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ABSTRACT

Aquilaria or Karas tree belongs to the Thymelaeaceae family, a famous agarwood producer. This plant is widely
distributed in the Indomalesia region, including Malaysia. Recently, these plants have attracted the attention of
researchers. Infected wood resin from Aquilaria plants, also known as agarwood, is widely used for perfume
production, religious and medicinal purposes. Due to the long development time of the plants and the need to
inoculate them to initiate agarwood resin production, farmers have sought an alternative source of income by
marketing the leaves of the Aquilaria tree. Aquilaria leaves are also known to have antioxidant, antidiabetic,
antimicrobial, and anti-inflammatory properties and are commonly used to regulate the gastrointestinal tract. In
contrast to the abundant benefits of the Aquilaria leaves, there were lacking reports on the cytotoxicity of the
leaves and their extract. Therefore, this review investigates and points out the pharmacological properties of
Aquilaria leaves, their human health benefits, and toxicity of the leaves based on the in-vitro and in-vivo studies
as it is crucial for safety consumption and downstream applications, including food and beverages, pharmaceutical
and cosmeceutical industry.
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INTRODUCTION

Aquilaria spp., also commonly acknowledged as
agarwood, karas, or oudh (Maharani et al., 2016;
Surjanto et al., 2019), is a member of the
Thymelaeaceae that is extensively dispersed in
Southern Asia and is readily available in
Malaysia (Kenzo et al., 2019; Razak et al., 2019;
Surjanto et al., 2019). Aquilaria trees are
massive, rapid-growing, and can reach heights of
30 meters and diameters of 2.5 meters (Razak et
al., 2019; Zainurin et al., 2020).

This genus contains 21 species, 13 of which
are agarwood producers. Aquilaria malaccensis,
Aquilaria rostrata, Aquilaria microcarpa,
Aquilaria beccariana, and Aquilaria hirta are

the most common species in Malaysia. On the
other hand, the species of Aquilaria subintegra
and Aquilaria sinensis are native to southern
Thailand and China, respectively. In addition,
Aquilaria crassna is widely distributed in
Cambodia, Laos, Vietnam, and northern
Thailand (Lee & Mohamed, 2016; Adhikari et
al., 2021).

Historically, each part of the Aquilaria tree
has been beneficial for its use in food and
beverages and its medicinal and cosmetic
applications (Zakaria et al., 2020). Agarwood or
a dark resinous stem part cannot be produced by
Aquilaria trees, whether wild or cultivated,
unless they have been externally injured by
physical damage, insect feeding, or microbial
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infection (Zhang et al., 2012). Agarwood resin is
one of the costliest natural products in the world
(Zakaria et al., 2020).

However, the difficulty of resin formation
leads to unlawful deforestation and a reduction
of the Aquilaria plant population (Desa et al.,
2021). In addition, agarwood production has
been inconsistent and rampant illegal logging,
which poses a threat to agarwood propagation is
leading to an increase in the planting of
agarwood trees to compensate for insufficient
supply (Desa et al., 2021; Lee & Mohamed,
2016). Besides the agarwood resin, the hydrosol
from the agarwood essential oil hydro
distillation is the secondary product, which
consists of the water-soluble compound.
Globally, it has been diluted for human
consumption (Kahar et al., 2021).

Due to the plant's long growing season and
the need for induction to produce dark resinous
stem or agarwood, farmers have sought
profitable alternatives (Adam et al., 2017).
While Aquilaria leaves are usually considered
waste during pruning, they can be used as
income substitutes while awaiting agarwood
formation (Wangiyana et al., 2022). According
to Zakaria et al. (2020), Aquilaria leaves have a
tremendous potential for therapeutic use. In
ancient  times, Aquilaria leaves  were
traditionally used to treat trauma, hypertension,
constipation, diabetes, headaches and digestive
ailments (Zhou et al., 2008; Kakino et al., 2010%
Prakhanon et al., 2011).

Rashid et al. (2020) reported that dried
Aquilaria leaves contain crude fibre, protein and
carbohydrates suitable for usage in the food and
beverages industries. These include tea in bags
or with other foods such as ice cream, cookies,
or coffee (Adam et al., 2017). According to
Hsiao et al. (2021), Aquilaria leaves are used to
make a nourishing herbal tea, and consumption
steadily rises over time (Adam et al., 2017). In
Malaysia, Aquilaria leaves are used as an
ingredient in tea and coffee. The cultivation area
in Malaysia has become a tourist attraction that
allows visitors to admire the landscape while
drinking tea made from Aquilaria leaves, such as
in Hoga Gaharu Tea Valley, Gopeng, Perak.
Aquilaria leaf extract is also an active ingredient
in coffee formulation to enhance the health
benefits of coffee products such as HOGA coffee
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and Black Gaharu, which have several flavours,
including mocha latte, matcha, and classic black.

