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Background: There are many studies on the morphology of the liver and its blood 
vessels in experimental animals, but such studies are lacking in the mole rat (Spalax 
leucodon). The aim of this paper was a detailed basic study on the topography, 
morphology, vascular and biliary branching systems of the liver in the mole rat. 
Materials and methods: Coloured gelatine and mixture of coloured lead oxide 
and linseed oil were injection contrast masses used to obtain vascular and biliary 
branching pattern in the liver. It was revealed that the liver of the mole rat had 
five lobes (left, quadrate, right medial, right lateral and caudate lobes). 
Results: The left, undivided lobe was the largest lobe of the liver. The quadrate 
lobe was divided into two components by a deep notch. The gallbladder, of 
cylindrical shape, was present and attached to the quadrate lobe. The common 
bile duct was formed by the union of the left and right hepatic ducts. The pan-
creatic duct joined the common bile duct before it entered the duodenum. In 
the present study, only the right medial lobe and quadrate lobe always showed 
a single lobar artery, portal and hepatic veins. The left lobe showed four lobar 
arteries, portal and hepatic veins. The caudate lobe with its two processes and 
the right lateral and medial lobes had different arterial and portal blood supply 
as well as hepatic and biliary drainage of these lobes. The intrahepatic branches 
of the proper hepatic artery ran parallel to the branches of the common portal 
vein in the same lobes of the liver. 
Conclusions: The results of this study are significant for comparative studies 
among different species of rodents and other experimental animals. Morphology, 
vasculature and biliary tract of the liver in the mole rat were similar to that of other 
experimental animals and identified differences may be related to the adaptation 
to the mode of life and diet of this rodent. (Folia Morphol 2021; 80, 4: 888–894)
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INTRODUCTION
The mole rat (Spalax leucodon) is a rodent belong-

ing to the Muroidea superfamily and the Spalacidae 
family. Spalax leucodon is the only species of mole rats 
found in Serbia in the area of Vojvodina province [6].  
They live under the ground in branched tunnels they 
dig using their powerful front teeth. Mole rats are 
truly blind. Their small eyes are completely covered 
by a layer of skin [8]. Because of its specific way of 
life the mole rat was used as experimental animals in 
studies of biology, immunology, microbiology, phys-
iology and they are interesting also for anatomical 
studies of morphology and vascularisation of their 
organs. Available literature offers very little informa-
tion on the morphology of the organs of this rodent.

The liver lobes, their number and nomenclature, 
as well as their biliary and vascular system are still 
the subject of investigation, in several species of the 
experimental animals, such as the rat [3, 5, 19, 24], 
rabbit [12, 13, 16, 18, 19], guinea pig [19–21], nutria 
[12], chinchilla [9, 19], pig [11], and dog [4, 22]. The 
only description of the liver in the mole rat was found 
of Tammam et al. [23], mentioning the nomenclature 
of the liver lobes, histological structure of the liver as 
well as the presence of a gallbladder. 

Within the rodent species, the mole rat has been 
less used as an experimental animal in the detailed 
study of the liver in terms of its lobes, biliary ducts 
and blood vessels. For this reason, we undertook 
a detailed basic study on the topography, morphology 
and vascularisation of the liver in the mole rat.

MATERIALS AND METHODS
The investigation was carried out on 7 adult mole 

rats of both sexes (3 females and 4 males) which 
weighed between 180 and 240 g. The mole rats were 
trapped in Serbia, in the area of south Banat (Deliblato 
Sands). All animals were found to be clinically healthy. 

Being an endangered species, the mole rat is pro-
tected by law in the Republic of Serbia. For this rea-
son, the Ministry of Environmental Protection of the 
Republic of Serbia issued an approval for obtaining 
the animals from their natural habitats (No. 353- 
-01-1185/2011-03) and the Ethics Committee of the 
Faculty of Veterinary Medicine in Belgrade issued an 
approval for conducting this research.

