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Abstract: The climate of Mongolia is dry and extreme, with cold seasons during the 5-7 months of year, which is one of the causes of cold-borne disorders occurring in people. In our country, there are cases of women with inflammatory disease of reproductive organ too. Although the researches on ovarian mast cells have been common so far, the researches on mesovarium mast cells, which have good blood and nerve supply, is pretty uncommon. The researches on cold stress induced changes in mesovarium mast cells’ number, size and structure in relation with menstrual cycle hasn’t been done yet in our country. In our study, we have chosen 16 rats in control group and 48 rats in cold stress group, a total of 64 rats. The cold stress group was divided again into 3 groups (16:16:16) and underwent daily cold stress (refrigerator-150C) from 8:00 am-11:00 am for 7, 14, 21 days in order to generate cold stress model. The number, shape, structural changes, size, perimeter, length and width of the mesovarium mast cell were determined. The determination of estrous cycles was carried out at 8 am on test day by taking a smear from the vagina using Papanicolaou test and the phases of estrous cycle was determined by histological test. 
Key words: Mast cell, estrous cycle, cold stress
Background:
The climate of Mongolia is dry and extreme, with cold seasons during the 5-7 months of year, which is one of the causes of cold-borne disorders occurring in people. In our country, there are cases of women with uterine inflammatory disease-3547, fallopian tube and ovarian inflammation-3953, infertility-263, miscarriage-372, premature birth-5304 a year on average among 865,949 women of reproductive age (15-49)1. However, there is no fundamental research on the causes of cold in these disorders. On account of above, it became the reason of conducting this research. Female animals are typically more sensitive to strong physiological stress. During the chronic cold stress, the changes in the females’ reproductive system play a key role in their bodies2. An effect of cold stress changes female sex hormones and leads to irregulation of estrous cycle3-5.
In particular, due to the effect of cold stress, the activation of nucleus of Locus coeruleus (LC) in the pons of brainstem consisting of neurons which secrete noradrenalin causes the activation of ovarian sympathetic nerve6-14. Additionally, loss of ovarian morphology and regulation of endocrine results in estrous cycle disturbance9,15. The activation of ovarian mast cell interacts directly with the phases of estrous cycle and sex hormones4. The mast cells synthesize receptors of estrogen and progesterone16. 
During the proestrus of estrous cycle, the estrogen and progesterone hormones are increased until highest level. At this time, ovarian mast cell activates, the number of mast cell in a certain area grows and the size and degranulation increase too. 
When level of estrogen hormone decreases, number and activation of mast cell decreases4,17. Due to the effect of estrogen and progesterone, mast cell degranulates and also migrates to uterus, and may prepare uterus wall for embryo implantation18. The histamine and serotonin mediators that secrete from mast cells increase the permeability of vessel, blood flows of ovary, production of steroid hormone and the number of ovulation. During the proestrus cycle, artery of ovary weakens at maximum level because of histamine.  As a result, the eosinophil, lymphocyte and monocytes with estrogen receptors migrate to connective tissues, and then secrete inflammatory mediators. Peroxidase enzyme secreted from eosinophil boosts mast cell activation anew. Heparin which secretes from mast cell prevents from blood clot during ovulation17,19. For women who have healthy reproductive organs, mast cells are dense, metachromatic and have large numbers of granules; furthermore depending on menstruation cycle mast cells’ number and density vary; on the other hand for women with reproductive system loss, the number of mast cell in a certain area is lower, the density is declined, and there is no granule, histamine and anaphylactic granule20. 
Cold is one of the factors that directly stimulates mast cells21-24. The chronic cold stress increases the number of mast cell by five times, increases the level of activation to its highest and changes its microstructure25,26.  
It has been observed that, in some mast cells, there are mixed degranulation of two types of hyper-sensitivity, which are immediate (Anaphylactic Reaction) and delayed. The most of activated mast cells occur with delayed hypersensitivity type degranulation27. Due to the adverse effects of cold and unfavorable environment, the nerve growth factor (NGF), calcitonin gene-related peptide (CGRP), neurokinin A and substance P are secreted from the end of sensory neurons. Mast cells have auto-receptors which bind with NGF28. 
NGF activates mast cells directly and plays a huge role in increase of number of mast cells (hyperplasia), degranulation release of histamines21,27,28. Also mast cells become hyperplastic or increases in number with the effect of NGF, IL-3, IL-4 and Stem cell factor The mechanism of mast cells’ size enlargement or hypertrophy is currently unknown27. Some researchers have found that mast cells increases in size by 12 to 21 times as a result of stress. Besides, during stress, mast cells migrate largely from the bone marrow to the peripheral organs because of increase in the activation of hypothalamic-pituitary-adrenal axis. This shows that mast cells are the part of  the adaptation process during stress29. Although the researches on ovarian mast cells have been common so far, the researches on mesovarium mast cells, which have good blood and nerve supply, is pretty uncommon In our country, the comprehensive researches on cold stress induced changes in mesovarium mast cells’ number, size and structure in relation with menstrual cycle hasn’t been done yet. 
Objective: 
To investigate the changes in mesovarium mast cells’ number (density), size, and structure in relation with estrous cycle of cold stress exposed rats

