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			Abstract | This study aims to investigate morphological and histological changes in spleen of the fetuses of local Awassi sheep. Twelve samples were collected from healthy female’s uterus during perinatal period. In order to record the spleen’s developmental alterations, animals were grouped into Group I (50-55), Group II (70-75), and Group X (130-140) days of pregnancy based on age using the crown rump length formula (CRL). The spleen in group I was still developing as it was not fully formed, had a flat surface, and looked like a bloody batch. Histologically, it displayed two regions: the cortex and the medulla, which were covered in a capsule made of undifferentiated red and white pulp. The left side of group II is occupied by the spleen, which has an oval-elongated form and is more developed than in the preceding stage. the thoracic cavity with two surfaces and a border. Histologically, the cortex is clearly visible, with a layer of simple squamous epithelium mesothelial cells covering the splenic capsule, which contained the irregular connective tissue and parenchyma covering the organ. In comparison to the first stage, red pulp is separated from white pulp. Under a microscope, the spleen in group- II appears to be made up of trabeculae with sub-capsular and peri-trabecular sinuses lined by endothelium, and a visceral surface that was concave with the anterior half of it primarily attached to the dorsal curvature. The parietal surface was convex and attached to the diaphragm with only a small dorsal area. The spleen’s whitish pulp was made up of he red pulp contains peri-arterial lymphatic sheaths (PALS) and splenic nodules. These histological changes in the developmental stage propose the healthy characteristics and any deviation from these changes may offer a clue of pathological alteration. 
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			Introduction 

			The spleen is large a soft, highly vascularized secondary lymphoid organ involved in immune surveillance, hematopoiesis, and the filtration of blood. It is non-essential for life but plays a critical role in immune function, including antigen processing and the removal of senescent red blood cells (Guyton and Hall, 2021). Encased in connective tissue, the spleen is separated into two functional areas: The red pulp, which filters blood, and the white pulp, which houses immune cells. With minor differences in size and location between species, it is situated in the upper left quadrant of the abdominal region and is connected to the abdomen, kidney, diaphragm, and colon in mammals (Moore et al., 2023). According to histology, the spleen is made up of the following: White pulp; lymphoid tissue arranged around central arterioles, which mostly contains B-cells in follicles and T-cells in the periarteriolar lymphoid sheaths (PALS); Finally, macrophages are abundant in the marginal zone, which is where the white and red pulp meet. and specialized for antigen trapping. The red pulp is thought of as a network of splenic cords and sinusoids filled by macrophages, reticular cells, and blood components (Mescher, 2021).

			The purpose of this work was to describe the histomorphometric and developmental analysis of the spleen in prenatal local Awassi sheep fetuses (Ovis aries). 

			Materials and methods

			Twelve sheep fetuses from pregnant ewes killed at the Najaf provinces’ slaughterhouses and were used in the study. The fetuses’ ages are calculated using the formula for crown rump length (CRL) below (Y=2.74X+30.15) where ‘Y’ is developmental age of fetus in days and ‘X’ is the crown rump length in cm according to (Niyf and Al-Jebori, 2024). After fixing in a 10% formalin solution, the spleen of sheep fetuses was dehydrated in an advanced sequence of alcohols, cleaned in xylene, and then embedded in paraffin wax. A rotary microtome was used to section the blocks at a slice thickness of 5–6 um. Hematoxylin and Eosin stain, trichrome mason’s stain, and periodic acid schiff were used to stain histological sections (PAS) (Suvarna et al., 2018). 

			Results and Discussion

			Observation during first trimester of pregnancy (days 50–55) 

			The morphometric measurement during the 50–55 day first trimester of pregnancy, the body weight of sheep foetuses was about 38.4±1.03 grams and crown rump length was10.2±0.409 cm, the weight of spleen about was 0.015±0.005 mg; length (3.602± 0.467) and thickness was about 0.948± 0.155 (Table 1 and Figure 1A). The finding of current study didn’t corresponding with Jaji et al. (2019) in camel who mentioned that the fetal spleen’s first phase was measured to be 7.3 ± 2.4 cm long, 2.6 ± 0.6 cm wide, and 6.5 ± 4.0 g in weight. 

