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EYFTCUTTVE SIMMARY
 

The purposes of this research project are (1) to
 

synthesize a series of analogs of suilfa drugs, (21 to teqt the
 

antifertility activities 
of th'se compounds in the nale rts. and 

(3) to develon and standardize wpthnocs be used for
ro 
 the study 

of the mode of action of .h f;st :t':r,,r,,ls on male fprrility. 

The technical staff inv.olved in this project r,%ni-sefrits 

a aood blend of organic chhlsts biochemists and hi.nloi.sts. 

The Thai org- ic che'-ists weTre r1n-rr,,j-ibe for pvanni n and 

synthesizing sulfr'i 1,0de analoaq "f- rligical t,1qtiTn . The 

Israeli biochEl.isrs wer rnirinly uvolvd in the developnient and 

standat .ization of methods f(or the qtutlyina of funrtions of ,he 

mle reproductive olaans, Both rhe Thai and the Tsraeli 

biologists performed peral,fll fertil.ity testings and the study of 

the mode ct action of the test cerrounds. 

As a results of the nood team work, 13 compounds have 

been synthesized and tested fr biclogical activities. Eight 

sulfa drugs, which are commercini ly iv.iable, were also tested. 

Of these, -9synthei c andl 4 sulfa drqs were found effective in 

the suppresqior, of r.;Ic e. til riv. Th1e basic q,:ructura I 

reuicrnement for the ant.ifert liv 
acriv. ty has been revealed. 

Several method s have h.n de:v- ,-,r. and some of the ,were 

found usetul for T:he study of the mode of action of sulfa drugs. 

It appears that the fonred iou,- i ,, fertility induced( by 

sulforamides is not associatd with chancips in the hor-one levels 

nor the rate of sperm production, Tn addition, tL s e compounds 

do not interfere with the function of the epididymis. The
 



results suggest that the 
latp stage of sperm modellina in the
 

testis is affected 
leading to a reduction 
 in sperm motility and
 

fertilizing ability.
 

The results 
 in this studY provide an alternative 

approach f or the dev,I op,,n; tt f new methods for nale 

contraception, 
 which are acutely n-ded , specia iyby dveiopino 

countries. Alrhouih, in v', ,,of ira ,,d of action. thi, giroup 

of compceindIs i!, attracive as ai a con traceptiv, its pot~ncy 

is still not very 17 gh, .. loi a o i few hundred rng/-a 

required . Fut hebr -tulies .-i r~cru i 5 to search fcr r7o-, potert 

compouInd( and then clinical sirA'r-dieswarranted. 

This col lahoratis n st--c has created a closp 

interaction 
 berween the Thai arl 
 Tsraeli scientisrs, and will
 

undouLtedI l-.ad to futur' cooperative wrrk. Several t-chniques 

and skills for the study of male fertil" ty transf.-ed to and 

acquired by 
 the Thai collaborators during the granting period 

will anable 
 the Thai researchers 
zn carry on furtner studies
 

along this line.
 

i 
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RESF.ARCH ORJCTTVES 

The overall air, of phisroject is to develop methods 

-for investigcticm of thit rode of :ctinn rcf compounds suitable for 

use as cont r;cepr J-;,-:: in :h,,: - iand i-r, adopt th s- rlv 1? .d 

methods to evalti,, the anriferrj]iry acti on of sulfnrianiide drucgs 

and their .r 

It i F i.-nera1ly agreed that an optimal si ze of 

popularion wi1h qooi is aouality prereciui site for a sIiccEssful 

developmen: of a coutnrry. Thiq hasi roquirement is htidly met 

in the 2C5. d< ve Iop-d contries whe- , the probM -i of over 

populat ion i . refrof-i-!7ZS. Th . f-hI-- r, -,i for birth cnntrol as a 

means of cr,nt-olI nn r[nruIat ion .iz t r chese countri - is of 

prime importanc- .ther forms --J. or int natiorzal a-ci stance to 

help developing the over por;ulat cd Curtri cs will he less 

effective unl ,s the ove Tgrowth Cf p -1t..-tion is under control.. 

At p-sent. T aian6 is still -rrarerned by an overgarowth of her 

population ,rhed over -horx,: re-n y;ars. The r'.su is from 

this projt-ict with recatd ro the develop-ent of met-hodsthe will 

provide a d:Jirt,.- r n-i -rr:i.a apI i.,:i n)r for1 ise ir. Thai land. 

Furthermore. es;l -s f, c ti-e st-)ln- 0n the strucrure-activity 

relationshi r, -n 1 r h-7 r of 'ir Ir , u otenti al cr tI-c. ptive 

agent s wi 1 I h- ;-sent Ii lmi-l, irn cr the development of new 

contra-epiiv0- ar-ents with a known spe'i [io action and lnwest risk 

of undesirabhl e-ffects.
 

Lfc-nt att(e7 ,'s to control fe rtility in the ,,al.e have 

been focusse(d on three major areas (a) disruption of 

spermatogenasis either 
 by a direct action cn the testis or
 



indirectly by aitering normal levels of 
 gonadotrophin or
 

testosterone. 1b) interfer-nra with sperm maturation in the
 

epididymis, and (c) interruption of sparm transport i-nto the 

feA .le eni t il tract. At- pr-mnrt. the proar,,s o. the.,

approachs. cxcepr i.n , ban ro, reached th rage 

wherewidesproad *.ppl cal ins A-a v-ccmmendWI. Mrionver. 

intensive srvdKis ,f the curr-ntly av,-ilah].e methods r-val 'norp 

problemn , r,,_gar:ive sspe-rg of the rospective m.thods (1). 

fherefore, rhe need for new method= for fertility rpa.]atior in 

th. ile is a: ill acute. 

During the past dpcadw rhere. have bern an incrpasi.ng 

numbers of clinical raports of .he side-effect of sulfasalazine,
 

which is general].y used to treat u.certicive colitis. on fertility 

cf the mal, patients 2-4). These patients who have history of 

normal fo.rtli ty beforp the onset of drug treatment became 

infertile shortly, within 2-3 months. after the treatment.
 

Normal fert:i lity ri-sues soon after d-,g withdrawal. it appears 

that this inferti1..ity is nnr asqo<j .rd :., th channss in blood 

yonadco t-'rhin or- teTtost prona but mray he related to reducd 

sperm counts, defectivo sparm ',nri-irv and a high ,rmbor of 

abnormal sperm morphology (2-A). ,:cent work on tV-' male rats 

by Levi's and our groups have demonstr rod similar effar-rs as in 

man (5,6) In addition, pre]ilri rry studies on su.fasalazine 

metabolites. i.e. sulfapyri dine and] 5-aminosalicyli, acid formed 

after br',-akdown of sulfasala7inr by intestinal mi-ro-ornanisms, 

showed that Pultfapyridi re. hut r-, ;-aminosalicy] ate. also 

suppresed fertility in the male rats (5, 7). B-.ides, 

sulfamethizol- in which the pyridinp group of sulfapyridinR is
 

http:incrpasi.ng


replaced by a methylthiadja?.o1e Jroup had virtually 
 no effect 

(5). Possibl- e -ft--t of other -ulfonamides on t-.he male 

reproductive system Rre largelv unncwn.
 

Th!1!0.1-o cf 7,c'iin nF 
 n. f,7 anne (and sijiapyrirli n 

on the -al, r~orou-r v Sy~r , nt]yo -f,r unclear. 0 theoJnCh 

previous wcirt~s 'epocr-1 r'- a .i-- ]] s of gon.dmt rhin and 

tPsroste oi-c i i nr It C-ttS zc: I 1t:- r(Ia ,szi ne reatfer,- p,-re 

Iecer S tIW ,- sh ow.a r ar pr ,Sz - ( 0) tNor WaS
 

I: t vavF d wT-,r31 r aa M.a rS-s reTrI- e ?.e) was dep s-.sse by thi s 

druci. Or i)b-th - hanl, the ituj Ilifa y I servC- an1 i : rt',-reti.o 

in response to GrF Ir TRH we-, norni .n This m1cesrs that 

norma fu c nt of The r i ar V q I are still iract. The 

con fl ict in the repore d I -w1 int7 rcirc) ratir: 7Cnatrophin 


these patient -,' poss i 
 b due to diurnal vari,;tJ.on, of 

t h s hormones. Thus. rhe- er(sihi of f -ts cf the sil foramides 

onrI o od L H ,S F nd t- r r,-e r auire fttrt her w- I -controIIed 

stujdies. However, the findinrs t-hart his drua c.ausien chane.- i n 

S,:niC"(r am : J - . n iC7o Zo ernn3iotilirtya • oor -i nI a higOh 

r,umber of abnormal head] forfl!s. i t hout changes i n norMal 

hi st ology of -h- t:es,- 1rcm-st thae fti fasalazi n-. ani noqitlv
 

its analogs. 
 i,,ay exert ;ts acrion (ofl Ke lace sPorator rzses or 

the ma turaririn of .1CerMar0oa in r ......pididymis, r a of her 

disral sites, if ti hYothesisis re.., ur th e studies of 

thi s -rTup o)f tAruo shpuld -rove friujir: f.il i ter,,s f f1uture 

de',e] npcr,r of a new contracentivv- a. nt with a rir 1l onset of 

th- effect and I Yr covoly, r -pec.icr srite of at-, fnn and a 

lesser chance for indu i no aen-ti . abe7,rrations of the ra'rtes. 

The idea to dpvelop slfonamide drurgs ;,I contraceprvo agients is 

http:vari,;tJ.on


novel. The possibility that 
other well known sulfonamides as
 

well as new componunds with rplated stlructure may a].o 
 have
 

antifertility activity is 
 hiohly Iikely. The rcult: should
 

s tirmul lre suhbqxvr~nK ntudip in noo rh whlel. sn&ytrirr of 1hs: 

drugs. Fur h-r:mn:r . if rh"' v-n-do- of acrion is kown, e.g. a t. 

:h.- epi;i iynal r~i:uraria M stp-A,;mt , this grou oF copiouinds 

,would hit mnr, advanrar thar c h r wh rh act at. oth, si tes. 

This project was alqn surporrd. in parc. by research
 

orbrts from lfahidol University and Chnlahhorn Research 
Tnstitute 

during the lator phase of struy. 



;: :-  
iiii!! i : ..Thirteen sulfonamides were.i synthesized frorn the simple 

i"i:,reaction between. aopropriate benzene sulfonyl chlorides and 

amines.' The optimal conditions for the preparative scale, were
 

also simultaneously investigated. Some the
of compounds
 

synthesized have structure slightly modified from those
 

previously proposed. 'This is primarily based on the Rnalysis of
 

the structure activity relationshi p (see Table 1).
 
7K 

2. Akntifertil i _activit.es of the test co ounds 

In addition to the 13 synthetic compounds, A sulfa drug!.
 

purchased from Sigma Co. (U;.S.A.) were also t sted for
 

antifertility activities. The adult: male rats 
 of proven
 

fertility were fed either by intrAgastric intubation or with the
 

pellet feed impregnate~d with the suIfA drug at doses of 3.50 
 or
 

450 *mg/kg/day for 6 weeks. 
 During the treatment period the
 

treated males 
were allowed to mate wi.th untreated female rats
 

and pregnancy was determined later. Control rats were fed 
 with 

S corn .oil or untr .ated pellet feed and the mating seledules were 

similar to the treated group. 

It was found that 9 of the synthetic compounds and 4
 

sulfa drugs were able to significantly decrease the number 
 of
 

fetuses of the impregnat'ed females. 
 The effect occurred within
 

,1-3 weeks during treatment and normal fertility resumed by 
 1-3
 

:iweek after the cessation of treatment. Table 1 summarizes the
 

-...
antifertility activity of all compounds tested in 
thi s study. Tt
 

http:activit.es
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Table 1 	 Nomenclatures and chemical structures of the compounds synthesized 

and tested for antifertility activities. 
Antifer tility
 

Compound Chemical name/Generic name* Chemical Structure Activity 

I 

I Sulphapyridine FVNHSOr ,-N-1 +++ 

N-0II Sulphioxazole 	 SO, 0 

043 

III Sulphamerazine N " NH D -IH , + 

03 

VI Sulphadimethoxine 	 NHSO M2 0 

V Sulphachloropyridazine C.- NHSO 	 +M2 

VI Sulphanilamide 	 H . -M2 . . .
 

VII Sulphacetamide C-ICONHSO .-r 	 ++N-M2 

VIII N I-Methylsulphanilamide 0iNHSO1 N.12 

IX NI-Diethylsulphanilamide 	 +++N2 . . . 

