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ABSTRACT

Justicia gendarussa Burm f. (Acanthaceae) is known for its activity as a male contraceptive and anti-HIV properties. The present 
study was designed to evaluate extracts of J. gendarussa for cytotoxicity activity against MOLT-4 cells. The cytotoxic activity of the 
fractionated-extract and 70% ethanol extracts of J. gendarussa leaves on MOLT-4 cells were evaluated using a WST-1 assay. The 
treatment cells, control cells without treatment and control media were also tested in duplicate. The absorbance was measured at a 
wavelength of 450 nm using a microplate absorbance reader (Bio-Rad). The average absorbance measures formazan produced by 
viable cells that metabolize the WST-1 reagent. Then the data was analyzed with regression analysis Microsoft Excel 2007 program to 
determine the concentration with 50% cell viability (50% Cytotoxicity Concentration, CC50). The CC50 values of the fractionated-extract 
and 70% ethanol extract of J. gendarussa leaves were 94 μg/ml and 78 μg/ml, respectively. The cytotoxicity of fractionated-extract and 
70% ethanol extract of J. gendarussa leaves were not significantly different (p > 0.05). It can be concluded that the fractionated-extract 
and 70% ethanol extract of J. gendarussa leaves are not toxic to MOLT-4 cells.
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ABSTRAK

Justicia gendarussa burm f. (acanthaceae) dikenal untuk aktivitasnya sebagai konstrasepsi pria dan bersifat anti-hiv. Studi ini 
dirancang untuk mengevaluasi ekstrak J. gendarussa untuk aktivitas sitotoksisitas terhadap sel MOLT-4. Aktivitas sitotoksisitas dari 
esktrak terfraksinasi dan ekstrak entanol 70% daun J. gendarussa pada sel molt-4 dievaluasi menggunakan sebuah uji WST-1. Sel 
dengan perlakuan, sel control tanpa perlakuan serta kontrol media juga diuji berulang. Nilai absorbansi diukur pada panjang gelombang 
450nm menggunakan microplate absorbance reader (Bio-Rad). Nilai absorbansi rata-rata mengukur formazan yang dihasilkan oleh 
sel yang bermetabolisis denga reage WST-1. Kemudian data dianalisis menggunakan analisis regresi program Microsoft Excel 2007 
untuk menentukan konsentrasi viabilitas sel 50% (50% Cytotoxicity Concentration, CC50). Nilai CC50 dari ekstrak terfraksinasi dan 
ekstrak entanol 70% daun J. gendarussa adalah 94 μg/ml dan 78 μg/ml, secara berturut-turut. Sitotoksisitas dari ekstrak terfraksinasi 
dan ekstrak entanol 70% daun J. gendarussa tidak jauh berbeda gendarussa (p > 0,05). Dapat disimpulkan bahwa ekstrak terfraksinasi 
dan ekstrak entanol 70% daun J. gendarussa tidak beracun untuk sel MOLT-4.

Kata kunci: sitotoksisitas, Justicia gendarussa Burm.f, sel MOLT-4, uji WST-1
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INTRODUCTION

Justicia gendarussa Burm f. (Acanthaceae) leaves 
are often used in traditional medicine to treat fever, 
headache, rheumatism, myalgia, respiratory disorders, 

and back pain.1 J. gendarussa is also used in Papua as a 
male contraceptive. A pre-clinical study of an alkaloid-
free 70% ethanol extract of J. gendarussa leaf extract has 
confirmed male contraceptive activity.2 The 70% ethanol 
leaf extract (with alkaloids and without alkaloids) from J. 
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gendarussa also have HIV reverse transcriptase enzyme 
inhibition activity.3

