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a b s t r a c t

Hypertension is a becoming a major threat to the world. Angiotensin converting enzyme (ACE) is a key
part in the renin angiotensin aldosterone system (RAAS) which control blood pressure. Over expression
of RAAS is related with vascular hypertension, ACE inhibition has turned into a noteworthy target for
controlling hypertension. In the search of lead molecules from plant origin as a substitute for toxic
synthetic drugs, 25 Indian medicinal plants and foods were screened for their ACE inhibitory activity. IC50

(50% inhibition of ACE) values of hydroalcoholic crude extracts and fraction were determined by a
colorimetric method. Active fractions were further screened to determine the enzyme kinetics, mode,
specificity and mechanism of inhibition. Standardization was done by determining total phenolics and
flavonoids as gallic acid and quercetin equivalents/mg of extract respectively. Among 25 crude extracts,
Cynara scolymus extract showed the best activity, IC50 value 356.62 mg/mL. ACE inhibition resulting from
protein precipitation was highest in Coscinium fenestratum. Lineweaver-Burk plots revealed a competitive
mode of inhibition for Punica granatum ethyl acetate fraction. Fractions of Cassia occidentalis, Cynara
scolymus and Embelia ribes were found to be non-specific inhibitors of ACE. Embelia ribes, Cassia occi-
dentalis and Coscinium fenestratum fractions inhibited the ACE by Zn2þ ion chelation. Research revealed
the potential of tested plants fractions as ACE inhibitors along with their inhibition kinetics and
mechanism of inhibition. These active plant fractions might find importance in the development of
potential antihypertensive agents after further investigations using preclinical and clinical trials.
© 2018 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Hypertension is a major risk factor for many cardiovascular
diseases such as arteriosclerosis, congestive heart failure, coronary
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heart disease, end-stage renal diseases, myocardial infarction, and
stroke.1 In the year 2000, about 26.4% of the world's population
suffered hypertension, and it is increasing at an alarming rate with
a prediction of 60% in 2025.2 Blood pressure is regulated by
different biochemical pathways, one of the major components of
blood pressure regulation physiology is the renin-angiotensin
system (RAS). Angiotensin I (an inactive form of decapeptide) is
produced by catalytic cleavage by renin from angiotensinogen;
Angiotensin I is further cleaved to angiotensin II(octapeptide) by
angiotensin I converting enzyme (ACE), angiotensin II is a potent
vasoconstrictor and an inhibitor of the bradykinin, which is vaso-
dilator.3 Inhibition of RAS is the mechanism of ACE inhibitors and
they are the most commonly used classes of drugs for controlling
elevated blood pressure (BP). ACE inhibitor drugs prevent the for-
mation of angiotensin-II which is responsible for constriction of
blood vessels and thereby lowers the blood pressure. By controlling
hypertension through ACE inhibitors, cardiovascular diseases such
as congestive heart failure,4 myocardial infarction,5 and diabetic
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Fig. 1. Gallic acid standard curve.
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nephropathy6 has been successfully controlled. Specific inhibitors
of ACE have been shown to be useful as antihypertensive drugs. ACE
inhibitors (viz., captopril, enalapril, fosinopril and ramipril)
currently available in the market for clinical use, exert the antihy-
pertensive effect by competitively binding to the active site of ACE.7

Use of ACE inhibitor is associated with many adverse effects
including bronchospasm and cough. ACE inhibitors are contra-
indicated in pregnancy.8,9 Foods and plants are the perfect sources
for exploring novel lead molecules for ACE inhibition. India being
rich in biological diversity often been referred to as the “Medicinal
Garden of the world’’. India is sitting on gold mine of well recorded
and traditionally well-practiced knowledge of herbal medicine.10

These herbs are used for variety of diseases including hyperten-
sion and many of them are unexplored for its phytopharmaco-
logical uses. Plant extracts and molecules isolated from them have
previously shown inhibitory effects on ACE.11,12 In the search for
lead molecules for hypertension from plant origin, in this research
article we have selected 25 plants for screening ACE inhibitory
activity on the basis of their traditional use as cardiotonics, di-
uretics or modern research exploring cardiovascular potential.11

The article aims toward identifying the potential plants and it
fractions as ACE inhibitors, investigating the kinetics of ACE inhi-
bition, thereby revealing the pharmacological mechanism of these
fractions.

2. Material and methods

2.1. Enzymes and chemical reagents

ACE from rabbit lung (9015-82-1), chymotrypsin (9004-07-3),
trypsin (9002-07-7), bovine serum albumin (BSA)(9048-46-8),
hippury-l-histidyl-l-leucine (HHL)(207386-83-2), hippuric acid
(HA)(495-69-2), Folin-Ciocalteu's phenol reagent (47641-100ML-
F), Trichloroacetic acid (TCA)(76-03-9), Gallic acid (149-91-7),
Quercetin (117-39-5), Aluminium chloride (7446-70-0), trifluoro-
acetic acid (TFA)(76-05-1), Pyridine (110-86-1), benzene sulphonyl
chloride (BSC)(98-09-9), BAPNA (a-N-benzoyl-DL-arginine-Pni-
troanilide HCl) (911-77-3), dimethyl sulphoxide (DMSO)(67-68-5),
Zinc chloride (ZnCl2)(7646-85-7) were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Ethyl acetate (EA), n-hexane, n-
butanol (n-BuOH), methanol(MeOH), ethanol (EtOH) and
dichloromethane (CH2Cl2) were purchased from S.D. Fine Chemical
Ltd., Mumbai, India. All other chemicals used were of analytical
grade.

2.2. Plant materials

Plant materials were collected from Whitestone Healthcare Pvt.
Ltd. Bhopal in central Indiawithin the duration of 12months during
2011e12. All Voucher specimens NIPPHYTO01-NIPPHYTO25 were
authenticated by Dr. Brijesh Sahoo of Botanical Survey of India,
Govt. of India, Ministry of Environment and Forests, India and Dr.
Bhasker Punjani, Professor in P.G., Botany Department, Science
college, Talod, Gujarat. All the voucher specimens (NIPPHYTO01-
NIPPHYTO25) are deposited at the Herbarium of Institute of Phar-
macy Nirma University of Science and Technology Ahmedabad for
further reference.

