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A total of eight samples of the esophagus of local breed dogs are used to investigate the
histochemical features of the esophagus. The specimens are processed according to paraffin
embedding technique protocols and the tissue sections are stained with hematoxylin and
eosin, and masons trichrome combined with Alcian blue (pH2.5)-PAS. The esophagus folds

Keywﬁrds the mucosa which is covered by keratinized to non-keratinized stratified squamous
Esi‘g’t% Gg?csal epithelium which contains numerous excretory common ducts of esophageal glands. The
Histochemical epithelial thickness of cervical, thoracic and abdominal parts of the esophagus are
Dog 221.95+3.41um, 212.46+5.38 um, and 173.15+4.09 um respectively. The lamina propria of

the cervical part of the esophagus lacks the muscularis mucosa, while the muscular mucosa
o - in the thoracic part of the smooth muscles appears as scattered interrupted bundles. The

orrespondence:

D.A. Abood esophageal glands are a type of compound tubular mucoserous constructed of the

predominated mucous alveoli and little serous acini. When combined with Alcian blue
(pH2.5)-PAS stain, the esophageal glands show strong acidic mucopolysaccharides within
the mucous alveoli and light blue color within serous acini that denote weak acidic zymogen
granules. Tunica muscularis is striated muscle fibers in cervical and thoracic parts and
smooth in the abdominal part of the esophagus. The measured thickness of tunica muscularis
of cervical, thoracic and abdominal parts are 568.76+6.90 um, 703.29+7.54um, and
338.98+7.26 pum respectively.
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Introduction

Canis familiaris dogs are domesticated animals that
belong to the ancient miss wolf which is characterized by an
elevating tail. This dog species belongs to the genus Canis,
derived from an old wolf (1,2). Many esophageal diseases
can affect these dogs; stricture, vascular ring anomaly, and
external body (3,4). Affected with megaesophagus is
regarded as a prognosis for many disorders resulting in
neuromuscular dysfunction (4). The esophageal disorder
leads to many clinical symptoms such as weight loss,
regurgitation, and chest pain. Esophageal achalasia results
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from missing peristalsis that leads to the dilation of the
organs, and at the same time, the cardia sphincter fails to
respond normally to swallowing (5). The esophagus is a
connection tube between the oral cavity and the stomach that
passes the food easily. It is a hollow organ composed of four
tunicates: mucosa, submucosa, muscularis externa, and
adventitia (6,7). The cytoarchitecture of the esophagus
differs according to various animal species, types of food,
and behaviors. Numerous studies describe the morphological
and histological structure of the esophagus in different
animal species such as (6,7) in hummed camels, (8) in lamas
(Lama glama), (9) in dogs, and (10) in a comparative study


http://www.vetmedmosul.com/
mailto:dhyaa.ab@covm.uobaghdad.edu.iq
https://vetmedmosul.com/article_174680.html
http://creativecommons.org/licenses/by/4.0/
https://en.wikipedia.org/wiki/Domestication
https://en.wikipedia.org/wiki/Pleistocene_wolf
https://en.wikipedia.org/wiki/Canis
https://en.wikipedia.org/wiki/Origin_of_the_domestic_dog
https://en.wikipedia.org/wiki/Pleistocene_wolf
https://orcid.org/0000-0001-9768-3749
https://orcid.org/0000-0001-6154-6785
https://orcid.org/0000-0001-5619-2900

Iragi Journal of Veterinary Sciences, Vol. 36, No. 4, 2022 (1069-1074)

of the histological structure of the esophagus in different
mammals. The current study aims to investigate the main
features of the esophagus in local breed dogs.

Materials and methods

Ethical approval

The design of the present study was approved by the
Animal Care and Use Committee at the College of
Veterinary Medicine, University of Baghdad. Baghdad, Iraq.

Animal preparation

A total of eight samples of the esophagus of adult dogs
were used for this study at the Department of Anatomy at the
College of the Veterinary Medicine / University of Baghdad.
The samples of the esophagus were obtained from many
surgical hopeless cases of accidents from the Department of
Surgery. The esophagus was removed from the cadaver, the
tissue specimens were taken from cervical, thoracic and
abdominal parts, and the esophagus was washed up with a
normal saline solution (0.9%) and fixed by 10% buffered
formalin saline for 48 hours. The tissue specimens were
processed according to the paraffin embedding technique
protocol (58-60C°) and the tissue was sectioned at 5-6um by
rotary microtome. The tissue sections were stained with
Hematoxylin and Eosin, Masson’s trichrome, and combined
with Alcian blue (2.5pH) and PAS stain (11,12). The tissue
sections were examined and photographed by Olympus
microscope SC 35 camera. The thickness of the tunica of
each esophageal part was analyzed and scored using the Fiji
image analyzer system (13).

