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ASSESSMENT OF ANTIOXIDANT STATUS
OF RATS AT THE BACKGROUND OF CONSUMPTION
OF SPECIALIZED CHOCOLATE WITH LEAD ACETATE EXPOSURE

This article presents the results of experimental research on the assessment of the antioxidant status
of animals consuming specialized chocolate developed from mare’s milk, enriched with resveratrol and
vitamin E. The study demonstrated that after 30 days of intragastric lead acetate administration, rats
showed an activation of lipid peroxidation processes in their blood serum. This was accompanied by the
accumulation of both primary and secondary products—malondialdehyde and diene conjugates—as well
as a decrease in vitamin E content and total antioxidant activity in the blood.

Excessive accumulation of peroxidation products was accompanied by increased catalase activity
and decreased superoxide dismutase activity. It is noteworthy that all observed changes in the men-
tioned indicators were statistically significant. The reduction in antioxidant status highlighted the need
to enrich the diet of animals under lead intoxication conditions with products containing high levels of
antioxidants and antioxidant substances.

In this study, the effect of specialized chocolate enriched with mare’s milk, resveratrol, and vitamin E
on the antioxidant status of animals exposed to toxic lead acetate administration was evaluated. After 30
days of the experimental period, the consumption of 5 grams of specialized chocolate per day by the rats
was found to improve their antioxidant status. This improvement was reflected by a reduction in lipid
peroxidation products in the blood serum, increased superoxide dismutase activity, decreased catalase
activity, and higher levels of vitamin E and total antioxidant activity in the serum.

The obtained results indicate the beneficial effect of the chocolate on the processes of lipid peroxi-
dation and antioxidant defense, supporting its potential use for preventive purposes in cases of lead salt
poisoning.

Keywords: antioxidant status, chocolate, mare’s milk, resveratrol, vitamin E, toxic intoxication.
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KopfacblH aueTaTbiMeH yAaHFaH Ke3Ae MaMaHAQHADBIPbIAFAH LLOKOAAA, TYTbIHFaH
ereyKkympbIKTapAbIH, aHTUOKCUAQHTTbIK, KYHiH 3epTTey

Makarapa 6ue cyTi HerisiHAE AaMblHAAAFaH, pecBepaTpPoA MeH E  AspymeHi KOCbIAFaH
MaMaHAAHABIPbIAFAH LLIOKOAAATbl TYTbIHFaH >KaHyapAapAblH aHTMOKCMAQHTTBLIK, KyiMiH 6Garasayra
GarbITTaAFaH SKCMEPUMEHTTIK 3epTTey HaTMXKeAepi basiHAaAaAbL. 3epTTey GapbICbIHAA ereyKynpbIKTapFa
30 kyH 6OMbl ackasaH illiHe KOPFacbiH aueTaTbl eHri3iAreHHeH KeMiH, OAapAbIH KaH CapbiCyblHAQ
AMMUATEPAIH aCKbIH TOTBIFY MPOLECTEPiHiH Kywetoi 6ankasabl. ByA e3repictep AMNMATEPAIH acKbiH
TOTbIFY GHIMAEPI — MaAOHAblI AMAAbAErMA TEH AMEHAI KOHbIOraTTapAblH AEHreriHiH apTybIMeH
cunattanAbl. CoHbIMEH KaTap, KaH capbiCyblHAQ E ASpYMEHiHIH >X8He >KaAnbl aHTMOKCUAQHTTBIK,
GEACEHAIAIKTIH TOMEHAEYI TIpKEAAI.

AVMUATEPAIH NMEPOKCUATI TOTbIFYbIHBIH KYLIEOi KaTaAasa OGeACEHAIAIriHIH apTybIMeH >XaHe
CYNnepoKCMAAMCMYTa3a BEACEHAIAITIHIH TEMEHABYIMEH KaTap XXYpAi. KepceTkiwTepaeri e3repicrepain,
GapAbIFbl CTAaTUCTUKAABIK, TYPFbIAA MaHbI3bl 0ap HOTUXKEAEP PETIHAE aHbIKTaAAbl. AHTMOKCUAAHTTbIK,
KYMAIH HallapAaybl >KaHyapAap PauUMOHbIH aHTUMOKCMAQHTTbBIK, KACMeTi »KOFapbl 6HIMAEPMEH Hemece
3aTTapMeH GambITyAbIH KaXKETTIAIMH KOpCeTTi.

