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SUMMARY
Chronic pancreatitis (CP) is an inflammatory 

disease of the pancreas that leads to pancreatic fi-
brosis. The current treatment of the disease is not 
efficient or adequate. Therefore, more efficient in-
terventions are required to diminish the substan-
tial burden of the disease.

The present study aimed to assess the poten-
tial therapeutic value of bone marrow-derived 
mesenchymal stem cells (BMSCs) and/or taurine 
supplementation in CP-induced, using intraperi-
toneal injection of L-arginine. Forty-five rats were 
randomly divided into five groups (9 rats each): 
1) control group, 2) CP group, 3) CP+BMSCs, 4) 
CP+Taurine, and 5) CP+BMSCs+Taurine. At the 
end of the experimental period, the pancreatic 
tissues were collected, weighed, and prepared for 
light, electron, and immunohistochemical (α-SMA) 
microscopic examination. The CP group showed 
destruction of the pancreatic tissues including 
fatty degeneration, minimal zymogen granules, 
and focal degranulation of the rER. Some of the 
islets degenerated with intense immunoreactivity 
of α-SMA in the stroma. The groups treated with 
BMSCs or taurine alone showed improvement of 
the pancreatic architecture with the presence of 
some cytoplasmic vacuolation, fewer zymogen 
granules than the control group, and minimal in-

flammatory cell infiltrate. The CP+BMSCs+Tau-
rine group showed apparently normal architec-
ture. The combined therapy of both BMSCs and 
taurine could ameliorate CP progression by sup-
pressing inflammation and fibrosis.
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INTRODUCTION
Chronic pancreatitis (CP) is a pathological fi-

bro-inflammatory syndrome of the pancreas in 
individuals with genetic, environmental, and/or 
other contributing risk factors that develop per-
sistent pathological responses to parenchymal 
injury or stress. CP results in the development 
of diabetes mellitus and/or maldigestion due to 
endocrine and exocrine insufficiency. Moreover, 
CP patients have an increased risk of developing 
pancreatic adenocarcinoma with increased over-
all mortality (Whitcomb et al., 2016).

The pathophysiology of CP is complex and not 
completely understood (JC and Parks, 2021). Ad-
ditionally, the current treatments for CP mainly 
target the symptoms rather than the pathological 
process (Singh et al., 2019).
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Mesenchymal stem cells (MSCs) are a subset of 
the mesodermal adult stem cells population that is 
present in numerous living tissues including bone 
marrow, adipose tissue, and amniotic fluid. As a 
result of MSCs’ immunomodulatory capabilities, 
and differentiation potential to any type of cells, 
they have a driving force of regenerative medicine 
(Andrzejewska et al., 2019). However, only a few 
studies have explored the therapeutic potential of 
MSCs on CP (Scuteri and Monfrini, 2018).

Taurine, 2-aminoethanesulfonic acid, is a 
semi-essential amino acid, which acts as an an-
ti-inflammatory and antioxidant, and is protec-
tive against lipid peroxidation, reperfusion injury, 
and excessive extracellular matrix deposition. It 
has been demonstrated that the administration 
of taurine could improve pancreatic fibrosis in an 
experimental model of CP (Shirahige et al., 2008).

This study was conducted to evaluate the pos-
sible therapeutic role of BMSCs and taurine sup-
plementation, alone or in combination, for the 
treatment of CP in L-arginine-injection-induced 
chronic pancreatitis.

MATERIALS AND METHODS
Animals

Fifty-one (forty-five females and six males) adult 
albino rats were used, with an average weight of 
≥250 g. Animals were kept in the animal house of 
the Faculty of Medicine, Suez Canal University. All 
animals were housed in special wire mesh cages 
at room temperature with regular day and night 
cycles with water and food ad libitum. Rats were 
kept for 2 weeks before the start of the experiment 
for acclimatization. Male rats were used only as a 
source for MSCs (Marrache et al., 2008). The Re-
search Ethics Committee of the Faculty of Medi-
cine, Suez Canal University, Egypt, examined and 
approved this study protocol (SCU3253). The study 
followed the National Institutes of Health’s guide-
lines for the handling and use of laboratory ani-
mals (NIH Publications No. 85-23, revised 1996).

Chemicals

L-arginine monohydrochloride: Powder (L-argi-
nine – reagent grade, ≥ 98%), obtained from Sig-
ma Chemical St. Louis, MO, USA.

Taurine extra pure: Molecular weight 125.15, 
obtained from Alpha Chemika (400 053, Maha-
rashtra, India).

BMSCs isolation and culture

This was carried out at the Center of Excellence 
in Molecular and Cellular Medicine, Suez Canal 
University. BMSCs were obtained from the femora 
and tibiae of the male rats after scarification and 
extraction in complete aseptic conditions. Cells 
were cultured in complete media (DMEM + 10% 
FPS+ 1% Penicillin/streptomycin) and incubat-
ed at 37℃ humidified atmosphere containing a 
5% CO2 (Lotfy et al., 2014). Media were changed 
every 3 days until the cells reached 90-100% of 
confluence on the twelfth day, and then the cells 
were harvested through trypsinization to be sub-
cultured for 3 days. BMSCs were harvested and 
cell mixtures of 2 x 106 /ml of PBL were prepared 
(Huang et al., 2015).

