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KOPPENALIA 3MIH PIBHA ECTPOTEHY, MPOFECTEPOHY TATNIYTAMATY B
KPOBI MPU HOPMAJIbHIA BATITHOCTI

OHope Hkagop Wunutym, Muxaiino Ly6inet, OneHa CeBepiHoBcbKa, MeTblo boliko,
PycnaH Kyu, I3painb Menamepn, Omutpo ®paHk, Omutpo HataHnenb, OnekcaHap
3noTHIK

Haire mociif»keHHA cnpsAMOBaHe Ha BHM3HAuyeHHA BIUIMBY PIBHIB IpOrecTepoHy
Ta ecTpOreHy Mij yac BariTHOCTi Ha piBeHb IIyTaMaTy KpoBi. Mu Bifi6paan 116
»KIHOK 1 pO3/I/IMJIM IX HAa TPU FPYIH B 3a/1€?KHOCTI BiJf TepMiHy rectanii: rpyna 1 -2
’KIHKHM B NIepLIOMY TPUMECTPI BariTHOCTI, Irpymna 2 - »KiHKU y JpyroMy TpUMeCTpi
BariTHocTi, rpyna 3 - KiHKU B TpeTbOMy TpuMecTpi BariTHocTi. Mu ofHOpa3oBo
B34JIM 3pasKHW KpOBi y >KIHOK i BM3HA4YWJIM DiBHi €CTpPOTeHy, NpPOrecTepoHY,
riyTaMmat-nipyBaT TpaHcaMmiHasu (['TIT), rmyTamaT-okcanoaneTaT TpaHcaMiHa3u
(FOT) Ta rayramaTy. AHani3y MOKas3ajy, L0 BMICT [JyTamary B Jpyromy (p
<0.001) Ta TpeTbomMy (p <0.001) TpuMecTpax 3HAYHO HIKYeE. JJOCTiPKEHHS TAKOXK
N0Ka3a/Io_HasABHICTb 3BOPOTHLOI KOpeJALil piBHA eCTpOreHy Ta NPOrecTEPOHY,
Ta piBHS JIyTaMaTy KpoBi nmpoTsarom Bciei BaritHocTi (p <0.001). 3 iHmoro 60ky,
piBHi I'lIT I I'OT He 3MiHIOBanucA mif, Yac BariTHOCTI, He3BaXKalOUU Ha He3HAYHe
3HmwkeHHs [TIT B TpeTboMy TpuMecTpi. 3BOPOTHS KopeJslif 6yJa TaKoX
OTpUMaHa MiX MiIBULIEHUMU PIBHAMU e€CTPOTEHY i NpOTrecTepoHy Ha MOMEHT
KiHI|eBUX CTaZild BariTHOCTed Ta piBHEM IJyTaMmaTy KpoBi kiHOK. [lojanbiie
3pOCTaHHA PiBHIB eCTpOreHy i IporecTepoHy JieAb BIJINBAB Ha piBeHb INyTaMaTy
KpOBi mic/isl TOro, Ik IJIyTaMaT-peyKyl4yui epeKT AocsraB cBOro miky. /laHi
BUILEBUK/IaZ€eHOTO A0CJi/PKeHHsl [eMOHCTPYIOThb BIUIMB DIiBHIB eCTpOreHy Ta
[IpOrecTepPOHy Ha PiBeHb IJIyTaMaTy KpOBi, MeXaHi3M fIKOTO He 06yMOBJIEHHUU
['OT/T'TIT koHBepPTYIOYHMMH MeXaHi3MaMU

