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Diabetes is considered as the most common metabolic disease affecting millions of people all around the
world. Use of natural herbal medicines can be effective in treating diabetes. Zingerone (4-(4-hydroxy-3-
methylphenyl) butan-2-one) a polyphenolic alkanone extracted from ginger has a broad spectrum of
pharmacological properties and thus can be used as a promising candidate against various ailments. In
the current study we aimed at demonstrating the protective effect of zingerone against diabetes mellitus
and elucidating its possible mechanism. Five groups of animals (I-V) were made with ten animals each.
Group I (control) was given normal saline orally. Group II (diabetic positive control) was given alloxan at
the dose rate of 100 mg/kg bwt once. Group III and IV was given alloxan once at the dose rate of 100 mg/
kg bwt. and received oral treatment of zingerone at a dose rate of 50 and 100 mg/kg bwt respectively
daily for 21 days. Group V was given alloxan at the dose of 100 mg/kg bwt. and was treated with standard
drug glibenclamide at the dose rate of 4.5 mg/kg bwt. daily for 21 days. According to our findings we con-
firmed that zingerone restrained the alloxan induced oxidative stress by increasing the activity of
reduced glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX)
and reducing the peroxidative damage. We also confirmed that zingerone suppressed the level of redox
sensitive transcription factor NFjB and downregulated other downstream inflammatory cytokines like
interleukins (IL1-b IL-2, IL-6) and tumor necrosis factor alpha (TNF-a). Moreover, the experimental find-
ings suggested that zingerone improved the insulin levels. Taken together our results indicated that zin-
gerone effectively ameliorated the diabetes induced complications which provide a strong theoretical
basis for zingerone to be used clinically for treatment of diabetes.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction victims of diabetes have major threat from the complications that
Diabetes mellitus is the fastest growing metabolic disease. It is
spreading around the world as epidemic (Whiting et al.,2017) and
arise after the onset of this metabolic syndrome. Diabetes preva-
lence is increasing across the globe with 8.8% prevalence in adults
as estimated in 2015 (Ogurtsova et al., 2017). By 2040 the preva-
lence is predicted to rise to 10.4% which will definitely increase
the health expenditure on diabetes (Ogurtsova et al., 2017).
Diabetes mellitus is characterized by disturbed metabolism and a
marked hyperglycaemia due to abnormal release and peripheral
utilization of insulin hormone. This disease leads to multiple com-
plications like increase in reactive oxygen species (Chen et al.,
2018), impairment of scavenging enzymes (Choi and Ho, 2018),
abnormal lipid profile (Alsharidah et al., 2017), hyperglycemia
(Perry et al., 2018), impaired insulin secretion and action (Khan
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et al., 2009) and cellular damage induced by high oxidative stress
(Capellini et al., 2010).

The compound alloxan which is a pyrimidine derivative causes
‘‘Alloxan Diabetes” which is insulin dependent similar to Type I
diabetes mellitus, by selectively destroying insulin producing cells
of the pancreas (Ibrahim and Abdelatif, 2011). Alloxan being a
structural analogue of glucose enters the b-cells via GLUT-2 recep-
tors and inhibits glucokinase, an enzyme essential for insulin
secretion (Szkudelski, 2001). Alloxan has high affinity to SH group
which causes decreased glutathione content and generation of an
increased oxidative stress in the cell leading to increase in malon-
aldehyde (MDA) levels (Panahi, et al., 2017) and reactive oxygen
species (ROS) (Chen et al., 2018). The proinflammatory cytokines
like IL-1b, IL6, IL2 and TNF-a have a pivotal role in disruption of
b-cell functions and aggrevation of diabetes mellitus symptoms
(Banerjee and Saxen, 2012; Omodanis et al, 2017). There is induc-
tion of apoptotic cell death on exposure of pancreatic beta cells to
IL-1b or along with IL-6 and TNF-a through the downstream acti-
vation of c-jun-N-terminal kinase (JNK) pathway or NF-jB (nuclear
factor kappa B) signaling pathways (Welsh et al., 2005). NF-jB is a
pleiotropic oxidant and a sensitive transcription factor, reported to
play a key part in hyperglycemia induced oxidative stress. Previous
studies have demonstrated the significant role of NF-jB in patho-
genesis of diabetes (Arkan et al 2005; Cai et al., 2005). NF-jB tran-
scriptional factor might play a significant role in inducing diabetes
due to its increased transcriptional activation in diabetic patients
(Patel and Santani, 2009).

The common side effects of conventional pharmacological
drugs used for treatment of diabetes are stomach disorders, diar-
rhea, kidney disorders, lactic acidosis and hepatotoxicity are well
recognized (Nammour et al.,2003). So, the trend towards using tra-
ditional herbal medicinal products is continuously increasing
Ethanolic extracts of leaves of Annona muricata showed antidia-
betic actions which might be due to the presence of many potential
antioxidative phytocompounds like chlorogenic and caffeic acids,
procyanidins (epi)catechin, quercetin and kaempferol (Justino
et al., 2018). In streptozotocin induced diabetic rats, chicoric acid
derived from roots of Cichorium intybus causes a significant reduc-
tion in basal hyperglycemic conditions with improvisation of oral
glucose tolerance due to its ability to scavenge free radicals like
H2O2 (Ferrare et al., 2018). Entagenic acid, an aglycone present
in seed kernels of E. phaseoloides possess a significant antidiabetic
effect in type 2 diabetic mice by activation of downstresm AMP-
activated protein kinase – Glucose Transporter (AMPK/GLUT4)
pathway (Xiong et al., 2018).

