



COMPARATIVE HISTOLOGY, HISTOMETRY AND HISTOCHEMISTRY OF RIGHT CORONARY ARTERY IN SHEEP AND GOATS
ABSTRACT
Diseases of the Right coronary artery (RCA) causes ischemia of right ventricle,  ventricular dysfunction and severe cardiac failure. Sheep and goat are one among the preferred animal species in cardiovascular research. Histological and histochemical assessment of the coronary artery at health and disease is critical to evaluate disease progression in this animal models. This present study is to report in detail on the comparative histological, histometrical and histochemical features of RCA in sheep and goats to assess suitability. We found that RCA was a muscular artery in both the species and consisted of all three tunics, i.e tunica intima, tunica media and tunica externa. The subendothelial tissue was thinner and was completely absent at the arterial termination in goats. The tunica media was formed of multiple layer of smooth muscle cells but was comparatively thinner in goats. Tunica adventicia was rich in elastic fibers in both species. Histometric observations revealed significant variations between species in parameters such as, mean wall thickness, its tunics and luminal diameter. Histochemical reactions for mucopolysaccharides, Acid phosphatase enzyme, Alkaline phosphatase enzyme revealed positive reactions at varying levels in the tunics of the RCA in these animals. The reaction for fat with Oil red O was negative in both the species.
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INTRODUCTION
The Right Coronary Artery (RCA) arise from the aortic sinus above right semilunar cusp (Barszcz et al., 2019). It passess through the atrioventricular sulcus towards the posterior wall of the left ventricle, and ends as the right circumflex branch (left retroventricular branch in humans). Its branches supply sinus node, right atrium and right ventricle of the heart (Deepak and Rao, 2010). The branches of RCA are circumflex, conal, proximal and distal branches of right atrium, intermediate, proximal and distal branches of right ventricle and marginal branch (Likitha et al., 2018). Anatomical variations of the arterial pattern of RCA is essential for cardiologists and radiologists, during diagnostic and therapeutic procedures (Yassa et al., 2021).  
Diseases of coronary artery such as atherosclerosis, coronary thrombus, vasculitis, stenosis, etc., are the main cause of cardiovascular diseases. The coronary artery is very much susceptible to major histochemical changes as they are often blocked by fatty materials with the advancement of age, preventing blood supply, causing atherosclerosis, angina or heart attack and myocardial degenerations in animals (Sathapathy et al., 2014). Atherosclerotic lesions tend to form in specific areas of the arterial tree such as in areas near branch points, outer wall of bifurcations, and inner wall of curved regions, where there is irregular blood flow (Rizzini et al., 2020).  Right coronary artery (RCA) disease often causes right and left ventricular ischemia, right ventricular dysfunction and severe cardiac failure (Parodi et al., 1991). Animal models that simulate these diseases are evolving to identify the mechanisms behind alterations in tissue components for disease prevention and therapeutic interventions. Sheep is more similar to humans and is a robust animal model for translational research in cardiovascular diseases (DiVincenti Jr., 2014). Goats like sheep offer many advantages and will be a reliable animal model for cardiac experimentation (Kim et al., 2003; Alvites et al., 2021). Studies on the coronary anatomy of sheep and goat are evolving to facilitate translational cardiovascular research, develop newer surgical techniques and devices for preclinical studies. This study was undertaken to evaluate and compare the histological and histochemical aspects of RCA in sheep and goat, to report anatomical similarities and variations between these species for cardiovascular research. 
. MATERIALS AND METHODS

The hearts for the present study were collected from apparently healthy sheep and goats that were slaughter in nearby slaughter houses at Rajendranagar, Hyderabad. The collected hearts were immediately washed out of extraneous blood with normal saline. The Right coronary arteries were identified and samples measuring approximately 2 cm size were collected from three regions viz., origin, middle and terminal part. The collected tissues were removed of extraneous coronary fat and were fixed in 10% neutral buffered formalin and processed by routine paraffin method. Approximately 4-5µm thick paraffin sections were cut and their micro-architecture were studied with H & E staining. The distribution of collagen and muscle fibers were studied by Van-Giesons and Masson’s trichrome method, elastic fibers by  Verhoeff’s method (Singh and Sulochana 1997). Histomorphometrical features were recorded by micrometry after calibration. The RCA sections were measured for arterial wall thickness, its histological tunics and the luminal diameter. All measurements recorded were tabulated with values of Mean and Standard Error and the statistical significance (p<0.05) and (p<0.01) between groups were analysed by ANOVA, with Tukey HSD test for multiple comparisons using SPSS software.
 
