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INTRODUCTION
Acanthaceae is a large family of dicotyledonous flowering 
plants including about 4300 species and 346 genera all over 
the world. Most are tropical shrubs, herbs, and twining vines 
while some are epiphytes (Bhatt et al., 2010). It is widely 
distributed throughout the tropical regions of Africa, India, 
the Arabian Peninsula, and other parts of Asia (Athar et al., 
2009). Many of the members of the Acanthaceae family are 
used traditionally as medication for wounds, asthma, anti-
diarrhea, edema, pneumonia, treating skin diseases, cough, 
and eye infections (Madhu et al., 2010, Bremner et al., 2009; 
Bader et al., 2015). Antioxidants play a major role in the living 
system and prevent oxidative damage therefore, the search 
for naturally occurring antioxidants has greatly increased, 
focusing mainly on plants used in traditional medicine 
because the antioxidants play a key role in health, neutralizing 
reactive oxygen species (ROS) involved in human aging and 
diseases (Finkel & Holbrook, 2000; Siriwatanametanon et 
al., 2010). 

ROS are continuously produced during regular 
physiological processes and they may cause cellular injuries, 
leading to the accumulation of lipid peroxides in biological 
membranes, damaging crucial biomolecules such as nucleic 
acids, lipids, proteins, polyunsaturated fatty acids, and 
carbohydrates. Oxidative stress leads to the pathogenesis 
of various lung disorders like asthma, chronic obstructive, 
pulmonary disorders, acute lung injury, and lung cancer. 
Most of the antioxidants present in a vascular plant such 
as vitamins C and E, carotenoids, flavonoids, and tannins. 
Hence, research should focus on improving the natural 
antioxidants from natural resources (Farombi & Fakoya, 
2005; Hee et al., 2010)
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ABSTRACT

The objective of this study is to determine the antioxidant properties of leaves extracts of 24 Acanthaceae species: 
Asystasia guttata, Ballochia amoena, Barleria aculeata, B. orbicularis, B. parviflora, B. prionitis, B. ventricosa, 
Blepharis cayaniense, B. maderaspatensis, Crossandra, johanninae, Dicliptera effusa, D. paniculata, D. verticillata, 
Ecbolium gymnostachyum, Hypoestes pubescens, H. triflora, Justicia caerulea, J. heterocarpa, J. odora, 
Megalochalmyas violacea, Phaulopsis imbricata, Trichocalyx orbicular, Ruellia grandiflora and R. paulayana. The 
radical scavenging activities of 2,2 diphenyl-1-picrylhydrazyl, ferric-reducing antioxidant power, and total phenolic 
compounds of species were determined using the Folin-Ciocalteau reagent. Blepharis cayaniense has the highest 
phenolic compounds (995.5 mg of gallic acid per g of sample) while Hypoestes pubescens, and Ruellia paulayana 
(10 mg/mL gallic acid equivalent) have the lowest concentration of phenolic acid but less radical scavenging activities 
(DPPH) and reducing ferric power. Only Trichocalyx orbiculatus has the highest concentration in phenolic content, 
radical-scavenging activities, and reducing power. Interestingly, the antioxidant activities of different Acanthaceae 
species exhibit unique medicinal properties.
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According to Huang et al. (2013), plant polyphenols are one of the most numerous and widely 
distributed groups of natural antioxidants. It acts as reducing agents and antioxidants in vitro via several 
mechanisms including the scavenging of free radicals. Chemically it contained important secondary 
metabolites such as glycosides, flavonoids, alkaloids, triterpenoids, fatty acid methyl esters, and fatty 
acids. which give features as antioxidant, antimicrobial, anti-inflammatory, antitumor, and anticancer 
activity (Babu et al., 2002; Mani et al., 2008; Yahaufai et al., 2010; Thirunavukkarasu et al., 2011; 
Khlifi et al., 2013; Govindasamy & Arulpriya, 2013). These compounds play an important role in many 
biological reactions and work against many lethal diseases. Some studies such as (Yemane et al., 2017) 
referred to Hypoestes forskaolii belonging to the Acanthaceae family and has been used traditionally 
for the management of diabetes mellitus without scientific evidence of its safety or efficacy. However, 
ethnobotanical studies are often significant in revealing locally important plant species and providing 
important drugs of the modern day (Beyi, 2018). This medical importance of the Acanthaceae family 
attracted researchers to explore the various aspects of this family. 