Kiro40BIi c/10Ba: ecTporeH; NporecTepoH; rJiyTaMaT KpOBi; BariTHiCTb; Helponpo-
TEKIisl.
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Our investigation aimed to examine the impact of changing estrogen and
progesterone levels during normal pregnancy on blood glutamate levels. We
recruited 116 pregnant women and partitioned them into three groups based
on their gestational ages: group 1 - first-trimester pregnancy, group 2 - second-
trimester pregnancy, and group 3 - third-trimester pregnancy. We drew single
samples of venous blood from the participating women and analyzed for differing
levels of estrogen, progesterone, glutamate-pyruvate transaminase (GPT),
glutamate-oxaloacetate transaminase (GOT), and glutamate. Results showed that
the second (p<0.001) and third trimesters (p<0.001) had significantly lower blood
glutamate levels. Analyses also revealed the existence of an inverse correlation
between blood glutamate levels and estrogen and progesterone levels in the
entirety of the pregnancies (p<0.001). On the other hand, GOT and GPT levels
were unchanged during pregnancy periods, although a slight reduction in GPT
was observed during the third trimester. Inverse correlations were also obtained
between increased estrogen and progesterone levels during the advanced stages of
the pregnancies and blood glutamate levels of the women. Further rises in estrogen
and progesterone levels barely impacted blood glutamate levels once the blood
glutamate reducing effect reached the maximal point. Findings from this study
show that changing estrogen and progesterone levels have an impact on blood
glutamate levels, a mechanism that is most probably not facilitated by a GOT/GPT
conversion mechanism.

Keywords: estrogen; progesterone; blood glutamate; pregnancy; neuroprotection.

Introduction

Estrogen (E) and Progesterone (P) are female sex hormones whose actions are not
limited to tissue-related reproductive functions. E and P reportedly play a role in the
development of a variety of body tissues, such as tissues of the central and peripheral
nervous systems. These two hormones are allegedly also neuroprotective against vari-
ous neurodegenerative disorders [12], although the precise mechanism of how either
ensures this neuroprotection is still elusive. Hypothetical theories have it that E and P
may induce neuroprotection through excitatory neurotransmitter systems, such as glu-
tamate receptors [6] and glutamate transporters [10].

Severe neurological crises are often accompanied by unusually high brain extracel-
lular (ECF) and cerebrospinal fluid (CSF) L-glutamate (glutamate) levels that are neu-
rotoxic and linked to poor neurological outcomes in the event of neurodegenerative
disorders in the example of a traumatic brain injury (TBI) and stroke [4]. High levels
of glutamate can further increase and become chronic under certain disease circum-
stances, such as glaucoma, amyotrophic lateral sclerosis (ALS), and HIV-dementia [5,
13]. Excess brain interstitium glutamate levels accelerate the stimulation of glutamate
receptors, which causes cell swelling, apoptosis, and neuronal death, all elements of a
compromised neurological outcome.
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While strong correlations between blood and brain glutamate levels have been es-
tablished by several investigators [7, 19], other researchers have been quick to point
out that reduced blood glutamate levels provided neuroprotection [3, 18, 26-28]. We
showed in our previous investigation that blood glutamate levels in male rats decreased
when injected with E; we injected these rats with Premarin (a mixture of different es-
trogens), which resulted in a significant, long-term decrease in blood glutamate levels,
correlating with a better neurological outcome [29]. There are suggestions that the
glutamate-related mechanism serves as the route for the neuroprotective properties
of E and P [2, 9]. E and P could reportedly also decrease the human blood glutamate
levels, while there is evidence that levels of glutamate are significantly lower in healthy
females of the human population [30]. Also, there is proof that blood glutamate levels
correlate inversely with plasma E and P levels in ovulating women during menstruation
[25].

Our investigation aimed to investigate the impact of changing E and P levels on blood
glutamate levels during normal pregnancy. Fluctuating plasma E and P levels are pre-
dictable during normal pregnancy, with the overall levels of both hormones E and P
highly elevated in pregnant women relative to their non-pregnant counterparts [21].

We expected that increasing blood glutamate concentrations would reach maxi-
mum levels during the first trimester of pregnancy, which coincided with minimal E
and P plasma levels. We also anticipated that blood glutamate levels would slowly de-
crease with increasing plasma E and P levels. We deemed it essential to investigate the
possibility of high levels of E and P typically seen during pregnancy impacting blood
glutamate levels through a comparable mechanism to that engineering the fluctuation
of glutamate during ovulation. Contrary to fluctuating E and P levels noted during the
menstrual cycle, E and P levels are known to increase and are usually more pronounced
during pregnancy. Our curiosity to this effect was to tell if higher E and P levels during
pregnancy affect blood glutamate levels as is the case with lower E and P levels during
ovulation. We measured levels of glutamate-pyruvate transaminase (GPT), glutamate-
oxaloacetate transaminase (GOT), and glucose to determine their involvement in the
possible glutamate-reducing abilities of E and P [24, 28].

