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Abstract The objective of this study is to induce exper-
imental diabetes mellitus by streptozotocin in normal adult
Wistar rats via comparison of changes in body weight,
consumption of food, volume of water, urine and levels of
glucose, insulin and C-peptide in serum, between normal
and diabetic rats. Intra-venous injection of 60 mg/kg dose
of streptozotocin in 250-300 g (75-90 days) adult Wistar
rats makes pancreas swell and causes degeneration in
Langerhans islet f-cells and induces experimental diabetes
mellitus in 2—4 days. For a microscopic study of degener-
ation of Langerhans islet B-cells of diabetic rats, biopsy
from pancreas tissue of diabetic and normal rats, staining
and comparison between them, were done. In this process,
after collagenase digestion of pancreas, islets were isolated,
dissociated and identified by dithizone method and then
with enzymatic procedure by DNase and trypsin, the islet
cells changed into single cells and B-cells were identified
by immune fluorescence method and then assayed by flow-
cytometer. Donor tissue in each step of work was prepared
from 38 adult male Wistar rats weighted 250-300 g
(75-90 days). Transplantation was performed in rats after
2-4 weeks of diabetes induction. In this study, the levels of
insulin, C-peptide and glucose in diabetic rats reached to
normal range as compared to un-diabetic rats in 20 days
after transplantation of islet cells. Transplantation was
performed under the cortex of testis as immunoisolated
place for islet cells transplantation.
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Introduction

Diabetes is a chronic disease that is relatively common
throughout the world. In recent decades, various epidemi-
ological studies have been carried out on prevalence of
diabetes mellitus in Iran, according to which the population
of diabetics was estimated to exceed 1.5 million. In the
year 2004, according to the World Health Organization
reports, more than 150 million people throughout the world
suffered from diabetes [1, 5] while the mankind has been
unable to solve this problem. The only simple, inexpensive,
easy and available way is to refine the Langerhans islets
and to graft them under subcutaneous cortex of testis.
Inducing experimental diabetes mellitus is indeed the first
step in the plan for transplanting the pancreatic Langerhans
islets under subcutaneous cortex of testis. Experimental
diabetes mellitus has been induced in laboratory animals by
several methods. The generally effective method is to take
the pancreas out of the body. However, to induce a notable
form of diabetes, at least 90-95 % of the pancreas has to be
removed. Otherwise, the Langerhans islets in the remaining
pancreas may undergo hypertrophy and secrete a sufficient
amount of insulin for fulfilling the natural metabolic needs.
The second method for creating diabetes in animals is
injecting drugs such as alloxan or streptozotocin. These
materials inflate and ultimately degenerate the Langerhans
islets B-cells [6]. A less reliable method for creating dia-
betes is injection of the anterior hypophysis extract [7]. The
final symptoms of insulin deficiency are clearly seen in rats
afflicted with diabetes chemically by streptozotocin [8].
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For the purpose of transplantation of Langerhans islets of
healthy rats under the subcutaneous cortex of testis of
diabetic rats, we had to induce experimental diabetes in
order to study the effect of grafting the Langerhans islets in
diabetic rats. Therefore, the study made us, first, to induce
experimental diabetes mellitus in order to study the effect
of transplantation of the Langerhans islets in diabetic rats
so as to be able to study the clinical parameters before and
after the pancreas islet cells transplantation. In rat islets,
approximately 70-80 % of the endocrine cells are insulin-
containing B-cells, 15-20 % is glucagon-containing a-cells
or pancreatic polypeptide-containing (pp) cells, and
the remaining 5-10 % is somatostatin-containing 6-cells
[2, 15]. The heterogeneity of islet cell types, their complex
organization and the likelihood of cell-to-cell communi-
cations have limited characterization of the properties and
functions of individual endocrine cell types [16, 17].
Development of methods to separate islet cells into
homogeneous population would permit examination of
specific characteristic of the different islet endocrine cell
types in the absence of influences of other cell-types [18,
19]. In this study, we demonstrate that analysis of light
scattering from single islet cells, by using flow cytometry,
can be used to sort out rat islet cells into subpopulations
enriched in B, o and &-cells [20, 21] for transplantation of
either the entire pancreas or transplantation of pancreas
components while the latter is carried out much more easily
than the former. Transplantation of pancreas components
can be in one of the following forms: (1) transplantation of
dissociated Langerhans islets; (2) transplantation of mass
of the Langerhans islets cells; (3) transplantation of
embryonic tissues; (4) transplantation of neonatal tissues,
which has been carried out successfully in different areas
such as the liver, kidneys, spleen, testis cortex subcutane-
ously. However, transplantation of the Langerhans islets as
a logical solution for treating these patients is still argued
[3, 4, 33, 34]. Transplantation of the Langerhans islets cells
is a new method for treating diabetes. Standardizing and
optimizing separation and purification conditions of Lan-
gerhans islets cells is one of the most important phases of
the transplantation. It is only after achieving and stabilizing
this method that the researchers will be able to carry out
studies for solving the transplantation problems. Factors
such as the number of implanted cells, capacity of per-
formance of the new medium and the size of cell groups are
effective in the relative control of the metabolism after
transplantation [34].

