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Effect of Rhinacanthin C on hyperglycaemia, hyperlipidemia and pancreatic dysfunction in diabetes was
investigated. In-vitro effect of Rhinacanthin C on glucose uptake was studied in 3T3-L1 cell line.
Meanwhile, in-vivo effect of 28-days treatment with 5 mg/kg/day or 20 mg/kg/day Rhinacanthin C was
studied in streptozotocin–nicotinamide induced male diabetic rats. Following completion of treatment,
fasting blood glucose (FBG), HbA1c, insulin and lipid profile levels were measured by biochemical assays.
Histopathological changes in pancreas were observed by light microscopy while levels of pancreatic
oxidative stress were determined by enzymatic assays. Expression of insulin, TNFα, Ikkβ and caspase-3 in
pancreas were quantified by immunohistochemistry. Molecular docking was used to identify interactions
between Rhinacathin C with SOD or GPx enzymes. Dose-dependent increase in glucose uptake was
observed with increasing doses of Rhinacathin C. Plasma FBG, HbA1c and lipid profile except LDL levels
and pancreatic malonaldehyde level were reduced but serum insulin and pancreatic anti-oxidative en-
zymes (SOD, CAT and GPx) levels were increased in diabetic rats receiving Rhinacanthin C treatment.
Decreased pancreatic histopathological changes with higher pancreatic insulin and Glut-2 levels but
lower TNFα, Ikkβ and caspase-3 levels were observed in diabetic rats receiving Rhinacanthin C (Po0.05
compared to non-treated diabetic rats). In diabetic rats which received Rhinacathin C, changes in the
above parameters did not achieve the value in non-diabetic rats. Docking shows Rhinacathin C possesses
high degree interactions with SOD and GPx. By possessing these effects, Rhinacanthin C could be used as
agent to alleviate pancreatic and other complications in diabetes.

& 2015 Elsevier B.V. All rights reserved.
1. Introduction

Diabetes mellitus (DM), characterized by hyperglycaemia, is
due to deficiency of insulin secretion, defective insulin action or
both (DeFronzo et al., 2015). Various complications develop as a
results of hyperglycaemia which include the micro and macro
vascular complications (Miguel et al., 2015). In addition, hyperli-
pidemia characterized by high triglyceride, cholesterol and low-
density lipoprotein (LDL) with low high density lipoprotein (HDL)
h).
are commonly seen in diabetes (Giribabu et al., 2014a; Li et al.,
2015). There are strong associations between inflammation and
oxidative stress with diabetic complications (Naruse et al., 2015).
Oxidative stress develops as a result of imbalances between the
generations of reactive oxygen species (ROS) and the antioxidant
enzyme levels. In diabetes, insulin resistance and hyperglycaemia
could induce increased in ROS (Ullah et al., 2015).

In diabetes, oxidative stress generates oxygen free radicals,
inhibits the antioxidant enzymes activity levels and increased the
formation of lipid peroxides (Baynes, 1991). Evans (2007) reported
that the level of malondialdehyde (MDA), a by-product of lipid
peroxidation and ROS increased in diabetes. Eventually, oxidative
stress will trigger low grade inflammation and could destroy the

www.sciencedirect.com/science/journal/00142999
www.elsevier.com/locate/ejphar
http://dx.doi.org/10.1016/j.ejphar.2015.12.028
http://dx.doi.org/10.1016/j.ejphar.2015.12.028
http://dx.doi.org/10.1016/j.ejphar.2015.12.028
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejphar.2015.12.028&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejphar.2015.12.028&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejphar.2015.12.028&domain=pdf
mailto:naguib.salleh@gmail.com
http://dx.doi.org/10.1016/j.ejphar.2015.12.028


S.H. Adam et al. / European Journal of Pharmacology 771 (2016) 173–190174
cellular metabolism (Wellen and Hotamisligil, 2005). In addition to
oxidative stress, high glucose levels could also trigger the in-
flammatory reactions (Esposito et al., 2002; Giribabu et al., 2014b)
which could result in the release of cytokines such as IL-6 and
TNF-α (Cieslak et al., 2015). Evidences have shown that the cyto-
kines level increased in the blood of diabetic patients (Esposito
et al., 2002). IL-6 and TNF-α are pro-inflammatory cytokines,
mainly derived from macrophages and were able to decrease tis-
sue insulin sensitivity via targeting the insulin signalling pathway
(Scheller et al., 2011). In addition, TNF-α also causes increased in
insulin resistance (Hotamisligil et al., 1993) and promotes activa-
tion of NFκB and caspase-3 that play major roles in apoptosis
(Budihardjo et al., 1999).

Rhinacanthus nasutus (R. nasutus) is one of the medicinal plants
found in India and South East Asia. Phytochemical studies indicate
the presence of flavonoids, steroids, terpenoids, anthraquinones
and napthoquinone, the latter being the major compound (Bukke
et al., 2011). To date, 14 naphthoquinone derivatives were isolated
and they were named as Rhinacanthin A–D and G–P (Sendl et al.,
1996; Wu et al., 1998, 1988). R. nasutus was reported to possess
anti-inflammatory (Siriwatanametanon et al., 2010) and anti-pro-
liferative activities (Gotoh et al., 2004; Siripong et al., 2006). This
plant has been used to treat diseases such as pulmonary tu-
berculosis, hepatitis and different types of skin diseases including
eczema and herpes (Batugal et al., 2004).

Previous study by Rao et al. (2012) reported that the metha-
nolic extract of R. nasutus exhibited anti-oxidative effects in the
liver of streptozotocin (STZ)-induced diabetic rats. This plant was
also found to possess hypolipidemic effect (Rao et al., 2011).
Meanwhile, preliminary study by Rao and Naidu (2010) reported
the anti-diabetic effect of R. nasutus crude extract in STZ-induced
diabetic rats. We hypothesized these effects were due to plant's
active compound, Rhinacanthin C. We further hypothesized that
Rhinacanthin C was able to improve the blood glucose and lipid
profile levels, levels of insulin and minimize damage to the pan-
creas caused by oxidative stress, inflammation and apoptosis in
diabetes. The aims of this study were therefore to investigate ef-
fects of Rhinacanthin C on these biological parameters in diabetes.
2. Materials and methods

2.1. Source of Rhinacanthin-C

Rhinacanthin C was a gift from Dr. Pharkphoom Panichayupa-
karanant, Prince of Songkla University, Hat Yai, Thailand. The
structure and purity of this compound was confirmed by nuclear
magnetic resonance (NMR) spectroscopy (Sendl et al., 1996). No
impurities were detected on Rhinacanthin C 1H NMR and 13C NMR
spectra.

