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Abstract

Clinacanthus nutans (Lindau) (C. nutans) has diverse uses in traditional herbal medicine for treating skin rashes, insect and
snake bites, lesions caused by herpes simplex virus, diabetes mellitus and gout in Singapore, Malaysia, Indonesia, Thailand
and China. We previously showed that C. nutans has the ability to modulate the induction of cytosolic phospholipase A,
(cPLA,) expression in SH-SYSY cells through the inhibition of histone deacetylases (HDACsS). In the current study, we
elucidated the effect of C. nutans on the hCMEC/D3 human brain endothelial cell line. Endothelial cells are exposed to high
levels of the cholesterol oxidation product, 7-ketocholesterol (7KC), in patients with cardiovascular disease and diabetes,
and this process is thought to mediate pathological inflammation. 7KC induced a dose-dependent loss of hCMEC/D3 cell
viability, and such damage was significantly inhibited by C. nutans leaf extracts but not stem extracts. 7KC also induced
a marked increase in mRNA expression of pro-inflammatory cytokines, IL-1f IL-6, IL-8, TNF-a and cyclooxygenase-2
(COX-2) in brain endothelial cells, and these increases were significantly inhibited by C. nutans leaf but not stem extracts.
HPLC analyses showed that leaf extracts have a markedly different chemical profile compared to stem extracts, which might
explain their different effects in counteracting 7KC-induced inflammation. Further study is necessary to identify the putative
phytochemicals in C. nutans leaves that have anti-inflammatory properties.

Keywords Sabah snake grass - Oxysterols - Hypercholesterolemia - Diabetes mellitus - Neuroinflammation - Vascular
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Introduction

Clinacanthus nutans (C. nutans) Lindau is colloquially
known as Sabah Snake grass, or belalai gajah in Malay and
you dun cao in Mandarin. It belongs to the Acanthaceae fam-
ily and is native to Southeast Asia. The herb is commonly
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used for treatment of skin rashes, insect and snake bites, and
for treating some symptoms caused by the herpes simplex
virus, diabetes mellitus and gout. It is also prepared as a tea
for treatment of diabetes and cancer (Kamarudin et al. 2017).
Different methods of preparation affect the type and amounts
of compounds obtained, as well as their range and extent of
bioactivities. Analysis of this plant has revealed the identity
of some bioactive compounds, such as shaftoside, stigmas-
terol, B-sitosterol and a triterpenoid lupeol. Among these
compounds, stigmasterol and p-sitosterol were shown to
have immunosuppressive properties (Le et al. 2017). C-gly-
cosidic flavones such as shaftoside, isoorientin, orientin,
isovitexin, and vitexin are the major flavonoids in the leaves
of this plant (Chelyn et al. 2014). Some of the pharmacologi-
cal effects of C. nutans have been established in laboratory
studies, including analgesic, anti-inflammatory, anti-viral,
anti-bacterial, anti-cancer, antioxidant, anti-venom, immu-
nomodulatory, neuroprotective, and anti-hyperlipidemic
effects (Khoo et al. 2018). C. nutans is highly regarded as a
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medical plant, and included in Thailand’s National List of
Essential Medicines (Saokaew et al. 2015). Our previous
study has shown that C. nutans extracts may have neuropro-
tective properties that ameliorated neuronal death and pro-
tected astrocytes and endothelial cells from hypoxic-induced
cell death (Tsai et al. 2016). In another study C. nutans
was found to modulate induction of cPLA, expression in
SH-SYSY cells by histone deacetylase (HDAC) inhibitors,
MS-275, MC-1568, and trichostatin A (TSA) (Tan et al.
2016). Moreover, C. nutans extracts were found to protect
neurons and ameliorate brain ischemic injury through pro-
moting the anti-apoptotic activity of peroxisome prolifer-
ator-activated receptor-gamma (PPAR-y), a stress-induced
transcription factor (Wu et al. 2018).

Thus far, however, little is known about the effect of C.
nutans on endothelial cells. The latter are exposed to high
levels of cholesterol oxidation product, 7-ketocholesterol
(7KC), which can be found in the blood of patients with
cardiovascular disease (Song et al. 2017; Wang et al. 2017)
or diabetes mellitus (Murakami et al. 2000). 7KC is the most
abundant oxysterol found in the blood and arterial plaques
of coronary artery disease patients as well as various other
disease tissues (Anderson et al. 2020). It has been found to
induce ROS, cell cycle arrest and apoptosis, and increase
the expression and secretion of the inflammatory cytokine
IL-8 in endothelial cells (Chang et al. 2016). There is also
evidence that 7KC could induce death of endothelial cells
by necrosis (Ghelli et al. 2002; Hans et al. 2008). However,
relatively little is known about whether 7KC-induced cellu-
lar injury could be modulated by phytochemicals. The pre-
sent study was therefore carried out to determine whether C.
nutans extracts could be useful in preventing 7KC-induced
injury in a human brain endothelial cell line (hCMEC/D3
cells).

