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Background. The chronic hyperglycemia and intensified metabolic pathways
of glucose conversion lead to the formation of excessive amounts of the reactive oxygen
species and the development of oxidative stress under the condition of diabetes melli-
tus. In the recent decades, scientists have been searching for new drugs based on plant
materials to prevent metabolic, structural and functional disorders in the body under
diabetes. It has long been known that fruits and vegetables are sources of biologically
active substances that have a beneficial effect on human health. The yellow fruits of the
cornelian cherry (Cornus mas L.) contain a significant amount of substances (iridoids,
phenolic acids and flavonoids), whose properties, biological effects and mechanism
of action are not fully understood.

The aim of the study was to investigate the effect of the extract of yellow fruits of the
cornelian cherry on the reactive oxygen species content and the activity of antioxidant
enzymes in rats’ leukocytes with streptozotocin-induced diabetes mellitus.

Materials and Methods. Experimental diabetes mellitus in rats was induced by
intraperitoneal administration of streptozotocin. The development of diabetes mellitus
was monitored by blood glucose level. From the 10" day after the induction of diabetes,
the animals were orally administered the extract of yellow fruits of the cornelian cherry at
a dose of 20 mg/kg of the body weight for 14 days. On the last day of the experiment, we
collected the blood into vials with heparin and isolated leukocytes to further determine the
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content of reactive oxygen species and the activity of antioxidant enzymes. Statistical
analysis of the results was performed using MS Excel-2013.

Results. The content of the reactive oxygen species is increased and the activity
of antioxidant enzymes is reduced in the rats’ leukocytes during streptozotocin-induced
diabetes mellitus. Oral administration of the extract of yellow fruits of the cornelian cherry
to diabetic animals improves the antioxidant status of leukocytes, which is manifested
in an increased activity of superoxide dismutase, catalase and glutathione peroxidase
along with a decrease in the level of intracellular reactive oxygen species.

Conclusions. The extract of yellow fruits of the cornelian cherry (Cornus mas L.)
restores the balance between prooxidants and antioxidant defense system in leuko-
cytes of rats with streptozotocin-induced diabetes mellitus. Such results suggest that
the extract of yellow fruits of the cornelian cherry might be one of the plant components
in the development of new drugs that will correct metabolic and functional disorders in
leukocytes under diabetes.

Keywords: extract of yellow fruits, cornelian cherry, diabetes mellitus, reactive
oxygen species, antioxidant enzymes, leukocytes

INTRODUCTION

Type 1 diabetes mellitus (DM) is a polygenic multifactorial disease that causes the
development of absolute insulin deficiency, impaired carbohydrate and subsequently
lipid and protein metabolism [21]. Hypoinsulinemia and hyperglycemia lead to the de-
velopment of oxidative stress due to increased glycation, glucose autooxidation, activa-
tion of polyol and hexosamine pathways, oxidative phosphorylation with intensification
of the functions of the electron transport chain of mitochondria [32]. Oxidative stress
leads to further adverse processes: increased cholesterol biosynthesis, increased lipid
peroxidation and overproduction of free radicals, including reactive oxygen species
(ROS), which, in turn, leads to a depletion of components of the antioxidant defense
system [5, 11, 32].

Hyperglycemia and oxidative stress primarily affect blood cells and vascular en-
dothelial cells. Changes in the structure and functional activity of blood cells are an
important part of the pathogenesis of diabetic complications [32]. In particular, changes
in the morphofunctional state of peripheral blood leukocytes [30, 31] can be explained
by a violation of the physiological balance between the level of antioxidants and free
radicals [32]. Physiological levels of intracellular ROS are crucial for the migration of
leukocytes from the blood to the area of inflammation, where they perform their main
functions as immunocompetent cells [29]. Hyperproduction of ROS in leukocytes leads
to multiple pathological changes in signaling and metabolic pathways, disorders of cells
and organs homeostasis under the condition of diabetes [5].

Therefore, it is important to investigate some remedies that could correct or elimi-
nate the negative effects of free radical compounds and maintain glucose levels within
the physiological range [4].

The sources of biologically active substances that have a beneficial effect on human
health are fruits and vegetables. An example is the cornelian cherry (Cornus mas L.),
whose fruits have anti-inflammatory, cardiac- and hepatoprotective, antibacterial and
diuretic effects [18]. We have previously identified the antidiabetic and antioxidant
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effects of the extract of yellow fruits of the cornelian cherry under streptozotocin-induced
diabetes [4]. However, there are no data on the effect of this extract on the morphofunc-
tional state of blood leukocytes under the condition of diabetes.