Flow cytometry analysis

This was carried out at NSA Lab Cairo, Egypt. 
Approximately 1x106 BMSCs at the second pas-
sage were harvested. Cell preparations were treat-
ed with the monoclonal antibody against CD34 la-
beled with fluorescein isothiocyanate (FITC), and 
against CD44 labeled with phycoerythrin (PE). 
The protocols used were those described by the 
manufacturer. The cell preparations were ana-
lyzed by the flow cytometer (Calibur, BD, USA) for 
the expression of the mentioned markers (Li et al., 
2014).

PCR detection of male-derived BMSCs

This was carried out at the Applied Biotechnol-
ogy Lab, Ismailia, Egypt. Primer sequences for 
SRY gene (forward 5’-AGATCTTGATTTTTAGT-
GTTC-3’), (reverse 5’-TGCAGCTCTACTC-
CAGTCTTG-3’) were obtained and mixed with 1 
µg pancreatic DNA and Taq polymerase. The PCR 
products were separated by electrophoresis in 
0.8% agarose gel and stained with ethidium bro-
mide. Agarose gel of PCR products of SRY gene 
was detected as a Trans-illuminated line (An et 
al., 1997).
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Experimental Design

Forty-five female rats were randomly divided 
into five groups (9 rats each) as the following:

• Group A: control (sham) group: rats received 
two IP injections of normal saline 1 hour apart 
on day 1, followed by additional injections on 
days four, seven, and ten in the same way as 
day 1 (González et al., 2011).

• Group B: chronic pancreatitis-induced group 
(CP): rats were kept fasted for 12 hours, then 
received two injections of 20% L-arginine 
hydrochloride in normal saline solution at a 
dose of 200 mg/100 g body 1 hour apart on 
day 1 (Soliman et al., 2014), followed by injec-
tions on days four, seven and ten in the same 
manner as day 1 (González et al., 2011).

• Group C: chronic pancreatitis treated with 
bone marrow mesenchymal stem cells group 
(CP+BMSCs): chronic pancreatitis was induced 
as in group B. On the 5th day after the last L-ar-
ginine injection, rats were injected once with 2 
X 106 BMSCs, intravenous (IV) through the tail 
vein in 100 µL of phosphate buffered solution 
(PBS) per animal (Zhou et al., 2013).

• Group D: chronic pancreatitis treated with 
taurine group (CP+Taurine). Chronic pancre-
atitis was induced as in group B. On the 5th day 
after the last L-arginine injection, rats were 
treated with IP taurine injection once daily at 
a dose of 1000 mg/kg for four weeks (Mas et 
al., 2006).

• Group E: chronic pancreatitis treated with 
BMSCs and taurine group (CP+BMSCs+Tau-
rine). Chronic pancreatitis was induced as in 
group B. On the 5th day after the last L-arginine 
injection, rats were treated with both BMSCs 
and taurine in the same dose and course as 
previously mentioned (Yusop et al., 2018).

All rats were sacrificed at the end of the experi-
ment by cervical decapitation. The pancreas was 
extracted, weighed, and divided into two parts; 
one was prepared for light microscopy and the 
second for electron microscopy.

Light microscopic examination of the pancreas

The prepared pancreatic tissues were stained 
with haematoxylin and eosin (H&E) stain. Slides 

were examined by Olympus DP70 light micro-
scope (Tokyo, Japan).

Immunohistochemical staining

Endogenous peroxidase of deparaffinized sec-
tions was blocked with 3% hydrogen peroxide. 
Sections were incubated overnight at 4°C with a 
monoclonal antibody mouse α- SMA (1∶800 dilu-
tions, Santa Cruz, California, USA). Envision™ De-
tection Kit was used for antibody detection (Yang 
et al., 2012).

Transmission electron microscopic (TEM) ex-
amination

Pancreatic specimens were fixed in 2% buffered 
glutaraldehyde, washed then dehydrated in alco-
hol, and embedded in epoxy resins. Semithin sec-
tions were cut at 1 µm thickness followed by Ul-
trathin sections (80-90 nm) obtained and stained 
with uranyl acetate and lead citrate (Bozzola and 
Russell, 1999). The sections were examined with 
a JEOL-1010 (Japan) transmission electron mi-
croscope (TEM), at the regional center for Mycol-
ogy and Biotechnology transmitting electron unit 
(Al-Azhar University, Cairo, Egypt), and photo-
graphed under different magnifications.

Morphometric study

In α-SMA immunostained sections, the surface 
area percentage of immunostained sections were 
measured in five non-overlapping fields from five 
different sections at a magnification of 100/slide 
using ImageJ 2 software.

Statistical analysis

Data processing and analysis were done through 
SPSS V.24. ANOVA test with Bonferroni post-hock 
test. Data were expressed as mean and standard 
deviation. Significance was considered when 
P-value was less than 0.05 (P <0.05).

