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C H A P I l i R I

INTRODUCTION

Smc c thc  bc gmnlng uf Clulzzallofh man ha:  hc cn uamg natural mc nhcrnal

TTI : Baby innaam began usmg herbal therapy  czrc a H100 B C and al abuulhc rbs

thc sam: tlmc  thc  Chmc sc were pracumng hc rhak mc dmnc

dCSCIlbC\ a number of hc1h:~ uaed m the treatment nf cancer

(hmc 5c  lli c r alur c

f)1'd¢n1'amJm drfjum

(OD) (Common namc Spreading Hcdy otls of the Ruhaarcac f  am1|§) and

S<u.f¢I1'wra barbara (SB) ( fh1nf: \c name Panchhhhen nf thc  l. uh| .1l.u: f ;1m|}) ] are

mu rxxamplca c 1m>:s~:c nl]} fuund m varmux herh.1E Immula> for lrcanng lucy lung

-1.i!r:1gcI!'u.s nwrrahrunacaus (ANU { (h mr : - c  n am:  Huan gc h:  ufand 1CCT.£1| CHIICCYN

the Lcgumxnnsac f amily)  and Lggmrmm Iucuium {I 1 H ( c ummnn name Prwc t of

thc Oleuceac  fHm|1)} are nftc n u\cd :Ls adjunc ls 1r:  cancer 1hc r;1p\ [Hxu c l al.

wsu;

-XM and l. l.  are repor ted lu han:  | mpnnam \mmunc  :nhanc mg pmperueh

AM hu;  hcc n shown In prc mm upper  r cspwamr j tr ac t 1nfCC1|1}m tamed by thc

Commun cold and mfiucnza vmuscs (Him ct al NNI) ?h.m ct al (l0'JU} found

that the |n}€£I1ur! nf  c xtrafu of AM mm normal and 1mmunudcGc| cnl mace

enhanced 3nt1b0d) pmducimn a_snnc1alcd with clexalc d T helper c clt :1Cl| \tI}

Lau ci  al (1980)  r cporic d augmc nlallon of macruphagr  mldatrwc' hurwl bg. cnhc!

1



4

AM or 'E I and a sy ncrgr snc  ef fect was observed uulh thc c omhmallon of the tum

lr  has been suggesxcd that these two herbs oommn pmc m lmmune snmulams

wh1Ch prowdc  a rauonai basls f or :hen thcrapeunc  me as bmlogmcal r cspomc

modifiers |n :mmunc rcstnraizon [Sum 1980 Sun e1 .xl 108.'»a.h) Chu cl al

(1988)  r c ponc d that a fr admn fr om the extr a;1 of  AM pnlcnuatc d 1mcr1cukm

in lhc gencrauun of  lymphoklncactuated kllicr  c cll ac11v1ly  : rf vrrru Chmcsc

huIur :1CaI  htcralurc  dc~c r:hc\  OD and SB a.\ hmmg ann ncopI;L~l1r . antnuma and

annnnfhmmatorw pr0pt1t1C\ {Hsu c t a! 1086) (r udc  aquc nm c xtr acts nf O D

and S bu1mf¢ruu 11 specw rciditd IU SB are r::pt\T1£ai lu .sugmcm ph.1g<><}Ilc

actasity |n ammalw lDh;1rmana1nd;1 1083) L l mhshztcd hc nm{4]p\r: :nc iH.fP}

Induced mutagcncw. an S nphmlunurrr TAGS hy more than 05? uhlit  4r

n:cJngI:ub<u.s a spec ac s related to Aki showed nn . 1m|mutagc nlc ny  (Meng et 3]

ma m

\! i. slux1n B (AFHIL a c unlum1n3m of anamal and human fund m \ ; il l¢\u\

r::glon:» uf the vmrid. 1s a pmcm Mum produvcd by cc rmm \tr .:1n~ of Hu Iungux

»1Jp¢qgn|'fu.s fra\u.s li  c auses mulauum m some mmmhc a (Mark PJSU) and m

mammahan cells (Ong 1075 Prumchalnant ct 3] m m lt i s a potent

hcpalumxm and hcpamcarcmogcn for some ammal spc cmex and 15 |mpllc a'tc d m

the ctmlogv nf human hepallc dlf~ca_f~c  in Ama and Afnca {5ln|0f{ 1*-*"b Parkm c l

3 1988) AF B |s a pmc m pmcarclnngc n rc qumng hcpalnc  mwmsunlc med1.1lc d

mclahohc a€I1\at1on In exer t |15 carcanogcnnc and mulagcrhc cff ccu ( c r i . xm

mlc rusomal Cy tochrome P-450 cnzy mcs c ataly ze ihc cpuxmatlnn of  AFB 10 form
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T

A F H 89 omde whlch c an Covalc ni ly  band at thc  N amm of  guamnc rcssducs of

ccE1ular DNA (EA.-slgmann e1 al 1071 G:1mcr 1973 Gurloo and Daxc 1lJ?§

Swc nson cl al WTF. Crov cl ai 1978 Smgcr  and Gmnbc rgc n 1983) It ha; been

demonstrated 1ha\ the amount of AFB, metabolllc hmdmg In DNA correlates

with lncrcaécd hcpauc carcanugcncsxs and mulagcncsw. AFBDNA bmdmg Ls .1

mc auurc of hepatoc ellular c ar c muma lmllauon (Bunk msn.  Swc nmn el ai 97

Whnham c t a| ]C|82 lni hka r  c l al 1084).  and as modulated hr  both pha.w I and

phase Z]  cellular  c n; .mc i  (Dcgc n and Neumann. l°HE} Fngurc E z||u<tra1c: thc

mctahohf  : 1L"11vat|0n and DNA hmdmg of  AFB (Hciand and Pnlrlc1. 19249)

B::nzo[;1]pvrcnc (BaP) unc uf ihc must common pulg.c'yc|»< amm.1t1L

hy drocarbons (P\} ls} an a mujur p¢1u1:m1 nf rm. wulcr . xml and thc food Cham

(Smgcr  and Gmnhcrgcr , 1083) Ba? and several uf  i ts mc laholltc s produc e

l L . I m Uf §  m  n e w b o r n  r m c c  { B uc n m g  C 1  a l 10781 Slgnlflcami currci:11|on hem een

thc Lncndcmf c of human canctr and Exposure tu Pf\}{\  :\ mggcsi cd hw

cp1dr:m|o1ng1c !»ludlcs (Smgcr and Gmnbc.rgcr 1083) BJP 1s ;1 prncarcmugcn

vxhsch r cqulre. cy 1nchrumc  P150 cnry rnc s fur ai llumun lu Hal'  ` 24d1h}dr0d|uI

<J.1(¥epoxlde [BPDE} that ls behaved lu be c!\:~cnI1:1E fur the crprcwlmn of Lls

mulagc mcuy and c arc lnugc mc lty  (Gurmo and Bc jha W71 Gurloo and [) ;.¢\C.

5 BPDE ls the major  mrxtaholnc  that bands tu DT\. \ m r rrm and m m o

Thu c puxldc r cac u-  at thc ( 10 posmun \ai th thc  c xmjc inc  ammo group at I hr N

posmon of guamnc rc mduc s 1n DNA ( Jc ff rcw c l ui WT".  Kurec du el ai 1lJ'?8}

Both phruc  E and phase ll enzy mes inf luence bmdmg nf mc lahoEllc . uf  Ba? to
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DNA (Smgcr and Gmnbcrgcn 1983) Fxgurc  2 shows lhc mclabolzsm and

ac1| va\ |0n of  Bu? {Gclh01n 1930)  whllc Flgurc 3 r lluslralcs thc stcrcospcc afic

mc tabollsm and DNA bmdmg of  Ba? (Bc land and Polr1c r 1080)

Cy tochrome P450 c nzymcs play  an lr nponam mic m both carc mogc n

ac uvauon and dcmmii c atlon Umc y me mcmbcrs of  a group of hc moprotc rns that

catalxzc mxxc d funcuun oxldaac  rc acuom. They  alk c xhlhlt a charadcr lallc

ferrous carbon monomdc complex mth an absorbance peak near  $50 nm Thc \

arc f ound m most ussuc s and are hnghly c nncc mraic d m lncr  cndopla_sm1c

rctaculum (Guengcr \ch 1088) Muluplc forms nf  c ytoc hrome P450 c nzyrnc s mth

dnffcrcnl catalymc  spcczllckly ylcld dwcrac products ()xlda1|un nf some x.cnoh|0l1c\

rc ndc rx them more ci cc i ruphnllc  wllh potc nual for  hmdmg c ovalently lu elec tron

rlch nuc lc nc  acids and pmtc1m whsic other uxzdamc pruc cmcx make lhcm murc

polar and ihllx mure rcadlly cxcrctabic {Gucngcr\ch. ¥\12424. 1991. Purrcxterr cl .xl

B

199U Paullm cl ai www P450 enzymes found |n :he ||\.¢| and other organs may

enable the orgamsm lu i n:1C1w31e and cxcrc lc dwcrsc  chcmlca]< cnc oulc rcd m thc

A pramaq route of  exposure of  ;mln1. x] - and humans m: n u r u n m c  n z

cmwmnmcnlal Chcmlcah is dactan These Include c hcmf caiu smthc aazcci N plama

or  f ormed durmg food storage and pr c paratmn Both P40 (phase H and

mnjugaung cnzymce.  (pha: -c Il)  ar c lndumhlc h> mam chc muc ah and drugs somc

uf »\hlch are also subszralca for these enzymes Barhnturales PAHs found Ln

mgzarcuc smoke and some compounds present m foods are wc il known Cxamplcs

of mduc crs (Okcy 1990. Andcrsran and Kappaa. Wqi)
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Dua study was 1nzuat¢:d ln dc tcrmmc effects of  four  Chinese mcdncmal

hc rhs (AM.  LL OD and SB)  on the mulagcnc sm DNA bundang and mc tabolasm

uf  AFB,  and Ba?
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Hlnl ( h c nh.  mow 10022

u r  t nn .ind T\ Bf:]h.1 (IW1) Iicpatuc m1cm\¢\maE mused flmfimn nxygcnmc
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Oldmlandra drffmsa (OD}  and Scurrllana barbara (SB) have been used In

iradmonal Chmesc  medaezne fur  tr eating lzver lung and renal rumors whi le

Asrrqgafm nzenahrwaacem (AM) and Lrgrurnuu f ufuium {Ll.}  are 0f1en used as.

ad;uner m Cancer therapy ln ihls stud we dc tc rmlnc d the eff ec ts of aqueous

extrac ts of these f uur  herbs on af iamxln 8|  [ \FB,}mduc ed mutagenesis usmg

Surlmnneffa npizmaurrum TAIOU a:~ the haclermi  tester  slr am and ral Iwer 'HKXI

supernatant as the rrc llvatmn -. ysrem The eff ecr s uf 1he\e herbs on ;'H]. xff  a,

a n

I s

hmdmg lu c ;iEfthymus UNA wer ; a\:~c:~ -cd Organnsulublc and vs alcrsoluble

melahu| 1te\  ot AFB were cxuacicd and analyzed h> hugh performance E:qu1d

Chromatography (HPLC) Mutagenesas a_\\:ty§ revealed that all of these htrbx

produc ed a mneentratmndependem mhlhltlun of  htstadtnelndepc ndc m r c \er t;mt

[H:~ } c01m11e- Induced b\ NFB, At 3 Cuncenttutmn uf  15 mg plate.  SH and

UD an c ombination exhthttcd an addltuve ef fect The tr end of lnhubatmn nf  thaw

four herh\ on AFB,nnduccd mulagcncsn um. SB > 1.1 3 UD 2 AM LL on
and SB '~|gn|U£ant|) mhnhncd AFB, hmdmg In D"*¢.'\. reduced AI-B,E}T~¢A adduct

fmma1|nn and alan s1gn15canlI\  dec reased the f nrmatmn of nrganuauluble

m€li2h0|1lc s nf AFB Our  data wuggc st that Lhcxt ( hlnc \e mc dmnal herbs

possesa cancer chem0pre\cntlvc prupcrtmca
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Slnc e the hc gmmng uf  Ctvlhzalrong man has been usmg natural medlcxnak

hcrhs The Baby inmam began wang herbai  therapy  urea Zbm B C At ahmn the

Lame mme thc  Chmc se ac re practlemg herbal medmnc Chlncsc  lnc ratur c

Among  lhc m Oidcnlarzdaadcscrnbcs a numhcr of hcrhx uhcd In cancer trcalmcm

df f fma (OD)  [c ommon name Sprcadmg Hc dy nlr s nf the Ruhlacc ac  farmly)  and

Srufff fana barbara (SB)  i{` h1nc<.c  nam: PanchlhI lcn nf the L.xhla1ac f am| 1§) arc

mnsmc nlly  f ound m varmus hc rha]  f ormula wlulc Aj r rugulm mfmhrunanu=

(AM)  ( ( hlnc \ c  name:  Huangc m uf  the 1. c gummosac  f ami ly ) and Lrgusrmm

Iucxdum (LL) [Corin1nn name Prwct of thc Olcaccac fam1Iy) are often used :Lx an

adjunct ln canc er  therapy (Hsu c t al 198n)

A31 has been\¥»1 and Ll are 1mporta1| l ummunc cnhanc mg herb.

