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Abstract 

This study was carried out to evaluate the antibacterial, antifungal and cytotoxic effects of chloroform, ethyl acetate and 
aqueous fractions obtained from a methanol 80 % extract of Cestrum nocturnum L. (family Solanaceae) aerial parts, and to 
investigate the bioactive constituents present in these fractions. The results showed that the chloroform fraction had the 
highest antibacterial effect and cytotoxicity against lung, colon and hepatocellular carcinoma cell lines, while the ethyl 
acetate fraction displayed the highest antifungal activity and cytotoxicity against cervical carcinoma cell lines. 
Phytochemical analysis showed the presence of triterpenes, coumarins and flavonoids in the chloroform fraction. Flavonoids, 
triterpenes and carbohydrates in the ethyl acetate fraction while tannins, flavonoids, saponins, carbohydrates and triterpenes 
were detected in the aqueous fraction. β-sitosterol, stigmasterol, protocatechuic acid and apigenin were isolated from the 
chloroform fraction; Kaempferol 8-O-methyl ether, kaempferol, kaempferol 3-O-α-rhamnoside and luteolin 7-O-β-glucoside 
were isolated from the ethyl acetate fraction, while kaempferol di-sugars: kaempferol 3-O-β-glucoside-7-O-α-rhamnoside 
and kaempferol 3,7-di-O-α-rhamnoside, were isolated from the aqueous fraction. This study proves the bioactivities of C. 
nocturnum aerial parts that can be explored as a source of medicinal compounds. 
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1. Introduction 

There is an urgent need to discover new antimicrobial 
and antitumor agents following the discovery of many 
infectious diseases (Hawkey, 2008; Jemal et al., 2011). 
Phytochemical screening of various plants revealed that 
secondary metabolites might be bioactive compounds with 
different properties such as antibacterial, antifungal, 
antioxidant, antidiabetic and anticancer (Gurib-Fakim, 
2006; Phillipson, 2007; Alonso-Castro et al., 2011). 
Therefore, compounds or extracts from the plant origin 
should be explored for the development of new 
formulations against different diseases.  

Cestrum nocturnum L. is an evergreen shrub from the 
family Solanaceae that grows in tropical and sub-tropical 
regions throughout the world (Roig, 1988). Leaves of C. 
nocturnum were used to treat burns and swellings (Perez-
Saad and Buznego, 2008). The volatile oil was used to 
prevent malaria (Mimaki et al., 2006). Leaves had 
significant analgesic and bactericidal effects (Huang et al., 
2006). The inhibitory effects on the central nerve system 

and cardiac arrhythmic effect of this plant are also 
documented (Zeng et al., 2002). Polysaccharides extracts 
of C. nocturnum had antitumor effects (Zhong et al., 
2008). Also the whole plant showed an antimicrobial 
activity against pathogenic microorganisms (Khan et al., 
2011). The essential oil from the plant showed an 
inhibition of some plant pathogens (Al-Reza et al., 2009a), 
and inhibitory effects on food-borne pathogens (Al-Reza et 
al., 2009b).  Its chloroform and toluene extracts gave 
behavior and analgesic effects (Rodriguez et al., 2005). 
Moreover, C. nocturnum leaves had calcinogenic 
glycoside (Mello, 2003), nocturnoside A and nocturnoside 
B (Ahmad et al., 1995), phenol glucosides (Sahai et al., 
1994), flavonol glycosides and steroidal saponins (Mimaki 
et al., 2001; Mimaki et al., 2002) and also some recent 
studies have been done on the plant (Doshi and Mukadam 
2016, Chaskar et al. 2017). In the present study, the 
antibacterial, antifungal and cytotoxic activities of 
different fractions obtained from C. nocturnum aerial parts 
were evaluated. Furthermore, a phytochemical characteri-
zation of each fraction was carried out in order to 
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understand the compounds involved in each individual 
fraction bioactivity. 

2. Material and Methods 

2.1. Equipments, Materials and Chemicals 

UV/VIS: Shimadzu UV-visible recording spectrophoto-
meter model-UV 240 (NRC, Egypt). Spectroscopic data 
(1H-NMR, 13C-NMR): Varian Unity Inova. MS (Finnigan 
MAT SSQ 7000, 70 ev). Silica gel (60-200 mesh, Merck) 
for column chromatography, Thin Layer Chromatography 
(TLC): pre-coated sheets of silica gel 60 F254 (Merck). 
Polyamide powder of caprolactam type (MN-polyamide 
SC6, Macherey Nagel, Pharmacia Fine Chemicals) for 
column chromatography, Paper Chromatography (PC), 
Whatman No.1 (Whatman Led. Maid Stone, Kent, 
England) sheets. Sephadex LH-20 (Sigma). Solvent 
mixtures, BAW (n-butanol: acetic acid: water 4:1:5 upper 
phase, 15% acetic acid: water: glacial acetic acid: 85:15).  
2.2. Plant Material  

