
Turcana is an ancient sheep breed that is one of the 

principal breeds in Romania used for milk, meat, and 

coarse wool. The breed has evolved since prehistoric 

times, principally in the Carpathian Mountains. 

The breed (with a high heterogeneity within the 

breed) belongs to the east European zackel group and 

accounts for up to 70% of the national flock (9). In 

terms of productivity, nowadays a series of cross-

breeds between the local stock and improved breeds 

are constantly tested, combining the genetic ancient 

features of the local breed and improved morphology 

and productivity in order to obtain hybrids with ba-

lanced morphological and productive features (50).

Apart from being farm animals, sheep have been 

proven as a good experimental animals. Important 

fields of studies are biomaterials, immunology (1, 34), 

neurology and behavioural studies (22, 49), genetics 

and evolution (2, 31, 42), or systematic pathology 

(11, 30). A significant share of studies is dedicated to 

vascular system-related investigations (3, 8, 10, 13, 

15, 16, 24-26, 35, 36), as animal models may serve as 

a good starting point for other comparative studies in 

the field of micro and macro morphology.

The common carotid arteries (Arteria carotis co-

mmunis) originate from the cardiac mediastinum, as-

cend the ventral cervical area into the area of the ju-

gular groove to terminate in the cephalic area by bran-

ches that nourish regional cephalic and cervical struc-

tures (36). In small ruminants, the common carotid 

arteries originate from the brachiocephalic trunk in an 

acute angle. In other species, the detachment of the 

left common carotid artery (Arteria carotis communis 

sinister) is cited, followed after a distance by the right 

common carotid artery (Arteria carotis communis dex-

ter) (6). Deep into the parotid region, ventrally to the 

atlantal wing in a retromandibular position, the com-

mon carotid arteries in sheep terminate by the exter-

nal carotid artery(Arteria carotis externa) and the oc-

cipital artery (Arteria occipitalis) (6), where the caro-

tid body and carotid sinus are described as present 

(44). Histological investigations on the structure of the 

arterial wall of the common carotid arteries were pre-

viously reported in the literature for dog, sheep, goat, 

rats, mice, and humans (7, 17, 20, 21, 23, 28, 36, 39, 

47). Structurally, the arterial wall is composed of three 

overlapping tunics: the internal tunic (intima), the mi-

 The present paper deals with the description of 

peculiar structures found within the wall of the 

common carotid artery in the Turcana breed of sheep. 
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 Lucrarea de față abordează particularități ale 

structurilor găsite în peretele arterei carotide comune 

la oile din rasa Țurcană. Scopul este de a aborda o in-

vestigație histologică detaliată prin intermediul me-

todelor de colorare histologică obișnuită, apreciind 

componentele peretelui arterial din zona arterei caro-

tide comune la această rasă primitivă de oaie. Pe baza 

evaluărilor morfologice, la mieii rasei Țurcane artera 

carotidă comună poate fi clasificată ca un tip de vas 

elastic, cu o serie de caracteristici particulare precum 

o membrană limitativă internă evidentă pentru stratul 

intern, existența unui număr ceva mai mare de lamine 

elastice, punți de ancorare interlaminare pentru mede 

și o adventice mai grosă cu un conținut semnificativ de 

țesut elastic. 
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ddle tunic (media), and the external tunic (adventice) 

(19). The internal tunic (intima) is the innermost layer 

that comprises three distinctive components: the en-

dothelium, the subendothelial tissue, and the internal 

limiting membrane (38). The middle tunic consists of 

smooth muscle cells, elastic fibers, and collagenous 

bundles. This layer is separated by the internal tunic 

from the internal limiting membrane and the adven-

tice by an external limiting membrane. According to li-

terature sources (45), the internal limiting membrane 

may serve as a barrier between the vascular endothe-

lial cells and the smooth muscle cells with significant 

input in atherogenesis. Depending on the prevalence 

of the elastic tissue of each tunic, arteries can be 

categorized into elastic or muscular types (19).

The media plays the most important hemodynamic 

role (windkessel function), related to the influence of 

the systolic pressure and turbulent blood flow during 

ventricular systole (18, 19, 32, 33). Series of studies 

demonstrated that an increase in the width of intima 

and media of the common carotid arteries may be a 

predictor of cardiovascular risk in humans (37, 39). 

More than that, a “muscularity index” was devised by 

some authors to compare the relative muscularity of 

arteries within the wall of different branches (12).

