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Abstract 

Diabetes mellitus is a serious chronic metabolic 

disorder. Effective control of the blood glucose lev-

el is required in preventing or reversing diabetic 

complications and improving the quality of life in 

both types 1 and 2 diabetic patients. This study 

was undertaken to assess the nephro-protective 

and possible reversible effect of Costus spicatus rhi-

zomes extract on cyto-architectural alterations ob-

served following administration of STZ (150mg/kg) 

which was maintained over a given period of time. 

Normal control (NC) animals kidney tissues is sta-

ble, while diabetic control group showed high level 

cellular abnormalities including tubular necrosis, 

thickening of basement membrane, glomerular 

damages and edematous convulated tubules, atro-

phy and disarrangement of cytoartitectural com-

ponent. The administration of macerated prepara-

tion of Costus spicatus (rhizomes extract) to diabetic 

rats restored the changes in the architecture of kid-

ney tissues to near normal level. 

Keywords: Kidney tissues, Tubular necrosis, Glo-

merular damages, Diabetic mellitus, Costus spica-

tus. 

INTRODUCTION 

Diabetes mellitus is a name given to a group of 

disorders characterized by Chronic hyperglycemia, 

Polyuria, Polydipsia, Polyphagia, emaciation, and 

weakness due to the disturbance in carbohydrate, 

fat, and protein metabolism associated with abso-

lute or relative deficiency of insulin secretion or 

insulin action. Present number of diabetics world-

wide is 150 million and this is likely to increase to 

300 million or more by the year 20251. Unfortunate-

ly, apart from having a number of side effects, none 

of oral synthetic hypoglycemic agents has been 

successful of diabetes mellitus management and 

controlling long-term microvascular and macro-

vascular complications in diabetes mellitus 2-4. The 

Society for Cardiovascular Pathology (SCVP) and 

the Association for European Cardiovascular Pa-

thology (AECVP) created a working group of over 

a series of meetings held across many years, devel-

oped two consensus statements regarding by the 

inflammatory diseases and non inflammatory de-

generative diseases of the ascending aorta 5,6. Liver 

disease is one of the leading causes of death in per-

sons with type 2 diabetes. The standardized mor-
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tality rate for death from liver disease is greater 

than that of cardiovascular disease. The spectrum 

of liver disease in type 2 diabetes ranges from non 

alcoholic fatty liver disease to cirrhosis and hepa-

tocellular carcinoma 7. Epidemiologic studies and 

clinical trials strongly support the notion that 

hyperglycemia is the main cause of complications 

such as coronary artery diseases , renal failure, 

blindness, limb amputation, neurological compli-

cations and premature death8. STZ is used for ex-

perimental induction of diabetes mellitus in labora-

tory animals are considered as a potential com-

pound for the clinical treatment of malignant dis-

eases, there is an intensive search to establish the 

exact mechanisms underlying cytotoxicity by STZ. 

STZ is a potent alkylating agent which directly 

methylates DNA 9. In vitro studies on insulin de-

pendent diabetes mellitus secretory response to 

glucose is attenuated in STZ induced diabetic rats 

compared to control group of  reduced β-cell mass  

of as well as metabolic defects. Results of numer-

ous experiments revealed in the model of diabetes 

studies of different aspects of diabetes mellitus 10. 

No further studies have been conducted to eluci-

date possible histopathological alterations induced 

by STZ and possible restorative effect of Costus 

spicatus (rhizomes extract) on the kidney as an ex-

cretory organ Injury to the kidney leads to electro-

lyte imbalance and urinary dysfunctions and other 

morphological abnormalities. This study therefore 

explores the ameliorative effect of Costus spicatus 

(rhizomes extract) in STZ induced diabetic groups, 

keeping in view of histopathological alterations in 

diabetic treated and untreated groups by highlight-

ing the nephro-protective role. The Diabetes melli-

tus, has drawn attention in the number of occur-

rences. The World Health Organization estimates 

the annual occurrence of 3 million deaths caused 

by diabetes. Among that 1million amputations, 

500,000 cases of kidney disease, 300,000 cases of 

blindness. 285 million people worldwide with di-

abetes, and in 2030 will be 435 million diabetics in 

most developing countries is an estimate of disease 

problems generate annual spending of $ 150 billion 
11. 