2.2. Drugs and chemicals

Streptozotocin was purchased from Sigma Aldrich (St Louis,
MO, USA). All other chemicals were of analytical grade.

2.3. Experimental animals

Adult male Sprague Dawley (SD) rats were obtained from An-
imal House, Faculty of Medicine, University of Malaya. The rats
weighed 200–220 g were maintained under standard environ-
mental conditions of room temperature 2572 °C, 50–60% hu-
midity. 12 h light:12 h dark cycle with free access to food and
water ad libitum. All experimental procedures were approved by
Institutional Animal Care and Use Committee, University of
Malaya.
2.4. Induction of diabetes

Rats were divided into two groups; diabetic and non-diabetic.
Diabetes was induced by a single intraperitoneal (i.p.) injection of
streptozotocin (STZ) dissolved in 0.1 M cold citrate buffer (pH 4.5)
at a dose of 55 mg/kg/body weight (b.w.) (Nelli et al., 2013). Ni-
cotinamide (100 mg/kg/b.w.) was given prior to STZ injection to
minimize the destruction to the pancreas and to create type-2
diabetes (Badole et al., 2015). The control rats did not received any
injection. Diabetes was confirmed from the elevated levels of FBG,
72 h post STZ–nicotinamide injection by using a digital glucometer
(Accu-Cheks, Roche Diagnostic, Meylan, France). The blood was
collected via pricking the tail vein. Only rats with FBG levels above
350 mg/dl were considered as diabetic and were used in this
study. The characteristic symptoms of diabetes were also identi-
fied in diabetic rats which include hyperphagia, polydipsia and
diuresis.

Treatment with 5 mg/kg/day or 20 mg/kg/day Rhinacanthin C
was commenced four days following STZ injection and this was
considered as day 1. Rhinacanthin C was dissolved in 100 ml di-
methyl sulfoxide (DMSO) and its final concentration was achieved
by serially diluting this suspension in distilled water. 1 ml of the
solution containing this compound at the above doses was ad-
ministered orally to the rats by using a gavage tube for 28 con-
secutive days.

2.5. Experimental design

The rats were randomly assigned into seven groups with six
(6) rats per group:

Group I – Normal control rats treated with vehicle (Na-CMC)
Group 2 – Normal control rats treated with 5 mg/kg/b.w. Rhi-
nacanthin C
Group 3 – Normal control rats treated with 20 mg/kg/b.w. Rhi-
nacathin C
Group 4 – Diabetic control rats
Group 5 – Diabetic rats treated with 5 mg/kg/b.w. Rhinacanthin
C
Group 6 – Diabetic rats treated with 20 mg/kg/b.w. Rhinacanthin
C
Group 7 – Diabetic rats treated with standard anti-diabetic
agent, glibenclamide at 600 mg/kg/b.w. (Giribabu et al., 2015).

2.6. 2-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-2-deox-
yglucose (2-NBDG) glucose uptake study

The uptake of 2-NBDG, a glucose analogue by 3T3 L-1 cells was
performed as previously described (Arya et al., 2012). In brief,
1.3�104 cells were seeded in a 96-well plate and allowed to
proliferate overnight at 37 °C in 5% CO2. Then the medium was
discarded and cells were washed twice with phosphate-buffered
saline (PBS). PBS in each well was replaced with 100 ml DMEM
medium supplemented with L-glutamine without glucose and 15%
(v/v) fetal bovine serum. The cells were incubated for 60 min at
37 °C in 5% CO2. The conditioning mediumwas then discarded and
replaced with basal medium containing 3 mM 2-NBDG (Sigma-
Aldrich, Saint Louis, USA) in the presence or absence of glib-
enclamide (positive control) and Rhinacathin C. Based on the test
result, the minimum concentration of 2-NBDG capable of produ-
cing adequate signal-to-noise ratio was 3 mM. The cells were then
incubated for 30 min at 37 °C in 5% CO2 to permit endocytosis of
2-NBDG. Then 2-NBDG-containing medium was discarded, and
cells were stained with nucleic dye Hoechst 33342 for 30 min after
washing with PBS. The intracellular fluorescence signals in the
cells were observed at excitation/emission¼350 nm/461 nm and
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excitation/emission¼475 nm/550 nm for Hoechst 33342 and
2-NBDG, respectively. Plates were evaluated using Cell ReporterTM
(Molecular Devices) cytofluorimetric system and analysed with
Target Activation BioApplication software (Cellomics Inc.).

2.7. Body weight, food, water and FBG determinations

The initial and final body weights, daily food and water intakes
of experimental rats were measured. The FBG levels were mea-
sured at day 0, 7th, 14th, 21st and 28th by using a digital gluc-
ometer (Accu-Cheks, Roche Diagnostic, Meylan, France). Blood
was collected by pricking the tail vein. At the end of the experi-
mental period (28th day), the overnight fasted rats were weighed
prior to killed. Blood samples were also collected via heart punc-
ture immediately following killed and centrifuged at 4 °C for
15 min at 800 g and the serum was used for biochemical analyses.

2.8. Measurement of HbA1c and insulin levels

HbA1c levels in whole blood were estimated by using a com-
mercially available kit (BioSystems S.A. Costa Brava 30, Barcelona,
Spain). Serum insulin levels were measured by using enzyme-
linked immunosorbent assay (ELISA) kit (EIA-2048, 96 wells, DRG
Instruments GmbH, Marburg, Germany) according to manufac-
turer's guideline.

2.9. Determination of lipid profile levels

Serum lipid profile which include HDL-cholesterol, total cho-
lesterol (TC) and triglyceride (TG) were determined by using a
Diagnostic Kit (BioSystems S.A. Costa Brava 30, Barcelona, Spain)
and values were estimated by using an automated analyser Di-
mension RxL Max Integrated Chemistry System (Siemens Health-
care Diagnostics Inc. Deerfield, IL, USA). Serum level of LDL-cho-
lesterol and very low density lipoprotein (VLDL)-cholesterol were
estimated based on Friedewald et al. (1972) formula as follows:

= − − ( ) =LDL Total Cholesterol HDL
TG
5

VLDL
TG
5

2.10. Homoeostatic model assessment (HOMA)

Insulin resistance index (HOMA-IR) and β-cell functioning in-
dex (HOMA-β cell function) were calculated according to the fol-
lowing formulas (Matthews et al., 1985).

