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Parkinson’s disease (PD) is a neurodegenerative disorder characterized by the loss of dopaminergic
neurons in the substantia nigra. The cause of PD is not fully understood, and effective treatments still do
not exist. It is believed that oxidative stress, mitochondrial dysfunction, and impaired lipid metabolism may
underlie the pathogenesis of PD. Bile contains the breakdown products of various compounds that form
in hepatocytes. This study aimed to evaluate the effect of a new benzodiazepine derivative - diazepinone
(DP) on purine and lipid metabolism in the liver of rats with PD caused by rotenone (ROT) by studying
the composition of bile. The concentration of ATP, ADP, AMP, xanthine, hypoxanthine, phospholipids
(PL), cholesterol (CHOL), cholesterol esters (ECHOL), free fatty acids (FFA), and triglycerides (TG) was
quantified in bile samples by thin-layer chromatography. Our findings suggested that the ratio of AMP/
ATP in bile increased almost threefold under the influence of ROT, and with DP, it exceeded the norm by
only 1.6 times. ROT also increased the content of xanthine and hypoxanthine by 28.6% (P < 0.001) and
66.7% (P < 0.01), respectively. DP did not affect the increased xanthine content relative to control but
significantly reduced the level of hypoxanthine (up to 22.2%, P < 0.05, above normal). In addition, ROT
reduced the content of bile PL, CHOL, ECHOL, TG by 23.9% (P < 0.001), 38.6% (P < 0.001), 47.5%
(P <0.001), 39.2 % (P < 0.001), respectively. Under the influence of the DP, all the above indicators
returned to the level of control. Thus, diazepinone improves both the metabolism of purines and lipids in
the liver of rats with ROT-simulated PD. This drug may become a therapeutic agent for treating PD and
possibly other neurodegenerative diseases in the future.
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INTRODUCTION

Parkinson’s disease (PD) is a neurodegenerative
disorder involving progressive loss of dopamin-
ergic neurons in the substantia nigra and blue
spot. The first is responsible for motor control,
and the second — for various psychological
effects. One of the most critical consequences of
neuronal degeneration is a gradual reduction of
dopamine (DA) synthesis. The etiology of PD has
not been clearly defined, but numerous studies
suggest that increased exposure to free radicals,
combined with mitochondrial dysfunction,
might play an essential role in dopaminergic

neurons death [1]. Risk factors for PD are age,
heredity, sex, and exposure to toxins: herbicides
and pesticides. The risk of PD increases with
age, and as the population ages, Parkinsonism
can become a significant problem for humanity.
Like many other diseases, animal models have
played an important role in elucidating various
aspects of the pathomechanism of PD. Most of
these models use toxins that affect mitochondrial
function, including rotenone (ROT), a pesticide
that is a potent inhibitor of mitochondrial
complex [. ROT inhibits mitochondrial oxida-
tive phosphorylation and causes cell death
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[2]. It has been shown that ROT provides
an excellent model of PD in rodents under
conditions of chronic administration in low
doses. It was found that chronic infusions of ROT
cause selective degeneration of nigrostriatal
dopaminergic neurons and the formation of
a-synuclein structures, accompanied by signs
of parkinsonism [3]. The death of substantia
nigra neurons causes the impairment of
voluntary motor control; therefore, the primary
clinical signs and symptoms of PD are rest
tremor, rigidity, hypokinesia, bradykinesia,
akinesia, postural instability. In addition,
several non-motor symptoms complicate the
life of patients. In part, cognitive impairment,
sleep disorders, hyposmia (olfactory deficits),
visual abnormalities (oculomotor disturbances),
urogenital dysfunction, depression, as well
as emotional disorders such as fear, anxiety,
apathy, and anhedonia often accompany PD
[4]. Recently, several treatment strategies have
emerged to facilitate PD and improve the quality
of patients’ life. PD is mainly treated with
levodopa, a precursor to DA, and agonists of
DA receptors. Currently available dopaminergic
drugs improve physical performance and
increase quality and life expectancy. DA
agonists activate the DA receptors, mimicking
or copying DA function in the brain; however,
they cause several serious side effects, such
as dyskinesia, confusion, and hallucinations
with long-term use [5]. All modern strategies
for treating PD control the symptoms only
and can not prevent the progression of the
disease because the mechanisms that trigger its
development are still not fully understood. In this
context, drugs that can modulate mitochondrial
dynamics, function, and biogenesis may be
used in the future treatment of PD. Studies in
clinical and experimental models have shown
that metabolic pathways disrupted in PD are
mainly related to lipid and energy metabolism
[6, 7]. However, the absolute method of early
diagnosis of PD in vivo still does not exist.
The diagnosis of PD is based on clinical data
confirmed by relevant studies. However, the
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absolute method of early diagnosis of PD in
vivo still does not exist; therefore, the disease is
usually detected at later stages when treatment is
complicated. Patients with PD do not experience
motor symptoms until more than 50% of the
substantia nigra neurons are degenerated [§].
Current research focuses on developing adequate
diagnostic methods, searching for biomarkers
of the disease, and creating new, more effective
treatment strategies for this dangerous disorder.
The investigations of recent years demonstrate
that in neurodegenerative disorders such as PD,
antipsychotic drugs, particularly benzodiazepine
derivatives, protect neuronal mitochondria from
damage caused by ROT and 6-hydroxydopamine
(6-OHDA) [9]. It is known that the functioning
of mitochondria in both neurons and hepatocytes
does not differ.