Furthermore, Aquilaria leaves have also been
utilised to manufacture tea in Indonesia, which
is one of the potential herbal product
advancements (Wangiyana et al.,, 2022).
Research and development of Aquilaria leaf tea
in Indonesia has thoroughly addressed the
finished product selection of raw materials,
processing, safety, and marketing. To date, there
are seven brands of Aquilaria leaf teas in
Indonesia (Wangiyana et al., 2022).

The consumption of Aquilaria can bring
health benefits to humans. Aquilaria leaves are
highly abundant and available, allowing their use
for commercial purposes and capable of
becoming new  prospects for  product
development. The excellent pharmacological
properties of Aquilaria leaves can be utilised as
an ingredient for downstream applications,
including in the food and beverage,
pharmaceutical and cosmeceutical industries.

On the other hand, consuming plant leaves-
based products and herbs might have side effects
and toxicity concerns towards human health.
This issue leads to the in-vitro and in-vivo
toxicity tests, which can help determine the
toxicity level of the product. In this case, many
toxicity studies of Aquilaria leaves and their
extract have been conducted by the researcher.
However, the study of the cytotoxicity of
Aquilaria leaves is too scattered. Therefore, in
this review, the pharmacological effects and
toxicity of the Aquilaria leaves are discussed and
organised.

Materials and Methods

This review article searched all literature using
six databases: Google Scholar, Elsevier,
PubMed, Web of Science, local books, and
thesis dissertation. The keywords used for
identification of the sources were "Aquilaria
leaves”, or "agarwood leaves”, "antioxidant
activity of Aquilaria leaves”, "antidiabetic
properties of Aquilaria leaves", or "antibacterial
properties of Aquilaria leaves” or "anti-
inflammatory properties of Aquilaria leaves" or
"laxative properties of Aquilaria leaves" or
"cytotoxicity of Aquilaria leaves". All articles or
books regarding Aquilaria leaves were taken
from 2008 until 2023.
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This article delves deeper into the
pharmacological properties and cytotoxicity of
Aquilaria leaves and their extract. Moreover, in
order to improve the sensitivity of searched data,
the top 250 from searched databases, ordered by
relevance, including journal articles,
proceedings, books, and dissertations, were
included in the study. Non-English periodicals
were omitted, and the review focused solely on
English content to ensure clear interpretation.

Pharmacological properties of Aquilaria
leaves

Natural bioactive substances found in plants are
known as phytochemicals and are divided into
two categories according to function in plant
metabolism: primary and secondary metabolites.
Amino acids, chlorophyll, proteins, and
carbohydrates are primary metabolites, while
alkaloids, phenolic compounds, and terpenoids
are secondary metabolites (Krishnaiah et al.,
2009).

While the bioactivity of Aquilaria has been
highly appreciated and has recently piqued the
curiosity of researchers in recent years, it has not
yet been adequately explored (Hsiao et al.,
2021). Various phytochemical compounds are
found in Aquilaria leaves, and all of these
compounds are related to pharmacological
properties (Ridwanti et al., 2020). Studies have
shown that flavonoid and 2-(2-phenylethyl)
chromone are the predominant constituents in
Aquilaria leaves (Wang et al., 2018).

Aquilaria leaves consist of many chemical
constituents, including chromones, phenolic
acids, steroids, fatty acids, benzophenones,
xanthonoids, flavonoids, terpenoids, and alkanes
that provide various benefits towards human
health (Adam et al., 2017; Razak et al., 2019).
Mangiferin, genkwanin, genkwanin-5-O-f-
primeveroside, iriflophenone 2-0O-0-L-
rhamnopyranoside, iriflophenone 3-C-B-D-
glucoside, and iriflophenone  3,5-C-B-D-
diglucopyranoside have been recognised as
potent phenolic compounds in the Aquilaria
leaves (Hashim et al, 2016; Ibrahim, 2016). This
review focuses on the potential of antioxidant,
antidiabetic, antibacterial, anti-inflammatory
and laxative effects in Aquilaria leaves.
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Antioxidant Properties

The production of reactive oxygen species
(ROS), which are necessary for tissue
homeostasis and cell communication, occurs due
to regular physiological activities.
Unfortunately, too many radical species
negatively affect cells and promote various
diseases, including damage to DNA, lipids, and
proteins (Su et al., 2019). Antioxidants can break
down ROS and neutralise metabolically active
products to protect cells from oxidative damage
associated with illnesses such as ageing, cancer,
and diabetes (Wil et al., 2014). The antioxidant
and phenolic compounds, which comprise
phenolic acids, tannins, and flavonoids, are
plentiful in plants, especially in the leaves
(Batubara et al., 2018; Surjanto et al., 2019).
According to Batubara et al. (2018), Aquilaria
leaves have high antioxidant activity.

