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Introduction: The purpose of this study was to describe the anatomic appearance of great 
cardiac vessels in the Egyptian fruit bat (Rousettus aegyptiacus) as a common bat living in the 
southern region of Iran. 

Methods: Five Egyptian fruit bats with a Mean±SD body mass index (BMI) of 123.04±0.08 g 
were selected and studied.

Results: The aortic arch (transverse arch) cranial to the heart gives rise to the right and left 
brachiocephalic (innominate) arteries, each of which immediately divides into common 
carotid and subclavian arteries. The aortic arch continues caudally on the dorsal side of the 
heart, inclines to the left of the median plane as the dorsal aorta. The ligamentum arteriosum 
connecting the dorsal aorta to the pulmonary trunk is seen a few millimeters caudal to the origin 
of the left brachiocephalic artery. The arrangement of the great veins, including two anterior 
venae cavae, resembles that found in birds rather than mammals. A left azygos vein entered 
dorsally to join the left anterior vena cava. The opening of the right anterior vena cava is in the 
dorsal part of the right atrium; the opening of the left anterior vena cava, similar to the coronary 
sinus, is at the caudal part of the right atrium. The posterior vena cava opens into the right 
atrium dorsal and cranial to the entrance of the left anterior vena cava.

Conclusion: The evolution in the morphology mentioned above is in accordance with the 
flight requirements of bats.
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1. Introduction

n mammals, several great vessels are di-
rectly connected to the heart, including 
the ascending aorta, pulmonary trunk, 
pulmonary veins, the superior vena cava, 
and the inferior vena cava. The ascend-

ing aorta arises from the left ventricle and curves back over 
the heart to form the aortic arch. It becomes the descend-

ing thoracic aorta as it continues downwards through the 
thorax. The number of branches that arise directly from the 
aortic arch differs from one to four, depending on mammal 
species [1]. Two large veins, namely the cranial vena cava 
and caudal vena cava, drain deoxygenated blood into the 
right atrium of the heart from the upper and lower body, 
respectively. The cranial vena cava is formed by merging 
two brachiocephalic (innominate) veins at the thoracic inlet 
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[2]. The latter receives blood on each side from the external 
jugular and subclavian veins [2]. 

Bats are unique among mammals in their ability to fly. 
To adapt to this ability, anatomical variations of their or-
gans, such as the heart and large vessels, are not unexpected 
[3-5]. Egyptian fruit bat (Rousettus aegyptiacus) belongs 
to the suborder megachiroptera found in diverse habitats in 
the southern region of Iran [6]. A review of the literature 
disclosed little knowledge about the arrangement of the 
great vessels in the bats. One report conducted by Parsons 
presented a description of the arrangements of the aortic 
arch branches in several mammals, including the Chirop-
tera, Edentata, and Cetacea orders [7]. Detailed anatomic 
descriptions of the heart and position of its great vessels are 
given in several species belonging to microchiropterans, 
macrochiropterans, and some new world bats [8-10]. These 
studies have focused on the structure of bats’ hearts in detail 
and less on the morphology of the vessels around the heart. 
Data on the morphology of the great vessels at the base of 
the bat’s heart has generally been presented as schematic 
drawings. However, minor variations in the architecture of 
the heart great vessels may be seen in different species of 
bats. These anatomical variations in the great vessels of the 
heart may have evolved according to its habitat conditions.

Nonetheless, no detailed examination has been made 
in the great vessels of the heart in Egyptian fruit bats. 
Knowledge of the anatomy of great cardiac vessels 
could provide new insights into the evolution of bats and 
may be helpful to biological and biomedical researchers 
investigating the anatomy and physiology of the heart. 

Thus, this study aimed to provide further details on the 
morphology and anatomic appearance of great cardiac 
vessels in Egyptian fruit bats. 

2. Materials and Methods

In the present study, 5 Egyptian fruit bats (Rousettus ae-
gyptiacus) were captured by mist net in the Zorok Cave 
(Fars Province, Iran). They were transferred to the Veteri-
nary Dissecting Unit of Shiraz University in a cloth bag, 
anesthetized with ether, and weighed immediately after 
death. Their Mean±SD body mass was 123.04±0.08 g. The 
specimens were embalmed with standard formaldehyde 
solution. Using a stereomicroscope (ZSM-1001), the tho-
racic cavity was opened, and after removal of the lungs, the 
pericardium covering the heart, aorta, and great vessels was 
carefully dissected and photographed. All the experimental 
procedures were done in compliance with the National In-
stitute of Health for using laboratory animals. 

