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Background: Dipterocarpus turbinatus is a well-known ethnomedicinal plant species. Traditionally, it has been used to treat var-
ious medical ailments, including diabetes, diarrhea, tuberculosis, leprosy, ringworm, gonorrhea, ulcers, skin infections, wounds,
and burns. This study aimed to assess the pharmacological properties of the methanol extract of D. turbinatus (MEDT) ob-
tained from leaves, specifically focusing on its potential antidiabetic, anti-inflammatory, anthelminthic, cytotoxic, thrombolytic,
antidiarrheal, and antipyretic properties.
Methods: In this study, castor oil-induced diarrhea, gastrointestinal transit, and castor oil-induced enteropooling mice models
were used to examine the antidiarrheal potential of MEDT. The alpha-amylase inhibition assay was employed to investigate
its antidiabetic attributes. Moreover, human blood samples were analyzed using a rapid clot analysis method to evaluate their
thrombolytic properties. Furthermore, the anti-inflammatory attributes ofMEDTwere assessed using bovine serumalbumin and
egg albumin denaturation assays. The Brewer’s yeast technique was used to evaluate the pyretic potential of MEDT in mouse
models. The chemical composition of MEDT was analyzed using gas chromatography-mass spectrometry (GC-MS) analysis.
Furthermore, a docking analysis of selected phytochemicals in MEDT was performed using BIOVIA and Schrödinger Maestro
(v11.1) methods. Additionally, the absorption, distribution, metabolism, and excretion/toxicity (ADME/T) properties of these
compounds were investigated utilizing online tools.
Results: The phytochemical analysis of the MEDT revealed the presence of diverse phytoconstituents such as flavonoids, alka-
loids, glycosides, steroids, phytosterols, and resins. MEDT significantly inhibited alpha-amylase in a concentration-dependent
manner, with a minimal inhibitory concentration required to inhibit 50% of enzyme activity (IC50) value of 38.40 µg/mL. Fur-
thermore, MEDT significantly exhibited cytotoxicity, as evidenced by the median lethal dose (LC50) value of 439.25 µg/mL.
Compared to streptokinase, the thrombolytic activity was statistically significant (p < 0.001). Additionally, the anthelmintic ex-
periment revealed that exposure to MEDT led to a significant reduction in the duration of paralysis and the time to death in a
dose-dependent manner. Furthermore, in pyrectic-induced mice, MEDT at 200 and 400 mg/kg doses resulted in a significant
decrease in pyrexia. Moreover, GC-MS analysis enabled the detection of 31 compounds in MEDT. Interestingly, the binding
predictions showed that 3-azabicyclo[3.2.2]nonane interacted favorably with 1A5H and 1ERR and that 8,11,14-Eicosatrienoic
acid (Z,Z,Z)- showed potential interactions with 1SA0 which might mediate their anthelmintic and antidiabetic properties.
Conclusion: Taking into account the above findings and the ethnomedicinal importance of D. turbinatus, further research is
needed to isolate and describe the phytoconstituents that underpin its purported biological effects.
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bolytic activity
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Introduction
According to the World Health Organization (2019),

around 80% of the world’s population uses herbal drugs.
Consumers believe that alternative therapies are affordable,
readily available, and more accessible compared to ortho-
dox drugs. In many impoverished countries, herbal reme-
dies are the primary source of healthcare [1,2]. Plants pos-
sess various chemical components that might exhibit thera-
peutic characteristics. Therefore, several studies have used
in vitro and in vivo pharmacological models to investigate
the biological activity of plant extracts and components.
These studies have demonstrated a wide range of appli-
cations in various clinical conditions such as diabetes, in-
flammation, parasites, cancer, thrombus formation, diar-
rhea, and fever [3–6].

Dipterocarpus turbinatus Gaertn. f. is a large ever-
green tree belonging to the Dipterocarpaceae family. It is
native to the tropical forests of Bangladesh, Cambodia, In-
dia, Thailand, Sri Lanka, Myanmar, and Vietnam. It is com-
monly known as “Garjan” in Bangladesh. Traditionally, it
has been used for its potential associatedwith diarrhea treat-
ment, wound healing, and possessing astringent qualities.
D. turbinatus has been found to cure tuberculosis, gleet, lep-
rosy, ringworm, obesity, gonorrhea, ulcers, burns, and skin
disorders in numerous research [7–9]. According to Gupta
et al. (2013) [10], Asanadigana, an antidiabetic medica-
tion, is formulated by mixing Ayurvedic medicine with 23
additional plant constituents. As far as we know, there has
been no documented research on the phytochemical exam-
ination of this specific species. Biswas et al. (2016) [11]
investigated the antioxidant, antibacterial, antidiabetic, and
cytotoxic activities of D. turbinatus bark.

Based on existing information, there is a lack of re-
search on the pharmacological activity of D. turbinatus
leaves. This study aimed to explore the pharmacologi-
cal qualities of methanol extract of D. turbinatus (MEDT)
leaves, specifically focusing on their potential antidiabetic,
anti-inflammatory, anthelminthic, cytotoxic, thrombolytic,
antidiarrheal, and antipyretic effects. The purpose of this
study was to provide empirical evidence regarding the tra-
ditional use of this plant species.

Materials and Methods
Plant Materials

D. turbinatus was collected from the Bangladesh
Forest Research Institute of Muradpur (Chittagong,
Bangladesh) during the summer season of 2020. The
findings of a survey conducted among Chittagong commu-
nities on the applications of plants for diabetes treatment
were employed during plant materials collection [12]. A
voucher specimen has been deposited at the Department
of Pharmacy, International Islamic University Chittagong,
Bangladesh.

Drugs and Chemicals
Methanol, dimethyl sulfoxide (DMSO), and Tween

80 were purchased from Sigma Aldrich Co., (LT 23, St.
Louis, MO, USA). Moreover, streptokinase (1,500,000
IU), vincristine sulfate (1 mg), and Loperamide were ob-
tained from Beacon Pharmaceuticals Ltd., (2235, Dhaka,
Bangladesh). Diclofenac sodium, levamisole, and bovine
serum were purchased from Square Pharmaceuticals Ltd.,
(2235, Dhaka, Bangladesh). Normal saline (0.9% NaCl)
was obtained from Orion Infusion Ltd., (2235, Dhaka,
Bangladesh). Additionally, all other chemicals used in this
study were purchased from local vendors in standard ana-
lytical grade form.

Extract Preparation and Qualitative Phytochemical
Screening

The freshly collected leaves of D. turbinatus were
thoroughly washed in distilled water, chopped into small
pieces, and dried in the shade at room temperature for ten
days. The dried leaves, weighing 490 g, were ground to
a coarse powder using a laboratory blender and stored in
a 500 mL airtight bottle. This coarse powder was macer-
ated in 90% methanol in a flat-bottom glass container for
ten days at 25 ± 2 °C with periodic shaking and stirring.
The mixture was filtered using Whatman No. 1 filter pa-
per and concentrated under reduced pressure, yielding the
MEDT leaves extract (yield 10.22% w/w). The MEDT was
stored at 4 °C until further experiments. Subsequently, the
MEDT was subjected to qualitative phytochemical analysis
following a standard methodology [13].

Chemical Profiling of MEDT Using Gas
Chromatography-Mass Spectrometry (GC-MS)

The gas chromatography-mass spectrometry (GC-
MS) analysis (GC-17A, Shimadzu Corporation, Kyoto,
Japan) of MEDT was conducted using a previously de-
scribed methodology [14].