Materials and Methods

Streptozotocin or streptozocin or izostazin or zanosar
(STZ) is a synthetic antineoplastic agent that is classifically

an anti-tumor antibiotic and chemically is related to other
nitrosourea used in cancer chemotherapy. Streptozotocin
sterile powders are provided and prepared as a chemo-
therapy agent. Each vial of sterilized streptozotocin powder
contains 1 g of streptozotocin active ingredient with the
chemical name, 2-deoxy-2<{[methyl(nitroso)amino]car-
bonyl }Jamino>-B-p-glucopyranose and 200 mg citric acid.
Streptozotocin was supplied by Pharmacia Company.
Streptozotocin is available for intravenous use as a dry-
frozen, pale yellow, sterilized product. Pure streptozotocin
has alkaline pH. When it is dissolved inside the vial in
distilled water as instructed, the pH in the solution inside
the vial will be 3.5-4.5 because of the presence of citric
acid. This material is prepared in 1-g vials and kept in cold
store and refrigerator temperature (2-8 °C) away from
light. Collagenase, crystalline trypsin, bovine pancreatic
DNase,  2-[4-(2-hydroxyethyl)-1-piperazinyl]-ethan-sul-
fonic acid (HEPES), silicon and bovine serum albumin V
were obtained from Merck. Percol is a commercial solution
made up of silicon particles, coated with polyvinyl pyr-
rolidone which is used for sterilized cellular separation.
Ethylene glycol-bis (B-amino ethyl ether)-N,N,N’,N’ -tetra
acetic acid (EGTA), CMRL-1066 medium, anti-insulin
antibody and fluorescein-labeled goat anti—guinea pig
(second antibody) were obtained from Sigma-Aldrich Co.

Induction of Diabetes in Rats

Six adult Wistar rats weighting 250-300 g (75-90 days
old) were used for inducing diabetes. The animals were
injected by streptozotocin at the dose of 60 mg/kg of the
body weight intravenously. Streptozotocin induces diabetes
within 3 days by destroying the B-cells [9]. Diabetic ani-
mals and non-diabetic control group were kept in metabolic
cages individually and separately and under feeding and
metabolism control. Glucose in the blood of diabetic rats
exceeded that of the non-diabetic control ones. Food con-
sumption was measured in terms of (g), water consumption
and urine volume were measured in terms of (ml) on a
daily basis while every 2—4 weeks in 80 days the levels of
C-peptide, insulin and glucose in blood serum were also
measured, so that chemical diabetes was verified in rats
injected with streptozotocin [10].

Measurement of Glucose, Insulin and C-Peptide
in Rats’ Serum

Normal and diabetic rats were anesthetized with ether
(2 min. contact with ether does not affect blood glucose,
insulin or C-peptide concentrations). One ml of blood was
taken from rats in order to measure glucose, insulin and
C-peptide [11]. Blood was taken from the heart. The
samples were collected in sterilized tubes and kept at 4 °C
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and, after separating the clot, the serum was separated by
centrifuging. Blood glucose was measured by the glucose-
oxidase method and insulin and C-peptide by radio-
immunoassay method. This phase of the work was carried
out once every 2—4 weeks for 80 days in diabetic and
control counterparts [12].

Pancreatic Biopsy of Normal and Diabetic Rats

For the study and comparison of pancreas Langerhans islet
B-cells in diabetic rats inducted by streptozotocin and
normal rats, pancreatic biopsy of normal and diabetic rats
was done and samples were fixed in 10 % formalin, stained
by Hematoxylin and Eosin and photographed by Leitz
microscope with 4,000 times enlargement (Figs 1, 2). The
comparison of these pictures shows that the tissue of
pancreatic Langerhans and the B-cells of diabetic rats have
been degenerated irreversibly. [13].

