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Objective: Diabetes mellitus is a metabolic syndrome that alters the composition of carbohydrates, pro-
teins and fat content in the body due to decreased insulin secretion. This disrupts the insulin-signaling
cascade, resulting in failure in the targeted tissues, such as insulin-stimulated glucose absorption muscle
and fat. Natural products such as plants, which are rich in nutrient, offer a wide range of treatments for a
number of diseases and infections including diabetes mellitus. Hence, this study investigates the anti-
hyperglycemic efficacy of the methanolic leaves extract of Jatropha gossypifolia in experimental diabetic
rats.
Methods: Phytochemical constitution of J. gossypifolia showed tannin content to be significantly increased
in methanolic extract and HPLC analysis also revealed phenolic derivative tannic acid to be main consti-
tution. An intraperitoneal administration of 110 mg/kg body weight (b.w) nicotinamide and 45 mg/kg b.
w. streptozotocin was provided to male Wistar albino rats, thus inducing diabetic. Diabetic induced rats
treated with methanolic leaves extract of J. gossypifolia at the concentration between 100 and 50 mg/kg
for 35 days. Periodic blood glucose level and body weight were measured. Methanolic extract influence
was evaluated with q-PCR and western blot analysis on the cellular targets of insulin signaling cascades.
Results: The results showed the decrease in blood glucose levels and increased serum insulin level in
treated groups was significant (P < 0.05) in oral administration of methanol extract. Methanolic extract
exhibited a profound increase in the gene expression of the cellular targets of insulin signaling cascade
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including IRTK, IRS1, PI3K, GS, GLUT 4 and a basal level expression of GSK-3b. In addition, methanolic
extract increased protein expression of IRb (2.7-fold), GSK-3b (2.5-fold) and GLUT 4 (2.4-fold) transloca-
tion as evidenced from western blot analysis with the plasma membrane fractions.
Conclusion: Conclusively, methanolic leaves extract of J. gossypifolia exhibited a profound anti-
hyperglycemic activity by modulating the expression of the key targets of insulin signaling pathway.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The metabolic syndrome of diabetes mellitus affects carbohy-
drates, proteins and fats in the body which lowers the segregation
of insulin (Moree et al., 2013; Gaur et al., 2014; Praveen et al.,
2020). This entails the disruption of insulin-signalling pathway
leads to failure in the targeted tissues including insulin-
stimulated glucose absorption muscle and fat. This is due to the
failure of insulin that promote Glucose Transporter 4 (GLUT 4)
translocation to the plasma membrane in muscle cells (Epstein
et al., 1999; Guru et al., 2021). Natural products such as plants,
which are rich in nutrient, offer a wide range of treatments for a
number of diseases and infections. Current drug development
based on the available knowledge is responsible for the safe dis-
covery of drugs and promotes the creation of new chemical entities
(Ribnicky et al., 2006; Singh et al., 2021).

The Jatropha family of Euphorbiaceae projected to have about
170 species. The name Jatropha is derived from the Greek word ‘‘ja-
tros” that means doctor and ‘‘trophe” means food, altogether it
points out its medicinal uses (Sabandar et al., 2013; Félix-silva
et al., 2014; Purabi et al., 2020; Issac et al., 2021a). Among them,
Jatropha gossypifolia (J. gossypifolia) commonly known as ‘bellayche
bush’ that grows widely throughout India and is a perennial herb
belongs to Euphorbiaceae family. The various parts of this plant
including leaves, stem, heart, seed and latex historically used as
medicine and this plant possessed several chemical constituents.
Seeds of this plant considered as purgative and used to treat con-
stipation. The oil obtained from its seeds are used to treat leprosy
and paralysis. The paste developed from the leaves of Jatropha are
used to treat skin diseases and conditions like eczema, rashes,
measles and even chicken pox (Olowokudejo, 1993).

The studies on pharmacological and biological activities of J.
gossypifolia are so limited. Oral administration of ethanolic extract
of J. gossypifolia roots and aerial parts at the concentration between
125 and 250 mg/kg have shown antihypertensive and also reduced
chronic blood pressure in rats (Abreu et al., 2003; Vijay et al., 2021;
Issac et al., 2021b). The methanolic extract (ME) of J. gossypifolia
exhibited antimicrobial activity against Staphylococcus aureus. A
new diterpenoid isolated and characterized from J. gossypifolia root
extract showed potential anti-proliferative activity in A-549 cell
line (Kumar et al., 2017). The oral doses of ME of J. gossypifolia
leaves at the concentration between 500 and 1000 mg/kg pre-
vented acute carrageen-induced paw edema in rats; at 50–
100 mg/kg, it inhibited chronic cotton pellet induced granuloma
formation (Anandharajan et al., 2006); moreover at 200–400 mg/
kg of oral administration, it displayed anxiolytic and antidiarrheal
behaviour (Ravindranath et al., 2003; Manikandan et al., 2021;
Velayutham et al., 2021).

In our preliminary study, we have observed the anti-diabetic
efficacy of ME in J. gossypifolia leaves established in L6 myotubes
cell line (Kumar et al., 2017). Based on the observation, we have
evaluated the anti-hyperlipidemic activity which was evinced in
streptozotocin–nicotinamide induced diabetic rats treated with
ME of J. gossypifolia leaves. The present study evaluates the anti-
hyperglycemic effect of J. gossypifolia leaves ME on insulin resistant
2

in vivomodel. The mechanismwas further analysed using real time
PCR and western blotting.

