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	 Background:	 Ricin protein derived from Ricinus communis seeds is known to have a high toxicity to humans and animals. 
Several studies revealed that ricin, belonging to ribosome inactivating protein-I, has cytotoxic properties against 
various types of cancer cell lines.

	 Material/Methods:	 Crude ricin (CR) from the seeds of R. communis was investigated for its cytotoxicity on the A549 cancer cell 
lines using the MTS assay, and the cell death mechanism was explored using flow cytometry and Western blot 
methods. The cell migration was measured using a scratch/wound-healing method and the autophagy activi-
ty was explored using Western blotting.

	 Results:	 CR showed cytotoxicity against A549 cancer cell lines, with an IC50 of 40.94 ppm. CR induced apoptosis and ne-
crosis, but apoptosis occurred more frequently than necrosis. Apoptosis induced by CR was mediated by the ac-
tivation of caspase-9 and caspase-3. CR inhibited cell migration in a concentration- and time-dependent man-
ner, with the highest effect occurred at the concentration of 1.0 ppm. The autophagic experiment showed that 
CR inhibited autophagy in A549 lung cancer cells by decreasing Beclin-1 levels while increasing Atg5 levels in 
a concentration-dependent manner and CR decreased LC3-II level while increasing p62 level. Cisplatin treat-
ment also inhibited autophagy as it exhibited the same effect on those autophagic proteins as CR.

	 Conclusions:	 Our findings suggest that CR might be a potential candidate for anticancer drugs, but further study is needed 
to verify its anticancer properties.
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Background

According to the Global Cancer Statistics 2018, lung cancer is 
one of the most prevalent cancers in terms of incidence [1]. 
The rise in incidence and mortality of any type of cancer, in-
cluding lung cancer, has resulted in the discovery of new drugs 
that are toxic to cancer cells but have no or minimum harm-
ful effect on normal cells. However, currently used antican-
cer drugs have high toxicity against cancer and normal cells 
in other body parts [2]. As a result, new anticancer drugs that 
are more toxic to cancer cells but less toxic to normal cells are 
still being discovered through chemical synthesis or isolation 
of new substances from natural resources.

Numerous natural compounds have been extensively stud-
ied, and many of them have been shown to inhibit cancer cell 
properties by their own mechanisms of action [3]. Furthermore, 
many plant toxins with significant anticancer properties have 
been identified [4]. Considerable research has been conduct-
ed on plant toxins to discover new natural substances with 
high potential anticancer activity.

Ricin, one of the plant toxins, is known to be highly toxic to mam-
malian cells [5]. This substance is derived from the seeds of Ricinus 
communis L. (Euphorbiaceae), or the castor oil plant. Ricin belongs 
to the ribosome-inactivating protein family of toxins, which is 
classified as a bio-life-threatening substance because of its high 
toxicity. It is a heterodimeric type II ribosome-inactivating pro-
tein consisting of the catalytically active A chain and the sugar-
binding B chain joined by a single disulfide bond [6]. The catalyt-
ically active A chain irreversibly inactivates ribosomes, leading to 
irreversible inhibition of protein synthesis [7], and acts on mul-
tiple molecular targets inside the cell, resulting in cell death [8].

In addition to its toxicity, ricin has been reported to have po-
tential for the treatment of several cancer diseases, including 
leukemia, breast cancer [9], bladder cancer [10], cervical can-
cer [7], and melanoma [11]. Several investigations showed that 
ricin has cytotoxic activity against cancer cell lines [12], induces 
apoptosis [7], and inhibits protein synthesis [6,7]. The fruit ex-
tract of R. communis induces cytotoxicity against 2 breast can-
cer cell lines, MCF-7 and MDA-MB-231. It significantly inhibits 
migration, adhesion, and invasion of cells, along with the re-
duction of the expression of matrix metalloproteinases 2 and 9. 
It also induces apoptosis, as shown by reduction of anti-apop-
totic Bcl-2, induction of pro-apoptotic Bax expression, and DNA 
fragmentation [13]. Furthermore, total ricin has potent cyto-
toxicity against melanoma cells, with an IC50 of 34.1 ng/mL for 
SKMEL28 cells and 5.2 ng/mL for HaCaT cells in 48-h treatment, 
and it inhibits tumorigenesis in SKMEL28 cells in vitro [12].