2.3. Extraction and fractionation

Plant materials were dried under shade for a week, segregated,
pulverized by a mechanical grinder and passed through a 40 mesh
sieve. Extraction was carried out using analytical grade solvents
obtained from S.D. Fine Chemical Ltd., Mumbai, India, for which
1 kg powder of each plant material was transferred into a container
and hydroalcoholic solvent was added, until the coarse particles of
the plantmaterial was completely soaked. The container was gently
shaken for 36 h at room temperature with intermittent shaking.
The extract obtained was filtered using Whatman filter paper and
the residue was again extracted with a fresh solvent for another
12 h. The extract was filtered and both the filtrates were pooled
together. The solvent was removed using Buchi type rotary evap-
orator and the extract was subjected to freeze drying in a lyophi-
lizer till dry powder was obtained for further use. As the plants and
their parts were selected based on their traditional uses and
modern research, fractionation was done only for those plants
whose extract were found to be active, using a different fraction-
ation approach for each plant material to obtain the bioactive
enriched fraction. In general, all fractions were obtained by sus-
pending a fixed quantity of crude extract in water forming the
slurry which was successively partitioned with solvents of
increasing polarity between water and n-hexane or Petroleum
ether, followed by chloroform or dichloromethane, ethyl acetate,
and n-butanol. The solutions were completely evaporated to give
the respective fractions.13
2.4. Quantitative determination of total phenolic and flavonoids
contents

Total phenolic and flavonoids contents were determined for the
extracts which were found to be active. Determination of total
phenolics compoundswas performed on hydroalcoholic extracts by
the Folin-Ciocalteu method. Each sample was mixed with 1mL
Folin-Ciocalteu reagent and 0.8mL of 7.5% Na2CO3. This procedure
involves the reduction of Folin-Ciocalteu reagent by phenolic
compounds present in the extract, with concomitant formation of a
blue complex determined at 765 nm by UVevisible spectropho-
tometer (UV-1700 Shimadzu, Japan) after 90min at room temper-
ature. Gallic acid was used for constructing the standard curve
(Fig. 1) and the mean of three readings was used to determine the
total phenolic content expressed as mg of gallic acid equivalents/mg
of extract (GAEs).14

Determination of total flavonoids was done by the aluminum
chloride colorimetric method. 0.6mL of 2% aluminum chloride
solution was mixed with 0.6mL diluted standard quercetin solu-
tions or extracts. The solution was incubated for 60min at room
temperature after proper mixing. The volume of 6% aluminium
chloride was substituted by the same volume of distilled water in
the blank. Reaction mixtures absorbance was measured against
blank at 420 nmwavelength with a UVevisible spectrophotometer
(UV-1700 Shimadzu, Japan). Concentration was determined by
comparison with the standard calibration curve (2e200 mg/mL) of
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quercetin. The concentration of total flavonoid content in the test
samples was calculated from the calibration plot
(Y ¼ 0.0001x þ 0.001, R2¼ 0.994) (Fig. 2), and expressed as mg
quercetin equivalents/mg of extract (QEs). All the quantifications
were carried out in triplicate.15

2.5. Angiotensin I-converting-enzyme (ACE) inhibitory activity

There are several methods to determine the ACE inhibitory ac-
tivity which can be used to determine the ACE activity. However,
the method utilized here is a spectrophotometric method based on
the commonly used method introduced by Cushman and Cheung
(1971).16 This method is simple, sensitive, and rapid, requiring no
solvent extraction and can, therefore, be used for high-throughput
screening of ACE inhibitors. ACE inhibitory activity was assayed by
measuring the release of HA (Hippuric acid) from the substrate
HHL.

Various types of substrates and methods used to analyze ACE
inhibition activity are following: Cushman and Cheung Method
using a substrate hippuryl-histidyl-leucine (HHL), Holmquist
method using a substrate furanacryloyl-tripeptide, Elbl andWagner
method using a substrate benzoil-[l-14C] glicyl-L-histidine-L-
leucine, Carmel and Yaron method using a substrate o-amino-
benzoylglycyl-p-nitrophenylalanilproline, and Lam method using
3-hydroxybutyrylglycyl-glycyl-glycine as substrate. Methods to
measure the results of enzymatic reactions are spectrophotometric,
fluorometric, high-performance liquid chromatography, electro-
phoresis, and radiochemistry. A Radiometric assay using the
labeled angiotensin I substrate, wherein the release of radioactive
histidine-leucine which serves as an enzymatic activity index.17

Carmel and Yaron (1977e1978) developed a measurement
method of the ACE inhibitory activity using an o-amino-
benzoylglycine-p-nitrophenylalanylproline as a substrate and then
hydrolyzed into o-aminobenzoylglicyl.18 Holmquist et al. in 1979
developed a method using FAPGG as a substrate. This method is
based on the absorption spectrum blue shift that occurred on the
substrate hydrolysis produces dipeptide and furanacryloyl-blocked
amino acid.19 Many of the methods described above require
expensive instrumentation and a large volume of organic sol-
vents,20 so utilized a simple, sensitive, and rapid, requiring no
solvent extraction method as described by Jimsheena and Gowda,
2009.21

The assay mixture contained 125 mL of a 0.05M sodium borate
buffer (pH 8.2), containing 0.3MNaCl, 50 mL of 5mMHHL and 25 mL
of ACE (2.5 Milli units (mU)), which was pre-incubated with
different sample concentrations of the plant inhibitor. The reaction
was stopped after incubation at 37 �C for 30min by the addition of
0.2mL of 1M HCl. Pyridine (0.4mL) was added followed by 0.2mL
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Fig. 2. Quercetin standard curve.
of BSC (the order of addition of reagents is critical) The solutionwas
slowly mixed using a vortex mixer and cooled on ice. The yellow
colour developed was measured at 410 nm using UVevisible
spectrophotometer (UV-1700 Shimadzu, Japan). One unit of ACE
activity is defined as the amount of enzyme, which releases 1 mmol
of HA per min at 37 �C (Degree Celsius) and pH 8.2.21

The degree of ACE inhibition (%) was calculated with the
following equation

ACE inhibition ð%Þ ¼ A1� A2
A1� A3

� 100

Where.

A1 is absorbance of the ACE solution without an inhibitor (Plant
extract and fractions)
A2 is absorbance of the tested sample of extract and fractions
A3 is absorbance of HHL solution (a buffer was added instead of
the ACE solution and sample)

The IC50 value is defined as the concentration of inhibitor
required to decrease the HA peak area by 50% (indicating 50% in-
hibition of ACE), and was calculated using a non-linear regression
from a plot of activity versus inhibitory concentration of at least five
separate concentrations. To obtain the standard deviation during
the assay, each assay was performed in triplicate.

2.6. Kinetics of ACE inhibition

Study of enzyme kinetics is an important tool to investigate the
chemical mechanism of catalysis. Kinetic studies provide infor-
mation on substrate and product affinity to the enzyme. Knowledge
of the dynamic properties of enzyme catalysis is a prerequisite for
the design of inhibitors (drugs) directed against ACE.

