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ABSTRACT 

Diabetes mellitus is an incapacitating and often serious disease with increasing prevalence in rural populations 

throughout the world. In the current study, the putative antihyperglycemic and antihypolipidemic effects of C. orchioides 

were evaluated in comparison with those of glyclazide, a standard drug for therapy of diabetes mellitus. Diabetes was 

induced experimentally in 12-hr fasted rats by intraperitoneal injections of Alloxan (120mg/kg b.w.). Subsequent, to oral 

administration of C. orchioides rhizome (200 mg/kg b.w.) and glibenclamide (10mg/kg.bw/day) to the diabetic rats for 21 

days, the following observations were made in comparison with untreated diabetic rats: significantly lower mean levels of 

fasting blood glucose and glycosylated hemoglobin, significantly elevated serum insulin levels and the extract was also found 

to have antihypolipidemic activity as evident by significantly (p<0.05) elevated in serum triglycerides, total serum 

cholesterol, and serum LDL respectively, along with (p<0.05) an increase in serum HDL on C. orchioides treated rats. 

Histopathology of pancreatic tissue section revealed significant protective effect of C. orchiodes treatment. These results 

suggest that C. orchiodes exhibits antihyperglycemic and antihypolipidemic effects in alloxan-induced experimental diabetic 

rats. 
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INTRODUCTION 

 Diabetes mellitus, a heterogeneous metabolic 

disorder characterized by chronic hyperglycemia and 

insulin deficiency or resistance, is caused due to alteration 

in carbohydrate, lipid, and protein metabolism (Mutalik et 

al., 2003; Rungseesantivanon et al., 2010). 

Hyperglycemia and hyperlipidemia are major causes of 

morbidity and mortality of diabetes (Taskinen MR, 2002). 

This is a major and growing public health problem 

throughout the world with an estimated worldwide 

prevalence of 171 million people in 2000, which is 

expected to increase to 366 million people by 2030. In 

particular, the number of people with diabetes in India,  
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currently around 40.9 million, is expected to rise to 69.9 

million by 2030 (Wild et al., 2004). Hyperglycaemia 

results from defects in insulin secretion, insulin action, or 

both (Gavin JR, 2003). Diabetes is also associated with 

hyperlipidaemia (De Sereday MS et al., 2004; 

Krishnakumar et al., 2000). One of the major 

pathogenesis of lipid metabolism disorders in diabetes is 

the increased mobilization of fatty acids from adipose 

tissues with secondary elevation of free fatty acids in the 

blood (Singh BM et al., 1987). Currently available 

therapies for diabetes include insulin and various oral 

antidiabetic agents such as sulfonylureas, biguanides, α-

glucosidase inhibitors, and glinides, which are used as 

monotherapy or in combination to achieve better 

glycemic regulation (Sy GY et al., 2005). Many of these 

oral antidiabetic agents have numerous adverse effects. 

Hence, the management of diabetes without any side 

effects is still a challenge. 
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Nowadays, synthetic agents and insulin used for 

the treatment of diabetes have prominent side effects, 

which include hypoglycemia, drug resistance, dropsy, and 

weight gain. The use of traditional medicinal plants for 

the treatment of diabetes mellitus is widely practiced 

throughout the world. Many plant species are known in 

folk medicine of different cultures that possess 

hypoglycaemic properties and therefore used for the 

treatment of diabetes mellitus (Oliver BB & Zahnd GR, 

1979). According to the World Health Organization 

(WHO), an estimated 3.5 billion people in the developing 

world depends on the medicinal plants as part of their 

primary health care (Balick MJ & Cox PA, 1966). The 

dried rhizomes of Curculigo orchioides gaertner (family 

Amarylladaceae), an endangered rasayana herb, is 

popularly known as “Kali Musli” (Rajagopalan et al., 

1995). The rhizomes of this plant possess medicinal as 

well as other properties and are effective against different 

diseases like diuretic, aphrodisiac, hemorrhoids, 

leucorrhoea, pruritis, skin diseases, asthma, bronchitis, 

jaundice, cancer, diarthrosis wound healing, etc. (Tanaka 

et al., 2001). Curculigo orchioides possess various 

chemical constituents like flavones, glycosides, alkaloids, 

steroids, saponins, triterpenoids, and other secondary 

metabolites. Chauhan & Dixit VK (2007) have reported 

that the extract of C. orchioides rhizomes has been found 

to possess anti-hyperlipidemic activity (Misra et al., 

1984). Hence, in the present investigation, glucose-

lowering and anti-hyperlipidaemic effects of the extract of 

C. orchioides rhizomes in alloxan-induced diabetic rat 

was evaluated by estimating the lipid profile and 

hyperglycemic factors such as blood glucose, serum 

insulin level, and oral glucose tolerance in an animal 

model. 

