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The article describes the influence of various cell cultures (pancreas, bone marrow, adipose tissue) on the clinical course of experimental pancreatic diabetes of rats. It is found out that the optimal method of cell material injection is its transplantation under the pancreatic capsule. The study of islet cell condition under injecting various cell cultures in the setting of pancreatic diabetes showed that all of them produce a positive therapeutic effect in the treatment of the this pathology. The obtained data is testified by the growth of a general volume of islet tissue of recipient animals (compared to a control set); this in its turn results in the decrease of blood serum glucose level.
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Statement of the problem. The basis of insulin-dependent diabetes development is the decrease of pancreatic β-cells, which leads to the decrease of blood insulin level. That is why the cytothesis of Langerhans islets presents an important issue in diabetes treatment. Cell culture transplantation is one of promising methods of pancreatic diabetes treatment, as it facilitates the cytothesis of the islet cells of the pancreas. 

Analysis of basic research and publications which initiated the problem solution. Pancreatic diabetes is a group of metabolic diseases which are characterized by hyperglycemia caused by insulin secretion defects, insulin effect or by both factors. Insulin is the hormone developed by pancreas β-cells, which is necessary for the cells' use of glucose as a source of energy. Under type 1 diabetes, an organism fails to develop insulin, which results in its daily injecting [10–13]. However, a long-term substitutive therapy and the use of hypoglycemic agents can result in insulin resistance; besides it does not prevent the development of macro- and microvascular complications [14–16].

That is why, the attention of many researchers is focused on methods of pancreatic diabetes treatment by means of Langerhans islets cytothesis. Cell technologies are a promising area in pancreatic diabetes treatment which is aimed at regeneration of islet cells of the pancreas [17–20].

The purpose of the research lies in the study of the influence of cell culture transplantation of bone marrow, adipose tissue and pancreas on the islet cell of the pancreas condition and blood glucose level at experimental pancreatic diabetes of animals.

Research tasks are as follows: to obtain bone marrow, adipose tissue and pancreas culture cells; to form in rats experimental alloxan pancreas diabetes; to determine the optimal method of cell material infusion; to conduct a morphometric research of islet cell condition at cell culture transplantation in the setting of pancreatic diabetes; to analyze the obtained results.

Materials and methods/techniques. In experiments apparently healthy animals were used (30 non-pedigree male rats weighing 200–250 gr, aged 4–5 months; 9 non-pedigree baby rats aged 12 days). Experiments on animals were conducted  under the requirements of the Law of Ukraine «On Animal Protection Against Cruel Treatment» (Art. 230 dated 2006) and the Provision on keeping and using test animals in the NAU animal facility and clinic, studied and approved by the Principal of HAU dated 20.05.2001.

In the research cell cultures of bone marrow, pancreas (obtained from the cortical bone marrow and pancreas of baby rats aged 12 days) and of adipose tissue (obtained from rats aged 4–5 months) were used. Cell cultivation was exercised under a standard technique in a СО2-incubator [6].
The experimental model of pancreatic diabetes was recreated by means of a single transdermal delivery of alloxan monohydrate (Sigma, USA) in the dose of 150 mg/kg as a 5 % solution in citric buffer, рН 4.5 following a prior food deprivation (with a free access to water). To reduce animal deaths caused by a hypoglycemic shock after alloxan infusion, during 24 hours after diabetes induction the animals received a 5 % glucose solution instead of water [7].
To study the cell migration capacity, recipient animals with alloxan diabetes were transplanted 2 mln (50 microliters in volume) of bone marrow culture cells in two ways: intravenously and under the pancreatic capsule (for control, similar injections of PBS solution were made). The culture was previously conditioned with a vital nuclear stain Hoechst 33258 (Stigma, USA) according to a standard technique (after being marked, the cells fluoresce with bright-green colour) [3]. On the 8th day the animals were removed from the experiment and the pancreas samples were taken. Cell detection was conducted on cryosections made according to a standard technique [4, 5]. The samples were studied under the fluorescent microscope Leica DMR (Germany).
Tissue sampling for histological research was conducted on the 50th day of the experiment (the control group and the research group: the 30th day after cell transplantation). After sample selection, they were fixed in 10 % neutral formalin solution during 24 hours, and then the tissues were dehydrated and drowned into paraffin according to standard techniques [1]. Sections of 5 µm were made with the help of rotation microtome НМ 320 Е (MICROM, Germany) and the system of section transfer (STS, MICROM, Germany). For tissue microstructure study, the sections were stained with hematoxylin and eosin [2], after this the preparations underwent light microscopy. Preparations evaluation and analysis was exercised with the help of the microscope Leica DMR (Germany).
The state of the animals’ pancreas was studied in the setting of pancreatic diabetes (the 50th day of the experiment) and on the 30th day after the culture cells transplantation. The morphometric research of the islet cell condition was conducted on stained preparations. The total islet number on 10 mm2 of the section was counted; complementally the number of cell nuclei in islets was estimated. The research was conducted on 3 non-serial sections made at a distance of 0.5 mm from each other (the distance bigger than one islet size). 

Results of our own research. One of stem cells’ biological features if their migration capacity into a pathologic process area. It is known that in the process of MSC transplantation into an adult animal organism without experimental damage, up to 25 % of donor material is found in red bone marrow [9]. Of special interest is the migration of stem cells in the organism having a damage area. In the work of Wu with colleagues it is demonstrated that endogenic MSC migrate to the allograft rejection area [8]. It is considered that stem cells migration into a pathologic process area is determined by pro-inflammatory cytokines and chemokines.

