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EXECUTIVE _SUMMARY

The n»nurposes of this research projsct are : (1)} to
synthesize a seriess of analogs of snlfa drugs, (2' to test the
antifertility activitics of thaesae compounds in the male vats., and
(3) to develop and standardize wethods ro be used for the study
of the mode of actjion of tha taar componnds on male ferrility,

The technical staff involved in rthis project represents
a aood blend of organic chamists hiachemiscs and hiolnaists,
The Thai orgaiic chevmists were vespensible  for planning  and
synthesizing sulfcyanide analogs far tiological testripas. The
Israeli biochenists were muinly involved in the development  and
standatlization of methods far the studving of functions of the
male reproductive ovagans, Both rhe Thai and the Tsraeli
biologists performed paralicl fertility twestings and the study of
the mode ¢t action of the test conponndsg,

As  a results of tha agnod team work, 13 compounds have
been synthesized and tested for biclogicel activities. FEight
sulfa drugs, which are commerciaily available, were also testad.
Of these., 5 synthetic and 4 sulfa driogs ware found effective in
the suppressior of malae fartiltiy, The basic suructural
requirement for the antifertility acrivity has been revealed,
Several methods hava lhean develonad, ard  some of these wera
found wuseiul far rhe study of the mode of action of sulfa drugs.
It appzars that thse raduction in fertility indueced by
sulforamides is not asscciated with changes in the hormone levels
nor the rate of sperm production, Tn addition, thk .se compounds

do not interfere with the function of the epididymis. The
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results suggest that the lafe staae of sperm modelling in the
testis is affectead leading to a reduction in sperm motility and
fertilizing ability.

The results in this satudy provide an altarnative
approach for the developneant of  new methods  for male
contraception, which ara acutely neaded ~specially by davzloping
countries. Althouah. in vicw of irse made of action, this aroup
of compaunds is attvractive as a male contracesptive, its notancy
is still not very high. i.ec. a dose of 4 few hundred wg/ka s
raguired. Further =tndies ara recquirad to search for mora Datent
compounds and then clipical ~rudies are warranted.

This collahorativa nraject  has  creatad g close
interaction hetweszn the Thai ard Tsracii scientiscts. and will
undoubtedl; 1=ad to futu:e coopzrative woark. Several tachniques
and skills for the study of male fertility transferred fto and
acquired by the Thai collahorators during the granting period
will enable the Thaj researchers co carry on furtner studies

along this line.
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RESFARCH_OBJECTIVES

The overall aim of this projsct is to develon mathods
for investigartion of the node of actinn of compounds suitable for
use as contraceprivesz in the wale. and to adopt thess devaloped
methods ro evaluste the antiferriliry acrion of sulfonanmide drugs
and theiv arsioas,

It is nenavally aqgread that an optimal siza of

<

pepularion wirh good quality is a nmrevequisite for a suceessfuyl
develioprent  of a counrry, This basic requirement is hairdly  met
in the lesz  developed countries wher .  the probl-m of aver

3. Thersfore. the rnesd for birth cenrrel as  a

populaticn
means of controlling pepulation size in these countrise 1is  of
prime importance. “ther forms of inte~inatiosnal assistanca to
help developing the overpopulated countrics will  be less
effective unless the overarawth of popruiation is under control.

At present. Thailand is still rrearened I'v an overarowth of her

population nraizcted sver the nexe ron v2>ars. The resujts from
this projeict with vecard ro the development of the wethods will
provide a dirsecr  nraccical appiication for vse in  Thajland.
Furthermcre. 1esilts from che studies an the strucrure-activiry
relationshin  and  rhe ands of actian of potential  contraceptiva
agents will bwe ssscznrial anidelines fer the develcpment of new
contrateprive aments wirh a known speacific action and lawest risk

of undesivrable effects.,

Brecont  atierprs to contral fereility in the aale  have

(]

been focuses=d on <three major areas {a) disruotion of

spermatogenrsis either by a dirsct action on the testis or
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indirectly by altering normal levels of gonadotrophin or
testosterone, Ib) dinterfarsnece with sperm matvration in the

epldidymis, and (<) dntervuntion of sperm rransport  inta the

feanls Jenital  bvact, At nDreseant, the progreas  of these
aporoaches cHTEDT in ey, has  por reached rhe sraqe
wherewidespr-ad appliications Al vaccmmended, Moveovery,

intensive svadies af the currentily availablie methods r=veal move
problems  or  rneoavive aspears of rhe prospective  marhods (1),
Therefore, thie nezd fory new methods for fertility rea.latior in
tha male is sti11 acnte,

During the nast dacads rhere have becn an increasing
numbers of clinical reports of fhe side-effect of sulfasalazineg,
which 15 generally uzed to treat ulcerarive colitis. on ferrvility
¢t the mal: patients (2-4). These patiencs who have history of
normal fartilirty before the onser of drug treatmenr  became
infertils shortly, within 2-3 months, after the treatment.
Bormal fertility resumes snon after drog withdrawal ., ¢ Apnsars
that this infertility is nnt assnciared with chanages  in  blood
gonadorvaphin  or  tettastarona, bnt may be ralated ro  raduced
gperm  counts, defective sperm moriiiry and a high  number  of
abnormal sperm movphology (2~d). R®ecent work on  the male vate
by Levi's and our groups have demonstrared similar effecrs as in
man {5,661, In addition. prelisirnary studies on  sulfasalazine
meztabolitzs. d1.e. suifapvridine and S-aminosalicylic acid formed

after breakdown of sulfasalazine wy intestinal micro-oraanisms,

snowed that sulfapyridine. but  rer  AS-aminosalicvlate. also
suppressad fzrtiliry in the mal: vrare (5, 7). Bacides,

sulfamethizole in which the pyridine aroup of sulfapyridine 1is
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replacad by a methylthiadiazole group had virtually no effect
(5). Fossibl- a2ffects of other asulfonanides on the male
reproductive system are Fargely unknouwn,

Tha mod» of aztion Af anlfasalazine fand snlfapyridine)
on  the male reproductive sverowm g rrezently unclear. A1 though

previous vorks venorted narval Rlaad Jeue 5 of Jontadotroaphin and

tesrosterone  in patisrcs receiving sulfasalazine treatwent . more
recenrt  studies anowsd  thar ptaema S (8 or LH O !'9Y was

elevared  whereas plasma Tesrosterons (2 9) was depr-ssed hy rhis
drua. 3n rhe othsr hand. rhae pituitary veserve and its sacretiop
in response to GrRH or TRHE wer. normal {9Y . This eunggesrs  rthat
nor=zal  functions nf the pritnriary gland are still jaracr, Tha
conflict in  rhe reperred level of cirevlating genadotrophin  in
these vpatisnts  could possibiy be due ra diurnal variations of
these hormones. Thus. the possible effects of the asulfonamides
on blood LH, FSH Aand testasterspe vequire further w=ll-contyolled
studies, However, the findings thart this drug causes changes in
speraicaran. 1., oiligoznosnpervmia. poay motiliny  and  a  high

number of abnormal head forms,  without changre  in  norwal

histology of tha ta

0N

Yis euaa-st that sulfasalazine. andg nessibly

its analogs, nay exerr its acrion on the late spermarogencsis or

thz wmaturartion of Spermarazoa in rhe epididymis, ovr  ar atrher

o

iscal siteg. if this hypothesie ie rrus, further studies of
this agreup of Arug shonld prove frujirful in  terms  of  futura
developrent of A new contraceprive agent with a rarid cnsst  of
the effect and r=20overy, =ore specific site of aetion and  a
lesser chance for inducing genetic absrrations of rhe aametres,

The idea to develop sulfonamide drugs aa contraceprive adents is
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novel. The possibility thar orher well known sulfenamides as
well as new compounds with related structure may Also  have
antifertiliry activiry i= Biahly 1ikely., The recults  should

stimulare subsaquent atudiscs o cover rhae wnole sperrram of theges

drugs. Furthermore ., 1f theiy wode of acrion 1§ RKpewn. e.a.  Aar

the epididymal racnrarion of spersararas. bhis arcup of compounds
would have more advancage rhan orhere which acr at other =itesg,
This proisct was alsn supported. in part,. by rasaarch

arants  from Mahidel University and Chnlabhorn Pesearch Tnstitute

during the latar phases nf study,
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Table 1 ~ Nomenclatures and chemical structures of the compounds synthesized

and tested for antifertility activities.

. . . Antifertility
Compound  Chemical name/Generic name* Chemical Structure Activity

1

I Sulphapyridine Q‘NHSOZ_Q—MZ t+t
. N-O
II Sulphioxazole [ NHSO M, 0
g™
ai,
I Sulphamerazine g/:r\},_NHSO,—-Q_mz +
4 -

0
VI Sulphadimethoxine b)j\),NHSO;—@—I\Hz 0

Vv Sulphachloropyridazine Cl_(/_'\>_NHSO M, N
N=

VI Sulphanilamide w,@.mz -+

VIl Sulphacetamide CH ;CONHSO ,@.Nﬁ .

VI N!-Methylsulphanilamide m,nuso,@.mz
t 4+

IX N1-Diethylsulphanilamide C”’“'\N_so@_mz A



Table 1 (continued)

Compound  Chemical Nam.e/Generic Name#*

Chemical Structure

Antifertility

Activity

X N-2-Pyridinylbenzene
sulphonamide
Xl 4-Methyl-N-2-pyridinyl-
benzenesulphonamide
XII 4-Nitro-N-2-pyridinyl-
benzenesulphonamide
X1 2-Nitro-N-2-pyridinyl-
benzenesulphonamide
X1V 4-Bromo-N-2-pyridinyl-
benzenesulphonamide
Xv 3-Nitro-N-2-pyridinyl-
benzenesulphonarnide
Xvl N4-Acetyl sulphanilamide
Xvia N4-Acetyl-N!1-methyl-

sulphanilamide

O
Cyrer O

7 NN

Q_NH%;Q
Q.NHSO;-@-&
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Table 1 (con:inued)

ilit
Compound  Chemical Name/Generic Name* Chemical Structure " pe fvite
XVII N.Acetyl-Nl-diethyl- . c““‘“2\N_soz.<;>_NHcocHa ok
sulphanilamide HoHs
XIX 2-(N4-Acetylsulphanilamido) O.wso,@.mma et
pyridine =
XX N4-Acetyl-methyl-N!-diethyl- nmg\N.SOPQ—NCO('h ++ +
Jm /

sulphanilamide

*  Generic names are used for the compounds I to VII, which are not synthesized

in this study.

+ + +,
activity

strong activity; + +, moderate activity; +, weak activity; 0, no



appears that the wost simpie sulfa drug, sulfanilawide, or irs
alkyl derivarives ar= as e fertivs as sl fapyridines,
Unfortunately, we were unable fo  find wmors potent  compounds
which 1e . ponrawie, When the strucruras of all iest componnda
Were analysed  in re=latien teo theiv biolegical  artrivities, rhe
pasic  srructural requirement Foy the antifertilicy acrivity was
ohta‘nasd (Fig, 1), This part of rhe work was accs=pred for

publicatvion in  the journal of Revroduction and Ferrility in

Hovenmbter 15, 1890. (Ses Appendix ITI).

Koond R H o aiky:' (reL

T\ '

Flg, 1.  Basic structure of tha antifertility sulfonamida.

Since complete inferriliry of all male rats in a group
treated with a single sulfonamide has not yet been achisved and
it iz known that sulfa druas are wore effective when aiven  in
combination, the wifoor of combined antifertility suwifonamides
{(sulfapyridine + sultanilamide) were arudied. Both druas  ware
fed rto the animals at various combinariome and doscs for 6 wasks
and fertiliry was restred ac in arhor cEperiment s, A mavked

reduction in fertjility (alunst complat- miereciliicviwas norsd in

the groups tr=zated with combined drugs. Such a decrease was more



than that accounted for by doubling rhe dose of a single drugs.
The data sugqest the potentiation «ffact of these druss. Dua to
the limit of cime othey combinationeg of sulfonamides have not

een studied,

H

b

3. Mode of

tion of sulfonamides

7

In »vder to understand the nods of action of rha test

compounds cn the male veproductive systelm, a =<eries of

sxperiments  weve performad to  delineats the site and mechanism
of attion of these corpounds using sulfoarvridine or
suitfanilamide A5 A representative dvnc.,  The details of  each
experiment  had heen described in the Previous prograss  renorts,
The  [alinwinags  will somaari-- the major approeches usad  to
achieve this oblieeoriv.,

3.1 Effects on the pituitary-denadal axis

Sulfapyridine given arv rhe dose which significantly

Azcraased (wrtilicy of the male rats failed to alter blood levals
of LH and resrosterone.  Trn addirion. the responsiveness of the
pituitary=-aonadal  Aaxis to LERH was nor virtually chana=d. This
part of resulte has besn renorted at rhe  IVth International
Congrass of Androlouay in Flerens. May 14-18. 1989 (sw2 Arpendix
3.2 EﬁjeptsAgp“}he”taﬁtinq]arAgrndgqpion_qﬁ,spgrmqu;qa

Histologica? stadien of :he ro-tis of the suifapyridine~

or sulfanilaridu-ntrea -d  anicala veveal.od no dJiftevencs from rhe

controlis., STrvvheracye,  direct  tsseeswent of the A2 1y aperm
production vate  supports  tha  histolaaical findings, Thus,

sulfapyridine had no effect on rhe vate of spermatogenesis. The
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results have been included in the report at the Tnrernational

Congress of Andraloayv in Floarencs in 1585 (see Appendix T771).

