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Abstract—(1) Virgin female albino rats were treated with the estrogenic substance mestranol, the proges-
togenic substance lynestrenol or with a combination of these two compounds. These two drugs are
the components of the oral contraceptive pill Lyndiol®. (2) Mestranol pretreatment caused a significant
increase in brain GABA level, lynestrenol pretreatment caused a significant decrease in brain glutamic
acid level and pretreatment with a combination of the two drugs caused a significant rise in brain
GABA content. Other changes were statistically insignificant. All three types of treatment, however,
caused an identical and significant decrease in the glutamic acid:GABA ratio in rat brains. (3) The
changes produced by oral contraceptive steroids on two brain enzymes, namely glutamate decarboxylase
and aminobutyrate aminotransferase could not satisfactorily justify the assumption that the brain
GABA concentration is controlled solely by the activities of such enzymes.

In view of the worldwide use of the various oral con-
traceptive compounds, it was thought of interest to
tesr the effect of such compounds on the brain meta-
bolism, especially as related to the metabolism of
gamma aminobutyric acid (GABA) and glutamic acid
{Glu). These two amino acids were chosen since they
were found to act as inhibitory and excitatory neuro-
transmitters respectively [1, 2]. Two enzymes known
to be involved in brain GABA metabolism were also
measured in this study; namely glutamate decarboxy-
lase (L-glutamate I-carboxylase, EC 4.1.1.15} and
aminobutyrate aminotransferase (4-aminobutyrate: 2-
oxoglutarate aminotransferase, EC 2.6.1.19).

The oral contraceptive compounds employed in
this study were mestranol and lynestrenol, the com-
ponents of the well-known oral contraceptive pill
Lyndiol®, manufactured under license of N.V.
Organon-Oss-Holland and containing lynestrenol
2:5mg and mestranol 0-075 mg per tablet.

MATERIALS AND METHODS

Materials. The following drugs were used in this
study: Mestrano!l (17x-ethinyl-17-8-hydroxy-3-meth-
oxy-1,3,5(10)-estratrien, Organon); Lynestrenol (17a-
ethinyl-17-8-hydroxy-estr-4-en, Organon.

Animals and dosage schedule. Virgin female albino
rats weighing 100-150g were obtained from local
suppliers and were allowed food and fresh water ad
lib. The rats were divided into four groups. Treatment
was started when the rats were in the estrous stage
of their cycle. The drugs were suspended in 0-59; car-
boxymethyl cellulose and given orally for 12 consecu-
tive days. The rats were sacrificed 24 hr after the last
dose. Group I received a daily dose of 0-08 mg mes-
tranol per rat; Group I received a daily dose of
2-5mg lynestrenol per rat; Group III received a daily
dose of 0-08 mg mestranol and 2-5mg lynestrenol per
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rat; Group IV served as a control and received an
equivalent volume of 0-5% carboxymethyl cellulose
daily for 12 consecutive days. The dosage and
duration of treatment with the two sterols ensured
a maximal contraceptive effect [3-6].

Estimation of GABA and Glu of rat cerebral hemi-
spheres. The method used was a modification of the
procedures described by Maynert er al. [7] and Saad
[8]. The rats were decapitated, the brain quickly
removed and the cerebral hemispheres were rapidly
separated, weighed and homogenized in 7 vol of a
solution of ethanol in water (75% v/v). These oper-
ations were carried out in the cold room maintained
at 0-2°. The precipitated protein was removed by cen-
trifugation. The clear supernatant was evaporated to
dryness on a water bath. After cooling the residue,
it was dissolved in distilled water. The resulting turbid
solution was centrifuged and an amount of the clear
supernatant fluid equivalent to 60 mg of the original
wet brain tissue was applied by a micropipette to a
Whatman No. | filter paper. The chromatogram was
run by the ascending method for 18-20hr using
phenol-water (4:1 v/v) as a solvent. After removal
of the solvent by air drying, the strips were dipped
in 0-1% ninhydrin in butanol and placed in an oven
maintained at 90° for 10 min. Each GABA or Glu
spot was separately cut out and eluted in a test tube
containing 5 ml ethanol solution (50% v/v in water).
The test tube was then centrifuged for 10 min. The
optical density of the eluate was measured at a wave-
length of 570nm in a Unicam SP 500 spectro-
photometer. The amount of each amino acid present
in each spot was then calculated using a predeter-
mined standard curve.