Materials and Methods
C. nutans Extracts

C. nutans was purchased from a commercial source (Heal-
ing Plants Garden, Singapore), and prepared by methanol
extraction. Leaves and stems were rinsed with dH,O and
soaked in methanol for 1 h, blended using a Wiggenhauser
homogenizer, and left to stand for 1 h. The extract was then
filtered under vacuum, using P8 fluted filter paper (Fisher
Scientific). The filtrate was then collected and concentrated
in a Rotavapor R-144 rotary evaporator (BUCHI Labortech-
nik AG) at 50 °C, and finally completely dried with a miVac
DUO concentrator (Genevac). The resultant residue con-
tained dark green to light brown solids. The approximate
yield (w/w) was 2.12%. The extracts were stored at —20 °C
and reconstituted in fatty acid-free bovine serum albumin

(FAFBSA) to make 10 mg/mL stock solution. It was used
at a concentration of 100 pg/mL in experiments. Cells were
pretreated with the C. nutans leaf or stem extracts for 1 h fol-
lowed by co-incubation with 7 KC for 24 h before analyses.

Cells and Culture

The Human Cerebral Microvascular Endothelial Cell Line
(hCMEC/D3 cells) was obtained from EMD Millipore
(Temecula, CA, USA) and cultured as described previously
(Weksler et al. 2005). This cell line was isolated from human
temporal lobe microvessels and was found to preserve typi-
cal brain endothelial cell properties such as tight junction
protein expression and localization, receptor expression and
selective permeability, establishing its suitability as a sim-
ple blood—brain barrier model (Weksler et al. 2013). Cells
were seeded in flasks coated with collagen and maintained
humidified at 37 °C in 5% CO, atmosphere in Endothelial
Basal Medium (EBM-2, Lonza, USA) supplemented with
HyClone™ Antibiotic/Antimycotic Solution (1x, Thermal
Fisher Scientific, USA) and EGM-2MV SingleQuots Kit
from Lonza (USA), which included Fetal Bovine Serum
FBS (5%), Hydrocortisone, human Fibroblast Growth
Factor-Beta (hFGF-p), Vascular Endothelial Growth Fac-
tor (VEGF), R3-Insulin-like Growth Factor-1 (R3-IGF-1),
Ascorbic acid, human Epidermal Growth Factor (hEGF)
and Gentamicin/Amphotericin-B (GA). All experiments use
hCMEC/D3 cells from passages 5—15 and grown to 70-80%
confluency. The cells were treated with C. nutans extracts
for 1 h, followed by 7KC or ethanol (vehicle control). They
were subsequently incubated for 24 h at 37 °C and 5% CO,
before analysis.

MTS Assay

The working concentration of 7KC was determined by treat-
ing cells at ascending concentrations of 7KC for 24 h. The
appropriate working concentration of 7KC was determined
to be 30 pM, which was a concentration that did not display
excessive cytotoxicity to cells for subsequent experiments.
Cells were pretreated with C. nutans extracts or vehicle for
1 h, followed by co-incubation with 7KC for 24 h. CellTiter
96® AQueous One Solution Cell Proliferation Assay (MTS)
(Promega, USA) was then added to each well. Absorbance
was read at 490 nm using the Micro Read 1000 microplate
reader (Global Diagnostics B, Belgium).

RT-PCR

Total RNA was extracted and purified with the RNeasy mini
kit (QIAGEN, Germany) according to manufacturer’s proto-
col. Purified RNA was eluted from the QIAGEN mini spin
columns in 20 pL of RNase-free water and quantified with a
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NanoDrop 2000 (Thermo Fisher Scientific, USA). 1000 ng
RNA was used to make cDNA using the High-Capacity
cDNA Reverse Transcription Kit (Applied Biosystems,
USA) at 25 °C for 10 min, 37 °C for 30 min, then 85 °C
for 5 min, in the T-Personal Thermocycler (Biometra, Ger-
many). qPCR was carried out to quantify tight junction gene
expression or pro-inflammatory gene expression. TagMan
Universal PCR Master Mix (Applied Biosystems, USA),
with TagMan Gene Expression Assay Probes obtained from
Applied Biosystems (USA) were used for qPCR.

