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1 Introduction
The World Health Organisation (WHO) reports that cancer 

cases will rise from 14  million in 2012 to 22  million within 
two decades (Chalamaiah  et  al.,  2018; Sharma  et  al.,  2020). 
Chemotherapy is still regarded as the most effective treatment 
of cancers even though it is costly and has many unavoidable 
side effects (Chen et al., 2018).

Antioxidants can be described as an agent that can protect 
cells from the damaging effects caused by free radicals. Free 
radicals are natural by-products of cell metabolism, aging and 
environmental factors (Badarinath et al., 2010; Jahanbani et al., 2016). 
Diets rich in antioxidant have reported to reduce the risk of many 
developing diseases (Jahanbani et al., 2016; Chen et al., 2018). 
Legumes with high antioxidant potential like; Phaseolus vulgaris 
L. (common beans), Glycine max (L.) Merr. Fabaceae (Soybean) 
and Phaseolus lunatus L. (Lima beans) have been reported to 
be beneficial in inhibiting cancers (López-Cortez et al., 2016; 
Guleria et al., 2020).

Cancer can be triggered or catalysed by the presence of free 
radicals; therefore, antioxidants can be useful in the prevention 
and treatment of cancer (Athreya & Xavier, 2017; Chi et al., 2015).

An effective antiproliferative agent should be able to induce 
apoptosis in cancerous cells while leaving healthy cells relatively 
unharmed. Apoptosis in multicellular organisms is demarcated 
as the process of programmed cell death (Wang et al., 2012). 
Effector caspases (caspase 3/7) are responsible for morphological 
and biochemical changes during the degradation phase of 
apoptosis (Brentnall et al., 2013). Alternative treatments from 
natural sources such as food proteins could provide a better 
option to induce apoptosis and treat cancer cells efficiently.

Legumes have been regarded as a significant source of 
plant-based protein, containing between 20-40% protein in dry 
weight (Erbersdobler et al., 2017; Lopez-Barrios et al., 2014). 
Apart from being a cost effective and adaptable crop, in recent 
years, legumes have been utilised for more than their nutritional 
benefits (Lopez-Barrios  et  al.,  2014). Legume proteins and 
peptides have been studied for their effects against chronic 
diseases such as diabetes, inflammation, hypertension, and cancer 
(Barnes et al., 2015; Erbersdobler et al., 2017; Korhonen & Pihlanto, 
2006). Numerous reports specify that diets rich in legume crops 
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are correlated with lower cancer mortality rates (Duranti, 2006; 
Sánchez-Chino et al., 2015).

Proteins and peptides from legume sources such as soybean 
and black Jamapa bean have been reported by Torres-Fuentes et al. 
(2015), Carrasco-Castilla et al. (2012), to have potent antioxidant 
capacity. Soybean peptides have been reported to have approximately 
3 - 5 times more antioxidant activity as compared to the parent 
protein (Kamran  &  Reddy,  2018). The  authors isolated and 
characterized novel anticancer pentapeptide derived from rice 
bran hydrolysate. The peptide is resistant to gastrointestinal juices 
and possess inhibitory properties on colon, breast, lung, and liver 
cancer cell lines. Peptides are specific protein fragments that are 
inactive within the sequence of the parent protein (Hernández-
Ledesma & Hsieh, 2013; Udenigwe & Aluko, 2012). These peptides 
can be liberated from the parent proteins by fermentation, food 
processing and enzyme hydrolysis (Udenigwe & Aluko, 2012). 
Girón-Calle et al. (2010) assessed peptides derived from chickpea 
hydrolysed by pepsin and pancreatin. The hydrolysates inhibited 
colon and leukemia cell lines.

