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ESTRACT

1, The purpose of this stuny was to investigate speciss
~ariation in response to some substituted Gesulphanilamitio-
pyrimidines, which is related to <iffzrenccs in absorption,
<4istributizn, tissue biading, rate ami route of :aetabolism
aad exeretion,

2. The fate of the shorteacting >, %=dimcthyl-6=-sulphanilamido=
pyrimiiine (sulpha:onddine), ani the medium <long acting
demethoxyed~inethyl «6=zulphanilamnidocpyrimiiine (sulpha~
methor:iaine) in man was studied in the rat, rabbit, monkey

andy man. Sulphasomidine wao excrete. mainly as unchanged
Jdrug in all the species ewamlne de The ma or metabolite of
sulpharn ethordiine was the N %.acetyl dcrivative in the rat

an: cabbit, ani a glucuronid ‘e in smnkey ans :r:an which waa
fucntified as an Nx <glucuronl:ie, ‘

3. The in vitro synthesis of sulpha: tfmethoxine (2, 4=
dimeth..xy-0-sulphanilamidopyrimidine) NI -alucuronme
was studied in the rat, rabbit and *n.)nkey. These results
csnilrmed the in vivo finlings that the rabbit is unable to
form Nl-glucuraniuea whereas thc monkey and rat are
able to perform this type of conjuzation.

4, The 1a vitro acetylation rates of 2 scriee of methyl and
inethoxy substitute: b6-sulphanilamidspyrintiines were
deterrnined in the rabbit ani monkey. The measurement of
cerxtain physical properties for the same series (l.e,
solubfilities, partition cocfficients and pxa values) helped in
correlating the in vivo and in vitro metabolisin,



5. Protein binding of sulphasomidine, sulphamethomidine
~aud sulphadimethoxine in humén plasma was an important
contribution in answering the problem of differences in 4
excretion of these thres drugs. The longer acting uulpbon-
amides are more hl;hly bound ﬂnn the ihorl-ucﬁug sulpha«
-omlcuu :

C6s Pntnlhnont of antmm with plunnhrubn often alters
not only the apeciss response to a drug as far as stimulation

- of metbolising enzymes is concerned, but also its duration

of action. Pretreatment of rats with phenobarbitone datly.

for 3 days as won u a single injection (1.p.) just prior to :
the ingestion of [3 s]aulphdhnom alteved its metabolism
and excretion, The problem of interaction of drugs as related
$0 renal and biliary excretion was lwnugnad as it hls grut
importance cnnictlly. : o

7. . The results are mmmuuod awd hypothuu p:oposed
concerning the role of N =glucuronide formation in nutrient
metabolism. Factors affecting long action and the design

of sulphomamides, the complexity of predicting species :
~ differences and the implmuou of phouohrwm in therapy
are ducuaud.



-4

To my wifs Mauresn

and my'p_um. 3



ACKNOWLEDGMENTS

The work described in this thesis was carried out in the
Depaztment of Biochemistry, St. Mary's Hospiml Medical
School. It is an attempt t0 slucidate the factors twatafiect
the duration of action and the species differences of ﬁno :
closely related 6-nlyhﬂhmidapynmld!uu.

I wish to express my siicere thanks to Ptofonor R. T.
Willlams for his help and supervision of my work over the
last three yeara, In particular I would like to thank Dr,

J. W, Bridges for his advice and interest in my project,

and for the many hours of stimulating dlscussion that we

have had together, In addition, I am grataful to the other
members of the staff and my fallow research workers for

the stimulatiag atmosphere which they have provided,

Iam indebted to Mr, F. Audas and his technical staff
for their assistance, and to Dr, R. Loung of Roche Products
Ltd, for providing the autoradiograms., Iam grateful to
‘the divectors of May & Baksr Ltd, for fimncial wppoﬂ
and to Miss V. Wood for typing tlua thesiv,

Finally, my especial thanks are due to my wife Maursen
for her patience and understanding during the writing and

preparation of this thesis,
. Q W o-\ “

—_—



CHAPTER

1

1Y

- INDEX

Abstract

Acknowledgments

Introduction

Specles differences in the metabolism
and excretion of sulphamethomidine
and sulpbaaomidine. '

Ia vitro ayntheala of sulphadimethoxine
Nl=glucuronide and the N¥-acetyl
derivatives of some substituted 6
sulphanilarmidopyrimidines,

The in vivo distribution and phyalcal

' propertias of some substituted 6

sulphanilamidopyrimidines.

The binding of sulphasornidine, sulpha-
methomidine ani sulphadimethoxine to
plasma proteins, :

The eifoct of phenobarbitone pretreate
ment on the metabolism an.i excretlon
of sulphamethomidine and [355 ]sulpha-
dimethoxins,

General Tiscuscion and Conclusion,

Bibllography

53

80

120

145

164

173



.,7“ ‘

King Solomon satds

"Whatsosver thy haud finisth to do, do It with thy might,
for Mere i3 no work, ;ni d.vlco;_lior knowledge, aor ﬂidm.

in the grave, whither thou goess."

Ecclesiantes 9 v, 10,
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1) THE SULPHONAMIDE STORY

a) HISTORY.

The discovery and widespread use of sulphonamides in .
chemothera.py is an outstat;dlng example of progress in the field
of medicine, Since it was discovered in the latter part of the
nineteenth century that bacteria were the cause of maay diseases,
.an intensive effort has been made to find chemicals that will
destroy these organisms,

The early interest in sulphonamides Qvaa as dyes., In 1909,
Hoerlein and his co;;zvorkers synthesised the first azo dyes cone
taining sulphonamides and substituted sulphonamides, and noted
that they were superior in colour fastness to the existing dyes,

As the a.z"o dyes formed a firm cornplex with proteins of wool and

silk it was reasoned that these agents might react with bacterial
protoplasm, In 1913, Eisenberg discovered the in vitro bactericidal
action of chrysoidin (2, 4;dia.minoazobenzene), another azo dye,

and suggested its use In chemotherapy, Subsequently various azo
compounds such as pyridium {2 ,6;;1iamino-3-phenylazopyridine
hydrochloride) and serenium (2 ,é:d!amlno-a;ethoxyazobenzene
hydrochloride) were introduced into medicine as urinary disinfectants,

but the therapeutic results wers not very satisfactory.
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'rhe major breakthrough came when Domagk (1935) observed
that the dye Prontosil (4! ;sulphamyloz.a;dumimzobanzem
hydrochloride) had outstanding antibacterial properties in
expcrlmoﬁl‘l tni_mn.ln. but lacked any activity in vitro, In
France, the TrefouSls, Nitti and Bovet (1935) discovered that
in vivo the 8zo linkage was split so that prontosil yielded 2-;
aminobenzenesulphonamide, whléh they thought to be the chemo:
therapeutic molety of the molecule. Fourneau et al, (1936)
demonstrated that sulphanilamide was as ofiocﬁvc as prontosil
in curing experimental infections, Fuller (1937) 1solated sulphan-
flamide from the urine of patients treated with prontosil, which
confirmed the findings of the Trefouels et al, Sulphanilamide
became the accepted tréatment for all bacterial infections, but at
the same time attempts to improve its therapeutic performance
were made, It was gllscovefed that substitution of the free amine
group (l_\!_‘-poaltion) led to a marked reduction or abolition of the
antibacterial activity of sulphanilamide., ©Of the many adaptions of
the sulphanilamide molecule that were made, only those which were
amido substituted (1':1'_.1 =pogition) were of any value as antibacterial

agents,
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S'ulphapyridine (M & B 693) (Whitby, 1938) was reported to be
most effective in the treatment of pneumococcic infections h; man.
This was the first of the I_\I_l:heterocyclic sulphanilamides that
became established as 2 chemqtherapeuuc agant, its side effects
were nausea and vomiting together with a tendency to produce
anuria and oliguria, Continuing the search for new drugs which
would be more effective and at the sarme time less toxic, led to the
synthesis of sulphathiazole and sulphamethylthiazole (Fosbinder
and Walter, 1939), Sulphadiazine and its derivatives (Roblin
et al, 1940) were found to cause less tissuc damage and yleld higher
blood levels than either sulphapyridine or sulphathiazole, The
favourable properties of these sulphanilamidopyrimidines together
with a high therapeutic activity against pneumococcal,. streptococcal
and staphylococcal infections led to the synthesis of many related
compounds iﬁcluding sulphamerazine and sulphamethazine (Roblin,
Winnek and English, 1942),

In 1945, a sulphonamide was discovered with extended duration

of action (Van Dyke et al.). However, this compound (4, 6-dimethoxy~
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z:sulphanﬂamidopyrimidim) was found to be poorly absorbed from
thel intestine in man and to exhibit toxic effects, due to the low
solubility of the drug and its principle metabolite {Bevan and Lux’bon.
1947).

During the decade after the war, the sulphonamides fell into
disfavour due to the discovery of penicillin and other antibiotics
which were highly active against a broad spectrum of bacteria and
well tolerated, The discovery that antibiotics too produced toxic
effects such as sensitization, the emergence of resistant bacterial
strains and the problem of treatment of secondary infection led to
a gradual reappraisal of the value of sulphonamides in therapy,

Various attempts were made to reduce the toxic effects and
enhance the antibacterial activity of sulphonafnidea firstly by the
use of combinations of different sulphonamides, It was thought
that if the dose of an individual sulphonamide 4could be reduced by
giving a sulphonamide combination, one might be able to improve
the urinary excretion of the sulphonamides and to lessen their
toxicity, since several sulphonamides should dissolve in body
fluids independently of each other (Lehr,A 1945). However, the
use of these mixtures of sulphonamides did not succeed because

in many instances toxic effects were heightened rather than reduced,
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Within the last few years sxperimental research has been
directed to such factors as improved water solubility and prolonged
duration of therapeutic action, The first of the clinically used
long:acting sulphonamides were sulphadimethoxlﬁe {Schnitzer ot al,
1958) and sulphamethoxypyridazine (Clark etal, 1958). However,
in some countries, notably Australia, long:action is viewed un:

faveurably since it has been reported to enhance the occurrence

of a toxic side-efiect termed the Stevens -Johnson syndrome.
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b) PHARMACOLOGICAL PROPER TIES.

Sulphonamides differ from most antibiotics in that their action
is bacteriostatic rather tban‘bacﬁericidal. Many hypotheses have
been advanced to explain the mechanism of the antibacterial action
of sulphonamides, but the accepted action is that proposed by
Woods (1940) and Fildes (1940). Those bacterial organisms
which require p-aminobenzoic acid {PABA) for growth utilize it
for the synthesis of folic acid, This is prevented by the compet:
itive antagonism of PABA by sulphonamides,

Brown (1962) showed that sulphonamides inhibited the enzyme
reaction involved in the formation of dihydropteroic acid from
PABA and Z;Qmim:i, 6:dihydroxymethyldlhydropterldine in the
presence of A, T, P, and magnesium ions (Mg"’*).

The structural formulae and duration of action of some of the
major sulphonamides are shown in Table 1.1,

Although there are now many antiblotics on the market, the
advantages of sulphonamides i.e. their cheapness, ease of storage
and administration render them important chemotherapeutic
agents particularly in the h.'leatment of meningitis. The clinically
used sulphonamides may be classified Into three groups on the

basis of the rapidity with which they are absorbed and excreted.
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TABLE 1,1

Chemical structures of some clinically useful sulphomamides

(8= H,NC (H,SO, i ),
Name Structure
Sulphanilamide RH
Sulphacetamide RCOCH,
CH
N— 3
Sulphasomidine R~ \
- {Elkosin) \ /
’ 3
. N_€H3
Sulphamethomidine Re- N
N\ /
CHj
| N_(OC}I3
Sulphadimethoxine Re N
(Madribon) N\ /
CH3
' N=\
4;5=Dimethoxy-6=- R - \ N
sulphanilamidopyrimidine /
(Fanasil) OCH3 OCHj,
. N—
Sulphadiazine R -< />
N.

Duration of Action

Short

Short

Short

Medium -long

Long

Long

Short
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TABLE 1.1 (Continued)

Sulphamerazine

Sulphamethyldiazine

Sulphadimidine

Sulphamethoxypyridazine
(Lederkyn)

Sulphasomizole
(Bidizols)

Sulphisemizole
{Gantanol)

Sulphisoxazole

e

Short

Short

Short

Long

Medium=long

Medium =long

Short
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TABLE 1.1 {(Continued)

' o
1 S
Sucecinylsulphathiazole HO&CHZCHZCOM%OSOZNH ( ]]
— N
CQOH S
Phthalylsulphathiszole @l:cmx - SO,NH = IK ||
N
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Agents absorbed and excreted raeidlx' .

The sulpleonomi&ee such as sulpﬁaaiozl.'ne and it‘a related
com'poon'de; sulphaso'.m!d.i'ne (elkoshi}" and sulphisoxazole (gant"risﬁ)’
are termed short-actlug sulphonamidea since they rapidly attain
a high blood level whlch is maintained for only a few hours. They

are mainly used ln the treetment of urina.ry trect diseasea. but

Y

sulphedlez;ne:.epd eqlpheee:n;diee are elso used for menl_ngococcal

ihfecﬁoﬁe-J.- IO

.. . 1 ,“; .
ok T
UL SR

A
[N

Comgounde ebaorbed well but excreted slowly.

Thia cleu of compounds known as loug -acting sulphonamldes.
' offer the edvantage o£ an eﬂecuve plesma concentration when
jadminlstered only once or twice a day. Sulphamethoxypyrldazine
\ Aaud aulphadimethoxlne are widely used ln prophylactic therapy.
Both sulphoaamides are used for urinary tract infectiona caused
‘ by gram negative bacteria.. and they have been used succeasfuny
| .in combatlug outbreaks of baclllary dyaentery. Sulphadimethoxine
| has been used tn the treatment of various dlseasea due t‘o‘

N 'i LI,

| 'saphyloeoecl. pneumoeoccl. Heinfluenzae, ehigeng'and salmonella

- - L Rt r
[ 47

(Welnsteiu. Medott & Samet, 1960).
Sulphamethomidine. a medium -ecting snlphonamide in man, has

been used for acute cystltia and non-epeclfic urethritis (Arel et al. :

1961). Fanaﬂn. ‘which is exceptionally long-actiog in man, has



been used In the treatment of malaria in Vietnam,

Poorly absorbed sulphonamides,

Some sulphonamides such a§ succinylsulphathiazole and
phthalylsulphathiazole are poorly absorbed from the gastrointestinal
tract and so vtend to remalin in high conceﬁtrauons in the enteric
fluids where they inhibit bacterial flora proliferation, They are
indlca.hed for certain intestinal infections and for the reduction of
bowel flora prior to its surgical manipulation. The chief clinical
use of succinylsulphathiazole is as a prophylactic agent in elective
surgery of the colon, It has been used against bacillary dysentery,

but is inferfor in effect to fully absorbed sulphonamides,

Side effects.
The incidence of side effects ranges from 1:15% of cases treated
according to the sulphonamide used and durationv of treatment,
(Brit. Med, J., 1964, p. 485). Those sulphonamides or their acetyl
derivatives which have a very low water solubility may produce anuria
by crystallizing out in the kidney. This condition is treated by
giving the subject large volumes of weak alkali to enhance the solubility.
Sulphonamides are often protein bound, Occasionally, these

drug -protein complexes may act as antigens, producing an antibody

resulting in the development of fever and skin rash,



-20‘

Various toxic effects including nausea, vomiting, headache,
dizziness and some degree of mental depression have been attributed

to sulphonamide therapy.



-Zl‘

2) FACTORS AFFECTING DURATION OF ACTION.

With the introduction of long:actlng sulphoulmidis in recent
years, interast ha'a‘bn'n shown in the duration of action of these
drugs and the relationship to structure., The duration of action of
sulphonamides can be relatad to th‘ following factore:

a) Rate of absorption and distribution.

b) Nature and rate of metabolism,

c) §) Renal excretion and reabsorption,
ii) Biliary excretion and enterohepatic recirculation,

d) Tissuc binding.

Fig. 1.1 depicts what happens to sulphonamides in the body, i,e.
the factors that affect the plasma level of a drug and hence its

duration of action,

F’E. 10 l

Site of action
Bound Drug .
Tissue — __\ 11 —— Metabolism

binding <—— | Unbound Drug .

]

Absorption Excretion
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a) ABSORPTION AND DISTRIBUTION

The rate of absorption and tissue distribution of sulphonamides
after oral or parental administration will influence their duration of
action. A number of physico-chemical factors may affect the extent
and rate of absorption of sulphonamides ;cross body membranes
including the nature of the membrane itéelf. the pH of the tissue flulds
on either side of the membrane, the molecular shape, size, physical
form and pKa of the compound, The passage of a compound across a
cell membrane is governed mainly by physical factors, Since most
membranes are lipoid in nature, fat soluble undissociated molecules
tend to pass across membranes rapldly whefeas 1ipid insoluble
ionized materials only diffuse with difficulty (Brodie & Hogben, 1957),
Thus, relatively weak bases and acids will be readily absorbed from
the stomach and small intestine while strongly basic drugs will only
be absorbed from the small intestine,

The dissociation constants -of sulphonamides (1st pKa 1:2.5.
2nd pKa 5-'10.5) indicate that they will be absorbed both in the
stomach and small intestine. This has been confirmed in in vitro
studies using perfused rat intestine (Nagami, Hanano & Yamada,

1963). Penetration across other cell membranes appears to be

governed by similar factors but because of the large interfacial
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area In éqnﬁlct with extracellular fluid even compounds with
poor lipid sélui:ﬂify" are 'abébrbed. ' 'rhe abﬂlff of sulphonamides
to bind with ‘prote:ins must 4150 influence the distribution of these
compounds, |

Appréélable amounts of é\liphénari:ides are often found in
ﬁ;ssues such as llver, kidney, lung and muscle (Neipp, Sackmann
& Tripod, 1961) and in body fluids particularly the cerebrospimal
fluid., The rate of penetration of sulphonamides into the central
nervous system is largely dependent on the lipid solubility of the
undissociated molecule. Sulphommi&es are also located in the

skin which is the cause of the Stevens -Johnson syndrome,
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b) METABOLISM

~ Ths majority of forcﬁn ¢ompo;mh uﬁugo ﬁmbom: ticu;

' lormauou in mimll bodies ud these may play an lmporunt rolo .
in &.ﬂpeutlc action or toxiclty.  These metabolic chngu consist
ofa mruty of oxidaﬁou. nductlonl. hydtolynn and aynﬂunn. )

- amda compound can udor;o any one o! ﬂau typud rnctlouc or |
"~ any combination of thom councuuvoly or o!mnlunou-ly.
| Sulphoumldn nud.rgo N-eomngtuou at both the Nl and t'hc N‘

g positions, but do not appur b0 be deaminated in vlvo. The N-
gl.ucurcnldu and N-lulphlhs are usually only minor metabolic products.
| wlurou N“-ucntyhuon is the major N-condugluou reaction in most

| aalmsh.

N*-ACETYLATION.

" Acofyhuoa of the aromatic amlao.gronp‘ was ﬂﬁt observed with

, uulpﬁlnlhmldn {(Marehall & Litchfleld, 1939). The rncuon occurs

| !n most mnmmlun species including man, but not in the dog, fox,

turtlc and coruln frogs (nridgn. 1963). Roporu that uulph_a-

maerasine 1 acetylated at the xg_‘npolmon ia the dog (Rnbn. Sykes

& Bartley, 1947) have not been coufkrﬁod by other workers.

DiCarlo, Malament & Ph'lll!pa. (1963) found a slight dlffcfinco between |

'free' and 'total' drug (Bratton & Magshall, 1939, estimation method) -

aand on this basis chknid that sulphamethomidine, sulphbadimethoxine



-2 -

and sulphasoxazole were acetylated in the dog. However, Kibby
(1965) was unable to find any y_‘-;cctyl sulpbadimethoxine in the
uﬂm‘ of tho‘ dog examined chromatographically,

‘At least two amine acstylases lﬁw been ﬁo-tullhd to account
for the abllity of the dog to acetylate glucosimlm and histamine
{Tabor & Mosettig, l§49) but not aulpﬁonmtdu (Marshall, 1954).
Thers are two- oppou!ﬁg views on the arylamine acetylation process.
The dog olﬁur acetylates aromaué amines which are then deacetylated
before c:;éutiou. or there 13 something lacking in the acetylating
system, Liebman & Amaclerio (1962) showed that the latter view
was correct, and although the coenzyme A;lcc'tylltlou system is

intact, dog liver does contain an tcotjrhuon inhibitor.

DISTRIBUTION AND MECHANISM OF ACTION OF ARYLAMINE
ACETYLASE.

Govier (1965) isclated reticuloendothelial cells from the livers
of rabbite and showed that néctyhuon of sulphanilamide did occur In
the reticuloendothelial synﬁm. Lung and spleen organs, known to
contain a high percentage of reticuloendothelial cells, were also
found to acetylate sulphanilamide and p-aminobenzoic acid. Weber
& Cohen (1967) purified g_;cctyl transferase from the 100,000 - g,
supernatent of homogenised rabbit liver, and this enzyme acetylated

sulphadiazine, sulphamethazine and sulphanilamide. They also found
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_}g_._;cctyl transforase activity in the intestine uojmm). but not
_ in the 10,000 g, supsrnitast tractlfon-o‘f b_cgrt. kidoey, -hhm ,‘
:i:u-ch. splaen, bwiia'oz; adremal. Brldgul & Willtams (i%m
found that N -acctyhuon d sulphoum(dn in tht ubbu. coypu
‘ and cluchn occuu mainly ln ﬂu llv" with litile lctlv!tv fa other
- uuuos. Bridges 11963) found uotyhtlﬂx anymc activity ﬂn the |
mlbchoulrhl and supornthu fnctlou. |
The tuﬂtnbrculonl dtug Doﬂlzld is acetylated in VMAIII

it was -uuuud (Evau. mﬂoy & McKuistek, 1960) &tt th hnl h |

of the uotyhung system was goumlly ccutrolhd in maa, . N
. Frymoyer & Jacox (1963) found a bimodal pattern otuotyhuon
of -ulphtduum in ubun and pontuhhyl that 1 was m: the'

control of a single dominant Mondelian gene. | In their studles,
| most of the nimm wers :ap!d acetylators (dmimnt gene), while

a fow were slow lcotyhnrl (ucnwn gene). ‘

'rln mechsnism for ac.tyhtlon occurs in two lugu (Lipmaasn, 1945). .

(1) CHyCOX + CoASH - ATP gy, CoASCOCH,

_ Acetyl | o
2) CoASCOCHg + HY o CoASH + CH3COY
@ 3 e‘l‘uuhuu‘ \ 3

CR;COX is tho aourco of lcctyl groups \vlueh my bo lcollh.
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pyruvate or acetyl phosphate, The source of l;ccbta combines
with coenzyme A in the presence of ATP to form active acefate
(acetyl CoA). T& second reaction which is controlled by the

enzyme uoiyl transferase is the transfer of the acetyl group to

HY which may be a sulphonamide,

TOXIC EFFECTS.

The I_Q’_‘:tcotyl derivatives of sulphonamides are not only
| therapesutically inactive, but are usually more toxic since they
tend to form insoluble deposits in the kidney leading to kiduey
blockage (anuria and oliguria) and renal damage. Table 1,2
gives a comparison of the solubtlities of certain sulphonamides
and their lg_‘:lcetyl derivatives with the occurrence of kidney

blockage and their LD50.



TABLE 1.2

(Daa from Willlams, 1959, pp. 510-511),

Sulphonamide Solubllity at 37°C = LD, in Mice Kiduey blockage
mg, /100 ml, water g./Xg. : in mice,
‘ P.0. 1.p.

 Sulpbanilamide | 1500 3-8 - ) -

. Acetylsulphanilamide 530 | 2.3 - )
Sulphadiazine 13 1.8 1.6 ) “
Acetylsulphadiacine 20 - 0.6 )
Sulphamerasine | 37 %3 l.a)
Acetylsulphamerazine 79 - 0.7 ) A
S“lphm.mzm ' 75 1.9 1.9 ,
Acetylsulphamethazine 115 - 1.3 +
Sulphapyrazine | 5 - e ) '
Acetylasulphapyrazine 5 - - ) +H+
Sulphathiazole 98 : - - ) -

Acetylsulphathiazole 7 - - )

-92.



29 o

Certain additions have been made to the diet of experimental
animals in an a.ttez?npt to decrease the le;vel of acetylation either by
adding blocking' agents or by the é:iimlmﬁon of chemical agenté which
tend to poténtlﬁe .acetyhﬂon'. Barbituric acid (Cetrullo, 1958),
vitamin D (Pamgopﬁulc;a, 1959) and sodium pyrophosphate {(Nashkov
& Nashkova, 1960) have all been reported to reduce acetylation.

