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ABSTRACT

Objective: To examine the effect of galangin on hyperglycemia-mediated oxidative stress in
streptozotocin (STZ)-induced diabetic rats.

Methods: Diabetes was induced by intraperitoneal administration of low-dose STZ (40 mg/kg
body weight (BW)) into male albino Wistar rats. Galangin (8 mg/kg BW) or glibenclamide
(600 pg/kg BW) was given orally, once daily for 45 days to normal and STZ-induced diabetic rats.
Results: Diabetic rats showed significantly increased levels of plasma glucose, thiobarbituric
acid reactive substances, lipid hydroperoxides, and conjugated dienes. The levels of insulin
and non-enzymatic antioxidants (vitamin C, vitamin E, reduced glutathione) and the activity
of enzymatic antioxidants (superoxide dismutase, catalase, glutathione peroxidase, and
glutathione-S-transferase (GST)) were decreased significantly in diabetic control rats. These
altered plasma glucose, insulin, lipid peroxidation products, enzymatic and non-enzymatic
antioxidants ions were reverted to near-normal level after the administration of galangin and
glibenclamide.

Conclusion: The present study shows that galangin decreased oxidative stress and increased
antioxidant status in diabetic rats, which may be due to its antidiabetic and antioxidant
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potential.

Introduction

Type 2 diabetes mellitus is the most common
metabolic disorder, characterized by hyperglycemia.
Diabetes mellitus affects more than 346 million
people worldwide and is likely to double by 2030
[1]. Previous study has associated oxidative stress
with the development of diabetes mellitus and its
complications [2]. Oxidative stress is associated with
increased generation of free radicals and decreased
antioxidant status. Chronic elevation of plasma
glucose is the cause for diabetic complications, such
as retinopathy, nephropathy, neuropathy, and cardio-
vascular damage [3,4]. Decreased antioxidant status
and increased free radicals results in tissue damage
[5]. Recent studies have shown that the treatment
with antioxidants can reduce diabetic complications
[6]. Efforts to discover new antioxidants drugs to
prevent diabetic complications are going on relent-
lessly. Flavonoids are a large group of polyphenolic
compounds that are found in various plants in
appreciable quantities. Several flavonoids have been
reported to possess antioxidant, antidiabetic, anti-
inflammatory, vasodilatory, and anti-carcinogenic
properties [7-9,19].

Galangin (3,5,7-trihydroxyflavone; Figure 1), a flavo-
noid dietary ingredient, found in honey and root of
Alpinia officinarum Hance has long been used in tra-
ditional medicine [10]. Galangin has antioxidant [11],
anti-obesity [12], and antiviral [13] properties. Galangin
inhibits cell proliferation and induces apoptosis in
several human malignancies, such as leukemia [14],
breast cancer [15], pancreatic cancer [16], gastric
cancer [17], colon cancer [18], and hepatocellular carci-
noma [19]. Galangin has also shown anti-inflammatory
properties [20]. A previous study has reported that the
administration of galangin prevents oxidative damage
in fructose-fed rats [11].

Streptozocin (STZ) inhibits insulin secretion and
causes a state of insulin-dependent diabetes mellitus
[21]. In our study, diabetes was induced by injecting
STZ in male albino Wistar rats. Glibenclamide is a com-
monly used drug in the management of hyperglycemia.
It is also used as the standard antidiabetic drug for the
STZ-induced diabetic animal model because it stimu-
lates insulin secretion from pancreatic B-cells (insulin
secretagogue) without any adverse effect. Therefore,
in this study, we have used glibenclamide for the com-
parison of efficacy of galangin in diabetic rats.
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Figure 1. Chemical structure of galangin.

We wanted to investigate the effect of galangin on
hyperglycemia-mediated oxidative stress in STZ-
induced diabetic rats as this has not yet been studied.

Materials and methods
Experimental animals

Male albino Wistar rats of body weight (BW) between
180 and 200 g were purchased from Central Animal
House, King Saud University. The animals were kept
in an air-conditioned room at 25+ 1°C and exposed
to a 12-hour light-dark cycle. The animals were fed
ad libitum (normal laboratory pellet diet). The pro-
cedures of animal care were in accordance with the
Research Centre Policy, King Saud University.

