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ABSTRACT

Background. Worldwide, there is a rapid increase in the number of people suffering
from various forms of carbohydrate and lipid metabolism disorders. Modern stu-
dies show that the transport, distribution, excretion and accumulation of chemical
elements in these types of metabolic disorders change in different ways and affect
the further functional state of the body differently.

The aim. To evaluate the level of macro- and microelements in the blood serum
and liver, as well as the content of metal-ligand forms of zinc in the blood serum
of a Wistar rat in a high-calorie diet.

Materials and methods. Thirty male rats were selected for the experiment,
from which two groups were formed: control (n = 15) and experimental (n = 15).
The animals of the control group received the basic diet (270 kcal/100 g), and the ani-
mals of the experimental group received a high-calorie diet. During the experi-
ment, the caloric content of the diet of the experimental group gradually increased
from the caloric content of the total diet. During the study, body weight, biochemical
parameters of blood and urine were evaluated. The analysis of macro- and microele-
ments in the samples was carried out using inductively coupled plasma mass spec-
trometry. Determination of the content of individual zinc compounds in blood serum
was carried out using a combination of a chromatograph and a mass spectrometer.
Results. It was found that a high-calorie diet led to a decrease in the level of iron,
chromium, iodine, zinc, potassium, calcium, and an increase in vanadium in blood
serum. In the liver, there was a decrease in the level of lithium and an increase
in the level of calcium, vanadium, chromium, iron, zinc, cobalt. When assessing
the chemical forms of zinc in the blood serum, a percentage increase in the albumin
fraction was recorded against the background of a decrease in amino acid complexes
and low-molecular-weight forms of zinc.

Conclusion. The data obtained suggest that a high-calorie diet leads to an imbal-
ance of chemical elements, which can serve as one of the triggers for dysregulation
of a number of physiological functions of the bodly.
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PE3IOME

O6ocHoBaHue. Bo scém mupe ommedaemcsa cmpemumesibHbll pocm Yucia
J1100ed, Cmpaoaruux pasaudHsIMuU opMamu HapyweHuUs yes1e800H020 U 1UNUO-
Ho20 obmeHa. CospeMeHHble UCC/Ie008AHUS NOKA3bIBAIOM, YMO mMpaHchopm,
pacnpedesieHue, SKCKpeyus U HaKkonieHue Xumu4eckux 371eMeHmos npu OaHHbIX
8UOAX HApyuwleHUs 0bMeHa U3MeHAMCA NO-PA3HOMY U HeOOUHAKOB8O 8/1UAOM
Ha OasnbHeliwiee cCOCMosHUe 0p2aHU3MA.

Lens uccnedoeanusa. OyeHUMb ypo8eHb MAKPO- U MUKPO3/1eMeHMOo8 8 Cbl8o-
pOMKe KpoBU U heveHU, a Makxe cooepxxaHue Memasio-1u2aHoHbIX (pOpM UUHKA
8 CbIBOPOMKe Kpo8su y Kpbic tuHuu Wistar 8 ycnosusx 8vicokokanoputiHot ouemel.
Mamepuanel u memoosl. [ing npogedeHus 3KkcnepumeHma 6bi710 omobpaHo
30 Kpbic-camyo8, u3 Komopwix 6blIU ChOpMUPOBAHbI 8E 2pYNNbI: KOHMPOJIbHAA
(n=15)uoneimxas (n = 15). KugsomHsie KOHMPOIbHOU 2pyNNbl NOJTY4AIU OCHOBHOU
payuoH (270 kkan/100 &), a XugomHsele onblMHOU 2pynNnbl — 8bICOKOKATOPUUHYIO
ouemy. B xode s3xcnepumeHma kanaoputiHocme duemsl 0nblMHOU 2pynnbl CMyneH-
4yamo ygenu4yusaace om KasaoputiHocmu obujezo payuoHa. B xode ucciedosaHus
oyeHuBaIU MAccy mesnd, buoxumudeckue hapamempsl Kposu U Moyu. AHanu3
MAkpo- U MUKpO3JieMeHmo8 8 06pasyax nposoousicsi C NOMOWbo Memood Macc-
cnekmpomempuu ¢ UHOYKMUBHo-c8sa3aHHoU niasmol. OnpedesieHue cooepxaHus
UHOUBUOYAsbHbIX COEOUHeHUU YUHKA 8 CbIBOPOMKE Kpo8U Npo8oousICsa Ha KOMOU-
Hayuu xpomamoeapaga u Mmacc-cnekmpomempa.

