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Abstract The interrelationship between female hormones associated with reproduction
and kynurenine metabolism was studied in the whole liver homogenates from male mice.
These in ritro studics were planned to investigate the possible mechanisms by which fi-ocs-
tradiol. ethinyloestradiol. mestranol and progesterone may affect the vitamin-B,-dependent
enzymes, kynurenine aminotransferase and kynurenine hydrolase, It was found that the
chemical structure of the oestrogenic hormone may be an important factor in determining
the occurrence or not of inhibition of these enzymes since mestranol and progesterone have
no inhibitory cffect on both cnzyme systems. Whereas ff-oestradiol and ethinyloestradiol
inhibit preferably the kynurenine aminotransferase enzyme. The inhibitory effect of fi-oces-
tradiol is of the competitive type while that of ethinyloestradiol ts a non-competitive one.

RECENT reports have suggested an interrelationship between the female sex hor-
mones associated with reproduction and vitamin B, in its role in the metabolism of
tryptophan.! " This is because several enzymes along the tryptophan-niacin (kynur-
enine) pathway e.g. kynurenine hydrolases, aminotransferases and most probably
the quinolinic acid decarboxylase. require the participation of vitamin B, as coen-
zyme.” !

[t was recently found that the disordered tryptophan metabolism encountered n
girls just before menarche, young nonpregnant women in the preovulatory phase,
and in women in the post-menopausal age is due to an interaction between vitamin
B, and female sex hormones associated with reproduction.'?'* Howcever. the disor-
dered tryptophan metabolism encountered in women in the post-menopausal age is
atiributed to the trophic hormonces excessively scercted from the pituitary gland
rather than to the (diminished) secrction of the suprarenal cortical hormones in this
phase of life. The increased secretion of the trophic factors from the hyperactive pitui-
tary seem to interfere with the normal activities of the vitamin B,-dependent
enzymes: kynurenine hydrolases and aminotransferases.' =1+ 1?

The precise site(s) of action of female sex hormones associated with reproduction
upon the tryptophan-nicotinic acid ribonucleotide pathway is not known with cer-
tainty. Two proposals have been forwarded to explain the abnormality in tryptophan
metabolism produced in the human by oestrogens. whether from endogenous or exo-
genous sources. and during pregnancy.? 17
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Although many investigators suggested that the abnormal tryptophan metabolism
in pregnancy is due to increased tryptophan pyrrolase activity, thus transferring
more substrate to tryptophan niacin pathway. this proved difficult to demonstrate.
Even after the finding that women treated with oral contraceptive steroids also
demonstrated abnormal tryptophan metabolism,' investigators reported difficulty
demonstrating an ovarian hormone effect upon tryptophan pyrrolase di-
rectly.* ©'819 Nevertheless. if the administration of vitamin B,, is only needed to in-
crease the capacity of the vitamin B, -dependent enzymes 1o convert the accumulated
metabolites into niacin. then one would expect to get an excretion pattern analogous
to that encountered in (either mild. moderate. or severce) absolute B, deficiency ic.
a decrease in the excretion levels of o-aminohippuric acid. anthranilic acid glucur-
onide and 3-hvdroxyanthranilic acid and an increased level of kvnurenine, acetyl-
kynurenine, 3-hydroxykynurenine and xanthurenic acid.”*" However. the consistent
increase in excretion of kynurenine, o-aminohippuric acid, anthranilic acid glucur-
onide, 3-hydroxykynurenine, kvnurenic acid. xanthurenic acid and 3-hvdroxyanth-
ranilic acid.*'*- 31 seems to refute the proposal that oestrogens cause an induction
of tryptophan oxygenase that is mediated via the hypothalamo- pituitary adrenal
axis and that late in pregnancy. a true vitamin B, -deficiencey 1s superimposed upon
the hormonal cffects. In this context. it has been shown that the activity of kynur-
enine hydrolase cnzymes. particularly that concerned with the conversion of
3-hydroxykynurenine to 3-hydroxyanthranilic acid. is reduced much more, and at an
earlier stage of vitamin B, -deficiency than kynurenine aminotransferase activity,”!
This would result in an accumulation only of the preceding metabolites including
3-hydroxykynurenine. kynurenine. acetvlkynurenine and xanthurenic acid together
with the excretion of reduced amounts of o-aminohippuric acid and anthranilic acid
glucuronide, and this is not the case.

