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Abstract

Several compounds present in fruits as Polyphenol, are able to kill or inhibit the growth of microorganisms. These
properties are relevant mainly in tropical areas, as Amazonian region where infectious are highly prevalent.
Therefore, this study investigated the antimicrobial activity of Jatropha curcas seed cake against microorganisms.
The results showed antibacterial effect of Jatropha curcas seed cake methanolic extracts on two Gram-positive
bacteria and Gram- negative bacteria. Effect of Jatropha curcas seed cake on Superoxide and nitric oxide
production was also estimated in macrophage cells. This result suggests its anti-inflammatory and antibacterial
potential of the herb, which could be due to the bio-active principles which are anti-inflammatory and antibacterial in
nature. The present study, therefore emphasizes the use of Jatropha curcas seeds as an anti-inflammatory and
antibacterial drug against macrophage cells and bacteria respectively.

Keywords: Anti-inflammatory; Jatropha curcas seed cake;
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Introduction
Jatropha curcas is also known as an industrial crop which belongs to

the Euphorbiaceae family and cultivated mainly in tropical America,
Africa, and Asia [1]. Since, its seed kernels contain a high amount of
oil [58-60% (w/w)] [2], the seeds serve as a potential source of
biodiesel fuel currently being used in India, other South East Asian
countries and Thailand [3]. Its seeds also contain high protein,
antinutritional factors, including phytic acid, saponin, trypsin
inhibitor, lectin, and phorbol esters which is a toxic compound [3]. It
has been known that part of J. curcas can be used for a wide range of
purposes. Extracts from various parts of J. curcas, such as seeds, seed
oil, leaves, root and stem have shown antimicrobial activities [4-6].
Leaf extract was found to be very effective in preventing azolla disease
which is caused by the fungal pathogen Sclerotium sp. [7]. The
chemicals responsible for those effects were suggested to be phorbol
esters in the extract [8,9]. It also states that some derivatives of phorbol
esters are known to have antimicrobial and antitumor properties.
These are diterpenes having 20 carbon atoms which are made up of
four isoprene units. They are generally found in plant species of the
families Euphorbiaceae and Thymelaeceae. Recently, various forms of
phorbol esters have been isolated from J. curcas aerial parts and seed
oil [10-12]. Generally, due to toxicity it causes tumor promotion, skin
inflammation, activation of blood platelets, tissue damage, lymphocyte
mitogenesis, stimulation of degranulation in neutrophils in living cells
and prostaglandin production [8,13]. J. curcas seed cake is generated in
considerable quantities as a by-product of J. curcas seed oil extraction.
This byproduct cannot be utilized owing to the presence of
antinutritional factors and toxic compounds. The compounds,
especially phorbol esters, can be extracted by using methanol and
dichloromethane from J. curcas seed as an extracting solvent [3,14].
These solvents, however, are both harmful and relatively expensive. For

extraction from various plant parts, such as Funtumia elastica bark
extract, Mallotus oppositifolius leave extract [15], Casearia sylvestris
leave extract [16], and Opuntia ficus-indica stem extract [17]. Ethanol
is used as extracting solvent, but this was never used for phorbol ester
extraction from J. curcas parts. In addition, to our knowledge, an
antifungal activity of the extract from J. curcas seed cake has not been
studied. In this report, antifungal properties along with anti-
inflammatory and anti-bacterial activity of the J. curcas seed cake were
investigated. We tested ethanoic extract of the seed cake containing
phorbol esters to determine its natural antifungal properties against
important fungal phytopathogens and also for its anti-inflammatory
and anti-bacterial activity.

Material and Method

Plant material and extraction
The identification of the plant was done by Dr K N Diwedi,

Department of Dravayguna, Faculty of Ayurveda, Institute of Medical
Sciences, Banaras Hindu University, Varanasi (India) Reference
number “DG /KND/11-12/603” was given to plant sample.

Jatropha press cake (machine cake) was procured from the
Government of India, DST Funded Speller Machine from Surya
pharmaceutical Company D-17, Industrial area Ramnagar, Chandauli,
India. The cake was dried in oven; maintained at 50ºC. One part of the
cake was subjected to organic solvent extraction by using reflux
method and obtained as methanolic extract of mechanically prepared
seed-cake (MEMJC). And then hexane washed seed cake extracted
with methanol, called as hexane washed seed cake total methanol
fraction (MEHJC.)