Results

The results reveal that the esophagus in local breed dogs
is composed of four tunicates: mucosa, submucosa,
muscularis, and adventitia (Figure 1). The tunica mucosa of
the cervical and thoracic parts of the esophagus has very
thick layers showing numerous huge mucosal folds covered
by very thick keratinized or non-keratinized stratified
squamous epithelium which contain numerous excretory
common ducts of the esophageal gland. In the cervical part,
this epithelium reveals a very thick superficial cell layer of
parakeratosis (Figures 2 and 3). The abdominal part of the
esophagus displayed a very thick wall and had a narrow
lumen. Its mucosa showed a few low epithelial folds which
were covered by non-keratinize stratified squamous
epithelium (Figure 4). The epithelial height or thickness of
the cervical, thoracic, and abdominal parts were 221.95+3.41
pm, 212.46+5.38 um, and173.15+4.09 um respectively.

The current study reveals that the lamina propria of the
cervical part of the esophagus is merged with the tunica
submucosa due to the absence of muscularis mucosa which
is composed of dense irregular collagenous connective

showing little scattered groups of esophageal glands (Figures
2 and 5). At the same time, the thoracic part of the smooth
muscles of muscular mucosa appeared as scattered bundles
(Figure 3).

Figure 1: Cross section of esophagus- cervical region (Dog)
shows (Black arrow) mucosal fold, (Asterisk) epithelium,
(Red arrow) fibrous tissue, (S) submucosa, (Blue double
arrow) thick inner longitudinal layer, (Red double arrow)
middle circular layer of striated muscle fibers of tunica
muscularis. H&E stain 4x.
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Figure 2: Section of mucosa of esophagus at cervical region
(Dog) shows (Asterisk) non-keratinize stratified squamous
epithelialis, (Black arrow) common duct of esophageal
gland, (S) submucosa, (Red arrows) submucosal esophageal
mucous glands. H&E stain 10x.
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Figure 3: Section of mucosal fold of esophagus-Thoracic
region (Dog) shows: (E) thick stratified squamous
epithelium, (Black arrows) para keratinized layer, (L)
scattered bundles of smooth muscle of muscularis mucosa
(Red arrow). H&E stain 10x.

Figure 4: Section of esophagus -abdominal region (Dog)
shows: (E) epithelial folds, (L), non-glandular fibrous lamina
propria, (M) tunica muscularis. H&E stain 4x.

In local breed dogs, the esophageal glands are compound
tubular mucoserous type constructed of numerous
predominated large mucous alveoli and little serous acini
which are surrounded by a demilune-like mucus (Figure 6).
With the combination of Alcian blue (pH2.5)-PAS stain, the
esophageal glands reveal dark bluish color denoting strong
acidic mucopolysaccharide within the mucous alveoli and
light blue color within serous acini that show weak acidic
zymogen granules (Figure 7).
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Figure 5: Section of mucosa and submucosa of esophagus at
cervical region (Dog) shows (K) keratinize layer of (E)
stratified squamous epithelialis, (C) collagen bundles of
lamina propria, (Black arrow) mucous alveolus (Red arrow)
serous acini of esophageal gland, and (S) submucosa.
Masson’s trichrome stain 10x.

&

Figure 6: Section of compound tubular mucoserous gland-
esophagus (Dog) shows (M) mucous alveoli, (D) duct, (S)
mixed serous acinus, (Black arrows) mucous demulon, (Red
arrow) myoepithelial cells. H&E stain 40x.

The tunica muscularis of the esophagus at the cervical
and thoracic parts composes of three layers: thick inner
longitudinal, thick middle circular, and very thin outer
longitudinal layers of striated muscle fibers (Figure 8). On
the other hand, the muscularis of the esophagus in the
abdominal part is composed of two layers: very thick inner
circular smooth muscle fibers and very thick outer layer
bundles of smooth muscle fibers (Figure 9). The thickness of
the tunica muscularis of cervical, thoracic and abdominal
parts are 568.76+6.90 um, 703.29+7.54 pum, and
338.98+7.26 um respectively.
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Figure 7: Section of esophageal glands (Dog) shows (Black
arrows) mucous alveoli secreted acidic mucopolysaccharide
and (Red arrows) serous acini secreted acidic zymogen
granules. Combine Alcian blue (pH 2.5)-PAS stain 40x.

