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Clinical and laboratory assessment of hormonal and metabolic disorders in
experimental animals with alloxan, streptozotocin and dithizone diabetes

The basic place in experimental diabetology is engaged by chemical models of diabetes. In these patterns, -
cells in pancreatic islet tissue are selectively targeted by diverse agents. Pathogenetic mechanisms of hormo-
nal and metabolic disorders in animals were studied on models of alloxan, streptozotocin and dithizone diabe-
tes. The experiment was carried out on male Wistar rats. Three models of experimental diabetes were created.
The groups were equal in terms of observation time (6, 12, 24 months) and number. A complex of laboratory-
biochemical methods of lipid and protein metabolism was consumed. Serum enzymes were also determined.
The level of glycemia in the studied animals after the introduction of alloxan and streptozotocin ranged from
13.4 to 18.6 mmol/l, glucosuria, polydipsia, polyphagia were observed. A significant (p<0.01) increase in
glycemia by 3.10 times, glycated hemoglobin - by 3.16 times, a decrease (p<0.01) of IRI - by 3.76 times and
C-peptide - by 2.05 times in animals with streptozotocin diabetes compared with intact animals. Serious lipid
metabolism disorders were discovered in alloxan, streptozotocin, and especially dithizone diabetes (24
months of follow-up). This was manifested in a significant (p<0.01) increase in the level of triglycerides - by
1.66 times, atherogenic index (p<0.01) - by 4.43 times and a decrease (p<0.05) in the level of HDL - by 1 43
times compared with the intact CI3 group, as well as an increase in FFA, TCH, LDL, VLDL. In animals with
alloxan and dithizone diabetes, the functional activity of the pituitary gland was lessened (the level of growth
hormone and CTH (p<0.01), the adrenal cortex and pancreatic a-cells (p<0.01), the activity of the
sympathoadrenal system was enlarged, which was reaffirmed by a significant (p<0.01) by an increase in the
level of adrenaline, noradrenaline - by 1.42 times. An above pronounced suppression of the endocrine glands
was observed in animals with streptozotocin diabetes.

Keywords: models of experimental alloxan, streptozotocin and dithizone diabetes; glycated hemoglobin, C-peptide, in-
dicators of lipid and protein metabolism, indicators of corticotropic hormone, adrenaline, norepinephrine, cortisol, free
hydrocortisone; glucagon, insulin.

Introduction

Research in recent decades has shown a marked rise in the incidence of diabetes mellitus. 80-90% are
patients with diabetes mellitus type 2 [1-3], and therefore, this medical problem is of excellent social and
economic importance, and also increases the workload of general practitioners in the Republic of Kazakh-
stan [4].

However, there is still no consensus on which of the listed factors (insulin resistance or defective p-cell
function) is primary. Hyperglycemia itself can be the reason of both insulin resistance and B-cell failure.
Studies [5, 6] assert the multifactorial etiology of type 2 diabetes mellitus and the considerable role of non-
genetic (external) factors in the development of diabetes, for example, eating disorders [7]. According to the
literature data [8], the main place in experimental diabetology was occupied by chemical models of diabetes,
in which B-cells of the islet tissue of the pancreas were selectively affected by various agents. The advantage
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of these models lays in the preservation of the excretory function of the pancreas and in the absence of surgi-
cal traumatization of animals [9-11].

Alloxan and streptozotocin diabetes are the most widely used chemical models of experimental diabetes
mellitus. Their benefit lies in the relative ease of reproduction, high selectivity of effects on p-cells, low tox-
icity of the diabetogenic doses of drugs used, the possibility of obtaining diabetes of varying severity and
continuation in almost all animal species, including small laboratory animals. This makes it probable to man-
age research on a high amount of material [12-14].

The pathogenesis of dithizone diabetes was studied in some detail. Dithizone, which is chemically
diphenylthiocarbazone, combines with zinc in the pancreatic islets 2-5 minutes after administration. The re-
sulting zinc dithizonate breaks B-cells, causing insufficiency of the insular apparatus. Dithizone in
diabetogenic doses does not have a direct toxic effect on the body of rabbits. Parenchymal dystrophy of the
liver, kidneys, lungs and heart, as well as the initial signs of fibrosis of these organs, were found in the
chronic course of the disease, as a result of diabetic and toxic effects of heavy metal salts, defiant to metabol-
ic disturbance [15-24].

Of specific interest is the pathology of the endocrine organs. Inspection of the adenohypophysis in
alloxan diabetes revealed dystrophy with degranulation of the cytoplasm of basophils, necrosis of individual
cells, and further development of hyalinosis and cystic degeneration. The weight of the pituitary gland de-
creased. The content of growth hormone in it did not vary with newly developed diabetes, and decreased
with chronic diabetes. Sharp hyperemia and dystrophic changes in cells were noted in the adrenal glands in
acute forms of alloxan diabetes. A magnification in the total weight of the adrenal glands with a sharp expan-
sion of the fascicular zone and narrowing of the glomerular zone was revealed in chronic diabetes lasting
more than a year. Foci of destruction were often discovered in the fascicular and reticular zones, necrosis of
individual cells — in the cerebral. These changes were accompanied by an increase in the production of ster-
oids and a decrease in the content of ascorbic acid [25, 26]. The expressiveness of the described changes, as
well as a decrease in the content of adrenaline in organs and tissues, were directly dependent on the severity
of insular insufficiency [27, 28].

The goal: to carry out a comparative analysis of hormonal and metabolic disorders in animals on mod-
els of alloxan, streptozotocin and dithizone diabetes, depending on the observation period.

