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Background: to evaluate subcutaneous pancreatic transplantation in an experimentally induced
diabetes mellitus in golden hamsters.
Methods - many indexes (histological /using two stains, histochemical /using three enzymes,
morphometrical and biochemical /blood glucose level) were employed in this assessment. Alloxan
was used as ß-cytotoxic therapy (to induce diabetes mellitus), and cyclophosphamide was employed
as immunosuppressive agent.
Results - high rate of success of transplantation (clearly evident by microscopical features of viable
endocrine and exocrine tissue of transplanted pancreas and great tissue vascularization, normal
enzymatic activities and significant lowering of blood glucose level) were elicited.
Conclusion – subcutaneous pancreatic transplantation should be thank about in treatment of
diabetes mellitus.
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__________________________________________________________________________________________
Introduction:_________________________________
Transplantation therapies have revolutionized
care for patients with end-stage organ (kidney,
liver, heart, lung and pancreas) failure (1).
During the sixties and seventies, transplantation
was usually performed after appearance of organ
failure. Few centers, including the University of
Minnesota, did transplantation before occurrence of
organ damage.
Pancreatic and islet transplantation had been
investigated as a treatment for type I diabetes
mellitus (DM) in selected patients with inadequate
glucose control despite insulin therapy (2). The first
human islet transplant was done in 1974, eight
years after the first pancreatic transplant, in the
University of Minnesota. Islet transplantation had
been under continuous development since that time,
while pancreas transplantation has become routine
(3,4,5)
. Islet grafts had been transplanted in rodents to
different sites (e.g. subcutaneous implant, in the
peritoneal cavity, in thymus, injected into liver and
under kidney capsule) and comprising different
volumes (2,6,7,8,9).
Several factors, aside from the inadequate organ
supply, limit more wide spread transplantation.
Despite great improvements in immunosuppressive
therapies to prevent acute rejection, chronic graft
rejection remains a problem (10,11,12,13).
_________________________________________
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Up to our knowledge, trails on pancreatic
transplantation are not performed in Iraq previously
or done trivially. Therefore the aim of this study
was to high light few spots in this respect.
Materials And Methods:
A total of ninety Syrian golden male hamsters
(weight = 100 – 120 gm, age = 4 – 6 moths) were
used in this study. They were isolated in the
“Animal Breeding Center” (of the College of
Medicine, University of Baghdad) in a relatively
controlled environment at a temperature of about 25
± 2 º C. they were kept at 12 /12 hr.s light / dark
cycle and given free access to water and food ad
libitum. Lastly, hamsters were categorized into
three groups, as shown in table (1).
Table (1): grouping of hamsters.
Group
Subgroup
No. Notes
Vehicle
VC
20
Given water only
control
Experimental
A
35
Given alloxan
+
cyclophosphamide
AT
35
Given alloxan +
cyclophosphamide +
pancreatic transplant
To induce DM, alloxan (specific ß-cytotoxin
(14,15,16)
) was given in a dose of 100 mg / kg body
weight. Alloxan was dissolved in distilled water
immediately before use. It was infused
intraperitoneally over a period of 10 minutes to a
hypoglycemic hamster (animal was starved
overnight before infusion) (17,18) to induce DM in
hamsters.
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differences were seen between different
implantation sites. However, smaller implanted
piece of pancreas exhibited better survival than
larger piece.
Weight changes among the three subgroups were
listed in table (2).

On the other hand, 500 mg of cyclophosphamide
(immunosuppressive drug) was dissolved in 25 ml
distilled water and given in a dose of 0.012 ml /g
body weight in single intramuscular injection (19) .
Surgical procedure of transplantation involved
removing pancreatic tissue (mainly tail region)
from donor hamster and its implantation
subcutaneously in the diabetic (sister or brother)
recipient. Different sites of implantations were
tested and different sizes of transplanted pancreas
were implanted. Operations were done under
Nembutal anesthesia. Transplantation was usually
followed by antibiotic cover (20). Each recipient
animal was isolated in a sterilized cage with a
relatively well controlled environment.
Before sacrifice, hamsters were isolated and
subjected to fasting (16 – 18) hr.s. Animals were
sacrificed after 1, 2, 3, 4 and 5 weeks (7
experimental and 4 controls / sacrifice). Original
and transplanted pancreas was removed. Small
piece of liver was removed too (to be used as
positive control for the histochemical assessment of
the enzymes). Finally, blood samples were
collected from the anesthetized hamsters via intracardiac puncture (for blood sugar estimation).
Pancreatic tissue blocks were processed for
haematoxylin and eosin (HE) stain (21), orange
fuchsin green (OFG) stain (22), lipoprotein lipase
(23)
(LPL) histochemical study
, alkaline
phosphatase (ALP) histochemical localization (24)
and acid phosphatase (ACP) cytochemical activity
(24)
.
After examination and assessment of pancreatic
tissue, morphometrical study was done through
calibration of three parameters (diameter and
number of the islets of Langerhans and number of
pyknotic nuclei / one islet) using an eye piece
micrometer (calibrated by a slid micrometer).
The intensity of the final reaction product of LPL,
AKP and ACP, in pancreatic tissue, was
subjectively estimated by double blind assessment.
The range of assessment was 0=no, 1=very weak,
2= weak, 3= moderate, 4= intense and 5= very
intense enzyme activity.
Lastly,
pancreatic
tissue
sections
were
photographed using Olympus microscope with its
attached SC 35 camera.
Results were analyzed statistically using “StudentT-test” to compare the significance of differences
between two groups mean and “F-test” among three
groups (25).