Materials and Methods  

Animals  

The present study, albino Wistar male rats; 10- 

weeks old, body weight (BW) 170-240 g, were used. 

Animals were housed under standard conditions 

temperature (24±2°C) and relative humidity (30-

70%) with a 12:12 (light:dark) conditions. The ani-

mals were fed with standard pellet diet. They were 

maintained on standard pellets (guinea feed) and 

water ad libitum.  Animal handling was performed 

according to Good Laboratory Practice (GLP). Eth-

ical clearance was obtained from Institutional An-

imal Ethics Committee and conducted according to 

the Indian National Science Academy guidelines 

for the use and care of the experimental animals. 

Sourcing of Plant material  

Plant materials Fresh plant material of Costus spica-

tus collected from the Saliyamangalam, Thanjavur 

District, Tamil Nadu, India. 

Preparation of Costus spicatus (rhizomes extract)  

The fresh bulbs of Costus spicatus (rhizomes ex-

tract) which weighed (350g) were washed and air 

dried for 10 minutes. The bulb plants were mace-

rated mechanically with a piston and mortar. The 

preparation was stored in a refrigerator at 10oC 

until used for the experiments reported in this 

study.  

Induction of Diabetes  

The animals were fasted overnight and diabetes 

was induced by a single intra-peritoneal injection 

of a freshly prepared solution of STZ (150mg/kg 

body weight) in 0.9% NaCl saline solution into all 

the animals in group 2,3,4 and 5.while group I con-

taining Normal control rats were not given any-

thing except their standard pellet (Guinea feed) 

and water ad-libitum. After 72 hours for the devel-

opment of diabetes, the rats with moderate di-

abetes having glucosuria and hyperglycemia 

(blood glucose level range above 250mg/dl) were 

considered as diabetic and used for plant (herbal) 

treatment. The macerated plant bulbs and standard 

pellet (guinea feed) were administered at a concen-

tration of 6.6g/kg (6600mg/kg) body 

weight/rats/day for 7, 14 and 21 days. 

Experimental animal /Study design  

The animals were divided into five groups of five 

(5) rats each and treated as follows: 

Group I (NC): Normal control rats were adminis-

tered standard pellets and water ad libitum for 21 

days.  
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Group II (DC): Diabetic control rats injected with 

150mg/kg of STZ solution, standard pellets and 

water ad-libitum for 21 days.  

Group III: Diabetic rats were given macerated 

preparation of Costus spicatus (rhizomes extract) at 

a dose of 6.6g/kg and standard pellets for 7 days.  

Group IV: Diabetic rats were given macerated 

preparation of Costus spicatus (rhizomes extract) at 

a dose of 6.6g/kg and standard pellets for 14 days.  

Group V: Diabetic rats were administered mace-

rated preparation of Costus spicatus (rhizomes ex-

tract) at a dose of 6.6g/kg and standard pellets for 

21 days.  

The fasting blood glucose levels (BGL) of all rats 

were recorded at the regular intervals during the 

experimental period. For acute study, the BGL was 

monitored after 72 hours of administration of a 

single dose of macerated preparation of Costus spi-

catus and standard pellet (Guinea feed) and the 

end of 7, 14 and 21days for prolonged treatments.  

The Blood Glucose Levels (BGL) in the blood of 

diabetic rats by tail tipping method. The blood was 

dropped in the dextrostix reagent pad, which was 

inserted into microprocessor digital blood gluco-

meter and the readings were noted.  