Alpha-Amylase Inhibitory Activity
Alpha-amylase inhibition was determined using a pre-

viously published method [15]. Initially, 4 mg of α-
amylase was dissolved in 100 mL of 0.02 M sodium phos-
phate buffer (pH: 6.9, NaCl: 0.006M) to prepare an α-
amylase solution at 0.04 mg/mL. Various concentrations
of MEDT (31.5, 62.5, 125, 250, 500, and 1000 µg/mL) or
acarbose (used as a standard) were mixed with 500 µL of
the α-amylase solution followed by incubation at 37 °C for
15 minutes. After that, 500 µL of 1% soluble starch was
added to each solution and incubated again at 37 °C. In the
next step, 20 µL of 1M HCl was added to terminate the en-
zymatic reaction. Subsequently, an iodine solution (0.005
M KI and 0.005 M I2) was added, and the changes in color
within the solutions were recorded. Finally, the absorbance
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was measured at 565 nm using a UV-visible spectropho-
tometer (model number: UV-1900i, ShimadzuCorporation,
Kyoto, Japan).

The percentage (%) of α-amylase inhibitory activity
was calculated using the following formula:

% α-amylase inhibition = (Ac− As)/Ac× 100

where, Ac and As indicate the absorbance of the control
reaction and absorbance of the test sample or standard,
respectively. The α-amylase inhibitory activity was ex-
pressed as the minimal inhibitory concentration required to
inhibit 50% of enzyme activity (IC50) value (i.e., the con-
centration of acarbose or MEDT required to inhibit 50% of
α-amylase activity).

Anti-Inflammatory Activity
Inhibition of Bovine Serum Albumin Denaturation

A previously established methodology was followed
for assessing bovine serum albumin denaturation [16]. For
this purpose, the test extract (at various concentrations) was
mixed with 1% aqueous solution of bovine serum albumin.
The pH of the reaction mixture was adjusted with 1M HCl
and the mixtures were incubated at 37 °C for 20 minutes
followed by heating at 70 °C for 5 minutes. After cool-
ing the mixture at room temperature, the absorbance was
assessed at 416 nm using a UV-visible spectrophotometer
(model number: UV-1900i, Shimadzu Corporation, Kyoto,
Japan). Moreover, diclofenac sodium and phosphate buffer
were used as the positive and negative controls, respec-
tively. The experiment was replicated three times, and the
percentage inhibition of the protein denaturation was calcu-
lated as follows:

Inhibition (%) = 100−
(
A−B

C

)
× 100

Where, A = Absorbance of test mixture; B = Absorbance of
product mixture; C = Absorbance of control mixture.

Inhibition of Egg Albumin Denaturation
The egg albumin denaturation was evaluated using a

previously published procedure [17]. The test samples and
the standard diclofenac sodium, within concentrations of
62.5–500 µg/mL (5 mL), were mixed with 0.2 mL of 1 mM
egg albumin solution and 2.8 mL phosphate-buffered saline
(pH 6.4). The resulting mixtures were incubated in a BOD
incubator at 37± 2 °C for 15minutes followed by heating at
70 °C for 5 minutes. Finally, after cooling the solutions, the
absorbance was measured at 660 nm against a blank solu-
tion. However, each experiment was repeated three times,
and their average was calculated. The percentage inhibition
of denaturation was calculated using the following formula:

Inhibition (%) =
Abs control − Abs test

Abs control
× 100

Where, Abs control and Abs test represent the absorbance
of the control and test sample, respectively.

Anthelmintic Activity
The anthelmintic activity was determined according to

a previously published methodology, with some modifica-
tions [18]. The assay was conducted on the sewage/sludge
worm (Tubifex tubifex, length: 2–2.5 cm) procured from
a local aquarium shop (agrabad) in Chittagong. For this
purpose, various concentrations of MEDT (5, 8, and 10
mg/mL) were used as the test samples, whereas distilled
water and levamisole (1 mg/mL) were employed as the con-
trol and standard groups. The worms were randomly dis-
tributed into five groups (I, II, III, IV and V), each con-
taining 10 worms. Subsequently, each group was treated
with 3 mL of either MEDT, water, or levamisole. The an-
thelminthic activity was determined at two-time points: the
time of paralysis (when the worms showed reduced move-
ments while still shaking) and the time of death (when the
worms stopped movement). The experiment was carried
out in triplicate for each group.

Cytotoxic Activity
The brine shrimp (Artemia salina) lethality assay was

performed according to a previously described protocol
[19]. DriedA. salina larvae, procured from a local aquarium
shop in Chittagong, were introduced into a small commer-
cial tank for nauplii hatching followed by incubation in arti-
ficial sea water under a halogen lamp that emits direct light
and warmth. They were given a twenty-four-hour time to
hatch and mature into nauplii. Subsequently, ten alive brine
shrimps were transferred to a sterile 40-mL glass tube, and
their cytotoxicity was assessed 24 h post-exposure to var-
ious concentrations of MEDT (31.25, 62.5, 125, 250, 500,
and 1000 µg/mL), vincristine sulphate or DMSO. Each test
tube was kept under illumination for 24 hours. After that,
the surviving shrimp were counted using a macroscopic
method by two independent counters. The percentage mor-
tality rate was calculated using the following formula:

mortality % =
Nt− Na

Nt
× 100

Where, Nt = Quantity of transferred nauplii; Na = Quantity
of survivors.

The median lethal dose (LC50) (concentration of the
test sample causing 50%mortality) was determined by plot-
ting the percentage of mortality against the log of sample
concentrations. The resultant graph was used to calculate
the median lethal dose and establish the best-fit curve line
through regression analysis.
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Thrombolytic Activity
Protocol for this experiment was approved and con-

ducted following the guidelines of the Planning and De-
velopment (P&D) Committee, Department of Pharmacy,
International Islamic University Chittagong, Bangladesh
(IIUC/PHARM-AEC-147/13-2019). Moreover, a previ-
ously published method was followed in the in vitro clot
lysis test [14]. A comprehensive consent document outlin-
ing the research’s title, objectives, investigator identifica-
tion, and contact particulars was signed by each participant
of the study. The inclusion criteria included non-smokers,
non-drinkers, and no prior use of cardiovascular medica-
tions. The consent form adhered to a structured question
format, soliciting a clear response of either Yes or No, and
featured designated sections for the donor’s signature and
the date of consent.

Therefore, venous blood (3 mL) was collected from
10 healthy, young volunteers (male-to-female ratio of 1:1)
who had not used any drug/substance in the last eight days.
The blood samples were divided into pre-weighed sterile
Eppendorf Tubes, each containing 0.5 mL of blood. The
tubes were incubated at 37 °C for 45 minutes for clot for-
mation, and the serum was carefully aspirated without dis-
turbing the clot. After recording theweight of each clot, 100
µL of MEDT (10 mg/mL) was added to each tube. More-
over, distilled water (100 µL) and streptokinase (equivalent
to 1,500,000 IU)were used as the negative and positive con-
trols, respectively. All tubes underwent another incubation
of 90 minutes at 37 °C, and clot lysis was observed. After
incubation, the serumwas extracted from each tube, and the
weight of the clots was measured. The percentage clot lysis
was calculated using the following equation:

Percentage of clot lysis =

weight of clot after removing of fluid
clot weight

× 100

In Vivo Studies
Animals

Male Swiss albinomice (n = 60), aged 6–7 weeks and
weighing 25–35 g, were obtained from Jahangirnagar Uni-
versity, Dhaka, Bangladesh. The mice were kept in con-
trolled environmental conditions for 14 days, maintaining
standard guidelines such as 12 hours of light to dark cycle,
temperature at 25± 2 °C, and relative humidity of 55–60%
until the experiment. The mice were housed in pathogen-
free conditions in a polycarbonate cage with bedding of
wood husk and had access to automated, unlimited wa-
ter and standard feed. These experiments were conducted
under the guidelines (IIUC/PHARM-AEC-147/13-2019) of
the Planning and Development (P&D) Committee, Depart-
ment of Pharmacy, International Islamic University Chit-
tagong, Bangladesh [20]. All experiments followed good

laboratory practice protocols and quality assurance meth-
ods. After the behavioral tests, all the rodents were euth-
anized using anesthesia and sacrificed according to animal
ethics guidelines. The mice were euthanized using sodium
pentobarbital at a dose of 50–150 mg/kg, adhering to the
ethical standards and treatment of the animals.