The study by Surjanto et al., (2019) reported
in North Sumatera, Indonesia, showed that A.
malaccensis leaves collected in the Sigiring-
giring village contain terpenoids and saponins.
The leaves of A. malaccensis from S. Kalangan
Il have tannins and saponins. The 50 %
inhibition concentration (IC50) of 2,2-diphenyl-
1-picrylhydrazyl (DPPH) assay showed that the
leaf extract from S. Kalangan Il was higher than
that from Sigiring-giring village (Surjanto et al.,
2019). The secondary metabolites component is
influenced by extrinsic factors, which include
humidity, temperature, precipitation and solar
radiation, which are usually related to the
geographical location, climate and soil
composition (Xu et al., 2022; Ciocan et al.,
2023)

In addition, Hendra et al. (2016) examined
the antioxidant activity of A. malaccensis leaves
regarding the effects of different stages of leaf
maturity with different solvents as extraction
mediums on antioxidant activity. The free
radical scavenging inhibition (IC50) indicates
that the old, matured leaves with methanol
extraction had the highest antioxidant compared
to young leaves, which are 19.62 + 1.49 pg/ml
and 68.52 + 2.12 pg/ml, respectively. The
growth-differentiation balance theory proposes
that longer-growing plant parts have more
defensive resources, enhancing antioxidant
activity in old leaf extract due to more secondary
metabolites (Hendra et al., 2016). Moreover, the
development process of the leaf leads to an
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increase in photosynthesis capability and
antioxidant activity (Nadeem & Zeb, 2018).

In contrast, a study by Wongwad et al. (2019)
reported that the DPPH scavenging assay
revealed that extracts from young leaves
demonstrate significantly higher antioxidant
activity compared to those from mature leaves.
The 1C50 values for young leaf extracts ranged
from 13.3 to 26.5 pg/mL, whereas for mature
leaf extracts, the IC50 values were between 37.5
and 71.4 pg/mL. This finding aligns with recent
studies by Kuntorini et al. (2022), which
discovered that ethanol extracts from green fruits
and young leaves have more antioxidant activity
than older leaves. The younger leaves had a
higher flavonoid content, which contributed to
their increased antioxidant activity.

Regarding their phytochemical properties,
Huda et al. (2009) reported that A. malaccensis
leaves contain antioxidants. In this regard,
phytochemical screening shows the presence of
alkaloids, steroids, saponins, and flavonoids in
A. malaccensis leaf extract. As a result, all crude
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extract of A. malaccensis has a high potential as
an antioxidant source, especially methanol crude
(Huda et al., 2009).

Based on the DPPH assay and 2,2'-azino-bis
(3-ethylbenzthiazoline-6-sulphonic acid)
(ABTYS) radical assay, flavonoids isolated from
ethanolic extract of A. sinensis leaves have
potential antioxidant activity (Duan et al., 2015).
In addition, Yang et al. (2018) isolated
flavonoids from wild A. sinensis leaves using
sophisticated high-speed  counter-current
chromatography and a multilayer spiral
separation column. The four isolated flavonoids
showed nitrite scavenging behaviours, namely
apigenin-7,4'-diethyl ether, genkwanin,
quercetin, and kaempferol. Figure 1 shows
quercetin is the most effective nitrite scavenging,
while kaempferol exhibited the least nitrite
scavenging properties (Yang et al., 2018).
Hence, Aquilaria leaves can be incorporated into
food and beverage products or utilised in
pharmaceutical and cosmetic products as they
can reduce free radicals and disease occurrence.

Quercetin

Figure 1. Quercetin chemical compound

Anti-diabetic Properties

Diabetes is a growing non-communicable
disease affecting up to 693 million adults (Saeedi
et al., 2019), increasing the risk of mortality,
blindness, and kidney failure (Cole & Florez,
2020). According to the American Diabetes
Association (2021), there are four types of
diabetes: Type I, Type I, specialised types, and
gestational diabetes mellitus. In 2019, over 463
million adults had type 2 diabetes due to obesity,
inactivity, and unhealthy dietary habits (Tsunoda
et al., 2022). Diabetes can be treated by
decreasing glucose absorption in the intestine,
using a-glucosidase inhibitors to slow glucose

uptake (He et al., 2014; Ezzat et al., 2017;
Tsunoda et al., 2022).

