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Abstract 
The objective of this study was to evaluate the healing   process of cervical 

esophageal anastomosis that induced experimentally in dogs through local 

application of some bone marrow ,hyaluronic acid and MgO NPs on the 

anastomotic site. Thirty-six healthy stray dogs from both sexes, weighted 

an average 25 kg ± 1.3 and aged an average 27 months ± 1.5 were used in 

present study. The experimental animals allocated into four main groups 9 

of each.  They were divided into four equal main  groups with 9 dogs  . 

Each main  group was furtherly divided into 3 subgroups of 3 dogs each 

according to time after operation  7,15,30 days. The autologous aspirated 

bone marrow, hyaluronic acid and Magnesium oxide Nanoparticles( MgO 

NPs)  were spread on the mucosa and the muscular layer at the esophageal 

anastomotic site in each group according to the following :- 

Group 1: Control group the anastomotic site left without addition of any                        

materials. 

Group 2: Bone marrow group autologous aspirated bone marrow. 

Group 3: Hyaluronic acid  

Group 4: MgO NPs size 20 nm  

Evaluation of the results were based on the five criteria clinical signs by 

monitoring of the animals for detection on dysphagia, in addition 

esophageoscopy for detecting any stich dehiscenc ( as a post- operative 

investigations  ), gross pathological examination ,  contrast radiography, 

histological, Immunohistochemistry studies and their  histological scoring. 

The results of clinical study showed decreasing in the severity of dysphagia 

with time after operation (7th, 15th,30th P.O.Ds )  in the same group, as well 

as, the severity of  dysphagia as a comparison among the groups was a  

recorded mild in MgO NPs, mild to  moderate  in  bone marrow , moderate  

in  hyaluronic acid, and obvious in control group  . Esophageoscopy reveals 

absence of any stich dehiscence that cause esophageal leakage. The gross 

pathological examination showed continuously decreasing in clarity of 
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anastomotic line over time after operation ( 7th, 15th,30th  P.O.Ds ) in the 

same group, in addition, among the groups the best result of gross 

pathological examination  based  on clarity of anastomotic line was 

recorded in MgO NPs, then in bone marrow , and hyaluronic acid 

compared with control group. After operation, the radiographic 

examination over time  (7th 15th,30th  P.O.Ds  )   showed non –significant 

increasing in percentage  degree  of stenosis in group  1  at P<0.05 , while  

, in group  2, 3 and 4, there  were decreasing (   non-significant  in 2 and 

significant in   3 and 4  groups at  P<0.05   ). Among the groups, and at any  

postoperative time, low  percentage degrees of stenosis were recorded in 

MgO NPs ,then in bone marrow and  hyaluronic acid group compared with 

control group.  

Histological and immunohistochemistry studies examination showed that 

the healing process was best recorded in the MgO NPs group, then in the 

bone marrow, and then in hyaluronic acid group in comparison with control 

group.  

    In conclusion  , based on investigated  criteria ,  the biological ( bone 

marrow and  hyaluronic acid ) and non -bioactive  materials(  MgO NPs) 

can be  used successfully when applied locally on the esophageal tissue for 

enhancement healing esophageal  process, as well as the MgO NPs group 

was best then bone marrow and hyaluronic acid compared to control group 

through lowering  degree of dysphagia, decreasing clarity of anastomotic 

line and  decreasing percentage  degree of stenosis and accelerate healing 

process. 
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Chapter one 

Introduction 

  

Esophagus is a relatively narrow musculo-membranous tube (Robert and 

Michael,2013 ), Conveys food, water and saliva, to the stomach (Konig 

and Liebich, 2004). Esophagus  can be affected by numerous diseases 

cause a range of clinical signs, like  regurgitation is the most prevalent 

clinical symptom in dogs  persistent vomiting,  coughing ,dysphagia, nasal 

discharge, or ptaylism (Washabau, 2005; Elwood, 2006; Marks,2017).The 

most important affections of esophagus include Esophageal foreign bodies 

such as bones, fishhooks, needles, and sticks ( Jorg ,2008; Marks, 2017), 

esophageal neoplasia  (Marks, 2017) ,esophageal fistula (Broncho-

esophageal fistula ) and fistulation with  the skin ( Jorg  ,2008; Kaminen, 

et al., 2014 ), cervical  esophageal  diverticulum ( Jorg,2008; Robert and 

Michael,2013 ) and    Esophageal stricture ( Fossum, et al.,2007). The 

radiography (Gaschen, 2018) and esophagoscopy most commonly 

diagnostic methods of esophageal diseases (Gualtieri, 2001; Tolbert, 

2017).       

 History of esophageal anastomosis began from the  first resection  and 

anastamosis of  cervical part in humans in 1877, by Czerny,  and  

Dobromysslow  described the first intrathoracic esophageal resection in 

1901. ( Yuan, et al.,2015) . Esophagectomy is a major surgical  procedure 

used to correct  a variety of esophageal disorder   ( Lerut, et al.,2002 ;  

Chen, et al.,2014 ; Seungju, et al .,2020)   with  high rate incidences of   

various  complication ( Bardini, et al.,1994;  Chen, et al.2014) such as 

leakages (Xiang, et al.,2019) , dehiscence (Shahnam, et al., 2016) and  

Stricture (Carroll and  Arnold 2012) , that considers  are the most common  

complication (Carroll and  Arnold 2012) specially they  can be developed 

https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
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after cervical   esophageal anastomosis (Heijl, et al.,2010)  and most of the 

complications  continue to be a burden  of swallowing (Lerut, et al.,2002 )  

 The bone marrow transplantation (BMT) is a medical method   used to 

treat a variety of disorders (Flowers and Kansu, 2000). Made up of 

hematopoietic precursors, their differentiated progeny, and stroma. The 

Mesenchymal stromal cells (MSCs) are a type of regenerative material that 

has the ability to differentiate into multiple lineages and could be used to 

restore damaged tissues (Chou, et al., 2014; Xiang, et al., 2019 ). 

Hyaluronic acid (HA) is important in wound healing process by creating a 

suitable  environment for growth, (Shengkun,et al.,2016) and stimulates 

vascular endothelial cell proliferation and migration  during angiogenesis.(  

Erin and Pardue et al., ,2008; Fallacara, et al .,2018)  in addition   stimulates 

chemotaxis, leukocyte and releases of inflammatory cytokines such as IL-

1, TNF, and IGF-1  ( Tavianatou, et al.,2019) 

Using  of inorganic nanoparticle in the medicine  is a new therapeutic  

option, unlike conventional  tissue repair, recently using in  soft tissue 

repair technique (Urie et al., 2018). Magnesium (Mg)   is inorganic  mineral  

has a critical  role in the body by modulation  of extracellular  matrix 

(ECM) and its  interactions , MgO NPs has  been employed in  soft tissue 

engineering  to boost  proliferation and differentiation of the  fibroblast.  

(Hickey and Webster, 2015).  

Due to presence of different diseases of esophagus that need esophageal 

anastomosis  with high incidence  of complications  as a result to  present 

many predisposing factors that delay esophageal healing such as  lack of 

serosa and omentum, segmental blood supply, and continuous motion of 

the suture site, therefore  the project is designed to :- 
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A.  Enrich this subject with the best   biological and non-biological 

materials  that  to enhance and accelerate the  esophageal healing 

process when applied locally on anastomotic site, these materials  are 

includes:-  

i. Bone marrow  

ii. Hyaluronic acid 

iii. Magnesium Oxide as  a nanoparticles (MgO NPs), where we 

did not find any previous study confirming the use of this 

substance in esophageal surgery . 

B. Compare between  all groups depending on the clinical signs  and 

endoscope investigation  ( as a post-operative observation ), gross  

pathological changes ,contrast radiography,  histological changes , 

immunohistochemistry and scoring of histological sections for 

evaluating the anastomotic site and its healing process.   . 
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Chapter two  

Review of Literature 

 

2-1: Anatomy of Esophagus 

Esophagus is a relatively narrow musculo-membranous tube begins dorsal 

to the cricoid cartilage of the larynx and follows the trachea down the neck 

to end at the cardia of the stomach (Dyce et al., 2010 ; Robert and 

Michael,2013 ), Conveys food, water and saliva to the stomach (Konig and 

Liebich, 2004; Bexfield, et at, 2006 ; Robert and Michael, 2013), In 

carnivores the lumen of esophagus  wide at the thoracic inlet and is prone 

to dilatation of esophagus which predisposed this species less susceptible 

to chock at thoracic inlet and diaphragmatic hiatus if a compared with 

ruminant and equine(Konig and Liebich, 2004; Dyce et al., 2010 ). 

 The esophagus is divided into cervical, thoracic and short abdominal part, 

the cervical  part of esophagus passes within the visceral space of the neck( 

Jergens, 2010; Hussein, et al.,2017 ) ventrally to the sub vertebral muscles 

(longus coli muscles) (Konig and Liebich, 2004; Dyce et al., 2010 ) and  

follows the trachea dorsally, and  becomes on the left side of it closely to 

the thoracic entrance (Dyce, et al., 2010;Gaschen, 2018), then the  cervical 

part of esophagus  returns to the median position above the trachea before 

or shortly after entering the thorax, at the long of the length of  cervical 

part ,esophagus  is surrounds  by the left carotid artery ,  recurrent laryngeal 

nerves and vagosympathetic trunk (Konig and Liebich, 2004; Dyce et al., 

2010).  

Within the thorax the thoracic part , moves  in the mediastinum and, 

continues just above the tracheal bifurcation, crosses  the base of  heart, 

continues ventrally to the ascending aorta with a slight dorsal inclination 

and enters the abdomen  through  the esophageal hiatus of the diaphragm, 

and then traverses   over the dorsal border of the liver to joints  with the 
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stomach at the cardiac opening (Konig and Liebich, 2004; Dyce et al., 

2010; Robert and Michael,2013 ).The short abdominal portion  of 

esophagus has the shape  wedge ,that  joins  with   the gastric at the cardiac 

opening (Dyce, et al., 2010; Gaschen, 2018) and lies slightly to the right of 

midline(Konig and Liebich, 2004; Dyce et al., 2010 ) 

Structure of  esophagus comparable  to the remainder of the digestive 

system  and  has 4 layers from exterior  to interior  (Fossum et al.,2007 ; 

Dyce et al., 2010 ; Robert and Michael,2013; Jardim Gomes, 2019 ), The 

outer layer is adventitia (tunica adventitia)( Konig and Liebich, 2004; 

Glazer and Walters,2008 ) as a loose connective tissue in the neck connects 

the esophagus to neighboring structures and allows freedom to move 

during swallowing and when the animal bends its neck . In the thoracic part 

tunica adventitia replaced by serosa that originated  from the pleura 

whereas in the   abdominal part   originate from peritoneum( Konig and 

Liebich, 2004). 

The muscular layer (tunica muscularis ) is weak and holds structure 

poorly(Konig and Liebich, 2004; Dyce, et al.,2010) consist of two  striated 

muscles  layer at a long of whole length of esophagus in dogs (Bexfield, et 

at, 2006), the outer layer longitudinal and an inner layers circular , at the  

pharyngeal end of the esophagus the fiber of the outer layer fused  with the 

crico -pharyngeus muscle and forming the  pharyngo-esophageal sphincter 

(Glazer and Walters,2008 ; Dyce et al., 2010; Jardim Gomes,2019  ) 

Closely  to the stomach at the diaphragmatic hiatus,  the  outer layer gets 

more longitudinal, whereas ,  the inner becomes  more circular to creates 

the cardiac sphincter.  (Konig and Liebich, 2004; Dyce, et al.,2010; 

Pollard, 2012; Robert and Michael,2013) ( Figure 1) . 
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Figure 1: showing the upper and lower esophageal sphincter in dogs  

                                (Glazer and Walters,2008) 

 

The inner part of the wall is divided between submucosa and mucosa 

(Figure 2). The submucosa in dogs contains mucous gland on the entire 

length of esophagus (Aughey, and Frye., 2001; Hussein, et al.,2017), the 

submucosa also loosely connects the mucosa with musclaris thus enabling 

the mucosal layer to be thrown into longitudinal folds when the esophagus 

contracts. The mucosa is relatively stronger layers of esophagus and 

consists of three sublayers; epithelum mucosa (Dyce et al., 2010; Robert 

and Michael,2013) that covered with stratified squamous epithelium 

(William and Linda,2000; Konig and Liebich, 2004; Orlando, 2010), 

lamina properia mucosa and lamina muscularis mucosa that usually more 

prominent in the thoracic esophagus (Dyce et al., 2010; Robert and 

Michael,2013,). 
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Figure 2: Showing the histological layer of esophagus 

( Glazer and Walters,2008) 

 

 

2- 2:   The blood supply and lymphatic drainage 
   

The esophagus  has a segmental blood circulation  ,  the cervical part 

receives blood  from the cranial and caudal thyroid and esophageal 

branches of the common carotid arteries(Venker-van-Haagen, 2013), the 

cranial thyroid artery gives some branches that provides the pharyngo-

esophageal lamina at the cranial esophageal sphincter , and  the left caudal 

thyroid artery on the left side of thoracic inlet  provides a small descending  

branch, and will connects  with an ascending branch from broncho 
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esophageal artery,  and finally will supply the cervical  esophagus (Jardim 

Gomes,2019  ). 

The two cranial thirds of the thoracic esophageal portion receive blood by 

broncho- esophageal artery (Venker-van-Haagen, 2013) while the aorta or 

intercostal arteries supply the caudal thoracic esophagus, however. The 

short abdominal part of esophagus receives blood from branch of the left 

gastric artery (Fossum et al.,2007; Gaschen, 2018).     

The venous drain is achieved by external jugular vein and azygos veins, 

the blood   from the cervical portion drains into external jugular vein 

whereas the blood leaves thoracic part drains into azygos vein (Venker-

van-Haagen, 2013; Jardim Gomes,2019).  The lymphatic drain of 

esophagus into the mediastinal lymph nodes and into deep cervical lymph 

nodes (Dyce et al., 2002; Konig and Liebich, 2004; Jardim Gomes,2019)  

 

2-3: The innervation of Esophagus  
 

The sympathetic and vagus nerves, as well as the recurrent laryngeal 

branches, responsible for innervation of esophagus (Dyce et al., 2002; 

Konig and Liebich, 2004). The cervical part is provided by the left and 

right recurrent laryngeal nerves and the proximal portion   of thoracic part 

is feed by the left recurrent laryngeal nerve, while the distal aspect of 

thoracic portion and short abdominal part are enriched by the vagal trunk 

(Elwood, 2006; Dyce, et al., 2010; Venker-van-Haagen, 2013) 
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2-4: Physiology of Esophagus  
 

Esophagus in the dog carries the  food and liquids from mouth, pharynx to  

the stomach (Jergens, 2010; Gaschen, 2018). By functional mechanism, 

(swallowing) that include two phases the 1st phase is voluntary and the 2nd  

involuntary, The voluntary phase happens between the tongue that directed 

caudally to bring bolus to the  oropharynx and contact with  the pharyngeal 

mucosa (Dyce, et al., 2010), Followed by  2nd   involuntary movement that 

shearing between the base of mouth  and esophagus, when  the bolus passes 

the cranial esophageal sphincter, (Pollard, 2012)  the sphincter  will be 

closed to prevents  retrograde of ingesta (Pollard, 2012). After that the 

bolus pushed   from the esophagus to the stomach by action of the two  a 

peristalsis waves , The primary peristaltic   is originated  in the base of 

mouth  and conveyed to the esophagus to pushes  the meal  caudally to the 

esophageal (Jergens, 2010; Pollard, 2012) any  missing in this wave , the 

esophagus  will distend  and stimulate a secondary wave , after that the  

meal   arrives  the lower aspect  of esophagus and  the cardia relaxes for  

allowing the meal  passes to the gastric  (Elwood, 2006; Jergens, 2010; 

Pollard, 2012). Finally  the cardiac sphincter closed to prohibits gastro-

esophageal reflux (Jergens, 2010). The swallowing mechanism is  

regulated     and  controlled by cranial nerves including the trigeminal(V), 

facial (VII), glossopharyngeal (IX), vagus (X), hypoglossal (XII) (Pollard, 

2012; Gaschen, 2018).  
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2- 5 : Affections of the Esophagus   

The esophagus of dogs can be affected by numerous diseases cause a range 

of clinical signs (Elwood, 2006; Marks, 2017), esophageal foreign bodies, 

acute esophagitis, strictures, gastro-esophageal intussusception (Venker-

van-Haagen, 2013), esophageal hiatal herniation and  megaesophagus 

(Jardim Gomes,2019) are esophageal diseases manifested with 

Regurgitation (Venker-van-Haagen, 2013)  that consider  most prevalent 

clinical symptom in dogs with esophageal illness  (Elwood, 2006; Marks, 

2017). Depending on the illness development or subsequent consequences 

various clinical symptoms such as anorexia, persistent vomiting,  coughing 

,dysphagia, nasal discharge, or ptaylism, may be noted in esophageal 

disorder (Washabau, 2005; Elwood, 2006; Marks,2017).The most 

important affections of esophagus  include:- 

 

 

2-5-1:   Esophageal hiatal herniation 
 

 Hernias of the esophagus, it is   a congenital or acquired condition (  Dvir, 

et al., 2003; Jergens , 2010; Reeve, et al., 2017). Rarely occurrence in dogs 

and cats due to translocation of any abdominal structure via the 

diaphragmatic esophageal hiatus, especiallywhen the phrenic esophageal 

ligament   stretches and permitting herniation of the short abdomens part 

of   esophagus portion, cardiac opening, gastric and any part of digestive 

system. (Dvir, et al., 2003; Pollard, 2012). This case surgically treated 

through correction of diaphragmatic hiatus or esophageopexey (Fossum et 

al, 2007). Hernias of the esophagus may be asymptomatic, or some time 

associated with recurrent signs such as regurgitation, retching and finished 

by vomiting. 
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 The diaphragm weakness, elevation of intra-peritoneal pressure, and 

blocking of upper respiratory tract are a risks factors for occurrence of 

developed hiatal herniation in dogs and cats (Jergens, 2010; Reeve, et al., 

2017). The lateral radiographs technique   can reveals the sliding hiatal 

hernia as a smooth appearance or mixed smooth with gas closely located 

to the aorta and caudal vena cava (Gaschen, 2018) as well as the 

esophageoscoy also can assist in the diagnosis of sliding esophageal hiatal 

hernia, (Gualtieri, 2001). 

2-5-2: Gastro- esophageal intussusception 

Gastro-esophageal intussusception is uncommon illness of dogs usually 

occurrence in  younger males dogs  ,  with a    potential life-threatening 

manifested  by the intussusception of any  abdominal organs  such as  the 

stomach ,  omentum, ,spleen, duodenum and pancreas, into the distal 

portion of thoracic esophagus (Pietra, et al., 2003; Venker-van-Haagen, 

2013; Murphy, et al., 2015; Brady, et al., 2017; Gaschen, 2018) with high 

chance of impermanent  of blood circulation   of the intussuscepted organs 

, therefore its considered as a surgical urgent case  (Brady, et al., 2017). 

 Gastro-esophageal intussusception may be occurs due to esophageal 

disease that causing weakness of esophagus such as myasthenia gravis, 

congenital abnormality of esophageal hiatus (Brady, et al., 2017) and   

dilated esophagus (Venker-van-Haagen, 2013). The clinical signs of this 

condition  include abdominal pain, vomiting or haematemesis, and dyspnea 

(Pietra, et al., 2003). 

Gastro-esophageal intussusception can be diagnosed by using endoscopy ( 

esophageoscopy) through displaying a distended esophagus that, fully  

filled with stomach mucosal folds (Gualtieri,2001) or by  contrast 

radiograph that,  usually showing  of the retende barium meal  at the upper 

part of the esophagus, without  reaching to  the stomach or  caudal thoracic 
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esophagus (Venker-van-Haagen, 2013) or can be diagnosed by   CT scans  

that useful as s diagnostic imaging tool (Shum, et al., 2007).  

 

2-5-3: Megaesophagus 
Megaesophagus is a disorder of esophagus, may be congenital or acquired, 

(Wagner, 2008) and most commonly documented motility problem 

affecting the canine esophagus (Bexfield, et at, 2006) characterized by a 

hypomotile and focally or diffusely dilated esophagus (washabau,2003; 

Saravanan, et al,2010; Marks,2017). The Congenital Megaesophagus 

affects young dogs and can be hereditary or caused by developmental 

anomalies in the esophageal innervations.  The clinical symptoms do not 

appear until the puppy is given solid food (Bexfield et al., 2006; Saravanan, 

et al,2010), while Acquired Megaesophagus develops in adult dogs as a 

result to the nerve damage, in cases Myasthenia gravis (distraction nerve 

and muscles) (Batmaz et al., 1998), Lead poisoning, Addison's disease 

(hypoadrenocorticism), Thallium toxicosis Hypothyroidism and 

Polymyositis (Bexfield, et at, 2006, Saravanan, et al,2010). 

In congenital megaesophagus   regurgitation will be first noticed, through 

the nose especially after weaning, and also Weight loss, increased 

salivation, and gagging are asymptoms can be noted in this case. 

In acquired megaesophagus  disease, the affected animal show  general  

weakness, coughing , dyspnea and difficult swallowing  , and regurgitation  

of food and water that  happens between a few minutes and many hours 

after a meal ,  lead to aspiration  pneumonia that considers as a common 

complication of megaesophagus (Saravanan, et al,2010).The Most cases of 

megaesophagus are diagnosed by radiograph.( Hopper, et al.,2001 ; 

washabau, 2003), that  clearly reveals  the dilated esophagus filled with  air 

or ingesta ( Wray and Sparkes,2006) while , esophageoscopy is not always 

utilized to diagnose megaoesophageal illness, (Gualtieri, 2001).  
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2-5-4: Esophageal foreign bodies 
Bones, fishhooks, needles, and sticks are the most prevalent foreign bodies 

are commonly occur in young canine (Jorg, 2008; Marks, 2017; Gaschen, 

2018)   causing either partial or total esophageal blockage (Elwood, 2006; 

Wagner, 2008). They usually become stuck at the thoracic entrance, or 

diaphragmatic hiatus, (Wagner, 2008; Marks, 2017; Gaschen, 2018). The 

objects that aren't obstructive, like fish bones and pins and other sharp 

items, prefer to reside in the pharynx (Gaschen, 2018). But when pass the 

pharynx can puncture the esophageal wall, causing a pneumothorax, 

pneumomediastinum, pleuritis, mediastinitis, and a tracheo-oesophageal 

fistula (Elwood, 2006; Wagner, 2008), many of complications such as 

stricture, esophagitis  or aspiration penumonia can be noted  if the foreign 

body stay in place   

(Elwood, 2006; Jorg, 2008), the dislodge   foreign body should be removed 

by endoscopy or surgically by esophgatomy or partial esophagectomy 

(Fossum et al, 2007)   

Radiographs can be used to determine the location of esophageal foreign 

body and should start  from the pharynx  and  extend distally to the stomach   

, (Elwood, 2006; Wagner, 2008; Gaschen, 2018) and   esophageoscopy also 

can be   used  to detects  and eliminates  the lodge objects , as well as to 

assessment  esophageal mucosa (Gualtieri, 2001). 

2-5-5: Esophagitis 
Esophagitis is a frequent consequence of an underlying disease or 

secondary to esophageal disease, leading to decreasing of esophageal 

peristaltic motility and, in extreme conditions , esophageal stenosis  

(Jergens, 2010; Marks, 2017; Reeve, et al., 2017). It characterized by  an 

acute or chronic persistent  inflammation  mucosal layer  of the esophagus  

,  which may spreads  to the submucosa and muscularis ( jorg,2008 ; Marks, 

2017  ; Jardim Gomes, 2019 ). 
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Esophagitis also can be occurs due to ingestion of caustic agent, 

swallowing foreign body, thermal  burns (jorg  ,2008 ; Robert, and 

Michael. , 2013) chronic vomiting (Elwood, 2006), radiation injury, un 

explained causes megaesophagus, inflammation accompanied with 

malignant esophageal tumor (Venker-van-Haagen, 2013) and general 

anesthesia  due to reflex gastric secretion toward the esophagus   (Torrente, 

et al.,2017). The clinical symptoms  of esophagitis  are determined by the 

depth and severity of inflammation, ( Jorg,2008 ; Robert and Michael. , 

2013) either  early  symptoms  caused by inflammation or sometime  later 

signs caused by esophageal stenosis  ,  dogs with mild esophagitis may not 

exhibit any clinical symptoms (Gualtieri and Olivero.,2006; Kook, et 

al.,2014) , but those  suffering from more severe esophageal inflammation  

may have  loss  appetite, dysphagia,( Mazzei, et al., 2009)   ptyalism, 

increased empty swallowing motions, extension of head and neck during  

swallowing, retching, vomiting, regurgitation, sudden unexplained 

discomfort, belching and  drooling( Han, et al.,2003; Muenster, et al.,2017; 

Peter,2021) 

The most sensitive technique of diagnosing esophagitis is an endoscope, 

(Peter,2021) . Erythema and edema, generally above the lower esophageal 

sphincter, are early symptoms of esophagitis can be noted through 

esophageoscopic    examination, and some time we note increased 

vascularity that appear due to enlargement of capillaries near the mucosal 

surface as response to acid, with long term acidic injury leads to 

proliferation of submucosal esophageal glands (Van and Willems, 1998;  

Peter,2021)   and their excretory ducts may be observed  as round spot. 

Another typical  symptoms is increased granularity and the mucosal 

surface seems to be rough and puckered,( Mazzei, et al.,2009 ; Peter,2021).  

 

                  



15 
 

 

2-5-6: Gastro-esophageal reflux disease (GERD)  
Manifested as a dysfunction of the cardiac sphincter that causes 

regurgitation of gastric or esophageal content (food or liquid) in humans 

and dogs. (Venker-van-Haagen, 2013; Muenster, et al., 2017; Torrente, et 

al., 2017). The affected animal can be suffering from repeated esophageal 

inflammation, regurgitation and pain as well as to the   development of 

esophageal ulceration, esophageal strictures and epithelial metaplasia 

(Muenster, et al., 2017). 

The fluoroscopy can be used for identification of GERD by revealing of 

the barium sulphate being reflects from the gastric back into the esophagus 

(Gaschen, 2018).  Endoscopy can be used to diagnosis of GERD by provide 

a complete picture for the lower esophageal sphincter(LES) that always 

opened (Gualtieri, 2001). 

2-5-7: Esophageal neoplasia  
Esophageal neoplasia is quite uncommon in dogs (Venker-van-Haagen, 

2013; Marks, 2017), might be due to esophageal, peri- esophageal 

e.g.(cervical lymph nodes) or metastatic origin  (Marks, 2017). Neoplasm 

most often seen in the distal portion of thoracic esophagus, however 

leiomyomas are known to develop at the cardiac sphincter (Venker-van-

Haagen, 2013). The most frequent tumors affecting the dog's esophagus 

are fibrosarcoma and osteosarcoma, both of which are caused by 

Spirocerca lupi's malignant growth . But Leiomyosarcoma, Leiomyoma, , 

chondrosarcoma, adenocarcinomas, lymphoma  undifferentiated 

carcinoma, , and metastatic carcinoma are some of the less frequent tumors 

(Venker-van-Haagen, 2013; Wagner, 2008; Marks, 2017), 

 Esophageal tumor either localized or metastasized to the surrounding 

structure like cervical   lymph nodes thyroid gland (Venker-van-Haagen, 

2013) and treated by esophagectomy (Fossum,et al,2007) . 
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Radiographs utilize to   recognition   the  mass lesion along the region of 

the esophagus (Gaschen, 2018), whereas barium sulphate  radiography , or 

esophageoscopy  may be necessary  to distinguish  esophageal masses from 

non-esophageal masses and  esophageal foreign bodies (Gualtieri, 2001; 

Venkervan-Haagen, 2013; Gaschen, 2018). 

 

2-5-8: Esophageal fistula  
Esophageal fistula is a tract between the esophagus and the trachea ( Jorg  

,2008; Kaminen, et al ., 2014 )  , bronchus or in certain cases with the 

skin(Kaminen , et al.,2014) which has been described seldom in dogs 

(Della,2010) can be treated surgically ( slatter,2003)                  Esophageal 

fistula  might be congenital or acquired , the acquired air way  esophageal 

fistula arises as a result to foreign body penetration of esophagus ( jorg  

,2008; Kaminen, et al.,2014 ) and  a bronchoesophageal fistula is thought 

to be a potential cause of recurrent respiratory infections (Kaminen , et 

al.,2014), that manifested by,  cough and dyspnea, regurgitation and 

aspiration pneumonia especially  after eating or drinking (Jorg  ,2008; 

Kaminen, et al.,2014 ) . The most reliable diagnostic method is 

fluoroscopy, Bronchoscopy may allow the fistula to be seen , but in case  

of tiny fistular opening gives a false negative  ,  ligation and dividing of the 

fistula remained the  successful method for treatment of esophageal fistula 

(Kaminen , et al.,2014)     

2-5-9: Esophageal diverticulum 
The diverticula in the esophagus are ( sac ) pouch-like dilatation of the 

esophageal wall that can be congenital or acquired ( Jorg,2008; Robert and 

Michael,2013 ) is  more occurrence  in distal part of cervical esophagus  or 

in distal thoracic region , the  congenital diverticulum develops as a result 

of congenital weakness of the  musclaris layer in esophageal wall  or 

abnormal separation of tracheal  and esophageal buds (Fossum et al.,2007)  

,whereas, acquired   divided  into pulsion and traction diverticulum (Borku, 
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et al.2009; Durocher,2009) Pulsion  diverticulum  represent an out 

pouching of esophagus mucosa through muscularis  and adventitia (Robert 

and Michael,2013)  , It generally  acquired   occurs secondary to increased 

interluminal pressure by the  foreign body (  Gualtieri , 2001; Oliveira, et 

al.2018) or due to  deep esophageal inflammation( jorg  ,2008;   ), 

esophageal stricture, esophagitis, and hiatal hernia (Borku, et al.2009; 

Durocher,2009)  

Traction diverticulum is usually caused by inflammation and results in the 

development of fibrous tissue, which contracts and pulls the esophagus 

wall outward. The  contrast thoracic radiograph is the most  often used  

technique which show esophageal dilatation(  Jorg  ,2008; Robert and 

Michael,2013, Oliveira, et al.2018 ) Small diverticula may not show 

clinical symptoms, while large  diverticula allow food to be trapped, 

resulting in postprandial dyspnea, regurgitation, and odynophagia 

(Jorg,2008; Robert and Michael,2013 ).The diverticulum surgically treated 

by transect the  pouch and suturing by end –to- end simple appositional 

layer(Fossum et al.,2007)  .  