demonstrated In pruc nr  upper r csplramn tr ac t Lnf cc tmns due tu lhc  c ommon

c0¥d and mfEucn2a xnmsca (Hou cl al 5381) Zhao ct al (1090) found that the

mjcc lmn nf  AM cxlr; 1c Ls mm normai  and |mrnunndcEclc m mice c nhdncc d

Lau cl alantibody pmduc tmn a\snc1atcd vnth elevated T helper cc|E ac1|\zry

|1Q8Q)  r cpor ted augmc ntataun of  macrophage oxldatwc  burst by c 1thc r AM ur ll_

and 3 nnc rgastr c ef fect was uhscncd mth the Combinati on I1 v~a.- suggested that

lhcsc Iwo herbs Conlam potent nnmunc  sumulanls whwh max provudc the ramona]

hams for 1hc 1r thcrapculac us: as hmloglcal response mod1Ecr§ nn |mmunc

Chu ct al (1958) reported that arc slnralllm (Sun E08h Sun cz al 1Qs3ah>
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fradlon of AM extrac t potc nllai cd mlcr lc ukmn2 ln the generati on of  Iy mphuklnc

:1cu\; 1lc d klllcr  cell aftmty  an rum Chlncsc botanic al lltc raiur c desc r ibes UD

and SB as having anl| nc oplasllc  anntoxic  and armnnf iammalor y propc r  tlc s (Hsu

lQSh} The Crude extracts. nf OD and S harc adfmu. a rc latcd spcc lcs uf  SHc l al

have been rc poned 10 augment phagnc y1|c ac lmiy  m ammais {Dharmanand;1

1983)

LL mhlbllc d bc nzmalpsr cnc  EBaP}| nducc d mutagc nc su |11 S nphmzumme

T'WS by more than QS'*E whxlc A mongho./:¢"u.s 11 related spcclcs of AM showed

ma ant|mutagcmcny ;\.1eng cl ai mxm The annmutagenic  and ann

carc1nngcn| c pmper1|e< . ul Ol) and SB have not been arudlcd

F
/Xfkiuaxan B: (A}"B1} 1s .1 potent mum produced by Ccrtam strams nf the

fu ngus A1p¢r§'rHu.s ;?mu\ I1 comammalcs ammal and human food 1n dlffcrcnt

parts of  thc "mid and cau\c-  mul. umrL\ m d1f fc rc nt mlc rnhcs (Star k WSU) and in

mammalum CCll\  (Orig 1lJ'?§ PmmChalnam c t al mm ~\§H, rs a pmcm

hcpmulnxmc and hcpulucarclnugcnac agent rn mme ;>.nlmaE \p!.<.IC\ and |~ suspect

an the clmiugw uf human hcputu: dnscauc |11 Ama and Afrlca [ST.o1uff E9"h. Parkin

CI :xl 1088) Thls potc nl pmcarcmogcn reqmrcs hepauc  microsomc mc dnatc d

mctahnlsc actavalum lu cxcn :Ls car cmogcmc and murngc mc cff ccu M 1Cro>oma]

c}tnchmn1c P-$50 acnvatcs lhc c pnxadahc m pr0{C5.s I0 form AFB,8.9cpnxldc

uhmh binds c mulenti y  wllh the I :num of  guamnt of  c ellular  DNA ( I - .wgmann

cl af 1077; Garner. 1973; Gurmn and Dave. 1975: Swcnmn el al 1<:"',=. Slnger

and Gmnhc rgc g E983) lt has been dc munslr atc d that thc  ic vcl of  DNA bzndmg
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Correlates mth hepatic carctnugcncsls and mutagcncsts AFB,DNA bmdzng ts

regarded su a measure of hepatocellular carunoma lmtultton (Stark WSG

1082 Lothkar ct al 198-1 ) and lsSwenson cl al l9?7 Whnham c l al

modula1cd hy both phauc I and phase Il cellular cn;,mcs (Unger: and Wcumann

mal)

11115 study dc tcrmmcd Ihr: cffc cu of four Chmcsc mcdacmal herbs on the

mutagc nc sm D'\ 2A banding and mctabolnm of  AFB, We mm report mhm three

of  lhewc  herh\  ( I .1.  UI ) and SH! ngmi ic anlly mhlhllcd lhc sc  pr0cc \ sc \

\iATI§Rl ALS ANI )  hi ETH0 US

F

Olrnaff ab

Nutr ient Uxmd #2 broth "au purc hased f rom Ljnnpami | Oxmd D|\1f~|un.

(nlumh| :1 MI ) Battoagar \\;a~ ohlamcd from Dlfcn Zahfmralaurlcs Dc trmm. MI

Amc lur i254 (pu|)Chnr1n;1lcd hlphcnyl}  um-  nhunnc d fmm Fuxh{3ru 'Nonh Haven

( ' I llnlahcled AFB authenuc mctaholncs. uf AFB, and calf thymus DNA were

purchawd from S\gma Chcmncal CU Sl Enu1=. M() ['H}AFB (15 ( |̀;mmoE} u:1.~

ohiamc d f rom Mnravck Bmc hc muc alg Enc Br ea  C A Laquld scznni lalmn c nckun!

was purchased fmrn AlhcdPusher Snc mmfi c. Pittsburg,  PA All snkvcnL\  and

chcmlc als fm chromatography  were purchased fr om J T Baker Chcmzc ai  (  0.

Phllllpsburg N] All other chcmlc: x|<  wer: acqulrc d fr om Slgma (hcm1c:1i.  51

Lnu:5 MU
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P>fpumrmn nf hrrhaf cI.fru1.'!\

The drzcd mot of AM un3.2¢ is gzft from Dr Yan Sun of thc Cancer  Imnlulc  nf

thc  f hznc sc  Academy  of Mc dlcal Sc lc nc cs | n Bc ly ng. Chma The dnc d scc d nf

Ll was a gi f !  f r om Dr Ro b c n  L m o f  I mn c  C A Thc c rude herbs OD and SB

were purc hased f r om Nuhc rb\  ( 0 Oakland C A Each of thcac herbs wa.\

ground ln fmt pmmdcr  ln a cnff cc  mul]  (Waring Product New Har tford.  ( 'T'a

Aqueous c xtramu were prepared as, prcvmusly  dcscnbcd (Lau ct 31. |9801 Ten

gramx nf  Ihr:  dncd ponder of  each hc rh uc rc suspended m 100 ml of d1\1| ]it:d

water  and hcazc d at * in { f or  \  h The suspcrnnun was ccmrafugcd at 2000 rpm

for  IU mm and than f i ltc r c d The Ehmlc wan Cc mr lf ugcd agam at 3000 rpm furB

I()  m1n and lhe supc rnalanl was f il ler sr crahzcd The stcrnic extract u»a- used an

ali thc exp-er1mcn:\ The dw ucrghi nf  each ex1r.ac1 \ \i:L\ detcrmmcd We

cunc cntrutmn wed m the c lpcr kmcnh u.. J. \ hawd nn the dr y wmghl uf  the extr ac t

Prrpururmn uf Jwpum .W

i)\ .€f Sl)  um prepared ab prc vmuslw dc acnhc d ( l'ad1 c l ai 1001> BrlcfT\

male SpragueD;1u.]c\ r;1l<. each wclghmg E50E00 g. were gn'tn Li szngic znyccmcm

of  Arnc lor  124 (00 mg'ky  Eve day s hc fn r c  hmc  of  sac rui c t Hwy  wer e gwc n

drmkmg water  and Purma laborator y c hcm ad I ahr  tum Unti l 12 h before sac rlf lclng

when lhc  c hmx \\ ; L\  rc mmc d I :vcr homogenates were prepared asc pilc aliw

[Marian and. Amex |9331 Af  te r  d c l c r m m m g  th e  p r o t cm  C u n tc n l r i i l m n  l l n \ . \ T }  C I



N

1951. Hanrc c, 1972), one ml alaquou, of S9 (31 mg proacmn/ml] were frozen ata

SU C and used as needed

Muf agenem amz)

The plate mc orporanon away  of  Maron and Ames { l933)  wxm famed out

uwmg Sadmonelfa ry plnmwfum TA100 {g1f1 fr om Dr Bmc c  N Ames,  Unzvcrslty of

Cahfornia Berkeley . CA} as £hc lc slc r stram The following malc nals were

addcd to stcnic drsposablc zcsl mbca. m lrrplucau: m Scqucnc t 100 ,| .¢} ovcrmghz

numc nt broth mhurc of  TAIOO.  SOO M of  c ofactor mu.  var rous concc mratlom of

hcrhaE extract (G. 15. 3 and 0 mg;'pla1c) SU pl (1.55 mg)  of S9 prolc1n and I0 ul

(0 l ug)  of  AFf1; ( drssnlvc d an dlmcthylsulfoxadc) The rnlxtur c was vorr cxcd wr  th

2 mi  of  mohc n mp agar  comaznmg hrsudmnc bmunn and poured omo mmlmum

rcvc rzam c olonies wereAhc r  48 h mc uhannn al 37 C H15glucose agar plale\

scored Spontaneous rcvcmmt culomcs were subtracted Ehc cxpcr tmcnu were

Data wc rc cxprc ssc d as mean number  of  Hu rcvcrtama perrepeated Iwlce

plaic and 'H mhahrlzon an the prc scncc of var1ou> cunccntr; nmn» (mg,'pla1e} nf

The nnn1.ux1c upnmal mhzbzlory concciurarluns of these herbshc rhal c xtr ad

were used for suhscqucnt cxpcnmcms

| 'H} , 1FB,DN4 hmdmg and addurr  Ldrvrnji car ron

Lwcr SQ protcm (1.55 mg rn 5{JpI)I hcrhai cxtracl (AM. 3 mg,'mI Ll- 3

mg f mi OD. 3 mgfn\E SB E5 mg,!m|] and 101.11 of [ 'H|A1fls,  (500 pmol) ucrc
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rncubalc d |n E ml cufacmr huff c r cumalnlng 0.5 mg pur|§»:d calf  thy mus D?~A for

Af ter mnc ubanon DNA was extrac ted and1 h at 37 C in a shakmg ualc rbath

Radloadmty ln the sampics was dc tc nnmcd bypmccnscd (Tadr ct al EWU

1|quld '»f1m|llat|0n spectroscopy (Modd LS 5801 Counlcr Beckman Instrument

U1v|§10l1 B<'rkcic} ( A } . DNA was quantulalc d by  thc  dlphcnylammc  assax

Data were cxprcsed a; ploomulc s pcr ms1|1graI11 {pmol,» mg)(Bur  ton 195h)

DNA namplc s were hy droly zed and extrac ted an wateraaaturatc d rr hutannlD m

[hc  bulanol lawc r  was dnc d under  N and the rcsndue was rcdmsulvcd and

The rad:nact1\11\ m mllcctcd fractlons v..uadduc u were separated by  HPI (

AFB DNA adducts fromdctc rmmcd h> hquld \c| m|1|.1tmn spcctrmc np)

is hydrnly ic d D"4\ were adcnllfacd h>  Cnmpgrnng cxpc rlmc mal c hromatograms wi th

Datapmfllc s of authc nuc  addud slandarmh puhhshcd hu Grunpman ct al (1081)

wtr c  ¢\pf¢\ \ c d ; ; ~  pmoi fmg DNA

.4m1h\1.\ of VH14 FB: rm'tr1bUl'm.

l. 1\ tr  SQ pmlc an 11 ga mg m Su ul} . herbal extract \ \ ' \1. x mg, ml l L.  3

mg jmi U D 1 mgfmi .  SH I R mg*rnl}.  and IOM ul E' I ' l} .»\H3 [hh" pmoE} were

rnr tuhatcd rn 1 mi cofac tor  buff er rn a shakmg walc rbmh at 37 C for  30 msn

Samplu were extr ac ted wnh c hinrofnrm cthxl acctalc {] 1] The organusuluhlc

AI zquols su :rcfraC1|0n5. were druid under N and r cdmmlvc d ln mc lhannl

separaied asuncrancally hy HPLC m 5'7+ \etrahydmfuran 2|J"% methanol. 20

acclnmmic and uf; \.\a1cr Une ml fr:1fI\on~ ucrc culicctcd mer 30 mm
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Aqucoub f rac1|nn:~  rcmammg aflc r chloroform c l h v l  a ce ta te  cx l r a cn o n  w e r e

iy ophmzc d rednssolved rn I  ml 50-f f: methanol passed through a C1 Scppa|»

canndgc (W ater Afmomalc t Mnlf ord.  MA and analyzed lsocranc ally by  HPIC m

25% c thanoE and 20 mM tnc thvlammo nlum formal;  pH 3 ( Lolllkar  c t al 1080)

Radmaetwr  ty 1n eluted orgarmsuhrble and watersoluble f racuoru was delermmed

by  llquld scmtlllatlun spec trmeupy  and analy zed mth a Beekman Dalagraph

Program rn the DU Data Leader mftwzir e pac kage on an IBM PSf2 model 50

Organusoluhic mc1:1h<>l\lc~, and watersoluble glulaihmnc cnnjugmcs ofco m p u te r

A F B uc t! ! adcnui ied h>  cumparmg prnmc s mth authc nuc standards Daw were

expressed ls pmoi fmg S0 pmlem

B

Cafculurrfmn nf pnml und srumfr rd anahsu of dum

The r;1dma»:1|\1I) IDPN1) dclcrmmcd bw E1quld 5»c1nlllla1|un \{J€CImsCnp\ was

cnnxc rlcd lu pmni haéc d cm lhr: speufac aclawty of [ `H]~\FB,  uxcd Uwe dal.; fr om

Df~A hlndsng and mc ulboll'm ami lh0\c  fr om mutagcnc sxs anays were analxzc d

wnh unc vu.ag analyms uf vanancc |Ar~:0\A) fnllnwcd ha Tukcys muluplc range

tes! for honeslly sagnlicanl dlffcrcnce (HSD). Stanslical slgn|I1|::|nce wsu. defined

35 P< 005 Slallsucal procedures were perfurrncd mth Slrllgraphncs software

vc rsmn 3 1 ISTS( n c Ru c k vl l l c .  Mm
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R£sU LTS

Muragenesii msd)

