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Background. The widespread use of phthalates, including diethyl phthalate (DEP),
in industrial and household products raises concerns about their potential hepatotoxic
effects. The liver, as the central organ of detoxification and metabolism, is particularly
vulnerable to the toxic effects of xenobiotics, especially DEP. Objective: this study
aimed to assess the indicators of liver functional state in rats under exposure to the
cytotoxic xenobiotic diethyl phthalate.

Materials and Methods. The experiment was conducted on adult white rats,
which were divided into three groups: the control group and two experimental groups
that received DEP orally at doses of 2.5 mg/kg and 5 mg/kg for 21 days. Biochemical
markers of hepatocyte damage and cholestasis, including the activities of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), y-glutamyltransferase
(GGT), alkaline phosphatase (ALP), the levels of total and direct bilirubin, as well as the
albumin-to-globulin ratio, were analyzed in blood serum using standard spectrophoto-
metric and automated methods.

Results and Discussion. It was found that administration of DEP led to dose- and
time-dependent changes in markers of liver functional state. At a dose of 5 mg/kg, DEP
caused a significant increase in ALT and AST activity as early as on day 14 of xenobiotic
exposure, indicating hepatocyte damage. By day 21 of the experiment, both doses of
the xenobiotic induced a marked elevation in all studied serum markers of liver function.
At the same time, increased GGT and ALP activity, along with elevated levels of total
and direct bilirubin, indicated the development of cholestatic dysfunction. In addition,
a decrease in the albumin-to-globulin ratio in both DEP-treated groups over three weeks
indicated impaired protein-synthesizing function of the liver.
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Conclusion. The xenobiotic DEP induces a combined hepatocellular and choles-
tatic liver dysfunction in a dose- and time-dependent manner. The observed biochemi-
cal changes indicate oxidative stress and disrupted energy metabolism as key mecha-
nisms underlying DEP-induced hepatotoxicity. The obtained results highlight the impor-
tance of further research into the molecular pathways of phthalate-induced liver injury
and support the development of biocompatible materials and early diagnostic tools for
hepatotoxicity.

Keywords: diethyl phthalate, liver function, hepatotoxicity, cholestasis, biochemical
markers

INTRODUCTION

In the modern context of a rapid increase in chemical load on the environment,
the problem of toxic effects of xenobiotics on human and animal organisms is beco-
ming increasingly relevant. Over the past decades, there has been a steady rise in the
amount of chemical substances entering the environment due to intensive development
of industry, agriculture, and household consumption (Thacharodi et al., 2023). A signifi-
cant portion of these substances are xenobiotics — chemical compounds foreign to living
organisms, which can exert negative effects on metabolism, cellular structures, and the
functioning of internal organs (Bhatt et al., 2021; Stefanac et al., 2021).

Among the most common groups of harmful compounds are phthalates — esters
of phthalic acid widely used as plasticizers in the production of polymeric materials, as
well as components of cosmetics, perfumes, food packaging, medical devices, pharma-
ceutical products, and household goods (Arrigo et al., 2023; Mariana & Cairrao, 2023).
Among them, particular attention is drawn to the most widespread phthalate — diethyl
phthalate (DEP), characterized by high chemical stability, lipophilicity, and the ability to
penetrate the body through various routes — via the skin, respiratory tract, or food intake
(Weaver et al., 2020). Numerous studies have demonstrated that prolonged or excessive
exposure to DEP can lead to the development of various pathological changes, including
reproductive dysfunction (Hasan et al., 2024), immunosuppression (Fan et al., 2025),
neurotoxicity (Tran et al., 2021; Chen et al., 2024), cardiotoxicity (Mariana et al., 2023),
and hepatotoxicity (Zhao et al., 2025).

