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Abstract 

The inhibition of HDAC activity is presently one of the main targets for anticancer drug development. 

This study aimed to investigate the anticancer effect of cowanol via inhibition of HDAC and apoptosis 

induction in leukemic Jurkat cells. Computational analysis and HDAC inhibitor screening assays were used 

to determine the properties of cowanol as an HDAC inhibitor in Jurkat cells. MTT assays and Hoechst 

staining were performed to observe the cytotoxicity and apoptotic induction effect of cowanol. In silico 

docking analysis revealed that cowanol could tightly bind to the active sites of both HDAC class I (HDAC 

2 and 8) and HDAC class II (HDAC 4 and 7) with a similar mode of binding to the reference inhibitors. 

Importantly, cowanol obviously interacts with the zinc ion at the catalytic center as well as with other amino 

acid residues in the active region, indicating its possible function as an HDAC inhibitor. The ADME results 

showed that cowanol possessed acceptable pharmacokinetics and drug-likeness properties, which suggested 

oral bioavailability. In addition, the screening assay demonstrated that cowanol could inhibit HDAC at 20 

- 60 % compared to the standard HDAC inhibitor, SAHA. Moreover, the cytotoxic effect of cowanol against 

Jurkat cells with the IC50 was 18.19 ± 0.44 µM. For the mode of cell death, nuclear condensation and 

apoptotic bodies were characterized, supporting the role of the apoptosis inducer cowanol. Hence, our 

results indicated a potential new role of cowanol as an HDAC inhibitor. The cytotoxic mode of cowanol 

was illustrated as apoptotic inducer, which is a well-known target for anticancer drug development. 

Keywords: ADME, Cowanol, Garcinia fusca, Histone deacetylase inhibitor, In silico docking, Leukemia 

 

Introduction 

The alteration of epigenetics is indicated as one crucial factor for cancer development, especially the  

changes in the posttranslational modification of histones with acetylation and deacetylation. This process 

is normally controlled by opposing actions of 2 large families of enzymes, including histone 

acetyltransferases (HATs) and histone deacetylases (HDACs) [1]. HATs mediate hyperacetylation of the 

histone tail at the N-terminus, which results in an open form of chromatin and gene activation, while 

HDACs act in the opposite way in which a closed structure of chromatin is formed and gene expression is 

inhibited. An imbalance of these 2 groups of enzymes is not surprisingly associated with cancer initiation 

and progression [2]. This is supported by numerous studies showing that oncogene and tumor suppressor 

gene aberrations are related to higher levels of HDAC gene expression in a variety of human cancer cells 

[3,4]. Thus, inhibiting HDACs is one promising method for cancer treatment. 

HDACs are divided into 4 classes according to their sequence homology to yeast. Class I is composed 

of HDACs 1, 2, 3 and 8. Class II is subdivided into IIa (HDACs 4, 5, 6, 7 and 9) and IIb (HDACs 6 and 

10). Class III consists of sirtuins 1 - 7 and class IV comprises only HDAC 11. Class I, II, and IV HDACs 

have Zn2+ in the catalytic pocket sites, whereas class III HDACs require nicotinamide adenine dinucleotide 

(NAD+) as a cofactor [5]. Overexpression of HDACs, particularly class I and II HDACs, is associated with 

tumorigenesis in several cancer types, such as breast, ovarian, liver, lung, cervical, and colorectal cancers 

[6-9]. In recent years, many compounds that could inhibit the activity of HDACs or HDAC inhibitors 
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(HDACis) have been discovered as effective anticancer drugs by promoting cell cycle arrest, cell 

differentiation, or cell apoptosis. Several HDACis have already been approved by the US Food and Drug 

Administration (FDA), including vorinostat, romidepsin, panobinostat, and belinostat [10]. Although an 

increasing number of HDACis have been characterized, there has been considerable effort to develop 

HDACis, especially from nontoxic natural resources. 

Garcinia plants are recognized as a rich source of natural xanthones, a group of compounds that 

provides a wide range of biological effects, such as anticancer, antibacterial, antioxidant, and antiviral 

effects [11-17]. Young leaves of G. fusca can be eaten or cooked in curry, while stems, roots, and leaves 

are traditionally used for the treatment of coughs and indigestion, relief of fever, and improvement of blood 

circulation. From these potential uses in medicine, several active compounds including geranylated 

xanthones have been extracted from G. fusca and tested for their medicinal purposes [18,19]. Our previous 

studies have reported that the xanthone cowaxanthone, extracted from G. fusca, exhibited apoptosis-

inducing activity in leukemic T cells through HDAC inhibition [20]. Additionally, our recent work 

discovered the anticancer effect of cowanin, a major xanthone member extracted from the stem barks of G. 

fusca, on leukemic T cells (Jurkat cells). The mechanism occurred through inducing apoptosis and 

autophagy via the PI3K/AKT/mTOR pathway and HDAC inhibition [19]. Cowanol is also one of the major 

geranylated xanthones isolated from the stem barks of G. fusca (Figure 1). Previous data revealed that 

cowanol has various pharmacological effects, including antimicrobial, antimalarial, anticholinesterase [18], 

and anticancer effects [21]. Regarding the anticancer effect, cowanol has demonstrated cytotoxic activity 

against lung (NC1-H187), breast (MCF-7), and colon cancer cell lines (DLD-1) [22,23]. However, the role 

of HDAC and the underlying mechanism of the effect of cowanol have not yet been investigated. 