 

MATERIALS AND METHODS 

Chemicals 

 Alloxan monohydrate was purchased from 

Sigma Aldrich (St. Louis, MO., USA) stored at –4°C. 

Glibenclamide tablets were sourced from Daonil (Aventis 

Pharma. Ltd., India). All other chemicals used were 

procured from commercial suppliers and were of 

analytical grade. 

Preparation of Extract 

The root (rhizome) parts of Curculigo orchioides 

were collected, shade-dried, and then finely powdered 

(collected from the Bharathidasan University, Tamil 

Nadu). Around 500 gm of powder was extracted with 

methanol using a Soxhlet apparatus. The solvent was then 

evaporated under reduced pressure at 40°C and dried in a 

vacuum dessicator.  

 

Experimental Animals 

 Adult male albino rats of the Wistar strain (170 - 

190 grams) used in the present study were obtained from 

Madras Veterinary College, TANUVAS, Chennai, India. 

The animals were housed in clean polypropylene cages 

under controlled temperature (25±2°C) with a 12/12-hr 

day–night cycle and free access to food and water ad 

libitum. Animal experimentation was carried out as per 

the rules and protocols approved by the Institutional 

Animal Ethical Committee (IAEC). 

 

Induction of Diabetes  

 Rats were fasted overnight (12 hrs) and diabetes 

was induced by single intraperitoneal injection of alloxan 

(120mg/kg/b.w.). Induction of diabetes was confirmed by 

measuring blood glucose level 6 days after the 

administration of alloxan. Rats with blood glucose level > 

280 mg/dl were considered as diabetic and preferred for 

further experiment. 

 

Experimental Design 

 The rats were divided into five groups of six 

animals in each group (n = 6).  

 Group I: Normal control rats, which received vehicle 

alone.  

 Group II: Diabetic control rats, which received 

120mg/kg of alloxan [intra peritoneal injection (ip)]. 

 Group III: Normal rats, which received methanolic 

extract of C. orchioides orally (200 mg/kg/day.) for 21 

days. 

 Group IV: Diabetic rats, which received methanolic 

extract of C. orchioides orally (200 mg/kg/day.) for 21 

days after alloxan treatment. 

 Group V: Diabetic rats, which received 

glibenclamide orally (10mg /kg b.w/day) for 21 days. 

 The initial and final body weights of each rat 

were measured. On the 21
st
 day, the animals were fasted 

for 14 hrs, anaesthetized, and sacrificed by decapitation. 

Blood was centrifuged at 2,700 rpms for 15-20 minutes at 

4°C and serum was separated for biochemical assays. The 

pancreas were excised and fixed in 10% formalin for 

histopathological analysis. 

 

Biochemical Estimation of Glucose, Glycosylated 

hemoglobin, and Insulin 

 The levels of blood glucose were estimated by 

enzymatic glucose oxidase method using a commercial kit 

(ERBA, India). Glycosylated haemoglobin in the blood 

was determined by the chromatographic–

spectrophotometric ion-exchange method using a 

commercial diagnostic kit (Biosystems S. A., Barcelona, 

Spain). Serum insulin levels were estimated by solid 

phase enzyme-linked immunosorbent assay using a 

commercial kit (UBI Magiwel, Canada). 

 

Oral Glucose Tolerance Test (OGTT) 

 Five days before the end of the experiment, oral 

glucose tolerance test (OGTT) was conducted to evaluate 
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the glucose tolerance. For this purpose, glucose (3g/kg. 

b.wt) was orally administered to each rat. Then, blood 

samples were collected from the tail vein at 0, 30, 60 and 

90 min intervals after glucose administration. 

