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Abstract. Oxidative stress is related to the development of metabolic and chronic diseases. Mitigation and prevention
of the oxidative stress influence remain one of the most pressing issues in biology and medicine. The objective of the
research was to examine and compare the role of the glutamic acid, both individually and in combination with pyri-
doxine, in mitigating the oxidative stress effects elicited by epinephrine. Biochemical methods (determination of the
activity of antioxidant enzymes, alanine and aspartate aminotransferases, lipid peroxidation products) and statistical
methods were used in the research. The findings indicate that the additional use of L-glutamic acid, both individually
and in combination with pyridoxine, allows the body to reach control values or approach them to a greater extent than
in groups of animals that did not receive these substances. In particular, such data were found for the following indica-
tors: restored glutathione, lipid hydroperoxides (third experimental group), glutathione peroxidase, thiobarbituric acid
reactive substances (second and third experimental groups), superoxide dismutase (spleen, liver, brain), catalase (liver,
brain). In contrast, in the first experimental group, which only experienced stress, the activity of superoxide dismutase
(spleen, brain, and liver) and catalase (brain, liver, and lungs) decreased compared to the control and the second and
third experimental groups. When modelling epinephrine-induced oxidative stress, L-glutamic acid, both individually
and in combination with pyridoxine, demonstrated a mitigating effect on the oxidant-antioxidant imbalance, which
is a key factor in the level of oxidative stress. The research has shown the potential application of L-glutamic acid for
mitigating and protecting the body during states accompanied by oxidative stress
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Introduction

Oxidative stress, its impact on the human and animal
body, and the search for substances with antioxidant
properties are among the priority areas of biology and
medicine. In particular, the modern lifestyle significant-
ly contributes to the onset of oxidative stress. According
to T.R. Kiran et al. [1], oxidative stress is an imbalance
between the production of free radicals on one hand and
antioxidant protection on the other. Stress is one of the
factors that lead to damage to organs and systems and the
development of diseases. H. Qi et al. [2] have investigat-
ed that prolonged exposure to oxidative stress can cause
structural defects in deoxyribonucleic acid (DNA), as well
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as functional changes in certain enzymes and cellular
structures, consequently leading to cell death.

Amino acids have different antioxidant activities.
L-glutamic acid (L-Glu) can protect the body due to its
many properties, including antioxidant properties. The
L-glutamic amino acid is the main metabolic centre in many
organisms [3, 4]. Besides its role in synthesis of protein, it is
involved in a variety of processes. L-Glu is a precursor for
other amino acids, including L-aspartate, L-alanine, L-pro-
line and L-ornithine. And most importantly, this amino
acid, together with L-cysteine and L-glycine, is the synthe-
sis precursor of reduce glutathione (GSH). GSH maintains
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redox homeostasis in the cell and protects against oxidative
damage. J. Kumar et al. [5] have hypothesized that L-Glu
may enhance the antioxidant status and affect the concen-
tration of neurotransmitters. The positive effect of glutamic
acid, both alone and in combination with other substances,
has also been established in the treatment of nutritional de-
ficiencies [6, 7]. L.A. Ponomarenko et al. 8] found that the
use of drug based on glutamic acid in the basic therapy of
patients with gastroenterological pathology has increased
the level of reduced glutathione and normalized lipoperox-
idation processes. The results obtained by P.H. Tsai et al. [9]
revealed that glutamine consumption reduces the expres-
sion of genes associated with oxidative stress, and increases
antioxidant potential in diabetic rats. D.H. Tran et al. [10]
propose the existence of a cystine/glutamate antiporter sys-
tem, wherein intracellular glutamate is expelled to facilitate
the uptake of cystine. These researchers also demonstrated
that with an increase in oxygen concentration, the uptake
of L-glutamic acid by endothelial cells increases. As not-
ed by K. Stach et al. [11], pyridoxine (Pyr) or vitamin B6
is a highly significant compound for cellular metabolism.
M. Parra et al. [12] indicate that Pyr is an extremely im-
portant cofactor for numerous biochemical reactions oc-
curring in the cell. Summarizing the above, oxidative stress
contributes to the development of diseases and mitigating
its consequences remains one of the most urgent prob-
lems. Thereby, the aim of the research was to investigate the
markers of the antioxidant system and lipid peroxidation
under conditions of oxidative stress caused by epinephrine.

