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THE ROLE OF ENDOGENOUS INTOXICATION IN THE LUNG
INJURY DEVELOPMENT IN EXPERIMENTAL DIABETES

MELLITUS
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Today diabetes mellitus (DM) takes one of the major places among such common human diseases as cancer, cardiovascular
and mental diseases. However, not all aspects of the pathogenesis of the disease are sufficiently studied, and the proof of
this is the steady increase in morbidity, high mortality and complication rate. The object of the study was the blood of 48
albino Wistar male rats divided into 2 groups: the 1% group is intact (8 animals) and the 2" group is experimental animals
with streptozotocin-induced diabetes (n = 40). The markers of endogenous intoxication (EI) degree were determined in the
blood with the help of the level of the medium molecular weight peptides (MMWP), leukocyte intoxication index (LII) by
Kalf-Kalif, lactate content (LC) and the coefficient of leukocyte lung regulation (CLLR). As a result of the study conducted a
significant increase in the indices of EI was found due to progression of MMWP, (254 nm) and MMWP, (280 nm) by 14.89% and
17.08%, respectively, on the 14-th day of the experiment. After 28 days of the study LC increased almost 4 times, LIl - twice
and CLLR - by 3.4 times. The research results obtained have shown increase in EI markers of diabetes, among them CLLR
appeared to be the most sensitive. CLLR proposed by us indicates a pronounced delay of leukocytes in the microcirculatory
bloodstream of the lungs under conditions of streptozotocin-induced diabetes mellitus; in its turn, it leads to the lung injury.

iabetes mellitus (DM) is a
disease of metabolism; its
basis is persistent hyperglycemia,
the lack of insulin secretion and/or
insulin resistance. Chronic hyper-
glycemia is the basis of numerous
complications of the cardiovascu-
lar system, nervous system, eyes,
kidneys and other organs [7, 11].
According to the WHO data in
highly developed countries up to
4-6% of the population suffers from
diabetes. With age the incidence
of DM increases and after 65 years
reaches to 10-15%. Moreover, al-
most 80% are chronic complica-
tions of diabetes. Mortality in dia-
betes increases by 2-3 times, and
the life expectancy is reduced by
10-30%. The WHO Director-Ge-
neral Margaret Chan (2008) re-
ferred DM to four common human
diseases such as cancer, cardio-
vascular and mental diseases be-
ing the major burden for health
care. It is known that every 13-
15 years the number of people
with diabetes is doubled. Mostly
it refers to the number of patients
with type 2 DM [10].
Recent decades have been mar-
ked by significant advances in un-

derstanding the nature of type 1
and type 2 DM, its diagnosis and
treatment. However, not all as-
pects of the pathogenesis of the
disease are sufficiently studied,
and the proof of this is the steady
increase in morbidity, high mor-
tality and complication rate. Dia-
betic microangiopathy and neu-
ropathy are in the basis of them.
In diabetic patients there is a sig-
nificantrisk of development of athe-
rosclerosis and coronary heart di-
sease. More than 40% of ampu-
tations of lower limbs are the con-
sequence of diabetic foot syndro-
me. Diabetes is also the most com-
mon cause of blindness in human.
All of the abovesaid leads to con-
siderable investments aimed at tre-
ating diabetes and its complica-
tions. According to the data of the
International Diabetes Federation
the treatment cost per one pati-
ent with diabetes with at least one
chronic complication is 6-18 thou-
sand dollars a year [9].

It is known that diabetes cau-
ses disorder of carbohydrate me-
tabolism, first of all, but all links
of metabolic processes in the body
are affected [3, 7]. Therefore, the
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study of the endocrine system, as
well as the lungs as one of the main
organs of disintoxication in dia-
betes, is an urgent task.

The aim of the research was
to study the role of the main mar-
kers of endogenous intoxication
in experimental diabetes mellitus.