3epTTey 6apbiCblHAQ KOPFacblH aueTaTbIMEH YAAHFaH ereyKympbIKTapAblH aHTMOKCMAQHTTbIK,
KyriHe 6ue cyTiMeH, pecBepaTpoAMeH >oHe E aAspymeHiMeH OaiibiTbiAFaH MamaHAAHAbBIPbIAFAH
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TbiH 9cepi 6araraHAbl. DKCnepruMeHTTiH 30-KYHAIK Ke3eHi askTaAfaHHaH KeniH XXaHyapAapFa TOyAiriHe
5 rpamm LLIOKOAAA OGepiAreH >KarFAanAa, OAAPAbIH, AHTMOKCUAAHTTBIK, KYMiHIH XKaKcapFaHbl aHbIKTaAAbI.
ByA KaH capbICybIHAQ aCKbIH TOTbIFY OHIMAEPIHIH TOMEHAEYIMEH, CYNepoKCUAAMCMYTa3a BEACEHAAITI-
HiH >KOFapblAaybIMeH, KaTaAa3a HEACEHAIAIMHIH KaAbINKa KeAyiMeH, COHAaM-ak, E AepyMeHi MeH >KaArbl
AHTUOKCUMAQHTTbIK, GEACEHAIAIK AEHIENiHIH apTybIMEeH KOpPIHIC TanTbl.

AAbIHFQH HOTMXKEAEP LLUOKOAAATbIH AUMUATEPAIH aCKblH TOTbIFY MpoOLEecTepi MeH aHTMOKCUMAQHT-
TbIK >KYWMeHIH Kbl3MeTiHe OH acep eTeTiHiH kepceTeai. COHbIMEH KaTap, 3epTTey HaTMXKeAepi MamaH-
AQHABIPbIAFAH LLIOKOAAQATbI KOPFACbIH TY3AApPbIMEH YAQHYAbIH aAAbIH @Ay LLIApaAapblHbiH Gipi peTiHae
KOAAQHYABIH, TMIMAIAITT MEH MaKCaTKa COMKECTIrH ADAEAAENAIL.

Ty#iH ce3Aep: aHTMOKCUAAHTTBIK KYH, LLIOKOAAA, Gue cyTi, pecBepaTtpoa, E AepyMeHi, TOKCUKAABIK,
YAQHY.
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OueHKa aHTMOKCMAQHTHOIO CTaTyca KpbIC Ha choHe noTpedAeHus
CreLMaAM3MpoOBaHHOTO LLIOKOAQAA NP 3aTpaBke aleTaToM CBMHLA

B cTaTbe M3AaraloTcs AaHHble 3KCMEPUMEHTAAbHbBIX MCCAEAOBaHMI, KacaloLMecs: OLeHKM aHTUOK-
CUAQHTHOMO CTaTyCa XXMBOTHbIX MPW MPUEME CMELMAAM3MPOBAHHOIO LLIOKOAAAQ, pa3paboTaHHOro Ha
OCHOBe KOObIALErO MOAOKA C A0OAaBAEHMEM pecBepaTpoAa M ButamuHa E. MokasaHo, uto nocae 30
AHEBHOWM 3aTPaBKM KPbIC aLleTaTOM CBUHLIA BHYTPMXKEAYAOUHO, B CbIBOPOTKM KPOBU KPbIC OTMEYaAachb
AKTMBaLMS NPOLLECCOB NEPEKUCHOr0 OKMCAEHUSI AUMUAOB, COMPOBOXKAQIOLLASCS HAKOMAEHMEM KaK rnep-
BMUHBIX, TaK M BTOPUYHbIX MPOAYKTOB — MAaAOHOBOIO AMAAbAErMAA U AMEHOBBIX KOHbIOraTOB, CHUYKe-
HMEM B KPOBM COAEPIKaHUs BUTammHa E 1 06uieit aHTMOKCMAQHTHOM aKTMBHOCTM.