G1301q/ . 
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Table I (continued) 

Antifer tility
 

Compound Chemical Namc/Generic Name* Chemical Structure Activity 

X N-2-Pyridinylbenzene VNHSO21§\ 0 

sulphonamide 

X1 4-Methyl-N-2-pyridinyl-

benzenesulphonamide 

C-3 0 

XII 4-Nitro-N-2-pyridinyl-

benzenesulphonamide 

F ...NHSO / N,,2 + + 

XIII 2-Nitro-N-2-pyridinyl-

benzenesulphonamide 

E NHQSO 0 

XIV 4-Bromo-N-2-pyridinyl-

benzenesulphonamide 

F..NHSO B +""+ 

XV 3-Nitro-N-2-pyridinyl-

benzenesulphonamide 
NO, 

0/f\\NHSO0 

XVI N4 -Acetyl sulphanilamide K,= NHCOCH3 ++ 

XVII N4 -Acetyl-NI-methyl- %NHS 2 Q..NHOCH2 +++ 

sulphanilamide 



--
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Table 1 (con:inued) 

Antifertilit,
Compound Chemical Name/Generic Name* Chemical Structure Activity 

XVIII N4-Acetyl-N'-diethyl- C N-4so \NH&CCH3 + + + 

CHP/sulphanilamide 

XIX 2-(N 4 -Acetylsulphanilamido) .NHSO COCH-- ++ +E> N...O. 

pyridine 

XX N4 -Acetyl-methyl-N 1-diethyl- ,-HN.-t/ / \NCOCA, . . . 

sulphanilamide °H3°H2/ - CH, 

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

in this study. 

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



appears that the mnost sinmp]i sulfa drug. sufani]awirdb,, cr its 

alkyl c1-rvariveq arw Rs oFfortivo- as 'ii faid~ i r. 

Unfortunately, 
 wE woro unahlei.- ro fi nd mor pont nr crnmiponnds 

which iro nqnrov,-r Wh.~n ths :trucrrn-- of all Los roppnn&o; 

wer,: rialysd in r-larc,,n to thair briloulical acriv, tie', rhe 

bar Lr srrucural r,'suiryont fOr ths ant i fertili y aortvi tv was 

obtafn-d :. 1). This par t of rho work was Acprd for 

publica- ion in che journai of Reproduct:ion and Feri.ity in 

November 19, 1990. (Ses Appendix ITTI. 

Fig. 1. 
 Basic structure of the antifertility sulfonamide.
 

Since complete infertility of all male rats in 
a group 

treated with a single sulfonamide has not yet been achieved and
 

it is known that sulfa drugs ars mor effective when given in 

combination, rho ,nffr of rnmtrbind antifertility iuifonamides 

(sulfapyridine + sul'fan.alaida l w;_re qrtudied. Soth drugs were 

fed to the in',.a, at varionq cnbii-.- ri -, and doses for 6 wpeks 

and fOrti ]iry wag t te.d in in o tEr ,-xp'rimnt-s. A. ,arRd 

reduction in Fertility (aT ,nw rop-.f-; Mefrcilii:yws noted in 

the groups treated with combined drugA. -. ch a decrease was more 



than that accounted for by doubl ing the dose of a single drugs. 

The data sugoost th- potet ntnrn Pffoct of these druoo. Dun to 

the li mit of time oth;. rmniniti,ons of sulfonamidas have not 

been studie.. 

3. Mode of ac+ion of sulforirmrdes 

In order to undersrarv.i the node of action of the test 

compounds orn the sale raproductive system. a q:ries of 

experiments wer- to theperformed ,ali.in.at,- site and mechanism 

of action of these cc-rpouindv using sul fry rtdin or 

silf aniliuid.- As a -r <-epnta i-,, drig;. The details of each 

exp+riv'en t had hPr n descri bed in The previous progress r-ports. 

Th-- folowina- will samn a-r- rh-,o Majnr approaches used to 

achieve this nhb , iv-. 

3.1 Effppts on th oititar-inada] axis 

q 'rvi d.n,•i pfn giv,-n a. the dose which significantly 

*ecregsd f-+r kiiry Af th.- Yale rats failed to alter blood levels 

of IH and resrosrerr,-,. T addirion, th, responsiveness of the 

pituitary-innada1 a;.:xi LHPH wasto nor virtually charg-d. This 

part of results bee'n at IVthhas rported the .nternational 

Congress of Androlgy in P1 cren. ;Way 14-18. 1989 (sko Arpendix 

II). 

3.2 Effects an tne t:esticul; r roduction of sparma to oa 

HistoIlogijcal stIU '- Q.v-.- ,. -ris of the sU [fapr-idine

or sulfaniarid,r- a,.-d niqa -,v.m .. no differ,,--+ from the 

controls. P hc o di mercr-sP qTnt of rho- daily sprm~ 

production rate smirqort ps. hlisrI '>ialW findi ngs. Thus. 

sulfapyridin, had no ffecr on rho rate of spermatonpnFsis. The 

http:ali.in.at


results h ave been inc 1ud .6 i.n the-e eriort at the Tnt-ernational 

Congress of Androloty in Floranc. i.n I98c (see Appendix I) 

3.3 	 Effeet-s _on e,pididvrn 1 marat ion of spermn.to7oa 

tr.-.v i so ex:..i,-rrtiat -!,t .t th. sit- of action of 

sulfapyridin-,oca-. .t!iri.os t 1 i;.,v cu) al-. hv- possible
 

action on rhe erich 
 j*,'a . Ortt'.,t c, 4as then i r; ic;lted 

by usi ng rhe mr rh o, 15; vd, nra-,l b' I h. T q areFli c l labc,r - ors. 

B:-) t-h I ] F , [:l 't~i ;n, -i , 0' f .l nj-i P-ide r a rk ,ilv r.-cr'-ased 

,o ti-I ity of TI: IliaI ca rPT' oar ove, ti ,r-c i (p.(iv, . a1(1 from 

th eiaclatcl fm''3.S--- s wa] 35 ;,r, , ,nt. i..n in i- ,]ra 

In n.idi ico.. vi ] st.in'on , r.-,. eii,]y'al sptrac ,-,-,a shrwed 

Crt Jncl ,- ac r, fipth - ho r i-al cn~r Howeve K. no'-

%7i71F-n . , rt 1ncr, a. -.nl vi-r l sp- ma i r,r t th1 , 7111da 
pdii rv.l (is aced on r crrph gi. qa -lies of the cytop as ic 

drcpl at . Or. the o t.her hand . rhe c ectron Tni cioc'ranhs of 

sul fa-treea - epidicy]vmpl per, r-vea]i d a disrupt:ion :,f the 

contracti le el.emrit-s a t numberof .sub t tantl .: Cf speraonoa . The 

effect res. ,1ic-s that: of sy.pol rp-t-r.- previously '10h . In 

con trasto 0'- s ci i ity.1tv -t ,fonamr-lde s had virtur uc 1y n. effect 

ori sp- r m esniratrri hot-n in .i vl- ac 	 r] vi ti-c. 7.- on1esul.ts 
the in_ vi tro ; ftect s ha,:] been ul lish1. it the Prceli TInscf the 

2lth Int.:i-naci oaa. :'r.,sress on Animal ,-.nr,:duction and kr ri tial 

Inseminati or - Agrrenril: ,). 

Rat 	 . idi4iy'j act-i v v c,: il ates ,ar.ni: ire froyn the 

b] ood and s -orrtes ir into thc, enridicivmal lumen I1I The 

involvLrment of carnitine i.n sp- r:,- *or-i 1 anc ferri"ity is also 

Well iocumentred (11) . Therefore, the t.ff ct ot sulfa drurs on the 

http:1esul.ts
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accuOulation of radiolabellpd carnSrine into the epididymis 
 was
 

investigated. I 
 waO found that hP, nprake of carnitine by the
 

sulfa-rreared aiidyrvmis 
was iiot different 
from contols. it is 

concluded that 
thjc Euncorin c' tho epiiry-is is n.rt ,ff-cted. 

During e later p-riod nft -rudy, we Pave doterm'ined
 

the composition 
 of tho. idi dymal fluids Co]U-r tes 
 by
 

micropunctore 
 with rp:o.er to eretrolytes and prote ns. 

Potassium Cennnorati or was -iorni fioarty eleva ed in the 

sulfapyASnndn-rr-.ar.d 
rats whpraaq qod , concentration was 
 not
 

chan -d M y. 2). Tt in nor known wl,..ther Lhis i duo to the
 

teaki-e ,, Arrace1lniar pnra s; ,,:fr,
iA the dead gperm or the 

enhaccn t OF riotacsuai :-ortion by rh' ,-plidymal i-ptheli"um.
 

Ayis of rho flu.id wI
as Ps surspy-s face proteins by SPS 

polyacrylas-ide W3 cIC cr ror:,h,-,i--cis showed changes in rho , ttorn 

ot ,ro i ns in both fluids reoov ed frnr the proximal qnd distal 

segment.s of rho -nididyvi-. Furthermor". the sperm extracts from 

the disral rgion of t sulfa-rreated ,epididymis yr.-smbled those 

from the proximal regions of the control and qulfa-treatd
 

epididymis indicating the 
 lack or modifica tion of thp sper 

surface prtirs during their transit through the epididypis.
 

M-asurements of 
the rate of spprm transport through the 

epididymis by the ra,-]-,h.l] mo method develonpd in our 

laboratory fAly]-d t demonstrat any change 'afrci rrearen with 

sulfa drugs, T'h, l-,+r du ction in s ididymal sp-rm reserve 

cannot be explained by chahges in the spper transi t.ime.
 
C].os-' insp.ct.n of our 
fr it iry data indicated that
 

SOtie rats i: the 
 sulfa--treated 
 nrn w-re resistart to the 

antifertility actility wherneas o'herq were very responsivs.
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Electrolyle conc. in the luminal fluid 

100 No 
I Control 

80 - S P- treated 
SP < 0.05 

.j 6 OK 

C"- 40

20 ®
 

0 

80 K 

60 

uJ 40 -. 
E 

20 

Caput 	 Cauda 

fluid 	 fluid 
Figure 2. 	Electrolyte concentrations in the luminal fluid of the caput
 

and cauda epididymidis of control (0) and su2fapyridine
treated (M) rats. Sulfapyridine was given by intragastric
 
tubing at a dose of 450 mg/kg/day for 5 weeks. Numbers in
 
the columns are number of rats in each group.
 



Since the effectiveness of 
both acerylated and non-acerylated
 

sulfanomide, which ar_ introcnnvrtible in the body, were 

indifferent when given orally (Tab_ ]) . the actual active form 

is unclear. 14 answer thiR aj..t-i ,n we analyzed variou- fori of 

sulfapyridine and sul faniad. ; ,, tabrV rcp in who eycreta of 

treated rirs by u-ing oth F I,' and pectropht,,,- t y. In 

addition. rhe .or-ncy A, rhe a -cylaed and nnr-acnt ylated 

sulfonamid-.: a-dmi.nistered i- chyoal vorevs, parentera] routas were 

2ompared. Th,- resul t sh,wp-,d that tbo :nimals which '-r- most 

a cive in -a tylaring rh- c,-prn,-:nd] wca .>- most [Hr I.]. This 

sugges thar th- acer-l:-ated fcrs 0i ant-:ctivL or Wor acrivo in 

Comprwrcising ferrir iv or n.. c--- nn the ocher hand, recent 

experiments i.ndicate that as'-rylsulfapyridine was ,ore effect'Wev 

when subcutineaaugly injenrt-, :.omaredr to caral feedinq. I.i;,tahcic 

studies of acrry sulfani amide Ruggest that this compourd was not 

deacetylated to any yaree.'-:tenr ith-r in its passaq through 

the digestive tract nor in Ihe rar itself. Howevar the 

possibility srill rpmains that the d-?r-vatives are ApIc-rtyated 

by an irducib]e enzym- .yst,, whn th-;- ir administt-rd for a 

long period of Ktnn. Thvoeforr- . A-... ,stton cn:rnring the 

active form o ant iferti]ity catfarnavidCl-- is yet unanswered. 

3.4 Ef-feccts on -to I _.evabai.ate 


Since Fulfas;lain, 
 hs bean known toinhibit folate 

absorptior by M:h, i r-r,;t: n. (120 as w-,11 as f car,- rrzy. - j n 
viJt.o (13), the p-ss.bilir-y hW r rh antifertility gulfonaides 

exert thpir eff,-cto thrnuh UP, in y'.,Wcn of fM]at- m-ofaholism 

was investiar.d. The antifoarililry activiuy of tht artifolare 

reductase inhibitors such as trimethon-ri r and pyrimethamine alone 



or in combination wivh sulfanilawidp were studies. In addi:ion, 

blood and tissue Iev ] ot folio acid were measured .n the 

control and suI fa-treat- trnie as. d Thr rei su ts showed virtua II 

no ,Lffe on -he flF--te ,-. .-f the male reproducti e 

organs nor the aniit;s, i t ; .l'e r.,si !rs has been uhl ". hc-d in 

the journal CONTRACEPTIONI f,-.? .pr,-i)dix IV. 

