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1  |  INTRODUC TION

Egyptian donkeys (Equus asinus) seem to have acquired less at-
tention in the scientific research than other domesticated animals 
although 95% of donkeys worldwide were involved as draught, 
pack, and transport animals for goods in rural, agricultural and 
industrial areas (figure 1).The population size of donkeys in Egypt 

had been fallen from 3.2 million in 2010 to around 1.6 million 
at present. The donkeys are different from the horses, having 
medium- sized ears between horses and mules, their coats are less 
waterproof and their manes and tails are thinner. They originated 
from Africa and are designed to cope with a warmer climate. 
So, it is worth managing the donkey as a little horse (Burden & 
Thiemann, 2015).
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Abstract
The current study was performed on ten adult Egyptian donkeys of both sexes for 
anatomical and radiographic studies in addition to six other donkeys for enzymatic, 
biochemical and statistical analysis. The aim was to illustrate the normal hepatic ar-
terial and biliary distribution using different anatomic techniques and radiographic 
imaging besides, establishing an accurate laboratory profile specific for donkeys that 
used as standard indicators for hepatobiliary dysfunction. The right branch of the 
hepatic artery in donkey forms a curved arch erupting five branches, unlike the left 
branch that erupts six branches, being the direct continuation of the main hepatic 
artery. The caudate lobe artery either originated from the hepatic artery or its right 
division. The common hepatic duct represented a very clear enlargement called ‘gall 
tank’ at its terminal pouring intestinal end and compensating absence of gall bladder, 
cystic and common bile ducts. The intrahepatic biliary distribution is characterized by 
a segmental ramification into dorsal, intermediate, and ventral branches of bile duct-
ules especially noticed in the undivided right lobe and left lateral lobe. The quadrate 
lobe is divided according to its biliary drainage into right and left parts where the 
former is drained by the left hepatic duct while the latter is drained through a branch 
from R. lobi medialis sinistri. The serum enzymatic activity was slightly similar to that 
of the horse while some biochemical parameters differentiating the donkey from the 
horse such as lowered total bilirubin, serum bile acids, and higher triglycerides, blood 
urea and prolonged prothrombin time.

K E Y W O R D S
anatomy, biliary system, biochemical, Egyptian donkey, hepatic artery, radiography

www.wileyonlinelibrary.com/journal/ahe
mailto:
https://orcid.org/0000-0002-7040-7813
mailto:Mohamed.om32@cu.edu.eg
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fahe.12794&domain=pdf&date_stamp=2022-02-20


356  |    MAHER And AHMAd

The liver of donkeys constitutes about 1.5% of the total body, 
containing about 10% of body fluid capacity (Dyce et al., 2002). 
The liver has major roles in the body as the metabolism of (carbohy-
drates–  proteins–  lipids), synthesis of (plasma proteins–  acute phase 
proteins–  coagulation factors–  hormones–  enzymes), storage of 
(glucose–  vitamins), detoxification of (toxins–  drugs) by cytochrome 
P450 enzymes, phagocytosis by kupffer cells and elimination of 
(ammonia–  bilirubin). Although the most popular symptoms of liver 
ailment developed include dullness, gastrointestinal dysfunction, 
haemorrhage, loss of weight, jaundice, photosensitization and diar-
rhoea (Tallon & McGovern, 2020).

This paper aims to provide the researchers, anatomists, bio-
chemical specialists, and clinicians dealing with equines especially 
donkeys, with an anatomical and radiographic overview for the dis-
tribution of the hepatic artery and biliary duct system beside the 
analysis of serum enzymatic activities and other biochemical param-
eters that are considered as an indicative diagnosis specific for hepa-
tobiliary dysfunction as a standard laboratory profile that has never 
been previously estimated or documented in donkeys.

2  |  MATERIAL AND METHODS

2.1  |  The anatomical study

Ten adult Egyptian donkeys of both sexes weighted on aver-
age 88.40 ± 0.55 kg obtained from the department of veterinary 
anatomy and embryology, Cairo University, during the period from 

November 2020 till September 2021.Our present work has been ap-
proved by the institutional animal care and use committee (IACUC) 
that allocated the IACUC number of (VET CU20022020134).