Histochemistry of the RCA of sheep and goats were studied from routine paraffin and cryo-sections. Paraffin processed sections were subjected to Periodic Acid Schiff (PAS) reaction for demonstration of glycogen, PAS-Alcian blue method for acid and neutral muco polysaccharides. Cryo-sections of 10-15µm thickness from  fresh specimen prefixed in chilled formal calcium were subjected to Oil red ‘O’ in propylene glycol method for demonstrating fats,  Gomori’s acid phosphatase method for localization of acid phosphatase enzyme, Gomori’s alkaline phosphatase cobalt method for localization of alkaline phosphatase enzyme (Singh and Sulochana, 1997). 

RESULTS AND DISCUSSION
The arterial wall of RCA consisted of three layers within outwards viz., tunica intima, tunica media and tunica adventitia or externa in both species as reported in dogs (Kilaby et al., 2019), pigs (Rachel et al., 2023), and in humans (Martinez et al., 2015). The RCA revealed  microscopic features typical of a muscular artery (Fig.1). The lumen of RCA in sheep was circular in shape at the origin (Fig.1), triangular at the middle (Fig.2) and elliptical at the terminal region (Fig.3). while in goats it was elliptical at the origin and middle region but oval at the terminal parts (Fig.4). This is in partial agreement with the findings of Sathapathy et al., (2015a) who observed that the shape of the right coronary arterial lumen histologically varied according to its location in goats such as dumbbell, human foot print and horn shaped at its origin, middle and termination sites respectively.

