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ABSTRACT
Objective: The aim of this study is to analyze the phytochemical constituents and the in vitro immunomodulatory potential of ethanol extract of
Nigella sativa and Psoralea corylifolia seeds.
Methods: Phytoconstituents in the ethanol extract of N. sativa and P. corylifolia seeds were analyzed using gas chromatography and mass spectrum
and their immunomodulatory activity was investigated in vitro by cell proliferation assay with J774A.1 cell line.

Results: Thirteen biochemical constituents have been identified with ethanol extract of N. sativa and nine from the P. corylifolia. The maximum relative
activity of 138.77±0.44% cell proliferation was expressed at 25 μg/ml by N. sativa and 80.70±0.42% of proliferation by P. corylifolia at 25 μg/ml.
Conclusion: The results suggest that the ethanol extract of the plant seeds have stimulating activity on macrophage cells and could be useful for
modulating immune functions.
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INTRODUCTION
The immune system is a remarkably versatile defense system that has
evolved to protect animals from invading pathogenic microorganisms
and to eliminate diseases. The function and the efficacy of immune
system may be influenced by many exogenous factors such as food
and pharmaceuticals, physical and psychological stress and hormones.
Resulting in either immunostimulation or immunosuppression [1].
Suppression in immune response disrupts host’s ability to defend itself
against bacteria, viruses, and parasites. Immunomodulation using plant
material can provide an alternative to conventional chemotherapy for a
variety of diseases, especially when the host defense mechanism has to be
activated under the condition of impaired immune response [2]. A large
number of drugs in use are derived from plants, like morphine from
Papaver somniferum, Aswagandha from Withania somnifera, Ephedrine
from Ephedra vulgaris, Atrophine from Atropa belladonna, etc. [3]. The
phytochemical constituents like terpenoids, steroids, proteins, and
tannins [4] are considered to exhibit this immunomodulatory property.
A large number of plants with therapeutic potentials have been
considered. One such is Nigella sativa Linn. (Ranunculaceae),
commonly known as “black cumin,” is an herbaceous plant that grows
in Mediterranean countries. The oil and seed constituents have shown
potential medicinal properties in traditional medicine [5]. The black
seeds contain 36-38% fixed oil, with proteins, alkaloids, saponins,
and essential oils making up the rest of the composition [6]. Black
seed extract has been reported to possess antimicrobial activity [7],
antitumor activity [8], and a stimulatory effect on the immune
system [9]. Psoralea corylifolia Linn. commonly known as “Bakuchi” is
conventionally used in ayurvedic system of medicine for the treatment
of various kinds of human disorders but especially for treatment of skin
disorders [10]. P. corylifolia seed has been reported to contain several
phytoconstituents and possess antibacterial, antifungal, antioxidant,
antiflarial, estrogenic, and immunomodulatory activity [11]. However,
there is no scientific data on the in vitro immunomodulatory activity of

these plants. Therefore the aim of the present study is to identify the
bioactive components of these plants by subjecting the ethanol extracts
of the plant seeds to gas chromatography and mass spectrum (GC-MS)
analysis and to investigate their immune stimulation potential using an
in vitro cell line model.
METHODS

Collection of plant materials
Seeds of N. sativa and P. corylifolia were procured from herbal medicine
store in Chennai. The seeds were authenticated at the Department of
Medicinal Botany, National Institute of Siddha, Chennai and a voucher
specimen (voucher number - NISMB2052015) was submitted.

Preparation of plant extracts
Fine seeds were cleaned and milled to a powder using a domestic
blender. A total of 25 g of powdered seeds were then subjected to soxhlet
extraction with 250 ml of ethanol as solvent. The seed extract was
concentrated using vacuum rotatory evaporation to void of solvent. The
extracts were filter sterilized and stored at 4°C until further use [12,13].
Cell culture
J774A.1, a murine macrophage cell line, was procured from National
Centre for Cell Science, Pune, Maharashtra, India. The cells were
maintained in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% (v/v) inactivated fetal bovine serum (FBS),
100 units/ml of penicillin, 100 μg/ml of streptomycin and 3%
L-glutamine (Himedia Labs, Mumbai). The cells were incubated at 37°C
in a humidified atmosphere containing 5% (v/v) carbon dioxide (CO2).
The medium was changed every 2 days, and the cells were serially
passaged biweekly [14].