RESULTS

Cultivation and characterization of rat BMSCs

Bone marrow cells were incubated at 37℃ with 
5% CO2. On day 1, the cells were floating, rounded, 
and small with a central nucleus (Fig. 1A). On the 
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8th day of incubation, adherent spindle-shaped 
BMSCs were formed with about 80% confluence 
(Fig. 1B). On the 12th day, a cell sheet of BMSCs was 
formed that reached about 100% confluence. Cells 
were harvested and subcultured at 37℃ with 5% 
CO2. On the 3rd day of the subculture, well-defined 
BMSCs were seen having a polygonal appearance 
with a prominent nucleolus and a well-defined 
cell process (Fig. 1C).

Flow cytometric analysis of BMSCs surface 
markers of the subcultured cells revealed moder-
ate positive expression of CD 44 marker in most of 
the adherent cells (43%) (Fig. 1D).

On the other hand, the majority of adherent cells 
were negative for CD 34 surface marker expression, 
with only 4% of the cells being positive (Fig. 1E).

The male SRY gene was successfully traced in 
the rat pancreas of groups C and E, which were 
treated by BMSCs. In contrast, the test failed to 
trace the male SRY sequences in the pancreatic 
tissue of the other groups (Fig. 1F).

Body weight assessment (Table 1)

The initial body weights were approximat-
ed among the study groups. Rats in two groups 
showed weight gain (Control and CP+BMSCs+Tau-

Fig. 1.- Photomicrographs of the cultured BMSCs. (A) On the 1st day of incubation; they appeared rounded, floating with a central 
nucleus (arrows). (B) On the 8th day of incubation; spindle-shaped BMSCs were formed (arrows) that reached about 80% confluence. 
(C) On the 3rd day of subculture; the cells had a polygonal appearance, prominent nucleolus, and cell processes (arrow). Scale bar 
= 100 µm. (D) Flow cytometry analysis of BMSCs showing positive expression of CD 44 and (E) negative expression of BMSCs of CD 
34. (F) PCR product was obtained from the reaction of the primer with pancreatic genomic DNA. The first lane was the standards 
/100 base pair ladder; the second, third, and sixth lanes were empty which were of groups A, B, and D. Fourth and fifth lanes are 
positive for SRY gene which were of groups C and E. BMSCs, bone marrow mesenchymal stem cells; PCR, polymerase chain reaction.

Table1. Weight parameters (g) in different study groups.

Control CP CP+BMSCs CP+Taurine CP+BMSCs + Taurine

Initial body weight 263.6±2.8 264.3±9.2 262.7±9.2 260.1±6.5 262.0±6.9

Final body weight 278.0± 5.0 244.6± 11.1 258.0± 8.5 253.2± 10.0 271.0± 10.1

Body weight (gain/loss) 18.4±3.8 -19.8±3.5b,c,d,f -3.7±8.8 b,e -6.9±4.9 b,f 7.0±4.3 a

Weight of the pancreas 3.06± 0.18 2.08± 0.28 b,f 2.49± 0.26 a 2.21± 0.36 b,e 2.77± 0.37

Results are expressed as Mean ± SD, n= (9). Significance of differences among groups was evaluated by one-way ANOVA followed 
by Bonferroni Post Hoc Test.
a- P<0.01 vs. control group. b- P<0.001 vs. control group. c- P <0.001 vs. CP+BMSCs group. d- P<0.001 vs. CP+Taurine group. e- 
P<0.01 vs. CP+BMSCs+Taurine group. f- P <0.001 vs. CP+BMSCs+Taurine group.
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rine). This increase in the body weight at the end 
of the study was in the control group 18.4±3.8, 
representing an increase of 6.98% from the ini-
tial body weight; and, in the CP+BMSCs+Tau-
rine group, 7.0±4.3, representing an increase by 
2.67% from the initial body weight. Rats in the 
other three treated groups showed weight loss 
(CP, CP+BMSCs, and CP+Taurine). This decrease 
in the body weight at the end of the study record-
ed in the CP group was of-19.8±3.5, representing 
a decrease of 7.49% from the initial body weight; 
in the CP+BMSCs group, -3.7±8.8, representing a 
decrease by 1.41% from the initial body weight; 
and in the CP+Taurine group, -6.9±4.9, repre-
senting a decrease by 2.65% from the initial body 
weight. When compared to the control group, 
there was a significant decrease in body weight in 
different study groups; CP (P<0.001), CP+BMSCs 
(P<0.001), CP+Taurine (P<0.001), and CP+BM-
SCs+Taurine (P<0.01). There was a significant de-
crease (P<0.001) in body weight at the end of the 
study in rats in the CP group when compared to 
the CP+BMSCs, CP+Taurine, and CP+BMSCs+Tau-
rine groups. In the three groups treated with BM-
SCs and taurine, the CP+BMSCs+Taurine group 
showed a considerable increase in weight gain; 
there was a significant decrease in body weight 
at the end of the study in both the CP+BMSCs 
(P<0.01) and CP+Taurine (P<0.001) groups, when 
compared to the CP+BMSCs+Taurine group.