Thus, we aimed to evaluate the role of cowanol as an HDACi and the sequential mechanism of 

apoptosis induction. The screening of HDAC inhibition activity was performed by computational in silico 

docking followed by the in vitro HDAC inhibition assay. The cytotoxicity and mode of cell death, 

apoptosis, was evaluated by observing nuclear morphology and caspase-3 activation. 

 

Materials and methods 

Reagents 

Human leukemic T cells (Jurkat cells), A549 human lung carcinoma, PC-3 human prostatic carcinoma 

cells, and Vero cells were acquired from the American Type Culture Collection and purchased from 

American Type Culture Collection (ATCC, USA). RPMI 1640 (Roswell Park Memorial Institute) medium, 

fetal bovine serum (FBS), and penicillin‒streptomycin were obtained from Gibco (Invitrogen, USA). 3-

(4,5-Dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide (MTT) was obtained from USB Corporation, 

USA. The Histone Deacetylase Assay Kit (CS1010) was purchased from Sigma‒Aldrich, USA. Hoechst 

33342 fluorescent solution (H3570) was obtained from Invitrogen, USA. 

 

Plant materials 

Stem barks of G. fusga were air-dried and collected from Yangtalad District, Kalasin Province, 

Thailand, in January 2016. The Laboratory of Natural Product Research Unit, Department of Chemistry, 

Faculty of Science, Srinakharinwirot University, Thailand, has received a voucher specimen of AS 001.  

 

Extraction and isolation 

The dry-ground barks of G. fusca (10 kg) were thoroughly extracted with EtOAc at room temperature. 

The solvent was then evaporated to produce an EtOAc extract (271 g of brown residue). Chromatographic 

separation on silica gel (eluting with a gradient of n-hexane-acetone, 96:4 to 0:100, v/v) and acetone-MeOH 

(95:5 - 0:100, v/v) of the obtained EtOAc soluble extract provided 13major fractions (E1 to E13) according 

to their TLC observations. Further column chromatography (CC) (eluting with n-hexane-acetone (96:5 to 

0:100, v/v) of the E11-fraction (29 g) followed by 3 successive CC with n-hexane–acetone, cowanol (2 g) 

was yielded as a yellow solid. The chemical structure of cowanol was evident by its NMR spectroscopic 

data analysis. 

 

Cell culture 

Jurkat leukemic T cells, A549 human lung cancer cells, PC-3 human prostatic carcinoma cells, and 

Vero cells were obtained from the American Type Culture Collection (ATCC; Manassas, VA, USA). Jurkat 

cells were cultivated in RPMI 1640, while A549, PC-3 and Vero cells were grown in DMEM (Gibco, 

Waltham, MA, USA) containing 10 % fetal bovine serum (FBS), 100 units/mL penicillin and 100 µg/mL 
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streptomycin (Gibco, Waltham, MA, USA). These cells were all grown in a humidified environment with 

5 % CO2 and 37 °C. 

 

In silico docking study 

To understand the selective inhibitory effect of cowanol for each HDAC class and isoform, we 

performed docking of cowanol into the active sites of human HDAC class I (HDAC 2 and 8) and HDAC 

class II (HDAC 4 and 7) using the GOLD 5.3.0 program [19]. The RCSB Protein Data Bank was used to 

retrieve the 3-dimensional (3D) crystal structure of human HDAC 2, 4, 7 and 8 enzymes (PDB codes: 

3MAX [24], 2VQM [19], 3C10 [25] and 1T64 [26], respectively). The binding of cowanol was further 

evaluated using reference HDAC inhibitors, which comprised trichostatin A (TSA), suberoylanilide 

hydroxamic acid (SAHA) and Belinostat (PXD-101). The chemical structures of all ligands were found in 

the PubChem compound database (http://pubchem.ncbi.nlm.nih.gov/compound). The CHEMPLP 

parameter was used for docking, and accuracy testing of the overlays was determined by calculating the 

root mean square deviation (RMSD) below 2 Å and was submitted to 100 cycles before analysis. Drug 

BIOVIA Discovery Studio 2016 software (DS, version 2016, BIOVIA Corporate Europe, Cambridge, 

UK) was used to optimize the individual HDAC coordination of the target proteins and the cowano l 

molecule, and the UCSF Chimera program was used to represent the molecule-HDAC interaction [27]. 

