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Abstract
Severe acute pancreatitis represents about 20% of all pancreatitis diagnosis and it has a highmortality rate when associated with a
lung dysfunction. The aim of this research was to investigate the use of a wild spectrum metabolic drug (Cytoflavin®) for the
treatment of acute lung injury in experimental pancreatitis. A L-arginine-induced acute pancreatitis (groups II and III) was
simulated experimentally in a rat population. A combined metabolic drug was used as treatment. We determined the levels of
amylase, medium molecules (MM 254 and 280), malonic aldehyde (MA), diene conjugates (DC), interleukin-8 (IL-8),
interleukin-10 (IL-10), and tumor necrosis factor-α (TNF-α) in the blood and we performed a histologic examination of the
lungs and pancreas of the rat population. The activation of lipid peroxidation peaks at 24–48 h from the onset of the disease. The
level of malonic aldehyde in groups II and III was higher (39.09% and 30.99%, respectively) than that in the control group I
(p < 0.02; p < 0.01), the diene conjugates level was higher by 43.66% and 42.03% respectively (p < 0.01). With medical correc-
tion after 72 h (group III), the level of malonic aldehyde and diene conjugates decreased by 17.0% and 30.5% when compared
with group II (no medical correction) (p < 0.05). The level of medium molecules peaked after 72 h of the disease induction
(p < 0.001). A correlation was established between the level of endogenous intoxication with the membrane-destructive process-
es in the lung tissue 48 h after modeling of acute experimental pancreatitis. The use of the proposed medicament correction
reduces the manifestations of endogenous intoxication.
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Introduction

Acute pancreatitis (AP) is one of the most common causes of
emergency surgery [1]. Although, 80% of cases are mild, the

remaining 20% are classified as a severe form [2]. The mor-
tality in patients with severe form can reach up to 50% [3, 4].
Mortality in AP has two peaks: the first occurs within 7 days
after the onset of the pancreatitis symptoms and it is associated
with the development of organ dysfunction; the second de-
velops later when a multiple organ failure syndrome occurs
generally complicated by the development of sepsis [5, 6].
The multiple organ failure syndrome includes disorders of
the cardiovascular, respiratory, and excretory systems and es-
pecially of the liver. Once started, the severity of the patho-
logical process is linked to the synthesis of a complex chain of
inflammatory mediators such as cytokines, proteolytic en-
zymes, free oxygen radicals, complement fragments, eicosa-
noids that lead to a systemic process and a multiple organ
dysfunction [7, 8].

In recent decades, the use of modern medical technologies
has significantly improved the effectiveness of the treatment
in patients with various forms of AP [9, 10], but in the case of
an acute respiratory distress syndrome, the mortality reaches
up to 48–86% without a significant trend towards
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improvement [11]. Experimental and clinical studies have
shown the increased activity of pancreatic enzymes in the
blood and cytokine content is responsible for pulmonary inju-
ry development in the setting of acute pancreatitis during the
first hours [12, 13].

The severity of AP depends in fact on the relationship
between pro- and anti-inflammatory cytokines, including also
interleukin-10 (IL-10), which inhibits the phagocytic activity
of macrophages and the synthesis of other inflammatory me-
diators [14]. The tumor necrosis factor-α (TNF-α) instead has
a cytotoxic effect on parenchymal target cells enhancing
interleukin-8 (IL-8) synthesis.

The purpose of the following study is to investigate the
effec t iveness of a drug/medicat ion combinat ion
“Cytoflavin®” (in 1 ml: 100 mg of succinic acid, 10 mg of
nicotinamide, 20 mg of riboxin inosine and 2 mg of riboflavin
sodium phosphate), for the treatment of acute lung injury in-
duced by acute pancreatitis in a rat population.

Literature data already demonstrated that Cytoflavin®
have shown clear benefits in the case of cerebrovascular or
neuro-degenerative diseases and neuroasthenia. Recently, it
has been successfully tested in the intensive care unit for the
treatment of metabolic disorders associated with acute
purulent-destructive lung diseases, peritonitis, or for the cor-
rection of enteral dysfunctions in patients with AP [15].

The drug components are inducers of the major metabolic
pathways in pulmonary cells, they act as activators of several
energy-generating processes that promote the utilization of
free oxygen radicals, thereby reducing the level of peroxide
processes and tissue ischemia. The components of
Cytofalvin® are natural metabolites of the body which stim-
ulate tissue respiration and improve the metabolism of the
central nervous system. The succinic acid is an endogenous
intracellular metabolite of the Krebs cycle, during which it is
transformed into fumaric acid. It stimulates aerobic glycolysis
and the synthesis of ATP in cells. Inosine is a derivative of
purine that has the ability to activate a number of enzymes of
the Krebs cycle increasing ATP production. Riboflavin (B2
vitamin) activates the enzyme succinate dehydrogenase and
other redox reactions of the Krebs cycle. Nicotinamide (vita-
min PP) is crucial for the activation of nicotinamide-
dependent enzymes of the Krebs cycle required for cellular
respiration.