Particular attention among these effects is given to its negative impact on the liver —
a key organ of detoxification and metabolism, which is the first to respond to the entry
of xenobiotics and bears the greatest burden during their neutralization (Feng et al.,
2024). The liver plays a primary role in the metabolism of DEP, as a result of which it
undergoes structural and functional changes that may serve as early markers of toxicity
and predictors of subsequent systemic disorders (Chen et al., 2024; Ketsa et al., 2024).

Since the liver is the primary target of xenobiotic action, the toxic effect of DEP
on the liver may manifest as impaired permeability of cell membranes, activation of
free radical oxidation processes of biomolecules, imbalance of the antioxidant system,
and disturbances in protein, carbohydrate, and lipid metabolism. In this regard, study-
ing biochemical markers of the liver’s functional state — such as the activity of serum
transaminases (alanine aminotransferase (ALT), aspartate aminotransferase (AST)),
y-glutamyltransferase (GGT), alkaline phosphatase (ALP), levels of various bilirubin
fractions, and other blood parameters — is of particular importance, as they allow for an
objective assessment of the degree of toxic liver injury.
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This study addresses the need for an in-depth investigation of the mechanisms of
DEP’s toxic effects on the liver, with the aim of timely diagnosis and prevention of poten-
tial adverse consequences of its exposure. Furthermore, the obtained results may serve
as a basis for the further development of measures for the prevention and correction of
toxic liver damage.

The aim of the work is to assess the indicators of liver functional state in rats under
the influence of the cytotoxic xenobiotic diethyl phthalate.

MATERIALS AND METHODS

Experimental studies were conducted on sexually mature white outbred rats
weighing 160-200 g. The animals were kept under standard vivarium conditions in
accordance with the requirements of the European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other Scientific Purposes (1986) and
the guidelines of the VII National Congress on Bioethics “General Ethical Principles for
Experiments on Animals” (Kyiv, 2019) (the Minutes of the meeting of bioethics commis-
sion of ES Institute of Biology, Chemistry and Bioresources, Yuriy Fedkovich Chernivtsi
National University No 3 dated October 1, 2024). The rats were randomly divided into
three groups of 18 animals each: Group | — control group (intact animals); Group Il — ani-
mals receiving DEP at a dose of 2.5 mg/kg body weight; Group Il — animals receiving
DEP at a dose of 5 mg/kg body weight.

DEP was administered orally to the rats once daily by gavage for 21 days in the
form of a commercial preparation, as a pure, oil-like liquid, without any additional sol-
vents. The doses were selected based on literature data regarding phthalate toxicity
(Mondal et al., 2020) and were adjusted according to the conditions of the experiment.

The animals were anesthetized using ether, after which the carotid artery was tran-
sected to collect arterial blood, resulting in the euthanasia of the animals. Euthanasia of
laboratory animals was performed on the 21st day after the start of DEP administration.
Blood samples were collected from the carotid artery into glass centrifuge tubes. To
obtain serum, the samples were centrifuged at 1500 rpm for 10 min.

The main biochemical indicators characterizing the functional state of the hepato-
biliary system were determined in the blood serum, namely the activities of ALT, AST,
GGT, ALP, as well as the levels of total and direct bilirubin, and the results of the thymol
turbidity test. Biochemical analyses were conducted using an automatic analyzer HTI
BioChem FC-120 (USA).

ALT activity was estimated by the amount of pyruvate formed, which, in the pre-
sence of lactate dehydrogenase, was reduced to lactate with the simultaneous oxidation
of NADH to NAD*. The rate of NADH oxidation is directly proportional to ALT activity
in the sample. AST activity was determined enzymatically based on the conversion of
aspartate and a-ketoglutarate to glutamate and oxaloacetate. Oxaloacetate, in the pre-
sence of malate dehydrogenase, was reduced to malate with the simultaneous oxida-
tion of NADH to NAD*. The enzyme activity was measured photometrically by the rate
of decrease in NADH concentration, which is directly proportional to AST activity in the
sample. (Thomas, 1998). GGT activity was determined by the rate of formation of 2-nitro-
5-aminobenzoic acid, and the result was expressed in units per liter (U/L) (Schumann,
2002). The enzymatic activity of ALP was assessed by the rate of formation of p-nitrophe-
nol. The determination of total bilirubin was based on its ability to be oxidized in an acidic
medium in the presence of vanadate and detergent, forming a yellow product whose
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concentration is directly proportional to the bilirubin content. The principle of the method
for determining direct bilirubin was based on its reaction with diazotized sulfanilic acid to
form azobilirubin, which had an absorption maximum at 560 nm. The color intensity was
directly proportional to the concentration of direct bilirubin in the sample (Simmons, 1968).

