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ABSTRACT

The aim of this study was to evaluate the effect of curcumin on blood glucose level and
neurobehavioral response in Alloxan-induced diabetic Swiss Albino mice. The animals were divided
into five (5) groups of four each (n=4). Group | served as control and received distilled water, group
I, I, IV and V were diabetic and received olive oil 1 ml/kg, glibenclamide 1 mg/kg, curcumin 50
mg/kg and curcumin 100 mg/kg respectively. Diabetes was induced using Alloxan (150 mg/kg). All
administrations were done for duration of 21 days. Blood glucose level was determined using
glucose oxidase principle and cognitive impairment was determined using novel object recognition
task (NORT). The result obtained from this study showed that curcumin at both doses (50 mg/kg
and 100 mg/kg) significantly (p < 0.05) reduced the fasting blood glucose level and recorded an
improvement in memory, recognitive and discriminatory indices when compared with the diabetic
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control group. This study demonstrated that curcumin significantly (p < 0.05) attenuated diabetes-
induced cognitive impairment in the NORT. The findings of this study suggest that curcumin may
ameliorate diabetes-induced cognitive impairment in Swiss albino mice.

Keywords: Curcumin; cognitive impairment; mice; diabetes.

1. INTRODUCTION

Chronic high blood glucose levels have been
shown to have negative effects on cognitive
functions and brain structure [1]. Hyperglycemia
is a characteristic in both T1DM and T2DM.
Numerous studies have demonstrated a close
relationship between glucose intolerance and
cognitive decrements and dementia [2]. It has
been shown that people with poor glycemic
control, with glycosylated hemoglobin (HbA1c)
higher than 7.0%, have a 4-fold higher risk of
developing cognitive impairment [3]. Similarly, an
inverse association of HbA1c and cognitive
function such as working memory, learning, and
executive functioning has been observed in
T2DM patients [1,4].

It has been shown that cognitive deficit caused
by hyperglycemia in diabetic rat is associated
with an increase in ROS levels and reduction of
antioxidant levels [5,6]. In addition, increased
ROS generation has been shown to activate
various cellular signaling pathways, such as the
polyol pathway, protein kinase C activation and
increase of glucose shunting via the hexosamine
pathway, all of which are related to neuronal
injury and cerebral damage [7].

Turmeric (Curcuma longa) is an intriguing
ingredient with a rich history as a dietary spice
and herbal supplement in ancient China and
India. This distinctive yellow- colored spice,
derived from the rhizome of the plant (C. longa),
is a member of Zingiberaceae family and is
widely cultivated in India and Southeast Asia.
The use of turmeric in Asia dates back more than
2000 years where it was used in cooking,
medicine, cosmetics and fabric dyes [8]. In
traditional medicine turmeric is used to enhance
the immune system and as a cure for different
respiratory diseases such as asthma and for
allergy [9]. Turmeric has also been ftraditionally
used for the treatment of diabetes, cough,
sinusitis, flu, rheumatism and liver disorders.
Meanwhile, traditional Chinese  medicine
practitioners regularly use turmeric for treating
abdominal pain associated diseases [10]. It has
widely been accepted since ancient times that
this polyphenol compound possesses anti-

inflammatory properties [10]. Advancements in
modern medicine have revealed many unknown
medicinal properties of turmeric which include
anti-oxidant, anti-mutagenic, anti-cancer, anti-
microbial and anti-cardiovascular activities [9].
Studies have also strongly indicated that
curcumin, the active compound in turmeric, is
the key ingredient responsible for the major
therapeutic activities of turmeric [10]. The aim of
the study was to determine the effect of curcumin
on blood glucose level and some
neurobehavioral responses in alloxan-induced
diabetic Swiss albino mice.

2. MATERIALS AND METHODS
2.1 Chemicals and Drugs

All chemicals and drugs were of analytical grade.
Curcumin was purchased from Arkure Health
Center (Haryana, India). Alloxan was purchased
from (Sigma chemical Company St. Louis
U.S.A). A digital glucometer (Accu-Chek
Advantage, Roche Diagnostic, Germany) was
used for the determination of the blood glucose
levels of the animals.