Table l Compares the numbers of  Hts' r evenams per  plate and the percent

mhtbmon of  the f our  herbs on AFB,mdueed muzagenests fr om two exnenmems

All herbs exhibtted a eoneentralaun-dependent i nhibi tor y eff ec t. SB was more

mhnbimry  than the other  herbs.  at c onc entrati ons of 1 5 and 3 mg/plate L I

exhibi ted shghtly greater mhibllor y  ef f ed than OD AM c xhlb: ted modest

mhtbatmn at all Cnnc emratmns

When lhc combmcd cffccz of OD and SB on mulagcncsls to that of the

lndrvldual herb# was compared. an addnzvg cffcct was observed as a conccmraimn
1

L
of  1.5 mgfplatc The c ornhlnailon of  AM and LL am a conc c nzralmn nf  1 5 mg/ml

ha an eff ect apprc lac hlng addluvc A1 3 and 6 mgfml thc comhmcd cf fc c t was

lass than LL alone All the dosages used wc rc  nomumc  tu the bactcna

Vf f p a f s, D . \ f 1 bmdmg and adducr f ormafron

Table 2 li luslr atc s thc  lnhibmc m of  thc bmdmg of  { 'H]AFB,  meiaholuiu tn

calf  thy mus DNA by  Chrnc sc  herbs SB at a c nncc nzrazmn of  1.5 mgjml mhlbllc d

AF B DNA  h ln d m bv 90% OD.  LL a nd A M at  3 m /ml mh lbsl c d t he b mdm1 g g g

The c f f c c u of  thc  f our  hubs on [ 'H]AFBh> 72% ?19? and 1802 rcspccuvcly

DNA adduct formahon are shown ln Tahlc 3 Except for AM thc herbs
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I A B L E I

LI T EL l a 0 I " A5tJn ;g a L £u sm cn 1b r u n a ca u (AM )J4g u . sT " ". I u G . d 1 . u . m (L L )O fd cr u ' cvn i | . a d J fh u a

( O D ) . A N D S a u d i an a  b m f b a m ( 5 3 )  O N f'\F|5'-1 I N D U C E D . » f U I 1 A G E N E 5 l S I N  3

ry p i un i u nu  . 1  TA IO O

Imzlmmm Rcvc nants/piatc %  m t u b nu o n

C0ncz:nLmuon°
(mgjpiatc)

Hc rbai
Iixtracu.

SB o 1103
15 41 0 o 1

S?

S o

3 0
6 0

UQ
12?

U D 0

l s

1 0

1101
T93

SUM

I 1 0

|?

gg

3*g ( )

sq)  +  SH U H 0 1

15
3 0

S3
63
'fn

Q2
cu
fn0 0

i i 0 1:03
I 5
3 0
6 0

SO?
QW
10:

4h

|

UE

A M 0 O
15
3 0
£10

f r a :

8 3

6361

IE
;<
\s

Ah1 + 1.1 0 1103
15 1%

21;
IFS

ss
jg
1Q

3 0
bi ]

'Values arc avcmgc  numbers of hmudmcmd: ndcm rcvcnanu of mphcatc plates A1101
subtraction of spontaneous rcvcnanL§ (169) ro mnc rmzauon mdxcatcs AFB, alone
wnhouz am hcrbai lrcatmcm 'Equal amounts of OI)  and SB or AM and Z I
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T A B L E !

EFFEL r f )  OF CHINESE MEDICINAL HERBS ON f 'Hlf\FB\  METABOI  11£ BINDING

TO D NA

g°H]».1=B, Bound so DNA (pmol/mg) 91: lnhiblucmHc rbai  Emmet

P
4 .Control

4 1 0 5 ? 90SB (15 mg/ml)

8 5 72O D (3 mgfmll
74iI . I (3 mg/mlm

(3 mg/ml) 'P
. 18A M F

'Calf 1hymus DNA rar hvcf SQL E'H]APB, and hcrbal cxtran were lncubaicd :Ls dcscnhcd

DNA was c r lr anc d and radmoadmw dczc munc d by liquldm Mammals and Methods

1nd|c.a1cs s:gmGc:1nLI5.Scmllllatzon spc drmulpy Values are mcam 1 SE of duplncmcs

dmffcrcnt from control p~ U 01
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TABLE 3

EI H: L Tm OF  CHl\ FS I  MED I CHxl  HE RB S ON THF F { ) R\ 1 \T]U"  UF VU?  M l i
DNA ADDLI . .  la

['!{}f\. l-`B] Mclabulllc DNA Adducu (pm|J E/mg DNA)

I n u ]
Herbal \ f B . m a

Extracts Arfx Mr \P\f \rn.~».rx1>»f .\IBdm] MP ..  \ <;
(m a }n r }

\L§L!uCt\
{m ¢n< \r i

Ju1 : :HJ1 1: 12  :  u m L1"1 : uns ln(onlmE xhr

S H U m  : : m v UU * : n: > 1 l

'Q  m g fm l i gU{} *" f! ( H " Q 1
: f r a 111s IW

p,\J"2} uwfir 1"

( ) [ ) 2 E||lJ U V u | l u m : [ Ju ¢=` » w U r

(3 ma. mi) u J gQV7r} ' P

u L1-L1 ~ L  l m " w w u m l m : : u m E1 11 511 U51
<" 'wmsml uh f [ U i * " H , 1 " f 1

\  xz [ - U L " L " H u l lc H4»=~ \ r

( 3 mEmi r K N : r | \ f . i \ " > HN

(a 1 f  t h x m u s  IT N \ .  a n  i n c IW [ ' H , \ I  B . ami cdch hcrh C\ I r.1d \~. .1\  1: \c uh. \1ca1  .as  L1c .¢. r:bcJ

in  \ f . 1IC !1 . i l \  . m mf \ T: 1* m \ | \ H N X  u ; \  c 1 : . ¢ | < d h\ 1 I \ 1 ] \ n . »1 . m d H ] \ I  I l [ }\ \  . n. 1L. 1uU£-

" CI C a n . l i \ 1 ' r : d  hx  HP I( ] {. 1iL1J. n1z \Li \  \ \ . . 1s  dc t cr tmnc\E  hx  l l qul d \ ml: \ l |E] . \ Im n \ |>€CT. I(l u: I !\

\ a l u r : ~ .  a rc  m c a rv S I '\ um h¢ :r~.  an p. 1rCmhv. '\ |~  |m! |\ .nc pc fu c n :  |¥ h l h r l u m

s l gn \ 13c 3n : i \  d l l i c z c m  T m m  c um m i  151 {1 ll <1

m¢»f.,=¢
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sagndic antly  mhrbuc d the f ormation of  8.9-dlhydro-8-(2am1no-6formam1do-4-oxo

3.4-dlhy dropyr lmld5y i  am1no} -9hy droxy zmatoxjn B1 (AFB»N FAPyr rmnor) . 8,9

dihydro-89-dlhydroxyaf lazoxin B1 {AFB, -dia l)  and : mm-80-di hy dro8- ( guan7y l)

0anaioxsn B,  (AFB,N-Gua}  at the c oncentrati ons tested

Anafy iu of [ 'H;, 4FB, membofir es

Flg i shows. 1hc effcczs. of the four herbs. on the formatlon of Organosnluhlc

and water solufuf c mc tahohlcs of 1'H]AFB, Exc ept f or  AM thc herbs,

slgniEcantly mhnbztcd thc  f urmauon of urganosolublc mc tahulztc s. and therefor:

vlcldc d hrghcr  amounts of unmc sabohzcd AFB1 The mc tabolnc s c onmslcd of

af la1n<}n M\ [AFM1).  aflatoxin Pl (AI`P, ) and af¥aloLq1 O, {AFO,}
\ .

S;gmfican1

mhihatton of  these metabolttcs was observed mth LL OD and SB DIC mhsbmun

of  A FB mc la Ilsm ls also rc Dcc 1c d ln the slgnii ic antly smaller  amount of  AFB

glulaahmnc conjugatca formed 1n the prcscnc c of  the herbs

u»1sCl;sszor~;

We studmcd four Chmexc mc dicmal herbs whzch have long been used mn cancer

1hc rapy  ln ( hlna Immune modulallng c f f c ds of  AM and LL have been repor  ted

(Lau cl al. 1989; Chu ct al 1988; Sun. Ei"8b; Sun cl al l083a.b, Zhao 1990)

OD and SB are often used m the treatment of lwcr hmg and rectal €:1nccrf.[|n
f

lr adumnal Chmc xc  mc dac mc (Hsu c t al 1980; Chong and Lee IQSS) A related
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30

230 Control-

u

~ % AM SmgE
cz.

. 3 L L  B mg

Z OD  S mg

O
2

W  w e

I I ] SB 1.5mg:;.-
O
E
cn. *

- . /

E510
2
r - Q
* F
r - I
rf:

1:

4 2
L -

1O
Unm et Glu!

Conj
Tot a l M e t To t a l

AFB,AFB,
h1 I

ORGANOSOLUBLE
1

W ATE RSOL UBLE
FRA CTIONFRACTION

Fig I Effects of (hlnc'c mcdmlnal herbs on thc fnrmauun uf urgannsnluhlc and

w:1lcrmluhlc  n1c lahui ltc>  of [ 'H] .»\FB Mctaholzlcs were extr acted and analyzed

M HPLC as d£\Cl1h¢d rn Mammal-  and Mc:hnd> ' mducatcs not sngnsticanm from

c omrnl AI!  nthcr  values were sxgndic antlg. di ff erent fr om c nnlr nls (p1 005)
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spcmcs of AM was r cponcd to have no anthmulagcnnc  aff ec ts whsle Ll.  showed

smgmii canl mhihmon of  B:1Pmduocd muzagc ncsls ln 5 ryphimunum T.»'\9S (Me ng

c t al was)

Wancnbcrg (1985) has ciassuti cd c hcmoprcvc nuvc  agents mm three claxscs

based on thc  mod:  of  amon (E)  Mczabohc : nhsbnors prevent thc f ormauon of

car cmogens f rom precursor c ompfmnds,  (2) bloc klng agcnu. mhlblt carclnogenlr:

eompour ld~ . f rom rc actlng wnh cellular  targus. and {3) suppresmng agents lnhll>| l

the process of ncoplzvmc manlfeslauon For  example phenol;  are

rhc moprcventlvc  an all levels. flavnnea are blocklng agents and planl S!em| \ such

ru. Bsxmslcrol are suppreselmg agcma Plant phenols also uct as nuCEenph||:C !rap=

;

J .

(Newmark NS?) Among the fuur ( `hlncsc  mc dnc mal hérhs we studac d. SB and

LL Conlam phc nuls and flavonca whzlc OD and AM Conlazn ,Ssltoslcrol (Hsu c z

g
B 1980)

In thla study. uc  a.\se<.scd the anilmxnagcnac propcruc~  of these f our hc rhs m

the mu1agenes1s~ away ul Maron and Ames (1983) usnng S. ryplllnrunum TAICIJ u

th c  l c si c r  s l r a r n All the herbs cxhlh| 1cd a c onccntranondependent mhlhataun of

AFB,zndutcd muiagcncmw. SB w;1\ the most |nhlb|1ory and AM wan thc Iczm

When used rn comblnal:nn SB + OD had a syncrglsnc or addlllvc effect (Table

1)

The Ames away  has hcc n shown tu bc useful ln corr clalmg m vlfrv bactcrzal

mulagcncsls w1lh rn \ n0 c arc lnogcnacny an anlxals (Rmkus and Lcgator ¥Q7Q)

ln thc  c am of  af laloxma thc  r c lalwc mulagc nlc  i n mrs pnlc nq has hc c n shown ln
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correlate wi th m vm;  c nrnnogcnlc  data (W ong and H5|c h_ 1976) Mctahohc

acuvatmn of AFB, zo thc 8,9-cponudc ns bclacvcd 1:0 be csscnual Lo the cxprcmcmn

of :Ls mutagcmcity and c zarc mogcmcny (Gunoo and Bcjba, U971) Thls cpoxmdc

rc ac u mth the NT atom uf  guanmc  to f orm AFB,N- Gun (Cruy  c l al mx) Our

rcsu}Ls suggest Iha1 the eff ects uf the Chmcsc herbs on AFB,induced mulagcncsns

m S. 1)plnmunum TAIOO (Table i} on {'H]Af `B1 bzndmg Lo caEf thy Tm.1s DNA

(Tahle  2) .  a nd on AFB,N Gua adduc t f nrmalmn (Table 3}  ac re mediated

through the lnhrhli lun of  thc  mc lahollsm nf AFB, HPLC analyms of the

nrgannsuluhle (phase Imcdlaicd) f rac tlom shmneii a 5-lgnrfi cant dccrc me mn the

mc ia hnlnm of  AFB an thc presence nf  Ll. .  Ol) and SH (Fig I ) Thr: greatest
F

cff cc 1 um unlh SB The decreased fnrrrmatmn of water snluhic cunjugatcs

spc clti cally glulalhmnc  c nnjugatcs. 1n the presenc e of LL OD and SB r cHcc ts lhc

cff cct of ihC\£ herbs nn pha. -»c I mc labnham of AFB An lnhlbmon of  lhc  ph; ; \ c

l rr1€I.xbuhsm nf  AFB wuuid nc <c \»ar ll) rc auli  | n reduced amounts nf  AFB 8 0

cpmudc ;ava1!.1h]e fur cnnjuganun \.\.1lh giututhmnc A spcclfac effect nf ThC\C

herbs on ph.;tc El cnqnte a€t1\. | t\  cannot he cunclustwc ly supported by nur data

Xqucom c1ctraCt- uf all fnur Chtnc sc herbs me lcstc d mhthltc d AFB induced

mutagcncszs although var tahly Thrc c  of them (LI , OD and SB)  stgnmfi cantlg

tnhthttc d DNA htndtng and mc taholthm nf  AFB, Our results thc rcforc suggest

that the Chlncsc mc dlctnal herbs LL OD and SB may ptmscss canc er

chcmtmprc vcntwc prnpcr tlcs
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ABSTRACT

