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EFFECTS OF L-GLUTAMIC ACID AND PYRIDOXINE
ON GLUTATHIONE DEPLETION AND LIPID PEROXIDATION
GENERATED BY EPINEPHRINE-INDUCED STRESS IN RATS
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The main goal of this research was to investigate and compare the protective effects of L-glutamic
acid (L-Glu) alone and combined with Pyridoxine (L-Glu+Pyridoxine) for the purpose of suppression and
mitigation of epinephrine-induced stress in rats. This study outlines possible links between changes of re-
duced glutathione (GSH) level, antioxidant enzymes activity and content of the lipid peroxidation products
after administration of the above-mentioned substances and under the action of stress in various tissues of
rats. The obtained results suggest that the GSH level was significantly inhibited by stress in all investigated
tissues (except kidneys). We have shown that under the stress, activities of glutathione-associated enzymes
were changed (mainly decreased) in all investigated tissues. In rats, which additionally received L-Glu and
L-Glu+Pyridoxine, much less changes or lack of changes in studied parameters were observed. The content
of lipid peroxidation products (lipid peroxides (LOOH) and thiobarbituric acid reactive substances (TBARS))
in myocardium, liver and kidney tissues of experimental groups under the stress conditions were significantly
higher compared to the control. While in experimental groups that received L-Glu and L-Glu+Pyridoxine
LOOH content in the kidney, spleen and liver and TBARS content in the spleen, liver and myocardium were
almost at the level of control values. These results indicate that L-Glu and L-Glu+Pyridoxine can mitigate and
suppress epinephrine-induced stress in rats.
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xidative stress — an imbalance in prooxi-
O dant/antioxidant homeostasis has been
implicated in response to acute stress or
other factors and associated with the initiation and
progression of a variety of human diseases [1-4].
Oxidative stress is accompanied by the generation
of reactive oxygen species (ROS) [5, 6]. To protect
against oxidative damage all aerobic organisms use
the antioxidant defence system. This system includes
enzymatic and nonenzymatic antioxidants and takes
an active part in blocking noxious effects of ROS.
When ROS production overwhelms the intrinsic
antioxidant defences, it leads to suppression of anti-
oxidant system which is manifested in the depletion
of GSH and GSH-related enzymes. ROS can cause
damage to biological molecules, leading to the loss
of function and even cell death [7-9].
In our investigations we studied the effects of
L-Glu and L-Glu+Pyridoxine in order to minimize

and mitigate the effects of oxidative stress. L-Glu has
a pronounced antioxidant and membrane-stabilizing
effect. During the stress conditions and diseases
the organism requires the large number of L-Glu,
which plays a major role in nitrogen metabolism,
participates in protein and carbohydrate metabolism,
stimulates oxidative processes, increases the body's
resistance to hypoxia, normalizes metabolism and
manifests hepatoprotective effect [10-12]. Choosing
this amino acid we are guided by that fact that L-
Glu is a part of GSH and is one of the main factors
that determines its synthesis. GSH has antioxidant
and detoxification properties and takes active part
in redox processes. GSH plays a critical role in cel-
lular defences against oxidative stress, so regulation
of GSH synthetic capacity, especially, in depletion
conditions is an important target in the treatment of
many disorders and has received much attention [8,
13-17]. Pyridoxine has a central role in the metabo-
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lism of amino acids, participates in protein synthe-
sis. Deficiency of Pyridoxine leads to a change in
amino acids metabolism, in particular, L-Glu.

With regard to the above, the aim of our study
was to investigate and compare the effect of L-Glu
and L-Glu in combination with Pyridoxine on the
glutathione system indicators and the content of li-
pid peroxidation products in rats under the action of
experimental stress.

Materials and Methods

Studies were conducted on albino Wistar rats
(males) weighing 200-220 g. They were housed in
cages under standardized laboratory conditions with
a 12-h light/12-h dark cycle. All rats were allowed
free access to a standard rodent diet and water ad li-
bitum. After 1 week of acclimation rats were divided
into 4 groups (three experimental and one control)
of 10 animals per group. Duration of the study pe-
riod was 24 hours. Animals from the first (epineph-
rine), second (L-Glu) and third (L-Glu+Pyridoxine)
experimental groups received epinephrine intraperi-
toneally in a dose 2 mg/kg. After that rats from the
second experimental group additionally received
intraperitoneally aqueous solution of L-Glu in a
dose 750 mg/kg; rats from the third group — L-Glu
(750 mg/kg) and Pyridoxine (Vitamin B,) in a dose
0.430 mg/kg. Doses of L-Glu and Pyridoxine have
been chosen based on their most effective antioxi-
dant properties that were found in our previous ex-
ploratory research and literary data analysis [18-20].
Rats of the control group were administered the ap-
propriate amount of saline. At the end of the experi-
mental period, rats were anesthetized by ether and
sacrificed. The liver, brain, kidney, myocardium,
spleen, lung tissues were rapidly excised and stored
at —80 °C for further analysis.

