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Pancreas Morphology and Duct System of Swamp Buffaloes

(Bubalus bubalis)
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Abstract

Swamp buffaloes have been important to Thai countryfolk for centuries. However, it’s meat consumption has
increased continuously. Since meat and offal of cattle are very similar, pancreas might be used to differentiate buffalo
offal from cow offal. Pancreases from 10 adult buffaloes of both sexes were obtained and studied anatomically. Studies
revealed that, unlike human and other animals, buffalo pancreas had a unique F-shape with left lobe, right lobe, body,
and uncinate process. There was no main pancreatic duct. Only one accessory pancreatic duct was found open into
minor duodenal papilla similar to those of cow. Furthermore, unlike human and all animals, buffalo minor duodenal
papilla was situated at the caudal duodenal flexure, almost 1-foot away from the major duodenal papilla. These
anatomical findings were first reported here and suggested unique characters of buffalo pancreas. These will be
beneficial for initial species identification and could be fundamental information for further studies.
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Introduction

Indigenous to Thailand, the swamp buffalo is
classified in family Bovidae, subfamily Bovinae as bison
and cattle. It is mainly found in Southern China and
South-East Asian countries such as Vietnam, Laos,
Cambodia, Malaysia, Philippines, Indonesia and
Thailand. Thai buffaloes are often used as draft animals
and also used for ploughing muddy rice fields. They
are considered as loyal workers and have a deep
relationship with Thailand's rural society. Data from
the Ministry of Agriculture and Cooperatives (2008)
showed that there were about 4.8 million buffaloes in
Thailand in 1993. The buffalo population had declined
dramatically to 1.6 million in 2007 due to many
reasons; including an increase in buffaloes’” meat
consumption. In general, it is difficult to distinguish
buffalo offal from cattle offal. However, pancreas is one
of the unique internal organs that might be used to
differentiate carcasses of these two species. Pancreas is
a soft, lobulated gland with irregular shape which
originated from the dorsal and ventral budlike-
primordia from the glandular mucosa of small
intestine in embryo (Liem et al., 2001). There are large
amounts of information available on pancreas in many
aspects of both humans and animals (Takahashi et al.,
1977, Furuoka et al., 1989; Furuzawa et al.,, 1992;
Hiratsuka et al., 1996; Endo et al., 1997; Kara, 2005), yet
morphological investigations into the pancreas of
swamp buffalo are limited. The aims of this study were
to clarify the anatomical structures and the pattern of
the duct system of buffalo pancreas.
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Materials and Methods

Pancreases from 10 adult swamp buffaloes
were obtained from a slaughterhouse in Pathumthani
province, Thailand. The whole gland with duodenum
were completely removed from the abdomen of each
buffalo and fixed in 10% formalin. Pancreatic lobes and
other related structures were identified, described,
sketched and measured at macroscopic level.
Measurements of the length, width and thickness of
each lobe including right, left, body and uncinate
processes are shown in Figure 1 and Table 1. Pancreatic
exocrine ducts were observed by injection of contrast
media, Omniplaque® (Amersham Health Limited,
Shanghai), into accessory pancreatic duct via the minor
duodenal papilla of duodenum. The Omniplaque®
routes were then examined by radiography.

Results and Discussion

The pancreas of each swamp buffalo was
presented in the form of an axe-like or F shape, laid in
frontal plane with the apex pointing forward (Fig 1).
The average total length of the pancreas was
approximately 41 cm with 1.3 cm thick. It consisted of
3 main portions as follow; left lobe (L), body (B), and
right lobe (R). The left lobe was wide, extended across
the abdomen, insinuated between the liver,
diaphragm, and great vessels dorsally and the intestine
and dorsal along the descending duodenum and was
connected with the body. The right lobe was about
three times longer than the left lobe, measuring

Table 1 Size of pancreas of swamp buffaloes in centimeters correlated to Figure 1

