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ABSTRACT

Background: The secondary metabolites from natural herbs are exploited to treat various human
ailments. The present study aimed to investigate the ameliorative effect of the methanolic extract
of Cassia auriculata (C. auriculata) stem-bark in both in vitro and in vivo mice model. Materials and
Methods: /n vitro standard procedures were followed to determine the phytochemical profile.
High-fat-diet+STZ was administered to 6-weeks old mice to induce type-2-diabetes. Results: In
vitro study revealed that the highest total polyphenol and flavonoid contents with anti-oxidant
and anti-diabetic property was observed in the methanolic extract of C. auriculata stem-bark.
Type-2-diabetes rats showed significantly elevated fasting blood glucose levels with decreased

serum insulin level. Further, the oxidative stress in the serum and muscle as well as altered
activities of liver enzymes of carbohydrate metabolism in diabetic control mice compared to
normal control mice was observed. The histomorphology of liver and pancreas was deleteriously
alteredin diabetic group mice. However, methanolic extract of C. auriculata stem-bark (200 mg/kg;
b.wt) and metformin (200 mg/kg; b.wt) treated diabetic mice did not show the above-mentioned
alterations suggesting its ameliorative effect in type-2-diabetes. Conclusion: The methanolic
extract of C. auriculata is potent enough to be employed as antidiabetic agent.
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stress.

INTRODUCTION

Diabetes is one of the major metabolic disorders affecting the
population globally. The incidence and prevalence of diabetes
are observed worldwide and is increasing at an alarming rate
in low and middle-income countries compared to high-income
countries. As per the International Diabetes Federation, it is
expected that the number of individuals with diabetes may rise
to 700 million by the year 2045." Of the three forms of diabetes
viz., type 1, type 2 and gestational diabetes; type-2 diabetes has
been reported to affect humans the most widely, accounting
for over 95% of cases.” In case of type-2 diabetes, the body is
unable to utilize insulin produced by the islets of Langerhans
of the pancreas effectively.® This is due to the body's established
resistance to insulin, which prevents the cells from identifying
or recognizing the insulin molecules even when they are present
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in the bloodstream. Hence, several insulin-sensitizing and
insulin-secretory drugs such as metformin, thiazolidinedione,
meglitinides, etc., have been introduced and are being used to
treat type-2 diabetes.

Since the body experiences various side-effect and adverse effects
from the use of synthetic drugs, naturally available herbs would
be a safer alternative owing to reduced adverse effects on the
body.* Several naturally available herbs are used against type-2
diabetes. To cite a few, Curcuma longa, Zingiber officinale, Piper
longa, Moringa oliefera, Terminalia chebula, Asparagus racemosus,
Withania somnifera, Acorus calamus, Garcinia cambogia, etc have
reported to be some of the widely used herbs for its anti-diabetic
properties.’

Similarly, Cassia auriculata is one of the widely used naturally
available herbs used for the treatment of various ailments. C.
auriculata is an evergreen shrub with yellow flowers, belonging
to the family Caesalpiniaceae. It is found in different parts of Asia
including India.® Different parts of this herb have been reported
for their varied beneficial properties. For instance, solvent extracts
of C. auriculata leaves have reported to possess anthelmintic,’
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anti-bacterial® and anti-cancer properties.® Similarly, the root
extracts have hepatoprotective,'® and anti-oxidant properties."
In addition, studies have reported the anti-diabetic property of
various parts of C. auriculata, like the roots,'"* aqueous extract
of the flower,*?" bud' and leaves.'"* Although several studies
have shown various health-beneficial properties including
anti-diabetic efficacy of different parts of C. auriculata, the
anti-diabetic efficacy of C. auriculata stem bark has not been
reported. The stem of this herb is used widely in the traditional
Ayurveda system of medicine' and literature using other parts of
the herb is available extensively, but the anti-diabetic property of
stem-bark of C. auriculata is yet to be established. It is to be noted
that the above-mentioned beneficial properties are primarily due
to the various phytochemicals present in different parts of the
herb. Hence, it is also necessary to understand the phytochemical
content of stem-bark of C. auriculata. Since, the secondary
metabolites i.e., the phytochemicals produced by the herbs have
major health benefits, the present study aims to investigate the
phytochemical profile and anti-diabetic property of C. auriculata
stem bark in a mice model.

MATERIALS AND METHODS

Collection of plant material

Cassia auriculata stems were collected from a local botanical
garden in Mysuru. The collected plant material was authenticated
by a botanist with voucher number UOMBOT20CA17. The
collected stems were freed from all adhering matters by washing
under running water, its bark was removed, shade-dried and
coarsely powdered. The powdered material was packed neatly
and stored at room temperature until further use.

Extraction

The powdered C. auriculata stem bark was initially taken in
conical flasks for defatting on a rotary shaken for 8 hr at room
temperature (25+2°C) using hexane (1:10 ratio).' The supernatant
was discarded and the defatted material was thoroughly dried to
free from the residual solvent. The dried defatted material was
divided into three equal parts in a separate conical flasks and
individually subjected to extraction following the same procedure
as that of defatting with different solvents, viz., ethanol, methanol
and water respectively. Three different extracts thus obtained.
Care was taken to remove the impure and particulate materials by
filtrating through filter paper and residual solvent was removed
with the help of rotary evaporator. The extracts were air-dried
followed by freeze dried and stored at -20°C until further use.