2. Material and methods

2.1. Chemicals and reagents

All the chemicals used in this study was obtained from Himedia,
India. Blood glucose level was analysed using Accu-Chek� Active
Blood Glucose Meter. Real-time PCR analysis was performed using
KAPA SYBR� FAST qPCR Master Mix (2X). Rat IgA ELISA kit was
obtained from eBioscience, Germany. Primary and secondary anti-
bodies for western blotting obtained from Calbiochem, Germany
and Santa Cruz Biotechnologies, USA.

2.2. Plant material collection, authentication and sequential extraction

Leaves of J. gossypifolia was collected from east coast region of
Chennai, Tamil Nadu, India. The collected material was endorsed
by Dr P. Jayaraman, Plant Anatomy Research Institute, Chennai,
Tamil Nadu, India (Authentication: No: PARC/2015/3142). The
leaves of J. gossypifoliawere dried and powdered (50 g). To increase
the order of polarity (hexane, dichloromethane, ethyl acetate and
methanol), the powder was subjected to sequential extraction
using Soxhlet devices with different solvents. The obtained filtrate
was subjected to rotary evaporation and obtained dried extract
(Anandharajan et al., 2006).

2.3. Estimation of phytochemical components

All the four leaves extracts (n-hexane, Dichloromethane, Ethyl
acetate and Methanol extracts) of J. gossypifolia were subjected to
preliminary phytochemical testing that was performed to analyse
the presence of flavonoids using colorimetric aluminium chloride
method (Chang et al., 2002). Total phenolic content was deter-
mined by Folin-Ciocalteau method (McDonald et al., 2001; Silva
et al., 2006) and determination of Tannins was performed accord-
ing to Porter et al. (1985).

2.4. HPLC analysis of ME

HPLC (Agilent Technologies, 1200 infinity series, Germany)
analysis was carried out in crude ME and tannic acid was used as
a standard (Beasley et al., 1977; Kanaujia et al., 2010). The follow-
ing protocol was used for the HPLC analysis (Mohammadi et al.,
2014): Mobile phase-Water: Acetonitrile: Acetic acid [89:10:1],
Flow rate – 0.8 ml/min, Injection sample – 10 lL, Sample concen-
tration – 1 mg/mL and UV–VIS reading – 280 nm.

2.5. Experimental animals

The in vivo study was conducted with the consent from the ani-
mal ethical committee of the Institute (Ethical Clearance No.
090/835/IAEC-2014). Wistar male rats aged between 6 and 8 weeks
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old and weighed 180–200 g was used in the study. Thirty animals
have been recruited from the University of Veterinary Sciences of
Tamil Nadu, Chennai, India, transported to the animal house in
the Institute and acclimatized for a week. All animals fed with ster-
ilized water and pellet diet ad libitum during the acclimatization
period. The rats were kept with sterile paddy husk as bedding in
sterile polypropylene cages; the temperature and light and dark
condition was maintained as 25 �C and 12L/12D.
2.6. Induction of diabetes

Diabetes was instigated by intraperitoneal administration in
male wistar rats with the combination of Nicotinamide (NIC)
(110 mg/kg) dissolved in saline and Streptozotocin (STZ) (single
dose of 50 mg/kg b.w.) dissolved in 0.01 M freshly prepared citrate
buffer (pH 4.5); STZ was injected after 15 min from the injection of
Nicotinamide (Masiello et al., 1998).
2.7. Animal grouping and drug administration

Thirty rats (20 diabetic induced rats and 10 normal rats as con-
trol) divided into 6 groups; each consists 5 rats. Regular diet was
provided to the control groups and high fat diet (commercially
available) was supplied to the diabetic induced rats. The diet com-
position of normal and diabetic induced rats mentioned in Table 1.

A small cut was made in the tail and blood was drawn to mea-
sure the blood glucose level using glucometer, (Accu-check, Ger-
many). On day 3 and 7 of induction, the rats pronounced with
hyperglycemia (FBG 250 mg/dl) which further selected and studied
as follows:

Group 1: Control rats (0.5% CMC); n = 5.
Group 2: Control rats treated with ME (100 mg/kg b.w.); n = 5.
Group 3: Diabetic rats (STZ + NIC); n = 5.
Group 4: Diabetic rats (STZ + NIC) treated with ME (50 mg/kg b.
w.); n = 5.
Group 5: Diabetic rats (STZ + NIC) treated with ME (100 mg/kg
b.w.); n = 5.
Group 6: Diabetic rats (STZ + NIC) treated with metformin
(500 mg/kg b.w.); n = 5.

Body weight and blood glucose level was periodically checked
on day 0, 14, 21, 28 and 35. Blood from the internal canthus of
the eye was obtained by retro-orbitally capillary tubes. Glucometer
was used to assess the blood glucose levels. The serum was cen-
trifuged 2000 rpm for 2 min and stored at �20 �C for further study.
Table 1
Diet composition for normal and diabetic rats.