Pesynemamel. YcmaHo8/1eHO, YmO 8bICOKOKA/IOpUliHaa duema npusoousia
K CHUXeHUI0 ypOBHA XeJle3a, XpomMd, Uo0a, YUHKA, Kaslus, Kaabyus U yeesaudeHuro
co0epXaHus 8aHAOUsA 8 CblBOPOMKe Kposu. B neyeHU ommeyanoce CHUXeHue
YPOBHA IUMUS U y8esludeHUe YpOBHA KaJlbyus, 8aHAOUS, XPOMA, Xesle3d, YUHKG,
kobanema. pu oyeHKe XUuMu4Yeckux popm UUHKA 8 CbIBOPOMKeE KPo8uU (hUKCUPO-
8aJ10Cb NPOUEHMHOe ygesiudeHue anbbyMuHo8oU (pakyuu Ha hoHe CHUXEeHUsA
AMUHOKUC/IOMHbIX KOMNJIEKCO8 U HU3KOMOJIEKY/TAPHBIX POPM YUHKA.
3akmoyeHue. [losyyeHHble 0aHHbIE N0380/IAI0M NPEONOIOXUMb, YMO 8bICOKOKA-
JiopuliHas ouema npusooum K OUCOANAHCY XUMUYeCKUX 371eMeHMOo8, 4mo Moxem
C/IYKUMb OOHUM U3 NYCKOBbIX MEXAHU3MOM OU3pe2ynayuu pAod (husuono2uydeckux
yHKYUU op2aHu3Ma.

Knioueesle cnoea: MukpossiemMeHmMel, YUHK, 8bICOKOKAnopuliHas ouemad, u3bbi-
MOYHBbIU 8€C, AHA/IU3 COOePKAHUSA XUMUYECKUX (hOpM 3/1eMeHmos
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Hble pOpPMbI LIMHKa B CbIBOPOTKE KPOBYU U nedeHn Kpbic nuHum Wistar. Acta biomedica
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INTRODUCTION

Worldwide, there is a rapid increase in the number
of people suffering from various forms of carbohydrate
and lipid metabolism disorders [1, 2]. This group of popu-
lation has an increased risk of developing obesity, type 2
diabetes mellitus, as well as a number of other diseases
[3]. The ability of the body to effectively adapt metabolism
depending on the needs and intake of nutrients is known
as metabolic flexibility [4]. The basis for maintaining a nor-
mal metabolism of the body is a full diet. However, the diet
of modern man is characterized by an unprecedented high
level of consumption of high-calorie food [5]. Despite the in-
creased caloric content of the diet, such a diet does not meet
the recommended dietary requirements for the consump-
tion of nutrients [6]. Improper nutrition in combination
with physical inactivity reduces the metabolic flexibility
of the body [7].

Fundamental and clinical studies show that the trans-
port, distribution, excretion and accumulation of chem-
ical elements in various forms of carbohydrate and li-
pid metabolism disorders change differently and affect
the further state of the body differently [8, 9]. This is due
to the fact that elemental homeostasis is a particular form
of the general homeostatic system of the body, changes
in which lead to a disorder of the molecular mechanisms
of adaptation [10]. Until recently, elemental homeostasis
was assessed by the total content of chemical elements
in various bio substrates. However, recent studies have
shown that changes in the level of trace elements, even
in the range of normal values, are accompanied by their
redistribution in different fractions [11]. Thus, metabol-
ic disorders can occur not only as a result of a deficien-
cy or excess of a certain element, but also due to the in-
teraction between various metal ions and the presence
of metal-binding (chelating) agents [12, 13]. Modern
studies confirm that the change in the ratios of the forms
of chemical elements in biological systems is the main
trigger mechanism for the regulation or dysregulation
of many physiological functions of living organisms [14,
15]. Zinc deficiency is known to be a risk factor for obe-
sity and diabetes. The study of zinc content is important
because various forms of this trace element are involved
in a variety of biochemical and physiological processes,
including the transport of Zn?* to the liver and other or-
gans; participation in the processes of cytotoxicity and in-
flammation, deactivation of free radicals, etc. However,
the vast majority of works are focused only on determin-
ing the total level of chemical elements in individual bio
substrates, which does not allow for a detailed assess-
ment of metabolism.

