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ABSTRACT 

Objective- The present work deals with investigation of DPP-IV inhibition activity vis a vis cytoprotective  potential, if any, in methanolic extracts of 
two antidiabetic plants; Ocimum sanctum (Tulsi) leaves and Momordica charantia (Karela / bitter melon) fruit.  
Methods- The DPP-IV activity and cytoprotective efficacy was studied using different antioxidant activity assays such as  hepatic lipid peroxidation, 
erythrocytes haemolysis inhibition, in vitro DPP-IV activity; DPPH radical scavenging efficacy; ferric reducing potential; reducing power and total 
phenolic contents at the varying concentrations in the extracts of O. sanctum  and M. charantia.  
Result- Methanolic extract (0.5 mg/ml) of O. sanctum  inhibited DPP-IV activities (66.81±0.05%) at greater extent than that of M. charantia 
(53.25±0.04%); O. sanctum extract contains relatively higher amount of total phenolic content, elevated DPPH free radical scavenging potential and 
pronounced reducing power efficacy than that of M. charantia. O. sanctum inhibited erythrocytes haemolysis at greater extent (13.1±0.188 µg/ml) 
as compared to M. charantia (10.3±0.41 µg/ml). 
Conclusion- The result of present study ravel that O. sanctum and M. charantia extracts contain some novel DPP-IV inhibitors with antiperoxidative 
potential and could be developed as therapeutic molecules for type 2 diabetes mellitus. 
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INRODUCTION  

Type 2 Diabetes mellitus (T2DM) is rapidly growing metabolic 
syndrome of multiple aetiologies causing hyperglycaemia with 
insulin resistance at cellular level [1,2]. According to the World 
Health Organization (WHO), diabetes is the World’s fifth leading 
cause of death and it is estimated that it will surpass 366 million 
population worldwide by the year 2030 [3]. In the treatment of 
T2DM oral hypoglycemic agents are currently in use [4].  However, 
existing therapies of T2DM are not sufficient [4,5]; because of their 
complex mechanism of actions, antidiabetic molecules are 
associated with one or the other side effects such as weight gain; 
hypoglycaemia; hypothyroidism; abdominal pain; obesity; insulin 
resistance; atherosclerosis etc. [5-8].  

Therefore, a novel approach in the treatment of T2DM, based on the 
incretin hormone glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic polypeptide (GIP) was developed. Major 
glucose regulating incretin hormones are produced from the L-cells 
and K-cells of the intestinal mucosa, respectively [9]. In T2DM, there 
is a decrease in the incretin effect and rapid degradation of short 
lived GLP-I and GIP [9]. While due to their rapid inactivation by 
dipeptidyl peptidase-IV enzyme (DPP-IV/ CD26); GLP-1 and GIP are 
no longer available in the active form [10]. 

Administration with DPP-IV inhibitors inactivate the enzyme and 
thereby prolong the half-life and biological activity of GLP-I [10]. 
This is among one of the recent therapies available in the treatment 
of T2DM [11]. GLP-1 and GIP have a significant role on the beta cells, 
such as increased beta-cell survival and mass of the beta-cells [12] 
and GIP-dependent reduction of the insulin clearance that helps to 
promote the peripheral insulin levels to maintain normal blood 
glucose concentrations [13]. Therefore, preventing the cleavage of 
GLP-1 and GIP became an attractive therapeutic target for T2DM 
[14].  

There have been renewed interest in botanicals as source of drugs 
and many plants have been used to treat hyperglycaemia [15,16].  

 

 

Plethora of scientific literature is available on the regulation of 
T2DM by herbal extracts [5, 14, 17,18]. Interestingly, some reports 
are    there    claiming    presence   of novel DPP-IV inhibitor in plants 
[14,17,18]. Till date, there is no report available on describing 
correlation between DPP-IV inhibition and antioxidant properties of 
antidiabetic plants, if any. Indeed, antioxidant molecules have a 
property to inhibit the production of free radicals generated by 
metabolic disorder and its supplements might promote a good 
health [20-22]. 

The objective of the present study was to evaluate possible DPP-IV 
inhibition activity vis a vis cytoprotective  potential, if any, in the 
methanolic extracts of Ocimum sanctum (Tulsi) leaves and 
Momordica charantia (Karela/ bitter melon) fruit. O. sanctum (family 
Labiateae) and M. charantia (family Cucurbitaceae) are important 
for their therapeutic potentials. Furthermore, these plants are being 
used as folklore medicine by Indian and African people for the 
treatment of diabetes, cholera, dysentery and other metabolic 
disorders [5, 17-19]. 

