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ABSTRACT:
Objective: Diabetic Nephropathy, an end-stage renal disease clinically manifested as
progressively increased proteinuria accompanied by increased blood pressure. Histologically,
Diabetic Nephropathy is characterised by diffuse or nodular glomerulosclerosis, tubule-
interstitial fibrosis and atrophy. The aim of this study was to identify either the ethanolic
extract posses an antidiabetic activity and ameliorate effect on diabetes-induced nephropathy
or not.
Material and method: In-vitro alpha-amylase inhibitory assay and oral glucose tolerance
tests were carried out before the induction of diabetes. Fasting blood glucose was measured
at different time intervals to check the hyperglycaemic state. On the 40th day of the study, the
urine sample was collected from metabolic cages and venous blood samples were obtained
and used for determination of various biochemical parameters. In the end, histopathological
studies were carried for checking the preventative effect on kidneys.
Result: The In-Vitro α-Amylase inhibitory assay results revealed that the ethanolic extracts
were found to have significant inhibitory potential as compared to acarbose. Further the
OGTT, Serum BUN, creatine, lipid peroxidation, lipid profile except High Density Lipoprotein-
C and anti-oxidant were found to be decreased in a dose-dependent manner, marked effect in
Group VII (50% extract of 100 mg/kg and 50% of standard dose). In histopathology, Group
VI and VII prevented degeneration of nephrons in the kidney and maintained the normal
cellular size of nephrons.
Conclusion: The ethanolic extract posses a significant activity to lower the blood glucose level
as well protect the renal damage.

Keywords: Diabetic nephropathy, anti-oxidant, lipid peroxidation, Oral Glucose Tolerance
Test, Histopathology.

1. INTRODUCTION

Diabetes mellitus (DM) is a syndrome of disordered
metabolism of carbohydrates, proteins and fats. In the
layman’s language, this disease is termed as ‘Diabetes’. It
results in abnormally high blood sugar level i.e.
hyperglycemia and is caused by a combination of
environmental and hereditary factors [1]. Diabetes now a
day has widely spread all over the world and 5% of the
population is suffering from it. In its impact, it has now
become more deadly than Acquired Immunodeficiency
Syndrome if we see the number of deaths caused by its
worldwide is 246 million [2].
Diabetic Nephropathy (DN) is a key basis of end-stage renal
disease. Clinically, it can be defined as progressively
increased proteinuria accompanied by increased blood

pressure and impaired glomerular filtration [3].
Histologically, DN is characterised by diffuse or nodular
glomerulosclerosis, tubule-interstitial fibrosis and atrophy
[4]. The continuous rise in blood sugar levels will induce to
renal, retinal and neuronal damage as secondary
complications. Intracellularly hyperglycaemia causes
activation of protein kinase C, increased end products of
advanced glycosylation and diacylglycerol synthesis. The
glomerular hyperfilteration, microalbuminurea and shear
strain appeard to be the consequent haemodynamic
alterations [5].
The Hedychium spicatum (Zingiberaceaeae) is a rhizomatous
medicinal plant widely known for its economic, aesthetic
and aromatic properties. The rhizome part contain essential
oil, diarylheptanoids, starch, resin, organic acids, glycosides,
albumen and saccharides, which has been advocated for
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blood purification. The essential oil from rhizome showed
the presence of cineole, terpinene, limonene, phellandrene,
p-cymene, linalool and terpeneol as major constituents
which are shown to be effective in treating diabetes [6]. The
rhizome is generally known for its medicinal properties [7,
8]. The rhizome had been described to possess anti-
inflammatory, anti-asthmatic, hypo-glycaemia, vasodilator,
spasmolytic, hypotensive, in-vitro pediculicidal, cytotoxic,
anti-microbial properties [9], hypoglycaemic and also
preliminary studies done by researchers had indicated the
antidiabetic activity of the plant [10, 11]. Keeping all the
above points in view it was decided to evaluate it for
antidiabetic activity and ameliorative effect in diabetic
nephropathy.