Total polyphenols and total flavonoids content

The total polyphenols and flavonoids content was estimated in
the three different solvent extracts of C. auriculata stem bark
following the standard protocols as described by Kupina, et al."”
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and Chang et al.'® The values of total polyphenols were expressed
as gallic acid equivalents in milligram per 100 g dry weight of the
sample (mg QE/g DW) and that of flavonoid as mg of quercetin
equivalents per 100 g dry weight of the sample (mg QE/g DW).

In vitro antioxidant efficacy of different solvent
extracts of C. auriculata stem bark

The different solvent extracts, i.e., ethanol, methanol and aqueous
extracts of the defatted C. auriculata stem bark was evaluated for
its anti-oxidant potential in vitro by conducting DPPH radical
scavenging assay and Ferric Reducing Antioxidant Power (FRAP)
assay following the method of Rakholiya et al." and Bhalodia et
al.,”® respectively.

The IC, values of each sample in both the assays were calculated
using the percentage inhibition values obtained at each
concentration of test samples.

FTIR analysis of methanolic extract

FTIR was used as a qualitative tool to get the fingerprint of
methanolic extract by scanning in the range of 400-4000 cm™ by
recording at a resolution of 2 cm™ using Bruker alpha.

HPLC analysis of methanolic extract

The methanolic extract was analysed for its phytochemical
constituents using HPLC by following the method described by
Singh et al.,*' using Agilent 1260 Infinity (Gradient conditions
with PDA) HPLC on a C18 phenomenex reversed phase column
(250x4.6 mm?). Identification and quantification of polyphenols
present in the methanolic extract of defatted C. auriculata stem
bark was carried out by comparing the retention time of the
sample with respective reference standard peaks.

In vitro anti-diabetic efficacy of methanolic extracts
of C. auriculata stem bark

To determine the anti-diabetic efficacy of methanolic extract of
C. auriculata stem bark, the in vitro a-amylase and a-glucosidase
inhibition assay was carried out as described by Hemalatha et al.**

The IC, values of each sample in both the assays were calculated
using the percentage inhibition values obtained at each
concentration of test samples.

Experimental animals

Eight-weeks-old C57BL/6 male mice (20£2 g) were used for the
studies. Animals were housed at the Animal House, Vipragen
Biosciences, Mysuru, at 22+3°C temperature, <55+5% humidity
and 12 hr alternate light/dark cycle. The animals were given food
and water ad libitum and acclimatized for 7 days before initiating
the experiment. All the in-life protocols and methodologies
were approved by the Institutional Animal Ethical Committee
(IAEC) for the Care and Use of Laboratory Animals (VIP/
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TAEC/206/2020) and experiments were conducted following the
guidelines of CCSEA, India.

Acute oral toxicity study of methanolic extract

The methanolic extract of C. auriculata stem bark was tested
for its safety in female C57BL/6 mice by following OECD 423
guideline, Acute Oral Toxicity-Acute Toxic Class Method. A total
of 6 female mice, 5-6 weeks old were used in the study with 3
mice at each step. Mice were fasted, with only access to water,
for 3-4 hr before dosing. The methanolic extract of C. auriculata
stem bark were administered via oral route as a suspension in
water with a maximum level set at a limit dose of 2000 mg/kg
b.wt and dose volume of 10 mL/kg body weight. Doses were
freshly prepared prior to administration. After dosing, mice
were observed individually at least once during the 1* 30 min,
periodically during the first 24 hr, with special attention given
during the first 4 hr and daily thereafter, for a total of 14 days.
Animals were observed for mortality, clinical signs and body
weight was recorded every 7 days.

In vivo anti-diabetic activity of methanolic extract in
C57BL/6 mice-induced diabetes using high-fat diet
and streptozotocin

Type-2 diabetes was induced in mice following the method
reported by Srinivasan et al.,”> 8-weeks-old, male C57BL/6 mice
were acclimatized in the experimental room for a week before
the start of the experiment. They were divided into control group
having 10 animals and experimental group having 50 animals.
Control group mice were fed with AIN-9 (normal) diet and
experimental group mice were fed with High-Fat Diet (HFD) for
28 days. On day 29, all experimental animals were fasted for a
period of 4-6 hr between 7 AM and 1 PM before administering
a single low dose (35 mg/kg b.wt) of Streptozotocin (STZ)
intraperitoneally. STZ was prepared by dissolving in citrate buffer
(0.05 M, pH 4.5). Sucrose solution (5% in water) was administered
within 24 hr after STZ injection. All mice had free access to water.
Fasting Blood Glucose (FBG) levels were measured after 5 days of
STZ injection.*

Animals with FBG2200 mg/dL in the experimental group
were selected as subjects for the anti-diabetic study with
test interventions. Selected animals were divided into four
experimental groups (groups 2-5) with a sample size of n=10. The
experimental animal groups are as follows:

Group 1 mice were fed with normal diet and are considered as
control,

Group 2 mice were untreated and were considered as diabetic
control,

Groups 3 and 4 mice were administered methanolic extract of
stem bark of C. auriculata at doses of 100 mg/kg and 200 mg/
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kg b.wt.p.o (doses were fixed based on the basis of 1/10" of safer
dose from the acute toxicity experiment of the present study and
from our previous study*)respectively for 21 days,

Group 5 mice were administered metformin at a dose of 200 mg/
kg b.wt.p.o for 21 days.