Cestrum nocturnum aerial parts were collected from the 
Agricultural Research Centre, Giza, Egypt in May 2011 
during flowering and identified by Dr. Mohammed El-
Gebaly, Department of Botany, National Research Centre 
(NRC) and by Mrs. Tereez Labib, Consultant of Plant 
Taxonomy at the Ministry of Agriculture and director of 
Orman botanical garden, Giza, Egypt. A voucher specimen 
is deposited in the herbarium of Agricultural Research 
Centre, Giza, Egypt. 
2.3. Preparation of the Plant Extracts   

Air-dried powder from the aerial parts of C. nocturnum 
(680 g) was extracted with methanol 80 % several times at 
room temperature. The extract was concentrated to dryness 
by rotary evaporator giving 35 g of the crude extract. The 
extract was fractionated with chloroform, ethyl acetate 
solvents. The solvent of each partition was evaporated to 
dryness using rotary evaporator resulting in products 
weighing 9.5 g, 7 g and 16.5 g. of chloroform, ethyl 
acetate and water extraction, respectively. Each fraction 
was tested for the presence of bioactive compounds by 
using the following standard tests: Molisch test for 
carbohydrates, Shinoda test for flavonoids, Forth test for 
saponins, Salkowski for terpenes and sterols, FeCl3 and 
Mayer's reagents for the detection of tannins and alkaloids, 
respectively (Harborne, 1973; Trease and Evans, 1989; 
Sofowra, 1993). 
2.4. Antibacterial Activity 

The following Gram (-) (Enterobacter cloacae human 
isolate, Escherichia coli ATCC 35210, Pseudomonas 
aeruginosa ATCC 27853 and Salmonella typhimurium 
ATCC 13311) as well as Gram (+) bacteria (Bacillus 
cereus clinical isolate, Listeria monocytogenes NCTC 
7973, Micrococcus flavus ATCC 10240 and 
Staphylococcus aureus ATCC 6538) were used. These 
bacteria were obtained from Mycological Laboratory, 
Department of Plant Physiology, Institute for Biological 
Research ''Siniša Stanković'', University of Belgrade, 
Serbia. The antibacterial assay was carried out by 
microdilution method (Hanel and Raether, 1988; Espinel-
Ingroff, 2001). The bacterial suspensions were adjusted 

with sterile saline to a concentration of 1.0×105 CFU/mL. 
The inocula were prepared daily and stored at 4°C until 
use. Dilutions of the inocula were cultured on solid 
medium to verify the absence of contamination and to 
check the validity of the inoculum. The minimum 
inhibitory and bactericidal concentrations (MICs and 
MBCs) were determined using 96-well microtiter plates. 
The bacterial suspension was adjusted with sterile saline to 
a concentration of 1.0×105 CFU/mL. The fractions of the 
same samples (three samples repeated three times) and 
three extract samples were collected for testing (1 and 10 
mg/mL) in broth.  

Tryptic Soy Broth (TSB) medium (100 μL) with 
bacterial inoculum (1.0×104 CFU per well) to achieve the 
wanted concentrations. The microplates were incubated on 
rotary shaker (160 rpm) for twenty-four hours at 37°C. The 
following day, 30 μL of 0.2 mg/mL solution of INT (p-
iodonitrotetrazolium violet) were added, and the plates 
were returned to the incubator for at least one-half hour to 
ensure an adequate color reaction. Inhibition of growth 
was indicated by a clear solution or a definite decrease in 
color reaction. The lowest concentrations without visible 
growth (under the binocular microscope) were defined as 
concentrations that completely inhibited bacterial growth 
(MICs). The MBCs were determined by serial sub-
cultivation of 2 μL into microtiter plates containing 100 μL 
of broth per well and further incubation for twenty-four 
hours. The lowest concentration with no visible growth 
was defined as the MBC, indicating 99.5 % killing of the 
original inoculum. The optical density of each well was 
measured at a wavelength of 655 nm by microplate 
manager 4.0 (Bio-Rad Laboratories), and was compared 
with a blank and the positive control. The antibiotics 
streptomycin and ampicillin were used as positive controls 
(1 mg/mL in sterile physiological saline). Three 
independent experiments were performed in triplicate. 
2.5. Antifungal Activity 