Media Preparation

All media were filter sterilized through a 0.22 mm filter.
Other reagents used were sterilized by autoclave or sterile
media and glassware were employed. Glass wares used for
collecting Langerhans islets cells were siliconized. They
were coated with poly-L-lysine and incubated for 30 min
with a sterile 10 mg/ml silicon solution followed by washing
with distilled water. Separation of the Langerhans islets and
the cellular purification were carried out in EHPES-buffered
Earle’s-Hepes medium (EH) with following composition:
124 mM NaCl, 1.8 mM CaCl,, 0.8 mM MgSO,, 5.4 mM
KCI, 1.0 mM NaH,PO,, 14.3 mM NaHCO3, 2.8 mM Glu-
cose, and 10 mM HEPES. The medium was supplemented
with 2.5 % (w/v) bovine serum albumin, equilibrated with
5 % CO, and adjusted to pH 7.30 at room temperature. The
islets were isolated from male adult Wistar rats’ pancreas
(250-300 g body weight) through collagenase digestion by
the method of Lacy and Kostianovskt [21] which was mod-
ified to increase the yield.

Fig. 1 Pancreatic biopsy of normal rats
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Fig. 2 Pancreatic biopsy of diabetic rats that confirms the destruction
of islets cells due to the effect of streptozotocin

Animals Used

The donor tissues were taken from 38 male adult Wistar
rats weighting 250-300 g (75-90 days old). The Islet cells
were purified from pancreas of 38 rats and transplanted to
19 rats and other 19 rats were taken as control. Trans-
plantation was carried out in rats that were afflicted with
diabetes for 2—4 weeks by intravenous injection of 60 mg/
kg dose of streptozotocin. Streptozotocin induces diabetes
within 3 days by destroying the B-cells. Transplanted ani-
mals and diabetic and non-diabetic control groups were
kept individually and separately in metabolic cages and
were controlled in terms of feeding and metabolism. The
amount of food (g), water (ml) and urine (ml) were mea-
sured daily and every 2—4 weeks, the levels of C-peptide,
insulin and glucose in blood serum were measured to
confirm the chemical diabetes in rats which were injected
with streptozotocin. The insulin level was minimized in
these rats and signs of recovery were observed in rats
receiving the transplantation [35].

Separation of Langerhans Islet Cells

For identifying the pancreas, 2 h before dissection, 32 male
Wistar rats (200-250 g) were injected intraperitoneally with
pilocarpine (0.2 ml from 0.2 % solution) [2, 23, 24]. To
carry out dissection, first the animals were anesthetized in
appropriate desiccators. Then, by opening the rat’s abdomen
and closing the pancreatic canal, pancreas was distended by
injection of 10 ml Earle’s-Hepes containing 1.5 mg/ml
collagenase. The gland was removed, cleaned from lymph
nodes and fat tissue and minced. After 15 s sedimentation,
the supernatant fluid was discarded and the tissue suspension
diluted with an equal volume of Earle’s-Hepes containing
4 mg/ml of collagenase. The tissue was digested at 37 °C for
10 mi. under continuous shaking (300 strokes/min) and then
dispersed by gentle pipetting at room temperature for 3 min.
The digest was filtered through a 500-mm nylon screen and
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the filtrate was washed by three successive centrifugation
and re-suspension procedures in Earle’s-Hepes. The filter
residue was re-suspended in EH without collagenase and
further dispersed at 37 °C for 4 min in a shaking incubator
(300 strokes/min). The second digest was finally washed in
Earle’s-Hepes buffer. The washed filtrate and residue frac-
tions were examined under a dissecting microscope and
clean islets were aspirated from the preparation (Fig. 3)
Using this procedure, 7,000-13,000 islets were routinely
isolated from 32 rat pancreas within 2 h after beginning of
the dissection [17].