All the mice including the control group were maintained on
the respective diets till the end of the experimentation period.
At the end of experimental period (Day 22), blood samples were
collected via retro-orbital plexus and serum was separated from
blood samples via centrifugation at 2000 rpm at 4°C. Additionally,
during the necropsy, gross examination was conducted to observe
any visible abnormalities and target organs (liver, pancreas and
muscle) were collected for further analysis. The remaining carcass
were disposed according to standard protocols.

Weekly body weight and blood glucose were recorded. After
necropsy, markers of carbohydrate metabolism, oxidative stress
and histopathology were carried out. Glucose-6-phosphatase,*
glycogen” and glucokinase contents*® were quantified in liver
tissue homogenate. Superoxide dismutase”” was also measured in
the liver tissue.

At the end of the treatment period, upon necropsy, a fraction of
the liver, pancreas and muscle tissues were collected from all the
experimental mice and washed with PBS to remove any residual
blood. The organs were fixed in 10% buffered formalin for>48 hr,
processed and embedded with paraffin and subsequently tissue
sections of 4-5 micron thickness were stained using haematoxylin
and eosin for further histopathological evaluations. Histological
microscopic structures of pancreas and liver sections were
examined using a light microscope (Olympus microscope CX33,
China).

Statistical analysis

All results were expressed as meantStandard Deviation (SD).
The in vitro anti-diabetic efficacy of methanolic extract was
determined by students ¢ test. For the in vivo studies, parametric
One-way ANOVA was used for statistical analysis after subjecting
to normality test, followed by post-hoc Duncan test to evaluate
the significant differences (p<0.05) between the different
experimental groups using GraphPad Prism 9.5.

RESULTS

Extraction yields

The yield of ethanol, methanol and water extracts obtained
from the defatted stem bark of C. auriculata were found to be
13.3%, 14.3% and 11.6% (w/w), respectively (Table 1). The
extracts obtained were properly stored in an airtight container at
-20°C until further use for phytochemical and pharmacological
evaluations.
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Total polyphenols and total flavonoids content

The total polyphenol content was significantly higher in the
methanolic extract (8013.41+82.69 mg/100 g) of defatted C.
auriculata stem bark followed by the ethanolic (7328.39+81.73
mg/100 g) and aqueous (7960.12+129.70 mg/100 g) extracts
(Table 1). However, the total flavonoid content was found to
be more in the methanolic extract (1568.56+98.22 mg/100 g)
followed by aqueous (901.88+38.28 mg/100 g) and ethanolic
(1293.62+51.76 mg/100 g) extract of C. auriculata stembark
(Table 1).

In vitro anti-oxidant activity of different solvent
extracts of C. auriculata stem bark

The anti-oxidant activity of C. auriculata stem bark extracts
was determined by DPPH and FRAP assay (Figure 1). The
methanolic extract (57.71+4.12 pg/mL) was found to have
highest anti-oxidant potential, as less concentration of the extract
was required to scavenge 50% of DPPH radicals. As per the
results obtained from FRAP assay, the methanolic extract had
the highest (52.44+5.46 pug/mL) anti-oxidant potential as it could
reduce Fe’* to Fe** efficiently, followed by ethanolic (61.83+4.61
pg/mL, 95.68+6.5 ug/mL) and aqueous (71.34+5.68 pg/mlL,
90.78+8.43 pug/mL) extracts.

FTIR analysis

The FTIR spectra of methanolic extract of C. auriculata extract is
shown in Figure 2. The spectra showed the presence of hydroxyl
group indicated by the band around 3320 and the bands around
2942 and 2831 could be due to C-H stretching.

HPLC analysis

The HPLC profile of methanolic extract of defatted C. auriculata
stem bark revealed the presence of various polyphenols, viz., gallic
acid, procatechuic acid, p-hydroxy benzoic acid, p-coumaric acid,
vanillic acid, syringic acid, ferulic acid, trans-cinnamic acid and
quercetin.

In vitro anti-diabetic activity of methanolic extract of
C. auriculata stem bark

The anti-diabetic efficacy of methanolic extract of C. auriculata
stem bark was determined by a-amylase and a-glucosidase

inhibition assays. The results of both a-amylase and a-glucosidase
inhibition assays revealed that the methanolic extract of C.
auriculata stem bark was potent enough to inhibit the a-amylase
(212.98+13.84 pg/mL) and a-glucosidase (94.83+7.30 ug/mL)
enzymes significantly with least concentration compared to
the standard acarbose (219.54+16.37 ug/mL, 120+8.28 pg/mL)
respectively (Table 2).

Acute oral toxicity study

Methanolic extract of C. auriculata stem bark at single oral dose
of 2000 mg/kg b.wt. did not result in mortality or any observed
clinical signs of toxicity during the entire experiment. Further, no
change in body weight was observed and no abnormalities were
detected upon gross pathological examination. Therefore, based
on the observed results, the median lethal dose of the extract
after single oral dose administration to female rats, observed
over a period of 14 days, the extract can be classified under
Category 5 according to the GHS (Globally Harmonised System)
Classification and Labelling of chemicals (“About the GHS |
UNECE;” n.d.), with LD, | greater than 2000 mg/kg body weight
and LD, cut off value of 5000 mg/kg body weight.

