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Pestome.  Ozup mMemaniapuune mMavCupu  HAMUNCACUOA OWIKO30H ocmu  0e3u  IHOOKPUH — annapamu
Oy3uTUWIapuHuHe mabuamuny ounuw ea 0y wapoumoa KaHOIu ouadem PpUBONCIAHUWY YUOY KACALTUKHUHE
namozeHesunu 4yKyppox myuilyHuwiea époam bepaou 8a HAmudicadd KACAIIUKIAPHUHZ PAYUOHAL NpOQUIAKMUKA
yeymapunu  apamuwea époam obepaou. Iy mynocabam oOunam, mMaxoiaoa Kypeowun 6a Xpom OUpUKMAlapuHume
CUYKOMIIAD OWKO30H OCMU 0e3uHe IHOOKPUH (QYHKYUsACU2a 3apapiu mavCupyu namozeHesu 0av3u diCuxamiapu
Keamupunean. Taxcpubanu ymrxazuus Y4yH UHMOKCUKAYUAHU Keamupub yuxapean moooaza Kapab xargonnapHuumne 4 ma
eypyxu mysuiou: 1 eypyx - "gypeowun” (n=33); 2-eypyx — “xpom” (n=40); 3-2ypyx — “kypeowun+xpom” (n=108); 4-
eypyx — “umwmaxm” (N=47). Memannapnunz KOMOUHAYUANAHSAH MABCUPU OPKUH  PAOUKALIU  OKCUOAAHUWL
HCAPACHAAPUHUHE AHAOA AHUK aoinawumuea oaub Kenaou, OYHUHZ HAMUNCACUOA OPMUKYA JUNUO NEPOKCUOTAHUULU
Kyzeamunaou, 6y sca y3 Hasbamuoa owKo3on ocmu bezu B-xyocatipanapunune kynpok wuxacmianuwuea éa 6yiapoa
CUNOUHCYTUHEMUSIHUNE  PUBOJICIAHUMUEA OAub Keaadu, OYHOA U301AYyus KUIUHeAH Memauiap Oulan 3apapianeat
Xaueonnap OULAH CONUMMUP2AHOQ, 2SUROUHCYTUHEMUS. Kyzamuamazan. Taxkkociaut 2ypyxaapuoar @apxiu yiapok,
"Kypeowun+xpom” 2ypyxuoa yaumHuHe MaeiCYOaUSU 64 MAHA A3HUHUHZS KYNPOK KAMAUUWY, WYHUHESOEK, U30IAYUs
KUTUH2AH MABCUP2a HUCOAMAaH Memaiap OupuKMACUHuUHe manaza ssHaoa aHuK MoKCUK MAabCUPUHU KYPCAmaou.

Kanum cysnap: xypzowun, xpom, owiKo30H ocmu 0Oe3u, CUYKOHAAD, JAUNUO NEPOKCUOAUUSCU, AHMUOKCUOAHM
MU3UM.

Abstract. Knowledge of the nature of disorders of the endocrine apparatus of the pancreas as a result of exposure
to heavy metals and the development of diabetes mellitus under these conditions will contribute to a deeper understanding
of the pathogenesis of this disease and, consequently, the creation of rational methods of prevention. In this connection,
the article presents some aspects of the pathogenesis of the damaging effects of lead and chromium compounds on the en-
docrine function of the pancreas of rats. To conduct the experiment, depending on the substance that caused the intoxica-
tion, 4 groups of animals were formed: 1 group — “lead” (n=33); Group 2 — “chrome” (n=40); Group 3 —
“lead+chromium” (n=108); Group 4 - * intact ” (n=47). It has been shown that combined exposure to metals leads to
more pronounced activation of free radical oxidation processes, as a result of which excess lipid peroxidation is induced,
which in turn leads to greater damage to pancreatic S- cells and the development of hypoinsulinemia in these animals,
compared with isolated exposure metals, where hypoinsulinemia was not observed. The presence of mortality and a great-
er decrease in body weight in the “lead + chromium” group, in contrast to the comparison groups, also indicate a more
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pronounced toxic effect of the combination of metals on the body compared to their isolated effect.
Key words: lead, chromium, pancreas, rats, lipid peroxidation, antioxidant system.