M36bITOYHOE HaAKOMAEHME MEPEKMCHBIX COEAMHEHUI COMPOBOXAAAOCH aKTMBALMEN KaTaAasbl U
CHW>KEHMEM aKTMBHOCTU CyrnepokcuAAnCMyTasbl. CAeAyeT OTMETUTb, UTO BCE MOAYUEHHbIE M3MEHEHMs
B BbllLEYyKa3aHHbIX MOKa3aTeAsdX HOCMAM AOCTOBEPHbIN XapakTep.

CHUW>KEHMEe aHTUOKCMAAHTHOTO cTaTyca 060CHOBbBIBAAO LLEAECOOOPA3HOCTL 06O0raLleHms paLmoHa
>KMBOTHbIX B YCAOBMSIX CBUHLLOBOM MHTOKCMKALMM NMPOAYKTaMM C MOBbILUEHHbIM YPOBHEM aHTUOKCUAAH-
TOB M BeLLEeCTB aHTMOKCUAAHTHOM MPUPOABI.

B npeACTaBAEHHOM MCCAEAOBAHUM AdHA OLIEHKA CMeLMaAM3MpPOBAHHOMO WOKOAAAQ, oboralleHHo-
ro KOObIAbUM MOAOKOM, PECBEPATPOAOM M BUTaMMHOM E Ha COCTOSIHME aHTMOKCMAQHTHOrO CTaTyca
JKMBOTHbIX, MOABEPXKEHHbIX TOKCMYECKON 3aTpaBke alleTaTom CBMHLA. YCTaHOBAEHO, 4To yepe3 30
AHEN 3KCMEePUMEHTAAbHOIO NMepuoAa notpebAeHre KpbiCamu Mo 5r CrneuraAm3nMpoBaHHOIO LLOKOAAAQ
B CYTKM CMOCOOGCTBOBAAO MOBbILLEHMIO QHTUOKCUMAAQHTHOIO CTATyCa, UTO COMPOBOXAAAOCh CHUXKEHUEM
B CbIBOPOTKE KPOBU YXMBOTHbIX MPOAYKTOB [MOA, NnoBbilLeHMeM aKTUBHOCTM CYNepoKCUAAMCMYTa3bl,
CHM>XKEHMEM aKTMBHOCTM KaTaAasbl U YBEAMUEHWEM B CbIBOPOTKE KPOBM YPOBHSI BUTamuHa E n obuen
AHTMOKCUMAAHTHOM aKTUBHOCTM

[MoAy4YeHHble pe3yAbTaTbl CBUAETEALCTBYIOT O OAAronpUSITHOM BAMSIHUM LLIOKOAQAQ HA COCTOSIHUE
npoueccos NMOA-AO3, a Tak>ke 060CHOBbIBAIOT LLEAECO0BPA3HOCTb Ero UCMOAb30BaHUS C NPOUAAK-
TUYECKOW LeAbtO NMPKY OTPABAEHWWM OpraHM3mMa COASIMM CBUHLA.

KAtoueBble CAOBa: aHTMOKCUAQHTHbIN CTATYC, LIOKOAAA, KOObIALE MOAOKO, PECBEPATPOA, BUTAMMH
E, Toxcnyeckasa 3aTpaBka.

Introduction

In recent years, significant changes have been
observed in the structure of population morbidity,
largely influenced by the impact of adverse environ-
mental and etiological factors on the human body.
Specifically, industrial production, metal extraction
and processing, automobile emissions, and other
factors contribute to an increase in various toxic
substances and foreign compounds in the environ-

ment, among which heavy metal salts—particularly
lead—hold a notable place [1,2].