Lablab purpureus also referred to as hyacinth bean or 
Lablab is regarded as an adaptable and drought tolerant crop 
that grows throughout the year. This legume contains between 
18-25% protein (Hossain et al., 2016; Subagio, 2006). Lablab is 
regarded as a rich source of essential amino acids, particularly 
lysine and leucine (Hossain et al., 2016). There is continuous 
interest in peptides for their use as nutraceuticals particularly 
cancer therapy (Chen  et  al.,  2018). The protein content and 
under-utilisation of Lablab would make this a suitable source 
for peptides. Therefore, the aim of this study was to determine 
the antioxidant effects of L. purpureus isolate and hydrolysates. 
It is generally considered that a good antioxidant encompasses 
antiproliferative potential. Hence, this study also assessed the 
antiproliferative effect of the isolate as well as the hydrolysate 
on cancerous and non-cancerous cell lines.

2 Materials and methods

2.1 Sample preparation

Lablab purpureus seeds were collected in Durban, Kwazulu 
Natal, South Africa. Voucher specimens were deposited at the 
Ward Herbarium, University of KwaZulu Natal, Durban, South 
Africa. Lablab purpureus seeds were soaked in water (16-20 h), 
dehulled and dried for 20 h at 50 °C. Seeds were milled into 
flour and sieved through a 180 µm sieve and then defatted with 
hexane at a ratio of 1:5 (flour: hexane; w/v). The defatted flour 
was stored in a cool, dry environment until required for analysis.

2.2 Protein extraction

Protein was extracted according to a method by He et al. 
(2013) with minor modification. Briefly, defatted flour was 
reconstituted in distilled water (1:5; w/v), the pH was adjusted 
to pH 10. The solution was stirred for 2 h at 37 °C and then 
centrifuged (10 000 x g for 45 min). Thereafter the supernatant 
was adjusted to pH 5 (pellet discarded) and then centrifuged 
(10 000 x g for 45 min). The supernatant was discarded, and the 

pellet resuspended in distilled water. Finally, the pH was adjusted 
to pH 7 and the protein extract was freeze dried.

2.3 Preparation of protein hydrolysates

Protein hydrolysates were prepared using the method by 
Tang et al. (2009) with some modifications. Three proteases were 
used; pepsin (Sigma Aldrich - 561 U/mg): 37 °C; pH 2, alcalase 
(Sigma Aldrich - ≥ 0.75 U/mL): 50 °C; pH 8 and trypsin (Sigma 
Aldrich - 13 000-20 000 BAEE U/mg): 37 °C; pH 8. The substrate 
was prepared by reconstituting protein isolates in distilled water 
(1:20; w/v). For all reactions, enzymes were added at 5% of the 
substrate ratio on dry basis. Each substrate was incubated for 4 h, 
with the pH monitored regularly and adjusted when required. 
Thereafter, the substrate was heated at 100 °C for 10 min, to stop 
the reaction, and subsequently cooled on ice to 37 °C and finally 
centrifuged (10 000 x g for 30 min). The supernatant was then 
freeze dried.

2.4 SDS-PAGE

The SDS-PAGE of L. purpureus isolate and hydrolysates 
were analysed according to Invitrogen (2010) under reducing 
conditions. NovexTM Bolt Bis-Tris gels were used with the 
Invitrogen Mini Gel tank under a constant voltage (200 V).

2.5 Antioxidant potential

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay

DPPH radical scavenging assay was done according to the 
method by He et al. (2013) with modifications. Samples were 
prepared in distilled water containing 1% triton X-100 (1-5 mg/mL). 
Briefly, 100 µl of DPPH (100 µM) was added to 100 µL of sample. 
The 96-well plate was incubated in the dark for 30 min and the 
absorbance read at 517 nm. Positive control was glutathione 
and the blank contained distilled water and DPPH. Scavenging 
activity was calculated as follows (Formula 1):

( ) ( )
( )

  
  

 
Absorbance blank Absorbance sample

Radical Scavenging activity 100
Absorbance blank

−
= × 	 (1)

ABTS (2,2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) 
radical scavenging assay