The role:of ac;tdfe {n the diet is not cl;ir. .fames (1939) found

tﬁat acetate increased tc-etyllation while Martin & Rennebaum (1943)

found it c_iecieased the acéfyhtioﬁ of sulphanilamide,

RATES OF ACETYLATION,

| h; a series 9! ghree papers (Nelson, 1960, 1961; Nelson & O'Reilly,
19(;1) studies w;te conducted to determine the values of various rate
constants and other par'anieters controlling the rate of acetylation and
excretion of sulphathiazole., They showed that the disposition of
these drugs depended oh the result of two competitive first order
reactions, one for acetylation and the other for excretion of the
sulphonamide. An expression was derived for the maximum excretion
rate of acetylated sulphathiazole and they suggested that this
expression could be used to calculiha minimum urine flow for
prevention of crystalluria, However, in recent years several
sulphonamides have been made commercially available which “““'

either more soluble or poorly acetylated, and are administered at
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a lower dose level and hence it is doubtiul if the equation has any
value in therapeutics,

Many attempts have been made to correlate the basicity of an
amine with its degree of aéetylatiou i vivo. Zehender (1943)
proposed that the pKa of the amino g;'oup was relatsd to the degree of
acatylation, Smith & Willlams (1948a) showed that sulphomamidas
with a pXa betwaen 6 and 9 (i,e. weak acids) were the most highly
acetylate.i while compounds with low pXa's were only poorly

acetylated (Tablo 1.3).
TABLE 1,3

Relationship between ddssociation constant and extent of acetylation

in vivo of certain p-substituted anilines., (Smith & Willlams, 1945a)

Compound pia 7 Excreted ac the acetyl
' : — derivative in rabbits
Sulphanilic acid 3.24 1)
p~Aminobenzoic acid . .68 23
Sulphapyrazine 6.0¢ 87
Sulphadiazine , 6.43 72
Sulphamerazine 7.06 90
Sulphathiarzole 7.12 56
Sulphamethazine 7.37 85
Sulphapyridine 3.43 72
Sulphanilamide 10,43 50

It was sugasted that there might be a critical level of foni:zation

necescarxy for maximal acetylation,
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Weber & Ccahep (1967) studying weak ;cldo found that acetyladou
was relatively greater at pH values below the pKa of the drug,
indicating that the hnchtxf‘god form of tho drug tmfai:ts more

strongly with the ‘enzyme. Perault &“Puuma.u (1963) attempted
| to edr'rghu the rate of enzymic acetylation of aﬁ:!nu with the "
electronic charge of the amino nitrogsn, the compounds investigated
beiag unionized under the conditions of the ;xp.zzmnt.  Howaver,
the rd;uiu were iuccuclu'tln. '

The rate and degres of acetylation of nnlphonamidn_a varies from
| species to species, Krebs etal, (1947) suggested that this difference |
was quantitative rather than qualitative and he proposed thét
competition between ;cetyhﬂng and deacetylating enzymes decided
the extent of 'acotyhﬂon in vivo, This dollcaﬁe.bnlancc between
i\'c—etyht!ng and deacetylating enzymes 1s destroyed when ﬂ:é\;es
are minced and hmcgeniud. Therefore, strict correlation
between in vivo and fu vitro results afc impossible,

N!-ACETYLATION.

In vivo aéctylltion of the. sulphomamide nitrogen atom of
sulphanilamide has been observed in mammals and plants (Bayer,
Saviard & Dechauvassine, 1956; Crowdy & Jones, 1958). Bridges
& Williams (1963a) showed that sulphacetarnide was a minor

metabolite of sulphanilamide in experimental animals, The rabbit
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and guinea pig also excrets & small amount of g_‘.l_v_‘;ducctyl;
| sulphanilamide, »

'gl_"'ol;cdtyhuou. however, has not been observed with g_‘ -
aubauh'atod enlphoumldoi. It is evident from the results of
Perault & Puliman (1963} that sulphanilamides with a low electronic
charge on the sulphomamide nitrogen will only be acetylated to a
small extent fn the !5_1 -poliflou. As the Is_lfnubouﬁhd sulphonamides
- with ohcﬁron withdrawing substitucuts will have an even lowag .
~ electronic charge on this unitrogen, acetylation in tﬁlﬂ pco.u@lon is
nnﬁhlv. Acetylation in the 13.1 ;poslcbn'll also unlikely, due to
steric hinderence by the substitueats, |

DEACETYLATION,

- Bray et al, (1950) distinguishsd two types of descetylating
enzyme, um;ly. g;acetylglycine deacetylase and gcetaninde :
ducatyﬁu in the liver and kidney tissues of a number of species,
The aliphatic deacetylase hydrolyses the N-acetyl derivatives of
certain amino acids {,0. glycine, D.L.-alanine and Le-leucine,
while the acaetanilide deacetylase hyirolyses tha acetyl derivatives
of aromatic compounds including the sulphonamides,

Deacetylation activity in vivo has been observed ia rats (Elson,

Goulden & Warren, 1946), cats (i{rebs etal,, 1947), insects, dogs,
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pigeons {5mith, 1964) and hen {Bridges & Williams, 1963a),
whereas in man and rabbit it occurs only to a very small extent
(Smith & Villlams, 1948b).

Nimnmo-5mith (1960) found the aromatic N-deacetylase activity
of chicken kidney to be mainly in the ‘muochondrh. Holluﬁger &
Niklasson (1961) clatmed to have solubilized and isolated a htghlf
active acetanilide hydrolysing enzyme from rabbit liver mmicrosomes,
Franklin (1963, unpublished data) has demonstrated the presence of
a deacetylase for p-acetamidobenzoic acid ia the soluble fractions
of kidney and liver homogenates of rat, rabbit, mice and gulnéa. pig.

Weak 13!_1 -deacetylating activity has been detected in many hen

tissues, i.e, liver, kidoey, heart and brain, Streptococcus faecalis,

Lactobacillus acidophilus and Sscherichia coll ci‘.aacetylaea‘gl =acetyl

sulphisoxazole, the rate increasing with pH in the ranze 4-9 (Uno
& Komno, 1961). o
NY-SULPHATE FORMATION,

The conjugation of aromatic amines to form sulphamates has
been shown to be a minor metabolic pathway in the rat, dog, rabbit and
man, Sulphonamide X\_X‘-aulpha.tes have been reported for
sulphisoxazole {(Uno & i{ono, 1960), sulphathiazole (Uno & Ueda, 1960),

sulphadia:ine (Uno, Yasuda & Sekias, 1963), eulphasomizole (Bridges
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_& willlams, 19639 and lulphld!moﬁoxiu (Klbby. 1965).
o m«ocy-ﬂnuc N‘-sulplnu are usually ldu.tlﬂod by clrmmuphy.
- coleur mcum and & compsriuu with -yn&-uc eempe\md-. m -
Iuhhuuy of thls mlnrrmubom- of ulghonmldq- is the reason
m the diffsculty ta teolating it. | |
Using o nsd ﬂ-a’hthyhmluu as luhmhl. ulphmm
' fotmauon was domoumhd l- eheop uhutul mucosh ’woptuacu
and mammalian liver (Rey, 1958, 1960 a), |
. The mcchsnlsm for sulphamate formation is thought to be as
. fonow-. {Roy, 196098 | |

l. - : o . o S ‘
L 1 ] et .. o ‘.
A'I'P + so,, R gdao-m-s phouﬂoplsu’lpbh,
~s ulphurylace .
| | B
‘ | pyrophosphate
ATP & APS -~ e * Adenosiue -3'<phospbate-5'- -
' phosphokinase p&osphoculphth_ (PAI?S)-
, ‘ .
ADP + H"

In the presence of sulphate m:u!crsu. PAPS rescts with a
sulphonamide to yleld sulphonamide-N¥-sulpbate. |

RNH, 4 PAFS oo . RNSOH + PAP
sulphokinase :
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GLUCURONIDE FORMATION.

The conjugation of glucuronic acid with foreign compounds to
form ¥ :glucoaiduronlc acids has been recognised for a number of
years as a major detoxication mechanism, The activated form of
glucuronic acid can be produced in the body from carbohydrate

sources in the following way, (Dutton. 1966)

1, o wglucose«l-phosphate + UTP — UDP-glucose + pyrophosphate

2. UDP-glucose + 2DPN" — > UDPGA + 2DPNH
UDP glucose
dehydrogenase

Conjugation can then occur between UDPGA and hydroxy, amino,
carboxyl and sulphydryl groups of foreign compounds, Glucuronide
formation occurs in most animals, birds, amphibia and probably
reptiles, but not in insects and {ish,

Five types of glucosiduronic acids are found in mammalian

organisms:

1) 'Ether' glucuronides,
2) 'Ester! glucuronides,
3) 'Enol’ glucuronides.
4) Neglucuronides,
5) S-glucuronides,
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The following combinations are poasible between glucuronic acid and

an N'esubstituted 6-sulphanilamidopyrimidine.

1_\1_4, 1\_11. 1' or 3'eglucuronide

I

Né N .
T 56 T 1‘L—=‘°:'\ |
H,N : SO, NH- 6< N3
N 3 2 50 4 :
Hydroxm mro\:ylauou in
| 2, 30r Ig_‘-poulﬁon s 4' and 5'eposition
élucuron!da /
conjugation
\I-GLUCUROVIDM:.

The work of Tbiérfelder (1859) showed that Neglucuroanides could
be formedd by diveet rcaction of a glucuronic acid derivative with an
aromatie amine,

However, the possible enzymic synthesis of gl;glucuronides has
been studied by several workers in the last decade with counflicting

il \I
results, Awelrod, Inscoe & Tomkins(1953) showsd that in vitro
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aniline N-glucosiduronic acid could be formed by guinea pig liver
microsomes. .Ho%nr. ‘the method of estimation used was
' iuccur‘at? and the cvl:ﬁencc luccuclunln (u;o Briﬁgeu 1363);
!uclhdmr (1961) nsluz A puriﬂed susyme glueuronyl tuuhuu
found that it was highly dhcuvo iu the in vitro :ynthnu of the
glucuroudu of o-cmnophanol. g—aminoph-nol. snthuuue aeid
and un:uu-. but that it would aot clulyse the tormauou of aniline
g_-glucoeldurouc acid, Arias (1961) in his studies nuunud that
ssparate glucuronyl transferases wers iovolved {n ﬂu formation of
13_-‘ aa& quucu:ouldéé;

Bridges (1963) -howed that chamical combimtion betwsen é.romauc
amines and sodium gluc.urohl:te écc'uré _apdﬂhnoousiy in ;cid'aoluﬁom
He ll}owcd'.ﬁat the pH of épumnm formation was aép:oxtmnuly one
PH unit above the pKa of the amine studled. Below pH 2-;3 the .

- glucuronides hydrolysed rapidly, '.fhlu factors, therefozs, affect
the arnount of Nt ;gmcuronldu found in th'e urine after feeding
sulphonamides, | No svidence was fbupd for the enzymie formation of
the N:glucuronldc o!'anmm. p-chlorcaniline or p_-nltrolnmm using
liver microsomes from rats, ubbiu and guinea pigs, tuhough all

| liver preparations were shown to be hlgbly active in a-tminopheml

glucuronide synthesis. Also £ -glucuronidase {from snails) had no
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effect on sulphantlamide N*-glucuronide (Bridges & Willlams, 1962),
It 43 probable that all sulphonamides give riss to some g"’e

glucuronides, and Table 1.4 summarises some of the aveilable data,

TABLE .3

. Excretion of nulghonaﬁkh .N‘ﬁlucuronldee.

Sulphonamide . Specles % Excreted Reference
- Sf doge fed,
Sulplanilamide rabbit ' 6;10 2
rabbit, dog 1«5 1
Sulphathiacole ~ rabbit 9«20 2
‘ ' ( man 0.8 3
Sulphapyridine rabbit ‘ 35441 4
Sulphamethylthiadiazole man 0.3 5
Sulphasomizola man, rat
rlbbit. dog ) 0.,1«1,3 7
Sulphacetamide rat 0.1 8
Sulphadiazione : rabbit 713 2
Sulphadimethoxine rabbit, rat
dog, guinea plg .
moukey, man 5017 6
REFERENCES
l. Bridges & Willlams (1963a) 5, Uno & Okazaki (1960)
2, Ogiya (1960) 6. Kibby (1965)
3. Uno & Ueda (1962) ‘ 7. Bridges & Willlams (1563b)

4, Oglya (1959) 8. Bridges & Willlame {1962)
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Some workerc iu the fleld of sulphonamides have {solated
certain glucuronkie metabolitec in which the glucuronic acid residue
1o not attached to the N¥-position, but which yields the original
sulphonamide and glucuronic acid on hydrolyels by chemical or
blocbamical means,

.!n 1962, it was reported that man brmed a mimor metabolits
of sulphathiazols (3.8% of dose fed) which contained glucuronic actd
(Uno & Ueda, 1960, 1962). The ctructure of an p_l_l :glucutonlda was
ascribed to this metabolite on the basis of infrared and ultraviolet
spectra (Uno stal., l§63). This I_V_! ;glucuronide .wu not found a5
a metabolite of sulphathiazole in the rabbit, nor was it found in
in vitrc work with perfused rabbit liver (Uno & Ueda, 1963),

DiCarlo et al, (1963) showed that one cfthe major mehbolltes
of sulphamethomidine in man contained glucuroulc acld and tlu
sulphonamide with a raﬁo of 1.,25:1. blCarlo chowad that thio
urinary glucuronide of sulphameathomidine was distinguishable from
synthetic sulphamethomidine g_‘-giucuronlde by differsnce in paper
‘ ’chrcm:‘sbgraphy and stability towards acid and paper electrophoresis,
From the failure of the urinary glucuronide to form hydroxamie
acid i was coucluded that the metabolite was not an ‘ether’ glucuronide,
The azo sulphamethomidine was purified and it was shown ﬁnt the

glucuzonic acid was not attached to the benzene ring of sulphamethome
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i:ine bacause no 2-hyiroxy or 3-hydroxy-sulphaanilic acld was
formed after acid cleavage. DiCarlo, therefore, concluded
because azosulphanilic acid was formed after diazotization and
coupllng of sulphamethomidine glucuroniie prior eo hﬁrolya!s
that the glucuronic acid was attached:to the pyrimi.iine ring.

He seemaed to have overlooked the fact that it could be the N' = -

glucuroniie that was formaed,

A closely related drug.to sulphamethomidine iz sulphadi«
methoxine, It has been shown that the major mehbou& of this
sulphonamide in man and monkey §s sulphadimethoxine -111 - |
glucuroniie (Bridges, Kibby & Williams, 1965), This was
:ilemonstrate: by isolating the blosynthetic material and comparing
its properties with the synthetic material. This metabolite was
also found in the urine of rat, dog an: guinea pig.

In 1966, it was shown that sulphadimnethoxins -ij_" ~glucuronide
was the major metabolite of sulphadimethoxine (40-707; of dose
excreted in urine) in several non~human primates (Adamson,
Bridges & Williams, 1966). Kibby (1965) a.lm.; investigated the
maetaboliam of several other methoxy substituted 6-sulphanﬂimldo-
pyrimidines in man, monkey, rat and rabbit, and found that except

for madribon, 1:_}!_'l «glucuronide formation was only a minor metabolic

pathway, He also gave evidence for the enzymic synthesis of
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madribon 1}!_1 =glucuronide in the rat and guinea piz, but found that
it was not formed in the rabbnlt in vitro or in vivo,

: OX!DATION. | | | |

| Invivo oxldat!on fouowed by conjugation wlth glucuronlc or
sulphurtc acld bas been shown for a number of sulphonam!dw.
Wuh the simple sulphonamldea ouch as o m. and p_-amlnoben..ene-
sulphona_mldes. oxidation occurs in the _l)onzgqg ;ing. whareas with
the‘lz_!.l ;subeumud sulphonamiies oxidation ocecurs in the hotero;
cyclic rinz. . |

Sulphanilamide is me tabolised {n both man ansl rabbit to 3«
hydroxysulplgiuihmlde and it {5 then excrete:d as the sulphate
- conjugats (Shelswell & Willlama, 1940; Willlams, 1946, 1947).
James (1939) _£0qu N-hyiroxy~sulphanilamide {a the urine of mice
receiving sulphanilamide, | | ’

The extent of oxidation of a number of I_\!__1 ~substituted hetero=
cyclic sulphonamides in rabbits was catﬁpat&d on the basis of
increased excration of glucuronic acid and etheréal sulphate (Smith
& Willlams, 1948a),. |

Seudi & Childress (1956) tdentified and §solated the heterocyclic
ring oxidation product of sulphapyridine from dog crine, i,8, 5-
hydroxysulphapyridine, |

Cther sulphonamides thought to be hydroxylated faclude
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adl‘phqdlno’ulﬁho (Scudi & Silber, 1944), sulphasomizole (Bridges

| & Williams, 1963). sulphamethoxypyrazina (Beruloini. Chisll &
| @ri. 1962); sulphadimethoxine (Koeschlin, Kerm & Eu'goihrg.

1959) and sulphamethomidive (DICaTIo et al,, 1963), ©
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¢) EXCRETION

Sulphonamides a-re eliminated from the body, both as the free
drug and as metabolites maiunly ia the urine, although small amounts
may be fou_:ﬂ in the faecos (Neipp, Sackmann & Tripod, 1961),
Various secretions of the body may also contain sulphonamidas f.e.,
bile, sweat, tears, saliva, milk am:ll ,ltiteatlnal-ﬂulds.

{) RENAL EXCRETION AND REABSORPTION.

The uriinry excretion' of aulphonamides ln man may vary
co.nsidorébly from 57 of the doae- fcd,in the case of fanasil (Brldgeé .
Klbﬁy. walker & Williama, 1969) to 57 for aulphasomlciine fu the
first 24 hours (Prior & saslow, 1951). The amount of sulphonamide
excreted in the urlne-‘is a result of three distinct processes: |

Glomerular filtration
Passive back diffuaion
Tubular secretion

Glomerular filtration.

Plasma i3 filtered through the kidney glomerulu‘e{ and only
non~protein bound :drug is hmm;diaeely available for filtration,
Protein binding, therefore, affécta the amouat of 'free’ drug
available and consaquently the fate af excretion, Weakly bound

drug is In equilibrium with the froe druz, and conseguently will
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bacome available for filtration when unbound drug §s filtered, as
a result of attempts to re;esmbllsh the equilibrium, The total
blood level, extent and firmness of binding will uitlmately determine
the length of time for excretion bf bound com:pouudc. |

‘Passive back diffusion,

Moat drugs including sulphonamides, are weak elccfrolms and
hence are partially lonized in body nn.tds‘. Stnce the tubular
epithelium i3 most permeable to lipid soluble unloniced molecules,
back diffusicn will depeni on the pKa of the compound, the degrees
to which the unionizable form §s lipid soluble, the urine volume and
pH (Peters, 1962), Berliner (1954) shoﬁed thnra decrease in the
pH of the tubule fluid decreased the cx_c;.x"eaon of weak organic acids,
while a pH {ncrease enhanced thol‘z; 'excretlon prqsﬁmably by
increasing the éoncentt;auon of the ﬁlon!zad molecules,

Litchfield (1960) claimed that while renal reabsorption can
proiong the action of sulphonamides, in the case of sulphadimethoxina,
long action was the result of a low lovél of non;protein bound drug
befung awailable for renal clearance.

Tubular secretion.

Despopoulos & Callahan (1962) examincd the active process of

renal tubular secretion of a number of sulphonamides both in vivo and
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in vitro. They suggested that ;he renal excretion requires a
specific physiocbeﬁxual interaction betwean the subatrate and a
postulated intracellular receptor moleculs, an:; the substrate
specificity of the active transport system depended on the preaence
of the 50, - N group., This group was thougﬁt to intaract wlﬁ: the
recaoptor only if there was a sufficient laallzzﬁon of chazge on ﬁn
nitrogen, and if the electronegativity of each oxygen was great
enough for the formation of hydrogen bonds, Sulphoulmidee, |
therefore, with a pKa greater than 8.4 were not transported while
those with a pKXa of less than 6.4:ero transported.

11) BILIARY EXCRETION AND ENTERCHEPATIC RECIRCULATION.

This may be the major x;oute of excretion for zome drugs.,
Sulphonamides axe kaown to boe excreted in the bile in addition to
the urine (Mlllbura. 1965), and a kﬁowledge of the biliary exéretlon
of these chemotherapautic agonts is relevant to the use of sulphone~
amides for the treatment of hepato-biliary infections,

Some zulphomamides, sulphacatamide, 'aulphaguanldiné.
sulphathiazole, osulphasoxazole and sulphasoraizole are only excreted
to a small oxtent {17) of doge fed) in the bile of rats whereas sulphae
dimathoxine (117)) and suceinylsulphathiazole (427)) are excreted to
a much greater extent in the same antmal (Millburn, Smith & Willlams,

1967). The billary excretion of sulphaphenazole, sulphamethoxye
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pyridazine, sulphnomidim and sulphachloropyridazine has beon
reportzd to occur in rabbits following thelr administration by .
intravenous injection (Neipp, Sackmann & ’rripo\:!‘.rl%!).

| -Enterohepatic teclrcnhﬁnn of drugs excreted lu the bite could
be rajapomible for thcir slow and delaye:l excretion in the urine or
faeéﬁs. | However, this docs noi appoa»‘r- to bc & significant factor
io the long action of sulphadimethoxiue (Millburn, 1965),

d) TISSUE BINDING

For & review of this aspect of the subjoct ses Chapter 5,
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3) SPECIES DIFFERENCES

Specles differences in the metabolism an! excretion of druge
has been kuowd for a number of years. Speciea variation in
redponse to 2a orally administersd drug is related to differonces in’
abserpwon.. tissue binding, route and rate 6f excretion and metabolism,
A mumber of variables may contribute to cbserved differencos in
metabolism and excretion including the dose and route of drug
administration, strain of animal used, age, sex, health, diet, stress,
seasonal variations, environmeﬁml temnarature and other anutrient
chemicals,

Ata -biochem!cal level, species Jdifferences will depend on
location, amount and nature of drug metabolising enzymes, amount of
cndogenaus inhibitors, and avatlability of cofactors. Also compatitinn
betwoeen different cnzy:mes In various speecies for substrate and
presence of enzymaes which carry out the reverse raaction of préduet
to substrate, will produce species variation in metabolic rates. It
can be sacn, thereforae, that in vivo and in vitro work are important
in the cvaluation of species differcnces in the motabolism and excrotion
of drugs,

Very little work has been done with sulphonamides In this respect,
Abou;El;}.dakarom et al, {1967) studied the biliary oxcrotion of

guceinylsulphathiasole in a number of opecies. This compound was
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selscted because it ‘undorgo‘és little, if any, metabolic alteration
g vivo and thus the differences in ‘motlboll;m which could influence
_ bni;ty excretion were obviated. 'There was & marksd species dlfference
in the excretion of this compound, idiieh ﬁlﬁjlnilnhinmn‘uily.v |
The rat, dog and hen were good biliary excretors (20-2%‘ ﬁcr_;ud pf
dose fad), wm. the guinea pig, nbbu and méuhy were limited in
this respect (1% approximately cieroudb. The csAcAand sheep were
' Mmodﬁh between the two groups. . | H ' .

" Bridges (1963) studied the mouhlum and urinary excretion of
\sulphanusmldc in the fox, dog, cat, guinea Pl hen, turhy. pigeon, |
" rat, mouse, coypu, rabbimounkey and mgn. Snlphulhmlde 1s. |
nﬂdiy oxéuhd in all theas aﬁoclu '(f0-90% of the ciou fod u'

‘ oxcrohd in 24 hourl). ‘The main rmhbonh is tlu N‘-zcotyl
doﬂvttln whieh was tound in all species exctpt the dog and fox, but

only low levuh ol this mohbollu were lonnd in the cat (3.47)) anxd

. guloea pig {6. 6%). Srnall amounts of mlnor metabolites such as -

i aulphnlhmidc-g‘;glucuronidi'aud Ig_l-aé.tyl lulph&ulhmide' were
also found in the urine of these animals. The r_xl.g_‘-dheotyl-
wlphlliihm!dc was found ia ail species except the dog and £ox'. >I't “
appura. thorcfon. that dl!fouut types of -NHZ groups may raquh'e
different acetylases for thtu.- acctyht!on. and one or other of these

may be deficlent in some 2pecies. Other workers have confirmed
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that tho dog is unable to aeetyuta the tromﬂc amino atoup of
sulphonarnidea, '

The 'meta.bolum and excretton of luip&iomlulu has also Segg studied
{Bridgen & Villlams, 1963a) and the réauﬁ:s are given in Table 1.5,

TABLELS
" Metabolism and Exeretion of éu}ﬁsm!zcld.