MATERIAL AND METHODS  

Chemicals 

Dipeptidyl peptidase-IV from porcine kidney, Gly-Pro-p-nitroanilide 
and Tris-HCl were obtained from Sigma-Aldrich(R), St. Louis, USA. All 
other chemicals were of reagent grade and procured from Loba 
Chemie, Mumbai, India. 

Plant extracts 

Methanolic extract of O. sanctum (Tulsi) leaves powder (leave: 
extract 5:1 w/w) and M. charantia (Fruit extract 5:1 w/w) were 
donated as gift by Amasar Pvt. Ltd, Indore, India. The voucher 
specimens, batch no-2827 & no-2444 for O. sanctum and M. 
charantia, respectively, were deposited in departmental herbarium. 
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Sample preparation 

For the analysis of DPP IV inhibition, DPPH radical scavenging, total 
phenolic contents, FRAP assay and reducing power the, the aliquots 
of different concentrations of the O. sanctum and M. charantia 
extracts were prepared in methanol and used further.  

DPP-IV enzyme inhibition assay 

DPP-IV assay was performed following the protocol originally 
described by earlier workers [14,18], as routinely followed in our 
laboratory [23]. In a 96-well microtiter plate the chromogenic 
substrate is cleaved by the serine protease DPP-IV resulting in 
release of paranitroaniline (pNA), a yellow coloured product 
(measured at 405 nm). In brief, DPP-IV inhibition activities of plant 
extracts at various concentration (0.1 to 0.5 mg/ml) was determined 
by measuring the release of 4-nitroaniline from an assay mixture 
containing 0.1 M Tris-HCl (pH 8.0) and 2 mM Gly-Pro p-nitroanilide 
(substrate), After incubation at 37°C, the reaction was stopped by 
the addition of sodium acetate buffer (pH 4.5) and absorbance at 
405 nm was measured on a Microtiter plate reader. Diprotein A was 
used as a standard. A decrease in DPP-IV activity is a measure for the 
inhibition. 

Study of DPPH radical scavenging potential  

Free radical scavenging activities of the plant extracts were 
measured by 1,1-diphenyl-2-picryl-hydrazil (DPPH•) using the 
method described by  Gyamfi et al [24]. In brief, 200 µl of sample 
extract (0.1 – 0.5 mg/ml in 80% methanol) or ascorbic acid 
(standard; 0.1 – 0.5 mg/ml) was mixed with 800 μl of 100 mM Tris–
HCl buffer (pH 7.4). Then 1 ml of 500 μM DPPH freshly prepared in 
80% methanol was added to it. The mixture was shaken vigorously 
and allowed to stand at room temperature for 30 min. Then the 
absorbance was measured at 517 nm on a UV-VIS 
Spectrophotometer. Lower absorbance of the reaction mixture 
indicated higher free radical scavenging activity. DPPH radical 
concentration was calculated using the following formula. 

 

Assessment of total phenolic contents 

The amount of total phenolics in plant extracts was determined by 
the Folin-Ciocalteau reagent method following the protocol 
described by Spanos and Wrolstad [25], as modified by Lister and 
Wilson [26]. In brief, 100µl of extract dissolved in 1500 μl (1/10 
dilution) was added with Folin–Ciocalteu reagent. After 1 minute 
incubation at room temperature; sodium carbonate (Na2CO3) 
solution was added to this. The mixture was shaken and incubated 
for one and a half hour in dark at room temperature. Finally 
absorbance of all the samples was measured at 725 nm using UV-Vis 
Spectrophotometer. Gallic acid was used as standard. Total 
phenolics content was expressed as mg Gallic acid equivalents 
(GAE/g dry matter).  