Oidenfandm dxf f um (OD)  and Scutcffankz barbara (SB} have been used In

Lradmonal Chmcsc mc dlcinc  for tr eati ng li ver,  lung qnd rec tal tumors while

A.rtrugaLfu.s membranaceus (AM) and L1g1.ummz Iucidum (LL)  are of ten usc d as an

lr: lhls study. we dctcrmuncd thc effects of aqueousadjunct an cancer therapy

; extracts. of thcsc f our herbs on hc [a]pyr cnc  {BaP}mduc cd mutagc nc sns usmg

Salmoneffa ryphrmunum TA. l00 as Lhc  banana] tester  slram and ra£ lwc r 9000 x g

supernatant as thc  metabolic  aclwanon sy stem The cf fc cu of these herbs nn

[ 'H]B3P blndmg m C3I ;h y mus DHA  and fo rmauon nf  Ba?DNA adduc ts were

assessed Organosoluhle and water soluble melahohtes of Ba? were extr ac ted and

analy zed by  hugh per formance llquzd c hromatography (HPLC) and alumma

Column hqmd c hromatography Mulagenc sls assays revealed that all four herhs

produced a 5|gn| E<:1n1 concentrauondepc ndem mhlbluun of  Hls revc r tanu

mduc ed by Ba? Al a Conc c ni r atlon of 1.5 mgjplatc SB and OD m c ombinati on

cxhlhnc d an addmve ef fect whereab AM and LL |n c omhlnatlon dcrnonszrazed an

amagonlxti c  ef f c d The trend of znhlhmon of these four herbs on Ba?Induced

mu ta ge n e s ls  ww S B  >  L L  >  OD  >  A M LL OD and SB sugnnficanliy mnhzhsted

BaP bmdln g to DNA. LL and SB slgn| Gcam}y  reduced Ba?DNA adduc t

s

formauon and SB sngnlficanily decreased thc formation of Organclsolublc
I

mc tabolltc s of  Ba? Our data suggcsx than these Chmcsc medncmal herbs p<m§c'n

canc cr chcmoprexcniwc  prnpc mes



Q

4

{N" I R{ }D l j( `TlON

The Chnnc hc have pradlc ed herbal r ncdnc mc for  lhousanlh of years Ch1nc<.c

1 |1 cr : 11 u r c  d c sc n h c s a  n u m h cr  o f  h e r b s  u se d  m  ca n ce r  I r c a l m cm Among them

Oidenlwzdm d.f j'u.m {OD)  and Srurcflana barbara (SB)  are c onszsi cmly f ound m

varmus herbal formulas.,  whnlc 4§Imgalu.§ mfmbmn areux (AM)  and Lr gunmm

lurrdunz (Ll ) are uf  tcn uscd as an adjunc t 1n Cancer therapy  [Hsu cl al 1vsm

AM and LL ar c lmpnr tam lmmunc cnI1anc 1ng herbs AM has been

dcmnnstrulcd lu pr cxcm upper r csp1ra101} tract |z1fc< t¢on5 due [0 thc Commun

cold :ami rnflucnza vlmbcs [Hou et ul 1081) The 1njc f: t1nn of AM cxlracu mln

E
nnrmai  and lmmunndc fimcm mace enhanced anubodx produc tmn a.~ \snclatc d mth

clcwatcd T hckpcr ccll actuary (Zhao ct .al ,vom Lau ct al H989) rcportcd

augmentati on of  mac rophage oxldauvc  burst tw c nhcr  AM or  I  I A Syrlcrg|§t:c

effect »\u.~. ohsfzmrd w1lh AM and Ll. m combmaunn ll was suggested than these

mu hcrhx Cnniufn pvlc nt Immune slumulams whlch may  pruwdc thc rallonai h;1.s:~.

for lhcnr lhcrapculac use an hlulug:c;1E rcspumc modlf \cr~ m |mmunc r csturatmn

(Sun 10Hh. Sun cl ai 1Q83a.h) Thu c t ai (19383 repor ted that a fr ac tmn nf  AM

extrac t pmc nhatc d | nlc flcuk:n2 1n the gcnc ralaon of  Iy mphuhlneac twalc d kallc r

c e l l  a c 1 | \ 1 I \  m  \ { f l l } (hmc\»c  holanlf al I nc ralurc  dc sc nbca OD and SB as hzvmg

annnc oplamuc . ann1oxlc and annznf lammatory  propc mcs (I - Isu c t al. \Qz<@}

(md :  c xtr ac h  nf  OD  an d S ha1ru1'fr:.u.s a ~pcc:cs rclancd in SB haxc been

reported lu augment phagoC}l1¢. actavny an ammals (Dharm;mand;L N881



LL mhlbucd hcr1:m[a]pyr¢:nc {B;1P}Induced mutagcncsls nn S. !}p}umu."fu."?i

l. \ 98 by more than 95%;  whllc  A mnnghnhm.s a spcocs r c la1c d I0 AM showed

no ann-mu1:1gcn1C1ty (Meng ct al mx) "ITN: annmulagc mc  and ann

carf lnogcnxc pmpc rtlc s uf  OI ) and SB have rm!  hvcn sludwd

B;1P unc  of  the moat common puly cy clac urnmii il(  hydroc arbons {PAH§) |~. :1

ma}or  pollutant uf  ai r water.  mi l and the f und c ham {Slngc r and Grunhc rgc r

|9K3) Ba? and -.cvcral nf |1:~ mclahulncw pr\>duoC Iumnr-. nn newborn mlcc

(Hucnmg c l aE 1978) and szgnuficanl cnrr clatunn between the mcndencc nf human

cancer and PAII5. m suggested hy cpidemmlngac nludues (Smger and Grunhergcr

MU) BAP ls. a prncarcinngcn whlch rcqusrcs q1uchmmc P-S50 enzymes fur
I

B
\c tlvat1un [( }| ;mm and Dave l\J ?9] I%.1l' ?5-d1|1ydrud|u]Q.EUcpnxldc (BPlJ{i} rs

thc  major  nwtahnknlc  that hmda In DNA m \.f lrn :md rn r m ; il r eac ts at the ( IU

puxltum wi th i hc  cmqc lnc  ammo grnup at thc  N pommn of  guansnc  (Jeffrey cz

ai 1977 Knrcstda Cl al 102411 Both ph;L\c I and phase ll cnr ymc s are anvolved

ln liaPDNA hmdmg (Smgcr and (imnhcrgcr. 1083) Ihls studw cr.an1|ncd the

cffccu nl fnur (hm»cM: mcdlclnal hcrh~ on the nlulag1:ncsls DNA hmdang and

rhclaimiasm nf Hui
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1\ m' mR| AL s A ND  M2 1  Mon s

Chemicals. Nutnc n: broth (Oxold af2} wa. ;  pur chased fr om Umpalh Oxoud

Dwlsnon (Columbus M D US A ) Bacmagar  was obtamc d f rom Di fc o

Lahoralonc s.  (Detroi t M I U§ A ) . Aroc lor 1254 (polychorinalc d biphcnyl) WB5

obtamc d f r om Foxboro (Nonh Haven.  CT.  USA) Unlabekd BJP and calf

1hy m\. |§ DNA uc rc purchased fr om Slgma (SI Louis.  MO US A) Aulhcnlac Bu?

metabolncs were ohtamc d fr om Nauonal Cancer lmutulc Rc posnory {K:xn5a1~

CH) M O US A ) ['H]B:».P [hh]  C1/mmol)  were obtained f rom New England

Nuc lear  (Boston MA  U S A ) Aluminum oxide for  c olumn clsromatographx was

purchased from Bm-Rad (Rlchmund CA. USA; Laquxd. 5Clntmllalmn cockiall wah

purc hased fr om AlhedFnshcr Sc| cnt1Ec (P111.sburg PA USA) Snivcmf.  and

chcmlc als f or  c hromatography were purc hased f rom .LT Baker  Chemlc al Co

(Phllls pshurg NL USA} All o1hr:r c hcmmals were acqumrcd fr om Szgma (S:

Lnuls. MO. USA)

Preparation of  herbs!  enrac zs. The d:1td. r 001 of AM ww.  a glf l f rom Dr Yan

Sun of thc  Canc er  Insututc of  the Chmcsc Academy of  Mc dlcal Smc ncc s an

Bc qlng  Chlna Thr:  dr lc d seed of LL was a glft f r om Dr Rob c n Un nf  I r vmc

CFL USA. The c mdc  herbs OD and SB were purc hased fr om Nuhc rhs Co.

Oakland. C.¢\ LISA Eac h of  these herbs win ground to Hn: powder an a coff ee
L

m1I |  (W anng Produc ts New Har tf ord CT.  USA) Aqueous cxtracu wth?
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prepared by suspc ndlng 10 g of the dnc d powder of  each herb an 100 ml of

dlsti lled wa1er  and heati ng at 50'  C for l h. The suspension was Cc nlr lfuged al

2000 rpm for  10 mm and lhc n Hltered Um f iltrate wI15 cc nmfuged agazn at 3000

rpm for 10 mm and the supernatant was Elie:slc ri hzcd (Lau cm a1. 1939) The

dry welght of  each exir act wa; detemnned .

Preparation nf  hepatic  S9 Male SpragueDawlcy  rals eac h wc nghmg E50160 g

were glvc n a smglc injcc tlon of Aroc lnr 1254 (5(X} mg/kg)  Eve days before umc of

sacrifice Drmklng walcr and Purma Iahnralurjs #Chou was pr |3\.1dcd ad Ilhltum

untll 12 h hc forc  sacnii clng whcn thc Chou was removed Lwc r  S9 wa prepared

a.<.cp1|c:slly (Maron and Amcs 1983) After  dci crmzmng thc protein Cnnc cnlr auon
l i

(Low|\f cl al l Q § f H:1rlrcc l'}72) one ml a1Lqu01s of S9 (31 mg prmcm/ml)

were fr ozen at 80'  C and used :Ls needed

Nluisgenesis assays The plalc mcorporatmn :Lsaay of Maron and Ames (1083)

vraxs cmpinycd using Saimonella rvphrnzunum TAI00 (3 g1f1 fr om Dr Bmc c  N

Ames. ljnzwcrsnry of  L`al| f orn1;= . Bcr¥. clcy CA USA) as the tester  szram The

fnlinwzng ma!erlaI- wcrc added in slcnlc d|:»p<J:~ahEc lest tubes m Iriplzcutc ln

sequence IDU pl m c rnaght nulnc m hrmh culture of T.\ l00 500 , ul of c nfacmr

buffc4 dlf fer cnx concc mrauom of  hc rbaE extr act (U E.5 3 and o mg/pla1c} . 1 55

mg of  S0 protc ln and Spg of  Ba? The mxxlurc  was vortc xc d wllh 2 ml of

I
molxc n top agar  comammg hzslldlncblonn and poured Umm rmmmum giuc nsc
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agar pialcs After  18 h mcuhanon at 37' C . haszndmc-1ndcpcndcn1 rcvc nanl

Spontaneous rc vc nam colomc s were subtrac ted{l- haf ) colonies were scored

Data were erprexsc d as % mhibmtion m the presenc e of  various c onc cntratuom.

(mg/pla1e}  of herbal exlr ac : The opumal mhibllory  eonc cmralxons of  these herbs

were used f or  subsequent cxpc nments

[°H}BaPDNA binding and sdduct formation |_Jvcr SQ prolcrn (1 55 mg) herbal

extr a c t  ( A M.  L L  OD 3 mg/ml.  SB l. 5 mg/ml) . and | 'H1BaP (150 pmol)  vscr c

|nC\ . |halc d ln l ml of  mfaclnr huf f cr  mmalnlng l] .5 mg pur li c d Calf  thymus-  DNA

After lncuhalxon DNA was extracted andf or  l h | n 37 C 1n a shaking wmc rhath

Raduoacmxuty m thc samples was dc lc munfd hx
proc essed (Rubann cl al 1 som

hquld sc mtlliaf lon spc ctmsc opy. m510dc|  LS 580| coumc r. Beckman Instmmcm

DwL:»:0rL Berkele CA USA] DNA was quamltalcd hy lhc dlphcnyiarmnc 3_*»3;.i\

(Bu r10n 1050] D313 ucr c cxprcascd :Ls plc omoics pcr mmli lgram (pmolfmg)

D NA . DNA samples were hydroly zed and extr acted nn watersaturated nhutanul

The hutanol imcr v.a_\ drlcd under N. and the rcslduc wa.\ rcdlsaolvcd A|.]duc1s~

were separated hx HFL( The radmac twsry rn collec ted fractsum was dc tcrmlncai

by llquld scamlllatlon spectrosc opy Ba?DNA adducts were dctcrmlncd h\

cumparmg profiles mth aulhenllc adduet standards. Data were expressed as

pmnljrng DNA.
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Analysis of  | '"H]B¢P metabolites. [J ver S9 prc ltetn ( 155 mg] herbal extr act (AM.