Materials and Methods
The studies were conducted using 40 adult Wistar rats
(180-200 g) which were kept on the standard diet of the
vivarium of the Institute of Animal Biology. The research
was conducted in 2020. The rats were kept at the tem-
perature of 22 + 2°C, the humidity of 50 £ 5% and a 12-h
light/12-h dark cycle. Rats (10 animals per group) were di-
vided into 4 groups: three experimental (EG) (Exp.1, Exp.2,
Exp.3) and Control (CG). The experiment duration was 24
hours. Three groups of rats (first, second, and third) were
administered epinephrine intraperitoneally (2 mg/kg).
Then, the rats of the second group were injected with the
L-Glu (750 mg/kg), the third experimental group was in-
jected with L-Glu (750 mg/kg) and Pyr (0.430 mg/kg). Rats
of the control group - the appropriate amount of saline.
Blood and tissues were collected after decapitation of ani-
mals under thiopental anaesthesia. The blood samples were
centrifuged at 3000xg for 15 min; the tissue samples were
homogenized, then centrifuged at 15000xg for 15 min.
Glutathine peroxidase activity (GPx, EC 1.11.1.9)
was controlled by the glutathione restoration rate in the
nicotinamide adenine dinucleotide phosphate (NADPH)
presence [13]. The activity of glutathione reductase (GR,
EC 1.6.4.2) was determined by the method of catalysis of
NADPH-dependent reduction of the oxidised glutathione
(GSSG) and reported as pmol NADPH/min/mg pro-
tein [13]. The activity of superoxide dismutase (SOD, EC

1.15.1.1) was defined by the level of inhibition of the rate
of nitroblue tetrazolium-reduction. The catalase activity
(CAT, EC 1.11.1.6) was defined by formation of a stable
complex of molybdenum salts and hydrogen peroxide [13].
The level of reduced GSH was quantified by reactions be-
tween the SH groups of GSH and 5,5’-dithio-bis (2-ni-
trobenzoic acid) [13]. The content of lipid hydroperoxide
(LOOH) was counted as the difference between the control
and the experimental values and the content of products
reacting from thiobarbituric acid (TBARS) based on the
interaction between thiobarbituric acid and malonic al-
dehyde and represented as nmol of TBARS/mL [13]. The
concentration of aspartate aminotransferase (ASAT) and
alanine aminotransferase (ALAT) were investigated in the
blood plasma by using a biochemical analyser “Humalyz-
er 2000” (Germany). Experimental data were processed by
methods of variation statistics using OriginPro 8 software.
To determine differences between sample means, the Stu-
dent’s t-test was used. Differences with a P value of less than
5% (P <0.05) were considered significant. Research con-
ducted as per the principles of the “European Convention
for the Protection of Vertebrate Animals used for Exper-
imental and Other Scientific Purposes” [14] and the Law
of Ukraine No. 3447-IV “On Protection of Animals from
Cruelty” [15].

Results

Glutathione has a fundamental role against oxidative stress
and oxidative damage [16]. The increase in the content of
reduced glutathione in the red blood cells (RBC) of rats of
the 1* and 2™ groups in comparison with CG was found
(Fig. 1(A)). It is worth mentioning the content of the above
tripeptide in the L-Glu/Pyr group did not undergo signifi-
cant changes. GR activity was significantly reduced in ani-
mals of all EG (Fig. 1(B)).

The GPx activity in RBC was significantly higher in
animals of the first EG in relation to the CG (Fig. 2(A)). In-
stead, GPx activity did not change in the animals of the 2nd
EG and 3rd EG that received additional the above-men-
tioned substances. The activity of the studied enzyme in
animals of the second and third groups was probably lower
than in animals of the first EG. No changes in catalase ac-
tivity were observed in any of the EG of animals (Fig. 2(B)).
The decrease in GH may be the lack of reduced NADPH
coenzymes formed in the pentose phosphate cycle. It is dif-
ficult to explain the prolonged activation of GPx in the ani-
mals of the first EG, which was almost 5 times higher com-
pared to the second and third EG that received additional
L-Glu and Pyr. Moreover, catalase activity did not change
in any of the EG of animals compared to the control. Such
changes can be interpreted as mobilisation of the body to
overcome the effects of oxidative stress. It can be assumed
that this occurred after a previous decrease in this indicator.