All procedures were conducted according to
the European Convention for the Protection of Ver-
tebrate Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986) and General
Ethical Principles of Experiments Using Animals
(First National Congress of Bioethics, Kyiv, 2001)
in accordance with current legislation on animal ex-
perimentation in Ukraine.

One gram of the liver, brain, kidney, myocar-
dium, spleen, lung tissues was homogenized in 9-ml
tris HCI buffer pH 7.4. The homogenate was then
centrifuged at 15 000 g for 15 min at 4 °C. The su-
pernatants were used to determine the activity of an-
tioxidant enzymes and lipid peroxidation products
and glutathione content.

GPx (glutathione hydrogen-peroxide oxidore-
ductase, EC 1.11.1.9) activity was checked by measu-
ring the tempo of GSH oxidation before and after
incubation with tertiary butyl hydroperoxide as de-
scribed earlier [10]. The colour reaction is based on
the interaction of SH-groups with the 5,5-dytiobis-
2-nitrobenzoic acid (DTNBA), resulting in the for-
mation of colored product — dinitrophenyl anion.
Quantity of the latter is directly proportional to
the number of SH-groups that have reacted with
DTNBA. Enzyme activity was expressed as nmol
GSH/min'mg of protein.

GR (glutathione NADP* oxidoreductase,
EC 1.6.4.2) activity was measured as described
earlier [10]. This method is based on the catalytic
NADPH-dependent reduction of the oxidized form
of glutathione. The reaction intensity can be as-
sessed by the tempo of decrease of the extinction
on the wavelength of NADPH maximum absorp-
tion (340 nm). GR activity was calculated using mo-
lar absorption ratio for NADPH at a wavelength of
340 nm. The enzyme activity was expressed in pmol
NADPH/min'mg of protein.

GSH content was determined by the level of
thionitrophenyl anion formation as described earlier
[10]. This colour reaction is based on the interaction
between SH-groups of GSH and DTNBA. GSH con-
tent was measured using the calibration graph and
expressed in mmol GSH per gram of tissue.

The content of lipid hydroperoxides (LOOH)
in tissues was determined as described by [21]. Ab-
sorption measurements were performed after the ad-
dition of ammonium thiocyanate at A 480 nm. The
control test was set as experimental, but instead of
the tissue homogenate, an appropriate amount of
bidistilled water was added. The content of lipid
hydroperoxides was calculated by the difference
between experimental and control values, and ex-
pressed in standard units per 1 gram of tissue.

The concentration of TBARS, characterizing
the rate of lipid peroxidation based on the reaction
between malondialdehyde (MDA) and thiobarbituric
acid (TBA), occurring at high temperature and in
acidic environment, and forming the colored com-
plex of one MDA and two TBA molecules were
measured as described by [21]. The values are ex-
pressed as nmol MDA /g tissue.

The experimental data were processed by
variation statistics methods using the program
OriginPro 8. Student’s #-test was used to determine
the likely differences between the means of the sam-
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ples. In all cases, reliable differences were conside-
red by P value under 5% (P < 0.05).