Ibrahim et al. (2017) presented an updated review of medicinal plants belonging to the 
family Acanthaceae. Abubacker and Kamala (2017) assessed Lepidagathis sp for its ethnomedicinal 
applications, phytochemical components, and pharmacological properties. A similar report on the 
phytochemical analysis and antibacterial activity of Barleria pratensis and Barleria acuminata was 
presented by (Renjini et al., 2017; Bency et al., 2018). In addition, Jara et al. (2017) evaluated the 
antioxidant activity of Acanthus mollis, and the result showed the highest concentration of phenols, 
anthraquinones, and flavonoids. Various species of Barleria reported as folk medicine, Barleria longiflora 
displayed nephroprotective activity (Manjula & Saravana, 2018a), Barleria noctiflora presented as anti-
inflammatory (Manjula & Saravana, 2018b), and antidiabetic potential (Manjula & Saravana, 2018c). 
Neena et al. (2019) tested also antimicrobial activity of 4 traditional medicinal plants of Acanthaceae, another 
study made by Manjula and Anjalai (2019) showed the presence of glycosides, alkaloids, carbohydrates, 
tannin, phenolics, flavonoids, proteins, and amino acid in aerial parts of Barleria buxifolia L. (Acanthaceae).

Recently, Phumthum and Sadgrove (2020) described the traditional medicinal applications and 
evaluated phytochemicals and pharmacological activities of Strobilanthus kuntianus (Acanthaceae). 
Wakuma et al. (2021) showed that the methanolic leaf extract and solvent fractions of H. forskaolii 
have antidiabetic, and antioxidant activity that provides scientific support for the local use of the plant 
in the treatment of diabetes. Dhanalakshmi and Thangadurai (2021) and Ponnusamy and Balakrishnan 
(2023) evaluated the antioxidant and anticancer activities of Lepidagathis pungens and identified a few 
biomedical uses of a few significant species within this significant plant family. 

The medicinal role and significance of the family can hardly be overemphasized. The present 
study highlights some key features of some important genera of the Acanthaceae family and also 
evaluates the antioxidant activity of acetone leaves extraction (50%) of 24 different species belonging 
to 13 genera of Acanthaceae, namely Asystasia, Ballochia, Barleria, Blepharis, Crossandra, Dicliptera, 
Ecbolium, Hypoestes, Justicia, Megalochalmyas, Phaulopsis, Ruellia and Trichocalyx which belongs to 
the family Acantheceae, which is being widely used as folk medicine. 

MATERIALS AND METHODS
Plant materials

Leaves of different species belonging to Acanthaceae, namely: Asystasia, Ballochia, Barleria, 
Blepharis, Crossandra, Dicliptera, Ecbolium, gymnostachyum, Hypoestes, Justicia, Megalochalmyas, 
Phaulopsis, Ruellia and Trichocalyx were collected from different locations in Yemen (Figure 1). Plant 
material was identified by using the handbook of the Yemen flora (Wood, 1997) and Ethnoflora of the 
Soqotra Archipelago by Miller (2004) and the voucher specimens are kept at the herbarium, Universiti 
Kebangsaan Malaysia (UKMB). 

Plant extraction
0.1 g powdered dried leaves were extracted using 10 mL of 50% acetone and homogenized 

using a homogenizer (T 250, IKA, Germany) at 24,000 r.p.m for 1 min. The extracts were centrifuged 
(MLX 210, Thermo-line, China) at 5000 ×g for 10 min. The supernatants were stored for assays.