 

ADME predictions 

The ADME study (standing for Absorption, Distribution, Metabolism, and Elimination) was 

conducted using the web-based application SwissADME software (www.swissadme.ch/) of the Swiss 

Institute of Bioinformatics (http://www.sib.swiss) [28]. This free online software allows physiochemical 

predictions using Lipinski’s rule of 5 for the phytochemical characteristics of cowanol, including its 

molecular weight, hydrogen bond donor and hydrogen bond acceptor, number of rotatable bonds, polar 

surface area, and molinspiration Log. It also allows for the calculation of Drug-likeness, which is an 

essential role in the discovery of new drugs and development [29]. Herein, such properties of the potential 

compounds were calculated in comparisons with pre-clinical (TSA) and clinical drugs HDACi (SAHA and 

Belinostat).  

 

HDAC inhibitor screening assay 

HDAC inhibitor activity was screened in accordance with the kit’s manufacturer-supplied procedure 

(Sigma-Aldrich, MO, USA). In summary, Jurkat nuclear extract, which served as an HDAC source, was 

combined with cowanol. Then, a substrate with a fluorescent group was added after the sample reactions. 

Using a Synergy TM HT Multi-Mode Microplate Reader (Bio-Tek Instrument, USA) with an excitation 

wavelength of 360 nm and an emission wavelength of 460 nm, the fluorescence product was monitored 

after 10 min of incubation. As a positive control (SAHA), a well-known and strong hydroxamic acid-based 

HDAC inhibitor was applied. 

 

Cell proliferation assay 

Jurkat, A549, PC-3, and Vero cells were plated at a density of 1 - 5×104 cells/well in 96-well plates. 

These cells were then exposed to several concentrations of cowanol (0, 1.25, 2.5, 5, 10, 20, 40, 80 and 100 

µM) for 24, 48 and 72 h, respectively. The medium was then removed, and MTT solution (final 

concentration of 0.5 mg/mL) was added, followed by a 2 h incubation period at 37 °C. The colorimetric 

intensity of MTT was quantified by using a microplate reader (Bio-Tek Instruments, USA) to measure a 

wavelength of 570 nm. The inhibitory concentration at 50 % (IC50) was calculated. 

 

Determination of nuclear condensation 

Hoechst 33342 staining (Invitrogen, USA), a DNA-specific dye, was used to detect morphological 

changes in nuclear morphology. Cowanol concentrations of 0, 10, 20 and 30 µM were applied to cells for 

24 h. Next, 5 µg/mL Hoechst 33342 was added to all samples, and the results were observed using a 

fluorescence microscope (IX73; Olympus, Tokyo, Japan). 

 

Statistical analysis 

The results were analyzed and expressed as the mean ± SD of 3 independent experiments. One-way 

ANOVA and Dunnett’s multiple-comparison test were used for the statistical analysis in GraphPad Prism 

version 5.0 (San Diego, USA), and p values of *p < 0.05, **p < 0.01 and ***p < 0.005 were viewed as 

significant. 
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Results and discussion 

To predict the potential efficacy of cowanol as an HDAC inhibitor, in silico docking analysis was 

performed. The docking pose of cowanol to each HDAC active site was analyzed, and the fitness score in 

kcal/mol value was obtained. Additionally, the selectivity and mode of cowanol binding to each HDAC 

isoform’s active site were determined using the HDAC inhibitors TSA, SAHA, and belinostat as reference 

inhibitors. As shown in Table 1, cowanol revealed a strong affinity for binding to both HDAC class I and 

II and the value was practically in the same range as the reference HDACi. Cowanol also demonstrated a 

preference for class II over class I, with HDAC 4 and HDAC 7 yielding values of 82.06 and 78.86 kcal/mol, 

respectively. It might be said that cowanol, particularly as a class II HDAC inhibitor, has the potential to 

function as an HDAC inhibitor. 

 

 

Figure 1 The chemical structure of cowanol extracted from the Garcinia fusca plant, preclinical HDACi 

drugs, trichostatin A (TSA), clinical HDACi, vorinostat (SAHA) and belinostat. 

 

Table 1 The binding energy (kcal/mol) of all of these compounds. 

 

Compounds  
PubChem 

CID  

Class I HDACs  Class II HDACs  

HDAC2   HDAC8 HDAC4 HDAC7 

(3MAX)        (1T64)          (4VQM)  (3C10)  

 TSA  444732 92.81 73.8 79.48 89.04 

 SAHA  5311 80.79 72.61 70.3 68.57 

Belinostat 6918638 72.85 72.85 74.71 74.84 

 Cowanol  10480887 93.56 79.5 92.58 108.14 

 

To further explore the potential function of cowanol, it was necessary to understand its method of 

binding and important interactions in the active sites of each HDAC. The active sites of each HDAC 

isoform, including class I (HDAC 2, HDAC 8) and class II (HDAC 4, HDAC 7), were then superimposed 

with cowanol and the reference inhibitors (Figure 2). As shown in Figures 2(A) and 2(B), the results 

indicated that cowanol and all inhibitors were oriented and had a similar binding pose in the active regions 

of HDAC 2 and HDAC 8. However, because of the bulky structure of the xanthone core and the long, 

narrow tube of the HDAC active sites, the interactions between cowanol and several important residues 

nearby to Zn2+ binding were loose. The findings suggested that because the class I isoforms have various 

ways of binding, cowanol may have lower enzymatic activity than HDAC inhibitors. 

