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ABSTRACT 
The study reports bioactivity-assisted identification of potent alkaloid from Jatropha curcas (Linn). The isolation was 
carried out using acid-base shakeout method. The identification was conducted using various spectroscopic and 
chromatographic studies including IR, 1H and 13C NMR, mass spectrometry (MS) and HPTLC.  The elemental composition 
was found to be N=2.1%; C=73.5%; H=8.5% and O=15.5%.  The m/z (M+H+) of the compound is 413.5. The probable 
empirical formula of the compound is C25H35O4N. The compound showed significant inhibition In vitro against selected 
pathogenic microbes and fungus. The inhibitory potential of the compound over human leukemia cell line (Jurkat J6) was 
also significant with IC50 less than 10µg/ml. The alkaloids showed 2-3fold of inhibition potential over the standard 5-
flourouracil. Thus, this bioassay-guided method for identification and characterization of such biologically active 
molecule is reliable for further biopharmaceutics and biotechnological studies on the compound. 
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INTRODUCTION  
Alkaloids commonly found in angiosperms, exhibit numerous biological activities with remarkable 
functional and structural diversity. Such compounds are highly tricky for isolation and identification from 
the natural plant sources.   Hence, a serious of bioactivity-directed isolation and characterization assays 
should be conducted and monitored each step of the separation processes. They are rarely non-toxic to 
human and broad spectrums of microorganisms mainly due to their spectacular physiological and 
neurological activities.  Jatropha curcas is one of these plants in Euphorbiaceae family with wide range of 
ethno-botanical profile and ecological flexibility in which alkaloids least explored [1].  
Exhaustively explored chemical constituents from the genus Jatropha so far includes diterpenes, 
triterpenes, lignanes and coumarins, flavonoids, phytosterols, and some others [2;3;4].  Of these; 
diterpenes are the predominant constituents within the genus. Jatrophone as one representative of 
diterpenoids reported for its potent antileukaemia and antinasopharyngeal carcinoma [5]. 
Several research groups have also reported rare cyclic peptides, which are known to be antibacterial, 
anticancer, antitumor, co-carcinogens and immunosuppressive agents [6]. Antitumor effects of curcin 
from J. curcas seeds [7] and two major cyclopetides, curcacyline A and B from latex [8] are some of the 
examples to mention.  In addition, lectins and ricin like curcin A and B of high pharmaceutical interest 
have been reported [9]. 
However, the reports on identification and characterization of alkaloid from this genus are somewhat 
incomplete or limited. Six alkaloids have been reported so far from the genus Jatropha [4]. Of which 
Tetra-methylpyrazine exhibited anti-bronchoconstrictor and antiarrhythmic effects isolated from 
Nigerian medicinal plant J. podagrica [10]. Jatropham and other alkaloid from J. macrorhiza, and J. 
gossypiifolia have been isolated [11]. Jatropham has antitumor effect and marginally active in the P388 
lymphocytic leukemia system [12]. 
However, reports on the chemical composition, biodiversity and biologically active of alkaloid from J. 
curcas are very limited. There are only two alkaloids; 5-hydroxypyrrolidin-2-one and pyrimidine-2, 4-
dione have been reported from Jatropha curcas [13]. The lack of complete reports; on isolation and 
identification of alkaloid from Jatropha curcas and the various pharmaceutical importance of the plant in 
connection with the recent hype urged as to pursue this study. In this study, we report the bioassay-
assisted identification and characterization of novel alkaloid from Jatropha curcas (Linn.) using selected 
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microbial cells and human leukemic cell line Jurkat J6. The identification was conducted using various 
spectroscopic and chromatographic studies. 
 
MATERIALS AND METHODS  
Plant material preparation, extraction and isolation 
The plant material was procured from Santan Ltd., Tamil Nadu, and India. Aerial parts and root of 
Jatropha curcas L. were dried overnight at 60°C in oven. The plant materials were ground; sieved and 
then taken for the study. Powdered parts (50-150g) were packed in soxhlet apparatus and defatted with 
petroleum ether (60-80°C) for about 30-35 complete cycles. Defatted material was exhaustively re-
extracted with methanol and solvent were collected using vacuum evaporator at reduced temperature 
and pressure. Then the filtrate was suspended on 5% acetic acid followed by dichloromethane extraction 
using 250ml size separating funnel. The aqueous phase was collected and basified using 10% sodium 
carbonate to pH=10, followed by dichloromethane extraction once again. Thereafter, the organic phase 
was filtered and concentrated using vaccum evaporator. Column chromatography (CC) was performed to 
separate the target alkaloid from the mixture. The modified protocol used for isolation is shown as 
follows in fig.1 [14]. 