Total Phenolic Content 
The total phenolic compounds (TPC) of the plant leaf extracts were determined using the 

Folin-Ciocalteu method (McDonald et al., 2001). An amount of 0.4 mL of distilled water and 0.5 mL of 
dilutedFolin–Ciocalteu reagent were added to 100 μL of the extracts. The samples (sample extracts 
mixed with Folin–Ciocalteu reagent) were retained for 5 min and 1 mL of solution constituting 7.5 % 
of sodium carbonate (w/v) was added. The extracts were thoroughly mixed and incubated at room 
temperature for 2 h and the spectral absorbance was measured at 765 nm using a spectrophotometer 
(Epoch Biotek, USA). The standard curve of gallic acid (GA) is used to estimate TPC. TPC of the 
samples was determined and the amounts of each compound in different extracts were expressed in 
mg of GA equivalent per gram of dried sample (mg GAE/g of DW).
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Fig. 1. Leaves morphology of different species; (A) Crossandra johanninae; (B) Blepharis maderaspatensis; (C) Asystasia guttata; 
(D) Barleria aculeata; (E) B. ventricosa: (F) Justicia caerulea; (G) Justicia odora; (H) Dicliptera verticillata; (I) Megalochalmyas 
violacea; (J) Phaulopsis imbricata; (K) Ruellia grandiflora; (L) R. paulayana.
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Ferric Reducing Antioxidant Power
The Ferric Reducing Antioxidant Power (FRAP) of the extracts was determined after slight 

modification as recommended using Thaipong et al. (2006) method. Firstly, 300 mM acetate buffer 
FRAP reagent was freshly prepared using pH 3.6 (3.1 g sodium acetate trihydrate plus 16 mL glacial 
acid made up to 1:1 with distilled water); 10 mM 2,4,6-tris (2-pyridyl)-s-triazine (TPTZ) in 40 mM of HCl; 
and 20 mM of FeCl3·6H2O in a ratio of 10:1:1 and used as the working reagent. 1 mL FRAP reagent is 
added to 100 μL of the extracts, and the absorbance was recorded at 595 nm using a spectrophotometer 
(Epoch, Biotek, USA). 

Determination of Free Radical – Scavenging Activity of extract
The stock solution of free radicals was made by dissolving 40 mg DPPH in 100 mL of methanol 

and stored at -20 °C. Before the experiment, 350 mL DPPH stock solution was thoroughly dissolved in 
350 mL methanol to ensure the absorbance was around 0.70±0.01 at 516 nm (Epoch, Biotek, USA). 
100 μL extracts mixed with 1 mL methanolic DPPH solution are kept for 2 h in the dark. The percentage 
of DPPH scavenging activity is determined using the following equation: DPPH scavenging activity (%) 
= [(A blank –A sample) / A blank] × 100, where A is the absorbance.

Statistical analysis 
Triplicated statistical analysis was done for each antioxidant activity assay to check for their 

consistency and to determine their reproducibility. Different tests having different content were analyzed 
using their mean value plus or minus standard deviation of different antioxidant activities. Duncan’s new 
multiple-range tests are used to determine the significant differences of the specimen at a significance 
level of P<0.05. The correlation statistics of the data used in this study were calculated based on 
Pearson’s correlation coefficient (r).

RESULTS AND DISCUSSION
In this study, 50% of acetone is used with the leaf extracts of 24 species of Acanthaceae collected 

from different locations in Yemen and widely used as traditional medicine for different ailments. The 
antioxidant activities of different extracts were reported in this study specifically focusing on their ability 
to scavenge (DPPH) stable free radical, ferric reducing capability of the antioxidant power (FRAP), 
and the concentration of phenolic content. This study is the first report of antioxidant studies in species 
Asystasia guttata, Ballochia amoena, Barleria aculeata, B. orbicularis, B. parviflora, B. ventricosa, 
Blepharis cayaniense, Dicliptera effusa, D. paniculata, D. verticillata, Ecbolium gymnostachyum, 
Hypoestes pubescens, H. triflora, J. heterocarpa, J. odora, Megalochalmyas violacea, Phaulopsis 
imbricata, Trichocalyx orbicular, and R. paulayana.

