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Abstract Experimental toxic methemoglobinemia was performed on 100 male rats weighing 190-220 grams by daily
injection of sodium nitrite at a dose of 50 mg/kg for 30 days. In the blood of rat were studied content of methemoglobin
(metHDb), the level of total hemoglobin, the activity of Na*, K" -ATPase, glucose-6-phosphate dehydrogenase (G6P-DH),
the blood content of lipid peroxidation products (MDA, diene ketones, diene conjugates), as well as the activity of
antioxidant system enzymes (catalase (CT), superoxide dismutase (SOD), glutathione peroxidase (GPO), glutathione
reductase (GR)). The results showed that in nitrite methemoglobinemia metHb content in the blood of experimental
animals already increased in the first hours after the start of the experiment. Corrective action of “Rheoambrasol” on the
activity of peroxidation and the activity of antioxidant protection enzymes under conditions of methemoglobinemia caused
by prolonged nitrite intoxication was established. The use of “Rheoambrasol” at methemoglobinemia has a distinct
restorative activity on G6P-DH and enzyme Na*, K* -ATPase, thereby showing membrane-stabilizing effect.
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1. Introduction

Penetration into the body of various cytotoxic
xenobiotics, which includes sodium nitrite, leads to hypoxia,
disruption of oxidative and energy homeostasis [6,11].
Already in the body sodium nitrite promotes the formation
of methemoglobin by direct action on hemoglobin, and
by damaging the biological systems responsible for the
recovery of methemoglobin, or both ways simultaneously
[1,2,7]. Its action on the body based on the oxidation
of hemic iron from divalent to trivalent (Fe** to Fe)
and disruption of respiratory enzymes, which causes the
development of mixed type hypoxia and disturbance of
functional properties of red blood cells. Regardless of
the type of hypoxia, the characteristic disorders are
based on the activation of free-radical processes which
in methemoglobinemia lead to prolonged suppression
of membrane-associated and adenosine triphosphate
(ATP)-dependent enzyme activity - Na*, K* -ATP-ase.
(Filippova O.N. et al. 2005) [5].
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To restore these consequences of methemoglobinemia,
we propose a new drug "Rheoambrasol”, which has
antihypoxic, antioxidant action, able to restore cell
metabolism in conditions of hypoxia [13].

2. Main Body

2.1. The Purpose of Our Research

The purpose of this work is to study the effect of the new
drug «Rheoambrasol»» on the activity of lipid peroxidation,
antioxidant protection and Na®, K* -ATPase, in nitrite
methemoglobinemia.

2.2. Material and Methods of Study

The experiments were carried out on the basis of
vivarium of the Interuniversity research laboratory of the
Tashkent Medical Academy (TMA). 100 male rats weighing
190-220 grams were involved in the experiment.. Toxic
methemoglobinemia in rats was created by daily injection of
sodium nitrite at a dose of 50 mg/kg for 30 days [6]. The
severity of the animals' condition during the experiment was
determined according to the criteria proposed by Ivanitskaya
N.F. (1976).

During the staging of the methemoglobinemia model,
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methemoglobin (metHb) content was determined after
sodium nitrite injection after 1.5 hours, on the 3rd, 15th, and
30th days. Was started methemoglobinemia, on the 30th day
after treatment.

Were treated animals for 5 days with blood substitutes: the
new blood substitute "Rheoambrasol” in the experimental
group and the preparation "Rheopolyglukin” in the
comparison group. Were administered blood substituteS
infusion drugs at a dose of 10 ml/kg.

Were divided animals into the following groups:

Group | - pre-methemoglobinema (intact) (n=15);

Group Il (control) - with methemoglobinemia without
treatment;

Group I (comparison) - with «Rheopolyglukinx» infusion
on the 30th day after sodium nitrite injection;

I11a) subgroup - 1 hour after treatment n=13;

I11b) subgroup - on the 5th day after treatment, n=12;

Group IV (main, experimental) - with «Rheoambrasol»
infusion on the 30th day after sodium nitrite injection;

IVVa) subgroup - 1 hour after treatment, n=14;

IVVb) subgroup - on the 5th day after treatment, n=14.

