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Abstract: Aporusa lindleyana is a medicinal plant, which is 

claimed to have a hypoglycaemic potential. This study was 

carried out to determine the hypoglycaemic effect, toxicity 

of long term usage and the phytochemistry of tender leaves 

of A. lindleyana. The hypoglycaemic effect of the methanolic 

leaf extract of A. lindleyana on the fasting and random blood 

glucose concentrations and the glucose tolerance were tested 

using three oral doses of the extract (100, 400, 800 mg/kg) 

in Sprague-Dawley rats. Sub-acute toxicity studies were 

performed after treating the rats for 28 consecutive days with 

the highest dose and were tested for different parameters. The 

results exhibit a dose dependent hypoglycaemic effect with 

the maximum blood glucose reduction observed at the 4th  

hour after the treatment. All three tested doses significantly 

reduced the fasting blood glucose concentration 4 hours after 

treatment. Only the intermediate and the highest doses showed 

a significant reduction in random blood glucose concentration 

in normoglycaemic non-fasted rats and a significant glucose 

tolerance, when tested on an oral glucose load. There was 

no significant difference in the physical and biochemical 

parameters in rats treated with the extract for 28 days compared 

to the control group. The extract contained alkaloids, saponins, 

flavonoids and leucoanthocyanins as revealed by phytochemical 

screening. It can be concluded that A. lindleyana leaves exhibit 

hypoglycaemic activity since they significantly (p < 0.05) 

reduce the blood glucose concentration in normoglycaemic rats 

and significantly (p < 0.05) enhances the glucose tolerance. The 

long term use of the leaf extract does not produce any toxic 

signs in rats.
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INTRODUCTION

Diabetes mellitus is a chronic metabolic disorder 

characterized by hyperglycaemia (Colledge et al., 2010). 

It is considered as a major public health problem and one 

of the leading causes of deaths in the world today. It is 

estimated that 370 million people will be affected by this 

disorder by the year 2030 (Kumar & Clark, 2009). Thus 

tight control of diabetes is essential.

 The chemotherapy of diabetes mellitus includes 

oral hypoglycaemic drugs and insulin, but these agents 

possess many side effects (Joint Formulary Committee, 

2009). Thus it is important to find a more effective 

hypoglycaemic agent with fewer side effects. There 

are herbal preparations used in Ayurvedic and other 

traditional systems of medicine, which are claimed to 

have a hypoglycaemic potential with fewer side effects 

(Ediriweera & Ratnasooriya, 2009). Many studies have 

been conducted to evaluate the hypoglycaemic effect of 

such medicinal plants having hypoglycaemic potential 

(Fernandopulle et al., 1994; Ratnasooriya et al., 2004; 

Kasiviswanath et al., 2005; Sharma et al., 2011).

 Aporusa lindleyana (Wight) Baill, commonly known 

as ‘Kebella’ in Sinhala is an angiosperm medicinal plant 

belonging to the family Euphorbiaceae (Dasanayake 

& Clayton, 1997). The tender leaves of the plant are 

prescribed to diabetic patients as a food in Sri Lankan 

traditional medicinal system (Department of Ayurveda, 

2004) and people use these leaves in the belief that 

the blood glucose concentrations will be reduced. The 

analgesic and antibacterial effects of the bark extract of the 

plant and the antioxidant activity of the root of the plant 

have also been scientifically proven (Badami et al., 2005; 

Lingadahalli et al., 2008).  Only one report is available on 

the hypoglycaemic activity of the aqueous and alcoholic 
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extracts of the roots (Jayakar & Suresh, 2003), but no study 

has scientifically proven the hypoglycaemic effect of the 

tender leaves of the plant. The objectives of this study were 

(a) to scientifically evaluate the hypoglycaemic effect of 

a methanolic extract of the tender leaves of A. lindleyana 

plant, (b) to carry out a chemical investigation of the 

phytochemicals present in the leaf extract, and (c) to 

evaluate the safety of long - term use of A. lindleyana by 

conducting sub-acute toxicity studies.

METHODS AND MATERIALS

Plant collection and identification

Tender leaves of A. lindleyana were collected from 

Panadura in the Kalutara District and the plant was 

identified at the Department of Plant Sciences, Faculty 

of Science, University of Colombo. A voucher specimen 

(BLCS/001) was prepared and placed in the herbarium 

of the Department of Plant Sciences, University of 

Colombo.