3.3 Effects on epididymal maturation of spermatozoa

deriments soyEst rhat the site af action of

Frevions

sulfapyridine 1is wost  lively post-tesricular. The possible
action on the enididymal spers mariararion was then inves! icated
by using the nerhods d o wveleped by 1 he Tsraeli collaborarors.

Boath =salfapyridin- and snifanilamide rarkedlv decreasad
motility of rhe sperwarczoa remaved Frow e =pididysris and from
Lhe  eiaculat=c as ws2li as =pers concsptracisn in the 2rididymis,
In additicn, viral staining of rhe enididymal apervateros shawed
an  iucreass  in the nocher af dsad anerw. Howaver, chare i€ no
avidence ¢t an increaseée  in inwwature gperm in thae  cauda
epididymidis  bassd on merpheioginal asrudies of the cvtonlasmic
draplets. Orn rhe other hand. rhe electroa micrcegraphs of
sulfa-treatad  epididyral sperT  v-vealed a disrupiion of  the
contractile &lements of a substantial number of spermatozca. The
effect ressvbles that of gossynol r=ported previousiy 100, In
contrasf fo sperm mernility. sulfonamides had virtually no effect
ol sperm respiration hoth in vive and in vitre. The results  on
the in vitro eftects had been published in the Procedinas of  the
11th Intarnaviona’ Teraress on animal Renroduction and ar:ificial
Insemination (see Appendin 7). ’

Rat  wpididymis activaly accnonlates carnitine from the
blood &and searetes it into the epididyral  lumen {11V, The

involvermant  of carnitine in apara marilicy and ferrility is also

'

well documented (11), Therefore, the effect of sulfa druags on the
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accumulation of radiolabeliled carnitine into the eoididvmis  was

investiqgated. It was found that the unprake of carnitine by the
sulfa-treated epididvuis was ot different from controle. Tt is

concludaed that this function of the epididynis is  aot affected,

During the later reviad of =tudy, we have determined

the composirtion of fhe  srididymal  fluids collacted oy
micropuncture with  reapacr  to electrolytes and nroteins.,
Potassium concantratior  was  sianificartly  clevatad  in the

sulfapyvridine-rreared rats whervreas sodiin cencentration was not
chana=13 (o, 2). Tt is nor xnown wh-ther Lhiz s due to tha
leakage  of  dinrracellvilar porvassinm frewm che dead sperm  or  the

-

enhanrcament »f potassinm z=crarion by rha epididymal epithalium,

Araiyeis  of  rthe fluid as well zg spevn surface proteirns hy 8N
poelyvacrylarmids  ae)d elactropharacis showad changas in thae nDattarn
ot ovroreins in both Tluids ramoved frop tha proximal and distal
segments of the ~oididvnis. Furthermor~. the sperm =xtracts from
the disral reqgion of the sulfa-treated erididymis resembled those
from rthe proximal regions of ihe control and sulfa-treatad
epididymis indicating the lack of modification of rthe spernm
surface proteins during their rransit througn the enididymis,

Measurements of the rate of sperm transport throuah the
epididymnis by rtha radialabsllinag merhod develoned in our
laboratery failed te demonsivave any change'afcei rreatment with
sulfa drugs, Thus, the reduction in “pididymal sperm ragarva
cannot bs =xplainad hy chaunges in the sperm transinc rime,

Closs  inspection of onr fercility data indicated that
some  rats  ir the sulfa-treated areup wére resistant  te  “he

antifertility activity whereas orhors were Very responsive,
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Electrolyte concentrations in the luminal fluid of the caput
and cauda epididymidis of control (I} and sulfapyridine-
treated (Z8) rats. Sulfapyridine was given by intragastric
tubing at a dose of 450 mg/kg/day for 5 weeks. Numbers in
the colums are number of rats im each group.



3ince the effectivenass of both acerylated and non-acetylated
sulfanomide, which ér@ inteveonvartible in  th= body. ware
indifferent when given orally (Table 1). the actual active form
is unclear. 7o answer this question we analyzed various forirs of
sulfapyridine and sulfanilansde metabel res in the exoreta  of
treated  rars by  using hoth  FELO and spectrophotonstyv, In
addirion. the patency of  the acecylated  and non-acetvlated

sulfonanides  administerad by oral verens parenteral  routes were

TompAared. The  rvesults showed fhat the animals which METE MOST
accive  in o asctylaring  rhe oon nosnd wevee gpost fortile, Thisa

suggests  thar the aceryliated forw Se inactive or less acrive in

comprosising  fevrrility af naie rar

n

+. 0On thz ovher hand, recant
e4periments  indicate that acerylsulfapyridine was wore effective
when subcutanzously inject.d compared to oval Leeding. Herabalic
studies of acatylsulfanila=wide suggest that this cowpound was not

deacetylated ta any Jaraas ~ith-1 in its pasaan- “hrough

the digestive fract ner in the rar itselr. However . the
possibility still remains thar rha devivatives ars  Jaac=tviated
by an drducible enzyme systor when they are administsved for a
long period of rime. Thar:fare. sha auestion  concsrning the
active forwm oi antifertiliry siifenamidee is vet unanswered.
3.4 Effects on tolare metabolism
Since  eulfasalazine has bean known ro irhihir  folate
.

absorpticrn by  the inteatin. (72 as well as folare Arzyne

)

vitro (13, the poessibiiicy thar the antifertility sulfonamidas
frert thelr effects throuah rhe intervention of folate r=tabolisn
was investiogaresd., Tre antiferviliry acvivicy of the antifolate

reductase inhibitors such as trimethopvim and pyrimethamine alone
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or in combinaticn wich sulfanilamide were studies. In  addition,

vela  of falic acid were measur in rthe

RY)

blood and tissue 1
control and sulfa-treated animals. The @sults showsd virrually
no effae on the folate metrsbalism of  the male reproductie
ergans nor the animal itself. Phese resulrs has been published in

the Jjcurnal COHTRACEPTION (ana Appendie TV

TMFACT, RELEVANCE AND TRCHNOLOGY TRANSFER

This srudy has demcnarrate that thecrae ave a nunber of
sulfonamide compounds whick are ~ffective antirtertiliry aagents in
the male vrats. The compound has several advantagss for furthar
developmenr  as naie contraceptives. 7t orens up the possibility
for new wmethod in male fretility vequlation, which are acutely
necded in the devszloping counrries. Ar present, the findince in
this bproject have no direect anrlication, However, once tha
final clinical studies are corplete, the new contraceprive agent
can thazn be vracommaendad for widaesprzad use. If the final
develcprment  of this corpourd as A maie copntraceprive agent s
successiul, thi- benefirs will por  he lirited only ta  the
developing counrtries but also to the orher communities of rthe
world. This dis because the problem of overpopulation is of
worldwide ooncerns.

On fthe other hand, rhe proiect has a direct impact on
the dnvestigators themselves #specially the Thai seientists,
Since  the  ameunt  of furdinag is sizable, both laborateries in
Bangkok and dn Tel 2viv were abls ra purchass some major

equipment and Taboratory sunplies necessary for high  quality
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research work, These tooebher with the exchanges of techniques
and skills obtained from rraining will anable both laboratries to
carry on the colliaborative wock of crandard qualiry, Tt is
hop=d  that maior findings will be discovarad by us in tha futnra

JjoinT venture.

PROJECT ACTTVITIES/OUTPYTS

1. Attendance at scientific meetings

Duging rthka  grant’ng  periad, ooth the Thai and the
Israelr invesrigatars attended ahd presented papars or gave
lecturss on the wa:k resulied from this atudy at both local and
international scientifjc meetings. which are iisted beiow

1.1 By Thai invasciaitors

[N Conference of USATD Science Award Srantees,
34-26 July 1537. Hakeorn Pathom, Thailand.

1.1.2 17th Annual Maetinag of the rhysiological Soeciety
of Thailand. Z2-30 2aprii 1584, Bangkok,
Thailand.

1.1.3 18th Annual Meatineg of the Fhysisiogical 3ncisty
of Thailanl 27-26 amyii 1233, Chiangmai, Thailand.

1.1.4 TVth In*wrracional  Congress  of andrealoay

ld-18 May, 1989, Flovrerc., Traly.

1.1.5 ZRXT  Inrternatianal rernaress  of Fhysiolnaical
Scicnces, 9-14 Jguly. 1923, Halsinwi, Finland,

1.1.6 15th Anriual Meztrina  of  the fhysiological
Soriety of Thailand, 3-%5 Apirl., 1990, Ravong,

Thai

d

and,
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1.1.7 16th Conference on Scinnce and Technology of
Thailand, 25-26 Octnher, 193¢0, Banakok,
Thailand.

1.1.8 Second  Conovess of  tha  Asian and  Goeanian

Physiological  Socierics. 12-15 Meovember, 990,

Hew DaThi. jndia,

1.2 By the Israsli Trnvestidgators

1.2.1 International  Congrazss on Animal Renroduction,
26-30 Tune, 1922, Dublin, Trcland.
1.2.2 Gordon Conference on Raproductive Tract Riolngy,

3-8 July. 1988, Mew Hawpshire, U.S.x,

1.2.3 25th Mational Congress of the Israel Society of
Clinical Biochemistry, 28-30 March, 1990,
Tibevias, Jsraei

1.2.4 Annual meeting of Tsva2l Fertility Saciety.
1660 Tsra=l.

1.2.5 annual  Meesting of the TIsrael Microbioloqgy

Society, 1590, Tsrasl.
1.2.h Gardon Confarance on Reproductive Tract Rinlogy,

§-13 July. 1590. Hew Hampshire, U.S.A.

The Tsrazli co-investigator (Pref. L.M. Lewin) made two
visits to Rangkok in 198¢& and 1989 in order to discuss the work
plan of the nprejzcr and  train 1o Thal c¢ollahorators rthe

technigues and cethnds develoved in Torael,
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Publications of the rasnlts of this research nroisct

Full papers

3.1.1 Lawin, oM., Gnlan, R., Wassarena. 0, %
Pliolorameel, ©. The effects of sulfasaiavine,
sulfanvridine, and S-aminocsalicvlar. on
glycolysis  af bull sperm, Preceedings of  the
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After completion of +this proiject we have orovidad
several new informations and ideas for future experimentations.
Although more is known of fthe- {fect of sulfonamida
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THE EFFECTS OF SULFASALAZINE, SULFAPYRIDINE, AND
S-AMINOSALICYLATE ON GLYCOLYSIS OF BULL SPERM

1Lewin, L.M., Golan, R., Wassercug, 0. and 2Pho]pramool, C.

1Department of Chemical Pathology, Sackler Med}ca] School,
Tel Aviv University, Ramat Aviv, Israel, and “Department
of Physiology, Mahidol University, Bangkok, Thailand.

INTRODUCTION

Male patients who were treated with sulfasalazine for ulcerative
colitis were shown to develop reversible infertility (1). Further
studies with rats confirmed this effect and demonstrated that sulfa-
pyridine also inhibited male fertility (2,3). Rapid reversibility of
the effect suggested that it might occur during epididymal maturation
of sperm. These experiments are part of a project to investigate the
mode of action of sulfa drugs as possible male contraceptive agents.,

MATERIALS AND METHODS

Experiments were conducted as follows: Pellets of frozen bull semen
were thawed at 379, mixed with a HEPES-buffered balanced salt

solution (4) and centrifuged (20 min., 500 x g) through 3 ml of 10%
Ficoll 400 (Pharmacia Fine Chemicals, Uppsala, Swegen). The sperm
were resuspended (to a concentration of 40-60 x 10 cells/ml) in the
salts solution containing D-qlucose (0.1-10 mM) and the cells incubat-
ed at 379 for up to 1 hr. At 0 time and after incubation, perchloric
acid {35%, 0.2 ml) was added to portio.s (1 ml) of incubation mixture.
After chilling (09, 10 min.) and centrifugation, 0.9 ml of super-
natant fluid was removed, mixed with 0.6 ml of saturated KHCO3, chill-
ed for 10 min., and centrifuged to remove KC104. Duplicate samples
(0.4 m1) of supernatant fluid were removed for analysis of lactate
with lactic dehydrogenase using Kit 826-UV (Sigma Chemical Co., St.,
Louis, MO., USA). Additional aliquots (0.1-0.15 ml) were used for
analysis of glucose, using a glucose oxidase reagent (kit 510, Sigma
Chemical Co.;.