Laboratory studies were carried out on the basis of
"Laboratory of blood substitutes" of the Republican
Specialized  Scientific-Practical Medical Center of
Hematology (RSSPMCH).

In all animals the level of metHb was determined by
spectrophotometry according to VVolchkov A.B. et al. (2002),
by a single measurement of the optical density (OD) of the
blood solution followed by calculation of metHb content
according to the formula [17].

The level of total hemoglobin was determined by the
hemoglobin cyanide method using HUMAN kits (Germany),
according to the instructions provided with the kit. Reaction
results were measured on a BA88A semi-automatic
biochemical analyzer (Mindray, China).

ATPase activity was studied according to the method of
AM. Kazzenov and co-authors [8]. erythrocytes were
washed 3 times with 0.145 mM NaCl, 10mM Tris-HCI
buffer (pH 7.4) and treated with 1% tween 20 in 0.25 M
sucrose on Tris-HCI buffer (volume 1:1, exposure: 60 min at
20°C). Na*, K" -ATPase activity was calculated from the
growth of inorganic phosphorus (Fn, sensitivity 0.01 pM) in
the incubation medium and calculated from the difference
between ATPase activity without and in the presence
of inhibitor - 1 mM ouabain. The activity was expressed in
pumol Fn per ml of cells (taking into account hematocrit of
prepared erythrocyte suspension). The following reagents
were used: EDTA, ATP, and ouabain (Sigma) and other
reagents (Russia). The activity of Na*, K" -ATPase, in blood
was determined in pmol Pi/g Hb.

The activity of erythrocyte glucose-6-phosphate
dehydrogenase (G6P-DH) was determined according to a
common method [18].

The content of lipid peroxidation products (MDA, diene
ketones, diene conjugates) was determined according to the
method of G.R. Titeeva and N.N. Korovina [15] using
TBK-AGAT kit ("Agat-Med", Russia). Products were

calculated using molar extinction coefficient and expressed
in nmol/mg. Diene conjugates and diene ketones were
determined in hexane extracts of blood serum (1996) [3].

The activity of catalase (CT) in blood was determined
by the method of M.A. Korolyuk et al. (1998) [9,10],
the principle of which is based on the ability of H,O, to
form a stable colored complex with molybdenum salts.
Measurements were performed at a wavelength of 410 nm.
An enzymatic unit (U) was the amount of enzyme necessary
to convert 1 umol of substrate in 1 min at 25°C.

Superoxide dismutase (SOD) activity was determined
according to the method of V.G. Mkhitryan et al. (1978) [12].
The activity was calculated by the percentage of inhibition
(T%) of tetrazolium blue reduction in alkaline medium. The
unit of SOD activity (U) was taken to be the amount of the
enzyme required for the 50% inhibition of nitroblue
tetrazolium reduction in the non-enzymatic system of
phenazine methanesulfate and NADN. The activity of the
enzyme was expressed in units/min x mg of protein.
Superoxide dismutase (SOD) activity in erythrocytes was
expressed in units/min x mg Hb [4]. Purified SOD
preparation (ICN Biomedicals, USA) was used as a standard
[14].

The activity of glutathione peroxidase (GPO) was
determined by the accumulation of oxidized glutathione
(GSSG) as a result of lipoperoxide decomposition. The
activity of the enzyme was expressed in units/min x mg Hb
per min. Activity of erythrocyte glutathione reductase (GR)
was determined in reaction medium of phosphate buffer at
wavelength 340 nm and by the decrease of NADPH*H and
expressed in uM NADPH?*min x g Hb (Vlasova S.N. et al.,
1990) [16].

Measurements were performed on a “UNICO2800”
spectrophotometer (United products and instruments, Inc.,
USA).

The results were statistically processed using Student's
t-test. Differences were considered statistically significant
when the p-criterion value was less than or equal to 0.05.