2-5-10: Esophageal stricture   
Esophageal stricture defined as intraluminal band causing partial or 

complete esophageal obstruction,( Fossum, et al.2007). It consider as  a 

typical reasons of esophageal illness in canine  and feline  (Rance and 

Michael, 2003). Esophagitis following gastroesophageal reflux during 

anesthesia ( Leib, et al.,2001;Wilson and Walshaw,2004; Bissett ,et al, 

2009; Desmond, et al.,2018 ),fibrous tissue development after 

circumferential mucosal ulceration and erosion ,Mechanical traumas (Leib 

and Sartor,2008; Gianella,et.al.,2009), iatrogenic trauma during 

esophageal  operation or esophageoscopy , congenital stenosis, and 

chemical wounds have all been classified as  a causes of  esophageal 

strictures (Desmond, et al.,2018),The most typical presenting symptom is 
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regurgitation, and stricture should be considered in animals who 

regurgitate frequently with  presence  previous esophageal trauma or 

esophageal surgery . (  Fossum. et al. ,2007) esophageal stricture can be 

diagnosed by contrast esophageography or endoscopy(  Fossum. ,2007). 

Treatment include medical management to  controle esophageal reflux and 

subsequent mucosal damage, mechanical dilatation, stenting, or surgical 

resection and anastomosis(Bissett, et al.,2009; Lam, et al.,2013)( Figure3)  

   

                       
             Figure 3: Showing the esophageal stricture and its treatment  

                                                by balloon  dilation    

                                 A: An esophageal stricture  

                                 B: Insertion of the balloon through the 

                                     stricture site.The arrow indicates the 

                                                  balloon dilator 

                                C: The stricture site after the dilation 

                                    (Glazer and Walters,2008) 

A B 

C 

Balloon  
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2- 6: Diagnosis of Esophageal Disease   

 Plain or contrast radiography, computed tomography (CT) fluoroscopy, 

ultrasonography,  and Magnetic Resonance Imaging( MRI) are some of the 

medical imaging techniques useful to examine the dogs esophagus for 

detection of abnormalities or disorder . However, radiography and 

ultrasonography are presently the most often used modalities in small 

animal clinic (Wisner, et al., 1991; Ridgway and Graves, 2010; Pollard, 

2012; Baloi et al., 2013; Gory et al., 2014; Kirberger et al., 2014; Bristow, 

2015; Gaschen, 2018).  

2-6-1: Radiography  

The radiographs of the esophagus from pharynx to the cardiac opening of 

the stomach are recommended to diagnosis of esophageal diseases 

(Gaschen, 2018) When the esophagus is empty, it cannot be seen on plain 

radiographs, the Plain radiographs, on the other hand, offer information on 

esophageal content and can be used to detect of many esophageal disorders 

such as esophageal dilation and foreign bodies (Elwood, 2006; Jardim 

Gomes,2019). Furthermore, utilize to detect secondary problems including 

aspiration pneumonia and pleural effusion ( Jardim Gomes,2019 ).  Using 

of barium sulphate suspension or paste as a contrast media in esophageal 

radiograph can provide more structural information about the size, 

contents, and outlines of radiolucent objects (Gaschen, 2018; Elwood, 

2006), as well as esophageal masses, esophageal strictures, 

bronchoesophageal fistulae, esophageal perforation, and hiatal hernia 

(Bradley, 2005; Elwood, 2006;  Jardim Gomes,2019 ).  Barium  aspiration 

is a possible complication of esophageal positive contrast radiography, 

small quantity of barium reaches the airways causing aspiration 

pneumonia( Gaschen, 2018 ) 

The contrast radiography can be  used for detection and estimation  the 

degree of stenosis in digestive system ,  Al-Maseeh and  Eesa, 2009  were 
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used contrast radiography( Figure 4)  to determine the degree of stenosis 

after esophageal anastomosis in dogs by taking 10-12 centimeters of 

esophagus at the site of anastomosis after euthanasia of animals and  

application of the following formula 100 {1-2A/ (B+C)} as well as   Al-

Qadhi and Al-Hasan  were used contrast radiography to determine the 

degree of stenosis after intestinal anastomosis and apply the same formula 

to calculate the degree of stenosis.  

 

 

 

 
 

Figure 4: Contrast radiography Showing  the site of esophageal 

anastomosis  sutured with two layers simple interrupted 

suture pattern  in dogs after 30 days of operation. 

(Al-Maseeh and  Eesa, 2009) 

 

 



21 
 

 

2-6-2: Fluoroscopy  

Fluoroscopy defined as  a dynamic radiographic technique with   a contrast 

media ( Barium meal )  that allows for in-vivo monitoring  of swallowing, 

esophageal activity , function of the cardiac opening (Elwood, 2006; 

Gaschen, 2018) and also used to detection on esophageal dilation (Reeve, 

et al., 2017; Gaschen, 2018). Contrast fluoroscopic techniques  tends to be 

more accurate  than contrast radiography in detecting esophageal disorders 

and mild or temporary disorders  that might  undetected. (Elwood, 2006; 

Gaschen, 2018). The barium meal( liquid ) can be used in this  technique ( 

Bonadio, et al., 2009 ) .The fluoroscope technique  can be applied  by 

restraining   the dogs on the sternum recumbence   or in erect  position or 

in lateral recumbency  (Bonadio, et al., 2009; Gaschen, 2018).The sternum 

recumbence  is preferable   for estimation  of the swallowing and 

esophageal passage times  (Venker-van-Haagen, 2013).   

    

2-6-3: Computed tomography 

CT is an efficient method for identifying esophageal masses,  it allows for 

examination of neighboring  structures  and its  blood circulation  

(Kirberger, et al., 2014; Gaschen, 2018). Computed tomography of 

esophagus used for diagnosis of metastatic tumor , characterization of 

esophageal spirocerca nodules ,  (Kirberger, et al., 2014)  and esophageal 

varices (Ledda, et al., 2015; Gaschen, 2018). 
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2-6-4: Magnetic resonance imaging ( MRI)  

MRI is a modern technology showing great soft tissue image not 

commonly utilized for esophageal examination in vet  but it is frequently 

used to assess esophageal tumors in humans (Rossum, et al., 2015; 

Gaschen, 2018). Due to location  of esophagus within the mediastinum, 

respiration , cardiac motion and lung blood  supply , and peristaltic motion 

, the esophagus is difficult to visualize on MRI and make it restricted  

diagnostic technique (Riddell, et al., 2006; van Rossum, et al., 2013; 

Rossum, et al., 2015). 

  

2-6-5: Ultrasonography 

 The transcutaneous sonography could be utilized to exam of the cervical 

and short abdominal parts of the dog esophagus (Wisner, et al., 1991; Gory, 

et al., 2014; Gaschen, 2018). The  location of the esophagus, gas inside the 

lungs, the patient's body state, and the surrounding skeletal system factors  

are restrict and interference with  the ultrasound of thoracic  area in human 

and leading to  partial visualization of esophagus  , as well as, abdominal 

ultrasound in vet  and human can be used for revealing of   the abdominal 

esophageal part and esophageo- gastric sphincter (Shang-Yong, et al., 

2004; Gory, et al., 2014), and  detection on the many diseases of   such as 

GERD ,esophageal carcinoma ,hiatal hernia , varices and 

leiomyoma(Shang-Yong et al., 2004). 

The endoscopic ultrasonography can be used for detection on esophageal 

fistula, diverticula, and peri- esophageal masses (Gaschen, 2018) and can 

be   applied in pet clinic by using a trans-esophageal transducer (Capitani, 

et al., 2014) but still uncommon used in vet than in human because of 

requires to heavy sedation or general anesthesia to prevents damaging of 

equipment by the animal teeth (Gaschen, 2018).  
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 Jardim Gomes,2019 was using   transcutaneous sonography of the canine 

cervical esophagus as left sided approach and found its possible   

visualization the whole length of the cervical esophagus. The esophagus   

on transverse images was appeared as oval shape and on longitudinal 

images was appeared a rectangular shape (Figure 5) 

 

 

 
Figure 5: Showing  structures of normal  canine  cervical esophagus  by   using  the 

transcutaneous ultrasound 

A:  Longitudinal ultrasound image of the middle region 

B: Transverse ultrasound image of the cranial region 

1 mucosa,2   Submucosa; 3 Inner circular muscle; 4 Fibrous 

connective tissue; 5    Outer longitudinal muscle; 6 Adventitia , * 

Thyroid  gland ,L esophageal lumen and  white arrows hyperechoic 

fibrous layer between the muscular layer 
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2-6-6: Esophagoscopy 

Esophagoscopy is a minimal invasive method for treatment and   diagnosis 

esophageal disorder, permits the lumen and mucosal lining of the pharynx 

and esophagus to be examined (Gualtieri, 2001; Tolbert, 2017). It can be 

used to find esophagitis, strictures, dislodge objects, sample biopsies and 

early esophageal dysfunction (Gualtieri, 2001; Elwood, 2006; 

Tolbert,2017).  esophageal fistulae, ulcers and neoplasia, (Gualtieri, 2001). 

endoscopy can be used to diagnose and treat the possible leakage in the 

same time at the site of anastamosis (Fabbi, et al., 2021) without any risks 

of anastomosis disruption (Page, et al .,2013).  

 

2-7: Esophageal resection and anastomosis  

History of esophageal anastomosis begins from The first cervical 

esophageal resection with re-anastomosis in humans in 1877, and  

Dobromysslow  described the first intrathoracic esophageal resection in 

1901. ( Yuan, et al.,2015) . Esophagectomy is a major surgical  procedure 

used to corrects  a variety of esophageal disorder   ( Lerut, et al.,2002 ;  

Chen, et al.2014 ) , although it is most often used to treat esophageal cancer 

( Lerut, et al.,2002 ;  Chen, et al.2014; Seungju, et al .,2020)   with  high 

rate incidences of   various  complication ( Bardini, et al.,1994;  Chen, et 

al.2014) continue to be a burden  of swallowing (Lerut, et al.,2002 ). 

Esophageal anastomosis can be established by different techniques such as 

hand sewn , total mechanical anastomosis 

with circular stapler, or semi- mechanical anastomosis with linear stapler, 

with or without simple modification and each one has it is advantage and 

disadvantage , the hand sewn anastomosis had been the predominant  

option for esophageal reconstruction for a long time  until achievement  of 

stapling device, (Yuan, et al.,2015). Hand sewn  end to end  anastomosis 

as a simple or continuous pattern can be done via  different layer of 

https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
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anastomosis with  different size and types of   suture materials( Al-Maseeh 

and  Eesa, 2009; Yuan, et al.,2015).   

Murakami, et al.,2000, found   the esophageal anastomosis by using 

interrupted suture technique  in double layers was better results as a 

comparison  with other techniques while ,  Senyk and  Rand ,1978  were  

found  that single  layer suture technique   was better than double  layers 

suture technique for esophageal anastomosis in pigs, dogs and cats (Al-

Maseeh and  Eesa, 2009), additional  study was showing  the two layer 

anastomosis  is still more  popular among surgeons and  also reveal the 

anastomotic  leakage   rate  with   a double layer was lower than single-

layer anastomosis , while the degree of stenosis was higher incidence 

double layer anastomosis than one layer(Zhu, et al .,2008) moreover, 

another study conducts that one-layer anastomosis can be finished rapidly  

than the two -layer technique and with same rate of complications ( Burch, 

et al.,2000; Aslam, et al.,2008) on other hand, Zieren et al 1993,  was noted 

the two  layer anastomosis has not lower rate of leakage than one -layer 

during performing of cervical anastamosis by one and double layer 

techniques. Despite numerous research comparing various anastomotic 

procedures, there is still a point of contention,  which one is better than the 

rest (Yuan, et al.,2015).      

The ideal suture material for anastomosis should be sufficiently to maintain  

anastomosis firmly  in first stage of healing process , additionally  trigger 

little immunological  reaction  and scarring to avoid postoperative stricture 

and stenosis (Munday and McGinn, 1976, Yuan, et al.,2015) .  

polypropylene, catgut, and polyglycolic acid elicit milder inflammation 

reaction (Koruda and Rolandelli, 1990)  As a comparing  between the 

absorbable with non-absorbable sutures materials were generally 

considered  that non-absorbable materials (silk and polypropylene) cause 

https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
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less immunity  response and less stricture formation and the preferable 

suture material was  varied among several  studies (Yuan, et al.,2015).  

 Usually the suitable size of suture materials 3-0 were a strong enough to 

maintain   anastomosis with 4 mm apart among each bite (Al-Maseeh and  

Eesa, 2009; Yuan, et al.,2015).  

 

2-8: Complications of esophageal  resection and anastomosis  

Anastomotic complications rates varied significantly between studies and  

It's important to remember that esophagectomy and reconstruction 

outcomes are influenced by a variety of factors, including  technical factors  

such as adequate blood supply preservation, free of tension, gentle and 

precise handling of tissues, and a tight closure of anastomotic tissues 

especially in the mucosal layer ( Urschel,1995; Alanezi and Urschel, 2004; 

Yuan, et al.,2015).   these  factors can be classified under  experienced of  

surgeons that  have a significant impact in the surgery's  outcome and 

decrease chance of occurrences   (Chen, et al.2014 )  as well as, the 

anatomical factors made the esophagus more susceptible to the  post 

anastomotic complications, these factor include   lack of serosa and 

omentum, longitudinal tension weakening of the esophageal  tissues , 

segmental circulation , and continuous motion of suture site,  (Al-Maseeh 

and  Eesa, 2009; Seungju, et al .,2020 ). The postoperative complications 

includes  Stricture (Carroll and  Arnold 2012) , leakages (Xiang, et 

al.,2019) , dehiscence (Shahnam, et al., 2016). The delayed emptying or 

dumping syndrome, reflux, and chylothorax also considered as a 

postoperative complications but usually accompanied with replacement of 

esophagus stomach in case of esophageal cancer   ( Chen , et al.2014).  

 

    

https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
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2-8-1: Esophageal Stricture or Stenosis   

Stricture   is a typical consequence can be developed after an esophageal 

cervical anastomosis (Heijl, et al.,2010; Carroll and Arnold 2012) 

especially when the anastomotic technique is poor (Carroll and Arnold 

2012). The anastomotic stricture is two type  can be classified according to 

the causes the first type  occurs due to scar contraction  and the second type 

stricture due to   anastomotic leakage , the scar contracture stricture can be 

easily healed  by dilation ( Chen, et al.2014) and less life threatening than 

strictures caused by anastomotic leaks (Yuan, et al.,2015)  , whereas 

dilatation for the second type  is sometime harmful ( Chen, et al.2014), and 

may require temporary stenting ( Yuan, et al.,2015).   According to Several 

studies, the stricture after esophageal anastomosis   progressively reduced 

after a period of years without the requirement for dilation (Blackmon, et 

al.,2007). Esophageal strictures generally require dilation to improve the 

animal’s condition , the dilation of stricture can be done by either  bougie- 

nage or  balloon dilation. The bougie-nage procedure involves gently 

pushing a long, narrow, rigid device (a bougie) through the stricture to 

gradually break down and stretch the scar tissue this procedure done by  

endoscopy ( Wo  and Waring , 1997) Moreover,  The esophageal balloon 

dilatation method entails inserting an expandable bulb  through  the 

stricture under esophageoscopy or fluoroscopy supervision . The stricture 

is progressively stretched by expanding the balloon filled with normal 

saline or a diluteed contrast media to a predefined diameter (  Cox, et 

al.,1994) (Figure 6 ). 

Symptoms of stricture are dysphagia (Carroll and  Arnold 2012;  Chen, et 

al.2014; Jessie, et al., 2016) that  characterized by  regurgitation, appears 

a few days or weeks following esophageal surgery ( Cheryl and 

Theresa,2007) .The anastomotic stricture can be  diagnosed depending on 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
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the symptoms of dysphagia (Kim, and Takabe, 2010;  Chen, et al.2014)  as 

well as   endoscopy or a contrast radiograph  (Carroll and  Arnold 2012)  

 

 

 
                                Figure 6:  Balloon dilation equipment. 

                                          (Glazer and Walters,2008)     

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
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2-8-2: leakage  

Esophageal anastomotic leakage remains one of the most severe 

consequences following esophagectomy (Bardini, et al.,1994; Bruce, et al., 

2001; Blewett, et al.,2001;  Blencowe, et al.,2012; Yuan, et al.,2015; 

Xiang, et al.,2019), was mainfested by clinical symptoms like as  a 

hematoma or seroma at the base of the neck  peri-anastomotic collection, 

septicemia, peritonitis leak, local irritation, air or saliva 

evacuation Pneumothorax, mediastinitis, abscess, empyema (Bruce, et 

al.,2001 ; lerut, et al.,2002) and  also resulted  due to ischemia of the 

esophageal ends, or excessive tension at the anastomotic site (Carroll and  

Arnold 2012) or to segmental  blood supply ( Zheng, et al.,2015). 

 types of anastomosis play an important role to decrease chance of leakage, 

Nederlof, et al.,2014 study found the end-to-end cervical anastomosis 

tends to have a lower leakage rate than end -to- side anastomosis, 

furthermore, esophageal anastomosis dehiscence is common, and there are 

still debates over which type of anastomosis to use to reduce the risk of 

dehiscence (Shahnam, et al., 2016). Using interrupted suture in two layers 

is better than other methods to decrease chance of its occurrence 

(Murakami, et al.,2000).    

Leakage is more common in the cervical region   than in the thoracic but 

leakage from intrathoracic anastomosis are usually more life threatening. (  

Bardini, et al.,1994; Blewett, et al.,2001; Yuan, et al.,2015).  

Management of anastomotic leakage is usually selective and based on 

patients’ condition, position, and extension of leak. In case of neck leakage 

the conservative treatments should be applied  for leak include peri-

anastomotic drainage, nasogastric decompression, proper nutrition 

support, and antibiotic administration  , while, intra- thoracic  leaks may 

need more invasive procedures such as thoracotomy, thoracoscopic 

drainage, or even full gastric redirection ( Yuan, et al.,2015) some times   

https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
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fistulation of thoracic part  develops  and accumulation of fluid and pus in 

sac at the anastomotic site  , a CT-guided thoracocentesis can be used to 

provide appropriate   drainage until surgical intervention  available.  

To avoid a fatal anastomotic leakage, the surgeon should have the 

knoledgement about  , physiology, anatomy, and esophageal disease, and 

skills in esophageal surgical methods (Chen, et al.2014.) 

 

2-8-3: Delayed Gastric emptying  

Is the most prevalent  complication  in persons  with thoracic stomach 

movement  impairment , with a 50% occurrence after esophagectomy ( 

when the esophagus substituted by stomach in case of esophageal tumor ), 

the reducing stomach size and weakened of expansion, leads to pyloric 

malfunction , which result in  postpone  gastric emptying , that 

characterized  as  vomiting( Andrews and Bingham, 1990;  Chen, et 

al.2014.).   

Treatment of delayed gastric emptying either medicine treatment or 

surgical treatment , the medicine treatment by using drugs as cisapride, 

metoclopramide, domperidone and  bethanechol , through reducing the  

signs  ( Chen, et al.2014) , While , the surgical treatment  by increasing the 

diameter of pylorus  either  myotomy, or pyloric balloon dilation , some of 

surgeon preferred the pyloric balloon dilatation  on other procedures 

(Sutcliffe, et al., 2008 ;Ronald, et al ., 2014;  Chen, et al.2014). 

 

2-8-4: Dumping Gastric  disorder 

Dumping gastric phenomena  is a typical  symptom consequence to 

dysfunction of stomach after pulling in the thoracic cavity . A 5% percent 

of patients have a moderate symptoms While , 1 percent have severe 

symptoms ( Chen , et al.2014).  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
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Dumping 's causes include abnormal pyloric function , devascularization 

and  reduced gastric capacity. The majority of dumping syndrome 

symptoms can be alleviated by changing person's food patterns and styles, 

such as  consuming  multiple small foods ignoring the need to drink more 

liquid immediately after a meal, limiting monosaccharide-containing foods 

(cookies, sugar, sweets), and substituting monosaccharide- containing food 

with polysaccharide-containing foods like pasta, potatoes, and other grains, 

withheld  milk  products , and  raising  ratio of fats and proteins (Berg and 

McCallum, 2016; Laura and Susan,2016  ) and Many patients may need to 

experiment with different kinds  of diet  to understand their food preference 

and tolerance( Ukleja, 2005; Laura and Susan,2016  ) .The Drugs like, 

verapamil, prednisolone, propranolol methysergide maleate, octreotide and  

acarbose can be used to treat severe instances ( Engstad and Schipper, 

2009; Chen, et al.2014 ). 

    

2-8-5:  Gastric  Reflux  

Reflux occurs as a result  to the impermanent of  the anti-reflux 

mechanisms at the cardiac sphincter ( Chen, et al. 2014) ,   Reflux can also 

be aggravated by partial location of the gastric  in the positive pressure of  

abdomen  and  slowed gastric emptying (Engstad and Schipper, 2009; 

Laura and Susan,2016 ). This case clinically manifested by coughing, 

pneumonia, vomiting , recurrent laryngitis  due to reflux bile  and stomach 

acid, and incapacity to lie on one's back ( Chen, et al. ,2014 ;Laura and 

Susan,2016  ). Proton pump inhibitors or histamine 2 (H2) receptor 

blockers can be used to relieve the symptoms (Engstad & Schipper, 2009)  

Many strategies can be employed to assist reduce gastric reflux, including 

adequate stomach mobilization, excision of majority of the acid-secreting 

part , surgical operation that improve evacuation of stomach ( Chen, et al. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pachella%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=29670809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knippel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29670809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pachella%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=29670809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knippel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29670809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pachella%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=29670809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knippel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29670809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pachella%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=29670809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knippel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29670809
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5902153/#A11
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2014) , modifying food pattern , avoiding lying down immediately after 

meals ( Chen, et al.2014; Laura and Susan,2016 )  .  

 

2-9: Esophageal healing  

Normal  esophageal anastomosis healing  is multifactorial , healing  fails   

when any phase of healing process  is disrupted (Yuan, et al.,2015) and  the 

esophagus, unlike other digestive organs, lack of serosa (which promotes 

a rapid seal due to exudation of fibrin)  and omentum, longitudinal tension 

weakening of the esophagus tissue, segmental blood supply, and 

continuous motion of the suture site, consider a predisposing factors 

demonstrate poor healing  (Al-Maseeh and  Eesa, 2009; Seungju, et al 

.,2020 ) however, The wound healing mechanism of esophageal 

anastomosis parallels wound healing in  other tissues ( Shomaf,2003), the 

process of healing starts immediately after injury , and divided to four 

subsequence phases, hemostasis, inflammation, proliferation, and 

remodeling, each of which progress in different rates( Patrulea , et al ., 

2019 ; Ribeiro, et al .,2019) . During these stages ,many factors are present 

in order to promote early  wound closure and  healing without scar 

formation ,  For example, platelet  aggregation, release of proi-

nflammatory cytokines such as  interleukin IL-1 , IL-6,  IL-8 and tumor 

necrosis factor (TNF-_) , transforming growth factor alpha, transforming 

growth factor beta, insulin-like growth factor-1 (IGF-1) and basic 

fibroblast growth factor (bFGF), which are very important during the 

inflammation phase (  Ghatak, et al.,2015). The growth factors and 

cytokines are   play essential role for activation of epithelial and fibroblast 

cells, to prepare the injured   site for the proliferation  phase (  Ucuzian , et 

al .,2010). In other context the healing mechanisms divided to the 4 

consequence phases or stages (Figure 7) :- 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pachella%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=29670809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knippel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29670809
https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
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A. Hemostasis phase   

 This phase occurs as a result of vasoconstriction as a reaction to injury, 

and it diminishes quickly and the damaged (cut) blood vessels will then 

relax, enabling further bleeding if platelets are not involved.  During 

vasoconstriction, platelets adhere to exposed collagen at the end of injured 

vessels  , particularly that found in the basement membrane underlying 

damaged endothelial cells , and secrete vasoconstrictive substances to  

maintain transected vessels  constriction, initiate the process  

thrombogenesis to close  the leak in the vessel and prevent additonal 

damage and initiate blood vessel healing (angiogenesis) through, in part, 

the release of TGF-β and PDGF (Mcgavin and Zachary, 2017). 

B. Inflammatory phase 

This phase is second phase of wound healing, that  fully established by 24 

hours after vascular damage and can persist up to 96 hours (Mcgavin and 

Zachary, 2017). This phase starts by  efflux of inflammatory cells and 

tissue growth factor to the injured tissue (Yuan, et al.,2015), whereas  

excessive infiltration of  inflammatory cell  reduces healing. Neutrophils 

and macrophages break down and eliminate cell debris arising from 

damaged tissue by  phagocytosis and their enzymes. neutrophils produce, 

CXCL8, TGF, PDGF, and CXCL1, and the    macrophages secrete  a wide  

range of chemotactic and growth factors such as CS3CL1, CCL2, PDGF, 

VEGF, epidermal growth factor (EGF), TGF , TNF-, and IL-1-, which 

provide the microenvironment  for proliferation (granulation). The  

Negatively charged ECM molecules like proteoglycans attract and bind to 

positively charged growth factors, chemokines, cytokines, MMPs, and 

other molecules. 

Proliferative  phase 

During  the proliferative  phase ( third phase)  an d in  early healing process, 

the  basal cells begins migration from the overlying epithelium at the 

https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
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transected edges the wound's margins , where they rapidly undergo 

hyperplasia in response to EGF, FGFs, IL -1, hepatocyte growth factor 

(HGF), VEGF, IL-1, and TGF-, there are  released by epithelial cells, 

endothelial cells, and fibroblasts. The migrating basal cells multiply and 

expand to bridge the wound; however, once differentiated, the cells stop 

proliferating and migrating. The proliferation phase might continue three 

to four  weeks depending on the extent of the incision , this phase 

characterized  by formation of new endothelium ,epithelium and 

connective tissue fibroplasia to restore normal shape and function to the 

damaged tissue(Mcgavin and Zachary, 2017). and  formed Collagen plays   

essential function  in preserving tissue  intensity, (Yuan, et al.,2015), 

Prescience  of  suture materials in this phase during anastomosis  and may 

induce inflammation and excessive fibrosis, potentially leading to 

anastomotic stricture development, ( Al-Maseeh and  Eesa, 2009  ; Yuan, 

et al.,2015) To reduce the risk of postoperative stricture formation, the best 

suture material for anastomosis construction must be strong enough to hold 

the anastomosis in place during the early stages of healing while 

simultaneously causing little immunological response and scarring 

(Koruda and Rolandelli, 1990). 

C. Remodeling or contraction phase 

 This phase starts  about three  to four  weeks following  injury , but only 

when  the inflammatory  and proliferative  phases are   completed .  In this 

phase granulation tissue  remodels by immature connective tissue and 

conversion of immature to  the mature connective tissue via  extracellular 

collagen formation in response to PDGF, TGF-β, MMPs , FGF-

2(Mcgavin, and Zachary, 2017). 

  

https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
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Figure 7: Showing wound healing process 

(Francesco and Šeila, 2015) 
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2-10: Biological materials used to enhance healing 

The biologic materials are less controllable and subject to natural 

variability, but they tend to create   a friendlier host response and promote 

constructive tissue remodeling, as well as the capability to enhance 

different stages of the healing response by triggering a shift from 

inflammation and scar tissue formation to constructive remodeling and 

functional tissue restoration. Blood normally contains 94 percent red blood 

cells (RBCs), 5% platelets, and 1% white blood cells. Platelet-rich plasma 

(PRP), on the other hand, is made up of 95 percent platelets ( Freymiller 

and Marx, 2004) and the platelets establish and regulate wound healing 

process through the activation of various biomolecules, including growth 

factors, angiogenesis, proliferation, and activation of linked cells, such as 

macrophages, stem cells, fibroblast and neutrophils ( Sánchez-González, et 

al.,2012). The   platelet-rich fibrin (PRF) and platelet-rich plasma (PRP) 

are well-known for its natural healing abilities (Al Deeb,2020) ,  

PRP can be used as a source of growth factors to aid in the repair of both 

hard and soft tissues.( Saluja, et al.,2011; Sunitha and Munirathnam , 2008) 

and  when are activated, they release growth factors (PDGF and TGF), 

which are important for wound healing ( Sunitha and Munirathnam , 2008).  

and   PRF is made up of cytokines, leukocytes, platelets, stem cells , that 

promotes micro- vascularization, and serves as a transport for cells that are 

essential for tissue regeneration (Temmerman, et al., 2018 ).  

