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Introduction: One of the potential antihypertensive mechanisms include angiotensin converting enzyme
(ACE) inhibition. So far, there is no in-depth study on the ACE inhibition activity of S. polyanthum, an
ethnomedicinal plant used in treating hypertension. Thus, we aimed to study the ACE inhibition activity
of S. polyanthum leaves by evaluating its potency, mechanism, and specificity. Methods: S. polyanthum
leaves were macerated in a bath-sonicator with either water, methanol, ethyl acetate, and hexane
producing aqueous (ASP), methanolic (MSP), ethyl acetate (EASP) and hexane (HSP) extracts. Each
extract (100 µg/mL) were initially screened for ACE inhibition activity and then compared with standard
drug, captopril (2.06 ng/mL), then the most active extract was further tested at 1 to 1000µg/ml. Inhibition
mechanism was studied using zinc chloride and bovine serum albumin (BSA), while inhibition specificity
was determined upon screening for α-chymotrypsin and trypsin inhibition activity. Results: ASP at 100 μg/
mL exhibited the highest inhibition activity (69.43 ± 0.60 %) compared to MSP (41.63 ± 0.15 %), EASP
(9.62 ± 1.60 %), and HSP (45.40 ± 0.15 %). ASP showed dose-dependent ACE inhibition activity with IC50
of 41 μg/mL. ASP’s ACE inhibition activity was significantly reduced in the presence of BSA, but not upon
the presence of zinc chloride. ASP did not significantly inhibit α-chymotrypsin and trypsin. Conclusion:
This study showed that the enzyme inhibition activity by S. polyanthum leaves was specific towards ACE.
The ACE inhibition possibly occurs via protein precipitation and was non-dependent to the chelation with
zinc at ACE active site.
Key words: Antihypertensive, ACE, Angiotensin converting enzyme, Hypertension, Syzygium polyanthum.

INTRODUCTION
Hypertension is an alarming disease condition
characterized by a persistent rise in blood pressure.
Hypertension has become more common,
especially in low- and middle-income countries
(31.5%, 1.04 billion people).1 Hypertension is a
major risk factor for coronary heart disease and
stroke, in which uncontrolled blood pressure may
lead to various detrimental consequences such
as hemorrhagic and ischemic stroke, myocardial
infarction, acute coronary syndrome, heart failure,
and even death.2
There are a variety of antihypertensive medications
on the market that target distinct processes
or pathways. Angiotensin-converting enzyme
inhibitors, such as captopril and lisinopril, are a
class of medications that reduce peripheral vascular
resistance by blocking the synthesis of angiotensin
II, a potent vasoconstrictor. ACE inhibitors are
commonly used to treat hypertension, however
they have been linked to side effects such as
angioedema, foetal toxicity, and persistent dry
cough in some people.3 As a result, research is
still ongoing to find medications that are similarly
effective with less side effects.
Plant is one of the rich natural resources for drug
discovery. Syzygium polyanthum, also known as
“serai kayu” or “salam” in Malaysia, is a Malay
ethnomedicinal plant that has traditionally been
used to alleviate hypertension. S. polyanthum leaves
are used in cooking to impart a distinct flavor and
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they are also eaten raw as “ulam” especially among
people in Kelantan, a state in the East coast Malaysia.
S. polyanthum also has various bioactivities
including antioxidant, antidiabetic, antimicrobial,
anti-cancer, anti-tumour, dental plaque inhibition,
lipid lowering, acetylcholine-esterase inhibition,
antidiarrheal, and also anti-hypertensive properties.4
Previous researches have reported the efficacy of
S. polyanthum leaves as anti-hypertensive agent
in normal and hypertensive rats model.5-7 A
preliminary ACE inhibition study has shown that
100 ppm of ethanolic extract of S. polyanthum leaves
has ACE inhibitory activity of 53.97 ± 0.95% 8 and
thus was considered as an active extract.9 Despite
the fact that S. polyanthum leaves extract is an active
extract for ACE inhibition, no additional research
has been done to assess its potency (inhibition
concentration at 50% or IC50) or to investigate its
mechanism and specificity of inhibition. This work
intends to investigate the ACE inhibition activity
of S. polyanthum leaves, as well as its inhibition
mechanism and specificity, in order to close this gap.

