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Effect of Clinacanthus nutans Leaf Chloroform Extract on Reducing Nitric

Oxide in Fibroblasts

Erdita Hapsari, Rezky Anggraent’,

Student of Faculty of
Dentistry, Universitas
Trisakti, Jakarta,
Indonesia, 'Department

of Oral Biology, Faculty
of Dentistry, Universitas
Trisakti, Jakarta, Indonesia

ABSTRACT

Received: 07-Feb-2023
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Background: Clinacanthus nutans or dandang gendis is a plant that can be
an effective herbal treatment for inflammation, in addition the Indonesian
people are still looking for alternative treatments. Research shows that the
antiinflammatory properties of C. nutans leaves are effective in reducing
inflammation against fibroblasts. Nitric oxide (NO) is one of the inflammatory
mediators, that are released by fibroblast when inflamed. Objective: To
observe the effect of C. nutans leaf chloroform extract on reducing NO in
inflamed fibroblasts. Methods: Fibroblasts stimulated with Escherichia coli
lipopolysaccharide were treated with chloroform extracts of C. nutans leaves
at concentrations of 25, 50, 100, and 200 ug/mL for 24 h, then a NO inhibition
test was performed. Result: The C. nutans leaf extract at a concentration of
200 pg/mL resulted in significantly (P < 0.05) lower NO production than
the negative control. Conclusion: C. nutans leaf chloroform extract has the
effect of reducing NO in fibroblasts. This extract has the potential as an
antiinflammatory agent.
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BACKGROUND

Z nflammation, a biological reaction of the immune
system, may be caused by pathogens, injured
cells, and poisonous substances.!! Inflammation is
the result of prolonged exposure to stimulation or an
inappropriate reaction to the cell’s molecules and may
result in an acute or chronic phase, where tissue damage
and fibrosis may occur.”) The acute phase is when
inflammation occurs for a short time and functions as
the body’s defense against infection—where immune
cells migrate to the injured area, facilitated by soluble
mediators, such as cytokines, chemokines, and proteins.
If the inflammation occurs repeatedly, it progresses to
the second stage—chronic inflammation, which lasts for
a long period and can trigger various chronic diseases,
such as arthritis, cancer, cardiovascular disease,
diabetes, neurological disease, and respiratory disease.
Inflammatory conditions depend on the severity,
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chronicity, and mechanisms involved in the process,
as well as the species and capacity of the individual’s
immune system to respond and adapt. Inflammation
has a role in the development of several diseases.) Most
human diseases have an inflammatory component and
inflammatory mediators, such as inducible nitric oxide
synthase (iNOS), which produces nitric oxide (NO)
from l-arginine.”) NO is a reactive gas molecule that has
several functions in biological systems, depending on
its concentration. At low concentrations, NO functions
as a signaling molecule, whereas at high concentrations,
it becomes highly toxic due to its ability to react with
several cellular targets.! NO is a potent vasodilatory
and antiinflammatory signaling molecule.” NO is also
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an inflammatory mediator® formed by iNOS, which has
many homeostatic functions and plays an important
role in inflammation. Astrocytes and microglia in
an inflamed brain produce high NO levels during
inflammation. When inflammation occurs, NO can
cause vasodilation and increased leukocyte adhesion.”
There are several nitrovasodilator compounds capable
of releasing NO, such as glyceryl trinitrate, isosorbide
dinitrate, sodium nitroprusside, and s-nitroso
glutathione.!”

Fibroblastsare cellsin connective tissue that play a major
role in wound healing. When fibroblasts are injured,
NO is secreted and provides an antiinflammatory
effect.''V” When a tissue experiences an inflammatory
state, fibroblasts move toward the wound to proliferate
and synthesize collagen and an extracellular matrix,
and then a new epithelium forms on the mucosa to
cover the wound. Fibroblast proliferation indicates
rapid healing.!'? Fibroblasts also assume the role of
inflammatory cells and recruit leukocytes, promote
angiogenesis, and enable chronic inflammation in
tissues.[3

Clinacanthus nutans is a plant that belongs to the
family Acanthaceae. This plant has antiinflammatory
properties,' and the leaf extract can be an effective
alternative herbal treatment.!' C. nutans has attracted
worldwide attention for its hidden therapeutic
potential.l'' The biological activities of C. nutansinclude
antioxidant, antiinflammatory, anticancer, antidiabetic,
antiviral, antimicrobial, and antiproliferative effects.
As such, it is used to treat several antiinflammatory
conditions.!'”

