
 

Project Report 

 
 

“Development of Novel Therapeutic  

Strategies for Diabetic Neuropathy and Nephropathy” 
 

 

 

 

Principal Investigator 
 

Dr. Kanwaljit Chopra 
 

 

 

 

Institute 
 

University Institute of Pharmaceutical Sciences (UIPS) 

Punjab University, Chandigarh-160014 

 

 

 

Supported by 
 

Department of AYUSH, Ministry of Health & Family Welfare, 

Govt. of India, New Delhi 

 



1 

 

ANNEXURE- 9 

FORMAT FOR FINAL REPORT 

 

1. Title of the Project: Development of Novel Therapeutic Strategies for Diabetic 

Neuropathy and Nephropathy 

2. PI (name and address): Dr. Kanwaljit Chopra, Associate Professor of 

Pharmacology, University Institute of Pharmaceutical Sciences (UIPS), Panjab 

University, Chandigarh-160014   

3.  Co-I (name and address): NA 

4. Other Scientific Staff engaged in the study: Mr.Vinod Tiwari 

5. Non-Scientific Staff engaged in the study: Mr. Manoj Kumar (Animal-cum-lab  

attendant) 

6. Implementing Institution and other collaborating Institutions: Panjab University,  

Chandigarh 

7. Date of commencement: 01/04/2008 

8.  Duration: Two years + One year extension = Three Years  

9. Date of completion: 31/03/2011 

10.  Objectives as approved: The main aim of this research proposal was to gain a 

deeper insight into the pathophysiological role of oxidative-nitrosative stress mediated 

inflammatory cascade (TNF-α, IL-1β and TGF-β1) in the development of diabetic 

microvascular complications (neuropathy and nephropathy) and to develop some 

therapeutic interventions/modalities for the treatment of these clinical complications of 

diabetes. The specific objectives of the study were as follows: 

a) To develop and validate suitable animal models for diabetic neuropathy and 

nephropathy. 

b) To study the pathogenetic role of secondary mediators such as reactive oxygen 

species (ROS), nitric oxide (NO), proinflammatory cytokines (TNF-α, IL-1β and TGF-

β1) in the experimental model of diabetic neuropathy & nephropathy and to evaluate 

these as potential drug targets for therapy of diabetic microvascular complications. 

c) To evaluate antidiabetic, neuroprotective and renoprotective potential of various 

pharmacological agents, especially the natural polyphenolic antioxidants in the 

experimental model of diabetic neuropathy & nephropathy. 

d) To develop and standardize diabetic complications (i.e. diabetic neuropathy & 
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nephropathy)  in animal model of type 2 diabetes 

11. Deviation made from original objectives if any, while implementing the project 

and reasons therof: NA 

12. Experimental work giving full details of experimental setup, methods adopted, 

data collected supported by necessary tables, charts, diagrams and photographs 

A. Streptozotocin (STZ) 

STZ was used to induce diabetes and its complications: diabetic neuropathy and 

nephropathy. STZ was prepared in citrate buffer, pH 4.4, 0.1 M (Banisinath et al., 

1988) and injected in a single dose 45 mg/kg intraperitoneally (Murali and Goyal 

2001; Anjaneyulu and Chopra 2004) to rats. 

B. Drugs: 

i. Natural Extract: Aqueous and hydroalcoholic extracts of Embelica officinalis, 

Curcuma longa and Withania somnifera 

ii. Insulin: Since this is a model for type-1 diabetes, insulin treated group was taken 

as   reference group 

iii. Nicotinamide: For inducing type-2 diabetes (STZ + Nicotinamide model) 

iv. Alloxan: For inducing type-2 diabetes (Neonatal alloxan model) 

C. Animals 

Male Wistar rats weighing from 200 to 250 g and 6 day old pups bred in Central 

Animal House Facility, Panjab University, Chandigarh were used for the study. The 

animals were housed under optimal laboratory conditions, maintained on a natural (12 

h) light and (12 h) dark cycle and have free access to food and water ad libitum. 

Animals were acclimatized to laboratory conditions before the tests. All experiments 

were carried out between 0900 and 1700 hrs. The experimental protocols were 

approved by the Institutional Animal Ethics Committee and conducted according to 

the Indian National Science Academy guidelines for the use and care of animals.  

D. Groups 

Type-1 diabetes: The animals were divided into following groups each comprising of 

at least 5-8 animals: 
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i. Control animals: Normal saline and citrate buffer (vehicle) was administered to 

this group. 

ii.  STZ injected animals: STZ was administered for induction of diabetes and its 

microvascular complications i.e. neuropathy and nephropathy. 

iii. Embelica officinalis (aqueous extract) supplemented group: Embelica 

officinalis (aqueous extract) was given in doses of 250, 500 and 1000 mg/kg p.o. 

daily from the start of 5
th

 week to end of 8
th

 week to diabetic rats. 

iv. Embelica officinalis (hydroalcoholic extract) supplemented group: Embelica 

officinalis (hydroalcoholic extract) was given in doses of 250, 500 and 1000 mg/kg 

p.o. daily from the start of 5
th

 week to end of 8
th

 week to diabetic rats. 

v. Curcuma longa (aqueous extract) supplemented group: Curcuma longa 

(aqueous extract) was given in dose of 500 mg/kg p.o. daily from the start of 5
th

 

week to end of 8
th

 week to diabetic rats. 

vi. Curcuma longa (hydroalcoholic extract) supplemented group: Curcuma longa 

(hydroalcoholic extract) was given in dose of 500 mg/kg p.o. daily from the start of 

5
th

 week to end of 8
th

 week to diabetic rats. 

vii. Withania somnifera (aqueous extract) supplemented group: Withania 

somnifera (aqueous extract) was given in doses of 250, 500 and 1000 mg/kg p.o. 

daily from the start of 5
th

 week to end of 8
th

 week to diabetic rats 

viii. Withania somnifera (hydroalcoholic extract) supplemented group: Withania 

somnifera (hydroalcoholic extract) was given in doses of 250, 500 and 1000 mg/kg 

p.o. daily from the start of 5
th

 week to end of 8
th

 week to diabetic rats 

ix. Insulin in STZ injected animals: Insulin (10 IU/kg, s.c.) was given alone and in 

combination with both the extracts of Embelica officinalis (500mg/kg), Curcuma 

longa (500mg/kg) and Withania somnifera (500mg/kg) in diabetic rats 

Type-2 diabetes: 

a) Streptozotocin-Nicotinamide-induced type-2 diabetes: The animals were 

divided   into three groups each comprising of at least 5-8 animals: 

i.  Control animals: Normal saline and citrate buffer (vehicle) was administered to 

this group 
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ii. STZ (i.v) + Nicotinamide injected animals: The rats were administered 

intraperitoneal NAD (230 mg/kg, ip) 15 min before intravenous STZ (65 mg/kg) 

injection 

iii.  STZ (i.p) + Nicotinamide injected animals: The rats were administered 

intraperitoneal NAD (230 mg/kg, ip) 15 min before intraperitoneal STZ (45 

mg/kg) injection 

b) Alloxan-induced type-2 diabetes: The animals were divided into two groups each 

comprising of at least 5-8 animals: 

i. Control animals: 10mM HCl (vehicle of alloxan) was administered to this group 

ii. Alloxan injected animals: Alloxan (200 mg/kg, ip) was administered for induction 

of type-2 diabetes 

E. Induction and assessment of type-1 diabetes and its complications: 

STZ was administered for induction of diabetes and its microvascular complications 

i.e. neuropathy and nephropathy. STZ was prepared in citrate buffer, pH 4.4, 0.1 M 

(Banisinath et al., 1988) and injected in a single dose 45 mg/kg intravenously; (Murali 

and Goyal 2001; Anjaneyulu and Chopra 2004) to rats. The age matched control 

animals were injected equivalent citrate buffer. Diabetes was confirmed after 48 h of 

STZ injection, the blood samples were collected through tail vein and plasma glucose 

levels (PGLs) were estimated by enzymatic GOD-PAP (glucose oxidase peroxidase) 

diagnostic kit method (Schmidt, 1971). PGLs were again measured at 4
th

 week. The 

body weights were also monitored for assessment of diabetes. About 90% of STZ-

injected animals developed diabetes and animals having PGLs more than 250 mg/dl 

(Anjaneyulu and Ramarao, 2002) were used for the study (diabetic neuropathic pain 

and nephropathy).  

F. Induction and assessment of type-2 diabetes 

a) Streptozotocin + Nicotinamide model: The rats were administered NAD (230 

mg/kg, ip) 15 min before STZ (65 mg/kg, iv/45 mg/kg i.p). As NAD is an 

antioxidant which exerts protective effect on the cytotoxic action of STZ by 

scavenging free radicals and causes only minor damage to pancreatic beta cell 

mass producing type 2 diabetes (Srinivasan & Ramarao, 2007). Animals were 
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maintained until 18 weeks. 

b) Neonatal Alloxan model: Neonatal rats at 6 days of age were administered ALX 

(200 mg/kg, ip) to induce type-2 diabetes.  Alloxan was dissolved in 10mM HCl 

adjusted to pH 2.0 and injection volume was 4µl/g body weight. Control animals 

received an equivalent amount of vehicle. The neonates were left with their own 

mother, weaned at 4 weeks of age, and maintained until 16 weeks (Kodama et al., 

1993). 

G. The following behavioral, biochemical, and molecular studies were carried out 

in all groups to look for modulation of secondary mediators as ROS, NO and 

cytokines (TNF-α, IL-1β and TGF-β1) in diabetic neuropathy and nephropathy  

i. Assessment of Mechanical Allodynia and Mechanical Hyperalgesia  

a) Von frey hair test: Von Frey hairs (IITC, Woodland Hills, USA) with calibrated 

bending forces (in g) of different intensities were used to deliver punctuate 

mechanical stimuli of varying intensity. Starting with the lowest filament force, von 

Frey hairs were applied from below the mesh floor to the plantar surface of the hind-

paw, with sufficient force to cause slight bending against the paw, and held for 1 sec 

(Chaplan et al., 1994). A positive response was noted if the paw was robustly and 

immediately withdrawn. Paw withdrawal threshold was defined as the minimum 

pressure required to elicit a withdrawal reflex of the paw, at least one time on the five 

trials. Mechanical allodynia was defined as a significant decrease in withdrawal 

thresholds to von Frey hair application.  

b) Randall-Sellito test: The nociceptive flexion reflex was quantified using the Randall-

Sellito paw pressure device (IITC, Woodland Hills, USA), which applies a linearly 

increasing mechanical force (in g) to the dorsum of the rat’s hind paw (Taiwo et al., 

1989). Nociceptive thresholds, expressed in grams, were applied by increasing 

pressure to the hind paw until a squeak (vocalization threshold) was elicited. The 

vocalization threshold was measured 3 or 4 times in order to obtain two consecutive 

values that differed no more than 10%, and respecting an interval of at least 10 min 

between two measures. 
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ii. Assessment of thermal hyperalgesia as a measure of Diabetic Neuropathic Pain  

a) Tail immersion (warm water) test: Tail of animal was immersed in warm water 

(52.5 ± 0.5
o
C) bath until tail withdrawal (flicking response) or signs of struggle were 

observed (cutoff 15 s).  

b) Eddy’s hot plate test: In this test, animals were individually placed on a hot-plate 

(Eddy’s Hot-Plate) with the temperature adjusted to 55 ± 1
o
C. The latency to the 

first sign of paw licking or jump response to avoid the heat was taken as an index of 

the pain threshold; the cut-off time was 10 s in order to avoid damage to the paw. 

iii. Assessment of renal functions as a measure of Diabetic Nephropathy  

(a) Urea and Creatinine clearance 

Urea & creatinine clearance was measured by using standard diagnostic kits (Span 

Diagnostics, Gujarat, India) and the experiment was conducted following
 

the 

manufacturer’s instructions. 

(b) Physiological parameters: Food intake, water intake and urine output was 

measured by using metabolic cages 

iv. Measurement of Oxidative and Nitrosative Stress (ROS/NO) in sciatic nerve 

and kidney of diabetic rats 

Post Mitochondrial Supernatant (PMS) Preparation  

The sciatic nerve and kidney of animals were quickly removed after sacrifice, 

perfused immediately with ice-cold saline (0.9% sodium chloride) and homogenized 

in chilled phosphate buffer using a Potter Elvehjem homogenizer. The homogenate 

was centrifuged at 1000 g for 10 min at 4
0
C to remove nuclei and unbroken cells. The 

pellet was discarded and a portion of supernatant was again centrifuged at 12000 g for 

20 min to obtain post-mitochondrial supernatant. The post-mitochondrial supernatant 

thus obtained was used to assay lipid peroxidation, reduced glutathione, superoxide 

dismutase, catalase, nitrite and cytokine (TNF-α, IL-1β and TGF-β1) levels. Serum 

was used for TNF-α, IL-1β and TGF-β1 ELISA.  