Nutrients and Ingredients Normal Rats Diabetic Rats

Nutrients (%/100 g)
Protein 20% 25%
Carbohydrate 55% 48%
Fat 5% 40%
Fiber 5% –
Calcium 0.8% –

Ingredients (g/100 g)
Groundnut oil – 6 g
Ghee – 6 g
Milk powder – 20 g
Total Energy (k cal/100 g) 306 k cal 414 k cal

Composition of high fat (diabetic rat) and regular diet (normal rat). Diet was pro-
vided ad libitum to animals; high fat diet was provided to the diabetic animals.

3

2.8. Intraperitoneal glucose tolerance test (IPGTT)

At the end of the experimental phase, the rats were fasted over-
night and injected with glucose (2 g/kg) intraperitoneally. Then,
blood was drawn from the tail vein at 0, 15, 30, 60, 90 and
120 min and the glucose level was measured using Accu-check glu-
cometer (Andrikopoulos et al., 2008).

2.9. Sacrification of animals and organ collection

At the end of the experimental phase (day 35), the animals were
deprived of food and sacrificed. For the blood glucose assessment,
blood was collected in a tube containing EDTA; and for insulin level
measurement, the plasma was isolated from the blood by centrifu-
gation. Pancreas and skeleton muscles are dissected out washed in
ice-cold saline and stored in 10% formalin for further studies.

2.10. Estimation of insulin level and HOMA index

The obtained blood samples were used to determine the plasma
insulin level using Rat IgA ELISA kit. Further, to quantify the insulin
resistance, homeostatic model assessment (HOMA) index was cal-
culated as follows (Mohammadi et al., 2014).

HOMA - R ¼ fasting insulin lU=mLð Þ½
X fasting glu cos e mmol =Lð Þ�=22:5
2.11. Histopathological examination

Thin sectioning of the pancreas (10 lm) was sectioned using
microtome (Leica Bio system RM 2125 RTS, Germany) and further
processed and stained with 0.1% haematoxylin followed by eosin
(Abdollahi et al., 2011; Kumar et al., 2013). The section were
observed under microscope at 40� magnification.

2.12. Isolation of RNA and real-time RT-PCR analysis

Muscle tissue was homogenized using trizol reagent and
obtained the total RNA as explained earlier (Arockiaraj et al.,
2011, 2012a; Kumaresan et al., 2014). The isolated RNA was con-
verted to cDNA as reported (Arockiaraj et al., 2012b, 2013;
Chaurasia et al., 2016a,b; Chomczynski and Sacchi, 1987). The
obtained cDNA was used as template and subjected to qPCR anal-
ysis (Bhatt et al., 2014; Kumaresan et al., 2015). Real-time PCR
investigation was achieved by KAPA SYBR� FAST qPCR Master
Mix (2X) in a total volume of 20 lL with specific primers as men-
tioned in Table 2. GAPDH served as internal control gene. Initial
denaturation carried out at 95 �C for 5 min, trailed at 95 �C for
1 min for denaturation. The annealing temperature maintained at
1 min at 64 �C for IRTK; and 62 �C for IRS-1, PI3K and 63 �C for
GSK-3b, GS and GLUT 4. Extension was accomplished at 72 �C for
1 min. This entire process repeated for 40 cycles, trailed by a final
extension at 72 �C for 10 min and hold at 4 �C. The DDct value was
calculated after normalizing with GAPDH and the fold change was
estimated (Arasu et al., 2014; Chaurasia et al., 2016a,b; Palanisamy
et al., 2015).

2.13. Preparation of plasma membrane fractions and total cell lysate
from skeletal muscle

Plasma membrane fractions (PM) were obtained as described
earlier (Sujatha et al., 2010). Skeletal muscle tissues were homog-
enized with Glass-Teflon potter homogenizer using 2 ml of the ice-
cold buffer (pH 7.4) that contained 250 mM/L Sucrose, 5 mM NaN3,
20 mMHEPES, 200 lM/L PMSF, 1 lM/L Pepstatin, 1 lM/L Aprotinin



Table 2
Primer sequences for the molecular targets in insulin signalling cascade.

S. No Primer Forward primer sequence Reverse primer sequence Reference

1 IRTK 50ATCTGGATCCCCCTGATAACTGTC30 50ATGTGGGTGTAGGGGATGTGTTCA30 GenBank Accession ID: NM_017071
2 IRS-1 50AAGTGGCGGCACAAG TCGAG30 50CGGGTGTAGAGAGCCACCAG30 GenBank Accession ID: XM_002749924
3 PI3K 50TGACGCTTTCAAACG CTATC30 50CAGAGAGTACTCTTGCATTC30 Liberman and Eldar-Finkelman, 2005
4 GLUT 4 50CGGGACGTGGAGCTG GCCGAGGAG30 50CCCCCTCAGCAGCGAGTGA30 Manikandan et al., 2021
5 GSK-3b 50GGTGAATCGAGAAGA GCCAT30 50CTCCTGAGTCACAAAGTTTG30 Masiello et al., 1998
6 GS 50CGTGGTGAGAGGAAG GAACTGAGC30 50CCGTCAGACCGTGGAGACA30 McDonald et al., 2001
7 GAPDH 50CCACCCATGGCAAAT TCCATGGCA30 50TCTAGACGGCAGGTCAGGTCCACC30 Mohammadi et al., 2014

Table 3
Estimation of phytochemical constituent. Data shown in mean ± SD of three
independent experiments.