− = ×
HOMA IR

Fasting insulin Fasting glucose
405

− β = ×
−

HOMA Cell function
360 Fasting insulin
Fasting glucose 63

2.11. Determining anti-oxidative enzyme levels in the pancreatic
homogenates

10% pancreatic tissue homogenate was prepared in phosphate
buffer (0.1 M, pH 7.4) by using a glass–teflon homogenizer (Hei-
dolph Silent Crusher M, Germany). The cytosolic fractions were
prepared according to the method as described by Trounce et al.
(1996). This fraction was used to estimate the lipid peroxidation
(LPO) and endogenous antioxidant enzymes levels. The amount of
LPO was estimated from thiobarbituric acid (TBA) reaction with
malondialdehyde (MDA), a product formed from peroxidation of
membrane lipids following the method by Esterbauer and Chee-
seman (1990). The rate of LPO was expressed as mmoles of MDA
formed/gram tissue wet weight. SOD activity levels were
estimated according to the method by Misra and Fridovich (1972)
and was expressed as the amount of enzyme that inhibit oxidation
of epinephrine by 50%, which was equal to 1Uper milligram of
protein. CAT enzyme activity levels were determined on the basis
of H2O2 decomposition (Maehly and Chance, 1954) and was ex-
pressed in mmol of H2O2 metabolized/mg protein/min. Activity
levels of GPx were determined according to the method by Ro-
truck et al. (1973) and were expressed as μmol of GSH consumed/
mg protein/min.

2.12. Histological studies

Pancreas was immediately harvested following killed and fixed
in 10% formalin overnight followed by paraffin embedding. Par-
affin-embedded sections were cut into 5 μm thickness by using a
microtome (Histo-line laboratories, ARM-3600, Viabrembo, Milan,
Italy). The sections were deparaffinized by immersing in xylene for
20 min then dropped into ethanol at decreasing concentrations
(100%, 95%, 90% and 80%), for 5 min each. Then, the sections were
stained with hematoxylin and eosin (H&E). Histopathological
changes of the pancreas were viewed and micro-graphed under a
phase contrast microscope with an attached photograph machine
(Nikon H600L, Tokyo, Japan).

2.13. Immunohistochemistry and immunofluorescence

Pancreatic sections were deparaffinised in xylene and rehy-
drated in reducing concentrations of ethanol. Antigen retrieval
was performed by incubating the sections in 0.01 M citrate buffer,
pH 6.0 for 10 min at 100 °C. Subsequently 3% H2O2 in PBS was used
to neutralize the endogenous peroxidase. Sections were blocked in
appropriate blocking serum (Santa Cruz Biotechnology, Santa Cruz,
CA) for non-specific binding, prior to incubation with insulin, TNF-
α, Ikk-β, and caspase-3 polyclonal primary antibodies (sc-9168; sc-
1350; sc-34674 and sc-1225; Santa Cruz Biotechnology, Santa Cruz,
CA respectively) at a dilution of 1:500 in 5% normal serum at room
temperature for 1 h. After four times rinsing with PBS, sections
were incubated with biotinylated secondary antibody for 30 min
at room temperature, then exposed to avidin and biotinylated HRP
complex in PBS for another 30 min (ImmunoCruz™ ABC Staining
System). The site of antibody binding was visualized by 3,3′-Dia-
minobenzidine (DAB ) staining which gave dark-brown precipitate.
Sections were counterstained with hematoxylin for nuclear
staining. Immunoperoxidase changes in the pancreas were viewed
and micro-graphed under a phase contrast microscope with an
attached camera (Nikon H600L, Tokyo, Japan).

For immunofluorescence, sections were blocked with 10%
normal goat serum (sc-2043) (Santa Cruz, CA, USA) prior to in-
cubation with insulin and Glut-2 polyclonal primary antibodies
(Santa Cruz, CA, USA; sc-9168 and sc-7580) at dilutions of 1:100 in
PBS with 1.5% normal blocking serum at room temperature for 1 h.
After three times rinsing with PBS, sections were incubated with
goat anti-rabbit IgG–fluorochrome-conjugated secondary antibody
(sc-2012) (Santa Cruz, CA, USA) at a dilution of 1:250 in PBS with
1.5% normal blocking serum at room temperature for 45 min. The
slides were rinsed three times with PBS and were mounted with
Ultracruz Mounting Medium (Santa Cruz, CA, USA) and counter-
stained with DAPI to visualize the nuclei. All images were viewed
under Nikon Eclipse 80i microscope.

2.14. Quantification of staining or signal intensities

Slides were viewed under Nikon Eclipse 80i microscope (SEO
Enterprises Inc, Lakeland, FL USA) with an attached Nikon DS Ri1
12 megapixel camera (Nikon, Tokyo, Japan). Immunoperoxidase
and immunofluorescence images (Tiff images-1280�1024 pixels)



Fig. 1. Effects of Rhinacanthin C on in-vitro glucose uptake in 3T3-L1 cells.
(A) Representative fluorescence images showing increased fluorescence signals in
cells treated with 20 mg/ml Rhinacathin C or glibenclamide. (B) Bar graph showing
mean fluorescence intensity in cells treated with different concentrations of Rhi-
nacanthin C. Data were obtained from 6 different wells with similar treatment,
expressed as mean7S.E.M. Bars that do not share the same symbols differ sig-
nificantly at Po0.05. 0.62R¼0.62 mg/ml Rhinacathin C, 1.25R¼1.25 mg/ml Rhina-
cathin C, 2.5R¼2.5 mg/ml Rhinacathin C, 5R¼5 mg/ml Rhinacathin C, 10R¼10 mg/ml
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were captured at magnification of 40x under standard condition of
illumination at fixed exposure time. The sensitivity was also set
prior to image capture. At the outset of the session, part of the
slide with no tissue (blank field) was viewed for auto white bal-
ance. Under hue-saturation-intensity (HSI) mode, the area of in-
terest on the images was selected and total counts (spots with
dark-brown stains/fluorescence signals) were obtained. The mean
intensity of the counts (which could be restricted) was determined
which represents the average amounts of protein in tissues. The
average intensity was obtained from six different sections re-
presenting six different rats receiving similar treatment.