TMPACTJRFIPVANCP ANDfl_TECHNO-.OGy TRANSFER 

This srijdy h-ac Jn-i-ra there a- -i numbpr oftL,,t 


sulfonajide compounds ..jhi oh; ar.) 
 ffect e antifertil - ry agents in 

che nale r,-ts. The co:poiind hi - sev r1 advantages for further 

deve c.pmer as ma e cont.racer:-rives. Tt oprens up the noss-bi ii ty 

for new m,,Thod in intle1 f ctiitv ro au ation, which are acutely 

needp-d in the develonping coun riFs. At present, tht. fi rJdirjO in 

this project have no direct apr .i cat io-. However, once tha 

final clinical studie<s are coli.te, lhe now contracr-prive agenr 

can then be recon-end, d f.-r widepr an use. If th. final 

devel ora,.i-nr c f t:hi s compcur,,] as a ma le contracepri.ve -gent i r 

successful, fh- b i.nfi s wil ri.o," h1 ited onlv t'o tII, 

deve !ooi nq co r Is but also to the other communitit-s of the 

world. Th i s becari, rh- probl em of overpopulation s of 

wor]dwjdP c(ncerns. 

On th,- ot:her hand, the poj-ct has a direct impact on 

the invesfitoato r. themselves ea.necq iya.1 v the Thai .scientists. 

Since the ir unI of fundi ng is ;iz;tblo, both laboratories in 

Bangkok and Jr Tl Aviv were ehle r purchase .some major 

equipsent and 1 boratory ur-pli es necessary for high quality 

http:contracepri.ve
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research work. These toa.lther with the Exchanqes of techniques
 

and skills obtained froDm '-raijni n, wi. 11nable 
 both laboratries to
 

carry cn the 
 ,f
co ILbor.tjv1:. ,r i -rindard qual iy . t is 

hope that mi or firdings wi]] li c-ovr-evJe- by th fsf.r1r1. 

o in 7 Vi: fltt U E', 

PPO,JF(EP CT-Cr VTTTFS/nT;'TPTT 

I. Attendancp at scientific rnetit i-n 

grab'- tg a :; ricind, both the T hai and the 

Israel-i cnsr ii-cyrs rattc crd and presented papers. gaveor 

1ec:ur.-$ on the wo:k '.j1l':-.1 -..
frcm tbis udy at bof-h 1ocal and 

international scirirific neetings, wh.4rh are iisted below : 

.1 v Th iv.enfLi actn 

.1..e Conferenc,' hr. USATD Science Award .7,rantees, 

24-26 July I' 7. Nakorn Pathonm, Tha ii -rd. 

1.1,2 17th Annu... Ieet i.rc? ot the Physioloorca] Soofety 

of Thailand . '-0 hpr-1 198' kFCan)ck 

Thai] and, 

1.1.3 1 th Annual , t:he Fhysi- Q a S3rietV 

of Thai 1Irn n j--'1, 1989, Chiang-rai, Thailand. 

1.1.4 TVth rn ,a C-,rgrev-,--ir,ari Anirrl ov 

14- l e,llay , Ig9FC, Fln r-er{.-, Italy . 

1.1.5 XXXI TInrr , i orTa ss of Physiolngical 

ci.nin-c f---; u . li a sJnIi. , FinIand, 

1.1.6 19th Annriui. rV--ei i no of the Phvs iol.o.icaI 

Society of a -:land, -- Apirl, 19.O, Rayono, 

Thail and . 



1.1.7 	 16th Conforance on Srience and Tpchnology of 

Thailand, 25-26 Ocu-anbr, 199: Banrkok, 

Thailand.
 

1.1.8 	 Seconl ,nn9 rsq of th Asian and no-ni a 

Physiologica] lorip-rins, 12-15 lr vornbar, gq0, 

No;w DO .hi.in ia. 

1.2 By 	 the__sr__i Trvestirgtorq 

1.2.1 	 intornational Congre on Animal ReprOdnetion,
 

26-30 
Tun-, K226,, Dublin, Ireland. 

1.2.? 	 Gordon Conferonce nn Roproductiv- Tract Biology, 

3-8 July. 0AUw sh.r- , U.S.i.
RamH,-


1.2.3 	 25th Hatinal Congress of the Israel Society of 

Clinical Binchexistry, 28-30 March, 1990,
 

Tiberias, lorael.
 

].2.4 
 Annual mo t-ing of israel Fertility Society, 

1990 Tsraxl. 

1.2.5 	 Annual Noft ing 
 of th, Israel Microbiology
 

Society, V90., Tsrael.
 

1.2.6 	 G-rdop ronfo-enco, on Reproductive Tract Biology, 

9-13 July. iW0. N1w Hampshire, U.S.A. 

2. Trainin9 

The israeli cn-invxntijator 
(Prof. L.M. Lewinl mads two 

visits to Bangkok in 1988 and Wq% in order to discuss tho work
 

plan of the prierrc andi trai.in 140, Thai 
 collahorators the
 

techniques and methods dpveloped in Irrap].
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3. Publcation 

?ublications 
 of the resilts of this research pnroject
 

include
 

3.1 Fu j_..1 ! . 

3.1.1 Cowi.n, &,.M.: Anlan, R.., Wass.-ralny. 0, , 

PWLPrnaMo]: r". The effects of ,lfa.a] nzrn. 

.ulfapylridine, qnO 5-aminosalic'; 1 oil
 

giycQlysia 
 of boll 	sporm. Proce-dirgn of the
 

11.th Tnt r" tionl;. Congress on Animal 

Reproduction ard Arrificia1 Ins ,1in inn. Jun 

26-30. 19:8 D i- n, Tr .land. 

3.1.2 	 Pholpraqool. C. ovrawainapakul, V.. Sriilhao, 

A., Ruchirawat, A. A Lewin, L.M. Lack of 

effects of some ancifertility sulfonamideq on 

testicul,ir f' oino in the male rats. 

Mini-Pnsrarcq TVrh ntnrrnational Conress of 

Ancrology, .y 1-1 . 1gq9, p, 27-3] . Florence, 

Ttaly. 

3.1.3 	 Pholpramool, C. Rnchirawat, S. Verawatnapa I,
o 


V. Paovaln, C. & hwin, L.M. structural 

req lirements of q-m, s.lphonamides thai pnssesq 

an artiferriliry acrivity in th - J.-av,r 	t. 


P..rod. 	 Fort. 195 (Ar.pted for ublication). 

3.1.4 	 Pho]pramoni C., Vera,,atnapall, V.; 

Rurhirawa. F. .A Lewin, L.M. Mod. n actLon 

of the err ifOrtilit.. ;upbonar i - Lack of 

effet nn fon-t.v metabolism. Contraception, 

42 Wi. 667-!74,, 190. 
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3.1.5 	 Pholpramnool C.,. Puchirawat, $., Pova!o, C. 

Verawatnapakul, V. Z Lwin, L.!. q'nppro. in of 

Male Fertility' by shlr a driugs. P V (C-MThnng 

nf rho 7nd Mn~Ufr-.q of riho Asian Ard nona~ni an 

Physion, inr Q i-ti s, "overhe 12-1 . lqqn , 

No.-w i h . Tn1 i a 

3.1.6 	 Golan. :.. Waq rC ,ug, 0.. Fr 'idiin. F. 

Phol r ,r, ol C. & L,-win, L.M. Bioaur graphi,

dprection of sulfa drugis and their do-rivirive 

using barillus Rtearothermophii,. 3. Cl in. 

Chem. Cl.in. Biochem. 1990 'Suhmitted for 

publ. irition. 

3.1.7 	 Weissenbrg. R., Phopnramool. C. & L-wn, b...
 

Antifertility 
 4ffects cf sulfapyridine on mal, 

hamsters. Androl.n iai. 1990 (.Thmit ted for 

publica tion) 

3.1.8 	 Wannan r,tb, P., .. win. h.H. & Pholr, amnol. C. 

Anti fertili ry sulfonamides and inhibi t ron of 

carhonic anhydrase enzyme in the rat 

epididyris. OTn preparation). 

3.1.9 	 Bunrag, n. Verawatnapakul, V., Lewin, L.M. & 

Phol.pramrol, C. The effect cf sulfaryridine 

and alpha-chi]orohydrin on epidiJy,-a fluid 

elecrrolyros and Rper- surface protirs. Oin
 

preparatioN.
 

3.1 .1.0 	 Paraponr.l S.. Lewin b.. & Pholpr.,ooh, C. 

The effect of sulfanilamide on the structure 

and motility of spermatozoa (In preparation). 
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3.2 Ab.trycS_s 

3.2.1 Pholot-armol, C. V.r~warn;pakul, V. irhjrawat. 

S. & Lewin T,.M. back of effects of come WnalN 

anki-f,.rrii i.ytv o ,lfann,o.',q on fol.at0- mer ah ism 

in the rois. Prx-nr , .t th XXXT 

Internation.:, 
 Poar,or of Phyiolnouical 

Sciencs, july 0-14, ,, .
 

3.2.2 	 Pholpraor 
 , - ,hi rawat. S.. Verawarnaak ;1 

V., Srikhao. A. & Lewir L..M. Intervention 
of
 

sperm mturirir 
.,-hy P1lpha drugs. r so-nrad a* 

the 161h Corpf-rnr, no ence ani T.rhr, (vgy f 

Thailand.. "Qctu,-w,7 -27 	 1990.
 

3.2.3 
 Weis en erq. R,.- Phorr mool, C. & 1.Wwinn ,.M. 

The i nf! ,en-,- of vulf pyridine on male hamster 

fert.ilitv. Pr~serr-d At the Annual reeting of 

israp! For tii ry %ri ty, 1990.
 

3.2.4 	 Golan. R., ;asgarcho. 0. Froid!in,
, 	 F.,
 

Pholpramool, C. 
 K Uwin, L.H. WAotorgraphic
 

detection o nalfa (Irici 
and their d-r -ativps in
 

drug prerat-at ionq and in urine. C'-e.-,:ed at 

the 25th ilariona] Congress of Tsravlthe ;opi1ty 

of Clinical BSichm.-rv March 2t-10, !q. 

3.2;5 	 Lewin, ,.1... Fholp-qxocl, C. & VrWe. T.B. 

Sulfanpyrid n. metabolites in urine
 

effocrivsc
-	 - Fuipytidine aaq "ale 

contraceptivu. 'w ho presented at thA 26th
 

National Congres the
of israel Society of
 

Cl ni ,,l ,Ricchem siv.ry. 1 91.
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3.2.6 	 Lewin, LI... Pholpramool, C., Ruchirawar, S., 

Veriwatnapakul V. & Faovalo, C. Struct"ral 

rquiremont for male infertility action of 

qulf.nMmpi.r-q. To ho, n 	 th.PresentVd at Anr',]
 

egtin, 	 of ry- - Ferti ity lociet., , 1 ;91. 

PROJE CT _iRnnJC.TTVTTY 

The proposep gcnmls of rhi. rosearch project are: (31 to 

synthesiz,- thirteen ul fap rid i n,. anaigs, (2) LO test the 

antifertility activi s of all synthetic compounds and P-.


commercially availabla drn, (3) to
sulf 	 ii an! develor ethods 

for the studv Kf rhy mode of artion of sulfonamids on male 

fortility. Th-'-frc.r., we have cnmpl-tly achieved AITI roposed 

cbjecrjiv' evT rthough thp Merails work pa n had bea-n 'ighrlt 

modif 	 e.d From t e orin nal !propnos . This is not " nus,ml. for 

research work Uince the designs for exro-riments also doponnd on 

the results from the previous .:-:p ,ents.
ri 


FUTURE_WORE 

After completion of this project we hWve provided 

several new informations and ideas for future experimentations. 

Although more is known of th- nffect of sulfonamid, 

compounds on the mRa] retn-rncrive system, there arp still a 

number of unanswered qulesti on Futur, work are '.-guired to 

search for more potent rom,our either by studying individual 

compound or combined dirgs. It is vory likely that by using a 
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suitable racio of combined simp1p .vuifa drugs, a very, effecr'ive 

antifertility activity w ill be ach iev-d. Ilore work ar- 1sc
 

needed to ].horate the -,:,charism of the sulta drug.a 
 Ev.clnce 

for a die.-t or an indir, ct, actinn ,,f sqilfa drugs on sp~trnmitozna 

is still lacking. 
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THE EFFECTS OF SULFASALAZINE, SULFAPYRIDINE, AND
 
5-AMIIHOSALICYLATE ON GLYCOLYSIS OF BULL SPERM
 

1Lewin, L.M., Golan, R., Wassercug, 0. and 2 Pholpramool, C.
 

Department of Chemical Pathology, Sackler Medical 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 sulfapyridine 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
mode of action of sulfa drugs as possible male contraceptive agents. 

the 

MATERIALS AND METHODS 

Experimenits were conducted as fol lows: Pellets of frozen bull senen 
were thawed at 370, mixed with a ttEPES-buffered balanced salt
solution (4)and centrifuged (20 rmin., 500 x g) through 3 ml 
of 10%
Ficoil 400 (PharMacia Fine Chemicals, Uppsala, Swegen). The sperm
were resuspended (to a concentration of 40-60 x 10 tells/nl) in thesalts solution containing D-glucose (0.1-10 mri) and the cells incubat
ed at 370 for up to I hr. At 0 time and after incubation, perchloric

acid (351, 0.2 ml) was added to portio.s (I ml) of incubation mixture. 
After chilling (00, 10.mirn.) and centrifugation, 0.9 ml of super
natant 
fluid was removed, mixed with 0.6 ml of saturated KHC0 3, chilled for 10 rin. , and cenLrifuged to remove KCI04. Duplicate samples(0.4 ml) of supernatait fluid were removed for analysis of lactatewith lactic delydrogernase using Kit 826-UV (Sigma Chemical Co., St.,
Louis, MO., USA). Additional aliquots (0.1-0.15 ml) used for
were 

analysis of Vlucose, using a glucose oxidase reagent (kit 510, Sigma

Cheiical Co.;.
 