Ginger (Zingiber officinale) is used as a condiment worldwide
from times immemorial. Ginger is regarded to have many health
benefits in traditional medicine. It is due to diverse phytochemical
constituents present in ginger which lead to promising health ben-
efits. Many active compounds like gingerols, shogaols, paradols
and zingerone are present in ginger (Zhang et al., 2017). The unsat-
urated ketone moiety present in bioactive metabolites of ginger
give strong antioxidant activity to it (Dugasani et al., 2010).

Zingerone or vanillyl acetone is present in significant concen-
tration in ginger and is produced from gingerol or shogaols on
thermal degradation or cooking by retro-aldol reaction (Ahmad
et al., 2015; Takizawa et al., 2012) Zingerone belongs to phenolic
alkanone group, having a wide range of essential pharmacological
properties like anticancer (Vinothkumar et al., 2014), antioxidant
(Rajan et al., 2013), anti-inflammatory (Kim et al., 2010), and
antimicrobial activities (Ahmad et al., 2015). It has been reported
that zingerone plays a significant role in treating diabetic
nephropathy in STZ (Streptozocin) model (Rehman et al., 2018;
Jothi et al., 2016). Zingerone shows vasorelaxatory response in aota
of diabetic rat which might be due to stimulation of NO and guany-
late cyclase which have prominent vasodilatory effects (Ghareib
et al., 2016). Zingerone ameliorates diabetic nephropathy by down-
regulation of the NADPH oxidase 4 (NOX4) expression on adminis-
tration of high glucose in kidneys and in HK-2 cells (Cui et al.,
2018).

The conventional therapies available for controlling diabetes
are usually expensive and often associated with adverse effects,
therefore, various alternative therapies with anti-hyperglycemic
effects are increasingly sought by patients. Keeping in mind the
pharmacological effects of zingerone we hypothesized that zinger-
one may improve the pancreatic and liver functions through anti-
hyperglycemia and through the inhibition of NF-jB mediated
inflammatory processes in diabetic rats.
2. Material methods

2.1. Chemicals and reagents

Alloxan, Zingerone, reduced glutathione, nicotinamide adenine
dinucleotide phosphate, glutathione reductase, oxidised glu-
tathione were procured from Sigma Aldrich chemicals Pvt. Ltd.
(USA). Rest of the chemicals used in the current study were of
analytical grade.
2.2. Animals

Wistar male albino rats (160–200 g) were housed in the animal
house of FVSc & AH, SKUAST-Kashmir, India. Animals were placed
under standard controlled conditions of temperature (22 ± 2 �C)
and humidity (55%) (Abdel-Kader et al., 2017). The maintenance
of animals were in in accordance with specific guidelines pre-
scribed by Committee for the Purpose of Control and Supervision
of Experiments on Animals (CPCSEA) and the current study was
ratified by the Institutional animal ethics committee (IAEC) of
FVSc, SKUAST-Kashmir, India (Au/FVS/PS-57/1224).
2.3. Induction of diabetes

After acclimatization period of seven days, induction of diabetes
was done by through intra-peritoneal injection (I.P) of alloxan dis-
solved in 0.9% NaCl (Lee et al., 2008) at the dose of 100 mg/kg body
weight. After I.P. administration of alloxan the rats were provided
with 20% dextrose overnight to check the mortality of animals
from hypoglycemic shock. The blood glucose levels and body
weight and of animals were noted before and after induction. After
72 hrs of alloxan injection blood glucose levels were measured
through UV spectrometric analysis. The animals having blood glu-
cose level above 250 mg/dl were considered diabetic and were
selected for the current study (Sathishsekar and Subramanian,
2005).
2.4. Treatment & experimental design

Adult wistar rats used in the present study were divided into
5 groups of 10 rats each. Animals in group II, III, IV and V were
given alloxan once to induce diabetes and after seven days when
the blood glucose levels were above the normal levels, the treat-
ment of zingerone dissolved in aqueous solution (Kumar et al.,
2014) was commenced and this was considered as first day of
treatment. Zingerone dose was selected based OECD guidelines,
where in 1/10th of LD50 is considered safe dose for chemoprevent-
tive studies (Kumar et al., 2014; Rao et al., 2009). Group V was
treated with standard drug, glibenclamide and dose was selected
as 5 mg/kg b.wt (Akhter et al., 2011). The experimental design
was formulated as shown in Table 1.



Table 1
Effect of zingerone on blood glucose in different experimental groups.