The key regulatory systems of the organism include
the antioxidant protection system, which regulates the level
of free radicals and peroxides formed in biochemical re-
actions involving reactive oxygen species. The antioxidant
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Figure 1. Influence of L-Glu and L-Glu/Pyr on GSH content and GR activity in rat RBCs
Notes: A — GSH content in rat red blood cells under the influence of L-Glu and L-Glu/Pyr. B - GR activity in rat
red blood cells under the influence of L-Glu and L-Glu/Pyr. * - differs significantly from the CG (P <0.05). A - differs

significantly from the 1* EG (P <0.05)
Source: compiled by the author
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Figure 2. Influence of L-Glu and L-Glu/Pyr on GPx and CAT activity in rat RBCs
Notes: A — GPx activity in rat red blood cells under the influence of L-Glu and L-Glu/Pyr. B — CAT activity in rat
red blood cells under the influence of L-Glu and L-Glu/Pyr. * - differs significantly from the CG (P <0.05). A - differs

significantly from the 1* EG (P <0.05)
Source: compiled by the author

defence system prevents the development of uncontrolled
reactions, in particular, lipid peroxidation reactions. Inten-
sification of free radical processes is a universal mechanism
of cell damage. This research has shown an intensification
of lipid peroxidation in the first and second EG exposed

1.0 1

* IExp.1
| N Exp.2
£ 08 EExp.3
2 [ Control
g
2 0.6
S
s
=
S 0.4 1
w
5
3 024
—

A 0.0

to stress. It is worth noting the increase in the LOOH con-
tent in the first and second groups by 65.5% and 43.6%,
respectively, and the content of TBARS in 2 times in ani-
mals of the first group of animals compared to the control
(Fig. 3(A, B)).
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Figure 3. LOOH and TBARS content in rat blood plasma under the influence of L-Glu and L-Glu/Pyr
Notes: A — LOOH content in rat blood plasma under the influence of L-Glu and L-Glu/Pyr. B - TBARS content in rat

blood plasma under the influence of L-Glu and L-Glu/Pyr. *

significantly from the 1* EG (P <0.05)
Source: compiled by the author
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The antioxidant defence system in body tissues pre-
vents the development of lipid peroxidation reactions. SOD
provides dismutation of the superoxide radical, which is a
precursor of the hydroxide radical. The results obtained
indicate that superoxide dismutase activity in kidney tis-
sue was higher in animals of the first and second EG com-
pared to control (Fig. 4(A)). This can be explained by the
activation of antioxidant enzymes in response to stress. It
should be noted that the increase in SOD activity was most
pronounced in animals of the first and second EG com-
pared to the CG. Superoxide dismutase activity in spleen
tissues was significantly reduced in animals of the first
EG by 31.6% compared to the CG. This confirms the data
on the antioxidant and membrane-stabilising effects of
L-Glu. Lower superoxide dismutase activity was observed
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in the brain and liver tissues of rats of the first EG inject-
ed with epinephrine without the above amino acids com-
pared to the CG. The SOD activity in lung and myocar-
dial of all EG was at the level of the CG. CAT activity in
brain and liver tissues was significantly lower by 60.5% and
38.8%, respectively, in animals of the first EG that received
epinephrine (Fig. 4(B)). In the animals of the 2" EG and
3rd EG, which received glutamic acid and glutamic acid in
combination with Pyr, CAT activity was at the control lev-
el. The amount of catalase in a cell is sufficient to prevent
a small amount of H,O, from causing potential toxicity.
When analysing catalase activity in lung tissue, it should
be noted that this indicator decreased in animals of the
first and second EG by 19% and 16.4%, respectively, com-
pared to the CG of rats.
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Figure 4. SOD and CAT activity in various rat tissues under the influence of L-Glu and L-Glu/Pyr
Notes: A — SOD activity in rat tissues under the influence of L-Glu and L-Glu/Pyr. B — CAT activity in rat tissues under
the influence of L-Glu and L-Glu/Pyr. * - differs significantly from the CG (P <0.05), A - differs significantly from the 1

EG (P<0.05)
Source: compiled by the author

The protein level metabolism in the body is indicated
by the intensity of reamination processes, which are charac-
terized by the activity of two aminotransferases. Due to the
increased biosynthesis of proteins in the organism of rats,
the activity of transamination reactions increases. ALAT

catalyses the reaction between L-alanine and 2-oxogluta-
rate, which converts them to L-glutamate and pyruvic acid
salt. As can be seen (Table 1), the activity of ALAT in blood
plasma did not significant changes. ALAT activity was high-
er in the first EG of rats, but these data were not significant.