2.2 Experimental Animals

A total of twenty (20) Swiss Albino Mice of both
sexes weighing (20 — 30) grams were used for
the study. The animals were housed in plastic
cages under standard laboratory conditions with
free access to food and water. Animals were
allowed for two weeks to acclimatization to
the laboratory environment before the
commencement of the experiments.

2.3 Induction of Diabetes

The animals were fasted for 12-16 h with free
access to water prior to the induction of diabetes.
It was induced by single intraperitoneal injection
of Alloxan monohydrate (Sigma St. Louis,
U.S.A.) at a dose of 150 mg/kg b w dissolved in
0.9% cold normal saline [11]. The mice were kept
for the next 24 h on 5% glucose solution bottles
in their cages to prevent hypoglycemic [12]. The
blood samples were obtained from the tail. A
digital glucometer was used to measure the



Garkuwa et al.; JAMPS, 14(1): 1-7, 2017; Article no.JAMPS.34323

blood glucose levels using glucose oxidase
principle [13]. Hyperglycemia was defined by
fasting blood glucose level > 200 mg/dl [14].

2.4 Experimental Design

The animals were randomly divided into five (5)
groups of four (4) mice each. Curcumin and
glibenclamide were dissolved in olive oil and
distilled water respectively. Administrations were
done orally for duration of 21 days as follows

Group I: Normoglycemic, received distilled water
Group llI: Diabetic, received olive oil 1 mi/kg

Group llI: Diabetic, received glibenclamide (glib)
1 mg/kg

Group IV: Diabetic, received curcumin (cur) 50
mg/kg

Group V: Diabetic, received curcumin (cur) 100
mg/kg

2.5 Estimation of Blood Glucose

The blood samples were obtained from the
animal tail vein. A glucometer was used to
measure the blood glucose levels using glucose
oxidase principle [15] using the digital glucometer
(Accu-Check Advantage, Roche Diagnostic,
Germany), and results were obtained as mg/dL
[16].

2.6 Novel Object Recognition Task

This task comprised a sample phase and a test
phase separated by a 24 hours delay. In the
sample phase, the mice were presented with two
same objects. These objects will be placed in the
corners of an arena 15 cm from each adjacent
wall. Each rat will be placed in the center of the

arena and allowed to explore the objects for 5
min, between the sample and test phases, all of
the objects were cleaned with alcohol to remove
olfactory cues. In the test phase, one of the
objects was changed, and the mice were allowed
to explore the objects for 5 min. The time spent
exploring the two objects that had changed was
compared with the time spent exploring the other
object using the following equations [17-20].

Difference = Tn — Tf (Tn = time spent
exploring the novel object, Tf = time spent
exploring the familiar object).
Discriminative Index (DI) = In-Tf
Tn+Tf
Recognitive Index (RI) = —— x 100

Tn+Tf
2.7 Statistical Analysis

Data obtained were expressed as mean + SEM.
The data were statistically analyzed using
ANOVA followed by Tukey’s post hoc analysis to
compare the level of significance using Statistical
Package for Social Sciences (SPSS) version 22.
The value of p < 0.05 was taken as significant.

3. RESULTS AND DISCUSSION

Table 1 showed the results of the effects of
Curcumin (50 mg/kg and 100 mg/kg) on blood
glucose level of alloxan-induced diabetic Swiss
albino mice. The Curcumin treated groups
showed significant (p < 0.05) decrease in the
fasting blood glucose levels after 21 days of
administration, when compared to diabetic
control group (group Il) treated with olive oil with
values of 108.25 + 16.01 mg/dl and 114.75 *
5.56 mg/dl (with percentage glycemic change of
59.73% and 61.00%) for 50 mg/kg and 100
mg/kg compared to 221.50 + 6.12 mg/dl (8.00%)
respectively.