Acarbose, the first microorganism-derived
drug approved in Europe and the United States,
has been found to lower HbAl1c and lipid profile
better than metformin (He et al., 2014; Tsunoda
et al., 2022). However, prolonged use can lead
to gastrointestinal problems (He et al., 2014).
Lifestyle changes and pharmacological
treatment using drugs can help minimise
diabetes-related mortality and morbidity (Marin-
Pefialver et al., 2016; Blaslov et al., 2018), but
they may also result in autoimmune assaults, 8-
cell dysfunction, and insulin resistance in people
with diabetes mellitus (Manukumar et al., 2017).



Mohd Kodeem et al. 2025

Formulations from herbal sources are
favoured because they are cost-effective and can
prevent secondary complications while posing a
minimal risk of complication (Manukumar et al.,
2017). Yin et al. (2014) and Elbashir et al.
(2018) discovered that several medicinal plants
have significant potential as natural antidiabetic
medicines due to their high antioxidant and
antidiabetic potential. Thitikornpong et al.
(2019) reported that the A. crassna leaves and
isolated mangiferin have a higher a-glucosidase
inhibitory effect than acarbose, which is 0.1840
+ 0.0032, 0.5714 + 0.0044, and 17.3947 +
0.0189 mg/mL respectively. In this light,
mangiferin, as shown in Figure 2, is a vital
compound attributed to the antidiabetic
properties of Aquilaria leaves.

Zulkiflie et al. (2013) reported the potential
of local Aquilaria spp. leaves can be used as
antidiabetic drugs. Methanolic extract of A.
malaccensis and A. hirta inhibited a-amylase
and o-glucosidase enzymes more effectively
than acarbose. The inhibition percentages for a-
glucosidase for A. malaccensis and A. hirta at
1000 pg/ml are higher than acarbose, about
35.14% and 36.42%, respectively. The inhibition
percentages for a-amylase for A. malaccensis
and A. hirta at 1000 pg/ml are higher than
acarbose, about 23.04% and 18.23%,
respectively.  The  phenolic ~ compounds
responsible for the a-glucosidase inhibitory
properties of the 70% aqueous ethanolic extract
of the leaves of A. sinensis are mangiferin,
iriflophenone 3,5-C-B-D-glucopyranoside,
iriflophenone 3-C-B-D-glucoside and
iriflophenone  2-O-a-L-rhamnopyranoside in
which the mangiferin has the highest potency of
a-glucosidase inhibitor (Feng et al., 2011).

In addition, iriflophenone 3-C-glucoside
(IPG), a compound isolated from A. sinensis,

oH

Acarbose
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was shown in in vitro and in vivo experiments to
have a high potential to lower fasting blood
glucose levels in mice with streptozotocin
(STZ)-induced diabetes and to increase glucose
uptake in adipocytes. In this research, IPG was
isolated from the leaf extract of A. sinensis leaf
extract using column chromatography before it
was induced in fasting STZ mice. IPG can
reduce blood glucose levels by 46.4% and
increase glucose uptake by 53% in rats
(Pranakhon et al., 2015).

Air-dried A. malaccensis leaves extracted
with methanol showed the highest a-glucosidase
enzyme inhibitory activity, whereas ethanol,
chloroform, water, and hexane extract showed
shallow values. Methanol appears to be the most
effective solvent for Aquilaria leaf extraction
compared to water and chloroform. Air-dried
samples  exhibited better  a-glucosidase
inhibition activity than oven-dried samples. This
might be because the oven's high drying
temperature destroys some compounds involved
in the antidiabetic activity (Ahmad et al., 2019).

Both the aqueous and methanol extracts of A.
malaccensis leaves efficiently reduced normal
glucose levels of male ICR mice with
streptozotocin diabetes at 50 mg /kg body weight
(Fayyadh et al., 2020). Furthermore, Said et al.
(2016) stated that the ethanol and ethyl acetate
extract of A. malaccensis leaves increased
glucose transporter 4 (GLUT4) in the skeletal
muscle of diabetic Wistar rats when induced by
0.01 g/kg body weight of A. malaccensis leaf
extract (Said et al., 2016). Therefore, this shows
that Aquilaria leaves can be used as green
sources of diabetic medication treatment with
lower side effects on human health. Table 1
illustrates the antidiabetic activity of Aquilaria
leaves.