The aim of this study was: (i) to explore
the liver function of rats with a ROT-induced
PD, partially characteristics of purine and lipid
metabolism in the liver; (ii) to study the curative
effect of a new therapeutic agent derived from
benzodiazepines - diazepinone (DP) on the
parameters of the purine system and the levels of
various lipids in the bile of rats with a rotenone
model of PD.

METHODS

The following reagents were used in this
study: ROT, dimethyl sulfoxide (DMSO)
were purchased from Sigma (St. Louis, MO,
USA). Sodium thiopental (/at. Thiopentalum-
natrium) was produced in Ukraine (OAO
Kyivmedpreparat). Diazepinone — 4-(Pyridin-
4-yl)-2H-benzo[d][1,2]diazepin-1(5H)-one.
Elemental analysis of Diazepinone (DP) was
performed in the analytical laboratory of V.P. Ku-
khar, Institute of Bioorganic Chemistry and Pet-
rochemistry, NAS of Ukraine, Kyiv, Ukraine [10].

Experimental animals. The study has been done
in acute experiments on 60 male mature Wistar
rats (obtained from Institute of Pharmacology
and Toxicology of the Academy of Medical
Sciences of Ukraine (Kyiv, Ukraine), weighing
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190-220 g, 14 weeks old. The animals were
housed under standard humidity conditions (55-
60%) in a temperature-controlled environment
(22 £ 2°C) with a 12 h light/dark cycle,
with unlimited access to filtered water and
commercial food throughout the experimental
period. Animal housing care and the application
of experimental procedures were per the existing
international requirements and norms of humane
attitude toward animals (Strasbourg, 1986, Law
of Ukraine dated February 21, 2006, No. 3447-
IV) and to the decision held by Biological Ethics
Committee, Educational and Scientific Centre,
Institute of Biology and Medicine, National
Taras Schevchenko University of Kyiv (protocol
No. 3 from April 9, 2009).

Experimental design. Rats were injected
with either ROT (2.0 mg/kg, intraperitoneally
(i.p.)) suspended in sunflower oil (1 ml/kg)
(ROT vehicle) or vehicle alone [11], daily for
28 consecutive days (from 10:00 a.m to 12:00
a.m.). After one week, the rats were randomly
divided into six groups: 1 — Control group (n =
10), rats received an injection of sunflower oil
(1 ml/kg of body weight) that did not include
ROT; 2 — ROT group (n = 10), ROT (2 mg/
kg); 3 — ROT+1% solution of DMSO group
(n = 10), ROT+1% DMSO (1 ml/kg); 4 —
ROT+DP group (n=10), ROT+DP (0.5 mg/kg);
5—ROT+DP group (n=10), ROT+DP (1 mg/kg);
6 — ROT+DP group (n = 10), ROT+DP (2 mg/kg).
Immediately before use, DP was freshly
suspended in a 1% DMSO solution. DP (0.5,
1 and 2 mg/kg) or 1% DMSO (1 ml/kg), were
administrated daily, i.p. as a single dose, for 28
days, starting immediately after the last injection
of ROT. The dose had been determined based on
the lowest dose of other neuroprotective factors
shown to be effective.

Determination of lipids content in bile samples.
According to the set goal, we determined the
concentration of the following compounds in
the bile (mg%): phospholipids (PL), cholesterol
(CHOL), cholesterol esters (ECHOL), free fatty

66

acids (FFA), triglycerides (TG). Previously,
rats were anesthetized with sodium thiopental
(60 mg/kg), and laparotomy was performed.
The common bile duct was then cannulated
with a polyethylene catheter. Secreted bile
was collected every 30 min during 1 h of
the experiment by a graduated micropipette
connected to a cannula located in the bile duct.
Bile collected during the first 30 min was
not taken into account (equilibrium period to
stabilize the rate of bile outflow). Then the bile
was subjected to chemical treatment according to
a chosen methodology. Bile lipids were divided
by the method of thin-layer chromatography that
has been described by Veselsky, et al. [12]. For
this purpose, 0.1 ml of bile was added to a 2.4 pl
mixture of chloroform-methanol (2:1) and 0.5 ml
acidified water (0.5 ml of concentrated sulfuric
acid per 1 liter of double-distilled water) was
added in 5 min. Samples were kept overnight for
complete separation into two phases. The lower
phase contained lipids. The extract was dried at
+70°C. The dry residue was dissolved in 40 pl
of'a chloroform-methanol mixture (3:1) and put
on the plate as a thin strip. Chromatography was
performed in a chamber saturated by solvent
vapor. The system of eluents included petroleum
ether, diethyl ether, ether, glacial acetic acid
(30:10:0.2). Fractions of biliary lipids were
stained with 5% phosphomolybdic acid in 96%
ethanol, followed by heating at 100°C for 5
min. Identification of the major lipid fractions
was performed using standards and color of the
spots, considering the relative mobility of frac-
tions. For quantitative evaluation of individual
fractions of lipids in bile, solutions of their main
components (1 mg of substance per 1 ml of
solvent), both individually and in a mixture with
specimens of other fractions, were prepared.
This mixture of standards is quantitatively (from
I ulto 2;5; 10; 15; 20; 25 and 30 pl) adsorbed
on chromatographic paper. After extraction and
concentration of bile at the bottom of the cone
tube, it should be dissolved in 50 pl of solvent
and dropped a few times with a micropipette
(5 pl) on the surface of a prepared and marked