The used fungi; Aspergillus fumigatus (ATCC 1022), 
Aspergillus versicolor (ATCC 11730), Aspergillus 
ochraceus (ATCC 12066), Aspergillus niger (ATCC 
6275), Trichoderma viride (IAM 5061), Penicillium 
funiculosum (ATCC 36839), Penicillium ochrochloron 
(ATCC 9112) and Penicillium verrucosum var. cyclopium 
were obtained from Mycology Laboratory, Department of 
Plant Physiology, Institute for Biological Research ''Siniša 
Stanković'', University of Belgrade, Serbia. The 
Micromycetes were maintained on malt agar and the 
cultures were stored at 4° C and sub-cultured once a 
month. The antifungal assay was carried out by a modified 
microdilution technique (Hanel and Raether, 1988; 
Espinel-Ingroff, 2001). The fungal spores were washed 
from the surface of agar plates with sterile 0.85 % saline 
containing 0.1 % Tween 80 (v/v). The spore suspension 
was adjusted with sterile saline to a concentration of 
approximately 1.0×105 in a final volume of 100 μL per 
well. The inocula were stored at 4° C for further use. 
Dilutions of the inoculum were cultured on solid malt agar 
to verify the absence of contamination and to check the 
validity of the inoculum. MIC determinations were 
performed by a serial dilution technique using 96-well 
microtiter plates. The examined fractions of the same 
sample (repeated three times) were diluted in 5 % of 
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DMSO (1 mg/mL and 10 mg/mL) and added in broth malt 
medium (MA) with inoculum. The microplates were 
incubated in a rotary shaker (160 rpm) for seventy-two 
hours at 28° C. The lowest concentrations without visible 
growth (at the binocular microscope) were defined as 
MICs. The fungicidal concentrations (MFCs) were 
determined by serial subcultivation of 2 μL of tested 
fractions dissolved in medium and inoculated for seventy-
two hours, into microtiter plates containing 100 μL of 
broth per well and further incubation for seventy-two 
hours at 28° C. The lowest concentration with no visible 
growth was defined as MFC indicating 99.5 % killing of 
the original inoculum. The fungicides bifonazole and 
ketoconazole were used as positive controls (1-3500 
μg/mL). Three independent experiments were performed 
in duplicate.                                                         
2.6. Cytotoxicity in Human Tumor Cell Lines and in Liver 
Primary Cell Culture 

Five human tumor cell lines were used: MCF-7 (breast 
adenocarcinoma), NCI-H460 (non-small cell lung cancer), 
HCT-15 (colon carcinoma), HeLa (cervical carcinoma) 
and HepG2 (hepatocellular carcinoma). Cells were 
routinely maintained as adherent cell cultures in RPMI-
1640 medium containing 10 % heat-inactivated fetal 
bovine serum (FBS) and 2 mM glutamine (MCF-7, NCI-
H460 and HCT-15) or in DMEM supplemented with 10 % 
FBS, 2 mM glutamine, 100 U/mL penicillin and 100 
mg/mL streptomycin (HeLa and HepG2 cells), at 37 ºC, in 
a humidified air incubator containing 5 % CO2. Each cell 
line was plated at an appropriate density (7.5 × 103 

cells/well for MCF-7, NCI-H460 and HCT-15 or 1.0 × 104 
cells/well for HeLa and HepG2) in 96-well plates. 
Sulforhodamine B assay was performed according to a 
procedure previously described by Guimarães et al., 
(2013).                          

For the hepatotoxicity evaluation, a cell culture was 
prepared from a freshly-harvested porcine liver obtained 
from a local slaughter house, according to a procedure 
established by Guimarães et al. (2013); it was designed as 
PLP2. Cultivation of the cells was continued with direct 
monitoring every two to three days using a phase contrast 
microscope. Before confluence was reached, cells were 
subcultured and plated in 96-well plates at a density of 
1.0×104 cells/well, and cultivated in DMEM medium with 
10 % FBS, 100 U/mL penicillin and 100 µg/mL 
streptomycin. Three independent experiments were 
performed in triplicate, and the results were expressed as 
mean values ± standard deviation (SD).                                                                                                          
2.7. Phytochemical Characterization of C. nocturnum 
Fractions 

2.7.1. Phytochemical Analysis of Chloroform Fraction 

 It was subjected to silica gel column chromatography 
using chloroform (CHCl3) as eluent and a gradually 
increasing amount of methanol (MeOH). Four compounds 
were isolated.  Compound one (see figure 3) isolated from 
CHCl3:MeOH (98:2) elution, and compound two was 
isolated through elution with CHCl3:MeOH (96:4). 
Compound three was isolated through elution with CHCl3: 
MeOH (90:10), and then compound four was isolated 
through elution with CHCl3: MeOH (85:15). 

2.7.2. Phytochemical Analysis of Ethyl Acetate Fraction 

 It was subjected to silica gel column chromatography 
using CHCl3 as eluent and a gradually increasing amount 
of ethyl acetate (EtOAc) and MeOH. Compound five was 
isolated from CHCl3: EtOAc (50:50) elution, compound 
six was isolated from EtOAc elution and compounds seven 
and eight were isolated through further elution with EtOAc 
and MeOH, gradually. 
2.7.3. Phytochemical Analysis of Aqueous Fraction 

 It was subjected to polyamide column chromatography 
using distilled water and gradually increasing amounts of 
MeOH. Compounds nine and ten were isolated through 
this elution. All the compounds were purified on sephadex 
LH–20 column which was eluted with mixtures of 
methanol with distilled water. 
2.7.4. Acid Hydrolysis of Flavonoid Glycosides  

Solutions of 5 mg of compounds 7, 8, 9 and 10 in 5 ml 
10% HCl were heated for five hours. The aglycones were 
extracted with EtOAc and identified by co-TLC with 
authentic standards. The sugars in the aqueous layer was 
identified by co-paper chromatography (co-PC) with 
authentic markers on Whatman No. 1 sheets in solvent 
system (n-BuOH-AcOH-H2O 4:1:5 upper layer). 