Introduction.  Environmental  pathology,
which previously more often developed in narrow
populations, under the influence of specific
xenobiotics, has today acquired a spontaneous char-
acter [1]. Among the many organic and inorganic
substances that enter nature, heavy metals occupy a
special place, since they do not decompose, are in-
cluded in food chains and accumulate in living organ-
isms, having mutagenic and toxic effects [2,3]. Lead
and chromium, as well as their compounds, are con-
sidered the most toxic. Despite the fact that numerous
researchers have studied diabetes mellitus in detail
and in depth, there is very little information in the
literature about how heavy metals influence the oc-
currence and course of this disease [4,5]. Meanwhile,
it has been shown that in regions with high
technogenic load, the incidence of diabetes mellitus
in people is higher than in environmentally favorable
areas [6,7,8,9]. It is quite obvious that knowledge of
the nature of disorders of the endocrine apparatus of
the pancreas as a result of exposure to heavy metals
and the development of diabetes mellitus under these
conditions will contribute to a deeper understanding
of the pathogenesis of this disease and, consequently,
the creation of rational methods of prevention. Thus,
the study of the prepathological state in diabetes
mellitus seems very relevant. These provisions de-
termined the purpose of the study.

Purpose of the study: to study some aspects
of the pathogenesis of the damaging effects of lead
and chromium compounds on the endocrine function
of the pancreas.

Materials and methods of research. Studies
included 3 series of experiments on white outbred
male rats with an initial weight of 230-270g. The
maintenance, care of animals and removal from the
experiment were carried out in accordance with the
order of the Ministry of Health of the Republic of
Kazakhstan dated July 25, 2007 No. 442 «On ap-
proval of the rules for conducting preclinical studies,
medical and biological experiments and clinical trials
in the Republic of Kazakhstan». The animals were
kept on a standard vivarium diet with free access to
water and food. The following groups were formed to
conduct the experiment:

Group 1 — rats that received per os 1% lead ac-
etate solution - “lead” group (n =33);

Group 2 — rats that received per os 0.5% solu-
tion of potassium dichromate — “chromium” group (n
=40);

Group 3 — rats that simultaneously received per
os combination of lead acetate and potassium
bichromate in the same dosages - the “lead + chromi-
um” group (n = 108);

Group 4 - intact rats that received per 0s 0.9%
NaCl solution - “intact” group (n= 47).

Lead intoxication was caused by oral admin-
istration of a 1% solution of lead acetate at a dose of
15 mg/kg body weight for 30 days, daily, except
Sunday. Chromium intoxication was modeled by oral
administration of a 0.5% solution of potassium di-
chromate at a dose of 5 mg/kg body weight for the
same period. Combined intoxication - by administer-
ing the specified metals in the same dosages at the
specified times. Animals were removed from the ex-
periment by decapitation under ether anesthesia.

During the entire experimental period, the gen-
eral condition of the animals was monitored. In ani-
mals of all experimental groups, the number of sick
rats, the percentage of their death were taken into ac-
count, body weight indicators, levels of glucose and
ketone bodies in the blood on an empty stomach were
studied (glucometer Optium from MediSense with a
set of test strips), immunoreactive insulin (IRI) in
blood serum by radioimmunological method.

To study the processes of lipid peroxide oxida-
tion (LPO) and the state of the antioxidant system
(AOS), a homogenate was prepared from liver cells
and the activity of superoxide dismutase (SOD) was
studied according to the method of V.G. Verbolovich
(1987); catalase activity according to the method of
M.A. Korolyuk (1988) [10]. The activity of oxidative
metabolism in hepatocyte membranes was deter-
mined by the content of diene conjugates (DC) and
malonic acid. dialdehyde (MAD), by E.I. Lvovskoy,
I.A. Volegorodsky, S.E. Shemyakova (1991) [11].

