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A B S T R A C T

Homalium zeylanicum (Gardner) Benth. (Flacourtiaceae) is a medicinal plant useful in controlling rheumatism,
inflammation and diabetes. The objective of this work evaluates in vitro antioxidant, antidiabetic, and antiin-
flammatory properties of hydroalcohol extract of bark of H. zeylanicum (HAHZ). It also describes isolation and
structure determination of lucidenic acid A, which is the first report in this plant. In order to explain the role of
antioxidant principles, DPPH, nitric oxide, hydroxyl, superoxide and metal chelating assays were performed.
Antidiabetic and anti-inflammatory activities were investigated by quantifying α-amylase, α-glucosidase and
protein denaturation inhibitory activities of HAHZ. Biochemical estimations were performed. The chemical
structure of the triterpenoid was elucidated using 1H, 13C NMR and high resolution-MS. IC50 of DPPH, nitric
oxide, hydroxyl, superoxide and metal chelating activities were of 36.23 ± 0.27, 40.11 ± 0.32,
35.23 ± 0.57, 43.34 ± 0.22 and 11.54 ± 0.08 μg/mL, respectively. IC50 of α-amylase and α-glucosidase
activities were 29.12 ± 0.54, and 18.55 ± 0.15 μg/mL. Total phenolic and total flavonoid contents were re-
corded at 233.65 mg/g GAE and 172.7 mg/g QE. Regarding kinetic behaviour, HAHZ showed competitive in-
hibition on α-glucosidase and mixed competitive inhibition on α-amylase. Lucidenic acid A was confirmed by
spectroscopic studies. Anti-inflammatory activity of lucidenic acid A was determined by using protein dena-
turation assay with IC50 13 μg/mL but HAHZ showed 30.34 ± 0.13 μg/mL. Phenols and flavonoids could be
attributed to inhibition of intestinal carbohydrases for anti-diabetic activities whereas triterpenoids could be
responsible for anti-inflammatory activity of H. zeylanicum.

1. Introduction

Oxidative stress is the major cause of a number of chronic diseases
such as diabetes, rheumatic arthritis, cancer, atherosclerosis, hemato-
logical and neurodegenerative disorders. Generation of free radicals
due to oxidative stress factors associated with inflammation and other
diseases became major health issues in recent years. The oxi-flamma-
tion effect is induced by oxidative stress factors which may affect var-
ious organ systems, and progression of insulin-resistance in the body.
Increased inflammation, oxidative stress, dyslipidemia, and glucotoxi-
city are interlinked with each other which may cause an extra demand
on β-cells to stimulate insulin. In this process β-cells are no longer able
to meet the over increasing demand of insulin, resulting in the

development of frank diabetes and may contributes to several diabetes-
associated complications like cardiovascular diseases, nephropathy,
neuropathy, retinopathy, urological diseases, and cancer [1,2]. India
stands first in the whole world, having the highest number of diabetes
patients and this disorder is increasing very fast across the globe. The
global incidence stress induced diabetes for all age groups would reach
to 4.4% in 2030 CE [3]. Within few decades; it will become one of the
world’s commonest forms of disease. As per ethnobotanical reports,
more than 800 plant species having antidiabetic and antioxidant ac-
tivities are found in literature. This protective roles can be mainly at-
tributed to the presence of secondary metabolites, which are defined as
bioactive phenols, flavoniods and alkaloids in fruits, vegetables, grains,
and other parts of plants [4,5]. Various pharmacological approaches
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have been introduced in diabetes treatment. These treatments include
different modes of action of herbal drugs including stimulation of in-
sulin release, inhibition of gluconeogenesis, increasing the number of
glucose transporters and reduction of glucose absorption from the in-
testine [6]. One of the beneficial therapies is to impair the glucose
absorption by the inhibition of carbohydrate hydrolyzing enzymes such
as α-amylase and α-glucosidase in the digestive organs.

Homalium zeylanicum (Gardner) Benth. (Flacourtiaceae), commonly
known as ‘Kalladamba', is distributed in Western Ghats, Andhra
Pradesh, Tamil Nadu, and Kerala of India. Ethnobotanically, H. zeyla-
nicum is used in many ailments such as diabetes, rheumatism, and
wound healing activities [7,8]. Our earlier report on antioxidant ac-
tivities of Indian species of Homalium established that the ethyl acetate
extract of leaves and bark of H. nepalense, H. tomentosum and H. zey-
lanicum were found to be better active than other successive extracts
[9]. This work is presented here to establish further the antioxidant,
anti-diabetic, and anti-inflammatory activity of hydroalcohol extract of
H. zeylanicum. The kinetic behaviour of H. zeylanicum on α-glucosidase
and α-amylase were performed while evaluating the antidiabetic
properties of this plant. The current investigation reported first the
presence of a triterpenoid lucidenic acid A in the bark of H. zeylanicum.