Ground plant material
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 Figure 1. Schematic bioassay-assisted isolation of alkaloidal extracts (modified Cordell 1981). 

Separation and analytical method 
Column chromatography was carried out on activated silica gel 60-120 mesh size using petroleum ether: 
ethyl acetate (20:0→10:10) gradient elution. Thin layer chromatography (TLC) was performed on 20 cm 
× 10 cm high performance thin layer chromatography (HPTLC) silica gel 60GF254 plates. The plate was 
pre-washed with methanol and activated 500C for 15min. Sample were applied using CAMAG Linomat 5 
automated spray-on applicator. Plates were developed to a distance of 80mm with toluene: acetone: 
methanol: ammonium hydroxide mobile phases in 60:80:20:4(v/v) ratio. Before development, the 
chamber was saturated for 20mins. The Chromatogram was obtained after densitometric scanning 
CAMAG TLC scanner3 controlled under CAMAG winCATS planar chromatography software. 
Chromatogram was observed under UV light at wavelengths 254 and 366 nm. Infrared (IR) spectra were 
done with a Perkin–Elmer FT-IR 1725 spectrophotometer. 1H and 13C NMR spectra was performed on 
JEOL-FT 300 spectrometer using TMS as internal standard. Mass spectrometry (MS) was performed on 
Finningen LCQ ADVANTAGE MAX. The elemental composition was also determined using CHNS(O) 
analyzer (Thermo Finningen, Italy) model FLASH EA 1112 series. 
Alkaloid Testing 
The rapid method of alkaloid testing followed the procedure was used for rapid qualitative determination 
of the compound [15]. In the procedure, the presence of alkaloids in the aqueous phase was detected by 
the formation of a typical precipitate on addition of Mayer’s (K2HgI4) and Dragondroff reagents.  This 
assay method was found to be rapid and reproducible in our study for monitoring during separations. 
Bioassay  
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Antimicrobial assay 
Erwinia amylovora (MTCC1428), Bacillus subtulis, Aspergillus niger, Serratia marcescens(NRRL B-23112), 
and Escherichia coli (DH5α) were selected in our study. Aspergillus niger was grown in a potato dextrose 
solid media 2% agar and the pH was adjusted to 5.3+0.1 incubated at 25oC for three days. The rest 
bacterial strains were cultured nutrient broth agar media supplemented with 2% agar; pH was adjusted 
to 7.0 and 37°C overnight incubation. Appropriate dilution of broth culture of the microbes was taken and 
transferred to the solid state. The agar well diffusion technique was used to determine the effect of the 
extract on the microbes. Hence, wells of 0.4cm radius were made on the plate after solidifying the media 
using a sterile cork borer. 75 µl of 1.0mg/ml alkaloid, 5% Dimethylsulfoxide (DMSO) Kanamycin and 
cephotaxime was added into the respective well. Thereafter, bacteria cells were incubated at 37°C for 
overnight and the fungal seeded plates were incubated at 25°C for 3 days. The zone of inhibition was 
determined. DMSO was selected as a negative control whereas kanamycin and cephotaxime selected as 
positive control. All the assays were carried out in triplicate and the whole experiment was performed 
twice. All chemicals were procured from Hi Media, India unless and otherwise mentioned. The microbial 
cultures were obtained from NCIM, Pune, India. 
Chemosensitivity assay 
Cell culture preparation 
The human leukemic cell line Jurkat J6 were prepared and maintained in Roswell park memorial institute 
medium (RPMI 1640) supplemented with 10% fetal calf serum (FCS), genetamisin (100 IU/ml). All cells 
were incubated at 370C in a humidified atmosphere with 10% CO2. The stock cultures were sub-cultured 
every 3 days. Every time 5-10 X 105 cells/well was used for assay. This leukemic cell line was obtained 
from NCCS, Pune, India. 
Tetrazolium (MTT) assay  
We used a modified MTT assay to determine degree of cytotoxicity [16]. Cells were harvested from the 
stock culture and grown overnight. 100µl cell/wl the overnight grown cell was plated in microtitre plates 
in cell density between 5-10 X 105 cells/well. Experiments were performed in triplicate. After 24 hrs these 
cells attained exponential growth and 5-flouro uracil (1.0mg/ml), plant extract (1.0mg/ml), and 5% 
DMSO (2.5µl, 5µl, 7.5µl, 10µl, 12.5µl, 15µl) was added to the respective wells. 72 hrs after addition, 20 µl 
MTT in PBS to a final concentration of 0.5 mg/ml was added to the wells. Then after 8 hrs incubation at 
37°C the medium was centrifuged, flicked out and the formazan crystals formed was dissolved with 100 
µl DMSO. The optical density (OD) was measured at 620nm using microplate reader (ELISA). 
Sulforhodamine B (SRB) assay  
A modified SRB assay was performed in our study [17]. The method of cell culturing conditions, cell 
density, treatments and maintenance was similar to the MTT assay. After 3days of incubation unlike MTT, 
the cells were fixed in 50 µl/w of 30% trichloroacetic acid at 4°C for 1hr. Thereafter, the media flicked out 
followed by water wash, the cells were stained for 30min with 0.4% SRB. Then the stain were dissolved in 
1% acetic acid 50µl /w and subsequently washed four times with 1% acetic acid to remove unbound 
stain. The plates were air-dried and bound protein stain was solubilised with 100µl/w of 10mM 
unbuffered Tris base. The OD was measured at 540 nm using microplate reader (ELISA). 5-flouro uracil 
was used as a positive control and 5% DMSO was taken as a negative control. In both case the %cell 
inhibition was calculated as 100-{(Alkaloid-DMSO)/ (control-DMSO)}x100. 
Data analysis 
The results were analyzed statistically using SPSS vers. 10 (SPSS Inc., Chicago, IL, USA). Values are 
presented as the mean + SE. A linear regression analysis and Student’s t-test was used to calculate the IC50 
at 5% level of significance.  
 
