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Abstract:

Dracaenae cambodianae Pierre ex Gagnep (Huyét Giac in Vietnamese) is widely utilised in traditional remedies
to alleviate joint pain. Indeed, D. cambodianae contains chemical components with biological properties such as
cytotoxicity, antimicrobial, and antioxidant activities. This research aims to determine the antioxidant and anti-
inflammatory properties of D. cambodianae extract in RAW 264.7 and SW 1353 cell lines. The D. cambodianae was
extracted with two solvents: dichloromethane (HGA) and methanol (HGB) and subsequently assessed for the total
polyphenols and flavonoids content before evaluating its antioxidant and anti-inflammatory properties in RAW 264.7
and SW 1353 cell lines. The extract with HGB exhibited 1.73 times higher total polyphenol content than HGA. The
antioxidant capacity (EC, ) of HGA was lower than that of HGB. HGA displayed significant cytotoxicity towards the
cells, while HGB did not induce cell death. HGB effectively inhibited nitric oxide production, LPS-induced iNOS,
and IL-1fB-stimulated MMPI3 expression. These findings demonstrate that HBG derived from D. cambodianae
Pierre ex Gagnep possesses antioxidant and anti-inflammatory properties, offering potential applications in the
treatment of inflammation and osteoarthritis in the future.
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research to identify their chemical composition and
mechanism of action. Identifying the chemical components
and biological activities of these herbs holds practical value
for human health.

1. Introduction

Inflammation is defined as a biological response of
the immune system to harmful stimuli such as irritants,
pathogens, or damaged cells. Its progression involves the
participation of immune cells, blood vessels, and molecular
mediators. The primary purpose of the inflammatory
response is to eliminate the original cause of cell injury,
remove necrotic cells and damaged tissues, and initiate
tissue repair.

D. cambodiana Pierre ex Gagnep belongs to the genus
Dracaena, which comprises more than 50 species, primarily
distributed in tropical and subtropical Asia and Africa. In
Vietnam, there are approximately 12 species [2]. According
to Oriental medicine, D. cambodiana is documented to
have effects on sprains, joint pain, and anticoagulation [2,
3]. Currently, several compounds found in D. cambodiana
extract have exhibited antifungal activity against Aspergillus

Arthritis, particularly osteoarthritis, is characterised by
the destruction of articular cartilage and local inflammation.

It is one of the diseases that significantly impact our health
and quality of life, especially in the elderly population.
Statistics reveal that 61.1% of individuals over 60 years
old are affected, whereas the range is 8-30% among those
aged 40-59 [1]. However, there is currently no definitive
treatment for these diseases, only several intervention
methods to mitigate disease progression, including the
application of traditional remedies. Given Vietnam’s rich
and diverse reservoir of medicinal herbs with potential
therapeutic properties, we were determined to conduct
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niger and cytotoxic activity against HepG2 at an IC, dose of
2 pug/ml [4]. Of particular interest is the ethyl acetate fraction
of D. cambodiana extract, which displays the highest
antioxidant activity [5]. Three new flavonoid derivatives
have demonstrated cytotoxicity against the K562 cell line
and resistance to methicillin-resistant Staphylococcus
aureus (MRSA) [6]. Moreover, the 96% ethanol extract
of the D. cambodiana plant did not exhibit acute oral
toxicity [7]. The identification of the chemical composition,
antibacterial, antifungal, and cytotoxic activities of D.
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cambodiana extract underscores its potential for treating
various diseases. In this study, we further investigate the
in vitro antioxidative, anti-inflammatory activity, and the
inhibition of joint degeneration of the D. cambodiana plant
extract.