ISSN 0201-8489 @ision. scypu., 2021, T. 67, Ne 4



1.Ya. Shtanova, P1. Yanchuk, S.P. Veselsky, O.V. Tsymbalyuk, T.V. Vovkun, V. S. Moskvina, O.V. Shablykina, A.A. Kravchenko, |V. N. Baban,|V. P. Khilya

chromatographic plate. Chromatographic
separation of lipid components of bile is
carried out on “Silufol” plates. After treatment
with an aqueous solution of phosphomolybdic
acid, a quantitative assessment of the color
intensity of each fraction was performed using
a densitometer DO-1M (“Shimadzu”, Japan, A
620 nm). The area of the spot was also measured.
The value of the combined test was deposited
on the y axis in the calibration graph, and the x
axis was marked with the known amount of a
corresponding standard — a witness of this lipid
fraction’s presence. These parameters were
evaluated for lipid fractions from samples of the
studied bile. The amount of the corresponding
lipid was determined in pug based on the
calibration curve. Finally, taking into account
the dilution and the part of the extract, we
determined the amount of lipids in mg per 100
ml of bile.

Evaluation of purine metabolites, as well
as lipids, was performed by the method of
thin-layer chromatography. For this purpose,
0.2 ml of bile was added to 1.8 ml of 0.8 N
perchloric acid (HCIO,) solution. Both bile
and HCIO, were pre-cooled to a temperature
of 0 - + 409C. Perchloric acid was used for
simultaneous precipitation of bile proteins and
adenine nucleotides: ATP, ADP, AMP, xanthine,
and hypoxanthine. The obtained protein-free
perchlorate extracts were centrifuged for 15
min on an OPn-3 U42 centrifuge at 1500 rpm
and neutralized with K,CO, to pH 7.0. After
centrifugation under the above conditions, the
supernatant was collected, and certain aliquots
were applied to the chromatographic plates.
Separation and quantification of adenine
nucleotides on “Silufol” plates UV-254 was
performed by the method of Maidanyuk, et
al. [13]. Direct densitometry of the plates
in reflected light was performed on a high-
speed scanner of the CS-920 densitometer
«Shimadzu» (Japan) in the direction of solvent
movement at a wavelength of 260 nm. The
content of test compounds in chromatographic
spots was determined using calibration curves
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of the spot area on the number of applied
chromatographically pure preparations of ATP,
ADP, AMP, xanthine, and hypoxanthine.

The results were assessed by: the parametric
one-way ANOVA method and also in combination
with the Tukey test for posthoc pairwise
comparison and p values less than 0.05 were
considered significant; the nonparametric
Kruskal Wallis ANOVA method and also in
combination with the Mann-Whitney test for
pairwise comparison with Bonferroni correction
and p values less than 0.01 were considered
significant. Statistical analysis was performed
by Origin 2018, and the charts were drawn by
Excel software.

RESULTS AND DISCUSSION

Quantitative determination of purines in the bile
of rats. In ROT-treated rats, the concentration
of ATP was significantly altered: this index
decreased by 38% (P < 0.001). In the rats of
the ROT+1% DMSO group, ATP level was
not fully restored, but only to 72.8% of the
control (P < 0.001). Meanwhile this index was
greater by 17.5% (P < 0.01) than in the ROT
group. In animals with PD that were injected
the drug at doses of 0.5, 1 and 2 mg/kg the ATP
indicators were lower than the control by 31.5%
(P < 0.001), 15.2% (P < 0.05) and 21.7%
(P <0.001), respectively. In the groups ROT+1
mg/kg DP and ROT+2 mg/kg DP bile contained
ATP by 36.8% and 26.3%, respectively, in both
cases P <0.001, greater than in the group ROT,
and respectively by 16.4% and 7.5%, in both
cases P <0.05, more than in the group ROT+1%
DMSO. In addition, in the groups ROT+1 mg/kg
DP and ROT+2 mg/kg DP the concentration of
ATP in bile, compared with the group ROT=+0.5
mg/kg DP, was greater by 23.8% (P <0.01) and
14.3% (P < 0.001), respectively.

The content of ADP did not change signifi-
cantly between different groups and the control
group (Table).

The concentration of AMP was higher in
the ROT group by 85.7% (P < 0.001), in the
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ROT+1% DMSO and ROT+DP 0.5 mg/kg groups
by 100%, in both P < 0.001, in the ROT+DP
1 mg/kg and ROT+DP 2 mg/kg groups - only
by 35.7% (P < 0.01) as compared with control
animals.

The levels of AMP in the ROT+DP | mg/kg
and ROT+DP 2 mg/kg groups were lower by
26.9% (P < 0.05) than in the ROT group and by
32% (P < 0.05) lower than in ROT+1% DMSO
and ROT+DP 0.5 mg/kg groups. The values of
AMP/ATP ratio are given in the Table.

