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Abstract—The effect of 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline on markers of hepatocyte cytolysis
(aspartate transaminase, alanine transaminase and gamma-glutamyl transpeptidase), parameters ref lecting
the state of oxidative status (intensity of biochemical luminescence and the content of conjugated dienes),
and on activity of oxidative metabolism enzymes (aconitate hydratase, glucose-6-phosphate dehydrogenase,
NADP-isocitrate dehydrogenase) was studied in rats with CCl4-induced liver injury. The results obtained in
the course of this study demonstrate the ability of the test compound to reduce oxidative stress severity and
the degree of liver cell damage, as well as to change activity of aconitate hydratase and NADP-generating
enzymes towards control values. 6-Hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline was more effective in
normalizing CCl4-induced changes of most analyzed parameters than carsil used as a reference compound.
The tendency to normalize the state of oxidative status and enzyme activity of oxidative metabolism can be
attributed to hepatoprotective and antioxidant properties of the test compound.
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INTRODUCTION
Liver inflammatory diseases causing degeneration

of this organ represent a serious problem important
due to their increased prevalence. There is evidence
that complications associated with toxic liver damage
are the main causes of mortality among patients with
gastrointestinal tract diseases [1].

Carbon tetrachloride (CCl4) is one of the most
studied hepatotropic poisons, for which the pathogen-
esis picture is similar to acute liver injuries induced by
various xenobiotics. In this regard, it is widely used in
experimental medicine to model toxic hepatitis.
During CCl4 metabolism, numerous free radicals
(FR) are formed in the liver monooxygenase microso-
mal system, (particularly, the trichloromethyl radical)
causing oxidative stress. The generated reactive mole-
cules induce lipid peroxidation (LPO) in membranes
and interact with various proteins with covalent bond
formation. This finally leads to impaired functioning
of proteins (including impaired functions of enzy-
matic systems), cell membrane damage causing its
increased permeability, the release of liver enzymes
into the blood circulation and cell death [2].

Exposure to high levels of carbon tetrachloride may
exhaust resources of the antioxidant defense system
and this leads to the development of oxidative stress
and promotes development of toxic hepatitis. Thus,
taking into consideration existing problem of toxic
liver injury the search for hepatoprotective agents with
pronounced antioxidant properties is a very urgent
issue. The possibility of using antioxidants to correct
disorders typical for a wide range of hepatic patholo-
gies is being actively discussed. In particular, the pos-
sibilities of using compounds of natural origin for
treatment of alcoholic and non-alcoholic fatty liver
disease are considered [3]; certain attempts have been
undertaken to evaluate the protective properties of
vitamin C, N-acetylcysteine, and astaxanthin on a
model of liver steatosis [4]; the effects of vegetable
essential oils are investigated in experimental toxic
liver injury induced by cyclophosphamide [5]. In
addition to the search and study of natural antioxi-
dants, protectors obtained by chemical synthesis are
also actively studied. Good evidence exists in the liter-
ature that dihydroquinoline derivatives data exhibit
hepatoprotective properties. For example, 6,6-methy-
lene-bis(2,2,4-trimethyl-1,2-dihydroquinoline) and
70
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6,6-methylene-bis(2,2-dimethyl-4-methanesulfonic
acid sodium-1,2-dihydroquinoline) were able to pre-
vent acute liver damage induced by galactosamine and
CCl4 [6]. Some dihydroquinoline derivatives exhibit
antioxidant activity. For example, 6-ethoxy-2,2,4-
trimethyl-1,2-dihydroquinoline, known as ethoxy-
quin (Santoquin), has a pronounced antioxidant
effect, and therefore it is used as a food preservative for
farm animals, as well as for prevention of certain poul-
try diseases [7]. Thus, it seems reasonable to study bio-
logical effects of this derivative under conditions
accompanied by the development of oxidative stress.
Recently, a method for synthesis of 6-hydroxy-2,2,4-
trimethyl-1,2-dihydroquinoline (DHQ) has been
developed at the Department of Organic Chemistry
(Voronezh State University; VSU) and this compound
has been synthesized for examination in the present
study [8].