Anti-diabetic activity using HFD and STZ-induced
type 2 diabetic C57BL/6 mice

Body weight

There was significant decrease in the body weight of animals in
the diabetes control (17.80£1.60 g, 17.01+1.51 g) group (G2)
on days 14 and 21 compared to normal control (22.22+1.04 g,
23.35%1.32 g) group (G1). The treatment of methanolic extract of
C. auriculata at both 100 mg/kg b.wt. (21.91+1.26 g, 22.30+1.18
g) and 200 mg/kg b.wt. (21.42+1.61 g, 22.35+1.28 g) doses and
metformin (200 mg/kg b.wt.) (21.92+1.07 g, 22.90+0.94 g)
prevented decrease in the body weight induced by HFD-STZ
diabetes indicating the potential protective effect of the
methanolic extract of C. auriculata stem bark.

Fasting blood glucose level

A significant increase in the fasting blood glucose levels was
observed in HFD+STZ administered mice (252.71+26.20 mg/
dL) compared to normal control group mice (91.01+3.01 mg/dL)
confirming the induction of diabetes (Figure 3a). However, the
administration of methanolic extract of C. auriculata stembark

Table 1: Total polyphenols and total flavonoid content of different solvent extracts of C. auriculata stem bark.

SI.No.  Extracts Yield (%)
Ethanol 13.3"

2 Methanol 14.3°
Water 11.6°

Note: All the values are mean+SEM.

Total polyphenols (mg/100  Total flavonoids
9) (mg/100 g)
7328.39+81.73" 1293.62+51.76°
8013.41+£82.69* 1568.56+98.22°
7960.12+129.70* 901.88+38.28¢

Mean values with same superscript letters in the given column are not significantly different, whereas those with different superscript letters are significantly (p<0.05)

different as judged by Duncan’s post-hoc test.
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Table 2: Alpha amylase and alpha glucosidase inhibition efficacy of methanolic extract of C. auriculata stem bark.

Samples IC,, (ug/mL)

Alpha amylase inhibition assay Alpha-glucosidase inhibition assay
Acarbose 219.54+16.37 120+8.28"
Methanolic extract 212.98+13.84 94.83+7.30

All values are in mean+SD. Note * indicates significant difference.

Table 3: Efficacy of methanolic extract of C. auriculata stem bark on the activities of antioxidant enzymes and concentration of oxidative stress
markers in the serum and muscle of HFD+STZ-induced diabetic mice.

Groups Activities of Antioxidant Enzymes Oxidative Stress markers

Superoxide Dismutase (SOD) Catalase (CAT) activity Reactive Oxygen Species (ROS) umol of  Nitric Oxide (NO)

activity (Unit/min/mg protein) (nmol/mg/min) DCF formed/min/mg protein ng/mg protein

Serum Muscle Serum Muscle Serum Muscle Serum Muscle
Gl 1766.98+147.67°  16.73£1.93°  0.63+0.08" 1.98+0.10> 2726.32+210.45" 2887.87+84.01®  4.53+0.74°>  3.88+0.30*
G2 633.75£98.45° 7.45+1.80° 0.35+0.02* 0.56+0.04* 3234.65+102.36°  3944.93+183.15° 8.55+1.09°  6.72+0.44°
G3 1578.24+132.88°  12.46+1.99® 0.58+0.05° 1.68+0.14> 2464.76+120.78> 2794.16+201.94> 5.60+0.52° 4.23+0.21°
G4 2102.344241.65>¢ 13.91+0.92°¢ 0.88+0.09° 2.93+0.17°¢ 2144.98+195.09*® 2276.06+98.44*> 4.81+0.33*® 3.24+0.12°
G5 2301.76+£204.01¢  14.98%£1.55¢ 0.94+0.10° 3.02+0.19¢ 1955.34+101.10*  1955.84+78.43*  3.95+0.31*  3.05%0.78*

Note: All the values are mean+SD.

Mean values with same superscript letter in the given column are not significantly different, whereas those with different superscript letters are significantly (p<0.05)

different as judged by Duncan’s post-hoc test.

at both 100 mg/kgb.wt. (182.23+18.50 mg/dL) and 200 mg/
kg b.wt (120.83+12.34 mg/dL) in HFD+STZ-induced diabetic
mice reduced the blood glucose levels indicating its potential
anti-hyperglycemic activity.

Fasting insulin level

There was a significant decrease in the serum insulin level in the
HFD+STZ administered diabetic mice (0.34+0.01 pL U/mL),
whereas the diabetic mice treated with the methanolic extract
(200 mg/kg b.wt.) of C. auriculata stem bark (0.76+0.05 uL U/mL)
showed normalised fasting insulin levels similar to that of normal
control (0.73£0.02 uL U/mL) and standard metformin-treated
(200 mg/kg b.wt.) diabetic mice (0.96+0.06 pL U/mL) (Figure
3b).

