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Abstract

Alloxan, also referred to by its chemical name 5,5-dihydroxyl pyrimidine-2,4,6-trione, is a carcinogen, cytotoxic glucose
analog, and organic compound. Alloxan is one of the common diabetogenic agents frequently used to evaluate the antidiabetic
potential of both pure compounds and plant extracts. Alloxan has been administered in single or multiple doses via a variety
of routes. Through the GLUT2 glucose transporter, toxic glucose analogs such as alloxan and streptozotocin preferentially
accumulate in pancreatic beta cells. Dialuric acid, the reduction product of alloxan is produced in a cyclic redox reaction
with reactive oxygen species (ROS) in the presence of intracellular thiols particularly glutathione. Dialuric acid undergoes
autoxidation, producing superoxide radicals, hydrogen peroxide, and hydroxyl radicals in the last stage of the reaction that
is catalyzed by iron. The death of the beta cells, which have a notably low capacity for antioxidant defense, turmeric is a
rhizomatous perennial medicinal plant (Curcumalonga) that has been used since ancient times in Asian countries such as
China and Southeast Asia. Curcumin supports novel signaling mechanisms involved in the pathophysiology of diabetes,
including glucagon-like peptide-1, dipeptidyl peptidase-4, glucose transporters, a-glycosidase, a-amylase, and peroxisome

proliferator-activated receptor y (PPARY), in addition anti-inflammatory and antioxidant activities.
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Introduction

Alloxan, also referred to by its chemical name
5,5-dihydroxyl pyrimidine-2,4,6-trione, is a carcinogen,
cytotoxic glucose analog, and organic compound [1]. The
compound’s relative molecular mass is 142.06, and its
molecular formula is C,H,N,O,. In studies involving diabetes,
alloxan is one of the common diabetogenic agents frequently
used to evaluate the antidiabetic potential of both pure
compounds and plant extracts. The two most often used
diabetogenic agents in studies are streptozotocin (STZ) and
alloxan. Other known diabetogenic agents include dithizone,
monosodium glutamate, gold thioglucose, high fructose
load, high glucose load, and anti-insulin serum. Animals

A Review on Glaucoma: Causes, Symptoms, Pathogenesis & Treatment

administered or injected with alloxan can develop alloxan-
induced diabetes, a type of insulin-dependent diabetes
mellitus [2,3]. Numerous animal species, including cats, dogs,
mice, rats, rabbits, and monkeys, have all had it successfully
induced [4,5]. Alloxan has been administered in single
or multiple doses via a variety of routes (intraperitoneal,
intravenous, and subcutaneous); the most commonly used
mode appears to be the single intraperitoneal administration.
The medication’s dosage varies as well between studies; it
ranges from 90 to 200 mg/kg of body weight (BW), with
the most common dosage being 150 mg/kg BW. The species
of animal, the method of administration, and the state of
nutrition have all been thought to affect the amount of
alloxan that is suitable for inducing diabetes [6].
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Through the GLUTZ2 glucose transporter, toxic glucose
analogs such as alloxan and streptozotocin preferentially
accumulate in pancreatic beta cells. Dialuric acid, the
reduction product of alloxan, is produced in a cyclic redox
reaction with reactive oxygen species (ROS) in the presence
of intracellular thiols, particularly glutathione. Dialuric
acid undergoes autoxidation, producing superoxide
radicals, hydrogen peroxide, and hydroxyl radicals in the
last stage of the reaction that is catalyzed by iron. The
death of the beta cells, which have a notably low capacity
for antioxidant defense, and the subsequent condition of
insulin-dependent “alloxan diabetes” are ultimately caused
by these hydroxyl radicals. Alloxan functions as a thiol
reagent and selectively suppresses the release of insulin in
response to glucose by blocking the beta cell glucose sensor
glucokinase [7]. Inhibition of glucokinase reduces glucose
oxidation and ATP generation [8], thereby suppressing the
ATP signal that triggers insulin secretion [9]. Inhibition of
glucokinase is achieved within 1 min of exposure to alloxan).
After injection, a triphasic glycemic response is observed,
including initial hyperglycemia (1 to 4 hours later). And a
profound hypoglycemia (6-12 h) and persistent, marked
hyperglycemia after 24 hour and there is a very marked
reduction in plasma-insulin concentrations.