Table 1. Aminotransferase activity in rat blood plasma under the influence of L-Glu and L-Glu/Pyr

Groups ASAT (U/mL) ALAT (U/mL)
EG1 1.57+ 0.12* 0.31+ 0.03
EG2 1.03+ 0.01 0.29+ 0.02
EG3 0.96+ 0.01 0.23+ 0.03

Control 0.96+ 0.02 0.26x 0.02

Notes: * — differs significantly from the CG (P <0.05)
Source: compiled by the author

As for ASAT (Table 1), which catalyses the reaction
between L-aspartate and 2-oxoglutarate, as a result of
which they are converted to L-glutamate and oxaloacetate,

a significantly higher activity of this aminotransferase was
found in animals of the first EG by 1.6 times compared
to the control. Elevated levels of ASAT under stress are
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considered a sign of mitochondrial stimulation and a mark-
er of tricarboxylic acid cycle activity. The results summing,
the additional use of L-glutamic acid, both alone and in
combination with pyridoxine, had a positive effect on the
body of animals. This was established based on the analysis
of most of the studied parameters, the values of which were
close to the CG of animals.

Discussion

The effect of the test substances on free radical processes in
the blood of rats were investigated. A correlation between
oxidative stress indicators and the enzymes™ activity was
found. The decrease of the GR activity and increase in GPx
activity in animals of the first EG exposed to experimen-
tal stress may be due to compensatory reactions occurring
in the organism in response to the effects of experimental
stress. The data obtained by W. He et al. [17] also indicate
that Glu reduces oxidative stress through direct antioxidant
effects and significantly changes the activity of investigated
enzymes. SOD and CAT activity in animal tissues also un-
derwent changes under stress, in particular, a reduced con-
tent of SOD (spleen, brain, and liver) and CAT (brain, liver,
and lungs) of the first EG was found compared to the CG.
The SOD activity decrease in first EG of rats is probably due
to the depletion of the antioxidant capacity and formation
of free radical oxidation products. This is probably due to
the adaptive response of superoxide dismutase as a sub-
strate-dependent enzyme to stress. It is worth pointing out
that SOD is involved in the scavenging of superoxide gen-
erated by electron transport chain complexes. It is worth
noting that superoxide dismutase activity in myocardial
and lung tissue of all EG was at the level of the CG. This
suggests that under conditions of oxidative stress, the anti-
oxidant system is mobilised.

The animals which were injected with L-Glu and Glu/
Pyr, respectively, differed favourably. The investigated anti-
oxidant enzymes’ activity in the above-mentioned groups
were more similar to the data in the CG of rats. Z. Liu et
al. [18] suggest that there are complex interactions between
reactive oxygen species and different types of antioxidants
to restore redox balance. This may be associated with the
fact that, among other things, the membrane-stabilizing
and antioxidant properties of the amino acid which was
used in these studies. Pyr is the coenzyme in the conver-
sion of homocysteine to cysteine, which supports GSH
biosynthesis. Pyr is a powerful antioxidant, which stores
are quickly depleted under stress. Deficiency of Pyr leads
to alterations in the many aminoacids metabolism, includ-
ing glutamate. L-Glu plays the key role in the metabolic
processes of many organisms, including nitrogen uptake,
amino acid biosynthesis and cofactor production. It can be
assumed that this may be due to the fact that glutamic acid
is a synthesis precursor of reduced glutathione. G. Lian et
al. [19] results indicate that glutamine catabolism leads to
de novo GSH synthesis. A number of authors also point to
the ability of the glutamic acid to reduce the effects of ox-
idative stress in both plants and animals by regulating the

level of antioxidant enzymes [20-22]. ]. Fardus et al. [20]
assume that L-Glu pretreatment mitigated oxidative damage
due to keeping ionic homeostasis and raising the activity of
antioxidant enzymes (ascorbate peroxidase and catalase).

