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Black chickpea is a good source of bioactive compounds, particularly isoflavones. Sprouting improves
nutraceutical value in chickpea seeds. This study aimed to explore the role of sprouting of black chickpea
seeds on the synthesis of isoflavones and evaluate the impact of the soluble isoflavone on cellular antiox-
idant activity (CAA) and antiproliferative activity in breast cancer cells. Isoflavones were identified and
quantified by HPLC-UV-MS. The CAA and antiproliferative activity were determined in HepG2 cells and
MDA-MB-231 cancer cells, correspondingly. In sprouted black chickpea, six isoflavones (formononetin,
biochanin-A, and its glycosides) were identified and the total isoflavones content increased (0.31 to
35.72 mgBA/mg of extract). The CAA was increased five times from 137.2 to 788.2 mMEQ/100 g of sample.
The bioactive compounds in sprouted chickpea decreased the proliferation of MDA-MB-231 cell line. Also
caused morphological changes such as cell shrinkage, rounding and nuclear fragmentation. The results
herein suggest that bioactive compounds, as isoflavones, in sprouted black chickpea showed a potential
antioxidant and antiproliferative activity. Therefore, it may be considered as a value-added product or
ingredient for produce functional foods.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Desi chickpea is a small grain with pigmented seed coat (red,
green, brown, and black) and scarcely use for human consumption
(Heiras-Palazuelos et al., 2013; Domínguez-Arispuro et al., 2018;
Milán-Noris et al., 2018). Chickpea is a good source of bioactive
compounds, as isoflavones. The main isoflavones present in chick-
pea are biochanin-A and formononetin. Also, genistein and daid-
zein are reported in small amounts (Wu et al., 2012). Isoflavones
are considered as estrogenic polyphenols (structurally similar to
estrogens) with potent anticarcinogenic properties, they mimic
the main mammalian estrogen (estradiol) that allows them to bind
to the estrogen receptor (Velentzis et al., 2008; He and Chen, 2013).
However, previous reports have shown that, isoflavones presented
cancer prevention due to non-hormonal mechanisms (Sánchez-
Chino et al., 2015), these compounds suppress angiogenesis,
induces apoptosis, inhibits DNA topoisomerases and cancer cell
differentiation (Garrido et al., 2003; Messina, 1999; Nagaraju
et al., 2013).

Moreover, the profile and content of isoflavones in plants are
influenced by several factors as genotype, agriculture practices,
weather and processing conditions (Gao et al., 2015; Pérez-
Martín et al., 2017; Milán-Noris et al., 2018). Sprouting of seeds
is considered as an affordable and natural bioprocess that improve
the nutritional and nutraceutical characteristic of chickpea seeds
(Sharma et al., 2018). In previous studies, it has been reported that
sprouting increases significantly the content of isoflavones in desi
chickpea (Milán-Noris et al., 2018). Moreover, black chickpea
sprouting was optimized to enhance antioxidant capacity
(Domínguez-Arispuro et al., 2018). This study aimed to explore
the effect of sprouting of black chickpea seed on the synthesis of
isoflavones, cellular antioxidant and antiproliferative activity in
breast cancer cells which lack hormone receptor (MDA-MB-231).
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2. Materials and methods

2.1. Plant materials

Black chickpea seeds were grown (December-2017 to April-
2018) at Culiacan Experimental Station, National Research Insti-
tute for Forestry, Agriculture and Livestock (INIFAP), Sinaloa,
México. Black chickpea seeds were collected, cleaned, and pre-
served at 4 �C until analysis.
2.2. Production of sprouted chickpea flour

Sprouted chickpea flours were processed in compliance with
the methodology developed by Domínguez-Arispuro et al. (2018).
Black chickpea seeds were washed with purified water during
30 s. After that, the seeds were washed-out and rinsed with dis-
tilled water. Then, the soaked seeds were placed in sprouted con-
tainers. Containers were introduced in a sprouting chamber (33
�C/171 h), controlling the relative humidity at 80–90%. The sprouts
obtained were immediately stored at �80 �C, freeze-dried, and
milled to obtain sprouted chickpea flours (SCF). On the other hand,
whole raw black chickpea seeds were ground to produce
unsprouted flour (UCF). It was used as a control. Both flours were
preserved at 4 �C in tightly sealed containers.
2.3. Extraction of soluble phenolic compounds