J. gossypifolia
Extracts

Phenol
estimation
(mg/ml)

Flavonoid
estimation
(mg/ml)

Tannin
estimation
(mg/ml)

Hexane 1.103 ± 0.001 1.0315 ± 0.0025 0.106 ± 0.002
Dichloromethane 0.0701 ± 0.002 1.1505 ± 0.002 0.0825 ± 0.0015
Ethyl acetate 0.297 ± 0.0015 0.9785 ± 0.0105 0.364 ± 0.003
Methanol 1.732 ± 0.001* 1.312 ± 0.0015* 1.995 ± 0.001*

* Represents the significant level at p < 0.05 by one-way ANOVA and Duncan’s
multiple range test as compared with other extracts.
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and 2 lM/L EGTA. Cell lysate was obtained using Dounce homoge-
nizer (20 S, 0.5 cycles, 10 pulses; 2 min each and lag time of 1 min
for each pulse). The total cell lysate homogenate was centrifuged
in12000 RPM at 4 �C for 20 min. The cell homogenates was further
centrifuged in 12,000 RPM for 5 min at 4 �C in order to remove cell
debris. The resulting supernatant was again centrifuged in 15,000
RPM for 40 min at 4 �C; and the obtained pellets were resuspended
in buffer to constitute the Plasma Membrane (PM) fraction.

Total cell lysate was prepared as described earlier (Kanaujia
et al., 2010). In a summary, homogenized tissue washed with ice-
cold buffer contained 50 mM Hepes, 150 mM NaCl, 10 mM EDTA,
10 mM Na4P2O7, 1 mM sodium orthovanate, 50 mM NaF, 10 lg/
ml Aprotinin, 10 lg/ml Leupeptin and 1% Triton X 100 (pH: 7.4).
Cell lysate obtained was homogenized using Dounce homogenizer
(20 S, 0.5 cycles, 10 pulses; 2 min each and lag time of 1 min for
each pulse). The Total cell lysate homogenate was centrifuged at
4 �C 12,000 rpm for 20 min.

Bradford method was used to determine the protein contents;
the protein was subjected to 10% of SDS-PAGE and transferred onto
a membrane with nitrocellulose. The membrane is blocked at 4 �C
overnight in 5% skimmed milk powder and immunoblotted with
the respective antibody. PM fractions were used to analyse the
GLUT 4 translocation, whereas whole cell lysate was used to detect
the proteins including IR-b and GSK-3b.

2.14. Western blot analysis

The immunoblot was probed with the respective antibodies
(GLUT 4, IRb and GSK3b) for 2 h. Upon washing, the membrane
was incubated with HRP antibody; and the immunosignals were
detected using luminol/H2O2 reagent and visualized under chemi-
Doc XRS+ imaging system (Biorad, USA). Quantification of the pro-
tein expression was performed in densitometric scanning using
Image Studio Lite (ver. 5.2).

2.15. Statistical analysis

All the data were shown in this study are mean of three
replicates ± standard deviation (SD). Data were subjected to one-
way variance analysis (ANOVA) followed by Duncan’s multiple
range test (DMRT) using statistical package of social science (SPSS,
ver. 17.0). The significance level considered at p < 0.05.

3. Results and discussion

3.1. Phytochemical screening

It is imperative to note that the majority of the phytochemical
constituent reported in literature are not about compounds isola-
tion, rather on the phytochemical screening of the significant
classes through qualitative methods. Phytochemical screening of
n-hexane, Dichloromethane, Ethyl acetate and ME of J. gossypifolia
showed the presence of phytochemical constitution such as tannin,
4

flavonoid and phenolic compounds. Particularly, ME have shown
significant (p < 0.05) increase in these phytochemical constituents
than the other extracts as shown in Table 3. Presence of flavonoids,
phenols and tannins in plants are found to be possessed antidia-
betic activity (Kumari and Jain, 2012; Tiwari and Rao, 2002). Sim-
ilarly, phytochemical screening of the ME of Melastoma
malabathricum indicated the presence of terpenoids, flavonoids,
phenolic compound, tannins, Saponins and triterpenes; however,
flavonoid and phenolic substances are present in significant
amount. Altogether, ME of M. malabathricum showed potential
antidiabetic activity as reported by Kumar et al. (2013).

3.2. HPLC analysis of ME

HPLC analysis of J. gossypifolia crude ME presented in Fig. 1(a
and b). Totally 10 phenolic compounds were identified in ME to
the retention time using tannic acid as standard (Fig. 1b). Maxi-
mum peak (37.77%) in the ME was observed due to the presence
of Tannic acid followed by Rutin (11.41%) and Resorcinol (9.78%)
as represented in Table 4. Among phenolic compounds present in
ME, tannic acid availability is significantly abundant. Souza et al.
(2008), investigated the presence of condensed tannins in Brazilian
folk medicine Maytenus ilicifolia using HPLC analysis which con-
tains epigallocatechin, epicatechin and epiafzelechin that supports
our data.

