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Background. Metabolic syndrome (MS) is a complex of disorders characterized by abdominal obesity, insulin
resistance and glucose tolerance, arterial hypertension, and all types of metabolic disorders. Taking into ac-
count the wide range of symptoms accompanying MS, the use of preparations with pleiotropic effects on
metabolic processes in the body could be promising for its treatment.

Objective. The aim of this study is comparative estimation of metformin or its combination with vitamins'
complex or liposomal preparation treatment effects on DNA, RNA, histones, ATP, ADP, AMP contents,
and DNA fragmentation processes in testes of rats with MS induced in juvenile age.

Methods. MS model was induced by full replacement of drinking water with 10% fructose solution in
Wistar male rats of 21—23 days age (50—70g). DNA, RNA, histones, ATP, ADP, AMP contents, and
DNA fragmentation processes investigations were carried out after 60 days of MS modeling and metformin
or its combination with vitamins' complex or liposomal preparation treatment.

Results. In experiments with pubertal rats with MS and metformin or its combination vitamins' complex or
liposomal preparation treatment, we established partially corrective effects of these medications for DNA,
RNA, histones, ATP, ADP, AMP contents, and DNA fragmentation processes changes caused by MS
development.

Conclusions. A comparative analysis of the studied preparations' effects under MS simulation in the juvenile
age showed that none of these drugs was able to completely normalize the disorders in studied indicators
caused by MS. However, both combinations of metformin with vitamins' complex or liposomal preparation
were still more effective in these negative changes' correction then metformin itself. Metformin with vita-
mins' complex caused a more pronounced influence on the processes of DNA fragmentation, the levels of
adenyl nucleotides, and the energy charge of rat testicular cells, while the corrective effect of metformin with

liposomal preparation was more noticeable with respect to the content of chromatin components.
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Introduction

Metabolic syndrome (MS) is a complex of
disorders characterized by abdominal obesity, insu-
lin resistance and glucose tolerance, arterial hyper-
tension, and all types of metabolic disorders [1]. Its
severe consequences for men reproductive function
necessitate the search for new approaches to its
pharmacological treatment [2].

Ineffectiveness of non-pharmacological me-
thods prompts patients to use metformin, which is
included in the list of drugs recommended by the
WHO for the treatment pre-diabetic conditions
such as MS [3].

Metformin increases sensitivity to insulin and
improve glucose metabolism. However, informa-
tion regarding the effect of metformin on the re-
productive function of MS patients is quite contra-
dictory [4, 5].

On the other hand, taking into account the
wide range of symptoms accompanying MS, the
use of preparations with pleiotropic effects on me-
tabolic processes in the body could be promising.
To such medicines belongs phosphatidyl choline-
quercetin liposomal preparation, which has a wide
range of pharmacological effects [6—10]. This
preparation has an antioxidant, antihypoxic and
anti-inflammatory effect. Its therapeutic effect is
realized via the blockade of the 5-lipoxygenase
pathway of arachidonic acid metabolism by quer-
cetin and simultaneous antihypoxic and antioxidant
action of lecithin liposomes. This medicine restores
the functional activity of the vascular endothelium,
synthesis and/or release of endothelial relaxation
factor (nitric oxide), inhibits the processes of lipid
peroxidation in blood and tissues, supports the ac-
tivity of the body's antioxidant systems, prevents a
decrease in the energy metabolism of cells, and ex-
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hibits a membrane- and endothelium-protective ef-
fect. It is prescribed in the complex treatment of
acute myocardial infarction without a Q wave,
unstable and stable angina pectoris (IHD), myo-
carditis, to prevent toxic damage to the myocar-
dium during cycles of polychemotherapy for breast
cancer.

It could also be promising to use (together
with metformin) the multivitamin preparation con-
taining DL-methionine, vitamins E, B,, B; and
zinc sulfate heptahydrate. Previously, we demon-
strated the gonadoprotective effect of this vitamins'
complex under the conditions of antituberculosis
agents' administration to male rats [11]. In our
previous investigations, it was found that metformin,
phosphatidyl choline-quercetin liposomal prepara-
tion, and to a lesser extent, this multivitamin pre-
paration with MS, have gonadoprotective action,
mediated by the involvement of various mechan-
isms. The range of pharmacological correction in-
dicators for each of the preparations was not the
same and none of them could completely remove
the negative impact of MS on the gonads [12].