(a) Estimation of lipid peroxidation 

The malondialdehyde content, a measure of lipid peroxidation, was assayed by the method of 

Wills et al. (1965). Briefly, 0.5 ml of post-mitochondrial supernatant and 0.5 ml of Tris–HCl 
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were incubated at 37°C for 2 h. After incubation 1 ml of 10% trichloro acetic acid was added 

and centrifuged at 1,000 x g for 10 min. To 1 ml of supernatant, 1 ml of 0.67% thiobarbituric 

acid was added and the tubes were kept in boiling water for 10 min. After cooling, 1 ml 

double distilled water was added and absorbance was measured at 532 nm. Thiobarbituric 

acid-reactive substances were quantified using an extinction coefficient of 1.56 x 10
5
 M

-1
 cm

-

1
 and expressed as nmol of malondialdehyde per mg protein. Tissue protein was estimated 

using the Biuret method and the malondialdehyde content expressed as nmoles/mg protein. 

(b) Estimation of reduced glutathione 

Reduced glutathione was assayed by the method of Jollow et al. (1974). Briefly, 1.0 

ml of post-mitochondrial supernatant (10%) was precipitated with 1.0 ml of 

sulphosalicylic acid (4%). The samples were kept at 4°C for at least 1 h and then 

subjected to centrifugation at 1,200 g for 15 min at 4°C. The assay mixture contained 

0.1 ml supernatant, 2.7 ml phosphate buffer (0.1 M, pH 7.4) and 0.2 ml 5,5, dithiobis 

(2-nitro benzoic acid) (Ellman’s reagent, 0.1 mM, pH 8.0) in a total volume of 3.0 ml. 

The yellow color developed was read immediately at 412 nm and the reduced GSH 

levels were expressed as μmoles/mg protein. 

(c) Estimation of superoxide dismutase 

Superoxide dismutase activity was assayed by the method of Kono et al. (1978). The assay 

system consisted of 0.1 mM EDTA, 50 mM sodium carbonate and 96 mM of nitro blue 

tetrazolium. In the cuvette, 2 ml of above mixture was taken and to it 0.05 ml of post-

mitochondrial supernatant and 0.05 ml of hydroxylamine hydrochloride (adjusted to pH 6.0 

with NaOH) were added. The auto-oxidation of hydroxylamine was observed by measuring 

the change in optical density at 560 nm for 2 min at 30/60 s intervals. 

(d) Estimation of Catalase activity 

Catalase activity was assayed by the method of Claiborne et al. (1985). The assay 

mixture consists of 1.95 ml phosphate buffer (0.05 M, pH 7.0), 1.0 ml of hydrogen 

peroxide (0.019M) and 0.05 ml of PMS (10%) in a final volume of 3.0 ml. Changes in 

absorbance was recorded spectrophotometrically at 240 nm. The results were 

expressed in terms of K min
-1

. 

(e) Nitrite estimation 

Nitrite, the stable end product of nitric oxide metabolism, was estimated according 

to the method of Green et al. (1982). Griess working reagent was prepared by 
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mixing equal volumes of reagent A (0.1% naphthylethylene diamine dihydrochloric 

acid) and reagent B (1% sulphanilamide in 5% phosphoric acid) immediately before 

the estimation. The assay mixture contains 0.4ml double distilled water (DDW), 0.1 

ml of serum (or PMS) and 0.5 ml of Griess working reagent, while blank contains 

0.5ml of DDW and 0.5 ml of Griess working reagent. The concentration was 

determined at 546 nm spectrophotometrically.  

v. Cytokine assay 

The quantifications of TNF-α, IL-1β and TGF- β1 were done by the help and instructions 

provided by R&D Systems Quantikine Rat TNF-α, IL-1β and TGF- β1 immunoassay kit. The 

Quantikine Rat TNF-α, IL-1β and TGF- β1 immunoassay is a 4.5 hour solid phase ELISA 

designed to measure rat TNF-α, IL-1β and TGF- β1 levels. The assay employs the sandwich 

enzyme immunoassay technique. A monoclonal antibody specific for rat TNF-α, IL-1β and 

TGF- β1 has been pre coated in the microplate. Standards, control and samples were pipetted 

into the wells and any rat TNF-α, IL-1β and TGF- β1 present is bound by the immobilized 

antibody. After washing away any unbound substance, an enzyme linked polyclonal antibody 

specific for rat TNF-α, IL-1β and TGF- β1 is added to the wells. Following a wash to remove 

any unbound antibody-enzyme reagent, a substrate solution is added to the wells. The enzyme 

reaction yields a blue product that turns yellow when the stop solution is added. The intensity 

of the color measured is in proportion to the amount of rat TNF-α, IL-1β and TGF- β1 bound 

in the initial steps. The sample values are then read off the standard curve. Values were 

expressed as mean ± S.E.M. 

vi. Assessment of renal structural damage 

Detailed histopathological examination of kidney 

The kidney will be fixed in 10% neutral buffered formalin solution, embedded in 

paraffin and used for histopathological examination. Five-micrometer thick sections 

will be cut, deparaffinized, hydrated and stained with hematoxylin and eosin. The 

renal sections will be examined by a professional pathologist, in blind fashion for 

(1) apical blebbing; (2) interstitial fibrosis; (3) hyaline casts; (4) glomerular changes 

and (5) arteriolopathy in all the treatments. A minimum of 20 fields from each 

kidney slide were examined and assigned for severity of changes using scores on a 

scale of none (-), mild (+), moderate (++) and severe (+++) damage.  
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Statistical analysis 

Results were expressed as mean ± S.E.M. The intergroup variation was measured by one way 

analysis of variance (ANOVA) followed by Tukey’s test. Statistical significance was 

considered at P < 0.05. The statistical analysis was done using the SPSS Statistical Software 

version 16. 

13. Detailed analysis of results indicating contributions made towards increasing the state  

 of knowledge in the subject: 

A. Embelica officinalis (aqueous extract) 

1. Effect of Embelica officinalis (aqueous extract) treatment on body wt. of diabetic rats 

Body wt. of diabetic rats was significantly decreased at the end of 8
th

 week which was 

significantly prevented on treatment with Embelica officinalis aqueous extract (250, 500 and 

1000 mg/kg) and its combination with insulin 

Treatment Onset of study  End of study  

CNTL 282.4 ± 1.24  327.4 ± 7.80  

STZ  269.2 ± 2.26  183 ± 7.86
a
  

STZ + E.O (250)  282.4 ± 4.23  228.6 ± 5.19
b
  

STZ + E.O (500)  242 ± 7.4  195 ± 3.36
b
  

STZ + E.O (1000)  269.2 ± 1.38  230 ± 6.82
b,c

  

STZ + E.O (500) + Insulin(10)  292.4 ± 6.74  248.0 ± 4.8
b,c

   

STZ + I (10) 236.6 ± 4.7 195.34 ± 2.09
 b,c

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) 

(One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica 

officinalis aq. extract (250 mg/kg), E.O (500) Embelica officinalis aq. extract (500 mg/kg), E.O (1000) Embelica officinalis 

aq. extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

2. Effect of Embelica officinalis (aqueous extract) treatment on plasma glucose, food 

intake, water intake and urine output of diabetic rats 

Diabetic animals exhibited significantly increased blood glucose, food and water intake and 

urine output as compared with control rats. Chronic treatment with Embelica officinalis 

aqueous extract (250, 500 and 1000 mg/kg)  in diabetic rats from 5th to 8th week significantly 

ameliorated plasma glucose levels along with other physiological parameters. Moreover, 

diabetic rats treated with insulin–Embelica officinalis combination significantly prevented 

these alterations as compared to insulin or Embelica officinalis alone treated groups 
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Treatment 

 

Plasma Glucose 

(mg/dl) 

 

 

Food Intake  

(g) 

 

 

Water Intake 

(ml) 

 

 

Urine Output 

(ml) 

CNTL 156.96 ± 8.88 

 

23.20 ± 3.18 46.60 ± 4.99 14.00 ± 1.87 

STZ 469.12 ± 11.78
a
 78.00 ± 2.68

 a
 124.00 ± 4.30

 a
 87.00 ± 3.74

 a
 

STZ+E.O  (250) 

 

345.92 ± 5.97
b,c 

 

54.20 ± 2.06
 b,c

 110.00 ± 2.74
 b,c

 55.00 ± 3.54
 b,c

 

STZ+E.O  (500) 241.60 ± 11.43
 b,c

 

 

45.00 ± 3.56
 b,c

 93.00 ± 6.04
 b,c

 47.00 ± 3.39
 b,c

 

STZ+E.O  (1000) 146.24 ± 6.29
 b,c

 

 

32.80 ± 2.13
 b,c

 62.00 ± 2.55
 b,c

 33.00 ± 2.55
 b,c

 

STZ+E.O  (500)+I(10) 147.52 ± 8.05
 b,c

 

 

28.60 ± 1.21
 b,c

 63.00 ± 5.39
 b,c

 32.00 ± 2.55
 b,c

 

STZ+ I(10) 139.80 ± 5.54
 b,c

 52.42 ± 2.56
 b,c

 103.5 ± 4.24
 b,c

 50.24 ± 2.68
 b,c

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way 

ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis aq. extract (250 

mg/kg), E.O (500) Embelica officinalis aq. Extract (500 mg/kg), E.O (1000) Embelica officinalis aq. Extract (1000 mg/kg), I(10) Insulin (10 

IU/kg, s.c.) 

 

3. Effect of chronic treatment with Embelica officinalis aqueous extract and its 

combination with insulin on mechanical hyperalgesia in Randall sellito test (A) and 

mechanical allodynia in von-Frey hair test (B) in diabetic rats 

The paw withdrawal threshold was significantly lowered in diabetic rat as compared with the 

basal value tested in both the Randall sellito and von-Frey hair test. Embelica officinalis 

aqueous extract (250, 500 and 1000 mg/kg) administration to diabetic rat produced a dose-

dependent increase in pain threshold as compared to untreated diabetic rat. In addition, 

diabetic rats treated with insulin–Embelica officinalis combination showed significantly 

enhanced pain threshold as compared to insulin or Embelica officinalis alone treated groups. 

  

A 
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way 

ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis aq. extract 

(250 mg/kg), E.O (500) Embelica officinalis aq. extract (500 mg/kg), E.O (1000) Embelica officinalis aq. extract (1000 mg/kg), I(10) 

Insulin (10 IU/kg, s.c.) 

 

4. Effect of treatment with Embelica officinalis aqueous extract and its combination with 

insulin on reaction time in tail immersion (A) and hot plate (B) tests in diabetic rats 

The nociceptive threshold was significantly lowered in diabetic rat as compared with the basal 

value tested in both the tail-immersion and hot-plate assays. Embelica officinalis aqueous 

extract (250, 500 and 1000 mg/kg) administration to diabetic rat produced a dose-dependent 

increase in pain threshold as compared to untreated diabetic rat. In addition, diabetic rats 

treated with insulin–Embelica officinalis combination showed significantly enhanced pain 

threshold as compared to insulin or Embelica officinalis alone treated groups. 

 

 

B 

A 
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One 

way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis aq. 

extract (250 mg/kg), E.O (500) Embelica officinalis aq. extract (500 mg/kg), E.O (1000) Embelica officinalis aq. extract (1000 

mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

5. Effect of treatment with Embelica officinalis aqueous extract and its combination 

with insulin on urea clearance and creatinine clearance 

A significant decrease in urea and creatinine clearance was observed in diabetic rats at the 

end of 8
th

 week which was significantly improved on treatment with Embelica officinalis 

aqueous extract (250, 500 and 1000 mg/kg) and its combination with insulin 

Treatment Urea  Clearance (ml/24hr)  Creatinine Clearance/ 24hr  

CNTL 1.25 ± 0.01  0.99 ± 0.06  

STZ  0.35 ± 0.04
a                          

 0.41 ± 0.05
a 
 

STZ + E.O (250)  0.72 ± 0.07
b
  0.74 ± 0.07

b
  

STZ + E.O (500)  0.83 ± 0.09
b,c

  0.82 ± 0.09
b
  

STZ + E.O (1000)  0.99 ± 0.10
b
  0.96 ± 0.09

b
  

STZ + E.O (500) + I (10)  1.33 ± 0.16
b
  0.95 ± 0.08

b
  

STZ + I (10) 0.79 ± 0.07
b,c

  0.77 ± 0.08
b
  

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One 

way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis aq. 

extract (250 mg/kg), E.O (500) Embelica officinalis aq. extract (500 mg/kg), E.O (1000) Embelica officinalis aq. extract (1000 

mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

B 
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6. Effect of Embelica officinalis treatment on lipid peroxide, reduced glutathione 

and superoxide dismutase levels (mean±S.E.M.) in sciatic nerve of diabetic rats 

A significant alterations in lipid peroxide, reduced glutathione and super oxide dismutase 

activity was observed in sciatic nerve of diabetic rats which was ameliorated in a dose-

dependent manner on treatment with Embelica officinalis aqueous extract (250, 500 and 1000 

mg/kg) and its combination with insulin. 

