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Parkinson’s disease (PD) is a chronic and progressive age-related neurodegenerative disorder. Ac-
cumulation of α-synuclein aggregates, oxidative stress, mitochondrial dysfunction and lipid metabolism dis-
turbance are thought to be the key impairments underlying PD pathogenesis. Despite long-time research, 
the causes of PD have not yet been clear. We investigated the influence of diazepinon, a new derivative of 
benzodiazepine, on liver tissue respiration (LTR), serum lipid content and behavioral parameters of rats with 
modeled PD induced by intraperitoneal injections of 2.0 mg/kg rotenone (ROT) within 28 days. LTR was as-
sessed using the polarograph LP-9. Blood samples for biochemical analysis were collected from the inferior 
vena cava. The behavioral parameters of rats were studied by the open field test. We showed that in rats with 
ROT – induced PD, the coefficient of liver oxygen consumption was decreased by 33.5% (P < 0.001), the se-
rum content of phospholipids, cholesterol, cholesterol esters, free fatty acids and triglycerides was reduced 
by 21.4% (P < 0.001), 28.8% (P < 0.001), 26.8% (P < 0.001), 30.3% (P < 0.01) and 41.5% (P < 0.001), respec-
tively and the motor disorders were detected. Diazepinone application resulted in a full restoration of LTR, 
serum concentration of phospholipids, partial recovery of serum free fatty acids and triglycerides content and 
significant improvement of motor behavior. However, diazepinone did not affect the reduced concentration of 
cholesterol and cholesterol esters in the serum of rats with simulated PD. 

K e y w o r d s: Parkinson’s disease, diazepinone, liver tissue respiration, serum lipids, motor behavior.

Parkinson’s disease (PD) is a neurodegenera-
tive disorder, which is a major health problem 
worldwide. Currently, PD affects 1% of the 

population above 60 years and approximately 4% 
of individuals in the highest age groups [1]. PD is a 
multifactorial lesion, that is characterized by motor 
symptoms, such as bradykinesia (slowed movement), 
resting tremor, rigidity and postural instability [2, 3] 
and non-motor manifestations, including sleep 
disorders, and gastrointestinal, sensory, and psy-
chiatric symptoms [4]. In a recent study, it has also 
been shown that a third of PD patients are affected 
by depression, which is combined with anxiety and 
apathy, further complicating the course of PD [5].

These symptoms are associated with a loss of 
dopaminergic neurons in the substantia nigra pars 
compacta of the midbrain, which results in a signifi-
cant reduction in dopamine levels in the striatum. 
Degeneration of dopaminergic neurons has been 
long associated with  the accumulation and aggre-
gation of α-synuclein in axons and synapses (in the 
form of so-called Lewy bodies), oxidative stress 
and mitochondrial dysfunction that are believed to 
play a major role in the etiopathogenesis of PD [6-8]. 
However, completely all the factors causing selective 
death of dopaminergic neurons have not been clearly 
defined, so many studies have not yet led to a clear 
strategy for treating PD. 
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Studies in clinical and experimental models 
have shown that the metabolic pathways mainly 
impaired in PD are related to the metabolism of 
lipids and energy [9, 10]. In particular, cholesterol 
(СНOL) and its oxidized metabolites (oxysterols) 
are thought to be involved in the development of pa-
thology such as parkinsonism [11]. Pharmacological 
treatment of PD is currently performed by dopamine 
agonists (apomorphine) and dopamine precursors 
(levodopa – L-dopa). These drugs are quite effec-
tive in the early stages of the disease to eliminate 
neuromotor disorders and inhibit the progression of 
рarkinsonism. However, in the long run they cause 
some serious side effects, such as mental and motor 
complications [12]. In this context, the drugs with the 
ability to modulate mitochondrial function and bio-
genesis may have important clinical significance in 
the future treatment of PD. In recent years, the data 
of science literature have demonstrated in rats model 
of PD that in neurodegenerative disorders, such as 
PD, antipsychotic drugs, in particular benzodiaz-
epine derivatives, protect the neuronal mitochondria 
against ROT-induced damage [13]. Benzodiazepines 
reduce skeletal muscle tone (effect associated with 
suppression of polysynaptic reflexes at spinal cord 
level) and demonstrate anticonvulsant activity, po-
tentiate the action of substances that suppress the 
central nervous system [14].