RESULTS ArID DISCUSSION
 

Preliminary ex:perimenrts shuwed that lactate production was almost
independent of glucose concentration between 0.1 and 10 mM (Table 1).Subsequent experiments utilized I 
m glucose and 30 rin. incubation.
When sulfasalazine, iLs moieties, sulfapyridine and 5-amninosalicylic
acid, and a variety of other sulfa drugs and related analogs were 
added to the ir1riubati)n iiixture,; ' ulfasalazine caused significant
inhibition (fable 2). 'ulfapyridine and 5-ainosalicylate were less

inhibitory. 
 Other sulfa drugs and analogs that were not inhibitory
at a ccncentration of 3 mM included sulfanilic acid, sulfaguanidine,
sulfathiazole, sulfamerazine, sulfacetamide, sulfarethazine, and the
aia logs p-ani nobenzo te, iil-annlruobenzoa te and p-ami iol)henol. 

' (I " 

http:0.1-0.15


Oral administration 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). It is thus unlikely that the observed inhibitory effect of
 
sulfasalazine on sperm glycolysis is directly related to its action
 
as a male contraceptive agent. Sulfapyridine and sulfanilamide,

which have been reported to have contraceptive action in male rats,
did nut 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 370 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 d-scribed in METHODS. The number of replicates

is reported in parentheses.
 

Glucose Glucose utilization Lactate production

conc. 15 rain 30 in - 60min 15 min 30 min----6-Omin 
(,1M) 

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

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)
 

Mudn 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 (I 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 1maM 2mM 3mM 

sulfasalazine .6)
b14(6 a49(3 .0) a64(11) 
sulfapyridine -17(7.5) b16 (5. 8 ) b20(6.1) 
5-aminosalicylate b16(5.6) 15(9.0) a17(3.6)
 

asignificant at p<O.01 by t test for difference of means.
 

bsignificant at p<O.05 by t test For difference of means. 
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Summary
 

Sulphonamides with different chemical structures were
 

synthesized and these 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 weeks. Sulphapyridine caused a dose-related and reversible
 

reduction in fertility at doses between 125 and 450 mg/kg. At
 

the high dose, fertility ,tas decreased to 25.9% of control at
 

Week 5 after treatment, and complete recovery occurred by Week
 

3 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, N1 -methylsulphanilamide or N*-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. N4-Acetyl derivatives
 

of sulphapyridine, sulphanilamide, and N'-diethylsulphanilamide were
 

as potent as their parent compounds. These results suggest that
 

the presence of pyridine or other heterocyclic rings is not
 

necessary for the antifertility activity of sulphonamide
 

compounds. However, the N4-amino group is indispensable. In
 

q9) 
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addition, acetvlation 
of this amino group does not change the
 

potency. The 
prototype of the antifertility sulphonamides,
 

therefore, seems to be sulphanilamide.
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1" Introduction 

2 

3 Sulphasalazine (salicylazosulphapyridine), a compound 

4 formed by azo ainkage between sulphapyridine and 5-amino salicylic 

acid, was first introduced to treat rheumatoid arthritis in 1930 

6 (for review see Goldman & Peppercorn, 1975). It was later 

7 demonstrated to be useful in the therapy and prophylaxis of 

8 ulcerative colitis and regional enteritis (Baron et al., 1962; 

9 Misiewicz et al., 1965). Although these diseases predominantly 

,ffect men and women of reproductive age, the association between 

11 sulphasalazine treatment and male infertility was not recognized 

12 until in 1979 when Toth (1979) and Levi et al. (1979) 

13 independently reported that male patients who received 

14 sulphasalazine treatment for ulcerative colitis became infertile. 

Such an undesirable effect was completely reversible after drug 

16 withdrawal. This finding has since been confirmed both in man and 

17 animals by many investigators (for review see Giwercman & 

18 Skakkeback, 1986). More recent evidence indicates that the 

19 sulphapyridine moiety, which is a metabolic breakdown produce of 

sulphasalazine by bacteria in the gut (Peppercorn & Goldman, 

21 1972), or its metabolite(s) is responsible for the antifertility 

22 effect in man (O'Morain et al., 1982a,b; Cann & 1oldsworth, 

23 1984; McIntyre & Lennard-Jones, 1984; Shaffer et al., 1984) 

24 and in rats (O'Morain et al., 1982b; Pholpramool & Srikhao, 

1985). 

26 In the rat, sulphasalazine and sulphapyridine do not alter 

27 testicular weight and histology, gonadotrophin and testosterone 

28 concentrations in the blood, or daily sperm production rate and 
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4 

1 sperm concentration in the epid', ymis (Pholpramool &. Srikhao, 

2 1983; C'Morain et al., 1984; Pholpramool et al., 1989). These, 

3 together with the rapid onset of the antifertility activity, 

4 suggest that the site of action is post-testicular, possibly at 

the Epididymis. Wong et al. (1987) have studied the antifertility 

6 effects of several types of sulphonamides and related compounds in 

7 rats and found that sulphapyridine was the most effective. The 

9 effectiveness of these sulphonamides seemed to be related to 

9 their ability to pass into the epididymal fluid, again 

indicating that the site of action of sulphonamide drugs is at 

11 the epididymia. 

12 Since sulphapyridine is considered to be relatively 

13 toxic, other sulphonamide drugs which could suppress male 

14 f2rtility by the same mechanism as this compound and were less 

toxic might be ideal contraceptives for men. In the present 

16 study, we have synthesized 13 sulphapyridine analogues and 

17 investigated their antifertility activities in 


18
 

19
 

21
 

22
 

23
 

24
 

26.
 

27
 

28
 

male rats.
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1 Materials and Methods
 

2
 

3 --Animals : Sexually 
mature male and female rats of the Fischer strain
 

4 were obtained from the Laboratory Animal Unit of the Faculty of
 

Science, MahiUol University. They were kept separately in
 

6 stainless steel hanging cages under ambient 
 temperature and a 12 h
 

7 light : 12 h dark lighting regimen with free access tu 
food and wtter.
 

8 Only male rats with proven fertility were used.
 

9
 

Chemicals :All chemicals used were of reagent grade 
and were
 

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

12 WI, USA).
 

13
 

14 Synthesis 
of the test compounds : The 13 compounds (Compounds
 

VIII - XX), of the structural formulae shown in Table 1, were
 

16 synthesized by a simple reaction the
between appropriate
 

17 sulphonylchloride derivatives and amines or ammonia. 
 The product
 

18 were purified by recrystallization and identified by their melting
 

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

elemental analyses.
 

21
 

22 Drug treatments : 
The 13 synthet-ic compounds and 7 sulphonamide drugs
 

23 purchased from 
 Sigma were studied in 7 consecutive fertility
 

24 tests consisting of 1-6 compounds 
 over a period of 30 months.
 

Each test compound was freshly suspended in corn oil and was fed
 

26 every day for 6 weeks via gastric intubation at two doses (150 and
 

27 450 mg/kg), except in some trials, into 
a group of 5-12 male rats
 

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

'1
 



1 

2 

3

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18

19 

20 

21 

22 

23 

24

25

26

27

28

6 

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

which corn oil only was fed.
 

Fertility testing : The fertility of the male rats treated with the
 

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 thp
 

vaginal smears taken every morning. After I week of eohabitation
 

both fenales were removed from the male kept separately for 8-10
 

days, and then killed for confirmation of pregnancy. The numbprs 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 fetii,;es 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 mean±s.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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I Results 

2 

3 The antifertility effect of sulphapyridine 

4 

Sulphapyridine produced a dose-dependent and reversible 

6 reduction in fertility (Table 2). At a low dose, 125 mg/kg, 

7 percentage fertility was significantly (P(0.001) decreased by 5 

8 weeks after treatment. When given at higher doses, significant 

9 reductions occurred by 3 weeks after feeding, and by Week 5 

percentage fertility was only 25% at doses of 250 and 450 

11 mg/kg. In addition, the number of males that mated with female rats 

12 and the number of the females that became pregnant were also 

13 reduced after feeding with sulphapyridine. These effects, however, 

14 were rapidly reversible. Thus, by 1-3 weeks after the cessation of 

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

16 

17 Effects of sulphapyridine analogues 

18 

19 To determine the structural requirements for sulphonamide 

compounds that have antifertility activity and to search for 

21 more potent compounds than sulphapyridine, 19 sulphonamides having 

22 

23 

24 

various structures 

fertility testing 

26 

27 

28 

related to sulphapyridine were chosen for
 

in this study.
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1 a. Compounds with N' substituted with heterocyclic rings 

2 Figure 1 shows the results of fertility testing of the 

3 commercially available sulphonamide drugs that contain several types 

4 of heterocyclic rings, other than pyridine, at the N' position. It 

5 is clear that sulphioxazole, sulphamerazine and sulphadimethoxine 

6 failed to exhibit any antifertility activity. However, 

7 sulphachloropyridazine, at a dose of 450 mg/kg, caused a slight but 

8 significant (P<0.05) suppression of fertility. 

9 

10 b. Compounds with N' substituted with aliphatic chains 

11 Table 3 demonstrates the effects of several simple 

12 sulphonamides on fertility of male rats. These compounds all had 

13 antifertility activity. Compound VIII (N'-methylsulphanilamide) was 

14 the most potent agent, giving a low percentage fertility at Week 5 

J5 after treatment at a dose of 450 mg/kg. The numbers of males that 

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

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

18 reduction in body weights and haematuria. Nevertheless, these 

19 effects were dose-dependent and reversible after the cessation of 

20 treatments. 

21 

22 c. Sulphapyridine analogues 

23 To determine whether N4 -amino group of sulphapyridine 

24 is required for the antifertility activity, 6 analogues having 

25 the N4 amino group removed or replaced by other functional 

26 groups were synthesized and tested. As shown in Table 4 only 

27 Compound XII [4-nitro-N-2-pyridinylbenzenesulphonamide] and Compound 

28 XIV (4-bromo-N-2-pyridinylbenzenesulphonamide] retained the 



5 

10 

15

20

25

9
 

1 antifertility activity.
 

2
 

3 d. N4 -Acetyl derivatives of sulphapyridine and other
 

4 sulphonamides
 

It is known that sulpha drugs and other sulphonamides are 

6 metabolized by the liver via acetylation at N4-amino group (Schroder 

7 & Campbell, 1972). However, the active form of sulphapyridine or 

8 other antifertility sulphonamides is not known. The effects of
 

9 N4-acetyl derivatives of sulphapyridine and other antifertility
 

sulphonamides were therefore investigated. The results are shown
 

11 

12 

13 

14 

in Table 5. All 

fertility of the 

16 

17 

18 

19 

21 

22 

23 

.24 

26 

27 

28 

these compounds were also effective in suppressing
 

male rats.
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1 
 Discussion
 

2
 

3 Since the recognition of the side effect of 
 sulphasalazine
 

4 on male fertility, 
 it has been demonstrated 
 by several
 

5 investigators 
 that some sulpha drugs and 
 other related compounds
 

6 such as sulphapyridine (O'Morain et al., 
 1982b; Pholpramool &
 
7 Srikhao, 1985; Wong et 
 al., 1987), dapsone, sulphamerazine,
 

8 snlphamethaxine, sulphathiazole, 
 sulphamethoxypyridazine,
 

I sulphadimethoxine 
and sulphaguanidine (Wong et al., 1987) also
 

10 possess antifertility activities. 
 However, there has been no
 
11 systematic study on the structure 
 and activity relationship of these
 

12 compounds. 
 This study is the first attempt to unveil the basic
 
13 structure 
 that is necessary for the antifertility action of
 

14 sulphonamides in male 
 rats. Variations of 
 the structure of
 

15 the test compounds were primarily based on 
that of sulphapyridine
 

16 so as 
 to address 3 questions : firstly, is the pyridine 
 ring
 

17 required for the antifertility activity; secondly, 
 is th

18 presence of the 
 N4-dmino group essential for the action; and
 
19 thirdly, would acetylation of the N4-amino group alter 
 the
 

20 potency. 
When the pyridine moiety of sulphapyridine was replaced by
 
21 
 isoxazole or pyrimidine ring the antifertility activity was
 

22 completely lost. Thus, 
 sulphioxazole, sulphamerazine 
 and
 
23 sulphadimethoxine 
had virtually no effect on fertility (Fig. 1).
 