Experimental

Three models of experimental diabetes were constructed on 450 male Wistar rats in a chronic experi-
ment — alloxan A (35 mg/kg), streptozotocin S (30 mg/kg) and dithizone D (32 mg/kg), identical in terms of
observation periods (6, 12, 24 months) and number (50 individuals in each subgroup). Animals were shared
into subgroups Al (6 months), A2 (12 months), A3 (24 months); S1 (6 months), S2 (12 months), S3 (24
months); D1 (6 months), D2 (12 months), D3 (24 months). Intact animals of the same age groups served as
control: 30 individuals in each subgroup — CI1 (6 months), CI2 (12 months), and CI3 (24 months). Mainte-
nance, nutrition, skin care animals during the experiment and after breeding. They were performed in ac-
cordance with international requirements for the protection of animals used for scientific purposes [29, 30].
The design of this study was accepted by the Ethical Commission at the Karaganda Medical University (pro-
tocol No. 3 of 07/11/2022).

The degree of compensation of carbohydrate metabolism was predetermined by the level of glycated
hemoglobin (Hb,;.) in the blood, using a laboratory analyzer DCA-2000 MT (BAYER, Germany). Blood
was taken from the tail vein to determine metabolic parameters in experimental animals. The concentration
of C-peptide in the blood serum was defined by the method of immunoluminometric analysis
“Immunotech” (Czech Republic). A set of laboratory and biochemical methods of lipid and protein metabo-
lism by enzymatic colorimetric methods (CHOD-PAP, GPO-PAP) was carried out on an automatic biochem-
ical analyzer “TARGA-2000” (“BIOTECHNICA INSTRUMENT”, Italy).

The following blood serum enzymes were measured to assess the functional state of internal organs (ac-
cording to Reitman and Frenkel): aspartate aminotransferase (ACaT), alanine aminotransferase (AlAT), lac-
tate dehydrogenase (LDH) [31, 32]. Indicators of hormone metabolism were determined by ELISA using kits
from DSL (USA) with subsequent measurement of optical density on a Spectra Classic reader from
Tecan (Austria). The content of the following hormones was determined: corticotropic hormone (CTH), epi-
nephrine, norepinephrine, cortisol, free hydrocortisone; 17-ketosteroids, 17-hydroxycorticosteroids, gluca-
gon, insulin, growth hormone (GH); thyroid-stimulating hormone (TSH); thyroxine (T4); thyroxine (T3).
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The received data were processed by the method of variation statistics. The arithmetic mean sam-
ple (M), the standard deviation (8), and the error of the arithmetic mean (m) were determined. Significance
of differences was assessed by Student's t-test. The relationship of quantitative characteristics was studied by
the method of correlation analysis. The significance of the linear correlation coefficient (Pearson) and
rank (Spearman) was checked on the basis of Student's t-test. The correlation coefficient r, which is calculat-
ed in Excel using the f; function, statistical functions, the CORREL function were used to quantify the close-
ness of the connection [33, 34].

Results

The glycemia level of experimental animals after the injection of alloxan and streptozotocin ranged
from 13.4 to 18.6 mmol/L. In addition, glucosuria, polydipsia, polyphagia were observed in rats, the weight
of rats decreased by 30-60 g, and then increased to 180-220 g. The state of carbohydrate balance is intro-
duced in Table 1. In animals of all three models, the level of glycemia tended to rise depending on the con-
tinuance of observation, so the level of glucose was higher at 24 months of supervision. Thus, a significant
increase in the level of glucose in the blood (p<0.01) by 2.72 times was revealed in animals of the A3 group
compared with CI3. The glycemia index was higher in groups with streptozotocin diabetes than in animals
with alloxan and dithizone diabetes. Thus, in animals of the S3 group (p<0.01), the glycemia index was in
3.10 times higher compared to the CI3 group. Glycemic indices in subgroups D1, D2 and D3 were lower
than in animals with alloxan and streptozotocin diabetes, but significantly high (p<0.05) by 2.38 times com-
pared with CI3 group.

Immunoreactive insulin (IRI) in intact animals was in the diapason from 4.48 to 4.52 pU/ml, while a
significant reduction in IRI indicators was revealed (p<0.01) in animals with alloxan diabetes: in A1 group —
in 1.91 times compared with CI1 group, in A2 — in 2.18 times compared with CI2 group, in A3 — in 2.28
times compared with CI3 group. The most significantly (p<0.01) IRI values were in animals with
streptozotocin diabetes, especially in the S3 subgroup — in 3.76 times compared to CI3. In subgroups with
dithizone diabetes, IRI values were reduced by 6.3% compared with control groups and ranged from 4.28 to
4.25 pwU/ml (Fig. 1).
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Figure 1. Indicators of IRI and Hb,|. in the blood of rats with experimental diabetes (24 months of observation)

Significantly (p<0.01), the highest levels of glycated hemoglobin were in subgroups S1 and S3 — in
2.58 and 3.16 times higher compared to CI2 and CI3. This indicator was significantly (p<0.01) in 2.22 times
higher in groups A1, A2 and A3 than in intact animals. HbAlc was significantly in 2.10 times higher in sub-
groups with dithizone diabetes than in groups CI (p<0.01) (Table 1).