Sample collection for Histopathological analysis  

At the end of the stipulated 21 days feeds were 

withdrawn, the rats were subjected to a 12 hours 

fast but had access to water. Sacrificed using chlo-

roform vapour. Whole blood was collected by car-

diac puncture (under light anaesthesia). The blood 

was transferred to plain sample bottles and al-

lowed to clot for about 3 (three) hours. The clotted 

blood was then centrifuged at 3000 revolution per 

minute for 30 minutes to recover serum from clot-

ted cells. Serum was separated using sterile sy-

ringes and stored under refrigerated condition be-

fore biochemical analysis were carried out.  

The harvested kidney was carefully dissected out, 

trimmed of all fat and connective tissue blotted dry 

to remove any blood. The tissues were fixed in 10% 

formal saline, and then transferred to a graded 

series of ethanol. On day 1, they were placed in 

70% alcohol for 7 hours, then transferred to 90% 

alcohol and left overnight. On day 2, the tissues 

were passed through three changes of absolute 

alcohol for an hour each then cleared in xylene. 

The tissue was infiltrated in molten paraffin wax in 

the oven at 58°C. Three changes of molten paraffin 

wax at one-hour intervals were made, after which 

the tissues were embedded in wax and blocked 

out. Prior to embedding, it was ensured that the 

mounted sections to be cut by the rotary micro-

tome were orientated perpendicularly to the long 

axis of the kidney. The sections were designated 

"vertical sections". Serial sections of 5 μm thick 

were obtained from a solid block of tissue, fixed on 

clean albuminized slides to prevent sections com-

ing off the slides and later stained with Haematox-

ylin and Eosin staining techniques, after which 

they were passed through ascending grade of al-

cohol, cleared in xylene and mount in DPX moun-

tant, allowed to dry at room temperature and ob-

served Histopathologically under digital light mi-

croscope.  

Gross morphometrical analysis  

The weights of body of the rats were measured 

daily using the weighing balance. The values of all 

the morphometric analysis were compared statisti-

cally using SPSS 17 Software  

Photomicrography  

The Histological and histochemical results was 

obtained from the by photomicrography using 

digital photomicrographic microscope.  

Results  

Plate 1: Normal control (NC) of Kidney tissue 

showing normal cellular architecture.  

Plate 2: Diabetic control (DC) of Kidney tissue in-

duced with 150mg/kg of STZ showed cellular ab-

normalities with area of vascular degeneration, 

tubular necrosis, glomerular inflammation, epi-

thelial lining degeneration and desquamation as 

compared with normal control group.  

Plate 3: Kidney tissue treated with macerated 

preparation of Costus spicatus (rhizomes extract) at 

a dose of 6.6g/kg and standard pellets for 7 days 

showed cellular regeneration with prominent nuc-

lear rearrangement as compared with diabetic and 

non diabetic control group.  

Plate 4: Kidney tissues treated with macerated 

preparation of Costus spicatus (rhizomes extract) at 

a dose of 6.6g/kg and standard pellets for 14 days 
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technique showed cellular regeneration with 

prominent nuclear rearrangement as compared 

with diabetic and non diabetic control group.  

Plate 5: Kidney tissue treated with macerated 

preparation of Costus spicatus (rhizomes extract) at 

a dose of 6.6g/kg and standard pellets for 21 days 

showed increase in cellular regeneration with 

prominent nuclear rearrangement as compared 

with diabetic and non diabetic control group.  

Finally, histopahological profile from the group 

treated with macerated Costus spicatus rhizomes 

extract) at a dose of 6.6g/kg at various days 7, 14 

and 21 displayed tremendous recovering and res-

torative effect of the cellular components thereby 

signifying protective and anti-diabetic and nephro-

protective role of Costus spicatus (rhizomes extract) 

on the kidney, however the cytoarchitectural altera-

tion effect were completely restored. 

 

 
 

Plate :1- Normal control kidney tissues at Magnification a (α100) and B(α400) stained  with H & E techniques  

showing  normal cellular architecture note: G glomerulus, RC Renal corpuscle, DCT distal convoluted tubule, 

PCD- proximal convoluted tubule CD- collecting tubules, SE- Squamous Epithelial  Lining  and  BV-  Blood 

vessels. 