24 However, replacement with the pyridazine ring partly destroyed 
 the
 
25 activity. For example, sulphachloropyridazine caused a slight 
 but
 

26 significant reduction in fertility. By contrast, when 
 the pyridine
 

27 ring is substituted by H- or a simple alkyl group 
 the activity was
 
28 retained or even enhanced. Simple sulphonamides such 
 as
 

2
 



11
 

1 sulphanilamide 
and 
 N' diethyl sulphanilamide (Compound 
IX) were
 
2 therefore 
 as effective as 
 sulphapyridine whilst N' methyl
 
3 sulphanilamide (Compound VIII) was 
even more potent (Table 3). 
 The
 
4 latter, however, 
was also toxic to 
the rats. These !'-sults indicate 
5 that the pyridine ring at the N' position of 
 the sulphonamide
 
6 
 skeleton was not essential for the antifertility activity.
 
7 
 It is well 
 known that the presence of the p-amino group 
in
 
8 the benzene ring of 
 benzene sulphonamides is essential 
 for the
 
9 antimicrobial 
and antibacterial activities of the 
 sulpha drugs
 
10 (Maren, 
 1976). However, it 
was not known whether this is 
 also
 
11 true 
 for the activity of 
these compounds on fertility. Six
 
12 sulphapyridine 
 analogues which had the 
 N -amino group 
 removed
 
13 or replaced by other 
 functional groups were 
 synthesized 
 and
 
14 tested: removal 
 of the 
 N4-amino group completely abolished
 
15 the activity (Table 4). 
 Substitution with 
a methyl group
 
16 also failed 
 to retain the activity. However, bromo- or
 
17 nitro- groups 
 were able to produce some antifertility activity
 
18 although to 
 a lesser degree 
 than the 
 amino group. The
 
19 activity was completely lost 
 when the substitution of 
a nitro
20 group was at 
 the meta- or ortho-position 
 of the benzene ring.
 
21 These data suggest that the N4 -amino group 
of the benzene
 
22 sulphonamide compounds is required for 
 maximum antifertility
 
23 activity. 
 In this regard, it appears 
 that the requirement for
 
24 N4-amino 
 group is similar to that of 
 the antibacterial
 
25 sulphonamides. 
 However, it does not 
 necessarily imply that the
 
26 mode of action of these drugs is the 
 same. The findings that
 
27 Compound XII [4-nitro-N-2-pyridinyl 
 benzenesulphonaiaidej 
 and
 
28 Compound 
XIV 4-bromo-N-2-pyridinylbenzesulphonamide] 


.(Table 4) are
 

"2 
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1 also effective may be explained in 
terms of conversions of
 

2 these compounds in the animals to 
 active metabolites, possibly
 

3 through sulphapyridine for Compound XII.
 

4 Previous 
work has shown that detoxification and excretion
 

5 of sulphapyridine occurs through acetylation at 
the N4-amino group
 

6 - and hydroxylation at position 5 of the 
 pyridine ring. The
 

7 hydroxyl group may then be conjugated with glucuronic acid to form
 

8 glucuronides, 
which are then excreted by the kidneys (Schroder &
 

9 Campbell, 1972; flansson & Sandberg, 
 1973; Eastwood, 1980). It is
 

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

11 is the active molecule(s) for the antifertility activity. 
 A
 

12 series 
 of N4 -acetyl derivatives of the sulphonamides that
 

13 possess antifertility The
action was synthesized and tested. 


14 potency was virtually unchanged by such 
 modification except, for
 

15 Compound XVII (N4-acetyl NI-methylsulphanilamide) and Compound
 

16 XVIII (N4-acetyl-NI-diethylsulphanilamide), 
 which were more potent
 

17 than their non-acetyl analogues at the dose 
 of 450 mg/kg, but only
 

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

19 The results indicated that the N4 -acetylated derivative may be
 

20 the active compound. However, it is also possible 
 that the
 

21 non-acetylated form is 
 in fact the species that exerts the
 

22 antifertility action. 
 The latter is based 
 on the notion that
 

23 the N4-acetylated 
 form may first be hydrolysed by the gut
 

24 bacteria and the unacetylated form absorbed into the blood. 
 The
 

25 latter explanation depends on the assumption that all 
 acetylated
 

26 compounds tested 
 in this study are readily hydrolysable in the
 

27 gastrointestinal tract. 
 We are currently working to delineate the
 

28 nature of active form of 
 the antifertility sulphonamides.
 

(tk
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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 

Sulphapyridine / NHSO4/ -12 

II Sulphioxazole 	 N-0 NHSO W, 

U[ Sulphamerazine CH NHSO2f N-I2 

0-13 

CHj0
 

NHs OVI Sulphadimethoxine 	 W, 

V 	 Sulphachloropyridazine CI \NHSO2_-a N-t 

VI Sulphanilamide 	 N-, 

VII Sulphacetamide CHIcoNHso tF\M2 

VIII 	 NI-Methylsulphanilamide G 3NSOr 

NI-Diethylsulphanilamide CHCH 2 Nq-SOIF 2 

( 

IX 
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Tihle 1 (continued) 

Compound Chemical name/generic name* Chemical structure 

x N-2-Pyridinylbenzene NHSO 

suiphonamide 

XI 4-Methyl-N-2-pyridinyl- r VNHS,2O & . , 

benzenesulphonamide 

XI 4-Nitro-N-2-pyridinyl- VNHSO/ N02 
benzenesulphonamide 

XIII 2-Nitro-N-2-pyridinyl- \ -NHS

benzenesulphonamide
 

XIV 4-Bromo-N-2-pyridinyl- NHSO Br 
benzenesulphonamide 

XV 3-Nitro-N-2-pyridinyl- r NHSO
 
benzenesulphonamide
 

N02
 

XVI N4-Acetyl sulphanilamide FvwNso-\\)NHcoCH, 

XVII N4-Acetyl-Ni-methyl- CHNHSO -2 NHOCH3 

sulphanilamide 
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Table 1 (continued) 

Compound Chemical name/generic name* Chemical structure 

XVIII N4-Acetyl-N I-diethyl- CH CHNN-SO -- NHC c
H3 

sulphanilamide G4,CH\ 

XIX 2-(N4-Acetylsulphanilamido) (-VNHSO ... ~cCH 
pyridine 

XX N4 -Acetyl-methyl-N '-diethyl- C H 3H2-SO- .NCO 3 

sulphanilamide CHCH / 

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

in this study. 
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Table 2. 	The effect of sulphapyridine on various parametey-d of fertility
 

in : male rats. Male Fischer raC' were treated with
 

sulphapyridine (125, 250 or 450 mg/kg-day) and % sucqessful
 

mating, % of "emales becoming pregnant, and % fertility (no. of
 

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

dccribed in "Methods".
 

...........................................................................
 

Animal group
 

Period of Parameters of ----------------------------------------------

treatment measurement(%) Sulphapyridine (dose)
 

Control
 

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

Mating 100 100 100 100
 

Before Pregnant female 100 100 100 100
 

drug Fertility* 90.0±3.6 94.6±2.3 98.1±1.3 92.2±2.9
 

(11) (9) (8) (9)
 

Mating 90.9 55.6 77.8 66.7
 

Week 1 Pregnant female 100 100 71.4 100
 

during Fertility 75.8±5.8 76.2±9.6 62.7±16.9. 86.4±5.8
 

drug (10) (5) (7) (6)
 

Week 3 Mating 100 44.4 33.3 55.6
 

during Pregnant female 100 100 66.7 100
 

b
drug Fertility 80.8±5.9 71.9±12.3 22.1±1.2 62.1±14.0
 

(11) (4) (3) (5)
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Table 2. (Continued).
 

Animal group
 

Period of Parameters of
 

treatment measurement(%) Sulphapyridine (dose)
 

Control
 

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

Week 5 Mating 100 66.7 44.4 66.7
 

during Pregnant female 100 100 75 50
 

drug Fertility 85.7±3.3 45.9:4.811-c25.1±11.5 25.918.6,C
 

(11) (6) (4) (6)
 

Week 1 Mating 100 - - 77.8
 

after Pregnant female 100 - - 100 

81. ±5.1 - - 69.3±9.6b
drug Fertility 


withdrawal (11) (7)
 

Week 3 Mating 100 - - 88.9
 

after Pregnant female 100 - - 100
 

drug Fertility 75.0±6.0 - - 90.1±3.5 

withdrawal (11) (7) 

...........................................................................
 

*Mean±s.e.m. from number of rats indicated in parentheses.
 

aP<0.001 when compared to tho corresponding values in the control group.
 

bP(O.05; cP<0.001 when compared to the period before treatment within the
 

same group.
 

http:69.3�9.6b


---------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

CIA' 

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-l wk-3 wk-5 Vk-i 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) 

dSulphanilamide 150 92.0±3.0(5) 91.8±3.6(4) 57.7±9.5(5)a 44.5±4.5(5)c.e 74.6±8.0(5)b 96.2±1.9(5)
 

a
450 88.8±4.6(8) 86.8+6.6(6) 56.3±7.0(5)8. 18.0±9.0(4)c.e 37.3±16.0(5)cd 79.5±9.9(5) 

Sulphacetamide 150 95.7±1.2(12) 80.5±7.0(10)a.d 70.0±10.0(12)d 85.9±4.1(9)d 91.3±2.5(10) 

450 95.1±1.7(11) 86.6±2.8(I0)b. d 70.6±6.4(9)e 77.5±7.3(10)d 81.5±5.0(10),d -

Control - 95.1±2.3(9) 89.5t4.4(8) 63.5±18.0(5) 95.3±2.2(7) 96.2±2.6(4) 76.2±11.8(5) 



------------------------------------------ ----------------------------------------------------------------------

------- --------------- ----------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

--------------------------- ------------------------------------------------------------------------

C-4
 

Table 3. (Continued).
 

Percentage fertility*
 

After treatment
During treatment 

Compound Dose (mg/kg) Before 


treatment
 

wk-3
wk-I
wk-5
wk-3
wk-l 


96.7±1.7(7) .3±
8 .4 (6)d 14.6±12.0(4)e 17.4±7.6(6)c,e 64.0±14.5(6) 82.0±8.9(7)


VIII 150 73
 

1 O.8 (5)be 66.9±16.8(4)
.8±4 .3(4)cf 43 .3±
6
450 94.2±2.0(8) II.5±II.6(4)ce 31.8±31.8(2) 


37 .8±l8.1 (4)b.e 96.0±2.3(4) 
58.6±19.9(6)
 

97.6±1.6(7) 60.5±19.6(6) 59.1±20.0(6)
150
IX 

22.8±8.1(5)cl 47.2±17.1(3)n.e 55.0±9.2(5)
 

450 95.5±2.7(8) 60.0±24.5(5) 91.9±4.8(3) 


+Mean±s.e.m. from number of rats indicated in parentheses.
 

the control group.
the corresponding periods in 
ap(o.05; bp<0.01;CP<0.001 when compared to 


the period before treatment within the same group.
dp<0.05; ,p<O.01;fP<0.001 when compared to 
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Table 4. The effect of sulphapyridine analogues having different substitutions on the benzene rings on
 

fertility of the male rats
 

Percentage fertility4
 

Compound 'Dose (mg/kg) Before During treatment After treatment
 

treatment
 

wk-l wk-3 wk-5 wk-l wk-3 

Control - 91.6t3.1(8) 81.7±9.3(6) 88.3±6.9(8) 86.1±7.0(8) 79.8±4.8(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) 8q.1±8.4(5) 87.0±13.9(6) 

450 91.2±3.1(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) 8 3.6±4.7(7)d 91.8±4.2(7) 82.3±7.6(8) 83.8±5.6(8) 81.3±5.5(8)d 

XI 150 95.5±2.9(7) 37.1±7.3(5) 90.0±6.8(5) 92.6±7.4(6) 84.9±6.9(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)d 71.2±13.4(7) 

XII 150 90.9±4.5(7) 82.7±7.9(7) 54 .3±ii.9(7)bd 40.5±4.7(6)ce 61.1±10.9(7) 72.3±12.8(7)
 

450 91.5±3.8(8) 82.3±6.3(4) 36.2±15.5(6)a.d 56.2±10.7(7)d 57.2±12.5(7)d 82.0*8.6(7)
 

Xii 150 95.7±3.0(7) 82.3±5.0(7) 75.5±13.9(7) 97.2±1.6(5) 92.1+4.1(7) 71.6±8.9(7)d
 

450 92.8±8.2(8) -'3.7±2.5(7) 70..6±12.4(5) 82.4±5.9(8) 81.4±10.9(8) 83.0±6.7(8)
 



------------------------------------------------------------------------------------------------

---------------------------------------------------------------- ------------------

------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------

Table 4. Continued
 

Percentage fertility*
 

Compound Dose (mg/kg) Before During treatment After treatment
 

treatment
 

wk-1 wk-3 wk-5 wk-l wk-3
 

Control - 97.1±1.2(8) 73.8±16.0(6) 73.7±18.6(5) 80.5±13.9(6) 92.5±3.6(2) 51.2±15.5(7)d 

XIV 150 95.9±1.6(8) 83.1±13.9(7) 63.7±15.5(8)d 62.1±15.2(6)d 74.0±12.6(8) 88.5±5.2(7)a 

450 98.4±1.6(8) 80.6±13.7(7) 68.0±15.7(6)d 56.2±16.1(7), 86.1±6.3(6)d 90.07.0(8) 

XV 150 98.2±1.2(8) 84.2±5.9(8)d 54.6±16.6(7) 67.6±16.9(6)d 94.0±5.9(8) 87.5±6.1(8)a 

450 96.8±1.3(8) 92.2±3.0(6) 95.5±2.9(5) 66.5±11.0(6)e 75.8±15.9(4)d 60.9±15.5(6)e 

+Mean±s.e.m. from number of rats indicated in parentheses.
 

mP(O.05; bP.01 ; cP(0.001 when compared to the corresponding periods in the control group.
 

dP(0.05; eP<0.01 when compared to the period before treatment within the same group.
 