The external tunic (adventice) is formed by dense 

connective tissue that embeds fibroblasts, fibrocytes, 

and collagenic fibers. Due to its components, adven-

tice plays an essential function in stabilizing and 

strengthening the arterial wall (19).

The present study aims to approach a detailed his-

tological investigation, assessing the components of 

the arterial wall in the area of the common carotid ar-

tery in this primitive sheep breed, highlighting some 

peculiar features of these components as opposed to 

the standard, well-known description of the arterial 

wall in classic histology sources. The main purpose of 

this study was to investigate the particularities of the 

arterial wall, targeting the minor differential and pecu-

liar aspects of the core structure that was not men-

tioned up until now in the speciality literature.

MATERIALS AND METHODS

The biological material originates from five 3-6 

months old Tsurcana lambs slaughtered for commer-

cial reasons in an approved CE slaughterhouse. The 

procedure is in line with the recommendations of the 

permanent OIE (World Organisation for Animal 

Health) Animal Welfare Working Group for Humane 

slaughter of animals and AVMA Guidelines for the 

Humane Slaughter of Animals. The area of the neck 

was approached immediately for the collection of the 

common carotid samples into special containers with 

preserving fluid. Fragments were immersed in 10% 

formaldehyde solution for a period of three days. A de-

hydration process followed in successive baths of in-

creasing concentration of ethyl alcohol (70%, 96%, 

and absolute), then clarification on N-butanol succe-

ssive baths (1 hour), followed by paraffin inclusion.

Slices of 5 µm were stained with Tricromic Goldner 

(for general aspects) and Verhoeff (for elastic compo-

nent) stains. An Olympus BX41 phase contrast and 

darkfield microscope with a digital Olympus E330 ca-

mera were used for the assessment of the histological 

slides. Further  digital processing was performed with 

Adobe Photoshop and Image-J software packages.

RESULTS AND DISCUSSIONS

Both Verhoeff (Fig. 1) and Tricromic-Goldner (Fig. 

2) staining methods allowed a good identification of 

the three tunics of the arterial wall.

The internal tunic (Fig. 3 and Fig. 4) comprises the 

endothelial cells, the subendothelial connective tissue, 

and the internal elastic lamina. The endothelial cells 

(Fig. 3) appear flattened due to direct contact with the 

blood flow. they seem to be placed in an organized and 

ordered placement onto the entire surface of the sub-

endothelial connective tissue. Structurally, the endo-

thelial layer includes fine meshes of elastic and colla-

genic fibers. Externally, under the subendothelial la-

yer, a continuous elastic stripe makes the internal 

elastic lamina (Fig 3 and Fig. 4). This well-defined la-

yer seems wavy with a pronounced ripple appearance 

and a clear bounding between the internal and middle 

tunic. The middle layer (media) (Fig 5 and Fig 6) was 

easily assessed on both staining methods. The elastic 

fibers, smooth muscle cells, and connective tissue 

were clearly made visible. The elastic laminae (11-13 

in number, depending on the analyzed sample) had a 

circumferential placement. In the internal third, their 

number seemed higher, with a smaller width. The wa-

vy appearance (folding degree) seems slightly re-

duced and less evident when compared to the situa-

tion of the adventicial third of the studied sector. The 

elastic laminae also showed a certain degree of frag-

mentation. In the external third of the media (adven-

ticial) the number of the elastic laminae decreases sig-

nificantly in favour of an accentuated folding degree 

with less fragmentation. 

On Verhoff stained samples, small elastine ancho-

ring fibers sent from the elastic laminae towards the 

interlamellar spaces were made visible. These ancho-

ring fibers seemed sometimes interconnected, crea-

ting bridges between neighbouring laminae. Such a 

situation was noticed both in the intimal and adven-

titial thirds of the media. Another note should be made 

on the interlamellar spaces- in the intimal third, these 

spaces are smaller and less identifiable as opposed to 

those in the adventitial third, that are slightly larger 

and more noticeable.
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The interlamellar space is filled with smooth muscle 

cells and scant connective tissue. The circumferential 

placement of the smooth muscle cells is variable. At 

the level of the internal half of the media, the number 

of the overlapping lining layers was at a maximum of 

3. As we noticed, this number increased to 5 in the 

external (adventiceal) half.

Marginally, the middle tunic is continued with the 

external elastic lamina that is significantly thicker than 

the internal one. More than that, a doubling or even a 

tripling of this layer might be noticed in some seg-

ments of the analyzed arteries (Fig. 6) with a certain 

degree of fenestration (Fig. 4).