Nol No2 No3 No4 No5 Nob6 No7 No8 No9 Nol0 Average
(cm) (cm) (cm) (m) (m) (m) (cm) (cm) (cm) (cm) (cm)
Total length  (T1) 46.5 442 43.0 428 38.0 34.5 37.5 40 44 38 40.85
Left lobe length (LI) 12.0 10.6 8.0 11.5 6.5 6 6 9 10.2 6.6 8.64
width (Lw) 8.0 7.5 8.0 5.6 6.0 55 6 55 7.3 5.5 6.49
thick (Lt) 2.1 1.6 1.8 1.5 1.7 14 1.6 1.5 1.7 1.5 1.64
Body length (BI) 52 59 55 58 4.0 3.5 4 55 6.1 48 5.03
width (Bw) 4.0 54 4.0 55 4.0 3 35 55 55 45 4.49
thick (Bt) 1.0 1.9 1.2 1.2 1.1 0.8 1.1 1.1 1.8 1.2 1.24
Right lobe length (RI) 27.0 28 30.5 26.9 20.0 20.4 21 26 28 21 24.88
widthl (Rw1) 7.0 6.5 6.5 6.4 45 3.4 45 7.3 6.3 4.6 5.70
width2 (Rw2) 2.3 22 2.5 22 1.5 1.7 1.5 2 2.3 1.5 1.97
thick 1 (Rt1) 2.5 24 2.6 1.4 2.0 1.8 22 1.6 2.5 2.3 213
thick 2 (Rt2) 0.6 0.6 04 0.7 0.6 0.5 0.6 0.6 0.6 0.5 0.57
Uncinate length (Ul) 15.3 121 11.0 13.2 10.5 8.4 11.5 13 12.5 11 11.85
width (Uw) 6.7 5.5 3.6 7.3 48 45 4.6 6.5 5.7 5 542
thick (Ut) 1.1 1 1.6 0.9 1.2 1 1.1 1 1.1 1.1 1.11
Table 2 Size and distance between major and minor duodenal papillae
Nol No2 No3 No4 No5 Nob6 No7 No8 No9 No.l0 Average
Major length 3.6 2 3.5 24 51 2 2.1 2.3 2.3 4 2.93
duodenal thick 0.5 0.4 0.5 0.5 0.8 0.5 0.5 0.6 0.5 0.7 0.55
papilla width 1 0.8 1.1 0.7 1 0.7 0.8 0.7 0.9 0.9 0.86
Minor length 1.7 0.9 1.3 2 2 2 1.1 1.8 1.1 19 1.58
duodenal thick 0.4 0.4 0.4 0.5 0.6 0.5 0.5 0.5 0.4 04 0.46
papilla width 0.6 0.5 0.5 0.7 0.6 0.5 0.5 0.7 0.5 0.5 0.56
Length between papillae 19.1 22.1 31.5 28.6 29 34 23 29.5 25 28.5 27.03
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approximately 25 cm in length (RI) and varied in width
from 1.5 to 7.3 cm (Rw) and had up to 2.1 cm in
thickness (Rt). The body of pancreas was relatively
small and united the two lobes. It was located cranially
to and was notched by the portal vein where the gland
adhered to the liver. Cranial to the pancreatic notch, the
body of pancreas was about 1.2 cm thick (Bt), 4.5 wide
(Bw) and 5 cm long (Bl). In addition to these three
regions, a process projected laterally from the right
lobe adjacent to the body was observed which could be
compared to the uncinate process of human pancreas
(U). The size of this part was approximately 5.4 cm, 11.9
cm, and 1.1 cm in width (Uw), length (Ul) and
thickness (Ut), respectively (Table 1).

Only one accessory pancreatic duct (APD)
was presented which opened into minor duodenal
papilla (DPMi) at caudal duodenal flexure. No main
pancreatic duct (MPD) was found in all observed
buffaloes (Fig 1). Only bile duct, which received bile
from the liver and gall bladder, drained into the major
duodenal papilla (DPMa) at the beginning of
descending duodenum. DPMi was situated at about 27
cm caudal to the DPMa. The size of DPMa was 0.9 cm
in width and 3.0 cm in length while the size of DPMi
was 0.6 cm in width and 1.6 cm in length (Table 2).

Figure 1 Morphology of buffalo pancreas as related to

the duodenum. (A) Buffalo pancreas with 3
lobes and 1 process with duodenum; (B)
Schematic illustration of the measurement as
described in table 1 including abbreviations; (C)
Higher magnification of inset 1, shows major
duodenal papilla (DPMa) and opening of bile duct
(pin); (D) Higher magnification of inset 2, shows
minor duodenal papilla (DPMi) and opening of
accessory pancreatic duct (pin) at caudal

The duct from left lobe, right lobe and
uncinate process collected the pancreatic secretion
from each lobe, intercommunicated within the gland,
converged at the accessory pancreatic duct as a main
duct of buffalo pancreas and then entered the caudal
duodenal flexure forming an F-shaped loop along the
length of the pancreas as seen in the radiograph (Fig 2).

The buffalo pancreas was divided into 2 lobes,
left and right, which are connected by the body, similar
to other mammals (Sisson, 19752, Konig and Liebich,
2007). Nomenclature of the pancreatic lobe has been
reported by many researchers in the different species
with the terms of splenic, gastric, and duodenal lobes
which correlate to the left lobe, body, and right lobe,
respectively (Takahashi et al., 1977; Furuoka et al,,
1989; Endo et al., 1997).