3. Results and Discussion 

The obtained results for the antibacterial and antifungal 
activity are presented in Tables 1 and 2, Figures 1 and 2, 
respectively. The chloroform fraction showed activity 
against all the tested bacteria (MIC 0.6-2.5 mg/mL and 
MBC 1.25-5.0 mg/mL); ethyl acetate fraction exhibited 
MICs of 1.25-3.75 mg/mL and MBCs of 2.5-7.5 mg/mL, 
and the aqueous fraction revealed MICs of 0.6-1.25 
mg/mL and MBCs of 1.25-5.0 mg/mL. It can be observed 
that the chloroform fraction gave the highest antibacterial 
activity, except for L. monocytogenes and E. cloacae, 
where the aqueous fraction showed a higher effect. The 
least effective was the ethyl acetate fraction. The most 
sensitive bacteria were E. cloacae, while the most resistant 
one was P. aeruginosa, followed by L. monocytogenes. 

 All the fractions were more active against microfungi 
(Table 2 and Figure 2). The chloroform fraction inhibited 
all microfungi at 0.15-0.6 mg/mL and completely stopped 
the growth at 0.3-1.25 mg/mL. The ethyl acetate fraction 
showed inhibitory concentrations at 0.075-0.3 mg/mL and 
fungicidal effects at 0.15-0.6 mg/mL. The aqueous extract 
showed MICs of 0.15-2.5 mg/mL and MFCs at 0.60-5.0 
mg/mL. The highest activity was observed for the ethyl 
acetate fraction, while the aqueous fraction showed the 
lowest antifungal effect.  The most sensitive microfungi 
was P. ochrochloron, on the other hand, A. fumigatus was 
the most resistant to the tested fractions. The ethyl acetate 
fraction showed higher antifungal effect towards P. 
ochrochloron than both mycotics. All the tested fractions 
exhibited higher antifungal activity against P. funiculosum 
than ketoconazole. Chloroform and ethyl acetate fractions 
possessed higher effect on P. verrucosum var. cyclopium 
than ketoconazole. The Chloroform extract showed the 
same MIC but higher MFC for A. niger and P. 
ochrochloron than ketoconazole. In general, bacteria are 
more resistant than fungi (Soković et al., 2010). The 
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observed antibacterial activity from the chloroform 
fraction can be attributed to the presence of compounds; 
stigmasterol isolated from that fraction has a moderate 
antibacterial effect when compared to the reference drug 
(ciprofloxacin). This confirmed the antibacterial activity of 
stigmasterol against Acetobacter sp., E. coli, S. aureus, 
Streptococcus sp., and P. aeruginosa (Sileshi et al., 2012); 
β-sitosterol also has a moderate antibacterial effect (Sileshi 

et al., 2012). Apigenin has a good antibacterial effect 
against several bacterial strains and the values are close to 
the antibacterial property of broad-spectrum, antibiotic 
tetracycline (Rui et al., 2013). Also, only chloroform 
fraction possessed coumarins which can have influence in 
its higher antibacterial effect. It has been reported that 
some groups in coumarins skeleton result in increasing 
lipophilicity of the molecule (Stavri and Gibbons, 2005). 

Table 1. Antibacterial activity of different fractions of Cestrum nocturnum aerial parts. 

* Minimum inhibitory concentration - MIC; Minimum bactericidal concentration - MBC. 

Table 2. Antifungal activity of different fractions of Cestrum nocturnum aerial parts. 

* Minimum inhibitory concentration - MIC; Minimum fungicidal concentration - MFC. 

Bacteria 

Chloroform 

MIC (mg/mL)* 

MBC (mg/mL) 

Ethyl acetate 

MIC (mg/mL) 

MBC (mg/mL) 

Aqueous 

MIC (mg/mL) 

MBC (mg/mL) 

Streptomycin 

MIC (mg/mL) 

MBC (mg/mL) 

Ampicillin 

MIC (mg/mL) 

MBC (mg/mL) 