2. Materials and methods

Extract and cell lines: The extracts of D. cambodiana
Pierre ex Gagnep were provided by the Faculty of
Pharmacy, University of Medicine and Pharmacy at Ho Chi
Minh City. The redwood part of the tree was collectively
extracted using HGA and HGB. The crude extract of each
sample was weighed and then dissolved in 100% dimethyl
sulfoxide (DMSO) (final concentration was 10 mg/ml) and
stored at -20°C for further experiments. RAW 264.7 mouse
macrophage cell line (ATCC TIB-71) and human SW 1353
chondrocytes cell line (ATCC HTB-94).

Equipment: Biological safety cabinet class II (ESCO),
CO, incubator (Panasonic Healthcare), inverted microscope
(Carl Zeiss), 4-decimal balance (Mettler Toledo), microplate
reader VersaMax (Molecular Devices), cooling micro-
centrifuge (Eppendorf), Realtime Lightcycler 480 (Roche),
PCR cabinet (Biosan), vortexer (Cleaver Scientific).

Chemicals and reagents: Folin-Ciocalteu (Merck),
gallic acid (Sigma), AICI, (Merck), quercetin (Sigma),
2,2-diphenyl-1-picrylhydrazyl (DPPH) (Merck),
3-[4,5-dimethylthiazol-2-y1]-2,5  diphenyl tetrazolium
bromide (MTT) (Biobasic), Dulbecco’s Modified Eagle
Medium (DMEM) high glucose (GE), heat-inactivated fetal
bovine serum (FBS) (Sigma), Lipopolysaccharide (LPS)
(Sigma), DMSO (Merck), Trizol (Thermo), RevertAid
First Strand cDNA Synthesis Kit (Thermo), Maxima SYBR
Green qPCR Master Mix (Thermo), and other chemicals.

Quantification of total polyphenols in the extract: The
total polyphenolic content of the extract was analysed using
the Folin-Ciocalteu method as follows: 10 pl of the extract
was mixed with 50 pl of Folin-Ciocalteu reagent. Then, 40
ul Na,CO, (10% w/v) was added, and the reaction mixture
was incubated in the dark at room temperature for 2 hours
on a shaker. The absorbance of the sample was measured at
760 nm using a spectrophotometer. The total polyphenolic
content was determined based on the gallic acid standard
curve.

Quantification of total flavonoid in the extract:
Total flavonoid content was determined using the AICI,
colorimetric method as follows: 50 pl of the extract was
mixed in a reaction mixture consisting of 25 ul AICI, 2%,
25 pl H)0, 25 pl HCI 1M, and 25 pl CH,COONH, 1M.
The reaction mixture was incubated in the dark at room
temperature on a shaker for 15 min. Absorbance of the
sample was measured at 425 nm using a spectrophotometer.
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The total flavonoid content was determined based on the
quercetin standard curve.

Antioxidative activity evaluation by DPPH (1, I-diphenyl-
2-picrylhydrazyl) free radical scavenging activity assay:
100 pl of 0.3 mM DPPH radical solution was added to 100
ul of the extract. The reaction mixture was incubated for 30
min. The absorbance was then measured at 517 nm using a
spectrophotometer. The radical scavenging activity of the
extract was calculated using the following equation:

b
% SC = (1— )xlOO%
where A is the absorbance at 517 nm of DPPH, A, is the
absorbance at 517 nm of the negative control sample, and
A is the absorbance at 517 nm that contains the test sample.

Evaluation of cytotoxicity effect of the extract on RAW
264.7 cells by MTT assay: RAW 264.7 cells were inoculated
at a density of 2x10* cells/well in DMEM high glucose
medium supplemented with 10% FBS, incubated for 24
hours at 37°C, 5% CO, on a 96-well plate. Then, cells were
treated with extracts at concentrations of 10, 20, and 50 ug/
ml (the extract was diluted in DMEM high glucose medium
supplemented with 10% FBS). The treated cell plate was
incubated for 24 hours at 37°C and 5% CO,,. Then, 10 pl of
MTT solution (5 mg/ml) was added to all wells, followed
by incubation for 3 hours. After treatment with MTT, the
old medium was removed, and 100 pl of DMSO was added
to each well. The plate was incubated in the dark at room
temperature for 10 min to dissolve the formazan crystals.
Finally, the percentage of surviving cells was determined by
comparing the absorbance at 540 nm of the test well (with
extract treatment) with the absorbance value of the negative
control (not treated with extract).