Treatment of cell cultures with ethanol extracts
A volume of 100 μl of medium containing 1×105 cells were seeded
triplicates in 96-well plates. The plates were incubated for 24 hrs at
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37°C in 5% CO2. After incubation, the old medium was decanted and all
the plates were replenished with fresh DMEM medium supplemented
with 10% FBS. The cells were then treated with varying concentrations
(6.25, 12.5, 25, 50, and 100 μg/ml) prepared by diluting the extract in
DMEM and then incubated. The effect of ethanol extracts on macrophage
proliferation was evaluated with wells containing only cells as a
negative control and compared to cells treated with concanavalin-A
(Con-A), positive control [15].

Cell proliferation assay using (3-(4,5-dimethylthiazol-2-Yl)-2,5diphenyltetrazolium bromide) (MTT) reagent
After incubation, 20 μl of MTT reagent (5 mg/ml in phosphate buffer
saline) was added to each well and further incubated for 4 hrs at 37°C.
Then, dimethyl sulfoxide was added to dissolve the formazon crystals,
intensity of the colored reaction product was measured at 540 nm using
Microplate Reader (BIOTEK, USA) [16].

GC-MS analysis
GC-MS analysis of the ethanol extract of N. sativa and P. corylifolia
was carried out with 2 μl of extract employed on a GC clarus 500
Perkin Elmer system comprising a AOC-20i auto sampler and
gas chromatograph interfaced to a mass spectrometer (GC-MS)
instrument employing the following conditions: Column Elite-1
fused silica capillary column (30×0.25 mm ID×1 EM df, composed of
100% dimethyl polysiloxane), operating in electron impact mode at
70 eV; helium (99.999%) was used as carrier gas at a constant flow of
1ml/min and an injection volume of 0.5 EI was employed (split ratio
of 10:1) injector temperature 250°C; ion source temperature 280°C.
The oven temperature was programmed from 110°C (isothermal for
2 minutes), with an increase of 10°C/minutes, to 200°C/minutes, then
5°C/minutes to 280°C/minutes, ending with a 9 minutes isothermal at
280°C. MS were taken at 70 eV; a scan interval of 0.5 s and fragments
from 40 to 550 Da. The MS of the unknown component was compared
with the spectrum of the known components stored in The National
Institute of Standards and Technology (NIST) library [17,18]. The
name, molecular weight, and structure of the components of the test
materials were ascertained.
Statistical analysis
The data were analyzed using one-way analysis of variance (one-way
ANOVA). Results expressed as mean±standard deviation for triplicate
assays using Graph Pad Prism software. Values of p<0.05 were the
criteria for statistical significance.

RESULTS
The GC-MS analysis of the ethanol extract of N. sativa seeds revealed the
presence of 13 peaks (Fig. 1) and P. corylifolia showed 9 peaks (Fig. 2)
indicating the presence of phytoconstituents whose name, molecular
weight and structure were identified and characterized on comparison
with data in the NIST library (Tables 1 and 2).

Cell proliferation assay
Ethanol extract of N. sativa showed a maximum relative activity of
138.77±0.44% at 25 μg/ml compared to the standard drug (Con-A)
which expressed a proliferation rate of 51.11±0.96%. 11.30±0.24,
112.03±0.15, 138.77±0.44, 83.46±0.30 and 50.54±0.43% increase in the
proliferation of macrophage cells were reported at the dose rate of 6.25,
12.5, 25, 50, and 100 µg/ml of ethanol extract, respectively (Fig. 3). The
ethanol extract of P. corylifolia showed a maximum relative activity of
80.70±0.42% at 25 μg/ml compared to the standard (Con-A), resulting
in the proliferation range of 10.17±0.76, 28.46±0.46, 80.70±0.42,
38.02±0.55, and 12.16±0.23% between varying concentrations of 6.25,
12.5, 25, 50, and 100 μg/ml (Fig. 4).
DISCUSSION

The information regarding the chemical constituents of a plant
is generally provided by the qualitative phytochemical screening
of its extract. Hence, the GC-MS analysis was opted to assess the
phytochemical constituents present in the ethanol extracts of
the seeds. Among the 13 components characterized from the
GC-MS analysis of N. sativa. 9,12-octadecadienoic, ethyl ester was
identified as a major chemical constituent (50.98%) followed by
Hexadecanoic acid, ethyl ester (19.63%) and 8-octadecenoic acid,
methyl ester,(E)- (14.56%) in the ethanol extract of N. sativa. Phenol,
4-(3,7-dimethyl-3-ethenylocta-1,6-dienyl)- (45.99%) and Linoleic
acid ethyl ester (45.99%) was identified as the major chemical
constituent in the ethanol extract of P. corylifolia. Other components
in trace amounts were also present in the ethanol extract of both
plant seeds analyzed.
The immunomodulatory effect in the cell proliferation model has been
a target of study in the search for new therapeutic agents of natural
origin [19,20]. Although various components have been screened for
their immunomodulatory potential using cell line as a model, in this
study, immune stimulating activity of ethanol extract of N. sativa and

Fig. 1: Chromatogram of ethanol extract of Nigella sativa seed by gas chromatography and mass spectrum
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Table 1: Chemical composition (%) of ethanol extract of Nigella sativa seed
S. No.

