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ABSTRACT 
This study was conducted to evaluate the therapeutic effect of methanol extract Centella asiatica leaves by 
assaying the activities of diagnostic markers (aminotransferases) in the streptozotocin induced diabetic rats. The 
rats were divided into five groups with 6 rats in each group. The methanol extract of Centella asiatica leaves was 
orally administered at a dose of 300 mg/kg body weight (b.w), and glibenclamide was administered at a dose of 
5 mg/kg b.w. The effect of methanol extract of Centella asiatica leaves on total protein and the activities of 
diagnostic marker enzymes aspartate aminotransferase (AST), alanine aminotransferase (ALT) were examined 
in the liver and kidney of control and experimental rats. The result showed a significant (p < 0.001) decrease in 
total protein concentration and increase in AST and ALT activities in the liver of diabetic rats whereas the levels 
were unaltered in the kidney of diabetic rats. The daily oral treatment of methanol extract of Centella asiatica 
leaves to diabetic rats for 30 days reversed the above changes in a significant (p < 0.001) manner. From our 
observations, we conclude that methanol extract of Centella asiatica leaves was able to restore the altered 
activities of aminotransferases. The obtained results were compared with glibenclamide, a standard antidiabetic 
drug. These results indicate that oral treatment with methanol extract of Centella asiatica leaves may be used to 
alleviate the liver functions impairment associated with diabetic condition. 
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INTRODUCTION 
Diabetes mellitus is metabolic disorder and a major 
threat to the healthcare worldwide. World health 
organization project that, diabetes will be the seventh 
leading cause of death in 2030. [1] In 2012, an estimated 
1.5 million deaths were openly caused by diabetes. [2] It  
 
*Corresponding author: Dr. Somara Sasikala, 

Department of Biotechnology, Sri Venkateswara 
University, Tirupati - 517502, Andhra Pradesh, India; 
Tel.: +91-9846914455; Fax: +91–877–2241294;  
E-mail: sasikalasvu@gmail.com 
Received: 10 August, 2015; Accepted: 30 August, 2015 

is estimated that more than 80% of diabetes deaths 
occur in low and middle income countries. [2] 

In diabetes along with the carbohydrates even the 
protein metabolism will be altered due to the insulin 
deficiency or insulin resistance. During diabetes 
negative nitrogen balance occurs when more nitrogen 
is lost from the body due to the altered protein 
metabolism. [3] Increased urea nitrogen production 
during diabetes may perhaps be accounted for 
enhanced catabolism of both liver and plasma proteins. 
[4] Enzyme activities in the tissues are often used as 
‘markers’ to ascertain early toxic effects of administered 
alien compounds to experimental animals. [5-6] 
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At present diabetes is controlled by handful of 
available drugs such as sulfonylureas, biguanides, α-
glucosidase inhibitors insulin etc; however they have a 
large number of side effects. Herbal drugs are being 
used traditionally in many parts of the world in the 
treatment of diabetes mellitus where access to formal 
healthcare is limited. [7] The available literature reveals 
that treatment with the herbal extracts could possibly 
bring back the altered marker enzymes, like alkaline 
phosphatase, aspartate aminotransferase and alanine 
aminotransferases. [8-9] 
Centella asiatica (L) Urban is used in traditional and 
alternative medicine due to the wide spectrum of 
pharmacological activities associated with secondary 
metabolites. [10] It is reported that traditionally Centella 
asiatica was used for diverse complaints including 
wound healing, bronchitis, asthma, urethritis, liver 
complaints, allergy, cancer, diuretic, and hypertension 
also to improve mental ability. [11] Recently we reported 
the anti-diabetic activity of Centella asiatica leaves in 
streptozotocin induced diabetic rats. [12] In the current 
study we have evaluated the therapeutic effect of 
Centella asiatica leaves by assaying the total protein 
concentration and the activities of diagnostic markers 
(aminotransferases) in the liver and kidney of 
streptozotocin induced diabetic rats. 
 
MATERIALS AND METHODS 
Plant Material 

Fresh leaves of Centella asiatica were collected from 
Talakona forest, Chittoor district, Andhra Pradesh, 
India during November 2009. The taxonomic 
identification of Centella asiatica (L) plant was 
confirmed by a senior Botanist, Mr. Madhava Chetty, 
Department of Botany, S.V. University, and a voucher 
specimen was deposited in the S.V. University 
herbarium, Tirupati, Andhra Pradesh, India. 
Animals 

Wistar strain male albino rats, aged 3 months and 
weighing 160 ± 20 g, were purchased from the 
authorized dealer (M/S Raghavendra Enterprises, 
Bangalore, India). The rats were housed in clean 
polypropylene cages having 6 rats per cage and 
maintained under temperature controlled room (25 ± 
2°C) with a photo-period of 12 h light and 12 h dark 

cycle, humidity 50  10%. The rats were fed with water 
and a standard rat pellet diet ad libitum (purchased 
from Sai Durga Agencies, Bangalore, India). The 
experiments were carried out in accordance with the 
guidelines of the Committee for the Purpose of Control 
and Supervision on Experiments on Animals, 
Government of India (CPCSEA, 2003) and approved by 
the Institutional Animal Ethical Committee at Sri 
Venkateswara University, Tirupati, Andhra Pradesh, 
India (Resolution No. 
10/(i)/a/CPCSEA/IACE/SVU/PSR-MRA/10.06.2010). 
Chemicals 

