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ABSTRACT

The mudy of immnohistological changes in the pancreas induced by the
administration of diabetogenic dose of alloxan was undertaken using male Albino
(Wistar) rats. The rats were randomly separated into four groups A, B, C, and D of
thirty rats in each group. The first group (A) was used as the primary control group,
the second group (B), the third group (C) and the fourth group (D) were used as test
groups. The test groups were administered with 200mg per kg body weight of
alloxan, which is the diabetogenic dose. The second group (B) was used to study the
direct effect of alloxan on the pancreas. The third group (C) was used to study the
effect of diabetes mellitus on the pancreas while the fourth group (D) was used to
study the possible effect of insulin therapy in the resuscitation of the pancreas.
Examination of the pancreas revealed that they were affected in the test groups
when compared to the control. The immunohistological features of the pancreatic
islets were affected by alloxan administration, which showed selective toxicity for
the islet beta cells as seen in the degeneration of these cells, while the other Islet
cells were unaffected. This showed that the administration of diabetogenic dose of
alloxan has a selective degenerative effect on the Beta cells of the islets of

Langerhans, leading to immunohistological d'-angcs in the pancreas.
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Alloxan is a crystalline substance
also called mesoxalyl urea, which is an
oxidative product of uric acid (Sollmann,
1957; Bowman & Rand, 1985). Its parenteral
injection into experimental animals causes
degenerative lesions in various organs but
with proper dosage, it produces prompt and
highly selective coagulative necrosis of the
beta cells of the Islets of Langerhans,
resulting in a syndrome resembling clinical
diabetes (Barnes & Eltherington, 1964;
Bowman & Rand, 1985; Govindarajan, et al.;
2001) while injury to other tissues require
larger doses. Following alloxan
administration, the beta cells dev clﬂp marked
swelling then disappear resultmg in diabetes
while the alpha cells are 'nbt affected,

(Guyton & Hall, 1996; Samuelsson, et al.;’

2001). It has been shown that alloxan has
proved to be the most convenient mean: of
producing insulin deficiencics in laboratory
animals by causing selective necrosis of the
B-cells of the Islets of Langerhans even
though the mechanism of action is not fully
understood (Pasmore & Robson, 1970;

Steiner & Freinkel, 1972; Bowman & Rand,
1985; Halfner, et al., 1996).

Antibodies to islet tissues have been
demonstrated in newly diagnosed type I
diabetes but these antibodies are not
persistent and  gradually  disappear
(Sameulsson, et al., 2001). These findings
suggest that the antibodies are released
temporarily as part of an antigen-antibody
reaction associated with active destruction of
the islet cells at the onset of diabetes (Bloom
and Ireland, 1980; Bowman & Rand, 1985;
Alberti & Krall, 1991; Sell, 1978). The
presence of permanent antibodies to islet
cells, confirms that in these cases, diabetes is
merely one aspect of a primary immune

-.disorder in which the islet cells are destroyed

by unprovoked antibody reaction (Alberti &
Krall, 1991; Kumar & Clark, 1991; Edwards,
et al., 1995; Weetman, 1991; Stites, et al.,
1994; Govindarajan, et al., 2001).

It has been shown that the beta cells
of the Islets of Langerhans of pancreas,
develop marked swelling before final
disappearance while the detailed



immunohistological sequence of events
leading to the disappearance of these islets of
pancreas during the induction of diabetes
mellitus has not been fully elucidated. The
present study is aimed at investigating the
immunobhistological changes leading to the
disappearance of the islet beta cells
following induction of diabetes mellitus in
rats.
MATERIALS AND METHODS

Alloxan crystals contained in a
250gm bottle was used for the work. The
alloxan crystals weighing 1.2gm were
dissolved in 10ml of injection water,
amounting to 1.2gm/10ml. Then, 0.3ml of
the 1.2gm/10ml solution of alloxan, which is
equivalent to 40mg of alloxan was
administered as the diabetogenic dose
according to Barnes & Eltherington, (1964);
Barbato & Landau, (1977). Bowman &
Rand, (1985); Greenspan & Baxter, (1994).