Group No. of animals/group Treatment regimen

Group 1 N = 10 Normal Control rats (no alloxan given)
Group II N = 10 Diabetic control group (Alloxan given @ 100 mg/kg b.wt. once intraperitoneally) Prince et al. (2004)
Group III N = 10 Diabetic rats (Alloxan given @ 100 mg/kg b.wt. once) and treated with zingerone (50 mg/kg b.w.) after seven days

of alloxan treatment in an aqueous solution daily for 21 days using an oral gavage.
Group IV N = 10 Diabetic rats (Alloxan given @ 100 mg/kg b.wt. once) and treated with zingerone (100 mg/kg b.w.) after seven

days of alloxan treatment in an aqueous solution daily for 21 days using an oral gavage
Group V N = 10 Diabetic rats (Alloxan given @ 100 mg/kg b.wt. once) and treated with glibenclamide orally at a dose of 4.5 mg/kg

bwt once after induction of diabetes.
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2.4.1. Sample collection
At the end of experimental schedule, animals were sacrificed

using diethyl ether anesthesia and blood was obtained by cardiac
puncture. This blood was kept in clot activating vacutainers to
obtain serum and centrifuged after clotting at 9000 rpm for 10
min to obtain clear serum. Serum obtained was collected in plastic
vials for estimation of serum biochemical parameters and stored at
�20 �C until assays were done. Liver was s was collected, cleaned
and preserved in falcon tubes containing PBS, to study various
estimations.
2.5. Preparation of Post-mitochondrial supernatant preparation (PMS)
for estimation of various parameters

PMS prepration was done as per Khan et al., 2012. After sacrifis-
ing the animals, livers were removed readily, cleaned by perfusing
with ice cold 0.85% NaCl solution and homogenized in phosphate
buffer (0.1 M, pH 7.4) using a homogeniser. Following complete
homogenization, the homogenate obtained was filtered through
muslin cloth and the filtrate was centrifuged at 3000 rpm for 10
min at 48 �C. This was followed by recentrifugating the super-
natant at 12,000 rpm for 20 min at 48 �C. The supernatant now
obtained called as post mitochondrial supernatant (PMS) was used
for further estimation of different parameters (Rehman et al.,
2013).
2.6. Estimation of different parameters in serum

2.6.1. Estimation of glucose concentration
Fasting Blood glucose level was monitored after every week of

study using commercially available blood glucose kits (Accurax).
2.6.2. Estimation of insulin levels
Fasting Insulin level in serum was estimated by using ELISA

(Enzyme Linked Immunosorbent Assay) method using ELISA kit
(Calbiotec).
2.6.3. Lipid profile
Serum was collected and the levels of Triglycerides (TG), Total

cholesterol (TC) and HDL-cholesterol were measured using kit
(Genzyme Diagnostics). However LDL-cholesterol was calculated
as the remaining difference of total cholesterol and HDL-
cholesterol.
2.6.4. Glycosylatedhemoglobin (GHb)
GlycosylatedHb was determined using commercial kit (Elab-

science) according to the enclosed guidelines.
2.6.5. Estimation of serum a-Amylase
Serum a-amylase concentration was analysed by using com-

mercially available diagnostic kit (Span diagnostic).
2.6.6. Assay of total protein
Serum level of total protein was estimated by using commer-

cially available diagnostic kit (Accurex).

2.6.7. Estimation of SGPT SGOT and ALP
Serum levels of SGPT, SGOT, and ALP were estimated using

commercially available kits (Accurex).

2.7. Lipid peroxidation level

Lipid peroxidation was estimated in PMS by the method of
Wright et al. (1981). The results were expressed as the nmol
MDA formed/g tissue by using a molar extinction coefficient of
1�56 � 105/M per cm.

2.8. Antioxidant enzyme assay

2.8.1. Measurement of SOD activity
PMS was used and the SOD activity was analysed by using the

method of Marklund and Marklund, 1974. Units of SOD activity
were expressed as IU/L.

2.8.2. Assay for catalase activity
The catalase activity in PMS was assessed by the method of

Claiborne (1985). The CAT activity was calculated in terms of nmol
H2O2 consumed/min per mg protein.

2.8.3. Assay for reduced glutathione (GSH) activity
The GSH activity was assessed in PMS by the method of Carlberg

and Mannervik, 1975. The GSH content was calculated as mmol
5,50-dithio-bis-(2-nitrobenzoic acid) conjugate formed/g tissue
using a molar extinction coefficient of 13�6 � 103/M per cm.

2.8.4. Assay for glutathione peroxidase activity
glutathione peroxidase (GPx) activity was assessed by following

mehod of Mohandas et al., 1984 and the levels were calculated as
nmol NADPH oxidised/min per mg protein with the molar extinc-
tion coefficient of 6�22 � 103/M per cm.

2.9. Immunoassay for NF-jB estimation

Serum was used to estimate the NF-jB level using an ELISA kit
(NF-jB p65 ELISA, Invitrogen Corporation, CA, USA) according to
protocol of the manufacturer. Standard available with the commer-
cial kit was used to obtain the standard curve for the NF-jB and
plates were read at 450 nm in a Multiscan EX microplate reader
(Thermo).

2.10. Immunoassay for estimation of TNF-a, ILI-b, IL-2 and IL-6

Concentrations of TNF-a, ILI-b, IL-2 and IL-6 were estimated in
serum using ELISA kits for all these markers provided by Invitrogen
Corporation, CA, USA., following the manufacturer’s protocol.



