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Female rat is an ideal animal model to determine the changes occur during the cycle of reproduction. It is preferred in reproductive studies due to short time duration and regularity of its cycle (Andrew et al., 2017).  It undergoes physiological changes during maturation and periodically during the four phases of estrous cycle (Lohff et al., 2005).

           Premature ovarian failure (POF) also known as primary ovarian insufficiency), which in other words represents premature menopause, is a mysterious and complicated disease. The most important mechanisms in POF are follicle dysfunction and follicle depletion (Nelson, 2009). 

Recently, POF after chemotherapy has emerged as a major long-term adverse effect of anticancer treatment, which increases the risk of infertility and degenerative health problems. Such responses to chemotherapy may be a particular problem in young women because loss of ovarian reserve is closely related to the risk of female infertility (Sukur et al., 2014). 
              However, another interesting explanation has been proposed for the exhaustion of primordial follicles that cyclophosphamide CLP induces double-strand breaks of DNA in actively proliferating cells, such as granulosa cells and stromal cells, and oocytes also experience damage caused by CLP and other anticancer drugs via apoptosis (Yuksel et al., 2015).   
Until now, there is still no approved drug for treatment of POF. (Shannon and Sullivan,2016). Previous studies proved that BM-MSCs transplantation is a promising approach for POF (Chen et al.,2018).
Other studies proved that AT-MSCs transplant is also a possible option for POF (Su et al.,2016).  

Therefore, this study was designed to compare between the therapeutic effect of intravenous transplantation of BM-MSCs and AT-MSCs in a rat model with chemotherapy – induced ovarian failure using histological and immunohistochemical studies. It was found that, stem cells circulating in the peripheral blood stream were recruited to the site of tissue in need of repair and regeneration through homing and extravasation.

In the present study, examination of Hx. & E. stained sections of the ovaries of control rats has shown normal architecture of the ovarian cortex with average amount of interstitial tissue. The ovary was surrounded by single layer of surface epithelium, these findings agreed with Johnson et al., (2004) who reported that ovary has peripheral greater cortex and narrow central medulla. The ovarian surface is covered by germinal epithelium under which there is tunica albuginea. The cortex is formed by numerous follicles of different stages embedded in stroma of connective tissue contains stromal cells, collagenous and reticular fibers. The medulla consists of typical dense connective tissue full of normal fibroblast cells and smooth muscles. 
These observations agreed with Maeda et al., (2010) who reported that cortex of ovary was full of multiple relatively normal growing ovarian follicles in the form of primordial follicle, primary follicle, secondary follicle and tertiary (ovulatory) follicle known as large antral follicle or Graafian follicle.
The oocytes within the follicles appeared normal surrounded by clear zona pellucida. The follicles had relatively normal flattened cells of theca interna and externa surrounded the follicles. These observations agreed with Johnson et al., (2004) 
In this study, immunohistochemical examination of control ovaries stained with PCNA showed strong nuclear reaction for most of the nuclei of granulosa cells lining the ovarian follicles, while some other granulosa cells showed moderate nuclear reaction. These findings were in agreement with Sun et al., (2014) who stated that proliferative cell nuclear antigen PCNA serves as a key factor in many essential cellular processes, such as DNA replication, DNA repair, sister-chromatid cohesion, DNA damage avoidance, cell cycle control and cell survival. PCNA has also been suggested to be a key regulator during the development of ovarian follicles.
In this study, examination of the CLP treated ovaries has shown that the ovarian follicles have been markedly shrunken, extensively distorted with lacking the control cellular architecture and their lumina are devoid of oocytes. The germinal epithelium has shown wide spaces between the follicular cells. Extensive interstitial degeneration has been clearly observed in the form of vacuoles with infiltration by lymphocytes. These findings were in agreement with Meirow et al., (2007) who stated that vascular changes observed in the cortical blood vessels of the chemotherapy treated group in the present study might provide an alternative explanation to follicle depletion after chemotherapy. These changes were in the form of dilatation and congestion of blood vessels. These cortical vascular changes would result in local ischemia, destroying regions of the normal ovarian cortex with subsequent loss of cortical follicles.

