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Trigonella foenum graecum L. is a dietary herb used in traditional medicine system. In this

study, we investigated the cytotoxicity, antitumor, antimetastatic and antiangiogenic effect

of the steroidal compound, ethyl iso-allocholate isolated from T. foenum graecum L. seeds

against A549 lung cancer cells in vitro and in vivo. Among all the isolated compounds, the

ethyl iso-allocholate rendered the highest cytotoxicity potential. It showed least percentage

cell viability in trypan blue assay and lowest nuclei count in hoechst staining. The caspase

glo assay and western blot analysis showed the significant caspase 3 cleavage, indicating

caspase dependent apoptosis. Consistent with the in vitro data, ethyl iso-allocholate showed

highest percentage tumor growth inhibition i.e. 80 ± 5% in zebrafish, equivalent to doxo-

rubicin. It significantly reduced angiogenesis to 5 ± 0.8% (**P < 0.01), compared to negative

control groupwhichwas 60± 2%. The ethyl iso-allocholate showed 55± 3% inhibition in liver

metastasis. To investigate the safety of the compounds on normal tissues, the percentage

mortality was examined. The ethyl iso-allocholate showed zero percent mortality of

zebrafish. These results indicate that the steroidal derivative isolated from T. foenum-grae-

cum seeds induces caspase dependent apoptosis in cancer cells and reduces tumor growth,

metastasis and angiogenesis in vivo, aswell as it is safe on the normal tissues. The in vitro and

in vivo anticancer studies suggest that the cytotoxic compound ethyl iso-allocholate has

potential application in pharmaceutical industry.

Copyright © 2018, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cancer is a threat for developing as well as developed coun-

tries. The genetic variability of the cancer patients is themajor

issue in the treatment of cancer, which can be overcome by
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giving personalized treatment to the patient. This approach

provides higher treatment efficacy, coupled with lesser side

effects [1], however it also raised the demand of newer cyto-

toxic agents. The plethora of chemical compounds from

plants provide higher opportunity to discover new cytotoxic
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compounds which assist in achieving the goal of multi-

targeted therapy, reduce the number of drugs, drugedrug

interaction and side effects [2].

Trigonella foenum graecum L. is also known as fenugreek

belongs to family Fabaceae. It is an annual herb indigenous to

Mediterranean countries and is cultivated throughout Asia.

The plant is approximately 60 cm tall with pale yellow triangle

shaped flowers and trifolial leaves. It contain pods 7.5 cm in

length, each pod contain up to 29 seeds [3]. Traditionally, it is

used as an antidiabetic, anti-hyperlipidemic, anti-ulcer, anti-

inflammatory, galactogogue, and in wound-healing [4]. It is

also used to treat dropsy, paralysis, gout, weakness and piles [5].

The methanol extract of T. foenum graecum L. seeds showed

cytotoxicity against HepG2, hepatocellular cancer cells which

was mediated by upregulation of PCNA, Bax, and caspase 3

activation [6]. The seed extract also induced apoptosis in breast

and colon cancer cells via intrinsic and extrinsic pathway [7,8].

The fenugreek seed extract have protective action on pulmo-

nary fibrosis, it alter T-AOC, MDA, NRF2, NO-level, SOD, GSH,

and OH-1 mRNA expression, thereby increase lung antioxidant

status and peripheral blood oxygen content [4]. Several lines of

evidence show that fenugreek seed also act as antioxidant [9],

hepatoprotective [10], neuroprotective [11], antihypertensive

[12], and have estrogenic effect [13]. The anti-inflammatory ac-

tion of fenugreek seed is due to inhibition of cyclooxgenase

enzyme (COX-1 and COX-2) and lipid-peroxidation induced by

flavonoids-C-glycosides, triglycerides and fatty-acids present in

the seeds [14]. The fenugreek seeds increase the secretion of sex

hormone in women and is used for breast enhancement [15].