The ABTS radical scavenging assay was conducted according to 
the method by Lee et al. (2015) with modifications. Briefly, 7 mM 
ABTS and 2.45 mM potassium persulfate were combined in a 
ratio of 1:1 (v/v) and stirred for 16-20 h under dark conditions. 
The ABTS stock solution was diluted with 10 mM potassium 
phosphate buffer (pH 7.4) to an absorbance (734  nm) of 
0.700 ± 0.020. Thereafter, 100 µL ABTS reagent was added to of 
sample 100 µL (1-5 mg/mL) in a 96-well plate and incubated at 
30 °C for 4 min. The absorbance was read at 734 nm. The positive 
control was glutathione and buffer used as the blank. Scavenging 
capacity was calculated using the following Formula 2:

( ) ( )
( )

  
 

 
Absorbance blank Absorbance sample

Scavenging capacity 100
Absorbance blank

−
= × 	 (2)
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Annexin V-PI

The FITC Annexin V apoptosis detection kit II (BD 
Bioscience) assay was conducted according to the manufacturer’s 
specifications. Briefly, cells were seeded in 24-well flat bottom 
plate (1x106 cells/mL) incubated overnight to adhere. Cells were 
then treated with 100 µl of isolate (IC50 of 255.0, 31.5 and 49.0 
for A549, MCF-7 and HEK293 respectively and pepsin (IC50 
of 119.6, 9.8 and 13.9) for each of the cell lines respectively. 
Camptothecin was used as the positive control. After 24 h, cells 
were trypsinised and centrifuged to obtain a pellet. Cells were 
then resuspended in 100  µl of 1x binding buffer. Thereafter, 
5 µL of FITC Annexin V and 5 µl PI was added and incubated 
for 15 min at 25 °C in a dark environment. Finally, 400 µL of 
1X Binding buffer was added. Samples were analysed by flow 
cytometry (BD FACSAria II, BD Bioscience) within 1 h.

Caspase-Glo 3/7 assay

The Caspase-Glo 3/7 kit (Promega Corporation (2019) Cat 
no. G8090) was used to determine the presence of caspase 3/7. 
The assay was conducted according to manufacturer’s protocol. 
Cells were seeded (1x102 cells/mL) and incubated for 24  h. 
Cells were then treated with isolate (IC50 of 255.0, 31.5 and 49.0 
for A549, MCF-7 and HEK293 respectively and pepsin (IC50 of 
119.6, 9.8 and 13.9) for each of the cell lines respectively). For the 
reaction, 100 µl of Caspase-Glo reagent was added and incubated 
for 1 h. The blank contained 5% DMSO and DMEM while the 
negative control contained treated cells and the positive control 
was camptothecin. Samples were analysed using a fluorescence 
spectrophotometer (GloMax).

2.7 Statistical analysis

Results were analysed by ANOVA (Graph Pad Prism software, 
San Diego, CA, USA). All analysis was done in triplicate, mean 
± standard deviation was calculated. IC50 was also calculated 
using Graph Pad Prism. The lower the IC50 concentration on 
the cancerous cells, the more potent the isolate as a therapeutic.

3 Results and discussion

3.1 SDS-PAGE

L. purpureus isolate and hydrolysates ranged between 198 
and 14 kDa (Figure 1). The SDS-PAGE proves that samples were 
hydrolysed. Naiker et al. (2019) assessed L. purpureus isolates. 
The  authors reported bands between 200 and 24 kDa with 
dominant bands at approximately 55 kDA.

3.2 Antioxidant activity

The inhibitory concentration (IC50) of DPPH, ABTS and 
superoxide radical scavenging activities of L. purpureus isolate 
and hydrolysate are shown in Table 1. IC50 values indicate the 
lowest inhibitory concentration of the samples.

The DPPH radical scavenging activity showed that the isolate 
has the lowest IC50 (1.81 mg/mL) which was significantly different 
(p < 0.05) to the hydrolysates. Glutathione, a known antioxidant 

Superoxide radical scavenging assay

The superoxide radical scavenging activity was assessed using 
the method by He et al. (2013) with modifications. The samples 
and standards (1-5  mg/mL) were prepared in 0.1 M NaOH. 
Briefly, 80 µL of 50 mM Tris-HCl (pH 8.3) containing 1 mM 
EDTA was added to 80 µL of sample. Thereafter, 40 µL of 1.5 mM 
pyrogallol prepared in 10 mM HCl was added. Absorbance was 
read at 420 nm within 4 min. The positive control was glutathione 
and 50 mM Tris-HCl was the blank. Scavenging capacity was 
calculated using the following Formula 3:

( )    % control sample

control

Abs Abs
Superoxideradical scavenging activty 100

Abs
∆ − ∆

= ×
∆

	 (3)

Ferric Reducing Ability of Plasma (FRAP) assay

The FRAP assay was conducted according to the method 
by Benzie  &  Strain (1996) with modifications. The FRAP 
reagent was prepared by combining 300 mM acetate buffer, 
10 mM TPTZ prepared in 40 mM HCl and 20 mM ferrous 
chloride in a ratio of 10:1:1 (v/v/v). Briefly, 3 mL of FRAP 
reagent was added to 100  µL of sample (1-5  mg/mL) and 
incubated at 37 °C for 4 min. The absorbance was read at 
593 nm at 0 and 4 minutes. The FRAP value was determined 
by an iron sulphate standard curve with glutathione as the 
positive control.

2.6 Cell culture

The cells (human embryonic kidney (A549 – P10), breast 
cancer (MCF-7 – P9) and human lung cancer (HEK293 – P10) 
were obtained from the Department of Human Physiology at 
the University of KwaZulu-Natal, Westville campus. The cells 
were grown at 37 °C, 5% CO2 in Dulbecco’s modified Eagle’s 
medium (DMEM) containing 10% foetal bovine serum (FBS) 
and antibiotics (penicillin; 10 000 U/mL and streptomycin 
sulphate; 10 000 U/mL).

Cytotoxicity

Cytotoxicity was determined by the 3-(4,5 dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was 
conducted according to Dwarka  et  al. (2017). Briefly, Cells 
(1x102 cells/mL) 50  µL DMEM were seeded in 96-well flat 
bottom plate and incubated for 24 h at 37 °C, 5% CO2. Cells 
were then treated with 50  µL of isolate and hydrolysates 
prepared in 5% DMSO (1000-7.8 ug/mL) and incubated for 
24 h. Camptothecin the positive control while the negative 
control contained untreated cells. A 20  µL aliquot of MTT 
(5 mg/mL) solution prepared in PBS was added to the cells and 
incubated for 4 h at 37 °C. Finally, 100 µL of DMSO was added 
to solubilise the formazan salt formed. The absorbance was read 
at 570 nm on a microplate spectrophotometer (Multiscan Go, 
Thermo Scientific). The percentage viability was determined 
using the following formula:

   %    
   

Absorbanceof treated cellsCell viability 100
Absorbanceof untreated cells

= × 	 (4)
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compared to the isolate (IC50 2.03 mg/mL). When compared to 
glutathione, the samples showed greater antioxidant potential 
(2.6-3.7-fold greater). Similar findings were reported by a study 
conducted on Bambara groundnut (Arise et al., 2017) and Okra 
(Sbroggio et al., 2016).

The IC50 values corresponding with the superoxide radical 
scavenging activity ranged between 1.36 and 4.51  mg/mL. 
Alcalase was significantly (p < 0.05) more potent against the 
superoxide radical (IC50 1.36 mg/mL). Glutathione had significantly 
lower antioxidant activity (IC50 2.74 mg/mg) when compared 
with the alcalase hydrolysate indicating that the hydrolysate has 
good antioxidant potential. Higher peptide chain lengths can 
result in lower antioxidant activity making them less effective 
in scavenging the ABTS radical (Ramkisson et al., 2020).

The FRAP assay showed no significant (p < 0.05) difference 
between the isolate and hydrolysates (Table 2). Results ranged 
between 19.20 and 21.94 mg/mL. Lower activity was reported 
for pigeon pea (Sekhon et al., 2017), lentil, pea, and cowpea 
(Marathe  et  al.,  2011). A strong reducing power of protein 
hydrolysate could be attributed to the increase in available 
hydrogen ions because of the breaking of peptide bonds 
(Sbroggio et al., 2016).