Belinostat

Cowanol Trichostatin A (TSA)

Vorinostat (SAHA)



Trends Sci. 2024; 21(8): 7807   5 of 17 

  

According to Figures 2(C) and 2(D), none of the ligands in HDAC class II displayed perfect overlap 

and aligned in the same direction. However, they continued to make it known to the zinc-binding group 

that they needed to chelate the Zn2+ ion’s strong binding to the active sites of both HDAC 4 and HDAC 7. 

A rise in the hydrophobic interactions in the HDAC class II active sites, where the binding pocket and 

cavity are greater than in class I, may also be influenced by the long side chains and aromatic ring of 

cowanol. The collected information demonstrated that class II HDACs are specifically inhibited by 

cowanol. 

 

 

Figure 2 Superimposition of HDACi ligands TSA (yellow), SAHA (blue-green), belinostat (orange) and 

cowanol ligand (magenta) with a metal ion (Zn2+) and key amino acid residues in the catalytic pocket site 

of HDAC enzymes (A) HDAC2, (B) HDAC8, (C) HDAC4 and (D) HDAC7 analyzed using the BIOVIA 

Discovery studio program. 

 

Since HDACs are metalloenzymes that have Zn2+ ions as cofactors of HDACs, then the effective 

HDACi should bind with or chelate metal ion and key amino acid residues at the catalytic active site [30]. 

As demonstrated by known HDACis, TSA, SAHA and Belinostat, the predicted ligands-enzymes 

interaction showed that all HDACis fit into the catalytic pocket site of HDACs and bound with Zn2+ ions 

as well as key amino acid residues [27,30]. As shown in Figures 3 and 4, cowanol and reference inhibitors 

could bind similarly to each HDAC isoform’s active site to create the chelated Zn2+ ion and key amino acid 

residues except for HDAC 2. The lack of ligand-metal complex interactions in HDAC 2 resulted in weaker 

binding affinity when compared to other isoforms. Cowanol, on the other hand, indicated a flexible chain 

as a geranyl group in the hydrophobic tunnel in HDAC 2, which has no interaction group for zinc binding, 

resulting in a reduction in the binding energy. Then, the hydroxyl group of cowanol formed hydrogen bonds 

with the residues Glu103, Asp104 and His183 in the active sites of HDAC 2, as can be clearly explained in 

Figures 3(A), 3(C) and Table 2. Moreover, the xanthone core generated hydrophobic interactions with 

Leu276 and Pro34 in the binding pocket of HDAC 2. Additionally, the cowanol geranyl and prenyl parts 

may interact with hydrophobic residues such as Phe210, Tyr308, Phe155, His33, His146 and His183 to 

form Pi-alkyl interactions. 
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The possible binding mode of cowanol on HDAC 8 is shown in Figures 3(B), 3(D) and Table 2. The 

hydroxyl group at the prenyl part chelated to the Zn2+ ion at the bottom of the HDAC 8 active site via 

His180, Asp178 and Asp267 residues. In addition to coordination with the zinc ion, an extra hydrogen bond 

was found between the hydroxyl group at the prenyl group and Asp178. The prenyl part occupied the 

hydrophobic tunnel of the active site with His143, Phe208, Phe152, and His180 residues. In addition, the 

hydroxyl group at the core ring could form hydrogen bonds to Tyr100 and Asp101. Then, the xanthone 

core represented as the cap group for HDACi, located at the entrance cavity, generated hydrophobic 

interactions with conserved residues Phe208 and Phe152. The geranyl side chain could bind to the Tyr306, 

Ile34, Pro35, Arg37 and Leu308 residues via hydrophobic interactions [31].  

 

 

Figure 3 Molecular docking analysis of cowanol with human class I HDACs (HDAC 2 and 8). The analysis 

was predicted by using the GOLD docking program version 5.3.0. The HDAC 2 (A) and HDAC 8 (B) 

crystal structures (PDB ID: 3max and 1t64) were used to monitor cowanol interactions. The 2-dimensional 

(2D) interaction of cowanol along with the zinc ion and other amino acid residues of the catalytic center of 

HDAC 2 (C) and HDAC 8 (D) was demonstrated. 

 

 

Table 2 Molecular interactions and interacting amino acid residues of the catalytic domain of HDAC class 

I (HDAC 2 and HDAC 8) with cowanol and positive HDACis. 