Weight of the pancreas (Table 1)

Rats in the control group showed a pancreat-
ic weight of 3.06± 0.18 g. There was a decrease 
in the weight of the pancreas with different de-
grees in the four treated groups, with the lowest 
values in the CP (2.08± 0.28), CP+Taurine (2.21± 
0.36), and CP+BMSCs (2.49± 0.26) groups, and the 
highest value among these four treated groups 
was in the CP+BMSCs+Taurine group (2.77± 
0.37). The decrease in the weight of the pancre-
as was significant in both the CP and CP+Tau-
rine groups (P<0.001), and CP+BMSCs (P<0.01) 
when compared to the control group. Rats in the 
CP+BMSCs+Taurine group showed a non- sig-
nificant decrease in the weight of the pancreas 
when compared to the control group. On the oth-
er hand, there was a significant decrease in the 

weight of the pancreas in both the CP (P<0.001) 
and CP+Taurine groups (P <0.00) when compared 
to the CP+BMSCs+Taurine group.

Light microscopic examination of the pancreas

H&E-stained sections of the pancreas of the 
control group showed pancreatic lobules of close-
ly packed acini forming the main bulk of the 
gland and islets of Langerhans. The pancreatic 
acini were seen formed of wedge-shaped cells ar-
ranged around a central narrow lumen. The cells 
were with basophilic cytoplasm, basal rounded 
vesicular nuclei with prominent nucleoli, and api-
cal acidophilic secretory zymogen granules. The 
centro-acinar cells appeared at the central lumen 
of the acini representing the beginning of the duct 
system of the exocrine pancreas, the lobules were 
separated by interlobular septae containing blood 
vessels and interlobular ducts with cuboidal epi-
thelium, filled with homogeneous colloid materi-
al, and surrounded by connective tissue (Fig. 2A).

The islets of Langerhans varied in size and were 
composed of masses and cords of secretory cells 
with numerous fenestrated capillaries in-be-
tween. Some endocrine cells exhibited pale acido-
philic cytoplasm and pale prominent nuclei most-
ly situated at the center. Other cells with strong 
acidophilic cytoplasm and dark nuclei were found 
mainly at the periphery of the islets. The blood 
capillaries within the islets were recognized by the 
flat nuclei of the capillary endothelium. (Fig. 2B). 
Sections of the CP group showed severe destruc-
tion of the acinar cells’ architecture, with areas of 
fatty degeneration. There were multiple dilated 
congested blood vessels and inflammatory cells 
infiltrate (Fig. 2C). The interlobular duct showed 
glandular hyperplasia in the form of an increased 
number and size of the pancreatic ductal glands. 
Some of the islets of Langerhans degenerated 
with dark pyknotic nuclei. (Fig. 2D). Sections of 
the CP+BMSCs group showed less pancreatic de-
struction. Some acini showed cytoplasmic vacuo-
lation with a reduction of their zymogen granules 
accompanied by minimal inflammatory cell infil-
trate (Fig. 3A). Moreover, congestion of blood ves-
sels was still evident and a few areas of the islet of 
Langerhans’ cellular degeneration were still pres-
ent (Fig. 3B). In CP+Taurine, taurine administra-
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tion reduced the pancreatic tissue destruction 
induced by L-arginine, despite the presence of 
areas of tissue degeneration in the form of vacuo-
lation of the cytoplasm and fatty infiltration. How-
ever, these changes were less than that noticed in 
the CP group (Fig. 3C). The islets of Langerhans 
showed small areas of cellular degeneration with 
some apoptotic bodies and vascular congestion 
(Fig. 3D). The pancreas of the CP+BMSCs+Taurine 
group showed nearly normal architecture similar 
to that of the control group with the restoration of 
the secretory acini with their basal basophilia and 
apical acidophilia of the zymogen granules. Few 
vacuolations were seen within some acini.

Normal interlobular ducts and blood vessels 
were noticed in the interlobular spaces (Fig. 3E). 
The islets of Langerhans showed apparent normal 
structure, like that of the control group, with cells 
of pale nuclei and cytoplasm at the center and 
cells with strong acidophilic cytoplasm and dark 
nuclei found mainly at the periphery of the islets 
(Fig. 3F).

Alpha smooth muscle actin (α-SMA) immuno-
histochemistry

The pancreas of the control group showed min-
imal expression of α-SMA in the smooth muscle 
cells in the wall of the blood vessels, with negative 
expression in the wall of the ducts, stroma, and is-
let of Langerhans. (Fig. 4A). The CP group showed 
intense immunoreactivity of α-SMA in the stro-
ma, also around the ducts and blood vessels, with 
minimal expression in the islets of Langerhans 
(Fig. 4B). The CP+BMSCs group showed moder-
ate expression of α-SMA immunoreactivity in the 
stroma around the blood vessels and ducts, with 
negative expression in the islet of Langerhans 
(Fig. 4C). The CP+Taurine treated group showed 
moderate immunoreactivity of α-SMA in the stro-
ma around the blood vessels and ducts, with min-
imal expression in the islets of Langerhans (Fig. 
4D).