Chinchilla  Wistar  Corgl

| rabbm . rats dogs Man .
~ Number of antmals. I 39 3Q 24é o 53 ,
. oral dose of drug mg. fkg. 150 . 150 %00 30
% dose excretod im 24 hre, 795 = N5 35,9 59,7
" Metabolites found 'sn‘nrxu;_ . | | N
' Unchaungeddrug . 26,9 68,1  90.2 6l
NéeAcetyl derivative 63,3 29,0 0,0 26,8
N%-Glacuronide : ‘1.3 . 1.8 1.4 07
ﬁ’i-suzpua - 6,0 1.4 3.9 0,1

omauaaprodut' - 2.2 0.0 4,2 0,0

- The major metabolic product of suljhasemizle o the Ni-scety]
derivative o rﬁu‘. rabbits and man, The ozunt of mtyln!on varies
with the opccln. two-thbde of the mzelad dou is uctyhhd ja the
rabbit, ou-turd tn the rat and man and noue atall in the do‘. Both
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tho Ii*-sulphate and y_"'-glucuronide are minor metabolites of
sulphasomizole, the latter probably arising as an artefact in the
urine,
An interasting place of work has been done on the metaboll:;m
and e:;cretlon of 2,4«dimethoxye-b-sulphanilamidopyrimidine
{sulphaciimn e.thoxlne) ina nu;nber of species (Adamson, Bridges
& ¥illlams, 1966 - unpublishe. data) Table 1.6.
| There 15 considerable speclea‘variatlon in the nature of the
urinary metabolites, In the rabbit and guinea pig the major mefabolito
is g_‘-acétylsulphadlmeﬂ:oxine. : I!; the dog there is no acetylation,
and the major part of the drug Is excreted unchanged, In the rat the
unchange:l drug and g'*-acetyl dorivatlve are cxereted In roughly egyual
amounts, The primates, however, dJdiffer from the other species in
that the major metabolite is the I‘_i'_l =zlucuronide, 'fhe other species,
except the rabbit, only produce small amounts of the zlucuronide,
‘When it was found that the monkey an e%zan metabolised sulphadime=
thozine in a similar way, it inight have been predicted that the isomers
of the sulphonamide would behave like the parent drug in the monkey and
the results could be translated to man., Table l.;I éhows that this ic
not true an.i that althou;h they are metabolized .simllarly. none of the
other Jerfvatives forms an I_\I_l -3lucuroniie in rma,or amounts in any

of the specics examined (Brid es, Xibby, Walker & Williams, 1969),



TABLE 1.6

Metabolam and excretion of sulpbadimethoxine in various species,

Order Species % dose excreted 7, composition of 24 hr, urine
: 24 brs, lg_l-glucu:odde N"-acetyl

Rodentia Rat G 7 46
Guinea pig 20 5 66
Lagomorpha Rabbit 43 0 94
Carnivora Dog _ .23 o 19 0
Primates Man 25 70 21
Cld World Rhesus monkey 32 : 70 21
Green monkey 12 : 30 61
Baboon _ 42 72 16
New World  Squirrel wionkey . 9 51 37
Capuchin 8 , 48 15
Giant bushbaby 26 48 2
Slow loris’ 19 62 35

Doubtful Tree shrew 26 - 52 13
Primates .

-ISO



TABLE 1.7

1_\3_1 -Gluénron!de formation in various species given methoxy~b«

sulphanilamidopyrimidines.
Portion of - % of compound excreted in 24 hrs, as
methoxy groups . _xg‘-glucuronide ,
. Man Mounkey Rat  Rabbit
2 - 5 2 0
4 18 2 3 o
5 - 2 3 0
2,4 62 70 7 0
2,5 - 1 0 0
4,5 0 2 0 0

It appears, thercfore, that Z.%-subﬂtimuqn of the pyrimiiine ring
has something to do Qvl& gl sglucurontde formation in man and other
primates, The problem was further iﬁwoﬂgabd by looking at the
metaboliem of two other 2,4-dlcubsﬂtute§ 6<-sulphanilamidopyrimidines,
namely, sulphamethomidine (Z-me;myl-*i-methoxy) and sulphasomidine |
{2, 4~dimethyl).

The aim of investigations into species differences is to find an
antmal or animals which respond to drugs ina simllar way to man.

So far not cnough information has been accumulated to give an anawer
to this problem'. The nearest we might hope to gevt to the anawer ia to
find a species which will respoud to a particular group of drugs i.e.

the sulphonamides, or at least to a particulaxr chemical grouping in a

similar way to man,
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1. INTRODUCTION
‘The loag scting sulphomsmide drug, sulphadimethoxine (2,4-
' dimethoxy-6-sulphanilamidopyrimidine) shows & femarkable spacies
| difference in r;iéhbi;liﬁﬂ (Bridges, Kibby, Walker ;wmism.; 1968)
| in that 1 'xé excuhd’ln man snd other prlm‘ah-.. but not in several
| . lowez spocus. malaly as an N‘—zlucuroulda {Adampseon, Budsu &
'thms. l%a). It was shown that this fo“maﬂon of an N‘-glucurculda
did not occur in man and the rhe sus monhy i€ ﬂus pouiaeu of the
methoxyl groups were altorad. for 2-, 4- or 5-mcthozy and Z Seo0r
4 S-dhnetho:y-ﬁ-mlphnmmmomimldlns did not form -pprochbh
amounts ot 2_»1_‘ oghcuronlda (Bridges, Kibby.»Wu}lker & Williamse, 1969).
It appeazed, thezefore, that formation of g‘;glncuran!do ﬁa: linocSQud
v)lth the z.i;diaubpnmmln of the pyrimidine ring in this series of drugs,
This cﬁnbﬁcr ducribaé the metabolisrm and axcretion of two other -
drugs :ai this larus'co_mi-nlag 2, 4-disubstituted sings, in mn. monkey,
catand zabhit, There are 2.’4;81mﬁ:y1—6-aulp!ﬂuﬂamldcmkn!dim
{culphasomidine; Elkosin) a short acting a.atlhcur‘ial drug and Z:rnathyl-
G-mcﬁay:ls-aulpluuﬁamldomknld!m (eulphamethomidine), & mediume«
long acting drug in man (Cooper, Madoff & Weinstsin, 1962),
Sulphasomidine is very water solubls, and is well absorbed and rapidly
excretad in man (80:9’0% of the dose fad appearing in the 48 hour urine),

It is excreted mainly as the unchanged drug, the extent of scetylation
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being low (3=157, of the amount ciicrated) (Prlor & .:aabw. !951).
Walter (1960) reportad that 10+357; of the dose may bc e:cretad as
a glucuronide,

Sulphamethomidine is well absorbed in the rabbit and dog, but
poorly so ia the xat, Itio excreted mainly &8s the acetyl dnr;uplvc
in the rabbit and rat but pogr;y qcctyhbcd in the dog (Dictrlo, |
Malamont, Haynas & thipé. '196’2). ' Iﬁ man, about 267 ‘of aun oral |
dose {3 iaxcroted in the uriwe in ;4 hours,. muuly aca gtncuiouidc
which 13 claimad o be a;‘co‘njugat.e of & hydfoxy;ﬁulpmmetham{dtpe
in whiéh the hydsoxyl group occurs ﬁz the pyrlmicim ring {DiCarlo,
Malameut & Phillips, 1963). - It has hoen reported brieﬂy (Briﬁge’a'. ,
Walker & Willlams, 1967) that this glucureﬁda is ag g‘ lgiucnrqnide _
similar to that formed in man from anlp!ndﬁncthoxlm (Bridges, |
{ibby & Willlams, 1965) and in this chapter evideuce '1;5 gliven for

this stracture,
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: ce MATTRIALS AND ME THOD,;.

éoav{amﬁd-mathaxy-éo mlphlulhmidcawﬂmldlm (sulphnmatho"uiulnﬂ),
epe 1772178%, wao a gifs fzrom Warur-;.ambort. Morrie Plaing,
Na-;f: Jarcays, 3.ﬁ;mmcthyl:é\-éulmmﬁaw:lmldm (sulphaamtdm:
Elkosm) meDe 8.00-241 0 u.idtm.ﬁoxy-é-nulmdhmtwmlmww
{sulphadimathoxine; ‘&adrlbonl. 1M Pe 800‘-201 L and N -leclylaulplao
dimethoxing m.p. alomlla \B‘O” glvcuby Dre ﬂo w« ROGM Pz'oductc
Lt Welwyn Garlen City, He:te. 4-Mn!m-3-hydrczybcwom¢
sulphonic dcld. e Po z%q'(dueomp.)‘and iamm»-hyqxto:ybeuzon;
sulphonic acid, ;m;?. 215°4(dncomp.)‘wrc étven by May & Bakar L&i,,
Dagenham, lgémx. Sulp!smmc acyd, 233° (:;ecasém.)' .‘ sulphantlamide ,
xn;é. ibﬁ‘-léé" and arbiturie actd, map. 3ﬁ°.vware'§urchcoc}.
(Xtopkin & ‘.’-.rll'l!«;lms L.t ) Sulptad!me&oam:g} -glucumamé (NH 3
milt). m .‘p‘. 1501609 (decomp.), and sulphmh'ne&oﬁm:‘gx.‘-glucumuléé
(N2 salt), m.p. 1497 (Uecomp.), woro synthesiocd accoriiing to _ |

Brlﬂgba g.!ﬂc (1965'. ‘

. Sulp M:ndﬁmidlm:n“ﬂm lucuronkic, Sodlum ﬁulphamouwmlmna {3 24)
and r:ictl:yl 2 3.4:§ri-o;eam~l;bx@m03m&hfouih (343 Ze) ™ P0 106;-
1099, (Bollenback, Long, Bonjauiin & Lln?lqﬁlst. 19%55) werxo closolved
in a water {6 ml,) and acatons (25 ml,) mixtare ani kopt at 3?6 for a hy,
The rasulting darkered solution was then kept overnight at 0°, Xk wao
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then treated wlth prapan:z:ol (12 ml.) followed by watar {100 m}.)
and the trl-o-acétyl}npﬂ.\y% ester of sulpbamethomidine :g_‘%lucurouida
,aepsrl'ted; ‘This xﬁn filtored aud sucked dry to a .buﬂ..powdcr (3.2 gm.),
MePe us-iaz" ’rla ester in acetone (5 ml.) was then passed through
a column (2 5em, x 20 cm.) of acﬁvnhd alumina (type H; 100-200

mesh) (r. Spanco Lﬁ. » Widnes, L-.uca.) and oluted with acetons, The

| ﬂrae 50 ml. wan colhchd uud cvlporahd to dryness, and the pruduct
_rccryahll!zed from Qropnn -2-01 to glve methz! 2,3‘4-&'!-0 cegl-l -

- 'glucoalc'i Ebﬂta; a<n‘ whlﬁ. ;:;aid!es;- m.i;.. 108110° and txﬁ% +67° -

f emd n{'zimumia); (éoﬁlé 'C, 49.5; H, 5.1; N, 8.8; S, 5.07%.
Ca 330 mu s rcquiraa c. 59.3: H, 4.9. N, 9.2; s. 5.2 a). The

. abwo estar 1 g.) {n rethanol (25 ml,) was ‘treated with 0, SN-Mrium
mechom.me in moﬁuml (2.5 ml.) and the mixture kept for 3 days at 0°,
23-!-!2504 (0. 5 ml.) and water (12.5 ml,) were then addad, and the
solution passed through a column (2.5 em, x 10 cm.) of Amberlite

‘ cd:xao m* forms 1oo;zoo mesh) (British Drug Houses Ltd., Poole,

Dorset). The column was vha!ud with water (10 ml,) and then eluted

with Zu-l.nmonh solution {75 ml,) and fimlly water {0 ml,).

combined elusten were evaporated at 45° {n vac. to a white solid, This

was dissolved in methanol (5 ml.) ami the colution bandecd on & thln

layer plate of ﬂu.oreucenc siltea gel,‘whlch',ﬁa irrigated with prapan-l-;
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s1fammonia solution (sp. gr. 0,83) (7:3, by vol.) for 3 hr. The
band corzreapondiing to sulphamethomidine -Q‘ «glucuronide wés
cluta:il with 0,2 -ammonia zolution and the eluabe'\evaporatea to
dryness at 45° in \_@5;. This process waco rapiatod and the S.mmonlum

1 eticoxyw~l » lNl ' ~(4""emethoxy=:!'em ethiylpyrimidineg' eyl)sulphanilamido«

glucosid I»._lrcuate wag recrystallized from irethanol to givé white
needlos, map. 140-150° (aecon;p;) [«)°5 +4.0° (c = 5 1n watex),
(Found: C, 42.5; H, 5.1; N, 13.8; S, 6.67, Cis“as"’sog‘""' H,O
reyuives C, 42.?: H, 5.3; N, 13.9; 5, 6.37). .
Sulphamethomidine N‘-g!@uroﬂde. " Sulphamethoraidine (1.1 iz.) in
dimethyl formamide (10 ml,) was added to a solution of sédlum
glucuronate (0.6 g.) in cthylene glycol (20 ml,), The mixture was
heatad for 10 min, at 70° and then kept In the dark for 24 hr, at room
tomp, On addition of excoss acetons a el ’Ermad, .80 sufficient water
to just disnsolve the gel was added, The solution was then kept for
several days at room temp. and white crystals, m,p. 156«157°, ’af thoe
sedium salt of sulphamethomidina y_‘-glncuronlde scparated, The
compound which readily reduced Benedict's and Fehling's solution on
warming, was very labile and was not obtained entirely free of sulphae
methomidine, It could, howaver, bo used for chromatographic
purposes (see Table 2.1) and was ecasily distinguishable from sulpha«
¥ ethomidlne-_N_l ~zlucuronide on paper. It gave a purple colour on

raper after 5 mins, when sprayed with p-dimethylaminocinsamaldchydle
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made up im scetic acki (2N).
N*;Augx ul&g. athomidine. Sulphamethomidine (0.5 G.) wes
dissolved taa 11 mixture of glacial scotic actd and acetic auhydride
{10 ml.). The mixtare was boiled for 30 min, and then allowed ®
cool, The oolution was diluted with 507 ethauol (25 ml. ) sad
wirmed 90 dluolvc auny pr.clﬂhlo. Cn cooling, Wwhits crysmle
| formad and tho product was recrysmilized from 257, acotic acid tv/v)
(0. 36 ﬁ.) MePe zis.zzm.. 'rim derivative had ¢ bs hydrolysed with
zg;ﬁcl ag 100% for 30 mla.'hfo_u 1t could bo conjugated with g‘-;OK -
aphthylothyleudumiu {n the Bratton & Mavshall raaction, It gavo.
a purple colour on ptpo;; with g;dsmtﬁyhmmewmldohrdo on
. ﬂladlng oﬁrﬂzh {Table Z'_.-l).. The infrazed spectrum was lpkén
. of ﬁu cempam.
S mtbom idine _-_m_ Chla:omlpbonic aclci (1.15 inl.)
wn lddcd dropwln with -urﬂug. to anhydrous pyrldlu (25 ml,)
coeled on {ce. Mur allowing the mixture to stand for 30 min,,
| aulpanmothom!diu (2.9 g.) was added, and the mixture shaken
vigorously uatil all the solid mawrial waa dissolved, The solution -
was then kept in tha dark at room emp. for 24 hours, Pomssium
deroxldt (0.2’@, 100 ml,) was thon asded, and the solution en&lcted
with other (i X 500 ml,) to remove the pyridine, The agqueous

- solation on syaporatizn to drynesos at 509 in vae. gave & yellow rcaldua.
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After dissolving tﬁu matprial ina 'mlnlmni amount of water (20 ml.)_"
;ce&oao was added (100 inl.) to preeip!i?no lnorpntc salts and the -
so!uuén mér.a. " This mum' was ovapbrued-tba .mu'{omm
(8 ml ) which was then hudod on ho Whltmtu’s 17 mm, ckromhgnphy .

paper aud run againsg rctorouco spots lu a solvent of butael-ol:
| nmmouh solnttou (ap. gr. O.BBlzwu-r uo:m byvol.). The utrlp
corrnpondmg to an Rpv valus of 0,00 h 0. IO was cut cut lud eluted
" wuh-lmmonium hydroxido__(ﬂ._zg). - ‘l‘h’e eluate was ov_uporlud to dry:-nas'

aad th. residue &iﬁ‘ulnd in u,ni!ﬁlm;am a?nou;f of l.baqluh oth;mol -
" from which the g_‘--ulphlb“ was éroc!plhﬁd. ~ The g_“;nulph_nu _
,‘ was labile and 8o was not _obilimgl :igoo of uncombined sulphamethom «
Ldlne, o N |

An acidiffed solution of the salt gave no &-t'itv for iulphito with

barium nitrate until boiled.  On diazotisation and thaa'cohpuua with
alcohollc Nl-o(-mphthyleﬂwlcudhmm. it gave a rad colour and on
paper it was labile cnough to give a colour wlth g-dlmothyhmlna-
cinnamaliehyde after 10 min,

‘N‘-Acatyl sulphasomidine. Sulphasomidine (0.5 g.) was dissolved

in a 1:]1 mixture of glacial ac§tic acid and acetic anhydride (10 ml.). |
The mixtare Waé boiled for 20 min.’ and then allmﬁd to cool, The

| precipitated g_‘-aceﬁyl aulpﬁlaomtdluc was dissolved in dimethyl
sulphoxide (10 ml,) and \.vuor (10 ml,) was added. On standing

overaight at 00, white crystals formed, m.p. 295°,
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Sulphacsomidine -lf':glueuronlde and sulphasomidine -13_‘,"-
sulphate wers prepared as described for sulphamethomidine,
They were difficult to purify, but could be used to determine thelr
. Ry values atid colour reactions (see Table 2.1).
b) CHROMATOGRAPHY AND COLOUR R EACTIONS.

The Rp values of sulphasomidine, sulphamethomidine and other
relevant compounds were measure: in three solvents and the results
_are given in 'rab.le 2.1. The solvent systams used wers:

Solvent A : Butanel-cl:ammonia soln, (sp. gr. 0.88);water
(10:1:1, by vol.)

Solvent B : Propan-l -oliammonta solution {(sp. gr. 0.3¢)
(733. w Wlu’

Solvent C : Butan~l-ol:acetic acid:water
(€:1:2, by vol.)

Descending chrﬁmmguphy on Whatman N#. 1 paper for 12 hours,
p-Dimethzhm!noclmmal&nhzde t;st (DMAC). DMAC was dissolved
in 2} hydrochloric acid (0.27 solution) and diluted with ethanol
(4 volumes), Weak Neconjugatez such as the I\__l_‘;glucuronldea and
g‘.-snlphttas'gsva a purple spot after a foew mintes, r_g_’acatyl
conjugates showed up as p;nrpla spots on keeptn@ the chromatogram
for 12 hours, The sulphomamides themselves and the lzt_x -;c;onjugateé

gave a colour reaction immediately,
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Naphthoresorcinol test (NR). The paper wan sprayed with 17 (w/v)

naphthorasorcinol in acotone spray to which 107 phosphoric actd

(4:1 v/v) was added just before use. On heating at 140° for 10 min,

the g_‘-glucuron!dea chowed up as & brizht blue spot, Both the
symthatic and blosynthetic g‘ ;glucuronlda of sulpha:nathomidine

isolated from monkey urine gave very weak blue;brown spots,

¢) SPECTRA.

Ultraviolat light. Chromatograms were examined undor the ultu-I
violat light {254 mp) from a Hanovia 'Chromsﬁme' lamp (Engelhard
Industries Ltd., Slough, Bueks.). Some compounds such as sulphanilic
acid or sulphanilamido showed a weak violet fluorescence while others
such as sulphacsomidine and sulphamethomidine quenched tho backgroun:
fluorescence of the paper anud appeared ao dark spots,

‘ Ultraviolet spectra, These were detsrmined with the Unicar

Spectrophotometer 5,2, 500,

Infrared spectra., These were determinad with the Parkin Elmer
Infracori Spectrophotometer (Kﬁr dise),

d) QUANTITATIVE ESTIMATION,

Datsrmination of {ree and total aromatic amines in urine and bile.
The method of Bratton & Marshall (1939) was used., Urine or bile
{0.01-10 mg, aromatic amine/100 ml,) was diluted with vatar to
contain 10;30 pze of sulphomamide/ml., Free aming, which in

this cace includaes free drug, the N}-glucurontde of sulphamothoriding
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and ﬂu N“-;glucuronldc and N‘-sulphtu conjugdhs (the l\f‘-
- glucuronide and N‘-aulphne groups are nmond dntlng
diazotisation) were detarmined directly by the Bumm & Msrlhall
method, The ucovnry of drug or its Nl -glueurolldo added to urlu
or bile was 99-1007., For tosa] arematic amine the diluted urluo or

 bila (1 ml.) was mixed with 2}§-HCI {1 ml.) and haated on & boiling

o water bath for 40 min,, cooled, and the total amine determined by the

Bratton & Mtnhall mothod The recovery ot N‘-&cotyl tnlplumnh- ‘
omidine and N¥-acetyl sulphasomidine added to urine (10 mg./100 ral,)
was 99-100%, | o '

Determination of metabolites on chromatograms, Urine or kile

¢b.1-o.5 ml,) were banded across Whatman 3 mm, paper (5" bands)

dried and chxomuoguphnd‘ in propan~1-oliammonia solution ‘(aolvé_:itv B)

agi!ut roteriuﬁc spots o!.poulhlé matabolites by Iho ddacondlné

| 'u’chu!qm for 12 hours, Strips qorrupoidlng to the reference spots

(detectsd by u;hamht light and DMAC spray) were cut .ﬁom the |

chromatograr and eluted with dﬂuh‘ammonu solution QO.ZH).. The -

eluats was peutralized with hydrochloric acid (2})), mads upto a

known volume and {ree and total axmines were determined 8s describad
above. Recoveries of synthetic compounds estimated in this v}ay
‘waze {rom 95+1007,, The remainder of the ehrématognm wag eluted

and estimate:d similarly, No free or total diazotisable maérnl was

found in this portion of the chromatogram with sulphasomidine oz
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sulphamethomidine,

¢) ANIMALS,

The animalc used were female Wistar albino rats (Porton strain),
famale New Zealand white rabbits Anﬁ fomale Macacea rhesus monkeys,

Human subjects (isulthy muh volunteers) took the powdered '
drugs ouliy in rice paper sachats. The :inoukcﬁ (4 kg.) were given
the powdered drug concealed h'hpmy. Rabbits (4 kg.) were given
tki sulphonmamides as an tqﬁcou- suspension by stomach tube. Rats
(2504300 g.) woio gliven the drugs orally as a suspension (1 xﬁi.) in
aqueous sodium -wboxy methyl cellulose (0.57). Animals won\ fed
with pellets and given water ad libitum, Urine was collected for
48 hours in two 24 hour batches, Sulphomamides were adminiéh:id__
at a dose level of 100 mg. /kg. ,
Preparation of rats with biliary fistulae, Female albino rato (250
10 g.) were anaesthetized by the intraperitoneal injection of -
hexobarbitone sodium {100 mg./kg.: 25 mg./ml, water). The
abdom!ﬁl c.avlty was then opened up and the bile duct expo-“ed.
A polythene cannula (0.40 mm., and 0, 30 mm, {atexrnal and external
diameters respectively) was inserted into the common bile duct and
tied in poeition, the tip being about 3 mm. from the junction of the
right and left bile ducts. The cannuls was sewn In position on the

abidominal wall and tha cavity closed. The rats were kept for 24 hours
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in Bollman rostraining cages {Bollman, 1948), with free access to
a solution consisting of 57 w/v glucose and 17 w/v NaCl, Bile
was collected at zoom temp. in a measuring cylinder and urine was
collacted in polythenw trays fitted undorasath the restraining cages.

f) ISOLATION OF METABOLITES.
N*.Acetylsulpiamethomidine, The 24-hr, urine (185 ml,) of a

rabbit (5 kg.) which had recetved lulphtmthomidlu {0.5 g.) was
brought to pH 5.5 with §-Hcl and then shaken with athvl aAcetate

(400 ml.)." The extract was evaporated at 45° to a paste which was
then dissolved in l\j:bhzdds {10 gnl.). The oolution was treated with
ZN:HCI (10 ml.) and the solid which formed was collacted and
dissolved in a littls aqueous ethanol, Ths solution was inndod ona
thin;hyer plate (fluorescent silica gel) and dévoloped for 3 hr, in
solvent B (Table 2.1). The area containing the g_‘-lcotyl derivative
was located and the metabolite extracted with 0, ZN:NH‘OH., The
extract wag avaporated at 45° and then g_q;dcetylaulphamc&om!d!ne
(45 mg.) had m, p, and mixed m,p. 218-220° after rncriahﬂl.ﬁtion
from 257 acetic acld, It was characterized by Rp values and §.z.
spectrum,

Sulphamethomidine Nl :‘lucurou!da. The Zc:hr. urine (300 ml,) of
& monkey given the drug (0.5 g.) was concentrated to 50 ml, ina

rotary evaporatoy. Ethanol (50 ml,) containing Zg-N!-L.OH (57 v/v)
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was added and the solution, flltered from solid material, was frecze=
dried, The residue ina little aqueous cthanol was bande:d on Whatman
3MM paper and éhromatographed in solvent B (Table 2.1) for 12 hr,
‘The arca c;:nhinlng the lj_l -giucuroulde was cut out and eluted with
O.ZQ;NH‘lOH. The cbrmapgraphy and elution was repeated, The
eluate was evaporated to dryneco at 45° and the solid recrystallized
from aqueous ethanol, The sulphamethomidine 13_1 -glucuronide was
obtained as white needles {8 mg.) m.p, 140;150" {decomp.). Itwas
not juite pure but its chromatographic propertiee, colour reactions
and u.v, and 1,7, spectra were in agreement with those of the syuthetic ‘

compound, It cid not reduce Fehling's or Benedict's solutions.

g) HYDROLYSIS OF SULPHAMETHOMIDINE AND ITS METABOLITES.
Acld Hydrolysis, The drug or lté y_"-acetyl derivative (0,5 g.)

dissolved fn ethanol (5 ml,} was mixed with zxg:»nct {5 ml,) and heated
at 100° for 1 hr, The residual solution {2 ml,) was placed as a band
(10cm.) on Whatman 3MM paper and chromatographed with solvents A,
B or C (Table 2,1). Three main products were detected, namely
suléhimethémldine. sulphanilic acid and an unknown uapected.to
contain the pyrimidine molety. The areas corresponding to sulphanilic \'
acid and the unknown were cluted with 21\_]-1\1!! 401-!. The éluatea were
evaporatad to dryneso at 45° in vac, and L, 7, speﬁtra of the residues
examined, The sulphanilic acid residue, m,p, 288° {decomp,) was

{dentified but not the unknown,
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Aqueous solutions of blosynthetic or synthetic sulphamethomidine
b_{l ;glueuronide (1 mg./m1,) were heatad with an equal vol, of Zzg-HCl
at 100°_ for 1 hr, Ths hydrolysates were then chromatographed as
. above and the products idontified by Ra values and colour reactions,

é =glucuronidase, Anaqueous solution (0.8 ml,) of the NK 4 galt of

synthatic sulphamehiomidine 1\_!1 ;glucuron!de (1 mg./ml,) free of
sulphamethomidine (by chromatography) was addaed to each of 3 tubes.
To one tubs was addad 1000 Fishman units of feglucuronidase
(Ketodase - Willlam R, Warner & Co. Ltd,) inacetate buffer pH 5
(0.2 ml,). To the second the same amount of boiled enzyme and to
the third 0.2 mwl, water, The tubes were plugged and incubated for
zo;hr. at 37°, The contents of the tubes were then chromatographed
in solvents A, B' and C (Table 2.1). The experiment was repecated
with the biosynthetic glucuronide. The firat tube in both cases gave
spots corresponding to glucuronic acid, sulphamethomidine and a
small amount of unchanged sulphamethomidine 1_\_3_‘ ;glucuronide (Table
2,4). The control tubes gave only one spot corresponding to unchanged

glucuronide,



Table 2.1, _._.@F values anl colour reactioas of adpﬁsomldim and snlphainnﬂmmidlm and related corapounds,

‘Vhatinan No. 1 paper was used, The solvents {desceniiing) were, A, butan~1-ol-ammonia solutica {sp. gr.
0.848)=water (10:1:1); B, propanel-ol-ainonia sclution {(sp. gr. 0;3&) (7:3); C. bunn'-l-ol-watcr-ééeuc acid
(4:2:1, all by vol.), runm for 12 hr. 'ﬁMAC = dtnethylimlmcmal:lehydq and NR = saphthoresorcinol ap:'ay.';

- means ao coloux; ¢ menna'quenchlng of background fluozescence of papez.