The concentration of xanthine in the bile of
rats increased in comparison with the control
rats: in the groups ROT and ROT+1% DMSO
- in both by 28.6% (P < 0.05), in the groups
ROT+DP 0.5 mg/kg and ROT+DP 2 mg/kg -
by 57.1% (P < 0.001) and 42.9% (P < 0.001),
respectively. Only in the group ROT+DP 1 mg/kg
the level of xanthine did not differ from that in
control.

The content of hypoxanthine in bile, compa-
red with the control rats, was higher in all
groups: in the group of ROT — by 66.7%
(P <0.001), in the group of ROT+1% DMSO — by
44.4% (P < 0.001), in the group ROT+DP 0.5
mg/kg — by 55.6% (P < 0.001), in the groups
ROT+DP 1 mg/kg and ROT+DP 2 mg/kg — in
both 22.2% (P < 0.05). In rats of the ROT+DP
1 mg/kg and ROT+DP 2 mg/kg groups, the

concentration of this compound was lower by
26.7% (P < 0.01) than in the ROT group, by
15.4% (P < 0.01) than in the ROT+1% DMSO
group, by 21.4% (P <0.05) than in the ROT+DP
0.5 mg/kg group (Table).

One of the most important functions of
the liver is the formation of bile. Bile is both
a secretory and excretory fluid that performs
two important functions — the delivery of
bile acids to the intestinal tract for digestion
and absorption of lipids and excretion from
the liver into the intestine of both CHOL and
various metabolites — the breakdown products of
compounds contained in hepatocytes. Compre-
hensive analysis of bile in rats with PD revealed
quantitative changes in the lipid composition and
purine metabolites associated with this disease,
which may contribute to the diagnosis of PD. In
addition to the typical motor function disorders
in patients with parkinsonism, there is rapid
fatigue and weakness — signs of deterioration
of energy supply of physiological functions.
The latter, in particular, can be confirmed by
the accumulation of purine metabolites, such as
hypoxanthine, in the blood. Purine metabolism
is an important basis for energy metabolism,
and the components of the purine system are
one of the key metabolites of the last. ATP is a
universal source of energy for all biochemical

The effect of diazepinone on the content of purine metabolites in the bile of rats with ROT-induced PD

|Anima1 group| ATP | ADP | AMP | AMP/ATP | Xanthine | Hypoxanthine |
control 9.2+0.2 1.4+0.08 0.7+0.06; 0.08+0.01 0.7+0.04 0.9+0.06
ROT 5.740.25%*%*  1.3+0.06 1.3£0. 1 *** 0.23+0.01 0.9+0.09 * 1.5+0.08%**
ROT t+1%

DMSO 6.7+£0,2%** ##  1.6£0.09 # 1.4+0.08*** # 0.21+£0.02 0.9+0.07 * 1.3+0.06 ***
Rot + 0,5 mg/

kg 6.3£0.1*** 1.25+0.05 oo 1.4£0.07***  0.22+0.008 1.1+0.08 ***  1.4+0.05 ***
ROT + 1 mg/  7.8£0.4%*, 1.1+0.05% ##,
kg ###, oo, £££  1.440.05£ 0.95+£0.05 *** 0.12+0.02**  0.8+0.05, £ ao,££
ROT +2mg/ 7.240.2%*%*, 0.95+0.06***, 1.0£0.05%**,  1.1+0.07*, ##,
kg #Hi#, o, L6 1.420.06£ #,0,£ 0.13+0.009*** 000, a,£