We have chosen Carsil as a reference drug for this
study. It is widely used as a hepatoprotective agent; its
active ingredient is silymarin, which also exhibits anti-
oxidant activity. Carsil is popular as a reference drug
for evaluating the effectiveness of potential drugs for
treatment of toxic liver injury [9].

It is known that steatosis is one of the key pathoge-
netic factors in the development of non-alcoholic fatty
liver disease, non-alcoholic steatohepatitis, and pro-
gression of fibrosis [10]. Fat accumulation in hepato-
cytes is also characteristic of acute toxic liver injury.
One of the mechanisms of hepatotropic action of CCl4
includes inhibition of β-oxidation and activation of
biosynthesis of fatty acids and cholesterol, which
occurs due to an increase in the acetate supply of liver
cells [11]. Thus, under conditions of CCl4-induced
development of oxidative stress and exposure to com-
pounds that can limit the severity of FR-mediated
damage, it is of interest to study the functioning of oxi-
dative metabolism enzymes involved in lipid metabo-
lism and the work of antioxidant cell systems. Among
these enzymes, aconitate hydratase (AH, aconitase,
EC 4.2.1.3), which catalyzes the reaction of reversible
isomerization of citrate to isocitrate is especially inter-
esting. Two isoforms of AH are known: cytoplasmic
and mitochondrial. These isoforms differ in physico-
chemical and structural properties and perform differ-
ent physiological functions, determining their involve-
ment in both catabolic and anabolic processes. The
active center of this enzyme contains an iron-sulfur
cluster, which is easily damaged by FR [12]. Inhibition
of the mitochondrial form of AH under conditions of
intensified free radical oxidation is associated with
decreased activity the tricarboxylic acid cycle and,
correspondingly, with a decrease in the level of elec-
tron flow through the respiratory chain [12]. The cyto-
plasmic form of the enzyme is primarily responsible
for regulation of accumulation and utilization of
citrate [12], which plays the role of a substrate precur-
sor for fatty acids biosynthesis, acetyl CoA, which is
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formed in the ATP-citrate lyase reaction. On the other
hand, citrate can chelate prooxidant transition metal
ions. Glucose-6-phosphate dehydrogenase (G6PDH,
EC 1.1.1.49) is a rate-limiting enzyme of the pentose
phosphate pathway, which produces ribose-5-phos-
phate (necessary for nucleic acid biosynthesis)
and NADPH. NADP-isocitrate dehydrogenase
(NADP-IDH, EC 1.1.1.42) catalyzes the reaction of
oxidative decarboxylation of isocitrate to 2-oxogluta-
rate and is localized mainly in the cytoplasm; a small
pool of enzyme activity is also detected in mitochon-
dria. Generating NADPH, G6PDH and NADP-IDH
are involved in the regulation of pathways associated
with lipid biosynthesis [13] and protection against oxi-
dative stress by providing reducing equivalents for the
functioning of a number of antioxidant protection
components [14].

The aim of this study was to investigate the hepato-
protective activity of DHQ and its effect on the func-
tioning of oxidative metabolism enzymes during liver
injury induced by CCl4. Based on the major goal of
this study, following tasks were formulated: (i) to eval-
uate the hepatocyte cytolysis indices after DHQ
administration to animals with Cl4-induced liver
injury; (ii) to analyze the effect of DHQ on the inten-
sity of the processes of free radical oxidation during
the development of pathology; (iii) to study the activ-
ity of AH, NADP-IDH and G6PDH, the enzymes
involved in the lipogenesis and maintenance of the
redox status of cells after DHQ administration to ani-
mals with Cl4-induced liver injury.

Thus, in this study we have evaluated for the first
time the hepatoprotective potential of newly synthe-
sized DHQ and its impact on the intensity of free rad-
ical oxidation and activity of several enzymes involved
in oxidative metabolism.

