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Abstract
Introduction: Coleus aromaticus a medicinal plant is grown as weeds in the tropical countries like India. It has a wide range of active 
constituents, which has potent medicinal properties. The present study, the authors investigated the Iron chelating, reducing and anti-glycation 
properties of Coleus aromaticus leaves protein (CALP) in invitro model system. 
Materials and Methods: Proteins from the extract is isolated by Ammonium sulphate protein precipitation method. In vitro antioxidant 
studies were carried out by iron chelating activity and iron reducing power methods. The alpha amylase inhibitory activity, alpha glucosidase 
inhibitory activity and glucose uptake by yeast cells invitro studies was done. 
Results: The iron chelating activity and iron reducing power of the crude protein of Coleus aromaticus was compared with standard 
antioxidants like EDTA and Ascorbic acid. In anti-glycation studies, standard drugs Acarbose and Metformin was used. Results showed the 
percentage inhibition of ferrous ion chelating activity, increased with increase in concentrations of crude protein of Coleus aromaticus extract 
is comparable with standard antioxidants. Anti-glycation property and the inhibitory activity of CALP was compared with standard drugs. 
Conclusion: This study concluded that the Coleus aromaticus proteins possess significant anti-glycation activity and antioxidant activity 
when compared to standard antioxidants. Antioxidant activities increased with increasing concentrations in concentration dependent manner. 
It was found to be significant and valuable.
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Introduction 
Oxidative stress leads to many diseases due to an imbalance 
between formation of ROS/RNS and their neutralization 
when endogenous antioxidant mechanisms are unable to 
reduce the free radicals.1 The synthetic antioxidants are used 
to scavenge the free radicals but these have side effects, thus 
the natural antioxidants are safer. 2, 3 

Iron is a trace element, found in hemoglobin, myoglobin, the 
cytochromes; enzymes.4 Iron has a capacity to alter its oxidation 
and reduction in response to liganding and changes the various 
cellular processes.5 In several health conditions induced due to 
oxidative stress there is associated iron overload.6, 7

In biological systems, the reactive oxygen species (ROS) 
originate from the interaction of iron with enzymatically / non 
enzymatically generated superoxide (Haber-Weiss reaction) 
or hydrogen peroxide (H2O2, Fenton reaction).8

 A non-enzymatic reaction glycation takes place between 
free amino groups of proteins and reducing sugars.9 This 
is associated with the pathogenesis of age and diabetes 
related complications. If the oxidation is involved in 
glycation process, is called as glyco-oxidation. Glyco-
oxidations generates a heterogeneous group of substances 
called advanced glycation end products (AGEs).10 AGEs 
act, either by modifying structural intra- and extracellular 
proteins or by binding to their receptors that belong to the 
immunoglobulin family.11,12

Apart from natural defense system, synthetic drugs are also 
available which improve the capacity of the body to counter 

oxidative stress. Due to the harmful side effects of synthetic 
drugs, research on natural products has taken a leap in recent 
years.13

Karpurvalli (Coleus aromaticus) is a household herb 
in Asian countries, grown in kitchen gardens and used for 
culinary purpose.14 On revising the reviews and the studies of 
the medicinal plant Coleus aromaticus till the date, a majority 
of studies has been worked on its phytochemical profile of 
different active principles rich in alkaloids, polyphenols, 
flavonoids, and pharmacognostic studies, pharmacological 
activities such as antidiabetic, anti-inflammatory; antioxidant, 
antibacterial, anti-microbiological, hepatoprotective, 
anticarcinogenic & anti-mutagenic etc,.14-21

 However studies on invitro antioxidant activities in the 
different antioxidant parameters have not been done in terms 
of ferrous ion chelating and ferric ion reducing activity. Thus 
in the present study, an effort has been made to overview the 
iron chelating activity, ferric ion reducing activity and anti-
glycation activities of Coleus aromaticus leaves protein.

Materials and Methods
All the chemicals and reagents used were of Analytical grade 
were purchased from Chetana chemicals, Mysore and the 
Merck Co, and S.d. fine chem., Mumbai, India. 