---------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------

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
 

(m g / kg ) treatme n t ---------- --- ---- ------ --- ------------- ------- ----- ----- ---- -------- -----

wk-l wk-3 wk-5 wk-l 
 wk-3
 

.....------------------------------------------------------------------------------------------------------


Control - 91.6±3.1(8) El.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) 66.0±14.1(7) 57.8±13.0(6)8 50.2±10.4(7)a.d 65.8±8.7(6) 79.1L3.1(7)8 

450 87.5±3.7(8) 86.0±7.47(8) 49.9±12.0(6)a. d42.6±12.5(7)b.e 50.1±9.7(6)a-e 69.6±7.1(6)a
 

Control - 95.1±2.3(9) 89.5±4.4(8) 63.5±18.0(5)e 95.3±2.6(4) 96.2±2.6(4) 76.2±11.8(5)d
 

XVII 150 95.5±2.6(7) 79.3±3.2(6) 33.3±22.8(3) 20.4±7.8(6)cf 45.4±15.8(5)a .d 80.4±10.5(6)
 

450 98.7±0.9(8) 85.6±6.2(6) 21.3±15.0(3)d 17.2+6.7(6)c.f 60.0±40.0(2) 53.9±14.9(7)d
 



---------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------

- - -- ---- - - - - - - -- - - - - - - - - ---------------------------

--------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------

Table 5. (Continued).
 

Percentage fertility*
 

Compound Dose Before During treatment After treatment
 

(m g /kg ) treatme n t - - - -- - -- - - - -- - - - -- - - - -- 

wk-l wk-3 wk-5 wk-l wk-3
 

f 

XVIII 150 95.6±2.2(7) 44.2±20.5(5) 47.8±17.0(6) 30.99.2(5)c, 72 .0±11.3(5)d 72.5±7.9(6)e
 

450 98.5±1.0(8) 73.8±9.7(5)e 11.3±5.8(7)8,e 21 .0±11.6(3)C-f 32 .5±23 .6(4)
8,d 77 .3i138(5)d
 

Control - 97.1±1.2(8) 73.8±16.0(6) 73.7±i8.6(5) 80.5±13.9(6) 92.5±3.6(2) 51 .2±15.5(7)d
 

XIX 150 98.0±1.3(8) 92.2±4.7(7) 84.6±4.9(8)a 30.6±13.4(7)a.f .2±5. 9 (8)d 82.9±8.7(8)
84
 

450 96.5±2.4(8) 80.3±13.5(7) 64.2±16.6(6) 31.1±16.4(6)af 68.0+] 4 .3 (7)d 75.1±13.1(7)
 

"
 
2 .9(8)ad
XX 450 99.4±0.6(8) 66.8±14.8(8) 34 .7±8.7(7)1 18 .6±5.9(7)b.f 51.8±5.8(8)a f 89 .2 -+


*Mean±s.e.m. from number of rats indicated in parentheses.
 

*P(O.05; bP(0.01; cP<0.001 when compared to the corresponding periods in the control group.
 

dP(0.05; eP<0.01; fP(0.001 when compared to the period before treatment within the same group.
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Legend for figure 

Figure 1. 	Effects of -ulp:,aamides having different heterocyclic rings at 

N'-position on fertility of the male rats. The animals were 

treated daily by intragastric intubation with sulphioxazole 

(0, 150; 0, 450 mg/kg), sul]phamerazine ( , 150; R1], 450 

mg/kg), sulphadimetthoxine ( U, 150 mg/kg) and sulphachloropyri 

dazine ([M-,150; U, 450 mgiky) for 6 weeks. Each 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 	 the bar graphs represent numbers of male rats that 

mated with females.
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SUMMARY 

The possible effects of the antifertility sulfonamides,
 
sulfasalazine (SS) and sulfapyridline (SP), on the testicular
 
functions of the male rats mere tudied. Both SS and SP caused
 
marked reductions in fertilizy by 5 weeks after treatment.
 
Basal serum testosterone levels were virtually unchanged by SP.
 
lowever, the ~iPH-induced ..rum testosterone was substantially
 
enhanced by this compound. This is due to the increased
 
responsiveness 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 SS or SP is not
 
associated with the inhibition of spermatoqenesis and
 
testosterone production. The site of action of these
 
sulfonamides is most likely at the epididymi5.
 

INTRODUTJON 

It has previously been shown that sulfasalazine (SS)
 
I i noipprn-.rnn nf -il-.fertility both in human (1,2) and 

rats (3. 4). Infertility in .Tenis associated with a decrease 

Copyrght 1989 Eddotr Bologna 27byMowuzzi eS p A - (Italy) 
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megalo-head spermatozoa in the ejaculates. In the rats,
 
reduction in epididymal sperm reserve and sperm motility are
 

also observed. These data suggest that SS 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
 
breakdown of SS in the gut (5), is 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 METIIODS 

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 (3). Only
 
males with high percentage fertility (>80%) were used for
 
further studies.
 

Experimental Design Four series of experiments were carried
 
out as follows : Expt. i: Th,: male were forced-fed with corn
 
oil (controls), SS or SP at a dose of 450 mg/kg/day for 6
 
weeks. Fertility was tested at weeks 3 and 5 during treatment
 
and at week 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 drina treatment and at
 
week 3 after diliawithdrawal. Expt. 3: The experiment i
 

similar 'to Expt. I except that LHRH (Sigma, 1.S.A.) was
 
injected (s.c.) it a dose, of 10 la/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 DHSO (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 sperm production rate (8).
 

Hormone Assays Blend samples were allowed to clot overnight in
 
a refrigerator and the sera were kept at -20oC until assayed
 
for testosterone by RIA (9) and LH by mouse Leydig cell
 
bioassay (10). Th--coefficient of variations for intra-and
 
inter-assays for testost-rone were 1.0% and 15.13%, respectively.
 

RESII.TS AND CONCIIUSIONS 

Both SS and SP significantly (P1O.05 and P(O.01,
 
respectively) decreased fertility of the male rats by 3 we eks
 
after treatment and the maximal effect was reached by 5 weeks
 
(Table 1). It appears that the metabolite of SS. i.e. SP, was
 
more potent. Complete recovery of fertility occurred by 3
 
weeks after the cessation of SS treatment.
 

Plra in Thlr 2 chow that the suippression of fertility by 
SP' 'as n-t i~7_11-. tt- :ihbt -on 'f Lr ydii cl 
function sinco serum es ostrone was unalt, rcd throuhouit th, 
experiment. In addition, serum L) was not affected by such 
treatment. However, the LItRH-induced serum testosterone of 
the SP-treated rats was higher (P<O.05) than the controls 
(Table 3).
 

Lt,1 
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Table 1. 	Effects of some sulfonamides on fertility of the male 

rats. 


Percentage Fertility-

Treatment ---------------------------------------------------


Before During Treatment After Drug
 

Treatment 
 Withdrawal
 
W-3 W-5 W-3
 

...........----------------------------------------------------

Control 94.3 ± 2.4 84.1 ± 2.8 90.6 f 3.9 92.8 ± 4.2 

(12) (8) (11) (4)
 
SS 94.5 1 2.9 52.8 t 12.6b 35.3 t 13.7c 94.4 t 3.9
 

(7) (6) (6) (I,) 

SP 
 90.7 ± 2.3 32.4 ± 7.8 
c 

14.3 1 11.9 
d 

a, Mean t SEM (n); b, P(O.05: c, PO.01; d, P(O.001 when
 
compared to the controls.
 

Tjble_2. 	Serum concentrations (ng/ml) of 1H and testosterone at
 
various 
per~ods before, during and after cessation of
 
treatment 	wit~i SP.
 

Serum LH 
 Serum testosterone
 
Period ...................... ........................
 

Control SP-treated 
 Control SP-treated
 
...........----------------------------------------------------


Before 0.99 0.23 1.05 
(5)(5) 

t 0.19 1.12 + 0.16 
(i ) 

0.84 f 0.08 
(9) 

During. -1 -.)P t 0.12 
(lIlI) 

1.0, f 
(9) 

0.25 1.47 t 
(7) 

0.22 0.95 t 0.28 
(3) 

W-5 1.11 t 0.15 0.93 t 0.15 1.03 t 0.17 0.96 ±0.14 
(llI )( ) (11) (8) 

After, W-) 1.73 t 0.36 1.22 1 0.42 1.33 t 0.16 1.03 t 0.16 
(10) (7) (10) (8) 

Values are mean t SEl: (n). 

Table 3. 	The effect of L{PH on serum concentrations (nq/mi) of 
LH and testonterone of control and SP-treated rats. 

Serum LI) Serum testosterone 
Period ...................... ....................... 

Control SP-treated Control SP-treated 
...........----------------------------------------------------

Before 0.87 t 0.23 
 0.45 t 0.04 2.7 1 0.6 2.2 ± 0.6
 

7T) (7) (8) (7)
 

. .)-.nrr 	 'J( 7.7 f 1.1 22.q t 0.9. 1 

(7) (7) (7) 
 (7)
 

Values are rean + SE1 (n): 
a, P1O.05 when compared to the
 
controls. 
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lvr International This ,findings .,__suggest.that the responsiveness of. eitherthe 

~Congress ~ pituitry _gla'nd.or "the Leydig cells,-or both, to exogeneousonhanced 	 Sin'ce the level of LHRHinduced.LH in the 

rats was not different from the'controlisiTable 3) 
7thdati supportthe'view that the responsiveness of the Leydig 
~SP-treated< 


cells toLHRH is increased after SP treatment,
 

The_ rate of' sperm production, which was determined by
 

nting the number of spermatids remained iafter homogenizati
 
of .hetestis (8) was virtually not altered by SP (Table 4).
 
The results clearly demonstrate that the antifertility effect 
of SP is not due to suppression of spermatogenesis 
Histological studies also confirmed this conclusion (data not
 
shown).
 

Table 4. 'Daily sperm production after SP treatmentat_ various* ----
doses. 

P Treatment Daily Sperm Production'
 

(dose) (Sperm x lO'/day-g)
 

Control (DMSO) 20.6 t 0.9 (8) 

SP (250 mg/kg) 22.3 f 4.0 (3) 

SP (500 mg/kg) 20.5 f 1.1 (5) 

a, Mean ± SEN n).
 

Thus, the present study shows that SS or SP at the dose
 

which markedly reduced fertility of the male rats has no effect
 

on testicular functions. In view of these findings together
 

with the rapid onset of the antifertility effect and recovery
 

after drug withdrawal, the site of action of these sulfonamides
 

is most likely the epididymis.
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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
fertility in
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 effect 
 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 antifertility activity of
sulphanilamide, 
 sulphapyridine 
 and, perhaps, some
sulphonamides is other
not associated with the 
 inhibition 
of
folate metabolism.
 

INTRODUCTION
 

It has been shown that sulphasalazine,
sulphapyridine 
 and some cther suiphonamides suppressed
fertility in male patients (1,2,3) and some laboratory male
animals (4,5,6,7). Hcwever, the mode of action of
compounds these
is not known, although recent evidence suggests
that 
 the site of acticn of the antifertility sulpha drugs
is most likely at the epididymis (8,9). 
 Sulphasalazine
inhibited intestinal absorption of folate 
(10) as well as
folate enzymes in vitro (11). 
 These effects have 
been
ascribed to 
 the infertility induced by sulphasalazine
the male 
patients with inflammatory bowel 
in
 

disease (12).
Recently, 
 we have demonstrated 
 that the presence of
N4 -amino group of 
the benzine sulphonamide is required for
the antifertility activity (13). 
 This requirement
resembles 
 that of the antimicrobial sulpha 
drugs. The
 

COV c 70N A 4 



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.
 

MATERIALS AND METHODS
 

Animals
 

Adult male and female rats of Fischer strain were

obtained from Animal Quarter, of
the Faculty 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 week. Mating was determined by the
 
presence of spermatozoa in the vaginal obtained
smears 

every morning during cohabitation. Both females were 
then
 
removed from 
 the males at the end of mating period, 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
fetuises 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) daify 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 were
animals 

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 a teflon piston. The supernatants were
 
separated by centrifugation and kept at -200C for further
 
assay for folic acid.
 

Whole, unclotted blood samples were obtained in
 
the tubes containing sodium heparin and kept at 40C.
 
Clotted blood samples were also obtained in the tubes
 
without addition of sodium heparin and warmed at 370C 
 for
 
30 min. Sera were separated by centrifugation and kept at
 
-20C 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 sulDhanilamide 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 week 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 iertility. 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., 	 Effects of subcutaneous injection of sulphani.amida and trimethoprim
 
or pyrimethamine on ferti.li.ty of the male rats.
 