Purification of the Langerhans Islets Cells

The isolated islets were washed by three sedimentation
procedure in calcium-free EH and then re-suspended in
calcium-free EH containing 1 mM EGTA, (5 ml/1,000
islets). This suspension was first maintained for 8 min at
room temperature, continuously aspirated through a sili-
conized Pasteur pipette (9-inch), and then supplemented
with trypsin (final concentration of 25 mg/ml) and DNase
(final concentration of 2 mg/ml) at 30 °C. The degree of
enzymatic dissociation was regularly checked under phase
contrast microscope and stopped when 60-70 % of the cells
occurred as single units. The islet cell suspension was then
immediately diluted with 40 ml ice-cold calcium-free EH
and filtered through a 63-mm nylon screen to remove large
cell clumps and undigested material. An isotonic percoll
solution with density of 1.040 g/ml was layered underneath
the filtrate in order to remove debris and dead cells during a
subsequent centrifugation at 300x g for 6 min [23, 32]. The
percoll pellet was collected, suspended in 50 ml CMRL-
1066 medium containing 2 mM glutamine and 0.2 % BSA
and incubated for 20 min at 37 °C under 7.5 % CO2. At the
end of this incubation, the cells were re-suspended and
centrifuged at 100x g for 1 min. The pellet, which contained
mostly small cell clump which had not been completely

dissociated, was resubmitted to gentle pipetting in 10 ml
calcium-free EH containing EGTA. This mechanical dis-
persion was done for 8 min, after which the preparation was
filtered through a percoll layer (300x g, 5 min). Meanwhile,
the initial supernatant, containing most single -cells, were
centrifuged at 300x g for 6 min. The pellets collected after
the two latter centrifugations were combined, washed once in
Earle’s-Hepes, and re-suspended in Earle’s-Hepes. The final
cell suspension contained 7.5 x 107'%7 cells obtained from
32 rat pancreases. This method should be carried out
appropriately, carefully and rapidly so that the islets cells are
less damaged [2, 17, 24].

Purity Determination of Islet Cells by Flow Cytometry

The freshly dissociated islet cells were submitted to auto fluo-
rescence-activated cell sorting using a (FACC 1V, Becton—
Dickinson, Sunnyvale, Ca) equipped with two argon lasers
(Argon 164-06 and UV-argon 171-17, Spectra-physics,
Mountain view, Ca) [25], illuminating the cells at 488 nm, so
that the emission at 510-550 nm could be taken as a parameter
for their flavin adenine dinucleotide (FAD) content [26]. At
2.8 mM glucose, single B-cell displayed a threefold higher
FAD fluorescence than single non B-cell. While its light scatter
activity was also 50 % larger than non-B-cell. Selection of
appropriate windows allowed the simultaneous isolation of
single beta and single non-beta islet cells [27]. The Langerhans
islet cells purified with the collagenase method were prepared
with 91 % of B-cells in the cellular suspension (Figs. 4, 5).

Islet and B-Cell Identification

Islets were specifically stained by dithizone. 10 mg di-
thizone was dissolved in absolute ethyl alcohol and then
50 ml concentrated NH4,OH was added and supplemented
with 12 ml Hank’s solution (45 mM Na,HPO,, 2.5 mM

Fig. 3 The existing transplanted Langerhans islet cells inside the
testis subcutaneous of the diabetic rat which has been treated via
transplantation of Langerhans islet cells, observed after taking a tissue
from the testis and stabilizing in 10 % formaldehyde solution

Fig. 4 The electronic micrograph of purified B-cell of Langerhans
islets at the cell suspension stained by osmium tetraoxide. The cell
suspension made by using 32 pancreas contained 7.5 x 107'%7 cells
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Fig. 5 Superficial distribution curve of Langerhans islets cells
suspension obtained from flow cytometry, in the flow cytogram of a
homogenous bulk of cells with purity of 91 % which belongs to the
cells with fewer granularities among the langerhans islets cells, i.e.
B-cells

citric acid, 0.1 % Triton X-100]. Before using, the solution
was diluted with Hank’s solution (pH 7.8) by 1-100 and
passed through a 0.22 pm filter membrane. Islet suspension
was mixed with dithizone and placed 10 min and identified
by light microscope [28].

Identification of B-Cells by Immunofluorescence
Methods

B-cells were fixed by using Bouin’s solution [71.4 % picric
acid solution (1.2 % w/v), 23.8 % formalin, and 4.8 %
glacial acetic acid]. After 24 h, cells were rinsed three
times with phosphate buffer saline solution (PBS), dehy-
drated and permeabilized with graded concentrations of
ethanol, and incubated for 2 h at room temperature with an
anti-insulin antibody diluted 1:1,000 in PBS. After rinsing,
slides were incubated for 1 h at room temperature with
fluoresce labeled goat anti-guinea pig second antibody
(1:400). After rinsing in PBS, slides were covered with
0.02 % p-phenylenediamine in PBS—glycerol (1:2, V/V)
and screened by fluorescence microscopy [29].