Evaluation of radical scavenging activity (DPPH)
The result showed that the ability of DPPH radical scavenging is higher in Barleria ventricosa 

(88.58%), Barleria prionitis (85.5%) Ruellia grandiflora (83.8%), Crossandra johanninae (82.5%) and 
Barleria orbicularis (80%) compare to Hypoestes pubescens (58.2%) and Hypoestes triflora (58.5%) 
that present less active (Figure 2).  This study agreed with previous study made by (Sangilimuthu et al., 
2012) and showed the higher ability of DPPH radical scavenging in root extract of Barleria noctiflora. 

Ferric reducing antioxidant power (FRAP)
The results were presented in mg corresponding to Trolox equivalents/g of dry extracts. The 

FRAP value for the 24 species presented those significant differences exist in the reducing powers 
of the plant leaves species. The acetone extracts of Barleria prionitis (72.2 mgTE/g FW), Trichocalyx 
orbiculatus (69.4 mg TE/g FW), and Ruellia grandiflora (60.69 mg TE/g FW) have the highest reducing 
ability of Fe (III) while the lowest reducing is found in Ruellia paulayana (2.35 mg TE/g FW) and 
Hypoestes pubescens (2.47 mg TE/g FW) respectively (Figure 2).  DPPH, TRAP, and FRAP analysis 
polar extracts have better antioxidant activity with significant differences (p<0.05), in the vent (Khlifi et 
al., 2013) which agrees with what present in this study.

Total phenolic concentration (TPC)
The concentration of phenolic acid showed different values which was higher in Blepharis 

cayaniense, Ruellia grandiflora (>800 µg/mL of GA). The concentration of phenolic content was found 
within a specific range (400-600 µg/mL of GA) in A. guttata, B. prionitis, B. orbicularis, B. ventricosa, 
B. parviflora, Dicliptera species while H. pubescens and R. paulayana species showed the lowest 
concentration of phenolic acid (>90 µg/mL of GA). Based on this result, species such as Blepharis 
cayaniense, Crossandra johanninae, Justicia caerulea, Ecbolium gymnostachyum, and Trichocalyx 
orbiculatus were found to be potential sources of antioxidants (Figure 2). Previous studies by Giorgi 



101 Al-Hakimi et al., 2023

CONCLUSION
Results showed good antioxidant activity of the extracts with DPPH radical that exhibits good FRAP 
activities in phenol content when compared with the standard antioxidant compounds. The extracts 
containing organic solvent (Acetone 50%) shows significant antioxidant potential which reduces the 
DPPH radical formation and Fe (III) in addition to different concentration level of phenolic content. 
This finding contributes to the potential of leaf extracts of Acanthaceae to provide adequate protection 
against infections and degenerative diseases. In addition, the results also showed a good correlation 
between antioxidant activity and phenolic content using simple data to classify extracts from different 
species relative to their antioxidant potential. 

Fig. 2. A-D: Different antioxidant levels in DPPH, FRAP, and TPC & Numbers 1-24 referring to species of Acanthaceae

et al. (2005) and Scalzo et al. (2005) explained the differences in correlation value exhibited during 
antioxidant activity and TPC. 

In this paper, a positive relationship is found between TPC and DPPH for acetone extracts with 
R=0.64 while TPC showed a lower value of correlation relationship with FRAP (0.453). However, the 
correlation value between DPPH and FRAP was 0.54.



102 Al-Hakimi et al., 2023

ACKNOWLEDGEMENTS
The authors gratefully acknowledged the University Putra Malaysia (UPM) for providing financial 
assistance (UPM-TRGS: 5535100) and the Faculty of Science and Technology, Universiti Kebangsaan 
Malaysia (UKM) for the research facilities. 