2. Materials and methods

2.1. General

1H spectra was measured on high resolution 700 MHz NMR
Spectroscopy (Agilent DD2700 MHz NMR), 13C NMR was measured on
Bruker AvIII HD–300 MHz FT NMR with low and high temperature
facility −90 °C to 80 °C in CDCl3, with tetramethylsilane (TMS) as an
internal standard. Mass spectra data was recorded on a JMS-T100L;
AccuTOF Mass spectrometer. FT-IR was recorded on Agilent Cary 630.
All the spectroscopic analysis of compound 1 had done at Central Drug
Research Institute (CDRI), Lucknow, India. Column chromatography
was performed by using a glass column (Borosil, 500 × 18 mm) and it
was filled with silica gel (100–200 mesh, Himedia, India). TLC was
performed using silica gel 60 F254 (Merck, India) precoated plates and
detection was visualized at 254 nm and 365 nm UV. Other chemicals
and reagents used in the study were of analytical grades and procured
from Himedia, India, Sigma-Aldrich, India and SRL, India.

2.2. Plant collection and identification

Barks of Homalium zeylanicum were collected from Tirumala Hills,
Chittoor District, Andhra Pradesh, India. The plant was botanically
identified by Dr. P.C. Panda, Principal Scientist, Regional Plant
Resource Centre, Bhubaneswar, Odisha. Voucher specimen was de-
posited in the herbarium of RPRC for future references (Voucher No.
7545/T).

2.3. Extraction and isolation

The dried powdered bark materials of H. zeylanicum (1 kg) were
extracted with 70% hydro-alcoholic (HAHZ) (3 L × 4) by cold ma-
ceration. HAHZ was concentrated (9.6%; w/w) and preliminary phy-
tochemical investigation was carried out for HAHZ in order to assess
the presence of different phytochemicals [10]. HAHZ (20 g) was chro-
matographed on a column eluted successively with stepwise gradients
of hexane (100%), followed by hexane:chloroform in the proportion of
99:1, 98:2 and continued upto 0:100 with chloroform. Then the elution
was followed by chloroform:methanol in the proportion of 99:1, 98:2,
97:3 and continued to 90:10. Around 415 fractions were collected with
each fraction collection capacity was of 15 mL and accordingly similar
fractions were re-pooled into a single fraction by TLC profiling with
same Rf values. Each fraction was tested by following in vitro anti-in-
flammatory protein denaturation activity study by using multimode

microplate reader (Synergy H1 M, BioTEK, USA). It was found that the
fraction no. 106–113 with the eluent of hexane:chloroform (66:34%),
were shown better activities than other fractions. Further purification
of the fraction no. 106–113 was done by washing number times with
methanol and a powdered isolated pure compound 1 was obtained
(6.7 mg; with respect to HAHZ of 0.0022%). Purification was further
cross checked by performing TLC with hexane:chloroform (1:1, v/v; Rf

0.20).

2.4. Estimation of total phenolic contents (TPC)

TPC of HAHZ was determined by using the Folin-Ciocalteu reagent
[11]. About 10 μL of 1 mg/mL HAHZ, 450 μL of distilled water and
2.5 mL of 0.2 N Folin-Ciocalteu reagents was added. After 5 min, 2 mL
of 10% sodium carbonate was added. The absorbance of the resulting
blue-colored solution was measured at 765 nm after incubation at 37 °C
for 30 min by using a multimode micro plate reader (SynergyH1MF,
BioTek, USA). Gallic acid was used as a reference drug and phenolic
content was expressed as mg/g gallic acid equivalents (GAE) per gram
of dried extract (mg GAeqv/g).

2.5. Estimation of total flavonoid contents (TFC)

TFC of HAHZ was assayed according to standard protocol with a
slight modification to it [11]. About 500 μL of 1 mg/mL HAHZ was
mixed with 1.5 mL of 95% ethanol, 0.1 mL of 10% aluminium chloride
hexahydrate, 0.1 mL of 1 M potassium acetate and 2.8 mL of deionized
water. After incubation at room temperature for 30 min, the absorbance
of the reaction mixture was measured at 415 nm by using a multimode
micro plate reader (SynergyH1MF, BioTek, USA). Quercetin was used
as reference drug and the results were expressed as mg/g Quercetin
equivalents (mg Queqv/g).