Figure 8: Cross section of esophagus- cervical region (Dog)
shows (Blue double arrow) thick inner longitudinal layer,
(Black double arrow) middle circular layer and (Green
double arrow) thin outer longitudinal layer of striated muscle
fibers of tunica muscularis. H&E stain 4x.

1072

Figure 9: Cross section of esophagus- abdominal region
(Dog) shows (Arrow) loose connective tissue covered by
mesothelium of tunica serosa, (I) thick inner circular layer
and (O) thin outer longitudinal layer of smooth muscle fibers
of tunica muscularis. H&E stain 4x.

Discussion

In local breed dogs, the esophageal mucosa is thick and
folded at the cervical and thoracic parts and is covered with
very a thick keratinized to non-keratinized stratified
squamous epithelium, while the abdominal part of the
esophagus has a thick wall and covered by non- keratinize
stratified squamous epithelium. The non-keratinized
esophageal epithelium is recorded by Berghes et al. (14) in
Guinea pigs, and by Devi (15) in humans and dogs. The
keratinized type is seen in small ruminants (15,16) and
Guinea pigs (17). The current results reveal that the
epithelium is very thick in the upper two-thirds of the
esophagus which is similar to that reported by Kadhim (18)
who mentions that the cervical part of the esophagus of Grey
Mongoose has the thickest epithelium composed of 8-12 cell
layers, while in the thoracic part of the esophagus is 6-8 cell
layers, and at the abdominal part, the epithelium is composed
of 4-6 cell layers. Also, in Agouti (19) and the study results
in goats, the epithelium is thicker in the thoracic part
417.5+42.11 pm as compared to a cervical portion
337.2434.4 ym, and the abdominal closed rumen 308.7+27.2
pm. the variance in thickness can be related to the natural
carnivore's hard diet. In humans, the thickest epithelium of
the esophagus is in the upper part and characterized by
numerous peg-like protrusions of the lamina propria
indenting the epithelium (15). The current study suggests that
the peg-like protrusions of the lamina propria are connected
to the gland duct system. The esophagus of the local breed
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dogs displays numerous longitudinally oriented mucosal
folds which are similar to that mentioned by Davi (15).
Similarly, the esophagus in one-humped camels shows
smooth mucosa with no folds (7). The mucosal folds in
carnivores are related to the protection from damage by hard
food. On the other hand, this feature allows expansion as the
food goes down to the stomach (20,21).

The current study of the lamina propria of the cervical
part of the esophagus reveals the absence of the muscularis
mucosa, while in the thoracic part, the muscular mucosa
appears as scattered bundles. similarly, the muscularis
mucosa of Grey Mongoose esophagus which is thinly
scattered interrupted smooth muscle fibers becomes thick in
the middle part of the esophagus (18). It forms an interrupted
single layer of smooth muscles in goats (16) and buffalo (22),
while the muscular mucosa is prominent along the entire
length of the esophagus of agouti (19). However, in dogs, the
muscularis mucosa is a smooth muscle fiber layer in the
caudal part of the esophagus only. Ali et al. (23) refers to the
presence of the muscularis mucosae in the caudal part of
camels. Meanwhile, Hussein et al. (7) records that in one-
humped camels, the muscularis mucosa is extended along the
entire length of the esophagus.