Treatment Design
Randomly selected healthy male mice (n = 12) were

divided into four groups, each containing 3 mice: the neg-
ative control group, the positive control group, and the test
group. The negative control group was administered with
1% Tween 80 (10 mL/kg, p.o), while the positive con-
trol group received either Loperamide (3 mg/kg, b.w, p.o)
or paracetamol (150 mg/kg, b.w, p.o) for testing the an-
tidiarrheal and antipyretic activities, respectively. The test
groups (III and IV) were given different doses of MEDT
(200 and 400 mg/kg, b.w, p.o). However, the standard
drugs were administered 15 minutes before the experi-
ment, whereas the experimental groups were pre-treated
with MEDT 30 minutes before starting the testing proce-
dures.

Acute Oral Toxicity Test
The acute oral toxicity test was conducted according

to the previously described protocol with minor modifica-
tions [21]. A group of six Swiss albino mice were kept fast-
ing for 18 hours and then subjected to an oral administra-
tion of MEDT in different concentrations (500, 1000, 2000,
and 4000 mg/kg body weight). Each mouse was closely
observed for the initial 30 minutes and then at 24-hour in-
tervals for 72 hours (with a special focus on the first 3–
4 hours) to monitor delayed toxicity such as itching, skin
rash, swelling, as well as changes in the autonomic and cen-
tral nervous system. Using these observations, the median
lethal dose as well as effective dose of MEDT were deter-
mined, which are crucial for evaluating the in vivo pharma-
cological activity.

Antidiarrhoeal Activity
Castor Oil-Induced Diarrhea Assay. The castor oil-
induced diarrhea assay was performed using a previously
described approach with a fewminor adjustments [22]. The
four groups of mice were only provided with enough water
but no food, for 18 hours before the experiment. Diarrhea
was induced via oral administration of castor oil (0.1 mL/10
g b.w.). Subsequently, each mouse was housed separately
in a translucent cage lined with blotting paper. The paper
was replaced every hour, and the amount of stool excreted
by eachmouse was recorded for 4 hours. The antidiarrhoeal
activity was assessed by comparing the findings of the ex-
perimental groups to the control group.

Gastrointestinal Motility Assay Using Charcoal. This
assay was conducted following a previously published
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method [23], with minor modifications. For this purpose,
diarrhea was induced in the mice by administering 0.5 mL
of castor oil. After one hour, each mouse was given 1 mL of
charcoal solution orally. One hour after treatment, the mice
were euthanized, and their stomach and small intestine were
extracted. The distance travelled by charcoal was measured
and expressed as a percentage of the total distance of the in-
testine. The percentage of inhibition (%) and the peristalsis
index were calculated as indicators of the antidiarrhoeal ac-
tivity.

Castor Oil-Induced Enteropooling Assay. Diarrhea was
caused by treating mice with castor oil after fasting for 18
hours as described above. Each mouse received 0.5 mL
of castor oil after one hour of pre-treatment with each test
dosage. Then, the mice were euthenized by the adminis-
tered lethal dose of 50–150 mg/kg pentobarbital sodium af-
ter 2 hours of castor oil of induction. The intestinal con-
tents, specially from the pylorus to the caecum, were iso-
lated. The small intestine was removed and weighed. The
contents of the intestines were drained into a graduated tube
to assess their volume. The intestine was re-weighted to
measure the empty intestine’s weight, and the difference
between the full and empty intestines was calculated. The
following formula was used to calculate the percentage of
inhibition:

Percentage of inhibition =

mean of intestinal content × ( control − test groups )
The mean of intestinal content of the control

× 100

Antipyretic Activity
Pyrexia was induced by administering mice with a

20% aqueous suspension of Brewer’s yeast subcutaneously
(10 mL/kg) while they had only access to water ad libitum
but not food [24]. Initial rectal temperature was recorded
before inducing pyrexia using a digital thermometer (–18
h). The rectal temperature was recorded again after 18
hours. The mice with induced-fever, displaying at least a
0.5 °C rise in temperature, were selected for the antipyretic
activity test. After that, pyretic-induced mice were treated
with MEDT (200 mg/kg and 400 mg/kg, p.o.) and the
standard drug paracetamol. Their rectal temperatures were
recorded at 1-, 2-, 3-, and 4-hour post-treatment.

Statistical Analysis
Statistical analyses were performed using GraphPad

Prism version 8.4.2 (GraphPad Software, San Diego, CA,
USA) and the data were expressed as the mean ± standard
error of mean (SEM). The comparison between the con-
trol and test groups was performed using one-way analysis
of variance (ANOVA) followed by post hoc Dunnett’s test.
Statistical significance was considered at ∗p < 0.05, ∗∗p <
0.01, and ∗∗∗p < 0.001 for different experiments.

Computational Study
Out of the total 31 compounds identified inD. turbina-

tus leaves extract using GC-MS analysis, 29 were se-
lected for the docking analysis. The three-dimensional
(3D) structure of each phytochemical was optimized using
Schrödinger Maestro (v11.1, 1540 Broadway, New York,
NY, USA) platform. Tissue plasminogen activator receptor
(PDB ID: 1A5H) [25], human estrogen receptor (PDB ID:
1ERR) [26], tubulin colchicine receptor (PDB ID: 1SA0)
[27], cyclooxygenase (COX)-1 (PDB ID: 2OYE) [28], cy-
clooxygenase (COX)-2 (PDB ID: 6COX) [29], glucoki-
nase receptor (PDB ID: 6E0I) [30], V. cholerae MARTX
toxin [31] were all retrieved from the Protein Data Bank
(https://www.rcsb.org/) [32].

Absorption, Distribution, Metabolism, and Excretion
(ADME)/Toxicological Property Predictions

Lipinski’s [33] rule of five was utilized for each lig-
and. Drug likeliness and toxicological parameters of these
ligands were assessed using the QikProptool (Schrödinger
v11.1, Maestro, New York, NY, USA) and AdmetSAR
online prediction software (version admetSAR3.0, Fed-
eral University of Alagoas, Maceió, Brazil), respectively
[33,34].

Fig. 1. Effects of MEDT and acarbose on the inhibition of α-
amylase. MEDT, methanol extract of D. turbinatus.

Results

Qualitative Phytochemical Screening
The qualitative phytochemical screening ofMEDT re-

vealed the presence of diverse classes of secondary metabo-
lites, including flavonoids, alkaloids, glycosides, steroids,
phytosterols, resins, phenols, and coumarins (Table 1).

Chemical Profiling of MEDT by GC-MS
In MEDT, 31 compounds, with retention time rang-

ing from 8.054 to 34.50 minutes, were putatively identified
(Table 2).

https://www.biolifesas.org/
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Fig. 2. The percentage of bovine serum albumin denaturation
caused by MEDT and diclofenac sodium at various concen-
trations. Values are expressed as means± standard error of mean
(SEM) (n = 3) and ∗∗∗p < 0.001 was determined using one-way
analysis of variance (ANOVA).

Fig. 3. The percentage of egg albumin denaturation caused
by MEDT and diclofenac sodium at various concentrations.
Values are presented as means± SEM (n = 3) and ∗∗p< 0.01 was
observed using one-way ANOVA.

Alpha-Amylase Inhibitory Activity
It was observed that both acarbose and MEDT inhib-

ited α-amylase activity in a concentration-dependent man-
ner. The percentages of α-amylase inhibition were 38.56,
49.02, 56.93, 63.21, 74.55, and 76.48% at concentrations
of 31.5, 62.5, 125, 250, 500, and 1000 µg/mL of MEDT,
respectively. The IC50 values were observed as 38.40
µg/mL for MEDT and 9.61 µg/mL for acarbose, respec-
tively (Fig. 1).

Fig. 4. Anthelmintic activity of MEDT and levamisole. Values
are presented as means ± SEM (n = 3) and ∗∗∗p < 0.001 was
obtained using one-way ANOVA.

Fig. 5. Cytotoxicity of MEDT (green) and vincristine sulfate
(red) in the brine shrimp.