RESULTS AND DISCUSSION

Preliminary experiments showed that lactate production was almost
independent of glucose concentration between 0.1 and 10 mM (Table 1).
Subsequent experiments utilized 1 mM glucose and 30 min. incubation.
When sulfasalazine, its moieties, sulfapyridine and 5-aminosalicylic
acid, and a variety of other culfa drugs and related analogs were
added to the incubaticn mixtwrss sulfasalazine caused significant
inhibition (Table 2). Sulfapyridine and S5-aminosalicylate were less
inhibitory. Other sulfa drugs and analogs that were not inhibitory
at a cencentration of 3 mi included sulfanilic acid, sulfaguanidine,
sulfathiazole, sulfamerazine, sulfacetamide, sulfamethazine, and the
analogs p-aminobenzoate, s-aminobenzoate and p-aminophenol .
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Oral adwinistration of sulfasalazine has been reported to be followed
by its breakdown to sulfapyridine in the colon, with the absorbed
sulfapyridine thus being responsible for the contraceptive effect
(5). 1t is thus unlikely that the observed inhibitory effect of
sulfasalazine on sperm glycolysis is directly related to its action
as a male con‘raceptive agent. Sulfapyridine and sulfanilamide,
which have been reported to have contraceptive action in male rats,
did not inhibit sperm glycolysis appreciably under the conditions
tested. Further studies are being conducted to determine whether
these compounds have other effects on sperm metabolism which might
account for their contraceptive properties.
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Table 1. Glucose Utilization and Lactate Production by Bull Sperm,
Washed bull sperm were incubated at 379 for 15, 30, or 60 min. in
balanced salts solution with the addition of glucose (0.1-10 mM).
Glucose utilization and lactate production (nanomoles/106 cells)
were determined as dzscribed in METHODS. The number of replicates
is reported in parentheses.

Glucose Glucose utiljzation Lactate production

conc, 15 min 30 min 60 min 15 min 30 min 60 min
(mM)

0.10 1.0(1) 1.4(1) 1.4(1) 2.0(1)

0.13 0.7(3) 1.3(3) 1.3(3) 2.5(3)

0.25 1.3(5) 1.7(4) 1.3(6) 2.1(6)

0.50 1.7(4) 1.1(5) 1.9(5)

1.0 1.5(3)  2.2(3)  2.8(3) 1.2(3) 2.0(3) 3.2(3)
2.5 6.4(1) 3.0(2)
5.0 3.9(3) 3.0(3)
10. 5.6(1) 3.4(1)
Mean 1.1 1.7 4.7 1.3 2.1 3.2

Table 2. Percent inhibition of glycolysis by bull sperm in the
presence of sulfasalazine and its moieties. Washed bull sperm were
incubated at 370 for 30 min. in balanced salts solution containing
glucose (1 mM) with or without additions as described below. Lactate
production was measured as described in METHODS, and inhibition
calculated as percent of controls. S.E.M. values are reported in
parentheses.

Compound Concentration of test compound

added LM 2nM 3mM
sulfasalazine b14(6.6) 239(3.0) 364(11)
sulfapyridine -17(7.5) b16(5.8) bao(6.1)
5-aminosalicylate b16(5.6) 15(9.0) 317(3.6)

3Significant at p<0.01 by t test for difference of means.

bSignificant at p<0.05 by t test for difference of means.



Summary

Sulphonamides~ with different chemical structures were
synthesized and thes; 13 compounds together with 7 commercially
available sulpha drugs were tested for antifertility activity by
natural mating in male rats. All compounds were given daily

by gastric intubation at doses of 125, 150, 250 or 450 mg/kg for

6 veeks. Sulphapyridine caused a dose-related and reversible
reduction in fertility at doses between 125 and 450 mg/kKg. At
the high  dose, fertility was decreased to 25.9% of control at
Week 5 after treatment, and complete recovery occurred by Week
J after drug withdrawal. This activity was abolished when the
pyridine ring was substituted by other heterocyclic rings,
except sulphachloropyridazine which had only weak activity,

Replacement of the pyridine ring by a hydrogen atom or short
aliphatic chains preserved or even enhanced the potency. Thus,

sulphanilamide, N!-methylsulphanilamide or Nt-diethylsulphanilamide

produced a marked but reversible reduction in fertility.
Removal or substitution of the N4-amino group on the
benzene ring of sulphapyridine with a methyl group
destroyed the activity. However, the bromo or nitro
analogue (at the para- but not the meta-position of the
benzene ring) still possessed some activity. Né-Acetyl derivatives

of sulphapyridine, sulphanilamide, and N!-diethylsulphanilamide were

as potent as their parent compounds. These results suggest that

the pregence of pyridine or other heterocyclic rings is not
necessary for the antifertility activity of sulphonamide
compounds. However, the N*-amino group is indispensable. In

24
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addition, acetvlation of

this amino group does not change the

potency. The prototype of the antifertility

therefore, seems to be

sulphanilamide.

sulphonamides,
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Introduction

Sulphasalazine (salicylazosulphapyridine}, a compound
formed by azo }inkage between sulphapyridine and S5-amino salicylic
acid, was first introduced to treat rheumatoid arthritis in 1930
(for review see Goldman & Peppercorn, 1975). It was later
demonstrated to be wuseful in the therapy and prophylaxis of
ulcerative colitis and regional enteritis ({Baron et al., 1962;
Misiewicz et al., 1965). Although these diseases predominantly
~ffect men and women of reproductive age, the association between
sulphasalazine treatment and male infertility was not recognized
until  in 1979 when Toth (1979) and Levi et al. (1979}
independently reported that male patients who received
sulphasalazine treatment for ulcerative colitis became infertile.
Such an undesirable effect was completely reversible after drug
withdrawal. This finding has since been confirmed both in man and
animals by many investigators (for review see Giwercman &
Skakkeback, 1986) . More recent evidence indicates that the
sulphapyridine moiety, which is a metabolic breakdown produce of
sulphasalazine by bacteria in the gut (Peppercorn & Goldman,
1972), or its metabolite(s) is responsible for the antifertility
effect in man (0'Morain et al., 1982a,b; Cann & Holdsworth,
1984; McIntyre & Lennard-Jones, 1984; Shaffer et al., 1984)
and in rats (0'Morain et al., 1982b; Pholpramool & Srikhao,
1985) .

In the rat, sulphasalazine and sulphapyridine do not alter
testicular weight and histology, gonadotrophin and testosterone

concentrations in the blood, or daily sperm production rate and
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sperm concentration in the epid:lymis (Pholpramool &.  Srikhao,

1983; C'Morain et al., 1984; Pholpramool et al., 1989). These,

together with the rapid onset of the antifertility activity,
suggest that thé site of action is post-testicular, possibly at
the epididymis. ¥ong et al. {1987) have studied the antifertility
effects of several types of sulphonamides and related compounds in

rats and found that sulphapyridine was the most effective. The

effectiveness of these sulphonamides seemed to be related to
their ability to pass into the epididymal fluid, again
indicating that the site of action of sulphonamide drugs is at

the epididymis.

Since sulphapyridine is considered to be relatively
toxic, other sulphonamide drugs which could suppress male
fartility by the same mechanism as this compound ahd wvere less
toxic might be ideal contraceptives for men. In the present
study, we have synthesized 13 sulphapyridine analogues and

investigated their antifertility activities in  male rats.
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Materials and Methods

Animals : Sexually mature male.and female rats of the Fischer strain
vere obtained from the Laboratory Animal Unitvoﬁ the  Faculty of
Science, Mahi ol University. They were kept separately in
stainless steel hanging cages under ambient temperature and a 12 h
light : 12 h dark lighting regimen with free access tu food and wrter.

Only male rats with proven fertility were used.

Chemicals tAll chemicals used were of reagent grade and were

purchased from Sigma (St. Louis, MO, USA) and Aldrich {Milwaukee,

WI, USA).

Synthesis of the test compounds : The 13 compounds (Compounds
VIII - XX), of the structural formulae shown in Table 1, were
gynthesized by a simple reaction between the appropriate
sulphonylchloride derivatives and amines or ammonia. The product

were purified by recrystallization and identified by their melting

. points, ultraviolet, nuclear magnetic resonance and mass spectra and

elemental analyses.

Drug treatments : The 13 synthetic compounds apd 7 sulphonamide drugs
purchased from Sigma were studied in 7 consecutive fertility
tests consisting of 1-6 compounds over a period of 30 months.
Each test compound was freshly suspended in corn oil and was fed
every day for 6 weeks via gastric intubation at two doses {150 and
450 mg/kg), except in some trials, into a group of 5-12 male rats

weighing about 260 g at the start of treatment. Each series of

/’)’}.



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
217
28

experiments also contained a group of 8-12 cortrol male rats to

vhich corn o0il only was fed.

Feftﬂlity testing : The fertility of the male rats treated with fhe
test compounds and corn oil was assessed by natural mating. Each
male was kept with 2 virgin female rats for 1 week after feeding
for 1,3 and 5 weeks, and after drug withdrawai for 1 and 3 weeks.
Mating was determined by the presence of spermatozoa in the
vaginal smears taken every morning. After 1 week of cohabitation
both fenales were removed from the male kept separately for 8-10
days, and then killed for confirmation of pregnancy. The numhers of
fetuses and corpora lutea were counted. The latter were determined
under a dissecting microscope.

Fertility of the male rats was expressed as the percentage
fertility which was calculated from the ratio of fetuses to the
number of corpora lutea times one hundred. When both female rats were

mated by the same male, the average value was used.

Statistics : Data are presented as meants.e.m. throughout.
Differences in fertility between and within groups were assessed

by Student's t test for unpaired and paired samples, respectively.

. Differences were considered significant when P-values were less

than 0.05.

¢
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Results

The antifertility effect of sulphapyridine

Sulphapyridine produced a dose-dependent and reversible
reduction in fertility (Table 2). At a low dose, 725 .mg/kg,
percentage fertility was significantly (P¢0.001) decreased by 5
weeks after treatment. When given at higher doses, significant
reductions occurred by 3 weeks after feeding, and by Week 5
percentage fertility was only 2b%  at doses of 250 and 450
mg/kq. In addition, the number of males that mated with female rats
and the number of the females that became pregnant were also
reduced after feeding with sulphapyridine. These effects, however,
were rapidly reversible. Thus, by 1-3 weeks after the cessation of

treatment all these parameters returned to control levels (Table 2).

Effects of sulphapyridine analogues

To determine the structural requirements for sulphonamide
compounds that have antifertility activity and to search for
more potent compounds than sulphapyridine, 19 sulphonamides having
various structures related to sulphapyridine were chosen for

fertility testing in this study.
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a. Compounds with N! substituted with heterocyclic rings

Figure 1 shoys the results of fertility testing of the
commercially available sulphonamide drugs that contain several types
of  heterocyclic rings, other than pyridine, at the N! position. It
is  clear that sulphioxazole, sulphamerazine and sulphadimethoxine
failed to exhibit any antifertifity activity. However,
sulphachloropyridazine, at a dose of 450 mg/kg, caused a slight but

significant (P¢0.05) suppression of fertility.

b. Compounds with N! substituted with aliphatic chains

Table 3 demonstrates the effects of several simple

sulphonamides on fertility of male rats. These compounds all had

antifertility activity. Compound VIII (N!-methylsulphanilamide) was
the most potent agent, giving a low percentage fertility at Week 5
after treatment at a dose of 450 mg/kg. The numbers of males that

mated and of impregnanted females were markedly decrased (Table 3).