Methods

The experimental study was conducted in 105 white Wistar
rats weighting 190–230 g, kept in a standard diet in the vivar-
ium of the Ivano-Frankivsk National Medical University
(Ukraine). The mean age of the rat population was 11 weeks
(range, 8–12 weeks). Sixty rats were female (57.1%), forty-
five male (42.9%).

The rats were divided into three groups: group I—control
group (n = 10), in which a 0.9% isotonic NaCl solution was
injected intraperitoneally (after overnight fasting); group II—
experimental (n = 51), in which we induced an AP by two
intraperitoneal injections of 20% L-arginine (total dose of
5 g / kg, at 1-h interval) [16].

Finally, group III—experimental (n = 44), in which rats
were injected with “Cytoflavin®” at a dose of 0.21 ml/kg at
5 min after AP simulation. A general anesthesia was induced
for each rat during the course of the study. The timeframe of
the experiment was 12, 24, 48, 72, and 96 h after AP induction
time. All animals were euthanized at the timeframe specified
in the experiment.

Tissue sampling from the lungs and pancreas of the rats
was performed 20–40 min after euthanasia. Blood tests in the
experimental induced-AP population were performed after the
death of the animals. For histological examination, sections
were stained with hematoxylin and eosin and they were inves-
tigated by the method of elective detection of fibrin in modi-
fications [17]. All sections were examined using a microscope
“Leica DME™” (Leica Microsystems CMS GmbH,
Germany, 2008) with a digital camera “Nikon Coolpix
5100™” (Japan, 2008). The blood amylase activity was de-
termined by the amyloclastic method [18]. The level of
malonic aldehyde was investigated according to the modified
method of lipid peroxidation product determination [19].

The method for the detection of diene conjugates (DCs) was
the formation of a conjugated double bond system, which was
accompanied by the appearance of a new absorption maximum
band in the spectrum range (λmax = 233 nm) [20]. Themethod
of determining the content of medium molecules (MM) was
based on the deposition of high molecular weight peptides
and proteins of biological fluids using trichloroacetic acid in
the obtained centrifugation of the supernatant of medium mo-
lecular weight peptides by the absorption in monochrome light
flux at a wavelength of 254 nm and 280 nm [21]. We analyzed
the cytokine levels in serum by enzyme immunoassay (analyze
“StatFax 303 Plus”) and we used the enzyme-linked immuno-
sorbent assay (ELISA) for the quantitative determination of
TNF-α, interleukin-8 (IL-8) and interleukin-10 (IL-10) by close
actioners corporation “Vector-Best.”

The study had the approval of the Institutional Ethical
Committee of Ivano-Frankivsk National Medical University
(Ukraine) and it was performed according to the Helsinki
Declaration guidelines. (Directives EU № 609 from 24/11/
1986 and the Law of Ukraine № 3447-1 from 21/02/2006).

Statistical analysis was performed using SPSS 19
(Statistical Version 6, StatSoft, Inc.). Quantitative data were
expressed as mean values ± standard deviation (SD). Fisher’s
exact test was used to compare the quantitative variables.
Spearman’s (rank) correlation coefficient (nonparametric)
was used to establish correlations among biochemical vari-
ables. A p value < 0.05 indicated a statistical significance.
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Results

The highest level of amylase activity (threefold) was found
24 h after the study starting time (Table 1). Activation of lipid
peroxidation by AP in experimental conditions reaches its
peak at 24–48 h from the beginning of the disease: malonic
aldehyde content in the group II and III exceeded the control
values by 39.09% and 30.99%, whereas the level of diene
conjugates by 43.66% and 42.03% (p < 0.001). In the subse-
quent course of AP (for 72 h), the malonic aldehyde content
decreased by 18.65%, and diene conjugates continued to in-
crease by 18.34% in comparison with the indicators at 24 h of
the experiment (p < 0.05), whereas with medication correction
for 72 h, the diene conjugates decreased by 11.29% and the
malonic aldehyde by 11.58% when compared with the 24 h
time value (p < 0.05).

However, during the first 72 h, we observed a decrease of
malonic aldehyde and diene conjugates by 17.0% and 30.5%,
respectively, due to medical corrections, in comparison with
similar indicators in group II (p < 0.05).