A depressing action of oestrogens on some B,-dependent enzyme levels was indi-
cated in earlier studies marked scx differences in the kynurenine hvdrolase and
kynurenine aminotransferase levels in adult rats.”" =+

Therefore, the present serics of studies were carried out to investigate the in vivro
effects of increasing concentrations of some synthetic female sex hormones. gonado-
trophic hormone. and some trophic-released hormones. on the metabolism of kynur-
enine, which is the central metabolite in the kynurenine pathway of tryptophan meta-
bolism, and its conversion to kynurenic acid and anthranilic acid through the vita-
min B,-dependent enzymes: kynurenine aminotransferase (EC 2.6.1.7)and kynurenine
hydrolase (EC 3.7.1.3). respectively. The synthetic female sex hormones investigated
in the present study include f-oestradiol. ethinyloestradiol. mestranol and progester-
one.

In 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 in vivo exper-
iments. Thus, the present series of studies: (a) exclude the in vivo induction by some
hormones of tryptophan oxygenase enzyme.’** 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.
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MATERIALS AND METHODS

Animals. Adult male albino mice (15- 20 g) fed ad lib. on a specially prepared diet
containing all the necessary factors were used.

Mauteriuls. Kynurenine sulphate was purchased from Schuchardt Co. (Miinchen.
Germany). z-Ketoglutarate was supplied by L. Light and Co. Ltd. (Colnbrook. Eng-
land). Anthranilic acid (AR) was purchased from Merk AG (Darmstadt, Germany).
Pyridoxal phosphate was prepared by using the method deseribed by Beiler and
Martin (1947).°° In some experiments high-quality commercial pyridoxal phosphate
(grade A7, Calbiochem. Los Angeles, Calif., U.S.A.) was used. The results obtained
with either sample of pyridoxal phosphate were indistinguishable. Kynurenic acid.
B-oestradiol 3. 17(f)-dihydroxy-A'-?-31egtratriene). ethinyloestradiol { { 7{z)-ethinyl-
At Siestratrience-3.17(f)-diol) together with pyridoxal hydrochloride and N-{1-
naphthyl)-ethylenediamine dihydrochloride were purchased from Sigma Chemical
Co. (St. Lewis. Mo., U.SA.). Mestranol (17x-cthinyl A'*-*-estratricne-3,17-diol-3-
methylether) was a gift from Nile Company for Pharmaceutical and Chemical Indus-
try (Cairo. Egypt). Progesterone (17(z)1-ketocthyl-A*-androstenc-3-one) was pur-
chascd from Ciba Socicte Anonyme (Basel, Switzerland) under the proprietary name
Lutocyeline (M), Redistilled water from an all glass still was used to make solutions.

Preparation of the homogenaies. The mice were killed by exsanguination after stun-
ning by a blow on the head. The fresh livers were quickly removed and placed in
ice-cold 0-25 M sucrose solution. Tissue homogenates (10 per cent based on the wet
weight of the tissue) were prepared in the cold isotonic sucrose solution by using a
Potter- Elvehjem homogenizer.

Incubations. Reaction mixtures {final volume. 4 ml) were incubated in 20 ml test
tubes 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) was added to each test tube and
the mixture transferred to the centrifuge tubes with 1 ml of double distilled water.
The precipitate was removed by centrifugation and the supernatants were analyzed.
The experimental test tubes were run in quadruplicate and zero time test tubes and
a blank made under the same conditions were included in each set of experiments.

The concentration of kynurenine was not rate-limiting for the enzymatic reactions
studied, since the maximum amounts of kynurenine utilized after an incubation
period of 3 hr. as shown in Results. were not more than 28 per cent of the initial con-
centration of kynurenine added to the incubation medium (S umoles/tube. te.
25 pmoles/g liver). Therefore, an incubation period of 3 hr was found adequate Tor
the production of kynurenic acid and anthranilic acid in amounts that facilitate their
spectrophotometric determinations. After 3 hr the reaction was not completed, stnce
not more than 28 per cent of the substrate had been utilized {Table 2B). Moreover,
our recent kinetic studies have revealed that the production of kynurenic acid and
anthranilic acid, measured at different incubation periods up to 180 min, revealed
that the relationship between kynurenine utilization and tinie was linear.*

The concentration of the different materials, when present in the incubation
medium (unless otherwise stated) were: pL-kynurenine sulphate, 50 umoles: potas-
sium phosphate buffer (pH 7-4), 0-05 M ; »-ketoglutarate, 30-0 gmoles; calcium chlor-
ide. 0-005M: magnesium sulphate, 0:001 M: pyridoxal phosphate, 40-0 ug: [0%,
whole liver homogenate. 2-0 ml.