3.3. Effect of ME on body weight in STZ-NIC induced diabetic rats

STZ-NIC induction led to significant (p < 0.05) body weight loss
(from 201.6 ± 2.5 g to 124 ± 1.7 g) compared to the controls. This
proves that STZ-NIC had induced diabetes in rats, which is charac-
terized by severe loss in the bodyweight. The treated groups (50
and 100 mg/kg b.w.) showed significant improvement in body
weight from 199.6 ± 4.7 g (day 0) to 201 ± 3.1 g (day 35) and
199 ± 2.6 g (day 0 to 201.6 ± 2.5 g (day 35 compared to diabetic
group, respectively. Metformin (a diabetic drug) treatment also
showed weight gain from 198.2 ± 2.6 g to 205.6 ± 2.5 g (Table 5).
STZ is transported into b-cells via the glucose transporter GLUT2
and causes DNA damage and the partial protective action of b cells



Fig. 1. (a) HPLC analysis of standard Tannic acid, (b) HPLC analysis of J. gossypifolia ME.
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Table 4
Compounds present in the ME of J. gossypifolia by HPLC analysis. Totally 10 phenolic compounds identified based on the retention time and peak percentage area.

S. No Retention time Peak % area Name Chemical name Mol. wt. (g/mol)

1 3.073 7.69 Hydroquinone C6H6O2 110.11
2 3.229 6.41 Epicatechin C15H14O6 290.27
3 3.324 9.78 Resorcinol C6H6O2 110.1
4 4.324 1.59 Vanillic acid C8H8O4 168.15
5 4.859 37.77 Tannic acid C76H52 O46 1701.19
6 8.156 8.1 Gallic acid C8H8O3 152.13
7 9.21 1.86 Cinnamic acid C9H8O2 148.16
8 13.14 7.28 Gentisic acid C7H6O4 154.12
9 13.9 11.41 Rutin C27H30O16 610.52
10 15.14 3.66 Digalloyl glucose C20H20O14 484.37

Table 5
Effect of J. gossypifolia ME on body weight in control and experimental rats.

Groups Body weight (g)

Before treatment After treatment

Control 201.6 ± 2.244 203.6 ± 2.678
Control + J. gossypifolia 200.2 ± 2.489 201.2 ± 2.489
Diabetic (STZ + NIC) 201.6 ± 2.509 124 ± 1.702*
Diabetic + J. gossypifolia ME (LD) 199.6 ± 2.728 201 ± 3.314#

Diabetic + J. gossypifolia ME (HD) 199 ± 2.632 201.6 ± 2.678#

Diabetic + Metformin 198.2 ± 2.663 205.6 ± 2.509#

Each value is given as mean ± SD (n = 5) from three independent experiments.
Statistical evaluation was analysed by one-way ANOVA followed by Duncan’s
multiple range test. * stands for p < 0.05 as compared with control group and #
stands for p < 0.05 as compared with diabetic group. ME: Methanolic extract; LD:
Low Dose; HD: High Dose; STZ: Streptozotocin; NIC: Nicotinamide; LD 50 mg/kg b.
w. and HD 100 mg/kg b.w.

Table 6
Effect of J. gossypifolia ME on blood glucose level in control and experimental rats.
Each value is given as mean ± SD (n = 5) from three independent experiments.
Statistical evaluation was analysed by one-way ANOVA followed by Duncan’s
multiple range test. * stands for p < 0.05 as compared with control group and #
stands for p < 0.05 as compared with diabetic group. ME: Methanolic extract; LD: Low
Dose; HD: High Dose; STZ: Streptozotocin; NIC: Nicotinamide; LD 50 mg/kg b.w. and
HD 100 mg/kg b.w.

Groups Blood glucose (mg/dL)

Day 0 (initial) Day 35 (final)

Control 109.8 ± 3.663 109.6 ± 3.927
Control + J. gossypifolia 111.6 ± 3.812 113.8 ± 3.663
Diabetic (STZ + NIC) 420.2 ± 4.743* 527.4 ± 3.856*
Diabetic + J. gossypifolia ME (LD) 416.8 ± 3.969 142.6 ± 3.583#

Diabetic + J. gossypifolia ME (HD) 413.4 ± 3.812 120.8 ± 3.374#

Diabetic + Metformin 415.0 ± 3.930 108.8 ± 3.476#
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in NA is due to the inhibition of PARP-1 activity. NA inhibits this
enzyme, preventing depletion of NAD+ and ATP in cells exposed
to STZ. The reduction in body weight noticed in the diabetic group
due to the effect of protein squandering, because of inaccessibility
of carbohydrate for use as a vital source. Similar findings were
observed in type 2 diabetic induced (by streptozotocin-
nicotinamide) rats, which was treated by Alangium lamarckii
Thwaites leaves (AAL) alcoholic extract. Further, the reports
showed a decrease in body weight from 174.16 ± 8.07 g (day 0)
to 131.16 ± 7.12 g (day 14 in diabetic group; and in AAL treated
group (250 and 500 mg/kg), it was 178.83 ± 4.72 g (day 0) to
142.66 ± 4.92 g (day 14) and 171.50 ± 3.51 g (day 0) to 157.83 ± 3
.32 g (day 14) (Kumar et al., 2011).
3.4. Effect of ME on blood glucose level in STZ-NIC induced diabetic
rats