Activities of serum and muscle anti-oxidant enzymes

The activities of serum as well as muscle anti-oxidant enzymes,
ie, SOD and CAT were significantly decreased in the
HFD+STZ-induced diabetic control mice (S 633.75+98.45,
0.35+0.02; M7.45%1.80, 0.56+0.04) compared to that of normal
control group mice (S 1766.98+147.67, 0.63+0.08; M 16.73+1.93,
1.98+0.10) (Table 3). Whereas, the diabetic mice administered
with the methanolic extract of both the 100 mg/kg b.wt. (S
1578.24+132.88, 0.58+0.05; M 12.46+1.99, 1.68+0.14) and
200 mg/kg b.wt. of C. auriculata stem bark (S 2102.34+241.65,
0.88+0.09; M 13.91+0.92, 2.93£0.17) elevated the anti-oxidant
enzyme activities similar to that of normal control mice.
However, the higher dose of methanolic extract treated mice
showed better anti-oxidant enzyme activities comparable to that
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of metformin-treated (200 mg/kg b.wt.) mice (S 2301.76£204.01,
0.94+0.10; M 14.98+1.55, 3.02+0.19) (Table 3).

Oxidative stress marker levels in the serum and
muscle

The HFD-STZ-induced diabetic mice (S 3234.65+£102.36 pmol
of DCF formed/min/mg protein, 8.55+1.09 ng/mg protein; M
3944.93+183.15 umol of DCF formed/min/mg protein, 6.72+0.44
ng/mg protein) showed significant elevation in the concentration
of Reactive Oxygen Species (ROS) and Nitric Oxide (NO) in the
serum and muscle compared to normal control group mice (S
2726.32+210.45 pmol of DCF formed/min/mg protein, 4.53+0.74
ng/mg protein; M 2887.87+84.01 pmol of DCF formed/min/
mg protein, 3.88+0.30 ng/mg protein) (Table 3). Further, the
methanolic extract of 200 mg/kg b.wt. of C. auriculata stem bark
treated diabetic mice (S 2144.98+195.09 pmol of DCF formed/
min/mg protein, 4.81+£0.33 ng/mg protein; M 2276.06+£98.44
pmol of DCF formed/min/mg protein, 3.24+0.12 ng/mg protein)
showed the normalised levels of ROS and NO comparable to
that of normal control and metformin-treated (200 mg/kg b.wt.)
diabetic mice (S 1955.34£101.10 umol of DCF formed/min/mg
protein, 3.95+0.31 ng/mg protein;1955.84+78.43 umol of DCF
formed/min/mg protein, 3.05+0.78 ng/mg protein).

Activities of glucose-6 phosphatase and glucokinase
in the liver

The activities of key enzymes of carbohydrate metabolism
were determined in the liver and found that there was a
significant increase in the activity of glucose-6 phosphatase
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Table 4: Efficacy of the methanolic extract of C. auriculata stem bark on the activities of glucokinase and glucose-6-phosphatase
and the concentration of glycogen in the liver of HFD+STZ-induced diabetic mice.

Groups Activities of Glycogen content
Glucose-6-phosphatase (mg/min/mg Glucokinase (nM/min/mg (mg/g tissue)
protein) protein)

Gl 16.56+2.97° 6.28+1.70°¢ 2.13+£0.41°

G2 39.54+5.63¢ 2.05£0.18° 1.50£0.26*

G3 32.56%3.12° 2.41£0.32° 1.73+0.57%b

G4 22.92+0.97%° 5.00+1.09° 2.01+0.26°

G5 23.75+3.03%° 6.09+0.49¢ 2.26+0.16°

Note: All the values are mean+SD.
Mean values with same superscript letter in the given column are not significantly different, whereas those with different superscript letters are
significantly (p<0.05) different as judged by Duncan’s post-hoc test.
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Figure 1: Vertical bar graphs showing the DPPH scavenging activity and FRAP potency of the methanolic
extract of C. auriculata stem bark. Note: All the values are mean+SD.Mean values with same superscript
letters for each assay are not significantly different, whereas those with different superscript letters are

significantly (p<0.05) different as judged by Duncan’s post-hoc test.
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Figure 2: FTIR spectra of methanolic extract of C. auriculata stem bark showing the bands of different
functional groups.
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and a concomitant decrease in the activity of glucokinase in the
diabetic control mice (39.54+5.63 mg/min/mg protein, 2.05+0.18
nm/min/mg protein) compared to that of normal control mice
(16.56+2.97 mg/min/mg protein, 6.28+1.70 nm/min/mg protein)
(Table 4). Conversely, the high dose of methanolic extractof C.
auriculata stem bark treated diabetic mice (22.92+0.97 mg/min/
mg protein, 5.00+1.09 nm/min/mg protein) showed the activities
of these enzymes comparable to that of normal control and
metformin-treated (200 mg/kg b.wt.) diabetic mice (23.75+3.03
mg/min/mg protein, 6.09+0.49 nm/min/mg protein).

Glycogen concentration in the liver

The concentration of glycogen was significantly lower in the
HFD+STZ-induced diabetic mice (1.50+£0.26 mg/g tissue)
compared to normal control mice (2.13£0.41 mg/g tissue),
whereas those administered with 200 mg/kg b.wt. of methanolic
extract of C. auriculata stem bark(2.01+0.26 mg/g tissue) and
metformin (200 mg/kg b.wt.) (2.26+0.16 mg/g tissue) showed
higher concentration of glycogen in the liver similar to that of
normal control mice (Table 4).

Histology

The histomorphology of the pancreas showed a reduction in the
surface area of the islets of Langerhans evidently in HFD+STZ
administered diabetic mice compared to that of normal control
mice. However, the diabetic mice treated with 200 mg/kg b.wt.
of methanolic extract of C. auriculata stem bark recovered the
pancreatic histoarchitecture similar to that of normal control
mice (Figures 4a-d).