Evaluation of the ability to inhibit nitric oxide secretion
induced by Lipopolysaccharide (LPS) on RAW 264.7 model.:
RAW 264.7 cells were prepared similarly to the MTT assay.
Then, cells were treated with extracts at concentrations of
10 and 20 pg/ml. Next, LPS (diluted in PBS at pH 7.4) was
added to all the wells at a final concentration of 1 ug/ml after
1 hour of treatment with the extract. A negative control (cells
not treated with extract and LPS), a positive control (treated
with dexamethasone and LPS), and a control treated with
LPS only (no extract treatment) were also included. After
24 hours, cultures were collected to measure nitric oxide
(NO) secretion using the Griess reagent. Briefly, 100 ul of
cell culture fluid was mixed with the corresponding volume
of the Griess reagent. The reaction mixture was incubated
for 10 min at room temperature, and the absorbance was
then measured at 540 nm. The experiment was repeated
three times. The procedure was adapted from the study of
G. Yang, et al. (2012) [8].
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Evaluation of the expression of pro-inflammatory
genes INOS induced by LPS on RAW 264.7 model: Cells
were grown on 6-well plates at a density of 8x10° cells/
well. After overnight proliferation, cells were treated
with the extract at different concentrations and incubated
at 37°C, 5% CO,. 1 hour after treatment with the extract,
LPS was added to the wells at a final concentration of 1
pg/ml to induce inflammation. A negative control (cells not
treated with extract and LPS), a positive control (treated
with dexamethasone and LPS), and a control treated with
LPS only (no extract treatment) were also included. Total
RNA from cells was isolated after 24 hours of treatment to
evaluate the expression of inflammatory genes. Total RNA
from cells was obtained using the Trizol kit according to the
manufacturer’s instructions. NanoDrop was used to quantify
RNA concentration and purity by spectrophotometry. RNA
after extraction was synthesised into cDNA using the
RevertAid First Strand cDNA synthesis kit according to the
instructions. The expression of iNOS genes was evaluated
by real-time PCR reaction with SYBR Green fluorescence,
and the internal control was the GAPDH gene. The specific
primer sequences and thermal cycles of the real-time PCR
reaction were referenced from S. Bose, et al. (2013) [9].

Evaluation of cytotoxicity effect of the extract on SW
1353 cells by MTT assay: Experiments were arranged
similarly to the toxicity test of the extract on RAW 264.7
cells. SW 1353 cells were seeded at a density of 5x10° cells/
well in DMEM high glucose medium supplemented with
10% FBS, incubated for 24 hours at 37°C, and 5% CO,
on a 96-well plate. Then, cells were treated with extracts
at concentrations of 50, 20, and 10 pg/ml (extracts were
diluted in DMEM medium supplemented with 10% FBS).
The toxicity of the extract on SW 1353 cells was tested
using the same MTT assay as previously described.

Evaluation of MMP13 gene expression in SW 1353 cells
stimulated by IL-1B: SW 1353 cells were cultured on a
6-well plate at a density of 2x10° cells/well in DMEM high
glucose medium supplemented with 10% FBS, incubated
for 24 hours at 37°C and 5% CO,. Then, cells were treated
with HGB extracts. After 1 hour of treatment, IL-1p was
added to each well at a final concentration of 10 ng/ml,
excluding the negative control wells (treated with medium
only). A negative control (cells not treated with extract and
IL-1B), a positive control (treated with dexamethasone and
IL-1pB), and a control treated with IL-1f only (no extract
treatment) were also included. Cells were then incubated for
24 hours. Total RNA extraction was performed as previously
described. A real-time PCR reaction was performed to check
the expression of the MMPI3 gene with GAPDH as the
internal control. The specific primer sequences and thermal
cycling of real-time PCR with SYBR were referenced from
J.E. Huh, et al. (2014) [10].
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Statistical analysis of target gene expression: The
quantification cycler value (the Qq) generated by real-time
PCR constituted the initial quantitative data for the relative
expression study [11]:

R = 2% AAC, = (C

q.target_ Cq.GAPDH)treat_ (Cq.target - Cq.GAPDH)umreat

where R is the relative expression of target gene.

