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Abstract 
The global diabetes epidemic over the past few decades has 
been one of the leading causes of death worldwide. The search 
for alternative sources of insulin producing cells in the body may 
be one of the possible promising approaches to the treatment of 
diabetes and its complications. The aim of this work was to study 
changes in the number and localization of insulin+ and Pdx1+ liver 
cells on the 30th and 60th days at rats with experimental diabetes 
type 1 and type 2. Experiment was carried out in accordance 
with the recommendations of European Parliament and of the 
Council (Directive 2010/63/EU). 35 male Wistar rats weighting 
332.6 ± 12.15 g were used. Type 1 diabetes (T1D) was modeled 
by IP injections of alloxan (170 mg/kg), Type 2 Diabetes (T2D) IP 
injections of nicotinamide (110 mg/kg) and streptozotocin (65 mg/
kg). Animals were divided into 5 groups:1:intact, 2:experimental T1D 
30 days, 3:experimental T1D 60 days, 4:experimental T2D 30 days, 
5:experimental T2D 60 days. Biochemical, immunohistochemical 
and statistics analyses were performed. Increase of the number of 
insulin ± cells were detected in diabetic rats vs.intact. The number 
of insulin+ and Pdx1 ± cells depends on the type of diabetes. The 
largest number of insulin ± cells, located in all areas of the hepatic 
lobule, is observed in rats with T2D. Animals with T1D have less 
insulin ± cells. On the 30th day of diabetes they are localized mainly 
in the peripheral zone, while on the 60th day of diabetes they are 
observed in all areas of the hepatic lobule. Rats with T1D have 
significantly higher number of Pdx1 ± cells, then rats with T2D.
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Introduction
Last decades the significant growth spread of diabetes has been 
demonstrated practically all over the world. About 415 millions of 
people with diabetes are currently registered [1]. Diabetes mellitus is 
a metabolic disorder [2], characterized by hyperglycemia due to the 
absolute (type 1 diabetes:T1D) or relative (type 2 diabetes:T2D) lack 
of insulin [3], produced by pancreatic β-cells. Complications caused 
by diabetes, such as cardiovascular disease, retinopathy, nephropathy 
and peripheral circulations disease often leads to disability or death 
with ineffective therapy [4]. Currently, replenishment of β-cells mass 
is a therapeutic alternative of the treatment of this disease [5]. The 
new sources of β-cells may be transplanting cadaveric islets [6] or 
differentiation of pluripotent stem cells [7]. Liver cells are a major 
target for generating insulin-producing cells because of its close 

developmental origin, accessibility and regenerative ability [8]. Liver 
and pancreas have many common characteristics: they sensitive to 
glucose and their tissue express a large group of specific transcription 
factors [9]. Transcription factors play the most important role in 
regulation of gene expression. Pdx1, as well as Ngn3 and MafA, 
is a transcription factor, critically important for developing and 
maturation of β-cells [10]. Pdx1 is necessary for developing pancreatic 
exocrine and endocrine cells, including β-cells. Pdx1 also binds with 
regulatory elements and increases insulin gene transcription [11]. 
Ectopic expression of Pdx1, Ngn3 and MafA may vary the fate of 
somatic cells [10]. The aim of the work was studying the change of 
number and localization of insulin+ and Pdx1+hepatic cells at the 
30th and 60th days of T1D and T2D in rats.

Methods
35 male Wistar rats, weighting 332.6 ± 12.15 g, were randomly divided 
into 5 groups:1:intact animals, 2:T1D 30 days, 3:T1D 60 days, 4:T2D 
30 days, 5:T2D 60 days. T1D was modeled by Intraperitoneal (IP) 
injections of alloxan, dilluted in 0.85% NaCl, in a total doze 170 mg/
kg body weight, according to the modified author technique [12]. 
T2D was modeled by IP injections of streptozotocin, diluted in citrate 
buffer, in a dose 65 mg/kg, with preventive (15 minutes before) IP 
injections of nicotinamide, diluted in water (110 mg/kg) [13]. Rats 
were euthanized an overdose of Zoletil in the 30th and 60th days 
after beginning of experiment. Before euthanasia blood from tail vein 
was taken for analysis. Liver was removed during mediallaparotomy. 
Tissues were fixed with 10% neutral formalin for 24 hours, washing 
for 8 hours, embedded in paraffin, using LeicaEG 1160 (Leica 
Microsystems, Germany), and then manually sectioned with a 
microtome LeicaSM 2000 R (LeicaMicrosystems, Germany) to obtain 
3-4 μm thick paraffin sections. To verify diabetes blood glucose and 
glycosylated hemoglobin (HbA1с) were determined, using standard 
kits for determination (VectorBest, Russia and GLIKOGEMTEST, 
Russia). Immunohistochemical investigation of liver were made, 
using antibody for proinsulin and insulin (clone INS04+INS05, 
Invitrogen, США) and for Pdx1 (Abcam, США) according to 
standard protocols. Incubation with the primary antibodies was done 
for 16 hours at 4°C a 1:200 dilution. For detection of insulin avidin-
biotin peroxidase complex is used, goat anti-rabbit Igs, conjugated 
with Texas Red (Thermo Fisher, USA) were used for visualization of 
Pdx1. To check the protocol and exclude non-specific binding positive 
and negative controls were made. Positive and negative control for 
immunohistochemical detection of insulin was pancreas from intact 
rats [14,15]. Visualization and counting the number of insulin+ cells 
were performed, using a light microscope Leica (Leica DM 2500, 
Germany) and Video Test Morphology 5.0 software (VIDEOTEST, 
Russia), Pdx1+ cells confocal laser scanning microscope LSM 710 
(Carl Zeiss, Германия) and ZEN 2.0 software (Carl Zeiss, Германия). 
The number of insulin+ and Pdx1+ cells in hepatic plates in all areas of 
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hepatic lobule per 1 mm² of liver parenchyma was counted. Statistical 
analysis performed, using Statistica 6.0 (DELL, USA), OriginPro 9.0 
(Origin Lab, USA) and Microsoft Excel 2003 (Microsoft, USA). To 
check the hypothesis of homogeneity of two independent samples the 
non-parametrical Mann-Whitney U criteria also Kruskal-Wallis test 
were used with p<0,05. Data are presented as mean ± errors of the 
mean.

