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Diabetes mellitus is an endocrinal chronic disease caused by altered carbohydrate 
metabolism and characterized by elevated blood glucose levels. The present study 
was conducted to determine amylase inhibitory activity of methanol extract of six 
macrolichens namely Everniastrum cirrhatum (Fr.) Hale, Usnea sinensis, Ramalina 
conduplicans Vain, Ramalina hossei, Parmotrema pseudotinctorum (des. Abb.) Hale 
and Parmotrema tinctorum collected from Western Ghats, Karnataka. The lichens 
were collected, powdered and extracted using methanol. The inhibitory activity of 
extracts of the lichens was determined against fungal amylase. The extracts caused 
a dose dependent inhibition of amylase activity. Among lichens, R. conduplicans
caused higher inhibition of enzyme activity followed by R. hossei, P. tinctorum, U. 
sinensis, E. cirrhatum and P. pseudotinctorum.  The inhibitory efficacy of lichens 
could be related to the presence of secondary metabolites present. The lichens of 
Karnataka could be exploited in the development of agents active in regulating 
postprandial glucose level and hence the lichens could possibly used to manage 
diabetes. 
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INTRODUCTION
Lichen represents a stable and self supporting 
symbiotic association between a fungus 
(mycobiont) and a photoautotrophic algal 
partner (photobiont). The thalli of these lichens 
are known to contain a variety of secondary 
metabolites (called lichen substances) which 
possess a wide range of bioactivities such as 
antioxidant, antibiotic, antimycobacterial, 
antiviral, anti-inflammatory, antioxidative, 
analgesic, antipyretic, antiproliferative and 
cytotoxic effects [1]. Bhadra wildlife sanctuary is 
located in the Western Ghats of the south interior 
Karnataka with cool climate throughout the year. 
A few studies have been carried on the biological 
activities of macrolichens from Bhadra wildlife 
sanctuary. The macrolichens of Bhadra wildlife 
sanctuary are shown to exhibit antimicrobial, 
larvicidal, anthelmintic, antioxidant, pancreatic 
lipase inhibitory, cytotoxic activity [2-14]. 
Literatures on amylase inhibitory activity of 
lichens, in particular, lichens of Karnataka, are 
scanty. 

The present work is carried out to determine 
amylase inhibitory activity of extracts of six 
macrolichens namely  Everniastrum cirrhatum 
(Fr.) Hale, Usnea sinensis, Ramalina conduplicans, 
Ramalina hossei, Parmotrema pseudotinctorum
and Parmotrema tinctorum collected from 
Bhadra wildlife sanctuary, Karnataka, India.     

MATERIALS AND METHODS
Collection and identification of Lichen 
material
The lichens namely Everniastrum cirrhatum (Fr.) 
Hale, Usnea sinensis, Ramalina conduplicans, 
Ramalina hossei, Parmotrema pseudotinctorum
and Parmotrema tinctorum were collected from 
the forest area of Western ghats, Karnataka, 
during February 2011. The lichens were 
identified based on morphological, anatomical 
and color tests [15]. The shade dried powdered 
lichen material was extracted with methanol, 
spotted on the silica plate and developed with 
solvent A (180ml toluene: 60 ml 1-4, dioxine: 
8ml acetic acid) to detect secondary metabolites 
using standard protocols [16, 17].
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Extraction of powdered lichen material
The dried lichen materials were ground to fine 
powder and extracted by soxhlet apparatus using 
methanol as solvent. The extracts were filtered 
using Whatman filter paper no.1 and 
concentrated at 40oC under reduced pressure [14]. 

Screening amylase inhibitory activity of 
lichen extract 
The inhibitory activity of different 
concentrations of extract of the lichens was 
determined against amylase (Diastase (Fungal) 
3240, Lobachemie Laboratory reagents and fine 
chemicals, Mumbai) by following the method 
Karthik et al.[11]. The enzyme (0.5%) was 
prepared in phosphate buffer (pH 6.8). Briefly, 
500μl of different concentrations of lichen 
extracts and 500μl of 0.1M phosphate buffer (pH 
6.8) containing amylase were incubated at 25°C 
for 10 min. After preincubation, 500μl of a 1% 
starch solution in 0.1M phosphate buffer (pH 
6.8) was added to each tube and further 
incubated at 25°C for 10 min. The reaction was 
stopped by addition of 1ml of dinitrosalicylic acid 
reagent. The same was performed for control 
where extract was replaced with buffer. The test 
tubes were placed in a boiling water bath for 10 
min and cooled. To each tube, 10ml of distilled 
water was added and the absorbance (A) was 
measured at 540nm. The percentage (%) 
inhibition was calculated using formula:

% Inhibition = [A540Control - A540 Extract / 
A540Control] x100

RESULTS AND DISCUSSION
The secondary metabolites detected in the 
powdered lichen materials are shown in Table 1. 
Usnic acid was present in R. hossei, R. 
conduplicans and U. sinensis. Salazinic acid was 
present in R. conduplicans and E. cirrhatum. 
Sekikaic acid was detected in R. conduplicans and 
E. cirrhatum. Lecanoric acid and 
Protolichesterinic acid were detected in P. 
pseudotinctorum and P. tinctorum respectively.