2.3. Results of the Study

The results of the study showed that during nitrite
methemoglobinemia, the content of metHb in the blood of
experimental animals already increased in the first hours
after the beginning of the experiment. Figure 1 shows data on
the amount of methemoglobin in the blood during nitrite
methemoglobinemia and after the application of blood
substitutes (Fig. 1).

From the data presented, we can see that during sodium
nitrite intoxication, the content of methemoglobin at day
30 is approximately 44.5% (p<0.01) of the level of total
hemoglobin and did not change throughout the experiment.

The study of lipid peroxidation (LPO) (levels of MDA,
diene conjugates and diene ketones) in methemoglobinemia
in group Il revealed an increase in both intermediate and
final LPO products in both plasma and erythrocytes (Table
1). Thus, in plasma MDA increased 2.2 times (p<0.05), and
in erythrocytes 1.5 times (p<0.05), diene ketones 1.7 times
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(p<0.05), diene conjugates 2.1 times (p<0.01).

Hyperlipoperoxidation may be caused by an imbalance
in the AOS system. For this purpose, the activity of the
antioxidant system was studied. The activity of AQOS
enzymes during intoxication changed as follows: catalase
activity decreased by 26.8% (p<0.05), superoxide dismutase
(SOD) in plasma - by 13.5% (p<0.05), in erythrocytes by -
14.3% (p<0.05), GPO - by 34.4% (p<0.01), GR activity - by
47.8% (p<0.05).

In methemoglobinemia there was a decrease in the
activity of G6P-DH in erythrocytes by 25.7% (p<0.05).
Increased LPO processes in group Il and decreased activity
of glucose-6-phosphate dehydrogenase cause damage to
biomembranes during prolonged exposure to sodium nitrite.

The activity of enzyme Na*, K* -ATPase in the erythrocyte
membrane in animals after injection of sodium nitrite for 30
days showed a significant decrease by 7.2 times (p<0.01).

Thus, methemoglobinemia increases the content of
methemoglobin, activates LPO processes and decreases the
activity of antioxidant system enzymes, there is a decrease in
glucose-6-phosphate dehydrogenase and suppression of Na®,
K" -ATPase activity.

After use of “Rheopolyglukin” in group III, blood
methemoglobin content decreased 1.4-fold (p<0.05) an hour
later, and 4.1-fold (p<0.01) on day 5 after treatment.

Figure 1 shows the blood methemoglobin counts for nitrite
methemoglobinemia and after the use of blood substitutes.
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Figure 1. Changes in rat blood methemoglobin levels during experimental methemoglobinemia and after treatment with blood substitutes (one hour after
treatment on day 5) (Reference values of methemoglobin: 0.04-1.52% of total Hb)

Table 1. Changes in the content of glucose-6-phosphate dehydrogenase, Na*, K™ -ATPase, parameters of lipid peroxidation and antioxidant system in
methemoglobinemia after infusion of blood substitutes (M+m)

Intact . _ After methemoglobinemia + infusion
Name animals Methemoglobinemia on day 5 of treatment
Rheopolyglukin Rheoambrasol
G6P-DH er, IU/ g Hb 10.9+0.34 8.1+0.32 9.1+0.26 11.2+0.33
Na’, K*-ATPase er., umol Pi/ g Hb 0.36+0.024 0.05+0.008 0.11+0.007 0.31+0.013
LPO
MDA pl., nmol/ml pl. 3.1+0.06 6.7+ 0.1* 5.1+ .06" 3.0+ 0.17
MDA er, nmol/mg Hv 0.4+ 0.04 0.6+ 0.08* 0.5+ .04" 0.4+ 0.02"
Diene ketones, U. 0.18+0.09 0.30£0.03" 0.24£0.1*" 0.17+0.05*"
Diene conjugates, U. 1.2+ 0.1 25+ 0.2 1.8+ .10 1.1+ 017
AOS
Catalase er. nm/mg Hb x min 40.3£2.9 29.5+3.5* 31.2+3.1" 42.2+5.7
SOD plasma, U/mg protein 5.2+ 0.2 4.5+ 0.2* 5.0+ 0.4" 5.4+ 0.3"
SOD er., U/mg Hb 2.1+0.3 1.8+0.3 1.9+0.18 2.5+0.2
GPO er., uM NADPH2/ min x g Nb 0.32+ 0.02 0.21+ 0.05* 0.25+ 0.017 0.33+0.03"
GR er, uM NADPH2/ min x g Hb 23+0.1 1.2+ 0.2* 1.4+0.1 2.4+0.2