In local breed dogs, the esophageal glands are compound
tubular mucoserous types constructed of numerous
predominated mucous alveoli and little serous acini and
surrounded by demilune-like mucus. These glands are
mentioned by Hussein, et al (7) in one-humped camels. The
esophagus which is of purely mucous type is characterized
by marked and massive esophageal glands distributed along
the entire length of one-humped camels. such mucous
glandular tissue is also observed in dogs (24,25). Similarly,
it is recorded in Grey Mongoose (18), in Guinea pigs (14), in
goats (16), in sheep and oxen (22). The esophageal glands
are not observed at any level of the esophagus. The
esophageal glands in the esophagus are related to the
regurgitation reflex present in canines. The mucus secretion
may have a protection aid for the mucosa against the acid pH
in carnivores’ stomachs. The mucous secretion forms a
protective barrier for the esophageal mucosa (10). The
lamina propria of the entire length of the esophagus lacks
glandular tissue. The results of the present study reveal that
the esophageal glands combined with Alcian blue (pH2.5)-
PAS stain show dark bluish color which denotes strong
acidic mucopolysaccharide within the mucous alveoli and
light blue color within serous acini that shows weak acidic
zymogen granules. The differences in the secretion of the
esophageal gland are associated with the type and food habits
of camels unlike those in carnivores. In the esophageal
stomach junction, there are simple tubular serous and
mucous esophageal glands. These glands are located in
lamina propria and few of them extend into the submucosa.
They are located at the site of epithelial changing from
squamous to the columnar epithelia (18). In local breed dogs,

1073

the muscularis externa of the esophageal cervical and
thoracic parts is composed of striated muscle fibers, while
the muscularis externa at the abdominal part is composed of
two layers of smooth muscle fibers. These results are
relatively similar to the tunica muscularis of cervical and
thoracic parts of the esophagus of Grey Mongoose which is
composed of inner circular and outer longitudinal layers of
striated muscle fibers measured as 170 um and 200 pm in
thickness, and turn into smooth muscle fibers in the caudal
part of 315 um thickness (18). These results are also similar
to the tunica muscular of the esophagus humans (15).
However, the current results disagree with those seen in
esophagus of one-humped camel (7) dogs (15). Naghani and
Andi (26) who state that the tunica muscularis of the
esophagus is entirely composed of a striated type of muscle.
On the other hand, the tunica muscularis of agouti is made
up of inner circular and outer longitudinal smooth muscle
fibers (19). In horses and pigs, the muscularis consists of two
layers that appear as an obliquely striated muscle in the
cervical part of the esophagus, turn into a spiral pattern in the
thoracic part and are arranged into an inner circular and an
outer longitudinal layer of smooth muscle in the abdominal
part. In ruminants, the muscularis is a striated type
throughout the length of the esophagus (21). In Guinea pigs,
the muscle layer is a striated type that turns into a smooth
type close to the stomach in order to form the gastric
sphincter (14). In goats, the tunica muscularis takes the form
of a thick inner circular and a thinner outer longitudinal layer
of striated skeletal muscles (16).

Conclusion

The studied esophagus shows considerable histological
similarities with that in the other mammals which makes this
species reliable as an experimental model for digestive tests
and investigations.

Acknowledgment

The authors would like to acknowledge Mr. Muoaid Fadil
and the staff assistants in the laboratory of histological
techniques at the Department of Anatomy, Histology and
Embryology- College of Veterinary Medicine/the University
of Baghdad.

Conflict of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this manuscript.

References

1. Ostrander EA, Wang GD, Larson GM, Davis BW, Jagannathan V, Hitte

C, Wayne R, Zhang YP. Dog 10 K: An international sequencing effort



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Iragi Journal of Veterinary Sciences, Vol

to advance studies of canine domestication, phenotypes, and health. Nat

Sci Rev. 2019;6(4):810-824. DOI: 10.1093/nsr/nwz049

Freedman AH, Wayne RK. Deciphering the origin of dogs: From fossils

to genomes. Ann Rev Anim Bio Sci. 2017;5: 281-307. DOI:

10.1146/annual-animal-022114-110937

Birchard SJ, Sherding RG. Diseases of the esophagus and disorders of

swallowing. Saunders Manual of Small Animal Practice, 3rd ed.

saunders Inc, St Louis;2006.636-654p.

Nelson RW, Couto CG. Disorders of the Oral Cavity, Pharynx, and

Esophagus. 4" ed. St. Louis: Mosby Inc; 2009. 414-426 p.

Howard B, Gelber G. Comparative anatomy, physiology, and

mechanisms of disease production of the esophagus, stomach, and

small  intestine.  Toxicol  Pathol.  2014;42:54-66. DOl:

10.1177/0192623313518113

Adeyanju JB, Umar AA, Umaru MA, Shehu SA, Hena SA.

Histomorphological studies of the prenatal development of esophagus

of one-humped camel (Camelus dromedarius). Sci J Agri.

2012;1(4):100-104. [available at]

Hussein AJ, Cani MM, Hussein DM. Anatomical and histological

studies of esophagus of one-humped camel (Camelus dromedarius).