Ukrainian scientists have synthesized the com-
pounds of benzodiazepine group, characterized by 
activity relative to the CNS. Preliminary studies 
have shown that in rats with the ROT model of PD 
a new drug, 2,3-diazepine had correcting effects on 
liver tissue respiration and bile secretory function 
[15].

Some pesticides, including rotenone (ROT), 
have been found to inhibit complex I of the electron-
ic transport chain, causing mitochondrial dysfunc-
tion and generation of reactive oxygen and nitrogen 
species that lead to oxidative stress [16]. ROT is a 
highly lipophilic compound that can easily cross the 
blood-brain barrier. It has been reported that the sys-
temic administration of ROT could induce selective 
and progressive degeneration of the dopaminergic 
neurons and an α-synuclein accumulation in rats, 
producing neuropathological features such as in pa-
tients with PD [17]. 

The liver plays a leading role in lipid metabo-
lism – neutral fats, fatty acids, phospholipids, cho-
lesterol. In healthy people, the liver consumes about 
20% of oxygen from the whole body [18]. In the 

liver are concentrated almost all pathways of lipid 
metabolism, including synthesis and oxidation of 
higher fatty acids, lipogenesis and lipolysis, syn-
thesis of bile acids, phospholipids (PLs), CHOL, 
cholesterol esters (ECHOLs). Oxygen-dependent 
biosynthetic processes in the liver are closely linked 
to energy metabolism. Since the functioning of mi-
tochondria in neurons and hepatocytes is similar, it 
is important to find out, how hepatocytes mitochon-
dria, in particular, their oxygen consumption, are 
involved in pathology of PD.

The purpose of this study was to investigate: 
1) the features of liver functioning in rats with PD 
modeled by ROT, in particular LTR, as well as lipid 
metabolism, the synthesis of which directly depends 
on the state of energy metabolism in hepatocytes; 
2) corrective influence of the new synthetic thera-
peutic agent diazepinone on tissue respiration indi-
cators and on the level of different lipids in the blood 
plasma of rats with PD simulated by ROT.

Materials and Methods

Compounds and reagents. ROT, dimethyl sul-
foxide (DMSO) and urethane were purchased from 
Sigma (St. Louis, MO, USA). Thiopentalum natrium 
was produced in Ukraine (OAO Kyivmedpreparat). 

Diazepinone – 4-(Pyridin-4-yl)-2H-benzo[d]
[1,2]diazepin-1(5H)-one. Еlemental analysis of Di-
azepinone (DP) was performed in the analytical 
laboratory of V.P. Kukhar, Institute of Bioorganic 
Chemistry and Petrochemistry, NAS of Ukraine, 
Kyiv, Ukraine [19].

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



87

L. Ya. Shtanova, P. I. Yanchuk, S. P. Vesеlsky et al.

Experimental design. Rats were injected with 
either ROT (2.0 mg/kg, intraperitoneally (i.p.)) sus-
pended in sunflower oil (1 ml/kg) (ROT vehicle) 
or vehicle alone [17], 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 (2.0 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 (1.0 mg/kg); 6 – ROT+DP group 
(n = 10), ROT + DP (2.0 mg/kg). Immediately be-
fore use, DP was freshly suspended in a 1% DMSO 
solution. DP (0.5, 1.0 and 2.0 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. During the experi-
mental study period, animals from each group were 
weighed every seven days. 

Behavioral analysis. In the ROT-treated 
groups, rat fur became yellow and dirty; the rats 
showed reduced and slow movement, tremor, rigor 
and an unstable gait, which were identified as PD-
like symptoms [20]. 