At this dose, however, this compound exhibited some toxic effects, i.e.

reduction in  body weights and haematuria. Nevertheless, these
effects were dose-dependent and reversible after the cessation of

treatments.

c. Sulphapyridine analoques

To determine whether N4-amino group of sulphapyridine
is required for the antifertiligy activity, 6 analogues having
the N* amino group removed or replaced by other functional
groups were synthesized and tested. As shown in Table 4 only
Compound XII [4-nitro-N-2-pyridinylbenzenesulphonamide] and Compound

X1v [4-bromo-N-2-pyridinylbenzenesulphonamide] retained the
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antifertility activity.

d. N'-Acetyl derivatives of sulphapyridine and other

sulphonamides

It is known that sulpha drugs and other sulphonamides are
metabolized by the liver via acetylation at N4-amino group (Schroder
& Campbell, 1972). However, the active form of sulphapyridine or
other antifertility sulphonamides is not known. The effects of
N4-acetyl derivatives of sulphapyridine and other antifertility
sulphonamides were therefore investigated. The results are shown
in Table 5. All these compounds were also effective in suppressing

fertility of the male rats.
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Discussion

Since the recognition of the side effect of sulphagalazine
on  male fertility, it has been demonstrated by several

investigators that some sulpha drugs and other related compounds

such as sulphapyridine (0'Morain et al., 1982b;  Pholpramool &
Srikhao, 1985; Wong et al., 1987), dapsone, sulphamerazine,
sulphaniethazine, sulphathiazole, sulphamethoxypyridazine,
sulphadimethoxine and sulphagquanidine (Wong et al., 1987) also
possess antifertility activities. However, there has been no

systematic study on the structure and activity relationship of these

compounds.  This study is the first attempt to unveil the basic
structure that ie necessary for the antifertility action of
sulphonamides in male rats. Variations of the structure of

Lhe test compounds vere primarily based on that of sulphapyridine

80 as to address 3 questions : firstly, is the pyridine ring
required  for the antifertility activity; secondly, is the
presence of the N4-amino group essential. for the action; and
thirdly, would acetylation of the N*-amino group alter the

potency. W¥hen the pyridine moiety of sulphapyridine was replaced by
isoxazole or pyrimidine ring the antifertility activity was
completely lost. Thus, stlphioxazole, sulphamerazine and
sulphadimethoxine had  virtually no effect on fertility (Fig. 1).
However, replacement with the pyridazine ring partly destroyed the
activity. For example, sulphachloropyridazine caused a slight but
significant reduction in fertility. By contrast, whenm the pyridine
ring 1is substituted by H- or a simple alkyl group the activity was

retained or even enhanced. Simple sulphonamides such as

A5
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sulphanilamide and Nt diethyl sulphanilamide (Compound IX) were
therefore ‘as effective ag sulphapyridine whilst Nt methyl
sulphanilamide {Compound VIII) wag even more potent (Table 3). The
latter, however, was also toxic to the rats. These r2sults indicate
that the pyridine- \Fing at the Nt position of the sulphonamide
skeleton was not essential for the antifertility activity.

It is well known that the presence of the p-amino group in

the benzene ring of benzene sulphonamides is essential for the
antimicrobial and antibacterial activities of the sulpha drugs
(Maren, 1976). However, it was not known whether this js also
true for the activity of these compounds  on fertility. Six
sulphapyridine analogues which had the N'-amino group removed
or replaced by other functional groups were synthesized and
tested: removal of the N*-amino group completely abolished
the activity (Table 1), Substitution with a methyl group
also failed to retain the activity. However, bromo- or
nitro-  groups were able to produce some antifertility activity
although to a lesser degree than the amino group. The
activity was completely lost  when the substitution of a nitro-

group was at the meta- or ortho-position of the benzene ring.

These data suggest that the N*-amino group of the benzene
sulphonamide  compounds is required for maximum antifertility
activity. In this regard, it appears that the requirement for
N4-amino group 1is similar to that of the antibacterial
sulphonamides. However, it does not necessarily  imply that the
mode of action of thege drugs is the same. The findings that
Compound XII [4—nitro—N—2-pyridinyl benzenesulphonanide] and

Compound XIV [4—bromo—N-2-pyridinylbenzesulphonamide] ATzble 4) are

Gt
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also effective may be explained in terms of conversions of
these compounds in thé animals to active metabolites, possibly
through sulphapyridine for Compound XII.

Previous work has shown that detoxification and excretion
of sulphapyridine dccurs through acetylation at the N1-amino group
and hydroxylation at position 5 of the pyridine ring. The
hydroxyl group may then be conjugated with glucuronic acid to  form
glucuronides, which are then excreted by the  kidneys (Schroder &
Campbell, 1972; Hansson & Sandberg, 1973; Eastwood, 1980). It isg

not known at present  whether sulphapyridine or its metabolite(s)

is the active molecule(s) for the antifertility activity. A
series of N4-acetyl derivatives of the sulphonamides that
possess antifertility action was synthesized and tested. The
potency was virtually unchanged by such modification except, for

Compound  XVII (N1-acetyl N'-methylsulphanilamide) and  Compound
XVIII (N‘-acetyl—Nl—diethylsulphanilamide), which were more potent
than their non-acetyl analogues at the dose of 450 mg/kg, but only

at 1 week and 3 weeks after feeding, respectively (Table 5).

The results indicated that the Ni-acetylated derivative may be
the active compound. Hovwever, it is also possible that the
non-acetylated form is in fact the species that exerts the

antifertility action. The latter is based on the notion that
the N4-acetylated form may first be hydrolysed by the gut
bacteria and the unacetylated form absorbed into the blood. The

latter explanation depends on the assumption that all acetylated

compounds tested in this study are readily hydrolysable in the
gastrointestinal tract. We are currently working to delineate the
nature of active form of the antifertility sulphonamides.

SO
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Table 1 . Nomenclatures and chemical structures of the compounds synthesized

and tested for antifertility activities.

Compound ~ Chemical name/generic name* Chemical structure

1
I Sulphapyridine Q—”H‘”"@‘m’
. N-C
1 Sulphioxazole f NHso,_Q_mz
e
M,
I Sulphamerazine {:{)_NHSOZ._@_N'IQ
=

3

H0

VI Sulphadimethoxine @NHSO 2_@_ N,
o ,o>—

\ Sulphachloropyridazine u_(/_>_NHw N,
N=

VI Sulphanilamide H—)&JZ_O_N*Q
VI Sulphacetamide CH4CONHSO ,.@_m,

\pii N1-Methylsulphanilamide HNHSO VM,
IX NL-Diethylsulphunilamide m’m’\u.so,.@m,
HyHy



‘Tsuble 1 (continued)

Compound

Chemical name/generic name*

Chemical structure

X

XI

XII

XIII

X1

Xvi

N-2-Pyridinylbenzene
sulphonamide

4-Methyl-N-2-pyridinyl-
bcnzencsulphonamidc

4-Nitro-N-2-pyridinyl-
benzenesulphonamide

2-Nitro-N-2-pyridiny}-
benzenesulphonamide

4-Bromo-N-2-pyridinyl-
benzenesulphonamide

3-Nitro-N-2-pyridiny!-
benzenesulphonamide

N4-Acetyl sulphanilamide

N4-Acetyl-Ni-methy)-
sulphanilamide

O
LoD
{ Yo

NO/

O woord s

18
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Table 1 (continued)

Compound  Chemical name/generic name* Chemical structure
XVII N4-Acetyl-N!-diethyl- TN s ——
sulphanilamide a7
XIX 2-(N*-Acetylsulphanilamido) </:>_~Hso,_< >_NHOOCH,

pyridine =
. CHyH
XX N4-Acetyl-methyl-N!-diethyl- 2: so,_Q_NOOCH,
sulphanilamide Oy,

%k

Generic names are used for the compounds I to VII, which are not synthesized

in this study.
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Table 2.

Period of

treatment

Before

drug

Week 1
during
drug

Week 3
during

drug

20

The effect of sulphapyridine on various parametqz;"gf fertility
in ~male rats. Male Fischer rays Qere treated with
sulphapyridine (125, 7250 or 450 mg/kg-day) and % aﬁcqesstul
mating, % of <Icmales becoming pregnant, and % fertility (no. of

embryos x 100/no. of corpora lutea) were determined all as

described in “Methods".

Parameters of —-------m-omommmcc el
measurement (%) Sulphapyridine (dose)

Control  ——-——r-memmee e

Mating 100 100 100 100
Pregnant female 100 100 100 100

Fertility* 90.0+3.6 94.612.3 98.1%1.3 92.2£2.9

(11) (9) (8) (9)
Mating 90.9 55.6 17.8 66.7
Pregnant female 100 100 71.4 100

Fertility 75.815.8 76.2£9.6 62.7+16.9,  86.4%5.8

(10) (5) (W) (6)
Mating 100 44.4 333 55.6
Pregnant female 100 100 66.7 100

Fertility 80.845.9 71.9+12.3 22.1tl.2 62.1+14.0b

(11) (4) (3) (5)

-y
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Table 2. (Continued).

Period of Parameters of —---=---momme—emeoe
treatment measurement (%) Sulphapyridine (dose)
Control  -------- B et EEE R

125 mg/kg 250 mg/kg 450 mg/kg

Week 5 Mating 100 66.7 44.4 66.7
during Pregnant female 100 100 15 50
drug Fertility 85.7+3.3 45.944.84.225.1¢11.5 25.948.68:¢
(11) (6) (4) (6)
Week 1 Mating ' 100 - - 77.8
after Pregnant female 100 - - 100
drug Fertility 81.915.1 - - 69.3+9.6°
withdrawal (11) (N
Week 3 Mating 100 - - 88.9
after Pregnant female 100 - - 100
drug Fertility 75.0£6.0 - - 90.1+3.5
withdrawal (11) I )]

*Meants.e.m. from number of rats indicated in parentheses.
eP¢0.001 when compared to the corresponding values in the control group.
bp¢0.05; ©P<0.00} when compared to the period before treatment within the

same group.
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Table 3. The effect of sulpha drugs having N!-substitution by aliphatic chains on fertility of the male rat
Percentage fertility*
Compound Dose (mg/kg) Before During treatment After treatment
treatment —-— ———- -
wk-1 wk-3 wk-5 wk-1 wk-3

Control - 94.3+2.4(12) 96.5+1.8(10) 84.1+2.8(8) 90.6+3.9(11) 93.7£2.4(11) 92.8+t4.2(4)
Sulphanilamide 150 92.0+3.0(5) 91.8+3.6(4) 57.7+9.5(5)2+d 44.5+4.5(5)c+¢  74.6+8.0(5)® 96.2+1.9(5)

450 88.8+4.6(8) 86.8x6.6(6) 56.317.0(5)a:e 18.0+9.0(4)c+* 37.3:16.0(5)c 49 79,5:+9.9(5)
Sulphacetamide 150 95.7+1.2(12) 80.5:7.0(10)2-¢ 70.0£10.0(12)9 85.9+4.1(9)d 91.3+2.5(10) -

450 95.14£1.7(11) 86.6+2.8(10)b-d 70.6+6.4(9)e 77.5£7.3(10)¢ 81.5+5.0(10)s-d -
Control - 95.1+2.3(9) 89.5+4.4(8) 63.5+18.0(5) 95.3+2.2(7) 96.2+2.6(4) 76.2+£11.8(5)
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Table 3. (Continued).
Percentage fertility*
Compound Dose (mg/kg) Before puring treatment After treatment
treatment ettt bt - - -
wk-1 wk-3 wk-5 wk-1 wk-3
VIII 150 96.7+1.7(7) 73.3%8.4(6)¢ 14.6+12.0(4)¢ 17.4£7.6(6)c* 64.0+14.5(6) 82.0+8.9(7
450 94.2+2.0(8) 11.5%11.6(4)c"*® 31.8+31.8(2) 6.8+4.3(4)c-f 43.3:10.8(5)">-¢ 66.9+16.8(4)
IX 150 97.6+1.6(7) 60.5x19.6(6) 59.1+20.0(6) 37.8+18.1(4)bre 96.0+2.3(4) 58.6+19.9(6)
450 95.5+2.7(8) 60.0x24.5(5) 91.9+4.8(3) 22.8+8.1(5)¢c+f  47.2£17.1(3)e-*® 55.019.2(5)

+Meants.e.m. from number of rats indicated in parentheses.