1140 B. Ahmad et al. / Saudi Pharmaceutical Journal 26 (2018) 1137–1145
Standard curves were obtained using available standards and plates
were read at 450 nm in aMultiscan EXmicroplate reader (Thermo).
2.11. Statistical analysis

Statistical analysis of all the obtained data was done using SPSS
20.0. The data was subjected to one way ANOVA followed by Tukey
Kramer test. All the results are presented as mean ± SE.
Fig. 1. Effect of treatment of Zingerone on insulin levels in different experimental
groups: Group-I: normal control; Group-II: diabetic control; Group-III: diabetic rats
treated with zingerone (50 mg/kg bw/day); Group-IV: diabetic rats treated with
zingerone (100 mg/kg bw/day); Group-V: Diabetic rats treated with glibenclamide
4.5 mg/kg bw/day). Data are represented as mean of 10 rats ± S.E.M. ***P < 0.001:
Significant difference between control and treated groups. #P < 0.05: Significant
difference between Diabetic control and treated groups ##P < 0.01: Significant
difference between Diabetic control and treated groups. ###P < 0.001: Significant
difference between Diabetic control and treated group. ns: Non significant.
3. Results

3.1. Effect of zingerone on serum glucose levels

There was marked (p < 0.001) rise in serum glucose levels in
rats in the diabetic group (Group II) as compared to levels in nor-
mal control group (Group I). Administration of zingerone in dia-
betic rats showed a prominent hypoglycemic effect. The level of
fasting blood glucose in the rats was monitored every week (0, 1,
2 and 3 weeks). After 1st week of treatment with zingerone blood
glucose levels started reducing in diabetic animals of group III and
group IV with different doses of zingerone. Animals treated with
100 mg/kg bwt zingerone showed prominent reduction in glucose
levels as compared to animals treated with 50 mg/kg bwt. After
2nd week of continuous treatment with zingerone blood glucose
levels again started decreasing in significant manner as compared
to 1st week of treatment. Finally at the end of treatment (21 Days)
blood glucose levels showed marked reduction in zingerone trea-
ted diabetic groups as compared to diabetic control rats. 100 mg/
kg bwt of zingerone was more effective as compared to 50 mg /
kg bwt because 50% reduction of glucose level occurred in group
IV at the end of study (21 days) (Table 2).
Fig. 2. Effect of Zingerone on serum amylase levels in different experimental
groups: Group-I: normal control; Group-II: diabetic control; Group-III: diabetic rats
treated with zingerone (50 mg/kg bw/day); Group-IV: diabetic rats treated with
zingerone (100 mg/kg bw/day); Group-V: Diabetic rats treated with glibenclamide
4.5 mg/kg bw/day). Data are represented as mean of 10 rats ± S.E.M. ***P < 0.001:
Significant difference between control and treated groups. #P < 0.05: Significant

##
3.2. Effect of zingerone treatment on serum insulin

In the current study there was a decrease in fasting serum insu-
lin levels in group II. However, group III treated with zingerone at
the dose of 50 mg/kg bwt showed considerable improvement in
insulin levels while treatment with 100 mg/kg bwt of zingerone
in group IV showed significant increase in serum insulin levels as
compared to group II (Fig. 1).
difference between Diabetic control and treated groups P < 0.01: Significant
difference between Diabetic control and treated groups. ###P < 0.001: Significant
difference between Diabetic control and treated group. ns: Non significant.
3.3. Effect of zingerone treatment on serum amylase

In the current study therewas significant decrease in the concen-
trations of serum amylase in group II as compared to group I. How-
ever, a significant increase in serum levels of amylase was observed
in group IV treated with 100 mg/kg bwt of zingerone (Fig. 2).
Table 2
Effect of zingerone on blood glucose in different experimental groups.

Treatment regimen Glucose on
Day 7

Glucose on
Day 14

Glucose on
Day 21

Group I 86.83 ± 2.63 88.06 ± 3.30 88.34 ± 2.8
Group II 273.4 ± 8.80*** 260.2 ± 10.15*** 245.00 ± 11.12***

Group III 189.5 ± 3.59## 168 ± 4.18## 144.7 ± 4.26##

Group IV 162.8 ± 6.84### 142.8 ± 4.43### 122.6 ± 1.80###

Group V 86.83 ± 2.63### 118.1 ± 2.56### 117.5 ± 2.40###

Group-I: normal control; Group-II: diabetic control; Group-III: diabetic rats treated
with zingerone (50 mg/kg bw/day); Group-IV: diabetic rats treated with zingerone
(100 mg/kg bw/day); Group-V: Diabetic rats treated with glibenclamide 4.5 mg/kg
bw/day). Data are represented as mean of 10 rats± S.E.M.
ns: Non significant.
*** P < 0.001: Significant difference between control and treated groups.
## P < 0.01: Significant difference between Diabetic control and treated groups.

### P < 0.001: Significant difference between Diabetic control and treated group.
3.4. Effect of zingerone on lipid profile in different experimental groups

There was a significant increase in levels of TC, TG, LDL-C and a
concomitant decrease in levels HDL-C level in serum of animals of
group II as compared to group I. In treatment group III there was a
significant decrease (p < 0.01) in levels of TC, TG and LDL-C, how-
ever group IV showed a highly significant decrease (p < 0.001) in
the concentrations of TC, TG and LDL-C levels with a significant
increase in HDL-C levels. There was a significant increase in
HDL-C levels in group IV (Table 3).