Locomotor activity. The open-field test can be 
used to evaluate the spontaneous activity of rats. 
Twenty nine days following treatment rats were 
placed in an open field square box (100 cm long, 
100 cm wide, and 40 cm high), and the test area is 
well illuminated. The experiment was carried out 
in a quiet environment. Rats were video-recorded 
(Fotocam, Canon) for 6 min, 1 min for habituation 
and 5 min for behavioral analyzes. The animal was 
placed into the center of the bottom of the box and 
turn on the camera to observe for 5 min. Two mo-
tor parameters were quantified throughout this test: 
locomotion frequency (number of squares crossings, 
defined as the number of quadrant crossings with the 
four paws) and rearing frequency (times the animal 
rise for at least 2s on their rear paws in the air or 
against the walls). Before the test, 70% ethanol was 
used to thoroughly wipe the inner wall and bottom 
surface of the box, so as not to affect the results of 
the next test. Replace the animals and continue the 
experiment [21].

Study of LTR: measurement of oxygen tension 
in the liver and determination of O2 consumption by 

the organ. The intensity of oxygen absorption by the 
liver tissues was assessed by the rate of decrease in 
pO2 in the liver parenchyma with half a minute oc-
clusion of the portal vein and the hepatic artery. Be-
fore the experiment, the rats were anesthetized with 
urethane (1 g/kg, 1 ml/kg, intraperitoneally (i.p.)). 
Oxygen tension (pO2) in the liver parenchyma was 
recorded using an LP-9 polarograph (Czech Repub-
lic). An open platinum microelectrode in glass in-
sulation (d = 0.3 mm) with an operating voltage of 
0.65 V was used as an indicator. A standard calo-
mel electrode was used as a reference electrode. 
Several platinum electrodes were inserted into the 
liver, and the electrical signals from them were sent 
to the polarograph. To calculate the level of pO2 in 
the liver tissue, the method of the electrodes calibra-
tion in an environment with a known level of pO2 
was applied [22]. pO2 in the liver was calculated 
according to the equation: pO2 = pO2atm·Ae·Se/
(Ac·Sc), where: pO2atm is the oxygen tension in a 
calibrated saline solution, balanced by an atmos-
pheric pressure of O2  - 150 mmHg; Ac, Ae is the 
amplitude of the calibration and experimental sig-
nals (in mm of record); Sc and Se is the sensitivi
ty of the polarograph scales during calibration and 
experiment. The rate of oxygen consumption by the 
liver tissue was determined by the curve of the drop 
in pO2 during asphyxia of the animal or occlusion of 
the afferent liver vessels [23]. The coefficient of oxy-
gen consumption by the liver was calculated from 
this curve: K = lg(І1/І2)/0.43·(t2-t1), where: I1 and I2 
are the polarogram current values corresponding to 
pO2 at times t1 and t2 from the onset of asphyxia or 
occlusion of the liver afferent vessels. The coefficient 
K was determined in the interval from the 10th to the 
30th second of asphyxia or vascular occlusion.

Quantitative and qualitative determination of 
plasma lipids, in particular PLs, CHOL, ECHOLs, 
free fatty acids (FFAs) and triglycerides (TGs) was 
carried out by thin layer chromatography. To deter-
mine the lipid composition of the plasma, rats were 
anesthetized with sodium thiopental (6 mg/100 g) 
and collected 4-5 ml of blood from the inferior vena 
cava into sterile sealed tubes. Further, blood was 
centrifuged to separate the plasma from blood cells. 
Plasma lipids were separated by the method of thin 
layer chromatography [24]. 

Statistical analysis. The results were assessed 
by: the parametric one-way ANOVA method and 
also in combination with the Tukey test for pair-
wise comparison and p values less than 0.05 were 
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considered significant; the nonparametric Kruskal-
Wallis ANOVA method and also in combination 
with the Mann-Whitney test for pairwise compari-
son with Bonferroni correction and p values less 
than 0.01 were considered significant. Statistical 
analysis was performed by Origin Pro 8.0, and the 
charts were drawn by Excel software.