The main aim of the study was to investigate the effect of the extract of yellow
fruits of the cornelian cherry on ROS intracellular level and the activity of the antioxidant
defense system’s enzymes in peripheral blood leukocytes of rats with streptozotocin-
induced DM.

MATERIALS AND METHODS

Animal experiments. Wistar male rats with starting weight 130£5 g and aged
8-9 weeks were used in all experiments. Animals were kept in vivarium with standard
conditions. Rats had free access to water and standard chow and were kept under
a 12/12 h light/dark cycle. The room temperature and humidity were maintained
automatically at about 2242 °C and 6015 %, respectively. All manipulations with animals
were conducted in accordance with “General ethical principles of experimentation on
animals” approved by the First National Congress on Bioethics (Kyiv, Ukraine, 2001)
and the “European Convention for the Protection of Vertebrate Animals used for
Experimental and Other Scientific Purposes” (Strasbourg, France, 1985). The bioethical
examination of the experiments carried out at the Biological Faculty of the lvan Franko
National University of Lviv was executed in the form of a protocol No. 18-01-2021 of
January 29, 2021.

DM was induced by a single intraperitoneal injection of rats with streptozotocin
(Sigma-Aldrich, St. Louis, MO, USA) at a dose of 60 mg/kg b.w. Streptozotocin-treated
rats with glucose levels over 12 mmol/L were considered as diabetic. Rats were divided
into 3 groups containing 8 animals each: group 1 — control rats (healthy animals), group
2 (DM) — rats with streptozotocin-induced DM, group 3 (DM + YC) — diabetic rats treated
with extract of yellow fruits of the cornelian cherry (YC). Once daily for 14 days, rats
received the following substances by gavage: Control and DM groups — 1 mL/rat of
water, group DM + LA — 1 mL/rat of aqueous solutions of YC at a dose of 20 mg/kg b.w.
The dose and duration of administration were selected based on previous studies [4].

Plant materials, the procedures for preparation of the cornelian cherry extract,
identification and quantification of compounds of the cornelian cherry extract by the
UPLC-qTOF-MS/MS and HPLC-PDA methods were previously described by Dzydzan
et al. [4].

Blood collection and isolation of leukocytes. At the end of the experimental
period, rats of all groups were anesthetized using deep ether anesthesia and euthanized
by decapitation. Blood was collected into vials with heparin. Leukocytes were isolated
from blood by centrifugation over a gradient of ficoll-triombrast density. Then, the cells
were washed three times with cold (4 °C) PBS. The total number of leukocytes was
calculated manually using a counting chamber.

Leukocytes were lysed and lysates of leukocytes were centrifuged to remove cell
debris [5]. Supernatants were collected and used for biochemical assays. The protein
content in lysates of leukocytes was determined according to Lowry’s method [13].

Quantification of ROS. Leukocytes were incubated with 2',7'-dichlorodihydrofluores-
cein diacetate (H,DCFDA) at 37 °C for 30 min in the dark [5]. After incubation, leukocytes
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were washed twice with PBS and immediately analyzed using a fluorescence microscope
(Nikon Optiphot 2, Japan). Fluorescence microscopic images were processed using
Image J. The ROS production was calculated by dividing the total image 2',7'-dichlorofluo-
rescein (DCF) fluorescent intensity by the total number of leukocytes and was expressed
in DCF fluorescence/cell (a.u. — arbitrary unit).

Antioxidant Enzymes Assays. Superoxide dismutase (SOD) activity was determi-
ned according to the method described by Kakkar et al. [11]. The results were expressed
as U/mg of protein. One unit of SOD activity was defined as the amount of enzyme cau-
sing 50 % inhibition of the reduction to formazan observed in the blank. Catalase (CAT)
activity was estimated by the color intensity decreasing of the complex forming H,O, with
molybdenum salt [8]. One unit of CAT activity was expressed as nmol of H,0,/min x mg
of protein. Glutathionperoxidase (GPx) activity was determined by the rate of oxidation
of GSH before and after incubation of the sample with tertiary butyric hydroperoxide.
The reduction of GSH was observed in the color reaction with DTNB [17]. GPx activity
was expressed in umol/min x mg of protein. The activity of glutathione reductase (GR)
was measured by the decrease in absorbance due to the oxidation of NADPH, which is
required for the reduction of oxidized glutathione at 340 nm [7]. One unit of GR activity
was calculated as one nmole of NADPH/min x mg of protein. The concentration of GSH
was expressed in nmol/mg of protein.