2.15. Docking studies for interactions between Rhinacanthin C with
SOD or GPx

The 3D structures of ligand molecule, Rhinacanthin C were
retrieved from PubChem database in SDF format (Pub-Chem id:
CID 6474554). The isolated compound was optimized with
CHARMM force field by utilizing a Discovery studio package soft-
ware. Meanwhile, the 3D structure of target proteins i.e. SOD
(P07632) and GPx (P04041) were computationally predicted by
using a SWISS-MODEL online server. The energies of predicted
target proteins were minimized with conjugated gradient algo-
rithm and CHARMM force field by utilizing Discovery studio
package software. Molecular docking studies were performed to
generate the bioactive binding poses for Rhinacanthin C in the
active site of SOD and GPx by using a LibDock module of Discovery
Studio (http://accelrys.com/). Docking was performed through ri-
gid docking approach whereby Rhinacanthin C was docked with
SOD or GPx. All other docking and consequent scoring parameters
were kept at their default settings.

2.16. Prediction of 3D structure of target protein

The Swiss model server modelled 3D structures of the target
proteins. Prediction results of SOD and GPx showed 96.73% iden-
tity with template protein 3GTT and 89.07% identity with template
protein 1GP1, respectively (Fig. 8B and C).

2.17. Statistical analysis

All data were analyzed by SPSS software and summarized as
mean7standard error of mean (S.E.M). Statistical significance
between treatment groups was tested by using one-way analysis
of variance (ANOVA) and P valueo0.05 was considered as sig-
nificant. Tukey's post‐hoc statistical power analysis was performed
for all experiments and values were 40.8 which were considered
adequate.
Rhinacathin C, 20R¼20 mg/ml Rhinacathin C, NC¼negative control and PC¼posi-
tive control.
3. Results

3.1. Glucose uptake by 3T3-L1 cells

In Fig. 1A, high fluorescence signal could be seen in cells treated
with 20 mg/ml Rhinacathin C. Similarly, high fluorescence signals
were also seen in cells treated with glibenclamide. Analyses of the
mean fluorescence intensity (Fig. 1B) showed dose-dependent
increase in the uptake of 2-NBDG, a glucose analogue by 3T3 L-1
cells with increasing doses of Rhinacathin C. In cells exposed to
Rhinacathin C, the mean fluorescence intensity was higher than
negative control (untreated cells) (Po0.05) except for the lowest
dose of Rhinachantin C (0.62 mg/ml) in which the mean fluores-
cence intensity was not significantly different when compared to
negative control.
3.2. Effects of Rhinacanthin C on body weight, H2O and food intakes

In the non-treated diabetic rats, final body weight was found to
decrease when compared to the initial weight (Po0.05) (Table 1).
The final body weight of diabetic rats was lower than the final
body weight of normal, non-diabetic rats (Po0.05). Diabetic rats
treated with 20 mg/kg/day Rhinacathin C or glibenclamide
showed increased in final body weight when compared to the
initial body weight (Po0.05). However treatment with 5 mg/kg/
day Rhinacathin C did not cause significant increase in the final
body weight when compared to the initial body weight. Although
treatment of diabetic rats with Rhinacathin C or glibenclamide did
cause the final body weight to be higher than the final body
weight of non-treated diabetic rats (Po0.05), however, the weight

http://accelrys.com/


Table 1
Effects of Rhinacanthin C on body weight, water and food intake.

Parameters Normal Normal Diabetic Diabetic

5 mg/kg Rhina-
canthin C

20 mg/kg Rhina-
canthin C

5 mg/kg Rhina-
canthin C

20 mg/kg Rhina-
canthin C

600 mg/kg
Glibenclamide

Initial body
weight (g)

177.54a76.35 173.68a74.87 176.37a75.63 189.35a712.54 186.56a711.43 178.35a712.62 182.46a79.45

Final body weight
(g)

239.34a710.98 242.45a*79.25 245.41a*79.56 163.32b*79.43 196.18c78.64 201.72d*76.73 219.11e*710.43

Water intake (ml/
rat/day)

28.86a74.75 27.48a74.14 29.74a73.68 47.64b76.53 37.32c75.74 31.75d75.85 34.86e78.64

Food intake (g/
rat/day)

18.45a73.54 18.92a72.86 17.87a73.16 34.39b73.67 27.54c74.25 21.46d72.72 19.43e72.65

Values represent means7S.E.M for 6 rats per group. Mean values in same line that do not share same superscript (a,b,c,d and e) differ significantly at Po0.05.
* Po0.05 compared to initial body weight.
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was markedly lower when compared to the final body of Rhina-
cathin C-treated or non-treated non-diabetic rats.

At day 28th of treatment, diabetic rats showed higher food and
water intakes compared to normal, non-diabetic rats (Po0.05). On
the other hand, diabetic rats treated with 5 mg/kg/day or 20 mg/
kg/day Rhinacanthin C or glibenclamide showed significant de-
crease in food and water intakes when compared to non-treated
diabetic rats (Po0.05). However, treatment with Rhinacathin C
did not cause sufficient decrease in the food and water intakes to
achieve the level observed in Rhinacathin C-treated and non-
treated non-diabetic rats (Po0.05).

3.3. Effects of Rhinacanthin C on FBG, HbAIc and insulin levels

In non-diabetic rats, FBG levels were within the normal range
throughout the experimental period (Fig. 2A). In these rats,
treatment with Rhinacathin C did not affect the FBG levels.
Meanwhile, in diabetic rats, FBG levels were higher than non-
diabetic rats throughout the 28 days period (Po0.05). In diabetic
rats receiving Rhinacanthin C or glibenclamide treatments, FBG
levels progressively decreased starting from day 7th of treatment,
continued to decrease till the last day of treatment (day 28th). In
these rats, at day 28th, FBG levels were higher than normal, non-
diabetic rats with or without Rhinacathin C treatment (Po0.05).
The effect of Rhinacanthin C was found to be dose-dependent.

Fig. 2B shows serum HbA1c levels in non-treated diabetic rats
which was higher than normal, non-diabetic rats (Po0.05). In
diabetic rats, administration of Rhinacanthin C at 5 mg/kg/day or
20 mg/kg/day or glibenclamide resulted in HbA1c levels to de-
crease when compared to non-treated diabetic rats (Po0.05).
However, the decrease was not sufficient to achieve the level ob-
served in non-diabetic rats with or without Rhinacathin C treat-
ment (Po0.05).

The level of insulin in non-treated diabetic rats was lower
when compared to non-diabetic rats (Po0.05) (Fig. 2C). In dia-
betic rats, treatment with Rhinacanthin C at 5 mg/kg/day or
20 mg/day/day or glibenclamide resulted in serum insulin level to
increase (Po0.05 when compared to non-treated diabetic rats).
The increase however was not sufficient to achieve the level ob-
served in non-diabetic rats which either receiving or not receiving
Rhinacathin C treatment.