Kinetic parameters were evaluated by the LineweavereBurk's
method. The reaction conditions were the same as ACE inhibitory
activity assay as described above. The enzyme activity wasmeasured
at various substrate (HHL) concentrations (0.5, 1, 2, 3.5, and 6mM) in
the presence of the inhibitor at three different concentrations (0,
100 mg/mL and 200 mg/mL) which was used to construct the
Lineweaver-Burk plot. Classification of inhibition type as competi-
tive, non-competitive or uncompetitive is done on the basis of these
plots. In this plot, a linear regression was made using the reciprocals
of various HHL concentrations as the independent variable (X-axis)
and the reciprocals of HA formation rates as dependent variable (Y-
axis). The rate of formation of HAwas determined in the presence of
different concentrations of the plant inhibitor. The Lineweaver-Burk
plot provides information about 1/Vmax (Yaxis-intercept of the linear
regression) and �1 /Km (X axis-intercept) for the ACE inhibitory ki-
netics. A competitive inhibitor will have the same Yaxis-intercept (1/
Vmax) in the presence of inhibitor (at 100 mg/mL and 200 mg/mL) as in
the absence of inhibitor (since Vmax is unaffected). A calibration curve
for standard HAwas constructed for reference. All experiments were
conducted in triplicate.22,23

2.7. Assessment of mechanism and specificity of the ACE inhibition

Plants extracts and fractions can conjugate with protein and
thus has the ability to non-specifically inhibit enzyme action, taking
into consideration ACE inhibitionwith increasing concentrations of
BSA (0, 25, 50, 125, 200 and 250 mg/mL) was accessed. The speci-
ficity of the inhibition of ACE was accessed by investigating the
effect extract on the activity of chymotrypsin and trypsin as
described by Liu et al. (2003).24

Briefly, in the test sample, 6 mL of plant extract in 100% DMSO
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was mixed with 0.5mL 20 mg/mL chymotrypsin under 0.1M
phosphate buffer (pH 8.0) and incubated at 37 �C for 5min. 1000 ml
of 2% casein in 0.1M phosphate buffer (pH 8.0) was then added and
incubated for a further 30min at which time 2mL of 10% tri-
chloroacetate was added to quench the reaction. After 1 h, Absor-
bance of the supernatant was measured at 280 nm after the
mixture was centrifuged for protein sedimentation. No plant frac-
tions were added to the DMSO in the control group, and in the
blank group, no enzyme was added.

Assay for trypsin inhibitionwas similar to that for chymotrypsin.
In the test sample, 6 mL of plant extract or fractions solution was
mixed with 0.5mL (40 mg/mL) trypsin solution and incubated at
37 �C for 5min 1mL of BAPNA solution (25mg BAPNA in 0.5mL
DMSO made up to 50mL in 0.1M Tris-HCl buffer) was added and
incubated at 37 �C for a further 20min. To quench the reaction,
0.5mL of 10% acetic acid was added and the absorbency was
measured at 410 nm.24

The Chymotrypsin/trypsin inhibitory activity is expressed as
Residual
Chymotrypsin

trypsin
activity ð%Þ ¼

�
absorbency of experimental group � absorbency of experimental group blank

absorbency of control group� absorbency of control group blank

�
� 100
2.8. The effect of ZnCl2 on the inhibitory activity of ACE

As ACE is a Zn2þ containing enzyme, 1.5mM ZnCl2 was added to
the reaction mixture according to the method of Liu et al. (2003) to
assess whether the inhibitory action of the plant fractions resulted
from the chelation of the Zn2þ ions. The experimental approaches
including the supplementation of the ACE activity test systemwith
or without ZnCl2 were performed.

2.9. Statistical analysis

Each test was conducted in triplicate or otherwise mentioned,
all data are presented as the mean (±SD) for the number of de-
terminations shown in the tables and figures.

3. Results

3.1. Total phenolic and flavonoids contents

Phenolic and flavonoids content of tested plants extracts and
active fractions are presented in Table 6. Total flavonoids ranged
from 92.75 to 4.77(mg QE/mg dry wt). Total phenolic content varied
from 94.42 to 3.27 (mg GAE/mg dry wt).

3.2. ACE inhibitory activity

Initially hydroalcoholic extracts of 25 plants were investigated
for their IC50 value. Among 25 extracts studied, the best activity
was found in Cynara scolymus, IC50 value 356.62 mg/mL(Fig. 3),
activity decreases in following order Cynara scolymus > Embelia
ribes > Crataegus oxyacantha > Coscinium fenestratum > Stevia
rebaudiana > Euphorbia prostrate > Piper betle > Punica gran-
atum > Kalanchoe pinnata > Oryza sativa>Morus nigra > Poly-
althia longifolia > Feronia limonia >Mucuna pruriens > Psoralea
corylifolia > Cassia occidentalis > Asparagus racemosus> Cyperus
rotundus > Carissa carandas > Elaeocarpus ganitrus > Bombax
ceiba > Chenopodium album >Nepeta hindostana > Abutilon indi-
cum > Nyctanthes arbortristis. Least activity was found in
Nyctanthes arbortristis IC50 value of 4478.01 mg/mL. IC50 values of
all the plants are shown in Table 1.

17 out of 25 plants, whose IC50 value was less than 1mg/mL
were selected for fractionation. Based on the extensive literature
survey of each plant, fractionationwas done very carefully resulting
68 fractions from 17 plants. Out of 68 fractions screened, 11 frac-
tions were found to be very active with the IC50 value less than
200 mg/mL. These active fractions were used for further study of
enzyme kinetics (Table 2). Captopril, employed as positive control
in the assays, presented IC50¼1.33± 0.03 ng/mL.

Results indicate that out of various solvents selected for frac-
tionation, ethyl acetate fraction was found to be most potent for 7
fractions of plants, in which highest activity was found in ethyl
acetate fraction of Crataegus oxyacanthawith IC50 value of 50.91 mg/
mL. Activity goes on decreasing with the following order of ethyl
acetate extract of Crataegus oxyacantha> Cynara scoly-
mus>Mucuna pruriens>Morus nigra> Cassia occidentalis> Punica
granatum> Euphorbia prostrata. Butanol fraction of these plants
Coscinium fenestratum, Cynara scolymus, Punica granatum was
found to be active. Water and Hexane fraction of the plants were
found to be least active except for Stevia rebaudiana water frac-
tion(IC50 value of 137.23 mg/mL), Petroleum ether fraction of
Embelia ribes was found to be most active (IC50 value of 39.32 mg/
mL) among all fractions.
3.3. Kinetics of the ACE inhibition

The enzyme kinetics of the ACE in the presence of the inhibitor
(eleven fractions) was determined from the Lineweaver-Burk plots.
Values of Km (mM) and Vmax (mM/min) were calculated by fitting
the slope of linear regression in Michaelis-Menten formula (Fig. 4).
All the fractions exhibited a non-competitive mode of inhibition
except Punica granatum Ethyl acetate fraction which exhibited a
competitive mode of inhibition.
3.4. Mechanism of the ACE inhibition

The ACE inhibitory activity of six fractions was significantly



Table 1
IC50 Value of Extracts and fractions.

