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ABSTRACT

Long-term effects of diabetes include serious health complications of liver and kidneys such as
diabetic hepatopathy, a glycogen load on hepatocytes, and nephropathy, the damage to the glomerular
capillaries. Polyphenols such as flavonoids have shown to possess effective antioxidant properties. In
this study, the effect of naringeninas an antitoxic, antioxidative, and antihyperglycemicagent was
studied and compared with standard L-ascorbic acid and metformin in diabetic Swiss albino mice.
Acute toxicity, blood glucose, glycosylated hemoglobin, serum hepatic marker enzymes, antioxidant
enzyme status both in vitro and in vivo, lipid peroxidation, histological examination, and transmission
electron microscopy studies were conducted in streptozotocin-induced diabetic mice. Diabetes was
induced by intraperitoneal injections with streptozotocin. Significantly higher levels of blood glucose
and glycosylated hemoglobin; elevated levels of serum hepatic marker enzymes; lower levels of the
antioxidative enzymes; and raised levels of malondialdehyde were seen. Hyperglycemia also affected
the liver and kidney tissues, as seen under both light and transmission electron microscope in diabetic
mice. Administration of intraperitoneal injections of naringenin to the diabetic mice for a period of 28
days prevented oxidative stress and lowered blood glucose and glycosylated hemoglobin including the
serum hepatic marker enzymes and lipid peroxidation. Acute toxicity studies revealed naringenin to
be less toxic. Further, histopathological and electron microscopy studies revealed the antioxidative
nature of naringenin. These results suggested the positive effects of naringenin in mice, proving its
further use in the management of diabetic hepatopathy and nephropathy.
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INTRODUCTION

Diabetes occurs when the body is
not able to produce enough insulin or is
unable to use insulin. ™ International
Diabetes Federation estimates 415 million
people worldwide, or 8.8% of adults aged
20-79 with diabetes, which is set to escalate
as high as 642 million people by 2040. %
Oxidative stress is found out to be a major
cause for the development of diabetes. !
The progression of diabetes has been
associated with the increase in the
production of free radicals [ and leads to a

decrease in the ability of defense by various
antioxidants. ! Many oral antidiabetic drugs
are available but these can have side effects,
with the most common ones being
hypoglycemia, diarrhea, weight gain, and
vomiting, and the rare ones being severe
hypoglycemia, edema, and heart failure.
Therefore renewed attention towards natural
medicines.  Flavonoids are naturally
occurring compounds in fruits, vegetables,
nuts, herbs, cocoa, and grain seeds, which
have shown to effectively scavenge free
radicals. I"? Naringenin is one such flavonoid
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(belonging to the class flavonones) found in
tomatoes and citrus fruits, especially
grapefruit and grapes, that has potential
antioxidative, ® prevents hyperinsulinemia,
1" regulates hypertension. ™ However, in-
depth studies with liver and kidneys are
inadequate, and hence in the present study
we have tried to find the antihyperglycemic
and antioxidative role of naringenin on liver
and kidneys in streptozotocin (STZ)-
induced Swiss albino mice.

MATERIALS AND METHODS
2.1 Chemicals

(x)Naringenin (95%), streptozotocin,
metformin, 1-chloro-2,4,dinitro  benzene
(CDNB), pyrogallol, and 2,2-diphenyl-1-
picryl hydrazyl (DPPH) were purchased
from Sigma-Aldrich Co. (St. Louis, MO,
USA); L-ascorbic acid was purchased from
Sisco Research Laboratory Pvt. Ltd. (SRL),
India. Glycosylated hemoglobin kit obtained
from Medsource Ozone Biomedicals Pvt.
Ltd. (Faridabad, India). STZ was stored at
2-4 °C and naringenin at 4-8 °C protected
from direct sunlight. All other chemicals
were procured from Merck Co. (Mumbai,
India), Sisco Research  Laboratories
(Mumbai, India), HiMedia (Mumbai, India),
and local standard suppliers and were of
analytical grade.
2.2 Experimental Animals

Male Swiss albino mice (Balb/C
strain), weighing 25-30 g were used in the
study. All the procedures were reviewed and
carried out in accordance with the