Studies on the in vitro and in vivo toxicity of J. gendarussa 
leaf extract were previously performed. The administration 
of a water extract of J. gendarussa leaves in male rabbits 
did not affect liver and renal function.4 The 60% ethanol 
and water fraction of the ethanol extract of J. gendarussa 
leaves were non-toxic in acute toxicity and teratogenic 
tests. Cytotoxicity in human normal lymphocytes cells of 
the water fraction from the ethanol extract of J. Gendarussa 
leaves had a CC50 of 3215.7 μg/ml.5 Cytotoxicity activities 
of the methanol extract of J. Gendarussa leaves obtained 
from 4 locations in Malaysia (Regions of Muar, Skundal, 
Batu Pahat, and Pulai) against human cancer cells lines 
such as HT-29 (colon adenocarcinoma), HeLa cells (cervix 
adenocarcinoma), and the BxPC-3 cells (epitheloid cervix 
adenocarcinoma), as well as MDA-MB-468 and MDA-
MB-231 cells (breast cancer cells) using a MTT reagent 
colorimetric method were also reported as non toxic with 
CC50 values greater than 41 μg/ml. However, the methanol 
extract of J. gendarussa leaves from the Mersing region 
was toxic to BxPC-3 cells, HeLa cells, MDA-MB-468 and 
MDA-MB-231 cells with the CC50 values of 16 μg/ml, 5 
μg/ml, 23 μg/ml, and 40 μg/ml respectively.6,7

The leaves of J. gendarussa plants contain a substituted 
aromatic amine,8 flavonoid glycosides including gendarusin 
A and B2, and justidrusamide alkaloids A, B, C, and 
D.9 Male contraceptive activity has been attributed to 
gendarusin A and B isolated from the n-butanol fraction 
of J. gendarussa leaves.2

Flavonoids are antioxidants which can protect cells from 
oxidative stress. Flavonoid compounds from J. gendarussa 
also serve as a natural resource of anti-HIV therapy for 
AIDS subjects by inhibiting HIV reverse transcriptase.10,11 
However, in high concentrations, flavonoids and other 
polyphenols can also be cytotoxic, causing increased 
mitochondria permeability, secretion of cytochrome c, 
capsase activation, increased p53 and p21 levels, depressed 
bcl-2, apoptosis induction, and cell necrosis.12, 13, 14, 15,16,17 
Alkaloids also have pharmacologic activities useful in the 
treatment of disease18 but may also be toxic to man.

Thus, cytotoxicity testing against MOLT-4 cells was 
performed to evaluate the relative toxicity potential using 
a fractionated-extract (alkaloid-free) and a 70% ethanol 
extract of J. gendarussa leaves to assess the safety of 
J. gendarussa leaf extracts used in preliminary male 
contraceptive clinical trials.

MATERIALS AND METHODS

MATERIALS

Plants
Justicia gendarussa Burm f. leaves used in this study 

were obtained from a cultivated crop in Trawas, Mojokerto, 
East Java-Indonesia. The medicinal plants were identified 

by Department of Pharmacognosy and Phytochemistry, 
Faculty of Pharmacy, Universitas Airlangga, Surabaya.

70% pharmaceutical grade ethanol, pro HPLC 
methanol (Merck), sterile water for injection, aquadest 
(pure water) from CRC-EIRD (ITD Surabaya), RPMI-
1640 media (Gibco), natrium bicarbonate (Merck), Fetal 
Bovine Serum (FBS) (Gibco) (inactivated at 56 °C for 30 
min), Reagent(4-3 (4-iodophenyl)-2-(4-niitrophenyl)-2D-
5-tetrazolio]-1,3-benzen disulfonate) (WST-1)(Roche), 
dimethyl sulfoxide (DMSO) (Sigma), and nitrocellulose 
0.2 μm membrane filter (Whatman).

Cells
MOLT-4 cells clone#8 (human T lymphocytes cancer 

cells line) were obtained from the Bio-safety Level-3 
facility CRC-ERID, ITD, Surabaya. MOLT-4 cells were 
cultured on RPMI-1640 media, with 10% FBS and kept in 
CCF T25 at a temperature of 37 °C in a 5% CO2 incubator 
(Sanyo).