S.no Family Scientific name Part V$S Use Crude Extract Solvent ratio % Yield
w/w (IC50 mg/mL)

Fraction 1% Yield w/w
(IC50 mg/mL)

Fraction 2% Yield w/w
(IC50 mg/mL)

Fraction 3% Yield w/w
(IC50 mg/mL)

Fraction 4% Yield w/w
(IC50 mg/mL)

1 Malvaceae Abutilon indicum L. Whole
plant

NIPPYHTO01 Diuretic, Anti-
hypertensive

Ethanol-Water (70e30) e e e e

16.43%
3159.46 ± 195.28

2 Liliaceae Asparagus
racemosus L.

Roots NIPPYHTO02 Diuretic,
Cardioprotective

Ethanol-Water (80e20) Chloroform Ethyl acetate Butanol Water
18.56% 2.09 0.83 14.2 82.88
1065.2± 153.46 NA 417.26 ± 27.27 323.66± 17.41 6019.23 ± 326.33

3 Bombacaceae Bombax ceiba L. Fruits NIPPYHTO03 Diuretic Ethanol-Water (80e20) e e e e

16.87%
2096.20 ± 167.02

4 Caesalpiniaceae Cassia occidentalis
L.

Leaves NIPPYHTO04 Diuretic, High Blood
Pressure

Ethanol-Water (50-50) Hexane Ethyl acetate Butanol Water
25.9% 30.40 14.51 21.19 33.84
1035.46 ± 175.61 NA 199.48 ± 14.48 976.03± 28.37 1879.25 ± 132.03

5 Chenopodiaceae Chenopodium
album L.

Arial
Parts

NIPPYHTO05 Diuretic, Cardiotonic Ethanol-Water (60e40) e e e e

17.49%
2486.54 ± 313.82

6 Menispermaceae Coscinium
fenestratum Gaertn.

Stem NIPPYHTO06 Diuretic, Hypotensive Ethanol-Water (80e20) Hexane Chloroform Butanol Water
15.96% 12.8 23.43 16.30 47.40
837.96± 61.30 NA 1523.76 ± 104.44 150.36± 13.8 1103.26 ± 41.01

7 Apocynaceae Carissa carandas L. Fruits NIPPYHTO07 Diuretic Methanol-Water (90:10) e e e e

31.13%
1635.23 ± 93.08

8 Rosaceae Crataegus
oxyacantha L.

Berries NIPPYHTO08 Diuretic, Cardiotonic,
Hypotensive

Ethanol-Water (70e30) Chloroform Ethyl acetate Butanol Water
18.51% 24.58 15.12 23.33 36.33
796.25± 70.54 3265.23 ± 173.70 50.91 ± 3.52 369.15± 26.78 1598.58 ± 104.32

9 Asteraceae Cynara scolymus L. Aerial
Parts

NIPPYHTO09 Diuretic, Cardiotonic Ethanol-Water (70e30) Chloroform Ethyl acetate Butanol Water
25.67% 23.67 09.23 17.37 49.7
356.62± 22.15 453.16± 27.94 63.36 ± 3.62 116.99± 7.21 3952.23 ± 260.56

10 Cyperaceae Cyperus rotundus L. Tubers NIPPYHTO10 Diuretic Methanol-Water (70:30) e e e e

9.17%
1416.39 ± 156.68

11 Elaeocarpaceae Elaeocarpus
ganitrus Roxb.

Seeds NIPPYHTO11 Antihypertensive Ethanol-Water (70e30) e e e e

6.53%
1869.39 ± 144.86

12 Myrsinaceae Embelia ribes Burm. Fruits NIPPYHTO12 Diuretic,
Cardioprotective

Ethanol-Water (90e10) Petroleum ether Chloroform Butanol Water
12.6% 41.5 13.2 16.96 28.30
761.53± 36.01 39.32 ± 8.94 NA 1165.74 ± 63.32 NA

13 Euphorbiaceae Euphorbia prostrata
Ait.

Whole
Plant

NIPPYHTO13 Diuretic Methanol-Water(80e20) Dichloromethane Ethyl acetate Butanol Water
6.1% 2.9 10.1 30.3 56.6
863.23± 95.54 NA 405.46 ± 69.28 611.75± 58.89 963.19± 61.94

14 Rutaceae Feronia limonia L. Fruits NIPPYHTO14 Diuretic, Cardiotonic Methanol-Water (80:20) Petroleum ether Ethyl acetate Butanol Water
25.6% 46.70 14.17 10.38 28.72
981.29± 148.38 498.45± 31.14 315.17 ± 15.54 1633.43 ± 104.18 3578.03 ± 214.47

15 Crassulaceae Kalanchoe pinnata
Lam.

Aerial
Parts

NIPPYHTO15 Antihypertensive,
Diuretic

Methanol-Water (80:20) Hexane Chloroform Butanol Water
16.51% 6.35 29.67 19.98 43.97
916.49± 92.19 NA 365.97± 5.70 1830.19 ± 160.11 230.41± 19.40

16 Moraceae Morus nigra L. Fruits NIPPYHTO16 Diuretic, Hypotensive Ethanol-Water (80:20) Hexane Ethyl acetate Butanol Water
28.08% 6.45 11.46 21.52 60.53
961.15± 69.90 NA 197.15 ± 8.94 363.22± 5.40 3956.95 ± 236.07

17 Fabaceae Mucuna pruriens L. Seeds NIPPYHTO17 Diuretic, Hypotensive Ethanol-Water (80:20) Hexane Ethyl acetate Butanol Water
39.46% 31.39 7.54 6.53 54.26
1003.15 ± 33.19 NA 156.45 ± 6.75 1101.56 ± 30.36 770.56± 61.28

18 Lamiaceae Nepeta hindostana
Roth

Aerial
Parts

NIPPYHTO18 Diuretic, Cardiotonic Ethanol-Water (80:20) e e e e

28.48%
2561.32 ± 186.86

(continued on next page)

M
.Y.K

han,V.Kum
ar

/
Journal

of
Traditional

and
Com

plem
entary

M
edicine

9
(2019)

73
e
84

77



Ta
b
le

1
(c
on

ti
nu

ed
)

S.
n
o
Fa

m
ily

Sc
ie
n
ti
fi
c
n
am

e
Pa

rt
V
$S

U
se

C
ru
d
e
Ex

tr
ac
t
So

lv
en

t
ra
ti
o
%
Y
ie
ld

w
/w

(I
C 5

0
m
g/
m
L)

Fr
ac
ti
on

1%
Y
ie
ld

w
/w

(I
C
5
0
m
g/
m
L)

Fr
ac
ti
on

2%
Y
ie
ld

w
/w

(I
C
5
0
m
g/
m
L)

Fr
ac
ti
on

3%
Y
ie
ld

w
/w

(I
C
5
0
m
g/
m
L)

Fr
ac
ti
on

4%
Y
ie
ld

w
/w

(I
C 5

0
m
g/
m
L)

19
O
le
ac
ea

e
N
yc
ta
nt
he

s
ar
bo

rt
ri
st
is
L.