The animals were sedated using cotton pieces soaked in 100% 
concentrated chloroform solution (CHCl3 M.W. 119.38) that was 
introduced in each nostril then the animals had been sacrificed by 
exsanguination then jugular vein ligation, injecting 10% formalin 
through the common carotid artery, and left for 3 days, then the ab-
dominal wall was opened to view the abdominal viscera to point out 
and collect the liver. For studying the blood supply and biliary duct 
system, the liver injected with red paint milky latex for hepatic artery 
and green or yellow colour according to the method of preparation 
into, latex or cast respectively, besides injecting the portal vein with 
blue colour and hepatic veins with white colour in the cast epoxy 
specimens. The injection was carried out by manual push using sy-
ringes of 50 ml then maceration of cast applied by using 40% KOH 
for 5 days. After that, the specimens were dissected and cleaned 
carefully.

2.2  |  The radiographic study

The radiography was made by using a contrast medium as 
Omnipaque™, injected through the common hepatic artery and com-
mon bile duct then immediately radiographed using 55 KVP 30- 70 
MA, 0.5 s and FFD70 cm (Nawal & Maher, 2018).

All macroscopic anatomical parameters of the hepatic artery, 
portal vein, hepatic veins, and biliary system distribution were in-
vestigated and recorded using a Vernier caliper and photographed 
using a digital photo camera Nikon Coolpix L310 14.1 Megapixels.

2.3  |  The biochemical study

Using sterile disposable syringes with needles of (18- gauge X 1 ½ 
inch), blood samples were collected from six healthy adult donkeys 
of both sexes nearly at the same age and weight through punctur-
ing the jugular vein at the distal third of the neck at a 20° angle. 
The blood received on sterile vacutainer tubes surrounded by 
ice cubes for performing the serum enzymatic parameters as (γ- 
glutamyl transferase, GGT),(sorbitol dehydrogenase, SDH), (lactate 
dehydrogenase, LDH), (aspartate aminotransferase, AST),(alkaline 
phosphatase, ALP),(glutamate dehydrogenase, GLDH), (arginase) 
and biochemical parameters as albumin, globulins, bile acids, triglyc-
erides, bilirubin, urea, creatinine, ammonia, glucose and blood clot-
ting times.

2.4  |  The statistical analysis

Descriptive statistics were illustrated as the standard deviation of 
the mean (Mean ± SD). All normal serum enzymatic and biochemical 
values of the six donkeys were evaluated using IBM SPSS Statistics 

F I G U R E  1  A Photograph showing the Egyptian donkey (Equus 
asinus)
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software (2007) and tabulated with accurate reference ranges for 
each parameter in addition to illustrations using bar charts for each 
parameter.

The nomenclature used in this study was adopted according to 
Nomina Anatomica Veterinaria (2017), as well as those used by pre-
vious works of literature (Osman et al., 2008) in the pig.

3  |  RESULTS

3.1  |  The anatomical and radiographic studies

A. hepatica (figure 2/1 & figure 4/1):
The hepatic artery in the donkey was considered as the third di-

vision of trifurcated celiac trunk originated in accompany with the 
splenic artery and left gastric artery then directed towards the porta 
hepatis enclosed within the pancreatic tissue. On reaching porta 
hepatis and dorsal to the portal vein (figure 3/1), the hepatic artery 

ramified into right and left branches that followed the distribution of 
the portal vein within the hepatic parenchyma:

R. dexter (figure 2/2 & figure 4/2):
The right division of hepatic artery originated from the right 

aspect of the hepatic artery, dorsal to porta hepatis, and directed 
toward the right hepatic lobe (figure 2/B) formed a curved arch (fig-
ure 2/2) in all studied specimens giving five main branches along its 
course; caudate lobe artery, dorsal branch of the right lobe, the in-
termediate branch of the right lobe, ventral branch of the right lobe 
and quadrate branches:

A. lobi caudati (figure 2/6 & figure 4/3): the artery of the caudate 
lobe was the first branch of R. dexter, originated from its dorsal as-
pect and directed upward accompanied the portal vein correspon-
dence to give 2- 3 branches distributed in the caudate lobe (figure 
2/A & figure 4/A) and its caudate process. In 50% of the examined 
cases, it was released directly from A. hepatica (figure 2/6).