2.6. DPPH free radical scavenging assay of H. zeylanicum

The scavenging activity of HAHZ on the stable free radical DPPH
was assayed using the modified protocol in which the bleaching rate of
DPPH was monitored at a characteristic wavelength in the presence of
the sample [12]. Stock solution of 1 mg/mL was prepared in methanol.
Various concentrations (10–100 μg/mL) of HAHZ were mixed with
0.1 mL of a 0.15% DPPH solution in methanol. The mixture was kept
for 30 min in the darkness, and then the absorbance was read at 517 nm
(SynergyH1MF, BioTek, USA).% of decrease in DPPH absorbance was
calculated by measuring the absorbance of the sample by applying the
following equation:

Inhibition (%) = (AControl-ASample/AControl) X 100

Different concentrations of ascorbic acid as a reference drug were
used as positive controls.

2.7. Nitric oxide (NO) free radical scavenging activity of H. zeylanicum

The reaction mixture (3 mL) containing sodium nitroprusside
(10 mM) in phosphate buffer saline (PBS) and different concentrations
of HAHZ (10–100 μg/mL) were incubated at 25 °C for 150 min. Then
1 mL of Griess reagent (1% sulphanilamide, 2% H3PO4 and 0.1%
naphthyl ethylene diaminedihydrochloride) was added. The absorbance
of the chromophore formed was measured at 546 nm (SynergyH1MF,
BioTek, USA).% of inhibition of nitric oxide generated was measured by
comparing the absorbance values of control and test compounds,
whereas quercetin was taken as reference drug. The procedure followed
here was the modified [13].

Inhibition (%) = (AControl-ASample/AControl) X 100
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2.8. Hydroxyl (OH) free radical scavenging activity of H. zeylanicum

The scavenging activity of HAHZ on hydroxyl radical was measured
according to the method of Klein et al. [14]. Different concentrations of
HAHZ (1 mL) were added with 1 mL of iron-EDTA solution (200 μM
ferrous ammonium sulfate and 1 mM EDTA), 100 μL of hydrogen per-
oxide (1 mM), 360 μL of deoxyribose (28 mM) in 50 mM sodium
phosphate buffer, pH 7.4). The reaction was initiated by adding 100 μL
of ascorbic acid (0.22%) and incubated at 80–90 °C for 15 min in a
water bath. After incubation the reaction was terminated by the addi-
tion of 1 mL of ice-cold TCA (10% w/v). 3 mL of Nash reagent (75 g of
ammonium acetate, 3 mL of glacial acetic acid, and 2 mL of acetyl
acetone were mixed and raised to 1 L with distilled water) was added,
and left at room temperature for 15 min. The reaction mixture without
sample was used as control. The intensity of the color formed was
measured with spectrophotometer at 412 nm against reagent blank
(SynergyH1MF, BioTek, USA). Ascorbic acid was served as a control.

Inhibition (%) = (AControl-ASample/AControl) X 100

2.9. Superoxide anion (SOD) free radical scavenging activity of H.
zeylanicum

Measurement of SOD anion scavenging activity of different HAHZ
was performed by following the protocol described by Yen and Chen
[15]. About 1 mL of nitroblue tetrazolium (NBT) solution (156 μM NBT
in 100 mM phosphate buffer, pH 7.4), 1 mL NADH solution (468 μM in
100 mM phosphate buffer, pH 7.4) and 0.1 mL of HAHZ in methanol
were mixed. The reaction started by adding 100 μL of phenazine
methosulphate (PMS) solution (60 μM PMS in 100 mM phosphate
buffer, pH 7.4) to the mixture. The reaction mixture was incubated at
25 °C for 5 min and the absorbance at 560 nm was measured against
blank samples (SynergyH1MF, BioTek, USA). Decreased absorbance of
the reaction mixture indicated increased SOD anion scavenging ac-
tivity.% of inhibition was calculated by considering quercetin as a re-
ference drug.

Inhibition (%) = (AControl-ASample/AControl) X 100

2.10. Metal chelating activity of H. zeylanicum

The chelation of ferrous ions by HAHZ was performed according to
the method developed by Dinis et al. [16]. Briefly, 50 μL of 2 mM FeCl2
was added to 1 mL of different concentrations of HAHZ (10–100 μg/
mL). The reaction was initiated by the addition of 0.2 mL of 5 mM
ferrozine solution. The mixture was vigorously shaken and left to stand
at room temperature for 10 min. The absorbance of the solution was
thereafter measured at 562 nm (SynergyH1MF, BioTek, USA).% of in-
hibition of ferrozine-Fe2+ complex formation was calculated by fol-
lowing the above equation. EDTA was used as positive control.