PCR probes used are as follows: zonula occludens-1
(ZO-1/TJP1, Hs01551861_m1), claudin-5 (CLDNS,
Hs01561351_m1) and occludin (OCLN, Hs01049880_m1);
interleukin-1 beta (IL-1p, (Hs01555410_m1); interleukin-6
(IL-6, Hs00174131_m1); interleukin-8 (IL-8/CXCLS,
Hs00174103_m1), tumor necrosis factor alpha (TNFa,
Hs00174128_m1) and cyclooxygenase-2 (COX-2/PTGS2,
Hs00153133_m1). The housekeeping gene used was B-Actin
(Hs01060665_g1). Analysis was done using the 7500 Real-
time PCR System (Applied Biosystems, USA). The PCR
reaction conditions were 95 °C for 10 min, 40 cycles of:
95 °C for 15 s and 60 °C for 1 min. The comparative Ct
(AACt) method was used to quantitative relative mRNA
expression of all genes of interest. mRNA expression of
genes of interest were normalized to mRNA expression of
B-Actin.

High Performance Liquid Chromatography (HPLC)

HPLC was conducted with the Prominence HPLC system
(Shimadzu, Japan) with a LC-20AD Solvent Delivery Unit,
SIL-20AC Autosampler, CTO-20AC column oven, SPD-
M20A Photodiode Array Detector, CBM-20A System
Controller, RID-10A refractive index detector, and DGU-
20A5 Degasser unit. The chromatographic separation was
performed using a Zorbax SB-C18 column (9.4 X 150 mm,
5 pm; Agilent, USA) at 35 °C. The solvent system con-
sisted of dH,0O (A) and HPLC-grade methanol (B) in a low
gradient mode, as follows: 10-100% B (10 min), 100% B
(13 min), 100-10% B (1 min), and 10% B (2 min). C. nutans
extract samples were dissolved in HPLC-grade methanol at
5 mg/mL. 100 pL of sample were injected and flow rate was
4.18 mL/min. Signal was monitored at 254 nm.

Statistical Analysis

The mean + standard error of mean (SEM) was calculated for
all groups. Comparisons made in the MTS cell proliferation
assay were made using a Two-Way ANOVA with Bonferroni
post hoc correction. Comparisons between groups for gene
expression were made using One-Way ANOVA with Bonfer-
roni post hoc correction. P <0.05 was considered significant.
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Results
MTS Assay

The toxicity of 7KC manifested as loss of viable cells by the
MTS assay. 50 uM 7KC was found to significantly reduce
cell viability in endothelial cells. C. nutans leaf extracts
by themselves had no significant effect on cytotoxicity.
However, C. nutans leaf extracts significantly attenuated
the 7KC-mediated loss of cell viability in the MTS assay

(Fig. 1).
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Fig.1 a Effect of 7KC on endothelial cells in culture, determined
using the MTS assay. hCMEC/D3 cells were treated with increasing
concentrations of 7KC for 24 h. The oxysterol induced significant
loss in viable cells from at 10 pM onwards. b Effect of C. nutans
leaf or stem extracts on 7KC-induced endothelial cell damage, deter-
mined using the MTS assay. Cells were treated with C. nutans leaf
and stem extracts (100 pg/mL) for 1 h, followed by 30 pM 7KC for
24 h. Co-treatment of cells with C. nutans leaf extracts (Leaf) results
in modulation of 7KC-induced loss of viable cells. In contrast, no
significant effect was observed with the stem extracts (Stem). For
all experiments, endpoint 492 nm readings of each treatment groups
were normalized against an untreated control and expressed as a per-
centage, where the viability of the untreated control =100%. Data are
expressed as mean+ SEM; n=3. *P <0.001 compared to 7KC
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RT-PCR

