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RECF~:T reports have suggested an irrterrelationstlir,? bctwecn the femnle sex hor- 
mones associated with reproduction and vitamin B,, in its role in the metabolism of 
tryptophnn. ’ ” This is bccaus~ several enzymes along the tryptophan- niacin (kvnur- 
cnine) pathway e.g. k~nurcninc hqdrolascs, aminotransfcrascs nnd most probably 

the quinolinic acid decarhoxylase. rcqtiirc the participation of vitamin B,, ah coen- 

zy1d 1 1 
It WE recently found that the disordered tryptophun metabolism encountered in 

girls just before mcnarche, young nonprcgnant women in the preovulatory phase, 
and in women in the post-menopausal age is due to an interaction between vitamin 

B,, arid female sex IIOI-manes associated wjith reproduction. 12.13 However. the disor- 
dered tryptophan nlct~~~~~~~isn~ encountered in women in the post-in~no~~~~L]s~ll age is 
attributed to the trophic hormones cscessi\:el~- sccrctcd from tl~e pituitary gland 
rather than to the (diminished) secretion of the suprarenal cortical hormones in this 
phase oflifc. The increased secretion of the trophic factors from the hyporactivc pitui- 
tary seem to interfere with ths normal xtivities of the vitamin By,-de~~cndcnt 
enzymes: kynurenine hydrolases and i\minotral7sfcrases. “.“.’ ’ 

The precise site(s) of action of female sex hormones associated with reproduction 
upon the tryptophan -nicotinic acid ribonLlcl~otid~ pathway is not known with cer- 
tainty. Two proposals have been forwarded to explain the ~~b~lorn~~lit~ in tr~~~to~~h~~n 
metabolism produced in the human by oestrogcns. whether from endogenous or cxo- 
gcnous sources. and during prcgiianc~.“.“‘,‘~ 

WO 



Although many investigators suggested that the abnormal tr! ptophan metabolism 
in pregnancy is due to increased tryptophan pyrrolasc activity. thus transferring 
more substrate to tryptophan niacin pnthwa!. this proved ditticult to dcmonstratc. 

Even after the finding that women treated \vith oral contraceptive steroids also 

demonstrated abnormal tryptophan metabolism. ’ investigators reported ditlicult! 
demonstrating an ovarian hormone effect upon tr!,17tophan p>rrolasc di- 
rectlj. ’ (‘.lH.ly Nevertheless. if the administration of vitamin B,, is only needed to in- 
crease the capacity of the vitamin B,,-dependent en~ymcs to convert the accumulated 
metabolites into niacin. then one \vould expect to get an excretion pattern analogous 
to that encountered in (either mild. modcrate. or scvrrc) absolute B,, dcficienq i.c.. 
a decrease in the excretion le~cls of ,,-aminohippiiric acid. anthranilic acid glucur- 
onide and 3-h\droxqanthraiilic acid and an increased lc\el of k! nurcnine. acetll- 
k> nureninc, .i-hydrox\k~nurcninc and xanthurcnic acid.“.“’ HoMc\.cr. the consistent 
increase in excretion of kynureninc. o-anlinohippuric acid. anthranilic acid glucu~~- 

onidc. 3-IlydroxykynLIre~ii~~c. k>nurcnic acid. \anthurcnic acid and .i-ll!d~-o\~antll- 
ranilic acid.“. I ~. 1 ‘. I(1 

seems to refute the proposal that oestrogcns caiisc iin induction 
of tryptophan oxygcnase that is mediated L ia the h~pothalan~o pituitar! adr~n~~l 
axis and that late in pregnant!. a true ~itaniin B,,-dclicicnq is siipcrimposcd upon 
the hormonal cl?‘ects. In this context. it has heon shown that the acti\it\ of h)nu~.- 
cninc hqdrolase cnzqmes. particularly that concerned u ith the conversion 01’ 
Shydroxykynurenine to ZLhydrox~anthrnnilic acid. is reduced much more. and at an 

earlier stage of vitamin B,-deficienq than kynurenine aminotransferasc: activit! .‘.’ ’ 
This would result in an accumulation only of the prcccding metabolitcs including 

3-h~droxyk~nureliine. kynureninc. acetylkynureninc and xanthurcnic acid togcthcl 
with the excretion of reduced amounts of o-arninohippuric acid and anthranilic acid 
glucuronidc, and this is not the case. 