Prior to sacrifice, the animals were sedated with 
xylazine (Rompur®, Bayer, Mississauga/Ontario, Can-
ada) in a dose of 0.1 mL/kg intramuscular, and then 
euthanized with ketamine (Ketamidor 10%, Richter 

Pharma AG, Wels, Austria) in a dose of 0.1 mL/kg 
intramuscular. The topographical position and 
morphology of livers were studied in the sacrificed 
animals and preparations preserved in 3% formal-
dehyde solution. The biliary system and pancreatic 
ducts, as well as arterial and venous system of the 
liver were investigated in injected preparations and 
roentgenograms. In order to obtain preparations 
with arterial vascularisation of the liver, after bleed-
ing out stained gelatin was injected into the abdom-
inal aorta. After 24 h the arterial blood vessels were 
prepared and photographed with a digital camera. 
A mixture of red-coloured lead oxide and linseed 
oil was used for roentgenograms. This mixture was 
injected into the portal system through the portal 
vein (PV) before its entry into the liver, and into the 
liver veins through the caudal vena cava previously 
tied cranially to the diaphragm. This mixture also 
was injected into the biliary system through the 
gallbladder, and into the system of pancreatic ducts 
through the duodenum, which, in both cases, had 
been tied off previously. The injected pancreatic 
ducts, venous blood vessels and biliary system of 
the liver were X-rayed.

Latin terms were used in accordance with Nomina 
Anatomica Veterinaria, 2017 [7].

RESULTS
The liver of the mole rat was located in the in-

trathoracic part of the abdominal cavity, with the 
exception of ventral part of the left hepatic lobe which 
was located on the ventral abdominal wall in the regio 
xiphoidea, somewhat left to the median plane. On 
the right of the intrathoracic part of the abdominal 
cavity the liver was situated between the diaphragm, 
descending duodenum, jejunum and right kidney, 
and on the left between the diaphragm, stomach, 
jejunum and dorsal end of the spleen.

The parietal surface of the liver was strongly con-
vex and it was in contact with diaphragm.

Liver lobes

Deep fissures divided the liver into five lobes as 
follow: left, quadrate, right medial, right lateral and 
caudate lobes.

The left lobe (LS, lobus hepatis sinister) (Fig. 1A, 
B-1) was the largest and undivided lobe of the liver. 
It was positioned in the left intrathoracic part of 
the abdominal cavity with the exception of a small 
ventral part of this lobe which rests upon the ventral 
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abdominal wall, in the regio xiphoidea. The stomach 
overlapped almost the whole visceral surface of the 
left lobe with the exception of a small ventral portion 
of that lobe, resting on the jejunum. The left lobe of 
the liver was covered on the parietal surface by the 
quadrate lobe.

The quadrate lobe (LQ, lobus quadratus) (Fig. 1A, 
B-2) was situated on the left in the intrathoracic part 
of the abdominal cavity. It was separated from the 
left and right medial liver lobes by deep notches. The 
quadrate lobe was divided into two components by 
a deep notch. Its visceral surface rested upon the 
parietal surface of the left lobe and these lobes partly 
overlapped each other (Fig. 1B-1, 1B-2). The quadrate 
lobe was attached to the gallbladder.

The right lobe (RL, lobus hepatis dexter) was po-
sitioned completely in the right intrathoracic part 
of the abdominal cavity. It was divided into medial 
(RML) and lateral (RLL) lobes by a deep fissure. The 
RML (Fig. 1A, B-3) was the second largest lobe of the 
liver. On the parietal surface from the medial border 
of the RML, the falciforme ligament appeared as 
a thin fold that connected the liver to the diaphragm. 
Parietal surface of the right lateral lobe was partially 
overlapped by visceral surface of the right medial 
lobe (Fig. 1B-4, 1B-3).  

The caudate lobe (CL, lobus caudatus) was situat-
ed dorsal to the portal fissure and it was divided into 
a caudate and a papillary process. 