Materials and methods:
The method of creating cold stress:
The strong and constantly chronic cold stress model developed by Russian Federation scientists Avsence AP (1989) and Melovanov AP (1991) was chosen. In our study, a total of 64 Wistar breed rats were divided into 4 groups that are control group-15 rats and cold stress 16:16:16 rats. The cold stress for experimental animals was created for 7, 14 and 21 days every day from 8: 00-11: 00 am through putting them at the -150 С cold refrigeration.

Method of Histologic sample preparation: 

When ending the 7, 14 and 21 day cold stress experiments, a sample from 16:16:16 rats’ mesovarium was taken and prepared block according to the sequence of histologic sample preparation and stained by hematoxyl-eosine. The samples were compared with the control group under microscope. 

Taking photos of the microscopic samples

The AmScope MU 500 microscopic camera was installed on the "Olympus" light microscope, and the sample were enlarged by 4x10, 10x10, and 40x10 and the density, shape and structural changes were evaluated. The micro-image was captured and the cells’ area, perimeter, length and width was calculated by the "Discus" software and the research work results were then confirmed.

Analyzation of histologic sample:
1. mesovarium mast cells’ density
2. mesovarium  mast cells’ shape and structure 
3. mesovarium mast cells’ area, perimeter, length and width 
4. To determine proestrus, estrus, metestrus, dioestrus phases of estrus cycle by uterus smear analyzation

Identification of phases of estrus cycle:
Samples for the morphological studies were collected every day at 8.00. Vaginal secretions were collected with micropipette containing 200 μL of 0.9% NaCl by inserting the tip into the vagina. One drop of vaginal fluid was placed onto a clean glass slide and smeared. Unstained smears were observed with a AmScope MU 500 microscope and photomicrographs of the estrous cycle stages. Alternatively, smears were also used Papanicolaou test to enable differentiation of the stages. 
1. Diestrus: Stringy mucous in which are entangled many leucocytes and a few nucleated epithelial cells
2. Proestrus: Largely small, round, nucleated epithelial cells, singly or in sheets. None to few leucoytes.
3. Estrus: Contains hundreds of large cornified cells (squames) with degenerate nuclei. 
4. Metestrus: Many leucocytes and a few cornified cells.
   Data collection methods:
Selection:
1. The rats and rat number in the experimental study were selected according to the animal selection standard for the study
2. Each quantitative data is selected

Statistical analysis of results:

The result of our research is based on the basic method of biostatistics (N. Pohoninsky, Yu.U. Urbakh, G. Lactin, TJ Norman, and Balley) and  mean value, standard deviation, average error, , upper and lower variance and correlation coefficients were determined by the commonly-known method. 