Ferric reducing antioxidant potential (FRAP) assay 

Determination of Ferric reducing antioxidant activity was carried 
out according to a protocol described elsewhere [27]. The working 
FRAP reagent was prepared ex tempore by mixing 10 volumes of 
300 mmol/L acetate buffer, pH 3.6, with 10 mmol/L TPTZ in 40 
mmol/L HCl, and 20 mmol/L FeCl3·6H2O at 10:1:1 (v/v/v). The 
samples/ standard solutions (0.5 ml) were allowed to react with 2.0 
ml of the FRAP working solution for 10 min at 370 C. Absorbance 
readings of the blue colored product were then recorded at 593 nm 
on a Spectrophotometer. Citrate buffer was used for background 
subtraction. Control contained all the reagents as above except the 
analytes. The standard curve was linear between 2 and 20 
microgram ascorbic acid. Results were expressed as µg ascorbic acid 
equivalent antioxidant capacity (AEAC)/ ml of Ascorbic Acid. 

 

 

Reducing power estimation  

The reducing power of plant extracts was determined following the 
the method of Wu et. al.[28]. In brief, the samples (1 ml) were mixed 
with 2.5 ml of 0.2 M phosphate buffer (pH 6.6) and 2.5 ml of 1% 
potassium ferricyanide. Then mixture was incubated at 500C for 30 
min, followed by addition of 2.5 ml of 10% trichloroacetic acid. Then 
centrifuged at 2000 rpm followed by an aliquot (2.5 ml) of reaction 
mixture 2.5 ml of distilled water and 0.5 ml of 1% FeCl3 were added.  
Absorbance of the solution was measured at 700 nm on a UV-Vis 
Spectrophotometer after 10 min incubation at room temperature.  
Blank of each sample was prepared by adding the distilled water 
instead of FeCl3. Ascorbic acid was used as standard reference. 
Increased absorbance of the reaction mixture indicates pronounced 
reducing power of plant extract. 

Determination of Lipid peroxidation  

Lipid peroxidation inhibition efficacies of plant extracts were 
determined according to the method described by Malterud et. al. 
[29]. A male Wistar rat was anaesthetized and sacrificed to obtain 
the liver tissues. After washing the tissues with phosphate buffered 
saline (PBS; 0.1 M; pH 7.4) 10% (w/v) liver homogenate was 
prepared by simple chopping. Different concentrations (12.5 to 200 
μg/ml) of the analytes and Ascorbic Acid were incubated with 1 ml 
of homogenate and the reaction initiated by the addition of 0.1 ml of 
FeSO4 (25 μM), 0.1 ml of ascorbate (100 μM), and 0.1 ml of KH2PO4 
(10 mM), and the volume was made up to 3 ml with distilled water 
and incubated at 37°C for 1 h. Finally 1 ml of 5% trichloroacetic acid 
(TCA) and 1 ml of 1% thiobarbituric acid (TBA) was added to this 
reaction mixture and the tubes were boiled for 30 min in a boiling 
water bath. This was then centrifuged at 3500 rpm for 10 minutes. 
The extent of lipid peroxidation was evaluated by the estimation of 
thiobarbituric acid reactive substances (TBARS) level by measuring 
the absorbance at 532 nm. % inhibition of LPO was calculated using 
the formula; 

 

Assessment of erythrocyte haemolysis inhibition of extracts  

The procedure originally described by Barros et. al. [30] was 
adopted with minor modification (eg. the type of haemolysis 
inducer) to evaluate the inhibition of erythrocyte haemolysis by 
varying concentrations of plants extracts. A male rat was sacrificed 
to obtain the erythrocytes. The erythrocyte haemolysis was 
performed with H2O2 as free radical initiator. The erythrocytes were 
added with different concentration of plants extracts and 100 M 
H2O2 (in PBS, pH7.4). The reaction mixture was incubated at 37oC for 
3 h with occasional and gentle shaking during incubation. The 
reaction mixture was diluted with 8 ml of PBS and centrifuged at 
3000 rpm for 10 min. The absorbance of the resulting supernatant 
was measured at 540 nm on a UV-VIS Spectrophotometer to 
determine the extent of haemolysis inhibition. However, the 
erythrocytes were treated with 100 M H2O2 and without inhibitors 
(plants extracts) to obtain a complete haemolysis and without 
inducer to observe if the extracts have any haemolysis effect. The 
haemolysis caused by 100 M H2O2 was taken as 100% haemolysis; 
and the percentage haemolysis inhibition was calculated by the 
equation.   