3. Results and discussion

Quantification of total polyphenols and flavonoids: The
analysis of total polyphenolic content in the extract using
HGB revealed a concentration of 234.47+5.55 GAE/g DW,
which was 1.73 times higher than that obtained using HGA
(135.9240.32 GAE/g DW). However, the quantification
of total flavonoids in the two extracts indicated that HGA
(31.11+£0.86 mg QE/g DW) had a higher flavonoid content
than HGB (9.28+0.36 mg QE/g DW). This preliminary
assessment of the chemical composition suggests that the
extract from D. cambodiana Pierre ex Gagnep contains
numerous compounds with potential applications as a
medicinal herb.

Antioxidative activity evaluation: The in vitro
antioxidative effect of HGA and HGB extracts was assessed
by their ability to neutralise DPPH free radicals, using
the EC,, value as a measure. The EC, value (EC,; - half
maximal effective concentration) represents the highest
concentration of the extract that inhibits 50% of DPPH free
radicals. The extract of D. cambodiana Pierre ex Gagnep
in HGB displayed an EC,; value of 159.1 pg/ml, which
was lower than that of HGA (242.2 pg/ml). However, the
EC,, values of both solvents were lower when compared to
vitamin C (EC,=8.196 pg/ml). According to Y. Luo, et al.
(2010) [5], the EC, values of D. cambodiana extractions
using petroleum ether, ethyl acetate, n-butanol, and water
were 5.007, 1.613, 2.441, and 4.874 mg/ml, respectively.
This result suggests that the HGA and HGB extracts in this
study possess higher antioxidative effects. Moreover, HGB
shows more potential and can be considered for further
research.

Effect of the extract on the viability of RAW 264.7: The
cytotoxicity of HGA and HGB extracts on RAW 264.7 cells
was evaluated using the MTT assay. The results (Fig. 1)
indicated that the extract in HGA exhibited cytotoxicity at the
investigated concentrations (ranging from 10 to 50 pg/ml).
In contrast, the extract of D. cambodiana in HGB showed
lower cytotoxicity at the investigated concentrations, with
cells remaining viable at concentrations from 10 to 20
pg/ml. Previously, a research by W.L. Mei, et al. (2013)
[12] showed that a newly isolated flavonoid compound
(Cambodianin G) could be toxic to K562 and SGC-7901
cell lines, with IC, values 0f 9.5 and 16.2 g/ml, respectively.

Technology and Engineering



m LIFE SCIENCES | PHARMACOLOGY, BIOTECHNOLOGY, BIOMEDICAL APPLICATIONS

100

50

Cell viability (%)

Concentration (pg/ml)

Fig. 1. Effects of dichloromethane and methanol extracts
on the cell viability of RAW 264.7. NEG: untreated control;
DMSO at 0.5%. Data are expressed as means + standard
deviation of the three independent experiments (***p<0.001;
****n<0.0001) vs. untreated control.
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Fig. 2. Inhibition of nitric oxide by methanol in
lipopolysaccharide-stimulated RAW 264.7. NEG: untreated
control. DEXAN: dexamethasone 15 pM. Data are expressed
as means * standard deviation of the three independent
experiments (****p<0.0001) vs. LPS-induced cell.