Results and Discussion

The glutathione system plays a key role in
protecting a cell from oxidative stress. The glu-
tathione system includes glutathione, glutathione
reductase, glutathione peroxidases, and glutathione
S-transferases. [22]. These enzymes are involved in
glutathione redox cycle and are important for the
antioxidant stress response. Glutathione serves as a
substrate for regulating most of the oxidative pro-
cesses in cell. The reduced form of glutathione is
also an essential cofactor in different cellular func-
tions. Our results have showed (Fig. 1) that the GSH
content was significantly lower in animals that were
exposed to experimental stress in all investigated
tissues, except kidneys. The GSH content in rats of
the first experimental group which received only epi-
nephrine was lower in the spleen tissues 1.7 times,
in the liver — 1.9 times, in the brain — 4.3 times, in
the lungs — 3.3 times, in the myocardium almost 2.5
times compared to control animals. The GSH level
decrease may be due to the intensive use of GSH in
biochemical processes occurring in the body under
the oxidative stress [23, 24]. GSH level reached, and
sometimes exceeded the control values in animals
that received L-Glu and L-Glu+Pyridoxine. Since the
main part of GSH is synthesized in the liver (about
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90%), from where it is transported to various organs
and tissues. Maintaining the physiological level of
this antioxidant is very important. It is known that
the failures of this process in the organism result in
systemic inter-organ disturbances of glutathione ho-
meostasis [17]. It can be assumed that the increase
of GSH level was due to its “de novo” synthesis
involving the enzyme y-glutamyl-cysteine synthase,
and probably, the substrate for this could be L-Glu.
It should be noted that the level of this tripeptide was
close to the control values in the brain tissues of the
third experimental group (L-GlutPyridoxine) and
in the myocardium of the second (L-Glu) and third
experimental groups (L-Glu+Pyridoxine). The GSH
content in lung tissues was significantly lower in ani-
mals of all experimental groups compared to con-
trol. The GSH level of the second (L-Glu) and third
(L-Glu+Pyridoxine) experimental groups in liver tis-
sues was 1.9 and 2.1 times higher; in lungs 2.1 and
1.7 times; in myocardium 2.2 and 3.1 times; in brain
1.5 and 3.9 times compared to the first experimental
group which received epinephrine.

GSH has been involved in cell protection
from the harmful effect of excess oxidative stress,
both directly and as a substrate of glutathione per-
oxidases. As the results of our research antioxidant
enzyme, GPx, showed pronounced alterations too.
The activity of GPx was significantly lower (50%)
in the kidney of the first experimental group that

0.00 - d T

Kidney  Spleen Brain

Liver Lung Miocardium

Fig. 1. Effect of L-Glu and L-Glu+Pyridoxine on the GSH content under the action of epinephrine-induced
stress. Data are means = SEM. *Significantly different from the respective control group with P < 0.05; "sig-
nificantly different from the respective first experimental group with P < 0.05
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received only epinephrine compared to the control
(Fig. 2). We also observed a significantly higher ac-
tivities of kidney GPx of the second (L-Glu) (74%)
and third (L-Glu+Pyridoxine) (50%) experimental
groups compared to epinephrine administration ex-
perimental group. It should be noted that the GPx
activity has almost reached the level of control
values in liver tissue of the second (L-Glu) and third
(L-Glu+Pyridoxine) experimental groups. By con-
trast, the liver GPx activity of the first experimental
group that received only epinephrine significantly
decreased (60%), compared to the control. The GPx
activity was significantly higher (more than 2 times)
in the spleen tissues of epinephrine experimental
group compared to control, second (L-Glu) and third
(L-Glut+Pyridoxine) experimental groups. We found
that GPx activity was lower respectively: in the lung
tissue of epinephrine (1.5 times), L-Glu (1.6 times)
and L-Glu+Pyridoxine (1.5 times) experimental
groups and myocardium tissue of only epinephrine
(1.6 times) and L-Glu+Pyridoxine (1.7 times) experi-
mental groups compared to control. It is possible that
the decrease in GPx activity in the above tissues is
due to the accumulation of lipoperoxidation prod-
ucts. The experimental conditions did not affect the
GPx activities in the brain.

The functioning of the GPx is closely related to
the activity of GR. These two enzymes form a sin-
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gle antiperoxide system that provides a glutathione
redox cycle. The GPx uses GSH as a substrate that
converts to oxidized glutathione, which is further
restored in the glutathionereductase reaction. GR
activity (Fig. 3) in our studies was higher in the
kidney tissues of all experimental groups compared
to control, but probably differences were only in
animals of the first (only epinephrine) and second
(L-Glu) groups (by 58 and 50%, respectively). GR
activities decreased by 67% in the liver, 36% in the
myocardium and 60% in the lung of first experimen-
tal group exposed to stress by epinephrine. Despite
that the GR activity in the liver of the second (L-
Glu) and third (L-Glu+Pyridoxine) experimental
groups almost reached the control values and was
higher, respectively, by 58 and 34% compared to the
animals of the first experimental group that received
only epinephrine. The brain GR activity decreased
in the first (only epineprine) and second (L-Glu) ex-
perimental groups, respectively, 2.3 and 1.3 times
compared to control. It is worth noting that brain
GR activity was 1.4 and 2.5 times higher in animals
of the second (L-Glu) and third (L-Glu+Pyridoxine)
groups compared to the first experimental one, ani-
mals from which were only stressed. This is impor-
tant given that the brain is particularly vulnerable to
oxidative damage due to its high oxygen consump-
tion, high content of oxidisable polyunsaturated fatty
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Fig. 2. Effect of L-Glu and L-Glu+Pyridoxine on the GPx activity under the action of epinephrine-induced
stress. Data are means = SEM. *Significantly different from the respective control group with P < 0.05; "sig-
nificantly different from the respective first experimental group with P < 0.05
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Fig. 3. Effect of L-Glu and L-Glu+Pyridoxine on the GR activity under the action of epinephrine-induced
stress. Data are means + SEM. *Significantly different from the respective control group with P < 0.05; "sig-
nificantly different from the respective first experimental group with P < 0.05