Similarly, the histology of liver showed infiltration of
inflammatory cells, sinusoidal haemorrhages in the diabetic
control mice compared to normal control mice but not in those
diabetic mice treated with the 200 mg/kg b.wt. methanolic extract
of C. auriculata stem bark (Figures 4e-h).

DISCUSSION

Diabetes is one of the major metabolic disorders occuring
worldwide. Several medicines are being used to treat diabetic
condition which includes both synthetic and naturally available
herbal supplements. Type-2 diabetes is one of the global
metabolic disorders affecting all aged populations severely. The
body fails to detect the insulin present leading to type-2 diabetic
condition. Hence, several insulin sensitizing drugs have been
developed and is being used to manage type-2 diabetes, viz.,
metformin, glibenclamide, etc. However, these drugs are known
to have side-effects like flatulence, gastritis, etc. Therefore, there
is a dire need for any alternate medicinal approach to manage
type-2 diabetes. The naturally available herbs are some of the
best alternative treatment approaches since they have minimum
side-effects. The naturally available herbs exert beneficial
effects owing to the secondary metabolites® synthesized by the
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plants to protect against the threat like harsh environmental
conditions, chemicals, etc. These secondary metabolites and
phytochemicals are exploited to exert similar health beneficial
properties in humans. Therefore, it is necessary to understand the
phytochemical profile of medicinal herbs. Indeed, several studies
have reported the anti-diabetic efficacy due to the phytochemical
present in the herbal supplement either in in vitro or in vivo
models. For instance, resveratrol,”” curcumin,’®*® Garcinia
xanthochymus,” etc, have been reported to ameliorate the diabetic
condition either using in vitro or in vivo models. Similarly, C.
auriculata is one such promising naturally available herb with
several beneficial properties like, anthelminthic,” anti-bacterial,®
anti-cancer,” hepatoprotective,'’ anti-oxidant,'""* etc. Further,
studies have also reported the anti-diabetic activity of different
parts of the herb, viz., root," flower buds,*'*** flower and leaves.**
However, the phytochemical profile and anti-diabetic efficacy of
C. auriculata stem-bark is not reported. Hence, the present study

aimed to address the above mentioned lacunae.

In the present study, the C. auriculata stem bark was defatted
using hexane and then subjected to extraction on rotary shaker
with solvents, ethanol, methanol and water at room temperature.
The extract obtained was freeze dried and analysed for
concentration of total polyphenols and flavonoids. It was found
that the concentration of total polyphenols and flavonoids was
highest in methanolic extract followed by ethanol and aqueous
extracts respectively. Further, the in vitro anti-oxidant property
determined by DPPH and FRAP assay was found to be rich in the
methanolic extract potentially due to its rich polyphenol content.
These results were similar to that of our earlier study with C.
auriculata roots.” Based on these data, the methanolic extract was
selected for its further characterization. The methanolic extract
of C. auriculata stem bark showed the highest total polyphenol
and flavonoid content, potency in the in vitro anti-oxidant and
anti-diabetic properties.

Initially, the chromatographic profile was determined by HPLC
method and the presence of polyphenols, viz., gallic acid,
procatechuic acid, p-hydroxy benzoic acid, p-coumaric acid,
vanillic acid, syringic acid, ferulic acid, trans-cinnamic acid and
quercetin were noted suggesting the rich polyphenol content in
the methanolic extract of C. auriculata stembark. Further, the
functional groups present were determined by FTIR analysis
and the presence of major bands for -OH and C-H groups were
observed. The anti-diabetic activity was estimated by in vitro
a-amylase and a-glucosidase inhibition assays. The methanolic
extractof C. auriculata stem bark inhibited the activity of
a-amylase and a-glucosidase better than the standard acarbose, as
least amount of the methanolic extract could inhibit the activities
of these enzymes than that of the acarbose. Given that a-amylase
and a-glucosidase are the two primary enzymes involved in
the metabolism of glucose, inhibition of these enzymes slows
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down the breakdown of carbohydrate in the small intestine and
therefore, may reduce the post-prandial glucose elevation.”

Based on the results of the in vitro study, the in vivo anti-diabetic
activity of the methanolic extraxt of C. auriculata stembark was
investigated in the present study. The methanolic extract of C.
auriculata stem bark ameliorated the HFD+STZ-induced diabetes
in mice. About 5-6-week-old mice were administered with the
HED for 6 weeks and a dose of STZ (35 mg/kg b.wt) injection was
given to induce type-2 diabetic condition. FBGlevels were checked
in all the experimental group mice to determine the induction of
diabetes.The development of type-2 diabetes was confirmed by
the elevated FBG level in HFD+STZ administered mice similar to
those reported in other studies.* After the confirmation of type-2
diabetic condition, the ameliorative effect of the methanolic
extract of C. auriculata stembark was investigated. For the same,
2 doses, i.e., 100 mg/kg b.wt. and 200 mg/kg b.wt. of methanolic
extract was administered for 28 days and compared with normal
control, diabetic control and diabetic mice treated with standard
metformin (200 mg/kg b.wt.). At the end of treatment period, all
experimental mice were euthanized, blood and tissue samples
were collected and processed. The serum separated from the
blood was used to analyze the anti-oxidant activity and serum
insulin levels. The tissue samples were processed for histological
analysis, anti-oxidant status and the activities of carbohydrate
metabolism markers separately.