RESULTS AND DISCUSSIONS 
Alkaloid isolation and identification  
Bioassay-assisted identification of the alkaloid from Jatropha curcas was carried out in our study. The 
biomass cultivated in solid and liquid system was dried at 600C and extracted with petroleum ether in 
soxhlet. The extract was filtered and concentrated using rotary evaporator at a reduced temperature and 
pressure. Thereafter, the concentrate was subjected to a successive acid-base shake out liquid-liquid 
extraction method to obtain alkaloids [14]. In our study acetic acid and sodium carbonate was used to 
adjust the pH for partitioning. Leave, bark and root powder plant material were studied in triplicates. 
Such subsequent liquid–liquid extractions and pH modifications played a significant role in our study to 
separate the alkaloids from other non-alkaloidal metabolites which is in agreement with [18]. 
For alkaloids exhibit heterogeneous biological activities with tremendous functional and structural 
diversity; bioactivity-directed isolation and identification was used till the active constituent is get 
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identified. Different techniques for isolation of alkaloids have been reported by various authors [19; 20]. 
However, this was impossible to get the desired biologically active fraction in our study.  
Alkaloids are double-edged swords; besides their negative effects on human and livestock, these can be 
used as antidotes. The alkaloid identified in our study found to be green viscous material insoluble in 
hexane and/or petroleum ether. In our case we started with defatting the plant material using petroleum 
ether followed by methanol extraction. Such methanol extract shared the characteristic of equisetin 
including the oily residue which is soluble in hexane/petroleum ether.  
Chromatography analysis of Alkaloids 
Thin layer chromatography was used for rapid identification and qualitative analysis of the target 
alkaloid. We used HPTLC for subsequent analysis owing to its simplicity and require short time to 
determine phytochemical of different sources.  The λmax=399nm with Rf value of 0.69 was obtained using 
Tolune:acetone:methanol: NH4OH (60:80:20:4) mobile phase (Fig. 2). Observation under the UV chamber 
λ=366nm the compound was red (orange) and invisible at λ=254nm. We used this method for the first 
time for monitoring and determination of the alkaloid from Jatropha curcas plant material. 