After 72 h after AP development, the lipid peroxidation
processes slowly decreased, the level of endogenous
pathogens—medium molecules (MМ254 and MМ280)—

instead reached its peak: in group II—it increased by
39.52% and 50.00%, meanwhile in group III—it increased
by 33.33% and 36.41% when compared with group I
(p < 0.001).

At 72 h from the experiment start time, the content of IL-8 in
group II was 31.72% higher than group III (p < 0.02) (Table 2).
The IL-10 count continued to decline after 72 h and 96 h in
group II, and it remained stable at group III. When comparing
IL-8 and TNF-α after 48 h in group II, the content of IL-8 and
TNF-α was 27.29% and 60.42% higher than that in group III,
indicating a high therapeutic efficacy for the course of the path-
ological process (p < 0.01). After 24 h from the development of
the experimental AP, the concentration of cytokines increased
in groups II and III: TNF-α by 13.23 and 17.04 times respec-
tively (p < 0.001), IL-8 by 4.77 and 5.61-fold (p < 0.001), and
IL-10 decreased by 56.71% and 36.89% compared with the
control group (p < 0.01). After 48 h, TNF-α levels began to
decrease in both groups, but it remained higher by 9.37 and
5.01 times relative to the control group (p < 0.001), while in the
group III the IL-8 content maintained at the previous level
(58.54 SD 4.30 pg/ml), and in group II it reached its peak
80.51 SD 3.79 pg/ml (p < 0.01), whereas the concentration of
IL-10 at 48 h from the experiment starting time reached its peak

Table 1 Variations of endogenous intoxication indicators at different stages of an experimental acute pancreatitis

Indicators Group І 12 h Series of experiments 24 h 48 h 72 h 96 h

Amylase, U/l 1.92SD0.26 6.24SD0.69 Group ІІ 8.24SD0.81 7.29SD0.67 5.52SD0.53 5.42SD0.51●

Group ІІІ 8.32SD0.79 7.23SD0.65 5.01SD0.57 4.78SD0.43●

MМ254, CU 0.26SD0.01 0.33SD0.01 Group ІІ 0.39SD0.01 0.42SD0.02 0.46SD0.03 0.35SD0.02●

Group ІІІ 0.35SD0.01 0,36SD0,01 0,39SD0,03 0,29SD0,01●

MМ280, CU 0.21SD0.01 0.28SD0.02 Group ІІ 0.35SD0.01 0.35SD0.01 0.42SD0.03 0.32SD0.03●

Group ІІІ 0.29SD0.01 0,29SD0,01 0,33SD0,02 0,25SD0,01●

Мalonic aldehyde, mkM/l 4.41SD0.20 6.44SD0.31 Group ІІ 7.24SD0.28 7.32SD0.17 6.61SD0.24 6.54SD0.48

Group ІІІ 6.39SD0,19 6.54SD0.32 5.65SD0.39 5.14SD0.36

Diene conjugates, mkM/l 0.40SD0.03 0.77SD0.05 Group ІІ 0.79SD0.04 0.89SD0.06 0.84SD0.07 0.72SD0.04

Group ІІІ 0.69SD0.03 0.75SD0.02 0.64SD0.05 0.60SD0.03

MM254: medium molecules 254;MM280: medium molecules 280; SD: standard deviation

•Indicates a value with a statistical significance (р < 0.05)

Table 2 Variations of pro- and anti-inflammatory cytokines at different stages of experimental induced acute pancreatitis

Indicators Group І 12 h Series of experiments 24 h 48 h 72 h 96 h

ІL-8, pg/ml 12.26SD0.92 16.73SD1.82 Group ІІ 72.23SD5.48 80.51SD3.79 69.13SD6.69 48.43SD3.60

Group ІІІ 58.54SD3.52 58.54SD4.30 47.20SD4.21 30.17SD3.00

ІL-10, pg/ml 3.28SD0.20 2.64SD0.23 Group ІІ 1.42SD0.14 1.67SD0.25 0.42SD0.03 0.35SD0.02

Group ІІІ 2.07SD0.26 2.63SD0.32 1.84SD0.14 1.86SD0.28

TNF-α, pg/ml 8.31SD0.43 76.69SD4.10 Group ІІ 141.60SD10.75 124.73SD10.69 96.69SD10.53 84.15SD7.33●

Group ІІІ 109.92SD5.64 78.66SD5.97 75.51SD6.13 42.05SD2.76●

IL-8: interleukin-8; IL-10: interleukin-10; TNF-α: tumor necrosis factor-α; SD: standard deviation

•Indicates a value with a statistical significance (р < 0.05)
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63.50% higher than the same indicator in group I (p < 0.05) in
the treated AP group.