The CP+BMSCs+Taurine group showed minimal 
immunoreactivity of α-SMA around the stromal 

Fig. 2.- H&E-stained sections of the pancreas. (A) The control group had the pancreatic acini formed of wedge-shaped cells ar-
ranged around a central narrow lumen (arrowhead). The cells had basal rounded vesicular nuclei (arrow), apical acidophilic gran-
ules (*), centroacinar cells (dashed arrow), an islet of Langerhans (I), blood vessel (bv), and intralobular duct (D). (B) A pale stained 
islet of Langerhans of the control group that was rich in capillaries (dashed arrow). Some endocrine cells have pale acidophilic 
cytoplasm and pale prominent nuclei (β), while other cells have strongly acidophilic cytoplasm and dark nuclei (α) and intralobular 
duct filled with the colloid material (D). (C) The CP group showed massive acinar destruction (double arrow), and inflammatory cell 
infiltrates (arrow), with congested and dilated blood vessels (bv). (D) The islets of Langerhans of the CP group showed dilated blood 
capillaries (dashed arrow), areas of degeneration (*), cells with a pale nucleus and pale cytoplasm (β), cells with a dark nucleus and 
acidophilic cytoplasm (α). H&E, x400; scale bars = 50 µm. H&E, hematoxylin and eosin; CP, chronic pancreatitis.
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blood vessels and ducts, with negative expression 
in the islet of Langerhans (Fig. 4E).

Area percentage of α-SMA immunostaining

The pancreas of the control group showed a min-
imal value of area percentage of α-SMA immunos-
taining (1.89±0.62); rats in the CP group showed 
a high area percentage of α-SMA immunostaining 
(30.22±4.78), while the other three treated groups 
showed lower percentages of α- SMA immunos-
taining as follows: CP+BMSCs, 8.8±4.06; CP+Tau-
rine, 8.16±4.17, and, finally, CP+BMSCs+Taurine, 
4.37±0.86). There was a significant increase in the 
area percentage of α-SMA immunostaining in the 
CP group when compared to the control (P<0.01), 
CP+Taurine (P<0.05), CP+BMSCs (P<0.05), and 
CP+BMSCs+Taurine (P<0.05) groups. On the oth-
er hand, the CP groups treated with BMSCs alone, 
taurine alone, or with a combination of both 
showed a non-significant increase in the area 
percentage of α-SMA immunostaining when com-
pared to the control group. (Fig. 5).

Transmission electron microscopy (TEM)

Ultrathin examination of the pancreatic aci-
ni of the control group showed pyramidal acinar 
cells and intercellular space containing interdig-
itations of adjacent cells, representing canaliculi 
that are connected to the acinar lumen. The aci-
nar cells appeared to have basally located, spher-
ical, euchromatic nuclei with prominent nucleoli. 
Variable-sized electrodense secretory zymogen 
granules occupied most of the apical portion of 
the cytoplasmic compartment. The rough endo-
plasmic reticulum lay adjacent to the nucleus and 
was heavily studded with ribosomes. The mito-
chondriae were scattered in-between the rough 
endoplasmic reticulum and contained fairly ar-
ranged parallel shelf-like cisternae (Fig. 6A). The 
ultrastructure of ß cell of islets of Langerhans 
showed euchromatic nuclei with prominent nu-
cleoli and evenly distributed chromatin with some 
concentration at the nuclear membrane, abun-
dant secretory granules of varying sizes with elec-
tron-lucent halo structure between the limiting 

Fig. 3.- H&E-stained sections of the pancreas. (A) CP+BMSCs group showing preservation of most of the acinar architecture. 
Some acini show vacuolation of their cytoplasm (dashed arrows) with decreased zymogen granules and fatty infiltration (arrows). 
(B) CP+BMSCs group showing islets of Langerhans, with small areas of tissue degeneration in between their cords of cells. (C) 
CP+Taurine group showing areas of tissue degeneration (dashed arrows) intermingled with normal acinar architecture (arrow). (D) 
CP+Taurine group showing an islet of Langerhans with nearly normal architecture with few areas of cellular degeneration. (E) the 
CP+BMSCs+Taurine group showed pancreatic acini with nearly normal architecture (arrow), intralobular duct (arrowhead), normal 
blood vessel (dashed arrow), and the islet of Langerhans (I). (F) CP+BMSCs+Taurine group shows islet of Langerhans with a struc-
ture resembling that of the control group. H&E, x400; scale bars = 50 µm. H&E, hematoxylin and eosin; CP, chronic pancreatitis; 
BMSCs, bone marrow mesenchymal stem cells.
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Fig. 4.- α-SMA-immunostained sections of the pancreas. (A) Control group; showing minimal brownish immunoreactivity around 
the blood vessels and negative expression in the wall of the and islet of Langerhans. (B) CP group showing intense brownish immu-
noreactivity in the stroma, around the blood vessels and ducts with minimal expression in the islet of Langerhans. (C) CP+BMSCs 
group showed moderate brownish immunoreactivity in the stroma, around the blood vessels, ducts, and negative expression in the 
islet of Langerhans. (D) CP+Taurine group showed moderate brownish immunoreactivity in the stroma, around the blood vessels 
and ducts, and minimal expression in the islet of Langerhans. (E) CP+BMSCs+Taurine group showed minimal brownish immuno-
reactivity in the stroma, around the blood vessels and ducts, and negative expression in the islet of Langerhans. α-SMA immunos-
taining, x100; scale bars = 100 µm. Α-SMA, α smooth muscle actin; CP, chronic pancreatitis; BMSCs, bone marrow mesenchymal 
stem cells.