The aim of this study is comparative estima-
tion of metformin or its combination with vitamins'
complex or liposomal preparation treatment effects
on DNA, RNA, histones, ATP, ADP, AMP con-
tents, and DNA fragmentation processes in testes
of rats with MS induced in juvenile age.

Materials and methods

A total of 50 Wistar male rats of 21—23 days
age (50—70g) were used in the study. They were
kept under a controlled temperature (from 22 to
24 °C), relative humidity of 40% to 70%, lighting
(12 hours light-dark cycle), and on a standard pel-
let feed (Research Limited Liability Company
"F.U.D", Tetiiv, Ukraine). The procedure followed
the 1986 UK Animals (Scientific Procedures) Act
and the EU Directive 2010/63/EU and was ap-
proved by the Institute’s Animal Care and Use
Committee (approval number 01/07/15).

In experiments were used phosphatidyl cho-
line-quercetin liposomal preparation (PQ) (which
includes egg phosphatidylcholine-1,2-diacyl-sn-y-
glycero-3-phosphocholine, lecithin — 550 mg and
quercetin — 3,3',4',5,7-pentahydroxy flavonein terms
of dry substance 15 mg per 1 portion) and multivi-
tamin preparation (MV) (containing DL-methio-
nine — 291 mg; a-tocopherol acetate (vitamin E) —
7.5 mg; thiamine hydrochloride (vitamin Bl1) —
0.9 mg; nicotinamide (vitamin B3) — 0.68 mg;
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zinc sulfate heptahydrate, which is equivalent to
zinc 0.03 mg — 0.14 mg per 1 capsule).

The model of MS was reproduced according
to the protocol of Bettaieb ef al. [13]. Animals
were divided into 5 groups (10 animals in each
group): 1 — Control 1 (intact rats), 2 — MS model —
complete replacement of drinking water with
10% fructose solution for 60 days [13], 3 —
MS + metformin (rats with MS and metformin
treatment [266 mg/kg of body weight (b.w.),
per os, in a 1% starch gel] after 30 days from the
start of MS simulation, 30 days]), 4 — MS + met-
formin + PQ (rats with MS and metformin [as in
group 3] + PQ treatment [3.1 mg/kg of body
weight (b.w.), (in terms of quercetin), in the form
of a suspension in physiological solution 2 hours
before the administration of metformin, intra-
peritoneally, after 30 days from the start of MS si-
mulation, 30 days]), 5 — MS + metformin + MV
(rats with MS and metformin [as in group 3]
+ MV treatment [77.3 mg/kg of body weight (b.w.),
(in terms of methionine), in a 1% starch gel
2 hours before the introduction of metformin,
per os, after 28 days from the start of MS simula-
tion, during three five-day courses with a break of
9 days])).

The solutions were prepared by mixing crys-
talline fructose (Shandong Xiwang Sugar Industry
Co., Ltd., Binzhou, China) with drinking water on
a daily basis and given to the MS groups ad libitum
for 60 days. Metformin manufactured by LEK SA,
Poland, DNO0372 series, phosphatidyl choline-
quercetin liposomal preparation manufactured
by NanoMedTech LLC, Ukraine, experimental
series 050715, and multivitamin preparation
produced by PrJSC "Technolog", Ukraine, R.P.
No. UA/1553/01/01 were used for administration
to animals. The coefficient for conversion of hu-
man doses to animal equivalent doses based on
body surface area was taken into account for all
drugs [14].

After 60 days of 10%, fructose solution con-
sumption and metformin, PQ, or MV treatment
rats were sacrificed under mild ether anesthesia
by decapitation. Testes were removed and used
for further investigations. A comprehensive assess-
ment including determination of testes' DNA,
RNA, histones, ATP, ADP, AMP contents, and
DNA fragmentation, was carried out after 60 days
of MS modeling. Testes DNA and RNA were iso-
lated as previously described [15].