 

Statistical analyses 

Data are expressed as mean ± S.E.M. For statistical evaluation of the 
data, analysis of variance (ANOVA) followed by the post 
hoc Newman–Keuls multiple comparison tests using a trial version 
of Prism 4 software for Windows (Graph Pad Saftware, Inc., La Jolla, 
CA, USA) was used [23]. The % inhibition was calculated using the 
formula, O. D. of Control- O. D. of Sample/ O. D. of Control x 100.                                                 

 



Singh et al.  
Asian J Pharm Clin Res, Vol 7, Suppl 1, 2014, 115-120 

117 

 

RESULT     

Results from DPP-IV inhibition assay revealed that methanolic 
extract of O. sanctum inhibited enzyme activity at greater extent 
(66.81±0.05%) than that of M. charantia (53.25±0.04%) as 
compared to standard; Diprotein A (Fig. 1).  

   

 

Fig 1: Inhibition of DPP-IV enzyme activity (%) by O. sanctum 
and M. charantia extract as compared to control; Diprotein A. 

Each vertical bar represents the mean ± S.E.M. (n=3). ***p< 
0.001, **p<0.01 and *p<0.05 as compared to respective control 
values. 

DPPH scavenging assay suggested that varying concentrations of O. 
sanctum extract (0.1,0.2,0.3,0.4 and 0.5 mg/ml) inhibited the free 
radicals at greater extent than M. charantia (Fig. 2).  

      

Fig 2: DPPH free radical scavenging activity (%) of O. sanctum 
and M. charantia extract as compared to control; Gallic acid. 

Each vertical bar represents the mean ± S.E.M. (n=3). ***p< 
0.001, **p<0.01 and *p<0.05 as compared to respective control 
values. 

Furthermore, it was observed that O. sanctum contains considerable 
higher amount of total phenolics (64.1±0.93 mg GAE/g of dry 
extract) than that of M. charantia (48.1±1.4 mg GAE/g of dry extract) 
at 1 mg/ml concentration (Fig. 3). 

      

 

Fig 3: Total phenolic contents in O. sanctum and M. charantia 
extracts. 

Each vertical bar represents the mean ± S.E.M. (n=3). 

O. sanctum extract showed better antioxidant activity (44.2±0.25 
AEAC) than M. charantia (12.36±0.14 AEAC) (Fig. 4). 

       

 

Fig 4: Ferric reducing antioxidant potential (%) in O. sanctum 
and M. charantia extract as compared to control; BHA. 

Each vertical bar represents the mean ± S.E.M. (n=3), as 
compared to respective control values. 

Reducing ability of O. sanctum and M. charantia extract showed dose 
dependent increase, as compared to control. O. sanctum extract 
showed pronounced reducing power ability as compared to M. 
charantia at all the  studied doses (0.1 – 0.8 mg/ml) (Fig. 5). 

      

 

Fig 5: Reducing activity of O. sanctum and M. charantia extract 
as compared to control; Ascorbic Acid. 

Each vertical bar represents the mean ± S.E.M. (n=3). ***p< 
0.001, **p<0.01 and *p<0.05 as compared to respective control 
values. 

Similarly, studies on ex vivo lipid peroxidation in chopped rat liver 
ravel does dependent activities (Fig. 6).  

     

 

Fig 6: Hepatic lipid peroxidation inhibition activities of                        
O. sanctum and M. charantia extracts as compared to control; 

Ascorbic Acid. 

Each vertical bar represents the mean ± S.E.M. (n=3). ***p< 
0.001, **p<0.01 and *p<0.05 as compared to respective control 
values. 

Methanolic extract of O. sanctum inhibited erythrocytes haemolysis 
activity at greater extent (13.1±0.188%) than that of M. charantia 
(10.3±0.41%) as compared to Ascorbic Acid (Fig. 7). 
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Fig 7: Erythrocyte haemolysis inhibition efficacies of O. sanctum 
and M. charantia extracts as compared to control; Ascorbic Acid. 

Each vertical bar represents the mean ± S.E.M. (n=3). ***p< 
0.001, **p<0.01 and *p<0.05  as compared to respective control 
values 

DISCUSSION    

Results of the present study clearly demonstrate that methanolic 
extracts of O. sanctum and M. charantia contain novel DPP-IV 
inhibitors. Interestingly, higher content of phenolics, pronounced 
reducing power and DPPH radicals scavenging efficacies were 
exhibited by O.sanctum extract than that of M.charantia; indicating 
anti-peroxidative and ant-diabetic potential of the plants. 
Interestingly, plant extracts inhibited H2O2 induced erythrocytes 
haemolysis reflecting the cytoprotective nature of O. sanctum and M. 
charantia. The results of the present study are corroborating our 
earlier findings where some other antidiabetic plants were reported 
to contain novel DPP-IV inhibitors with antiperoxidative benefits 
[23]. 