The protein-synthesizing function of the liver was evaluated by measuring the albu-
min-to-globulin ratio (A/G ratio). Serum protein fractions were analyzed using phos-
phate buffer kits (Filicit-Diagnostics, Ukraine).

Statistical analysis was performed using the open-source software R (version 4.x).
For each time point (day 14 and day 21), one-way ANOVA was applied to evaluate the
effect of DEP dose on the measured biochemical parameters. For pairwise compari-
sons between groups, Tukey’s multiple comparison post-hoc test was performed using
the TukeyHSD() function in R. Differences were considered statistically significant at
P < 0.05. Data are presented as mean + standard deviation (SD).

RESULTS AND DISCUSSION

The assessment of biochemical indicators of the liver functional status showed
that exposure to DEP causes dose-dependent changes in the activity of key enzymes
associated with hepatocellular damage and cholestasis.

The results of the study demonstrated that on the 14th day of the experiment, in
animals receiving DEP at a dose of 2.5 mg/kg body weight, the enzymatic activities of
ALT and AST did not differ from those of the control group, indicating the absence of
significant hepatocyte membrane disruption at an early stage under conditions of low
toxicant exposure (Fig.1), indicating preservation of hepatocyte integrity and the liver’s
compensatory capacity under minimal toxic load.
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Fig. 1. Alanine aminotransferase (A) and aspartate aminotransferase (B) activities in the blood serum of rats
under diethyl phthalate administration

Note (abbreviations used): C — control group (intact animals) (M £ m, n = 18); Group Il — rats admini-
stered diethyl phthalate at 2.5 mg/kg body weight (M £ m, n = 18); Group lll — rats administered
diethyl phthalate at 5.0 mg/kg body weight (M + m, n = 18). Symbols indicate statistical significance:
*—P<0.05;* - P <0.01; *** - P < 0.001 compared with the control group; # — significant difference
between Group Il and Group II; & — significant difference compared with day 14 within the same group

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e Bionoriyni Ctyaji / Studia Biologica e 2026 e Tom 20 / N2 2 e C. 125-136



BIOCHEMICAL INDICATORS OF LIVER FUNCTIONAL STATE IN RATS UNDER EXPOSURE TO THE CYTOTOXIC XENOBIOTIC... 129

In contrast, animals administered DEP at a dose of 5 mg/kg showed a significant
increase in ALT activity by 2.5 times (Fig. 1A) and AST activity by 2.1 times (Fig. 1B) com-
pared to intact animals (P < 0.05). The elevated levels of these transaminases indicate
early manifestations of hepatocyte cytolysis caused by the toxic effect of the xenobiotic.

On day 21 of the study, more pronounced impairments were observed in animals
of both experimental groups. In the group receiving the lower dose of DEP, ALT acti-
vity increased by 7.6 times (Fig. 1A), and AST activity increased by 2.1 times (Fig. 1B)
compared to the control (P < 0.05), indicating an escalation of toxic liver damage under
prolonged exposure to DEP even at a lower dose. In Group lll, these parameters were
even higher: ALT activity increased by 13.5 times, and AST by 7.8 times relative to
the control group (P < 0.05) (Fig. 1). This dynamic confirms the presence of dose-
dependent hepatocellular damage, likely due to oxidative stress, disruption of energy
metabolism, and mitochondrial membrane damage, which are characteristic effects of
phthalates (Zhao et al., 2024).