Chromatin DNA fragmentation evaluation (as
an apoptosis marker) was carried out according to
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Bondarenko ef al. [16]. DNA were dissolved in
TBE buffer (10 mm Tris-HCI and 1 mm EDTA,
pH 8); and then were fractionated through 2% aga-
rose gels (50—60 V; 3.5 h). After electrophoresis,
gels were stained with ethidium bromide and visu-
alized under a UV transilluminator (BIORAD,
USA). Electrophoresis data analysis was carried out
with Quantity One Software (USA).

Histone content was determined according to
the modified method of N. Smirnova [17].

Spectrophotometric determination of the con-
centration of DNA and RNA was carried out ac-
cording to the generally accepted method [18].
Light absorption at a wavelength of 260 nm was
measured. The DNA concentration was calculated
using a conversion factor of 6.5 according to

RNA content was similarly determined and its
concentration was calculated using a conversion
factor of 5.2 according to

Crnalng/ml] = Apgpx5.2.

Determination of the content of AMP, ADP
and ATP was carried out by the method of thin-
layer chromatography [19].

The energy charge (FC) was calculated ac-
cording to

_ 2ATP+ADP
" ATP + ADP + AMP’

EC

The protein content in different fractions of
testes was determined according to the method of
O.H. Lowry et al. [20].

Statistical analysis

The obtained data were expressed as the mean
* standard error of the mean (M = SEM) and ana-
lyzed using one-way analysis of variance (ANOVA)
followed by Tukey's test using OriginPro 7.5 Soft-
ware. Differences were considered to be statistically
significant at p < 0.05.

Results

The verification of the MS model in rats of
different ages was carried out by us previously us-
ing glucose tolerance test and blood pressure eval-
uation. Glucose intolerance and hypertension de-
velopment were demonstrated [16].

In the current study we have established that
testicular cells functions changes, caused both by
MS itself and by the action of metformin, PQ, and

MYV on its background, were accompanied by in-
tensification and changes in the nature of nuclear
DNA fragmentation processes (Figure).

Under the conditions of MS, DNA fragmen-
tation in the testes of rats was significantly in-
creased compared to the control (Figure, Table 1).
The development of MS in pubertal rats, in con-
trast to controls, was accompanied by the activa-
tion of DNA fragmentation processes in the testes
with the formation of 13 fractions of low molecular
weight fragments at once. The percentage of frag-
mentation increased almost 4 times: from 7.04% in
the control to 27.63% — in animals with MS. At
the same time, 8 fractions consisted of fragments
with masses from 20 to 100 base pairs (b.p.), while
relatively more massive fragments were represented
by 5 fractions with a length of 350—500 b.p.
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Figure: The level of DNA fragmentation in the testes of rats
with juvenile-onset metabolic syndrome and metformin or its
combination with MV or PQ treatment (M * m, n = 10):
1 — marker, 2 — control; 3 — MS; 4 — MS + metformin; 5 —
MS + metformin + PQ; 6 — MS + metformin + MV (MS —
metabolic syndrome, MV — multivitamin preparation, PQ —
phosphatidyl choline-quercetin liposomal preparation)

Table 1: Relative % of DNA fragmentation in testes of rats with
juvenile-onset metabolic syndrome and metformin or its combi-
nation with MV or PQ treatment

Relative % of

Group DNA fragmentation
Control 7.04
MS 27.63
MS + metformin 20.91
MS + metformin + PQ 21.93
MS + metformin + MV 3.14

Notes. MS — metabolic syndrome, MV — multivitamin prepara-
tion, PQ — phosphatidyl choline-quercetin liposomal prepara-
tion.



Under the conditions of metformin treatment,
a certain normalization of DNA fragmentation was
noted in the testes of rats: the number of fragment
fractions decreased to 10, of which only 2 fractions
of fragments with masses from 800 to 450 b.p. were
formed, and the rest were represented by low-
molecular fragments (from 100 to 200 b.p.).

Therefore, the metformin treatment to some
extent weakened the negative consequences of MS
development for DNA fragmentation processes: the
number of fractions decreased compared to un-
treated animals (Figure, Table 1).