3.4. Effects of Rhinacanthin C on lipid profile levels

TC, TG, LDL and VLDL levels in non-treated diabetic rats were
higher than non-diabetic rats (Po0.05). However, in diabetic rats,
HDL levels were lower than non-diabetic rats (Po0.05) (Table 2).
Treatment with 5 mg/kg/day or 20 mg/kg/day Rhinacanthin C to
diabetic rats resulted in decreased TC, TG, LDL and VLDL levels
compared to non-treated diabetic rats (Po0.05) but higher HDL
levels in diabetic rats when compared to non-treated diabetic rats
(Po0.05). In exception of LDL, the decrease in TC, TG and VLDL
levels in diabetic rats receiving Rhinacanthin C treatment was not
sufficient to achieve the level observed in Rhinacathin C treated
and non-treated, non-diabetic rats. Similarly, the increased in HDL
level following Rhinacathin C treatment in diabetic rats was not
sufficient to achieve the level observed in non-diabetic rats with or
without Rhinacanthin C treatment. In diabetic rats, Rhinacathin C
treatment also reduced LDL/HDL and TC/HDL ratios (Po0.05 when
compared to non-treated diabetic rats). Administration of Rhina-
canthin C to diabetic rats resulted in higher LDL/HDL and TC/HDL
ratios compared to non-treated diabetic rats, however was not
sufficient to achieve the ratios in non-diabetic rats which either
receiving or not receiving Rhinacathin C treatment.

3.5. Effects of Rhinacanthin C on HOMA indices

Diabetic rats showed higher insulin resistance index (HOMA-
IR) compared to normal, non-diabetic rats (Po0.05). Following
treatment of diabetic rats with 5 mg/kg/day or 20 mg/kg/day
Rhinacanthin C or glibenclamide, HOMA-IR index were decreased
when compared to non-treated diabetic rats (Po0.05) (Table 3).
However, the decrease was not sufficient to achieve the level ob-
served in non-diabetic rats with or without Rhinacathin C treat-
ment (Po0.05).

In normal, non-diabetic rats, HOMA-β cell functioning index
was seven-fold higher than non-treated diabetic rats (Po0.05).
Treatment of diabetic rats with 5 mg/kg/day or 20 mg/kg/day
Rhinacanthin C resulted in increased HOMA-β cell functioning
index (Po0.05 when compared to non-treated diabetic rats). The
increase in HOMA-β cell functioning index in Rhinacathin
C-treated diabetic rats however was not sufficient to achieve the
level observed in Rhinacanthin C-treated or non-treated diabetic
rats.

3.6. Effects of Rhinacanthin C on pancreatic MDA and antioxidative
enzymes levels

As presented in Table 4, pancreatic MDA levels in non-treated
diabetic rats were higher than non-diabetic rats (Po0.05). In
diabetic rats which received 5 mg/kg/day or 20 mg/kg/day Rhi-
nacanthin C or glibenclamide treatments, pancreatic MDA level
decreased when compared to non-treated diabetic rats (Po0.05).
The decrease in MDA levels following treatment with 20 mg/kg/
day Rhinacathin C or glibenclamide achieved the level observed in
non-diabetic rats either receiving or not receiving Rhinacathin C
treatment.

Meanwhile, SOD, CAT and GPx activity levels in the pancreas of



Fig. 2. Effects of Rhinacathin C on (A) FBG levels at weekly interval, (B) HbA1c levels and (C) Insulin levels. Data were expressed as mean7S.E.M from 6 different rats. Bars
that do not share the same symbols differ significantly at Po0.05. C: Non-diabetic control, D: Non-treated diabetic, CþR5: non-diabetic receiving 5 mg/ml Rhinacathin C,
CþR20: non-diabetic receiving 20 mg/ml Rhinacathin C, D: non-treated diabetics, DþR5: diabetic receiving 5 mg/ml Rhinacathin C, DþR20: -diabetic receiving 20 mg/ml
Rhinacathin C and DþG: diabetic receiving glibenclamide.
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diabetic rats were lower when compared to normal, non-diabetic
rats (Po0.05). Following treatment of diabetic rats with Rhina-
canthin C at 5 mg/kg/day or 20 mg/ kg/day or glibenclamide, SOD,
CAT and GPx activity levels increased when compared to non-
treated diabetic rats (Po0.05). The increased in SOD, CAT and GPx
activity levels in diabetic rats receiving 20 mg/kg/day Rhinacathin
C or glibenclamide treatments achieved the levels that were ob-
served in non-diabetic rats with or without Rhinacathin C
treatment.

3.7. Histolopathological changes in the pancreas

The islet of Langerhans in diabetic rats appeared small,
degranulated with the number markedly reduced when compared
to non-diabetic rats. In normal, non-diabetic rats which received
Rhinacathin C treatment, the size of islets was not markedly dif-
ferent when compared to non-treated, non-diabetic rats. Treat-
ment with Rhinacanthin C or glibenclamide to diabetic rats re-
sulted in bigger islets size with markedly reduced area of necrosis
when compared to non-treated diabetic rats. However, the size of
islets following Rhinacathin C treatment to diabetic rats appeared
smaller when compared to non-diabetic rats either receiving or
not receiving Rhinacathin C treatment (Fig. 3).

3.8. Effects of Rhinacanthin C on insulin, Ikkβ, TNF-α, caspase-3 and



Table 2
Effects of Rhinacanthin C on lipid profile.

Parameters Normal Normal Diabetic Diabetic

5 mg/kg Rhina-
canthin C

20 mg/kg Rhina-
canthin C

5 mg/kg Rhina-
canthin C

20 mg/kg Rhina-
canthin C

600 mg/kg
Glibenclamide

Total cholesterol
(mmol/l)

52.36a74.54 51.53a73.85 52.67a74.26 128.76b77.36 81.52c76.28 72.84d77.39 69.37e79.56

Triglycerides (mmol/
l)

59.25a75.29 57.97a76.76 58.93a74.21 112.88b75.37 91.36c76.95 84.43d75.83 81.87e77.36

HDL (mmol/l) 36.39a73.63 35.35a75.84 35.74a74.94 14.74b72.76 19.39c73.17 27.52d72.65 25.74e71.93
LDL (mmol/l) 4.12a70.57 4.58a70.23 5.14a70.46 91.44b71.43 3.65d71.68 3.37d71.87 3.27d71.69
VLDL (mmol/l) 11.85a70.79 11.59a70.76 11.78a70.79 22.57b71.53 18.27c71.74 16.88d71.47 16.37d71.54
LDL/HDL (mmol/l) 0.11a70.16 0.12a70.16 0.14a70.16 6.2b70.52 0.73c70.53 0.67c70.71 0.65c70.88
TC/HDL (mmol/l) 1.43a71.25 1.45a71.25 1.47a71.25 8.73b72.67 0.14c71.98 0.13c72.79 0.13c74.95

