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  ABSTRACT  
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 Clinacanthus nutans is a traditional medicinal herb, found in several 

countries mainly in South East Asia has been used empirically as 

alternative therapy for certain health disorders as viral infection, skin 

infection, diabetes and even could serve as potential cancer treatment for 

various cancers, including head and neck, breast, cervical, colon, gastric, 

lung, liver, pancreatic, lymphoma and leukemia and skin cancers. 

However, the mechanism underlying this characteristic remain unclear. 

We searched PubMed, ScoPus, and ScienceDirect with key words 

“Clinacanthus nutans and cancer” and collected recent papers of 

Clinacanthus nutans with anticancer activity, effects, phytochemistry, 

and molecular mechanisms of Clinacanthus nutans extracts on various 

types of cancers. Some of the study showed potential benefit of the 

extract to combat cancer, some has to combined with the standard 

treatment. This mini review aimed to provide the most updated 

knowledge regarding bioactive components, effects, and molecular 

mechanisms of extracts from this promising herb Clinacanthus nutans 

for future studies in oncology field and clinical application in  the near 

future. 
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1. Introduction 

C. nutans is part of the Acanthaceae family. This species is distributed in Africa, Brazil, and Central 

America, mainly in Southern Asian countries such as Indonesia and Malaysia. Plants from this family can 

also grow in most habitats, consisting of shrubs, moist fields and valleys, swamps, coastal and marine areas, 

dense or open forests, and mangrove areas. This species is known as traditional medicines that are effective 

against certain health disorders such as snake bites, skin infection, burns, scalds, hurts, dysentery, diabetes, 

virus infection, and even cancers [1- 3]. 
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Figure 1. C. nutans [4] 

 

Several functions that supported C. nutans as medical plants are antiviral, antimicrobial, anti-inflammatory, 

antioxidant, antidiabetic, immunomodulatory, antihyperlipidemic, and anticancer activities. In this review, 

we will further discuss the anticancer activity of C. nutans in the molecular view [1], [5]. 

 

2. Phytochemistry 

Based on study performed by [1] they identified a total of 48 compounds, the most abundant of which were 

neophytadiene, glycolic acid, phosphonic acid, catechol, butanedioic acid, vanillic acid, gallic acid, pinitol, 

phytol, squalene, tocopherols, and campesterol. While, the crucial components are lupeol, belutin, 

stigmasterol, b-sitosterol, and myricyl alcohol. This study also found six known C-glycosyl flavones which 

are schaftoside, vitexin, isomollupentin 7-O-b-glucopyranoside, isovitexin, isoorientin and orientin. They 

also found five glucosides during the extraction procedure. 

 

They also found digalactosyl diglycerides, cerebrosides, anti-HSV effective trigalactosyl, and 

monoacylmonogalactosyl glycerol (2S)-1-O-linolenoyl-3-O-b-dgalactopyranosylglycerol, anti-HSV 

effective trigalactosyl and from the ethanolic extract of this plant leaves. While, they also found pupurin-18-

phytyl ester, 13-hydroxy-(13-S)-phaeophytin b, and phaeophorbide-a from the hexane and chloroform 

extract.There were also eight compounds related to chlorophyll a and chlorophyll b found which are 

purpurin 18 phytyl ester, phaeophorbide-a, 132-hydroxy-(132-R)-chlorophyll b, 132-hydroxy-(132-S)-

phaeophytin b, 132-hydroxy-(132-R)-phaeophytin b, 132-hydroxy-(132-S)-chlorophyll b, 132-hydroxy-

(132-S)-phaeophytin a, 132-hydroxy-(132-R)-phaeophytin a, and 132-hydroxy-(132-R)-phaeophytin b from 

chloroform extract of this plant leaves. Other findings from the ethanol extract from the aerial parts is 

compounds containing sulfur such as clinamides A-C, entadamide A-C, and trans-3-methylsulfinyl-2-

propeno [1]. 