The study of GGT enzymatic activity, which reflects the state of the biliary system
and serves as an indicator of cholestasis, showed that on the 14th day, this parameter
in the group of animals receiving DEP at a dose of 2.5 mg/kg body weight did not differ
from the control values. Meanwhile, in the group of rats administered DEP at a dose of
5 mg/kg, a moderate but significant increase in GGT activity by 2.1 times compared to
the control was observed (P < 0.05) (Fig. 2). This indicates the onset of biliary dysfunc-
tion under the influence of a higher dose of the toxicant.
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Fig. 2. y-Glutamyltransferase enzymatic activity in the blood serum of rats under diethyl phthalate adminis-
tration

On the 21st day, a clear increase in GGT activity was observed in all experimental
groups. Thus, in animals that received DEP at a dose of 2.5 mg/kg, the enzyme activity
increased by 1.9 times, while in animals receiving 5 mg/kg, it increased by 3.5 times
compared to control values (P < 0.05). The increase in GGT may be associated with
both the impaired bile duct function and with the activation of the enzymatic antioxidant
system in response to oxidative stress, induced by DEP (Ketsa et al., 2024).
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The obtained results regarding the activity of transaminases and GGT indicate the
development of dose-dependent hepatocellular damage and the formation of signs of
bile duct dysfunction under the influence of DEP. For a comprehensive assessment of
liver functional status, changes in ALP activity, which is an important marker of choles-
tasis and reflects the integrity disruption of the bile ducts, were also analyzed.

Analysis of the study results showed that on the 14th day of the experiment, in rats
that received DEP at a dose of 2.5 mg/kg body weight, ALP activity did not significantly
differ from the control group values, indicating the preservation of functional capacity
of the biliary system at an early stage under conditions of lower toxic load. At the same
time, in the group of animals administered DEP at a dose of 5 mg/kg, a statistically
significant increase in ALP activity by 1.6 times compared to the control was observed
(P =0.05), which may indicate initial manifestations of intrahepatic cholestasis and com-
pensatory enhancement of enzyme synthesis.

Three weeks of administration of the lower DEP dose contributed to an increase
in ALP activity by 1.6 times relative to control values (P < 0.05), confirming the gradual
deepening of hepatobiliary system dysfunction with prolonged exposure even to low
doses of the toxicant. In animals that received the higher DEP dose, a more pronounced
increase in ALP activity was observed — 3.4 times compared to intact animals (P < 0.05).
Such dynamics are characteristic of the development of progressive cholestasis against
the background of oxidative stress induced by phthalate exposure.

B C M DEP (2.5 wmr/kr) O DEP (5 mr/kr)
2000 *

1800
1600
1400
1200

— #*

1000 - xk, &

800 I
600
400
200
0

u/L

14 21
Day

Fig. 3. Alkaline phosphatase enzyme activity in the serum of rats under diethyl phthalate administration

For a more detailed assessment of hepatobiliary system impairments, levels of
total and direct bilirubin were examined. After two weeks of xenobiotic administration,
significant changes in total bilirubin concentration were observed in animals receiving
DEP at a dose of 5 mg/kg, with an average increase of 50 % compared to the control
(P <0.05) (Fig. 4A).

The level of direct bilirubin in this group also showed a tendency to increase in the
blood serum — 1.6 times compared to the intact animals (Fig. 4B), which may indicate
the onset of impaired conjugation and release of bilirubin into the bloodstream.
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Fig. 4. Levels of total (A) and direct (B) bilirubin in the serum of rats under diethyl phthalate administration

More pronounced changes were observed on the 21st day of the study. In the
group of rats receiving DEP at a dose of 2.5 mg/kg, total bilirubin increased by 1.6 times,
and direct bilirubin by 1.4 times compared to the control (P < 0.05) (Fig. 4).