Flow Cytometry

Our aim in flow cytometry is to obtain information on the
homogeneity of the B-cells and the percentage of homo-
geneity of these cells in cellular suspension obtained at the
end of purification of the Langerhans islets cells so as to
determine the percentage of B-cells in the suspension for
transplantation. In view of the considerable difference in
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the size of types of Langerhans islets cells, a sample cel-
lular suspension solution can be injected into the flow
cytometry system and the appropriate graph can be pre-
pared, which indicates the types of cells and their per-
centage in the suspension [21, 22].

Transplantation of Langerhans Islets B-Cells

In brief, the purification of Langerhans islets -cells was
carried out as follows: The Langerhans islets suspension
was first kept in room temperature for 8 min and then
aspired by a 9 inch length siliconized Pasteur pipette.
Then, trypsin with final concentration of 25 pg/ml and
DNase with final concentration of 1.5 pg/ml were added to
it. The degree of enzymatic differentiation and dissociation
were regularly examined with phase-contrast microscope
and, when 50-60 % of the cells converted into single units,
the work was stopped. This condition often occurs after
10 min. The suspension of the Langerhans islets cells was
diluted immediately with 40 ml of EH buffer and the whole
collection was put in ice bath and filtered by passing
through a 63 pm nylon sheet. Thus, the undigested mate-
rials and the big cell masses were eliminated. The resulting
product, which contains single cells, was centrifuged for
6 min in 300 g. The sediment was further changed into
suspension and centrifuged. In this stage, the cellular sed-
iment was suspended in isotonic Percoll solution with
density of 1.040 g/ml, and was put in ice bath for 10 min
so that the cellular suspension was layered and thus, the
dead and destroyed cells and cell pieces obtained in con-
secutive centrifuging were eliminated. Finally, in the cel-
lular suspension layer, the healthy cells were dissolved in
the physiological serum. The purified cells of the Langer-
hans islets were transplanted to diabetic rats stimulated
with STZ in a group of diabetic samples inside cortex of
the testis subcutaneously and, in another group, to the
peritoneal space. Transplantation of the cellular suspension
in the physiological serum was carried out by using needle
no. 20 in specified areas in each injected rat [35].

Biopsy and Histology

Two months after transplantation, the transplanted areas
were vivisected in order to identify the Langerhans islets
cells grown in the transplant receptor. For this purpose, the
testes of the recipient rats were removed, stabilized in
10 % formalin buffer and given to the Electronic Micro-
scope Department for light microscopic examination. After
framing in paraffin, thin 3-p tissue cuts were created.
Staining was carried out by hematoxylin and eosin stain in
order to recognize the transplanted islets (Fig. 6 with Leitz
microscope).
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Fig. 6 Existing cells of Langerhans islets at the cell suspension
colored by the Gimsa and photographed by Litz microscope (x 1,000)

Results

Normal levels of glucose, insulin and C-peptide in healthy
adult rats were measured as 135 + 5 mg/dl, 2 + 0.2 mIU/
and 0.056 % 0.003 ng/ml, respectively. Daily consumption
of water and food in healthy adult rats were measured as
30 £ 5 ml and 10 £ 2 g, respectively. Daily urine volume
in healthy adult rats was measured as 10 &= 1 ml. But in
diabetic rats the levels of glucose, insulin and C-peptide
were measured as 500 £ 20 mg/dl, 1.5 £ 0.2 mIU/l and
0.052 £ 0.002 ng/ml, respectively and daily consumption
of water and food were measured as 145 £ 5 ml and 45 +
4 g. Daily urine volume in diabetic rats was measured as
130 & 5 ml (Table 1; Fig 7). Changes in average of body
weight in 8 adult and non-adult diabetic rats varied. Since