Anti-Inflammatory Activity
Inhibition of Bovine Serum Albumin Denaturation

It was found that MEDT, in different concentrations,
significantly inhibited the denaturation of bovine serum al-
bumin (p < 0.001) compared to the control group. MEDT
showed 77.61, 80, 81.90, and 83.80% inhibition, while di-
clofenac sodium exhibited 85.71, 90, 95.71, 97.14, and
98.57% inhibition, at the concentrations of 125, 250, 500,
and 1000 µg/mL, respectively. Moreover, the maximum
inhibition of bovine serum albumin denaturation was ob-
served at 1000 µg/mL of MEDT (83.80 ± 0.47%, Fig. 2).

Inhibition of Egg Albumin Denaturation
Similarly, it was observed that MEDT significantly in-

hibited the denaturation of egg albumin (p < 0.01) com-

https://www.biolifesas.org/
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Fig. 6. Thrombolytic activity ofMEDT and streptokinase (SK)
compared to control (water). Values are presented as means ±
SEM (n = 6) and ∗∗∗p < 0.001 was determined using one-way
ANOVA.

pared to the control group at all concentrations. It showed
51.49%, 60.27%, 70.05%, and 78.44% inhibition, while di-
clofenac sodium exhibited 40.68%, 41.42%, 42.89%, and
47.05% inhibition at concentrations of 62.5, 125, 250, and
500 µg/mL, respectively. Moreover, the maximum inhi-
bition of egg albumin denaturation was observed at 500
µg/mL of MEDT (78.44 ± 0.69%, Fig. 3).

Anthelmintic Activity
MEDT affected the sludge worm Tubifex tubifex in a

concentration-dependent manner and significantly reduced
(p < 0.001) paralysis time compared to the control. The
paralysis time, at 5, 7.5, and 10 mg/mL of MEDT was ob-
served as 24.32 ± 0.58, 15.85 ± 0.44 and 10.91 ± 0.39
minutes, respectively. Moreover, a significant reduction (p
< 0.001) was found at the time of death compared to the
control. At the given concentrations of MEDT, the reduc-
tion in the time of death was 59.59 ± 0.22, 25.87 ± 0.40,
19.98 ± 0.30 minutes, respectively. Furthermore, the time
of paralysis and the time of death, following the levamisole
administration, were 3.22 ± 0.08 minutes and 6.19 ± 0.61
minutes, respectively (Fig. 4).

Cytotoxic Activity
MEDT showed cytotoxic activity on the brine shrimps

in a concentration-dependent manner. The LC50 value of
MEDT was observed at 439.25 µg/mL, whereas the LC50

of vincristine sulphate, a positive control, was measured at
67.75 µg/mL. This indicates that MEDT possesses a mod-
erate level of cytotoxicity (LC50 <1000 µg/mL, Fig. 5).

Thrombolytic Activity
MEDT showed significant thrombolytic activity (p <

0.001) on human blood with a percentage clot lysis of 49.98
± 6.48% compared to the control group (6.62 ± 2.83%).

Table 1. Qualitative phytochemical screening of MEDT.
Phytoconstituents Results

Tannins –
Flavonoids +
Alkaloids +
Terpenoids –
Glycosides +
Steroids +
Saponins –
Phytosterols +
Resins +
Phenols +
Polyphenols –
Anthocyanins –
Coumarins +
Diterpenes –
Emodins –
(+): present; (–): absent.
MEDT, methanol extract of D. turbinatus.

Moreover, Streptokinase, a positive control, also exhibited
a significant thrombolytic activity (51.31 ± 5.14%, p <

0.001) compared to the control group (Fig. 6).

In Vivo Studies
Acute Oral Toxicity Test

When administered orally, at doses ranging from 500
to 4000 mg/kgb.w., MEDT did not cause any toxicity or
mortality in mice. Similarly, there was no evidence of
prominent behavioral changes in the mice during 72 hours
post-treatment. This indicates that the median lethal dose
(LD50) ofMEDTwas>4000mg/kg, implying its high level
of safety. Contemplating safety within the potential thera-
peutic range and considering the lack of adverse behavioral
manifestations, doses of 200 and 400mg/kg were employed
in the subsequent in vivo experiments. This was aimed to
maintain scientific rigor while evaluating the compound’s
effectiveness and safety.

Antidiarrhoeal Activity
Castor Oil-Induced Diarrhea Assay. MEDT, at both 200
and 400 mg/kg, exhibited a significant dose-dependent pro-
tective effect (p < 0.001) against castor oil-induced diar-
rhea in mice. Similarly, Loperamide showed a significant
antidiarrhoeal activity, in a dose-dependent manner, com-
pared to the control group. Furthermore, MEDT exhibited
the highest inhibition of defecation at 400 mg/kg (76.52%),
followed by 200 mg/kg (69.57%), while Loperamide at 3
mg/kg caused inhibition of 89.57% (Table 3).

Gastrointestinal Motility Assay Using Charcoal. Admin-
istration of MEDT led to a dose-dependent delay of the
charcoal meal passage through the small intestine and
a dose-dependent reduction in the peristaltic propulsive
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Fig. 7. Docking interactions between selected compounds and targeted proteins. (1A) 3-azabicyclo[3.2.2]nonane against 1A5H,
(2A) 3-azabicyclo[3.2.2]nonane against 1ERR, (3A) 8,11,14-Eicosatrienoic acid,(Z,Z,Z)- against 1SA0, (4A) Tetrahydro-4H-pyran-4-ol
against 6COX, (5A) 11,14,17-Eicosatrienoic acid, methyl ester against 2OYE, (6A) 5,8,11,14-Eicosatetraenoic acid, methyl ester, (all-Z)-
against 6E0I, (7A) 8,11,14-Eicosatrienoic acid,(Z,Z,Z)- against 3CJB.

movement of the gastrointestinal muscles in mice. Oral
doses of 200 and 400 mg/kg showed significant inhibition
(p < 0.001) of the gastrointestinal charcoal meal transit
(37.93% and 50.86%, respectively). Similarly, Loperamide
showed a significant inhibitory effect (p < 0.001) on the
distance traveled by the charcoal meal (14 ± 0.57 cm), re-
sulting in a 63.79% inhibition (Table 4).

Oral administration of MEDT resulted in a significant
dose-dependent reduction (p < 0.05) in both volume and
weight of the intestinal material. MEDT at 400mg/kg led to
the most significant inhibition in both the weight (31.37%)
and volume of intestinal contents (25%). Similarly, Lop-
eramide reduced the weight and volume of intestinal con-
tents by 46.07% and 37.5%, respectively (Table 5).
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Table 2. Quantitative analysis of compounds detected in the GC-MS.
Sl. Proposed compound Retention time Peak area (%)

1 2-octynoic acid 8.054 21.43
2 Heptanal 9.605 20.92
3 Hexanal 9.60 20.92
4 Nerolidol 9.60 20.92
5 Trans,cis-2,6-nonadien-1-ol 8.05 18.92
6 3-azabicyclo[3.2.2]nonane 11.86 0.65
7 Tetrahydro-4H-pyran-4-ol 11.63 0.65
8 5-methyl-2-Heptanamine 11.63 0.65
9 Trans-2-Undecen-1-ol 15.71 30.72
10 (z)-11-tetradecen-1-ol, acetate 12.57 30.93
11 (E)-2-Nonen-1-ol 12.57 30.93
12 (+)-11-(2-Cyclopenten-1-yl)undecanoic acid 12.57 30.93
13 2-methyl piperazine 12.57 30.93
14 Glutaraldehyde 12.57 30.93
15 Benzenemethanol, alpha 14.67 30.10
16 Alpha-[(methylamino)methl]benzenemethanol 13.34 30.19
17 Hexadecanoic acid methyl ester 13.45 17.19
18 Nonanoic acid 13.89 16.17
19 N-Decanoic acid 13.89 16.17
20 Butyl-urea 13.89 16.17
21 Propanamide 13.89 16.17
22 3,3′-Iminobispropylamine 13.89 13.89
23 (E, E)-9,12-octadecadienoic acid methyl ester 14.67 20.94
24 Undec-10-ynoic acid 15.19 0.94
25 3-Tetradecyne 15.19 0.94
26 (Z,Z,Z)-8,11,14-Eicosatrienoic acid 15.19 0.94
27 11,14,17-Eicosatrienoic acid methyl ester 15.19 0.94
28 5,8,11,14-Eicosatetraenoic acid 15.19 0.94
29 (Z,Z)-9,12-octadecadienoyl chloride 30.19 4.94
30 α-amyrin 31.95 5.71
31 Lupeol 34.50 5.71
GC-MS, gas chromatography-mass spectrometry.