 
  Figure 2. HPTLC profile of the alkaloid from Jatropha curcas 
Spectrometric analysis of Alkaloids 
Various spectroscopy analyses like MS, IR, 13CNMR, 1HNMR and elemental analysis were used during the 
isolation and identification the alkaloid in our study.  The CHNO Analyzer was used to determine the 
percentages of Carbon, Hydrogen, Nitrogen and Oxygen of our compound. Hence, the elemental 
composition of our alkaloid isolated and retention times was found to be N=2.1% (0.86min); 
C=73.5(1.20min); H=8.5% (4.442mins) and O=15.5(2.7mins) (Cal. H-8.53%, C-72.60%, N-3.39%, O-
15.47%. The instrument is rapid and ensures maximum reliability of the results in the determination of 
CHNO in few minutes time. The mass spectrum showed m/z=413.05(M+H+). 
The peculiar characteristic of alkaloid (>N-H) functional group was further conformed by IR as the sharp 
spectra peak indicated at 2961.53. The detail IR profile was IR (KBr) νmax (cm−1):2961.53, 2923.07, 
2252.74, 1725.66, 1596.72, 1580.26, 1462.30, 1380.00, 1273.00, 1124.86, 1070.00, 954.77, 910.88, and 
738.05.  This result also showed that the compound might be one of the homology of equisetin which 
have been reported for its significant effect on HIV integrase enzyme inhibition [21; 22]. 
This biologically active fraction for 1H NMR and 13C NMR analysis were purged in N2 to remove all extra 
solvent components, re-dissolved in CDCl3. 13C NMR peaks of the compound was also somewhat similar to 
equisetin. We made the comparison on 13C shifts of equisetin and our compound both the published as 
well as using software (chemdraw) in our study. From these spectrometric measurements the probable 
empirical formula of the compound was C25H35O4N. This formula has extra C 3 H 4 unit compared to 
equisetin. The absence of Equisetin based substructure in all searched data bases did not give any 
possible match indicating this compound may be novel. The homologous structure of the compound is 
shown in Fig.3. 
These spectral analyses and the elemental composition have not been reported so far from the genus let 
alone Jatropha curcas.  Hydroxypyrrolidin-2-one and pyrimidine-2, 4-dione which were the only alkaloid 
so far reported from Jatropha curcas [13]. Hence this piece of work proved that more biologically active 
compound can also be obtained from this highly provoked plant. In addition, the compound can be one 
among the potent antidote in phytotherapeutics activity.   
Alkaloid Testing 
A rapid modified procedure alkaloid test was used [15]. The presence of most alkaloids at each step 
evaluated using Mayer’s (K2HgI4) and Dragondroff reagents. The Mayer’s reagent gave a white creamy 
precipitated where as dragonndroff test was orange precipitate which are typical colors expected from 
alkaloids. 
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Figure 3: The probable structure of alkaloid: a) analogous compound, b) the common structure moiety, c 
and d) three dimensional structure of the compound. 