Statistical Analysis. The results were calculated using Microsoft Excel 2013 and
expressed as mean + standard error of the mean (M £ SEM). Analysis of the variance
(ANOVA) followed by Tukey’s post hoc multiple comparison test was used for data
analysis and was performed in GraphPad Prism 8.0 (San Diego, California, USA). Dif-
ferences between the groups were considered statistically significant at P < 0.05.

RESULTS AND DISCUSSION

The effect of the extract of yellow fruits of the cornelian cherry on ROS con-
tent in the blood leukocytes of rats with streptozotocin-induced DM. Analysis of
ROS content in leukocytes was performed using 2',7'-dichlordihydrofluorescein diace-
tate (H,DCFDA), which is widely used as an indicator of oxidative stress. It penetrates
the lipid bilayer and, consequently, can be used to detect ROS in living cells. H,DCFDA
is easily oxidized by ROS to fluorescent dichlorofluorescein product (DCF) [23].

Comparative analysis of the average values of leukocytes fluorescence allowed
establishing a significant increase (1.5 times) in ROS content under diabetes compared
with leukocytes of the control animals (Fig. 1A). Leukocytes, in particular neutrophils,
are one of the main sources of ROS in the body under the condition of diabetes. This
process is probably initiated through protein kinase C-mediated activation of NADPH-
oxidase in response to chronic hyperglycemia. NADPH-oxidase is a multicomponent,
membrane-associated enzyme that catalyzes the one-electron reduction of molecular
oxygen to the superoxide anion (O,~) using reduced NADP* as an electron donor. Local
release of ROS by leukocytes, in particular O,”, can potentially lead to damage of
endothelial cells and adjacent tissues [9].

All these processes together enhance oxidative stress and intensify metabolic
pathways of glucose conversion, which are also accompanied by overproduction of
ROS. The main processes of ROS formation take place in mitochondria, electron
transport chain (ETC), endoplasmic reticulum, and peroxisomes. ROS is formed by
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electron transfer in | and Ill ETC complexes in mitochondria. Production of ROS,
primarily H,O,, also occurs in microsomes and peroxisomes. Immune cells, such as
neutrophils and macrophages, have potent ROS-dependent mechanisms to fight

foreign microorganisms [19].
DM
B

Control | DM +YC
DM 40 % DM | 44 %**

Control DM +YC

Fig. 1. Detection of ROS in peripheral blood leukocytes of rats: (A) ROS level (average fluorescence inten-
sity per cell in the field of view, digitized using GelPro software and expressed in %) in blood leuko-
cytes of control rats and rats with streptozotocin-induced diabetes (DM); (B) the effect of the extract
of yellow fruits of the cornelian cherry (YC) on intracellular ROS level (%) in leukocytes of rats with
DM (n =8)

Significance: " — P < 0.05 compared to the control group; “ — P < 0.05 compared to the DM group

Puc. 1. [ertekuisa akTMBHMX hOpM OKCUreHy B nenkoumnTax nepnudepryHoi KpoBi wypis: (A) piBeHb aKTUBHUX
dopM oKcureHy (cepeaHs iIHTEHCUBHICTb donyopecueHLii Ha OaHY KMiTUHY B Moni 3opy, oundposaHa
3a [OMOMOrol0 nporpamHoro 3abesneveHHs GelPro Ta BupaxeHa y %) B nenkoumTax KpoBi KOHTp-
ONbHUX LLYPIB Ta 3i CTPENTO30TOLMH-IHAYKOBaHNM LIyKpOBUM AiabeToM; (B) BNNMB eKTPaKTy KOBTUX
nnogis AepeHy CnpaBXHbOro Ha BHYTPILUHBLOKMITUHHUIA piBEHb aKTUBHUX opM okcureHy (%) B nen-
KoumMTax TBapuH i3 LykpoBuM aiabeTom (n = 8)

Mpumitka: * — P < 0,05 — 4OCTOBIPHICTb BiAXWMMEHHS Bi4 3Ha4YeHb y KOHTponi; ** — P < 0,05 — gocro-
BipPHICTb BiAXMMEHHS Bif 3Ha4YeHb 3a LlyKpOBOro Aiabety