Value represents means7S.E.M for 6 rats per group. Mean values in same line that do not share same superscript differ significantly at Po0.05.
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Glut-2 expression levels in the pancreas

In Figs. 4 and 5, levels of insulin in islets of diabetic rats were
lower when compared to non-diabetic rats (Po0.05). Pancreatic
insulin level in non-diabetic rats treated with both doses of Rhi-
nacathin C was not significantly different when compared to non-
treated, non-diabetic rats. In diabetic rats, treatment with Rhina-
canthin C resulted in dose-dependent increase in pancreatic in-
sulin expression level when compared to non-treated diabetic rats
(Po0.05). Similarly, in diabetic rats, glibenclamide treatment re-
sulted in higher pancreatic insulin expression level when com-
pared to non-treated diabetic rats (Po0.05). However, pancreatic
insulin expression level in diabetic rats which received Rhina-
cathin C treatment were lesser than insulin expression level in the
pancreas of non-diabetic rats with or without Rhinacathin C
treatment (Po0.05).

Figs. 6 and 7 show the expression level of inflammatory mar-
kers i.e. TNF-α and Ikkβ respectively in the islets of Langerhans of
rats receiving different treatment. In non-diabetic rats, levels of
TNF-α and Ikkβ were low with Rhinacathin C treatment did not
cause changes in markers' expression level. Highest TNF-α and
Ikkβ expression levels were observed in non-treated diabetic rats.
Administration of Rhinacanthin C to diabetic rats resulted in TNF-α
and Ikkβ expression levels in the islets to decrease in a dose-de-
pendent manner. Similarly, glibenclamide treatment resulted in
expression levels of these proteins to decrease when compared to
non-treated diabetic rats (Po0.05). The decrease in TNF-α and
Ikkβ expression level following Rhinacathin C treatment in dia-
betic rats did not achieve the level of TNF-α and Ikkβ in non-
diabetic rats which either receiving or not receiving Rhinacathin C
treatment (Po0.05).

Low expression levels of caspase-3 were observed in non-dia-
betic rats (Fig. 8). In these rats, treatment with Rhinacathin C did
not cause significant changes in caspase-3 expression level when
compared to non-treated, non-diabetic rats. The highest caspase-3
expression levels were observed in the islets of non-treated dia-
betic rats (Po0.05 when compared to non-diabetic rats). In these
Table 3
Effects of Rhinacanthin C on HOMA index.

Parameters Normal Normal

5 mg/kg Rhina-
canthin C

20 mg/kg Rhina-
canthin C

HOMA-IR 1.34a70.06 1.32a70.09 1.34a70.08
HOMA-β cell
functioning

71.93a72.10 68.39a74.63 68.75a73.57

Value represents means7S.E.M. for 6 rats per group. Mean values in same line that do
rats, administration of Rhinacanthin C resulted in dose-dependent
decrease in caspase-3 expression level. Similarly, low caspase-3
expression level was also observed in the islet of diabetic rats
receiving glibenclamide treatment. The decrease in caspase-3 ex-
pression level in diabetic rats following Rhinacathin C treatment
did not achieve the level in non-diabetic rats which either re-
ceiving or not receiving Rhinacathin C treatment (Po0.05).

High Glut-2 expression level was observed in the islets of
normal, non-diabetic rats with or without Rhinacathin C treatment
(Fig. 9). In non-treated diabetic rats, low Glut-2 expression level
was observed in the islets. Treatment of diabetic rats with either
5 mg/kg/day or 20 mg/kg/day Rhinacanthin C or glibenclamide
resulted in marked increase in Glut-2 expression level when
compared to non-treated diabetic rats (Po0.05). However, the
increase in Glut-2 expression level in diabetic rats receiving Rhi-
nacanthin C treatment did not achieve the level of Glut-2 ex-
pression in non-diabetic rats either receiving or not receiving
Rhinacathin C treatment (Po0.05).
3.9. Interactions between Rhinacanthin-C with SOD or GPx enzymes

Molecular docking revealed high degree binding at first pose
between Rhinacanthin C (Fig. 10A) with target proteins, SOD
(Fig. 10B) and GPx (Fig. 10C) (Table 5). Interactions between Rhi-
nacanthin C and SOD (Fig. 10D) have Libdock score of 95.15. At first
pose, Rhinacanthin C interacts with SOD amino acids PRO75,
ALA76, ASP77, GLU78, ARG80, ASP84, LEU85, ILE100, GLU101,
ASP102, ARG103 and VAL104 via bonding and non-bonding in-
teractions. Rhinacanthin C and GPx also showed high affinity
binding (Fig. 10E) with Libdock score of 105.24. At first pose,
Rhinacanthin C interacts with GPx amino acids ALA 133, PRO134,
ASP137, PRO138, THR139, ARG155, ASN156, ASP157 and SER159
via bonding and non-bonding interactions.
Diabetic Diabetic

5 mg/kg Rhina-
canthin C

20 mg/kg Rhina-
canthin C

600 mg/kg
Glibenclamide

3.17b70.08 2.41c70.01 2.27d70.01 2.46d70.01
2.82b72.58 10.96c73.98 14.38d72.41 14.15d72.59

not share same superscript differ significantly at Po0.05.



Table 4
Effects of Rhinacanthin C on lipid peroxidation, SOD, CAT and GPx.

Parameters Normal Normal Diabetic Diabetic

5 mg/kg Rhina-
canthin C

20 mg/kg Rhina-
canthin C

5 mg/kg Rhina-
canthin C

20 mg/kg Rhina-
canthin C

600 mg/kg
Glibenclamide

Lipid peroxidation (mmoles of mal-
ondialdehyde formed/gram wet
weight of tissue)

6.11a71.76 6.26a71.63 6.19a71.96 14.65b72.05 9.83c72.73 7.28d72.25 6.97e71.48

Superoxide dismutase (SOD)(units/
mg protein/min)

1.48a70.06 1.51a70.08 1.49a70.07 0.72b70.09 0.96c70.08 1.32d70.07 1.29d70.05

Catalase (CAT) (H2O2 metabolized/mg
protein/min)

0.59a70.07 0.62a70.09 0.59a70.05 0.29b70.06 0.37c70.07 0.48d70.06 0.42d70.08

Glutathione peroxidase (GPx) (μmol
of GSH consumed/mg protein/min)

1.63a70.05 1.59a70.07 1.61a70.07 0.89b70.08 1.24c70.07 1.45d70.05 1.57e70.07

The value represents means7S.E.M for 6 rats per group. Mean values in same line that do not share same superscript differ significantly at Po0.05.