Antipyretic Activity
Treatment with paracetamol at a dose of 150 mg/kg

and MEDT at doses of 200 mg/kg and 400 mg/kg sig-
nificantly ameliorated pyrexia compared to the control
group. Moreover, MEDT at 200 mg/kg significantly re-
duced pyrexia (p < 0.05) in the third hour (99.13 °F)
and the fourth hour (98.73 °F). Similarly, MEDT at 400
mg/kg, also showed significant antipyretic activity (p <

0.01) in the third hour (98.97 °F) and the fourth hour (98.37
°F). Furthermore, paracetamol treatment significantly de-
creased the yeast-induced hyperthermia after three (97.67
°F) and four (97.53 °F) hours of exposure (Table 6).

Computational Study
Out of the 31 compounds isolated from D. turbina-

tus using GC-MS analysis, 29 were selected for the dock-
ing analysis employing the Schrödinger Maestro (v11.1)
method. The three-dimensional (3D) structure of each phy-
tochemical was optimized. Tissue plasminogen activator

receptor (PDB ID: 1A5H) [25], human estrogen receptor
(PDB ID: 1ERR) [26], tubulin colchicine receptor (PDB ID:
1SA0) [27], cyclooxygenase (COX)-1 (PDB ID: 2OYE)
[28], cyclooxygenase (COX)-2 (PDB ID: 6COX) [29], Glu-
cokinase receptor (PDB ID: 6E0I) [30], and V. cholerae
MARTX toxin [31] were retrieved from the Protein Data
Bank.

Molecular Docking for Antidiabetic Activity

The selected compounds were docked with glucoki-
nase receptor (PDB ID: 6E0I).

The 5,8,11,14-eicosatetraenoic acid, methyl es-
ter, (all-Z)- exhibited the highest binding score (–5.53
kcal/mol) followed by 8,11,14-Eicosatrienoic acid, (Z,Z,Z)-
Tetrahydro-4H-pyran-4-ol>11,14,17-Eicosatrienoic acid,
methyl ester>2-Heptanamine, 5-methyl->3-azabicyclo[
3.2.2]nonane>3,3′-Iminobispropylamine>α-amyrin>L
upeol>Urea,butyl->Propanamide>Nonanoicacid>Hex
anal>Nerolidol>11-(2-Cyclopenten-1-yl)undecanoicaci
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Table 3. Effect of Loperamide and MEDT on castor oil-induced diarrhea in mice.
Treatment Total number of faeces % inhibition

Control 9.58 ± 0.68
Loperamide (3 mg/kg) 1 ± 0.14 ∗∗∗ 89.57 ± 0.78
MEDT (200 mg/kg) 2.92 ± 0.36∗∗∗ 69.57 ± 0.46
MEDT (400 mg/kg) 2.25 ± 0.28∗∗∗ 76.52 ± 0.57
Values are expressed as means ± SEM (n = 3) and ∗∗∗p < 0.001 was
obtained using one-way ANOVA.

Table 4. Effect of MEDT on gastrointestinal motility using a charcoal marker.
Treatment The total length of the intestine (cm) Distance traveled by charcoal (cm) Peristalsis index (%) % Inhibition

Control 60 ± 1.15 38.67 ± 1.45 64.44
Loperamide (3 mg/kg) 59.67 ± 0.88 14 ± 0.57∗∗∗ 23.46 63.79
MEDT (200 mg/kg) 61.67 ± 1.85 24 ± 1.15∗∗∗ 38.91 37.93
MEDT (400 mg/kg) 62.17 ± 0.44 19 ± 0.57∗∗∗ 30.56 50.86
Values are presented as means± SEM (n = 3) and ∗∗∗p< 0.001 was determined compared to Loperamide using one-way ANOVA.

d, (+)->Glutaraldehyde>Heptanal>9,12-Octadecadienoyl
chloride, (Z,Z)->Trans,cis-2,6-nonadien-1-ol>2-Nonen-
1-ol, (E)->9,12-Octadecadienoic acid, methyl ester,
(E,E)>2-octynoic acid>11-tetradecen-1-ol, acetate, (z)-
>Hexadecanoic acid, and methyl ester>N-Decanoic
acid>3-Tetradecyne>Undec-10-ynoic acid. However, the
Trans-2-Undecen-1-ol did not show any binding interaction
with the receptor (Table 7 and Fig. 7).

Molecular Docking for Antidiarrhoeal Activity
Vibrio cholera MARTX toxin (PDB ID: 3CJB) was

used in these analyses and the 8,11,14-Eicosatrienoic
acid, (Z,Z,Z)- showed the highest binding score (–6.759
kcal/mol) interacting. The hierarchy of docking scores for
anti-diarrhoeal activity was as below: 2-octynoicacid>Non
anoicacid>Tetrahydro-4H-pyran-4-ol>11-(2-Cyclopenten
-1-yl)undecanoicacid, (+)->2-Heptanamine, 5-methyl->3-
azabicyclo[3.2.2]nonane>11,14,17-Eicosatrienoic acid,
methyl ester>Urea, butyl->5,8,11,14-Eicosatetraenoic
acid, methylester,>3,3′-Iminobispropylamine>Propanami
de>Glutaraldehyde>Trans,cis-2,6-nonadien-1-ol>Neroli
dol>2-Nonen-1-ol, (E)->Hexanal>9,12-Octadecadienoyl
chloride, (Z,Z)->Heptanal>N-Decanoic acid>9,12-
Octadecadienoic acid, methyl ester, (E,E)>Trans-2-
Undecen-1-ol>Undec-10-ynoic acid>11-tetradecen-1-ol,
acetate, (z)->Hexadecanoic acid, methyl ester>3-
Tetradecyne. Moreover, as depicted in Table 7 and Fig. 7,
α-amyrin and Lupeol did not illustrate any interaction with
the receptor.

Molecular Docking for Anthelmintic Activity
The anthelmintic molecular docking study of selected

compounds demonstrated their interaction with the tubulin
colchicine receptor (PDB ID: 1SA0). The highest score
was revealed by 8,11,14-Eicosatrienoic acid, (Z,Z,Z)-
(–7.599 kcal/mol). The order of docking scores for
anthelmintic activity was observed as follows: α-amyrin

>3,3′-Iminobispropylamine>5,8,11,14-Eicosatetraenoic
acid, methyl ester,>Tetrahydro-4H-pyran-4-ol>11,14,17-
Eicosatrienoic acid, methyl ester>2-Heptanamine, 5-me
thyl->3-azabicyclo[3.2.2]nonane>2-octynoicacid>Ure
a, butyl->9,12-Octadecadienoyl chloride, (Z,Z)->Tran
s,cis-2,6-nonadien-1-ol>Nerolidol>Glutaraldehyde>1
1-(2-Cyclopenten-1-yl)undecanoicacid, (+)->Nonanoic
acid>Hexanal>2-Nonen-1-ol, (E)->Propanamide>
Heptanal>9,12-Octadecadienoicacid, methyl ester,
(E,E)>11-tetradecen-1-ol, acetate, (z)->Hexadecanoic
acid, methyl ester>Trans-2-Undecen-1-ol>N-Decanoic
acid>3-Tetradecyne>Undec-10-ynoic acid. Moreover,
Lupeol did not display any binding reaction (Table 7).