Glucose autooxidation, redox imbalance, decreased concentration of endogenous
antioxidants are the cause of ROS overproduction in diabetes, whereas the use of an-
tioxidants of natural origin, including vitamins, bioflavonoids, carotenoids, etc., can pre-
vent the development of oxidative stress. According to the fluorescence analysis, it was
found that the administration of the extract of yellow fruits of the cornelian cherry to ani-
mals with streptozotocin-induced diabetes caused a 1.3 times decrease in the content
of ROS in the rats’ leukocytes (Fig. 1B). Chemical compounds present in the extract of
yellow fruits of the cornelian cherry, are capable of ROS scavenging [20]. In particular,
phenolic compounds neutralize free radical electrons, forming relatively stable phenoxyl
radicals, and stop chain oxidation reactions [2].
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The effect of the extract of yellow fruits of the cornelian cherry on the
activity of antioxidant defense system’s enzymes in blood leukocytes of rats with
streptozotocin-induced DM. The generation of free radicals is not harmful to cells
when the rate of their formation is equilibrated by elimination. An imbalance between
ROS production and the ability of biological systems to detoxify them along with inter-
mediates, or even repair damage, leads to the development of oxidative stress [19].

The intensification of ROS formation leads to a depletion of the antioxidants con-
tent and disruption of the antioxidant defense system enzymes [3, 5, 9]. Vitamins A,
C, E, glutathione, enzymes (SOD, CAT, GPx and GR) are the most common antioxi-
dants [15]. They have various mechanisms to counteract the excessive ROS accumula-
tion. Intracellular antioxidants are localized in the mitochondrial compartment (thiore-
doxins, SOD, GPx) and in the cytosol [26]. Superoxide dismutase catalyzes the dismu-
tation of the superoxide radical to hydrogen peroxide. Isoforms of SOD are localized in
mitochondria (SOD2), cytoplasm and extracellular compartment (SOD1 and SOD3).
Catalase is an enzyme that is localized in the peroxisome, catalyzing the conversion of
hydrogen peroxide to water and molecular oxygen [26]. Glutathione peroxidase uses
glutathione to reduce hydrogen peroxide and lipid hydroperoxides. The oxidized gluta-
thione formed as a result of this reaction is converted into reduced glutathione by GR
[10, 16, 27]. Therefore, the state of cell antioxidant system is one of the main indicators
of the protective capabilities of the body.

It was found that the activity of enzymes of the antioxidant system is significantly
reduced in the blood leukocytes of rats with diabetes (Table). Glycation of antioxidant
enzymes in the conditions of hyperglycemia can lead to a disruption of their structure
and, consequently, functioning [3, 10]. A decrease in the activity of the studied enzymes
may also be due to changes in the expression of their genes [22]. The active forms of
oxygen and nitrogen can also directly disrupt the structure of molecules, in particular
enzymes under the condition of oxidative stress [3, 6]. As a result of hyperglycemia,
the polyol pathway of glucose utilization is activated, which uses up to 30-35 % of
its cellular content. In this case, glucose is reduced to sorbitol by aldose reductase
using reduced NADP*. The depletion of the concentration of reduced NADP* causes
a impairment in the regeneration of oxidized glutathione to reduced glutathione, which
is a substrate for GPx [12, 24, 25].

Activity of enzymes of antioxidant defense system in leukocytes of blood of control
animals and rats with streptozotocin-induced DM (M * SEM, n = 8)

AKTMBHICTb €H3UMIB aHTUOKCUAAHTHOI CUCTEMU 3aXUCTY B NleMKoLUTax KpoBi
KOHTPONbHUX TBapPUH i WypiB 3i CTPenTo30ToUMH-iHAYKOBaHMM LlyKPOBUM AiiabeTom
(M = SEM, n = 8)

