32 45 + 6 623 + 434

E, c o l i  in jec ted /m o u se : 3 -■ 4 x 109 c e l l s

In  3 experim ents ( 1 - 3 )  mice were in je c te d  i . v .  w ith  a  suspension  
(0.2m l) o f E, c o l i  D494 im m ediately p r io r  to  an in je c t io n  p .o . of 
am inopyrine and sodium n i t r i t e  in  s a l in e  in  th e  h o s t-m ed ia ted  assay  
(Methods s e c tio n  11a). A fte r  3 hours mice were s a c r i f i c e d ,  l iv e r s  
removed, homogenized and a l iq u o ts  (0.1ml of a p p ro p r ia te  d i lu t io n s )  
p la te d  on to  n o n -s e le c tiv e  agar and agar s e le c t iv e  fo r  a m p ic i l l in  
r e s is ta n c e  (Amp®). R esu lts  a re  given as means + SD, from 
t r i p l i c a t e  p la te s  o f n sam ples. Comparisons between m uta tion  r a te s  
fo r  mice fed  d i f f e r e n t  d i e t s  were c a r r ie d  ou t u s in g  Anova.

1 Mice given s a l in e  in  p lace  o f th e  am inopyrine o r  n i t r i t e .
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f ib r e - f r e e  d ie t. In  th e  f i r s t ,  2 doses of am inopyrine  an d  n i t r i te  

(58m g/kg an d  115m g/kg) w ere  adm in is te red , g iv in g  r is e  to  m ean 

m uta tion  r a te s  of 2624 an d  831 Amp® m u tan ts /1 0 9 b a c te r ia  

re sp e c tiv e ly  (Table 27, experim en t 1) w hereas fo r  th e  co n tro ls  (mice 

g iv en  sa lin e  in  p lace of am inopyrine  and n itr i te )  a  m utation  r a te  of 

472 Amp® m u ta n ts /1 0 9 s u rv iv o rs  was ob ta ined . In  th e  second  

experim en t, low er do ses  of am inopyrine and  n i t r i te  w ere u sed  (15, 30 

an d  60 m g /k g ; Table 27, ex perim en t 2). Maximum m u tag en ic ity  

o c c u rre d  w hen a  dose of 30mg of am inopyrine a n d  n i t r i te /k g  w as 

ad m in is te red  to  mice w ith  a  m utation  ra te  of 1865 Amp® m u ta n ts /1 0 9 

b a c te ria  re c o rd ed . As b efo re , th e  m utation ra te  of th e  60m g/kg 

dose w as low er, by  35%, th a n  th a t  fo r  th e  30m g/kg dose (Table 27).

In  mice g iv en  an  o ra l dose co n ta in in g  n itr i te  (50m g/kg) on ly , th e  

m utation  ra te  of E. coli D494 was 1.4 fold g re a te r  th a n  th a t  o f mice 

g iven  saline  only  (Table 27, experim en t 3) a lth o u g h  th is  w as n o t 

s ta tis tic a lly  s ig n ific an t.

To in v e s tig a te  th e  decline  in  th e  in  v ivo  a c t iv i ty  of 

am inopyrine an d  n itr i te  a t  doses g re a te r  th a n  30m g/kg , a  f u r th e r  

experim en t w as c a r r ie d  ou t. In  th is  experim en t th e  pH of a  50mg 

am in o p y rin e /k g  dose w as re d u c e d  from its  norm al pH va lu e  of 7,5 to  

pH 3.0 (u s in g  1M HC1) an d  ad m in is te red  to  mice p e r  o s  im m ediately 

followed by an  o ra l dose of sodium  n itr ite  (50m g/kg). The r e s u l ts  

showed th a t  th e  m utation  ra te  ob ta ined  fo r mice d osed  w ith  50mg 

am inopyrine  was no t le ss  (as had  been o b se rv ed  p re v io u s ly ) , b u t 15% 

g re a te r , th a n  th a t  fo r  th e  25m g/kg dose of am inopyrine  an d  n i t r i te  

(Table 27, ex perim en t 3). However, a  co n tro l g ro u p  com prising  

mice ad m in is te red  w ith  50mg am inopyrine (pH 7.5) a n d  n i t r i te /k g  w as 

no t in c lu d ed  in  th e  experim en t, so th is  r e s u lt  can  on ly  in d ica te
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th a t  th e  re d u c tio n  in  h ep a tic  m utagen icity  a t  h ig h  am inopyrine  

c o n c e n tra tio n s  is  a sso c ia ted  w ith  an  in c reased  stom ach pH.

I t  w ould a p p e a r  from  r e s u l ts  p re se n te d  in th is  c h a p te r  th a t  

d ie ta ry  p e c tin  h as no m arked  in fluence  on th e  n itro sa tio n  of 

am inopyrine  to  a  b a c te ria l m utagen  in the  p re sen c e  of ex cess  sodium  

n itr i te . In v e s tig a tio n s  th e n  co n tin u ed  to  determ ine  th e  e ffe c t of 

d ie ta ry  p e c tin  on am inopyrine  n itro sa tio n  in v ivo  w hen th e  

av a ilab ility  of n i tr i te  is  lim ited. In  a  p re lim inary  h o s t-m ed ia ted  

a ssa y  am in o p y rin e  (30m g/kg) w as ad m in istered  o ra lly  to  mice (fed  a 

f ib re - f re e  o r  5% p ec tin  d ie t)  w ith  30 o r 15mg sodium  n i t r i te /k g  

(Table 28). I t  w as fo u n d  th a t ,  u n d e r  th e se  experim en tal 

co n d itio n s , th e  50% re d u c tio n  in  th e  co n cen tra tio n  of n i t r i te  (from  

30 to 15 m g /k g ) s till p ro v id e d  su ffic ie n t n itr i te  fo r  maximal 

n itro sa tio n  of am inopyrine  to  o c cu r as  a mean m utation  ra te  of 

a ro u n d  1000 AmpR m u ta n ts /1 0 9 s u rv iv o rs  was o b ta in ed  fo r  bo th  g ro u p s  

of mice, ir r e s p e c tiv e  of d ie t (Table 28, Experim ent 1). How ever in  

mice dosed  w ith  am inopyrine  on ly  (30rag/kg) th e  m uta tion  ra te  w as 

sim ilar to  th e  b a ck g ro u n d  m utation  ra te  of th e  dosin g  su sp e n s io n  (4 

Amp® m u ta n ts /1 0 9 v iab le  b a c te ria ).

In  a  seco n d  ex perim en t mice w ere dosed w ith  22mg am inopyrine  

/k g  to g e th e r  w ith  22, 10 o r  5 mg sodium n i t r i te /k g  (Fig. 24, Table 

28 E xperim ent 2). Concom itant w ith  th e  decline in  n i t r i te  

c o n ce n tra tio n  (from  20m g/kg  to  10 an d  5m g/kg) th e r e  w as a  decline  in  

th e  m utation  ra te ,  of 30 an d  73% re sp ec tiv e ly , w ith  v a lu e s  fa llin g  

from 1200 Amp® m u ta n ts /1 0 9 v iab le  b a c te ria  in  mice dosed  w ith  22mg 

am inopyrine  an d  n i t r i te /k g  to  ab o u t 300 in  th o se  mice d o sed  w ith  5mg 

sodium n i t r i te /k g .  In  n e ith e r  of th e  above exp erim en ts  (Table 28)
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T able 28 E f fe c t o f a l t e r in g  n i t r i t e  (NO2 ) c o n c e n tra tio n  on th e  
n i t r o s a t io n  o f am inopyrine (AP) to  a b a c te r ia l  

mutagen in  th e  host-m ed ia ted  assay

Expt Dose 
mg/kg

D iet n V iable E. c o l i  

ml homogenate l i v e r

M utation r a te  
(AmpR/1 0 9 

v ia b le  c e l l s )

AP NO2 T o ta l(xlO8 ) AmpR % dose

1 . 30 30 F ib re - f re e 3 20.3+7.7 132+22 73+15 822+246
30 30 5% p e c tin 4 16.6+4.8 163+41 60+19 1094+294

30 15 F ib re - f re e 6 8.8+ 3 .0 97+32 32+11 1147+314
30 15 5% p e c tin 8 13.6+3.2 137+17 52+12 1015+385

30 0 F ib re - f re e 6 23.1+9.2 1.2+1.6 64+26 3.8+4.4

E.

30

c o l i

0 5% p e c tin  

in j  ected /m ouse:

5

4.88

18.1+3.8 

x 109 c e l l s

1 .4+1.5 65+11 8.6+8.6

2. 22 22 F ib re - f re e 3 15.0+3.4 190+77 83+19 1225+333
22 22 5% p e c tin 6 12.5+4.5 141+34 65+23 1251+426

22 10 F ib re - f re e 4 10.2+1.6 83+29 48+ 8 936+177
22 10 5% p e c tin 6 8.2+3.5 70+49 38+17 821+313

22 5 F ib re - f re e 5 9.9+4.3 31+16 47+22 373+263

E .

22

c o l i

5 5% p e c tin  

in j  ected /m ouse:

5

3 .4

8.4+1.5 

x 109

17+10 36+ 5 284+ 54

In 2 experim ents (1 & 2) mice were in je c te d  i . v .  w ith  a  suspension  
(0.2m l) o f E. c o l i  D494 im m ediately p r io r  to  an in je c t io n  p .o . of 
am inopyrine and sodium n i t r i t e  in  s a l in e  in  th e  host-m ed ia ted  assay  
(Methods s e c t io n  11a). A fte r  3 hours mice were s a c r i f ic e d ,  l iv e r s  
removed, homogenized and a l iq u o ts  (0.1m l o f a p p ro p r ia te  d i lu t io n s )  
p la te d  on to  n o n -s e le c tiv e  ag ar and agar s e le c t iv e  fo r  a m p ic il l in  
r e s is ta n c e  (AmpR). R e su lts  a re  given as means + SD, from
t r i p l i c a t e  p la te s  o f n sam ples. Comparisons between m utation r a te s  
fo r  mice fed d i f f e r e n t  d i e t s  were c a r r ie d  ou t u s in g  Anova.
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F ig u re  24 E ffec t of c h a n g e s  in  n i t r i te  co n ce n tra tio n  on th e  
n itro sa tio n  o f am inopyrine  to  a  b a c te r ia l m utagen. Mice fed  e i th e r  
a  f ib re - f re e  o r  5% p e c tin  d ie t w ere  in je c te d  iv  w ith  E, coli D494 
and  o ra lly  w ith  22 mg a m in o p y rin e /k g  body w eigh t to g e th e r  w ith  
d if fe re n t c o n c e n tra tio n s  of sodium  n it r i te  in  th e  h o s t-m ed ia ted  
a ssay . For f u r th e r  d e ta ils  r e f e r  to  Table 28 an d  M ethods sec tio n  
11a. R esu lts  a re  g iv en  a s  m eans of 3-6 mice. C om parisons betw een  
d ie ts  w ere  c a r r ie d  o u t u s in g  A nova an d  th e  LSD c r ite r io n . Diets: 
F ib re - f re e  ( • ) ;  5% p e c tin  (O ) .
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w as d ie ta ry  p ec tin  (5%) fo u n d , a t  an y  tim e, to  a ffe c t th e  m utation  

r a te  to  am picillin re s is ta n c e , d e sp ite  n i tr i te  b e in g  lim iting in  

c e r ta in  g ro u p s  (Fig. 24, Table 28).

4. Effect of dietary pectin on the activity of aminopyrine and 

sodium nitrate in the host-mediated assay.

The f ib re - f re e  an d  5% p ec tin  d ie ts  devo id  of n i tr i te  an d  

n i t r a te  (Table 1) so th e  on ly  so u rc e s  of n i t r i te  availab le  to  mice 

fe d  th e se  d ie ts  e ith e r  from  th e  d rin k in g  w a te r  o r  from 

end o g en o u s p ro d u c tio n . S ince th e  m utation  r a te s  from  mice dosed  

w ith  am inopyrine on ly , in  th e  h o s t-m ed ia ted  a s sa y , w ere sim ilar to  

th a t  of mice dosed  w ith  saline  (Table 28) i t  w ould s u g g e s t  th a t  th e  

am ount of n itr i te  availab le  fo r  reac tio n  w ith  am inopyrine  

in su ff ic ie n t to  be d e tec te d  (as a  m utagenic  re sp o n se )  in  th is  in  

v iv o  a ssay . As th e  caecal f lo ra  able to  re d u c e  n i tr a te  to  

n i tr i te  v ia  th e  enzym e n itr a te  re d u c ta se  ( th e  a c tiv ity  of w hich udcxe> 

d ie t-d e p e n d e n t; see  sec tio n  1 of th is  c h a p te r ) , a  f u r th e r  s tu d y  was 

c a r r ie d  o u t in  w hich mice, fed  a  f ib re - f re e  o r  5% p ec tin  d ie t, w ere 

g iv en  sodium  n itr a te  in  th e  form of an  o ra l dose  75 mins p r io r  to  an  

o ra l dose of am inopyrine  an d  sodium  n itr i te . The dose of n itr i te  

(lOmg sodium  n i t r i te /k g )  was in su ff ic ie n t to  allow maximum 

n itro sa tio n  of am inopyrine  (22m g/kg) to  a  b a c te r ia l m utagen  to  o ccu r 

(see  p re v io u s  sec tion  & Table 28) an d  th e  dose of sodium  n itra te , 

1 .25g /kg , was th a t  de term in ed  by  o th e r  m em bers of th e  d e p a rtm en t a t  

BIBRA to  be th e  maximum dose to  be to le ra te d  b y  mice o v e r 24 h o u rs . 

The re su ltin g  m utation  ra te s ,  fo r  th is  experim en t, ex h ib ited  m arked  

v a ria tio n s  from  mouse to  mouse a s  re f le c te d  b y  th e  la rg e  s ta n d a rd  

d ev ia tions (Table 29). C o n sequen tly  no a p p a re n t ,  s ig n ific an t, 

d iffe ren c es  in  m utation  ra te s  w ere d e tec te d  betw een  mice g iven
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Table 29 E ffe c t o f an acu te  dose o f sodium n i t r a t e  
on th e  n i t r o s a t io n  o f am inopyrine (AP) 

to  a  b a c te r ia l  mutagen

D ie t n Stomach 
pH

V iable  E. c o li  per M utation ra te  
(AmDR/1 0 9

ml homogenate
V

l i v e r
ia b le  c e l l s )

T o ta l(x lO 8 ) AmpR % dose

1. Sodium n i t r a te - t r e a te d

F ib re - f re e  
5% p e c tin

3 4 .8+0.8  
5 4 .9+1.4

20.9+7.4
28.9+5.4

19+ 9 
60+52

86+30
91+34

142+ 68 
203+210

2. C on tro ls ( s a lin e  in  p la c e o f  n i t r a t e )

F ib re - f re e  
5% p e c tin

5 4 .6+0.5  
5 3 .5+1.5

20.6+10.4 
19.3+ 7.9

60+50
82+81

77+39
82+32

410+292
378+345

E. c o l i  dosed/mouse: 4 x 1091 c e l l s

Mice were given  an o ra l  dose o f sodium n i t r a t e  (1 .2 5 g /k g ) , 75mins 
p r io r  to  an o r a l  dose o f am inopyrine (22mg/kg) and sodium n i t r i t e  
(lOmg/kg) and an iv  in je c t io n  o f E. c o l i  D494 in  th e  host-m ed ia ted  
a ssay  (Methods s e c tio n  11a). A fte r  3 h rs ,  mice were s a c r i f ic e d ,  
l i v e r s  removed, homogenised and a l iq u o ts  (0.1m l o f a p p ro p r ia te  
d i lu t io n s )  p la te d  on to  n o n -s e le c tiv e  agar and ag ar s e le c t iv e  fo r  
a m p ic i l l in  r e s is ta n c e  (Amp®). R esu lts  a re  g iven  as  means + SD, from 
t r i p l i c a t e  p la te s  fo r  n sam ples. Stomach pH was a sse sse d  by p lac in g  
pH in d ic a to r  paper in  to  stomach c o n te n ts .
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T able 30 E f fe c t o f ch ro n ic  dosing  o f n i t r a t e  on th e  
n i t r o s a t io n  of am inopyrine in  v iv o .

NaN03 Dose (mg/kg) V iable E. c o l i  /  ml homogenate R e la tiv e
concn. (xlO 7 ) s u rv iv a l

(%) (%)

AP N02 343/765 343/753

0 0 0 50.4 + 48.7 55.2 + 58.9 103 + 16
0 22 0 51.7 ± 21.4 49.0 + 22.0 93 + 11

0 .5  0 0 63.9  + 18.3 68.9 + 19.8 105 + 19
0 .5  22 0 47.1 ± 8 .9 56.0 + 13.7 108 + 26

2 .0  0 0 56.4 + 23.3 59.8 + 25.4 105 + 34
2 .0  22 0 71.4 ± 13.2 72.0 + 19.2 103 + 10

0 22 22 75.9 + 10.5 21.4 ± 10.6 28 + 9

E. c o l i  in je c te d per mouse : 1 x 108 per s t r a in

Mice were given  sodium n i t r a t e  (NaN03) in  th e  d r in k in g  w ater 
( s t e r i l e )  fo r  5 days a t  a c o n c e n tra tio n  o f e i t h e r  0 .5  o r  2% (w/w).
At th e  end o f  5 days, th e  mice (and mice given  no n i t r a t e )  were 
in je c te d  iv  w ith  b a c te r ia  ( E . c o l i  343/765 and 343/753) im m ediately 
fo llow ed  by an o ra l  dose o f am inopyrine (AP) o r am inopyrine and 
sodium n i t r i t e  (NO*).. A fte r  90 mins mice were k i l l e d ,  l i v e r s  
removed and homogenized in  PBS-S. To a sse ss  g en o tox ic  a c t i v i t y  
a l iq u o ts  o f a p p ro p r ia te  d i lu t io n s  o f homogenate were p la te d  on to  
NRS-S p la te s  and incubated  fo r  24hr a t  37°C. The numbers .o f c o lo n ie s  
o f th e  two b a c te r ia l  s t r a in s  were then  counted and s u rv iv a l  o f th e  
r e p a i r  d e f i c i e n t  s t r a in  (343/753) r e l a t iv e  to  th e  r e p a i r  p r o f ic ie n t  
s t r a i n  (343/765) was c a lc u la te d  and exp ressed  as  a  p e rcen tag e . 
R e su lts  a re  g iven  as means + SD from 5 mice. For f u r th e r  d e t a i l s  
see Methods s e c tio n  l i b .  R esu lts  a re  given a s  means + SD of 5 mice.
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sodium  n i t r a te  an d  th e  co n tro l mice (g iven  saline  in  p lace  of th e  

sodium  n itr a te )  o r  betw een anim als fed  th e  5% p e c tin  a n d  f ib r e - f r e e  

d ie ts  (T able 29).

In  an  e a r l ie r  experim en t, w hich was d e sig n ed  to  e lev a te  

c h ro n ic a lly  th e  in  v ivo  c o n cen tra tio n  of n i tr i te ,  mice w ere  g iv en  ad  

lib itum , fo r  a  5 day  perio d , s te r ile  d is tilled  w a te r  o r s te r ile  

so lu tio n s  of 2% o r  0.5% sodium  n itra te  (co n cen tra tio n s  of n i t r a te  

know n to  in d u c e  m ethaem oglobinaem ia in  r a t s  -  p e rso n a l com m unication 

I.R. Rowland). On th e  f if th  day  of p ro v id in g  sodium  n i t r a te  in  th e  

d r in k in g  w a te r , mice w ere dosed , p e r  os., w ith  e ith e r  sa lin e  o r  22mg 

a m in o p y rin e /k g , in  th e  h o st-m ed ia ted  a ssa y  u s in g  th e  p a ire d  

in d ic a to r  s t r a in s  E. coli 343/765 an d  343/753. A p o s itiv e  co n tro l, 

mice d o sed  w ith  22mg am inopyrine an d  sodium  n i t r i te /k g ,  w as a lso  

in c lu d ed  in  th e  experim ent. The o ra l dose of sodium  n i t r a te  had  no 

a p p a r e n t  a f fe c t  on th e  in  v ivo  m u tagen icity  of am inopyrine . In  

fac t, th e  on ly  d e tec tab le  in c re ase  in  genotoxic a c tiv ity  in  th is  

ex p erim en t, a s  m easu red  b y  a  re d u c tio n  in  th e  re la tiv e  s u rv iv a l of 

E. coli 343/753 w as in th e  p o sitive  co n tro l (Table 30) -  mice dosed  

w ith  am inopyrine  an d  n i tr i te  (22m g/kg).

5. The sensitivity of the DNA-repair host-mediated assay to detect 

changes in the nitrosation of aminopyrine.

The r e s u l ts  p re s e n te d  in  th e  above sec tio n s  s u g g e s t  th a t  

feed in g  p e c tin  to  mice h as  no a p p a re n t a ffe c t on  th e  am ount of 

n i tr i te  av ailab le  fo r  re a c tio n  w ith  am inopyrine  (as m easu red  b y  th e  

h o s t-m ed ia ted  a ssa y ). An experim en t was c a r r ie d  o u t to  de te rm in e  

w hat d e g re e  of ch an g e  in  n itr i te  co n cen tra tio n  would be re q u ire d  to  

d e te c t a  ch an g e  in  genotoxic a c tiv ity  in mice dosed  w ith
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am inopyrine . Mice fed  a  f ib r e - f re e  d ie t w ere  g iv en  an  o ra l dose of 

22mg am in o p y rin e /k g  to g e th e r  w ith  6, 7, 8 o r  9mg sodium  n i t r i te /k g .  

In  mice d o sed  w ith  6 o r  7m g/kg  sodium n i t r i te ,  a  30% re d u c tio n  in 

th e  re la tiv e  su rv iv a l of E. coli 343/753 was o b s e rv e d  com pared  to  

th e  ra tio  of th e  two s tr a in s  in  th e  b a c te r ia l d o s in g  su sp e n s io n  

(Fig. 25, T able 31). At th e  two h ig h e r d o ses  of sodium  n i t r i te ,  8 

an d  9 m g/kg , f u r th e r  d e c re a se s  in  th e  re la tiv e  s u rv iv a l of th e  re p a ir  

d e fic ien t s t r a in  (of 7 an d  10%) w ere  a p p a re n t  a lth o u g h  th e se  

d iffe ren c es  in  re la tiv e  su rv iv a l w ere  n o t s ta t is t ic a l ly  s ig n if ic a n t 

(Fig. 25, T able 31). U n d er th e se  experim en tal co n d itio n s , i t  can  

be seen  th a t  th e  minimum ch an g e  in  n i tr i te  c o n c e n tra tio n  th a t  

p ro d u c e s  a  d e tec ta b le  ch an g e  in  genotoxic a c tiv ity  in  th e  

h o s t-m ed ia ted  a s sa y  is  e q u iv a len t to  a 2m g/kg  o ra l dose of sodium  

n itr i te  (w hich, in  th is  experim en t, c o rre sp o n d s  to  app rox im ate ly  

0.5jimols of sodium  n itr i te  o r  a  d ec rease  of 20 -  30% in  th e  am ount 

of n itr i te ) . T hese re s u l ts  in d ica te  th a t  th e  D N A -repair 

h o s t-m ed ia ted  a s sa y  is  no t a  s en s itiv e  m ethod to  d e te c t  small 

d iffe ren c es  in  n i t r i te  co n cen tra tio n .

6. Effect of a nitrosation catalyst on the genotoxic activity of 

aminopyrine and nitrite in the host-mediated assay.

T hiocyanate  can  c a ta ly se  n itro sa tio n  re a c tio n s . C o n seq u en tly , 

th e  in flu en ce  of po tassium  th io cy an a te  on th e  in  v iv o  re a c tio n  of 

am inopyrine a n d  n itr i te  was a s se s se d  u s in g  th e  h o s t-m e d ia ted  a s sa y  

w ith  E. coli 343/765 an d  343/753 as in d ica to r. The r e s u l ts  show  

(Table 32) th a t  an  o ra l dose of po tassium  th io c y a n a te , a t  a  

co n ce n tra tio n  of 120mg of po tassium  th io c y a n a te /k g , is  n o t i ts e lf  

genotoxic s in ce  th e  re la tiv e  su rv iv a l of E. coli 343/753 in  th is  

g ro u p  of mice w as sim ilar to  th a t  of th e  c o n tro ls  (mice g iv en  saline
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F ig u re  25 T he s e n s i t iv i ty  of th e  DNA-repair h o s t-m ed ia ted  a s s a y  in  
d e te c tin g  c h a n g e s  in  th e  n itro sa tio n  of am inopyrine  to  a  ge no toxin . 
Mice w ere  g iv en  an  iv  in je c tio n  of E. coli 343/765 an d  343/753 a n d  
an  o ra l in je c tio n  of am inopyrine  w ith  d if fe re n t c o n c e n tra tio n s  of 
sodium  n i t r i te  in  th e  h o s t-m ed ia ted  assay . F o r f u r th e r  d e ta ils  
r e f e r  to  T able 31 a n d  M ethods sec tio n  l i b .  R esu lts  a re  g iv en  a s  
m eans + SD of 5 mice. The ra tio  of E. coli 343/753 to  343/765 in  
th e  d o s in g  su sp e n s io n  was e q u iv a le n t to  100%.
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T able  31 A b i l i ty  o f th e  DNA-repair h o st-m ed ia ted  a ssay  
to  d e te c t  changes in  th e  n i t r o s a t io n  o f am inopyrine 

to  a genotoxin .

Sodium n i t r i t e  
c o n c e n tra tio n  

(mg/kg)

V iable  E. c o l i  /  ml 
homogenate (xlO7 )

R e la tiv e
s u rv iv a l

(%)

343/765 343/753

6 15.1 + 9 .9 7.72 + 7 .0 58.8  + 26.5

7 17.4  + 5 .1 10.2 + 3.7 63.2  ± 23 .9

8 16.6 ± 5 .0 10.2 + 4 .0 70.0  + 9 .6

9 19.0 + 3 .4 11.7 ± 4.1 68.7 + 20 .3

E. c o l i  in je c te d  p e r mouse: 1 x 109 of each s t r a in

Mice were g iven  an iv  in je c t io n  o f b a c te r ia  ( E. c o l i  343/765 and 
343/753) im m ediately  fo llow ed  by an o ra l  dose o f am inopyrine 
(22mg/kg) to g e th e r  w ith  d i f f e r e n t  co n ce n tra tio n s  o f sodium n i t r i t e .  
A fte r  90 mins th e  mice were k i l l e d ,  l iv e r s  removed and homogenized 
in  PBS-S. To a s s e s s  geno tox ic  a c t i v i t y ,  a l iq u o ts  o f a p p ro p r ia te  
d i lu t io n s  o f each homogenate were p la te d  on to  NRS-S ag ar and 
in cu b ated  a t  37°C fo r  24hr. The numbers o f c o lo n ie s  o f each s t r a i n  
were then  counted  and th e  s u rv iv a l o f the  r e p a ir  d e f i c i e n t  s t r a i n  
(343/753) r e l a t i v e  to  th e  r e p a ir  p r o f ic ie n t  s t r a in  (343/7.65) was 
c a lc u la te d  and exp ressed  as a  p e rcen tag e . For f u r th e r  d e t a i l s  see  
Methods s e c t io n  l i b  and F ig . 25. R esu lts  a re  g iven  as means + SD o f 
5 mice.
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T able  32 E f fe c t  o f th io c y a n a te  on th e  n i t r o s a t io n  o f 
am inopyrine in  v ivo

Dose (mg/kg) R e la tiv e  s u rv iv a l 343/753 (%) 1

AP NO2 Potassium  th io c y a n a te  (mg/kg)

0 120

22 0 104.3 ± 11.5 109.6 ± 13.4

22 7 38.2 + 19.7 33.8 ± 11.2

22 8 30.3  + 10.9 26.6  + 19.7

Mice were g iven  an iv  in je c t io n  o f b a c te r ia  (E. c o l i  343/765 and 
343/753) immmediately fo llow ed  by an o ra l  dose c o n ta in in g  po tassium  
th io c y a n a te  a n d /o r am inopyrine (AP) o r am inopyrine and sodium 
n i t r i t e  (NO2 ). A fte r  90 m ins, mice were k i l l e d  th e  l i v e r s  removed 
and homogenized in  PBS-S. A liq u o ts  o f a p p ro p ria te  d i lu t io n s  were 
then  p la te d  on to  NRS-S a g a r . For fu r th e r  d e t a i l s  o f method, r e f e r  
to  Methods s e c t io n  l i b ) .

1 S u rv iv a l o f th e  r e p a i r  d e f ic ie n t  s t r a in  (343/753) r e l a t i v e  to  th e  
r e p a i r  p r o f i c i e n t  s t r a i n  (343/765) and expressed  as a p e rc en ta g e .
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only  p e r  os). In  th o se  mice dosed  w ith  am inopyrine  (22m g/kg) and  

n i tr i te  (7 o r  8 m g /k g ) th e  re la tiv e  su rv iv a l d e c re a se d  to  

app rox im ate ly  36% a n d  29%, fo r th e  7 an d  8 m g/kg  doses of sodium  

n itr i te  re s p e c tiv e ly , w ith  th io cy an a te  hav ing  no s ta tis tic a lly  

s ig n ific a n t e ffe c t on  th e se  v a lu es  (Table 32).

7. E ffec t o f g e rm -fre e  s ta tu s  on th e  in  v iv o  m u tag en ic ity  of 

food m u tagens.

The ro le  of th e  g u t f lo ra  on th e  m u tag en ic ity  of th e  

ca rc in o g en s  afla tox in  Bi (5m g/kg), MelQ (0 .5m g/kg an d  lO m g/kg) an d  

T rp -P -2  (lO m g/kg) in  th e  l iv e rs  of mice w as a s s e s s e d  u s in g  g e rm -fre e  

an d  co n v en tio n a l f lo ra  female BALB/c mice (see M ethods sec tio n  2) in  

th e  h o s t-m ed ia ted  a s s a y  w ith  S. typ h im u riu m  TA98 as  in d ic a to r 

(M ethods sec tio n  11c).

Body an d  liv e r  w e ig h ts  of th e  g e rm -free  anim als w ere  fo und  to  

be sm aller, by  16% an d  21% re sp e c tiv e ly  (p<0.001) th a n  of th o se  w ith  

a co n v en tional f lo ra  (Table 33), a lth o u g h  th e  re la tiv e  liv e r  w e ig h t 

was sim ilar (approx im ately  0.47) in  b o th  g ro u p s .

In  th e  c o n tro l mice (g iv en  DMSO in p lace of m utagen) th e  

p re sen c e  of a  g u t  f lo ra  had  no a ffe c t on th e  re v e rs io n  to  h is tid in e  

p ro to tro p h y  of 5. typ h im u riu m  TA98. However, in  m u ta g e n - tre a te d  

anim als th e  n u m b er of r e v e r ta n ts /p la te  w as c o n s is te n tly  low er fo r  

th e  g e rm -free  anim als th a n  fo r mice w ith  a  co n v en tio n a l f lo ra  (Table 

33). This re d u c tio n  w as p a r t ic u la r ly  m arked  fo r  th e  fu n g a l 

m etabolite afla tox in  Bi (p<0.001) as  th e  m u tag en ic ity  of th is  

com pound declin ed , by  52%, from  an  a v e rag e  of 142 H isV plate fo r  

conven tional f lo ra  anim als to  68 H isV plate in  th e  g e rm -free  g ro u p
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T able  33 Body and l i v e r  w eigh ts and g e n o to x ic ity  o f 
a f la to x in  B i, MelQ and Trp-P-2 in  co n v en tio n a l and 

germ -free  mice in  th e  h o st-m ed ia ted  assay

Mutagen
(dose)

H is+ r e v e r ta n t s /p l a te

C onventional G erm -free

A fla to x in  Bi 142 + 59 68 + 36***
(5mg/kg) (5) (5)

MelQ 298 + 233 156 + 111*
( 0 .5mg/kg) (5) (5)

MelQ 2019 + 212 1216 + 351 ***
( lOmg/kg) (4) (5)

Trp-P-2 804 + 175 558 + 271**
(lOmg/kg) (3) (5)

C o n tro ls 23 + 6 26 + 6
(DMSO only) (5) (5)

Body w eight g 20.30 + 1.17 17.06 + 2.36***

L iver w eight g 0 .99  + 0 .10 0.78  ± 0.13***

R e la tiv e  l i v e r  w eigh t1 0.48  ± 0 .06 0.46  + 0 .06

R esu lts  a re  ex p ressed  as  means + SD, n in  p a re n th e s is .  A s te r isk s  
in d ic a te  a s ig n i f i c a n t  d if f e r e n c e  from mice w ith  a  co n v en tio n a l 
f lo r a ,  *** re p re s e n ts  p<0.001, ** p<0.01, * p<0.05; Anova.

1 The l i v e r  w eight p e r lOg body w eigh t.
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T able  34 Recovery o f S. typhimurium  TA98 from th e  
l i v e r s  o f germ -free  and co n v en tio n a l f l o r a  mice 

in  th e  h o st-m ed ia ted  assay  o f T able 33

V iable b a c te r ia  per

Mutagen 0.1m l resuspended L iv er (% dose)
(dose) p e l l e t  (xlO 7 ) 1

CV GF CV GF

A fla to x in  BI
(5mg/kg) 4 .40  ± 3 .82  2 .84 + 4.31 62.1  ± 56.5 36.4  ± 58.0

MelQ
( 0 .5mg/kg) 1.60 ± 1.55 1.03 + 1.11 19.6  + 22.0  13.6 ± 15.7

MelQ
(lOmg/kg) 3 .25 ± 1 .78  2.98 + 1.52 23.7 ± 19.4  15.4  ± 12.3

Trp-P-2
(lOmg/kg) 2 .44 ± 2 .28  2.13 ± 1.42 32.6  + 27 .8  24.8  + 19.8

C o n tro ls
(DMSO on ly ) 1.43 ± 0 .96  0 .39  ± 0.52 20 .0  ± 13.3 4 .1  ± 5 .5

B a c te r ia l  su spension : 1.43 x 109 c e l ls /m l

G erm -free mice (GF) o r  mice w ith  a co n v en tio n a l f l o r a  (CV) were 
in je c te d  iv  w ith  0 . 1 ml b a c te r ia l  suspension  im m ediately fo llow ed by 
mutagen o r  th e  s o lv e n t ,  DMSO, (C o n tro ls) as in  th e  h o st-m ed ia ted  
assay  d e sc rib e d  in  Methods s e c tio n  11c. One hour a f t e r  th e  
b a c te r i a l  in je c t io n ,  mice were s a c r i f i c e d ,  th e  l i v e r  removed, 
homogenized and th e  b a c te r ia  i s o la te d  by c e n tr i fu g a t io n  o f  th e  
homogenate. The b a c te r i a l  p e l l e t  was resuspended in  1ml T ris/K C l 
and a l iq u o ts  ( 0 . 1 ml o f  a p p ro p r ia te  d i lu t io n s )  p la te d  on to  n u t r i e n t  
agar and incubated  a t  37°C (see  Methods s e c tio n  11c).
1 This s e t  o f r e s u l t s  re p re s e n ts  th e  number o f v ia b le  b a c te r ia  
counted on n u t r i e n t  ag ar and th e  number o f b a c te r ia  poured on to  
each Vogel Bonner p la te .
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(Table 33). A h ig h ly  s ig n if ic a n t d ec rease  w as a lso  o b se rv e d  in  th e  

m u tag en ic ity  of MelQ (lO m g/kg) in  g e rm -free  com pared  to  co n v en tio n al 

f lo ra  mice, as  a  decline  of 40% w as a p p a re n t in  th e  n u m b ers  of 

r e v e r ta n ts ,  fa lling  from  2019 to  1216 H is+ /p late. Sim ilar 

p e rc e n ta g e  d e c re a se s  w ere  o b se rv e d  in  g e rm -fre e  mice d o sed  w ith

0.5mg M elQ /kg an d  fo r lOmg T rp -P -2 /k g . Owing to  th e  g re a te r  

in te r -g r o u p  v a ria n ce  (of be tw een  175 and  351 H isV plate) of th e se  

tw o s e ts  of d a ta , th e  s ta t is t ic a l  s ign ificance  w as n o t a s  g re a t  a s  

o b se rv e d  b e fo re  b u t  w as s till g re a te r  th a n  th e  95% co n fid en ce  level.

The re c o v e ry  of 5. typ h im urium  TA98 from  th e  l iv e rs  of 

g e rm -fre e  mice w as, on  a v e rag e , lower (by  2 0  -  80%) th a n  th a t  fo r  

mice w ith  a  co n v en tio n a l g u t  flo ra  (Table 34). How ever, th e  la rg e  

v a ria tio n  in  th e  re c o v e ry  of b a c te r ia  (from le ss  th a n  4% to  g re a te r  

th a n  90% of th e  ad m in is te red  dose) re su lte d  in  th e re  being  little  o r  

no s ta t is t ic a l  s ig n i^ a n c e  in  th e  b a c te ria l re c o v e ry  from  mice of 

d if f e re n t m icrobial s ta tu s .
/

In  b r ie f , th e  r e s u l ts  of experim en ts  p re s e n te d  in  th is  c h a p te r  

show  th a t  d ie ta ry  p e c tin  can  m odify g u t f lo ra  m etabolism , in  

p a r tic u la r  n i tr a te  re d u c ta s e  a c tiv ity , in  female BALB/c mice.

However, d ie ta ry  p e c tin  h as  no a p p a re n t  in flu en ce  on  th e  m etabolism  

of n itrosod im ethy lam ine , o r  on i ts  form ation from  am inopyrine  and  

n itr i te . How ever, m arked  c h an g e s  in  th e  am ount of n i tr i te  

availab le  fo r  re a c tio n  w ith  am inopyrine  would be re q u ire d  befo re  

ch an g es  in  geno tox ic ity  would have  been  o b se rv e d . C hanges to  th e  

g u t flo ra , ev en  if ex trem e (ie. th e  u se  of g e rm -fre e  anim als) can 

r e s u l t  in  c h an g e s  to  h ep a tic  m utagen  metabolism .
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CHAPTER 6

D evelopm enta l c h a n g es  in  h ep a tic  a n d  

g u t  flo ra  m etabolism

The f i r s t  sec tio n  of th is  c h a p te r  is d ev o ted  to  ex p erim en ts  

in v e s t ig a tin g  th e  h ep a tic  geno tox ic ity  of d ie ta ry  c a rc in o g e n s , in  

v iv o , in  4 an d  24—week—old mice u s in g  th e  h o s t-m ed ia ted  a ssa y .

T hese  re s u l ts  a re  th e n  com pared to  th e  in  v itro  a c tiv a tio n  of th e se  

com pounds b y  u s in g  h ep a tic  f ra c tio n s  p re p a re d  from  mice ag ed  2 - 2 4  

w eeks. R esu lts  fo r  th e  h e te ro cy c lic  am ines MelQ a n d  T rp -P -2  an d  

th e  fu n g a l m etabolite  afla tox in  Bi a re  p re se n te d . Com plem entary 

r e s u l ts  on a g e - re la te d  ch an g e s  in  cy tochrom e P450 c o n te n t an d  

fu n c tio n  an d  g lu ta th io n e - tra n s fe ra s e  a c tiv itie s  a re  a lso  d e sc r ib e d .

In  th e  develop ing  mammal m ajor ch an g es  h av e  b een  fo u n d  to  o c cu r 

in  th e  b a c te ria l com position of th e  g u t flo ra . I t  seem s lik e ly  

th e re fo re , th a t  concom itan t ch an g es  o ccu r in  th e  m etabolic a c tiv ity  

of th e  m icroflora. In  th e  second  sec tio n  of th is  c h a p te r  

developm ental c h an g e s  in  th re e  b a c te ria l enzym es a sso c ia te d  w ith  th e  

caecal f lo ra  of mice (o v e r th e  p e rio d  from 2 to  24 w eeks a f te r  

b ir th )  j a re  r e p o r t e d .  S ince th e  dev elo p in g  g u t  f lo ra  is

in  a  s ta te  of flux , i t  is  p o ssib le  th a t  i t  is  n s e n s itiv e  to  

m odification by  d ie t. C o n sequen tly , th e  s e n s it iv ity  of th e  g u t  

f lo ra  of mice a t  d if fe re n t a g es  to  m odification b y  p e c tin  h a s  been  

s tu d ie d .
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1. A g e -re la te d  c h an g e s  in  h ep a tic  m etabolism  in  v iv o  a n d  in  v itro ,

a. H o st-m ed ia ted  a s sa y s .

T he in f lu e n c e  of age  on th e  in  v ivo  a c tiv ity  of th e  d ie ta ry  

m u tag en s, a fla to x in  Bi (10m g[32\im ol]/kg), MelQ (2.5m g[12 |im ol]/kg) 

a n d  T rp -P -2  (10mg[40yimol]/kg) was in v e s tig a te d  u s in g  4 an d  24 w eek 

old mice in  th e  in tra sa n g u in e o u s  h o st-m ed ia ted  a s s a y  w ith  S. 

typ h im u riu m  TA98 as  in d ic a to r  (see M ethods sec tio n  11c).

The b o d y  w e ig h ts  of mice u sed  in  th e se  ex p erim en ts  a v e ra g e d  24g 

fo r  th e  24 w eek old mice an d  12g fo r th e  4 w eek o ld  anim als (Table 

35). The c h an g e  in  l iv e r  w eigh t w ith age  w as n o t so m ark ed , w ith  

v a lu es  fo r  th e  o ld e r  h o s ts  being  1.25 fold g r e a te r  th a n  th a t  o f mice 

4 w eeks of ag e  (Table 35). C onsequen tly , th e  re la tiv e  l iv e r  w e ig h t 

was g r e a te r  in  th e  4 w eek old mice, 0.58 com pared  to  0.36 in  mice 24 

w eeks of age.

In  mice g iv en  DMSO in  place of m utagen  (C o n tro ls), ag e  had  no 

a p p a re n t  e f fe c t  up o n  th e  re v e rs io n  of S. typ h im u riu m  TA98 to  

h is tid in e  p ro to tro p h y  since  th e  mean num ber o f r e v e r ta n ts  re c o rd e d  

p e r  p la te  w as 8  fo r  b o th  age  g ro u p s  (Table 36). T h is c o n tro l v a lu e  

was sim ilar to  th e  b a ck g ro u n d  re v e rs io n  f re q u e n c y  of th e  o rig in a l 

b a c te r ia l d o sin g  su sp e n s io n  ( 6  + 5 H isV plate; Table 36).

F or th o se  mice t r e a te d  w ith m utagen  th e  n u m b ers  o f in d u ced  

r e v e r ta n ts  w ere  g re a te r  in  4 week old mice com pared  to  mice 24 w eeks 

of age  b y  121%, 49% an d  28% fo r T rp -P -2 , MelQ a n d  a fla to x in  Bi 

re sp e c tiv e ly  (p<0.001; Table 36).

T h e re  w as co n s id e rab le  v a ria tio n  in  th e  n u m b er of b a c te r ia  

re c o v e re d  from  th e  liv e rs  of mice since  v a lu es  ra n g in g  from  4% to
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T a b le  35 Body and L iv e r w eig h ts  o f  fem ale
BALB/c mice o f  d i f f e r e n t  ages

Age No. o f Body weight L iv er w eight
weeks mice g g

a. H ost-m ed ia ted  a s sa y s .