* H. Sadek er al manuseript in preparation,
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The water insoluble hormones, fi-oestradiol. ethinyloestradiol. mestranol and pro-
gesterone. were dissolved in 100°,, ethanol such that the amount required for addi-
tion to the jncubation medium was present in O+l mi*' An alcohol control was
always included in cach experiment where these insoluble hormones were used.

Quantitative estimation of metaholites. Anthranilic acid and kynurenine were deter-
mined by the method of Mason and Berg.”” Kynurenine and kynurenic acid. and
anthranilic acid were also determined by a slight modification in the method used
by Miller er al.*® This modification, referred to in our previous publication.®” was
used to overcome the difficulties encountered in using three simultancous cquations
with three unknowns.

RESULTS

The effect of increasing concentrations of cither f-oestradiol or cthinylocstradiol
on the kynurenine aminotransferase and the kynurenine hydrolasc, as indicated by
the amounts of kynurenic acid and anthranilic acid ¢in pmoles/g liver) produced re-
spectively, is shown in Table 1A and B. The relative inhibition of both cnzyme sys-
tems is best illustrated by (a) the ratio of the amount of anthranilic acid to the
amount of kynurenic acid produced. and (b} the percentage inhibition, Le., the per-
centage difference between the amount of metabolite produced in the control and
that produced in the presence of varying concentrations of the hormone with refer-
encee to the control value. A concentration of 1 x 107 © M f-oestradiol or cthinylocs-
tradiol inhibits the kynurenine aminotransierase as evidenced by the reduction in the
level of kynurenic acid produced. On the other hand. the kynurenine hydrolase
enzyme is activated as shown by the increased production of anthranilic acid (Expt
2). Increasing the concentration of these hormones to 1= 10 S M (Expt 3) and to
I x 10 *M{Expt 4)induces more pronounced inhibition of the kynurenine amino-
transferase and more activation of the kynurenine hydrolase enzyme (Table 1)

The cffect of increasing concentrations of mestranol and progesterone on the
kynurenine aminotransferase and the kyvnurenine hydroluse cnzyme systems are
shown in Table 2A and B. In the presence of T x 107" M mestranol, no demon-
strable effect could be detected on hoth enzyme systems since the amounts of kynur-
enic acid and anthranilic acid are cquivalent to those produced in its absence (Expt
2. Table 2A). Increasing this hormone concentration to | x 10 M and
I x 10 * M fails to induce any demonstrable effect on the kynurenine aminotrans-
ferase enzyme, whereas the kyvnurenine hydrolase enzyme is slightly activated. On
the other hand. in the presence of T x 10 © M progesterone, no significant eflect on
both enzyme systems s detected. Increasing this hormone concentration from
I x 10 "M to | x 10 * M, results. however, in a more pronounced activation of
the kynurenine aminotransferase cnzyme system only. This is evidenceed by the rela-
tive mercased production of kynurenic acid to that produced in the control exper-
iment or in the presence. in the medium. of 1 x 10 ° M of the hormone: anthranilic
acid production is not significantly increased (Table 2B).

The effect of increasing concentrations of pyridoxal-3-phosphate (Plpy on the
action of f-ocstradiol. ethinvloestradiol. mestranol. or progesterone on both enzyme
systems was investigated and the results are shown  Tables 3A and B. and 4A and
B. The results indicate that in the absence of these hormones. the addition of Plp
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stimulates the production of both kynurenic acid and anthranilic acid. In the pres-
ence of varying concentrations of f-oestradiol (Table 3A) or cthinyloestradiol (Table
3B), increasing the concentration of Plp stimulates fuller activation of kynurenine hy-
drolase enzyme as evidenced by the increased production of anthranilic acid. How-
ever, increasing the concentration of Plp is associated with a partial reversal of the
inhibition encountered on the kynurenine aminotransferase cnzyme to an extent
dependent upon the amount of fi-oestradiol or cthinyloestradiol present in the
medium. Furthermore, the addition of Plp up to a concentration of 200 ugsg liver
in the presence of varying concentrations of these hormones, fails to result in the pro-
duction of kynurenic acid in amounts cquivalent to those produced 1n its absence.
The difference becomes more pronounced when higher concentrations of these hor-
mones are present in the incubation medium (Table 3).