The level of C-peptide differed in animals of group S3 with streptozotocin diabetes — it was in 2.05 time
lower in comparison to group CI3. This indicator was in 1.38 time lower in animals of group A3, while the
level of C-peptide was in 1.02 time higher in subgroup D3 compared to group CI3. A slight increase in the
content of lactate in the blood of animals was revealed in all models of diabetes by 0.09 mmol/l compared
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with intact animals. The level of pyruvates was increased in experimental animals by 1.16 times. The Lac-
tate/Pyruvic acid ratio was lower in animals with streptozotocin diabetes, indicating progression of carbohy-
drate metabolism (Fig. 1).

An increase in all parameters of lipid metabolism in rats with various models of diabetes was revealed
with enlarge in the observation period (24 months) in groups A3, S3, D3, and CI3 (Table 2). A rise increase
in the level of FFA by 1.38 time was registered in group S3 compared to group CI3. The level of FFA in
group D3 was increased by 1.23 time; in group A3 — by 1.26 time compared with the intact CI3 group.

Table 1
Indicators of carbohydrate metabolism in the blood of rats with experimental diabetes
Alloxan diabetes Streptozotocin diabetes Dithizone diabetes Control
Index Al A2 A3 S1 S2 S3 DI D2 D3 CIl1 CI2 CI3

(1=50) |(n=50) |(n=50) |(n=50) |(n=50) |(n=50) |(n=50) |(n=50) |(n=50) |(n=30) |[(n=30) |(n=30)
Glucose, [11,75+ 11,3+ [12,8t |124+ |13,1= |14,6= (95 [104+ 112+ |42+ |45+ |47+
moll 0,58 10,55 0,537 [o.61  [0,59 0,577 |0,56 0,55  [0,51° [0,04 0,04 0,04
IR, 236+ 2,05+ |1,98f |1,73+ |1,48= |12+ |428+ 427+ 425t |451% [4,48+ 4,52+
mcU/ml 0,12%* ]0,10°° 0,10 [0,08** [0,07°°> 0,06 |0,11 0,14 [0,12  [0,04 [0,04 0,04

Ce: ide. |2462% 24445 2474+ 1875 1784+ 1658+ [347,3+ 3484+ (350,0+ 3394+ (340,2+ |341,5+
gnll’ol/l’ 173 172|164 153  |168 |12,7 |144 |132 [173 |164 151 |149

Hbaio, % 10,35+ |10,44+ |10,36+ |12,02+ |11,84+ |14,78% [9,77+ 9,75+ 9,79+ |4,86+ |4.88% |4,65+
0,12% 0,14° [0,117 [0,22%* [0,23°° (025 |0,12%* [0,15°° [0,14"" [0,12* [0,13* |0,14*
Lactate, |1,45+ |1,48= |[1,51= 1,47+ |1,49+ |[1,52+ |144= |47+ |[1,50+ |1,42+ |1,43+ |141+
mmol/l 0,07 10,07 (0,07 0,07 0,07 (007 0,07 (0,07 (007 |o,01 ]0,01 0,01

VI dsg 3. lo1 5 (6405 [59.65 634+ [669¢ [s8.8¢ o4+ (6426 |ST4+ [572% (576t
add, 1286 3,00 [3,14 292 3,11 [|328 [288 [3,01 [3,15 [0,52 [0,51 0,52
umol/1
Lactate/

Pyruvic (0,024 (0,024 0,023 0,024 0,023 0,022 (0,024 0,023 {0,023 |0,024 (0,025 0,024
acid
Note - **p<0.01; * p<0.05 compared to similar indicators in control group CII; °°p<0.01; °p<0.05 compared to control group
CI2; ++ p<0.01; + p<0.05 compared to control group CI3

Table 2
Indicators of lipid and protein metabolism in the blood of rats with experimental diabetes

Alloxan diabetes Streptozotocin diabetes Dithizone diabetes Control

Index Al A2 A3 S1 S2 S3 D1 D2 D3 CIl1 CI2 CI3

§n=50 (n=50) |(n=50) |(n=50) |(n=50) |(1=50) |(n=50) [(n=50) |(n=50) |(n=30) |(n=30) |(n=30)

FFA, pmol/l 0,43+ 10,49+ (0,53 (0,44t |0,51= |0,58+ |0,45+ [0,49+ 0,52+ 0,40+ |0,41+ |0,42+
0,02 10,02 10,03 0,02 0,02 0,03 0,02 10,02 0,03 0,004 10,004 10,004

T}‘ftTl crol 113’6 2153+ 2192+ [2153+ (219,44 (221,3+ [223,3+ 2298+ [231,6+ 1962+ |197,4+ [199,8+
fng/glseo’ o7g [10.01 (10,10 (991  |1026 [1035 977 992 10,03 178 179|179

TG, mg/dl 137,3
+ 141,2+ |148,6+ |144,2+ [158,0+ (158,5+ |152,8+|159,1+ |162,3= (97,4 |98,3+ |97,6+
1,82*% [0,96°° (0,177 [1,87* [0,11°° |0,61" |0,89** |0,14°° |0,15" 0,88 0,88 0,88
*

i{h]z{;sterol 44 4+ |42.2+ 40,1+ (39,6 |37,3£ |32,5+ |45,1+ |43,4+ |413+ [59,4+ [58.8+ |59,1+
me/dl © 12,32 221 (2,117 228 (2,17 2,087 2,36 222 [2,127 (044 (0,44 (0,44
éﬁi’sml 162’2 164,3+(171,5+ [171,1+ [175,3+(179,2+ [160,6+ |163,4+ (167,5+ |138,2+ |139,1+ [138,8+
me/dl " log7 [107* 728" 16,91% |7,12° |731" 16,89 7,03 7,235 (1,24 1,25 1,25