A depressing action of oestrogens on some B,,-dependent enzyme Ievcls \vas indi- 

cated in earlier studies marked sex differences in the k\nurenine h!drolase and 
kqnurenine aminotransfcrase Iwzls in adult rats.” ‘A 

Therefore, the present series of studies were carried out to investigate the irj rifro 

effects of increasing concentrations of some sqnthctic female sex hormones. gonado- 
trophic hormone. and sonic tropliic-released hormones. on the metabolism of kynur- 
enine, which is the central metabolite in the kj,nurenine path\vay of trqptophan meta- 
bolism. and its conversion to k>nurenic acid and anthranilic acid through the \.itn- 

min B,-dependent enzymes: lib nurcnine amiiiotlansfcl-~\se (EC‘ 7.6. I .7) and k! nurcninc 
hydrolase (EC‘ 3.7.1.3). rcspecti\,el) The s) nthctic female sex hormones in\.estigated 
in the present study include fl-oestradiol. ethinyloestradiol, mcstranol and progestcr- 

one. 
III vitro studies on the effect of these hormones on the above mentioned B,-depen- 

dent enzymes may help in understanding the effects encountered in the irl riz~~ exper- 
iments. Thus, the present series of studies: (a) exclude the in ~ira induction by some 
hormones of tryptophan oxygenase enzyme.‘.‘5 and (b) throw more light on the 
mode of action by which these hormones may interfere with these reactions. More- 
over. this type of study could initiate research activities directed towards establishing 
a stronger scientific base for supporting recommendation for supplemental nutri- 
tional therapy of contraceptive users i.e.. an approach to the study of adverse drug 
reactions. 



MATERls4l.S AND METHODS 

A~~irn~~/s. Adult malt albino mice (15 30 g) kd d lib. on a specially prepared diet 

containing all the necessary factors wcrc used. 
.~~~~~~~~*j~~~~~. ~~1~Llrenine sulphate was purchased from Schuchardt Co. ~M~nc~~en~ 

Germany). -/-Ketoglutaratu was suppiied by L. Light and Co. Ltd. (Colnbrook. Eng- 

land). Anthranilic acid (AR) was purchased from Merk AC (Darmstadt, Germany). 
P>ridoxal phosphate was prepared by using the method described by Beiler and 
Ma-tin ( 1937).“” In some experiments hi~~~-qu~~~~~ commercial pyridoxal phosphate 

(grade “A”. C’albiochem, Los Angolcs, Calif.. U.S.A.) was used. The results obtained 
bvith either sample of p\,ridoxal phosphate were indistinguishable. Kynurenic acid, 
j&ocstr;ldioI 3, I7(fi)-dihydros\r-A’ .3.s(111’- estratricne]. ethinyloestradiol t H(z)-ethinyl- 
d’.~~‘-cstr~itric:nc:-3.17(/i)-dioi) together kvith pyridoxal l~ydrochloride and X-( i- 

naI~kthqI)-eth~l~nediaminc dihydrochloride were purchased from Sigma Chemical 
Co. (St. Le\v&, Mo., U.S.A.). Mestranol (17x-ethinyl A ‘,“.‘-estratric1le-3,17-diol-3- 
methyt cthcr) was ;t gift from Nile Company for ~I~~~rnl~~celi~ic~~I and Chemical Indus- 

try (Cairo, Egypt ). Progesterane ( f. 7(x)1 -ketocthyl-A”-androstcl~e-~-onel was pur- 
chased from Ciba Socictc Anonyms: (Rasel. Switzerland] under the proprietary name 
Lutocycline (Mj. Redistilled water from an all $:HS still WAS used to make solutions. 