In addition to the hyperglycemic condition, the serum insulin
level was reduced in the diabetic mice indicating the insulin
resistance and type-2 diabetic condition. The decrease in the
serum insulin level despite the administration of HFD may be
either because of negative feedback mechanism to the pancreatic
beta cells by the insulin resistance-induced compensatory
hyperinsulinemia‘or due to destruction of pancreatic beta cells
by STZ injection. Though, serum insulin levels are reduced in
the diabetic control mice, the insulin resistance is maintained in
these mice to develop type-2 diabetic condition and these results
are in line with earlier studies.””

auniculatastembark

payo Day7 Dayi4 DayH =B Diabetic+ metformin

E 350 =—¢— Normal control

H

g 300

d 250 = B = Diabatic control

™

5 200

£ ~ = - Diabetic +100 mgfkg bw of
g 150 methanol extract of C.

a auriculatastembark

° 100

k- +--M-+ Diabetic + 200 mg/kg bw of
g 50 methanol extract of C.

=

Further, in the present study, type-2 diabetic control mice also
showed a significant decrease in the activity of anti-oxidant
enzymes with concomitant increase in the oxidative stress markers
in the serum similar to previous reports.” Furthermore, oxidative
stress was observed in the muscle tissue of diabetic control
mice compared to the normal control mice. This is because, the
activity of the anti-oxidant enzymes was reduced significantly in
the muscle of diabetic control mice compared to normal control
mice. In the present study, the oxidative stress in the serum and
muscle tissue may be due to an increase in the generation of
ROS and NO either by the hyperglycemic condition or because
of HFD administered. This could resonate with studies that have
reported that hyperglycemia® or HFD* induces oxidative stress.

Additionally, the carbohydrate metabolism was also altered in
the type-2 diabetic mice. This is substantiated by the significant
elevation in the activity of the liver glucose-6 phosphatase and
decrease in the glucokinase activity with a significant reduction
in the liver glycogen content in the type-2 diabetic control mice
compared to normal control mice. The glucose 6-phosphatase is a
hydrolytic enzyme involved in the production of hepatic glucose
from glucose 6-phosphate. Increased hepatic glucose production
is considered as one of the major contributors of hyperglycaemia
in type-2 diabetes.*! Similarly, glucokinase plays a vital role in the
metabolism of glucose in the liver. To contribute to the elevated
hepatic glucose levels, the activity of glucokinase was reduced
in diabetic condition.*? A significant increase in the activity
of glucose-6-phosphatase and a decrease in the glucokinase
activity in the liver of type-2 diabetic control mice in this study
is in agreement with earlier studies.** This altered carbohydrate
metabolism resulted in the elevated levels of glucose in the
blood. Furthermore, the altered carbohydrate metabolism is also
evident by a significant decrease in the concentration of liver
glycogen in the HFD+STZ type-2 diabetic mice. While the type-2
diabetic mice showed a deleterious alteration in carbohydrate
metabolism, the diabetic mice administered with 200 mg/kg
b.wt of methanolic extract of C. auriculata stem bark showed
an improvement in the glucose-6-phosphatase, glucokinase,
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Figure 3a,b: a) Line graph showing the fasting blood glucose levels in different experiment group mice.Note: All the values are mean+SD. Mean
values with same superscript letters for each assay are not significantly different, whereas those with different superscript letters are significantly
(p<0.05) different as judged by Duncan’s post-hoc test. b) Vertical bar graphs showing the serum insulin levels in different experimental group
mice. Note: All the values are mean+SD. Mean values with same superscript letters for each assay are not significantly different, whereas those with
different superscript letters are significantly (p<0.05) different as judged by Duncan’s post-hoc test.
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Pancreas

Figures 4a-h: Photomicrographs of pancreas of a) normal control, b) diabetic control, c) diabetic+methanolic extract of C. auriculata stem bark (200 mg/kg

body weight) and d) diabetic+metformin.Note the reduction in the size of islet of Langerhans in the diabetic mice (triangle) compared to other groups (star)

and also the normal pancreatic acini (arrow). 40X H & E stain. Photomicrographs of liver of e) normal control, f) diabetic control, g) diabetic+methanolic extract

of C. auriculata (200 mg/kg body weight) and h) diabetic+metformin.Note the normal histomorphology of liver in the normal control group but infiltration of

inflammatory cells (star) in the diabetic and reduction in the infiltration in methanolic extract treated group, sinusoidal haemorrhages (circle) in the metformin
treated diabetic group and also find the normal hepatocyte parenchymal cells (arrow).

activities thereby establishing that the methanolic extract aids in
normalizing the carbohydrate metabolism in type-2 diabetes.

Apart from the biochemical alterations, histoarchitectural
alterations were found in the liver and pancreas of type-2
diabetic control mice than those of normal control mice
where histoarchitecture were normal in both the tissues. The
above-mentioned alterations were similar to earlier studies. While
the type-2 diabetic mice showed the above-mentioned deleterious
alterations, the diabetic mice administered with 200 mg/kg b.wt
of methanolic extract of C. auriculata stem bark did not show
these alterations. These results indicates the amelioration of
diabetic condition by normalizing the fasting blood glucose levels
and its associated alterations to the levels of normal control mice.