ETHICAL STATEMENT
Not applicable.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES
Abubacker, M.N. & Kamala, D.P. 2017. Lepidagathis cristata willed. (Acanthaceae): A review of its 

phytochemical and pharmacology activities. Medical Research Archive, 5(5): 1-8. https://doi.
org/10.18103/mra.v5i5.1047 

Athar, A., Kosmulalage, S. & Kalhari, R. S. 2009. Chemical constituents of Barleria prionitis and their 
enzyme inhibitory and free radical scavenging activities. Phytochemistry Letters, 2(1): 37-40. https://
doi.org/10.1016/j.phytol.2008.11.005 

Babu, B.H., Shylesh, B.S. & Padikkala, J. 2002. Tumour reducing and anticarcinogenic activity of 
Acanthus ilicifolius in mice. Journal of Ethnopharmacology, 79: 27-33. https://doi.org/10.1016/
S0378-8741(01)00347-6 

Bader, A., Martini, F., Schinella, G.R., Rios, J.L. & Prieto, J.M. 2015. Modulation of cox-1, 5-, 12- and 
15-lox by popular herbal remedies used in southern Italy against psoriasis and other skin diseases. 
Phytotherapy Research, 29: 108-113. https://doi.org/10.1002/ptr.5234 

Bency, A., Lohidas, J. & Murugan, M. 2018. Phytochemical studies and antibacterial activity of Barleria 
acuminata Nees., (Acanthaceae). Journal of Pharmacognosy and Phytochemistry, 7(4): 1909-1911.

Beyi, M.W. 2018. Ethnobotanical investigation of traditional medicinal plants in Dugda District, Oromia 
Regio. Journal of Medicinal Plants Studies, 2(1): 1007. https://doi.org/10.36876/smjmps.1007 

Bhatt, A., Naidoo, Y. & Nicholas, A. 2010. The foliar trichomes of Hypoestes aristata (Vahl) Sol. ex 
Roem. & Schult var aristata (Acanthaceae) a widespread medicinal plant species in tropical sub-
Saharan Africa: with comments on its possible phylogenetic significance. Biology Research, 43: 
403-409. https://doi.org/10.4067/S0716-97602010000400004 

Bremner, P., Rivera, D., Calzado, M.A., Obon, C., Inocencio, C., Beckwith, C., Fiebich, B.L., Munoz, 
E. & Heinrich, M. 2009. Assessing medicinal plants from South-Eastern Spain for potential anti-
inflammatory effects targeting nuclear factor-Kappa B and other pro-inflammatory mediators. 
Journal of Ethnopharmacology, 124: 295-305. https://doi.org/10.1016/j.jep.2009.04.035 

Dhanalakshmi, M. & Thangadurai, S.A. 2021. Antioxidant and Anticancer Activities of Whole Plant 
Extracts of Lepidagathis pungens Nees: In vitro: Evaluation. Pharmacognosy Magazine, 17(1): 
S63-S67. https://doi.org/10.4103/pm.pm_356_20 

Farombi, E.O. & Fakoya, A. 2005. Free radical scavenging and antigenotoxic activities of natural 
phenolic compounds in dried flowers of Hibiscus sabdariffa L. Molecular Nutrition & Food Research, 
49: 1120-1128. https://doi.org/10.1002/mnfr.200500084 

Finkel, T. & Holbrook, N.J. 2000. Oxidants, oxidative stress and the biology of ageing. Nature, 408(6809): 
239-247. https://doi.org/10.1038/35041687

Giorgi, M., Capocasa, F., Scalzo, J., Murri, G., Battino, M. & Mezzetti, B. 2005. The rootstock effects 
on plant adaptability, production, fruit quality, and nutrition in the peach (cv. 'Suncrest'). Scientia 
Horticulturae,107: 36-42. https://doi.org/10.1016/j.scienta.2005.06.003 