Assay of enzymatic activities. The preparation of the
homogenates of cerebral hemispheres and the condi-
tions for the incubation procedures were as those de-
scribed by Sytinskii and Priyatkina [9]. Estimation



Rarv M. Guazar, Anerg B, Marar and Tanta T, Daanizs

=

App-l

16

“(Appandadsal
100 > puv ¢O-0 > d) 1ueoyrudis A[uonsnieis ST SOUISYIP U1 JBY JJRdIPUL 4 PUR  H(SG4 > d) WEdIuRisul Aesasnes
S1onpeA [OJIU0D FUIPUOUSRIIOD DY WOY SOUDIOHIP Sy Jeyl soyiudis QN i 7 Jo soroydsiwuoy [Riqassn pojood ay)
WO PAuIRIqoO St UOHBUILIAGD yovg "JA'A'S + SUOHBUIMIIIGP § 15U 1R jJO umow oy juasardar soandig Spoylap
Ul PAQLISSAP SB INO POLIIBD AIoM SHIHANSR SWAZUD Oyl JO UOHRWIISY pue SEIP oY UM S[RPWIUY JO JUSUwaRig

g - w80 T 18 Q1 + 201 F 891 08¢ Jouansauk] +

KO0 journss iy

Lie— O F LS 154 sl F 171 08¢ [ouansaus

12 xS0 F TL B-OT— 51 1 661 800 [OUBLISON

PO+ 58 60 + $9t SUON

AN[BEA 101U0D TAYS Foupdp dN[RA [ORUOD WHS F ueay {1m4/8w) anig

woyy aueyd °, woy afueyd % asop
Lpreq

(ay/onssiy urery 1am
#/pauLio] njry $70LWH)
SSRIDJSUBIOUIWT IJRIAINQOUIUY

(1g/onssny urelq jam

T/powiio} ygvr) sojowrj
AMALDER DSBIAXOQIRIOP 01BUIEIN(D)

sazoydsiuray [BIGIISI 181 JO SAILIANOR SSRIQISUBIIOUNNT
sleifInqouie pur aseiAxoqiesop simuminid oyl vo sploiss oandaoriiuod jeio Yum jusuneandd jo poygd T dgRy

‘(Kpanpadsal [0 puB 00 > d) 1UroyIudis A[[PONSNE s1 3DUMYIP 3YI 1BY) J1EDIPUL L PUE

H{$0:0 < J) wumeayrudis

Aeonsnels st oanfea [onuos Swpuodsation oy woy aduszagp ay) 1Ry sagiuds N SR 7 Jo saragdstusy [R1qaia pajood oY) wIoa) pauiziqo sRM UONRUILLIDGD UIRT CNT'S
= SUOLIRUIULINAP £ 1SPA] |2 JO usawl Ayl Juasaidal saindlj Spoyiapy UL PagLEssp sk N0 paliied JIdm SPIOR OUTIUE 311 JO UONRINSE pue s3nIp ay) [iim S[REHUE JO UL

P1c— O F 10t L whC0 + 128 £T+ 10 F €47 0L jouaisauky +
200 [ouRIISIN
[ T 10 F v6C 91— $1T0 F 5L I+ s81:0 796 06T [OUDISOUAT
LT — 7140 + 967 LT+ o900 + 718 £ -+ 810 F S6T 800 [OUBIISOTA
- 810 + €8¢ - €00+ 168 €10 + 72 QUON
[ONTOD WIO) 0110 wol) ‘WS F urdy 010D WO WIS F ued]y 1es/Sur) dnig
a8uwys ¥ afueyd Y, a8ueys % asop
freq
onel ygyo:nn (ansst) UIRy 10m (anssy) urelq 10m
§/sajowr) /saourrry
L8] VavO

saraydsIuIay [RIGaIa) TR JO JUANO0D B0 PUR YV U0 SPloldls sandaorIjuod [eI1o yiim wdunesljald jo wagsd [ 2[qe],



Oral contracepfives, rat brain GABA system 117

of the formed GABA (in case of glutamate decarboxy-
lase activity) or Glu (in case of aminobutyrate amino-
transferase activity) was carried out as described
above.