MATERIALS AND METHODS
Plant collection and authentication
Approximately, 3.26 kg of the plant leaves were
collected from Taman Pertanian Jubli Perak,
Kuantan, Pahang, Malaysia in May 2019. The
plant used in this study was verified as Syzygium
polyanthum (Wight) Walp by a botanist on 24th
July 2019. The voucher herbarium specimen (PIIUM
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0282-1) was kept in Herbarium at Kulliyyah of Pharmacy, International
Islamic University Malaysia (IIUM), Kuantan, Pahang.

Extraction
The leaves were dried for three weeks at room temperature in the open
air at the Natural Product Laboratory of the Kulliyyah of Science,
IIUM. Before extraction, the dried leaves were crushed into powder in
a laboratory blender. The ultrasonic aided extraction (UAE) technique
was used to extract the powdered sample.7 Powdered sample (250 g)
was soaked in a pre-heated distilled water at 80 °C using a hot plate
for three cycles of 1200 mL (first cycle), 600 (second cycle) mL, and
600 (third cycle) mL of distilled water. In between each cycle, the
soaked sample was sonicated using a bath-sonicator at the frequency
ranging from 40 to 80 λ for 30 minutes. All sonicated samples from
the three cycles were then filtrated with Whatmann filter paper No.
1, combined, and then stored in -80 °C freezer and freeze-dried for 12
days. This lyophilized sample was designated as the aqueous extract of
S. polyanthum (ASP). All samples were stored at -4 °C chiller prior to
the subsequent study.
For solvent sequential extraction, 250 g of powdered S. polyanthum
leaves was macerated in 700 mL n-hexane. The macerated sample
was then sonicated using a bath-sonicator at room temperature at a
frequency range from 40-80 λ. After 30 minutes, the mixture was
filtered with Whatmann filter paper No. 1. The filtrate was further
concentrated via a rotary evaporator and this concentrated form was
then designated as the hexane extract of S. polyanthum (HSP) and
stored at -4 °C chiller.
The remaining residue from hexane extraction was then macerated
again in 700 mL of ethyl acetate solvent. The mixture was then put in a
bath sonicator with similar settings, 24 °C and 40-80 λ for 30 minutes.
Post-sonication, the mixture was filtered via Whatmann filter paper
No. 1, which then further concentrated using a rotary evaporator. The
filtrate was named the ethyl acetate extract of S. polyanthum (EASP)
and stored at –4 °C chiller.
The final solvent to be extracted was the methanol solvent. Like EASP,
the residue remnants were soaked again in methanol solvent before
sonication in a bath-sonicator with a similar setting of 24 °C, 40-80 λ
for 30 minutes. Then, the mixture was filtered using Whatmann filter
paper No. 1. The filtrate was then evaporated further using a rotary
evaporator and was designated as methanol extract of S. polyanthum
(MSP). MSP was then stored in a -4 °C chiller. The percentage yield of
all extracts was calculated using Equation 1 as shown below:

incubation, the reaction was further stopped via the addition of 250
μL of 1M hydrochloric acid (HCl). The mixture was then added with
1.5 mL ethyl acetate to extract the reaction’s product, hippuric acid
(HA). The mixture was then centrifuged at 3000 rpm for 15 minutes.
The supernatant of the mixture was then taken by one mL, transferred
to a five mL test tube, and allowed to evaporate in water bath at a
temperature of 80°C until all solvents evaporated. Post-evaporation,
the HA that remained in the test tube was then dissolved in 1 mL
deionized water. One mL of the solution was put into the 1 mL cuvette
before being measured using UV-VIS spectrophotometer at 228 nm
wavelength using deionized water as the blank. The absorbance for all
samples was measured in triplicates.
Since ASP gave the highest ACE inhibition activity at 100 mg/mL, ASP
was further tested at six different concentrations (1, 5, 50, 100, 500 and
1000 µg/mL).
Fifty uL of samples and 50 µL of ACE (0.05 mU/µL) were mixed and
pre-incubated for 10 minutes at 37 °C. Then, HHL solution was added
into the mixture before further incubation at 37 °C for 60 minutes.
The reaction was stopped by adding 250 µL of 1 M of HCl. HA
extraction was then proceeded by adding 1.5 mL of ethyl acetate into
the reaction mixture. The mixture was then centrifuged at 3000 rpm
for 15 minutes before 1 mL of supernatant was transferred to a 5 mL
test tube for ethyl acetate removal. The test tubes were placed in a water
bath at a temperature of 80 °C until all ethyl acetate was removed via
evaporation. The remnants were then re-dissolved in 1 mL deionized
water before UV-VIS measurement at 228 nm. The absorbance for each
sample was measured in triplicate with deionized water as blank.
Equation 2 was used to calculate the percentage of ACE inhibition
activity (%) for each extract concentration. From the inhibition
percentage, the dose-response curve was plotted using Graph Pad
PRISM (Version 8.0.2, USA), and the concentration that causes 50
% ACE inhibition (IC50) for the extract was determined using this
software.
The percentage of ACE inhibition (%) was calculated with the following
Equation 2;