Drug and chemicals

Streptozotocin and galangin were purchased from
Sigma-Aldrich (St. Louis, MO, U.S.A.). All other chemi-
cals (analytical grade) were purchased from various
commercial suppliers.

Experimental induction of diabetes

Animals were fasted overnight and diabetes was
induced by an intraperitoneal injection of low-dose
STZ (40 mg/kg BW) which was freshly prepared with
citrate buffer (0.1 M, pH 4.5). After STZ injection,
glucose solution (20%) was given for 24 h to prevent
mortality. Blood was collected by retro-orbital puncture
and the diabetes was confirmed by measuring the
fasting plasma glucose (glucose oxidase method)
after 96 h of injecting STZ. Albino rats with plasma
glucose level above 220 mg/dl were considered dia-
betic and only those animals were used in this
experiment.

Acute oral toxicity study

Acute oral toxicity study was performed by the guide-
lines of OECD [22]. Male Wister rats weighing
180-220 g were used in this study and the animals
were divided into 5 groups each group containing
five animals. After overnight fasting of the animals (pro-
vided only water), the different doses of galangin such
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as 4, 40, 80, 160, and 320 mg/kg were administered
orally and the group was observed for any toxic symp-
toms, behavioral changes, locomotion, convulsions,
and mortality for 72 hours. In this study, the galangin
had no signs of toxicity even at the highest dose of
320 mg/kg. Therefore, in our study, we have chosen
4, 8, and 16 mg/kg doses of galangin for testing the
glucose lowering action, which is relatively safe and
can achieve the maximum protective activity in STZ-
induced diabetic rats.

Experimental design

Experimental protocol for phase | study

The animals were randomly allocated into seven groups
consisting of six animals each. Galangin (4, 8, and 16 mg/
kg BW) or glibenclamide (600 pg/kg BW) was dissolved
in 5% DMSO and administered by intubation (p.o.)
once a day, between 9 a.m. and 10 a.m,, for 45 days.

Group I: Normal rats (5% DMSO alone)

Group Il: Normal + galangin (16 mg/kg BW)

Group lll: Diabetic control

Group IV: Diabetic + galangin (4 mg/kg BW)

Group V: Diabetic + galangin (8 mg/kg BW)

Group VI: Diabetic + galangin (16 mg/kg BW)
Group VII: Diabetic + glibenclamide (600 pg/kg BW)

At the end of the treatment period, the animals were
fasted for 12 hours, anesthetized between 8:00 am
and 9:00 am using ketamine (24 mg/kg BW, intramus-
cular injection), and sacrificed by cervical dislocation.
The blood was collected in tube with ethylene
diamine tetra acetic acid (EDTA) for the separation of
plasma and the glucose and insulin evaluations were
carried out.

The dose of 8mg/kg BW showed maximum
improvement of glucose compared to other two
doses. Hence, the dose of 8 mg/kg BW was fixed as
an active dose and used for further experiment
throughout the study.

Experimental protocol for phase Il study

The animals were randomly allocated into five groups
consisting of six animals each. Galangin (8 mg/kg BW)
or glibenclamide (600 pg/kg BW) was dissolved in 5%
DMSO and administered by intubation (p.o.) once a
day, between 9 a.m. and 10 a.m., for 45 days.

Group I: Normal rats (5% DMSO alone)

Group II: Normal rats + galangin (8 mg/kg BW)

Group lll: Diabetic control

Group IV: Diabetic rats + galangin (8 mg/kg BW)
Group V: Diabetic rats + glibenclamide (600 pg/kg BW)

At the end of the treatment period, the animals were
fasted for 12 hours, anesthetized between 8:00 am
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and 9:00 am using ketamine (24 mg/kg BW, intramus-
cular injection), and sacrificed by cervical dislocation.
Blood sample was collected in tubes containing a
mixture of EDTA for the estimation of plasma lipid per-
oxidation and antioxidants. Tissue was sliced into
pieces and homogenized in appropriate buffer in
cold condition (pH 7.0) to give 20% homogenate. The
homogenate was centrifuged at 145xg for 10
minutes at 0°C in cold centrifuge. The supernatant
was separated and used for various biochemical
estimations.