When applying metformin with PQ in the
testes of rats, there was no normalization of DNA
fragmentation: 14 fractions of fragments were
formed with masses from 700 to 20 b.p. with a
predominance of low molecular weight ones (from
20 to 200 b.p. — 8 fractions). The percentage of
fragmentation was 21.93%. Therefore, treatment by
PQ with metformin did not reduce the negative
consequences of MS for DNA fragmentation
processes: the number of fragment fractions and
the level of fragmentation did not decrease com-
pared to MS animals.

Under the conditions of MS treatment by
metformin with MV in the testes of rats, there was
also no normalization of DNA fragments number:
12 fractions of fragments with masses from 500 to
100 b.p. were formed, with a predominance of the
number of low molecular weight ones (from 20 to
200 b.p. — 9 fractions). However, the content of
these fractions decreased significantly: the percen-
tage of fragmentation in this group was normalized

Table 2: Nucleic acids and histones changes in testicular
of metformin or its combination with MV or PQ
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up to 3.14% (Table 1). Therefore, the simultaneous
use of MV with metformin weakened the negative
consequences of MS for the processes of DNA
fragmentation: the percentage of fragmentation de-
creased compared to MS animals.

Changes in testicular cells chromatin com-
ponents stability with MS and tested medicines
administration were accompanied by quantitative
changes in these compounds. The results of the
study of the content of nucleic acids, indices of
their ratio and the content of histones in testicular
cells of rats with juvenile-onset metabolic syn-
drome and metformin or its combination with MV
or PQ treatment are shown in Table 2.

From the given data, it can be seen that there
is an increase in the content of DNA, DNA-bound
proteins, RNA, and histones in testicular cells with
MS. At the same time, the RNA /DNA and
RNA/total nucleic acids (NA) ratio — decreased.
Tested medicines administration allowed partially
normalizing abovementioned parameters. The ex-
ception was the histones content, which remained
elevated.

The study results on ATP, ADP, AMP and
energy charge level changes in testicular cells of
rats with juvenile-onset metabolic syndrome and
administration of metformin or its combination
with MV or PQ are shown in Table 3.

It can be seen from the given data that in
testes of rats with MS, ATP and ADP contents
decrease (-27% and -49% correspondently) with
a simultaneous minute increase in the AMP con-
tent (+3%).

cells of rats with juvenile-onset MS and administration

Groups

Indices

MS + metformin  MS + metformin

Control MS MS + metformin +PQ +MV

RNA content, 28.90 + 3.71 38.70 + 1.70* 30.50 + 2.02° 29.33 + 3.42° 29.54 +1.51*
ug/ mg of tissue

DNA content, 17824250  30.19 +3.91* 17.03 + 4.23* 14.80 + 3.60 15.10 + 2.24*
ug/ mg of tissue

DNA-bound proteins, 169 ¢34 1402 17840 +25.50* 973942621 8670 +2340°  92.05+22.70°
ug/mg of tissue

RNA/DNA 1.67+0.17 139 +0.16 2.43+0.60 248 +0.58 2534061
RNA/NA 0.62 +0.03 0.57 +0.03 0.67 +0.05 0.68 + 0.04 0.66 + 0.06
Histones, 26.11 +3.03 36.02 + 1.01* 30.02 + 5.01 40.14 + 1.04%*  38.15 + 1.00%*

pg /mg of tissue

Notes. * — p < 0.05 compared to the control group, # — p < 0.05 compared to the MS group; MS — metabolic syndrome, MV —
multivitamin preparation, PQ — phosphatidyl choline-quercetin liposomal preparation.
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Table 3: ATP, ADP, AMP and energy charge levels changes in testicular cells of rats with juvenile-onset MS and
administration of metformin or its combination with MV or PQ

Groups

Indices

Control MS

MS + metformin

MS + metformin
+ MV

MS + metformin
+ PQ

ATP content,
pg/mg of protein

ADP content,
pg/mg of protein

AMP content,
pg/mg of protein

439.83 £ 18.71  336.93 * 28.69*

845.76 + 38.56  429.68 £ 29.50*

497.10 £ 18.99  510.55 £ 14.10

Energy charge,

cu 0.48

0.43

353.45 £ 17.99*

709.78 + 87.81#

565.79 £ 54.52

337.74 £ 40.24*  1131.61 % 56.72%#

482.17 + 44.84* 850.45 + 59.72#

507.72 £ 98.04  974.35 + 174.67*#

0.35 0.44 0.47

Notes. * — p < 0.05 compared to the control group, # — p < 0.05 compared to the MS group; MS — metabolic syn-
drome, MV — multivitamin preparation, PQ — phosphatidyl choline-quercetin liposomal preparation.