 

Estimation of Lipid Profile in Blood Samples 

 Total cholesterol (GOD-POD method), high-

density lipoprotein (HDL), triglycerides (TG), very-low-

density lipoprotein (VLDL), and low-density lipoprotein 

(LDL) levels were measured by commercial kits 

(Biosystems S.A. Barcelona, Spain) using spectophometer 

in serum samples prepared as above. Cholesterol values 

were calculated as mg/dl blood sample. 

 

Histological Studies 

 A small portion of each pancreas was fixed with 

10% formalin for 24 hours at 37°C, dehydrated through a 

graded alcohol series, embedded in paraffin, sectioned at 

5μm thickness, and stained with hematoxylin and eosin 

stain solution. Then, stained sections were mounted with 

DPX mountant and examined under Light microscope 

(Carl Zeiss, Germany). 

Statistical Analysis 

 Results were expressed as Mean ± SD (n=6). 

Data were analyzed with one way ANOVA for the 

comparison between groups, followed by Duncan 

Multiple Range Test (DMRT) as a post hoc test. The 

significance level was set at p < 0.05.  

 

RESULTS  

Changes in Body Weight 

 Fig. 1 shows the differences in body weight 

between normal and diabetic rats. A gradual increase in 

body weight was observed in rats of Group I (normal 

rats), Group III (normal + C. orchioides treated), and 

Group IV (diabetic + C. orchioides treated). However, a 

significant decrease in body weight at day 0 was observed 

in rats dosed with alloxan (Group II, diabetic control). On 

the contrary, diabetic control rats (Group II) showed a 

progressive fall in body weight throughout the 

experimental period. Body weight gain in extract treated 

diabetic rats (group IV; diabetic + C. orchioides treated) 

was significantly increased 21 days after dosing. The 

glibenclamide (10 mg/kg) treated group shows no 

significant changes compared to that of diabetic control 

rats.  

 

Oral Glucose Tolerance Test  

 Fig.2 demonstrates the changes in the blood 

glucose level of normal and diabetic groups after oral 

glucose administration (3 g/kg b.wt). The results of 

OGTT revealed that the blood glucose levels in normal 

rats (Group I) reached peak at 90 min post glucose 

administration and steadily decreased to the preglucose 

load level. A superior glucose tolerance pattern was 

observed in C. orchioides extract treated rats (Group IV), 

when compared the normal control rats (p<0.05). In 

diabetic control group (Group II), highly declined glucose 

tolerance was evident. Hence, Oral GTT suggests that, 

diabetic rats treated with C. orchioides extract showed a 

prominent improvement in overall glucose response as 

compared to diabetic control and normal rats. Fasting 

blood glucose level was significantly higher for the 

diabetic group as compared to extract treated and control 

group of rats (p < 0.05). 

 

Effects on Glucose Levels 

 The effect of methanolic extract of C. orchioides 

rhizome on blood glucose level of alloxan-induced 

diabetic rats is presented in Fig. 3. From day 10 onwards, 

a significant glucose lowering potential was observed in 

diabetic rats treated with C. orchioides rhizome extract. 

The reduction in blood glucose was significant on day 21 

in extract treated diabetic rats (Group IV), compared with 

normal control rats (Group I), and the results were 

comparable with Group V rats receiving standard drug 

glibenclamide (10 mg/kg. b. wt). We observed an 

increased level of blood glucose in alloxan-induced 

diabetic rats. The anti-diabetic activity of methanol 

extracts of the rhizome was significant (p<0.05) in 

decreasing blood glucose level.  

 

Biochemical Findings 

 Methanolic extract of C. orchioides significantly 

reduced (p<0.05) the levels of serum total cholesterol, 

VLDL, LDL, and triglycerides in diabetic rats (Group IV) 

compared to that of diabetic control rats (Group II). The 

level of HDL was significantly increased (Fig. 4; p<0.05) 

in extract treated rats whereas, control diabetic rats 

showed a lower level of HDL after 21 days of experiment.  