Institutional Ethics Committee (animal
models), North-Eastern Hill University,
Shillong, India, guidelines. Mice were
housed in polypropylene cages and

maintained at a temperature of 252 °C with
a 12-hour day-night cycle. They were
provided a standard laboratory feed
obtained from Amrut Laboratory, Pune,
India, and water was fed ad libitum.
2.3 Experimental induction of diabetes
mellitus

Prior to injections, mice were fasted
for a period of 6 h. Diabetes was then
induced by a single high dose of

intraperitoneal injection of STZ [120 mg/kg
body weight (b.w.)] dissolved in 0.1 M
citrate buffer (pH 4.5), ™ followed by
another 1ml of 5% glucose after half an
hour to prevent the sudden shock of initial
hypoglycemia because of marked release of
insulin from pancreas due to STZ toxicity.
(121 After 72 h, fasting blood glucose levels
were checked with SD Check glucometer
(SD Biosensor Inc., South Korea). Mice
with blood glucose concentration of and
above 200 mg/dl were selected and used for
the experiments.
2.4 Experimental design

The mice were divided into the
following groups with each group
comprising a total of six mice each:
Group A: Normal mice that received only
citrate buffer [10 ml/kg body weight (b.w.)
with pH 4.5]
Group B: Diabetic mice induced by STZ
injections intraperitoneally
Group C: Diabetic mice treated with
naringenin in 0.5% carboxymethyl cellulose
intraperitoneallyevery alternate day for a
period of 28 days
Group D: Diabetic mice treated with L-
ascorbic acid (50 mg/kg bw.)
intraperitoneallyevery alternate day for a
period of 28 days

Naringenin concentration was kept
at 50 mg/kg b.w., as many studies had taken
this as the standard concentration. 34 At
the end of the experimental period, the mice
were fasted for 6 h. Prior to sacrifice by
cervical dislocation, blood samples were
collected from each mice from the retro-
orbital sinus under anesthesia. ™! Liver and
kidney tissues were excised and washed
with homogenization buffer (pH 7.4) to
remove excess blood and debris, and were
stored at-80 °C until further analysis.
2.5 Preparation of the liver and kidney
tissues

The method for homogenization was
adopted from John M. Graham. ™® Liver
and Kkidney tissues were weighed and
thawed at 4 °C with the homogenization
medium (pH 7.4) containing 0.25 M sucrose
as an osmotic balancer, 1 m
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Methylenediaminetetraacetic acid (EDTA),
and 10 mM HEPES-NaOH. The obtained
homogenates were then centrifuged to
obtain mitochondrial and cytosolic parts,
respectively. Total protein content for the
determination of the specific activities of the
enzymes was determined by the Bradford
method ™ using bovine serum albumin
(BSA) as the standard.
2.6 Acute toxicity studies

Organisation for Economic Co-
operation and Development (OECD)
guidelines were followed for the toxicity
studies. ™ Female mice were used for the
study because females were generally more
sensitive toward lethal dose 50% (LDsp)
studies. ™ Six groups were made
containing six female mice in each group.
Following limit test procedure,
increasing concentration of naringenin was
intraperitoneally injected as listed below:
Group A: Control mice with 0.5%
carboxymethyl cellulose
Group B: Naringenin dose 400 mg/kg b.w.
Group C: Naringenin dose 800 mg/kg b.w.
Group D: Naringenin dose 1,200 mg/kg
b.w.
Group E: Naringenin dose 1,600 mg/kg
b.w.
Group F: Naringenin dose 2,000 mg/kg b.w.
Food and water was provided ad libitum.
Animals in all groups were observed for 0 h,
2h,4h,6h,8h,and 24 h. LDsy value was
determined by following the arithmetic
method described by Ghosh. %

D5y = Maximum dose (100% dead)
Product (a X b)

= Number of animals in each group’

where a is the dose difference and b is the
mean mortality
2.7 Biochemical studies
2.7.1 Blood glucose and glycosylated
hemoglobin determination

Blood glucose was determined by
the glucose oxidase-peroxidase (GOD-
POD) method using Coral diagnostic kit
(Goa, India). Glycosylated hemoglobin was
assayed in the blood by the cation exchange
method using commercial diagnostic kit

(Medsource Ozone Biomedicals Pvt. Ltd.,
Faridabad, India). Four groups of mice (six
mice in each group) were selected and doses
were intraperitoneally injected on every
alternate day for a period of 28 days.