Table 5
Docking results for SOD and GPx with Rhinacanthin C.

Enzymes Docking Energies Hydrogen bands

SOD LDS: 95.1486 Number of H-bonds H-Donor H-Acceptor Type
EE:-22558.2 1 Ligand:H31 - C:ASP77:O Conventional H- Bond
CE:-22170.4
VE:-1928.1

GPx LDS: 105.238 Number of H-bonds H-Donor H-Acceptor Type
EE:- 12362.5 2 Ligand:H31 - A:THR139:O Conventional H- Bond
CE:- 12075.8 Ligand:H34 - A:PRO138:O Conventional H- Bond
VE:-1261.85

*LDS: Libdock score, EE: Electrostatic energy, CE: Charm energy, VE: Vander Waals energy.
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4. Discussion

This study has shown that Rhinacanthin C, an active compound
isolated from R. nasutus was able to partially overcome the adverse
effects of diabetes on the pancreas in STZ–nicotinamide induced
male diabetic rats. Our findings have also shown that Rhinacanthin
C was able to reduce serum level of FBG, HbA1c, TC, TG, LDL and
VLDL in diabetic rats while increases serum level of insulin and
HDL in the same animal model. Rhinacathin C was also found to
minimize destruction to the pancreas which most probably due to
its ability to decrease the level of oxidative stress, inflammation
and apoptosis. In this study, STZ was used to induce diabetes as it
was reported to selectively destroy the pancreatic β cell. Reduced
number of pancreatic β cell would result in decreased insulin
synthesis and secretion (Szkudelski, 2001; Wilson and Leiter,
1990). Meanwhile, nicotinamide was given prior to STZ injection
as it was able to partially protect the pancreatic β-cells from total
destruction (Szkudelski, 2012). The combined effect of STZ and
nicotinamide in rodents was reported to produce type-2 diabetes
(Shirwaikar et al., 2004).

Our in-vitro findings in 3T3 L-1 cell line indicated that Rhina-
cathin-C was able to stimulate the uptake of glucose into these
cells. 3T3 L-1 cells, derived from adipocytes are widely used to
investigate the properties related to glucose uptake (Fang et al.,
2008). This cell line was reported to express GLUT-2 (Hou et al.,
2009) and GLUT-8 on the plasma membrane (Scheepers et al.,
2001). There was a possibility that Rhinacathin-C could stimulate
expression and activity levels of GLUT-2 and GLUT-8 in these cells,
which could result in increased glucose uptake. Our in-vitro
findings were supported by in vivo observation which showed that
expression of GLUT-2 in the pancreatic islets of diabetic rats was
enhanced following Rhinacathin-C treatment. There was a
possibility that Rhinacathin-C could stimulate the uptake of glu-
cose by the pancreatic islet cells through GLUT-2 which expression
was found to increase in the pancreas of diabetic rats receiving
Rhinacathin C treatment. The enhanced cell surface of GLUT-2 by
Rhinacathin C could lead to increase in insulin release by enhan-
cing influx of glucose into the cells. Ability of Rhinacanthin-C to
stimulate insulin secretion in diabetic rats could explain im-
provement in FBG, HbAIc and lipid profile levels. Amelioration of
hyperglycaemia in diabetic rats receiving Rhinacathin C treatment
could then lead to the body weight, food and water intakes to
approach the level seen in non-diabetic rats. Meanwhile, im-
provement in the atherogenic index (LDL/HDL ratio) and HOMA-IR
and HOMA β-cell functioning indices in diabetic rats receiving
Rhinacathin C treatment could help to reduce the risk of cardio-
vascular diseases in diabetes (Manninen et al., 1992).

We have shown that destruction of the pancreas was markedly
reduced in diabetic rats receiving Rhinacathin C treatment. This
effect could be due to ability of this compound to decrease hy-
perglycaemia and the level of oxidative stress, inflammation and
apoptosis in the pancreas during the course of diabetes. In dia-
betes, hyperglycaemia could cause decrease in tissue antioxidant
levels while increases the free radicals levels (Aragno et al., 2004).
The latter could cause damage to the cell membrane, inducing cell
necrosis and inflammation through effects of the lipid by-pro-
ducts, MDA that is formed from peroxidation of unsaturated fatty
acid (Memişo �gulları and Bakan, 2004; Ravi et al., 2004). LPO is an
important marker of oxidative damage initiated by ROS (Farber
et al., 1990). Hyperglycaemia can also causes inactivation of anti-
oxidative enzymes through glycation (Kennedy and Lyons, 1997).
Additionally, in diabetes, increased level of TNF-α resulted in de-
creased insulin sensitivity as a result of impaired insulin signalling
pathway. TNF-α can also activate Ikkβ and caspase-3, in which the



Fig. 3. Effects of Rhinacathin C on histopathological changes in the pancreas. IL indicates islet of Langerhans. C: Non-diabetic control, D: Non-treated diabetic, CþR5: non-
diabetic receiving 5 mg/ml Rhinacathin C, CþR20: non-diabetic receiving 20 mg/ml Rhinacathin C, D: non-treated diabetics, DþR5: diabetic receiving 5 mg/ml Rhinacathin C,
DþR20: -diabetic receiving 20 mg/ml Rhinacathin C and DþG: diabetic receiving glibenclamide. Scale bar¼50 mM.