MRVSA. 20161;5:11-18. [available at]

Sukon P, Timm KI, Valentine BA. Esophageal anatomy of the Llama

(Lama glama). Inter J Morphol. 2009;27(3):811-817. DOI:

10.4067/S0717-95022009000300028

Mahmood HB. Histological study of the esophagus in dogs and rabbits.

J Kerbala Uni. 2017;15(3):55-62. [available at]

Shiina T, Shimizu Y, lzumi N, Suzuki Y, Asano M, Atoji Y, Mikami

H, Takewaki T. A comparative histological study on the distribution of

striated and smooth muscles and glands in the esophagus of wild birds

and mammals. J Vet Med Sci. 2005;67(1):115-7, DOIL:

10.1292/jvms.67.115

Muhamad SA, Ali OJ, Abbas BT, Marif HF, Sulaiman RR, Ali BM,

Raza DA, Ali HH, Ahmad A. Retrospective study of fracture cases

managed in the veterinary teaching hospital;181 cases (2014-2018).

Iraqgi J Vet Sci. 2021;35(1):23-31. DOl:

10.33899/ijvs.2020.126228.1266.

Bancroft JD. Marilyn G. Theory and practice of histological techniques.

1% ed. London: Elsevier Limited; 2008. 168-173 p.

Suad KA, Al-Shamire JSH, Dhyaa AA. Histological and biochemical

evaluation of supplementing broiler diet with B-hydroxy-methyl

butyrate calcium (B-HMB-Ca). Iranian J Vet Res. 2018;19(1):27-34.

DOI: 10.1371/journal.pone.0260923.

Berghes C, Tanase P, Parvu M, Dinu C, Cuca D. Contributions to the

study of the esophagus and stomach morphology in guinea pig. Sci

Anim Sci Biotechnol. 2011;44(2):150-154. [available at

Devi YD. Comparative histological study of the oesophagus of

mammals. J Res Med Den Sci. 2021;9(7):397-399. [available at
Kumar PA, Mahesh R, Kumar P. Histological architecture of
esophagus of goat (Capra hircus). Haryana Vet. 2009;48(29): 32.
available at

Mohammadpour A, Darvishzadeh M. Histological and histometrical

study of esophagus in rabbit and guinea pig. J Vet Res Bio Prod.

2014;27(2):52-59. DOI: 10.22092/vj.2014.100987

Mahmood HB, Kadhim KK. Histomorphology and histochemical study

of esophagus and stomach in grey mongoose (Herpestes edwardsii) in

Irag. Indian J Nat Sci. 2019;9(52):16458-16475. [available at

Garcia GW, Baptiste QS, Adogwa AO, Kakuni M, Arishima K, Makita

T. The digestive system of the agouti (Dasyprocta leporina)-gross

anatomy and histology. Japanese J Zoo Wildlife Med. 2000;5(1):55-66.

DOI: 10.5686/jjzwm.5.55

Samadi F, Levine MS, Rubesin SE, Katzka DA, Laufer I. Feline

esophagus and gastroesophageal reflux. Am J Roentgenol.

2010;194:972-976. DOI: 10.2214/AJR.09.3352

Fails AD, Magee C. Anatomy and physiology of farm animals. NY:

John Wiley and Sons; 2018. 380 p.

. 36, No. 4, 2022 (1069-1074)

22. Goetsch E. The structure of the mammalian esophagus. Am J Anal.
1910;10:1-40. DOI: 10.1038/gimo6

23. Ali MN, Byanet O, Salami SO, Imam J, Maidawa S. Umosen AD,
Nzalak JO. Gross anatomical aspect of gastrointestinal tract of the wild
African giant rat (Cricetomys gambianus). J Sci Res Essay.
2008;3(10):518-520. [available at

24. Jamdar MN, Ema AN. The submucosal glands and the orientation of
the musculature in the oesophagus of the camel. J Anat.
1982;135(1):165-171. [available at

25. Rus V, Ruxanda F, Ratiu C, Gal AF, Miclaus V. The presence and
significance of the esophageal glands in the abdominal esophagus in
dog. Ann RSCB. 2016;20(2):11-14. DOI: 10.ANN/RSCB-2016-
0011:RSCB