All the chemicals used in the present study were 
Analytical Grade (AR) and were obtained from Sigma 

(St. Louis, MO, USA), Fisher (Pitrsburg, PA, USA), 
BDH Chemicals (England), Merck (Mumbai, India), 
Ranbaxy (New Delhi, India), and SISCO Research 
Laboratories (India). 
Plant extract preparation 

Fresh leaves of Centella asiatica were washed 
thoroughly, shade dried for 3 weeks and milled into 
fine powder using a mechanical grinder. The powdered 
material (2 kg) was soaked in 6 L methanol for 48 hours 
and filtered. The above filtrate was collected and 
evaporated in a rotavapour at 40-50°C under reduced 
pressure. The yield (9.86 % w/w) was dried in vaccum 
desiccator and greenish material obtained was stored in 
refrigerator at 4°C until use. 
Induction of experimental diabetes mellitus 
The animals were fasted overnight and diabetes was 
induced by a single intraperitoneal injection of a freshly 
prepared streptozotocin (STZ) solution 50 mg/kg body 
weight (b.w) [13-14] dissolved in 0.1 M cold citrate buffer, 
(pH 4.5). After injection, animals had free access to food 
and water. The animals were allowed to drink 15% 
glucose solution for 72 hours to counter hypoglycemic 
shock. The rats were considered as diabetic if their 
blood glucose values reached above 250 mg/dl on day 
3 after STZ injection. The blood glucose levels were 
measured by using one touch glucometer (Johnson & 
Johnson). After diabetes confirmation, rats were 
allowed for 7 days to acclimatize to diabetic condition, 
and rats with hyperglycemia (blood glucose > 250 
mg/dl) were chosen for the study. Treatment was 
started on day 8 after STZ injection which was also 
considered as the first day of treatment and continued 
further until end of the study period. 
Experimental Design 

Rats of the same age group (3 months old) were 
divided into 5 groups, six rats in each group: 
Group I (Normal Controls): This group of rats received 
distilled water for equivalent handling. 
Group II [Normal rats treated with methanol extract of 
Centella asiatica leaves (CALEt)]: This group of rats 
received CALEt daily for a period of 30 days at a dose 
of 300 mg/kg b.w. 
Group III (Diabetic untreated rats): In this group, 
diabetic rats are untreated for a period of 30 days which 
served as diabetic controls and received distilled water 
for equivalent handling. 
Group IV (Diabetic rats treated with CALEt): After 
diabetic confirmation test, this group of rats received 
CALEt for a period of 30 days at a dose of 300 mg/ kg 
b.w. 
Group V (Diabetic rats treated with Glibenclamide): In 
this group, diabetic rats were treated with the standard 
diabetic drug, glibenclamide 5 mg/kg b.w [15-16], for the 
same period as in group IV. This group was maintained 
for better comparison of the protective effect of Centella 
asiatica against diabetic induced complications. 
After completion of 30 days of treatment, the animals 
were sacrificed by cervical dislocation then the liver 
and kidney tissues were excised at 4°C. The tissues 
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were washed with ice-cold saline, immersed in liquid 
nitrogen and immediately stored at -80°C for further 
biochemical analysis. 
Biochemical Analysis 
The protein content was estimated by the method of 
Lowry et al. [17] Alanine aminotransferases and 
aspartate aminotransferases enzyme activities were 
determined using the method of Reitman and Frankel 
[18] as described by Bergmeyer and Bruns. [19] 
Statistical Analysis 
The mean, standard deviation (SD) and probability test 
(Analysis of variance- ANOVA) were carried out 
according to Steel and Torrie [20] using BASIC 
programming techniques on SPSS PC for different 
parameters. The p value of more than 0.05 was 
considered as not significant. 
 
RESULTS 

In this study the results showed a significant (p < 0.001) 
decrease in total protein concentration (Fig. 1) in the 
liver of diabetic rats whereas in the kidney of diabetic 
rats the protein levels (Fig. 2) were unaltered. The daily 
oral administration of CALEt to diabetic rats for 30 
days restored the protein concentration to the normal 
levels in a significant (p < 0.001) manner in the liver of 
treated rats. 