Note: Bile samples were collected every 30 min during 1 h of the experiment. Means + s.e.m.; n = 10;
*P<0.05, **P<0.01, ***P <0.001 as compared with control rats; #P < 0.05, ##P < 0.01, ###P < 0.001 as
compared with ROT; a P <0.05, ao P <0.01, aaa.P <0.001 as compared with ROT+1% DMSO; £ P <0.05,
££ P <0.01, £££ P <0.001 as compared with ROT+DP 0.5 mg/kg group.
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processes occurring in living systems. In
neurons, mitochondria provide localization of
ATP in areas that are particularly demanding of
energy supply (including Ranvier interceptions
and presynaptic terminals) and buffer cytosolic
calcium. These two mitochondrial functions
are required for the release and recirculation
of synaptic vesicles and the maintenance of
electrochemical gradients that are closely
interdependent, as both are provided by cal-
cium signal transmission. By performing these
important tasks, mitochondria become an
integral part of the functioning and survival
of neurons. In humans, the lifetime of one
ATP molecule is less than 1 min. ATP in the
body is almost not stored, and for the normal
vital activity, it is necessary to synthesize
new ATP molecules [13] constantly. Loss of
mitochondrial function inhibits ATP production
and calcium buffering, key processes in neuronal
function, and increases oxidative stress. ROT
has become interesting for PD study because
it has high lipophilicity, which allows it
to easily penetrate biological membranes,
including the blood-brain barrier [14]. As
mentioned above, this pesticide acts as a potent
inhibitor of mitochondrial complex I, leading
to incomplete electron transfer from the centers
of iron-sulfur complex I to ubiquinone, which
blocks oxidative phosphorylation with limited
ATP synthesis [15], promoting the formation
of free oxygen radicals and causes oxidative
stress and apoptosis in cells. Mitochondrial
dysfunction and increased oxidative stress
were demonstrated in a subgroup of patients
with PD [16]. The link between mitochondrial
dysfunction and the production of oxygen free
radicals presents mitochondria as a potential
target for PD treatment. It should be noted
that the level of ATP, ADP, AMP in the blood
significantly depends on the functional state
of the liver: there is evidence that in alcoholic
hepatitis or cirrhotic lesions of this organ, the
content of this compound in the blood of patients
decreased by 28 and 39%, respectively [17].
In this aspect, it was interesting to investigate
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the characteristics of energy metabolism in
parkinsonian rats using corrective chemical
compounds with targeted chemical modification.
We supported that long-term administration of
ROT to experimental rats was accompanied by
significant alterations in the content of purine
metabolites in bile (reduction of ATP content
by 38%). DP at doses of 0.5, 1, and 2 mg/
kg increased the ATP content by 11.3, 36.8,
and 26.3%, respectively, relative to its level
reduced under the influence of ROT. Thus, DP
significantly restored the content of ATP in bile,
indicating an improvement in the biosynthesis
of the latter in hepatocytes. The effect of ROT
on the level of ADP and AMP in the bile of rats
was ambiguous. If the concentration of ADP was
close to the control values, the content of AMP
in bile under the influence of ROT increased
by 85.7%. The latter indicates that in this case,
there is an inhibition of ATP resynthesis from
ADP, and especially from AMP. In addition to
having a corrective effect on ATP levels, DP also
involved both ADP and AMP in ATP synthesis,
as evidenced by the AMP/ATP ratio, which we
determined in different groups. This indicator
is an important marker of mitochondrial
function in hepatocytes. We found that it has
significantly improved under the effect of DP.
Concentrations of xanthine and hypoxanthine in
bile significantly increased under the influence
of ROT. This fact may indicate an increase in
catabolic processes in the metabolism of purines
in PD and is consistent with the data obtained by
other researchers. Sherer, et al. [18] suggested
a dose-dependent decrease in ATP content in
isolated human neuroblastoma cells under the
influence of ROT. They suggested that ROT
disrupts the functioning of mitochondria in cells;
in other words, it creates conditions similar
to those in the brain neurons of patients with
PD. On the other hand, Yakhine-Diop, et al.
[19] observed an increase in the levels of both
hypoxanthine and xanthine in the serum of mice
with PD caused by 6-OHDA, similar to the results
obtained in patients with PD. All these data
show that an increase in the content of xanthine
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and hypoxanthine is a characteristic feature of
PD, and the accumulation of hypoxanthine may
indicate a blockade in PD enzymatic conversion
of hypoxanthine to uric acid (UA), which is the
final oxidation product of purine catabolism.
This may be the cause of the decreased plasma
UA levels observed in most patients with PD.
It is noted that UA is a powerful antioxidant
and can protect against PD. It is important that
in the human liver have been found high levels
of UA, and this compound provides more than
half of the antioxidant properties of blood
plasma [20]. The results indicated that DP
at doses of 1 and 2 mg/kg markedly reduced
hypoxanthine content in the bile compared with
ROT rats. On the contrary, in the same doses,
DP markedly increased the level of xanthine in
bile, which does not exclude its direct effect on
enzymes involved in the conversion of xanthine
to hypoxanthine. The effect of 1% DMSO on
energy metabolism was manifested in a slight
increase in bile content of ATP, ADP, and AMP.

Thus, the analysis of the obtained data
allows us to conclude that the reproduction of
the PD model in rats by ROT is accompanied
by significant adverse changes in purine
metabolism, namely: the accumulation in the
bile of its final products and a significant
decrease in ATP content, which is an essential
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Fig. 1. Effect of DP on the concentration of PL in the bile of
rats with ROT-modeled PD. Secreted bile was collected each
half-hour during 1 h of the experiment. Kruskal-Wallis test.
*P < 0.05; **P <0.01; ***P <0.001
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substance of energy metabolism. Approbation
of DP as a corrective factor in PD showed its
ability to effectively restore ATP synthesis,
which may indirectly indicate an improvement
in mitochondrial biogenesis in liver cells.

Influence of DP on bile lipids content in rats. In
ROT-treated rats, the content of most bile lipids
has altered. In particular, the concentration of
PL decreased by 23.9% (P < 0.001). Significant
statistical changes were observed in the groups
ROT+1% DMSO and ROT+DP 0.5 mg/kg,
where the PL level was lower than in the control
rats by 18.7% (P < 0.01) and 23% (P < 0.01),
respectively. As shown in Fig. 1, no significant
differences were observed in PL content in rats
of ROT+DP 1 mg/kg and ROT+DP 2 mg/kg
groups as compared with control rats.
Biochemical analysis of bile demonstrated
that compared with control data, the content of
CHOL diminished under the influence of ROT
by 38.6% (P < 0.001). Similar differences were
observed in the CHOL level in ROT+1% DMSO,
ROT+DP 0.5 mg/kg groups, which are 25.1%
(P < 0.05) and 28.9% (P < 0.01), respectively
less than under normal conditions. On the other
hand, in rats of ROT+DP 1 mg/kg and ROT+DP
2 mg/kg groups, significant differences with the
values of the control group were not observed

(Fig. 2).
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Fig. 2. Influence of DP on the concentration of CHOL in the
bile of rats with ROT-modeled PD. *P < 0.05; **P < 0.01;
***¥p < 0.001
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The current data revealed that under the
effect of ROT, the content of ECHOL in
groups of ROT 2.0 mg/kg and ROT+1% DMSO
decreased by 47.5% (P < 0.001) and by 37.3%
(P <0.01), respectively in comparison with the
control group. DP at a dose of 0.5 mg/kg did not
restore the level of ECHOL in bile, and the last
remained less by 37.6% (P < 0.001) relative to
the control group. At doses of DP 1 and 2 mg/
kg, recovery of ECHOL content in bile to control
values was observed (Fig. 3).