The mathematical functions for statistical process were perfomed by *SPSS-21.0 for Windows statistical program and Microsoft Office Excel Program, and the programmed graphs, drawings and spreadsheets were done by Microsoft Office 2007.  
Student value (t) was determined when comparing mean indications. P value in accordance with Student t value is determined. The probability threshold is assumed to have a statistically significant difference between the two parameters when the p value is less than p <0.05.

Result:

[bookmark: _Hlk528844560]The vaginal smear from female rats that went through 7 (group I), 14 (group II), 21 days (group III) of cold stress showed the structures which are seen in every estrous cycle phase were observed. Comparing the experimental group’s estrous cycle phase duration with the control group', the duration of diestrus phase was extended by following days: 7 days: 2.7 (р=0.0001), 14 days: 3.1 (р=0.0001), 21days: 3.4 (р=0.0001). The duration of total cycle was lengthened by following days too: Group I: 2.8 (р=0.0001), Group II: 3.2 (р=0.0001), Group III: 3.7 (р=0.0001).

Table 1.  Lenghten of duration of diestrus phase and total cycle

	
	    Group I
	        Group II
	Group III

	Diestrous (days)
	2.7 (р=0.0001)
	      3.1 (р=0.0001)
	3.4 (р=0.0001)

	Total cycle (days)
	2.8 (р=0.0001)
	      3.2 (р=0.0001)
	    3.7 (р=0.0001)


     As a control group compare per cold stressed groups; p value is highly significant at the p≤ 0.0001

*** As a control group compare per cold stressed groups; p value is highly significant at the p≤ 0.0001

Figure 1. Comparing the average duration of estrous cycle’s diestrus phase  


Table 2.  Changes in the characteristics of mesovarium mast cells of control group rats 

	
	Number (in certain area)
	  Length
    (µm)
	Width (µm)
	Square (µm2)
	Perimeter (µm)
	Degranulation 
(point)

	Proestrous
	2
	16.15±2.19 
	9.77±1.73 
	122.5±26.87 
	45.33±7.5 
	3 

	Estrous
	2
	12 
	7.84
	67.53 
	33.39 
	2 

	Metaestrous
	1
	10.03±0,5
	4.68 
	37 
	26.8
	1 

	Diestrous
	1
	10.03±0.57 
	6.14±0.91
	51.13±10.22 
	30.12±1.66 
	1.5 

	P value 
	p=0.006
	р=0.001
	р=0.002
	р=0.004
	р=0.004
	р=0.002


As a control group compare per cold stressed groups; p value are high significant at the p ≤ 0.001, significant at the p ≤ 0.05. P value (P+E) and (M+D) is difference between proestrous phase (proestrous+estrous) and diestrous phase (metaestrous+diestrous) 

Table 3.  Changes in the characteristics of mesovarium mast cells of experimental groups

	
	Number (in certain area)
	  Length
    (µm)
	Width (µm)
	Square (µm2)
	Perimeter (µm)
	Degranulation 
(point)

	Control group
	1.3±0.52
	11.48±2.89
	6,97±1,98 
	67.24±34.38
	33.49±7.5
	0.78 

	Group I
	5±3.68 (р=0.0001)
	15.35±2.34 (р=0.005) 
	8.37±2.5 (р=0.005)
	120.96±41.91 (р=0.008)
	45.83±8.7 (р=0.004)
	3 
(р=0.0001)

	Group II
	4.4±2.06 (р=0.0001) 
	15.86±2.27 (р=0.001)
	10.34±2.39 (р=0.003)
	125.93±44.9 (р=0.004) 
	43.99±11.1 (р=0.02)
	2.2±05 (р=0.0001)

	Group III
	4.7±1.83
(р=0.0001) 
	22.24±3.82 (р=0.0001)
	12.5±3.56 (р=0.001)
	203.81±52.11(р=0.0001)
	60.28±15.72 (р=0.0001)
	0.31±0,49 (р=0.0001)


As a control group compare per cold stressed groups; p value are highly significant at the p ≤ 0.0001 and high significant at the p ≤ 0.001, significant at the p ≤ 0.05