 In other context , Bone marrow represents the main hematopoietic organ, 

and a primary lymphoid tissue, able to produce  of erythrocytes, 

granulocytes, lymphocytes,   and platelets (Abboud and Lichtman, 2001) 

and contains mesenchymal stromal cells (MSCs), that considered as a type 

of regenerative biological material derived from a variety of tissues, 
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including bone marrow (Aghamir et al., 2016).  The mesenchymal stem 

cells     characterized by its ability to differentiate into many lines, can be 

used to repair damaged tissues (Xiang, et al ,2019) and have anti-

inflammatory and immunity properties, as well as to the self-renew, 

expansion and differentiation (Mehrabani et al., 2013). Hyaluronic acid 

shows   great promise in both animal and clinical tissue engineering study 

(Richard, et al 2005). And   is a key component of the extracellular matrix 

(ECM) of vertebrates (Litwiniuk et al., 2016)  aids in   wound repair   by 

creating a favorable   environment for growth, resulting in accumulation of 

several matrix proteins (Shengkun, et al., 2016) and has been shown   to 

modulate  inflammation, cellular migration, and angiogenesis( Londono, 

and Badylak, 2015  ; Malgorzata, et al ., 2016) as well as signaling the 

body to build more blood vessels in the injured  area by enhancing 

proliferation of  endothelial cell (Malgorzata, et al ., 2016). All the events 

that  induced by  bio-materials  are  complex, involving  both the  immunity 

system  and  the mechanisms of stem cell recruiting , to  growth and 

differences (  Londono, and Badylak, 2015). 

2-10-1: Bone marrow  

Blood and bone marrow are two of the major organs in the body and are 

thought to be an important potential target organ (Gregory, 2006 ). Bone 

marrow can be found in the cavities of long bones, and defined as a 

complex tissue made up of two different compartments is now widely 

recognized ( Krebsbachl, et al.,1999) hematopoietic tissue islands and 

adipose cells that are surrounded by vascular sinuses and interspersed 

inside a trabecular bone meshwork (Gregory,2006 ).  In dogs, it accounts 

for about 2% of their body weight(Jain, 1986) .  

Bone marrow represents the main hematopoietic organ, and a primary 

lymphoid tissue, responsible for the creation of erythrocytes, monocytes, 
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granulocytes, lymphocytes and platelets (Abboud and Lichtman, 

2001).There are two forms of bone marrow, red (active) marrow and 

yellow (inactive) marrow. Red marrow can be found near the ends of long 

bones, the sternum, the ischium, and ribs (Rrywlin, 1985). The Bone 

marrow is made up of hematopoietic precursors, their differentiated 

progeny, and stroma, as a connective tissue network. The stroma is a 

heterogeneous collection of cells that includes reticulocytes , adipocytes, 

fibroblastic cells and  endothelial cells (Jaiswal et al., 1997). The stroma 

comprises cells that differentiate into cartilage, bone, fat, and a connective 

tissue that promotes hematopoietic stem cell differentiation (Dexter and 

Testa, 1976; Beresford et al., 1992).  

Bone marrow transplantation (BMT) is a medical method   used to treat a 

variety of disorders (Majorana et al., 2000; Flowers and Kansu, 2000). 

Through removing stem cells from the donor, who could be the patient 

(autologous transplant) or another suitable donor (allogeneic transplant) ( 

Flowers and Kansu, 2000; Martin,2008; Treister et al., 2010) 

The field of regenerative medicine is modern therapy  applied for 

esophageal repair, The main objective of regenerative medicine is the 

functional repair of lost or injured tissues, (Ricardo and Stephen, 2015) 

Mesenchymal stromal cells (MSCs) are a type of regenerative material that 

has ability to differentiate into multiple lineages and could be used to 

restore damaged tissues (Chou, et al., 2014; Xiang, et al.,2019 ), The 

Mesenchymal stem   cells ( MSCs ) are derived from a variety of tissues, 

including bone marrow (Aghamir et al., 2016)  also  can be differentiated 

into fibroblasts and chondrocytes, and have  ability to form connective 

tissues (Kadiyala et al., 1997, Aghamir et al., 2016) and have anti-

inflammatory and immunity properties, as well as  to the self-renew , 

expansion and differentiation  (Mehrabani et al., 2013). Recently  MSCs 

used  as a regenerative therapy  for treatment  various diseases, such as 
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myocardial infarction (Chou, et al.,2014; Xiang, et al.,2019), spinal cord 

injury (Piltti, et al.,2013) liver cirrhosis (Puglisi, et al.,2011) ,gastric 

perforation(Caldas,2015) ,penetrating ulcers (Chiu, et al.,2015). Using  

transplanted precursor cells to the necrotic head of femur , non-unions or 

other bone healing problems have shown the first promising clinical  

results through enhancement healing of bone  ( Jäger, et al.,  2009)  

Study by Al-Hyani, 2019 have used bone marrow in the regeneration of 

the trachea by topical application of autologous aspirated bone marrow to 

rebuild the induced tracheal defect in dogs to enhance the degree of healing 

by formation and proliferation of more collagen fibers and regeneration of 

tracheal cartilage ,  moreover, another study by  Al-Hyani, 2012  found the  

addition of  autologous aspirated bone marrow on the nerve graft segment 

enhance and accelerate the degree of healing of injured  sciatic nerve with 

improving  the functional use of affected  limb.  

Now Tissue engineering appears as a promising alternative technique for 

esophageal replacement ( Poghosyan, et al., 2016) MSCs accelerate the 

mature re-epitheliazation and early initiation of muscle cell  colonization 

(Jonathan,et al .,2018). Study by Xiang et al,2019 was deals with    

Autologous aspirated mesenchymal cells ( AAMSCs)  in  fibrin scaffold 

(FS) as therapeutic strategy for the treatment of  esophageal anastomotic 

leakage (EAL) by suppressing inflammation response and alleviating 

fibrosis  progression.  

2-10-2: Hyaluronic acid 

Hyaluronic acid    ( HA)  belongs to the glycosaminoglycans (GAGs) class, 

which are the primary components of the extracellular matrix (ECM) ( 

Litwiniuk, et al.,2016)  of vertebrates  which  synthetize  in cell  plasma  

membarane   (Shengkun,et al.,2016) . Characterized by  simple structure 

and high molecular size ( Litwiniuk, et al.,2016) and linear polysaccharide, 

made up of    b-1,4-glucuronic acid repeating disaccharide units and b-1,3-
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N-acetyl glucosamine ( Laurent and Fraser.,1992; Lin and Gong.,2015) 

these  units connect to gather   more one of times to  forms a structure 

molecular weight reaching 5 x 106 kDa ( Litwiniuk, et al.,2016)( Figure 8) 

 

 

 

  
 

 

                   Figure 8: Chemical structure of Hyaluronic acid 

                                            (Gupta, et al., 2019  ) 

 

 

Hyaluronic acid  has a half-life of 3 to 5 mint  in  blood, less than a day in 

the skin and 1 to 3 weeks in the cartilage ( Eleni, et al.,2012).  The 

Hyaluronic acid  is degraded by hyaluronidases to the  different size  

fragments (HYAL), by hydrolyzing the hexosaminidic β (1–4) linkages 

between N-acetyl-D-glucosamine and D-glucuronic acid  residues in HA. 

because of the negative charge of HA subunits,  HA retains of water and     

supporting the ECM ( Choi, et al.,2017), and creates  a suitable 
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environment  for growth, and  accumulation of several matrix proteins ( 

Kirker, et al.,2002), to serves as  a scaffold for blood vessel formation 

(Slevin, et al., 2007)  and fibroblast migration( Li, et al ., 2006), 

Hyaluronic acid present in the body person  with an average weight of 70 

kg has approximately 15 g of HA ( Gupta , et al.,2019) , distributed in 

different tissues  such as skin( Tzellos, 2009), vitreous of the eye , 

umbilical cord, synovial fluid, (Eleni, et al.,2012)  but it is also found  in 

all tissues and fluids of the body, such as skeletal tissues,( Armstrong and 

Bell, 2002), heart valves (Toole, 2004) , lung,( Papakonstantinou and 

Karakiulakis, 2009) aorta (Papakonstantinou,  et al.,1998  ) prostate( 

Goulas, et al.,2000) tunica albuginea, corpora cavernosa and corpus 

spongiosum of the penis(Eleni, et al.,2012) . During tissue injury and  early 

stage of wound healing the synthesis of hayalorunic acid  accelerate  ( 

Slevin , et al  ., 2002) and HA modulates  a various   aspects of tissue repair, 

such as  activation of inflammatory cells to improve immunity  response ( 

Teriete, et al.,2004) ,   fibroblasts ( Bai,et al.,2005) and epithelial cells  as 

a response to injuries ( Jiang, et al.,2006) , Because of its high molecular 

size, hyaluronic acid acts as unique temporary structure during allows 

nutrients and waste materials to diffuse away from the injured site (Jeffrey 

and Vickie, 2012).   

The functions of  HA in the body are water hemostasis , lubrication , 

regulation of plasma protein distribution  (Fraser , et al 1997) and immune 

regulation  ( Eleni, et al.,2012)   , angiogenesis ( Slevin, et al.,2007) , 

chondrocytes stimulation  (Knudson and Knudson, 2004) and these  

functions depend on the concentration of HA in the tissues  (  Nakamura, 

et al .,1992; Lin and Gong.,2015  ).  

The influence   of hyaluronic acid on the tissues  can be determined by the 

molecular weight (Moustafa , et al.,2016) , the high molecular weight form 

depression immunity response of the body while Low molecular weight  
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stimulate the immune cells response to tissue damage  ( Manuele, et 

al.2015)  . During the inflammatory stage, via  the action of hyalordenaze 

enzymes, the  high molecular weight (HMW) HA is rapidly degraded into 

low molecular weight (LMW) ( Tavianatou, et al.,2019) and  helps in  

wound healing process through binding to certain cell-surface receptors, 

such as cluster of differentiation  44 (CD44) and receptor for hyaluronan-

mediated motility (RHAMM)  , and  effects  on  cell signaling and 

activation of inflammatory cells ( Turley , 1992 ; Shengkun, et al.,2016, 

Nyman, et al.,2019) and   stimulates chemotaxis, leukocyte( Tavianatou, 

et al.,2019 ) and release of inflammatory cytokines and  growth factors  

such as IL-1_, TNF-_, and IGF-1  ( Tavianatou , et al.,2019; Matthew, et 

al.,2020 ) leading to accelerate of  vascular endothelial cell proliferation 

and migration during angiogenesis   ( Erin and Pardue ,2008; Fallacara, et 

al .,2018; Matthew, et al.,2020) as  a response to immunity ( Teriete, et 

al.,2004) and damage of  fibroblasts  ( Bai, et al.,2005)  and epithelial cells 

( Jiang, et al.,2006), On other hand , high molecular weight hyaluronic acid 

has antiangiogenic effects by inhibiting endothelial cell migration and 

proliferation( Slevin, et al.,2007) .  

As well as HA plays an important role to  provides the framework for blood 

vessel formation   (  angiogenesis) (Slevin,et al.,2007; Eleni, et al.,2012).  

and supporting the migrated cells by  formation of  ECM    ( Collins and  

Birkinshaw, 2013; Patrulea, et al .,2019). Finally , the wound healing 

mechanism  could  be classified into three main steeps,  each event include  

HA , The first step, a matrix enriched with  HA is set down in a cell-poor 

space, second step the mesenchymal cell migration is promoted and the 

 HA matrix is infiltrated by cells migrating from the nearby  tissues, and 

the third step cells within the HA matrix produce  both hyaluronidase, 

which degrades the HA, and sulfated GAGs and collagen( Gupta, et al., 

2019)   .  
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Clinically HA 0.3%   eye drop was   used for treatment corneal abrasion ( 

Lin and Gong.,2015), relieve dry eye symptoms in case of  ocular burning 

and  irritation (Johnson, et al .,2006) and today used as tear substitutes for 

dry eyes , enhance and accelerate ocular surface wound healing ( Yu.et al 

.,2013). As well as HA has been used as injection ( intradermal  at the site 

of incision)  after experimentally  induced skin incision, biopsies was taken 

after 24 of treatment  for  histological study ,showed  complete re-

epithelization of the tissue that interprets the role of  HA on wound healing 

( Nyman, et al.,2019) and It was used to enhance Achilles tendon through 

topical application for reconstruction of tendon   (Shengkun, et al.,2016) 

and showed a good result for repairing of connective tissue and tendon in 

rabbit (Oryan, et al.,2012) and enhance  bone repair in rabbit and rats ( 

Chen, et al. et al., 2014). In other context the topical use of HA 0.4%  (10 

mg/ml)  has a positive effects  on healing of colonic  anastomosis in rats (  

Lima, et al ., 2020)  

 An additional study showed that the topical HA products are used to treat 

recurring aphthous ulcers, resulting in quick symptom relief ( Volpi, et al 

.,2009; Massimo, et al.,2012) , Nawres , et al., 2020 was noted decrease 

healing period for patient suffuring from Oroantral Fistula (  abnormal 

communication between maxillary sinus and oral cavity) during  topical 

application  0.2% HA as gel after surgical correction  , and   Manuele, et 

al.,2015  were  used HA as a supportive treatment following nasal and sinus 

surgery to help patients breathe more comfortably through their noses. 

Hyaluronic acid is considered as a potential building element for a variety 

of medical applications. The polymer's chemical structure is easily 

changeable, allowing for the generation of a variety of hyaluronic acid 

physical types. The polymer's versatility is enhanced by the fact that each 

shape has its own specialist and biomedical use. Viscoelastic liquids, 



44 
 

 

hydrogels, electrospun fibers, scaffolds, flexible sheets, and 

nanoparticulate solutions are among the physical forms of HA .  

 

i. Viscoelastic solutions form 

        The viscoelastic properties of HA solutions are ideal for simulating 

        the synovial fluid present in joints. For most of  the natural 

viscoelastic  

        properties of synovial fluid could  be attribute to the concentrations of  

        hyaluronic acid found within it on the other hand, HA do not have  

        long-term mechanical integrity ( Kazuko, 1996; Eleni, et al.,2012 ) . 

ii. Scaffolds form 

Hyaluronic acid-based scaffolds are also commonly employed in the 

medical field for a variety of therapeutic objectives. HA scaffolds have 

been used in bone tissue regeneration, space filling, nerve and brain 

tissue regeneration, cell transport, and muscle regeneration ( Watanabe 

and  Yamaguchi , 1996) The scaffolds must meet certain 

specific  criteria, including, the scaffold's surface should allow for cell 

attachment and development, as well as being biocompatible and not 

causing inflammation or an immunological reaction. The scaffold's 

surface disintegration should not release hazardous chemicals, and the 

scaffold should have the same physical and mechanical properties as 

the biological tissue it is attempting to imitate. The scaffold's porous 

should be sufficient to allow for cell development and nutrient diffusion 

( Fernanda, et al., 2017)  . 

iii. Hydrogel form  

    Hyaluronic acid hydrogels are considered bulk gels where the HA chains 

     interconnected to gether  randomly (  Eleni, et al.,2012 ) as a networks 

     of hydrophilic polymer chains that form 3-D structures(  Daniel, et al.,  

2019).  
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      These structures bulge in response to  water and other factors as  a  

     temperature and  PH ,  although they maintain  their structure. which  

     may also be considered as  scaffolds, and  widely used in the biomedical   

     industry (  Daniel, et al., 2019). 

HA hydrogels form , different  variations  and molecular weights can 

produce HA- hydrogels with variable , density,  stiffness,  degradation 

rates and pore size(  Eleni, et al.,2012 ) 

iv. Hyaluronic acid sheets  

Hyaluronic acid sheets are available in the form of skincare products. 

These sheets make use of hyaluronic acid's hydration and moisture-

retention characteristics once more ( Martina, et al.,  2008) the idea of 

HA sheets  is  considered as a scaffolds which may still resemble a gel 

scaffold( Jason, et al.,2011). these sheets were  used based on the  

moisture and hydration retention abilities of hyaluronic acid ( Martina, 

et al.,  2008; Eleni, et al.,2012  ). Furthermore, these sheets can include 

other substances such as vitamins and antioxidants additionally to HA 

for healthier skin (Juanfeng, et al.,  2019). 

v. HA nanoparticles form (HA-NPs) 

Have a lot of value as a drug delivery system in cancer treatment, Many 

research have focused on the pharmacological potential of HA-NPs for 

anti-cancer treatments since HA can specifically attach to certain cancer 

cells that overexpress the CD44 receptor. The majority of HA's uses in 

cancer therapy are as a targeting moiety (Ki Young, et al.,  2011) . 

Furthermore, as compared to water-soluble HA derivatives, HA-NPs 

have shown to accumulate better at the tumor location Surface 

chemistry, size, surface charge, and molecular weight all play a role in 

the overall efficacy of HA-NPs (  Eleni, et al.,2012). 
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2-11: Nanotechnology and nanoparticles 

2-11-1:  Medical Nano- Technology   

Nanotechnology is a potential method for restoring the function and 

regeneration of organs and tissues that have been damaged (Chaudhury et 

al., 2014; Jo et al., 2015), deals with materials with a grain size less than  

100 nanometers (nm) or it  is size  greater than 1 nm and less than 100 nm 

(Sullivan et al., 2014; Bramhill et al., 2017). With the discovery of 

nanotechnology, regenerative medicine acquired a great development in 

recent years (Chaudhury et al., 2014; Jo et al., 2015), and Nano-medicine  

arisen as a specific application of nanotechnology in the health system and  

bring a new answers for medicine's unsolvable problems (Kargozar and 

Mozafari, 2018).  

Nanotechnology is now being developed for a variety of medical uses, 

including, biosensors, diagnostic imaging and medication delivery 

(Sonaje, et al .,2010). In pharmacology ( medicine ) the  nanotechnology 

use of nanomaterials (nanoparticles) allows the drugs  to be delivered to 

precise diseased areas, and  minimizing off toxicity in many drugs and 

treatments of diseases that are difficult to treat, such as cancer (Anderson, 

et al  .,2016). The minimizing toxicity of various types of drugs   

specifically related to the usage of chemotherapeutics, as off-target 

reactions can produce major side effects in cancer patients. Furthermore, 

using of nanotechnology in the field of medical imaging can be improved 

by allowing precise diagnosis for targeting of damaged tissues at 

resolutions that are currently unavailable (Sonaje, et al .,2010; Anderson, 

et al  .,2016) , and the capacity of nanomaterials as a diagnostic agents is 

related to their ability to improve magnetic resonance imaging and, as a 

result, For instance,  help in identification of liver cancer (Rappeport, et 

al.,2007).  
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Other nanoparticles materials are being researched as antibacterial 

alternatives to traditional antibiotics, and can provide a higher local 

dosages of medicines to the target diseased area without   excessive 

systemic levels therapeutic (Sonaje, et al.,2010; Anderson, et al.,2016).  

2-11-2: Medical Nano-materials   

 Nanomaterials  also can be used  in  regenerative  medicine or tissue 

engineering (Kargozar and Mozafari, 2018) additionally to the  diagnostic 

and  therapeutic properties of  various disease , uses of nanoparticles in 

medical science  as a therapeutic or diagnostic method  were  attributed  to 

the advantages of nanoparticles  such as , Rapid onset of action due to rapid  

diffusion and dissolution of the drug, Increased adherence  of nano -

particulate drugs to mucosal surfaces  that can lead to increased drugs  

residence duration   at the site of action and the ability of  Nanoparticles to  

cross biological barriers such as  blood-brain barrier (BBB) and blood-

retinal barrier (BRB) therefore, they can penetrate  leaky vessels more 

easily (Buxton, 2006; Jo, et al., 2015). 

As well as to the mentioned above , the  flexibility, simplicity of surface 

modification , small sizes and  wide surface to volume ratio, (Bindhu, et 

al., 2016) , can be a count   as a properties of nanoparticles,   the small size 

of nanoparticles improves efficiency for precise intracellular drug 

absorption and bio-distribution in the intended cellular sites( Semete, et 

al.,2010 ; Bao, et al., 2016) and  the big surface area allows the particle to 

be easily manipulated into transporting high quantities of drug or other 

substances( Sabzichi, et al., 2016) . 

 In this context, nanoparticles possess a wide range of biological properties, 

including anti-inflammatory, anti-diabetic, anti-cancer, accelerate wound 

healing, anti-bacterial action and anti-oxidant (Sankar et al., 2015).Using  

of inorganic nanoparticle in the medicine  is a new therapeutic  option, 

recently applied in   soft tissue repair technique , unlike conventional  tissue 
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repair, NP  aims to stimulate   the damaged tissue  to regenerate. Because 

of   easy application, variety ,consistency, efficacy, rapidity, low 

invasiveness  and functionality   make  inorganic nanoparticles employed  

in soft tissue repair (Urie et al., 2018). Depending on the size of 

nanoparticles  we can determine their half-life and distribution in the 

circulation, particles less than 10  nanometers are excreted  by the kidney, 

while  those larger than 200 nanometers  are  phagocytosed by the spleen, 

Most therapeutic nanoparticles, have a size range from 10 to 100 nm 

allowing them to  distribute throughout the  circulation  and pass through  

capillary blood vessels (Walmsley et al., 2015). 

Nanotechnology is now being developed for a variety of science specially 

in medical uses, which ,  has been  expanded rapidly due to development 

of a new nanomaterials , that have different biological effect as well as to 

its  effect of the wound healing , for instance, as nanomaterials that used in 

medicine , silver that can be used to a accelerate of wound healing by 

increasing of collagen deposition furthermore, to its action as a wide range 

of  antimicrobial  agent( Sushovan, et al., 2014 ), gold nanoparticles also 

can be used as wound accelerator through enhancing of epithelization and 

increase collagen deposition( PikSuan, et al.,2017).    

 2-11-3:Pharmacokinetics and toxicology of nanoparticles 

The most essential aspect in determining nanoparticle toxicity and 

effectiveness in the biological system is their behavior in vivo. 

Nanoparticles that are introduced locally usually stay in their surroundings 

for a long time and so have a therapeutic effect without producing toxicity. 

The most important component of studying nanoparticle toxicity and 

effectiveness in the biological system is their behavior in vivo. 

Nanoparticles that are introduced locally usually stay in their surroundings 

for a long time and so have a therapeutic effect without producing toxicity. 

Systemically introduced nanoparticles offer a variety of pharmacokinetic 
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features, as opposed to locally implanted nanomaterials, which have 

limited biodistribution. Nanoparticle pharmacokinetics and biodistribution 

are influenced by a number of interconnected biological and 

physicochemical aspects. Absorption, metabolism, excretion, and 

redistribution of nanoparticles are all measured to determine their 

pharmacological action (Chaudhury et al., 2014). Increased capillary 

permeability in tissues such the spleen, bone marrow, lungs, liver, and 

cancers leads to significant nanoparticle absorption. The effect of 

"enhanced permeability and retention" refers to the higher rate of 

nanoparticle absorption by tumours. Opsonization is a well-known 

purifying technique for microorganisms. Nanoparticles have also been 

seen to undergo opsonization, and as a result, they are quickly expelled 

from the body. Neutrally charged particles have been shown to have a 

substantially lower rate of opsonization than charged particles. The 

pharmacokinetic and biodistribution profiles of nanoparticles have been 

observed to be altered by chemical coating (Chaudhury et al., 2014).  

 

2-11-4: Magnesium oxide nanoparticles MgO NPs 

Magnesium (Mg)   is mineral  plays an important role in the body mediating 

cell extracellular  matrix (ECM) interactions , it's insufficiency  has been 

linked to blood pressure  regulation , it has also  been employed in  soft 

tissue engineering  via boost  fibroblastic proliferation (Hickey and 

Webster, 2015). MgO NPs have been shown to improve bone cell 

proliferation and differentiation, as well as decrease osteoporosis and 

accelerate bone regeneration (Fooladi et al., 2013). MgO NPs have 

analgesic properties and can play a positive effect in cells and animals and 

may protect against oxidative stress, lipid peroxidation, 

cytotoxicity(Moeini, et al., 2017) ,  and also  have, antifungal effect 

against Candida albicans ( Karimiyan, et al.,  2015 and  Elham, et al., 2019)  
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and anti  diabetes diseases by acting as an anti-inflammatory through 

peripheral and central mechanisms (Moeini, et al., 2017). As well as have 

a strong antibacterial action.  (He, et al., 2016)  more effective against the 

gram-positive than the gram-negative pathogen (Bindhu et al., 2016; Hayat 

et al., 2018). The MgO   nanoparticles showed no cytotoxicity when the 

concentration was less than 200 μg / ml ,  whereas the relative growth rate 

(RGR) was low when the concentration was greater than 500 μg/ml , and 

MgO NPs demonstrated cytotoxicity.  Endothelial cells were exposed to 

low concentrations of MgO NPs directly, which enhanced cell growth and 

It was suggested that the low concentration of MgO NPs suspension 

created a physical environment that did not interfere with cell growth (Ge 

et al., 2011). Bader 2020 use  MgO NPs  20 nm in size ,  100 μg  MgO NP 

powder was dissolved in 1 ml distal water and the suspension was 

prepared  as soon as at the surgical  procedure then  the suspension was 

sprayed  on the stump with the dose was proportional to the surface area of 

the resected lobe (Bader,2020) calculated as 1 ml / cm3 (Chenthamara et 

al., 2019).     

Magnesium oxide NPs   can be absorbed by  the skin, digestive system and 

lungs and accumulate in the tissues( Suzana ,2020) in the context, 

nanoparticles  can be administrated  through several routes including the 

skin, respiratory tract inhalation , parenteral administration, (Chenthamara 

et al., 2019). Currently MgO NPs  are utilized to treat a variety of diseases, 

including sour stomach and heartburn, as well as as a cleansing agent and 

bone regeneration. (Sharma et al., 2017). 
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2-12: Cytokines 

Cytokines are a class of immune and non-immune cell synthesis and 

fractionation a small molecule of peptides that regulate a variety of cellular 

physiological functions and it plays an important role in stress, such as 

trauma, pain and infection (Li et al., 2017). Cytokines directly or indirectly 

affect every cell in the body. Cytokines exert their function on any cell that 

bears receptors specific to them and may act in autocrine, paracrine or 

endocrine fashion. Cytokine production is genetically, pigenetically and 

post-transcriptionally controlled, and the net effect of an entire cytokine 

signaling cascade ultimately determines each cytokine’s effects in the 

balance between health and disease (Richter et al., 2018). Cytokines are 

classified into lymphokines (cytokines that are secreted by T cells and 

regulate immune responses), proinflammatory cytokines (cytokines that 

amplify and perpetuate the inflammatory process, such as TNF-α, IL-1β, 

and IL-6), growth factors (cytokines that promote cell survival and result 

in structural changes), chemokines (cytokines that are chemotactic for 

inflammatory cells) and anti-inflammatory cytokines (cytokines that 

negatively modulate the inflammatory response), although many of these 

functions may overlap (over 50 cytokines have now been identified) (Li et 

al., 2017; Richter et al., 2018).  

Cytokines play multiple, integral roles in the immune defense against 

infection and neoplasia, but they are also mediators of both inflammatory 

and autoimmune diseases (Richter et al., 2018). Cytokines play a key role 

in orchestrating the chronic inflammation by recruiting, activating and 

promoting the survival of multiple inflammatory cells (Barnes, 2008).  

Currently known Interleukin (IL), interferon (IFN), colony stimulating 

factor 

(CSF), tumor necrosis factor (TNF), nerve growth factor (NGF) and 

transforming growth factor (TGF) Etc., they play a very important 
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regulatory role in the immune system, in abnormal situations it can also 

lead to pathological reactions (Li et al., 2017). 

Cytokines are produced by many different cell types and often show 

overlapping activities regulating proliferation or differentiation, depending 

on the type and developmental state of the target cells involved. The 

cytokines IL-6, IL-1β and TNF-α are elevated in most, if not all, 

inflammatory states and have been recognized as targets of therapeutic 

intervention (Scheller et al., 2011). TNF-α and IL-1β also activate 

transcription factors to produce IL-6 (Tanaka et al., 2014a). 

It is recognized that the cytokine network plays a pivotal role in inducing 

the acute-phase inflammatory and immunologic response to surgical 

trauma. Several laparoscopic procedures have been shown to be associated 

with decreased release of cytokines compared with their open counterparts. 

There have been, however, few investigations comparing cytokine 

productions after video-assisted thoracic surgery (VATS) versus the 

conventional approach (Yim et al., 2000). 

Tissue trauma generates a wide range of immunologic responses. 

Cytokines, chemokines, growth factors, lipids and other mediators are 

released by activated leucocytes, macrophages, fibroblasts and endothelial 

cells and are involved in thelocal injury response and in the systemic 

reaction. Although there are parallel and interacting processes involved, 

from a surgical perspective, a major initiating process involves the 

activation and recruitment of macrophages and monocytes by tissue 

damage leading to release of IL-1β and TNF-α, which cause the release of 

IL-6. These cytokines are those most studied in the surgical literature. IL-

1β and TNF-α have been implicated in the immune response to surgery 

(Walker and Leaver, 2007; Li et al., 2017). 

Elevated concentrations of IL-6, IL-1β and TNF-α in serum are good 

early markers of severity of surgical injury and may reflect development 
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of postoperative complications and subsequently lead to more prompt 

administration of proper treatment which might decrease morbidity and 

mortality (Lesina et al., 2014; Guisasola et al., 2015). 

 Interleukin 6 (IL-6) is one of major proinflammatory cytokines 

responsible for immune response activation. It is a soluble mediator 

cytokine with redundant pleiotropic activity. It is also able to influence 

hormonal balance and some endocrinological abnormalities (Schaper and 

Rose-John, 2015). 