THE AIM OF THE STUDY

To evaluate the level of macro- and microelements
in the blood serum and liver, as well as the content of met-
al-ligand forms of zinc in the blood serum of a Wistar rat
in a high-calorie diet.
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MATERIALS AND METHODS

The study was carried out on the basis of the experi-
mental biological clinic (vivarium) of the Federal Research
Center for Biological Systems and Agrotechnologies of the
Russian Academy of Sciences. The experiment was per-
formed on Wistar rats in accordance with the protocols
of the Geneva Convention and the principles of good lab-
oratory practice (National Standard of the Russian Federa-
tion GOST 33044-2014: Principles of Good Laboratory Prac-
tice). The design of the experiment was approved by the lo-
cal Ethics Committee of the Federal Research Center for Bio-
logical Systems and Agrotechnologies of the Russian Acad-
emy of Sciences.

Thirty male rats were selected for the experiment,
from which two groups were formed: control (n = 15)
and experimental (n = 15). At the beginning of the ex-
periment, all laboratory animals were of the same age
(12 weeks). The animals of the control group received
the basal ration, and the animals of the experimental
group received a high-calorie diet. The basal ration includ-
ed a full-grain granular feed in accordance with GOST-R
50258-92 (full-grain feed for laboratory animals). The total
caloric content of the ration was 270 kcal/100 g (20 % pro-
tein, 10 % fat and 70 % carbohydrates). A high-calorie diet
was used to simulate the state of disorders of carbohydrate
and lipid metabolism. The combination of a large amount
of carbohydrates and fats of different origins more accu-
rately mimics the human diet [16], in this regard, the diet
is based on the addition of lard, coconut and sunflower
oils to the overall balanced diet, a 10 % solution of fruc-
tose was used as a drink. All components of the diet were
crushed into a homogeneous mixture, then granules were
formed, which were subsequently dried in an oven at 25 °C.
During the experiment, the caloric content of the diet grad-
ually increased by 30 % (1-4 weeks), 60 % (5-8 weeks) and
90 % (9-12 weeks) of the caloric content of the total diet
(Table 1). A step-by-step diet was used to gradually in-
crease body weight in order to reduce the stress response
of the body with an increase in caloric intake. The amount
of feed consumed was 30 g per rat, which corresponds
to the daily food requirement for this type of laboratory
animals. Throughout the experiment, both in the exper-
imental and control groups, complete feed consumption
was recorded.

Every 4 weeks, an examination of animals was con-
ducted, including an assessment of body weight, bio-
chemical parameters of blood and urine, which made
it possible to assess the disorder development degree
of carbohydrate and lipid metabolism in the experiment.
At the end of the test period, the animals were excluded
from the experiment to collect biomaterial in order to as-
sess the effect of a high-calorie diet on the body of lab-
oratory animals.

Screening studies to assess the disorder development
degree of carbohydrate and lipid metabolism were carried
out by determining the level of glucose in an oral glucose
tolerance test, total cholesterol, HDL, triglycerides and ath-
erogenic index using a biochemical express analyzer Car-



TABLE 1

THE COMPOSITION OF A HIGH-CALORIE DIET (PER 100 G OF FEED)

Parameters 1-4 weeks
Caloric content, kcal 351
Proteins, % 17.2
Fats, % 20.8
Carbohydrates, % 62

dioChek (Polymer Technology System, USA). Urine analy-
sis was performed using a semi-automatic analyzer Com-
bilyzer 13 (Human, Germany) using Combina 13 test strips
for the following indicators: color, volume, transparency,
pH, specific gravity, erythrocytes, leukocytes, glucose, uro-
bilinogen, protein, ketones, creatinine.

The analysis of macro- and microelements in blood
serum and liver samples of laboratory animals was car-
ried out using inductively coupled plasma mass spec-
trometry on an Elan 9000 (ICP-MS, PerkinElmer, USA).
Determination of the content of individual zinc com-
pounds in blood serum with high and low molecular
weight biological ligands was carried out by high-per-
formance liquid chromatography with inductively cou-
pled plasma mass spectrometry (HPLC-ICP-DRC-MS)
on a combination of PerkinElmer S200 chromatograph
(PerkinElmer, USA) and Elan 9000 mass spectrometer
(PerkinElmer, USA).