Biochemical assays

Plasma glucose estimation

Plasma glucose was measured by the Trinder reagent
Kit method [23]. To 0.01 ml of plasma, standard and dis-
tilled water (blank) taken in separate tubes, 1.0 ml of
the enzyme reagent was added. The tubes were
mixed well and kept at room temperature. After 15
minutes, the color developed was read at 510 nm
against reagent blank. The values were expressed as
mg/d| of plasma glucose.

Plasma insulin estimation

The insulin level in plasma was estimated by the
method described by Birgi et al. [24]. Estimated
samples and standards containing insulin react with
antibodies coated on a microplate and with mono-
clonal antibodies labeled with horseradish peroxidase
(HRP). Standard, control, and sample (50 ul) was
added into the appropriate microplate wells. Antiserum
HRP conjugate (50 pl) was added into all the wells and
incubated at room temperature for 2 hours. The con-
tents were aspirated from each well and then 0.4 ml
of washing solution was added into each well. The
washing solution was also aspirated. This process was
done three times for complete washing. After
washing, 200 pl of the freshly prepared revelation sol-
ution was added into each well and the plates were
incubated for 15 minutes at room temperature.
Finally, 50 ul of arresting reagent was added into
each well. The absorbance was read at 450 nm.
Insulin concentration was expressed as U/ml of plasma.

Assay of thiobarbituric acid reactive substances

The thiobarbituric acid reactive substances concen-
tration (TBARS) in the plasma and tissues was assayed
by the method given by Niehaus and Samuelsson
[25]. An estimated sample (0.5 ml) was diluted with
0.5 ml of double distilled water and mixed well. TBA-tri-
carboxylic acid (TCA)-HCI reagent (2 ml of (1:1:1 ratio))
(0.37% thiobarbituric acid, 0.25 N HCl, and 15% TCA)
was added and placed in water bath for 15 minutes,
cooled, and centrifuged at 1000 g for 10 minutes. The
absorbance of clear supernatant was measured
against reference blank at 535 nM. The values were

expressed as mmol/dl of plasma or mmol/100 g of
tissues.

Assay of lipid hydroperoxides

The plasma and tissue concentration of lipid hydroper-
oxides (LOOH) was assayed by the method described
by Jiang et al. [26]. An estimated sample (0.1 ml) was
treated with 0.9 ml of Fox reagent (88 mg of butylated
hydroxytoluene, 7.6 mg of xylenol orange, and 9.8 mg
of ammonium iron sulfate added to 90 ml of methanol
and 10 ml of 250 mM sulfuric acid) and incubated at
37°C for 30 minutes. The color developed was read at
560 nm. LOOH were expressed as mmol/dl of plasma
or mmol/100 g of tissues.

Assay of conjugated dienes

The plasma and tissue concentration of conjugated
dienes (CD) was estimated by the method described
by Rao and Recknagel [27]. An estimated sample
(1.0 ml) was taken into tubes and mixed well with
5.0 ml of chloroform-methanol reagent (2:1 v/v) and
centrifuged for 5 minutes. To this, 1.5 ml of cyclo-
hexane was added and the absorbance was read at
233 nm against blank. The concentration of CD was
expressed as mmol/dl plasma or mmol/100 mg tissue.

Assay of superoxide dismutase activity

The tissue activity of superoxide dismutase (SOD) was
estimated by the method described by Kakkar et al.
[28] and 0.5 ml of estimated sample was diluted with
1ml of distilled water. Following that, 2.5 ml of
ethanol and 1.5 ml of chloroform (all reagents chilled)
were added into the sample and mixed well and then
centrifuged. The enzyme activity in the supernatant
was determined. The assay mixture contained 1.2 ml
of sodium pyrophosphate buffer (0.025 M, pH 8.3),
0.1 ml of 186 uM N-methyl dibenzopyrazine methyl
sulfate, 0.3 ml of 30 uM nitro blue tetrazolium (NBT),
and 0.2ml of 780 uM NADH, appropriately diluted
enzyme preparation and water in a total volume of
3 ml. Reaction was started by the addition of NADH.
After incubation at 30°C for 90 seconds, the reaction
was stopped by the addition of 1 ml glacial acetic
acid. The reaction mixture was stirred vigorously and
shaken with 4 ml of n-butanol. The intensity of the
chromogen in the butanol layer was measured at
560 nm against butanol blank. One unit of the
enzyme activity is defined as the enzyme reaction,
which gave 50% inhibition of NBT reduction in 1
minute under the assay conditions. The specific activity
of the enzyme was expressed as Unit/min/mg of
protein for tissues.