VLDL 22,4+ 23,6+ (25,7 |25,6= (28,9« [29.9+ (22,1+ (24,3+ 26,2+ 19,3+ |19,5+ |19,8+
cholesterol, 1,00 |1,16 |1,26" [1,01 1,17° 1,277 ]1,03  |1,19°  [1,28" 0,17 0,18 0,18
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mg/dl
Atherogenic  13.6% 130, 13, 370 |38¢ |39+ |35+ 37+ [3.9+  [0.89+ [0.92+ [0.88+
index 0,15*

e 0,17°°°10,19™" ]0,16** |0,18°°°|0,19"" |0,16** |0,18°°° [0,19"" (0,02 0,02 0,02

Apo A-1, 140,1

mg/dl +

6,96

Apo B, mg/dl |118,2
+

1384+ (136,2+ (136,3+ |131,2+ (128,4+ |141,8+ |137,6+ |135,5+ [142,3+ |143,1+ [143,3+
6,93 (6,87 6,92 6,82 16,78 6,95% 16,89 6,84 1,28 1,29 1,29

122,5+ (129,4+ [120,8+ |129,4+ (132,6+ |118,8+|118,4+ |124,1+ |115,4 [116,3+ (116,8+
5,2 4,9 5,2 4,7 6,1 5,6 5,1 5,6 +1,04 (1,05 1,05

5,1
Total protein, [67,3% |66,2+ 65,8+ |67,1+ |654+ |652+ |67,0+ 65,5+ 653+ [693+ |68,8+ |68,7+
mmol/l 330 (324 [322 329 320 3,19 328 (321 [320 [0.62 |0,62 0,62
Albumin,  |46,9+ |46,4+ |458+ |46,3+ |443+ [432+ |455+ |451+ |44.8+ |483+ |48,5+ |488%
mmol/l 230 227 224 227 217 212 223 221  [220 043 |044 044

AST, nmol/s.1|17,5€ |17,4+ |17,8+ (17,9 |18,0= |18,3+ |[17,7+ (179 |18,0+ |17,2+ (174+ |17,5¢
0,86 10,85 0,87 0,88 0,88 10,90 0,87 10,88 0,88 0,15 0,16 0,16
ALT, nmol/s.1|16,4+ |16,5 [16,8+ (16,7 |17,1= |17,3 [16,8+ (17,0& |17,2+ |16,4+ (16,2 |16,0+
0,80 10,81 10,82 0,82 0,84 10,85 0,82 10,83 0,84 0,15 0,15 0,14
Note - ¥**p<0.001; **p<0.01; * p<0.05 compared to similar indicators in the control group CI1; °°°p<0.001; °°p<0.01; °p<0.05
compared to control group CI2; +++ p<0.001; ++ p<0.01; + p<0.05 compared to control group CI3

Similehe level of total cholesterol in intact animals (196.2 — 199.8 mg/dl) and in groups with alloxan
and streptozotocin diabetes, a slight increase in this indicator to 221.3 mg/dl was determined. The total cho-
lesterol index increased by 1.16 times in animals of group D3 in comparison with group CI3. A significant
difference in the level of triglycerides in animals with experimental diabetes from that of intact animals was
revealed. Thus, the level of triglycerides in subgroup A3 (p<0.01) was in 1.49 times higher compared to
group CI3. The level of triglycerides in animals of group S3 (p<0.01) was in 1.59 times higher; and this in-
dex was in 1.66 time higher in group D3 (p<0.01) in comparison with the control group CI3.

A reliable (p<0.05) decrease in HDL content was noted in experimental animals of group A3 —in 1.47
time, in group S3 —in 1.81 time, in group D3 — in 1.43 time compared with group CI3.

The level of LDL-cholesterol in animals of groups A2 and A3 was significantly (p<0.05) increased by
1.20 and 1.23 times, respectively, compared with groups CI2 and CI3. Animals with streptozotocin diabetes
showed an increase in LDL-cholesterol by 1.23-1.29 time (p<0.05), in animals of the D3 group — by 1.21
time in comparison with CI3 (p<0.05).

The identical characteristic dynamics was observed in the indicator of VLDL-cholesterol. In animals of
the A3 group, this indicator was 1.29 times significantly (p<0.05) higher than in the CI3 group. A significant
(p<0.05) increase in VLDL cholester-1 was detected in animals with streptozotocin diabetes (groups C2 and
C3) by 1.45 and 1.51 times, respectively, compared with CI2 and CI3 groups. A significant increase in this
indicator was found only in animals with dithizone diabetes of groups D2 and D3 (p<0.05) — by 1.24 and
1.32 times compared with CI2 and CI3 groups.

The atherogenic index in intact animals was in the range of 0.88-0.92, while in animals of groups A3,
S3 and D3 this indicator was significantly (p<0.001) higher by 4.43 times.

Sufficiently high background levels of Apo A-1(142.3 mg/dl, 143.1 and 143.3 mg/dl) and low levels of
Apo B (115.4, 116.3 and 116.8 mg/dl) were noted in animals of control groups CI1, CI2 and CI3. Comparing
these values with group A3, it is seen that the level of Apo A-1 decreased to 136.2 mg/dl, and the level of
Apo B increased to 129.4 mg/dl. Apo A-1 levels decreased to 128.4 mg/dl in animals of subgroup S3, while
Apo B level increased to 132.6 mg/dl. The level of Apo A-1 was 135.5 mg/dl in animals of subgroup D3, the
level of Apo B was 124.1 mg/dl (Table 2).

A negligible decrease in total protein values, depending on the raise in the observation period, was
found in experimental animals with different models of diabetes in groups A3, S3 and D3. A slight increase
in AST and ALT was registered in animals with streptozotocin and dithizone diabetes.

