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EXPERIMENTAL SUBSTANTIATION OF CHANGE THE MORPHOMETRIC  PARAMETERS  OF OVARIANS AND BROWN ADIPOSE TISSUE AT  RATS BY GENERAL COOLING
Kuzmina Iryna, Zhulikova Marina
Kharkov medical university, Ukraine
Abstract
For the purpose the effect of general cooling on the morphometric parameters of the ovaries and brown adipose tissue, were investigation on 40 white female rats of the 4th week of the Vistar line, weighing 30-40 g, which were divided into 5 groups: 1st-8 rats which to expose a constant cold  influence (CCI); 2 nd - 8 rats who were injected with dehydroepiandrostenediol-sulfate (DHA-sulphate) dissolved in 0.2 ml of purified and sterilized olive oil close to CCI; 3rd - 8 rats, who were induced with experimental polycystic ovary syndrome (PCOS) by introduction of only DHA-sulfate, without CCI; 4 th group - 8 animals, who received only olive oil without DHA-sulfate and CCI; 5th-8 rats, who did not receive anything - intact control and were not exposed to CCI.
As a result of the study, it was established were determine of DHA- sulfate to 4-week-old female rats for 25 days leads to the development of cysts in the ovaries. Activation of brown adipose tissue (BAT)  in rats expose to PCV (at +4 C for 4 hours) was performed for 25 days. CCI on the background of the introduction of DHA-sulfate prevents the development of cystic changes in the ovaries of rats.
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Introduction. Polycystic ovary syndrome (PCOS) consists of ovarian dysfunction (irregular menstruation, anovulation) associated with hyperandrogenism (HA) and "polycystic" ovarian morphology. Etiological factors of this disease, according to some scientists, is the violation of hormonal regulation, which is due to the primary pathology of the pituitary, hypothalamus, adrenal cortex and leads to excessive production of luteinizing hormone (LH) and androgens [1].
One of the possible factors of the pathogenesis of PCOS is now called the dysfunction of fatty tissue associated with insulin resistance caused by exogenous introduction of dehydroepiandrostanol diol - sulfate (DHA- sulfate) [2].
The aim of the research was to study the morphometric parameters of rat ovaries the background of constant cold effects (CCE) and the experimental modeling of PCOS at the constant influence of DHA-sulfate.
Object and methods of research. Experiments on animals were carried out in accordance with the "General principles of animal experiments", consistent with the provisions of the "European Convention for the Protection of Vertebrate Animals used for experimental and other scientific purposes." 
Were investigation on 40 white female rats of the 4th week of the Vistar line, of 27-day-old age, weighing 30-40 g, which were divided into 5 groups: 1st-8 rats which to expose a constant cold  influence (CCI); 2 nd - 8 rats who were injected with dehydroepiandrostenediol-sulfate (DHA-sulphate) dissolved in 0.2 ml of purified and sterilized olive oil close to CCI; 3rd - 8 rats, who were induced with experimental polycystic ovary syndrome (PCOS) by introduction of only DHA-sulfate, without CCI; 4 th group - 8 animals, who received only olive oil without DHA-sulfate and CCI; 5th-8 rats, who did not receive anything - intact control and were not exposed to CCI.  Animals of all groups received the same food ration.
The CCI was carried out by holding the animals for 4 hours in a chamber in which the light regime and a temperature of + 4 ° C were maintained. The remaining 20 h animals were under normal conditions of temperature and light conditions. The rats were cooled daily for 25 days. Rats 2 and 3 groups simulated the polycystic process in the ovaries by subcutaneous introduction of 8 mg / 100 g of body weight of the oil solution of DHA- sulfate, daily, for 25 days [2].
At day 26, the animals were sacrificed, the ovaries and brown adipose tissue (BAT) were taken from the interscapular area. The organs were fixed in 4% paraformaldehyde (PFD, Sigma) for 4 hours, after which it was transferred for 12 hours to a 25% sucrose solution on phosphate buffered saline (PBS). The organs in the mounting medium of Tissue-Tek ("Sakura", Japan) were frozen and before the preparation of the cryostat sections were stored in liquid nitrogen. Histological examination was performed on BAT and ovaries of experimental animals. For the preparation of cryostat sections, the organs were removed from the low-temperature storage and produce sections were made with a thickness of 5 μm on the cryomicrotome MEV (Germany). Sections were color with hematoxylin and eosin according to a standard procedure.
The microphotography was performed with a light optical microscope with a digital camera Amscope IN300T (China). Morphometric analysis of photos of serial sections stained with hematoxylin and eosin was performed using AxioVision Rel 4.7 image processing software. The number of adipocytes of BAT of different types was counted. Adipocytes were divided into 3 types: A1 - containing one large lipid drop; A2 - containing one large and several small lipid droplets; A3 - containing a lot of small lipid drops. 100 adipocytes were counted in different sections. The number of cells of each type was expressed as a percentage of the total number of counted adipocytes. The definition of the morphological parameters of the ovaries included: the average number of follicles of different types, cysts and yellow bodies. Counts were performed on 15 sections of ovarian tissue obtained from each of the experimental animals. The indices were normalized to 1 tissue section.
The statistical processing of the results was carried out with the help of the programs "Excel" and "Statictica 10". The data were checked for normal distribution using the Kolmogorov and Smirnov test, single-factor analysis of variance was used to compare two samples, differences at p <0.05 were considered reliable. The quantitative data represented the standard deviation in the form of the  ± mean value.