the non-adult diabetic rats were in the growing age, diabetic
loss of weight was not seen in them and they even showed a
slight weight gain (Fig. 8). In adult rats, however, diabetes
was accompanied by loss of weight (Fig. 9). In each group,
there were individual changing trends with respect to the
amount of glucose, insulin, C-peptide and adult rats’ weight.
Using replicated measurements, the data including a diabetic
and a normal group underwent analysis of variance by SPSS
12 up to 80th day. According to the One-way ANOVA, a
significant effect on diabetic and normal rats occurred, with
rat blood glucose of SEM = 61.08, F = 1304.4, df = 1.8
and P < 0.001 (Fig. 10); rat blood insulin of SEM = 0.11,
F=193, df =1.8 and P < 0.002 (Fig. 11); rat blood
C-peptide of SEM = 0.002, F = 34.3, df=1.8 and
P < 0.001 (Fig. 12) and adult rats weight of SEM = 12.09,
F =563,df =138 and P < 0.001 (Fig. 9) which showed
the success of induction of diabetes by streptozotocin in rats.
In addition, the changes in healthy and diabetic rats were
apparently distinctive because, in addition to thinness of
diabetic rats, the tails of the healthy rats were pink and they
had a white velvet coat. Due to induction of diabetes, the tail
became dark in color and stained and their coat turned from
white velvet into pink or gray behind the head and in the
lower part of the body. If the environment of the rats is kept
clean, there will be a change of color from white to pink.
Otherwise, the change will be from white to gray [13].
Pancreatic biopsy of normal and diabetic rats confirmed that
the islet cells were destroyed due to the effect of strepto-
zotocin in diabetic rats.

Table 1 Data of number, weight, age, amount of streptozotocin, glucose, insulin, C-peptide of blood, consumed water, food and volume of urine

in normal and diabetic rats

State of rats Streptozotocin and Blood glucose Blood insulin Blood C-peptide Consumed Consumed Volume of
PBS injection (mg/dl) (mIU/ml) (ng/ml) water (ml) food (g) urine (ml)

Normal (n = 6) 60 mg/kg (PBS) 135+ 5 24+02 0.056 £ 0.003 305 10 + 2 10+ 1
Diabetic (n = 6) 60 mg/kg (STZ) 500 £ 20 1.5+ 0.2 0.52 £ 0.002 145 £5 45+£5 130 £ 5
Fig. 7 The mean of water, food B 1
consumption and volume of ) [Z] consumption water by normal rats
urine in normal and diabetic rats S 140 e £ F] consumption water by diabetic rats

8 consumption food by normal rats
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Fig. 8 Continuous changes in
average of body weight in non-
adult rats in two healthy and
diabetic phase

Fig. 9 Comparison of the
curves relating to the average of
body weight in two groups of
normal and diabetic rats. This
graph reveals loss of weight and
thinness in diabetic adult rats

Fig. 10 Changes of average
level of glucose in serum of
diabetic and normal rats during
80 days

Fig. 11 Changes of average
level of insulin in serum of
diabetic and normal rats during
80 days
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Streptozotocin prevents DNA synthesis in mammalian
and bacterial cells. In bacterial cells, it renders special
reaction with cytosine groups, resulting in degeneration
and destruction of DNA. The biochemical mechanism
results in mammalian cell death. Streptozotocin prevents
cellular reproduction with a much smaller dose than the
dose needed for inhibiting the substrate connection to the
DNA or inhibiting many of the enzymes involved in DNA
synthesis [13]. Although streptozotocin prevents entry of
cells into mitosis but no special phase of the cellular cycle
is especially sensitive to its mortal effects. Streptozotocin,
which is used in intravenously form by rapid injection or
constant short diffusion, stimulates the tissues. Metaboli-
cally, a slight deviation of the glucose-bearing pain from
the normal limit has been seen in patients treated with a
certain dose of streptozotocin, which is generally revers-
ible. However, the insulin shock, which is one of its other
effects, is irreversible [14]. In this study, the clinical
manifestations and also the amount of glucose, insulin and
C-peptide after using a 60 mg/kg dose of streptozotocin,
ensured induction of diabetes in rats. Hyperglycemia,
hypoinsulinemia, polyphagia, polyuria and polydipsia
accompanied by weight loss were seen in adult rats within
3 days of streptozotocin treatment and, within 1 week—
10 days, the amounts of the relevant factors were almost
stable, which indicates irreversible destruction of Langer-
hans islets cells. Moreover, researchers around the world
have used streptozotocin to create experimental diabetes
because it is a simple, inexpensive and available method
[12—14]. Our results are similar with those of Elias [8],
Ikebukuro [6]. We found their results are similar to
ours with no significant difference between them. Flow
cytometry is a technique by which the physicochemical
specifications of the cells or any biological component are
recorded individually when they pass against laser beam.
The individuality and solution nature of the cells are
important in flow cytometry. The sample must be a solu-
tion from the outset or be made into a solution with
enzymatic methods, in which each tissue is prepared with
special method of its own. Measurement of parameters

