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INTRODUCTION

Natural products and their derivatives have historically 
been exploited as a valuable source of novel therapeutic 
agents.[1] Further, a large proportion of plant based 
compounds are used as lead molecules in drug 
discovery to produce synthetic molecular analogs, 
implying that phytochemicals play a critical role 
in diversity‑oriented synthesis  (DOS) of natural 
product‑like pharma‑compounds.[2]

Syzygium caryophyllatum is one of the species that 
has been categorized as endangered tree species 
under the international nature for conservation of 
nature (IUCN)[3] red list of threatened species. Syzygium 
is a genus of flowering plants comprising of about 
1200 species, having a native range in tropical Africa, 
subtropical to tropical Asia, Australia, New Caledonia, 
New Zealand, Pacific islands.[4] 80 species are reported 
from China[5] and more than 75 species from India.[6] 
Syzygium species exhibit antidiabetic,[7] antifungal,[8‑10] 
anti‑inflammatory,[11] antibacterial,[10,12] antioxidant,[10,13] 
antihyperlipidemic,[14] and growth inhibitory effects 

against oral pathogens.[15] The Syzygium species are 
also found to posses antihyperglycemic activity,[16] 
cytotoxic,[10,17] anti‑angiogenic,[17] and anti‑nociceptive 
activity.[18] To the best of our knowledge no study 
on the biological activity of Syzygium caryophyllatum 
is reported so far. Thus, in the present study, the 
antimicrobial, antioxidant and cytotoxicity of the extract 
were evaluated.

MATERIALS AND METHODS

Plant material of Syzygium caryophyllatum was collected 
from Pozhuthana, Wayanad district in the state of 
Kerala in India, during September 2010, and identified 
as Syzygium caryophyllatum. Freshly harvested 1  kg 
leaves of S. caryophyllatum were shade dried at room 
temperature until disappearance of moisture. Dried 
leaves were grounded to fine powder using a table 
top mixer. 400 g of ground powder was added with 
900 ml of ethyl acetate and kept at room temperature 
for 12 hours with 6-8 shakes. Compound extraction 
was carried out using Soxhlet apparatus[19] at 77°C for 
4 hours. The solvent was collected and evaporated 
at 77°C using a Rotary Evaporator. Colloidal stage of 
extract with ethyl acetate was collected from Soxhlet 
and dried under laminar air flow and dried extract kept 
under 4°C until use.

Four bacterial strains  (Aeromonas hydrophila , 
Staphylococcus  aureus, Bacillus subtilis and Entercoccus 
faecalis) and three fungal  (Aspergillus niger, Alternaria 
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alternata and Pencillium chrysogenum) species were used in 
the study. The bacterial stock culture were maintained on 
nutrient agar medium and fungal culture on potato dextrose 
agar medium, stored at 4°C.

The extracts were tested for their antimicrobial activity 
using disc diffusion method. Bacterial species were 
sub‑cultured on nutrient agar medium and fungal 
species on potato dextrose agar medium, which were 
then incubated at 37°C for 24 hours and 27°C for 48 
hours respectively. Test solutions of dried extracts at 
concentrations of 1000 μg, 500 μg, 250 μg, 100 μg/ml were 
impregnated on sterile discs. Ampicillin and Nystatin 
were used as positive controls. The disc impregnated with 
ethyl acetate was used as negative control. The discs were 
placed on the surface of the nutrient agar for bacteria and 
incubated at 37°C for 24 hours, and on the surface of the 
potato dextrose agar for fungi and incubated at 27°C for 48 
hours. Inhibition zones were calculated as the difference 
between disc diameter  (6 mm) and the diameters of 
inhibition.[20] Antibacterial activities were evaluated by 
determining minimum inhibitory concentration using 
micro broth dilution assay.[21]

The free radical scavenging activity was evaluated by 
measuring the scavenging activity of the sample on 
2,2‑diphenyl‑1‑picrylhydrazyl (DPPH).[22] Using methanol 
as a solvent, sample was prepared to the concentration of 
1 mg/ml. Pure methanol was used as blank and butylated 
hydroxyl toluene  (BHT) was taken as the standard. 
2.7 ml of methanol, 100 μl of sample and 200 μl of DPPH 
reagent (1 mg/ml) were added and these mixtures kept 
in dark incubation at RT for 30  mins. Samples were 
visualized in UV‑VIS spectrophotometer at a wavelength 
of 517 nm.

Percentage of DPPH radical scavenging activity of the 
sample was calculated as:

= [(ADPPH ‑ AS)/ADPPH] ×100

Where,
AS is the absorbance of the solution with sample extract is 
added at a particular level
ADPPH is the absorbance of the DPPH solution.