3.5. Effect of zingerone treatment on ALT, AST, ALP and total protein

There was a significant increase in the levels of ALT, AST and
ALP in the serum of group II animals as compared to group I. There
was significant decrease in the levels of these enzymes in serum in
group IV of 100 mg/kgbwt of zingerone. There was no significant
decrease in serum total protein in group II as compared to normal
group. Zingerone administered at dose of 100 mg/kg bwt rats of
group IV showed a considerable increase (p < 0.05) in the serum
total proteins levels (Table 4).



Table 5
Effects of treatment of Zingerone on various antioxidant enzymes in different experiment

Treatment regimen GSH (n mol GSH/gm tissue) Catalase (nan
Consumed/m

Group I 82.73 ± 8.79 674.4 ± 40.16
Group II 38.76 ± 9.76*** 315 ± 28.11**

Group III 52.24 ± 8.73## 480.0 ± 20.70
Group IV 72.84 ± 9.14### 640.8 ± 15.71
Group V 75.72 ± 10.14### 659.3 ± 38.71

Group-I: normal control; Group-II: diabetic control; Group-III: diabetic rats treated with
mg/kg bw/day); Group-V: Diabetic rats treated with glibenclamide 4.5 mg/kg bw/day).
*** P < 0.001: Significant difference between control and treated groups. (#P < 0.05): Sig
## P < 0.01: Significant difference between Diabetic control and treated groups.

### P < 0.001: Significant difference between Diabetic control and treated group.

Fig. 3. Effect of Zingerone on MDA levels in different experimental group: Group-I:
normal control; Group-II: diabetic control; Group-III: diabetic rats treated with
zingerone (50 mg/kg bw/day); Group-IV: diabetic rats treated with zingerone (100
mg/kg bw/day); Group-V: Diabetic rats treated with glibenclamide 4.5 mg/kg
bw/day). Data are represented as mean of 10 rats± S.E.M. ***P < 0.001: Significant
difference between control and treated groups. #P < 0.05: Significant difference
between Diabetic control and treated groups ##P < 0.01: Significant difference
between Diabetic control and treated groups. ###P < 0.001: Significant difference
between Diabetic control and treated group. ns: Non significant.

Table 3
Effect of Zingerone on Total cholesterol (TC), High density, lipoprotein (HDL-C), Low density lipoprotein (LDL-C) and Triglycerides (TG) in different experimental groups.

Treatment regimen TC(mg/dl) HDL-C(mg/dl) LDL-C(mg/dl) TG(mg/dl)

Group I 87.65 ± 5.32 31.00 ± 3.4 51.14 ± 1.85 86.26 ± 6.73
Group II 224.6 ± 14.6*** 16.78 ± 0.79*** 94.21 ± 5.87*** 170.3 ± 12.5***

Group III 181.1 ± 6.69# 23.82 ± 1.21 ns 91.48 ± 7.75 ns 139.5 ± 7.61ns

Group IV 177.4 ± 11.5## 25.02 ± 2.10# 68.26 ± 3.12## 122.41 ± 14.0#

Group V 97.87 ± 6.5### 28.75 ± 1.65## 55.40 ± 5.19### 95.97 ± 8.48##

Group-I: normal control; Group-II: diabetic control; Group-III: diabetic rats treated with zingerone (50 mg/kg bw/day); Group-IV: diabetic rats treated with zingerone (100
mg/kg bw/day); Group-V: Diabetic rats treated with glibenclamide 4.5 mg/kg bw/day). Data are represented as mean of 10 rats± S.E.M.
*** P < 0.001: Significant difference between control and treated groups.
# P < 0.05: Significant difference between Diabetic control and treated groups

## P < 0.01: Significant difference between Diabetic control and treated groups.
### P < 0.001: Significant difference between Diabetic control and treated group

ns : Non significant.

Table 4
Effect of treatment of Zingerone on ALT, AST, ALP and Protein in different experimental groups.

Treatment regimen ALT AST ALP Total protein

Group I 75.21 ± 2.86 115.21 ± 4.57 142.26 ± 1.32 4.41 ± 0.30
Group II 117 ± 9.05*** 275.11 ± 15.1*** 194.92 ± 2.37*** 3.36 ± 0.21***

Group III 96.01 ± 6.86# 158.61 ± 8.62# 174.65 ± 1.84# 4.68 ± 0.37#

Group IV 79.78 ± 4.89# 137 ± 3.74## 162.58 ± 1.28## 5.07 ± 0.42##

Group V 79.83 ± 3.29## 111.41 ± 11.9## 167.87 ± 0.97## 3.83 ± 0.33ns

Group-I: normal control; Group-II: diabetic control; Group-III: diabetic rats treated with zingerone (50 mg/kg bw/day); Group-IV: diabetic rats treated with zingerone (100
mg/kg bw/day); Group-V: Diabetic rats treated with glibenclamide 4.5 mg/kg bw/day). Data are represented as mean of 10 rats± S.E.M.
*** P < 0.001: Significant difference between control and treated groups.
# P < 0.05: Significant difference between Diabetic control and treated groups.