MATERIALS AND METHODS

Experiments were carried out using male albino
Wistar rats (Rattus norvegicus) weighing 200−250 g;
animals were obtained from the animal nursery
KrolInfo, (Moscow region, Russia). Acute toxic liver
injury was modeled by a single intragastric administra-
tion of CCl4 at a dose of 0.064 mL/100 g (the dose was
dissolved in 1 mL of vaseline oil). The experimental
animals were subdivided into 6 groups: group 1 (n =
12) included intact animals; group 2 (n = 12) included
rats with induced toxic liver injury; group 3 (n = 10)
included animals, which received three intragastric
administrations of DHQ (50 mg/kg) dissolved in 1 mL
of 1% starch; the treatment started 3 h after CCl4
administration with 24 h interval between each DHQ
introduction; group 4 (n = 10) included rats with
CCl4-induced hepatitis, which were treated with carsil
(50 mg/kg) according to the same scheme as DHQ
treatment. In terms of the amount of silymarin in this
dosage form (22.5 mg per tablet of 500 mg), the ani-
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mals received 2.25 mg/kg; this is comparable to the
therapeutic dose for humans indicated in the drug
leaflet. Rats of groups 5 and 6 (n = 8) maintained at
the standard vivarium conditions were treated with
DHQ or carsil (50 mg/kg, respectively). On day 4 of
the experiment, the liver and blood from the heart
were collected from anesthetized animals. Liver tissue
was homogenized in a 4-fold volume of the isolation
medium containing 0.05 M Tris-HCl buffer, pH 7.8,
1 mM EDTA, 1% β-mercaptoethanol, and then cen-
trifuged at 8000 g for 15 min. The supernatant and
blood serum were used in the study.

The activity of marker enzymes of hepatocyte
cytolysis, alanine transaminase (ALT), aspartate
transaminase AST, and gamma glutamyl transpepti-
dase (GGT), was determined using kits from Olvex
Diagnosticum (Russia).

The intensity of free radical oxidation processes
and the total antioxidant activity in a biological sample
were determined by using biochemiluminescence
(BCL) induced by hydrogen peroxide with iron sul-
fate. The BCL kinetic curve was recorded for 30 s
using a BHL-07 biochemiluminometer (Medozons,
Russia), and the following parameters were deter-
mined: total biochemiluminescence (S), maximum
flash intensity (Imax), tangent of the BCL kinetic curve
slope (tanα2). The reaction medium contained 0.4 mL
of 0.02 mM potassium phosphate buffer (pH 7.5),
0.4 mL of 0.01 mM FeSO4 and 0.2 mL of a 2% hydro-
gen peroxide solution added immediately before the
measurement. The test material (0.1 mL) was added
before hydrogen peroxide.

The intensity of LPO processes was evaluated by
the optical method of determination of conjugated
dienes (CD) at 233 nm using a Hitachi U1900 spectro-
photometer (Japan) [15].

AH activity was determined spectrophotometri-
cally at 235 nm. The assay medium contained
0.15 mM citrate, 50 mM Tris-HCl buffer, pH 7.8. The
reaction was initiated by adding the test sample into a
spectrophotometric cell. The citrate concentration
was estimated by the method of Natelson [16].

G6PDH and NADP-IDH activities were evaluated
by increased optical density of the test samples at
340 nm, caused by NADP reduction. The spectropho-
tometric medium for G6PDH assay contained 50 mM
Tris-HCl buffer, pH 7.8, 3.2 mM glucose-6-phos-
phate, 0.25 mM NADP, 1.0 mM MgCl2. NADP-IDH
activity was measured in a spectrophotometric
medium containing 50 mM Tris-HCl buffer, pH 7.8,
1.5 mM isocitrate, 2 mM MnCl2, 0.4 mM NADP.

Protein content was determined using the biuret
reagent [17].