All cultures were obtained from the American Type Culture
Collection (ATCC), Microbial type Culture Collection (MTCC), and
preserved at Department of Microbiology, Institute of Medical
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Sciences, BHU, and Varanasi, India. The young bacterial broth cultures
were prepared before the screening procedure.

Preparation of sample
About 1g of each extract was dissolved in 10 ml (200 mg/ml and100

mg/ml) of peptone water to obtain a stock solution. The working
solution was prepared by the dilution of stock solution i.e., 1:10 & 1:5
which was equivalent to 10 mg/ml and 20 mg/ml respectively from 5µl
were L dispensed on a sterile disc of Whatmans filter paper No.1 of 6
mm diameter for susceptibility testing.

Antimicrobial susceptibility test
The disc diffusion method was used to screen the antibacterial

activity [18,19] and antifungal activity. Muller Hinton agar (MHA)
plates were prepared by pouring 15 ml of molten media into sterile
petriplates [20-22]. The fresh grown bacteria were suspended in sterile
saline to achieve concentration of 107 CFU/ml. This suspension was
spread on the surface of MHA agar plates. The plates were allowed to
dry for 5 min. The concentrations of extracts (200 mg/ml) were put on
6 mm, sterile disc of what man filter paper No.1. The disc was then
placed on the surface of the medium and the compound was allowed
to diffuse for 5 min and the plates were kept in incubation at 37°C for
24 hours for bacteria and 48 hours at 25°C for fungal agents. Inhibition
zones were examined around the disc appeared at the end of
incubation, which if present, were measured with a transparent ruler in
millimetres. This study was performed in triplicate.

Determination of minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) and
minimum fungicidal concentration (MFC)

MIC was determined by micro-dilution method [23] using serially
diluted (2 folds) plant extracts according to the National Committee
for Clinical Laboratory Standards (NCCLS) (National Committee for
Clinical Laboratory Standards, 2000). The MIC of the extracts was
determined by dilution of the polyherbal drug of various
concentrations. Equal volume of each extract and nutrient broth were
mixed in wells of Microtiter plate. Specifically 0.1 ml of standardized
inoculums (1-2 × 107 CFU/ml) was added in each tube. The plates were
incubated aerobically at 37°C for 18-24 h for bacteria and 48h at 250°C
for fungal growth. Two control wells were maintained for each test
batch. These included antibiotic control (containing extracts and
growth media without inoculum) and organism control (a tube
containing the growth medium, saline and the inoculum). The lowest
concentration (highest dilution) of the extract that produced no visible
bacterial growth (no turbidity) when compared with the control were
regarded as MIC. However, the MBC and MFC were determined by
sub-culturing the test dilution on to a fresh drug free solid medium
and incubated further. The highest dilution that yielded no bacterial or
fungal colony was taken as MBC and MFC

Media used
Muller-Hinton agar and broth (Hi-media, Mumbai, India),

Sabouraud dextrose agar pH 7.3 ± 0.2 (Hi-media), were used for
antibacterial and antifungal activity respectively.

Toxicity of drugs on macrophages
The toxicity study was done to select a safe dose for in vitro study.

Adhered macrophages were treated with different concentration of
drugs and drug vectors and placed in 5% CO2 at 37°C in incubator for
24 hrs. Cell viability was measured by MTT assay and % viability was
calculated with respect to control (no treated cells).

MTT assay
Mitochondria of living cells produce succinate dehydrogenase

enzyme which reduces MTT into blue colored formazan. For this assay
MTT was dissolved in PBS at 5 mg/ml and its 20 µl was added to each
well and incubated at 37°C for 4 hrs. The plate was centrifuged at 1500
RPM for 10 min and the supernatant was discarded. The formazan
crystals were dissolved in 200 µl of Dimethyl Sulfoxide (DMSO). The
absorbance was recorded in ELISA plate reader at 540 nm. Viability
was related directly with absorbance. Increase in absorbance shows the
concentration of living cells. With increasing the death of cells,
absorbance decreases.