Bacillus  

cereus 

0.6±0.06 

1.25±0.10 

1.25±0.10 

5.0±0.00 

1.25±0.00 

2.5±0.30 

0.05±0.005 

0.1±0.03 

0.1±0.05 

0.15±0.05 

Micrococcus  flavus 
0.6±0.00 

2.5±0.30 

1.25±0.10 

5.0±0.60 

1.25±0.00 

2.5±0.00 

0.125±0.015 

0.25±0.003 

0.1±0.00 

0.15±0.06 

Staphylococcus 
aureus 

0.6±0.06 

2.5±0.00 

2.5±0.30 

5.0±0.30 

1.25±0.10 

2.5±0.30 

0.25±0.003 

0.50±0.00 

0.1±0.05 

0.15±0.00 

14TListeria 
monocytogenes14T 

2.5±0.30 

5.0±0.60 

2.5±0.00 

5.0±0.00 

1.25±0.10 

5.0±0.60 

0.15±0.05 

0.30±0.03 

0.15±0.03 

0.30±0.01 

Escherichia coli 
0.6±0.00 

2.5±0.30 

1.25±0.10 

2.5±0.30 

1.25±0.10 

2.5±0.30 

0.10±0.03 

0.50±0.06 

0.30±0.05 

0.50±0.06 

Pseudomonas 
aeruginosa 

1.25±0.10 

2.5±0.30 

3.75±0.10 

7.5±0.00 

1.25±0.00 

2.5±0.30 

0.05±0.006 

0.10±0.0 

0.10±0.00 

0.20±0.05 

Enterobacter 
cloacae 

0.6±0.06 

2.5±0.30 

1.25±0.10 

5.0±0.60 

0.6±0.60 

1.25±0.00 

0.05±0.005 

0.10±0.06 

0.15±0.00 

0.20±0.06 

Salmonella 
typhimurium 

1.25±0.00 

2.5±0.30 

1.25±0.00 

5.0±0.30 

1.25±0.00 

2.5±0.30 

0.05±0.006 

0.10±0.03 

0.15±0.03 

0.20±0.00 

Fungi 
Chloroform 
MIC (mg/mL)* 
MBC (mg/mL) 

Ethyl acetate 
MIC (mg/mL) 
MBC (mg/mL) 

Aqueous 
MIC (mg/mL) 
MBC (mg/mL) 

Bifonazole 
MIC (mg/mL) 
MBC (mg/mL) 

Ketoconazole 
MIC (mg/mL) 
MBC (mg/mL) 

Aspergillus 
fumigatus 

0.6±0.06 
1.25±0.10 

0.3±0.00 
0.6±0.06 

2.5±0.00 
5.0±0.60 

0.15±0.03 
0.20±0.06 

0.20±0.03 
0.50±0.05 

Aspergillus 
versicolor 

0.6±0.00 
1.25±0.00 

0.3±0.06 
0.6±0.00 

0.6±0.06 
2.5±0.30 

0.10±0.05 
0.20±0.03 

0.20±0.03 
0.50±0.05 

Aspergillus 
ochraceus 

0.3±0.06 
0.6±0.06 

0.3±0.06 
0.6±0.00 

0.6±0.06 
1.25±0.00 

0.15±0.03 
0.20±0.06 

0.15±0.03 
0.20±0.06 

Aspergillus 
niger 

0.2±0.03 
0.3±0.00 

0.2±0.03 
0.6±0.06 

0.6±0.06 
1.25±0.10 

0.15±0.03 
0.20±0.03 

0.20±0.06 
0.50±0.05 

Penicillium 
verrucosum 

0.2±0.03 
0.3±0.03 

0.2±0.03 
0.6±0.06 

0.6±0.06 
1.25±0.00 

0.15±0.05 
0.20±0.03 

1.0±0.30 
1.0±0.30 

Penicillium 
ochrochloron 

0.15±0.03 
0.3±0.06 

0.075±0.00 
0.15±0.03 

0.15±0.03 
0.6±0.06 

0.20±0.06 
0.25±0.05 

0.20±0.03 
0.50±0.06 

Penicillium 
funiculosum 

0.3±0.00 
0.6±0.00 

0.3±0.06 
0.6±0.00 

0.15±0.00 
0.6±0.06 

0.20±0.03 
0.25±0.05 

2.5±0.30 
3.5±0.50 

Trichoderma 
viride 

0.6±0.06 
1.25±0.00 

0.3±0.06 
0.6±0.00 

0.15±0.00 
0.6±0.06 

0.10±0.05 
0.20±0.06 

0.20±0.03 
0.30±0.06 

http://www.springerlink.com/index/70274UJ0T5TYCB0P.pdf
http://www.springerlink.com/index/70274UJ0T5TYCB0P.pdf
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Figure 1. Antibacterial activity of the chloroform extract of 
Cestrum nocturnum aerial parts by microdilution method. 
Antibacterial effect of extract at different concentrations 0.6-2.5 
mg/mL (MIC and MBC). Comparison between control-bacterial 
growth (K-red color) and treated samples (yellow color MIC and 
MBC) and treated samples with no activity (red color) in INT 
assay. 

Figure 2. Antifungal activity of the chloroform extract of Cestrum 
nocturnum aerial parts by microdilution method. Control (K-
fungal growth) and treated samples (MIC and MFC, 0.2-1.25 
mg/mL–clean, transparent wells with no fungal growth, rows 1-3) 
and treated samples with fungal growth and no activity, rows 4-
10. 

Kaempferol isolated from ethyl acetate fraction showed 
a significant antimicrobial activity against all the tested 
organisms with MIC values between 16 and 63 μg/mL 
(Teffo et al., 2010). Kaempferol di-sugars isolated from 
aqueous fraction showed a good antimicrobial activity 
against most of the studied microorganisms (Salwa et al., 
2012).   