: : Ry values in o } Colour reactions o Fluorescence

Couposnd ' A B c DMAC . NR = - indEqd:mpu.
Sulphas cmnidine (33) 0,45 0,66 9.9 vpurple‘ L . 4 i .

- '. ) . - ~‘ _‘ - PPN ‘ ] . . 'c‘
N¥edcotylaud CGLB0 0,79 0.93 - e - f

- {rurplc afte: 24 hr.) : o

g5« Yesulzhate (K calt) 2,05 0,30 90,53 - purpls after 10 min, - |
s5=N¥-Glacusrwatde (Na -alt) 8,00 0,15 decsmp. - purple " blue | 4
sulphaciethonidine (5M) . 0,50 0.65 Q.90 purple N - B

C-—-MCL‘E,. oe



Table 2.1 (ccatinve.d).

N¥escetylegu

sM-N3-sulphate (K éalt)
Sl‘»’l-r_l_'l-ﬁlucuronide {Na calt)
sM«N!-Glucuronide (NH, salt)
Sulphanilic acld
Sulpbanilamide

Barbituric acid

dw=Araino-3«hydroxy-
ben:cnesulphonic acid

4 -Armino«d <hydroxye
benzenssulphonic acid

- Glucuronic acid {(Na salt)

0.62

0.05
0,00
0.10
0.15
0,63

0.09

0,06

0.76

0,32
0.12
0.39
0.63

0,92

6.36

0.538

0.12

0.9

0.54
decomp,.
0.63
0.41
0.76

0.54

0.35

0.23

{purple after 24 hr.)

purple after 10 min,

purple
purple
red

red

_ red

rod

blue

blue «<brown

blue

5

violet

violet

violet

violet

.OL-
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Table 2.2. The excretion of total amina after the administration of

sulphasomidine and sulphamethomidine to various speciss,
‘l’h§ dr'ugs were administered orally (dose 100 mg. /kg.; exceptin
man wl;ere the dose was 30 mg./kg.). The uriuo was analysed daily
for total aromatic ainlul by the Biatﬁon & Marshall mathod (see texti. ‘
The results are averages with ranges iu parentheses, The number of
animals used and their sex, M = male, F = fomale, are given in

parcnihoaes {n the first column,

Species Day after dosi % of dose excretad after
= Sulphasomidine Sulphamethomidine
Rat (3F) 1 77(70+87) 41{3649)
2 - 80{75-90) 49(43-59)
Rabbit (3F) 1 76{66-88) 69{60-78)
2 80(70-89) 74(65-83)
Monkey (6F) 1 63(58-68) 54(43-69)
2 63(62 =73) 58(50-72)
 Man (2M) 1 74, 70 29, 22
2 86, 80 .

54, 41




Table 2.3. Urinary metabolites of sulphascmidine 2nd zulpbamethomidine in various specles.

The metabolites of sulphasomidine (55) and sulphamethomidine (SM) wexe separated chromatogiaphically
and determined as described fo the text, The urine collected Juring the first 24-hyv, after docing was
anatyscd and the amount of cach inetabolite §.. exprescaed as a percentage of the amount excreted In 24 hr.

The figurer are the averages for 3 andmal.s,

% o f 24 he. cxerction in _ ' -~

Metabolite Rat Rabbit Monkey Man s ‘;“
Drug fed  SS sM sS sM  SS SM SS  SM
Unchangzed drug 72 19 82 16 87 5 96 13
N-Acetyl 19 79 15 75 11 59 4 16
N} -Glucurounide 0 0 0 0 0 32 0 68
N -Glucuronide | 6 1 0 9 0 0 ¢ o
N¥esulphbate 3 1 3 0 2 4 0 3

% Two subjects.



Table 2.4,

Acid and enzymic hydrolyais of silﬂhnmeﬁomldlm and its roetabolites.

The compounds were hydrolysed as deacribed in the text and the producta identified by chromato‘raphy

and colour reactions,

Hydrolysing agent

Compoun:t Rp value of products Nature of product
' ' in solveat A} 3 '
{( 0.15 Sulphanilic aci
Sulzhamethomidine or N-HC1 ( 0.50 sulpham cthomidine
N*eAcetyl sulpharaethomidine = { 0.36 unkaswn * .
o
{ 0.15 Sulphanilic acid e
N-HCI { 0.00 Glucuronic acid -
Sulphaincthomidine N'= = ( 0.86 unknown ¥
glucurcnlde, uynthctlc
or blosynthetic { 0.50 Sulphamethornidino
B =Glucur:nidase® { 0.00 Glucuronic acid
( 0.10 Sulphamethornidine N' e

glucuronlde (small arazunts)

* The control tubes gave one spot RI‘ 0.10 in A. 0.39 in B and 0.63 in C, 1.0, the unchané,ed rrlucaxonl.ie.

+ See Table 2.1,

Sulvents B and G cerve alss used to counfirm the idenl:lﬁcatlon.;.

+ The unknown spot 1o probably that of the yy-ia:iu!ne niciety which showed up on paper as a Jdark cpot in

u,v. light.



Table 2.5 Bﬂhry excuuon of cul&lomldlu (55), s &Mlﬂu QM! and thn!x N -tc._t.z

chrlnﬁns in the rtt.

COmpouada (100 mg./kg.) ln,dlmﬂhyl adphoxldc (0.5 ml.) were l-pchd 1.p. into Hluty cannhhd

rats. The bile was collacted for 24 hours. The biliary moulnnhn \nro npuu-d ehzomatogupzmny

andi estimated as described in the text, Aur;go ngntu aze quohd. the n:_nbcr of animals used being

given in parenthesis.

Compound

-y~

% of the administered dose appu.xhg in the bile in 24 hrs. as
Mol. | U-chinged" p_l} -gincuroﬂdc y_‘-gluuoqdo y_’-qclphﬁ l_g_‘-acotyl

administered wle _ Drug — —

ss(3) 218 2.1 o 0 © (% o 4.4
p-x_*:aceiyl ss(3) 320 0 0 o 0 4.6
5M (3) 294 1.3 ‘1.6 o 0.3 0 3.3
Ntacetyl SM (3) 336 o 0 . o o 4.0
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4. DISCUSSION

M«Ietaboliam.l The excrotion of 2.4-:iimethyl-6;a_ulphanihmldo-
pyrimidine (sulphasomidine) and Z;meﬁxyl-%:methoxy-ﬁ-“sulphanuardldo-
pyriuﬂlna'(sulpﬁamethom!dlne).is shown in Table 2.2, ' In the four
apecies studled, sulphasomidine is more rapidly excreted in the urine
than sulphamethomidine since about 70’7: of the former 1 excuted‘ln'
zé-hr. and about 307 in 2 days, Qhereas with the latter drug the 24:-111'.
excretion is 20-307 in man, 46-50% in the rat, .50-60’;’1 in tho monkey,
but nearly 70% in tha- rabbit. The mature of the urinary metabolites

of the two drugs is shown In ';'aﬁle 2.3, Sulphasomidine is largely
excreted unchanged fnhe four species, for more than 707 of the 24-hr,
excretion {s unchanged drug and less than 207 is lﬁ"-acetyhted. tho
other metabolites i.e. y_‘:s'ulphate and g‘-glucuronlde. beinz of little
or no importance, With sulphamethomidine, however, the proportion
of unchanged drug excreted 1s lass than 207 of the'Zé:hr. excretion and
the major metabolite in tho rat, rabbit and monkey is g“-acetylsulpha-
methomidine (60-.80% of the 24<hr, excration). fiowever. in man the
acetyl derivative {s rslatively minor (16%) and the major metabolite o
now the 1}_{1 leucuronide (687 of the 24<hr, excretion). This zlucuronide
is also an important mectabolite in the monkey (327), but it i5s quanti=

tatively lese than the Ii‘-acetyl compound (597:). In the rabbit and rat,
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0o 1_\3_1 <glucuronide was detecte: in the urine. Small amounts of the
'y_"';sulpbale of sulphamethomidine were found in rat, monkey and
human urine..

It appears that in the four species studled, there is no marked
difference im the mefabolism aand excretion of -uiphaomidim (Fig. 2.1;
Ry, =R a® CH3) aad glthough thie drug is substituted with CH, groups
in the 2 and 4 positions of the pyrimidine ring there 15 no formation
of D_{I-glug:uron!da in man and the monkey as in thsj case of sulpha-

‘dimethoxine (R, = R, ® OCH,) which has OCH, groups in these

3)
éosmbns (Bridges et al,, 1968). However, with aulpblmetb.o‘mldlm
(R, = CHj3, Ry = OCHB) which has CH, 1u position 2 and 061-13 in 4,

a marked species difference again appeax;a. for rf-glucm'-onide |

forimatlou occurs in man and the monkey but not in the rat and rabbit,

With 2-methoxy=-6-sulphantlamidopyrimidine (R = OCH,, R4 =H)

R

Oy
H,N SOaNH N

Re

Flﬂ. 2.1
" and sulphamonomethoxine (R2 = H, R4 = OCH3) in which one OCH;

group occurs in the 2 or 4 position, respectively, formation of x_\:_}-

glucuronide does not occur (Bridges etal., 1969).
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Structure of the I:I_‘ -1 lucuronide, The identification of thia

metabolite as sulphamethomidine 1;\}‘_1 ~glucuronide is in conflict with
DIC;Lrlo ?_t_.g. {1963) who proposed that the glucuronic acid was
atﬁcﬁed to the hydfoxylated pyruﬁldine ring. The urinary glucuronide
wasg slowly hydrolyéad by /5 =glucuronidase to sulphamethomidine and
glucuroaic acid (Taﬂe 2.4) and by y__-HCl to sulphanilic acid, glucuronic
| ac.ld and an unidentified pyrimidine derivative, The 2« and 3« hydroxye
sulphanilic acids (Table 2.1) were not found as acild hydrolisis products
and so it was concludsd that the glucuronide was not an o-glucuronide

of a hydroxye-sulphamethomidine, but an E!_:-glucuronide. The 13_4-
glucuronide can be eliminated because it readily reduced Benedict's

and Fehling's solution whereas the urinary metabolite did not. Also
the two gave vary different Bp values in the three solv;snts and colour
reactions (Table 2,1). Thé urinary glucuronide was similar in all
respects to a sulphamethomidine g_‘-glucuronlde synthesised from
sodium sulphamethomidine and methyl 2,3, Q-tri-o-acatyl;l-bromo-
glucuronate. From the infrared spectra it could be scen that both

the synthetic and blosynthetic glucuronides of sulphamethomidine

had an 50, symmetrical stretching frequency at 1160 cm S which,
according to Uno, Machida, Hanai, Ueda & sasaki (1963) indicated

that the conjugate exieted in the amido form (Fiz. 2.2a) and not

the imido form (Fig. 2.2 band ¢).
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Fig. 2.2

. HZNQS% <\_/(o

' 663906
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CH,

3..

HZN.SOZ N-c6l-l 06 HENOSC)&N

CH,
(v) : : (c)

Biliary oxcretion. The biliary excretion of sulphasomidine and sulpha~

methomidine and their acetyl derivatives was exarx;:ined in rats
(Table 2,5). The compounds were injecte:l intraparitoneally into
biliary cannulated rats at a dose level of 100 mg./kg. In the case of
sulphasomidine, 6.57 of the dose appearacd in the bile in 24 hours,
whereas with g_‘iacetyl sulphasomidine, 4.67; of the dose appeared in
the bile unchanged. With sulphamecthomidine, 6.57 also appeared

in the bile in 24 hours of which 1,67 was as the 1\_{_1 =glucuronide,
Thus, ia the rat, although no 1:1} «glucuronide appears in the urine, a
small amouut is formed and excreted in the bile, l\_l_‘-Acetyl
sulphamethormnidine appeared tn the bile to an extent of 47 of the dose
as the unchanged compound, The biliary excretion of these compounds

in the rat is of a low order and this would have been expected on the
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: hypothuu_ put lqrwud by Mlllﬁ_rn. Smith & Williame (1967)
- conceraing pollr“y and moheuﬁr waight and the axtent of biliary S
» ;ur‘ﬁon; ﬁéw#mr. the ui;b'-ﬁcotyl«nothyl estar of mlph
. mcthomldlne Nl-glucuronldc when fajectad (l.p.) fnto rttl. was
‘-_oxcuud to an extent of 66% ot ﬂu dose given in the bile n2e houu. N
. This comptnd umauy with mpudsmm ul -glaeuoud. |
(78% ot the dose cxcnhd uehuod in the Hh ln 2¢ hmn) (Brldgn '
stal., 1968). - |
It can b mu. thou!oro. tl-t the N‘-nutyl derivatives of
~ these sulphonamidas have & low affinity for lillnry excretion, wlgorni :
the hi‘ ~glucuronides of culmmothqrb!dln and a_ulphldiim«}ﬁoﬂu aAre . |
: ;ﬂlcunt!y ucﬂhd lu the bile of tl_ti. The mubﬁpm by which |
| .thnq glﬁc@rou&- are oxucﬁd l.o xm;hbly an tctlvo ons, siuce the
hepatic trluqfo? system nipﬁpﬁl’ﬁn for the excretion of sulphadie
methoxine NI fglmronl@o in the bile lﬁl‘ been lhﬁ\ﬁ to b saturated
by hrgal dones of tl;h compound (Mnihrq. 1965), " When the lf‘-—
‘ sulphate of -umqm.ﬁﬂﬁ was &d&niﬂnﬁrod to rate very luﬂ.
was excreted {n the bils whotu@ when the N*-glucuronide was given
it was excretad in the bile to an ;:&u of 42% (Bridges stal,, 19“).
These resulte suggest that bllllry‘oxcrduou is & highly selective
process for ﬂmelc cmnpou-d-'wllueh depends not ouly on water solubldlity,
molecular welghi and polarity, but also on other gnknown factora such

as active transport.
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CHAPTER 3

N Vﬂ‘RO SYNTHESIS OF SULPHADIMETHOXINE Nl -GLUCURONIDE

AND THE N‘-ACETY L DERNAT!VBS OF SOME SUBSTITUTED

6-SULPHAN!LAMIDOPYRMIDINES. :

1} mqbucrtbﬁ.

2) MATER!ALS AND METHODS.

a) Estimstion of [395 ]-ulphndsm-thum .
' b) In vitvo acetylation rates
e) In vltro lynlhull of lulpud!molhonu-ﬂl ~glucuronide,

3) RESULTS.
Fig. 3.1a

'.Fig. 3.1b
Table 3.1

Table 3,2

Table 3.4

4) DISCUSSION.

-Formation of l‘f-&cctyl anlphadtmathczlm by

ubbu liver homogeuh with time,

Vchcuy pH curve for the formation of N‘-acetyl

" sulphadimethoxine by tlbblt liver homogouu.

Monhollm and excretion of some lnb!tituhd

‘ 6-sulpuuhmidopyrlmm-u in the rabbit and
moukny ' . . . .

In vltro acetylation of some substituted 6- y .
umhmldwlmldhu by liver homogemtes.

Syathests of sulpliadimethoxtne N -glucuronide
by nwr preparations from various species,
Electronic charge and free valence of the Nlo -
and N« positions of the substituted 6-aulyhln!l-
amidopyrimidines, '

Aeotylation in vitro,
Enzymic synthnu of the Nl -glucuroulde.
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1) INTRODUC‘I‘ION

Itwn showa in the puvlouo chphr thag -ulphnomldin wa s |
oxcuhd mninly u uulnqod drng whﬂo ulplum&omldlu |
was cuotly uotyhhd in all of the species mmlud. The in
vitra aenyhuen ol Mu two dtqg- was hvutuahd in lh :-nm N
aui moﬂny h ses. whether this factor weu!d uphlu &o -;uho
dﬂhnm hmhhulm S _

The hin of six molmsy ubluhtod G-nul’btmmmmw“s ' |

ln mn. moduy. rat and rabbi¢ hvo nrudy bsen Imsupm (Bﬂdgn.

- Kidhy, Walker & wmum. 1969}! ‘ﬂu urlu:y ouumd th

substituted 6-lehluhmldopyrkn!dln¢ is shown 1n -r-u- 3.1. o
The rabbit upldly oxentu all au sulphoumldn nﬂdhd whu .

‘ .drnmun& orally, lntw“u 43 and 82% o! the dose Inlm exczeted
in the fivet 24 hre. The rate of excretion of these sulphonamides
~was lower in the monh} thu in the rnmtind also thowod s g’rutor
nruuon. The C-mtbxy mm. S-motkoxy (17%). and c.s-dlmtthoxy
\ (25%) dcrlnﬁvn are olowly excreted, whereas tho 2-m¢tho:y (51%). _
the Z-a_-nothyld-mqﬁoxy (54%) and ﬁu Z.Q-dlmothyl (63%) d-rmtivos
are upfdly -xcidhd by the molhy. These eomyoundl. vary in tlulr
‘rates of exeretion not only with ipce!ol. &t aleo with the position of
the sulutiﬁuuﬁ in the pytnidine ring in an apparently hapbazard

Manner.,
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The rates of excretion could be related to the nature of the
m_ehboh&s. the amounts of which in a 24 hr. excretion are shown
in Table 3.1, The irnporhat matabolitss qninuﬁtiwly are the
free drugs, the r_i_‘-lectyi derivatives and the N! :glncuroddea.
In the rabbit, all ths drugs, except the 2.5:d;momoxy and the 2,4~
dimethyl derivatives are Qﬂoumly acetylated. The amount of
aéotyhhd Z.Q:dimiﬂloxy and Z.C-ﬁlmethyt s low (7% and 15% of
the 24 hr, .xcrﬁﬂou rupectlﬁly’. most of the drug being excretad
ia&h-q.a. The rabbit forms.no gl :glncurgnide with any of the d_rugs. ‘
In the moukey, the 4-methoxy (897), S-methoxy (86%), 4,5«
dimethoxy (85%) and Z:moﬂxyi-;i:methoxy (59%’0) compounds are highly
acetylated, whilst the 2:-m.ﬂloxy (1), '2,4; (217%) and 2.5: {37)
| dimethoxy and z.é-dlmqthyl (l.l%) are poorly acetylgted in vivo,
The mono~ and di;whstltuud‘mathoxy compounds were therefore
included in tht in !lg_o_ acetylation study in order ¢o {ind a relationship
between structure and metabolic fate, .
An interesting species differsnce observed is thlt,mlpiumoﬂwmldlu
{see Chapter 2) and sulphadimethoxine (Adamson, B::dgou & Willlamas,
1966) are metabolised to the N 1 ;glucuronida in primates (Taﬂe 3.1),
whereas this metabolite s only found in small amounts in other species.
Thoj_t_i_ vitro rats of formation of sulphadimethoxine gx_l;élucumnldc in
the monkey, rat and rabbit waes therefore studied in order to evaluate

the role in determining species differences in metabolism,
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2) MATZRIALS AND METHODS..

%% ulphadtmethoxtne m. p. 2002010, (sp. activity 38 uc, /mg.),
4, 5-dimcthoxy-b-aulphnihmldomlm!dine (sulphorthod!mothoxlm.
favasil) m, p. 94-297°. 2 S-dtmothoxr&-mlyhuhmldomlmldlm

M. pe l90-193° Z-methoxy-G-nulphnlhmldom!midm M. Pe !86-187°.

| rand 5-mutho:y-6-sn1pbnﬂlmmopyrhnldlu ™. P. 200-201". were ﬂn
) g!fn of Dr, R« Long, Roche Ptoducts L., Welwyn Garden City,
!—!n'ts. G-Mdho:y-G-lulphtnlhmldopyﬂmldlu m,p. 201 -203° was
. 3tvan by the Imperial Chemical Induatries, Phrmecuucul Diviston,
Aldatley Park, Cheshire, Sulplmdimethoxine-N!-glacuromide.
(ainmon!.\m':. salt) mep. 150;i60° (deébmp.) was syntﬁou!nd by M.R.
Kibby (cl. Brldgu. Kibdy & Wmhmu, 1965).

a) ESTNATION OF 335 MADRIBON.

1) Sclntﬂhﬁon techuique, - [”s ]Sulphldlmetho:m was examined for
. purity by éhromuognphy in solvqm A, B&C. (3531 Activity was
measured ina i‘r!;carh Scluulhtlon Spuetrmhcnr (Mod.l 3210)
manufsctured by Bnckard ln:trnmuut Co.. Wembhy. Mlddlouz.