 

3. Gastric Cancer 

Novel polysaccharide-peptide complex such as CNP-1-2 that is isolated from C. nutants has the strongest 

growth-inhibition effect on SGC-7901 human gastric cancer cells and was able to stimulate the activation of 

macrophages among all prepared polysaccharide fractions. This could be a new medication to combat 

cancers, including gastric cancer [6]. 

 

4. Colorectal Cancer 

Fractionation of methanolic extract of C. nutants showed that fractions 3, 4, 14, and 16 displayed huge 

cytotoxicity to HCT-116 cells at the concentration of 200 μg/mL. Amongst these fractions, the 14th one 
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showed the highest growth inhibition activity (84 ± 1.1% at 100 μg/mL) [7], [8]. Besides, the methanol 

fraction, C. nutans ethyl acetate fraction (CNEAF) also displayed strong cytotoxicity to HCT-116 cells. 

CNEAF dissipated mitochondrial membrane potential, induced cell apoptosis, and elevated the reactive 

oxygen species (ROS) level. Besides it, also increase the gene expression of Bax and the decrease in 

expression of Bcl-X2 and Bcl-2 that activates caspase−3, −9, −8, and −10. Lastly, it also increases the 

upregulation of death receptor 5. All of these findings suggest that CNEAF affects both intrinsic and 

extrinsic apoptosis pathways. CNEAF is also known for the dysregulation of autophagy that contributes to 

the regression of cancer. It induced autophagy by the increase in LC-3 and decrease in p62 expression [9]. 

Therefore, targeting autophagy would be a promising medication for cancer. CNEAF also increases the 

level of reactive oxygen species (ROS) that can be alleviated by N-acetylcysteine. All of these shreds of 

evidence showed that both apoptosis and autophagy evoked by CNEAF are dependent on ROS levels in 

HCT-116 cells [10]. 

 

5. Liver Cancer 

A previous study has identified several phytochemicals and fractions, including β-sitosterol-3-O-β 

glucoside, β-sitosterol-3-O-β glucopyranoside, and subfraction F-III from the CNEAF. Among these 

isolates, the subfraction F-III exhibited strong cytotoxicity against HepG2 human hepatoma cells.  Besides, 

another study was also performed to prove the efficacy of 30% ethanol extract (CN30) from aerial parts of 

C. nutans as anti-cancer.  Bioactive components of CN30 consisted of (1) apigenin 6,8-C-α-L-

pyranarabinoside, (2) apigenin 6-C-β-D-glucopyranosyl-8-C-α-L-arabinopyranoside, (3) isoorientin, (4) 

orientin, (5) isovitexin, (6) vitexin, and (7) gallic acid. CN30 at doses of 3 and 10 mg/kg induced 8.2% of 

tumor size and 58.6% inhibition in tumor weight of the HepA xenograft model mouse. The inhibition 

percentage in tumor weight is stronger compared to the anticancer drug fluorouracil (20 mg/kg) which only 

inhibits 37.1% of the tumor weight. Furthermore, CN30 hugely increases apoptosis activity. Besides, 

regarding protein, CN30 increased protein levels of apoptosis markers BAX and cleaved caspase-3 and 

decreased protein levels of proliferation markers such as PCNA and p-AKT. CN30 also has a significant 

effect on cytokine levels such as increasing the amount of IFN-γ+ T cells, decreasing the number of IL-4+ T 

cells, and increasing the levels of IFN-γ and interleukin-2 in serum of hepatoma-bearing mice. All of these 

findings stated that CN30 displays antitumor activity by multiplying the immune response and inducing 

apoptosis in vivo [11]. 

 

A study has reported methanol extract displayed the strongest cytotoxic activity against HepG2 cells 

(74.17 ± 0.50% at 100 μg/mL) after 24 hours of treatment, this is compared to other solvents such as 

chloroform, hexane, and ethyl acetate. Furthermore, methanol extract contains the highest total flavonoid 

content (TFC), which is 937.67 mg of butylated hydroxytoluene (BHT). However, the chloroform extract 

harbors the highest total phenolic content (TPC), which is 119.29 ± 0.07 mg of gallic acid equivalent 

(GAE). These compounds (TPC and TFC) work as chemosensitizers and provide alternative sources of 

chemotherapeutic ingredients for cancer therapy in the future [12], [13]. Besides all the functions mentioned 

before, methanol extract also has an antiproliferative activity on HepG2 cells with an IC50 of 13.33 μg/mL. 