Assay of catalase activity

The catalase activity (CAT) was estimated by the
method described by Sinha [29]. The estimated
sample (0.1 ml) was taken into tube and the reaction



mixture (1.5 ml, vol) containing 1.0 ml of 0.01 M phos-
phate buffer (pH 7.0) and 04 ml of 2M H,0, was
added. Dichromate-acetic acid reagent (2.0 ml) (5%
potassium dichromate and glacial acetic acid were
mixed in 1:3 ratio) was added to stop the reaction.
Then the absorbance was read at 620 nm; CAT activity
was expressed as pmol of H,O, consumed/min/mg of
protein for tissues.

Assay of glutathione peroxides activity

The glutathione peroxides activity (GPx) was measured
in the tissues by the method described by Rotruck et al.
[30] 0.5 ml of estimated sample was taken into the tube
and 0.2 ml of Tris buffer, 0.2 ml of EDTA, and 0.1 ml of
sodium azide were added. 0.2 ml of GSH and 0.1 ml of
H,0O, were then added to the mixture. The contents
were mixed well and incubated at 37°C for 10
minutes. After 10 minutes, 0.5 ml of 10% TCA was
added to arrest the reaction. The tubes were centri-
fuged and the supernatant was assayed for GSH by
the method of Ellman [25]. The activity was expressed
as pmol of GSH consumed/min/mg of protein for
tissues.

Assay of glutathione-S-transferase activity
Glutathione-S-transferase (GST) activity was estimated
by the method described by Habig et al. [31]. To
0.1 ml of the estimated sample, 1 ml of phosphate
buffer, 0.1 ml of CDNB, and 0.7 ml of distilled water
were added. The mixture was incubated at 37°C for 5
minutes and then the reaction was started by adding
0.1 ml of 30 mM GSH. The change in absorbance was
read at 340 nm. Reaction mixture without the enzyme
was used as the blank. The activity of GST was
expressed as pg of CDNB conjugate formed/min/mg
protein.

Assay of reduced glutathione

The plasma and tissue level of GSH were assayed by the
method described by Ellman [32]. To 0.5 ml of esti-
mated sample, 2.0 ml of 5% TCA was added and then
centrifuged at 1000 g for 10 minutes. To 2.0 ml of
supernatant, 1.0 ml of Ellman’s reagent and 4.0 m| of
0.3 M disodium hydrogen phosphate were added.
The color developed was read at 412 nm. The
amount of glutathione (GSH) was expressed as mg/dl
of plasma or pg/mg of protein for tissues.

Assay of ascorbic acid (vitamin C)

The plasma and tissue vitamin C level was assayed by
the method described by Roe and Kuether [33]. To
0.5 ml of estimated sample, 1.5 ml of 6% TCA was
added and allowed to stand for 5 minutes and centri-
fuged. Acid washed activated charcoal (Norit) (0.3 g)
was added into the supernatant, mixed well and fil-
tered. This converts ascorbic acid to dehydroascorbic
acid. 0.5 ml was taken from the filtrate and 0.5 ml of
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DNPH was added and this was kept in a water bath
at 37°C for 3 hours. To this, 2.5 ml of 85% sulfuric
acid was added drop by drop placed in ice-cold
water. The contents of the tubes were mixed well
and allowed to stand at room temperature for 30
minutes. After 30 minutes, the color developed was
read at 540 nm. The values were expressed as mg/dl
of plasma or pg/mg of protein for tissue.

Assay of a-tocopherol (vitamin E)

The level of Vitamin E in plasma and tissues were
assayed by the method described by Baker et al. [34].
To 0.5 ml of estimated sample, 1.5 ml of ethanol was
added, mixed, and centrifuged. The supernatant was
evaporated and allowed to precipitate, 3.0 ml of pet-
roleum ether, 0.2 ml of 2, 2 dipyridyl solution, and
0.2 ml of ferric chloride solution were added, mixed
well, and kept at room temperature for 5 minutes.
4.0 ml of n-butanol was added to all the tubes and
mixed well. The color in the n-butanol layer was read
at 520 nm. The values were expressed as mg/dl for
plasma or ug/mg protein for tissue.