## P < 0.01: Significant difference between Diabetic control and treated groups.
ns : Non significant.
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3.6. Effect of zingerone treatment on LPO levels

Malonaldehyde (MDA) is the stable product of lipid peroxida-
tion. Alloxan administration increased the vulnerability of cellu-
lar membranes for lipid peroxidation. In the current study, group
II, showed a remarkable increase in MDA levels as compared to
group I. However, a significant reduction in levels of MDA were
observed in group III and group IV. Group V also showed a con-
siderable decrease in MDA level in comparison to group II
(Fig. 3).
3.7. Effect of zingerone treatment on antioxidant enzymes

Alloxan administration caused marked reduction in the in the
activity of scavenging enzymes viz SOD, CAT and GPx and also
decreased the reduced glutathione (GSH) levels in group II. These
adverse changes were reversed to near normal values by the treat-
ment of zingerone in group III and group IV as well as gliben-
clamide treated diabetic group V. However, zingerone at the dose
of 100 mg/kg bwt in group IV caused remarkable recovery in the
activity of all these antioxidant parameters (Table. 5).
al groups.

omol H2O2

in/mg protein)
SOD (IU/L) GPX (nanomol NADPH

oxidized/min/mg protein)

5.38 ± 0.81 6.42 ± 0.17
* 2.17 ± 0.13*** 3.03 ± .0.14***

## 3.56 ± 0.19# 4.12 ± 0.29##
### 4.33 ± 0.13### 5.59 ± 0.16###
### 4.96 ± 0.10### 5.84 ± 0.14###

zingerone (50 mg/kg bw/day); Group-IV: diabetic rats treated with zingerone (100
Data are represented as mean of 10 rats± S.E.M.
nificant difference between Diabetic control and treated groups,
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3.8. Effect of zingerone on glycosylation of hemoglobin

Alloxan administration caused significant increase in hemoglo-
bin glycosylation. Zingerone treatment in group III did not exhibit
any marked improvement. However, zingerone administration in
group IV showed a marked reduction in Hb glycosylation (Fig. 4).
Fig. 4. Effect of Zingerone on Glycosylation of Hb levels in different experimental
groups: Group-I: normal control; Group-II: diabetic control; Group-III: diabetic rats
treated with zingerone (50 mg/kg bw/day); Group-IV: diabetic rats treated with
zingerone (100 mg/kg bw/day); Group-V: Diabetic rats treated with glibenclamide
4.5 mg/kg bw/day). Data are represented as mean of 10 rats ± S.E.M. ***P < 0.001:
Significant difference between control and treated groups. #P < 0.05: Significant
difference between Diabetic control and treated groups ##P < 0.01: Significant
difference between Diabetic control and treated groups. ###P < 0.001: Significant
difference between Diabetic control and treated group. ns: Non significant.

Fig 6. Effect of Zingerone on TNF-a levels in different experimental groups: Group-
I: normal control; Group-II: diabetic control; Group-III: diabetic rats treated with
zingerone (50 mg/kg bw/day); Group-IV: diabetic rats treated with zingerone (100
mg/kg bw/day); Group-V: Diabetic rats treated with glibenclamide 4.5 mg/kg
bw/day). Data are represented as mean of 10 rats± S.E.M. ***P < 0.001: Significant
difference between control and treated groups. #P < 0.05: Significant difference
between Diabetic control and treated groups ##P < 0.01: Significant difference
between Diabetic control and treated groups. ###P < 0.001: Significant difference
between Diabetic control and treated group. ns: Non significant.

Fig. 5. Effect of Zingerone on NF-jB-p65 levels in different experimental groups:
Group-I: normal control; Group-II: diabetic control; Group-III: diabetic rats treated
with zingerone (50 mg/kg bw/day); Group-IV: diabetic rats treated with zingerone
(100 mg/kg bw/day); Group-V: Diabetic rats treated with glibenclamide 4.5 mg/kg
bw/day). Data are represented as mean of 10 rats ± S.E.M. ***P < 0.001: Significant
difference between control and treated groups. #P < 0.05: Significant difference
between Diabetic control and treated groups ##P < 0.01: Significant difference
between Diabetic control and treated groups. ###P < 0.001: Significant difference
between Diabetic control and treated group. ns: Non significant.

Table 6
Effect of Zingerone on serum levels of inflammatory cytokines (IL-1b, IL-6 and IL-2).

Group-I Group-II

IL-1b (pg/ml) 840.24 ± 27.6 2533.28 ± 55.1***

IL-6 (pg/ml) 973.11 ± 32.6 2681.52 ± 59.9***

IL-2(pg/ml) 232.13 ± 44.6 942.18 ± 65.7***

Group-I: normal control; Group-II: diabetic control; Group-III: diabetic rats treated with
mg/kg bw/day); Group-V: Diabetic rats treated with glibenclamide 4.5 mg/kg bw/day).
*** P < 0.001: Significant difference between control and treated groups.
# P < 0.05: Significant difference between Diabetic control and treated groups.

## P < 0.01: Significant difference between Diabetic control and treated groups.
### P < 0.001: Significant difference between Diabetic control and treated group.
3.9. Effect of zingerone treatment on serum NF-jBp65

NFjB has been shown to have significant role in induction of
diabetes mellitus. In the present study levels of NFjB were marked
increased in group II as compared to group I (Fig. 5). Group III
which was administered with zingerone at the dose of 50 mg/kg
bwt revealed a significant attenuation of NF-jBp65 levels in the
liver PMS. However 100 mg/kg bwt of zingerone in group IV
showed more profound effects.