The test animals were 120 male
Albino (Wistar) rats, which were randomly
separated into four groups, A, B, C and D of
thirty rats in each group. Fhe first group (A)
was used as the control group. The second
group (B), the third group (C) and the fourth
group (D) were used as the test groups and as
such were administered with 0.3ml of
1.2gm/10ml solution of alloxan, equivalent
to 200mg/kg body weight which contained
40mg of alloxan. This single diabetogenic
dose of alloxan was administered to the test
animals through the intraperitoneal route
(IR) while the control group received normal
saline through the same route.

The group B animals were the first
test groups and were used to study the direct
effect of alloxan on the pancreas. The second
test group (C) are animals that have been
induced with diabetes mellitus and were used
to study the effect of diabetes mellitus on the
pancreas. The third test group (D) were
diabetic animals undergoing insulin therapy
and were used to study the possible effect of
the therapeutic agent on the resuscitation of
the pantreatic Islets of Langerhans. % -.

Tissue Preparation For Microscopy
Animals from each of the groups
were anaesthetized and their abdomen
opened by midline incision and the pancreas
from each of the groups were excised. The
tissue were fixed in 10% buffered formalin
and Bouins fluid. The tissues were processed
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using automatic tissue processing machine
called the Histokinette bench model tissue
processor obtained from the Dept of Human
Anatomy, ABU Zaria.

The tissues were embedded in
paraffin wax and. sections of about. 8
microns were made using Rotary microtome.
The paraffin-embedded tissue sections were
deparaffinized in two changes of xylene for 5
minutes each. The tissues were rehydrated
using absolute ethyl alcohol, 90% and 80%
ethyl alcohol. They were rinsed gently in
running tap water for 30 seconds and treated
with 3% hydrogen peroxide solution. The
tissues were incubated at room temperature
for 5 minutes, rinsed with phosphate
buffered saline (PBS) and allowed in PBS
for 2 minutes.

Primary antibody was incubated with
the tissue for 60 minutes at 370C and rinsed
with PBS. The tissues were placed in PBS
for 5 minutes and peroxidase conjugated
secondary antibody were diluted and applied
to the tissues. The tissues were incubated for
30 minutes at room temperature, rinsed in
PBS and placed in PBS for 5 minutes. The
tissues were counterstained using Mayers
hematoxylin according to the methods of
Leduc and Avrameas, (1970); Culling
(1993); Ikuno, et al., (1995) Sigma, 1998 and
Samuelsson, et al; (2001) called the
immunoperoxidase staining method, which is
used to demonstrate immune complex
reactions within tissues.

RESULTS

The results of the microscopic
examination of the immunoperoxidase
staining of the pancreas, show normal
isolated pancreatic Islets of Langerhans with
pancreatic Islet cell antibodies in all the Islet
cell types as shown in Fig.1. The results, also
show the presence of antibodies to alpha
cells (A), delta cells (D) and pancreatic
polypeptide cells (PP) which were used to
demonstrate the presence and viability of
these cells and their ability to produce their
hormones for secretion. This lcaves the Beta
cells negative to these antibodies after
alloxan administration during the induction
of diabetes mellitus, during diabetes mellitus
stage and during insulin therapy as shown in
Figs. 2, 3 and 4 respectively. These changes
in the immunohistology of the pancreas were
collaborated with the changes in the blood
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Fig 1: A section of Pancreas
from the control (A) group, showing
the presence of Pancreatic Islet cell
antibodies in all Islet (I) Cell types.
Immunoperoxidase x 400.

Fig 2: A section of Pancreas
from group B, showing the Islet and
antibodies to glucagon (G). This
demonstrates the presence of antibodies
to alpha (A) cells after alloxan
administration. Immunoperoxidase X
400.