The gut hormones GLP-1 and GIP are secreted following intake of 
meal from the L and K cells of intestinal mucosa, respectively. The 
gut hormones contribute to approximately 60% of the insulin 
secretion postprandial and are responsible for the incretin effect 
[31]. While DPP-IV rapidly inactivates GLP-1 and GIP and DPP-IV 
inhibitors represent a unique approach in the treatment of type 2 
diabetes mellitus without any known side effect. Inhibition of DPP- 
IV prolong and also enhances the activity of endogenous GLP-1 and 
GIP, which serves as important prandial stimulator of insulin 
secretion and blood glucose regulator [31]. The findings of the 
present study revealed that varying concentration of methanolic 
extract of O. sanctum  and M. charantia  inhibited DPP-IV activities, 
reflecting the therapeutic potential for T2DM. Interestingly, our 
findings corroborate the reports where some other authors claimed 
to posses novel DPP-IV inhibitors in some indigenous plants earlier 
[14,18,23,32]. Indeed, antidiabetic potential [5, 19] of the studied 
plant extracts could be an outcome of DPP-IV inhibition.  

 Oxidative stress arises due to imbalance between the levels of free 
radicals in cells and its antioxidant defenses in favor of former. 
Diabetes mellitus is a disease of oxidative stress; therefore 
antidiabetic pharmacological must additionally contain 
antiperoxidative /cytoprotective potentials [12,23,33]. Phenols and 
other antioxidant molecules are important constituent of various 
officinal plant parts of the plants due to their antioxidant properties 
[25,26,34]. Antioxidant activity of phenolic compound is basically 
due to their redox properties which play an important role in free 
radicals scavenging potential [34,35]. Observations made on DPPH 
radicals scavenging efficacies revealed that both O. sanctum and M. 
charantia extracts inhibited free radicals, however the later showed 
better activity over former one. In the literature, reports are there 
suggesting the positive correlation between total phenol and free 
radical scavenging activities by herbal extracts [23,36,37]. 
Observations made on the total phenolic content in the extracts of O. 
sanctum and M. charantia reflecting the presence of significant 
amount of natural antioxidants. Interestingly, O. sanctum extract 
scavenge DPPH radicals at greater extent than that of M. charantia. 
The pronounced radical scavenging potential of O. sanctum could be 
an outcome of relatively higher amount of total phenolics content in 
the plant extract, Ferric reducing antioxidant potential is based on 

the capacity of the antioxidant to reduce the Fe3+ to Fe2+, i.e. by 
donating the electron to the former. O. sanctum extract showed the 
better donation power than M. charantia due to higher redox 
potential of the former and hence higher reducing capacity. 

Indeed, reducing capacity of a compound may serve as a significant 
indicator of its potential antioxidant activity [38]. Hydrogen 
peroxide, can cross the red blood cells (RBC) membrane and acts on 
the intracellular moieties, form ferryl radical or hydroxyl radical by 
interacting with hemoglobin and initiates a series of reactions, 
resulting in haemolysis [39] and extent of Haemolysis is then 
determined by measuring released hemoglobin into the supernatant 
[40,41]. Interestingly, O. sanctum extract protect the RBC membrane 
more pronounced than that of M. charantia. In biological systems, 
increase in hepatic lipid peroxidation indicates increased in 
oxidative stress. The methanolic extracts of both the plants extracts 
showed almost same efficiency in inhibiting hepatic lipid 
peroxidation as compared to standard. The reduction of lipid 
peroxidation might be attributed to the antioxidant activities of 
plant extracts.  

However, in contrast to DPPH radical scavenging activity; O. sanctum 
extract showed better reducing power as compared to M. charantia. 
Indeed, relatively higher reducing capacity and the antioxidant 
activity of O. sanctum extract appeared to be associated with its 
active constituents. This fact was further supported by the findings 
made on total phenolics contents in studied plant extracts. Thus, 
further studies are suggested to provide additional evidence that 
strengthens the claim that the plant can be a potential source of 
antioxidant based therapies [42]. 