Inhibition of insulin secretion from the pancreatic beta
cells due to reactive oxygen species (ROS) attack accounts
for this phase of alloxan diabetogenicity. Turmeric is a
rhizomatous medicinal perennial plant (Curcuma longa)
and has a rich history of being used in Asian countries, such
as China and South East Asia [10,11]. The main natural
polyphenol in C.longa and in other Curcuma species is known
as either curcumin (1,7-bis(4-hydroxy-3-methoxyphenyl)-
1,6-heptadiene-3,5-dione) or diferuloylmethane [12].

Figure 1: Chemical Structure of Curcumin (C

0,).

21H20

Other curcuminoids such as demethoxycurcumin
and bisdemethoxycurcumin are structurally similar to
curcumin, differing only in the number of methoxy groups
on the aromatic ring. There is many treatment types of
diabetes mellitus each associated with special adverse
effects especially in older patients and in patients with
renal insufficiency so trends towards herbal treatment in
increasing nowadays therefore our work in concentrated
with herbal treatment of diabetes especially curcumin due
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to its antioxidant properties. The objective of this paper is
to show the effect of curcumin on alloxan induced diabetes
in mice and its role as complementary treatment in diabetes
patients.

Method

Experimental Animals

Albino mice of either sex weighing 25-35g maintained
in the animal house of Faculty of Medicine University of
Benghazi, Libya. The mice were bred in the faculty animal
house. All animals were housed in standard polypropylene
cages (48x35x22cm) and kept under controlled room
temperature (20+5 °C; relative humidity 60-70%) in a
12h light-dark cycle. The animals were given a standard
laboratory diet and free water. Food was withdrawn 12h
before and during the experimental hours.

The mice is divided into four groups each contain six mice

e Control group given normal saline in dose of 0.2ml each.

e Alloxan induced group given alloxan monohydrate in
dose of 150 mg/kg dissolved in 0.9 % normal saline
freshly prepared and given in dose of 0.2 ml. After six
hours 20% Dextrose in dose of 1 ml each mouse was
injected ip to avoid hypoglycemia, because alloxan
induced destruction of pancreatic B cells. Then 5%
Dextrose was given orally in the drinking water bottles
for twenty-four hours to avoid hypoglycemia, the animals
kept on normal diet for seven days, their plasma glucose
level were assessed by tail vein.

e Curcumin group: Given curcumin powder in a dose of
200 mg/kg dissolved in 300 ml of drinking water for
60 days, and after 24 hour of fasting blood glucose in
measured by Accu-Chek Guide Glucose Test Strips.

e Glibencalamide was given in a dose of 0.5mg/kg by
dissolving 5mg tablets of glibenclamide in 50 ml of
distilled water and mice given (0.3 ml orally ) and then
after 3 hours blood glucose was assessed, blood glucose
levels more than 250 mg/dL were classified as diabetics
and assigned to various experimental groups.

Results

Testing of Normality

There are two broad classifications of statistical tests
used in data analysis, namely parametric and non-parametric.
The use of parametric tests is considered appropriate when
the observations need to be normally distributed or normally
approximated. They are considered one of the critical
assumptions that must be made before using parametric
tests. However, if a sample does not degrade normally, a
nonparametric test is more appropriate than a parametric
test.
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The above Table 1 shows the Shapiro-Wilk test. In our
case, since we have only 5 elements, the Shapiro-Wilk test is
used hence we fail to reject the null hypothesis if p-value >
0.05 this mean we can reject the alternative hypothesis and
conclude that the data comes from a normal distribution. It
is obvious that parametric techniques are more suitable used
in this work.

Shapiro-Wilk
Statistic df Sig.
0.663 24 0.001
Table 1: Test of Normality.

The above Table 1 shows the Shapiro-Wilk test. In our
case, since we have only 5 elements, the Shapiro-Wilk test is
used. From the above table, the p-value < 0.05 we can reject
the null hypothesis and conclude that the data does not come
from a normal distribution. It is obvious that non-parametric
techniques are more suitable used in this work.

o Kruskal-Wallis Test: Is Non-parametric equivalent
to one-way ANOVA when dependent variable was
Continuous (scale) but not normally distributed used to
test the following hypothesis:

e The Main Hypothesis: There are no statistically
significant differences between means, and to answer
this question the test of Kruskal-Wallis Test was
conducted.

Table 2 represent the results of Kruskal-Wallis Test were
p <0.01, there is a significant difference between at least two
means and to find out which pairs are different see diagram
(Dotted line = significant difference between pairs).

N | Mean Rank
Control 18 43.22
Alloxan150 mg/kg 36 44.15
Alloxan and curcumin 200mg/kg 23 55.67
Glibenclamide 5m/kg 15 42

Table 2: Results of the Kruskal-Wallis Test.
Kruskal-Wallis H= 15.89, df=3, p-value=0.001

-

Figure 2: Pairwise Comparison.