 These results run with that published by De Vos et al., (2010) who stated that histological examinations of ovaries in CLP treatment group after two months revealed some degenerative changes such as tertiary follicles atrophy, as granulosa cells undergo apoptosis and slough from their attachment, resulting in a greatly reduced cumulus oophores; this sloughing allows the ovum, covered by the zona pellucida, to float in the follicular liquor. The zona pellucida and ovum also undergo degenerative and necrotic changes followed by complete, necrosis, and disappearance of granulosa cells. And also agreed with the results of Sanbuissho et al., (2009) who found that two doses of CLP injection with 21-days interval induced ovarian damage. 
Also, these results run with that published by Sevtap et al., (2014) who stated decreased thickness of germinal epithelium of the ovarian cortex and oogenesis was completely destroyed. 
Our results have been supported by the morphometric and statistical results which have proved that the mean value of the number of the ovarian follicles (primordial, primary, secondary and Graffian) has highly significantly decreased in CLP treated group as compared to control group (P< 0.01). 

These statistical results agreed with Bukovsky and Caudle, (2012) who reported that the number of the ovarian follicles (primordial, primary, secondary and Graffian) of the control group were higher than that in the CLP treated ovaries (P<0.01). But the number of atretic follicles has highly significantly increased (P<0.01) in CLP treated group as compared to control group. 
In the current study, immunohistochemical examination of PCNA stain in CLP treated ovaries; most of the germ cells have shown negative reaction in the nuclei of their oogonia. However, few oogonia in the cortex have revealed positive PCNA and these data in accordance with the study of Muskhelishvili et al., (2005).
These findings run with that published by Tan and Fleming, (2004) who demonstrated that the percentage of apoptosis-positive follicles increased from one week following CLP treatment, and PCNA expression was inhibited at 4 weeks. This has been supported by the morphometric and statistical results which have proved that the optical density of PCNA stained slides has highly significantly decreased in CLP treated group as compared to control group (P< 0.05). This agreed with picut et al., (2008) who stated that in CLP treated ovaries; there was degeneration of the germinal epithelium in most ovarian follicles with negative PCNA reaction in the nuclei of their oogonia. 
 In this work, BM-MSCs transplantation in rat ovaries treated by CLP has shown improvement of architecture and outline of ovarian follicles nearly similar to normal. The average thickness of the zona pellucida and theca has been partially restored. The adherence of granulosa cells to zona pellucida and theca interna has been also restored. The congestion of the blood vessels has almost completely improved. The ovarian follicles are densely packed and lined with stratified granulosa cells vacuoles have nearly disappeared. These findings agreed with Fu et al.,(2008) who reported that BM-MSCs, transplanted into ovaries of CLP treated female rat model, appeared to differentiate into germ cells, granulosa cells and stromal cells , Lee et al.,(2007) who showed that transplanted BM-MSCs could differentiate into germinal cells (immature oocyte) in ovarian follicles of rats.  MSCs transplanted to their new niche of atrophic ovarian follicles of sterile female rats could survive and settled down in the follicles and interstitium. Oogonial stem cells that originated of MSCs; proliferated and produced other germ cells of primary and secondary oocyte, in some ovarian follicles of recipient rats. 
 And Kimbrel et al., (2014) reported that after treatment of CLP treated infertile group with BM-MSCs, oogonia, primary, secondary oocytes, granulose cells and theca cells were present in the ovarian follicles. The findings of this study have been supported by the morphometric and statistical results which have proved that the number of the ovarian follicles (primordial, primary, secondary and Graffian) highly significantly increased in BM stem cell treated group as compared to CLP group (P < 0.01).
BM stem cell treated group the number of atretic follicles has highly significantly decreased when compared to CLP treated group (P<0.01) this agree with Sevtap et al., (2014).
In the current study, histological analysis of the ovaries of rats after AT-MSCs transplantation has shown mild to moderate restoration of architecture and outline of ovarian follicles but still less than normal. The thickness of ovarian cell masses of most of the ovarian follicles and their adherence to the basal laminae has been also restored. The primary and secondary follicles have shown early stages of oogenesis, Similar findings were recognized by Sun et al., (2013) who reported the presence of oogonia in the primary and secondary follicles with AT-MSCs transplantation. They demonstrated that injected AT-MSCs differentiated to ovarian germinal cells. 
 This has been supported by the morphometric and statistical results which have proved that the mean value of the number of the ovarian follicles (primordial, primary, secondary) was highly significantly increased in AT-MSCs when compared to CLP treated group (P< 0.01), similar findings were reported by Yasser et al., (2018) who found that mean number of the primordial ovarian follicles in rats with AT-MSCs transplantation  has high difference with normal rats and both groups were more than the treated rats with CLP(Wankhade et al., 2016).