RESULTS AND DISCUSSION

It has long been known that certain amino acids,
including gamma aminobutyric acid (GABA) and glu-
tamic acid (Glu), could greatly affect the excitability
of the central nervous system [1,2]. The con-
centration of these amino acids, in particular GABA,
has been found to change under the influence of many
factors. One of these factors is the alteration of the
hormonal balance in the animal. Thus thyroidectomy
was found to lower brain GABA levels [10], whereas
administration of thyroid hormone resulted in an in-
creased brain GABA and Glu levels [11]. Adrenalec-
tomy was shown to decrease brain GABA [12,13].
Ovariectomy was reported to increase brain GABA
levels [8] while the administration of progesterone
lowered these levels towards control values [14].

The steady state concentration of brain GABA has
been considered to be a function of the relative rates
of formation and utilization by glutamate decarboxy-
lase and aminobutyrate aminotransferase enzymes re-
spectively [15]. Some authors hold the view that
brain GABA is entirely controlled by the glutamate
decarboxylase enzyme activity [16], whereas others
claim that aminobutyrate aminotransferase plays a
more important role in this respect {17].

The data obtained in this study (Table 1) showed
that the estrogenic steroid compound, mestranol,
given alone or in combination with the progestogenic
compound lynestrenol, resulted in a significant rise
in brain GABA levels. Administration of lynestrenol
alone caused a slight, statistically insignificant in-
crease in this parameter. Regarding brain Glu levels,
only lynestrenol caused a significant decrease
amounting to 11-6%, of control value. In general, the
changes in the Glu levels were of a much lower mag-
nitude than those observed with GABA. This is in
fair agreement with the view held by some authors
that the concentration of brain Glu, unlike that of
GABA, remains more or less constant [15].

A very interesting observation was noted when the
results were expressed in terms of Glu:GABA ratio
rather than in terms of absolute values of individual
amino acids (Table 1). That is, all types of treatment
employed in this study resulted in almost an identical
amount of decrease in this ratio. In other words, the
steady state concentration of the two amino acids was
shifted in favor of GABA so that the new Glu:GABA
ratio was decreased about 20%, from control value
in all the three types of treatment. This finding might
be of significance since one would expect that the
excitability of the brain might be a function of a cer-
tain balance between the excitatory and inhibitory
amino acids rather than of the absolute con-
centrations of any of these amino acids alone. Our
results showed that all three types of treatment in-
cluded in this study produced the same degree of ‘im-
balance’ in this equilibrium.

Data concerned with the effect of oral contracep-
tives on brain enzyme activities are presented in Table
2. A significant change in glutamate decarboxylase

activity was observed following mestranol treatment
only where the activity was found to increase by
about 219 over the control value. The changes fol-
lowing other types of treatment were statistically in-
significant. The aminobutyrate aminotransferase
enzyme activity was decreased in the three types of
treatment, the decrease was statistically significant fol-
lowing mestranol or lynestrenol treatment.

From these data, it could be seen that no direct
correlation between the changes in amino acid con-
centrations and those in enzyme activities could be
established. Thus if we consider that the brain GABA
level is dependent upon the glutamate decarboxylase
activity alone [16], one would expect that lynestrenol
should have produced a decrease in brain GABA, and
that pretreatment with the mestranol lynestrenol
combination should have produced no significant
change, neither of which is the case in our study. The
only treatment which was found to agree with this
assumption was that observed with mestranol which
produced an increase in brain GABA concentration.
On the other hand, if we assume that aminobutyrate
aminotransferase enzyme plays the dominant role in
controlling the level of brain GABA [17], one would
expect that all three treatments should cause an in-
crease in brain GABA with lynestrenol causing the
highest increase. Our results showed that all three
types of treatment, in fact, produced an increase in
this parameter. However, lynestrenol caused the least
and not the highest increase in brain GABA con-
centration. Therefore it could be concluded that other
factors may play a major role in regulating the brain
GABA level in addition to the two enzymes generally
held responsible for the regulation of the steady state
concentration of this amino acid in the brain.

The observed changes in the level of brain GABA
and Glu following oral contraceptive steroid treat-
ment may help to explain some of the commonly seen
side effects of the pills such as the mental depression
that is observed more frequently in women taking
these pills [18].
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