Group A: Control mice administered with
citrate buffer, pH 4.5

Group B: STZ induced diabetic untreated
mice

Group C: Diabetic mice administered with
50 mg/kg b.w. naringenin

Group D: Diabetic mice administered with
50 mg/kg b.w. metformin.

Metformin was administered in mice as
described by Zhang. ! Mice were starved
overnight and blood was collected from
retro-orbital plexus under anesthesia.

2.7.2 Serum hepatic marker enzymes
determination

Activities of serum glutamate-
oxalate-transaminase (SGOT) and serum
glutamate-pyruvate-transaminase  (SGPT)
were determined by modified International
Federation of Clinical Chemistry (IFCC)
method and alkaline phosphatase (ALP) was
determined using the para-
nitrophenylphosphate  (pNPP)  method.
Blood was collected from retro-orbital
sinus. All the marker enzymes were
determined using Coral diagnostic kit (Coral
Clinical Systems, Goa, India) and mean
activities were expressed in terms of
units/liter (U/L).

2.7.3 Antioxidant activity determination
in liver and kidney tissue

Activity of superoxide dismutase
(SOD) both Mn-SOD and Cu/Zn-SOD was
assayed by the method of Marklund and
Marklund. 2 The change in absorbance
was read at 420 nm against the blank on a
spectrophotometer and was expressed as
units/milligram/min protein.

Catalase (CAT) activity was assayed
by the method of Hugo Aebi. ! In this
assay, the rate of decomposition of
hydrogen peroxide (H,O,) was measured at
an absorbance of 240 nm and expressed as
units/milligram/min protein.

peroxidase (Gpx) activity was
determined by the method of Rotruk et al.

International Journal of Health Sciences & Research (www.ijhsr.org) 120
Vol.6; Issue: 11; November 2016



Anupama Sharma et al. Cytoprotective, Antihyperglycemic and Antioxidative Effect of Naringenin on Liver and

Kidneys of Swiss Diabetic Mice

4] In this method, the rate of glutathione
oxidation by H,O, as catalyzed by the Gpx
present in the supernatant is determined.
The color that develops is read against the
reagent blank at 412 nm and the activity of
Gpx was expressed in microgram of reduced
glutathione  (GSH)  consumed/min/mg
protein.

The activity of glutathione-S-
transferase (GST) was assayed by 1-chloro-
2, 4, dinitro benzene (CDNB) method.
The conjugation of GSH with 1 chloro, 2-4
dinitrobenzene (CDNB), a hydrophilic
substrate, was observed
spectrophotometrically at 340 nm and was
expressed as micromoles of CDNB
formed/min/mg protein.

275 In vitro determination of
antioxidant activities
DPPH (2,2-diphenyl-1-picryl

hydrazyl) assay was evaluated by the
method of McCune & Johns. ! The
progress of the reaction was followed on the
Cary 50 Bio UV-Vis spectrophotometer at
517 nm. Sample concentration providing
50% of inhibition (ICsy) was calculated
from the graph. Ascorbic acid was used as
standard.

Following formula was used:

Inhibition of DPPH radical (%) = x 100

where C = absorbance of control and T =
absorbance of test.

The ferric reducing antioxidant
power (FRAP) assay was performed
according to the method of Benzie and
Strain. *"! Absorbance was taken at every
15 sec interval until 4 minutes. The test was
completed in triplicate and vitamin C
(ascorbic acid) was used as standard
antioxidant.

2.7.6 Histological studies

After 28-day treatment, both the
liver and kidneys were excised after
sacrifice by cervical dislocation.
Conventional techniques of hematoxylin-

eosin  (HE) staining were wused for
histological studies. %! Briefly, sections (4-
5 pm thick) were cut from the tissue-
embedded paraffin blocks using a rotary
microtome (Leica, Germany) and stained
with hematoxylin followed by eosin. This
was then examined by bright field
microscopy [Olympus BX51].

2.7.7 Transmission electron microscopy
(TEM)

Liver and kidney tissues were
excised from the mice after sacrifice and
washed repeatedly with phosphate buffer,
pH 7.4. Ultra-thin sections (50-60 nm) were
generated with a Reichert Ultracut S
microtome and examined with a JEM-100
CX 1l transmission electron microscope.
Images were collected with a CCD camera
system.