Molecular Docking for Anti-Inflammatory and
Antipyretic Activity

The investigation of the anti-inflammatory and
antipyretic efficacy of the selected compounds through
molecular docking was conducted on the target proteins
cyclooxygenase-1 (COX-1; PDB ID: 2OYE) and COX-2
(PDB ID: 6COX) receptors. For cyclooxygenase-1,
11,14,17-Eicosatrienoic acid, methyl ester revealed
the best docking score (–6.918 kcal/mol), followed
by 5,8,11,14-Eicosatetraenoic acid, methyles ter ,>
Tetrahydro-4H-pyran-4-ol>8,11,14-Eicosatrieno
icacid, (Z,Z,Z)->2-Heptanamine, 5-methyl->3-az
abicyclo[3.2.2]nonane>9,12-Octadecadienoylchl
o r i d e, (Z,Z)->Urea, butyl->11-(2-Cyclopenten-1-
yl)undecanoic acid, (+)->Trans,cis-2,6-nonadien-1-
ol>Nonanoic acid>3,3′-Iminobispropylamine>2-Nonen-
1-ol, (E)->9,12-Octadecadienoic acid, methyl ester,
(E,E)>Hexanal>Heptanal>Nerolidol>Glutaraldehyde>2-
octynoic acid>Propanamide>Hexadecanoic acid, methyl
ester>11-tetradecen-1-ol, acetate, (z)->Trans-2-Undecen-
1-ol>3-Tetradecyne>N-Decanoic acid>Undec-10-ynoic
acid. For cyclooxygenase-2, Tetrahydro-4H-pyran-4-ol
showed the best docking score (–6.034 kcal/mol) followed
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Table 5. Effect of MEDT on castor oil-induced enteropooling.
Treatment Weight of intestinal content (g) % Inhibition Volume of intestinal content (mL) % Inhibition

Control 3.4 ± 0.31 2.67 ± 0.33
Loperamide (3 mg/kg) 1.83 ± 0.44∗∗ 46.07 1.6 ± 0.88∗∗ 37.5
MEDT (200 mg/kg) 2.67 ± 0.33∗ 21.56 2.33 ± 0.33∗ 12.5
MEDT (400 mg/kg) 2.33 ± 0.67∗ 31.37 2 ± 0.57∗ 25
Values are expressed as means ± SEM (n = 3), and ∗p < 0.05, and ∗∗p < 0.01 were obtained compared to Loperamide using
one-way ANOVA.

Table 6. Antipyretic activity of MEDT.

Treatment group Rectal temperature (°F)
Rectal temperature recorded after respective treatment (°F)

–18 h 1 h 2 h 3 h 4 h

Control 99.03 ± 0.03 100.53 ± 0.27 100.67 ± 0.35 100.67 ± 0.23 100.57 ± 0.15 100.5 ± 0.25
Paracetamol 98.5 ± 0.29 101.4 ± 0.35 99.83 ± 0.17 98.33 ± 0.73 97.67 ± 0.33* 97.53 ± 0.55*
MEDT 200 98.67 ± 0.6 100.53 ± 0.28 99.97 ± 0.033 99.57 ± 0.067 99.13 ± 0.067* 98.73 ± 0.12*
MEDT 400 99.13 ± 0.12 101.07 ± 0.07 99.97 ± 0.03 99.57 ± 0.07 98.97 ± 0.03** 98.37 ± 0.2**
Values are presented as means ± SEM (n = 3) and ∗p < 0.05 and ∗∗p < 0.01 were considered statistically significant, compared to
paracetamol, using one-way ANOVA.

by 3-azabicyclo[3.2.2]nonane>11,14,17-Eicosatrienoic
acid, methyl ester>2-Heptanamine, 5-methyl->8,11,14-
Eicosatrienoic acid, (Z,Z,Z)->Nerolidol>5,8,11,14-
Eicosatetraenoic acid, methyl ester,>Trans,cis-2,6-
nonadien-1-ol>Urea, butyl->Nonanoic acid>2-octynoic
acid>11-(2-Cyclopenten-1-yl)undecanoic acid, (+)->2-
Nonen-1-ol, (E)->Hexanal>Propanamide>Glutarald
ehyde>Heptanal>3,3′-Iminobispropylamine>9,12-O
ctadecadienoylchloride, (Z,Z)->9,12-Octadecadienoic
acid, methyl ester, (E,E)>Hexadecanoic acid, methyl
ester>N-Decanoic acid>11-tetradecen-1-ol, acetate,
(z)->3-Tetradecyne>Undec-10-ynoic acid>Trans-2-
Undecen-1-ol. However, for both COX-1 and COX-2
receptors, α-amyrin and Lupeol did not show any interac-
tions (Table 7 and Fig. 7).

Molecular Docking for Thrombolytic Activity

The evaluation of clot lysis activities of the selected
compounds though molecular docking was conducted on
tissue plasminogen activator receptor (PDB ID: 1A5H). In
this analysis, 3-azabicyclo[3.2.2]nonane showed the high-
est binding affinity with a docking score of –6.183 kcal/mol.
The order of docking scores for clot lysis activity was
noted as follows: 3,3′-Iminobispropylamine>Tetrahydro-
4H-pyran-4-ol>2-Heptanamine, 5-methyl->5,8,11,14-
Eicosatetraenoic acid, methyl ester,>α-amyrin >Urea,
butyl->8,11,14-Eicosatrienoic acid, (Z,Z,Z)->11,14,17-
Eicosatrienoic acid, methylester>Propanamide>Lupeol>
Glutaraldehyde>Hexanal>Nonanoicacid>2-octynoicac
id>Nerolidol>Trans,cis-2,6-nonadien-1-ol>Heptanal>2
-Nonen-1-ol, (E)->3-Tetradecyne>9,12-Octadecadienoyl
chloride, (Z,Z)->9,12-Octadecadienoic acid, methyl
ester, (E,E)>11-tetradecen-1-ol, acetate, (z)->11-(2-
Cyclopenten-1-yl)undecanoic acid, (+)->N-Decanoic

acid>Trans-2-Undecen-1-ol>Undec-10-ynoic acid. How-
ever, as shown in Table 7 and Fig. 7, the Hexadecanoic
acid methyl ester did not exhibit any interaction with the
receptor.

Molecular Docking for Cytotoxicity

The docking results for brine shrimp lethality bioas-
say are shown in Table 7 and Fig. 7. With human es-
trogen receptor (PDB ID: 1ERR), the strongest docking
interaction was observed for 3-azabicyclo[3.2.2]nonane
(–5.675 kcal/mol), followed by Tetrahydro-4H-pyran-4-
ol>2-Heptanamine, 5-methyl->8,11,14-Eicosatrienoicac
id,(Z,Z,Z)->2-Nonen-1-ol, (E)->11,14,17-Eicosatrienoic
acid, methyl ester>5,8,11,14-Eicosatetraenoic acid, me
thylester>Trans,cis-2,6-nonadien-1-ol>Urea, butyl
->Nerolidol>3,3′ -Iminobispropylamine>9,12-Octa
decadienoylchloride, (Z,Z)->Trans-2-Undecen-1-ol
>Nonanoicacid>Propanamide>Glutaraldehyde>He
xanal>Heptanal>9,12-Octadecadienoicacid, methyl
ester, (E,E)>Hexadecanoic acid, methyl ester>11-(2-
Cyclopenten-1-yl)undecanoic acid, (+)->11-tetradecen-1-
ol, acetate, (z)->3-Tetradecyne>N-Decanoic acid>Undec-
10-ynoic acid. However, 2-octynoic acid, α-amyrin, and
Lupeol did not show any interaction with human estrogen
receptor.

ADME/Toxicological Property Predictions
Absorption, distribution, metabolism, and excre-

tion/toxicity (ADME/T) study has revealed crucial proper-
ties in developing novel natural compounds with enhanced
drug-like properties [24]. A standardized set of criteria
to assess structural features is recommended for the ini-
tial screening of the compound’s drug-likeness. The Lip-
inski’s [33] rule is the most used criterion, stating that

https://www.biolifesas.org/


5448

Table 7. Molecular docking scores of the compounds isolated from Dipterocarpus turbinatus.