26. Naghani ES, Andi MA. Some Histological and histochemical study of

the esophagus in one-humped camel (Camelus dromedaries). Glob
Vet. 2012;8(2):124-127. [available at

dilbaS Ay A Ay

AUl (B g pall

dlaall
Oy Jaal 5 '3 Camall ae plada M3l Glaslu dana
3 3aa

g A calary calaky Aaala o hanl) Calal) A0S i) 5 g il g 3
Bl dualall (daldl) daala c‘t‘g)kg\,\l\ culall A4S c:ﬁ;.m.'\;\]‘} @)‘Aﬂ\

1074

Aadyal)
48yl Sl g Adadl) (OIS (5 50 (g0 e el Al ) padiod
ey yalall i il jpant i (g pall dpmnsil) Ailae KU il
O ¥ 5 Ol Slasell Arpay Lpnill adalial) Ciiiay Gl all
da ) (Y,0 i gonell Oaf) Ol drsa s ¢ sulall dasa s
b e all halaall AR o il a0 Y (i Aarna ae
e Alhaall 485 123 leday e dpkalie il (e (5S35 S)
aall &t I 518 58 (e dae o g giad CailS 5 4 jEe
ssall Sl 5 (5 jaally Al ;MBJL@H\&M&.\.&,&@)A\
5 siesSle OYAL YVY,ET 5 ey Sile T,E)£YYY,40
W o gl cps Ml e e Sie £,09 £IVYY, Ve
Ly Aplalaall Alimal) dadall (he A (o yall Jial) ¢ jall Lbaladll
B‘)..ﬁ.me‘);d&i‘sic cwdhéﬂgjw\cﬁ\ﬁ
55V S all g sl (e A OIS e g yall 22 of il el
o Ol B aladialyy sl s JLalad) 51 aY) <l Lalisal)
aawie Aplaliall 3100 (5 48 acmala Jo i aaal) sl () s
saall leadl) Fliut) edad Laiy ddalaall Cblay sl & ey <)
Lla OOlae (e Lliaal) A ST Camia daals Jeli
@L,\S\ cﬂ\@@;gﬂé)maﬂjélﬂ\ c‘)a.“ggﬂ\.kku
i) ¢ 3all Ll mall AR claws aly 5 elide o mall () oS5 6.5 5l
V06V ¥, Y 5 ey Sile 1,30 £0TA Y iladl g (5 aall
sl e ey Sl Vo YTETYAL A4 5 sias S


http://www.doi.org/10.1093/nsr/nwz049
https://doi.org/10.1146%2Fannurev-animal-022114-110937
http://www.doi.org/10.1177/0192623313518113
https://www.academia.edu/2554882/HISTOMORPHOLOGICAL_STUDIES_OF_THE_PRENATAL_DEVELOPMENT_OF_OESOPHAGUS_OF_ONE_HUMPED_CAMEL_Camelus_dromedarius_
https://doaj.org/article/%201a42cca%20926c2%204d5491a%2076e35dfc2dc10
http://dx.doi.org/10.4067/S0717-95022009000300028
https://www.iasj.net/iasj/article/132039
https://doi.org/10.1292/jvms.67.115
http://dx.doi.org/10.33899/ijvs.2020.126228.1266
http://dx.doi.org/10.1371/journal.pone.0260923
https://docplayer.net/21339403-Contributions-to-the-study-of-the-esophagus-and-stomach-morphology-in-guinea-pig.html
https://www.jrmds.in/articles/comparative-histological-study-of-the-oesophagus-of-mammals-82347.html
https://www.luvas.edu.in/haryana-veterinarian/download/havert2009/hv2009-7.pdf
https://dx.doi.org/10.22092/vj.2014.100987
https://www.researchgate.net/publication/330997265_Histomorphology_and_Histochemical_Study_of_Esophagus_and_Stomach_in_Grey_Mongoose_Herpestes_edwardsii_In_Iraq
http://www.doi.org/10.5686/jjzwm.5.55
https://doi.org/10.2214/ajr.09.3352
http://www.doi.org/10.1038/gimo6
http://www.academicjournals.org/SRE%20ISSN%201992-2248
https://pubmed.ncbi.nlm.nih.gov/7130050/
http://www.doi.org/10.ANN/RSCB-2016-0011:RSCB
http://www.doi.org/10.ANN/RSCB-2016-0011:RSCB
https://www.semanticscholar.org/paper/Some-Histological-and-Histochemical-Study-of-the-in-Naghani-Andi/702157e899dec002f9cade1a9170fc17012cece3