2.7.8 Statistical analysis

All the results were expressed as
mean + S.E.M. of the observation made on
six mice in each group. Data were analyzed
using one-way analysis of variance
(ANOVA) using the statistical package IBM
SPSS Software package for Windows
(Version 19.0). Post-hoc testing was
assessed with Tukey’s multiple range test.
P<0.05, P<0.01, and P<0.001 were
regarded as  statistically  significant
depending on the experiment performed.

RESULTS
3.1 Acute toxicity studies

The mean mortality (b) was found
by taking the number of dead animals in the
given interval and adding it with the number
of dead animals in the upper interval and
dividing the result by 2. The mean mortality
(b) in each group of animals was multiplied
with the differences between doses for the
same interval and the product was noted.
The sum of the product was divided by the
number of animals in a group and the
resultant quotient was subtracted from the
dose which killed all the animals (least
lethal dose) in the group to calculate LDsp.
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Table 1: Arithmetic method of determination of LDs, of Naringenin. n = number of animals in each group; LDs, = 2,000 -(5,600/6) =

600 mg/kg body weight

Groups | Dose (mg/kg) | Number of dead animals (n=6) | Dose difference (a) | Mean mortality (b) | Product (aXb)
1 400 0 0 0 0
2 800 2 400 1 400
3 1200 4 400 3 1200
4 1600 5 400 4.5 1800
5 2000 6 400 5.5 2200
TOTAL 5600

LDs, values of naringenin was 600
mg/kg body weight. 0% mortality was
found at doses 100 mg/kg body weight and
also 100% mortality was found in the dose
of 2,000 mg/kg body weight.

3.2 Biochemical studies
3.2.1 Blood glucose and glycosylated
hemoglobin determination

In table 2, diabetic untreated (Group
B) mice showed significantly (P<0.001)
higher mean levels of blood glucose and

glycosylated hemoglobin when compared
with normal untreated (Group A) mice. In
contrast, mice treated with naringenin and
metformin exhibited significantly lower
mean levels (P<0.001) of blood glucose and
glycosylated hemoglobin when compared
with diabetic untreated (Group B) mice. No
significant differences were noted between
the values obtained in naringenin-treated
(Group C) mice and those in metformin
treated (Group D) mice.

Table 2: Mean blood glucose levels and glycosylated hemoglobin percentages in Swiss albino mice. Values represented in mean +

SEM, n=6.
Groups Mean blood glucose | Glycosylated hemoglobin
[mg/dI] [% Hb]
Group A [Normal untreated] 93.85+4.018° 7.071+0.271°
Group B [Diabetic untreated] 469.50+10.974° 15.048+0.525°
Group C [Diabetic + naringenin-treated] 121.50+7.069° 9.408+0.423"*
Group D [Diabetic + vitamin C-treated] 118.83+5.406° 8.575+0.320°
2 Statistically significant difference (P<0.001) when compared with Group A values.
bStatistically significant difference (P<0.001) when compared with Group B values.
3.2.1 Serum hepatic marker enzymes ¢ Statistically significant difference (P<0.01) when compared with

determination

Mean activities U/L

ALP S60T SePT

Hepatic marker enzymes

Figure 1: Mean activities of hepatic marker enzymes in serum
of Swiss albino mice. Values represented in mean + SEM, n=6.
The enzyme activities are expressed as units/liter. NU — normal
untreated, DU — diabetic untreated, DNT — diabetic naringenin
treated, and DVT — diabetic vitamin C treated.

# Statistically significant difference (P<0.01) when compared with
Group A values.

b Statistically significant difference (P<0.01) when compared with
Group B values.

Group D values.

The mean activities of serum GOT,
GPT, and ALP were found to be
significantly higher (P<0.001) in DU group
mice than in NU group mice. While mice in
DNT- and DVT-treated groups exhibited
significantly lower levels (P<0.001) of these
enzymes than DU mice, the mean activities
of ALP were still significantly higher
(P<0.01) than NU mice, although in case of
SGOT and SGPT, the mean activities were
not found to be statistically significant.
3.2.2 Enzymatic antioxidants
determination
3.2.2.1 Antioxidative enzyme activities in
liver

Table 3 shows that significantly
lower (P<0.001) mean activities of these
enzymatic antioxidants were observed in
liver tissue of diabetic untreated (Group B)
mice than those in normal untreated (Group
A) mice. Conversely, significantly higher
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(P<0.001) mean activities of these enzymes
were observed in diabetic mice treated with
naringenin (Group C) and vitamin C (Group
D) than those in diabetic untreated (Group
B) mice. Remarkably, there was no
significant difference between naringenin-

treated (Group C) and vitamin C-treated
(Group D) mice. However, the mean values
of all the enzymes were significantly lower
than those of untreated normal mice, and
naringenin- and vitamin C-treated mice.

