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ABSTRACT
Background: Diabetes and hypertension are diseases of an increased rate in humans. The target enzymes 
of two diseases are α-glucosidase, α-amylase, dipep�dyl pep�dase-IV (DPP-IV), and angiotensin-
conver�ng enzyme (ACE). Objec�ve: The aim of this study is to determine the inhibi�on ability of inhibi�on 
ability α-glucosidase, α-amylase, dipep�dyl pep�dase-IV (DPP-IV), and angiotensin-conver�ng enzyme 
(ACE) of extract from S. malaccense leaves. Materials and method: S. malaccense leaves were extracted 
with 96% alcohol at a ra�o of 1:25 (w/v) to obtain total extract (TP). A quan�ty of total extract was 
frac�onated with ethyl ether, ethyl acetate, and n-butanol solvents to obtain ethyl ether extract (EE 
extract), ethyl acetate extract (EA extract), n-butanol (BU extract), and the remaining aqueous solu�on 
(WA extract). TP extract and frac�onated extracts were determined for enzyme inhibitory ac�vity. Results: 
BU extract has the most potent inhibitory ac�vity on α-amylase enzymes with an IC  value of 50

265.23 µg/mL. The ethyl acetate (EA) extract was found with the highest inhibitory ac�vity on α-
glucosidase, DPP-IV, and ACE ac�vity at IC  values of 107.34 µg/mL, 160.07 µg/mL, and 186.32 µg/mL, 50

respec�vely. Conclusion: The research indicates that leaf extracts can be applied to support the treatment 
of hypertension and diabetes.

Keywords: Syzygium malaccense, α-glucosidase, α-amylase, angiotensin-conver�ng enzyme (ACE), 
Dipep�dyl pep�dase IV (DPP-IV)

Diabetes is always a global concern, especially type 
II diabetes (T2DM). Some complica�ons, such as 
eye damage, kidney failure, and heart failure, 
reduce the pa�ent's quality of life when infected. 
To treat T2DM, carbohydrate hydroly�c enzymes 
like α-amylase and α-glucosidase must be stopped 
from breaking down carbohydrates a�er a meal. 
Diabetes medica�ons o�en cause many dangerous 
side effects, such as hypoglycemia, diges�ve 
disorders, weight gain, and hepatotoxicity. 
Currently, the incre�n pathway for DM treatment is 
widespread. Incre�ns include Glucose-dependent 
Insulinotropic Polypep�de (GIP) and Glucagon-Like 
Pep�de-1 (GLP-1). However, GLP-1 is strongly 
cleaved by Dipep�dyl pep�dase IV [1].

Recent studies have also shown that natural 
compounds can treat diabetes by inhibi�ng α-
amylase, α-glucosidase, and Dipep�dyl pep�dase 

IV to minimise these substances' toxicity and side 
effects. Inhibitors are being used to control the 
disease because therapeu�c concentra�ons are 
maintained, and there are fewer side effects. 
Baraik and colleagues studied A. aspera for trea�ng 
several diseases such as hypertension, diabetes, 
inflamma�on, pneumonia, … [2]. Nowadays, the 
use of medicinal herbs in the treatment of diabetes 
and hypertension is prevalent because it has few 
side effects and can be used long-term.

Hypertension is one of the main risks that can have a 
substan�al impact on cardiovascular diseases in 
pa�ents with type II diabetes; arteriosclerosis is a 
typical example [3]. ACE inhibitors are the first line of 
treatment for uncomplicated hypertension, as well 
as when it coexists with other diseases like diabetes, 
coronary sclerosis, heart failure, and kidney failure. 
ACE inhibitors act directly on the renin-angiotensin 
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Myrtaceae is a plant family with many species used 
in the healthcare field. However, S. malaccense, 
belonging to this family, is rarely studied. Ba�sta 
and colleagues determined that the shell, seeds, 
and leaves of S. malaccense contain phenolics, 
flavonoids, and carotenoids and have an�oxidant 
ac�vity. In many countries, S. malaccense fruit is 
used as a nutri�ous food, and the leaves are used 
as medicine to support the treatment of 
hypertension and diabetes [7]. Ethanol extract 
from S. malaccense leaves in Malaysia can inhibit 
blood sugar enzymes such as α-glucosidase and α-
amylase [8]. Herbs of the Syzygium genus can also 
help treat hypertension [9].