 

Changes in Histopathology of the Pancreas 

 Histopathology of pancreatic tissue revealed that 

the cells of diabetic control animals were irregular and not 

well defined and contained reduced number of islets and 

defects in cell membrane. Necrosis of the cell was very 

clear (Group II, Fig. 5 B). The standard drug 

glibenclamide treated group showed a moderate 

protection from alloxan-induced changes in the pancreatic 

islets (Group V, Fig. 5E). Treatment of diabetic rats with 

C. orchioides showed improvement in the β-cells 

protective effect on the pancreatic architecture similar to 

that of the normal animals with many round and 

elongated islets evenly distributed throughout the 

cytoplasm, whereas the surrounding acinar cells and their 

nucleus being more lightly stained (Group IV, Fig. D). 

 

Effect on Serum Glycosylated Haemoglobulin and 

Insulin Level 
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 Fig. 6 & 7 show the changes in glycosylated 

haemoglobin (HbA1C) and insulin of normal and 

experimental rats. The C. orchioides treated diabetic rats 

show a significant decline in glycosylated haemoglobin 

(Group IV, p<0.05) and an increase in the levels of insulin 

compared to that of diabetic control rats (Group II). 

Meanwhile, diabetic control rats show a significant   

(P<0.05) increase in glycosylated haemoglobin and a 

significant (P<0.05) decrease in serum insulin, compared 

to that of untreated (Group I) and extract treated (Group 

III) rats. The results show the administration of C. 

orchioides reduced the HbA1C and increased the insulin 

levels in alloxan-induced diabetic rats similar to normal 

control rats (Group I).  

 

Fig. 1. Effect of methanolic extract of C. orchioides on 

body weight in normal and alloxan induced diabetic 

rats. 

 
Values represent the mean ± SD of the observations made on six rats in 
each group. Statistical analysis: one-way analysis of variance [ANOVA] 

with post-hoc testing [least significant difference]. * Statistically 

significant difference (P<0.05) when compared with Group I and Group III 
values. * Statistically significant difference (P<0.05) when compared with 

Group II values. 

Fig. 2. Oral Glucose Tolerance Test (OGTT) 

 
Values represent the mean ± SD of the observations made on six rats in each 

group. Statistical analysis: one-way analysis of variance [ANOVA] with 
post-hoc testing [least significant difference]. * Statistically significant 

difference (P<0.05) when compared with Group I and Group III values. * 

Statistically significant difference (P<0.05) when compared with Group II 
values. 

 

Fig. 3. Levels of Glucose in normal, diabetic and extract 

treated rats at different time intervals (0, 1, 10, 15 and 

20 days) 

 
Values represent the mean ± SD of the observations made on six rats in 

each group. Statistical analysis: one-way analysis of variance [ANOVA] 
with post-hoc testing [least significant difference]. * Statistically 

significant difference (P<0.05) when compared with Group I and Group III 

values. * Statistically significant difference (P<0.05) when compared with 
Group II values. 

 

Fig. 4. (a - e) Effect of methanolic extract of C. orchioides 

on serum lipid profile 

 
Values represent the mean ± SD of the observations made on six rats in each 

group. Statistical analysis: one-way analysis of variance [ANOVA] with 

post-hoc testing [least significant difference]. * Statistically significant 
difference (P<0.05) when compared with Group I and Group III values. * 

Statistically significant difference (P<0.05) when compared with Group II 

values. 
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Fig. 5. Histopathology of pancreatic islet tissue from Diabetic and C. orchioides treated rats 

 
Histoarchitecture of pancreatic tissues of hematoxylin-eosin staining. ×100 magnification. A) Control rat showing normal pancreatic histo-architecture. B) 

Diabetic control rat showing irregular reduced number of islets, and defects in cell membrane. C) Normal rats treated with extract showing no alterations 
D) Diabetic rats treated with extract shows preservation of almost normal profile of the β-cells .E) The standard drug glibenclamide treated rat showing a 

moderate protection from alloxan induced changes in the pancreatic islets. 

  

Fig. 6 & 7. Effect of methanolic extract of C. orchioides on Insulin and Glycosylated hemoglobin level 

 

 

 
Values represent the mean ± SD of the observations made on six rats in each group. Statistical analysis: one-way analysis of variance [ANOVA] with post-
hoc testing [least significant difference] * Statistically significant difference (P<0.05) when compared with Group I and Group III values. * Statistically 

significant difference (P<0.05) when compared with Group II values. 