Table 3: Mean activities of superoxide dismutase (SOD), catalase, glutathione peroxidase (GPx), and glutathione-s-transferase
(GST) in liver of control and experimental group of Swiss albino mice.

Groups Superoxide dismutase Catalas | Glutathione | Glutathione-

e peroxidase s-transferase
Cu/Zn- Mn- (CAT) (Gpx) (GST)

SOD SOD

Group A [Normal untreated] 0.089+ 0.100+ 0.112+ 5.173+ 0.089+
0.002° 0.005" 0.005" 0.380° 0.003°
Group B [Diabetic untreated] 0.044+ 0.054+ 0.058+ 1.839+ 0.033+
0.002* 0.003 ° 0.002° 0.220° 0.001°
Group C [Diabetic + naringenin- 0.078+ 0.090+ 0.089+ 4,673+ 0.076+
treated] 0.004° 0.002° 0.001%° 0.306" 0.005"
Group D [Diabetic + vitamin C treated] 0.083+ 0.094+ 0.093+ 4.839+ 0.079+
0.003° 0.001° 0.001%" 0.235" 0.004"

Values represented in mean + SEM, n=6. The enzyme activities are expressed as: SOD and catalase — units/milligram protein/min,
glutathione peroxidase — micromoles of reduced glutathione consumed/min/mg protein, glutathione-s-transferase — micromoles of 1-

chloro,2-4 dinitrobenzene formed/min/mg protein.

& Statistically significant difference (P<0.001) when compared with Group A values.
P Statistically significant difference (P<0.001) when compared with Group B values.

3.2.2.2 Antioxidative enzyme activities in kidney

Table 4: Mean activities of superoxide dismutase (SOD), catalase, glutathione peroxidase (GPx), and glutathione-s-transferase
(GST) in liver of control and experimental group of Swiss albino mice.

Groups Superoxide dismutase Catalas | Glutathione | Glutathione-s-
e peroxidase transferase
Cu/Zn- Mn- (CAT) (Gpx) (GST)
SOD SOD
Group A [Normal untreated] 0.073+ 0.081+ 0.096+ 4.390+ 0.068+
0.002° 0.002° 0.002° 0.351° 0.005°
Group B [Diabetic untreated] 0.043+ 0.041+ 0.047+ 1.273+ 0.032+
0.002° 0.002° 0.001° 0.187° 0.002°
Group C [Diabetic + naringenin-treated] 0.066+ 0.076+ 0.074+ 3.890+ 0.062+
0.003° 0.003° 0.001%" 0.334"° 0.004"°
Group D [Diabetic + vitamin C treated] 0.069+ 0.077+ 0.078+ 4.056+ 0.065+
0.001° 0.003"° 0.001%" 0.289"° 0.003"

Values represented in mean + SEM, n=6. The enzyme activities are expressed as: SOD and catalase — units/milligram protein/min,
glutathione peroxidase — micromoles of reduced glutathione consumed/min/mg protein, glutathione-s-transferase — micromoles of 1-

chloro,2-4 dinitrobenzene formed/min/mg protein.

2 Statistically significant difference (P<0.001) when compared with Group A values.
P Statistically significant difference (P<0.001) when compared with Group B values.

Table 4 shows that significantly
(P<0.001) lower mean activities of these
enzymatic antioxidants were observed in
kidney tissue of diabetic untreated (Group
B) mice than those in normal untreated
(Group A) mice. Conversely, significantly
higher (P<0.001) mean activities of these
enzymes were observed in diabetic mice
treated with naringenin (Group C) and
vitamin C (Group D) than those in diabetic
untreated (Group B) mice. Remarkably,
there was no significant difference between
naringenin treated (Group C) and vitamin C
treated (Group D) mice. However, the mean
values of all the enzymes were significantly

lower than those of untreated normal mice,
and naringenin- and vitamin C-treated mice.
3.2.3 Malondialdehyde (MDA)
concentrations in liver and kidney tissues
of Swiss albino mice