LL  OD  3  r n gf ml .  S B 15 mg / rnl) and ['H}B;».P (1814 pmol)  were lncubated ln l

ml of cofactor huff er  tn a shaklng waterbath at 37 C for  30 mm Samples were

extrac ted with ethy l acetate .  acetone (2 1). The Drganosoluble fr ac tmm. were

dned uti der  N,  and sedissolved i n l ml of  60% methanol Aliquots were analyzed

by HPLC. separated an a l1near methanol and water gradnent of  60%-100% Over

50 mm at a flow ralc of 1 mlfmm {Rub:mu ct al EWU) Aqueous f rac tions

remaining af ter  c hloroform ethyl acetate exlr ac tton were iy ophthzcd redlssolved

tn 2.5 ml of 7092 ethanol and chromamgraphcd on an alumma c olumn (Autrup

1070) By  alumma Column chromatography  unmetabollzed and unc onjugated

| 'H;aaP vtc r c  eluted vnth 100 m{  df  absolute ethanol Sulf ate ester conjugates

were eluted wtth 60 ml of  ZX dtstallc d water and gluc uromde eongugates wrc

eluted wlth H0 mi of  0.05 M ammonium phosphate buf f er { pII  3) Glutathlone

Conjugaies were eluted wtlh 00 ml uf  15 fnrmnt ucld Samples were colicc tcd at

a f ln u r a te of  2 mlfmm Radloactmmy an eluted nrganosoluhlc  and water snlublc

frac 1m1| .s was delc rmmc d by  llqurd sc1nl| ] lat| 0n spctirosmpy and anulyxed wnh a

Bec kman Datagruplr  Program m the Dlf  Data leader  sof tware pac kage on an

IBM PS/2 model 50 Oompuler Organosulublc  mclabolnc s and water soluble

conjugaics of Ba? were 1dcn11Ecd by  c ompanng profles with aulhc mlc  standarah

Data were expressed :Ls pmnlfmg S9 prolc ln

r
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Calc ulation of pmol and smi istieak analy sis of  data. The radloac uvny (DPM) .

detennined by laquld sclnnllalzon spec trosc opy was convened to pmol based on

the spcc lli c  ac imty of { 'H]BaP. The data f r om DNA bmding and metaholnsm and

those f rom mutagenesls asmys were analyzed wrlh one way analysr s of vanance

(ANOVA}  f ollowed by  Tukey S multi ple r ange less f or  honestly szgnr llc ant

drffcrcncc (HSD) Stalzsucal sigmiiczmcc was dcfincd a P< 0.05 Stallsncal

procedures were per formed wzlh Stratgraphlcs software vc mon 3.1 (STSC.  I nc

Pl)Ck\"lHC. MD.  USA)

RES UL TS

Mulsgenesis assays Flgurc l compares the pcr cc nt | nhih1nDn of  the four  hcrhs

on BaPmduc ed mutagc nc sls. All zhc ac  hc rbs cxhlbnc d a concc mrauon

dependent ef fect SB was slgn| Ii can1|y  more lr lhlblluq than ihc other hc rhs at all

OD. LL and AM had simliar mhlhllorv cffccu. at allConccn£ra1mrL<.

conccntraznom cxccp: a1 6 mgfplatc for AM

Flgurc  EA compares thc combined ciTcc 1 of OD and SB on mumgc ncszs In

:hal of  thc  lndmdual herbs An addlmc cffc ct was. nbscrwcd at a c onc cmraucm nf

1 5 mg/ 'plazc hut not as 3 and 6 mg,/plate In Fzgurc IB, thc  Comhlnaimn of  AM

and LL at a conccnlraufm of 1.5 and 3 mg/ml wa; legs mhlbltory than AM or Ll

alone and az 6 mg/ml thc; cnmhzncd cffcct was, less than LL alone
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[ 'H| B 8P Dm b in din g an d ad du c l f o rmat io n. Table l Hluslr ai c s thc  mhlhztmn of

thc  hmdlng of  [ 'H]BaP mclaholr lc a £0 calf  thy mus DNA and thc  fommuon of

E'H]B:xPDNA adducu. by  these herbs SB a1 a conccntranon of 1.5 mg f mi

lnhlhr  tc d Ba?DNA bmdzng M 75% O D LL and  AM a t 3 mg /ml mhrhllc d thc

bmdmg by 3592.  36% and E39? rc spednc ly SB and LL slgnzGcan1|y mhlhltcd thc

f{)[" |T|2|I(lf} of  total | 'H}BaPDNA E\CldLlCL\ { ?S BPDE1 7 R  B P D E 1 B P D E ; 1

a n d  u n k n m w s )  a t  t h e  C o n c e n t r a t i o n s  t c u c d

Analyses of  | °H]HaP mcmbnlisc s. Flgurc  3 show> thc  cffcc h of thc four hcrb~. nm

thc  f nrmallon nf  nrganmnluhlc  mc lahohlc s of  [ 'H]B1xP SB \ |gmEcam|\  mhnhulcd

thc  f urmalmn nf  nrganmnluhi c  mclaholllc w En :hc presence nf Ll and  UD  th ere

were aim lc v f urmalmn of  nmrganmuluhlc mctxbolmw hui  stansncally nm

ngnzfzcant LL OU and SB had s| gn1f\ c am|)  hlghc r  amount;  of  unmc lahnllzc d

Ba? The inhihllllm uf Ba? mclabullsm h\ lhc hcrh\ rs also reflected rn thc

§\gn15€ant!y  smalicr  amuum of watersnluhlc mctii hnlntcs bound as Sulf ate cater

1luc umn| dc  and Eulathmnc mn u ales {F1+.{urr: 4;E g 1

DISCUSSION

We sludlcd four (hmc:~c mcdlcmal herbs. whuc h have lung bccn used an cancer

lhc rapw m (hln. x Immune muduiaung ef f ec ts nf  AM and LL haw:  been rc pnrtc d

(IAL: ct al l989 Chu ct al 1088. Sun. E980. Sun cl al lqs b. Zhao. 1Q<am
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Table 1. EIf°cts of Cluncsc rnc.did.r1a1 herbs on {'H]BaP mctabohtc bmdmg to DNA' and thc

formation of { 'H]BaP-DNA adducts."

Total
[ 'H| BaP-DNA

Addutts (pmol/mg)

f'H]H=P Bound
to DNA (pmol/mg)Herbal llruac ts 'ik lnhabnuon 9? Inhibition

Control 1 7 3 : 2 5 4475 :  D92

ss (15 mg./ml) 4 3  1  ' D i ' 75 E223 D15 n h

OD (3 mgfml) ¥ I 3 : 0 I 35 2638 :  O31 sofa

u. (3 mg/ml) 2 36 9 2 3 : { } S w

AM (3 mg/ml] 1 2 0 . 2 3 386b:C| 3t» 130

mt hw: S9 ['H]BaP and each herbal cxtraci wa.s'Calf "WH 115 DNA. mcubatcd as describcd m

Materials and Methods DNA was ezrlracted and r:1d:oac1|v1£y dclcrmmcd by llquld sclnllllalmn

spcclros-copy. °DNA was hydrolpcd and ['H]BaPDNA adducts were anaiyzcd by ITPLC.

Radaoacuvmsy of addum u.CrC dczcrnzmcd by llquid scmllllauon spcdroscupy Valucs are means ~

SE of duplncazcs 'lndecnlcs diffcrcntx from conlrui {p< 0051
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con}ugulc <  of  [ 'H}BaP (Sulf C :  Sulf ate c stc r  Cunjugalc s Gluc  C =

Gluc urnmdc  Cunjugalc s Giul.  C = Glutathmnc  Con]ugalc s} Conjugaic s were

czlractcd and anakyzc d by  alumma column chromatography  :Ls dcscnhc d zn

Malc rmka and Methods NS mdncatcs nm s:gn15c anI from control

saluc s were sxgmfmc anlly  di ff erent f rom c ontrols ( p< 005)

AH other
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OD and SB are of ten used I n the tr eatment of  lwer lung and rec tal c aneerx ln

Ir admonaE Clunese medleme (Hsu et al. }98b; Chong and Lee. 1988). A relaxed

species of  AM was reporzed to have no armmulagcnlc  ef fects whsle LI. showed

szgnzi ic ani  i nhibi ti on of  BaPmdueed mutagenesis Ln S r yphmnmum TA98 (Meng

ct al mas)

Walzcrsbcrg (1985) has ciassiEcd chemoprcvcmivc agcms mm three claxwcs

haac d on thc mndc  of ac1|nn {1) Mc lahnlic  mmbztor s pr cvc nl &hc  formation of

car cunngcm fr om prcc ursor  c ompound {2) bloc kzng agc ms lnhlbn carnnogc nlc

compounds f rom rc actlng wllh c ellular largcu. and (3) supprc ssmg agent;  1nh1h1I

the prnccsm of ncoplmmc manmfcstatmn For  example phc nols are

chcm0;1r cvcnn\c at all I cvci s.  Ha\ :nnc s11fe bloc klng agents and piam ucmls wah

as B Slmsdcrol arc supprcsszng agents Plant phc nols aisu ati as nuclcophlhc Uaps

(Newmark 1987) Among thc  four  Chxnc sc mcdac mal herbs, wc studied SB and

LL Contam phcnnls and Havonc s whllc  OD and AM Cnmam B sll05lcroE (Hsu c 1

a l9Rn)

In lhzs study wc  aascsmcd thc amlmuiagcnlc  properties of lhcsc four hcrh~ , m

thc mutagenem axsay  of Maron and Ames (1083) ufnng 5 rvpiumxmum TMO() :Ls

the  \C"\ \¢[ SIFEI IFI All &hc  hc rhs sagnmcanlly  mhnbned Ba?mduccd mulagcnc sns In

varymg dcgf cca SB was the most mhnbnory and AM wa;  thc i cam When used m

combmatlon only SB and OD had an addmvc ef fc c : (Flgurc  2A_B]

The Ames assay 11:15 hccn shown In hc  useful 1n corrclaung m mn; baf  tcnal

rrlulisgcncals wnh in wvo Carc1nogcn\c1£y rn anlmals (Rmkus and Lcgam F9791
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Metabolic  acnvalnon of  Ba? ln 1hc  18-dzhydrodmol910-c pox;dc Ls hclzcvcd lo he

cemc nhal to the cxprcfeann nf  |15 mulagcmcny and c arc lnogcnlcny (Gunoo and

Bc jha IQT4) Una c poxldc  r eacts with thc N2 atom of guamnc  (J ef fery  c l al .

1077 Koreada cr  al NNE) Our results suggest that the cffccu of the Chlncsc

herbs on Ba?mduc cd mutagc ncsls rn S. n.ph:munu.m TAIOO (Fmgurc s l 2).  on

[' I l]BaP hmdmg to c alf  thy mus DNA and addud formauon (Table 1)  were

mc dmmcd through lhc mhnhmon of i hc  mc lahohsm of  Ba? { l| gur c s 3 4) HP L C

analyi ls of  the organmoluhlc \pha.sc  Imcdlaicd)  fr:1c!1m1.s showed a §|gmHcam

dccrcam: m thc  mc tawlum of  BaP In the pr csc nc c  of  SB .md a szgmGc aml\

hughc r  amount of unmc mbohzc d Ba? | n lhc prc xcnc c uf LL OD. and SB {Flgurc

The dc cr cascd fnrmalmn nf water~ .nlub1c mn}ugaI¢~ ( sulfate c\lcr3

glucuron1d|: and glulathmnc c 0n]Lg31c ~}  1n thc  prc sc nc c of LL UD and SB

rcncf ts :hc  effect nf these hc rha on phase I  rnctabollsm of Ba? An mhnhnlmn nf

thc  phase I mctaholnm \ .\. nuld nc<cs\ar1I\ rcsuh m reduced amnumn nt Ba? ` .H

d1hydrod1n| 910 c puxadc avaliahic  f or cnnjugauon A spc clfic  c ff cd of  these

hc rhs nn phase [ I emma ac lmiy  c annot he Conrlumvclw dc 1c rm1ncd hx our

a \ \ ;1\ f'\

in Cnnclusmn aqucuua cxtracu nf  all four Chmc sc hc rhs wc rested mhuhltcd

Ba?1nduc c d mulagc nc m Three of  them (LL Ol)  and SB)  s| gm6c ;1ntI }

unhshncd DNA hmdmg. Two of  them (LL and SB] ssgmi ic antly  r educed BaP

UNA adduc t fnrmatmn and SB srgnmc antly mhlbltcd mc mbolnam of  Ba? Our

results thc rc fnr c suggc v that thc fhmcsc mc dlc mal hCrb\  Ll. OD and SB p0s: -c \= .

cancer (h¢fF1{l| l[C\gf| !I\¢ pf(lpCfl|C\
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SUM MARY

Oidenfaruiru d1,ff1.|m (OD) andSCufeL"ana barbara (SB) have bccn used 1n

tr admnnai Chlnc sc  mcdlc mc  for  xr catmg I: vc r lung and r cc mi tumors In  l h l s

study the cffccu. uf aqueous cxtraci s of mcse two herbs on bcnzn§a}py'rcn¢: 7.8

dlhy drodmol (B3P 78DHD)  and bc nzu{a]py1c nc  78-dihydrodlol9l[ } -c pondc

(BP¥)E}lndutcd mutagc nc srs uszng Safmonrffa fvpiumurmm TAIOO :Ls the

hactcr lal leslcr  srr am and rat lwc r  0000 X su c rnatam (SQ)  as 1hc mtlahnli fg p

\\»c also dctcrmmcd the effects nf :hc~.»: Tunac tw a t r u n  \ \ N I l l m  L w r c  a g §C\ . \ g ( j

herbs on  Ba? ?S DHD and BPDE bmdmg lo c alf  thy mus DNA Organusoiuhi c

:»
mc \abnl| 1c \  of Ba? T28DHD and water soluble Czrmugalc s of  Ba? ?8DHF} and

HPDE were analy wcd l1} hlghperformanc e l1qu1d Chromatography  {l{Plf)  and

alumma column hquud Chromulograpm Mulagcncena a_\.\ay\ revealed that these

Nu hc rh\ produced ;1 sngmticanr cunoenlratmndcpcndc nl 1nhlh1l1nn nf hnatudmc

mdcpcndcnl (Hnf) rcvcnama mduccd by Ba? 114E)[{E} and BPDE OD and SH

also mhubnlc d BPIJIEnnduccd mutagenesis m a c nnc emralmn:i cpc ndem manner

In thc absence nf go SB had a greater lnhlhnnr ef f ec t than UD SB

\| gn1t3< .an1|}  mhlhllc d Ba? 78DHI ]  and BPDE hlndmg 10 DNA whale ( J D

sagnrf lc antly enhanc ed DXA hmdlng uf bmh compounds UD and SB mhrhnc d

:hc  f nrmatlon of  organosolublc mc tahoiucs of Ba? 73DHD and dc c f  c aac d thc

fnrmalmn nf  water soluble Cunjugatc a nf  B3P 78DHD and BPDE Iinwcxcr the

fractlnn of thc natal rad|na<.t|v11\f m thc walcrsolublc cnn}ug:1lc:» pre-.cm as sulfalc
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and glumthmne was incfeaaed by OD and SB. Giuc uronide f raction was

decreased. The resulzs of Lhis study  afi nn our previous work suggesti ng that

these two Chinese medic énai herbs posses; amimuiagenic propcnies and funher

suggest tha! they act as hlnc kmg agents through a scavenging mec hanism.