Fl
ow

er
s
N
IP
PY

H
TO

19
D
iu
re
ti
c

Et
h
an

ol
-W

at
er

(8
0:
20

)
e

e
e

e

17
.2
3%

44
78

.0
1
±
47

3.
53

20
Po

ac
ea

e
O
ry
za

sa
ti
va

L.
B
ra
n

N
IP
PY

H
TO

20
D
iu
re
ti
c,

A
n
ti
h
yp

er
te
n
si
ve

M
et
h
an

ol
-W

at
er

(8
0:
20

)
H
ex

an
e

C
h
lo
ro
fo
rm

Et
h
yl

ac
et
at
e

W
at
er

18
.1
5%

28
.2
7

1.
02

2.
54

67
.2
0

95
6.
43

±
15

1.
78

43
0.
98

±
26

.6
4

N
A

20
7.
15

±
11

.7
1

N
A

21
Pi
p
er
ac
ea

e
Pi
pe

r
be

tl
e
L.

Le
av

es
N
IP
PY

H
TO

21
D
iu
re
ti
c,

A
n
ti
h
yp

er
te
n
si
ve

Et
h
an

ol
-W

at
er

(8
0:
20

)
H
ex

an
e

C
h
lo
ro
fo
rm

B
u
ta
n
ol

W
at
er

09
.5
1%

32
.1
0

12
.3
0

8.
40

44
.2
0

88
9.
01

±
11

3.
39

N
A

13
0.
35

±
8.
94

11
35

.8
8
±
64

.4
8

87
0.
56

±
61

.2
8

22
A
n
n
oa

ce
ae

Po
ly
al
th
ia

lo
ng

ifo
lia

So
n
n
.

Le
av

es
N
IP
PY

H
TO

22
D
iu
re
ti
c,
H
yp

ot
en

si
ve

Et
h
an

ol
-W

at
er

(7
0:
30

)
H
ex

an
e

C
h
lo
ro
fo
rm

B
u
ta
n
o
l

W
at
er

14
.6
3%

40
.2
3

5.
56

23
.6
3

29
.8
0

96
5.
49

±
57

.4
28

63
.5
6
±
57

.3
1

N
A

40
1.
56

±
12

.5
2

29
3.
01

±
9.
32

23
Fa

ba
ce
ae

Ps
or
al
ea

co
ry
lif
ol
ia

L.
Fr
u
it

N
IP
PY

H
TO

23
D
iu
re
ti
c,
V
as
od

ila
to
r

Et
h
an

ol
-W

at
er

(9
0e

10
)

H
ex

an
e

Et
h
yl

ac
et
at
e

B
u
ta
n
ol

W
at
er

22
.5
%

13
.5
6

30
.6
1

18
.1
4

20
.7
8

10
13

.9
8
±
61

.1
6

N
A

21
1.
15

±
8.
94

36
3.
22

±
5.
40

25
30

.5
5
±
13

7.
35

24
Pu

n
ic
ac
ea

e
Pu

ni
ca

gr
an

at
um

L.
Fl
ow

er
s
N
IP
PY

H
TO

24
D
iu
re
ti
c,
C
ar
d
io
to
n
ic

Et
h
an

ol
-W

at
er

(8
0e

20
)

H
ex

an
e

Et
h
yl

ac
et
at
e

B
u
ta
n
o
l

W
at
er

27
.3
%

11
.2

15
.7

27
.8

45
.3

90
5.
94

±
40

.5
1

N
A

20
1.
15

±
5.
72

18
9.
56

±
3.
76

15
16

.5
5
±
12

.4
5

25
A
st
er
ac
ea

e
St
ev
ia

re
ba

ud
ia
na

B
er
t.

Le
av

es
N
IP
PY

H
TO

25
D
iu
re
ti
c,
H
ig
h
B
lo
od

Pr
es
su

re
Et
h
an

ol
-W

at
er

(7
0e

30
)

H
ex

an
e

D
C
M

B
u
ta
n
ol

W
at
er

10
.1
%

6.
24

8.
8

70
.3
2

10
.7
2

85
4.
23

±
54

.0
9

N
A

99
3.
16

±
17

.7
2

67
7.
12

±
9.
96

13
7.
23

±
9.
40

N
A
:
N
ot

ac
ti
ve

u
p
to

30
00

m
g
co

n
ce
n
tr
at
io
n
.

Po
si
ti
ve

C
on

tr
ol

C
ap

to
p
ri
l
is

1.
33

±
0.
03

n
g/
m
L.

M.Y. Khan, V. Kumar / Journal of Traditional and Complementary Medicine 9 (2019) 73e8478
affected by the addition of different concentrations of BSA in the
following order Coscinium fenestratum>Mucuna pruriens> Cassia
occidentalis> Crataegus oxyacantha>Morus nigra> Punica gran-
atum (Table 3). The ACE inhibition in the four plant fractions, viz
Cynara scolymus Ethyl acetate fraction, Embelia ribes Butanol frac-
tion, Piper betle Chloroform fraction and Stevia rebaudiana did not
significantly reduce by addition of increasing concentration of BSA
(Table 3).

3.5. Assessment of specificity of the ACE inhibition

3.5.1. Inhibition of chymotrypsin and trypsin enzymes
Plant fraction of Cassia occidentalis Ethyl acetate fraction, Cynara

scolymus Ethyl acetate fraction and Embelia ribes Butanol fraction
were able to non-specifically inhibit chymotrypsin and trypsin
enzymes, whereas other fractions were not able to significantly
inhibit these enzyme (Table 4).

3.5.2. Zinc ion chelation
The addition of 1.5mM ZnCl2 to the assay of the fraction induced

ACE inhibitory action showed that Embelia ribes, Cassia occidentalis,
Coscinium fenestratum, fractions reduced the inhibition of ACE ac-
tivity by 58.39% (53.98%e22.46%), 38.91% (46.59%e28.46%) and
35.71% (51.3%e32.98%), respectively. The inhibition of ACE activity
of the other fractions was insignificantly changed by the addition of
ZnCl2 (Table 5).