4 26 12.04 ± 1.45 0 .70  + 0 .08

24 28 24.14 ± 2.76 0 .88  + 0 .09

b. Sa lm onella  m u ta g e n ic ity  a ssa y .

2 29 5.89 ± 0.91 0 .24  ± 0 .04

4 24 9.43 + 1.49 0 .50  + 0 .08

6 23 14.04 ± 1.70 0 .76  + 0 .07

8 14 15.41 + 1.54 0 .86  ± 0 .19

1 2 15 18.02 + 1.29 0 .85  + 0 .03

24 18 19.58 + 1 . 6 6 0 . 8 8  ± 0 . 1 2

c. H epatic  enzyme a c t i v i t y  and fu n c tio n

4 36 15.39 + 1.15 0 .76  ± 0 .08

24 30 25.45 + 2.73 0.84  + 0 .04

Mice were fed a p u r i f ie d  f ib r e - f r e e  d ie t  from weaning (se e  Methods
s e c tio n  4) w ith  body and l i v e r  w eights determ ined  a t  s a c r i f i c e .  
R e su lts  a re  shown as mean + SD, M utagenicity  experim en ts  u s in g  
th e se  mice a re  re p o r te d  fo r  a . in  Table 36 and fo r  b . in  F ig u res  26 
-  32. M easurements o f h e p a tic  enzyme a c t i v i t y  and fu n c tio n  a re  
given in  T ab les 38, 40 & 41.
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T ab le  36 E f f e c t  o f  age on th e  a c t i v i t y  o f  food
m utagens in  th e  h o s t-m e d ia te d  a s sa y

Age
weeks

H is+ r e v e r ta n ts /p la te

C o n tro ls  
DMSO on ly

A fla to x in
lOmg/kg

MelQ 
2 . 5mg/kg

Trp-P-2
lOmg/kg

4 8  + 4 230 + 47 2950 + 521 1753 + 238
(4) (8 ) (7) ( 6 )

24 8  + 3 179 + 54*** 1974 + 869*** 793 + 253***
(4) ( 8 ) (8 ) ( 8 )

5. typhimurium  TA98 dosing suspension : 6  + 5

Female BALB/c mice o f 4 and 24 weeks o f age, fed a p u r i f ie d  
f ib r e - f r e e  d i e t ,  were exposed to  mutagens and S. typhimurium  TA98 in  
th e  h o st-m ed ia ted  a ssay  (Methods s e c tio n  11c). Values a re  g iven  as 
mean o f n l i v e r  sam ples + SD, n in  p a re n th e se s . A s te r isk s  in d ic a te  
v a lu es  fo r  24 week o ld  mice d i f f e r in g  s ig n i f i c a n t ly  from th e  4 week 
age group, *** p<0.001 (Anova).
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T able 37
o f

Recovery o f S. 
mice in  th e  h o st-

typhimurium  TA98 from th e  l i v e r s  
■mediated a ssay s  o f Table 36

Mutagen Age Mean V iable b a c te r ia  per
weeks L iver

w t(g)
0 . 1 ml resuspended l i v e r
p e l l e t  (xlO6 ) 1 (% dose)

A fla to x in  Bi 4 0.60 82 + 43 23.5 + 1 2 . 2
lOmg/kg 24 0 . 8 6 60 ± 29 20.4 + 1 0 . 6

MelQ 4 0.73 42 + 23 13.2 + 7 .1
2 . 5mg/kg 24 0.85 81 ± 50 27.7 ± 17.8

Trp-P-2 4 0.74 131 + 40 41.4 + 1 2 . 6
lOmg/kg 24 0.95 77 + 41 23.4 + 14.1

C o n tro ls 4 0.77 34 + 25 1 1 . 0 + 8 . 1
DMSO only 24 0 . 8 6 104 + 52 35.0 ± 18.0

5. typhimurium  TA98 dosed p er mouse: 5 .5  x 109 c e l l s

Mice were in je c te d  iv  w ith  0.1ml suspension  o f S. typhim urium  TA98 
im m ediately fo llow ed  by mutagen o r  th e  so lv e n t (DMSO) p .o . in  th e  
h o st-m ed ia ted  assay  (Methods s e c tio n  11c). A fte r 1 ho u r, mice were 
s a c r i f i c e d ,  th e  l iv e r s  removed and homogenized in  T ris /K C l.
B a c te r ia  were sedim ented by c e n tr i fu g a t io n  and resuspended in  1ml 
T ris/K C l. To determ ine  th e  numbers o f b a c te r ia  p re se n t in  th e  
l i v e r ,  a l iq u o ts  ( 0 . 1 ml o f a p p ro p r ia te  d i lu t io n s )  o f th e  resuspended 
b a c te r ia l  p e l l e t s  were p la te d  on to  n u t r i e n t  agar and incubated  fo r  
48 hours a t  37°C (see  Methods s e c tio n  11c). R esu lts  a re  g iven  as 
means (+ SD)

1 This column o f d a ta  re p re se n ts  th e  number of v ia b le  b a c te r ia  
counted on n u t r i e n t  agar p la te s  and th e  number o f b a c te r ia  poured on 
to  each Vogel Bonner p la te  in  o rd e r to  determ ine th e  re v e rs io n  to  
His* .
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52% of th e  ad m in is te red  dose w ere  o b ta in ed  (Table 37). The nu m b er 

of b a c te r ia  p la te d  on  to  Vogel B onner a g a r  was estim ated  to  ra n g e  

betw een  1 x 107 -  2 x 108 cells  (Table 37).

5. Salmonella, m u ta g e n ic ity  a s sa y .

To com pare th e  in v iv o  a c tiv ity  of th e  th re e  m utagens w ith  

th e ir  a c tiv a tio n  in  v itro , h ep a tic  S9 frac tio n s  p re p a re d  from  mice 

ag ed  2, 4, 6 , 8 , 12 a n d  24 w eeks of age  w ere in c u b a ted  w ith  th e  

a p p ro p r ia te  m utagen  in  th e  Salmonella  m u tagen ic ity  a ssa y , a g a in  

u s in g  5. typ h im u riu m  TA98 a s  th e  in d ica to r s t r a in  (see M ethods 

sec tio n  1 0 a).

The liv e r  w e ig h ts  of th e  mice u sed  fo r th e  p re p a ra t io n  of 

h ep a tic  S9, in c re a se d  ra p id ly  o v e r  th e  f i r s t  six w eeks of life  

r is in g  from 0.24 + 0.04g (mean + SD) fo r th e  2 w eek old mice to  0.76 

+ 0.08g fo r 6  w eek old mice -  a n  in c rease  of more th a n  60% d u rin g  

th is  4 week p e rio d  (Table 35). T his was concom itant w ith  c h an g e s  

in  body w eig h t (5.89 + 0.91g an d  14.04 + 1.7g fo r th e  p rew ean lin g s  

an d  6  week old mice re sp e c tiv e ly ; Table 35). S u b se q u en tly , th e  

ra te  of in c re a se  in  l iv e r  an d  body  w eigh t declined  re s u lt in g  in  only  

a  13% in c re ase  in  liv e r  w e ig h t an d  a 21% in c re a se  in  body  w eig h t 

o v e r th e  n ex t 12 w eeks (Table 35).

The am ount of S9 p ro te in  p re s e n t  in  th e  h ep a tic  p o s t-  

m itoch rondria l s u p e rn a ta n t  (S9) w as low est fo r p re p a ra t io n s  from  th e  

2 week old mice a t  77 + 5mg p ro te in /m l S9, an d  in c re a se d  w ith  

in c re a s in g  d onor age  u n ti l  w eek 8  p o s t-p a rtu m  w hen 118 + 14mg of S9 

p ro te in /g  liv e r  w ere  m easu red  (Table 38). The co n ce n tra tio n  of 

cytochrom e P450 p e r  gram  of liv e r  was fa ir ly  c o n s ta n t, a t  ab o u t
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T ab le  38 P r o te in  and Cytochrome P450 c o n te n t  o f  h e p a t ic
S9 f r a c t i o n s  from mice o f  d i f f e r e n t  ages

Age n S9 P ro te in  Cytochrome P450
weeks mg/g l i v e r  nmol/g l i v e r  nmol/mg S9 p ro te in

2 4 77 + 5 16,3 + 2 . 0 0 . 2 1 + 0.03

4 4 87 + 8 16.6 + 1 . 6 0.19 + 0 . 0 1

6 4 90 + 7 17.1 + 1.7 0.19 + 0 . 0 1

8 4 118 + 4 4 * * * 1 2 . 6 + 3.5 0 . 1 1 + 0.03

1 2 4 99 + 4 * 13.8 + 2.4 0.14 + 0 . 0 2

24 6 116 + 1 0 17.0 + 4 .8 0.14 + 0.03

H epatic  S9 p ro te in  and cytochrome P450 c o n ten t were determ ined  from 
female BALB/c mice o f d i f f e r e n t  ages (Method s e c t io n s  8 c & 9b).
Each S9 sample c o n ta in ed  l i v e r s  pooled from 4 mice (7 in  th e  case  o f 
th e  2 week o ld  m ice). Values given  as means o f n S9 sam ples + SD. 
A s te r isk s  in d ic a te  v a lu es  s ig n i f i c a n t ly  d i f f e r e n t  from th e  p rev ious 
age group, *** p<0.001, * p<0.05 (Anova).
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16nm ol/g liv e r  in  all mice a lth o u g h  th e  sp ec ific  c o n te n t of 

haem opro tein  p e r  mg S9 p ro te in  exh ib ited  a  s ig n if ic a n t a g e - re la te d  

d e c re a se  betw een w eek 6  an d  8  (Table 38).

In itia lly  a  s e r ie s  of p re lim in a ry  ex p erim en ts  w ere  c a r r ie d  o u t 

in  w hich each  m utagen  (a t a  co n ce n tra tio n  of 0.64 nm ol/as say  fo r  

a fla tox in  Bi, 0 .05nm ol/assay  fo r  MelQ o r 0 .12nm ol/assay  fo r  T rp -P -2 ) 

w as in c u b a ted  w ith  v a rio u s  am ounts of h ep a tic  S9 f ra c tio n  from mice 

ag ed  4, 8  an d  24 w eeks of ag e  in  th e  Salmonella  m u tag en ic ity  a ssa y  

(Fig. 26).

The level of S9 in  th e  in cu b a tio n  m ixture re q u ire d  to  p ro d u ce  

th e  g re a te s t  a c tiv a tio n  of 0.05nmol MelQ to  a  b a c te r ia l m utagen , was 

w hen th e  volum e of a d d ed  S9 w as 10% of th e  f in a l in cu b a tio n  volume 

(e q u iv a len t to  2 -  3mg S9 p ro te in /m l in cu b a tio n  mix) ir r e s p e c tiv e  of 

th e  age  of th e  mice (Fig. 26). For exam ple, a t  th is  c o n ce n tra tio n  

(10%), S9 from  24 w eek old mice in d u ced  alm ost 1200 His+ r e v e r ta n ts ,  

a s  com pared to  975 o r  1060 r e v e r ta n ts  p e r  p la te  w hen th e  S9 

c o n ce n tra tio n  w as 5% o r  20%. F or T rp -P -2  an d  afla tox in  Bi, th e  

optim al co n ce n tra tio n  of S9 w as 5% (v /v ; e q u iv a len t to  1 -  1.5mg S9 

p ro te in /m l in cu b a tio n  mix). Again th e  optim al c o n ce n tra tio n  of S9 

w as sim ilar fo r  all age  g ro u p s  u sed  (Fig. 26). T hese optim al S9 

c o n ce n tra tio n s  w ere u se d  fo r  each  s u b s tr a te  in  s u b se q u e n t 

experim en ts.

No c o n s is te n t ch an g es  in  th e  b ack g ro u n d  m utation  f re q u e n c y  of 

S . typh im urium  TA98 w ere  seen  in  th e  p re se n c e  of v a rio u s  

c o n ce n tra tio n s  of S9 f ra c tio n s , o r  S9 fra c tio n s  from  mice of 

d if fe re n t a g es , w ith  th e  re c o rd e d  mean v a lu es  ra n g in g  betw een  4 and

-  189 -



Table 39 E f fe c t o f S9 c o n c e n tra tio n  on th e  background 
re v e rs io n  o f S. typhimurium  TA98 to  

h i s t id in e  p ro to tro p h y .

S9
c o n c e n tra tio n  

(% of a ssa y ;v /v )

H is+ r e v e r ta n ts /p l a te

Host age (weeks)

4 8  24

1 .0 11 + 3 19 + 1 7 + 4

2.5 11 + 4 12 + 2 10 + 5

5 .0 14 + 11 11 + 4 9 + 5

10.0 9 + 3 14 + 2 12 + 3

20.0 14 + 6 13 + 5 4 + 3

In th e  Salm onella  m u tag en ic ity  assay  c o n tro l  sam ples c o n ta in ed , per 
a ssa y , 0.1ml DMSO in  p lace  o f  mutagen. R efer to  legend o f  F ig . 26 
fo r  fu r th e r  d e t a i l s .  R esu lts  a re  g iven  as  means + SD o f t r i p l i c a t e  
p la te s .
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19 H is+ r e v e r t a n t s  p e r  p la te  (T ab le  39).

With all th re e  m utagens th e re  was a  t r e n d  fo r  th e  n u m b ers  of 

in d u c e d  m u tan ts  to  d ec rea se  w ith  in c re a s in g  age  (F ig. 26). T his 

e f fe c t  o c c u r re d  a t  all S9 c o n ce n tra tio n s  fo r  th e  h e te ro cy c lic  am ines 

(T rp -P -2  an d  MelQ), b u t fo r  afla tox in  Bi m arked  d if fe re n c e s  betw een  

th e  4 a n d  24 week old mice o c c u rre d  on ly  a t  S9 c o n c e n tra tio n s  o f 1% 

a n d  10% of th e  in cu b a tio n  mix (Fig. 26).

F u r th e r  ex p erim en ts  w ere c a r r ie d  o u t to  in v e s t ig a te  th is  

a g e - re la te d  ch an g e  in  th e  ac tiv a tio n  of th re e  chem icals to  b a c te r ia l 

m u tag en s. At f i r s t ,  two c o n ce n tra tio n s  of each  m u tagen  w ere  

in c u b a te d  w ith  h ep a tic  S9 f ra c tio n s  (a t th e  optim al c o n ce n tra tio n ) 

from  mice a g ed  2, 4, 6 , 12 and  24 w eeks (F igs. 27, 29, 31). In  a

th e  optim al S9 co n cen tra tio n ; F igs. 28, 30, 32).

I t  may be seen  in  Fig. 27 th a t  hep atic  a c tiv a tio n  of MelQ, a t  

c o n c e n tra tio n s  of 0.01 nmol an d  0.07 n m o l/a ssay , w as maximal 

(g iv in g  app rox im ate ly  1200 an d  2700 H isV plate re sp e c tiv e ly )  w hen S9 

from  2 o r  4 week old mice was u sed  w ith  a  g e n e ra l decline  (of 30% in  

to ta l) in  th e  ac tiv a tio n  of MelQ to  a  b a c te r ia l m u tag en  a s  th e  age  

of th e  anim als in c re a se d .

T his g re a te r  a c tiv a tio n  of MelQ b y  h ep a tic  S9 from  y o u n g  mice 

(4 w eeks) w as a p p a re n t  o v e r a  wide ra n g e  of m u tagen  c o n c e n tra tio n s  

(0.025 -  0.25nmol M elQ /assay; Fig. 28), w ith  a n  ap p rox im ate  doub ling  

in  th e  n u m b ers  of r e v e r ta n ts  g e n e ra te d  w hen com pared  w ith

m utagen  c o n c e n tra tio n s  w ere  in c u b a te d

w ith  h e p a tic  S9 f ra c tio n s  from mice aged  4 an d  24 w eeks o f age  (a t
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F ig u re  26 D eterm ination  of optim al S9 c o n ce n tra tio n  fo r  m utagen  
ac tiv a tio n  in  v itro . D iffe ren t c o n ce n tra tio n s  o f h ep a tic  S9 
(ex p re ssed  a s  % of in c u b a tio n  volume [0.8ml]) from  mice ag ed  4 w eeks 
(0 )»  8 w eeks ( □ )  o r  24 w eeks (A ) w ere in c u b a te d  w ith  th e  
a p p ro p r ia te  m utagen , S. typ h im u riu m  TA98 a n d  c o fac to rs , fo r  30 mins 
a t  37°C b e fo re  being  p o u re d  in  top  a g a r , on  to  Vogel B onner p la te s  
an d  in c u b a ted  fo r 48 h r  a t  37°C. Each in cu b a tio n  w as pe rfo rm ed  in 
tr ip lic a te . R esu lts  a re  g iv en  as  means fo r  3 pooled S9 
p re p a ra tio n s .
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F ig u re  27. A ctivation  of MelQ by  hepatic  S9 fra c tio n s  from  mice o f 
d if f e re n t ag es . M utagen, co fac to rs , S. typh im urium  TA98, an d  S9 
fra c tio n s  w ere  in c u b a te d  fo r  30 min a t  37° b e fo re  being  p o u re d  in  
to p  a g a r  on to  Vogel B onner p la te s  an d  in cu b a ted  fo r 48 h o u rs  a t  37°C 
(see  M ethods 10a). The c o n ce n tra tio n  of S9 f ra c tio n s  in  th e  
in cu b a tio n  m ix tu re  w as 10% (v /v )  of th e  in cu b a tio n  volum e (0.8ml). 
Each in cu b a tio n  w as c a r r ie d  o u t in  trip lica te . R esu lts  a re  
e x p re sse d  a s  m eans (bars:SD ) fo r fo u r S9 p re p a ra t io n s  w ith  
s ta t is t ic a l  s ig n ifican ce  a s s e s s e d  u s in g  Anova an d  th e  LSD c r ite r io n .
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r e f e r  to  le g e n d  to  F ig u re  27.
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F ig u re  29 A ctivation  of T rp -P -2  b y  h ep atic  S9 f ra c tio n s  from  mice 
of d i f f e r e n t  a g es . M utagen, c o fac to rs , S. typ h im u riu m  TA98 a n d  S9 
f ra c tio n s  w ere  in c u b a te d  fo r  30 min a t  37°C b e fo re  be in g  p o u re d  in  
top  a g a r  on  to  Vogel B onner p la te s  an d  in c u b a te d  fo r  48 h r  a t  37°C 
(M ethods sec tio n  10a). The co n cen tra tio n  of S9 f ra c tio n  in  th e  
in c u b a tio n  w as 5% (v /v )  of th e  to ta l in cu b a tio n  volum e (0.8ml).
Each in c u b a tio n  w as c a r r ie d  o u t in  tr ip lic a te . R esu lts  a re  
e x p re s se d  a s  m ean (bars:SD ) fo r  fo u r S9 p re p a ra t io n s  w ith  
s ta t is t ic a l  s ig n ific an ce  a s s e s s e d  u s in g  Anova a n d  th e  LSD c r ite r io n .
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h e p a t ic  S9 f r a c t io n s  from  m ice a g e d  4 a n d  24 w eek s . F o r f u r t h e r
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F ig u re  31 A ctiv atio n  of afla tox in  Bi by  h ep atic  S9 f ra c tio n s  from  
mice of d if f e r e n t  ag es . M utagen, co fac to rs , S. typ h im u riu m  TA98 
a n d  S9 f ra c tio n s  w ere in c u b a te d  fo r  30 min a t  37°C b e fo re  be ing  
p o u re d  in  to p  a g a r  on  to  Vogel B onner p la te s  a n d  in c u b a te d  fo r  48 h r  
a t  37°C (M ethods sec tio n  10a). The co n ce n tra tio n  of S9 f ra c tio n  in  
th e  in c u b a tio n  m ix ture  w as 5% (v /v )  of th e  in c u b a tio n  volum e 
(0.8ml). Each in c u b a tio n  w as c a r r ie d  o u t in  tr ip lic a te . R esu lts  
a re  e x p re s s e d  a s  m eans (bars:SD ) fo r fo u r S9 p re p a ra t io n s  w ith  
s ta t is t ic a l  s ig n ific an ce  a s s e s s e d  u s in g  Anova a n d  th e  LSD c r ite r io n .
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F ig u re  32 A c tiv a tio n  o f  d i f f e r e n t  c o n c e n tra t io n s  o f a f la to x in  Bi
b y  h e p a t ic  S9 f r a c t io n s  from  m ice a g e d  4 a n d  24 w eek s . F o r  f u r t h e r
d e ta ils  r e f e r  to  le g e n d  to  F ig u re  31.
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in c u b a tio n s  c o n ta in in g  S9 from  24 w eek old mice (F ig . 28). F or 

exam ple, a t  a  c o n ce n tra tio n  of 0.15nmol M elQ /assay , 1251 His* 

r e v e r ta n t s  w ere  in d u ced , on a v e ra g e , by  S9 f ra c tio n s  from  mice 24 

w eeks o f a g e  a s  com pared  to  2530 H isV plate fo r  f r a c tio n s  from  mice 

a g ed  4 w eeks.

A sim ilar a g e - re la te d  re sp o n se  was o b ta in ed  fo r  T rp -P -2  

(0.04nmol a n d  0 .12nm ol/assay ; Fig. 29) a lth o u g h  in  th is  c a se , th e  

m u tag en ic ity  in  th e  p re se n c e  of S9 from  2, 4 an d  6—w eek-o ld  mice 

rem ained  u n c h a n g e d  (a t a ro u n d  1050 H isV plate  a t  th e  h ig h e r  m utagen  

c o n c e n tra tio n )  followed by  a  m arked  fall of app rox im ate ly  40% in  

a c tiv a tin g  c a p a c ity  betw een  6 an d  12 w eeks (Fig. 29). When a  

ra n g e  o f c o n c e n tra tio n s  of T rp -P -2  w ere in c u b a te d  w ith  l iv e r  S9

fra c tio n s  from  4 a n d  24—w eek-o ld  mice a g re a te r  m utagen ic  re sp o n se

w as o b s e rv e d , a s  be fo re , in  th e  o ld e r anim als o v e r  th e  e n tire  dose  

ra n g e  te s te d  (0.02 -  0.20nmol T rp -P -2 /a s s a y ; Fig. 30).

In  c o n tra s t ,  a fla tox in  Bi, a t  a ll c o n c e n tra tio n s  s tu d ie d  (0.16 

-  1.6nmol a fla to x in  B i/a ssa y ) w as eq u ally  well m etabolized  to  a  

m utagen  b y  m ouse h ep a tic  fra c tio n s  ir re s p e c tiv e  o f d o n o r ag e  (Fig.

31 & 32). F o r in s ta n c e , w hen 0.32nmol a fla to x in /a ssa y  w as 

in c u b a te d  w ith  S9 f ra c tio n s  from  mice age 2, 4, 6, 12 an d  24 w eeks 

th e  n u m b ers  of r e v e r ta n ts  approx im ated  250 p e r  p la te .

c. M ixed fu n c tio n  oxidase a c tiv itie s .

L evels of cy tochrom e P450 an d  th e  a c tiv itie s  of th r e e  mixed 

fu n c tio n  ox id ases  an d  cy tochrom e c re d u c ta s e  w ere  m easu red  in  

h ep a tic  m icrosom al fra c tio n s  p re p a re d  from  mice o f 4 an d  24 w eeks of 

age  (Table 40). The body an d  liv e r  w e ig h ts  of th e se  mice a re  g iv en
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T able  40 Cytochrome P450, Cytochrome C re d u c ta se  and 
mixed fu n c tio n  ox idase  a c t i v i t i e s  o f m icrosom al 

t i s s u e  from mice aged 4 and 24 weeks.

Age
4 weeks 24 weeks

P ro te in  c o n te n t
mg p r o te in /g  l i v e r  21.46 + 1.89 25.97 + 3.89

Cytochrome P450
nmoles/mg p ro t  0 .63  + 0.12 0 .70  + 0 .07
nm oles/g  l i v e r  13.41 + 2.20 18.65 + 3.60**

Cytochrome c re d u c ta se
nmoles/min/mg p r o t .  79.42 + 5.60 71.76 + 9.12
nm oles/m in /g  l i v e r  1705 + 189 1806 + 125

E thoxycoum arin-O -deethy lase
nm oles/hr/m g p ro t .  104.2 + 11.5 121.7 + 15.5
n m o le s /h r/g  l i v e r  2235 ± 278 3228 + 390***

E th o x y reso ru f in -O -d ee th y la se
nm oles/hr/m g p ro t .  2 8 . 5 2 + 3 . 3 1  2 7 . 2 1 + 6 . 1 0
n m o le s /h r/g  l i v e r  614 + 99 708 + 99

Benzphetam ine d em eth y la tio n
pm oles/hr/m g p ro t .  0 . 2 6 + 0 . 0 9  0 . 2 6 + 0 . 0 7
p m o le s /h r/g  l i v e r  5.46 + 1.83 5.72 + 0 .74

The p r o te in  and cytochrom e P450 co n ten t and th e  a c t i v i t i e s  o f 
cytochrom e c re d u c ta se  and th re e  mixed fu n c tio n  o x id a se s  -were 
determ ined  in  h e p a tic  microsomal f r a c t io n s  o f fem ale BALB/c mice o f 
4 and 24 weeks o f age (see  Methods s e c tio n s  8c & 9b) .  V alues a re
g iven  as  mean + SD o f  6 sam ples; each sample c o n ta in in g  l iv e r s  
poo led  from 5 - 6  m ice. A s te r isk s  in d ic a te  s ig n i f i c a n t  d if f e r e n c e s  
from v a lu e s  fo r  th e  4 week age group, *** p<0.001; ** p<0.01 
(A nova).

-  200 -



in  T able 35. The a g e - re la te d  in c re a se  in body  a n d  liv e r  s ize  w as 

n o t a s  m ark ed  a s  o b s e rv e d  p rev io u s ly , w ith  in c re a s e s  of 65% a n d  11% 

(fo r b o d y  a n d  l iv e r  w e ig h ts  re sp ec tiv e ly )  re c o rd e d .

The p ro te in  c o n te n t of th e  microsomal s u sp e n s io n s  w as, on 

a v e ra g e , 21% g r e a te r  in  fra c tio n s  p re p a re d  from  th e  24 w eek old mice 

th a n  from  th o se  an im als 4 w eeks of age  (Table 40).

No s ig n if ic a n t d iffe re n c e  was o b se rv ed  in  e i th e r  th e  cy toch rom e 

P450 c o n te n t (p e r  mg m icrosom al p ro te in ) o r  th e  sp ec ific  a c t iv i ty  of 

cy to ch ro m e c r e d u c ta s e  in  th e  h ep a tic  microsomal f ra c tio n s  from  mice 

ag ed  4 a n d  24 w eeks. H ow ever, w hen re s u lts  w ere  e x p re s se d  p e r  g 

liv e r , th e  o ld e r  mice show ed a  40% in c rease  in  to ta l  cy toch rom e P450 

c o n te n t, r is in g  from  13.41 nm ol/g liv e r  in  4 w eek old mice to  18.65 

nm ol/g  l iv e r  in  th e  o ld e r  anim als (Table 40). The th re e  mixed 

fu n c tio n  o x id ases  ex h ib ited  no s ig n if ic a n t age re la te d  c h a n g e  in  

a c tiv ity  w hen  e x p re s s e d  a s  p e r  mg S9 p ro te in  (Table 40), w ith  

v a lu es  ap p ro x im a tin g  110, 28 an d  260nm ol/hr/m g m icrosom al p ro te in  a t  

b o th  m ouse a g e s  fo r  e th o x y co u m arin -O -d ee th y lase , 

e th o x y re so ru f in -O -d e e th y la se  and  benzphetam ine dem eth y lase  

re sp e c tiv e ly . As a  r e s u l t  of th e  g re a te r  p ro te in  c o n te n t of 

m icrosom es p re p a re d  from  24 week old mice th a n  from  mice 4 w eeks of 

age  (see  T able 40) th e  a c tiv ity  of e th o x y co u m arin -O -d ee th y lase , w hen 

c a lcu la ted  p e r  gram  of liv e r , was s ig n ific an tly  h ig h e r  (b y  1.5 

fo ld). H ow ever, th e  g re a te r  a c tiv ity  of

e th o x y re so ru f in -O -d e e th y la se  o r  benzphetam ine d em eth y lase  p e r  gram
different

liv e r  in  o ld e r  mice w as n o t sign ifican tu from  th e  v a lu e  fo r  f ra c tio n s  

from  mice 4 w eeks of age.
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T able  41 D eterm in a tio n  o f g lu ta th io n e  co n ten t and g lu ta th io n e  
t r a n s f e r a s e  a c t i v i t i e s  in  the  l iv e r s  o f mice 

aged 4 and 24 weeks.

Age
4 weeks 24 weeks

P ro te in  c o n te n t:

a . H epatic  c y to so l
mg p ro te in /g  l i v e r  105.4 + 1.9 110.5 + 5 .4

b. Whole l i v e r  homogenate
mg p ro te in /g  l i v e r  210.5 + 14.6 233.9  + 30.2

T o ta l g lu ta th io n e
nmol/mg p ro te in  3 6 . 5 + 5 . 6  3 2 . 4 + 9 . 1
nm ol/g l i v e r  7659 + 1110 7384 + 1216

O xidized  g lu ta th io n e
nmol/mg p r o te in  0 . 0 4 + 0 . 0 1  0 . 0 3 + 0 . 0 1
nm ol/g l i v e r  9 . 0 2 + 2 . 0 8  6 . 8 8 + 0 . 8 0

DCNB
pmol/min/mg p ro te in  0.05 + 0.02 0 .06  + 0.01
pm ol/m in/g l i v e r  5.26 + 1.92 6.72 + 1.81

CDNB
pmol/min/mg p ro te in  1.57 + 0.26 2 .18  + 0.35**
pm ol/m in/g l i v e r  164.8 + 26.2 240.6  + 34.5***

ENPP
pmol/min/mg p ro te in  0.23 + 0.05 0 .16  + 0.05*
pm ol/m in/g l i v e r  23.88 + 5.32 17.89 + 4.91

Measurements o f  t o t a l  and o x id iz e d  g lu ta th io n e  c o n te n t in  th e  whole 
l i v e r  homogenate and th e  a c t i v i t i e s  o f g lu ta th io n e  t r a n s f e r a s e s  in  
h e p a tic  c y to s o l ic  f r a c t io n s  tow ards th e  s u b s tra te s  
l ,2 -d ic h lo ro -4 -n i t ro b e n z e n e  (DNCB), l-c h lo ro -2 ,4 -d in i tro b e n z e n e  
(CDNB) and 1 ,2 -epo x y -3 -(p -n itro p h en o x y )p ro p an e  (ENPP) were 
determ ined  in  fem ale BALB/c mice o f 4 and 24 weeks o f  age (see  
Methods s e c t io n  9b) .  V alues a re  given as mean + SD o f  6 sam ples; 
each sample c o n ta in in g  l i v e r s  pooled from 6 mice. A s te r is k s  
in d ic a te  v a lu e s  s ig n i f i c a n t ly  d i f f e r e n t  from v a lu es  in  th e  4 week 
age group, *** p<0.001; ** p<0.05; * p<0.01 (Anova).
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d. G lutathione an d  g lu ta th ion e tra n sfera se  a c tiv itie s .

No m arked  a g e - re la te d  d iffe ren ce  w as fo und  in  th e  to ta l 

g lu ta th io n e  c o n te n t of whole liv e r  hom ogenate from  mice a g e d  4 an d  

24 w eeks, w ith  v a lu e s  approx im ating  7450 nm ol/g liv e r  (Table 41). 

H ow ever, th e  c o n c e n tra tio n  of oxidized g lu ta th io n e  was low er in  th e  

o ld e r  h o s ts , fa llin g  from  9.02nm ol/g liv e r  in  4 w eek old mice to

6.88nm ol/g liv e r  in  mice 24 w eeks of ag e , a lth o u g h  th is  d iffe re n c e  

w as n o t s ta t is t ic a lly  s ig n ific a n t. Sim ilar g lu ta th io n e  t r a n s fe ra s e  

a c tiv it ie s  w ere  re c o rd e d  fo r  th e  two age  g ro u p s  w hen 

d ich lo ro n itro b en z e n e  an d  ep o x y n itro p h en o x y p ro p an e  w ere u se d  a s  

s u b s t r a te s ,  w ith  a c tiv itie s  of 6 an d  2 0 n m o l/h r/g  liv e r  m easu red  

re sp e c tiv e ly . H ow ever, u s in g  ch lo ro d in itro b en zen e , g lu ta th io n e  

tr a n s f e r a s e  a c t iv i ty  w as 1.5 fold g re a te r  in  th e  o ld e r h o s ts  

(p<0.001; Table 41).

2. E ffec t o f h o s t  ag e  on  g u t  f lo ra  m etabolism .

F or re a so n s  of econom y an d  p ra c tic a l co nven ience , th e  same 

b a tc h  of mice w ere  u se d  fo r  b o th  th is  s tu d y  an d  th e  p re v io u s  s tu d y  

( in v e s tig a tin g  th e  e ffe c t of h o s t age  on h ep a tic  m etabolism ) 

d e sc r ib e d  ab o v e , b u t  a d d itio n a l mice of th e  same a g e s  w ere  p u rc h a s e d  

a n d  fe d  th e  5% p e c tin  d ie t.

The a c tiv ity  of n i t r a te  re d u c ta s e  in  mice fed  th e  f ib r e - f r e e  

d ie t was u n a ffe c te d  b y  ag e , rem ain ing  a ro u n d  5 -  lOpmol of n i t r i te  

p ro d u ced  p e r  h o u r  p e r  gram  caecal c o n te n ts  (y im ol/h r/g ) a n d  sim ilar 

to  th e  a c tiv ity  m easu red  in  p rew ean lin g  mice (2 w eeks; Fig. 33,

Table 42). In  c o n tra s t ,  anim als fed  th e  5% p e c tin  d ie t, ex h ib ited  

a t  4 w eeks of ag e  a  12 fold  in c re a se  in  th e  caecal a c tiv ity  of 

n i tr a te  r e d u c ta s e  com pared  to  th a t  of mice fed  th e  f ib r e - f r e e  d ie t

-  203 -



F ig u re  33. The e f fe c t  o f  ag e  an d  d ie t on caecal n i t r a te  re d u c ta se  

a c t iv i ty  in  mice. C aecal c o n te n ts  from 3 - 5  mice of sim ilar age 

a n d  fe d  e i th e r  f ib r e - f r e e  o r 5% p ec tin  d ie t w ere  pooled an d  a  c ru d e  

su sp e n s io n  p re p a re d . F o r each  age and  d ie t g ro u p  4 - 6  su sp en sio n s  

w ere  p re p a re d . N itra te  re d u c ta se  a c tiv ity  w as d e te rm in ed  u s in g  

sodium  n i t r a te  a s  s u b s t r a te  (M ethods sec tio n  9a). R esu lts  a re  

p re s e n te d  as  m eans an d  e x p re ssed  a s  e ith e r  a. pmol of n i t r i te  

f o r m e d /h r /g  caeca l c o n te n ts , b. p m o l/h r/caecu m  o r  c. p m o l/h r /1 0 10 

b a c te r ia . A s te r isk s  indlicate s ig n ific a n t d iffe re n c e s  from  th e  

v a lu e  fo r  4 w eek old m ice, *** p<0.001; ** p<0.01 (Anova).

F ib re - f re e  d ie t ( •  ); 5%. p e c tin  d ie t (O)*
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F ig u re  34. The e f fe c t  of age a n d  d ie t on  caecal n itro re d u c ta se  

a c tiv ity  in  mice. C aecal c o n te n ts  from  3 - 5  mice of sim ilar age 

a n d  fed  e i th e r  f ib r e - f r e e  o r  5% p e c tin  d ie t w ere  pooled and  a  c ru d e  

su sp e n s io n  p re p a re d . F o r each  ag e  an d  d ie t g ro u p  4 - 6  su sp e n sio n s  

w ere p re p a re d . N itro re d u c ta se  a c tiv ity  was determ ined  u s in g  

p -n itro b e n z o ic  ac id  a s  s u b s t r a te  (M ethods sec tio n  9a). R esu lts  a re  

p re s e n te d  a s  m eans a n d  e x p re sse d  as  e i th e r  pmol of p-am inobenzoic 

acid  fo rm e d /h r /g  caecal c o n te n ts , b. p m o l/h r/caecu m  o r c. 

p m o l/h r /lO 10 b a c te ria . A s te r isk s  in d ica te  s ig n if ic a n t d iffe ren c es  

from  th e  v a lu e  fo r  4 w eek old mice, *** p<0.001; ** p<0.01 (Anova). 

F ib re - f re e  d ie t ( •  ); 5% p e c tin  d ie t (O) .
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F ig u re  35. T he e ffe c t of age  an d  d ie t on caecal 6 -g lu c u ro n id a se  

a c t iv i ty  in  mice. C aecal c o n te n ts  from  3 - 5  mice of sim ilar ag e  

a n d  fed  e i th e r  f ib r e - f r e e  o r  5% p ec tin  d ie t w ere pooled an d  a  c ru d e  

su sp e n s io n  p re p a re d . For each  age  and  d ie t g ro u p  4 - 6  su sp e n s io n s  

w ere  p re p a re d . B -g lu cu ro n id ase  a c tiv ity  was determ ined  u s in g  th e se  

f r e s h  p re p a re d  su sp e n s io n s  an d  p -n itro p h en o l-f i-D -g lu cu ro n id e  as  

s u b s t r a te  (M ethods sec tio n  9a). R esu lts  a re  p re se n te d  as  m eans a n d  

e x p re s s e d  a s  e i th e r  a. pmol of p -n itro p h e n o l fo rm e d /h r /g  caecal 

c o n te n ts ; b. p m o l/h r/caecu m  o r  c. p m o l/h r /1 0 10 b ac te ria .

A s te r isk s  in d ic a te  s ig n if ic a n t d iffe ren c es  from th e  value  fo r  4 week 

o ld mice, *** p<0.001; ** p<0.01 (Anova). F ib re - f re e  d ie t ( • ) ;

5% p e c tin  ( O ).
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T able  42 C aecal enzyme a c t i v i t i e s  o f  2 week o ld  
prew eanling  mice and t h e i r  m others.

Enzyme a c t i v i t y

Enzyme Prew eanling m ice(4) M others(3)

N i t r a te  re d u c ta se
p m o l/h r/g 14.2 + 19.2 0 .30 + 0.32
pm ol/hr/caecum 0.21 ± 0.32 0.25 + 0.28
p m o l/h r/1 0 10 b a c te r ia 2.91 + 4.41 0.08 + 0.09

N itro re d u c ta se
p m o l/h r/g 0.049 + 0.060* 0.194 + 0.039
pm ol/hr/caecum 0.001 + 0.001* 0.151 + 0.040
p m o l/h r/1 0 10b a c te r ia 0.011 + 0.013* 0.045 + 0.016

B -g lu cu ro n id ase
p m o l/h r/g 17.37 + 9.96 32.08 + 8.91
pm ol/hr/caecum 0.22 + 0.12* 25.25 + 5.91
p m o l/h r/1 0 1° b a c te r ia 3.25 + 1.90* 7.30 + 2.26

C aecal su sp en sio n s  were p rep ared  (Methods s e c t io n  8a) from th e  
pooled  c a e c a l c o n te n ts  o f 7 prew eanling mice o r  3 a d u lt  (m other) 
mice w ith  th e  number o f p rep ared  suspensions g iven  in  p a re n th e s is .  
C aecal w eigh ts  and b a c te r i a l  coun ts  a re  g iven  in  T able 43. From 
th e  su sp en s io n s , a c t i v i t i e s  o f 3 enzymes were determ ined  as 
d e sc r ib e d  in  Methods s e c t io n  9a. R esu lts  a re  g iven  as  means + SD 
o f th e  amount o f p ro d u c t formed. A s te r isk s  in d ic a te  s ig n i f ic a n t  
d if f e r e n c e s  between th e  2 groups o f mice. * p < ° * ° 5 ( A n o v a ) ,
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(F ig. 33). S u b se q u e n tly , th e  a c tiv ity  declined  a lth o u g h  a t  all 

a g e s  n i t r a te  r e d u c ta s e  w as s ig n if ic a n tly  (p<0.001) g r e a te r  (b y  a t  

le a s t  a  fa c to r  of 2) th a n  th a t  o f mice of a  com parable  ag e  an d  fed  

th e  f ib r e - f r e e  d ie t.

Enzym e a c tiv itie s  of m ouse caecal c o n te n ts  w ere  a lso  e x p re s se d  

a s  to ta l a c t iv i ty  p e r  caecum  an d  a c tiv ity  p e r  u n it  nu m b er (1010) 

of b a c te ria . The to ta l a c tiv ity  p e r  caecum  ta k e s  in to  a cc o u n t 

c h a n g e s  in  caeca l s ize  w hich o c cu r w ith  bo th  age  a n d  d ie t a n d  so 

p ro v id e s  in fo rm ation  re le v a n t  to  th e  h o s t anim al. E x p ress in g  d a ta  

p e r  1010 b a c te r ia  in d ic a te s  w h e th e r th e  o v e ra ll a c t iv i ty  of th e  

o rg an ism s a re  a ffe c ted . F o r n i t r a te  re d u c ta se  a c tiv ity , sim ilar 

p ro file s  w ith  in c re a s in g  h o s t  age  w ere o b ta in ed  w hen th e  a c tiv ity  

w as c a lc u la te d  a s  e i th e r  th e  am ount of n itr i te  form ed p e r  caecum  o r  

a s  th e  am ount of n i t r i te  form ed p e r  1010 caecal b a c te r ia  (F ig. 33).

F o r th e  enzym e n itro re d u c ta se , no c o n s is te n t a g e -  o r  

d ie t- re la te d  c h an g e  in  th e  a c tiv ity  was a p p a re n t  w hen e x p re s se d  a s  

e i th e r  p e r  gram  of caecal c o n te n ts  ( f lu c tu a tin g  betw een  0.4 -  

l j im o l /h r /  caecum : Fig. 34) o r  p e r  1010 b a c te r ia  (F ig. 34), a lth o u g h

it  sh o u ld  be n o ted  th a t  n itro re d u c ta se  a c tiv ity  in  mice ag ed  4 - 2 4  

w eeks a n d  fed  e i th e r  d ie t w as a lw ays g re a te r  (b y  a t  le a s t  2 fo ld  b u t  

u su a lly  by  a  fa c to r  g re a te r  th a n  10) th a n  th e  a c tiv ity  m easu red  in  

p rew ean lin g  mice (2 w eeks old; Fig. 34, Table 42).

When th e  v a lu es  of enzym e a c tiv ity  w ere  a d ju s te d  to  a c c o u n t fo r  

d iffe re n c e s  in  caecal w eigh t, w hich a re  no ted  in  T able 43, 

n itro re d u c ta s e  in itia lly  ex h ib ited  an  a g e - re la te d  in c re a se  in  

a c tiv ity  w ith  in c re a s in g  ag e  (F ig. 34). A pproxim ately a  2 fold
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T able  43 Body w eigh t, 
numbers o f mice o f 

o r

C aecal w eight and C aecal b a c t e r i a l  
d i f f e r e n t  ages fed  a f i b r e - f r e e  
5% p e c tin  d ie t .