 

Treatment 

 

LPO 

(nmoles/mg pr) 

 

GSH 

(μmoles/mg pr) 

 

SOD 

(units/mg pr) 

CNTL 0.53 ± 0.04 0.020 ± 0.0020 27.81 ± 2.22 

STZ 1.80 ± 0.06
 a
 0.006 ± 0.0006

 a
 7.60 ± 0.83

 a
 

STZ+E.O  (250) 

 

1.41 ± 0.09
 b
 0.008 ± 0.0003 13.13 ± 1.79 

STZ+E.O  (500) 1.10 ± 0.10
 b,c

 0.012 ± 0.0011
 b
 19.14 ± 2.83

 b
 

STZ+E.O  (1000) 0.81 ± 0.05
 b
 0.016 ± 0.0007

 b
 23.74 ± 2.15

 b
 

STZ+E.O  (500)+I(10) 0.66 ± 0.06
 b
 0.019 ± 0.0020

 b
 26.41 ± 1.26

 b
 

STZ+ I(10) 1.23 ± 0.06
 b
 0.010 ±0.0008

 b
 16.28 ± 3.53

 b
 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way 

ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis aq. extract (250 

mg/kg), E.O (500) Embelica officinalis aq. extract (500 mg/kg), E.O (1000) Embelica officinalis aq. extract (1000 mg/kg), I(10) Insulin 

(10 IU/kg, s.c.) 

 

7.   Effect of Embelica officinalis treatment on lipid peroxide, reduced glutathione, 

superoxide dismutase and catalase levels (mean±S.E.M.) in kidney of diabetic rats 

A significant alterations in lipid peroxide, reduced glutathione, super oxide dismutase and 

catalase activity was observed in kidney of diabetic rats which was ameliorated in a dose-

dependent manner on treatment with Embelica officinalis aqueous extract (250, 500 and 1000 

mg/kg) and its combination with insulin. 

 

Treatment 

 

LPO 

(nmoles/mg pr) 

 

GSH 

(μmoles/mg pr) 

 

SOD 

(units/mg pr) 

                    

Catalase 

(k/min) 

CNTL 0.45 ±  0.05  0.020 ±  0.0018  57.781 ± 1.36  2.845 ± 0.07  

STZ 1.56 ± 0.08
a
  0.004 ±  0.0003

a
  19.996 ± 0.77

a
  0.670 ± 0.07

a
  

STZ+E.O  (250) 

 

1.16 ± 0.08
b
  0.008 ± 0.0017

b,c
  31.635 ± 1.28

b,c
  0.956 ± 0.06

b
  

STZ+E.O  (500) 1.07 ± 0.05
b
  0.015 ± 0.0008

b,c
   41.575 ± 2.89

b,c
  1.216 ± 0.08

b,c
  

STZ+E.O  (1000) 0.81 ± 0.06
b,c

  0.019 ± 0.0015
b,c

  49.336 ± 0.95
b,c

  1.630 ± 0.17
b,c
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STZ+E.O  (500)+I(10) 0.85 ± 0.05
b
  0.020 ± 0.0018

b,c
  52.652 ± 2.99

b,c
  1.745 ± 0.08

b,c
  

STZ+ I(10) 1.12 ± 0.06
b
  0.017 ± 0.0006

b,c
   38.99 ± 2.24

b,c
  1.124 ± 0.06

b,c
  

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way ANOVA 

followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis aq. extract (250 mg/kg), E.O 

(500) Embelica officinalis aq. extract (500 mg/kg), E.O (1000) Embelica officinalis aq. extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

8. Effect of treatment with Embelica officinalis aqueous extract and its combination 

with insulin on nitrite levels (mean±S.E.M.) in kidney and sciatic nerve of diabetic 

rats 

Nitrite levels were significantly increased in both kidney and sciatic nerve of diabetic rats. 

Embelica officinalis treatment significantly and dose dependently inhibited this increase in nitric 

oxide levels, which was further prevented by insulin–Embelica officinalis combination in the 

STZ-treated rats 

 
a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way 

ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis aq. extract (250 

mg/kg), E.O (500) Embelica officinalis aq. extract (500 mg/kg), E.O (1000) Embelica officinalis aq. extract (1000 mg/kg), I(10) Insulin 

(10 IU/kg, s.c.) 

9. Effect of Embelica officinalis treatment on serum, renal and nerve TNF-α (A), IL-1β 

(B) and TGF-β1 (C) levels in diabetic rats 

A significant increase in TNF-α, IL-1β and TGF- β1 was found in serum, kidney and sciatic nerve 

of diabetic rats. Treatment with Embelica officinalis aqueous extract produced a dose dependent 

decrease in cytokine levels. Moreover, diabetic rats treated with insulin–Embelica officinalis 

combination more significantly inhibited TNF-α, IL-1β and TGF- β1 level as compared to insulin 

or Embelica officinalis alone treated groups.  
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One 

way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis aq. 

extract (250 mg/kg), E.O (500) Embelica officinalis aq. extract (500 mg/kg), E.O (1000) Embelica officinalis aq. extract (1000 

mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

A 

B 

C 
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10. Effect of Embelica officinalis aqueous extract on renal structure of diabetic rats 

    

CNTL  [None (-)]                 STZ [Severe (+++)]   

    

STZ+E.O (250) [Moderate (++)]          STZ+E.O (500) [Moderate  

    

STZ+E.O (1000) [Mild (+)]         STZ+E.O (500)+I(10) [Mild (+)] 

 

         STZ+ I(10) [Severe (+++)]
 

CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis aq. extract (250 mg/kg), E.O (500) Embelica officinalis aq. extract 

(500 mg/kg), E.O (1000) Embelica officinalis aq. extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 
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B. Embelica officinalis (hydroalcoholic extract) 

1. Effect of Embelica officinalis (hydroalcoholic extract) treatment on body wt. of diabetic 

rats 

Body wt. of diabetic rats was significantly decreased at the end of 8
th

 week which was 

significantly prevented on treatment with Embelica officinalis hydroalcoholic extract (250, 

500 and 1000 mg/kg) and its combination with insulin 

 

Treatment Onset of study  End of study  

CNTL 278.4 ± 2.24  338.9 ± 7.80 

STZ  267.2.2 ± 2.21  176.4 ± 5.56
a
  

STZ + E.O (250)  278.4 ± 4.22  234.4 ± 3.19
b
  

STZ + E.O (500)  245.6 ± 7.4  206.7 ± 3.06
b
  

STZ + E.O (1000)  263.4 ± 1.38  239.5 ± 6.82
b,c

  

STZ + E.O (500) + Insulin(10)  288.2  ± 3.24  256.2 ± 2.4
b,e

     

STZ + I (10) 241.6 ± 5.7 202.7 ± 3.09
 b,c

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way 

ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis hydroalcoholic. 

extract (250 mg/kg), E.O (500) Embelica officinalis hydroalcoholic. extract (500 mg/kg), E.O (1000) Embelica officinalis hydroalcoholic. 

extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

 

2. Effect of Embelica officinalis (hydroalcoholic extract) treatment on plasma glucose, 

food intake, water intake and urine output of diabetic rats 

Diabetic animals exhibited significantly increased blood glucose, food and water intake and 

urine output as compared with control rats. Chronic treatment with Embelica officinalis 

aqueous extract (250, 500 and 1000 mg/kg) in diabetic rats from 5th to 8th week significantly 

ameliorated plasma glucose levels along with other physiological parameters. Moreover, 

diabetic rats treated with insulin–Embelica officinalis combination significantly prevented 

these alterations as compared to insulin or Embelica officinalis alone treated groups. 
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Treatment 

 

Plasma Glucose 

(mg/dl) 

 

 

Food Intake  

(g) 

 

 

Water Intake 

(ml) 

 

 

Urine Output 

(ml) 

CNTL 134.5 ± 8.88 

 

25.00 ± 3.18 56.60 ± 5.99 20.00 ± 1.87 

STZ 459.2 ± 9.78
a
 83.4 ± 3.68

 a
 136.00 ± 4.30

 a
 90.00 ± 3.74

 a
 

STZ+E.O  (250) 

 

330.2 ± 5.97
b,c 

 

52.00 ± 2.06
 b,c

 105.00 ± 2.74
 b,c

 50.00 ± 2.64
 b,c

 

STZ+E.O  (500) 222.4 ± 9.46
 b,c

 

 

43.00 ± 3.56
 b,c

 90.00 ± 6.04
 b,c

 42.00 ± 3.39
 b,c

 

STZ+E.O  (1000) 154.3 ± 6.29
 b,c

 

 

30.00 ± 2.45
 b,c

 60.00 ± 2.55
 b,c

 31.00 ± 2.78
 b,c

 

STZ+E.O  (500)+I(10) 136.5 ± 8.05
 b,c

 

 

27.00 ± 1.21
 b,c

 51.00 ± 5.39
 b,c

 33.00 ± 5.55
 b,c

 

STZ+ I(10) 143.4 ±2.59
 b,c

 48.00 ± 3.56
 b,c

 105.0 ± 4.24
 b,c

 52.00 ± 3.68
 b,c

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way ANOVA 

followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis hydroalcoholic. extract (250 mg/kg), E.O 

(500) Embelica officinalis hydroalcoholic. extract (500 mg/kg), E.O (1000) Embelica officinalis hydroalcoholic. extract (1000 mg/kg), I(10) Insulin 

(10 IU/kg, s.c.) 

 

3. Effect of chronic treatment with Embelica officinalis hydroalcoholic extract and its 

combination with insulin on mechanical hyperalgesia in Randall sellito test (A) and 

mechanical allodynia in von-Frey hair test (B) in diabetic rats 

A significant decrease in paw-withdrawal threshold in both Randall sellito and von-Frey hair 

test was produced in the streptozotocin-injected diabetic rats which was significantly 

ameliorated in a dose-dependent manner on treatment with Embelica officinalis 

hydroalcoholic extract (250, 500 and 1000 mg/kg). In diabetic rats treated with insulin–

Embelica officinalis combination, withdrawal threshold was enhanced as compared to insulin 

or Embelica officinalis alone treated groups. 

 

 

A 
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way 

ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis hydroalcoholic. 

extract (250 mg/kg), E.O (500) Embelica officinalis hydroalcoholic. extract (500 mg/kg), E.O (1000) Embelica officinalis hydroalcoholic. 

extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

4. Effect of treatment with Embelica officinalis hydroalcoholic extract and its combination 

with insulin on reaction time in tail immersion (A) and hot plate (B) tests in diabetic 

rats 

The nociceptive threshold was significantly lowered in diabetic rat as compared with the 

basal value tested in both the tail-immersion and hot-plate assays. Embelica officinalis 

hydroalcoholic extract administration to diabetic rat produced a dose-dependent increase in 

pain threshold as compared to untreated diabetic rat. In addition, diabetic rats treated with 

insulin–Embelica officinalis combination showed significantly enhanced pain threshold as 

compared to insulin or Embelica officinalis alone treated groups in a dose dependent manner. 