4. Discussion

Therapeutic potential of ACE inhibitors in the treatment of hy-
pertension and management of cardiovascular diseases is well
established.25,26 Antihypertensive activity of some potential Indian
medicinal plants and foods were evaluated by the inhibition of the
angiotensin converting enzyme (ACE), using a colorimetric assay. In
this article we have screened 25 extracts and 68 fractions for their
IC50 value, which was a tedious job, so we utilized a simple, sen-
sitive, and rapid method, which requires no solvent extraction and
can therefore be utilized for high-throughput screening of ACE in-
hibitors.21 Pharmacologically ACE removes histidyl-leucine from
angiotensin I to form the physiologically active octapeptide,
angiotensin II, a potent vasoconstrictor that inactivates the vaso-
dilating nonapeptide, bradykinin. Medicinal plants were selected
on the basis of their traditional usage as antihypertensive, cardio-
tonics and diuretics to obtain the active fractions for ACE inhibition,
using hydro-alcoholic extraction. As far as possible, the tradition-
ally used part of the plant was employed for the ACE assay.

Previous report suggest that fractions with a concentration of
330 mg/mL with inhibition rates between 50% and 100% deserve
further investigation, aiming at the isolation of the active com-
pound(s).27 From the preliminary calculation of IC50 values, 11 out
of the 68 fractions were whose IC50 value was found to be less than
200 mg/mL was used for further study of enzyme kinetics study
(Table 2). Captopril, employed as a positive control in the assays,
presented IC50¼1.33 ng/mL. The limit of 200 mg/mL is a hypothet-
ical value which is difficult to justify since crude extracts and
fractions are complex mixtures of compounds.

4.1. Enzyme kinetics

Various kinetic parameters obtained from the Lineweaver-Burk
plots are shown in Table 2. Km of Angiotensin-converting enzyme
varies according to the substrate, as a result, it is known as an
unspecific enzyme. Vmax is defined as the rate at which a substrate
will be converted to a product once bound to the enzyme. Km re-
flects how effectively the enzyme binds to the substrate, affinity is



Table 2
Kinetic parameters of the ACE inhibitor activity of most active fractions from various plants.

S.no Fraction Concentration (mg/mL) Km (mM) Vmax (mM/min) Inhibition type

1 Cassia occidentalis 200 3.540 0.086 Non-Competitive
Ethyl acetate fraction

2 Coscinium fenestratum 200 4.065 0.088 Non-Competitive
Butanol fraction

3 Crataegus oxyacantha 200 4.620 0.098 Non-Competitive
Ethyl acetate fraction

4 Cynara scolymus 200 6.323 0.063 Non-Competitive
Ethyl acetate fraction

5 Cynara scolymus 200 3.198 0.043 Non-Competitive
Butanol fraction

6 Embelia ribes 200 6.449 0.049 Non-Competitive
Butanol fraction

7 Morus nigra 200 3.025 0.046 Non-Competitive
Ethyl acetate fraction

8 Mucuna pruriens 200 3.226 0.073 Non-Competitive
Ethyl acetate fraction

9 Piper betle 200 2.236 0.053 Non-Competitive
Chloroform fraction

10 Punica granatum 200 9.950 0.015 Competitive
Ethyl acetate fraction

11 Stevia rebaudiana 200 2.495 0.064 Non-Competitive
Water fraction
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reflected by these two parameters. When the enzyme binds
strongly to its substrate, Km value will be smaller, whichmeans that
lower concentration of substrate is needed to attain Vmax. The
lowest Km is usually seen with the ‘natural’ substrates like angio-
tensin I and/or bradykinin for which the Km value is 16e90mM and
0.18e1.0mM respectively.28e30 Our result in Table 2 indicates that
lowest Km value is for Piper betle and highest is for Punica granatum.
The maximum rate of substrate hydrolysis (Vmax) and the apparent
Michaelis constant (Km) were determined to characterize the kind
of inhibition exerted by fractions.31 Table 2 shows the parameter
Vmax is significantly different in all the fractions which suggest a
mixed inhibition. The Lineweaver-Burk plots Fig. 4 provides infor-
mation about�1 /Km (x-axis intercept) and 1/Vmax (y-axis intercept
of the linear regression) for the ACE inhibitory kinetics. In the
presence of competitive inhibitor at different concentration (at
100 mg/mL and 200 mg/mL), the regression lines will have the same
y-axis intercept (1/Vmax) and it is same in the absence of inhibitor
(since Vmax is unaffected). Fig. 4(j) shows a competitive mode of
inhibition for Punica granatum Ethyl acetate fraction. Three lines of
the LineweavereBurk plot of Punica granatum representing 0,
100 mg/mL and 200 mg/mL of inhibitor concentration with different
slopes shared the same y-intercept. This type of inhibition is
competitive where inhibitor increases Km and Vmax remains unaf-
fected, this type of inhibition suggest that fraction as well as the
substrate interact with key residues in the active site of ACE, and
fraction can compete with the substrate for access to the binding
site. A competitive inhibitor can firmly bind to the active site and
block access to other substrates.32 In other words, competitive in-
hibitors might be able to enter the ACE protein and compete with
HHL to interact with the active sites. Focusing on the Km value, a
competitive inhibitor increases the apparent Km for a given sub-
strate meaning that in the presence of a competitive inhibitor more
substrate is needed to achieve half Vmax. Fig. 4(aed) shows
Lineweaver-Burk plots for fractions of Cassia occidentalis, Coscinium
fenestratum, Crataegus oxyacantha, Cynara scolymus EA, these frac-
tions exhibited mixed inhibition mode, and the plots cross to the
left of the 1/V axis but above the 1/S axis which indicates that these
fractions showed a competitive-non-competitive inhibition mode
with respect to the substrate (HHL). This mixed-type inhibition
suggests that the fractions affected the affinity of the enzyme for
the HHL substrate but did not bind at the active site.33
Fig. 4(eei and k) shows Lineweaver-Burk plots for fractions of
Cynara scolymus (BtOH), Embelia ribes, Morus nigra, Mucuna pruri-
ens, Piper betle, Stevia rebaudiana. The ACE inhibition pattern of the
fractions was analysed by the LineweavereBurk plot and was found
to be non-competitive. These plots suggest that fractions might be
able to enter the catalytic site, but could not bind to the catalytic
site of ACE, and that it could not be hydrolyzed by ACE. Increasing
angiotensin I to maintain angiotensin II levels would not overcome
this mode of inhibition of the ACE. Fraction molecules can combine
with an enzyme molecule to produce a dead-end complex by
binding to different sites, from the substrate, regardless of whether
a substrate molecule is bound or not.