The three fractions revealed cytotoxicity against 
different human tumor cell lines (Table 3). Nevertheless, 
the chloroform fraction proved to be more active against 
NCI-H460 (lung carcinoma; GI50 70.54 µg/mL), HCT-15 
(colon carcinoma; GI50 86.65 µg/mL) and HepG2 
(hepatocellular carcinoma, GI50 171.83 µg/mL) cell lines, 
while the ethyl acetate and the aqueous fractions were 
more efficient against HeLa (cervical carcinoma, GI50 
57.48 µg/mL) and MCF-7 (breast carcinoma, GI50 55.28 
µg/mL) cell lines, respectively. The ethyl acetate fraction 
(up to 400 µg/mL) was not toxic to non tumor liver cells; 
the other two fractions showed some hepatotoxicity, but at 
higher concentrations than the ones allowing anti-tumor 

effects. Ellipticine, a positive control, was used as a 
standard for comparison with the studied fractions. 

The Cytotoxic activity observed for the chloroform 
fraction can be attributed to the presence of apigenin 
which showed a significant cytotoxic effect against 
different tumor cell lines (Rui et al., 2013). The observed 
cytotoxic activity of ethyl acetate fraction can be attributed 
to the presence of the main flavonoid constituent, luteolin 
7-O-glucoside which showed significant cytotoxicity 
(LDR50R = 85 ±34 μg/mL) (Rilka et al., 2003), while the 
observed cytotoxicity of the aqueous fraction can be 
attributed to the presence of kaempferol di-sugars. Many 
reports showed that kaempferol glycosides cause cell death 
in a variety of cancer cells (Brusselmans et al., 2005, 
Tomczyk et al., 2008). 

The results of phytochemical analysis of the fractions 
of C. nocturnum aerial parts from the methanol 80 % 
extract are included in Table 4. Triterpenes, coumarins and 
flavonoids were detected in the chloroform fraction. 
Flavonoids, triterpenes and carbohydrates were detected in 
the ethyl acetate fraction, while tannins, flavonoids, 
saponins, carbohydrates and triterpenes were detected in 
the aqueous fraction. Isolation and purification of 
chloroform, ethyl acetate and aqueous fractions allowed 
the identification of ten bioactive compounds: β-sitosterol, 
stigmasterol,  protocatechuic acid and apigenin from 
chloroform fraction; kaempferol 8-O-methyl ether, 
kaempferol, kaempferol 3-O-α-rhamnoside and luteolin 7-
O-β-glucoside from ethyl acetate fraction; and kaempferol-
disugars, kaempferol 3-O-β-glucoside-7-O-α-rhamnoside 
and kaempferol 3,7-di-O-α-rhamnoside from aqueous 
fraction (Figure 3). The chemical structures were 
determined by UV, P

1
PH-NMR, P

13
PC-NMR, and MS analyses. 

Table 3. Cytotoxicity of different fractions of Cestrum nocturnum 
aerial parts in human tumor cell lines and in non-tumor liver 
primary culture. 

 
Chloroform 
(GIR50R,  
µg/mL)* 

Ethyl acetate 
(GIR50R, 
 µg/mL) 

Aqueous 
(GIR50R, 
 µg/mL) 

Ellipticine 
(GIR50R, 
µg/mL) 

HCT-15 (colon 
carcinoma) 

86.65±5.86 223.00±4.03 98.11±8.48 1.91±0.06 

HepG2 
(hepatocellular 
carcinoma) 

171.83±11.85 213.18±9,50 225.86±16.92 3.22±0.67 

HeLa (cervical 
carcinoma) 

62.49±4.36 57.48±5.37 61.34±3.59 1.14±0.21 

MCF-7 (breast 
carcinoma) 

66.22±5.70 194.22±5.73 55.28±4.87 0.91±0.04 

NCI-H460 (lung 
carcinoma) 

70.54±6.56 185.27±5.18 83.41±0.91 1.42±0.00 

PLP2 (non-
tumour liver 
cells) 

323.44±9.67 >400 285.44±6.03 2.06±0.03 

* GIR50R values correspond to the sample concentration achieving 
50% of growth inhibition in human tumour cell lines or in liver 
primary culture PLP2.
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 Table 4. Phytochemical analysis of different fractions of Cestrum 
nocturnum aerial parts. 

* (-) denotes the absence of the constituents; (+) denotes the 
presence of the constituents.   

Figure 3. Chemical structure of the compounds isolated and 
identified in chloroform (1. β-sitosterol, 2. stigmasterol, 3. 
protocatechuic acid, 4. apigenin), ethyl acetate (5. kaempferol 8-
O-methyl ether, 6. kaempferol, 7. kaempferol 3-O-α-rhamnoside, 
8. luteolin 7-O-β-glucoside) and aqueous (9. kaempferol 3-O-β-
glucoside-7-O-α-rhamnoside, 10. kaempferol 3,7-di-O-α-
rhamnoside) fractions.   