The treatment with metformin and PQ did
not lead to the normalization of these indices,
while the combination of metformin with MV
made it possible to significantly increase the con-
tent of ATP and ADP and completely normalize
the cells' energy charge.

Discussion

In this work, our task was to assess the possi-
bility of additional correction of the reproductive
system state with juvenile-onset metabolic syndro-
me, by preparations that demonstrated a certain
gonadoprotective activity in our previous studies on
adult animals [11, 12]. Since preliminary experi-
ments showed that metformin monotherapy in this
case was not sufficiently effective [12], it was of in-
terest to compare the results obtained in a single
experiment of including MV and PQ into the
treatment regimen.

Damage to any intracellular macromolecules
with MS development can be of fundamental im-
portance for cell's vital activity, and can lead to
cell's damage and death.

There is a clear correlation between systemic
changes in DNA structure and a number of chan-
ges characterizing the MS development [21]. Sti-
mulation of DNA fragmentation processes under
the conditions of metabolic syndrome development
is obviously connected with stimulation of oxida-
tive processes with this pathology [22]. Oxidative
processes intensification can lead to oxidative
modifications of purine, pyrimidine, and deoxyri-
bose residues, disruption of DNA interaction with
chromatin proteins and enzymes, and therefore, as
a result, to significant changes in the stability of

the DNA molecule [22]. The violation of testicular
cells apoptosis normal process due to MS can
lead to the limitation of their regeneration and
the deepening of pathological changes in these or-
gans [21, 23]. Our results on the increase in the
level of DNA fragmentation with metformin ad-
ministration against the background of MS are ful-
ly consistent with the data of other authors estab-
lishing the presence of this medicine significant ef-
fect on the processes of adenyl nucleotide metabol-
ism and its ability to stimulate cell autophagy [24].

Quercetin has a lot of pharmaceutical appli-
cations, many of which arise from its potent anti-
oxidant properties and liposomal form can signifi-
cantly improve its solubility and bioavailability [9].
However, we did not reveal positive effect of PQ
on testicular DNA fragmentation rate in our expe-
riments. Such results are fully consistent with the
data [25, 26], which showed the ability of phos-
phatidylcholine and quercetin, (PQ components),
to affect directly the processes of cells prolifera-
tion, stimulating their apoptosis. Pro-apoptotic ef-
fects of quercetin could be realized via different
mechanisms involving antioxidant effects and the
suppression of p53 gene and BCL-2 protein [27].
The suppression of BCL-2 gene transcription di-
minishes the inhibitory effects on BAD protein in
the mitochondria, which is considered as the in-
itiator of apoptosis for the intrinsic pathway [28].
The inhibition of p53 leads to susceptibility of cells
toward cytotoxicity induced by quercetin [29]. It
should be noted that p53 also acts as a modulator
of intracellular levels of ROS exerting antioxidant
effects in cells with no or low stress through the
regulation of genes involved in such activity, which
comprises microsomal GSH transferase homolog



PIG12, aldehyde dehydrogenase 4 family member
Al (ALDH4A1), Gpx1, manganese superoxide dis-
mutase (SOD2) and catalase) [30—34]. Apart of
p53, such proteins as p63 and p73 may be involved
in apoptosis stimulation [34]. Additionally, the
apoptotic processes caused by quercetin could be
mediated by the dissociation of Bax from Bcl-xL
and the activation of caspases [35].