Table (2): Revealing body weight changes during
the experiment.
Subgroup
First
Second
Third
week
week
week
VC
120 ± 6.8 118 ± 5.9
122 ± 7.0
A
90 ± 4.5* 95 ± 3.6*
90 ± 4.1*
AT
110
± 115 ± 2.8* 116
±
1.5*
3.8*
Data are expressed as mean body weight (gm) ±
standard deviation
* = Significant at P < 0.05
Histologically, pancreas of control hamsters arrayed
normal distribution of islet of Langerhans within
the exocrine parts. Islets were regular, with well
defined boundaries. Their cells had oval to round
nuclei, with scattered chromatin granules (Fig. 1).

Figure (1): OFG stained section of pancreas of
VC subgroup. Note the well defined islet (arrow)
(x40)
On the other hand, islets of pancreas of alloxantreated hamsters elicited marked pyknosis of their
nuclei (Fig. 2).

Results:
Hamsters were maintaining good health and well
being except subgroup A, which revealed sluggish
movements and significant reduction in weight.
However, they didn’t record any mortality.
Subgroup AT showed 94.28 % survival and 82.85
% successful implantations and didn’t elicit any
serious complications. No gross or microscopical
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Figure (2): islet of Langerhans of subgroup A
hamster (after 3 weeks). Note the pyknotic nuclei
(deeply basophilic with reduction in size). (40)
Lastly, the transplanted pancreatic tissue, revealed
apparently viable and normal distribution of
endocrine part (islets of Langerhans) within the
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exocrine part. Islets cells were maintaining well
defined boundaries. Scattered chromatin granules
within the nuclei were observed one and three
weeks after implantation. After five weeks of
implantation, the transplanted pancreas remained
apparently viable (Figure 3). In addition, the area of
implantation displayed great vascularization.
Further more, the original pancreas of this group of
hamsters was, histologically, identical to those of
subgroup A.
Figure (3): OFG stained section of transplanted
pancreas (after 5 weeks). (X40)
Histochemical results were tabulated in table (3,4
and 5)
Table (3): Exhibiting a subjective (double-blind) assessment of LPL histochemical activity among different
subgroups of hamsters.
Subgroup

Period
(weeks)

Original pancreas
Islets of
Langerhans

VC
A

AT

Liver

1,3 and 5
1
3
5
1
3
5

0
0
0
0
0
0
0

Exocrine
secretory
cells
3
2*
1*
1*
2*
1*
1*

1,3 and 5

5

5

Transplanted pancreas
Islets of
Langerhans

Exocrine
secretory
cells

0
0
0

2
3
3

5

5

* = Significant at P < 0.05
Liver is used as positive control for LPL cytochemical evaluation.

Table (4): Showing subjective (double-blind) assessment of ALP histochemical activity in
hamster's pancreas.
Subgroup

Period
(weeks)

VC
A

1,3 and 5
1
3
5
1
3
5
1,3 and 5

AT

liver

Original pancreas
Islet of
Exocrine
Langerhans
sectretory
cells
1
3
1
5*
1
4*
1
4*
1
5*
1
4*
1
4*
5
5

Transplanted pancreas
Islet of
Exocrine
Langerhans
secretory
cells

1
1
1
5

3
3
3
5

* = Significant at P < 0.05
Liver was employed as positive control for ALP histochemical localization
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Table (5): Eliciting double-blind (subjective) assessment of ACP histochemical activity among
hamster subgroups.
Subgroup

Period
(weeks)

VC
A

1,3 and 5
1
3
5
1
3
5
1,3 and 5

AT

Liver

Original pancreas
Islets of
Exocrine
Langerhans
secretory cells
1
3
3*
5*
5*
4*
1
4*
1
5*
1
4*
1
4*
5
5

Transplanted pancreas
Islet of
Exocrine
Langerhans
secretory cells

1
1
1
5

3
2
3
5

* = Significant at P < 0.05
Liver was encountered as positive control for ACP final reaction product evaluation.