R. dorsalis lobi dextri (figure 2/3 & figure 4/4): the dorsal branch 
of the right hepatic lobe aroused dorsally and lateral to the right 

F I G U R E  2  Photograph showing the distribution of hepatic artery & biliary duct system on the visceral surface of latex injected donkey 
liver: (a) Cadate Lobe, (b) Right Lobe, (c) Quadrate Lobe, (d) Left Medial Lobe, (e) Left Lateral Lobe, 1. Hepatic A, 2. Right Branch of 1, 3. 
Dorsal Branch of Right Lobe, 4. Intermediate Branch of Right Lobe, 5. Ventral Branch of Right Lobe, 6. Caudate Lobe A, 7. Left Branch 
of 1, 7` & 9 .̀ Lymph Nodes Branches, 8. Quadrate Branch, 9. Dorsal Branch of Left Lateral Lobe, 10. Intermediate Branch of Left Lateral 
Lobe, 11. Ventral Branch of Left Lateral Lobe, 12. Left Medial Lobar Branches, 13. Quadrate Branches of 7, 14. Common Hepatic Duct, 15. 
Right Hepatic Duct, 16. Caudate Branch, 17. Branch of Caudate Process, 18. Dorsal Branch of Right Lobe, 19. Intermediate Branch of Right 
Lobe, 20. Ventral Branch of Right Lobe, 21. Left Hepatic Duct, 22. Quadrate Branches of 21, 23. Dorsal Branch of Left Lateral Lobe, 24. 
Intermediate Branch of Left Lateral Lobe, 25. Ventral Branch of Left Lateral Lobe, 26. Left Medial Lobar Branch, 27. Quadrate Branches of 
26, (Red Star *: Portal Lymph Nodes)
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hepatic artery then further divided into 4- 6 smaller branches to sup-
ply the dorsal third of the right hepatic lobe.

R.intermedius lobi dextri (figure 2/4& figure 4/5): the intermediate 
branch of the right hepatic lobe erupted in a common trunk with the 
following branch, R. ventralis lobi dexter (figure 4/6) in all examined 
specimens from the ventral aspect of R. dexter, giving 5- 8 smaller 
branches distributed in the middle third of right hepatic lobe.

R.ventralis lobi dextri (figure 2/5 & figure 4/6):the ventral branch 
of the right hepatic lobe was a long branch that originated in com-
mon with R. intermedius lobi dextri and followed the course of the 
corresponding branch of the portal vein to supply the ventral third 
of right hepatic lobe by dividing into 3- 4 long fine branches reaching 
the lateral and ventral rim.

Rr. quadratii (figure 2/8 & figure 4/7): the arterial branches of 
the quadrate lobe in donkey were dorsal and ventral divisions. In 
50% of cases, the two divisions erupted from R. Sinister and other 
cases, the dorsal originated from R. dexter while the ventral from R. 
sinister where the dorsal ones were characterized by the presence 
of long superficial and deep branches reaching the ventral border of 
the quadrate lobe to supply the right half of quadrate lobe with 2- 3 
smaller twigs.

R. sinister (figure 2/7 & figure 4/8):
The left division of the hepatic artery was considered as the di-

rect continuation to A. hepatica directed ventrally and to the left side, 
on reaching the level of caudal vena cava, it gave six main branches, 
in order, collateral branches, dorsal branch of the left lateral lobe, 
intermediate branch of the left lateral lobe, ventral branch of the left 
lateral lobe, branches for left medial lobe and quadrate branches:

Rr. collaterale: the collateral branches erupted in the donkey 
liver from two origins, the first branch emitted from the left border 
of the hepatic artery (figure 4/14) and ramified in the parenchyma 

surrounding the dorsal half of caudal vena cava. While the second 
branch (figure 4/15) emitted from the medial border of the left 
hepatic artery (R. sinister) that further divided into the right deep 
branch supplying the porta hepatis and the left superficial branch 
supplying the parenchyma surrounding the ventral half of the caudal 
vena cava.

R.dorsalis lobi lateralis sinistri (figure 2/9 & figure 4/9):the dorsal 
branch of the left lateral hepatic lobe originated from the left border 
of the left hepatic artery through coursing medial to the left hepatic 
lobe. It directed dorsolateral dividing into 4- 6 smaller branches sup-
plying the dorsal third of the left lateral lobe.

R. intermedius lobi lateralis sinistri (figure 2/10 & figure 4/10) and 
R. ventralis lobi lateralis sinistri (figure 2/11 & figure 4/11): both the 
intermediate and ventral branches of the left lateral lobe originated 
by common trunk from the left hepatic artery. The former supplied 
the middle third and the latter supplied the ventral third of the left 
lateral hepatic lobe (figure 2/E & figure 4/E) through 3- 4 smaller 
twigs for each.

Rr. lobi medialis sinistri (figure 2/12 & figure 4/12):the arte-
rial branches of the left medial lobe appeared as two straight fine 
branches descending along the course of caudal vena cava ventrally, 
parallel and left to the round ligament of the liver, supplying the 
left medial hepatic lobe (figure 2/D & figure 4/D) with 4- 5 smaller 
branches for each one.