Inhibition (%) = (AControl-ASample/AControl) X 100

2.11. Antidiabetic study of H. zeylanicum

2.11.1. α-glucosidase inhibition study of H. zeylanicum
The procedure was followed according to the method of with slight

modifications of the previous protocol [17]. α-glucosidase type I (1 U/
mL) (20 μL) was premixed with HAHZ/acarbose at varying concentra-
tions made up in 50 mM phosphate buffer at pH 6.8 and incubated for
5 min at 37 °C. 1 mM pNPG (20 μL) in 50 mM of phosphate buffer was
added to initiate the reaction, and the mixture was further incubated at
37 °C for 20 min. The reaction was terminated by the addition of 50 μL
of 1 M Na2CO3, and the final volume was made up to 150 μL. α-glu-
cosidase activity was determined spectrophotometrically at 405 nm

(SynergyH1MF, BioTek, USA) by measuring the quantity of p-ni-
trophenol released from pNPG. The assay was performed in triplicate.
IC50 value of HAHZ was calculated by following the above equation.
Acarbose was used as positive control.

Inhibition (%) = (AControl-ASample/AControl) X 100

2.11.2. Mode of α-glucosidase inhibition by H. zeylanicum
The mode of inhibition of α-glucosidase by HAHZ was determined

according to the modified method of Ali et al. [18], by means of sub-
strate concentration at 1/2 Vmax of v and HAHZ concentration and
Lineweaver-Burk plot over pNPG. Briefly, 50 μL of HAHZ (500 μg/mL)
was preincubated with 100 μL of α-glucosidase solution (1 U/mL) for
10 min at 25 °C in one set of tubes. In another set of tubes α-glucosidase
was preincubated with 50 μL of phosphate buffer (pH 6.9). 50 μL of
pNPG at increasing concentrations in the range of 10–50 mM (1/
pNPG = 0.1-0.5 mM−1), was added to both sets of reaction mixtures to
start the reaction. The mixture was then incubated for 10 min at 25 °C,
and 500 μL of Na2CO3 was added to stop the reaction. The amount of
reducing sugars released was determined spectrophotometrically by
using acarbose standard curve and converted to reaction velocities. A
double reciprocal (Lineweaver-Burk) plot (1/v versus 1/[S]) where v is
reaction velocity and [S] is substrate pNPG concentration was plotted to
determine the mode of inhibition. All graphs were plotted by Microsoft
Excel [19].

2.11.3. α-amylase inhibition study of H. zeylanicum
Porcine pancreatic α-amylase inhibition referred to the method of

Kwon et al. [20]. A total of 200 μL of sample solution and 500 μL of
0.02 M sodium phosphate buffer (pH 6.9 with 0.006 M NaCl) con-
taining α-amylase solution (0.5 mg/mL) were incubated at 25 °C for
10 min. After pre-incubation, 500 μL of a 1% starch solution in 0.02 M
sodium phosphate buffer was added. The reaction mixture was then
incubated at 25 °C for 10 min. The reaction was stopped with 1 mL of
dinitrosalicylic (DNS) acid, color reagent. The reaction mixture was
then incubated in a boiling water bath for 5 min, and cooled to room
temperature. The reaction mixture was then diluted after adding 10 mL
of water, and absorbance was measured at 540 nm (SynergyH1MF,
BioTek, USA). Acarbose was used as positive control.

Inhibition (%) = (AControl-ASample/AControl) X 100

2.11.4. Mode of α-amylase inhibition by H. zeylanicum
The mode of inhibition of α-amylase by HAHZ was determined

using the bark extract with the lowest IC50 according to the modified
method [18] by means of substrate concentration at 1/2 Vmax of v and
HAHZ concentration and Lineweaver-Burk plot over starch. Briefly,
250 μL of the (100 μg/mL) HAHZ was preincubated with 250 μL of α-
amylase solution (1 U/mL) for 10 min at 25 °C in one set of tubes. In
another set of tubes α-amylase was preincubated with 250 μL of
phosphate buffer (pH 6.9). 250 μL of starch at increasing concentrations
in the range of 10–50 mM (1/starch = 0.1-0.5 mM−1), was added to
both sets of reaction mixtures to start the reaction. The mixture was
then incubated for 10 min at 25 °C, and 500 μL of DNS was added to
stop the reaction. The amount of reducing sugars released was de-
termined spectrophotometrically using acarbose standard curve and
converted to reaction velocities. A double reciprocal (Lineweaver-Burk)
plot (1/v versus 1/[S]) where v is reaction velocity and [S] is substrate
starch concentration was plotted to determine the mode of inhibition.
All graphs were plotted by Microsoft Excel [19].