The soluble phenolics from the unsprouted and sprouted chick-
pea flours were extracted as previously reported (Heiras-
Palazuelos et al., 2013). Briefly, one gram of sample (UFC or SCF)
were mixed with 10 mL of ethanol: water (80:20, v/v) and stirred
in a rotator tube at 50 rpm by 10 min. Then, the samples were cen-
trifugated (3000g/25 �C) by 10 min. The supernatant was evapo-
rated under reduced pressure to dryness in a rotavapor and
stored at �20 until analysis. For biological test, the extracts were
reconstituted in serum free culture medium.
2.4. Identification and quantification of isoflavones

Soluble phytochemical extracts were reconstituted in 80% aque-
ous methanol and filtered with a 0.2 lm membrane filter. The
identification of isoflavones in chickpea extract was performed in
an HPLC coupled to an ion trap (IT) mass detector (1100 series, Agi-
lent Technologies, Santa Clara, CA.). Ionization was accomplish
using an electrospray source (ESI) at 300 �C, capillary temperature
at 4 kV, voltage nebulizer pressure at 50 psi and nitrogen gas flow
rate at 10 mL/min. The mass scan range was from 150 to 2000 (m/
z) and the data was captured in positive mode. The separation was
adapted for chickpea samples and achieved using an Eclipse XDB
C18 column with 3 mm � 150 mm and 3.5 lm of dimension (Agi-
lent Technologies, Santa Clara, CA) with a flow rate of 0.4 mL/min
and a column temperature of 30 �C. The solvents used as mobile
phase, were (A) water with formic acid (0.1%) and (B) acetonitrile.
The elution was: the first 8 min increased from 0 to 10% B, 8 to
16 min increased to 35% B, 16 to 26 min increased to 90% B and
26 to 36 min increased to 100% B.

The quantification of isoflavones were performed in a HPLC-UV.
The separation was as described for HPLC-IT-MS. The injection vol-
ume was 2 lL of chickpea extracts and detection was recorded at
260 nm. The compounds were confirmed by UV spectra and reten-
tion time (Milán-Noris et al., 2018). The isoflavones in black chick-
pea were reported as Biochanin A equivalents (lg BA eq/mg of
extract)
1142
2.5. Cell studies

2.5.1. Cell culture
Liver cancer cells (Hep-G2) were used for the evaluation of the

cellular antioxidant activity. Hep-G2 was grown WME medium,
supplemented with FBS (5%), HEPES (10 mM), L-glutamine
(2 mM), insulin (5 lg/ mL), hydrocortisone (0.05 lg/mL), penicillin
(50 units/mL), streptomycin (50 lg/mL), and gentamycin (100 lg/
mL) (Wolfe et al., 2008). MDA-MB-231, triple-negative breast can-
cer (TNBC) cells, characterized by the absence of estrogen receptor
(ER), progesterone receptor (PR), and human epidermal growth
factor receptor (HER)-2 expression. Murine fibroblast cells (NIH-
3T3) were grown in DMEM (Dulbecco’s Modified Eagles) medium,
supplemented with 10% FBS (heat-inactivated) (Life, USA) and 1%
antibiotic solution (100 IU/mL penicillin: 100 lg/mL strepto-
mycin). Cell culture was preserved (37 �C, 5% CO2) in a humidified
atmosphere.

2.5.2. Cytotoxicity assay
The citotoxicity of chickpea extracts on HepG2 cells was per-

formed using the methylene blue test (Felice et al., 2009). HepG2
cells were placed (4 � 104 cells per well) in 96-well plate with
100 mL of growth culture medium and incubated for 24 h under
controlled conditions (37 �C; 5% CO2). 100 mL of soluble extracts
were added to each well at different concentrations. The micro-
plate was placed on a tabletop shaker for 20 min to facilitate uni-
form elution. Cytotoxicity was calculated by a 10% reduction of
absorbance (570 nm) reading for each concentration compared to
untreated cells.