Rr. quadratii (figure 2/13 & figure 4/13): these branches of the 
quadrate lobe considered the termination of the left hepatic branch 
(R. sinister) after originating the branches of the left lateral and left 
medial lobes. They supplied the left half of the quadrate lobe by di-
viding it into 2- 3 fine branches.

Rr. lymphonoduli portae (figure 2/9 & figure 4/9): the arterial 
branches supplying the portal lymph node at the portal fissure came 

F I G U R E  3  Photograph showing the 
distribution of hepatic artery, portal vein, 
hepatic veins & biliary duct system (yellow 
color) of donkey liver cast injected with 
epoxy: 1. Portal V, 2. Caudal Vena Cava, 
3. Common Hepatic Duct, 4. Caudate 
Branch, 5. Dorsal Branch of Right Lobe, 
6.Intermediate Branch of Right Lobe, 
7. Ventral Branch of Right Lobe, 8. Left 
Hepatic Duct, 9.Quadrate Branches, 
10. Dorsal Branch of Left Lateral Lobe, 
11. Intermediate Branch of Left Lateral 
Lobe, 12. Ventral Branch of Left Lateral 
Lobe, 13. Left Medial Lobar Branch, 
14.Collateral Branches
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from two arterial origins through the participation of the main he-
patic artery giving descending branch (figure 2/7`) and the left he-
patic artery giving ascending branch (figure 2/9`) that erupted from 
R. dorsalis lobi lateralis sinistri (figure 2/9).

Arterial Segmentation: there was no arterial anastomo-
sis between the branches of the right and left hepatic arteries. 
Therefore, the liver of the donkey was divided into two arterial 
segments, the right, and the left. The former was constituted by 
the caudate lobe and the undivided right lobe while the latter was 
constituted by the quadrate lobe, the left medial lobe, and the left 
lateral lobe.

Ductus hepaticus communis (figure 2/14 & figure 3/3 & figure 
5/1):the common hepatic duct of donkey formed at the middle of 
hepatic porta, about 5cm ventral to the entrance of portal vein. It 
dilated to compensate for the absence of gall bladder, cystic duct, 
and common bile duct, reaching a diameter of 1.2cm at its terminal 
expanded end just before the entrance to the hepatopancreatic am-
pulla but it was narrow at its origin reaching a diameter of 5mm.The 
common hepatic duct was mainly constituted by fusion of the right 
and left hepatic ducts:

Ductus hepaticus dexter (figure 2/15): the right hepatic duct was 
constituted by the union of five main bile tributaries; caudate lobe 
branch, caudate process branch, dorsal branch of the right lobe, the 
intermediate branch of the right lobe, and ventral branch of right lobe:

R. lobi caudati (figure 2/16 & figure 3/4 & figure 5/2): the caudate 
lobe branch constituted by 2- 3 radicles collecting the bile from the 
caudate lobe (figure 2/A & 4/A) then directed ventrally to join the 
right hepatic duct (figure 2/15).

R. processus caudatus (figure 5/3): the branch of the caudate pro-
cess was a fine radicle joined the common duct formed by both the 
dorsal (figure 5/4)and intermediate (figure 5/5) branches of the right 
hepatic lobe.

R. dorsalis lobi dextri (figure 5/4)andR. intermedius lobi dextri (fig-
ure 5/5):the dorsal and intermediate branches of the right hepatic 
lobe collected the bile from the dorsal and middle segments of the 
right lobe through 2- 3 radicles then fused to form common duct that 
opened in the right hepatic duct.

R. ventralis lobi dextri (figure 2/20 & figure 3/7 & figure 5/6): 
the ventral branch of the right hepatic lobe followed the course 
of the corresponding hepatic artery and portal vein, collecting the 
bile from the ventral third of the right lobe with 3- 4 small radicles 
to open separately either to the right hepatic duct (figure 2/20) or 
with the common duct of the dorsal and intermediate branches 
(figure 3/7).