IL-6 synthesis is tightly regulated by transcriptional andposttranscriptional 

mechanisms. When infections and tissue injuries occur, IL-6 synthesis is 

promptly induced and provides an emergent signal that contributes to host 

defense through the stimulation of acute-phase responses, immune 

reactions and hematopoiesis. After the environmental stress is removed 

from the host, the production of IL-6 is terminated. 

However, dysregulated continual synthesis of IL-6 is involved in the 

development of chronic inflammatory autoimmune diseases (Schaper and 

Rose- John, 2015). 

IL-6 is produced by various types of lymphoid and non-lymphoid cells, 

such as T cells, B cells, monocytes, macrophages, fibroblasts, 

keratinocytes, endothelial cells, mesangium cells and several tumor cells. 

The production of IL-6 by T cells requires the presence of monocytes. IL-

6 has important roles in many processes, such as the development of 

humoral and cellular responses, triggering of the inflammatory response, 

regulation of hematopoiesis, supervision of cellular differentiation and 

reproduction and wound healing. Any inflammatory stimulus can  increase 

the IL-6 concentrations and thus can serve as a trigger for other cytokines, 

such as IL-1β and TNF-α (Hunter and Jones, 2017). Furthermore, IL-1β is 

a strong stimulator of IL-6 synthesis in fibroblasts. Since IL-1β is also 

induced upon stimulation of Toll-like receptors (TLRs), IL-1β is part of a 
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feed-forward loop which increases the production of IL-6 (Schaper and 

Rose-John, 2015). 

2-13: Vascular Endothelial Growth Factor (VEGF) 

 Vascular endothelial growth factor (VEGF), also known as vascular 

permeability factor (VPF), was originally described as an endothelial cell-

specific mitogen VEGF is produced by many cell types including tumor 

cells, macrophages platelets keratinocytes, and renal mesangial cells. The 

activities of VEGF are not limited to the vascular system; VEGF plays a 

role in normal physiological functions such as bone formation, 

hematopoiesis, wound healing, and development. ( Ferrara, et al.,1992; 

Chintalgattu,  et al., 2003) also consider  as  a key regulator of 

physiological angiogenesis during embryogenesis, skeletal growth and 

reproductive functions. VEGF has also been implicated in pathological 

angiogenesis associated with tumors, intraocular neovascular disorders and 

other conditions ( Napoleone, et al ., 2003) 
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Chapter three 

Materials and Methods 

 
3-1: Animals 
In the current study , thirty six local breed mature dogs of both sexes were 

used. The average weight 25 kg ± 1.3 and aged an average 27 months ± 

1.5was. The animals were  clinically   healthy  and   housed in the dog 

house at the College of Veterinary Medicine, University of Mosul  and 

were given free food and water. 

3-2: Experimental design 

Thirty six dogs were divided randomly   into four equal main  groups with 

9 dogs  . Each  main  group was furtherly divided into 3 subgroups of 3 

dogs in each according to time after operation  7,15,30 days  to study the 

effect of additive agents on the healing through study of clinical signs, 

gross and histopathological study  ,imunohistochemistry , contrast 

radiograph and endoscopy. All animals in main and subgroups underwent  

esophageal anastomosis  in the cervical part of esophagus . The 

anastomotic site was closed in the same manner   ,  the mucosa and  

muscularis  were treated with follow:- 

Group 1 (9 Animals): without addition any materials ( Control ) . 

Group 2 (9 Animals): Local application of autologus aspirated bone  

                                    marrow.   

Group 3 (9 Animals): Local application of pure hyaluronic acid 0.7%   

Group 4 (9 Animals): Local application of magnesium oxide nanoparticles 

                                   with size 20 nm. 100 μg powder of MgO NP were 

                                   dissolved in the distal water (1 ml)  

                                   was prepared immediately.                                      

The results  were evaluated  depended on  Clinical signs ,  Esophageoscopy 

, Gross changes , Contrast radiography , Histological changes and 

Immunohistochemistry , invistegated where biopsy collection at 

anastomotic site   at 7th  15th ,30th days post surgery. Scoring of histological 

and immunohistochemistry  
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3-3: Preoperative preparation 
      All animals underwent operation were kept 24 hours without  food and 

6 hours without  water  before the surgical  operation. Area of cervical 

region was prepared for aseptic surgery by clipping and shaving of the hair 

from  the mandible to the sternum region or thoracic inlet. After that  the 

area was washed with soap and water, then antiseptic  by the application 

of 5% tincture of iodine . Then the dog was controlled on the surgical table 

in a dorsal recumbency and  all four leg were fixed to the surgical table. 

3-4: Anesthesia 

Before administration of general anesthesia all dogs  were given  atropine 

sulphate ( Vapco, Jorden) at dose 0.04mg/kg BW/SC   as a premedication. 

Then general anesthesia was given to all dogs , i.m injection of ketamine 

10%  HCl( Rotexmedica , Germany)  at 15 mg/kg, with xylazine 2% ( 

Interchemie, Holand)  at 5mg/kg B.w. Both drugs are given as a single  

bolus injection, at femoral muscle. Where necessary ketamine alone  was  

given repeatedly (Green, and Thurmon, 1988).   

3-5: Surgical technique 

A 10-centimeter skin  incision was made  on the ventral midline of the neck 

at the junction of the middle and lower third. The neck muscles 

brachiocephalic and sternohyoidus were  bluntly dissected by scissors to 

expose esophagus. The esophagus  was isolated carefully from the 

neighboring  tissue with minimum  damage  to its blood supply and  

adventitia. High care  was paid to avoid damage  of surrounding  vital 

structures such as trachea ,common carotid artery,  recurrent laryngeal 

nerve,  vagus nerve. The esophagus fixed by  stay sutures  placed at equal 

distances from two sides(Figure 9).  and  the esophagus was incised 

completely  (Figure 10). In all groups  end to end  esophageal  anastomosis 

was applied  and  the mucosa was closed  with 2/0 silk in a simple 

interrupted pattern and the knot tied within the lumen (Figure 11).  , while  
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, the muscular layer was closed with  2/0 polygalactin (Vicryl) in an  

interrupted horizontal mattress (Figure 12 ).  finally  the neck muscles were 

closed with polygalactin size 1 using simple continuous  and the  skin was 

sutured   with silk  size 1 using simple interrupted pattern . 

 

                                                                                                    
     Figure 9: Exposed esophagus                           Figure 10: Complete resection  

                                                                                     Esophagus 

  

                                                                                         

          
      
            Figure11: Esophageal mucosa                         Figure 12: Esophageal muscularis  

                   sutured with 2/0 silk                                        sutured with 2/0  

                   in a simple interrupted                                     in an  interrupted 

                              pattern                                                   horizontal mattress  
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The autologous aspirated bone marrow, hyaluronic acid and MgO NPs 

were spread on the mucosa and the muscular layer at the esophageal 

anastomotic site in each group as follows:-  

Group 1: Control group 

In this group the mucosa and muscularis at the anastomotic site  were left 

without  treatment by any   biological or non biological materials .The 

esophageal layers, mucosa and muscular layer of esophagus  were  sutured 

as discussed  above , neck muscles and skin incision has been closed 

routinely. 

Group 2 : Bone Marrow group 

The 2 ml autologous aspirated bone marrow was collected under aseptic 

conditions from  the head of femur bone  using 18 gage needle(Figure 13).  

The mucosa and the muscular layer of esophagus  were  sutured as 

mentioned above ,after suturing of mucosa  one ml of fresh marrow was 

spread at anastomotic mucosal  site (Figure 14).  and left for  several 

minutes to clot, while , the reminder of aspirated marrow has been  spread 

on the  muscular layer of esophagus(Figure 15). Finally the neck muscles  

and skin inscion were  closed routinely 
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 Figure 13: Site of bone marrow                        Figure 14: Fresh marrow spread  

                      Aspiration                                        on closed esophageal mucosa  

 

 

                    
                    Figure 15: Fresh marrow spread on closed muscularis 

                                                       layer of    esophagus 

 

Group 3: Hyaluronic acid   

One ml of pure hyaluronic acid (3.5% /5 ml ) manufactured by 

Mccosmatic/ spain  ( Figure 16 ) was used in this group. The esophageal 

anastomosis, surgical operation and suture pattern were used in this groups 

similarly to previous groups  . The mucosa at anastomotic site was  coated 

with 0.5 ml of HA(Figure 17) .  And the muscular layer of esophagus was 

coated with another half (Figure 18).  
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Figure 16: Hyaluronic acid             Figure 17: HA spread on closed  esophageal                                        

Mccosmatic /spain                                                                      Mucosa 

 

                      
             Figure 18 : HA spread on closed  muscularis layer of esophageal  

 

Group 4: Magnesium Oxide Nanoparticles  

Local application of magnesium oxide nanoparticles with size 20 nm 

manufactured in Iran ( Venmaterials company ) ( Figure 19) . 100 μg 

powder of MgO NP were dissolved in the distal water (1 ml) (Bader,2020)   

then  spread  0.5 ml of suspension  on the mucosa (Figure 20). while, the 

reminder was spread on the muscularis  (Figure 21).  This group had the 

same surgical procedure and suture pattern   as group 1, 2 and 3.  
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Figure 19 :MgO NPs (Venmaterials company  / Iran ) 

                                                                                                                
                                    Figure 20: MgO NPs spread on  

Closed esophageal mucosa  

                                   
Figure 21: MgO NPs spread on closed muscularis layer of esophagus 
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3-6: Post-operative care 
    The experimental animals were received penicilline – 

streptomycin(kanavet, Canadian ),  in a dose of 10.000 I.U /Kg / B. W. 

Penicilline and 10mg/kg /B. W. streptomycin for 3 days by I.M route 

injection at  femoral muscle . all animals were given intravenous fluid 

therapy for two days after surgical  operation and  oral feeding  starts in 

third day after operation with milk as a liquid food for 5th  day  , then 

gradually returned to the normal solid food. Skin sutures were removed 7 

days after the operation (except animals those euthanized at the  seventh 

day after operation ) 

 

3-7: The appraisal of the esophageal anastomosis was based 

on the following parameters:   
1- Clinical signs by monitoring of the animals for detection any 

complications  that could be occur after esophagectomy  such as 

dysphagia and leakage . 

2- Esophageoscopy was used to viewing the esophageal  lumen and 

mucosal lining at the anastomotic site for detection on the presence of 

any stich dehiscence that leads to leakage.  

In this study the  borescope made in china   was used instead of medical 

endoscopy, its  defined as an optical tool used to help in the visual 

inspection of narrow, difficult-to-reach cavities. The borescope  

consists of a  flexible wire 3.5 M   with  a HD  camera 7mm in diameter  

on the one end  and the computer's USB  socket on the  other end , as 

well as to photo control switch( Figure 22 ). The lens of camera built-

in  6 white leds lights for illumination. The camera  creates an internal 

image( video or picture)  , which is magnified and displayed  on 

computer through its own software version  AN 98 .This models of 

boroscope can be used in medical treatment ( according to manufacturer 

) and   offered improved features such as lower cost, better resolution, 

https://en.wikipedia.org/wiki/USB
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adjustable illumination or replacing the built-in display with a computer 

connection, such as a USB cable. 

 

     
Figure22: Borescope 

 

 

 

Esophageoscopy  after esophagectomy was studied in all experimental 

animals. This examination was performed under general anesthesia by 

the same anesthetics agents that,  used in the surgical  operations then 

all  the dogs were euthanized after esophageoscopy  . A suitable size 

endotracheal tube (ETT) induced in the trachea to facilitate breathing 

and prevent asphyxia, followed by gently  introducing camera protected  

within  another endotracheal tube( ETT) inside the  esophagus for 

exploration  of anastomotic site , the second endotracheal  tube acts as 

a guide to facilitate manipulation of  flexible camera ( Figure 23)  
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Figure 23: borescope with the two 

endotracheal tube 

      

         

3-  Gross pathological examination and autopsy collection after      

esophagectomy and euthenasia was studied in all groups at 7th, 15th , 

30th postoperative days, to evaluation healing  of esophageal 

anastomotic site grossly,  depending on, clarity and binding line of 

anastomotic site  .             

                                   

4- Contrast radiography for assessment the degree of stenosis at 

anastomotic site, contrast radiography  was  applied  by taking 10 cm 

of esophagus at the point  of anastomosis after euthanasia of animals by  

over dose of ketamine . then was filled with (100% w/v) barium 

sulphate and the degree of stenosis was calculated by using the  equation 

below. 

i. Stenosis index % = 100 {1-2 a / (b + c)} 

ii. a:  the diameter of esophagus at the anastomotic site  in 

centimeters  

iii. b: the  diameter of esophagus in centimeters at 2 cm pre-

anastomotic site  

Camera in 

the  ETT 2  

ETT  1  
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iv. c: diameter of esophagus in centimeters at 2 cm post- anastomotic 

site ( Mc Adams, et al.,1969;  Al-Maseeh and  Eesa, 2009  )  

 

5- Histological and Immunohistochemistry studies, that 

performed where samples  collection at anastomotic site  , 

7th  15th ,30th days after operation.  
 

A. Histological study  

After tissue collection, the samples were fixed in 10% neutral 

buffered formalin (prepared by adding 10 ml of 37-40% 

formaldehyde to 90 ml of distilled water containing 4 grams of 

sodium phosphate monobasic salt and 6.2 grams of sodium 

phosphate dibasic salt) to start the tissue fixation, and this stage lasts 

at least 72 hours, later these samples were washed in running tap 

water for one hour, then processed to be embedded in paraffin wax 

(Luna, 1968; Suvarna, et al.,2013 ). The samples were later carried 

in tissue cassettes and labeled with each group and animal code, and 

then these samples were dehydrated to remove the water from tissues 

using ethyl alcohol; this process starts with 70% ethyl alcohol 

overnight, then 80% ethyl alcohol for one hour, 90% ethyl alcohol 

for one hour at two changes, then the samples transferred to absolute 

alcohol for one hour at two changes (Luna, 1968). At this stage, the 

water was excluded from tissue and ready to be cleared with xylene, 

which was used as pure as its supplied for thirty minutes at two 

changes, with visual examination until the tissue had a clear yellow 

to brown gelatinous appearance to complete the clearing process and 

at this stage, the tissue was ready to be infiltrated with paraffin wax 

(Luna, 1968). After the clearing was complete, the samples were 

transferred to hot paraffin wax at 55-58ºC for one hour at three 

changes (the first changes should have 50% xylene and 50% paraffin 
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wax, the second changes should have 25% xylene and 75% paraffin 

wax, the third changes should be 100% of hot paraffin wax) at the 

end of this stage the samples should have a solid, firm and natural 

tissue color which mean the tissue was completely infiltrated with 

paraffin wax (Suvarna, et al.,2013). The tissue samples are then 

embedded in paraffin wax by using paraffin mould where the mould 

is filled with hot paraffin wax, and the tissue sample is localized in 

the center of the mould and filled mould to the cassettes, then left to 

be cooled at the room temperature (Luna, 1968). The paraffin block 

sectioning using rotary microtome at 4-6 µm then transferred to the 

floatation water bath, and lifted using labeled clean glass slide, and 

dried at room temperature for 24 hours, then slide put on a hot plate 

to complete drying for one hour at 55-60ºC, the slide was ready to 

stain (Luna, 1968 ; Suvarna, et al.,2013). 

 

i. Harris hematoxylin and alcoholic Eosin  

 The glass slides were stained with routine Harris hematoxylin                         

and alcoholic eosin stain using the standard protocol described by 

Luna 1968: 

1- The paraffin wax was removed using xylene for three changes, ten 

minutes each. 

2- The slides rehydrated by ethyl alcohol, 100%, 90%, 80% 70%, two 

changes, five minutes each. 

3- The slides floated with tap water for 10 minutes to complete the 

rehydration. 

4- The slides were stained with Harris hematoxylin for ten minutes. 

5- Slides were washed with tap water and blue using saturated lithium 

carbonate solution. 

6- Slides washed in running tap water to develop the sky blue color. 
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7- Slides rinsed with 90% ethyl alcohol for one minute. 

8- Slides stained with alcoholic yellow eosin for two minutes. 

9- Slides were dehydrated using ethyl alcohol 70%, 80%, 90%, 100% 

tow changes, five minutes each. 

10- Slides cleared in xylene three changes, fifty minutes each. 

11- Slides cover with glass slide using DPX tissue mount media. 

12- the result of this stain was, the blue color and their shadows stain 

the basophilic cell element such as the nucleus and nuclear material, 

while the red and pink color stain the eosinophilic components such 

as cytoplasm (Luna, 1968  ; Suvarna, et al.,2013)  . 

ii. Trichrome stain - Masson’s trichrome 

The glass slides were stained with routine Harris hematoxylin and 

alcoholic eosin stain using the standard protocol described by Luna 

1968: 

1- The paraffin wax was removed using xylene for three changes, ten 

minutes each. 

2- The slides rehydrated by ethyl alcohol, 100%, 90%, 80% 70%, two 

changes, five minutes each. 

3- The slides floated with tap water for 10 minutes to complete the 

rehydration. 

4- The slides were stained with Weigher’s hematoxylin solution for 

ten minutes, then washed with tap water for ten minutes, and rinsed 

in distilled water quickly. 

5- The slides were stained with Biebrich scarlet and acid fuchsine 

solution for two minutes, then rinsed in distilled water quickly. 

6- The slides floated with 5% phosphotungstic acid for 15 minutes. 

7- The slides were stained with 1% aqueous light green or anilin blue  

solution for one minute, then rinsed in distilled water quickly.  
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8- The slides were differentiated in 1% aqueous glacial acetic acid 

for five minutes. 

9- Slides were dehydrated using ethyl alcohol 70%, 80%, 90%, 100% 

tow changes, five minutes each. 

10- Slides cleared in xylene three changes, fifty minutes each. 

11- Slides cover with glass slide using DPX tissue mount media. 

12- the result of this stain was the nucleus black in color, the other 

tissue elements red in color, the collagen fiber has a green colour 

(Luna, 1968  ; Suvarna, et al.,2013) . 

 

B-Immunohistochemistry study 

    Immunohistochemistry was achieved by using the avidin-biotin 

immunoperoxidase technique. The adhesive slides were dewaxed 

and rehydrated. Endogenous peroxidase was blocked in 3% hydrogen 

peroxide-methanol solution for 30 min. Then, the slides were washed 

in phosphate buffered saline at pH 7.2, the nonspecific proteins were 

blocked by blocking solution for 1 hour at room temperature. The 

slides were incubated with primary antibodies for IL-6 (post et al., 

2016), IL-12 (Lemchak and Akilov, 2016) and EVGF-A (Maae et al., 

2011) they was used as Rabbit Polyclonal antibody at dilution equal 

to 1:200 (MyBioSource, USA) for overnight at 4ºC. Once washing 

with PBS, the slides were incubated with poly-HRP Goat Anti-

Rabbit IgG at dilution 1:200 (Wuhan Fine Biotech, China) for 1 hour 

at 37ºC. After another PBS washing, the reaction was amplified with 

an avidin-biotin complex. The slides were counterstained with 

haematoxylin, rinsed in distal water, dehydrated and cover slipped. 

Using Image J program, IL-6, IL-12 and EVGF-A staining was 

evaluated by find out the density of positive nuclear of cytoplasmic.   
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C-The histological sections were scored according to the following      

criteria.  

The histological scoring is used to convert non parametric healing 

process into numerical data that can be easily processed statistically 

to clarify the differences between different groups, in which the main 

features of normal histological healing process where taken under 

investigation, these parameters were explained in Table 1 (Yurtçu et 

al., 2011), in which the high scoring rank were express optimized 

healing process: 

1- The inflammatory reaction and cellular infiltrations. 

2- Formation of granulation tissue and maturation. 

3- Formation of newly blood vessels. 

4- The integrity of surface mucosal epithelial cells. 

5- Collagen fiber deposition. 

6- Expression of IHC markers included IL-6, IL-12 and VEGF-A. 
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Table 1: Microscopic scoring criteria that included in current study (Tabola 

et al., 2016; Mcgavin and Zachary, 2017) 

 

Criteria 0+ 1+ 2+ 3+ 4+ 

Inflammation Severely  

infiltration 

with 

fibrosis 

Moderate 

infiltration 

with 

hemorrhages 

Few 

infiltration  

with 

edema 

Few 

infiltration 

Absent 

Granulation 

tissue 
Absent 

Discrete Moderate Intense Complete 

Angiogenesis  
Absent 

Discrete Moderate Intense Complete 

Re-

Epithelization 
Absent 

Discrete Moderate Intense Complete 

Fibrosis  
Absent 

Few Spread Extensive Stretch 

IL-6 Negative Weak +Positive ++Positive +++Positive 

IL-12 Negative Weak +Positive ++Positive +++Positive 

VEGF-A Negative Weak +Positive ++Positive +++Positive 

    

   

 3-8: Statistical analysis 

         Using SPSS version 22.0 to measures the significant differences at 

P<0.05 to compare between different mean for different treatments, in 

which the One Way ANOVA with Duncan’s test were used to measures 

the significances between different groups at P<0.05. In contrast, Paired T 

test was used to measure the differences in the mean stenosis percentages 

in different treated groups with different post- operative days at P<0.05 ( 

Barton and  Peat, 2014).  
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Chapter four 

Results 

 

 

4-1: Post-operative Observations   
The results of the  post-operative examination were studied by clinical 

observation and endoscopic examination as adjunctive diagnostic method 

,   clinical study showed that there was swelling at the site of surgical  

operation which subsided in five  days after operation . In the  group 2 

(bone marrow group), two animals and in group 1 ( control group) one 

animal developed hoarseness . Regurgitation and dysphagia were observed 

in all animals when solid food were offered  at  the 6th P.O.Ds  with various  

degrees of severity at  7th, 15th,30th  P.O.Ds in each group  furthermore   

among groups.  The dysphagia was clear at 7th and  less  at 15th,30th  P.O.Ds 

respectively in each subgroup while , among the groups  the animals in the 

group 1 ( control group) suffered from obvious  dysphagia  while group 3 

( Hyaluronic acid)  had a moderate one . Moreover  , moderate to mild  

dysphagia was seen in the group 2 ( bone marrow) while it was  mild in the 

group 4 (  MgO NPs  ).  

Clinically   none of the animals noted suffering from signs of esophageal 

leakage, and  this result is confirmed by employing   endoscopic  as 

adjuvant  diagnostic method for detection on any stich dehiscence ,using 

esophageoscopy  was  safe  without any damage to the  anastomotic site, 

the figures 24 ,25,26 and 27 are showing endoscopic examination  and  

confirm  complete absence of any dehiscence  at anastomotic site 
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Figure 24 : Endoscopic examination showing  esophageal mucosa of group1 

                                                        (Control group)   

A:  At 7th  P.O.Ds 

  B : At 15th  P.O.Ds 

C : At 30th  P.O.Ds 

A 

B 

C 
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Figure 25: Endoscopic examination showing  esophageal mucosa of group      

                                             2 (Bone marrow group )   

A:  At 7th  P.O.Ds 

  B : At 15th  P.O.Ds 

 C : At 30th  P.O.Ds 

 

A 

B 
 

C 
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Figure 26: Endoscopic examination showing  esophageal mucosa of group      

                                             3 (Hyaluronic acid group )   

A:  At 7th  P.O.Ds 

  B : At 15th  P.O.Ds 

 C : At 30th  P.O.Ds 

A 

B 

C 
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Figure 27: Endoscopic examination showing  esophageal mucosa of group      

                                                   4 (MgO NPs group )   

A:  At 7th  P.O.Ds 

  B : At 15th  P.O.Ds 

 C : At 30th  P.O.Ds 

 

                                                      

 

                     

A 

B 

C 
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4-2: Gross pathology  
The gross pathological examination showed different degrees of clarity of 

anastomotic line. In each  subgroup the degree of clarity of anastomotic 

line was noticed clearly at 7th and became less clear   at 15th, and even less 

at  30th P.O.Ds. 

Among the groups, the degree of clarity of anastomotic line was obviously 

clear in the group 1 (control group) while, it was less in the group 3 

(hyaluronic acid) , 2 (bone marrow) and 4 (MgO NPs) groups, respectively 

(  Figures  28 , 29 , 30  and 31 )   
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Figure 28 : Grose examination  showing degrees of  clarity  of anastomotic  

line   in group 1 

                                                    (Control group)   

 A:  At 7th  P.O.Ds 

  B : At 15th  P.O.Ds 

 C : At 30th  P.O.Ds 
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      Figure 29 : Grose examination  showing degrees of  clarity  of anastomotic  

line    in group 3 

                                                        (Hyaluronic acid group)   

 A:  At 7th  P.O.Ds 

  B : At 15th  P.O.Ds 

 C : At 30th  P.O.Ds 

 

p D 

A 

Anastomotic line 

 

 

 

 

 

 

 

  

B 

Anastomotic line 

 

 

 

 

 

 

 

  

C 

Anastomotic line 

 

 

 

 

 

 

 

  

p D 

D p 



80 
 

 

                     

                     

                     
 
      Figure 30 : Grose examination  showing degrees of  clarity  of anastomotic  

line    in group 2 

                                                   (Bone marrow group )   

 A:  At 7th  P.O.Ds 

  B : At 15th  P.O.Ds 

 C : At 30th  P.O.Ds 

Anastomotic line  

A 

p D 

B 

p D 

Anastomotic line 

 

 

 

 

 

 

 

  

p 

Anastomotic line 

 

 

 

 

 

 

 

  

D 

C 



81 
 

 

              

              

              
Figure 31 : Grose examination  showing degrees of  clarity  of anastomotic  

line   in group 4 

                                                   (MgO NPs group)   

 A:  At 7th  P.O.Ds 

  B : At 15th  P.O.Ds 

 C : At 30th  P.O.Ds 
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4-3: The Radiographic Examination 
 

The percentage degree of stenosis in control group (1) was non- significant 

increasing with time after operation ( 7th , 15th  and 30th P.O.Ds  )   ( Figures 

32 ) ( Table 2). On the other hand, the percentage  degrees of stenosis in  

bone marrow( 2)  , hyaluronic acid(3) and MgO NPs(4) groups were 

decreasing over time after operation  (  7th, 15th and 30th  P.O.Ds)  

  ( Figures 32,34,35) ( Table 2)  , these decreasing  were non-significant at  

P<0.05   in group 2 ( Bone marrow ) ,while in group 3 ( hyaluronic acid ) 

and group 4 (MgO NPs )  the decreasing were significantly at P<0.05     ( 

Table 2) .  

In other context, as a comparison among the groups, and at any 

postoperative time, the percentage degrees of stenosis in control group was  

high  ,   at the same time it was  diminished in  hyaluronic acid group , 

moreover ,  in  bone marrow group  more diminishment was  noticed and  

even more in MgO NPs group  ( Table 2) . At the 7th  P.O.Ds the decreasing  

percentage degrees of stenosis were significantly different  in group 4 ( 

MgO NPs) from 2 , 3 and 1 groups, whereas no significant differences 

between the groups 2 and  3 as well as the groups 2 and 3 were  significantly 

different  from the group 1. 

At the 15  P.O.Ds the decreasing percentage  degree of stenosis had no 

significant difference among the groups 2,3 and 4 while  all ( 2,3 and 4 ) 

had a significant  difference from group 1. 

At 30 P.O.Ds the percentage  degrees of stenosis  were  significantly 

different among the groups   2 , 3 ,4, and 1.   
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Figure 32 : Radiological examination   showing degrees of stenosis at anastomotic  

                                                                    line      

                                                       (Control group)   

 A:  At 7th  P.O.Ds 

  B : At 15th  P.O.Ds 

 C : At 30th  P.O.Ds 
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Figure 33 : Radiological examination   showing degrees of stenosis at anastomotic  

                                                                    line  in    

                                                       (Bone marrow  group)   

 A:  At 7th  P.O.Ds 

  B : At 15th  P.O.Ds 

 C : At 30th  P.O.D 
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Figure 34 : Radiological examination   showing degrees of stenosis at anastomotic  

                                                                    line     

                                                       (hyaluronic acid  group)   

 A:  At 7th  P.O.Ds 

  B : At 15th  P.O.Ds 

 C : At 30th  P.O.Ds 
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Figure 35  : Radiological examination   showing degrees of stenosis at anastomotic  

                                                                    line     

                                                       (MgO NPs group)   

 A:  At 7th  P.O.Ds 

  B : At 15th  P.O.Ds 

 C : At 30th  P.O.Ds   
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Table 2: Percentages of moderate degree of stenosis at the site of  

               anastomosis in the four  experimental groups at  7,15 and 30 days  

               after operations. 

 

         Time  

 

groups 

7 Days after 

   operation       

15 Days after 

   operation       

30 Days after 

   operation       

 

  Control (1) 

 

A36.33%±6.55a 

 

A39.56%±5.80a 

 

A42.20%±2.42a 

 

Bone 

marrow (2) 

 

 

AB27.20 % ±8.52a  

 

B21%±7.17a 

 

BC14.66 %±5.81a 

 

 Hayluronic  

      acid (3)      

 

AB31.67 % ±5.58a 

 

B26.13 %±4.53ab 

 

B20.83%±4.02b 

 

   MgO NPs 

       (4) 

 

B23.23%±4.66a 

 

B17.16%±4.63ab 

 

C8.60%±4.73b 

 
Horizontal small different letters mean there is a significant difference at P<0.05. 

Vertical capital different letters mean there is a significant difference at P<0.05. 

                               The data were expressed as mean ± SE. 