Results of the study were processed using methods
descriptive statistics with determination of the mean
value, standard deviation, and standard error of the
mean (SEM) [18]. The results of the work were ana-
BIOCHEMISTRY (MOSCOW), SUPPLEMENT SERIE
lyzed using the Student’s t-test for multiple compari-
sons with the Bonferroni correction. The normality of
the distribution of values in groups was evaluated using
the Kolmogorov−Smirnov criterion. Differences were
considered as statistically significant at p < 0.05. In
tables and figures data represent mean ± (SEM).

RESULTS AND DISCUSSION
During the first stage, we have compared hepato-

protective activity of DHQ and carsil in rats with
induced toxic liver injury. DHQ administration to
CCl4-treated rats changed activity indicators of AST,
ALT, and GGT activities towards control level and
these changes were more pronounced than after
administration of carsil. For example, DHQ adminis-
tration caused a 2.5-, 2.9- and 3.9-fold decrease in
serum activity of AST, ALT, and GGT respectively as
compared with the values of these parameters deter-
mined in animals of group 2 (toxic liver injury induced
by CCl4). The introduction of the reference drug was
less effective and led to a decrease in these indicators
by 2.1, 2.5 and 1.4 times, respectively (Fig. 1). The de
Ritis coefficient (AST/ALT activity ratio) for animals
with toxic liver injury demonstrated a 1.6-fold
decrease versus this parameter in intact rats, thus sug-
gesting a significant role of inflammatory processes in
the development of this pathological condition [19].
Administration of DHQ and carsil to rats with CCl4-
induced toxic liver injury changed the AST/ALT activ-
ity ratio towards control level by 19% and 15%, respec-
tively. All these results indicate that DHQ has a more
pronounced hepatoprotective effect compared to car-
sil. Apparently, the protective activity of the test com-
pound is based on its ability to deactivate FR, because
their excessive generation is a key factor in the hepato-
cyte damage during toxic liver injury. The manifesta-
tion of the antiradical activity of DHQ may
be attributed to the presence of a hydroxyl group and
p-coupling of N and O electrons in the para position
of the aromatic cycle [20]. In addition, the protective
properties of other derivatives of dihydroquinoline are
known. Earlier, the neuroprotective properties of the
compound related to the quinoline 1,2-dihydro deriv-
atives, ethoxyquin were reported [21]. In the control
groups of rats treated with DHQ and carsil, no signif-
icant changes in AST, ALT, and GGT activities were
observed.

DHQ had a hepatoprotective effect in rats with
toxic liver injury. Since oxidative stress is one of the
key factors involved in pathogenesis of CCl4-induced
hepatitis, we have evaluated the intensity of FR oxida-
tion in experimental animals for elucidation of mech-
anisms of the cytoprotective effect of DHQ. It has
been previously shown that the development of toxic
liver injury is associated with a significant increase in
BCL, CD content, as well as with decreased AH activ-
ity [22]. The results of this study have shown that
DHQ administration to rats with toxic liver injury
S B: BIOMEDICAL CHEMISTRY  Vol. 14  No. 1  2020
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Fig. 1. Activity of ALT, AST (a) and GGT (b) in serum of rats with CCl4-induced toxic liver injury and exposured to 6-hydroxy-
2,2,4-trimethyl-1,2-dihydroquinoline. Here and in other figures: 1—intact animals; 2—animals with toxic liver injury; 3—rats
with toxic liver injury treated with 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline (50 mg/kg); 4—rats with toxic liver injury
treated with carsil (50 mg/kg); 5—control rats treated with 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline (50 mg/kg); 6—
control rats treated with carsil (50 mg/kg). Statistically significant differences, p < 0.05: * compared with the intact rats, ** com-
pared with rats with CCl4-induced toxic liver injury, # compared with rats with CCl4-induced toxic liver injury treated with carsil.
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decreased Imax, S, and tanα2 by 1.6, 2.3, and 1.3 times
in the liver and by 2.0, 2.4, and 1.9 times in serum,
respectively. Administration of carsil to animals with
this pathology was accompanied by less significant
changes in the liver BCL parameters. For example,
Imax, S, and tanα2 in rats of group 4 decreased by 1.4,
2.1, and 1.2 times versus untreated rats with toxic liver
injury (Table 1).