The data obtained were processed by variation sta-
tistics methods using Statistica 10 statistical package
(StatSoft Inc., USA). The hypothesis that the data be-
longed to a normal distribution was rejected in all cas-
es with a probability of 95 %, which justified the use
of non-parametric Mann - Whitney U test. The rela-
tionships between the parameters were evaluated us-
ing Spearman’s Rank Correlation Coefficient. The cor-
relation coefficients were estimated as follows: less
than 0.3 - weak relationship, from 0.3 to 0.5 - moder-
ate, from 0.5 to 0.7 - significant, from 0.7 to 0.9 - strong
and more than 0.9 - very strong relationship. In all sta-
tistical analysis procedures, the achieved significance
level (p) was calculated, while the critical significance
level was assumed to be p < 0.05.

RESULTS

The results of the studies showed that with a step-by-
step increase in the caloric content of the diet, the body
weight of laboratory animals of the experimental group
significantly increased relative to the control group
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5-8 weeks 9-12 weeks
430 506
14.5 12.1

32 42.3
535 45.6

(Fig. 1). By the 4th week of the experiment, the body
weight of the animals of the experimental group increased
by 9.8 %, by the 8th week — by 30 % and by the 12th week -
by 44.6 %.
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FIG. 1.

The effect of a high-calorie diet on the dynamics of body weight
of rats: ** — statistically significant difference between the experi-
mental group and the control (p < 0.01)

The results of a biochemical analysis of blood
by the end of the study showed a statistically significant
(p <0.01) increase in glucose levels by 52.5 %, total cho-
lesterol by 40.6 %, triglycerides by 127 %, an increase
in the atherogenicindex by 239 % and a decrease in HDL
levels by 26.5 % in animals of the experimental group
relative to the control group (Table 2). These changes
were not spontaneous, but tended to change gradually,
starting from the 4th week of the experiment.

The results of the oral glucose tolerance test
by 12 weeks of the experiment showed significant dif-
ferences between the experimental and control groups.
Post-load glucose levels in the control group began to de-
crease after the 30th minute and by the 120th minute re-



turned to near baseline values; while in the experimen-
tal group the decrease started only after the 60th min-
ute (Fig. 2).
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FIG. 2.
The effect of a high-calorie diet on glucose levels in an oral glucose
tolerance test (12 weeks of experiment): ** — statistically significant
difference between the experimental group and the control (p < 0.01)
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The results of clinical and biochemical urinaly-
sis did not undergo significant statistical changes at all
stages of the experiment and were within normal values
(Table 3).

Macro- and microelements are known to play an im-
portant role in the normal functioning of carbohydrate
and lipid metabolism [17], so the content of chemical ele-
ments in the blood serum of laboratory animals was studied.
In the experimental group relative to control, there was a sta-
tistically significant decrease in the level of iron (Fe) by 30 %,
chromium (Cr) - by 20 %, iodine (I) — by 18 %, zinc (Zn) -
by 11 %, potassium (K) — by 8.3 %, calcium (Ca) - by 6.3 %
and an increase in vanadium (V) by 5.3 % (Fig. 3).

TABLE 2

The liver is a key organ of homeostasis, the metabol-
ic role of which consists in the metabolism of a number
of nutrients, including chemical elements [18]. In this re-
gard, the content of chemical elements in liver tissues
was also evaluated. In the experimental group of rats,
there was a statistically significant decrease in the lev-
el of lithium (Li) by 39.7 % and an increase in the level
of Zn by 4.3 %, Ca by 32.4 %, V by 33.3 %, Cr by 45.2 %, Fe
by 53.4 %, and cobalt (Co) by 74.4 % (Fig. 4).

During the correlation analysis between the chem-
ical elements of blood serum and liver, the following
pattern was established: in animals of the experimen-
tal group, as a result of high-calorie diet, a decrease
in a number of chemical elements in blood serum was
recorded, which led to their increase in the liver (iron,
chromium, iodine, sodium, zinc, calcium) and vice versa
(manganese). Strong negative correlation was observed
for iron (r = —0.728), significant correlation — for chro-
mium (r = -0.654) and calcium (r = -0.679), moderate
correlation - for iodine (r = -0.456), weak correlation -
for sodium (r = -0.227), zinc (r = -0.171) and manga-
nese (r = 0.116). Lithium, selenium, boron, magnesium,
potassium, phosphorus, copper, vanadium, and cobalt
had the same tendency to change, both in blood serum
and in the liver.