Statistical analysis

The values were analyzed statistically (SPSS software
package 9.05) using one-way analysis of variance
(ANOVA) and Duncan’s multiple range test (DMRT).
All the experimental results were expressed as mean
+S.D. from six rats in each group. P values <0.05
were considered as significant.

Results

Effects of galangin on plasma glucose and
insulin

Table 1 depicts the effect of galangin (4, 8, 16 mg/kg
BW) on plasma levels of glucose and insulin in
normal and diabetic rats. Diabetic rats showed signifi-
cantly increased level of plasma glucose and decreased
level of insulin as compared to control rats. After 45
days of oral administration of galangin or glibencla-
mide to experimental group of rats, plasma glucose
and insulin levels were similar to control rats. 8 mg/kg

Table 1. Effect of galangin on plasma glucose and insulin in
STZ-diabetic rats.

Groups Glucose (mg/dl) Insulin (uU/ml)
Control 89.93+474 1562+ 1.10°
Control + galangin (16 mg/kg BW) 85.11+4.94% 1577 +091°
Diabetic control 281.10+957°  6.01+044°
Diabetic + galangin (4 mg/kg BW) 179.86 + 0.86° 8.14+0.79°
Diabetic + galangin (8 mg/kg BW) 117.10£11.32¢ 12,08 + 1.04°
Diabetic + galangin (16 mg/kg BW) 140.53 +7.24° 1045+ 1.72¢
Diabetic + glibenclamide (600 ug/kg BW) 9949 +5.18" 1420+ 1.55°

Values are given as means + S.D. for six rats in each group.
abcdefyalyes not sharing a common superscript differ significantly at
P < 0.05. Duncan’s Multiple Range Test (DMRT).
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BW dose showed maximum improvement on glucose
levels than the other two (4 and 16 mg/kg BW) doses.
So 8 mg/kg BW dose was fixed as an optimum dose
and was used for further study.

Effects of galangin on TBARS, LOOH, and CD

Figures 2-4 show that the levels of TBARS, LOOH, and
CD in plasma and tissues were significantly higher in
diabetic rats as compared to that in normal rats. After
45 days of treatment with galangin or glibenclamide,
their levels were similar to that of normal control rats.

Effects of galangin on SOD, CAT, GPx, and GST

Figures 5-8 show that in diabetic rats, the action of
SOD, CAT, GPx, and GST was significantly decreased
as compared to that of normal control rats. After 45
days of oral administration of galangin or glibencla-
mide, enzymatic antioxidants status significantly
improved toward normal control rats.

Effects of galangin on GSH, vitamin C, and
vitamin E

Tables 2-4 show the levels of GSH, vitamin C, and
vitamin E (non-enzymatic antioxidants) in the plasma
and tissues of normal and diabetic rats. The levels of
GSH, vitamin C, and vitamin E were significantly less
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control rats. After 45 days of treatment with galangin
or glibenclamide, the levels of GSH, vitamin C, and
vitamin E were similar to that of normal rats.

Discussion

Streptozotocin produces permanent diabetes in many
animal species that resembles human diabetes patho-
physiologically [21]. Hence, STZ-induced diabetes rat
is considered to be an animal model for developing
new drugs for human diabetes. Currently available
oral antidiabetic drugs have certain drawbacks and
therefore there is a need to find safer and more effec-
tive drugs. Accordingly, the current study was designed
to investigate the ameliorative effect of galangin on
sustained hyperglycemia-mediated oxidative damage
in STZ-induced diabetic rats. As expected, STZ-
induced diabetic rats showed a significant increase in
plasma glucose and decrease in insulin levels when
compared to normal rats, which were brought back
to near-normal levels by the administration of galangin
or glibenclamide. The 4 mg/kg BW of galangin was not
effective, because its concentration was not enough to
counteract the antihyperglycemic activity on STZ-
induced diabetic rats. The 16 mg/kg BW (higher
concentration) of galangin might have resulted in the
production of by-products that could interfere with
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Figure 2. Effect of galangin on TBARS in the plasma and tissues of normal and STZ-induced diabetic rats. Values are given as means
+ SD from six rats in each group. Group 1 is significantly not different from group 2 (a, a) (P < 0.05). Group 4 and 5 are significantly

different from group 3 (b vs. ¢, a, d) (P < 0.05).
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Figure 4. Effect of galangin on CD in the plasma and tissues of normal and STZ-induced diabetic rats. Values are given as means +
SD from six rats in each group. Group 1 is significantly not different from group 2 (a, a) (P < 0.05). Group 4 and 5 significantly are
different from group 3 (b vs. ¢, ac, d) (P < 0.05).