Treatment 	 Percentage Fertility

and Before During Treatment After drug withdrawal
 

dose (mg/kg) Treatment wk-I wk-3 wk-5 wk-l wk-3
 

Control 94.4±1.8 83.9±6.1 86.7±4.3 89.6±3.3 93.8±2.9 92.1±5.0 
(DMSO) (10) (10) (9) 010) (5) (5) 

Sulphanilamide 90.4±4.0 80.3±5.2 43.2±7.3c 35.2±9.7c 70.8±11.5 87.2±7.7 
150 (10) (9) (9) (10) (5) (5) 

Trimethoprim 93.9±1.3 93.7±2.5 89.8±5.9 80.3±12.1 90.3±2.5 85.4±6.1 
30 (8) (8) (8) (8) (7) (8) 

Pyrimethamine 94.1±1.8 88.3±4.8 91.4±4.8 92.6±3.2 87.1±4.2 90.7±4.8 
8 (8) (8) (8) (8) (7) (7) 

Sulphanilamide 93.2±2.7 88.9±2.8 69.3±5.7a 62.4±5.5c'd5C.6±9.4b 85.9±6.9 
(150) + 

Trimethoprim 
(8) (8) (8) (8) (5) (5) 

(30) 

Sulphanilamide 95.1±1.6 81.9±6.6 56.±8.9b 54.8±1.-Ob 46.5±15.5a 89.3±5.2 
(150Y + 

pyrimethamine 
(8) (8) (7) (8) (5) (5) 

(8), 

Values are mean±SEM from number of rats shown in the parentheses.
 
a,b,c, : P<0.05, 0.01 and 0.001 when compared to the corrosponding values in the
 

control group (t-test).
 
d 	: P<0.05 when compared to the corresponding values in the suiphanilamide group
 

(t-test).
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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.
 
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±90.3 567.2t244.1 555.3-ll5.4
 
(DMSO). (7) (5) (6) (7) (7) (4) 
 (4)
 

Sulphapyridine 193.3±27.4 32.5±5.5 7101.1±381.9 313.8±37.9a 892.2±145.5 307.7±44.2 621.4±120.3
 
(500 mg/kg) (12) (11) (12) (10) (11) 
 (5) (5)
 

Values are mean±SEH from number of rats shown in the parentheses.

aP(O.01 when compared to the control (F-test).
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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 sulphanvridine on blood and 
tissue folate
 
contents
 

The levels of folate 
 in blood, liver and
reproductive organs are shownlin 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). Wowever, 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 is known that inhibitors of dihydrofolate
reductase enzymes, 
 e.g. pyrimethamine and trimethoprim,

potentiate the antibacterial activity of sulpha drugs (16).
Such a synergistic effect on 
the inhibition of fertility
was not observed when 
 combined sulphanilamide and
pyrimethamine 
 or trimethoorim was administered. By
contrast, it that
seemed trimethoprim diminished the
effect of sulphanilamide. 
 These results, therefore,
suggest that the antifertility activity of 
 sulphani.lamide

is not associated with the inhibition of folate metabolism.
In addition, when the anti.fertility 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 been
shown by us 
to be highly effective in suppression of male
fertility, i.e. NI-acetylsulphanilamide, 
 N4 -acetyl-Nl_

methylsulphanilamide, 
 N4 -acetyl-NI-diethyisulphanilamide

and 2 (N4-acetylsulphanilamide) pyridine (13), 
had virtually

no in vitro aneibacterial 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, liver and the reproductive organs corroborate
the above conclusion. Thus sulphapyridine at the dose
which produced a marked decrease in fertility had no effect
 on folate contents in the blood, liver and the 
accessory
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Table 3. Lack of 
 correlation between antibacterial and
 
antifertility activities of some sulphonamides.
 

% Inhibition Antibacterial 
Sulphonamides of fertilitya activityb 

(umole/L). 

Sulphanilamide 
 82 128
 

Sulphapyridine 
 74 	 4.8
 

Sulphacetamide 	 24 
 2.3
 

Sulphioxazole 
 18 	 2.15
 

Sulphamerazine 
 17 0.95
 
28c
 

a(100-% fertility) by 6 weeks after intragastric

intubation of the drug at a dose of 450 mg/kg-day,
 
data from (13).


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

cData from (8).
 

sex organs. In contrast, the testes of the sulphapyridine
treated rats accumulated 
more folic acid than the controls.
 
The significalice 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 on 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
 
pyridine ring is not essential but the presence of N4-amino group
 

is required for 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.
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The effect of sulpha drugs 
on male fertility has been
 

reported since 
 1979 independently by the British 
(1) and the
 
American (2) physicians. 
 It was noted that male patients of
 

reproductive 
 ages recbiving therapeutic doses of 
 sulphasalazine
 

(SS) for threatment of ulcerative colitis 
 were unable 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 levels 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
 
yield 
sulphapyridine (SP) and 5-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 5-aminosalicylate, 
was
 

infact the active moiety of SS 
(8,9). This conclusion also
 

received support from clinical studies 
(10,11,12).
 

Although direct clinical studies of 
the effect of SS on
 
fertility of normal 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 been
 

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, 
some 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 1). Replacements
 

of the pyridine group of SP by H atoms or 
alkyl groups retained
 

the potency. However, removal of the N4-amino 
 group on the
 

benzine ring or substitution with a 
methyl group completely
 

abolished the activity. The results suggest that the 
 pyridine
 

group is not required for the antifertility activity since the
 

simplest sulphonamide, sulphanilamide, is also' effective. The
 

data reveal further that the N4-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 N4-acetyl SP and 5

hydroxy SP 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
 



patients (4). Both SP and N4-acetyl SP, when given by an 
 oral
 

route, produced equal suppressions of fertility in the male rats
 

(Table 1). 
 Preliminary studies of the metabolites excreted 
 in
 
the turine 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+N4-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
 

piobably 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 6ecreases 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, ir,view of 
 the
 

findings that the tpididymal sperm reserve is decreased (3) and a
 

higher percentage of abnormal spermatozoa appears in the 
 semen
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C1), 
 the Possibility that these compounds affect the late 
 stage

of spermatogenesis is still 
tenable.
 

Maturation of epididymal sperm 
involves morphological,
biochemical and physiological changes. 
 A reduction in sulfhydryl

group 
of the spermatozoa 
occurs during their transit through the
epididymis 
 (17). 
 By using both 
a fluorimetric 
 method 
 and a
Fluorescene Activated Cell Sorter to quantitatively determine the
monobromobimane-stained 


sperm (18), we 
were unable to demonstrate
changes 
 in the thiol group of the 
 caput, 
 corpus 
 and cauda
spermatozoa 
 in the SP-treated rats 
(Fig. 3). 
 However, SDS 
 PAGE
analyses 
 of the proteins in 
the fluids removed by micropuncture

from 
 the caput 
 and cauda epididymidis showed changes 
 of sona
protein 
bands in the SP-treated rats 
(Table 2). 
 When the 
 sperm
.surface 
 proteins 
were determined, the profile of the caput sperm
,proteins 
was virtually 
 unchanged, but there 
were 
 at least
additional proteins of MW 85K, 44K and 28K appeared 
on the cauda
 sperm 
 of the SP-treated animals. 
 These proteins 
were found only
in the caput 
 spermatozoa. 
 It 
 is, therefore, 
 tempting 
of
speculate 
that SP 
 prevents 
the loss of 
or alterdtion 
of some
membrane proteins in the immature spermatozoa, which is necessary
 

during sperm maturation.
 

The effect 
 of SP 
 ahd some other sulphonamides 
on
epididymal 
 spermatozoa 
may be direct or indirect through changes
in the epididymal 
 functions 
 and hence 
 fluid compositions.

Previously 
it has 
 been reported that 
 SP, sulphamerazine and
dapsone 
 are accumulated 
in the epididymal fluid 
 at a higher
concentration 
 than in the blood (14). 
 On the other hand, there
is evidence 
 that SP produced a change 
 in the epididymal 
 fluid
 

3 
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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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Legends for the figures
 

Figure 1 Basic - structure 
 of the antifertility sulphonamide
 

compoundh.
 

Figure 2 
Serum levels of testosterone and LH in the control 
(M)
 

and SP-treated (IM) 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 r.g/kg/day. Numbers in the 
 column represent
 

number of rats in each group.
 
Figure 3 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 the 
column represent number
 

of rats in each group.
 

Figure 4 Electrolyte concentrations 
 in the luminal 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.
 



-Table 
1. The effect of sulphapyridine and 
 its analogues 
on
 

fertility of the male rats.
 

Compound 
 Dose (mg/kg)a 


Sulphapyridine 
 450 


Sulphioxazole 
 450 


Sulphamerazine 
 450 


Sulphadimethoxine 
 150 


Sulphachloropyridazine 
 450 


Sulphanilamide 
 450 


Sulphacetamide 
 450 


N'-Methylsulphanilamide 
 450 


NI-Diethy'sulphanilamide 
 450 


N-2-Pyridinylbenzene 
 450 


sulphonamide
 
4-Methyl-N-2-pyridinyl- 450 


benzenesulphonamide
 

4-Nitro-N-2-pyridinyl- 450 


benzenesulphonamide
 

2-Nitro-N-2-pyridinyl- 450 


benzenesulphonamide
 

4-Bromo-N-2-pyridinyl- 450 


benzenesulphonamide
 

%fertilityb
 

(mean±SEM,n)
 

25.9±8.6(6)e
 

62.1±8.4(6)
 

83.4±7.5(5)
 

93.9±1.9(7)
 

74.6±5.5(5)c
 

18.0±9.0(4)e
 

77.5L7.3(10)
 

6.8±4.3(4)e
 

22.8±8.1(5)e
 

91.6±4.6(6)
 

89.4±6.9(7)
 

56.2±10.7(7)
 

82.4±5.9(8)
 

56.2±16.1(7)
 

TA9
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-Table 1. (Continued)
 

Compound 
 Dose (mg/kg)a %fertilityb
 

(mean±SEM,n)
 

3-Nitro-N-2-pyridinyl-

450 
 66.5±11.0(6)
 

benzenesulphonamide
 

N4-AcetylE 1phanilamide 
 450 
 42.6±12.5(7)d
 
N4-Acetyl-Nl-methyl- 450 
 17.2±6.7(6)e
 

sulpLiiilamide
 

N4 -Acetyl-N1-diethyl-
 ,450 
 21.0±11.6(3)e
 

sulphanilamide
 

2-(N 4 -Acetylsulphanilamido) 450 
 31.1±16.4(6)

c
 

pyridine
 

N4-Acetyl-methyI - Ni- 450 
 18.6±5.9(7)d
 

dieth'l-silphanilamide
 

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.
 
cP<0.05; dp< 0
 .0 1 ; ep<o.ool 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 samples were removed by micropuncture 

from the lumen of the mid-c4put an6 mid-cauda 

epididymidis. Sperm-free fluids and sperm membrane 

extracts were aiplied to a linear gradient (7-15%) 

SDS PAGE. 

Source Sample Changes in protein bands from control 

Caput Fluid 

Sperm 

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

none 

Cauda Fluid 

Sperm 

decreases in 84K, 77K, 31K, 28K,26.5K 

appearances of new proteins 

(85K,44K,28K) 



R1-NH-
0 
S 

0 
NH- R2 

Ri 

R2 

= alkyl , pyridine or saturated 

H9=H or CHS- C

N-heterocyclic ring 

ril.i 



2.0 

Testosterone LH 

1.5 

Serum 
conc. 

T or LH 1.0 i 

(ng/mI) . 

0.5

// 

0 .11 9 5 5 II 8 
c SP c SP c SP c SP 
WK-O WK-5 WK-0 WK-5 

*1 t' ' t
 



100 

80 

S60 

SH content 

T 

of rat epididymal spermatozoa 

=- Control 
M SP- treated 

T 

0 

( 5o 50 

0--
Caput 
sperm 

Corpus 
sperm 

-/ I' 
Cauda 
sperm 



Electrolyte conc. in the luminal fluid 

100 Na 
--	 Control 

S P-treatedT80 
*- P( 0.05 

_j 60 

w 4 0
E 

20_ 

o//
 

5-

80 Kt 

60 	
-j 

5 
w 	 40 
E 

20 

0 K
 
Caput Cauda 

fluid flukc, 

/A 
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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
 



-3-

METHODS
 

Paper chromatography 

Ascending paper chromatography was conducted on Whatman
 
No.1 paper. Samples were applied on a line 8 cm above the bottom
 
edge, 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 ( 1 h,

60 
C) in a ventilated oven to remove traces of chromatographic
 

solvents.
 
Growth ofBacillus stearothermophilus and 
rparation of
 
bioautographic plates
 

To prepare inocula, bacilli were grown on Mueller Hinton
 
Agar plates and suspended in sterile NaCl (0.9%, 
to A600=0.2 ).

