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Arsenic trioxide generates oxidative
stress and islet cell toxicity in rabbit
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An oral exposure of rabbits to arsenic trioxide,
1.5mg/kg body wt/day in a single dose for 30 consecu-
tive days changed the normal features of oral glucose
tolerance test (OGTT) to a diabetic form. Estimated
glycated haemoglobin values supported OGTT results.
Light microscopic studies have revealed significant
reduction in the number of cells in the islets of treated
animals compared to control. Also, increased serum
amylase activity and production of nitrite and malon-
dialdehyde were observed in the pancreas of treated
animals. It appears that an alteration of the normal
features of OGTT to diabetic form by an oral expo-
sure to arsenic possibly could be a reason for islet cell
damage caused by an enhanced activity of oxidative
stress producing enzymes and/or by their products.

CHEN et al.", through their human survey study, have pro-
vided an initial clue that arsenic might cause diabetes
mellitus. A dose-response relationship between cumula-
tive arsenic exposure and prevalence of diabetes mellitus
was documented among the residents in the endemic ar-
seniasis in Taiwan’. Similar dose-related increased risk of
dying from diabetes mellitus with increasing arsenic expo-
sure has been reported among exposed copper-smelter
workers® and art-glass workers®. In a community-based
survey of diabetes mellitus in Bangladesh, similar dose—
response trend between the prevalence of diabetes melli-
tus and arsenic level in drinking water has also been re-

*For correspondence. (e-mail: chandan_mitrapresi @yahoo.com)

854

porteds. In a more recent study, Tseng et al.® reported
prevalence of diabetes in arseniasis-hyperendemic vil-
lages in Taiwan, which was significantly higher than that
in the general population.

Arsenic has been suggested to be involved in cytotoxi-
city and genotoxicity by generation of nitric oxide (NO)’
and lipid peroxideg. A relationship in between oxidative
stress and development of diabetes mellitus has been pro-
posed by many researchers”'’. Indeed, intraperitoneal in-
jection of arsenic plus hydroxylamine has been reported
to cause degeneration and necrosis of beta cells in mice!!

In view of the above-cited literature and human survey
reports, the present study was undertaken to test whether
or not chronic oral exposure of rabbits to arsenic could
develop toxic changes in the pancreatic islets to cause
diabetes mellitus, and its possible mechanism of action.

Male albino rabbits weighing 1.4-1.5kg were used for
the experiments. They were divided into two groups: A
(control) and B (experimental), consisting of five animals
in each group. Animals of both groups were maintained
in an environmentally controlled animal house (tempera-
ture 22 +3°C) on a standard laboratory diet and in a 12 h
light/dark schedule with free access to water supply. Dur-
ing the treatment period, animals of group A were pair-
fed with those of group B, so as to overcome the impact
of any altered food intake in the experimental group (B).
All animal experiments were carried out according to the
ethical guidelines suggested by the Institutional Animal
Ethics Committee. Animals of group B were orally
treated with arsenic trioxide at a dose of 1.5 mg/kg body
wt/day for 30 days. This dose is well within the range for
the human lethal dose (1-4 mg/kg body wt) reported for
arsenic'?

After the experimental period was over (30 days), the
animals were kept in overnight fasting. The next morn-
ing, blood samples were collected from prominent ear
veins. After collection of blood, the animals of both groups
were orally administered with 1 g of glucose/kg body wt.
Thereafter, blood samples were collected at every 30 min
interval for 2h and 30 min. Glucose oxidase enzyme kit
(E. Merck, India) was used for estimation of blood glu-
cose from all these samples. Estimation of serum amylase
was performed following the modified method of Somo-
gyi, as described elsewhere'®. The method utilizes the es-
timation of glucose liberated by the action of amylase on
starch. Blood samples collected were mixed with EDTA
(as per specification of the kit) and were used for estima-
tion of glycated haemoglobin (HBA;;) following the ion
exchange resin-based method"*,

The animals were sacrificed and a small portion from
the gastro-splenic part of the pancreas was quickly re-
moved, weighed and placed in ice-cold Tris-HCl buffer
(pH 7.4). It was kept on a small ice-slab and cut into
small pieces with scissors and homogenized immediately,
according to the method of Koyama et al.”. The homoge-
nate was centrifuged at 15000 g for 20 min. The resulting
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supernatant of the first homogenate thereafter was retai-
ned for biochemical estimations.