  

B 

A 
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way 

ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis hydroalcoholic. 

extract (250 mg/kg), E.O (500) Embelica officinalis hydroalcoholic. extract (500 mg/kg), E.O (1000) Embelica officinalis hydroalcoholic. 

extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

 

5. Effect of treatment with Embelica officinalis hydroalcoholic extract and its 

combination with insulin on urea clearance and creatinine clearance 

A significant decrease in urea and creatinine clearance was observed in diabetic rats at 

the end of 8
th

 week which was significantly improved on treatment with Embelica 

officinalis hydroalcoholic extract (250, 500 and 1000 mg/kg) and its combination with 

insulin 

Treatment Urea  clearance (ml/24hr)  Creatinine clearance/ 24hr  

CNTL  1.29 ± 0.03  1.12 ± 0.06  

STZ  0.31 ± 0.04
a                          

 0.45 ± 0.06
a 
 

STZ + E.O (250)  0.78 ± 0.07
b
  0.78 ± 0.07

b
  

STZ + E.O (500)  0.88 ± 0.06
b,c

  0.87 ± 0.07
b
  

STZ + E.O (1000)  1.01 ± 0.10
b
  1.02 ± 0.07

b
  

STZ + E.O (500) + I (10)  1.26 ± 0.11
b
  1.08 ± 0.09

b
  

STZ + I (10) 0.85 ± 0.04
b,c

 0.81 ± 0.06
b,c

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One 

way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis 

hydroalcoholic. extract (250 mg/kg), E.O (500) Embelica officinalis hydroalcoholic. extract (500 mg/kg), E.O (1000) Embelica 

officinalis hydroalcoholic. extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

B 
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6. Effect of Embelica officinalis hydroalcoholic extract on lipid peroxide, reduced 

glutathione, superoxide dismutase and catalase levels (mean±S.E.M.) in sciatic 

nerve of diabetic rats 

A significant alterations in lipid peroxide, reduced glutathione and super oxide 

dismutase activity was observed in sciatic nerve of diabetic rats which was ameliorated 

in a dose-dependent manner on treatment with Embelica officinalis hydroalcoholic 

extract (250, 500 and 1000 mg/kg) and its combination with insulin. 

 

Treatment 

 

     LPO      

(nmoles/mg pr) 

 

      GSH 

(μmoles/mg pr) 

 

    SOD 

(units/mg pr) 

CNTL 0.56 ± 0.05 0.022 ± 0.0020 30.21 ± 2.22 

STZ 1.92 ± 0.06
 a
 0.005 ± 0.0003

 a
 6..62 ± 0.65

 a
 

STZ+E.O  (250) 

 

1.31 ± 0.09
 b
 0.010 ± 0.0003 14.23 ± 1.79 

STZ+E.O  (500) 0.98 ± 0.10
 b,c

 0.014 ± 0.0009
 b
 21.16 ± 3.82

 b
 

STZ+E.O  (1000) 0.72 ± 0.05
 b
 0.018 ± 0.0006

 b
 24.54 ± 3.22

 b
 

STZ+E.O  (500)+I(10) 0.61 ± 0.03
 b
 0.020 ± 0.0014

 b
 27.81 ± 1.44

 b
 

STZ+ I(10) 1.14 ± 0.04
 b
 0.012 ±0.0006

 b
 19.21 ± 4..24

 b
 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way ANOVA 

followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis hydroalcoholic. extract (250 

mg/kg), E.O (500) Embelica officinalis hydroalcoholic. extract (500 mg/kg), E.O (1000) Embelica officinalis hydroalcoholic. extract (1000 

mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

 

7.   Effect of Embelica officinalis hydroalcoholic extract on lipid peroxide, reduced 

glutathione, superoxide dismutase and catalase levels (mean±S.E.M.) in kidney of 

diabetic rats 

A significant alterations in lipid peroxide, reduced glutathione, super oxide dismutase 

and catalase activity was observed in kidney of diabetic rats which was ameliorated in 

a dose-dependent manner on treatment with Embelica officinalis hydroalcoholic 

extract (250, 500 and 1000 mg/kg) and its combination with insulin. 
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Treatment 

 

LPO 

(nmoles/mg pr) 

 

GSH 

(μmoles/mg pr) 

  

SOD 

(units/mg pr) 

                    

Catalase 

(k/min) 

CNTL 0.53 ±  0.06  0.020 ±  0.0018  57.781 ± 1.36  2.845 ± 0.07  

STZ 1.63 ± 0.08
a
  0.004 ±  0.0003

a
  19.996 ± 0.77

a
  0.670 ± 0.07

a
  

STZ+E.O  (250) 

 

1.09 ± 0.08
b
  0.008 ± 0.0017

b,c
  31.635 ± 1.28

b,c
  0.956 ± 0.06

b
  

STZ+E.O  (500) 0.93 ± 0.05
b
  0.015 ± 0.0008

b,c
   41.575 ± 2.89

b,c
  1.216 ± 0.08

b,c
  

STZ+E.O  (1000) 0.78 ± 0.04
b,c

  0.019 ± 0.0015
b,c

  49.336 ± 0.95
b,c

  1.630 ± 0.17
b,c

  

STZ+E.O  (500)+I(10) 0.76 ± 0.04
b
  0.020 ± 0.0018

b,c
  52.652 ± 2.99

b,c
  1.745 ± 0.08

b,c
  

STZ+ I(10) 0.96 ± 0.05
b
  0.017 ± 0.0008

b,c
   42.582 ± 2.89

b,c
  1.224 ± 0.07

b,c
  

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way ANOVA 

followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis hydroalcoholic. extract (250 

mg/kg), E.O (500) Embelica officinalis hydroalcoholic. extract (500 mg/kg), E.O (1000) Embelica officinalis hydroalcoholic. extract (1000 

mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

8. Effect of treatment with Embelica officinalis hydroalcoholic extract and its 

combination with insulin on nitrite levels (mean±S.E.M.) in kidney and sciatic 

nerve of diabetic rats 

Nitrite levels were significantly increased in both kidney and sciatic nerve of diabetic rats.  

Embelica Officinalis treatment significantly and dose dependently inhibited this increase in 

nitric oxide levels, which was further prevented by insulin–Embelica officinalis combination 

in the STZ-treated rats. 

 
a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way 

ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis hydroalcoholic. 

extract (250 mg/kg), E.O (500) Embelica officinalis hydroalcoholic. extract (500 mg/kg), E.O (1000) Embelica officinalis hydroalcoholic. 

extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 



23 

 

9. Effect of Embelica officinalis hydroalcoholic extract on serum, renal and nerve 

TNF-α (A), IL-1β (B) and TGF-β1 (C) levels in diabetic rats 

TNF-α, IL-1β and TGF-β1 levels were markedly increased in serum, renal and nerve of 

diabetic rats as compared to control group. Treatment with Embelica officinalis 

hydroalcoholic extract produced a dose dependent decrease in serum, renal and neural TNF-

α, IL-1β and TGF-β1 levels. Moreover, diabetic rats treated with insulin–Embelica officinalis 

combination more significantly inhibited TNF-α, IL-1β and TGF-β1 levels as compared to 

insulin or Embelica Officinalis alone treated groups.  

 

 

A 

B 
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way 

ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis hydroalcoholic. 

extract (250 mg/kg), E.O (500) Embelica officinalis hydroalcoholic. extract (500 mg/kg), E.O (1000) Embelica officinalis hydroalcoholic. 

extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

10. Effect of Embelica officinalis hydroalcoholic extract on renal structure of diabetic rats 

     

      CNTL [None (-)]                  STZ [Severe (+++)]   

     

STZ+E.O (250) [Moderate (++)]         STZ+E.O (500) [Moderate (++)] 

C 
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STZ+E.O (1000) [Mild (+)]       STZ+E.O (500)+I(10) [Mild (+)] 

 

      STZ+ I(10) [Severe (+++)] 

CNTL Control, STZ Streptozotocin (45 mg/kg i.p), E.O (250) Embelica officinalis hydroalcoholic extract (250 mg/kg), E.O (500) Embelica 

officinalis hydroalcoholic extract (500 mg/kg), E.O (1000) Embelica officinalis hydroalcoholic extract (1000 mg/kg), I(10) Insulin (10 IU/kg, 

s.c.) 

C. Withania somnifera (Aqueous extract) 

1. Effect of Withania somnifera (aqueous extract) treatment on body wt. of diabetic rats 

Body wt. of diabetic rats was significantly decreased at the end of 8
th

 week which was 

significantly prevented on treatment with Withania somnifera aqueous extract (500 and 1000 

mg/kg) and its combination with insulin 

 

Treatment Onset of study  End of study  

CNTL 282.4 ± 1.24  336.4 ± 7.80  

STZ  265.2 ± 2.36  187.4 ± 7.86
a
  

STZ + W.S (250)  272.4 ± 3.24  189.6 ± 5.19 

STZ + W.S (500)  242.5 ± 7.4  206.8 ± 3.36
b,c

  

STZ + W.S (1000)  271.2 ± 1.38  242.4 ± 6.82
b,c

  

STZ + W.S (500) + I (10)  284.4 ± 6.74  252.4 ± 4.8
b,c

    

STZ + I (10) 248.5 ± 6.4  209.4 ± 4.36
b,c
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way 

ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) Withania somnifera aq. extract (250 

mg/kg), W.S (500) Withania somnifera aq. extract (500 mg/kg), W.S (1000) Withania somnifera aq. extract (1000 mg/kg), I(10) Insulin (10 

IU/kg, s.c.) 

2. Effect of Withania somnifera (aqueous extract) treatment on plasma glucose, food intake, 

water intake and urine output of diabetic rats 

Diabetic animals exhibited significantly increased blood glucose, food and water intake and 

urine output as compared with control rats. Withania somnifera aqueous extract (500 and 

1000 mg/kg) significantly ameliorated plasma glucose levels along with other physiological 

parameters. Moreover, diabetic rats treated with insulin–Withania somnifera combination 

significantly prevented these alterations as compared to insulin or Withania somnifera alone 

treated groups. However, Withania somnifera aqueous extract (250 mg/kg) failed to produce 

any significant effect on increased plasma glucose levels and other physiological parameters 

 

Treatment 

 

Plasma Glucose 

(mg/dl) 

 

 

Food Intake  

(g) 

 

 

Water Intake 

(ml) 

 

 

Urine Output 

(ml) 

CNTL 158.92 ± 4.42 

 

26.0 ± 3.18 45.50 ± 3.99 18.00 ± 2.87 

STZ 456.12 ± 6.54
a
 75.00 ± 2.68

 a
 130.00 ± 4.30

 a
 85.00 ± 3.74

 a
 

STZ+W.S  (250) 

 

442.92 ± 2.91
 

 

71.00 ± 2.06
 
 120.00 ± 3.74

 
 79.00 ± 3.54

 
 

STZ+W.S  (500) 341.60 ± 5.23
 b,c

 

 

60.00 ± 3.56
 b,c

 109.3 ± 4.04
 b,c

 65.45 ± 4.39
 b,c

 

STZ+W.S  (1000) 246.44 ± 3.07
 b,c

 

 

45.00 ± 2.18
 b,c

 85.00 ± 2.45
 b,c

 47.00 ± 1.55
 b,c

 

STZ+ W.S (500)+I(10) 227.32 ± 8.12
 b,c

 

 

42.60 ± 1.21
 b,c

 81.45 ± 3.36
 b,c

 42.00 ± 3.55
 b,c

 

STZ+ I(10) 329.80 ± 4.15
 b,c

 58.32 ± 3.56
 b,c

 105.5 ± 2.24
 b,c

 63.24 ± 5.68
 b,c

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way 

ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) Withania somnifera aq. extract (250 

mg/kg), W.S (500) Withania somnifera aq. extract (500 mg/kg), W.S (1000) Withania somnifera aq. extract (1000 mg/kg), I(10) Insulin (10 

IU/kg, s.c.) 

 

3. Effect of chronic treatment with Withania somnifera aqueous extract and its 

combination with insulin on mechanical hyperalgesia in Randall sellito test (A) and 

mechanical allodynia in von-Frey hair test (B) in diabetic rats 

A significant decrease in paw-withdrawal threshold in both Randall sellito and von-Frey 

hair test was produced in the streptozotocin-injected diabetic rats which was significantly 

ameliorated on treatment with Withania somnifera aqueous extract (500 and 1000 mg/kg). 
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In diabetic rats treated with insulin–Withania somnifera combination, withdrawal threshold 

was enhanced as compared to insulin or Withania somnifera alone treated groups. However, 

Withania somnifera aqueous extract (250 mg/kg) failed to increase the decreased paw-

withdrawal threshold in diabetic rats. 