ACE inhibition (%) =

A1 − A2
×100
A1 − A3

Where:
A1 is the absorbance of the ACE solution without an inhibitor (Plant
extract and fractions)
A2 is the absorbance of the tested sample of extract

Angiotensin-Converting
activity

Enzyme

(ACE)

inhibitory

ACE inhibition assay using spectrophotometric method based on
Cushman & Cheung (1971) was employed in this study.10 The stock
solution for each extract was prepared by dissolving 1 mg of each
extract with one ml of its respective solvent. All solution extracts were
then further diluted in 0.1M potassium phosphate buffer solution
containing 0.2 M sodium chloride (NaCl) to a concentration of 100
µg/mL. The standard drug, captopril, was prepared by dissolving in
distilled water before further diluting it to achieve the concentration of
2.06 ng/mL based on its IC50 value for ACE inhibition as reported in a
previous study.11
Fifty μL of the sample was then added with 50 μL of 0.05 mU/μL
ACE enzyme before pre-incubation at 37 oC for 10 minutes. After
the mixture was treated with 150 μL of 6.5 mM hippuryl-histidiylleucine (HHL) solution, it was incubated for 60 minutes at 37 oC. PostPharmacognosy Journal, Vol 14, Issue 1, Jan-Feb, 2022

A3 is the absorbance of the buffer solution (a buffer was added instead
of the ACE solution, HHL and sample)

Protein precipitation test with Bovine Serum Albumin (BSA)
Since some phytochemicals in the plant extract can interact by forming
cross-link with protein and cause precipitation, the plant extract may
also precipitate the ACE, which is also a type of protein. In order to
check whether the extract inhibited ACE via protein precipitation,
this study tested the ACE inhibitory effect of ASP in the presence of
a protein called bovine serum albumin (BSA).12,13 Specifically, the test
using BSA was used to study the ability of ASP to precipitate BSA and
how it affects ASP’s ACE inhibitory activity.
BSA stock solution was prepared by dissolving 1 mg of BSA in 1 mL of
buffer. Then BSA was further diluted to five different concentrations of
25, 50, 125, 200, and 250 µg/mL. Fifty µL of BSA, 50 µL of ASP (at its
IC50 concentration of 41 µg/ml), and 50 µL of ACE (0.05 mU/mL) were
mixed and then incubated at 37 °C for 10 mins. Incubation for 60 min
proceeded after the addition of 150 µL HHL solution. Then, the reaction
77
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was stopped by adding 300 µL of 1M HCl, and then the reaction mixture
was added with 1400 µL ethyl acetate for HA extraction. The mixture
was then centrifuged for 15 mins at 300 rpm. One mL supernatant was
transferred to test a new test tube for ethyl acetate evaporation in a
water bath with the temperature of 80 °C. Then, the extracted HA was
re-dissolved in 1 mL deionized water for UV-VIS measurement at 228
nm. Equation 2 was used to calculate the ACE inhibition activity in the
presence of BSA. Then, the extract’s ACE inhibition activity, with and
without the presence of BSA was compared.