Attenuation of LPS-induced nitric oxide by the methanol
extract in RAW 264.7: The anti-inflammatory activity of the
extract was assessed by its ability to inhibit NO secretion
in inflammatory RAW 264.7 cells induced by LPS at a
concentration of 1 pg/ml. To evaluate the cytotoxicity
of HGA and HGB extracts on RAW 264.7 cell line, two
concentrations of 10 and 20 pg/ml of the extract with
HGB were prepared, followed by an assessment of their
ability to inhibit NO secretion. The positive control was
dexamethasone at 15 uM. The results are shown in Fig. 2.
The NO concentration in inflammatory cells induced by LPS
significantly increased (1.8 times higher than in untreated
cells). RAW 264.7 cells treated with dexamethasone
showed a significant inhibitory effect on NO secretion
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compared to untreated cells. DMSO at a concentration of
0.2% had no significant effect on NO secretion. The HGB
extract at all three concentrations also exhibited marked
inhibition of NO secretion, especially at concentrations of
20 pg/ml (more than a 40% reduction compared to the LPS
control). Therefore, the anti-inflammatory potential of the
HGB extract can be observed through its ability to inhibit
NO secretion. Previous studies have reported that certain
types of inflammatory tissue injury are mediated by reactive
oxygen metabolites, and administering specific antioxidants
has shown an effective reduction of tissue inflammation
and injury [13, 14]. Furthermore, polyphenols are known
to possess anti-inflammatory properties through their ability
to modulate MAPK, Akt, and NF-kB signalling pathways,
suppress several cytokines related to inflammation, as well
as hinder the activity of COX and iNOS [15]. Considering
the above, we believe that as the HGB extract carries a high
total polyphenol content and has significant antioxidant
capacity, it is capable of reducing the inflammatory response.
This led us to conduct further experiments to demonstrate
the HGB extract’s ability to attenuate inducible nitric oxide
synthase (iNOS) expression.

Reduction of LPS-stimulated iNOS expression by HGB
in RAW 264.7: The extract of D. cambodiana Pierre ex
Gagnep with HGB at a concentration of 20 pg/ml exhibited
the ability to inhibit NO secretion in LPS-stimulated RAW
264.7 cells without inducing cell death. NO is produced
from the amino acid L-arginine by the enzymatic action of
iNOS, which is induced by inflammatory stimuli such as
bacterial lipopolysaccharide. Therefore, the HGB extract
was further evaluated for its ability to inhibit the expression
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Fig. 3. Effects of methanol extract on the expression of
iNOS in lipopolysaccharide-stimulated RAW 264.7 cells.
Cells were stimulated with 1 pg/ml LPS after 1-hour treatment
with HGB extract. GAPDH was used as an internal control for
the RT-gPCR. NEG: untreated control; DEXAN: dexamethasone
15 yM; DMSO 0.2%. Data are represented as mean * SD;
number of RT-gPCR experiments (n)=3. **p<0.01; ***p<0.001
vs. control treated with lipopolysaccharide.
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of mRNAs responsible for encoding proinflammatory
cytokines such as iNOS. The results indicated that HGB
extract significantly inhibits the expression of inflammatory
genes (Fig. 3). Compared with the LPS-stimulated cells,
the inhibitory activity on the expression of the iNOS gene
was 1.8 times higher. However, the effect of reducing
the expression of the HGB extract at 20 pug/ml was lower
than that of dexamethasone at 15 uM, suggesting that the
methanolic extract of D. cambodiana Pierre ex Gagnep
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Fig. 4. Effects of methanol extract on cell viability of
SW 1353 cell line. NEG: untreated control, DMSO at 0.5%.
Data are expressed as mean + SD of the three independent
experiments (ns: no significant vs. untreated control).
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Fig. 5. Effects of methanol extract on the expression of
MMP13 in IL-1B-stimulated SW 1353 chondrocytes. Cells
were stimulated with 10 ng/ml IL-1 after 1-hour treatment with
HGB extract. GAPDH was used as internal controls for the
RT-gPCR. NEG: untreated control; DEXAN: dexamethasone
15 uM; Data are represented as mean = SD; number of RT-
gPCR experiments (n)=3. ***p<0.001; ****p<0.0001 vs. control
treated with IL-1f3.
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was effective but had a relatively lower potency. Further
isolation of compounds in the solvent may help identify
those with higher activity.