In the group of animals administered the higher dose of the toxicant, the increase
was more significant: total bilirubin levels exceeded control values by 3 times, and direct
bilirubin by 2.4 times compared to the control (P < 0.05) (Fig. 4).

The obtained results indicate that DEP exposure leads not only to hepatocyte damage
and activation of cytolytic enzymes but also to the development of pronounced choles-
tatic manifestations and disturbances in pigment metabolism, which are dose-dependent.
The increase in direct bilirubin levels alongside elevated ALP and GGT activities confirms
injury to both the liver parenchyma and bile ducts, likely caused by the toxic effects of DEP
through mechanisms involving oxidative stress, mitochondrial dysfunction, and damage
to hepatocyte membrane structures (Ketsa et al., 2024; de Tymowski et al., 2019).

Considering the obtained results on changes in total and direct bilirubin levels,
which indicate the development of cholestatic disorders and progressive hepatocyte
damage, the albumin-to-globulin ratio (A/G ratio) was evaluated for a more in-depth
assessment of the liver’s synthetic function. This indicator reflects the balance between
albumin, which is synthesized in hepatocytes, and globulins, a relative increase of
which may occur in response to inflammatory processes and impaired protein metabo-
lism. The A/G ratio allows assessment of dysproteinemia and disturbances in protein-
synthetic liver function associated with parenchymal damage.

The study results showed that on the 14th day of the experiment, in animals recei-
ving DEP at a dose of 2.5 mg/kg, the albumin-to-globulin ratio did not differ from control
values, indicating the preservation of the liver’s protein-synthetic function at the early
stage of toxic exposure (Fig. 5). At the same time, in the group of animals administered
DEP at a dose of 5 mg/kg, there was a tendency toward a decrease in the A/G ratio — on
average by 38 % compared to the control (Fig. 5), which may reflect the development of
dysproteinemia, a relative decrease in albumin synthesis, and impairment of the liver’s
synthetic function.
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Fig. 5. Albumin-to-globulin ratio in the blood of rats under diethyl phthalate administration

A/G ratio

More pronounced changes were observed on the 21st day of the study. In the group
of animals receiving the lower dose of DEP, the albumin-to-globulin ratio decreased by
1.6 times compared to the control (P < 0.05), indicating the development of significant
impairments in the synthetic function of hepatocytes and the onset of dysproteinemia.
In rats administered DEP at a dose of 5 mg/kg, the A/G ratio decreased by 2.3 times
relative to control values (P < 0.05), confirming pronounced disturbances in protein
metabolism, a reduction in albumin synthesis, and a substantial decline in liver func-
tional activity (Fig. 5).

Thus, changes in the albumin-to-globulin ratio are consistent with the dynamics of
hepatic enzyme activity and bilirubin levels, indicating complex hepatocellular damage
and the gradual development of hepatobiliary system dysfunction under dose-dependent
DEP exposure.

Furthermore, the experimental results support the important role of oxidative stress
in the pathogenesis of hepatobiliary injury. Although oxidative stress parameters were
not directly assessed in the present study, the observed biochemical changes are con-
sistent with our previous findings demonstrating activation of lipid peroxidation and
mitochondrial dysfunction under DEP exposure (Ketsa et al., 2024).

The toxic effects of DEP are likely associated with excessive formation of reactive
oxygen species (ROS) and depletion of the antioxidant defense system (Zhao et al.,
2025; Ketsa et al., 2024), leading to peroxidative damage of hepatocyte membrane
lipids, increased membrane permeability, and disruption of cellular structural integrity.

The initiation of these processes may contribute to suppression of the liver’s protein-
synthetic function, as evidenced by alterations in the albumin-to-globulin ratio at the
later stages of the experiment. These findings indicate the involvement of mitochondria-
related mechanisms in DEP toxicity (Ketsa et al., 2024), combining membrane injury in
hepatocytes with functional metabolic disturbances.