Prolonged chronic exposure to lead at concen-
trations exceeding permissible limits often leads to
the development of lead intoxication. Clinically,
this condition primarily affects the hematopoietic,
nervous, cardiovascular, immune, digestive, and
hepatobiliary systems [3].

Various methods of treating and preventing lead
intoxication exist; however, they unfortunately re-
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quire prolonged use of medications, which are often
not fully effective and are accompanied by numer-
ous side effects [4].

Among the most promising preventive measures
that do not lead to negative consequences are spe-
cialized products, biologically active supplements,
and dietary additives. This experimental study fo-
cuses on alimentary prevention of lead intoxication
using a specialized chocolate developed from mare’s
milk, enriched with vitamin E and resveratrol. Par-
ticular attention is given to supporting antioxidant
status and regulating the antioxidant defense system
through this novel dietary product, which possesses
high biological value and targeted medical-biologi-
cal properties.

Exposure to heavy metals, recognized as global
environmental pollutants, is a leading factor in the
development of numerous human diseases. The
World Health Organization (WHO) has included
lead on its list of priority pollutants [5]. Many ill-
nesses that were previously diagnosed solely as oc-
cupational hazards are now being observed across
the general population [3]. Powerful sources of
environmental pollution by harmful substances, in-
cluding metals and their salts, are non-ferrous met-
allurgy enterprises and their industrial waste [6].

The negative health impact extends from work-
ers directly handling foreign compounds in industri-
al processes to the broader population. This occurs
through environmental contamination and consumer
goods containing lead, such as tiles, ceramics, crys-
tal, and paints [7]. According to WHO, airborne lead
particles alone cause approximately 7 million pre-
mature deaths annually. The overall contribution of
air pollution to the global burden of disease is esti-
mated by WHO experts to be 3.2% [5].

Lead is one of the most prevalent environmen-
tal pollutants and can enter the human body through
water, food, air, and dust [8]. The harmful effects
of lead are associated with its ability to impair the
functions of multiple organs and systems, leading to
damage in the kidneys, blood, liver, and respiratory
system [9].

The development of methods to eliminate this
toxicant from the body, as well as treatment proto-
cols and therapeutic agents for lead poisoning, re-
quires testing on biological models [10]. Given the
wide-ranging negative effects of lead on the body,
it is reasonable to focus on creating effective multi-
functional preventive measures that can positively
influence various metabolic processes. Particular
attention should be paid to lead’s role in exacer-
bating oxidative stress, impairing cardiovascular
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function, increasing the risk of hypertension and
atherosclerosis, and disrupting lipid metabolism in
general [11].

Currently, there are no highly effective meth-
ods for preventing lead intoxication. Consequently,
many researchers are investigating both pharmaco-
logical agents and dietary approaches to reduce the
toxic burden of lead on the human body [12].

For the Republic of Kazakhstan, where not
only lead extraction but also processing plants are
present, this issue is particularly relevant. Workers
in these industries mainly rely on milk and pectin-
based preparations as preventive measures, which
are not always effective in cases of lead intoxication.

In our study, we examined the role of special-
ized chocolate made from mare’s milk, enriched
with resveratrol and vitamin E, on the antioxidant
defense system of animals subjected to toxic expo-
sure to lead acetate.

Materials and methods

The research was conducted in the laboratory of
food biotechnology and specialized food products at
Kazakh Academy of Nutrition LLP. The study uti-
lized sexually mature male rats weighing 180-200
grams, kept under vivarium conditions. The animals
were housed in cages with free access to food and
water. The vivarium-maintained air humidity at 50—
65% and a temperature of 20-25°C. Before the ex-
periment, the animals were quarantined for ten days.

A lead intoxication model was created by ad-
ministering a 5% aqueous solution of lead acetate
through a gastric tube. The daily dose was 1 ml per
kilogram of body weight over a 30-day period.