~‘~.~~~~f~~.~~~~~~~~ r$ffgc~ j~orlttj~lt’fl~lj~~.s. The mice wcrc killed by ~~sanguinatioll after stun- 

ning bq; a blow on the head. The fresh livers wcrc quickly removed and placed in 
ice-cold 0.25 M sucrose solution. Tissue homogenates (IO pur cent based on the wet 

weight of the tissue) wcrc prepared in the cold isotonic sucrose solution b! using a 

Potter Elvchjem ~~u~~~o~e~~j~er. 
I~rrh~r~ir~r~s. Reaction mixtures (final VO~LII~C. 3 ml) uwc incubated in 20 ml test 

tuba shaken in a water bath at 37 with air as the gas phase. At the end of the incu- 
bation (3 hr). 1 ml 16’!,, trichloroacetic acid (TCA) BYES added to euch test tube and 
the misture transferred to the centrifuge tubes with 1 ml af double distilled water. 
The precipitate \vas removed by centrifugntion and the supernatants were analyzed. 
The ewpa-imental test tubes were run in quadruplicate and zero time test tubes and 
;l blank made under the same conditions were included in each set of experiments. 

Thc concel~tr~~~ion uf kynurcnine was not r~~te-l~nl~~in~ for the enzymatic reactions 

studied, since Ihc maximum amounts of kynurenine utilized after an incubation 
period of 3 hr. ~1% shown in Results. were not mot-c than 28 per cent of the initial con- 
centration of kynurenine added to the incubation medium (5 janoles!tubc. i.e. 

25 jmoles,‘g li\:cr). Therefore. an incubution period of 3 hr was fuund adequate for 
the production of kynut-cnic acid and anthranilic acid in amounts that frtcilitatc their 
spectrophulon7etric dctcrminations. After 3 hr the reaction was not completed, since 
not ITKHY than 3 per cent of the substrate had been utilized (Table 2B). Moreover, 
OLIL- recent kinetic studies have reveulcd that the production of kynurunic acid and 
anthranilic acid, measured at different incubation periods up to 180 min. revealed 
that the relationship between kynurenine utilization and time was linear.* 

The co~~c~ntr~~tion of the different materials. when present in the i~~c~lb~~ion 
medium (unlirss otherwise stated) were: uL-kynurenine sulphate. 50 Almoles; potas- 
sium phosphate buffer (pH 7*4), 0~05 M; r-ketoglutarate, 30*0 Itmoles; calcium chlor- 
ide. O”OOS M : magnesium sulphate, O*OOl M : pyridoxal phosphate, 40.0 ,~g; 1 O”;, 
whole lisw l~~t~~~~~~na~e_ 2-O ml. 

_i ti. N:lclc~l\ (‘1 r/l.. m~~itisci-ipi ii1 pl-cpai-;llif-rn. 
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stimulates the prodLtc(i~~~l of both k~ll~trcnic acid and ~tnthr~~nilic acid. In the prcs- 

cncc of varying concentrations of [i-oestradiol (Table 3Af or cthinylocstradiol (Table 
38) increasing the concentration of Plp stimulates fuller activation of kynurcninc h)- 
drolasc cnTyne as cvidcnced by the increased production of anthranilic acid. Hou- 
ever, increasing the conccntr~ttioii of Pip is associntcd with a partial t-cvcrsal of the 
inhibiti cncountcrcd on the kynurenine amiilotransferase e~~qmc to an extent 
dependent upon the amount of /,‘-ocstradiol or cthiiiyloestradiol present in the 

medium. Furthcrmorc. the addition of Pip up to a concentration of 200 /cp,g licct 
in the presence of varying concentrations of thcsc hormones. frtils to result in the pro- 
duction of k\;nurenic acid in ~tn~oLt]lts equivalent to those produced in its absence. 

The diflet-encc buzomes more pronoun& when higher concctitrations of thcsc hor- 
mones are prcscnt in the incubation medium (Table 3). 