2.12. Protein denaturation study of H. zeylanicum

The reaction mixture (5 mL) consisted of 0.2 mL of egg albumin
(from fresh hen’s egg), 2.8 mL of phosphate buffered saline (pH 6.4)
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and 2 mL of varying concentrations of HAHZ. Similar volume of double-
distilled water served as control. Then the mixtures were incubated at
37 ± 2 °C for 15 min and then heated at 70 °C for 5 min after vigorous
shaking. After cooling, the absorbance was measured at 660 nm
(SynergyH1MF, BioTek, USA). Diclofenac sodium was used as reference
drug [21].% of inhibition of protein denaturation was calculated by
using the formula as above. The extract/drug concentration for 50%
inhibition (IC50) was determined from the dose response curve by
plotting% of inhibition with respect to control against treatment con-
centration.

2.13. Statistical analysis

A minimum of three independent experiments were carried and the
results are presented as mean ± standard deviation by using SPSS,
Version 11. Calibration curves of the standards were considered as
linear if R2 > 0.99.

3. Results and discussions

3.1. Phytochemical analysis and biochemical estimation of H. zeylanicum

HAHZ showed the presence of phenols, flavonoids, tannins, sapo-
nins, steroids, and carbohydrates. Studies on polyphenols have shown a
wide range of antibacterial, antiviral, antiinflammatory, anticancer,
anti-allergic, and antidiabetic activities [6,22]. HAHZ contains sub-
stantial polyphenols, and flavonoids. Biochemical analysis of HAHZ
were investigated and found to contain the higher level of TPC, TFC
content of 233.65 mg GAE/g and 172.7 mg Queqv/g, respectively.
Plant materials rich in phenolic and flavonoid compounds have potent
antioxidant activities and are thought to have positive effects on human
health [23]. Results suggested that TPC and TFC may be the major
contributors for the antioxidant activity of H. zeylanicum, and exhibited
significant correlation in the radical scavenger activities.

3.2. DPPH free radical scavenging assay of H. zeylanicum

When antioxidants react with DPPH, which is a stable free radical
becomes paired off in the presence of a hydrogen donor and is reduced
to the DPPHH and as a consequence, the absorbance decreases resulting
in decolorization (yellow color) with respect to the number of electrons
captured. HAHZ significantly and dose dependently reduced DPPH ra-
dical, and the IC50 was recorded at 36.23 ± 0.27 μg/mL and the result
was comparable with the reference drug ascorbic acid
(25.12 ± 0.07 μg/mL) (Table 1). Free radicals are known to play a
definite role in a wide variety of pathological manifestations [24]. In
the present study HAHZ showed significantly higher percentage of in-
hibition of DPPH and positively correlated with the higher amount of
phenols and flavonoids presence in the bark of HAHZ that are capable
of donating hydrogen to a free radical to scavenge the potential da-
mage.

3.3. Nitric oxide (NO) free radical scavenging activity of H. zeylanicum

The procedure is based on the principle that, sodium nitroprusside
in aqueous solution at physiological pH spontaneously generates nitric
oxide which interacts with oxygen to produce nitrite ions that can be
estimated using Griess reagent. Scavengers of nitric oxide compete with
oxygen, leading to reduced production of nitrite ions and other ROS like
NO2, N2O4 and peroxynitrite. Accumulation of large amounts of those
radicals may lead to tissue damage by causing oxidative damage to li-
pids, proteins, nucleic acids and carbohydrates [25,26]. HAHZ was a
good scavenger of nitric oxide as it acted against oxygen, leading to
reduced production of nitrite ions. Less the production of nitrite ions
less is the absorbance value. The IC50 value of HAHZ was found to be
40.11 ± 0.32 μg/mL and the result was comparable with the reference

drug quercetin (24.13 ± 0.11 μg/mL) (Table 1). The presence of
phenols and flavonoids in HAHZ were responsible for the scavenging
activity.

3.4. Hydroxyl (OH) free radical scavenging activity of H. zeylanicum

One of the most reactive oxygen radical is the OH radical as it can
destroy the bio-molecules in the body, such as protein and DNA, re-
sulting into mutagenesis, carcinogenesis and cytotoxicity [27]. Hy-
droxyl ions are generated from dihydrogen peroxide by Fenton reac-
tion; Fe2+ + H2O2, and produced Fe3+ + OH. + OH−. It is the iron-
salt-dependent degradation of dihydrogen peroxide, producing the
highly reactive OH radical. On addition of a reducing agent, biological
molecules get damaged [28]. In this study HAHZ showed appreciable
potential to scavenge OH radicals. IC50 was recorded at
35.23 ± 0.57 μg/mL, and was found comparable to ascorbic acid
(28.24 ± 0.17 μg/mL) (Table 1).