Materials and Methods

Soroka University Medical Center, Beer Sheva, Israel was the site of our investiga-
tion, which was ratified by the Institutional Review Board. We received written and
signed informed consent from each participant before the research, with 116 healthy
pregnant women taking part in the study. The benchmark for exclusion included under
18 years candidates, known fetal anomalies, maternal co-morbidities, such as pregnan-
cy-induced hypertension (or pre-eclampsia), renal or hepatic failure, chronic steroid
treatment, estrogen or progesterone treatment, anemia (Hb < 12 g/dl), diabetes mel-
litus, or women with certain metabolic disorders.

Following their stages of gestation, we partitioned the women into 3 groups. First-
trimester women (from 6 to 14 weeks) enlisted from candidates seeking elective ter-
mination of their pregnancies occupied group 1. Group 2 consisted of second-trimester
women (14 +1/7 weeks until 28 weeks) enrolled from candidates seeking elective clini-
cal examinations, such as an ultrasound test. Group 3 was made up of third-trimester
women (28 + 1/7 until 42 weeks) drafted from candidates who had pathological fetal
presentations, macrosomia, or previous cesarean sections and were seeking elective
clinical examinations or elective cesarean sections.
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Single samples of venous blood (10 ml, via the antecubital vein) were drawn from
the women and subjected to analyses for estrogen, progesterone, glutamate, GPT, and
GOT levels. A blood glucose monitoring device, “glucocheck sensor” (Roche, Germany)
helped evaluate blood glucose levels immediately after drawing blood from patients.
Portions of the collected blood were centrifuged, and the serum analyzed to assess
plasma GOT and GPT levels using the fluorescent method and Olympus AU 2700 Assay
(Minnesota, USA).

To determine plasma E and P levels, blood samples were again subjected to centrifu-
gation, with the resulting serum analyzed immediately or stored in a freezer at -802 C
till it was evaluated with an ADVIA Centaur Estradiol/Progesterone Assay (Bayer, NY,
USA), whose principle is based on competitive immunoassay; this allows measurement,
by a direct chemiluminescent technology, of the highly specific antibodies produced.

For the evaluation of blood glutamate levels, we added an identical volume of ice-
cold 1M perchloric acid (PCA) to whole blood (200 pl aliquot) and then centrifuged
at 10000xg for 10 min at 4°C, deproteinizing it. The resulting pellet was thrown away,
leaving the supernatant, whose pH was subsequently adjusted to 7.2 with the use of 2M
K,CO,; some amounts of the supernatant was stored at -80°C in case later analyses were
required. We then applied Graham and Aprison’s fluorometric method [8] to quantify
the levels of glutamate as follows: we added a PCA supernatant aliquot (20 pl) to a mix
of 0.3 M glycine, 0.25 M hydrazine hydrate buffer (480 ul) and 1N H, SO, and 15 U of
glutamate dehydrogenase in 0.2 mM NAD that adjusted the pH to 8.6. The mixture was
then incubated, and after a 30-45 min incubation at room temperature, we measured
the fluorescence at 460 nm, with 350 nm the excitation mark. The concentrations of glu-
tamate used for the glutamate standard curve were between 0 and 6 uM. Every measure
carried out was duplicated.

For statistical analyses, we used the SPSS 17 package (SPSS Inc., Chicago, USA).
We used the two-tailed t-test for equality of means and Levene’s Test for Equality of
Variances to compare glutamate, glucose, GOT, and GPT levels between various groups.
p<0.05 was considered significant and p<0.001 highly substantial. The presentation of
data is means * SEM.

Results

Our research included 116 pregnant women in all: 43 of the pregnancies were first-
trimester, 43 were third-trimester, and only 30 were second-trimester because we
found it hard enrolling healthy pregnant women during this trimester. Figure 1 con-
tains changes in the level of blood glutamate during al three trimesters of pregnancy.
Blood glutamate levels in second-trimester pregnancies decreased significantly (98.3
* 6 pM/L) in comparison to those in first-trimester pregnancies (167 + 13 pM/L)
(P<0.0001). Blood glutamate levels in third-trimester pregnancies were at comparable
levels to those in second-trimester pregnancies (88.9 + 8 uM/L) but were substantially
lower than those in first-trimester pregnancies (P<0.0001).