			In terms of morphology, the spleen is a tiny, bloody batch on the dorsal surface of the developing stomach in sheep fetuses. It is regarded as a lymphoid organ in the early stages of pregnancy and appears reddish in color. The spleen is located on the surface of the gut tube, extending to the partial surface of the first part from the small and large intestine in the upper left section of the liver and rib cage (Figure 1B). These findings concurred with those of both Nishant et al. (2018) and Gupta et al. (2017), but not with Chaurasia et al. (2019). The spleen in goats was creamish in color, and as development advanced from 58 days (9.2 cm CRL) onward, it turned reddish brown as a result of the development of hemopoietic areas in the splenic parenchyma. In camels, however, the spleen at this stage of pregnancy had a C-shape and was dark brown in pigmentation. These variations in size, shape, and morphometric measurements of the spleen because of variations in animal breed, species, and gestational periods. 
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			Figure 1: A show a picture demonstrating the crown measurement technique, B: Photograph at 50–55-day prenatal gestation showing spleen (S), rumen (R) and liver (L), small +large intestine(A), kidney (K), C: Histological section at 50-55-day gestation prenatal sheep showing blood vessels (B. V) white and red pulp (W.R). Mesothelial (M) H&E stain (X10) D- Histological section at 50-55-day gestation prenatal sheep showing: capsule (ca) cortex (C), sinus(S), trabecula (T) and medulla(M) H&E stain (X4).

			Table 1: Crown rump length, weight of embryo and spleen, length and thickness spleen of sheep foetuses in different ages of embryonic life.

			
				
					
					
					
					
					
					
				
				
					
							
							Parameters age

						
							
							Grown rump length

						
							
							Body weight foetuses

						
							
							Spleen weight (gram)

						
							
							Spleen length (mm)

						
							
							Spleen thickness (mm)

						
					

					
							
							(50-55) days gestation

						
							
							10.2±0.409 A

						
							
							38.4±1.03 A

						
							
							0.015±0.005 A

						
							
							3.602±0.46 A

						
							
							0.948±0.155 A

						
					

					
							
							(70-75) days gestation

						
							
							18.2±0.483 B

						
							
							246±2.90 B

						
							
							0213±0.033 B

						
							
							13.054±1.148 B

						
							
							3.600±0.391 B

						
					

					
							
							(130-140) days gestation

						
							
							40.4±1.776 C

						
							
							1360±3.53 C

						
							
							1.500±0.334 C

						
							
							26.792±1.153 C

						
							
							6.308c±0.263 C

						
					

				
			

			The values show the mean ±S.E. Significant differences (P < 0.05) across various groups are indicated by distinct capital.

			Histologically, the spleen appears as a mass of undifferentiated mesenchymal cells that separate into a capsule that is roughly 20±1.1) µm in thickness and a parenchyma that is 250±3.7) µm. The parenchyma region was undifferentiated into white and red pulp, and the capsule was made of irregular connective tissue (Figure 1C). Primitive trabecula appeared to stretch from the capsule to the parenchyma, and blood vessels with sinuses were found beneath the capsule region (Figure 1D). The current work contradicts Devi et al. (2016), who reported that the spleen was covered by a thick fibro-elastic muscular capsule that was invested by the serous peritoneal covering. The capsule was made up of smooth muscle fibers as well as collagenous, elastic, and reticular fibers. At the same time, branching trabeculae broke out of the capsule, invaded the splenic parenchyma, and split into smaller compartments.

			Observation during the 70–75-day second trimester of pregnancy 

			The spleen weight was 18.2±0.483 grams, the body weight of sheep fetuses was around 246± 2.90 kilos, the crown rump length was 10.2±0.409 cm, and the morphometric measurements included the spleen weight, which was approximately 213±0.033 grams; the length was 13.054b±1.148 and the thickness was 6.308 ± 0.263 (Table 1 and Figure 2A). A picture demonstrating the crown measurement technique that the mean spleen weight, width, and length in goats at They were 13.08±0.74 mm, 8.95±0.32) mm, and 0.25±0.12 grammes at mid-gestation, respectively, and that the variations in parameters were caused by species differences and variations in the gestation stages. 