Sl. Isolated selected compounds
Targeted receptors and docking scores

1A5H 1ERR 1SA0 6COX 2OYE 6E0I 3CJB

1 2-octynoic acid –1.943 - –4.661 –3.571 –3.273 –2.21 –5.501
2 Heptanal –1.796 –2.144 –2.585 –2.777 –3.623 –2.96 –1.533
3 Hexanal –2.34 –2.171 –3.035 –3.059 –3.708 –3.134 –1.932
4 Nerolidol –1.929 –3.47 –3.39 –3.997 –3.551 –3.035 –1.938
5 Trans, cis-2,6-nonadien-1-ol –1.917 –4.415 –3.536 –3.802 –3.867 –2.74 –2.033
6 3-azabicyclo[3.2.2]nonane –6.183 –5.675 –5.062 –5.128 –4.071 –4.718 –4.138
7 Tetrahydro-4H-pyran-4-ol –4.705 –5.393 –5.499 –6.034 –6.038 –5.153 –5.229
8 2-Heptanamine, 5-methyl- –4.317 –5.334 –5.408 –4.547 –5.64 –4.905 –4.408
9 Trans-2-Undecen-1-ol 1.181 –2.852 –0.429 0.263 –0.77 - –0.69
10 11-tetradecen-1-ol, acetate, (z)- –0.687 –0.079 –1.385 –0.493 –1.852 –0.834 –0.458
11 2-Nonen-1-ol, (E)- –1.577 –4.805 –2.927 –3.307 –3.802 –2.615 –1.938
12 11-(2-Cyclopenten-1-yl)undecanoic acid, (+)- –0.653 –1.27 –3.166 –3.416 –3.926 –3.025 –5
13 Glutaraldehyde –2.369 –2.198 –3.247 –2.864 –3.528 –2.992 –2.104
14 Hexadecanoic acid, methyl ester - –1.297 –0.951 –0.761 –2.093 –0.799 –0.253
15 Nonanoic acid –2.184 –2.553 –3.107 –3.613 –3.866 –3.167 –5.469
16 N-Decanoic acid 1.073 0.119 –0.409 –0.556 –0.095 0.139 –1.427
17 Urea, butyl- –3.344 –3.475 –3.882 –3.726 –3.945 –3.462 –3.64
18 Propanamide –2.958 –2.457 –2.785 –2.98 –3.138 –3.253 –2.68
19 3,3′-Iminobispropylamine –5 –3.439 –6.447 –2.621 –3.844 –4.493 –3.072
20 9,12-Octadecadienoic acid, methyl ester, (E, E) –0.947 –1.971 –1.388 –1.4 –3.728 –2.445 –0.891
21 Undec-10-ynoic acid 2.19 1.471 0.618 0.096 0.642 1.114 –0.653
22 3-Tetradecyne –1.566 –0.07 0.468 –0.023 –0.704 0.623 1.718
23 8,11,14-Eicosatrienoic acid, (Z,Z,Z)- –3.023 –5.158 –7.599 –4.46 –5.723 –5.313 –6.759
24 11,14,17-Eicosatrienoic acid, methyl ester –2.962 –4.779 –5.474 –4.758 –6.918 –4.921 –3.899
25 5,8,11,14-Eicosatetraenoic acid, methyl ester, –3.885 –4.429 –6.312 –3.865 –6.186 –5.53 –3.63
26 9,12-Octadecadienoyl chloride, (Z,Z)- –1.554 –3.216 –3.838 –2.619 –3.948 –2.938 –1.662
27 α-amyrin –3.701 - –6.818 - - –4.356 -
28 Lupeol –2.846 - - - - –4.228 -

any chemical compound can be utilized as an orally ac-
tive medicine if it complies with these conditions. Com-
pounds that adhere to this rule generally have a higher
chance of being consumed orally by humans and reach-
ing the market [35]. In this study, all probable compounds
were used as ligands to examine their pharmacokinetics
using ADME tools, following Lipinski’s [33] rule of five
(Table 6). All other compounds, except Hexadecanoic
acid, methyl ester; 9,12-Octadecadienoic acid, methyl ester,
(E,E); 3-Tetradecyne; 8,11,14-Eicosatrienoic acid, (Z,Z,Z)-
; 11,14,17-Eicosatrienoic acid, methyl ester; 5,8,11,14-
Eicosatetraenoic acid, methyl ester; 9,12-Octadecadienoyl
chloride, (Z,Z)-; α-amyrin; Lupeol, were observed accord-
ing to the Lipinski’s [33] rule of five. Furthermore, the tox-
icity profile of each selected compound was assessed using
the admet SAR online server. The compounds meeting the
criteria within acceptable limits were considered to have a
good bioavailability (Table 8).

Discussion
Diabetes mellitus (DM) is a commonmetabolic condi-

tion characterized by decreased insulin action or secretion.

According to studies conducted by Rahman et al. (2021)
[36], Hoq et al. (2023) [37], and Zeidan et al. (2017) [38],
it is expected to affect around 640 million people world-
wide by the year 2040. However, previous studies have re-
ported the potential therapeutic efficacy of various medic-
inal plant extracts and their constituents in managing dia-
betes [39,40]. Because D. turbinatus has been used as an
herbal treatment for its antidiabetic effects, we aimed to
investigate the effect of MEDT on α-amylase. This en-
zyme stimulates the hydrolysis of polysaccharides, releas-
ing oligosaccharides during the process of carbohydrate di-
gestion [41]. The observed inhibitory effect of MEDT on
α-amylase activity could be attributed to triterpenes, previ-
ously recognized for their antidiabetic properties [42]. The
triterpene lupeol was observed within MEDT, that has pre-
viously been reported for its antidiabetic properties. These
characteristics are linked to its ability to inhibit enzymes
involved in glucose digestion and other processes. Ku-
mar et al. (2019) [43] reported that various phytochemi-
cals, including alkaloids, steroids, glycosides, terpenoids,
and flavonoids, showed antidiabetic properties by interact-
ing with various receptors and pathways. Prior research has
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Table 8. ADME/T and drug-likeness properties of the selected phytochemicals from MEDT.

Sl. Isolated selected compounds
ADME/T Toxicological properties

MW (<500 g/mol) HBD (<5) HBA (<10) Log p (<5) ROFV Ames Toxicity Carcinogenic potential AOT ROT