METHODS

Preparation of sample
J. gendarussa leaves powder was divided into 2 

fractions, a leaf powder with releasing alkaloids and a 
leaf powder with non-releasing alkaloids. Both powders 
were extracted using 70% ethanol during 324 hours in 
macerator and the filtrate obtained evaporated using a rotary 
evaporator (Buchi). The two extracts were dried at 50 °C 
until fractionated with 70% ethanol extract (alkaloid-free; 
2.4% w/w) and 70% ethanol extract (10.8% w/w).

A stock solution was made by dissolving 100 mg of each 
extract in 1000 μl DMSO and then diluted using RPMI-1640 
medium with 10% FBS to obtain various concentrations 
(7.8; 15.6; 31.3; 62.5; 125.0; 250.0; 500.0; and 1000.0 μg/
ml) for each trial extract. The concentration of DMSO used 
was less than 1% which does not affect viability.19

Detection of Flavonoid in J. gendarussa Leaf Extract
The content of gendarusin A, the major flavonoid in 

J. Gendarussa leaves, was analysed by a Waters HPLC 
(Agilent 1100, reverse phase NovaPack® column C-18 
3.9150 mm using a water:methanol (30:70) eluent with 
a flow rate of 1 ml/min, and a UV detector at 254 nm 
wavelength).

Cytotoxicity Assay
Cytotoxicity of the extracts on MOLT-4 cells was 

measured using a colorimetric method with WST-1 reagent 
(Roche). Briefly, 50 μl MOLT-4 cells (1105cells/well) were 
plated in each well on a 96-well microplate. 50 μl of extract 
at various concentrations were also added to each well, 
and incubated for 72 hr at 37 °C in a 5% CO2 incubator. 
The treatment cells, control cells without treatment and 
control media were also tested in duplicate. Total volume 
in each well was 100 μl. After 72 hr of incubation, 10 μl 
WST-1 reagents was added into each well and incubated 
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for an additional 2 hrs at 37 °C in a 5% CO2 incubator. The 
absorbance was measured at a wavelength of 450 nm using 
a microplate absorbance reader (Bio-Rad). The average 
absorbance measures formazan produced by viable cells 
that metabolize the WST-1 reagent. The percentage cell 
viability was determined by the equation below:

Statistical Analysis
The collected data was analyzed with regression 

analysis Microsoft Excel 2007 program to determine the 
concentration with 50% cell viability (50% Cytotoxicity 
Concentration, CC50). The comparison of cytotoxicity 
activities of both extracts were tested using a paired t-test 
analysis (Microsoft Excel 2007 program). The difference 
was considered to be significant if the probability was 
p < 0.05. 

RESULTS AND DISCUSSION

The leaf extracts of J. gendarussa tested had low 
toxicity to MOLT-4 cells with decreased MOLT-4 cell 
viability with increasing extract concentrations (Table 1). 
Based on regression analysis, the CC50 of the 70% ethanol 
extract was 78 μg/ml, while fractionated-70% ethanol 
extract was 94 μg/m.

Table 1. Cytotoxicity test of 70% ethanol extract and fractionated-70% 
ethanol extract to MOLT-4 cells incubated for 72 hr

Extract Concentration 
(μg/ml)

Cells Viabilities (%) ± SD
70% Ethanol 

Extract
Fractionated-70% 
Ethanol Extract

7.8 101.4 ± 2.9 100.4 ± 1.2
15.6 91.3 ± 4.9 89.8 ± 3.8
31.3 72.2 ± 8.8 81.1 ± 12.1
62.5 51.2 ± 1.3 67.7 ± 6.1
125.0 35.1 ± 6.1 37.4 ± 2.5
250.0 15.1 ± 6.1 22.5 ± 0.6
500.0 8.9 ± 5.6 7.3 ± 0.9
1000.0 3.2 ± 11.8 4.7 ± 0.9

A comparison of extract cytotoxicity activity was 
performed using a paired t-test analysis based on the 
percentage of cell viability for each treatment. Based on 
the t-test, t = -1.786, t table (0.05) = ± 2.365, the significance 
value is 0.117 or 11.7% which is larger than 0.05 or 5%. 
Based on t-test results, there was no significant difference 
for cytotoxicity activitiy on MOLT-4 cells between the 
fractionated-70% ethanol extract and the 70% ethanol 
extract of J. gendarussa leaves (p > 0.05).