During the entire study, fasting blood glucose level was vali-
dated; oral administration of 50 and 100 mg/kg ME showed a sig-
nificant anti-hyperglycemic effect. Reduction of blood glucose level
from before treatment 416.8 ± 3.9 mg/dL (day 0 to after treatment
142.6 ± 3.5 mg/dL (day 35); and 413.4 ± 3.8 mg/dL (day 0) to 120.
8 ± 3.3 mg/dL (day 35) was observed upon treatment with J.
gossypifolia ME at the concentration of 50 and 100 mg/kg b.w.,
respectively; however, maximum reduction was observed after
treatment. Metformin exhibited 108.8 ± 3.4 mg/dL reduction in
blood glucose level at the end of the study as compared to the dia-
betic group. J. gossypifoliaME treated groups (100 mg/kg) displayed
a maximum lowering effect of glucose in diabetic rats compared to
low dose of ME (50 mg/kg). The data substantiates the anti-
hyperglycemic effect of ME as comparable with the positive con-
trol (Table 6). The hyperglycemia was elevated in the blood glucose
6

because of the decreased secretion of insulin. The prolonged blood
glucose level after intraperitoneal administration of STZ infers the
hyperglycemic condition; and oral organization of 50 and 100 mg/
kg of ME for 35 days essentially decreased the fasting blood glu-
cose level in the diabetic rats, which demonstrated the antidiabetic
activity of J. gossypifolia ME. Similarly, maximum reduction of
blood glucose level was observed in oral administration of ethano-
lic extract of Helianthus annuus L., seed on day 21 i.e. 175.24 ± 4.
12 mg/dL with 250 mg/kg and 124.65 ± 2.64 mg/dL with
500 mg/kg (Saini and Sharma, 2013).

3.5. Effect of ME in IPGTT

At the conclusion of the treatment cycle with vehicle and insu-
lin, glucose tolerance was tested by IPGTT (2 g/kg. i.p). Fig. 2 shows
that nearly all animals are hyperglycemic at 30 min. This hyper-
glycemia exacerbated by the i.p glucose load; and after 150 min
it did not return to the baseline, which is suggesting the glucose
intolerance in diabetic rats. Blood glucose reduction was observed
in rats treated with ME (50 and 100 mg/kg) it is revealed a decrease
in blood glucose levels of 121.5 ± 2.5 mg/dL (50 mg/kg b.w.) and
118.8 ± 2.1 mg/dL (100 mg/kg b.w.). This is due to the interfer-
ence of intestinal absorption or by the potentiation of insulin
secretion and in addition, by increasing the use of glucose levels
in muscles as demonstrated by Fuhlendorff et al. (1998). Equally,
oral administration of Codariocalyx motorius treatment (200 mg/
kg b.w.) was also significantly increased the glucose tolerance after
glucose administration from 30 to 120 min (Uma et al., 2014).

3.6. Histopathology analysis of pancreas

Control and drug control rats (Fig. 3a and b) showed the
presence of normal pancreatic b cells in islets of Langerhans on



Fig. 2. Effect of J. gossypifolia ME dose 50 (LD) and 100 mg/kg b.w (HD) on intra peritoneal glucose tolerance test. Values are given as means ± SD (n = 5) from three
independent experiments in triplicate. Statistical evaluation done by one-way ANOVA followed by Duncan’s multiple range test (DMRT). *p < 0.05 as compared with control
group, #p < 0.05 as compared with Diabetic group.

Fig. 3. Histopathology of pancreas in STZ-NIC induced diabetic rats after 35 days of treatment. (a and b) Control and drug control (ME 100 mg/kg b.w.) rat indicates the
normal pancreas, (C) Diabetic control-degranulated, (d) Diabetic + ME (LD – 50 mg/kg b.w.) and (e) Diabetic + ME (HD – 100 mg/kg b.w.) – showing granulated pancreatic
islets, (f) Diabetic + Metformin – granulated and normal pancreas appearance.
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endocrine portion. Diabetic rats (STZ + NIC) as shown in Fig. 3c dis-
played a dilated and degranulated islet cells with damage and
reduction in size of pancreatic b cells. Diabetic rats treated with
7

ME (Fig. 3d and e) 50 and 100 mg/kg, re-established the necrosis
and fibrotic changes; and increased the pancreatic b cells in islets
of Langerhans. In other hands, Metformin-treated diabetic rats



Fig. 4. Effect of ME on level of serum insulin on STZ-NIC induced diabetic rats. Metformin used as a standard drug. Data are given as means ± SD (n = 5) from three
independent experiments in triplicates. Statistical evaluation done by one-way ANOVA followed by Duncan’s multiple range test (DMRT). *p < 0.05 as compared with control
group, #p < 0.05 as compared with Diabetic group.
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(500 mg/kg b.w.) showed a normal pancreatic islet cells (Fig. 3f). J.
gossypifoliaME increased the number of insulin positive cells in the
pancreas and either prevented or improved the b-cells of the islets
of Langerhans with accords reported in C. motorius (Uma et al.,
2014).