Preparation of the leaf extract

The collected tender leaves were washed under running 

water, shade dried for two weeks, cut into small pieces 

and powdered with a domestic electric blender (Sumeet 

Machines Pvt. Ltd., Nasik, India). The powdered leaves 

(1.60 kg) were macerated with distilled methanol 

(16.0 L) for 72 h. After the extraction, the solvent was 

evaporated to dryness under reduced pressure at 40 0C 

in a rotary evaporator (BUCHI R-200 operating with a 

Vaccubrand MZ-ZC-NT vacuum pump) and finally freeze 

dried (Rajagopal et al., 2008).  The required dose of the 

obtained product was suspended in 1.0 mL of distilled 

water using a mortar and a pestle prior to administration 

to the rats.

Experimental animals

Healthy, adult, male, Sprague-Dawley rats weighing 

200 – 250 g, bred in  the Animal House, Faculty of 

Medicine, University of Colombo were used in this 

study. The experimental animals were housed in 

standard plastic rat cages in the animal house under 

standard environmental conditions (temperature: 

28 – 31 0C, photoperiod: approximately 12 h natural 

light per day, relative humidity: 50 − 55 %) with free 

access to commercially available pelleted food and tap 

water. Except at the time of experimental procedure, 

the animals were handled only during cage cleaning. 

The experiments were conducted in accordance with 

the internationally accepted guidelines and The Rules 

for Laboratory Animal Use of the Ethics Review 

Committee of Faculty of Medicine, University of 

Colombo for animal experimentation. 

Selection of doses of methanolic leaf extract

The lowest, intermediate and highest doses of the 

methanolic leaf extract were selected from a series of 

doses after conducting a preliminary study (Dhawan & 

Srimal, 1984).

Effect of methanolic leaf extract on fasting blood 

glucose concentration

Thirty rats were randomly divided into 5 equal groups 

and fasted overnight for 16 h, but water was allowed 

ad libitum. The initial fasting blood glucose concentration 

of the rats was measured (pre treatment). Immediately 

afterwards the rats were orally treated (single dose 

treatment) in the following manner (Dayananda et al., 

2008; Jayakody & Ratnasooriya, 2008);

Group 01: 1 mL of distilled water (n = 6) (negative control)

Group 02: lowest dose of the extract (100 mg/kg) (n = 6) 

Group 03: intermediate dose of the extract (400 mg/kg) (n = 6) 

Group 04: highest dose of the extract (800 mg/kg) (n = 6)

Group 05: 22.5 mg/kg of tolbutamide (n = 6)  (reference drug)   

Blood (0.25 mL) was collected hourly for 4 h after the 

treatment to determine the blood glucose concentration.

Effect of methanolic leaf extract on random blood 

glucose concentration

Thirty rats were randomly divided into 5 equal groups 

and treated orally (single dose treatment) in the manner 

described above (Group 01 –   Group 05) (Dayananda et al., 

2008; Jayakody & Ratnasooriya, 2008).

 Blood samples (0.25 mL) were collected 1 h prior 

to commencement of the treatment, hourly for 4 h after 

the treatment and the blood glucose concentrations were 

measured.

Effect of methanolic leaf extract on glucose tolerance

Thirty rats were randomly divided into 5 equal groups 

and fasted overnight for 16 h. The rats were then treated 
orally (single dose treatment) in the manner described in 

the  previous experiments (Group 01 – Group 05).
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After 1 h, all the rats were orally loaded with 5 mL/kg of 

50 % (w/v) glucose solution. Blood glucose concentrations 

of these rats were measured immediately prior to the 

treatment and hourly for 4 h after glucose administration 

(Jayakody & Ratnasooriya, 2008).

Estimation of blood glucose concentration

Blood was collected from the tail vein of the rats 

under light ether anesthesia using aseptic precautions 

(Dayananda et al., 2008; Parasuraman et al., 2010). 

Serum  of the collected blood was separated by 

centrifugation at 3000 rpm for 10 min and the 

serum glucose concentration was determined 

spectrophotometrically (6300, Jenway LTD, Dunmow, 

UK) using Randox glucose oxidase assay kit (Randox 

Laboratories, Antrium, UK) at 500 nm wavelength 

(Barham & Trinder, 1972; Henry et al., 1974).