8P¢0.05; PP¢0.01;<P<0.001 when compared to the corresponding periods

dp<0.05; *P¢0.01;¢P<0.001 when compared to the period before treatment within the s

in the control group.

ame group.
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Table 4. The effect of sulphapyridine analogues having different substitutions on

fertility of the male rats

the benzene

rings on

Percentage fertility*

Compound " Dose {mg/kg) Before During treatment After treatment
treatment ------————————-———mse e
wk-1 wk-3 wk-5 'wk*l wk-3
Control - 91.6+3.1(8) 81.7£9.3(6) 88.3+6.9(8) 86.11£7.0(8) 79.844.8(8) 90.6+2.8(8)
X 150 95.3%2.5(7) 92.1+2.0(6) 86.0:£3.8(6) 88.0+5.5(6) 8n.1+8.4(5) 87.0+£3.9(6)
450 91.213.1(8) 79.0+9.8(7) 82.0+6.2(8) 91.6+4.6(6) 78.7+8.8(7) 89.8+4.4(8)
Control - 93.7£2.2(7) 83.6x4.7(7)9 91.8x4.2(7) 82.3+7.6(8) 83.8+5.6(8) 81.3+5.5(8)¢
XI 150 95.5x2.9(7) 37.127.3(5) 96.0+6.8(5) 92.6+7.4(6) 84.916.9(6) 68.4+14.6(7)
450 94.0+3.0(7) 93.7+3.3(6) 95.0+3.0(7) 89.4%6.9(7) 77.7£4.9(7)¢  71.2x13.4(7)
XII 150 90.9+4.5(7) 82.7£7.9(7) 54.3:11.9(7)b-9¢ 40.524.7(6)c e 61.1£10.9(7) 72.3£12.8(7)
450 91.52£3.8(8) 82.316.3(4) 36.2+15.5(6)8+9¢ 56.2£10.7(7)¢ 57.2£12.5(7)¢ 82.0%8.6(7)
XI1I 150 95.7+3.0(7) 82.3%£5.0(7)  75.5x13.9(7) 97.2+1.6(5) 92.1+4.1(7) 71.6x8.9(7)¢
450 92.8+8.2(8) 3.7x2.5(7) 70.6£12.4(5) 82.4+5.9(8) 81.4:£10.9(8) 83.0+6.7(8)
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Table 4. Continued
Percentage fertility*
Compound Dose (mg/kg) Before During treatment After treatment
treatment -~ ettt -— —~——-
wk-1 wk-3 wk-5 wk-1 wk-3

Control - 97.1+1.2(8) 73.8:x16.0(6) 73.7:t18.6(5) 80.5x13.9(6) 92.5+3.6(2) 51.2+15.5(7)¢
XIV 150 95.9+1.6(8) 83.1+13.9(7) 63.7£15.5(8)¢ 62.1+15.2(6)9 74.0+12.6(8) 88.5%5.2(7)e

450 98.4+1.6(8) 80.6x13.7(7) 68.0£15.7(6)¢ 56.2+16.1(7)¢ 86.1+6.3(6)¢ 90.0+£7.0(8)
XV 150 98.2+1.2(8) '84.2i5.9(8)“ 54.6116.6(7) - 67.6+£16.9(6)¢ 94.0x5.9(8) 87.5x6.1(8)e

450 96.8+21.3(8) 92.2:3.0(6) 95.5x2.9(5) 66.5+£11.0(6)e 75.8215.9(4)9 60.9+15.5(6)*

*Meants.e.m. from number of rats indicated in parentheses.

2P¢0.05; PP.01; ©P<0.001 when compared to the corresponding periods in the control group.

4P<0.05; *P<0.01 when compared to the period before treatment within the same group.
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Table 5. The effect of N4-acetyl derivatives of sulphapyridine and other sulphonamides on fertility of the male
rat
Percentage fertility*
Compound Dose Before During treatment After treatment
(mg/kqg) treatment  —--memm e - - -— -
wk-1 wk-3 wk-5 wk~1 wk-3
Control - 91.6+£3.1(8) £1.7+9.3(6) 88.3+6.9(8) 86.1£7.0(8) 79.8+4.8(8) 90.6+2.8(8)
XVI 150 83.1+3.2(7) 65.0+14.1(7) 57.8z13.0(6)8 50.2:10.4(7)2.9 65.8+8.7(6) 79.1+3.1(7)e
450 87.5+3.7(8) 86.0+£7.47(8) 49.9412.0(6)2-4942.62£12.5(7)b-e 50.1:9.7(6)a e 69.6x7.1(6)
Control - 95.1£2.3(9) 89.5+4.4(8) 63.5¢18.0(5)® 95.3+2.6(4) 96.2:2.6(4) 76.2+£11.8(5)¢
XVII 150 95.5+2.6(7) 79.3:8.2(6) 33.3+£22.8(3} 20.4£7.8(6)c T 45,4£15.8(5)a.9 80.4:10.5(6)
450 98.7+0.9(8) 85.6%6.2(6) 21.3£15.0(3)9 17.226.7(6)c-f 60.0+45.0(2) 53.9+14.9(7)¢
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AN

92.

84.

68.

.0+11.3(5)4

.5+23.6(4)e-d

5£3.6(2)
2+5.9(8)¢

0+14.3(7)¢

Table 5. (Continued).
Percentage fertility*
Compound Dose Before puring treatment
{mg/kg) treatment ——————————— ————— e -=
wk-1 wk-3 wk-5
XVIII 150 95.612.2(7) 44.2+20.5(5) 47.8117.0(6) 30.929.2(5)c- ¢
450 98.5+1.0(8) 73.8+9.7(5)e 11.3%5.8(7)®-¢ 21.0+11.6(3)c-f
Control - 97.1+1.2(8) 73.8x16.0(6) 73.7+18.6(5) 80.5+13.9(6)
XIX 150 98.0+1.3(8) 92.2x4.7(7) 84.6+4.9(8)e 30.6x13.4(7)e-f
450 96.5+2.4(8) 80.3+13.5(7) 64.2£16.6(6) 31.1:16.4(6)a-f
XX 450 99.4+0.6(8) 66.8:+14.8(8) 34.7x8.7(7)¢f 18.6+5.9(7)b- ¢

+Meants.e.m. from
8P¢0.05; PP<0.01;

4P<0.05; *P<0.01;

number of rats indicated in parentheses.

51.

8+5.8(8)a: 1

12.
11.

51.

75.

89.

5£7.9(6)¢
3£13.8(5)¢

2+15.5(7)¢

.9:8.7(8)

1£13.1(7)

2+2.9(8)a.4

©€pP¢0.001 when compared to the corresponding periods in the control group.

tP¢0.001 when compared to the period before treatment within the same group.
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Legend for figure

Effects of sulphcnamides having different heterocyclic rings at
N!-position on fertility of the male rats. The animals were
treated daily by intragastric intubation with sulphioxazole
(4, 150; [E#), 450 mg/kg), sulphamerazine (B3, 150; I, 450
mg/kg), sulphadimethoxine (8, 150 mg/kg) and sulphachloropyri
dazine ([¥], 150; W, 450 mg/ky) for 6 weeks. FEach male rat
was cohabited with 2 females for 1 week before, during Week 5-6
of treatment, and during Week 1-2 after drug withdrawal.
Numbers in lhe bar graphs represent numbers of male rats that

mated with females.
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SUMMARY

The possible effects of the antifertility sulfonamides,
sulfasalazine (5SS} and sulfapyridine (SP), on the testicular
functions of the male rats were studied. Both SS and SP caused
marked reductions 1in fertility by 5 weeks after treatment.
Basal serum testosterone levels were virtually unchanged by SP.
However, the LHRH-induced «erum testosterone was substantially
enhanced by this compound. This is due to the increased
responsivencss of the Leydig cells to LHRH since the levels of
LHRH~induced LH in the SP-treated animals and the controls were
not different. On the other hand, daily sperm production rate
and histology of the testis were not affected. These results
show that the antifertility effect of S5 or SP is not
associated with the inhibition of spermatogenesis and
testosterone production. The site of action of these
sulfonamides is most likely at the epididymis.

INTRODUCTION

It has previously been shown that sulfasalazine (SS)
ranszd a4 sappression of -ala fertility both 1n human (1,2) and
rats {3, 4). Infertility 1in Ten is associated with a decrease

Copynght 1989 by Monduzzi Ediore S p A - Bologna (Italy)

Iv# Intemnational
Congrecs
of Andrology

Florence
May 14-18 1989

27

2



v international
Congress
of Andrology

Florence
May 14-18 1989

28

in sperm count and sperm motility, and the appearance of some
megalo-head spermatozoa in the ejaculates. In the rats,
reduction in epididymal sperm reserve and sperm motility are
also observed. These data suggest that $S may interfere with
spermatogenesis. However, the testis weights and serum
testosterone are unaffected in the rats (3). Recently, it was
realized that sulfapyridine (SP), which is a metabolic
breakdowvn of SS in the gut (5), 1is responsible for the
antifertility effect of SS (4, 6, 7). Since the possible
effects of SS or SP on the testicular functions remain unclear,
the present study attempts to clarify this question by
investigating the effect of SP on spermatogenesis and
testosterone production by the rat testis.

MATERIAL AND METHODS

Animals  Adult, male Fischer rats weighing about 300 gm were
kept at ambient temperature and daylights with free access to
pell:t feeds and water. They were tested for fertility
capacity by natural mating as previously described (31}, Only
males with high percentage fertility (»80%) were used for
further studies.

Experimental Design Four series of experiments were carried
out as follows : Expt. l: The male were forced-fed with corn
oil (controls), 5S or SP at a dose of 450 mg/kg/day for 6
veeks. Fertility was tested at weeks 3 and 5 during treatment
and at wveek 3 after drua withdrawal. Expt. 2; The animals were
treated as in Expt. 1 and blood samples were collected from the
jugular vein before, at weeks 3 and 5 during treatnent and at
week 3 after drug withdrawal. Expt. }: The experirent 1s
similar ‘to Expt. 1 except that LHRH (Sigma, U.S.A.) was
injected {s.c.) 3t a dose of 10 ua/rat at the end of drug
treatment, and blood samples were collected before and at 2 h
after LHRH injection. Expt. 4: The animals were treated (s.c.)
with DMSO (controls) or SP at doses of 250 and 500 mg/kg/day
for 5 weeks. They were then sacrificed and the testes were
removed for histological examinations and determinations of
daily spern production rate (8).

Hormone Assays Blcod samples were allowed to clot overnight in
a refrigerator and the sera were kept at -20°C until assayed
for testosterone by RIA (9} and LH by rouse Leydig cell
bicassay (10}, The coefficient of variations for intra-and
inter-assays for testosteorone were 1.0% and 15.13%, respectively.

RESULTS AND CONCLUSIONS

Both S5 and SP significantly (P¢0.05 and P¢0.01,
respectively) decreased fertiilty of the male rats by 3 w2eks
after treatment and the maximal effect was reached by 5 weeks
(Table 1). It appears that the metabolite of 55, i.e. SP, was
more potent. complete recovery of fartility occurred by 3
veeks after the cessation of SS treatnent.

Pita  in Tahle 2 show that the suppression of fertility by
SP was npot Ancociitea rith theoanhibition of rthe Leydin ecell
function since sarum testostarene was unaltered  throuchout the
cxpariment. In addition, serum LH was not affected by such
treatment. However, the LHRH-induced serum testosterone of
the SP-treated rats was higher (P¢0,05) than the controls
(Table 3).
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Table 1.

Effects of some sulfonamides on fertility of the male

rats.
Percentage Fertilitys
Treatment == oo o o e s
Before During Treatment After Drug
Treatment Withdrawal
¥-1 v-5 ¥-3
Control 94.3 £ 2.4 84.1 1% 2.8 90.6 ¢+ 3.9 92.8 % 4.2
{12) (8) (11) (4)
SS 94.5 £ 2.9 52.8 t 12.6® 35,3 t 13.7° 94.4 t 3.9
(n (6) (6} (¥3]
sp 90.7 £ 2.3 32,4t 7.8 14.3 £ 11,99 -
a, Mean t SEM (n); b, P¢0.05; ¢, P¢0.01; d, P¢0.001 when

compared to the controls.

Table 2. Serum concentrations {ng/ml) of LH and testosterone at
various per.ods before, during and after cessation of
treatment wity SP.

Serum LK Serum testosterone
Period = -e-eeeoeoeecece e
Control SP-treated Control SP-treated
Before N.99 ¢+ 0.23 1.05 ¢ 0.19 1.12 + 0.16 0.84 + 0.08
(5} (5) (11 (9)
During, V-3 1,32 t 0.12 1.04 t 0,25 1.47 ¢+ 0.22 0.95 + 0.28
(1 (9) (7 (3)
v-5 1.11 t+ 0.15 0.93 + 0.15 1.03 ¢ 0.17 0.96 $0.14
(1 (8) (1 (8)
After, V-3 1.73 ¢ 0.36 1.22:0.42 1.3 ¢+ 0.16 1.03 ¢ 0.16
(10} (7) (10} (8)
Values are mean t SEY (n).
Table 3. The affect of LHPH on serum concentrations (ng/ml) of
LH and testosteronn of contreol and SP-treated rats.
Serun LH Serum testosterone
Perind e e
Control SP-treated Control SP-treated
Before 0.87 ¢+ 0.2% 0.45 ¢+ 0.04 2.7 % 0.6 2.2 t 0.6
N (1) (8) (7
2 h afrey SPRE AL PR T R IR S I TS I B B B | 22,9 + 0.9
1) (1) (1 (7}

Values are rean ¢+ SEM (n}; a, P¢0.05 when corpared to the
controls.
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ABSTRACT

The effects of some antifertility sulphonamides
on folate metabolism were investigated in the male rats.
Subcutaneous injections of sulphanilamide at a dose of 150
mg/kg-day for 6 weeks produced a marked reduction in
fertility of the treated animals. This effect was rapidly

recovered by one week after drug withdrawal. Similar
treatments with trimethoprim (30 mg/kg-day) or
pyrimethamine (8 mg/kg-day) had virtually no effect on
fertility. The synergistic effact of trimethoprim or
pyrimethamine on the antifertility activity of
sulphanilamide was not observed when the drugs were

administered in combinations. Treatment with sulphapyridine
(450 mg/kg-day for 6 weeks) failed to alter the levels of
folate in the blood and the reproductive organs except the
testes in which accumulation of folic acid occurred. The
results suggest that the antifertilicy activity of
sulphanilamide, sulphapyridine and, berhaps, some other
sulphonamides is not associated with the inhibition of
folate metabolism.