Fig 3: A section of Pancreas
from Group C, showing Islet with
antibodies to Somatostatin (S). This
demonstrates the presence of antibodies
to delta (D) cells after alloxan
administration. Immunoperoxidase X
400.

Fig 4: A section of Pancreas
from group D, showing Islet with
antibodies to pancreatic polypeptide
(PP) to demonstrate the presence of
antibodies to PP cells after alloxan and
insulin administration.
Immunoperoxidase x 400.

Fig. 5 Effect of alloxan on
the blood glucose level in rats



glucose level of the rats, which indicate
hyperglycaemia as shown in Fig 5.

DISCUSSION

The result of alloxan administration
in rats show changes in  the
immunohistological features of the pancreas.
It has been shown that the first reaction to
occur after alloxan administration is
inflammation of which are infiltration of
cells into the pancreatic tissues. The first
cells to infiltrate the islets are macrophages
followed predominantly by T-cells (Dean, et
al., 1985; Walker, et al., 1988; Weetman,
1991; Samuelsson, et al., 2001). T-cell lines
specific for islet cells antigen have been
isolated from the pancreas and spleen of
diabetic rats. (Weetman, 1991; Prud' homme,
et al., 1984; Kolb, 1983).

T-cells have been shown to be
important in the development of diseases
(Plamondon, et al. ,1990). The potential role
of Islet antibody (Ia) expression by
pancreatic beta cells in stimulating T-cells
was revealed by [a positive cells stained
immunohistochemically for insulin which
showed to be phagocytic leucocytes with
intracellular insulin from phagocytized and
destroyed beta cells (Int'Veld and Pipeleers,
1988; Weetman, 1991; Govindarajan, et al.,
2001).

Antibodies recognising islet cells
surtace molecules called the islet cell antigen
and insulin are found in prediabetic phase
and in majority of diabetic rats (Dyrberg, et
al., 1984; Baekkeskov, et al., 1984; Laborie,
et al., 1985; Dean, et al., 1987). It has been
shown that there is little correlation between
the antibodies, even though the Islet cells
surface antibodies are strongly associated
with the development of diabetes (Weetman,
1991). But it is also clear that diabetes may
develop in some animals in the absence of
any detectable antibodies (Dean, et al,
1987) This, as Weetman (199])
Baekkeskov, et al., (1984) asserted could be
due tp.assay insensitivity or’ presence of
other pathogenic autoantibodies which may
occur secondary to Islet cell damage. This is
true because, Elder, et al., (1982) has
demonstrated the presence of antibodies
against thyroglobulin and gastric parietal
cells in some diabetic rats. These diabetic
animals also have lymphocyte antibodies of
unknown significance -but compatible with
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polyclonal activation (Dyrberg, et al., 1984).
Martin & Logothetopoulos, (1984); Laborie,
et al, (1985); Govindavajan, et al., (2001)
have noted that islet cell surface antibodies
fix complements and may be cytotoxic to
beta cells but not alpha cells in vitro. It has
been shown by more recent analysis relating
such cytotoxicity to beta cell volume
determined by biosy, that the appearance of
these antibodies is a secondary reaction to
on-going loss of beta cells (Hehmke, et al,
1990; Samuelsson, et al., 2001). The authors
reasoned that humoral cytotoxicity is
involved in the rapid destruction of the
remaining beta cells after the onset of
hyperglycaemia.

Sufficient dose ot stroptozotocin, an
antineoplastic antibiotics, generally cause
acute degeneration of beta cells whereas
repeated smaller doses in certain strains of
mice produce delayed but progressive
increase in blood glucose, associated:' with
insulitis and beta cell destruction (Appeal, et
al, 1978; Kantwerk, et al., 1987). There is
evidence to show that autoimmune responses
against beta cells can be induced by a variety
of viruses. Chemical toxins like
streptozotocin or alloxan, produce similar
forms of diabetes even though the histology
in some cases is unlike that seen in a typical
disease in man (Samuelsson, et al., 2001).
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