2. MATERIAL AND METHODS
Drugs and chemicals: Streptozotocin, a drug was available
with USA (San Diego) based pharma company Calbiochem
EMD chemicals, Germany based Convergent Technologies
(GmbH & Co. KG) does have Elegance CT-X10 Sugar
Monitor, Ambala based Oyster Pharma gifted a sample of
Metformin (standard drug) and Rankem Pvt. Ltd, New Delhi
based provided us the analytical grade solvents.
Procurement of plant raw material: Fresh aerial parts of H.
spicatum were collected from Khari Baoli, Delhi and were
dried and coarsely powdered using a grinder. Authentication
and identification of plant were done by Dr. H B Singh at
National Institute of Science Communication And
Information Resources (NISCAIR), New Delhi, and voucher
specimen no. IPS/012/578 was submitted for future
reference.
Preparation of extract: Shade dried coarsely powdered
rhizomes of H. spicatum were packed in soxhlet extractor
and a sufficient volume of solvent was added to the
reservoir, and the hot continuous extraction process was
continued for about 48 hours or until solvent coming down
from the siphoning tube became colorless, firstly the
powdered drug was treated with petroleum ether (60-800C)
and then with alcohol (ethanol). A Rotatory vacuum
evaporator was used to distil excess alcohol under reduced
pressure. A brown residue was recovered from the flask with
48.17% yield and was stored in the refrigerator to use for
further pharmacological studies.
Phytochemical screening: Petroleum ether and ethanolic
extract obtained from soxhlet apparatus were subjected to
screening for the presence of various phytoconstituents such
as alkaloid, carbohydrate, flavonoid, proteins, amino acids,
phenols, tannins, glycosides, and steroids [12, 13, 14].
Animals: Wistar albino rats (150-250g) and Swiss albino
mice (20-25g) of either sex, brought from National Institute
of Pharmaceutical Education and Research, Mohali, were
kept in the Animal House of Institute of Pharmaceutical
Sciences, Kurukshetra University, Kurukshetra. Animals
were housed at standard conditions of temperature (22 ±
1◦C) and 12/12 h light/dark cycle. Permission for the

conduct of these experiments was obtained from Institutional
Animal Ethics Committee (IAEC) of CPCSEA vide no.
IPS/AH/657/199. The animals were acclimatized to
laboratory conditions for 48 h before starting the experiment.
Animals were provided a standard rodent pellet diet and the
food was withdrawn 18–24 h before the experiment was
conducted.
In-Vitro α-Amylase Inhibitory Activity: The α-amylase
inhibitory assay was adapted and modified from Giancarlo et
al [15]. The Starch solution (0.5% w/v) and enzyme solution
(0.5 unit/ml) were prepared accordingly stated in the
procedure. Then petroleum ether and ethanolic extracts were
dissolved in DMSO to give different concentrations (10, 20,
40, 60, 80, 100 mg/ml). The absorbance value was
determined at 540 nm in a UV-Visible Spectrophotometer
(Double beam). The solution of acarbose (at the
concentrations of 10, 20, 40, 60, 80, 100 µg/ml) was used as
the positive control. The α-amylase inhibitory activity was
expressed as percent inhibition and was calculated using the
equation given below: The % α-amylase inhibition was
plotted against the extract concentration and the IC50 values
were obtained from the graph.