[t is also found that more kynurenine is utilized than that converted to both meta-
bolites in the presence of f-ocstradiol or cthinyloestradiol (Table 3A and B). The dif-
ference might reflect hydroxylation of kynurenine to 3-hydroxykynurenine or to
further metabolism of cither of the products.

In the presence of increasing concentrations of mestranol, increasing the con-
centration of Plp results in the production of kynurenic acid in amounts equivalent
to those obtained in its absence (Table 4A ). In the latter case, however, the amounts
of anthranilic acid produced are slightly higher than those produced in its absence.
The amounts of kynurenine utilized are always more than the amounts converted
to kynurenic acid and anthranilic acid. The difference might reflect hydroxylation
of kynurenine to 3-hvdroxykynurenine and further metabolism of the latter metabo-
lites to other products along the kynurenine pathway.

On the other hand. it could be seen from Table 4B that in the absence and presence
of a constant concentration of progesterone. increasing the concentration of Plp
results In increased production especially of kynurenic acid and of the amounts of
kynurenine utilized: the amounts of anthranilic acid produced scem constant. espe-
cially in the presence of | x 107 M and 1 x 107 M of the hormone and indepen-
dent of whether the amounts of Plp added arc 100. 150 or 200 ug/g liver. Further-
more. the amounts of kynurenine utilized are found to be constant and nearly equiv-
alent to those converted to both products irrespective of whether the concentration
of the hormone presentis I x 107° Mor I x 107* M and independent of whether
the amounts of Plp added are 100. 150 or 200 ug/g liver {Table 4B).

Although Plp is not a substrate for either kynurenine hydrolase or kynurenine
aminotransferase. simulated linewcaver- Burk double reciprocal plots are con-
structed for the kynurenine aminotransferase enzyvme in the presence of varying con-
centrations of f-ocstradiol or ethinyloestradiol. The amount of product formed after
incubation is taken as an estimate of the velocity of the reaction (V). and Plp con-
centration is used in place of the substrate concentration (S) since Plp interacts with
kynurenine and a polyvalent cation to form a complex. This complex seems to be
the intermediate involved in the action of B, -dependent kynurenine hydrolase and
kynurenine aminotransferase enzymes. *°-*! Moreover, Plp usually acts as a second
substrate in these rcactions.*? The constructed graphs arc shown in Figs. 1 and 2
for kynurenine aminotransferase using fi-ocstradiol or ethinyloestradiol in three dif-
ferent concentrations. The negative reciprocal of the intercept of such a plot on the
1/S axis is equal to the Michaelis constant (K} and its valucs are expressed in



008 AL A Saan. Go A Arpi-Tawan, SO M. Er-Zoausy. M. H. Mostara and GoF. Mo es

-4
o036 o ixiom
— 032 *
P e 5
< o288k L - Ix 107 M
I .
S o24p ke -~
= 7 / - Ix 108 M
o, 020 / _ar
= . — Control
— 0l - : —
a ’ -
X  oizp
>
008
[ T A S S TN TS OO S N B

i
060504030201 0 01 020304050607 0809 110(10°M)
[17Pip]

F16. Ha), Graphical determination of (K, band (1, ) for the inhibitory eflect of f-vestradiol on Kynurenine
aminotransferase enzyme.

S50ugPIp

Q38
032
DE8

100 ug Pip
-~

O24 _~150ugPip
020 .

16 .-~ 200 pug Plp

02

: =3
008~ .
b
l —-;(;/ ; j i

Ixig™> fxt0™8 o o€ 1x1075  Ix1074 M]

17kA [10% (M/3h)! ]

Hormone concentration [I}

F1G. 1{b). Graphical determination of inhibitor constant (K.} for the inhibitory effect of f-ocstradiol on
kynurenine aminotransferase enzyme.

moles/l (M). The reciprocal of the intercept of the same plot on the 11 axis is equal
to the maximum velocity (V,,,.) and its values are expressed in (M/3 hr). The graphi-
cal method used by Dixon®* and Dixon and Webb®* is used for calculating the
values for the inhibitor constant (K,}. The kinetic constants of the inhibitory effect
of f-oestradiol or ethinyloestradiol on the kynurenine aminotransferase enzyme are
included in Table 5.