INTRODUCTION

It has been shown that sulphasalazine,
sulphapyridine and some cther sulphonamides suppressed
fertility in male patients {1,2,3) and some laboratory male
animals (4,5,6,7). Heowever, the mode of action of these
compounds is not known, although recent evidence suggests
that the site of acticn of the antifertility sulpha " drugs

is most 1likely at the epididymis (8,9). Sulphasalazine
inhibited intestinal absorption of folate (10) as well as
folate enzymes in vitro (11). These mffects have been

ascribed to the infertility induced by sulphasalazine in
the male patients with inflammatory bowel disease (12).

Recently, we have demonstrated that the presence of
Ni-amino grvoup of the benzine sulphonamide is required for
the antifertility activity (13). This requirement
resembles that of the antimicrobial sulpha drugs. The
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mechanism of action of which is known to interfere with
folate metabolism in bacteria (14). Therefore, the
objective of this study is to determine whether the
antifertility sulphonamides exert their effects through the
intervention of folate metabolism of the body and/or the
reproductive organs in the male rats.

' MATERTALS AND METHODS
Animals

Adult male and female rats of Fischer strain were
obtained from the Animal Quarter, Faculty of Science,
Mahidol University. They were housed at ambient
temperature under 14 h daylight with free access to pellet
feed (Gold Coin, Singapore) and water. Only males with
proven fertility were used in this study.

Fertility testing

Each male rat was cohabitated with two virgin
female rats for one weak. Mating was determined by the
presence of spermatozeua in the vaginal smears obtained
every morning during cohabitation. Both females were then
removed from the males at the end of mating periond, and
kept separately for 8-10 days at which time pregnancy was
examined after sacrifice. The numbers of fetuses and
corpora lutea were counted. The latter was assessed under
a dissecting microscope.

Fertility of the male rats was expressed as
percentage fertility which is calculated from the ratio of
fetuses to the number of corpora lutea times one hundred.
When both female rats were mated by the same male, the
average value was used for calculation.

Experimental procedure

Experiment 1 : (Effects of sulphanilamide and
dihydrofolate reductase inhibitors on fertility)

Male rats were randomly assigned to 6 groups

(8-10 rats each). The rats in Group I were subcutaneously
injected with dimethylsulphoxide (DMSO; Merck, West
Germany) daily for 6 weeks serving as controls. The

animals in Groups II to VI were similarly treated with
sulphanilamide (Sigma, St. Louis, U.S.A.) at a dose of 150
mg/kg, trimethoprim (Sigma, U.S.A.) at a dose of 30 mg/kg,
pyrimethamine (Sigma, U.S.A.) at a dose of 8 mg/kg,
combined sulphanilamide + trimethoprim, and combined
sulphanilamide + pyrimethamine. Fertility was tested as
described above by the end of 1,3 and 5 weeks during drug
treatment, and 1 and 3 weeks after drug withdrawal.



Experiment 2 : (The effect of sulphapyridine on folate
metabolism)

Nineteen male rats were divided into control (7

rats) and experimental groups (12 rats). The former was
subcutaneously injected with DMSO daily for 5 weeks whilst
the latter received sulphapyridine (Sigma, U.S.A.)

dissolved in DMSO at a dose of 500 mg/kg-day for 5 weeks.
Both groups were assessed for fertility as in Experiment 1
by weeks 1 and 3 during treatment. At the end of week-5,
all rats were anaesthetized with ether and blood samples
were collected from the catheter (PE50, Clay~Adams)
inserted into the «carotid artery. The animals were
sacrificed later using overdoses of ether, and the testes,
epididymides, prostate, seminal vesicle, coaggulating gland
and liver were removed. The tissues were dissected freed
off fat and cut in small portions, then rinsed with
physiological saline and blotted to dryness with clean
filter papers. After wet weights were obtained, they were
homogenized in phosphate buffer pH 6.1 containing 150 mg%
ascorbic acid using a4 teflon piston. The supernatants were
separated by cencrifugation and kept at -20°C for further
assay for folic acid.

Whole, wunclotted blood samples were obtained in
the tubes containing sodium heparin and kept at 4°cC.
Clotted blood samples were also obtained in the tubes
without addition of sodium heparin and warmed at 37°C for
30 min. Sera were separated by centrifugation and kept at
-20°C for folate assay within one week.

Folic acid assay

Folate concentrations in blood and tissue samples
were determined by a microbiological assay using Lactobacil-
lus casei ATCC No. 7469 (15).

RESULTS

Effects of sulphanilamide and dihydrofolatereductase
inhibitors on fertility

Sulphanilamide produced a significant reduction
(P<0.001) in fertility by 3 weeks after treatment (Table
1). Further decrease in per cent fertility occurred by
week-5. Rapid recovery of normal fertility was noted by
one wezk after drug withdrawal. Neither trimethoprim nor
pyrimethamine interfered with fertility of the male rats.
When trimethoprim or pyrimethamine were given in
combination with sulphanilamide, such treatment caused a
suppresion of male tertility. Again, significant decreases
were observed by one week after drug injection. However,
recovery of fertility was prolonged till 3 weeks after the
cessation of drug treatment (Table 1). The reduction in
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Table 1.

~ or pyrimethamine on fertility of the male rats.

Treatment
and
dose (mg/kg)

Control
{DMSO)

Sulphanilamide
150

Trimethoprim
30

Pyrimethamine
8

Sulphanilamide
(150) +

Trimethoprim
(30)

Sulphanilamide
(150) +

pyrimqphamine
(8)

Values are mean:tSEM from number of rats shown in

Before
Treatment

94.4+1.8
(10)

90.4+4.0
(10)

93.9+1.3
(8)

94.1%1.38
(8)

93.2+2.7
(8)

95.1+1.6
(8)

83.916.1
(1.0)

80.3+5.2
(9)

93.7+2.5
(8)

88.3+4.8
(8)

88.9+2.8
(8)

81.916.6
(8)

Percentage Fertility
During Treatment

wk-3

86.7+4.3
(9)

43.2%7.3¢
(9)

89.8%+5.9
(8)

91.4+4.8
(8)

69.3+5.7a
(8)

56.1+8.9b
(1)

wk-5 wk-1
89.6%+3.3 93.8+2.9
10) (5)
35.2+9.7¢ 70.8+11.5%
(10) (5)
80.3+12.1 90.3%2.5
(8) (7)
92.6+3.2 87.1+4.2
(8) (7)
62.4+5.5¢:¢5G,.6+9.4b
(8) (5)
54_8+11.0% 46.5+15,65a
(8) (5)

the parentheses.

Effects of subcutaneous injection of sulphanilamide and trimethoprim

After drug withdrawal

8§9.315.2
(5)

a,b,c, : P<0.05, 0.01 and 0.001 when compared to the corraesnonding values in the
control group (t-test).

d :

(t-test).

P<0.05 when compared to the corresponding values in the sulphanilamide group
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Table

2. The effect of sulphapyridine on folate concentration and content in the blood, liver and
reproductive organs of the male rats.
Folate concentration Folate content (ng/gm wet wt)
(ng/ml)
Treatment“ - - - Bt e D D DT
Blood Serum ‘Liver Testis Epididymis Prostate Seminal
vesicle
Control 225.8+34.9 46.1%1.1 7999.5%426.5 173.0+15.4 597.5+90.3 567.21244.1 555.3+115.4
(DMSO). (7) (5) (6) (7) (7) (4) (4)
_Sulphapyridine 193.3+27.4 32.545.5 7101.1+381.9 313.8+37.9 89222t145.5 307.7+44.2 621.44120.3
(500 mg/kg) (12) (11) (12) (10) (11) (5) (5)

Values are meantSEM from number of rats shown in
8P¢0.01 when compared to the control (F-test).

the parentheses.
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fertility by 5 weeks after treatment with combined
sulphanilamide and trimethoprim was significantly less than
that induced by sulphanilamide alone. On the other hand,
pyrimethamine failed to demonstrate this effect. .

The effect of sulphapvridine on blood and tissue folate

contents

The levels of folate in blood, liver and
reproductive organs are shown'in Table 2. These parameters
were not changed after treatment with sulphapyridine except
in the testis in which a significant increase in tissue
folate contents occurred.

DISCUSSION

We have recently shown that both sulphanilamide
and sulphapyridine possess strong antifertility activities
in the male rats (13). However, the mode of action of
these sulphonamides is not known. In order to determine
whether the antifertility activity is related to inhibition
of folate metabolism as is known for the antimicrobial
activity, the effects of dihydrofolatereductase inhibitors

were studied. These compounds failed to inhibit male
fertility. The results support those previously reported
(8).

It 1is known that inhibitors of dihydrofolate
reductase enzymes, e.q. pvrimethamine and trimethoprim,
potentiate the antibacterial activity of sulpha drugs (16).
Such a uynergistic effect on the inhibition of fertility

was not observed when combined sulphanilamide and
pvrimethamine or trimethonrim was administered. By
contrast, it seemed that trimethoprim diminished the
effect of sulphanilamide. Thesa results, therefore,

suggest that the antifertility activity of sulphanilamide
is not associated with the inhibition of folate metabolism.
In addition, when the antifertility and antimicrobial
activities of some sulphonamides are compared, there
appears to be no correlation between these two parameters
(Table 3). Furthermore, other sulphonamides that have baen
shown bv us to be highly affective in suppression of male
fertility, i.e. N! -~acetylsulphanilamide, NY-acetyl-N! -
methylsulphanilamide, N¢-acetyl-N! -diethylsulphanilamide
and 2(NY-acetylsulphanilamide) pyridine (13), had virtually
no in vitro antibacterial activity against E.coli, S.
aureus or §S. faecalis at concentrations up to 0.3 mmol/L
(18).

Direct measurements of the levels of folate in
the blood, 1liver and the reproductive organs corroborate
the above conclusion. Thus sulphapvridine at the dose
which produced a marked decrease in fertility had no effect
on folate contents in the blood, liver and the accessory



Table 3. Lack of correlation between antibacterial and
) antifertility activities of some sulphonamides.

% Inhibition Antibacterial
Sulphonamides of fertilitys activity®
(umole/L) .

Sulphanilamide 82 128

. Sulphapyridine 74 4.8
Sulphacetamide 24 2.3
Sulphioxazoie 18 2.15
Sulphamerazine 17 0.95

28¢

® (100-% fertility) by 6 weeks after intragastric
intubation of the drug at a dose of 450 mg/kg-day,
data from (13).

>In vitro activity against E. coli, data from (17).

¢Data from (8).

sex organs. In contrast, the testes of the sulphapyridine-
treated rats accumulated more folic acid than the controls.
The significance of this result is not known at present.
This together with the lack of correlation between the
antibacterial and antifertility activities strongly suggest
that the antifertility sulphonamides do not interfere with
folate metabolism. The actual mechanism of action of these
compounds o:: fertility is currently being investigated.
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SUMMARY

A number of sulphonamides having structures related to
sulphapyridine, which is responsible for the antifertility side
effect of sulphasalazine in the ulcerative colitic patients, has
been shown to suppress fertility of the male rats. It appears
from the studies of structure-activity relationship that the
lpyridine ring is not essential but the presence of NY-amino group
is required <Zor the activity. Full activity is retained after
the pyridine group is replaced with hydrogen atoms or an alkyl
group. Thus, the prototype of the antifertility sulphonamides is
‘sulphanilamide. Presently available evidence indicates that
these compounds act at the late spermatid or at the maturation
processes in the epididymis. The latter involves either direct
interactions of sulpha drugs and epididymal spermatozoa or
alterations of epididymal functions leading to changes in the
optimal microenvironment for sperm maturation. The potential for
future development of male contraceptives from sulphonamide

compounds seems promising.



The effect of sulpha drugs on male fertility has been
reported since 1979 independently by the British (1) and the
American (2) physigians. It was noted that male patients of
reproductive ages recekiving therapeutic doses of sulphasalazine
(ss) for threatment of ulcerative colitis were wunable to
impregnate their wives. However, these patients resumed their
normal fertility after drug withdrawal. The effect of SS was not
associated with changes in the 1levels of gonadotrophin or
testosterone, but a reduction in sperm count, sperm motility and
the presence of megalo-head spermatozoa in semen were observed.
Similar effect of SS on fertility of some male laboratory animals
‘has also been demonstrated (3,4,5).