Investigation of toxicological effects of A. lindleyana

Twelve rats were randomly divided into two groups 

(n = 6) and treated orally daily (single treatment) in the 

following manner for 28 consecutive days to determine 

the sub-acute toxicity (Dhawan & Srimal, 1984; 

Dayananda et al., 2008; OECD, 2008).

Group 1: 1 mL of distilled water (Control group)

Group 2: highest dose of leaf extract (800 mg/kg)

 During this period the animals were observed for signs 

of toxicity (diarrhoea, salivation, lacrimation, squinted 

eyes, change of fur colour, loss of hair, excretion of fur 

and behavioural abnormalities).

 The food and water intakes and the body weights of 

the animals were determined prior to the commencement 

of the treatment and weekly during the treatment. Blood 

samples (1.5 mL) were collected from the tail vein 

of these rats after 28 days under aseptic conditions. 

Serum was separated and the serum glutamic pyruvic 

transaminase (SGPT), serum glutamic-oxaloacetic 

transaminase (SGOT), blood urea nitrogen (BUN) and 

creatinine levels were determined using a chemistry 

analyzer (POINTE 180, USA) and reagent kits (Tietz, 

1976; Huang et al., 2006; Peake & Whiting, 2006).

Phytochemical screening

A preliminary phytochemical screening was performed 

on the freeze dried product of the methanolic leaf extract 

of A. lindleyana according to the standard methods for 

alkaloids, saponins, unsaturated sterols, triterpenes, 

flavonoids, leucoanthocyanins, tannins and polyphenols 

(Farnsworth, 1978).

Statistical analysis

Results of the experiments carried out for the evaluation 

of hypoglycaemic effect were statistically analyzed 

using one way analysis of variance (ANOVA) followed 

by Dunnett’s multiple comparison test. Blood glucose 

concentrations of the drug treated groups were compared 

with the corresponding negative control group at each 

time point. For the toxicological studies, values of the 

control group and the treatment groups were compared 

using Mann Whitney U test. All the data were expressed 

as mean ± standard error of mean (SEM). Probability 

values (p) less than 0.05 were considered as statistically 

significant. Minitab version 15.0 was used for the 

statistical analysis.

RESULTS

Evaluation of hypoglycaemic effect 

Effect of methanolic leaf extract on fasting blood 

glucose concentration

As shown in Table 1, all three doses showed a significant 

hypoglycaemic effect at the 4th hour after treatment as 

compared to the respective control group. The highest 

dose reduced the fasting blood glucose concentration 

at all the tested hours similar to the reference drug 

tolbutamide.

Effect of methanolic leaf extract on random blood 

glucose concentration

The lowest dose of the extract did not show a significant 

blood glucose reduction in the experimental time period. 

Both the intermediate and the highest doses showed a 

significant reduction in blood glucose concentration 

at the 4th hour after administration of the extract. The 

reference drug (tolbutamide) reduced the blood glucose 

concentration significantly at all the tested hours after 

treatment (Table 2).

Effect of methanolic leaf extract on glucose tolerance

The lowest dose of the leaf extract did not show a 

significant glucose tolerance during the experimental 

time period (4 hours), whereas the intermediate and the 

highest doses showed a tolerance after administration of 

a glucose load (Table 3).
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Table 1: The mean effect of oral administration of methanolic leaf extract of A. lindleyana on fasting blood glucose 
concentration in rats

Values are significant *at p < 0.05 compared with the respective control

Treatment

Glucose concentration (mg/dL) (mean  ±  SEM, n = 6 per group)

Pre treatment Post treatment

1 h 2 h 3 h 4 h

Distilled water  

(negative control)

96.4 ± 1.4 97.2 ± 0.6 95.5 ± 1.6 95.1 ± 1.1 94.6 ± 0.8

Lowest dose

(100 mg/kg)

92.6 ± 1.5 94.8 ± 1.4 90.6 ± 2.6 87.1 ± 2.1 81.2 ± 2.9*

Intermediate dose

(400 mg/kg)

95.5 ± 1.1 91.2 ± 2.3 87.4 ± 1.8 83.2 ± 2.1* 77.8 ± 2.8*

Highest dose 

(800 mg/kg)

93.7 ± 1.1 89.4 ± 1.1* 82.8 ± 2.5* 80.5 ± 1.3* 69.4 ± 1.5*

Tolbutamide 

(22.5 mg/kg)

(reference drug)