Figure 2 depicts that the mean levels
of malondialdehyde (MDA) in liver and
kidney tissues of diabetic untreated (Group
B) mice was significantly higher (P<0.001)
than in normal untreated (Group A) mice.
Remarkably, while the mean levels of liver
and kidney tissue MDA in diabetic mice
treated with naringenin (Group C) and in
those treated with vitamin C (Group D)
were significantly lower (P<0.001) than in

International Journal of Health Sciences & Research (www.ijhsr.org)

123

Vol.6; Issue: 11; November 2016



Anupama Sharma et al. Cytoprotective, Antihyperglycemic and Antioxidative Effect of Naringenin on Liver and

Kidneys of Swiss Diabetic Mice

diabetic untreated (Group B) mice, these
levels were not significantly different to
those in normal untreated (Group A) mice.
There was no significant difference between
the mean values in Group C and Group D
mice.
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Figure 2: Mean levels of MDA in liver and kidney tissues of
Swiss albino mice. Values represent the mean + SEM, n=6. NU
— normal untreated, DU — diabetic untreated, DNT — diabetic
naringenin treated, and DVT - diabetic vitamin C treated.
Statistical analysis: one-way analysis of variance [ANOVA]
with post-hoc testing.

*Statistically significant difference (P<0.001) when compared with
NU values.
PStatistically significant difference (P<0.001) when compared with
DU values.

3.2.4 In-vitro activity of antioxidative
enzymes in Swiss albino mice

3.24.1 2,2-diphenyl-1-picrylhydrazyl
(DPPH) assay
100
90
&
[}
é al
0 = 4 Inhllition VC (IC30 = 26.5)
;.

Heree o [nhibition Nar (150 = 31.5)

10 a0 40 al B0 100
Concentration mg/ml

Figure 3: Concentration vs. % Inhibition of naringenin and
vitamin C (ascorbic acid). Each point obtained from three
experiments performed in triplicates (mean £ SEM).

The radical scavenging activity of
naringenin and vitamin C was calculated at
517 nm as shown in Figure 3. From the
inhibition curve, the ICs, values (mean %
SEM) were found out to be 26.5+1.51 pg/ml
for vitamin C and 32.5+1.05 pg/ml for
naringenin.

3.2.4.2 Ferric reducing antioxidant power
(FRAP) assay:

The trend for ferric ion reducing
activities of naringenin and ascorbic acid is
shown in Figure 4. Values are expressed in
mean+SEM. Each value represents the mean
of three replications.

09 4

081

""" Naringenin

—ASCOriC ackd

A Absorbance at 593 nm
=

0.2 1

100 200 400 600 &l 1000
Concentration [umal/lt)

Figure 4: Concentration vs. Absorbance change (AA) of
naringenin and ascorbic acid (vitamin C).

3.2.5 Histopathological examination of
tissues in Swiss albino mice
3.2.5.1 Histopathological examination of
liver tissue in Swiss albino mice

The histoarchitecture of the liver
tissue in all the four groups of Swiss albino
mice is shown in Figure 5. Normal
hepatocytes and normal central vein were
seen in the liver tissue of normal untreated
(NU)  mice. Glycogenated nucleus,
sinusoidal enlargement, fatty vacuole in
small numbers, fewer hepatocytes and
distended central vein with mild red blood
cells congestion were observed in diabetic
untreated (DU)  mice. Interestingly,
regeneration of hepatocytes with reduction
in vacuolation, mild sinusoidal dilation, and
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near normal hepatocytes was observed in
both naringenin-treated (DNT) and vitamin

NU

C (mild RBC congestion observed)-treated
(DVT) mice.

Figure 5: Histoarchitecture of liver tissues of Swiss albino mice. Hematoxylin and eosin (H&E) staining with 20X and 40 X

magnification.

3.2.5.2 Histopathological examination of kidney tissue of Swiss albino mice

magnification.