The concentration of lead and chromium in the
blood of rats was determined at the end of a 30-day
priming using inductively coupled plasma atomic
emission spectrometry.

Static processing of the material was carried
out using the statistical software package Statistica 6
(“StatSoft” USA). The reliability of intergroup differ-
ences was assessed using Student's t-test.

Research results and their discussion. Ob-
serving the condition of rats exposed to isolated and
combined exposure to lead and chromium for 30
days, we noted that in the “lead + chromium” group,
signs of intoxication were observed for the first time
during the experiment. This was expressed in a sharp
decrease in appetite, up to refusal of the offered food,
diarrhea, which was observed in some animals, de-
creased motor activity, lethargy, drowsiness, changes
in grooming and deterioration in the condition of the
coat. Over 30 days, the death rate of animals in this
group was 31% (out of 108 rats, 34 died), meanwhile,
in the groups with isolated influence of the metals
“lead” and “chrome” there was no mortality.
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Table 1. Effect of lead and chromium on body weight of rats (M+m)

. Body weight (g)

Groups of animals The initial state On the 15th day On the 30th day
Intact 240+3.3 256+3.8* 260+4.3*
Chromium 270+3.1 266+4.2 254+4 7%
Lead 254+5 247+4.7 268+3.6* V¥
Lead+chrome 268+4.8 241+3.6V 229+5.9*

Note: V - statistically significant differences compared to 15 days (p<0.05);
* - compared with the corresponding initial data (p<0.01)

Table 1 presents data on the effect of the com-
bination of lead and chromium on the body weight of
animals. In the available literature, we have not found
information about the effect of this combination of
metals on changes in body weight, either in experi-
mental animals or in humans.

Table 1 shows that if in intact rats on the 15th
day there was an increase in body weight by 7%, then
in rats that were under the simultaneous influence of
lead and chromium for 15 days, body weight de-
creased by 10% compared to the initial data. During
the same observation periods, the body weight of rats
with isolated exposure to lead and chromium did not
change. On the 30th day of the experiment, the body
weight of intact rats was 108% compared to the initial
indicator; in the “lead + chromium” group, the ani-
mals continued to lose weight and their body weight
was 85% of the original. Meanwhile, in rats exposed
to isolated chromium, the body weight on the 30th
day of the experiment was 94%, and in the “lead”
group it was 106% compared to the corresponding
initial conditions.

Mortality and decrease in body weight in the
group of animals receiving a mixture of metals indi-
cate the toxic effect of metals on the body of rats.

Studies of the isolated and combined effects of
these metals on the content of glucose and insulin in
the blood of rats showed that simultaneous admin-
istration of lead and chromium to rats for 30 days led
to a decrease in the level of IRI by 29% compared to
intact rats; accordingly, there was a tendency to in-
crease the glucose content in blood from these ani-
mals. On the contrary, isolated administration of lead
to rats did not affect the levels of glucose and IRI,
while the administration of chromium led to an in-
crease in glucose levels by 35%, while the level of
IRI only tended to decrease in relation to intact ani-
mals (Fig. 1, 2). So, in contrast to the isolated effect
of lead and chromium, the combined administration
of these metals caused hypoinsulinemia in animals.

The system of LPO and AOP is a criterion for
predicting the harmful effects of metals on the body
[12]. The results of the study are in Table 2.
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* - statistically significant differences from intact animals (p<0.05)
Figure 1. Blood glucose levels in rats after 30 days of metal priming
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Figure 2. IRI content in the blood of rats after 30 days of metal priming

Table 2. Indicators of LPO and AOD in the liver of rats on the 30th day of the experiment (M=m)

Groups animals DK umol /ml MAD pmol /ml SOD (U/ml/min) CAT (cat/l)
Intact 0.8+0.05 0.8+0.04 8.36+0.1 678+1.2
Lead 0.940.03 0.9+0.03* p <0.05 9.0+0.2* p<0.01 682+1.9