The content of this study is to confirm the ability of 
S. malaccense to inhibit in vitro diabetes and in 
vitro hypertension by determining the ability to 
inhibit the enzymes α-amylase, α-glucosidase, 
Dipep�dyl Pep�dase IV (DPP-IV), and angiotensin-
conver�ng enzyme (ACE) of total ethanol extract 
(TP) and frac�ons such as ethyl ether (EE), ethyl 
acetate (EA), n-butanol (BU), and water (WA).

2. MATERIALS AND METHODS
2.1. Materials
Leaves of S. malaccense were harvested in Tien 
Giang province (Vietnam), and approached by MSc. 
Tran Huu Thanh. The dried leaves had a moisture 
content of 9%, were ground and filtered through a 

710 µm sieve to obtain powder for extrac�on.

Chemicals for this study such as 96% ethanol, ethyl 
ether, ethyl acetate, n-butanol from Fisher, ACE (2.0 
units/mg protein) from rabbit lungs, hippuryl 
his�dyl-leucine (HHL), captopril, α-glucosidase 
(from Saccharomyces cerevisiae, ≥ 10 units/mg 
protein), p-Nitrophenyl α-D-glucopyranoside 
(pNPG), α-amylase (from porcine pancreas, ≥ 5 
units/mg), acarbose, dipep�dyl Pep�dase (DPP-IV), 
Gly-Pro p-nitroanilide hydrochloride, and dipro�n 
A, were purchased from Sigma Chemical Co. (USA).

UV-VIS spectrophotometer and standard lab 
equipment.

2.2. Method 
2.2.1. Extrac�on of S. malaccense leaves
600 grams of medicinal herbs are extracted with 
96% alcohol at a ra�o of 1:25 (w/v) in 72 hours at 
room temperature. Gather the alcohol solu�on 
and condense it into total extract (TP), a solid form. 
A por�on of the TP extract is mixed with water to 
prepare the extrac�on of the frac�onal extracts. 
The frac�ona�on process was carried out in turn 
with solvents as ethyl ether, ethyl acetate, and n-
butanol. Consequently, n-butanol (BU), ethyl ether 
(EE), ethyl acetate (EA), and residual water extract 
(WA) were obtained as four different types of 
extracts. The extracts were concentrated to 
prepare for studies on biological ac�vity.

system (RAS), causing ACE inhibi�on, reducing the 
conversion of angiotensin I (ac�ve form) to 
angiotensin II (inac�ve form), while inhibi�ng the 
degrading bradykinin causes vasodila�on to lower 
blood pressure, such as Captopril, Quinapril, 
Benazepril, Lisinopril, Enalapril, ... [4]. However, the 
drug s�ll has side effects such as kidney failure, 

hyperkalemia, fetal malforma�ons, persistent dry 
cough (0 - 44%), angioedema, and pa�ents treated 
with Captopril will o�en experience complica�ons. 
taste disorders, leukopenia, ... [5]. On the contrary, 
herbs cause fewer side effects, so the trend of using 
herbs to inhibit ACE to support the treatment of 
hypertension is becoming popular [6].

Figure 1. Syzygium malaccense
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2.2.2. Method for α-amylase inhibitory ac�vity
200 µL of sample was mixed with 40 µL of α-
amylase enzyme (5 U/mL), 0.36 mL of 0.02 M 
sodium phosphate buffer at pH 6.9, and 6 mM 
sodium chloride. The mixture was incubated at 
37°C for 20 minutes. Then, 300 µL of 1% starch was 
added and incubated at 37°C for 20 minutes. 0.2 
mL of 1% DNSA reagent was added to the mixture. 
S�rred and boiled for five minutes, then cooled to 
room temperature. Dis�lled water was added to 
make 10 ml and measured at 540 nm. Acarbose 
was used as a control. All tests were performed in 
triplicate with Equa�on (1), and each test was 
performed in triplicate [10].

Where A is the absorbance of the control, and B is 
the absorbance of the sample.

2.2.3. Method for α-glucosidase inhibitory 
ac�vity
100 µL of extract was added to 2,200 µL of sodium 
phosphate buffer (0.01 M) and 100 µL of 1.0 U/mL 
α-glucosidase enzyme to start the reac�on and le� 
at 37°C for 5 min. Add 100 µL of 3 mM pNPG, s�r 
well, and incubate for 30 min at 37°C. Finally, add 
15.50 µL of 0.1 M Na CO  solu�on to terminate the 2 3

reac�on. Finally, use UV-VIS measurement at 405 
nm to determine the α-glucosidase inhibitory 
ac�vity by calcula�ng the p-nitrophenol generated 
from pNPG during the response. The posi�ve 
control used was acarbose. With Equa�on (2), 
each assay was conducted in triplicate [11].