The results of the research and their discussion. BAT consists of specialized adipocytes, which differ from adipocytes of white adipose tissue. Cells BAT have a medium-sized normochromic nucleus with several nucleoli, usually located in the center. The core is surrounded  by  fatty  drops,  well - delimited  from  each other.  Due to this, the cells look  same as " multilocular" (Fig. 1).
Occasionally, cells with one large fatty vacuole and a nucleus displaced to the membrane are present. We designated these cells as an adipocyte of type 1 (A1). There are also adipocytes having a large fatty vacuole surrounded by several small ones (adipocytes of type 2, A2). Cells that contain many small fat droplets in the cytoplasm are referred to as type 3 adipocytes (A3).
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Fig. 1. BAT rats from group 5 (intact control). Designations of adipocytes: A1 - containing one large lipid drop; A2 - containing one large and several small lipid droplets; A3 - containing a lot of small lipid droplets. Color: hematoxylin and eosin. Enlargement. x200.

BAT has a brown color due to abundant vascularization and the presence in the cells of a set of mitochondria containing cytochromes. Daily placement of rats in conditions of general cooling (4 h at + 4 ° C) led to a change in the cytomorphological characteristics of BAT. In group 1 (CCI), there was a decrease in the number of type 1 and type 2 adipocytes in comparison with intact tissue. Visually, the tissue take on a more compact packing and a evident brownish-brown color. In animals of the 2nd group, who underwent DHA - sulfate administration under conditions of general cooling, there were signs characteristic of intact tissue: cells with large fat vacuoles were preserved. In this case, areas with tightly packed adipocytes with small fatty inclusions (A1) were alternated with zones represented by type 1 and type 2 adipocytes. Against the background of the introduction of DHA-sulphate without CCI (group 3), the main morphological indication characteristic of groups 4 and 5 of the group, of animals were preserved in BAT.
Morphometric analysis allowed to make a quantitative assessment of the changes in the cytomorphological profile of the BAT under the applied effects. A significant decrease in the number of A1-type cells in BAT animals with CCI (group 1) and A3 cells in BAT animals with PCB + DHA-sulfate (group 2) was found in comparison with the intact control (Fig. 2).
An interesting feature was observed with respect to the change in the number of cells of type A2. In all 4 experimental groups, the amount of adipocyte data was significantly higher than the values ​​of intact control. The cells A2 we defined as adipocytes with one large fatty vacuole and several small ones appear to be a "transitional" type between A1-storing adipocytes and A3-functionally active adipocytes.  An increase in the number of such cells may reflect the state of the functional load on the BAT under external conditions (cooling, stress from the injection of DHA- sulfate or olive oil).
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Fig. 2. The number of adipocytes of different types in BAT rats. The number of cells of each type was expressed as a percentage of the total number of counted adipocytes.
Comment: * - the differences are significant with respect to intact control, p <0.05.

Changes occurred not only in the quantitative ratio of the types of adipocytes, but also in terms of the area and diameter of the lipid droplets (Fig. 3, A, B).
[image: image2.emf]0

50

100

150

200

250

300

350

400

450

500

А1 А2 А3

Adipocyte type

Area of the cell, μm2

Group 1 Group 2 Group 3 Group 4 Group 5

*

* *

A
[image: image3.emf]0

2

4

6

8

10

12

14

16

18

20

А1 А2

Adipocyte type

Diameter of lipid droplet, 

micron

Group 1 Group 2 Group 3 Group 4 Group 5

*

B

Fig. 3. Area of adipocytes of different types (A) and diameter of lipid droplets (B). 
Comment: * - the differences are significant with respect to intact control, p <0.05.