The caudate process (CP, processus caudatus) (Fig. 
1A, B-5) was almost overlapped by the visceral surface 
of the right lateral lobe. Its caudodorsal edge showed 
very marked imprint for the right kidney (Fig. 1A-6). 

The papillary process (PP, processus papillaris) 
(Fig. 1A-7) was divided by a deep fissure into two nar 
row and long portions.

The gallbladder (GB, vesica fellea) (Fig. 1C-4) lay 
in a slight depression on the quadrate lobe. It was 
cylindrical shaped and it did not reach the ventral 
border of the liver.  

The cystic duct (CD, ductus cysticus) (Fig. 1C-5) 
was a short duct, 9 to 10 mm long. It joined the left 
hepatic duct. The left hepatic duct drained the left 
and quadrate lobe by one bile duct (Fig. 1C-1). The 
right hepatic duct was formed by the confluence of 
the ducts that drained the caudate process of the 
caudate lobe with the duct that drained the right 
lateral lobe, than from the duct that drained papillary 
process of the caudate lobe and the last duct drained 
the right medial lobe. 

The common bile duct (CBD, ductus choledochus) 
(Fig. 1D-Dch) was formed by the union of the right 
and left hepatic ducts. It entered the duodenum 6.5 to 
7 mm caudal of the pylorus. A single pancreatic ducts 
joined lobar and lobular ducts of the pancreas and 
joined the common bile duct before it entered the 
duodenum. 

The proper hepatic artery (a. hepatica propria)

The liver of the mole rat was supplied with blood 
by the proper hepatic artery (PHA), a branch of the 
hepatic artery (HA, a. hepatica). At the porta hepatis, 
the PHA (Fig. 2A-I) bifurcated into the right (Fig. 2A-II)  
and left (Fig. 2A-III) branches. The right branch of  
PHA first gave off the common branch to the right 
lateral lobe and caudate process of the caudate lobe 

Figure 1. Visceral (A), parietal surface of the liver (B), bile ducts (C) and the common bile duct (D) of the liver in the mole rat; A and B: 1 — 
lobus hepatis sinister; 2 — lobus quadratus; 3 — lobus hepatis dexter medialis; 4 — lobus hepatis dexter lateralis; 5 — processus caudatus; 
6 — impressio renalis; 7 — processus papillaris; C: 1 — d. lobi sinistri et lobi quadrati; 2 — d. lobi sinistri; 21–5 — rr. lobi sinistri; 3 — d. lobi 
quadrati; 31–2 — rr. lobi quadrati; 4 — vesica fellea; 5 — d. cysticus; 6 — d. lobi dextri medialis; 61-4 — rr. lobi dextri medialis; 7 — rr. lobi 
dextri lateralis; 8 — rr. processi caudati; 9 — d. processi papillaris; D: D — duodenum; Dp — d. pancreaticus; Dch — d. choledochus.

A B C D
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(Fig. 2A-1), then the branch to the right medial lobe 
(Fig. 2A-2) and last branch to the papillary process 
of the caudate lobe (Fig. 2A-3). The left branch of 
PHA first gave off the branch that supplied the quad-
rate lobe (Fig. 2A-4) and then it branched into four  
larger arterial branches that supplied the left lobe 
(Fig. 2A-5).

The portal vein (v. portae)

The first portal branch of the common portal vein 
(CPV) (Fig. 2B-I) was very short and it immediately was 
divided into two branches, one to the caudate process 
of the caudate lobe and one to the right lateral lobe 
(Fig. 2B-1). From its ventral wall, CPV gave off two 
separated branches to the right medial (Fig. 2B-2) 
and quadrate lobe (Fig. 2B-4). From the dorsal wall, 
CPV gave off a portal branch to the papillary process 
of the caudate lobe that ramified into both portion 
of the papillary process (Fig. 2B-3). Between the left 
and quadrate lobes the CPV divided into four final 
branches (Fig. 2B-5) supplying the dorsal, middle and 
ventral portion of the left lobe. 