When given by an oral route, only small amount of SS is
absorbed in the small intestine. The major fraction is
transported to the colon where it is metabolized by bacteria to
vield sulphapyridine (SP} and S5-aminosalicylic acid. The former
is readily absorbed by the colon but the latter is not (6,7).
Studies in the rat showed that SP, not S5-aminosalicylate, was
infact the active moiety of SS (8,9). IThis conclusion also
received support from clinical studies (10,11,12).

Although direct clinical studies of the effect of SS on
fertility of normail subjects are lacking, results from the animal
.models clearly show that SS or SP possesses male contraceptive
effect. The effect of SS on male fertility has previously beén
reviewed (13). This report aims to add more recent informations
and to explore the possibility for the development of new male

contraceptive agent from sulpha drugs.
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BASIC STRUCTURE FOR ANTIFERTILITY ACTIVITY

Recent studies by Wong and his colleagues (14)
demonstrated that, besides SP, scme other sulphonamides such as
dapsone, sulphamerazine} sulphamethazone, sulphathiazole,
sulphamethoxypyridazine, sulphadimethoxine and sulphaguanidine
all reduced fecundity of the male rats. On the other hand,
sulphamethizole (8) and sulphamethoxazole (14) were ineffective.

We have also investigated a series of SP analogues and
found that sulphioxazole, sulphamerazine and sulphadimethoxine
had virtually no antifertility activity in the male rats whereas
sulphachloropyridazine had some effect (Table 1l). Replacements
of the pyridine group of SP by H atoms or alkyl groups retained
the potency. However, removal of the N¢-amino grodp on the
benzine ring or substitution with a methyl group completely
abolished the activity. The results suggest that the pyridine
group 1is not required for the antifertility activity since the
simplest sulphonamide, sulphanilamide, is alsdjéffective. The
data reveal further that the W¢-amino group in the benzene ring
is indispensabla. Thus, the basic structure of the contraceptive

sulphonamide is shown in Fig. 1.

ACTIVE FORM

SP is converted in the liver to Nt -acetyl SP and 5-
hydroxy 5P before being conjugated with glucose to form
glucuronides and then excreted in the urine (15). In man, the
reduction in sperm count of the genetically slow acetylators was
greater than the fast acetylators whereas motility and abnormal

forms of spermatozoa were not different in the two groups -of
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patients .(4). Both SP and N*-acetyl SP, when given by an oral
route, produced equal suppressions of fertility in the male rats
(Tgble 1). Preliminary studies of the metabolites excreted 1in
the vurine of SP-treated male rats showed an interesting result.
It: would appear that the animals with the highest amount of free
and total SP (SP+N1 -acetyl SP+5-hydroxy SP+glucuronides) in the
urine were least fertile. Those that had the highest percentage
of the sulpha drug in acetylated or hydroxylated forms were most
fertile, The results indicate that, like human, there are also
slow and fast acetylators in the rat and the active form is
probably free SP. Further studies along this line is currently

under investigation.

MODE OF ACTION

The time required for the completion of spermatogenesis
in rats is 48 days. SP and some of its analogues caused a
reduction in fertility by 3-5 weeks. At the dose of 450 mg/kg
significant cdecreases in fecundity occurred within 1 week.
Therefore, SP-induced infertility could not be accounted for by
the inhibiticn of spermatogenesis. Indeed, measurements of daily
sperm production rate in the SP-treated animals support this
‘conclusion (16). Furthermore, SP did not alter blood levels of
LH and testosterone (Fig. 2). The site of action of SP and
perhaps other antifertility sulphonamides is most likely distal
to the testis, i.e. at the epididymis. However, in view of the
findings that the (pididymal sperm reserve is decreased (3) and a

higher percentage of abnormal spermatozoa appears in the semen



(1), the possibility that these compounds affect the late

of Spermatogenesis ig still tenable.

stage

Maturation of epididymal sperm involves morphological,

biochemical and pPhysiological changds. 3 reduction in sylf
group of the Spermatozoa occurs during their transit throy
epididymis (17) . By using both a fluorimetric method
Fluorescene Activated Cell Sorter to quantitatively determi
monobromobimane-stdined sperm (18), we were unable to demon
chanqges in the thiol group of the caput, corpus ang
Spermatozoa in the SP-treated rats (Fig. 3). However, sps
analyses of the proteins in the fluids removed by micropu
from the caput and cauda epididymidisg showed changes of
Protein bands in the SP-treated rats (Table 2). When the
- surface proteins Were determined, the profile of the caput
.Proteins wwag virtually unchanged, but there were at le
additional Proteins of Mw 85K, 44K and 28K appeared on the
sperm of the SP-treated animals. These proteins were foun
in the caput spermatozoa, It 1is, therefore, tempti
Speculate that SP  prevents the loss of or alteration of
membrane proteins in the immature Spermatozoa, which is nec
during sperm maturation.

The effect of SP and some other sulphonamid
epididymal Spermatozoa may be direct or indirect through ¢
in the epididymal functions ang hence fluig composi
Previously it has been reported that gp, sulphamerazin
dapsone are accumulated in the epididymal filuigd at a
concentration than in the blood (14). on the other nang,

is evidence that SP produced a change in the epididymal
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electrolyte concentrations. Thus potassium concentration in the
cauda fluid of SP-treated rats is higher than the controls (Fig.
4). It is not known whether the excess potassium is derived from
sperm cells or epididymal epithelium. .

In conclusion, it seems that the possibility for
developing sulphonamides other than SP, wiich is not clinically
acceptable, for male contraception is now promising. Currently
available evidence suggests that these compounds act at the

epididymis. However, the mechanism of action is largely unknown.

Further studies of these compounds are acutely needed.
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Figure 1

Figure 2

Figure 3

Figure 4
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Legends for the figures

Basic - structure of the antifertility sulphonamide
compoundk,

Serum levels of testosterone and LH in the control (C1)
and SP-treated (@) male rats before (week-0) and by 5
weeks during treatment. SP was suspended in corn oil
and was given by an intragastric intubation at a dose
of 450 rg/kg/day. Numbers in the column represent
number of rats in each grodp.

Total SH content of the spermatozoa from different
regions of the epididymis of control and SP-treated
rats. The animals were fed with untreated or SP
impregnated rat chow to yield the dose of 1 g/kg/day
for 40 days. Numbers in che column represent number
of rats in each group.

Electrolyte concentrations 1in the 1luminal fluid
removed by micropuncture from the caput and cauda
epid’ 'ymidis of control and SP-treated rats. The
animals were treated as described in Fig. 2. Numbers

in the column represent number of rats in each group.
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;Table 1. The effect of sulphapyridine and its analogues on

fertility of the male rats.

Compoynd Dose (mg/kg)e %fertility®

(mean+SEM, n)

Sulphapyridine 450 25.9+8.6(6)¢
Sulphioxazole 450 62.1+8.4(6)
Sulphamerazine 450 83.4+7.5(5)
Sulphadimethoxine 150 93.941.9(7)
Sulphachloropyridazine 450 74.6+5.5(5)¢
Sulphanilamide 450 18.0£9.0(4)e
Sulphacetamide 450 77.5+£7.3(10)
N! -Methylsulphanilamide 450 6.8+4.3(4)e
N! -Diethylsulphanilamide 450 22.8+8.1(5)e
N-«-Pyridinylbenzene 450 91.6+4.6(6)
sulphonamide
4-Methyl-N-2-pyridinyl- 450 89.4+6.9(7)

benzenesulphonamide

4-Nitro-N-2-pyridinyl- 450 56.2+10.7(7)
benzenesulphonamide

2-Nitro-N-2-pyridinyl- 450 82;4i5.9(8)
benzenesulphonamide

4-Bromo-N-2-pyridinyl- 450 56.2+16.1(7)

benzenesulphonamide

%
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‘Table 1. (Continued)

Compound Dose (mg/kg)e %fertilityd

(meantSEM,n)

3—Nitro-N—2—pyridiny1- 450 66.5+11.0(6)
benzenesulphonamide

N4-Acetylsilphanilamide . 450 42.6+12.5(7)¢

NY-Acetyl-N! -methyl- 450 17.2+6.7(6)e
sulptaailamide

N‘-Acetyl-N‘—diethyl— 450 21.0+11.6(3)e

sulphanilamide
2-(N4—Acetylsulphanilamido) 450 31.1+16.4(6)¢c
pyridine
N4 -Acetyl-methyl-N! - 450 18.6+5.9(7)¢

diethyl-sulphanilamide

a All compounds were administered by intragastric intubation
daily for 5 weeks.

b % fertility was determined from the ratio of embryos and
corpula lutea X100 at week-5 during treatment.

©P<0.05; 9p<0.01; ¢ P<0.001 when compared to the control group.
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Table 2. The effect of sulphapyridine on proteins in the
epididymal fluid and epididymal sperm membrane in
rats. Fluid samrzles were removed by micropuncture
from the 1lumen of the mid-cgput and mid-cauda
epididymidis. Sperm-free fluids and sperm membrane
extracts were applied to a linear gradient (7-15%)
SDS PAGE.

Source Sample Changes in protein bands from control

Caput Fluid decreases in 32K, 31K, 28K and 26.5K

Sperm none
Cauda Fluid decreases in 84K, 77K, 31K, 28K,26.5K
Sperm appeararnces of new proteins

(85K, 44K, 28K)
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SUMMARY: A method is described for bioautographic analysis of
sulfa drugs. The test organism Bacillus stearothermophilus allowed

detection of these compounds after their separation by paper
chromatography. The system described allowed separation and
detection of various sulfa drugs in the range of 0.05-1,0

micrograms,

KEY WORDS: bioautography; sulfa drugs; Bacillus stearothermophilus
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METHODS
Paper chromatography

Ascending paper chromatography was conducted on Whatman
No.1 paper. Samples were applied on a line 8 cm above the bottom
édge, the sheets stapled into a cylinder and then placed in a tank
(21 cm D) containing 139 ml of solvent system as described in
Table 1. Chromatograms were developed for about 16 h. The sheets
were then air-dried. Prior to Placing on agar plates containing B.
stearothermophilus the developed chromatograms were heated ( f h,

60° C) in a ventilated oven %o remove traces of chromatographic
solvents,

Growth of Bacillus stearothermophilus and preparation of

bioautographic plates

To prepare inocula, bacilli were grown on Mueller Hinton
Agar plates and suspended in sterile NaCl (0.9%, to A6OO=O.2 ).
Mueller Hinton II agar ( 5.7 g of the powder to 150 ml of water
was supplemented with indicator (bromcresol purple 6 pg),
autoclaved ( 1210. 15 min), cooled to 480, and trimethoprim
(10 pg) and inoculum ( 5.0 ul) were added before pouring into a
transparent, rectangular, sterile glass baking dish ( 22x34 cm),
‘fitted with an aluminium cover. Bubbles were removed by passing a
Bunsen burner flame over the surface of the liquid agar. The agar
.wés allowed to harden for at least 20 minutes before applying
paper sheets to the surface. Plates were incubated at 50° C for
16~24 h and locations of inhibition zones identified as blue zones
on a yellow background,
RESULTS AND DISCUSSION

Paper chromatographic separation of various sulfa drugs
was accomplisiied as shown in Table 1. The solvent system was
modified from that described in Block et al (4) to provide &
single-phase system. Bioautography detected sulfa compounds as
shown in Figs. 1 and 2. and Table 1.

The thermophilic bacterium, Bacillus stearo-
thermophilus, grew rapidly at 50° and when grown in Mueller-
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INTRODUCTION

Yensitive and specific methods are needed to investigate
the sulfa drug composition of medical formulations or their
metabolites present in body fluids. In biocautographic methods test
compounds ( growth stimulators or inhibitors) are separated by
paper chromatography and detected by placing the chromatogram on
an agar plate containing a microocorganism (1). In the case of
antibiotics, after incubation under appropriate conditions the
plates show inhibiticn zones corresponding to the Rf values of the
growth inhibitors which have diffused into the agar medium, The
areas of the growth zones can be compared with those of standards
for semiquantitative estimation of amounts present (2). Growth of

the thermophilic 'ucterium, Bacillus stearothermophilus, has been

shown to be sensitive to inhibition by sulfa drugs (3). When paper
chromatograms containing these compounds were applied to agar
plates containing this test organism detection of these compounds

and certain of their derivatives could be achieved,

MATERIALS AND METHODS

MATERIALS
The test organism, Bacillus stearothermophilus ATCC12980

was obtained from Dr.Stefan Soback and Dr. Gideon Ziv of the
Volcani Institute, Bet Dagan, Israel. Whatman No. 1 paper was from
Whatman Ltd, UK, Bacto agar was from Difco Laboratories, Detroit
MI, USA, Mueller Hinton II Agar from BBL Microbiology Systenms,
Cockeysville, MD, USA. Sulfapyridine, sulfathiazole,
sulfacetamide, sulfaniicmide, from Sigma Chemical Company, St.
Louis, MO, USA, and the sulfa-containing commercial drug
preparations: Doxiprim, Vitamed, Ltd(sulfadoxine), Methoxiprim,
Vitamed Ltd(sulfadimethoxine), Farmaprim, Vitamed(sulfadimidine) ,
Colifarm, Abic Pharm. Co.(sulfachloropiridazine), Pyrisul, Teva

Pharm. (sulfaquinoxaline), Tridiazine, Plantex (sulfadiazine).