Results and Discussion 

Influence of DP on the LTR of rats with an ex-
perimental model of PD. The administration of ROT 
in rats resulted in significant inhibition of tissue 
respiration in the liver, as evidenced by a decrease 
in oxygen consumption compared to the control 
by 33.5% (P < 0.001). In the rats of the ROT + 1% 
DMSO group, LTR was not fully restored, but only 
to 79.1% of the control (Р < 0.05). In animals with 
PD that were injected the drug at doses of 0.5, 1 and 
2 mg/kg the LTR indicators did not differ from the 
control values. 

Compared with the ROT group, the ROT + 1% 
DMSO, ROT + DP 0.5 mg/kg, ROT + DP 1 mg/
kg groups presented increased oxygen consump-
tion by 22.3% (Р < 0.05), 29.8% (Р < 0.01), 40.5% 
(Р < 0.001), respectively which indicated that ROT 
could inhibit the process of respiration in hepato-
cytes (Table 1). 

Rats with ROT-induced model of PD have 
been frequently used in experiments to investigate 
the characteristic of PD in particular, mitochondrial 
dysfunction. Mitochondria are vital organelles with 
multiple functions, and their dysfunction can lead 
to decreased energy production, the formation of 
reactive oxygen species, and the induction of stress- 
provoked apoptosis. Inhibition of mitochondrial 
complex I causes impaired respiration and energy 
deficiency in the cell [25]. A complex I defect is a 
consistent sign of brain damage in PD, when the 
dopaminergic neurons of substantia nigra pars com-
pacta are destroyed, although identical disorders are 
also observed in other cell types [16]. In this work, 
we explored the influence of ROT and DP on LTR 
and serum lipid concentration. Our findings revealed 
that DP could improve the LTR damaged by ROT 
in rats with simulated PD. We found that ROT de-
creased the coefficient of oxygen consumption in the 
liver of rats by a 33.5%. A significant differences be-
tween the spontaneously recovered animals with PD, 
without DP and DP-treated rats were only found for 
the ROT+DP 1 mg/kg group. These results evidence 
that liver tissue respiration is an adequate indicator 

to study the effectiveness of drugs that involve in the 
correction of liver function, impaired in PD.

Effect of DP on rat plasma lipid concentrations 
in ROT-modeling PD. Graham SF et al. suggested 
that biochemical changes in the brain that occur with 
PD are reflected by biochemical changes in blood 
plasma [26]. In this study, we sought to find new bio-
markers of PD, to investigate the impact of the new 
synthetic drug DP on them. The metabolic changes 
in the serum of rats in our study were mainly related 
to the functional state of mitochondria of hepato-
cytes, as well as to energy metabolism in the liver 
because the liver is the major organ in control of lipid 
homeostasis. Lipid metabolism provides the energy 
needed to sustain numerous biochemical transforma-
tions in the body. The hepatic enzyme systems are 
capable of catalyzing numerous reactions of lipid 
metabolism. Interestingly, H. Xicoy et al. found that 
lipids play a key role in most of the processes that 
have been associated with PD [9].

The presented data showed that the PLs content 
in the serum of control rats was 323.1 ± 3.5 mg%. 
Than we examined the serum of rats after 28 days 
of ROT administration. ROT- treated rats exhibited 
a decrease in plasma PLs by 21.4% (P < 0.001) com-
pared to control data. In all other groups, the PLs 
concentration did not have a significant differences 
with the results of the Control group. Compared with 
the ROT group, PLs concentration was significantly 
increased in the ROT + DP 0.5 mg/kg group and 
ROT + DP 1 mg/kg group: by 24% (both P < 0.05) 
(Fig. 1).