Age Body w eight C aecal weight B a c te r ia /g
weeks g g c a e c a l <c o n te n ts

(x 1010)

f ib r e 5% f ib r e 5% f ib r e 5%
fre e p e c tin f r e e p e c tin f r e e p e c t in

4 9.43 8 .78 0.056 0.081 5.95 5.22
+1.49 ±1.58 ±0.020 ±0.010 ±3.08 ±3.30

6 14.04 14.11 0.061 0.110 4.11 3.01
±1.70 ±1.23 ±0.010 ±0.030 ±1.21 ±1.35

8 15.41 15.46 0.094 0.128 5.67 4.81
±1.54 ±1.65 ±0.030 ±0.019 ±3.13 ±1.73

12 18.02 17.69 0.079 0.130 4.84 10.82
±1.29 ±1.24 ±0.010 ±0.004 ±1.52 ±4.14

24 19.58 20.58 0.081 0.161 2.27 2.47
±1.66 ±1.45 ±0.020 ±0.020 ±2.02 ±1.71

21 5.89 ± 0.91 0.012 ± 0.003 8 .34  ± 9.93

M others1
32.17 ± 4.08 0.769 ± 0.070 4 .49  ± 1.15

Mice were fed  e i t h e r  a  f i b r e - f r e e  o r 5% p e c tin  d i e t  from weaning a t  
3 weeks o f age.

1 V alues fo r  p rew eanling  mice (2 weeks o ld ) and t h e i r  m others ( fe d  
on f i b r e - f r e e  d i e t )  a re  a ls o  g iv en . R esu lts  a re  ex p ressed  as means 
+ SD.

-  212 -



r is e  in  n i tro re d u c ta s e  a c tiv ity  w as o b se rv e d  in  mice fed  th e  

f ib r e - f r e e  d ie t b e tw een  4 a n d  12 w eeks of ag e  o r  be tw een  4 a n d  8 

w eek s of ag e  in  mice fed  th e  5% p e c tin  d ie t (F ig. 34). S u b s e q u e n t 

to  th is  enzym e a c tiv i ty  declin ed  b y  39% a n d  45% fo r  th e  f ib r e - f r e e  

an d  5% p e c tin  d ie t re s p e c tiv e ly , followed by  a  second  s ig n if ic a n t 

in c re a s e  in  a c t iv i ty  of 0 .2 5 p m o l/h r/g  in  24 w eek old mice fed  th e  

f ib r e - f r e e  d ie t (F ig. 34).

8 - g lu c u ro n id a se  a c tiv ity  rem ained  re la tiv e ly  c o n s ta n t in  caeca l 

c o n te n ts  of mice fed  th e  f ib r e - f r e e  d ie t a n d  ag ed  4 - 1 2  w eeks (F ig. 

35) a lth o u g h  th is  a c tiv ity  w as m ark ed ly  g re a te r  (b y  11-fold) th a n  

th a t  o f p rew ean lin g  mice (Table 42). H ow ever, b e tw een  12 a n d  24 

w eeks of ag e , th e  to ta l a c tiv ity  of th is  h y d ro ly tic  enzym e in  mice 

fed  th e  f ib r e - f r e e  d ie t in c re a se d  b y  2.4 fold (Fig. 35), a lth o u g h  

w hen e x p re s se d  p e r  1010 b a c te r ia , a  7 fold in c re a se  in  

8 -g lu c u ro n id a s e  a c t iv i ty  w as o b s e rv e d  betw een  th e se  tw o ag e  g ro u p s . 

F or mice fed  th e  5% p e c tin  d ie t, 8 - g lu c u ro n id a se  a c tiv ity  f lu c tu a te d  

b e tw een  35 a n d  70 y im o l/h r/g  caecal c o n te n ts  show ing no c o n s is te n t  

a g e - re la te d  e ffe c t. When th e  v a lu e s  w ere a d ju s te d  to  e q u iv a le n t 

b a c te r ia l  n u m b e rs , th e  p ro file  of 8 -g lu c u ro n id a se  a c tiv ity  in  p e c tin  

fed  mice of d if f e r e n t  a g e s  w as sim ilar to  th a t  of mice fed  th e  

f ib r e - f r e e  d ie t (F ig. 35).

The a c tiv it ie s  of th e  th re e  enzym es, n i t r a te  re d u c ta s e , n itro 

re d u c ta s e  a n d  8 -g lu c u ro n id a s e  w ere  a lso  d e te rm in ed  in  th e  m o th ers  

(fed  o n  a  f ib r e - f r e e  d ie t) of th e  p rew ean lin g  mice (Table 42).

N itra te  re d u c ta s e  a c tiv ity  in  th e  m o thers , w hen e x p re s se d  a s  th e  

to ta l a c tiv ity  in  th e  caecal sac  o r  p e r  1010 b a c te r ia , was sim ilar 

to  th a t  of th e  p rew ean lin g  mice (Table 42). When th e  v a lu e s  of
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th is  re d u c tiv e  enzym e w ere  re c a lc u la te d  to  e stim ate  th e  a c t iv i ty  p e r  

gram  caecal c o n te n ts ,  th e  a c tiv ity  was alm ost 50 tim es g r e a te r  in  

th e  m a te rn a l mice com pared  to  th e ir  y o u n g , in d ic a tiv e  of th e  

c o n s id e ra b le  d is c re p a n c y  in  th e  am ount of caecal c o n te n ts  be tw een  

th e  tw o g ro u p s  (see  Table 43). In  c o n tra s t ,  th e  a c tiv itie s  of 

n i t ro re d u c ta s e  a n d  8 -g lu c u ro n id a s e  (p e r  gram  of caecal c o n te n ts  o r  

p e r  1010 b a c te r ia )  w ere  4 a n d  1.8 fo ld  g re a te r  re s p e c tiv e ly  in  th e  

o ld e r  mice com pared  to  th e  p rew ean lin g s . The la rg e r  caecal sac s  of 

th e  p a re n t  mice (ap p ro x im ate ly  65 fold g re a te r )  th a n  th o se  of th e ir  

y o u n g  (Table 43), r e s u l te d  in  p rew ean lin g  mice h av in g  on ly  0.5% of 

th e  to ta l  caecal n i t ro re d u c ta s e  a c tiv ity , a n d  0.9% of 

8 -g lu c u ro n id a se  a c t iv i ty  p e r  caecum  th a n  th a t  p r e s e n t  in  th e i r  

m o thers  (Table 42).

The body  w e ig h ts  of mice u se d  in  th is  s tu d y  in c re a se d  from  

a ro u n d  5.9g in  th e  2—week—old  mice to  20g in  24—w eek—old mice, 

i r r e s p e c tiv e  of d ie t  (T able 43). An in c re a se  in  caecal w e ig h t was 

o b se rv e d  of 46% fo r  mice fe d  f ib r e - f re e  d ie t a n d  99% fo r  mice fed  5% 

p e c tin , from  4 to  24 w eeks. F u r th e rm o re , mice fe d  5% p e c tin  d ie t 

had  c o n s is te n tly  la r g e r  caeca l w e ig h ts  th a n  mice fe d  th e  f ib r e - f r e e  

d ie t v a ry in g  from  a  1.4 fo ld  d iffe ren c e  (0.056g v e r s u s  0.081g 

re sp e c tiv e ly )  in  4 w eek o ld  mice to  a  2 fo ld  d iffe re n c e  (0.08g 

v e r s u s  0.16g) in  24 w eek o ld  mice. The p ro p o r tio n  of caecal w e ig h t 

to  body  w e ig h t w as 0.5% in  mice fed  th e  f ib r e - f r e e  d ie t a n d  a  

s ig n ific an tly  la rg e r  0.8% in  mice fed  5% p e c tin , i r r e s p e c t iv e  of 

age.

A la rg e  v a r ia tio n  w as o b s e rv e d  in  th e  n u m b ers  of b a c te r ia  p e r  g 

caecal c o n te n ts  in  a n y  one a g e -g ro u p  as  in d ic a ted  b y  th e  la rg e
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s ta n d a rd  d e v ia tio n s  (Table 43), re s u lt in g  in  no o b v io u s  d ie t o r  

a g e - r e la te d  c h a n g e s  in  b a c te ria l c o n c e n tra tio n  in  th e  caecal 

c o n te n ts .

In  th is  s tu d y  in v e s t ig a tin g  th e  e ffe c t of ag e  an d  d ie t on 

c e r ta in  g u t  f lo ra  enzym e a c tiv itie s , th e  d ie t (e ith e r  f ib r e - f r e e  o r  

5% p e c tin )  w as fe d  to  mice from  w eaning . To confirm  th a t  th e  d a ta  

o b ta in e d  w as re la te d  to  in c re a s in g  ag e  an d  n o t an  ad ap tio n  to  th e  

d ie t, a  seco n d  ex p erim en t w as c a r r ie d  o u t in  w hich  th e  a c tiv itie s  of 

n i t r a te  re d u c ta s e , n i tro re d u c ta s e  a n d  8 -g lu c u ro n id a se  w ere 

d e te rm in ed  in  mice a g ed  14 w eeks a n d  fed  on 5% p ec tin  fo r  e i th e r  a  

d u ra tio n  of 11 o r  2 w eeks. I t  c an  be seen  from  Table 44 th a t ,  w hen 

e x p re s se d  a s  p e r  gram  of caecal c o n te n ts , no s ig n if ic a n t d iffe ren c e  

ex is ted  in  a n y  of th e  th r e e  enzym e a c tiv itie s  be tw een  th e se  2 g ro u p s  

of mice. F o r exam ple th e  r a te  of n i t r i te  p ro d u c tio n  was 

2 7 .5 p m o l/h r /g  in  mice fe d  p e c tin  fo r  11 w eeks a n d  26.7^im ol/hr/g  fo r  

mice fe d  p e c tin  fo r  2 w eeks. Nor w ere  a n y  s ig n if ic a n t d if fe re n c e s  

in  enzym e a c t iv i ty  a p p a r e n t  b e tw een  mice fed  p e c tin  fo r  2 o r  11 

w eeks w hen v a lu e s  w ere  a d ju s te d  to  1010 b a c te r ia  (to  a c c o u n t fo r  th e  

1.45 fo ld  g r e a te r  b a c te r ia l  c o n c e n tra tio n  of mice fed  p e c tin  fo r  2 

w eeks; Table 44). T able 43 show s th a t  th e  c aeca  of mice fed  5% 

p e c tin  fo r  2 w eeks w ere  on a v e ra g e  25% sm aller th a n  th o se  of mice 

fed  p e c tin  fo r  11 w eeks (0.131g com pared  to  0.174g re sp e c tiv e ly ) .

As a  r e s u l t ,  th e  a c tiv itie s  of n i t r a te  r e d u c ta s e , n itro re d u c ta s e  an d  

8 - g lu c u ro n id a se  w ere  36%, 30% an d  5% low er re s p e c tiv e ly  in  mice fed  

p e c tin  fo r  a  2 w eek d u ra tio n .

In  sum m ary, th e  r e s u l t s  in d ic a te  th a t  th e  in  v itro  a n d /o r  in  

v iv o  m u tag en ic ity  of c e r ta in  d ie ta ry  geno tox ins can  be m arked ly
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Table  44 Body w e ig h ts , c a e c a l w eigh ts  and c a e c a l 
enzyme a c t i v i t i e s  o f 14 week o ld  mice fed  

5% p e c tin  fo r  e i t h e r  2 o r  11 weeks.

Mice fed[ a 5% p e c t in  d i e t  fo r

11 weeks 2 weeks

Body w eight g 19.25 + 1.48 19.23 + 1.59

C aecal w eight g 0.174 + 0.02 0.131 + 0.02

B a c te r ia /g  c a e c a l 9 .93 + 3.63 14.42 + 6.16
c o n te n ts (x lO 10) 

N i t r a te  re d u c ta se
p m o l/h r/g 27.75 + 9.47 26.69 + 4.36
pm ol/hr/caecum 4.71 + 1.12 3.46 + 0 .48
p m o l/h r/1 0 10b a c te r ia 31.07 + 17.00 22.18 + 11.60

N itro re d u c ta se
p m o l/h r/g 0.575 + 0.086 0.548 + 0.152
pm ol/hr/caecum 0.099 + 0.007 0.076 + 0.013
p m o l/h r/1 0 10b a c te r ia 0.661 + 0.307 0.430 + 0.180

B -g lu cu ro n id ase
p m o l/h r/g 28.00 + 4.54 32.49 + 12.25
pm ol/hr/caecum 4.84 + 0.84 4.54 + 1.65
p m o l/h r/1 0 10b a c te r ia 30.68 + 10.52 26.41 + 15.13

Suspensions were p repared  from c a e c a l c o n te n ts  o f mice fed  p e c tin  
fo r  2 o r  11 weeks (Methods s e c t io n  8 a ) . C aecal c o n te n ts  from 3 
mice were pooled fo r  each c a e c a l su sp en sio n  w ith  4 su sp en sio n s  
p rep a red  fo r  each d i e t .  B a c te r ia l  enum eration  and enzyme 
a c t i v i t i e s  were determ ined  as d e sc rib e d  in  Methods s e c t io n  9a. 
R e su lts  a re  g iven  as means + SD. Comparisons between th e  2 groups 
o f mice were c a r r ie d  o u t u s in g  Anova.
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in f lu e n c e d  by  th e  ag e  of th e  anim al. D evelopm ental c h a n g e s  in  th e  

enzym es in v o lv ed  in  th e  a c tiv a tio n  a n d  d e to x ifica tio n  of th e se  

com pounds a p p e a r  to  be re sp o n s ib le  fo r  th e  o b s e rv e d  c h a n g e s  in  

geno tox ic  a c tiv ity .

In  c o n tr a s t ,  no c o n s is te n t a g e - re la te d  c h an g e  in  g u t- f lo ra  

m etabolism  w as a p p a re n t .  D ie ta ry  p e c tin , how ev er, g re a t ly  

in c re a s e d  n i t r a te  re d u c ta s e  a c t iv i ty  in  th e  caecal c o n te n ts , 

i r r e s p e c t iv e  of h o s t ag e , a lth o u g h  p e c tin  had  no m arked  e f fe c t  on 

e i th e r  n i tro re d u c ta s e  o r  f i-g lu c u ro n id a se  a c tiv itie s .
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CHAPTER 7

M o d ifica tio n s to  th e  D N A -repair h o s t-m e d ia te d  a s sa y

In  th e  D N A -repair h o s t-m ed ia ted  a s s a y  o f Mohn (1984), 

r e p a ira b le  DNA dam age is  d e te rm in ed  u s in g  a  p a ir  of 

s tre p to m y c in -d e p e n d e n t E» coli K-12 d e r iv a tiv e s  w hich  d if fe r  in  

D N A -repair c a p a c ity  a n d  in  th e ir  a b ility  to  fe rm e n t lac to se .

D uring  my s tu d ie s  v a r io u s  m odifications to  th e  D N A -repair 

h o s t-m e d ia te d  a s s a y  w ere  te s te d  to  t r y  to  im prove th e  s e n s i t iv i ty  of 

th is  a s sa y . T hese  m odifications in c lu d ed  th e  u se  of :

1. E. co li s t r a in s  d e fic ien t in  cell la y e r  

lip o p o ly sacch a rid e  (LPSdef).

2. B ac te ria  in  logarithm ic  g ro w th  in  p lace  of b a c te r ia  in  

s ta t io n a ry  g row th .

3. T re a tin g  th e  b a c te r ia  w ith  EDTA to  in c re a s e  th e  

p e rm eab ility  of th e  cell w a ll.

The main a d v a n ta g e  of th e  in tra s a n g u in e o u s  h o s t-m e d ia ted  a ssa y , 

a s  a  b a c te r ia l  m u tag en ic ity  te s t ,  is  th a t  i t  com bines th e  in d ic a to r  

m icroo rgan ism s w ith  mammalian m etabolism . As show n b y  exp erim en ts  

p re s e n te d  in  th is  th e s is ,  a  la rg e  p ro p r tio n  of a n  in tra v e n o u s  

in je c tio n  of b a c te r ia  (£*.' coli o r  S. typ h im u riu m  TA98) a re  re c o v e re d  

from  th e  liv e r . B ecause th e  liv e r  is an  im p o rtan t s ite  of 

xenob io tic  m etabolism , th e  h o s t-m ed ia ted  a s s a y  is  ab le  to  p ro v id e  

c lose c o n ta c t be tw een  in d ic a to r  b a c te r ia  an d  re a c tiv e  m etabo lites. 

H ow ever, i t  is  th o u g h t th a t  b a c te r ia , su c h  a s  E . colit a re  u n ab le  to  

p e n e tr a te  h e p a to c y te s  -  th e  main s ite  of m etabolic a c tiv a tio n . An 

in v e s tig a tio n  w as c a r r ie d  o u t to  de te rm in e  th e  location  of b a c te r ia
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w ith in  th e  liv e r  o f fem ale BALB/c mice, a f te r  in tra v e n o u s  in je c tio n  

of b a c te r ia ,  a s  in  th e  h o s t-m ed ia ted  a s sa y  d e sc r ib e d  in  M ethods 

s e c tio n  11a.

The D N A -repair h o s t-m ed ia ted  a s sa y  can  a lso  be u se d  to  m easu re  

g en o to x ic ity  in  th e  g a s tro - in te s t in a l  t r a c t .  P re lim in ary  

e x p e r im e n ts  a re  r e p o r te d  in v e s tig a tin g  th e  s u rv iv a l  an d  t r a n s i t  tim e 

of th e  p a ire d  E. coli s t r a in s  343/765 and  343/753 th ro u g h  th e  mouse 

g a s t r o - in te s t in a l  t r a c t .

1. E, co li s t r a in s  d e f ic ie n t in  cell la y e r  lip o p o ly sa cc h a rid e

In  th e  D N A -repair h o s t-m ed ia ted  a s sa y  th e  b a c te r ia l  s t r a in s  E, 

coli 343/765 (uvr+, rec*, Lac“) and  E. coli 343/753 ( u v rB y recA,

Lac+) a r e  u s e d  (see  M ethods sec tion  l i b ) .  D e riv a tiv es  o f b o th  

s t r a in s ,  w hich  co n ta in  a n  incom plete lip o p o ly sacch a rid e  cell la y e r , 

w ere  d ev e lo p ed  b y  Mohn (1984) th ro u g h  m uta tion  a n d  iso la ted  b y  th e i r  

r e s is ta n c e  to  p h a g e  T7. T hese L P S -d e fic ien t (LPSdef) s t r a in s ,  E, 

coli 343/801 ( u v r +, rec*, Lac") an d  E. coli 343/772 ( u v rB , recA,

Lac+) w ere  com pared  to  th e  p a re n t  s t r a in s  (E, coli 343/765 an d  

343/753 re s p e c tiv e ly )  in  th e i r  ab ility  to  d e te c t  th e  genotoxic 

a n ti-sc h is to so m a l d ru g , h y can th o n e . T h is  com pound w as ch o sen  a s  i t  

w as h o p ed  to  be u se d  a s  a  model chem ical in  f u tu r e  s tu d ie s  a t  th e  

la b o ra to ry  a t  U n iv e rs ity  College to  in v e s tig a te  d ie ta ry  m odification 

of g lu c u ro n id e  h y d ro ly s is  w ith  th e  p ro d u c tio n  of geno tox ic  a g e n ts .

P r io r  to  u s in g  th e s e  LPSdef E. coli s t r a in s  in  v iv o  th e y  w ere  

te s te d  in itia lly  in  th e  in  v itr o  genotox icity  a s sa y  a s  d e sc r ib e d  in  

M ethods sec tio n  10b. F or th e  in  v itro  g en o to x ic ity  a s s a y , c u ltu re s  

of each  s t r a in  w ere  g row n u p  o v e rn ig h t y ie ld in g  f in a l v iab le
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p o p u la tio n s  (p e r  ml) of 2.47 x 109 E. coli 343/765, 1.62 x 108 

343/753, 4.24 x 108 343/801 a n d  3.1 x 107 343/772. I t  c an  be see n  

th a t  th e  re  p a ir -d e f ic ie n t  an d  th e  LPSdef c u ltu re s  g rew  to  sm aller 

f in a l p o p u la tio n s  th a n  th e ir  p ro f ic ie n t c o u n te rp a r ts .  From th e  

above  r e s u l t s  th e  v ia b ility  of E. coli 343/753, 343/801 an d  343/772 

w as c a lc u la te d  a s  6.6%, 17.2% an d  1.3% re sp e c tiv e ly , o f th a t  of E. 

coli 343/765.

Each o v e rn ig h t  c u ltu re  of E. coli b a c te r ia  w as sed im en ted  an d  

re s u s p e n d e d  in  PBS-S to  g ive  an  op tica l d e n s ity  of 5. A liquots 

(0,2ml) of th e s e  b a c te r ia l su sp e n s io n s  w ere in c u b a te d  w ith  22 o r  

220nmol h y c an th o n e  o r  sa line  (in p lace of h y can th o n e ) in  a  to ta l 

volum e of 1ml.

From T able 45, i t  can  be seen  th a t  a d ju s t in g  each  b a c te r ia l 

su sp e n s io n  to  th e  same o p tica l d e n s ity  re a d in g , s til l  p ro d u c e d  

m arked  d if fe re n c e s  in  th e  n u m b ers  of v iab le  b a c te r ia  p e r  u n it  

volum e. F o r in s ta n c e , approx im ate ly  9 x 107 E. coli 343/772 

(LPSdef, recA , uvrB ) w ere  a d d ed  to  in cu b a tio n  tu b e s  com pared  to  9 

x 108 of th e  s i s te r  ( re p a ir -p ro f ic ie n t)  s tra in  E. coli 343/801.

S im ilarly , th e re  w ere  g r e a te r  n u m b ers  (b y  a  fa c to r  of 6.2) of th e  

re p a ir  p ro f ic ie n t a n d  LPS+ s tr a in  (E. coli 343/765) th a n  i t s  p a ire d , 

r e p a ir -d e f ic ie n t  s t r a in  {E, coli 343/753; Table 45)

In  c o n tro l sam ples, in  w hich saline was a d d e d  to  th e  in c u b a tio n  

in  p lace  of h y c an th o n e , th e re  w as no loss of v ia b ility  of e i th e r  

LPS+ s tr a in  (Table 45). H ow ever, fo r th e  LPSdef b a c te r ia , th e re  

was a  64% re d u c tio n  in  v iab le  cell n u m bers fo r  b o th  s t r a in s  d u r in g  

th e  p re in c u b a tio n  p e rio d  (Table 45). Since th e  g en o to x ic ity  d a ta
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T able  45 S u rv iv a l o f E. c o l i  343/765 and i t s  r e p a i r  
d e f i c i e n t  and L P S -d e fic ie n t d e r iv a t iv e s  t r e a te d  

w ith  hycanthone in  th e  in  v i t r o  
g e n o to x ic ity  assay

E. c o l i  s t r a i n  V iab le  E. c o l i / in c u b a t io n  mix (xlO 7 )

Hycanthone c o n c e n tra tio n  (pM)
0 22 220

343/765 (LPS+ , u v r +, rec*) 70.8 ± 6.3 58.3 ± 10.4 64.7 + 3 .3

343/753 ( LPS+ , uvrB, recA ) 13.4 + 0.33 2.46 + 0.12 0 .54 + 0 .16

343/801 ( LPSdef , uvr* , rec*) 33.0 ± 3.1 32.2 + 12.8 25 .0 + 4 .9

343/772 (LPSd e f , uvrB, reck) 3.32 + 1.34 0.34 ± 0.12 0.014 ± 0.003

V iab le  b a c te r ia  i n i t i a l l y  added 
to  in cu b a tio n  (xlO 7 )

343/765 67 .3  ± 1.2

343/753 10.8  ± 3 . 5

343/801 92 .3  ± 11.0

343/772 9 .31  + 1.68

O vern igh t c u l tu r e s  o f each E. c o l i  s t r a in  were resuspended  in  PBS-S 
to  an o p t ic a l  d e n s i ty  o f  5 . A liq u o ts  (0 .2m l) o f  th e  resuspended  
c u l tu r e s  were added to  in c u b a tio n s  co n ta in in g  S9, a p p ro p r ia te  
c o fa c to r s  and h y c a n th o n e /s a lin e  ( in  a t o t a l  volume o f 1ml) and 
in cu b ated  fo r  1 h r  a t  37°C. A fte r  th e  in c u b a tio n  p e r io d , 0.1m l was 
removed and d i lu te d  100 fo ld  in  ic e  co ld  s a l i n e .  F u r th e r  
a p p ro p r ia te  d i lu t io n s  were c a r r ie d  o u t p r io r  to  p la t in g  on to  NRS-S 
ag ar (Methods s e c t io n  7b & 10b). Assays were c a r r ie d  o u t in  
d u p lic a te  w ith  a p p ro p r ia te  d i lu t io n s  p la te d  in  t r i p l i c a t e .  R e su lts  
a re  g iven  as  means + SD. R efer a ls o  to  F ig . 36.
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F ig u re  36 C om parison  of LPSdef an d  LPS+ E. coli in d ic a to r  b a c te r ia  
in  th e i r  a b ility  to  d e te c t  th e  geno tox in , h y can th o n e  in  a n  in v itro  
a ssay . O v e rn ig h t c u l tu r e s  of th e  E. coli s t r a in s  343/765 
(Lac-, uvr+srec*), 343/753 (L ac+,uv rB ,recA ), 343/801 
(LPSdef,L ac- , uvr+tr e c *) a n d  343/772 (LPSdef,Lac+,uvrB ,recA ) w ere 
re s u s p e n d e d  in  PB S-S to  a n  o p tic a l d e n s ity  o f 5. A liquots (0.2ml) 
of each  c u l tu re  w ere  a d d e d  to  in c u b a tio n s  co n ta in in g  S9, c o fac to rs  
an d  h y c a n th o n e  (in  a  to ta l  volum e o f 1ml). F o r f u r th e r  d e ta ils , 
r e f e r  to  Table 45 a n d  M ethods se c tio n s  7b & 10b. R esu lts  (see  Table 
45) a re  c a lc u la te d  a s  s u rv iv a l  o f th e  re p a ir  d e fic ien t s t r a in s  w ith  
re s p e c t  to  th e  a p p ro p r ia te  r e p a i r  p ro f ic ie n t s t r a in  an d  g iv en  as  
m eans of t r ip l ic a te  p la te s  o f 2 re p lic a te  in cu b a tio n s . LPS+ ( • ) ;  
LPSdef (O ) .
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is  e x p re sse d  a s  th e  p e rc e n ta g e  re la tiv e  su rv iv a l of th e  re p a ir  

d e f ic ie n t to  th e  r e p a ir  p ro f ic ie n t s t r a in  no genotoxic a c tiv ity  w as 

a p p a re n t  in  th e s e  tw o s e ts  of co n tro l sam ples.

In  in c u b a tio n  tu b e s  co n ta in in g  h y can th o n e  a  m arked  decline  in  

th e  re la tiv e  s u rv iv a l  of b o th  re p a ir  d e fic ien t s t r a in s  (E, coli 

343/753 an d  343/772) w as o b se rv e d  -  th e  e x te n t o f th e  re d u c tio n  

be in g  d e p e n d e n t on b o th  th e  co n ce n tra tio n  of h y can th o n e  an d  th e  LPS 

s ta tu s  of th e  cell la y e r  (F ig. 36). As th e  am ount o f h y c an th o n e  

p re s e n t  in  th e  in c u b a tio n  in c re a se d , th e  n u m b ers  of v iab le  r e p a ir  

d e fic ien t b a c te r ia  d e c re a se d  w ith  th e  g re a te s t  lo ss  of v ia b ility  

o c c u rr in g  in  th e  LPSdef ce lls  (Fig. 36). At a  h y can th o n e  

c o n c e n tra tio n  of 22pM, th e  re la tiv e  su rv iv a l of th e  LPSdef s t r a in  E, 

coli 343/772 fe ll b y  90% com pared  to  th e  c o n tro ls  (co n ta in in g  sa line  

in  p lace of h y c a n th o n e ) . T h is re d u c tio n  in  th e  re la tiv e  s u rv iv a l 

of th e  LPSde£ s t r a in  d e c re a se d  by  a f u r th e r  95% a t  th e  h ig h e r  

m utagen  dose of 220pM h y c an th o n e  (Fig. 36). In  com parison , th e  

re la tiv e  s u rv iv a l o f E, co li 343/753 (LPS+) d e c re a se d  by  78% a n d  

th e n  b y  a  f u r th e r  80% a s  th e  c o n ce n tra tio n  of h y c an th o n e  in c re a se d  

from OpM (ie. sa lin e) to  22pM an d  220pM h y c an th o n e  re s p e c tiv e ly  

(Fig. 36). Cell d e a th  w as a p p a r e n t  in  b o th  th e  r e p a ir  p ro f ic ie n t 

s tra in s  exposed  to  h y c a n th o n e  w ith re d u c tio n s  of 9% an d  21% o b se rv e d  

fo r E. coli 343/765 a n d  343/801 re sp e c tiv e ly  a t  th e  h ig h e s t  m utagen  

c o n ce n tra tio n  (Table 45).

S ince th e  LPSdef s t r a in s  of E. coli w ere  m ore se n s itiv e  to  th e  

genotoxic ac tio n  of h y c an th o n e , f u r th e r  ex p erim en ts  w ere  a tte m p ted  

to  in v e s tig a te  th e  re s p o n se  of LPSdef E. coli s t r a in s  to w ard s  

h y can th o n e  in  vivo . H ow ever p rob lem s a ro se  w hen  u s in g  th e se
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s tra in s . F ir s t ly , i t  w as d iff ic u lt  to  o b ta in  s u ff ic ie n t o v e rn ig h t 

c u ltu re  o f th e  LPSdef r e p a ir  d e fic ien t E. coli s t r a in  343/772 as  

re q u ire d  fo r  a  h o s t-m e d ia ted  a s sa y , d u e  to  th e  re d u c e d  g ro w th  

k in e tic s  of th is  s tra in . S econd ly , th e  mucoid colony m orphology of 

E. coli 343/772 led  to  a  s tro n g  te n d e n c y  to  co n flu en ce  of la rg e  

sized  co lon ies, m aking i t  d iff ic u lt to  make ex ac t m easu rem en ts  of 

d iffe re n tia l k illing  e ffe c ts . As a  r e s u l t  of th e se  p rob lem s I 

c o n s id e re d  i t  im p rac tica l to  c o n tin u e  u s in g  th e se  s t r a in s  on  a 

ro u tin e  b a sis . C o n seq u en tly , o th e r  m ethods of im prov ing  th e  

s e n s it iv ity  of th e  D N A -repair h o s t-m ed ia ted  a s s a y  w ere  in v e s tig a te d .

2. B ac te ria  in  lo g arithm ic  g ro w th

A ctively  g row ing  b a c te r ia  a re  c o n s id e re d  to  be more se n s itiv e  

to  th e  genotoxic ac tio n  of chem icals. An in v e s tig a tio n  w as c a r r ie d  

o u t to  d e term ine  w h e th e r  th e  p a ire d  in d ic a to r  E. coli s t r a in s  

343/765 a n d  343/753 w ere  m ore s e n s itiv e  to  th e  genotoxic a c tiv ity  of 

n itro so m e th y lu re a  w hen in  logarithm ic  g ro w th  p h a se  o r  w hen in  

s ta t io n a ry  g ro w th  in  th e  in  v itro  g en o to x ic ity  a s s a y  (M ethods 10b). 

The ca rc in o g en , n itro so m e th y lu re a  w as u se d  sin ce  sim ilar com parisons 

(of b a c te r ia  in  logarithm ic  a n d  s ta t io n a ry  g ro w th  p h ase ) h av e  been  

c a r r ie d  o u t u s in g  th is  com pound a t  th e  la b o ra to ry  a t  U n iv e rs ity  

College fo r  o th e r  E. coli in d ic a to r  s tr a in s .

The g ro w th  c u rv e  of E. coli 343/765 an d  343/753 is  show n in  

F ig u re  37. From th is  f ig u re  i t  can  be seen  th a t  b o th  s t r a in s  a re  

in  logarithm ic  g ro w th  40 m inu tes a f te r  ad d in g  th e  b a c te r ia l inoculum  

to  th e  f r e s h  PEPS^bouilion (M ethods 7b). In itia lly  th e  r a te s  of 

exponen tia l g ro w th  fo r E. coli 343/765 an d  343/753 w ere  sim ilar w ith  

v a lu es  of o p tica l d e n s ity  do u b lin g  e v e ry  60 m inu tes . H ow ever, th e
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F ig u re  37 G row th c u rv e s  o f E. co li 343/765 a n d  343/753. An 
a liq u o t of o v e rn ig h t  c u l tu re  o f e ac h  s t r a in  w as in o cu la ted  in to  
f r e s h  g ro w th  m edium (P E P S -bou illon ) to  g iv e  a n  o p tica l d e n s ity  of 
0.1. The c u l tu re s  w ere  s h a k e n  a t  37°C a n d  th e  o p tica l d e n s ity  
m easu red  a t  r e g u la r  in te rv a ls .  F o r f u r th e r  d e ta ils  see  M ethods 
sec tio n  7b. E. co li s t r a in s :  343/765 (Lac- , uvr+,rec+; ®); 343/753 
(Lac+, u v rB , recA; O ).

-  225 -



le n g th  of th e  lo g arith m ic  g ro w th  p h a se  d if fe re d  fo r  th e  tw o b a c te r ia  

w ith  th e  r e p a i r  p ro f ic ie n t s t r a in  rem ain ing  in  lo g arith m ic  g ro w th  

fo r  ap p ro x im a te ly  3.5 h o u rs  com pared  to  2 h o u rs  fo r  th e  re p a ir  

d e f ic ie n t s t r a in  (F ig. 37).

In  th e  in  v itr o  g en o to x ic ity  a s s a y  (M ethods sec tio n  10b), 

a liq u o ts  of b a c te r ia  w ere  rem oved  from  th e  a c tiv e ly  g row ing  c u l tu re s  

w hen o p tica l d e n s ity  re a d in g s  of 0.90 an d  0.78 fo r  E, coli 343/765 

an d  343/753 re s p e c tiv e ly  w ere  o b ta in ed . The b a c te r ia  (b o th  th o se  

in  lo g arithm ic  g ro w th  an d  a liq u o ts  of a  s ta t io n a ry  o v e rn ig h t  

c u ltu re )  w ere  th e n  re s u sp e n d e d  to  an  o p tica l d e n s i ty  of 5. As 

o b s e rv e d  in  th e  p re v io u s  sec tio n , th e  n u m b ers  of v iab le  b a c te r ia  

p r e s e n t  in  su sp e n s io n s  of sim ilar o p tica l d e n s i ty  w ere  low er (by  

78%) fo r th e  r e p a ir  d e fic ien t s t r a in s  a s  com pared  to  th e  p a ire d  

r e p a ir  p ro f ic ie n t s t r a in  i r r e s p e c t iv e  of g ro w th  p h a se  (T able 46). 

F u r th e rm o re , s ta t io n a ry  c u l tu re s  c o n ta in ed  ap p ro x im ate ly  40% few er 

v iab le  b a c te r ia  th a n  a n  e q u iv a le n t volum e of a c tiv e ly  g row ing  ce lls  

(Table 46).

When ex p o sed  to  n itro so m e th y lu re a  a n  in c re a s e  w as o b se rv e d  in  

th e  am ount of re p a ira b le  DNA dam age (as m easu red  b y  th e  re d u c tio n  in  

th e  re la tiv e  s u rv iv a l  of th e  r e p a ir  d e fic ien t s t r a in )  concom itan t 

w ith  th e  in c re a se  in  c a rc in o g e n  c o n c e n tra tio n . The e x te n t of th e  

in c re a se  in  DNA dam age w as sim ilar fo r  b o th  a c tiv e ly  g row ing  an d  

s ta t io n a ry  cells. F o r exam ple, fo r  cells  in  e i th e r  g ro w th  p h ase  

th e re  was an  88% decline  in  th e  re la tiv e  s u rv iv a l  o f th e  r e p a ir  

d e fic ien t s t r a in  a s  th e  m u tagen  c o n c e n tra tio n  in c re a s e d  from  0.2pM 

to  1.2pM. F u r th e rm o re  th is  in c re a se  in  re p a ira b le  DNA dam age 

o c c u r re d  a t  a  logarithm ic  r a te  e x cep t fo r  a c tiv e ly  g row ing  ce lls , a t
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T able 46 E f fe c t  o f growth phase and exposure to  n itro so m e th y lu re a  
on th e  s u rv iv a l  o f E. c o l i  343/765 and i t s  r e p a i r  

d e f i c i e n t  d e r iv a t iv e  343/753 in  th e  
in  v i t r o  g e n o to x ic ity  a ssay

NMU V iab le  E. c o l i / in c u b a tio n  (xlO7 )

343/765 343/753

s ta t io n a r y  log s ta t io n a r y log

0 31 .8  + 6 .9 23.7 ± 3 .5 8 .90  + 1.01 3.92 + 0 .58

0 .2 20 .6  + 3 .6 21.6 + 3 .2 6.92 + 1.17 2.15  ± 0 .47

0 .6 27 .0  + 8 .1 17.2 ± 2 .1 4.02 ± 0.81 0 .69  + 0 .17

1.2 24 .4  + 8 .8 14.3 ± 2 .4 1.01 ± 0 .32 0.18  ± 0 .04

2.0 12 .3  ± 2 .8 12.2 ± 2 .3 0 .30  + 0 .08 0.042 ± 0.008

V iab le  b a c te r ia added i n i t i a l l y  to  in c u b a tio n  (xlO7 )

36 .0  + 3 .5 23.1 + 2 .5 8 .1  + 0 .71 4.75 + 0 .71

Each E, c o l i  s t r a i n  was grown in  PE PS-bouillon a s  d e ta i l e d  in  
Methods 7b. When a t  th e  re q u ire d  s ta g e  o f  grow th th e  b a c te r ia  were 
sedim ented and resuspended  in  PBS-S to  an o p t i c a l  d e n s i ty  o f 5. 
A liq u o ts  (0 .2m l) o f  th e  re su sp en sio n s  were added to  in c u b a tio n s  
c o n ta in in g  n i tro s o m e th y lu re a /s a l in e  ( in  a  t o t a l  0.6m l volume) and 
in cu b ated  fo r  30 mins a t  37°C. A fte r  th e  in c u b a tio n  p e r io d , 
a l iq u o ts  (0 .1m l) were d i lu te d  100 fo ld  in  ic e  c o ld  s a l i n e .  F u r th e r  
a p p ro p r ia te  d i lu t io n s  were c a r r ie d  ou t p r io r  to  p la t in g  on to  NRS-S 
agar (Methods s e c t io n  10b). Assays were c a r r ie d  o u t in  d u p lic a te  
w ith  a p p ro p r ia te  d i lu t io n s  p la te d  in  t r i p l i c a t e .  R e su lts  a re  g iven  
as means + SD. R efer a ls o  to  F ig s . 37 & 38.
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Figure 38 The effect of growth phase on the ability of E. co li 
343/765 and 343/753 to detect the genotoxin, nitrosomethylurea. An 
aliquot of overnight culture of each strain was inoculated into 
fresh growth medium and shaken at 37°C until the cultures were in 
mid-logarithmic growth (see Fig. 37). These log growth'cultures and 
overnight stationary cultures were then resuspended in PBS-S and 
aliquots (0.2ml) incubated with different concentrations of 
nitrosomethylurea (in a total volume of 0.6ml). After the 
incubation, aliquots (0.1ml) were diluted in ice-cold saline prior 
to plating onto NRS-S agar. For further details refer to Table 46 
and Methods sections 7b & 10b. Results (see Table 46) were 
calculated as the percentage survival of the repair deficient strain 
(343/753) with respect to the repair proficient strain (343/765) 
from triplicate plates of 2 replicate incubations and given as 
means. Growth status : logarithmic ( O ); stationary ( •  ).
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th e  h ig h e s t  m u tag en  c o n c e n tra tio n  (2.0pM n itro so m e th y lu re a ; Fig. 38) 

a n d  fo r  th o se  b a c te r ia  in  s ta t io n a ry  g ro w th , th e  re d u c e d  s u rv iv a l  of 

E. co li 343/753 w as o n ly  a p p a re n t  a t  c o n c e n tra tio n s  ab o v e  0.2pM 

n itro so m e th y lu re a  (F ig. 38).

In  a d d itio n , a s  th e  c o n ce n tra tio n  of n itro so m e th y lu re a  in  th e  

in c u b a tio n  mix in c re a s e d  from  no m u tagen  to  2.0pM n itro so m e th y lu re a  

th e re  w as a  d ec lin e  in  th e  s u rv iv a l of th e  r e p a ir  p ro f ic ie n t s t r a in  

343/765 by  61% a n d  48% fo r  b a c te r ia  in  log arith m ic  a n d  s ta t io n a ry  

g ro w th  re s p e c tiv e ly  (Table 46).

3. T re a tm e n t o f E. co li 343/765 a n d  343/753 w ith  EDTA

T re a tin g  b a c te r ia  w ith  EDTA as  d e sc r ib e d  in  M ethods 7c

in c re a s e s  th e  p e rm eab ility  of th e  cell wall by  rem oving  some of th e  

lip o p o ly sa cc h a rid e . An ex p erim en t was c a r r ie d  o u t to  in v e s t ig a te  

w h e th e r  th is  p r e - t r e a tm e n t  in c re a se s  th e  s e n s it iv i ty  of th e  p a ire d  

in d ic a to r  s t r a in s  E . coli 343/765 an d  343/753 to  th e  genotoxic 

a c tiv ity  of th e  d ie ta ry  ca rc in o g e n s , IQ an d  a fla to x in  Bi.

As r e p o r te d  e a r l ie r  in  th is  c h a p te r  (see  se c tio n s  1 & 2), th e

n u m b er of v iab le  E, coli 343/753 p e r  ml o v e rn ig h t  c u l tu re  w as low er

(b y  90%) th a n  th a t  of th e  re p a ir  p ro f ic ie n t E, coli 343/765. In  

th e  in  v itr o  g en o to x ity  a s s a y  (M ethods sec tio n  10b), e ach  s t r a in ,  

w h e th e r  p r e t r e a te d  w ith  EDTA o r  u n tre a te d  w as in c u b a te d  s e p a ra te ly  

w ith  m u tagen . The EDTA tre a tm e n t alone p ro d u c e d  a  re d u c tio n  in  th e  

n u m ber of v iab le  b a c te r ia , b y  23% an d  67% fo r  E, coli 343/765 a n d  

343/753 re s p e c tiv e ly , com pared  to  th e  u n tr e a te d  b a c te r ia  (T able 47).

When ex posed  to  IQ (5, 50, 500nM) th e re  w as no s ig n if ic a n t lo ss
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in  v ia b ility  of th e  r e p a ir  p ro f ic ie n t s t r a in  (E. coli 343/765), 

i r r e s p e c t iv e  of t re a tm e n t w ith  EDTA o r  n o t (Table 47). F o r th e  

r e p a ir  d e f ic ie n t s t r a in  (343/753) a  decline  in  s u rv iv a l, of a ro u n d  

66%, w as a p p a r e n t  fo r  th e  u n tr e a te d  cells  a t  th e  h ig h e s t  

c o n c e n tra tio n  (500nM) of IQ. H ow ever, th e  v ia b ility  o f E. coli 

343/753 p r e - t r e a te d  w ith  EDTA w as m arked ly  re d u c e d  a t  a ll 

c o n c e n tra tio n s  o f IQ te s te d .  F or example w hen 5 o r  500nM of IQ w as 

in c lu d e d  in  th e  in c u b a tio n  mix th e  n u m b ers  of 343/753 d e c re a se d  by  

80% an d  98% re s p e c tiv e ly  w ith  r e s p e c t  to  th o se  in c u b a tio n s  

co n ta in in g  no m u tag en  (Table 47, Fig. 39).