Results
Concentration of blood glucose and HbA1с at T1D and T2D 
significantly higher vs. intact animals. In T1D there were no 
differences between these parameters at the 30th and the 60th days 
of experiment, in T2D at the 60th days contrary to the 30th day 
glucose was significantly higher and HbA1с was lower (Table 1). 
Immunohistochemical investigation of liver reveals the presence 
of insulin+ and Pdx1+ cells in liver in all experimental groups. The 
number of insulin+ cells in the liver of diabetic animals is higher vs. 
intact animals; the highest amount is in T2D groups. The number of 
insulin+ cells between the 30th and the 60th day of experiment at T1D 
and T2D is not significantly different. It was found, that on the 30th 
day of T1D insulin+ cells are localized mainly in the peripheral area 
of hepatic lobules, meanwhile on the 60th day of T1D and at T2D 
these cells are detected in all parts of the hepatic lobule. The number 
of Pdx1+cells increased in animals with diabetes. The number of 
Pdx1+cells on the 30th and 60th days of diabetes does not differ 
between each other within the same type of diabetes, however, their 
number is significantly higher at T1D contrary to T2D (Table 2).

Table 1:  Biochemical characteristics of blood of experimental animals. 
*p<0.05 vs. intact; #: p<0.05 vs. T1D 30 days; ^: p<0.05 vs. T2D 30 
days.

Parameter/
Experimental 
group

Intact T1D 30 
days

T1D 60 
days

 T2D 30 
days

T2D 60 
days

Glucose mmol/L 5 ± 0.3 10.88 ± 
0.46*

10.46 ± 
0.49

10.9 ± 
0.50*

12.3 ± 
0.23*, ^

HbA1с % 4.4 ± 0.3 6.73 ± 
0.78*

6.53 ± 
0.20*

6.58 ± 
0.97*

5.6 ±  
0.55*, ^

Table 2: Number of insulin+ and Pdx1+ cells in the liver of experimental 
animals (cells per mm2 of the pancreatic tissue), М ± m. *: p<0.05 vs. 
intact; #: p<0.05 vs. T1D 30 days; ^: p<0.05 vs. T2D 30 days.

Parameter Intact T1D 30 
days

T1D 60 
days

T2D 30 
days

T2D 60 
days

Number of 
insulin+ cells in 
hepatic plates N/
mm²

14.26 ± 0.8 24.86 ± 
2.36*

22.78 ± 
1.93*

151.5 ± 
7.34*

151.81 ± 
4.04*

Number of 
insulin+ cells in 
hepatic plates in 
peripheral area 
N/mm² %

0 13.58 ± 
3.08* 
(54.62%)*

6.87 ± 
2.37*-
30.15%

41.1 ± 
4.93* 
(27.12%)*

51.82 ± 
2.61*,^ 
(34.13%)*, 
^

Number 
of Pdx1+ 
hepatocytes N/
mm²

32.11 ± 
2.14

42.72 ± 
1.59*

43.54 ± 
2.48*

34.09 ± 
2.46*, #

36.24 ± 
2.16 *,^

Discussion
Inadequate amount and dysfunction of β-cells in islets of Langerhans 
at T1D and T2D are the main reason of hyperglycemia and connected 
to it complications [16]. Methods, aimed at compensation of lack of 
insulin and search for alternative sources of it are a promising strategy 
for the treatment of T1D and T2D. About 20 years ago the plasticity of 
mature cells was considered rather amazing, since the leading dogma 
of that time was that finally differentiate mammalian cells cannot be 
transformed into other types of cells. However, a study, inwhichPdx1 
induced the insulin gene expression in liver and ameliorated 
hyperglycemia in diabetic mice treated with Streptozotocin [17], 
demonstrate the approach for generating mature cells from other 
mature cells. Advantages of using the liver as the source for generating 
of insulin-producing cells are based on their close developmental 
familiarity with the pancreas (the both organs derived from the tissue 
of foregut endoderm) and the regenerative ability of hepatic cells 
[18]. It was founded, that the number of insulin+ and Pdx1+cells at 
T1D and at T2D differs; meanwhile duration of diabetes does not 
affect the number of such cells. Number of insulin+and Pdx1+cells 
at diabetic animals are higher vs.intact animals, the highest number 
is in T2D groups. It was found, that on the 30th day of T1D insulin+ 
cells are localized mainly in the peripheral area of hepatic lobules. In 
groups with T2D and on the 60th day of T1D these cells are detected 
in all parts of the hepatic lobule. The number of Pdx1+cells in liver 
of animals with experimental diabetes increased compared to intact 
animals. It was revealed, that the number of Pdx1+ hepatic cells is 
affected by the type of diabetes (at T1D the number is higher, that at 
T1D), but not it duration. 

Conclusion
Results of the investigation indicate that little amount of insulin+ and 
Pdx1+ hepatic cells are founded both in intact and diabetic animals. 
Number and localization of these cells depends from the type of 
diabetes, effect of the duration of diabetes was not fixed. In any case, 
reprogramming of hepatic cells into insulin-producing may be one of 
the possible promising approaches to the treatment of diabetes and its 
complications. 
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