Extraction of Protein from Coleus aromaticus Leaves
Coleus aromaticus leaves collected from authentic source, 
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cleaned with 0.1% KMnO4 solution, followed with double 
distilled water, crushed, shade dried and powdered (British 
Pharmacopoeia 100 mesh) and stored in glass bottle. The 
5gm of Coleus aromaticus leaves powder mixed with 100 
ml of double distilled water and vortexed for 4 hours. The 
vortexed mixture is centrifuged at 8000 rpm for 20 minutes 
at -4°C, the supernatant was separated. The supernatant was 
subjected to 65% ammonium sulphate precipitation and 
vortexed over night. The mixture was centrifuged at 8000 
rpm for 20 minutes at -4°C. The precipitated proteins was 
collected and subjected to dialysis using 2.5kDa molecular 
cutoff bio-membrane against double distilled water for 
76 hours with an interval of 6 hours. The dialyzed Coleus 
aromaticus leaves protein (CALP) was separated and stored 
at -10°C for further analysis. 

Phytochemical Analysis
The dialyzed Coleus aromaticus leaves protein (CALP) 
obtained was analyzed for phytochemical components using 
following standard protocols. 

The proteins estimation was carried according to 
Bradford’s method using BSA as standard and absorbance 
was read at 535nm.22 Total phenols were determined 
according to the method of Folin-Ciocalteu reaction using 
Gallic acid as a standard and absorbance was read at 750 
nm23. Flavonoids estimation was done using Quercetin as a 
standard; absorbance was measured at 415 nm.24 Total Sugars 
estimation was done according to Dubois method and the 
absorbance was read at 520 nm.25 The concentrations were 
calculated accordingly using standard graph. 

The protein content in dialyzed CALP is considerably 
higher than the same in other solvent extracts. This work 
already published and continuous work of Santhosh et.al, 
2018.26 The high concentrated CALP selected for ferrous ion 
chelating and Ferric ion reducing power assays and Anti-
glycation activity assays. 

Ferrous Ion Chelating Ability of CALP
Ferrous ion chelating ability of CALP was measured 
according to the method of Suter and Richter (2000) with 
minor modifications.27 The reaction solution containing 100 
μl of 200μM ferrous chloride (FeCl2) and 200 μl of 400μM 
potassium ferricyanide with or without CALP at various 
concentrations (20 to 120μl) and EDTA as standard was added 
and the volume of the mixture was finally adjusted to 2 ml with 
distilled water. The reaction mixture was incubated at 20°C 
for 10 minutes. Formation of the potassium hexacyanoferrate 
complex was measured at 700 nm. The control was without 
any chelating compounds. The ability of the extract to chelate 
ferrous ion was calculated using the following formula.

Ferric ion reducing power of CALP
The reducing power of the extracts was evaluated by the 
method described of Oyaizu (1986) with minor modifications 
of P. Jayanthi et.al, 2011.28,29 Ascorbic acid used as standard 
and extract of CALP in different concentrations (20μl to 

% Ferrous ion chelating ability=
Abs of Control - Abs of Sammple

Abs of Control
×100

( )

100μl) were mixed with 2.5ml of 0.2 mM phosphate buffer, 
(pH 6.6) and add 2.5 ml of 1% potassium ferricyanide then 
incubate at 50°C for 10 min. 2.5 ml of 10% trichloroacetic 
acid was added to this mixture, followed by centrifugation 
at 3000 rpm for 10 min. Subsequently, 2 ml of upper layer 
of mixture was added to 2.5 ml of distilled water and 0.5 
ml of 0.1% ferric chloride, and then incubated at ambient 
temperature for 10 min. The absorbance was measured at 
700 nm. Increase in absorbance reflects increased reducing 
power. 

In vitro Methods Employed in Anti-glycation 
Tudies

Inhibition of Alpha Amylase Wnzyme 
The CALP and standard drug Acarbose (100-500μg/ml) 
were added to 500 μl of 0.20 mM phosphate buffer (pH 
6.9) containing α-amylase (0.5mg/ml) solution and were 
incubated at 25°C for 10 min. After this, 500 μl of a 1% 
starch solution in 0.02 M sodium phosphate buffer (pH 6.9) 
was added to each tube. The reaction mixtures were then 
incubated at 25°C for 10 min. The reaction was stopped with 
1.0 ml of 3, 5 dinitrosalicylic acid colour reagent. The test 
tubes were then incubated in a boiling water bath for 5 min, 
cooled to room temperature. The reaction mixture was then 
diluted after adding 10 ml distilled water and absorbance was 
measured at 540 nm. Control represent 100% enzyme activity 
and were conducted in similar way by replacing extract with 
vehicle.30-32 