Figure 2 is a representation of Blood E and P levels. Plasma E levels increased sig-
nificantly in second-trimester pregnant women (8158 + 1030 pg/mL) in comparison to
the levels in first-trimester pregnant women (1780 = 190 pg/mL) (P<0.0001). Plasma
E levels rose further in third-trimester pregnant women, reaching 20735 * 1620 pg/
mL (P<0.0001). Similar changing patterns were observed with regards to P levels, with
significant increases noted in second-trimester pregnant women (65 * 5 ng/mL) when
compared to levels in first-trimester pregnant women (23 * 2 ng/mL) (P<0.0001). As
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with plasma E levels, quantities of Plasma P increased further in third-trimester preg-
nant women, reaching 200 + 14 ng/mL (P<0.0001).

Trimester
1 2 3
Glucose (mg/dL) 86 %2 894 80 £2
GOT (IU/L) 21+1 201 20+1
GPT (IU/L) 19£2 14+1 121"

Table 1 displays values for blood glucose, plasma GOT, and plasma GPT during all
three trimesters of pregnancy. The levels of blood glucose or GOT stayed constant for
the entirety of pregnancies and were comparative among all groups. GPT levels did stay
constant during trimesters one and two but diminished significantly by the third preg-
nancy trimester in comparison to first-trimester levels (P<0.01).
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Discussion

Our main finding showed that an inverse correlation exists between increasing E
and P levels during advanced stage pregnancies and the blood glutamate levels of the
pregnant women. Increasing E and P levels in second-trimester pregnancies were in-
volved with significant decreasing blood glutamate levels, even though the continuing
rise in E and P levels in third-trimester pregnant women did not trigger further sub-
stantial reductions in blood glutamate levels.

Another primary outcome of our research was the fact that reduced blood glutamate
levels were not a sign of rising blood GOT or GPT levels. This finding suggests that if
increasing E and P levels can lower blood glutamate amounts, the phenomenon does
not include oxaloacetate- and pyruvate-driven GOT and GPT, respectively, converting
glutamate to 2-ketoglutarate (inactive form).

E and P reportedly act as great neuroprotectors in several neurodegenerative disor-
ders [14]. An E treatment [9] and pre-treatment [1, 9] of a middle cerebral artery oc-
clusion (MCAO)-induced neurological damage has been shown to lessen the injury. Fur-
thermore, the occurrence of Alzheimer’s disease in postmenopausal women reportedly
is diminished by E-replacement therapy [11]. According to one finding, E can also delay
the onset of clonic seizures caused by kainic acid and cut deaths related to seizures in
rats [22]. Still, another finding reports P as neuroprotective during an ischemic stroke
[1] and TBI in rats [23].

Despite the continuous assertion that E and P can and serve as neuroprotectors, no
elucidation of the exact mechanism of how this assertion works had been forthcoming.
Well demonstrated, though, is the fact that glutamate is involved in synthesizing and
producing hormones like gonadotropin-releasing hormone (GnRH) [15] and E through
hypothalamic neuron-bound precursors of cholesterol [2] upon exposure of in-vitro
hypothalamus to glutamate. Increased levels of E subsequently triggers a feedback-en-
gineered down-regulation of concomitant raised plasma glutamate levels in the brain.
E and P may, therefore, have an essential role in auto-regulating glutamate levels in the
brain and blood.

Very little is known to date with regards to the effects of sex differences on the levels
of glutamate. Reports have it that levels of blood glutamate are in women lower than
those in men among healthy individuals [30], supported by Stover and Kempski’s in-
vestigation, which showed that male patients had higher glutamate levels than their fe-
male counterparts, while also establishing baseline glutamate levels in female patients
after they were all given isoflurane during neurosurgical procedure [17]. Despite not
performing this procedure in the present study, our finding is consistent with claims
that decreasing levels of blood glutamate are capable of stimulating neuroprotection in
women. We also demonstrated recently that naive and TBI male rats that received E via
injection had lesser blood glutamate levels and improved neurological outcomes [29].