Zinc chelation test
Since some commercial ACE inhibitor drugs such as captopril cause
ACE inhibition by interacting with the zinc at the active site of ACE,
this study examined the ACE inhibition activity of ASP in the presence
of zinc chloride.12,13 Fifty µL of 1.5 mM ZnCl2 was added to a tube
containing 50 µL of ASP (41 µg/mL) and 50 µL of ACE enzyme (0.05
mU/µL) before incubation for 10 mins. The rest of the ACE inhibition
assay was conducted, similar to the previously described method. ACE
inhibition activities by ASP, with and without the presence of Zn2+ ions
were calculated using equation 2 and then compared.

Specificity of the enzyme inhibition by ASP
The specificity of ACE inhibition by ASP was assessed by investigating
its inhibition effect on other enzymes such as α-chymotrypsin and
trypsin as described in previous studies with several modifications.12,13
α-Chymotrypsin stock enzyme was prepared by dissolving 2 mg of
α-chymotrypsin in 1 mL of 0.1 M phosphate buffer (pH 8.0). The stock
enzyme was then transferred for aliquot and stored at -20 °C. The ASP
stock solution was prepared by dissolving and diluting the sample in
100% dimethyl sulfoxide (DMSO) used for both α-chymotrypsin and
trypsin assay. Six µLof ASP at 41 µg/mL was added with 500 µL of 20 µg/
mL of α-chymotrypsin. After 5 min incubation, the mixture was then
mixed with 1000 µL of 2% casein and incubated further for 30 min at
37 °C. Post incubation, 2 mL of 10 % trichloroacetate was added to stop
the reaction and was allowed for 1 hour. The mixture was centrifuged
at 5040 rpm for 15 mins before the absorbance of the supernatant was
measured at 280 nm using a microplate reader. Control consists of 6 µL
DMSO, enzyme, and also casein was tested along with sample solution.
Absorbance measurements for all samples were repeated trice.
Trypsin stock enzyme was prepared by dissolving 1 mg of the enzyme
in 1 mL of 0.1 M phosphate buffer (pH 8.0) before transferring it to
each tube of 80 µL for aliquot and then stored in -20 ℃ freezer. Six µL
of the sample was mixed with 500 µL of trypsin solution (40 µg/mL)
and incubated for 5 min at 37 °C in a laboratory oven. The mixture was
then added with 1000 µL of a-N-benzoyl-DL-arginine-P-nitroanilide
HCl (BAPNA) solution and incubated for 20 min at 37 °C. BAPNA
solution was prepared beforehand by dissolving 25 mg of BAPNA in
0.5 mL DMSO and then diluted using 0.1 M Tris-HCl buffer up to 50
mL(top up with buffer until 50 ml). In order to quench the reaction, 0.5
mL of 10 % acetic acid was added, and the absorbance was measured at
410 nm via microplate reader. Assays were repeated for triplicate times.
Both α-chymotrypsin and trypsin inhibition activity percentages (%)
were calculated using Equation 3 as shown below;

Enzyme inhibition (%) =
Where;

C−S
× 100
C

C is absorbance for the control, which consists of 6 µL DMSO, enzyme,
and substrate
S is absorbance for a sample of extract (ASP).
78

Statistical analysis
One-way ANOVA analysis, followed by post-hoc Tukey’s multiple
comparison test was conducted using GraphPad® PRISM software
(Version 8.0.2, USA) to compare ACE inhibition activity for the
four types of crude extracts and standard drug. The same analysis
was performed in comparing the inhibition activities of ASP towards
ACE, trypsin, and chymotrypsin. A dose-response curve for ASP was
constructed using non-linear sigmoid regression curve using the same
software to obtain the IC50 value for ASP’s ACE inhibition activity.
Unpaired t-test was conducted to analyse the difference between ACE
inhibition activity by ASP with and without the presence of BSA or
Zn2+ ions. The value of P less than 0.05 was considered significant.

RESULTS
Yield of extraction
In total, 3.26 kg of dried S. polyanthum leaves were extracted in this
study. From 3.26 kg of dried S. polyanthum leaves, the yield of ASP was
97.7 g (2.99 %) (Table 1). Meanwhile, only 250 g was used for sequential
extraction in yielding MSP, EASP, and HSP, as recorded in Table 1. The
yield of MSP extraction for this study was the highest, as much as 6.76
%, followed by ASP, EASP, and HSP with percentage yields of 2.99 %,
0.68 %, and 0.28 %, respectively.