Till now, diosgenin, yamogenin [16], trigonelline [17], poly-

hydroxystilbenes [18], furostanol saponins [19] and various

other constituents [20] have been isolated from fenugreek. In

this study, we evaluated the cytotoxicity, antitumor, anti-

metastatic and antiangiogenic potential of the cytotoxic com-

pounds isolated from T. foenum graecum L. seeds on zebrafish

(Danio rerio).
2. Methods

2.1. General experimental procedures

The ultra-violet spectra were recorded on a UV-1800

Shimadzu, UV-spectrophotometer, India. The compounds

were visualized by ultra-violet irradiation at 254 and 366 nm.

The IR affinity-1 fourier transform infrared spectrophotom-

eter, Shimadzu, India was used for the measurement of the

IR spectra. The 1H and 13C NMR spectra were recorded in

Bruker's advance-III 400 MHz, 500 MHz and 700 MHz spec-

trophotometer. The gas chromatography-mass spectroscopy

was performed on Agilent's (Agilent Technologies, Palo Alto,

CA) 7890 GC systemwith 5975C inert XL EI/CI MSDwith triple

detector equipped with a firmware version A.01.13 and

software driver version 4.01 (054) gas chromatography with

FID. All the chemicals and reagents used were purchased

from the Sigma Aldrich. The analytical grade organic sol-

vents were utilized for the extraction and column chroma-

tography. The adsorbent and silica gel 60e120 mesh were

purchased from the Himedia, India for the column

chromatography.
2.2. Extraction and isolation

The fenugreek seeds (1.5 kg) were coarsely powdered,

macerated with 50% v/v ethanol, concentrated under reduced

pressure in a rotary evaporator (Heidolph; Germany) below

40 �C. The brown color crude extract obtained, was suspended

with 95% v/v ethanol (500 ml) and sequentially partitioned

with petroleum ether (3 � 500 ml), chloroform (3 � 500 ml),

ethyl acetate (3� 500ml) and 80% v/v ethanol (3� 500ml). The

80% v/v ethanol fraction (6 g) was subjected to silica gel col-

umn (60e120 mesh) and eluted with chloroform: methanol:

water gradient to provide 93 sub-fractions (20 ml each). These

sub-fractions were analyzed by TLC and UV spectroscopy, to

give six pure compounds (C1, C2, C3, C4, C5, and C6). After

structure elucidation of the isolated compounds, they were

tested for the cytotoxicity potential using sulphorhodamine B

(SRB) assay against A549 lung cancer cells and compound six

(C6) was found to be the most cytotoxic compound.

2.3. Screening of the isolated compounds for cytotoxicity

An experiment using sulphorhodamine B protein binding

(SRB) assay for 24 h drug exposure was performed to estimate

the percentage control. Consistent with the results of SRB

assay, the lower and the higher concentrations i. e 20 mg/ml

and 80 mg/ml of all the isolated compounds were selected for

the further detailed study. Doxorubicin (also known as

adriamycin), treated group was positive control group. After

incubation of treated cells for 24 h at 37 �C, cells were tryp-

sinized (2 wells/group) using TrypsineEDTA (Gibco) (0.05%)

then treated with 10 ml of the trypan blue dye (ThermoFisher

Scientific) and incubated for 5 min at room temperature. The

cells were counted at four corner square of hemocytometer.

The total number was averaged and cell viability was deter-

mined using the formula: No. of cells/ml ¼ average cell count

x 104 x dilution factor. The cells in the remaining wells were

treated with 20 mM hoechst 33342 solution (ThermoFisher)

and incubated for 10min and imaged for counting nuclei

using blue excitation filter in a fluorescent microscope

(Olympus, Japan). Further, the MTT assay was performed, to

confirm the effectiveness of most potent cytotoxic com-

pounds. The MTT assay is a conventional method used

to evaluate the mitochondrial integrity [21]. Cells were

treated with 100 ml MTT (3-(4,5- dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) (5 mg/ml) Roche, USA and

incubated for 4 h at 37 �C. Media was removed and 150 ml

DMSO was added to each well and shaken carefully to

dissolve formazan crystals and further incubated for 1e2 h at

room temperature. Untreated media was used as a negative

control while for positive control Doxorubicin was used.

Absorbance was recorded at 570 nm using a plate reader with

a reference range of 690 nm. The course of the experiment

was repeated three times.