The mRNA expression of tight junction proteins expressed
by endothelial cells including zonula occludens-1, claudin-5
and occludin were largely unchanged with 7KC treatment
(Fig. 2). However, 7KC induced significant increase in the
mRNA expression of some pro-inflammatory genes, as
determined by RT-PCR (Figs. 3, 4). 30 uM 7KC was found
to significantly increase the expression of TNFa 17-fold,
IL-6 22-fold, IL-8 ninefold, IL-1p 20-fold, and COX-2 ten-
fold. C. nutans leaf extracts by themselves had no signifi-
cant effect on mRNA expression of pro-inflammatory genes.
However, C. nutans leaf extracts significantly attenuated the
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Fig.2 Effect of 7KC and C. nutans leaf or stem extracts on mRNA
expression of blood-brain barrier tight junction proteins, determined
by real-time RT-PCR. 7KC had no significant effect on mRNA
expression of junction proteins ZO-1, claudin-5 and occluding. Simi-
larly, no significant effect of C. nutans leaf extracts was observed on
these genes. Data are expressed as mean+SEM; n=3
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Fig.3 Effect of 7KC and C. nutans leaf extracts on mRNA expres-
sion of selected pro-inflammatory genes determined by real-time
RT-PCR. Quantitative RT-PCR results of gene expressions of pro-
inflammatory cytokines IL-1f (a), IL-6 (b) and IL-8 (c) were deter-
mined from cells pretreated with C. nutans extract, then treated with
30 pM 7KC for 24 h. Data are represented as fold change values with
housekeeping gene f-actin as a reference, using the AACt method.
7KC induced a significant increase in mRNA expression of IL-1f,
IL-6, IL-8, and TNF-a. These increases were modulated by C. nutans
methanolic leaf extracts (Leaf), but not stem extracts (Stem). Data are
expressed as mean+ SEM; n=3. * P <0.05 compared to 7KC

increase in pro-inflammatory genes after addition of 7KC
(Figs. 3, 4).

HPLC
Results show that leaf extracts have a completely differ-
ent chemical profile from the stem extracts, which could

explain the different properties observed in counteracting
7KC-induced toxicity and inflammation (Fig. 5).
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Fig.4 Effect of 7KC and C. nutans leaf extracts on mRNA expres-
sion of selected pro-inflammatory genes determined by real-time
RT-PCR. Quantitative RT-PCR results of gene expressions of pro-
inflammatory cytokines a TNF-a and b COX-2 were determined from
cells pretreated with C. nutans extract and 30 pM 7KC for 24 h. Data
are represented as fold change with housekeeping gene p-actin as a
reference, using the AACt method. 7KC induced significant increases
in mRNA expression of TNFa and COX-2. These increases were
modulated by C. nutans methanolic leaf extracts (Leaf), but not stem
extracts (Stem). Data are expressed as mean+SEM; n=3. * P <0.05
compared to 7KC

Discussion

A common feature of metabolic and cardiovascular diseases
is high levels of cholesterol oxidation products or oxysterols
in the bloodstream (Lee et al. 2009). The present study was
carried out to elucidate the effects of one of the oxysterols,
7KC, on brain endothelial cells, and possible protection by
C. nutans methanolic leaf extracts. 7KC was found to be
toxic to endothelial cells in culture. The oxysterol induced
non-significant damage at 10 pM, but significant reduction in
cell viability at higher concentrations, as shown by the MTS
assay. A similar trend was observed in a previous study,
where treatment for 24 h with a 7KC concentration of 25 yM
(with serum restriction) led to a decrease in cell viability by
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Fig.5 Comparative analyses of components of C. nutans leaf and
stem extracts. HPLC-UV/DAD chromatogram profiles obtained
from 100 pL of 5 mg/mL methanolic leaf extracts (a) or stem extracts
(b) of C. nutans, in water/methanol solvent system. Chromatograms
are representative of at least 3 HPLC runs conducted per sample.
A=254 nm. Marked differences between the chemical composition of
leaf and stem extracts are found

55%, and at 50 pM, cell viability dropped by nearly 75%
(Rosa-Fernandes et al. 2017). 7KC-induced reduction of cell
viability has also been reported in other endothelial cell lines
including Eahy926 (EAHY) endothelial cells (Chang et al.
2016) and human aortic endothelial cells (Chalubinski et al.
2013). 7KC-induced loss of endothelial cell viability was
inhibited by C. nutans leaf extracts, but not stem extracts. No
change in mRNA expression of ZO-1, claudin-5 or occludin,
which are key proteins involved in tight junction formation
of brain endothelial cells was found, after 7KC treatment.
7KC been shown in previous studies to induce cytokine
expression and inflammation in cells. It induces the expres-
sion of VEGEF, IL-6, and IL-8 through the AKT-PKCC-
NFxB, p38 MAPK, and ERK pathways in ARPE-19 cells
(Larrayoz et al. 2010), and increases IL-1f, IL-6, TNF-a
expression and inflammation in these cells (Yang et al.
2019). The oxysterol also markedly increases the forma-
tion and activation of NLRP3 inflammasomes and elevates
IL-1p levels in mouse carotid arterial endothelial cells (Koka
et al. 2017). We next sought to determine whether 7KC-
induced increase in inflammation could be modulated by
C. nutans extracts. Co-treatment with C. nutans methanolic
leaf extracts but not stem extracts was found to significantly
attenuate 7KC-induced upregulation of pro-inflammatory
genes including IL-1f IL-6, IL-8 and TNFa mRNA expres-
sion, compared to cells treated with 7KC only, indicating
an anti-inflammatory effect of the leaf extracts. We also
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elucidated the effect of C. nutans extracts on COX-2 expres-
sion. The cyclooxygenase (COX) family of enzymes catalyze
the rate-limiting step in the synthesis of prostaglandins, and
includes cyclooxygenase 1 (COX-1) which is constitutively
expressed, and cyclooxygenase-2 (COX-2) which is induced
by IL1p (Dinarello 2002) and TNF-a (Qiu et al. 2016). It
was found that 7KC induced an increase in COX-2 mRNA
expression, and that C. nutans leaf extracts, but not stem
extracts significantly modulated the 7KC-induced increase
in COX-2 expression. These findings further support the
anti-inflammatory properties of C. nutans methanolic leaf
extracts.