Estimation of NO production
Adhered cells were treated with different concentration of drugs and

incubated for 30 min. These cells were further treated with 20 ng/ml
LPS and re-incubated for 16 hrs in same condition. Supernatant (100
µL) was mixed with the Griess reagent (1% sulfonamide in water and
0.1% N-(-napthyl) ethylamine dihydrochloride in 5% H3PO4 and
mixed as 1:1. (Griess 1879) After mixing supernatant with Griess
reagent, it was left for 10 min at room temperature and absorbance was
recorded at 540 nm. The amount of nitrite produced was compared
with standard curve of NaNO2 and reported as µM NO2 produced by a
fixed number of cells.

Super oxide production
Adhered macrophages were treated with different concentration of

drugs parallel with their drug vector and incubated for 30 min at 37°C
in 5% CO2. The cells were treated with 50 µl 100 µM H2O2 followed by
150 µL 750 µM NBT (dissolved in SOD buffer pH 7.8) and placed in
fluorescent light for 1 hour. The absorbance was recorded in the Elisa
plate reader at 540nm and comparison was made with respect to
control group, i.e. cells treated with H2O2 only not a drug.

Results
The result showed that the zone of inhibition was highest in the

extract of MEMJC listed in (Figure 1) (methanolic extract of
mechanical cake of Jatropha curcas) i.e.12.45 ± 0. 56, and minimum in
MEHJC i.e. 8.53 ± 0. 42 against E. faecalis was used Ciprofloxacin as
positive control and its zone of inhibition was 28.12 ± 2.52 and in the
case of S. aureus maximum zone of inhibition was obtained in MEMJC
i.e. 11.73 ± 0.20 and minimum zone of inhibition MEHJC i.e. 9.81 ±
0.22 and ampicilin were used as the positive control and its zone of
inhibition was 24.93 ± 1.65.
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Figure 1: Graphical representation of antimicrobial activity of both
cakes of Jatropha curcas seeds.

The results of MIC and MBC for two herbal extracts of Jatropha
curcas against pathogenic and spoilage micro-organisms are listed in
(Table 1) which were expressed in mg/mL. The MIC values were
ranging from 25 to 6.25 mg/ml. The MIC and MBC value was highest
for MEMJC (i.e. 25 mg/ml and 25 mg/ml against S. flexineri
respectively, and the minimum MIC and MBC was for MEMJC i.e.
6.25 mg/ml, 12.5 mg/ml against S. aureus respectively, which showed
that the methanolic extract of mechanical cake of Jatropha curcas was
more effective against S. aureus and the other microorganism.

Strain S. aureus E. faecalis E. coli S. flexineri

Extract MIC MBC MIC MBC MIC MBC MIC MBC

MEMJC 6.25 12.5 12.5 25 12.5 12.5 25 50

MEHJC 12.5 25 25 50 25 25 25 50

Table 1: Determination of MIC, MBC (mg/ml) of both cakes of
Jatropha curcas seeds.

MEMJC listed in (Figure 2) exhibited the highest zone of inhibition
in antifungal activity i.e. 9.60 ± 0.67, against C. tropicalis. It was the
extract which showed high activity as compared to other extract of
Jatropha curcas. And the minimum zone of inhibition MEHJC
(methanolic extract of hexane washed seed cake of Jatropha curcas) 8 ±
0.53, against C. albicans. The results of MIC and MFC for two herbal
extracts of Jatropha curcas against pathogenic and spoilage
microorganisms are listed in (Table 2) which were expressed in mg/ml.
The MIC and MFC values were ranging from 12.5 to 50 mg/ml. The
MIC and MFC value was highest for MEMJC 25 mg/ml, 50 mg/ml
against C. albicans. The MIC and MFC lowest value was for MEMJC
12.5 mg/ml, 25 mg/ml against C. tropicalis which shows that the
MEMJC were more effective against C. tropicalis.