The MV vitamins' complex normalizing effect
(used together with metformin) on DNA fragmen-
tation processes under MS could be possibly due to
the ability of Zn** ions to replace Ca?* ions, thus
affecting the Ca-dependent ways of autophagy
processes stimulation by metformin. At the same
time, non-calcium mediated metformin influence
on lipid metabolism and glycolysis processes is not
disturbed [24]. In addition, maintaining discrete
subcellular pools of Zn?** is critical for cells' func-
tional and structural integrity. Among the essential
biological processes influenced by Zn?>" is apopto-
sis, which is important in cellular homeostasis [36].

No less can be the contribution of methionine
contained in the MV to the overall normalizing ef-
fect of the preparation. It was shown that methio-
nine can influence directly on chromatin compo-
nents state and structure, as soon as indirectly —
via changing nucleosome mobility, metabolic en-
zymes, chromatin remodelers and chromatin mod-
ifiers activities [37]. Oxidative DNA damage and
apoptosis could also be inhibited by another MV
component — tocopherol [38].

Differences in the nature and intensity of
DNA fragmentation processes noted in our expe-
riments may be caused by changes in the activity
levels of nucleases and other enzymes involved in
maintaining the stability of the structure of DNA
molecules in response to the administration of the
studied substances. Depending on the set and effec-
tiveness of nucleases, DNA fragmentation occurs to
varying degrees in cells of different lineages [39, 40].

An increase in the content of chromatin com-
ponents against the background of MS may be
associated with a reduced release of spermatozoa
from the testes due to a violation of their forma-
tion and metabolism of nuclear DNA as such [41].
Immature spermatocytes accumulate in the tes-
ticles. Their transformation into spermatozoa is
inhibited by hormonal imbalance in MS. Changes
in the DNA content under conditions of obesity
caused by a high-energy diet are confirmed by the
data of other authors [42]. In addition, the deve-
lopment of oxidative stress with MS may cause
changes in the kinetics of DNA methylation pro-
cesses due to the effect on DNA methyltransferase
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activity, thereby reducing DNA methylation [22].
The above-mentioned possible disturbances in the
interaction of DNA with chromatin proteins and
enzymes as a result of stimulation of oxidative
processes irreversibly change the kinetics of tran-
scription processes [22].

A decrease in RNA to DNA and RNA to NC
ratios is evidence of the predominance of chromatin
components changes at the transcriptional rather
than translational and posttranslational levels, which
was also noted in the works of other authors [22].

The effect of PQ on the studied parameters
might be due to the quercetin ability to modify the
RNA polymerase activity [43], as soon as to form
quercetin-DNA complexes [44] and to interact
with DNA-binding proteins [45]. The MV compo-
nents multiple effects on quantity and quality of
RNA, DNA and chromatin proteins, both direct
and indirect, have already been mentioned by us
above [36—38].

Histones, protamines, and non-coding RNA
molecules are also targets of oxidative stress [22].
Therefore, the changes in their contents noted with
MS are quite expected and are fully consistent with
the data of other authors. In particular, it was re-
cently established that tRNA has become a new
factor contributing to the pathogenesis of diabetes.
Changes in aminoacylation processes, as well as
tRNA modification and fragmentation accompany
B-cell failure, obesity, and insulin resistance [46].

Quercetin can influence on histones contents
via histone deacetylases [47] or another histone
epigenetic modifications [48]. The effects of MV
components on histones might be mainly to me-
thionine influence on chromatin architecture [37].

Our results on ATP, ADP, AMP, and energy
charge levels changes in testicular cells of rats with
juvenile-onset metabolic syndrome and administra-
tion of metformin or its combination with MV or
PQ are fully consistent with the data of other au-
thors, established the existence of a clear depen-
dence of the content of ATP and ADP on the
concentration of glucose in the blood [49]. Such
changes in the content of ATP, ADP, and AMP
with MS may be caused by disturbances in the ac-
tivity of adenosine deaminase, similar to those ob-
served with diabetes [50]. Due to the inhibition of
adenosine deaminase activity, 2'-deoxyadenosine
accumulates and is converted to 2’-deoxyadeno-
sine-5'-triphosphate (dATP), which inhibits ribo-
nucleotide reductase (RNR), a crucial enzyme in
DNA synthesis. And the lack of AMP is compen-
sated by its formation from ATP and ADP through
their dephosphorylation.
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Also, indirect mechanisms of influence on
ATP, ADP, and AMP contents probably causing
the above-mentioned changes in chromatin com-
ponents and DNA fragmentation processes with
MS cannot be excluded.