1
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Hinton Agar it produced acid which caused the indicator bromcresgol
purple to change to a yellow color. Inhibition zones appeared
blue-purple on a yellow background.

Sulfa &rugs are acetylated by the liver prior to
excretion in urine (5). The N4d-acetyl derivatives are not able to
inhibit growth of the test organism. They can be detected on the
paper as fluorescent compounds.

Metabolites of sulfapyridine which were present in urine
were separated by paper chromatography and detected by
bioautography (Fig.2). Further studies are being conducted to
identify and quantitate these metabolites,

The bioautographic method described here is relatively
easy to perform, requires inexpensive equipment, and is thus
suitable fer laboratories in developing countries. Newer methods
for analysis of sulfa drugs based upon high performance liquid
chromatography are available (6,7,8). These are effective and
sensitive but require specializad equipment and highly trzined

personnel.
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Table 1. Rf Values and Sensitivities for Bioautographic Detection
of Sulfa Drugs Using Bacillus stearothermophilus.

Sulfa drugs were applied to the origin of chromatograph sheets, as
described in METHODS, and developed, ascending, in the solvent: n-
butanol: water: concentrated NH40H, 125:12:2, v/v. Dried
chromatograms were placed on bioautograph plates, incubated, and
inhibition zones observed, all as described in METHODS !

COMPOUND Bf SENSITIVITY (ug)
SULFACETAMIDE 0.06 0.2
SULFADIAZINE 0.11 0.5
SULFADOXINE 0.14 0.5
SULFACHLOROPYRIDAZINE 0.14 0.5
SULFAQUINOXALINE 0.16 0.5
SULFADIMIDINE 0.22 0.5
SULFATHIAZOLE 0.23 0.2
SULFADIMETHOXINE 0.29 0.5
SULFANILAMIDE 0.51 1.0

SULFAPYRIDINE 0.72 1.0
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Fig. 1. Bioautographic detection of sulfanilamide derivatives.
Standards (2.5 pg) of sulfapyridine (1), svlfathiazole (2),
sulfacetamide (3) ard a combination of all of them (4) were
applied to Whatman No. 1 paper, chrcmatographed and bioautographed
as described in METHODS. The arrowed line marks the solvent front.
The dark stippling represents blue-purple zones against a yellow

background.

Fig. 2. Bioautography of rat urine. Urine samples and

sulfapyridine standard were chromatographed nnd biocautographed as
described in METHODS, Sample 1 = Sulfapyridine ( S‘yg), sample 2=
control rat urine (10 pl) of control urine, sample 3= urine (10
pl) from rat fed sulfapyridine (approx. 350 mg/day). The arrowed
line marks the solvent front. The dark stippling represents blue-

purple zones against a yellow background.
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SUMMARY

Sulfapyridine was administered to mature male golden
hamsters either by impregnation in feed pellets, or by
subcutaneous injéci';ion as a solution in dimethylsulf iide.
The average litter size for control males was 8.3+ 3.3(n=13)
ves 4.2+2.7(n=11) for sul fapyridine—fed treated animals.
Histology of the testis and epididymis was normal and sperm
were narmal in morphology arnd motility. Subcuban=zous

injection of sulfapyridine caused muech more dramatic

inhibitian af male ferklity than was achicved by feeding the

druge Sulfapyridine ¢ 700 moskg body weiaht in 0.0 ml DHMS0 )

i jected subcutaneously for 60 days was efractive In raducing

toglhin size and goerm gquality. Histolony of tastes showed
spermatog i arrash ab young sprrmatiudo. Twa classes of
Winnide werer Feasned in bet '-.‘*»“.1'{":k;'l‘y""i.LJfll'IE"fE.‘d and —inccted

rreatment gooups. One class wae ralatuoesly rosistank to the
s riforioality offecks of the rFags. This daf ference may
roflact dif foring abilities af the amimalz to convert

sul fapyridine to an active form or to excrate its

mekabolites.



INTRODUCTION

Investigations on the inhibitory effects of sulfa drugs
on male fertility were stimulated by the observation that
some men receiving sulfasalazine treatment for ulcerative
colitis were rendered temperarily infertile (LEVI ET AL,
1979). Using rat models, it has been shown that the
SQIfapyridrwe portion of the sulfasalazine ﬁolecule is the
active moiety (LEVI ET AL, 1982). Rats have been used for
most of the experimental work although hamsters were used by
O'MORAIN ET AL (1983). SRIMHAD(937) also found an
antafeclility effect of sulfasalarine on male hamsters,
which  wers less affectad by it than were rats.

SulTasalazing in known to be transported unchanged to
the colon whars endogennus bacteria breal: it down to
oulTapyridine and aminosalicvlate (FEFFERCORN & GOLDMAN,
1977 Tests wikh raks have shown that it is the
culfopyr itline moiety thal caused decreased fertilitvy
(SRETEHAG, 1997). Sulfapvridine iz tnzoluble in water. It has
previuscly  Eeen instilled mto the stonmach of animals as a
cuorn ool mull (FHOLFRASDOL 2 SRIFHALA9E2T), In this study we
adminicbered the test conpound either after incorporation in
ferd pellats or by nection as a solution in dimebhyl-
culfocde. The studies reporied here document and investigate
infertility effects of sulfapyridine in mature male qgolden

hamsters.


http:FH(I)LFR1:'(.iL
http:ferti1i.tv

METHODS

Mature male Golden Hamsters were maintained at room
temperature with free access to water. Feed pcllels (Ambar
Ltd, Hefer, Israel) was supplied ad lib. In specified
experiments sulfapyridine was impregnated in the feed as
follows: Sulfapyridine (14 gm.Sigms Chemical Co., St Louis

) 1y

MO, USA) was dissolved in NaORk ( 0.5 M, 140 ml) and mited
uniformly with Ambar feed pellets ( 1 kg) before drying in a
stream of air at 40°C overnight. Consumption of
sulfapyridine in these erperiments was determined by
welghing the amount of foed conzumed per rat-day. In other
erpeciments orlfanyridine was adminictered by daily
subcubancow: wmjoction of sufiilcient sl faoyridine in
dimotheylsul foside (2 all to provide a dsily dose of 750
wQkge Admn iz e ation or the drug was conbinued for &0 davs.

Foobabily of the amiimoeds was measieod by mating the
males wikh m2bee fomale golden hansters and comparing the
numbore o pops bern Lo reated and control sires, Factors
Trelaked boomato forbiliby were aszocsed as folloas: After the
Lot poriod conterol cod sod Fapyradin -ty eated anomale uers
villed with etivr, teskos roaoyed, placed in Zown's
soluicn, and s ivined wills haemctosylin-oozin for
histologicar examinabtion, Cavda epididvaides were cul up in
Earle's moedium ( Biological Industries, Eet Haemelb, Israel)
and the epididymal sperm examined wunder microscope for
motility, morpholoay, and sperm number.

Measuwrement of free and conjugated sulfapyridine in
urine samplec was by a modification of the method of Bratton

and Marshall (SFIME, 19242).
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RESULTS AND CONCLUSIONS

A decrease in fertility was observed in male hamsters
which had eaten feed impregnated with sulfapyridine (770
mg/kg body weight per day)Table 1). This dif ference was
statistically significant by Student's T=-test{p=0.2Z110~3),

This decrease in fertjiit;/ was not associated with
significant differences in such sperm parameters as motility,
morphology or sperm count i the cauda epididymis. Testicular
histology of animals fed sulfapyridine did riot differ
significantly from that of control animals. This treatment
reduced fertility but did not abolich it and it was noted
that some animals seemed to be relatively resistant to the
antifertility effect.

It is known that sulfapyrigine can be acetylated by
2nzymes present in the liver and that animals con be divided
mto fwo genetic classes, slow acetylators and fast
xcetylators (DAS 32 MARTIN, 197%). In order to determine
wholher  the decrease i fertility of the individoead hamsters
was relatd Lo their abilities to acetvlate sulfapyridine ths
percert of total suliapyridine thot appeared in their urine
waz determincd. Mo corraelation botween the dearee of
foerbidity and the acetylation ability of the hamsters could
be seen (Table 2).

It was noted that sulfapyridine administered per os must
be absorbed across .the intestinal mucosa in order to affect
the reproductive tract. Differences in intestinal absorption
by individual animals might have contribuked to their
different susceptibilities to the drug. To test this,

sulfapyridine was administered subcutaneously. The degree of



infertility obtained by subcutaneous administration of
sulfapyridine was greater than that achieved by
administration in feed( Table 3). Affected animals
demonstrated severely decreased testicular and epididymal
weights, severely affected sperm parameters (non-motile or
vibrating sparm, reduced sperm numbers, head-tail separation
and acrosome detachment), and histcloaical damace to the
testes consistent with dafects i spermatogenesis at the
level of early spermatid formation. In one case Sertoli cell
and spermatogonia only were found in the seminiferous
tubules. [t is to be noted that certain of these test animals
{ the last 5 listed in the axperimental group, Table 7
remained essentially unaffected by the sulfapvridine
treatment. Resistance to the feritility-decreasing effects of
sul fapyridine iz theretwre not cavsed bv decreased ability to
transport it across the intestinal mucosa. Further
inveestigaticns are wnder way b0 determine the caucess of the
sulfa-rclated doecreaze in mals forkiliby and, conversely, the
factors mvolved in resistince to bhis effect that are found
i certain hamnter:s,
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TABLE 1
EFFECT aF SULFAFRYRIDINE FEEDING ON FERTILITY OF MALE
HAMSTERS. Mature male Golden Hamsters were fed csulfapyridine
(770 mg/kyg day) for a period of 60 days before being mated
with mature females. The litter size (humber of pups/litter+
standard deviations) and numlier of n‘matings that produced

offspring were recorded.

GROUFS NC. MO. FERTILE AVE.
ANIMALS MATED MATINGS LITTER
SIZE
CONTROL 135, 1. 10. 8.5+3.0
EXFERIMENTAL 11. 9. 7. 4.2+2.7



TAEBLE 2
FREE AND CONJUGATED SULFAPYRIDINE IN HAMSTER URINE. Urine was
collected for four hours from hamsters which had been fed
sulfapyridine (770 mg/kg body weight per day) for a period of
60 d.;\ys; The concentration of free sulfapyridine was measured
as decscribed in METHODS and the total sulfapyridine
concentration was determined by the same procedure after
first hydrolyzing the conjugated compounds with 0.4 M HCl for

1 hr at 100= C,

AVE
SULFAFYRIDINE (mH) % CONJ— _NO. OF
FREE TOTAL UGATED  FUFS
HAMSTER
BT1 26.8 45.2 40 0
T2 62.8 91.0 3| O
£l 68.6 95.2 28 0
BT 49.6 80.2 I8 2
23 28.4 49.0 42 z.5
st 44.8 732 36 4
sT2 48.4 68.6 29 5.5
52 44.9 75.4 41 7



TABLE 3
EFFECT OF SUBCUTANEZUS ADMINISTRATION OF SULFAPYRIDINE ON THE
REPRODUCTIVE TRACT OF MALE HAMSTERS. Sulfapyridine (750 mg/ké
body weight per day) was dissolved in dimethylsulfoxide ( 0.2
ml) and injected subcutaneously for 60 days. Control animals
were injected with dimethylsulfoxide alone. Body weights and
weights of testes, epididymides, and seminal vesicles are

reported for the control and experimental animals.

BODY WT TESTES EPID SEM VES
(GM) (GM) (GM) (GM)

EXPERIMENTAL HAMSTERS
123 0.08 0.08 0.06
97 0.19 0.07 0.25
149 0.28 0.15 0.32
134 0.28 0.1 0.075
144 0.30 0.14 0.24
154 0.30 0.17 0.70
138 1.06 0.33 0.46
138 1.08 0.16 0.48
105 1.32 0.40 0.62
123 1.41 0.50 0.9
121 1.58 0.42 0.8
119 1.68 0.55 0.89
118 1.90 0.50 0.94

CONTROL._HAMSTERS

134 0.96 0.28 1.28
150 L.15 0.42 0.51
102 1.46 0.55 0.88
120 1.52 0.66 0.92
119 1.98 0.67 L.16