acids, weakly antioxidative systems and the presence
of redox-active metals [25, 26].

The glutathione system is involved in the regu-
lation of lipid peroxidation. GSH depletion leads to
the intensification of lipid peroxidation. The results
of our research (Fig. 4) showed that LOOH content
in the first experimental group that received only
epinephrine significantly increased in kidney tis-
sues (51%), spleen (32%), liver (93%), lung (52%),
and myocardium (76%) compared to the control. In
contrast, the LOOH content in the animals of the
second and third experimental groups, which ad-
ditionally received L-Glu and L-Glu+Pyridoxine
reached the control values or even slightly exceeded
them in the tissues of the kidneys, spleen and liver. A
decreased LOOH content was found in the animals
of the second (L-Glu) and third (L-GlutPyridoxine)
experimental groups, respectively: in the kidney by
30 and 41%; in the spleen by 47 and 29%; in the liver
by 54 and 72% compared to the first experimental
group. LOOH content in the lung tissue was higher
in all experimental groups of rats.

Hydroxyl radical initiates ROS and removes
hydrogen atom, thus producing lipid radical further
converted into diene conjugate. As shown in Fig. 5
TBARS content of the experimental group that re-
ceived only epinephrine was significantly higher in
tissues of the kidney (87%)), liver (55%), myocardium
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(40%) compared to control. In contrast, TBARS
content in the liver and myocardium tissues of the
second (L-Glu) and third (L-Glu+Pyridoxine) ex-
perimental groups was at the level of control val-
ues. Analyzing these data, it can be assumed that
additional consumption of L-Glu and Pyridoxine
has an inhibitory effect on the synthesis of TBARS.
The additional administration of L-Glu and L-
Glu+Pyridoxine led to the suppression of oxidative
processes in the above tissues of the second and third
experimental groups, which was manifested in lowe-
ring of the lipid peroxidation products.

In this study, we tried to examine relation-
ships between changes of glutathione system indica-
tors and content of lipid peroxidation products after
administration of the L-Glu and L-Glu+Pyridoxine
and under the action of stress. Reducing the activi-
ty of antioxidant enzymes in animals of the experi-
mental group that received only epinephrine may
be due to compensatory reactions occurring in
the body in response to the effect of experimental
stress. Against the background of the decrease in
the activity of key enzymes in the rats of the first
experimental group, the animals of two other experi-
mental groups, which additionally received, respec-
tively, L-Glu+Pyridoxine differed favourably. The
activity of the above mentioned enzymes in these
groups were closer to the values in the control group
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Fig. 4. Effect of L-Glu and L-Glu+Pyridoxine on the LOOH content under the action of epinephrine-induced
stress. Data are means = SEM. *Significantly different from the respective control group with P < 0.05; "sig-
nificantly different from the respective first experimental group with P < 0.05
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Fig. 5. Effect of L-Glu and L-Glu+Pyridoxine on the TBARS content under the action of epinephrine-induced
stress. Data are means = SEM. *Significantly different from the respective control group with P < 0.05; "sig-
nificantly different from the respective first experimental group with P < 0.05

of animals. This may be due to the antioxidant and
membrane-stabilizing properties of the L-Glu used
in the studies.

The study of mechanisms for regulating GSH
level, especially in conditions conducive to its ex-

haustion, is a very important problem. Because
prolonged activation of glutathione-associated en-
zymes is possible by maintenance of a sufficiently
high intracellular levels of GSH, which acts as a
substrate of reactions. Analyzing the results, we can
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surmise that the intracellular GSH content in ani-
mals that additionally received amino acids L-Glu,
L-Glu+Pyridoxine is provided not only by the re-
generation of oxidized glutathione under the action
of GR and NADPH (H"). On this basis, it would be
logical to assume the growth of GSH content in the
above groups is due to the “'de novo” synthesis, in-
volving y-glutamyl cysteine synthase, and probably
the substrate for this is L-Glu. This is clearly demon-
strated in the liver tissue, where the synthesis of this
tripeptide is mainly carried out.