Our data regarding the metformin effect on
the content of ATP, ADP, and AMP are in good
correspondence with the results of other authors,
established that the final intracellular target for
metformin was 5'-adenosine monophosphate-acti-
vated protein kinase, a key energy sensor of the
cell [51]. According to these data, metformin
penetrates mitochondria through the intracellular
space and accumulates in them. Here metformin
causes a decrease in ATP production and an in-
crease in [AMP]/[ATP] and [ADP]/[ATP] ratios.
In addition, it reduces the activity of AMP-de-
aminase, which converts AMP into inosine mono-
phosphate, inducing the accumulation of AMP in-
side the cell, as a result of which the activation of
5’-adenosine monophosphate-activated protein ki-
nase occurs.

Therefore, metformin could influence on the
content of ATP, ADP, and AMP in our experi-
ments via stimulation of AMP and inhibition of
ADP and ATP formation, suppressing the proces-
ses of adenyl nucleotides phosphorylation [24] dur-
ing the mediated activation of adenosine 5'-mono-
phosphate protein kinase. The multistage apopto-
sis-inducing effect of metformin is apparently trig-
gered by the same mechanism.

The absence of a pronounced normalizing ef-
fect of PQ on energy metabolism in our expe-
riments is possibly due to the fact that quercetin
acts as the energy transfer inhibitor and can mo-
dify metabolisms of ATP, ADP, AMP and the
ATP/ADP ratio [52].

The B group vitamins and zinc ions (con-
tained in the MV) could cause the defining con-
tribution to the overall preparation's normalizing
effect on ATP, ADP, AMP, and energy charge le-
vels [53, 54] as it was previously shown that alpha-
tocopherol normalised the levels of MDA but
did not substantially affect the energy metabolic
indices [55.]

The MYV pronounced effect on adenyl nucleo-
tides, and energy charge levels looks very promis-
ing, since numerous studies have demonstrated the

ability of extracellular nucleotides (mainly ATP
and to a lesser extent ADP) to regulate a number
of biological processes, including blood coagula-
tion, wound healing and inflammation, which are
significantly impaired in multiple sclerosis and
diabetes [56].

Conclusions

In experiments on rats with MS and metfor-
min or its combination with vitamins' complex or
liposomal preparation treatment, we established the
effects of these medications on DNA, RNA, his-
tones, ATP, ADP, AMP contents, and DNA frag-
mentation processes. A comparative analysis of the
studied preparations’ effects under MS simulation
in the juvenile age showed that none of these drugs
was able to completely normalize the disorders in
studied indices caused by MS. However, both
combinations of metformin with vitamins' complex
or liposomal preparation were still more effective in
these negative changes' correction then metformin
itself. Metformin with vitamins' complex caused a
more pronounced influence on the processes of
DNA fragmentation, the levels of adenyl nucleo-
tides, and the energy charge of rat testicular cells,
while the corrective effect of metformin with lipo-
somal preparation was more noticeable with re-
spect to the content of chromatin components.
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N.B. BonpapeHko®, .M. WasxmeToBa’, O.€. TkaueHko', M.M. KanaunHcbka®, B.M. KoeaneHko

1Y “IncTuTyT dhapmakonorii Ta Tokcukonorii HAMH Ykpaiun®, Kuis, Ykpaina
2Bi):u<p1/|T1/|17| MiKHapOAHWU yHiBepCUTET PO3BUTKY MOANHK “YKkpaiHa”, Kuis, YkpaiHa

BMNMB MET®OPMIHY TA MPEMAPATIB I3 MIENOTPOMHOIO AIEI0 HA BIOXIMIYHI MOKA3HUKN CIM’SIHUKIB LLYPIB
3 METABOJTIYHMM CMHOPOMOM, LLO PO3BUHYBCA Y IOBEHIJIbHOMY BILlI