Chromium 0.94+0.02* p<0.01 0.9+0.01* p<0.01 10.1+0.2* p <0.001 680+6.4
Lead+chrome 1.240.02* 1.34+0.02* 12.1+0.6* 766.949.1*

Note: *- statistically significant differences from intact animals (p<0.001)

The study revealed significant changes in the
studied indicators. So, in the “lead+chromium”
group, the level of DC increased by 50%, MAD — by
68% compared to intact animals, which indicates an
intensification of the processes of lipid peroxidation.
Against the background of SRO induction, the AOD
system was also activated: the level of SOD increased
by 45%, catalase - by 13% in relation to intact rats.

Meanwhile, in the comparison groups (animals
with isolated administration of metals), LPO process-
es were not as active. Thus, in the “lead” group only
the MAD content increased by 13%, in the “chrome”
group the level of both DC and MAD increased by
18% and 13%, respectively. As for AOD, in the com-
parison groups only SOD activity significantly in-
creased by 8% in the lead group and 21% in the
chromium group.

Thus, the simultaneous influence of lead and
chromium, compared with their isolated effect,
caused a more intense activation of lipid peroxidation
processes and increased activity of SOD and catalase.

Determination of the coefficient K LPO/ AOD,
reflecting the balance of the work of the LPO-AOD
system, showed that in rats of the “lead” group there
was an increase in this indicator to 1.1, which ex-
ceeded the limits of the accepted norm (in intact ani-

mals K LPO/ AOD = 1) by 10% and indicated a
slight shift towards pro-oxidants.

In addition, the correlation analysis revealed a
positive functional relationship between changes in
indicators of lipid peroxidation processes and antiox-
idants r = + 1, indicating that in response to an in-
crease in lipid peroxidation products, antioxidant pro-
tection also increases.

Analysis of the balance in the LPO-AQOD sys-
tem in animals of the “chrome” group showed that
the administration of potassium dichromate for 30
days led to the accumulation of intermediate and final
products of LPO — DC and MAD and to the parallel
activation of antioxidant defense enzymes, resulting
in the indicator balance of functioning of the LPO-
AOD system K LPO/ AOD was equal to 1.3.

Along with this, we have established a negative
close correlation between the indicators of LPO and
AOD r = -1, indicating that with an increase in LPO
processes, the activity of antioxidants will decrease.

An analysis of the balance in the LPO- AOD
system in rats of the “lead + chromium” group re-
vealed a predominance of DC and MAD over protec-
tive factors, as evidenced by a K LPO/ AOD equal to
2, i.e. was 100% higher than the value of that coeffi-
cient in intact animals (K LPO/ AOD = 1).
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In support of this result, a close negative corre-
lation was obtained between lipid peroxidation prod-
ucts and AOD factors: r = -1, indicating that a further
increase in lipid peroxidation will lead to a decrease
in the activity of SOD and catalase.

So, in the rats of the “lead” group there was no
pronounced imbalance in the LPO-AOD system; in
the rats of the “chrome” group there was a slight shift
in the balance towards pro-oxidants, with the possible
subsequent development of oxidative stress, although
moderate activation of SOD may also indicate the
control of antioxidants over pro-oxidants.

A comparative analysis of the “lead + chromi-
um” group with animals under conditions of isolated
exposure to metals revealed that the shift in the equi-
librium in the LPO-AOD system in the case of simul-
taneous exposure to metals was more significant ( K
LPO/ AOD = 2) than in the “lead” groups ( K LPO/
AOD = 1.1) and “chrome” (K LPO/ AOD = 1.3).
Thus, the combination of lead and chromium causes a
more pronounced imbalance in the LPO-AOD system
than the isolated effect of these metals.

In our case, apparently, in the animals of the
“lead” group, a new ratio of pro-oxidant and antioxi-
dant factors was formed, promoting adaptation to
new living conditions; in addition, the presence of
adaptation is evidenced by the absence of mortality in
the group and the increase in body weight, as well as
the appearance of the rats, which remained mobile,
had thick, white, shiny fur. Animals under these con-
ditions, despite exposure to lead, had normal levels of
IRI and blood glucose.