A decline in the level of hormones, depending on the increase in the observation period, was found in
experimental animals. Thus, the level of CTH in the blood of animals with alloxan diabetes subsidenced in
animals of group Al to 37.1 pM/l, in animals of group A2 — to 36.7 pM/I, in animals of group A3 — to 35.4
pM/L. A decrease in the level of corticotropin in the blood was noted in animals with dithizone diabetes of
group D1 —up to 37.6 nm/l, group D2 — up to 36.9 nm/l, group D3 — up to 36.2 nm/l. Whereas in animals
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with streptozotocin diabetes, ACTH values were minimal compared to animals with alloxan and dithizone
diabetes and ranged from 35.3 to 32.2 pM/1 (Table 3).

The level of adrenaline in the blood of the control groups was 2.14-2.16 nM/l, while this index in all
experimental animals was significantly high (p<0.01). Thus, adrenaline decreased from 5.43 to 3.12 nm/l
(A3 is 1.45 times higher than CI3) in animals of the groups with alloxan diabetes. The level of adrenaline in
animals with streptozotocin diabetes decreased from 5.31 to 3.07 (1.42 times more compared to CI3). The
level of adrenaline in animals with dithizone diabetes decreased from 5.37 to 3.03 (1.4 times more than CI3).

Analogous dynamics was noted in the study of the level of norepinephrine. Thus, low rates at 24
months of observation were established in groups of animals A3, S3 and D3. Whereas the level of norepi-
nephrine was significantly (p<<0.05) high at 6 and 12 months of observation. Thus, this indicator increased in
animals of subgroup A2 by 1.86 times, in animals of subgroup S2 — by 1.85 times, in animals of subgroup
D2 — by 1.80 times compared with group CI2.

Cortisol levels in animals of control groups (18.4-18.6 uM/l) were compared. Thus, cortisol level was
18.2 uM/L in animals with alloxan diabetes at 6 months of observation. This decreased to 15.8 puM/l (A2)
after 12 months of follow-up and recovered to 17.3 uM/l after 24 months of follow-up (A3). The cortisol
level tended to decrease as the observation period increased in animals with streptozotocin (14.5; 13.3; 12.4
uM/1) and dithizone (18.1; 17.4; 15.5 uM/1) experimental diabetes. The synthesis of cortisol was reduced by
1.5 times in the animals of group S3 compared to group CI3.

Table 3
Indicators of blood hormones in rats with experimental diabetes
Alloxan diabetes Streptozotocin diabetes Dithizone diabetes Control
Index Al A2 A3 S1 S2 S3 D1 D2 D3 CIl1 CI2 CI3

(0=50) [(n=50) [(n=50) |[(n=50) [(n=50) [(n=50) |[(n=50) |[(n=50) |(n=50) |(n=30) |(n=30) |(n=30)
ACTH, |37,1+ (36,7 |354+ |353+ |33,7+ [322+ |37,6+ |369+ |362+ [374+ (382 |379%+
pM/1 1,3 1,7 1,3 1,6 1,5 1,4 1,8 1,3 1,6 0,3 0,2 0,3
Adrenali [543+ |488+ |3,12+ |531+ [459+ (3,07 |537+ |4,61+ |3,03+ [2,14+ (2,16 [2,15&+
ne, nM/1 [2,4%%% ]0,22°°° 0,157 [0,23** [0,22°° (0,12 0,23** 10,19°°° 0,13 (0,02 0,01 0,02

Norepine |y 15 3804 2504 [403+ [3.86+ 292+ 408+ [3.76+ [2.66+ |1.92+ |2.08+ |2.11+

E‘ﬁ}‘fe’ +2,05% [0,12° [0,11" 0,19 |o,17° (0,13 [0,18* [0,15° |0,12° (0,02 0,02 0,02

Cortisol, 18,2+ [158+ |173+ |14,5+ [13,3+ (124+ |I181+ |174+ |155+ |[18,6+ |[185+ |I184+
uM/1 0,88 0,75 0,7 0,8 0,7 0,6 0,87 0,81 0,6 0,2 0,2 0,15
Glucago 23,3+ [22,5+ 21,3+ 20,1+ |172+ [169+ [24,1+ |224+ [20,6+ (26,41 + (26,39 + (26,42 +
n,ng/ml |14 1,3 1,2 1,3 1,2 1,1" 1,4 1,3 1,1 0,2 0,3 0,2
STH, 1,48+ 2,32+ (3,07 [1,21+ (1,96 |2,14+ [198+ [2,65+ 3,14+ |55+ |53+ |52+
ng/ml 0,06%* [0,11°° 0,14 |0,04** ]0,08°° [0,08"" [0,09%* [0,12°° [0,14™" 0,05 0,05 0,04
TSH, 3,72+ |5,76 £ |8,79+ (1,16+ |1,41+ |1,67+ [3,55+ |4,68=+ |5,70+ |225+ |[227+ |2,28+
mcU/ml [0,11%* [0,11°° [0,13"" |0,09** [0,1°° (0,12 0,11 0,13 0,12 0,01 0,02 0,01
T;,nM/l |7,43+ |7,02+ [6,82+ [644+ |6,56+ |4,73+ |7,32+ [6,76+ [6,44+ |924+ |9,24+ |9,26+
0,44 0,45 0,43 0,42 0,44°° 10,39 0,46 0,38 0,41 0,1 0,09 0,08
T,nM/1 |132+ |130+ [128=+ |[118=+ |114+ |103+ |131+ |133+ |132+ |[135+ 134+ |133+
7,5 6,9 6,2 6,5 5,6 5,7 6,2 6,9° 5,9 1,5 1,1 1,1
Note - ¥**%-p<0.001; **-p<0.01; *-p<0.05 compared with similar indicators in control group CI1; °°°-p<0.001; °°-p<0.01, °-
<0.05 compared with group CI2; +++ - p<0.001; ++ - p<0.01; + - p<0.05 compared with control group CI3

The study of the contrainsular hormone (glucagon) in experimental animals showed that the level of
glucagon was reduced, especially in streptozotocin diabetes in animals of group S3 — significantly (p<0.05)
in 1.56 times compared with group CI3. A slight decrease was registered in animals with alloxan and
dithizone diabetes.