Antimicrobial activity 
Erwinia amylovora, Bacillus subtulis, Aspergillus niger, Serratia marcescens, and Escherichia coli were 
selected to determine the antimicrobial activity of the alkaloid due to their pathogenecity both to human 
and plants. The compound was found to be biologically active and significantly inhibited the growth of all 
bacteria and A. niger considered in our study. More importantly this alkaloid inhibited Erwinia amylovora 
(15+0.4 mm), Bacillus subtulis (15 ± 0.1mm), Escherichia coli (16+0.1 mm), Aspergillus niger (11+0.12 
mm) and Serratia marcescens (13+0.5 mm) in our study. On the other hand, the control: kanamycin found 
positive in S. marcescens (12 ± 0.5mm) at the maximum zone of  inhibition and E. coli and negative in 
others;  cephotaxime positive in E. amylovora (14+0.2 mm) at the maximum zone of  inhibition and 
negative in other strains. From previous reports alkaloids J. podagrica have also been reported to be a 
good antidote for antimicrobial activity of root extracts [23; 24; 25]. This supports our study that the 
alkaloid isolated from Jatropha curcas leaf, bark and root powder is a potent antimicrobial agent in the 
phytotherapeutic practices. 
Chemosensitivity assay 
SRB and MTT assays was selected for the cytotoxicity effect of alkaloid isolated from Jatropha curcas on 
human leukemic cell lines. 5-Fluorouracil has been reported for its significant role inducing apoptosis in 
human colon cancer cell lines with modulation of Bcl-2 family proteins [19]. The inhibitory effect of the 
alkaloid is shown in Table 1 and Figure 4a&b. Both SRB and MTT assays gave comparable results end 
point in testing of human leukemic cell-lines Jurkat J6 in our study. In general, from this piece of work we 
observed   the SRB assay as best method of assessing In vitro chemosensitivity assay. 
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Figure 4. Chemosensitivity of  human Leukemic cell line (Jurkat J6) using a) SRB assay; b) MTT assay 

The SRB assay provided a better linearity with cell number than the MTT assay at a 540nm. The stability 
of the stain and its user-friendly nature of SRB has been reported elsewhere [17]. The SRB assay not only 
provides a higher sensitivity but also a lower variation between cell-lines. Hence the SRB assay was used 
as a chemosensitivity test in our study. The variation in OD between these cell-lines is less than in a 
comparable panel of cell-lines tested with the MTT assay. 
The measure of the effectiveness of a compound in inhibiting biological or biochemical function (LC50) 
found from SRB test was less than 10µg/ml. This inhibitory concentration of the sample required to 
inhibit the cell line by 50 %( LC50) was obtained from linear regression analysis of dose-response curve 
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plotting between % inhibition and concentration. This LC50 values is in agreement with previous reports 
[26]. 

 
Table 1. Chemosensitivity test of the human leukemic cell line using SRB and MTT assay 

 SRB assay (OD) MTT assay (OD) 
Conc(µl) DMSOa 5flouro 

Uralica 
Alkaloida Alkaloid% 

Inhibition 
DMSOa Alkaloida Alkaloid% 

inhibition 
2.5 0.611+0.01 0.407+0.01 0.217+0.03 94.39 1.11+ 0.36 0.25+0.01 101.91 
5 0.603+0.01 0.279+0.09 0.214+0.01 99.23 0.94+ 0.23 0.29+0.01 101.52 
7.5 0.579+0.01 0.220+0.05 0.213+0.04 99.03 1.06+ 0.46 0.34+0.01 101.71 
10 0.455+0.01 0.172+0.07 0.121+0.06 99.29 1.03+ 0.38 0.35+0.03 101.64 
12.5 0.396+0.02 0.154+0.01 0.133+0.05 99.14 0.97+ 0.39 0.45+0.09 101.45 
15 0.362+0.08 0.150+0.02 0.118+0.03 97.91 1.08+ 0.27 0.41+0.06 101.69 
aValues shown are means + standard deviation (%); n = 3 

In conclusion, we reported the bioactivity-based identification and characterization of the potent alkaloid 
from Jatropha curcas herein. Its significant effect against the growth of human leukemic cell line (Jurkat 
J6) and various pathogenic microbes were confirmed in vitro. These results showed that the plant could 
be explored further for possible antimicrobial agents and other phytotherapeutic benefits. Bioassay-
guided isolation and identification of bioactive compounds played a significant role in our study. Since 
this compounds exhibited significant antimicrobial effect towards the microorganism and the human 
leukemia cell line; it leads to a conclusion that the compounds can be used as one of the potent antidote 
for various infections. The compound was characterized using chromatographic and spectrometric 
facilities such as 1H-NMR, 13C-NMR, IR, MS, elemental analyzer and HPTLC. Hence, detail functional and 
structural characterization of such compound as a lead in drug discovery can play significant role plant-
based formulations. In addition, the compound can be further exploited for its biotechnological 
applications in medicine and agriculture. Further scale-up studies on super spinner level to enhance 
production this alkaloid is in progress. 
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