Thus, it was found that administering of epi-
nephrine at a dose (2 mg/kg) resulted in a decrease
in the GSH content, the activity of glutathione-as-
sociated enzymes, and an increase in the content of
lipid peroxidation products in the most investigated
tissues. Our results showed that the additional ad-
ministration of L-Glu, L-Glu+Pyridoxine leads to
changes in the activity of glutathione antioxidant
system and the intensity of lipid peroxidation, name-
ly the increase of GSH, GPx, GR activities and the
decrease of TBARS and LOOH contents. The use of
the L-Glu and L-Glu+Pyridoxine helps the organism
to reach the control values by some indicators or
at least get closer to them, than animals which did
not receive the above mentioned substances. These
studies can be used in further work to find effective
substances for mitigation and inhibiting of oxidative
stress.

BILJIUB L-IJIY TAMIHOBOI
KHUCJOTHU I HIPUAOKCHUHY HA
BUCHAKEHHS PIBHA IVIYTATIOHY
IMEPOKCUJIHE OKUCJIEHHS
JIIIIAIB, CIPUYUHEHI
EINNTHE®PUHIHAYKOBAHUM
CTPECOM Y IIIYPIB

H. O. Canuea

IncturyT Giosorii TBapus HAAH VYkpainu, JIbBis;
e-mail: ynosyt@yahoo.com

Mertoro pobotu OyJI0 AOCTITATH 1 TIOPIBHATH
3axucHi eextn L-rmyraminoBoi kuciotu (L-Glu)
SK OKpPEMO, TaK 1 y TMOETHAHHI 3 ITPUIOKCHHOM
(L-GlutPyridoxine) 3a mii enmiHeppUHIHIYKOBAHOTO
crpecy B mrypiB. OKpecIecHO MOXKIINBI 3B’I3KH MiXK
3MiHaMH piBHs BigHOBIEHOTo TiryTartiony (GSH),
AKTHBHICTIO aHTHOKCHUJIAHTHUX €H3UMIB 1 BMICTOM
MIPONYKTIB TIEPOKCHIHOTO OKHCIICHHS TICJIS BBe-
JICHHS BHINE3raJIaHUX PEYOBHH Ta Jii cTpecy B
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pi3HUX TKaHWHAax wypiB. [lokazaHo, Mo BHACIHIIOK
ctpecy BmicT GSH icTOTHO 3HWXKYBaBcid B YCiX
JOCHIDKYBaHUX TKaHWHAX (32 BUHATKOM HHPOK),
B yCiX TKaHWHAaX TAaKOXX 3HMIKYBajlach aKTHBHICTh
[IYTaTIOH3aJICKHUX CH3UMIB. Y TBapHH, 110 JIOAAT-
koBo oTpumyBanu L-Glu i L-Glu+Pyridoxine naba-
raTo MEHIIE 3MIHIOBAJIMCh JIOCII[KYBaHI MOKa3HH-
KH a00 HE 3MIHIOBAJIMCH B3araji. BmictT mpogyKkTiB
NEPOKCHTHOT'O OKHUCIICHHS (T'11pOpepOKCH T T IiB
(LOOH) i TBK-aktusHi npoayktu (TBARS)) y Tka-
HUHAaX MiOKapja, NeYiHKH Ta HUPOK y TBapHH, IO
3a3HaJid CTpecy, OyB BIPOTiIHO BHIIHUM IOPIBHSIHO
3 KOHTpOJIEM, TOHAI SIK y TBapuH, L0 JOJaTKOBO
orpumyBani L-Glu i L-Glu+Pyridoxine, BmicT
LOOH y TkaHuHaX HHUPOK, CEJIE31HKU Ta MEUiHKH
i BMmicT TBARS y TkaHWHax cene3iHKH, EUiHKHU Ta
Miokapaa OyB Maii’ke Ha PiBHI KOHTPOJBHHX 3Ha-
yeHb. OnepaHi pe3ylbTaTd CBi4aTh MpO Te, IO
L-Glu i L-Glu+Pyridoxine MOXXyTbh MOM SIKIITy BaTH
Ta MPUTHIYYBATH TOCTPUN CTPEC Y Iy PiB.