As shown by biochemical analysis, the con-
tent of CHOL in fasting serum of control rats was 
51.7 ± 1.3 mg%. In animals with simulated parkin-
sonism, the level of plasma CHOL decreased by 
28.8% (P < 0.001) compared with the Control group. 
At spontaneous recovery of rats with PD, this pa-
rameter reached 39.5 ± 1.9 mg%, that is by 23.6%, 
(Р < 0.001) less than in the Control group. DP in-
jected at doses of 0.5, 1 and 2 mg/kg did not affect 
this index in rats with modeled PD, therefore the 
concentration of plasma CHOL remained lower than 
the control values by 38.3%, P < 0.001, by 31.9%, 
P < 0.001 and by 32.5%, P < 0.001 (Fig. 2 ).

An important part of the lipids that are me-
tabolized in the liver are cholesterol esters. Serum 
biochemical analysis displayed that compared with 
the Control group, the plasma level of ECHOLs 
substantially decreased in the ROT group: from 
63.0 ± 1.7 mg% to 45.6 ± 2.2 mg% or by 26.8%, 
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P < 0.001. Similar results were observed in all other 
groups of rats. Therefore, in comparison with the 
Control group, the concentration of plasma ECHOL 
in the ROT + 1% DMSO group, in the ROT + DP 
0.5 mg/kg group, in the ROT + DP 1.0 mg/kg group, 
in the ROT + DP 2.0 mg/kg group was lower by 
28.9%, 31.0%, 30.3% and 33.4% (all P < 0.001), re-
spectively (Fig. 3).

The levels of serum FFAs also changed in rats 
with modeled PD. In comparision with the Control 
group, FFAs content in fasting plasma of rats sharply 
decreased in the ROT group: from 27.1 ± 1.3 mg% 
to 18.9 ± 1.0 mg%, or by 30.3%, P < 0.01. Compared 
to the ROT group, the rats in the ROT + DP 2.0 mg/
kg group exhibited higher concentrations of FFAs 
by 32.3% (P < 0.05) or restored by 92.1% the level of 
FFAs compared to the control data (Fig. 4).

As shown in Fig. 5, compared with the Control 
group, the ROT group exhibited significant reduction 
in the serum levels of TGs: by 41.5% (P < 0.001). 
Moreover, the ROT + 1% DMSO and the ROT + DP 
1.0 mg/kg groups displayed decrease in serum levels 
of TGs by 23.4% (P < 0.01) and by 27.4% (P < 0.05), 
respectively in comparison with the Control group. 
In the other groups: the ROT + DP 0.5 mg/kg, the 
ROT + DP 2.0 mg/kg, comparatively with ROT 
group, serum TGs concentration was higher by 
48.9% (P < 0.01) and by 43% (P < 0.05), respective-
ly. That is, in these groups, the serum TGs content 
recovered by 87% and by 83.6% from the control 
values. 

TGs play a major role as an energy substrate 
and a form of storage and transport of fatty acids 

Animal group
Coefficient of 
liver oxygen 

consumption (x100)
Control         1.82 ± 0.07
ROT 2.0 mg/kg  1.21 ± 0.07***
ROT + 1% DMSO          1.44 ± 0.07*
ROT + DP 0.5 mg kg          1.52 ± 0.06  
ROT + DP 1.0 mg/kg   1.75 ± 0.05###

ROT + DP 2.0 mg/kg 1.57 ± 0.08#

Means ± SEM; n = 10. *P <0.05; ***P < 0.001 as compared 
with changes in Control group; #P < 0.05, ###P < 0.001, vs. 
the ROT group. ROT, rotenone; DP, diazepinone; DMSO, 
dimethyl sulfoxide