  ***As a control group compare per cold stressed groups; p value is highly significant at the p≤0.0001

Figure 2.  Comparison of  the average number of mesovarium mast cells 

As a control group compare per cold stressed groups; p value is **high  p ≤ 0.008 and ***highly significant at the p ≤ 0.0001

Figure 3. Comparing the average square of mesovarium mast cells  



As a control group compare per cold stressed groups; p value is ***highly p ≤ 0.0001, **high significant at the p ≤ 0.02

Figure 4. Comparing the average perimeter of control group’s mesovarium mast cells 


As a control group compare per cold stressed groups; p value is **high  p ≤ 0.005 and ***highly significant at the p ≤ 0.0001
Figure 5 . Comparing the average length of mesovarium mast cells

As a control group compare per cold stressed groups; p value is **high  p ≤ 0.005 and *significant at the p ≤ 0.2
Figure 6: Comparing the average width of the mesovarium mast cells


***As a control group compare per cold stressed groups; p value is highly significant at the p≤0.0001
Figure 7: Comparing the average granule density of mesovarium mast cells
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Figure 8. Mesovarium tissue sample of control group rat. (H&E stain; 40x) A. Mesovarium tissue sample of proestrus phase: Mast cell is oval shaped that contains many granules. 1. Mast cell 2. White adipocyte 3. Blood vessel. B. Mesovarium tissue sample of estrus phase: Mast cell is irregular round shaped and degranulated. 4. Mast cell 5. Eosinophil  C. Mesovarium tissue sample of metestrous phase: Mast cell is round that contains no granules. 6. Mast cell. D. Mesovarium tissue sample of diestrous phase: Mast cell is small and round shaped that contains no granules. 7. Mast cell
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Figure 9. Mesovarium tissue sample of experimental group I (H&E stain; 40x). The number of mast cell per unit is increased, the mast cells are activated, the density of granules is increased and the mast cells are increased in their size. A. Mesovarium tissue sample of proestrus phase: Mast cells are elongated and degranulated. 1. Mast cell. B. Mesovarium tissue sample of estrus phase: Mast cell are irregular round shaped and degranulated. 2. Mast cell. C. Mesovarium tissue sample of metestrus phase: Mast cells are round or elongated and degranulated 3. Eosinophil 4. Mast cell. D. Mesovarium tissue sample of diestrus phase:  Mast cells are elongated and degranulated. 5. Mast cell. 6. New brown adipocyte 7. Nucleus of brown adipocyte. 
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Figure 10. Mesovarium tissue sample of experimental group II (H&E stain; 40x). Density of granules is decreased in mast cells. A number of eosinophil and leukocytes are increased. Blood vessels are dilated. A. Mesovarium tissue sample of proestrus phase: Mast cells are round shaped and degranulated. 1. Mast cell. 2. Immature eosinophil 3. Eosinophil. B. Mesovarium tissue sample of estrus phase: Mast cells are round and oval shaped and degranulated. 4. Mast cell 5. Leukocytes 6. Collagen fiber. C. Mesovarium tissue sample of metestrus phase: Mast cells are round and degranulated. 7. Mast cell 8. Immature mast cells 9. Blood vessel. D. Mesovarium tissue sample of diestrus phase:  Mast cell irregular round and degranulated. 10. Mast cell. 11. Blood vessel.
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Figure 11. Mesovarium tissue sample of experimental group III (H&E stain; 40x). The density of granules in cytoplasm of the mast cells is decreased because of degranulation. So they are stained hypochromic. As comparing wth the previous groups, large number of eosinophils have immigrated, created infiltration and dilated blood vessels. Brown adipocytes increased in mesovarium tissue. A. Mesovarium tissue sample of proestrus phase: Mast cells are irregular elongeted shaped and degranulated. 1. Mast cell. 2. Eosinophil. B. Mesovarium tissue sample of estrus phase: Mast cell is round.  There are few granuls in cytoplasm of the mast cell. 3. Mast cell 4. Eosinophils 5. Adipocyte 6. Nucleus of adipocyte.  C. Mesovarium tissue sample of metestrus phase: Mast cells are irregular elongeted and no granulated. 7. Brown adipocyte 8. Mast cell. D. Mesovarium tissue sample of diestrus phase: 9. Blood vessels 10. Eosinipils