I Control DM
Enzymes
SOD, U/mg of protein 11.63+£0.73 9.05 + 1.04*
CAT, nmol/min x mg of protein 28.86 +2.43 21.14 £ 1.36*
GPx, U/mg of protein 3.12+0.21 2.37 £0.23*
GR, nmol/min x mg of protein 42.53 + 4.51 32.64 £ 2.68*
Designations: * — P < 0.05 compared to the control group
MpumiTka: * — P < 0,05 — goCTOBIpHICTb BiAXUNEHHS Bif 3Ha4Y€Hb Y KOHTPOMi
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The administration of the extract of yellow fruits of the cornelian cherry to diabetic
animals led to an increase in the activity of catalase (42 %), SOD (22 %) and GRx (24 %)
in blood leukocytes (Fig. 2). The obtained changes can be explained by a decrease
in non-enzymatic glycosylation of proteins due to the manifestation of hypoglycemic
properties of the studied extract [4]. The biologically active acids of the extract, in par-
ticular oleanolic acid contained in fruits of Cornus species, can enhance the release of
acetylcholine, which, in turn, stimulates muscarinic M3 receptors in pancreatic cells. As
a result, the release of insulin increases and glucose concentration decreases [1, 28].
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Fig. 2. The effect of the extract of yellow fruits of the cornelian cherry (YC) on the activity of antioxidant
enzymes in leukocytes of rats with streptozotocin-induced DM: (A) SOD, superoxide dismutase; (B)
CAT, catalase; (C) GPx, glutathione peroxidase and (D) GR, glutathione reductase. The results are
shown as the mean + SEM
Designations: ** — P < 0.05 compared to the DM group

Puc. 2. BnnvB eKcTpakTy XOBTUX MMOAIB AEPEHY CNpaBXHbOIO Ha aKTUBHICTb €H3UMIB aHTWOKCMOAHTHOrO
3axMCTy B NerKkoumTax nepudepuyHoi KpoBi LLypiB 3i CTPenTo30TOLMH-iHAYKOBaHUM LyKpOBUM fiabe-
ToMm: (A) SOD, cynepokcuaancmyTasa; (B) CAT, katanasa; (C) GPx, rmyTtaTioHnepokcuaasa; (D) GR,
rnyTaTioHpeaykTasa. Peaynstatv npeactaBneHHi sk M+ SEM (n = 8)
Mpumitka: ** — P < 0,05 — AOCTOBIpHICTb BiAXUMNEHHS Bif 3Ha4YeHb 3a LlyKpoBoOro AiabeTy

Therefore, biologically active compounds of the cornelian cherry extract have a posi-
tive effect on the activity of defense system enzymes, reducing the negative impact of
oxidative stress on the body (Fig. 3).
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Yellow cornelian cherry fruits Extract of yellow fruits
(Cornus mas L.) of cornelian cherry
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Fig. 3. The extract of yellow fruits of the cornelian cherry restores antioxidant balance in leukocytes of rats
with streptozotocin-induced diabetes mellitus

Puc. 3. BionHOBNeHHSA aHTUOKCUAAHTHOro 6anaHcy B nevkoumTax LWypiB 3i CTPenTo30TOLMH-IHAYKOBaHUM
LlyKpOBUM fiiabeTom 3a BBEAEHHS EKCTPAKTY XOBTUX NNOAIB A€PEHY CNPABXHLOIO
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CONCLUSIONS

The biochemical changes and physiological symptoms under diabetes are tcaused
by an impaired insulin secretion, which leads to a disruption in all metabolic pathways.
In combination, all these processes lead to hyperglycemia and intensification of glu-
cose metabolism, which are accompanied by the formation of excessive amounts of
ROS. The administration of the extract of yellow fruits of the cornelian cherry to animals
with streptozotocin-induced DM significantly reduced the content of ROS in blood leu-
kocytes. The impairment of the enzymatic defense system in blood leukocytes of rats
with diabetes was manifested in a decrease in the activity of SOD, CAT, GPx, and GR.
Oral administration of the extract of yellow fruits of the cornelian cherry caused a signifi-
cant increase in the activity of antioxidant enzymes.
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O6rpyHTYBaHHS. 3a LYKPOBOro AiabeTy CTaH XPOHIYHOI rinepriikemii Ta iHTeHCcK-
ikoBaHi MeTabOoMiYHI LUNSAXM NEPETBOPEHHS ITHOKO3M MPU3BOASATL 40 YTBOPEHHSA B HAA-
MIpPHIi KiNIbKOCTi aKTUBHUX (POPM OKCUreHy Ta PO3BUTKY OKCWMOATMBHOrO cTpecy. [ns
3anobiraHHss MeTaboniYHNM, CTPYKTYPHUM | OYHKLIIOHANbHUM MOPYLUEHHSAM B OpraHi3mi
3a giabeTy BYEHi NpoBOAATL MOLLYK HOBUX NpernapariB Ha OCHOBI POCIIMHHOT CUPOBUHM.
30aBHa BigoMo, WO pyKTM Ta OBOMI € mkepernamu 6ionoriYyHO akTUBHUX PEYOBUH, LLIO
NMO3NTMBHO BMMMBAKTb Ha 300POB’'s MoavHW. XKOBTi NNoau OepeHy CrhpaBXHbOro
(Cornus mas L.) MicTSITb 3HAYHY KiNbKiCTb pe40oBUH (ipnaoign, peHonbHi KucnoTu i dna-
BOHOIAM), BNACTMBOCTI, GionoriyHi edekTn 1 MexaHiam fii Skux € He 4O KiHUS 3'sicoBa-
HUMK. Tomy meTot poboTn Byno JOChianTM BNIUB €KCTPaKkTy XKOBTMX NIOAiB AepeHy
CMpaBXHbOro Ha piBEHb aKTUBHUX POPM OKCUFEHY M aKTUBHICTb €H3MMIB aHTMOKCU-
OAHTHOro 3axXUCTy B NEeNKouuTax KpoBi LypIiB 3i CTPENTO30TOLUMH-IHOYKOBaHUM LIyKpPO-
BUM giabeTom.