When a fla to x in  Bi w as in c lu d ed  in  th e  in c u b a tio n  mix th e r e  w as 

a  lo ss  of v iab le  r e p a ir  p ro f ic ie n t b a c te r ia  (343/765) a t  th e  h ig h e s t  

a fla tox in  c o n c e n tra tio n  (1.6pM), of 12% an d  63% fo r  u n tr e a te d  a n d  

E D T A -treated  c e lls  re s p e c tiv e ly  (Table 47). As a  r e s u l t  o f th is  

decline in  v ia b ility  o f E. coli 343/765, th e  d a ta  cue e x p re s s e d  a s  

th e  p e rc e n ta g e  s u rv iv a l  of th e  r e p a ir  d e fic ien t E. co li 343/753 

re la tiv e  to  th e  r e p a ir  p ro f ic ie n t s t r a in  E. coli 343/765 (F ig. 39).

As fo r IQ, th e r e  w as a  decline  in  th e  re la tiv e  s u rv iv a l of th e  

r e p a ir  d e fic ien t s t r a in  a s  th e  c o n c e n tra tio n  of a fla to x in  in  th e  

in cu b a tio n  mix in c re a s e d . In  th e  co n tro l sam ples (no EDTA 

tre a tm e n t)  th e  re la tiv e  s u rv iv a l  of E, coli 343/753 d e c re a se d  to  64% 

in  in c u b a tio n s  c o n ta in in g  0.08yiM afla tox in  Bi a n d  to  8% fo r  1.6pM 

afla to x in  w ith  r e s p e c t  to  in c u b a tio n s  co n ta in in g  DMSO in  p lace  of 

m utagen  (Table 47; F ig. 39). In  com parison  th e  re la tiv e  s u rv iv a l  

of E, coli 343/753 p r e - t r e a te d  w ith  EDTA a t  th e  same a fla to x in  Bi 

c o n c e n tra tio n s  (0.08 a n d  1.6pM) w as 10% a n d  2% re s p e c tiv e ly  (Table 

47; Fig. 39).
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T able  47 The s u rv iv a l  o f  E. c o l i  343/765 and 343/753 
a f t e r  p re tre a tm e n t w ith  EDTA in  th e  

in  v i t r o  g e n o to x ic ity  a ssay

Mutagen Concen
t r a t i o n

V iab le  E, co l  i / in c u b a tio n (xlO 7 )

C o n tro ls EDTA-treated

343/765 343/753 343/765 343/753

IQ 5nM
50nM

500nM

52.0  + 3 .6  
49 .6  + 11.0
60 .0  ± 10.1

11.9 + 0 .8  
13.4 ± 1.6 

4 .6  ± 1.4

18 .8  + 10.3
15.1 + 5 .0
18.1 ± 2 .8

1 .4
2 .3

0 .13

+ 0 .3  
+ 1 .4  
± 0 .01

A fla to x in i Bi 
0 .08pM 
0.32pM 
1 .60pM

64.3  + 4 .0
58.7 + 7 .2
56.7  ± 6 .7

8 .6  + 0 .8  
5 .8  + 1.7 
1.1 + 0 .3

16.4  + 1 .0  
21 .3  + 5 .6  

9 .7  ± 1.5

0.42
0 .14
0.06

+ 0 .87  
+ 0 .22  
± 0 .02

DMSO lO pl 64.7  + 7 .6 13.6 ± 7.4 26 .5  ± 7 .1 6 .8 + 0 .9

V iab le  b a c te r i a  added to  in c u b a tio n  (xlO7 ):
860 + 87 254 + 18 660 + 5 7  84 + 18

A liq u o ts  o f o v e rn ig h t c u l tu r e s  o f  E, c o l i  343/765 & 343/753, 
resuspended  in  T ris/H C l pH 8 , were exposed fo r  3 mins to  EDTA a t  
37°C. To s to p  EDTA a c t i v i t y  MgCl2 was added to  th e  su sp en sio n s  as  
d e sc r ib e d  in  Methods s e c t io n  7c. The b a c te r ia  (EDTA t r e a te d  and 
u n tr e a te d  [ c o n t r o l s ] )  were th en  resuspended in  PBS as  re q u ire d  fo r  
th e  in  v i t r o  g e n o to x ic i ty  a ssay  (Methods s e c t io n  10b) and a l iq u o ts  
(0 .2m l) added to  in c u b a tio n s  co n ta in in g  S9, c o fa c to r s  and mutagen 
(o r  DMSO) in  a t o t a l  volume o f  1ml and in cu b ated  fo r  30 mins a t  
37°C. A fte r  th e  in c u b a tio n , 0.1m l was removed and d i lu te d  
a p p ro p r ia te ly  in  s a l in e  p r io r  to  p la t in g ,  in  t r i p l i c a t e ,  on NRS-S 
a g a r . Each a ssa y  was c a r r ie d  o u t in  d u p l ic a te .  R e s u lts  a re  g iven  
a s  means + SD.
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F ig u re  39 The e f fe c t  of p re t r e a t in g  E. coli b a c te r ia  w ith  EDTA on 
th e ir  a b il i ty  to  d e te c t  th e  ge no toxic ac tion  of two food m u tag en s. 
O v e rn ig h t c u l tu r e s  of E. co li 343/765 and  343/753 w ere  ex p o sed  fo r  3 
min a t  37°C to  EDTA (fin a l c o n c e n tra tio n  0.5mM). MgCl2 (f in a l 
c o n c e n tra tio n  2mM) w as a d d e d  to  th e  c u ltu re s  to  s to p  EDTA a c tiv ity . 
The b a c te r ia  w ere  re s u s p e n d e d  in  sa lin e  and  u se d  in  th e  in  v i tr o  
g en o to x ic ity  a s s a y . In c u b a tio n s  co n ta in ed  (in  a  to ta l volum e of
0.6ml) S9, c o fa c to rs  a n d  m u tag en  a n d  w ere in c u b a te d  fo r  30 m ins a t  
37°C, p r io r  to  p la tin g  a p p ro p r ia te  d ilu tio n s  on  to  NRS-S a g a r .
A ssays w ere  c a r r ie d  o u t in  d u p lic a te  w ith tr ip lic a te  p la te s  of 
a p p ro p r ia te  d ilu tio n s . F o r f u r th e r  d e ta ils  r e f e r  to  T able 47 a n d  
M ethods s e c tio n s  7c & 10b. R esu lts  (see  Table 47) a re  g iv e n  a s  
m eans a n d  e x p re s s e d  a s  th e  p e rc e n ta g e  su rv iv a l o f 343/753 re la tiv e  
to  343/765. EDTA t r e a te d  ( O ); u n tre a te d  ( •  ).
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4. Location o f E, co li b a c te r ia  in  l iv e r s  o f mice u s e d  in  

in tra s a n g u in e o u s  h o s t-m e d ia te d  a s s a y s

To in v e s t ig a te  th e  h e p a tic  location  of in d ic a to r  b a c te r ia  in  th e  

in tra s a n g u in e o u s  h o s t-m e d ia ted  a s s a y  two fem ale BALB/c mice, 7 - 8  

w eeks of a g e  w ere  in je c te d  v ia  th e  ta il v e in  w ith  0.2ml b a c te r ia l 

su sp e n s io n  in  sa lin e  (app rox im ate ly  1 x 1010 ce lls). The b a c te r ia  

ch o sen  fo r  th is  in v e s t ig a tio n  w ere  E. coli D494 a s  th is  in d ic a to r  

s t r a in  w as b e in g  u se d  p re d o m in an tly  in  th e  la b o ra to ry  a t  U n iv e rs ity  

College a t  th e  tim e of th e  s tu d y . The mice w ere le f t  fo r  30 m in u tes  

b e fo re  rem oving  an d  p re p a r in g  sec tio n s  of l iv e r  fo r  e le c tro n  

m icroscopy (M ethods sec tio n  13). A s h o r t  e x p o su re  tim e w as c h o se n  

sin ce  my s tu d ie s  w ere  c o n ce rn e d  w ith  n itro sod im ethy lam ine  

geno tox ic ity  (see  C h ap te r  5). The re a c tiv e  m etabo lite  of 

n itro sod im ethy lam ine  is  s h o r t- l iv e d . C o n seq u en tly  dam age to  th e  

b a c te r ia l DNA is  lik e ly  to  o c c u r  soon a f te r  in je c tio n  of th e  

com pound ( to g e th e r  w ith  th e  b a c te r ia )  in to  th e  b loodstream . S ince  

th e  aim of th e  ex p erim en t w as to  d e te rm in e  th e  location  of b a c te r ia  

a t  th e  p o in t a t  w hich  th e y  a re  exposed  to  DNA-damaging a g e n ts  i t  w as 

c o n sid e red  th a t  30 m inu tes  w as a  su ita b le  ex p o su re  time.

S ec tio n s  of l iv e r  w ere  p re p a re d  from  all lobes. Ten sec tio n s , 

ch o sen  a t  random , w ere exam ined u n d e r  th e  e le c tro n  m icroscope w ith  

th e  whole sec tio n  c lo se ly  sc a n n e d  fo r  th e  p re s e n c e  of b a c te ria .

Two e lec tro n  m ic ro g ra p h s  a re  g iv en  in  Fig 40 w hich  r e p r e s e n t  r e s u l t s  

o b ta in ed  in  th is  exp erim en t. I t  w as o b se rv e d  th a t  b a c te r ia  w ere 

located  m ainly in  m esenchym al cells  (m acro p h ag es , K u p ffe r cells) 

lin ing  th e  liv e r  blood v e sse ls . T hese  cells  w ere o f te n  p ack ed  w ith  

E. coli an d  w ere  fo u n d  to  co n ta in  u p  to  26 b a c te r ia . S ince 

p seu d o p o d ia  an d  p h a g o cy to s is  w ere n o t seen  a n d  few b a c te r ia
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F ig u re  40 E lec tro n  m ic ro g ra p h s  of l iv e r  se c tio n s  from mice in jec ted  

in tr a v e n o u s ly  w ith  E. coli D494. Two fem ale BALB/c mice w ere  

in je c te d  iv  w ith  ap p ro x im a te ly  2 x 10 '° E. colj D494 s u sp e n d e d  in 

sa lin e  a s  in  th e  h o s t-m e d ia te d  a s s a y  (M ethods sec tion  l i b ) .  After 

30 m ins, th e  mice w ere  s a c r if ic e d , th e  l iv e r s  rem oved a n d  sec ticn s  

p r e p a r e d  fo r  e le c tro n  m ic ro sco p y  a s  d e s c r ib e d  in  M ethods section  13.

P h o to g ra p h  i. : L iv e r s in u so id  w ith  m acro p h ag e  co n ta in in g  E. ccli, 

D494 a n d  a d ja c e n t  h e p a to c y te s . Magnif. x 4,501 

ii. : E. coli t r a p p e d  in  m acrophage . Magnif. x 15,750

A b b re v ia tio n s  : B, b ac te riu m ; D, sp ac e  of D isse; E, e ry th ro c y te ;

H, h e p a to c y te ; M, m ito ch o n d ria ; Ma, m acrophage; N, n u c leu s;

S, s in u so id .
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w ere  s i t e d  f r e e  w ith in  th e  s in u s o id s ,  i t  w ould  in d i c a te  t h a t  th e  

a b s o r p t i o n  of b a c t e r i a  in to  t h e s e  ce l ls  h a d  o c c u r r e d  v e r y  q u ic k ly .

At no tim e w ere  b a c t e r i a  o b s e r v e d  in  h e p a to c y te s .

5. Recovery of orally dosed E. co li 343/765 and 343/753 from the 

mouse gastro-intestinal tract

T he  b a c te r ia l  s t r a i n s  E. co li 343/765 a n d  343/753 c a n  be g iv e n  

to  r o d e n t s  o ra l ly  a n d  r e c o v e re d  from  th e  g a s t r o - i n t e s t i n a l  t r a c t  

( s in ce  th e s e  in d ic a to r  s t r a i n s  a r e  s t r e p to m y c in —d e p e n d e n t  a n d  can  

t h e r e f o r e ,  be  d i s t i n g u i s h e d  from  th e  s t r e p t o m y c i n - s e n s i t i v e  

co lifo rm s in  th e  g u t ) .  A p re l im in a ry  in v e s t ig a t io n  to  d e te rm in e  

th e  s u r v i v a l  of th e  two s t r a i n s  d u r in g  t h e i r  p a s s a g e  t h r o u g h  th e  

mouse g u t  w as c a r r i e d  ou t.

O v e r n ig h t  c u l t u r e s  of E. co li 343/765 a n d  E. co li 343/753 w ere  

mixed in  a r a t io  of 1:20 ( v /v ) ,  s e d im e n te d  a n d  r e s u s p e n d e d  in  sa line  

to  an  o p t ic a l  d e n s i ty  of 80 (a p p ro x im a te ly  8 x 108 ce l ls  of eac h  

s t r a in /m l ) .  A liquo ts  (0.2ml) w e re  t h e n  d o se d  p e r  o s  to  female 

BALB/c mice 7 - 8  w eek s  of a g e  a s  d e s c r ib e d  in  M ethod s e c t io n  l i b .

At v a r io u s  tim es a f t e r  d o s in g  mice w ere  s a c r i f i c e d  a n d  th e  small
e x c is e d

i n t e s t in e  a n d  caeca l  c o n t e n t s  >(in a d d i t io n  to  a n y  fa e c a l  p e l le ts  

t h a t  h ad  b e e n  e x c re te d )  a n d  t r e a t e d  a p p r o p r i a t e l y .

Within 15 m in u te s  of d o s in g  th e  mice u p  to  4 x 107 in d ic a to r  

b a c t e r i a  (5.2% of th e  o r ig in a l  dose)  w e re  r e c o v e r e d  from  th e  small 

in t e s t in e  (Fig. 41). S u b s e q u e n t ly ,  th e  n u m b e rs  of v ia b le  b a c t e r i a  

d e c l in e d ,  u n t i l  4 h o u r s  a f t e r  d o s in g ,  0.07% of t h e  a d m in is te re d  dose  

w ere  r e c o v e re d .  C o in c id e n t  w ith  t h i s  d ec l in e  in  th e  small 

in t e s t in e ,  t h e r e  w as a n  in c r e a s e  in  th e  n u m b e rs  o f  E. co li 343/765
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F ig u re  41 The su rv iv a l a n d  t r a n s i t  of E. coli 343/765 a n d  345/753 

th ro u g h  th e  m ouse g a s tro - in te s t in a l  t r a c t .  Mice w ere  d o sed  p e r  os 

w ith  0.1ml su sp e n s io n  of E. coli 343/765 an d  343/753 (approxim ately  

2-3  x 109 ce lls  o f each  s tra in ) .  At r e g u la r  in te rv a ls  mice w ere 

sa c rif ic e d , th e  caecal sac  (and  c o n te n ts )  an d  small in te s t in e  (w ith 

c o n te n ts )  rem oved  an d  faeces  co llec ted . Each sam ple w as hom ogenized 

in  PBS-S a n d  a p p ro p r ia te  d ilu tio n s  p la te d , in  t r ip l ic a te ,  on  to  

NRS-S a g a r  a s  d e sc r ib e d  in  M ethods sec tio n  l i b .  F o r th e  caecum an d  

sm all in te s t in e , r e s u l ts  a re  g iv en  a s  m eans o f 4 sam ples. F or the 

faeca l sam ples r e s u l ts  a re  g iv en  a s  m eans of tw o sam ples. E. coli 

343/765 ( • ) ;  E. coli 343/753 (O ) .
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a n d  343/753 re c o v e re d  from  th e  caeca l sac , r is in g  from  6 x 104 

b a c te r ia  (0.008% of th e  g iv e n  d ose) 15 m inu tes a f te r  d o s in g , to  8 x 

107 ce lls  (9% of th e  dose) a t  1 h o u r  (F ig. 41).

The tw o s t r a in s  w ere  d e te c te d  in  th e  fa e ce s  15 m in u tes  a f te r  

d o s in g , a lth o u g h  th e  n u m b e rs  o n ly  com prised  0.002% of th e  dose , 

ap p ro x im a te ly  2 x 104 b a c te r ia  fo r  th e  e n tire  fa e c e s  e x c re te d  

(0 .2g). A t one h o u r , th e  n u m b e rs  of b a c te r ia  re c o v e re d  from  th e  

fa e ce s  h ad  in c re a s e d  to  m ore th a n  2 x 106 b a c te r ia  a n d  th e r e a f te r  

th e  n u m b er of b a c te r ia  ro se  ra p id ly , p eak in g  b e tw een  2 - 3  h o u rs  

a f t e r  a d m in is tra tio n , w h e re  a  to ta l of 8 x 106 b a c te r ia  w ere  

re c o v e re d  from  0.36g of faece s .

The t r a n s i t  tim e of th e  r e p a i r  d e f ic ie n t s t r a in  E. co li 343/753 

w as sim ilar to  th a t  of th e  r e p a ir  p ro f ic ie n t s t r a in .  H ow ever, th e  

s u rv iv a l of 343/753 w as m ark ed ly  re d u c e d , a ro u n d  60 -  90%, o f th a t  

o f 343/765 a t  15 m in u tes , a n d  on ly  20 -  30% a t  th e  4 h o u r  tim epo in t. 

I t  would a p p e a r  from  th e s e  r e s u l t s  th a t  rem oving  th e  c aeca  from  mice 

a t  le a s t  1 h o u r  a f te r  a d m in is tra tio n  of th e  b a c te r ia , w ould g ive  

optim al re c o v e ry  of th e  b a c te r ia .
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CHAPTER 8

D iscu ssio n

The la rg e  ep idem iological d if fe re n c e s  in  th e  o c c u r re n c e  of 

v a r io u s  fo rm s of c a n c e r  in d ic a te  a  ro le  fo r  e n v iro n m en ta l fa c to rs  in  

c a rc in o g e n e s is . Of th e s e  e n v iro n m e n ta l fa c to rs  d ie t  a n d  n u tr i t io n  

a r e  th o u g h t  to  c o n tr ib u te  a  m ajor p ro p o r tio n . H ow ever, th e  ta s k  o f 

e v a lu a tin g  th e  aetio logy of d ie ta ry  com ponen ts  in  th e  d ev e lo p m en t o f 

c a n c e r  is  c o n s id e ra b le  s in ce  foods a re  h ig h ly  com plex chem ical 

m ix tu res . Epidem iological a n d  ex p erim en ta l s tu d ie s  in d ic a te  th a t  

th e  m a c ro n u tr ie n ts , f a t  a n d  p ro te in , may be in v o lv ed  (rev iew  b y  

Natl. Acad. Sci. 1982). In  g e n e ra l, d ie ts  h ig h  in  f a t  a n d  p ro te in  

in c re a s e  th e  p ro b a b ility  o f d ev e lo p in g  c e r ta in  c a n c e rs , n o ta b ly  of 

th e  b r e a s t ,  la rg e  bow el a n d  p ro s ta te .  T his in c re a s e d  r i s k  in  

d ev e lo p in g  c a n c e r  may be a sso c ia te d  w ith  o b s e rv e d , d ie t- r e la te d ,  

c h a n g e s  in  mixed fu n c tio n  ox idase  a c tiv itie s . S u ch  c h a n g e s  in  

m etabolic c ap a c ity  s u g g e s ts  t h a t  th e  a b ility  to  m etabolize 

(a c tiv a te /d e to x ify )  x en o b io tics , in c lu d in g  c a rc in o g e n ic  p r e s u r s o r s ,  

is  m odified by  d ie t. U sing  in  v iv o  an d  in  v itro  b a c te r ia l  m u ta tio n  

a s s a y s  a s  a  m easu re  of geno tox ic  p o te n tia l, I h a v e  fo u n d  th a t  th e  

m u tag en ic  a c tiv ity  of th r e e  d ie ta ry  c a rc in o g e n s  ( th a t  r e q u ir e  

m etabolism  b y  th e  mixed fu n c tio n  ox idase  sy stem  to  becom e a c tiv e )  is  

d e p e n d e n t upon  th e  ty p e  a n d /o r  am ount of f a t  a n d  p ro te in  in  th e  

d ie t. A sum m ary  of th e s e  r e s u l t s  is  o u tlin e d  in  T able 48.

1. D ie ta ry  fa t

In  th e  s e r ie s  of e x p e rim en ts  re p o r te d  in  C h a p te r  3, h ig h  (25% 

w /w ) s a tu r a te d  a n d  m o n o u n sa tu ra te d  fa t  d ie ts  ( r e p re s e n te d  b y  b ee f
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T able  48 Summary o f  th e  e f f e c t s  o f  d ie ta r y  f a t  and 
p r o te in  on th e  a c t i v i t y  o f food mutagens 

in  b a c t e r i a l  m uta tion  a ssa y s .

Mutagen R e la t iv e  change in  m u ta g e n ic ity 1

High f a t High p ro te in

in  v iv o in  v i t r o  in  v ivo in  v i t r o

A fla to x in  BI 4 NC | NC

MelQ 4 \  NC NC

Trp-P-2 4 |  NC NC

Mice were fed  d i f f e r e n t  f a t  o r  p r o te in  d i e t s  and e i t h e r  used  in  th e  
h o s t-m ed ia ted  a ssa y  ( i n  v iv o  d a ta )  o r  were used fo r  th e  p re p a ra t io n  
o f h e p a tic  S9 f r a c t i o n s  and in c u b a ted  w ith  mutagens in  th e  
Sa lm onella  m u ta g e n ic ity  a ssa y  ( i n  v i t r o  d a ta ) .  R efer to  C h ap ters  3 
& 4 fo r  f u r th e r  d e t a i l s .

1 w ith  r e s p e c t  to  d a ta  from mice fed  low f a t  o r low p ro te in  c o n tro l  
d i e t s

NC -  no change.
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d r ip p in g  a n d  o live oil re s p e c tiv e ly )  w ere  com pared  to  a  low (1%) fa t  

d ie t. T h is lev e l (25%) of d ie ta ry  f a t  p ro v id e d  app ro x im ate ly  45% 

of th e  to ta l e n e rg y  su p p lie d , w h ich  is  sim ilar to  th a t  consum ed b y  

m any w e s te rn  p o p u la tio n s . T he la te s t  r e p o r t  o f th e  N ational Food 

S u rv e y  Committee s ta te s  th a t  in  B rita in  in  1987 th e  p ro p o r tio n  of 

d ie ta ry  e n e rg y  d e riv e d  from  f a t  w as 42.2% (Anon. 1989).

In  th e  in itia l in v e s t ig a tio n s  looking  a t  th e  e f fe c t  of d ie ta ry  

f a t  on  th e  in  v i tr o  m u ta g e n ic ity  of afla tox in  Bi, MelQ an d  T rp -P -2  a  

d ram atic  r is e  in  th e  m u ta g e n ic ity  o f th e  tw o h e te ro cy c lic  am ines w as 

o b se rv e d  w hen  h e p a tic  S9 f ra c t io n s  from  mice fe d  e i th e r  h ig h  f a t  

d ie t w ere  in c lu d e d  in  th e  in c u b a tio n  mix in  p lace  of f ra c tio n s  from  

mice fe d  th e  low fa t  d ie t (F ig s. 8 -  10). The e x te n t of th e  

in c re a se  d e p e n d e d  on  th e  so u rc e  of fa t , s in ce  h e p a tic  p re p a ra t io n s  

from  mice fe d  o live oil h ad  a  g r e a te r  c a p a c ity  to  a c tiv a te  th e se  

h e te ro cy c lic  am ines to  b a c te r ia l m u tag en s  th a n  th o se  from  mice fed  

b ee f d r ip p in g  (F igs. 9 & 10). S im ilar d ie t- r e la te d  in c re a s e s  w ere  

re p o r te d  fo r  th e  in  v itr o  m u ta g e n ic ity  of th e  h e te ro cy c lic  am ines, 

MelQ, IQ a n d  MelQx (A lldrick  e t  a l 1987a), th e  a rom atic  am ide

2-acety lam inofluorene (C astro  e t  al 1978) a n d  b e n z o (a )p y re n e  (C assano 

e t  al 1987). In  c o n tr a s t  to  th e s e  r e s u l ts ,  D olara e t  al (1986) 

d e m o n stra ted  th a t  a  20% o live  oil d ie t  p ro te c te d  mice a g a in s t  th e  

a b ility  of IQ to  in d u c e  n u c le a r  dam age in  colon e p ith e lia l ce lls , as  

com pared  to  a  5% lip id  d ie t. H ow ever, m easu rem en t of n u c le a r  

dam age d e te c ts  b o th  m u tag en ic  a n d  n o n -m u tag en ic  e v e n ts . As i t  is  

n o t p o ss ib le  to  id e n tify , w ith  c e r ta in ty ,  a t  w h ich  p o in t o live  oil 

w as h av in g  i ts  e f fe c t  th is  d a ta  may n o t co n flic t w ith  th e  p re s e n t  

r e s u lts .
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The d ie t- r e la te d  in c re a se  in  th e  m u tag en ic ity  of h e te ro cy c lic  

co m pounds may be  d u e  to  a  n u m b er o f fa c to rs . From  p re v io u s  s tu d ie s  

of A lld rick  e t  a l (1987a) i t  w ould  a p p e a r  th a t  su c h  d ie t- r e la te d  

in c re a s e s  in  MelQ a n d  T rp -P -2  m u ta g e n ic ity  a re  n o t a t t r ib u ta b le  to  

o rg a n o c h lo rin e  re s id u e s  (chem icals know n to  in d u c e  mixed fu n c tio n  

o x id ases; A lv ares  & K appas 1977) p r e s e n t  in  th e  fa t. A lld rick  an d  

co lleag u es  h av e  c a r r ie d  o u t a  n u m b er o f s tu d ie s  on th e  e f fe c ts  of 

d ie ta ry  f a t  on  g en o to x ic ity  in  th e  BIBRA la b o ra to r ie s  (w h ere  p a r t  o f 

th is  th e s is  p ro je c t  w as c a r r ie d  o u t) a n d  a re  of p a r t ic u la r  re le v a n c e  

s in ce  th e y  u se d  d ie ts  b a sed  on  th e  re c ip e  followed in  th is  

in v e s t ig a tio n  (see  Table 2). A lld rick  e t  a l (1987a) fo u n d  th a t  in  

o r d e r  to  ach iev e  e q u iv a le n t lev e ls  of m u tag en ic ity , th e  low fa t  d ie t 

r e q u ir e d  15 tim es m ore A roclor 1254 to  be a d d e d  to  it ,  th a n  A roclor 

e q u iv a le n ts  m e asu re d  in  th e  h ig h  fa t  d ie t. In  a d d itio n , A lld rick  

e t  al (1987a) d e m o n s tra te d  th a t  d e g ra d a tio n  p ro d u c ts  w ith in  th e  fa t ,  

s u c h  a s  p e ro x id e s , d id  n o t v a r y  su ff ic ie n tly  to  a c c o u n t fo r  th e  

c h a n g e s  o b s e rv e d  in  h e te ro cy c lic  am ine a c tiv ity . Nor is  i t  like ly  

t h a t  e i th e r  v itam in  E o r  c h o le s te ro l c o n te n t a re  im p o rta n t in  

p ro d u c in g  th e  m ark ed  c h a n g e s  in  m u tag en ic ity  a sso c ia te d  w ith  d ie ta ry  

fa t. In  th e  f i r s t  in s ta n c e , th e  d ie ts  w ere  p re p a re d  so th a t  th e y  

c o n ta in ed  th e  same am ount of v itam in  E (b y  w eigh t) a n d  seco n d ly , 

A lld rick  e t  al (1987b) fo u n d  th a t  in  r a t s  fed  d ie ts  c o n ta in in g  

in c re a s in g  am ounts  of b eef d r ip p in g  a n d  a  c o n s ta n t  am oun t of 

c h o le s te ro l, th a t  i t  w as th e  t r ig ly c e r id e  a n d  n o t th e  c h o le s te ro l 

c o n te n t th a t  w as th e  c o n tro llin g  fa c to r  in  c a u s in g  in c re a s e d  

c o n v e rs io n  of th e  h e te ro cy c lic  am ines to  b a c te r ia l m u tag en s.

A lldrick  e t al (1987b) h av e  p ro p o se d  th a t  f a t - r e la te d  c h a n g e s  in  

g en o to x ic ity  may be re la te d  to  f a t ty  ac id  com position  s in ce  th e  

d e c re a se  in  th e  a c tiv a tio n  of m u tag en s  b y  S9 f ra c tio n s  from  r a t s  fe d
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a  v a r ie ty  of h ig h  f a t  d ie ts  (olive oil, b ee f d r ip p in g , su n flo w e r oil 

a n d  co co n u t oil) w as sim ilar to  th e i r  m o n o u n sa tu ra te d  f a t ty  ac id  

c o n te n t . T h is  m ay in d e ed  be th e  case  w ith  th e  r e s u l t s  r e p o r te d  

h e re  fo r  mice, s in ce  th e  e x te n t o f th e  in c re a s e  in  m u ta g e n ic ity  of 

MelQ a n d  T rp -P -2 , a f te r  fe e d in g  th e  o live  oil a n d  b ee f d r ip p in g  

d ie ts  (F ig. 9 & 10), c o r re sp o n d s  to  th e  m o n o u n sa tu ra te d  f a t ty  ac id  

c o n te n t  o f th e  tw o d ie ts , 49.6 m o n o u n sa tu ra te d  f a t ty  acid/lO O g to ta l  

f a t ty  ac id  an d  84 .4g /100g  to ta l f a t ty  ac id  fo r  b ee f d r ip p in g  a n d  

o live  oil re s p e c tiv e ly .

The g r e a te r  body  a n d  l iv e r  w e ig h ts  o f mice fe d  th e  h ig h  f a t  

d ie ts  (T able 6) may s u g g e s t  t h a t  th e  o b s e rv e d  e f fe c ts  a r e  a  

c o n se q u e n ce  of in c re a s e d  ca lo ric  in ta k e . The o b s e rv a tio n , how ev er, 

th a t  th e  e f fe c ts  o f th e  tw o f a ts  u se d  in  th is  s tu d y  w ere  d if f e r e n t  

a n d , in  p re v io u s  in v e s t ig a tio n s , t h a t  th e  d e g re e  of e n h an c e m en t o f 

m u tag en  m etabolism  a sso c ia te d  w ith  h ig h  f a t  d ie ts  is  d e p e n d e n t on 

th e  chem ical n a tu re  of th e  f a t  fe d , s t ro n g ly  s u g g e s ts  t h a t  th e s e  

d ie t—re la te d  c h a n g e s  in  g en o to x ic ity  a re  due  to  f a t  p e r  se.

The p r e s e n t  s tu d y  a g re e s  w ith  th e  v iew  th a t  d ie ta ry  f a t  can  

s tim u la te  th e  p ro d u c tio n  of enzym es cap ab le  of c o n v e r tin g  

c a rc in o g e n s  to  a c tiv e  m u tag en s. A sso c ia ted  w ith  th is  a r e  th e  m any 

r e p o r t s  th a t  d ie ta ry  f a t  m odifies mixed fu n c tio n  ox idase  a c t iv i ty  

(M artin  e t  al 1980, A lld rick  e t  al 1987a, N ew berne e t  a l 1979,

F ie ld in g  & H uges 1976, Wade e t  a l 1978), w ith  th e  n a tu re  of th e s e  

c h a n g e s  d e p e n d e n t on  b o th  th e  am oun t a n d  ty p e  of fa t. H ow ever, 

th is  a b ility  o f d ie ta ry  fa t  to  m odify h e p a tic  m etabolism  o f chem ical 

c a rc in o g e n s  is  n o t u n iv e rsa l.
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D esp ite  th e  in flu en c e  of d ie ta ry  fa t  on th e  a c tiv a tio n  of 

h e te ro c y c lic  am ines, th e r e  w as no a p p a r e n t  e ffe c t of d ie ta ry  f a t  on  

th e  in  v i tr o  a c tiv a tio n  o f a fla to x in  Bi (F ig. 8). I t  is  p o ss ib le  

t h a t  th e  d if fe r in g  a f fe c ts  of d ie ta ry  fa t  on  th e  a c tiv a tio n  of 

a fla to x in  Bi an d  th e  h e te ro cy c lic  am ines is  a  co n se q u e n ce  of 

d if f e r e n tia l  in d u c tio n  of mixed fu n c tio n  ox idase  enzym es. W hereas 

th e  a c tiv a tio n  o f MelQ a n d  T rp -P -2  is  th o u g h t to  in v o lv e  cy toch rom e 

P448^-mediated N -h y d ro x y la tio n  (Ish ii e t  al 1980b, Okamoto e t  al 

1981, Yamazoe e t  a l 1983), a fla to x in  Bi r e q u ir e s  ep o x id a tio n  to  form  

th e  u ltim a te  re a c tiv e  sp e c ie s , a fla to x in  B i-2 ,3 -ox ide (S w enson  e t  al 

1977, E ssigm ann  e t  a l 1982). S e v e ra l cy toch rom e P450 isoenzym es h av e  

b e en  id e n tif ie d  a s  h av in g  a  ro le  in  a fla tox in  Bi a c tiv a tio n  

in c lu d in g  c e r ta in  sp ec ie s  of cy toch rom e P448 (Ish ii e t  a l 1986,

Shim ada e t  a l 1987, Y oshizaw a e t  al 1982). S tu d ie s  o f d ie t- in d u c e d  

c h a n g e s  in  sp ec ific  cy toch rom e P450 isoenzym es, ho w ev er, w ere  n o t 

p a r t  o f th e  p r e s e n t  in v e s t ig a tio n  an d  so i t  is  n o t p o ss ib le  to  

con firm  w h e th e r  d if fe re n tia l  in d u c tio n  of h e p a tic  isoenzym es is  th e  

c a u se  o f d if f e r e n t  re s p o n s e s  in  m u tag en ic ity  in  f a t - f e d  mice.

In  c o n tr a s t  to  th e  in  v itr o  s tu d ie s  d e sc r ib e d  ab o v e , w hen mice 

w ere  d o sed  w ith  [14C]MeIQ, [14C ]T rp -P -2  o r  [SHjaflatoxin in  th e  

in tra s a n g u in e o u s  h o s t-m e d ia te d  a s s a y  (see  C h ap te r  3, sec tio n  2) no 

m ark ed  d ie t- r e la te d  in c re a se  in  th e  m u tag en ic ity  of MelQ an d  T rp -P -2  

w as a p p a r e n t  (T able 7). F u r th e rm o re , a  re d u c tio n  in  th e  

m u ta g e n ic ity  o f a fla to x in  Bi in  th e  liv e r  w as o b s e rv e d  in  th o se  mice 

fe d  th e  h ig h  f a t  d ie ts  (Table 7).

One p o ss ib le  ex p lan a tio n  fo r  th e  d is c re p a n c y  b e tw een  th e  in  

v itr o  a n d  in  v iv o  d a ta  is  th a t  d ie ta ry  f a t  a l te r s  th e
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p h a rm aco k in e tic s  of th e  th r e e  com pounds u se d  in  th e  p r e s e n t  s tu d y  

a n d  in  so do in g , may m odify th e  am ount of c a rc in o g e n  p r e s e n t  in  th e  

liv e r . In d e e d , th e  am oun t o f ra d io a c tiv ity  in  th e  l iv e rs  of th e  

h ig h  f a t  fe d  mice w as low er th a n  th a t  in  th e  an im als fed  th e  low f a t  

d ie t a lth o u g h  sim ilar am o u n ts  of lab e l w ere  p r e s e n t  in  th e  blood 

(Table 9). D espite  th is ,  i t  is  re a lize d  th a t  d e te rm in in g  th e  

am ount of ra d io a c tiv ity  in  th e  blood o r  liv e r  a t  th e  tim e of 

s ac rif ic e  r e p r e s e n ts  e v e n ts  a t  a  s in g le  tim e p o in t an d  d oes n o t 

in d ic a te  th e  to ta l am ount o f m u tag en  (and  m etab o lite s) in  th e  l iv e r  

d u r in g  th e  d u ra tio n  o f th e  exp erim en t. F u r th e rm o re , th is  s in g le  

m easu rem en t does n o t d is t in g u is h  be tw een  th e  m u tag en  a n d  i ts  

m etabo lites, o r  w h e th e r  th e  ra d io la b e l is  f re e  o r  b o und . H ow ever, 

d a ta  from  th e  lim ited s tu d y  on  th e  u p ta k e  o f T rp -P -2  from  o live 

o il-fed  mice, s u g g e s ts  th a t  d ie ta ry  f a t  does n o t in flu en c e  th e  

in itia l r a te s  of u p ta k e  from  th e  sm all in te s t in e  in to  th e  blood o r  

liv e r  (Table 10, Fig. 11). The p o ss ib il ity  s til l  rem a in s  t h a t  

m utagen  tu r n o v e r  in  th e  l iv e r  is  g r e a te r  in  mice fe d  th e  h ig h - f a t  

d ie t com pared  w ith  th e  c o n tro ls . In  s u p p o r t  of th is ,  S h in o zu k a  e t  

al (1986) a n d  Wade e t  al (1978) h av e  fo u n d  th a t  d ie ta ry  f a t  m odifies 

p h o sp h o lip id  com ponen ts of cell m em branes. Cell membran-^es a re
V ..

im p o rtan t fo r  th e  in te ra c t io n  b e tw een  cy toch rom e P450 re d u c ta s e , 

cy tochrom e P450 an d  th e  s u b s t r a te  a n d  a lso  fo r  th e  u p ta k e  of 

com pounds in to  h e p a to c y te s  -  th e  main s ite  of P h ase  I a n d  II 

metabolism .

To r e tu r n  to  th e  u p ta k e  s tu d y  d e p ic te d  in  F ig. 11 & T able 10, 

i t  was o b s e rv e d  th a t  [14C ]T rp -P -2  w as ra p id ly  a b so rb e d  from  th e  

small in te s t in e , w ith  more th a n  50% of th e  g iv en  dose a b so rb e d  

w ith in  3 m inu tes of in je c tin g  th e  rad io lab e l in to  th e  lig a te d  g u t
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sec tio n , a lth o u g h  s u b s e q u e n tly , th e  r a te  of a b so rp tio n

from  th e  g u t  d ec lin ed . U p tak e  s tu d ie s  fo r  MelQ a n d  

o th e r  h e te ro c y c lic  am ines (Howes e t  a l 1989, B ergm an 1985, A lld rick  

& Row land 1988) a lso  show  ra p id  a b so rp tio n  from  th e  sm all in te s t in e  

s u g g e s t in g  th a t  th e  sm all in te s t in e  is  th e  p r im a ry  s ite  o f 

a b s o rp tio n  of th e s e  co m pounds from  th e  g a s t r o - in te s t in a l  t r a c t .

S ince a b s o rp tio n  of [14C ]T rp -P -2  (an d  IQ a n d  MelQx; A lld rick  & 

Row land 1988) w as a lso  d e te c te d  from  th e  la rg e  in te s t in e  (60 -  70% 

in  30 m in u te s ., F ig . 12) i t  w ould in d ic a te  th a t  th e  m a jo rity  of a n  

o ra l d ose  of h e te ro c y c lic  am ine w ould be a b so rb e d  in to  th e  b lood, 

w ith  l i t t le  e x c re te d  d ire c t ly  in  th e  faeces. P re v io u s  s tu d ie s  

(H ayatsu  e t  al 1987, B ergm an  1985, A lld rick  & Rowland 1988) h av e  

re p o r te d  t h a t  o ra lly  d o sed  IQ a n d  MelQx a re  e x c re te d  e i th e r  in  th e  

bile o r  u r in e , w ith  a  s u b s ta n t ia l  p ro p o r tio n  a p p e a r in g  in  th e  u r in e  

6 h o u rs  a f te r  a d m in is tra tio n  (A lldrick  & Rowland 1988), re f le c tin g  

th e  ra p id  a b s o rp tio n  o f th e s e  m u tag en s  from  th e  sm all in te s t in e . 

In v e s tig a t io n s  in to  th e  e x c re tio n  of t ry p to p h a n  p y ro ly s a te s  a re  

s til l  r e q u ire d .

In  th e  p r e s e n t  s tu d y , th e  am ount of ra d io a c tiv ity  in  th e  blood 

w as s til l  in c re a s in g  a t  a  l in e a r  r a te  15 m inu tes  a f te r  

a d m in is tra tio n  of ra d io la b e lle d  T rp -P -2  in to  th e  sm all in te s tin e .

In  c o n tr a s t ,  b lood le v e ls  o f ra d io a c tiv ity  fo r  [14C]MeIQ a n d  [14C]IQ 

p eak ed  5 a n d  10 m in u te s , r e s p e c tiv e ly , a f te r  a d m in is tra tio n  in to  th e  

lig a te d  g u t  s ec tio n  (Howes e t  al 1989, A lld rick  & Rowland 1988).

This is  a  p o ss ib le  re f le c tio n  o f th e  d if fe re n c e s  in  chem ical 

s t r u c tu r e  (an d  p a r t i t io n  c o e ffic ien t)  of T rp -P -2  from  th e  IQ -ty p e  

h e te ro cy c lic  am ines. The am o u n ts  of [14C] in  th e  blood, from  th e  

p r e s e n t  s tu d y , we*e. low ( le s s  th a n  1% of th e  a d m in is te re d  dose; T able

-  247 -



10), e /e n  th o u g h  m ore th a n  50% o f th e  ra d io la b e l h ad  b een  a b s o rb e d  

from  th e  sm all in te s t in e  (T able 10). S im ilarly , w hen  th e  la rg e  

in te s t in e  w as l ig a te d , o n ly  1 -  2% of th e  ra d io a c tiv ity  w as m easu red  

in  th e  b lood (F ig . 12, T able  10). T h is w ould in d ic a te  th a t  

[14C ]T rp -P -2  w as ra p id ly  t r a n s f e r r e d  from  th e  blood to  o th e r  t i s s u e s  

in  th e  b o d y  in c lu d in g  th e  l iv e r . In d e e d , th e  am ount of 

ra d io a c tiv ity  p r e s e n t  in  th e  l iv e r  w as f a r  g r e a te r  th a n  th a t  

m easu red  in  th e  blood. S im ilarly  fo r  MelQ an d  IQ blood 

ra d io a c tiv ity  w as re la t iv e ly  low (Howes e t  al 1989, B ergm an 1985, 

AUdrick & Row land 1988).

A lld rick  a n d  Rowland (1988) o b s e rv e d  th a t  th e  u p ta k e  of IQ a n d  

MelQx in to  v a r io u s  o rg a n s  w as d if f e r e n t ,  s u g g e s t in g  th a t  th e r e  may 

be o rg a n  sp ec if ic  d if fe re n c e s  in  th e  u p ta k e  o r  m etabolism  of th e s e  

com pounds. D iffe ren ces  in  th e  m etabolism  of v a r io u s  h e te ro c y c lic  

am ines h av e  b e en  r e p o r te d  (B ergm an 1985, A lld rick  e t  a l 1986). I t  

is  p o ss ib le  t h a t  a lth o u g h  d ie ta ry  f a t  does n o t a l te r  th e  in itia l 

u p ta k e  from  th e  g a s t r o - in te s t in a l  t r a c t ,  i t  may a l te r  th e  u p ta k e  

in to  d if f e r e n t  t i s s u e s .  To d e te rm in e  w h e th e r  d ie ta ry  f a t  does 

a l te r  th e  d isp o s it io n  of m u tag en , a  m ore d e ta iled  d is t r ib u t io n  s tu d y  

is  re q u ire d . The rad io labeH ed  m u tag en  w ould n eed  to  be  g iv en  

o ra lly  to  mice fe d  d if f e r e n t  f a t  d ie ts  w ith  th e  am ount of 

ra d io a c tiv ity  m e asu re d  in  a  n u m b er of t i s s u e s  a t  v a r io u s  tim es a f te r  

dosing  a n d  th e  e x c re tio n  r a te  of lab e l in to  th e  u r in e  d e te rm in ed .