All counting was done at 0°C, - ‘ o |

Liquid sciatillators, ‘l‘hou consist of hlﬁhly fluorescent eomponnﬁi
dissolved ina suitabdle solvent. Tho following scintillator systems
wers used: -

| The ‘Dioxan’ ;yatem - 60 g, naphthalens, 4 g. PPO
(2.5 :dlphnuylouzole). 200 mg. POPOP (Z.Z-np;phnyhnﬂn (5:
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phenyloxazole)], 100 mi. 'Amhr' methanol and 20 ml, of ethane~

d!ol made up to one lltro'wuh dioxan. This vayatom‘waa used for
‘ tho countlng of aqueoua ramploa. | N |
The 'Gel' systom «a 3% suspension of Ca.b-o-sn (a thlxotropic
:golllng agent Bupplied by Packa.rd Instrument Co.) in the 'Dloxan'
‘ sclntﬂlator. 'rh.ln was used for counting heearogenoua sampl.s such

as laccalhomogomtes, and @ssue homogenates, -

Prepﬁrﬁﬁoh of urine, f#éces and tissue samplos'. Uriu- (0.5 mi-.)‘
‘.and"bilé‘ (0.5 ml.) were ’uql'-xallyr counted in 26 mll. of 'Dioxan' o
scintillator, Ea‘eciaa.-weu homogenized wltin a 1:1 mixture of

dioxan and 'mothanol,. and aliquots (0..5-1 ml, of the homogenate‘s‘.) -
woie surspen‘dod in Zb 'ml, 'of. 'Gel' scintillator. Animal tissues were
either counted in s'olut&n or as homogenates, Tlésues_were dissolved
in 25% (w/v) sodium hydroxide and aliquots of the',sblutioqs ,werle |

'couritec; in 'Gel' scintillator, Homogenates of the tissues fn ;qlioxan
‘at’:d meﬁanol (1:1) were also st;n'pended in 'Gei’ sclﬁﬁlhtor. Who;e b
, uts {(wt. approx. 250 g.) ware dissolved in 257% (w/v) aodl\rn
hydroxlde (1.5-2 utres) and heated to 50°C for 24 hours. Allquots

~of the solutions were counted In 'Gel' scintﬂhtor.‘ Recoveries

. of 97 798% were aci;!equ when rat carcases "conta.irﬁng known amounts

of radloactivity {5 uc.) were counted by the p:ocedure described,
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- Countinz procedura. Tha counting efficiencies of ndividual

.~a_amples were .detorrz.uinefi by the "_'(.:h;nnel Ratio' xﬁethod. " The
absolute .eamllting efficlency of an} sample' can be read from a standard
graph by this method, whan the ratio of counts uven by the '-ample in
the two chaunels of the conmr is known,

< Each aample wag c_ountad sevetal times add the dep.m., '\\'r‘ere

’calculated for each count, It was found that even i'or Juenched
samples (about 40% countinﬂ etﬁclency) tha varhtlou in the abaolute ,
count for any one sample was less than 17, 'l‘ha a.ﬂ reement found
vhen diffe raut volumes of the came aumple (0 5«1 ml, urine for |
example) were counte 1, was ueually wlthln l;a. Some of ths camples,
espacially faccal, tissue homogenates, and sqdlum hy-droxide Asamplaa.‘
gave very high co’ugﬂﬁg vates at first, shown by high red/green ratio,
Tl;ls was probably due tocc hemiluminescence. A dark anuQ&nent ’
period of 24-48 hour§ in the freezer compartment of the counter wag
aufficient to enable the true counting rate of the sg’mple to be detern;lned.‘
11) Estimation of ;::etabolltes by strip scanner, - Urine or bile (0.1- »
0.2 ml,) cbnﬁin!ng 0.01 ye collected from an animal tlnt ﬂad been
fed with [355 ]sulphadimethoxine, or an in vitro incubation mixturo
(0.1-0,2 ml,) was banded (1" band) on a strip (1.5" wide) of Whatman

No. 1 paper. These strips wore chromatographed in solvents A, B
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and C by the duenudllj hchdqﬁo for 12 hours, Strips with relerence
-’ou were chrmmhph.d at tho'qnmo_\ﬂmp‘. The mdabl;ua of
[3%5 Jsulphadimethoxine were fdentified by ultravioles light, R .
values and colour use’t_b_it.., The amounts of each @ohbouh were
isﬂmmd by ruﬁﬂu .ﬁ.."lﬁ‘lp &rugh a udhehremlbgﬁm scAuner |

_ (Packard Mmuzom. These strips wuom through #t a rate of

SQ em, /hv,, t;lino’cmhu 30 sscs., at 1.2 Kv, (for best nlgullu_olu_
ratio with gas used 98, 7% Bc!lum and l.iﬁ Busme). Counting was
performed at two sensitivities, l_lw one (300) to determine l-ccur“ahly
the major metabolites, and a high one (100) %o estimate the minor
metabolites on m recording chart, For accurate estimations of
minor metabolites the appropriate part of the strip was cus out and
counted in the 'rﬂ:c"b SGhﬁlhuoa Spectrameter using 'Dioxan’
selatillator,

b) IN VITRO ACETYLATION RATES.

Auimals weze killed by cervical dislocation in the case of rabbits
aud by & letiml i, v, injection of pentoberbital {150 mg./kg.) in the
case of monkeys, Livers were rapidly removed and placed in
crushed ice, Portions of the liver (10 g.) ﬁto homogeanized in
0.25)\] sucroze snlnﬂén {30 ml,) and spun inan M,.S.E. aupor:-p«d
140 contrifuge (Measuring & Sclentific Equipment Ltd., London,
SeW.l.) 3t 2,000 g. for 10 minutes. Acetylstion rates were determined

by iacubating the sulphomamide (0.3 uM In 1 ml, 0,13 citrate = 0.2)
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phosphate buffer, pH 7.4) and the 2,000 g, supernatant (1.0 ml.) in
stoppered ceatrifuge tubes at 37° for 1 hour in abhakﬁg water bath,
Trichlorcacotic acid (1 ml, of 207 w/v) and wator {7 -nl.) were thon )
aJdded to sach tubo, which were then centrifugaa at u.OOO g for i f
5 minutes. Samples of the supernatant (4 ml,) were wuhdrawn fxfom' '
each tube ani free and total amine dbhrmiﬁd by the Br&tton &
Ma;.'shau mothod (1;939). The oﬁect of umc and pH on the acetylatlou

rate of sulphadlmethoxlue was also lnnetigatcd.

c) IN VITRO QYNTHEDE OF SULPHADIMETHOXINEONLGLUCURONID
i) Tissus pr Erauoaa. *Aonkaya won kmed by a lothnl f.v. | '
- injection of pentobarbtul. rabbits und tats by cervical dlslccatlon.

. The livers were rapldly remmd a.u:l phetd in crunhed ice, - Portions
. ‘o! the Uvor {10 3.) were homogeniz.e:i wlth !ce-cold G.ZSM sucroge
{30 m1;) in & Potter fubo wltha Teflon pesth. ' The a.ooo . and
10,000 z. au;:ernatants were obuune ik by centrlfuging for 10 mlnutes
ina M,S5.%, 'supermpecd 40' centruube. '

Liver slices (0.:-1 ,0 mn. thick) were cut by hand wlth a
uuinlat’s steel blade and immed!ately placcd in the incubste.

i) Incuhat!cna and estlmnt!on_a . Incubation mixtures consistad of |

liver fracﬂon {1 ml.), lsss]sulphadlmetbcxina (1. 3 M fa 0,1 ml,
water contain!nt, a little 2N-NaOH to diu solve to Jrug,), 0.5 M tris
buifar pH 7.4 (0.2 ml.), UDPGA (7 ,.m-i in 0.4 ml.) and water (0,3 ml.)

. - !
in unstoppercd centrifuge tubes, .Control tubes coutained cithor botled
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uver homogemu or sodium glucuronate (7 gM in 1 ml; of 0 '9%
NacCl) in place of l!u asormal tluua prcpcuuon. Additional tubes
| ~contalaing o-aminophnnol in place of [355 ]mlphldkuom were
'atio run, All tubu ware facubated ina sluklng water bath |
(M. Miekle Ltd., commu. Suruy) at 37°C for 1 hour. N
| 'l'ubu caahinhu o-smlnophonol ‘were th-u tulyud kz Q-
o amhop)unol glucnro;ude ua_!ng the mcﬂgo_d‘o! Levy & Suny (l%é).

' Tubes contatning sulphadime hexine were plinged into a{‘&mﬁ |

. iwa'hr bath for 1 minute, cooled ia ruﬁﬁnﬁ uh“r and conﬁilu;od at
;,000 8. fc.br 5 minutes, | Aliquots (0,1 n;l.) ol th. mp"u'-lhnt‘wu'c_
amalysed using tho. udlochrongatogram scanner a¢ dncilliod above,
The peak corresponding to aulphadhneﬂlaxlﬁ-y_‘ ;nlucurou!do was
: »clnt' from the paper, eluted with dilute a:_nn_:’ou‘lnmxhydrm.do (0, 2,
aud the eluate wia.chr@mt&g'umd in solvents A, Band C. ' The
mﬁ:ﬁm: solutton (1 mi;) was also extracted with ethyl acoflh .
saturated wnh water (2 x '2.5 ml’.‘) to remove fru s;ulphditnithoxm.
 and portions of the enpcruhnt (0.1 ml.) wore wlthdrawa. hudod
on Whltmau No. 1 paper, ¢hromatog:aphad iu lolvum A lld B,
and estimated ln ' 3 udlochromnogram scanner, No N’l -glucuronide
was found with rabbit liver, but in the case of rat liver, the N!-
glucuronide dﬂeéhd»ou chromatograms was cut out andicountad on

- the paper {n dioxan in a scintillation spectrometer.
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A typical incubation with liver clices was ac follows, cach
| determination being performed in triplicate,

Into each of three 25 ml. conical lasks was pipetted 2 mls,
of Krebs bicarbonate ringer solution (pH 7.4). To the first flask
was added mounkey liver slices (approximately 100 mg, wet weight)
and [333Jeulphadimethoxine (1.3 pM in 0,1 ml.), and to the secon:
[355 Jsulphadimethoxine (1.3 M ta 0.1 ml.) and sodium glucuronate
(7 pM in 0,1 ml, 0f 0.9% NaCl). Similar incubation solutions were
prepared to determine g-aminophenol conjugation, Each flask was‘
gased with oxygen containinz carbon dlo#t:lo (5%), immediataly
stoppered and placad in a chaking water bath at 37° for 1 hour,
Liver slices were then immediately withdrawn from all ﬂ;sks,
drained on filter papers and weighed. The supernatants were
poured into centrifuge tubes, placed in bolling water for 1 min,,

cooled {n running water and then estimated ao above, -



Fig. 3.1a
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Table 3.1,

Rabbit

Arseat excretet

iu ﬁ’a“; hf;'ﬁa

N e.mpositlon o f
24 hr. cacretion
Free drug

N «slucuronide
'.‘_"_._'*-acetyl

M- akey

Arnacunt exereted
in 24 hes,

7o cuansusition of
24 hr, cxerotion
Pree vy

Wi eglucuronide
N=eacatyl

Metabolisu: and excretion of some substituted 6-sulE§nlhmld_ogglmldines in the rabbit

aud monkey (Bridgos, Kibby, Walker & Villiams, 1569.).

Dose level 100 iag./kge pe.ce.

Position of substituents .
Z-methyl

24 4- 5« 2,4- 2,5  4,5= 2,4=
methoxy wmethoxy mothoxy dimethoxy dimethoxy dimethoxy 4-methoxy dimethyl
67 75 a2 a3 66 63 69 76
. [}
33 2 6 1 g2 9 16 g2
o B 0 - 0 0 0 0 0 :
67 53 92 92 . 7 59 .15 15
57 12 17 4z 42 5 54 63
70 7 3 G Y3 d 5 a7
3 2 2 70 1 2 32 0
i7 59 26 21 3. 85 59 11
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Table 3,2. In vitro aéetyhtlon of some aubstiﬁwed 6e=sulphanilamidopyrimidines

by liver homogenatas

Incubations consl..ted of the sulphomunide (0.3 umoles in 1 ml. of 0.1) citrate, O.ZM
phosphate buffe: pH 7.4) and 2,000 g, liver suparnatant {(equivalent to 330 ing. in 1 ml, of
0. 25*«1 sucrose). Controls contained boiled llver preparations. Reosults givenare the
average of three animals with ranges In parentheses. '

Subutiteents Rate of acetylation

(ur'mles of sulphonamide converted/g. lver/hx.)

. Rabbit . Monkey

2-Methoxy 0.26 (0.21-0,30) 0.235 (0.20-0,27)
4-Methoxy 0,32 (0.30-0.33) 0.31 (0,29-0.35)
5«Methoxy 0.28 (0.23-0,31) 0.29 (0.26-0,34)
2,5-Dircethoxy 0.07 (0.02+0,11) 0.13 (0.09-0,17)
4,5-Dimethoxy 0,085 (0,050, 13) 0,155 (0, 1250, 19)
2,4=-Dimethoxy 0.235 (0,20-0.27) 0.165 (0. 14+0,205)
2 =Methyled-mcthoxy 0.165 (0. 13-0,235) 0,195 (0.17+0,24)

2,4-Dimethyl 0.190 (0. 165=0,225) 0.175 (0.13-0,205)

6.



Table 3.3, Synthesia of sulphadime thoxine Nl =glucuronide by liver preparations from

va rious species

The incubates consisted of either [3SS]sulphadimethoxine or o-aminophenol (1.3 uM in 0.1 ml.
buffer), 0.5M<tris buffor, pH 7.4 (0.2 ml.), liver (equivalent to 330 mg. in 1 ml, 0.25M sucrose,
UDPGA (7 pM in 0.4 :nl. water) and water (0.3 ml.),
or sodium glucuronate (7 pM in 1 ml, of 0.9% NacCl),

Controls contained boiled liver preparation

Glucuronide formed j&MIg. liver/hr.) from

Amnimal Preparation
' Sulphadimethoxine o-aminophenol
Monkey slices 0.1, 0.09 0.63, 0.67
{2 females) 2,000 g. supernatant 1.46, 1l.46 1.82, 1,68
10,000 g. supernatant’ 1,35, 1.42 1.78, 1.64
boiled 10,000 g, supernatant o, 0 G, 0
sodium glucuronate 0, 0 0, 0
Rat 10,000 g, supermatants 0.08, 0.03 0.46, 0,40
(% fernales) 0.04, 0,05 0.40, 0,80
Rabbit 10,000 3. supermatant¥ o0, 0, 0.95, 0.87, 0,91
(3 females) S

- €6 -

# Nu activity was found with the boiled preparation,



Table 3.4. tlectronic charce and frac valcuce of the Nl

- and N‘;-Poslﬂons of the

substitutect 6-aggbanﬂamidolyrbnidlnes

Mu!eculax; ozbital calculations were carricd ocut onan f, CﬁT._ 1605 computer (Iatexnational
Computers Ltd.) using tho parameters anl programme of Kruger=Thiemer & Hanzen (1968).

GeSulphanilamtice Charze on Free valence
pysimidine n? amino) | N (imido) . N (amino) N (imido)

2«}Methoxy 1.84 1.635 1,010 0.469 "
2=Mothouy 1.04 1.637 C o 1.010 0.491 *-:‘i
5 -Methoxy 1.54 1.635 1.0190 0,493

2 ,4=Dimcthoxy 1.04 o 1.637 1,010 0.491
Z¢aeCimethoxy 1.5% 1,635 1.010 0,493
Z45eDimethoxy 1.5% 1.633 i.,019 0,497
&-)Methyl-4-aothony .04 1.637 1.010 0.491

Zo4-Dimothyl 1.84 1.636 1,010 0.490
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4) DISCUSSION

The structural requiroments for acetylation among the substituted
6esulphanilamidopyrimidines appears to be partly depencient on the
position of tha substituents in tho pyrimidine ring. -Cifferencesz in

the in vivo acetylation between the varbus isomers could be &ué to
difforences in their distribution in tha body (which 15 largely dependent
on their physical properties - dfscussed in Chapter 4) and in their
acetylation ratoes, |

Acetylation 1n vitro. The rate of acetylation of these eight drugs in

vitro by liver homogenates is shown in Table 3.2, - All are acetylated
by both rabbit an:i monkey liver preparations, The in vitro
acetylation rate of sulphadimethozine by rabbit liver homogenate
(2,000 g, supernatant) was studied at various pH's, The optimum
pH was found to be 6,4 (Fig. 3.1b). The variation in I_sl_‘-acetylation
with time at pH 7.4 was also studied, and the rate was found to be
constant over tho first sixty minutes (Fig. 3.1a). The monomacthoxy
compounds are well acetylated (0.26+0,32 uM/g. YMver/hr,) by both
species whereas the disubstituted compounds are less well acetylated,
The 2,5« and 4, B;dlmeﬂwxy compounds are the least acetylated of

all the drugs studied. It can be geen that the good in vivoacetylation

of 2=-methyled«mnathoxy-6esulphanilamidopyrimidine in the monkey
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and rabbit and the poor in vivo acetylation of the 2,4«dimethyl
dezivative in ghaaa two sp;aclea (Table 3.1) ie not relgted to their

r;teé of in g_lg.o acetylation (Table 3.2.); h thase m§ spacies, the
2,4=dimethyl 1o ace.tylau‘d‘ in vitroat a. rate which is not ve.ry different
from that of the Z:mefhyid-memoxy and the Z,G-cima ethoxy Acc-rmpounds.
It would appear that in vivo the Z.G;dimethyl sulphonamide may be
cleared from thov kidnays at & rate that doas not allow exh@!ve
acetylation, According to Paerault & Puum;n (1963). the rate of
anzymic aeetyhtion of aromatic amines in vitro parallels the electronic
charge on the Nﬁa ~g,.x.'cmp. This does not appear to be true in the

. serles of cormpounds studied here, for the alcctfoﬁ!c charge on the
aromatic amino nitrogen is the same for all of them (Table 3.4), yot
thereisup toa i’our:iold varfation in the rate of in vitro acetylation
(Table 3;2). It apﬁara probable that somo unknown cteric factors

are involved.

Enzymie synthesis of the n? =glucuronide, The results of experiments
on the in vitro synthesis of sulphadimethoxine 1_\;_1 =glucuronide are

shown in Table 3,3, whléh shows that glucuronyl transfer to the
sulphonamide nitrogen of sulphadimoethoxine oecurs in the 2,000 z,
and 10,000 g, suparnatants of monkey liver homogenates, fortified
with UDPGA, In moﬁkey liver slices the syntheoin is small, possibly

because the drug does uot penatrata readily under the conditions of
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the experiment. It can be see!‘l.'- therefore, that the low acetylation
rate of sdlphadlmothoxm in vivo (Table 3.1) in the monkey could
be due to the competing metabolic reaction of N l-glul.murmudo formation,
Synthesis of thc I_N.I_l:glucﬁrbnide aleo occurs to a slight extent in
M 10,000 z. superomtant of rat liver homogenates but no eynthesis
atall wag detected in au;:lhr preparations from rabbit liver. The
liver homogenates from all three species were able to conjugate
o-aminophencl, fc would appeir. therefors, that the sazyme formin;
the stable 1_\:_1 «glucuronide 18 different from that forming c-amino«~ -
phenylzlucurontdz, Another possibility is that the glucuronyl
transferase of monkey liver can catalyse glucuronyl transfer to the
sulphonamide nitrogen of sulphadimethoxine and to the hydroxyl group
of gamlmpheml. whereas that of rabbit liver can only transfer to
g.;;amlnophqnol in these experiments. These in vitro {indings support
thoge found in the whole animals, especially the rhesus monkey and
the r#Bbu. It should be aoted that the stable sulphadimethoxine
g} ;glucuron!de i3 :lifferent from the unstable I‘j}glucuronldee of
aromatic amines which can be formed spontaneously from glucuronic
actd and the free amine,. The N!glucuronide canmot be formed
spontaneously in this way, The juestion of the occurrence of more
thaa one UDPeglucuronyltransferass has been discussed by Dutton
(1966) anii our findings suggest that in primates at leact two of these

may occur,
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GHAPTER ¢

THE IN VIVO DISTRIBUTION AND PHYSICAL PROPERTIES OF
SOME SUBSTITUTED 6-SULPHANILAMIDOPYRIMIDINES.

1) INTRODUCTION.

' 2) MATERIALS AND METHODS;
a) Physical Data Detormination.,

i) Solubilities
ii) pXa values
i11) Partition coefficients, -

b) Distribution of [335 Jsulphadimethoxine in the Mouse and Rat.
1) Blood lavels “

i1) Body tissues
iif) Autoradiography.

¢) Routs and Media of Administration as Factors Affecting
Metabolism and Excretion in the Rat,

3) RESULTS,
Fig. 4.1 Plasma levels of {355 Jsulphadimethoxine in the rat.
Fig. 4.2  Plasma levels of [355 Jsulphadimethoxine in the mouse.
Fig. 4.3 Distribution of [358 ]ulphtdh‘imﬂsoxiu in rat tissues,

Fig. 4.4  Autoradiogram of mouse receiving [>9s Jeulpha.
dimathoxine,

Fig. 4.5 Autoradiogram of mouse recetving {335 Jeulphortho-
dimethoxine,
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- - Table 4.‘1 _ Metaboliem sad excretion of aulphmtﬂxomldlu

~ Table 4.2 Mcbblum and ourouoa of [”s ]uclphunmeﬂsuhn
: ‘ln the rat, X

‘ "‘rablo 4.3 . Physical propertiss of some mblmnhd 6-«1;&1:11-‘
Lo :tmldom!mld!n- and their N' -uttyl derivatives,

a) DISCUSSION. |

Phyl!cal data
Distributicn
Excretion and Mewbolism,

scocobse
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1) INTRODUCTION

The duration of action of sulphomaraides is related to both thoh'
K méhb&@!sfn. absqx‘i:ﬁon:apd Atstribation throughout t.hl body. The
_y!(i. ,ivahr solubility and uyld:waur patﬁuon coomchu ofs drug |
= utfoet the passage of ﬂw drug acrou cell membuua cnd ﬂnnfou
) lnﬂueme its tbaorpﬁon. distribution and excutlou. 'l‘huo
' :_properueu wero meagured for a serlu of ubomuhd 6-aulphnlla'rnldo;
pyr!muines and their N“-aeotyl derivatives lnd the rnulu usad co |
: otphln dlffereacu be:wun in v!w and in vitro leotyhtlon rates.
© ‘The effect of the routs and medium of admm.tr;aon of [¥3s1-
sulphadimethoxine on the metabolism &nd excretion of this drug wee
tnvestigated in the rat. The distribution of thte ml}haaim;qe was
studied hothby !l“ohuon ‘l“ﬂ euﬁm&tﬁon.of rat tissues after oral and
' pareaml admintstration of the drug.and also ‘t'vy_'autbviadlog‘raphy in

' the mouse,
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2) MATERIALS AND METHODS

[355] 4, 5 -dimothoxy-6=sulphanilamidopyrimidine m,.p, 194-197°
(cp. activity 35 uve./mg,.) was a gift irom Dr. R, Long, Roche
Proiucts Ltd., Welwyn Garden City, Herts, The N¥-acetyl
derivatives of the following substitutad 6esulphanilamidopyrimidines
wezre syathesised from acetic aqhydride and the correspondiang free
druge

4=mathoxy~b6=sulphanilamidopyrimidine ;... M.pP. 219-220°

5ernethoxy=6=culphanilamidopyrimidine ..., m.p, 215-217°

2,5=dimethoxy=6+sulphanilamidopyrimidine m.p. 158-160°

2,4 =dimethoxy-b-culphantlamidopyrimidine m.p. 2102110

4,5=dimethoxy~6esulphanilarnidopyrimidine m.p, 2i4-215°
" a) PHYSICAL DATA DETERMINATION,

1) Solubilitiez, The sulphonamide or its If’-acetyl derivative wasg

added to 0, llg citrate, 0.21\3 phosphate buifer (20 ml,) oi pH 4.2,
542, 6e2, 7+2 0r 7.4 in 2 conical flask which was then shaken for

2 hourc on a Criffin shaking machine (Grifiin & George, Vembley,
Midilesex), After equilibration, the undissolved sulphonamide was
filtored off and the amount of sulphonamide in solution determined on
samples of the [iltrate using the method of Bratton & Marchall (1939).
ii) pXa Valuzs, The pH of thoe {filtrate iromy the previous expariment
way checked using a Pye Master pH meter. The pKa's were

determined from the colubility results at vazious pH valucos (mmeasured
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at room: temperature 20°C) ualng the following equation (Krebs &

3peakman, 1945).

.Logw (5/ 50 - 1) = pH - pKa‘ o AD
where 5 = solubllity at any pH value,
So = solubllity of free acld,
pXa = appareunt dissociation constant,

50" can be obtained by cxtrapolating the plot of S againat /4 to [1t]

. = %
le.S=S0 + [/ g+l | @)
1208

If'S; = solubllity at pH = X,
and 5,= solubility at pH = X,

and X, -xl -= 1 pH unit

Then 193, =5, = 950 (3)
Hence Yo' can be obtained from these equations, Then from eguation
(15 a graph of .'t_cagl o (S,So = 1) azainst pH shqul'd be a stra'ight line
in&rcepﬂng the pH axis at the pXa valuae of the sulphonamide,

iil) Fartition cocfficients of the sulpbonamides and their N4-acety1

derivatives. These were obtained by shaking a saturated solution of
the sulphomamide in citrate-phosphate buffer pH 7.4 (10 mls,) with an
equal volume of chloroform for 1 hour and redetermining the conceutration

of the sulphonamide in the agueous layer,
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b) DISTRIBUTION OF [353]5UL PHADIMETHOXINE IN THE MOUSE

AND RAT.
R g e

1) Bloo: levels. . Thirty fomale mice (I,C.1, strain, 30 g,) were

injecte: §.p. with [355 Jsulphadimethoxine in dirmethylsulphoxide

(DMSO) (0. 05 ml.) at a dove lavel of 100 mg./kg. (0.15 pc,).’ After

| time intarvals of 15 mins,, 30 mins,, 1 hr., 2 hrs.,; 4 hra,, ‘6 hrs.,

8 hrs,, 10 hra.,. 12 hro, and 24 hre,, three mice had their throats cut,
The blood collected {3 ml.) mixed with heparin (0.05 ml,) was ceutrie

fuged at 2000 g, for 5 mint,, and the plasma (0.2 ml,) counted in

dioxan sol using a scintillation couater. .