The tunica intima was made up of three sub layers viz., inner endothelium, middle subendothelial layer and an outer internal elastic membrane as reported by (Rachel et al., 2023) in pigs. The endothelial layer consisted of a single layer of flat endothelial cells which rested on a thin basement membrane. Below the endothelial layer was a thick subendothelial connective tissue layer which consisted of elastic, collagen fibers and smooth muscle cells in the RCA of sheep (Fig.5) while this subendothelial connective tissue layer was thinner in goats (Fig.6). This layer is almost absent and the endothelium rested on directly over the internal elastic membrane in dogs (Kilaby et al., 2019). The external layer of intima consisted of thick internal elastic membrane which was discontinuous in few areas of the artery in sheep (Fig.5). In goats, the subendothelial layer was completely absent at its termination. The internal elastic membrane was fragmented at the origin while it disappeared at the termination (Fig.4). There is no data available from the literature reviewed hence this feature could not be compared. In the present investigation, the mean thickness of the tunica intima of RCA in sheep at the origin, middle and terminal region was 98.2 ± 0.16 µm, 114.2 ± 0.13 µm and 65.23 ± 0.15 µm respectively. In goats was significantly lower than the sheep and measured 38.93 ± 0.13 µm, 7.01 ± 0.16 µm and 3.1 ± 0.17 µm respectively. The tunica intima of RCA at its origin was thickest in young ones than other groups and measured 1.22 ± 0.4 mm in goats (Sathapathy et al., 2015a). while in humans the mean thickness of tunica intima in RCA at the proximal and distal segments were 224.78 ± 105.47 µm and 175.76 ± 111.08 µm respectively (Martinez et al., 2015). In pigs, the average thickness of tunica intima of right coronary artery in pigs <6 months of age was 15.7±1.98 μm, whereas in pigs of < 1 year of age was 43.87±4.52μm and in pigs >than 1year old it measured 21.53±2.13μm. The thickness of tunica intima increased with age in pigs (Rachel et al., 2023)
The tunica media in all the three segments of RCA i.e., origin, middle and terminal portions in the present investigations in sheep and goats, consisted of circularly oriented smooth muscle cells. These smooth muscle cells were spindle shaped with a flat elongated nucleus and had minimal spaces in between the muscle cells (Fig.7). Long and wavy elastic fibers were seen dispersed between the muscle cells. These observations are in confirmation with findings of Sathapathy et al., (2015a) in goats, Khan et al., (2006) in mammals, Kilaby et al., (2019) in dogs, Rachel et al., (2023) in pigs. Arterial elasticity due to elastic fibers was directly proportional to arterial proximity to the heart and arterial muscularity was directly proportional to arterial distance from the heart (Kumar 2016). The number of smooth muscle cell layers in RCA of canines were 6, 5 and 5 at the origin, middle and termination respectively.  In our study, the mean thickness of tunica media at origin, middle and terminal region was 229.0 ± 0.12 µm, 147.3 ± 0.14 µm and 131.1 ± 0.14 µm respectively in sheep. While, in goats it was significantly different and measured 195.9 ± 0.48 µm, 131.3 ± 0.47 µm and 82.0 ± 0.53 µm. In contrary, Sathapathy et al., (2015a) reported that the maximum thickness of tunica media at the termination in adult goats was 12.84 ± 2.88μm. In humans it measured 171.53 ± 66.9 µm and 129.76 ± 57.25 µm at the proximal and distal segments (Martinez et al., 2015). The thickness of tunica media of the coronary arteries increased with advancement in age. The thickness of tunica media of right coronary artery was more than the left coronary artery with more layers of smooth muscle cells and the average thickness of right coronary artery in pigs <6 months of age was 91.8±72 μm, whereas in pigs of < 1 year of age was 253.80±9.14 μm and in pigs >than 1year old it measured 259.5±11.42 μm. The thickness of tunica media also increased with age in pigs (Rachel et al., 2023) 
The tunica externa was the outermost tunic of the arterial wall. This layer contained a network of collagen fibres (Fig.8). The cellular profile of externa was mainly collagen with few elastic fibers and fibroblasts which were intermingled with vasa vasorum and nervi vasorum in both the species. Similar observations were found by Kilaby et al., (2019) in dogs, Rachel et al., (2023) in pigs. The bulk of the tunica adventitia of coronary arteries were formed by loosely packed elastic fibres in Human, buffalo, pig, goat, dog and rabbit (Kumar  2016).  These elastic fibers were similar in appearance to those of internal elastic lamina. Their density decreased gradually in tunica media and increased in tunica adventitia towards termination (Kumar 2016).
The mean thickness of tunica externa in sheep at the origin, middle and terminal region was 147.2 ± 0.12 µm, 82.3 ± 0.14 µm and 98.0 ± 0.13 µm respectively. In goats it measured 147.3 ± 0.13 µm, 97.95 ± 0.15 µm and 65.06 ± 0.12 µm and was significantly different only at the middle and terminal regions. Sathapathy et al., (2015a) found that the maximum thickness of tunica externa at the termination in adult goats was 6.97 ± 1.34 μm. In pigs, the average thickness of right coronary artery in <6 months of age was 36±3.88 μm, whereas in pigs of < 1 year of age was 85.85±5.84 μm and in pigs >than 1year old it measured 87.43±3.55 μm. The thickness of tunica media also increased with age in pigs (Rachel et al., 2023). 
The mean total thickness of the RCA wall at the origin, middle and terminal region in sheep was 474.4 ± 0.37 µm, 343.7 ± 0.28 µm and 294.3 ± 0.18 µm, but in goats it was 382.2 ± 0.27 µm, 236.2 ± 0.32 µm and 150.2 ± 0.32 µm and was significantly different. The mean long diameter of lumen at the origin, middle and terminal region in sheep was 1230.9 ± 0.16 µm, 705.1 ± 0.12 µm and 410.1 ± 0.16 µm and in goats it was significantly higher and measured 1394 ± 0.16 µm, 803.1 ± 0.17 µm and 524.2 ± 0.12 µm respectively. In sheep, the mean short diameter of lumen at the origin, middle and terminal region was 984.2 ± 0.12 µm, 573.9 ± 0.13 µm and 131.1 ± 0.13 µm. but, in goats it was significantly lower at the origin and middle and measured 376.9 ± 0.15 µm, 278.2 ± 0.14 µm respectively. However, (Gómez et al., 2018) reported that the proximal, middle and distal diameters of the RCA were 2.11 ± 0.46 mm; 1.75 ± 0.44 mm and 1.16 ± 0.38mm, respectively in African sheep. Sathapathy et al., (2015a) in goats reported that the maximum horizontal diameter of lumen of RCA at the termination in adults was 23.81 ± 4.15 μm while its maximum vertical diameter was 40.26 ± 2.86 μm. Further, the maximum horizontal diameter of RCA was observed in the regions of origin and termination and was 44.88 ± 6.13 μm and 57.18 ± 5.7 μm respectively in adult goats. Martinez et al., (2015) reported that the luminal diameters at the proximal and distal segments were 2.31±0.76 mm and 1.81±0.43  mm in humans.
In the present investigation intense activity of PAS-AB was observed in endothelium of both species (Fig.9) while it was moderate in the tunica media of goats indicating the presence of acid mucopolysaccharides (Fig.10). The subendothelial layer of tunica intima showed a strong reaction for PAS in both species. Intense PAS activity was seen in tunica media of RCA in sheep (Fig.11) while it was weak in goats due to neutral mucopolysaccharides. Weak PAS-AB activity was observed in tunica externa of sheep (Fig.9). These findings are in confirmation with Sathapathy et al., (2015b) who reported very weak PAS activity in young goats at the origin of the RCA, weak to moderate activity in mid portion of young one, whereas intense activity was seen in the endothelium at the terminal part of young ones. This PAS activity was weak in kids and adult animals.

