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Kinetic and docking studies reveal aldose reductase 

inhibition potential of edible lichen Parmotrema 
tinctorum 
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ABSTRACT 
The present study investigated the aldose reductase inhibition potential of edible lichen Parmotrema 
tinctorum (Nyle.) Hale. The kinetics of aldose reductase inhibition by ethyl acetate extract (PTEAE) and 
ethanol extract (PTEE) of P. tinctorum has shown that PTEAE is competitive inhibitor while PTEE is a 
mixed inhibitor. Molecular docking of major constituents in P. tinctorum against aldose reductase revealed 
that usnic acid possesses the highest docking potential with a binding energy of -8.9 kcal/mol. The inhibition 
constant (Ki), was found to be 300.42 nM for usnic acid which is closer to the inhibition constant of the 
standard zopolrestat of 26.0 nM. The images of aldose reductase docked with atranorin, salazinic acid and 
usnic acid show that they have an interaction with Leu301 which is a nonpolar residue in the active site 
pocket of aldose reductase and conserved in both human and rat. This indicates that atranorin, salazinic acid 
and usnic acid bind to aldose reductase in a competitive fashion. Both kinetic and docking studies unraveled 
the aldose reductase inhibition potential of P. tinctorum. Further studies on this will definitely lead to the 
development of a potential drug from P. tinctorum against diabetic cataract and retinopathy in future. 
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1. Introduction  
Aldose reductase, the key enzyme in polyol pathway, under increased intracellular glucose flex in 
diabetes causes lens tissue damage through osmotic as well as oxidative stress [1]. The conversion 
of glucose to sorbitol by aldose reductase and its subsequent accumulation leading to electrolyte 
imbalance, hydradation and cell swelling develop osmotic stress [2]. Oxidative stress is developed 
by the depletion of nicotinamide adenine dinucleotide phosphate (NADPH), the co-factor of 
aldose reductase, compromising the function of detoxifying systems, glutathione reductase that 
maintains the level of tissue glutathione [3] and catalase for converting reactive H2O2 radical into 
water and oxygen [4]. The overall effect will be damage or death of lens tissue, the major cause for 
the development of cataract and retinopathy [5].  
 
Attenuating the activity of aldose reductase appears an effective means to prevent the onset of 
retinopathy in chronic diabetic patients [6, 7]. Although several synthetic aldose reductase 
inhibitors exhibited potential effects, they were withdrawn from clinical trials due to poor 
pharmacokinetic properties and unacceptable side effects [8–10]. Hence, developing aldose 
reductase inhibitors with high potency and low toxicity is the need of the time. Natural resources, 
being part of diet and traditional medicine, are promising source of pharmaceuticals free from 
adverse effects. It is a common practice to use herbal extracts in treatments on account of 
increasing cost of health care maintenance [11]. 
 
Lichens are symbiotic life forms of fungi and algae [12]. They produce a number of unique 
compounds from secondary metabolism which are pharmaceutically very important [13]. 
Parmotrema tinctorum (Nyle.) Hale, an edible lichen, is a good source of biologically active 
compounds atranorin, lecanoric acid, salazinic acid and usnic acid [14-17]. They exhibit diverse 
biological effects such as antibacterial, antioxidant and anti-HIV activities [13]. 
 
The present study investigated the aldose reductase inhibition potential of ethyl acetate and 
ethanolic extracts of P. tinctorum by in vitro kinetic studies and of active constituents in P. 
tinctorum by in silico molecular docking analysis. 
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2. Materials and methods 
2.1 Materials 
DL-glyceraldehyade, NADPH and zopolrestat were 
purchased from Sigma Chemical Co. (St. Louis, MO, 
USA). All the other chemicals used, were of standard 
analytical grade and solvents were of HPLC grade. 
 
2.2 Preparation of extract 
The sample (P. tinctorum) was collected during the 
month of January 2013 from Wayanad district (Kerala, 
India) and was identified and authenticated by Dr. H. 
Biju, taxonomist, Jawaharlal Nehru Tropical Botanical 
Garden and Research Institute (JNTBGRI), Palode, 
Kerala, India. Proper sanction has been obtained from 
forest department, Govt. of Kerala for collecting lichen 
samples (No.WL10-35151/12). A voucher specimen 
(No.P1213AGP/CSIR-NIIST) was kept in our herbarium 
for future reference.  
 
The sample was dried under shade and ground to powder 
form. The powder was extracted with ethyl acetate and 
ethanol at room temperature for 7 h by continuous 
stirring until solvent became colourless.  The supernatant 
was filtered through Whatman No.1 filter paper and 
concentrated in a rotavapor (Heidolph) followed by 
lyophilization. The lyophilized extracts of P. tinctorum 
(PTEAE & PTEE) were stored at 4 oC until study. 
 
2.3 Aldose reductase inhibition kinetics 
Lenses from streptozotocin induced diabetic rats (male 
Sprague- Dawley strain, weighing between 150-200g) 
obtained from Cochin University of Science & 
Technology after proper ethical clearance, was used as 
aldose reductase enzyme source for the study. The lens 
homogenate (10%) was prepared in 0.1 M phosphate 
buffered saline (pH 7.4), centrifuged in a refrigerated 
centrifuge and the supernatant was used for experiments. 
 