It is also found that more kynurcnine is utili;lcd than that convcrtcd to both mcta- 
bolites in Ihe presence of/i-ocstradiol or cthiii~locstr~ldiol (Table 3.4 and B). The dif- 
ferencc might reflect l~~drox~l~ltioli of kynurcnine to 3-h~droxq’kq’nut-e17inc or to 

further metabolism of cithcr of the products. 
In the prescncc of increasing concentrations of tncstranol. increasing the con- 

centration of Ptp results in the production of kynurcnic acid in amounts cyuivalont 
to those ohtuincd in its absence (Table 4A). In the latter case, howcvcr, the ~tt~~(~~~~lts 
of anthranilic acid produced ;tre slightly higher than those produced in its abscncc. 
The amounts of kynuroninc tttili/cd arc always more than the amounts converted 
to k)nurcnic acid and anthrunilic acid. The difference might rctlect hydroxjlution 
of kynurcnine to 3-hydroxykynut-enine and further metabolism of the latter tnctabo- 

iites to other products along the k~ilLtrc]~ine pathway. 
On the other hand. it could bc XCII from Table 4B that in the absence and prcsencc 

of ;I constant concentration of progesterone. increasing the concentration of Pip 
results in increased production especially of kynurenic acid and of the amounts of 
kynurenine utili/cd; the amounts ol’ ~lii~hr~ti~iiic acid produced seem constant. cspe- 
cially in the presence or I x 10m ’ M and 1 x 10-’ M of the hormone and indepcn- 
dent of whether Ihe amounts of Plp added at-c iO0. 150 or 200 ,ugg liver. Further- 
more. the amounts of kyiureninc utilized are found to be constant and nearly equiv- 
alent to those convcrtcd to both products irrcspcctive of \vhcthcr the concentration 
of the hormone present is I x lU_’ M or I x ItY a M and illdependcllt of whcthcr 
the amounts of Plp added are 100. I SO or ZOO ~cg’g liver (Table 43). 

Although Pip is not a substrate for tither kynurenine hydrolase or kynurcninc 

amiilotransf~rase. simulated linewcaver But-k double reciprocal plots arc con- 
structed for the kynurcnine atniriotr~lnsfernsc cnlytne in the presence of varying con- 
centrations of~~-ocstr~tdi~~l or cthin~loostrndiol. The ~~nio~tnt of product formed after 
incubation is taken as an estimate of the velocity of the rcaction (V), and Pip con- 
centration is used in place of the substrate concentration (S) since Plp intcrncts \vith 
kynurenine and ;I polyvatent cation to form a complex. This complex SCCI~S to bc 
the irlterrncdi~tte involved in the action of Be,-depc~ldent k~n~tr~nilie hydrolasc and 
kynurenine aminotransferuse cnqmes.‘.30.“i Moreover, Pip ust~ally acts as a second 
substrate in these reactions.“’ The constructed graphs arc shown in Figs. I and 2 
for kynurenine aminotransferasc using /i-ocstradiot or ethinylocstradiol in three dif- 
ferent concentrations. The negative reciprocal of the intercept of such a plot on the 
l:!S axis is cqunl to the Mich~te~is constant (I(,,,): and its values are cxpresscd in 



moles,‘1 (M). The reciprocal of.the intercept of the same plot on the 1 I’ axis is eq~~al 

to the maximum velocity (Pi,,.,, 1 and its values are expressed in (M,‘3 hr). The graphi- 
cal method used by Dixon”” and Dixon and Webb”* is used for c~~lcL~i~~ting the 

values for the inhibitor constant (IS,). The kinetic constants of the inhibitor) clii’ct 
of P-oestradiol or ethinyloestradiol on the kynureninc aminotransfenlsc cn/mc arc 
included in Table 5. 

It can be seen from Fig. la that the inhibitory effect of /i-oestradiol on the kynur- 
enine ~minotransferase enzyme is of the colnpetitivc type since the ni~~xiIn~l1~ vel- 
ocity (P;;,,) is a constant value. independent of the amounts of the hormone added. 
The values of the Michaelis constant (K,,,) and the slope are increased by increasing 
the hormone concentration. The dissociation constant of inhibitor enzyme compleu 
(Ki) is found to be @46 x lo-” M (Table 5A). On the other hand. the l~~~rl-c~)~il~~cti- 
tivc nature ofthe relationship bctwen the Pip substrate cornpIe\ and cthin! Ioestw- 

dial (Fig. 2a) on the kynurcnine ~1minotr~lnsfcr~Isc cnryme. ma! indicate: that ethin! I- 
ocstradiol binds to a dificrent region on the Lb nureninc ~~minotran~fcr~l~~ CIV! INC. 