Mangiferin

Figure 2. Chemical structure of the acarbose, a drug for Type Il diabetes mellitus and mangiferin, an antidiabetic

bioactive compound found in Aquilaria leaves
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Table 1. Antidiabetic activity of the Aquilaria leaves
Species Experiment Sample tested Results References
Aquilaria a-glucosidase Leaves extract 0.1840 £ 0.0032 mg/mL Thitikornpong et
crassna inhibition (1C50) al. (2019)
Isolated mangiferin 0.5714 £ 0.0044 mg/mL
Aquilaria a-glucosidase Methanol extract 452.82 ng/mL Zulkiflie et al.
hirta inhibition (1C50) (2013)
a-amylase inhibition Methanol extract 301.99 pg/mL Zulkiflie et al.
(IC50) (2013)
Aquilaria a-glucosidase Air dried (leaves) 396.12 +6.42 pug/mL Ahmad et al.
malaccensis inhibition (1C50) ethanolic extract (2019)
Air dried (leaves) 196.31 +4.11 pug/mL
methanolic extract
Oven-dried (leaves) 295.37 £5.42 pg/mL
ethanolic extract
Oven-dried (leaves) 598.22 + 418 pg/mL
methanolic extract
a-glucosidase Methanol extract 375.50 pg/mL Zulkiflie et al.
inhibition (IC50) (2013)
a-amylase inhibition Methanol extract 397.23 pg/mL Zulkiflie et al,
(1C50) (2013)
Glucose uptake in Ethanol fraction Increase the level of GLUT4  Said et al. (2016)
skeletal muscle on rats by 24.5%
Ethyl acetate fraction Increase level of GLUT4 by
20.6%
Aquilaria a-glucosidase Mangiferin 126.5 + 14.5 pg/mL Fengetal. (2011)
sinensis inhibition (1C50) Iriflophenone  2-O-a-L- 143.7 £ 10.6 pg/mL
rhamnopyranoside
Iriflophenone  3-C-b-D-  165.1 #11.3 pg/mL
glucoside
Iriflophenone 138.3 7.3 pg/mL
Test of glucose uptake Iriflophenone 3-C-B- Increase glucose uptake 53% Pranakhon et al.

on rats glucoside

and reduce blood glucose by
46%

(2015)

Antibacterial Properties

There are many types of antibiotics widely used
in the world. Antibiotics interfere with bacterial
cells, including attacking cell walls, inhibiting
protein biosynthesis, inhibiting the DNA
replication process, and inhibiting folic acid
metabolism (Kapoor et al., 2017). Aquilaria
leaves have been reported to have antibacterial
properties against various microorganisms.
Microorganisms were treated with or exposed to
Aquilaria leaf extract to observe the effect on the
cell. Kammonwannasit et al. (2013) reported
that cells of the Staphylococcus epidermidis
treated with extracts swelled and the cell wall
ruptured.

The ethanol extract of A. macrocarpa Baill
also had a minimum inhibitory concentration
(MIC) of 1.0 mg/ml against Staphylococcus
aureus and Bacillus cereus, 1.25 mg/mL against
Staphylococcus  epidermidis, Pseudomonas
aeruginosa, Bacillus subtilis, and Escherichia
coli, and 10 mg/mL against Salmonella typhi and
Proteus mirabilis (Sari et al., 2019).

According to Jihadi (2020), an ethanolic leaf
extract of A. malaccensis proved efficient
against  multidrug-resistant ~ Gram-negative
bacteria. The minimal inhibitory concentrations
for Acinetobacter baumannii and Klebsella
pneumonia (ATCC 10031) were 32 mg/mL and
64 mg/mL for Escherichia coli and Klebsella
pneumonia (ATCC 700603), respectively.
Furthermore, Sari et al. (2019) discovered that
the ethanolic extract of A. malaccensis had a
MIC of 1.25 mg/ml against Staphylococcus
aureus, Bacillus cereus, Staphylococcus
epidermidis, Pseudomonas aeruginosa, Bacillus
subtilis, Escherichia coli, Salmonella typhi, and
Proteus mirabilis.

Furthermore, significant antibacterial activity
against Salmonella enterica and Staphylococcus
aureus has been determined in oven-dried leaves
of A. malaccensis hexane extract at 150 and 300
mg/ml, respectively (Ahmad et al., 2019). The
chloroform extract from A. malaccensis also
inhibited the culture of gram-positive and gram-
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negative bacteria, including Shigella boydii and
Escherichia coli (Begum, 2016).

Freeze-dried aqueous extract of A. crassna
leaves also showed inhibition against
Staphylococcus epidermidis at a 6 mg/ml
concentration. The bacterial cells were swollen
and disrupted by the extract, and bacterial
biofilm development was suppressed. The
bacterial cell wall broke down after 24 hours of
treatment with the extract (Kamonwannasit et
al., 2013).
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malaccensis leaves at a concentration of 50
mg/ml and showed zonation inhibition in
Shigella flexneri and Pseudomonas aeruginosa
at 18 mm and 15 mm, respectively. In addition,
the methanolic extract of A. malaccensis at a
concentration of 50 mg/ml showed inhibition of
Shigella flexneri, Pseudomonas aeruginosa, and
Bacillus subtilis with 15 mm, 14 mm and 15 mm,
respectively (Dash et al.,, 2008). Thus, the
antibacterial properties of Aquilaria leaves can
be used to develop pharmaceutical and cosmetic
products such as anti-acne products and wound
treatment. The antibacterial activity of Aquilaria
leaf is shown in Table 2.