3.10. Effect of zingerone on IL1-b, IL-6, IL-2 and TNF-a

In the current study thereweremarked increase in IL1-b, IL-6, IL-
2 (Table 6) and TNF-a (Fig. 6) levels in group II as compared to group
I. A significant decrease in the levels of IL1-b, IL-6, IL-2 and TNF-a
was observed in group III & IV treated with zingerone at the dose
range of 50 and 100 mg/kg bwt respectively (Table 6; Fig. 6).

4. Discussion

The current study is the first report to demonstrate the poten-
tial of zingerone to suppress alloxan induced diabetes in Wistar
rats. In this study, we have observed that treatment with zingerone
protects the diabetes in Wistar rats. This protection occurs by reg-
ulating oxidative stress, decreasing MDA levels, restoring liver
function enzymes and inhibiting pro-inflammatory cytokines.

Different model systems like alloxan, streptozotocin, viruses,
hormones like dexamethasone, adrenaline and dithizone are avail-
able to induce diabetes artificially (Lenzen, 2008; Qaisar et al.,
Group-III Group-IV Group-V

1872.58 ± 41.9# 1001.92 ± 41.4### 921.32 ± 39.1###

1471.42 ± 49.2## 1135.71 ± 61.3### 992.57 ± 46.2###

743.03 ± 31.5## 357.81 ± 59.3### 239.71 ± 27.1###

zingerone (50 mg/kg bw/day); Group-IV: diabetic rats treated with zingerone (100
Data are represented as mean of 10 rats± S.E.M.
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2017; Thounaojam et al., 2017). In the present study alloxan was
used to produce marked diabetic effects in animals. Alloxan, a b-
cell cytotoxin is used to induce chemical diabetes or Alloxan dia-
betes by development of oxidative stress inside the cell niche,
thereby damaging b-cell which leads to decreased insulin secretion
(Rohilla and Ali, 2012). It has been proposed that due to inhibition
of glucokinase enzyme activity, there is a decrease in endogenous
release of insulin and utilization of insulin which inturn creates
hyperglycaemic conditions (Szkudelski, 2001).

Administration of zingerone in diabetic rats for a period of 21
days showed a prominent hypoglycemic effect (Table 1). The hypo-
glycemic effect of zingerone may be attributed to the regeneration
of endocrine pancreatic cellular architecture leading to normal b-
cells activity and subsequent release of insulin which inturn might
be due to strong antioxidant properties of zingerone (Rao and Rao,
2010). Also increased ROS production leads to derailment of the
antioxidant potential inside the cell leading to lipid peroxidation
(Petersen et al., 2017). Generation of free radicles due to hyper-
glycemia weakens the antioxidant defense mechanisms which in-
turn cause damage to cellular enzymes and organelles. It also
results in elevated MDA levels and development of insulin resis-
tance (Verma et al., 2018). MDA, an aldehyde is regarded as a bio-
marker for assessing lipid peroxidations as it is formed due to
oxidation of membrane lipids and their degeneration (Yigit et al.,
2018). In the current study, Alloxan treatment caused a significant
elevation in MDA levels suggesting increased production of free
radicals which are in agreement with the findings of Nia et al.,
2018 which reported increased levels of MDA in liver in diabetic
Wistar rats (Fig. 3).

Antioxidative enzymes like CAT, SOD and GPx have a key role in
protection of cell against free radical damage. In the current study,
alloxan caused a significant decrease in the levels of all these
enzymes in the PMS in the diabetic group (group II) as compared
to the normal control group (group I) (Table 2). It has been
reported earlier that diabetes has a negative effect on the antioxi-
dant enzyme activities, which is attributed to increase in reactive
oxygen species (ROS) leading to development and progression of
diabetes mellitus (Suryawanshi et al., 2006). These effects may
be due to hyperglycemia which increases oxidative stress via over
production of ROS, which is generally found in diabetes and con-
tribute to organ injury in liver as well. In the present study, we
observed diabetic rats treated with zingerone showed an increase
in the activity of CAT, GSH, GPx and SOD as compared to untreated
diabetic rats which is in agreement with previous reports
(Hemalatha and Prince, 2015; Rajan et al., 2013). The hyper-
glycemia induced by alloxan also leads to increase in glycosylation
of a wide range of proteins including Haemoglobin (Hb) (Reddy,
2018). Administration of zingerone slightly decreased glycosylated
Hb content in diabetic rats (Fig. 4) yet the decrease in glycosylation
of Hb by zingerone administration was not markedly observed in
our study. Regulation of hepatic glucose (HGO) is mediated mainly
by gluconeogenesis or glycogenolysis.

Pancreas is a vital organ involved in metabolism of glucose
through its endocrine (insulin) and exocrine (amylase) secretions.
Insulin the main hormone responsible for glucose metabolism is
secreted by b-cells of pancreas. The increase in the serum levels
of insulin in zingerone treated diabetic rats (Fig. 1) may be attrib-
uted to the regenerative effect of zingerone on pancreas and stim-
ulation of insulin release. In consistency with our findings
Chakraborty et al., 2012 revealed that ginger and its active ingredi-
ents are responsible for modulating insulin release from b-cells
resulting in lowering blood glucose levels. Exocrine pancreatic
activity is checked by the concentration of a-amylase in the serum.
Any impairment in the pancreatic exocrine cells may be indicated
by the decrease in the serum a-amylase activity (Hardt et al., 2000;
Shimizu et al., 2000). Zingerone treated diabetic rats showed pro-
found elevation in serum amylase levels (Fig. 2). The improvement
in serum amylase observed in zingerone treated rats might be due
to regenerative effect of zingerone on islets of pancreas and stim-
ulation of insulin secretions.