3.5. Superoxide (SOD) free radical scavenging activity of H. zeylanicum

SOD radical scavenging potential of HAHZ was determined and the
IC50 found at 43.34 ± 0.22 μg/mL (Table 1). The result was compar-
able with the reference drug quercetin (26.21 ± 0.13 μg/mL). Radical
scavenging activity was observed to be in increased fashion with the
increase in the concentration of HAHZ. In PMS/NADH-NBT system,
SOD anion is produced from dissolved oxygen in PMS/NADH coupling
reaction. This anion leads to the reduction of NBT. Consequently, SOD
anion in the reaction mixture gets consumed leading to the reduction in
absorbance. Based on earlier report, it may be inferred that the presence
of polyphenols was responsible for neutralizing the radicals generated
by SOD thus suggesting the antioxidant potential of H. zeylanicum [29].

3.6. Metal chelating activity of H. zeylanicum

There are certain antioxidants that do not convert free radicals to
more stable products but slow the rate of oxidation by several different
mechanisms. Chelation of pro-oxidant metals is one of such activities.
Iron and other transition metals (copper, chromium, cobalt, vanadium,
cadmium, arsenic, and nickel) promote oxidation by acting as catalysts
of free radical reactions. These redox-active transition metals transfer
single electrons during changes in oxidation states. Metal ion chelating

Table 1
In vitro antioxidant, anti-diabetic, and anti-inflammatory studies of hydroalcohol extract
of bark of Homalium zeylanicum and lucidenic acid A.

In vitro antioxidant studies (μg/mL)

In vitro assays HAHZ Standard

DPPH 36.23 ± 0.27 25.12 ± 0.07
NO 40.11 ± 0.32 24.13 ± 0.11
OH 35.23 ± 0.57 28.24 ± 0.17
SOD 43.34 ± 0.22 26.21 ± 0.13
Metal chelating 11.54 ± 0.08 12.27 ± 0.04
In vitro anti-diabetic studies (μg/mL)
α-amylase 29.12 ± 0.54 19.89 ± 0.21
α-glucosidase 18.55 ± 0.15 16.02 ± 0.24
In vitro anti-inflammatory study (μg/mL)
Protein Denaturation 30.34 ± 0.13 10.16 ± 0.12

13.56 ± 0.10 (Lucidenic acid A)

Standard drug ascorbic acid was considered for DPPH and, hydroxyl radical scavenging
assays. For nitric oxide, superoxide dismutase assays, quercetin was considered as a
standard drug. For metal chelating assay, EDTA was considered as a standard drug to
perform the assay. For anti-diabetic study, acarbose was considered as a standard drug for
both α-amylase and α-glucosidase assays. For protein denaturation anti-inflammatory
study, diclofenac sodium was considered as a standard drug to perform the assay. HAHZ
is the hydroalcohol extract of bark of H. zeylanicum. However, the isolated Lucidenic acid
A did not show in vitro antioxidant and anti-diabetic activities.
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capacity of HAHZ was significant since it reduces the concentration of
the transition metal that catalyzes lipid peroxidation [30]. Metal che-
lating activity of HAHZ recorded at 11.54 ± 0.08 μg/mL whereas
EDTA, the reference drug IC50 was recorded at 12.27 ± 0.04 μg/mL
(Table 1).

3.7. Inhibition and the mode inhibition of H. zeylanicum on α-glucosidase

α-glucosidase inhibitory activity of HAHZ was investigated by using
p-nitrophenyl-α-D-glucopyranoside (pNPG) as a substrate. Under spe-
cified conditions of pH 6.8 and at 7 °C, α-glucosidase catalyzes the
conversion of the substrate 4-nitrophenyl-α-D-glucopyranoside (pNPG)
to α-D-glucopyranoside and 4-nitrophenol. The yellow color developed
by the latter product is measured spectrophotometrically at 405 nm.
Our present study indicated the dose-dependent inhibitory activity of
HAHZ against α-glucosidase with the IC50 of 18.55 ± 0.15 μg/mL and
it showed remarkable inhibition on α-glucosidase suggesting the pre-
sence of potential enzyme inhibiting compound in the extract (Fig. 1).
As an inhibitor of α-glucosidase, HAHZ delays the breaking down of
carbohydrate in the small intestine and diminish the postprandial blood

glucose excursion in a person suffering from diabetes [19]. From the
kinetic study, it was found that HAHZ competitively inhibits α-gluco-
sidase. As a competitive inhibitor, HAHZ blocks small intestine brush
border enzymes which are necessary to hydrolyze oligo and poly-
saccharides to monosaccharide. Inhibition of this enzyme slows the
absorption of carbohydrates as a result the postprandial rise in plasma
glucose is blunted in both normal and diabetic subjects [31]. To find
this mechanism of inhibition, we have formulated double reciprocal
plot from the kinetics data by plotting the Lineweaver-Burk plot and the
result indicates the competitive mode of inhibition of HAHZ similar to
acarbose. In this study, we also found the inhibitory action of HAHZ on
α-glucosidase to be reversible as the enzyme activity which was re-
covered intact after dialysis as the process of dialysis cleared the in-
hibitors from the enzyme.