T a b l e  1. Effect of DP on the LTR of rats with ROT-
modeled PD

within cells and in the plasma. Fatty acids accumu-
late in liver by hepatocyte blood plasma uptake and 
de novo biosynthesis. The metabolisms of FFAs and 
TGs are closely linked. In hepatocytes the FFAs are 
activated via acyl-CoA and transported to the mi-
tochondria to be converted into ATP and heat as 
a form of energy. FFAs synthesis is an energy-de-
pendent process. Reduced oxygen consumption by 
the liver tissue inhibits aerobic metabolism. There-
after, glycolysis is activated in hepatocytes with the 
possible accumulation of lactic acid, which can alter 
the efficiency of many enzymes. In our study, we 
observed a significant reduction in the blood levels 
of FFAs in rats with PD, as well as an decrease in the 
concentration of TGs. Currently, there is little infor-
mation about the content of FFAs in the blood at PD. 
A link between fatty acids intake and PD risk is con-
troversial: one study described a positive association 
[27], while another reported an opposite result [28]. 
Serum of PD patients has decreased concentrations 
of long-chain polyunsaturated fatty acids, including 
linoleic acid, alpha-linoleic acid and arachidonic 
acid [29]. According to the results obtained, in the 
rats with PD, the serum levels of CHOL, ECHOLs 
and PLs were significantly reduced. First of all we 
associate this result with a decrease in FFAs syn-
thesis due apparently to mitochondrial dysfunction. 
FFAs are key molecules for the biosynthesis of cer-
tain complex lipids. Within the hepatocyte, FFAs are 
esterified to glycerol-3-phosphate and to CHOL for 
generation of TGs or ECHOLs, respectively. FFAs 

Fig. 1. Еffect of DP on the concentration of PLs in the 
serum of rats with ROT-modeled PD. Kruskal-Wallis 
test. 1 – Control; 2 – ROT (2.0 mg/kg); 3 – ROT + 1% 
DMSO; 4 – ROT + DP (0.5 mg/kg); 5 – ROT + DP 
(1.0 mg/kg); 6 – ROT + DP (2.0 mg/kg). *P < 0.05 
relative to ROT group; ***P   < 0.001 relative to 
Control group; n = 10

C
on

ce
nt

ra
tio

n,
 m

g%

Phospholipids
420

180

280

380
400

360
340
320
300

240
260

200
220

1         2          3         4          5         6

Mean±1.96·SD
Mean±SD
Mean



90

ISSN 2409-4943. Ukr. Biochem. J., 2020, Vol. 92, N 6

Fig. 2. Serum concentration of CHOL in rats with 
PD modeled by ROT before and after DP-treatment. 
1 – Control; 2 – ROT (2.0 mg/kg); 3 – ROT + 1% 
DMSO; 4 – ROT + DP (0.5 mg/kg); 5 – ROT + DP 
(1.0 mg/kg); 6 – ROT + DP (2.0 mg/kg). ***P < 0.001 
relative to Control group; n = 10
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Fig. 3. The content of ECHOLs in the serum of rats 
with ROT-modeled PD before and after DP adminis-
tration. 1 – Control; 2 – ROT (2.0 mg/kg); 3 – ROT + 
1% DMSO; 4 – ROT + DP (0.5 mg/kg); 5 – ROT + DP 
(1.0 mg/kg); 6 – ROT + DP (2.0 mg/kg).***P < 0.001 
relative to Control group; n = 10

C
on

ce
nt

ra
tio

n,
 m

g%

Cholesterol esters

20

70

90

80

60

50

40

30

1          2         3          4         5          6

Mean±1.96·SD
Mean±SD
Mean

Fig. 4. Influence of DP on the concentration of FFAs 
in the serum of rats with ROT-modeled PD. 1 – Con-
trol; 2 – ROT (2.0 mg/kg); 3 – ROT + 1% DMSO; 
4 – ROT + DP (0.5 mg/kg); 5 – ROT + DP (1.0 mg/
kg); 6 – ROT + DP (2.0 mg/kg). **P < 0.01 relative 
to Control group; *P < 0.05 relative to ROT group 
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Fig. 5. Еffect of DP on the concentration of TGs in 
the serum of rats with ROT-modeled PD. 1 – Con-
trol; 2 – ROT (2.0 mg/kg); 3 – ROT + 1% DMSO; 
4 – ROT + DP (0.5 mg/kg); 5 – ROT + DP (1.0 mg/
kg); 6 – ROT + DP (2.0 mg/kg). n = 10
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within the liver may also be used for the synthesis of 
PLs. Under the influence of DP (in groups ROT + DP 
0.5 mg/kg and ROT + DP 1 mg/kg) the content of se-
rum PLs returned to the control level, indicating the 
protective role of the tested drug against impaired 
liver function caused by ROT. On the other hand, 
DP injection was insufficient to correct the reduced 
levels of CHOL and ECHOLs in the blood plasma 
of rats. Although, as noted above, the exact cause of 
PD is unknown, the increasing amount of literature 
provides evidence that circulating CHOL is asso-