General gross appearance of the internal
organs and the shape of buffalo pancreas are supposed
to be similar to that of cattle, which were both classified
in the same subfamily, Bovinae. However, the anatomy
of pancreas is obviously different between these two
species. The right lobe of buffalo pancreas is distinctly
elongated and has a narrow caudal extremity which
cannot be found in cows and small ruminants (Habel,
1975; Dyce et al., 1996) (Fig 3). In addition to the three
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Figure 2 Radiograph of a pancreas shows accessory pancreatic duct
as a main duct in buffalo (white arrow). The contrast media
(Omniplauge®) route can be seen. It was injected into the
accessory pancreatic duct via minor duodenal papilla (black
arrow). Alphabets mark the sampling portions. R=right
lobe, B=body, L=left lobe, U=uncinate process.

regions of the pancreas, the uncinate process projects
laterally from the body and right lobe but is known to
be a part of the right lobe according to Nomina
Anatomica Veterinaria (World Association of
Veterinary Anatomists, 2012). The uncinate process
that was observed in swamp buffaloes could not be
found in other mammals except ruminants and
humans (Langman, 1971; Hiratsuka et al., 1996; Agur
and Lee, 1999). Anatomical differences between human
pancreases and those of swamp buffaloes are clearly
noticeable. In human, the pancreas is long, with
irregularly prismatic shape, and is divided into the
head, body, neck and tail (Gray, 1918), while other
domestic mammal pancreas have U or V shape and are
composed of the right, body, and left lobes instead
(Ellenport, 1975; Ghoshal, 1975; Sisson, 1975¢;
Hiratsuka et al., 1996) (Fig 3).

In human, the uncinate process and the
caudal part of the head are derived from the dorsal
pancreatic primordium, while the cephalic part of the
head, body, neck and tail are derived from the ventral
pancreatic primordium (Larsen, 1993; Sadler, 2004). To
our knowledge, there are no reports regarding the
development of the buffalo pancreas available. In
accordance to McGeady (2006), the left lobe of
ruminant pancreas is developed from dorsal bud,
while the right lobe is from the ventral bud, which
arises from the liver diverticulum. As a consequence of
gastric and intestinal rotation in the embryological
stage of all mammalian species, the ventral and dorsal
pancreatic buds overlap and fuse at the point of
contact, resulting in the interconnection of ducts from
each pancreatic lobes. Moreover, the ducts of pancreas
undergo varying degrees of atrophy or develop at the
duodenal end, resulting in adult duct configuration
among species

It should be noted that the DPMa or Vater’s
papilla in human, an opening of MPD or duct of

Wirsung which combines with the common bile duct,
lies adjacent and beneath the DPMi (Gray, 1918) while
the DPMi, an opening of APD in animals, is placed at
the caudal to DPMa (Sisson, 19752) (Fig 3).

We found that only APD or duct of Santorini
in human, the persisted duct of dorsal primordia, was
presented in buffalo pancreas, while the MPD was
absent in all buffaloes observed, similarly in pigs (Dyce
etal., 19964). Without MPD, the bile duct from liver and
gall bladder was found and was open on the DPMa,
which is similar to those of ruminants and pigs (Habel,
1975; Dyce et al., 19964). On the other hand, both APD
and MPD persisted in humans, dogs, hyenas, ferrets
and horses, while only MPD is found in cats and small
ruminants (Fig 3). These different findings in the
presence of APD and MPD in various species are
possibly from the development in early embryonic
stage. However, to find out which stage of embryonic
development these ducts regressor develop would
require further investigation. (Gray, 1918; Sisson,
19750, Evans and Christensen, 1979; Furuzawa et al.,
1992; Dyce et al., 19962; Endo et al., 1997; Agur and Lee,
1999).

In many species such as horses, dogs, pigs,
small ruminant and cows, the DPMa and DPMi locate
contiguously at the proximal part of descending
duodenum (Habel, 1975; Ellenport, 1975; Sisson, 1975¢;
Dyce et al., 1996<). However, in swamp buffaloes, we
investigated that the DPMi situates at the caudal
duodenal flexure, which was obviously separate from
the DPMa. Due to the anatomy of the buffalo pancreas,
APD connects the distal end of the right pancreatic
lobe, which terminates at the caudal duodenal flexure.
The DPMa and DPMi of buffalo pancreas are located
separately compared to other domestic animals. This
might be one of the unique internal organs that could
be distinguished between the cow and other ruminant
species.

Kamisawa (2004) and Etue et al. (2001)
reported a relationship between the size of the duct of
pancreas, duodenal papilla and some diseases in
humans and in cats, but still lack of information in
buffaloes. The data of the size of the APD and MPD of
normal buffaloes t we proposed here could be the
standard value for study of the related diseases of the
pancreas in buffaloes.

In conclusion, the buffalo pancreas has some
distinct anatomical characteristics such as the F-shaped
appearance and the opening of APD on the caudal
duodenal flexure. This report could be fundamental
data for future studies. It will also be beneficial to
forensic identification and further investigation prior
to advanced molecular techniques.
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Figure 3 Schematic illustration of the stomach and pancreas of buffalo (A), human (B), horse and dog (C), cat and small ruminant

(D), pig and cow (E).

AD=ascending duodenum, BD=bile duct, DPMa=major duodenal papilla, DPMi=minor duodenal papilla, SM=stomach,
P=pancreas, UN=uncinate process, arrow=main pancreatic duct (duct of Wersung), arrowhead=accessory pancreatic duct

(Santorini duct).

Notice the major duodenal papilla in the animals located cranially to the minor duodenal papilla but distally in human.
Pancreatic duct is found in human, horse, dog, cat and small ruminant but not found in pig and cow, while accessory

pancreatic duct is absent in cat and small ruminant.
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