 

4-4: Histological and immunohistochemistry  studies 
 

4-4-1: Histological study : 
In group 1 (control group)  the histological study at 7th P.O.Ds , revealed 

necrosis with hemorrhage of epithelial layer  at the  site of anastomosis( 

Figure 36) , other view showing necrosis and sloughing to the epithelial 

layer and  deposition of collagen fibers  with infiltration of mononuclear 

inflammatory cells ( Figure 37 ), the Masson’s trichrome stain  showing 

deposition of collagen fibers that take a bright green colour 

( Figure 38). At 15th P.O.Ds showing re-epithelization of the esophagus 

epithelial layer and  deposition of collagen fibers with necrotic tissue 
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 ( Figure 39) and other view showing few infiltration of mononuclear 

inflammatory cells with deposition of immature collagen fibers , with few 

fibrocytes showing hyperplasia ( Figure 40) . the Masson’s trichrome 

section study revealed  deposition of immature collagen fibers that take a 

bright green color in layer of granulation tissue( Figure 41)  

At 30th P.O.Ds the histological study  showing  a weak re-epithelization 

process  and increase in collagen fibers deposition with necrotic tissues, 

and increase in the granulation tissue ( Figure 42). There was in other view 

showing weak re-epithelization process and  immature collagen fibers with  

hyperplasia of  fibrocytes and  infiltration of few inflammatory cells ( 

Figure 43) ,the Masson’s trichrome showing immature deposition collagen 

fibers that take a bright green color within granulation tissue ( Figure 44) . 

 

 
Figure 36: Micrograph at  7th P.O.Ds in control  group the  site of anastomosis (line), 

showing signs of epithelial layer necrosis (arrow) with hemorrhage (arrow). H&E, 

40x.  
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Figure 37: Micrograph at  7th P.O.Ds in control  group showing necrosis and sloughing 

to the epithelial layer (arrow) deposition of collagen fibers (arrow), infiltration of 

mononuclear inflammatory cells (arrow). H&E, 100x.  

 

 
Figure 38: Micrograph at  7th P.O.Ds in control  group showing deposition of collagen 

fibers that take a bright green color. Masson’s trichrome, 100x. 
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Figure 39: Micrograph at  15th P.O.Ds in control  group the  site of anastomosis (line) 

showing re-epithelization of the esophagus epithelial layer (arrow) deposition of 

collagen fibers (arrow) with necrotic tissue (arrow). H&E, 40x. 

 

 
Figure 40: Micrograph at  15th P.O.Ds in control  group showing few infiltration of 

mononuclear inflammatory cells (arrow) with deposition of immature collagen fibers 

(arrow), with few fibroblast proliferation  showing hyperplasia (arrow). H&E, 100x 
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Figure 41: Micrograph at  15th P.O.Ds in control  group showing deposition of immature 

collagen fibers that take a bright green color in site of granulation tissue. Masson’s 

trichrome, 100x.  

 

 
Figure 42: Micrograph at  30th P.O.Ds in control  group the  site of anastomosis (line) 

showing weak re-epithelization process (arrow) increase in collagen fibers deposition 

(arrow) with necrotic tissues (arrow), and increase in the granulation tissue (arrow). 

H&E, 40x. 
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Figure 43: Micrograph at  30th P.O.Ds in control  group showing weak re-epithelization 

process (arrow) immature collagen fibers (arrow) hyperplasia of fibroblast (arrow) 

with few infiltration of inflammatory cells (arrow). H&E, 100x.  

 

 

 
Figure 44: Micrograph at  30th P.O.Ds in control  group showing immature deposition 

collagen fibers that take a bright green color within granulation tissue. Masson’s 

trichrome, 100x.  
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 In the group 2 (Bone marrow ) the histological examination at 7th P.O.Ds 

at the site of anastomosis  was showing  signs  of epithelial losing in 

addition to inflammatory infiltration of mononuclear inflammatory cells 

with hemorrhage( Figure 45) other section was revealed  deposition of 

collagen fibers ( Figure 46), staining with Masson’s trichrome showing few 

deposition of collagen fibers that take a bright green color in the 

granulation tissue in the thickened mucosal layer( Figure 47). After 15th 

P.O.Ds. at the site of anastomosis  was showing re-epithelization of the 

esophagus epithelial layer  with presence of active granulation tissue and  

hemorrhage ( Figure 48) as well as to the  inflammatory infiltration of 

mononuclear inflammatory cells  with increase in deposition of collagen 

fibers, and hyperplasia of fibrocytes ( Figure 49), the staining with 

Masson’s trichrome showing increase in the amount of collagen fibers that 

take a bright green colour  in the granulation tissue in the thickened mucosa 

layer ( Figure 50) . At 30th  P.O.Ds the microscopic examination was 

revealed at the site of anastomosis complete re-epithelization process and 

stretching the collagen fibers  with restoration of normal esophagus 

histological elements ( Figure 51) and associated with a newly blood 

vessels ( Figure 52), the  Masson’s trichrome was revealed  a complete 

contraction of collagen fibers that take a bright green colour ( Figure 53) 
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Figure 45: Micrograph site of anastomosis (line) in bone marrow group  at  7th 

P.O.Ds, this location showing signs of epithelial losing (arrow) in addition to 

inflammatory infiltration of mononuclear inflammatory cells (arrow) with 

hemorrhage (arrow). H&E, 40x. 

 

 
 
Figure 46: Micrograph at  7th P.O.Ds in bone marrow group  showing inflammatory 

infiltration of mononuclear inflammatory cells (arrow) with deposition of collagen 

fibers (arrow). H&E, 100x.  
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Figure 47: Micrograph at  7th P.O.Ds in bone marrow group showing few deposition of 

collagen fibers that take a bright green color (arrow) in the granulation tissue in the 

thickened adventitial  layer (curve). Masson’s trichrome, 100x. 

 

 
Figure 48:  Micrograph Site of anastomosis (line) in bone marrow group  at 15th P.O.Ds  

this location showing re-epithelization of the esophagus epithelial layer (arrow) 

presence of active granulation tissue (arrow) with hemorrhage (arrow). H&E, 40x.  
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Figure 49:  Micrograph 15th P.O.Ds  in bone marrow group showing inflammatory 

infiltration of mononuclear inflammatory cells (arrow) with increase in deposition of 

collagen fibers (arrow), and hyperplasia of fibrocytes (arrow). H&E, 100x. 

 

 
 

Figure 50:  Micrograph 15th P.O.Ds  in bone marrow group showing increase in the 

amount of collagen fibers that take a bright green color (arrow) in the granulation tissue 

in the thickened mucosa layer (curve). Masson’s trichrome, 100x. 
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Figure 51:  Micrograph Site of anastomosis (line) in bone marrow group  at 30th  P.O.Ds 

this location showing complete re-epithelization process (arrow) stretching the 

collagen fibers (arrow) with restoration of normal esophagus histological elements 

(arrow). H&E, 40x. 

 

 
Figure 52:  Micrograph 30th P.O.Ds  in bone marrow group showing complete re-

epithelization process (arrow) stretching the collagen fibers (arrow) newly blood 

vessels (arrow). H&E, 100x.  
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Figure 53:  Micrograph 30th P.O.Ds  in bone marrow group showing complete 

contraction of collagen fibers that take a bright green color (arrow). Masson’s 

trichrome, 100x. 

 

In the group 3 ( Hyaluronic group) at 7th P.O.Ds  the histological study was 

showing  at the site of anastomosis  signs of epithelial losing and wide 

distribution of necrotic tissue with hemorrhage ( Figure 54), other section 

showing inflammatory infiltration of mononuclear inflammatory cells with 

deposition of collagen fibers and necrotic tissues and edema ( Figure 55), 

the staining with Masson’s trichrome  showing  a few deposition of 

collagen fibers that take a bright green color in form of waved sheets( 

Figure  56) . After 15th P.O.Ds the re-epithelization process of the 

esophagus epithelial layer was noted with  increase in collagen fiber 

deposition with hemorrhage ( Figure 57), as well as  to infiltration of 

mononuclear inflammatory cells with increase in deposition of collagen 

fibers in form of waved sheets, and hyperplasia of fibrocytes and newly 

blood vessels ( Figure 58), the  Masson’s trichrome was  showing increase 

in the amount of collagen fibers that take appear as waved bright green 

sheets ( Figure 59). At 30th P.O.Ds the re-epithelization process at a line of 

anastomosis  was a completed  and maturation of collagen fibers with 

edema were noted  ( Figure 60) and formation of new blood vessels ( Figure 

61) , Masson’s trichrome staining showing  a complete contraction and 

maturation of collagen fibers that take a bright green colour   ( Figure 62) 
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Figure 54: Micrograph at  7th P.O.Ds in hyaluronic acid  group site of anastomosis 

(line), this location showing signs of epithelial losing (arrow) and  wide distribution of 

necrotic tissue (arrow) with hemorrhage (arrow). H&E, 40x.  

  

 
Figure 55: Micrograph at  7th P.O.Ds in hyaluronic acid group showing inflammatory 

infiltration of mononuclear inflammatory cells (arrow) with deposition of collagen 

fibers (arrow) and necrotic tissues (arrow) and edema (arrow). H&E, 100x. 
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 Figure 56: Micrograph at  7th P.O.Ds in hyaluronic acid group showing few deposition 

of collagen fibers that take a bright green color in form of waved sheets. Masson’s 

trichrome, 400x. 

 

 
 

Figure 57: Micrograph at  15th P.O.Ds in hyaluronic acid group  site of anastomosis 

(line) showing re-epithelization of the esophagus epithelial layer (arrow) increase in 

collagen fiber deposition (arrow) with hemorrhage (arrow). H&E, 40x.  
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Figure 58: Micrograph at  15th P.O.Ds in hyaluronic acid group showing inflammatory 

infiltration of mononuclear inflammatory cells (arrow) with increase in deposition of 

collagen fibers in form of waved sheets (arrow), and hyperplasia of fibrocytes (arrow) 

and newly blood vessels (arrow). H&E, 100x. 

  

 
 Figure 59: Micrograph at  15th P.O.Ds in hyaluronic acid  group showing increase in 

the amount of collagen fibers that take appear as waved bright green sheets. Masson’s 

trichrome, 400x. 
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Figure 60: Micrograph at  30th P.O.Ds in hyaluronic acid group showing the  Site of 

anastomosis (line), with a complete re-epithelization process (arrow) maturation of 

collagen fibers (arrow) with edema (arrow). H&E, 40x.  

 

 
Figure 61: Micrograph at  30th P.O.Ds in hyaluronic acid group showing  a complete re-

epithelization process (arrow) maturation of collagen fibers (arrow)  with  newly blood 

vessels (arrow) at the site of anastomosis  . H&E, 100x.  
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Figure 62: Micrograph at  30th P.O.Ds in hyaluronic acid group showing  a complete 

contraction and maturation of collagen fibers that take a bright green color (arrow). 

Masson’s trichrome, 400x. 

 

In group 4 ( MgO NPs), at 7th P.O.Ds., losing of  epithelial and mucosal  

layer as well as to the  presence of edema with deposition of collagen fibers 

were noted at the anastomotic site (  Figure 63), there was  inflammatory 

infiltration of mononuclear inflammatory cells with deposition of 

immature collagen fibers and hyperplasia of fibrocytes and edema ( Figure 

64), the Masson’s trichrome study was showing few deposition of collagen 

fibers that take a bright green colour ( Figure 65). 

At  15th P.O.Ds Site of anastomosis showing re-epithelization of the 

esophagus epithelial layer with  increase in collagen fiber deposition ( 

Figure 66) there was inflammatory infiltration of mononuclear 

inflammatory cells with increase in deposition of collagen fibers and 

hyperplasia of fibrocytes (Figure 67) . Masson’s trichrome staining 

showing increase in the amount of collagen fibers that appear as bright 

green colour. ( Figure 68) . 
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At   30th P.O.Ds  the anastomotic  site showing re-epithelization process 

,increase in collagen fibers deposition with hemorrhage and congestion ( 

Figure 69) other view to site of anastomosis, showing re-epithelization 

process  immature collagen fibers with congestion of blood vessels ( Figure 

70) ,the  Masson’s trichrome stain  showing deposition of collagen fibers 

that take a bright green colour( Figure 71)    

 
Figure 63: Micrograph at  7th P.O.Ds in MgO NPs group the Site of anastomosis (line), 

showing signs of epithelial and mucosa layer losing (arrow) presence of edema 

(arrow) with deposition of collagen fibers (arrow). H&E, 40x.  
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Figure 64: Micrograph at  7th P.O.Ds in MgO NPs group showing inflammatory 

infiltration of mononuclear inflammatory cells (arrow) with deposition of immature 

collagen fibers (arrow) and hyperplasia of fibrocytes (arrow) and edema (arrow). 

H&E, 100x. 

 

 
Figure 65: Micrograph at  7th P.O.Ds in MgO NPs group showing few deposition of 

collagen fibers that take a bright green color. Masson’s trichrome, 400x. 

 

 

 

 



106 
 

 

 
 Figure 66: Micrograph at  15th P.O.Ds in MgO NPs group the  site of anastomosis 

(line), showing re-epithelization of the esophagus epithelial layer (arrow) increase in 

collagen fiber deposition (arrow). H&E, 40x.  

 

 
 

Figure 67: Micrograph at  15th P.O.Ds in MgO NPs group showing inflammatory 

infiltration of mononuclear inflammatory cells (arrow) increase in deposition of 

collagen fibers (arrow), and hyperplasia of fibrocytes (arrow). H&E, 100x. 
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Figure 68: Micrograph at  15th P.O.Ds in MgO NPs group showing increase in the 

amount of collagen fibers that appear as bright green color. Masson’s trichrome, 100x.   

 

 
Figure 69: Micrograph at  30th P.O.Ds in MgO NPs group the  site of anastomosis (line), 

revealed  re-epithelization process (arrow) increase in collagen fibers deposition 

(arrow) with hemorrhage and congestion (arrow). H&E, 40x. 
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Figure 70: Micrograph at  30th P.O.Ds in MgO NPs group View to site of anastomosis, 

showing re-epithelization process (arrow) immature collagen fibers (arrow) with 

congestion of blood vessels (arrow). H&E, 100x.  

 

 

 
Figure 71: Micrograph at  30th P.O.Ds in MgO NPs group showing deposition of 

collagen fibers that take a bright green color. Masson’s trichrome, 100x.  
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4-4-2: Immunohistochemistry (IHC) study:   

The Immunohistochemistry study includes Vascular endothelial growth 

factor A- expression (VEGF-A) at 7th  and 15th P.O.Ds and also include 

interleukin- 6 ( IL-6) at 15th P.O.Ds. and interleukin- 12 (IL-12) at 30th  

P.O.Ds in all groups   

4-4-2-1: Vascular endothelial growth factor A- expression ( 

VEGF-A) 

At 7th P.O.Ds  the vascular endothelial growth factor –A expression ( 

VEGF-A) in the epithelial cell of newly blood vessels which appear as 

cytoplasmic golden brown granules  was a positive expression  in control, 

bone marrow  and hyaluronic acid groups ( Figures 72, 73 ,74 ), while in  

MgO NPs group was a strong positive ( Figure 75). 

 At 15th P.ODs the vascular endothelial growth factor –A expression was 

weak positive in control group( Figure 76) and  in bone marrow and 

hyaluronic acid groups was positive expression ( Figures 77,78), while ,in 

MgO NPs group  was a strong positive expression ( Figure 79).  

4-4-2-2: Interleukin- 6 (IL-6) 

At 15th P.O.Ds interleukin 6 in control group was weak positive expression 

in the cytoplasm of granulation tissue which appear as golden brown 

patches(Figure 80)   , in bone marrow group  was  Positive expression in 

the cytoplasm of granulation tissue which appear as golden brown fimbria 

( Figure 81) and in hyaluronic acid also was weak positive expression in 

the cytoplasm of granulation tissue which appear as golden brown 

patches(Figure 82). In the other context ,in MgO NPs group  IL -6 was  

strong positive expression in the cytoplasm of granulation tissue which 

appear as golden brown fimbria  ( Figure 83). 
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4-4-2-3: Interleukin -12 (IL-12) 

At the 30th P.O.Ds the interleukin -12 expression in the cytoplasm of 

epithelial cell which appear as golden brown patches  was weak positive in 

control group ( Figure 84) and was a positive expression in bone marrow 

and hyaluronic acid ( Figures 85, 86) whereas , in MgO NPs group  was 

strong positive expression ( Figure 87). 

 

   

Figure 72: Micrograph at  7th  P.O.Ds in control  group showing Positive expression 

of VEGF-A in the endothelial  cell of newly blood vessels which appear as 

cytoplasmic golden brown granules (arrow). VEGF-A IHC, 400x. 
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Figure 73: Micrograph at  7th  P.O.Ds in bone marrow  group showing Positive 

expression of VEGF-A in the endothelial  cell of newly blood vessels which appear as 

cytoplasmic golden brown granules (arrow). VEGF-A IHC, 400x. 

 

 
Figure 74: Micrograph at  7th  P.O.Ds in hyaluronic acid group showing Positive 

expression of VEGF-A in the endothelial  cell of newly blood vessels which appear as 

cytoplasmic golden brown granules (arrow). VEGF-A IHC, 400x. 
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Figure 75: Micrograph at  7th  P.O.Ds in MgO NPs  group showing strong Positive 

expression of VEGF-A in the endothelial  cell of newly blood vessels which appear as 

cytoplasmic golden brown granules (arrow). VEGF-A IHC, 400x. 

 

 
Figure 76: Micrograph at 15th P.O.Ds in control  group showing weak Positive 

expression of VEGF-A in the endothelial  cell of newly blood vessels which appear as 

cytoplasmic golden brown granules (arrow). VEGF-A IHC, 400x. 
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Figure 77: Micrograph at  15th  P.O.Ds in bone marrow  group showing  Positive 

expression of VEGF-A in the endothelial  cell of newly blood vessels which appear as 

cytoplasmic golden brown granules (arrow). VEGF-A IHC, 400x.  

 

  
Figure 78: Micrograph at 15th P.O.Ds in hyaluronic acid   group showing Positive 

expression of VEGF-A in the endothelial  cell of newly blood vessels which appear as 

cytoplasmic golden brown granules (arrow). VEGF-A IHC, 400x.  
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Figure 79: Micrograph at 15th P.O.Ds in MgO NPs group showing strong Positive 

expression of VEGF-A in the endothelial  cell of newly blood vessels which appear as 

cytoplasmic golden brown granules (arrow). VEGF-A IHC, 400x. 

 

 
Figure 80: Micrograph at  15th  P.O.Ds in control   group showing  Weak positive 

expression of IL-6 in the cytoplasm of granulation tissue which appear as golden 

brown patches (arrow). IL-6 IHC, 400x. 
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Figure 81: Micrograph at  15th  P.O.Ds in bone marrow  group showing  Positive 

expression of IL-6 in the cytoplasm of granulation tissue which appear as golden 

brown fimbria (arrow). IL-6 IHC, 400x. 

 

 
Figure 82: Micrograph at  15th  P.O.Ds in hyaluronic acid   group showing  Weak 

positive expression of IL-6 in the cytoplasm of granulation tissue which appear as 

golden brown patches (arrow). IL-6 IHC, 400x.  

 

 

 

          



116 
 

 

 
 

Figure 83: Micrograph at  15th  P.O.Ds in MgO NPs  group showing  Strong positive 

expression of IL-6 in the cytoplasm of granulation tissue which appear as golden 

brown fimbria (arrow). IL-6 IHC, 400x.  

 

 
 

Figure 84: Micrograph  at 30th P.O.Ds in control   group showing Weak positive 

expression of IL-12 in the cytoplasm of epithelial cell which appear as golden brown 

patches (arrow). IL-12 IHC, 400x.  

 



117 
 

 

  
Figure 85: Micrograph  at 30th P.O.Ds in bone marrow group showing Positive 

expression of IL-12 in the cytoplasm of epithelial cell which appear as golden brown 

patches (arrow). IL-12 IHC, 400x. 

 
Figure 86: Micrograph at 30th P.O.Ds in hyaluronic acid  group showing wed Positive 

expression of IL-12 in the cytoplasm of epithelial cell which appear as golden brown 

patches (arrow). IL-12 IHC, 400x. 
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Figure 87: Micrograph  at 30th P.O.Ds in MgO NPs   group showing Strong positive 

expression of IL-12 in the cytoplasm of epithelial cell which appear as golden brown 

patches (arrow). IL-12 IHC, 400x. 

 

4-5: Scoring of histological and immunohistochemistry studies 

The results of histological and immunohistochemistry studies  scoring of 

all groups are including :  

       

4-5-1: Inflammatory response and infiltration of inflammatory cells  

The result of the current study in the 7 day post operation showing that the 

inflammatory response and infiltration of inflammatory cells were the 

highest in MgO NPs group, then in bone marrow group, then in hyaluronic 

acid group and at least significant differences was recorded in control 

group at P<0.05. A similar result was showing in the next 15 and 30 day 

after operation, these results indicate that the best inflammatory response 

that associated with infiltration of inflammatory cells were recorded in 

MgO NPs group in compare with control group in 7, 15 and 30 day post 

operation (Table 3).  
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Table 3: Inflammatory response and infiltration of inflammatory cells 

Group 7 day 15 day 30 day 

Control 0.45±0.04 D 1.77±0.07 D 2.46±0.09 D 

MgO NPs 2.21±0.80 A 3.27±0.84 A 3.91±0.94 A 

Bone marrow 1.78±0.27 B 2.97±0.74 B 3.74±0.84 B 

Hyaluronic acid 0.97±0.11 C 1.87±0.12 C 2.94±0.24 C 

 Different vertical letters mean presence of significant differences at P<0.05. 

 

4-5-2: Granulation tissue formation and maturation 

The result of current at the 7th post operation showing that the formation of 

granulation tissue was the highest in control group, then in hyaluronic acid 

group, then in bone marrow group and at least significant differences was 

recorded in MgO NPs group at P<0.05. A similar result was showing in the 

next 15 and 30 day after operation, these results indicate that the lowest 

amount of granulation tissue formation were recorded in MgO NPs group 

in compare with control group in 7, 15 and 30 day post operation (Table 

4). 

Table 4: Granulation tissue formation and maturation 

Group 7 day 15 day 30 day 

Control 1.61±0.10 A 2.61±0.21 A 3.75±0.20 A 

MgO NPs 0.94±0.09 D 1.57±0.10 D 2.71±0.11 D 

Bone marrow 1.23±0.11 C 2.01±0.12 C 3.01±0.42 C 

Hyaluronic acid 1.41±0.11 B 2.47±0.17 B 3.40±0.71 B 

- Different vertical letters mean presence of significant differences at P<0.05. 
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4-5-3: Angiogenesis and newly blood vessels formation 

The result of current in the 7 and 15 day post operation showing that the 

formation of newly blood vessels were the highest in MgO NPs group, then 

in bone marrow group, then in hyaluronic acid and at least significant 

differences was recorded in control group at P<0.05. These results indicate 

that the highest angiogenesis process was recorded in MgO NPs group in 

compare with control group in 7 and 15 day post operation (Table 5). In 

contrast and in coordination with fast and perfect healing process the newly 

blood vessels formation were dimensioned in lowest pattern in MgO NPs 

group then in bone marrow group then in hyaluronic acid  group and at last 

in control group, this indicate the healing process was finished rapidly in 

MgO PNs group in compare with control and other groups at P<0.05. 

Table 5: Angiogenesis and newly blood vessels formation 

Group 7 day 15 day 30 day 

Control 2.04±0.12 D 2.94±0.11 D 1.81±0.14 A 

MgO NPs 3.54±0.19 A 3.18±0.13 A 0.91±0.09 D 

Bone marrow 2.41±0.12 B 3.45±0.15 B 1.21±0.14 C 

Hyaluronic acid 2.21±0.14 C 3.14±0.17 C 1.42±0.11 B 

- Different vertical letters mean presence of significant differences at P<0.05. 

 

4-5-4: Re-epithelization of esophageal mucosa 

The result of current in the 15 and 30 day post operation showing that re-

epithelization process were the highest process in MgO NPs group, then in 

bone marrow group, then in hyaluronic acid and at least significant 

differences was recorded in control group at P<0.05. in contrast and in 

compare with the normal healing process this stage was not presence in the 

7 days post operation in all groups. These results indicate that the best and 

fats re-epithelization process was recorded in MgO NPs group in compare 

with control group in  15 and 30 days post operation (Table 6 ). 
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Table 6: Re-epithelization of esophageal mucosa 

Group 7 day 15 day 30 day 

Control 0.00±0.00 A 1.24±0.11 D 2.91±0.51 D 

MgO NPs 0.00±0.00 A 2.87±0.12 A 3.87±0.54 A 

Bone marrow 0.00±0.00 A 2.14±0.14 B 3.74±0.47 B 

Hyaluronic acid 0.00±0.00 A 1.72±0.10 C 3.11±0.27 C 

- Different vertical letters mean presence of significant differences at P<0.05. 

 

4-5-5: Fibrosis and collagen fiber deposition 

The result of current in the 15 and 30 day post operation showing that 

collagen fiber deposition were the lowest in MgO NPs group, then in both 

bone marrow and hyaluronic acid group and at highest significant 

differences was recorded in control group at P<0.05. In contrast and in 

compare with the normal healing process this stage was not presence in the 

7 day post operation in all groups. These results indicate that the healing 

without fibrosis was recorded in MgO NPs group in compare with control 

group in 15- and 30-days post operation (Table 7). 

 

Table 7: Fibrosis and collagen fiber deposition 

Group 7 day 15 day 30 day 

Control 0.00±0.00 A 1.09±0.12 A 2.12±0.12 A 

MgO NPs 0.00±0.00 A 0.55±0.11 C 0.67±0.10 C 

Bone marrow 0.00±0.00 A  0.95±0.14 B 1.21±0.17 B 

Hyaluronic acid 0.00±0.00 A 0.97±0.10 B  1.22±0.11 B 

- Different vertical letters mean presence of significant differences at P<0.05. 
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4-5-6: VEGF-A expression  

The result of current in the 7 post operation showing that highest express 

of VEGF-A were recorded in MgO NPs group, then in both bone marrow 

and hyaluronic group and the lowest VEGF-A expression were recorded in 

control group at P<0.05, while in 15 and 30 day post operation the lowest 

VEGF-A express were recorded in MgO NPs group, then in both bone 

marrow and hyaluronic acid group, and at the highest VEGF-A expression 

was recorded in control group at P<0.05 (Table 8). 

 

Table 8: VEGF-A expression 

Group 7 day 15 day 30 day 

Control 2.08±0.14 C 3.67±0.17 A 1.57±0.18 A 

MgO NPs 4.18±0.24 A 2.03±0.11 C 0.94±0.10 C 

Bone marrow 3.45±0.11 B 2.54±0.18 B  1.24±0.16 B 

Hyaluronic acid 3.42±0.21 B 2.67±0.15 B 1.30±0.20 B 

- Different vertical letters mean presence of significant differences at P<0.05. 

 

4-5-7: IL-6 expression 

The result of current in the 7 and 15 day post operation showing that 

highest express of IL-6 were recorded in MgO NPs group, then in both 

hyaluronic and bone marrow group and the lowest IL-6 expression were 

recorded in control group at P<0.05, while in 30 days post operation the 

lowest IL-6 express were recorded in MgO NPs group, then in both bone 

marrow and hyaluronic acid group, and at the highest IL-6 expression was 

recorded in control group at P<0.05 (Table 9). 
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Table 9 : IL-6 expression 

Group 7 day 15 day 30 day 

Control 1.09±0.10 C 2.10±0.10 C 3.81±0.11 A 

MgO NPs 2.97±0.54 A 3.71±0.24 A 1.24±0.17 C 

Bone marrow 1.81±0.11 B 2.55±0.32 B 1.81±0.27 B 

Hyaluronic acid 1.97±0.31 B 2.71±0.10 B 1.99±0.15 B 

- Different vertical letters mean presence of significant differences at P<0.05. 

  

4-5-8: IL-12 expression 

The result of current in the 7 and 15 day post operation showing that 

highest express of IL-12 were recorded in Mgo NPs group, then in both 

hyaluronic and bone marrow group and the lowest IL-12 expression were 

recorded in control group at P<0.05, while in 30 days post operation the 

lowest IL-12 express were recorded in MgO NPs group, then in both 

hyaluronic acid and  bone marrow group, and at the highest IL-12 

expression was recorded in control group at P<0.05 (Table 10). 

 

Table 10: IL-12 expression 

Group 7 day 15 day 30 day 

Control 1.12±0.12 C 2.17±0.22 C 2.75±0.18 A 

MgO NPs 2.14±0.16 A 3.47±0.21 A 1.07±0.27 C 

Bone marrow 1.65±0.28 B 2.57±0.15 B 2.14±0.10 B 

Hyaluronic acid 1.74±0.11 B 2.61±0.17 B 2.01±0.14 B 

- Different vertical letters mean presence of significant differences at P<0.05. 
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Chapter five  

Discussion  
 

 

5-1: Post-operative Observations   
The swelling appeared at the site of operation may be due to the surgical 

trauma and post surgical inflammatory process, this change disappeared 5 

days after operation and this observation agreed with (Anderson,1980; 

Jones and Hunt ,1983;  Al-Maseeh and  Eesa, 2009) . Two animals in  

group B ( bone marrow group) and one in group A ( control group) showing 

hoarseness , which could be due to    partial paralysis of the vocal cord 

resulting from trauma of  the recurrent laryngeal nerve during exposure of 

esophagus (Baba , et al.,1999; Al-Maseeh and  Eesa, 2009 ; Gooszen, et 

al.,2018  ) .  