 

  
HDAC Class I 

  HDAC 2 HDAC 8 

Compound Cowanol TSA SAHA Belinostat Cowanol TSA SAHA Belinostat 

Interaction 

 

Conventional 

hydrogen 

ASP104, 

GLU103 

HIS145, 

GLY154, 

TYR308 

GLY154, 

ASP104 

GLY154, 

TYR209, 

TYR308, 

LEU276 

ASP101, ASP178, 

TYR100, TYR306 

TYP306, 

ASP178, 

HIS142 

TYP306, 

ASP178, HIS142 

TYP306, 

GLY304, 

GLN263, 

ASP178, 

HIS142 

Metal-

acceptor 
- - - - ZN388 - - - 

Van der 

Waals 

GLY154,  

TYR209,  

ZN379 

GLU103, 

HIS146, 

GLY306, 

ZN379 

HIS145, 

ZN379 

LEU144, 

HIS145, 

GLY306, 

GLY277, 

ASP181, 

ZN379 

ASP267, CYS153, 

GLY304, GLY305, 

GLY151, HIS142, 

HIS180, ASP101, 

TRP141, MET274 

GLN263, 

GLY304, 

HIS143, 

HIS180, 

ASP101, 

MET274, 

ZN388 

GLN263, 

GLY304, 

HIS143, HIS180, 

ASP101, ZN388 

ASP267, 

GLY140, 

HIS143, 

ZN388 
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HDAC Class I 

  HDAC 2 HDAC 8 

Compound Cowanol TSA SAHA Belinostat Cowanol TSA SAHA Belinostat 

Pi-Pi T-

shaped  
- PHE155 - 

HIS183, 

PHE155 
PHE152, PHE208 - - HIS180 

Pi-sigma LEU276 
PHE210, 

HIS183 
- - TYR306 PHE208 - - 

Pi-sulfur - - CYS156 HIS146 - - - MET274 

Pi-alkyl 

PRO34,  

PHE155,  

HIS146 

PRO34, 

LEU276 

LEU144, 

PHE155,  

PHE210, 

HIS146,  

HIS183  

CYS156 
PRO35, TYR306, 

PHE152, HIS143 

TSN387, 

PHE152, 

PHE208 

TSN387, 

PHE152, 

PHE208 

- 

Alkyl 

PHE210,  

TYR308, 

H33  

- - - 
ILE34, ARG37, 

LEU308 
- - - 

Carbon 

hydrogen 
HIS183 ASP104 - - - TYR100 TYR100 GLY304 

 

 

For HDAC 4 (Figures 4(A), 4(C) and Table 3), the core ring of cowanol showed Pi-Cation 

interactions with the residues located at the hydrophobic tunnel of the HDAC active sites, Arg37 and 

through Pi-alkyl interactions with Pro156, as shown in Figures 4(A) and 4(C). Then, the methoxy group 

of cowanol coordinated to the Zn2+ ion at the HDAC 4 active site via His198, Asp196 and Asp290 residues. 

In addition, a hydrogen bond occurred between the hydroxyl group of cowanol with Asp290 and His159. 

Interestingly, the methoxy group of cowanol formed a metal-acceptor interaction with the zinc ion, which 

was pivotal for the enzyme mechanism of HDAC 4, which was not present in other isoforms. Moreover, 

the conserved residues His159 and His198 were observed to form strong hydrogen bonds and hydrophobic 

interactions with cowanol at the bottom of the active site, respectively. The side chains of cowanol also 

occupied hydrophobic interactions with Phe168, Tyr170, Pro155, Pro156 and His198. Since cowanol posed 

methoxy and hydroxyl groups, which represented the zinc-binding group, fitting into the catalytic site of 

HDAC 4, we hypothesized that this feature together with the hydrogen bond between cowanol and the 

conserved residue His159 could be the reason for the potential role of selectivity toward HDAC 4. 

For HDAC 7 (Figure 4(B), 4(D) and Table 3), cowanol pointed the prenylated group into the active 

site of HDAC 7; then, the hydroxyl group chelated with Zn2+ ions together with Asp801, Asp707, and 

His709. In addition, this side chain formed hydrophobic interactions with His709, Leu810, Phe679, Pro542, 

Arg547 and His843. His843 is a position pointing way from the active site of HDAC7 and is found 

exclusively in Class IIA HDACs to form interaction with Zn2+ ions [32]. The hydrogen bonds of cowanol 

were formed to Asp626 and Gly678, which are located at the bottom of the HDAC active site. Furthermore, 

the core ring of cowanol accommodated the Pi-Pi stacking interaction with Phe738. 

Our results indicated that cowanol revealed a stronger affinity to class II (HDACs 4 and 7) than  

class I (HDACs 2 and 8) with scores of 82.06 and 78.86 kcal/mol, respectively. Moreover, our results of 

superimposed cowanol and reference inhibitors within the active site of each HDAC enzyme have 

supported that cowanol could be oriented and shared a similar binding pose in the active site, especially the 

interaction of HDAC class II with cofactor metal ion Zn2 +  and key amino acid residues in a similar mode 

of binding to all HDAC inhibitors except in HDAC 2. Thus, these results confirmed that cowanol is a highly 

selective inhibitor of class II HDACs. In addition, the intermolecular attractions between cowanol and the 

catalytic site of each HDAC isoform also formed van der Waals interactions. In fact, van der Waals forces 

are the weakness of all interaction bonds between molecules, but the binding affinity can be increased when 

many van der Waals forces occur [33-35]. Taken together, all data from computational studies indicated 

that cowanol is a potential HDACi that can chelate zinc ions and bind specifically into the catalytic pocket 

sites of both HDAC class I and II when compared with positive HDAC inhibitors control as shown in 

Supplementary Figure S(1).  
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Figure 4 Molecular docking analysis was predicted by using the GOLD docking program version 5.3.0. 