Twenty-two female zato (Wistar abino, 300 g.) were injocted 1.p.
with [35.‘; Jeulphadimcthosine in DMSO (0.5 ml.) at a dose level
100 mz./Xg. {1.5 pes)s  After time intorvals of 30 mins., 1 hre.,
2 hreg., ¢t hra,, S hrs,, 12 hre,, 18 hrs,, 25 hrs,, 30 hrs,, 72 hra,
and 163 hre., patrs of rate were stunned and their throata cut. The
blocd collectad (10 mls.) mixaed with heparin (0.1 ml,) was ceatrifuged
and countsd a8 above,

1) Body tissues, Femals rats (300 g.) were givan [353]au1phadl-‘

methoxine (100 mg., /kg., & Pc.) in DMSO (0.5 ml,) by §.p. injection,

Urine and facces were collected cvery 24 hrs, for three days. After
three dayo the rats wers killad, the tiasuen dissacted cut and estimated,
together with the carcass, for [3531 activity by the method already

described (sce Chapter 3).
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181) Autoradiography, Male mice (20 gm, ) were injected 1,p. with

the sodium salt of [35S Jsulphadimethoxine or [35s ]sulpﬁorthod!:
methoxine "(c!ose level 100 mg./kg., 8 ﬁé'.) in wﬁtu' (0.1 m‘l.). After
2 his. the animal was anasathetised, suspended ina gel of cérboxy:‘
mcthyicellcxilose.‘ and immersed fn Hquid nitrogon. Whole ecéﬂbna
wefe cut longitudinally through the mouse with a microtome, The'
section of the whole animal (20 microns thick) was placed in contact
with a photographic film for 14 days, The developed film suo\é.d the

patteyn of distribution of the radicactive sulphonamide (Fig. 4.4 and 4,5).

é)' RATE AND MEDIA OF ADMINISTRATION AS FACTORS AFFECTING

METABOLISM AND EXCRETION IN THE RAT.

1) Suighaméﬂxomldlne. Female fats (250 g,) were given sulphamethome«

iéine at 2 dosc level of 100 mg, /kg. as a suapension in aqueous sodium
carboxymethylcellulogse {0.5% solution) either orally or intraperlwuea.lly.
Female rats were also given the sodium salt of sulphamethomidine

‘(100 mg./kg.) in Water (1,25 ml.)' by injecﬁon via the femoral vein

over a period of two minutes, Urine was collected fn two 24 hr,

batches and examined for free and &;tal' diug by the Bratton & b;iarehall
method (1939), Urines were also examinad éhrorﬁatog;répﬁlciuy'for.
individual metabolites. |

i) [3581§tilghadimaﬂxoxim. Separate groups of female rats {250 g.)

were glven [353 Jsulphadimethoxine (dose level 100 mg,/kg., 5 jc.) as

a suspension in warm propane 1,2,dfol (0.5 ml,) either orally or
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.lntx‘aperitdncani. Qther groups of rats were given the same drug
using DMSO as the medium for administration, Urine was collected
in two 24 hr, batches and examined for [3.53] activity and individual

metabolit:s using the radiochromatogram scamner., .



Fig. 4.1, " VARIATION IN THE CONCENTRATION OF [ JSS] SULPHADIMETHOXINE IN RAT PLASMA AFTER
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sulphadimethoxine
/ml.
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Fig. 4.2, VARIATION IN THE CONCENTRATION OF fJSS'i SULPHADIMETHOXINE IN MOUSE PLASMA AFTER

Plasma level of sulphadimethoxine
px./ml.
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SINGLE 1,P. INJECTION,
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Fig. 4.3 DISTRIBUTION OF >° s SULPHADIMETHOXINE IN RAT TISSUES.
AFTER A SINGLE INJECTION (i.p.).
% of dos
given,
Dose 100 mg./kg. (5uc).
60

a» a» a» e» o» o el

/L L L L L L L L LS

TISSUES
AFTER 3
DAYS.

TINSENINNDN

urine faeces liver kidney intestine blood carcass
- (4mls.)
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TABLZ 4,1

Campa::isoﬁ of the fate of su}ghﬁmgthomldim whean administered orally,

intraperitonsally or intravenously_

Three female Wistar albino rats {250 g,) were used in each
experiment {dose levsl 100 mg. fkg.).

" Route of administration -

- FPeOs io?o n 1.V,

7 of doce fed 24 hra, ' 417 a9%10 573
excreted in urine 208 hrs, - q9%7 59t15 o6t3
| W¥eglucuronide iy h o an

. N¢.sulphate it - ah 1t

7 componition !
of = s Nleglucuroutde 0 0

24 hr, urins : : +
‘ Unchanged drug 192 14t 2%z

N*-acetyl 9%z stz get2

v b o
’
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TABLE 4.-2 .

j Effect of —nedium and routa ef adm!n!.utratiou on the mehbollam andf o

o cxcraﬁon of [_S]aulnhadlmethoxiua lu the rat. B

e

""Wd*“m o eromne
| el e 1244801 “DMso .
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TAGLE 4.3

: 2
solubilitios and piia values of the substituted Se-sulphanilamidopysicaidines and thelr N -acetyl doxvivatives,

Solubilities fa citrate-phosphate buffer, pH 7.4 (see text),

Gesulphanilaiaiiopyrioidioe pka Sclubdlity fn . Solubility in buffer  Distribaticn ratio

buffer mg./1. at pia mgl.fl. CHCl4/bueifex
20Methoxy 6.40 14?§ | 331 0,08
l\_{i’ -.:.&cc tyieZ~;ncthozy - 0428 - | | - - :_
GeMlethesy : ‘ 06,36 267 o 45 Vg3 ‘:j
‘if-;";ce tyl-derncthoxy - | 900 - | 0,09
5 eMtothciy 6.24 1645 124 | 5e52
i%-ncotyl-5-methoxy - 768 - 2,19
2p@mDitathouy 6.20 343 ' - 51 5,25
N%-ncetyl-2, 4=itmethony 6,16 190 . 0.33
2,5-Dinothony 6013 4507 394 0.l



1‘_{4 -Acct?l-«?., 5edinmethoxy
2Helin étha}‘v .

i.‘f‘ ;ACE tfl_-ék. Sedifinethoxy

2 «Methyled-methoxy
N2-fcetyle2-methyl-d-metiwxy
2,4-Dimethyl

N4 eficotyl=?, d=iimethyl

TABLE 4.3 (continucd)

6,00

7.94

7.62

1615

156

496

2016

- F 1~
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4) DISCUSSION

Physical data, The sclubilities, partition cocfficients between

chlorcform and citrato-phosphate bulfer (PH 7.4) and the plia’s of
somo substitutod 6=sulphantlamidopyrim:idines and their g“-acetyl
derivatives are jiven in Table 4,3, As the methyl groups of culpha=
sornidine are ":eplaced by methoxyl yroups with 3 pusitive mesameric
cifect, so the piia <f the sulphonamide deereaces (sulphasomidine
pXa 7,62, sulphamethomidine pia 7,04 and sulphadimethoxine pKa 6.}36).

The order of the methoxyl substituted G-sulphanilarmidopyrimiidines
in terms of dccﬁreaamg,piﬁa\ valucs ¢ 2=, 2w, 2,3, 5, 2,5=and 4,5«,
This indicatzs that whon the methonyl substituant s in the *2* position,
it cuerts the least mozomeric cffect on the amido nitrogen because it is
shiclde:d by the two nitrogons in the ring, However, ths preatest
mesomerie cfizct i observod whon the mathoxyl substituent is iun the '5!
pozition, the position belng the most truely aromatic In the pyrimidiae
ring.

The order of thiz seriss of isomers in torms of decreasing solubllity
in ciﬁrle acliephosphate bufi'er at phH 7.4 15 2,5=dimethoxys, 4,5«
dlmethoxnye, &,4=dimethyle, Semethoxye, Semethorye, Zemothylet -
miethoxy=, 2,4«llmathoxye, demathoxye«desulphanilamidopyrimidines,
In every casce cxcept the @«methoxys cornpeund the I::f-acctyl derivative

{3 far less water soluble than the parent dzugz, It can be seen that as
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the :nethyl groups of sulphasomidine are replaced by methoxyl zroups
so tho water solubgnty of the eulbhonamide decrqasug. Correé'pond-;
fugly, the paruﬁon coefficient between ;:hloroioim and buffer at
pPH 7.4 ‘which gMa an indication of the lipid/watar piruuon coeﬁicléﬁt.
increases from sulphtsqmldhjle’ to sulphadimethoxiﬁ due to the addition
oti\ l!poﬁMc mdthoty groﬁpa, In each case, the l_f-{\cetyl derlvatlvw’
have much lower partltlou coefficients, |

It was seen th&t with rabbit liver homogemtse. the 2=, a- anct 5-
methoxy and 2.4-d!mathoxy dgrlutlve's were acetylated 3-4 times
faster than the 2,5= and 4.5-dlmeth§xy compounds, where.aa with the
monkey u;ur the monomethoxy were acetylated at about twice the
rate of the dimethoxy compounds {(Table 3.2), The {n vitro resulta
were in good agrcement with the in vi___vo results (Table 3.1), except
for the fact that in vivo the 4, 5-compound was Slghly acotylated whercas
the 2,5 -compound was hardly ace_tylue'd atall, However, in vivo,
other factors are involved such as distribution, tissue binding and ‘
excrotion by the kidney, which in turnarec related to the physical
properties of the drug. Table 4.3 ebowé that the ZV.S-dlmethoxy
compound has a much greater w‘ate‘rA solubllity at pH 7.4 tﬁan the
others, and at the same time its Jjstribution ratio indicates that it is
poorly lipid edluble. This would suzgent that it ;wmﬂd be more readily

oxeraetad by the kidneys in the unchanged state than the other druys,



“wil7 =

Both the 2,4~ and 4,5~ dimethoxy compounds are relatively lipid
soluble (their qia"tt;bqtulon‘rgt.los ;zje 25 and 10 times rﬁépecﬁvely.
that of the 2, S_:AI&;e\thoxy.compougci’).apd would tend to be reabsorbed
in_t.!‘:e,kldpey:‘t\;bule whg;'cgs their less lipid eol;x.ble &er derivatives
would be mére readily excreted, It is prohblc'. theroiorcl‘. that the
very poor ace:tym:lon’ of tlu ZrS;dlmetboxy compound in vivo can be
partly expﬁlmd in terms of ;ts relatively high water and iow Hpid
aoluI’;ﬂ!:t.y. aud also its slow rate of acetylation,

Sulp'haaom.idlne and sulphamet@pmldme ware both acetylated to
the same extent in vitro (Table 3.2) but in vivo aulphsom!ﬂm was
poorly acqtylglad both !ﬁ ,‘tl.ne monkey and rabbit (Table 3.1). Again,
this éan be explained in terms of physical counstants. Sulphasomidine
is more water soluble agd far less iipid soluble than sulphamethoﬁidine
(Table 4'. 3) and so will be répidly excreted unchanged by the kidney and
not reabsorbed,

Distribution. A high plasma level {425 )lg.l ml,) was rapidly obtained

after aﬁ _!nfraperl,toneal injection (Fig, 4.1 and 4,2) which Indicates
that [358 ]eulphad;metl;oxim s quickly absorbed from the pex;lponeal
cavity of the rat and mouge. The persistance of this drug in these
two species diiﬁra markedly. In the mouse, .after 12 hrs,, the
concentration of the sulphonamicié in the plasma had dropped to

150 pg./ml, and after 24 hrs, 1t was 75 }tg.lml. . A total of 60%



of the do3se glven having been excreted. In the rat, initially there
wan a small drop within 2 hra,, but after that the plasma level was
maintained fairly constant for 16 hrs,, after which it fell again,
However, cven aftsr 7 days, the plasma level was 100 pg./ml, This
species difference may be eiphined in terma of the protein binding
of this druyz which in turn affocts metabolism and excration, Sulphae
dimathoxine binds more extensively to placma proteins in the rat than
in the moﬁae at the same concentration (see Chapter 5). |

Tho dietribution of [355 Jsulphadimethoxine in the rat aftar 3 days
is shown in Fig. 4.3 (avorage of 3 animals}, A total of 60% of the
doae given wae excreted vu the kidnays, but onfy 27, wag Qund in the
facces, When the orzans of the rat were dissected out after 3 days,
small amounts of radicactivity ware found in the liver, kidney,
Intectine and blood, the remainder of the [SSS]acﬂvlty was found in
the carcass (total radioactivity racoverad was 94 t 7). It aoomé
that the drug remains bound not only to ;}hsma proteins but also to
tlasﬁe proteins as small amounts of radicactivity were found in these
organs after 3 weeks,

Fig. 4.4 shows the distribution of [3551 sulphadimethoxine in
the mouse 2 hrs, after an 1, p, injection of the sulphomamide. The
labelled material ic found in such tissues as the liver, kidney, heart,

lung and skin, A similar autoradiogram was seen when [353 Jsulphortho -
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dimethorine was injectod iato a mouse {Fig. 4.5),

Luczetloa and metabslism, Whea sulphametho: 'nh?ina wag glven

-lntéai;:bﬂtamallyb ;'at'n. more of the doss wan exerctad than whan
the deuy was f3d rany {Table 4.1}, The hlghost vate of excratlon
was achlevo: whan the drug was given intravenouoly, although the
mataboliém a.s unaffected by the routo of administzation. Moot of
tho drug was excroted as the E?;cetyl dazivative (79-36‘.&)’ while the
romainder, apart fzom the minoi rotabslitos (N¥¥-glucurontda and
y_‘-;sul;'hzté). was cxcroted unchanged, No ij -ﬁlucurénide WA
detectod in the uziue of xats receiviny sulphamethomidine,

A cimilar gattern vvas obeerved with [35 Jsulphadimetzoxine in the
vat (Tabls 4.2). Howover, the medium used dozs aﬂ'ee:t the amouat
axeredsd. When [35 Jsulphadimethe:ins in DMS0 was givon cither
orally (261%) ur intraporitoncally (317) to the rats, 2 larger pereentage
of tho doso fod was exeretad in the first 24 hrs, than when the druy
was given in propans 1.2,diol (157 exereted when givea p.o. and
187 when givon 1.p.)e  The amcunts of minor metabolites excreted
(E’*-g&curonide . Ij_‘-aulphata and 1_\;_1 -zlucuronide) waeze approxixnately
the sacic whatever the medium used or routa of administration,

Therc was a little more variation in the amounts of Igf-m:otyl derivative
and unchzanged drug excroted, but thooe differences did not appear ¢ ba

statistically impoxtant,



. 120 -

CHAPTER 5

THE BINDING OF SULPHASOMIDINE, SﬁLPHAMETHOMIDINE

AND SULPHADIMETHOXINE TO PLASMA PROTEINS,

1) INTRODUCTION.

a) Abaorption and Distribution

b) Naturce of binding

c) Effect of Binding on Kidney Excretion
d) Drug Interaction '

e) Metabolism

f) Speeies Differences.

2) METHODS.
a) Ultrafiltration

b) Equiltbrium Dialysis
¢) Calculations,

3) RESULTS.

Fige. 5.1 Binding of sulphadimethoxine by
and 5,2 human plasma protein,

Table 5.1 Binding of culphadimcthoxine,. sulphamethomidine
and sulphasomidine to human plasma protein,

Table 5.2 Binding of sulphadimethoxine by human, rabbit
and rat plasma proteins,

Table 5,3 Binding of some sulphonamides and their
metabolites to human plasma protein,

4) DISCUSSION.
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1) INTRCDUCTION

A fundameatal premisc in pbarmacologjy 15 that the biological
activity of a drug iz ralatad to the vabound conccatration of the
aﬁbahnce in the plasma, thatis, to the lovel in plasma watsr, This
fluid is the common matrix through which therapeutic agents, after
oral ani éarentai adm!u!atmtlén, afé transported to sites of action,
excretion aml metabolism,

Since the initial experiments of Davis (1942) it has been known
that sulphonamides may .be bound to plasma proteins, Later
experirnents performed by Auton (1960) and Newbould & Kilpatric
(1960) &ve demonstrated (in vitro) the ability of albumin to bind
sulphonamides. They have also shown that the protein bound drug
was without bacteriostatic effect, Clausen (1966) showed by microe
frnmunoelcetrophoresis that plasma sulphonamides are not only bounct
to albumin, but also to othor proteins, Changes in amnounts and the
| composition of plasma proteins will effect the binding of sulpho.namldes
which in turn may altsr the elimination and distribution of the drug.

The ability of sulphonamides to combine with plasma protoins
differs greatly firom one sulphonamide to another, In vitro incubation
of 10 my. € oulphonamide with 100 ml, plasma led to the following
perceantagee of protein binding with each sulphomamide: csulphanflamide

20%; sulphapyridine 407); sulphadiazine 5573 sulphameraczine 857;



sulphamethazine 85% (Trubsut, 196&. -
8) ABSORPTION AND DISTR!BUT!O

With hlshlv llpld-oolubh cryllﬂi*u drugu the limiting hcbr ia
the rate o£ abaorpuou into the blood amam from the iutestine may be
the rate of lolutlou of the cryshh. Amehmolt b plnma prohﬁu
withdraws large amounts ol ﬁu drug from the pllomn water, thus
puntvlng h!;h comcentration gradient in favour of dluelutlcn lnd
akormu lrom the ll&uuu of In deug. The mahrul bound h ¥
| . plasma proteins camn be cm!doud as & reservolr ot the dn;. At

" unbound drug 1s metabolised and excreted 3o the dynamic cqumbr!m
| rnulb ina d!uocuﬂon of bound drug. The duration of action of ﬂu

drug s ﬂnn!orc prolonged, |

_The binding of drugs to phlmt prohiu means that they do not have )
to h given so frequently, which in turn agop. the concentration of the
'drug in the plasma aucnﬁﬂm botwuﬁ therapeutic and 'ﬁu!c hvol-.‘
Newbould & Kilpatric (1960) subdivided sulphonamides fnto those with
prchd gud'thou with lbort-_unﬁ activity, In tl_u'térmcr group, |
sulphaphenylpyrazole and sulphamethoxypyridazine are the ’ou’s which
biad themselves more extensively to protetas,

When a lipoid membrane uﬁunu two fluid compartments {.e,
plasma -nd cerebrospiml fluid, the plasma protein and its attached

drug cannot diffuse across the membrane. Whena drug is lipid
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soluble the concentration of drug in the cerebrospinal fluld will _
aormally be identical to that of the unbound drug in the plasma. Wﬁh
some drugs 3 comparison of the concentration in the cerebrospinal
fluid and the plasma ie a simple way of measuring protein binding,
Reider (1963) showad that sulphonamide concentration ia the plasma
ultrafiltrate 15 far nearer to the level in most of the extravascular
body media than the whole plasma concentration, Since the more s
ahlphommlda is bound to plasma proteins, the lower will be its plasma
ultrafiltrate lavel, the significance of protein blading in the d!_ittlhuoi'
of a drug in the body is a.ppuut. Relder also concluded that tissue
proteins bind iulphoumldu ina similay mlnuer‘ to phima protsius,

Drugs that are bound to proteins aze distributed as shown in Fig. 5.1,

Fig. 5.1
~ Plasms Tissue
Drug-‘rocoptoi > Unbound drug ———-— 2 Unbouud drug
complax T [y T

bouud drug ~ bound drug

b) NATURE OF BINDING.
Binding consfsts of the intoraction of lonized, polar or non-polar

groups of a drug with corresponding groups of the protein, The.
ensrgy of tha Hud!ng depeadl on thc number and mme of theu
interactions involved in each bindlug site (Thorp, 1964). Brodie (19659_)
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polnu out that fonic bonde sn ounly a smasll part of the nory. The
| pohr ptrt of the molecule is also lmpoﬂlu. thus, ll a ur!n of
barbiturates, alt lnv!_lg the n,r_nc acidic strength (pKn 7._6)_ Ilublul
lﬁoﬁ is 'ha'rdly" M“‘ Vl!utl the Hudl'ng' increases u the eide chaim is
lengthened, racmag 5!’& wuh pon!ohublhl The forces duerihlna '
. this incrouo tn binding are callad Lowdon or Van der Wuh forcea.
Merely coining a name for such a uadlu<duc wt mesn that we uudor;
- stand the watura of the sinding forces. We do know, ,hviv‘cv'dt.“,'t..ht:- |
' binding to plasmis prée-_m increaces with Iipid solubllity for some
series of drugs. Some s'vubah-cn do not need 8a Io-lc bond u Ilny
ars very upm soluble 1,6, :Quon and mo_&yléhohuﬂauia l!%. highly
ound, e A. -
kl'otz. uéso. 1957; has uie;ud‘uq c‘ompl.m;m:y ntpdduup
betweeon the amino uld cmﬁonlﬂon of a protein and {ts ability to und
molgeui.i of a particular structure and charge. Thui. the rihﬂyaly
high affinity of albumiu for anions a spite of the negative charge at
o p'l-l. 1.9 is explicable qi texms of the hydrogea bonds. These are Iormd '
| preferentially between the hydroxyl or carboxyl groups 6! amino aclds,
serving to leave unbondsd cationic groups available for binding with
anions, -
" At present, it {s doubtful that the hinding of any drug to plasma - -

protein is fully understood (Brodie, 19653; The sumber of primary
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binding sites (those with the iﬁghest agsociation constant) of albumin for
organic anions is generally no more than ﬁﬁ and often only one,
'fhé number of sAeéoudary sites ia about twenty, Small cMnéea in the
structure of an anion can alter its binding to albumin, N;-thgaki ctal,
| (1963) studied the mechanism of bindlag of sulphamonomethoxine to
- bovine serum albumin in comparison with that of sulphadimethoxine to
see the eifect of the methoxyl. group on the binding of these culphonamides,
They concluded that in the binding of albumin with culphonamides, the
clectrostatic iérce is the most important factor,

A consequence of a single binding aite for a drug, 1s the limitation in
carrying capat.:lty of plasma for a drug to one molar equivalent of its
albumin content, Thia is of the order 7 x 10=%M which for @ compound
of molecular weight of 230 (characteristic of r:;.ost sulphonarmides) is
equivaleat to i conzentration !n't‘ne plasma of 200 ¥/ml, Beyond this
conceatration, the fraction of unbound drug begins to increase rapiily
and wiil bc available for diffusion to sites for m:tabolism and excretion.

Newbould & Kilpatric (1960) found a striking increase in the binding
of sulphonamides as pH changed from acidity to alkalinity (pH 5-¥9).
They found that this increase was greater with less extensively bound
compoundo (i,e, sulphadimidine), Protein binding 18 dependent cn
pH. both as it aifects the fonization of the proteln and the drug.

Reider {1963) made threc measurements in connection with protein

bindin;. ' The first was the £.P.B. values of 3 series of sulphosamides
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which gave the percentage of the protein bound sulphonarmide to total
plaoma sulphomamide, The cecond was Langmul:'s o constant (also
referred to ac 'K' in this chapter), which 19 {nversely. proportional

to the binding strength of the plasma protein - sulphonamide bond,

and thirdly Langmuir's £ constant which §s a measure of the binding
capacity of the proteins for the sulphonamides, These three measurce
ments should be made {n any comparison of the plasma protein binding
of sulphonamides,

c) EFFECT OF BINDING ON KIONEY EXCRETION.