Where A is the absorbance of the control, and B is 
the absorbance of the sample.

2.2.4. Method for DPP-IV inhibitory ac�vity
25 µL of the sample solu�on was mixed well with 
25 µL of 12 mM Gly-Pro p-nitroaniline and 
incubated for 10 min at 37°C. Add 50 µL of DPP-IV 
(0.02 U/mL) and con�nue incuba�on for 30 min at 
37°C a�er 10 min. Add 100 µL of 1M sodium 
acetate buffer to terminate the reac�on at pH 4.0. 
The wavelength of 405 nm was used to measure 
the samples. Dipro�n A served as the reference 
point. With Equa�on (3), each assay was 
conducted in triplicate [12].

Where A is the absorbance of the control, and B is 
the absorbance of the sample.

2.2.5. Method for ACE inhibitory ac�vity
50 µL of the extract was mixed with 50 µL of ACE 
solu�on (25 mU/mL), incubated at 37°C for 10 min. 
Next, 150 µL of HHL substrate was mixed into the 
above solu�on and le� at 37°C for half an hour. To 
extract hippuric acid, 250 µL of 1M HCl and 500 µL 
of ethyl acetate were added, mixed well, and 
centrifuged at 3000 rpm for 10 min. For 30 min, 
200 µL of the ethyl acetate layer was dried with the 
upper hippuric acid solu�on layer at 60°C and 
measured at 228 nm a�er dilu�on with 2 mL of 
dis�lled water. As a control, captopril was used. 
With Equa�on (4), each assay was performed in 
triplicate [13].

Where A is the absorbance of the control, and B is 
the absorbance of the sample.

3. RESULTS AND DISCUSSION
3.1. Results of medical extrac�on
600 g of S. malaccense leaves (deducted for the 
moisture content of 10.77 ± 0.33%) were used to 
make 138.24 g of TP extract (with the moisture 
content of 19.93 ± 0.95%).

By using 60 g of TP extract and shaking the frac�on 
to obtain 21.20 g of EE extract (with the moisture 
content of  8.47 ±  0.61%), 20.51 g EA extract (with 
the moisture content of 16.60 ± 0.35%), 11.1 g of 
BU extract (with the moisture content of 18.13 ± 
0.31%), and 7.15 g of WA extract (with the moisture 
content of  19.20 ± 0.72%).

3.2. α-amylase inhibitory ac�vity of S. malaccense 
leaf extract
The α-amylase inhibitory ac�vity revealed that the 
extract with the highest inhibitory ac�vity was BU, 
followed by extracts from EA, EE, TP, and WA. The 
IC  value of 740.36 (µg/mL) for total extract (TP) is 50

1.13 �mes higher than that of Acarbose (IC  = 50

657.73 µg/mL) (Figure 2). 

The α-amylase inhibitory ac�vity of TP extract of S. 
malaccense leaves was higher than that of the 
study conducted by Arumugam et al. [8]. This could 
be a�ributed to the impact of growing condi�ons 
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Figure 2. IC  value (μg/mL) of α-amylase inhibitory ac�vity of total extract and frac�ons50

of S. malaccense leaves

Figure 3. IC  value (μg/mL) of α-glucosidase inhibitory ac�vity of total extract and frac�ons50

of S. malaccense leaves

on the content of secondary compounds in leaves, 
as the TP content of leaves extracted using the 
same solvent from S. malaccense leaves grown in 
Malaysia was lower [8].

The frac�onated extracts with α-amylase 
inhibitory ac�vity that are 2.48 and 1.50 folds 
higher than acarbose, respec�vely, are BU and EA 
extracts. The potent inhibitory ac�vity of BU and

EA may be related to the presence of compounds 

such as flavonoids or phenolics. In contrast, the 

water frac�on (WA) showed the weakest ac�vity, 

indica�ng that the main inhibitory compounds 

were not well soluble in water. This suggests that 

BU and EA are the most poten�al frac�ons for 

exploi�ng inhibitory α-amylase ac�vity from S. 

malaccense leaves.