The signs of  regurgitation and dysphagia were seen during solid food 

feeding on the  6th PODs  , which  were  a result of  neck incisions  that , 

can cause damage and weakening  of  the accessory   swallowing muscles 

in the neck, and this agrees with (    Chen, et al.2014   ) Moreover , 

dysphagia can be   resulted  from the stenosis due to scar contraction at the 

site of anastomosis and this was indicated by the radiographic finding   , 

this observation agrees  with  others researches that  have suggested 

dysphagia occurs due to anastomotic stricture and showed signs of  

dysphagia within days or weeks after esophageal surgery (Strombeck, 1990 

; Collard , et al.,1998 ; Cheryl and Theresa , 2007  ; Al-Maseeh and  Eesa, 

2009;  Chen , et al.2014  ).  

We noticed that the severity of dysphagia was decreased with time in each 

subgroup, these result was a in agreement  with (  Chen , et al.2014) , as 

well as, reducing in the degree of stenosis with time , this interpretation  

closely similar to( Gupta, et al., 1980). Whereas, the decreasing in the   

severity  of dysphagia of treated groups may be due to effects of additive 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
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agents that helped   to speed up the healing of esophagus, that confirmed 

by gross examination and  histological study, this result was in the line with 

findings of (Oryan, et al.,2012;  Chou, et al., 2014; Hickey and Webster, 

2015; Shengkun, et al.,2016; Xiang, et al.,2019; Lima, et al ., 2020),  whom 

were suggested the bone marrow , hyaluronic acid and MgO NPs have 

ability to accelerate wound  healing when applied locally on the wound .   

Based on the above , the healing was accelerated  and led  to decreasing  

the degree of  stenosis, that was  confirmed by  radiographic examinations 

,  this result agreed with faster healing that  leads to a minimal amount of 

fibrous tissue formation manifested by  a decrease in the percentage  

degrees of stenosis (Al-Maseeh and  Eesa, 2009)  

At first glance, none of the  animals was suffering from anastomotic  

leakage, in order to interpret this speculation  in this work,   we confirmed 

it by  clinical observation and endoscopy as adjunctive method for 

detection on stich dehiscence that causing leakage  .The clinical 

observation did not showed any signs of outflow of saliva from the  neck 

incision and which  indicates that  there is no  anastomotic leakage that 

occurs   as a result to stich dehiscence , depending on  (Bruce, et al .,2001; 

chen, et al.2014 ) who have established that saliva flow from the neck is a 

clear symptom of leakage,  as well as,  no swelling was noted clinically  at 

the cervical incision  after operation , this  was  used as an indicator to 

confirm    no animal is  suffering from esophageal leakage supported by 

(Collard , et al.,1998 ; Al-Maseeh and  Eesa, 2009) they have concluded 

that    persistent  swelling for more than 10 days post operatively  at the 

cervical incision as  a pathognomic signs of the esophageal cervical  

leakage . 

 The second confirmation is determined by the  endoscopy  which   is used 

for confirmation absence of stich dehiscence and leakage . Using of 

esophageoscopy was  safely and effectively without  any risk or damage  
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to the   anastomotic site,  this  is agrees with  ( Page, et al .,2013 ; Maish, 

et al .,2015; Nishikawa, et al .,2016; Fujiwara, et al., 2016, Fabbi, et al., 

2021  ) they have suggested the  endoscopy is  a useful method for the 

intactness of the esophagus during detection  of  the  possible leakage at 

the anastomotic site .  

The interpretation of the absence of esophageal leakage that based on 

clinical finding and endoscopy, which is attributed  to the experience of the 

surgeon ,this conclusion is similar   and agrees with (Yuan, et al.,2015; 

Fabbi, et al., 2021  )  they have concluded   that  the rate of the anastomotic 

complications are   purely  related to the surgeons and their  experiences . 

Moreover , the absence of leakage is also attributed  to our  use  of the  two 

layer suturing with end to end anastomosis  that  agrees  with   ( Zhu, et al., 

2008; Nederlof, et al.,2014; Fabbi, et al., 2021). 

 

5-2: Gross pathological examination   
  

The different degrees of the  clarity  of anastomotic line in each subgroup 

and  Among the groups were that  possibly  related to  good binding or 

healing between the two edges of anastomotic site that , enhanced and 

accelerated by the effect of additive agents,  this result  agrees with ( Chou, 

et al., 2014; Hickey and Webster, 2015; Sharma et al.,2017 ; Xiang, et 

al.,2019; Nyman, et al.,2019, Lima, et al ., 2020), whom were suggested 

the bone marrow , hyaluronic acid and MgO NPs have ability to accelerate 

wound  healing when applied locally.  

 

 

 

 

 

https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=24438553
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5-3: The Radiographic Examination  
 

The increasing percentage degree of stenosis in control group at all 

postoperative days may be due to  fibrous( scar) tissue formation at the site 

of anastomosis  resulting in  scar around the anastomosis and reducing the 

width of scar by the wound contraction leads to narrowing the esophageal  

lumen and increasing degree of stenosis with the time after operation ( 

Kumar, et al ., 1994 ; Lecoindre and  Cadore , 1996 ;  Cheryl and 

Theresa,2007), while, in the bone marrow , hyaluronic acid and MgO NPs 

groups the percentage   degrees of stenosis in the esophagus were decreased 

with  passing of time after operation  , may be due to acceleration of healing 

process  via the effect of additive agents,   this result  agrees with other 

studies by  ( Chou, et al., 2014; Hickey and Webster, 2015; Shengkun,et 

al.,2016; Xiang, et al.,2019; Nyman, et al.,2019),  whom were suggested 

the bone marrow , hyaluronic acid and MgO NPs have ability to accelerate 

wound  healing when applied locally on it by stimulation the endothelial 

cells  to be differentiated and proliferated and help reepithelization faster 

normal wound healing and reducing the healing time in compare with 

control group  .  And the  accelerated healing  leads to diminish the degree 

of  stenosis through decreasing scar formation around the anastomotic site 

this result agreed with faster healing that  leads to a minimal amount of 

fibrous tissue formation (Al-Maseeh and  Eesa, 2009) that leaves a fixed-

size a fibrous tissue around the anastomotic site additional to  an inelastic 

anastomosis  ( Kim and  Takabe, 2010;  Chen , et al.2014 ). 

 In our present study and in a comparison among groups, at any 

postoperative time, the percentage  degrees of stenosis in control group was  

considerable  ,   at the same time it was  diminished in  hyaluronic acid 

group , moreover ,  in  bone marrow group  more diminishment was  

noticed and  even more in MgO NPs group, may be related to different 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=24876942
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characterization of  additive agents (bone marrow ,hyaluronic acid and 

MgO NPs) and its different effect on wound healing . 

 

5-4: Histological and immunohistochemistry  studies  

The result of histological examination showed that the healing process 

were best recorded in the MgO NPs , bone marrow, and hyaluronic acid  

groups ,respectively, when  compared with control group. MgO NPs have 

a great effect on wound healing and the cellular process a combine it, there 

was variety of factors play an important role in the progress and regress 

healing, one of the most important factor is presence of bacterial infection 

and contamination either during or post  surgery (Mingyue, et al., 2021), 

the MgO NPs play as important role in elimination of these infective 

factors, a wide range of nanoparticle showed to have or exeret anitbacteirla 

effect such as sliver, zinc, copper and magnesium, in which the MgONPs 

showed to have antibacterial effect against 36 species of pathogenic 

bacteria included Staphylococcus and other pyogenic bacteria, in addition 

to that the low risk of cytotoxic effect of MgO NPs to the cell in wound 

site is very important in compare with sliver and zinc nanoparticle which 

they have significant effect as cytotoxic to cells, which play an important 

role in promote the healing process and depress the effect of bacterial 

contamination (Jiajia, et al., 2020). in addition to that the MgO NPs 

considered as the most biocompatible and degradable nanoparticle and 

have a great impact on the wound healing, in which at the end of healing 

process these particles were removed and degraded from the wound site by 

the effect of phagocytosis, this biological property was not found in other 

nanoparticle, making MgO NPs most tissue compatible material (Catarina, 

et al.,2020). The pro-angiogenic activity of MgO NPs help in the wound 

healing, in which MgO NPs will increase the expression of VEGF at the 

anastomotic site which considered as the primary cytokine that will 
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increase and promote the angiogenesis process and increase in the 

formation of newly blood vessels which considered the transporting 

vessels to bring more nutrients and cells that promote the healing process 

and lead by the end to finalized the healing process as soon as possible in 

compare with the normal healing events (Lili, et al., 2015). On other hand, 

the MgO NPs showed that they have a great ability of stimulate the 

epithelial  cells to be differentiated and proliferated and help in 

reepithelization faster than normal healing process, in which MgO NPs will 

exert direct effect on the phagocytic cells to increase secretion of IL-12 

rapidly and for long duration in compare with normal healing process, 

these cytokines known to have a direct effect of the endothelial cells 

proliferation and differentiation which eventually promote the healing 

process (Cheyann, et al., 2016 ). Antibacterial effect, angiogenic activity 

and endothelial cell stimulation effect of MgO NPs play an important role 

in decrease the healing process duration in addition to promote return the 

tissue to their normal status before surgical intervention, which is obtained 

in current study in compare with normal healing process as figured in 

control group. 

Whole bone marrow application in the site of wound healing has a 

significant impact on wound healing rapidly than that recorded in normally 

healed wound, this biological material contains steam cells and procurers 

of inflammatory cells (Evangelos and  Vincent., 2003), these inflammatory 

cells were especially monocytes that produce monocyte colony stimulating 

factor (MCSF) which found to have a great importance in the acute cellular 

events at the first stages of healing during the period from 12 hours to 36 

hours after incision, in which MCSF will promote margination, 

pavementation and migration of mononuclear inflammatory cells in the 

blood vessels and enhance their migration by highly express of integrin 

receptor family in wall of blood vessels to facilitate their pseudopodia 
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movement of monocytes, which directly converted into macrophages as 

soon as they enter the tissue, then they chemotaxis to site of wound healing 

to start phagocytosis of cellular debris (Yaojiong, et al.,2007). On other 

hand, the steam cells that present in whole bone marrow materials will 

differentiated and converted into fibrocytes cells and fill the gaps between 

dead and live cells, this process to converting into fibrocytes will lead to 

increase in collagen formation and deposition and this will lead eventually 

to healing by fibrosis (Xiaobing, et al.,2006). In addition, the whole bone 

marrow contains the most important cytokine that effect of conversion of 

fibrocytes to fibroblast is fibroblast growth factor, which facilitate and 

enhance transformation of fibrocytes to fibroblast and activation of these 

cell to knitting arachidonic acid into collagen type II or IV, these two 

features of enhancing have a great impact healing of chronic wound (Luis, 

et al.,2015). The whole bone marrow materials showed that to have a great 

impact on the first cellular events in acute wound healing also in collagen 

deposition and stretching in chronic wound healing, these two events did 

not have a great impact on the wound healing duration nor intensity, which 

make this wound dressing materials is less effective in wound healing in 

compare with MgO NPs, but in the same time bone marrow have a great 

impact to increase the speed of acute inflammatory process as a first step 

in wound healing and rapidly and intensively in collagen formation and 

deposition at the last stage which in have a good effect to reduce the healing 

time in compare with control group and hyaluronic acid group, and this 

result was obtained in current study. 

Hyaluronic acid has a great impact on wound healing and play a key 

stone in process related to collagen deposition and wound stretching 

especially in chronic wound to prevent healing by fibrosis, in which 

hyaluronic acid have a direct effect of the phagocytic cells to promote their 

production and secretion of IL-6 and IL-8, these interleukins which have a 
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great importance in stimulation and activation of fibrocytes to be 

biogenically converted into fibroblast, this last cell play a major role in 

knitting the arachidonic acid to form a certain types of collagen fibers, in 

which these cells in presence of high amount of IL-6 and IL-8 in wound 

site will knitting the arachidonic acid into collagen fiber type II and IV, 

which is the most beneficial type of collagen fibers in compare will 

collagen fibers type III which is presence in case of pathogenic fibrosis and 

scare tissue formation (V´eronique, et al.,2006; Litwiniuk, et al., 2016). In 

addition hyaluronic acid have a great importance in activation of 

keratinocytes and re-epithelization process, in which these two process 

control by the IL-12 and IL-6, and the hyaluronic acid known with their a 

great effect in increase secretion of IL-6 which will promote the re-

epithelization process, in addition to that hyaluronic acid have no effect on 

the healing process especially the cellular events and the angiogenesis 

process ( Nyman et al.,2019 ;Yayoi, et al.,2021), these properties make this 

wound dressing material less effective in wound healing in compare with 

MgO NPs and bone marrow, on other hand it have a great impact on wound 

healing in compare with normal healing process, these conclusions was 

recorded by current study.  
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Chapter six  

 

Conclusions 

 
1- The percentage degree of stenosis was less recorded in MgO NPs group,     

then in the bone marrow, and in hyaluronic acid group in comparison   with 

control group.  

2- Histological and immunohistochemistry studies approved that the best 

healing process of esophagus was in MgO NPs  followed by bone marrow 

then hyaluronic acid groups respectively in comparison with control group 
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Recommendations 
 

1- Extending the postoperative periods more than 30 days  to follow up the 

healing process and observation of any post operative complications 

                                                  

2- Studying effect of using  MgO NPs , bone marrow and hyaluronic acid 

on the different esophageal grafts . 

  

3- Using another types of NPs agents and studying its effect on the 

esophageal healing.  

 

4-Using anastomotic  bursting pressure to measuring  the mechanical 

strength of anastomosis which represents the resistance of esophagus to 

intraluminal pressure   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



134 
 

 

References 

 

Abboud, C. N., and Lichtman, M. A. (2001). Structure of the marrow and               

the hematopoietic microenvironment. In Williams’ Hematology, 6th 

edition (E. Beutler, M. A. Lichtman, B. S. Coller, T. J. Kipps, and U. 

Seligsohn, eds.) McGraw-Hill, New York .pp. 29–58. 

Aghamir, S.M.R., Mehrabani, D., Amini, M., MoslehShirazi, M.A.,                 

Nematolahi, S., Shekoohi-Shooli, F., Mortazavi, S.M. and  Razeghian, 

J.I. (2016). The regenerative effect of bone  marrow-derived stem cells on 

cell count and survival in acute radiation  syndrome. J. World Plast. 

Surg.6:111–113. 

Al Deeb, M.( 2020 ). Role of Platelet-Rich Fibrin (PRF) and Platelet-Rich 

Plasma (PRP) in Oro-Facial Tissue Regeneration: A Narrative Review. J. 

Adva Oral Res. 11(1): 5–11.  

Alanezi, K. and Urschel, J. D. ( 2004). Mortality secondary to esophageal 

anastomotic leak. Ann Thorac Cardiovasc Surg; 10: 71–5. 

Al-Hyani, O.H.(2012).   Effect of auto-transplantation of bone marrow on 

the nerve autography in the dogs.  AL-Qadisiya Journal of Vet.Med.Sci . 

11( 2) 129-141 

Al-Hyani, O.H.(2019). Evaluation of Different Implants for Repairing of 

Tracheal Defect in Dogs. Thesis College of Veterinary Medicine, 

University of Mosul  . Mosul  .Iraq. 

Al-Maseeh, Z. T. and  Eesa, M. J.( 2009) Comparative study of three               

methods of esophageal anastomosis in dogs. J. Iraqi Vet Sci .  23: 45–50. 

Al-Qadhi, A.S.  and Al-Hasan, A.M. (2013). Comparison of two jejunal 

anastomosis techniques in dogs treated preoperatively with 

dexamethasone. J. I J V S. 27 ( 2) : 91-96.  

Anderson, D.S, Sydor, M.J, Fletcher, P. and  Holian, A.( 2016). 

Nanotechnology: The Risks and Benefits for Medical Diagnosis and 

Treatment. J. Nanomedicine & Nanotechnology. 7( 4):1-2. 



135 
 

 

Anderson, J.R,.( 1980). Muir’s Textbook of Pathology 11th ed. Edward 

Arnold, London . pp: 43-47. 

Andrews, P.L. and  Bingham, S. ( 2014).  Adaptation of the mechanisms 

controlling gastric motility following chronic vagotomy in the ferret. Exp 

Physiol 75:811-25. 

Armstrong, S.E. and  Bell, D.R,.( 2002). Relationship between lymph and 

tissue hyaluronan in skin and skeletal muscle. Am J Physiol Heart Circ 

Physiol; 283:H2485-94  

Aslam, V., Bilal, A., Khan, A., Bilal, M., Zainul ,A. and  Ahmed, M. 

(2008). Gastroesophageal anastomosis: single-layer versus doublelayer 

technique–an experience on 50 cases. J Ayub Med Coll Abbottabad. 20: 

6–9.  

Aughey, E. and  Frye F. L.,( 2001). Comparative veterinary histology 

with clinical carrelates, pp. 119-124 Iowa State University press. 

Baba, M., Natsugoe, S., Shimada, M., Nakano, S., Oguchi, Y., Kawachi, 

K., Kusano, C. and  Aikou, T.( 1999).  Does hoarseness of voice from 

recurrent nerve paralysis after esophagectomy for carcinoma influence 

patient qualityof life . J .Am Coll Surg.188: 231-236. 

Bader, O. A .( 2020). Effect of Magnesium Oxide Nanoparticles on 

Healing of Lung Tissue Following Experimental Thoracoscopic  

Lobectomy in Local Breed Dogs. Thesis College of Veterinary    

Medicine, University of Baghdad. Baghdad. Iraq.  

Barnes PJ (2008). The cytokine network in asthma and chronic 

obstructive pulmonary disease. J. Clin. Invest., 118(11): 3546-3556. 

Bai, K..J, Spicer, A.P., Mascarenhas, M.M., Yu, L., Ochoa, C.D. and            

Garg, H.G., et al.( 2005). The role of hyaluronan synthase 3 in  

ventilator-induced lung injury.J. Am Respir Crit Care Med172:  92–98. 

Baloi, P. A., Kircher, P. R. and  Kook, P. H.( 2013). Endoscopic                

ultrasonographic evaluation of the esophagus in healthy dogs. J.              

Amer Vet Rese. 74(7): 1005-1009. 



136 
 

 

Bao, H, Zhang ,Q, Xu, H and  Yan, Z. (2016). Effects of nanoparticle size 

on antitumor activity of 10-hydroxycamptothecin-conjugated gold 

nanoparticles: in vitro and in vivo studies. Int J Nanomed. 11: 929-40. 

Bardini ,R. ,  Asolati, M.,  Ruol, A.,  Bonavina, L.,  Baseggio, S.           

and  Peracchia , A.( 1994) Review Anastomosis. J. World             

Surg.18(3):373-8. 

Barton, B and  Peat, J . (2014). Medical Statistics: A Guide to SPSS, Data 

Analysis and Critical Appraisal. USA: Blackwell Publishing. 

Batmaz, H., Süzer, F., Kennerman, E and Yilmaz, Z. (1998). Myasthenia              

Gravis in a Dog. J. Vet and Anim. Scien. 22: 427-430. 

Beresford, J.N., Bennett, J.H., Devlin, C., Leboy, P.S. and Owen, M.E.               

(1992). Evidence for an inverse relationship between the differentiation 

of adipocytic and osteogenic cells in rat marrow stromal  cell cultures. J 

Cell Sci.102 (2): 341-51. 

 Berg, P. and  McCallum, R.(  2016).  Dumping Syndrome: A Review of 

the Current Concepts of Pathophysiology, Diagnosis, and Treatment. J. 

Dig dis and sci. 61:11–18. 

Bexfield, N .H, Watson ,P.J, and Herrtage, M.E.(2006)  . Esophageal              

Dysmotility in Young Dogs. J Vet Intern Med .20:1314–1318.   

Bindhu, M.R., Umadevi, M., Micheal, K.M., Arasu, M.V. and Al-Dhabi,             

N.A. (2016). Structural, morphological and optical properties of    MgO 

nanoparticles for antibacterial applications.J. Mat Let. 166(1): 19-22 

Bissett, S.A, Davis, J. and Subler, K., et al.(2009). Risk factors and               

outcome of bougienage for treatment of benign esophageal  strictures in 

dogs and cats: 28 cases (1995–2004). J. Am Vet Med Assoc. 235: 844–

850. 

Blackmon SH, Correa AM, Wynn B, et al. ( 2007 ). Propensity-matched 

analysis of three techniques for intrathoracic esophagogastric 

anastomosis. Ann Thorac Surg. 83:1805-13 



137 
 

 

Blencowe, N.S., Strong, S. and McNair, A.G et al.( 2012). Reporting of                  

short‐term clinical outcomes after esophagectomy: A                 

systematic review.J. Ann Surg 255: 658–666. 

Blewett, C. J.  ,  Miller, J .D.,  Young, J .E.,  Bennett, W. F.,  Urschel , J.(               

2001). Anastomotic leaks after esophagectomy for esophageal              

cancer: a comparison of thoracic and cervical anastomoses.J.  Ann Thorac 

Cardiovasc Surg  . 7(2):75-8. 

Bonadio, C. M., Pollard, R. E., Dayton, P. A., Leonard, C. D. & Marks, 

S. L. ( 2009). Effects of Body Positioning on Swallowing and Esophageal 

Transit in Healthy Dogs. Journal of Veterinary Internal Medicine, 23(4), 

pp. 801–805.  

Borku, M.K., Ural K., Kibar M., Ozkanlar Y., Guzel M. and Cingi, C.              

(2009). Esophageal diverticulum in a cat. J. Turk Vet and Anim.        

33(2): 171-174. 

Bradley, K.( 2005). Practical contrast radiography 2. Gastrointestinal              

studies.J. In Pract. 27(8): 412-417. 

Brady, R., Biskup, J. & Latimer, C.( 2017). Gastro-oesophageal 

intussusception with splenic involvement in an adult dog. Veterinary 

Record Case Reports. 4(2) : 1-4.  

Bramhill, J., Ross, S. and Ross, G. (2017). Bioactive nanocomposites for  

tissue repair and regeneration: A review. J. Int Environ. Res.    Public 

Health. 14(1): 66-87 

Bristow, P.( 2015). Cervical masses in dogs and cats. Investigation and               

management. J. In Pract. 37(6) : 267-274. 

Bruce, J., Krukowshi, Z.H., AL-Kairy, G., Russell, E.M ., Park,    

K.G.M.(2001). Systematic review of the definition and measurement of 

anastomotic leak after gastrointestinal surgery. J. Brit Surg . 88: 1157-

1168. 

Burch, J. M, Franciose, R. J., Moore, E. E., Biffl, W. L.and Offner, P . J.(  

2000).  Single-layer continuous versus two-layer interrupted intestinal 

anastomosis: a prospective randomized trial. Ann Surg. 231: 832–7. 



138 
 

 

Buxton, D. (2006). The promise of nanotechnology for heart, lung and  

blood diseases.  J.Expert Opin Drug Deliv. 3(2): 173-175. 

Caldas, H.C., de Paula, C. and Fernandes, I.M., et al.(2015). Comparative 

effects of mesenchymal stem cell therapy in distinct stages of chronic 

renal failure.J. Clin Exp Nephrol 19:783–789 

Capitani, O., Spinella, G., Fiorelli, F., Conte, M., Vagnini, M. and 

Gualtieri, M.( 2014). Trans-Endoscopic Ultrasonography of the 

Oesophagus and Gastrointestinal Tract in Dogs and Cats: Pathological 

Findings. Pakistan Veterinary Journal, 34(3): 319-323. 

Carroll, M. H. and  Arnold, G. C. (2012). Congenital Anomalies of the   

Esophagus  in Pediatric Surgery. Volume  2, 7TH  Edition, Elsevier .USA 

/mosby.pp 287-295. 

Cerfolio, R.J, Allen, M.S. and  Deschamps, C., et al.(  1996).  

Postoperative chylothorax. J Tho Card Surg.112:1361-5. 

 

Catarina, C., Tatiana, P., Laura, C., Marta, T., Paulo, C., Valentina, F., 

Paulo, A., Fernando, J. and Susana, R. ( 2020). The antibacterial and 

angiogenic effect of magnesium oxide in a hydroxyapatite bone 

substitute. J. Nature portfolio., .10:1-15. 

Chaudhury, K., Kumar, V., Kandasamy, J. and Roy Choudhury, S.  

(2014).Regenerative nanomedicine: current perspectives and  future 

directions. J. Int  Nanomed., 9(1): 4153-4167. 

Chen, Q., Sun, G., Wang, Y., Zhong, W. and Shu, X.Z.,(2014) The             

evaluation of  wo new hyaluronan hydrogels as nasal dressing in   the 

rabbit  maxillary sinus. J . Am Rhinol Allergy. 26:152-156.      

Chenthamara, D., Subramaniam, S., Ramakrishnan, S.G., Krishnaswamy, 

S., Essa, M.M., Lin, F and Qoronfleh, M.W. (2019). Therapeutic efficacy 

of nanoparticles and routes of administration.J. Biomat Res. 23(20): 1-29.   

Cheryl, S.H. and  Theresa, W.F.( 2007). Surgery of the digestive system.             

In: Theresa WF, Cheryl SH, Ann LJ, Kurt SS, Howard BS,  Michael DW, 



139 
 

 

Anne B,Gwendolyn LC (editors), Small animal surgery. 3rd ed., Mosby, 

Elsevier, pp. 339-527. 

 

Cheyann, L., Wetteland , A., Nhu-Y, T. and Huinan, L.( 2016). 
Concentration-dependent behaviors of bone marrow derived mesenchymal 

stem cells and infectious bacteria toward magnesium oxide nanoparticles .J. 

Acta Bio., 1: 1-16. 

 

Chintalgattu, V., Nair, D., Katwa, L.C. ( 2003). Cardiac myofibroblasts: 

A novel source of vascular endothelial growth factor (VEGF) and its 

receptors Flt-1 and KDR. J Mol Cell Cardiol.  35: 277–286 

 

Chiu, P.W. and  Lam, P.K, et al.( 2015) Effect of local injection of 

mesenchymal stem cells on healing of sutured gastric perforation in an 

experimental model. J.  Br Surg .102: 158–168. 

 Choi, J. Lee,  S. , R. Pangeni, Y. Byun, I. and Yoon, J.W.( 2017) Park   

Preparation and in vivo evaluation of cationic elastic liposomes 

comprising highly skin-permeable growth factors combined with    

hyaluronic acid for enhanced diabetic wound-healing therapy. J.   Acta 

Biomater. 57 : 197-215 

Chou, S.H., Lin, S.Z. and Kuo, W.W., et al.( 2014). Mesenchymal stem                  

cell insights: Prospects in cardiovascular therapy. J. Cell Transplant 

.23:513–529 

Collard, J.M., Romagnoli, R., Goncette, L., Otte, J.B. and  Kestens, P.J.(  

1998).Terminalized semimechanical side-to-side suture technique for 

cervical esophagastrostomy. Ann Thorac Surg; 65: 814-817. 

Collins, M.N. and Birkinshaw, C( 2013). Hyaluronic acid based scaffolds   

for tissue  gineering A review. J. Carbohydr. Polym. 92: 1262- 1279.  

Cox, J.G., Winter, R.K and  Maslin, S.C., et al( 1994) . Balloon or bougie 

for dilatation of benign esophageal stricture? Dig Dis Sci.39(4):776-781. 

 



140 
 

 

Daniel, B., et al.(   2019).  First aldol cross-linked hyaluronic acid 

hydrogel: fast and hydrolytically stable hydrogel with tissue adhesive 

properties, J. ACS Appl  Mater  Interf. 11 (41) : 234-240.  

Della, R. M.A., Gaschen, F., Gaschen, L. and Cho, D.Y.( 2010). Canine          

bronchoesophageal fistulas: Case report and literature review. J.             

Com Contin Educ Vet. 32(4). 

Desmond, K., Chick W., Allyson, B. and Kenneth, E.L.( 2018). 

Prospective evaluation of an indwelling esophageal balloon dilatation 

feeding tube for treatment of benign esophageal strictures  in dogs and 

cats. J. Vet Intern Med.  32: 693–700  

Dexter, T.M. and Testa, N.G. (1976). Differentiation and proliferation of             

hemopoietic cells in culture. J. Methods Cell Biol.14: 387-405. 

Dugue, L., Sauvanet, A., Garges, O., et al. ( 1998).   Output of chyle as 

an indicator of treatment for chylothorax complicating oesophagectomy. 

Br J Surg.85:1147-9. 

Durocher, L., Johnson, S.E. and Green, E. (2009). Esophageal            

diverticulum associated with a trichobezoar in a cat. J Amer Anim Hosp 

Associa . 45(1): 142-146. 

Dvir, E., Spotswood, T. C., Lambrechts, N. E. and Lobetti, R. G.( 2003).                

Congenital narrowing of the intra pharyngeal opening in a dog            

with concurrent esophageal hiatal hernia. J. Small Anim Pract. 44   :  

359–362. 

Dyce, K. M., Sack, W. O. and  Wensing, C. J. G., 2010. The digestive  

apparatus. In: Textbook of Veterinary Anatomy. Missouri: Saunders    

Elsevier, pp. 119-124. 

Eleni, .,  Michael, R.  and George, K(2012) . Hyaluronic acid: A key             

molecule in skin aging. J. Dermato endocrinol.  4(3): 253–258. 

Elham, B. , Mina, N., Farnoosh, A., Keivan, A., Koorosh ,S. 

and  Mojtaba    F.( 2019). Albumin binding and anticancer effect of  

magnesium oxide nanoparticles .J. Int Nanomedicine.14: 257–270 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Behzadi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=30643405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nouri%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30643405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Attar%20F%5BAuthor%5D&cauthor=true&cauthor_uid=30643405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akhtari%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30643405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shahpasand%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30643405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Falahati%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30643405


141 
 

 

Elwood, C. ( 2006) . Diagnosis and management of canine oesophageal         

disease and regurgitation.J. In Practice. 28: 14-21 

Engstad, K., Schipper, P. H.( 2009).  Postoperative care and management 

of the complications of surgery. In: Jobe B A, Thomas C R, Hunter J G, 

editors. Esophageal cancer: Principles and practice. New York, NY: 

Demos Medical.  