Materials and Methods

The object of the study was the
blood of 48 albino Wistar male rats
divided into 2 groups: the 1 group
is intact (8 animals) and the 2™
group is experimental animals with
streptozotocin-induced diabetes
(n=40). To model diabetes we se-
lected animals aged 2 months (with
the weight of 90-100 g). Strepto-
zotocin (“Sigma”, USA) was intro-
duced as a single intraperitoneal
injection in the dose of 60 mg/kg,
immediately before the injection
it was dissolved in 0.5 ml of 0.1 M
citrate buffer (pH = 4.5) [4]. The
solution was injected quickly as
within 1 minute its activity redu-
ced twice. Our study and mani-
pulations complied with the re-
quirements of the Law of Ukraine
“About protection of animals against
cruel treatment” (No. 1759-VI from
15.12.2009) and the international
principles of the European Con-
vention for the Protection of Ver-
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tebrate Animals Used for Experi-
mental and Other Scientific Pur-
poses.

Development of the disease was
monitored by increase of the glu-
cose level in the animals’ blood,
which was 10-15 mmol/L. Blood
sampling for the study was car-
ried out under ketamine anesthe-
sia (40 mg/kg); for this purpose
3 ml of blood were taken from the
tail vein on the 14 and 28 days of
the experiment. Along with tra-
ditional laboratory parameters the
degree of endotoxemia was ana-
lyzed with the help of the level
of the medium molecular weight
peptides (MMWP) determining the
leukocyte intoxication index (LII)
by Kalf-Kalif and lactate content
(LC) [6].

The assessment of the regu-
latory activity of the lungs was
determined by the coefficient of
leukocyte lung regulation (CLLR)
proposed (the patent of Ukraine
No.UA 71009) [1]. The methodo-
logical basis for its implementa-
tion was the comparative analy-
sis of the white blood cells of the
venous and arterial blood, the sam-
pling was performed simultane-
ously. To calculate the WBC count
in rats 0.4 ml of blood from the
right ventricle (V) and 0.4 ml of
blood from left ventricle (A) were
collected. CLLR was calculated using
the formula: (V-A) / Ax 100% whe-
re A is the number of leukocytes in
the arterial blood, V is the number
of leukocytes in the venous blood.

The data obtained were pro-
cessed using the nonparametric
criteria on a personal computer
with the help of “Statistica 6” pro-
gramme (“Statsoft, Inc.” - USA).
The reliability was assessed by
Wilcoxon test. In correlation ana-
lysis the Spearman’s rank corre-
lation coefficients (R) were deter-
mined. Differences were conside-
red to be reliable if the value R was
95% and more (p<0.05).

Results and Discussion

As a result of the study con-
ducted it has been found that the
concentration of the major mar-

kers expressing the intoxication
syndrome - MMWP significantly
increased after 14 days from the
start of simulation of DM, exceed-
ing the reference levels of MMWP,
(254 nm) and MMWP,, (280 nm),
respectively, by 14.89% and 17.08%.
On the 28-th day of the study MMWP
continued to grow significantly over
the parameters of intact animals.
Thus, the main components of
MMWP fraction are medium mo-
lecular weight peptides. Decom-
position of the protein molecules
resulting in the formation of me-
dium molecular weight peptides
occurs with the action of protei-
nases. Since the level of MMWP
depends, on the one hand, on in-
tensity of biopolymer decompo-
sition, and, on the other hand, on
the rate of excretion through de-
toxication organs, we can think of
aviolation of both components of
this process [2, 5, 6].

Another indicator that shows
the development of endogenous
intoxication (EI) is the level of the
lactate content (LC). More than
two-fold increase in the concen-
tration of LC already at the first
stage of the study should be noted,
and it, in turn, may indicate hy-
poxic conditions as a result of the
inadequate oxygen supply to tis-
sues. With the extension of the ex-
periment duration the level of LC
increases exceeding significantly
the control results more than 4 ti-
mes on the 28-th day. The LC ele-
vation from the early stages of dia-
betes may also indicate the invol-
vement and increased use of leu-
kocytes as a reaction of the non-
specific cellular links of immune
protection in response to develop-
ment of El, as well as their reten-
tion in the lung tissue due to ex-
cessive activation and sequestra-
tion and subsequent destruction
of the structural components of
the respiratory system with gene-
ral progression of destructive phe-
nomena [9].

To confirm assumptions about
active participation of leukocytes
in the processes of EI development,
taking into account the results ob-

tained, it was decided to evaluate
the response of white blood cells
to development of DM and lung
injury in rats. With this purpose
the LII was determined by Kalf-
Kalif. In 14 days from the begin-
ning of the experiment a signifi-
cant increase of the LIl by 48.23%
was recorded, it continued to in-
crease and on the 28-th day ex-
ceeded the indices of the first group
almost twice. These results may
indicate the excessive involvement
of leukocytes, particularly neutro-
phils in the inflammatory process
and their significant death [2].