It can be seen from Fig. 1a that the inhibitory effect of f-oestradiol on the kynur-
enine aminotransferase enzyme is of the competitive type since the maximum vel-
ocity (V.. ) 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 complex
(K, is found to be 0-46 x 107° M (Table 5A). On the other hand. the non-competi-
tive nature of the relationship between the Plp substrate complex and ethinyloestra-
diol (Fig. 2a) on the kynurenine aminotransferase cnzyme. may indicate that ethinyi-
oestradiol binds to a different region on the kynurenine aminotransferase enzyvme,
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i, 2t Graphical determination of (K band (1,0 for the inhibitory effect of ethinyl oestradiol on
kynurenine aminotransforase ensyme.
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FiG. 2(b). Graphical determination of inhibitor constant {A; Hor the inhibitory cffect of ethinyvl vestradiol
on kyvnurenine aminotransferase cnzyvme.

since the values for K, are constant and independent of the amounts of inhibitor
present in the incubation medium. Increasing the hormone concentration results in
increased slope values and decreased 1, values. The dissociation constant (K;) of
the inhibitor complex is found to be 24 x 107 ° M (Table 5B).

DISCUSSION

It is cvident from the present study that fi-oestradiol (Table [A) and its cthinyl
derivative {Table 1B) inhibit the vitamin B, -dependent kynurenine aminotransferase
cnzyme, whereas the 3-methoxy-17-cthinyl derivative. i.e.. mestranol (Table 2A) has
no inhibitory effect on both enzymes. It seems that pyridoxal phosphate is not the
factor directly responsible for the observed inhibition since increasing concentrations
of pyridoxal phosphate are unable to counteract the inhibitory effects of either fi-ocs-
tradiol (Table 3A) or ethinylocestradiol (Table 3B). The increase in the production of
both kynurenic acid and anthranilic acid in response to increasing concentrations
ol pyridoxal phosphate added. probably reflects stimulation of the uninhibited por-
tion of the enzymes.

In investigating the site ol action of ff~oestradiol. it is now suggested that this inhi-
bition is brought about by reducing the affinity of the kynurenine aminotransferase
enzyme for the pyridoxal phosphate kynurenine complex {(Fig. la and Table 5A).
When both the substrate-complex and f-oestradiol are present. they compete for the
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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
p-oestradiol for the same binding sites on the kynurenine hydrolase enzyme; instead.,
the kynurenine hydrolase enzyme is activated with the consequent overflow of
kynurenine metabolism in the direction of anthranilic acid formation (Tables 1A and
2A).

It 1s noteworthy that ethinyloestradiol inhibits the kynurenine aminotransferase
enzyme in a different manner to that induced by fi-oestradiol on the same enzyme.
(Fig. 2a). The mechanism by which ethinyloestradiol inhibits the kynurenine amino-
transferase ecnzyme seems to be of the non-competitive type (Fig. 2a, Table 5B). The
reasons for the different mechanisms by which fi-oestradiol and cthinyloestradiol in-
hibit the kynurenine aminotransferase enzyme are still obscure. However, the com-
petitive mechanism by which f-oestradiol acts on the catalytic site(s) of the kynur-
enine aminotransferase enzyme may be cautiously interpreted by considering f-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
f-oestradiol affects only the kynurenine aminotransferase activity is not an unex-
pected obscrvation 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.”#2%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 17x-cthinyl group and/or the 3-OH
group. Such chemical configuration may help in the binding of ethinyloestradiol to
a different region on the enzyme. Therefore, it may be suggested that the inhibitory
cffect of cthinyloestradiol on the kynurenine aminotransferase cnzyme ts brought
about by an irreversible non-competitive mechanism since increasing concentrations
of pyridoxal phosphate arc unable to counteract the inhibitory effect of this hormone
(Table 3B). Inhibition patterns which arc apparently non-competitive are frequently
encountered with irreversible inhibitors since the decrease in by, (Table SB) 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, ie., 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
2A), whereas fi-oestradiol and ethinyloestradiol inhibit preferably the kynurenine
aminotransferase enzyme (Table [). 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-
ferase of rat kidney,'7-2?-3#% the administration of oestradiol benzoate to male rats
reduced the activity of hepatic kynurenine hydrolase to that seen in normal females,
butit did not influence the activity of hepatic kynurenine aminotransferase.”* Diethyl-
stilbestrol disulphate inhibits the rat kidney kynurenine aminotransferase at a low
concentration. Estrone sulphate inhibits this enzyme at much higher concentrations.
whercas several nonanionic steroids such as oestradiol, diethylstilbestrol and estronc
are not inhibitory ¢ven in saturated solutions.>? Moreover, high concentrations of
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ethinyloestradiol inhibits tryptophan pyrrolase, but its 3-methyl ether derivative, e,
mestranol, is without effect in vitre though it is unlikely that ethinyloestradiol and
mestranol have opposite cffects on tryptophan pyrrolase activity in vivo.>*" !