2.5.3. Cellular antioxidant activity (CAA)
HepG2 cells were placed (6 � 104/well) on a 96 wells micro-

plate. After 24 h of incubation (37 �C, 5% CO2), cells were tested
with 100 mL of soluble extracts from UCF, SCF or quercetin, (at dif-
ferent treatments) and 25 mM of DCFH-DA by 60min. The effective-
ness of phytochemicals, on cell absorption or cell membrane
binding, was determinate applying two protocols (with PBS wash
and without PBS wash). Then 100 lL of HBSS (600 lM ABAP)
was added to the cells, and the plate was immediately placed in
the preheated microplate reader (VictorTM X3 Multi-Label, Perkin
Elmer, Inc., MA, USA) and maintained at 37 �C. The emission
(535 nm) and excitation (485 nm) reading were recorded each
5 min for 60 min. The CAA of each sample was calculated as fol-
lows: dividing the EC50 of quercetin standard (positive control)
by the EC50 of each sample. The data was reported as lmol of quer-
cetin equivalents/100 g sample (Wolfe et al., 2008).

2.5.4. Morphological changes on breast cancer cell
The evaluation of the effect of chickpea extracts in the cell mor-

phology (MDA-MB-231) was tested in 8 wells plates (1 � 104 cells
per well). The samples were tested at 10 mg/mL concentration for
24 h with a double fluorescent staining (Dapi/Phalloidin). After
that cells were fixed with formaldehyde (4%) for 30 min. Then,
the cells were permeabilized with a triton (0.2%). The cells mor-
phological changes were observed in a fluorescent microscope at
excitation/emission of 353/460 nm (Dapi) and 535/585 nm (phal-
loidin). The cells exposed to 40 mm/mL cisplatin (antineoplastic
drug) were used as a positive control and untreated cells as a neg-
ative control.

2.5.5. Antiproliferative activity
Antiproliferative activity in MDA-MB-231 and NIH-3T3 was

determined by the MTT assay (Xu and Chang, 2009) with some
modifications. Cancer cells were grown with DMEM (37 �C, 5%
CO2) for 24 h. The 96-wells plates were prepared with 100 mL of
a suspension (MDA-MB-231 or NIH-3T3) containing 1 � 104
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cells/mL and permitted to grow for 24 h. The chickpea extracts
were suspended in DMEM medium. The samples were tested at
different concentrations (0, 0.3, 0.5, 1, 5, 10, 15 mg/mL) for 12 h.
Following, 20 mL of MTT stock solution was added to each well
and incubated at 37 �C for 4 h. The supernatant was removed,
and after that, 100 lL of dimethyl sulfoxide was added in each well
to solubilize purple formazan crystals. The plates were read at
570 nm in a scanning multi-well spectrophotometer (Synergy
HT, Bio-Tek, Winooski, VM). The cell viability and IC50 in MDA-
MB-231 and NIH-3T3 cells were calculated using controls (un-
treated cells) as 100% viable. Positive (40 mM cisplatin) and nega-
tive (untreated cells) controls were used for comparison purposes.

2.6. Statistical analysis

All statistical analyses were executed in the Minitab statistical
software version 16. The measurements, in this study, were carried
out in triplicate. Data were depicted as mean ± standard deviation
(SD) and analyzed by analysis of variance followed by Duncan tests
to identify differences among treatments. A p value � 0.05 was
considered significance. IC50 and EC50 were calculated with Graph-
Pad Prism Software version 5.0.
3. Results