The hepatic veins (vv. hepaticae)

Eight large hepatic veins (HVs) drained the blood 
from the lobes of the liver into the caudal vena cava 
(Fig. 2C-I) during its passage through the liver. The 
caudate processes of the caudate lobe and right later-
al lobe were drained by two separated HVs united by 
a common HV (Fig. 2C-1) that opened into the caudal 
vena cava. The right medial lobe (Fig. 2C-2), papillary 
process of the caudate lobe (Fig. 2C-3) and quadrate 

lobe (Fig. 2C-4), were drained by three separated HVs 
that opened into the caudal vena cava separately. The 
left lobe was drained into the caudal vena cava by 
four HVs (Fig. 2C-5).

DISCUSSION
Knowledge of the nomenclature of liver lobes was 

of great importance for understanding the vascular 
and biliary branching pattern in the liver of experi-
mental animals. 

There has been no study in the literature describ-
ing the liver and intrahepatic vascular and biliary 
system of the mole rat. Only topographical position 
and names of the liver lobes were mentioned by 
Tammam et al. [23] in mole rats. For this reason, our 
study is the first study on the topography, morphol-
ogy, intrahepatic ramification of the artery, veins and 
bile ducts of mole rats (Spalax leucodon) described 
and illustrated in detail. 

A comparable topography of the liver of rats, 
rabbits, guinea pigs and chinchillas was described by 
Stan [19]. The livers of those animals were positioned 
almost in intrathoracic part of the abdominal cavity. 
Tammam et al. [23], in the study on the histological 
structure of the digestive tract of mole rats, including 
the liver, mentioned that the liver of this rodent was 
located in the intrathoracic part of the abdominal 
cavity. However, our study suggested the presence 
a small ventral portion of the left lobe located on 
the ventral abdominal wall in the regio xiphoidea, 
which was not described in mole rats by Tammam 
et al. [23]. This portion of left lobe is an accessible 

Figure 2. Schematic representation of the intrahepatic branches of the proper hepatic artery (A), radiograph of intrahepatic branches of the 
portal vein (B) and hepatic veins (C) in the mole rat; A: I — a. hepatica propria; II — r. dexter; III — r. sinister; 1 — r. lobi dextri lateralis et 
processi caudati; 2 — r. lobi dextri medialis; 3 — r. processi papillaris; 4 — r. lobi quadrati; 5,5,5,5 — rr. lobi sinistri; B: I — v. portae; 1 —  
r. lobi dextri lateralis et processi caudati; 2 — r. lobi dextri medialis; 3 — r. processi papillaris; 4 — r. lobi quadrati; 5,5,5,5 — rr. lobi sinistri; 
C: I — v. cava caudalis; 1 — v. hepatica lobi dextri lateralis et processi caudati; 2 — v. hepatica lobi dextri medialis; 3 — v. hepatica processi 
papillaris; 4 — v. hepatica lobi quadrati; 5 — v. hepatica lobi sinistri.

A B C
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place for puncture of the liver and further laboratory 
analysis of this organ.

The liver of mole rats was lobulated as found in 
experimental small mammals [5, 9, 12, 18, 21] and 
some domestic mammals, such as pigs and dogs [11, 
22]. Stan [19] compared the division of the liver into 
lobes among rabbits, guinea pigs and chinchillas, 
and showed that six liver lobes in guinea pigs (left 
lateral and medial lobes, quadrate lobe, right medial 
and lateral lobes and caudate lobe) corresponded to 
that in nutria liver [12]. The same number of lobes 
was described by Osman et al. [11] in pigs and by 
Swielim [22] in dogs. In rabbits the right lobe was 
single [13, 18, 19]. The quadrate lobe recognised by 
Stamatova-Yovcheva et al. [18] in rabbits, Stan et al. 
[21] in guinea pigs and Osman et al. [11] in pigs was 
very small and was not observed on the diaphrag-
matic surface of the liver in these animals. 