CONCLUSION  

Results of the present study clearly exhibited that O. sanctum and M. 
charantia extract contain novel DPP-IV inhibitors with additional 
cytoprotective potencies. However, O. sanctum extract could be a 
better lead in the development of DPP-IV based antidiabetic 
therapies, as reflected by the observations made on antioxidant 
parameters. Therefore, studies on pharmaceutical preparations 
considering studied plant extracts as lead would be of great 
importance especially for the patients where oxidative stresses 
along with tT2DM is a major concern.   

ABBREVIATIONS: Dipeptidyl peptidase-IV (DPP-IV), 1,1-diphenyl-
2-picryl-hydrazil (DPPH), Type 2 Diabetes mellitus (T2DM). 

ACKNOWLEDGMENT  

Financial support under major research project no. MPBTC/ 37, 
dated 18 Jan 2011 from Madhya Pradesh Biotechnology Council, 
Government of Madhya Pradesh, Bhopal, India to R. Jatwa is 
gratefully acknowledged. We also thank Dr. Hamendra Singh Parmar 
for some help. 

REFERENCES 

1. Nyenwe EA, Jerkins TW, Umpierrez GE, Kitabchi AE. 

Management of type 2 diabetes: evolving strategies for the 

treatment of patients with type 2 diabetes. 

Metabolism.2011;60:1-23. 

2. Al-Masri IM, Mohammad MK, Tahaa MO . Inhibition of 

dipeptidyl peptidase IV (DPP-IV) is one of the mechanisms 

explaining the hypoglycemic effect of berberine. J Enzyme 

Inhib Med Chem.2009;24: 1061-1066. 

3. Wild S, Roglic G, Green A, Sicree R, King H . Global prevalence 

of diabetes: estimates for the year 2000 and projections for 

2030. Diabetes Care.2004;27: 1047–1053. 

4. Gupta R, Walunj SS, Tokala RK, Parsa KVL,Singh SK, Pal M. 

Emerging drug candidates of dipeptidyl peptidase IV (DPP 

IV) inhibitor class for the treatment of type 2 diabetes. Curr 

Drug Targets. 2009; 10; 71-87. 

5. Jatwa R, Kar A. Amelioration of metformin-induced 

hypothyroidism by Withania somnifera and Bauhinia 

-2

0

2

4

6

8

10

12

14

16

18

0.063 0.125 0.25 0.5 1

H
ae

m
ol

ys
is

 I
n

h
ib

it
io

n
 (%

)

Concentration (μg/ml)

Ascorbic acid

O.sanctum

M.charantia

***
***

***

***

*

**

**

**

http://www.ncbi.nlm.nih.gov/pubmed/19640223
http://www.ncbi.nlm.nih.gov/pubmed/19640223
http://www.ncbi.nlm.nih.gov/pubmed/19640223


Singh et al.  
Asian J Pharm Clin Res, Vol 7, Suppl 1, 2014, 115-120 

119 

 

purpurea extracts in type 2 diabetic mice. Phytoth Res. 2009; 

23: 1140-1145. 

6. Monnier L, Lapinski H, Colette C. Contributions of fasting and 

postprandial plasma glucose increments to the overall 

diurnal hyperglycemia of type 2 diabetic patients: variations 

with increasing levels of HbA(1c). Diabetes Care..2003;26: 

881-885. 

7. Vigerrsky RA, Filmore NA, Glass AR. Thyrotropin 

suppression by metformin. The J Clin Endocrinol Metab. 

2006;91: 225–227. 

8. Holstein A, Hammer C, Hahn M, Kulamadayil NS, Kovacs P. 

Severe sulfonylurea-induced hypoglycemia: a problem of 

uncritical prescription and deficiencies of diabetes care in 

geriatric patients.  Expert Opin Drug Saf. 2010; 9: 675-681. 

9. Vilsbøll T, Krarup T, Deacon CF, Madsbad S, Holst JJ. Reduced 

postprandial concentrations of intact biologically active 

glucagon-like peptide 1 in type 2 diabetic patients. 

Diabetes.2001;50: 609–613. 

10. Ahren BO. Inhibition of Dipeptidyl Peptidase-4 (DPP-4): A 

Novel Approach to treat type 2 diabetes. Curr Enz 

Inhib.2005; 1:65-73. 