3.1. Identification and quantification of isoflavones

The isoflavone content in black chickpea samples (unsprouted
and sprouted) are depicted in Table 1. In Fig. 1 are showed the rep-
resentative chromatograph of isoflavone profile of black chickpea
sprouts. Six principal isoflavones were identified: Isoformononetin
glycoside ([M+H]+ = 431; 259 nm), formononetin malonyl gly-
coside ([M+H]+ = 531; 249 nm), biochanin-A glycoside ([M+H]+=
447; 261 nm), biochanin-A malonyl glycoside ([M+H]+ = 533;
260 nm), formononetin ([M+H]+ = 269; 249 nm) and biochanin-A
([M+H]+ = 285; 261 nm). In UCF samples, biochanin-A and its
derivatives were observed, and biochanin-A was detected as the
major isoflavone with 0.14 lgBAEq/mg of extract. Interestingly,
in SCF sample, the profile and content of isoflavones increased dur-
ing the sprouting process. Formononetin and its derivatives were
found only in SCF sample. The total isoflavones content (TIC) in
the sprouted black chickpea (171 h/ 33 �C) increased from 0.31
to 35.72 lg BAEq/mg of extract, close to 115-fold. The biochanin-
A malonyl glycoside was the main isoflavone (7.91 lgBAEq/mg)
in SCF sample, representing 22% of TIC.

3.2. Cellular antioxidant activities of black chickpea extracts

Fig. S1 shows the cytotoxic effect of UCF and SCF on HepG2 cell
line. The cellular antioxidant activity and EC50 values for black
chickpea extracts with and without PBS wash protocols are shown
Table 1
Isoflavones content in unsprouted (UCF) and sprouted (SCF) black chickpea extracts.

Compound UCF (lg
BA eq/mg e)

SCF (lg
BA eq/mg e)

Isoformononetin glycoside ND 6.18 ± 0.05
Formononetin malonyl glycoside ND 6.82 ± 0.44
Biochanin-A glycoside 0.06 ± 0.00b 6.35 ± 0.14a

Biochanin-A malonyl glycoside 0.10 ± 0.01b 7.91 ± 0.09a

Formononetin ND 4.07 ± 0.39
Biochanin-A 0.14 ± 0.00b 4.36 ± 0.49a

Total 0.31 ± 0.00b 35.72 ± 0.72a

Mean ± standard deviation; ND: not detected; lg BA eq/mg e: micrograms of Bio-
chanin-A equivalents/milligram of extract.
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in Table 2. In the protocol with PBS wash, the CCA were of
41.2 lmol QE/100 g sample (UCF) and 222.2 lmol QE/100 g sample
(SCF). The sprouting process of black chickpea seeds improves CAA
values significantly, increasing nearly five times compared with it
unsprouted counterpart. Besides, as expected, EC50 values were
reduced from 28 (UCF) to 5.1 (SCF) mg/mL by sprouting. Regarding
the protocol without washing (sterile PBS), similar tendency was
obtained as in the protocol with washing. That is, the sprouting
increased the antioxidant activity in SCF close to 470% approxi-
mately, the values improved from 137.2 to 788.2 mM EQ/100 g of
sample, and the EC50 values decreased after the bioprocess (4.91
to 0.88 mg/mL).

3.3. Morphological changes induced on MDA-MB-231 cells by UCF and
SCF extracts

The cytotoxic damage of the UCF or SCF extracts was confirmed
and compared with positive (cisplatin 40 mM) and negative con-
trols (untreated) (Fig. 2) using double staining (Dapi and Phal-
loidin) protocol. The bioactive compounds of both extracts
caused contraction of the plasma membrane and damage in the
nuclear membrane. Although, the cell line decreased the size and
suffered a rounding concerning to the original structure. The bioac-
tive compounds of the SCF extracts significantly affected mem-
branes, clearly observing a fragmented nucleus and undefined
membrane. These results suggest that both raw and sprouted of
black chickpea treatments were cytotoxic for cells but did not
determine whether it promote programmed cell death or
apoptosis.

3.4. Effect of chickpea extracts on the proliferation of MDA-MB-231

The effect of black chickpea extracts in the viability of breast
cancer cell are shown in Table 3. The UCF extract had low effect
in cancer cells viability at 0.3 to 0.5 mg/mL concentrations. How-
ever, at higher doses (1 to 15 mg/mL) stronger reductions in cell
viability were observed. The SCF extract reduced cell proliferation
in TNBC cells in dose-dependent effect. The IC50 of SCF was 11 mg/
mL.