I t  w as in te r e s t in g  to  f in d  th a t  w hen  th e  la rg e  in te s t in e  w as 

lig a ted  (F ig. 12) a  s u b s ta n t ia l  am ount o f ra d io a c tiv ity  w as m easu red  

in  th e  sm all in te s t in e  (ap p ro x im ate ly  10% of th e  a d m in is te re d  dose  1 

h o u r a f te r  d o s in g ). T h is  s u g g e s ts  th a t  [14C ]T rp -P -2  (o r i t s
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m etab o lite s) may u n d e rg o  e n te ro h e p a tic  c irc u la tio n , in  w hich  T rp -P -2  

(or i t s  m etab o lite s) th a t  h a s  f i r s t  p a s s e d  to  th e  liv e r , is  e x c re te d  

b ack  in to  th e  g u t  v ia  th e  b ile . The ra d io a c tiv ity  m easu red  in  th e  

small in te s t in e  is  p re su m ab ly  in  th e  form  of m etabo lites  th a t  a re  

p ro b a b ly  n o t e a s ily  a b so rb e d  from  th e  in te s tin e . O th e r g ro u p s  h av e  

n o ted  th e  p re s e n c e  o f ra d io a c tiv ity  in  th e  bile a f te r  a n  in tra v e n o u s  

in je c tio n  o r  a n  o ra l  dose  of [14C]MeIQ (S jo d in  & J a g e r s ta d  1984, 

B ergm an 1985). S im ilarly  Howes e t  a l (1989) an d  A lld rick  & Rowland 

(1988) o b s e rv e d  th a t  th e  am o u n t o f ra d io a c tiv ity  in  blood a n d  

in te rn a l  o rg a n s  d e c re a se d  w ith  tim e b u t  in  th e  sm all in te s t in e  th e  

q u a n ti ty  of ra d io la b e l in c re a s e d , p ro v id in g  f u r th e r  in d ir e c t  

ev id en ce  of e n te ro h e p a tic  c irc u la tio n .

In  c o n t r a s t  to  th e  p r e s e n t  s tu d y , in  w hich a  d ie t—d e p e n d e n t 

re d u c tio n  in  th e  m u tag en ic  a c t iv i ty  o f a fla tox in  Bi w as o b s e rv e d  in  

v iv o , K rish n a m u rth y  & N eelaram  (1986) re v e a le d  th a t  in  v iv o  

a fla tox in  B i-in d u c e d  h ig h e r  f r e q u e n c ie s  of bone m arrow  chrom osom al 

v a b e r r a t io n s  in  mice fe d  a  h ig h  f a t  d ie t  th a n  in  mice fed  a  low f a t  

d ie t. In  a d d itio n  N ew berne e t  a l (1979) d e m o n stra ted  in c re a s e d  

in c id en ce  of a fla to x in  B i-in d u c e d  h e p a tic  tu m o u rs  in  r a t s  fe d  a  h ig h  

fa t  d ie t com pared  to  a  c o n tro l low f a t  d ie t. A lthough  th e s e  tw o 

s tu d ie s  in d ic a te  an  en h an c e d  c o n v e rs io n  of a fla tox in  Bi to  a  

m utagen , in  n e i th e r  s tu d y  w as a  m u tag en ic  e n d -p o in t m easu red . The 

p r e s e n t  r e s u l t s  a r e  a lso  in  a g re e m e n t w ith  a  s tu d y  b y  Neal & Godoy 

(1976) who fo u n d  th a t  ro d e n ts  p r e t r e a te d  w ith  a g e n ts  t h a t  in d u c e  

P h ase  I enzym es show  a  re d u c tio n  in  th e  ca rc in o g e n ic  e f fe c ts  of 

afla tox in  Bi, d e sp ite  th e  in c re a s e d  a b il i ty  of th e se  t i s s u e s  to  

c o n v e r t  i t  to  a  m u tag en ic  sp ec ie s . D ie ta ry  fa t  is  a  know n p ro m o te r 

of c a rc in o g e n e s is  a n d  s in ce  b o th  o f th e s e  p a ra m e te rs  a re
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m easu rem en ts  o f p o s t  DNA b in d in g  (m utagen ic) e v e n ts , i t  is  p o ss ib le  

th a t  f a t  e n h a n c e s  a fla to x in  c a rc in o g e n ic ity  b y  a c tin g  a s  a  p ro m o te r 

of p o s t-m u ta g e n ic  events*

D ata h a s  a lso  b een  p re s e n te d , in  th is  th e s is ,  on th e  e f fe c t  of 

d ie ta ry  f a t  on  th e  in  v iv o  m u tag en ic  a n d  genotox ic  a c tiv ity  of 

n itro so d im e th y lam in e  (T ab les 11 & 12). As w ith  MelQ an d  T rp -P -2  

on ly  a  s l ig h t  in c re a s e  in  a c t iv i ty  w as o b s e rv e d  in  mice fed  h ig h - f a t  

d ie ts . S ince , in  th e  p r e s e n t  s tu d y , n itro so d im eth y lam in e  w as g iv en  

in tra v e n o u s ly , th e  la ck  of re s p o n se  in  th e  h o s t-m e d ia ted  a s s a y  co u ld  

n o t be d u e  to  d if fe re n c e s  in  th e  u p ta k e  from  th e  g a s tr o - in te s t in a l  

t r a c t .  H ow ever c h a n g e s  in  t i s s u e  d isp o s itio n  of th e  n itro sam in e  

may be a  p o ss ib le  ex p lan a tio n . Wade e t  a l (1985) h a s  show n th a t  th e  

m icrosom al m etabolism  of n itro so d im eth y lam in e  is  in c re a se d  w ith  

d ie ta ry  fa t, s u g g e s t in g  th a t  th e  a c tiv a tio n  of th e  n itro sam in e , a s  

fo r  MelQ a n d  T rp -P -2 , may be e n h a n c e d  b y  d ie ta ry  fa t.

The r e s u l t s  from  th e  p r e s e n t  s tu d y , to g e th e r  w ith  p re v io u s  

w ork , in d ic a te  th a t  a  r e d u c tio n  in  f a t  in ta k e  (b o th  s a tu r a te d  an d  

m o n o u n sa tu ra ted  fa ts )  of hum ans who norm ally  consum e a  w e s te rn  d ie t 

may be a d v isa b le , in  o r d e r  to  re d u c e  th e  c o n v e rs io n  of p o te n tia l 

gen o to x in s  (eg. h e te ro c y c lic  am ines) to  re a c tiv e  sp ec ie s . A 

p rim ary  so u rc e  of f a t  in  th e  W estern  d ie t is  m eat w hich b y  i ts  

n a tu re  a lso  c o n ta in s  ( a f te r  cook ing) h e te ro cy c lic  am ines a n d  a  la rg e  

am ount o f p ro te in . S ince d ie ta ry  p ro te in  h a s  a lso  b een  lin k ed  to  

c a rc in o g e n e s is , a  f u r th e r  in v e s t ig a tio n  w as c a r r ie d  o u t to  d e te rm in e  

w h e th e r  c h a n g e s  in  d ie ta ry  p ro te in  c o n c e n tra tio n  may, like  d ie ta ry  

fa t, m odify MelQ, T rp -P -2  a n d  a fla to x in  Bi m u tag en ic ity  (see  C h ap te r  

4 fo r  r e s u l ts ) .  A sum m ary  of th e  r e s u l t s  fo r  d ie ta ry  f a t  an d
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p ro te in  a re  g iv e n  in  Table 48.

2. D ie ta ry  p ro te in

When t h e  p r o t e i n  c o n t e n t  of a  m ouse d ie t  w as  r e d u c e d  from  20% 

to  5% (w /w ) ( se e  T ab le  3 f o r  r e c ip e )  th e  m ost n o ta b le  e f f e c t  

o b s e r v e d  w as  t h e  m a rk e d  in c r e a s e  in  t h e  in  v iv o  m u ta g e n ic i ty  of t h e  

c a r c in o g e n  a f la to x in  Bi (F ig . 13). T h is  may s u g g e s t  t h a t  an im als  

w ith  a  r e s t r i c t e d  p r o t e i n  in t a k e  a r e  m ore s u s c e p t i b l e  to  th e  

g e n o to x ic  e f f e c t s  o f  a f la to x in  Bi c o m p a re d  to  th o s e  c o n su m in g  h i g h e r  

le v e ls  of p r o te in .  T h is  c o u ld  h a v e  im p o r ta n t  c o n s e q u e n c e s  for man 

s in c e  th e  q u a n t i t y  of p r o t e i n  c o n s u m e d  v a r i e s  w id e ly  t h r o u g h o u t  t h e  

w o rld .  I t  is  g e n e r a l ly  c o n s id e r e d  t h a t  d i e t a r y  p r o te in  le v e ls  a s  

low a s  6 -  7% m eet th e  b a s ic  r e q u i r e m e n t s  to  m a in ta in  norm al bo d ily  

f u n c t io n s .  H ow ever ,  f o r  W e s te rn  c o u n t r i e s ,  s u c h  a s  th e  UK, p r o te in  

in t a k e  is u s u a l ly  d o u b le  t h i s  v a lu e  w hile  f o r  d e v e lo p in g  c o u n t r i e s  

p r o t e i n  d e f ic ie n c y  h a s  becom e, fo r  c h i ld r e n  in p a r t i c u l a r ,  a  m a jo r  

n u t r i t i o n a l  p ro b le m  (M eydan i 1987). I t  is  p o s s ib le  t h e r e f o r e ,  t h a t  

c h i ld r e n  from  d e v e lo p in g  c o u n t r i e s  may be p a r t i c u l a r l y  s u s c e p t ib le  

to  th e  in i t ia t io n  of c a r c in o g e n e s i s  b y  th i s  f u n g a l  tox in , e sp e c ia l ly  

a s  t h e s e  c o u n t r i e s  t e n d  to  h a v e  th e  g r e a t e s t  in c id e n c e  of c o n t a m i n a t i o n  o f  

food by a f l a t o x i n .  S e v e r a l  ep id em io lo g ica l  s tu d i e s  h a v e  l in k e d  

th e  d i s t r i b u t i o n  of A. f l a v u s  w ith  a n  i n c r e a s e d  in c id e n c e  of hum an  

h e p a to m a  ( re v ie w  b y  M oreau  1979). F o r  exam ple ,  in  th e  s t u d y  of 

P u r c h a s e  a n d  G o n ca lv e s  (1971), i t  w as fo u n d  t h a t  t h e r e  w as  one  c a s e  

of l iv e r  c a n c e r  p e r  100,000 i n h a b i t a n t s  in  c o u n t r i e s  s u c h  a s  

Holland, N orw ay  o r  C an ad a ,  b u t  t h e r e  w e re  103.8 c a s e s  am ong  th e  

B a n tu s  of t h e  T r a n s v a a l  a n d  S w a z ilan d  of S o u th e r n  A frica.

F u r th e r m o r e ,  e x p e r im e n ta l  s t u d i e s  d e ta i le d  in  C h a p te r  6 (T ab le  36) 

of t h i s  t h e s i s  h a v e  fo u n d  t h a t  th e  in  v iv o  m u ta g e n ic i ty  of a f la to x in
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Bi is  s ig n if ic a n tly  h ig h e r  in  y o u n g  anim als th a n  in  an im als of an  

o ld e r  a g e  g ro u p  w hich , if  t r u e  in  m an, may f u r th e r  e n h a n c e  th e  

s e n s i t iv i ty  of c h ild re n  to  th e  geno tox ic  e f fe c ts  o f a fla to x in  Bi.

In  c o n t r a s t  to  th e  r e s u l t s  on  th e  e f fe c ts  o f d ie ta ry  p ro te in  on 

a fla to x in  Bi m u ta g e n ic ity , lo n g -te rm  c a rc in o g e n ic ity  s tu d ie s  h av e  

fo u n d  a  g r e a te r  in c id e n ce  of a fla to x in  Bi in d u c e d  h epatom as in  r a t s  

fed  a  h ig h  (20-30%) p ro te in  d ie t com pared  to  th o se  fe d  a  low (5%) 

p ro te in  d ie t (M adhavan & G opalan 1968, Wells e t  al 1976). C o n tra ry  

to  th is  c a rc in o g e n ic ity  d a ta , h ig h  p ro te in  d ie ts  c a u se  a  re d u c tio n  

in  a fla to x in  Bi in d u c e d  h e p a to to x ic ity  (M adhavan  & G opalan 1968).

T his a p p a r e n t  c o n tra d ic t io n  is  sim ilar to  th e  s tu d ie s  on  f a t  a n d  th e  

r e s u l ts  s u g g e s t  t h a t  d ie ta ry  p ro te in  e n h a n c e s  a fla to x in  Bi 

c a rc in o g e n ic ity  b y  a c tin g  a s  a  p ro m o te r of p o s t-m u ta g e n ic  e v e n ts .

In c re a s e d  tu m o u r in c id en ce  a s so c ia te d  w ith  a  h ig h  p ro te in  d ie t 

w as a lso  fo u n d  in  ro d e n ts  t r e a te d  w ith  d im e th y lh y d ra z in e  (T opping  & 

Visek 1976), 2 -ace ty lam in o flu o ren e  (M orris e t  a l 1948), 

n itro so d im eth y lam in e  (Z eiger 1975, C yzgan  e t  a l 1974) a n d  

n itro so m e th y lu re a  (H aw rylew icz e t  a l 1986). In  c o n t r a s t  to  th e  

p r e s e n t  s tu d y  K ari e t  a l (1983) fo u n d  th e  m u ta g e n ic ity  of 

d im e th y lh y d ra z in e  a n d  azoxym ethane in  th e  h o s t-m e d ia te d  a s s a y  to  

in c re a se  w ith  a n  in c re a s e  in  d ie ta ry  p ro te in  in ta k e , a lth o u g h  th e  

m u tag en ic ity  a n d  c a rc in o g e n ic ity  of d im e th y lb e n z a n th ra c e n e  w as 

re d u c e d  (C lin ton e t  a l 1979, 1986, S in g le ta ry  e t  a l 1984). This 

would in d ic a te , a s  fo r  d ie ta ry  fa t ,  t h a t  th e  m odification  of 

c a rc in o g e n  m etabolism  b y  d ie ta ry  p ro te in  is  in c o n s is te n t. T his is  

exem plified in  th e  p r e s e n t  s tu d y  a s  th e  m u ta g e n ic ity  in  v iv o  (F ig.

14 & 15) of th e  two h e te ro c y c lic  am ines MelQ a n d  T rp -P -2  w ere , in
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g e n e r a l ,  u n a l te r e d  b y  q u a n t i ta t iv e  c h a n g e s  in  d ie ta r y  p ro te in .

H ow ever, d if fe re n c e s  in  p ro te in  co n su m p tio n  in  man a re  a t t r ib u te d  

p rim a rily  to  d if fe re n c e s  in  m eat co n su m p tio n  a n d  s in ce  cooked  m eats 

a r e  a  m ajo r so u rc e  of h e te ro cy c lic  am ines, a n  in d iv id u a l w ith  a  h ig h  

p ro te in  in ta k e  may h av e  a  g r e a te r  e x p o su re  to  th e s e  g en o to x in s , e v e n  

if  th e  m etabolism  of th e s e  com pounds is  u n a lte re d .

I t  sh o u ld  be n o ted  th a t  d if fe re n c e s  in  th e  r e p o r te d  e f fe c ts  o f 

d ie ta ry  p ro te in  may be due  to  d if fe re n c e s  in  th e  sp e c ie s  a n d  s t r a in  

o f ro d e n ts  u se d . In  a d d itio n  a n d  of g r e a te r  s ig n ific a n ce , a re  th e  

d ie ts  u s e d  a n d  th e s e  sh o u ld  be c a re fu l ly  a n a ly se d . In  d ie ta ry  

s tu d ie s  i t  is  u su a lly  b e s t  fo r  p u r if ie d  d ie ts  to  be u se d . H ow ever 

th e s e  d ie ts ,  w hich  a r e  su p p o se d  to  be  d e fic ie n t in  a  s in g le  

n u t r ie n t ,  c a n  p ro v id e  le s s  th a n  a d e q u a te  s u p p lie s  of o th e r  

co m p o n en ts , w hich  may be  com pounded  f u r th e r  b y  in te ra c t io n s  b e tw een  

c o n s t i tu e n ts  (Rowland e t  al 1985, Wise e t  a l 1982). F o r exam ple, 

m any of th e  c ite d  s tu d ie s  u se  c a se in  a s  th e  p ro te in  so u rc e , b u t  

c a se in  a lso  co n ta in s  p h o sp h o ru s  (Wise 1990) a s  w ell a s  s e v e ra l  o th e r  

t r a c e  e lem en ts . In  ad d itio n  to  th e  o b v io u s  fa ilu re  to  c o n tro l 

ex p e rim en ta l c o n d itio n s  w hen p h o s p h o ru s  is  ig n o re d , im balance in  

th e  m in e ra l c o n te n t c an  c au se  n e p h ro c a lc in o s is  (Wise 1990). D iets 

c o n ta in in g  v a r io u s  am oun ts  of c a se in  m u st, th e re fo re ,  be 

a p p ro p r ia te ly  su p p lem en ted  w ith  th e s e  s u b s ta n c e s . H ow ever, i t  is  

o f te n  d if f ic u lt  to  a n a ly se  ex p erim en ta l d ie ts  u s e d  in  p u b lish e d  

r e p o r t s  a s  in s u ff ic ie n t in fo rm ation  is  p ro v id e d  in  th e  m a n u sc rip t. 

A n o th e r e r r o r  in  ex p erim en ta l p ro to c o l is  exem plified  b y  th e  s tu d y  

o f Z e iger (1975) in  w hich  anim als w e re  k e p t  in  so lid -b o tto m ed  c a g e s  

c o n ta in in g  wood s h a v in g s  fo r  b e d d in g . T h is  p ro v id e s  an
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a d d i t io n a l  s o u r c e  o f f ib r e  a n d  a llow s c o p h ro p h a g y  to  o c c u r .

A n u m b er of p o ss ib le  m echanism s to  exp la in  th e  p ro te in  re la te d  

c h an g e  in  a fla to x in  Bi m u tag en ic ity  in  v iv o  h av e  b een  e x p lo red  in  

th is  in v e s t ig a tio n  in c lu d in g , a) c h a n g e s  in  th e  a c tiv a tio n  c a p a c ity  

of th e  l iv e r  to w a rd s  a fla to x in  Bi, b) m odification  o f d e to x ifica tio n  

p ro c e s s e s , n o ta b ly  h e p a tic  g lu ta th io n e  t r a n s f e r a s e  a c t iv i ty  a n d  

g lu ta th io n e  c o n c e n tra tio n , c) d if fe re n c e s  in  th e  am o u n t of 

c a rc in o g e n  a v a ilab le  fo r  m etabolism  b y  th e  liv e r . T h ese  f u r th e r  

in v e s t ig a tio n s  (see  C h a p te r  4, s e c tio n s  2 - 5 )  h a v e  show n th a t  th e  

in flu en c e  of d ie ta ry  p ro te in  on  th e  a c t iv i ty  o f a fla to x in  Bi a p p e a rs  

to  be u n re la te d  to  i t s  a c tiv a tio n  s in ce  h e p a tic  m icrosom es from  mice 

fed  a  low p ro te in  d ie t e x h ib ite d  on ly  a  s lig h t^ in c re a se d  a b il i ty  to  

a c tiv a te  a fla to x in  Bi (an d  MelQ a n d  T rp -P -2 )  to  a  b a c te r ia l  m u tag en  

(F igs. 16 -1 8 ). T h is  w as, p e rh a p s , u n e x p ec te d  fo r  a  n u m b er of 

re a so n s . F ir s t ,  m icrosom es d e r iv e d  from  mice fe d  a  low p ro te in  d ie t 

co n ta in ed  33% m ore cy to ch ro m e P450 ( an d  p ro te in ; p e r  g ram  liv e r)  

th a n  m icrosom es from  mice fe d  th e  20% p ro te in  d ie t (T able 17 & 19). 

S ince th e  l iv e r  w e ig h ts  (an d  bo d y  w e ig h ts)  w ere  sim ilar fo r  mice fed  

th e  tw o d ie ts  th is  w ould be t r u e  a lso  fo r  th e  in ta c t  anim al (T able 

14). A re d u c tio n  in  cy to ch ro m e P450 in  an im als fe d  a  h ig h  (15 o r  

30%) p ro te in  d ie t  h a s  a lso  b een  re p o r te d  b y  C lin ton  e t  a l (1979) a n d  

C zygan e t  al (1974) a lth o u g h  o th e r  w o rk e rs  h av e  r e p o r te d  no 

s ig n if ic a n t c h a n g e  in  h e p a tic  cy toch rom e P450 c o n te n t  fo r  r a t s  fed  

d if f e r e n t  p ro te in  d ie ts  (H ietanen  1980, S ach an  1975). S eco n d , a  

n u m b er of s tu d ie s  r e p o r t  th a t  a  re d u c tio n  in  e i th e r  th e  q u a n t i ty  o r  

th e  q u a lity  o f d ie ta ry  p ro te in  d e p re s s e s  mixed fu n c tio n  ox idase  

a c tiv ity  (u p  to  75 -  80% in  c e r ta in  c a se s)  u s in g  a  ra n g e  of 

s u b s t r a te s  in c lu d in g  e th y lm o rp h in e , an ilin e , p h e  n o b a r  b ito n e ,

-  254 -



V
s t r y c h |n e ,  am in o p y rin e , th e o p h y llin e , zoxazo larine ,

b e n z o (a )p y re n e  a n d  h e p ta c h lo r  (Cam pbell & H ayes 1974, 1976, H ayes e t  

a l 1978) w h ich  w ould  s u g g e s t  th a t  h ep a tic  a c tiv a tio n  o f m u tag en s  may 

be  a l te r e d .  H ow ever, th e  re lia b il i ty  of some of th is  d a ta  is  

u n k n o w n  s in c e  th e  d ie ts  u s e d  a re  n o t fu lly  d e ta iled  (see  D iscussion  

p .2 5 3 ). In  th is  in v e s t ig a tio n  w ith  in tr ic a te ly  b a lan ced  d ie ts , 

th e r e  w ere  no d ie t -d e p e n d e n t  d if fe re n c e s  in  th e  a c tiv it ie s  of th e  

cy to ch ro m e  P450 iso en zy m es, b en zp h e tam in e  N -d em eth y lase  an d  

e th o x y c o u m a rin -O -d e e th y la se , a lth o u g h  th e  O -d e e th y la tio n  of 

e th o x y re s o ru f in  (w hich  is  u se d  to  m onitor cy to ch ro m e P448 a c tiv ity ; 

B u rk e  & M ajer 1974) w as low er in  m icrosom es from  mice fe d  th e  low 

p ro te in  d ie t  th a n  in  m icrosom es from  mice fe d  th e  h ig h  p ro te in  d ie t  

(T able 19). H e tero cy c lic  am ines, su c h  a s  MelQ a n d  T rp -P -2 , a re  

th o u g h t  to  be  a c t iv a te d  sp ec if ic a lly  b y  cy to ch ro m e P448—d e p e n d e n t 

N -h y d ro x y la tio n  (Kato 1986). In  a d d itio n , c e r ta in  cy to ch ro m e P448 

iso en zy m es m ay be  in v o lv ed  in  th e  a c tiv a tio n  of a fla to x in  Bi to  a  

b a c te r ia l  m u tag en  (Ish ii  e t  al 1986) w hich  w ould s u g g e s t ,  c o n tr a ry  

to  th e  p r e s e n t  s tu d y ,  th a t  th e  h e p a tic  a c tiv a tio n  of MelQ, T rp -P -2  

a n d  a fla to x in  Bi m ay be in f lu e n c e d  b y  d ie ta ry  p ro te in . H ow ever, i t  

h a s  b e en  fo u n d  th a t  e th o x y re so ru f in -O -d e e th y la se  p re fe re n tia l ly  

r e f le c ts  th e  a c t iv i ty  of a  low s p in  form  of cy toch rom e P448 

(A b u -S h a k ra  e t  al 1986) w h e re a s  th e  a c tiv a tio n  of b o th  th e  cooked 

food m u tag en s  a n d  a fla to x in  Bi is  th o u g h t  to  in v o lv e  h ig h  sp in  

sp e c ie s  (Kato 1986, I sh ii  e t a l 1986). C h an g es , th e re fo re ,  to  

e th o x y re so ru f in -O -d e e th y la se  may n o t n e c e s sa r i ly  r e f le c t  c h a n g e s  in  

en zym es in v o lv e d  in  th e  c o n v e rs io n  of h e te ro c y c lic  am ines an d  

a fla to x in  Bi to  re a c t iv e  sp ec ie s .

S tu d ie s  b y  Neal a n d  h is  g ro u p , (p e rso n a l com m unication, G.
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Neal) in v e s t ig a t in g  th e  c o n ju g a tio n  of a fla to x in  Bi to  g lu ta th io n e  

in  r a t s  fe d  h ig h  o r  low p ro te in  d ie ts , in d ic a te  th a t  a l te ra t io n s  in  

th is  d e to x ific a tio n  p a th w a y  m ay be re sp o n s ib le  fo r  th e  d ie t^ re la te d  

c h a n g e  in  th e  in  v iv o  g en o to x ic ity  of a fla to x in  Bi in  th e  p r e s e n t  

s tu d y  u s in g  mice. Neal fo u n d  th a t  th e  c o n ju g a tio n  o f a fla to x in  Bi 

to  g lu ta th io n e  in  v itr o  w as re d u c e d  w hen u s in g  cy to so lic  h e p a tic  

f r a c t io n s  from  r a t s  fed  a  low (5%) p ro te in  d ie t  (of th e  sam e re c ip e  

t h a t  w as u s e d  in  th e  p r e s e n t  s tu d y ; see  T able 3) co m p ared  to  

f r a c t io n s  from  r a t s  fed  a  h ig h  (20%) p ro te in  d ie t (see  T able  3). 

S im ilarly , Reed & B ea tty  (1980) fo u n d  th a t  an im als fed  d ie ts  

d e f ic ie n t in  p ro te in  h ad  re d u c e d  lev e ls  of h e p a tic  g lu ta th io n e  a n d  

t h a t  c o n ju g a tio n  v ia  th is  p a th w ay  w as im paired . In  c o n t r a s t  o th e r  

w o rk e rs  h av e  r e p o r te d  in c re a s e d  le v e ls  of g lu ta th io n e  in  ro d e n ts  fe d  

low p ro te in  d ie ts  (A llen-H offm an & Cam pbell 1977) a lth o u g h  

s u b s e q u e n t  a n a ly s is  of th e  d ie ts  u se d  in  th e s e  l a t t e r  s tu d ie s  

in d ica ted  th a t  th e  e n h a n c e d  g lu ta th io n e  lev e ls  w ere  d u e  to  

su p p lem en ta tio n  o f th e  c a se in  d ie t w ith  m eth ion ine  (M ainigi & 

C am pbell 1981). The p r e s e n t  s tu d y  in  fem ale BALB/c mice, h o w ev er, 

fo u n d  no d ie t  d e p e n d a n c y  in  th e  am ount of a fla to x in  B i-g lu ta th io n e  

c o n ju g a te s  fo rm ed  in  v i tr o  (F ig . 19). A p o ss ib le  e x p lan a tio n  fo r  

th e  d i f f e r e n t  r e s u l t s  o b ta in e d  in  th e  p r e s e n t  s tu d y  a n d  th a t  o f Neal 

is  th e  u s e  o f d if f e r e n t  anim al sp ec ie s . Animal sp ec ie s , d if f e r  

m ark ed ly  in  th e i r  s u s c e p tib i l i ty  to  b o th  th e  a c u te  a n d  c h ro n ic  

to x ic ity  of a fla to x in  Bi (P a tte r s o n  1973, N ew berne & B u tle r  1969). 

W hereas th e  m ouse is  re la t iv e ly  r e s i s ta n t  to  th e  e f fe c ts  o f 

a fla to x in  Bi (w ith  an  LD50 o f 15m g/kg ; N ew berne & B u tle r  1969), th e  

r a t  is  s e n s it iv e  w ith  an  e s tim a te d  LD50 v a lu e  of 4 m g /k g . T h is

d if fe re n c e  is  th o u g h t  to  be d u e  p rim arily  to  th e  e ff ic ie n t 

d e to x ifica tio n  of th e  epoxide to  a  g lu ta th io n e  c o n ju g a te  (O’B rien  e t
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al 1983). I t  is  in te r e s t in g  to  n o te  th a t  hum ans may be ra p id  

m e ta b o lise rs  o f a fla to x in  Bi (O’B rien  e t  al 1983, Moss & Neeil 1985) 

a lth o u g h , in  c o n t r a s t  to  ro d e n ts ,  i t  a p p e a rs  th a t  a fla to x in  Qi is  

p ro d u c e d  r a t h e r  th a n  th e  epox ide , w ith  little  o r  no c o n ju g a tio n  to  

g lu ta th io n e . A lth o u g h  th is  lack  of d e to x ifica tio n  may s u g g e s t  a  

re la tiv e ly  h ig h  s u s c e p t ib i l i ty  com pared  to  o th e r  sp e c ie s , i t  may be 

m odified b y  th e  o b s e rv a tio n  th a t  epox idation  is  n o t a  m ajo r p a th w ay .

The p r e s e n t  s tu d y  fo u n d  th a t  a f te r  in c u b a tin g  a c tiv a te d  

a fla to x in  Bi w ith  h e p a tic  c y to so l from  mice fe d  d if f e r e n t  p ro te in  

d ie ts  t h a t  o f th e  to ta l  m e tab o lite s , on ly  3% c o n s is te d  o f th e  

d ih y d ro d io l (w h ich  e s tim a te s  th e  am oun t of epoxide p re s e n t ;  see  F ig . 

7). The m ajo r m etab o lite  w as a fla to x in  B i-g lu ta th io n e  c o n ju g a te  

(90%), w h ich  s u p p o r ts  th e  v iew  th a t  th is  d e to x ifica tio n  p a th w ay  is  

im p o rta n t in  mice. D ie ta ry  p ro te in , how ever, had  no a p p a r e n t  

e ffe c t on  th e  p ro d u c tio n  o f th e  g lu ta th io n e  m etabo lite . F u r th e rm o re  

th e re  w as no m ark ed  d if fe re n c e  in  th e  am ount of re d u c e d  g lu ta th io n e  

p r e s e n t  in  l iv e r  h o m o g en ates  from  mice fed  low a n d  h ig h  p ro te in  

d ie ts , a lth o u g h  m ore ox id ized  g lu ta th io n e  w as p r e s e n t  in  mice fe d  

th e  h ig h  p ro te in  d ie t  (T able 20).

S in ce  m ouse c y to so l is  a n  e ff ic ie n t d e a c tiv a to r  of a fla to x in  

Bi a  f u r t h e r  e x p e r im e n t w as c a r r ie d  o u t to  in v e s t ig a te  th e  e f fe c t  o f 

h e p a tic  c y to so l o n  th e  m icrosom al a c tiv a tio n  of a fla to x in  Bi (an d  

MelQ a n d  T rp -P -2 )  to  a  b a c te r ia l  m u tagen  (F ig. 20). C ytosol h ad  no  

s ig n if ic a n t in f lu e n c e  on  th e  m u ta g e n ic ity  o f a fla to x in  Bi b u t  

e n h a n c e d  th e  m u ta g e n ic ity  o f MelQ a n d  T rp -P -2 , a s  fo u n d  fo r  IQ 

(A b u -S h a k ra  e t  a l 1986) a n d  2 -ace ty lam in o flu o ren e  (S to u t e t  a l 1976, 

F elton  e t  a l 1976). C o n s is te n t w ith  th is  r e s u l t ,  Nemoto e t  a l
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(1979) o b s e rv e d  th a t  th e  c o v a le n t b in d in g  of T rp -P -2  to  DNA in  th e  

p re s e n c e  of m icrosom es w as m ark ed ly  e n h a n c e d  b y  th e  a d d itio n  of 

cy to so l, w ith  th e  am oun t of en h an c e m en t d e p e n d e n t on  th e  am oun t o f 

c y to so l a d d e d . T he lack  of m u tag en  de to x ifica tio n  o b s e rv e d  in  th e s e  

ex p e rim en ts  may be re la te d  to  th e  f a c t  th a t  f ro z e n  cy to so lic  t is s u e  

w as u sed . To d e te rm in e  g lu ta th io n e  le v e ls  fo r  in s ta n c e , in  h e p a tic  

f r a c tio n s  f r e s h  t i s s u e  is  r e q u ire d .  A lte rn a tiv e ly  A b u -S h a k ra  e t a l 

(1986) p ro p o se d  th a t  c y to so l c o n ta in s  enzym es w hich  a re  ab le  to  

c o n v e r t  th e  m ic ro so m e -g en e ra te d  m etabo lites  to  m ore p o te n t  m u tag en s . 

S u p p o r t  fo r  th is  h y p o th e s is  com es from  th e  s tu d ie s  o f F o r s te r  e t  a l 

(1981a, 1981b) in  w hich  2 -a ce ty lam in o flu o ren e  w as a c tiv a te d  by  

h e p a tic  c y to so lic  f r a c t io n s  from  A ro c lo r- tre a te d  r a t s  in  th e  a b se n c e  

of m icrosom es.

A n u m b er o f r e p o r t s  e x is t  w h ich  in  fa c t  q u e s tio n  th e  im p o rtan ce  

o f g lu ta th io n e  in  a fla to x in  Bi g en o to x ic ity . F or exam ple, Cam pbell 

(1982) c o n c lu d e d  from  h is  e x p e rim en ts  u s in g  d ie th y l m aleate (w hich  

s e q u e s te r s  g lu ta th io n e ) , t h a t  h e p a tic  g lu ta th io n e  lev e ls  h ad  lit t le  

e f fe c t on  e i th e r  th e  fo rm atio n  of a fla to x in  B i-m acrom olecu lar 

a d d u c ts  o r  m e rc a p tu r ic  ac id  a n d  p ro p o se d  th a t  g lu ta th io n e  w as n o t 

s ig n if ic a n tly  in v o lv e d  in  th e  e f fe c t  o f d ie ta ry  p ro te in  on a d d u c t  

fo rm ation . F u r th e rm o re , Coles e t  al (1985) u s in g  5. ty p h im u riu m  

TA100, fo u n d  t h a t  g lu ta th io n e  an d  g lu ta th io n e - tr a n s fe ra s e s  h ad  no 

a p p a r e n t  e f fe c t  o n  th e  m u ta g e n ic ity  o f m icrosom ally a c tiv a te d  

a fla tox in  Bi even  th o u g h  g lu ta th io n e  c o n ju g a tio n  h ad  b een  a sso c ia te d  

w ith  r e d u c e d  m acrom olecu lar b in d in g  in  v iv o  a n d  in  v itr o  (Neal e t  al 

1981). A lth o u g h  g lu ta th io n e  c o n ju g a tio n  is  c o n s id e re d  to  be  th e  

main ro u te  o f d e to x ific a tio n  (D egan & Neum ann 1978, 1981) i t  is  n o t 

th e  o n ly  one. I t  is  p o ss ib le  th a t  d ie ta ry  p ro te in  may a l te r  th e

-  258 -



h y d ra t io n  to  th e  d ih y d ro d io l m etab o lite , a  p a th w ay  w hich  th e n  

in v o lv e s  c o n ju g a tio n , a t  one  o f th e  h y d ro x y l g ro u p s , w ith  

g lu c u ro n id e  o r  s u lp h a te  a lth o u g h  i t  is  u n lik e ly  t h a t  th is  would 

a c c o u n t fo r  th e  m ark ed  re d u c tio n  in  th e  m u tag en ic ity  of a fla to x in  

Bi in  mice fe d  h ig h  p ro te in  d ie ts .

W hen ra d io la b e lle d  m u ta g e n s  w ere  d o sed  o ra lly  to  mice fed  

e i th e r  a  h ig h  o r  low p ro te in  d ie t  (T ab les 13 an d  16) i t  w as o b s e rv e d  

th a t  fo r  a ll t h r e e  m u ta g e n s , th e  am oun t o f ra d io a c tiv ity  in  th e  

l iv e r s  o f th o s e  mice fe d  h ig h  p ro te in  w as re d u c e d  b y  a t  le a s t  20%. 

T his r e s u l t  is  s im ila r to  th a t  o b ta in e d  in  th e  d ie ta ry  f a t  s tu d y , in  

w hich  th e  am o u n t o f ra d io a c tiv i ty  w as re d u c e d  in  th o se  mice fed  

h ig h - f a t  d ie ts  (T ab le  9). H ow ever th is  does n o t fu lly  exp la in  th e  

o b s e rv e d  re d u c tio n  o f a fla to x in  Bi g en o to x ic ity  in  v iv o  in  mice fed  

h ig h  p ro te in  d ie ts . I f  c h a n g e s  in  th e  am ount of c a rc in o g e n  (an d  

m etab o lite s) p r e s e n t  in  th e  l iv e r  w ere  re s p o n s ib le  fo r  th e  c h an g e  in  

a fla to x in  Bi a c t iv i ty  one  w ould h a v e  e x p ec te d  re d u c tio n s  in  th e  in  

v iv o  m u ta g e n ic ity  o f MelQ a n d  T rp -P -2  s in ce  d ie ta ry  p ro te in  h ad  

lit t le  in f lu e n c e  on  th e  m icrosom al a c tiv a tio n  o f a n y  of th e  th re e  

com pounds.

A p o ss ib le  e x p lan a tio n  fo r  th e  o b s e rv e d  d ie t- r e la te d  re d u c tio n  

in  a fla to x in  Bi m u ta g e n ic ity  in  v iv o  is  th a t  d ie ta ry  p ro te in  a l te r s  

th e  d is t r ib u t io n  o f r e a c t iv e  m etabo lite  w ith in  th e  liv e r . As seen  

in  th e  e le c tro n m ic ro g ra p h s  (F ig . 40), b a c te r ia  in  th e  h o s t-m e d ia ted  

a s s a y  a re  n o t lo c a ted  in  th e  h e p a to c y te s , b u t  p rim arily  in  th e  

K u p ffe r ce lls  l in in g  th e  s in u so id a l blood v e s s e ls  (D iscussion  p .298). 

T h e re fo re , in  th e  h o s t-m e d ia te d  a s s a y , th e  re a c tiv e  m etabo lites
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m u st p a s s  o u t  of th e  h e p a to c y te s  in  o r d e r  to  in d u ce  m u ta tio n s  in  th e  

n e a rb y  b a c te r ia . In  c o n tr a s t ,  in  th e  Salm onella  m u tag en ic ity  

a s s a y , th e  c e llu la r  s t r u c tu r e  is  d e s tro y e d  a n d  th e  re a c tiv e  

m etab o lite s  a r e  in  c lo se  v ic in ity  to  th e  b a c te r ia . T h is w ould 

s u g g e s t  th a t  d ie ta ry  p ro te in  a l te r s  th e  cell m em brane, w ith  d ie ts  

h ig h  in  p ro te in  e n h a n c in g , in  some m anner, th e  p a s sa g e  of th e  

re a c tiv e  m e tab o lite s  o u t o f th e  h e p a to c y te . I f  th is  is  th e  

ex p lan a tio n , th e  e f fe c t  m u st be sp ec ific  fo r  c e r ta in  chem ical 

s t r u c tu r e s ,  a s  th e  re a c t iv e  m etab o lite s  of th e  h e te ro cy c lic  am ines, 

MelQ an d  T rp -P -2  w ere , in  g e n e ra l, eq u a lly  cap ab le  of in d u c in g  

h is tid in e  p ro to t ro p h y  in  mice, i r r e s p e c t iv e  of d ie t, in  th e  

h o s t-m e d ia ted  a s sa y . A p o ss ib le  m ethod of te s t in g  th is  h y p o th e s is

w ould be to  u se  in ta c t  h e p a to c y te s  in  p lace  of m icrosom es in  th e  

Salm onella  m u ta g e n ic ity  a ssa y .

Both d ie ta ry  p ro te in  a n d  d ie ta ry  f a t  a p p e a r  to  a l te r  th e  

m etabolism  of food m u ta g e n s , a lth o u g h  th e  m echanism s an d  th e  

chem icals a ffe c te d  d if f e r  fo r  th e  tw o m a c ro n u tr ie n ts . A f u r th e r  

s tu d y  of in te r e s t  w ould  be an  in v e s t ig a tio n  in  to  th e  e f fe c ts  of 

d ie ta ry  m eat c o n c e n tra tio n  (sa y  beef) on  th e  m u ta g e n ic ity  of th e  

th re e  food m u ta g e n s  c o n s id e re d  h e re , a s  m eat c o n ta in s  s u b s ta n tia l  

am ounts of b o th  p ro te in  a n d  fa t.

3. A g e -re la te d  c h a n g e s  in  h e p a tic  m etabolism

In  ad d itio n  to  d ie ta ry  f a t  a n d  p ro te in  m odify ing  th e  a c tiv ity  

of food m u tag en s, anim al ag e  w as a lso  fo u n d  to  a l te r  th e  

g eno tox ic ity  of a fla to x in  Bi, MelQ a n d  T rp -P -2 .

M arked a g e - r e la te d  d if fe re n c e s  w ere  d e te c te d  in  th e  in  v iv o
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a c t iv i ty  of th e  th r e e  p o te n t  d ie ta ry  m u tag en s , MelQ, T rp -P -2  an d  

a fla to x in  Bi (T able  2). The r e s u l t s  s u g g e s t  th a t  y o u n g  anim als may 

be m ore s u sc e p tib le  to  th e  geno tox ic  e f fe c ts  o f th e s e  com pounds th a n  

o ld e r  an im als. I t  is  n o te w o rth y  th a t  lo n g -te rm  ro d e n t  b io a ssa y s  of 

o th e r  fo o d -b o rn e  c a rc in o g e n s  w hich  r e q u ir e  m etabolic  a c tiv a tio n , 

n o ta b ly  N -n itro so  d e r iv a tiv e s  of d ie th y lam in e  a n d  dim ethylam ine 

(V esse lin o v itch  e t  a l 1984, P eto  e t  a l 1984) h a v e  a lso  re v e a le d  

a g e -d e p e n d e n t  c h a n g e s  in  tu m o u r in c id en ce , w ith  r a t s  ex posed  from  3 

w eeks of ag e  e x h ib itin g  a  20-fo ld  h ig h e r  in c id e n ce  of liv e r  tu m o u rs  

th a n  th o se  in  w h ich  e x p o su re  b e g an  a t  20 w eeks (P eto  e t  al 1984).