Note: * - reliability (p<0.05) when comparing with intact group; ” - same (p<0.05) when comparing with methemoglobinemia;
# - same (p<0.05) when comparing treatment results.
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After injection of “Rheopolyglukin” in group III LPO
indexes decreased. Thus, the levels of MDA in blood plasma
and erythrocytes decreased 1.3 and 1.2 times (p<0.05)
respectively, diene ketones - 1.3 times, diene conjugates - 1.4
times, relative values of animals after methemoglobinemia.

There was also a slight activation of catalase in group IlI
by 5%, SOD in plasma by 5.8%, SOD in plasma and
erythrocytes by 11.1% and 5.6%, GPO by 19.0%, and GR by
16.7%, relative to group Il with methemoglobinemia.

The study of G6P-DH activity in erythrocytes, allowed to
establish a slight increase by 12.3%. The activity of enzyme
Na‘, K" -ATPase in the erythrocyte membrane increased
2.2-fold (p<0.01), accounting for 30.6% of baseline data.

The use of the drug "Rheoambrasol”, and for
methemoglobinemia contributed to a decrease in
methemoglobin by 75.8% already in 1 hour after treatment,
and in 5 days restored to normal.

LPO indices after the use of “Rheoambrasol” in group IV
also restored to the initial values. A comparative evaluation
of LPO indices after treatment (Table 1) shows that after
using «Rheoambrasol» they were lower than MDA in plasma
and erythrocytes by 41.2% and 20.0% (p<0.05) and diene
ketones by 29,2% (p<0.05), diene conjugates by 38,9%
(p<0.05) compared with “Rheopolyglukin”.

In group IV there was a recovery in the activity of AOS
enzymes, which increased and were higher than catalase by
35.3%, SOD in plasma by 8.0%, SOD in erythrocytes by
31.6%, and GPO by 32.0%, GR - by 71.4%, compared
with “Rheopolyglukin”. A characteristic feature of the
membrane-protective effect of "Rheoambrasol” in terms of
methemoglobinemia caused by prolonged nitrite intoxication
is its normalizing effect not only on LPO processes but
also on the activity of some lipid-dependent enzymes, in
particular on the activity of G6P-DH, which was restored to
its original values and was higher by 23.1% compared with
«Rheopolyglukin». The activity of enzyme Na*, K -ATPase
in the erythrocyte membrane increased 6.2-fold, approaching
the initial data and was higher by 2.8 times compared with
«Rheopolyglukin».

Treatment of rats with “Rheoambrasol” normalizes
methemoglobin, free-radical oxidation of lipids, enzymatic
activity of AOS. “Rheoambrasol" has a distinct membrane
stabilizing effect, restoring the activity of G6P-DH and
enzyme Na*, K*-ATPase. The properties of <Rheoambrasol»
revealed in this experimental model are associated with
a direct effect of the new blood substitute on cellular
metabolism due to its complex compound polysaccharide
and natural metabolite of the Krebs cycle, which has
antihypoxant, antioxidant, membrane stabilizing, diuretic
effect and can restore cell function and viability,
thereby reducing the probability of lethal outcomes in
methemoglobinemia.

3. Conclusions

Corrective effect of «Rheoambrasol» on the activity

of peroxidation and the activity of antioxidant protection
enzymes under conditions of methemoglobinemia caused
by prolonged nitrite intoxication was established.

The use of «Rheoambrasol» at methemoglobinemia has a
distinct restorative activity on G6P-DH and enzyme Na*, K*
-ATPase, thereby exhibiting membrane stabilizing effect.
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