The amylase inhibitory activity of the lichen 
extracts was determined against Diastase 
(amylase). The extract caused a dose dependent 
inhibition of amylase activity. Among lichens, R. 
conduplicans caused higher inhibition of enzyme 
activity followed by R. hossei, P. tinctorum, U. 
sinensis, E. cirrhatum and P. pseudotinctorum 
(Fig. 1). 

Diabetes mellitus (DM), an endocrinal chronic 
disease is caused by altered carbohydrate 
metabolism and characterized by elevated blood 
glucose levels. There are two main types of 
diabetes, type I and type II. The most prevalent 
form is non-insulin dependent DM (type II) 
accounting for 90% of cases throughout world. 
The control of hyperglycemia is critical in the 
management of diabetes. Pancreatic α-amylase is 
an enzyme that hydrolyzes the starch to 
oligosaccharides and maltose in small intestine. 
Membrane bound α-glucosidase hydrolyzes di-
and oligosaccharides to glucose. Inhibition of 
these tow enzymes reduces the rate of starch 
digestion and result in decrease in post-prandial 
blood glucose levels especially in diabetic 
patients. One approach to decrease the 
hyperglycemia, especially after a meal, is to 
retard and reduce the digestion and absorption 
of ingested carbohydrates through the inhibition 
of carbohydrate hydrolyzing enzymes. Acarbose 
is one such drug which inhibits alpha-
glucosidase enzymes in the brush border of the 
small intestines and pancreatic alpha-amylase. 
Other drugs that belong to this class are miglitol 
and voglibose. Acarbose reduces post-prandial 
hyperglycemia and is used to treat type-2 
diabetes. However, these drugs are known to 
have gastrointestinal side effects such as 
abdominal pain, flatulence and diarrhea in the 
patients [11, 18-20]. Therefore, it becomes 
necessary to identify the amylase inhibitors from 
natural sources having lesser side-effects. 
Literatures on amylase inhibitory activity of 
lichens, in particular, lichens of Karnataka, are 
scanty. In an earlier study, Karthik et al. [11] 

showed insecticidal and amylase inhibitory 
activity of methanol extract of a macrolichen 
Heterodermia leucomela collected at Bhadra 
wildlife sanctuary, Karnataka, India. The extract 
of H. leucomela showed about 38% of inhibition 
of amylase enzyme activity at 25mg/ml 
concentration of extract. 

Figure 1: Inhibition of amylase by different 
concentrations of lichen extracts
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Table 1: Secondary metabolites detected in lichens

Lichen species Secondary   metabolites detected

Usnic acid Sekikaic acid Salazinic acid Lecanoric acid Protolichesterinic acid

R. hossei + + - - -

R. conduplicans + + + - -

E. cirrhatum - - + - -

P.pseudotinctorum - - - + -

P.tinctorum - - - - +

U. sinensis + - - - -

CONCLUSION
A marked dose dependent inhibition of amylase 
by the extracts of lichens was observed in this 
study and the activity could be attributed to the 
presence of secondary metabolites. The lichens 
could be exploited in the development of agents 
active against pancreatic amylase which is 
involved in the rise of postprandial glucose level 
and hence the lichens could possibly used against 
diabetes. 

ACKNOWLEDGEMENTS
Authors are thankful to H.O.D, Dept. of 
Microbiology and Principal, S.R.N.M.N College of 
Applied Sciences, Shivamogga for the facilities 
provided. Authors also express thanks to NES, 
Shivamogga for the moral encouragement.

REFERENCES
[1] Verma N, Behera BC, Sharma BO. 

Glucosidase inhibitory and radical 
scavenging properties of lichen metabolites 
Salazinic Acid, Sekikaic Acid and Usnic 
Acid. Hacettepe Journal of Biology and 
Chemistry 2012; 40(1): 7-21.

[2] Kumar SVP, Kekuda TRP, Vinayaka KS, 
Sudharshan SJ. Anthelmintic and 
antioxidant efficacy of two macrolichens of 
Ramalinaceae. Pharmacognosy Journal 
2009; 1(4): 238-242.

[3] Vinayaka KS, Kumar SVP, Kekuda PTR, 
Krishnamurthy YL, Mallikarjun N, Swathi D. 
Proximate composition, antioxidant, 
anthelmintic and insecticidal Activity of a 
macrolichen Ramalina conduplicans Vain. 
(Ramalinaceae). European Journal of 
Applied Sciences 2009; 1(3): 40-46.

[4] Vinayaka KS, Krishnamurthy YL, Kekuda 
PTR, Praveen Kumar SV, Sudharshan SJ and 
Chinmaya A. Larvicidal and wormicidal 
efficacy of methanolic extracts of five 
macrolichens collected from Bhadra 

wildlife sanctuary. Biomedicine 2009; 
29(4): 327-331.