However, the methanolic extract was much less toxic to normal 3T3 cells. The inhibition of two detoxifying 

enzymes CYP3A4 and CYP2E1 was possibly the reason for this antiproliferative effect [14]. Another study 

used C. nutans extracts with five different solvents (hexane, chloroform, ethyl acetate, methanol, and 

water), found that hexane and chloroform extracts inhibited cell viability of HepG2 cells, with the IC50 of 

150 and 25 μg/mL, respectively. In addition, hexane extract activates the formation of reactive oxygen 

species (ROS) and cell apoptosis. Furthermore, higher concentrations (≥100 μg/mL) of hexane extract 

activate caspases 8, 9, and 3/7. All of these findings suggested the involvement of both intrinsic and 

extrinsic apoptosis pathways underlying the effects of hexane extract of C. nutans [15]. 
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6. Lung Cancer 

A study was conducted to evaluate the effect of flavonoids extraction from C. nutans with water on the 

antiproliferative activity of the two-dimensional culture of A549 lung cancer cells. It was found that the best 

antiproliferative effects (IC50) on A549 cells were observed at 138.82 ± 0.60 μg/mL [16]. Another 

laboratory isolated hexane, chloroform, ethyl acetate, methanol, and water extracts from C. nutans and 

showed that hexane extract had the highest cytotoxic activity to A549 cells, with the IC50 of 74 μg/mL. 

Further analysis, showed that hexane extract activates cell apoptosis, increased the levels of reactive oxygen 

species, and increased the percentage of cells at the sub-G1 phase. In addition, hexane extract also activates 

the regulation of caspases 8, 9, and 3/7 at concentrations ≥100 μg/mL [15]. 

 

7. Head and Neck Cancer 

A study extracts C. nutans and combine it with various kinds of solvents such as hexane, chloroform, ethyl 

acetate, methanol, and water. The results showed that hexane extract has the strongest cytotoxicity to CNE-

1 human nasopharyngeal carcinoma cells with IC50 of 116.7 μg/mL. It also alleviated cell apoptosis, 

increased the levels of reactive oxygen species, and the percentage of cells at the sub-G1 stage, and leveled 

up the activity of caspases 8, 9, and 3/7 at concentrations of ≥100 μg/mL. Additionally, ethyl acetate extract 

inhibited cell proliferation of CNE-1 cells at the concentration of 300 μg/mL [15]. 

 

A study used silver nanoparticle Clinacanthus nutans (AgNps-CN) of leaves aqueous extract and tested the 

anticancer activity including apoptosis, cytotoxicity, cell cycle progression, and expression of key proteins 

involving apoptosis in HSC-4 human oral squamous cell carcinoma cells. AgNps-CN inhibited the cell 

viability of HSC-4 cells with IC50 of 1.61 μg/mL. In addition, AgNps-CN induced cell apoptosis and cell 

cycle arrest at G0/G1 stage. Further analysis using the western blotting method found that AgNps-CN 

increased the expression ratio of Bax/Bcl-2. Besides, AgNps-CN is safe for normal 3T3-L1 cells at all 

tested concentrations. All of these findings suggested that AgNps-CN has big potential for cancer treatment 

[17]. 

 

8. Skin Cancer 

A study reported performed the extraction of methanol leaf extracts of C. nutans from various locations in 

Malaysia, Thailand, and Vietnam, in order to examine the effects of extracts on apoptosis, cytotoxicity, and 

cell morphology of D24 melanoma cells. The results showed that extract from higher elevations with lower 

temperatures was more harmful to D24 cells. In addition, the highest cytotoxic activities were found in an 

extract from Thailand, with the half-maximal effective concentration (E50) of 0.95 mg/mL for 24 hours and 

E50 of 0.77 mg/mL for 72 hours. This extract also increases apoptosis activity in biochemical and 

morphological analyses of D24 cells. These results suggested that C. nutans extracts and extracts of plants 

in higher elevations and lower temperatures could be a potential medication for skin cancer [18]. 