2.4. Caspase assay

The caspase 3/7 assay kit (Promega, USA) was used tomeasure

the caspase activity. The cells in each well including blank

were treated with 100 ml of the caspase glo reagent and incu-

bated for 2e3 h at room temperature. The plates were

https://doi.org/10.1016/j.jfda.2018.05.001
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transferred to a luminometer machine (Berthold Technolo-

gies, India) for measuring luminescence and results were

analyzed.

2.5. Western blot assay

The A549 cancer cells were harvested and total protein was

extracted using triple lysis buffermethod. To analyze the total

protein SDS-PAGE was performed and the gel was transferred

to a polyvinylidene difluoride (PVDF) membrane and pro-

cessed further. After blocking for 1 h, the membrane was

incubated overnight at 4 �Cwith the antibody caspase 3 (1:200)

(Santacruz Biotechnology, USA) and b-actin as a loading con-

trol for the experiment. The membrane was rinsed three

times with themixture of tris-buffered saline and polysorbate

20 (TBST) and incubated with horseradish peroxidase labeled

secondary antibody (1:5000) for 1 h at room temperature. Post

incubation, the membrane was rinsed again three times with

TBST before scanning the band.

2.6. Antitumor activity of compounds on zebrafish

The wild-type zebrafish, weighing 0.45e0.50 g, length 4e5 cm

were housed under 14:10 h light/dark regimen, 27 ± 1 �C, oxy-
gen saturation exceeding 70%andpH7.4e8weremaintained in

the 10 L tanks. The test compounds were dissolved in 3 ml of

compound dissolvingmedium (1ml phosphate buffered saline

containing 20% DMSO and 30% fish feed grade coconut oil) and

added to a pellet. The pellets were stored at 4 �C. The zebrafish

were induced with tumor through xenotransplantation of log

phase cells. The fishes were anesthetized using cold water at

10 �C and 3 ml of 1 � 106 log phase A549 cells were injected into

the gills section atmultiple sites to induce a tumor. The gradual

cooling method is used for anesthesia due to its safety and

effectiveness for the short termprocedure [22]. The fisheswere

transferred to the housing tanks and maintained for 21 days

until tumor reached maximum growth phase. The group

sizes of six adult fishwere employed. Groupswere treatedwith

compounds through oral dosing and treated groups were

compared to vehicle treated group, to quantify activity against

tumor. The two concentrations i.e. 3 mg and 30 mg of all the

samples were given orally per day for 14 days.

After treatment, fishes were anesthetized with 10 �C water

and sacrificed by a cut between the brain and the spinal cord.

The local tissues near the gills, the gills and liver were isolated

and smeared on a glass slide and stained with hematoxylin &

eosin respectively for 2 min each followed by phosphate-

buffered saline (PBS) washes. The slides were viewed using

Labomed 400. The total tumor sizewasmeasured using image J

software analysis. For quantifying tumor, 100 cells were

counted under 40X microscope per field. This was done for 10

field totaling to a 1000 cells. The following formulawas used for

obtaining the percentage. The total number of tumor cells/total

number of cells counted X 100. For quantifying metastasis, the

number of secondary tumor sites were quantified. The

following formula was used for obtaining the percentage. The

total number of secondary tumor sites/4 � 100. A T4 stage

tumor zebrafish has four secondary tumor sites and hence, the

denominator is four. For quantifying neo-vascularization

(angiogenesis), Image J, the software provided by National
Institute of Health, USA, was used. The neo-vascularized blood

vessels were selected using the area selection tool. The total

area quantified in terms of millimeter square by the software

was used for scoring. The formula used for percentage neo-

vascularization was, total area of neo-vascularized tissue in

the test specimen/80 � 100. A T4 stage tumor zebrafish has a

neo-vascularization level of 80 mm square. The mortality was

counted on an everyday basis to understand mortality curve

over therapeutic intervention.

2.7. Ethical for animal experimentation

The Good Animal Practice as per Institutional Animal Ethical

Committee in accordance with Committee for the Purpose of

Control and Supervision of Experiments (CPCSEA), India, was

followed in adherence to established protocols.