The effect of the chickpea extracts was analyzed in non-
transformed cells (Table 4)NIH-3T3 cell line (murine fibroblast
cell) to study the specificity of the extract towards the proliferation
of cancer cells. The results indicate that the NIH-3T3 cell line was
affected by exposure to both soluble chickpea extracts, with stati-
cally significant differences (p < 0.05) between unsprouted and
sprouted extracts. The IC50 value for SCF extract was 14 mg/mL.
The higher dose tested of UCF extract (15 mg/mL) in both cell lines
were not enough to determinate IC50.
4. Discussion

In this work, the sprouting effect of black chickpea in the syn-
thesis of isoflavones was assayed. Furthermore, the cellular antiox-
idant (HepG2) and antiproliferative activity (MDA-MB-231) of its
bioactive compounds were explored.

The six isoflavones were identify in sprouted black chickpea:
formononetin, biochanin-A and its derivatives. Those compounds
showed the m/z and UV max according to previously reports
(Guardado-Félix et al., 2017; Milán-Noris et al., 2018). During the
sprouting process, the plant reactivates the secondary metabolism,
promoting the synthesis of bioactive compounds such as phenolic
compounds, which are boost when they are compared with the
raw seed (Domínguez-Arispuro et al., 2018). Previous studies have
shown that sprouting process modify the content and profile of
isoflavonoid in Kabuli chickpea seeds (Wu et al., 2012;



Fig. 1. Representative chromatogram at 260 nm, showing the principal isoflavones profile of sprouted black chickpea.

Table 2
Cellular antioxidant activity and EC50 of unsprouted (UCF) and sprouted (SCF) black
chickpea extracts.

UCF SCF

*EC50 PBS 28 ± 4.40a 5.19 ± 0.12b

Without PBS 4.91 ± 0.73a 0.88 ± 0.10b
**CAA PBS 41.21 ± 6.02b 222.2 ± 5.60a

Without PBS 137.2 ± 18b 778.3 ± 77.80a

Mean ± standard deviation. Letters within a column indicate significant differences
between UCF and SCF (p < 0.05) extracts.

* EC50 (mg/mL): Median Effective Concentration;
** mmol EQ/100 g: micromole equivalents of quercetin.

Fig. 2. Morphological changes of MDA-MB231 cells. (A) Untreated, (B) Cisplatin
40 lm, (C) 10 mg/mL of UCF(unsprouted black chickpea extracts), (D) 10 mg/mL of
SCF (sprouted black chickpea extracts). Note: Cell shrinkage, rounding, DNA
condensation and nuclear fragmentation in B, C, and D panels. Scale bars 20 lm.
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Guardado-Félix et al., 2017; Milán-Noris et al., 2018). Sprouting,
activates the central phenylpropanoid pathway and isoflavonoid
branch pathways in legumes, by increasing the phenylalanine
ammonia-lyase (PAL) activity. This enzyme is known as the initia-
tor of isoflavones synthesis (Luczkiewicz and Glod 2003; Wu et al.,
2012; Guardado-Félix et al., 2017).

In the analysis of the cellular antioxidant activity with both pro-
tocols in each sample, significant differences were observed, which
depend on the degree of absorption and association with the cell
membrane of the bioactive compounds present in the soluble
extract. When the cells were washing with PBS, many of the com-
ponents of the medium were removed. Washing is important since
it allows the removal of the component from the medium that may
cause interference. After wash the cells, only the compounds that
cross the cell membrane barrier or those that are firmly bound to
the cell membrane, provide antioxidant activity. The effectiveness
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of cell absorption or membrane binding combined with its ability
to sequester free radicals dictates the efficacy of the phytochemi-
cals in the samples. So, the bioactive compounds present in both
extracts have two ways to exert antioxidant activity. Those com-
pounds could act at the level of the cell membrane and break the
chain reaction of free radicals at the level of the cell surface, or they



Table 3
Effect of unsprouted (UCF) and sprouted (SCF) black chickpea extracts on the viability
of MDA-MB-231 breast cancer cells.