Intense Alkaline Phosphatase (AKP) activity was observed in endothelium of sheep (Fig.12) while it was moderate in goats and was negligible in the tunica media of both species. Our findings is in partial agreement with reports of Sathapathy et al., (2015b) who reported that very weak AKP activity was observed in kids, no activity in young and strong activity in adults. In the present study moderate Acid phosphatase (ACP) activity was observed in the subendothelium and tunica externa of sheep (Fig.13)  while it was intense in tunica intima and weak in media of goats which is fairly supported by studies of Sathapathy et al., (2015b) who reported in goats, a strong ACP activity in endothelium of coronary arteries of kids. This activity was very weak in young and absent in adults. There was no reaction to Oil Red O in the RCA of both species except in tunica externa. In contrary, Sathapathy et al., (2015b) reported that there were lipid deposition in the tunica intima of right coronary artery but at lower levels than left coronary artery in all the age groups of goat. 
CONCLUSION

Choosing an appropriate animal model in critical for the success of translational and pre-clinical studies in cardiovascular research. Our findings report the similarities and variations in  histology, histometry and histochemistry of the right coronary artery in sheep and goat. We conclude that our findings are essential and are to be considered by the Veterinary surgeons, pathologist and research professionals in diagnosis, clinical and histopathological assessment of coronary arterial diseases of the RCA in sheep and goat models. 
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Fig.1-Photomicrograph showing tunics of RCA in sheep:


 Tunica intima (TI), Tunica media (TM), Tunica externa  (TE), 

Circular Lumen (LU).
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 Fig.2-Photomicrograph of RCA at the middle region in sheep:





 Tunica intima (TI), Tunica media (TM), Tunica externa (TE), 



 Triangular lumen (LU).
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Fig.3-Photomicrograph of RCA at the terminal region in sheep:

Tunica media (TM), Endothelium (EN), 
 elliptical lumen (LU).
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Fig.5-Photomicrograph of RCA in sheep:

Endothelium (EN), Subendothelial layer (SE), Internal elastic 


   


   membrane (IEM), Smooth muscle cell (SM). H & E X 40
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Fig.6-Photomicrograph of RCA in goat:

Subendothelial layer (SE), Internal elastic membrane (IEM),

Elastic fibers (EF). Verhoeff’s  X  40
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Fig.7-Photomicrograph of RCA in goat:

Collagen fibers (CF), Smooth muscle cells (SM).

Masson’s Trichrome X 10
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                                        Fig.8-Photomicrograph of RCA in sheep:



               

  Tunica externa (TE), Collagen fibers (CF).









   
  Vangieson’s X 40
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Fig.9-Photomicrograph showing strong alcian blue activity




 in endothelium (EN) (arrow) and weak in tunica externa (TE) 




of RCA in sheep. 
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Fig.10- Photomicrograph showing strong alcian blue activity 

(arrow) in subendothelial layer and moderate in tunica media of 

RCA in goat.




PAS-AB X 40
[image: image10.png]




       Fig.11-Photomicrograph showing strong PAS activity

       (arrow) in tunica media (TM) of RCA in sheep.
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                         Fig.12-Photomicrograph showing intense alkaline phosphatase 



activity (arrow) in endothelium of RCA in sheep. 
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                  Fig.13-Photomicrograph showing weak acid phosphatase



     activity (arrow) in tunica intima (TI) of RCA in sheep.
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