ACE inhibition activity of S. Polyanthum extracts
Among all samples, ASP exhibited the highest ACE inhibitory activity
with 69.43 %, while others have also shown ACE inhibitory activity
at lower percentages (Figure 1). The second-highest ACE inhibition
activity was shown by HSP with 45.40 %, followed by MSP with 41.63
%, and the lowest inhibition was by EASP with only 9.62 % activity. The
standard drug captopril at 2.06 ng/mL showed ACE inhibition of 74.95
%. ASP’s ACE inhibitory activity was significantly higher compared to
the other three extracts (P<0.001).
ACE inhibition activity of the most active extract, ASP was further
tested at varying concentrations ranging between 1, 5, 50, 100, 500, and
1000 µg/mL. Table 2 illustrates the ACE inhibition activity percentages
of ASP at each concentration. A dose-response curve for ASP’s ACE
inhibitory activity was shown in Figure 2. From this dose-response
curve, the calculated IC50 value for ASP’s ACE inhibitory activity was
41 µg/mL.

Protein precipitation test with Bovine Serum Albumin (BSA)
The ACE inhibitory activity of ASP (41 µg/mL) was significantly
reduced by 71.75 % with the presence of BSA (P<0.0001, Table 3).

Effect of Zinc Chloride (ZnCl2) on the inhibitory activity
of ACE
The presence of Zn2+ reduced the ASP’s ACE inhibitory activity,
however, the reduction was not significantly different (Table 4).

Assessment of specificity of enzyme inhibition by ASP
against chymotrypsin and trypsin
When ASP at 41 µg/mL was further tested on different enzymes like
chymotrypsin and trypsin, ASP did not show any significant inhibition
activity towards chymotrypsin or trypsin with the inhibition activity
values of 0.91 ± 0.16 % and 3.23 ± 0.54 %, respectively (Table 5). The
ASP’s inhibition activity on ACE was significantly different than the
inhibition activity of chymotrypsin and trypsin (P<0.01).

DISCUSSION
This study explores the ACE inhibition activity by S. polyanthum
leaves extract, its mechanism and specificity. Initially, there were four
Pharmacognosy Journal, Vol 14, Issue 1, Jan-Feb, 2022
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Table 1: Extraction yield results for ASP, HSP, EASP and MSP.
Final Yields
n-Hexane (HSP)
Ethyl Acetate (EASP)
Percent
Percent
Weight
Weight
Weight
Weight
(g)
(g)
(%)
(%)
0.70
0.28
1.70
0.68

Aquoues (ASP)
Percent
Weight
Weight
(g)
(%)
97.7
2.99

Methanol (MSP)
Percent
Weight
Weight
(g)
(%)
16.90
6.76

Table 2: ACE inhibition activity of ASP (1-1000 µg/mL).

ASP

Concentration
(µg/mL)
1000
500
100
50
5
1

Log
[ASP (µg/mL)]
3.00
2.70
2.00
1.70
0.70
0

Average
(n=3)
63.01
69.85
58.48
47.85
45.02
33.51

0.519
1.194
0.119
0.156
0.325
0.992

2.06

-

75.71

0.450

Positive control
(Captopril, in ng/mL)

SD

*triplicate readings. SD: Standard Deviation.
Table 3: BSA protein precipitation.
Absence of BSA
(% ± SD)
87.70 ± 2.20

ACE Inhibition of Activity of ASP (41 µg/mL)
Presence of BSA
% Decrease in activity
(% ± SD)
24.77 ± 4.57
71.75

P-Value
<0.0001

*n = 3 replicates. SD: Standard Deviation.
Table 4: Effect of zinc chloride on ASP’s ACE inhibitory activity.
ACE Inhibition of activity of ASP (41 µg/mL)
Absence of ZnCl2
Presence of ZnCl2
% Decrease in activity
(% ± SD)
(% ± SD)
47.05± 3.78
39.99± 6.03
15

P-Value
0.5647

*n = 3 replicates. SD: Standard Deviation.
Table 5: Specificity of ASP enzyme inhibition.
Enzymes

Concentration tested
(µg/mL)

Chymotrypsin
Trypsin
ACE

41
41
41

Inhibition Activity (%)
Average
SD
0.91
0.16
3.23
0.54
62.73
5.18

P value
0.002

*P < 0.01, ASP's ACE inhibition activity vs. ASP's trypsin and chymotrypsin inhibition activity. SD: Standard Deviation.