94.6 ± 1.6 69.8 ± 2.2* 66.0 ± 2.8* 65.0 ± 4.2* 65.5 ± 4.3*

Values are significant *at p < 0.05 compared with the respective control  

Table 2: The mean effect of oral administration of the methanolic leaf extract of A. lindleyana on random blood 

glucose concentration in rats

Treatment

Glucose concentration (mg/dL) (Mean ± SEM, n = 6 per group)

Pre treatment Post treatment

1 h 2 h 3 h 4 h

Distilled water

(negative control)

130 ± 2 131 ± 2 128 ± 2 130 ± 2 129 ± 3

Lowest dose  

(100 mg/kg)

131 ± 3 131 ± 2 130 ± 2 126 ± 2 124 ± 2

Intermediate dose     

(400 mg/kg)

131 ± 1 127 ± 2 125 ± 3 123 ± 2 114 ± 3*

Highest dose 

(800 mg/kg)

132 ± 2 127 ± 2 125 ± 2 120 ± 1* 113 ± 3*

Tolbutamide            
(22.5 mg/kg)
(reference drug)

133 ± 4 109 ± 5* 100 ± 5* 99.9 ± 2.3* 98.1 ± 4.5*

Investigation of toxicological effects of A. lindleyana

During the experimental period none of the rats in the  

treated and control groups showed signs of toxicity, i.e., 

diarrhoea, salivation, lacrimation, squinted eyes, change 

of fur colour, loss of hair, excretion of fur and behavioural 

abnormalities.  Further, none of the treated or control rats 

died. As shown in Table 4, the highest dose of the extract 

did not significantly affect the food intake, water intake 

and body weight of rats. Treatment with the extract over 

one month did not significantly affect the liver and kidney 

functions of rats (Table 5).

Phytochemical screening

Phytochemical screening of the leaf extract revealed 

the presence of alkaloids, saponins, flavanoids and 

leucoanthocyanins.
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Table 3: The mean effect of methanolic leaf extract of A. lindleyana on glucose tolerance

Treatment

Glucose concentration (mg/dL) (Mean  ± SEM, n = 6 per group)

Pre treatment Post treatment

       1 h        2 h       3 h       4 h

Distilled water
(negative control)

92.7 ± 2.1 121 ± 3 112 ± 3 104 ± 1 98.9 ± 2.8

Lowest dose
(100 mg/kg)

91.0 ± 2.4
60±1.54

121 ± 4 111 ± 2 102 ± 3 89.4 ± 4.6

Intermediate dose
(400 mg/kg)

92.2 ± 1.2 120 ± 3 108 ± 1 94.2 ± 2.5* 87.7 ±1.8*

Highest dose
(800 mg/kg)

89.9 ± 2.3 112 ± 2 103 ± 1* 94.0 ± 3.7* 85.2 ± 1.2*

Tolbutamide
(22.5 mg/kg)
(reference drug)

91.1 ± 2.3 79.1 ± 2.6* 73.8 ± 2.9* 71.8 ± 1.7* 71.8 ± 2.0*

Values are significant *at p < 0.05 compared with the respective control  

Table 4: The mean effect of highest dose of methanolic leaf extract of A. lindleyana on food intake, water intake and body 

weight of rats

Treatment

(mean ± SEM, n = 6 per group)

Pre treatment 1st week 2nd week 3rd week 4th week

Food intake (g) 800 mg/kg dose 25.9 ± 0.9 23.4 ± 0.6 20.9 ± 0.8 22.9 ± 1.2 24.2 ± 1.3

Control 26.9 ± 1.1 24.9 ± 0.6 21.3 ± 1.5 22.8 ± 0.9 25.4 ± 0.9

Water intake (mL) 800 mg/kg dose 49 ± 2 48 ± 5 54 ± 3 57 ± 3 56 ± 1

Control 50 ± 2 51 ± 4 51 ± 3 55 ± 2 53 ± 3

Body weight (g) 800 mg/kg dose 209 ± 8 210 ± 10 218 ± 8 224 ± 9 229 ± 7

Control 208 ± 8 211 ± 8 219 ± 8 224 ± 8 234 ± 8

Parameter Rat group Value

SGOT (IU/L) Control 166 ± 8

Highest dose (800 mg/kg) 170 ± 7

SGPT (IU/L) Control 158 ± 6

Highest dose  (800 mg/kg) 157 ± 7

Creatinine (mg/dL) Control 0.82 ± 0.05

Highest dose  (800 mg/kg) 0.78 ± 0.05

Urea (mg/dL) Control 39.9 ± 2.2

Highest dose  (800 mg/kg) 40.5 ± 1.4

Table 5: The mean effect of methanolic leaf extract of A. lindleyana 
on the liver and kidney functions of rats DISCUSSION