			Morphologically, the spleen is described as possessing two extremities (cranial and caudal), two borders (lateral and medial), and two surfaces (parietal and visceral) The partial surface of the spleen appears concave, while the visceral extremity is convex and the cranial extremity is located close to the rumen’s cranial surface and appears semi-rounded. The caudal border of the spleen extended past the rib cage’s edge and reached up to the level of the second lumbar vertebrae, with the caudal border shifting more towards the dorsal end (Figure 2B). According to Malik et al. (2001), in goats, the spleen’s development was seen near the cranial sac of growing rumen, right below the upper end of the last left rib. In sheep fetuses, the spleen was moved slightly to the left of the cranial sac of forming rumen at 103 days of gestation.

			The spleen was dark reddish brown and had distinct surfaces, resembling an oyster shell. edges. At 110 days of gestation, the cranial boundary was noticeably thicker than the other three borders, and all borders had sharp edges. The spleen’s hue was significantly darker at 126 days of gestation than it had been at earlier ages. The cranial portion of the visceral surface was very concave at 143 days of gestation, while the caudal portion was almost flat. It was determined that the dorsal border extended caudally to a maximum extent beyond the 13th rib (Bhagyalakshmi and Balasundaram, 2021).
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			Figure 2: A: Photograph at 70-77 days prenatal gestation showing grown rump length at sheep foetuses, B: Photograph at 70-77day prenatal gestation showing spleen (s), rumen (R) and kidney (K), C: Histological section at 70-75 day gestation prenatal sheep showing sinuses (S), white pulp (W), Cortex (C), trabecula (T), red pulp (R) PAS stain (X20), D: Histological section at 70-75 day gestation prenatal sheep showing mesothelial (M).white pulp (W)red pulp .(R). Masson trichome stain (X10).

			According to histological observations, the spleen appears to be covered with a clear capsule of about 20±0.34 µm made up of a layer of mesothelial cells of the splenic capsule’s basic squamous epithelium. This layer contains the irregular connective tissue rise parenchyma that differentiates into white pulp and red pulp. Unlike the initial phase, where the red pulp appears near the capsule area and shows more development in this region trabecula than in the first trimester extended toward the center with the splenic cord, the sinuses are clearly visible with peritubular sinuses, blood vessels, and other cell types, and the white pulp appears in the center of the spleen in the medulla region (Figure 2C, D).

			 

			In the event that the spleen is injured, the mesothelial cells of the spleen in mammals may be a quick source of fibroblasts for wound healing. The trabeculae network that partially compartmentalizes the organ parenchyma originates from the capsule’s connective tissue fibers, which also protect the splenic parenchyma (Corbin et al., 2008; Onkar and Govardhan, 2013).

			Observation during third trimester of Gestation (130-140) days 

			According to morphometric measurements, sheep fetuses had an average body weight of 1360±3.53 grams, a crown rump length of 40.4±1.776 cm, and a spleen weight of around 1,500±0.334, a length of 26.792± 1.153, and a thickness of 6.308c ± 0.263 (Table 1 and Figure 3A). The spleen has four borders (anterior, posterior, dorsal, and ventral) and two surfaces: Visceral and parietal. With a tiny dorsal area, the parietal surface was convex and joined to the diaphragm. The visceral surface was concave, and the gastro-splenic ligament mostly connected the anterior part of this surface to the rumen’s dorsal curvature. Dorsally, the anterior border was thick and straight. 
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			Figure 3: A: Photograph at (130-140) day prenatal gestation showing partial surface of spleen B-Photograph at (130-140) day prenatal gestation showing visceral surface of spleen C-histological section at (130-40) day gestation prenatal sheep showing sinuses (S), trabecula (T), Trabecular vein (TV) Trabecular artery, smooth muscle (SM)H&E stain (X10) D-histological section at (130-140) day gestation prenatal sheep showing sinuses (S), Small nodules (S.N), (R.P), red pulp (RP), white), pulp (WP), germinal center (gc), central artery (CA), and peri-arterial lymphatic sheath (PALS) macrophage (M) H&E stain (X20).

			The dorsal boundary was thick in front and small in the back. The ventral border was somewhat rounded caudally and thinner than the dorsal border. The ventral and posterior boundaries were loose and slender. As gestation progressed, Hilus advanced toward the transverse groove of the rumen and was positioned on the visceral surface, near the anterior dorsal angle of the spleen, which was comparatively more rounded. in the goat’s last stage of pregnancy (Figure 3B). These findings concurred with those made by Nishant et al. (2018) in goat fetuses demonstrating that the cranial of the visceral surface’s part was very concave, whereas the caudal portion was almost flat. The spleen’s dorsal border extended caudally as far as possible past the thirteenth rib.