Strains C. albicans

ATCC 90028

C. krusei
ATCC 6258

C. tropicalis
ATCC 750

C. parapsilosis
ATCC 22019

Extract MIC MFC MIC MFC MIC MFC MIC MFC

MEMJC 25 50 25 50 12.5 25 12.5 25

MEHJC 25 50 25 50 25 25 25 25

Table 2: Determination of the MIC, MFC (mg/ml) of Jatropha curcas
seeds.

Figure 2: Graphical representation of antifungal activity of both
cakes of Jatropha curcas seeds.

On the basis of MTT assay the cell viability with MEHJC is more
than MEMJC at same concentration i.e. MEHJC is less toxic MEMJC
in listed (Table 3 and Figure 3). Result was expressed in terms of %
inhibition in comparison to control. No significant effect up to 100 to
20 ng conc. of MEMJC and MEHJC on superoxide production, but at
concentrations of 5 ng in MEMJC and MEHJC showed significant in
Superoxide production (Table 4).

Drug Concentration ng/ml MEMJC (%) MEHJC (%)

100 81.25 ± 4.23 90.56 ± 5.34

80 83.93 ± 7.23 93.18 ± 6.23

60 89.74 ± 5.23 94.49 ± 4.67

40 92.19 ± 6.23 95.09 ± 5.23

20 94.20 ± 6.12 97.38 ± 5.67

5 96.43 ± 3.45 98.17 ± 6.45

Table 3: Effect of cell viability MEMJC and Jatropha curcas MEHJC.

Figure 3: Graphical representation of cell viability MEMJC and
MEHJC.
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Drug Concentration
ng/ml

% Inhibition (Mean ± SD)

MEMJC MEHJC

5 60.12 ± 2.34 6.7 ± 1.23

20 30.8 ± 5.23 9.34 ± 1.56

40 28.1 ± 2.34 13.56 ± 3.12

60 26.6 ± 2.56 19.02 ± 2.12

80 12.2 ± 3.12 23.1 ± 3.78

100 9.5 ± 2.12 42.34 ± 2.23

Table 4: Effect of different concentration of MEMJC and MEHJC on
LPS induced super oxide production in rat peritoneal macrophages in
terms of % inhibition.

No significant effect up to 10 to 20 ng concentration of MEMJC and
MEHJC on nitric oxide production, but at concentrations of 5 ng in
MEMJC and MEHJC showed significant in nitric oxide production
(Table 5).

Drug Concentration
ng/ml

% Inhibition (Mean ± SD)

MEMJC MEHJC

5 55.22 ± 2.45 44.14 ± 1.23

20 39.18 ± 5.23 25.1 ± 2.58

40 25.1 ± 2.34 18.02 ± 2.12

60 21.6 ± 2.56 11.56 ± 3.12

80 19.2 ± 2.12 7.34 ± 1.06

100 11.5 ± 1.12 5.7 ± 1.03

Table 5: Effect of different concentration of MEMJC and MEHJC on
LPS induced Nitric oxide production in rat peritoneal macrophages in
terms of % inhibition.

Discussion
Ancient Indian system of medicine (Ayurveda) was mainly based on

herbal treatment. These classes (alkaloids, saponins, tannins,
anthraquinones and flavonoids) of compound were known to have
activity against several pathogens and therefore aid the antimicrobial
activity of Jatropha curcas and suggested their traditional use for the
treatment of various illnesses [24-26]. In all the four extracts, tannin
was present that resulting in the inhibition of cell protein synthesis as it
forms irreversible complexes with proline rich protein [27]. Tannin
containing herbs have been reported for treatment of intestinal
disorders such as diarrhea and dysentery, thus exhibiting antimicrobial
activity [28] treatment of inflamed or ulcerated tissues, it was
suggested that the presence of some compounds or groups in the
extract with similar mechanism of action to that of the standard drug
used in bacterial and fungal activity [29]. These observations therefore
supported the use of Jatropha curcas in herbal cure remedies.
Microorganism shows variable sensitivity to chemical substance
related to different resistance level between strains [30]. Also reported

that the crude methanol extract from the root of Jatropha curcas
exhibited anti-diarrhoeal activity. Recently, reported that the presence
of some secondary metabolites in the root extract of Jatropha curcas
inhibited some microorganism isolated from sexually transmitted
infections [31]. This may be attributed to the presence of soluble
phenolic and polyphenolic compounds [32].