Research on the effect of C. nutans extracts on NO
in fibroblasts has not been conducted. Therefore, this
study aimed to investigate the effect of the chloroform
extract of C. nutans leaves on NO production in
fibroblasts.

MATERIALS AND METHODS

This study was an in vitro laboratory experimental
research to investigate the effects of C. nutans
chloroform extract on NO in fibroblasts. The study
location was the BioCore Laboratory, Faculty of
Dentistry, Universitas Trisakti, Jakarta, Indonesia.

The leaves of C. nutans, obtained from the Indonesian
Spice and Medicinal Crops Research Institute, Bogor,
Indonesia, were washed and dried. Then, the extraction
stage was performed by the maceration method using
85 g of C. nutansleaf powder and 425 mL of chloroform
solvent with a ratio of 1:5 at room temperature. Periodic
agitation was performed during maceration for 3 days

(every 15min for 8h/day). Then the suspension was
filtered using Whatman filter paper no. 1, and the filtrate
was evaporated using a rotary evaporator to separate
the chloroform from the extract at a set temperature of
61°C. This procedure was repeated three times.

Fibroblasts were cultured in Dulbecco’s Modified
Eagle Medium (Gibco, New York, NY, USA)
supplemented with 20% fetal bovine serum (Gibco),
and 1% amphotericin B/1% penicillin—streptomycin
(Invitrogen, Waltham, MA, USA) at 37°C in a 5% CO,
incubator. The fibroblasts were subcultured when the
cells reached 80%-90% confluency in the flask.

Fibroblasts were incubated for 24h at 37°C and
5% CO,. The medium was then aspirated, and cells
were stimulated with 2 pg/mL of Escherichia coli
lipopolysaccharide (LPS, 0111:B4, Sigma-Aldrich,
Burlington, MA, United States) for 24h. Then the
medium was replaced with various concentrations of
the extract (25, 50, 100, and 200 pg/mL) and genistein
1000 uM as a positive control. The concentration of
nitrite, a stable metabolite of NO, in the supernatant,
was measured as an indicator of NO production using
an NO detection kit (Griess Reagent System, Promega,
Madison, WI, USA), according to the manufacturer’s
instructions. The 96-well plate containing 50 pL of
supernatant and Griess reagent was incubated at room
temperature for 10min. The absorbance was then
measured in a microplate reader at a wavelength of
490nm. The nitric concentration is determined from
the standard sodium nitrite curve.

The data obtained will be presented as mean + standard
deviation. The results of the detection of NO secretion in
fibroblasts, which were analyzed using the NO detection
kit, were then tested for normality using the Shapiro—
Wilk method. If the results of the normality test showed
that the distribution of the data was not normal, a
nonparametric test was conducted. If the results of the
test showed normal data (P > 0.05), then the analysis
proceeded to a one-way Analysis of variance test. If the
results showed a significant difference (P < 0.05), then
Tukey’s post hoc test was indicated.

RESuLTS

In this study, the variables used were C. nutans leaf
chloroform extracts with respective concentrations of
25, 50, 100, and 200 pg/mL. The negative control was
fibroblasts with 2 pg/mL LPS E. coli added without
treatment, whereas the positive control used Genistein
1000 uM. Each variable was tested for its ability to
determine the effect of C. nutans leaf chloroform
extract on inflamed fibroblasts.
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Figure 1: Bar graph of nitric oxide inhibition test results with the
chloroform extract of C. nutans leaves against inflamed fibroblasts.
*Indicates a significant difference from the negative control (P <
0.05)

The results revealed that C. nutans at a concentration
of 200 pg/mL, and the positive control group had a
significant difference in NO production compared
with the negative control group [Figure 1]. Other
concentrations (25, 50, and 100 pg/mL) have no
significant difference compared with the negative
control group.

DiscussioN

The biological activities of C. nutans leaves are
antioxidant, antiinflammatory, anticancer, antidiabetic
and antiviral, antimicrobial, and antiproliferative
effects.'¥ In previous studies, C. nutans leaves indicated
the presence of flavonoids."” In addition, the results
of phytochemical tests performed in previous studies
indicated that the chloroform extract of C. nutans
leaves has the highest total flavonoid and phenolic
content compared to extracts with other solvents.”

In this study, C. nutans leaf chloroform extract at a
concentration of 200 pg/mL produced lower levels of
NO compared with the negative control. The positive
control group (Genistein 1000 uM) also produced
lower NO compared with the negative control group. At
concentrations of 25, 50, and 100 pg/mL, the extracts
did not produce lower NO levels compared with
the negative control. This implies that C. nutans leaf
chloroform extract requires a minimum concentration
of 200 pg/mL to reduce NO production in fibroblasts
stimulated by E. coli.