The external tunic (Fig. 7 and Fig. 8) is smaller in 

size when compared to the middle tunic. Its main 

components are represented by the connective fibers 

intermingled with reduced small-caliber blood vessels, 

nervous fine bundles, elastic tissue, and smooth mus-

cle fibers. A significant amount of elastic fibers, mainly 

placed in circumferential distribution, can be ob-

served, with a reduced amount of fibers that are either 

obliquely or longitudinally placed. The elastic fibers 

are denser in the internal half part of the tunic but thi-

nner when compared to the outer ones. Correspon-

ding to the fenestrated area of the internal limiting 

membrane, smooth muscular tissue organized as 

bundles reach the core of the adventice. The muscular 

bundles are mainly circumferential, but longitudinally-

oriented fibers are noticeable, too.  

On the basis of the observed structural details, one 

can state the fact that the common carotid artery in 

Turcana lambs can be framed as an elastic artery. Si-

milar data were presented for the common carotid ar-

tery in goat and sheep (39), brachiocephalic trunk in 

Japanese quail (46), and chicken (41), the aorta of 

chinchilla (29), and guinea-pig (4). The same stands 

for the subclavian artery in mini pig (48), and ascen-

ding aorta for dogs (40). Even if the inclusion in the 

category of elastic arteries is quite obvious, it should 

be noted that for this species, there are a number of 

structural formations which make the common carotid 

arteries in the Turcana breed lambs a particular type of 

elastic arteries (17).

The structural details of the internal tunic observed 

by us were similar to the aspects mentioned in the 

case of elastic arteries in sheep (39), goat (38), and 

rat (5). In Turcana specimens, the internal elastic limi-

ting membrane is described as wavy, evident, and ea-

sily identifiable with respect to the rest of the media 

elastic laminae. In the case of the goat aorta (38) this 

segment seems hard to identify (51). In the case of 

large-caliber arteries, in humans, the membrane is 

hard to identify or even missing (27). A similar situa-

tion was also reported in the case of birds (27, 46).

For the internal iliac arteries in the lamb, the lite-

rature also reports cases where the internal elastic 

limiting membrane is discontinuous or even absent 

(43). A low degree of folding (or even the total ab-

sence of folding) is reported in the literature as an ear-

ly change linked to aneurysms in major cerebral arte-

ries in rats (51).

The middle tunic (the largest of three) comprises 

the elastic laminae, smooth muscle fibers, and co-

nnective tissue. The same components were noted for 

goat and sheep (common carotid artery) (39), rat 

(aorta) (5), chinchilla, and Guinea pig (brachiocepha-

lic trunk, aorta) (4, 29). The number of elastic laminae 

observed on our samples was slightly higher than the 

reports found in the literature. It seems that this num-

ber is gradually depending on the caliber of the vessel 
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and the anatomico-topographical distance from the 

hearth (4). The existence of the interlamellar ancho-

ring bridges has been earlier reported in the aortic 

segments in humans and rodents (14). In the light of 

these findings, one can assume the fact that these 

connections play a significant role in maintaining the 

characteristics of the interlamellar spaces, given the 

blood flow pressures within the vascular bed. 

The external tunic follows generally the morpholo-

gical and morphometrical features of the classically-

described adventice for the arteries of the elastic type 

(4, 14, 29). A peculiar aspect has to be mentioned for 

the Turcana examined samples that address the ove-

rall dimensions: significantly higher than in the typical 

elastic arteries with a higher concentration of elastic 

tissue. Also, a certain amount of muscular tissue with 

somehow zonal/regional disposition should be men-

tioned, as described in the previous section.

CONCLUSIONS

On the basis of the morphological characteristics 

earlier described in the case of the common carotid 

samples in Turcana lambs, we can state the framing of 

the arteries into the elastic type, with some particular 

aspects. The interesting feature is represented by the 

existence of the evident internal limiting membrane 

for the internal layer, the existence of a slightly higher 

number of elastic laminae, and the interlaminar an-

choring bridges for the media and a thicker adventice 

with a significant elastic tissue content. The identifica-

tion of these characteristics of the carotid arteries in 

this primitive race may be proof of some of the mor-

phological features that may have been lost as a result 

of changes brought by the improvement and selection 

of the sheep in order to obtain highly-productive co-

mmercially exploited breeds.

Acknowledgements

This project is funded by the Ministry of Research 

and Innovation through Program 1 – Development of 

the National Research and Development System, Sub-

program 1.2 – Institutional Performance –Projects for 

Financing the Excellence in CDI, Contract no. 