(A) - (B) The human HDAC class II (HDACs 4 and 7) crystal structure (PDB ID: 4vqm and 3c10) was 

used to monitor cowanol interactions. (C) - (D) 2-dimensional (2D) interaction of cowanol along with the 

zinc ion and other amino acid residues of the catalytic center. 

 

Table 3 Molecular interactions and interacting amino acid residues of the catalytic domain of HDAC class 

II (HDAC 4 and HDAC 7) with cowanol and positive HDACis. 

 

  HDAC Class II 

  HDAC 4 HDAC 7 

Compound Cowanol TSA SAHA Belinostat Cowanol TSA SAHA Belinostat 

Interaction 

 

Conventional 

hydrogen 

HIS159, 

ASP290 
ARG154 

ASP196, 

HIS158 

GLY167, 

ARG154 
GLY678, ASP626 

HIS669, 

ASP707 

HIS669, 

HIS670, 

ASP707 

PRO809 

Metal-acceptor ZN1411 ZN1411 ZN1411 - ZN101 - - - 

Van der Waals 

GLY167, 

GLY331, 

ASP196, 

HIS158, 

PHE227, 

GLU120, 

SER123  

HIS159 

HIS159, 

HIS198, 

GLU329 

ASP196, 

GLY331, 

ARG37, 

ZN1411 

HIS544, HIS669, 

HIS670, PRO667, 

PRO806, ASP707, 

ASP801, ARG547, 

GLY678, PHE738, 

GLU543 

HIS670, 

GLU840, 

HIS709, 

ZN101 

PHE738, 

PRO542, 

PRO667, 

GLY678, 

HIS709, 

ZN101  

HIS544, HIS669, 

HIS843, PRO667, 

ASP707, ASP801, 

ARG547, GLY678, 

ZN101 

Pi-cation ARG37 - - -  - - - - 

Pi-Pi T-shaped  - HIS198 PHE168 HIS198 - - - HIS709 

Pi-sigma - PHE227 - - - 

LEU810, 

PHE679,  

PHE738  

- - 

Pi-sulfur - - - 
HIS158, 

HIS159 
- - - HIS670, PHE679 

Pi-alkyl 

PHE168, 

HIS159, 

PRO155, 

PRO156 

PHE168, 

PHE277 
PHE227 PRO156 

PHE679, LEU810, 

HIS709 
PRO542 PHE679 PRO542 

Alkyl 
TYR170, 

HIS198 
- - - 

HIS843, PRO542, 

AGR547 
LEU810 - - 

Carbon 

hydrogen 
- - - ARG37 - - - - 
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For drug-likeness prediction, the potential physical properties of cowanol and the known HDACi, 

TSA, SAHA and Belinostat were investigated by considering 6 physicochemical properties such as 

molecular weight (MW), the numbers of hydrogen bond donors (HBD), hydrogen bond acceptors (HBA), 

the numbers of rotatable bond (RB), polar surface area (PSA), and molinspiration lipophilicity (MLogP) 

using in silico SwissADME web tool [28]. Through radar image has been shown in Table 4, the predicted 

results revealed that cowanol demonstrated acceptable pharmacokinetics and drug-likeness properties 

following Lipinski’s rule of 5 criteria: (i) MW ≤ 500 Da, (ii) HBD ≤ 5 and HBA ≤ 10, (iii) RB ≤ 10, (v) 

PSA ≤ 140 Å, (iv) MLogP ≤ 5 [36,37]. The prediction of bioavailability radar of cowanol and 3 known 

HDACis (Figure 5) suggested that all compounds are expected to be oral bioavailability (less toxic and 

good absorption), less polarity and flexibility. Therefore, the finding suggested that cowanol could likely 

be developed as a promising natural anticancer agent.  

 

 

Table 4 Comparative physiochemical predicted Lipinski’s rule of 5 for the phytochemical of cowanol, pre-

clinical, and clinical drugs under study. MW, Molecular Weight; HBD, hydrogen bond donor; HBA, 

hydrogen bond acceptor; RB, number of rotatable bonds; PSA, polar surface area; MLogP, molinspiration 

Log partition coefficient. 