The binding - f sulphomariides might be expected to affact tﬁeir
duration of acticn because protein bound druz is not removed from the
kidney by glomerular filtration, However, if dissociation of the drug=
proteln complex is very rapid, the rate of removal of druz will not be
liznited bacause of binding, The rate constant for digzociation of the
druge-protein complex shows that <iissociation occurs with a half life
ot 20 raillieseconds (R, s 35 aec.'l). The rate of association or
“isscciation <dces not limit the tranoport of the drug. out of the plasma
{(Thorp, i1964). Fhenal red 18 307 bound to proteins and yet the dyo
is completely removed 1n a single passage through the kiduey (Brodie,
1965a). Protoin bound dye is {ully available for tubular secretion
since the unbound dye is secreted so rapidly and the rate constant R

has a high absoluts valua,
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+ Howievar, the tap!d whbnal'ment of an equﬂ!brimn betwaan bouml . ‘1
zmd uabound urug, has uot ‘been ahuwn for all gmupa of compouu:is.mﬂ
mav ln Iact nct ba, the ca.ae with aome sulphonaﬂiwa. Alaa t!mra may
l'bo t&m typen of blniing for same drugs. Lutronglv bound aud msakly ‘bcumi
"to plasma protetna.. . The weakly baund drug may be 10 equiitbrium
with lha unhonnal &tug. but tha azrongly bound druz may: mt ba rnvax'albly
bound’ at all amd Will mﬂy be metabolized and axcrsted on tha breakdovm
of p.lasma prateln. _ It only lt tho degrce of binding ia vory ortcnmive "
that camplem remnval io hindered. and of course l£ ﬂm bimum 1a 100’!,
_(that is lrrmraible) t!wre 19 no wa.y !n which the kidmy can excrets | |
| thadru,*.” e , :

Remcr Qa 963) d!d ot ﬂn& any carrelatiou batworn the rate of
elimlmt!on of aulphcmml&en t**om tha pla.uma and any of t!m (:hz'ee

- eriteria for pla.zmn prob)!n blnd!ug. a!thar in the rabblt or in hu—naus. o

B Tham Wag m cor*ehtion found for tha itve sulphonammas testod in

\ l‘thn rahhﬂ: betwean any of the prowln binding values and the mw of

’ reml oltmination iu tha urine, - In the healthv Ridaay, execs cﬁon in
the urine may ba e*:pec&ad ta ba dupendent on protaln biudiug ondy 1n
itha raze cases In which a sulphogamide 19 extmwi from the pla.ama
chmﬁy bv nlcmm rular mtrauon. an:d not reabsorbed or mmreteq by

e 1 mbulasmauymub!eextant.: coo L

d) DRUG INTERACTIO“Q‘

Anton (1961) found that the distribution of certain sulphonamides
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- {n the rag could be modified by lmrfar!ng with thelr binding to pluma

' ~ protetus by amt!ur drug, Hlshly bound aciiie drugu compete fora
' Mmited mmbor o! btnd!na olhs on plasma alhumin. The ndmtnhtutlon
of & second drug modmgd the dluﬂbuuon of the am. therohy altering
its ueunty. muy aad dmuou of acﬂon. Pbmylbuh:olo. aulphh-
' pmao!a sthyl buconmucﬂlh and ionhnmxlc wld wore found to ho ,
the moat active uctupheug » sulphomamide from plasma slbamts,
| 'l'he dhphclm agens alund the pkamu and u"na concentration -
only of tbou t.u!phoumldu that tslwwd mm than 4573 plmm& protein
. binding. Since these aulphopumldu are uot readily metabolised or
‘excreted, the dieplacad unbound molecalss diffuse from plasma into -
‘Husies.. The rasult being that plasma lavels decline, but the lovels
of ding fo nkatlvqh‘l :;zumlo C.5.F. sud brﬁ!a show 8 pronounced rise,

and tho antibactsxial activity of the sulphonamides is profoundly

- oshamced,

A drug may bo mada more 'lm:ic by dlspkeémeat from pr'éuln._
3ueh diaplacement s asp.chilf dnugerous whu most of the drug ia
the body 15 attached to plasma proteins and ths uabound drué comprises
only 8 minor traeuoi of the total, Displacement of only a few percent
can double or treb!e the level at the drug receptor, So the adminle
rm-utlon of a long acting aulpm!de meh ag aulpbnpuumu hu
thus been shown to {nduce hypoglycaemie atucks in caces o! -

Tolhuhm!do-tﬂahd diabetics (Brodie, 1965b),
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In prematuye babies, the alburnin concentration is low and
roadily saturaisd wita Wlirubin, 2nd 2 auraber of other organic acids

compete for the same biading sites (Odell, 1959), At one time,

© promature babiec were routinely treated with sulphisoxazole and

peniciilia to protact thom against infection, Ina ceriaia stidy,
premature mbles wers givon either totracycliue or the combination
of penicillin and the sulphomumide. A iarge purcentage of the bables
trsated with tho r.ulphcmamido minture died (Silvarman _g_t al,, 1936),
Death wac amoclate 1 with ?(uruicte uy and it 1t now required that
naonates shaould not bo given sulphonamides with otlnv d!aphcing
aganty, ’

c) METABOLISM,

Anton & Royle .(1‘)64) studisd tha tltérzuon »f the acetylation of
sulphonamides by protoin bindfug. They found that bovine altumin
!niurfa_red with the acntyhﬁbn of sulphamethoxypyridazing, Thia
cifgsct vas df:zu to the binding of the sulphonamida to the protein,
sinco a similar effsct was nat: obseMd with bovine globulin to which -

this sulphomamide was not bound, Nefther prolein affactad the

~ acetylation of sulphanilamide whose bindlsy to #lbumin was much less

 than that of sulphainethoxypyridazine (127 cf. €07 respectively).

Newbould £ Kilpatrie (1963) also found that azatylation vates cepended
on the diffusible concontration of sulphomamiiea. Using perfusad

rabbit ltver, they foun:d that the highly bound sulphonamides wera
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onlv. slihtly acetylatad. Anton & Bﬁyle' statad in their papor that
there appearsd to be no consistant corvelation among a aumber of
sulphoramistes botweon thelr binding to proteins, 1ipld solubility,
cKa ant acetylaticon.
{) SPECIES DIFFERENCES. |

Using the methsd of equilibriur Malysis, Genazcand {1963)
eétim&ted the binsing of sulphathiazolo, sulphamethoxypyridasine,
sulphadimathoxing, sulpbamethosypyratine and sulphisczasole to
the serum of the borsa, éhadsi. pig, ow, turkey and man in vitro,
Human sorum had the most extonsive binding capability fellowad by
the serur of ¢z, sheop, pig, horse and tuckey, EHe belicved the
higheri blading capability of human corum to be related to the highes
porcentago of albumntn, But mo evidonce was given of pracise
correlation betwaecon albumin pareentase and binding capablility for the
gerum of the othar animals, Ho assumed that the binling capability
roust bo velated not only to tho quantity of serum albumin, butalso
to the dlticvent reactivity of the proteic macm;molcculac of .lfferont
Yarad, .

Bowaver, Genanzand (1963) only measuare:d protoin bindiayg at
concootrations 3 x 31079M (L0Y/ml.) and 1 x 10%3 (337 ml.).
Theve coucsptration: ave far below those obtained ln vivo. 3o in

order for a trus gompariion to be made, binling at higher concentrations
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ehéuid be evaluated,
_'"_\'Re,ld'er (1963)_ sfudied the protein binding of éul'phﬂdirhethoxine'.
] _\anlphisoﬁazoie, aulphamethoxazole,' sulphamethoxypyridazine aﬁ

| sulphadiazme in rabbits,. He found that Langmuir’a o( and ﬁ constants
for plasma protein binding were lower in the ra.bblt for all five
sulphonamides ghan_ in man, Ra't;bit plaama. proteins thus have a higher
affinity for the sulphonamideé tgétéd. but c;n bind only smaller

qutntities.ihtn those in human plasma,

In view of th.e fa;t_ that protein binding aﬂeefa tha. absorption,
distribution, mehbolism and excreﬁon of sulphonamidea and hence ie
=N 1ntimate1y rehted to their duratlon of action, it was declded to .
{nvestigate thia aspect In relation to sulphasomidine, sulphamethomldlng
and sulphadimethoxine, The ”plasma. protein binding of thece three
aulphon‘amjdes was measured at d_iffereut coucehfraﬂoﬁs in humé.n
pla?ma gud the cbnsnnts, K, é é.nt'i‘n'were galéulé.ted from the rgat.;lgq '
obtained, A comparison of the binding of sulphadhnétho:;ine to plasma
protein in human. rabblt and rat was made in order to evaluate the
apecles differences between these three animala. The protein blnding
of the Igf:acetyl derivatives and the I:I_l -;glucuronides of quiphamethom:
idine aﬁd' aulphaéimethuxlne were also measured in human plasma to

find out something about the site of binding on the sulphonamide

molecule,
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2) METHODS

a)_gLTRAFn.TRATION.

Blood aken irom the species undezr investigaﬁon was mu:ed with
' heparin (Weddel Pha.rmaceuticals, London) {0.1 ml, o£ heparin to
5 ml. of blood) and centrlfuged at 2,000 8 for 10 minutes. A known.
wo!ght of sulphommido wag then dissolved in thn plasma. and a known
volume of 0 11»4 citra.te 0. ZM phosphah buffer pl-l 7 4 (115 of tho
volume of phsma) wag added. The soluﬁon was centrifuged and tho
supcrn;hnt (5 mk) was then pipetted iato dialysis bags mada £rom g
L collophaue.tubing (15 cm, in length and 3 cm, ﬂat w;dtb). which had
beon previousiy soaked In distilled water £oi' 24 hro. ond drie'dl- The -
’ ends of t.he tubing were knottad and the bag was placod with a ﬂat |
- aurface against a slntered diac onrocuy 1)'at the bottom ofa polytheue '
tubc (10 cm.‘length. 2,7 cm, diameter).’ The_ tube was spun at 3,000 g.
foi' TZ’hro. u& a thorﬁaoa'aﬁcany ‘coou'olle'di colitfr!fqge (20%).: The’
coot'o'nts' of the bag \;roré ‘a.naivseq for total drug (boond anci oobound)
by the 'addiﬁon of ulohloroacétic' acid ({1 ml, of 20%) to 1 ml. plasma,
oeoﬁifugoﬁon of the pi'eclpit'é.ted pi:ohaina (2 000 g, for 5 mins.i)and
zntlysia of the supernatant by the Bratton and Marshall (1 939) method,
" The ultrafﬂtrate whlch had collected in the bottom of the polythene |

tube (0.3-0.5 ml,) was analysed and this represants the amount of
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unbound drug {in an equal volume of solutlonj present in the bag,
Aaimals, Inorder to obtain reliable results fox each sulphonamide,
the amount of the sulphonamide bound to plasma protein was estimated
at four concentrations in each species under investigation, This
experiment was then repeated three times, the estimation of the
perc.nﬁgc bound at each concentration was performed In quadruplicate,
Blood obtained from three 'A' rhesus positive human malaﬁ. six New
Zealand whitn rabbits and seventy-two Wistar albinc rats was used

for cach set of experiments,

b) EQUILIBRIUM DIALYSIS,

The same method as slready described was adoptad to introduce
5 mls, ofa nolutioﬁ contaiaing plasma, buffer pH 7.4.and the
sulphonamide under iuvestigation iuto a dialysis bag made from
celiopham tubing. This bag was placed in & solution of 0. 1M citrate -
0.‘2h4 phosphate buffer pH 7,4 (10 mls,) in a conieal flagk (20 mls,),
The unit was agitated for 13 hrs, ina temperature controlled shaking
water bath (20°), This allowed equilibration of the diffusible
counﬁMenta (uubound drug) between plasma and buffer. At the end
of the experiment, sulphomamide concentrations were measured in
the {aner and outer fluids, The concentration outside the ﬁg is tha;t

of unbound drug and the concentration of drug insi{de the bag 1o that of
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bound and unbound sulphopamide.,

Contxols were performed in both these experiments using buffer
aud drug only inokis the bag. In theoe cases, the comcontration of
sulphonaralde noide the bag Wwac the came ao that outside, Thie lattor
method was used fn order 0 compare the resulte obkained by equilibriuxa
dialystis with those obtained in ultrafiltration, This wvag done with the
binding of sulphadimethoxine to human plasma protein and the two
methods agreed within tﬁn Umiits of experimental orror (£17).
€) CALCULATICNS,

Tataraction of & drug with the unoccupied Mading sites of a protein

may bo considerad as a reveroiblo reaction oboying the law of maso

action.
R
P + X 0P
=z R, £
R s [Pp)lx] (1)
(Pp]

where [PF] = concentration of irec ﬁnﬂlﬁg citao of protain,
[2] = conceutration of unbound sulphonamide,
[?F;‘;] = concontzration of combined binding oitao
B (=y) = dlacochudn constant, |
E n = aumber of biading sites cn cach protaein moleculo, amnd

P = molar concootration of total protein (albumin)
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then from (1) Vv = n[x]

——— (2)
K+[x]

where V = moles sulphonamide bound per mole mal pﬁohin. " This
expragsion is {denttcal in form with the Iﬂwmmf isoﬁierxh. |
By rearrangement of (2)

1 = K., .1 ¢+ 1 - {3)

v n X} i

Froma ntnlght Itne plot of ‘I,, égunet ’I[;; Jr K can be caleulited ﬁ-om
the slope of the line and n frorn the !ntercept on the !Iv axis (F'1g. 5.1).
K and u are affected by the pH. tamperature, ionte strength and dl-
electric conatant of the solution.

The /£ constant is 8 measure of the binding capacity of pfptahw for
sulphonamides and can be measured by plotting V against X).(F!g. 5.2).
Ap the concen&ation of sulphomamide In plasma increaces so the total
amount bound increases. Lventually, a state i3 reached where a
further {ncrease in sulphomamids concentration merely increasas the
amount of unbound aulphonamide present, the total number of moles of
sulphonamide bound per mole of protein vremains constant,

It has been assumed for these experiments, that the sulphonamides
‘are only bound to any significant extent (quan‘tlauvcly)' to plasma

21bamin,
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Values for plasma albumin content are as follows (Martin, 1961);

Human 0,53 mmoles/litre
Rabbit 0,69 mmoles/litre
Rat 0.62 mmdeos/ltre | |
The molecular weight of plasma albumin has been taken as §9. 000,
Ag these values are ounly calculated and not estimatad exactly, the
results for K, 4 and n obtained can only be used in @ comparative manaer,
Graphs guch as Fige, 5.1 and 5.2, wers plottgd for sulphadimethe
oxine in human, rabbit and :'at~ plasma, and also for sulphamethomidine
and sulphagomidine o human plasma, The results obtained are g'lven
in Tables 5.1 and 5.2, |
The plasma protein binding of the major metabolites of these three
sulphonamides were also measured at 0,33 pmolas/ml, However,

N¥-acetyl sulphadimethoxine was poorly soluble in human plasma and

80 the coacontration uced for thia substrate wasg 0.1 pmoles/ml,



BINDING OF SULPHADIMETHOXINE BY HUMAN PLASMA PROTEIN,

Fig. 5.1.
KR ¢
2,0
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BINDING OF SULPHADIMETHOXINE BY HUMAN PLASMA PROTEIN. |
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TAa,..zs. SN s

A comparlson cf the bmdlng of sulp}adimatho.ma. adphameﬁw-mdlm

and au!pbasemidimz to human p_lgsma proteln
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» TABLE 53

' Drotetn bindiag of some sulphonamides and their metabolites in

hm'rzd;z";a!a'sma’; -
Suﬁsirata concentration 0,33 )-tmoleslmlo

.'Su'ﬁsti'at; SR B | %Bfm“:ld‘.’
'-Sulphasamiuine (35) e 3 67 o
Sulpbametwnmzm (;\&) . 90.

' Sulphadimeﬁoam (sm .‘ o o

| N"-Acetyl S o . 78 |
jN“-Acetyl 5M - o T Tee
"Nfz’-Acetylsn*f:“' A © s 90

| SM-NI-G!ucuronide ‘ | o 33

SD-Nlelucuronide : P C . 28

Co cc.nc/‘antrat!qn 0; ] }xmolas’lzr’sl. :



4) DISCUSSION

A comparison of tﬁe bfnding of sulphadimethoxine {SD), aulpha:
methdm!dine (SM) and .aulpha'sémidlue {SS) to human plasma prou;.l‘n
is given in Table 5, l.l Atall concentr;uon}-,. gﬁlpixagllmethox;ne was
the most highly protein bound, althougﬁ very similar results were
obtained for sulphamethomidine, Sulphasomidine is ;he least protein
bound at 0,33 umoles/ml, nea_riy four times as much unbound drug
being available for metabonsr;: and excretion in vivo comparéd with
the other two sulphonamides (67% compared with 92% for aulphadimeth:
oxine and 90% for 'sulphamethomidlne). In vivo these two long acting
sulphonamides in man are excreted to an extent of 25% of the dose fed
in the first 24 hrs; » whereas 72% of the dose qff sqlph;somidine fed s
excreted in the same time (see chapter 2). Thase facts can now be
explained partly on the basis of protein binding,

Plasma albumin has"only one site for binding eulphgsomid;ne. bu%
two for sulphadimethoxine a;xd sulphamethomidine, hence the total
binding capaéity of albumin for sulphasomidine in man is markedly less
than that for sulphamethomidine and sulphadimethoxine { ﬁ constant for
5 =1,03; sM=1,73; SD= 1.7;1). Thus, as the concentration of
sulphasomidine is increased from 0,33 umohs[ﬁl. so the percentage
bound rapidly falls (56% at 0, 67 umoles/ml., 44% at 1.00 umoles/ml,).

The replacing of the methoxyl group in the '2' position in sulphadi«
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methoxine by a methyl group doeo not appear, therefore, to affect

the percentage bound, the aumber of binding sites, the constant

or the value of XK (SD = 0.147; SM = 0,163). Howaever, when the
methoxzyl gzoup in '4* position of sulpbldirnq&oxﬁa is also replaced
by & methyl group then the conatants alter (X value for sulphasomidine
= 0,314), This means that the strength of the ioud’ln the drug-;prouin
complex is much less than for the other two sulphonamides, ‘

Table 5,2 glveé a comparison of the binding af .aulé’hadhnethoxina
to human, rabbit and rat plasma proteins, Ata concentration of
0,33 pmoles/ml, the rat binds 1007 of the drug, the rabbit 937 and
the human 9255, The species difference between theoe three species
can be aaen In the valus of the { constanta (1,77 for human, 1.20 for
rabbit and 1,64 for rat), This means the binding capacity of the
rabbit for sulphadimethoxine 15 lesa than for the rat and human.’
and this fact 1s related to the number of binding sites of albumin in the
dificrent specles, The samec pattorn is seen in the results obtained
for sulphamethomidine and sulphasomidine,

The K constants which are lavcraeh’r proportiomal to the binding
strongth of the plasma prateln -i sulphonamide bond, decrease from
0.147 {human), 0,083 (rabbit) to 0,019 (rat). Sulphadimethoxine is,
therefore, very tightly bound to rat plasma albumin, Thus, bocause

at low concentrations {0.33 pmoles/ml,) sulphadlmeﬂtoxibe io also 1007;
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bound, rats - o not rapiily excrete this sulphomamiic after an
intraperitoncal inicction. Evon after three weeks a significant
amount reraains in the blood, none beiny available for excretion,

The protein binding of these three aulphonamidas and their major
metabolites to human plasma protein is given in Table 5,3,

When sulphadimethozine and sulphamethomidine are acetylated inl
the 15_4-posi'ﬂon. then the percentage bound (concentration 0, 33 umoles/
ral,) is unaffected, However, whon sulphasomidine (677 bound) is
acetylate:l the porcentage bound to plasma protein increages (737:).

It 15 known that acctylation causes a small decreaso in the ;Si{a value

of the sulphonamide nitrozen (Table 4.3), I the plasma albumin
attaches to the sclphonami-de in the 1\‘11 -posttlon.' thea a small alteration
of the pXa by acetylation may affoct the protein biuding of the substrate,

The attachment of a zlucuronie acid molecule to the 1:1_1 ~position
of sulphadimethoxine and sulphamcethomidine results in these metabolites
bein: poorly protein bound (287 and 33 rospectively, at low concene
trations), This may be due to the molecule beiny sterically aludered
from attaching itsclf to the biniling sita of plasma albumin, The low
proteia binding together with the hizh water sclubility of thé 23_1-

glucuzronides allow them to be rapidly exereted in vivo.
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" CHADTER 6
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i) INTRODUCTION

The mauboltsim of ;rlous lipid soluble druge is _acceleuted,ll':‘.
‘animalo treated previously with & aumber of structurally uﬁhd or

| unfehud compomis. Some activatore suéh as plunobarbuom.:aa

_wen'u-baing oxldgud themaelves, aﬁmuhﬁ tllc ensyme systems

. ;eééonslblc for the Aydroxyht@ol; ani dealkylation of foreign cémpoun:ls.

Remmer (196?) found ﬂnt the oﬁzy’mlc activity \;an cleiriy reduced

' z-a hrs. athr' administration of phlﬁoharbttoue. .On ccntlnucd |
.admmatuuou. thc lncrease in enzymic activity uached a 'mlxi:'num

" on the second and third day. dgcunlng to normal values aiter 57 days. |
.Rcmm-r (1962) conciudad kém hil experiments tha.t activation could

-occur when the sﬂmmﬁng drug was givea in ome large or ln sewral
mauer dosas over a poriod ol time. 'l'hls inc:case ln drug mebbolo

"ish_:g enzymes is roportgd to be tho recultofa qmuﬂhu\m fncrease in
s’mooﬁ endophsml; reticulum (Remmer & Merker, 1563). Gelboin
&k SQRclo_tf {1961) ‘svl‘mwe;i that pﬁﬁoun treatment of rats,\;zlth pheno«

| barbitons stimulated the incorporition of amino aelde into ml'c:-'o'somal

_ proteius of cell~free livar preparations.

Remmer (1964) .rapqrud ﬁt pretreatment with plien’oblrbuohe

- affecte:d the metabolism oi;' sulphadimethoxine in the rat and dog.

Kibby (1965) found thatl vlvlnn sulphadimeathoxine was administered to

rats, pretreatment increased the renal cxcretion of all metabolites.
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| Also pratreatment appeared to stimulate glucuronide ayntheois and
excretion in the bile, | |
The acceleration of the metabolism and 'oxcrotlo;n ;:t lulﬁhonamidn

might easily be induced in therapy because of the wide use olt miuy
different drugs which msy u‘eﬂvstn' en:ymes in liver mlcgo-omea.
Because of this interest in the interaction of druga. we decided to
investigate the effect of phanobarbitons on the metabolism and
excretion of [353 Jsulphadimethoxine, In order to uphlﬁ the effect
_of this ipuncﬁon between phenobarbitone and sulphadimethoxine, |

blood levels, protein bluﬂlng and uptake by kiiney slices wero‘

investigated,
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2) MATERIALS AND METHODS |

1) PRETREATMENT WITH PHENOBARBITONE.
‘ Phenob:rﬁbou sodium (30 'mg.lkea) was ldmlnuhr;d in aqueous
solution {ntraperitonsally to female rats .'(300 g.’— or female mice ‘(30 Be)
" onee datly for three days prior to the admimistration of '[”S Jsuipha-
dimethoxins. Control groups of female rats or mice were pretreatsd
with %hr (1.0 ml, and 0;1 ml, respectivoly) intraperitonsally daﬂy |
for thres days, | | | | |

A comparison of the metabolism and excretion of sulphamethomidine
and [35,5 ]sulphadimethoxine 1n normal and pretreated rats was carrled
out, {355 Joulphadimethoxine (100 mg. /kg., 5 pc.) was injected (1.p.) In
dimethylsulphoxide (0.5 ml.) 2 hours after the final injection of |
-phanoblrbitom‘éodlmn. Urlnﬁ was collected in two twenty-four hour
| batches, and the total amount of radloactivity excreted was estimated
uging the scintillation counter, Urinary motabollhé were Qsﬁmaud
using the radiochromatogram scanner ‘aa previously described (see
chapter 3), Sulphamethomidine (100 my./kg.) was given i.p. in
DMSO (0.5 ml.j to pretrcated rats 2 hrs, after the final Injection of
phenobarbitons sodium, Urine was collected in two twenty-four hour
baﬁchos and analysed for free and total drug by the Bratton & Marshall -

(1939) method, Urimary metabolites were estimated chromatozraphically
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. by the method described in chapter 2,

The effect of using propane 1.2,d40l, Instsad of DMSO as the
medium, on the metabolism and excretion of [3ss]nulphpdlmoﬂio:lne
adminlatered orally to normal and pretreated rats was investizated,
The species difference in the excretion of lsss]sulphadbnothéxine
given {.p. in DMSO to normal a.nci pratreated rate and mice was also
investigated. On this occasion, a single injection intraperitoneally
of phenodarbitone sodium (30 mg., Ikg.) Qas aleso glﬁn to one zroup
of rate and one group of mice 2 hra. prior to the administrauon of
[35s Joulphadimethoxine (100 mg. /kg.).

1) BLOOD LEVELS. |

Female rats (300 g.) pretreate for 3 days by a single intraperitoneal
fnjection (l.:ﬁl.)_oi phenobarbitone sodium (30 mg./kg.) were injected
(i. p.iAwm: (355 Jsulphadimethoxine (100 mg. /kg., 1.5 pe.) togother
with a éontrol group of rats pretreated with wihr {1 ml,) i.p. dafly
for 3 days, After time intervals of 30 mins., ! hr,, 2 hrs., 4,}“&“
8 hrs., 12 hrs., 13 hrs., 25 hrs. and 30 hrs. two normal rats and
two pretreated rats were stunned aﬁd;the!r throats cut. The bloc;d
collected (10 ml,) was mixed with heparin (0.1 ml,), centﬂtugod at
2000 g, for 5 mins. and the plaoma (0.2 ml.) counted in dioxan gel

(Fig. 6.1),
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111) UPTAKE BY KIDNEY S5LICES.