Results from this study indicate that high maternal E and P levels in advanced preg-
nancies correlated with lower blood glutamate levels. We anticipated a continuous re-
duction in the levels of blood glutamate as pregnancies advanced from second to third
trimesters, given that E and P levels continuously increased. However, the reduction in
blood glutamate levels was less distinct in third-trimester pregnant women, although E
and P levels at this stage were significantly higher than those in second-trimester preg-
nancies. We, therefore, postulate that the attainment of the highest blood glutamate
reducing effect means that further increases in E and P levels exert minimal impacts
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on the levels of glutamate in the blood. Increased P levels have, in the past, been shown
to cause a decrease in the levels of glutamate in the blood in a dose-response mode lik-
ened to a bell-shape, with this impact also noted to die down at both higher and lower
concentrations [16]. This explanation could be given to account for why glutamate re-
duction in the blood during third-trimester pregnancies was not as significant as it was
during the second trimester. Hence, it would be of some assistance taking into consid-
eration our finding when deciding on the suitable theoretical E and P doses for treat-
ment as discoveries of new therapeutic modalities are put forward for the improvement
of neurological outcomes in the event of an acute neurological attack.

The maintenance of GOT and GPT at constant levels for the entire pregnancy pe-
riod suggested the existence of a different E and P-mediated blood glutamate reducing
mechanism from the one that ensures that glutamate is converted to its inactive form.
This result affirms interpretations made by previous investigators that women have
lower blood glutamate, GOT, and GPT levels than men [30], and the levels of GOT and
GPT stay unchanged for the entirety of the menstrual cycle [25] and at different preg-
nancy stages [20].

Given that GOT and GPT are scavengers of blood glutamate, it would be anticipated
that elevated levels in women are required to ensure lower blood glutamate levels. The
thought of women having both diminished blood glutamate levels and reduced GOT
and GPT levels would, thus, sound contradictory. Our observation may, hence, only be
attributed to E or P impacting female glutamate levels via an independent GOT/GPT-
scavenging mechanism. In this scenario, a lesser amount of GOT or GPT would be suf-
ficient to trigger the conversion of the diminished glutamate levels to inactive forms.
Another justification for our observation may also lie in the fact that E and P are capable
of playing roles in the rise of plasma oxaloacetate and pyruvate levels that operate as
GOT and GPT co-enzymes, respectively. If so, then the equation for the Michaelis-Ment-
en enzyme rate would predict lower GOT and GPT levels necessary for the conversion
of equal amounts of glutamate to 2-ketoglutarate, which would ensure sustainability of
lower blood glutamate levels [26, 28].

The one major drawback of our research would be our measuring of glutamate lev-
els only in the blood and not in the brain, which would have been a benediction of our
previous investigation in rats, where we revealed that there is a strong correlation be-
tween low levels of glutamate in the blood and low levels of glutamate in the ECF of the
brain [7, 19]. However, there is also a correlation between low levels of blood glutamate
and an improved neurological outcome post-TBI as reported in the past [26-28]. In
this regard, we elected to go for a less invasive approach to measure glutamate levels,
which is in the blood, instead of the overly intrusive brain ECF-related evaluation. Our
theory, therefore, based on our findings, stipulates that the blood glutamate-reducing
hormones, E and P, could also cause brain glutamate reductions. Nevertheless, addi-
tional studies are required to back this concept.

The second drawback to our research would be the need for establishing a direct
association between E, P, and glutamate levels and its impact on neurological outcomes
post-acute brain attacks. To that effect, more in-depth studies are needed. Furthermore,
we are still to decipher the precise mechanisms for the mediation of blood glutamate
reduction by E and P.

Nuances notwithstanding, we were able to provide useful insights into the impact-
ful role E and P occupy during blood glutamate reduction, which is a significant step
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to understanding the blood glutamate-regulating physiological mechanisms and could
aid in the establishment of new therapeutic modalities that seek to better neurological
outcomes post-acute neurological attacks.
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