Figure 3: Alloxan Induced Diabetes and Curcumin 200mg/dLl.

The diagram1 Post hoc tests shows the mean
rank for each method and an dotted line joins significantly
different pairs were the difference in the mean ranks Control
with Alloxan150 mg/kg and Glibenclamide 5m/kg with
Alloxan150 mg/kg was significant P< 0.05 indicate to that
the difference return to Alloxan150 mg/kg.
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Discussion

Diabetes mellitus (DM) and its associated complications
have had a significant impact on the quality of life of human
beings, and have become a major public health issue. Diabetes
mellitus is a measure of the antidiabetes function and
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relevance of therapeutic compounds, including medicinal
plants, in restoring glycemic balance (or homeostasis) in
patients with hyperglycemia. The most commonly used test
compounds for assessing their antidiabetes or hypoglycemia
capacity are Alloxan and streptozotocin (alloxan is much
less expensive and easier to obtain) than Streptozotocin.
Alloxan is used to induction of diabetes in mice in our paper
in accordance with another study done on rats. The animals
were fasted overnight with free access to water prior to
induction of diabetes [13]. Diabetes was induced by single
intraperitoneal injection of Alloxan monohydrate (Sigma St.
Louis, U.S.A.) at a dose of 150mg/kg body weight dissolved in
0.9% cold normal saline solution. Since Alloxan is capable of
producing fatal hypoglycemia because of massive pancreatic
insulin release, the rats were treated with 20% glucose
solution orally after 6h [14].

In our paper curcumin reduced blood glucose as shown
in the study done on rats for eight weeks rats with type 2
diabetes were given both low and high dose of curcumin.
The findings demonstrated that in type 2 diabetes mellitus
rats, high-dose curcumin significantly decreased liver
coefficient, malondialdehyde levels, triglycerides, total
cholesterol, low- density lipoprotein cholesterol, high-
density lipoprotein cholesterol, alanine aminotransferase,
and aspartate transaminase, as well as BCL2-Associated
X expression. In rats with type 2 diabetes mellitus, high-
dose curcumin enhanced the expression of liver B-cell
lymphoma-2, phosphatidylinositol 3-kinase, phosphorylated
phosphatidylinositol 3-kinase, protein kinase B, and
phosphorylated protein kinase B. It also increased the levels
of liver superoxide dismutase, catalase, and glutathione
[15]. Compound 4 [1,7-bis(3,4-dimethoxyphenyl)hepta-
1,6-diene-3,5-dione] was discovered to be a possible
hypoglycemic agent based on curcumin (at a dosage of
100 pg/kg), which decreased the concentration of glucose
in vitro. However, with a different curcumin derivative
[compound 10; 1,5-bis(4-hydroxy-3-methoxyphenyl)
penta-1,4-dien-3-one], the outcomes of in vitro and in vivo
experiments did not agree. Nonetheless, we think thatin vitro
testing could be crucial as preliminary screening methods
for assessing antidiabetic herbs or chemicals that could then
be investigated further in humans or animals. To precisely
determine the compound’s hypoglycemic mechanism, more
research will be needed [16].

Overall, all available in vivo animal studies examining the
effects of curcumin indicate significant improved glucose and
lipid homeostasis [17]. Serum glucose and lipid levels were
significantly reduced. Oxidative stress and lipid peroxidation
were reduced with curcumin treatment, while antioxidant
enzyme activities were increased. In addition, pro-
inflammatory cytokine levels and macrophage infiltration
to adipose and liver tissues were reduced. Furthermore,
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mitochondrial biogenesis was improved with curcumin
administration. Administration of curcumin to animal models
of diabetic nephropathy resulted in improved kidney function
[18]. Additionally, curcumin may regulate novel signaling
molecules and enzymes involved in the pathophysiology
of diabetes, including glucagon-like peptide-1, dipeptidyl
peptidase-4, glucose transporters, alpha-glycosidase,
alpha-amylase, and peroxisome proliferator-activated
receptor gamma (PPARY) [19]. However one of the reasons
for decreasing blood glucose after ingestion of curcumin
may be a reduction of the absorption rate of glucose in the
gastrointestinal tract due to inhibition of the Na* glucose
cotransporter [20]. One of the most important findings is
that Curcuma longa rhizome intake can stimulate secretion
of pancreatic glucose regulating hormones- insulin and C
peptide [21].
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