To elucidate the mechanism of ACE inhibition through protein
precipitation BSA (bovine serum albumin) was used. When the
inhibition of ACE is due to protein precipitation addition of BSA in
the test systemwill result in the decrease of the ACE activity, due to
the reason that some of the fraction molecules will also inhibit the
BSA, resulting the reduced activity of ACE. ACE inhibition resulting
from enzymatic protein precipitation was observed in following
fractions with decreasing order Coscinium fenestratum>Mucuna
pruriens> Cassia occidentalis> Crataegus oxyacantha>Morus
nigra> Punica granatum. Data in the (Table 3) indicates that inhi-
bition of ACE due to above plants in a part may be in part due to
precipitation of ACE. To elucidate the specificity of the fraction to-
ward ACE, chymotrypsin and trypsin enzyme were used. Our result
in Table 4 indicates that Cassia occidentalis ethyl acetate fraction,
Cynara scolymus ethyl acetate fraction and Embelia ribes butanol
fraction are non-specific inhibitors of ACE. These fractions were
found to have reduced the activity of chymotrypsin and trypsin
enzymes, thus, these fractions are non-specific inhibitors of ACE
activity. Fractions of plants Crataegus oxyacantha, Stevia rebaudiana,
Piper betle Linn, Coscinium fenestratum, Mucuna pruriens, Punica
granatum, Morus nigra were not able to significantly inhibit the
chymotrypsin and trypsin enzymes suggesting these fractions to be
specific inhibitors of ACE.24 ACE is a zinc metallopeptidase, its
catalytic active site has zinc ion, which is essential for enzyme ac-
tivity. This means that non-specific metal chelators may have
apparent ACE inhibitor action. The active site of ACE is composed of
three parts; a carboxylate binding functionality such as the guani-
dinium group of Arg, a pocket that accommodates a hydrophobic
side chain of C-terminal amino acid residues, and a zinc ion.



Fig. 4. LineweavereBurk plots derived from the inhibition of ACE by the active extract and fractions. 1/[S] and 1/Vi represent the reciprocal substrate (HHL) concentration and HA
formation rate, respectively.
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Supplementation of ZnCl2 in the ACE activity test system is
designed to reduce enzyme inhibition resulting from fraction-
induced Zn2þ ion chelation. Our result in Table 5 indicates that
out of 11 fraction only Embelia ribes, Cassia occidentalis, and Cosci-
nium fenestratum fractions inhibited the ACE by Zn2þ ion chelation,
ZnCl2 decreases the inhibitory activity in these fractions suggesting
that plant fractions apart from chelating the Zn2þ ion of ACE, they
were involved in the chelation of Zn2þ ion released from ZnCl2. Its
shows that the chelation of Zn2þ may at least in part to be
responsible for the ACE inhibitory activity of the fractions. Presence
of flavonoids and other polyphenols is already reported in Embelia
ribes,34 Cassia occidentalis35 and Coscinium fenestratum36 and these
molecules chelate complexes with the zinc atom within the active
centre of zinc-dependent metallopeptidases.37 Results from the
previous study also suggest formation of hydrogen bridges be-
tween the inhibitor and amino acids near at the active site.38 But



Fig. 4. (continued).
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the exact molecules responsible for the ACE inhibition by Zn2þ ion
chelation from these fractions require further study, which going in
our laboratory.

Supplementation of ZnCl2 to the fractions of plant Stevia
rebaudiana, Piper betle, Punica granatum, Crataegus oxyacantha,
Morus nigra, Mucuna pruriens, Cynara scolymus did not significantly
reduce the ACE inhibition suggesting a different mechanism of
enzyme inhibition apart from Zn2þ ion chelation.

Our result for the estimation of phenolic and flavonoid content
indicates the presence of these compound in the extracts. Previous
research shows that plants flavonoids are a wonderful source of
ACE inhibitor.39e41 Similarly, plant phenolics are the good source of
ACE inhibitors.42 Presence of high phenolic and flavonoid content
may responsible for the bioactivity of these crude hydroalcoholic
extracts. Best IC50 value of Cynara scolymus may be directly corre-
lated to the very high content of flavonoid and phenolic
compounds.

Out of 68 fractions screened, 11 fractions were found to be very



Table 3
Comparison of inhibitory effects of various plant fractions on angiotensin converting enzyme in the presence or absence of bovine serum albumin (BSA:25 mg/mL).

Plant Fraction Concentration (mg/mL) Inhibition of activity (%) in the absence or presence of BSA

BSA Absent BSA Present % Decrease in activity

Cassia occidentalis 200 46.59± 2.17 13.25± 0.33 71.56
Ethyl acetate fraction
Coscinium fenestratum 200 51.30± 1.49 6.93± 0.23 86.49
Butanol fraction
Crataegus oxyacantha 50 47.63± 1.32 18.26± 0.33 61.66
Ethyl acetate fraction
Cynara scolymus 50 40.41± 3.52 39.71± 1.58 1.73
Ethyl acetate fraction
Embelia ribes 50 53.98± 3.20 50.19± 2.48 7.02
Butanol fraction
Morus nigra 200 43.86± 1.94 20.01± 0.50 54.38
Ethyl acetate fraction
Mucuna pruriens 200 48.62± 1.70 10.23± 0.57 78.96
Ethyl acetate fraction
Piper betle 200 54.38± 3.07 48.76± 3.57 10.33
Chloroform fraction
Punica granatum 200 45.91± 2.48 23.77± 0.99 7.02
Ethyl acetate fraction
Stevia rebaudiana 200 52.64± 3.48 49.96± 2.96 5.09
Water fraction

Values are given as mean ± SD (n¼ 3).

Table 4
Inhibitory effects of various fractions on the activity of angiotensin converting enzyme, trypsin and chymotrypsin enzyme.

Plant Fraction Concentration (mg/mL) Inhibitory Activity (% inhibition)

ACE Trypsin Chymotrypsin

Cassia occidentalis 200 46.59± 2.17 31.60± 1.52 37.94± 1.89
Ethyl acetate fraction
Coscinium fenestratum 200 51.30± 1.49 7.23± 0.23 4.19± 0.14
Butanol fraction
Crataegus oxyacantha 50 47.63± 1.32 11.56± 0.57 8.69± 0.61
Ethyl acetate fraction
Cynara scolymus 50 40.41± 3.52 41.01± 2.93 24.58± 1.94
Ethyl acetate fraction
Embelia ribes 50 53.98± 3.20 37.88± 1.65 26.13± 1.35
Butanol fraction
Morus nigra 200 43.86± 1.94 2.93± 0.19 5.16± 0.35
Ethyl acetate fraction
Mucuna pruriens 200 48.62± 0.98 5.98± 0.26 7.13± 0.52
Ethyl acetate fraction
Piper betle Linn 200 54.38± 3.07 7.56± 0.47 4.98± 0.21
Chloroform fraction
Punica granatum 200 45.91± 2.48 3.46± 0.28 4.16± 0.19
Ethyl acetate fraction
Stevia rebaudiana 200 52.64± 3.48 8.43± 0.68 11.09± 0.92
Water fraction