ciated with PD. The first stage of free CHOL con-
version is the formation of its esters; the growth of 
CHOL biosynthesis is accompanied by an increase 
in the rate of its esterification. It is known that most 
tissue CHOL and about 65% of the plasma CHOL 
is esterified with higher fatty acids at position C-3. 
Decrease in the content of serum FFAs interrupts 
both the synthesis of CHOL and its esterification. 
The role of CHOL in the pathogenesis of PD is con-
troversial. Most authors suggest that higher serum 
CHOL may be associated with lower risk of PD [30]. 
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On the other hand, it was shown that PD patients 
have lower CHOL than controls [31], others found 
no association [32] and one study suggested that ele
vated serum total CHOL is linked to elevated PD 
risk in males under 55 years of age [33]. 

All ROT-treated rats showed the typical be-
havioral features of PD: resting tremor, stiffness, 
upturned tip of tail, bradykinesia, or hypokinesia. 
Behavioral testing with the open field test indicated 
that the ROT group, but not the vehicle group, was 
affected. The present results revealed a significant 
decrease in rearing frequency (by 76.9%, P < 0.001) 
and in locomotion frequency (by 91.9%, P < 0.001) 
in ROT group as compared to the Control group. DP-
treatment improved behavioral performance of rats 
with PD (Table 2, 3). In the ROT + 1% DMSO, ROT 
+ DP 0.5, ROT + DP 1.0 and ROT + DP 2.0 mg/
kg groups the incidence of locomotion did not differ 
from the control (Table 3). 

As mentioned above, PD is associated with rest 
tremor, bradykinesia (slow movements), rigidity, and 
postural instability. We observed all these symptoms 
in our experimental rats by shooting them with the 
camera. The first symptoms of motor disorders ap-
peared 15-17 days after the start of ROT administra-
tion. Under the influence of DP, the motor activity 
of rats significantly improved, in particular rats in-
creased the frequency of hindpaws and locomotions 
(open field test), which may be associated with in-
creased energy metabolism.

In conclusion, we demonstrated that exposure 
of rats to ROT inhibits tissue respiration and oxygen-
dependent biosynthetic processes in the liver. As a 
result, the lipid content of the blood plasma changes. 
In rats with modeled PD DP improved oxygen up-
take by the liver, fully or partially restored serum 
content of PLs, FFAs and TGs and also promoted 
the rapid recovery of motor activity. The decreased 
concentration of plasma CHOL and ECHOLs in 
ROT -treated rats was not influenced by DP. The 
features of hepatic tissue respiration and blood lipid 
spectrum in rats with simulated PD, as described in 
this paper, may provide a better understanding of 
the pathogenesis of parkinsonism and expose new 
biomarkers of mitochondrial dysfunction associated 
with this disease. 
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Analysis of variance (rearing frequency) marked effects 
are significant at P < ,05000. Means ± SEM; n =  10. 
*P  <  0.05; ***P < 0.001 as compared with changes in 
Control group; ###P < 0.001, vs. the ROT group. ROT, ro-
tenone; DP, diazepinone; DMSO, dimethyl sulfoxide 

T a b l e  2. Changing the rearing frequency in rats 
with ROT-modeled PD before and after DP adminis-
tration (open field test was used)

Animal group Rearing frequency
Control          14.7 ± 0.7
ROT 2.0 mg/kg   3.40 ± 0.31***
ROT + 1% DMSO   11.90 ± 0.53*,###