The role of nitric oxide synthase was indirectly asses-
sed by estimating the amount of nitric oxide produced by
Griess reacti0n16, which was expressed in the form of ni-
trite accumulation. In brief, 100 ul of tissue extract was
mixed with 100 ul of Griess reagent [equal volumes of
1% (w/v) sulphanilamide in 5% (v/v) phosphoric acid and
0.1% (w/v) napthylethylenediamine HCI] and incubated
at room temperature for 10 min, and then the product
formed was assayed at 550 nm in a UV-Double Beam
Spectrophotometer (Shimadzu 160A). The amount of ni-
trite in the samples was calculated in pM unit from a so-
dium nitrite standard curve.

The role of lipid peroxidase was assessed by studying
the level of formation of malondialdehyde, an indicator
of lipid peroxidation, by following the method as des-
cribed elsewhere!”. In brief, to 2ml of tissue extract was
added 1 ml of 20% trichloroacetic acid and 2 ml of 0.67%
(w/v) thiobarbituric acid and the contents were heated in
a lightly-stoppered tube for 10min in a boiling water
bath. It was cooled and then centrifuged to precipitate out
the protein. The colour developed in the supernatant was
assayed at 530 nm in a UV-Double Beam Spectrophoto-
meter.

Pancreatic tissue both from control and experimental
animals was selectively taken from the gastro-splenic por-
tion and formol-fixed. Paraffin blocks were prepared,
4-5 ym thin sections were cut with a high-precision micro-
tome (IEC Minotome, USA) and stained with haematoxy-
lene—cosine'®. Stained slides were light-microscopically
examined.

Data are expressed as mean * SE. Significance was de-
termined by Student’s z-test. Analysis was performed us-
ing PSI-PLOT, version 2.0 (Poly Software International,
1992, 1993) with a significance level of P < 0.05.

The effects of arsenic-treatment on glycemic response
of rabbits are shown in Figure 1. Results indicate that after
oral glucose administration, there was a marked differ-
ence in peak blood glucose level for control and arsenic-
treated rabbits. They were found to be respectively,
163.2+1.87 and 207.5+2.44 mg glucose per dl blood. The
time required for peak blood glucose rise in case of arse-
nic-treated group was 60 min, while in the control group
it was more rapid and required only 30 min. In the control
group, maximal percentile rise in blood glucose, compa-
red to fasting level, was 107 at 30 min and thereafter the
blood glucose level recovered gradually. When recovery
glycemic responses were compared against maximal gly-
cemic response, percentile recovery responses were 13, 43
and 71 respectively, at 60, 90 and 120 min, and at
150 min the blood sugar level almost returned to its pre-
glucose administration level (94.5% recovery). In arsenic-
treated animals, compared to fasting level, maximal per-
centile rise in blood glucose level was 188.6 at 60 min and
thereafter, compared against maximal glycemic response,

CURRENT SCIENCE, VOL. 86, NO. 6, 25 MARCH 2004

the percentile recovery was only 26, 33 and 38 respec-
tively, at 90, 120 and 150 min. Results of glycated hae-
moglobin estimation are presented in Table 1. Results
show that, compared to control, glycated haemoglobin
level was significantly increased (P <0.001) in all arse-
nic-treated animals. In the control it was 6.64 +0.34,
which was within the expected values for non-diabetic
condition, according to the kit specification. In arsenic-
treated animals the level was 11.44 +0.48, which accord-
ing to kit specifications showed poor glycemic control.
Table 1 also shows the results of experiments for serum
amylase activity of both control and arsenic-treated ani-
mals. Serum amylase activity is expressed in terms of
Somogyi amylase unit/dl and, compared to control, in the
arsenic-treated group it was found to increase signifi-
cantly from 292 £ 31 to 421 £ 26 (P < 0.001).

Results of islet cell studies of both control and arsenic-
treated groups of animals are shown in Figure 2a and b.
Compared to the control, the number of cells in the islets
of arsenic-exposed group were markedly low.
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Fig 1. Oral gl tol. test (OGTT) trol and

treated (1.5 mg/kg body wt/day for 30 days) rabbits, expressed in terms
of mg glucose per dl blood. Number of animals used in both control
and arsenic-treated groups was 5. Open circles denote control and filled
circles denote arsenic-treated animals.