Discussion: 
In Gordyenko's research named "Changes of reproductive system’s structure and function during cold stress" in 1998, they created cold stress to the rat at -15C for 10:15:30 days, and then investigated the rat’s mesovarium mast cells, estrous cycle change, and their correlation. As a result of this research, the rat’s estrous cycle period was lost due to cold stress, and the mast cell’s number, size, density of granules increased irrelavently with estrous cycle. The Deepthi D'Souza, Monika Sadananda‘s “Estrous Cycle Phase-Dependent Changes in Anxiety and Depression Like Profiles in the Late Adolescent Wistar Kyoto Rat” 2017 research result shows that due to uncomfortable condition proestrous phase, (estrous+proestrous) was shortened (p=001), diestrous phase (metaestrous+diestrous) was lengthened (P = 0.0179). 
In the research of Boes Tanner, Levy Dan ” Influence of sex, estrous cycle and estrogen on intracranial dural mast cells” 2012, mast cell ’s density was increased during proestrous (p<0.01). The Gaytan, F.Aceitero, J.Bellido, C.Sanchez-Criado, J. E.Aguilar, E.’s  “Estrous cycle related changes in mast cell numbers in several ovarian compartments in the rat” 1991 experiment result shows that mast cell number of ovary was increased (p≤0.01) during stress.  

[bookmark: _Hlk529196331]The research of Santos, J.Yang, P. C.Söderholm, J. D. Perdue, M. H “Role of mast cells in chronic stress induced colonic epithelial barrier dysfunction in the rat” 2001 concluded that mast cell’s number and activity was changes (p<0.05) due to chronic stress. In our study it is directly related to the estrous cycle of control group rat, differences of average characteristics of mesovarium mast cells in proestrous phase (estrous+proestrous) and diestrous phase (metaestrous+diestrous) was: Number of cell (P=0.006), cell density (P=0.002), cell length (P=0.001), cell width (P=0.012), cell square (P=0.002), cell perimeter (P=0.004). In proestrous phase the mast cells were increased in their size, number and density. Average characteristics of mesovarium mast cells of rat that experienced cold stress were changed irrelevant to estrous cycle.
When comparing the characteristics of mesovarium mast cells of control group rats to the experiment group rats that went through 7:14:21 day cold stress, the diestrous phase change was (P=0.001):(P=0.001): (P=0.001), the number change was (P=0.009):(P=0.001):(P=0.001), the mast cell  density change was (P=?):(P=?): (P=?), the square change was (P=0.008):(P=0.004):(P=0.0001), the perimeter change was: (P=0.004):(P=0.02):(P=0.0001), the length change was: (P=0.005):(P=0.001):(P=0.0001), the width change was: (P=0.005):(P=0.003):(P=0.001). The Changes in number, density, square, perimeter, length and width of mast cells of experimental group was directly related to the duration of cold stress. 
Conclusion: 
The shape of mesovarium mast cells is changed, the mast cells are increased in their number and size as well as the density of mesovarium mast cells is changed due to the cold stress. When extending the cold stress duration, there was a directly-related increase in the size and number of mast cell. On the other hand, when there was an increase in the granules’ density of mast cells of rats that had been exposed to the cold stress for a short time, as duration increases, the density of mast cell was decreasing due to degranulation. The cold stress disturbed estrous cycle of rats, and the phase of diestrus was prolonged depending directly on the cold stress duration. When the activation of mast is directly related to the estrous cycle in control group, there is no relationship between changes of mesovarium mast cell and estrous cycle in cold stress exposed rats. 
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The average number of mesovarium mast cell
***
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The average of diestrus phase 
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