It is interesting to note that the synthetic and natural ocstrogens differ in their in
vivo effects upon the enzymes concerned in tryptophan metabolism. 1t seems that the
ovarian oestradiol interferes with the normal functioning of the probably vitamin B, -
dependent quinolinic acid decarboxylase. This effect could be overcome by the pres-
ence of the naturally occurring ovarian progesterone as well as by the administration.
for a short period, of synthetic ethinyloestradiol.'= In the latter case. cthinyloestira-
diol has no inhibitory effect on the vitamin B, -dependent enzymes: the kynurenine
hydrolase and the kynurenine aminotransferase. However. m the present o vitro ox-
periments; ethinyloestradiol inhibits the vitamin B,-dependent kynurenine amino-
transferase enzyme i mice liver homogenates. The difference between the in rive and
the in ritro experiments could be attributed to differences in the metabolism of the
in vivo administered hormone. Of possible relevance to this interpretation is the
suggestion of Rose and Brown®* that the in rivo action of oestradiol benzoate on
hepatic kynurenine hydrolase could be attributed to the subsequent formation of its
bisulphate ester by the liver. Species difference in the response of vitamin B, -depen-
dent enzymes to vitamin Bg-deficiency and antimetabolites are  widely
known.”-8#42 4+ However, it seems that the naturally occurring and the synthetic
progesterone do not differ in their in ritro and in rive effects on these two vitamin
B,-dependent enzymes. Thus. the naturally occurring progesterone antagonizes the
in vivo effect of the naturally occurring f-oestradiol.’” Moreover. the synthetic
progesterone does not inhibit the B, -dependentkynurenine hydrolase and kynurcenine
aminotransferase cnzymes in the present in ritro studies.

Of particular interest is the finding. in the present work., that fi-oestradiol (Tables
1A and 3A), ethinyloestradiol (Tables | B and 3B) and mestranol (Tables 2A and 4A)
do not affect the vitamin B,-independent kynurenine hvdroxylase enzyme since the
amounts of kynurenine utilized are morc than those converted to kynurenic acid and
anthranilic acid. However. there is evidence that the conversion of kynurenine to
other metabolites viz., 3-hydroxykynurenine. may be inhibited in the presence of in-
creasing concentrations of progesterone (Tables 2B and 4B) since the amounts of
kynurenine utilized are almost equivalent to thosc converted to both metabolites.
This finding further substantiates the recent reporis that the female sex hormones.
natural or synthetic, may affect other enzyme systems. which are B, -independent viz..
tryptophan oxygenase enzyme.*?%3% 4145 Yowever. lurther investigations arc
urgently needed to study the possible role of these hormones on the other vitamin
B.-independent enzymatic reactions especially on kynurenine hydroxvlase enzyme.
Hayaishi*® has stated that he does not know of any specific inhibitors of this enzvme.

REFERENCES
. M. Prict, J. THORNTON and M. L. MUELLER. Am. J. clin, Nuwr. 20, 452 (1967),
. P. Rosk. Clin. chim. Acta 18, 221 (1967),
. P.Rost and 1. P. BRamMaN. 4m. J. clin. Nuwr. 24, 673 (1971,
. L. Lunsy, M. Brin, M. Gorpox. P Davis. Mo Mureay and H. Seiscrn, o JL cdin Nuir, 24,
684 (19711
M. BriN, Am. J. clin, Nurr. 24, 699 (19711
M. BriIN, dm. J. clin. Nuere. 24, 704 (19711
P. Hovvz and D Paism. Pharmae, Rer, 1o, 113 {1904,

P S
Elviv iy

N



Pyridoxal phosphate and ocestrogens in mouse liver 1013

8. L M. Price, R R Brows and N Yss, in Advances in Metabolic Disorders {Eds. R, LEving and R,
Lurn) Vol. 2. Academic Press. New York (1965).