3.8. Inhibition and the mode inhibition of H. zeylanicum on α-amylase

α-amylase inhibitors prevent dietary starches from being digested
and absorbed by the body. This feature is useful for treating diabetes
mellitus. α-amylase inhibitors act as an anti-nutrient that obstruct the

Fig. 1. In vitro anti-diabetic activity of hydroalcohol extract of bark of Homalium zeylaicum (HAHZ). Reducing power was measured at different concentration of HAHZ (10–100 μg/mL)
for α-amylase and α-glucosidase assays. Acarbose was considered as control for both assays. Values were the mean of triplicate experiments for both α-amylase and α-glucosidase assays.
The result represents as mean ± SEM (n = 3). IC50 value of HAHZ was found to be significantly compared (p< 0.05) to the standard drug acarbose in one way ANOVA test. Student’s t-
test was performed to analyze this data set (SPSS, Version 11).

Fig. 2. In vitro anti-inflammatory activities of hydroalcohol extract of
bark of Homalium zeylaicum (HAHZ). The protein denaturation was
measured at different concentration of HAHZ (10–100 μg/mL) and
compound 1 (10–100 μg/mL). Diclofenac sodium was taken as stan-
dard for this assay. Values are the mean of triplicate experiments for
this assay and represented as mean ± SEM (n= 3). IC50 values of
two different groups as HAHZ and compound 1 were significantly
compared (p< 0.05) to diclofenac sodium standard group in one way
ANOVA test. Student’s t-test was performed to analyze this data set
(SPSS, Version 11).
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digestion and absorption of carbohydrates and potentially useful in
control of obesity and diabetes. Acarbose is complex oligosaccharides
that delay the digestion of carbohydrates. It inhibits the action of
pancreatic amylase in breakdown of starch [32]. Synthetic inhibitors
cause side effects such as abdominal pain, diarrhoea and soft faces in
the colon. Acarbose serves as a reference drug for α-amylase inhibitor
assay. As can be seen in Fig. 1 and Table 1, acarbose at a concentration
of (10–100 μg/mL) showed α-amylase inhibitory activity at
19.89 ± 0.21 μg/mL whereas the IC50 value of HAHZ was recorded at
29.12 ± 0.54 μg/mL. The mode of inhibitions by HAHZ on carbohy-
drate digesting enzymes as α-amylase as shown in Fig. 3. The mode of
inhibition activities were determined by analysis of the double re-
ciprocal (Lineweaver-Burk) plot. The graph depict that HAHZ displayed
a mixed competitive inhibition of α-amylase activity (Fig. 3). This
suggests that the active component of the HAHZ binds to a site other
than the active site of the enzyme and thereby preventing the breaking
down of oligosaccharides to disaccharides. This result is in agreement
with previous reports which indicated that excessive inhibition of
pancreatic α-amylase could result in the abnormal bacterial

fermentation of undigested carbohydrates in the colon and therefore
mild α-amylase inhibition activity is desirable [33]. Lineweaver-Burk
plot also showed that HAHZ inhibits α-amylase mixed competitively.
This suggests that the active components in the extract compete with
the substrate for binding to the active sites of the enzyme there by
preventing the breaking down of oligosaccharides to disaccharides
[34].

3.9. In vitro anti-inflammatory activity study of H. zeylanicum

Denaturation of proteins is a well documented cause of inflamma-
tion in conditions like rheumatoid arthritis. The protection against
protein denaturation was the main mechanism of action of NSAIDs
before the discovery of their inhibitory effect on cyclooxygenase, may
play an important role in the anti-rheumatic activity of NSAIDs [35].
HAHZ produces a significant anti-inflammatory activity in dose de-
pendent manner by inhibiting the protein denaturation at
30.34 ± 0.13 μg/mL (Fig. 2). For this assay diclofenac sodium was
considered as a reference drug (IC50 10.16 ± 0.12 μg/mL). Further the
isolated compound 1 was evaluated for protein denaturation study by
following the above procedure and found that the drug has shown a
better inhibitor of protein denaturation at concentration of
13.56 ± 0.10 μg/mL and was comparable with the reference drug
(Table 1).