Thus, the study revealed novel aspects of DEP’s toxic effects, including: 1) the
establishment of a combined (cytolytic—cholestatic) nature of hepatotoxicity; 2) confir-
mation of the dose- and time-dependence of biochemical changes; 3) substantiation of
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the role of oxidative stress and mitochondrial dysfunction as key mechanisms of liver
injury based on both current results and our previous studies; and 4) demonstration of
preserved compensatory capacity of the liver at early stages of intoxication, which has
prognostic significance for early detection of toxic effects.

The obtained data not only confirm the hepatotoxic potential of DEP but also expand
current understanding of its pathogenic mechanisms, which is crucial for the development
of diagnostic markers for early liver injury and the prevention of potential consequences
of chronic phthalate exposure. The study results demonstrate that DEP induces impair-
ments in hepatocellular and bile excretory liver functions, with the nature of these changes
depending on both the dose of the xenobiotic and the duration of its administration.

CONCLUSION

The impact of DEP on the animal organism causes dose-dependent impairments in
liver functional status, as the main homeostatic organ, manifested by combined cytolytic
and cholestatic alterations. Increased aminotransferase activity indicates hepatocyte
damage and activation of cytolytic processes, while elevated GGT, ALP activities, and
direct bilirubin levels serve as markers of developing bile excretory dysfunction. The
observed changes are likely associated with disturbances in protein metabolism and
hepatic synthetic function induced by DEP exposure, as evidenced by alterations in
the albumin-to-globulin ratio at later stages of the experiment following administration
of both studied doses of the xenobiotic. The identified liver lesions exhibit a combined
nature — from initial manifestations of cytolysis to pronounced cholestasis during pro-
longed xenobiotic exposure. These findings deepen the understanding of the molecular
mechanisms underlying the hepatotoxic effects of phthalates and highlight the potential
risks of prolonged DEP exposure on the hepatobiliary system. Given the widespread
use of phthalates in industry and everyday life, the results of this study may be valuable
for bioengineering detoxification systems, developing novel biosensor approaches for
early diagnosis of hepatotoxicity, creating biocompatible materials with minimal toxic
impact, and designing innovative bioengineering strategies for the prevention and cor-
rection of toxic liver injuries.
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MONEKYNAPHI MAPKEPU ®YHKLIIOHANIbHOIO CTAHY NEYIHKA LLIYPIB
3A OIl ULUTOTOKCUYHOIO KCEHOBIOTUKA OIETUN®TANATY

OkcaHa Keua, KamepuHna Paxmamoesa, OkcaHa Bosioujyk

YepHiseybkuli HauioHanbHUU yHieepcumem imeHi KOpis @edbkosuya
8yr. KoyrobuHcbkoeo, 2, HepHrisui 58012, YkpaiHa

O6rpyHTyBaHHA. LLvpoke BuKopucTaHHA dhTanarie, BKoYawoum gietundranart
(OE®), y npomucnoBux i nobyTtoBrx BUpobax BUKIMKAE 3aHEMOKOEHHS LLOAO IXHbOIO
MOTEHLIHOIO renaToTOKCMYHOrO BMMMBY. [ledviHka, Oyay4v LEeHTpanbHUM OpraHoMm
OeTOoKcuMKauii Ta meTaboniamy, 0cobnmneo Bpasnvea A0 TOKCUYHOIO BNNBY KCEHOOIOTU-
KiB, 3o0kpema, JE®. MeTa gocnigKeHHA — OUiHUTU NOKa3HUKN PYHKLIOHANBHOIo CTaHy
NeYiHKK LWypiB 3a BNAMBY LUTOTOKCMYHOIO KCeHobioTuKa aieTundranary.