As illustrated in Fig. 4, under the effect of
ROT, the level of FFA in the bile relative to
control rats did not change in any of the groups
(Fig. 4).

Under the effect of ROT, the content of TG
changed. This index was significantly decreased
by 39.2% (P < 0.001). In animals of all other
groups, it did not differ from that in the control
group (Fig. 5).

PL, CHOL, and its esters are the main lipids
of bile, while the human bile concentration
of FFA and TG is small. One of the functions
of biliary secretion of PL is to protect cell
membranes facing the biliary tree from salts of
bile acids. Biliary PL also plays a crucial role
in the solubilization of CHOL. Mixed micelles
of bile acid salts and PL have a much greater
ability to absorb CHOL (1 million times) than
simple bile salt micelles.
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Fig. 3. The content of ECHOL in the bile of rats with ROT-
modeled PD before and after DP administration. *P < 0.05,
**P < (0.01, ***P<0.001

ISSN 0201-8489 ®ision. scypn., 2021, T. 67, Ne 4

The presence of a phosphoric acid residue
in the PL molecule makes it a solvent for CHOL
and other hydrophobic compounds [21]. In the
present study, we found that the PL content in
the bile of rats with PD decreased by almost
24%. Such alterations can lead to substantial
impairment in the solubilization of CHOL — a
highly hydrophobic compound that is excreted
mainly through the bile. The deficiency of PL as
the essential component for micelle formation
gradually leads to the oversaturation of bile
with CHOL and gallstone formation. Thus, a
decrease in the production of PL in the liver
causes disorders in the formation of bile, which
is the primary mechanism for maintaining lipid
homeostasis in the body [22]. In addition, as
a result of PL deficiency, the permeability of
hepatocyte membranes and the accumulation of
fat in the liver increases because in the absence
of PL, fatty acids (together with glycerin) form
a neutral fat that accumulates in hepatocytes,
displacing all other components [23]. The
presented data revealed that DP at doses of 1
and 2 mg/kg advantaged to restore the content
of PL in bile. This effect was probably not least
due to the increase in ATP levels in hepatocytes,
which was observed with the application of DP
in the same doses because both the synthesis and
the transport of PL require significant energy
consumption. We believe that the increase in

Free fatty acids

Concentration, mg%

| d
13 @@

1"

Fig. 4. The content of FFA in the bile of rats with PD, simulated
by POT, before and after DP administrationthe. *P < 0.05,
*¥*P<(0.01. M £ s.e.m.
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PL synthesis in hepatocytes under the influence
of DP is a positive factor both for stabilizing
the colloidal system of bile and preventing the
accumulation of fat in the liver tissue.

In our study, we found that in rats with PD
decreased the content of not only PL but also
other bile lipids, including CHOL, ECHOL, and
TG. CHOL can be absorbed from the intestine
or synthesized de novo mainly in the liver. In
this organ, CHOL is present in free form or the
form of EHOL. CHOL is eliminated through its
conversion into bile acids and their subsequent
excretion with bile, either by secretion into
bile in unchanged form or its esters form [24].
Although an excess of CHOL can be dangerous,
its deficiency is also harmful to health because
CHOL is a crucial compound that plays struc-
tural and functional roles in the general
metabolism. In particular, CHOL is a component
of cell membranes and plays a vital role in
membrane fluidity, neuronal differentiation,
synaptogenesis, and many other processes [25].
Thus, the normal metabolism of CHOL is crucial
for maintaining the physiological functions of
both the brain and the human body, and the liver
is an organ that maintains the homeostasis of
CHOL in the body. However, the debate over the
lack of a link between serum CHOL and the risks
of' neurodegenerative diseases is ongoing. A high
level of CHOL in the blood is a long-established
risk factor for cardiovascular disease, including
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Fig. 5. Effect of DP on the content of TG in the bile of rats
with ROT-modeled PD. M £ s.e.m., *P < 0.05, ***P < 0.001
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coronary heart disease and stroke, but its role in
parkinsonism remains controversial. On the one
hand, there are attempts to link PD with high
CHOL levels; on the other hand, no parallels
have been drawn between alterations in CHOL
metabolism and the development of PD [26]. In
addition to free CHOL, bile contains ECHOLs,
which are a soluble form of CHOL removal
through the bile. Our results show that in rats
with simulated PD, the level of ECHOL in the
bile decreased almost twice, which may be due
to a marked decrease in the CHOL synthesis
in the liver in parkinsonian rats, and therefore
decreased the number of its esterified molecules.
We have previously shown a decrease in the
concentration of CHOL and ECHOL in the
plasma of rats with ROT-induced PD, as well
as other plasma lipids, in particular PL, FFA,
and TG [27]. Our experiments, at least for
CHOL and TG, agree with the findings of other
researchers who believe that the low content of
these compounds in the plasma of patients with
PD is a risk factor in its development [28].
The liver performs the functions of absorption,
synthesis, packaging, and secretion of lipids
and lipoproteins. For CHOL homeostasis in the
body, TG is the most common non-toxic form of
fatty acids. The source of liver FFA is fatty acids
directly absorbed from plasma and synthesized
by hepatocytes de novo. Excess FFA is directed
to the synthesis of TG, which increases their
accumulation in the liver. TG molecules are
the main form of storage and transport of FFA
in cells and plasma. In hepatocytes, FFAs are
esterified to glycerol-3-phosphate and CHOL
to form TG or CHOL esters, respectively. FFA
in the liver can also be used to synthesize other
complex lipids, including PL. In conditions
of an energy shortage, FFAs are used as an
internal, local energy source [29]. A possible
reason for the decrease in bile lipid content
of Parkinsonic rats may be the increased use
of FFA as an energy source to compensate
for energy deficiency in conditions where the
ATP-synthesizing function of mitochondria is
blocked.
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The results of motor function investigation
in rats with ROT-induced PD and the effect of
DP on voluntary motility were published earlier
[27].