 

 

 

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one 

another (P < 0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 

mg/kg i.p), W.S (250) Withania somnifera aq. extract (250 mg/kg), W.S (500) Withania somnifera aq. extract 

(500 mg/kg), W.S (1000) Withania somnifera aq. extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

4. Effect of treatment with Withania somnifera aqueous extract and its combination 

with insulin on reaction time in tail immersion (A) and hot plate (B) tests in 

diabetic rats 

The nociceptive threshold was significantly lowered in diabetic rat as compared with 

the basal value tested in both the tail-immersion and hot-plate assays. Withania 

A 

B 
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somnifera aqueous extract administration to diabetic rat produced significant increase 

in pain threshold as compared to untreated diabetic rat. In addition, diabetic rats 

treated with insulin–Withania somnifera combination showed significantly enhanced 

pain threshold as compared to insulin or Withania somnifera alone treated groups. But, 

Withania somnifera aqueous extract (250 mg/kg) failed to increase the decreased pain 

threshold in diabetic rats in both the tail-immersion and hot-plate assays 

 

 

  

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) 

Withania somnifera aq. extract (250 mg/kg), W.S (500) Withania somnifera aq. extract (500 mg/kg), W.S (1000) 

Withania somnifera aq. extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

 

B 

A 
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5. Effect of treatment with Withania somnifera aqueous extract and its 

combination with insulin on urea clearance and creatinine clearance 

A significant decrease in urea and creatinine clearance was observed in diabetic 

rats at the end of 8
th

 week which was significantly improved on treatment with 

Withania somnifera aqueous extract (500 and 1000 mg/kg) and its combination 

with insulin 

 

Treatment Urea  Clearance (ml/24hr)  Creatinine Clearance/ 24hr  

CNTL 1.22 ± 0.01  0.93 ± 0.06  

STZ 0.37 ± 0.04
a                          

 0.37 ± 0.05
a 
 

STZ+W.S(250) 0.33 ± 0.09
b
  0.41 ± 0.07

b
  

STZ+W.S(500) 0.66 ± 0.09
b,c

  0.67 ± 0.09
b
  

STZ+W.S(1000) 0.81 ± 0.10
b
  0.86 ± 0.09

b
  

STZ+W.S(500)+I (10) 0.95 ± 0.16
b
  0.89 ± 0.08

b
  

STZ+I (10) 0.61 ± 0.06
b,c

 0.63 ± 0.05
b
 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) 

Withania somnifera aq. extract (250 mg/kg), W.S (500) Withania somnifera aq. extract (500 mg/kg), W.S (1000) 

Withania somnifera aq. extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

 

6. Effect of Withania somnifera aqueous extract on lipid peroxide, reduced 

glutathione, superoxide dismutase and catalase levels (mean±S.E.M.) in 

sciatic nerve of diabetic rats 

A significant alterations in lipid peroxide, reduced glutathione, super oxide 

dismutase and catalase activity was observed in sciatic nerve of diabetic rats 

which was ameliorated on treatment with Withania somnifera aqueous extract 

(500 and 1000 mg/kg) and its combination with insulin. But, Withania 

somnifera (250 mg/kg) failed to restore the altered antioxidant enzyme status in 

sciatic nerve of diabetic rats 

 



30 

 

 

Treatment 

 

LPO 

(nmoles/mg pr) 

 

GSH 

(μmoles/mg pr) 

 

SOD 

(units/mg pr) 

             

Catalase  

 (K/min) 

CNTL 0.53 ± 0.04 0.026 ± 0.0020 29.87 ± 2.22 4.24 ± 0.30 

STZ 1.87 ± 0.06
 a
 0.005 ± 0.0006

 a
 8.30 ± 0.83

 a
 0.46 ± 0.07

 a
 

STZ+W.S  (250) 

 

1.82 ± 0.09
 
 0.007 ± 0.0003 8.53 ± 1.79 0.48 ± 0.16

 
 

STZ+ W.S (500) 1.43 ± 0.10
 b,c

 0.013 ± 0.0011
 b
 12.14 ± 2.83

 b
 1.24 ± 0.23

 b
 

STZ+ W.S  (1000) 1.23 ± 0.05
 b
 0.017 ± 0.0007

 b
 16.74 ± 2.15

 b
 1.76 ± 0.13

 b
 

STZ+ W.S (500)+I(10) 1.12 ± 0.06
 b
 0.018 ± 0.0020

 b
 18.41 ± 1.26

 b
 1.98 ± 0.12

 b
 

STZ+ I(10) 1.51 ± 0.06
 b
 0.012 ±0.0008

 b
 13.21 ± 3.53

 b
 1.20 ± 0.21

 b
 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One 

way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) Withania somnifera aq. 

extract (250 mg/kg), W.S (500) Withania somnifera aq. extract (500 mg/kg), W.S (1000) Withania somnifera aq. extract (1000 

mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

7.   Effect of Withania somnifera aqueous extract on lipid peroxide, reduced 

glutathione, superoxide dismutase and catalase levels (mean±S.E.M.) in 

kidney of diabetic rats 

A significant alterations in lipid peroxide, reduced glutathione, super oxide 

dismutase and catalase activity was observed in kidney of diabetic rats which 

was ameliorated in a dose-dependent manner on treatment with Withania 

somnifera aqueous extract (500 and 1000 mg/kg) and its combination with 

insulin. But, Withania somnifera (250 mg/kg) failed to restore the altered 

antioxidant enzyme status in kidney of diabetic rats. 

 

Treatment 

 

LPO 

(nmoles/mg pr) 

 

GSH 

(μmoles/mg pr) 

 

SOD 

(units/mg pr) 

                   

 Catalase 

(k/min) 

CNTL 0.47 ±  0.05 0.024 ±  0.0018 54.682 ± 1.28 2.672 ± 0.07 

STZ 1.62 ± 0.06
a
 0.005 ±  0.0004

a
 17.946 ± 0.63

a
 0.578 ± 0.06

a
 

STZ+W.S  (250) 

 

1.58 ± 0.08 0.006 ± 0.0017 19.624 ± 1.14 0..598 ± 0.07 

STZ+ W.S (500) 1.31 ± 0.07
b
 0.010 ± 0.0006

b,c
 28.675 ± 1.78

b,c
 0.897 ± 0.08

b,c
 

STZ+ W.S  (1000) 1.06 ± 0.06
b,c

 0.015 ± 0.0011
b,c

 37.331 ± 0.76
b,c

 1.232 ± 0.15
b,c
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STZ+ W.S (500)+I(10) 0.98 ± 0.09
b
 0.017 ± 0.0016

b,c
 39.45 ± 3.12

b,c
 1.321 ± 0.04

b,c
 

STZ+ I(10) 1.43 ± 0.08
b
 0.012 ± 0.0006

b,c
 26.45 ± 1.24

b,c
 0.824 ± 0.06

b,c
 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way 

ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) Withania somnifera aq. extract (250 

mg/kg), W.S (500) Withania somnifera aq. extract (500 mg/kg), W.S (1000) Withania somnifera aq. extract (1000 mg/kg), I(10) Insulin 

(10 IU/kg, s.c.) 

 

8. Effect of treatment with Withania somnifera aqueous extract and its combination 

with insulin on nitrite levels (mean±S.E.M.) in kidney and sciatic nerve of 

diabetic rats 

Nitrite levels were significantly increased in both kidney and sciatic nerve of diabetic 

rats which was significantly decreased on treatment with Withania somnifera aqueous 

extract (500 and 1000 mg/kg) and its combination with insulin. However, Withania 

somnifera (250 mg/kg) failed to produce any significant effect. 

 
a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One 

way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) Withania somnifera aq. 

extract (250 mg/kg), W.S (500) Withania somnifera aq. extract (500 mg/kg), W.S (1000) Withania somnifera aq. extract (1000 

mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

9. Effect of Withania somnifera aqueous extract on serum, renal and nerve TNF-

α (A), IL-1β (B) and TGF-β1 (C) levels in diabetic rats 

TNF-α, IL-1β and TGF-β1 levels were markedly increased in serum, renal and 

nerve of diabetic rats as compared to control group. Treatment with Withania 

somnifera aqueous extract produced a significant decrease in serum, renal and 

neural TNF-α, IL-1β and TGF-β1 levels. Moreover, diabetic rats treated with 

insulin-Withania somnifera combination more significantly inhibited TNF-α, IL-1β 
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and TGF-β1 levels as compared to insulin or Withania somnifera alone treated 

groups. But, treatment with Withania somnifera aqueous extract (250 mg/kg) failed 

to decrease the increased proinflammatory cytokines in serum, kidney and nerve of 

diabetic rats 

 

 

A 

B 
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) 

Withania somnifera aq. extract (250 mg/kg), W.S (500) Withania somnifera aq. extract (500 mg/kg), W.S (1000) 

Withania somnifera aq. extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

10. Effect of Withania somnifera aqueous extract on renal structure of diabetic rats 

    

CNTL  [None (-)                 STZ [Severe (+++)]   

   

 STZ+W.S (250) [Severe (+++)]            STZ+W.S (500) [Moderate (++)] 

 

C 
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STZ+ W.S (1000) [Mild (+)]         STZ+ W.S (500)+I(10) [Mild (+)] 

 

STZ+ I(10) [Severe (+++)] 

CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) Withania somnifera aq. extract (250 mg/kg), W.S (500) Withania somnifera aq. extract 

(500 mg/kg), W.S (1000) Withania somnifera aq. extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

D. Withania Somnifera (hydroalcoholic extract) 

1. Effect of Withania somnifera (hydroalcoholic extract) treatment on body wt. of diabetic 

rats 

Body wt. of diabetic rats was significantly decreased at the end of 8
th

 week which was 

significantly prevented on treatment with Withania somnifera aqueous extract (250, 500 and 

1000 mg/kg) and its combination with insulin 

Treatment Onset of study  End of study  

CNTL 275.4 ± 2.24  342.6 ± 7.6  

STZ  258.2 ± 1.26  175.8 ± 3.56
a
  

STZ + W.S (250)  274.4 ± 4.22  224.4 ± 3.19 

STZ + W.S (500)  226.6 ± 7.4  194.6 ± 2.06
b
  

STZ + W.S (1000)  254.3 ± 2.38  226.5 ± 5.82
b,c

  

STZ + W.S (500) + I (10)  285.4  ± 3.24  245.2 ± 2.4
b,e

     

STZ + I (10) 235.6 ± 5.7 197.7 ± 2.09
 b,c
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) 

Withania somnifera hydroalcoholic extract (250 mg/kg), W.S (500) Withania somnifera hydroalcoholic extract (500 

mg/kg), W.S (1000) Withania somnifera hydroalcoholic extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

2. Effect of Withania somnifera (hydroalcoholic extract) treatment on plasma glucose, food 

intake, water intake and urine output of diabetic rats 

Diabetic animals exhibited significantly increased blood glucose, food and water intake and 

urine output as compared with control rats. Withania somnifera hydroalcoholic extract (250, 

500 and 1000 mg/kg) significantly ameliorated plasma glucose levels along with other 

physiological parameters. Moreover, diabetic rats treated with insulin–Withania somnifera 

combination significantly prevented these alterations as compared to insulin or Withania 

somnifera alone treated groups.  

 

Treatment 

 

Plasma Glucose 

(mg/dl) 

 

 

Food Intake  

(g) 

 

 

Water Intake 

(ml) 

 

 

Urine Output 

(ml) 

CNTL 129.5 ± 8.88 

 

30.00 ± 2.18 55.00 ± 5.99 25.00 ± 1.87 

STZ 453.2 ± 6.78
a
 85.00 ± 2.68

 a
 140.00 ± 3.30

 a
 95.00 ± 3.74

 a
 

STZ+W.S  (250) 

 

404.2 ± 3.97
b,c 

 

74.00 ± 2.06
 b,c

 125.00 ± 2.74
 b,c

 80.00 ± 2.64
 b,c

 

STZ+W.S  (500) 326.4 ± 5.46
 b,c

 

 

65.00 ± 3.56
 b,c

 105.00 ± 6.04
 b,c

 65.00 ± 3.39
 b,c

 

STZ+W.S  (1000) 276.8 ± 6.23
b,c

 

 

50.00 ± 2.45
 b,c

 90.00 ± 2.56
 b,c

 50.00 ± 2.78
 b,c

 

STZ+ W.S (500)+I(10) 264.5 ± 8.05
 b,c

 

 

45.00 ± 1.21
 b,c

 85.00 ± 3.49
 b,c

 45.00 ± 5.55
 b,c

 

STZ+ I(10) 154.4 ±1.52
 b,c

 42.00 ± 3.56
 b,c

 110.0 ± 2.26
 b,c

 52.00 ± 3.68
 b,c

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One 

way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) Withania somnifera 

hydroalcoholic extract Extract (250 mg/kg), W.S (500) Withania somnifera hydroalcoholic extract (500 mg/kg), W.S (1000) 

Withania somnifera hydroalcoholic extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

3. Effect of chronic treatment with Withania somnifera hydroalcoholic extract and its 

combination with insulin on mechanical hyperalgesia in Randall sellito test (A) and 

mechanical allodynia in von-Frey hair test (B) in diabetic rats 

A significant decrease in paw-withdrawal threshold in both Randall sellito and von-Frey 

hair test was produced in the streptozotocin-injected diabetic rats which was significantly 

ameliorated in a dose-dependent manner on treatment with Withania somnifera 
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hydroalcoholic extract (250, 500 and 1000 mg/kg). In diabetic rats treated with insulin–

Withania somnifera combination, withdrawal threshold was enhanced as compared to 

insulin or Withania somnifera alone treated groups.  