INTRUDUCFION

,

'Dle Chinese have prac nc ed herbal medlcine for thousands of  y ears. Chmesc

Incratur c descr ibes. a number of hcrhs used m cancer  tr eatment Among them

Oidenfandm di ff um (OD) ( common name Sprcadmg Hc dyous of the Rubiac cac

fami ly) and Scurelf ana barba¢1.{SB) (Chinese name ! 'an~chih-li en of the Laffi amc

family)  are c onsi stently  f ound m van us herbal formulas.. Hwy  arc descr ibed as

having antvnc nplasnc  anntusuc  and nn ln ti amma zn ly  p ru pu tl c s  [ ll } The

cmdc extracts of OD and S ba:calfn.su a spcclcs rclated to SB. ns rcponcd In

augment phagocyuc activuy sn amrnals [5] In a prcvzous study wc show that OD

and SB produce a slgniiicanz conccntratmn-dcpcndcm znhxbluon of Hls

rcvcnanls induced by Ba? in m Sarlnzrmelfa r}phimurfum TAIOO and mg11:Ecan1ly

mhibét BaP bindmg 1o calf :hymns DNA. SB signiEcanl%y inhzb1t:» Ba?DNA

adduct formation Lha: corrcialcs mth an mhlbmon of the mczabolism of Ba? [24]

Bcnzn[a]pyr cnc  (B:xP} cnc  of  the mos: c ommon polyc yclac  aromauc

hy droc arbons (PAHs) . ls a malor  pollulanl of  ai r water sozl and the f ood cham

[2(}i. Ba? and several of ns. mctaboluc s produc e mmors m ncwhom mace and a
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slgm5cam c or relauon bctwcc n thc lnmdc ncc  of  human c anc er  and PAHs m thc

cnvlronmcnt ls suggested by cpzdc nuologw studies I2.2G] Ba? is a pr r\"Hrcmogcn

rcqumng cymchmmc P-450 cnzymcs for acnvauon [8] B a ?  7 8 D H D a major

mcmhohc |mermcdlatc can bc convcncd to BPDE bv muedfunctzon uxldascs

[bl BPDE rs the mclab-Gln: that hmda lc DNA m vuro and m rn0 [1211 I t

reac ts at thc  C10 posmon with ' lhc  c xoc yc hc ammo group at the N: posmon of

guanmc and bmh Phase E and Phase Il c nry rncs arc  Involved ln the mctabohsm

and DNA hmdlng o f  Ba? I l 3.1$20] ln the present r cpnn we have expanded nur

\tudy of  thc  cff ccts of two Chmc1»c  mcdncmai herbs (UD and SB]  h> anvc sugatmg

thclr cffccts on the r11utagcn<:s|5 DNA  hmdln g and  mc ta baa sm of  Ba ? 1 8DHI )
J*

and BPDI

MA TE RI A L S A ND ME THOD S

Ciaemrcais

Bucznagar \=\as purcha:-cd fr om Dafm Lahoramncs Dc l rml M I Nutncnt

hrmh (Oxmd #2)  was ob tained f r o m ljnlpalh Oxmd Dwrs lon ( olumh| ; s MI )

Aroc ior  125.1 [poly chonnawd bsphc nyl) c ame f rom Fuxboro.  Nor th Havcm CT

Un i a b c lc d  B a ? 7 8 D HD BPDI ;  aulhcmlc  Ba? mciahuluc s and { 'H]BaP T14

DHD (707 rnfl/mmoI }  were ohtamc d fr om thc  Nzmonal Canc er Enstltutc

Rc pusltor }.  Kamas CIW M O ['n;BPDE (439 mC1/mmol)  was purc hased f r om

Chcmsyn Sclcncc Lab Lenexa KS I.1quld sc lnulialxnn coc ktai l was nblalncd
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f r om A lllc dF isher  Sc lc n uf i c  P lllsbu rg PA Alurmnum oxrdc  f or  c olumn

chromatography.  and solvents and c hcmlcais for  c hromatography wcrc purc hased

from } .T.  Baker  Chcrmcal Ph1lli psburg NJ Calf  thy rnus DNA and all other

chemicals wcrc  acquir ed f rom Sngm Chcrmcal Co Sl Louzs M O

Pfrparafron of herbalmmm

171:  c rude hcrbs OD and SB were purc hased f r om Nuhc rhs Ca.  Oakland

CA Each of these herbs was _ground to En: powder In 3 coffee mill (Wanng

Produtn New Hartford. (`T] Aqueous c xtr ac b were prepared hy  suspcndmg 10

g of  thc  dri ed powder  of each herb |n 100 ml of dlsnli cd water and hc aimg as

Sh C for  1 h Thc suspensmn u aq. c cntrzfugcd at 2000 rpm for  EU mm and then

Ei lc rc d. The Ehramc was cc mr lf ugcd agaln at 3000 rpm for  IU mm and thc

supernatant was fi lterstc nlnzcd [ 15] 111:  cxtrad was Iyophnzcd and the dry

nmghl de tc rmmc d The concc mralmns used m the cxpermmcnts were hascd nn

the dr y  wcigm of  the c xtr an

Prvpafwaon of hepatic S0

Male SpzagucDa\~lcy rams (Harlan Laboratorlcs. Indlanapolzg IN) each

wc lghlng l50~l6U g were gwcn a smglc  1n]c cnon of  Aroc ior  | 254 (500 mg/kg)  f ive

davs before umc of  sacnii cc Dnnkmg water  and Punna laboratory  Chow was

p r o v l d c d a d l l h l t u m u m z l I 2 h b e f o r e a a c n f i m n g w h e n t h c c h o w w a s r c m m c d

r

Lzvcr S9 WLLB prepared ascpllcally il?) Af lc r  dc i c rmmmg thc  prolc m
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conccnlralzon [9lb1. one ml ahquou of S9 (023 mg protem/ml) were frozen al

80 C and used as needed.

Muragrnasu aucrvv

The plate tncorporatton a ay  of Maron and Ames [17] was empiuy ed using

Salmonella r}ph:mw1um TAIOO {a gtf t f rom Dr . Bruc e N Amc s Lfmverstr y of

Cahfurnta.  Berkeley . (`A} :Ls the tester Stratn The follnwtng matc rtalf-  were

added to stenle disposable test tubes tn tripli cate tn sequence 1004.11 owermght

nutr tcnt hr tmth Cui ture of TANK). 500 ui of cofac tor buffer dtff erc nt cnnc entrattnm

of herbal extract (0 19 1 and h mgjplatc) 25 M of SQ prntcm (I ST mg) and IU

ul nf B;=.P 7.8DHD 53 1 ug) nr BFDE {1 ug) [ln dlmclh\lau1fu1|de} The mllturr:

was mr lc xcd wuh 2 ml of  mollc n mp agar c nmammg hzsudunc hmznn and poured

After 48 h zncuhauon at 37 Conto mammum gluc ose agar  plates Hu

(. U |U[ l 1C\  vs  c rc  s co red Sp<1n¢zmcuus rcvcr tanl cnlomcs were submramcd The

cx p cn m cm s w e r e  r cp ca l cd  31  i C3 . ' \ l  t w i ce Data "Cr  t c xprc sc d :Ls number  uf

p rc\ .cr I;snt: » (mean :  SE} per plate m thc  pr csc ncc  of  warmus c onc rmralmn-

lmgfpiatd of  herbal c xi r ac t 171: mmluxlc.  npurnai  mhlb:1ur } c unc c mratmm nf

these hcrh> were used for suhscqucnl cxpcnmcnls.

,f'H;Bw° ZaDHD and ,f'H;Bf=o£n.~A bmdmg and addufr fomlafron
Llwcr SO protein (3 E1 mg m S0 ull.  hc rha] cxi rautl (OD or SB 3 mg fml l

and IGM of [ 'H113;».P 'LSDHD (I  88 pmol. I $4 ; .¢C|)  or [ 'H]BPDE [4 9 nmol
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2.15 uC:} were mcubazcd m 1 ml of cofactor buffer conmimng 0.5 mg punticd calf

thymus DNA for 1 h at 37 C in a shakmg walcrbaih Af tc r mc u hau on  DNA was

extracted and proc"§f"d [l9} Radioactivity  i n Lhc  samples was dc tcrmmcd by

hquld §c1nti] lat\0n spectroscopy  (Model LS 5801 c oumer . Beekman lmtmmem

Div\5mn Bc rkc i c y . CA) . DNA was quanulatc d by  Lhemnelhod of  Bunon [3] .

Dam were c rpresscd as plc omoles per  rmlhgfam (pmol/'mg}  DNA. For  the

xsolatmn of adduc 1s.  the DNA sampies were hydrolyzed and extrac ted m water

The butanol layer W ai  dncd under  N:  and 1hc r cszduc wassaturated nhuxanol

rcdmsolvcd Adduc u were separated by  hmgipc rformanc e llquzd chromalographw

(HPL C) . The rad| 0ac l:v1ty zn c ollected f rachons war . dc tcrmmcd by  Ilquld

s€inlilI:311on spcdroscopy. Adducu were |dcnt:Gcd by compar ing profi les wuh

aulhc nuc addu€t~su1ndards of BaPDNA a1dduCI5 prcpakcd by the rc acnon of

BPDE | 121 Data were c xprvmac d as pmokjmg DNA

Andi)suof ,r'H,:BaP 73DHD and /'Hx BPDE merabolrlm

Luvcr  S9 prmcm (3 I4 mg m 50,| .1|} herbal  c xuu c t {OD or  S B 3 mgjml)

and 10111 oz I 'H]B aP 7,8DHD (1347 p mol,  E8pCi )  or  [ ' H]BPDE (2349 pmul

1 OTS ;.\C|) were mcubatcd un l ml of cnfar. -1or buff er m a shakmg watc rbalh ar

37 C for 30 mm Samples were extracted vnzh ethyl acetate acetone (2. 1) The

organosoiublc fractions were dncd under N1 and rcdxssolvcd m I ml of bof?r

methanol Ahquols wc rc analyzed by  HPLC mn a Imcar  mcthanoi  and wai t

gradmc nt of  60f7c-100% over  50 mm a1 d How rate of  I mlfmm [19] '5.q|:\:0u\
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(ul)

fr adlom r c mammg af ter ethyl ac etate acetone extraction were Iyophlhzcd

rc dlssolvc d ln 2.5 ml of 70% ethanol and sc parazc d on an alumma c olumn [I ]

Samples wcf c c oklcc tcd at a flow rate: of 2 nli/mm Raclloac tzvny 1n eluted

organnsolublc  and watersoluble f r ac uons was dclcnmnc d by  llquld sc mtallatlon

spc czmsc opy  and analy zed wnh a Bec kman Damgraph Program m thc  DL Dam

Lcadc r software pac kage on an IBM PS;'2 model 50 Computer Organcrsoluhle

mc taholnc s and valc r snlublc  c onjugalc s of  [ 'H]BaP 7,8DHD and water soiuhlc

c0n]ug:1I c< nf VHIBPDE were ldcntnfi cd by companng proGlc s w1lh authc nuc

standards [ ]QI ] Data wcrc cxprc sscd zu pmuljmg SQ prutcm and as "E mm]

rad|naCl:v|f\

.»=
CaJfm'a.'mn of pmol' and s.f aHs.'r¢ul :mah su of dura

The rad|0a<. tw1I¥ (DPM) . dclc rmmcd by hquud sc mullauon spc ctrmcupy

\\ lL\  c unvc nc d I n pmol based nn the spc c ztic  ac twny  of  | 'H} saPisDain or

|'H1sPDt= AEI  c xpc nmcmal data were analyzed wnh one wax anal;sus of

var lanc r  (ANO\A)  f ollowed h>  Tulnc w muluplc range lest f ur  honltsll)

slgmlc ant d1f ferc ncf : (HSD) Slalmucai  szgnmci incc was dclncd :Ls pc U05

Stamncal proc edures were performed wnh Slr algri sphxc s software vcr smn 1 l

{S`FSC. Inc. Roc kvi lle MD )



"ru

RES UL TS

Muragenasu Quays

Table l c ompares the number  of  Hts'  r evenanls (means 1 SE n=6]  per

plate and the perc ent tnhibtlton of  OD and SB on Ba? 7.8DHD or  BPDE

tnduced mutagc nc sts m S ry phtmunum stram TAIOO fr om two exper tmenut

Exc ept f or  the eff ec t of  L5 mg SB tm Ba? 78DHDInduc ed mutagenesas.  the nm

herbs exhtbtted a conc entratton-dependent mhtbttory  ef fect SB exhthtted more

1nh|b| t|0n than OD at Conf  ttntr iltttmh nf 3 and (J mgfplate tn each group Both

herhw cxhlhlted a concc ntratmndepc ndent tnhtbltor y  ef fec t on BPDEtnduc ed

mutagencéls m TAIOO whether  lwer  SQ was prc=.<£t or absent The generally

hzghc r number  of HH. rc\cnan1s :H thc afwcncc of  SQ were nn: slgnzticaniiy

dnffcr cnt smnsxnc sxlly from lhmc mth SQ

[ 'HjBaP Z3DHD and ; 'H;m>p5.D,\ . , 4 handing und adduct  furmanon

Tahlc I ll luslratc s that SB Smgmi ic anlly mhlbalc d thc hmdmg of  { 'H}B.\P

78DHI )  and [ ' I { ]BPD{~  lu c alf  1hy mus DNA and the f ormannn of  DNA adduc h.