Mueller Hinton II agar ( 5.7 g of the powder to 150 ml 
o water
 
was supplemented with 
 indicator (bromcresol purple 6 
pg),
 
autoclaved ( 1210, 
15 min), cooled to 480, and trimethoprim
 
(10 pg) and inoculum ( 5.0 nl) 
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
 
was allowed to harden for at least 20 minutes before applying
 
paper sheets to the surface. Plates were incubated at 500 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 accomplished as shown in Table 1. The solvent system was
 
modified from that described in Block et al (4) to provide a
 
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 500 and when grown in Mueller
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INTRODUCTION
 

Sensitive and specific methods are needed to investigate
 
the sulfa drug composition of medical formulations or their
 
metabolites present in body fluids. In bioautographic methods test
 
compounds ( growth stimulators or inhibitors) are separated by
 
paper chromatography and detected by placing the chromatogram on
 
an agar plate containing a microoorganism (1). In the case of
 
antibiotics, after incubation under appropriate conditions the
 
plates show inhibition 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 %acterium, 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 Systems,
 
Cockeysville, MD, USA. Sulfapyridine, sulfathiazole,
 
sulfacetamide, sulfanilamide, 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).
 

(V1
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Hinton Agar it produced acid which caused the indicator bromcresol
 
purple to change to a yellow color. Inhibition zones appeared
 
blue-purple on a yellow background.
 

Sulfa drugs are acetylated by the liver prior to
 
excretion in urine (5). The N4-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 for 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 specialized equipment and highly trained
 

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 NH4OH, 125:12:2, v/v. Dried
 
chromatograms were placed on bioautograph plates, incubated, and
 
inhibition zones observed, all as described in METHODS,
 

COMPOUND 

SULFACETAMIDE 

SULFADIAZINE 

SULFADOXINE 

SULFACHLOROPYRIDAZINE 


SULFAQUINOXALINE 


SULFADIMIDINE 


SULFATHIAZOLE 


SULFADIMETHOXINE 


SULFANILAMIDE 


SULFAPYRIDINE 


R SENSITIVITY (u&) 

0.06 0.2 

0.11 0.5 

0.14 0.5 

0.14 0.5 

0.16 0.5 

0.22 0.5 

0.23 0.2 

0.29 0.5 

0.51 1.0 

0.72 1.0 
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Fig. 1. Bioautographic detection of sulfanilamide derivatives.
 

Standards (2.5 )1g) of sulfapyridine (1), sulfathiazole (2),
 

sulfacetamide (3)and a combination of all of them (4)were
 

applied to Whatman No. I 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 -nd bioautographed as
 

described in METHODS. Sample 1 = Sulfapyridine ( 5 )g), sample 2=
 

control rat urine (10 ,Il)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
 

to mature male golden
Sulfapyridine was administered 

feed pellets, or by
hamsters either by impregnation in 

as a Solution in dimethylsutlfoxide.
subcutaneous injection 

for control males was 8.3+3.3(n= 13)
The average litter size 

treated animals.
4.2+2.7(n=Il) for sulfapyridinl-fedvs 

was normal and sperm
testis and epididymisHistology of the 

and motility. Subcutaneous were normal in morphololy 

more dramatic
iljMctiun of slafapyridine caused much 

tan was achiuve.d r,,, feedinO the 
male fer-ilityilhiibitar, of 

0.2 DHSO )
 
l... Si f pvrid Jre ( 750 mnq.,kq 	 bidv vii h t in ml 

dayvs was et fcc:.'e in reducingfor 0bj.ected 3uL:utaneousI',/ 

rf tr teT shnwed 
and sperm quality. Hi,tlor,'

t..AcWitv. sKi:e 


r ;.o.t ic arrest at ,,c.n Sp-.r-mattdL. T c .las' 3 of
 

irit , ,.,,
-.. idine- fed an-d --in ted 
I .ui nti.Iiml w,..rt : 

to the. ru.si.tAit 

" n Ono clas5' was ralatiL'vnI

W' i tma.nflt , 

d, f f erenc may. This :,
W , ef f ect5 of the rr 
wi Iif or 


anlm-is 
to curvertotioff the i 

form or to: e:crete its 

rfluc dif fer.ijig 

to an activesulfapyridirie 

motIabolitKo . 



INTRODUCTION 

Investigations on the inhibitory effects of sulfa drugs 

on male fertility were stimulated by the observation that 

some men receiving sulfasalazine treatment for ulcera.tive 

colitis were rendered temporarily infertile (LEVI ET AL, 

1979). Using rat models, it has been shown that the 

sulfapyridine portion of the sulfasalazine molecule is the 

active moiety (LEVI ET AL, 1982). Rats have been used for 

most of the e.perinental work although hamsters were used by 

O'MORA-IN ET AL (1985. SRIKHAO(1937) also found an 

antifet.lity effrct of sLtdfasalazmine on male hamsters, 

whiw:h ,.e los ; a f f'cct'd by it than were rats. 

-,i toSt Ilfu ,al; ii:.kMIw- be transported unchanged to 

t'.: colon u, or~i endogenc.c bacteria break it down to 

sitl:fpyr-fiinc arid aeino,:ali-,late (PEPPERCORN & GOLDMAN, 

197.). Tes t:; wLhU ral:i'. have sh.wn that it is the 

ml! cpvrit~rin moiajipy th rd dEcre-a ed ferti1i.tv 

(1-JIFHPA0, 19;7). St in irlubl,ifaevridn-o in water. It has 

pr-eviu,cl\', t:.en insti.hlm.-d ijito the stonach of anim--als as a 

cerri oil mull (FH(I)LFR1:'(.iL & SRII H 19E3.). In this study we 

cii!miri~:.Lit.:d the tet ,)r)rurd eith'er aftcr incorporation in 

fed peli t-sor h,; io 71jecsL a soluiron in dime thyl

SU]cfocide. The stud es reprtud here documert and investiciate 

infertility effects of sulfapyridine in mature male golden 

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 pellets (Ambar 

Ltd, Hefer, Israel) was supplied ad lib. In specified 

e;perimenLs sulfapyridine was impregnated in the feed as 

follows: Sulfapvridine (14 gm.,Sigma Chemical Co., St Louis 

MO, USA) was disolved in NaOH ( 0.5 M, 140 ml) and mimed 

uniformly with Ambar feed pellets ( 1 kg) before drying in a 

stream of air at /10CJC overnight. Consumption of 

sulfapyridine in these e::pur. nents was determined bv 

we.ghIq tho amount of foed rcnsumed per rat-day. In other 

e:prhimlll nz if,,tf:rr: iJ i ,I.is admnitt-:red by daly 

subcutn-I , ; tnjic,ajtion lr f Lci.nt cul,fa::yridtlne ins. n 

dll;,Lbv'sulhd:, du£ (.2 nil) Lc pr"A'.'dr', a daiv dose of 750 

ini.'1 ii. fldinin ta. I tjlo 0 r he ,r r wtats cont: iimudn for 60 days. 

Fis-t:ti1 , ofI i, EA lil;, I l-ci 3 me..wsi r ,d b,, mating the 

ale witb hI rm,inll ]? c_-ldr'n hi , t-.rs .3nd cmfljnat-nag the 

iurnb"v' r . u puL' heTra Lu __e t -r ! ,et riandl sires. Factors 

rehl tad h(:; o At? far i.-.L- :v wi , * .: et! as f ollo:i A ftter the 

l.-.l: p.,r l .. rtrui :i A..f i.] ap idir;:i -- Lt e tte,:l aC ffi[_ kLur

killed witlth et rr, Lea In; r-iicviz,'.-., ploied i Batin"3 

t lilc. "l 'l l11i,-L1J;i ti--i l lttj frx, wuti i 

hi.t logici, 'eA:aTiUla.Licir-. Caud ii enididylmide: were cut Lip in 

Earle's medium ( B'iologic:al Industries, Bet Haeme:, Israel) 

and the epiddymal sperm e':amined under microscope for 

motility, morpholoy, and sperm number. 

Measurement of free and conjugated sulfapyridine in 

urine samplet was by a modification of the method of Bratton 

and Marshall (SPIN, 1942). 



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 difference 
was: 

statistically significant by Student's T-testp=(.57x1O-.).
 

rhis decrease in fertility was not associated with
 

significant differences in such 
 sperm parameters as motility, 

morphology or sperm count ii the cauda epididymis. Testicular 

histology of animals fed sulfapyridine did not differ 

significantly from that of control animals. This treatment 

reduced fertility but did not abolish it and it was noted 

tihat come anunals seemed to be relatively resiTtant to the 

antifertility effect. 

It is known that sulfapyriOine can be acetylated by 

enzymes present thein liver and that animals can be divided 

irito two genr-tic classes, slow acetlators and fast 

.c'ty trs i, MARTII,., 1975). In ordc.r to determine 

,.ul( tth.: decrease ui fertilty f the. lnii'.idai hainsters 

was rel,.,l I:o their abilities to acetviato sulfapyridine tho 

*Purcern!. of total sulfapyridine LhC amoen:red in the- itrire 

was duterminod. No carrelation b.tween the degree of 

fr lity wid tho. acety,l.tiMn ability of the hamsters cou]d 

he seen (Tablo. 2). 

It was noted that sulfapyridine administered per os must 

be absorbed across the intestinal mucosa in order to affect 

the reprodurctivc tract. Differences in intestinal absorption 

by individual animals might have contributed to their 

different susceptibilities to the drug. To test this, 

sulfapyridine was administered subcutaneously. The degree of 



infertility obtained by subcutaneous administration of 

sLtlfapyridine was greater than that achieved by 

administration in feed( Table 3). Affected animals 

demonstrated severely decreased testicular and ep.ldidymal 

weights, severely affected sperm parameters (non-motile or 

vibrating sperm, reduced sperm numbers, head-tail separation 

and acrosome detachment), and histological damage to the 

testes consistent with dafects in spermatogenesis at the 

level of early spermatid formation. In one case Sertoli cell 

and spermatogonia only were found in the seminiferous 

tubules. [t is U.) be, noted that certain of these test animals 

the last 5 listed in the e :Periinontal oroup, T.ole :) 

remaiined ec;-3entiTlly unaf fected b'. the -LIu]fapvridin7 

treatment. Resistance to th-, fe-hiiity-docreasing effects of 

sulfapyridine i-- there're not. cau-ed bv,' dc'crrEsed ability to 

transport it acros3:. thu intust i7.l auIcosa. Furthur 

-nvL~st.it tlur *r- , _u dr-t w '.:" to d.tw.rm-ne the s -. r-' of the 

uul fa-rela ted ,:Jcrr : in nalr- fOrt .i.ty and. cinversely, the 

f ictor- in ',1x're, in re-si.ttncc to lhih.s effeut th t are found 

in cert-xin haiter i . 
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TABLE 1 

EFFECT OF SULFAPYRIDINE FEEDING ON FERTILITY OF MALE 

HAMSTERS. Mature male Golden Hamsters were fed sulfapyridine 

(7-70 mg/kg day) for a period of 60 days before being mated 

with mature females. The litter size (number of pups/litter+ 

standard deviations) and numher of matings that produced 

offspring were recorded. 

GROUPS NO. NO. FERTILE AVE. 

ANIMALS MATED MATINGS LITTER 

SIZE 

CON TROL 13. 11. 10. 8.3+3.3 

EXPERIMENTAL 11. 9. 7. 4.2+2.7 



TABLE 2 

FREE AND CONJUGATED SULFAPYRIDINE IN HAMSTER URINE. Urine was 

collected for four hours from hamsters which had beer, fed 

sulfapyridine (770 mg/kg body weight per day) for a period of 

60 days. The concentration of free sulfapyridine was measured 

as described in METHODS and the total sulfapyridine 

concentration was determined by the same procedure after 

fir-st hydrolyzing the conjugated compounds with 0.4 M HCI for 

1 hr at 00 C. 

AVE 

SULFAFYRIDINE (mMl) X CONJ- NO. OF 

FREE TOTAL UGATED FUF'S 

HAMSTER
 

BT1 26.8 45.2 40 

T2 62.9 91.0 31 0 

B1 68.6 95.2 28 0 

BT2 49.6 80.2 38 2 

B2 28.4 49.0 42 2.5 

S1 46.8 73.2 36 4 

ST2 48.4 68.6 29 5.5 

S2 44.8 75.4 41 7 



TABLE 3
 

EFFECT OF SUBCUTANEOUS ADMINISTRATION OF SULFAPYRIDINE ON THE 

REPRODUCTIVE TRACT OF MALE HAMSTERS. Sulfapyridine (750 mg/kg 

body weight per day) was dissolved in dimethyl'sulf oxide ( 0.2 

ml) and injected subcutaneously for 60 days. Control animals 

were injected with dimethylsulf oxide 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 0.0e 0.06
 

97 0.19 0.07 0.25 

149 0.28 0.15 0.32 

134 0.2B 0.11 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 1.53 0.42 0.8 

119 1.68 0.55 0.89 

liB 1.90 0.50 0.94 

CONTROL HAMSTERS
 

134 0.96 0.28 1.28
 

150 1.15 0.42 0.51
 

102 1.46 0.55 0.88
 

120 1.52 0.66 0.92
 

119 1.9B 0.67 1.16
 