Diabetic hyperlipidemia can be regarded for promoting cardio-
vascular diseases and the management of diabetic dyslepidemia is
a key factor in treating diabetes (Kaga et al., 2018). The significant
elevation of Triglycerides (TGs), LDL-C and total cholesterol in dia-
betic rats (group II) in the present study was similar to what was
reported previously (Ahmadvand et al., 2014). Insulin deficiency
in diabetic rats leads to dearrangement of lipid metabolism which
is reflected in terms of elevation of TG, LDL-C and total cholesterol.
Drastic reduction in HDL-C was observed in group II. This may be
due to protein apoB asoociated with HDL-C which triggers hydrol-
ysis of triglycerides stored in the adipocytes and efflux them into
systemic circulation leading to decrease in serum HDL-C levels
(Rifai and Warnick, 2006). Zingerone administration in diabetic
rats markedly decreased the levels of TG, LDL-C and cholesterol
and improved the levels of HDL-C (Table. 3). This is in agreement
with the findings of Narayanan and Jesudoss (2016) in which
administration of zingerone was found to improve the lipid profile
in rats fed with fructose enriched diet.

Both type 1 diabetes and type 2 diabetes are associated with
ketosis as the cells utilize fats and lipids instead of glucose due
to non-availability of glucose inside the cells leading to harsh con-
sequences in diabetic patients (Kitabchi et al., 2009). In our study
there was an increase in the serum levels of AST, ALT and ALP in
diabetic group (group II) which might be due to degeneration of
the liver architecture and subsequent release of these enzymes in
the serum (Table. 4). However, treatment with zingerone effec-
tively decreased the alloxan induced levels of these liver enzymes
in serum indicating the hepatoprotective effects of zingerone
against alloxan induced diabetes and these results are in agree-
ment with recent findings of Cheong et al. (2016).

NF-jB is an important transcriptional factor sensitive to abnor-
mal oxidative potential due to free radical production, cytokines,
obesity and glucose concentration inside the cell milieu (Gilmore,
2006). NF-jB belongs to Rel family of transcription factors and
are conserved throughout the evolution (Birbach et al., 2002). It
controls the metabolism of many vital cellular processes related
to inflammatory modulations such as cytokine production,
immunomodulations and cell survival. Stimulation of NF-jB leads
to overexpression of many genes coding for cytokines, chemokines
and pro-fibrogenic which evoke an inflammatory reaction mole-
cules during diabetes (Patel and Santani, 2009). It has been
reported that NF-jB plays a significant role in tissue injuries and
different inflammations of vital organs of the body. TNF-a cytokine
leads to the activation of NF-Κb and facilitates its entry inside the
nucleus for its appropriate targeted action (Jayachandran et al.,
2018). In tissue injuries and inflammation thereis Many natural
agents like ginger, curcumin, etc., prove to be useful in treating dia-
betes by inhibiting NF-jB pathway (Kim et al., 2010). Zingerone
has also been found to suppress inflammatory response (Xie
et al., 2014; Hsiang et al., 2015). In our study, there was inhibition
of NF-jB activity in diabetic rats treated with zingerone suggests
that zingerone ezhibits its antidiabetic potential by downregulat-
ing the NF-jB mediated signaling pathways (Fig. 6).

TNF-a is regarded as the marker inflammatory cytokine being
associated with various metabolic diseases including diabetes
(Conti et al., 2018). NF-jB has the key role in regulating the
TNF-a metabolism and is known to cause insulin resistance by
phosphorylation of serine residue of insulin receptor substrate-1
(IRS1). In obese patients, there is a marked induction of TNF-a in
the adipose tissues leading to an increase in insulin sensitivity
(Shimobayashi et al., 2018). Jimenez et al. (2017) reported that
there is a prominent upregulation of proinflammatory cytokines
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which can lead to pancreatic beta cell destruction and hyper-
glycemia effects in diabetes mellitus. In accordance with this
reports, our study shows that exposure of alloxan to rats leads
to generation of acute inflammatory response which might be
mediated via induction of NFjB, TNF-a IL-1b, IL-6 and IL-2.
Recently it was reported that zingerone treatment ameliorated
the inflammatory mediators in diabetic rats (Hany et al., 2017).
In our study, zingerone treatment was able to alleviate the abnor-
mal levels of these inflammation related markers in diabetic rats
(Figs. 6 & 7: Table 5).

5. Conclusion

We found that the free radical mediated damage induced by
alloxan was reversed by treatment with zingerone to a significant
extent. Zingerone in the current study exhibited its hypoglycemic
effect in diabetic rats by increasing the antioxidative defensive
enzymes, decreasing lipid peroxidation, suppression of proinflam-
matory cytokines and regulating NFjB levels (Fig. 7). Zingerone at
the dose of 100 mg/kg bwt has shown potent protective effect.
More studies needs to be conducted in future in order to elucidate
the molecular mechanism involved in antidiabetic effect of
zingerone.
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