U R and  TSB PD EZ dc oxy guanmmc  adduc ta B P D E l l dcuxy guanoennc

adducts, aa wcli a.~» unknown adducts) at the conccmrauon lcslcd O D

slgmficanlly enhanced the hmdmg of |'H1BaP 78-DHD and 1'H|BPDE In DNA

and thc formanon nf DNA adducts at the ounoemranun rcs-lcd ln thc absence nf

SQ more BPDEDNA adducts were f ormed ln all thc sampics (c ontrols mcluded)

/ '
w r '
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Anafysxs of ,f'H]BaP 78DHD and H) BPDE meraholxres

Flgxqc I shows thc cf fcc rs of thc  two herbs ofa f nc formauon of

organmolublc  mc tabulatc s of  [ 'H}BaP 78-DHD Both OD and SB sngnllic amly

1nh1bllcd thc  f ormauon of  orgzmnmlublc  mctabolltcs and lhc rc forc  y 1c ldcd

slgnlfi c anliy  hsghc r  amounts of  unmc tabohzc d [ 'H]BaP 78-DHD (F=s lA } Uwe

amount ofmctaholuc s { 1c 1rols. 7 l 0 / 8 9 and  7 891 0tc lr ah y d ruxy ` f '8 9I O-

1ctrahydrul1cn;rn[a]pyf cnc and mols 7 8 3 t r r h y d r o o xy TS 9 1 0

1ctrahydr0hcnz0{a]pyrcnc) crprcsscd :1.- '52 total r adloactwlly m eac h aampic

mdac alc d slgnlf i canl | nh\h| t| 1m uf { 'H;i 3aP 18DHD mc tabulwm hw these hc rhai

cxlraci s (Fug IB ) The inhzhmnn nf Ba? f̀ 'SDHIJ  mc labohsm bv thc  hc rhx mm

aLsn renamed rn the sngnlficfmlw.  smaller  amount of watcr soluhic mct:1hnI1lc~

bound as glucurnmdc  and giutalhmne ¢.0n]ugalcs (F1g 2A} How c\cr u hcn

Compared wnh controls. thc  'Yr lntal r adlnatilwr y present |n cach sampic as sulfate

and glutathumc cnrqugaies \MfTC lncr casc é by OD and SB [Flg 213) Gluc urnnldr :

conjugatcs were decreased

l|gurc 3 shown zhc cffcctw of (JD and SB on thc furmalmn of watermlublc

con]ug11t¢\ of { 'H ]BPDE Thcrc \~a_- a \|gn1Ecan! znhabmon of Ima] c<>n]ugalc~.

formed :hm uaf . pnmarzly du:  I n the : fi ed of thc  hc rbs on gluc urnmdc  conjugate

furmai l on (Flg 3, \ ) A. \  mth Ba?  78D HE1 thc °}f lmal radnoaclwmty m each

samplc prc scm :Ls BPDE sulfate: and giutathnonc Cumugalcs vnu |ncrc3.<»cd an the

prc senc c nf  OD and SB (F1g SB) Gluc ummdc Conjugalc s wtr t smgnliic anth 1cs\

t h a n  c o n t r o l
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ORGANOSOLUBLE FnAc11oNs

Bso

>__>__._Ud_o_Q¢C

9

60 v on uma!

40

S E

20

al
TJn¢uz>ai§1|`d7\1l1~'h-tal: Other

1,5-mmM a n b o u z u

ORGANOSOLUBLE FRACTIONS

Fzgurc 1 Effects nf Oidenlandm dsjfusu (GD)  and Sfuleff anu barbara (SB)  un

lhc  f nrmatscm nf  organnsolublc mc tabulxtc s of  [ 'H]BaP 78DHD Mc aahnlzln

were extracted and analy zc d by  HPLC as desc ribed m Mater ials and Methods

(A)  Dqta shown au pmoljmg 50 prmc m (H) Da1a shown as 'FE Iota] rad|0ac1|\1t\

Slgn1H€antly dlf fc rc nt fr om mntrul ( pC 0 05)
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G T o u r Sulfur Clucumnldc Glahihion

C°|=U=\¢li= C°°.|\=nU== C°q!I1s:11r= Cminarln
WATER-SOLUBLE FHACTIONS

r

Bso

1 lc omme

>___>_Cu4o_D€I

OD (Bm)
G0 l SB (3|ng)

40

x_

E__o_

20

x
s lu m i u mf Glatlihiane

Cmju p xa C°~.!=s»\= C° \\ |=vv=
WATER-SOLUBLE FRACTIONS

Flgurc  2 Ef fc tts of  OD and SB on i hc  formatlon of watersoluble Conjugai lc s of

f ' H] B a P  7 8 D HD . Comugatcs. wtf : cxtractcd and analyzed by  alumnna column

chromatography 35 descr ibed ln Matcnais and Mcthork. {A)  Data shown as

pmoi fmg so p rmc m. (B) Data shown rn 'Yr mm] radaoactzvuy Slgnlfi canlly

I

dlffcrcnz from control (p< 0051
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GluL|1.h1ooT o u r Sulrnu: Cl a m :a si d e
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WATER-SOLUBLE FRACTIONS

r
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I Comrol

t_________U(0_d_

nrL on mmm
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1. 4 0

__¢FoP

20

$
Glucuhnlde GlnuihloneSulfur

Cmjugnu-.1 C m l m f d C,oqlupu=
wn s n s o L u s L E  F R A C TI O N S

Flgurc 3 Ef fc ms of OD and SB on :hc formauon of  wa%crsoluble c omugalcs nf

[ ' H] BP DE . (A) Data shcmm aa pmol/mg SQ pro1c1n (B) Data shown as 'Fi r tmal

radloaclivltw Slgmfi c antly  dlf krc nt fr om c ontrol (p<  0 05)
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DISCUSSION

Waucnbc rg [ 23] has c lafmic d Chc moprcvcnuvc  agents into thrc c groups

(U Metabollc mhlbltor s prevent the f ormauon ofbased on their mode of acuon

carcmogcm from pf ccursor compounds.. (2) blockmg agemf. 1nh1b1'L Cnrrnnogenm

compounds f rom rearung vnlh Cellular  targets and (3) suppresslng agems mh|h1l

1he procefé. of ncopla.=.zlc mamfeslalzon For  example. phenols are

chemoprevenzwe at all levels Daxones are blockmg agents.. and plam sterol-. such

Involved m thc sc  actions are la] lnhuhmmma> ,B\ :ln5lc rui are supprewng agents

nf mctahollc acusallon pa1hv.ays~. fb) andurlzun of d¢lOx1f1Cdn|0n palhv.ay\ and (cl

\<:i\¢nglng uf the rcarmvc clectmpmluc rad1C;1l\ [23] Hncman 110] has rcmwcued
5;

the repor ted i nhlhltor y  c ff c cts of plant phcnole. ln PAHmducc d mutagc nc sn and

carcmogcncsxs The phc nullc  hy droxy l groups were mamly  r c spomlblc  f or lhttlr

Havuncs mhzhn Ba?ITN.Xannmutagcmc and chcrnoprcxcnme properties

adduct formanon by thc methy lation or glyC0:~yla1| on of thru par tlc ular hydroxyl

groups and the saturallon uf thc 3.3 douhic bonds [IO] Of the mu Chinese

medicinal herbs used in this stud). SB cnmains phennla and Ilavuncs while OD

cnntanm B umstcrnl |11 OI ) and SB have hcen u~c d m the tr c almem uf l| \ t: 1

lung and rec tal canc ers rn lrad|\|<»na}  Chmcsc  mcdlcmc  [1. lI]

In thus study. we af sc xscd thc annmuzagcnlc prupcrnc s of OD and SB 1n

the muiagc nc sls aus)  of  Maron and Amc s [ |7}  uslng 5 ryphrnrunune TAIUU 35

Both hC1h\  slgnamanlly  |nhlha1c d Ba? `?8DHD and BPDL: hc  LC § {¢ [  s t raz n
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mducc d mutagc ncms (Tahic  1). The mhmntory  eff ec t of OD and SB on BPDE

Induced muiagcncsrs oc curred sn both thc pmscncc and absence of Ewcr S9

Ames assay  15 useful m correlati ng m vrmo baczcnal mutagcncsua mth ul vmo

The

carcmogcnlc lty zn ammals {l8] Because of thclr  abslxty  I0 trap rcactwc  spc clcs of

carc inogens. biockmg agents can c xhsbxl mhlbzllon of mulagc ncsls [ 23] OD  a nd

SB mhnbztcd BPDEInduced muxagc nc sls ln TAIGO (Table l} suggc slzng that : hc sc

mo hcrb> may work a_s hlockmg agcms through a scavcngmg ac tmn

Metabollc  ac1| vat1un of Ba? and Ba? 7.8DHD to BPDE ts belteved to he

csscmaal tu the erprc satnn nf  tts mutagentctty and Carc mogentctty [ 2121] BP D !

rc ac ts mth the N1 atom of  guanme [E3l-1] In as prc\:ou§ report we suggested

that the | 11hlh1tt\ n eff ec ts of  the ( ` hlnc \e herbs 6D and SB on Ba?tnducc d

mutagenests m S fvpiztnmnunt TAI00.  on [ 'H]B;xP bmdmg to c alf  thy mus DNA

and adduc t f ormatmn were mc dtated through the tnhtbttton of  the Pham I

mc dmted metaholnm of  Ba? [24 In the pr cscm mud) . HPLC analyma of thc

organmxstnlubte (Phase Imc chatcdt fracttun showed a sagnti canl decrease tn the

metaboltsm of  Ba? 78DHD tn the presenc e of  ( JD and SB Thu decrease wan

mdtc ated by  the amount of  tetmls and trmis and unmetaholtzed Ba? 7,8DHI )

(Ftg 1A l3 } An mhtbttton of  the r netaboltsm of  BAP 78DHD would r e<ult tn

reduced amounts uf  mctaholttes avatlahle f or  c onjuganon (Ftg IEA) The ef fect nf

OD and SB on the f ormatlun nf  Ba? 18DHD metabolltc  eunjugatc s wtth sulf  ate

giufurnmde and glutathtnne {Flg IA) correlates. wlth thetr ef fect on BPIJ E

conjugate f ormatmn (Ftg 3A) It r s nf  mtc rc st that although the tutaE amount of
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wa1c rsoluble c onjugate;  f ormed ln the presenc e of  OD and SB was lc fm than

those m controls. the dlsmbuilon of conjugaxc s wa_s affec ted Bmh OD and SB

appeared to enhance the sulf ate and glutaihlonc fr acuonal pomor : of  total

conjugates and decrease the glucuromde fr action (Fig 2B_3B). Addntmnal

experiments are requtred to clanf y thas observazmn. The mnlubttory  eff ect nf SB

on Ba? 7 3DHD me taboltte  hmding  to DNA and add uc t f ormauon (Tahie 2]

cor relates w1th the metahnlssm data m Ftg I and the hypothesis. of i ts phenohc

properztes { l0,23] Further  suppon for a scavengmg eff ect by  SB zs presented m

Table 2 where SB mhzblted BPDE htndmg tn DNA and adduc t f ormauon 1r1 the

absence of S9

The sagnli cany lv enhanc ed hmdmg of  Ba? 78DHD and BPDE to D! \  A

and formauon of  adduc ts. by  OD (Table 2) appears to be az vananc c mth its ants

mutagemc  eff ccu. [Tabic 1) Thus enhanced effect also " fzurr cd al a

conc cnlrauon of 1.5 mg (dam not shown) HPDE a producz from thc mcmahnlmm

of Ba? and Ba? 7_8-DHD.  ms funhcr  mc iabollzcd bs mncroaomc wa moic poxzdc

lnzcrmcdmatcs whuch band ln mlcrosomaf prmcm and gkutathnonc [0] Less hmdnng

occurred 1n thc prcscnoc of S9 m our  study (Table 2) A pomiblc c xplanaunn fuf

thc  enhanc ed DNA bindzng of Ba? 78DHD and BPDE In the pr c sc nc :  nf  OD r s

that OD :n the sc avcngmg mode hmdh mctabnlatcs (BPDE)  and also hmds m

D NA . The nature of :has mtcracuon wouEd somehow permn an annmutagcmc

effec t (Table 1) possibly by pr cvc mlng BPDE f rom dlr c-211) mlc raflzng with thc
!

D NA . "Dus mc chamsm hxu been proposed fur c llaglc  and [22]
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in summary. aqueous extracua of  two Chmese herbs (OD and SB} slgnmc anzly

mhlbi lc d Ba? 78DHD and BP DEInduc ed mu tagc nc sls an S. 1)ph1mumura TAIOO

OD and SB szgnr i ic amly  i nhibnc d the metabohsm of  Ba? 78DHD and the

formation of  water soiuble c unjugatc s of  Ba? 7,3DHD and BPDE. Both OD and

SB modi lied the dlslnbulmn of  conjugalcs wuhm the water- so¥ubie f rac nun SB

slgmF.c ant] y mhlbnc d Ba? 'LS-DI ID and BPDE bzndlng to DNA and reduc ed the

Our  data suggc si  \ha1 the Chmcsc  mc dlcznai  herbs OD andformatmn of xadducu.