*

Figure 1: Angiotensin-Converting Enzyme inhibition activity screening of all samples at 100 (µg/mL) and captopril
(2.06 ng/mL). *P<0.001 for ASP vs. other types of extracts (MSP, HSP, EASP).
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cell wall as compared to methanol, this leads to the reduced number
of polyphenols released from the cell. The third factor most probably
due to the high temperature used during water extraction, which has
caused some compounds to be degraded.20

100

IC50 = 41 μg/mL

80

ACE inhibition assay is one of the common in vitro assays that
shows the antihypertensive potential of any drugs or plants extracts.
During initial screening for ACE inhibition activity, all four types of S.
polyanthum leaves extracts showed significant ACE inhibition activity
with the highest activity was shown by ASP (69.43 %). This finding
was in agreement with a previous in vivo study which demonstrated
that ASP has the highest efficacy in reducing the blood pressure of
Spontaneously Hypertensive Rats, in comparison to the other types
of extracts.14 In corroboration with our finding, the water extract of
Chassalia curviflora leaves and flowers have also shown a high ACE
inhibition activity.21

60
40
20
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Log [ASP (μg/mL)]
Figure 2: Dose-response curve for ACE inhibition activity by ASP and its IC50

different types of extracts used in this study which include the aqueous
(ASP), hexane (HSP), ethyl acetate (EASP) and methanolic (MSP)
extracts of S. polyanthum leaves. These were extracted using four
different solvents having different polarity index such as water (10.2),
methanol (5.1), ethyl acetate (4.4), and n-hexane (0.1). Water was used
to extract compounds such as gallotannins, phenolic acids, glucosides,
flavonoids, and simple phenols.14 More importantly, the use of water
as a solvent was actually to mimic the traditional process of preparing
the sample.15 However, not all compounds can be extracted through
aqueous extraction, thus sequential solvent extraction is also utilized
to extract other compounds such as aldehydes, terpenes, fatty acids,
esters as well as phenolics that could not be extracted through aqueous
extraction.4,15
Among the four types of extracts, the highest extraction yield was for
MSP followed by ASP, EASP and HSP. The order of the yield in this
study actually conforms with previous study on S. polyanthum that
utilized the same extraction method.14 Solvents with different polarities
have their specific functions in extracting compounds. The non-polar
n-hexane was usually utilized to breakdown the coated phospholipid
cell wall, meanwhile the ethyl acetate was utilized to extract hydrophilic
and lipophilic compounds present in the sample. Further step of
sequential extraction with polar solvent such as ethanol was used to
extract the remaining compounds such as polyphenols.16
EASP and HSP were the two extracts with the lowest yields of 0.68 % and
0.28 %, respectively. This is most likely because of the low composition
of the non-polar to semi-polar compounds in S. polyanthum leaves.
Previous GC-MS analysis study on the n-hexane extract of S.
polyanthum leaves showed the presence of some non-polar terpenes
and several phenols with long aliphatic chain, while the ethyl acetate
extract consisted of some non-polar terpenes with several semi-polar
compounds.17 As for MSP, extraction with methanol gave higher yield
than water. This is aligned with the previous studies on S. polyanthum14,
Limnophila armatica18 and Datura metel.19 Extraction with methanol
gave higher yield than the water possibly because of the inactivity of
polyphenol oxidase in the methanol solvent, thus leading to higher
yield of polyphenols in the methanol extract.15 In contrast, polyphenol
oxidase enzyme is active in the aqueous extract, causing polyphenols
present in the aqueous extract to be degraded, thus lowering the
number of polyphenols being extracted. Another plausible explanation
is most likely because water solvent is less efficient in degrading the
80