3.10. Compound-1

Lucidenic acid A (1); 7β-hydroxy, 4,4,14 trimethyl-3,11,15-tri-ox-
ochol-8-en-24-oic acid was obtained as a white powder, and passed the
terpenoid chemical test. Melting point was recorded at 284–285 °C, and
further the purity of the compound 1 was confirmed by TLC (Rf 0.20;
hexane:chloroform; 1:1 at 254 and 366 nm) as shown in Fig. 4 along
with the fingerprint of HAHZ (chloroform:ethylacetate:formic acid;
4:5:1 at 254 nm). The UV spectrum with absorption maxima was re-
corded (EtOH) λmax at 233 nm, 254 nm and indicated the presence of
hetero annular diene in compound 1 (Fig. 5).

The IR spectrum of compound 1 revealed absorption bands for hy-
droxyl (3391 cm−1), α,β-unsaturated carbonyl (1624 cm−1), CeOeH
stretching (1401 cm−1), C]C stretching (1450 cm−1) and CeO
stretching (1066 cm−1) functionalities.

The proton nuclear magnetic resonance (1H NMR) spectrum of
compound 1 analyzed by the aid of 1H–1H shift correlated spectroscopy
(COSY) and 1H-detected multiple quantum coherence spectroscopy
(HMQC) experiments showed signals for six methyls of δ 0.67–1.12

Fig. 3. Lineweaver-Burk plots of α-amylase and α-glucosidase (Vmax of 0.55 approx.) and (Vmax of 0.45 approx.) activities over a range of substrate concentrations (10–50 mM) in the
absence (Control) or presence of hydroalcohol extract of bark of Homalium zeylaicum (HAHZ). The graph depicts competitive (reversible) mode of inhibition of α-glucosidase and mixed
competitive mode of inhibition of α-amylase.

Fig. 4. Fingerprint and standardisation of HAHZ. Slide A: Fingerprint of HAHZ at two
different concentrations (chloroform:ethylacetate:formic acid; 4:5:1) at 254 nm Slide B:
Standardisation of compound 1 with HAHZ (chloroform:hexane; 1:1; Rf = 0.2) at 254 nm
Slide C: Standardisation of compound 1 with HAHZ (chloroform:hexane; 1:1; Rf = 0.2) at
365 nm. HAHZ is the hydroalcohol extract of bark of Homalium zeylaicum.
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(including one vinyl methyl at δ 1.70), a methine proton at δ 3.19 (dd, J
10.2 and, 4.4 Hz), and three olefinic protons at δ 4.73 (d, J 8.3 Hz), δ
4.735 (br s) and δ 4.6 (br s, J 9.1, 4.2 Hz). In addition, a singlet at δ 7.26
for a COOH proton was also observed (Table 2).

The carbon-13 nuclear magnetic resonance (13C NMR) spectrum
demonstrated signals characteristic for six methyls, seven olefinic car-
bons, a hydroxyl-bearing methine carbon and showed 26 carbon atoms.
It showed the presence of hydroxyl at C7 position (δ 65.5), carbonyl
group of C15, C3 and C11 positions recorded at δ 215.6, 213.6 and
196.7 respectively. The presence of carbonyl group on COOH at C24
position (δ 181.6). The signal at δ 156.8 and 140.2 indicated the pre-
sence of α, β-unsaturated carbonyl group at C8 and C9 position
(Table 1).

From the mass spectral analysis of 1, molecular formulae C27H38O6

by ESI–MS and was recorded at 458.59 (M+). The intensities of ion
peaks were observed at 457 [M-H, 20%], 439 [M-H2O; 100%], 424 [M-

CH3; 15%], 395 [M-H2O-CO2; 43%]. Above spectral data analysis and
previous literature could confirm that the compound 1 was lucidenic
acid A [36,37].

4. Conclusion

The results of our current investigation support the potential role of
H. zeylanicum as an antioxidant, anti-diabetic and anti-inflammatory
agent. Our approach was to perform some assays regarding reactive
species and enzymes with their biological significance (e.g., DPPH,
superoxide dismutase, nitric oxide, hydroxyl and metal chelating ac-
tivities) and the studies revealed that H. zeylanicum had high anti-
oxidant activity in all assays with lower IC50 values. We further in-
vestigated the anti-diabetic and anti-inflammatory activities and based
on the significant enzymes inhibition of α-amylase and α-glucosidase
and denaturation of proteins studies, it may be inferred that the bark of
H. zeylanicum may be the best sources of anti-diabetic and anti-in-
flammatory agent. Lucidenic acid A reported first time in the bark of
this plant and produces a significant anti-inflammatory activities in a
dose dependent manner. Other specific compounds responsible for
biological activities need to be explored and further investigations for
the most active compounds will be done in the near future.
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