2.8. Statistical analysis

The statistical comparisonsweremade using Graph Pad prism

(Graph Pad Software Inc., CA, USA). The student-t test with a

95% confidence interval was performed using a two-way

ANOVA at an alpha ¼ 0.05 (95% confidence interval). The sig-

nificance is denoted with asterisks, ns not significant,

*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

2.9. Structural determination of the active compounds

The compound sixwas obtained as awhite amorphous powder

(methanol: water; 90:10 v/v). It has a base peak at m/z 43 (ESI-

MS), corresponding to themolecular formula of C26 H44 O5. The

functional groups of carbonyl (1718.58 cm�1), CeO stretching

(1100 cm�1), CeH sp3 stretching (2881.65 cm�1), and aromation

of CeH bending (808.17 cm�1) were confirmed by the IR spec-

trum. The 1H NMR spectra of compound six showed three

hydrogen peaks at high field region at dH 5.647 (q, J7.01 Hz), dH
5.608 and dH 5.122 indicatinghydrogen attach to carbonyl (CeO)

group. The peaks at dH 3.998 (q, J2.79) and dH 3.732 indicate

hydrogen positioned near hydroxyl group. The two peaks at dH
2.608 and dH 2.378 (q, J7.27) indicate hydrogen located near

carboxyl group. In the lowfield region, peaks showed rest of the

hydrogen attached to sp3 hybridized carbon. The 13C NMR

spectrum showed one carboxyl carbon C]O at (dC 177.27),

carbon attachedwith oxygenCeOat (dC 61.76) and three carbon

attached to hydroxyl group i.e. (dC 79.01), (dC 77.27) and (dC
69.01), while other carbons showed peak at low field region

ranging from dC 20.01 to dC 31.93. The above spectral

data coupled with literature indicate that the compound is

homologue of Ethyl iso-allocholate.
3. Results

3.1. Fractionation and isolation of compounds

The fractionation of 50% v/v ethanol extract (32.6 g) of fenu-

greek seeds with various solvents yielded pale yellow colored

petroleum ether fraction 1.027 g (3.15%w/w), brown colored

chloroform fraction 1.64 g (5.22%w/w), yellowish brown

colored ethyl acetate fraction 4.2 g (14.169%w/w) and brown

https://doi.org/10.1016/j.jfda.2018.05.001
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colored 80% v/v ethanol fraction 7.29 g (28.384%w/w). The 6 g

of 80% v/v ethanol fraction was subjected to column chro-

matography to afford six pure compounds. The structure

elucidation of the compounds were performed using GCeMS,

IR, 1H NMR and 13C NMR spectroscopy (Supplementary ma-

terial). The compounds isolated were identified as Dibutyl

phthalate (0.78%w/w); Acetamide, N-[4-(4-

hydroxybenzylidenamino) phenyl]- (0.1866%w/w); Benzene-

propanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy, methyl

ester (1.1888%w/w); 2H-Indeno [1,2-b] furan-2-one, 3,

3a,4,5,6,7,8,8b-octahydro-8,8-dimethyl (1.255%w/w); Phenol,

2,4-bis(1,1-dimethylethyl) (1.45%w/w); and Ethyl iso-

allocholate (3.46%w/w).

3.2. Screening of isolated compounds for cytotoxicity
potential

All the isolated compounds were subjected for cytotoxicity

screening against A549 cancer cells. The compound six

namely ethyl iso-allocholate, at the dose of 80 mg/ml showed

58.7% control growth in SRB assay (Fig. 1A), indicating that

compound six has highest cytotoxicity potential as compare

to other isolated compounds. The optimum dose of different

compounds was determined by trypan blue viability assay.

Following treatment, viability was affected in all experimental

groups at both the doses i.e 20 mg/ml and 80 mg/ml (Fig. 1B). At

the dose 20 mg/ml, compound three, four and six seemed to be

effective in suppressing the cell division of the cancer cells,

whereas with dose 80 mg/ml, compound two, three and six

critically affected viability of the cells after 24 h post treat-

ment. The compound six showed least percentage viability i.e.