Values are given as mean ± SD (n¼ 3).
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active with the IC50 value less than 200 mg/mL. Most active was
petroleum ether fraction of Embelia ribes (IC50 39.32± 8.94),
chemical profile of n-hexane fraction revealed embelin as the active
compound.43 Crataegus oxyacantha ethyl acetate fraction (IC50
50.91± 3.52) was also very active with the highest content of the
total phenolic compound (209.16± 7.48 mg/mg) of the fraction.
Moreover several phenolic compounds like hyperoside, iso-
quercitrin, chlorogenic acid and epicatechin were reported in the
extract of Crataegus oxyacantha.44 Ethyl acetate fraction Cassia
occidentalis, Mucuna pruriens, Punica granatum and Morus nigra,
chloroform fraction of Piper betle, ethyl acetate and butanol fraction
of Cynara scolymus, water fraction of Stevia rebaudiana were found
to very active with high phenolic and flavonoidal content. Previous
reports suggest that ethyl acetate fraction Cassia occidentalis,
Mucuna pruriens, Punica granatum and Morus nigra contain an-
thraquinones,35 L-dopa,45 ellagitannins46 and chlorogenic acid47
respectively. Chloroform fraction of Piper betle reported hydrox-
ychavicol as the bioactive constituent.48 Chemical profile of butanol
fraction of Cynara scolymus was reported to contain chlorogenic
acid, cynarin, cynaroside, apigenin-7-rutinoside.49 Water extract of
Stevia rebaudiana contain phenolic compound pyrogallol.50 Com-
pounds reported in these plants may responsible for the bioactivity
of these fractions but the exact molecules responsible for the ACE
inhibition requires isolation of compound by various chromato-
graphic techniques along with the animal studies which going in
our laboratory.
5. Conclusion

Our study revealed utilization of Indian medicinal plants as a
potential source of angiotensin-converting enzyme inhibitors.
Among the assayed plants, the fraction of many plants produced



Table 5
Effects of ZnCl2 on the inhibitory activity of tested extracts on angiotensin converting enzyme.

Plant Fraction Amount added (mg/mL) Inhibition of activity (%) in the presence or absence of ZnCl2

None ZnCl2 (1.5mM) % Decrease in activity

Cassia occidentalis 200 46.59± 2.17 28.46± 2.13 38.91
Ethyl acetate fraction
Coscinium fenestratum 200 51.30± 1.49 32.98± 2.36 35.71
Butanol fraction
Crataegus oxyacantha 50 47.63± 1.32 45.37± 3.19 4.74
Ethyl acetate fraction
Cynara scolymus 50 40.41± 3.52 39.64± 1.45 1.91
Ethyl acetate fraction
Embelia ribes 50 53.98± 3.2 22.46± 1.75 58.39
Butanol fraction
Morus nigra 200 43.86± 1.94 42.13± 1.85 3.94
Ethyl acetate fraction
Mucuna pruriens 200 48.62± 1.70 47.23± 3.57 2.86
Ethyl acetate fraction
Piper betle 200 54.38± 3.07 49.91± 3.26 8.22
Chloroform fraction
Punica granatum 200 45.91± 2.48 42.88± 1.78 6.60
Ethyl acetate fraction
Stevia rebaudiana 200 52.64± 3.48 46.51± 3.91 11.65
Water fraction

Values are given as mean ± SD (n¼ 3).

Table 6
Total Phenolic & flavonoids contents of various plants.

Plant Hydroalcoholic
Extract

Total phenolic content (mg(±)-gallic acid/mg of plant extract or
fraction)*

Total flavonoid content (mg (±)-Quercetin/mg of plant extract or
fraction)*

Asparagus racemosus 73.26± 5.65 47.26± 6.01
Cassia occidentalis 20.79± 1.75 58.16± 4.31
Coscinium fenestratum 17.96± 0.88 11.65± 0.66
Crataegus oxyacantha 19.32± 0.85 15.13± 0.21
Cynara scolymus 50.96± 2.37 92.75± 5.53
Embelia ribes 13.16± 0.21 8.17± 0.19
Euphorbia prostrata 8.4± 0.26 5.29± 0.16
Feronia limonia 34.76± 1.84 32.98± 2.06
Kalanchoe pinnata 3.27± 0.10 5.09± 0.24
Morus nigra 20.19± 0.57 11.78± 0.57
Mucuna pruriens 38.66± 1.77 4.77± 0.28
Oryza sativa 06.43± 0.16 9.69± 0.33
Piper betle 94.42± 3.79 40.98± 1.80
Polyalthia longifolia 80.76± 6.27 74.57± 3.48
Psoralea corylifolia 39.41± 2.01 14.85± 0.68
Punica granatum 27.23± 1.58 18.46± 0.36
Stevia rebaudiana 77.43± 3.26 52.36± 2.01
Cassia occidentalis 109.38± 3.57 26.84± 1.14
Ethyl acetate fraction
Coscinium fenestratum 14.23± 0.64 16.09± 0.31
Butanol fraction
Crataegus oxyacantha 209.16± 7.48 19.18± 0.71
Ethyl acetate fraction
Cynara scolymus 61.43± 2.06 109.68± 3.27
Ethyl acetate fraction
Cynara scolymus 39.47± 1.44 72.98± 1.07
Butanol fraction
Embelia ribes 7.84± 0.68 5.06± 0.23
Butanol fraction
Morus nigra 18.42± 0.99 4.93± 0.31
Ethyl acetate fraction
Mucuna pruriens 46.56± 0.57 6.19± 0.36
Ethyl acetate fraction
Piper betle 51.23± 1.77 18.63± 0.68
Chloroform fraction
Punica granatum 17.60± 0.48 24.12± 1.35
Ethyl acetate fraction
Stevia rebaudiana 32.6± 1.44 41.72± 1.66
Water fraction

Each value represents a mean± SD (n¼ 3).

M.Y. Khan, V. Kumar / Journal of Traditional and Complementary Medicine 9 (2019) 73e84 83



M.Y. Khan, V. Kumar / Journal of Traditional and Complementary Medicine 9 (2019) 73e8484
significant ACE inhibition. Enzyme kinetics and mechanism of in-
hibitionwas determined by various parameters. The ACE inhibitory
activity of the tested plants fractions might find importance in the
development of potential antihypertensive agents after further
investigations of each plant for active compound isolation by
various chromatographic techniques and evaluating the activity of
extract, fraction and isolated molecule using preclinical animal and
human clinical trials.
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