Michaelis–Menten kinetics of aldose reductase inhibition 
by PTEAE and PTEE was analyzed according to the 
method described by Hayman and Konoshita with some 
modifications [18]. 290 µl of reaction mixture containing 
0.046 M sodium phosphate buffer (pH 6.2), different 
concentrations (10, 25, 50, 100 mM) of DL- 
glyceraldehyde, 27.5x10-5 M NADPH and lens 
homogenate was taken in a 96 well plate. 10 µl of 
samples at various concentrations (final concentrations: 
100, 200 µg/ml) dissolved in 0.1M PBS was added. 10 µl 
each of PBS and zopolrestat (final concentration: 100 
µg/ml) was used as negative and positive control 
respectively. It was incubated at 37 oC for 10 min and the 
reaction was initiated by the addition of DL- 
glyceraldehyde. The decrease in the absorbance was read 
at 340 nm in a microplate reader (Biotek Synergy 4, 
USA) for 10 min at 1 min interval. Michaelis–Menten 
kinetics of aldose reductase inhibition was analyzed by 
plotting concentration of DL-glyceraldehyade versus rate 
of enzyme reaction. Lineweaver-Burk graph was plotted 
with inverse of concentration of DL-glyceraldehyade 
versus inverse of rate of enzyme reaction. Vmax and Km 

values were determined from Lineweaver-Burk plot. 
 
2.4 Molecular docking analysis 
The docking features of bioactive compounds, atranorin, 
lecanoric acid, salazinic acid and usnic acid, present in 
Parmotrema tinctorum on human aldose reductase were 
assessed by molecular docking analysis with the 
software AutoDock Vina v.1.0.2 [19]. The crystal 
structure of human aldose reductase was obtained from 
the Protein Data Bank (PDB code 1ADS) and refined 
with the help of Discovery Studio Visualizer (Accelrys, 
Inc., CA). The structures of test compounds were drawn 
using ACD/chemsketch (ACDlabs) and corresponding 
PDB files were created and visualized in Discovery 
Studio Visualizer. The docking parameters were set with 
default values and the sizes of grid boxes were set as 50 
oA × 40 oA × 45 oA with 1 oA spacing for encompassing 
aldose reductase active cavities. AutoDock was run 
several times to get various docked conformations. For 
each test compound, ten best poses were generated and 
scored using AutoDock scoring functions. The 
simulation results were illustrated by PyMOL Molecular 
Graphics System v.1.3 (Schrodinger, LLC). 
 
2.5 Statistical analysis 
Each in vitro experiment was conducted three times in 
triplicate and was expressed as Mean ± Standard 
Deviation. Student’s t-test (two-tailed) was conducted to 
do statistical analysis for significant difference using 
GaphPad Prism 5.0 and the significance accepted at 
p≤0.05. 
 
3. Results and Discussion 
3.1 Aldose reductase inhibition kinetics 
All life processes are regulated by reactions catalyzed by 
specific proteins known as enzymes. The knowledge 
about enzyme kinetics is very crucial in pharmacology 
and medicine. The interaction between enzyme and drug 
can be studied by enzyme kinetics [20]. Michaelis–
Menten kinetics is one of the simplest and best-known 
models of enzyme kinetics. The enzyme catalyzed 
reactions involving a single substrate are often assumed 
to follow this kinetics. Lineweaver-Burk plot is a method 
to evaluate Michaelis–Menten’s parameters, Vmax 
(maximum reaction rate) and Km (substrate concentration 
at which reaction rate is half of Vmax).  
 
Enzyme inhibition is broadly classified into competitive 
or noncompetitive. Some drugs which do not fall 
exclusively into either group are named as mixed 
inhibitors. A competitive inhibitor that resembles the 
natural substrate of the enzyme binds to the active site to 
form enzyme-inhibitor complex which is incapable of 
dissociating into products. In noncompetitive inhibition 
enzyme-substrate binding is unaffected as the inhibitor is 
bound to an alternative site. In competitive inhibition, 
since the inhibitor and substrate compete for the same 
site, raising the substrate concentration can eventually 
overcome the inhibition, and Vmax can be achieved.  
Hence, a competitive inhibitor raises Km value. But in 
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noncompetitive inhibition, an increase in the substrate 
concentration cannot overcome the inhibition as the 
inhibitor is binding to an alternative site and the resultant 
enzyme-inhibitor-substrate complex cannot form 
product.  
 