Other researchers have found that feeding of glutamine
can effectively improve immune status by increasing the
antioxidant capacity of the experimental animals [21]. The
findings are consistent with a number of researchers who
have concluded that L-Glu has antioxidant properties [23-
25]. The antioxidant properties of glutamic acid are primar-
ily related to the fact that this amino acid is a precursor
of numerous biologically active substances, such as reduce
glutathine, poly-glutamine phosphate cofactors, pyrimi-
dine and purine nucleotides, some amino acids, in particu-
lar, alanine, aspartate, proline, arginine. This is also with
the results of this work. In particular, S. Mahdavifard et
al. [24] established that the use of the aforementioned
amino acid led to the normalisation in the level of glu-
tathione in the animals of the EG compared to the control.
H. Zhang et al. [25] point to the glutamic acid ability to in-
hibit lipid peroxidation and increase antioxidant capacity.
The above-mentioned authors suggest and assume that Glu
reduces oxidative stress through direct antioxidant action
and increased antioxidant enzyme activity. Based on their
own research, authors K. Grucza et al. [26] also consider
that an increase in GSH levels in the body can be achieved
with the help of glutamic acid supplements. The use of the
aforementioned amino acid led to the normalisation by the
amount of GSH in the animals of the third EG compared
to the CG of investigated animals. In the modelling of ox-
idative stress induced by epinephrine, there is a mitigating
effect of glutamic acid, both alone and in combination with
pyridoxine on the oxidant-antioxidant imbalance, which is
the main factor in the degree of oxidative stress. L-glutamic
acid in combination with pyridoxine and L-glutamic acid
individually reduce oxidative stress by intensification of the
antioxidant enzymes activity and inhibiting lipid oxidation.
Moreover, L-Glu/Pyr has a more significant effect than
L-Glu. The aforementioned amino acid, by restoring the ox-
idant-antioxidant balance, participating in protein metabo-
lism, had a positive effect on the body of rats under stress.

Conclusions
When studying and comparing the role of L-glutamic acid
individually and in conjunction with Pyr in mitigating
the effects of the epinephrine-induced oxidative stress, a
change in oxidative stress markers was detected. The re-
sults obtained indicate that the supplementary use of L-Glu
and L-Glu/Pyr allows the organism to achieve the control
level values or approach them to a greater extent than in
animals that did not receive the above substances. In par-
ticular, such data were found for the following indicators:
GSH, LOOH (third EG), GPx, TBARS (second and third
EG), SOD (spleen, liver, brain), CAT (liver, brain).

In contrast, the activity of SOD and CAT in the studied
tissues also changed under the influence of stress. In par-
ticular, in animals of the first EG, a decrease in the content
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of SOD (spleen, brain, and liver) and CAT (brain, liver, and
lungs) were found compared to the control and the second
and third EG. In animals treated with L-Glu and L-Glu/Pyr,
no changes in these parameters were found compared to the
CG. It was found that the superoxide dismutase activity in
the lung and myocardial tissues was at the level of the CG in
all study groups. These studies have shown the possibility of
using L-Glu to mitigate and defend the body in conditions

these processes. These investigations will provide more in-
sights into the interaction of the body’s antioxidant systems
and determine how amino acids affect these systems under
stress conditions. This can be of significant importance in
the development of new methods for the prevention and
treatment of diseases associated with oxidative stress.
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PeryAauis OKCMAQTUBHOIO CTpeCy TAa NEePOKCUAHOTO
OKUCHEHHS AiniAiB, IHAYKOBAHUX AAPEHAAIHOM:
KOPUIryo4a POAb L-rAyTAMIHOBOI KUCAOTH

Harania OmensauiBaa Cananra

KaHAMAQT BIOAOTIYHMX HAYK, CTAPLLMM HAYKOBMIM CMIBPOBITHMK

IHCTUTYT BioAOTiT TBAPMH HALLIOHOABHOT AKAAEMIT ArPAPHUX HAYK YKPQIHM
79034, ByA. Bacuas Ctyca, 38, m. AbBiB, YKpaiHa
https://orcid.org/0000-0003-0592-407 X