The serum and liver CD content in rats with toxic
liver injury treated with DHQ decreased by 1.9 times
and 1.5 times, respectively, versus animals of group 2
(CCl4-induced liver injury). Administration of carsil
also caused a decrease in this parameter in serum (1.6-
fold) and the liver (1.2-fold) (Fig. 2).

It is known that the development of toxic liver
injury is accompanied by a decrease of AH activity;
this enzyme of oxidative metabolism is a sensitive tar-
BIOCHEMISTRY (MOSCOW), SUPPLEMENT SERIES B:

Table 1. Parameters of biochemiluminescence serum (a) and
with 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline

1—intact rats; 2—rats with CCl4-induced toxic liver damage; 3—r
2,2,4-trimethyl-1,2-dihydroquinoline (50 mg/kg); 4—rats with CC
control rats treated with 6-hydroxy-2,2,4-trimethyl-1,2-dihydroqu
The differences are statistically significant, p < 0.05: * compared w
liver injury, # compared with rats with CCl4-induced toxic liver inju

Parameter
Imax, mV

a b a

1 25.2 ± 1.26 42.0 ± 2.1 307.7 ±
2 51.2 ± 2.56* 86.7 ± 4.33* 739.8 ±
3 25.9 ± 1.29** 53.7 ± 2.69**# 310.0 ±
4 28.0 ± 1.4** 63.6 ± 3.18** 314.1 ±
5 23.5 ± 1.17 45.0 ± 2.25 278.2 ±
6 26.4 ± 1.32 41.3 ± 2.06 315.4 ±
get of the action of free radicals [22]. A decrease in the
activity of this enzyme was also demonstrated in
patients with drug-induced hepatitis [23]. Administra-
tion of DHQ to rats with CCl4-induced toxic liver
injury resulted in a tendency to normalization of AH
activity: in the liver and serum this parameter
increased by 1.3 and 1.6 times, respectively, versus the
values of these parameters in rats of group 2 (Fig. 3a).
These changes resulted in a decrease of the citrate
content by 1.7 and 1.6 times, respectively (Figs. 4a,
4b). Thus, a decrease in the concentration of the sub-
strate precursor for fatty acids biosynthesis, playing a
significant role in the development of steatosis and
fibrosis under conditions of its activation, was noted
[10]. In the control groups of animals treated with
DHQ and carsil, no significant changes in the rates of
FR oxidation were detected. The specific activity of
 BIOMEDICAL CHEMISTRY  Vol. 14  No. 1  2020

 liver (b) of rats with CCl4-induced toxic liver damage treated

ats with CCl4-induced toxic liver damage treated with 6-hydroxy-
l4-induced toxic liver damage treated with carsil (50 mg/kg); 5—

inoline (50 mg/kg); 6—control rats treated with carsil (50 mg/kg).
ith the intact rats, ** compared with rats with CCl4-induced toxic

ry treated with carsil.

S, mV tanα2

b a b

 15.38 92.3 ± 4.61 13.3 ± 0.67 8.1 ± 0.41
 36.99* 236 ± 11.8* 29.5 ± 1.47* 16.65 ± 0.83*
 15.5** 101.75 ± 5.09** 15.8 ± 0.79** 12.82 ± 0.64**
 15.71** 112.06 ± 5.6** 15.4 ± 0.77** 14.1 ± 0.7**
 13.91 90.2 ± 4.51 11.7 ± 0.58 9.05 ± 0.45
 15.77 95.7 ± 4.79 14.2 ± 0.71 8.0 ± 0.4
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Fig. 2. The effect of 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline on the content of conjugated dienes in serum (a) and the
liver (b) of rats with CCl4-induced liver damage.
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Fig. 3. AH activity, expressed as E/mL of blood serum and E/g wet wt of liver tissue (a), and specific activity of this enzyme in
serum and the liver of rats (b) with toxic liver injury treated with 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline.
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AH in the tissues of animals of the experimental
groups demonstrated similar changes (Fig. 3b). Prob-
ably, the detected changes can be attributed to the
antioxidant properties of DHQ during the develop-
ment of toxic liver injury, characterized by oxidative
stress as the main pathogenic factor. It is known that,
CCl4 entering the liver can be transformed at a low
partial pressure of oxygen to  and  radicals
[24]. These conditions cause impairments in lipid
metabolism and development of liver steatosis or obe-
sity. On the other hand, the high partial pressure of
oxygen promotes CCl4 conversion to the CCl3-OO•