3. Results

The ascending aorta cranial to the base of the heart turns to 
the left and crosses the median plane to form the aortic arch 
(transverse arch). It gives rise to the right and left brachio-
cephalic (innominate) arteries, each of which immediately 
divides into common carotid and subclavian arteries (Fig-
ure 1). The aortic arch continues caudally on the dorsal side 
of the heart, inclines to the left of the median plane as the 
dorsal aorta. The pulmonary trunk arises from the summit 
of the conus arteriosus of the right ventricle. After passing 
underneath the transverse aorta, it bifurcates into two un-

Figure 1. The great vessels cranial to the heart in ventral view
Ascending Aorta (AA), Transverse Aorta (TA), Dorsal Aorta (DA), Left (Lia) and Right (Ria) innominate arteries, Subclavian artery 
(Sa), Common Carotid artery (CCa), Left (Lavc) and Right (Ravc) anterior venae cavae, Right Auricle (RA)
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equal pulmonary arteries cranial to the left atrium (Figure 
2). The ligamentum arteriosum connecting the dorsal aorta 
to the pulmonary trunk is seen a few millimeters caudal to 
the origin of the left brachiocephalic artery. The arrange-
ment of the great veins, including two anterior venae cavae 
formed by the confluence of subclavian and jugular veins, 
resembles the arrangement found in birds rather than mam-
mals. A left azygos vein entered dorsally to join the left 
anterior vena cava (Figure 3). Externally, the left anterior 

vena cava passes caudally then turns medially caudal to the 
pulmonary veins. Along with the right anterior vena cava, 
it forms a loop around the dorsal aspect of the right atrium 
(Fifure 4). The posterior vena cava joins the loop dorsally 
just to the right of the median plane. The opening of the 
right anterior vena cava is in the dorsal part of the right atri-
um, whereas the left anterior vena cava with the coronary 
sinus enters the caudal part of the right atrium. The posterior 
vena cava opens into the right atrium dorsal and cranial to 

Figure 2. Left Azygos vein (LAv) draining into the Left anterior vena cava (Lavc); Posterior Vena Cava (PVC), Dorsal Aorta 
(DA), Left Pulmonary artery (LPa), Left Auricle (LA) in left ventrolateral view of the thorax

Figure 3. Right Pulmonary artery (RPa), Left (Lavc) and Right (Ravc) anterior venae cavae, Left Azygos vein (LAv) in dorsal 
aspect of the heart
Note the equal size of the Left (Lia) and Right (Ria) innominate arteries with the Dorsal aAorta (DA). 
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the entrance of the left anterior vena cava. There are three 
pulmonary veins: one left pulmonary vein and two larger 
right pulmonary veins that each drains separately into the 
dorsal wall of the left atrium (Fifure 4).

4. Discussion

This study describes the gross anatomy of the great 
vessels of Egyptian fruit bat. The branching patterns 
of the aortic arch vary among different mammals [1, 
7]. In the most specialized aortic arrangement that has 
been described in humans [11], monkeys [12], and some 
other mammals [13-15], the aortic arch gives off three 
collateral arteries. On the right side, the fusion of the 
right common carotid and subclavian arteries forms the 
innominate artery, whereas the left counterparts of these 
arteries remain separate. In mammals with two collateral 
branches of the aortic arch, fusion becomes more ex-
tended, involving the left common carotid artery as well, 
and the left subclavian artery arises separately from the 
aortic arch. This arrangement is observed in pigs, dogs, 
and cats [2], as well as other exotic animals such as the 
white-eared opossum [16] and Chinchilla lanigera [3, 
17]. It has been reported that two branches of the right 
brachiocephalic trunk and left brachiocephalic trunk, 
leave the aortic arch in the Chiroptera, Edentata, and Ce-

tacea order bats [7, 8]. Each brachiocephalic trunk (in-
nominate artery) is formed by the union of the common 
carotid and subclavian arteries. Similarly, in birds, right 
and left brachiocephalic trunks also originate from the 
aortic arch [18, 19]. The symmetrical bi-innominate ar-
teries of equal size arising from the aortic arch of five dis-
sections of Egyptian fruit bat in the present study agree 
with the branching pattern of the order Chiroptera [8]. 
This arrangement of the aortic arch branching is much 
more similar to that of birds than to mammals. The diam-
eter of each brachiocephalic artery is usually the same as 
the continuation of the aorta, reflecting the higher blood 
flow rates toward the head, wings, and flight muscles.