We noted significant differences in the content of growth hormone in animals with experimental diabe-
tes. If in intact animals its level was 5.5-5.2 ng/ml, then as the period of observation of diabetes increased,
the level of growth hormone increased. So, at 6 months of observation, there were significantly (p<0.01) the
lowest levels of GH in group Al (in 3.71 times), S1 (in 4.54 times), D1 (in 2.77 times); A2 (in 2.28 times),
S2 (in 2.7 times), D3 (in 2.0 times) and A3 (in 1.69 times), S3 (in 2.42 times) and D3 (in 1.56 times) com-
pared with intact animals (Fig. 2).
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Figure 2. Indices of hormones in the blood of rats with experimental diabetes

The level of TSH in the blood of animals of groups CI1, CI2 and CI3 was equal to 2.25-2.28 mcU/ml,
respectively. The level of TSH significantly (p<0.01) increased in animals with alloxan diabetes depending
on the observation period: in animals of group Al — in 1.65 times compared with CI1; in animals of group
A2 —1in 2.53 times compared with CI2; in animals of group A3 — in 3.85 times compared with CI3. The TSH
index decreased in animals with streptozotocin diabetes as the observation period increased in comparison
with intact animals. Thus, the level of TSH significantly (p<0.01) decreased in 1.93 times in animals of sub-
group S1 compared to the CI1 group; in animals of subgroup S2, the level of TSH decreased (p<0.01) in 1.6
times compared to group CI2, in animals of subgroup S3 this indicator decreased in 1.36 times compared to
group CI3. In animals with dithizone diabetes, the TSH index increased as the observation period increased,
but was lower than in animals with alloxan diabetes.

The level of T3 in animals with alloxan diabetes was slightly lower compared to intact groups. The lev-
el of T3 hormone in experimental animals decreased as the observation period increased. The lowest level
was registered in animals with streptozotocin diabetes in subgroups S1 (p<0.01) — in 1.66 times and S2 — in
1.95 times in comparison with groups CI1 and CI2 (Fig. 2). The level of T4 in control animals in groups CI1,
CI2 and CI3 was in the range of 133-135 nM/I, but in animals with experimental diabetes it decreased with
an increase in the observation period. In all animals with experimental models, T4 index was less than in in-
tact animals, but in animals of group S3 it was in 1.3 times less than in group CI3.

Discussion

Conclusion, we can assume that the experimental data helped to reveal many aspects of the etiology and
pathogenesis of the early stages of diabetes mellitus. In animals with alloxan and streptozotocin diabetes in
the stage of pre-diabetes, latent diabetes and in the early periods of obvious diabetes, a decrease in insulin
secretion and the development of absolute insulin deficiency were demonstrated. Animals with dithizone
diabetes develop relative insulin deficiency. Hormonal insulin antagonists can cause both the development of
diabetes mellitus in animals and the transition of prediabetes and latent diabetes to overt.

So, in alloxan and streptozotocin models of diabetes, carbohydrate balance disorders identical to pa-
tients with diabetes mellitus type 1 were revealed, and in dithizone diabetes, changes characteristic of pa-
tients with diabetes mellitus type 2 were revealed. In animals with streptozotocin diabetes, a significant
(p<0.01) raise in glycemia in 3.10 times, glycated hemoglobin in 3.16 times, IRI decrease (p<0.01) in 3.76
times and C-peptide in 2 .05 times compared with intact animals.

Whereas, expressed lipid metabolism disorders was detected in alloxan, streptozotocin and, especially,
dithizone diabetes (after 24 months of observation). It is reflected in a significant (p<0.01) increase of tri-
glycerides levels in 1.66 times, atherogenic index (p< 0.01) — in 4.43 times and a decrease (p<0.05) of HDL
levels — in 1.43 times compared with intact group CI3, as well as increase in FFA, total cholesterol, LDL,
VLDL.

The activity of the sympathoadrenal system was increased in animals with alloxan and dithizone diabe-
tes. It was confirmed by a significant (p<<0.01) increase in the level of adrenaline, norepinephrine, as well as
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a decrease in the functional activity of the pituitary gland (decrease in the level of growth hormone (p<0.01)
and CTH), adrenal cortex and a-cells of the pancreas. A more pronounced inhibition of the endocrine glands
was registered in animals with streptozotocin diabetes.