Matepianu Ta metogu. ExcnepumMeHTanbHWI LYKPOBUiA AiabeT y LypiB iHOyKyBa-
N BHYTPILUHbOYEPEBHMM BBEAEHHSAM CTPEMTO30TOLMHY, PO3BUTOK SIKOrO KOHTPOSOBa-
N 3a BMICTOM [11HOKO3K Yy KpoBi. MounHaroum 3 10-ro gHA Big MOMEHTY iHAYKLiT giabeTy
TBapUHaM BBOAWIN €KCTPAKT XXOBTUX MIOAIB AePEHY CnpaBXHboro y Ao3i 20 Mr/kr macu
Tina BnpogoBx 14 gHiB. B ocTaHHi AeHb eKCnepuMeHTy npoBoaunu 3abip KpoBi, BUA-
NAAWM NENKOUMTM | BU3HaAYann BMICT aKTUBHUX DOPM OKCUIeHY M aKTUBHICTb €H3UMIB
aHTUOKCUMOAHTHOTO 3axucTy. CTaTMCTUYHUI aHani3 OTPUMaHWNX pe3ynbTaTtiB NPOBOAMIM
3a gonomoroto nporpamu MS Excel-2013.

PesynbraTn. 3a cTpenTo30TOLMH-iIHOYKOBAHOIO LIYKPOBOIo AiabeTy B nerkouuTax
TBapVH NiABULLYETLCS BMICT aKTUBHUX (POPM OKCUIeHY Ta 3HWXKYETbCSA akTUBHICTb aHTU-
OKCUOAHTHUX eH3umiB. [lepopanbHe BBeOEHHS EKCTPaKTy >KOBTUX MIOA4IB AepeHy
CNpaBXHbOro AiabeTMyYHMM TBapMHaM NOKpaLlye aHTMOKCUOAHTHUIA CTaTyC NENKOLUTIB,
Ha WO BKa3ye 3pOCTaHHSA aKTMBHOCTI CymepoKcuAAMCMyTasun, KaTanasu, rnyTaTioH-
nepokcuaasn Ta rnyTaTioHpeayKTasy pasoM 3i 3HUKEHHSIM PiBHA BHYTPILUHBbOKNITUHHUX
aKTUBHUX (DOPM OKCUTEHY.

BucHOBKW. EKCTpaKT XOBTUX MOAIB AepeHy cnparxHboro (Cornus mas L.) Big-
HOBMOE BanaHc MiX NPOOKCMAAHTaMM M aHTUOKCUOAHTHOK CUCTEMOK 3aXUCTY B Nein-
KouuTax LypiB 3i CTPENTO30TOLMH-iIHOYKOBAaHMM LlYKpOBUM AiabeToM. Taki pesynbrartu
MOXYTb MPEACTaBNSATU €KCTPaKT XKOBTMX MOAIB AEePEHY K OOWH i3 POCAMHHUX KOMMO-
HEeHTIB y po3pobui HOBMX MpenapariB, SKi kopuryBaTMMyTb MeTaboniyHi Ta ¢yHKLio-
HanbHi MOPYLLEHHS B ferkouuTax 3a giabery.

Knro4oei cnnoga: eKCTpakT >XOBTUX MMOAIB OEPEHY CNpPaBXHbOro, LYKPOBUIA
niabeT, akTMBHI hOpMM OKCUTEHY, EH3UMU aHTUOKCUOAHTHOIO
3axuUcTy, NeNKoumnTH
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