 
Fig. 1: Effect of CALEt on total protein in the liver of control and 
experimental group of rats after 30 days treatment  
Values are given as mean ± S.D of six individuals 
Mean values that do not share same superscript differ significantly 
from each other at P < 0.05 

 
Fig. 2: Effect of CALEt on total protein in the kidney of control and 
experimental group of rats after 30 days treatment  
Values are given as mean ± S.D of six individuals 
Mean values that do not share same superscript differ significantly 
from each other at P < 0.05 

 
Fig. 3: Effect of CALEt on AST activity in the liver tissue in control 
and experimental group of rats after 30 days treatment  
Values are given as mean ± S.D of six individuals 
Mean values that do not share same superscript differ significantly 
from each other at P < 0.05 

 
Fig. 4: Effect of CALEt on ALT activity in the liver tissue in control 
and experimental group of rats after 30 days treatment  
Values are given as mean ± S.D of six individuals  
Mean values that do not share same superscript differ significantly 
from each other at P < 0.05 

 
Fig. 5: Effect of CALEt on AST activity in the kidney tissue in 
control and experimental group of rats after 30 days treatment  
Values are given as mean ± S.D of six individuals 
Mean values that do not share same superscript differ significantly 
from each other at P < 0.05 

 
Fig. 6: Effect of CALEt on ALT activity in the kidney tissue in 
control and experimental group of rats after 30 days treatment  
Values are given as mean ± S.D of six individuals 
Mean values that do not share same superscript differ significantly 
from each other at P < 0.05 
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The activities of aminotransferases (AST and ALT) 
were found to be significantly increased (p < 0.001) in 
the liver of diabetic rats (Fig. 3 and Fig. 4). In the kidney 
of diabetic animals, the activities of AST and ALT were 
unaltered (Fig. 5 and Fig. 6). The daily oral 
administration of CALEt to diabetic rats for 30 days 
reversed the above changes in a significant (p < 0.001) 
manner. In this study improved marker enzymes in 
CALEt treated diabetic rats were similar with that of 
glibenclamide-induced augmentation. 
 
DISCUSSION 

Proteins are the building blocks of all cells and tissues. 
They are the basic components of enzymes, many 
hormones, antibodies and clotting agents. Proteins act 
as transport substances for hormones, vitamins, 
minerals, lipids and other materials. Proteins play a 
major role in maintaining the delicate acid-alkaline 
balance of blood. The tissue proteins levels depend on 
the balance between their synthesis and catabolism. 
The present investigation reveals the decreased protein 
concentration in the liver of diabetic rats. The decreased 
protein levels may be due to the proteinuria [21] or may 
be due to increased protein catabolism [22] or may be 
due to poor functioning of the liver. In this study 
treatment of diabetic rats with CALEt has restored the 
protein concentration to the normal levels in a 
significant manner. 
Aspartate aminotransferase and Alanine 
aminotransferase are members of transaminase family 
of enzymes. AST and ALT enzymes are highly 
concentrated in the liver and kidney and are found in 
the serum in significant amount when the cell 
membrane becomes leaky and even completely 
shattered. [23-24] Measurement of enzymatic activities of 
aminotransferases is of clinical and toxicological 
significance as changes in their activities is indicative of 
tissue damage by toxicants or in disease conditions. 
Rogers et al., [25] reported that AAT activity was 
increased 3 to 4 folds in the liver of STZ induced 
diabetic rats. Mild elevation of transaminases is 
frequently found in diabetic patients. [26] 
In the current study the activities of aminotransferases 
(AST and ALT) were significantly increased in the liver 
of STZ induced diabetic rats while in kidney the 
activities of AST and ALT levels were not altered. Zafar 
et al., [27] and Subbaiah Rajasekaran et al., [28] also 
reported increased levels of AST and ALT in the liver of 
STZ induced diabetic rats. Supporting to our findings, 
Larcan et al., [29] has reported that the liver was 
necrotized in diabetic patients. The increase in ALT 
activity in diabetes is due to hepatocellular damage and 
is usually accompanied by an increase in AST activity. 
[30-31] Although the precise mechanism underlying the 
link between liver functional markers and incidence of 
diabetes remains unclear, some possibilities can be 
considered. One is that increased serum AST and ALT 
levels reflect a surplus deposit of fat in the liver, a state 

known as non-alcoholic fatty liver disease (NAFLD) 
that causes hepatic insulin resistance which is directly 
toxic to hepatocytes [32, 33]. Our unpublished data, 
representing higher serum triglycerides and lower 
HDL cholesterol in the raised ALT group, support such 
supposition. Another mechanism explaining the 
relationship between liver markers and diabetes may 
be related to oxidative stress that contributes to the 
development and progression of diabetes [34]. The other 
possible mechanism is that increased protein 
catabolism accompanying gluconeogenesis and urea 
formation that are seen in the diabetic state might be 
responsible for the elevation of the tissue 
transaminases. [35] The present results are in accordance 
with the previous studies [35-36] who reported elevated 
levels of AST and ALT in liver without any significant 
change in the activities of AST and ALT in kidneys. In 
the present study, the enhanced AST and ALT activities 
were significantly reduced after administration of 
CALEt to the diabetic rats. The reversal of AST and 
ALT activity in CALEt treated diabetic rats towards 
near normal level is evidence of the prevention of 
cellular and tissue damage under diabetic condition. 
 
In view of the above, it is concluded that methanol 
extract of Centella asiatica leaves may possibly be used 
to alleviate the liver functions impairment associated 
with diabetic condition. However, further 
pharmacological and biochemical investigations are 
needed to find out the active constituent and its 
mechanism of action to distinguish the bioactive and 
ameliorative potential of the plant. 
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