3.7. Effect of ME on serum insulin level

The control and the experimental rats displayed serum insulin
levels (Fig. 4). A significant increase (p < 0.05) in serum insulin
level was observed in the oral administration of 50 and 100 mg/
kg b.w. up to 13.01 ± 0.41 lU/ml and 14.13 ± 0.52 lU/ml, respec-
Fig. 5. HOMA-IR index on STZ-NIC induced diabetic rats. Metformin used as a standard
Statistical evaluation done by one-way ANOVA followed by Duncan’s multiple range te
Diabetic group.
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tively as compared to the insulin level dropped in diabetic rats (5.
20 ± 0.14 ml). The decrease in the blood glucose level due to the
oral administration of ME for 35 days increased the plasma insulin
level, this may be due to the phyto-constituents present in the
plant extract, which influenced the insulin secretion and protected
the active b-cells that yielded insulin and reduced the glucotoxic-
ity. Similarly, Ficus amplissimaIn smith. bark extract in STZ induced
diabetic rats showed a decrease in serum insulin level; and admin-
istration of extract in three different doses (50, 100 and 150 mg/kg
b.w.) caused significant increase in the serum insulin level by
11.81 ± 0.38 lU/ml, 15.77 ± 0.42 lU/ml and 15.87 ± 0.52 lU/ml,
respectively (Arunachalam and Parimelazhagan, 2013).
drug. Data are given as means ± SD (n = 5) from three independent experiments.
st (DMRT). *p < 0.05 as compared with control group, #p < 0.05 as compared with
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3.8. HOMA-IR index

The HOMA-IR index in ME treated groups (50 and 100 mg/kg b.
w) displayed a decreased peripheral resistance to insulin of
4.5 ± 1.5 (50 mg/kg b.w.) and 4.2 ± 1.2 (100 mg/kg b.w.), respec-
tively as compared to the diabetic group (6.7 ± 2.1) (Fig. 5). Insulin
plays an important role in maintaining the normal level of blood
glucose, which was confirmed by the HOMA-IR results that the
insulin resistance developed in the experimental groups.
Metformin treated rats showed an index of 4.3 ± 1.6, which is
indicating that, the oral treatment of ME improved insulin resis-
tance on par with the standard drug. Previous studies by Wang
et al. (2013), demonstrated that the HOMA-IR value of Swertia
macrosperma extracts treated diabetic rats were extremely less
(ethanolic extract 250 and 500 mg/kg b.w., showed 5.72 ± 0.59
and 5.61 ± 0.78 and n-butanol 250 and 500 mg/kg b.w., showed
6.64 ± 1.07 and 5.25 ± 0.57, respectively) than the diabetic rats
10.19 ± 0.72.
Fig. 6. Effect of ME treated diabetic rats on the gene expression in muscle tissues on IRTK
quantitative (real time) PCR. Data expressed as mean ± S.D of three independent expe
Duncan’s multiple range test (DMRT). *, P < 0.05 as compared with control, #p < 0.05 as
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3.9. Effect of ME treated diabetic rats on the gene expression in muscle
tissues

Administration of STZ-NIC induced experimental diabetes in
the rats was causing damages in the pancreatic b-cells and leads
to a reduction in the cellular response to insulin resistance.
Insulin-signalling pathway impairment leads to insulin-
stimulated glucose uptake failure in targeted tissues such as mus-
cle and fat. This is because of the insulin is incapable of stimulat-
ing a GLUT 4 translocation from intracellular pool to PM in
muscle cells (Epstein et al., 1999). To examine the mechanism
underlying the effects of ME on insulin signalling pathway, IRTK,
IRS-1, PI3K, GLUT-4, GSK-3b and GS gene expression were anal-
ysed. The results showed that 50 and 100 mg/kg b.w ME treat-
ment to the experimental rats significantly (p < 0.05) increased
the expression of IRTK (2.3 and 2.9 fold), IRS1 (2.4 and 2.7 fold)
PI3K (2.2 and 2.4 fold), GSK-3b (0.4 and 0.3 fold), GS (2.3 and
2.5 fold) and GLUT 4 (2.5 and 2.9 fold) (Fig. 6a–f).
(a), IRS1 (b), PI3K (c), GSK-3b (d), GS (e) and GLUT 4 (f) mRNA expression level using
riments in triplicates. Statistical evaluation done by one-way ANOVA followed by
compared with Diabetic group.



Fig. 7. (a) Effect of ME treated diabetic rats on IRb and GSK-3b protein expression. Lane 1 denotes control, Lane 2 drug control (ME 100 mg/kg b.w.), Lane 3 indicates diabetic,
Lane 4 and 5 indicates ME (LD 50 and HD 100 mg/kg b.w.) respectively. IRb and GSK-3b protein expressions shown. b-Actin served as loading control. (b) Densitometric
analysis of IRb and GSK3b protein expression upon treatment with ME (50 and 100 mg/kg b.w.). Data expressed as mean ± S.D of three independent experiments in triplicates.
Statistical evaluation done by one-way ANOVA followed by Duncan’s multiple range test (DMRT). *P < 0.05 as compared with control, #p < 0.05 as compared with Diabetic
group.
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These results suggested that ME induced insulin to bind to its
receptor of tyrosine kinase; the insulin receptor substrate (IRS-1)
is leading to tyrosine phosphorylation and the activation of
phosphatidyl inositide 3-kinase (PI3 K). AKT/PKB (Protein Kinase
B) and PKC (Protein Kinase C) are the downstream targets of
PI3K; the activation/phosphorylation of which causes GLUT 4
translocation to the plasma membrane and improves glycogen
synthase enzyme by inhibiting the glycogen synthase kinase-
3b (GSK-3b). Sujatha et al. (2010), stated that both crude and
(3b)-STIGMAST-5-EN-3-OL can increase the expression of mRNA
in IRTK, IRS1and PI3K; and eventually the downstream kinases
are also activated. Our results are corroborate with the earlier find-
ings in activating the expression of the key targets of insulin sig-
nalling pathway.
3.10. Effect of ME on IRb and GSK-3b protein expression