Fernale rats {250 z.) were killed by a blow on thg back of the neck,
and the kluneys immediately removed and placed in Krebs«Ringer
phoaphate solution (0. ls-n\g. pH 7.4) in chilled beakers, Slices of
the kidney were cut (100 myz, wet weight) and placed in 2 ml, of Kreboe
Ringer solution containing [355 Jsulphadimethoxine {400 Pies 0.6 }xc.).
The mixtures were shaken (100 oscillations/minute) in 20 ml. conical
flasks at 37° in anlaknoaphere' of 959, O, +355% CO, for 1 hr. At the
end of this time perlod, the slices were removed from the incubation
medium, blotted on moist fllter paper and weighed, |

The slices were digested with 5 rnl, of an aleoholic sodium hydrozide
solution {12 ml, 337 Y/, aqueous NaOH diluted to 50 ml. with 957 Y/,
ethanol) at 33-40° for 1 hr, l.4M -Acetic acid (5 ml,) was then added
and the neutralized solution estimatad fox [35.‘5] activity. _Aliquots
(i m1,) of neutralized kidney solution and the superaatant were counted
in dloxan zel, and the slice/medium (8/m) ratio calculated, The
experiment was performed in triplicate, Three normal rats, throe
pretreated rats and threc rats given a single §,p. injection of
phenobarbitone sodium (30 mg./kg.) 2 hrs, prior to the anknals being
killed, were used ia this expoeriment. Controls had [355 Jsulphadi«

rnethoxine (400 Pg.. 0.6 ’sc.) added at the end of the incubation period,
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iv) CCMPETITION BETWEEN SULPHONAMIDES FOR EXCRETION,
Famale rats (250 g.s wo:;i given Qulp'hamethomldhﬁ (100 mg.lka.)
lntrsparuonuuy as & sugpancion in propense 1. Z.dlol (0.6 ml.). |
Two hours Iater, [355 ]sulyudlmethoxm (100 mg.lkg.. 5 pc.) wag
glnn‘.p.) in DMSO (0.0 ml.). Urine wag collectsd afhr 24 hra.
and 48 hrn. Toul nulphona*nide present was estimated by the Brattan
& Marahtﬁ mathn:i (1939)s Urine was ako oumlmd chrornato~
graphically for iad!kualy metabolitsa, The amount oﬁ (3"'8 ]sulpha-
‘dimethoxine present in the first 24 hr, urine sample and its tndtvidua!
'mnhbolﬁus were ostimated as already described, |
v) PLASMA PRCTEIN BINDING. _
Tlu effect of phcuhrhlhm sodium on the binding of [355 ]nulph;-
 dimethoxine to rat plasma protom wag determioed in vivoaud in vitro,
Two groups of female rats ‘250 g+) were taken and onz group (6 rats)
wore pratraitad with phonobarbitone sodlum daily for 3 days as
previously described, Then both groups of rats were injectad (1.p.)
with 353 ]sulphadimethoxine (100 mg./kg., 1.5 pe.) in DMSO (0.5 ml.)
| 2 hro, after the final !ﬁkcuon of phenobarbitone. Ons hour aiter the
injection of [3SS]sulphadlr$s:thoxlm. the rats were ctunned, their
throats cut and blood wae taken from each group of rats as previously
deacribed. The Mundiing of [353 Jzulphadimethoxine to plasma proteins

was astimatod by an ultrafiltration method (see chapter 5).



Blood takon from female rats (259 z,) was centrifuged at 2000 g.

for 10 :mins. and [355 Jsulphadimethoxine added to the plasma to give
concentrations of 0,33, 0,67 and l.Do'rmolealml. FPhenobarbitons
sodlun was added to samples of fg');laama. ‘from each group to give
concentrations of 100 }xg.lml. and 300 pé.lm}. Tho plasma protein
| binling for these colutions was measured by ultrafiltration and the
results co:;::pared with those already obtained for normal rat plasma,

- vi) BILIARY EXCRETION,.

Female rats (250 ;.) wore protreatzd with phenoba rbitone as already
dascribad, A control group of rats were pretreated with water (1 ml,)
t. p. cailly for 3 :days. Normal and pretreated rats weroe cannulate:d
2 hrs, after [inal pretreatment injection by the method already deseribed
(see dhapwr 2)s Both groups werc ziven an intraporitoneal injection of
[35s Jeulphadimethoxine (100 mg. /ky., 2 pe,) in DMSO (0,5 ml.) and
- the bile collected fox 24 hrs. The experiment was repeated using
propane 1.2,dicl as the medium of administration. The bile was analysed
for total druz and individual metabolites by tlip method already deseribed,

Female rats (250 3.) were ;:refreated with phencbarbitone sodium
(50 mg./kg.) daily for 3 days and then left for 24 hrs., A control group
of female rxats was treated similarly and left for 24 hrs, after the final

1.p. injection of water (1 ml.). The two groups of rats (3 rats in each
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group) were biliary cannulated, *3s Julphadimethoxine (100 rag. /kg.,
| 2 Pé.l is DMSO (0.5 ml,) was !ujocﬁd i.p."a_nd- bile c;uccud at :
fatervals of 15 mius,; 30 tatas., 45 miss., 60 mins., 75 minsl,

90 miws,, 2 hrs., 2} hre., 3 brs., 3}hrs,, 4 brs,, 5 hrs., 6 hrs.,

10 hra. and 24 hre. Edch sample was amlysed for [*35) chvuy

" amd tlgnph plotted (¥ig: 6.2).
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TABLE 6.3

Bﬂhg excretinn of [355 ]sulfhldimothoxim {n rormal and

Lotrubd rats,

Dosa level 100 mg. fkg. injectsd 1.p.

" % of dose fed

axcreted in "~ 24 hras.
{ %
iN " =glucuronide
i
Eg_‘-mlpluh
hof24hr, |
bile. K {1}!_1 -glucuronide

oxxereted as .
:Unchanged drug
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FIG. 6.2 BILIARY EXCRETION OF [ SjslsULPHADNETHOXlNE IN NORMAL AND PRETREATED FEMALE RATS.

(Each point is the average of three animals.)

% dose fed
excreted in bile.

. Pretreated rats

A Normal rats
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4) "DISCUSSION

A c‘omparisoln of the pﬁehbol!s.m a;xd exciétion of aulpham‘othbiﬁldlno
" and [358 ]auiphadimethéxim. in vl;brnlaal an&ipfcm;ted vfe‘”malle"r:at's
| :c’n'n be seen In Table 6.1. Inj'eAction'df phienobarbitone '!;Cldilii!“l {30 -
- 'mg.‘[kg." ‘&a_ﬂy for 3 days) bas to statistically significant eife‘.t-:t on
‘ the excretion or .m.ehb-d'lllmcof sulphamethomidine, Ho\‘ve_‘v'ﬁ-; |
pro't'reat_u.:ent of r;t'a with phgncfnrbito’n? does inbfeau'e the o;(:r'eﬁo_n of
3%s ]é'ulph;dxme&&iné from 31% to 44% of the dose giveh lntra.t-;: .
éerltqueally iﬁ DMSO0, - -The excretion of this énlphbnnthid'e_ was also |
im‘:rea.scdfeo 43% after‘a; single 1, p. injecﬁod of phcnéhrﬁltbm ' .
2 hrs, prior ® the administration of [3_"’8 Jsulphadimethoxine. The
effect of phenobirb!ﬁne on the méﬁbbuam of ﬁln ¢ompound is seen
‘in the do§r§a§e_ in the percentage of lf';cétyl st;lphadlmeﬂnotine' .
‘excreted as a prdpc;rﬁ‘o; of the 24 hr, uriié. Thera was an Inérease
in the amount of free drug excreted ivhichev;'r way the pratreatment
ms.carried out (from 11% to 29% for rats jiué 'pfetroaud and 21%
forvtl':oso pretreated for 3 days'). The amounts of Ij_i;giucuronide and

lg_lr -glﬁcur‘onida excreted 45 & per'cent'agg of the 24 hr, urine were
‘unaltered whe rea.'a' ther; was an increase in the g_‘-gnlphaée-“e‘xcuted '
(3% to 15%). Even after 48 hrs, the pretreated animals had e:xc‘rfeted'
- 10% moré‘sulphadi:’pethoxlue ‘than the normal rats (43% —éomp‘ared '

with 55%]),



=160 =

A simllar pattera is seen when [353 ]Jsulphadimethoxine was. given
orally to normal and pretreated rats (Table 6.2)., The total amount
esxereted In 24 hrs, increased fro:u;x 26’h to 437, of the dose fed,
Agaia the amount of -b_l_‘-acetyl derivative :lecreased from 597 to 337
of the 24 hr, urine, although the actual amount excreted fn mg, 1o
about the same in each casa.. Thers was an increase in the amount
of unchanged druz oxcreted from 22% to 337 of the 24 hr, urine (1.9 «
4.9 mg.). This accounts for the increase in total amount excreted,
The quantity of If-sulphate increase:d from 3% o 15% of the 24 hr,
axcretion,

. Whan [35S]sulphadlmethoxine in propane 1,2, diol x.vao fed orally
to rats then again there »~as ipé;'easad excretion (157 to 307%), The
differsnees in metabolisr follow the same pattern as when DM30 was
used ags the medium, The effect of DM30 and phenobarbitone on
e;xcretlon are effects which reinforce ons another, DMSO increased
the excretion of this drug from 157 to 26/ and pretreatment with
phenobarbitone increaced this to 4375 of the dose fed,

The offect of phenobarbitone on tha metabolism and excretion of
sulphacllfnethoxine in the rat wau not found in the mouse, The difference
in gercantage excretion 1a normal and pretreated mice was not siznifi-

cant, (Normal: 55 ¥ 47, just pretreated: 43 ¥ 57 and pretreatad for
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3 days: 61 %1%, an awraéc of 5 mice in each group.) Some
explanation is therefore aseded for this phenomenon in the rat,
-_ prucularxy as a,ti-glo fajection oi éhembnrbi&ni 2 hrs, pr‘l'd'x- to the
‘ tdminismuonof wlphdlmcmo:iu ts sufncuu h alter the ucutlon
paun'n. In addmon. the mohbousm and cxcretion of the clouly
. related drug sulphsmoﬂzomldim. is ua!focted by plulohrblbno in
" the rdf., Phnohnrbuom. as well as affeeﬂus the muruml usymn.
might affect tho permubuuy of cell msmbﬂun and Nl mly be tho :
explanation ot thq ineruud cxcretlon. '
Fig. 6.1 shows the clfcct of protroahmnt on the pham; hvcl o!
[*%s Jsulphadimethoxine tn the #ot. A higher plasma level (475 pgefml.)
| was move rapidly attained in prptraee& Tats lh‘n;ln mrmalt ;iiu. Thts
higher plasma level ¥as maintained for about 4 hre. after which the
pattern iu each group of animals was stmilar, Puaumably the initial |
high plasma loval nlblcs the compouud $0 be more rapidly ucrohd

i . in tho first hw bouu.

The possibility thu phouohrbi&ou wis aﬁocung the uh of qxcret!on
of uulphla!_.mcthonu by the kidney was lunnugated by exarnining the - |
upmke of thgs drug by kidoey olices of normal, pretreated and just ‘

pretreated rats. A slice/medium nﬁé (“]m) of g'nihi than 1
{1.e. S-IO’ lndietvho thas sulphadimethoxine may be actively secratod

by the renal tubules, However, the results for the experiment were
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as followss

N. ' Jo e g;

5 ratio ., 1a7toae  nzstoaz  L.s7to.s
This showed that §rgtr§“mcﬁt bad o zignulcaut e.‘!ﬁct'on‘ the upmke
: _ot -ulpﬁadlmathouna by kidaey alices in vityo, -
The cife:t of a cinah imecﬂon of lulphtm.&omldinc iutold of
- pluaoh:bnom two hours. prior fo the sdministration 1. p. of ( ]
uulphadlmnhorlne Wa3 alao stuulad. It was found that, like phenc~
barbitone, eaxpmm.mmm Mreaaed ehc excretion of [353 Joulpha -
dimethoxine. (itom 307; to 407 of the dose fod). IHowever, thl
metabolism of aulpb‘idtmeﬂmxlm was unaltered, sud the excretion
uﬁ metabolism of nulbhamathomldhe remained 'mrmal. The
poiathlllﬁ that tulplamithom!diu facreased the excretion ofr
sulphchm.ﬁxbxlu b/ competition for protein biading sites was
examined and this competition was ‘aho"ml to oécur ia an in vitro
aystem, The effect of phcn&hrbmﬁo on the protsiu binding of
(35s ]sulpbtdhncthoxim to rat plasma albuinin waa lmstmahd
| and tquud to be negligible, | |

The effcct of pretreatment for three days on the biliary excretion
of [355 Joulpbadimethoxine can be seen in Table 6.3, | ‘Regardless
of the medium of administration {propane 1.2,diol or DMS0) there

was no increade in the billary excretion of this compound given 2 hrs,
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after the {imal injection of phenobarbitone sodlum, The percenmge
of unchanged drug cxereted remained tﬁe same, wbl‘lovtlmm wers
minor changes in the porcentage of 13_1 :glucurodde.’ lj_‘;glncurunldo
and xg_*-:.cezyx derivatives e%creted. The zj:-snlphn_l was not
| curﬁud in tho bils, Homﬁr. whon the pretreated rats were Left
for 24 hro. after reéelvina p?alonobnrbuou sodfum dafly for three days,
then the bilisry excretion lncreased from 12% to 23% qt tha dose fed
- (Flg.‘ 6.2)s One poscibllity is that when [358A]eulp§a‘d§momoxim is
gitran 2 hya, aﬁer tho last injection of phemhrhltane eadium them
there io é.ompouthavtor axcretion. But when the pretreated anlmals
are left to:." ;'24 hra. after the vkst fajoction of pbauqblrbuone. then
the stimulation effect 13 not counteracted by 2 competition efisct and
the recult is an facreass in &c perceninge excreted, Xt is obvious,
thezefore, that thers is still much to learn about the roleof pheno-
barbitone and its ofiect on the metabolicr: and exér.ation of foreign
compoundo.v For although pretreatment of rats with phenobarbitone
is knowﬁ to accolenﬁ the metabollam and excretion of drugs, the
mechanism by which a single dose of phenobarbitons increaces the

excretion of sulphadimethexine §5 a9 yet unknown,
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CHAPTER 7

GENERAL DISCUSSION AND CONCLUSIONS,

SPECIES DIFFERENCES.
FORMATION OF N!-GLUCURONIDES.
DURATION OF ACTION.

PHENOBARBITONE INDUCTION.
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1y sPECIES DIFFERENCES.

A comparison of the metabolism and excretion of sulphasomidine
and sulphamethomidine in man, monkey, rabbit and rat has shown
that thare is little species variation in response to the short-acting
sulphasomidine. This drug ia excrete.d mainly as the unchangad
compouni in all species examined, the If'-acetyl derivative being a
ininor metabolite (4-197 of dose axcreted in the first 24 hours),
After the ingestion of sulphamathomidine, the lzx_é-acetyl derivative
was the main metabolite in the monkey, rabbit and rat (59-737) of
first 24 hour excrauoh). whereas sulphamethovnidine -111 «glucuronide
wag a maor metabolite in man and monkey (687, ani 327 of iirst 24
hour excretion respectively). This metabolite was not seen In the
urine of the rabbit or the rat. Sulphadimethoczine -1:1_1 -zlucuronie
wao not foun:d in the urine of rabbits given sulphadimethoxine, and
only small amounts were scen in the urine of the rat (Bridges et al.,
1968). However, g‘ ~zlucuronide formation was a major metabolic
pathway in primates (Adamson, Bridges & Willlams, 1966).‘ It
appears, thereforez, that the rhesus monkey most closely resembles
man in the metabolism and excretion of these sulphonamides, and
also in the proportion and nature of metaholites of other substituted
6esulphanilamidopyrimidines excapt the 4.5;dimethoxy compounii

(Bridges etal,, 1969).



- 166 -

This similarity between these two species 13 ia conflict with
Brodie {1564) who stated, without giving any examples to support
his argzument, that the monkey .generally Joes not treat forei_gn
compounds i{n & similar way to man,

It would seem from these studies of species differences that
the monkey is a very guitable aninqal in which to study the metabolism
and excretion of naw sulphonamides prior to clinical trial as they
fre.quently metabolise tixese drugs ina simuar way to man, Other
metabolic reactions that have been reported as being peculiar to
man i.e. the aromatization of (=) quinic acid to ben:oic acid, the
conjugation of aryl acetic acids with glutamine, have also been found
to occur in the rhesue mounkey (Adamson, Bridges & Willlams, 1966;
Bridges, XKing & Willlams, 1964 - unpublished data). However,
these reactions do not occur to any great extent in the lower a:nlmals.

The difference found in the metabolism and excretion of substituted
6-sulphanilamidopyrimidines in various animals iadicates the difficulty
in pre:dicting specles differences in the future from our pregent limited
knowledge of drug metabolism. Not enough information is available
to answer the juestion: which animal or animals may respond to a
group of drugs or a chemical grouping in a similar way to man?
Howevaer, as a result of these investizations it does seem as if the

rhesus monkey is the animal of choice for some sulphonamides and

maybe many other foreizn compounds,
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2) FORMATION OF N!-GLUCURONIDES.

The ia vitro synthesis of aulphadimethoxlm-!j_‘ =zlucuronide was
investigated in the rat, rabbit and monkey ustng [>7S Jsulphadi-
methoxing as tho substrate., These results confirmesd those obtained
in vivo 1,e. no r_sl_‘ «zlucuronide could be Jetected in the rabbit, whareas
considerable amounts ware found in the onkey. This glucuronide
formation is asgoclated with only 2,4 disubstituted 6~sulphanilamido=
pyrimidines in which a inethoxyl group 19 prescat in the '4* position
of the pyrimidine ring, ‘When the '2* position i3 unsubstituted
(sulpharnonomethoxine) then oaly 87 of the Zose o;xcreted in the first
24 hours in man is the rj} =3lucuronide. I\_I}-Glneuronxdes of
sulphathiazole (Uno & Uada, 1962) and sulphisomazole (Uceda &
Huribayashi, 1964) havas beon reported ao minor metabolites in man
(loss than 57 of dose excretad in 24 hours), However, the 13_1- |
gluquronidos of sulphamethomlidine and sulphadimethoxine are major
metabolites {n primates (32-707:), It would be interesting to know
whother other 2,4 -isubstitutes darivatives (2 =mothoxy=4-ncthyls,
2.4-dlaﬂ:oxy-6-aulpbanilamldopyrhnidlnor:) would form an ly_l-
glucurontide in vivo, Furthor investizations using these substrates

" including 2,4 «dimethyle=6e=gsulphanilamidopyrimidine shoule be parformed

-

In vitvo to ascertain whether the faflure of this latter compound to

form an Z\lloglncuronldc in vivo is due to {ts rapid clearance from the
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liﬁr or its unsuitability as a substrate. Such studies on the
formation of Ij_l -glucuronides using various related substrates -
would be a useful tool for elucidating the nature of the site of
enzyme action,

It is possible tha._t this major route of detoxication in the monkey
and man is due to the resemblance of sulphamethomidine (Fig. 7.13)
and sulphadimethoxine to naturally occuring compounds involved in
nutrient metabolism, These two a:ulphonamldes contain a pyrimidine

ring which is found in many biologically important compounds i, e,

the purines are structurally similar particularly {;&'_anthlne (Fig. 7.1b).

Fig. 7.1

Cl” N
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As well as (a) and (b) beinz structurally similar, the acidic
hydrogén ator: of Athe sglphonlmlfle group 15 analogous to the
hydrogen of the hnluazole. ring of xanthine and other purines,
However, there is n'o‘evidet'xcé at pregent that purines form
;glucutouldes ia the monkey. It would be lntara#tihg in this context
to investizate the fate of various anutrient purines i,e, caficine,
and theophynine; to see if these also forméd p_t_l-glucuron!des. It
has receatly beén found that 5, 6-dlthoro 2 «trifluoromethyl-
benzimidazole (Fi;. 7. }c) is n;:etaboused to an 13_1 -5lucu:oqlde in
the rat and rabbit (67 and 97 of the dose fed respectively in the first
24 hours) {Flockhart, Smith & Willlamsy, 1965 - uuéubushed data),

Further sstu:dies could ba performed in lower species to sce
whether sulphonamide g‘ fglucuronyltraneferalsg activity 1s absent
in these specles or just suppresced ia the same way that geamino-
phenylglucuronylgransferaae activity is inhibdted in the guna rat.

3) DURATION OF ACTION.

Various parameters have been studied Inorder to explain the
lon; action of some sulphonamides, but it seems that there is no
single answer to the problem, However, in the serles of 1somers
studied, the longe-acting sulphonamides 2,4-dimethoxy-, 345 =dimethoxy-
and 4-methoxy-2-methyl-f:fsulphanuamldo pyrimidines all containa

lipophilic methoxyl sroup in the '4' position of the heteroeyclic ring,
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When this methoxyl group ia shifted in the pyrimidine ring or
zobﬁced by 2 methyl group, then the sulphonamida becomes shorter
acting. It would auﬁx that there 13 a difficulty in designing drugs '
from existing knowledge, because a sories of sulphomamides with
many similarities ia étrnctnu are metabolised and excreted very
differently.

The physical properties of sulphadimethoxina, sulphorthodie
methoxine and sulphamethomidine show that they are all comparatively
highly soluble in organic solvents indicated by the chloroform :butler
partition coefficients (i.e¢. 2,4-dlmethoxy:5, e.é;dimetbo:zyza. and
4-me&zoxy~2;meﬂxy1:_l). This méane that long;acung sulphommides
should be able to penatrate lipoprotein mcmbfaus of colls and be
absorbed at UHpophilic sites in the body more casily than short-acting
compounds, They will thcrefore diffuee from the remal tubules and
becomae reabsorbed into the blood stream andd theu metabolised before
beiny finally excretod. '

It has been sugzgestad that long-acting sulphonamides underwent a
differcnt metabolic fate from shorteacting sulphonamides which
enabled them to be excreted ata slower rate. The sulphonamides
described above were all metabolised to some extent to the g‘dcetyl
derlvaﬁ\ies. but there was no apparent correlation between long action

and metabolism. The in vitro synthesis of these metabolites was

studied for a ceries of substituted 6-sulphanilamidopyrimidines in
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the rabbit and monkey. The differences between the in vivo and
in vitro results could be largely explained by the physical properties
(solubility, pXa and partition coefficient). However, some, but not
all, longéctlng sulphomamides form water=soluble glucuronides in
man and monkey, and these beiug extensively formed in vitro
(sulphadimathoxine --1;3_.l :glucuronlde formation in monkey) are raplily
excreted. Sulphorthodimethoxine, a very long:acting sulphonamide
in man (5% of dose fed excratad in 24 hours) 1s not metabelised in
this way.

A comparison of the binding of sulphamethomidine, sulphadi-
methoxine and sulphasomidine to human plasma proteins showed some
important diffierences. The long-acting drugs were more highly and
tightly bound at all concentrations studied. Plasma protein blading
seems to be an important fleld that has rccelved very little systematic
attention. The problem of long action could be further investigated
by altering the structurs of the sulphonamide, measuring thé binding
at different concentrations and corrclating the results with those
obtained in vivo . The duration of action of the long-acting
sulphonamides seems to be determined by their physical properties
and protein binding which in turn affects their metabolism and excretion,
4) PHENOBARBITONZ INDUCTION.

Pretreatment with phenobarbitone sodium daily for 3 daysora
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single intraperitoneal injection just 2 hours prior to the Ingestion
of sulpha.iimethoxine decreased the duration of'acuon of this
sul'phonam'lde in the rat, This phenomonon was not obsarved "
with sulphamethomidine, Phenobarbitone may have an effect
on cell permeability which would affect the metaboliam and excre tion
of & drug. an& this aspect needs to be investigatsd,

Further work should be done on the effact of phenobarbitons
on the excretion of sulphadimethoxine in vitro using perfused rat
kidneys. The intoraction of foreign compounds will continue to be
of lncreéilng fnterest as more anutrient compounds enter man's

_ilet and combinations of drugs are administerad during therapy.
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Corrlgendum

2 -Methyl&-methoxy-é-s ulphanﬂam idopyrimidine
(suhhau,ethomi inc) uh@ﬂld be correctly named as
4emethoxy=2 -“nethyl-é-sulpbanﬂamidopyrhnldine :

throughout this thesis,
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