Besides ASP, the other three extracts (MSP, EASP and HSP) also
showed significant ACE inhibition activity in a decreasing order of
HSP>MSP>EASP. This conforms with previous study on Gnetum
gnemon seeds, in which this study showed that the ACE inhibition of
the non-polar extract was as high as its semi-polar and polar extracts.22
Thus, apart from the usage of polar solvents, non-polar solvents might
as well be useful in extracting some compounds with ACE inhibiting
activities.
As for MSP, this study found that MSP have a moderate ACE inhibition
activity (41.63 %). In comparison to the previous study by Muthia et al
8
on S. polyanthum leaves, they found that the ethanol extract of this
plant showed significant ACE inhibition activity with the percentage
of 53.37 %. Similarly, there were several studies on other plants such as
Apium graviolens23 and Chassalia curviflora21 that showed significant
ACE inhibition activity by the methanol extract.
EASP in this study has the lowest ACE inhibition activity. This is aligned
with a previous study done by Rinayanti et al24 on Hibiscus rosasinensis,
in which its ethyl acetate extract was less potent as compared to its
methanol extract. However, there were some other studies showing
that ethyl acetate extract possessed a high ACE inhibition activity. For
example, ethyl acetate extract from G. gnemon shows the highest ACE
inhibition activity than the polar solvent.22 Another study was done
specifically on ethyl acetate extract of Anacardium occidentale from
Thailand also showed a good ACE inhibition activity with percentage
of 64.20 % at 5 mg/mL. In other words, the ACE inhibition activity is
dependent upon the presence of the specific bioactive phytochemical
constituents in each plant, and thus, these vary greatly from plant to
plant.
Through this study, ASP was shown as having the highest ACE
inhibition activity among the samples, followed by hexane, methanol,
and ethyl acetate. This inhibition result is quite similar to in vivo study
of the same plant done by Ismail et al14 with ASP was shown to give
the highest antihypertensive effects by reducing the blood pressure
of spontaneously hypertensive rats as compared with the other types
of solvent-based extracts. Based on this result, ASP was then further
studied on its potency, mechanism of ACE inhibition, inhibition
specificity, as well as its phytochemical constituents.
Since ASP exhibited the highest ACE inhibition activity in comparison
to the other types of extracts, the potency of ASP in inhibiting the ACE
was further studied by searching for its concentration that causes 50
% of ACE inhibition (IC50). IC50 is a usual indicator of potency and
is used when the inhibitor is a competitor of a ligand binding to a
receptor.25 The IC50 value of ASP in this study was found to be at 41
µg/mL. In comparison with other plant extracts, the aqueous extract of
C. curviflora flower and leaves showed the highest IC50 among plants
prepared through aqueous solvent with the IC50 value of 3.39 and 4.96
Pharmacognosy Journal, Vol 14, Issue 1, Jan-Feb, 2022
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µg/mL, respectively.21 Several mushroom species such as Ganoderma
lucidum and Pluerotus florida meanwhile showed a higher IC50 value of
50 µg/mL.26 This indicates that ASP has the potential of ACE inhibiting
properties which seems to be at par with few other aqueous plant
extracts. Nevertheless, the comparison was not explicit as each of the
previous studies on other plants have used different ACE inhibition
assay methods.
Phytochemical compounds such as tannins have the ability to conjugate
with protein, and thus has the ability to non-specifically inhibit the
enzyme action.13 In order to determine if the plant extract inhibits ACE
via protein precipitation, this study utilized bovine serum albumin
which is chemically similar to the human serum albumin.27 In fact,
the ACE inhibitor drug, captopril did bind strongly to the albumin as
shown via in vivo and in silico study.28 In this study, the ACE inhibition
activity by ASP in the presence of BSA was found to be significantly
reduced as much as 71.75 %.This showed that ASP could bind with
the protein (albumin), causing protein precipitation, leading to its ACE
inhibition activity. The ability to cause protein precipitation perhaps
due to the crosslink that occurs between the phenolics in ASP with the
protein.29 Similar finding was actually observed with few other plants,
for instance, the ACE inhibiting activity of Crataegus oxyacantha
extract was shown to be reduced up to 61.66 % in the presence of BSA.
Similarly, Coscinium fenestratum extract had also shown a significant