3.3. α-glucosidase inhibitory ac�vity of S. malaccense 
leaf extract
A�er studying the α-glucosidase inhibitory ac�vity 
of S. malaccense leaf extracts, EA extract was 
found to have the best ability to inhibit α-
glucosidase, with BU, EE, TP, and WA extracts 

following (Figure 3). The α-glucosidase inhibitory 
ac�vity of TP extract is 1.91 folds greater than that 
of acarbose. The highest amount of α-glucosidase 
inhibitory ac�vity was found the EA frac�on, which 
is 1.43 �mes more than that of the acarbose 
posi�ve control.
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Figure 4. IC  value (µg/mL) of DPP-IV inhibitory ac�vity of total extract and frac�ons50

of S. malaccense leaves

3.5. ACE inhibitory ac�vity of S. malaccense leaf 
extract
According to the research findings displayed in 

Figure 4, extracts from S. malaccense leaves 

exhibit ACE inhibitory ac�vity ranging from 186.32 

to 951.65 µg/mL. With an IC  (µg/mL) = 186.32, 50

the EA extract exhibits the most ACE inhibi�on 

capacity, followed by the EE, TP, and BU extracts, 

while the WA extract exhibits the lowest (Figure 5). 

The IC  values of the extracts in this experiment 50

were all higher than captopril, indica�ng that S. 
malaccense leaves s�ll had a low ACE enzyme 
inhibitory ac�vity level.

The results showed that EA remained the most 
potent ACE inhibitory frac�on (IC  = 186.32 µg/mL), 50

significantly lower than other frac�ons and TP. 
However, this IC  value was s�ll higher than that of 50

captopril - the standard ACE inhibitor, indica�ng 

The α-glucosidase inhibitory ac�vity of S. malaccense 
leaves ethanolic extract is less than that of 
Arumugam et al. (2014) [8]. This could be because 
growing condi�ons impact how ac�ve secondary 
compounds form in leaves.

This result may reflect the concentra�on of flavonoid 

compounds in the EA frac�on, which is known to 

have potent ac�vity on this enzyme. The fact that TP 

had lower ac�vity than EA suggests that frac�ona�on 

helps to concentrate the more ac�ve compounds 

[14]. Therefore, EA is a promising frac�on for ap-

plica�on in postprandial glycemic control.

3.4. DPP-IV inhibitory ac�vity of S. malaccense 
leaf extract
EA extract has the highest DPP-IV inhibitory ac�vity, 

with an IC  value of 160.07 (μg/mL), and is low, 50

according to the findings of surveying the DPP-IV 
inhibitory ac�vity of extracts from S. malaccense 
leaves (Figure 4). The IC  value of the WA extract is 50

1302.30 (μg/mL). With an IC  for DPP-IV inhibitory 50

ac�vity of 1.60 (μg/mL), the TP extract and frac�on 
extracts obtained from S. malaccense leaves exhibit 
greater levels than the Dipro�n A posi�ve control.

Medicinal plants such as Syzygium cumini, which 
inhibit DPP-IV, have an�-diabe�c proper�es and 
belong to the Myrtaceae family. Syzygium cumini 
seed extract extracted with 70% alcohol shows an 
intense DPP-IV inhibitory ac�on [15]. Based on 
research on α-amylase, α-glucosidase, and DPP-IV 
inhibi�on, S. malaccense is a Myrtaceae plant that has 
the poten�al to be used medicinally to treat diabetes.



16

Hong Bang Interna�onal University Journal of ScienceISSN: 2615 - 9686

Hong Bang Interna�onal University Journal of Science - Vol.8 - 6/2025: 11-18

Figure 5. IC  value (µg/mL) of ACE inhibitory ac�vity of total extract and frac�ons50

of S. malaccense leaves

limited ac�vity compared to the synthe�c drug. 
Frac�ons EE and BU had moderate efficacy, while 
WA showed the weakest ac�vity. Although not as 

effec�ve as captopril, the poten�al of EA in inhibi�ng 
ACE is s�ll noteworthy, especially considering the 
advantage of having few side effects of the drug.

4. CONCLUSION
Research results show that extracts from Syzygium 
malaccense leaves have poten�al applica�ons to 
support the treatment of diabetes and hyper-
tension. Syzygium malaccense leaf extracts can 
inhibit in vitro enzymes such as α-amylase, α-
glucosidase, Dipep�dyl Pep�dase IV, and Angio-

tensin-conver�ng enzyme. 