CONCLUSIONS

We found that purine metabolic pathways
play an essential role in the pathogenesis of
Parkinson’s disease induced by rotenone in
rats. Cholesterol is a major component of
brain structures; therefore, it is possible that
low levels of this compound in patients with
Parkinson’s disease may be an increased risk of
neurological disorders. Decreased synthesis of
phospholipids in the liver in Parkinson’s disease
can lead to disruption of several physiological
processes in this organ, in particular, such
as the preservation of normal solubilizing
properties of bile. We also found that the new
drug diazepinone restores the level of lipids in
the bile of rats by improving the energy balance
in the liver because it increases the synthesis
of ATP in hepatocytes. Diazepinone may be
recommended for clinical trials regarding its
use in combination with other drugs applying
to treat Parkinson’s disease. A significant and
long-term decrease in the content of lipid
components of bile, in our opinion, can be
considered a diagnostic marker of Parkinson’s
disease.
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XBopoba [Napkincona (XI1) — HeliponereHepaTUBHUIA PO3Ta,
110 XapaKTePHU3y€EThCSI TUTIOBUMH MTOPYIICHHSIMH MOTOPHUKH,
CHPUYNHEHUMH BTPATO0 NO0(aMiHEpriYHUX HEHPOHIB y
substantia nigra. Ilpuanan niei XBopuOM 10 KiHIA HE 3’5CO-
BaHi, eEKTHBHIX METO/IiB JIIKyBaHH: He iCHy€e. BBaxcaeTncs,
[0 OKUCHHU cTpec, AUCHYHKIIS MITOXOHAPIH, MOPYIICHHS
JMiTHOTO OOMiHY MOXYTb JIEKAaTH B OCHOBI IaTOTCHE3y
XII. J)KoB4 MICTUTh HPOAYKTH PO3Maay Pi3HUX CIIOIYK, SIKi
YTBOPIOIOTHCS B TeNATONUTaX. MeTOr HAIIOTO A0CITiIKESHHS
OyJ10 OL[IHUTH BILTHB HOBOTO ITOXiHOTO OCH30/ia3eriy Jia3e-
IIIHOHY Ha MeTa0O0JIi3M ITypHHIB Ta JIIIB y MEYiHIi Iy piB i3
XTI, cipH4MHEHUMH JII€I0 POTCHOHY, BUBYAFOYH CKJIA]] KOBHI.
Konuenrpario ATO, AJI®, AM®, kcaHTHHY, TIOKCAaHTUHY,
(docdonininis, XonecTeprHy, CKJIAIHUX e]ipiB X0IeCTepHHY,
BiTbHUX >kupHUX Kuca0T (BXKK) Ta Tpurminepuais BuzHa9amm
KUIBKICHO y 3pa3Kax ’OBYi METOJJOM TOHKOIIAPOBOT XpOMATo-
rpadii. OTpumaHi pe3yasTaTH CBiAIATh, IO CITiBBITHONICHHS
AM®/AT® mig BIIIMBOM POTEHOHY 3pOCIO Maibke BTPHYI,
a 3 Jia3emiHOHOM BOHO HEPEBHILYBaJ0 HOpMY Jimiie B 1,6
paza. Jlist poTeHOHY TaKoX 30UIbIIyBasIa BMICT KCAHTHHY Ta
rimokcanTuHy Ha 28,6 1 66,7% BignosiaHo. JliazeniHOH He
BIUTUBAB Ha 301JbLICHUH MO0 KOHTPOJIO BMICT KCAaHTHHY,
[IPOTE 3HAYHO 3MEHIIIYBaB BMICT TilIOKCaHTHHY (10 22,2%).
Kpim 3a3HaueHoro, i poTEHOHY BipOTiZHO 3MEHIIyBasa
BMICT y 0Bui hocoinizis, Xxonectepuny, edipiB XxonecTepu-
Hy, TpuDTinepuiB Ha 23,9, 38,6, 47,5, 39,2% sinnosigHo. [Tpu
Iii Aia3emiHOHY BCl BUILICHA3BaH1 TOKa3HUKH IIOBEPHYIHUCS 10
piBHsI KOHTpOIIO. Tak¥M YMHOM, BiH IIOKpAIyBaB sIK OOMiH
MypHHIB, TaK 1 MiminiB y medinmi mrypis 3 XI1. Leit mpenapar
y MailOyTHBOMY MOXE CTaTH TE€ParneBTHYHHM 3acCO000M IS
nikyBanHs XIT Ta, MOXIIMBO, IHIINX HEWpoOJereHePaTHBHUX
3aXBOPIOBaHb.