 Erin L and   Pardue , et al.(2008).  Role of hyaluronan in angiogenesis 

and its utility to angiogenic tissue. J. engineering Organogenesis. 4 (4) : 

203-214. 

Evangelos, V.B., Vincent, F.( 2003). Treatment of chronic wounds with 

bone marrow – derived cells. J. Arch Dermatolo. 139:510- 516.  

Fabbi, M. E., Hagens, M., van Berge, H. S. and  Gisbertz, S. ( 2021). 

Anastomotic leakage after esophagectomy for esophageal cancer: 

definitions, diagnostics, and treatment. J. dis of esophus . 31:1-14 

Fallacara, A., Baldini, E., Manfredini, S. and  Vertuani, S.( 2018)              

.Hyaluronic Acid in the Third Millennium. J. Polymers. 10: 701. 

 Fernanda,  Z., et al.( 2017).  Enhanced cell viability in hyaluronic acid 

coated poly(lactic-co-glycolic acid) porous scaffolds within microfluidic 

channels, Int. J. Pharm. 532 (1) : 595–602. 

 

Ferrara, N., Houck, K., Jakeman, L.,( 1992) Molecular and biological 

properties of the vascular endothelial growth factor family of 

proteins. Endocr Rev.  13 :18–32. 

Flowers, M.and Kansu, E. (2000). Late complications of hematopoietic              

stem cell transplantation. J. Med .33:415-32. 

 

Fooladi, A.A., Hosseini, H.M., Hafezi, F., Hosseinnejad, F. and Nourani,  

 M.R.  (2013). Sol-gel-derived bioactive glass containing SiO2- MgO-

CaO-P2O5 as an antibacterial scaffold. J. Biomed Mater  Res. 101(6): 

1582-1587. 



142 
 

 

Fossum, T.W., Hedlund, C.S., Johnson, A.L., Schulz, K.S., Seim, H.B., 

Willard, M.D., Bahr, A. and Carroll, G.L. (2007). Small animal surgery 

.3rd Ed. Mosby Inc., China., pp. 234-241. 

Francesco, P. and Šeila, S. ( 2015). A Current View of Functional 

Biomaterials for Wound Care, Molecular and Cellular Therapies. Review 

Article J. BioMed Res Inter.1. 1-10.  

Fraser, J., Laurent, T. and Laurent, U.( 1997). “Hyaluronan:its 

nature,distribution, functions and turnover,”J Inter Med. 242(1).27–33. 

Freymiller, E.G and Marx, R.(   2004).  Platelet-rich plasma: Evidence to 

support its use [2] (multiple letters). J Oral Maxillofac Surg; 62: 1046–

1048. 

Fujiwara, H., Nakajima, Y. and  Kawada, K. et al. (  2016) Endoscopic 

assessment 1 day after esophagectomy for predicting cervical 

esophagogastric anastomosis-relating complications. J. Surg Endosc. 

30(4): 1564–71. 

Functional improvement in rats’ pancreatic islets using  magnesium oxide 

nanoparticles through antiapoptotic and  antioxidant pathways.J. Biol 

Trace Elem Res. 175(1): 146-155. 

Gaschen, L.( 2018). The Canine and Feline esophagus. In: Textbook of 

Veterinary Diagnostic Radiology. 7th ed. Missouri: Elsevier  Saunders, 

pp. 596-617     

Ge, S., Wang, G., Shen, Y., Zhang, Q., Jia, D., Wang, H., Dong, Q and 

Yin, T. (2011). Cytotoxic effects of MgO nanoparticles on human 

umbilical vein endothelial cells in vitro. J. Instit Engine Technol  

Nanobiotechnol. 5(2): 36-40.  

Ghatak, S., Maytin, E.V., Mack, J.A., Hascall, V.C., Atanelishvili, I.,  

Moreno Rodriguez, R., Markwald, R.R. and Misra, S.( 2015). Roles of 

Proteoglycans and Glycosaminoglycans in Wound   Healing and 

Fibrosis.J. Int Cell Biol: 1-20.  



143 
 

 

Gianella, P., Pfammatter, N.S. and Burgener, I.A.( 2009) Oesophageal 

and gastric endoscopic foreign body removal: complications and follow-

up of 102 dogs. J. Small Anim Pract. 50:649–654. 

Glazer,A. and Walters, P.( 2008) . Esophagitis and Esophageal Strictures. 

J . Compendium vet . 281-292. 

Gooszen, J. A., Goense, L. and  Gisbertz, S. S., et al.( 2 018 ).  

Intrathoracic versus cervical anastomosis and predictors of anastomotic 

leakage after oesophagectomy for cancer. J. Br Surg. 105(5): 552–60. 

Gory, G., Rault, D. N., Gatel, L., Dally, C., Belli, P., Couturier, L. & 

Cauvin, E., (2014).Ultrasonographic characteristics of the abdominal 

esophagus and cardia in dogs. AmericanCollege of Veterinary Radiology. 

55(5) : 552–560. 

Goulas ,A  Hatzichristou, D.G., Karakiulakis, G.,Mirtsou-Fidani, V., 

Kalinderis, A.,  and Papakonstantinou, E.(  2000).  Benign hyperplasia of 

the human prostate is associated with tissue enrichment in chondroitin 

sulphate of wide size distribution. Prostate; 44:104-10; 

Goulas, A., Papakonstantinou, E., Karakiulakis, G., Mirtsou-Fidani, V., 

Kalinderis, A., and Hatzichristou, D. G.(   2000) Tissue structure-specific 

distribution of glycosaminoglycans in the human penis. Int J Biochem 

Cell Biol. 32:975-82 

Gregory, S. T.( 2006). Normal Structure, Function, and Histology of the              

Bone Marrow. J. Toxi Path. 34:548–565. 

Green, S. and Thurmon, J( 1988). Xylazine a review of its pharmacology 

and use in vet medicine. J. Vet. Pharmacol. Ther., 11,295-313 

Gualtieri, M.( 2001). Esophagoscopy. J. Vet Clin of North Ame Small              

Anim Pract. 31(4): 605-630. 

Gualtieri M and  Olivero D.( 2006). Reflux esophagitis in three cats              

associated with metaplastic columnar esophageal epithelium. J              

Am Anim Hosp Assoc . 42(1): 65–70 

Guisasola MC, Ortiz A, Chana F, Alonso B and Vaquero J (2015). Early 

inflammatory response in polytraumatized patients: Cytokines and heat 



144 
 

 

shock proteins. A pilot study. Orthop. Traumatol. Surg. Res., 101(5): 

607- 611. 

Gupta, R. C., Rajiv, L., Ajay, S. and Anita, S. ( 2019). Hyaluronic Acid: 

Molecular Mechanisms and Therapeutic Trajectory.J. Frontiers in Vet 

Sci. 6: 1-24.  

Gupta, S.C.P., Khan, A.A. Ehsan,M.D and Desokiouliyar,U.k.(1980).  

evaluation of single layer inverted and everted end to end entero 

anastomosis in bovine. 81: 16-17. 

 

Han, E. , Broussard, J. and Baer, K.E.( 2003). Feline esophagitis              

secondary to gastroesophageal reflux disease: clinical signs and              

radiographic, endoscopic, and histopathological findings. J Am                

Anim Hosp Assoc .39(2):161–7. 

 Hayat, S. Muzammil, S., Rasool, M.H., Nisar, Z., Hussain, S.Z., Sabri,  

A.N. and Jamil, S. (2018). In vitro antibiofilm and antiadhesion  effects 

of magnesium oxide nanoparticles against antibiotic   resistant bacteria. J 

Microbiol. Immunol., :62(4): 211-220. 

He, Y., Ingudam, S., Reed, S., Gehring, A., Strobaugh, T.P and Irwin, P.          

(2016). Study on the mechanism of antibacterial action of  magnesium 

oxide nanoparticles against foodborne pathogens. J. Nano bio technol. 

14(1): 54-62. 

Heijl, V., Mark, M.D.,  Gooszen, J. A. , Fockens, P. ,Busch, M., Olivier               

R., Jan, v., Lanschot, J. van, B. and Henegouwen, M.( 2010). Risk        

Factors for Development of Benign Cervical Strictures After            

Esophagectomy.  J. Annals of Surgery.  251:  1064-1069. 

Hickey, D.J and Webster, T.J. (2015). MgO nanomaterials improve            

fibroblast adhesion and proliferation.  J.Mater Res Soc. 1722(14): 5-13. 

Hopper, K., Beck, C .and Slocombe, R.(2001). Meagesophagus in adult               

dogs secondary to Australian tiger snack envenomation. J.vet  Aust. 

79(10): 672-675. 



145 
 

 

Hussein, B. M., Muna ,H., and  Walaa, F. ,O. ( 2017). Histological study 

of esophagus in dogs and rabbits. J. Uni of Kerbala . 15 ( 3):55-62  

 

Hunter CA and Jones SA (2017). IL-6 as a keystone cytokine in health 

and disease. Nat. Immunol., 18(11): 1262-1271. 

Jäger, M, Jelinek, E.M and  Wess, K.M, et al.(  2009 ). Bone marrow 

concentrate: a novel strategy for bone defect treatment. J. Curr Stem Cell 

Res Ther;4:34-43. 

Jain, N.C. (1986). The hematopoietic system Schalm’s Veterinary                 

Hematology.  Philadelphia. Lea and Febiger.350387. 

Jaiswal, N., Haynesworth, S.E., Caplan, A.L. and Bruder, S.P. (1997).              

Osteogenic differentiation of purified, culture-expanded human 

mesenchymal stem cells in vitro. J. Cell Biochem. 64(2):  295-312. 

Jardim Gomes, B. A (2019). Canine esophageal Disease. College of  

Medical, Veterinary & Life Sciences University of Glasgow .  MSC  

thesis, university of Glasgo, Scotland.  https://theses.gla.ac.uk/ research- 

enlighten@glasgow.ac.uk 

 Jason,  A. B., Glenn, D . and Prestwich, c. (2011)  .  Hyaluronic acid 

hydrogels for biomedi- cal applications, J. Adv. Mater. 23 (12) : 41–56. 

Jeffrey, V. and  Vickie R. D.(  2012) . Hyaluronic acid derivatives and 

their healing effect on burns, epithelial surgical wounds, and chronic 

wounds: a systematic review and meta-analysis of randomized controlled 

trials, Wound Repair Regenerat. 20 (3) : 317–331. 

Jergens, A. E.( 2010) . Diseases of the Esophagus. In: Textbook of 

Veterinary Internal Medicine. 7th Edition ed. Missouri: Saunders 

Elsevier, pp. 1487-1499 . 

Jessie, S. ,  William, T.,  Katherine, S.,  Rachel, L., Seibert, Cassie,              

N. , Ameet, S.,  Chloe, W. , Jeffrey, J. , Chad,   W. ,  Jessica, C,  Heidi, 

P.,  Laura, E. Selmic, B., Daniel,  J.  Philipp D.  and Philip, H. ( 2016) 

Perioperative morbidity and outcome of esophageal surgery in dogs and 

cats: 72 cases (1993– 2013).JAVMA. 249 :  787-793 



146 
 

 

Jiang, D., Liang, J., Li, Y. and Noble, P.W.( 2006). The role of Toll-like           

receptors in non-infectious lung injury.J. Cell Res.  16:693–701. 

 

Jiajia, L., Nhu-Y, T., Chaoxing, Z., Alexandra, H. and Huinan, H.,annah, 

L.,( 2020). Antimicrobial Properties of MgO Nanostructures on 

Magnesium Substrates. J. ACS Omega., 5: 24613−24627. 

 

Jo, D.H., Kim, J.H., Lee, T.G. and Kim, J.H. (2015). Size, surface charge,                 

and shape determine therapeutic effects of nanoparticles on  brain and 

retinal diseases. J. Nanomed., 11(7): 1603-1611. 

Johnson, M.E., Murphy, P.J and Boulton, M.( 2006).Effectiveness of  

sodium hyaluronate eyedrops in the treatment of dry eye.J.  Graefes Arch 

Clin Exp Ophthalmol.244(1):109–112. 

Jonathan, C., Minh, L., Lousineh, A., Tigran P. ,Patrick, B., Thomas, D., 

Laurent, M., Rony, S., Frederic, G., Jerome, L., Valerie ,V. and Pierre, 

C.( 2018). Circumferential Esophageal Replacement by a Tissue-

engineered Substitute Using mesenchymal Stem Cells: An Experimental 

Study in Mini Pigs. Cell Transplantation . 26(12): 1821-1839.  

Jones, T.C and  Hunt, R.D. ( 1983).  Veterinary Pathology. 5th ed., Lea & 

Febiger, Philadelphia. P: 175. 

Jorg , M.S.(2008).Small Animal Gastroenterology .Hans-bockler-Allee 

Hannover, Germany. PP.  139-149. 

Juanfeng ,S., et al.  (2019).   Electrospinning nanofibers from 

chitosan/hyaluronic acid complex coacervates, Biomacromolecules 20 

(11) : 4191–4198 . 

Kadiyala, S., Young, R.G., Thiede, M.A. and Bruder, P. (1997). Cultured                  

examinated canine mesenchymal stem cells possess osteochondrogenic 

potential in vivo and in vitro.  J. cell  transplant . 6(2):125-134. 

Kaminen, P. S, Sanna, J .V, Lappalainen,  A. K. , Kipar, A., Rajamäki ,                 

M .M. and Laitinen-Vapaavuori1, O. M .(2014). Management of a 



147 
 

 

congenital tracheoesophageal fistula in a young Spanish water dog. case 

report. BioMed Central Ltd.14: 10-16. 

Kargozar, S. and Mozafari, M. (2018). Nanotechnology and 

Nanomedicine: Start small, think big. Mater. J. Today Pro. 5(7):   15492-

15500 

 Karimiyan, A., Najafzadeh, H., Ghorbanpour, M. and Hekmati-  

Moghaddam, S.H.(2015). Antifungal effect of magnesium oxide,              

zinc oxide, silicon oxide and copper oxide nanoparticles  against Candida 

albicans. Zahedan J Res Med Sci.  17(10):19– 23. 

Kazuko, F. et al. ( 1996).   Effects of the addition of hyaluronate 

segments with different chain lengths on the viscoelasticity of hyaluronic 

acid solutions, Biopolymers 38 (5) : 583–591. 

Ki Young ,C., et al.  (2011) .  PEGylation of hyaluronic acid 

nanoparticles im- proves tumor targetability in vivo,   J. Biomaterials 32 

(7) 1880–1889. 

Kim, R.H. and Takabe, K.( 2010). Methods of esophagogastric  

astomoses following esophagectomy for cancer: A systematic               

review. J. Surg Oncol 101:527-33. 

Kirberger, R. M., Cassel, N., Stander, N., McLean, M.  and Dvir, E., 

2014). Triple phase dynamic computed tomographic perfusion        

characteristics of spirocercosis induced esophageal nodules in               

non-neoplastic versus neoplatic canine cases.J. Amer College                  

of Vet Rad. 56(3): 257–263. 

Kirker, K., Luo, Y.  , Nielson, J., Shelby, J. and Prestwich, G.(2002).              

Glycosaminoglycan hydrogel films as bio-interactive dressingsfor               

wound healing. J. Biomaterials, 23(17): 3661–3671. 

Knudson, C.B. and Knudson, W.(2004).  Hyaluronan and CD44:            

modulators of chondrocyte metabolism. J. Clin Orthop Relat  Res:152-

162.  

König, H.E. and Liebich, H.G.(2004). Veterinary Anatomy of Domestic 

Mammals. 3rd ed. Schattauer GmbH, Germany, pp.302-303. 



148 
 

 

Kook, P.H., Kempf, J. and  Ruetten, M., et al.( 2014). Wireless                           

ambulatory esophageal pH monitoring in dogs with clinical signs              

interpreted as gastroesophageal reflux. J Vet Intern Med .  28(6):1716–

23. 

Koruda, M. J., Rolandelli, R H. Experimental studies on the healing of              

colonic anastomoses. J Surg Res 1990; 48: 504–15. 

Krebsbachl, P.H. , Kuznetsov S.A., BianCo P., and Gehron Robey P.(                   

1999). Bone  marrow  stromal  cells :characterization  and  clinical  

application . article review .  J. Oral Biol Med : 165-181. 

Kumar, N., Chaudhary, R.J, Singh, K. ( 1994).  Histomorphological 

studies on the effect of suture meterials and techniques after cervical 

esophageal end-to-end anastomosis in dogs. Ind J Anim Sci. 64: 683-685.  

Lam, N., Weisse, C. and Berent A., et al.(213). Esophageal stenting for             

treatment of refractory benign esophageal strictures in dogs. J. Vet Intern 

Med. 27:1064–1070. 

Laura, A. P. , Susan, K .( 2016). Symptom Management for Patients With 

Esophageal Cancer After Esophagectomy. J Adv Pract Oncol.  7(7): 741–

747. 

  Laurent, T.C and  Fraser, J.R.( 1992). Hyaluronan.J. FASEB. 6(7)  

:2397–2404. 

Lecoindre, P., Cadore, J.L.(  1996).  Disorders of the oesophagus in 

domestic carnivores. Eur J Co Anim; 6: 25-40. 

Ledda, G., Caldin , M., Mezzalira, G. & Bertolini, G., 2015. 

Multidetector-row computed tomography patterns of  bronchoesophageal 

artery hypertrophy and systemic-to-pulmonary fistula in dogs. Veterinary 

Radiology & Ultrasound. 56(4) : 347-358             

Leib, M.S and Sartor, L.L.(2008). Esophageal foreign body obstruction               

caused by a dental chew treat in 31 dogs (2000–2006). J. Am Vet         

Med Assoc. 232: 1021–1025. 



149 
 

 

Leib, M.S., Dinnel, H. and Ward, D.L., et al.(2001). Endoscopic balloon  

dilation of benign esophageal strictures in dogs and cats. J Vet Intern 

Med. 15: 547–552 . 

Lemchak, D. M., and Akilov, O. E. (2016). Interleukin-12 

immunohistochemistry as a diagnostic tool for patch-stage mycosis 

fungoides. Journal of the American Academy of Dermatology, 75(5), 

1053–1054. 

Lemaire, L.C., van Lanschot, J.B. and Stoutenbeek,  C.P. et al.( 1999). 

Thoracic duct in patients with multiple organ failure: no major route of 

bacterial translocation. Ann Surg. 229:128-36. 

Lerut, T. W., Coosemans G., Decker, P. De Leyn, P., Nafteux, D. and          

Van R.( 2002). Anastomotic Complications after sophagectomy.J.          

Dig Surg .19 :92–98. 

Li, L., Heldin, C.H. and  Heldin, P. (  2006).  Inhibition of plateletderived 

growth factor-BB-induced receptor activation and fibroblast migration by 

hyaluronan activation of CD44. J Biol Chem 281:26512-9.  

 

Lili,  W., Frank, F., Arndt, F., Regine, W., Bérengère, J.( 2015). Effects of 

extracellular magnesium extract on the proliferation and differentiation of 

human osteoblasts and osteoclasts in coculture. J. Acta Bio.,1: 1-11. 

Lima, I., Azevedo, I., Rocha, K. and Mederos, A.( 2020). Effect  of         

hyaluronic acid  on the healing of  colonic anastomosis in rats treated 

with corticoid. J .Surg Cl Res . 12: 81-92   

Lin, T. and Gong, L.( 2015). Sodium hyaluronate eye drops treatment for   

superficial corneal abrasion caused by mechanical damage: a  randomized 

clinical trial in the People’s Republic of China , J. dove press. 9 : 687- 

694.  

Litwiniuk,   M., Krejner, A. and Grzela,T. ( 2016). Hyaluronic Acid in              

Inflammation and Tissue Regeneration. J. Wounds. 28:78-88.   



150 
 

 

Londono, R., and Badylak, S.F.(  2015).  Biologic scaffolds for 

regenerative medicine: mechanisms of in vivo remodeling. J. Ann 

Biomed Eng .43: 577-585.  

Luna, L.G. (1968). Manual of histological staining methods of the Armed 

Forces Institute of Pathology. 3rd ed. The Blakiston Division, McGraw- 

Hill Book Company, New York. 

Luis,  R., Shahjahan, S., Marcela, S., Arsalan ,S., and Evangelos, V.( 

2015). Role of whole bone marrow, whole bone marrow cultured cells, 

and mesenchymal stem cells in chronic wound healing. J. Stem Cell 

Research & Therapy 6:1-11. 

Li QY, Xu HY and Yang HJ (2017). Effect of proinflammatory factors 

TNF-α，IL-1β，IL-6 on neuropathic pain. China Acad. J., 42(19): 3709-

3712. 

Lesina M, Wörmann SM, Neuhöfer P, Song L and Algül H (2014). 

Interleukin-6 in inflammatory and malignant diseases of the pancreas. 

Semin. Immunol.,26(1): 80-87. 

Maae, E., Nielsen, M., Steffensen, K. D., Jakobsen, E. H., Jakobsen, A., 

and Sørensen, F. B. (2011). Estimation of immunohistochemical 

expression of VEGF in ductal carcinomas of the breast. The journal of 

histochemistry and cytochemistry. Journal of the Histochemistry Society. 

59(8), 750–760. 

Maish ,M.M., Demeester,S.R., Choustoulakis , E., Briel, J.W., Hagen, 

J.A., Peters ,J.C., Lipham, A.,Bremener, C.G and Demeester,T.R.(2005). 

The  safety  and usefulness of endoscopy  for evaluation of the graft  and 

anastomosis early after esophegectomy  .J.sur end and other 

interventional techniques.19:1093-1102. 

Majorana, A., Schubert, M.M., Porta, F., Ugazio, A.G. and Sapelli, P.L.                

(2000). Oral complications of pediatric hematopoietic cell 

transplantation: diagnosis and management. J. Support Care Cancer. 

8:353- 365. 

Malgorzata , L., Alicja, K. and Tomasz, G. (  2016). Hyaluronic Acid in 

Inflammation and Tissue Regeneration Wounds.28(3):78-85 



151 
 

 

Manuele, C,. Antonio, M,. Lorenzo, S ., Annalisa, P., Giuseppe,  O.,              

Massimiliano, V., Peter, B. and Fabrizio, S.( 2015). Hyaluronic Acid: 

Perspectives in Upper Aero-Digestive Tract. A Systematic  Review J. 

pone: 1-17. 

Mc Adams, A.J.;Meikle,G. and Medina,R.( 1969). An expermintal 

comparision of inversion and eversion colonic anastomosis . J. Dis of 

colon and rectum.12: 1-6.  

Marks, S. L.( 2017). Diseases of the pharynx and esophagus. In: S. J.  

Ettinger & E. C.Feldman, eds. Textbook of veterinary internal medicine. 

8th Ed, Elsevier, Missouri, pp. 1476-1490.   

Martin, P.J. (2008). Biology of chronic graft-versus-host disease:  

implications for future therapeutic approach. Keio. J. Med.57:177-83. 

Martina, K., et al  (2008).  Rejuvenating influence of a stabilized 

hyaluronic acid–based gel of nonanimal origin on facial skin aging. J. 

Derm Sur 34 (5): 720–726.  

Massimo, P., Simone,D., Fabio, B, Valentina, V. Fabrizio, S., Maria. L, 

Antonella, F and Gilberto, P.( 2012). Barrier effect of  Esoxx® on 

esophageal mucosal damage: experimental study on ex-vivo swine 

model.J. Clin Exp Gastroenterol.  5: 103–107 

Matthew, D .,Zhuo, J. and  Samuel,B.( 2020). Hyaluronic acid and its              

biomedical applications: A review  .  J. Engineered  Regeneration. : 102-

113. 

Mazzei, M .J, Bissett, S.A and Murphy, K.M., et al.( 2009). Eosinophilic              

esophagitis in a dog. J Am Vet Med Assoc  235(1):61–5. 

Mcgavin,M,D and Zachary,J.F.(2017).Pathological basis of veterinary 

disease .4th .Mosby,Elsevier,China.pp.70-92. 

Mehrabani, D., Mehrabani, G., Zare, S. and Manafi, A. (2013). Adipose-               

derived stem cells (ADSC) and aesthetic surgery: a mini review. J. World 

Plast.Surg. 2 : 65–70. 



152 
 

 

Merigliano, S., Molena, D. and  Ruol ,A., et al.( 2000). Chylothorax 

complicating esophagectomy for cancer: a plea for early thoracic duct 

ligation. J Thorac Cardiovasc Surg.119:453-7. 

Mingyue, L.,  Xiaoyu, W., Haiyan, L., Changlei, X., Zhengni, L.,Jiajie, 

L.,Anlin, Y., Xiangxin, L., Hongsheng, W., Xiumei, M. and Jinglei, W( 

2021). Magnesium oxide-incorporated electrospun membranes inhibit 

bacterial infections and promote the healing process of infected wounds. 

J. Mater Chem., B: 3727-3744. 

Moeini,  N. S, Rahimifard, M., Baeeri, M and Abdollahi, M. (2017). 

Functional Improvement in Rats’ Pancreatic Islets Using Magnesium 

Oxide Nanoparticles Through Antiapoptotic and Antioxidant Pathways, 

Biological Trace Element Research 175(1): 146-155. 

Moustafa, M.G and  Fouda , et al. ( 2016).   Wound healing of different 

molecular weight of hyaluronan; in-vivo study, International Journal of 

Biological Macromolecules, El- sevier  

Muenster, M., Hoerauf, A. and Vieth, M.( 2017). Gastro-oesophageal              

reflux disease in 20 dogs (2012 to 2014). J. Small Anim Pract    

58(5):276–283. 

Munday, C and  McGinn, F. P. (1976).  A comparison of polyglycolic 

acid and catgut sutures in rat colonic anastomoses. Br J Surg .  63: 870–2. 

Murakami, M., Sugiyama, A., Ikegami, T.( 2000). Revascularization                 

using the short gastric vessels of the gastric tube after subtotal 

esophagectomy for intrathoracic esophageal carcinoma. J Am Coll Surg . 

190: 71-77. 

Murphy, L. A., Nakamura, R. K. & Miller, J. M.( 2015). Surgical 

correction of gastrooesophageal intussusception with bilateral incisional 

gastropexy in three dogs. J. Small Anim Pract . 56 (10) : 630–63 

Nakamura, M., Hikida, M. and  Nakano, T.(1992). Concentration and 

molecular weight dependency of rabbit corneal epithelial wound healing 

of hyaluronan. J. Curr Eye Res11(10): 981–986. 

https://www.researchgate.net/journal/Biological-Trace-Element-Research-1559-0720


153 
 

 

Nawres, M., Malath, A., Safaa ,N. and Adil, A.( 2020). Effect of 0.2% 

Hyaluronic Acid Gel Topical Application on Healing Period of Oroantral 

Fistula Treated with Buccal Flap. J. oamjms. 8: 194-197. 

Nederlof, N., Tilanus, H. W., and  Tran, T. C . et al.( 2014). End-to-end 

versus end-to-side esophagogastrostomy after esophageal cancer 

resection: a prospective randomized study. Ann Surg. Jan. 259(1): e6. 

Nishikawa, K., Fujita, T., Yuda, M. et al.(  2016).  Early postoperative 

endoscopy for targeted management of patients at risks of anastomotic 

complications after esophagectomy. Surgery. 160: 1294–301. 

Nyman, E., Henricson, J., Ghafouri, B., Anderson, C.D. and Kratz, G.(  

2019). Hyaluronic Acid Accelerates Re-epithelialization and  Alters 

Protein Expression in a HumanWound Model . J. Plast.  Reconstr. Surg. 

Glob. 7: 2221. 

Napoleone, F. , Hans-Peter, G., and Jennifer, L. ( 2003). The biology of 

VEGF and its receptors. 9: 669-676.  

Oliveira, A., Jéssica ,F., Rocha,P., Lacerda. and Alberto Carlos, R.               

(2018).Esophageal Diverticulum and Megaesophagus in a Dog  and a 

Cat. J. Acta Scie Veterinariae. 46: 1- 6 

Orlando, R. C. (2010). The integrity of the esophageal mucosa. Balance 

between offensive and defensive mechanisms. Best Pract. Res. Clin. 

Gastroenterol. 24: 873–882 

  

Oryan, A., Moshiri, A., Meimandi Parizi, A.H. and  Raayat Jahromi, A.( 

2012). Repeated administration of exogenous Sodium- hyaluronate 

improved tendon healing in an in vivo transection  model. J. Tissue 

Viability. 21: 88-102. 

 Page, R. D., Asmat, A., McShane, J. et al. (   2013). Routine endoscopy 

to detect anastomotic leakage after esophagectomy. Ann Thorac Surg. 

95(1): 292–8. 



154 
 

 

Papakonstantinou, E. and  Karakiulakis, G.( 2009).  The ‘sweet’ and 

‘bitter’ involvement of glycosaminoglycans in lung diseases: 

pharmacotherapeutic relevance. Br J Pharmacol; 157:1111-27 

Papakonstantinou, E., Karakiulakis, G., Eickelberg, O., Perruchoud, A.P., 

Block, L.H. and  Roth, M. A.(  1998)  340 kDa hyaluronic acid secreted 

by human vascular smooth muscle cells regulates their proliferation and 

migration. Glycobiology. 8:821-30 

Patrulea, V., Laurent-Applegate, L.A., Ostafe, V., Borchard, G. and   

Jordan, O.( 2019). Polyelectrolyte nanocomplexes based on  chitosan 

derivatives for wound healing application. J. Eur Pharm Biopharm. 140:  

100–108 

Peter, H. k.( 2021).  Esophagitis in Cats and Dogs. J.Vet Clin Small Anim   

51:1–15 

Pietra, M., Gentilini, F., Pinna, S. and  Fracassi, F.,( 2003). Intermittent 

Gastroesophageal Intussusception in a Dog: Clinical Features, 

Radiographic and Endoscopic Findings, and Surgical Management. 