37PFE/06.11.2018. Title of the project: “Increasing 

the institutional performance through consolidation 

and development of research directions within the 

USAMVCN”.

Author contributions

CM was the major contributor to the experimental 

design, dissected and harvested the samples, ana-

lyzed data, assisted in all areas of producing the ma-

nuscript, and conducted the overall study, GA drafted 

and wrote the manuscript, partly offered advice in the 

experimental design and analyzed data. R.V, M.V., and 

G.A.F. analyzed data and provided advice and assis-

tance on laboratory work. D.A., S.F., and P.D. provided 

advice on the experimental design. All authors have 

read and approved the final version of this manuscript.

Conflict of interest

The authors declare that they have no conflict of 

interest.

REFERENCES

1. Abecia J.A., (2015), Sheep as an experimental mo-

del: individual housing allowing visual, auditory, 

olfactory and tactile contact is not an obstacle for 

studies involving hormonal interrelationships, 

Scandinavian journal of laboratory animal science, 

41(3):1-9

2. Alberto F.J., Boyer F., Orozco-terWengel P., 

Streeter I., Servin B., de Villemereuil P., 

Benjelloun B., Librado P., Biscarini F., Colli L., 

Barbato M., Zamani W., Alberti A., Engelen S., 

Stella A., Joost S., Ajmone-Marsan P., Negrini R., 

Orlando L., Rezaei H.R., Naderi S., Clarke L., Flicek 

P., Wincker P., Coissac E., Kijas J., Tosser-Klopp 

G., Chikhi A., Bruford M.W., Taberlet P., (2018), 

Convergent genomic signatures of domestication 

in sheep and goats. Nature communications, 9(1): 

813

3. Appleson T., Hill R.V., (2012), Histological compa-

rison of the candidate arteries for bypass grafting 

of the posterior interventricular artery. Anatomical 

Science International, 87(3):150-154

4. Awal M.A., Prodhan M., Kurohmaru M., Matsumoto 

M., Hishinakagawa H., (2001), Microscopic studies 

on the arterial walls of main arteries supplying the 

mammary glands of guinea pig (Cavia porcellus) at 

different reproductive stages. Veterinary Archives 

71(1):19-30

5. Awal M.A., Matsumoto M., Nishinakagawa H., 

(1995), Morphometrical changes of the arterial 

walls of main arteries from heart to the abdomino-

inguinal mammary glands of rat from virgin 

through pregnancy, lactation and post-weaning. 

The Journal of veterinary medical science, 57(2): 

251-256

6. Barone R., (1996), Anatomie comparee des ma-

mmiferes domesticques, Tome cinquieme, Angio-

logie, (Ed.) Vigot Paris, France

7. Bia D., Zocalo Y., Cabrera-Fischer E., Wray S., 

Armentano R.L., (2014), Quantitative analysis of 

the relationship between blood vessel wall consti-

tuents and viscoelastic properties: dynamic bio-

mechanical and structural in vitro studies in aorta 

and carotid arteries. Physiology journal, 2014: 

142421

8. Borović M.L., Borović S., Perić M., Vuković P., 



34                                                                                                                                                                             Rev Rom Med Vet (2021) 31 | 4

Marinković J., Todorović V., Radak D., Lacković V., 

(2010), The internal thoracic artery as a transitio-

nal type of artery: a morphological and morpho-

metric study. Histology and histopathology, 25(5): 

561–576

9. Budai C., Gavojdian D., Kusza S., Cziszter L.T., 

Olah J., Padeanu I., Kovacs A., Javor A., (2013), 

Comparative study regarding reproductive perfor-

mance in Gyimesi racka and Turcana sheep breeds. 

Scientific papers: Animal Science and Biotechnolo-

gies, 46(2)351-356

10. Byron C.D., (2006), Role of the osteoclast in cra-

nial suture waveform patterning. Discoveries in 

molecular, cellular, and evolutionary biology, 288 

(5):552-563

11. Chevrier A., Nelea M., Hurtig M.B., Hoemann C.D., 

Buschmann M.D., (2009), Meniscus structure in 

human, sheep, and rabbit for animal models of me-

niscus repair. Journal of orthopaedic research: offi-

cial publication of the Orthopaedic Research So-

ciety, 27(9):1197-1203

12. Conley D., Hurst P.R., Stringer M.D., (2010), An 

investigation of human jejunal and ileal arteries. 