Fig. 5.- Area percentage of α-SMA among different study groups (Mean±SD). 
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membrane and the granule proper. The endoplas-
mic reticulum of the rough type was seen filling 
the cytoplasm (Fig. 6B). The α cell of the islets of 
Langerhans had euchromatic nuclei with promi-
nent nucleolus and variable size electron-dense 
secretory granules (Fig. 6C). The CP group showed 
massive acinar cell necrosis with minimal zymo-
gen granules, dilation and focal degranulation of 
the rough endoplasmic reticulum, mitochondrial 
swelling with vacuolation of the cytoplasm, and 
some contained electron-dense bodies. The blood 
capillaries were congested with increased colla-
gen deposition around their walls (Fig. 6D). The 

atrophied islet of Langerhans was noticed as a 
small hypodense area with irregular nuclei. β cell 
of islets of Langerhans showed some empty secre-
tory granules (Fig. 6E). While the α cells showed 
wide, rough endoplasmic reticulum and irregular 
shrunken nucleus (Fig. 6F), the ultrastructure of 
the CP+BMSCs group showed marked improve-
ment. However, some zymogen granules were still 
less electron-dense than that of the control group, 
and some mitochondrial edema was still present 
(Fig. 7A). The β and α cells of the islets of Lang-
erhans showed a structure resembling that of the 
control group (Fig. 7B and C) respectively. The 

Fig. 6.- Electron micrograph sections of the pancreas. (A) A pancreatic acinar cell of the control group showing euchromatic nucle-
us (N) and nucleolus (arrowhead), apical electron-dense zymogen granules (Z), rough endoplasmic reticulum (rER), and mitochon-
dria (arrows) (TEM, x10,000).  (B) ß cell of the islets of Langerhans of the control group showing a euchromatic nucleus (N) with 
prominent nucleolus (arrowhead) and secretory granules with variable electron-dense cores and wide halos (arrow), the endotheli-
um of the blood capillary (dashed arrow) (TEM, x12,000). (C) α cell of islets of Langerhans of the control group showing euchromatic 
nuclei (N) with prominent double nucleoli (arrowhead) and variable size electron-dense secretory granules (α arrow), β cell appear 
adjacent to α cell with β cell granules (β arrow) (TEM, x12,000). (D) A pancreatic acinar cell of the CP group showing dilation and fo-
cal degranulation of the rough endoplasmic reticulum (rER), mitochondrial swelling (arrows), irregular nuclear membrane (arrow-
head), and vacuolation of the cytoplasm (V) (TEM, x10,000). (E) β cell of islets of Langerhans of the CP group showing euchromatic 
nuclei (N) and some empty secretory granules (arrows) (TEM, x12,000). (F) α cell of islets of Langerhans of the CP group showing 
shrinkage of the nucleus with increased heterochromatin (N), irregular nuclear membrane (arrowhead), dilated cisternae of the 
rough endoplasmic reticulum (rER arrow), and minimal secretory granules. (TEM, x12,000). Scale bars: A, D = 2 µm; B, C. E, F = 500 
nm. TEM, transmission electron microscope; CP, chronic pancreatitis.
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blood capillaries were seen scattered among the 
islet’s cells with flat endothelium and blood cells 
in their lumen. The CP group treated with taurine 
showed moderate restoration of most of the nor-
mal cellular architecture with narrow intercellu-
lar spaces. Dilatation of the rough endoplasmic 

reticulum was still present. The mitochondriae 
were swollen with the loss of their cisternae. Sin-
gle free ribosomes appeared as electron-dense 
dots in the cytoplasm were seen (Fig. 7D). The β 
cells showed a damaged nuclear membrane (Fig. 
7E), while the α cells of the islets of Langerhans 