The basic nomenclature of the rat liver lobes was 
not uniform. Kogure et al. [3], Martins and Neuhaus [5]  
and Quesenberry [14] described four lobes of the liver 
in rats (left lateral, middle, caudate and right lobes) 
and Vdoviaková et al. [24] merged the left lateral 
lobe with the middle lobe into one lobe, thus the 
rat liver was divided into the left lateral and medial 
lobes, right medial and lateral lobes and caudate 
lobe divided into two portions. The middle lobe of 
rats, described by Martins and Neuhaus [5] divided 
into the left medial and right medial lobes, was not 
detected in our study. 

Tammam et al. [23] in the study on morphology 
of the liver in mole rats did not explain according to 
which nomenclature the liver was divided into: left, 
right, right central, spigelian and caudate lobes. In 
our study, the division of the liver into left, quadrate, 
right medial, right lateral and caudate lobes was 
adopted according to Nomina Anatomica Veterinaria 
2017 [7]. 

The presence of the GB in small mammals was 
variable and its morphology was mainly dependent 
upon diet [10]. The most species of the experimental 
animals, except rats, had a well-developed GB, located 
in the shallow depression on the quadrate or the right 
medial lobes [18–20]. The presence of a gallbladder 
on the right medial lobe of the liver described by 
Tammam et al. [23] in mole rats was not confirmed 
in our study in which the GB was attached to the 
quadrate lobe. 

Among laboratory animals, rats are the most fre-
quently used as animal models in biomedical research. 

Detailed knowledge of the intrahepatic vascular and 
biliary anatomy and also their variations are of the 
great importance for experimental hepatobiliary sur-
gery and transplantation of the liver [15]. Previous 
anatomical studies described vascular and biliary 
anatomy of the liver in rats [3, 5, 15, 24] and the 
obtained data were compared with those of humans.

In the literature there have been no studies de-
scribing the vascular and biliary branching pattern in 
the liver of mole rats. 

The liver of different species of experimental ani-
mals was supplied by the PHA or HA and their division 
into the right and left branches was described by 
Martins and Neuhaus [5] and Vdoviaková et al. [24]  
in rats, Stamatova-Yovcheva et al. [17] in rabbits and 
Osman et al. [11] in pigs. Stamatova-Yovcheva et al. [17]  
asserted that in rabbits PHA first supplied the cau-
date lobe and its continuation was HA that bifurcat-
ed into the right and left branches. In rats [5, 24]  
and rabbits [17] the caudate and right (lateral and 
medial) lobes were supplied by branches from the 
right branch of HA. The same lobes supplied by  
r. dexter lateralis and medialis were described by 
Osman et al. [11] in pigs and by Swielim [22] in 
dogs. The left lateral, left medial and quadrate lobes 
were supplied by branches from the left branch of 
PHA in rats [24] and branches of HA in rabbits [17]. 

The presence of the PV in the porta (PH, porta 
hepatis) and its division into two main branches, 
right and left, was described by Sänger et al. [15], 
Vdoviaková et al. [24] in rats, Stamatova-Yovche-
va et al. [17] in rabbits and Mari and Acocella [4] 
in dogs. However, Osman et al. [11] mentioned 
that in pigs, PV was divided into R. dexter dorsalis,  
R. dexter ventralis and left branch. The division of 
the PV into the main branches was not detected in 
our study. 