radical, followed by LPO activation and induction of
cell apoptosis. In addition, damage of cell membranes
is accompanied by the release of pro-inflammatory
chemokines and cytokines, leading to endotoxin
shock and inflammatory liver damage [24]. Adminis-
tration of the reference drug to animals with toxic liver
injury had a slightly more pronounced impact on the
liver AH activity as compared with the effect of DHQ.
It is possible that this effect of carsil may be associated
with the ability of the main component of the drug,

3CCli 2CHCli
BIOCHEMISTRY (MOSCOW), SUPPLEMENT SERIE
silymarin, to have a positive effect on metabolism. For
example, it was shown that the use of silymarin, either
alone or in combination with succinic acid, helped to:
(i) restore the cell respiration rate, (ii) increase cou-
pling of oxidation and phosphorylation, (iii) increase
the metabolic rate of Krebs cycle intermediates during
experimental inhibition of β-oxidation of fatty acids
[25]. It should be noted that for other derivatives of
dihydroquinoline, the presence of the antioxidant
effect was demonstrated. For example, using a virtual
screening, compounds of the dihydroquinoline series
that showed high antioxidant activity were obtained
[26]. It is also known that the derivatives of 8-hydroxy-
quinoline can reduce the level of β-amyloid, act as FR
scavengers, and chelate copper ions [27].

It is known that NADPH acts as a reducing equiv-
alent needed for fatty acids biosynthesis; it also plays a
role in the functioning of the glutathione antioxidant
system, protecting against oxidative stress. It was pre-
viously demonstrated that the induction of toxic liver
injury in rats and drug hepatitis in humans were asso-
ciated with the mobilization of this protective system,
S B: BIOMEDICAL CHEMISTRY  Vol. 14  No. 1  2020
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Fig. 4. The effect of 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline on the citrate content in serum (a) and liver (b) of rats with
toxic liver injury.

0
0.2

0.6

1.0

1.4
1.2

0.8

0.4

1 2 3 4 5 6
Groups of animals

[C
itr

at
e]

, m
m

ol
/L

(а) (b)

** **

*

0
0.2

0.6

1.0

1.6
1.4
1.2

0.8

0.4

1 2 3 4 5 6
Groups of animals

[C
itr

at
e]

, m
m

ol
/L

** **

*

Fig. 5. NADP-IDH activity, expressed as E/mL of blood serum and E/g wet weight of liver tissue (a), and specific activity of this
e enzyme in serum and the liver of rats (b) with toxic liver injury treated with 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline.

0

0.5

1.5

2.0

3.0

2.5

1.0

0

0.01

0.03

0.05

0.04

0.02

1 2 3 4 5 6
Groups of animals

E
nz

ym
e 

ac
tiv

ity
, E

/m
L

E
nz

ym
e 

ac
tiv

ity
, E

/g
 w

et
 w

t(а)

****

*****

*
Liver
Serum

0
0.02

0.08

0.12

0.18
0.16
0.14

0.10

0.04
0.06

0
0.0005

0.0020

0.0035

0.0025
0.0030

0.0015
0.0010

1 2 3 4 5 6
Groups of animalsE

nz
ym

e 
ac

tiv
ity

, E
/m

g 
of

 p
ro

te
in

 