SB pomcss annmutagcnlc pmpcmcs and possibly 3nt1-c;1rc1n0gcmc ef fect

Addi ti onal cxpcr lmcms arc  nc cc uan to ciarufy  the annc arc xnogc nxc propc mc s

paruc ular ly  f or  OD

3

ACi¢ Nom,En GE5. 1£* ~Ts

"Dm stud)  \ a35 suppor ted hy  the Chan Shun Research Fund for AIDS and

Cancer (Chan Shun Intc rnalznnal Founda£10n.  Burlzngamc . CA,  USA] We shank

Gwen Tamarcs f or  axslslanc c |n the prc parauor:  of thc munusc up!

(
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CHAPTER 5

DISCUSSION

In thc pr cvloux lhr cc  c hapters, I dtstussc d cxpcr lmcnu,  ln whic h four

These herbs haveChincsc mcdlcmal herbs (OD, SB. LL. and AM) were used

been med in c ancer  therapy  I n Chma for genc raunm. OE)  and SB are oflcn uscd

m the tr eatment nf  lwc r lung. and rc€1a1 canccrn 1n tradmonai Fhlncsc mcdmlnc

Immune modulalmg cf f c c u,  of  AM and(Hsu ct al 1080 Chong and Lee l98S}

LL have been rcponcd (Lau ct al T989 Chu cr a I988 Sun 1085 Sun e1 al

LL showed algnli c am | nhfhluon of  Ba?mduc c dl9 8 3a b Zhao 1900)

;nu1agc nc s| s i n 5. ry phimur ium TA98 whi le a spec un related In AM sihwcd nu

effect (Meng cl al mx)

Waltc nbcrg (1985)  hm cla.§s|Ec d chcmoprcvc ntzwr agents :mo three groups

(I) Mclaxbohc |nh1h|1nr~. prcscm thc formalmon ofbaf- cd on thczr  mode of ac uon

carc mogc ns f rom prec ursor  c ompounds {2)  blnckmg agent;  mhlhn c arcmogcmc

Compounds f rom r cacung wllh c ellular targets. and (3) supprcbslng agcms mhlbll

the process of ncoplastmc mannfcsmuon. For example phenols are c hemo

prcvc nlwc  at all levels Havonc s ar c  bloc klng agc nu and plant stcroi s suc h an E

Involved ln lhcsc ac nuns arc (a)  I nhrbmon ofsz l o st c r o l  a r c  su p p r cssm g  a g e n ts

mcmboluc  ac zwatlon p3thw3yf§ (b) \nduCuon of dc lox1Hcnt1nn pathways and lc)

85
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scavc ngmg of the r cacuvc cic ci ruphi li c r adicals (W attcnbc rg 1985) Hoc man

(1989)  ha reviewed the reponed znhubnory eff ec ts of  plant phc nols i n PAH

lnduced mutagenesis and cardnogenesis. The phc nohc  hydroxyl groups were

mamly  responsible for  then ann-mutagenic and ehemoprevemwe propemes

Flavones i nhrbll BaP~DNA adduc l formation by  the maf thylanon or glyc nsylauon

of  pamcular  hydroxyl groups and the saturaucm of the 13 double bonds on the

flavone molecules (I-Eocman 1989). Among the f our Chmesc rnedlc lnal herbs

studied. SB and LL c ontam phenols and f lavonc a whllc  OD and AM conlam B

slsosleroi  (Hsu el al 1980)

f

In this study. wc asscsscd the annmusagcnac pmpcrnce. of :hc above four

herbs. in the mutagenesis 'a§»3y of 'Maron and Amen (1983) usmg S. g,plumunum

TA100. The Ames assay has been used to corrc|a1c an vuro bactcnak mutagenesis

with an vrvo carcmogcmclry an ammals {Rmkus and Lcgatnr 1979) All four herbs

cxhébiacd a conccnlranon-dcpcndcm mhnbmon of AFB, and Ba?mduccd

1

SB was the mos. : mhihllon and AM was the least When used an!I }Ll l3.gCl1¢5iS

cumbmatmn,  SB and OD had an addmve or sy nergmtc ef f ec t M de sc nb c d m

chapter  4 OD and SB stgnmc antly  | nh1b| 1cd BaP 18Dill)  and BPDEtnduc ed

mulagcnests. The mhibnory  ef f ec t of OD and SB on BPDEinduc ed mulagc nc sls

occ tlr rc d ln both the presence and absence of lwer S9 Because of Ihcnr abthty 10

trap reactwe speeaes of carcmogens biockzng agents. can mhzbat rrtutagcncsts

(Wanenbc rg. 1985) OD and SB mhihi tc d BPDHmnduc cd mutagenc sna m TMO( )

suggesting that these two herbs ac t a blockmg agents through a sc avc ngnng acuon
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5?
Mc tabollc modzi i canon of  Ba? to the 78-dihydrodlo¥910-c poxxdc  r s

rcponc d I0 be csscnual to the crprcsslon of |15 mulagcnmcny and carc znogc mclty

(Gunoo  and Bc  hi  1974) Thxs c lzdc  r eac ts wnh thc N2 atom of  guamnc1 po

(Jeffery e1 aE IQT7 I-Lcnrccda ct al mx) "Dm: rcsukls descnb-cd ln chapter 3

suggest ahaz the effec ts of the Chmc sc herbs on Ba?mduccd mutagc ncsns m 5.

ry ph:munu.m TA100 on g'H]BaP bmdmg to calf  thymus DNA and on [ ' I" I ]BaP

DNA adduc l f ormanfm were mc dlarc d lhrough thc  i nhmhmon of  thc mctabolxsm

of  Ba? HPLC analy m of the organosolublc  ( phzwt Imcdmzc d]  f r;1c1\0n:~  showed

u ~.1gn1f1can1 dccrcav: m the c0n\crs1¢m nf Ha? lo IIS nmcluhnlllo h\ S*J when

cmrac u of  LL OI)  and SB wc rc  present Thzn was andncatcd b> a slgnlhcanlly

s
Iughcr  amount of  unmc tabollzc d Ba? The decreased fnrmanon uf water sokublc

conjugarcs [sulfate cater glucurumdc . and glutathione conjugamc a) 1n the presence

of LL OD and SB 15 mzc rprc lc d (Ls an cf fc d of  thc sc  hc rbs on phase l

mctaholnasr rl of  Ba? hccauwc an snhshmun of phase I  mctabnlnm uuuid dcf rcmsc

the amoums of  Ba? 78dlhy drod1o1010 c poudc  and nthc r mc tabolltcs available

for  Conjugation

Ax dcscrzhcd 1n Chapter 4 HPLC analy-1\  nf thc organosoluhlc [phzuc  [

mc dmmc d]  f ractmn showed a slgm6can1 dctr tasc  m thc mc lahulmm of  Ba? 78

DHD m the prcwsncr : of  OE) and SB Evudcncc uf thu. decrease was rn me

dnmnmshcd amount; of  T.c1ru|> mais and whsle lhe rcrnaamng unmcusbohzcd

| 'H]BaP  7'8DI {D was ln lar ger  pro por tmm Une c f fc c l of  OD and SB on the

fnr rnauon of  Ba? 7,8DHD mc tzlbolltc  c onjugarcs wnh \ulf alc gluc ummdc  and
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glutaihnonc  c or rc laxcd wnh thclr eff ec t on BPDE c onjugate f ormauon lt as of

lmerc sr  that although the tom)  amount of  walc vsolublc  c nmugalc s formed m the

presenc e of  OD and SB w;§ i cas than those ln controls, the propor ti onal

distnbullon of Congugatcs was altered Bolh OD and SB appeared 10 enhance thc

sulf aic  md glutalhlone f r ac tzonal ponion of total mnjugatc s and dec rease the

ghlmromdc  I r ac uon The mhlbztur y  c f f cc t of  SB on g'H]BaP 78DHD mc laboluc

blndmg to DNA and addud furmalaon c or relates as would hc  crpcc lcd f rom :hc

mc tabohsm data and the hy polhc m of  ns phc nohc propc mc s (Hoc man 1039

Watlc nberg IQS5) Suppor t for  a Scakc ngng rf fc ct hw SH mr rc lalcd with thc

Lnhlhnllon of  [ `H| BPDE bmdmg tu DNA and adduc : fnrmanon hf . SB an ihc

ati r nve  of  S0

In thc c ase of af1aloxm_s :hc rclanvc  mutagcmc m mm:  polc nqf  has been

shown to correlate wnh m ww carcznogcnac data (W ong and Hsach. 1976]

Mc uhuilc  afllvatlon of A}" |3l to lhc  89-cpoxldc  la hc llevc d lu he csasc nilal to :hc

cxprcsmcmn of 1Ls mutagcmcny and carc|n0g|:n|c1ry (Gurum and Bc}b;x E97SI This

cpomdc  reac ts wi th 1hc  N atom of  gu amnc  to f orm A FB,N Gun (Cru)  ct : i l

mm The rc suhs presented m chapter 2 suggest that thc eff ects of the Chlnc sc

herbs on AFB Induced muiagc nc sls m S . '} plzrnaunum TAHXJ on [ 'H]AFB

bmdmg to calf  £i | ) n| us DNA and on AFB N Gua adducr  f nrmanun wer :

mcdxatcd through thc  1nh1bzl10n of thc mctahohsm nf AFB H PLC analvsv. of

thc organosnlubk (phase Zmcdla1cd}  framong Sh{1\ .\.Cd an lnhzhmon of  the

mc labollsrn of  { 'H]AFB nn lhc  presenc e of  LL OD and SB
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ln c onclusion aqueous extracts ot all four Chmese herbs tested mhtbttc d

AF B , BaP,  Ba? 78-DHD and BPDE-mduc c d mutagenests Three of the herbs

(LL OD and SB) signii i c antly  i nhibtted [3H}AFB,  metabohte bmdtng to c ai f

t h u s D N A ' H A F B D N A a d d u c t f o r m a t i o n a n d m e t a b o l t s m o f ' H A F B
y m I L

These three herbs also signi fi cantly  i nhibited the btndtng of { 'H]BaP to c alf

th y mus  D NA Two of  them (LL and SB}  dimzntshed | lH]HaPDNA adduc t

formatton and SB signzEcantly tnhibitcd the mciabohsm of  | 'H]BaP OD and SB

mhlbtted the mc taboltsm of  [ 'H;BaP 7, 8DHD and thc  f ormatmn of  water soluble

c onjuga tc s of  [ 'H]BaP  78DHD and 1'H]BPDf : Both OI) and SB mnd1f1cd thc

propomonal dlsinhunon of  c onpigales wnhln the water soluble f raetzon. SB

slgnmc anli y  i nhlf gli ed [ 'H}BsP 18-DHD and [ 'H]BPDE.hmd1ng 10 DNA and

dec reased the f ormation of adducts. These results therefore suggest zha1 the

Chmesc medncinal herbs LL OD and SB may  possess annmulagemc and ann

carcmnogemc prupemes OD and SB may possess these prnpcruc s ln par t M

:lifting 3.5. bluckmg agents through a scavcngmg mcchannsm Adchtlonai

cxpcrmmcntf. are nec essary to clanfg, the annmutagcmc  and ann-c arcmogemc

propcr tscs of these herbs paruc ular iy  those of Ol)

I
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ABSTRACT 

MODULATION OF RAT HEPATIC S9-DEPENDENT MUTAGENESIS, 

DNA BINDING, AND METABOLISM OF AFLATOXIN B1 AND 

BENZO[A]PYRENE BY FOUR CHINESE MEDICINAL HERBS 

by 

Brian Yuen Yau Wong 

Extracts of the herbs Oldenlandia diffusa (OD) and Scutellaria barbata (SB) 

have been used in traditional Chinese medicine for treating liver, lung and rectal 

tumors while extracts of Astragalus membranaceus (AM) and Ligustrum lucidum 

(LL) are often used as adjuncts in cancer therapy. In this study, we determined 

the effects of aqueous extracts of these four herbs on aflatoxin B1 (AFB1), 

benzo[a]pyrene (BaP), benzo[a]pyrene 7,8-dihydrodiol (BaP 7,8-DHD) and 

benzo[a]pyrene 7,8-dihydrodiol-9,10-epoxide (BPDE)-induced mutagenesis, 

mediated by enzymes in rat hepatic 9000 x g supernatant (S9), in Salmonella 

typhimurium TAlOO. We also studied the effects of these four herbs on AFB1 and 

BaP binding to calf thymus DNA and the effects of OD and SB on BaP 7,8-DHD 

and BPDE binding to calf thymus DNA. After incubation with rat hepatic S9, 

organosoluble metabolites of AFB1, BaP, and BaP 7,8-DHD were analyzed by 

reverse phase high performance liquid chromatography (HPLC), and 



water-soluble conjugates of BaP, BaP 7,8-DHD and BPDE were analyzed by 

alumina column liquid chromatography. Water-soluble conjugates of AFB1 were 

determined by passing through C18-Sep-pak cartridge and analyzed by HPLC. 

Mutagenesis assays showed that aqueous extracts of the herbs we tested produced 

a concentration-dependent inhibition of histidine-independent revertant (His+) 

colonies induced by AFB1, BaP, BaP 7,8-DHD, and BPDE. LL, OD, and SB 

inhibited AFB1 metabolite binding to calf thymus DNA, formation of AFB1-DNA 

adducts and metabolism of AFB1• These three herbs also inhibited the binding of 

BaP metabolites to calf thymus DNA. LL and SB decreased BaP-DNA adduct 

formation and SB inhibited the metabolism of BaP. OD and SB significantly 

inhibited the metabolism of BaP 7,8-DHD and the formation of water-soluble 

conjugates of BaP 7,8-DHD and BPDE. Both OD and SB modified the 

distribution of conjugates within the water-soluble fraction. SB inhibited BaP 7,8-

DHD and BPDE binding to DNA and decreased the formation of adducts. Our 

results therefore suggest that the Chinese medicinal herbs LL, OD and SB possess 

antimutagenic and anticarcinogenic properties. OD and SB may possess these 

properties because they are able to scavenge the reactive metabolites and thus 

prevent their interaction with DNA. 
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