Dash et al. (2008) performed antimicrobial
determination of an aqueous extract of A.

Table 2. Antimicrobial activity of the Aquilaria leaves

Species Extraction Assay Microogranism Result Reference
Aquilaria Ethanolic Disc diffusion Escherichia coli 6.11+£0.02mm  Sari et al
microcarp extract method Staphylococcus 6.12+0.02mm  (2019)
a aureus
Bacillus cereus 6.07 £ 0.02 mm
Ethanolic MIC Escherichia coli 1.25 mg/mL
extract Staphylococcus 1.25 mg/mL
aureus, Bacillus
cereus
Aquilaria Aqgueous MIC Staphylococcus 6.00 mg/mL Kammonwann
crassna extract epidermidis asit et al
Determination of Staphylococcus 12 mg/mL (2013)
minimum epidermidis
bactericidal
concentration
Aquilaria Ethanolic Disc diffusion Escherichia coli 6.39+0.02mm  Sari et al
malaccensi extract method Staphylococcus 6.73£0.02mm  (2019)
S aureus
Bacillus cereus 6.81 + 0.02 mm
Ethanolic MIC Escherichia coli, 1.25 mg/ml
extract Staphyococcus
aureus, Bacillus
cereus
Aqueous Disc diffusion Escherichia coli, 6.67 mm Hendra et al.
extract method Staphyococcus (2016)
Methanolic aureus 6.83 mm
extract
Aquilaria Methanolic Agar cup plate Bacillus subtillis 19.00 mm Dash et al.
agallocha extract method (2008)

Anti-inflammatory Properties

Inflammation occurs in response to the invasion
of foreign organisms, such as pathogenic
microorganisms and dust particles, that begin to
disrupt the process of tissue repair and
restoration of normal body homeostasis to
protect the body (Arulselvan et al., 2016; Azab
et al., 2016; Eissa et al., 2020). Inflammation is
classified into two groups: acute inflammation,

which is a simple process that can continue for a
few minutes or up to a few days, and whose main
characteristic is the leakage of plasma proteins
or fluid and the movement of leukocytes to
extravascular areas, and chronic inflammation,
an essential response of the body's immune
system (Arulselvan et al., 2016). Several studies
have reported that inflammation causes chronic
and degenerative diseases (Arulselvan et al.,
2016; Eissa et al., 2020).
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In the meantime, synthetic anti-inflammatory
drugs can have intolerable side effects on human
health, such as organ damage, developmental
disorders, and gastrointestinal bleeding (Eissa et
al., 2020; Woijcieszyska et al., 2022). Thus,
herbal drinks are recognised globally as a
traditional medicine capable of reducing
inflammation. Researchers are interested in
developing efficient and safe bio-based
alternative chemicals for treating and preventing
inflammation to avoid the adverse effects of
synthetic drugs (Eissa et al., 2020). Polyphenolic
compounds can be anti-inflammatory agents by
lowering the release of inflammatory mediators
and stabilising cell membranes (Adam et al.,
2017).

Aquilarinoside A, iriflophenone, 7-b-D-
glucoside of 5-O-methyl apigenin, 5-O-
xylosylglycoside of 7-O-methyl apigenin,
luteolin,  genkwanin,  hydroxygenkwanin,
aquisiflavoside, iriflophenone  3,5-C-p-D-
diglucoside, iriflophenone 3-C-B-D-glucoside,
mangiferin, and genkwanin 5-O-f-primevoside

OH O

Hydroxygenkwanin
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have been attributed anti-inflammatory
properties in Aquilaria leaves (Eissa et al.,
2020). Qi et al. (2009) found that
hydroxygenkwanin and luteolin (Figure 3) were
compounds with IC50 of 0.80 = 0.13 pumol/L and
2.03 + 0.24 pmol/L respectively, that had the
highest inhibitory activity against neutrophil
respiratory burst.

Eissa et al. (2018) showed that the in-vitro
study of leaf extract of A. malaccensis inhibited
protein (albumin) denaturation in a dose-
dependent manner in the studied concentration
range of 400-16000 g/mL. In addition, the
aqueous extract of A. crassna was reported to
have potent inhibition of interleukin-1o (IL-1a)
and interleukin-8 (IL-8), while 70% of the
ethanol extract displayed inhibition of IL-1a
only (Wongwad et al., 2019). Besides, a single
oral administration with A. sinensis leaf extract
at a dose of 848 mg/kg can minimise the
inflammation  generated by Xxylene or
carrageenan injection into the paw of mice (Zhou
et al., 2008, as referenced in Chiangsaen et al.,
2016).