Ductus hepaticus sinister (figure 2/21 & figure 5/7):was the ven-
tral continuation and receiving; Rr. collaterale (figure 3/14 & figure 
5/13); the collateral bile ductules were fine and different in their 
termination were collecting the bile from the medial border of right 

F I G U R E  4  Radiophotograph showing 
the distribution of the hepatic artery of 
donkey liver: (a) Caudate Lobe, (b) Right 
Lobe, (c) Quadrate Lobe, (d) Left Medial 
Lobe, (e) Left Lateral Lobe, 1. Hepatic 
A, 2. Right Branch of 1, 3. Caudate Lobe 
A, 4. Dorsal Branch of Right Lobe, 5. 
Intermediate Branch of Right Lobe, 6. 
Ventral Branch of Right Lobe, 7. Quadrate 
Branches of 2, 8. Left Hepatic Branch, 
9. Dorsal Branch of Left Lateral Lobe, 
10. Intermediate Branch of Left Lateral 
Lobe, 11. Ventral Branch of Left Lateral 
Lobe, 12. Left Medial Lobar Branches, 13. 
Quadrate Branches of 8, 14. Collateral 
Branches, 15. Branches for Lymph Nodes
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and caudate lobes. The dorsal one joined the R. lobi caudati while the 
ventral one opened into the ductus hepaticus sinister.

Rr. quadratii (figure 2/22 & figure 5/8): the branches of the quad-
rate lobe considered as the first bile ductules joined the left hepatic 
duct from its medial border near its termination collecting the bile 
from the quadrate lobe(figure 5/C) through two superficial and two 
deep sets of ductules.

R. dorsalis lobi lateralis sinistri (figure 2/23 & figure 3/10 & figure 
5/9): the dorsal branch of the left lateral lobe collected the bile from 
the dorsal third of the left hepatic lobe through 2- 3 radicles then 
joined the left hepatic duct under the pars transversa of the portal 
vein.

The intermediate branch (R. intermedius lobi lateralis sinistri) (fig-
ure 2/24 & figure 3/11 & figure 5/10) and the ventral branch (R. ven-
tralis lobi lateralis sinistri) (figure 2/25 & figure 3/12 & figure 5/11)
of the left lateral lobe and the branch of the left medial lobe (R. lobi 
medialis sinistri) (figure 2/26 & figure 3/13 & figure 5/12a),character-
istically appeared as terminal trifurcate of the left hepatic duct. They 
collected the bile from the middle third of the left lateral lobe by 2- 3 
radicles, from the ventral third of the left lateral lobe by four radicles, 
and the left medial lobe by two radicles respectively. There were2- 3 
fine radicles that constituted a fine radicle collecting the bile from 
the left half of the quadrate lobe (figure 2/27 & figure 5/12b) and 
joined the main duct of the left medial lobe (figure 2&5/D).

F I G U R E  5  Radiophotograph showing 
the distribution of the biliary duct system 
of donkey liver: (a) Caudate Lobe, (b) Right 
Lobe, (c) Quadrate Lobe, (d) Left Medial 
Lobe, (e) Left Lateral Lobe, 1. Common 
Hepatic Duct, 2. Caudate Branch, 3. 
Caudate Process Branch, 4. Dorsal Branch 
of Right Lobe, 5. Intermediate Branch Of 
Right Lobe, 6. Ventral Branch of Right 
Lobe, 7. Left Hepatic Duct, 8. Quadrate 
Branches of 7, 9. Dorsal Branch of Left 
Lateral Lobe, 10. Intermediate Branch Of 
Left Lateral Lobe, 11. Ventral Branch Of 
Left Lateral Lobe, 12a. Left Medial Lobar 
Branches, 12b.Quadrate Branches of 7, 
13.Collateral Branches

Parameter Mean ± SD
Reference 
Range

γ- Glutamyl Transferase (GGT; Ui/L) 25.4 ± 10.29 12.40- 40.30

Sorbitol Dehydrogenase (SDH; Ui/L) 6.68 ± 2.58 3.10- 9.60

Lactate Dehydrogenase (LDH; Ui/L) 168.83 ± 55.83 91.00- 240.00

Aspartate Aminotransferase (AST; Ui/L) 245.50 ± 47.22 188.00- 300.00

Alkaline Phosphatase (ALP; Ui/L) 223.17 ± 20.60 197.00- 245.00

Glutamate Dehydrogenase (GLDH; Ui/L) 5.83 ± 2.35 2.50- 9.10

Arginase (Ui/L) 1.92 ± 1.03 0.80- 3.00

TA B L E  1  Normal values and 
parameters of serum/plasma enzymatic 
activities with standard deviation of 
mean, (mean ± SD) used in diagnosis 
of Hepatobiliary dysfunction in the 
donkey(n = 5)
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3.2  |  The biochemical analysis

The hepatobiliary dysfunction in donkeys was generally associated 
with nonspecific clinical signs. Although, the most common indica-
tive diagnostic tools used, were liver sonography, biopsy and meas-
uring the activity of some specific serum enzymes and biochemical 
parameters closely related to the hepatopathies.