Insulin receptor originates from the member of receptor tyro-
sine kinase family, which comprises the receptors for insulin, insu-
lin like growth factors and several other growth factors (Petruzzelli
et al., 1982). Effect of ME on insulin receptor b protein in muscle
samples are analysed using blot (Fig. 7a). Diabetic rats showed
0.4 fold decrease in IRb protein, whereas ME treated group (50
and 100 mg/kg b.w.) showed 2.4 and 2.7 fold increase in IRb pro-
tein levels, respectively (Fig. 7b). The oral treatment of ME remark-
ably reduced the level of lipids in the diabetic induced rats,
henceforth increased level of insulin receptor was observed.
(Satyanarayana et al., 2015), reported that Azadirachta indica, being
a effective antioxidant and anti-hyperlipidemic agent was able to
increase the protein expression of IR by reducing the lipid level
in type 2 diabetic rats equivalent to that of metformin.
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GSK-3b inhibition stimulate an increase in glycogen synthesis
and insulin sensitivity. Activation of GSK-3b contributes to a reduc-
tion in glycogen synthesis and decreased insulin sensitivity
(Coghlan et al., 2000; Liberman and Eldar-Finkelman, 2005). Wes-
tern blot analysis revealed that the ME groups (50 and 100 mg/kg
b.w.) showed 2.2 and 2.4 fold increase in GSK-3b (serine 9 phos-
phorylation) protein level, respectively as compared with diabetic
group (0.4 fold decrease in the expression level) (Fig. 8a and b).
Previous studies have shown that the inhibition of GSK3, oral glu-
cose disposal could be improved by increasing liver glycogen syn-
thesis in a Zucker diabetic fatty (falfa) rats (Cline et al., 2002). A
selective GSK3 inhibitor upregulated the intracellular glycogen
level and increased GLUT 4 expression in the skeletal muscle of
ob/ob diabetic mice which was well correlated with our data
(Kaidanovich-beilin and Eldar-finkelman, 2006).
3.11. Effect of ME on GLUT 4 protein expression in PM fractions

Skeletal muscles highly express GLUT 4, which is responsible for
the insulin stimulated glucose uptake. Effect of GLUT 4 protein
expression in plasma membrane fraction detected in the muscle
of Albino wistar rats. Western blot revealed that there was no sig-
nificance difference in the GLUT 4 protein expression in the control
group and the extract treated non-diabetic control group. Diabetic
rats, showed a decreased GLUT 4 protein expression level (0.4 fold).
The 50 and 100 mg/kg b.w. of ME treated rats showed 2.2 and 2.4
fold increase in GLUT 4 protein levels, respectively (Fig. 8a and b)).
The oral administration of ME to the experimental groups
improved the insulin sensitivity by activating the insulin signalling
cascades, which reduced the lipid accumulation and controlled
obesity contributing to the restoration of GLUT 4 expression. Sim-



Fig. 8. (a) GLUT 4 protein expression by ME treated diabetic rats. Lane 1 denotes control, Lane 2 drug control (ME 100 mg/kg b.w.), Lane 3 indicates diabetic, Lane 4 and 5
indicates ME LD 50 and HD 100 mg/kg b.w. respectively. GLUT 4 protein expressions were shown. b-Actin served as a loading control. (b) Densitometric analysis of
translocation of GLUT 4 using PM fractions. The fold increase of GLUT 4 upon treatment with ME quantified arbitrarily. Data expressed as mean ± S.D of three independent
experiments in triplicates. Statistical evaluation done by one-way ANOVA followed by Duncan’s multiple range test (DMRT). *P < 0.05 as compared with control, #p < 0.05 as
compared with Diabetic group.
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ilarly, GLUT 4 expression in plasma membrane measured in soleus
muscle of STZ-diabetic mice. Treatment with Gardeniae Fructus
significantly increased GLUT 4 expression, 1.4 time-greater than
that of H2O- treated control group (Yu et al., 2013).

4. Conclusion

In conclusion, from these findings, oral administration of J.
gossypifolia ME exhibited anti-hyperglycemic activity in STZ-NIC
induced albino wistar rats. The results also revealed that the
extract have beneficial effect in improving body weight and
reduced blood glucose levels in rats. From the gene and protein
expression studies, it is evident that the ME enhanced the
insulin-signalling cascade. Overall J. gossypifolia plant which is
been used as a food nutrient that can be considered as alternate
in pharmacotherapy for Type II Diabetes Mellitus.
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