032r 

,,rx Ix 10-M 

04030201 0 0,0203040506070809 iO(105M) 

032r 
L. 

& 
2 
"0 

024 

.z 020 

0 16 - 

since fhc values for K,,, are constant and indcpcndent of the amounts of inhibitof 
present in Ihc incubation niodiiim. Incrcasiiig the hormone concentration result5 in 
incrcasod slope values and dt’uuscd I ,,,.l, values. The dissociation constant (Ii,) of 
the inhibitor complex is found to bc 73 x IO ” M (Tahlc SB). 



same binding site(s) on the enzyme surface. Thus the degree of association of the 
kynurenine aminotransferase enzyme with pyridoxal phosphate-substrate complex 
is depressed. However, no competition occurs between the substrate-complex and 
/&oestradiol for the same binding sites on the kynurenine hydrolase enzyme; instead. 
the kynurcnine hydrolase enzyme is activated with the consequent overflow of 
kynurenine metabolism in the direction of anthranilic acid formation (Tables 1 A and 

?A). 
It is noteworthy that ethinyloestradiol inhibits the kynurenine aminotransferase 

enzyme in a different manner to that induced by [Goestradiol on the same enzyme. 
(Fig. 3~1). The mechanism by which ethinyloestradiol inhibits the kynurenine amino- 
transferase enzyme seems to be of the non-competitive type (Fig. ?a, Table 5B). The 
reasons for the different mechanisms by which P-oestradiol and cthinylocstradiol in- 
hibit the kynurcnine aminotransfcrase enzyme are still obscure. However. the com- 

petitivc mechanism by which P-oestradiol acts on the catalytic site(s) of the kynur- 
enine aminotransferase enzyme may be cautiously interpreted by considering p-oes- 

tradiol as antimetabolite. the chemical structure of which resembles that of the sub- 
strate required for this particular enzymatic reaction. Moreover. the finding that 
/Goestradiol affects only the kynurenine aminotransferase activity is not an unex- 
pected observation since a similar difference in the response of these two enzymes. 
i.e.. kynurenine aminotransferase and kynurenine hydrolase, to pyridoxine antimeta- 
bolites was shown earlier.7~8~“‘~3’ 37 On the other hand, the non-competitive 
mechanism by which ethinyloestradiol inhibits the kynurenine aminotransferasc 
enzyme may be attributed to the presence of the 17r-ethinyl group and/!or the J-OH 
group. Such chemical configuration may help in the binding of ethinyloestradiol to 

a different region on the enzyme. Thercforc. it may be suggested that the inhibitory 
ctlfect of ethinyloestradiol on the kynureninc aminotransferase enzyme is brought 
about bb an irreversible non-competitive mechanism since increasing concentrations 
of pyridoxal phosphate are unable to counteract the inhibitory effect of this hormone 
(Table 3B). Inhibition patterns which arc apparently non-competitive arc frequently 
encountered with irreversible inhibitors since the decrease in CL,‘,, (Table 5B) simply 
reflects the fact that some enzyme has been removed from the system. 

It could be concluded therefore, that the chemical structure of the oestrogenic hor- 
mones. from either endogenous or exogenous source, i.e., natural or synthetic and 
in particular the nature of the substituent group in position 3 on the steroid molecule. 
may be an important factor in determining the occurrence or not of inhibition of 

these vitamin B,-dependent enzymes since mestranol has no inhibitory effect (Table 
?A), whereas P-oestradiol and ethinylocstradiol inhibit preferably the kynureninc 
aminotransferasc enzyme (Table I). The finding that progesterone does not inhibit 
both enzyme systems (Table 2B) further substantiates this interpretation. 