The probable mechanism of action of the methanolic extract of C.
auriculata stem bark in the present study, may be as follows. The
HFD+STZ-induced hyperglycemia may be because of destruction
of islets of Langerhans, increased hepatic glucose production*
and induction of insulin resistance in mice. This is evident from
the histological architecture of pancreas, reduced serum insulin
levels and alterations in the carbohydrate metabolism leading
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to hyperglycemia. The destruction of pancreatic beta cells and
reduced serum insulin levels in the diabetic mice as evident by
the histological images are because of STZ injection, whereas, the
alterations in the carbohydrate metabolism in the diabetic mice is
mainly by the HFD administered.*

Further, the hyperglycemic condition leads to an increase in
oxidative stress, as observed in the serum and muscle with
significant decrease in the activities of anti-oxidant enzymes and
concomitant increase in the concentration of oxidative stress
markers. This is because hyperglycemic condition is known to
generate ROS resulting in the oxidative stress.*® However, in the
type-2 diabetic mice treated with 200 mg/kg b.wt of methanolic
extract of C. auriculata stem-bark, the deleterious alterations
were not observed and were similar to normal control mice.

Since, it is established that the HFD induces hyperglycemia by
increased hepatic glucose production and reduced serum insulin
levels, the inhibitory action of the methanolic extract of C.
auriculata stem bark as shown by in vitro study, might have played
a key role in lowering the blood glucose levels. The normalized
blood glucose levels may have improved the insulin sensitization
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and in turn serum insulin levels have been normalized to the
levels of normal control mice. It is also evident by the normalized
histomorphology of pancreas in the methanolic extraxt of
C. auriculata stem bark treated diabetic mice. Further, the
normalized FBG level by the methanolic extract of C. auriculata
stem bark might have aided to reduce oxidative stress in addition
to direct anti-oxidant activity of methanolic extract of C.
auriculata stem bark as evident in our in vitro study.

Hence, the anti-diabetic property of the methanolic extract of C.
auriculata stem bark in the present study can be established by
targeting the blood glucose control mechanisms such as enhancing
insulin sensitivity (indicated by increased glucokinase), reducing
the hepatic glucose production (indicated by decreased glucose
6-phosphatase level), improving the storage of glucose (indicated
by increased glycogen level) and by reducing the oxidative
stress (indicated by increased activity SOD) in diabetic mice.
The anti-diabetic effect of C. auriculata can be attributed to the
presence of appreciable quantity of polyphenols and flavonoids
identified in the methanolic extract. From the HPLC results it
is evident that ferrulic and gallic acid are rich in the methanolic
extract of C. auriculata stem-bark. Hence, it could be the action
of ferrulic and gallic acid in the extract of our study that has
improvised the insulin sensitivity, glycogenesis and reduced the

glucose production as evident from earlier studies.”*

CONCLUSION

The polyphenol rich methanolic extract of C. auriculata shows
its anti-diabetic activity by decreasing the elevated FBG levels
to normalcy by altering the activities of enzymes involved in the
carbohydrate metabolism. Further, the products like ‘chenna tea’
obtained from the methanolic extract of C. auriculata can be
analysed for its sensory applications and efficacy against diabetes
as potential future perspective.
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ABBREVIATIONS

ALP: Alkaline phosphatase; ALT: Alanine transferase; AST:
Aspartate transferase; BUN: Blood urea nitrogen; b.wt:
Body weight; DPPH:2,2-Diphenyl-1-picrylhydrazyl; FRAP:
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Ferrous reducing antioxidant power; FTIR: Fourier-transform
infrared spectroscopy; HDL: High-density lipoprotein; HPLC:
High-pressure liquid chromatography; LDL: Low-density
lipoprotein; NO: Nitric oxide; p.o: Peroral; ROS: Reactive oxygen
species; SOD: Superoxide dismutase; STZ: Streptozotocin; TC:
Total cholesterol; TG: Triglyceride; T2DM: Type-2 diabetic
mellitus; VLDL: Very low-density lipoprotein.
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SUMMARY

The present study was aimed to investigate the anti-diabetic
activity of Cassia auriculata stem-bark in both in vitro and in
vivo models. The analysis using different solvent extracts of the C.
auriculata stem-bark revealed that the methnol extract consisted
of higher amount of polyphenols and showed highest anti-oxidant
and anti-diabetic activity in vitro. Further, the methanolic
extract were rich in polyphenols as inferred by HPLC analysis
and strong -OH as observed by FTIR analysis. Further to check
the anti-diabetic activity of methanolic extract of C. auriculata
stem-bark, type-2 diabetic model was used. Male C57BL/6 mice
were administered with HFD+STZ and the development of
type-2 diabetes was confirmed by elevated glucose levels. The
results revealed that the C. auriculata stem-bark methanolic
extract administered diabetic mice showed normalised fasting
blood glucose and insulin levels suggesting the amelioration
of diabetic condition. Further, the extract-fed diabetic mice
showed the restoration of all the alterations observed in diabetic
mice, viz., oxidative stress in serum and muscle tissue, altered
carbohydrate metabolism, histological alterations comparable to
that of controls. Hence, the methanolic extract of C. auriculata
stem-bark can be used in the treatment of type-2 diabetes and its
associated alterations.
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