At the same time, the migration mechanism into a damage area is not yet studied well enough; so one of our tasks was to study the migration capacity of bone marrow culture cells depending on the way of their infusion into a recipient animal organism.

Cell infusion was exercised in 2 ways: intravenously and under the pancreatic capsule. The results were evaluated by marked cells detection in pancreas cryosections (Pic. 1)
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At local infusion of pancreas culture cells to animals with experimentally formed pancreatic diabetes, on the 8th day their diffuse distribution in the pancreas tissue was observed (Pic. 1, a). The obtained data shows not only the cells’ survival after the infusion during a prolonged time, but their migration into the midst of the damaged organ. At intravenous Hoechst-market cells infusion, single signals were detected, which testifies to a limited number of cells to have reached the pancreas. That is why, in further research the culture cells transplantation under a pancreatic capsule was exercised.

The next step of the research was the morphometric data comparison of the rat pancreas at alloxan diabetes without treatment (a control group) and at the transplantation of various types of culture cells.

It is worth noting, that in the process of pancreas evaluation of intact, control and research groups, no difference was detected.

  In the process of histological research of intact rats pancreas it was stated that the average islet number to 10 mm2 of a section 5 µm thick equals 9.7±1.0, and the average cell number in a Langerhans islet is 100.0±14.9 (see table).

Islet cell of a pancreas changes at the culture cells transplantation at the setting of alloxan diabetes 

	Animal group
	Average number of Langerhans islets
	Average cell number in an islet

	Intact animals
	9.7±1.0
	100.0±14.9

	Control group
	9.7±1.3
	62.5±12.4

	At BMCC infusion
	14.7±1.4*
	111.0±13.9*

	At PCC infusion
	17.7±1,9*
	78.3±14.0

	At ATCC infusion
	10.7±0,8
	69.5±10.3


Note: *р<0.05; (indices of the alloxan diabetes 50th day were compared to intact animals’ indices; indices after transplantations of PCC, BMCC and ATCC at the setting of PD were compared to the 50th day indices (control).
While studying the pancreas tissue of control group rats (which were not under transplantation), no changes as to the islet number compared to intact animals were found; however, the average cell number in islets decreased 1.6 times.
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However, while studying the blood glucose level on the 50th day of the experiment, we marked its slight accurate decline (Pic. 2). The obtained data testify to the fact that between the 20th and the 50th days of the experiment the animals can demonstrate cell composition restructuring in pancreas islets which remained after alloxan action, with the growth of β-cells specific volume due to islet cells proliferation with their differentiation in β-cells; but the islet tissue general volume remains unchanged and islet neo-genesis is not observed.

The histological study of pancreatic tissue of group animals which underwent the pancreatic culture cells transplantation allowed stating the growth of average number of islets per area unit, compared to control group animals. On the 50th day of the experiment the growth was 1.8 times (p<0.05). At that, their size varied greatly. The obtained results testify to the fact that after the pancreatic culture cells transplantation, considerable cell proliferation acceleration takes place in the islets which existed before the transplantation, which in its turn results in the growth of its area and the appearance of new small-sized islets (Pic. 3, arrow). The growth of existing islets and the appearance of new ones leads to tangible and accurate increase of islet tissue specific gravity.
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The histological research of pancreatic tissue of animal group which underwent the bone marrow culture cells transplantation detected both the increase of islet number per area unit, and the increase of their average size (the average islet number to 10 mm2 of a section 5 µm thick grew 1.5 times). Both small and big islets were detected; on the 50th day of the experiment some of them included over 170 cells. The morphological research data shows that at the bone marrow culture cells transplantation, a more expressed acceleration of cell proliferation is observed; though the islet number as compared to the group which underwent the pancreatic culture cells transplantation was lower, however the sizes of some islets increased considerably.  Hence, the specific gravity of islet tissue and the number of insulin-positive cells per area unit increases considerably. 

The obtained data testifies to the fact that the infusion of adipose tissue culture cells also leads to neo-genesis enhancement of the islets, however these islets are of a small size (up to 50 cells). The specific gravity increase of islet tissue per area unit was the lowest among all applied transplantation techniques.

Conclusions and prospects for further research. The most effective transplantation technique of culture cells at pancreatic diabetes of animals is the infusion under the pancreatic capsule of recipient animals. After the pancreatic culture cells transplantation, the growth of islet tissue takes place, in the first place, by means of islet neo-genesis, as well as due to cell regeneration acceleration in a previously formed islet tissue. The bone marrow culture cells transplantation results in the growth of islet tissue mostly due to regeneration by means of proliferative proplasia of islet cells. The transplantation of adipose tissue culture cells stimulates the Langerhans islet neo-genesis in the pancreas.
The obtained data indicate a positive therapeutic effect of stem cells, which in will allow them to be used in clinical practice in the treatment of diabetes mellitus.
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Pic. 1. Detection of Hoechst-marked cells in the pancreas: a) transplantation under the capsula; �b) control. Cryosections, fluorescence microscopy, ×1000.





�EMBED Excel.Sheet.8 \s���


Pic. 2. Glucose level in rats’ blood at pancreatic diabetes at the setting of culture cell infusion, n=5 (M±m)
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   Pic. 3. Appearance of new Langerhans islets in the pancreas of rats with experimental pancreatic diabetes at allogenic transplantation of pancreatic culture cells 
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