 

Compound 

Lipinski's Rule of Five 

Drug-

Likeness MW 

(≤500 Da) 

HBD 

(≤5) 

HBA 

(≤10) 

RB 

(≤10) 

PSA 

(≤140 Å) 

MLogP 

(≤5) 

cowanol 494.58  4 7 9 120.36 2.33 Yes 

TSA 302.37 2 3 7 69.64 2.01 Yes 

SAHA 264.32 3 3 10 78.43 1.83 Yes 

Belinostat 318.35 3 4 6 103.88 1.55 Yes 

 

 

To confirm the HDACi effect in vitro of cowanol, an HDAC screening assay was performed. As 

depicted in Table 5 and Figure 6, cowanol could inhibit the activity of human HDAC enzymes, which was 

consistent with the in silico docking analysis. However, the efficiency of cowanol was significantly lower 

than that of the standard SAHA because cowanol lacked the strong zinc-binding group, which is the key 

enzymatic activity of HDAC. Even though the binding energy of cowanol obtained was stronger than that 

of the standard inhibitors, it still lost some key interactions with some conserved residues for HDAC 

catalytic activity. In addition, docking studies were specifically analyzed in certain HDACs, while the 

HDAC inhibitor assay screened all HDACs in the cell lysate. In addition, SAHA functions as a pan-HDAC 

inhibitor. Therefore, our data may indicate that cowanol tends to inhibit some HDACs, especially HDAC 

4 and may not act as a pan inhibitor. 
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Figure 5 Schematic diagram of radar charts for prediction of oral bioavailability generated by the 

SwissADME web tool. This chart contains 6 axes for the 6 factors necessary for oral bioavailability; 

flexibility (FLEX), lipophilicity (LIPO), size (SIZE), polarity (POLAR), solubility (INSOLU) and 

saturation (INSATU), and the pink area in this chart illustrates the ideal ranges for predicted good oral 

bioavailability.  

 

 

Table 5 The percentage of HDAC inhibition by cowanol. The clinical HDACi SAHA (10 µM) was used 

as a positive control, whereas DMSO was used as a negative control. 

 

Cowanol concentration (µM) HDAC inhibition (%) 

0 0.00 ± 0.00 

5 16.28 ± 1.50 

25 23.75 ± 0.41 

50 34.53 ± 0.51 

100 46.71 ± 0.76 

200 56.89 ± 1.89 

SAHA 84.34 ± 1.19 

 

*SAHA = clinical HDAC inhibitor (10 µM) 
   



Trends Sci. 2024; 21(8): 7807   11 of 17 

  

 

Figure 6 Cowanol treatment inhibits HDAC activity. Different concentrations of cowanol at 0, 5, 25, 50, 

100 and 200 µM were incubated with Jurkat nuclear lysates, source of human HDAC enzymes, substrate, 

and developer for 10 - 20 min and subsequently detected by fluorescence microscopy. As a reference 

HDACi, SAHA was used, whereas DMSO was a negative control. Statistical analysis of cowanol-mediated 

HDAC inhibition was analyzed with one-way ANOVA Dunnett’s multiple comparison test, ***p < 0.001, 

a significant difference compared to the control. 

 

 

To further evaluate the anticancer effect of cowanol and the sequential mechanism of apoptotic cell 

death, Jurkat, PC-3 and A549 cells as well as Vero cells, representative of normal cells, were used as 

models. Cell viability was determined by MTT assay and the IC50 value is shown in Table 6. Our results 

indicated that cowanol had cytotoxic effect to all cancer cells tested but less effect to the representative of 

normal cells. The highest toxicity was clearly indicated in Jurkat cells with IC50 values of 24.77 ± 0.63, 

20.33 ± 0.43 and 18.19 ± 0.44 µM at 24, 48 and 72 h, respectively, whereas normal Vero cells showed 

lower activity (IC50 > 100 µM). To compare the cytotoxicity of cowanol with standard drug, SAHA was 

selected to perform MTT assay. As shown in Figure 7, the cytotoxic effect of cowanol has higher potency 

than SAHA, supporting the role of anticancer agent. Thus, this data suggested that the consequences of 

cowanol acting highly potent cytotoxic activities against cancer cells but nontoxic to normal cells. 

 

Table 6 IC50 of cowanol against Jurkat, A549, PC-3, and Vero cells after 24, 48 and 72 h of incubation.   

 

Cancer cells 
Cowanol IC50 value (µM) 

24 h 48 h 72 h 

Jurkat 24.77 ± 0.63 20.33 ± 0.43 18.19 ± 0.44 

PC-3 88.67 ± 1.82 75.45 ± 0.78 46.01 ± 0.76 

A549 96.83 ± 0.72 69.43 ± 1.44 52.74 ± 0.25 

Vero >100 >100 >100 

 

Moreover, the cytotoxic doses of cowanol are also correlated well to other xanthones. For example, 

α-, β- and γ-mangostin could inhibit cell growth via caspase-3 activation at a low dose of 10 µM, whereas 

mangostinone, garcinone E and 2-isoprenyl-1,4-dihydroxy-3-methoxyxanthone exhibited IC50 values of 19, 