Conclusion. Summarizing the above, it can be
noted that the combined effect of metals leads to a
more pronounced activation of FRO processes, as a
result of which an excess of free radicals induces
LPO, which in turn leads to greater damage to pan-
creatic  p-cells and the development of
hypoinsulinemia in these animals, compared to iso-
lated exposure to metals, where hypoinsulinemia was
not observed. The presence of mortality and a greater
decrease in body weight in the “lead + chromium”
group, in contrast to the comparison groups, also in-
dicate a more pronounced toxic effect of the combi-
nation of metals on the body compared to their isolat-
ed effect.
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JTABOPATOPHBIE IIOKA3ATEJIH Y KPBIC,
IIOABEPI'ABIIINXCA H30/IHPOBAHHOMY H
KOMBHHHPOBAHHOMY BO3JEHCTBHIO
CBHHIIA H XPOMA

Kum T.A., Masnsnosa 3. .

Pe3rome. He monvko snauue xapaxmepa Hapyuie-
HULL UHKPEMOPHO20 annapama nooiceny0ouHou dcenesvl
KaK pe3ynbmam 6030eUcmeus madlceiblx Memanios, HO U
Gopmuposanue 8 Imux Ycrosuax caxaprozo ouabema no-
360aum 6oaee 21y60KO NOHAMb NAMO2EHE3 BbIUCHA3EBAN-
HO20 3abonesanus, a 3Havum, paspadomams payuoHa b-
Hble MemoOvl npogunaxmuku. menno nosmomy 8 0anHou
cmamve NPUBOOSIMCsL HEKOMOpble ACHeKMbl NAMO2eHe3d Y
Kpbic nogpedcoaioujeco O0elcmeauss coeOuHeHull Xpoma u
CBUHYA HA DHOOKPUHHYIO (DYHKYUIO NOOJICETYOOUHOU JHCe-
ne3vl. [{ns nposedenus IKCHepuMenma 8 3asUcumMocmu om
8ewecmad, 8bl36a6Ue20 UHMOKCUKAYUIO, ObLIO 6bl0eneHO 4
2pynnvl NOOONBIMHBIX JHCUBOMHBIX. 6 NePEYIo 2PYNNY 60-
wnu N=33 — «ceuney», emopyro epynny N=40 — «xpom»;
mpemus epynna — «ceuneytxpomy, N=108; uemeepmas
epynna - «unmaxkmuvie», N=47. Buisagreno, umo y Kpwic
KOMOUHAYUA Memanios npusenda Kk akmusayuu npoyeccos
CB0O0OHOPAOUKATLHO2O OKUCAEHUs, 8 pe3ylbmanme UHOY-
yuposannozo I10JI, umo 6 KoneuHoMm umoze npuseno K
BBIPANCEHHOMY NOBGPENCOCHUIO P-KIIeMOK NOONCENYOOUHOU
Jicenesvl U paseumuio 2UNOUHCyIuHemuu. B omnuuue om
OaHHOU 2PYNNbL JCUBOMHBIX NPU UZ0IUPOBAHHOM 6030€li-
cmeuUu Memaniog SUNOUHCYIUHeMUs. He pa3eueanacs. Jle-
MAIbLHOCMb U CHUIICEHUE MACCbl Meld ) JHCUBOMHBIX 8
2pynne «CeUHey+xXpoM» 6 omauuue om cpynn CpagHeHus
VKA3bI8ANU HA 8bIPAdICEHHOE MOKCUUEeCKoe Oeticmeue KoM-
ounayuyu Memaniog 6 CpasHeHuu ¢ UX U3ONUPOBAHHBIM
8030elicmauem.

Knrouesvle cnosa: ceuney, xpom, noodxcenyoounas
arcenesa, kpvicwl, I10J1, anmuokcuoanmuas cucmema.
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