Table 1. Effect of oral exposure of arsenic trioxide (As;0s; 1.5 mgkg
body wt/day for 30 days) on HbA;, and serum amylase activity of
rabbits

Arsenic-treated  Per cent
Parameter studied Control animals increase
HbA, (%) 6.64+0.34 11.44 +0.48% 72
Serum amylase 292 +31 421 + 26* 44
(Somogyi amylase unit/dl)
Values are expressed as mean £ SE (n = 5); *P < 0.001.
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Figure 2. Haematoxylene—cosine stained section (x 50) showing morphology and population of cells in pancreatic islet of (&) control
rabbits and (b) arsenic-treated (1.5 mg/kg body wt/day for 30 days) rabbits. a, Control: No pathologic changes were seen. Normal archi-
tecture of pancreatic islet and surrounding acini was vivid. Islet size and cell population were normal. Capillary number in islet seemed
normal. b, Arsenic-treated: Typical characteristics of islet cell injury are present. Islets were shrunken, cell numbers were reduced, cap-

illary number and diameter were increased.

Table 2. Effect of oral exposure of arsenic trioxide (As20s3;1.5mgkg
body wt/day for 30 days) on NO and MDA production in pancreatic
tissue extract of rabbits

Arsenic-treated Per cent

Parameter studied Control animals increase
NO (umol/mg wet tissue)  0.677 £0.03 1.212 £0.09* 79
MDA (nmol/mg wet tissue) 1.18£0.102  1.83 £0.07* 55

Values are expressed as mean £ SE (n = 5); *P < 0.05.

Table 2 shows the results of experiments for nitrite ac-
cumulation in the pancreatic tissue of both control and arse-
nic-treated animals. Nitrite accumulation, an indicator of
nitric oxide synthesis, was expressed in terms of uM/mg
of tissue and, compared to control, in the arsenic-treated
group it was found to increase significantly from 0.677 £
003 to 1.212120.09 (P<0.01). Table 2 also shows the
results of lipid peroxidation in pancreatic tissue of both
control and arsenic-treated animals. Alteration in
malondialdehyde (MDA) formation, an indicator of lipid
peroxidation, was expressed in terms of nM/mg of tissue
and, compared to control, in the arsenic-treated group it
was found to increase significantly from 1.18£0.102 to
1.83+0.07 (P <0.01).

The present study revealed that oral exposure of arse-
nic trioxide possibly produces diabetes mellitus in rab-
bits, manifested by alteration of normal features of OGTT,
viz. changes in peak glycemic response and a typical de-
lay in recovery of normal blood glucose level (Figure 1).
These changes thus corroborated well with the findings of
earlier survey reports that arsenic might induce diabetes
mellitus' . Results of glycated haemoglobin (Table 1)
further substantiated our observations of OGTT, as gly-
cated haemoglobin reflects on a relatively more precise
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index of the degree of diabetes than glucose itself'®. This
study further provided the experimental demonstration
that in rabbits, chronic oral exposure to arsenic trioxide in
situ caused significant decrease in population of pancre-
atic islet cells (Figure 2a and b), a typical histological
feature which may be compared with development of in-
sulin-dependent diabetes mellitus caused by beta-cell injury
from specific toxic substances bypassing an autoimmune
requirementlg. Our results of serum amylase activity
(Table 1) further indicate that arsenic administration caused
severe pancreatic damagezo, including possibly the dam-
age of islet cells. Oxidative stress has been recognized as
a major component in the chain of pathogenic events that
cause late complications in diabetes mellitus'®. It is con-
sidered as a major contributor to vascular and neurologi-
cal complications of patients with diabetes mellitus?'~°.
It has also been reported that oxidative stress is involved
in the cytotoxicity and genotoxicity of arsenic® and such
arsenic-induced oxidative stress has been suggested to be
due to the generation of NO, which can cause DNA dam-
age and activate poly(ADP-ribose) polymeraseg, a major
cause of islet cell damage in diabetes?’. In our study, the
increase in production of NO in the arsenic-treated group
compared to control was 79% (Table 2), suggesting that
such high overproduction of NO possibly was pathologi-
cal, as has been manifested by significant reduction in is-
let cell number.

Lipid peroxidation, compared to control, significantly
increased in arsenic-treated animals in our study (Table
2), thus corroborating well with the earlier speculations
that arsenite induces oxygen free radicals or promotes
formation of lipid peroxidesg, and high levels of such
lipid peroxidation products have been indicated in the de-
velopment of diabetes™® " Thus, it may be proposed that
chronic oral arsenic exposure possibly causes significant
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damage to pancreas, particularly endocrine cellular com-
ponents of pancreatic islets and thus may be responsible
for transforming the normal physiological features of the
OGTT curve to diabetic form.

In summary, we have demonstrated that rabbits on

chronic oral exposure to arsenic, possibly develop an
oxidative stress to cause deleterious effects on the endo-
crine pancreas. These effects could be, at least in part, the
mechanism of action by which arsenic causes diabetes
mellitus.
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