Zinc deficiency is known to be a risk factor for obesity
and diabetes [19]. In this regard, the metal-ligand fractions
of zincin the blood serum of laboratory animals were eval-
uated. Four zinc-containing fractions were identified:
a2-macroglobulin, albumin, amino acid complexes (AMC
complexes) and low molecular weight forms of zinc.
Figure 5 shows the results of the analysis of the percentage
distribution of zinc by fractions when exposed to a high-
calorie diet.

A statistically significant percentage increase in the al-
bumin fraction from 45 to 66 % (p < 0.05) occurred in the ex-
perimental group of rats relative to the control affected
by a decrease in AMC complexes and low molecular weight

THE EFFECT OF A HIGH-CALORIE DIET ON THE BIOCHEMICAL ANALYSIS OF RAT BLOOD (12 WEEKS OF EXPERIMENT)

Parameters

Glucose, mmol/L

Cholesterol, mmol/L

HDL, mmol/L

Triglycerides, mmol/L

Atherogenic index

Note. ** — statistically significant difference between the experimental group and the control (p < 0.01).

Control group

4.95 (4.83-5.15)

1.6 (1.56-1.64)

0.98 (0.97-0.99)

0.59 (0.48-0.69)

0.64 (0.61-0.71)

Experimental group

7.55 (7.43-7.68)**

2.25(2.13-2.45)**

0.72 (0.69-0.74)**

1.34 (1.28-1.4)**

2.17 (1.97-2.35)**



TABLE 3

THE EFFECT OF A HIGH-CALORIE DIET ON CLINICAL AND BIOCHEMICAL URINALYSIS OF LABORATORY ANIMALS

(12 WEEKS OF EXPERIMENT)

Parameters

Color

Volume, ml

Transparency

pH

Specific gravity, rel.units

Erythrocytes, u/ml

Leukocytes, u/ml

Glucose, mmol/L

Urobilinogen, mmol/L

Protein, g/L

Ketones, umol/I

Creatinine, mmol/L

30 -
20 A

10 A

Control group

yellow

2.1(1.8-2.1)

transparent

7.4(7.3-7.5)

1.05

0.2 (0.18-0.24)

13.2(8.4-17.7)

Experimental group

yellow

2(1.9-2.1)

transparent

7.4(7.3-7.5)

1.07

0.22 (0.19-0.27)

12.4(8.8-16.9)

FIG. 3.

Li Zn K Se

Mn Cu \Y Co

Relative values of the content of chemical elements in the blood serum of the experimental group of rats (12 weeks of the experiment):
X-axis (0) — the level of elements in the control group; * - statistically significant difference between the experimental group and the control

(p < 0.05); ** - statistically significant difference between the experimental group and the control (p < 0.01)
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FIG. 4.

Cu

Zn Na | Ca Cr Fe Co

Relative values of the content of chemical elements in the liver of the experimental group of rats (12 weeks of experiment):
X-axis (0) — the level of elements in the control group; * - statistically significant difference between the experimental group and the control
(p < 0.05); ** - statistically significant difference between the experimental group and the control (p < 0.01)

Ealbumin

B a2-macroglobulin

Control group
FIG. 5.

BAMC complexes

OZn low-molecular forms

Experimental group

Percentage distribution of zinc by fractions when exposed to a high-calorie diet (12 weeks of experiment): ** — statistically significant differ-

ence between the experimental group and the control (p < 0.01)

forms of zinc. a2-macroglobulin level did not undergo sig-
nificant changes throughout the study.

DISCUSSION

On average, the excess of the control body weight
in animals of the experimental groups under the influ-
ence of the high-calorie diet by the end of the study was
44 %, which indicates the appearance of excess body
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weight. In the experimental group of animals, there was
a statistically significant tendency for glucose, total cho-
lesterol and triglyceride levels to increase while HDL lev-
els decreased. The established impaired glucose tolerance
as detected during the oral glucose tolerance test, as well
as an increase in the atherogenic index, are predictors of
diabetes and serve as risk factors for cardiovascular diseas-
es [20]. The findings may indicate insulin resistance devel-
oping as a result of obesity, which in turn will aggravate
the accumulation and retention of fat in the body. The re-



vealed disorders of carbohydrate and lipid metabolism are
among the first typical signs of metabolic syndrome and
may be associated with pro-inflammatory processes that
may partially occur in adipose tissue [21].