HPLC chromatograms show gendarusin A content in 
the fractionated-70% ethanol extract (Fig. 1b) and the 70% 
ethanol extract (Fig. 1c) as a major flavonoid component 

of J. gendarussa leaves. Fractionated-70% ethanol extract 
and 70% ethanol extract of J. gendarussa leaves contain 
0.53% and 0.95% of gendarusin A, respectively.

Cytotoxicity activity were evaluated to identify the 
relative toxicity of fractionated-70% ethanol extract and 
70% ethanol extracts from J. Gendarussa leaves to MOLT-4 
human T-lymphocytes line cells using a WST-1 test. The 
test is based on the reduction of tetrazolium sodium salt 
(4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-
1,3-benzendisulfonate) (water-soluble tetrazolium salt, 
WST-1) by a succinate-tetrazolium reductase system of 
the mitochondria respiratory chain. This enzyme system 
is only active in viable cells. The WST-1 reduction 
process produces soluble formazan with a bright colour. 
Absorbance measurements of formazan are directly related 
to cell viability.20,21

a

gendarusin A 

b

c

gendarusin A gendarusin A 
gendarusin A

Figure 1. Chromatogram profile of (a) gendarusin A - 12.8 
μg/ml solution; (b) gendarusin A in 5000.0 μg/ml of 
the fractionated-70% ethanol extract of J. gendarussa 
leaves; and (c) gendarusin A in 5000.0 μg/ml of the 
70% ethanol extract of J. gendarussa leaves.

The cytotoxicity activity of the extract was measured 
as the concentration of extract that reduces cell viability or 
cell growth by 50% (CC50). The cytotoxicity levels were 
based on previous studies where CC50 values less than 
20 μg/ml were considered as cytotoxic, 21–40 μg/ml as 
low cytotoxicity, and over 41 μg/ml as not cytotoxic.22,23,24 



27Widiyanti, et al.: Cytotoxicity of Justicia gendarussa Burm F. Leaf Extracts on Molt-4 Cell

Using this criteria, fractionated-70% ethanol extract (CC50 
-93 μg/ml) and 70% ethanol extract (CC50-78 μg/ml) of 
J. gendarussa leaves are considered non-cytotoxic to 
MOLT-4 cells. 

The cytotoxicity activity of fractionated-70% ethanol 
extract and 70% ethanol extract of J. gendarussa leaves at 
various concentrations on MOLT-4 cell viability are found 
in Fig 2. The reduction of cell viability is reflected by the 
inhibition of cell growth related to the suppression of cell 
proliferation activities so that the total number of dividing or 
living cells are decreased. Various cell signalling activities 
involved in protein expression of the programmed cells 
death such as bid, bax, and bcl-2 are likely to be activated 
when cell lines are exposed to active compounds contained 
in the extract25 causing an increase in programmed cell 
death (apoptosis).26 Testing by using tetrazolium only 
measures the formation of formazan (which is related to 
mitochondria living cell activities) but it is not able to 
determine the cause of cell death.27

There was no statistical difference between the two 
extracts despite having twice the amount of gendarusin A 
in the extract which indicates that gendarusin A probably 
does not significantly contribute to the cytotoxicity of the 
extract. The alkaloids present in the 70% ethanol extract 
probably contributed to the cytotoxicity but also did not 
result in a significant difference between the alkaloid free 
and the alkaloid containing extracts.

Figure 2. Comparison of the effect of various concentrations 
of fractionated-70% ethanol extract and 70% ethanol 
extract of J. gendarussa leaves on MOLT-4 cell 
viability with a 72 hr incubation period.

CONSLUSIONS

Fractionated-70% ethanol extract and 70% ethanol 
extract of J. gendarussa leaves are relatively non-cytotoxic 
to MOLT-4 cells with no significant difference of 
cytotoxicity between the fractionated-70% ethanol extract 
and 70% ethanol extract (p > 0.05).