AHoTaLif. OKUCTIOBaNTbHNIL CTPEC ACOLHI0ETHCS 3 PO3BUTKOM META0O/MIYHIX Ta XPOHIYHIX 3aXBOPIOBaHb. [[oM IKIEHHS
Ta 3aN06iraHH:A HACIIKIiB OKCUIATMBHOTIO CTPECY 3a/IMIIAETHCA OfHIEI0 3 HallaKTya/IbHIIMX Ipo6yeM 6iomorii Ta Mepy-
1yHN. MeTor BoCIifpkeHHs 6y/I0 BUBYNTY Ta TIOPIBHATH PO/Ib L-I7IyTaMiHOBOI KMCIOTH IK OKPEMO, TaK i B KoMOiHamii
3 MPUIOKCUHOM Y IIOM SIKIIeHHI Hac/IiAKiB OKCUIATUBHOIO CTPeCy, CIPUYMHEHOro eniHedpyuHoM. Y poboTi BUKOpHC-
TOByBa/M OioXimMiuHi MeTozy (BM3HAYEHHs aKTMBHOCTI aHTMOKCUFAHTHMX €H3MMIB, a/laHiH- Ta aclapTaTaMiHOTPAaHC-
¢epas, BMiCTy IPORYKTIiB IEPOKCUITHOTO OKVICHEHHS JIIifliB) Ta cratucTiyHi MeTogy. OTpMUMaHi pe3y/lIbTaTi CBiTyarh,
110 JIOJATKOBE 3aCTOCYBaHHA L-TIyTaMiHOBOI KMCTIOTH, K OKPEMO, TaK i y KOMIITIEKCi 3 MipUJOKCMHOM JJ03BOJISI€ Opra-
Hi3My BMIITI Ha piBeHb KOHTPOJIbHIX 3Ha4YeHb a00 HAOMM3UTHUCS O HUX OINBIIOI MipOI0, HDK y IpyIax TBapuH, sKi He
OTPMMYBa/IU BUllle3a3Ha4eHi pe4OBMHM. 30KpeMa, TaKi fiaHi Oy/Iy BUABIIEH] OO HACTYITHUX NOKa3HVIKIB: BiTHOBIEHMI
DIy TaTiOH, Tiffporepokcyy MiliaiB (TpeTsa ZoClifHa Ipyma), Iy TaTiOHIIepOKCuiasa, IPONYKTH peakuil 3 Tiobapbirypo-
BOIO KMCJIOTOIO (IIpyra i TpeTs JOCIiHI IPyIN), CylepOKCUAIMCMYTa3a (cenesiHka, IIediHKa, MO30K), kaTalasa (IediHka,
M030K). Ha BigMiHy Bip 1mporo, y mepuriit focaigHiit rpymi, ska 3a3HaBaja aulle Ail cTpecy, aKTUBHICTb CYNIepOKCU-
mycMyTasn (cenmesiHka, MO3OK i IeuiHka) Ta Karanasy (MO30K, ITediHKa i JiereHi) sHVDKyBalacs HOPiBHAHO 3 KOHTPOJIEM
Ta [Pyrol0 i TpeTholo JOCTiTHMMY IpynaMu. IIpy MomenoBaHHI OKCHJATUBHOTO CTPECY, iHIYKOBAHOTO eniHepuHOM,
BiI3HAaYa€THCA HOM'HKLHyBam)HMI?[ BIUIMB L-rmyTaMiHOBOI KMCIOTU AK OKPEMO, TaK i B KoMOiHalil 3 MipUIOKCMHOM Ha
OKCUJAaHTHO-aHTHOKCUAHTHUI AMCcOATAHC, 0 € OCHOBHMM YVMHHMKOM PiBHS OKCHAATUBHOTO CTpecy. JoCmimKeHHs 1o-
Kasa/y MOXIVBICTb 3aCTOCYBaHHA L-IIyTaMiHOBOI KMC/IOTH, 3 METOIO IIOM AKIIIEHHS Ta 3aXMCTY OPTaHi3My IIpU CTaHaX,
10 CYIPOBOJKYIOThCH OKCUIATUBHUM CTPECOM

KAIOYOBI CAOBQ: akTUBHICTD; 6i0XiMiUHI peakilil; MOIIKOIYKEHH; AHTUOKCUJAHTHI €H3UM; mypu
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