KnwouoBi cmoBa: L-rmyramiHoBa Kwuc-
J0Ta, IIPUIOKCHH, aAHTHOKCUIAHTHI CH3UMH,
BIJIHOBJIGHUW TJyTaTioOH, OKCHAAIIHUN cTpec,
11y pu.

BJIMSITHUE L-TJTY TAMUHOBOM
KHUCJOTBI U TUPUJOKCUHA

HA NICTOIIEHUE YPOBHS
I'NTYTATHOHA U INEPOKCUJHOE
OKHUCJIEHUE JINIIN OB,
BbBI3BAHHBIE SJIIMHE®PUH-
NHAYIOUPOBAHHBIM CTPECCOM Y
KPBbIC

H. O. Canvica

WNHCTUTYT OHOJIOr MU KUBOTHBIX
HAAH VYxpawnsl, JIbBOB;
e-mail: ynosyt@yahoo.com

Lenbio paboThI OBLIO UCCIIEOBATH U CPABHUTH
3amuTHbe 3QdeKkThl L-rIyTaMHUHOBOW KHCIOTHI
(L-Glu) xak oTaenbHO, Tak U B COYETAHUU C MHUPU-
nokcuHoM (L-Glut+Pyridoxine) mpu snuHeppuH-
WHAYIHPOBAHHOM cTpecce y Kpbic. OmnpenerneHsl
BO3MOXKHBIC CBSI3M MEXAY HM3MCHEHHSIMHU YPOBHS
BoccTaHoBieHHoro riyratuona (GSH), axtuBHO-
CTBIO aHTUOKCHJAHTHBIX YH3UMOB U COJIEpKaHHEM
MPOYKTOB MIEPOKCHTHOT'O OKUCIICHHSI TIOCJIC BBEIC-
HUS BBILIEYNOMSHYTBIX BEIECTB U ACHCTBUS SIU-
HedpuHA B pa3iauYHbIX TKaHsAX Kpbic. [lokaszaHo,
YTO NpH BBeJCHUHU 3nuHepuHa coxepkanue GSH
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CYIIECTBEHHO CHHU3MJIOCH BO BCEX HCCIEIYyEeMbIX
TKaHAX (32 MCKJIIOYEHHEM II0YEeK), TaK)Ke BO BCEX
TKaHAX aKTUBHOCTb IJIyTaTHOH3aBUCHUMBIX 3H3H-
MOB CHMJ)KaJlach. Y JKHBOTHBIX, JONOJHUTEIHHO
nonyyaBimx L-Glu u L-Glu+Pyridoxine ropasmo
MEHBIIIE M3MEHSUINCh HCCIelyeMble MoKa3aTeln
WJTM U3MEHEHHUsI OTCYTCTBOBAJIN BoobIe. Conepika-
HHE MPOJYKTOB MEPOKCUIHOTO OKUCIEHUS (THAPO-
nepokcuapl aununaoB (LOOH) u TBbK-aktuBHbBIE
nponykTsl (TBARS)) B TkaHsAX MUOKap/a, Ie4YeHU U
MIOYEK Y >KMBOTHBIX, KOTOpPBIE TIO/IBEPrajuch TOJIb-
KO JIeMCTBUIO cTpecca, ObIJIO IOCTOBEPHO BHIIIE 110
CPaBHEHMIO ¢ KOHTPOJIEM, TOTJa KaK Y )KMBOTHBIX,
JonojHuTeapHo monyvaBmmx L-Glu u L-Glut
Pyridoxine, comepxxanrie LOOH B TkaHsX modek,
Celle3eHKHU U nevyeHu u conepkanne TBARS B Tka-
HSX CEJE3CHKH, NIEYCHN M MHUOKapJa ObUIO MOYTH
Ha YpPOBHE KOHTPOJbHBIX 3HaueHHH. [lonyueHHbie
pe3yabTaThl CBUACTEILCTBYIOT O TOM, uT0o L-Glu
u L-Glu+Pyridoxine MOryT cMmsiryath ¥ MOAABIATH
OCTPBIH CTpECC y KPBIC.

KnwoueBnie CJOBa: L—FHYTaMI/IHOBaH
KHUCJIOTa, IMUPHUAOKCHUH, AHTHOKCHUIAAHTHBIC OH3U-
MEI, BOCCTaHOBJICHHBII TJIYyTaTUOH, OKCI/I,Z[aTI/IBHBIﬁ
CTpPECC, KPLICHI.
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