Anatomical science international, 85(1):23-30

13. Cumming G., Fidler F., Vaux D.L., (2007), Error 

bars in experimental biology. The journal of cell 

biology, 177(1):7-11

14. Dingemans K.P., Jansen N., Becker A.E., (1981), 

Ultrastructure of the normal human aortic media. 

Pathological anatomy and histology, 392(2):199-

216

15. Farraha M., Lu J., Trivic I., Barry M.A., Chong J., 

Kumar S., Kizana E., (2020), Development of a 

sheep model of atrioventricular block for the appli-

cation of novel therapies. PloS one, 15(2):e0229092

16. Fonseca D.A., Antunes P.E., Antunes M.J., Cotrim 

M.D., (2019), Histomorphometric analysis of the 

human internal thoracic artery and relationship 

with cardiovascular risk factors. PloS one, 14(1): 

e0211421

17. Gabella G., (1995), Complex structure of the com-

mon carotid artery of sheep. The Anatomical re-

cord, 243(3):376-383

18. Giavini E., (1980), Hemodynamic factors in normal 

and abnormal cardiovascular morphogenesis in 

vertebrates. Bollettino di zoologia, 47(3-4):303-

312

19. Holzapfel G.A., Gasser T.C., Ogden R.W., (2000), 

A new constitutive framework for arterial wall me-

chanics and a comparative study of material mo-

dels. Journal of elasticity and the physical science 

of solids, 61:1-48

20. Janzen J., (2004), The microscopic transitional 

zone between elastic and muscular arteries. Ar-

chives des maladies du coeur et des vaisseaux, 

97(9):909-914

21. Lacolley P., Challande P., Boumaza S., Cohuet G., 

Laurent S., Boutouyrie P., Grimaud J.A., Paulin D., 

Lamazière J.M., Li Z., (2001), Mechanical proper-

ties and structure of carotid arteries in mice lacking 

desmin. Cardiovascular research, 51(1):178-187

22. De Las Heras Guillamón M., Borderías Clau L., 

(2010), The sheep as a large animal experimental 

model in respiratory diseases research. Archivos 

de bronconeumologia, 46(10):499-501

23. Lindner V., Fingerle J., Reidy M.A., (1993), Mouse 

model of arterial injury. Circulation research, 

73(5):792-796

24. Majesky M.W., (2002), Mouse model for athero-

sclerotic plaque rupture. Circulation, 105(17): 

2010-2011

25. Majesky M.W.,(2007),Developmental basis of vas-

cular smooth muscle diversity. Arteriosclerosis, 

thrombosis, and vascular biology, 27(6):1248-1258

26. Majesky M.W., (2015), Adventitia and perivascular 

cells. Arteriosclerosis, thrombosis, and vascular 

biology, 35(8):e31-e35

27. Martins D.M., Lima A.R., Pinheiro L.L., Brígida S.S., 

Araújo E.B., Melul R., Lacreta Júnior A.C.C., 

Meneses A.M.C., Souza A.C.B., Pereira L.C., 

Fioretto E.T., Branco É., (2010), Descricao morfo-

logica dos ramos colateralis do arco aortico e suas 

principais ramificacoes em Leopardus pardalis. 

Acta veterinaria brasilica, 4(2):74-77

28. Martins M.R.F.B., Pinto e Silva C.J.R., Martins B.B., 

(2010), Contribution to the study of aortic mural 

structure of opossum (Didelphis albiventris). In-

ternational journal of morphology, 28(1):277-282

29. Martonos C.O., Gudea A.I., Damian A., Miclăuș V., 

Rus V., Stan F.G., (2019), Some segmental mor-

phological and morphometrical features of the in-

tima and media of the aortic wall in Chinchilla la-

nigera. Folia morphologica, 78(4):729-737

30. McLain R.F., Yerby S.A., Moseley T.A., (2002), 

Comparative morphometry of L4 vertebrae: 

comparison of large animal models for the human 

lumbar spine. Spine, 27(8):E200-E206

31. McManus C., Paiva S.R., De Araújo R.O., (2010), 

Genética e melhoramento de ovinos no Brasil. Re-

vista brasileira de zootecnia, 39(Suppl1), 236-246

32. Mello J.M., Orsi A.M., De Souza Domingues R.J., 

Molinari  S.L., De Araujo A.M.M., (2009), Arqui-

tetura da parede vascular de segmentos torácico e 

abdominais da aorta de macaco prego (Cebus ape-

lla), Brazilian journal of veterinary research and 

animal science, 46(1):40-47

33. Mello J.M., Orsi A.M., Padovani C.R., (2004), 

Structure of the aortic wall in the guinea pig and 

rat, Brazilian journal of morphological sciences, 21 

(1):35-38

34. Miyasaka M., Trnka Z., (1985), Sheep as an expe-

rimental model for immunology: immunological 



Rev Rom Med Vet (2021) 31 | 4                                                                                                                                                                             35

techniques in vitro and in vivo, In: Lefkovits I. & 
stPernis B., Immunological methods, vol. III, 1  ed., 