Fig. 7.- Electron micrograph sections of the pancreas. (A) The acinar cell of the CP+BMSCs group showing euchromatic vesicular 
nucleus (N), nucleolus (arrowhead), rough endoplasmic reticulum (rER), hypodense zymogen granules (Z) and some mitochondrial 
edema (arrows) (TEM, x10,000). (B) ß cell of islets of Langerhans of the CP + BMSCs group showing euchromatic nucleus (N) with 
prominent nucleolus (arrowhead) and variable secretory granules (arrows) (TEM, x12,000).  (C) α cell of islets of Langerhans of 
the CP+BMSCs group showing with euchromatic nuclei (N) minimal variable size electron-dense secretory granules (arrow) (TEM, 
x12,000). (D) The acinar cell of the CP+Taurine group showed euchromatic nucleus (N), nucleolus (arrowhead), dilated rough en-
doplasmic reticulum (rER) with few zymogen granules (Z), swollen mitochondria (arrow), and single electrodense free ribosome 
(dashed arrow) (TEM, x10,000). (E) ß cell of islets of Langerhans of the CP+Taurine group showing euchromatic nucleus (N), and 
another one with damaged nuclear membrane (arrowhead) secretory granules (arrow) and blood capillary (dashed arrow) (TEM, 
x12,000). (F) α cell of islets of Langerhans of the CP+Taurine group showing euchromatic nucleus (N), another nucleus with chroma-
tin condensation (dashed arrow), and electron-dense secretory granules (arrow) (TEM, x12,000). (G) The acinar cell of the CP+BM-
SCs+Taurine group showed a euchromatic nucleus (N) with prominent nucleolus (arrowhead), mitochondria (arrows), rough endo-
plasmic reticulum (rER), multiple electrodense zymogen granules (Z), and intercellular space (dashed arrow) (TEM, x10,000).  (H) 
ß cell of islets of Langerhans of the CP+BMSCs+Taurine group showing euchromatic nuclei (N), secretory granules (arrows) (TEM, 
x12,000). (I) α cell of islets of Langerhans of the CP+BMSCs+Taurine group showing euchromatic nuclei (N), electron-dense secre-
tory granules (arrow) (TEM, x12,000). Scale bars: A, D, G = 2 µm; B, C. E, F, H, I = 500 nm. TEM, transmission electron microscope; 
CP, chronic pancreatitis; BMSCs, bone marrow mesenchymal stem cells.
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showed a structure resembling that of the control 
group, but the nucleus had appeared with con-
densed chromatin (Fig. 7F). The CP+BMSCs+Tau-
rine treated group showed restoration of the ar-
chitecture of the acinar cell to normal, appearing 
with a basal euchromatic nucleus and prominent 
nucleolus, while their apical part showed multiple 
zymogen granules. Abundant parallel stacks of 
rough endoplasmic reticulum speckled with ri-
bosomes were noticed, with scattered mitochon-
driae containing parallel shelf-like cisternae (Fig. 
7G). The ß cells of the islets of Langerhans showed 
euchromatic nuclei with prominent nucleoli, 
abundant secretory granules of varying sizes with 
an electron-lucent halo structure between the 
limiting membrane and surrounding the granule 
proper (Fig. 7H). The α cells of the islets of Langer-
hans had euchromatic nuclei with prominent nu-
cleolus and variable size electron-dense secretory 
granules (Fig. 7I).

DISCUSSION
MSCs are considered an excellent candidate 

for cell therapy due to their low immunogenicity, 
accessibility, broad differentiation potential, and 
immunomodulatory effects (Lennon and Caplan, 
2006). Additionally, it was demonstrated that an-
tioxidant supplementation led to a significant re-
duction in the oxidative stress related to pancre-
atic fibrosis in CP (Swentek et al., 2021).

In the current study, the subcultured BMSCs had 
a well-defined polygonal appearance with many 
cytoplasmic processes. This is consistent with 
Yusop et al. (2018), who noticed that MSCs have 
a heterogeneous morphology. Moreover, BMSCs 
showed moderate positive expression of the CD 44 
marker and negative expression for CD 34, which 
agrees with He et al. (2018). Therefore, the BMSCs 
used in this study met the standard criteria of the 
ISCT, which include adherence to the culture flask 
and positive expression of stromal CD markers 
(Dominici et al., 2006).

SRY gene could be traced in the pancreas of 
groups treated with the BMSCs. These findings 
agree with Zhao et al. (2016), Sun et al. (2017). 
However, Eggenhofer et al. (2012) reported that 
MSCs were found only in the lung for 1 hour after 

intravenous infusion and in the liver for 24 hours 
after infusion, and could not be tracked in any 
other organ 72 hours after infusion.

In the current study, there was a significant re-
duction in the body weight of rats of groups CP, 
CP+ MSCs, and CP+Taurine when compared to 
the control group. This is in accordance with Ro-
bles et al. (2014) and Sharma et al. (2017), who re-
ported a significant decrease in the body weight of 
rats with L-arginine-induced CP. In controversy, 
Obafemi et al. (2018) demonstrated that rats were 
losing weight at the beginning of the experiment 
but started to regain weight two weeks after in-
duction of the tissue injury.

Reduced body weight of L-arginine-treated rats 
could be due to increased peroxidation of lipids 
as a consequence of L-arginine-induced oxida-
tive stress, as explained by Sharma et al. (2017). 
Additionally, it was reported that the degree of 
weight loss corresponded directly to the degree 
of malnutrition. This malnutrition was the result 
of malabsorption and maldigestion of fats with 
increased metabolic activity due to the inflamma-
tory components of CP (Rasmussen et al., 2013).

On the other hand, rats in the CP+BMSCs+Tau-
rine treated group showed a significant increase 
in body weight when compared to the CP group. 
This is in agreement with Mas et al. (2006), who 
reported that taurine-treated group could gain 
weight after 28 days of taurine treatment.

Regarding the weight of the pancreas, the pres-
ent study showed a significant decrease in the 
CP group. This is in agreement with Sharma et 
al. (2017) and Obafemi et al. (2018). There was a 
significant increase in the pancreatic weight of CP 
groups treated with MSCs alone or in combination 
with taurine respectively. This is in the match with 
Sun et al. (2017) who noticed an increase in pan-
creatic weight after MSCs treatment.

In the present study, the CP group had severe-
ly destructed pancreatic architecture histolog-
ically and ultra-structurally. This is consistent 
with Zhang et al. (2016), Kanika et al. (2015) and 
Sharma et al. (2017), who used L-arginine for the 
induction of chronic pancreatitis. On the other 
hand, the current findings are contradictory to 
Obafemi et al. (2018) who noticed self-recovery of 
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pancreatic injury after four weeks of induction of 
CP.