296 A.A. ALOUD ET AL.

14 ~ -
PN
£ g 207 , a
e 124 o c ac
g 3
2 10+ & 15 A \ 1
= = e
E 87 £ X o
z £ 10 o S
> 6- 2 \ .
2 . 2 \ :;:;:;:;:3}
2 2 5 \ o
L2 : N\ g
s = e
E 0 : o . .'E 0 . . e
Group 1 Group2 Group3 Group4 Group 5 » Group1 Group2 Group3 Group4 Group 5
Group 1: Control Group 4: Diabetic + galangin (8 mg/kg BW)
Group 2: Control + galangin (8 mg/kg BW) Group 5: Diabetic + glibenclamide (600 ng/kg BW)

Group 3: Diabetic control

Figure 5. Effect of galangin on the activity of SOD in the liver and kidney of normal and STZ-induced diabetic rats. Values are given
as means + SD from six rats in each group. Group 1 is significantly not different from group 2 (a, a) (P < 0.05). Group 4 and 5 are
significantly different from group 3 (b vs. ¢, ac) (P < 0.05). U* = Enzyme concentration required for 50% inhibition of NBT reduction/
minute.

z 501
= 5
~ 100 ~ 'S a .
= b S
3 a 3 40 A c
2 i e
2 %0 a = I, B
2 : E 130 e
s = st
@ 60 b ¥ B
i e
E e = Rk
E s 2 b
d et a 20 A s
= 40 A i it
s s
= b 2 e
> > 10 1 L
20 1 ke 3 B
Q i = et
s e
5 0 B e E 0 Rz
s et I SN = == = S 0 B | I FRTES] M .-
> T T T T T T T
2
= Group I Group2 Group3 Group4 Group5 Group1  Group2 Group3 Group4 Group 5
Group 1: Control Group 4: Diabetic + galangin (8 mg/kg BW)
Group 2: Control + galangin (8 mg/kg BW) Group 5: Diabetic + glibenclamide (600 ng/kg BW)

Group 3: Diabetic control

Figure 6. Effect of galangin on the activity of catalase (CAT) in the liver and kidney of normal and STZ-induced diabetic rats. Values
are given as means + SD from six rats in each group. Group 1 is significantly not different from group 2 (a, a) (P < 0.05). Group 4 and
5 are significantly different from group 3 (b vs. d, e, ¢) (P < 0.05). U* = umol of hydrogen peroxide consumed/minute.

muscles and adipose tissue or by inhibiting hepatic glu-  of L-type calcium channels in pancreatic beta cells
coneogenesis. In addition, galangin potentiates insulin [38]. The exocytosis of insulin is a calcium-dependent
sensitivity [37]. Previous study has reported that flavo- process, and an increase in intracellular calcium con-
noid induces insulin secretion by the direct activation centrations ([Ca®*]) in pancreatic beta cells could
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Figure 7. Effect of galangin on the activity of GPx in the liver and kidney of normal and STZ-induced diabetic rats. Values are given
as means + SD from six rats in each group. Group 1 is significantly not different from group 2 (a, a) (P < 0.05). Group 4 and 5 are
significantly different from group 3 (b vs. ¢, a, ¢) (P < 0.05). U* = pmol of GSH utilized/minute.
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Group 4: Diabetic + galangin (8 mg/kg BW)
Group 5: Diabetic + glibenclamide (600 pg/kg BW)

Figure 8. Effect of galangin on the activity of GST in the liver and kidney of normal and STZ-induced diabetic rats. Values are given
as means + SD from six rats in each group. Group 1 is significantly not different from group 2 (a, a) (P < 0.05). Group 4 and 5 are
significantly different from group 3 (b vs. ¢, a) (P < 0.05). U* = ug of CDNB conjugate formed/minute.