 

9. Lymphoma and Leukemia 

Studies have shown that C. nutans chloroform extract displayed higher antiproliferative activities on K-562 

human erythroleukemia cells (91.28 ± 0.03%) and Raji human Burkitt's lymphoma cells (88.97 ± 1.07%) at 

100 μg/mL [19]. Furthermore, another study stated that C. nutans petroleum ether extract displayed the 

strongest cytotoxic activity against K-562 cells with IC50 of 20.0 μg/mL at 72h, as compared to other 

extracts [20]. However, the mechanism reminds unclear. Other studies also found that methanol-hexane-

acetone extract (MHA) had the highest antiproliferative activities to SUP-T1 and MOLT-4 cells. Further 

studies showed that MHA increased apoptosis activity, reactive oxygen species, calcium flux, and arrested 

cell cycle at the G2/M phase. While decreasing the mitochondrial membrane potential and endoplasmic 

reticulum stress. This mechanism can be proven by the increase in the expression of CHOP and IRE-1α 
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proteins. All of these data showed that the MHA of C. nutans possesses anticancer activity in lymphoma 

and leukemia [21]. 

 

10. Breast Cancer 

A study gained methanol and ethyl acetate extracts from C. nutans roots and tested the antiproliferative and 

apoptosis activities of these extracts on MCF-7 human breast cancer cells. Both extracts inhibited the 

proliferation of MCF-7 cells with the IC50 of 35 and 30 μg/mL for methanol and ethyl acetate extracts, 

respectively. Alleviation of apoptosis levels was done by chromatin condensation and decreased expression 

of BCL2. However, the expression level of BAX remained the same. Thus, this effect needs to be further 

studied [22]. 

 

Besides root extract, methanol extract from leaves of C. nutans has also been isolated to test the antitumor 

activities in 4T1 tumor-bearing mice of breast cancer using low-dose concentration (200 mg/kg) and high-

dose concentration (1000 mg/kg). High-dose extract effectively reduced the number of mitotic cells, tumor 

weight, and tumor volume of 4T1 breast cancer model mice. This data indicates that methanol extract from 

leaves of C. nutans would be potential for the therapy of breast cancer due to its antitumor activities and 

nontoxicity at given dosages [23]. Another study also performed extractions of C. nutans leaves with 

ethanol, ethyl acetate, and n-hexane. This study analyses the cytotoxic effects of all three extracts. The 

results showed that all of these three extracts showed low cytotoxicity in both MCF7 and T47D cells. 

However, combinations of 125 μg/ml n-hexane extract of C. nutans, and 0.1 μg/ml doxorubicin in T47D 

cancer cells showed further proliferation reduction compared to the single administration. Even though, C. 

nutants individual effect as anti-breast cancer needs to be further studied. This result suggested possible 

synergisms of the treatment combination of C. nutants extract with doxorubicin [24]. 

 

Besides root and leaves, crude methanol extract of bark powder from C. nutans has also been performed 

and divided into six fractions. These fractions were then tested for their cytotoxicity toward MDA-MB-231 

and MCF-7 breast cancer cells. Two fractions, A12 and A17, which harbor sulfur-containing compounds, 

including entadamide C and clinamide D, were found to have strong cytotoxic activities. Caspase-3 by 

molecular docking simulation was the main target of these two compounds, which will be the pioneer for 

the design and development of more effective drugs based on structures of entadamide C and clinamide D 

against breast cancers and other cancers [25]. 