However, it is s�ll necessary to understand the en-
zyme inhibi�on mechanisms of compounds isolated 
from extracts of S. malaccense leaves and test in vivo 
ac�vity on mice in subsequent studies to aim for 
producing these drug products to support the treat-
ment of hypertension and diabetes in humans.

[1] E. P. Setyaningsih, F. C. Saputri, and A. Mun'im, 
'The an�diabe�c effec�vity of Indonesian plants 
extracts via DPP-IV inhibitory mechanism', Journal 
of Young Pharmacists, vol. 11, no. 2, p. 161, 2019.

[2] B. Baraik, P. Jain, and H. P. Sharma, 'Achyranthes 
aspera L.: As a Source of Bio-fungicide', Am J Adv 
Drug Deliv, vol. 2, no. 6, pp. 686-696, 2014.

[3] H. Smulyan, A. Lieber, and M. E. Safar, 
'Hypertension, diabetes type II, and their 
associa�on: role of arterial s�ffness', Am J 
Hypertens, vol. 29, no. 1, pp. 5-13, 2016.

[ 4 ]  J .  L .  I z z o  J r  a n d  M .  R .  W e i r , 
'Angiotensin-conver�ng enzyme inhibitors', The 

Journal of Clinical Hypertension, vol. 13, no. 9, p. 
667, 2011.

[5] D. A. Sica, 'Angiotensin-Conver�ng Enzyme 
Inhibitors '  S ide Effects—Physiologic  and 
Non-Physiologic Considera�ons', The Journal of 
Clinical Hypertension, vol. 7, pp. 17-23, 2005.

[6] N. Chaudhary, L. Sabikhi, S. A. Hussain, and S. K. 
MH, 'A compara�ve study of the an�oxidant and 
ACE inhibitory ac�vi�es of selected herbal 
extracts', J Herb Med, vol. 22, p. 100343, 2020.

[7] Â. G. Ba�sta et al., 'Red-jambo (Syzygium 
malaccense): Bioac�ve compounds in fruits and 
leaves', LWT-Food science and technology, vol. 76, 

REFERENCES



17

Hong Bang Interna�onal University Journal of Science ISSN: 2615 - 9686 

Hong Bang Interna�onal University Journal of Science - Vol.8 - 6/2025: 11-18

Tiềm năng hạ đường huyết và hạ huyết áp của chiết 
xuất từ   lá Điều đỏ (Syzygium malaccense Merr. & 
L.M.Perry)
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TÓM TẮT
Đặt vấn đề: Đái tháo đường và tăng huyết áp là những bệnh có tỷ lệ gia tăng ở người. Các enzyme mục 

�êu của hai bệnh này là α-glucosidase, α-amylase, dipep�dyl pep�dase-IV (DPP-IV) và enzyme chuyển 

đổi angiotensin (ACE). Mục �êu nghiên cứu: Mục �êu của nghiên cứu này là xác định khả năng ức chế α-

glucosidase, α-amylase, dipep�dyl pep�dase-IV (DPP-IV), enzyme chuyển đổi angiotensin (ACE) của 

chiết xuất từ   lá S. malaccense. Đối tượng và phương pháp nghiên cứu: Lá S. malaccense được chiết với 

cồn 96 theo tỉ lệ 1:25 (w/v) thu được cao toàn phần (TP). Một lượng cao toàn phần được chiết phân đoạn 

lần lượt với các dung môi là ethyl ether, ethyl acetate và n-butanol để thu nhận được các cao là cao ethyl 

ether (cao EE), ethyl acetate (cao EA), n-butanol (cao BU) và dịch nước còn lại (cao WA). Cao TP và các cao 

phân đoạn sẽ được xác định hoạt �nh ức chế các enzyme. Kết quả: Cao phân đoạn BU có hoạt �nh ức chế 

mạnh nhất đối với enzyme α-amylase với giá trị IC  là 265.23 µg/mL. Cao phân đoạn etyl acetat (EA) có 50

hoạt �nh ức chế cao nhất đối với α-glucosidase, DPP-IV và ACE với giá trị IC  lần lượt là 107.34 µg/mL, 50
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160.07 µg/mL và 186.32 µg/mL. Kết luận: Cao phân đoạn EA và BU có �ềm năng trong việc tạo ra các chế 

phẩm hỗ trợ điều trị đái tháo đường và tăng huyết áp.
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