Plate :2- Diabetic control of kidney tissues induced with 150kg/mg of STZ at Magnification C(α100) and D 

(α400) stained  with H & E techniques, note: GI Glomerular Inflammation, RC Renal corpuscle, DCT distal 

convoluted tubule, PCT- proximal convoluted tubule, CD- collecting ducts, CT- collecting tubules, ELD- Epi-

thelial  Lining  Degeneration, VC Vascular congestion and  I- Focal area inflammation. 
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Plate :3-     Kidney tissues treated with   Costus spicatus rhizomes extract (7th Day) at Magnification a (α100) and 

B(α400) stained  with H & E techniques note: G Glomerular Inflammation, RC Renal corpuscle , DCT distal 

convoluted tubule, PC- proximal convoluted tubule, CD- collecting ducts, CT- collecting tubules, SEL- Squam-

ous Epithelial  Lining  and  I- Focal area inflammation . 

 

Plate :4- Kidney tissues treated with   Costus spicatus rhizomes extract (14th Day) at Magnification a (α100) and 

B(α400) stained  with H & E techniques note: G - Glomerular Inflammation, RC Renal corpuscle , DCT distal 

convoluted tubule, PCT- proximal convoluted tubule, CD- collecting ducts, CT- collecting tubules, SEL- 

Squamous Epithelial  Lining  and  I- Focal area inflammation . 

 

 
 

Plate :5- Kidney tissues treated with   Costus spicatus rhizomes extract (21st Day) at Magnification a (α100) and 

B(α400) stained  with H & E techniques note: GI Glomerular Inflammation, RC Renal corpuscle , DCT distal 

convoluted tubule, PCT- proximal convoluted tubule, CD- collecting ducts, CT- collecting tubules, SEL- 

Squamous Epithelial  Lining, VC- Vascular congestion  

 

 

Discussion  

Diabetes mellitus is a serious chronic metabolic 

disorder. Effective control of the blood glucose 

level is a key step in preventing or reversing di-

abetic complications and improving the quality of 

life in both types 1 and 2 diabetic patients 12–14. This 

study was undertaken to assess the nephro-

protective and possible reversible effect on cyto-

architectural alterations observed following ad-

ministration of STZ (150mg/kg) which was main-

tained over a given period of time. After the estab-
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lishment of diabetics in the rats, they were treated 

daily for 3 weeks with the rhizomes extract for the 

restoration in kidney. Normal control (NC) diabet-

ic rats  kidney tissues were stable while diabetic 

control group showed high level cellular abnor-

malities including tubular necrosis, thickening of 

basement membrane, glomerular damages and 

edematous convulated tubules, atrophy and disar-

rangement of cytoartitectural component. It is also 

established, STZ induced diabetic administration 

to experimental rats selectively causes pancreatic 

β-cell membrane disruption and cyto-toxicity after 

its intracellular accumulation 15. In India, C. speci-

osus and C. igneus (C. pictus) are the two common-

ly found species of Costus. C. pictus leaf extracts 

showed good inhibitory activity against a-

glucosidase and a-amylase enzymes16. 

The administration of macerated preparation of 

Costus spicatus (rhizomes extract) to diabetic rats 

restored the changes in the architecture of kidney 

tissues to near normal level. These findings are 

suggestive of a possible nephroprotective role 

played by the macerated preparation of Costus spi-

catus (rhizomes extract).  

Conclusion  

The present study established the possible thera-

peutic value of Costus spicatus (rhizomes extract) in 

treating diabetes ascertained by histopathological 

studies. It is believed that this research will be 

helpful for future research like compound isolation 

and biological activity of the pure compound. 

Conflict of Interest 

The authors declare that they have no conflict of in-

terest. 

Reference 

1. King ML, Bidwell D, Shikh A, Voller A, Banat-

vala JE Coxsackie – B- virus – specific 1gm 

responses in children with insulin-dependent 

(Juvenile-onset type 1) diabetes mellitus. Lan-

cet. (1983;i: 1397-99. 