Mpo6nemartuka. MeTtaboniyHmin cuHapom (MC) € KOMNIEKCOM NOpyLUEHb, WO XapaKTepuayTbcs abaoMiHanbHUM OXUPIHHAM, iHCYmiHO-
PE3NCTEHTHICTIO Ta TONEPaHTHICTIO A0 MIOKO3M, apTepianbHOLo rinepTeHsielo Ta BCiMa BuaamMm MetaboniyHux nopylieHs. 3 ypaxyBaH-
HSIM LLIMPOKOrO CNeKkTpa CUMMTOMIB, L0 cynpoBoaxytoTe MC, 3acTocyBaHHsl npenaparTiB i3 NNenoTponHo Aieto Ha MeTaboniyHi npoue-
CMW B OpraHi3aMi Moxe ByTu nepcneKTMBHUM A5 NOro MiKyBaHHS.

MeTta. MeTolo gocnigXeHHs € nopiBHANbHa ouiHka BNNuBy meTdopmiHy abo noro komGiHauii i3 BiTaMiHHMM KOMMMEKCOM 4y
ninocomaneHum npenapatoM Ha BmicT [HK, PHK, rictoHis, AT®, AO®, AM®, npouecu dparmenTauii AHK y cim‘aHukax wypis i3 MC,
iHAYKOBaHWUM Y I0OBEHINIbHOMY BilLli.

MeTopuka peanizauii. Mogens MC iHgyKyBanu noBHOH 3amiHOW NUTHOI Boau 10 %-BUM po3yMHOM DPYKTO3M Y LUYpIiB camuiB niHii
Bictap y Biui 21-23 gHiB (maca Tina 50-70 r). BusHaveHnHsa Bmicty OHK, PHK, rictoHiB, AT®, AP, AM® i gocnigxeHHs npouecis
parmenTauii HK npoeoamnu yepes 60 gHiB mogentoBaHHsa MC i BBegeHHS MeTdhopMiHy abo Moro noegHaHHs 3 BiTaMiHHUM KOMMSIeK-
COM YU NinocomasnbHUM npenapaToM.

PesynbTaTtn. B ekcnepumeHTax Ha cTaTeBo3pinux wypax i3 MC i BBeaeHHsIM MeTcopMiHy abo oro noegHaHHs 3 BiTaMiHHUM KOMMNEK-
COM 4M finocomarnbHUM npenapaToM My BCTAHOBUIM HasBHICTb YaCTKOBUX KOPUryBamnbHUX edekTiB LmMx npenapaTiB Ha 3MiHW BMICTY
OHK, PHK, ricToHie, AT®, Ald, AMO®, npouecis dparmerTauii AHK, cnpuunHeri possmutkom MC.

BucHoBku. [NopiBHANbHUIA aHani3 edekTiB 4OCMiAXyBaHUX npenapariB 3a ymoB MogentoBaHHA MC B t0BeHiNbHOMY Bilji nokasas, Lo
XOofeH i3 uux npenapaTiB He 3Mir MOBHICTIO HOpMari3yBaTu MOPYLUEHHS AOCHiAXYBaHWUX MokasHukiB, BuknukaHi MC. OpgHak obuasi
KOMOGiHaLii MeT(OopMiHy 3 BiTaMiHHUM KOMMMEKCOM YM finocoMarnbHUM npenapaToM Oynu eeKkTUBHILLMMK B KOPeKLUii UMX HeraTMBHUX
3MiH, HiXX cam mMeTdopMiH. MeTdopMmiH i3 BiTaMiHHAM KOMMNEKCOM YMHUB Ginbll BUpaXeHUn BNAMB Ha npouecu dparmeHTauii OHK,
piBHi aAeHiNHykneoTuaiB Ta eHepreTMYHUI 3apsa KMiTUH CIM'SHYKIB LLYpIiB, TOAI SIK KopuryBarnbHa Ais MeTopMiHy 3 ninocoManbHUM
npenapatom 6yna 6inbLL NOMITHOIO LLOAO BMICTY KOMMOHEHTIB XPOMaTUHY.

KntoyoBi cnoBa: meTtaboniyHunii cHapom; MeTOpPMiH; BiTaMiHHWI KOMMNIIEKC; NiNOCOManbHWIN Npenapar; CiM'SHUKK; I0BEHINbHUIA BiK.