The histoarchitecture of the kidney
tissue in all the four groups of Swiss albino
mice is shown in Figure 6. Normal kidney
tissue with average size glomerulus (G),
normal Bowman’s capsule (BC), proximal
convoluted tubules (PCT), distal convoluted
tubules (DCT), and no pathological
abnormalities was observed in case of
normal untreated (NU) mice. Hepatocellular
cloudiness and swelling, inflammation in
DCT, shrinkage of glomerulus, tubules
expansion due to edema and segmental
glomerular changes such as thickening of

the basement membrane, deposits in
mesangium  (thin yellow arrow), and

hypercellularity were seen in diabetic
untreated (DU)  mice. Interestingly,
restoration of near normal glomerular

architecture but slightly bigger in size,
normal basement membrane, and capillaries
without any inflammatory cells were
observed in both naringenin-treated (DNT)
and vitamin C-treated (DVT) mice. Edema
was also not observed in DNT and DVT
mice.
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3.2.6 Transmission electron micrographs
of liver and Kkidney tissues
3.2.6.1 TEM of liver tissue

The electron micrographs of all the
four groups of liver tissues of Swiss albino
mice glomerular are shown in Figure 7.
Normal mitochondria (M) and nucleus (Nu)
with round or oval shaped hepatocytes in
regular and symmetrical double membraned
(thin arrows) structure, symmetrical rough
endoplasmic  reticulum  with  intact
ribosomes (arrowheads) were seen in
normal unterated (NU) mice with no vivid
presence of lipid droplets. On the other
hand, diabetic untreated (DU) mice showed
only a few normal mitochondria (M) and
numerous swollen and disrupted
mitochondria (*) with fragmented cristae,
aggregated irregularly shaped nucleus (Nu),

with uneven nuclear membrane (thin
arrows), dilated and loss of layered structure
of the rough endoplasmic reticulum with
dissociation of the ribosomes (arrowheads)
and presence of lipid droplets (L) with
presence of granular matrix. Interestingly,
the treated mice, diabetic with naringenin
treated (DNT) and diabetic with vitamin C
treated (DVT), showed only few swollen
and disrupted mitochondria (*) and
numerous recovered normal mitochondria
(M), near normal (oval to round) nucleus
(Nu) with some areas displaying uneven
nuclear membrane (thin arrows), less
dilation of endoplasmic reticulum compared
with DU although still without any
ribosomes (arrowheads), lipid droplets (L),
and presence of granular matrix.

DVT

i -
3

Figure 7: Repreéentatlve ptograph of electron micro
albino mice. Magnification: 2,000 X.

3.2.6.2 TEM of kidney tissue

The electron micrographs of all the
four groups of Kkidney tissues of Swiss
albino mice glomerular urinary filtration
barrier is shown in Figure 8. Normal foot
processes (FP), podocytes (P), symmetrical
glomerular basement membrane (BM),
glomerular capillaries (GC), and slit
diaphragm (arrowheads) were observed in
normal untreated (NU) mice. Contrarily,

scopy showing the changes in hepatic cells in a section of liver tissue in Swiss

elongated and abnormal foot processes (*),
abnormal thickening of the glomerular
basement membrane (BM) and
accumulation of debris in slit diaphragm,
leading to a decrease in the number of slit
pores (arrowheads) and alterations in
podocytes integrity were observed in
diabetic untreated (DU) mice. Remarkably,
diabetic with naringenin treated (DNT) and
diabetic with vitamin C treated (DVT) mice
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showed some normal foot processes (FP)
and some effaced (thick arrows) foot
processes,

segmental  thickening  of

Swiss albino mice. Magnification: 4,000X.

DISCUSSIONS AND CONCLUSION

The present investigation validated
the antioxidative, antihyperglycemic, and
protective role of naringenin in liver and
kidney tissues against oxidative stress in
STZ-induced diabetic damage. It has been
well documented that STZ, a B-cytotoxic
drug, is used for the induction of diabetes,
() Which causes the destruction of the B
cells of the pancreas. % Hence, STZ was
used in the present study.

Acute toxicity is the ability of the
chemical to cause ill effect or death in a
period of minutes, hours (24), or days (up to
2 weeks) after one oral or intraperitoneal
administration. Y Lethal dose 50 (LDs) or
median lethal dose is the statistically
derived single dose of a substance that
produces death in 50% of a population of
test animals in which it is administered by
any of the methods like oral, dermal,
inhalation, intraperitoneal, or intravenous
routes. %! The acute toxicity study showed
LDs, value of naringenin to be 600 mg/kg
body weight (Table 1). Thus, intraperitoneal
administration of naringeninin mice is safe
and very less toxic.

glomerular basement membrane (BM),
normal slit diaphragm (arrowheads), and
clear area of glomerular capillary (GC).