The crude Methanolic extracts of plants showed significant
antimicrobial activity against test strains of gram-positive bacteria: B.
amyloliquefaciens and S. aureus and gram-negative bacteria: E. coli
and P. aeruginosa. The extracts revealed equal or higher broad-
spectrum antimicrobial activity as compared with standard antibiotics
tested viz. ampicillin, erythromycin, and tetracycline. This indicated
the great potential of these plant extracts as effective antimicrobial
agents that can be used as single or in combination in medicines or can
be used as natural food preservatives to retain the quality of food and
prevent its spoilage. The both cakes of Jatropha curcas seeds were
found rich in phytochemical constituents, which are responsible for
their potent antimicrobial properties. These individual constituents of
the extracts can be isolated, and further characterization as well as
quantification can be done to explore the potential of these
antimicrobial agents present in the extracts Free radicals of oxygen and
nitrogen species (RONS) have several normal physiological roles, but
their overproduction may cause many diseases such as diabetes,
arthritis, ageing etc. RONS are natural and physiological modulators of
cellular redox milieu and there by involving in signaling cascade and in
control of a wide range of known and unknown physiological and
patho-physiological processes. Despite of the multi-line antioxidant
systems, the level of RON’s generation can exceed the capability of
defense network, leading to oxidative stress [33]. It is generally
assumed that an increase in aerobic metabolism or hypoxia easily
generates increased level of RONS and causes oxidative damage to
lipids, proteins and DNA. The increased level of RON’s production is
not only due to the mitochondrial respiration, anaerobic exercise also
could cause oxidative damage [34]. In normal respiration, molecular
oxygen was released and a membrane bound protein diffuses
molecular oxygen into radical form called super oxide radicals. These
SO radicals further produce many other radicals such as hydroxyl
radicals, nitric oxide, peroxy nitrite etc. by different mechanisms [35].

Several thousand molecules, having poly phenol structure (i.e.,
hydroxyl groups on aromatic rings) have been identified in higher
plants as scavengers of these free radicals, and several hundred are
found in edible plants. These compounds includes phenolic acids
(Protocatechuric acid, Gallic acid), flavonoids, anthocyanidins
Catechins, Gallocatechins, Phenyl propanoids (Eugenol) etc. [36].
These phytomolecules acts as scavengers of free radicals by rapid
donation of hydrogen atom [37]. Addition to having antioxidant
properties, polyphenols have several other specific biological actions
and modulate the activity of a wide range of enzymes and cell receptors
[38]. Here are several herbal preparations, studied by many authors for
their antioxidant potentials e.g. Pueraria tuberosa [39], Vitex negundo
[40], Mucuna pruriens [41], Scilla indica [42], Semicarpus anacardium
[43], Rubia cardifolia [44] etc. In continuation of these herbal studies,
We have made a study related to different concentration of Methanolic
extract of mechanical cake of Jatropha curcas (MEMJC) and
Methanolic extract of hexane washed seed cake of Jatropha curcas
(MEHJC).

We induced superoxide and nitric oxide e by LPS (20 ng/ml) in
macrophages as described earlier. Different concentration of MEMJC
and MEHJC was checked for scavenging these free radicals (SO
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radicals and NO production in different extent in concentration
dependent manner but we found that the % inhibition was maximum
in concentration of 5ng of MEMJC and MEHJC only because of its low
phenolic content. We didn’t get concentration dependent response.

Conclusion
MEMJC is showing higher degree of haemolysis and antimicrobial

activity (Zone of inhibition and MIC) than MEHJC. It could be
because of the presence of more curcin and phorbol ester in MEMJC.
Hexane extract of Jatropha curcas seeds (MEHJC). It appears that after
chemical processing, oil content of seed is completely being extracted.
Because chemically isolated oil is more pure and more toxic towards
haemolysis and antimicrobial activity. Different concentration of
MEMJC and MEHJC was checked for scavenging these free radicals
(SO radicals) and NO production in different extent in a concentration
dependent manner, but we found that the % inhibition was maximum
in concentration of 5 ng of MEMJC and MEHJC only because of its
low phenolic content. We didn’t get concentration dependent response.
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