Antioxidant activity is generally used for preliminary 
screening of bioactivity. Overall, the isolate and hydrolysates 
proved to be good antioxidants as they possessed activity 
comparable to glutathione.

3.3 Cytotoxicity

The MTT colorimetric assay was conducted to assess whether 
L. purpureus isolate and hydrolysates had the ability to inhibit the 
proliferation of cancerous cell lines A459 and MCF-7 and healthy 
cells HEK293 (Figure 2). A549 cells treated with pepsin hydrolysate 
had the lowest IC50 of 119.60 µg/mL which was 2.5-fold greater 
than camptothecin, a chemo-preventative agent. Cell viability of 
pepsin and camptothecin treated at a concentration of 125 µg/mL 
was 48.37% and 57.11% respectively. MCF-7 cells treated with 
pepsin had the lowest IC50 of 9.8 µg/mL while the isolate had 
the highest IC50 of 31.54 µg/mL. Cell viability respectively was 
55.34% and 51.56% at a concentration of 31.25 µg/mL. Peptides 
had lower IC50 values in MCF-7 treated cells suggesting sensitivity 
in these cells as compared A549 and HEK293 (Fan et al., 2016; 
Khangebam & Chakrabarti, 2018). HEK293 cells treated with 
Pepsin had the lowest IC50 of 13.86 µg/ml. Cell viability of pepsin 
ranged between 62.77 and 91.65% across the concentrations. 

was 1.8-fold greater than the isolate. IC50 of hydrolysates ranged 
between 2.76-4.47 mg/mL. L. purpureus isolate was similar in 
comparison with radical scavenging activity of soybean protein 
(IC50 2.11 mg/mL) and mung bean protein (IC50 1.47 mg/mL) 
(Chen et al., 2017). The DPPH assay favoured the isolate which 
contradicts most studies that have found that hydrolysates have 
higher antioxidant activity while the ABTS assay showed greater 
activity in the hydrolysates (Ramkisson et al., 2020; Singh, 2011). 
This could be attributed to the mechanisms employed by each 
assay. Therefore, their radical scavenging capabilities could be 
different (Thumbrain et al., 2020).

The ABTS radical scavenging activity resulted in IC50 for 
L. purpureus isolate and hydrolysates ranged from 1.73-2.42 mg/mL. 
The pepsin and alcalase hydrolysates had higher activity with 
IC50 values of 1.73  mg/mL and 1.72  mg/mL respectively, as 

Figure 1. SDS-PAGE of L. purpureus isolate and hydrolsates under 
reducing conditions. Lane M – Molecular weight marker, 1 – Isolate, 2 – 
Pepsin hydrolysate, 3 – Trypsin hydrolysate and 4 – Alcalase hydrolysate.

Table 1. Radical scavenging activity (IC50) of Lablab purpureus isolate 
and hydrolysates as determined by DPPH, ABTS and Superoxide 
radical scavenging activity.

Sample

DPPH radical 
scavenging 
activity IC50  

(mg/mL)

ABTS radical 
scavenging 
activity IC50  

(mg/mL)

Superoxide 
radical 

scavenging IC50 
(mg/mL)

Isolate 1.81b ± 2.94 2.03e ± 1.75 3.17ab ± 1.09
Trypsin 4.47de ± 0.14 2.42d ± 2.41 3.79ab ± 0.83
Pepsin 2.76e ± 0.14 1.73cd ± 0.50 4.51ab ± 0.56

Alcalase 3.81ce ± 0.29 1.82b ± 0.39 1.36ab ± 0.81
Glutathione 0.98a ± 1.08 6.44a ± 0.35 2.74b ± 0.30
Data represents mean ± SD (n = 3). Values with different superscript are significantly 
different (p < 0.05).

Table 2. Ferric reducing ability of Lablab purpureus isolate and 
hydrolysates as determined by FRAP.

Sample mM FeSO4/mg protein
Isolate 19.20ab ± 5.49

Trypsin 20.57ab ± 4.11
Pepsin 21.94ab ± 3.88

Alcalase 27.43ab ± 3.88
Glutathione 855.71b ± 24.68

Data represents mean ± SD (n = 3). Values with different superscript are significantly 
different (p < 0.05).