1 2-octynoic acid 140.18 1 2 2.84 0 0.9802 0.5172 0.7471 3
2 Heptanal 114.19 0 1 2.32 0 0.9812 0.5807 0.8649 5
3 Hexanal 100.16 0 1 1.78 0 0.9807 0.5980 0.8676 4
4 Nerolidol 222.37 1 1 4.83 0 0.9185 0.5830 0.9000 7
5 Trans,cis-2,6-nonadien-1-ol 140.22 1 1 2.08 0 0.9367 0.5610 0.7940 5
6 3-azabicyclo[3.2.2]nonane 125.21 1 1 1.29 0 0.8142 0.9314 0.4296 0
7 Tetrahydro-4H-pyran-4-ol 102.13 1 2 –0.05 0 0.6038 0.9289 0.7821 0
8 2-Heptanamine, 5-methyl- 129.24 1 1 2.30 0 0.9570 0.5487 0.6888 4
9 Trans-2-Undecen-1-ol 170.29 1 1 4.10 0 0.9623 0.5425 0.8171 8
10 11-tetradecen-1-ol, acetate, (z)- 254.41 0 2 5.85 0 0.7716 0.5461 0.8757 13
11 2-Nonen-1-ol, (E)- 142.24 1 1 3.02 0 0.9623 0.5425 0.8171 6
12 11-(2-Cyclopenten-1-yl)undecanoic acid, (+)- 252.39 1 2 5.90 0 0.8881 0.8330 0.8185 11
13 Glutaraldehyde 100.12 0 2 –0.55 0 0.9036 0.5089 0.7631 4
14 Hexadecanoic acid, methyl ester 270.45 0 2 7.38 1 0.9765 0.5347 0.8589 15
15 Nonanoic acid 158.24 1 2 3.42 0 0.9865 0.6452 0.6378 7
16 N-Decanoic acid 172.26 1 2 4.09 0 0.9865 0.6452 0.6378 8
17 Urea, butyl- 116.16 2 1 0.41 0 0.7678 0.7027 0.7803 4
18 Propanamide 73.09 1 1 –0.66 0 0.9704 0.5163 0.5211 1
19 3,3′-Iminobispropylamine 131.22 3 3 –1.37 0 0.9132 0.6083 0.8264 6
20 9,12-Octadecadienoic acid, methyl ester, (E,E) 294.47 0 2 6.82 1 0.9321 0.5217 0.6390 15
21 Undec-10-ynoic acid 182.26 1 2 3.33 0 0.7991 0.7125 0.5082 8
22 3-Tetradecyne 194.36 0 0 6.62 1 0.9929 0.6452 0.7164 8
23 8,11,14-Eicosatrienoic acid, (Z,Z,Z)- 306.48 1 2 7.35 1 0.9674 0.6568 0.8289 15
24 11,14,17-Eicosatrienoic acid, methyl ester 320.51 0 2 7.37 1 0.8828 0.5067 0.7281 16
25 5,8,11,14-Eicosatetraenoic acid, methyl ester, 318.49 0 2 7.31 1 0.9321 0.5217 0.6390 15
26 9,12-Octadecadienoyl chloride, (Z,Z)- 298.89 0 1 7.96 1 0.9321 0.5217 0.6390 14
27 α-amyrin 426.72 1 1 9.01 1 0.8996 0.9227 0.8299 0
28 Lupeol 426.72 1 1 9.87 1 0.9420 0.9188 0.8578 1
MW, molecular weight; ADME/T, absorption, distribution, metabolism, and excretion/toxicity; HBA, hydrogen bond acceptor; HBD, hydrogen bond donor; Log p high, lipophilicity; ROFV, rule of five
violations; Category III means 500 mg/kg > LD50< 5000 mg/kg, Category IV means LD50> 5000 mg/kg0> 5000 mg/kg.
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shown beneficial effects of polyphenols and flavonoids on
type 2 and gestational diabetes, and their anti-inflammatory
qualities [44–46].

Inflammation plays an important role in the patho-
physiology of many diseases, including diabetes. Re-
cent studies have provided evidence to support the poten-
tial of medicinal plants and their constituents as promis-
ing resources for developing novel anti-inflammatory drugs
[17,47]. Similarly, our findings indicate that MEDT pos-
sesses considerable anti-inflammatory capabilities in both
the bovine serum and egg albumin denaturation assays.
Denaturation involves disruption or modification of disul-
fide, hydrophobic, electrostatic, and hydrogen interactions
within the secondary and tertiary structures of protein [48].
Our findings are consistent with previous research that has
found the potentials of plant extracts and medications, such
as diclofenac, in preventing protein denaturation. The ef-
fectiveness of MEDT in preventing denaturation is due
to the interaction between its phytoconstituents and pro-
teins, leading to increased protein stability [22]. Previ-
ous research has revealed the anti-inflammatory activities
of flavonoids and alkaloids in MEDT [49]. Moreover, it
has been indicated that the cyclooxygenase enzyme can be
inhibited by (Z,Z,Z)-8,11,14-Eicosatrienoic acid present in
MEDT [50]. Furthermore, prior research has shown that
hexadecanoic acid methyl ester, nerolidol, lupeol, and -
amyrin can effectively reduce pro-inflammatory mediators
[51–53].

The cytotoxicity of MEDT was evaluated using the
brine shrimp lethality test, a low-cost and efficient as-
say developed by Liang et al. (2021) [54], Niksic et
al. (2021) [55], and Lopes et al. (2021) [56]. How-
ever, the findings we observed might be attributed to
the presence of glutaraldehyde, nerolidol, hexanal, and 3-
azabicyclo[3.2.2]nonane, all of them previously linked to
cytotoxic effects in MEDT [57–60]. Thrombosis is a medi-
cal disorder leading to abnormal blood clots inside the arter-
ies and veins. Thrombosis can cause cardiovascular prob-
lems such as myocardial infarction, ischemic stroke, and
pulmonary embolism [61]. The presence of flavonoids and
phenolics in the extract indicates their potential to generate
reactive oxygen species and free radicals, ameliorate per-
oxidative stress, and modulate platelet functions in previ-
ous study [62]. In MEDT, glutaraldehyde and (Z,ZZ,Z,Z)-
8,11,14-Eicosatrienoic acid have been identified, which
were previously recognized as antithrombotic agents [63].
Previous studies have shown that the presence of alkaloids,
phenolics, flavonoids, and lupeol may contribute to the an-
thelmintic activity of MEDT [64–66].

Furthermore, several in vivo models were used to as-
sess the efficacy of MEDT in treating diarrhea. The phys-
iological effects of ricinoleic acid, an active metabolite
in castor oil, are related to its ability to cause diarrhea.
This method causes the activation of prostaglandin recep-
tors within the small intestine, initiating the stimulation of

smooth muscle activity. This reduces absorption while in-
creasing fluid and electrolyte excretion [67–69]. Further-
more, MEDT treatment considerably reduced gastrointesti-
nal transit time, determined through gastrointestinal motil-
ity testing. Otshudi et al. (2000) [70] proposed that the an-
tidiarrheal activity of this medication could be explained by
its alkaloids, flavonoids, sterols, and triterpenes. MEDT’s
antipyretic properties were evaluated using Brewer’s yeast
method (Saccharomyces cerevisiae), a method frequently
used to induce fever, lethargy, and inflammation in mice.
This pyrectic induction increases the production of pro-
inflammatory cytokines such as tumour necrosis factor-
alpha (TNF-α), interferons, IL-6, and IL-1, as well as key
enzymes involved in prostaglandin synthesis and transcrip-
tion factors [71]. According to Ahmad et al. (2017) [72],
the potential therapeutic impact of MEDT on fever might
be linked to its alkaloids.

In the present study, 8,11,14-Eicosatrienoic acid hav-
ing a Z, Z, Z structure was identified as the molecule
with the highest score (–7.599 kcal/mol) using Computer-
Aided Drug Design (CADD). Furthermore, positive dock-
ing findings were obtained for -amyrin (–6.818 kcal/mol)
and 3,3′-Iminobispropylamine (–6.447 kcal/mol). These
findings indicate the potential for MEDT to show strong
anthelmintic action, supporting future investigations into
the specific metabolic mechanism involved. Furthermore,
the phytoconstituents found in MEDT, namely lupeol and
-amyrin, displayed significant interaction with the glucoki-
nase receptor, with binding energies of –4.228 and –4.356
kcal/mol, respectively. Evaluating the ADME/T profile
is critical in studying ligand compounds’ pharmacokinetic
characteristics. Lipinski’s [33] rule of five was used to as-
sess the pharmacokinetic properties of the identified phy-
tochemicals in MEDT. According to the established guide-
lines, pharmaceuticals or compounds failing to meet these
criteria are not considered to have the desired oral bioavail-
ability [73]. The outcomes of this study show that most
compounds follow Lipinski’s [33] rule of five, implying
their potential as a promising asset for developing a new
therapeutic candidate with a favorable toxicological profile.
This study intends to improve comprehension by establish-
ing a link between experimental data and pharmacokinetic
properties, providing useful information for the future ex-
ploratory phase before the start of the clinical trial.

Conclusion

The current study successfully showed the potential of
the methanol extract derived from D. turbinatus leaves to
exhibit antidiabetic, anti-inflammatory, anthelminthic, cy-
totoxic, antidiarrheal, thrombolytic, and antipyretic effects.
These findings provide factual evidence for some tradi-
tional functions attributed to this particular plant species.
Further investigations are needed to elucidate the active
compounds and the molecular mechanisms underlying the
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observed activities. This can be accomplished with both in
vitro and in vivo testing. The findings presented above can
potentially create novel frameworks for drug discovery.
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