It was reported that L-arginine increases oxida-
tive and nitrosative stress, as it is metabolized to 
NO; a highly reactive free radical; by NO synthase 
leading to inflammatory response and finally aci-
nar cell damage (Buchwalow et al., 2013). This is 
associated with the infiltration of monocytes and 
macrophages into the injured pancreas which 
releases TNF-α, which is one of the main factors 
for CP-induced inflammatory response, as TNF-α 
can increase the release of other pro-inflammato-
ry factors (such as IL-6). It also increases the ex-
pression of chemokines and adhesion molecules, 
which induces the recruitment of inflammatory 
cells (Chen et al., 2019). Furthermore, massive 
enlargement and damage of the pancreatic mito-
chondria were attributed to the appearance of in-
tracytoplasmic vacuolation, as mentioned by Kui 
et al. (2014).

The hydropic degeneration of the islets of Lang-
erhans of the CP group was in agreement with 
Roy et al. (2020), who noticed the depletion of β 
cells with the development of diabetes mellitus 
in CP rats. On the other hand, Robles et al. (2014) 
and Sharma et al. (2017) reported that no mor-
phological changes were affecting the islets of 
Langerhans. The survival of the islet cells is due 
to the protective effects of regenerating proteins 
produced by acinar cells of the pancreas, which 
are upregulated at the early stage of CP and then 
reduced as a result of the exocrine pancreatic in-
sufficiency late in CP (Huan et al., 2019).

In the present work, the interlobular duct 
showed glandular hyperplasia. In accordance, 
human exocrine tissues from patients with pan-
creatitis showed ductal metaplasia and cell prolif-
eration (Zhou and Melton, 2018).

BMSCs made some improvements to pancreat-
ic tissue architecture, which are compatible with 
Zhou et al. (2013) and Sun et al. (2017). On the 
other hand, Kawakubo et al. (2016) reported that 
MSCs transplantation could not suppress tissue 
fibrosis and inflammatory cell infiltration. It was 
reported that the paracrine secretion of growth 
factors by MSCs has antiapoptotic, immunoreg-
ulatory, and angiogenic functions, which reduce 

the number of neutrophils and mast cells binding 
to vascular endothelial cells and limit the mobi-
lization of these cells to the area of damage (An-
drzejewska et al., 2019).

Treatment with taurine showed restoration of 
most of the normal pancreatic architecture. This 
is consistent with Mas et al. (2006), Shirahige et 
al. (2008) and Matsushita et al. (2012). Taurine 
improves the tissue oxidative stress and inhibits 
TNF, which enhances the survival of acinar cells 
and prevents complications of pancreatitis (Mas 
et al., 2006). Also, taurine increases the cellular 
content of the BCL-2 protein which has antiapop-
totic properties (Matsushita et al., 2012).

Combined treatment with BMSCs and taurine 
showed restoration of the normal pancreatic ar-
chitecture. Antioxidant treatment behaves like a 
preconditioning agent that increases the secre-
tion of favorable MSCs paracrine activity and de-
creases the risk of the early death of the engraft-
ed MSCs in the damaged tissue (Lou et al., 2019). 
Moreover, Mashyakhy et al. (2021) demonstrated 
that taurine increased the TERT gene expression 
,which encodes the TERT protein, which is re-
sponsible for the restoration of telomeric length 
in MSCs.

In the present study, results revealed that the CP 
group had an intense expression of α-SMA. This 
is in accordance with Qin et al. (2014), Zhou et 
al. (2013) and Sun et al. (2017). Normally, PSCs 
are inactive and characterized by α-SMA-negative 
staining. In CP, inflammatory cells release many 
inflammatory mediators, which activate the PSCs 
that start to change their morphological features 
and increase the expression of α-SMA, and then 
start to secrete extracellular matrix components, 
such as collagen and fibronectin leading to pan-
creatic fibrosis (Qin et al., 2014). In the current 
study, rats of the CP+Taurine group presented 
with less pancreatic fibrosis. This is compatible 
with Shirahige et al. (2008).

In the present work, rats of the CP+ BMSCs and 
CP+ BMSCs+Taurine groups showed a decrease in 
the expression of α-SMA when compared to the CP 
group. This agrees with Qin et al. (2014) and Zhou 
et al. (2013), who reported that MSCs could sup-
press PSCs activity by inhibiting the infiltration of 
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inflammatory cells, and the expression of fibro-
sis-related inflammatory cytokines and chemok-
ines. On the other hand, Kawakubo et al. (2016) 
showed that the MSCs did not affect pancreatic 
fibrosis.

Also in the present work, it was found that 
the group treated with both BMSCs and taurine 
showed minimal expression of α-SMA around the 
stromal blood vessels. This agrees with Liao et al. 
(2020), who reported that the antioxidant could 
promote MSCs viability through reducing the oxi-
dative stress and inhibit cell apoptosis.

CONCLUSION
In the current study, L-arginine injection result-

ed in severe pancreatic tissue destruction and 
fibrosis observed in CP. On the other hand, treat-
ment with BMSCs or taurine alone could improve 
the pancreatic histopathological changes to some 
extent, but the combination of both BMSCs or 
taurine in the CP+ BMSCs+Taurine treated group 
resulted in good results regarding the pancreatic 
histopathological changes, pointing to an antioxi-
dant’s synergistic effect on both.
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