ACKNOWLEDGEMENTS

The authors would like to thank the Collaborative 
Research Center for Emerging and Reemerging Infectious 
Disease (CRC-ERID), Institute of Tropical Disease (ITD), 
Airlangga University, Surabaya for Bio-safety Level-3 
facilities.

REFERENCES

 1. Ratnasooriya WD, Deraniyagala SA, Dehigaspitiya DC. Antinoceptive 
activity and toxicological study of aqueous leaf extract of Justicia 
gendarussa Burm f. in rats. Pharmacogn Mag, 3, 2007: 145–155.

 2. Prajogo B, Guliet D, Queiroz F, Wolfernder J-L, Cholies N, Aucky 
H, Hostettmann K. Isolation of Male Antifertility Compound in 
n-Butanol Fraction of Justicia gendarussa Burm f. Leaves. Folia 
Medica Indonesiana, 45 (1) 2009: 28–31.

 3. Prajogo B, Widiyanti P, and Riza H. Effect of Ethanolic Extract of 
Justicia gendarussa Burm f. Against Activity of Reverse Transcriptase 
HIV Enzyme In Vitro. Jurnal Bahan Alam Indonesia, 8 (6) 2014: 
384–388.

 4. Prajogo B, Ifadotunnikmah F, Febriyanti AP, Jusak N. Efek Fase Air 
Daun Gandarusa (Justicia gendarussa Burm.f) pada Fungsi Hati dan 
Fungsi Ginjal Kelinci Jantan (Uji Toksisitas Fase Air Daun Gandarusa 
Sebagai Bahan Kontrasepsi Pria). Veterinaria Medika, 1(3) 2008: 
79–82.

 5. Prajogo B. Autentik Tanaman Justicia gendarussa Burm f. Sebagai 
Bahan Baku Obat Kontrasepsi Pria. Surabaya: Airlangga University 
Press dengan LP3 UNAIR; 2014.

 6. Ayob Z, Samad AA, Bohari SPM. Cytotoxicity Activities in Local 
Justicia gendarussa Crude Extracts against Human Cell Lines. 
JurnalTeknologi, 64 (2) 2013: 45–52.

 7. Ayob Z, Bohari SPM, Samad AA, Jamil S. Cytotoxicity Activities 
in against Breast Cancer Cell of Local Justicia gendarussa Crude 
Extracts. Evidance-Based Complementary and Alternative Medicine, 
2014: 1–12.

 8. Chakravarty AK, Dastiar PPG, and Pakrashi SC. Simple Aromatic 
Amines from Justicia gendarussa 13C NMR Spectra of the Bases and 
Their Analogues. Tetrahedron, 18(12) 1982: 1797–1802. 

 9. Kiren Y, Deguchi J, Hirasawa Y, Morita H, Prajogo, B.Justidrusamides 
A-D, new 2-aminobenzyl Alcohol Derivatives from Justicia 
gendarussa. Journal of Natural Medicines; 2014.

 10. Veljkovic V, Mouscadet J-F, Veljkovic N, Glisic S, Debyser Z. 
Simple Criterion for Selection of Flavonoid Compounds with Anti-
HIV Activity. Bioorganic and Medicinal Chemistry Letters, 17, 2007: 
1226–1232.

 11. Ko Y-J, Oh H-J, Ahn H-M, Kang H-J, Kim J-H, Ko, YH. Flavonoids 
as Potential Inhiibitors of Retroviral Enzymes. J. Korean Soc. Appl. 
Biol. Chem, 52 (4) 2009: 321–326.

 12. Bolton JL, Trush MA, Penning TM, Dryhurst G, Monks TJ. Role of 
Quinones in Toxicology. Chem Res Toxicol, 13 2000: 135–160.

 13. Inayat-Hussain SH, Winski SL, Ross D. Different Involvement of 
Caspase in Hydroquinone-induced Apoptosis in Human Leucemic 
HL-60 and Jurcat Cells. ToxicolAppliPharmacol, 175 2001: 
95–103.