Name of the compound

Retention time

Peak %

Molecular weight g/mol

Chemical
formula

1
2
3
4
5
6
7
8
9
10
11
12
13

o‑cymol
Ether, p‑menth‑6‑en‑2‑yl methyl
(+)‑Longifolene
Pentadecanoic acid, 14‑methyl‑, methyl ester
8‑Octadecenoic acid, methyl ester,(E)‑
9,12‑Octadecadienoic, ethyl ester
10,13‑Eicosadienoic acid, methyl ester
1‑Tetradecene, 2‑decyl‑
2,5‑Cyclohexadiene‑1,4‑dione, 2‑methyl‑5‑(1‑methylethyl)‑
Durohydroquinone
Ethyl 9‑hexadecenoate
Hexadecanoic acid, ethyl ester
Tetradecanoic acid, ethyl ester

5.5
6.85
10.98
17.08
18.82
19.57
20.63
21.23
9.27
13.7
17.52
17.93
15.65

1.66
1.13
0.99
2.34
14.56
50.98
0.36
3.42
1.03
2.40
0.90
19.63
0.83

134.21
168.27
204.35
270.45
296.48
308.49
322.52
336.63
164.20
166.22
282.46
284.47
256.42

C10H14
C11H20O
C15H24
C17H34O2
C19H36O2
C20H36O2
C21H38O2
C24H48
C10H12O2
C10H14O2
C18H34O2
C18H36O2
C16H32O2

Table 2: Chemical composition (%) of ethanol extract of Psoralea corylifolia seed
S. No.

Name of the compound

Retention time

Peak %

Molecular weight g/mol

Chemical formula

1
2
3
4
5
6
7
8
9

Caryophyllene
Epoxycaryophyllene
Estra‑1,3,5 (10)‑trien‑17a‑ol
9,12‑Octadecadienoic acid (Z, Z)‑, methyl ester
Phenol, 4‑(3,7‑dimethyl‑3‑ethenylocta‑1,6‑dienyl)‑
Linoleic acid ethyl ester
11‑Eicosenoic acid, methyl ester
13‑Docosenoic acid, methyl ester, (Z)‑
Ethyl 13‑docosenoate (ethyl erucate)

11.50
13.32
17.77
18.75
19.30
19.45
20.60
22.53
23.28

1.81
1.92
1.13
1.91
45.99
45.99
0.85
0.39
0.34

204.35
220.35
286.40
294.47
256.38
308.49
324.54
352.59
366.62

C15H24
C15H24O
C19H26O2
C19H34O2
C18H24O
C20H36O2
C21H40O2
C23H44O2
C24H46O2

Fig. 2: Chromatogram of ethanol extract of Psoralea corylifolia seed by gas chromatography and mass spectrum
P. corylifolia have been screened using J774A.1 cell line. Ethanol extract
of N. sativa and P. corylifolia seeds assessed for cell proliferation assay,
induced an increase in cell proliferation depending on the varying
concentrations. In previous reports, 6-carboxymethylthiopurine,
an anti-inflammatory drug and the hot-water extract of Sargassum
hemiphyllum was reported to stimulate proliferation of J774A.1
cell [21,22]. The proliferation stimuli were dose dependent in earlier
reports, where maximum proliferation was obtained from higher
concentration. The reports were in contrast to the current study
where the extract at its maximum and minimum concentration had a
varying effect on the macrophage cells. Percentage of proliferation was
comparatively lower at both concentration. The present observation
might be due to toxic nature of the analyzed samples at higher

concentration while the minimum concentration would have had a
negligible effect on cell duplication.

Present results indicate that the tested ethanol extract of N. sativa
and P. corylifolia are capable of stimulating the immune function by
increasing the proliferation rate of macrophages. Purification and
isolation of the component responsible for activity were required to
void the toxic component in the crude extract to construct potential
immunomodulator agent.
CONCLUSION

The phytochemical analyze concludes that N. sativa and P. corylifolia
seed extract contain various bioactive compounds. The study is evident
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