The liver biopsy was specific but need experience and cost. So, 
we were concerned in this study on the serum enzymatic activity 
of liver as γ- Glutamyl transferase; GGT, Sorbitol dehydrogenase; 
SDH, Lactate dehydrogenase; LDH, Aspartate dehydrogenase; 
AST, Alkaline phosphatase; ALP, Glutamate dehydrogenase; GLDH, 
Arginase as shown in (table 1) besides other biochemical parameters 
such as albumin, globulins, serum bile acids, triglycerides, bilirubin, 
blood urea, creatinine, glucose, ammonia, blood clotting times and 
fibrinogen as shown in (table 2).

γ- Glutamyl transferase and sorbitol dehydrogenase were liver- 
specific and sensitive enzymes to the cholestatic biliary disease 
present in the epithelium lining of the biliary tree and hepatic can-
aliculi and mainly increased in biliary obstruction. The serum en-
zymatic activities in donkeys were found nearly similar to that of 
the horse. Likewise, some biochemical parameters were found 
lower in donkeys than horses as serum bile acids and total bilirubin 
while other parameters were higher in donkeys than horses as tri-
glycerides, blood urea, and to a lesser extent the prothrombin time 
as shown in (table 2).

4  |  DISCUSSION

4.1  |  The anatomical and radiographic studies

4.1.1  |  Hepatic artery

Anatomically, the current applied researches developed by differ-
ently using promotional techniques as inoculation of coloured resins, 
epoxy and latex for vascular corrosion casts (VCCs) which is of great 
benefit as educational anatomy, enabling researchers to localize and 
identify the vascular and biliary architecture which is of major con-
cern (Eberlova et al., 2017) in pig and (Pálek et al., 2018) in the horse.

The porta hepatis of the donkey liver represented a clear deep 
depression on the hepatic visceral aspect where the proper hepatic 
artery, large portal vein, and the widely dilated common hepatic 
duct, all found to be ramified extrahepatic into right and left di-
visions. The observation which reported by (Siddig et al., 2014) in 
camel, (Chavan & Wabale, 2014; leJeune & Whitcomb, 2014) in the 
horse, (Biswas et al., 2018; Eberlova et al., 2020) in the pig.

The current investigation revealed that the right branch of the 
hepatic artery of the donkey curved to form an arch directed dorso-
laterally towards the dorsal segment of the right lobe in all studied 
specimens, a characteristic feature that not yet been recorded by 
the previous works of literature.

Dawood & Khamas (2017) reported that the hepatic artery of 
gazelle ramified in the liver into a left dorsal, a left ventral, a middle, 
and a right branch. A result which unlike our present investigations 
and of (Farag, 1990) in camel, (Abd El- Hady, 2002) in buffalo and 
(Osman et al., 2008) in the pig.

Our observations were similar to the reports of (Osman et al., 
2008) in the pig that the caudate lobe and its caudate process re-
ceived arterial branches from the right division of the hepatic artery 
but in 50% of cases, this artery originated separately from the hepatic 
artery, a result that reported by (Farag, 1990) in camel and (Awad, 
2000) in goat. Whenever, (Chavan & Wabale, 2014) in humans con-
firmed that the caudate lobe was supplied by the left hepatic artery.

The present investigation was in agreement with (Farag, 1990) 
in camel and (Osman et al., 2008) in pig who revealed that there 
were dorsal, intermediate, and ventral branches for both right and 
left hepatic lobes supplying the dorsal, middle and ventral segments 
respectively.

The intermediate and ventral branches of the right hepatic lobe 
had been erupted by a common trunk while the left lateral lobe in-
cluding the dorsal branch as a separate or forming a common trunk 
with the intermediate one in some specimens and others, the inter-
mediate branch found in a common trunk with the ventral one. The 
observation that not yet recorded previously.

Our results were similar to those (Hagras & Swielim, 1990) in sheep 
who revealed that the left lateral lobe was closely related to the termi-
nal part of quadrate lobe in donkey liver and received arterial supply 
from the terminal end of R. sinister. However, they did not mention that 
this arterial branch ramified in the left lateral lobe and detaching fine 
twig directed to the adjacent portion of the quadrate lobe.