To assess the role of leukocy-
tes in lung injury we analyzed the
quantitative difference of white
blood cells in the venous and ar-
terial blood, and CLLR was calcu-
lated. Thus, it was found that at
the first stage of the experiment
CLLR was significantly higher than
in control animals and was 4.38+
+1.32% in relation to 1.52+0.99%
in intact animals. In 28 days from
the beginning of the study the in-
crease of CLLR was determined; it
prevailed by 3-4 times over those
data observed in the first group
of rats. These results indicate a
significant delay of leukocytes ac-
tivated by endotoxins in the mic-
rocirculatory bloodstream of the
lungs, and subsequently it leads
to pathological changes in the res-
piratory organs as we have con-
firmed in the previous morpho-
logical studies [3].

Thus, hyperglycemia causes de-
velopment of the oxidative stress
and alters the activity of antioxi-
dant enzymes. These facts were
published earlier [2, 6, 11]. That
is why the processes of lipid per-
oxidation are significantly activa-
ted by prolonged duration of di-
abetes and play a certain role in
development of its late complica-
tions, including lung injury [5, 8].
So, we believe that one of the key
and perhaps a turning point in pro-
gression of respiratory pathology
in DM is a significant delay of leu-
kocytes activated by endotoxins in
the respiratory system with their
further aggression as for a “target
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organ”, which is the microcircula-
tory bloodstream of'the lungs [3, 10].
CONCLUSIONS
1. Under the conditions of the
experimental streptozotocin-indu-
ced diabetes mellitus increase in
markers of endogenous intoxica-

tion, such as the medium mole-
cular weight peptides, lactate, leu-
kocyte intoxication index and the
coefficient of leukocyte lung regu-
lation has been observed.

2. The research results obta-
ined have shown that CLLR pro-

posed by us indicates a pronoun-
ced delay of leukocytes in the mic-
rocirculatory bloodstream of the
lungs under conditions of strep-
tozotocin-induced diabetes mel-
litus; in its turn, it leads to the
lung injury.
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POJIb EH/IOTEHHOI IHTOKCUKAIIT Y PO3BUTKY JIETEHEBOT'O YIIKOMXEHHSA IMPU EKCNEPUMEHTAJIHOMY
OYKPOBOMY JIABETI

M.P.I'epacumuyk, b.M.Kiwyk, /.M.3asayys, B.B.Yepkacoea

IeaHo-Ppankiscbkull HayioHabHUll MeduuHull yHisepcumem

Karouosi cnosa: yykposuil diabem; cmpenmo3omoyuH; Je2eHese YUIKOOHCeHHS

Cvo0200Hi yykposuti diabem (L/]) nocidae odHe 3 hposidHUX MicYb ceped OCHOBHUX NOWUPEHUX 3AX80PHBAHb AHOJUHU:
cepyego-cyduHHUX, paky, ncuxitHux xeopob. O0Hak He 8ci ocobaugocmi namozeHe3y Yb020 3aX80PHBAHHSA 0OCMAMHbBO
sueyeHi, i JokasoM yb0o20 € HeyXuAbHUIl picm 3aX80p08AHOCMI, BUCOKA CMepmHicmb [ yacmoma yckaadHeHs. 06’ ekmom
docaidxceHHs 6yaa kpos 48 6inux wypis-camyie aiHii Bicmap, sikux 6ya0 po3dineHo Ha 2 epynu: 1 - iHmakmHa (8 mea-
puH) i 2 - meapuHu 3 ekcnepuMeHma/abHUM cmpenmo30moyuH-iHdykosaHum diabemom (n=40). ¥ kposi eusHa4au map-
Kepu cmyneHsi eHdozeHHoi inmokcukayii (EI) 3a donomozoro pigHsi moaekysn cepednvoi macu (MCM), aelikoyumapHozo
iHdekcy inmokcukayii (J1ll) 3a Kaavg-Kanipom, 3a emicmom nakmamy (J/IT) ma koegiyienmom snezeHesoi pezyasyii 3a
setikoyumamu (KP/1). Y pesyabmami docaidxceHHs1 6CMaHos8/1eHo docmogipHe 3pocmaHHs nokasHukie El 3a paxyHok
npoepecysanns MCM, (254 um) ma MCM, (280 nm) eionosioHo Ha 14,89% ma 17,08% yxce Ha 14 o6y ekcnepumeHmy.
JIT 3pic do kiHys docaidsxcenHs matixce y 4 pasu, JIII - yoeiui, a KP/I - y 3,4 pazu. Ompumani pe3yremamu cgiduames npo
HapocmaHHs MapKepis El npu L]/], ceped sakux Halibinbw yymausum susisuscst KP/I. 3anponoHosanuli Hamu KP/I ekasye
HA 8UPAXCEHY 3aMPUMKY AelKoyumie y 2eMOYUupKy/AsimopHOMY pyCAi 1e2eHb npu cmpenmo3omoyuHosomy diabemi, ujo,
8 C8010 Yepzy, CNPUYUHSIE 1e2eHe8e YUKOOHCeHHS.