15 and 23.6 µM in HL60 cells [38]. Additionally, the cytotoxic effects on leukemic cells of β-mangostin, 

which was isolated from Cratoxylum arborescent, could inhibit cell growth at a concentration of 58 µM 

and induce the apoptosis pathway via ROS with downregulation of the HSP70 gene associated with G0/G1 

cell cycle arrest in leukemia cells (HL-60) [39]. From the MTT results, the data also showed that cowanol 

had low toxicity effect on normal Vero cells with IC50 values higher than 100 µM. This data correlated well 

with our previous study, which reported that cowaxanthone, pure extracted compound from Garcinia fusca 

had less toxicity to Vero cells with IC50 values of 110.40 ± 6.13 µM [20]. These findings indicated the 

advantageous properties of cowanol for cancer treatment with high safety potency. Therefore, we further 

investigated the mode of cell death induced by cowanol and selected Jurkat cells as a model. 
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For apoptosis induction, Jurkat cells were exposed to cowanol and stained with Hoechst 33342, a 

fluorescence DNA-specific dye, for 24 h. Cowanol promoted changes in nuclear morphology and the 

formation of apoptotic bodies, which were clearly observed from 10 µM, as shown in Figure 8. Such 

morphological changes are also considered as morphological hallmarks of apoptosis, while fragmentation 

of DNA or apoptotic bodies, protein cleavage, and protein cross-linking as biochemical hallmarks of 

apoptosis [40]. These results provide strong evidence that cowanol could induce Jurkat leukemic T cells to 

undergo apoptosis. Our findings were in agreement with those of other HDACi substances, such as 

kaempferol [41], resveratrol [42], and the isoquinoline alkaloid berberine [43], which have been shown to 

trigger apoptosis in cancer cells. Additionally, many xanthone compounds have the potential to trigger the 

apoptosis pathway. Zhongyan et al. (2020) [44] showed that isojacareubin could inhibit cell proliferation 

and induce apoptosis via PARP, PI3K/AKT/mTOR, and ERK/MAPK pathways in the ovarian cancer HEY 

cells [44]. In human lung cancer (A549) cells, they also found that cratoxylumxanthone C could increase 

ROS production and G0/G1 cell cycle arrest through changes the expression levels of apoptosis-related 

proteins. Additionally, this compound also inhibits cell proliferation and metastasis by down-regulating 

STAT3, FAK, and MMP-2 [45]. Moreover, another dietary xanthone α-mangostin (α-MGT), could induce  

cell cycle arrest and apoptosis in hepatocellular carcinoma (HCC) cells by inducing the cleavage of poly 

ADP-ribose polymerase (PARP), a well-known biomarker of apoptosis [46].  

 

 
Figure 7 Cowanol and SAHA exhibited an inhibitory effect on the cell viability of Jurkat cells. Cells were 

treated with various concentrations of cowanol at 0 - 100 µM (0.5 % DMSO served as a negative control) 

for 24, 48 and 72 h (A) - (C). The results are presented as the percentage reduction of cell proliferation, 

which was directly proportional to formazan. Data are represented as the mean ± SD of 3 independent 

experiments performed in triplicate (n = 3). *p < 0.05, *** p < 0.001, versus the untreated cells. 
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Figure 8 Cowanol induced DNA fragmentation in Jurkat cells. Cells were treated with 0.5 % DMSO (0 

µM) and cowanol at 10, 20 and 30 µM for 24 h before being stained with Hoechst 33342 at a final 

concentration of 5 µg/mL. The nuclear and apoptotic morphology was determined by condensation, and 

fragmented nuclei were observed with an Olympus Reflected Fluorescence System microscope at 50x 

magnification. Bright-field (upper) and fluorescent dye Hoechst 33342 (lower). 

 

 

Conclusions 

These results showed a new potency of cowanol cytotoxicity to cancer cell proliferation, which 

distinctly differs from normal cells. Furthermore, according to our findings, cowanol administration inhibits 

the activity of HDACs. This suppression was most likely caused by the increased apoptotic impact, which 

might be used as a therapeutic target for Jurkat leukemic T cells. Additionally, the molecular docking 

analysis was performed to ensure the outstanding anticancer activities of the investigated compound by 

declaring their binding interactions with the Zn2+ cofactor and the catalytic-binding residues of HDACs. 

Similarly, the SwissADME online web software predicted that cowanol possessed acceptable 

physicochemical, drug-likeness properties, and oral bioavailability were obtained. Therefore, all of these 

findings point to cowanol as an interesting substance that merits further research and development as an 

anticancer drug. 
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Figure S1 A two-dimensional (2D) depiction of the in silico docking illustrates the potential inhibitory 

effect of HDACis, TSA, SAHA, and Belinostat against human HDAC class I (HDAC2 and 8) and class II 

(HDAC4 and 7). The results of the 2D structure of the in silico docking analysis of all positive HDACis 

are predicted to interact with the zinc ion and key amino acid residues at the catalytic center (A-B). 
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