TA B L E  2  Normal values of serum/plasma biochemical 
parameters with standard deviation of mean, (mean ± SD) used in 
diagnosis of Hepatobiliary dysfunction in the donkey(n = 5)

Parameter Mean ± SD
Reference 
Range

Total protein (g/dl) 6.18 ± 0.45 5.70- 6.90

Albumin (g/dl) 2.95 ± 0.27 2.60- 3.40

Globulin (g/dl) 2.65 ± 0.10 2.50- 2.80

Serum bile acids (µmol/l) 3.98 ± 0.42 3.40- 4.60

Triglycerides (mg/dl) 98.17 ± 8.89 87.00- 108.00

Bilirubin (total) (mg/dl) 0.28 ± 0.06 0.20- 0.38

Bilirubin (direct) (mg/dl) 0.11 ± 0.01 0.10- 0.13

Bilirubin (indirect) (mg/dl) 0.17 ± 0.06 0.10- 0.27

Urea (mg/dl) 35.00 ± 8.37 25.00- 45.00

Creatinine (mg/dl) 1.57 ± 0.28 1.20- 1.90

Glucose (mg/dl) 83.17 ± 5.85 76.00- 91.00

Ammonia (µg/dl) 39.17 ± 11.37 22.00- 56.00

Prothrombin Time (sec) 25.17 ± 7.44 19- 39

Activated Partial 
Thromboplastin Time 
(sec)

44.50 ± 4.18 39.00- 50.00

Fibrinogen (g/dl) 0.26 ± 0.03 0.22- 0.30

Abbreviations: n, number size; SD, Standard deviation.
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4.1.2  |  Biliary duct system

Referring to the biliary duct system constitution in donkey, the left 
and right hepatic ducts fused to form the common hepatic duct 
(CHD), which conveyed the bile into the duodenum, these results 
were in agreement with(Abdel- Moniem et al., 2000) in camel, 
(leJeune & Whitcomb, 2014) in horse and (Bamaniya et al., 2016) 
in goat except for expansion and noticeable dilatation of CHD at its 
intestinal end in donkeys.

Concerning the gall bladder, cystic duct, and the common bile 
duct, all were absent in donkeys that were similar to the reports of 
many researchers who denoted that the following animals devoid of 
the gall bladder as (Konig & Liebich, 2007) in the horse, (Siddig et al., 
2014) in camels, (Shil et al., 2014) in deer and (Maher & Reem, 2018) 
in the white rat.

Chavan & Wabale (2014) reported that the caudate lobe 
supplied by R. sinister of A. hepatica and left hepatic duct and 
consequently, it is a segment from the left lobe but according 
to its anatomical observation, it belongs to the right lobe. While 
(Skandalakis et al., 2004; Vakili & Pomfret, 2008) recorded that 
the caudate lobe drained its bile into both the right and left he-
patic ducts. These results were not similar to our investigation in 
the current study.

Our radiographic images and casts had been illustrated similar 
observations to(Osman et al., 2008) in pig and(Chavan & Wabale, 
2014; Al- Rekabi, 2011) in buffalo that the intrahepatic distribution 
of both the right and left hepatic ducts represented as a character-
istic segmental ramification into dorsal, intermediate and ventral 
segmental branches which further divided into primary, secondary 
and tertiary subdivision especially noticed in the right lobe and left 
lateral lobe.

Our investigations were similar to (Osman et al., 2008) in pigs 
and (Siddig et al., 2014) in camels that the quadrate lobe drained its 
bile into the left hepatic duct which is long in the donkey. Therefore, 
not of any previous authors mentioned that the quadrate lobe di-
vided according to its biliary drainage into right and left parts where 
the former drained by superficial and deep bile ductules opened 
into the origin of the left hepatic duct while the latter part drained 
through a branch from R. lobi medialis sinistri.

The left hepatic duct was formed by the hepatic ducts of the 
quadrate lobe, left lateral lobe and left medial lobe. The right he-
patic duct was formed by the hepatic ducts of the caudate lobe 
and its process and right lobe. These results were also reported by 
(Rajathi et al., 2020) in the guinea pig but they observed an S- shape 
configureuration of the common hepatic duct before entering the 
duodenal lumen. A result that did not simulate our observations in 
the donkey.

Our observations in the present study confirmed the reports of 
(Lysov et al., 2012; Dubinin et al., 2015; Riabushko, 2017) that the 
animals that devoid of a gallbladder as (equines, camels, deer, pi-
geons, and rats), being compensated by the what so- called ‘gall tank’ 
which represented anatomically as an enlargement of the common 
hepatic duct that was very clear at its intestinal end.