Human liver carcinoma cell lines  (HEp2) purchased 
from National Centre for Cell Science, Pune was used for 
the study. The cell line was grown and maintained in a 
humidified incubator at 37°C and in 5% CO2 atmosphere. 
Minimum essential medium  (MEM) supplemented with 
10% fetal bovine serum (FBS), 100 units/ml penicillin and 
100  lg/ml streptomycin was used for the cell culture of 
HEp2.

Anticancer activity of the sample was measured using 
3‑(4, 5‑dimethyl thiazol‑2yl)‑2, 5‑diphenyl tetrazolium 
bromide  (MTT) assay.[23] The monolayer culture of 
Hep2 cells at a concentration of 10 cells/ml/well were seeded 
in 24 well titre plates. The cells were permitted to adhere 
for 24 hours, and the growth medium  (MEM) removed 
using micropipette and the monolayer of cells washed twice 
with MEM without FBS to remove dead cells and excess 
FBS. 1ml of medium  (without FBS) containing different 
dilution of drugs were added in respective wells; 200 μl of 
MTT (5 mg/ml in PBS) were added to each well, and the 
cells incubated for a further 6-7 hrs in 5% CO2 incubator. 
After removal of the medium, 1ml of DMSO was added to 
each well. Absorbance was recorded at the wavelength of 
570 nm. The effect of extracts on cell growth inhibition was 
assessed as percent cell viability, where vehicle‑treated cells 
were taken as 100% viable.

Percentage of viable cell concentration was calculated thus:
Viability (%) = [(Mean OD/Control OD)‑1] ×100

Mean value of antimicrobial and anticancer were calculated 
for three assays. Antioxidant assay was repeated three times 
and calculated mean ± standard error.

RESULTS AND DISCUSSION

Antimicrobial activity of ethyl acetate extract of 
S.  caryophyllatum is presented in Table  1. The extract 
of  S.   caryophyl latum was tested with different 
concentrations (100 to 1000 µg/disk) that have produced 
a maximum zone against Staphylococcus  aureus and 
minimum zone against Enterobacter faecalis and antifungal 
activity effective against Alternaria alternata. The zone 
of inhibition gradually increased on increasing the 
concentration of the extract for all the strains used. MICs 
were performed with the same extracts and the results 
tabulated in Table 2.

The ethyl acetate extract of S. caryophyllatum leaves 

Table 1: The antimicrobial activities of Syzygium 
caryophyllatum leaf extract
Test microorganisms Zone of inhibition (mm)*

1000 
µg

500 
µg

250 
µg

100 
µg

EA 
µg

St 10 
µg

Nystatin

Staphylococcus aureus 11.0 10.0 9.5 9.0 ‑ 21.0 ‑

Aeromonas hydrophila 10.0 10.0 9.0 8.0 ‑ 21.0 ‑

Bacillus subtilis 10.0 9.5 9.0 6.0 ‑ 26.0 ‑

Entercoccus faecalis 9.5 9.0 8.5 ‑ ‑ 19.0 ‑

Penicillium chrysogenum 9.5 8 6.6 5.2 ‑ ‑ 24.0

Alternaria alternate 11.0 9.2 5.5 ‑ ‑ ‑ 22.0

Aspergillus niger 10.0 9.4 6.2 ‑ ‑ ‑ 21.0
EA – Ethyl acetate; St – Streptomycin; -  – no zone of inhibition, *Values are the means 
of three assays
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were found to act as potent free radical scavengers in 
comparison with BHT, a commercial antioxidant. At 
higher concentration (400 μg/ml) the extract has significant 
inhibition of DPPH radical scavenging activity  [Table 3]. 
This extract has comparatively high activity compared to 
that of S. cumini[24] and are equivalent to that of Syzygium 
aromaticum.[13]

MTT assay was used to evaluate the effect of the extract on cell 
viability of Hep2cell lines. The ethyl acetate extract treatment 
to these cell lines resulted in a remarkable dose‑dependent 
inhibition of cell growth. The extract showed maximum cell 
inhibition at higher concentration [Table 4]. The extract of 
Syzygium caryophyllatum showed higher activity on Hep2 
cell lines compared to the activity exhibited by Syzygium 
cumini on AML cells.[24]

Thus from the present study it was proven that the 
leaves of Syzygium caryophyllatum posses effective 
b io log ica l  proper t i es  aga ins t  pa thogens  l ike 
Staphylococcus aureus that cure skin infections and cancer 
cells. In addition also it exhibits high scavenging activity 

against free radical comparable with that of standard  
available drugs.
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