Previous studies in the heart of the megachiropterans 
and micropchiropterans have shown that structural dif-
ferences were negligible except for a few minor varia-
tions in venous drainage [8, 10, 20]. The presence of a 
single left pulmonary vein and two groups of right pul-
monary veins draining into the left atrium of the mega-
chiropterans R. aegyptiacus was in complete agreement 
with the account given by Grosser and Rowlatt [8, 10].

Another unusual feature was the symmetry in the ar-
rangement of the great veins cranial to the heart that 
indicates a return toward a more primitive condition in 
which both anterior (cranial) venae cavae are retained to 
perform a specific function as part of the overall upper 
limb requirement for flight. In mammals, during embry-
onic development of the venous system with a caudal 
displacement of the heart, a transverse anastomosis is 
formed between the two cranial cardinal veins to shift 
the blood flow to the right side. Thus, the proximal por-
tion of the left cranial cardinal vein undergoes degen-
eration [21]. In carnivores, the left brachiocephalic vein 
arises from the mentioned anastomosis and the right 
brachiocephalic vein from the proximal portion of the 
right cranial cardinal vein. Two large veins, i.e., the right 
and left brachiocephalic join to form the cranial vena 
cava. In ungulates, the jugular and subclavian veins 
drain directly into the cranial vena cava [21]. It seems 
that during the development of large veins in bats, the 
anastomosis mentioned above is not formed between the 
two cranial veins. Park described the two anterior veins 
draining into the right atrium as the innominate veins 
in four new world bats [9]. Other researchers have de-
scribed two anterior venae cavae of the same size by the 
coming together of the subclavian, vertebral, and jugular 
veins in several species belonging to the megachiropter-
ans and microchiropterans [8, 10, 20]. The greater size of 
the anterior venae cavae than the posterior vena cava is 
attributed to the larger size of the upper limbs. 

Figure 4. Posterior aspect of the base of the heart 
Left (Lavc) and Right (Ravc) anterior venae cavae, Posterior 
Vena Cava (PVC), Right (RPv) and Left (LPv) Pulmonary veins, 
Right Pulmonary artery (RPa).
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In all five specimens dissected, the azygos vein drains 
into the left anterior vena cava. This vessel has been 
shown to exist on the right side or bilaterally [10].

5. Conclusion

Understanding the significance of these morphogenetic 
changes is difficult, and the information presented here 
is mainly objective. Most of these changes are not neces-
sarily related to adaptive changes because a large set of 
bat species that are phylogenetically close together but 
live in different ecologies show almost the same mor-
phology pattern in the great vessels around the heart. 

Ethical Considerations

Compliance with ethical guidelines

This study was approved by the Ethics Committee of 
the Shiraz University.

Funding

This study was funded by School of Veterinary Medi-
cine, Shiraz University.

Authors' contributions

Investigation, writing original draft: Younes Kamali; 
Review & editing: Farangis Ghassemi.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

The authors would like to thank the Department of the 
Environment (Shiraz Office) for supporting this research.

References

[1] Kent GC, Carr RK. Comparative anatomy of the vertebrates. 
New York: McGraw Hill; 2001. https://books.google.
com/books?id=iJ0XAQAAIAAJ&q

[2] Dyce KM, Sack WO, Wensing CJG. Textbook of veterinary 
anatomy. 4th edition. Philadelphias: Saunders; 2009. htt-
ps://books.google.com/books?id=Hb1BXjgb0McC&print
sec=frontcover&dq

[3] Martonos C, Lăcătus R, Cocan D, Stan F, Damian A, Stroe 
T, et al. Anatomical and imagistic aspects of the aortic arch 

in Chinchilla lanigera. Acta Scientiae Veterinariae. 2018; 
46:1614. [DOI:10.22456/1679-9216.89387]

[4] Neuweiler G. The biology of bats. New York: Oxford Uni-
versity Press; 2000. https://books.google.com/books?id=
Gtp4yWnPD9YC&printsec=frontcover&dq