In the current work Immunohistochemical examination of AT-MSC treated ovarian sections stained by PCNA has shown mild positive nuclear reaction in most oogonia in the form of dark brown pigmentation of the nucleus, which has indicated more regeneration and proliferation of cells and moderate reaction in the nuclei of other granulosa cells. This agreed with Omar et al., (2016) .These results have been supported by the morphometric and statistical results which have proved that the mean area % of PCNA immunoreactivity has highly significantly increased in AT stem cell treated group as compared to CLP treated group (P< 0.01) and non-significantly decreased when compared to BM stem cell treated group (P> 0.05) but it has highly significantly decreased when compared to control group (P< 0.01). 
AT-MSC treated ovarian tissue have shown positive cell membranous reaction for CD44 in the form of brown pigmentation of cell membrane and cytoplasm of oogenic cells which means that transplanted AT-MSCs have differentiated into these oogonia as CD44 characterizes MSCs. This agreed with Omar et al., (2016) who reported expression of MSC surface markers CD44 in AT-MSCs.
 However, in the ovaries of rats that received stem cells, we found that PKH26-labeled cells entered ovarian tissue and appeared more or less as normal ovarian tissue, with evidence of many follicles and even many corpora lutea by the end of the study. These histological features were not detected in the control groups. These data indicate the potential of AT-MSCs and to a greater extent of BM-MSCs in promoting reproductive health and improving the quality of life for patients with POF, especially female cancer survivors (Abd-Allah et al.,2013).
MSC therapy has been considered as a new option to treat female infertility or to restore ovarian function. Numerous studies have verified the protective effect of ovarian function resulting from administration of MSCs obtained from various cell sources in animal models of POF (Fazeli et al., 2018).
These studies of MSC transplantation have shown therapeutic potential through restoration of ovarian function and structure (Gabr et al., 2016).
   MSCs have been found to secrete growth factors, including vascular endothelial growth factor (VEGF), insulin-like growth factor-1 (IGF-1), and hepatocyte growth factor (HGF) into culture medium to reduce germ cell and stromal cell apoptosis and to enhance folliculogenesis through improvements in the microenvironment (Mohamed et al.,2018).
All cells isolated from these two sources (BM & AT) exhibited typical MSC characteristics: such as plastic adherence, proliferation capacity, immunophenotype, fibroblastoid morphology, a multipotential differentiation capability, and the expression of a typical set of surface proteins (Kode et al., 2009).
Whereas Each MSCs derived from the both sources expressed classic MSC marker proteins, but lacked hematopoietic and endothelial markers, we observed significant differences concerning the expression of CD 44 and BM-MSCs possess stronger osteogenic but lower adipogenic differentiation potentials compared to AT-MSCs. There was no significant difference between their chondrogenic differentiations potential (Xu et al., 2017).
 In our study, we compared the efficacy of isolated BM-MSCs and AT-MSCs in supporting follicular development, germ cells markers, and anchoring receptors in experimental animal models of chemotherapy-POF. In this study, we showed that BM-MSCs have high efficacy in restoring the ovarian morphology and function in rats with chemotherapy-POF. It appears to be higher than the efficacy of AT-MSCs in the same field. This agree with Bao et al., (2018) used BM-MSCs to recover the ovaries of chemotherapy-POF in rats.
 The grafted BM-MSCs survived and migrated to rat ovary, differentiating into granulosa cells filling all different types of ovarian follicles and also corpora lutea. But our results have been conflicted with Wagner et al., (2005) who reported that AT-MSCs were superior to BM-MSCs with respect to their maintenance of proliferating ability, but had similar morphology, phenotype, and did not reveal differentially expressed osteogenic or adipogenic related genes between AT-MSCs and BM-MSCs.
However, later studies challenging this belief have offered the histopathological results are in agreement with those of Takehara et al., (2013) who found that AT-MSC transplanted groups showed a tendency toward an increase in the counts of early growing ovarian follicles without differentiation directly into Graffian follicles, but may survive in the interstitium, playing important accessory roles in the microenvironment surrounding the oocytes in the ovary.
 Another conflict by Omar et al.,(2016) who found that the population of follicles at different stages and ovulation increased significantly after treatment with AT-MSC and tracking of AT-MSC showed that these cells did not directly differentiate into the follicle component, this study not agreed with Fouad et al., (2016) who reported that human amniotic membrane stem cells (HAMsc) have higher efficacy than AT-MSC in the treatment of CLP induced ovarian failure (IOF).
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