%I α-amylase inhibition= 100 x (∆A control-∆A sample)/∆A

Where ΔAControl = ATest – A

and ΔASample = ATest – ABlank

Pharmacological Studies
Acute Toxicity Study: Toxicity studies were conducted as per
internationally accepted protocol drawn under OECD
guidelines 425 in Swiss albino mice [16].
Oral Glucose Tolerance Test (OGTT): The OGTT for non-
diabetic rats were performed according to the standard
method [16]. Animals were divided into five groups, each
group consisting of six animals. All the groups were starved
for 16 hours before starting the experiment. Group I
(received vehicle) acted as a normal control group. Group II
(received metformin (150 mg/kg body weight)) acted as
Standard. Group III to V (received ethanolic extracts at the
dose of 100, 300, 500 mg/kg body weight) acted as test
groups. To start the experiment, the ethanolic extract and
standard drug were then administered orally to the glucose
fed (2 g/kg body weight) rats. Serum glucose of blood
sample was estimated from the tail vein by using glucometer
(Elegance CT-X10 sugar monitor (Germany) at 0, 30, 60, 90
and 120 minutes.  Mean ± standard error of mean (SEM)
was used to express data.
Induction of diabetes mellitus: The diabetes was induced
experimentally in rats by a single intraperitoneal injection of
a freshly prepared solution of STZ (dissolve in citrate buffer
0.1mol/L, pH 4.2) at a dose of 60 mg/kg body weight for
three successive days. The rats were considered diabetic if
blood glucose concentration increased up to 200 or more
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mg/dl.  The Streptozotocin-induced diabetic rats were
stabilized in diabetic condition for 7 days.
Experimental design: The rats used for the study were
divided into seven groups, where each group consisted of ten
animals. Group I served as normal control (received normal
saline); Group II treated as diabetic control (received STZ
for successive three days); Group III was treated with
metformin (150 mg/kg) after induction of diabetes and
Group IV, V and VI received ethanolic H. spicatum extract
at a dose level of 100, 300 and 500 mg/kg, and Group VII
received 50% extract of 100 mg/kg and 50% of standard
dose were administered orally for 40 days. At the end of the
experimental period, the animals fasted overnight and blood
was collected for further various biochemical estimations
and histopathological studies.
Biochemical estimation: The fasting blood glucose was
measured at different time intervals to check the
hyperglycaemic state. On the 39th day of the study,
individual rats were placed in metabolic cages to collect 24 h
urine for measurement of urinary albumin. On the 40th day of
the study, venous blood samples were obtained from the
retro-orbital vein and used for determination of serum
creatinine, Blood Urea Nitrogen (BUN) and lipid profile.
These parameters were analysed by using the diagnostic kit
(ERBA Diagnostics Mannheim, Germany). Serum glucose
was measured with the Elegance CT-X10 sugar monitor
(Germany) [18, 19]. For the estimation of protein,
Glutathione (GSH), Superoxide dismutase (SOD), Catalase
peroxidise (CAT) and malondialdehyde (MDA). The rats
were sacrificed by cervical dislocation. Kidneys were
removed, and washed (physiological saline), fatty tissue was
removed and weighed. They were homogenized in ice-cold
20mM Tris-HCl buffer (pH 7.4) and the homogenates were
then centrifuged at 10,000g for 10 min at 4°C [20]. The
grouped rat’s kidney was collected. Later on, the sectioned
tissue was fixed in 10% formalin immediately after removal
from the animal to avoid decomposition. Then the tissues
were embedded in paraffin wax and were stained with
hematoxylin-eosin for histopathological studies. They were
then treated with biphenyl xylene and examined under a
microscope. All sections were evaluated for the degree of
tubular, glomerular injury and necrosis [21].
Statistical analysis: Statistical comparisons were performed
by one-way ANOVA followed by Dunnett's t-Test and the
values were considered statistically significant when P<0.05.
Statistical calculations and the graphs were prepared using
Graph Pad instat version 3.10 for Windows (Graph Pad
Software, San Diego, CA, USA, www.graphpad.com).

3. RESULTS
The ethanolic extract of H. spicatum rhizome showed
carbohydrates, steroids, alkaloids, glycosides, flavonoids,
tannins, and triterpenoids are visible in the preliminary
phytochemical studies results. The acute toxicity test of
ethanolic extract of the plant H. spicatum was found to be

safe at the dose of 5000 mg/kg according to OECD
guidelines 425. Further, the ethanolic extracts of H. spicatum
rhizome were observed to be active in lowering the
postprandial blood glucose level in oral glucose tolerance
test. The results in Table 1 suggested that the ethanolic
extracts of H. spicatum may be useful in the treatment of
impaired glucose levels. Additionally, the oral glucose
tolerance test significance over the normal blood sugar
monitoring is used to diagnose pre-diabetes and diabetic
prone individuals [22]. The α-amylase inhibitory studies
performed demonstrated that the ethanolic extracts of H.
spicatum were found to have significant inhibitory potential.
Besides, it was observed that ethanolic extract exhibited
appreciable alpha-amylase inhibitory effects (IC50=54µg/ml)
when compared with acarbose (IC50= 40 µg/ml) as shown in
Table 2.
Table 1: Effect of H. spicatum extract in Oral Glucose Tolerance Test
Groups Dose 0 min 30 min 60 min 90 min 120 min