ROT + DP 0.5 mg/kg 12.5 ± 0,5###

ROT + DP 1.0 mg/kg 13.60 ± 0,54###

ROT + DP 2.0 mg/kg 12.5 ± 0.5###

T a b l e  3. Effect of DP treatment on the incidence 
of locomotion in rats with ROT-modeled PD (open 
field test was used) 

Animal group Incidence of locomotion
Control        33.40 ± 0.82
ROT 2.0 mg/kg   2.70 ± 0.21***
ROT + 1% DMSO 30.7 ± 0.5###

ROT + DP 0.5 mg/kg   31.8 ± 0.55###

ROT + DP 1.0 mg/kg 31.90 ± 0.78###

ROT + DP 2.0 mg/kg 32.30 ± 0.94###

Analysis of variance (rearing frequency) marked effects 
are significant at P < ,05000. Means ± SEM; n =  10. 
*P  <  0.05; ***P < 0.001 as compared with changes in 
Control group; ###P < 0.001, vs. the ROT group. ROT, ro-
tenone; DP, diazepinone; DMSO, dimethyl sulfoxide 
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Вплив діазепінону на 
тканинне дихання печінки 
та вміст ліпідів у сироватці 
крові щурів із ротеноновою 
моделлю хвороби 
Паркінсона

Л. Я. Штанова1,2, П. І. Янчук1, 
С. П. Весельський1, О. В. Цимбалюк1, 
Т. В. Вовкун2, В. С. Москвіна2, 
О. В. Шабликіна2, С. Л. Богза2, В. M. Бабан1, 
А. А. Кравченко3, В. П. Хиля2

1Інститут високих технологій, 
Київський національний університет 

імені Тараса Шевченка, Україна;
2Київський національний університет 

імені Тараса Шевченка, Україна;
3Інститут хімії поверхні ім. О. О. Чуйка 

НАН України, Київ;
e-mail: shtanova@ukr.net

Накопичення α-синуклеїнових агрегатів, 
окислювальний стрес та мітохондріальна 
дисфункція вважаються ключовими в патогенезі 
хвороби Паркінсона (ХП). Незважаючи на 
багаторічні дослідження етіології ХП, причи-
ни її виникнення лишаються нез’ясованими. У 
роботі досліджували вплив діазепінону, нового 
похідного бензодіазепіну, на тканинне дихання 
печінки (ТДП), вміст ліпідів у сироватці крові 
та характерні особливості поведінки щурів із 
ротеноновою моделлю ХП (в/ч ін’єкції ротено-
ну, 2 мг/кг, впродовж 28 днів). ТДП оцінювали за 
допомогою полярографа LP-9. Поведінку щурів 
вивчали, використовуючи тест відкритого поля. 
Було встановлено, що введення ротенону змен-
шувало коефіцієнт споживання кисню печінкою 
на 33,5% (Р < 0,001), а також зменшувався вміст 
фосфоліпідів, холестеролу, ефірів холестеро-
лу, вільних жирних кислот і тригліцеридів у 
сироватці крові  – на 21,4% (Р < 0,001), 28,8% 
(Р < 0,001), 26,8% (Р < 0,001), 30,3 % (P < 0,01) 
та 41,5% (P < 0,001) відповідно. Крім цього, під 
впливом ротенону в щурів спостерігали розлади 
моторної поведінки. Застосування діазепінону 
значно покращувало рухову активність щурів 
із ХП, повністю відновлювало в них ТДП 
і концентрацію фосфоліпідів та частково 
відновлювало концентрації вільних жирних 
кислот і тригліцеридів у сироватці крові. Разом 
із тим, діазепінон не впливав на вміст холестеро-
лу та його ефірів у сироватці крові щурів з ХП.

К л ю ч о в і  с л о в а: хвороба Паркінсона, 
діазепінон, тканинне дихання печінки, вміст 
ліпідів, рухова поведінка.
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