  

 

 

  

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) 

Withania somnifera hydroalcoholic extract (250 mg/kg), W.S (500) Withania somnifera hydroalcoholic extract (500 

mg/kg), W.S (1000) Withania somnifera hydroalcoholic extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

4. Effect of treatment with Withania somnifera hydroalcoholic extract and its 

combination with insulin on reaction time in tail immersion (A) and hot plate (B) 

tests in diabetic rats 

The nociceptive threshold was significantly lowered in diabetic rat as compared with 

the basal value tested in both the tail-immersion and hot-plate assays. Withania 

somnifera hydroalcoholic extract administration to diabetic rats produced significant 

A 

B 
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increase in pain threshold in a dose-dependent manner as compared to untreated 

diabetic rat. In addition, diabetic rats treated with insulin–Withania somnifera 

combination showed significantly enhanced pain threshold as compared to insulin or 

Withania somnifera alone treated groups.  

 

 

  

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) 

(One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) Withania 

somnifera hydroalcoholic extract (250 mg/kg), W.S (500) Withania somnifera hydroalcoholic extract (500 mg/kg), W.S 

(1000) Withania somnifera hydroalcoholic extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

 

B 

A 
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5. Effect of treatment with Withania somnifera hydroalcoholic extract and its 

combination with insulin on urea clearance and creatinine clearance 

A significant decrease in urea and creatinine clearance was observed in diabetic 

rats at the end of 8
th

 week which was significantly improved on treatment with 

Withania somnifera hydroalcoholic extract (250, 500 and 1000 mg/kg) and its 

combination with insulin 

Treatment Urea  clearance (ml/24hr)  Creatinine clearance/ 24hr  

CNTL 1.32 ± 0.03  1.09 ± 0.05  

STZ 0.36 ± 0.04
a                          

 0.42 ± 0.06
a 
 

STZ+W.S(250) 0.48 ± 0.05
b
  0.68 ± 0.07

b
  

STZ+W.S(500) 0.66 ± 0.05
b,c

  0.79 ± 0.05
b
  

STZ+W.S(1000) 0.89 ± 0.10
b
  0.89 ± 0.07

b
  

STZ+W.S(500)+I (10) 0.93± 0.06
b
  0.93 ± 0.06

b
  

STZ+I (10) 0.75 ± 0.05
b,c

 0.76 ± 0.05
b,c

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One 

way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) Withania somnifera 

hydroalcoholic extract (250 mg/kg), W.S (500) Withania somnifera hydroalcoholic extract (500 mg/kg), W.S (1000) Withania 

somnifera hydroalcoholic extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

6. Effect of Withania somnifera hydroalcoholic extract on lipid peroxide, 

reduced glutathione, superoxide dismutase and catalase levels 

(mean±S.E.M.) in sciatic nerve of diabetic rats 

A significant alterations in lipid peroxide, reduced glutathione. super oxide 

dismutase and catalase activity was observed in sciatic nerve of diabetic rats 

which was ameliorated on treatment with Withania somnifera hydroalcoholic 

extract (250, 500 and 1000 mg/kg) and its combination with insulin.  

 

Treatment 

 

LPO 

(nmoles/mg pr) 

 

GSH 

(μmoles/mg pr) 

 

SOD 

(units/mg pr) 

              

 Catalase  

 (K/min) 

CNTL 0.59± 0.05 0.025 ± 0.0020 32.22 ± 3.22 3.22 ± 0.30 

STZ 1.82 ± 0.06
 a
 0.006 ± 0.0003

 a
 5.61 ± 0.65

 a
 0.51 ± 0.07

 a
 

STZ+W.S  (250) 

 

1.61 ± 0.06
 b
 0.009 ± 0.0001

 b
 10.23 ± 1.79

 b
 0.68 ± 0.16

 b
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STZ+ W.S (500) 1.44 ± 0.06
 b,c

 0.012 ± 0.0009
 b
 14.56 ± 3.82

 b
 0.89 ± 0.13

 b
 

STZ+ W.S  (1000) 1.26 ± 0.07
 b
 0.016 ± 0.0004

 b
 20.34 ± 2.42

 b
 1.04 ± 0.13

 b
 

STZ+ W.S (500)+I(10) 1.18  ± 0.03
 b
 0.018 ± 0.0014

 b
 22.84 ± 1.26

 b
 1.09 ± 0.13

 b
 

STZ+ I(10) 1.34 ± 0.04
 b
 0.014 ±0.0005

 b
 18.26 ± 3..22

 b
 0.96 ± 0.16

 b
 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) 

Withania somnifera hydroalcoholic extract (250 mg/kg), W.S (500) Withania somnifera hydroalcoholic extract (500 

mg/kg), W.S (1000) Withania somnifera hydroalcoholic extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

7.   Effect of Withania somnifera aqueous extract on lipid peroxide, reduced 

glutathione, superoxide dismutase and catalase levels (mean±S.E.M.) in 

kidney of diabetic rats 

A significant alterations in lipid peroxide, reduced glutathione, super oxide 

dismutase and catalase activity was observed in kidney of diabetic rats which 

was ameliorated in a dose-dependent manner on treatment with Withania 

somnifera hydroalcoholic extract (250, 500 and 1000 mg/kg) and its 

combination with insulin.  

 

Treatment 

 

LPO 

(nmoles/mg pr) 

 

GSH 

(μmoles/mg pr) 

 

SOD 

(units/mg pr) 

 

 Catalase 

(k/min) 

CNTL 0.58 ±  0.05  0.023 ±  0.0018  59.662 ± 1.24  2.442 ± 0.07  

STZ 1.57 ± 0.08
a
  0.005 ±  0.0004

a
  16.226 ± 0.77

a
  0.552 ± 0.07

a
  

STZ+W.S  (250) 

 

1.39 ± 0.06
b
  0.007 ± 0.0017

b,c
  23.424 ± 1.23

b,c
  0.753 ± 0.06

b
  

STZ+ W.S (500) 1.13 ± 0.05
b
  0.012 ± 0.0008

b,c
   32.572 ± 1.84

b,c
  0.978 ± 0.08

b,c
  

STZ+ W.S  (1000) 1.02 ± 0.05
b,c

  0.015 ± 0.0012
b,c

  41.236 ± 0.73
b,c

  1.232 ± 0.13
b,c

  

STZ+ W.S (500)+I(10) 0.97 ± 0.04
b
  0.018 ± 0.0018

b,c
  45.652 ± 3.39

b,c
  1.340 ± 0.08

b,c
  

STZ+ I(10) 1.08 ± 0.05
b
  0.015 ± 0.0008

b,c
   37.69 ± 2.43

b,c
  1.034 ± 0.07

b,c
  

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One way 

ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) Withania somnifera hydroalcoholic 

extract (250 mg/kg), W.S (500) Withania somnifera hydroalcoholic extract (500 mg/kg), W.S (1000) Withania somnifera 

hydroalcoholic extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

8. Effect of treatment with Withania somnifera hydroalcoholic extract and its 

combination with insulin on nitrite levels (mean±S.E.M.) in kidney and sciatic 

nerve of diabetic rats 
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Nitrite levels were significantly increased in both kidney and sciatic nerve of diabetic 

rats which was significantly decreased in dose-dependent manner on treatment with 

Withania somnifera hydroalcoholic extract (250, 500 and 1000 mg/kg) and its 

combination with insulin.  

 
a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One 

way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) Withania somnifera 

hydroalcoholic extract Extract (250 mg/kg), W.S (500) Withania somnifera hydroalcoholic extract (500 mg/kg), W.S (1000) 

Withania somnifera hydroalcoholic extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.) 

 

9. Effect of Withania somnifera hydroalcoholic extract on serum, renal and nerve 

TNF-α (A), IL-1β (B) and TGF-β1 (C) levels in diabetic rats 

TNF-α, IL-1β and TGF-β1 levels were markedly increased in serum, renal and 

nerve of diabetic rats as compared to control group. Treatment with Withania 

somnifera hydroalcoholic extract produced a significant decrease in 

proinflammatory cytokines. Moreover, diabetic rats treated with insulin-Withania 

somnifera combination more significantly inhibited TNF-α, IL-1β and TGF-β1 

levels as compared to insulin or Withania somnifera alone treated groups.  
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another 

(P < 0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L 

(500) Curcuma longa aqueous extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

 

A 

B 

C 
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10. Effect of Withania somnifera hydroalcoholic extract on renal structure of diabetic rats 

    

CNTL  [None (-)                 STZ [Severe (+++)]   

          

STZ+W.S (250) [Moderate (++)]            STZ+W.S (500) [Moderate (++)] 

    

STZ+ W.S (1000) [Mild (+)]         STZ+ W.S (500)+I(10) [Mild (+)] 

 

       STZ+ I(10) [Severe (+++)] 

CNTL Control, STZ Streptozotocin (45 mg/kg i.p), W.S (250) Withania somnifera hydroalcoholic extract (250 mg/kg), W.S (500) Withania somnifera 

hydroalcoholic extract (500 mg/kg), W.S (1000) Withania somnifera hydroalcoholic extract (1000 mg/kg), I(10) Insulin (10 IU/kg, s.c.)
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E. Curcuma longa (aqueous extract) 

1. Effect of Curcuma longa (aqueous extract) treatment on body wt. of diabetic rats 

Body wt. of diabetic rats was significantly decreased at the end of 8
th

 week which was 

significantly prevented on treatment with Curcuma longa aqueous extract (500 mg/kg) and 

its combination with insulin 

 

Treatment  Body weight (gm) 

Onset of study  End of study  

Control  268.4 ± 2.28 327.9.4 ± 5.60  

STZ  267.2 ± 2.21  172.4 ± 4.53
a
  

STZ + C.L (500) 255.6 ± 6.4  210.4 ± 2.13
b
  

STZ + C.L (500) + I (10)  282.2  ± 4.24  261.2 ± 2.6
b,e

     

STZ + I (10) 236.6 ± 4.7 206.7 ± 2.09
 b,c

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) 

Curcuma longa aqueous extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

 

2. Effect of Curcuma longa (aqueous extract) treatment on plasma glucose, food intake, 

water intake and urine output of diabetic rats 

Diabetic animals exhibited significantly increased blood glucose, food and water intake and 

urine output as compared with control rats. Curcuma longa aqueous extract (500 mg/kg) 

significantly ameliorated plasma glucose levels along with other physiological parameters. 

Moreover, diabetic rats treated with insulin–Curcuma longa combination significantly 

prevented these alterations as compared to insulin or Curcuma longa alone treated groups.  

 

 

Treatment 

 

Plasma Glucose 

(mg/dl) 

 

 

Food Intake  

(g) 

 

 

Water Intake 

(ml) 

 

Urine Output 

(ml) 

CNTL 139.5 ± 6.82 

 

30.00 ± 3.18 50.0 ± 5.99 25.00 ± 1.86 

STZ 451.2 ± 8.76
a
 85.00 ± 3.68

 a
 140.00 ± 4.30

 a
 100.00 ± 4.72

 a
 



44 

 

STZ+C.L  (500) 212.4 ± 7.24
 b,c

 

 

45.00 ± 3.26
 b,c

 95.00 ± 6.07
 b,c

 40.00 ± 2.49
 b,c

 

STZ+ C.L (500)+I(10) 139.8 ± 8.03
 b,c

 

 

25.00 ± 1.26
 b,c

 55.00 ± 3.32
 b,c

 30.00 ± 4.53
 b,c

 

STZ+ I(10) 141.4 ±3.59
 b,c

 40.00 ± 2.34
 b,c

 90.0 ± 3.26
 b,c

 45.00 ± 2.68
 b,c

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) 

(One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) Curcuma 

longa aqueous extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

 

3. Effect of chronic treatment with Curcuma longa aqueous extract and its combination 

with insulin on mechanical hyperalgesia in Randall sellito test (A) and mechanical 

allodynia in von-Frey hair test (B) in diabetic rats 

A significant decrease in paw-withdrawal threshold in both Randall sellito and von-Frey 

hair test was produced in the streptozotocin-injected diabetic rat which was significantly 

ameliorated on treatment with Curcuma longa aqueous extract (500 mg/kg). In diabetic rats 

treated with insulin–Curcuma longa combination, withdrawal threshold was enhanced as 

compared to insulin or Curcuma longa alone treated groups.  