The in  v i tr o  m u ta g e n ic ity  s tu d ie s ,  u s in g  optim al c o n c e n tra tio n s  

of h e p a tic  f r a c t io n s  from  mice of d if f e r e n t  a g e s  (F ig. 26) s tro n g ly  

s u g g e s t  th a t  th e  d ev e lo p m en ta l c h a n g e s  in  in  v iv o  m u tag en ic ity  of 

MelQ a n d  T rp -P -2  a re  a t t r ib u ta b le  to  a g e -d e p e n d e n t  c h a n g e s  in  th e  

m etabolism  of th e  m u ta g e n s . S im ilar d e c re a se s  in  in  v itro  

m u tag en ic ity  w ith  in c re a s in g  ag e  h av e  b een  r e p o r te d  fo r

3 -m e th y lc h o la n th re n e , b e n z o (a )p y re n e  a n d  N -n itro so p y rro lid in e  

(R aineri e t a l 1986). H ow ever, c o n t r a r y  to  th e  in  v iv o  d a ta , th e  

in  v i tr o  m u ta g e n ic ity  of a fla to x in  Bi w as n o t a ffe c te d  by age.

T his is  in  a cc o rd  w ith  th e  r e s u l t s  of J a y a ra j  e t  al (1985) who 

.re p o r te d  th a t  a fla to x in  a c tiv a tio n  in  male F344 r a t s  rem ained  

u n a lte re d  u p  u n ti l  12 m on th s  of a g e , a lth o u g h  R o b ertso n  & B irnbaum  

(1982) re c o rd e d  a  d ec lin e  in  a c tiv a tio n  fo r  fem ale Long E v an s r a ts  

b y  th e  ag e  o f 2.5 m on ths. T h ese  c o n flic tin g  r e s u l t s  may be 

a t t r ib u ta b le  to  sex , s t r a in  o r  sp e c ie s  d if fe re n c e s .

The d e c re a se  in  m u ta g e n ic ity  w ith  in c re a s in g  a g e  may be due  to  

a  d e c re a se  in  th e  a c t iv i ty  of th e  enzym es w hich  in itia lly  a c tiv a te
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th e  chem ical to  i t s  e le c tro p h ilic  re a c tiv e  sp e c ie s , w hich  fo r  MelQ, 

T rp -P -2  a n d  a fla to x in  Bi, a s  d is c u s s e d  ab o v e , a re  th e  cy toch rom e 

P 4 5 0 -d e p e n d e n t mixed fu n c tio n  o x id ases  (Kato 1986, I sh ii  e t  al 

1986). H ow ever, th e  c h an g e  in  th e  h ep a tic  cy to ch ro m e P450 c o n te n t 

w ith  ag e  (T able 38 & 40) did  n o t c lo se ly  follow th e  c h a n g e s  in  

T rp -P -2  a n d  MelQ a c tiv a tin g  c a p a c ity . S ince th e  m icrosom al 

p ro te in s  (w hich  in c lu d e  cy to ch ro m e P450) co m prise  on ly  20% of th e  

to ta l  S9 p ro te in , i t  is  p o ss ib le  th a t  d ev elopm en ta l c h a n g e s  in  th e  

so lu b le  p ro te in  may d is to r t  m easu rem en ts  of cy to ch ro m e P450 w hen 

e x p re s s e d  in  te rm s  of S9 p ro te in . F u r th e rm o re , to ta l h e p a tic  

cy to ch ro m e P450 c o n te n t may n o t a c c u ra te ly  re f le c t  th e  lev e ls  of 

sp ec ific  h aem o p ro te in  isoenzym es in v o lv ed  in  th e  a c tiv a tio n  of th e se  

m u tag en s, th e  e x p re ss io n  of w hich  is d ev e lo p m en ta lly  re g u la te d  

(K linger 1982, M annering  1985).

As d is c u s s e d  ab o v e  on p a g e 2 5 5 j  h e te ro c y c lic  am ines, su c h  a s

MelQ a n d  T rp -P -2 , a re  a c tiv a te d  b y  cy toch rom e P 4 4 8 -d ep e n d e n t 

N -h y d ro x y la tio n  (Kato 1986) may a lso  p la y  a  ro le  in  th e

a c tiv a tio n  of a fla to x in  Bi (Ish ii e t al 1986). A lth o u g h  th e  

0 -d e e th y la t io n  of e th o x y re so ru f in  w as fo u n d  n o t to  c h an g e  

s ig n if ic a n tly  w ith  ag e  (Table 40) th is  does n o t p re c lu d e  

d evelopm en ta l c h a n g e s  to  cy to ch ro m e P448 isoenzym es to  be 

re s p o n s ib le  fo r  th e  o b s e rv e d  c h a n g e s  in  th e  m u ta g e n ic ity  of MelQ a n d  

T rp -P -2 .

A lte ra tio n s  in  th e  d e to x ifica tio n  (P h ase  II  m etabolism ) of 

th e se  com pounds may a lso  p lay  a  ro le  in  a g e - r e la te d  c h a n g e s  in  

g eno tox ic ity . A lth o u g h  no s ig n if ic a n t c h an g e  in  g lu ta th io n e

c o n te n t w as o b s e rv e d  in  th e  p r e s e n t  s tu d y  b e tw een  mice of 4 an d  24
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w eek s of a g e , g r e a te r  a c t iv i ty  fo r  g lu ta th io n e - t r a n s fe ra s e s  t h a t  u se  

CDNB a s  a  s u b s t r a te  w as d e te c te d  in  th e  o ld e r  an im als (T able 41). 

CDNB a c ts  a s  a  su ita b le  s u b s t r a te  fo r  a  w ide ra n g e  of 

g lu ta th io n e - t r a n s fe ra s e s ,  w h e rea s  DCNB a n d  ENPP, in  w hich  no 

a g e - d e p e n d e n t  c h an g e  w as fo u n d , a re  m ore e n zy m e -sp e c if ic  (K e tte re r  

e t a l 1983). S im ilarly , C h en g e lis  (1988) o b s e rv e d  an  in c re a s e  in  

g lu ta th io n e - t r a n s fe ra s e  a c t iv i ty  u s in g  CDNB in  S p ra g u e  Dawley r a t s  

w ith  no c o n s is te n t  a g e - r e la te d  c h a n g e s  in  to ta l h e p a tic  g lu ta th io n e  

a p p a re n t .  In  ad d itio n , in c re a s e s  in  g lu ta th io n e  t r a n s f e r a s e  

a c t iv i ty  h av e  been  o b s e rv e d  fo r  fem ale Sw iss W ebster mice u p  u n til  

10 m on ths of ag e  (S to h s  e t al 1982). A g e -re la te d  c h a n g e s  in  

g lu ta th io n e - tr a n s fe ra s e s  h av e  b een  re p o r te d  b y  o th e r  in v e s t ig a to r s .  

J a y a ra j  e t  a l (1985) exam ined c h a n g e s  in  a c t iv i ty  in  F is c h e r  344 

r a t s ,  to w a rd s  CDNB a n d  DCNB b u t  fo u n d  no s ig n if ic a n t d iffe re n c e s  

b e tw een  r a t s  of 4, 12 a n d  26 w eeks of ag e . S pearm an  a n d  Liebm an 

(1984) r e p o r te d  a  v e ry  sim ilar p a t te r n  e x ce p t fo r  an  in c re a s e  in  

a c t iv i ty  to w ard  CDNB in  fem ale (F isc h e r  344) r a t s  a t  24 m onths of 

age. B irnbaum  an d  B aird  (1979) exam ined th e  p o s s ib il ity  of 

a g e - r e la te d  c h a n g e s  in  g lu ta th io n e  t r a n s f e r a s e  to w ard  s ty re n e  oxide 

a n d  co n c lu d ed  th a t  th e re  w ere  no a g e - re la te d  c h a n g e s . T hese 

f in d in g s  a re  n o t in  a g re e m e n t w ith  th e  p r e s e n t  w ork , w hich  may 

in d ic a te  th a t  th e re  a re  s t r a in ,  sp ec ie s  o r  p e rh a p s  d ie ta ry  

d if fe re n c e s  in  th e  an im als u s e d  to  m easu re  a g e - r e la te d  c h a n g e s  in  

g lu ta th io n e  S - t r a n s f e r a s e  a c tiv ity . L ittle  is  know n a b o u t the' 

enzym es in v o lv ed  in  th e  c o n ju g a tio n  of MelQ a n d  T rp -P -2  to  

g lu ta th io n e  a lth o u g h  S aito  e t  a l (1984) h a s  r e p o r te d  th a t  

N -O H -T rp-P -2  ( th e  p ro p o se d  u ltim ate  c a rc in o g e n  of T rp -P -2 )  can  form  

th re e  g lu ta th io n e  c o n ju g a te s . C o n ju g a tio n  to  g lu ta th io n e  is  a  

m ajor d e to x ifica tio n  p a th w ay  of a fla to x in  Bi a n d  s in ce  h e p a tic  S9
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p rim arily  m e asu re s  th e  a c tiv a tio n  of com pounds, c h a n g e s  in  th e  P h ase  

II  m etabo lic  p a th w ay  may exp la in  a g e - re la te d  d if fe re n c e s  in  

a fla to x in  Bi m u ta g e n ic ity  o b s e rv e d  in v iv o  b u t  n o t in  v itro .

I t  w as c o n s id e re d  u n lik e ly  th a t  th e  d if fe re n tia l  e f fe c ts  o f ag e  

on  in  v iv o  m u ta g e n ic ity  (as o b se rv e d  in  th e  p r e s e n t  s tu d y )  w ere  a  

c o n se q u e n c e  of d if fe re n c e s  in  th e  r a te  of in te s t in a l  a b so rp tio n  of 

fo re ig n  com pounds from  th e  g u t  of mice in  th e  tw o ag e  g ro u p s . The

u p ta k e  of T rp -P -2  a n d  MelQ from  th e  sm all in te s t in e  o f a d u l t  mice is

ex trem ely  ra p id  (see  d isc u ss io n  page 246) a lth o u g h  an  u p ta k e  a n d  

d is t r ib u t io n  s tu d y  of th e  th r e e  com pounds u s in g  mice of d if f e r e n t  

a g e s  w ould be  r e q u ire d  to  v a lid a te  th is  h y p o th e s is .

O verall o u r  r e s u l t s  in d ic a te  th a t  th e  in  v iv o  m u ta g e n ic ity  of 

c e r ta in  d ie ta ry  g en o to x in s  is  m ark ed ly  in flu en c ed  by th e  ag e  o f th e  

anim al a n d  th a t  in  th e  case  of th e  coo k ed -fo o d  m u tag en s, MelQ a n d  

T rp -P -2 , th e se  c h a n g e s  may be due  p rim arily  to  developm en ta l c h a n g e s  

in  th e  enzym es in v o lv ed  in  th e  a c tiv a tio n  of th e s e  com pounds, w hile 

fo r  a fla to x in  Bi th e  c o n ju g a tio n  of th e  re a c tiv e  sp ec ie s  to  

g lu ta th io n e  w ould a p p e a r  re sp o n s ib le .

4. A g e -re la te d  c h a n g e s  in  g u t  f lo ra  m etabolism .

In  c o n tr a s t  to  h e p a tic  m etabolism , th e re  a p p e a rs  to  be no 

g e n e ra l a g e - re la te d  t r e n d  common to  th e  th r e e  b a c te r ia l enzym es 

(n i t r a te  re d u c ta s e , n i t ro re d u c ta s e  a n d  B -g lu c u ro n id a se ) s tu d ie d  in

th e  caecal c o n te n ts  of mice fe d  th e  c o n tro l ( f ib re - f re e )  d ie t

(C h a p te r  6 sec tio n  2). F o r a  sum m ary of th e  r e s u l ts  r e f e r  to  Table 

49.
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T ab le  49 Summary o f  age and d i e t  r e l a t e d  
changes to  g u t f lo r a  m etabolism

Enzyme

R e la t iv e  change in  c a e c a l enzyme a c t i v i t y

Age1 D ie ta ry  p e c t in 2 (5%)

N i t r a te  re d u c ta s e NC ^

N itro re d u c ta se 4  NC

fi-g lu cu ro n id ase |  NC

fi-g lu c o s id a se 1
Enzyme a c t i v i t i e s  in  c a e c a l c o n te n ts  o f mice o f d i f f e r e n t  ages and 
fed  a  f i b r e - f r e e  d i e t  o r  t h a t  d i e t  supplem ented w ith  5% p e c t in  were 
d e te rm in ed  as  d e s c r ib e d  in  Methods s e c tio n  9a. R efer to  C hap ter 5 
s e c t io n  1 and C h ap te r 6 s e c t io n  2 fo r  f u r th e r  d e t a i l s .

1 w ith  r e s p e c t  to  c a e c a l enzyme a c t i v i t i e s  o f  mice 4 weeks o f  age 
fed  a f i b r e - f r e e  d i e t .
2 w ith  r e s p e c t  to  c a e c a l enzyme a c t i v i t i e s  o f  mice fed  a  f i b r e - f r e e  
d i e t .

NC -  no change in  a c t i v i t y
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N itra te  r e d u c ta s e  a c t iv i ty  w as sim ilar th ro u g h o u t  th e  24 w eek 

e x p e rim en ta l p e r io d , w h e re a s  th e  r a te  of re d u c tio n  o f p -n itro b e n z o ic  

ac id  (F ig . 33), w hen  c a lc u la te d  fo r  th e  w hole anim al, w as fo u n d  to  

in c re a s e  u p  u n ti l  th e  mice w ere  12 w eeks of age. B -g lu c u ro n id a se  

a c t iv i ty  (F ig . 35), h o w ev er, a l te re d  l it t le  d u r in g  th a t  tim e, 

a lth o u g h , a t  24 w eek s, a n  in c re a s e  in  a c tiv ity  w as o b s e rv e d  w ith  a  

f u r th e r  in c re a s e  in  a c t iv i ty  a p p a r e n t  in  th e  p a r e n t  mice. T his is  

in  a g re e m e n t w ith  Goldin e t  a l (1978) who fo u n d  r a t  faeca l 

B -g lu c u ro n id a se  a c t iv i ty  to  in c re a s e  from  5 m onths o f ag e  u p  u n til  

th e  e n d  o f th e  e x p e rim en ta l p e rio d  w hen  th e  anim als w ere  20 m onths 

o ld. B -G lu cu ro n id ase  a c t iv i ty  is  p o s se s se d  b y  a  w ide v a r ie ty  of 

in te s t in a l  o rg a n ism s  in c lu d in g  th e  ae ro b ic  e n te ro b a c te r ia  a n d  th e  

a n a e ro b ic  b if id o b a c te r ia  a n d  b a c te ro id e s  sp ec ie s  (H aw ksw orth  e t a l 

1971). C o n se q u e n tly , i t  is  n o t p o ss ib le  to  c o rre la te  th is  

a g e - re la te d  c h a n g e  in  m etabolic  a c t iv i ty  w ith  a n y  p a r t ic u la r  

m icrob ial in h a b i ta n t  of th e  g a s t r o - in te s t in a l  t r a c t .  Many fo re ig n  

com pounds a r e  e x c re te d  in to  th e  g u t  a s  g lu c u ro n id e  c o n ju g a te s  

(g lu c u ro n id e s  r e p r e s e n t  th e  la r g e s t  c la s s  of xenob io tic  c o n ju g a te s  

e x c re te d  in  th e  bile; L a rse n  1988) in c lu d in g  th e  d ru g s  m orph ine , 

ch lo ram p h en ico l a n d  w a rfa r in  an d  th e  c a rc in o g e n s  b e n z o (a )p y re n e , 

N -h y d ro x y  N -2 -(f lu o re n y l)-a c e ta m id e  a n d  d im e th y lh y d ra z in e  

(W eisb u rg er 1971, R ow land e t  a l 1985). In c re a s e d  g lu c u ro n id a se  

a c tiv ity , a s  m e asu re d  in  o ld e r  an im als, may th e re fo re  r e s u l t  in  

in c re a s e d  h y d ro ly s is  of c o n ju g a te s  allow ing th e  ag ly co n e  to  be 

re a b so rb e d . The so u rc e  of B -g lu c u ro n id a se  is  lik e ly  to  be  th e  

m icrob ia l f lo ra  s in ce  th e  h y d ro ly s is  o f m any xenob io tic  g lu c u ro n id e s  

is  s u b s ta n tia l ly  re d u c e d  (b y  m ore th a n  90%) in  g e rm -f re e  o r  

a n tib io tic  t r e a te d  r a t s  (Williams e t  a l 1970, G ran tham  e t  a l 1970).

The h y d ro ly s is  o f g lu c u ro n id e  c o n ju g a te s  c an  lead  to  e n te ro h e p a tic
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c irc u la t io n  o f d r u g s  a n d  o th e r  fo re ig n  com pounds a n d  may h av e  a  

n u m b e r o f c o n se q u e n c e s , in c lu d in g  in c re a s e d  e x p o su re  to  th e  com pound  

w ith  th e  p o s s ib le  p o te n tia tio n  of a n y  p h arm aco log ica l e f fe c ts  o r  a n  

in c re a s e d  e x p o su re  to  a  re a c t iv e  m etabo lite . The d e lay  in  th e  

a p p e a ra n c e  o f d e c o n ju g a tin g  en zy m es m ay s p a re  th e  l iv e r  from  

re p e a te d  e x p o su re  to  r e a b s o rb e d  m a te ria l d u r in g  th e  p e rio d  in  w hich  

th e  c o n ju g a t in g  m echan ism s o f th e  l iv e r  a r e  b e in g  d ev e lo p ed . In  

s u p p o r t  of th is  th e  p r e s e n t  s tu d y  show ed  th a t  c e r ta in  h o s t 

g lu ta th io n e - t r a n s f e r a s e  a c t iv i t ie s  in c re a s e d  w ith  a g e  (T able 41).

An ex cep tio n , h o w e v e r, w ould  a p p e a r  to  be  th e  h y d ro ly s is  of th e  

d ie th y ls t i lb o e s tro l  g lu c u ro n id e  c o n ju g a te  in  r a t s ,  a s  th e  r a te  of 

h y d ro ly s is  w as e q u iv a le n t  to  a d u l t  v a lu e s , in  an im als a s  y o u n g  a s  3 

-  4 w eeks of a g e  (F isc h e r  e t  a l 1973).

E n te ro h e p a tic  c irc u la t io n  is  th o u g h t  to  h av e  b een  o b s e rv e d  in  

th e  d ie ta ry  f a t  s tu d y  r e p o r te d  in  C h a p te r  3. When th e  ca rc in o g e n ic  

h e te ro c y c lic  am ine [14C ]T rp -P -2  w as in je c te d  in to  th e  lig a te d  la rg e  

in te s t in e  i t  w as fo u n d  th a t  ra d io a c tiv i ty  w as ra p id ly  a b so rb e d  an d  

fu r th e rm o re , ra d io a c tiv i ty  w as a lso  fo u n d  in  th e  sm all in te s t in e  

w ith in  30 m in u te s  o f d o s in g  th e  ra d io la b e lle d  m u tag en , p re su m ab ly  

v ia  e x c re tio n  o f th e  [14C ]T rp -P -2  ( a n d /o r  i ts  m etab o lite s) in to  th e  

bile. A lth o u g h  no m easu rem en t w as m ade of th e  n u m b er of 

m etabo lites  o r  t h e i r  s t r u c tu r e ,  i t  is  lik e ly  th a t  th e  a b so rp tio n  of 

T rp -P -2  from  th e  la rg e  in te s t in e  a n d  p o ss ib le  re c irc u la tio n  of i t  o r  

i t s  m e tab o lite s  w ould r e s u l t  in  in c re a s e d  e x p o su re  of th e  h o s t 

anim al to  th e  com pound  a n d  p o s s ib ly  to  i t s  re a c tiv e  m etabo lites.

A sso c ia ted  w ith  th e  h y d ro ly s is  o f B -g lu c u ro n id e  c o n ju g a te s  an d  

th e  p o te n tia l c o n se q u e n c e s  of th is  is  a  l in k  b e tw een  faeca l
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1 3 -g lu c u ro n id a s e  a c t i v i t y  a n d  co lon  tu m o u r  in d u c t io n  (K in o sh i ta  & 

G elbo in  1978, R enw ick  & D r a s e r  1976, Hill e t  a l 1971). F u r t h e r  

e v i d e n c e  f o r  l in k in g  1 3 -g lu c u ro n id a se  a c t iv i t y  a n d  c a n c e r  is  p r o v id e d  

b y  th e  e p id e m io lo g y  s t u d y  of  R e d d y  & W y n d e r  (1973), w h ic h  sh o w s  

p o p u la t i o n s  a t  h ig h  r i s k  f o r  co lon  c a n c e r  to  h a v e  a n  i n t e s t i n a l  

m ic ro f lo ra  w i th  a n  i n c r e a s e d  a b i l i ty  to  h y d ro lyze  g lu c u ro n id e  

c o n j u g a t e s .  T h is  w ou ld  s u p p o r t  t h e  h y p o th e s i s  t h a t  i n c r e a s e d  

1 3 -g lu c u ro n id a se  a c t i v i t y  in  c a e c a l  c o n t e n t s  of a d u l t  mice m ay h a v e  

im p o r t a n t  to x ico lo g ica l  c o n s e q u e n c e s .

A g e - r e la t e d  c h a n g e s  in  b a c t e r i a l  n i t r o r e d u c t a s e  a c t iv i t y  may 

a l s o  a f f e c t  t h e  an im al h o s t .  A l th o u g h  no  o b v io u s  a g e - r e l a t e d  

c h a n g e  in  t h e  s p e c i f i c  a c t i v i t y  o f  p - n i t r o b e n z o ic  ac id  )was a p p a r e n t  

in  t h e  f i r s t  8 - 1 2  w e e k s  of life , a n  i n c r e a s e  in  to ta l  

n i t r o r e d u c t a s e  a c t i v i t y  of mice fe d  t h e  f i b r e - f r e e  d ie t  w as 

r e c o r d e d .  H o w ev er  s e v e r a l  n i t r o r e d u c t a s e  e n z y m e s  e x is t  (S c h e l in e

1973) so  c h a n g e s  in  o t h e r  n i t r o r e d u c t a s e s  may o c c u r  w ith  a g e ,  

p a r t i c u l a r l y  a s  n i t r o r e d u c t a s e  a c t i v i t y  of th e  c ae ca l  f lo r a  is  

h ig h ly  d e p e n d e n t  on  t h e  s u b s t r a t e  u s e d  (Row land e t  a l 1983c). 

N i t r o r e d u c t a s e s  a r e  k n o w n  to  be  in v o lv e d  in  t h e  in  v iv o  r e d u c t io n  o f  

n i t r o c o m p o u n d s  i n c lu d in g  th e  r a t  h e p a t o c a r c i n o g e n  d in i t r o to lu e n e .  

R e d u c t io n  of d in i t r o to l u e n e  b y  t h e  g u t  f lo r a  r e s u l t s  in  th e  

p r o d u c t i o n  of t h e  a c t i v a t e d  m e ta b o li te  ( R ic k e r t  e t  al 1981) w h ich  

c a n  be r e a b s o r b e d ,  a s  d e s c r i b e d  a b o v e  f o r  t h e  1 3 -g lucu ron ide  

a g ly c o n e s ,  t h u s  i n c r e a s i n g  t h e  p e r s i s t e n c e  of, a n d  t h e r e f o r e ,  th e  

e x p o s u r e  o f  t h i s  g e n o to x in  to  mammalian t i s s u e s .  T he  r e s u l t s  f rom  

t h e  p r e s e n t  s t u d y  in d ic a te  t h a t  a s  a n  an im al a g e s ,  i t  may b e  m ore 

s u s c e p t i b l e  to  t h e  e f f e c t s  o f  d in i t r o to l u e n e  a n d  o t h e r  

n i t r o c o m p o u n d s  t h r o u g h  th e  i n c r e a s e d  a b i l i t y  of t h e  g u t  f lo r a  to
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r e d u c e  s u c h  n it ro c o m p o u n d s .

C aecal n i t r o re d u c ta s e  a n d  13-g lucu ron idase  a c tiv it ie s  (p e r  gram  

caeca l c o n te n ts )  in  p re w ea n lin g  m ice, w ere  s im ilar to  t h a t  of th e i r  

m o th e rs  (T able 42). The a c t iv i t ie s  of th e s e  enzym es in  te rm s  of 

b a c te r ia l  n u m b e rs  w ere  a lso  sim ila r w h ich  is  n o t n e c e s sa r ily  

u n e x p e c te d  s in ce  a f te r  b i r th  th e  s te r i le  g u t  becom es co lon ised  by  

o rg a n ism s  d e r iv e d  from  th e  im m ediate e n v iro n m e n t in c lu d in g  th e  

m o th e r’s sk in , v a g in a  a n d  fa e ce s  (S c h a e d le r  e t  a l 1965). As 

r e g a r d s  th e  in ta c t  anim al, h o w ev er, th e  la r g e r  caeca l sac s  of th e  

p a r e n t  mice (T able 43) r e s u l t s  in  th e s e  mice h a v in g  g r e a te r  

n i t r o re d u c ta s e  a n d  1 3 -g lucu ron idase  a c tiv it ie s  th a n  th e i r  y o u n g , 

w hich  in  tu r n  w ould m ake them  m ore s u sc e p tib le  to  th e  p o te n tia l 

toxic c o n se q u e n c e s  of th e s e  enzym e a c tiv it ie s  a s  d is c u s s e d  above  

( r e f e r  to  p ag e  266 )• In  c o n tr a s t ,  n i t r a te  re d u c ta s e  w as 40 -  50 

fo ld  g r e a te r  (p e r  g o r  p e r  1010 b a c te r ia ; T able 42) in  th e  

p re w ea n lin g  mice th a n  in  th e  a d u lts .  A d ju s tin g  th e  v a lu e s  to  

d e te rm in e  th e  to ta l a c t iv i ty  fo r  th e  anim al r e s u l te d  in  th e  v a lu e s  

be ing  a lm ost id e n tic a l. The e x is te n c e  of c e r ta in  b a c te r ia l sp ec ie s  

(su c h  a s  lac to b ac illi)  in  th e  n e o n a te s  w hich  p o s s e s s  a  s u b s ta n tia l  

n i t r a te  r e d u c ta s e  a c t iv i ty  b u t  l i t t le  n i t r o re d u c ta s e  a n d  

I3 -g lu cu ro n id ase  a c t iv i ty  m ay ex p la in  th is  r e s u l t ,  a lth o u g h  f u r th e r  

s tu d ie s  in v e s t ig a t in g  th e  m etabolic  a c tiv it ie s  of b a c te r ia l  iso la te s  

need  to  be c a r r ie d  o u t  to  s u b s ta n t ia te  th is  th e o ry .

T h is  com parison  o f 2 w eek  o ld  p re w ea n lin g  mice a n d  th e i r  

m o th e rs  h a s  em p h asized  th e  im p o rtan ce  of th e  cho ice  of u n i ts  in  

e x p re s s in g  enzym ic d a ta . C h an g e s  to  g u t  b a c te r ia l  enzym e 

a c tiv it ie s  c an  be m inim ized o r  a c c e n tu a te d  d e p e n d in g  on th e  m an n er
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in  w h ich  th e  r e s u l t s  a re  c a lc u la te d . When sp ec ific  enzym e a c t iv i ty  

is  e x p re s s e d  p e r  g ram  w e ig h t, i t  c an  be h ig h ly  v a r ia b le  d u e  to  

in te r -a n im a l d if f e re n c e s  in  th e  w a te r  o r  d ry  m a tte r  c o n te n t.

D ie ta ry  co m p o n en ts , in c lu d in g  fe rm e n ta b le  p la n t p o ly sa c c h a r id e s  su c h  

a s  p e c tin , g iv e  s h o r t  c h a in  f a t ty  a c id s  follow ing b a c te r ia l  

d e g ra d a tio n  a n d  th e s e  may be a s so c ia te d  w ith  a  n e t  in flu x  of w a te r  

in to  th e  caecum  d ilu tin g  th e  h in d  g u t  c o n te n ts  (L eeg w a te r e t  al

1974). In  th e  p r e s e n t  s tu d y  d ie ta ry  p e c tin  c o n s is te n tly  p ro d u c e d  

a n  in c re a s e  in  caeca l s ize  a lth o u g h  th e  b a c te r ia l  c o u n t  p e r  gram  

caeca l c o n te n ts  w as, in  g e n e ra l, s im ila r to  th o se  mice fe d  th e  

f ib r e - f r e e  d ie t. A sec o n d , a n d  o f te n  p r e f e r r e d ,  m ethod of 

e x p re s s in g  enzym ic  d a ta  is  th e  to ta l  a c t iv i ty  p e r  caecum , s in ce  th is  

is  of b io log ica l a n d  tox ico log ical re le v a n c e  to  th e  h o s t anim al.

D ilution of th e  h in d g u t  b a c te r ia  becom es i r r e le v a n t  a s  th e  a c tiv ity  

of th e  to ta l m ic ro flo ra  is  c o n s id e re d . The d a ta  p re s e n te d  h e re  w as 

a lso  s ta n d a rd iz e d  to  1010 b a c te r ia  (ap p ro x im atin g  th e  m icrobial 

c o n te n t o f one g ram  caeca l c o n te n ts )  a s  th is  allow s c o n s id e ra tio n  of 

c h a n g e s  in  th e  m etabolic  a c t iv i ty  of th e  o rg a n ism s  co m p ris in g  th e  

g u t  m icro flo ra , w ith o u t th e  c o n fo u n d in g  e f fe c ts  o f c h a n g e s  in  d ry  

m a tte r  o r  w a te r  c o n te n t  o f th e  sam ple. A lim ita tion  to  th is  

m ethod, h o w ev er, is  t h a t  i t  a ssu m e s  th a t  a ll b a c te r ia l  ce lls  p o sse ss  

an  e q u a l a b ility  to  c a ta ly s e  a  g iv e n  re a c tio n . D esp ite  th is  

r e s e rv a tio n , th e  m ethod  g iv e s  a n  in d ic a tio n  of c h a n g e s  to  enzym e 

a c tiv it ie s  o f g u t  m ic ro o rg an ism s b y  d ie ta ry  m an ip u la tio n .

5. Dietary pectin and gut flora metabolism.

In  a d d itio n  to  a g e , d ie ta ry  co m p o n en ts  c an  a l te r  th e  a c tiv ity  

of g u t  b a c te r ia l  enzym es (Row land e t  a l 1985). In  a g re e m e n t w ith  

th is ,  tw o s tu d ie s  p re s e n te d  in  th is  th e s is  (see  C h a p te r  5, sec tio n  1
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a n d  C h a p te r  6, s e c tio n  2), in  w hich  fem ale BALB/c mice w ere  fed  a  

f ib r e - f r e e  d ie t  o r  t h a t  d ie t su p p le m e n te d  w ith  5% (w /w ) c i t r u s  

p e c tin , show  c e r ta in  m etabolic  a c t iv i t ie s  o f th e  caeca l f lo ra  to  be 

d ie t-d e p e n d e n t .  F o r a  sum m ary  of th e  r e s u l t s  r e f e r  to  Table 49.

P e c tin s  a r e  n o t d e g ra d e d  b y  mammalian en zy m es, a lth o u g h  th e y  

a re  e x te n s iv e ly  m etabo lized  w ith in  th e  g u t  a n d  p ro v id e  a  re a d y  

so u rc e  of c a r b o h y d ra te  to  th e  g a s t r o - in te s t in a l  m ic ro flo ra  (M allett 

& Row land 1988). T he p e c tin  u s e d  in  th is  s tu d y  w as d e r iv e d  from  

c i t r u s  f r u i t  a n d  h ad  a  h ig h  m ethoxyl c o n te n t  (8% b y  w e ig h t w ith  

ap p ro x im a te ly  70% of th e  c a rb o x y l g ro u p s  m eth o x y la ted ) a n d  is  w idely  

u se d  b y  in d u s t r y .  T h is ty p e  of p e c tin  is  a lm ost com plete ly  

u tiliz e d  b y  in te s t in a l  b a c te r ia  (Gilmore 1966) in c lu d in g  th o se  of 

man (Holloway e t  a l 1983).

D ie ta ry  p e c tin , w hen fo rm in g  5% (w /w ) o f th e  d ie t, w as fo u n d  to  

i n c r e a s e  s i g n i f i c a n t l y  th e  am oun t o f caeca l c o n te n ts  (T ab les  22 &

43) com pared  to  mice fed  a  p e c t in - f r e e  d ie t. T h is  in c re a s e  in  

caecal s ize  h a s  p re v io u s ly  b e e n  r e p o r te d  in  b o th  r a t s  a n d  mice (Wise 

e t  al 1982, D eB ethizy e t  a l 1983, M allett e t a l 1983, Row land e t al 

1983a,c) a lth o u g h  in  man p e c tin  a p p e a r s  to  h a v e  l i t t le  e f fe c t  on 

stoo l o u tp u t  (Doyle e t  a l 1983, Ross & Leklem  1981, S p il le r  e t  al 

1980, M allett e t  a l 1988). V arious h y p o th e se s  h av e  b e en  p ro p o se d  

to  exp la in  caeca l e n la rg e m e n t b u t  th e  m ost fa v o u re d  is  t h a t  p e c tin , 

o r  a  p ro d u c t  o f th e  b a c te r ia l  fe rm e n ta tio n  o f p e c tin , a l t e r s  th e

osm otic p r e s s u r e  w ith in  th e  g u t  a n d  th a t  caeca l e n la rg e m e n t is an
e.

a d a p tiv e  hon^>static re s p o n s e  to  th e  p re s e n c e  o f th e s e  osm otically  

a c tiv e  m olecules (W alker 1988, L e e g w ate r  e t  a l 1974). A 

c o n se q u e n ce  of caeca l e n la rg e m e n t is  th a t  to ta l  enzym e a c tiv ity  ( th e
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a c t i v i t y  p e r  cae c u m )  will v a r y  e v e n  if t h e  s p e c i f ic  a c t i v i t y  ( p e r  

g ra m  c a e c a l  c o n t e n t s )  is  u n a f f e c t e d  b y  d ie t .  T h is  e f f e c t  o f  

a l t e r e d  c a e c a l  s iz e  may be  e n h a n c e d  b y  th e  t e n d e n c y  of mice fed  5% 

p e c t in  to  h a v e  lo w er  (b y  a b o u t  7%) b o d y  w e ig h t s  t h a n  mice f e d  t h e  

f i b r e - f r e e  d i e t  (T ab le  22) so  f u r t h e r  i n c r e a s in g  t h e  c a e c a l  to  b o d y  

w e ig h t  r a t i o  o f  p e c t i n  fe d  mice. Wise e t  a l (1982) a n d  R ow land  e t  

a l (1983a) a lso  r e p o r t e d  th e  b o d y  w e ig h t s  of r a t s  f e d  5% p e c t i n  to  

be  5 -  10% lo w e r  t h a n  th o s e  fe d  th e  f i b r e - f r e e  d ie t .

A l th o u g h  p e c t in  i n c r e a s e s  c a e c a l  s ize ,  p e c t in  h a s  e q u iv o c a l  

e f f e c t s  on  t h e  c o n c e n t r a t i o n  of b a c t e r i a  in t h e  c a e c a l  c o n t e n t s  

( d e te rm in e d  b y  m ic ro sco p ic  c o u n t ) .  In  t h e  p r e s e n t  s t u d y  (T ab le  22 

& 43) 5% d i e t a r y  p e c t in  h a d  no s ig n i f i c a n t  e f f e c t  on  b a c t e r i a l

n u m b e r s  a l t h o u g h  Row land e t  a l (1983a) r e p o r t e d  a  r e d u c t i o n  to  o c c u r
ccxcx

in  th e  coocs^rrtrr^hco o(- b a c d e n o .  ^  of p e c t i n - f e d  MF1 mice. In  

th e  r a t ,  b a c t e r i a l  c o n c e n t r a t i o n  re m a in e d  th e  sam e (Wise e t  a l 1982, 

D eB eth izy  e t  a l 1983, Row land e t  a l 1983a, F re e m a n  1986) o r  

i n c r e a s e d  in  r e s p o n s e  to  d i e t a r y  p e c t in  (R ow land e t  a l 1983c) . 

S im ila r ly ,  no c o n s i s t e n t  r e s u l t s  w e re  a p p a r e n t  f o r  t h e  n u m b e r s  of 

b a c t e r i a  in f a e c e s  of h u m a n s  g iv e n  p e c t in  (Doyle e t  a l 1981, G argo  

e t  a l 1985). S in c e ,  in  th e  p r e s e n t  s t u d y ,  t h e  m e tab o lic  a c t i v i t i e s  

o f  th e  c a e c a l  f lo r a  w e re  fo u n d  to  be  i n d e p e n d e n t  of t h e  t o t a l  n u m b e r  

of m ic ro o rg a n is m s ,  i t  w ould  s u g g e s t  t h a t  c h a n g e s  in  b a c t e r i a l  

b io t r a n s fo r m a t io n  w e re  d e p e n d e n t  on  e i t h e r  en z y m e  i n d u c t io n  o r  

r e p r e s s i o n  o r  u p o n  r e d i s t r i b u t i o n  of b a c t e r i a l  s p e c ie s  w i th in  t h e  

g u t  p o p u la t io n .

A n u m b e r  o f  p r e v io u s  i n v e s t i g a t i o n s  u s in g  r a t s  h a v e  fo u n d  t h a t  

t h e  e f f e c t s  o f  d i e t a r y  p e c t in  on  g u t  f lo r a  m etabo lism  sh o w  a n
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in c re a s e  in  1 3 -g lucu ron idase  a c t iv i ty  w ith  5 -  10% p e c tin  d ie ts  

(B au er e t  a l 1979, F reem an  1986, Rowland e t  a l 1983a, D eB ethizy e t  

a l 1983, M allett e t  a l 1983). An e x cep tio n  to  th is  is  a  s tu d y  by  

S h iau  & C hang  (1983) w ho fo u n d  B -g lu c u ro n id a se  a c t iv i ty  to  d e c re a se  

in  p e c tin - fe d  (F is c h e r  F344) r a t s .  T h is  d is c re p a n c y  w ith  o th e r  

s tu d ie s  may r e f le c t  th e  d i f f e r e n t  m ethod  of e x p re s s in g  th e  enzym e 

a c t iv i ty  (p e r  mg fa e ca l n itro g e n  a s  co m p ared  to  p e r  g ram  caeca l 

c o n te n ts  o r  p e r  mg faeca l p ro te in ) . In  th e  p r e s e n t  s tu d y ,  h o w ev er, 

u s in g  fem ale BALB/c mice (an d  p -n i t ro p h e n o l-B -g lu c u ro n id e  a s  

s u b s t r a te )  no s ig n if ic a n t  c h a n g e  in  B -g lu c u ro n id a se  w as o b s e rv e d  

(F igs. 21 & 35). S im ilarly  Row land e t  al (1983a) o b s e rv e d  no  

s ig n if ic a n t c h a n g e  in  th e  a c t iv i ty  of th is  h y d ro ly t ic  enzym e in  

mice, in d ic a tin g  a  p o ss ib le  sp e c ie s  d if fe re n c e  in  th e  e x p re s s io n  o r  

in d u c ib ility  o f th e  enzym e. In  hu m an s, a  r e c e n t  s tu d y  b y  M allett e t  

al (1988) fo u n d  th a t  B -g lu c u ro n id a se  a c t iv i ty  d e c re a se d  w hen  th e  

norm al d ie t  o f 6 h e a lth y  v o lu n te e rs  w as su p p lem en te d  w ith  18g 

p e c tin /d a y . In  an  e a r l ie r  s tu d y  in  man w h e re  ap p ro x im a te ly  sim ilar 

am oun ts  of c i t r u s  p e c tin  w ere  in g e s te d  B -g lu c u ro n id a se  a c t iv i ty  

in c re a s e d  (R oss & Leklem  1983). The re a s o n  fo r  th e  d if fe re n c e  in  

e f fe c t  b e tw een  th e  tw o in v e s t ig a tio n s  is  u n k n o w n . D ie t-re la te d  

in c re a s e s  in  B -g lu c u ro n id a se  a c t iv i ty  h av e  b e en  lin k e d  w ith  

in c re a se d  c a rc in o g e n e s is  s in ce  an  in c re a s e  in  th is  enzym e a c tiv i ty  

in  p e c tin - fe d  ro d e n ts  w as a sso c ia te d  w ith  a  s ig n if ic a n t in c re a s e  in  

d im e th y lh y d ra z in e  in d u c e d  c o lo -re c ta l  tu m o u rs , s u g g e s t in g  th a t  

g lu c u ro n id e  d e c o n ju g a tio n  is  im p o r ta n t fo r  th e  re le a s e  o f a n  a c tiv e  

in te rm e d ia te  o f d im e th y lh y d ra z in e  in  th e  h in d g u t  (B au er e t  a l 1979).

The a c t iv i ty  of a  seco n d  h y d ro ly t ic  enzym e, B -g lu co sid ase , 

d e c re a se d  in  re s p o n s e  to  a  5% p e c tin  d ie t  (F ig. 21) a s  p re v io u s ly
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re p o r te d  in  r a ts ,  h am sters  (Rowland e t al 1983a) and  man (M allett e t  

al 1988) a lth o u g h  no t in  MF1 mice (Rowland e t al 1983a). Since 

B -g lucosidase is known to c o n v e rt g lycosides to  toxic ag lycones a s  

in  th e  h y d ro ly s is  of cycasin  to  yield th e  carc in o g en  azoxymethanol o r 

th e  p ro d u c tio n  of cyanide by th e  action  of th is  enzym e on am ygdalin 

(Rowland & Walker 1983), th e se  ch anges in  a c tiv ity  may have an 

im p o rtan t ro le  in  th e  developm ent of cancer by  th e se  ag en ts .

D ietary  p ec tin  had little  e ffec t on th e  n itro re d u c tio n  of 

p -n itro b en zo ic  acid in  female BALB/c mice (F igs. 21 & 34). E arlier 

in v es tig a tio n s  show no co n sis te n t re sp o n se  of th is  red u c tiv e  enzym e 

to  p ec tin  (Rowland e t al 1985) which may re f le c t d iffe ren ces  in  th e  

n a tiv e  m icroflora of th e  h o st animal p rio r  to d ie ta ry  tre a tm en t, o r 

may be th e  re s u lt  of th e  h igh ly  d ep en d en t n a tu re  of caecal 

n itro re d u c ta se  ac tiv ity  upon th e  s u b s tra te  u sed  (Rowland e t al 

1983c). D espite th is , d ie ta ry  pectin  may have im p o rtan t 

con seq u en ces  on th e  red u c tio n  of nitrocom pounds since p e c tin -in d u c ed  

n itro re d u c ta se  has been  assoc iated  w ith an  in c re a se  in  hepatic  

m acrom olecular covalen t b ind ing  of [3H ]-2 ,6 -d in itro to luene  

(DeBethizy e t al 1983) and  an in c reased  su sc e p tib ility  to 

m ethaem oglobinaem ia of r a ts  g iven  n itrobenzene  (G oldstein e t  al

1984).

The m ajor e ffe c t of p ec tin  on g u t flo ra  m etabolism was bn 

n itra te  re d u c ta se  a c tiv ity  since m arked in c re a se s  in  a c tiv ity  w ere 

o b se rv ed  in  p e c tin -fe d  animals (Figs. 21 & 33). This a g re e s  w ith 

sim ilar in v estig a tio n s  u sin g  MFI mice and ra ts  (Wise e t  a l 1982,

M allett e t a l 1983, Rowland e t al 1983a, DeBethizy e t al 1983). In  

th e  p re s e n t  s tu d y  u sin g  mice of d iffe re n t ag es  (see C h ap ter 6,
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sec tio n  2) th is  p ec tin -in d u ced  in c rease  in n itra te  re d u c ta se  

a c tiv ity  was g re a te s t  in  4-w eek-old  mice and  th e re a f te r  d ecreased  as 

th e  anim als aged , a lth o u g h  even  a t  24 w eeks th e re  was an  8 fold 

d iffe ren ce  in  n itra te  re d u c ta se  ac tiv ity  (p e r g caecal co n ten ts) 

com pared to  mice fed th e  f ib re - f re e  d ie t (Fig. 33). Since th e  

p e c tin -in d u c ed  n itra te  re d u c ta se  ac tiv ity  was g re a te r  in  y o u n g er 

th a n  in  o ld e r anim als th e  enhanced  ab ility  to g en e ra te  n itr i te  from 

n itr a te  may make th e  y o u n g er mice more su scep tib le  to  th e  induction  

of methaemoglobinaeraia and  th e  p roduction  of n itrosam ines.