A previous study indicated that C. nutans leaf
chloroform extract with a concentration of 100 pg/

mL can reduce NO production in macrophages.”
However, in this study, NO production decreased at
a concentration of 200 pg/mL. This difference may
be due to variations in the cell types used; this study
utilized fibroblasts, whereas the previous research used
macrophages. Differences in extraction methods could
also account for variations in results. The previous study
employed the Soxhlet method for extraction, whereas
this study used the maceration method. Variances
in extraction methods can influence the compounds
present in the extract.'"” In this study, fibroblasts were
stimulated with 2 pg/mL LPS, whereas in the previous
study, macrophages were stimulated with 100ng/mL
of LPS."! The difference in concentration is due to
differences in the cells used. This difference in LPS
concentration caused a difference in the amount of NO
produced by cells.

The anti-inflammatory activity of C. nutans can be
attributed toitsflavonoid content. Flavonoidscaninhibit
the tyrosine kinase enzyme by binding to adenosine
triphosphate in the active enzyme.”” Inhibition of
this enzyme can result in a downregulation of various
proteins, such as NO synthase, cyclooxygenase, and
lipoxygenase, which can stop the proliferation of
inflammatory cells and inhibit inflammation.?!! The
phenolic compounds contained in the chloroform
extract of C. nutans leaves also play an active role as
an antiinflammatory. The antiinflammatory activity of
its natural compounds exerts its biological properties
by blocking two main signaling pathways: the nuclear
factor kappa B (NF-kB) and mitogen-activated protein
kinase pathways, which play a major role in the
production of various proinflammatory mediators.

In addition, the phenolic compounds in the chloroform
extract of C. nutans leaves also have the highest levels
of antioxidant activity.” In a normal and healthy body,
there is a balance between the formation of reactive
oxygen/free radicals and endogenous antioxidant
defense mechanisms. However, if this balance is
disturbed, it can cause oxidative stress, which in turn
can result in injury to all cellular components (such as
DNA, proteins, and membrane lipids) and cell death.
Antioxidants based on natural compounds play a
preventive role in protecting against the formation
of free radicals. Antioxidant compounds can inhibit
and prevent oxidation processes that can produce
free radicals and break chains that can damage cells
and tissues; hence, these compounds can be used as a
therapeutic option for inflammation.?¥

In general, antiinflammatory properties can suppress
the NF-kB pathway and the production of iNOS and
proinflammatory cytokines, such as interleukin-1f3
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and tumor necrosis factor alpha.? Inflammation is
prevented by the binding of LPS to toll-like receptor 4
(TLR4). Simultaneously, LPS and TLR4 are catalyzed
by lipopolysaccharide-binding protein (LBP) and
cluster of differentiation 14 (CD14). After LPS is
released, it LPS binds to LBP to form LPS-LBP and
targets CD14 on macrophages. LBP catalyzes LPS to
CD14 so that LPS combines with CD14, which transfers
LPS to TLR4 to then activate the TLR pathway and
be directed at inflammatory factors. LPS that binds to
TLRs can be neutralized by adenosine monophosphate
and can inhibit the release of inflammatory factors.?¥
Another antiinflammatory mechanism is the inhibition
and regulation of inflammatory-related signaling
pathways. Signal transduction is dependent on a
toll-interleukin-1 receptor (TIR) domain-containing
adapter protein (TRIF/TIR domain-containing
adaptor-inducing interferon-f})  associated with
endocytosis of activated TLR4. LPS binding to TLRs
activated by TLR4 can also activate the NF-kB and
mitogen-activated protein kinase pathways, where
inhibition of TLR4 endocytosis can be performed to
suppress inflammatory pathways.?%

In a previous study, C. nutans extracts showed positive
results on a fibroblast migration assay compared to
Strobilanthes crispus extracts. Chloroform extract of
C. nutans has also been demonstrated to accelerate
healing, including in inflammatory processes, compared
with acetone and ethanol extracts. However, C. nutans
extracts showed less antimicrobial activity against
Staphylococcus aureus.”” In addition, previous studies
have shown that chloroform extract of C. nutans is the
most active at inhibiting NO production compared with
hexane and ethanol extracts.!'” In addition, chloroform
extracts of C. nutans and aloe vera can upregulate the
synthesis of basic fibroblast growth factor (bFGF)
in wound healing.”¥ Another previous study showed
that C. nutans leaf could increase fibroblast count in
mucosal burn and tongue wounds in vivo.?® This proves
that the chloroform extract of C. nutans leaves is more
effective in reducing or inhibiting inflammation.