such as size, form, DNA content, surface cell receptors,
enzymatic activity, membrane permeability and calcium
pump are possible with this method. In view of the con-
siderable difference in the sizes of types of Langerhans
islets cells, a sample cellular suspension solution can be
injected into the flow cytometry system, model (FACC 1V,
Bacton Dickinson, Sunnyvale, Ca) and obtain the appro-
priate graph, which indicates the types of cells and their
percentage in the suspension. The Langerhans islets cells
purified with the collagenase method were prepared with
91 % of B-cells in the cellular suspension [28] (Fig. 4). The
suspension of insulin-secreting B-cells was supplied by the
pancreas of healthy rats with the collagenase-digestion
method. Supply of pure Langerhans islets cells of rats
requires combination of mechanical action (cutting the
pancreas into pieces) and simultaneous use of the enzymes
(trypsin and DNase). This method depends on conditions of
dissociation of pancreatic cells from other tissues. Addition
of DNase reduces the dissociated, slicked pancreatic cells
and trypsin prevents formlessness of the dissociated cells.
Moving to another container eliminates the smaller pieces
and increases the concentration of larger particles of the
islets. Filtration and incubation separate the purified cells
from the slicked cells. The four quadrant of the cytogram
shows that on the surface distribution curve, the Langer-
hans islets cells suspension is homogenous with the purity
of 91 % that belongs to the cells with fewer granularities
among the Langerhans islets cells i.e. B-cells (Fig. 4).
There are many reports indicating the purification of islet
cells from pancreas but none has shown the single pure
B-cell as we have done [15, 18, 22, 25]. In addition,
identification of two cell populations of the islets that were
different in terms of size conformed to the small-sized pp
cells, d-cells and a-cells and the bigger-sized B-cells for
identifying the insulin-secreting cells in the cellular sus-
pension [31]. Pancreatic islets were obtained from adult
rats using the collagenase digestion optimized and modi-
fied method of Lacy and Kostianovsky [21]. Isolated islets
were dissociated in calcium-free medium containing tryp-
sin and DNase. The islet cell suspension was cleared from
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debris and dead cells via centrifugation through a percoll
layer of density 1.040 g/ml. After pre-incubating the cells
for 10 min in ice bath, they were centrifuged at 800 g for
5 min and re-suspended in physiological serum. The cells
were analyzed and separated in a fluorescence-activated
cell sorter (FACS CA.) and obtained appropriate graph,
which indicates the types of cells and their percentage in
the suspension. Single cell analysis of B cell in Fig. 5
quadrant 3 on the x-axis sideward scatter and on the y-axis
forward scatter is plotted. In quadrant 3, the total popula-
tion is scattered as “Peacock tail” that most of the f cells
are depolarized in quadrant 3, and 4.04 % cells are clas-
sified as live in quadrant 1 and 3.10 % cells classified as
live in quadrant 2 and 1.70 % cells are classified as live in
quadrant 4.

Figure 13 shows continuous changes in average of body
weight in 8 non-adult rats in three healthy, diabetic and
treated phases and a slight increase in the weight of non-
adult rats in the three healthy, diabetic and treated phases. In
adult rats, however, diabetes is accompanied by loss of
weight. Two to four weeks after diabetes induction and
observing its effects, transplantation of purified Langerhans
islets cells was carried out by collagenase method with 91 %
B-cells in the cellular suspension for treatment of diabetes.
Figure 14) shows a comparison of the curves relating to the
average changes in body weight in the three groups of
healthy, diabetic and transplanted rats. This diagram reveals
the loss of weight and thinness due to streptozotocin used for
diabetes induction in adult rats and elimination of these
effects after transplantation of pancreatic Langerhans islets
cells. By analyzing of variance (ANOVA) with SPSS 12, the
standard error mean (SEM) is found to be equal to 8.19,
F = 40.87, df = 2.57, P < 0.001, which well indicates the
weight loss in diabetic adult rats. By carrying out this
operation, signs of recovery were gradually observed in the
rats. So that the levels of glucose, insulin and C-peptide in
transplanted rats were 145 £ 11.2 mg/dl, 1.98 + 0.25 mIU/
I and 0.042 £ 0.008 ng/ml, respectively. Figure 15 shows
the average of the changes in the level of glucose in blood
serum of 19 diabetic rats treated by transplantation of Lan-
gerhans islets cells and normal ones during 80 days in which