[5] Kekuda PTR, Vinayaka KS, Kumar PSV, 
Sudharshan SJ. Antioxidant and 
antibacterial activity of lichen extracts, 
honey and their combination. Journal of 
Pharmacy Research 2009; 2(12): 1875-
1878.

[6] Swathi D, Suchitha Y, Kekuda TRP, 
Venugopal TM, Vinayaka KS, Mallikarjun N, 
Raghavendra HL. Antimicrobial, 
anthelmintic and insecticidal activity of a 
macrolichen Everniastrum cirrhatum (Fr.) 
Hale. International Journal of Drug 
Development and Research 2010; 2(4): 
780-789.

[7] Kumar PSV, Kekuda PTR, Vinayaka KS, 
Swathi D, Chinmaya A. Insecticidal efficacy 
of Ramalina hossei H. Magn & G. Awasthi 
and Ramalina conduplicans Vain-
Macrolichens from Bhadra wildlife 
sanctuary, Karnataka. Biomedicine 2010; 
30(1): 100-102.

[8] Vinayaka KS, Kumar PSV, Mallikarjun N, 
Kekuda PTR. Studies on Insecticidal activity 
and Nutritive composition of a macrolichen 
Parmotrema pseudotinctorum (des. Abb.) 
Hale (Parmeliaceae). Drug Invention Today 
2010; 2(2): 102-105.

[9] Kumar PSV, Kekuda PTR, Vinayaka KS, 
Swathi D, Mallikarjun N, Nishanth BC. 
Studies on Proximate composition, 
Antifungal and Anthelmintic activity of a 
macrolichen Ramalina hossei H. Magn & G. 
Awasthi. International Journal of 
Biotechnology and Biochemistry 2010; 
6(2): 191-201.

[10] Kumar PSV, Kekuda PTR, Vinayaka KS, 
Sudharshan SJ, Mallikarjun N, Swathi D. 
Studies on antibacterial, anthelmintic and 
antioxidant activities of a Macrolichen 
Parmotrema pseudotinctorum (des. Abb.) 
Hale (Parmeliaceae) from Bhadra wildlife 



Prashith Kekuda T.R. et al / Indian Journal of Novel Drug Delivery 5(4), Oct-Dec, 2013, 225-228

228

sanctuary, Karnataka. International Journal 
of Pharm Tech Research 2010; 2(2): 1207-
1214.

[11] Karthik S, Nandini KC, Kekuda PTR, 
Vinayaka KS, Mukunda S. Total phenol 
content, insecticidal and amylase inhibitory 
efficacy of Heterodermia leucomela (L). 
Annals of Biological Research 2011; 2 (4): 
38-43.

[12] Kekuda PTR, Vinayaka KS, Swathi D, 
Suchitha Y, Venugopal TM, Mallikarjun N. 
Mineral composition, total phenol content 
and antioxidant activity of a macrolichen 
Everniastrum cirrhatum (Fr.) Hale 
(Parmeliaceae). E-Journal of Chemistry 
2011; 8(4): 1886-1894.

[13] Kumar AHS, Kekuda PTR, Vinayaka KS, 
Swathi D, Venugopal TM. Anti-obesity 
(Pancreatic lipase inhibitory) activity of 
Everniastrum cirrhatum (Fr.) Hale 
(Parmeliaceae). Pharmacognosy Journal 
2011; 3(19): 65-68.

[14] Kekuda PTR, Raghavendra HL, Swathi D, 
Venugopal TM, Vinayaka KS. Antifungal and 
cytotoxic activity of Everniastrum 
cirrhatum (Fr.) Hale. Chiang Mai Journal of 
Science 2012; 39(1): 76-83.

[15] Awasthi DD. A compendium of the 
macrolichens from India, Nepal and Sri 
Lanka. Bishen Singh Mahendra Pal Singh, 
Dehra Dun, 2000, pp 1-580.

[16] Culberson CF. Improved conditions and 
new data for the identification of lichen 
products by a standardized thin-layer 
chromatographic method. Journal of 
Chromatography 1972; 72:113-125.

[17] Walker FJ and James PW. A revised guide to 
microchemical technique for the 
identification of lichen products. Bull Brit 
Lich Soc 1980; 46 (Supplement): 13-29.

[18] Fujisawa T, Ikegami H, Inoue K, Kawabata 
Y, Ogihara T. Effect of two alpha-
glucosidase inhibitors, voglibose and 
acarbose, on postprandial hyperglycemia 
correlates with subjective abdominal 
symptoms. Metabolism 2005; 54(3): 387-
390.

[19] Nickavar B, Mosazadeh G. Influence of 
three Morus species extracts on α-amylase 
activity. Iranian Journal of Pharmaceutical 
Research 2009; 8(2): 115-119.

[20] Yamagishi S, Matsui T, Ueda S, Fukami K, 
Okuda S. Clinical utility of acarbose, alpha-
glucosidase inhibitor on cardiometabolic 
disorders. Current Drug Metabolism 2009; 
10: 159-163.