Michaelis–Menten kinetics and Lineweaver-Burk plot of 
aldose reductase inhibition by PTEAE are shown in the 
Figure 1a & 1b. Vmax and Km values obtained from 
Lineweaver-Burk plot shows that aldose reductase 
inhibition by PTEAE is competitive inhibition. Here, 
Vmax remains almost constant (6.245 ± 0.071 µM/min for 
control; 5.099 ± 0.164 µM/min for 100 µg/ml of PTEAE; 
5.056 ± 0.232 µM/min for 200 µg/ml of PTEAE) and Km 
is increased (8.1 ± 0.427 mM for control; 31.41 ± 2.59 
mM for 100 µg/ml of PTEAE; 63.19 ± 5.73 mM for 200 
µg/ml of PTEAE) as the concentration of PTEAE is 
increased. This kinetic behaviour of aldose reductase  
 

shows that an increase in the substrate concentration is 
required to maintain the maximum reaction rate of the 
enzyme and therefore PTEAE exhibits competitive 
inhibition. Michaelis–Menten kinetics and Lineweaver-
Burk plot of aldose reductase inhibition by PTEE are 
shown in the Figure 1c & 1d. The analysis of Vmax and 
Km values shows that PTEE exhibit mixed inhibition of 
competitive as well as noncompetitive inhibition. Here, 
Vmax is decreased (6.201 ± 0.086 µM/min for control; 
4.626 ± 0.102 µM/min for 100 µg/ml of PTEE; 4.183 ± 
0.057 µM/min for 200 µg/ml of PTEE) and Km value is 
increased (7.662 ± 0.513 mM for control; 12.62 ± 1.04 
mM for 100 µg/ml of PTEE; 14.27 ± 0.693 mM for 200 
µg/ml of PTEE) as the concentration of PTEE is 
increased. The results show that an increase in the 
substrate concentration is not able to achieve the same 
Vmax and therefore PTEE comprises of mixed inhibitors 
against aldose reductase. 
 

 

 
Fig 1: (a) M-M kinetics and (b) Lineweaver-Burk graph of aldose reductase inhibition by PTEAE and zopolrestat; 

(c) M-M kinetics and (d) Lineweaver-Burk graph of aldose reductase inhibition by PTEE and zopolrestat.
 
 
3.2 Molecular docking analysis 
Molecular docking is a powerful tool in structural 
molecular biology to design or discover new drugs. A 
large number of candidate molecules enter into drug 
discovery process, but very few make it to the final step 
and come out as potential drug molecules. This is due to 
poor pharmacokinetics and adverse effects of potential 
drug candidates. The docking between a protein of 
known three-dimensional structure and a candidate drug 
molecule can predict its important binding modes using a 
scoring function which will rank the candidate according 
its docking score. Based on this docking score the 
enzyme binding potential of the molecule can be 

determined. 
 
The present study has investigated the docking potential 
of atranorin, lecanoric acid, salazinic acid and usnic acid, 
the major constituents of P. tinctorum, towards aldose 
reductase. AutoDock created 10 possible conformations 
for each compound binding to human aldose reductase 
and the binding features of best poses from these were 
analyzed. The analysis of the results has shown that 
usnic acid bound to the active cavity of aldose reductase 
with the lowest binding energy of -8.9 kcal/mol, while 
salazinic acid with -8.11 kcal/mol, atranorin with -8.1 
kcal/mol and lecanoric acid with -7.16 kcal/mol in 
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comparison to zopolrestat standard  with -10.35 kcal/mol. 
The image of docking result shows that atranorin is 
bound to the amino acid residues Val297, Ala299, 
Leu300, Leu301 and Ser302, lecanoric acid is bound to 
Trp20, Ala299 and Val297, salazinic acid is bound to 
His110, Ala299, Leu300 and Leu301, usnic acid is 
bound to Leu301, while zopolrestat is bound to His110 
and Trp20 (Figure 2). This clearly indicates that 
atranorin, salazinic acid and usnic acid have a common 
amino acid residue Leu301 for binding which is a 
nonpolar residue in the active site pocket of aldose 
reductase and conserved in both human and rat as 
evident from earlier studies [21]. This leads to the 
conclusion that atranorin, salazinic acid and usnic acid 
bind to aldose reductase in a competitive fashion. The 

inhibition constant (Ki), also known as theoretical IC50 
value, was found to be lowest as 300.42 nM for usnic 
acid and it is much closer to the inhibition constant of the 
standard zopolrestat (26.0 nM).  
 
Molecular docking analysis reveals that usnic acid 
possesses potential for docking with aldose reductase in 
the active site in comparison with the standard. This may 
be due to the presence of different functional groups in 
usnic acid. Further studies on this molecule and their 
derivatives will lead to the development of a potential 
drug candidate for the aldose reductase inhibition in 
future. This docking study supports the results of in vitro 
kinetics of aldose reductase inhibition by PTEAE and 
PTEE. 

 
 

 
 

 
 
 

Fig 2: Stereoview of aldose reductase docked with (a) atranorin, (b) lecanoric acid (c) salazinic acid, (d) usnic acid and (e) 
zopolrestat 

 
4. Conclusion 
In conclusion, the kinetics of aldose reductase inhibition 
reveals that PTEAE is a competitive inhibitor while 
PTEE is a mixed inhibitor. Molecular docking of human 
aldose reductase with major constituents of P. tinctorum 
has shown that usnic acid possesses the highest 
inhibitory potential. Both kinetic and docking studies 
complementing each other unraveled the aldose 
reductase inhibition potential of the edible lichen P. 
tinctorum. Further studies on this will definitely lead to 
the development of a potential drug against diabetic 
cataract and retinopathy in future.  
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