Morphometrical data were summarized in table (6 and 7).
Table (6): exhibiting differences in the diameter (µm) of islet of Langerhans in
experimental and control hamsters’ pancreas.
Subgroup
VC
A
AT

Islet
Original
Original
Original
Transplanted

1 week
9.2
7±0.94*
7±0.94
9.2±0.8*

3 weeks
9.5
7±0.9*
7±0.9
9±0.8*

5 weeks
9.2
7.5±0.9*
7.5±0.9
8.5±0.7*

Data are expressed as mean ± standard deviation
*= significant at P < 0.05

Table (7): eliciting changes in mean number of islets per low power field in experimental and
control groups.
Subgroup
VC
A
AT

Islet
Original
Original
Original
Transplanted

1 weak
8
4±4.9*
4±4.9*
7±2.9*

3weaks
7
4±5.0*
4±5.0*
8±3.0*

5weaks
8
5±4.8*
5±4.8*
7±3.5*

Data are expressed as mean ± standard deviation
* = significant at P < 0.05

Lastly, the data of blood sugar level, in control and experimental hamsters, are listed in table (8).
Table (8): blood sugar level in both experimental and control hamsters.
Subgroup
VC
A
AT

1weak
110
183±3.6*
140±3.8*

3weaks
108
170±3.7*
115±3.0*

5weaks
112
175±3.8*
120±4.6*

VC=vehicle control, A=alloxan treated, AT=alloxan and transplantation
Data are expressed as mean ± standard deviation
*= significant at P < 0.05

Animals were fasted before treatment with alloxan
because glucose acts as a protective agent against
the diabetogenic effect of alloxan (27).
Implanted animals arrayed mild body weight loss,
in this investigation. This outcome contradicts
previous works (28,29). This controversial result

Discusion:
Male rather than female hamsters were
intentionally selected to avoid interference of
female sex hormones in the outcome of this study
(26)
.
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might be attributed to the use of different
diabetogenic agent.
In this study, VC hamsters' pancreas exhibited
normal histology, very weak enzymatic activity
(especially within islets of Langerhans), average
morphometrical data and they showed normal blood
glucose level. These results parallel normal
structure and function described in standard
textbooks (30, 31).
In this study, the shrinkage of islet of Langerhans
size, pyknosis, eccentric accumulation of nuclear
chromatin and other signs of necrosis (in the first,
third and fifth weak after treatment with alloxan), in
subgroup A, are in favor of marked cellular
destruction within the islets. This result parallels
previous studies (32, 33, 34). Moreover, the significant
augmentation of ACP (lysosomal enzyme) activity
within the islets tends to assure an increased tissue
catabolism and cellular autophagy, which are
possible sequences leading to damage of cells (35).
Furthermore, the significant elevation of blood
glucose level (hyperglycemia), in this subgroup,
points to the highly destructive mechanism of
alloxan to β-cells. Lastly, morphometrical
evaluations to islets, of this subgroup, also coincide
with the above mentioned outcome. Conclusively,
all parameters point to a massive damage of β-cells
by alloxan.
Although, the subcutaneous part of the head region
is well known to be more vascular than that of
abdominal wall (36), Yet significant difference were
not recorded in the present study. On the other
hand, the size of transplanted pancreas seems to be
influential. This outcome accords previous work
(the smallest the grafted piece, the better survival)
(37)
.
Histologically, islets of the transplanted pancreas
revealed viable normal outlook, which is rather
similar to islets of subgroup VC. Moreover, LPL,
ALP & ACP histochemical activities were nearly
achieving that of subgroup VC. Furthermore, all
quantitative estimations of transplanted islets'
morphometry were parallel to those of subgroup
VC too. Finally, blood sugar level of transplanted
animals was regaining normal values in the third
and fifth weak. In brief, all parameters (used to
evaluate transplanted pancreas) were pointing to a
viable and functioning tissue and consequently
successful transplantation. These results agree with
previous works (37,38).
Future studies are best directed toward electron
microscopical study of transplanted pancreas in
addition to comprehensive study to transplanted
pancreas for a period longer than five weeks.
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