Marepianu Ta meTogun. EkcnepnmeHT npoBognny Ha AOpPoCnnX Binux Lypax, akux
pO34inunun Ha TpY FPYNU: KOHTPOSbHY Ta ABi EKCNepMMEHTarbHi rpynu, LWo oTpumMyBanm
OE® nepopanbHo B go3ax 2,5 mr/kr i 5 mr/kr npotarom 21 gHs. BioximiuHi Mmapkepu
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NMOLUKOPKEHHS renaTouuTiB i XonecTasy, BKIYaluM akTUBHOCTI anaHiHaMiHOTpaHC-
depasn (ANT), acnaptatamiHoTpaHcdepasn (ACT), y-rnytamintpaHcdepasn (ITT),
nyxHoi gpocdarasm (J1d), piBHiB 3aranbHOro Ta npsiMoro GinipybiHy, a Takox cniBBigHO-
LeHHs anbbymiHiB Ao rnobyniHiB, aHanidyBanu B CMpOBaTLi KPOBi 32 AOMNOMOIOH CTaH-
OapTHUX CNEKTPOOTOMETPUYHMX | aBTOMATU3OBAHNX METOAIB.

Pe3ynbraTn. BctaHoBneHo, wo BeegeHHst JED npuaseno oo [o30- Ta Yaco3anex-
HUX 3MiH MapKepiB PyHKLiOHaNbHOro cTaHy nedviHku. 3a BBeaeHHs OE® y gosi 5 mr/kr
crnocTepiranu 3HavHe nigsuweHHsa aktusHocTi AJTT i ACT Bxe Ha 14-1i oeHb Hagxo-
DPKEHHs1 KCeHObIOTMKa B OpraHiaM, O CBigYMTb MPO MOLUKOMKEHHST renaTtouuTiB. Ha
21-wy [oby ekcnepuMeHTy 06MABI 403K KCeHOBIOTUKa BUKINMKaNy NOMIiTHE MiaBULLEHHS
BMICTY B CMpOBaTLUi KpOBi BCiX AOCMigKYyBaHUX MapKepiB yHKLUiIOHANbLHOIO CTaHy
neviHkn. BogHouac nigeuweHa aktuHicTb [T i JI®, pasom i3 nigBuLLEHMMN PiBHAMM
3aranbHOro Ta npsimoro GinipybiHy, BkadyBara Ha PO3BUTOK XONECTaTUYHOI AUCHYHKLI.
Okpim TOro, 3HWXEHHsI CMiBBIAHOLWIEHHST anbOyMiHiB 4O rMobyniHiB B 060X rpynax, siKi
oTpumyBanu JE® npoTarom TpbOX TUXKHIB, CBIgYMNIO NPO MOPYLUEHHST BiNOKCUHTE3YHO-
4oi PyHKLiT MEeYiHKN.

BucHoBku. KceHobioTnk [JJE® BuknvKae kOMOIHOBaHY renatouentonapHy Ta xone-
CTaTU4Hy OUCHYHKLiK NeYiHKM 4030- i Yaco3anexHnm YiHoM. BusasneHi 6ioximiyHi 3MiHn
cBigYaTb NMPO OKCUOATUBHUIM CTPEC i MOPYLUEHHS €HEpPreTMYHOro OOMiHy SK KITHUYOBI
MexaHi3aMu, Lo NexaTb B OCHOBI renatoTokcuyHocTi JED. OTpumaHi pesynsraty nia-
KpeCmnoTb BaXNUBICTb NoganbLUMX OOCiAXEHb MONEKYNAPHUX LUASXIB MOLUKOAKEHHS
NeviHKK1, BUKNMKAHOTO doTanartom, i NiaTpumMyroTb po3pobky 6iobesneuHnx maTepianis Ta
pPaHHiX AiarHOCTUYHUX IHCTPYMEHTIB ANS renaToTOKCUYHOCTI.

Knrodoei cnoga: pietundtanart, yHKLUIA NeYiHKK, renaToTOKCUYHICTb, XOorecTas,
OioximivHi mapkepu
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