Inhibition of Alpha Glucosidase Enzyme 
The inhibitory activity was determined in a dose dependent 
manner along with standard drug Acarbose (100 to 500ug) 
by incubating a solution of starch substrate (2% w/v 
maltose or sucrose) 1ml with 0.2 M Tris buffer (pH 8.0) 
and various concentration of CALP for 5 min at 37°C. 
The reaction was initiated by adding 1ml of α-glucosidase 
enzyme (1U/ml) to it followed by incubation for 10 min 
at 37°C. Then, the reaction mixture was heated for 2 min 
in boiling water bath to stop the reaction. The amount 
of liberated glucose is measured by glucose oxidase 
peroxidase method.33-35 

Glucose Uptake in Yeast Cells 
Yeast cells were prepared according to the method of Gupta 
et al., 2013 with minor modifications. Yeast cells briefly, 
commercial baker’s yeast was washed in distilled water by 
repeated centrifugation till the supernatant clear and a 10% 
(v/v) suspension was prepared in distilled water. Various 
concentrations of CALP (10–50 µg) were added to 1mL of 
glucose solution (5, 10 and 25 mM) and incubated together 
for 10 min at 37°C. Reaction was started by adding 100 μl of 
yeast suspension, vortexed and further incubated at 37°C for 
60 min. After 60 min, the tubes were centrifuged and glucose 
was estimated in the supernatant. Metformin was taken as 
standard drug. The percentage increase in glucose uptake by 
yeast cells was calculated. All the tests were performed in 
triplicate.36-38
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Statistical Analysis
All data are expressed as mean ± standard deviation of triplet 
(n=3). The significance of the experimental observation was 
checked by student’s t-test and P < 0.05 was considered as 
statistically significant when compared to relevant controls.

Table 1: % Inhibition iron chelating activity of Coleus 
aromaticus protein and standards

Concentration 
(μg/ml)

% Inhibition of Iron Chelating 
Activity

EDTA
Coleus aromaticus 

Protein
20 15.73 ± 0.54 5.237 ± 0.986
40 39.39 ± 

0.497
18.02 ± 3.041

60 49.68 ± 
1.194

38.74 ± 0.551

80 71.6 ± 0.231 50.54 ± 1.067
100 90.26 ± 

0.931
62.01±0.422

120 89.34 ± 
0.435

61.12±0.243

All data are expressed as mean ± standard deviation of 
triplet (n=3).

 The Coleus aromaticus protein shows maximum reduction 
potential is 0.456±0.029 compared to standard ascorbic acid 
is 0.882±0.001 at 700nm shown in Table 2. High absorbance 
reflects more reducing ability of the samples. The extract 
showed good reducing power ability in a concentration 
dependent manner, which was comparable to that of ascorbic 
acid. Reducing power of the extracts increases with the 
increase in concentration.

 The dose-dependent in vitro α-amylase inhibitory activity 
of CALP was done as explained in methods. It was found 
that, there is increase in percentage inhibitory activity with 
the increase in dosage against α-amylase enzyme. As a 
standard drug, Acarbose was used with similar dosage to 
compare inhibitory capacity of CALP. 

 Fig. 1 showed that, the % inhibitory activity of CALP ranges 
a minimum of 34.21±0.12 (at 100μg/ml) to a maximum of 
69.13±0.23 (at 500μg/ml) where as the standard drug Acarbose 
showed % inhibitory activity ranges from 25.14±0.11 (at 
100μg/ml) to a maximum of 62.12 (at 500μg/ml). 

Fig.1: α-amylase inhibitory activity by CALP

Fig. 2: The in vitro alpha-glucosidase inhibitory activity of 
CALP

Results
Iron chelating ability of crude protein of Coleus aromaticus 
at different concentrations was determined and result showed 
(Table 1). The color complex formed by the interaction of 
potassium ferricyanide with ferrous ions is decreased by the 
action of metal chelator compounds that exist in the reaction 
mixtures. In this study, the Coleus aromaticus protein shows 
maximum chelating activity of 62.01±0.422 significantly, 
when compared to standard chelator of EDTA is 90.26 ± 0.931, 
indicates strong the ferrous ion binding strength at 700nm. 