[5] Currie SE, Körtner G, Geiser F. Heart rate as a predictor 
of metabolic rate in heterothermic bats. Journal of Ex-
perimental Biology. 2014; 217(Pt9):1519-24. [DOI:10.1242/
jeb.098970] [PMID]

[6] Benda P, Faizolâhi K, Andreas M, Obuch J, Reiter A, Ševčík M, 
et al. Bats (mammalia: chiroptera) of the Eastern Mediterrane-
an and Middle East. Part 10. Bat fauna of Iran. Acta Societatis 
Zoologicae Bohemicae. 2012; 76(1/4):163-582. https://www.
researchgate.net/profile/Jan-Obuch/publication/.pdf

[7] Parsons FG. On the arrangement of the branches of the 
mammalian aortic arch. Journal of Anatomy and Physiol-
ogy. 1902; 36(Pt 4):389-99. [PMID] [PMCID]

[8] Grosser O. [On the persistence of the left sinus valve on the 
posterior vena cava in some mammals (German)]. Anato-
mischer Anzeiger. 1896; 12:311-4. https://scholar.google.
com/scholar?hl= 

[9] Park H. The heart and its vessels in some new world bats. 
Transactions of the Kansas Academy of Science (1903-). 
1954; 57(2):197-9. [DOI:10.2307/3626020]

[10] Rowlatt U. Functional anatomy of the heart of the fruit-
eating bat, Eidolon helvum, Kerr. Journal of Morphology. 
1967; 123(3):213-30. [DOI:10.1002/jmor.1051230303] [PMID]

[11] Lippert H, Lippert H, Pabst R. Arterial variations in man: 
Classification and frequency. Munich: J.F. Bergmann-Ver-
lag; 1985. pp. 3-10. https://books.google.com/books?id=S
bxqAAAAMAAJ&q=Arterial+Variations+in+Man:+Classif
ication+and+Frequency&dq 

[12] de Garis CF. Branches of the aortic arch in 153 rhesus 
monkeys (second series). The Anatomical Record. 1938; 
70(3):251-62. [DOI:10.1002/ar.1090700303]

[13] de Oliveira REM, Santoro GA, Freire ACDB, Attademo 
FLN, Lima SA, Bomfim ADC, et al. Angioarchitecture of 
collateral arteries of the aortic arch of Antillean manatee 
(Trichechus manatus manatus Linnaeus, 1758). Anatomia, 
Histologia, Embryologia. 2020; 49(1):25-30. [DOI:10.1111/
ahe.12477] [PMID]

[14] de Oliveira REM, de Araújo Júnior HN, da Silva Costa 
H, de Oliveira GB, de Moura CEB, de Oliveira DJA, et al. 
Collateral arteries of the aortic arch in mongolian gerbil 
(meriones unguiculatus). Acta Scientiae Veterinariae. 2018; 
46:1609. [DOI:10.22456/1679-9216.89371]

[15] Atalar O, Yilmaz S, Burma O, Ilkay E. The macroanatomi-
cal investigations on the aortic arch in porcupines (Hys-
trix cristata). Anatomia, Histologia, Embryologia. 2003; 
32(6):367-9. [DOI:10.1111/j.1439-0264.2003.00498.x] [PMID]

[16] Schimming BC, de Jesus LSBS, Filadelpho AL. Branching 
pattern of aortic arch in the white-eared opossum (Didel-
phis albiventris). Brazilian Journal of Veterinary Research 
and Animal Science. 2016; 53(3):235-42. [DOI:10.11606/
issn.1678-4456.bjvras.2016.82794]

[17] Ozdemir V, Cevik-Demirkan A, Turkmenoglu I. Subgross 
and macroscopic investigation of blood vessels originat-

Kamali Y & Ghasemi F. Cardiac Vessels Morphology in Egyptian Bat. ASJ. 2021; 18(2), 79-84.