While oestradiol disulphate is a powerful inhibitor of the kynurenine aminotrans- 
fcrase of rat kidney. 17.22.38 the administration of oestradiol benzoate to male rats 
rcduccd the activity of hepatic kynurcnine hydrolase to that seen in normal females. 
but it did not influence thcactivityofhepatic kynurenine aminotransferase.” Diethl,l- 
stilbestrol disulphate inhibits the rat kidney kynurenine aminotransferasc at a IOU 
concentration. Estrone sulphate inhibits this cn/yme at much higher concentrations. 
whereas scvcral nonanionic steroids such as ocstradiol, diethylstilbestrol and estronc 
arc not inhibitor! cvcn in saturated solutions.” Moreover. high concentrations of 



~thinyloestradiol inhibits trypto~l~~~ll pyrrolasc. but its 3-methyl cthcr dorivativc. i.c.. 
mestranol. is without effect irr i+it~ though it is unlikely that ethin) locstrudiol and 
mestranol have opposite ctfccts on tryptophan pyrrolosc acti\.itb irl r,i~.“,“” -(I 

It is interesting to note that the synthetic and natural ocstrogcns differ in their i/l 
rhino effects upon the enzymes concerned in try~~tophan mctabolisn~. It SWISS that the 

ovarian oestradiol intcrfcres with the normal functioning of‘thc probahl! vitamin B,,- 
dependent quinolinic acid decarbox~lasc. This olTcot could 13~’ overcc~tne I>; tllc prcs- 

ence of the naturally occurring ovarian progcstcrono ah well as b> the ~ldl~~llllstr~lticill. 
for a short period. of synthetic ethin~loestrndiol.‘~ 117 tlic lattcr case. cthin> lo~~tra- 

diol has no inhibitor!; etiect on the vitamin B,,-dcpcndcnt cnr~nies: the h>nurcninc 
hydrolasc and the kyll~l~-~Iiitlc ;tmir?otr;inslct~tac. Howcvcr. in the prcscnt i~r ciao c\- 
periments; ethiti~loestradi(~l inhibits the vitamin ~~,-dcpcI~~~crlt k~nurcninc amino- 
transferase enzyme in mice liver homogenates. The ditfcrtncc het\;iccn the i/r ~it.rj and 
the in r+tro experiments couid be attributed to diirerences in the metabolism of the 
ir? ~ivo administered hormone. Of possible relevance to this interpretation is the 
suggestion of Rose and Brown’” that the irk riro action of oestradiol bcnzonte on 
hepatic kynurenine hydrolase could he attributed to the subscqucnt formation of it5 

bisulphate ester by the liver. Species difference in the response of \,itamin B,,-dcpen- 
dent enzymes to vitamin R,,-deficicnc! and ~\ntimctabolitcs arc aideI\ 
known.‘. *N ” However. it seems that the naturally occurring and the s> nthctic 
progesterone do not differ in their it1 r’itt~) and if? rim effects on tl~cse t\vo \ itamin 
B,>-dependent enzymes. Thus. the naturally occurring proecbtct‘onc antagoniycs the 

irr L$W effect of the naturally occurring ~~-o~str~~diol.‘~ Moreover. the SJ nthctic 

progesterone does not inhibit the B,-dependent k~nLlr~niilc hydrolase and kynurcnine 
aminotransferase enzymes in the proscnt i/l rifro studies. 

Of particular interest is the finding. in the present \vork. that /i-ocstradiol tT:tblcs 
1A and 3A), ethinyloestradiol (Tables I B and 3B) and mestrnnol (Tables ?A and -1A) 
do not affect the vitamin B,-indcpendont kynurcninc hkdroxylasc ewymc since the 

amounts of kynurenine utilized are more than those concert4 to kynurcnic acid and 

anthranilic acid. However. there is cvidencc that the conversion of kynureninc to 
other metabolites viz.. 3-hydroxykynurenine. may be inhibited in the prescncc of in- 
creasing concentrations of progesterone (Tables 2B and 4B) since the amounts ol 
kynurenine utilized are almost equivalent to those converted to both mctabolites. 
This finding further substanti~ltes the recent reports that the female sex l~orrn(~i~cs. 
natural or synthetic, may affect other enzyme systems. which arc ~,,-indcpeildclit \,iz.. 
tryptophan oxygenase enzyme.“.‘3*“Y “J However. further investigations arc 

urgently needed to study the possible role of these hormones on the other vitamin 
B,,-independent enzymatic reactions especially on kynurcnine hydro\>lase cnzymc. 

Hayaishi . 4h has stated that he does not know of any specific inhibitors of this enr!mc. 
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