11. Lambeir AM, Scharpe S, De Meester I . DPP4 Inhibitor for 

Diabetes -What Next?. Biochem. Pharmacol. 2003; 76: 1637-

1643. 

12. Brubaker PL, Drucker DJ. Minireview Glucagon-like peptides 

regulate cell proliferation and apoptosis in the pancreas, gut, 

and central nervous system. Endocrinology. 2004;145: 

2653-2659. 

13. Rudovich NN, Rochlitz HJ, Pfeiffer AF. Reduced hepatic 

insulin extraction in response to gastric inhibitory 

polypeptide compensates for reduced insulin secretion in 

normal-weight and normal glucose tolerant first-degree 

relatives of type 2 diabetic patients. Diabetes. 2004;53: 

2359-2365. 

14. Sedo A, Vlasicová K, Barták P, Vespalec R, Vicar J, Simánek V, 

Ulrichová J. Quaternary benzo[c]phenanthridine alkaloids as 

inhibitors of aminopeptidase N and dipeptidyl peptidase IV. 

Phytother Res. 2002;16: 84-87. 

15. Rao K, Giri R, Kesavulu MM, Apparao C (1997). Herbal 

medicine in the management of diabetes mellitus. Manphar 

Vaidhya Patrica.1997; 1: 33– 35. 

16. Koehn FE, Carter GT .The evolving role of natural products in 

drug discovery. Nat. Rev. Drug Discov.2005; 4: 206–220. 

17. Bopp A, DeBona KS, Bellé LP, Moresco RN, Moretto MB. 

Syzygium cumini inhibits adenosine deaminase activity and 

reduces glucose levels in hyperglycemic patients. Fundam 

Clin Pharmacol. 2009; 23: 501-517. 

18. Yogisha S, Raveesha KA. Dipeptidyl Peptidase IV inhibitory 

activity of Mangifera indica. J Nat Prod. 2010; 3: 76-79. 

19. Sharma SK, Govil JN, Singh VK. Recent Progress in medicinal 

plants. Studium Press, LLC, Texas, USA; 2005. 

20. Nicholls DG, Budd SL.  Mitochondria and neuronal survival. 

 Physiol Rev . 2000;80: 315-360. 

21. Shirwaikar A, Rajendran K, Kumar CD. In vitro antioxidant 

studies of Annona squamosa Linn leaves. J Exp Bio. 2004; 42: 

803-803. 

22. Vertuani S, Angusti A, Manfredini S. The antioxidants and 

pro-antioxidants network: An overview. Curr Pharm. Des. 

2004; 10: 1677-1694. 

23. Singh AK, Jatwa R. Comparative assessment of diapeptidyl 

peptidase IV (DPP-IV) inhibitory and anti-peroxidative 

profile of Allium sativum and Bauhinia pupurea extract. In: 

Bhadange DG and Koche DK (Eds); Innovative Research 

Trends in Biological Sciences, Pravin Creation, Akola, India. 

2012, p, 563-566. (ISBN: 978-81-923621-0-6)  

24. Gyamfi MA, Yonamine M, Aniya Y. Free radical scavenging 

action of medicinal herbs from Ghana Thonningia sanguinea 

on experimentally induced liver injuries. General Pharmacol: 

The Vascular System. 2002;32: 661-667. 

25. Spanos GA, Wrolstad RE. Influence of processing and storage 

on the phenolic composition of Thompson seedless grape 

juice. J Agric Food Chem. 1990;38: 1565–1571. 

26. Lister E, Wilson P. Measurement of total phenolics and ABTS 

assay for antioxidant activity (personal communication). 

Crop Research Institute, Lincoln, New Zealand. 2001. 

27. Wettasinghe M, Shahidi F. Antioxidant and free radical-

scavenging properties of ethanolic extracts of defatted 

borage seeds. Food Chem. 1999;67: 399-414. 

28. Wu HC, Chen HM, Shiau CY. Free amino acids and peptides as 

related to antioxidant properties in protein hydrolysates of 

mackerel (Scomber austriasicus). Food Res Int. 2003; 

36:949–95. 

29. Malterud KE, Diep OH. and Sund RB. C-Methylated 

dihydrochalcones from Myrica gale L.: effects as antioxidants 

and as scavengers of 1,1-diphenyl-2-picrylhydrazyl. 

Pharmacol & Toxicol. 1996; 78: 111–116. 