After 24 h from treatment administration, the level of
ММ280 decreased by 17.7%, malonic aldehyde by 13.3%,
and diene conjugates by 14.5% (p < 0.05); after 48 h, the con-
tent of interleukin-8 decreased by 37.5% and tumor necrosis
factor-α by 58.6% (p < 0.01), while the concentration of
interleukin-10 increased by 63.5% (p < 0.02) when compared
with their values in group II.

Discussion

These data seem to confirm the overall concentration of in-
flammatory molecules (medium molecules, malonic

aldehyde, diene conjugates) increased by 1.2–1.5 times in
the blood of the bronchopulmonary system of rats with in-
duced AP. This seems to be caused by the disbalance in pro-
and anti-inflammatory cytokine production [22].

Conversely, in the rat population treated, the levels of IL-8
and TNF-α were lower thus indicating a good therapeutic
efficacy during the course of the pathological process.

Our results are comparable with another study where in
genetically modified mice lacking the ability to synthesize IL-
10, the course of acute pulmonary injury due to AP was signif-
icantly more severe than that in not modified animals, while the
severity of AP in both groups was similar [23]. TNF-α has
cytotoxic effects on the parenchymatous target cells and it in-
creases IL-8 synthesis; moreover, it directly damages the endo-
thelial cells and it causes the activation of coagulative hemosta-
sis, microvascular thrombosis; finally, it also stimulates neutro-
phil cell accumulation in the lungs [24, 25].

During our experience, some pathological changes oc-
curred in the lungs of the rats with an experimentally
induced-AP (Fig. 1): at the final histological examination, in
fact, we observed multiple areas of atelectasis, the presence of
hyaline membrane disease, and several microcirculatory dis-
orders (microthrombosis) characterized by the accumulation
of neutrophilic leukocytes and alveolar macrophages in the
pulmonary vessels and parenchyma. The revealed changes
in the lung tissue of rats with AP-induced lung injury caused
an impairment of the pulmonary hemoperfusion with a
venous-arterial bypass, which lead to deterioration of the
alveolocyte function due to the anomalous perfusion.

We also established a positive correlation between the
levels of medium molecules MМ254 and MМ280 (r = 0.59
and r = 0.56, р < 0.01) and the membrane-destructive

2
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4

Fig. 1 Desquamated alveolocytes in the lumen (1), polymorphonuclear
leukocytes (2), appearance of exudate (3), and “hyaline membranes” (4)
alveolus for 48 h of AP development (orange-red-blue by D.D. Zerbino,
L.L. Lukasevych, magnification × 200)
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Fig. 2 Positive correlation
between the level ofММ254

(medium molecules 254) and the
degree of membrane-destructive
process in the lung tissue of group
II (induced acute pancreatitis rat
population)
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processes in lung tissue 48 h after the induction of AP in group
II (Fig. 2); this correlation indicated a worsening of the endog-
enous intoxication. This process appears to be related to in-
creased permeability of the alveolar-capillary membrane in-
duced by the mediators of inflammation of the endothelium.
The increased thickness of the aero-hematic barrier signifi-
cantly impaired the oxygen and CO2 diffusion. In the treated
rat population after the experimentally induced AP, the posi-
tive effect of the therapy on the state of the structural compo-
nents of the aero-hematic barrier was revealed at 72 h from the
onset of the AP (Fig. 3). We noticed in fact a reduction in
alveolocyte swelling, and a clear contour of the blood capil-
laries in the treated population; no sign of stasis was observed.

Based on the data obtained during the experimental study,
we can conclude “Cytoflavin®” contributes to the reduction
of endogenous intoxication due to its ability to limit the
membrane-destructive processes in lung tissues. These find-
ings, in our opinion, could open the way for the use of this
drug for the treatment of AP in the near future.

Conclusions

The main alterations we observed in the lungs of rats with
experimentally reproduced-acute pancreatitis were areas of
microatelectasis, the development of a hyaline membrane dis-
ease, episodes of microthrombosis, appearance of neutrophilic
leukocytes, and alveolar macrophages in the lungs tissue. The
correlation between the levels of medium molecules (М254

and MМ280) with the membrane-destructive processes 48 h
after the modeling of acute pancreatitis (group II) indicated an
increase of the endogenous intoxication.

The application of the proposed medication (Cytoflavin®)
for the treatment of experimental acute pancreatitis reduced
the manifestations of the endogenous intoxication and it

promoted the equilibrium of redox reactions and cytokine
network.
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