39.825%, as compare to control group which was 90.03%. The

hoechst staining showed less number of nuclei in the treat-

ment groups with lowest number in compound three, four

and six with dose 20 mg/ml and compound two, three, and six

with dose 80 mg/ml, consistent with our trypan blue staining

results. The compound six showed reduced average nuclei

count i.e. 2342.5 nuclei at the dose of 80 mg/ml, as compare to

control group, which was 8317.5 (Fig. 2).
Fig. 1 e Cytotoxicity study of isolated compounds of Trigonella

isolated compounds were tested for cytotoxic potential using S

isolated pure compounds were determined by trypan blue viabi

The x-axis denotes test groups and y-axis denotes percentage

less viable cells i. e 39.825 as compare to control group which w
The MTT assay revealed the effectiveness of compound six

at two different doses, higher cytotoxicity with dose 80 mg/ml.

The untreated cells showed higher absorbance value i.e. 1.035

indicating metabolically active cells, whereas in both the

treated groups lower absorbance value, lowest in dose

80 mg/ml apparently i.e. 0.58, indicating susceptible cells as a

result of treatment with compound six (Fig. 3).

In caspase glo assay, luminescence measured is propor-

tional to the amount of the caspase activity present and thus

higher luminescence indicates greater apoptotic cells in an

experimental group. In the assay, compound six at the dose of

80 mg/ml showed higher luminescence i.e. 5438.25, indicating

extensive apoptotic nature of the cells in that group as compare

to negative control group, where lower luminescence i.e.

1021.75 was recorded (Fig. 4A). The stausporine and untreated

samples was positive and negative control respectively.

Western blot analysis showed expression of cleaved cas-

pase in both the test groups, i.e. 20 mg/ml and 80 mg/ml indi-

cating activation of apoptotic pathways in the cells. At higher

dose i.e. 80 mg/ml, the presence of a thick band of cleaved

caspase suggest increased activation of pro-apoptotic signal

in that particular group as compare to the 20 mg/ml. We used

beta actin as loading control that expresses well in all our

groups nullifying loading errors (Fig. 4B). The present study

implies the use of the compound six at higher dose to be

cytotoxic at the given time interval.

3.3. In vivo anticancer activity

Themaximum inhibition in tumor cell proliferationwas shown

by compound six i.e. 80 ± 5%, equivalent to doxorubicin with

the dose of 30 mg (Fig. 5A, Fig. 6A). The negative control group

showed maximum tumor migration into the liver called liver

metastasis i.e. 70 ± 4%, which was reduced in petroleum ether

fraction and compound six treated groups. The petroleum

ether fraction treated group reduced the liver metastasis up to

50 ± 3%, followed by compound six i.e. 55 ± 3%, but the results

were not equivalent to positive control group (doxorubicin) i.e.

40 ± 2% (Figs. 5B and 6B). The negative control group showed
foenum graecum L. against A549 cancer cells. (A) All the

RB assay against A549 cells. (B) Optimum dose for different

lity assessment. Dose 1 is 20 mg/ml and dose 2 is 80 mg/ml.

viability. Compound 6 (C6) at the dose of 80 mg/ml showed

as 98.715.
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https://doi.org/10.1016/j.jfda.2018.05.001


Fig. 2 e Morphological characters and Nuclei count of A549 cancer cells. Effect of isolated compounds on A549 cells was

observed after 24 h exposure to the compounds. The bright field images showed confluent growth in control group.

The hoechst stained A549 cells were observed under fluorescence microscopy. After treatment, reduced number of cells and

lowest nuclei count was observed in compound 6 at both the doses. (A) The negative control group showed highest cell

density. (B) Cells treated with compound six at the dose of 20 mg/ml. (C) Cells treated with compound six at the dose of 80 mg/

ml showed significantly reduced number of cells.
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the maximum formation of new blood vessels called neo-

vascularization i.e. 60 ± 2%, which was reduced in all the

sample treated groups, with significant reduction in compound

six treated group i.e. 5 ± 0.8% (**P < 0.01), equivalent to positive

control group (Fig. 5C). During the experiment, negative control

group showed 17 ± 1% mortality rate, but no mortality was

observed in compound six, compound three and ethanol
Fig. 3 e MTT assay. MTT assay revealed effectiveness of

compound six at two different doses with higher

cytotoxicity at dose 2 than dose 1. Dose 1 is 20 mg/ml and

dose 2 is 80 mg/ml.
fraction treated groups (Fig. 5D). Thus, it is considered that the

isolatedcompoundsand themother fraction are safeonnormal

cells. The vehicle was significantly different from tumormodel

with ***P< 0.001 indicating validity of themodel and compound

six was significantly different from tumor model **P < 0.01

indicating curative properties of compound six.
4. Discussion

In this study, we isolated six pure compounds from the 80%

v/v ethanol fraction of 50% v/v ethanol extract of fenugreek

seeds using column chromatography. The extraction of

fenugreek seeds was carried out using maceration method.