 

  

 

 

A 
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) 

Curcuma longa aqueous extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

 

4. Effect of treatment with Curcuma longa aqueous extract and its combination with 

insulin on reaction time in tail immersion (A) and hot plate (B) tests in diabetic 

rats 

The nociceptive threshold was significantly lowered in diabetic rat as compared with 

the basal value tested in both the tail-immersion and hot-plate assays. Curcuma longa 

aqueous extract administration to diabetic rats produced significant increase in pain 

threshold as compared to untreated diabetic rat. In addition, diabetic rats treated with 

insulin–Curcuma longa combination showed significantly enhanced pain threshold as 

compared to insulin or Curcuma longa alone treated groups.  

 

B 

A 
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) 

Curcuma longa aqueous extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c. 

 

5. Effect of treatment with Curcuma longa aqueous extract and its 

combination with insulin on urea clearance and creatinine clearance 

A significant decrease in urea and creatinine clearance was observed in diabetic 

rats at the end of 8
th

 week which was significantly improved on treatment with 

Curcuma longa aqueous extract (500 mg/kg) and its combination with insulin. 

 

Treatment Urea  clearance (ml/24hr)  Creatinine clearance/ 24hr  

CNTL 1.32± 0.05 1.01± 0.06 

STZ 0.29 ± 0.04
a
 0.38 ± 0.05

a
 

STZ + C.L (500) 0.76 ± 0.05
b,c

 0.75 ± 0.07
b
 

STZ + C.L (500) + I (10) 1.25 ± 0.10
b
 0.99 ± 0.08

b
 

STZ + I (10) 0.81 ± 0.04
b,c

 0.81 ± 0.05
b,c

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) 

(One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) Curcuma 

longa aqueous extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

 

6. Effect of Curcuma longa aqueous extract on lipid peroxide, reduced 

glutathione, superoxide dismutase and catalase levels (mean±S.E.M.) in 

sciatic nerve of diabetic rats 

B 
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A significant alteration in lipid peroxide, reduced glutathione, super oxide 

dismutase and catalase activity was observed in sciatic nerve of diabetic rats 

which was ameliorated on treatment with Curcuma longa aqueous extract (500 

mg/kg) and its combination with insulin.  

 

Treatment 

 

LPO 

(nmoles/mg pr) 

 

GSH 

(μmoles/mg pr) 

 

SOD 

(units/mg pr) 

          

Catalase 

(k/min) 

CNTL 0.55 ± 0.05 0.021 ± 0.0020 33.11 ± 2.22 4.65 ± 0.30 

STZ 1.82 ± 0.06 a
 0.003 ± 0.0003 a

 7..02 ± 0.65 a
 0.45 ± 0.07 a 

STZ+C.L  (500) 0.94 ± 0.08 b,c
 0.012 ± 0.0009 b

 20.11 ± 3.82 b
 2.26 ± 0.16 b 

STZ+ C.L (500)+I(10) 0.64 ± 0.03 b
 0.019 ± 0.0014 b

 29.67 ± 1.23 b
 4.22 ± 0.23 b 

STZ+ I(10) 1.04 ± 0.04
 b 0.015 ±0.0006

 b
 18.21 ± 4..34

 b 2.12± 0.13 b
 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) 

Curcuma longa aqueous extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

 

7.   Effect of Curcuma longa aqueous extract on lipid peroxide, reduced 

glutathione, superoxide dismutase and catalase levels (mean±S.E.M.) in 

kidney of diabetic rats 

A significant alterations in lipid peroxide, reduced glutathione, super oxide 

dismutase and catalase activity was observed in kidney of diabetic rats which 

was ameliorated on treatment with Curcuma longa aqueous extract (500 mg/kg) 

and its combination with insulin.  

 

Treatment 

 

LPO 

(nmoles/mg pr) 

 

GSH 

(μmoles/mg pr) 

 

SOD 

(units/mg pr) 

                   

Catalase 

(k/min) 

Control  0.55 ±  0.06  0.022 ±  0.0018  55.45 ± 1.36  2.923 ± 0.07  

STZ  1.66 ± 0.08
a
  0.003 ±  0.0003

a
  21.91 ± 0.71

a
  0.654 ± 0.06

a
  

STZ + C.L (500)  0.95 ± 0.05
b
  0.013 ± 0.0006

b,c
   41.57 ± 2.81

b,c
  1.221 ± 0.05

b,c
  

STZ +  C.L  (500) + I (10)  0.74 ± 0.03
b
  0.020 ± 0.0018

b,c
  51.65 ± 2.45

b,c
  1.723 ± 0.08

b,c
  

STZ + I (10) 0.95± 0.05
b
  0.012 ± 0.0006

b,c
   38.66 ± 2.65

b,c
  1.134 ± 0.05

b,c
  

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One 

way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) Curcuma longa aqueous 

extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 
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8. Effect of treatment with Curcuma longa aqueous extract and its combination 

with insulin on nitrite levels (mean±S.E.M.) in kidney and sciatic nerve of 

diabetic rats 

Nitrite levels were significantly increased in both kidney and sciatic nerve of diabetic 

rats which was significantly decreased on treatment with Curcuma longa aqueous 

extract (500 mg/kg) and its combination with insulin.  

 
a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one 

another (P < 0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 

mg/kg i.p), C.L (500) Curcuma longa aqueous extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

 

9. Effect of Curcuma longa aqueous extract on serum, renal and nerve TNF-α 

(A), IL-1β (B) and TGF-β1 (C) levels in diabetic rats 

TNF-α, IL-1β and TGF-β1 levels were markedly increased in serum, renal and 

nerve of diabetic rats as compared to control group. Treatment with Curcuma longa 

aqueous extract produced a significant decrease in serum, renal and neural TNF-α, 

IL-1β and TGF-β1 levels. Moreover, diabetic rats treated with insulin-Curcuma 

longa combination more significantly inhibited TNF-α, IL-1β and TGF-β1 levels as 

compared to insulin or Curcuma longa alone treated groups.  
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One 

way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) Curcuma longa aqueous 

extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

 

 

A 

B 

C 
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10. Effect of Curcuma longa aqueous extract on renal structure of diabetic rats 

    

CNTL  [None (-)                 STZ [Severe (+++)]   

   

 STZ+C.L (500) [Moderate (++)]               STZ+ C.L (500)+I(10) [Mild (+)] 

 

STZ+ I(10) [Severe (+++)] 

CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) Curcuma longa aqueous extract (500 mg/kg),  I(10) 

Insulin (10 IU/kg, s.c.) 
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F. Curcuma longa (hydroalcoholic extract) 

1. Effect of Curcuma longa (hydroalcoholic extract) treatment on body wt. of diabetic rats 

Body wt. of diabetic rats was significantly decreased at the end of 8
th

 week which was 

significantly prevented on treatment with Curcuma longa hydroalcoholic extract (500 mg/kg) 

and its combination with insulin 

Treatment  Body weight (gm) 

Onset of study  End of study  

Control  247.4 ± 4.28 314.4 ± 3.60  

STZ  261.2 ± 2.21  162.4 ± 3.51
a
  

STZ + C.L (500) 245.6 ± 3.40  215.4 ± 2.13
b
  

STZ + C.L (500) + I (10)  267.2  ± 2.24  265.2 ± 3.6
b,c

    

STZ + I (10) 246.6 ± 4.7 216.7 ± 2.04
 b,c

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) 

Curcuma longa hydroalcoholic extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

2. Effect of Curcuma longa (hydroalcoholic extract) treatment on plasma glucose, food 

intake, water intake and urine output of diabetic rats 

Diabetic animals exhibited significantly increased blood glucose, food and water intake and 

urine output as compared with control rats. Curcuma longa hydroalcoholic extract (500 

mg/kg) significantly ameliorated plasma glucose levels along with other physiological 

parameters. Moreover, diabetic rats treated with insulin–Curcuma longa combination 

significantly prevented these alterations as compared to insulin or Curcuma longa alone 

treated groups.  

 

Treatment 

 

Plasma Glucose 

(mg/dl) 

 

 

Food Intake  

(g) 

 

 

Water Intake 

(ml) 

 

 

Urine Output 

(ml) 

CNTL 135.5 ± 4.82 

 

25.00 ± 2.16 55.0 ± 5.99 30.00 ± 1.56 

STZ 461.2 ± 6.76
a
 80.00 ± 3.68

 a
 150.00 ± 4.30

 a
 105.00 ± 4.54

a
 

STZ+C.L  (500) 206.4 ± 7.24
 b,c

 

 

40.00 ± 3.26
 b,c

 90.00 ± 5.27
 b,c

 50.00 ± 2.36
 b,c

 

STZ+ C.L (500)+I(10) 135.8 ± 7.03
 b,c

 

 

28.00 ± 4.26
 b,c

 55.00 ± 2.32
 b,c

 35.00 ± 4.53
 b,c

 

STZ+ I(10) 145.4 ±2.59
 b,c

 45.00 ± 3.34
 b,c

 100.0 ± 4.26
 b,c

 45.00 ± 3.48
 b,c
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One 

way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) Curcuma longa 

hydroalcoholic extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

 

3. Effect of chronic treatment with Curcuma longa hydroalcoholic extract and its 

combination with insulin on mechanical hyperalgesia in Randall sellito test (A) and 

mechanical allodynia in von-Frey hair test (B) in diabetic rats 

A significant decrease in paw-withdrawal threshold in both Randall sellito and von-Frey 

hair test was produced in the streptozotocin-injected diabetic rat which was significantly 

ameliorated on treatment with Curcuma longa hydroalcoholic extract (500 mg/kg). In 

diabetic rats treated with insulin–Curcuma longa combination, withdrawal threshold was 

enhanced as compared to insulin or Curcuma longa alone treated groups.  

 

 

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) 

Curcuma longa hydroalcoholic extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

A 

B 
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4. Effect of treatment with Curcuma longa hydroalcoholic extract and its 

combination with insulin on reaction time in tail immersion (A) and hot plate (B) 

tests in diabetic rats 

The nociceptive threshold was significantly lowered in diabetic rat as compared with 

the basal value tested in both the tail-immersion and hot-plate assays. Curcuma longa 

hydroalcoholic extract administration to diabetic rats produced significant increase in 

pain threshold as compared to untreated diabetic rat. In addition, diabetic rats treated 

with insulin–Curcuma longa combination showed significantly enhanced pain 

threshold as compared to insulin or Curcuma longa alone treated groups.  

 

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) 

Curcuma longa hydroalcoholic extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

 

B 

A 
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5. Effect of treatment with Curcuma longa hydroalcoholic extract and its 

combination with insulin on urea clearance and creatinine clearance 

A significant decrease in urea and creatinine clearance was observed in diabetic 

rats at the end of 8
th

 week which was significantly improved on treatment with 

Curcuma longa hydroalcoholic extract (500 mg/kg) and its combination with 

insulin 

Treatment Urea  clearance (ml/24hr)  Creatinine clearance/ 24hr  

CNTL 1.42± 0.05  1.21± 0.07 

STZ 0.26 ± 0.05
a                          

 0.34 ± 0.05
a 
 

STZ + C.L (500) 0.82 ± 0.07
b,c

  0.87 ± 0.07
b
  

STZ + C.L (500) + I (10) 1.32 ± 0.11
b
  1.09 ± 0.09

b
  

STZ + I (10) 0.79 ± 0.06
b,c

 0.84 ± 0.06
b,c

 

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) 

(One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) Curcuma 

longa hydroalcoholic extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

 

6. Effect of Curcuma longa hydroalcoholic extract on lipid peroxide, reduced 

glutathione, superoxide dismutase and catalase levels (mean±S.E.M.) in 

sciatic nerve of diabetic rats 

A significant alterations in lipid peroxide, reduced glutathione, super oxide 

dismutase and catalase activity was observed in sciatic nerve of diabetic rats 

which was ameliorated on treatment with Curcuma longa hydroalcoholic 

extract (500 mg/kg) and its combination with insulin.  