Kogure et al. [3] and Martins and Neuhaus [5] 
recorded that in rats each liver lobe had their own 
lobar portal branch. In studies on rabbits, Stamatova- 
-Yovcheva et al. [17] showed that the right portal 
branch supplied only right lobe. Similar results were 
obtained by Vdoviaková et al. [24] in rats where right 
portal branch supplied the caudate, right lateral and 
right medial lobes. The same lobes in pigs were supplied  
by r. dexter lateralis, as described by Osman et al. [11]. 
All of the above authors agreed that the left lobes  
and quadrate lobe of the liver in rats, rabbits, and  
pigs were supplied by branches from the left branch 
of PV. 
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Numerous authors have studied hepatic venous 
system of the liver of mammals [4, 5, 11, 16, 17]. It 
has been reported that both portion of the caudate 
lobe in rats [5, 24] was drained into the caudal vena 
cava (CVC) by one HV. Similar results were reported in 
rabbits by Stamatova-Yovcheva et al. [17]. However, 
in dogs, the caudate lobe was drained by two HVs, 
as described by Mari and Acocella [4], of which the 
vein from the caudate process entered directly and 
the vein from the papillary process indirectly through 
the main lobar vein, into the CVC.

In rats, both portions of the right lobe were 
drained into the CVC by one HV [5, 15]. Such results 
were found by Mari and Acocella [4] in dogs. The 
undivided right lobe of rabbits described by Seo et al. 
[16] was drained into CVC by two separated veins. In 
the present study both processes of the caudate 
lobe and both lobes of the right lobe had a different 
vascular blood supply.

The quadrate lobe was drained indirectly through 
the middle HV into the CVC, as described in rabbits by 
Seo et al. [16], and through the main HV, as reported 
in dogs by Mari and Acocella [4]. In the present study 
the quadrate lobe was drained into CVC by one HV.

The left lateral lobe in rats [3, 5, 15], rabbits [17] 
and dogs [4] was drained into CVC by one HV. Also, 
in rabbits and dogs the left medial lobe had one HV. 

In the present study four HVs drained blood from 
the left lobe.

The extrahepatic biliary tract of the experimental 
animals has been the subject of research by numerous 
authors, and studies on their intrahepatic bile branch-
ing system have been scarce. At the literature, there 
was no study on the biliary system of mole rats. The 
presence of the CBD, common hepatic duct (CHD) and 
CD in experimental animals were described by many 
authors [5, 17, 20]. The formation of the CBD by the 
union of the right and left hepatic ducts revealed in 
our study was also reported in guinea pigs by Stan 
[20]. However, the union of the right and left hepatic 
ducts resulting in a CHD has been described in rabbits 
by Seo et al. [16] and Stamatova-Yovcheva et al. [17]. 
The results observed in chinchillas by Nowak et al. [9] 
have shown that two to three cystic ducts formed 
a network joined with the hepatic duct system into 
complex system of bile ducts.

The presence of CBD formed by the union of the 
CD and CHD was reported in pigs by Osman et al. 
[11]. Rats have neither a GB nor a CD. In rats, all lobar 
bile ducts fused into the CHD, so that on its course 

to the duodenum it was completely imbedded in the 
pancreas [5]. The CBD and the pancreatic duct opened 
into the duodenum separately in guinea pigs, rats and 
chinchillas [1, 5, 9]. 

The presence of the right and left hepatic ducts in 
experimental mammals was described by numerous 
authors [11, 17, 24]. 

The presence of the right hepatic duct to drain 
right and caudate lobes was described by Stamato-
va-Yovcheva et al. [17] in rabbits and by Vdoviacová 
et al. [24] in rats. Similar results were obtained by 
Stan [20] in guinea pigs. Osman et al. [11] in pigs 
and Coq [2] in dogs mentioned that the right hepatic 
duct was formed by the confluence of ducts from the 
caudate process and the right lateral and right medial 
lobes. The left hepatic duct draining the left (lateral 
and medial) and quadrate lobes were noted by Stan 
[20] in guinea pigs, Vdoviacová et al. [24] in rats and 
Stamatova-Yovcheva et al. [17] in rabbits.

CONCLUSIONS
The macroscopic anatomy of the liver and its vas-

cular and biliary system of mole rats was similar to 
that of other experimental animals, and identified 
differences may be related to the adaptation to the 
mode of life and nature of diet in this rodent. 
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