Govindasamy, C. & Arulpriya, M. 2013. Antimicrobial activity of Acanthus ilicifolius: Skin infection 
pathogens. Asian Pacific Journal of Tropical Disease, 3: 180-183. https://doi.org/10.1016/S2222-
1808(13)60036-5 

Hee, S.P., So, R.K., Ju, O.K. & Yong, C.L. 2010. The roles of phytochemicals in bronchial asthma. 
Molecules, 15: 6810-6834. https://doi.org/10.3390/molecules15106810 

Huang, S.S., Chiu, C.S., Lin, T.H., Lee, M.M., Lee, C.Y., Chang, S.J., Hou, W.C., Huang, G.J. & Deng, 
J.S. 2013. Antioxidant and anti-inflammatory activities of aqueous extract of Centipeda minima. 
Journal of Ethnopharmacology, 147(2): 395-405. https://doi.org/10.1016/j.jep.2013.03.025 

Ibrahim, K., Sohail, A. J., Zabta, K.S., Muhammad, A., Yasmin, K. & Taweer, Kumar. 2017. Ethnobotany 
and medicinal uses of folklore medicinal plants belonging to family acanthaceae: An updated review. 
MOJ Biology and Medicine, 1(2): 34- 38. https://doi.org/10.15406/mojbm.2017.01.00009 

Jara, C., Leyton, M., Osorio, M., Silva, V., Fleming, F., Paz, M., Madrid, A. & Mellado, M. 2017. 
Antioxidant, phenolic and antifungal profiles of Acanthus mollis (Acanthaceae). Natural Product 
Research, 31(19): 2325-2328. https://doi.org/10.1080/14786419.2017.1299726 

Khlifi, D., Sghaier, R.M., Amouri, S., Laouini, D., Hamdi, M. & Bouajila, J. 2013. Composition and anti-
oxidant, anti-cancer and anti-inflammatory activities of Artemisia herba-alba, Ruta chalpensis L. 



103 Al-Hakimi et al., 2023

and Peganum harmala L. Food and Chemical Toxicology, 55: 202-208. https://doi.org/10.1016/j.
fct.2013.01.004 

Madhu, V., Chinnaiah, B. & Swamy, T.N. 2010. Traditional herbal remedies to cure asthma in Adilabad 
District. International Journal of Pharmacy and Life Sciences, 1(4): 217-221.

Mani Senthil Kumar, K.T., Gorain, B., Roy, D.K., Samanta, S.K., Pal, M., Biswas, P., Roy, A., Adhikara, D. & 
Karmakar, S. 2008. Anti-inflammatory activity of Acanthus ilicifolius. Journal of Ethnopharmacology, 
120: 7-12. https://doi.org/10.1016/j.jep.2008.07.024 

Manjula, M.S. & Anjalai, E. 2019. Evaluation of minerals and phytochemicals present in aerial parts of 
Barleria buxifolia L. (Acanthaceae). The Pharma Innovation Journal, 8(4): 309-311.

Manjula, M.S. & Saravana, G.A. 2018a. Nephroprotective activity of Barleria longiflora L. (Acanthaceae) 
against gentamicin induced nephrotoxicity in male albino wistar rats. Journal of Pharmacognosy 
and Phytochemistry, 7(2): 2835-2837.

Manjula, M.S. & Saravana, G.A. 2018b. In In-vitro antioxidant and anti-inflammatory potential of ethanol 
extracts (root and aerial parts) of Barleria noctiflora. Annals of Plant Sciences, 7(2):1997-2001. 
https://doi.org/10.21746/aps.2018.7.2.3 

Manjula, M.S. & Saravana, G.A. 2018c. In-vitro anti-diabetic activity of root and aerial parts of Barleria 
noctiflora L. f. (Acanthaceae) The Pharma Innovation Journal, 7(4): 1073-1075. https://doi.
org/10.21746/aps.2018.7.2.3 