Table 2. Effect of galangin on vitamin C in the plasma and
tissues of normal and STZ-induced diabetic rats.

Tissue vitamin C (ug/mg

Plasma vitamin C protein)
Groups (mg/dl) Liver Kidney
Control 2.09 +0.15° 0.85+0.06° 0.76 +0.05°
Control + galangin 2.15+0.19° 0.87 £0.07* 0.78 +0.06"
(8 mg/kg BW)
Diabetic control 079+006°  040+002° 0.60+0.05°
Diabetic + galangin 1.66 £0.13¢ 0.79+0.06° 0.81+0.07°
(8 mg/kg BW)
Diabetic + glibenclamide 1.81+0.10 0.81+0.05* 0.80 +0.06°

(600 pg/kg BW)

Values are given as means + SD from six rats in each group.
abcdyalues not sharing a common superscript differ significantly at P <
0.05. DMRT.

Table 3. Effect of galangin on vitamin E in the plasma and
tissues of normal and STZ-induced diabetic rats.

Tissue vitamin E (ug/mg

Plasma vitamin E protein)
Groups (mg/dl) Liver Kidney
Control 1.93+0.13° 534+041* 351+0.18°
Control + galangin 1.79+0.11° 522+030° 3.57+0.20"
(8 g/kg BW)
Diabetic control 068+004°  341+022° 1.39+009°
Diabetic + galangin 123 +0.10¢ 401+£034° 268+0.14
(8 mg/kg BW)
Diabetic + glibenclamide ~ 145+0.12°  4.56+038° 3.06 +0.28

(600 pg /kg BW)

Values are given as means + SD from six rats in each group.
abcdeyalues not sharing a common superscript differ significantly at
P <0.05. DMRT.

Table 4. Effect of galangin on reduced glutathione in the
plasma and tissues of normal and STZ-induced diabetic rats.

Tissue GSH (pg/mg protein)

Plasma GSH
Groups (mg/dI) Liver Kidney
Control 28.86 + 1.78° 1425+ 120 9.55+0.74°
Control + galangin 33.04 +2.85° 14.92+134% 9.97+1.62°
(8 mg/kg BW)
Diabetic control 16.65 +1.33" 5.06+0.36° 4.82+030°
Diabetic + galangin 23.98 + 1.56° 1208+ 1.0° 8.18+0.60°
(8 mg/kg BW)
Diabetic + 27.42 +2.64%¢ 1364+ 128" 8.89+0.57°
glibenclamide

(600 pg/kg BW)

Values are given as means + S.D. from six rats in each group.
ab<yalues not sharing a common superscript differ significantly at P < 0.05.
DMRT.

increase insulin secretion. We hypothesize that galan-
gin, a flavonoid, might have increased insulin secretion
by increasing intracelluar calcium by direct activation
of L-type calcium channels in pancreatic beta cells.
The molecular mechanism of galangin in increasing
the insulin level in STZ-induced diabetic rats should
be studied in future.

Oxidative stress is the result of free radical pro-
duction in excess that overwhelms the antioxidant
defenses in the body leading to cell damage. Chronic
hyperglycemia associated with diabetes enhances
free radical production and decreases endogenous
antioxidant defense, leading to tissue necrosis, inflam-
mation, fibrosis, and organ damage [39-41]. In our
study, we observed significantly increased levels of
lipid peroxidation markers, such as TBARS, LOOH, and
CD in STZ-induced diabetic rats, which is an indirect
evidence of increased free radical production [42].
Free radicals damage cell membranes through peroxi-
dation of unsaturated fatty acids. Thus, observed
results of lipid peroxidation evidence parameters
might be a reflection of increased generation of free
radicals in uncontrolled glycemic stage [40]. Oral
administration of galangin and glibenclamide to dia-
betic rats has reduced the levels of lipid peroxidation
markers to near normal. This denotes the antioxidant
property of galangin. Sivakumar and Anuradha [11]
reported that galangin protects cellular antioxidants
in fructose-fed rats. Thus, the antioxidant property of
galangin in STZ-induced diabetic rats might be due
to its direct protective action on cellular antioxidants.
Glibenclamides do not have direct antioxidant action
and its antioxidant property might be due to improved
glycemic control by increasing insulin levels.