Group I 0.9%
Saline

90.83±0.
94

134±2.01 160.17±1.30 118.5±0.76 75±1.23

Group
II

150mg
/kg

Metfor
min

71.00±1.
06 a1

106.17±3.6
6a1

120.67±1.22a1 100.17±0.7
9a1

65.33±1.22
a1

Group
III

100mg
/kg

83.50±1.
05 a1, b1

114.5±1.40
a1

140.17±1.24
a1,b1

108.5±1.11
a1

66.66±1.22
a1,

Group
IV

300mg
/kg

80.83±0.
87 a1, b1

111.67±2.1
2 a1

129.33±1.08a
1, b1

104±1.23a2 72.16±1.51
b1

Group
V

500mg
/kg

72.5±0.7
6 a1

112.67±1.7
8 a1

119.5±1.76a1 89.33±1.35
a1

73.5±1.55

(The above data were expressed by means ± SEM of six rats /group
a1: significantly different from control group; b1: significantly different
from metformin group, using one-way ANOVA with Dunnett’s t-test at P<
0.01;
a2: significantly different from control group; b2: significantly different
from metformin group, using one-way ANOVA with Dunnett’s t-test at
P<0.05.)

Table 2: Effect of Hedychium spicatum extract in in-vitro alpha amylase
assay
Concentration

in µg/ml
%age inhibition of
pet. ether extract

%age inhibition of
ethanolic extract

%age inhibition
of Acarbose

10 15.13 20.33 30.98

20 33.76 37.23 40.87

40 24.67 42.56 45.78

60 43.34 58.54 60.92

80 58.72 63.98 65.34

100 62.89 65.03 73.76

In Biochemical parameters, the Serum blood urea nitrogen
(BUN) and creatinine were significantly elevated in the
diabetic group as compared to that of control and H.
spicatum treated rats. Initially, the plasma BUN and
creatinine level in diabetic (group II) animals were found to
be high as compared to control rats (group I).
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Graph 1: Effect of H. spicatum extracts in in-vitro alpha amylase inhibition assay.

Table 3: Change in biochemical parameters after 40 days of H. spicatum extract administration in diabetic rats.

(The above data were expressed by means ± SEM of six rats /group
a1: significantly different from control group; b1: significantly different from metformin group, using one-way ANOVA with Dunnett’s t-test at P< 0.01;
a2: significantly different from control group; b2: significantly different from metformin group, using one-way ANOVA with Dunnett’s t-test at P<0.05.).

The administration of the ethanolic extract to diabetic rats
resulted in a significant decrease of plasma BUN level in
comparison to that obtained from diabetic group rats (group
II). Serum cholesterol, LDL-C, and triglycerides (TG) levels
of the diabetic group were significantly higher while HDL-C
was lower in diabetic rats as compared to the control one.
However, administration of H. spicatum significantly
improved these parameters in a dose-dependent manner as
shown in Table 3. Also, the urinary albumin excretion was
significantly increased in the diabetic group (group II) as
compared to the control (group I) in Table 3. H. spicatum
extract in a dose of 500mg/kg body weight showed a marked
reduction of urinary albumin level. MDA concentration in
the kidney of diabetic group significantly increased in
comparison to the control animals (Table 4). The elevated
MDA level in the kidney of the diabetic showed a significant
decrease in Group VII markedly. GSH levels and antioxidant
enzyme activities (CAT and SOD) in the kidney of the

control and tested groups were shown in Table 4.
Concentration in the kidney of these antioxidant parameters
in the diabetic group significantly decreased in comparison
to the control group.
Table 4: Effect of H. spicatum extract on antioxidant parameters in
renal tissue

Parameters Group I Group II Group
III

Group
IV

Group
V

Group
VI

Group
VII

MDA(nmoles
/mg protein)

0.04±0.
02

15.88±0.