Conclusions

To sum up the functional activity of the pituitary gland (growth hormone level and CTH (p<0.01), the
adrenal cortex and pancreatic a-cells was reduced (p<0.01) in animals with alloxan and dithizone diabetes.
The activity of the sympathoadrenal system was increased in the indicated animals. These facts were con-
firmed by reliable (p<0.01) increase of the level of adrenaline, norepinephrine in 1.42 times. More expressed
inhibition of endocrine glands was registered in animals with streptozotocin diabetes. Inhibition of the func-
tional activity of adrenal and thyroid hormones in animals with streptozotocin diabetes leads to depletion of
the structural and functional reserve. In alloxan and dithizone diabetes, the indicators of adrenal and thyroid
hormones had a phase character: from the period of 6 months — signs of depression, followed by adaptive
restructuring and resistance by 12 months and signs of some compensatory activation by 24 months of ob-
servation.
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C.b. Xayrtukosa, X.P. A6aukanuposa, ®.C. A6ukenona, IO.I1. Tanacnekosa,
N.B. Mengenesa, b.T. Uepkuzosa

AJLJIOKCAaH, CTPENTO30TOUMH K9HE TUTH30H KAHT ANa0eTiMeH IKCIIePUMEHTTIK
JKaHyapJapaarbl TOPMOHAIBI-MeTa00IHKAJBIK 0Y3bLTYJIapAbl KINHUKAIBIK
JKOHE 3epPTXaHAJBIK 0arajiay

DKCIEPUMEHTTIK UA0CTONOTHAIA HETI3r OPBIH/IBI KAHT AUA0CTiHIH XUMUSUIBIK MOJICTbIepi anajpl. by mMo-
JeTbIepe opTYpJli areHTTep YHKbIOe3i apangapblHBIH TiHIHIETri B-)kacymiajgapblHa TaHAAMalbl TYpIe acep
ereni. JKaHyapmapnarbl TOPMOHANIBI JKOHE  METaOONMKAJIBIK  Oy3bUIyJapiblH — HAaTOTCHETHKANBIK
MeXaHU3MJIepl aJUIOKCaH, CTPENTO30TOLNH JKOHE AUTH30H KaHT AuadeTi Monenpaepinae seprrenmi. Toxipude
yiiH Buctap TYKBIMBIHBIH €pKEK erey KYHpBIKTaphl KOJAAHBUIABI. DKCIEPUMEHTTIK KaHT AHAOCTiHIH YII
MOJIeINTi JKacaiubel. bakpuiay TONTapbIHBIH YakbIThl (6, 12, 24 aif) xoHe caHbl OoifbiHIIA Oipaelt GOJIBL

214 BecTHuk KaparaHguHckoro yHuBepcuteTta



Clinical and laboratory assessment of ...

Jlunuarep MEH aKybl3 alMacyblH 3ePTTEY/IiH 3ePTXaHAIBIK-OMOXUMHUSUIBIK S/IICTEPiHIH KeIlIeHi KOJIaHbLIbIII,
capbicy ()epMEHTTEpi ¢ aHBIKTAIAbl. AJJIOKCAH MEH CTPENTO30TOLMH/II SHI3TeHHEH KeiliH SKCTIepUMEHTTIK
JKaHyapJapIarsl TInkeMus aeHreiii 13,4-ted 18,6 MMomb/f-re NeiiiH ayBITKHIBI, TIIIOKO3YPHSA, TTOTUAUTICHS,
nonudarus OGalkanael. CTpenTo30TONMH KaHT auabeTi Gap skaHyapiapaa Oakpulay TOObIHA KaparaHpa
rmkeMusHBIH 3,10 ece, TTUKUpieHTeH reMornoOuHHiH — 3, 16 ece, IR — 3, 76 ece sxoHe C—TienTUATIH —
2,05 ece (p<0,01) s>xorapbuiaysl OalKaiIbl. AJJIOKCaH, CTPENTO30TOIMH JKOHE ocipece AWUTH30H KaHT
nuabeTiHAe JIMIHUATEp aIMAacybIHBIH ayblp Oy3bUIbICTapbl aHBIKTaImsl (24  aiinbik  Oakpuiay). Byn
TPUTIUIIEPUATED JIeHTeliHiH 1,66 ece, aTeporeHainik uaaekciniy (p<0,01) 4,43 ece xone XTI nenreitiniy
(p<0,05) CHU3 OysbuiMaraH TOObIMEH canblcThipranga 1,43 ece, conmait-ax MKK, XXC, TTJIII,
TOTJaiirapneikraii (p<0,01) xorappuiaybl Oaikangbl. AJUIOKCAaH JXOHE TUTH30H KaHT 1uadeTi Gap
JKaHyapyapAa runousaiH (QyHKIHOHANABIK OenceHaitiri temeHneni (ecy ropmonsl MeH KTI' mewreiii
(p<0,01), Oyiipek ycTi Oe3iHiH KBIPTBHICH jkoHE YHKBI Oe3iHiH o-kacymanapsl ( p<0,01), cuMmmaToanpeHanH
JKYHeCiHIH OeNceHIUTiri Korapbulaiiipl, Oy aJpeHaluH, HOpaApeHAJHH ACHTEHIH JKOFapbUIaTy apKbLIbI
(p<0,01) — aifrapmsikraii 1,42 ecere pacranmbl. CTpenTo30TONMH KaHT anaberi Oap »kaHyapiappa imki
ceKpenust Oe3IepiHiH KYMBICHIHBIH aliKbIH TeXeTyl OailKaIbL.

Kinm ce30ep: SKCIEPUMEHTTIK alJIOKCaH, CTPENTO30TOLMH KOHE JUTH30H KaHT NUAOCTIHIH MOJENbAEpi,
TJIMKUPJICHTeH TeMornoOuH, C-MenTuj, JHIMUATI JKOHE aKybl3 aaMacy KepCeTKIMTepi, KOPTHKOTPOITHI
TOPMOH, aJIpeHAIIIH, HOPaAPEHAINH, KOPTU30J1, 00C THAPOKOPTU3OH KOPCETKIIITEP], TIIOKaroH, HHCYJINH.