 

Other recent studies, obtained 80% methanol extract from C. nutans leaves and the crude extract was 

fractionated by n-hexane, chloroform, dichloromethane, n-butanol, and water. Hexane fraction (CN-Hex) 

displayed the highest antiproliferative effects on MCF-7 cells, with the IC50 of 50.34 ± 0.11 μg/mL, 

followed by the dichloromethane fraction (CN-Dcm) (IC50: 65.95 ± 0.14 μg/mL). GC-MS identification 

indicated that linolenyl alcohol (29.10% at 12.023 min) and palmitic acid (23.84% at 11.133 min) are the 

most abundant among 14 compounds found in CN-Dcm. Molecular docking studies showed that p53-

binding protein Mdm-2 is the cellular target of these two major components. Their data suggested that 

methanolic extract from C. nutans leaves possesses potential antiproliferative activities. Besides, other 

studies reported the antiproliferative activity of methanolic extract from C. nutans leaves on MDA-MB-231 

cells with IC50 of 18.67 μg/mL. However, the same extract was much less toxic to normal 3T3 cells. 

Furthermore, the antiproliferative effects were possibly attributed to the inhibition in activities of CYP3A4 

and CYP2E1, two liver enzymes for detoxifying drugs [14], [26], [27]. 

 

11. Molecular Docking 

Molecular docking analysis is usually used to understand the drug-receptor interaction and gene pathway. A 
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study performed by Ismail et al, researched apoptosis-related proteins: tumor necrosis factor-α (TNF-α), 

p53-binding protein Mdm-2, and caspase-3. In this study, the proteins TNF-α, p53 binding protein Mdm-2, 

and caspase-3 were docked with palmitic acid and linolenyl alcohol. The study result showed that palmitic 

acid and linolenyl alcohol had the highest binding affinities towards p53-binding protein Mdm-2. While the 

lowest binding affinities detected were for palmitic acid and linolenyl alcohol with TNF-α protein [27]. 

 

Further protein docking analysis showed that linolenyl alcohol had a better binding affinity towards p53-

binding protein Mdm-2 compared to palmitic acid. Figure 2 shows showed the interaction pattern analysis 

of the compounds with apoptosis proteins. The results also showed the molecular interactions of linolenyl 

alcohol with p53-binding protein Mdm-2 which formed two Pi-Alkyl interactions with Phe-55 and Tyr-56, 

two hydrogen bonds, and two hydrophobic interactions. The palmitic acid also formed eight hydrogen 

bonds with four residues, namely Gln-59, Lys-24, Phe-55, and Tyr-56. Additionally, the palmitic acid also 

formed two Pi-Alkyl interactions with Phe-55 and Tyr-56 residues. This data demonstrated that caspase-3 is 

bound to palmitic acid and linolenyl alcohol. Other studies also previously reported that entadamide C (1) 

and clinamide D (2) from C. nutans extracts bound favorably to the caspase-3 binding site. Thus, these 

results showed that such interactions of C. nutans compounds are important for the activation of apoptosis-

related proteins [25], [27]. 

 

 
Figure 2. Molecular docking and interaction pattern analysis of the compounds with apoptosis proteins: (a) 

The best binding affinities of the compounds with targeted proteins; (b) Interaction of the compounds with 

the active site residues using LigPlot+; (c) Interaction of the compounds with active site residues. (i) 

Palmitic acid with p53-binding protein Mdm-2; (ii) Linolenyl alcohol with p53-binding protein Mdm-2 

[27]. 

 

12. Conclusion 

C. nutans extracts display strong anticancer activities that’s can be proven by the inhibition of cell 

proliferation, retardation of cell cycle progression, and alleviation of apoptosis activity and autophagy. This 

review provides the latest information about anticancer activities explained by the molecular mechanisms of 
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various C. nutans extracts, which were obtained by different solvents and different isolation methods, from 

different parts of the plants, different plant ages, and plants of different geographical environments. 

Moreover, the combination of C. nutans extracts with cancer drugs such as doxorubicin in breast cancer 

could increase the drug efficacy and decrease possible side effects. These studies could lead to more 

development of natural product-based drugs especially C. nutants that could be applied for possible therapy 

of various cancers in the future [28]. 
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