Table 2: Ferric ion reducing activity of Coleus aromaticus 
Protein & standards 

Concentration 
(μg/ml)

Absorbance at 700nm

Ascorbic 
acid 

Coleus aromaticus 
Protein

20 0.601 ± 0.008 0.028 ± 0.002

40 0.746 ± 0.048 0.134 ± 0.011

60 0.834 ± 0.046 0.201 ± 0.011

80 0.837 ± 0.016 0.313 ± 0.015

100 0.882 ± 0.001 0.456 ± 0.029

120 0.853 ± 0.023 0.412 ± 0.031

All data are expressed as mean ± standard deviation of 
triplet (n = 3).
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The invitro α-glucosidase inhibitory activity of CALP was 
studied as explained in methods. It was found that, there is 
increase in percentage inhibitory activity with the increase in 
dosage against α-glucosidase. As a standard drug, Acarbose 
was used with similar dosage to compare inhibitory capacity 
of the Coleus aromaticus Protein. Fig. 2 showed that, the % 
inhibitory activity of CALP ranges a minimum of 33.13±0.22 
(at 100μg/ml) to a maximum of 70.31±0.21 (at 500μg/ml) 
where as the standard drug Acarbose showed % inhibitory 
activity ranges from 25.11±0.13 (at 100μg/ml) to a maximum 
of 63.21 (at 500μg/ml). 

 The rate of glucose transport across cell membrane 
in yeast cells system is as presented in Fig. 3. In Yeast 
(Saccharomyces cerevisiae) glucose transport takes place via 
diffusion. Diabetes like type -II is described as the deficiency 
of insulin resulting in increased amount of glucose in blood. 
After the treatment of the yeast cells with these CALP in a 
dose dependent manner, the glucose uptake was found to 
increase. The % increase in glucose uptake by the yeast cell 
at different glucose concentrations i.e. 25mM, 10mM and 
5mM respectively. The CALP exhibited significant activity at 
all glucose concentrations in comparison with standard drug 
Metformin.

Discussion
Natural antioxidants are alternative to synthetic antioxidants 
in counteracting oxidative stress associated diseases. The 
antioxidant activity is demonstrated in various in vitro 
methods. In this study, CALP at different concentrations was 
assessed for their ferrous ion chelating and ferric ion reducing 
activity in an in vitro model.30

Chelating activity of Coleus aromaticus protein at different 
concentrations are determined by the color complex formed 
by the interaction of potassium ferricyanide with ferrous ions 
concentrations is decreased by the action of metal chelator 
compounds that exist in the reaction mixtures. In the present 
study, the Coleus aromaticus protein shows chelating activity 
is 62.01±0.938 significantly, when compare to standard 
chelator of EDTA is 90.26 ± 0.938, indicates strong the 
ferrous ion W strength at 700nm. 

Fig. 3: Glucose uptake in yeast cells by CALP

Iron is required for oxygen transport and activity of 
many enzymes. Reducing property is based on the ability 
of extract to reduce concentration of ferric ions to ferrous 
ions. The compounds with antioxidant capacity react with 
potassium ferricyanide to form potassium ferrocyanide, 
which then reacts with ferric chloride, to form ferric-
ferrous complex. In this study, reducing property of Coleus 
aromaticus protein was significant when compared with 
ascorbic acid as standard. 

Therefore, search for antiglycative and antioxidant agents 
from various plant sources is gaining lot of importance. There 
are several reports, which mentions about the identification of 
antiglycative and antioxidant agents from different medicinal 
plant species. Bains Y and Gugliucci A, 2017, reported that, 
presence of chlorogenic acid, caffeic acid in the mate tea 
(Ilex paraguaiensis) are responsible for the anti-glycation 
effect,39 and Adel Yarizade et,al 2017, reported that, leaves 
of Custard apple leaves showing promising antiglycation 
and antioxidant properties.40 In the present study the protein 
of Coleus aromaticus leaves when compared with standard 
drugs Acarbose and Metformin, showed significant anti-
glycation activity.

Conclusion
The Coleus aromaticus leaves protein has shown a significant 
iron chelating ability, reducing property and anti-glycation 
activity. The Coleus aromaticus protein might contribute a 
certain level of health protection against oxidative damages. 
There are very limited in vivo studies reporting therapeutic 
potentials, which needs to be taken to further heights.

Conflict of Interest: None.
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