Original Article



Sipahli et al.

Food Sci. Technol, Campinas,      v42, e55220, 2022 5

Figure 2. Cell viability of A549 [A], MCF-7 [B] and HEK293 [C] cell lines treated with Lablab purpureus isolate and hydrolysates as determined 
by MTT cytotoxicity assay. Data represents mean ± SD (n = 3). Values with different superscript are significantly different (p < 0.05).
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Cell viability of the cancerous cell lines were lower than that of 
the healthy cell line. The isolate and pepsin hydrolysate were 
chosen for apoptotic studies as the pepsin hydrolysate showed 
the highest inhibition in the cancerous cell lines (A549 and 
MCF-7) while not effecting normal cells (HEK293) immensely, 
with the isolate selected for comparative analysis.

Quantification of apoptosis

Annexin V-PI staining separates cells according to stages of 
apoptosis i.e. living cells or healthy (Q4), dying or early apoptotic 
cells (Q3) and dead or late apoptotic (Q2) and necrotic cells 
(Q1) (Sabbione et al., 2019). Assessment of early apoptosis in 
A549 cell treated with the isolate (26.4%) and pepsin (41.5%) 
could be compared with camptothecin (31.6%). MCF-7 cells 
that were treated with the isolate and pepsin showed 33.4 and 
17.4%, respectively, in early apoptosis while late apoptosis showed 
18.4 and 17.9% (Figure 3). Overall, the pepsin hydrolysate was 
more effective in initiating apoptosis in cancerous cell lines. In a 
study by (Fan et al., 2016) reported 13% and 18.2% of MCF-7 
cells treated with a peptide conjugated with a viral protein were 

in late apoptosis. The isolate and pepsin treated HEK293 cells 
showed healthy cells of 77.2 and 64% as depicted in Figure 3. 
Studies by Dia & de Mejia (2011), Dia & Gonzalez de Mejia 
(2010), McConnell et al. (2015) showed that anticancer activities 
of different peptides induce pro-apoptotic activity on selected 
cell lines.

Induction of apoptosis was also evaluated by measuring caspase 
3/7 activation (Figure 4). Cell viability is indirectly proportional 
to fluorescence units (FU) (Butterick et al., 2014). HEK293 treated 
cells showed the greatest fluorescence units, this result is largely 
due to cells undergoing stress during transportation for analysis. 
Cancerous cell lines are hardier than healthy cells which are very 
sensitive to environmental changes. The cell lines treated with 
pepsin hydrolysate showed no significant difference (p < 0.05) 
when compared with camptothecin. Thereby confirming that 
the pepsin hydrolysate is inducing apoptosis. These results 
are supported by Annexin V-PI. Burz et al. (2009) confirmed 
that bioactive peptides exert anti-tumor activity via apoptosis 
induction which involves the activation of specific caspases. 
Studies on whey isolates and fractions (Castro et al., 2009) and 

Figure 3. Flow cytometry analysis showing the externalisation of phosphatidylserine in A549, MCF-7 and HEK293 cells treated with Lablab 
purpureus isolate, pepsin hydrolysate, Camptothecin and untreated cells at IC50 values determined by the MTT assay.
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amaranth proteins (Sabbione et al., 2019) both showed higher 
caspase 3 activity compared to the control.

4 Conclusion
Peptides have attracted attention as drug candidates for 

cancer therapy because they offer certain key advantages over 
alternative molecules. In contrast to traditional drugs, peptides 
have high affinity, strong specificity, low toxicity, and adequate 
tissue penetration. This study showed that protein isolates and 
hydrolysates from L. purpureus had positive antioxidant potential 
especially when compared to glutathione, a known antioxidant.

As a potential chemo-preventative agent, the isolate and pepsin 
hydrolysate, exhibited the best antiproliferative activity at the lowest 
concentrations. Results were confirmed by apoptotic studies (Annexin 
V-PI and Caspase 3/7 analysis). Further research must be performed 
to determine the peptides that provide the antiproliferative effects.
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