A significant decrease in the area of ​​adipocytes A1 after application of CCI and introduction; of DHA- sulfate (groups 1, 2 and 3) was established. In adipocytes of the same type, a significant decrease in the diameter of lipid vacuoles in the group of animals subjected to CCI was observed. 

Summarizing the results, it can be noted that under the influence of cold in the BAT animals adaptive reactions occur, aimed at mobilizing lipid stocks to generate heat. This is expressed in a decrease in the number of cells with large lipid droplets (A1), the appearance of cells with a multi-chamber structure (A2), a decrease in the area of ​​cells and the diameter of lipid droplets in them. The results obtained by us coincide with the data of other authors who observed similar morphological changes of BAT in rats with long-term cold influences [3]. 
When DHA-sulphate is introduced, changes are observed which can also be characterized as activation of BAT. Previously, the participation of DHA-sulfate in a number of metabolic pathways affecting lipid and carbohydrate metabolism was demonstrated.
In addition, the increase in the content of mitochondrial proteins in BAT under the influence of this hormone has been proven.
We chose a model that combined the administration of DHA- sulfate and the activation of BAT by a natural method - cold exposure. The presence of cysts in the ovaries of animals (Fig/ 4) was observed in a single group - with the administration of DHA- sulfate (group 3).
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Fig. 4. Representative photograph of the ovarian cyst in a rat of the 3rd group. * - Cystic cavity. Color: hematoxylin and eosin. Enlargement x40.

Quantitative morphometric parameters of the ovaries of rats of experimental and intact groups are presented in the table. It was established that in groups with the introduction of DHA-sulfate (groups 2 and 3), an increase in the number of preantral and antral follicles was observed. The third group (DHA-sulfate, without cooling) was also characterized by an increased number of atheretic follicles.
Our results coincide with the data obtained earlier on the stimulation of growth of secondary follicles by androgens [4]. For example, in culture in vitro treatment of preantral follicles with androgens stimulated their growth [5].
In spite of everything, that in the group subjected to cooling against the background of the introduction of DHA- sulfate (group 2), the number of preantral and antral follicles also increases, cysts in the ovaries are not observed. This may indicate the protective effect of activated BAT on the regulation of the maturation of follicles. It is known that rats injected with exogenous DHA- sulfate show a significant decrease in energy metabolism and BAT activity, which is expressed in a decrease in the expression of the gene for the protein thermogenin (UCP1) and mitochondrial protein OXPHOS [3].   In addition, in these rats there was a significant decrease in the level of circulating adiponectin [6]. 

The mechanism of the influence of BAT on DHA-sulphate induced cyst formation in the ovaries, possibly, is associated with the secretion of adipokines (leptin, adiponectin) and other systemic metabolism regulators, as the level of adiponectin decreases in women with PCOS [7].

Table

The number of structural elements of the ovaries of rats of different groups (normalized to 1 slice)

	Group
	Types of follicles
	Yellow body
	Cysts

	
	Primordial
	Primary
	Preanthral +antral
	Mature
	Atretical
	
	

	1
	3,9±0,5
	2,0±0,1
	3,3±0,3
	0,4±0,02
	2,5±0,1
	0,2±0,09
	-

	2
	3,8±0,4
	2,3±0,3
	5,7±0,4*
	0,1±0,01
	2,2±0,3
	0,2±0,1
	-

	3
	4,2±0,6
	2,5±0,2
	4,1±0,2*
	-
	3,1±0,1*
	0,1±0,08*
	0,7±0,3*

	5 (control)
	3,8±0,4
	1,9±0,3
	3,2±0,4
	0,2±0,04
	2,1±0,2
	0,2±0,02
	-


Comment: * - the differences are significant with respect to intact control, p <0.05

Perhaps the activation of BAT by prolonged cold exposure leads to an increase in the level of adipokines, which indirectly can affect the secretion of reproduction hormones and inhibit the development of cystic changes in the ovaries.
Conclusions.

1. Histological studies and morphometric analysis allow us to conclude that activation of BAT in rats subjected to CCI (at +4 ° C for 4 hours) for 25 days.
2. Introduction of DHA-sulfate to 4-week-old female rats for 25 days leads to the development of cysts in the ovaries.
3. CCI against the background of the introduction of DHA-sulfate prevents the development of cystic changes in the ovaries of rats.
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