The rats were divided into four groups, with 15
rats in each:

1. First group (Initial data) — Animals on a stan-
dard vivarium diet.

2. Second group — Animals received lead acetate
exposure while on a standard vivarium diet.

3. Third group — Animals subjected to lead ac-
etate exposure received a daily dose of 5 grams of
specialized chocolate per 100 grams of body weight.
This chocolate was developed from mare’s milk
(20%), cocoa butter, soy lecithin, sugar, and en-
riched with resveratrol (0.1%) and vitamin E (0.1%).

4. Control group — Animals under lead acetate
exposure were given an equivalent-calorie glucose
solution in addition to their regular diet. Animals
weighing approximately 200 grams received an
average of 10 grams of chocolate daily, providing
57.5 kcal. The control group animals were given
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35-36 ml of a 40% glucose solution, matching the
calorie content of the chocolate.

All animals were maintained on a basic vivari-
um diet balanced for essential nutrients for the 30-
day duration of the experiment.

The specialized chocolate was administered af-
ter mild thermal processing (melting) and mixing
with the food. The composition of the chocolate per
100 grams was as follows:

— Protein — 7.4 grams

— Fat —33.84 grams

— Carbohydrates — 53.42 grams

— Caloric value — 575 kcal

Throughout the experimental period, the overall
condition of the animals was monitored, and they
were weighed every ten days.

The animal housing conditions and experimental
procedures strictly adhered to the “European Con-
vention for the Protection of Vertebrate Animals
Used for Experimental and Scientific Purposes” and
Directive 2010/63/EU of the European Parliament
[13].

At the end of the 30-day period, the animals
were euthanized under light ether anesthesia in ac-
cordance with the “Rules for Conducting Research
with Experimental Animals” and the “Animal Pro-
tection Against Cruelty Act.”

The material used for the experimental study
was rat blood serum.

In the serum, the vitamin E level was measured,
and the condition of the antioxidant defense system
was assessed. This included the determination of
malondialdehyde (MDA), diene conjugates (DC),
and the activity of catalase (CAT), superoxide dis-
mutase (SOD), as well as total antioxidant activity
(TAA).

The content of primary lipid peroxidation (LPO)
products—diene conjugates (DC)-and secondary
products—malondialdehyde (MDA)-was evaluated
using the method of V.B. Gavrilov and M.I. Mish-
korudna [14].

The activity of superoxide dismutase (SOD) and
catalase (CAT) was measured spectrophotometri-
cally using Sigma (Aldridge) kits and the method of
M.A. Korolyuk, L.I. Ivanova, 1.G. Mayorova, and
V.E. Tokarev [15].

The total antioxidant activity (TAA) was as-
sessed according to [16]. The concentration of vi-
tamin E was determined in the hexane layer using
high-performance liquid chromatography (HPLC)
[17].

The obtained results were statistically processed
using Microsoft Excel 2021. Arithmetic means,
standard deviations, and standard errors were cal-

culated. Student’s t-test was applied to compare the
data, and differences were considered significant at
p<0.05[18].

Results and discussion

During lead acetate exposure, after ten days of
observation, rats in the second and fourth (control)
groups showed signs of coat deterioration, changes
in the sclera of the eyes, and reduced motor activity.
It is noteworthy that body weight in these groups
decreased by an average of 20% by the 30th day of
observation compared to baseline.

Consumption of chocolate during lead acetate
exposure resulted in a 5% increase in body weight
from the baseline within ten days of observation.
Additionally, the overall condition of the animals
improved, as reflected by better coat quality, nor-
malized sclera appearance, and increased mobility.
These positive changes were consistently observed
throughout the 30-day experiment until the end-
point.

These improvements are likely due to the ben-
eficial effects of the chocolate enriched with resve-
ratrol and vitamin E on the endurance and protective
functions of the rats’ bodies.

Of particular interest was the assessment of
the lipid peroxidation-antioxidant defense (LPO-
AOD) system under lead acetate exposure, includ-
ing changes in the content of primary and secondary
lipid peroxidation products and the state of the enzy-
matic antioxidant system.

It is known that lead intoxication often leads
to oxidative stress and the accumulation of lipid
peroxidation products in the body. This triggers a
cascade of reactions that contribute to the onset and
progression of hypertension and cardiovascular dis-
eases [19,20].