Table 1. Effect of curcumin on fasting blood glucose levels of Alloxan-induced diabetic Swiss

albino mice
Groups Day 0 (mg/dl) Day 21 (mg/dl) PGC (%)
Normal control 96.25 £ 6.79 94.00 + 6.12° 2.34
Diabetic control 240.75 £ 5.85 221.5 + 14.03° 8.00
Glib 1 mg/kg 272.75+£14.53 126.5 + 11.32%° 53.62
Cur 50 mg/kg 267.50 £ 11.53 108.25 + 16.01%° 59.73
Cur 100 mg/kg 294.25 + 31.15 114.75 + 5.56%° 61.00

Values having superscript letter are statistically significant (p < 0.05); a = compared with diabetic control,
b = compared to day 0; Glib = glibenclamide, cur = curcumin and PGC = percentage glycemic change
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The result obtained in this study showed that
curcumin at both doses significantly (p < 0.05)
decreased the fasting blood glucose level when
compared to the diabetic control group on day
21. The decrease in the fasting blood glucose
level observed in the present study suggest that
daily administration of curcumin has significantly
decreased the blood glucose level as compared
to diabetic control. This implies that curcumin has
strong antihyperglycemic effect. The results also
indicated that the two doses of curcumin and
standard anti-diabetic drug, glibenclamide,
showed a significant decreased in the blood
glucose levels after 21 days treatment. Hence
suggesting that curcumin might have led to the
recovery of the pancreatic beta cells and or
increase  peripheral insulin  utilization by
increasing tissue sensitivity to insulin. However
the two doses of curcumin given have higher
percentage glycemic change (PGC) compared to
the standard anti-diabetic drug as showed in
Table 1. Furthermore, when compared with the
treatment groups and normoglycemic control
group, showed a significant increase. The result
of the present study agrees with the findings of
Sharma et al. [21] who also demonstrated
that curcumin alleviates fluoride induced
hyperglycemia in rats.

Table 2. Show the results of the effects of
curcumin (50 mg/kg and 100 mg/kg) on short
term memory of alloxan-induced diabetic Swiss
albino mice. The curcumin treated groups
showed significant (p < 0.05) increase in the time
spent exploring the novel object after 21 days of
administration, when compared to the pre-
treatment (day 0) with values of 11.66 + 9.39
seconds and 14.85 + 6.46 seconds compared to
the -11.20 + 0.55s and -10.90 * 6.46 seconds
respectively.

The short term memory version was assessed
using the NORT. It is the difference between the

time spent exploring novel object and time spent
exploring the familiar object. From the results
obtained in this study, there is no significant (p <
0.05) difference between the curcumin treated
groups and the diabetic control group after
treatment. This may be because the mice were
able to adapt to the condition and surrounding
environment. Also, the result from the curcumin
treated groups indicates  clearly  that
hyperglycemia is associated with short term
memory impairment and that the curcumin at
both doses significantly (p < 0.05) improved the
short term memory of the mice considering the
pre-treatment (day 0) and post-treatment (day
21) respectively. This may be associated with the
antihyperglycemic effect of curcumin and its
antioxidant properties [22]. Hyperglycemia and
reactive oxygen species are the leading causes
of dementia and cognitive deficits.
Hyperglycemia is one of the leading cause of
neurotoxicity and cognitive impairment through
increase generation of ROS, activation of
polyol pathway and advanced glycation end
products and glucose shunting into hexosamine
pathway which lead to end organ damage
and neuronal death [4,23]. This finding
agree with the report of Jithendra and Talasila,
[24] who reported improvement in short term
memory of curcumin treated experimental
animals in statin induced short term memory loss
in rats.

Table 3 Showed the results of the effects of
curcumin (50 mg/kg and 100 mg/kg) on
discrimination index level of alloxan-induced
diabetic Swiss albino mice. The curcumin
treated groups showed significant (p < 0.05)
increase in discrimination after 21 days of
administration, when compared to the
pre-treatment (day 0) with values of 0.39 + 0.04
and 0.24 * 0.21 seconds compared to the
-044 £+ 0.03 and -0.27 % 0.11 seconds
respectively.