POJIb 3HIOTEHHOM MHTOKCUKALIMY B PASBUTHUM JIETOYHOT'O OBPEXK/IEHUA NPU 3KCMTEPUMEHTA/IbHOM
CAXAPHOM JUABETE

M.P.I'epacbeimuyk, b.H.Kuwyk, /1.M.3asy, B.B.Yepkacoea
HeaHo-PpaHK08CKUIl HAYUOHAbHbIII MeOUYUHCKUI yHU8epcumem

Kaiouesvle caosa: caxapruI 6ua6em; cmpenmo30moyuH, jsiecoyHoe noeplecdeHue

Ce200Hs caxapHhblll duabem (C/]) 3aHumaem o0HO u3 gedyujux mecm cpedu OCHOBHbIX pACNPOCMPAHEHHbIX 3a601e8aHU
yes108eka: cepdeyHo-cocyoucmolx, paka, ncuxuveckux 6os1e3mell. 00HAKO He 8ce CMopoHbl namozeHe3a 3mozo 3abo.e-
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8aHUSI 0OCMAMOYHO U3y4eHbl, U 00KA3AMeabCMBOM IM020 8.15eMcsl HeYKAOHHbIU pocm 3a60/1e8aeMOCMU, 8blCOKAS
cMepmHocmb U yacmoma ocaoxcHeHul. 06sekmoM uccaedo8aHus 6bl1d Kposs 48 beavlx Kpblc-camyos AuHuu Bucmap,
Komopble 6blau pazdeseHsl Ha 2 epynnel: 1 - uHmakmuas (8 jcugomuuix) u 2 — #UB0OMHble € IKCNePUMEHMANbHbIM
cmpenmo3omoyuH-uHAyyuposaHHsIM duabemonm (n = 40). B kposu onpedessnu mMapkepbl cmeneHu 3H002eHHOl UHMOoK-
cukayuu (3H) c nomowbto yposHs Mo1eKya cpedHeli maccel (MCM), aetikoyumapHozo uHdekca unmokcukayuu (JIMH) no
Kanvgp-Kanugy, codepocarnusi nakmama (JIT) u koagppuyuenma snezouoli pecyasiyuu no aetikoyumam (KP/1). B pesyavma-
me uccs1e008aHuUsl ycmaHos/1eHo docmosepHoe yseauyeHue nokazameseil IU 3a cuem npozpeccuposausit MCM1 (254 um)
u MCM2 (280 nm) coomeemcmeeHHo Ha 14,89% u 17,08% yace Ha 14 cymku skcnepumenma. JIT 8blpoc K KOHYY ucce-
dosaHusi noumu e 4 pa3sa, JIMU - edeoe, a KPJI - 6 3,4 pasa. [losnyueHHble pe3yabmamsl caudemesbCmayom o Hapac-
maHuu mapkepog 31 npu C/], cpedu komopbix Haubo.1ee yyecmaumenvHbiM okaszasacsi KP/I [Ipedaoscennotii Hamu KPJI
yKa3vleaem Ha 8bIpANCEHHYH0 3A0ePHCKY AelKOYUMO8 8 2eMOYUPKYASAMOPHOM pyC/e Ae2KUX npu Cmpenmo30moyuHo8oM
duabeme, ymo, 8 8010 ouepeds, CNOCO6CMByem 1e204HOMY NOBPEHCOEHUH.