In this study, extremely high blood

glucose levels were noted in diabetic
untreated mice that after naringenin
treatment decreased drastically (Table 2).
Naringenin could possibly either stimulate
residual pancreatic B cells to produce insulin
31 or the remaining hepatic tissues to
increase the expression of insulin receptors
in the remaining liver plasma membranes,
B34 thus exerting antihyperglycemic action
in diabetic mice.

In diabetes, glycated hemoglobin
concentration serves as an indicator of
average blood glucose concentration over a
period of three months and is used as a
diagnostic or screening tool for diabetes.
The decrease in hemoglobin in Table 2 may
have been as a result of reduced blood
glucose and stimulation of remaining
pancreatic and hepatic tissues to increase
insulin, B4 which then leads to decrease in
the percentage of glycosylated hemoglobin.
Also studies have shown that flavonoids did
reduce the percentages of glycosylated
hemoglobin due to its antioxidative nature
hence inhibiting the glycosylation of
hemoglobin. ©*°!
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The liver plays a vital role in
upholding the normal glucose levels during
fasting as well as in the postprandial period.
71 Serum aminotransferases and acid
phosphatases are elevated when there is
damage to the liver, B8 which can be used
in scrutinizing the progress during diabetic
condition in mice. In the present study,
naringenin-treated mice showed lower
serum levels than diabetic mice (Fig. 1).
This may be due to protective action of
naringenin on liver tissues from damage by
oxidative stress that leads to increase in
insulin action.

SOD is considered a first-line
defense against reactive oxygen species.
Manganese SOD present and (Cu/Zn)-SOD
present in mitochondria and cytosol
respectively  eradicate  superoxide to
hydrogen peroxide (H20,). ¥ The H,0, is
converted to water and oxygen by catalase.
(401 Gpx, also does the similar work of
detoxifying H,O, to H,O and O; in
mitochondria. GST protects cells from
reactive oxygen species and toxic substrates.
(4 In this study, treatment with naringenin
elevated the activities of antioxidants
enzymes near normal levels. Studies have
proved that, antioxidants reduces owing to
overproduction of reactive oxygen species
due to hyperglycaemia ¥ and supplements
of antioxidants does reduce ROS, and
increase antioxidant enzymes and prevented
diabetes mellitus. ™!  Naringeninhave
showed to restore the levels of antioxidative
enzymes in other study. “* Naringenin
therefore protects the liver and kidney cells
from the oxidative stress due to its strong
antioxidative nature.

Lipid peroxidation gives rise to a
series of chain reaction and propagates the
chain reaction leading to cell and cell
membrane damage. ) MDA has been used
as a standard marker for tissue damage in
lipid peroxidation studies. %! In the present
study, there is a rise in the level of MDA in
diabetic mice brought it down significantly
by naringenin. Naringenin reduces the level
of MDA possibly by functioning as a free
radical scavenger as it possess large

amounts of flavonoids " thereby

decreasing the formation of free radicals and
hence lipid peroxidation.

DPPH is a stable free radical and can
easily accept an electron or hydrogen radical
to become a stable diamagnetic molecule.
48] Naringenin showed a remarkable DPPH
scavenging activity compared with the value
obtained for vitamin C (Fig. 3). In FRAP
assay, reduction of ferric — tripyridyltriazine
to the ferrous complex can be measured. In
both the cases, the absorbance increases
with increasing concentration. “*I The AA of
naringenin clearly increased, due to the
formation of the Fe?*-TPTZ complex with
increasing concentration (Fig. 4).

The present study demonstrates that
following treatment with naringenin, liver
and kidney cells stained with H&E and
observed under TEM displayed distinctly
near normal architecture when compared to
DU (Fig. 5, 6, 7 & 8). These suggest that
naringenin may counteract the damage in
liver and kidney tissues from free radical-
mediated oxidative stress and restore the
antioxidative enzymes. Polyphenols have
shown to elevate the antioxidative enzymes
in the liver hence enhancing their function
(491 and when naringenin with Cd was
administered to kidney tissues; it did
decrease the lipid peroxidation level. !

CONCLUSION

In conclusion, naringenin clearly
shows very less toxicity, antioxidative
potential by enhancing the levels of
antioxidative enzymes and protecting the
liver and kidney tissues from oxidative
stress. It also lowers and maintains the

blood glucose and glycosylated hemoglobin

levels showing its antihyperglycemic
property.
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