C.b. XXayrtukoBa, X.P. A6nukaauposa, ®.C. Abukenona, FO.I1. Tanacnekosa,
N.B. Mengenena, b.T. Uepkuzosa

Kinunnko-iadboparopHasi OlleHKa TOPMOHAJIbLHO-MeTA00JNYeCKUX HAPYIIEHUH y
IKCHEPHUMEHTAJIBHBIX }KUBOTHBIX C AJUIOKCAHOBBIM, CTPENTO30TOIHHOBBIM U
AUTH30HOBBIM AUA0ETOM

OCHOBHOE MECTO B 3KCIIEPUMEHTAIBHOM A1a0eTOIOTUH 3aHUMAIOT XMMHUUecKue Mojienu auabera. B Hux pas-
JUYHBIC areHTHl M30MpaTeIbHO BO3ACHCTBYIOT Ha S-KJIETKH B TKAaHH OCTPOBKOB IMOKETYXOYHOM >KEIe3Bl.
[TaroreneTnueckne MeXaHH3MBI TOPMOHAIBHBIX M MEeTa0ONNYECKUX HAPYIIEHUH y KUBOTHBIX U3YJalnuCh Ha
MOJIEISIX aJTIOKCAHOBOT'O, CTPENITO30TOLMHOBOTO M TUTH30HOBOT0 nuadera. It SKCIiepuMeHTa UCIoNb30Ba-
JIM CaMIIOB KPBIC JIMHUK Buctap. BeuM co3naHsl TpU MO SKCIIepUMeHTalIbHOrO anabera. ['pynmbl Obum
UAGHTUYHBI 110 BpeMeHU HaOmoneHus (6, 12, 24 mecsaua) u konuuecTBy. [Ipumenscsa komimiekc sadboparop-
HO-OMOXMMHYECKHX METOJ0B MCCIEN0BaHU JIMITUIHOTO U GelaKoBoro ooMeHa. Takxke Onpenessid CbIBOpo-
TOYHBIE (DEPMEHTHL. YPOBEHb INIMKEMUH Yy 3KCIEPUMEHTANbHBIX XHBOTHBIX IIOCNIC BBEJICHUS AJUIOKCAHA U
CTpenTo30ToNMHA Kosebancs ot 13,4 no 18,6 MMOIb/J, 3aMe4eHBI TIIIOKO3YPHsl, HONMUANIICHS, oaudarud. Y
JKHBOTHBIX CO CTPENTO30TOIMHOBBIM IHa0eTOM HabIoanoch foctoBepHoe (p<0,01) yBenmmdeHue MIMKeMUH
B 3,10 pa3a, rIMKHpoOBaHHOTO reMoriaoduna — B 3,16 pasa, camxenue (p<0,01)MIPU — B 3,76 u C-nentnna
— B 2,05 pasa 110 CpaBHEHHIO C MHTAaKTHBIMH XMBOTHBIMU. TspDKeINble HapyIISHUs JIMITUIHOTO OOMeHa ObLIH
BBISIBJICHBI TIPH aJUIOKCAHOBOM, CTPENTO30TOIIMHOBOM M OCOOCHHO IWTH30HOBOM auabere (24 Mecsna Ha-
Omonenust). OTo BeIpa3uioch B 3Ha4UMOM (p<0,01) moBblmieHHH ypoBHS TpUriuuepuaos — B 1,66 pasa, uH-
nekca ateporeHHocTd (p<0,01) — B 4,43 u cHmwxenuu (p<0,05) yposus JIIIBII — B 1,43 pa3a no cpaBHEHUIO
¢ uHTaKTHOI rpynmoit K13, a taxke oOHapyxeno yBemmuenne COKK, OXC, JIITHII, JITIOHII. ¥V xuBOTHBIX
C aJUIOKCaHOBBIM M JUTHU30HOBBIM IHa0eTOM ObUla CHIDKEHa (DyHKIMOHAIBbHAs aKTHBHOCTH TUnogusa (ypo-
BeHb ropmoHa pocta u CTI (p<0,01), KOpbI HAAIOYEUHHKOB ¥ O-KJICTOK ITOJDKEITyJOUHOI skerne3sl (p<0,01),
TIOBBIIIEHA aKTUBHOCTH CHMITATOAPEHAIIOBONH CHCTEMBI, YTO OBIIO MOATBEP)KAEHO 3HAUUTENHHBIM (p<0,01),
3a cyeT MOBHILICHHs YPOBHS aJpeHalnHa, HopaapeHanmuHa — B 1,42 pa3a. Bonee BrIpakeHHOE MoJaBiIeHHE
paboTEHI Kene3 BHYTPEHHEH CEKPeIH OTMEUECHO Y )KUBOTHBIX CO CTPENITO30TOLMHOBBIM JHA0ETOM.

Kniouesvle cnosa: Momenu SKCIEPUMEHTATBHOTO aJNIOKCAHOBOTO, CTPENTO30TOIMHOBOTO U JUTH30HOBOTO
nuaberta, ITUKUPOBAHHBIN reMornoonH, C-enTua, nokKa3aTeny JUMUAHOTO U OeIKOBOro oOMeHa, mokasaTe-
JM KOPTHKOTPOITHOTO TOPMOHA, aJpeHalnHa, HOPaJpeHarHa, KOPTH30Ja, CBOOOTHOTO THIPOKOPTH30HA;
TIIIOKAroH, HHCYJIUH.
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