http://anatomyjournal.ir/
https://books.google.com/books?id=iJ0XAQAAIAAJ&q=Comparative+anatomy+of+the+vertebrates&dq=Comparative+anatomy+of+the+vertebrates&hl=fa&sa=X&ved=2ahUKEwiPsp-35PnzAhXdS_EDHcnDAcMQ6AF6BAgFEAI
https://books.google.com/books?id=iJ0XAQAAIAAJ&q=Comparative+anatomy+of+the+vertebrates&dq=Comparative+anatomy+of+the+vertebrates&hl=fa&sa=X&ved=2ahUKEwiPsp-35PnzAhXdS_EDHcnDAcMQ6AF6BAgFEAI
https://books.google.com/books?id=Hb1BXjgb0McC&printsec=frontcover&dq=Textbook+of+veterinary+anatomy-E-Book&hl=fa&sa=X&ved=2ahUKEwih4aSM5fnzAhUeSvEDHeLXAsMQ6AF6BAgIEAI#v=onepage&q=Textbook%20of%20veterinary%20anatomy-E-Book&f=false
https://books.google.com/books?id=Hb1BXjgb0McC&printsec=frontcover&dq=Textbook+of+veterinary+anatomy-E-Book&hl=fa&sa=X&ved=2ahUKEwih4aSM5fnzAhUeSvEDHeLXAsMQ6AF6BAgIEAI#v=onepage&q=Textbook%20of%20veterinary%20anatomy-E-Book&f=false
https://books.google.com/books?id=Hb1BXjgb0McC&printsec=frontcover&dq=Textbook+of+veterinary+anatomy-E-Book&hl=fa&sa=X&ved=2ahUKEwih4aSM5fnzAhUeSvEDHeLXAsMQ6AF6BAgIEAI#v=onepage&q=Textbook%20of%20veterinary%20anatomy-E-Book&f=false
https://doi.org/10.22456/1679-9216.89387
https://books.google.com/books?id=Gtp4yWnPD9YC&printsec=frontcover&dq=The+biology+of+bats&hl=fa&sa=X&ved=2ahUKEwi2woCM5_nzAhUIQ_EDHRnFCcMQ6AF6BAgLEAI#v=onepage&q=The%20biology%20of%20bats&f=false
https://books.google.com/books?id=Gtp4yWnPD9YC&printsec=frontcover&dq=The+biology+of+bats&hl=fa&sa=X&ved=2ahUKEwi2woCM5_nzAhUIQ_EDHRnFCcMQ6AF6BAgLEAI#v=onepage&q=The%20biology%20of%20bats&f=false
https://doi.org/10.1242/jeb.098970
https://doi.org/10.1242/jeb.098970
https://www.ncbi.nlm.nih.gov/pubmed/24436390
https://www.researchgate.net/profile/Jan-Obuch/publication/269107037_Bats_Mammalia_Chiroptera_of_the_Eastern_Mediterranean_and_Middle_East_Part_10_Bat_fauna_of_Iran/links/54ad31630cf2828b29fad810/Bats-Mammalia-Chiroptera-of-the-Eastern-Mediterranean-and-Middle-East-Part-10-Bat-fauna-of-Iran.pdf
https://www.researchgate.net/profile/Jan-Obuch/publication/269107037_Bats_Mammalia_Chiroptera_of_the_Eastern_Mediterranean_and_Middle_East_Part_10_Bat_fauna_of_Iran/links/54ad31630cf2828b29fad810/Bats-Mammalia-Chiroptera-of-the-Eastern-Mediterranean-and-Middle-East-Part-10-Bat-fauna-of-Iran.pdf
https://pubmed.ncbi.nlm.nih.gov/17232531/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc1287157/
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=+Ueber+die+Persistenz+der+linken+Sinusklappe+an+der+hinteren+Hohlvene+bei+einigen+S%C3%A4ugetieren&btnG=
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=+Ueber+die+Persistenz+der+linken+Sinusklappe+an+der+hinteren+Hohlvene+bei+einigen+S%C3%A4ugetieren&btnG=
https://doi.org/10.2307/3626020
https://doi.org/10.1002/jmor.1051230303
https://www.ncbi.nlm.nih.gov/pubmed/6081916
https://books.google.com/books?id=SbxqAAAAMAAJ&q=Arterial+Variations+in+Man:+Classification+and+Frequency&dq=Arterial+Variations+in+Man:+Classification+and+Frequency&hl=fa&sa=X&ved=2ahUKEwjgibr30PvzAhVTlFwKHYKLADAQ6AF6BAgEEAI
https://books.google.com/books?id=SbxqAAAAMAAJ&q=Arterial+Variations+in+Man:+Classification+and+Frequency&dq=Arterial+Variations+in+Man:+Classification+and+Frequency&hl=fa&sa=X&ved=2ahUKEwjgibr30PvzAhVTlFwKHYKLADAQ6AF6BAgEEAI
https://books.google.com/books?id=SbxqAAAAMAAJ&q=Arterial+Variations+in+Man:+Classification+and+Frequency&dq=Arterial+Variations+in+Man:+Classification+and+Frequency&hl=fa&sa=X&ved=2ahUKEwjgibr30PvzAhVTlFwKHYKLADAQ6AF6BAgEEAI
https://doi.org/10.1002/ar.1090700303
https://doi.org/10.1111/ahe.12477
https://doi.org/10.1111/ahe.12477
https://www.ncbi.nlm.nih.gov/pubmed/31441103
https://doi.org/10.22456/1679-9216.89371
https://doi.org/10.1111/j.1439-0264.2003.00498.x
https://www.ncbi.nlm.nih.gov/pubmed/14651485
https://doi.org/10.11606/issn.1678-4456.bjvras.2016.82794
https://doi.org/10.11606/issn.1678-4456.bjvras.2016.82794