30. Barros L, Baptista P, Ferreira IC, Effect of Lactarius piperatus 

fruiting body maturity stage on antioxidant activity 

measured by several biochemical assays. Food Chem. 

Toxicol. 2007,45, 1731–1737 

31. Gallwitz B. GLP-1 Agonists and Dipeptidyl-Peptidase IV 

Inhibitors, Diabetes-Perspectives in Drug. Therapy 

Handbook of Exper Pharmacol. 2011; 203: 53-74. 

32. Davy A, Thomsen KK, Juliano MA, Alves LC, Svendsen I, 

Simpson DJ. Purification and characterization of barley 

dipeptidyl peptidase IV. Plant Physiol. 2000;122: 425-432. 

33. Jatwa R, Kar A. A Effect of metformin on renal microsomal 
proteins, lipid peroxidation and antioxidant status in 
dexamethasone-induced type-2 diabetic mice. Indian J 
Biochem Biophys.2010; 47: 44-8. 

34. Annegowda HV,Mordi MN, Ramanathan S , Mansor SM. 

Analgesic and Antioxidant Properties of Ethanolic Extract of 

Terminalia catappa L. Leaves. Int J Pharmacol. 2010;6: 910-

915. 

35. Butkhup L, Samappito S. In vitro free radical scavenging and 

antimicrobial activity of some selected that medicinal plants. 

Res l  Med Plant.2011;5: 254-265. 

36. Gil MI, Tomas-Barberan FA, Hess-Pierce B, Kader AA. 

Antioxidant capacities, phenolic compounds, carotenoids, 

and Vitamin C contents of nectarine, peach and plum 

cultivars from California. J Agric Food Chem. 2002;14:4976–

4982. 

37. Kim DO, Jeong SW, Lee CY. Antioxidant capacity of phenolic 

phytochemicals from various cultivars of plums. Food Chem. 

2003;81: 321–326. 

38. Meir S, Kanner J, Akiri B, Hadas SP. Determination and 

involvement of aqueous reducing compounds in oxidative 

defense systems of various senescing leaves. J 

Agric Food Chem.1995;43:1813-1817. 

39. Blasa M, Candiracci M, Accorsi A, Piacentini M.P & Piatti E. 

Honey flavonoids as protection agents against oxidative 

damage to human red blood cells. Food Chem. 2007 

;104:1635-1640. 

40. Shiva Shankar Reddy CS, Subramanyam MV, Vani R & Asha 

Devi S. In vitro models of oxidative stress in rat erythrocytes: 

Effect of antioxidant supplements.Toxicol in Vitro. 2007;21: 

1355-1364.  

 

http://www.ncbi.nlm.nih.gov/pubmed/16219720
http://www.ncbi.nlm.nih.gov/pubmed/11807974
http://www.ncbi.nlm.nih.gov/pubmed/11807974
http://www.ncbi.nlm.nih.gov/pubmed/11807974
http://www.ncbi.nlm.nih.gov/pubmed/19709327
http://www.ncbi.nlm.nih.gov/pubmed/19709327
http://www.ncbi.nlm.nih.gov/pubmed/19709327
http://www.ncbi.nlm.nih.gov/pubmed/19709327
http://www.ncbi.nlm.nih.gov/pubmed/19709327
http://www.ncbi.nlm.nih.gov/pubmed/10677435
http://www.ncbi.nlm.nih.gov/pubmed/10677435
http://ascidatabase.com/author.php?author=H.V.&last=Annegowda
http://ascidatabase.com/author.php?author=M.N.&last=Mordi
http://ascidatabase.com/author.php?author=S.&last=Ramanathan
http://ascidatabase.com/author.php?author=S.M.&last=Mansor
http://www.scialert.net/jindex.php?issn=1819-3455


Singh et al.  
Asian J Pharm Clin Res, Vol 7, Suppl 1, 2014, 115-120 

120 

 

41. Farah JH.Hemolytic activity of Cicer arientinum L. extracts by 

two extraction techniques. Asian J Pharm Clin Res.2014;1: 

141-145. 

42. Mahendran S,Muhammad ZBA, Ahmad YHBNA, Siti NBN, 

Zahida BZ, Mohd SBA. Ten commonly available medicinal 

plants in malaysia used for the treatment of daibetes-a 

review.Asian J Pharm Clin Res. 2014;1: 1-5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