34 a
1

0.07±0.
003

13.072±
0.48

a
1

,b
1

8.028±0
.38

a
1

, b
1

5.935±0
.37

a
1

, b
1

3.43±0.
25

a
1

, b
1

GSH(μ
moles/

mg protein

1.808±0
.04

0.25±0.0

1a
1

1.67±0.

05 a
1

0.43±0.0

08 a
1

, b
1

0.64±0.
09

a
1

, b
1

0.81±0.
03

a
1

, b
1

0.97±0.
02

a
1

, b
1

SOD(uni
ts/mg

protein)

44.53±1
.23

12.75±0.

27 a
1

42.28±0
.24

18.29±0.
29

a
1

, b
1

23.59±0
.73

a
1

, b
1

27.04±0
.18

a
1

, b
1

31.59±1
.48

a
1

, b
1

CAT(μmoles
of H2O2/min/

2.85±0.
13

0.92±0.0 1.86±0. 1.10±0.0
3

1.25±0.
05

1.66±0. 1.70±0.
02

Parameters Group I Group II Group III Group IV Group V Group VI Group VII

BUN(mg/dl) 17.58±0.20 51.01±0.55a1,a2 20.06±0.48a1 33.90 ±0.40a1,b1 28.30±0.59a1,b1 25.24±0.73a1,b1 24.61±1.01a1,b1

Creatinine
(mg/dl)

1.04±0.04 11.53±0.89a1 2.13±0.11 7.15±0.09a1,b1 5.33±0.23a1,b1 4.53±0.26a1,b1 1.23±0.07b2

Urinary albumin 0.12±0.07 0.37±0.02 a1 0.10±0.01a1 0.22±0.01a1 0.21±0.03a2,b2 0.15±0.01b1 0.10±0.01b1

Total cholesterol
(mg/dl)

94.33±0.98 192.33±1.05a1 102.67±1.80a1 122.17±2.84a1,b1 113.50±1.23a1,b1 105.67±1.05a1 99.83±0.94

HDL-C
(mg/dl) 41.50±0.76 15.50±0.88a1 47.80±0.70a1 19.83±0.98a1,b1 30.00±1.29a1,b1 38.67±0.91b1 47.00±0.73a1,b1

TG (mg/dl) 81.50±0.61 144.80±1.13a1 84.50±1.53a1 120.50±1.91a1,b1 97.50±2.75a1 92.5±0.76a1,b1 83.00±0.57a1,b1

LDL-
C(mg/dl)

35.00±0.93 89.50±0.67a1 33.00±1.45 62.83±1.a1,b1 58.00±1.09a1,b1 44.16±0.78a1,b1 33.16±1.19a1,b1
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mgprotein) 1 a
1

04 a
1

a
1

, b
1

a
1

, b
1

07 a
1 a1

(The above data were expressed by means ± SEM of six rats /group
a1: significantly different from control group; b1: significantly different
from metformin group, using one-way ANOVA with Dunnett’s t-test at P<
0.01;
a2: significantly different from control group; b2: significantly different
from metformin group, using one-way ANOVA with Dunnett’s t-test at
P<0.05.)