The extract was further divided into various fractions by

liquideliquid partitioning method. Only cold processes were

selected during the experiment to avoid degradation of nat-

ural compounds. All the fractions were tested for cytotoxicity

potential against A549 lung cancer cells. TheA549 cell linewas

selected on the basis of our previous study (Table 1 & Fig. 1

Supplementary material). The 80% v/v ethanol fraction

showed 90% growth inhibition against A549 cancer cells

which was high as compared to the other fractions. The col-

umn chromatography of the 80% v/v ethanol fraction was

carried out in order to obtain the bioactive compounds. We

obtained six pure compounds from the chromatography and

https://doi.org/10.1016/j.jfda.2018.05.001
https://doi.org/10.1016/j.jfda.2018.05.001


Fig. 4 e Caspase glo assay and western blotting. (A) Caspase glo assay revealed higher luminescence i.e. 5438.25 in

compound six treated group at the dose of 80 mg/ml, as compare to control group which was 1021.25. The high

luminescence indicates higher caspase activity andmore apoptotic cells than control group. Dose 1 is 20 mg/ml and dose 2 is

80 mg/ml. (B) Western blot analysis showed expression of cleaved caspase at both the dose of ethyl iso-allocholate. The b-

actin was used as loading control that expressed well in all groups nullifying the loading errors.

Fig. 5 e In vivo cytotoxicity evaluation of bioactive compounds. (A) Percentage tumor cell after treatment with samples.

The ethyl iso-allocholate at the dose of 30 mg showedmaximum growth inhibitory effect, equivalent to doxorubicin (positive

control) i.e. 80 ± 5. (B) Percentage liver metastasis. The ethyl iso-allocholate and petroleum ether fraction showed least

percentage liver metastasis i.e. 55 ± 3 and 50 ± 3, respectively. (C) Percentage neo-vascularization. The ethyl iso-allocholate

treated group showed significantly less formation of new blood vessels (**P < 0.01) i.e. 5 ± 0.8 as compared to the negative

control group which was 60 ± 2. (D) All the compounds showed zero percent mortality except ethyl acetate and petroleum

ether fraction. dox refers to doxorubicin, compound 3 is benzenepropanoic acid, 3,5-bis (1,1-dimethylethyl)-4-hydroxy,

methyl ester and compound 6 is ethyl iso-allocholate.

j o u rn a l o f f o o d a nd d r u g an a l y s i s 2 7 ( 2 0 1 9 ) 2 3 1e2 3 9236
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Fig. 6 e Changes in anatomy and physiology of gills and liver of zebrafish. The compound 3 refers to benzenepropanoic acid,

3,5-bis(1,1-dimethylethyl)-4-hydroxy, methyl ester and compound 6 refers to ethyl iso-allocholate. (A) Gills anatomy and

pathology after treatment, (B) Liver anatomy and pathology after treatment.
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structure elucidation of the compounds was carried out using

various analytical techniques. The results of IR spectroscopy

showed the types of functional group present in the com-

pounds. The GCeMS technique compared the GC graph with

themass spectra taken at different time interval and provided
the probable compounds in the sample along with their

molecular weight and molecular formula. All the data were

compared with NIST library data. The 1H NMR and 13C NMR

spectra were obtained which showed the number of proton

and 13C carbon, present in different environment,

https://doi.org/10.1016/j.jfda.2018.05.001
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respectively. All the spectral data for the six samples were

compared to identify the isolated compounds. The isolated

samples were tested against A549 cancer cell, for the cyto-

toxicity potential. The compound six namely ethyl iso-

allocholate, a steroidal derivative showed highest percentage

control growth, followed by compound three. To study the

mechanism of action of ethyl iso-allocholate, the cell were

stained with trypan blue and hoechst 33258 stains.