4. Conclusions 

The present results proved that the chloroformR Rfraction 
possessed the highest antibacterial activity due to the 
presence of coumarins and the presence of β-sitosterol, 
stigmasterol, protocatechuic acid and apigenin which 
could also contribute to the highest antibacterial activity of 
that fraction, and to the highest cytotoxicity against lung, 
colon and hepatocellular carcinoma cell lines. On the other 
hand, compounds such as kaempferol 8-O-methyl ether, 
kaempferol, kaempferol 3-O-α-rhamnoside and luteolin 7-
O-β-glucoside could be related to the highest antifungal 
activity and cytotoxicity against cervical carcinoma cell 
line, displayed by the ethyl acetate fraction. Nevertheless, 
the different bioactivities exhibited by the fractions can 
also be due to the synergistic effect of different 
compounds present in the fractions or by the presence of 

other compounds that may be active even in small 
concentrations. The results obtained herein support the 
traditional medicinal use of Cestrum nocturnum, and 
provide grounds for further establishment of its use. 
Further studies are required to develop strategies for 
practical application.  

Conflict of interest 

There is no conflict of interest associated with the 
authors of this paper. 

Acknowledgements 

The authors are grateful to the strategic project PEst-
OE/AGR/UI0690/2011 for the financial support to CIMO. 
R. Calhelha thanks to FCT, POPH-QREN and FSE for his 
grant (SFRH/BD/78307/2011) and the Serbian Ministry of 
Education and Science, grant number 173032 for financial 
support. 

References  

Ahmad VU, Baqai FT and Ahmad RZ. 1995. A spirostanol. 
Naturforsch. 50:1104-1110. 

Al-Reza SM, Rahman A, Ahmed Y and Kang SC. 2009a. 
Inhibition of plant pathogens in vitro and in vivo with essential oil 
and organic extracts of Cestrum nocturnum L. Pesticide Biochem 
Physiol., 96: 86-92.  

Al-Reza S, Rahman A and Kang SC. 2009b. Chemical 
composition and inhibitory effect of essential oil and organic 
extracts of Cestrum nocturnum L. on food-borne pathogens Int J 
Food Sci Technol., 44:1176-1182. 

Alonso-Castro AJ, Villarreal ML, Salazar-Olivo LA, Gomez-
Sanchez M, Dominguez Fand Garcia-Carranca A. 2011. Mexican 
medicinal plants used for cancer treatment: Pharmacological, 
phytochemical and ethnobotanical studies. J Ethnopharmacol., 
133: 945-972. 

Bauer J, Rojas R and Bustamante B. 2003. Antimicrobial activity 
of selected Peruvian medicinal plants. J Ethnopharmacol., 88: 
199-204.  

Brusselmans K, Vrolix R, Verhoeven G and Swinnen JV. 2005. 
Induction of cancer cell apoptosis by flavonoids is associated with 
their ability to inhibit fatty acid synthase activity. J Biol Chem., 
280: 5636-5645. 

Chaskar PK, Tank SH and Doshi GM.2017.Gas Chromatography-
mass spectroscopy studies on Cestrum nocturnum macerated 
methanolic extract. Asian J Pharm Clin Res., 10 (3): 259-263. 

Doshi GM and Mukadam AS. 2016. Pharmacognostic 
quantification of flavonoids by high performance thin layer 
chromatography and in vitro cell line study on developed herbal 
formulation from Cestrum nocturnum plant extract. Int J Green 
Pharm., 10 (3):183-92. 

Espinel-Ingroff A. 2001. Comparation of the E-test with the 
NCCLS M38-P method for antifungal susceptibility testing of 
common and emerging pathogenic filamentous fungi. J Clin 
Microbiol., 39:1360-1367. 

Guimarães R, Barros L, Dueñas M, Calhelha RC, Carvalho AM, 
Santos Buelga C, Queiroz MJ and Ferreira IC. 2013. Nutrients, 
phytochemicals and bioactivity of wild Roman chamomile: a 
comparison between the herb and its preparations. Food Chem., 
136:718-725. 

Chemical Constituents Chloroform Ethyl acetate Aqueous 

Carbohydrates and/or 
glycosides - * + + 

Tannins 

Condensed tannins 
Hydrolysable tannins 

 

- 

- 

 

- 

- 

 

+ 

+ 

Alkaloids and/or 
nitrogenous bases - - - 

Flavonoids  + + + 

 Sterols and/or triterpenes  + + + 

 Saponins - - + 

 Coumarins + - - 



 © 2018 Jordan Journal of Biological Sciences. All rights reserved - Volume 11, Number 3 279 

Gurib-Fakim A. 2006. Medicinal plants: Traditions of yesterday 
and drugs of tomorrow. Mol Aspects  Med., 27: 1-93. 

Harborne  JB. 1973. Phytochemical Methods. Chapman and 
Hall. Ltd., London, pp 49-188. 

Hanel H and Raether W. 1988. A more sophisticated method of 
determining the fungicidal effect of water-insoluble preparations 
with a cell harvester, using miconazole as an example. Mycoses, 
31:148-154. 

Hawkey PM. 2008. The growing burden of antimicrobial 
resistance. J Antimicrob Chemoth., 62, 1-9. 

Huang LG, Zhang XC, Xiao H, Ye HY and Zeng J. 2006. 
Analgesic effect of Cestrum nocturnum L. extract on mice. Chin J 
Clin Rehab., 10: 172-174. 

Jemal A, Bray F, Center MM, Ferlay J, Ward E and Forman D. 
2011. Global Cancer Statistics. Cancer J Clin., 61: 69-90. 