Antioxidants play an important role in protecting
cells from the free radical damage. SOD, CAT, GPx,
and GST are the enzymes involved in antioxidant
defense mechanism. SOD protects the tissues against
oxygen free radicals by scavenging superoxide radical
(03). Catalase reduces H,0,, thereby protecting the
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cells from highly reactive OH radicals. Reduced gluta-
thione helps in decomposing glutathione peroxidase
(GPx) and GST to H,O molecule and other organic
hydroperoxides to non-toxic products. Similar results
(decreased activity of SOD, CAT, GPx, and GST) were
observed by Omotayo et al. [43]. Decreased activity
of enzymatic antioxidants might be due to its
inactivation by free radicals or by enzymatic glycation
[44-46]. Flavonoids contribute to the partial or total
alleviation of oxidative damage against diseases by
scavenging free radicals [47]. Our study shows that 45
days of treatment with galangin or glibenclamide sig-
nificantly increased the activity of all the antioxidant
enzymes (SOD, CAT, GPx, and GST) in diabetic rats.
Galangin, a dietary flavonoid, may protect the cells
from oxidative damage by decreasing the free radical
production and enhancing the antioxidant status.

Apart from the enzymatic antioxidants, non-enzy-
matic antioxidants also play a role in scavenging
oxygen free radicals, thereby preserving the cell func-
tion. Vitamins C and E are the antioxidants derived
from diet. Vitamin C is a hydrophilic molecule that
can sequester the singlet oxygen radical, alleviate the
hydroxyl radical, and regenerate active Vitamin E
from reduced vitamin E [48]. Vitamin E, a lipophilic anti-
oxidant, transfers its phenolic hydrogen to a peroxyl
free radical of peroxidized poly-unsaturated fatty acid.
This action breaks the radical chain reaction, thereby
preventing the peroxidation of membrane lipids [49].
In the present study, levels of vitamin C and vitamin
E were decreased significantly in STZ-induced diabetic
rats as documented earlier [43]. The decreased vitamin
Cand E levels in diabetic rats might be due to increased
utilization by reactive oxygen species. Oral adminis-
tration of galangin and glibenclamide significantly
improved the vitamin C and E levels, which could be
due to decreased utilization, improved glycemic
control, and decreased membrane damage as evi-
denced by decreased lipid peroxidation, and enhanced
antioxidant status.

Reduced glutathione protects cells from reactive
oxygen species by effectively scavenging free radicals
directly and indirectly through enzymatic reactions.
Reduced glutathione acts as a substrate for GPx and
GST and it is required for the recycling of vitamin C
[46]. In our study, the level of GSH was decreased sig-
nificantly in STZ-induced diabetic rats as reported
earlier [43]. Decreased level of reduced glutathione in
diabetic rats might be due to the increased utilization
for scavenging free radicals, and increased consump-
tion by GPx and GST. Oral administration of galangin
and glibenclamide to diabetic rats significantly
improved reduced glutathione level, which could be
due to the decreased utilization for free radical scaven-
ging, and improved glycemic control.

Flavonoids possess various beneficial biological
effects that include antioxidant activity [47]. The

dietary flavonoids scavenge free radicals by donating
a hydrogen atom from their hydroxyl group [50]. Pre-
vious studies have also reported that hydroxyl groups
play a vital role in antiradical activity [50,51]. Galangin
(3,5,7-trinydroxyflavone) can easily donate 3-hydroxyl
hydrogen and form 3-flavonoid phenoxyl radical [50].
The present study reveals that galangin enhances the
antioxidant status in STZ-induced diabetic rats. This
might be due to the free radical scavenging activity
of their hydroxyl groups and improved glycemic
control.

In conclusion, galangin significantly improves the
glycemic control and antioxidant status in STZ-
induced diabetic rats. Thus, we suggest that galangin
can be given as an adjunct therapy to control hypergly-
cemia-associated oxidative stress in diabetes. However,
the exact molecular mechanism of action of galangin
to prevent hyperglycemia-associated oxidative stress
in diabetes has to be studied in detail.
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