The striking differences between the ability of leaves
and stems of C. nutans to modulate inflammation led us
to the notion that there could be significant differences in
chemical composition between these two plant parts. HPLC
was carried out in a preliminary attempt at comparing the
chemical composition of C. nutans leaves and stems. Most
plant phenolics can be detected at UV—vis wavelengths
between 210 and 370 nm, and 254 nm was chosen for this
study because it showed the most well-resolved peaks. The
separation was carried out with a reversed-phase system,
which involves the adsorption of hydrophobic, or non-
polar, molecule to a hydrophobic stationary phase, causing
the more polar molecules to elute first. The C18 column
offers retention and selectivity for a wide range of com-
pounds with different polar or non-polar sidechains thus
it makes a good choice for separation of the diverse class
of compounds in C. nutans extracts. Results show that leaf
extracts have a markedly different chemical profile com-
pared to stem extracts, which might explain their different
effects in counteracting 7KC-induced inflammation. Etha-
nol extraction of the leaves of C. nutans have yielded six
C-glycosylflavones that are of relatively rare occurrence in
plants (Teshima et al. 1997). Of these, schaftoside (or shaf-
toside) is present at the highest concentration with ranges
from 2.55 mmol/g to 17.43 mmol/g. The other components
are present in lower amounts, ranging from the highest
for isovitexin (0.00-2.01 mmol/g), followed by orientin
(0.00-0.86 mmol/g), to the lowest amount which was vitexin
(0.00-0.91 mmol/g) (Chelyn et al. 2014).

Schaftoside has anti-inflammatory properties by sup-
pressing the TLR4/Myd88 signaling pathway (De Melo
et al. 2005; Zhou et al. 2019). Isovitexin inhibits MAPK
phosphorylation, reduces NF-kB nuclear translocation, and
upregulates nuclear factor erythroid 2-related factor 2 (Nrf2)
and heme oxygenase 1 (HO-1) expression in RAW 264.7
cells (Lv et al. 2016; Lin et al. 2005). Orientin suppresses
LPS-induced TNF-a, IL-6, and NF-xB levels in endothelial
cell lines (Lam et al. 2016) and decreases levels of TNF-a,
IL-6, IL-1p, IL-18, and prostaglandin E2 (PGE2) together
with reduction in expression levels of COX-2 and inducible
nitric oxide synthase (iNOS) in RAW 264.7 cells. These

effects are correlated with suppression of NF-xB pathway
and nucleotide-binding domain- (NOD-) like receptor pro-
tein 3 (NLRP3) inflammasome activation (Xiao et al. 2017).
The expression levels of angiopoietin-like 2 (angptl2) and
NF-xB are also significantly upregulated in RAW 264.7
cells by oxidized LDL, and these effects are significantly
reversed by orientin (Li et al. 2020). Vitexin decreases the
activation of NF-«xB key regulators, including p65, IxkBa and
IKKSs in nasopharyngeal carcinoma cells (W. Wang et al.
2019). It also suppresses the expression of pro-inflammatory
cytokines, including MCP-1, IL-6, IL-8, TNF-a, NF-xB
p65, and reduces leukocyte-endothelial adhesion in a mouse
model of septic encephalopathy (Cao et al. 2020).

Together, the above results show that 7KC could induce
cell death and inflammation in brain endothelial cells, and
the ability of C. nutans to reduce such damage. Further study
is necessary to identify the effect of phytochemicals in C.
nutans leaves on neurovascular disorders such as stroke and
vascular dementia.
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