During inflammation, macrophages and fibroblasts are
the main source of NO synthesis.?”l NO has a small size
and lacks charge, so the penetration of NO molecules
through cell membranes and subcellular organelles is
high. Moreover, NOcanbetransferred by S-nitrosothiols
through cells with protein binding. Therefore, when
inflammation occurs, NO is not only in the cells where
it is produced but also in the surrounding cells. Among
the immune cells that are involved in inflammation,
macrophages synthesize the most NO.B!l Several other
factors influence the effect of the chloroform extract

of C. nutans leaves on inflamed fibroblasts, such as
differences in the metabolite compounds contained in
the extract, the amount of extract concentration used,
and the extraction method.>33

The limitation of this study was the use of a limited
concentration range. If concentrations above 200 pg/
mL and up to 1000 pg/mL were used, we could have
determined definitively whether 200 pg/mL is indeed
the minimum concentration needed to reduce NO
production in fibroblasts.

CONCLUSION

Based on the study results, the chloroform extract of C.
nutans leaves at a concentration of 200 ug/mL has the
effect of reducing NO synthesis in inflamed fibroblasts.
This extract has the potential to be an antiinflammatory
agent.

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Varela ML, Mogildea M, Moreno I, Lopes A. Acute
inflammation and metabolism. Inflammation 2018;41:1115-27.

2. Germolec DR, Shipkowski KA, Frawley RP, Evans E. Markers
of inflammation. Methods Mol Biol 2018;1803:57-79.

3.  Kunnumakkara AB, Sailo BL, Banik K, Harsha C, Prasad S,
Gupta SC, et al. Chronic diseases, inflammation, and spices:
How are they linked? J Transl Med 2018;16:1-25.

4. Strandberg TE, Nieminen T. Future perspectives on the
role of frailty in cardiovascular diseases. Adv Exp Med Biol
2020;1216:149-52.

5. Wang R, Ghahary A, Shen YJ, Scott PG, Tredget EE. Human
dermal fibroblasts produce nitric oxide and express both
constitutive and inducible nitric oxide synthase isoforms. J
Invest Dermatol 1996;106:419-27.

6. Salas A, Cabrera JJ, Jiménez-Leiva A, Mesa S, Bedmar EJ,
Richardson DJ, et al. Bacterial nitric oxide metabolism: Recent
insights in rhizobia. Adv Microb Physiol 2021;78:259-315.

7. Cyr AR, Huckaby LV, Shiva SS, Zuckerbraun BS. Nitric oxide
and endothelial dysfunction. Crit Care Clin 2020;36:307-21.

8. Mo X, Chen J, Wang X, Pan Z, Ke Y, Zhou Z, et al. Kriippel-
like factor 4 regulates the expression of inducible nitric
oxide synthase induced by TNF-a in human fibroblast-like
synoviocyte MH7A cells. Mol Cell Biochem 2018;438:77-84.

9. Liy PM, Puzi NNA, Jose S, Vidyadaran S. Nitric oxide
modulation in neuroinflammation and the role of mesenchymal
stem cells. Exp Biol Med 2021;246:2399-406.

10. da Silva GM, da Silva MC, Nascimento DVG, Lima Silva EM,
Gouvéa FFF, de Franga Lopes LG, et al. Nitric oxide as a central
molecule in hypertension: Focus on the vasorelaxant activity of
new nitric oxide donors. Biology (Basel) 2021;10:1041.

11. Kwesiga MP, Cook E, Hannon J, Wayward S, Gwaltney C,
Rao S, et al. Investigative study on nitric oxide production in
human dermal fibroblast cells under normal and high glucose
conditions. Med Sci 2018;6:99.

Scientific Dental Journal | Volume 7 | Issue 3 | September-December 2023 @



Hapsari, et al.: C. nutans reducing NO in fibroblast

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Ardiana T, Rizkia A, Kusuma P, Firdausy MD, Lqwr G, Urxs J,
et al. Efektivitas daun jambu biji terhadap jumlah sel fibroblas
pasca luka pencabutan gigi pada marmut (Cavia cobaya).
ODONTO Dent J 2015;2:64-70.

Marsh LJ, Kemble S, Reis Nisa P, Singh R, Croft AP.
Fibroblast pathology in inflammatory joint disease. Immunol
Rev 2021;302:163-83.

Kao MH, Wu JS, Cheung WM, Chen JJ, Sun GY, Ong WY,
et al. Clinacanthus nutans mitigates neuronal death and
reduces ischemic brain injury: Role of NF-xB-driven IL-1f
transcription. Neuromolecular Med 2021;23:199-210.