 

Treatment 

 

LPO 

(nmoles/mg pr) 

 

GSH 

(μmoles/mg pr) 

 

SOD 

(units/mg pr) 

                          

Catalase  

(k/min) 

CNTL 0.57 ± 0.06 0.024 ± 0.0017 31.34 ± 2.22 3.78 ± 0.29 

STZ 1.79 ± 0.05
 a
 0.004 ± 0.0003

 a
 8..22 ± 0.65

 a
 0.55 ± 0.07

 a
 

STZ+C.L  (500) 0.84 ± 0.07
 b,c

 0.014 ± 0.0008
 b
 21.34 ± 2.82

 b
 2.26 ± 0.14

 b
 

STZ+ C.L (500)+I(10) 0.59 ± 0.05
 b
 0.022 ± 0.0014

 b
 30.67 ± 2.23

 b
 3.59 ± 0.23

 b
 

STZ+ I(10) 0.96 ± 0.06
 b
 0.016±0.0007

 b
 19.21 ± 3..34

 b
 2.18± 0.11

 b
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) 

Curcuma longa hydroalcoholic extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

7.   Effect of Curcuma longa hydroalcoholic extract on lipid peroxide, 

reduced glutathione, superoxide dismutase and catalase levels 

(mean±S.E.M.) in kidney of diabetic rats 

A significant alterations in lipid peroxide, reduced glutathione, super oxide 

dismutase and catalase activity was observed in kidney of diabetic rats which 

was ameliorated on treatment with Curcuma longa hydroalcoholic extract (500 

mg/kg) and its combination with insulin.  

 

Treatment 

 

LPO 

(nmoles/mg pr) 

 

GSH 

(μmoles/mg pr) 

 

SOD 

(units/mg pr) 

 

Catalase 

(k/min) 

Control  0.59 ±  0.06  0.026 ±  0.0015  55.67 ± 1.26  3.223 ± 0.07  

STZ  1.76 ± 0.05
a
  0.004 ±  0.0002

a
  23.98 ± 0.61

a
  0.524 ± 0.05

a
  

STZ + C.L (500)  0.84 ± 0.06
b
  0.015 ± 0.0005

b,c
   46. 76 ± 2.51

b,c
  1.326 ± 0.05

b,c
  

STZ +  C.L  (500) + I (10)  0.64 ± 0.08
b
  0.022 ± 0.0015

b,c
  52.69 ± 2.45

b,c
  2.424 ± 0.09

b,c
  

STZ + I (10) 0.91± 0.06
b
  0.013 ± 0.0005

b,c
   43.26 ± 2.75

b,c
  1.204 ± 0.06

b,c
  

a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 

0.05) (One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) 

Curcuma longa hydroalcoholic extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

8. Effect of treatment with Curcuma longa hydroalcoholic extract and its 

combination with insulin on nitrite levels (mean±S.E.M.) in kidney and sciatic 

nerve of diabetic rats 

Nitrite levels were significantly increased in both kidney and sciatic nerve of diabetic 

rats which was significantly decreased on treatment with Curcuma longa 

hydroalcoholic extract (500 mg/kg) and its combination with insulin.  
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) 

(One way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) Curcuma longa 

hydroalcoholic extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.) 

 

 

9. Effect of Curcuma longa hydroalcoholic extract on serum, renal and nerve 

TNF-α (A), IL-1β (B) and TGF-β1 (C) levels in diabetic rats 

TNF-α, IL-1β and TGF-β1 levels were markedly increased in serum, renal and 

nerve of diabetic rats as compared to control group. Treatment with Curcuma longa 

hydroalcoholic extract produced a significant decrease in serum, renal and neural 

TNF-α, IL-1β and TGF-β1 levels. Moreover, diabetic rats treated with insulin-

Curcuma longa combination more significantly inhibited TNF-α, IL-1β and TGF-

β1 levels as compared to insulin or Curcuma longa alone treated groups.  

 

A 
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a Different from control group (P < 0.05); b different from diabetic rats (P < 0.05); c different from one another (P < 0.05) (One 

way ANOVA followed by Tukey’s test). CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) Curcuma longa 

hydroalcoholic extract (500 mg/kg),  I(10) Insulin (10 IU/kg, s.c.)
 

 

10. Effect of Curcuma longa hydroalcoholic extract on renal structure of diabetic rats 

   

CNTL  [None (-)                 STZ [Severe (+++)]   

B 

C 
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 STZ+C.L (500) [Moderate (++)]               STZ+ C.L (500)+I(10) [Mild (+)] 

 

STZ+ I(10) [Severe (+++)] 

CNTL Control, STZ Streptozotocin (45 mg/kg i.p), C.L (500) Curcuma longa hydroalcoholic extract (500 mg/kg),  

I(10) Insulin (10 IU/kg, s.c.) 

  Type-2 diabetes 

A. Streptozotocin + Nicotinamide model 

1. Effect on blood glucose and % glycosylated haemoglobin 

Both, NAD+STZ (i.v) and NAD+STZ (i.p) significantly increased the blood 

glucose (A) and glycosylated haemoglobin (B) levels on 15
th

 day and 6
th

 week 

after NAD+STZ administration.  But blood glucose levels decreased to control 

levels on 18
th

 week. However, glycosylated haemoglobin levels also decreased on 

18
th

 week but still remained significantly different from the control values. 
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a Different from control group (P < 0.05); (One way ANOVA followed by Tukey’s test). CNTL 

Control, NAD Nicotinamide (230 mg/kg i.p), STZ Streptozotocin (45 mg/kg i.p/65 mg/kg i.v) 

 

2. Effect on mechanical hyperalgesia in randall sellitto test 

At 12
th

 and 18
th

 week after NAD+STZ administration, there was no statistical 

significant difference among any of the groups indicating there was no 

development of mechanical hyperalgesia 
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CNTL Control, NAD Nicotinamide (230 mg/kg i.p), STZ Streptozotocin (45 mg/kg i.p/65 mg/kg i.v) 

3. Effect on mechanical allodynia in von frey hair test 

There was no statistical significant difference among any of the groups at 12
th

 and 

18
th

 week 
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CNTL Control, NAD Nicotinamide (230 mg/kg i.p), STZ Streptozotocin (45 mg/kg i.p/65 mg/kg i.v) 

4. Effect of STZ+NAD administration on physiological parameters 

Feed intake, water intake and urine output did not differ significantly between any 

of the groups at 18
th

 week of STZ+NAD administration 

 

Treatment 

 

Food Intake (g) 

 

 

Water Intake (ml) 

 

 

Urine Output (ml) 

NAD+ STZ (i.v) 37.00 ± 4.9 73.0 ± 5.39 15.00 ± 1.00 

NAD+ STZ (i.p) 38.00 ± 4.36
 
 79.00 ± 5.57 14.00 ± 2.91 

CNTL 25.00 ± 3.54
 
 64.00 ± 2.45 12.00 ± 1.66 

CNTL Control, NAD Nicotinamide (230 mg/kg i.p), STZ Streptozotocin (45 mg/kg i.p/65 mg/kg i.v) 

 

B. Neonatal Alloxan model 

1. Effect on blood glucose and % glycosylated haemoglobin 

No statistically significant difference was found in plasma glucose and 

glycosylated haemoglobin levels of control and alloxan treated rats at different 

weeks  
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2. Effect on mechanical hyperalgesia in randall sellitto test 

At 16
th

, 20
th

 and 24
th

 week after alloxan administration, no statistical significant   

difference was found in paw withdrawal threshold of control and alloxan treated 

rats 
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3. Effect on mechanical allodynia in von frey hair test 

There was no statistical significant difference between control and alloxan treated 

group at 16
th

, 20
th

 and 24
th

 week 
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4. Effect of alloxan administration on physiological parameters 

Feed intake, water intake and urine output did not differ significantly between 

control and alloxan treated group at 16
th

, 20
th

 and 24
th

 week  

  

Treatment 

 

Food Intake  

       (g) 

 

 

Water Intake (ml) 

 

 

Urine Output (ml) 

16
th

 Week 

 

20
th

 Week   

 

24
th

 Week 

CNTL 37.0 ± 4.9 73.0 ± 5.39 15.0 ± 1.00 

Alloxan 38.0 ± 4.36
 
 79.0 ± 5.57 14.0 ± 2.91 

CNTL 32.0 ± 5.54 75.0 ± 10.87 17.6 ± 3.23 

Alloxan 38.3 ± 5.0  80.0 ± 10.51 20.0 ± 3.57 

CNTL 36.0 ± 4.33 85.0 ± 10.51 16.0 ± 3.54 

Alloxan 28.3 ± 4.73 76.6 ± 3.15 20.0 ± 2.04 
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 Pearson’s correlation analysis: Pearson Correlation analysis for best drug comparison 

A. Diabetic Neuropathy (Randall Sellitto test) 

Study Group Pearson Correlation Coefficients (r) 

MH vs LPO MH vs SOD MH vs TNF-α 

Embelica Officinalis (aq. Extract) -0.970 0.958 -0.977 

Embelica Officinalis (hydroalcoholic Extract) -0.972 0.985 -0.979 

Withania Somnifera (aq. Extract) -0.948 0.983 -0.955 

Withania Somnifera (hydroalcoholic Extract) -0.969 0.948 -0.965 

Curcuma longa (aq. Extract) -0.986 0.955 -0.978 

Curcuma longa (hydroalcoholic Extract) -0.958 0.989 -0.981 

MH: Mechanical Hyperalgesia (Randall Sellito test); LPO: Lipid peroxidation; SOD: 

Superoxide dismutase; TNF-α: Tumor necrosis factor- α 

The pair(s) of variables with positive correlation coefficients tends to increase 

together. The limit of significance is p<0.005. 

B. Diabetic Nephropathy (Creatinine Clearance) 

Study Group Pearson Correlation Coefficients (r) 

 

CC vs LPO CC vs SOD CC vs TNF-α 

Embelica officinalis (aq. extract) -0.931 0.963 -0.872 

Embelica officinalis (hydroalcoholic extract) -0.980 0.974 -0.956 

Withania somnifera (aq. extract) -0.902 0.924 -0.823 

Withania somnifera (hydroalcoholic extract) -0.964 0.963 -0.950 

Curcuma longa (aq. extract) -0.985 0.980 -0.903 

Curcuma longa (hydroalcoholic extract) -0.979 0.996 -0.992 

 CC: Creatinine Clearance; LPO: Lipid peroxidation; SOD: Superoxide dismutase; TNF-α: 

Tumor necrosis factor- α 

The pair(s) of variables with positive correlation coefficients tends to increase 

together. The limit of significance is p<0.005. 
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14. Conclusions summarizing the achievements and indication of scope for future  

Work:  

a) Till now we have standardized the animal models of diabetic neuropathy and 

nephropathy in our laboratory.  

b) We have also evaluated the protective potential of both the extracts (Aqueous 

and hydroalcoholic) of Embelica officinalis (250, 500 and 100 mg/kg), Curcuma 

longa (500 mg/kg) and Withania somnifera (250, 500 and 100 mg/kg) in animal 

models of diabetic neuropathy and nephropathy by assessing various behavioural, 

biochemical and molecular parameters.  

c) Moreover, we have also tried to develop and standardize the diabetic 

complications (i.e. diabetic neuropathy and nephropathy) in animal models of type-

2 diabetes (i.e. STZ+Nicotinamide-induced type-2 diabetes and Neonatal alloxan 

model).  

d) The results of the study revealed the hydroalcoholic extracts demonstrated more 

potent activity in these experimental paradigms as compared to aqueous extracts. 

e) Moreover, hydroalcoholic extract of Curcuma longa exhibited more potent 

effects as compared to all other extracts as indicated by the Pearson correlation 

coefficient. 

f) A part of research carried out is published in peer reviewed international journal.  

Tiwari V, Kuhad A, Chopra K. Emblica Officinalis Corrects Functional, 

Biochemical and Molecular Deficits in Experimental Diabetic Neuropathy by 

Targeting the Oxido-nitrosative Stress Mediated Inflammatory Cascade. 

Phytotherapy Research 2011 Mar 11. [Epub ahead of print] 

 

 The project will add to the understanding of etiology of diabetic complications 

at molecular level. Moreover, the study is directed towards identifying newer 

therapeutic modalities for prevention as well as management of devastating diabetic 

complications. These newly identified molecules can be picked up by the industry 

for their inclusion in the therapeutic regimen of diabetics. 
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15. Procurement/usage of Equipment 

S.No Nameof equipment Make/

Model 

Cost FE/  Rs Date of 

Installation 

Utilisation 

rate% 

Remarks 

regarding 

maintenance/

breakdown 

1 Western Blotting 

with Electrophoresis 

Biorad 1,98,000 Rs August 

2010 

  

 

16. Manuscript for Publication (300 words for possible publication in Council’s 

Bulletin). Manuscript is attached which is published in Phytotherapy Research. 

       Name and signature with date 

1. --------------------------------  

(Principal Invesigator) 