According to the aforementioned authors, in-
creased lipid peroxidation is accompanied by a
range of negative consequences. These include a
heightened risk of atherosclerosis, increased eryth-
rocyte hemolysis, reduced membrane fluidity, and
impaired erythroblast maturation, all of which oc-
cur against the backdrop of weakened protective
mechanisms. These mechanisms play an active role
in safeguarding membrane proteins and lipids from
the damaging effects of peroxides and free radicals.

Lipid peroxidation can be considered a physi-
ological process. However, the initiation and sta-
bility of cellular membrane resistance to oxidation
largely depend on the body’s supply of antioxidants
and antioxidant-based compounds. This is a crucial
factor when evaluating the preventive effectiveness
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of various pharmacological and dietary agents. In
our opinion, this principle should serve as the foun-
dation for developing new dietary-based preven-
tive solutions [21,22]. This approach, in particular,
guided the creation of a new specialized chocolate
containing cocoa butter, cocoa mass, mare’s milk,
and supplemented with vitamin E and resveratrol.

Blood Serum under Lead Acetate-Induced Toxicity (M+m)

Given the antioxidant focus in the selection of
ingredients for the specialized chocolate, we evalu-
ated its antioxidant properties using a rat model of
lead acetate-induced toxicity.

The results regarding the antioxidant defense
system under lead acetate exposure, based on rat

blood serum analysis, are presented in Table 1.
Table 1 — Evaluation of Antioxidant Defense Parameters in Rat

Groups MDA (nmol/mL) | DC (nmol/mL) Cat;ﬁ;ﬁgﬁi’ll)/ me Sg&g}“ﬂ‘ﬁg ‘;‘g
Group 1 (Initial data) 12,7+1,3 10,0+0,9 20,3+1,6 32,1£2,3
Group 2 (Lead acetate) 28,9+1,9% 15,6+1,2% 30,5+2,6%* 22,6+1,2
Group 3 (Lead + Chocolate) 16,8+1,4%* 12,440,9%* 7,1£1,5 30,9+2,3%*
Control Group 22,7+1,6%* 16,1+0,8 26,5+2,2 23,6+1,9%*

MDA: Malondialdehyde
DC: Diene Conjugates
SOD: Superoxide Dismutase

*Differences are statistically significant between the baseline (first) and lead acetate (second) groups (p < 0.05).
**Differences are statistically significant between the chocolate (third) group and both the lead acetate (second) and control

(fourth) groups (p < 0.05).

As shown by the presented data, lead acetate
exposure led to a significant increase in the levels
of primary and secondary lipid peroxidation (LPO)
products (MDA and DC) in the blood serum of rats
after 30 days, compared to baseline values.

The accumulation of lead in rat tissues, ac-
companied by the activation of LPO processes,
stimulated the formation of superoxide anions.
This, in turn, resulted in a statistically significant
50.5% increase in catalase activity in the serum.
Meanwhile, superoxide dismutase (SOD) activity

decreased significantly by 29.6% by the 30th day
of the experiment. The increased levels of primary
and secondary LPO products, along with changes
in the activity of key antioxidant enzymes, indi-
cated a reduction in endogenous antioxidant levels
and justified the need for additional antioxidant in-
take.

This assumption was confirmed by the results on
vitamin E concentration and total antioxidant activ-
ity (TAA) in rat blood serum under lead acetate ex-
posure, as shown in Table 2.