There are a number of studies investigating the pos-
sibility of using the content of macro- and microele-
ments in various biosubstrates as biomarkers of vari-
ous disorders of carbohydrate and lipid metabolism,
as well as their use as dietary supplements for metabol-
ic correction [22]. The data obtained during the study
show that exposure to a high-calorie diet for 12 weeks led
to a statistically significant decrease in the levels of iron,
chromium, iodine, zinc, potassium, calcium and an in-
crease in vanadium in blood serum. In the liver tissues
of the experimental group animals, a statistically signif-
icant decrease in lithium levels and an increase in zinc,
calcium, vanadium, chromium, iron, and cobalt levels
were noted. It is possible that such a pattern, associated
with the reverse redistribution of certain chemical ele-
ments from the blood serum to the liver, is due to a de-
fense mechanism. One study has demonstrated that in-
terleukins released from activated phagocytic cells
reduce the concentration of certain trace elements
in the blood of experimental animals by redistribut-
ing them from the blood to the liver [23]. The identified
chemical elements play an essential role in the regulation
of carbohydrate and lipid metabolism [24]. Any chang-
es in calcium concentration can interfere with the nor-
mal release of insulin, especially in response to glucose
load, which in turn will affect body fat accumulation [25].
Chromium increases insulin sensitivity and is a compo-
nent of glucose tolerance factor, and its decrease in blood
serum in obese individuals with impaired glucose toler-
ance is recorded in many studies [26]. The inflammato-
ry component of obesity, which leads to excessive hep-
cidin production, is believed to be one of the potential
mechanisms of iron deficiency (hypoferremia) in obesity
[27]. Variations in iodine, potassium, vanadium and co-
balt concentrations in various disorders of carbohydrate
and lipid metabolism are found in the works of several
researchers, but require more detailed study.

Zinc cannot freely cross cell membranes, so there
are a number of special carriers [28]. In this regard,
the study of zinc complexation is important since vari-
ous forms of this trace element are involved in a varie-
ty of biochemical and physiological processes, including
Zn?* transport into the liver and other organs; participa-
tion in the cytotoxicity and inflammation processes, deac-
tivation of free radicals, etc. [29]. In this study, a decrease
in total blood zinc level and an increase in liver tissue
zinc level were detected, while a statistically significant
percentage increase in the albumin fraction was record-
ed, with a decrease in AMC complexes and low-molecu-
lar-weight forms of zinc. Studies conducted by K.T. Smith
et al. on isolated perfused rat intestines have shown that
albumin is responsible for Zn?* transport into the liver
[30], which may explain the findings. The observed statis-
tically significant changes in zinc distribution by individu-
al forms in blood serum indicate a change in zinc metab-
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olism due to high-caloric diet consumption. Evaluation of
zinc fractions in blood serum revealed the presence of dys-
metabolism of this metal when exposed to a high-calorie
diet at a more subtle level. It is possible that these chang-
es served as the molecular basis for changes in the total
concentration of zinc in blood serum.

CONCLUSION

1. In the course of the study, it was found that the use
of the developed high-calorie diet by Wistar rats for 12 weeks
led to overweight in animals, impaired lipid metabolism
and impaired glucose tolerance. These findings show
that this diet makes it possible to simulate metabolic disor-
ders and prove the effectiveness of its further use in studies
of disorders of carbohydrate and lipid metabolism in labo-
ratory animals.

2. Inthe course of the study, it was found that a high-
calorie diet led to a statistically significant decrease
in the levels of iron, chromium, iodine, zinc, potassi-
um, calcium and an increase in vanadium in blood se-
rum. In turn, there was a statistically significant de-
crease in the level of lithium and an increase in the lev-
el of zinc, calcium, vanadium, chromium, iron, and co-
balt in the liver.

3. Due to the evaluation of the chemical forms
of zinc, it was found that the detected decrease in zinc in
blood serum and an increase in its concentration in the
liver when using a high-calorie diet is associated with
an increase in the serum albumin fraction of zinc affect-
ed by a decrease in AMC complexes and low-molecular
forms of zinc.

The evidence suggests that a high-calorie diet leads
to an imbalance of chemical elements, which may be one
of the triggering mechanisms for the dysregulation
of a number of physiological functions in living organ-
isms. The changes revealed in metabolism may be a direct
cause of the development of various functional disorders
responsible for the onset of metabolic disorders and asso-
ciated diseases.
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