OH O
Luteolin

Figure 3. Chemical compounds found in A. malaccensis leaf that have a significant anti-inflammatory effect

Gastrointestinal Regulation (Laxative Effect)

Constipation could lead to intestinal obstruction
in the human gastrointestinal tract due to the
difficulty and pain in the movement of stiff
stools. This issue should be treated promptly, as
severe constipation might require surgery
(Forootan et al., 2018). There are two significant
causes of constipation. First, the main reason is
the slow movement of stool or constipation of
the bowel outlet. The second reason is
inadequate water intake, metabolic disorders,
medication  use, neurological disorders,
myopathic disorders, and structural
abnormalities (Jani & Marsicano, 2018).

Jani and Marsicano (2018) reported that
patients suffering from constipation should
increase their fibre and water intake, exercise
healthily, and regularly perform toilet training.
Apart from this practice, patients are also
advised to take medications with laxative effects,
such as lubiprostone, linaclotide, magnesium
oxide, and sennoside (Figure 4) (Kakino et al.,
2010% Kakino et al., 2010° Forootan et al.,
2018). When the laxative agent is ingested, the
laxative helps retain fluid or water in the stool to
soften the consistency, increase secretion in the
bowel, lubricate the stool movement and
decrease the surface tension (Portalatin &
Winstead, 2012; Bashir & Sizar, 2019)
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However, ingestion of linaclotide affects
visceral afferent neurons and reduces
nociception, whereas ingestion of lubiprostone
causes mild to moderate nausea and diarrhoea
(Wilson & Schey, 2015). Furthermore,
medications commonly used for constipation
treatment, such as magnesium oxide or
sennoside, the primary component of senna, lead
to severe diarrhoea (Kakino et al., 2010%). This
could be due to genkwanin 5-O-f-primeveroside

OH
o) o) ¥
o.N H o _~

Linaclotide

O-glu OH

O
COO R
l i l COOH
(0]

O-glu OH

Sennoside
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(Figure 4) and mangiferin, which exhibit
laxative properties (Kakino et al., 2010°). Hence,
this shows that the Aquilaria leaves can be used
to develop medication for constipation and
bowel movement problems as the leaves can
exhibit laxative properties. Several studies have
reported that Aquilaria leaves have a laxative
effect on constipation (Table 3) (Hara et al.,
2008; Kakino et al., 2010% Kakino et al., 2010°;
Ito et al., 2012).

HO
HO OH

Genkwanin 5-O-B-primeveroside

Figure 4. The chemical compound of the drugs for gastrointestinal disease, linaclotide lubiprostone, sennoside,

and genkwanin 5-O-B-primeveroside

Table 3. Laxative effect of Aquilaria leaves

Species Test Sample tested Results References
conducted
A.sinensis In  vivo Ethanol extract Restored the stool frequency and weight to about Kakino et
test on rat 91 to 99 % al., (2010°)
/ mice Acetone- Reduced the diarrhea frequency in mice Hara et al.,
methanol (2008)
extract
A. crassha Ethanol extract Restored the stool frequency and weight to about  Kakino et
111t0 116 % al., (2010
Ethanol extract  Several compounds isolated from the extract are Ito et al.,
capable of increasing the stool frequency (2012)
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Table 4. Toxicity of Aquilaria leaves
Aquilaria Sample Testing Leaves toxicity Dosage of toxicity ~Reference
species subject
A Methanol  Human Cytotoxic activity on peripheral ~ IC50=245mg Adametal.
malaccensis ic extract  cells blood mononuclear cells and /mL (2018)
results in DNA fragmentation LD50 = 4537
mg/kg
Aqueous  Rats Shows toxicity towards liver and 2000 mg/kg Razak et
extract kidney of rats al. (2018)
A. sinensis Extract Mice No symptom of toxicity on mice Not detected Li et al
sperm and bone marrow after (2015)
oral fed
Extract Salmonella No signs of toxicity with Not detected Li et al
cell salmonella reversion test (2015)
A. crassha Ethanolic  Mice No signs of toxicity Higher than 2000  Ghan et al.
extract mg/kg (2016)
Aqueous No sign of abnormalities or Higher than Kamonwa
extract death 15,000 mg/kg nnasit et al.
(2013)
Hydro No signs of toxicity LD50 = 2000 Dahham et
distilled mg/kg al. (2016).
essential
oils
A. Chlorofor  Brine Low to moderate toxicity LC50=531.18+ Bahrani et
subintegra m extract  shrimp 49.53 pg/mL al. (2014)
Human No cytotoxic activity Not detected Bahrani et
cells al. (2014)

Cytotoxicity of Aquilaria leaves

Natural product demand has sparked scientific
curiosity about their biological impacts. As a
result, additional research is required to evaluate
their harmful effects and to define acceptable
intake thresholds for safe use. This is because
some extremely toxic active compounds found
in plant extracts or natural goods might harm
people (Adam et al., 2018).