Concentration (mg/mL) % Viability

UCF SCF

0 100 100
0.3 96.40 ± 1.31 ab,A 90.53 ± 2.75 a,B

0.5 96.16 ± 0.68 a,A 83.46 ± 6.00 a,B

1 94.63 ± 0.68b, A 82.33 ± 6.04 a,B

5 92.90 ± 0.85c,A 58.90 ± 5.58b,B

10 79.25 ± 0.80 d,A 51.95 ± 5.75b,B

15 72.00 ± 1.71e,A 46.68 ± 4.53c,B

*IC50 ˃15 mg/mL 11.11 ± 0.12 mg/mL

Mean ± standard deviation; Lowercase letters within a column indicate significant
differences between concentration (p < 0.05); Uppercase letters within a row
indicate significant differences between UCF and SCF (p < 0.05).

* IC50 (mg/mL): median inhibitory concentration.

Table 4
Effect of unsprouted (UCF) and sprouted (SCF) black chickpea extracts on the viability
of NIH-3 T3 cell line.

Concentration (mg/mL) % Viability

UCF SCF

0 100 100
0.3 99.15 ± 0.21ª,A 97.27 ± 0.71ª,B

0.5 92.27 ± 2.41b,A 91.21 ± 1.76b,A

1 86.14 ± 0.73c,A 87.08 ± 1.97b,A

5 86.39 ± 2.41c,A 71.10 ± 5.85c,B

10 62.01 ± 3.94d,A 56.77 ± 5.56d,A

15 56.39 ± 2.74e,A 49.39 ± 3.65e,B

*IC50 ˃15 mg/mL 14.35 ± 0.6 mg/mL

Mean ± standard deviation; Lowercase letters within a column indicate significant
differences between concentration (p < 0.05); Uppercase letters within a row
indicate significant differences between UCF and SCF (p < 0.05).

* IC50 (mg/mL): median inhibitory concentration.
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can cross the membrane and react with intracellular ROS (López-
Alarcón and Denicola, 2013).

Furthermore, in the SCF sample, biochanin-A malonyl glycoside
was the main isoflavone, so antioxidant mechanismmay be related
to this compound. Biochanin-A reduces oxidative stress through
the decrease of the malondialdehyde levels in diabetic rats,
increased the levels of endogenous antioxidant enzymes (catalase,
superoxide dismutase), thus modifying the total antioxidant status
(de Camargo et al., 2019). Besides, phenolic compounds acting as
antioxidants such as glycosylated isoflavones, bind the HepG2 cell
membrane strongly and act at the level of the cell surface. This
behavior has been explained due to their molecular size, polarity
and solubility and they cannot easily enter into the cell (Wolf
and Liu et al., 2008).

Additionally, the isoflavones in chickpea extracts showed
antiproliferative effect in MDA-MB-231 cancer cell line. Those
compounds may affect the membrane of MDA-MB-231. It was
observed that the chickpea treatments caused morphological
changes suggesting cell damage and possible apoptosis. The char-
acteristic morphology of cells undergoing apoptosis includes cell
membrane modifications as loss of asymmetry, membrane fixa-
tion, nuclear fragmentation, chromatin condensation, and chromo-
somal DNA fragmentation (Hengartner 2000).

According to literature, isoflavones inhibits cell growth and
induces apoptosis in MDA-MB-231 cells. It modulates the antioxi-
dant system of cancer cells causing the accumulation of reactive
oxygen species and cell death (Ullah et al., 2011). NFjB signaling
pathway is involved in the regulation of critical biological pro-
cesses such proliferation and apoptosis, a common active pathway
in TNBC. Soy bean isoflavones inhibited cell proliferation and trig-
1145
gers apoptosis in TNBC, causing a dose-dependent response,
decreasing NFjB/p65 protein levels and DNA-binding activity of
NFjB, downregulation of Bcl-2, up-regulation of Bax, and apoptotic
protein (Li et al., 2008; Pan et al., 2012; Zhu et al., 2013; He and
Chen 2013).

5. Conclusions

The sprouting process is an efficient alternative to boost the
content and profile of isoflavones in black chickpea, increasing cel-
lular antioxidant activity, and decreasing the proliferation of MDA-
MB-231 breast cancer cells. The results herein suggest that bioac-
tive compounds in sprouted black chickpea showed a potential
antioxidant and antiproliferative activity. Thus, SCF seems to be a
good candidate as ingredient for the development of functional
foods and to valorize black chickpea for direct human
consumption.
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