Table 2. Effect of curcumin on the difference using NORT in Alloxan-induced Diabetic Swiss

albino mice
Groups Day 0 (sec) Day 21 (sec)
Normoglycemic control 24.00 + 10.41 16.45 + 1.86
Diabetic control -5.00 £4.77 0.85+4.88
Glib 1 mg/kg -8.03 £ 0.49 8.80 + 3.31°
Cur 50 mg/kg -11.20 £ 0.55 11.66 = 9.39°
Cur 100 mg/kg -10.90 £ 6.40 14.85 + 6.46°

Values having superscript letter a are statistically significant (p < 0.05) compared with day 0.
Glib = glibenclamide, cur = curcumin
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Table 3. Effect of curcumin on discriminatory index of Alloxan-induced Swiss albino mice

Groups Day 0 (sec) Day 21 (sec)
Normoglycemic control 0.28 £0.11 0.34 £ 0.05
Diabetic control -0.15+£0.14 0.04 £0.19
Glib 1 mg/kg -0.17 £ 0.01 0.28 +0.12°
Cur 50 mg/kg -0.44 £ 0.03 0.24 +0.21°
Cur 100 mg/kg -0.27 £ 0.11 0.39 + 0.04°

Values having superscript letter a are statistically significant (p < 0.05) compared with day 0. Glib =
glibenclamide, cur = curcumin

The discriminatory index was assessed using the
NORT. The findings of this study does not show
any significant change (p < 0.05) when
compared to the diabetic control group. Although
the difference in the discrimination ability of the
experimental animals between pre-treatment
(day 0) and post-treatment (day 21) in the
diabetic control group is not significant, the
animals show some degree of improvement
which may be associated with some degree of
learning or the effect of olive oil. Also, from the
result observed in the curcumin treated group, it
is evident that hyperglycemia is associated with
impairment of discrimination ability in the
experimental animals which was significantly (p <
0.05) improved by the daily administration of

80

70

60 %

curcumin as seen in the groups treated with
different doses of curcumin. There was no
statistically significant (p < 0.05) difference
between the curcumin treated groups and the
standard anti-diabetic drug treated groups.

Fig. 1. Showed the results of the effects of
curcumin (50 mg/kg and 100 mg/kg) on
recognition index of alloxan-induced diabetic
Swiss albino mice. The curcumin treated groups
showed significant (p < 0.05) increase in the
recognition after 21 days of administration (post-
treatment), when compared to the pre-treatment
(day 0) with values of 63.71 £ 2.95 and 58.17 +
2.55 seconds compared to the 36.04 + 8.19 and
38.20 £ 4.73 seconds respectively.

Normal control Diabetic control

Glib 1 mg/kg

Cur 50 mg/kg Cur 100 mg/kg

Oday 0 @Eday21

Fig. 1. Effect of curcumin on recognitive index using NORT in alloxan-induced diabetic Swiss
albino mice
Values with error bars having different superscripts are significantly (p < 0.05) different; a and b = compared to
diabetic control and day 0 respectively. Glib = glibenclamide, cur = curcumin
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The findings for recognitive index of this study
does not show any significant (p < 0.05) change
when compared to the diabetic control group.
Although the difference in the recognition ability
of the experimental animals on day 0 and 21 in
the control group is not significant, the animals
show some degree of improvement which may
be associated with some degree of learning or
the effect of olive oil on retention. Also, from the
result observed in the same group, it is evident
that hyperglycemia impair retention ability in the
experimental animals which was significantly
(p < 0.05) improved by the daily administration of
curcumin as seen in the groups treated with two
doses of curcumin (50 and 100 mg/kg) on day 0
and 21 respectively. This improvement may be
associated with the antihyperglycemic together
with the effect of curcumin on inflammation as
reported by Al Rubaei et al. [25]. Inflammation
has been implicated in the pathogenesis and
progression of cognitive impairment (CI) through
the numerous proinflammatory markers and
cytokines, such as C-reactive protein (CRP),
tumor necrosis factor-a (TNF-), interleukin- (IL-)
18, and IL-6, which have been shown to be
upregulated in both T1DM and T2DM [26].

4. CONCLUSION

In conclusion, oral administration of curcumin
has significant antihyperglycemic activity and
improves social memory on diabetic Swiss albino
mice and this positive effect is comparable to or
even stronger than that of standard anti-diabetic
drug (glibenclamide). This may justify the use of
supplements in the management of memory loss
in diabetes and the use of curry powder which is
rich in curcumin might be considered.
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