E
nz

ym
e 

ac
tiv

ity
, E

/m
g

of
 p

ro
te

in

(b)

**

**

**

**

*

*

as well as with increased activity of enzymes generating
NADPH [22, 23]. It was shown that mice knocked out
by the gene of the cytoplasmic form of NADP-IDH
were more susceptible to oxidative stress, inflamma-
tion, and hepatocyte cytolysis induced by lipopolysac-
charide administration [28]. There is evidence that
under the conditions of oxidative stress, the activated
protein SIRT2 (sirtuin 2) deacetylates the G6PDH
molecule at Lys-403 position, and this increases its
activity and NADPH generation [29]. Results of this
study have shown that the effect of DHQ in toxic liver
injury changed G6PDH and NADP-IDH activity
towards control values, while the administration of
carsil was less effective. For example, in animals with
toxic liver injury treated with DHQ activity of NADP-
IDH in the liver and serum reached the control level.
After administration of carsil to animals with this
pathology, NADP-IDH activity decreased by 1.4 and
1.5 times, respectively (Fig. 5a). The use of DHQ as a
protector also contributed to a decrease in G6PDH
activity in the liver and serum by 1.4 and 1.8 times rel-
ative to the values of group 2 (untreated animals with
toxic liver injury). Carsil administration had a similar
BIOCHEMISTRY (MOSCOW), SUPPLEMENT SERIES B:
effect on the activity of G6PDH in the liver, while a
decrease in serum activity of this enzyme was less pro-
nounced (Fig. 6a). Changes in the specific activity of
G6PDH and NADP-IDH had a similar tendency
(Figs. 5b, 6b). Obviously, the observed changes in the
activity of both enzymes induced by DHQ administra-
tion to animals with toxic liver injury are associated
with a decrease in the need for NADPH by the antiox-
idant system of liver cells. Apparently, DHQ adminis-
tration contributed to a decrease in the intensity of FR
oxidation, followed by a compensatory decrease of the
adaptive compensatory response to stress [30].

Thus, under the conditions of the toxic liver injury
DHQ demonstrated hepatoprotective and antioxidant
activity, which was manifested in a decrease in marker
indicators of liver cell cytolysis and intensity of FR
oxidation intensities; DHQ also changed the activity
of oxidative metabolism enzymes towards control
level. In most cases DHQ had a more pronounced
effect on the analyzed parameters than carsil.
 BIOMEDICAL CHEMISTRY  Vol. 14  No. 1  2020
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Fig. 6. G6PDH activity, expressed as E/mL of blood serum and E/g wet weight of liver tissue (a), and specific activity of this
enzyme in serum and the liver of rats (b) with toxic liver injury treated with 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline.
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CONCLUSIONS

Administration of DHQ to animals with induced
toxic liver injury changed parameters reflecting
hepatocyte cytolysis and intensity of FR processes
(BCL and CD concentration) towards the control
level. There was a decrease in the degree of mobiliza-
tion of NADPH generating enzymes and restoration
of AH activity, which could be a consequence of the
antioxidant effect of the protector. The results of this
study indicate that the test compound has a more pro-
nounced positive effect on most of the studied param-
eters then the reference drug, carsil. The data obtained
emphasize the feasibility of searching for new hepato-
protective compounds among dihydroquinoline
derivatives that can be applicable as therapeutic agents
for treatment of acute liver injuries.

Based on the results obtained in the study, the fol-
lowing conclusions can be drawn: (1) DHQ adminis-
tration under conditions of toxic liver injury decreased
in marker parameters of hepatocyte cytolysis; (2) the
test compound decreased in the intensity of free radi-
cal oxidation in tissues of rats with induced pathology;
(3) DHQ had a regulatory effect on the activity of oxi-
dative metabolism enzymes involved in the function-
ing of the antioxidant system of the liver and the sup-
ply of acetyl CoA and NADPH for fatty acid biosyn-
thesis; (4) in most cases the test compound had a
more significant effect on the analyzed parameters
than carsil.
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