 14. Morin D, Barthelemy S, Zini R, Labidalle S, Tillement, JP. Curcumin 
Induces the Mitochondrial Permeability Transition Pore by Membrane 
Protein Thiol Oxidation. FEBSLett, 495, 2005: 131–136.

 15. Salvi M, Brunati AM, Clari G, Toninello A. Interaction of Genistein 
with the Mitochondrial Electron Transport Chain Results in the 
Opening of the Membrane Transition Pore. Biochim Biophys 
Acta,1556, 2005: 187–156.



28 Indonesian Journal of Tropical and Infectious Disease, Vol. 6. No. 1 January–April 2016: 24−28

 16. Shen SC, Ko CH, Tseng SW, Tsai SH, Chen YC. Structurally Related 
Antitumor Effects of Flavanones in vitro and in vivo: Involvement of 
Caspase 3 Activation, p21 Gene Expression, and Reactive Oxygen 
Species Production. Toxicol Appl Pharmacol, 197, 2004: 84–95.

17. Lee MH, Dan DW, Hyon SH, Park, JC. Apoptosis of Human 
Fibrosarcoma HT-1080 Cell by Epigallocathecin-3-O-gallate via 
induction of p53 and Caspase as well as Supression of Bcl-2 and 
Phosphorylated Nuclear Factor-κB. Apoptosis, 16, 2011: 75–85.

 18. Harborne JB. Metode Fitokimia: Penuntun Cara Modern 
Menganalisis Tumbuhan, diterjemahkan oleh Padmawinata, K., dan 
Soediro, I. Bandung: Penerbit ITB; 1987.

 19. Awah FM, Uzoegwu PN, Ifeonu P, Oyugi JO, Rutherford J, Yao X, 
Fehrmann F, Fowke KR, Eze MO. Free radical scavenging activity, 
phenolic contents and cytotoxicity of selected Nigerian medicinal 
plants. Food Chemistry. 2012: 131: 1279–1286.

 20. Berridge MV, Herst PM, Tan AS. Tetrazolium dyes as Tools in Cell 
Biology: New Insights into Their Cellular Reduction. Biotechnology 
Annual Review, 11 2005: 127–151.

 21. Rampersad SN. Multiple Applications of Alamar Blue as an Indicator 
of Metabolic Function and Cellular Health in Cell Viability Bioassays. 
Sensors, 12, 2012: 12347–12360.

 22. Geran, Greenberg, Macdonald, Schumacher, Abbott. Protocol for 
Screening Chemical Agent and Natural Products against Animal 
Tumors and Other Biological Systems. Cancer Chemotherapy 
Reports, 3 1972: 1–103.

23. Mohamed SM, Ali AM, Rahmani M, Dhaliwal JS, Yusoff K. 
Apoptotic and Neurotic Cell Death Manifestations in Leukemic Cell 
treated with Methylgerambulin a Sulphone from Glycosmiscalcicola. 
Journal Biochemistry Molecular Biology and Biopysiology, 4, 2000: 
253–261.

24. Rohaya, Manaf A, Daud, NorHadiani, Khozirah, Nordin. Antioxidant, 
Radical-Scavenging, Anti-inflammatory, Cytotoxic and Antibacterial 
Activities of Methanolic Extracts of Some Hedyotis Species. Life 
Sciences. 76, 2005: 1953–1964.

 25. Singh R. Interaction and Cytotoxicity of Compounds with Human 
Cell Lines. Rom. J. Biochem, 51 (1) 2014: 57–74.

 26. Astuti E, Pranowo D, Puspitasari SD. Cytotoxicity of Phaleriamacro 
carpa (Scheff.) Boerl. Fruit Meat and Seed Ethanol Extract to 
Mononuclear Perifer Normal Cell of Human Body. Indo J Chem, 
6 (2) 2006: 212–218.

 27. Paul A. Manjula. Cytotoxic and Antiproliferative Activity of Indian 
Medicinal Plant in Cancer Cell. International Journal of Science and 
Research, 3 (6) 2014: 88–93