Riabushko (2020)assumed that the absence or presence of gall-
bladder was related to two factors, the first is that the animals over-
coming food deprivation as donkeys and camels did not need gall 
bladder as the incidence of stone formation will be high due to stasis 
of bile for along time. The other factor according to bile acid toxicity 
where some animals had gallbladder due to the production of toxic 
bile acids to liver cells while others produce hydrophilic non- toxic 
acids and did not need to presence of gall bladder.

During morphogenesis, the gallbladder- cystic duct (Gb- Cd do-
main) and its primordium, the biliary bud, did not develop in some 
animal species as (donkeys, camels, deer and rats) in addition to 
SOX17, which is a master regulator for expression and differentia-
tion of the gallbladder formation, found to be negative in the hepatic 
diverticulum. These two factors explained the loss of the gallbladder 
and cystic duct in the aforementioned animals (Uemura et al., 2015; 
Higashiyama et al., 2018).

4.2  |  The biochemical analysis

In the present study, we revealed that Egyptian donkeys have some 
different value sand reference ranges that must be taken when 
assessing the donkey in comparison with the horse. For example, 
biochemical parameters had been found different; in the donkey, 
as total bilirubin and bile acids were significantly lower while serum 
triglyceride and urea were significantly higher than in horses as 
illustrated in the charts (figures 6- 10). These results were con-
firmed by (Mendoza et al., 2013; Alberghina et al., 2013; Burden 
& Thiemann, 2015). In addition to slightly prolonged prothrombin 
time in donkeys, the result which never been recorded by any pre-
vious literature.

Our investigation in the current study was in agreement with 
(Hoffmann and Solter, 2008; Kaneko et al., 2008; Divers & Barton, 
2018; Tallon & McGovern, 2020) that the aspartate aminotransfer-
ase activity was nonspecific for hepatic dysfunction and should be 
accompanied by other parameters to indicate liver damage as GGT, 
SDH, bilirubin and serum bile acids.

F I G U R E  6  Bar chart illustrating: γ- Glutamyl transferase; GGT, 
Lactate dehydrogenase; LDH, Aspartate dehydrogenase; AST, 
Alkaline phosphatase; ALP
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5  |  CONCLUSION

The hepatobiliary diseases in donkeys and other farm animals are 
usually subclinical or might be secondary to other systemic diseases 
and characterized by nonspecific clinical symptoms as reported by 
(Barton, 2010) in (table 3). Although, we high- spotted, in the present 
study, on the anatomical and radiographic overview revealing the 

hepatic arterial and biliary distribution besides, the laboratory accu-
rate and specific diagnostic tools as indicators reflecting the normal 
clinical status of the donkey liver and biliary apparatus such as serum 
enzymatic activities and other biochemical parameters revealing and 
setting a standard laboratory profile which is hepatobiliary specific 
for donkeys owing to the observed differences found between don-
keys and horses as total bilirubin, serum bile acids, triglycerides, 
blood urea and clotting times.
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F I G U R E  7  Bar chart illustrating: Sorbitol dehydrogenase; SDH, 
Lactate dehydrogenase; LDH, Glutamate dehydrogenase; GLDH, 
Arginase

F I G U R E  8  Bar chart illustrating: Total proteins, Albumin, 
Globulin, Serum bile acids

F I G U R E  9  Bar chart illustrating: Total bilirubin, Direct bilirubin, 
Indirect bilirubin, Creatinine, Fibrinogen

F I G U R E  1 0  Bar chart illustrating: Serum urea, Glucose, 
Ammonia, Prothrombin time, Activated partial thromboplastin

TA B L E  3  Common Hepatobiliary Pathologies in Equines (Barton, 
2010)

Specific hepatobiliary 
pathology Indicative laboratory profiles

Toxic Hepatopathy Increased GGT, AST, Bilirubin, prolonged 
prothrombin time, and hypoglycaemia.

Hyperlipemia Increased GGT, SDH, SBA, 
Hypertriglyceridemia, bilirubinaemia 
with decreased blood glucose and 
urea.

Chronic Active 
Hepatitis

Increased GGT, SDH, AST, ALP, SBA, and 
bilirubinaemia.

Cholelithiasis Increased GGT (> 15 times) than normal, 
elevated SBA, hyperbilirubinemia, 
bilirubinuria, prolonged prothrombin 
time, and activated partial 
thromboplastin time.

Hepatic Neoplasia Hyperfibrinogenaemia with elevated GGT 
and SDH.
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