Inoculation of Aquilaria trees using fungi is
safe to handle and does not significantly impact
the environment (Kahar et al., 2021). Inoculation
can be done by physical or mechanical methods,
chemistry, and microorganisms (Tan et al.,
2019). Chemical induction can have
questionable effects on the result of agarwood
trees directly or indirectly to humans. However,
Tan et al. (2019) concluded that the induction
mechanism of Aquilaria trees only affects the
stem part, which leads to the formation of
agarwood, while the effect on the leaves and
roots is small.

Adam et al. (2018) stated that the methanolic
extract of A. malaccensis had a cytotoxic effect
and can be classified as mildly hazardous Class

I11. A. malaccensis leaves methanol extract also
causes DNA fragmentation with a comet-like
appearance in  human peripheral blood
mononuclear cells (PBMCs), indicating that it is
genotoxic (Adam et al., 2018). Furthermore, A.
malaccensis was found to be toxic to the liver
and kidneys of rats in a sub-acute toxicity study
at a concentration of 2000 mg/kg agqueous extract
(Razak et al., 2018).

According to Bahrani et al. (2014), the
chloroform extract from A. subintegra leaf
extract displayed minimal toxicity in the brine
shrimp fatality experiment at a concentration of
LC50=531.18 + 49.53 g/mL. A. sinensis (Lour.)
Gilg. leaves had an acute oral LD50 of more than
215 g/kg in mice. Each dosing group's
micronucleus rate, sperm shape abnormalities,
and frequency of reverse mutations were not
substantially different from the negative control
(Lietal., 2015).

Next, the suggested oral LD50 in female mice
of crude ethanol extract of A. crassna (CE),
young leaves containing a mixture of a-
tocopherol (a-TOH) and CE/a-TOH is estimated
to be more than 2000 mg/kg (Ghan et al., 2016).
After administering a high dose of 15,000 mg/kg
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aqueous extract of A. crassna leaves, the mice
showed no aberrant toxicity or death
(Kamonwannasit et al., 2013). Furthermore, the
LD50 of A. crassna hydro distilled essential oils
in female Swiss mice was more significant than
2000 mg/kg (Dahham et al., 2016). The
cytoxicity of Aquilaria leaves is shown in Table
4.

CONCLUSION

Aquilaria leaf extract has potent antioxidants
and antidiabetic, antibacterial, anti-
inflammatory, and laxative effects. The leaves of
the species A. malaccensis, A. sinensis and A.
crassna have been shown to have antioxidant
properties that inhibit free radical scavenging
activity. These leaves have antioxidants which
capable of inhibiting free radical scavenging
activity. The content of antioxidant-active leaves
is influenced by the locations of the cultivated
plant, the maturity of the leaves, the type of
species, and the method of leaf extraction.

In addition, several bioactive compounds in
the Aquilaria leaves, including mangiferin,
iriflophenone 3,5-C-B-D-glucopyranoside,
iriflophenone 3-C-B-D-glucoside, and
iriflophenone 2-O-a-L-rhamnopyranoside have
potential as an antidiabetic agent. Mangiferin in
the leaf extract of A. sinensis and A. malaccensis
has shown the ability to increase glucose
transport and decrease blood glucose. In
addition, most Aquilaria leaves have
antibacterial properties against gram-positive
and gram-negative bacteria.

Furthermore, Aquilaria leaves contain
hydroxygenkwanin and luteolin, which have
anti-inflammatory properties, while genkwanin
5-O-B-primeveroside has a beneficial laxative
effect. Although the extract from Aquilaria
leaves is generally safe, the extract from the
leaves of the species A. malaccensis is slightly
harmful to the DNA of humans and rats.
Therefore, it should be taken only in small
amounts.

In conclusion, Aquilaria leaves have great
potential and are suitable for use in the food and
beverages, pharmaceutical and cosmeceutical
industries, as they can also benefit human health.
Aquilaria leaves can be incorporated into food
and beverage products and utilised as functional
food. Besides, it can be used for medication for
diabetics and constipation, as well as a good
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source of antioxidants. In addition, Aquilaria
leaves also have good antibacterial and anti-
inflammatory properties, which can be used to
develop pharmaceutical and cosmetic products.
However, further study on the in-vivo
cytotoxicity is essential for the safety of the
consumer.
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