2. Gilman G, Goodman LS. The pharmacological 

basis of therapeutics.5th ed. New York: Mac-

millan; 1985. 

3. Momin A. Role of indigenous medicine in 

primary health care. NewDelhi: First Interna-

tional Seminar on Unani Medicine; 1987, p.54. 

4. Stenman PHS, Groop K, Laakkonen E, Wahlin-

Boll E, MelanderA. Relationship between sul-

fonylurea dose and metabolic effect. Diabet. 

1990; 39: 108A. 

5. Stone JR, Bruneval P, Angelini A, Bartoloni G, 

Basso C, Batoroeva L, et al. Consensus state-

ment on surgical pathology of the aorta from 

the Society for Cardiovascular Pathology and 

the Association for European Cardiovascular 

Pathology: I. Inflammatorydiseases. Cardio-

vasc Pathol 2015.  

6. Halushka MK, Angelini A, Bartoloni G, Basso 

C, Batoroeva L, Bruneval P, Consensus state-

ment on surgical pathology of the aorta from 

the Society for CardiovascularPathology and 

the Association for European Cardiovascular 

Pathology: II. Noninflammatory degenerative 

diseases — nomenclature and diagnostic crite-

ria.Cardiovasc Pathol 2016; 25:247–57.  

7. Keith G, Tolman MD, Fonseca AV, Meng H, 

Tan and Dalpiaz A. Narrative Re-

view.Hepatobiliary disease in type 2 diabetes 

mellitus.Annals of Internal Medicine, 2004 

;141: 946 - 956.  

8. Lopez- Candales AMetabolic syndrome X:a 

comprehensive review of the pathophysiology 

and recommended therapy.J.Med. 2001; 32: 

283-300.  

9. Tjalve H. Streptozotocin: distribution, meta-

bolism andmechanisms of action, Uppsala, J 

Med Sci., Suppl 1983; 39: 145-157. 

10. Szkudelski T Streptozotocin nicotinamide in-

duced diabetes in the rat. Characteristics of the 

experimental model. Exp Biol Med. (May-

wood) 2012; 237: 481-490. 

11. IDF, Internacional Diabetes Federation – IDF 

Diabetes Atlas - 4th Edition, 2009. 

12. Abraira C, Colwell JA, Nuttall FQ, Sawin CT, 

Nagel NJ, Comstock JP. VeteransAffairs Coop-

erative Study on glycemic control and compli-

cations in type II dia-betes (VA CSDM). Re-

sults of the feasibility trial. Veterans Affairs 

CooperativeStudy in Type II Diabetes.  Di-

abetes Care 1995; 18:1113–23. 

13. Ohkubo Y, Kishikawa H, Araki E, Miyata T, 

Isami S, Motoyoshi S. Intensive insulintherapy 

prevents the progression of diabetic microvas-

cular complications inJapanese patients with 

non-insulindependent diabetes mellitus: a 



Azhagumadhavan S et al; Int J. Pharm. Drug. Anal, Vol: 6, Issue: 2, 2018; 203-209 

Available online at http://ijpda.com 

 

209 

 

randomizedprospective 6-year study. Diabetes 

Res Clin Pract., 1995; 28:103–17. 

14. DeFronzo RA. Pharmacologic therapy for type 

2 diabetes mellitus. Ann Intern Med 1999; 

131:281–303. 

15. Mathew, P.T and K.T. Augusti,. Hypoglycae-

mic effects of onion, Allium cepa linn on di-

abetes mellitus-a preliminary report. Indian J. 

Physiol. Pharmacol., 1975; 19: 213-217. 

16. M.A. Jayasri A, Radha TL, Mathew. Amylase 

and a-glucosidase     inhibitoryactivity of   Cos-

tus pictus D Don in the management of di-

abetes, J. Herb. Med.Toxicol. 2009; 3: 91–94. 

 