the ANOVA on transplanted and diabetic rats shows the
SEM is equal to 48.1, F = 903.18, d.f = 2.11, P < 0.001.
Figure 16 shows the average of the changes in the level of
insulin in blood serum of 19 diabetic rats treated by trans-
plantation of Langerhans islets cells and normal ones during
80 days, in which the ANOVA on transplanted and diabetic
rats shows the SEM is equal to 0.088, F = 8.53, d.f = 2.12,
P < 0.005. Figure 17 shows the average of the changes in
the level of C-peptide in blood serum of 19 diabetic rats
treated by transplantation of Langerhans islets cells and
normal ones during 80 days, in which the ANOVA on
transplanted and diabetic rats shows the SEM is equal to
0.002, F = 4.85, d.f = 2.12, P < 0.029. Consequently, data
analysis of glucose, insulin and C-peptide show the high
significant difference between transplanted and diabetic rats
serum and confirm the success of the transplantation project.
Moreover, the daily consumption of water and food reached
the relatively normal limit of 40 =5cc and 30 £5 g,
respectively and daily urine in treated rats was measured as
35 £ S cc.

Discussion

With the transplantation of the obtained cellular suspen-
sion, it was expected that, due to secretion of insulin by
transplanted P-cells, the level of blood serum glucose
would fall to the normal, healthy limit and the amount of
insulin and C-peptide of the blood would increase and the
clinical manifestations of the disease, such as polyuria,
polyphagia and polydipsia would be eliminated. All these
were clearly seen immediately and completely, the day
after transplantation [34]. The considerable point in this
research is that inbred rats were not used as receptor or
donor of the transplantation. In spite of this, however, no
sign of rejection of the transplantation was observed [36].
To explain this, one must say that the phenomenon of
immuno-isolation due to the effect of transplantation of
Langerhans islets cells, in an immunity-quarantined space,
prevented access of the immunity cells to the external
transplanted cells and rejection of the transplantation [37].
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Fig. 18 The cells of the tissue under the testis cortex subcutaneous of
the normal rat

Fig. 19 The cells of the tissue under the testis cortex subcutaneous of
the diabetic rat

Transplantation of Langerhans islets cells is generally used
for treating a type of diabetes that results from the auto-
immune destruction of B-cells of the islets. Therefore, as
expected, this autoimmune process also continues with
respect to the transplanted B-cells. In this research, by
carrying out transplantation of Langerhans islets cells in
parts of the body with a special immuno-isolated position,
the risk of destruction of the transplanted B-cells by the
autoimmune process in the transplantation receptor was
completely eliminated [30]. The technique of transplanta-
tion of the Langerhans islets cells inside a capsule in the
absence of immunological inhibitors to support the trans-
planted tissue against the host immunity system is a new
way of success in this path [38]. In this process, the islets
can be encircled in a semi-permeable membrane that
allows food and oxygen to reach the Langerhans islets and
the insulin to be released into the blood flow while, at the
same time, it creates a mechanical barrier separating the
potentially destructive immunity cells and the antibodies
from the islets cells and thus preventing the rejection of
the transplantation [39]. Statistical data relating to F, d.f,
and P values of food, water, urine, body weight and SEM
in the entire test groups, compared to the findings of Gray
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et al., and Pipellers et al. [17, 18] show the higher success
of the transplantation of the Langerhans islets in rats as
achieved in their work. The Langerhans islets constitute
1-2 % of the weight of the pancreas. Their diameter is
0.2-0.5 mm. The number of the separable Langerhans
islets is 360,000 islets. Each islet has thousands of cells. In
the infusion method of the islets through the portal vein
into the liver and reproduction of islets and returning them
back-up, approximately 9,000 Langerhans islets per kilo-
gram of body weight of the rat are needed. In other words,
for a rat weighting 250 g, approximately 2,500 islets are
needed. In this method, other than the further need to islets,
there is a major problem of the HLA compatibility complex
of the main tissue in the receptor and donor of the islets,
which we are studying further. This method is inexpensive
and available to everyone. Figure 3 successfully shows the
transplanted Langerhans islets in an immunity-quarantined
space which prevents access of the immunity cells to the
external transplanted cells and prevents rejection of the
transplantation. The rat is cured 100 % as a result of
secretion of the transplanted Langerhans islets cells. In this
method, approximately 5,000 islets are needed for each kg
of rat body weight. This method is important because of its
simplicity and accessibility. Actually, by purifying the
pancreas of an adult normal rat a successful transplantation
to a diabetic rat can be done, while no change is observed
in the tissue inside the testis subcutaneous of the normal
and diabetic rats (Figs. 18, 19). We are still studying intra-
peritoneal injection method.
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