S.H. Adam et al. / European Journal of Pharmacology 771 (2016) 173–190 181



Fig. 4. Effects of Rhinacathin C on insulin levels in islets. Representative immunoperoxidase images of the pancreas showing dark-brown staining which indicate distribution
of insulin in the islets. Bar graph (lower right hand corner) shows the analyses of immunostaining intensity within the islets. Data were expressed as mean7S.E.M from six
images of six different rats receiving similar treatment. Bars that do not share the same symbols differ significantly at Po0.05. C: Non-diabetic control, D: Non-treated
diabetic, CþR5: non-diabetic receiving 5 mg/ml Rhinacathin C, CþR20: non-diabetic receiving 20 mg/ml Rhinacathin C, D: non-treated diabetics, DþR5: diabetic receiving
5 mg/ml Rhinacathin C, DþR20: -diabetic receiving 20 mg/ml Rhinacathin C and DþG: diabetic receiving glibenclamide. Scale bar¼50 mM.
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Fig. 5. Effects of Rhinacathin C on insulin levels in islets. Green fluorescence signals show sites of insulin expression. Bar graph shows analyses of immunofluorescence
intensity within the islets. Data were expressed as mean7S.E.M from six images of six different rats receiving similar treatment. Bars that do not share the same symbols
differ significantly at Po0.05 C: Non-diabetic control, D: Non-treated diabetic, CþR5: non-diabetic receiving 5 mg/ml Rhinacathin C, CþR20: non-diabetic receiving 20 mg/ml
Rhinacathin C, D: non-treated diabetics, DþR5: diabetic receiving 5 mg/ml Rhinacathin C, DþR20: -diabetic receiving 20 mg/ml Rhinacathin C and DþG: diabetic receiving
glybenclamide. Scale bar¼50 mM.
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Fig. 6. Effects of Rhinacathin C on TNF-α levels in islets. Representative immunoperoxidase images of the pancreas. Dark-brown staining shows distribution of TNF-α in islets.
Bar graph (lower right hand corner) shows analyses of immunostaining intensity in the islets. Bars that do not share the same symbols differ significantly at Po0.05. Data
were expressed as mean7S.E.M from six images of six different rats receiving similar treatment. C: Non-diabetic control, D: Non-treated diabetic, CþR5: non-diabetic
receiving 5 mg/ml Rhinacathin C, CþR20: non-diabetic receiving 20 mg/ml Rhinacathin C, D: non-treated diabetics, DþR5: diabetic receiving 5 mg/ml Rhinacathin C, DþR20:
-diabetic receiving 20 mg/ml Rhinacathin C and DþG: diabetic receiving glibenclamide. Scale bar¼50 mM.

S.H. Adam et al. / European Journal of Pharmacology 771 (2016) 173–190184



Fig. 7. Effects of Rhinacathin C on Ikkβ levels in islets. Representative immunoperoxidase images of the pancreas. Dark-brown staining shows distribution of Ikkβ in islets.
Bar graph (lower right hand corner) shows analyses of immunostaining intensity in islets. Bars that do not share the same symbols differ significantly at Po0.05. Data were
expressed as mean7S.E.M from six images from six different rats receiving similar treatment. C: Non-diabetic control, D: Non-treated diabetic, CþR5: non-diabetic re-
ceiving 5 mg/ml Rhinacathin C, CþR20: non-diabetic receiving 20 mg/ml Rhinacathin C, D: non-treated diabetics, DþR5: diabetic receiving 5 mg/ml Rhinacathin C, DþR20:
-diabetic receiving 20 mg/ml Rhinacathin C and DþG: diabetic receiving glibenclamide. Scale bar¼50 mM.
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Fig. 8. Effects of Rhinacathin C on caspase-3 levels in islets. Representative immunoperoxidase images of the pancreas. Dark-brown staining shows distribution of caspase-3
in islets. Bar graphs (lower right hand corner) show analyses of immunostaining intensity in islets. Bars that do not share the same symbols differ significantly at Po0.05.
Data were expressed as mean7S.E.M from six images from six different rats receiving similar treatment. C: Non-diabetic control, D: Non-treated diabetic, CþR5: non-
diabetic receiving 5 mg/ml Rhinacathin C, CþR20: non-diabetic receiving 20 mg/ml Rhinacathin C, D: non-treated diabetics, DþR5: diabetic receiving 5 mg/ml Rhinacathin C,
DþR20: -diabetic receiving 20 mg/ml Rhinacathin C and DþG: diabetic receiving glibenclamide. Scale bar¼50 mM.
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Fig. 9. Effects of Rhinacathin C on GLUT-2 levels in islets. Red fluorescence signals show sites of Glut-2 expression. Bar graph shows analyses of immunofluorescence
intensity in islets. Bars that do not share the same symbols differ significantly at Po0.05. Data were expressed as mean7S.E.M from six images from six different rats
receiving similar treatment. C: Non-diabetic control, D: Non-treated diabetic, CþR5: non-diabetic receiving 5 mg/ml Rhinacathin C, CþR20: non-diabetic receiving 20 mg/ml
Rhinacathin C, D: non-treated diabetics, DþR5: diabetic receiving 5 mg/ml Rhinacathin C, DþR20: -diabetic receiving 20 mg/ml Rhinacathin C and DþG: diabetic receiving
glibenclamide, Scale bar¼50 mM.
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Fig. 10. (A) Three dimensional structure of Rhinacanthin C. (B) Three dimensional structure of SOD. (C) Three dimensional structure of GPx. (D) Rhinacanthin C interacts with
amino acid residues of target protein, SOD at sites where binding affinity were highest (at first pose). (E) Rhinacanthin C interacts with amino acid residues of target protein,
GPx at sites where binding affinity were highest (at first pose).
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latter plays important role in apoptosis (Porter and Jänicke, 1999).
We postulated that treatment of diabetic rats with Rhina-

cathin-C could help to decrease lipid peroxidation by increasing
the activity levels of SOD, CAT and GPx enzymes in the pancreas. In
the meantime, molecular docking studies showed that Rhina-
cathin-C possessed high degree binding to SOD and GPx enzymes.
These bindings could help to stimulate these enzymes’ activities.
Thus, Rhinacathin-C could help to reduce the oxidative stress level
in the pancreas of diabetic rats. Lower oxidative stress, in-
flammation and apoptosis levels in the pancreas would contribute
towards higher insulin secretion by diabetics.

The observed Rhinacathin-C effects resemble the reported
effect of R. nasutus extract, indicating that this compound most
likely responsible for the documented effect of this plant extract.
Rao and Naidu (2010) reported that the methanolic extract of R.
nasutus was able to restore the blood glucose level near normal in
diabetic rats. Rao et al. (2011) showed that the methanolic extract
of R. nasutus was able to lower hyperlipidemia, also in diabetic
rats. Meanwhile, Rao et al. (2012) reported that the methanolic
extract of R. nasutus was able to reduce oxidative stress level in the
liver of STZ-induced diabetic rats.

In conclusions, the present study has shown that Rhinacanthin-
C could potentially be used as a drug to ameliorate diabetes-in-
duced pancreatic destruction as a result of increased oxidative
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stress, inflammation and apoptosis. The improvement in pan-
creatic function would help to alleviate complications related to
diabetes.
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