9. R. R. Brow~, N, Yiss, J. M, Price. H. Linkswier, P, Swax and L. V. Hankes, J. Nurr. 87, 419
(1965).

1O, HL Livkswiner., Ao Jooling Nue. 20, 547 (19671

11 Krisay, LT Micper and H. Linkswirir, . NUTR 94, 27 {1968).

12. G, E.Mourst, M. H.Aspee-Daim. N L. Keeabpa, G, A, AspeL-Tawag and L. H. GirGis, Bull. WHO
43, 651 (1970).

13 S Mo EBEe-Zoauny. G A Aspri-Tawan, L H. Girois, G E. Mourst R ZirorNand H. SCEL-KaariTn
fmanusering in nrenarationd
(manuscript in preparationd.

14, S M. Fi-ZoGusy. G A AspeL-Tawan, L. H. GirGis. G E. Mourss, R. Zertoun and H, S, EL-KABARITL
{manuscript in preparation).

15, H. S Ee-Kasagrir, M. Ch. Thesis, Tanta Faculty of Medicine. Egypt (1972).

o, LB Lerees, A Jocling Nurro 24, 659 (1971

17. M. Masox and B. MaxninG, Ame Joclin, Nuwe. 24, 786 (1971

I8, P Grivrncarn, HoJ Karsky and T, 30 MANNING, Biochem. hiophys. Acta 156, 198 {1968).

19. D. P. Rost. in Metabolic Effects of Gonadal Hormones and Contraceptive Steroids (Ed. Ho AL SaL-
HANICK )L . 352, Plenum Press. New York (1968).

20, NUYess. oM. Price RCR. BrowN, P B, Swax and H. LINKSwILER, J. Nuir. 84, 229 (1964).

2100 Wiss and Vo Weser, Firamys Horm, 22, 493 (1964).

220 ML Masox and FLGULLERSON, J. hiol. Chem. 235, 1312 {19604

23 M. MasoN. ) Forpand H. L. C. W, dnn NY. Acad. Sci. 166, 170 {1969).

24, D. P.Rost and R. R. BRown, Biochem. biophys. Acta 184, 412 (1969).

250 W E. Kvox and M. OGata. J. hiol. Chem, 240, 2216 (1965).

26, 1M, Brr and G, T Mariing J. il Chem, 169, 354 (1947

27, M. Masox and C. P. Bera. J. hiol, Chen 195, S15{1952)

2%, L L. MiLer. M. Tavctina and E. AL ApkLseraG. J. hiol. Chem. 203, 205 (1953).

20, S M. FL-Stwiny. G AL AsorL-Tawai, S. M. Er-Zosusy, R. Zermoun, M. H. MosTAFa and SH. M.
SHALARY. {manuseript in preparation).

0. L B Loncesecrer and B L Snevn, S biol Chem, 213, 229 {1955),

LoDOE Metzier, M. Ikawa and ECECSxewr, J. Ame chem. Soc. 76, 648 {1954},

2. H. A. Harpeer, Review of Phiysiological Chemisory, 12th edn. Lange Medical, Los Altos, Calif. {1969).

3. M. DixoN, Biochem. J. 535, 170 (1953).

34. M. Dixon and E. C. WeBs, Enzymes. 2nd edn, p. 315. Academic Press, New York (1964).

35

36, 1. M. Price and R. R, Browx, in Metal-Binding in Medicine (Ed. M. J. SEVEN). p. 179. Lippincott,
Philadelphia {1960).

37. 1M, PriCE. Fedn Proc. 20, Part 11 Suppl. (10), 223 (1961).

38, M, Masox and F. Gureekson, J. dm. chem. Soc. 81, 1517 (1959),

39, D, PORosE. Nature. Lond. 218, 196 {1966}

40. 1. P. Rosi. Clin. Sei. 31, 265 (1966).

41. 1. P. Braipvax and D. P. Rosk. Biochenm. Pharmac. 20, 973 (1971,

42, L. 1. DaNiet. Nutr. Ahstr. Rec. 31, 1 (1961).

30 MLS AMErR. ML HL Aspe-Daiv and G, AL AsbeL-Tawan, Biochem. J. 104, 656 (1967).

44, M. SCAwre. ML HL AsiiL-Damv and G. AL Aspie-Tawas, Biochem. Pharmac. 16, 1227 {1967).

45, W. OeLkirs and W NoLteN, Hoppe-Seyter's Z. physiol. Chem. 338, 105 (1964).

46. O. Havaisa, Am. J. c¢lin. Nutr, 24, 805 (1971).