Apoptosis is a programmed cell death characterized by the

morphological changes including cell shrinkage, membrane

blebbing, reversal of phosphatydylserine from inside to

outside the cell membrane, condensed chromatin, DNA frag-

mentation and apoptotic bodies formation [23].

The trypan blue dye enters into the dead cells through

cell membranes pores, which indicate the altered membrane

integrity of the cells [24,25]. The DNA of live and necrotic

cells are intact, while apoptotic cell show condensed DNA.

The hoechst stain is permeable to the cell membrane, and

enters into the cell and migrate inside the nucleus, and bind

with the minor groove of condensed double stranded DNA,

preferably to adenine-thymine rich region [26,27]. The above

staining process indicate that compound six cause cell

membrane damage and DNA fragmentation resulting into

cell death. Apoptosis is mediated by various signaling path-

ways including caspases. There are two types of apoptotic

pathways that occur inside the cell for the DNA fragmenta-

tion namely extrinsic and intrinsic pathways. The activation

of caspase 3 is common event in both the pathways [2].

The caspase 3 is a cysteine dependent aspartate directed

protease. It recognizes ‘DEVD’ sequence of the protein

(D-aspartate, E-glutamate, V-valine). It is present in cyto-

plasm in an inactive form pro-caspase 3 and cleaves into the

active form caspase 3 after proteolytic activation by up-

stream caspases. It plays a key role in apoptosis. The

signaling molecule, caspase 3 is able to cleave a variety of

substrates resulting into cell death. The biochemical and

morphological characteristics observed in apoptotic cells

depends on the types of substrate cleaved by caspase 3.

Due to vast range of substrates, caspase 3 is considered as a

common mediator for apoptosis [28,29]. The compound six

significantly increase the cleavage of pro-caspase 3 into

caspase 3 in A549 cells which was detected by caspase glo

assay and further confirmed by western blot assay. These

results confirmed that apoptosis of A549 cells takes place in

a caspase dependent manner.

The in vivo study was performed to evaluate the anti-

cancer potential of compound six and to compare its effect

with mother fraction i.e. 80% v/v ethanol fraction on zebra-

fish. The compound six showed maximum tumor growth

inhibition i.e. 80 ± 5%, with the dose of 30 mg, equivalent to

the doxorubicin (positive control) which was consistent with

in vitro results. The compound six reduced the migration of

tumor cells into the liver called liver metastasis. The nega-

tive control group showed liver metastasis, confirming

uncontrolled tumor, whereas doxorubicin and compound six

treated groups showed controlled tumor growth with both

the concentration, 3 mg and 30 mg. During metastasis, the

tumor cells detach from its signal site and migrate into the

extracellular collagen, where they release the matrix metal-

loproteinase that digests the basement membrane and
eventually enters into the blood streams. These tumor cells

migrate into the blood circulation and attach to the new

tissues where they start cell division, causing the severe

condition of cancer [30]. The compound six showed 55 ± 3%

liver metastasis, which was much less then negative control

group. The formation of new blood vessels from the existing

vessels is called angiogenesis or neo-vascularization and is a

critical event in cancer. It takes place to fulfill the demand

of oxygen and nutrients into the budding tumor cells.

The percentage neo-vascularization (new vessels) formed in

compound six treated group was significantly less i.e. 5 ± 0.8

(**P < 0.01) as compared to the negative control group which

was 60 ± 2%. During the experiment, the percentage mor-

tality of zebrafish was observed, to investigate the safety of

compounds in zebrafish. The doxorubicin, compound six,

compound three, and ethanol fraction treated group showed

zero percent mortality.
5. Conclusion

In conclusion, ethyl iso-allocholate isolated from fenugreek

seeds is a steroidal derivative. Moreover, ethyl iso-allocholate

induces A546 lung cancer cell apoptosis, by activation of cas-

pase signaling pathway. Notably, it also showed reduction in

tumor growth, livermetastasis, and angiogenesis in zebrafish.

It was safe on normal tissues as it showed zero percent mor-

tality of zebrafish. Thus, our study provides important infor-

mation regarding the presence of new potent anticancer agent

in fenugreek seeds.
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