Khan MA, Inayat H, Khan H, Saeed M, Khan I and Inayat, UR. 
2011. Antimicrobial activities of the whole plant of Cestrum 
nocturnum L. against pathogenic microorganisms. Afr J Microbiol 
Res., 5: 612-616.  

Mello JRB. (2003). Calcinosis-Calcinogenic plants (Review). 
Toxicon., 41: 1-12. 

Mimaki Y, Watanabe K, Ando Y, Sakuma C, Sashida Y, Furuya S 
and Sakagami H. 2001. Flavonol Glycosides and Steriodal 
Saponins from the leaves of Cestrum nocturnum and their 
cytotoxicity. J Nat Prod., 64: 17-22. 

Mimaki Y, Watanabe K, Sakauma C and Sashida Y. 2002. 
Steriodal Glycosides from the Leaves of Cestrum nocturnum. J 
Nat Prod., 65: 1863-1868. 

Mimaki Y, Ntonifor N N, Ngufor CA, Kimbi HK and Oben BO. 
2006. Traditional use of mosquito repellent to protect human 
against mosquito and other insect bites in rual community of 
Cameroon. East Afr Med J., 83: 553-558. 

Perez-Saad H and Buznego MT. 2008. Behavioral and 
antiepileptic effects of acute administration of the extract of the 
plant Cestrum nocturnum L. (lady of the night). Epilesy and 
Behaviour., 12: 366-372. 

Phillipson JD. 2007. Phytochemistry and pharmacognosy. 
Review. Phytochem., 68: 2960-2972. 

Rilka T, Maya M, Bozhanka M and Helmut D. 2003. Bioactive 
phenolics from Carthamus lanatus L. Z Naturforsch., 58c: 704-
707. 

Rodríguez MTB, Peña AC, Sarría EG, Cuéllar AC and Pérez-Saad 
H. 2005. Effect of chloroform and toluene extracts of Cestrum 

nocturnum L. on the animal´s exploring behavior and analgesia 
tests. Rev Cubana Plantas Med., 10: 212-219. 

Roig JT. 1988. Galán de noche. In: Plantas medicinales, 
aromáticas o venenosas de Cuba. Havana: Editorial Científico-
Técnica; pp 443–444. 

Rui L, Hongchi Z, Maosen Y, Jiao Z, Qin T, Jian-Jun L and Jinyi 
W. 2013. Synthesis and biological evaluation of apigenin 
derivatives as antibacterial and antiproliferative agents. 
Molecules, 18: 11496-11511. 

Sahai M, Singh M, Singh AK, Hara N and Fujimoto Y. 1994.  
Cesternosides  A  and  B,  novel  glucosides  from  the  leaves of 
Cestrum nocturnum. J Chem Res Synop., 1: 22-23. 

Salwa AK, Sameh RH, Mona MM, Lamyaa FI, Mohamed MIH 
and  Sabry IM El N. 2012. Flavonoid constituents from Morettia 
philaena (Del.) DC. and their antimicrobial activity. J Appl Sci 
Res., 8: 1484-1489.  

Sileshi W, Legesse A, Yinebeb T, Diriba M and Tadesse B. 2012. 
Evaluation of antibacterial activities of compounds isolated from 
Sida rhombifolia Linn. (Malvaceae). Nat Prod Chem Res., 1, 1-8. 

Sofowra A. 1993. Medicinal Plants and Traditional Medicine 
in Africa. Spectrum Books Ltd., Ibadan, Nigeria, pp 191-289. 

Soković M, Glamočlija J, Marin P, Brkić D and Van Griensven 
LJLD. 2010. Antibacterial effects of the essential oils of 
commonly consumed medicinal herbs using an in vitro model. 
Molecules, 15: 7532-7546. 

Stavri M and Gibbons S. 2005. The antimycobacterial constituents 
of dill (Anethum  graveolens). Phytother Res., 19: 938-941. 

Teffo LS, Aderogba MA and Aderogba JN. 2010. Aderogba 
antibacterial and antioxidant activities of four kaempferol methyl 
ethers isolated from Dodonaea viscosa Jacq. var. angustifolia leaf 
extracts. South Afr J Bot., 76: 25-29. 

Tomczyk M, Drozdowska D, Bielawska A, Bielawski K and 
Gudej J. 2008. Human DNA topoisomerase inhibitors from 
Potentilla argentea and their cytotoxic effect against MCF-7. 
Pharmazie 63:389-393. 

Trease GE and Evans WC. 1989. Pharmacology, 11 P

th
P edn., 

Bailliere Tindall, London, 45-50. 

Zeng J, Huang XH and Yan JG. 2002. Effect of Cestrum 
nocturnum aqueous extract on cardiac arrhythmias. Drug Dev 
Res., 55: 247-252.  

Zhong ZG, Zhao SY, Lv JY and Li P. 2008. Experimental study 
on antitumor effect of extracts from Cestrum nocturnum in vivo. 
Zhong Yao Cai (in Chinese) 31: 1709-12. 

 

 