Effect of the HGB extract on the viability of SW 1353
cells: The cytotoxicity on SW 1353 cells of the methanol
extract was evaluated by MTT assay (Fig. 4). The results
showed that HGB extract did not induce cytotoxicity in SW
1353 cells at all three concentrations investigated. However,
the HGB extract at a concentration of 50 pug/ml was toxic to
RAW 264.7 cells (60% live cells compared with control).
We aim to select a concentration that is effective on both
cell lines while still conserving the amount of extract used.
Therefore, the HGB extract at a concentration of 20 pg/ml
was used to evaluate the ability to inhibit the expression of
genes associated with osteoarthritis.

Inhibitory effects of HGB extract on MMP13 expression
in IL-1B-stimulated SW 1353 cell line: Osteoarthritis has
been described as an inflammatory process of the joints.
Previous research has indicated that low-grade systemic
and local inflammation is involved in the progression of
osteoarthritis. Several inflammatory mediators, such as
interleukin (IL)-1B, nitric oxide (NO), prostaglandin E2
(PGE2), and fragments of cartilage proteins, including
matrix metalloproteinases (MMPs), have been reported
to be elevated in patients with osteoarthritis [16]. IL-
1B is an important proinflammatory cytokine during the
inflammatory response, which has been reported to serve
critical roles in joint inflammation and cartilage destruction
processes. IL-1P elevates NO production and upregulates
the expression of MMPs, including MMP13, which is
associated with extracellular matrix (ECM) degradation
in cartilage. Based on the significant role of inflammation
in osteoarthritis, anti-inflammatory analysis may have
significant value in the treatment of osteoarthritis. In this
study, the expression levels of the MMPI3 gene were
evaluated in the SW 1353 chondrocytes stimulated by 1L-1p.
The results are shown in Fig. 5, HGB at 20 pg/ml inhibited
the overexpression of the MMP13 gene (reduced by more
than 60% compared to IL-stimulated cells). Dexamethasone
- a commercial drug - significantly reduced MMP13 gene
expression at 15 uM (93.22% reduction compared to IL-1§
treated cells). In a rabbit osteoarthritis model, W.P. Chen,
et al. (2011) [17] proved that chlorogenic acid (CGA),
a polyphenol isolated from natural plants, had the ability
to reduce MMP13 expression at both mRNA and protein
levels. Other polyphenols were also reported to be capable
of downregulating MMP13, such as curcumin in human
and bovine chondrocytes [18], or epigallocatechin-3-O-
gallate (EGCG) in human OA chondrocytes [19]. Through
antioxidative action, these polyphenols downregulated
transcription factors including NF-kB, AP1, Sp1, B-catenin,
ERK1/2, p38, and Hsp27, all of which were in control of
MMP expression [20]. These findings suggest that as HGB
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possesses a high total polyphenolic content, it holds the
potential to reduce MMP13 production, which, as a result,
attenuates osteoarthritis.

4. Conclusions

D. cambodiana Pierre ex Gagnep extracted in HGA and
HGB was reported to contain polyphenolic and flavonoid
components. Both extracts exhibited antioxidant activity
in vitro. Besides, methanol extracts from D. cambodiana
also showed anti-inflammatory activity and inhibited joint
degeneration without causing cell cytotoxicity at 20 pg/ml.
These results suggest that D. cambodiana Pierre ex Gagnep,
as a medicinal herb, is a potential candidate in the treatment
ofinflammation and osteoarthritis. Further research is needed
to identify the biologically active compounds to provide
more scientific evidence about the species and promote the
potential usage of this medicinal plant.
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