Widjaja S, Rusdiana, Ichwan M. Enhanced cytotoxic effects
of Clinacanthus nutans and doxorubicin in combination
toward breast cancer cell lines. J Adv Pharm Technol Res
2021;12:152-6.

Zulkipli IN, Rajabalaya R, Idris A, Sulaiman NA, David
SR. Clinacanthus nutans: A review on ethnomedicinal uses,
chemical constituents and pharmacological properties. Pharm
Biol 2017;55:1093-113.

Roeslan MO, Reskia SH, Firman FR, Dewa HS, Komariah K,
Bustami DA. Effect of Clinacanthus nutans leaf extract on oral
mucosal burns and tongue wounds: An in-vivo study. Sci Dent
J2022;5:101-9.

Goshi E, Zhou G, He Q. Nitric oxide detection methods in vitro
and in vivo. Med Gas Res 2019;9:192-207.

Roeslan MO, Ayudhya TDN, Yingyongnarongkul B,
Koontongkaew S. Anti-biofilm, nitric oxide inhibition and
wound healing potential of purpurin-18 phytyl ester isolated
from Clinacanthus nutans leaves. Biomed Pharmacother =
Biomed Pharmacotherap 2019;113:108724.

Al-Khayri JM, Sahana GR, Nagella P, Joseph BV, Alessa FM,
Al-Mssallem MQ. Flavonoids as potential anti-inflammatory
molecules: A review. Molecules 2022;27:2901.

Islam MI, Shanta MA, Mondal M, Hoque N, Majumder
S, Ahmed T, et al. Protective effect of chloroform extract
of Stereospermum chelonoides bark against amyloid beta42
induced cell death in SH-SYS5Y cells and against inflammation
in Swiss albino mice. J Basic Clin Physiol Pharmacol
2018;29:621-30.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Arulselvan P, Fard MT, Tan WS, Gothai S, Fakurazi S,
Norhaizan ME, et al. Role of antioxidants and natural products
in inflammation. Oxid Med Cell Longevity 2016;2016:5276130.
Alam A, Ferdosh S, Ghafoor K, Hakim A, Juraimi AS, Khatib
A, et al. Clinacanthus nutans: A review of the medicinal uses,
pharmacology and phytochemistry. Asian Paci J Trop Med
2016;9:402-9.

Ikrima K, Amalia R, Levita J. Peran spesies oksigen reaktif
pada inflamasi serta antioksidan alami sebagai fitoterapi.
Farmaka 2020; 17:198-211.

Ong WY, Herr DR, Sun GY, Lin TN. Anti-inflammatory
effects of phytochemical components of Clinacanthus nutans.
Molecules 2022;27:3607.

Luo Y, Song Y. Mechanism of antimicrobial peptides:
Antimicrobial, anti-inflammatory and antibiofilm activities. Int
J Mol Sci 2021;22:11401.

Ban WK, Fong IL, Khong HY, Phung JHY. Wound healing,
antimicrobial and antioxidant properties of Clinacanthus
nutans (burm.f.) Lindau and Strobilanthes crispus (1) Blume
extracts. Molecules 2022;27:1722.

Anggraeni R, Roeslan MO. Effects of Clinacanthus nutans and
Aloe vera extracts on bFGF synthesis in fibroblasts. J Indones
Dent Assoc 2022;5:21-6.

Roeslan MO, Reskia SH, Firman FR, Dewa HS, Komariah K,
Bustami DA. Effect of Clinacanthus nutans leaf extract on oral
mucosal burns and tongue wounds: An In-vivo study. Sci Dent
J2021;5:101-9.

Schiffer MR, Tantry U, Barbul A. Wound fluid inhibits wound
fibroblast nitric oxide synthesis. J Surg Res 2004;122:43-8.
Holotiuk V, Kryzhanivska A, Churpiy I, Tataryn B, Ivasiutyn D.
Role of nitric oxide in pathogenesis of tumor growth and its possible
application in cancer treatment. Exp Oncol 2019;41:210-15.

Pn P, Ma H, Studi P, Kedokteran S, Dokter DP. Efek ekstrak
metanol daun sirsak (Annona muricata) dalam menghambat
pertumbuhan bakteri Salmonella typhi secara in vitro. E-J
Medika Udayana 2021;10:2021.

Mangkulion S, Roeslan MO, Monthanpisut P. The potential of
cogon grass (Imperata cylindrica) ethanol extract in inhibiting
nitric oxide secretion in fibroblast Sci Dent J 2023;7:11-4.

m Scientific Dental Journal | Volume 7 | Issue 3 | September-December 2023