This study investigated the hypoglycaemic potential 

of the tender leaves of A. lindleyana using rats. In the 

determination of the effects of methanolic leaf extract on 

fasting blood glucose concentration of rats, the highest 

dose exhibited a rapid onset of action (within 1st hour) 

similar to the reference drug, tolbutamide. Tolbutamide 

is a hypoglycaemic agent prescribed for the treatment of 

type 2 diabetes mellitus and belongs to the sulphonylurea 

class that acts mainly by augmenting insulin secretion 

(Bennett & Brown, 2003; Joint Formulary Committee, 

2009). Rapid hypoglycaemic activity is also evident with 

the studies carried out with Camellia sinensis (Jayakody 
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& Ratnasooriya, 2008). The duration of action of the 

A. lindleyana leaf extract was prolonged until the 4th 

hour with the maximum glucose reduction observed at 

the 4th hour after the treatment (the study period was 

limited to 4 hours considering the feasibility). All the 

results of this experiment have revealed a dose dependent 

hypoglycaemic effect of the A. lindleyana extract 

that could be due to a receptor mediated mechanism 

(Jayakody & Ratnasooriya, 2008).  However, the amount 

of blood glucose reduction by the extract was less than 

that of tolbutamide, suggesting that the potency of the 

extract is lower than the reference drug. 

 Hypoglycaemic activity with a maximum blood 

glucose reduction at the 3rd hour has also been reported in 

a previous study carried out with aqueous and alcoholic 

extracts of the bark of the same plant (Jayakar & Suresh, 

2003).   

 Although the leaf extract showed a hypoglycaemic 

effect with rapid onset when evaluating the effect on 

the fasted rats in this study, the effect on random blood 

glucose concentration of the rats did not show a rapid 

action. A few studies have reported that some medicinal 

plants do not show a hypoglycaemic effect with the 

non-fasted rats compared to the fasted rats, which 

is comparable with our findings (Ratnasooriya et al., 

2004; Dayananda et al., 2008).

 The rats treated with the leaf extract exhibited a 
significant tolerance following the oral administration 

of a glucose load. The highest reduction of glucose 

concentration following the glucose load was evident 

with the highest dose at the 4th hour. The mechanism of 

action of this glucose tolerance effect exhibited by the 

extract may be due to the increased insulin synthesis 

or the secretion by pancreatic β-cells, or due to the 

enhanced glucose utilization by peripheral tissues or due 

to the increase in the production of glycogen in the liver. 

However, further investigations are required to confirm 

these mechanisms.

 Investigation of the toxicological effects of 

A. lindleyana was carried out to determine the possible 

toxic effects that could occur due to the derangements 

of functions of the liver and kidneys in the long-term 

usage of the extract. During the experimental time 

period, rats did not exhibit any toxicity signs. Evidence 

obtained from the food intake, water intake, body 

weight, SGOT, SGPT, serum creatinine and blood urea 

nitrogen concentrations revealed that the administration 

of methanolic leaf extract of A. lindleyana for a period 

of one month has no renal, hepatic or other toxic effects 

on rats. Similar results have been reported with the stem 

bark extract of Kokoona zeylanica (Thanabhorn et al., 

2006; Dayananda et al., 2008; Bakoma et al., 2013).

 It is important to find out the phytochemicals that 

are present in the plant extract, since those are the 

chemicals responsible for the pharmacological actions 

of the plant. Preliminary phytochemical screening of 

the methanolic leaf extract of A. lindleyana revealed 

the presence of alkaloids, saponins, flavanoids and 

leucoanthocyanins. Previous studies have revealed that 

some plant flavonoids have a hypoglycaemic potential 

(Jung et al., 2006;  Zhou et al., 2009; Lu  et al., 2010; 

Salib et al., 2013). Flavonoids and tannins isolated from 

some plants that have a hypoglycaemic activity have been 

found to stimulate secretion or possess an effect similar to 

insulin (Marles & Farnsworth, 1995). The hypolycaemic 

effect exhibited by A. lindleyana leaves may be due to 

the presence of flavonoids in the plant extract. However, 

further studies are required to confirm this view.
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