			Histologically, Microscopic analysis showed that the spleen of lambs was made up of parenchyma and stroma. The capsule and trabeculae that penetrate the parenchyma are the primary components of stroma. This organ’s capsule is made up of two layers: The inner sub-serosal layer is made up of irregular, dense connective tissue that is interfused with smooth and elastic muscle fibers, and the outer serosal layer is made up of peritoneal mesothelial cells and simple squamous epithelium tissue. The average thickness of the capsule was 31±0.51 µm (Figure 3C).

			Collagen fiber bundles of elastic and smooth muscle fibers make up the trabeculae, and the presence of these fibers in the capsule and trabeculae may aid in adjusting the spleen’s volume and expelling extra blood from the bloodstream. Arteries and veins can enter the spleen through the lanes of passageways provided by the big trabecula. The vascular sheath of the splenic hilus, which was loaded with erythrocytes and encircled by connective and adipose tissue, was where the splenic arteries and veins were most visible (Figure 3C, D).

			The peri-arterial lymphatic sheath (PALS) and splenic nodule, which were dispersed throughout the red pulp, made up the parenchyma of the spleen’s white pulp. The splenic lymphatic nodules had a nearly spherical shape, with a germinal center in the middle and a macrophage-filled marginal zone surrounding it (Figure 3C, D). To improve the interaction between the PALS cells and antigens in the material of the closely similar red pulp, a morphological change is the macrophage that surrounds the single central artery at the white pulp’s periphery. Its ability to protect the body from harmful organisms in the splenic blood will improve as a result.

			The areas between the trabeculae that comprised the crimson pulp and the white pulp, which is made up of cellular cords and splenic sinusoidal capillaries. The central artery, also known as the nodular arteriole, held the paracentral location in the nodule. One discontinuous epithelium, which rests on the basement membrane that encircles the sinusoids in a discontinuous manner, limits the splenic sinusoidal capillaries. Cellular cords occupy the spaces between the sinusoidal capillaries (Figure 3C, D).

			According to Zidan et al. (2000) in camels and Devi et al. (2016) in goats, the central artery situated in the paracentral position in the nodule is in agreement with the presence of sub-capsular and peritrabecular sinuses lined by endothelium in pigs and goats (Usende et al., 2014).

			Conclusion

			In summary, the study reveals important facets of the development of the spleen in the first, second, and third trimesters of pregnancy in sheep embryos. It explains modifications. in morphology, such as the appearance of separate splenic sections and the differentiation of their form and placement during gestation. Histological observations highlight the differences between the cortex and medulla, as well as the appearance and extension of trabeculae to the organ’s center. By pointing out similarities and differences with comparable species, these findings advance our knowledge of secondary organ development in sheep. This understanding is essential for veterinary and medical research because it shapes our understanding of the spleen’s anatomy and opens the door to more studies of the spleen’s embryonic development.
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Abstract | This study aims to investigate morphological and histological changes in spleen of the fetuses of local
Awassi sheep. Twelve samples were collected from healthy female’s uterus during perinatal period. In order to record
the spleen’s developmental alterations, animals were grouped into Group I (50-55), Group II (70-75), and Group X
(130-140) days of pregnancy based on age using the crown rump length formula (CRL). The spleen in group I was
still developing as it was not fully formed, had a flat surface, and looked like a bloody batch. Histologically, it displayed
two regions: the cortex and the medulla, which were covered in a capsule made of undifferentiated red and white pulp.
The left side of group 11 is occupied by the spleen, which has an oval-elongated form and is more developed than in
the preceding stage. the thoracic cavity with two surfaces and a border. Histologically, the cortex is clearly visible, with
a layer of simple squamous epithelium mesothelial cells covering the splenic capsule, which contained the irregular
connective tissue and parenchyma covering the organ. In comparison to the first stage, red pulp is separated from white
pulp. Under a microscope, the spleen in group- II appears to be made up of trabeculae with sub-capsular and peri-
trabecular sinuses lined by endothelium, and a visceral surface that was concave with the anterior half of it primarily
attached to the dorsal curvature. The parietal surface was convex and attached to the diaphragm with only a small
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