N itrite  can, on a b so rp tio n  in to  th e  blood, u n d e rg o  co-oxidation 

w ith  oxyhaem oglobin to  y ield  n itra te  and  methaemoglobin. Since 

m ethaem oglobin is  unab le  to  tra n s p o r t  oxygen, th is  reac tio n  can  have 

im portan t clin ical co nsequences if th e  p roduction  of th e  

m ethaem oglobin exceeds th e  capac ity  of th e  h o st enzym es to  re s to re  

th e  fu n c tio n  of th e  re s p ira to ry  pigm ent. Wise e t al (1982) has 

dem onstra ted  n itra te - in d u c e d  methaemoglobinaemia to  o ccu r in  

p ec tin -fed  ra ts  p o ssess in g  an  in c reased  g u t microbial 

n itra te - re d u c ta se . Animals fed  th e  p ec tin -co n ta in in g  d ie t 

typ ica lly  showed a  ten -fo ld  in c rease  in  blood methaemoglobin six 

ho u rs  a f te r  n itra te  ad m in istra tion  re la tiv e  to  th a t  o b se rv ed  in  the  

con tro l d ie t g ro u p  (Wise e t al 1982). Where man is concerned , 

in fan ts  a re  p a r tic u la r ly  a t r is k  of developing methaemoglobinaemia 

(especially  those  from a re a s  w here d rin k in g  w ater is r ich  in 

n itra te ) , s ince, among o th e r  reaso n s , th e y  p o ssess  a  stom ach 

m icroflora r ic h  in  n itr a te - re d u c in g  b ac te ria  (M allett 1988, Green & 

Tannenbaum  1982). The d a ta  p re se n te d  h ere  would also  su g g e s t th a t  

ch ild ren  w ith a h igh  p ec tin  in tak e  may have an  in c reased  

su scep tib ility  to  th is  medical condition, a s  com pared to  ad u lts  o r
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c h i ld re n  on  a  low p e c tin  d ie t.

N itrosam ines a re  a  c lass  of p o ten t carcinogens w hich have 

p ro v ed  to  be ac tiv e  in  all of th e  animal species in  w hich th e y  have 

been  te s te d . T hus in c reased  p ro d u c tio n  of th ese  com pounds a s  a 

r e s u lt  of in c reased  n itra te  re d u c ta se  may have serio u s  im plications. 

M allett e t al (1983) has shown th a t  p ec tin -in d u ced  in c re a se s  in 

caecal n itra te  re d u c ta se  ac tiv ity  in ro d en ts  are assoc iated  w ith an  

in c rease  in  th e  p ro d u c tio n  of n itrosam ines in v itro  (M allett e t al 

1983). F u r th e r  ev idence  fo r e levated  nitrosam ine form ation in 

caecal p re p a ra tio n s  from p ec tin -fe d  animals was ob ta ined  by 

in cu b atin g  th e  p re p a ra tio n s  w ith [14C}proline and n itra te .

F ifteen -fo ld  more n itro so p ro lin e  was p roduced  u n d e r th e se  conditions 

by caecal c o n ten ts  from r a ts  fed  pectin  by  com parison to  those  

consum ing th e  f ib re - f re e  d ie t (M allett 1982). This g en era tio n  of 

n itrosam ines v ia  m icrobial red u c tio n  of n itra te  in v ivo  may explain 

th e  in c reased  incidence of g a s tr ic  can cer in  man in  a re a s  w here  

d rin k in g  w ater con ta in s  h ig h  co n cen tra tio n s  of n itra te  (M allett 

1988). F u rth erm o re , th e re  is ev idence to  su g g e s t an  add itional 

association  w ith a  h igh  in tak e  of s ta rc h y  food (W ynder e t al 1963, 

Modan e t al 1974) which may p ro v id e  a  source of e n e rg y  fo r b ac te ria l 

metabolism and  grow th . However, re c e n t experim ents ind ica te  th a t  

the  role  of d ie ta ry  pectin  on th e  induction  of e ith e r 

methaemoblobinaemia o r n itrosam ine form ation in  man may be lim ited 

because acco rd ing  to  M allett e t al (1987, 1988) human faecal n itra te  

re d u c ta se  a c tiv ity  was u n a lte re d  by th e  consum ption of a  h igh  pectin  

diet.

The im portance of p e c tin -in d u c ed  n itra te  re d u c ta se  a c tiv ity  on
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n itro sam in e  fo rm a tio n  in  mice was in v e s t ig a te d  f u r t h e r  in C h a p te r  5. 

A lthough  th e  w o rk  is  d is c u s s e d  in deta il in th e  nex t sec tion  of th is  

d isc u ss io n  ( sec t io n  6), t h e r e  was no ev idence  from th e  s tu d y  to 

s u g g e s t  t h a t  in c r e a s e d  n i t r a t e  r e d u c ta s e  in th e  g a s t ro - in te s t in a l  

t r a c t  c a u s e d  in c r e a s e d  p ro d u c t io n  of m utagen ic  n it ro so  com pounds.

The id e n t i f ic a t io n  of b a c te r ia l  spec ies  th a t  may be invo lved  in

th e  p e c t in —r e la te d  in d u c t io n  of n i t r a te  r e d u c ta s e  a c t iv i ty  has  been

a t tem p ted .  C e r ta in  s t r a i n s  of E sch erich ia  coli ha  been  found  to

have  p a r t i c u la r ly  h ig h  n i t r a t e  r e d u c ta s e  ac t iv i t ie s  (H aw ksw orth  &

Hill 1971). T h ese  m icroo rgan ism s  a re  m em bers of th e  e n te ro b a c te r ia

which w ere  d e te c te d  in  h ig h  n u m b e rs  in th e  caecal c o n te n ts  of mice

fed  d ie ts  s im ilar  to  th o s e  in th e  p r e s e n t  s tu d y  (Wise e t  al 1982).

In  a d d i t io n  c e r t a in  sp e c ie s  of a n a e ro b e s ,  su c h  as  b a c te ro id e s  and

c lo s t r id ia  can  u ti l ize  p e c t in  fo r  g ro w th  (R exova-B enkora  & Markovic 
S u c k

1976) and/SPfd t z  in th e  g u t  may p o s se s s  com parab le  enzym e sy s tem s  a n d  5c.

p ro l i fe ra te  in  an im als  fed  a  d ie t  sup p lem en ted  with pec tin .

However, c h a n g e s  of th i s  ty p e  may be too su b t le  to  q u a n t i ta te  w ith

conv en tio n a l  taxonomic te c h n iq u e s .  Wise e t al (1982) o b s e rv e d  no 
e/fkei' /*

o vera ll  d if fe re n c e ,  in s p e c ie s  d iv e r s i ty  o r /n u m b e r  of o rg an ism s ,  th a t
/i<? cbjefve cf

could be c o r r e l a te d  w i th / in c r e a s e d  n i t r a te  r e d u c ta s e  a c t iv i ty  in 

p e c t in - f e d  r a t s .  N i t r a t e  may be r e d u c e d  by  a n u m b e r  of
b e c t ’- o t e .

f a c u l ta t iv e  a n d  o b l ig a te  b a c te r ia  a n d  \ n i t r a te  o c c u r s  to g e th e r

with p e c t in  in  p la n ts ,  i t  h a s  b een  p ro p o sed  th a t  th e  g u t  b a c te r ia  o |
, /

A<r rlxf'-i c t e s  h av e  evo lved  to couple  p ec t in  oxidation  w ith

n i t r a te  r e d u c t a s e  a n d  ATP (ad en o s in e  5’- t r i p h o s p h a te )  p ro d u c t io n .

This in f lu e n c e  of d ie ta r y  p e c t in  on microbial metabolism

-  277 -



a p p e a rs  to  be re la ted  to  th e  m ethylated  s tru c tu re  of pectin .

W hereas po lygalactu ron ic  acid  (a non-m ethy la ted  pectin ) does not 

cau se  an  in c rease  in  caecal n itra te  re d u c ta se  ac tiv ity  of r a ts ,  low 

m ethoxyl p ec tin  cau ses  some in d u c tio n  of n itra te  re d u c ta se  a c tiv ity  

b u t is to  a  le s se r  e x ten t th a n  th a t  induced  by a  h igh  methoxyl 

p ec tin  (Conning e t al 1983, M allett e t al 1983). This a p p a re n t 

s u b s tr a te  sp ec ific ity  may be because  bac te ria l d eg radation  of 

D -ga lac tu ron ic  polym ers o ccu rs  only w ith specific form s of pectin  

(R exova-B enkora & M arkovic 1976, Schink & Zeikus 1980).

The u se  of a 5% p ec tin  d ie t in th e  p re s e n t s tu d y  is likely  to 

be a  fa r  g re a te r  am ount th a n  norm ally consum ed by hum ans ea ting  a 

w este rn  ty p e  d ie t, since to ta l f ib re  in tak e  of th is  human d ie t is 

only a ro u n d  4% (by  w eight) calcu la ted  from d ie ta ry  in tak e  d a ta  

p u b lish ed  by  M allett e t al (1988) and  equ iv alen t to 15 -  20g of 

fib re  p e r  day (S tephen  1985). The p ro p o rtio n  of th is  f ib re  in tak e  

th a t  is p ec tin  is unknow n b u t d a ta  from th e  p re se n t s tu d y  su g g e s ts  

th a t  p ec tin  needs to  form a  re la tiv e ly  la rg e  p roportion  of th e  d ie t 

to  induce  ch an g es  in  m icrobial metabolism, since experim ents u s in g  a  

0.5% p ec tin  d ie t (see C hap ter 5) dem onstrate  th a t  th is  am ount of 

pec tin  had  no a p p a re n t a ffe c t on th e  fo u r enzyme ac tiv itie s  m easured 

(Fig. 21). F u rth erm o re  th e re  no change o b serv ed  in  th e  body, liv e r 

o r caecal size of th e se  anim als fed  0.5% pectin  re la tiv e  to  th e  

p e c tin -f re e  diet.

I t  m ust also be no ted  th a t  in  th e  p re s e n t s tu d y  a  sing le  form 

of p ec tin  (8% methoxy pectin ) was u sed  w hereas in n a tu re  th e  ex ten t

of m ethylation v a rie s . T hus in  man any  changes in  m icrobial g u t
o

flo ra  m eta^lism  will be a  balance of th e  vario u s  fib re s  consum ed.
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R ecently  Wise e t al (1986) dem o n stra ted  th a t  th e  e ffe c ts  of d ie ta ry  

f ib re  com ponents on caecal m icroflora a re  d ep en d e n t upon th e  in itia l 

fib re  co n ten t of th e  d ie t base. Of p a r tic u la r  re lev an ce , th is  

g ro u p  showed th a t  p ec tin  had  no a p p a re n t a ffe c t on n itra te  red u c tio n  

w hen th is  p lan t-ce ll com ponent was in co rp o ra ted  in to  a  stock  d ie t 

(Wise e t al 1986). This may explain th e  r e s u lt  of M allett e t al 

(1988) who supp lem ented  a "norm al" W estern d ie t w ith  18g apple 

p e c tin /d a y  and  o b se rv ed  no ch ange  in  hum an faeca l n itra te  re d u c ta se  

ac tiv ity  a lth o u g h  o th e r  enzym e ac tiv itie s  w ere a lte re d .

The d iffe ren ces  in  th e  b ac te ria l colonisation of th e  

g a s tro - in te s tin a l t r a c t  of d if fe re n t spec ies  m ust a lso  be considered  

when a ttem pting  to  ex trap o la te  d a ta  from one sp ec ies , su ch  as the  

mouse, to  an o th e r (i.e. man). For in s tan ce , th e  mouse stomach 

con tains a  la rg e  b ac te ria l population , dom inated by  lactobacilli, 

b ac te ro ides and  b ifidobac teria , w hereas in  h ea lth y  people th e  

stom ach norm ally c o n sis ts  of mainly tra n s ie n t  flo ra  (Rowland e t al

1985). The rea so n s  fo r th e se  d iffe ren ces  may be a sc rib e d  prim arily  

to  d iffe ren ces  in g a s tr ic  acid  sec re tio n  b u t a lso  co p ro p h ag y  and 

d ie t a re  fac to rs . The colonization of stom ach an d  small in te s tin e  

of r a t  and  mouse m eans th a t  a  su b s ta n c e  has a  g re a te r  chance of 

microbial tran sfo rm a tio n  in  th e se  anim als th a n  in  th e  hum an, w here a 

d ru g  may be ab so rb ed  before  reach in g  th e  heav ily  popu la ted  reg ions 

of th e  gu t. However g a s tro - in te s t in a l  d iso rd e rs , su ch  as  

hy p o ch lo rh y d ria , w hich re s u lt  in  b a c te ria l colonization of th e  

stom ach an d  u p p e r  small in te s tin e  of man a re  no t uncommon and may 

modify th e  metabolism of in g e s te d  d ru g s  (Rowland 1986).

F u rtherm ore , th e  im portance of caecal m icrobial enzyme
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ac tiv itie s  in  th e  enhancem ent of tox icity  (or detoxification) of an y  

chem ical will depend  on a  num ber of v a riab les  in c lu d in g  ra te  and  

ty p e  of h o st-m ed ia ted  metabolism , re la tiv e  am ount of caecal 

c o n ten ts , d is tr ib u tio n  of a  g iven  b ac te ria l s u b s tr a te  w ith in  th e  

body (especially  th e  co n cen tra tio n  w ith in  th e  caecal co n ten ts) as 

well a s  th e  enzym e a c tiv ity  of caecal m icroorganism s and  ab so rp tio n  

of b ac te ria l reac tio n  p ro d u c ts  from th e  caecum. The m easurem ent of 

enzym e a c tiv itie s  in caecal c o n ten ts  on ly  tak es  two of th e se  

v a ria b le s  in to  accoun t, so in  v ivo  s tu d ie s  a re  re q u ire d  to  a sse ss  

th e  ultim ate d isposition  of in d iv id u a l com pounds.

6. D ietary  p ec tin  an d  n itrosam ine form ation.

The m arked in c rease  in  n itr a te  re d u c ta se  a c tiv ity  in  p ec tin -fed  

female BALB/c mice, as  re p o r te d  in  C h ap ters  5 & 6 of th is  th e s is , is 

by its  n a tu re  asso c ia ted  w ith  an  in c reased  p ro d u c tio n  of n itr ite . 

A lthough n itr i te  itse lf  is no t carc inogen ic  o r m utagenic, as  

re flec ted  in  th e  p re s e n t  s tu d y  by  th e  lack of m utagenic re sp o n se  in  

mice dosed  w ith sodium n itr i te  in  th e  host-m ed ia ted  a ssa y  (Table 26 

& 27), n itr ite  can combine in  v ivo  w ith  c e r ta in  amino g ro u p s  and  

yield carcinogen ic  o r m utagenic N -n itro so  com pounds (B artsch  & 

M ontesano 1984). In  th e  p re s e n t  s tu d y  th e  te r t ia r y  amine, 

am inopyrine, was ad m in is tered  w ith sodium  n itr ite  p ro d u c in g  a 

b ac te ria l m utagen, p resum ab ly  nitrosodim ethylam ine. The reac tio n  of 

am inopyrine w ith n itr i te  is  g iven  in Fig. 3. The ab ility  to  d e tec t 

m utagen icity  in  th e  host-m ed ia ted  a ssa y  w ith anim als dosed  w ith 

am inopyrine and  n itr ite  h as b een  p rev io u s ly  re p o r te d  by  Neale & Solt 

(1981), B aum eister (1982) an d  B arale e t al (1981). Neale & Solt 

(1981) also showed th a t  th e  ra te  of m utagen form ation from 

am inopyrine n itro sa tio n  is v e ry  ra p id , since mice g iven  asco rb ic
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acid  (a n itro sa tio n  in h ib ito r), a t  th e  same time a s  th e  amine and 

n itr i te , exh ib ited  no m utagenic ac tiv ity . F u rth e rm o re  w hen ascorb ic  

acid  was given  5 m inutes a f te r  dosing  am inopyrine, some m utagenicity  

was d e tec ted  w hereas dosing 10 m inutes a f te r , re su lte d  in  m utation 

freq u en c ie s  com parable to th a t  in  mice g iven  no a sco rb ic  acid, 

in d ica tin g  th a t by th is  time n itro sa tio n  was com plete.

The ease of am inopyrine n itro sa tio n  is a t t r ib u te d  to  bo th  its  

enam ine s t ru c tu re  and  i ts  low b asic ity  (pKa 5.04; M irvish 1975).

Only th e  free , u n p ro to n a ted  amine, and  no t th e  amine sa lt, is 

availab le fo r n itro sa tio n , and  so th e  reaction  of am inopyrine with 

n itr i te  is  heavily  pH d ep en d en t (M irvish 1975). C onsequently , the  

stom ach is th e  most likely  s ite  fo r  th is  n itro sa tio n  reac tio n  to 

o ccu r due to  i ts  low pH. U sing a rtific ia l g a s tr ic  ju ice ,

Baum eister (1982) dem onstrated  th e  form ation of m utagenic n itroso  

com pounds from am inopyrine in  th e  p re sen ce  of n itr ite . Low pH 

fa v o u rs  th e  form ation of th e  n itro sa tin g  ag en t, n itro u s  acid  (formed 

from n itr ite  in  acidic aqueous media), b u t it  also  fa v o u rs  th e  

p ro tona tion  of th e  amine. B ecause of th e  c o u n te rac tin g  e ffec ts  of 

pH on th e  co n cen tra tio n  of u n p ro to n a ted  amine and  th e  concen tra tion  

of n itro u s  acid , th e re  is an  optim al pH (2.5 -  3.3) fo r  n itro sa tio n  

of a g iven  amine. For am inopyrine th e  optim al pH fo r 

n itrosodim ethylam ine form ation is  2.0 (M irvish 1975).

In  th e  host-m ed ia ted  a ssa y  i t  was o b se rv ed  th a t  th e  p roduction  

of active  m utagen was no t d e p en d e n t on th e  dose of am inopyrine and 

n itr ite  alone. When d iffe ren t doses of am inopyrine an d  n itr ite  were 

g iven  (Fig. 23 & Table 26), th e  m utation freq u e n cy  m easured  in  the  

liv e r in itia lly  in c reased  w ith in c reas in g  dose b u t su b se q u e n tly  a t

-  281 -



h ig h e r  co n cen tra tio n s  of am inopyrine and  n itr ite  (above 30m g/kg) the  

m utation  ra te  began  to  decline. The only exception to th is , was 

w hen th e  th e  pH of a  h igh  dose (50m g/kg) of am inopyrine was red u ced  

from  pH 7.5 to  pH 3.0 ind ica ting  th a t co n cen tra tio n s  of am inopyrine 

above 30m g/kg ra ised  th e  stom ach pH su ffic ien tly  to  cause a  

re d u c tio n  in  m utagen form ation. Since am inopyrine n itro sa tio n  is so 

d e p e n d e n t on pH, w ith th e  optimal pH being  v e ry  low th is  is  a  

p o ssib le  explanation . The stom ach pH of BALB/c mice was found to 

v a ry  betw een 3.5 and  7.2 (determ ined  approxim ately u sin g  pH 

in d ic a to r p a p e r  p laced in to  th e  stom ach co n ten ts). This ran g e  in 

stom ach pH is p robab ly  assoc ia ted  w ith flow of g a s tr ic  ju ice  and 

b u ffe rin g  cap ac ity  of the  stom ach co n ten ts  (S h ep h ard  e t al 1987).

The m arked d iffe ren ces  in  stom ach pH may also explain th e  large 

in te rg ro u p  v aria tio n  o b serv ed  in  m utagenic a c tiv ity  (see Tables 26 -

28). B ecause of the  pH dependence  of n itro sa tio n  reac tio n s , any 

v a ria tio n  in  stom ach pH from animal to  animal o r  from dosing animals 

w ith  am inopyrine, would modify th e  ra te  of n itro sa tio n  w hich in tu rn  

would a lte r  th e  m utagenic re sp o n se . However, Neale & Solt (1981) 

who u sed  co n cen tra tio n s  of up  to  180 mg am inopyrine /kg  observ ed  no 

decline in  m utagen icity  as th e  co n cen tra tio n  of am inopyrine 

in c reased . D ifferen t s tra in s  of mice w ere u sed  com pared to  the  

p re s e n t  s tu d y  w hich may help  explain th e  d isc rep an cy  in  th e  re su lts  

since it is  possib le  th a t  in  th e  la t te r  experim ent stom ach pH was on 

av e rag e  more acidic. I t  should  also be noted  th a t  n itro sa tio n  can 

be ca ta ly sed  by  b ac te ria  a t more n e u tra l pH values. S ince mice have 

a  re s id e n t  stom ach flo ra  i t  is  also possib le th a t  d iffe ren t s tra in s  

of mice d iffe r  in  th e ir  capac ity  to  n itro sa te  am inopyrine by  

b ac te ria l ca ta ly s is .
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In  a d d itio n  to  p ro d u c in g  a  m u tagen ic  re s p o n s e , th e  in g e s tio n

of n itr ite  and  am inopyrine has been shown to  induce  carc in o g en esis ,

no tably  haem angioendothelial sarcom as of th e  liv e r  and  m etastases  in

th e  lung  (L ijinsky  e t al 1973, Taylor & L ijinsky  1975), w hich a re

sim ilar to  th e  ty p e s  of tum our fre q u e n tly  in d u ced  by

nitrosodim ethylam ine, a s  re p o rte d  by Clapp e t a l (1971) in  BALB/c

mice. This in v ivo  form ation of n itrosocom pounds may be im portan t

to  man as hum ans a re  exposed to  a  bo th  a wide ran g e  of n itro g en -

contain ing  com pounds and  n itro sa tin g  ag en ts . In  su p p o rt of th e

view th a t  n itrosocom pounds may be form ed in th e  stom ach, N -nitroso

com pounds have been  d e tec ted  in  the  g a s tr ic  co n ten ts  of man (Mysliwy

e t al 1974, M ueller e t al 1983). N -nitrosocom pounds have also been
r

d etec ted  in blood which a re  likely to be de riv ed  from gastijic so u rces 

(Fine e t al 1977, Kowalski e t al 1980, Gough e t al 1983, L ak ritz  e t  

al 1982). The gen era tio n  of N -nitroso com pounds in  v ivo  may explain 

th e  in c reased  inc idence  of g a str ic  cancer in  a re a s  w here d rin k in g  

w ater con tains h igh  co n cen tra tio n s  of n itra te . For example, in 

Narino, an a rea  of Columbia w ith a  h igh  incidence of g a s tr ic  can cer 

it  was re p o rte d  th a t  g a s tr ic  ju ice  n itra te  levels w ere  ra ised  

com pared to o th e r  low incidence a re as  of Columbia (Fontham  e t al 

1986). F urtherm ore  pern ic ious anaemia and  p a r tia l gastrec tom y 

(d iseases which re s u lt  in  g a s tr ic  ach lorhydia) have been  associated  

w ith an  in c reased  r is k  of g a s tr ic  neoplasia, w ith N -n itroso  

com pounds form ed by  b ac te ria lly -ca ta ly sed  n itro sa tio n  th o u g h t to  be 

involved in th e  pa th o g en esis  of th ese  ch anges (Reed e t al 1985).

As d iscu ssed  above (see  page 2 7 6 ) , an associa tion  ex ists  

betw een nitrosocom pound formation and ca rb o h y d ra te /p ec tin  intake.

The prov ision  of e x tra  ca rb o h y d ra te  to  th e  g a s tro - in te s t in a l
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m icroflora may in c rease  bac te ria l metabolism o r b ac te ria l num bers 

w ith a  concom itant in c rease  in th e  ab ility  of th e  b a c te ria  to  re d u c e  

n itra te  to  n itr i te  (see C hap ter 5 & 6). The n itr ite ^ th e n  6e 

available fo r  reac tio n  w ith n itro g en  contain ing  com pounds. However 

in th e  p re s e n t  s tu d y  th e  add ition  of pectin  to th e  d ie t of mice did 

no t a p p ea r to  a lte r  th e  n itro sa tio n  of am inopyrine to  a  b ac te ria l 

m utagen ev en th o u g h  m icrobial n itra te  re d u c ta se  a c tiv ity  was 

in c reased  (see C hap ter 5 section  3). Similarly th e  in v ivo  

form ation of n itro so p ro lin e  from proline and  n itra te  was no t 

in c reased  in  p e c tin -fe d  mice (personal communication I.R. Rowland) 

a lth o u g h  an  in c rease  was m easured in v itro  (see d iscussion  page 276; 

M allett e t al 1982)

I t  was found  th a t  w hen am inopyrine was adm in istered  alone (ie. 

w ith no n itr ite )  no m utagenic re sp o n se  was a p p a ren t. This

would ind ica te  th a t  th e re  was not enough n itr ite  available to  allow 

su ffic ien t n itro sa tio n , fo r de tec tion  in th e  host-m ed ia ted  a ssay , to  

occu r (Table 28). N itra te  and n itr ite  w ere p re s e n t  in only 

neglig ib le am ounts in  th e  d ie t, so th e  only so u rces  of th e se  two 

com pounds availab le to  th e  mouse m icroflora w ere from th e  d rin k in g  

w ater o r from endogenous p roduction . This would be in  ag reem en t 

w ith an experim ent of Lin & Lai (1982) who found  th a t  th e re  was no 

n itr ite  in th e  stom ach of r a ts  given a con tro l d ie t, b u t a f te r  two 

w eeks on a  0.5% n itra te  d ie t, th e  stom ach con tained  0.83ppm n itr ite . 

However w hen n itra te  was g iven  e ith e r  chron ically , o r as  an  acu te  

dose in th e  p re s e n t  s tu d y  (Tables 29 & 30), th e re  was no a p p a re n t 

change to  th e  n itro sa tio n  of am inopyrine com pared to  mice given no 

n itra te  supplem ent, w h e th er o r not th e  mice w ere fed a  p e c tin -  o r 

p e c tin -fre e  d ie t. T hus su g g es tin g  th a t  th e  level of n itr ite  was
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still in su ffic ien t fo r a de tec tab le  am ount of n itro sa tio n  to  occur.

The doses of n itra te  u sed  in  th e  p re se n t s tu d y  had p rev io u s ly  been  

found to  in c rease  n itr i te  levels in ro d en ts  w ith th e  ch ron ic  dose 

inducing  m ethaemoglobinaemia (personal communication I.R. Rowland). 

In  th e  p re s e n t s tu d y  symptoms of methaemoglobinaemia w ere not 

o b se rv ed  w hich may su g g e s t th a t  fo r BALB/c mice h ig h e r doses of 

n itra te  th a n  u sed  h e re  (1 .25g/kg  fo r the  acu te  dose and  2.0% o r 0.5% 

n itra te  o v e r 5 days fo r th e  ch ron ic  adm inistration) a re  re q u ire d  to 

induce th is  condition.

N itrate  is ra p id ly  a b so rb ed  from th e  proximal small in te s tin e  

and  e n te r s  th e  body w ater reach in g  equilibrium  w ithin  all body 

com partm ents inc lud ing  th e  h in d g u t (Hartman 1982, W itter e t al

1979). N itra te  is th o u g h t to  p a rtic ip a te  in  n itro sa tio n  reac tio n s  

following red u c tio n  to  n itr ite  by  th e  microbial community colonising 

th e  o ra l cav ity  and  o th e r  reg io n s  of th e  g a s tro - in te s tin a l t r a c t  

such  as th e  caecum (Hartman 1982). A lthough no in c rease  in  

am inopyrine n itro sa tio n  was found  to  occur in  th e  s tu d y  re p o rte d  

h e re  i t  may be because th e  red u ced  n itra te  is not located  a t  th e  

s ite  of am inopyrine n itro sa tio n . For in stance , n itra te  red u c tio n  

will occu r in  th e  la rg e  in te s tin e  w hereas am inopyrine n itro sa tio n  is 

p ro b ab ly  located  in th e  stomach.

A fu r th e r  fac to r th a t  needs to be considered  is th e  sen s itiv ity  

of th e  host-m ed ia ted  a ssa y  in  th is  ty p e  of experim ent. For th e  

m arkers am picillin re s is ta n c e  and  d ifferen tia l DNA re p a ir , th e  

change in  n itr i te  co n cen tra tio n  re q u ire d  to  induce  a

s ig n ifican t change in  genotoxicity  was equ iv alen t to a  2m g/kg 

dose w hich, in  th e se  experim en ts, approxim ated 0.5jamols of
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n itr ite . I t  is  un likely  th a t  feed ing  a pectin  diet, o r th e  dosing  

of mice w ith n itra te  will p roduce  th is  degree  of in crease  in  n itr i te  

co n cen tra tio n  in  th e  stomach.

In  o rd e r  to  t r y  and  enhance th e  sen s itiv ity  of th e  

host-m ed ia ted  a ssay  to  d e tec t n itro sa tio n  of compounds to  m utagenic 

d e riv a tiv e s , th iocyanate  was adm in istered  w ith th e  am inopyrine.

Thiocyanate is known to in c rease  th e  ra te  of n itro sa tion  of 

am inopyrine due to  th e  p ro d uction  of th e  n itro sa tin g  spec ies  ON-NCS 

(M irvish 1975). However, in th e  p re se n t s tu d y  potassium  

th iocyanate  had no a p p a re n t e ffec t on th e  form ation of a  genotoxin 

from am inopyrine and  n itr ite . A possib le explanation fo r  th is  lack 

of re sp o n se  is th a t  th e  stom ach pH was not su ffic ien tly  acidic.

The optimum pH fo r th is  reac tion  is pH 2.0 and  as pH becomes less  

acidic th e  ra te  of reaction  falls because th e  th iocyanate  becomes 

protonated (Mirvish 1975). However earlier studies f in whith. mutagenicity 

was determined as a measure of nitrosation, showed thiocyanate to markedly 

promote nitrosation (Baumeister 1982, Barale et al 1981).

I t  has been  e s tab lish ed  th a t  th e  carcinogen 

nitrosodim ethylam ine is p ro d u ced  from th e  n itro sa tion  of am inopyrine 

(M irvish 1975). In  th e  above experim ents m utagenicity  was 

determ ined  in  th e  liv e r b u t a f u r th e r  experim ent showed th a t  th e  

m utagenic a c tiv ity  of n itrosodim ethylam ine (g iven in trav en o u sly ) can 

be d e tec ted  in  o th e r  o rg an s , no tab ly  th e  kidney, sp leen  an d  lung  

w ith th e  o rd e r  of genotoxicity  being  g re a te s t in  th e  lung , th e n  th e  

liv e r and  le a s t in  th e  k idney  an d  sp leen  (Table 25). The g re a te r  

ac tiv ity  of th e  n itrosam ine in  th e  lung  com pared to  th e  liv e r  may be 

due to th e  g re a te r  ab ility  of liv e r  to  re p a ir  a lky la ted  DNA a lthough
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p rev io u s  s tu d ie s  have found  th e  liv e r to  be th e  p rim ary  ta rg e t  fo r 

genotoxic a c tiv ity  (Pueyo e t  al 1979, Kerklaan e t al 1985).

The de tec tion  of m utagen icity  in  tis su e s  o th e r  th a n  th e  liver 

in  n itro so d im ethy lam ine-trea ted  anim als is d ep en d en t upon  th e  

ab ility  of th e se  tis su e s  to  d eg rad e  th e  compound to  a m ethylating  

a g e n t (M ontesano & B artsch  1976, Pegg 1980). This is  b ecause  th e  

th e  reac tiv e  in te rm ed ia te  of nitrosodim ethylam ine is h ig h ly  u n stab le  

and  does no t c ircu la te  in  th e  blood a f te r  its  genera tion . However, 

th e  dose of n itrosam ine and  i ts  mode of adm in istra tion  is also 

im portan t in  determ in ing  th e  metabolism of nitrosodim ethylam ine.

When th e  liv e r is exposed to  small doses of nitrosodim ethylam ine, 

en te r in g  th e  p o rta l blood su p p ly , th e  liv e r is norm ally ab le to  

c lear th e  com pound in  a  " f ir s t  pass"  e ffec t re su ltin g  in  DNA damage 

to  th e  liv e r only. However re la tiv e ly  la rg e  doses of th e  

nitrosam ine o r adm in istra tion  by  in trav en o u s  in jec tion  will re s u lt  

in  a lky lation  of DNA in  t is su e s  o th e r th an  th e  liv e r (Diaz Grames 

1977, Pegg & P e rry  1981). Since th e  p re s e n t s tu d y  u sed  a  re la tive ly  

h igh  dose of nitrosodim ethylam ine (5 m g/kg) g iven  in trav e n o u sly  it 

is  no t s u rp r is in g  th a t  genotoxicity  was m easured in th e  k idney , 

sp leen  and  lu n g s  as  well a s  in  th e  liver.

A lthough th e  reac tiv e  in term edia te  of nitrosodim ethylam ine is 

known to  be u n s tab le  it m ust be su ffic ien tly  long -lived  in  o rd e r  to  

d iffu se  o u t of cells in  which i t  was g en era ted  and  in d u ce  m utations 

in  b ac te ria  in  th e  host-m ed ia ted  a ssay . A fter in tra v e n o u s  

adm instra tion  in  to  mice, b a c te ria  a re  located p rim arily  in  th e  

K upffer cells lin ing  th e  liv e r s inuso ids (re fe r  to  d iscu ssio n  on 

page 298 & Fig. 40). C onsequently  reac tiv e  m etabolites have to  pass
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from th e  h ep a to cy tes  in to  bo th  th e  K upffer cells and  th e  bac te ria .

In  ag reem en t w ith th is  U m benhauer & Pegg (1981) found a lky la tion  of 

bo th  in tra c e llu la r  and  ex trace llu la r DNA by nitrosodim ethylam ine to 

o ccu r following ac tiva tion  by iso la ted  hepatocy tes. T here  is much 

ev idence  to  su g g e s t th a t  th e  m ajor a d d u c t of n itrosodim ethylam ine 

th a t  in d u ces  m utation in  both  b ac te ria  and mammalian cells is  

06-m eth y lg u an in e  (Pegg 1980).

7. The in fluence  of th e  g u t f lo ra  on th e  hepatic  a c tiv ity  of 

m utagens.

In  th e  p re s e n t  s tu d y  d ie ta ry  modification had a  m arked effec t 

upon g u t flo ra  metabolism b u t had little  e ffec t on th e  metabolism o r 

form ation of n itrosodim ethylam ine. However, th e  p re sen ce  of a 

m icrobial population  in  th e  g u t is known to influence metabolism 

both  w ith in  th e  in te s tin a l t r a c t  and  a t  o th e r s ite s  of th e  body, 

p a r tic u la r ly  th e  liv e r (Wostmann 1984), I t  is  possib le  th a t  th e  

g u t m icroflora may a ffec t th e  ac tiv itie s  of hepatic  

d ru g -m etabo lis ing  enzym es, some of which a re  involved in  th e  

ac tiv a tio n  of fo re ig n  com pounds to  carcinogenic o r m utagenic 

d e riv a tiv es . The s tu d ie s  p re se n te d  in C hapter 5 of th is  th esis  

show th a t, in mice, th e  p re sen c e  of a g u t flo ra  in c rease s  th e  in 

v ivo  m utagenic a c tiv ity  of aflatoxin Bi, MelQ and  T rp -P -2  in the 

liver. Sim ilarly, ca rc inogen ic ity  s tu d ies  using  g erm -free  and  

conventional flo ra  ro d en ts , su ch  as  th a t  of Roe & G ran t (1970) and 

M izutani & M itsuoka (1979) found tum our incidence was generally  

lower in  th e  g e rm -free  anim als. For example, M izutani & Mitsuoka 

(1979, 1980) found th a t  only 30% of germ -free  C3H/He mice had 

developed hepatic  tum ours a f te r  a year, com pared to  75% in th e ir 

conven tional c o u n te rp a r ts . F u rtherm ore , liv e r tum ourigenesis  in
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gno tob io tes was prom oted m arkedly  when associated  w ith a  bac te ria l 

com bination of E scherichia  coli, S trep tococcus faecalis an d  

C lostridium  paraputrificum . F u r th e r  addition  of b ac te ria l species 

su ch  a s  Bifidobacterium  longum , Lactobacillus acidophilus  and 

Eubacterium  recta le  re su lte d  in  su p p re ss io n  of tum our form ation. 

These re s u lts  su g g e s t th a t  in te s tin a l bac te ria  can prom ote o r 

in h ib it liv e r carc in o g en esis  in  mice, depending  on th e  species of 

b a c te ria  p re sen t. The reaso n s  fo r  th is  varia tion  in tum our 

developm ent have no t been  e lucidated .

A possib le mechanism by w hich th e  g u t flo ra  may a ffe c t 

m utagenesis o r carc in o g en esis , is  th ro u g h  th e  b acte ria l form ation of 

carcinogenic  in itia to rs  o r p rom oters from d ie ta ry  o r endogenous 

p re c u rso rs  (such  as  phenols and  c reso ls  from arom atic amino ac ids o r  

bile acid m etabolites). These ac tiv e  in term edia tes a re  th e n  

ab so rb ed  from th e  g u t and  tra n s p o r te d  to  th e  liv e r v ia  th e  p o rta l 

blood system . A fu r th e r  p o ssib ility  is th a t  th e  p re sen ce  of a  g u t 

flo ra  modifies th e  ab ility  of th e  liv e r  to metabolize d ie ta ry  

contam inants leading to  th e  form ation of prom oters o r active  

carc inogens (Rowland 1988). Rowland e t al (1987), a t  th e  

co llaborating  lab o ra to ry  a t  BIBRA, in v estig a ted  th is  h y p o th esis  by 

com paring th e  ab ility  of hepatic  S9 p rep a ra tio n s  from g erm -free  o r 

conventional m icroflora r a ts  to  a c tiv a te  aflatoxin Bi, MelQ and  

T rp -P -2  u sin g  th e  Ames m utagen icity  assay . The p re sen ce  of a  g u t 

flo ra  s ig n ifican tly  a ffec ted  th e  hep atic  activation  to  b ac te ria l 

m utagens of all th re e  com pounds. In  agreem ent w ith th e  p re s e n t 

s tu d y , th e  a c tiv ity  of aflatoxin  Bi was almost twice th a t  when S9 

from conventional r a ts  was used . However, th e  ac tiv a tio n  of th e  

cooked food m utagens was somewhat g re a te r  in germ -free  S9
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p rep a ra tio n s*  The co n flic tin g  f in d in g s  fo r  th e  in v ivo  a n d  in

v itro  s tu d ie s  on th e  two heterocyclic  amines may be due to  the  use  

of d if fe re n t ro d e n t spec ies  w ith d iffe ren t capacities to detoxify or 

due to  d iffe ren ces  in  th e  ra te s  of u p tak e  of the  two com pounds from 

th e  g a s tro - in te s t in a l t r a c t  of g e rm -free  and  conventional flora 

animals. The ev idence  su g g e s ts  th a t  active  tra n s p o r t  a c ro ss  the  g u t 

wall is u n a ffec ted  by  th e  p resen ce  or absence of a  microbial flora. 

However, p ass iv e  ab so rp tio n  te n d s  to  be in c reased  in th e  germ -free  

s ta te  (H eneghan 1988).

In  add ition  to  ch an g es  in th e  ab so rp tiv e  capacity  of th e  g u t of
c

th e  g e rm -free  animal, a  num ber of m orphological and  physijpchemical 

changes occur. For in s tan ce , in  th e  germ -free  ro d en t, th e  wall of 

th e  small in te s tin e  is th in n e r , th e  villi a re  more s len d e r, th e  

microvilli of th e  b ru s h  b o rd e r a re  lo nger and  th e  ra te  of tu rn o v e r  

of mucosal ep ith e lia l cells is slower (H eneghan 1988). However, 

such  m orphological d iffe ren ces  would su g g e s t th a t  th e  germ -free  

small in te s tin e  would be more e ffic ien t in  ab so rb in g  n u tr ie n ts  

(Heneghan 1988, Coates 1988). M icrobial metabolism also a lte rs  the  

physiochem ical c h a ra c te r is tic s  of th e  g u t co n ten ts  p roducing  a  lower 

redox p o ten tia l an d  a  generally  lower pH, which could have im portan t 

e ffec ts  on th e  metabolism and  d isposition  of xenobiotics (Ward e t al

1986) su ch  a s  afla toxin  and  th e  cooked food m utagens. This how ever 

re q u ire s  fu r th e r  in v estig a tio n .

The p re s e n t s tu d y  and  th a t  of Rowland e t al (1987) show th a t  

the  g u t flo ra  can  a ffe c t th e  metabolism of known carc inogens in th e  

liver, which in  tu r n  may influence th e  induction  of tum ours. This 

d ifference  does no t a p p ea r to  be associated  w ith e ith e r  E. coli o r
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B acteroides  in hab iting  th e  g u t since gnotobio tes contam inated w ith 

th e se  b a c te ria  had little  e ffec t on th e  ac tiv a tin g  capacity  of th e  

S9 frac tio n s  tow ards MelQ and  T rp -P -2 .

8. In  v ivo  a n d  in v itro  b ac te ria l m utation a ssay s .

In th is  th e s is , sev era l in v estig a tio n s  have been p re sen ted  

which examine m odifers of m utagenic ac tiv ity  u sing  in v ivo  and in 

v itro  b ac te ria l m utation a ssay s . M utagens o ften  u sed  in th ese  

experim ents (see C hap ters 3, 4 and  6) w ere food m utagens aflatoxin 

Bi, MelQ and  T rp -P -2 . I t  was o b serv ed  in both th e  in v ivo  

host-m ed ia ted  a ssay  and  th e  in v itro  m utagenicity  a ssay  th a t  th e  

o rd e r  of po ten cy  of th e  m utagens, as determ ined by th e  num bers of 

r e v e r ta n ts  induced  p e r pmol, was MelQ > T rp -P -2  > aflatoxin Bi.