KurouoBi cnoBa: porenoH; xBopo6a IlapkiHcoHa; mediHka;
MeTaboIi3M ITypHHIB; METAa0O0Ii3M JIiITiIiB; HKOBY.
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KOPPEKTHUPYIOIIEE JIEMCTBUE
MMPOU3BOJHOI'O BEH30JUA3EIINHA —
JINAZENIMHOHA HA ITYPUHOBBIN

W JIMNIUIHBIA OBMEH B TEYEHU KPBIC
C BOJIE3HBIO TAPKUHCOHA

Bonesnp [lapkuncona (BII) — HeliponerenepaTuBHOE pac-
CTPOICTBO, XapaKTePU3YIOLIEeCs] THINYHBIMU HapyIIEHUAMU
MOTOPHKH, BBI3BAHHBIMU NOTepel Jo(paMHUHEPTHUECKUX
HEWPOHOB B substantia nigra. Ilpmanasl 3TOTO 3a00/MEBaHMS
JI0 KOHIIA HE BBIACHEHBI, Y3(Q(EKTUBHBIX METOJOB JICUCHUS
He cymecTByeT. CUuTaeTcs, YTO OKUCIUTENBHBIN cTpecc,
JuchYHKINS MUTOXOHAPHH, HAapyIIEHUE JTUITHIHOTO 0OOMeHa
MOTYT JIe)XaTb B ocHOBe marorenesa bIl. XKemus comepxur
MPOAYKTHI pachajga Pa3IuuHbIX COSANHEHHH, KOTOpBIE 00pa-
3y10TCA B remarouuTax. Llempro Hammoro uccnenoBaHus ObUI0
U3Y4YHUTh BIUSHHE HOBOTO MPOM3BOJHOTO OEH301HA3EINHA
JIMa3enHOHA Ha METa0O0IM3M ITyPHHOB U JIUMUIO0B B EYCHH
kpbic ¢ BIl, BbI3BaHHON AelCTBUEM POTEHOHA, U3yyasl CO-
craB xemun. Konuentpanuio ATO, AJID, AM®, kcantuna,
THIIOKCAHTHHA, GochOonunuIoB, XoaecTepruHa, CI0KHBIX
3¢upoB xoJecTepuHa, cBOOOAHBIX KHUPHBIX KuciotT (CIKK)
U TPUIVIUIIEPUIOB ONPEAEIISIN KOMUIECTBEHHO B 00pa3nax
JKEITYH METOIOM TOHKOCJIOWHOW Xxpomarorpaduu. Ilomy-
YEHHBIE PE3YNbTaThl CBUIETENBCTBYIOT, YTO COOTHOMICHHE
AM®/AT® BBIpOCIO MOYTH BTPOE MO BIMSHUEM POTCHOHA, C
JIMa3eTMHOHOM OHO MPEBBIIIAN0 HOpMY JuIb B 1,6 paza. On
TAKKe yBEIUYUBAN COACPKAHNE KCAHTHHA U TMIIOKCAHTHHA
Ha 28,6 1 66,7% COOTBETCTBEHHO. [IMa3enMHOH HE BIMSI HA
YBEJIMIEHHOE OTHOCUTEILHO KOHTPOJIS COAEpPKaHUE KCAaHTHHA,
OJIHAKO 3HAYNTETBHO YMEHBIIAN COIEP)KaHNE THITIOKCAHTHHA
(mo 22,2%). Kpome ykazaHOTO, JeHCTBHE POTEHOHA YMEHb-
LIaJI0 COZIEpXKaHUe B KeTud (PoCOIUIUIOB, XOJIECTCPUHA,
3¢upoB xonecTepuHa, TpUrHLepuaoB Ha 23,9, 38,6, 47,5,
39.2% cootercTBenHO. Ilpu neiicTBumM nua3enuHOHa BCe
BBIIICHA3BAHHBIE T0KA3aTENN BEPHYINCH K yPOBHIO KOHTPOJISL.
Takum 00pa3oMm, TMAa3eMHOH MOXET YIIy4IlaTh Kak OOMEH
[ypUHOB, TaK U JIUIKJ0B B iedeHu KpbIC ¢ BI1. JlanHbIi npe-
napar B OyIyIeM MOXKET CTaTh TEPANEBTHYECKUM CPEACTBOM
1t nedenust bI1 1, BO3MOXKHO, IpyTruX HEMPOAETeHEPAaTUBHBIX
3a0071€BaHUH.

KiroueBble cnoBa: poTeHoH; 0oie3Hb [lapkuHCOHA; EYCHB;
METa00IN3M IyPUHOB; META0OJIM3M JIUITUIOB; KETUb.
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