reduction in ACE inhibition activity with the value of reduction as high
as 86.49 % in the presence of BSA.12
In contrast, there were also other plant extracts or fractions that have
ACE inhibition properties but have shown lower BSA precipitation.
Cynara scolymus ethyl acetate fraction for example, only have a slight
reduction in its activity as low as 1.73 %, as well as Stevia rebaudiana
aqueous fraction with the reduction in activity by only 5.09 %. Both
plants were concluded to have an insignificant interaction with BSA.12
It was postulated that such inhibition may not be coming from the
binding interaction within the active site, instead of that, the binding
might occur on the outside of the ACE molecule.30
ACE is a zinc metallo protease with zinc ion are found within the
catalytic active site, which is significant for enzyme activity. In view
of this matter, non-specific metal chelators may possibly behave as
ACE inhibitors. ACE active site consists of three parts: a carboxylate
binding functionality, a hydrophobic side chain pocket, and a zinc
ion. Supplementation of ZnCl2 in the ACE activity test system is to
determine whether there is reduction of ASP’s ACE inhibition activity
that are caused by Zn2+ ion chelation. A previous study has shown that
some plants showed a notable reduction in the ACE inhibition activity
when introduced with Zn2+ ions. For example, the ACE inhibition
activity of Embeliaribes was significantly reduced by 58.39 % with the
presence of ZnCl2.12 The ACE inhibition activity by tannins, specifically
caffeoylquinates were also shown to be significantly affected in the
presence of ZnCl2 with reduction percentage of 24.96 to 26.58 %.13
In contrast to that, our current study has shown that for ASP, the
presence of Zn2+ only slightly reduced the ASP’s ACE inhibitory activity
with 15 % decrease in activity. The reduction was not significantly
different with a p-value of 0.5647. Therefore, the finding suggested
that ASP did not significantly inhibit the ACE via chelation with Zn
metal in the active site of ACE enzyme. With reference to the previous
study by Khan & Kumar,12 there were also several plants that showed
similar findings with our study. For example, Mucuna pruriens showed
insignificant changes on the ACE inhibition activity with only 2.86 %
decrease in activity in the presence of ZnCl2. Meanwhile C. scolymus
extract had shown slight reduction in ACE inhibition by only 1.91 %
when it was introduced to Zn2+ ions. Similarly, enalaprilat, an active
metabolite from enalapril have a weak interaction with zinc ion.
Despite so, other binding interactions occur between enaprilat and
other ACE residues which still causes the ACE inhibition.31
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In order to test whether ASP is a specific or non-specific inhibitor
towards ACE, other enzymes are utilized to test the inhibition ability
of ASP. Among the available enzymes, trypsin and chymotrypsin are
chosen as both enzymes are particularly involved with protein digestion.
Inhibition of these two enzymes usually will lead to the reduction in
the dietary protein digestion and absorption in the duodenum of the
digestive system.32 It was shown in this study that ASP specifically
inhibits ACE enzyme only, and has no significant inhibition towards
trypsin and chymotrypsin enzymes. This illustrates that ASP is not
only being a specific ACE inhibitor, but it also has the advantage of not
interfering with the digestive system. This finding was actually similar
to a previous study by Khan & Kumar12 on Coscinium fenestratum
fraction. They reported that C. fenestratum fraction has specific enzyme
inhibition of only towards ACE at 51.30 % inhibition activity, with only
7.23 % and 4.19 % towards trypsin and chymotrypsin, respectively.12
De Freitas33 in his study showed different results with their plant
peptides, showing inhibition towards all the tested enzymes which
include ACE, trypsin as well as chymotrypsin. This illustrates that their
samples are non-specific inhibitors of ACE. In another study, Cassia
occidentallis fraction, C. scolymus fraction, and E.ribes fraction were
concluded as non-specific inhibitors of ACE by showing a significant
inhibition towards chymotrypsin and trypsin enzymes.12

CONCLUSION
This study found that the aqueous extract of Syzygium polyanthum
leaves (ASP) have a dose-dependent ACE inhibition activity that acts
partly via protein precipitation, but the inhibition was not-dependent
to the interaction with zinc metal ion at the ACE active site. ASP did
not inhibit trypsin and chymotrypsin.
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