McDonald, S., Prenzler, P.D., Autolovich, M. & Robards, K. 2001. Phenolic content and antioxidant activity 
of olive oil extracts. Food Chemistry, 73: 73-84. https://doi.org/10.1016/S0308-8146(00)00288-0 

Miller, A.G. 2004. Ethnoflora of the Soqotra Archipelago. Royal Botanic Garden Kew. pp. 400-414.
Neena, A., Mahesh, Mohanan, P. & Tbomas, B. 2019. Phytochemical and antimicrobial evaluations of 

some selected plants in family Acanthaceae. Journal of Pharmaceutical Advance Research, 2(2): 
479-483.

Phumthum, M. & Sadgrove, N.J. 2020. High-value plant species used for the treatment of "fever" by the 
Karen hill tribe people. Antibiotics, 9(5): 220. https://doi.org/10.3390/antibiotics9050220 

Ponnusamy, S. & Balakrishnan, S. 2023. Genus Lepidagathis (Acanthaceae): Review of its 
ethnobotany, phytochemistry and pharmacological potential. International Journal of Pharmacy and 
Pharmaceutical Sciences, 15(5): 1-7. https://doi.org/10.22159/ijpps.2023v15i5.47280 

Renjini, H., Sumathi, P., Sangeeth, T. & Binu, T. 2017. Qualitative phytochemical analysis of Barleria 
pratensis Sant. (Acanthaceae). International Journal of Research in Ayurveda and Pharma, 8(1): 
97-100. https://doi.org/10.7897/2277-4343.08147 

Scalzo, J., Politi, A., Pellegrini, N., Mezzetti, B. &Battino, M. 2005. Plant genotype affects total 
antioxidant capacity and phenolic contents in fruit. Nature, 21: 207-213. https://doi.org/10.1016/j.
nut.2004.03.025 

Siriwatanametanon, N., Fiebich, B.L., Efferth, T., Prieto, J.M. & Heinrich, M. 2010. Traditionally used 
Thai medicinal plants: in vitro anti-inflammatory, anticancer and antioxidant activities. Journal of 
Ethnopharmacology, 130(2): 196-207. https://doi.org/10.1016/j.jep.2010.04.036 

Thaipong, K., Crosby, K., Cisneros-zevallos, L., Boonprakob, U. & Byrne, D.H. 2006. Comparison of 
ABTS, DPPH, FRAP, and ORAC assays for estimating antioxidant activity from guava fruit extracts. 
Journal of Food Composition and Analysis, 19: 669-675. https://doi.org/10.1016/j.jfca.2006.01.003 

Thirunavukkarasu, P., Amanathan, T.& Ramkumar, L. 2011. Hemolytic and antimicrobial effect in the 
leaves of Acanthus ilicifolius. Journal of Pharmacology and Toxicology, 6: 196-200. https://doi.
org/10.3923/jpt.2011.196.200 

Wakuma, W., Solomon, A. & Wubayehu, K. 2021. Evaluation of antidiabetic and antioxidant activity of 
leaf extract and solvent fractions of Hypoestes forskaolii (Val) (Acanthaceae) in Mice. Journal of 
Experimental Pharmacology, 13: 859-872 https://doi.org/10.2147/JEP.S318696 

Wood, J.R.I. 1997. A Hand Book of the Yemen Flora. Royal Botanic Gardens Kew.
Yahaufai, J., Siripong, P. and Limpanasithkul, W. 2010. Immunomodulatory Effect of Acanthus 

ebracteatus Val. Aqueus Extract on Macrophage Function. Thai Cancer Journal, 30: 55-67.
Yemane, B., Andebrhan, M. & Surender, R.K. 2017. Traditional medicinal plants used by Tigrigna ethnic 

group in central region of Eritrea. IOSR Journal of Pharmacy and Biological Sciences, 12(3): 40-46. 
https://doi.org/10.9790/3008-1203034046