84

Summer & Autumn 2021, Volume 18, Number 2

ing from aortic arch in the chinchilla (Chinchilla lanigera). 
Anatomia, Histologia, Embryologia. 2008; 37(2):131-3. 
[DOI:10.1111/j.1439-0264.2007.00808.x] [PMID]

[18] King AS, McLelland J. Birds: Their structure and function. 
2nd edition. London: Baillière Tindall; 1984. https://www.
worldcat.org/title/birds-their-structure-and-function/
oclc/12463465

[19] Baumel JJ, King AS, Breazile JE, Evans HE, Vanden Berge 
JC. Handbook of avian anatomy: Nomina anatomica avi-
um. Cambridge: Nuttall Ornithological Club; 1993. htt-
ps://books.google.com/books?id=whqeMQEACAAJ&dq

[20] Alcock NH. On the vascular system of the chiroptera. In: 
Zoological Society of London, editor. Proceedings of the 
Zoological Society of London. Harlow: Longmans, Green 
and Co; 1898. p. 58-81. https://www.biodiversitylibrary.
org/item/97095#page/124/mode/1up

[21] Hyttel P, Sinowatz F, Vejlsted M, Betteridge K. Essentials 
of domestic animal embryology. Philadelphia: Saunders; 
2010. https://books.google.com/books?id=saTRAQAAQ
BAJ&pg=PR12&dq

Kamali Y & Ghasemi F. Cardiac Vessels Morphology in Egyptian Bat. ASJ. 2021; 18(2), 79-84.

http://anatomyjournal.ir/
https://doi.org/10.1111/j.1439-0264.2007.00808.x
https://www.ncbi.nlm.nih.gov/pubmed/18005370
https://www.worldcat.org/title/birds-their-structure-and-function/oclc/12463465
https://www.worldcat.org/title/birds-their-structure-and-function/oclc/12463465
https://www.worldcat.org/title/birds-their-structure-and-function/oclc/12463465
https://books.google.com/books?id=whqeMQEACAAJ&dq=Handbook+of+avian+anatomy:+Nomina+anatomica+avium&hl=en&sa=X&ved=2ahUKEwim0vzp3fvzAhXNTMAKHb8SCmcQ6AF6BAgKEAE
https://books.google.com/books?id=whqeMQEACAAJ&dq=Handbook+of+avian+anatomy:+Nomina+anatomica+avium&hl=en&sa=X&ved=2ahUKEwim0vzp3fvzAhXNTMAKHb8SCmcQ6AF6BAgKEAE
https://www.biodiversitylibrary.org/item/97095#page/124/mode/1up
https://www.biodiversitylibrary.org/item/97095#page/124/mode/1up
https://books.google.com/books?id=saTRAQAAQBAJ&pg=PR12&dq=Essentials+of+domestic+animal+embryology&hl=fa&sa=X&ved=2ahUKEwjI9Yig2_vzAhXiSzABHWFHCrMQ6AF6BAgEEAI#v=onepage&q&f=false
https://books.google.com/books?id=saTRAQAAQBAJ&pg=PR12&dq=Essentials+of+domestic+animal+embryology&hl=fa&sa=X&ved=2ahUKEwjI9Yig2_vzAhXiSzABHWFHCrMQ6AF6BAgEEAI#v=onepage&q&f=false