 

DISCUSSION 

 Alloxan-induced diabetes is characterized by a 

severe loss in body weight (Marles RJ & Farnsworth NR, 

1995) and this reduction is due to the loss or degradation 

of structural proteins, which was observed in the diabetic 

group.  A significant gain in body weight was observed in 

the groups treated with methanol extract of the plant C. 

orchioides. The current study focuses on the anti-diabetic 

effect of methanolic extract of C. orchioides in alloxan-

induced diabetic rats. The mechanisms by which alloxan 

brings about its diabetic state include selective destruction 

of pancreatic insulin secreting beta cells, which make 

cells less active (Chauhan NS & Dixit VK, 2007) and lead 

to poor glucose utilization by tissues (Junod et al., 1969). 
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There were neither lethal effects nor toxic reactions found 

in the treated rats until the end of the study period (21 

days). Oral GTT data over 90 min suggest that C. 

orchioides extract reduced glucose concentration in 

diabetic rats. Glucose tolerance activity of C. orchioides 

may be through the stimulation of surviving β-cells of 

islets of langerhans to release more insulin. A number of 

other plants have been observed to exert antidiabetic 

activity through insulin-release stimulatory effects such as 

Tinospora cord folia (Bagepalli et al., 2010; Stanley et 

al., 2000). The methanolic extract of C. orchioides 

significantly reduced the high fasting glucose levels in 

diabetic rats. This suggests that the extracts may possess 

insulin like effect on peripheral tissues by either 

promoting glucose uptake or metabolism, by inhibiting 

hepatic gluconeogenesis (Cherian et al., 1992) or 

absorption of glucose into the muscles and adipose tissues 

(Ali et al., 1993), by the stimulation of a regeneration 

process, and revitalization of the remaining beta cells 

(Kamanyi et al., 1994). In diabetes, hyperglycemia is 

accompanied with dyslipidemia (Shanmugasundaram et 

al., 1990; Bierman et al., 1996) representing risk factor 

for coronary heart diseases. The level of serum lipids is 

usually elevated in diabetes, and such an increase 

represents a vulnerable factor for coronary heart diseases 

(Murali et al., 2002). The alterations in plasma glucose 

and lipid profile seen in treated animals could be 

beneficial in preventing diabetic complications as well as 

in improving lipid metabolism in diabetics. The abnormal 

high level of serum lipids is mainly due to the uninhibited 

actions of lipolytic hormones on the fat deposits mediated 

by the action of insulin. Under physiological condition, 

insulin triggers the enzyme lipoprotein lipase, which 

hydrolyses triglycerides. Nevertheless, in diabetic state, 

lipoprotein lipase is suppressed due to insulin deficiency, 

culminating in hyper triglyceridemia and insulin 

deficiency, which is associated with hyper 

cholesterolemia due to metabolic abnormalities 

(Mironava et al., 2000). The dyslipidemia is characterized 

by an increase in total cholesterol (TC), low density 

lipoprotein (LDL), very low density lipoprotein (VLDL), 

and triglycerides (TG) and a fall in high density 

lipoprotein (HDL) (Pushparaj et al., 2007). This 

imbalance in serum lipid profile was reversed towards 

normal rats after treatment with methanolic extract of C. 

orchioides. The diabetic untreated rats revealed 

degeneration of pancreatic islet cells, which was due to 

the usage of alloxan in this experiment. However, signs of 

regeneration of β-cells have been reported following 

consumption of plant extracts (Padalkar et al., 2012; 

Ayber et al., 2001). Haemoglobin is highly susceptible to 

non-enzymatic glycation. In diabetic control rats, the 

excess blood glucose reacts non -enzymatically with 

haemoglobin to form glycated haemoglobin (HbA1c), 

which has altered the affinity for oxygen and this may be 

a factor in tissue anoxia. Measurement of HbA1c is an 

effective means to screen glycemic control in diabetic 

control rats (Yadev et al., 2008). The alloxan-induced rats 

illustrate low level of insulin release in response to 

glucose due to the depletion of pancreatic β-cell 

(Okamoto H, 1981). This suggests that C. orchioides may 

protect the pancreatic β-cell and increase insulin 

secretion. 

 

CONCLUSION 

 From this study, it is concluded that methanolic 

extracts of C. orchioides extract confirm that it has 

superior antihyperglycemic and antihypolipidemic 

properties. 
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