The o b serv ed  d ifference  in genotoxicity  betw een th e  two 

heterocyclic  am ines, MelQ and  T rp -P -2 , con cu rs  w ith p rev ious s tu d ie s  

(Sugim ura 1986) and  may be explained by d ifferences in  th e  metabolic 

pa thw ays followed by th e  two chem icals when ac tiv a ted  to reactiv e  

in term ed ia tes. For in s tan ce , th e  ev idence su g g es ts  th a t  MelQ is 

N -hydroxy la te  d p rio r  to  form ing ace ty l o r su lp h ate  e s te rs  (Sato e t 

al 1980), w hereas th e  ac tiv e  m etabolite of T rp -P -2  is an 0 -acy l 

de riv a tiv e  (Hashimoto & Shudo 1985). A fu r th e r  explanation fo r in 

vivo  d iffe ren ces  in genotoxicity  betw een com pounds, is th a t  the  

la tte r  may ex h ib it d iffe ren t pharm acokinetics. This was 

dem onstrated  fo r MelQ and  T rp -P -2  by Howes (1987), who found th a t  an 

o ral dose of MelQ (5mg[24pmol]/kg) in  th e  host-m ediated  assay , gave 

rise  to a  peak  of m utagenic ac tiv ity  w ith in  1 hour of dosing, 

w hereas th e  g re a te s t  a c tiv ity  of T rp -P -2  (10mg[39pmol]/kg) was 

detec ted  3 h o u rs  a f te r  dosing. This would su g g e s t th a t  in  the
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p re s e n t  s tu d y , th e  maximum ac tiv ity  of T rp -P -2  was no t m easured, 

s ince  m utagen icity  was only  determ ined  1 hour a f te r  dosing  T rp -P -2  

to  th e  animals. The la t te r  su g g es tio n  may indeed  be t ru e  when the  

adm in istered  doses of T rp -P -2  and  MelQ w ere sim ilar to  th a t  of Howes 

(1987), b u t one may no t n ecessa rily  assum e th is  fo r o th e r  doses of 

m utagen u n til f u r th e r  tim e-course  s tu d ie s  a re  perform ed which u se  a 

ra n g e  of m utagen con cen tra tio n s .

A num ber of reaso n s may explain th e  a p p a re n t lack of m utagenic 

p o tency  of aflatoxin  Bi com pared to  MelQ and  T rp -P -2 . For example, 

th e  low a c tiv ity  may be asso c ia ted  w ith th e  known re s is ta n c e  of mice 

to  th e  toxic and  carcinogenic  e ffec ts  of aflatoxin (see d iscussion  p .256).

In  c o n tra s t, mice a re  th o u g h t to  be sen sitiv e  to  th e  genotoxic 

action  of cooked food m utagens as th ey  have a  g re a te r  ab ility  to  

a c tiv a te  IQ and  MelQ to  b ac te ria l m utagens th a n  o th e r  ro d e n t species 

(A lldrick & Rowland 1985). I t  has been p roposed  th a t  th is  species 

d ifference  in th e  activation  of he terocyclic  amines is re la ted  to 

th e  h ig h e r ac tiv itie s  of hepatic  N -hydroxylases and  o th e r  cytochrom e 

P450-m ediated ac tiv itie s  in  mice com pared to  r a ts  (L itte rs t e t  al 

1975, A lldrick & Rowland 1985).

A second explanation fo r th e  low po tency  of aflatoxin  in 

b ac te ria l m utation a ssay s  u sed  in  th e  p re s e n t in v estig a tio n , is th a t  

S. typhim urium  TA98 was u sed  as  th e  in d ica to r organism . S. 

typhim urium  TA98 is sen sitiv e  to  fram esh ift m utagens, su ch  as the  

he terocyclic  amines. A lthough aflatoxin can  p roduce  th is  ty p e  of 

m utation (by  sing le  s tra n d  b reak s. D’A ndrea &

H aseltine 1978), th e  p re fe ren ce  is to  p roduce  b a se -p a ir  

su b s titu tio n s . In  o rd e r  to  m easure th e  la tte r , an  in d ica to r s tra in
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s u c h  as  S. typ h im u riu m  TA100 would be re q u i re d .  The r e a s o n  fo r  no t 

u s in g  th i s  s t r a in  is t h a t  in  th e  h o s t-m e d ia te d  a s s a y  th e r e  is 

ev id e n c e  to  s u g g e s t  t h a t  th e  b a c te r ia  can  lose th e  pkMlOl plasm id 

(p e rs o n a l  com unication  I.R. Rowland). In  o r d e r  to  com pare r e s u l t s  

from th e  h o s t-m e d ia te d  a s s a y s  w ith  th o se  from th e  in v itro  

m u tag en ic i ty  a s s a y s ,  S. typ h im u riu m  TA98 was u se d  in b o th  s e t s  of 

exp e r im en ts .

A th i r d  f a c to r  is th a t  S. typ h im u riu m  TA98 cells  h ave  th e  

p o te n t ia l  to metabolize he te ro cy c lic  amine p r e c u r s o r s  to  m utagen ic  

spec ies .  E v idence  fo r  th i s  comes from th e  w ork of Saito e t  al 

(1983) who iso la ted  an  ace ty l  C o A -dependen t O -ace ty l t r a n s f e r a s e  

from S. ty p h im u riu m  w hich was capab le  of t ra n s fo rm in g  N -O H -Trp-P-2  

to a  re a c t iv e  d e r iv a t iv e .  I t  is possib le  t h a t  th is  second  

a c t iv a t io n  p a th w ay  r e s u l t s  in g r e a t e r  ac t iv a t io n  of th e  h e te ro cy c lic  

am ines a n d  so e n h a n c e s  an y  d if fe re n c e s  in m u tag en ic i ty  th i s  c la ss  of 

com pounds an d  afla toxin  Bi.

In  ad d i t io n  to  afla toxin , a  low m utagen ic  r e s p o n s e  was o b ta in ed  

fo r  th e  h ig h ly  p o te n t  c a rc in o g e n  n itrosod im ethy lam ine  in  th e  in  

v itro  b a c te r ia l  m utation  a s s a y  (Fig. 22). The in ab il i ty  to  d e te c t  

n i t ro sa m in es  is a know n d is a d v a n ta g e  of th i s  a s s a y  (B a r tsc h  e t  al 

1976, Yahagi e t  al 1977, McCann e t  al 1975). The prim e re a s o n  fo r  

th e  lack of a c t iv i ty  a p p e a r s  to be th e  in e ff ic ie n t  metabolism of 

N -n itro sam ines  to  ac t iv e  geno tox ins  by  hep a t ic  f r a c t io n s  (Rowland 

1988, Lee & G u tte n p lan  1981). The u se  of a  p r e - in c u b a t io n  s te p ,  as  

in th e  p r e s e n t  s tu d y ,  does im prove th e  s e n s i t iv i ty  of th e  a s s a y  as  

i ts  h e lp s  to  overcom e some of th e  m ajor p rob lem s (Yahagi e t  al

1977). For in s ta n c e ,  w ithou t th e  p r e - in c u b a t io n  th e  n it ro sam ine  can
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diffu se  th ro u g h  th e  bottom a g a r before th e  phase  of ac tiv a tio n  is 

complete. F u rth erm o re  th e  v isco sity  of ag a r slows th e  m igration 

time of th e  sh o rt- liv e d  ac tiv a ted  nitrosam ine from th e  microsomes to 

th e  b ac te ria . In  add ition  i t  has been su g g es ted  th a t  th e se  reac tiv e  

in te rm ed ia tes  re a c t w ith th e  media before  th e y  have even  been 

ab so rb ed  by  th e  b ac te ria  (Dahl 1985). Even when usin g  a  

p re -in c u b a tio n  s tep  w ith a  ran g e  of nitrosodim ethylam ine 

co n cen tra tio n s , th e  m utagenic resp o n se  was not m arked as  re flec ted  

by th e  maximal 3 fold in c rease  in  ac tiv ity  (Fig. 22). Sim ilarly 

K erklaan e t  al (1985), u sing  E. coli a s  th e  in d ica to r s tra in , 

d e tec ted  only  a  low level of genotoxic ac tiv ity  w ith 

nitrosodim ethylam ine and  Pueyo e t al (1979) w ith S . typhim urium  SV3 

also found  microsomal ac tivation  to  be re la tiv e ly  ineffic ien t. To 

r e tu rn  to  th e  p re s e n t  s tu d y  i t  was noted th a t  th e  back g ro u n d  

re v e rs io n  of S. typhim urium  TA100 was only 33 His+ re v e r ta n ts  p e r 

p la te , as com pared to  th e  u su a l re v e rs io n  ra te  of 140. This would 

su g g e s t th a t  th e  c u ltu re  had lost th e  pkMlOl plasm id and  so 

resem bled S. typhim urium  TA1535 in s tead . However, th is  did no t
L

invalida te  th e  experim ent as th e  pkMlOl plasm id is not a  p rerequ isite  

fo r th e  de tec tio n  of base p a ir  m utations (McCann e t al 1975). In 

c o n tra s t to  th e  in v itro  b ac te ria l m utation assay , th e  host-m ed ia ted  

a ssay  is sen s itiv e  to  th e  genotoxic e ffec ts  of n itrosam ines. In  th e  

p re s e n t s tu d y  a 2m g/kg dose induced  a  m arked m utagenic re sp o n se  in 

th e  liv e r u s in g  ampicillin re s is ta n c e  as  a  m arker. Using th e  same 

m arker Solt & Neale (1979, 1980) found th a t  n itrosodim ethylam ine 

could be d e tec ted  a t  co n cen tra tio n s  as low a s  50pg /kg .

In  in  v itro  m utation a ssay s , th e  am ount of hepatic  S9 o r 

microsomes in co rp o ra ted  in to  th e  incubation  mix can  be c ritic a l in
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d e te rm in in g  th e  size of m utagen ic  re sp o n se .  P ro files  of 

S 9 - t i t r a t io n  c u r v e s  w ere  found  to  d if fe r  m arked ly  fo r  th e  th r e e  food 

m u tag en s .  For example in th e  in v e s t ig a t io n s  of C h a p te r  6, u s in g  

h e p a t ic  S9 f r a c t io n s  p r e p a r e d  from mice of v a r io u s  a g es  th e  

m u ta g e n ic i ty  of each  of th e  com pounds in itia lly  in c re a s e d  re a c h in g  a  

p eak  p r io r  to a  decline in th e  am ount of m u tag en ic i ty  (Fig. 26). The 

S9 c o n c e n t ra t io n  a t  which maximal m u tagen ic ity  was o b s e rv e d  was 

d e p e n d e n t  on th e  m utagen  u se d  (Fig. 26). This  d e m o n s t ra te s  th e  need  

fo r  th i s  ty p e  of experim en t s ince  S 9 - t i t r a t io n  c u r v e s  can  be qu ite  

complex an d  may v a r y  c o n s id e ra b ly  betw een s t r u c t u r a l ly - r e l a t e d  

chem icals  (G atehouse 1987). I t  m ust be rea lized  th a t  a t  each  S9 

c o n c e n tra t io n  th e  m u tagen ic i ty  o b s e rv e d  is a balance be tw een  th e  

a c t iv a t in g  a n d  de tox ify ing  enzym e sy s tem s p r e s e n t .  An in c re a s e  in

th e  S9 c o n c e n tra t io n  may cause  d i f f e re n t  m utagen ic  sp ec ie s  to
<*l£.0

form . At h igh  S9 c o n c e n tra t io n s  th e re  i s \ a  p o ss ib i l i ty  th a t
tkê  M«y

m etabo li tes  may b ind  to  o th e r  proteins in  th e  S9 a n d / am'/ p r e v e n t  Meir 

f u r t h e r  metabolism to an  ac t ive  form.

D uring  my s tu d ie s  th e  h o s t-m e d ia te d  b ac te r ia l  m uta tion  a s s a y  

was o f ten  u s e d  in c o n ju n c t io n  w ith  th e  in v i tro  b a c te r ia l  m utation  

a s s a y s .  For c e r t a in  com pounds, s u c h  as  n i trosod im ethy lam ine  th is  

in v iv o  a s s a y  can  be more s e n s i t iv e  to c e r ta in  m u tag en s  th a n  

com parab le  in  v i tro  a s s a y s .  O ther  m u tagens  t h a t  have  been  d e te c te d  

by  th e  h o s t-m e d ia te d  a s s a y  inc lude  cy ca s in  (G abridge & L eg a to r  

1969); n a tu la n  (Solt & Neale 1980) an d  also  th e  in v iv o  fo rm ation  of 

m u tag en s  from m orpholine an d  n i t r i te  (E dw ards  e t  al 1979) and  

am inopyrine  a n d  n i t r i te  (Solt & Neale 1980).

A few r e p o r t s  ex is t  which com pare th e  h o s t-m e d ia te d  a s s a y  an d
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in v itro  b ac te ria l m utation a ssa y s  including the  Gene-Tox Program  

(L egato r e t al 1982) in  w hich i t  was found th a t th e  two te s t s  

u su a lly  d e tec ted  th e  same com pounds as m utagens. Exceptions to  th is  

w ere th e  carc in o g en s 7 -b rom om ethy l-12-m ethy lbenz(a)-an thracene  and 

3 -m ethyl-4-d im ethylam inobenzene which w ere m utagenic in v itro  b u t 

no t in  th e  host-m ed ia ted  assay .

One ad v an tag e  of th e  host-m ediated  assay  is th a t  a  ra n g e  of 

en d p o in ts  a re  availab le (forw ard  and  backw ard m utation m arkers , 

mitotic gene conversion  and  recom bination, recessiv e  le thal 

m utations an d  chromosomal a b e rra tio n s)  using  a  num ber of ind ica to r 

organ ism s (b ac teria , y eas t, n eu ro sp o ra  and  mammalian cells). 

F u rth erm o re  te s t  com pounds can be given orally , in trap e rito n ea lly , 

in tram u scu larly , in trav e n o u sly  and , w ith an tib io tic  re s is ta n t  

b ac te ria , in trag a s tr ic a lly . The te s t  compound can also be g iven  

before , a f te r  o r a t  th e  same time as the  ind ica to r organism  and  

depend ing  on th e  in d ica to r used , th e  ac tiv ity  of th e  compound can be 

determ ined  in a  ran g e  of o rg a n s  which may be of p a r tic u la r  

im portance w hen u sin g  carc in o g en s whose ta rg e t  o rg an  is no t the  

liver. In  th e  p re s e n t s tu d y  radiolabelled m utagens w ere 

adm in istered  which can  p rov ide  additional da ta  on th e  d is tr ib u tio n  

and d isposition  of th e  m utagen in  th e  body.

The len g th  of time th a t  b ac te ria  a re  le ft in  th e  animal before 

th e  cells a re  reco v ered  is  d ep en d en t upon the  in d ica to r s tra in  used . 

For S . typhim urium  TA98, a  one hour exposure is th e  lo n g est feasible  

period , w ithout th e re  being an excessive decrease  in  th e  num ber of 

su rv iv in g  b ac te ria  (Arni e t al 1977, Glatt e t al 1985). For the  

DNA-repair in trasan g u in eo u s  host-m ediated  a ssay  i t  was found th a t
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re te n tio n  tim es less  th a n  th re e  h o u rs  p roduced  no su b sta n tia l 

a lte ra tio n  to  th e  p ro p o rtio n  of viable re p a ir  p ro fic ien t and  re p a ir  

d e fic ien t E. coli (Mohn 1984). This can be seen  in  th e  p re s e n t 

s tu d y  in w hich a  90 m inute exposure  time was used . C ontrol mice 

(g iven  saline in  p lace of m utagen) exhibited  no loss of th e  re p a ir  

d e fic ien t s tra in  com pared to  th e  re p a ir  p ro fic ien t s tra in  (Tables 12 

& 30). Unlike th e  a ssa y  using  S. typhim urium  TA98, th e  DNA-repair 

a ssay  re q u ire s  re la tiv e ly  few b ac te ria  as th e  su rv iv a l of one s tra in  

is com pared to  an o th e r , r a th e r  th a n  the  need to  determ ine a  m utation 

freq u en cy . With E. coli D494, an  exposure time of th re e  h o u rs  can 

be u sed  since i t  is  com plem en t-resistan t and  th u s  r e s is ts  th e  

phagocy tic  action  of th e  immune system . However w ith su ch  a long 

exposure  time, i t  has been  su g g es ted  th a t  th e  b a c te ria  may divide 

and  in c re ase  in num ber. The e lec tronm icrograph  given  in Fig. 40 

does show th a t  one bacterium  may be in  th e  p ro cess  of cellu lar 

d ivision a f te r  an  exposure  time of th ir ty  m inutes a lthough  th e  

ce llu lar s ta te  of th is  cell a t  th e  time of in jec tion  in to  th e  animal 

is unknow n. Work of Pueyo e t al (1979) using  an  exposure  time of 

up to  4 h o u rs , in d ica ted  th a t  d iv ision of S . typhim urium  SV3 

o ccu rred  in  th e  liv e r and  p robab ly  th e  k idneys as well. This 

d ivison of th e  in d ica to r b ac te ria  may no t be im portan t b u t i t  does 

re ly  on th e  m utated cells no t grow ing a t  d iffe ren t ra te s  to  th e  

unm utated  bac te ria . The DNA re p a ir  E. coli s tra in s  a re  le ss  

su scep tib le  to  grow ing w ithin  th e  tis su e s  of th e  in ta c t mouse, since 

both  s tra in s  c a r ry  s trep tom ycin  d ep en d en t m arkers. I t  is  

p a rtic u la rly  im portan t w ith th e  DNA re p a ir  host-m ediated  a ssay  th a t 

grow th of th e  cells does no t occur, as d iffe ren t g row th  ra te s  of th e  

two cell ty p e s  would give o v erg row th  of th e  re p a ir-p ro f ic ie n t s tra in  

and  could lead, th e re fo re , to false positives.
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The e lec tronm icrog raphs (Fig. 40) c learly  show th a t  E* coli 

D494 a re  re ta in ed  in m acrophage cells, notably  K upffer cells, w ith in  

th e  cap illaries of th e  liver. K upffer cells a re  fixed m acrophages 

of th e  re ticu loendo thelia l system . Similarly, H auser & M atter 

(1977), F rezza  e t al (1979) and  Knasmuller e t al (1986) have 

re p o r te d  th a t  b a c te ria  in jec ted  in trav en o u sly  a re  located w ithin  

m acrophage cells w ithin th e  liv e r  sinuso ids. This b ac te ria l 

engu lfm en t by cells of th e  immune system  would ap p ea r to  be qu ite  

rap id , since in both  th e  p re s e n t  s tu d y  and in th a t  of H auser &

M atter (1977) th e  b ac te ria  w ere found a t  th is  s ite  w ithin 30 m inutes 

of in jec tin g  th e  bacteria . F u rtherm ore  th e  K upffer cells show 

little  s ig n s  of phagocytic  ac tiv ity  su g g es tin g  th a t bacte ria l 

engulfm ent was complete. In  su p p o rt of th is , pub lished  d a ta  

su g g e s ts  th a t  b ac te ria  a re  rap id ly  removed from th e  blood and 

fu rth e rm o re , re ta in ed  in  v a rio u s  tis su e s  (Pueyo e t al 1979,

Knasm uller e t al 1986). This was shown in th e  p re s e n t s tu d y  in  

which E. coli D494 w ere reco v ered  from lung , k idney  and  sp leen  as 

well as th e  liv e r (Table 25). In  th is  experim ent th e  m ajority  of 

b ac te ria  w ere reco v ered  in  th e  liv e r (approxim ately 60%) com pared to  

3 -  4% in th e  lung  an d  sp leen  and  and  0.3% in th e  k idney . This 

ag rees  w ith d a ta  dem onstrating  th a t  2 h o u rs  a f te r  in jec tin g  b ac te ria  

in to  mice approxim ately 80% of th e  cells a re  in th e  liv e r, 13% in 

th e  sp leen  and  th e  rem ainder in  th e  k idney  and  lu n g s (B enaceraff e t  

al 1959, Mohn 1973, Pueyo e t al 1979). In  add ition  Mohn (1973) 

o b serv ed  th a t  maximal co n cen tra tio n  of th e  b ac te ria  was ach ieved  5 

m inutes a f te r  in jec tin g  (except in  th e  sp leen  when i t  was sometime 

la te r) and  th a t  th e  reco v ery  of cells decreased  as  th e  incubation  

time in c reased , p ro b ab ly  because of effective  phagocytosis.
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I t  m ust be rem em bered in  th e  host-m ediated  a ssa y  th a t  th e  

in d ica to r cells  a re  exposed e ith e r  to  th e  c ircu la ting  te s t  compound 

before  i ts  u p tak e  by body tis su e s , o r to  m etabolites re leased  from 

th e se  t is su e s . The la t te r  will te n d  to be re la tiv e ly  stab le  

chem icals d estin ed  fo r excretion  a lthough  th is  is no t alw ays th e  

case  as show n by  th e  compound nitrosodim ethylam ine (see d iscussion  

p. 280). A lthough th e  activ itiesof xenobiotic m etabolizing enzym es 

in  nonparenchym al cells of th e  liv e r (such  as th e  K upffer cells) a re  

v e ry  low (L afranconi e t  al 1986) th e y  a re  detec tab le  and  th e re fo re , 

may have a  small role in m utagen ac tiva tion  (Oesch e t al 1986).

One d isad v an tag e  of th e  host-m ed ia ted  a ssay  is th a t  th e  doses 

of m utagen re q u ire d  to  evoke a s ig n ifican t resp o n se  a re  o ften  la rg e  

(in com parison w ith likely human exposure  levels). For su b s tan ces  

th a t  a re  inso luble in  w ater, a  su ffic ien t dose level th a t  can be 

d e tec ted  by th e  in d ica to r organism  may nev er be achieved  (McGregor

1980), th e  dose being limited by  toxicity , not n ecessa rily  to  th e  

in d ica to r cells, b u t to  th e  h o s t mammal.

A fu r th e r  d isad v an tag e  of th e  host-m ediated  a ssay  is  th e  g re a t 

v a ria tion  th a t  o ccu rs  bo th  w ithin  tre a tm en t g ro u p s  and  from day  to 

day. This is exemplified by  th e  la rg e  s tan d a rd  deviation  v a lues in 

experim ents p re se n te d  in th is  th e s is  (fo r examples see Tables 27 -

29) and  also by th e  d iffe ren ces  in  m utagenic resp o n se  from day to  

day. One example of th e  la t te r  is  re p o rte d  in C hap ter 4, when a 

lOmg/kg dose of aflatoxin was g iven  to  mice in two experim ents. The 

re su ltin g  m utation ra te s  (for mice in  th e  same trea tm en t g roups) 

w ere, on av erag e  1100 and  350 His+/p la te . In  ce r ta in  cases  th is
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v ariab ility  may be an  a r tifa c t  d e riv ed  from animal h u sb an d ry  su ch  as 

th e  p re sen ce  of f re s h  p a in t which can  a lte r  ro d en t metabolism fo r a  

period  of w eeks. F u rth erm o re  th e  anim als w ere no t s ta rv e d  o v e rn ig h t 

and  depend ing  on th e  time th e  anim als la s t a te  will re s u lt  in 

d iffe ren ces  in  th e  g a s tr ic  env ironm ent -  a  fac to r th a t  may be 

p a rtic u la rly  im portan t in experim ents in v estig a tin g  th e  n itro sa tio n  

of am inopyrine. To red u ce  th e  v a ria tio n  in th e  host-m ediated  assay  

I would recommend th a t  in b re d  mice should  be used  (so as to  red u ce  

genetic  v a ria tio n ), to  have a t  le as t 6 - 8  animals p e r trea tm en t 

g roup  and to  keep anim als w ithin a  narrow  w eight range.

In add ition , in b ac te ria l m utation a ssa y s  the  choice of 

ind ica to r s tra in  is im portan t. M arkers a re  o ften  limited in  th e  

ran g e  of com pounds th a t  th e y  can  de tec t. For in s tan ce , E. coli D494 

and  th e  fo rw ard  m utation m arker, am picillin re s is tan ce , 

p re fe ren tia lly  d e tec ts  b a se -p a ir  su b s titu tio n s  (Solt & Neale 1979, 

Bosworth 1987) and  is re la tiv e ly  in sen s itiv e  to fram esh ift m utagens, 

w hereas fo r S. typhim urium  TA98 i t  is  th e  re v e rse  (see d iscussion  

p.292). I t  was found th a t  d u rin g  my s tu d ie s  th e  DNA re p a ir  

host-m ediated  a ssay  was in sen s itiv e  to  com pounds w ith la rg e  

molecular con figu ra tion , p resum ably  because th e  com pounds w ere 

unable to p e n e tra te  th e  b ac te ria l cell wall. During my 

in v estig a tio n s  sev e ra l m odifications to  th e  DNA re p a ir  host-m ediated  

a ssay  w ere te s ted  to  t r y  and  im prove th e  sen s itiv ity  of th e  assay . 

In itially , LPDdef d e riv a tiv e s  (E. coli 343/801 and  343/772) of th e  

orig inal in d ica to r o rganism s {E. coli 343/765 and  343/753 

re sp ec tiv e ly ) w ere te s te d . A lthough th e se  d e riv a tiv es  w ere more 

sen sitiv e  to  the  genotoxicity  of hycan thone  in v itro  (Table 45), 

sev era l problem s w ere assoc ia ted  w ith  th e  use of th e se  s tra in s .
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F irs tly , E, coli 343/772 (the  LPSdef d e riv a tiv e  of 343/753) had a 

mucoid colony m orphology w hich cau sed  confluence of th e  la rg e  size 

colonies, o r of th e  sm aller colonies if sev e ra l w ere on one plate. 

Secondly, th e  red u ced  grow th  k in e tic s  of E. coli 343/772 in liquid 

su sp en sio n s  (s ta tio n a ry  o v e rn ig h t c u ltu re s  of th is  s tra in  contained  

only around  1% of th e  viable cell t i t r e  of th e  w ild -ty p e  s tra in )  

made i t  d ifficu lt to  ob ta in  su ffic ien t am ounts of b ac te ria  req u ire d  

fo r a  host-m ed ia ted  assay . F u rth erm o re , th is  s tra in  did not 

su rv iv e  fo r long periods in  7% DMSO a t  -80°C (th e  ro u tin e  p ro ced u re  

fo r keeping  perm anen t b ac te ria l s to ck s  in  th e  lab o ra to rie s  a t  

U n iversity  College and  BIBRA). Due to  th is  se n s itiv ity , th is  

s tra in  was lo st in  bo th  o u r own lab o ra to ry  and  in  th a t  of G. Mohn 

who orig inally  iso lated  it. Mohn an d  h is co -w o rk ers  also re p o rte d  

th a t th is  s tra in  was im practical fo r u se  on a  ro u tin e  b asis  

(personal communication). In  his communication Mohn also re p o rted  

th a t th e  LPS“ c h a ra c te r  was genetica lly  u n stab le . T herefo re , i t  

was considered  im practical to  u se  LPSdef s tra in s  in  fu r th e r  

experim ental work.

An a lte rn a tiv e  p ro ced u re  to  in c rease  mem brane perm eability  of 

bacte ria l cells is  a  sh o r t exposu re  of th e  cells to  EDTA. As shown 

by Leive (1965, 1968) mild tre a tm e n t of E. coli w ith EDTA a t  pH 8.0 

rem oves la rg e  p a r ts  of th e  lipopo lysaccharide  (LPS) cell lay er 

w ithout concom itant loss of v iab ility . However, th is  e ffec t is only 

tra n s ie n t since tre a te d  cells, w hen allowed to  grow , re p a ir  th e ir  

perm eability  b a rr ie r . EDTA-exposure h as been  successfuU y used  

before in  in v itro  m utagenicity  te s t s  to  enhance  th e  su rface  

perm eability  of v a rio u s  E. coli s tra in s  (Leonardo e t al 1984, Mohn 

e t al 1981, 1984b, Mitchell & G ilbert 1984, C oratza & Molina 1978,
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K nasm uller e t al 1989). In d eed  in th e  p r e s e n t  s tu d y  EDTA tre a te d  

b a c te r ia  w ere more s e n s itiv e  to  th e  genotoxic e f fe c ts  of a fla tox in  

Bi a n d  IQ com pared  to  u n tre a te d  b a c te r ia  (Table 47, Fig. 39).

At p re s e n t ,  th e  p re c ise  m echanism s by  w hich  EDTA e x p o su re  leads  

to  a n  in c re a se d  su rfa c e  p e rm eab ility  in  coliform  b a c te r ia  is  no t 

com ple te ly  u n d e rs to o d . H owever, ev id en ce  s u g g e s ts  th a t  EDTA a c ts  by 

b in d in g  d iv a le n t ca tio n s  (p ro b a b ly  Mg2+) follow ed by  a  chem ical o r  

con fo rm atio n a l ch a n g e  in th e  cell wall (Leive 1968, W eiser e t  al 

1968). I t  is  u n lik e ly  th a t  v a r ia tio n s  in  m em brane p e rm eab ility  b e t.v e e r  

th e  two s tr a in s  o c c u r upon  ex p o su re  to  EDTA, s in ce  bo th  d e r iv a tiv e s  

a re  s u b je c te d  to  th e  same tre a tm e n t co n d itio n s . The re g e n e ra tio n  of 

th e  p e rm e ab ility  b a r r ie r  r e q u ire s  e n e rg y  an d  may o c c u r in  a b sen ce  of 

cell m u ltip lica tion  (Leive 1968) th u s  th is  tre a tm e n t is  on ly  

e f fe c tiv e  o v e r  a  s h o r t  d u ra tio n . H ow ever, th e  r e s u l t s  (Table 47,

Fig. 39) show th a t  th e  p e rm eab ility  c h an g e  p ro d u c e d  in  E. coli K-12 

d e r iv a tiv e s  is  su ff ic ie n tly  lo n g -liv e d  to  en ab le  afla tox in  an d  IQ to 

e n te r  th e  b a c te r ia  an d  cau se  DNA dam age u n d e r  th e  co n d itio n s  of th e  

in  v i tr o  geno tox ic ity  a ssa y . A f u r th e r  a d v a n ta g e  of th is  

m odification  is th a t  in  c o n tra s t  to  th e  LPSdef s t r a in s  th e  colony 

m orphology  of th e  ce lls  w as u n a ffe c te d .

I t  w as o b se rv e d  in  th e  p r e s e n t  s tu d y  th a t  tre a tm e n t of b a c te r ia  

w ith  EDTA (0.5mM) p ro d u c e d  a  s l ig h t  genotoxic re sp o n se . As a 

r e s u l t ,  i t  is  recom m ended th a t  a  low er c o n c e n tra tio n  of EDTA be 

te s te d  in  fu tu r e  ex perim en ts. S im ilarly  K nasm uller e t  al (1989) 

r e p o r te d  th a t  th e  c o n c e n tra tio n  of EDTA in  th e  p re in c u b a tio n  mix
o

sh o u ld  no t exceed 0.5mM as a  weak a c t iv ity  of th is

c h e la tin g  a g e n t was o b se rv e d .
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There is ev idence to  su g g e s t th a t  th e  g row th  ra te  of bacte ria l 

in d ica to r cells in  m utagenicity  a ssa y s  can modify th e  se n s itiv ity  of 

th e se  a ssa y s  in  d e tec tin g  p o ten tia l m utagens. For in s tan ce , Hince 

& Neale (1977) found th a t  th e  u se  of b ac te ria  in  logarithm ic grow th 

phase  in c reased  th e  re sp o n se  of th e  b ac te ria  to  th e  m utagenic 

e ffec ts  of n itro som ethy lu rea  and  may also in fluence  th e  re sp o n se  to  

com pounds which a re  detoxified by in trac e llu la r  g lu ta th ione  

(Goggelmann 1980). A possib le reaso n  fo r th e  in c reased  sen s itiv ity  

w ith lo g -p h ase  cells is th a t  w hen cells a re  grow ing rap id ly  th e re  is 

le ss  time fo r damage to  th e  DNA to  be re p a ired . However in  th e  

p re s e n t s tu d y  using  lo g -p h ase  cells in th e  in v itro  d iffe ren tia l DNA 

re p a ir  a ssay  th e re  was no m arked in c rease  in th e  genotoxic resp o n se  

tow ards n itro som ethy lu rea  as com pared to  s ta tio n a ry  p h ase  cells 

(Fig. 38). This may be p a rtly  explained by th e  o b se rv a tio n  th a t  

n itro som ethy lu rea  was more toxic to  E. coli ( ir re sp e c tiv e  of its  

capacity  to  re p a ir  DNA) when th e  b ac te ria  w ere in  active  grow th  th an  

when s ta tio n ary . In  th e  rap id ly  m etabolizing logarithm ic cell, 

e ffic ien t d ru g  up tak e  can  re s u lt  in  many DNA lesions c re a te d  by 

e rro r -p ro n e  re p a ir  of th e  DNA c ro ss - l in k s  d u rin g  rap id  DNA 

rep lication  and  cell division, re su ltin g  in  g re a te r  cell death . In 

the  s ta tio n a ry  phase cell, w here i ts  s ta te  and  chem ical composition 

d iffe rs  ^  th a t  of th e  exponential cell, i t  becomes more re s is ta n t  

to a d v e rse  physica l and chemical a g en ts . Less e ffic ien t u p tak e  o r 

p en e tra tio n  of th e  chemical th ro u g h  th e  cell mem brane will p roduce 

few er DNA lesions p e r  cell, w hich may explain w hy n itrosom ethy lu rea  

was le ss  toxic to  s ta tio n a ry  cells th a n  to  logarithm ic cells.

Similarly o th e r w orkers  in th e  lab o ra to ry  a t  U n iv e rs ity  College 

o b serv ed  g re a te r  toxicity  by chem icals tow ards E. coli D494 when in
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logarithm ic grow th than in stationary growth.

I t  w ould a p p e a r  from  th e se  in itia l in v e s tig a tio n s  th a t  of th e  

th r e e  m o d ifica tions to  th e  d if fe re n tia l  DNA re p a ir  a s s a y  te s te d ,  

th a t  E D TA -perm eabilized E. coli ce lls  had  th e  g re a te s t  p o te n tia l fo r 

u se  w ith  co m pounds w ith  a la rg e  m olecular w eigh t*  H owever

f u r th e r  in v e s t ig a t io n s  u s in g  a ra n g e  of com pounds and  

an im al-m ed ia ted  a s s a y s  a re  re q u ire d  in  o rd e r  to  v a lid a te  th is  a ssay .

An a d v a n ta g e  of th e  E. coli 343 in d ic a to r  s t r a in s  o v e r  E. coli 

D494 an d  S. typ h im u riu m  is th a t  i t  can  be g iven  o ra lly  an d  

s u c c e s s fu lly  re c o v e re d  from th e  g a s tro - in te s t in a l  t r a c t  (Mohn 1984).

In  th e  p r e s e n t  s tu d y  E. coli 343/765 (uvr+, rec+) an d  343/753 (uvrB , 

recA) w ere  re c o v e re d  from th e  small in te s tin e , colon a n d  faeces.

From th e  r e s u l t s  (Fig. 41) it  w ould a p p e a r  th a t  w ith in  a few m inu tes 

s ig n if ic a n t n u m b ers  of b a c te r ia  a re  expelled  from  th e  stom ach  in to  

th e  sm all in te s tin e . The b a c te r ia  a re  th e n  p a sse d  in to  th e  caecum  

in itia lly  a t  a  ra p id  ra te  a lth o u g h  a  p la te a u  in  th e  n u m b e rs  of 

b a c te r ia  in th e  caecum is reac h ed  w ith in  an  h o u r of do sin g . 

P re su m ab ly  th is  p la teau  is  a b a lance  of b a c te r ia  e n te r in g  th e  caecum  

from  th e  sm all in te s tin e  and  th o se  be in g  p a sse d  in to  th e  colon. Not 

s u r p r is in g ly ,  in  the  faeces  th e  r e c o v e ry  of b a c te r ia  10% low fo r  th e  

f i r s t  h o u r  b u t  th e n  rose ra p id ly  o v e r  th e  nex t two h o u rs . 

T h ro u g h o u t th e  time c o u rse  th e  re c o v e ry  of th e  r e p a i r  d e fic ie n t 

s t r a in  w as low er th a n  th a t  of th e  r e p a i r  d e fic ien t s t r a in  e/en  th o u g h  

s im ilar n u m b e rs  of each  s tr a in  w ere  d osed  to  th e  mice. K nasm uller 

e t  al (1988) have  p ro p o sed  th a t  th is  genotoxic re s p o n s e  is  due to 

some com ponen t of th e  animal feed . In  th is  co n tex t i t  sh o u ld  be 

n o te d  th a t  th e  o c c u rre n c e  of m u tagen ic  p ro d u c ts  in  hum an faeces has
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been  re p o r te d  (E hrich e t al 1979) and  d iffe ren t fa c to rs  su ch  as  

com position of th e  d ie t, bile and  bile ac id s  as  well as metabolic 

a c tiv a tio n  th ro u g h  th e  in te s tin a l flo ra  have been  co n sid ered  as 

c o n tr ib u tin g  to  th e  genotoxic ac tiv itie s  o b serv ed  (Knasm uller e t  al 

1988).

This in tra g a s tr ic  host-m ediated  a ssa y  can  be c a rr ie d  o u t a t  th e  

same time a s  an  in trasan g u in eo u s  assay . This could be u sed  to  

m easure genotoxic ac tiv ity  of chem icals th a t  a re  m etabolized by both  

th e  g u t m icroflora and  mammalian enzym es, su ch  as chem icals th a t  a re  

detoxified  by g lucuron ide  con jugation . A lternative ly , th e  b ac te ria  

could be reco v ered  from th e  faeces w ithou t sac rifice  of th e  

experim ental animal. Animals could th e n  be g iven  sev era l 

tre a tm en ts .

The m utan ts seen  in  b acteria l m utation a ssa y s  a re  considered  to  

c o n sis t of two c lasses  of m utants. On th e  co n tro l p la tes  (in which 

th e re  has been no exposure  to  a  m utagen) th e  colonies c o n sis t of 

e ith e r  "p re -e x is tin g ” m utan ts -  those  p re s e n t in  th e  cell population 

a t  th e  time of p la ting  a n d /o r  "p late" m utan ts  which a rise  d u rin g  th e  

p e riod  of g row th  on th e  p late . In  p rac tice  i t  is  th o u g h t th a t  

n ea rly  all th e  "spon taneous"  m utan ts a re  in  th is  second ca teg o ry  

(G reen & Muriel 1976). I t  is th o u g h t th a t  th e se  "back g ro u n d " po in t 

m utations o ccu r by h y d ro ly tic  damage to  DNA w hich in c lu d es ' loss of 

b ases  and  deam ination of exocyclic amino g ro u p s. The num ber of 

p la te  m utan ts  is  d ep en d en t on th e  fina l num ber of auxo troph ic  cells 

w hich grow  on th e  selec tive  a g a r  p la te  and  m utate. In  th e  case  of 

th e  Salmonella  s tra in s , th is  is, in tu r n  d ep en d en t on th e  supplem ent 

of h is tid in e  in  th e  selec tive  a g a r  and  is com pletely in d ep en d en t of

-  305 -



th e  num ber of cells p la ted . However, when th e  many co n tro l cells 

a re  p la ted  (w ithin ce r ta in  limits) th e  same num ber of cells will 

grow on a  se lec tive  a g a r  p la te  con tain ing  a  g iven  am ount of 

h is tid in e  an d  give r is e  to  approxim ately th e  same num ber of p la te  

m utan ts  (Green & Muriel 1976). A consequence of th is  is th a t  th e  

m utation freq u en c ies  of th e  con tro l sam ples a re  not s u b tra c te d  from 

th e  induced  m utation freq u en cy , as  is sometimes recom m ended, because 

th is  can re s u l t  in su b s tan ces  th a t  kill b ac te ria  ap p ea rin g  a s  a  

m utagen (Green & Muriel 1976). A c lassic  example of th is  is 

re p o rte d  by  G reen & Muriel (1976) w here th is  m iscalculation showed 

d istilled  w a te r to  be m utagenic. In  E. colit sp on taneous m utation 

is p rim arily  th e  r e s u lt  of e r ro r -p ro n e  re p a ir  (S arg en tin i & Smith 

1985) and  in  g en era l base su b s titu tio n  is th e  most common form of 

spon taneous m utation in  bacteria .

A lthough th e  host-m ed ia ted  a ssa y  is not su itab le  as  a  ro u tin e  

in v ivo  t e s t  to  sc ree n  chem icals fo r genotoxic p o ten tia l th is  a ssa y  

could have a  ro le in  determ ining  m odifers of m u tag en ic ity / 

carc inogen ic ity  in  vivo. For example in  the  p re s e n t  in v estig a tio n  

the  host-m ed ia ted  a ssay  was u sed  to  determ ine th e  e ffec ts  of d ie ta ry  

com ponents and  h o s t age on th e  in v ivo  m utagenic a c tiv ity  of food 

m utagens. F u rth erm o re  th e  a ssay  was u sed  in  con junction  w ith in  

v itro  m utagen icity  a ssay s  which gave an indication  of th e  mechanism s 

involved in  th e  m odification of m utagenic ac tiv ity .

9. Conclusions

The w ork p re sen te d  in  th is  th e s is  has dem onstrated  th a t  th e  

m utagenic ac tiv ity  of food carc inogens can be modified by  d ie t (in 

p a rtic u la r  fa t and  p ro te in ) which would su p p o rt th e  view th a t  d ie t
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is a  c o n tr ib u to r  to  hum an cancer. However th e  deg ree  of m odulation 

was d ep en d en t on th e  carc inogen  to  which th e  animals w ere exposed as 

well as  on th e  ty p e  a n d /o r  th e  am ount of f a t  and  p ro te in  in th e  

diet. In  add ition  to  d ie t th e  age of th e  h o s t animal was also 

im portan t in  determ in ing  chemical m utagenicity . Ageing a p p ea re d  to  

reduce  th e  genotoxic a c tiv ity  of carcinogens su g g es tin g  th a t  th e  

young a re  more su scep tib le  to  th e  in itia ting  ev en ts  of carc inogens. 

Since most c an ce rs  take  many y ea rs  to  develop th is  r e s u lt  is  no t 

c o n tra ry  to  th e  fa c t th a t  c an ce r incidence in c rease s  w ith age.

F u rth erm o re  th e  re s u lts  of my work show th a t  m odifiers of 

m utagenic ac tiv ity  (fo r example d ie ta ry  fa t and  p ro te in ) could 

a ffec t a  v a r ie ty  of p a ram ete rs  includ ing  hepatic  ac tiva tion  and  

detoxification, g u t flo ra  metabolism, u p tak e  from the  

g a s tro in te s tin a l t r a c t  in to  tis su e s  su ch  as th e  liv e r and  th e  

d ispostion  of a  chemical a ro u n d  th e  body o r w ithin  a  tis su e . 

C onsequently  th e  re s u lts  ob ta ined  from in v ivo  s tu d ie s  w ere a 

balance of th e  fa c to rs  th a t  a ffec t chemical metabolism . If 

chemical m utagen icity , determ ined  in  vivo, was u n a lte red  by  d ie t i t  

would ind ica te  th a t  any  d ie t-in d u ced  changes in  m utagen ac tiv a tio n  

were co u n te rac ted  by  changes to  fa c to rs  th a t  red u ce  m utagenic

w ith th e  in v ivo  a ssay  helped  to determ ine w h e th er hepatic  

metabolism (in p a r tic u la r  activation) was modified. The u se  of 

th ese  two a ssa y s  p rov ide  a  u se fu l tool, which is re la tiv e ly  quick  

and  inexpensive, fo r  a sse ss in g  th e  e ffec ts  of d ie t on genotoxic 

ac tiv ity  in  th e  whole animal and  also th e  m echanisms involved  which 

in tu rn  d ire c t th e  way fo r fu r th e r  in v estig a tio n s. V arious 

m odifications to  th e  in v itro  and  animal m ediated b ac te ria l m utation

L

ac tiv ity . The use  of in v itro co n junction
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assay s  a re  availab le  (choice of in d ica to r s tra in s , s ite  fo r dosing 

b ac te ria  an d  m utagen, th e  len g th  of incubation  and  th e  tis su e  from 

which th e  b a c te r ia  a re  reco v ered ) and  a re  im portan t fo r optim izing 

the  experim ental conditions and  need to  be carefu ljjconsidered  fo r 

each genotoxin te s ted .
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