Histopathological studies: In normal kidney cross section, a
healthy glomeruli and healthy cells in spherical shape and
granulated cytoplasm was found to be present as compared
to the diabetic control, which showed the ruptured,
destructive glomeruli, accompanied with swollen distorted
cell wall and a number of vacuoles. The group III having
treatment with standard  showed a number of glomeruli
preserved, less swelling with regenerating cell wall
accompanied with decreased in vacuolar size. The group IV,
V and VI showed secure glomeruli in circular and oval
shaped cells, granular cytoplasm, regenerated cell wall and
intermediate vacuoles. The ethanolic extracts of H. spicatum
(300 mg/ kg and 500 mg/kg) prevented the degeneration of
nephrons in the kidney and maintain the normal cellular size
of the nephron in a dose-dependent manner. The group VII
having 500mg/kg of Hedychium spicatum and metformin
showed highest efficacy with several glomeruli in safe and
preventative effect showing oval shaped cells, granular
cytoplasm, regenerated cell wall and intermediate vacuoles.
Along with this, the histopathological studies of untreated
diabetic rats showed almost destruction of glomerular cells
due to uncontrolled diabetes whereas the diabetic rats which
were treated with ethanolic extract of H. spicatum showed
almost normal cells at a high dose. Thus the medicinal herb
could be an adjuvant to existing antidiabetic therapies.

Group images showing the histopathology of kidney in experimental
rats after 40 days treatment
Group (I): Normal control section shows the normal kidney showing
healthy glomeruli and healthy cells having spherical shape and granulated
cytoplasm architecture.

Group (II) Diabetic control section showing ruptured, destructive glomeruli
and swelling ruptured cell wall and distorted cytoplasm with increased
vacuoles.
Group (III) Diabetic +metformin (150mg/kg) section showing preserved
many glomeruli and less swelling, regeneration of cell wall with decrease in
vacuoles size.
Group (IV) Diabetic + H. spicatum (100 mg/kg) section showing
intermediate preventive effect showing 40% of glomeruli in secure position
& circular and oval shaped cells, less granular cytoplasm, regeneration of
cell wall with less vacuoles size.
Group (V) Diabetic + H. spicatum (300 mg/kg) section significantly
showing 60% of glomeruli in safe & preventive effect showing oval shaped
cells, granular cytoplasm, regenerated cell wall and intermediate vacuoles.
Group (VI) Diabetic + H. spicatum (500 mg/kg) section showing 80% of
glomeruli were safe & preventive effect showing oval shaped cells, granular
cytoplasm, regenerated cell wall and intermediate vacuoles.
Group (VII) Diabetic + [H. spicatum (500 mg/kg) +50% of metformin]-
section showing several glomeruli in safe & preventive effect showing oval
shaped cells, granular cytoplasm, regenerated cell wall and intermediate
vacuoles.

4. DISCUSSION
The present investigation was aimed to evaluate the
hypoglycaemic effects of ethanolic extracts of rhizomatous
part of H. spicatum on STZ induced diabetes mediated
metabolic alterations in rats. The presence of carbohydrates,
steroids, polyphenols, triterpenes and alkaloids in ethanolic
extract are visible in the preliminary phytochemical studies.
The α-amylase inhibitory activity in the ethanolic extract is
most likely due to polar compounds and can be investigated
further for isolating pure active compounds. Glucose
lowering effects were found after oral administration of
ethanolic extract in rats due to the presence of
hypoglycaemic compounds i.e. flavonoids, terpenes or
saponins that also require further investigation. All other
biochemical parameters were found to support the
hypoglycaemic activity of ethanolic extract [23, 24]. The
potential of the extract to decrease cholesterol and
triglyceride levels can help improve lipid metabolism in
diabetics, which in turn will help to prevent diabetic
complications. It seems that the extract either protected the
cells from the toxic effect of STZ or the cells healed
thereafter the initial injury. Therefore, H. spicatum had the
potential of antidiabetic agent and exhibited significant
improvement in blood glucose level, anti-oxidant as well as
protection of renal cells so it may be used as an ayurvedic
preparation or as adjuvant therapy.

5. CONCLUSION
In conclusion, our study showed that the Hedychium
spicatum rhizome ethanolic extract posses an antidiabetic
activity and nephroprotective in a dose dependent manner
and being non toxic, widely used medicinal herb could be
beneficial in ailment. This is an in-vitro, in-vivo study, the
data of which can be used for further studies to reveal its
intracellular mechanism of action and the compounds
responsible for the pharmacological activity could be
isolated and used therapeutically on human beings.
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