Veterinary Research Communications, 27(1). : 783–786   

PikSuan, L., Noriah, B., Shumaila, I., Wan, N., Binti ,W.,  Mohd, S., 

Nurlaily ,Z., Nurfatin, M., Ganesan, K. ( 2017). Influence of gold 

nanoparticles on wound healing treatment in rat model: 

Photobiomodulation therapy . J. Lasers sur med. 49(4). 380-386. 

Piltti, K.M., Salazar, D.L. and Uchida, N., et al.( 2013). Safety of human            

neural stem cell transplantation in chronic spinal cord injury. J. Stem 

Cells Trans Med .2 :961–974. 

Post, G. R., Bell, R. C., Rjoop, A., Lobo, R. H., Yuan, Y., and Post, S. R. 

(2016). Diagnostic Utility of Interleukin-6 Expression by 

Immunohistochemistry in Differentiating Castleman Disease Subtypes 

and Reactive Lymphadenopathies. Annals of clinical and laboratory 

science, 46(5), 474–479. 

Poghosyan, T., Catry, J., Luong-Nguyen, M., Bruneval, P., Domet, T., 

Arakelian, L., Sfeir, R., Michaud, L., Vanneaux, V. and  Gottrand, F,et 



155 
 

 

al.( 2016).   Esophageal tissue engineering: current status and 

perspectives. J Visc Surg. 153(1):21–29. 

Pollard, R. E. ( 2012). Imaging Evaluation of Dogs and Cats with 

Dysphagia. International Scholarly Research Network Veterinary   

Science, pp. 1-15.  

Puglisi, M.A., Tesori, V. and Lattanzi, W. et al.( 2011). Therapeutic             

implications of mesenchymal stem cells in liver injury. J. Bio Biotechnol 

:860 -578 

Rance, k.S and Michael, D. W .(2003). Esophagitis and esophageal 

strictures.J. Vet Clin North Am Small Anim Pract.  33: 945-67  

Rappeport, E.D., Loft, A., Berthelsen, A.K, von der Recke, P. and  

Larsen, P. N, et al. (2007) Contrast-enhanced FDG-PET/CT vs. SPIO-

enhanced MRI vs. FDG-PET vs. CT in patients with liver metastases 

from colorectal cancer: a prospective study with intraoperative 

confirmation.  J.Acta Radiol 48: 369-78. 

 Reeve, E. J., Sutton, D., Friend, E. J. and Warren-Smith, C. M. R.( 2017)  

Documenting the prevalence of hiatal hernia and esophageal   

abnormalities in brachycephalic dogs using fluoroscopy. J.Small Anim 

Pract 58(12) : 703–708. 

 Ribeiro, D.M.L., Carvalho Júnior, A.R.,  Vale De Macedo, G.H.R,             

Chagas, V.L., Silva, L.D.S., Cutrim, B.D.S., Santos, D.M., Soares, 

B.L.L., Zagmignan, A. and De Miranda, R.C.M., et al.(2019). 

Polysaccharide-Based Formulations for Healing of  Skin-Related Wound 

Infections: Lessons from Animal Models  and Clinical Trials. J. 

Biomolecules . 10: 63.  

Ricardo, L. and Stephen, B.( 2015). Regenerative Medicine Strategies for                   

Esophageal Repair.J. tissue engen . 21(4): 393–410. 

Richard, D .,  Simon, M., Irene, M .,Leigh,. H. N.(  2005). The role of 

hyaluronic acid in wound healing: assessment of clinical evidence , Am J 

Clin Dermatol . 6(6):393-402.88 . 



156 
 

 

Richter KR, Nasr AN and Mexas AM (2018). Cytokine concentrations 

measured by multiplex assays in canine peripheral blood samples. Vet. 

Pathol., 55(1): 53-67. 

Riddell, A. M., Hiller, J., Brown, G., King, D. M., Wotherspoon, A. C., 

Thompson, J. N., Cunningham, D. & Allum, W. H.( 2006). Potential of 

Surface-Coil MRI for Staging of  Esophageal Cancer. American Journal 

of Roentgenology. 187(5): 1280–1287. 

Ridgway, M. D. and Graves, T. K. (2010). Megaoesophagus. J. NAVC             

Clinician's Brief, pp.43-48. 

Robert, J .W .and Michael , J.D.(2013) . Canine and Feline    

Gastroenterology.saunders,an imprint of Elesvier. PP. 570-605. 

Robert, J .W and Michael, J.D. (2013) Canine and Feline 

Gastroenterology. Science direct. chapter 55. pp. 570-607. 

Ronald., D.L., Akkerman, B.S., Leonie,H., Richardvan, H. and  DJelle, 

P.R.( 2014) . Surgical Techniques to Prevent Delayed Gastric Emptying 

After Esophagectomy With Gastric Interposition: A Systematic Review. 

J. Ann of Thor Sur. 98 ( 4): 1512-1519. 

Rossum, P. S. N., van Lier, A. L. H. M. W., Lips, I. M., Meijer, G. J., 

Reerink, O., van Vulpen, M., Lam, M. G. E. H., van Hillegersberg, R. & 

Ruurda, J. P.( 2015) . Imaging of oesophageal cancer with FDG-PET/CT 

and MRI. Clinical Radiology. 70: 81-95.    

Rrywlin, A.M. (1985). Hemopoietic system. in: Kissan, J.M. and               

Anderson, W.A.D. Anderson pathology 8th ed. C.V. Mosby company. 

PP.1325-1326. 

Sabzichi, M, Samadi, N., Mohammadian, J., Hamishehkar, H. and  

Akbarzadeh, M., et al. (2016) Sustained release of melatonin: A novel 

approach in elevating efficacy of tamoxifen in breast cancer treatment. 

Colloids Surf B Biointerfaces 145: 64-71. 

Sachs, P.B., Zelch, M.G. and Rice, T.W., et al.( 1991) .   Diagnosis and 

localization of laceration of the thoracic duct: usefulness of 

lymphangiography and CT. AJR Am J Roentgenol.157:703-5. 



157 
 

 

Saluja, H., Dehane, V and Mahindra, U. (   2011) . Platelet-rich fibrin: a 

second generation platelet concentrate and a new friend of oral and 

maxillofacial surgeons. J. Ann Maxillofac Surg; 1: 53. 

Sánchez-González ,D.J., Méndez-Bolaina, E. and Trejo-Bahena, N.I. ( 

2012).  Platelet-rich plasma peptides: key for regeneration. Int J Pept: 1–

10. 

Sankar, R., Baskaran, A., Shivashangari, K.S. and Ravikumar, V 

(2015).Inhibition of pathogenic bacterial growth on excision wound by   

green synthesized copper oxide nanoparticles leads to accelerated   

wound healing activity inWistar Albino rats. J. Mater Sci Mater  Med. 

26(7): 214-220. 

Saravanan1, M., Sasikala ,V. and Murugan, M.(2010).  Megaesophagus             

in Dogs. J. Indian Pet Online . 8 and 9: 31-4-34 

 

Scheller J, Chalaris A, Schmidt-Arras D and Rose-John S (2011). The 

pro- and anti-inflammatory properties of the cytokine interleukin-6. 

Biochim Biophys. Acta., 1813(5): 878-888. 

 

Schaper F and Rose-John S (2015). Interleukin-6: Biology, signaling and 

strategies of blockade. Cytokine & Growth Factor Rev., Elsevier, 26(5) 

475-487. 

Semete, B, Booysen ,L., Lemmer, Y., Kalombo, L. and  Katata ,L., et al. 

(2010). In vivo evaluation of the biodistribution and safety of PLGA 

nanoparticles as drug delivery systems. J. Nanomedicine 6: 662-71. 

Seungju, L., Seongjoon, P., Miyeon, K, Soonpil, H. and   Hwi-yool, K.               

(2020) Transhiatal esophagogastric anastomosis and postoperative  

monitoring of thoracic esophageal leiomyosarcoma in a dog.  case report. 

J  CV . 61: 401-406 

Senyk, J and  Rand ,F. (1978). Oesophageal tissue reaction to different 

suture materials. Scand J Thorac Cardio Vasc Surg. 12: 265.         

Shah, R.D., Luketich, J.D and  Schuchert, M.J., et al.(  2012)  

Postesophagectomy chylothorax: incidence, risk factors and outcomes. 

Ann Thorac Surg 93:897-903. 



158 
 

 

 

Shahnam , A   , Nasrollah, O.,   Mehran, P.,   Mostafa, A., Hazhir, J.(                   

2016)     end –to end versus end-to-side anastomosis in the  treatment of  

esophageal  atresia or  tracheo-esophageal   fistula.J. Arq Bras Cir Dig  

29:48-49. 

Shang-Yong, Z, Ruo-Chuan, L., Li-Hong, C., Hong, Y. Xu, F. & Xin-

Hong, L.( 2004). Sonographic anatomy of the cervical esophagus. Journal 

Clinical Ultrasound, 32(4): 163-171. 

Sharma, G., Soni, R and Jasuja, N.D. (2017). Phytoassisted synthesis of              

magnesium oxide nanoparticles with Swertia chirayaita. J. Taibah Univ. 

Sci.,11(3): 471-477.  

Shengkun, L., Kui, M., Hong, L., Jia, J. and Shiyi, C.( 2016) The Effect 

of Sodium Hyaluronate on Ligamentation and Biomechanical  Property 

of Tendon in Repair of Achilles Tendon Defect with  Polyethylene 

Terephthalate Artificial Ligament: A Rabbit  Tendon Repair Model. J. 

Bio Res Intern: 1- 5. 

Shomaf, M.( 2003). Histopathology of human intestinal anastomosis. J.               

East editerr Health . 9: 413–21. 

Shum, J. S. F. et al.( 2007). Gastroduodenal intussusception. abdominal 

Imaging, 32(6): 698–700.  

Slatter, D.( 2003).Text book of small animal surgery 3th edition . 

saunders, Philadelphia, pp.573- 578. 

Slevin ,M., Kumar, S. and  Gaffney, J. ( 2002).    Angiogenic 

oligosaccharides of hyaluronan induce multiple signaling pathways 

affecting vascular endothelial cell mitogenic and wound healing 

responses. J Biol Chem.  277:41046- 59 

Slevin, M., Krupinski, J., Gaffney, J., Matou, S., West, D. and Delisser,             

H., et al.( 2007). Hyaluronan-mediated angiogenesis in vascular            

disease: uncovering RHAMM and CD44 receptor signaling           

pathways. J. Matrix Biol.  26:58–68.  



159 
 

 

 

Sonaje, K., Lin, K.J., Wey, S.P, Lin, C.K and  Yeh, T. H, et al. (2010)  

Biodistribution, pharmacodynamics and pharmacokinetics of insulin 

analogues in a rat model: Oral delivery using pH-responsive 

nanoparticles vs. subcutaneous injection. J. Biomaterials 31: 6849-58. 

Strombeck, D.R.( 1990).  Small Animal Gastroenterology. 2nd ed., 

Stonegate Pub Comp, Ca. pp: 84-121. 

Sullivan, M.P., McHale, K.J., Parvizi, J. and Mehta, S. (2014).              

Nanotechnology: current concepts in orthopaedic surgery and    future 

directions. J. Bon  Join. . 96(5): 569-573 

Suvarna, S.K.; Layuton, C.; Bancroft, J.D. (2013). Bancroft’s theory and 

practice of histological techniques. 7th ed. New York: Churchill 

Livingstone Press. 

Sunitha, R. and Munirathnam, N. E.(  2008). Platelet-rich fibrin: 

Evolution of a second-generation platelet concentrate. J. Ind Dent Res; 

19: 42–46. 

Sushovan ,C., Munmun, D.e, Rajdeep, G., Subhasis, B., Indranil, S., 

Samir, K.,  Hazra, T., Kanti ,G., Aditya, K. and Sarbani, H. ( 2014).  

Influence of silver nanoparticles on post-surgical wound healing 

following topical application. J. Eur J of Nanomed . 6: 237-247. 

Sutcliffe,  R. P., Forshaw,  M. J., Tandon ,R., A., Rohatgi, D. C.,  Strauss, 

F., Botha, A. J. and  Mason, R. C.,. ( 2008). Anastomotic strictures and 

delayed gastric emptying after esophagectomy: incidence, risk factors and 

management. 21: 712-717.  

Suzana, R., OgliariElizeu, B. , Glaucea, W., Duarte,H., Gracher, R., Luiz,              

S., Josiane, M. and Muneron, M.( 2020) . Toxicity effects of  magnesium 

oxide nanoparticles: a brief report. J. Matéria  25 (04) :1-10  

Tabola, R.; Augoff, K.; Lewandowski, A.; Ziolkowski, P.; Szelachowski, 

P. and Grabowski, K. (2016). Esophageal anastomosis - how the 

granulation phase of wound healing improves the incidence of 

anastomotic leakage. Oncology Letters, 12, 2038-2044.                      



160 
 

 

Tavianatou, A.G., Caon, I., Franchi, M., Piperigkou, Z., Galesso, D. and                    

Karamanos, N.K(2019)  . Hyaluronan: Molecular size- dependent 

signaling and biological functions in inflammation  and cancer. J. FEBS  

286: 2883–2908. 

Temmerman ,A., Cleeren, G.J., Castro, A.B., et al.(   2018) .  L-PRF for 

increasing the width of keratinized mucosa around implants:a split-

mouth, randomized, controlled pilot clinical trial. JPeriodontal Res. 53: 

793–800. 

Teriete, P., Banerji, S., Noble, M., Blundell, C.D., Wright, A.J. and             

Pickford, A.R., et al.( 2004). Structure of the regulatory  hyaluronan 

binding domain in the inflammatory leukocyte homing receptor CD44. J. 

Mol Cell .13:483– 496. 

Tolbert, M. K.( 2017). Gastrointestinal endoscopy. In: S. J. Ettinger, E. C.             

Feldman & E.Côté, eds. Textbook of veterinary internal  medicine. 

Canada: Elsevier, pp. 437-440. 

Torrente, C., Vigueras, I., Manzanilla, E. G., Villaverde, C. Fresno, L.,               

Carvajal, B., Fiana, M. and Costa-Farré. ( 2017). Prevalence of              

and risk factors for intraoperative gastroesophageal reflux and           

postanesthetic vomiting and diarrhea in dogs undergoing general         

anesthesia.J. Vet Emerg and Critical Care . 27(4): 397–408. 

Treister, N.S., Stevenson, K., Kim, H., Woo, S.B., Soiffer, R. and Cutler,               

C. (2010). Oral chronic-versus - host disease scoring using the  NIH 

consensus criteria. J. Biol Blood Marrow ransplant.16:108- 14. 

Toole BP. Hyaluronan: from extracellular glue to pericellular cue. J. Nat 

Rev Cancer 2004; 4:528-39. 

Turley, E.A.(1992). Hyaluronan and cell locomotion.J. Cancer  

Metastasis Rev. 11(1):21–30. 

Tzellos, T.G, Klagas, I., Vahtsevanos, K., Triaridis, S., Printza ,A. and 

Kyrgidis, A., et al.( 2009).   Extrinsic ageing in the human skin is 

associated with alterations in the expression of hyaluronic acid and its 

metabolizing enzymes. J. Exp Dermatol; 18:1028-35; 



161 
 

 

Ucuzian, A.A., Gassman, A.A., East, A.T. and Greisler, H.P.( 2010).             

Molecular Mediators of Angiogenesis. J. Burn. Care Res. 31: 158–175. 

Ukleja,  A,( 2005)  . Dumping syndrome: pathophysiology and treatment. 

Nutrition in clinical practice : official publication of the American 

Society for Parenteral and Enteral Nutrition.20:517–525. 

Urie, R., Ghosh, D., Ridha, I. and Rege, K (2018). Inorganic 

nanomaterials for soft tissue repair and regeneration. J. Annu Rev  

Biomed Eng. 20(1): 353-374. 

Urschel, J. D.(  1995).   Esophagogastrostomy anastomotic leaks 

complicating esophagectomy: a review. Am J Surg; 169: 634–40. 

 van Rossum, P. S., van Hillegersberg, R., Lever, F. M., Lips, I. M., van 

Lier, A. L., Meijer,G. J., van Leeuwen, M. S., van Vulpen, M. & Ruurda, 

J. P. (2013) . Imaging strategies in the management of oesophageal 

cancer: what’s the role of MRI?. European Radiology, 23(7): 1753- 1765. 

Van, N. Y and Willems, G.( 1998) Gastroesophageal reflux triggers          

proliferative activity of the submucosal glands in the canine           

esophagus. J. Dis Esophagus . 11(2):89–93. 

Venker-van-Haagen, A.,( 2013). Esophagus. In: R. J. Washabau & M. J            

Day, eds. Canine and Feline Gastroenterology. St. Louis, Missouri: 

Saunders Elsevier, pp. 570-605. 

V´eronique, V., Pascal ,V. and J´erˆome, K.( 2006). Efficacy and Safety 

of Hyaluronic Acid in the Management of Acute Wounds. J.  Am Clin 

Dermatol 7: 353-357. 

Wagner, W. M.( 2008). The oesophagus. In: T. Schwarz & V. Johnson,             

eds. BSAVA Manual of Canine and Feline Thoracic Imaging.            

Gloucester: British Small Animal Veterinary Association, pp.200-212. 

Walker WS and Leaver HA (2007). Immunological and stress response 

following video-assisted thoracic lobectomy in early stage lung cancer. 

Thorac. Surg. Clin.,17(2): 241-249. 

 



162 
 

 

Walmsley, G.G., McArdle, A., Tevlin, R., Momeni ,A., Atashroo, D., Hu, 

M.S, Feroze, A.H., Wong, V.W., Lorenz, P.H., Longaker, M.T. and Wan, 

D.C (2015). Nanotechnology in bone tissue engineering.  J. 

nanomed.,11(5):1253-1263. 

Washabau, R.j.(2003). Gastrointestinal motility disorders gastrointestinal                   

prokinetic therapy. J. vet clin north Am small Anim pract .  33:1007-

1028. 

Washabau, R. J.( 2005) . Dysphagia and regurgitation. In: E. J. Hall, J. 

W. Simpson & D. A. Glazer A, Walters P. Esophagitis and esophageal 

strictures. Compend Contin Educ Vet. 5 : 281-292.  

Watanabe, K., Yamaguchi ,Y.(   1996).  Molecular identification of a 

putative human hyaluronan synthase. J Biol Chem. 271:22945-8. 

William, j. B . and Linda, M.B. (2000).Color Atlas of Veterinary 

Histology. 2nd ed. Lipincott Williams and Wilkins, pp.120 

Wilson, D.V., Walshaw, R.( 2004)  Postanesthetic esophageal 

dysfunction in 13 Dogs. J Am Anim Hosp Assoc40:455–460 

Wisner, E. R., Mattoon, J. S., Nyland, T. G. and Baker, T. W.( 1991).             

Normal ultrasonographic anatomy of the canine neck. J. Vet Rad.            

32(4): 185-190. 

Wo,  J.M, and Waring, J.P. (1997). Medical therapy of gastroesophageal 

reflux and management of esophageal strictures. Surg Clin North 

Am.77(5):1041-1062. 

Wray, J. D. ,Sparkes , A.H.( 2006).  Use of radiographic measurement in             

distinguishing myasthenia gravis from other causes of canine              

megaesophagus.  J. small anim pract .47(5):256-263. 

Xiang, X., Yan, Y.,  Ye, Ma., Yang, Y.,  Chunguang, L.,  Xilong, L.,    

Zhiyun, X. , Hezhong, C., and Hao, Z.( 2019).  Stem‐Cell Therapy for 

Esophageal Anastomotic Leakage by Autografting  Stromal Cells in 

Fibrin Scaffold.J. Stem Cells Transl Med. 8: 548–556. 

 



163 
 

 

Xiaobing, F., Lijun, F., Xiaokun, L., Biao, C. and  Zhiyong, S.( 2006). 

Enhanced wound-healing quality with bone marrow mesenchymal stem 

cells autografting after skin injury. J. Wound Rep Reg . 14:  325–335. 

 

Yaojiong, W., JianFei, W., Paul ,G. S., Edward, E.. T.( 2007).  Bone 

marrow-derived stem cells in wound healing: a review. J. Wound Rep 

Reg .  15: S18–S26 

 

Yayoi, K., Viorica, P., Emmanuelle, S., Gerrit, B., Takuya, I., 

Rihoko, K., Asa, M., Satoshi, S., Hideto, Y., Olivier, J. and Takehisa, 

H.,a.( 2021). Wound Healing Promotion by Hyaluronic Acid: Effect of 

MolecularWeight on Gene Expression and In Vivo Wound Closure. J. 

Pharmaceuticals. 14: 1-18. 

 

 

Yu, F., Liu, X. and Zhong, Y., et al.(2013).  Sodium hyaluronate 

decreases ocular sur¬face toxicity induced by benzalkonium  chloride-

preserved latanoprost: an in vivo study. J. Invest  Ophthalmol Vis Sci. 

54(5):3385–3393.  

Yuan , Y., Wang,  K.N . and Chen, L.Q .(2015). Review Esophageal             

anastomosis. J. dis of esophagus.;28(2):127-37. 

Yurtçu, M.; Toy, H.; Arbag, H. and Cağlayan, O. (2011). The effects of 

early and late feeding on healing of esophageal anastomoses: an 

experimental study. International Journal of Pediatric 

Otorhinolaryngology, 75(10): 1289–1291. 

Yim AP, Wan S, Lee TW and Arifi AA (2000). VATS lobectomy 

reduces cytokine responses compared with conventional surgery. Ann. 

Thorac. Surg., 70(1): 243-247. 

Zheng ,Y., Li, Y. and Wang, Z., et al. ( 2015). A video demonstration of                                    

the Li’s anastomosis—the key part of the “non-tube no fasting”  fast track 

program for resectable esophageal carcinoma. J. Thorac  Dis 7:1264-

1268. 

Zhu, Z. J., Zhao, Y. F. and  Chen, L. Q. et al.( 2008) Clinical application 

of layered anastomosis during esophagogastrostomy. World J Surg. . 

32(4): 583–8. 



164 
 

 

Zieren, H. U., Müller, J .M., Pichlmaier, H.( 1993). Prospective 

randomized study of one- or two-layer anastomosis following 

oesophageal resection and cervical oesophagogastrostomy. Br J Surg.  80: 

608–11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 
  

 

نقي نخاع العظم ، حامض الهايلورونك وجزيئات  دور

 في الكلاب المرئ  تفاغرالتئام المغنيسيوم النانوية على 

 

 

 
 رضوان رياض كاظم العجيلي 

 
 

 

 أطروحة دكتوراه

بيطريةالجراحة الالطب البيطري /   

 
 

 

 
 بإشراف

 الأستاذ الدكتور

 

 عبد الحليم مولود صالح الحسن

 
  )المشرف الثاني(الاستاذ الدكتور

 سيفان سعد فاضل المحمود

 

 

 
 م 2022تشرين الثاني/                               هـ                             1444ربيع الثاني /

 جامعة الموصل

 كلية الطب البيطري



 
 

 

 

نقي نخاع العظم ، حامض الهايلورونك وجزيئات المغنيسيوم  دور

 في الكلابالمرئ  النانوية على التئام تفاغر

 

 أطروحة تقدم بها

 

 رضوان رياض كاظم العجيلي

 

 
 

 

 إلى

 مجلس كلية الطب البيطري في جامعة الموصل

متطلبات نيل شهادة الدكتوراه فلسفةوهي جزء من   

بيطريةالجراحة الفي اختصاص الطب البيطري /   

 

 
 بإشراف

 الأستاذ الدكتور

  

  عبد الحليم مولود صالح الحسن

 

 
  )المشرف الثاني(الاستاذ الدكتور

 سيفان سعد فاضل المحمود

 

 

 

 

 

 
 م 2022تشرين الثاني/                               هـ                             1444ربيع الثاني /

 



 
 

 

 

 

 

 

 

 

 

 

 الخلاصة

هدفت الدراسة الحالية الى تقييم  عملية التئام نسيج المرئ بعد اجراء عملية التفاغر  للجزء          

بنخاع العظم وحامض العنقي من المرئ و المحدث تجريبياً في الكلاب ثم معاملة  منطقة التفاغر 

كلباً محلياً كانت سليمة   36ريت الدراسة على الهايلورانك وجزيئات المغنيسيوم النانوية.  اج

(  1.5 ± 27بمعدل )  شهر 36شهر الى  18سريرياً ومن كلا الجنسين تراوحت اعمارها ما  بين

. قسمت الحيوانات ( كغم    1.3 ± 25) بمعدل كغم  30 -20وتراوحت اوزانها ما بين شهرا 

. كل كروب رئيسي تم تقسيمه الى  كلاب 9عشوائياً الى اربعة مجاميع اذ ضمت كل مجموعة 

يوم  وكل مجموعة مكونة  30،15،  7ثلاث  مجاميع فرعية حسب الوقت بعد العملية الجراحية 

تم نشر نقي نخاع العظم المسحوب ذاتيا من الحيوان و حامض الهايلورونك و   من ثلاثة  كلاب .

لمغنيسيوم النانوي  على الطبقة المخاطية والعضلية للمرئ  عند موضع التفاغر  وحسب اوكسيد ا

 التالي 

 :مجموعة السيطرة تم ترك موضع التفاغر بدون اضافة اي مادة  1مجموعة 

 : مجموعة نقي نخاع العظم 2مجموعة  

 : مجموعة حامض الهايلورونك   3مجموعة 

 : مجوعة اوكسيد المغنيسيوم النانوي   4مجموعة 

تم تقييم النتائج اعتماداُ على خمسة  معايير وهي العلامات السريرية من خلال متابعة ومشاهدة 

الحيوانات بعد العملية للكشف عن اي تغييرات اوظهور علامات غير طبيعية مثل صعوبة البلع او 

التنظير الداخلي للمرئ بواسطة )  وجود تسريب من خلال الجرح ظاهرياً وكذلك استخدام

BORESCOPE  للبحث عن اي انفتاح  للخيط والذي عادةً ما يحصل نتيجة خطأ جراحي و )



 
 

 

كذلك اجراء الفحص العياني المبني على متابعة وضوحية خط التفاغر وتحديد وقت اختفائه 

وية لدرجة التضيق  بالاضافة الى استخدام التصوير الشعاعي الملون للمرئ لتحديد النسبة المئ

 موضع التفاغر.  التئامواخيرا اجراء  الفحص النسيجي والفحص الكيميائي المناعي لتحديد ومتابعة 

اظهرت نتائج الفحص السريري صعوبة في البلع ناتج عن التضيق الحاصل عند موقع االتفاغر    

واقل  15في اليوم الواقل وضوحاً  7وبدرجات متفاوته في حدتها  حيث كانت واضحة في اليوم 

مابعد اجراء العملية ، كما واظهرت النتائج السريرية لصعوبة البلع حيث كانت  30منها في اليوم ال

حادة جدا في مجموعة السيطرة ثم اقل منها في مجموعة حامض الهايلورونك واقل في مجموعة 

 نقي نخاع العظم واقل في مجموعة اوكسيد المغنيسيوم النانوي .

هرت نتائج الفحص العياني لموضع التفاغر وضوحية عالية في خط التفمم وكانت تتناقص  كما واظ

يوم كما  وكانت تتناقص ما بين المجاميع  الاربع حيث كان  30و15و7تدريجيا ما بعد العملية ب

خط  التفاغر قليل الوضوحية في مجموعة  اوكسيد المغنيسيوم واكثر وضوحا منه في مجموعة 

 اكثر منه في مجموعة  حامض الهايلورونك واكثر في مجموعة السيطرة . نقي العظم و

يوم زيادة  غير معنوية في النسبة  30و 15و 7واظهرت نتائج التصوير الشعاعي ما بعد العملية ب 

في مجموعة السيطرة بينما في المجاميع الاخرى كانت    P<0.05المئوية لدرجة التضيق عند 

 P<0.05 في مجموعة نقي العظم وتناقصا معنويا   عند P<0.05ي عند تتناقص تناقصا غير معنو

في مجموعة حامض الهايلورونك ومجموعة اوكسيد المغنيسيوم النانوي ، وكما لوحظ ان النسبة 

المئوية للتضيق كانت  كبيرة في مجموعة السيطرة وفي نفس الوقت كانت اقل منها في مجموعة 

العظم واقل منها في مجموعة اوكسيد المغنيسيوم النانوي.  كما الهايلورونك واقل منها في نقي 

واظهرت نتائج الفحص النسيجي والكيمياء النسيجي ان عملية الشفاء كانت افضل في مجموعة 

اوكسيد المغنيسيوم النانوي وتليها مجموعة نقي العظم ومن ثم مجموعة حامض الهايلورونك مقارنة 

 مع مجموعة التحكم. 

نستنتج من هذه الدراسة ان نقي نخاع العظم وحامض الهايلورونك وجسيمات المغنيسيوم النانوية 

وضعها موضعيا على نسيج المرئ لتسريع عملية التئامه بالاضافة  عندممكن ان تستخدم وبنجاح 

الى ان مجموعة المغنيسيوم كانت افضل وتليها مجموعة نقي نخاع العظم وبعدهما مجموعة حامض 

تقليل صعوبة البلع واختفاء خط التفاغر وتقليل  الهايلورونك مقارنة مع مجموعة السيطرة من خلال 

ة التئام المرئ. لتضيق وتسريع عملينسبة ا



 
 

 



 
 

 

 