(Ed.) Academic Press, Cambridge, Massachusetts, 

USA, 403-423

35. Naqvi T.Z., Lee M.S., (2014), Carotid intima-me-

dia thickness and plaque in cardiovascular risk a-

ssessment. JACC. Cardiovascular imaging, 7(10): 

1025-1038

36. Nowrozani F.R., Zareiyan B., (2011), A 

microscopic study of the external carotid artery 

transitional zone of the adult male dog. Journal of 

applied animal research, 39(4):406-411

37. O'Leary D.H., Polak J.F., Kronmal R.A., Manolio 

T.A., Burke G.L., Wolfson S.K., (1999), Carotid-

artery intima and media thickness as a risk factor 

for myocardial infarction and stroke in older adults. 

Cardiovascular Health Study Collaborative Re-

search Group. The New England journal of me-

dicine, 340(1):14–22

38. Ogeng'o J.A., Malek A.A., Kiama S.G., (2010), 

Structural organisation of tunica intima in the aorta 

of the goat. Folia morphologica. Via medica, 69(3): 

164-169

39. Parchami N., Dehkordi R.A.F., Derakhshan A., 

(2009), Comparative histomorphometric study of 

the common carotid artery and its terminal bran-

ches in sheep and goats. Bulgarian journal of vete-

rinary medicine, 12:165-170

40. Prodan M.A., (2001), Histological studies on the 

arterial walls of main arteries supplying the 

mammary glands of dogs (Canis familiaris) in Ban-

gladesh, Pakistan journal of biological sciences, 

4(12):1568-1571

41. Rahmanifar F., Firouzi S., Sharafi M., Habibi H., 

Gorjizadeh S., (2014), Histomorphometric study 

of the left and right brachiocephalic arteries in di-

fferent ages of chicken (Gallus domesticus). Com-

parative clinical pathology, 23(2):393-396

42. Rocha J., Chen S., Beja-Pereira A., (2011), Molecu-

lar evidence for fat-tailed sheep domestication. Tro-

pical animal health and production, 43:1237-1243

43. Rus V., Ruxanda F., Ratiu C., Gal A., Miclăuș V., 

(2015), Discontinuous elastic lamine in the inter-

nal iliac artery in lamb. Bulletin of University of 

Agricultural Sciences and Veterinary Medicine Cluj-

Napoca. Veterinary Medicine, 72(2):260-262

44. Sadik A.H., Al-Shaikhly A.K., Khamas W.A., 

(1993), Anatomic location of the carotid body and 

carotid sinus in sheep and goats. Small ruminant 

research, 12(3):371-377

45. Sandow S.L., Gzik D.J., Lee R.M.K.W., (2009), 

Arterial internal elastic lamina holes: Relationship 

to function? Journal of anatomy, 214(2):258-266

46. Shariati S., Rahmanifar F., Tamadon A., (2015), 

Histomorphometric study of brachiocephalic artery 

of Japanese quail. Veterinary research forum  : an 

international quarterly journal 6(3):185-190

47. Smardencas A., Birchall I., (2011), Morphological 

changes in ovine carotid artery wall induced by cold 

storage. Cell transplantation, 20(10):1603-1620

48. Tanigawa M., Adachi J., Mochizuki K., (1986), His-

tological study on the arterial wall of Göttingen mi-

niature swine, Jikken dobutsu. Experimental ani-

mals, 35(1):35-45

49. Turner A.S., (2001), Animal models of osteoporo-

sis - Necessity and limitations. European cells & 

materials, 1:66-81

50. Vlaic A., Nagy B., Vlaic B., Mireșan V., Banyai F., 

(2009), Results concerning the fattening perfor-

mances and carcass traits in young sheep hybrid 

Norwegian White x Turcana and Turcana Breed. 

Bulletin UASVM Animal Science and Biotechnolo-

gies, 70(1):19-23

51. Yamazoe N., Hashimoto N., Kikuchi H., Hazama F., 

(1990), Elastic skeleton of intracranial cerebral a-

neurysms in rats. Stroke, 21(12):1722-1726.