Table 2 — Vitamin E Content and Total Antioxidant Activity in Rat Blood Serum During Lead Exposure and Specialized Chocolate

Consumption
Groups Vitamin E (pg/100 mL) TAA (%)
Group 1 (Initial data) 0,72+0,03 65,3£3,6
Group 2 (Lead acetate) 0,45+0,03* 40,54+3,8*
Group 3 (Lead + Chocolate) 0,65+0,04** 59,3+4,9%*
Control Group 0,40+0,02%* 42,3449

*Differences are statistically significant between the baseline (first) and lead acetate (second) groups (p < 0.05).
*Differences are statistically significant between the chocolate (third) group and both the lead acetate (second) and control

(fourth) groups (p < 0.05).
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As shown in Table 2, in the lead acetate expo-
sure group (second group), a significant decrease in
vitamin E content by 37.5% was observed by the
30th day of the experiment compared to the baseline
group (first group). Additionally, total antioxidant
activity (TAA) decreased by 24.8%. These chang-
es indicate depletion of endogenous antioxidant
reserves in the rats due to toxic exposure and in-
creased utilization of antioxidants to normalize lipid
peroxidation (LPO) processes, reduce toxic stress,
and maintain overall metabolic balance.

The activation of LPO and the decline in anti-
oxidant status in rats exposed to lead acetate justi-
fied the use of products enriched with natural an-
tioxidants as a preventive measure. Such products
can reduce the risk of initiating lipid peroxidation
and the activation of the LPO-antioxidant defense
(LPO-AOD) system as a whole.

Given these findings, we evaluated the effects
of specialized chocolate, which was administered to
the rats with their diet over 30 days under lead ac-
etate exposure.

As shown by the data in Table 1, in the third
group (lead + chocolate), there was a statistically
significant reduction in primary and secondary LPO
products in the blood serum on the 30th day of the
experiment compared to the second (lead acetate)
and fourth (lead + glucose) groups.

For example, the level of malondialdehyde
(MDA) in the third group decreased by 41.9% com-
pared to the second group and by 30.0% compared
to the fourth group. Similarly, the content of prima-
ry LPO products (diene conjugates) in the blood se-
rum decreased by 20.5% and 29.8% compared to the
second and fourth groups, respectively, with these
differences being statistically significant.

The increased antioxidant supply in the rats,
particularly vitamin E, was confirmed by the serum
vitamin E data in the third group. As shown in Table
2, the vitamin E content in the third group increased
by an average of 33.3% compared to the second and
fourth groups. Additionally, the reduction in vita-
min E levels in the third group under lead acetate
exposure was 3.4 times smaller than the decline ob-
served from the baseline.

Furthermore, total antioxidant activity in the
third group was higher by 18.8% and 17.0% com-

pared to the second and fourth groups, respectively.
These findings demonstrate the positive effect of
specialized chocolate enriched with vitamin E and
resveratrol on mitigating oxidative stress and im-
proving antioxidant status in rats under lead acetate
toxicity.

The results of antioxidant activity between the
second and third groups were statistically signifi-
cant.

Thus, the conducted research demonstrated the
positive effects of specialized chocolate, developed
from mare’s milk and enriched with resveratrol and
vitamin E, on the lipid peroxidation-antioxidant de-
fense (LPO-AQOD) system in animals subjected to
lead acetate toxicity. The chocolate positively in-
fluenced the overall physiological condition of the
rats, including the condition of their coat, feed con-
sumption, and body weight changes. The addition-
al intake of vitamin E and resveratrol through the
chocolate improved not only the antioxidant supply
but also the activity of key antioxidant enzymes and
reduced the levels of primary and secondary LPO
products in the rats’ blood serum.

Conclusion

The purpose of the study was to evaluate the ef-
fectiveness of specialized chocolate during a 30-day
lead acetate exposure in rats. Using a well-founded
methodological approach, the study confirmed with
a high degree of reliability the benefits of dietary
support through the developed product.

The experimental findings on the properties of
specialized chocolate, made with powdered mare’s
milk, vitamin E, and resveratrol, provided statisti-
cally significant evidence supporting the use of di-
etary intervention in cases of lead poisoning. Spe-
cial attention should be given to inhibiting lipid
peroxidation processes, one of the key mechanisms
responsible for structural and functional damage to
biological and membrane integrity under toxic lead
exposure.

Based on the obtained experimental data, it is
recommended to use the specialized chocolate as
a preventive measure for individuals exposed to
heavy metals, particularly lead, which enters the
body through various pathways.
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