Although ricin shows significant anticancer activity and potential 
as an anticancer agent, its high toxicity is one of the greatest 

limitation for the ricin applications in cancer therapy. In recent 
years, studies on ricin have been developed to reduce its tox-
icity against normal cells and to more effectively delivery it to 
target cancer cells by means of encapsulating it into a polymer 
or liposome nanocarrier [7,14]. Meanwhile, research on ricin 
to explore its cytotoxicity against other cancer cells and also 
to verify its mechanism of action continues to be carried out.

To date, the cytotoxicity profiles of ricin in lung cancer cells 
have not been widely reported. This study reports the cytotox-
icity, apoptotic activity, cell migration inhibition, and autophagic 
activity of crude ricin (CR) against A549 lung cancer cell lines.

Lung cancer has a high level of inherent resistance and fre-
quently develops treatment resistance during the course of 
the disease [15]. Chemotherapy and radiation resistance can 
be caused in part by faulty apoptotic signaling [16]. Apoptosis, 
a programmed cell death mechanism, plays an important role 
during lung cancer progression. Some morphological aspects of 
apoptosis include plasma membrane blebbing, cell shrinkage, 
chromatin condensation/fragmentation, and cell breakdown 
into apoptotic bodies. All of these properties are the result of 
caspases, a group of cystein-aspartate enzymes, selectively pro-
teolyzing proteins important in cell signaling, DNA repair, and 
structural DNA integrity. Caspases are divided into 2 groups: 
initiator caspases (caspase-2, -8, -9, and -10 in human cells), 
which cleave and activate the second group, the effector cas-
pases (caspase-3, -6, and -7 in human cells), which subsequent-
ly undertake selective proteolysis [17]. One way of increasing 
apoptotic signaling to improve chemotherapy and radiothera-
py responses is to reactivate death receptor signaling [18,19]. 
In contrast, necrosis is associated with abnormal processes, in-
duced by stimuli outside the cell or tissue, such as toxins, vari-
ous infections, trauma, and ischemia, which cause death of cells 
prematurely [20]. Necrosis is virtually always harmful and can be 
lethal, while apoptosis has several advantages for the organism.

Autophagic activity is of interest to study because it plays an 
essential role in cell survival and death [21]. It inhibits cell sur-
vival and induces cell death, leading to the suppression of tu-
mor formation, but it also promotes tumor formation by pro-
moting cancer cell growth and tumor growth [22]. In addition, 
it has been reported that some cytotoxic drugs induce pro-
tective autophagy in cancer cells, resulting in inhibition of the 
drug’s cytotoxicity and apoptotic activity [22].

Material and Methods

Plant Materials

R. communis seeds used in this study were collected from 
a distributing agent in Nganjuk, East Java, Indonesia. The 
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seed specimens were authenticated in the Herbarium of the 
Department of Biology, Universitas Padjadjaran, Indonesia. 
First, the seeds were cleaned and washed under running water 
before being air-dried in direct sunlight. Then, the skin of the 
seeds was peeled, and the seeds were ground into powders.

Extraction

The extraction procedure used to obtain CR from R. communis 
seeds was described in our previous report [23] and followed 
the method of Kumar et al (2004) [24]. Briefly, the seeds were 
defatted by grinding them in ether and centrifuging them at 
3000 rpm for 10 min. Then, the residue was resuspended in 
ether after discarding the supernatant. This procedure was re-
peated 4 times. The final residue was collected and air-dried, 
and then dry fat-free residue was soaked in 5-volume dis-
tilled water at pH 4.0 with the addition of dilute acetic acid. 
The suspension was homogenized and left for 24 h. The ho-
mogenate was further centrifuged at 8000 g for 10 min, and 
the supernatant was collected, adjusted to 60% ammonium 
sulfate saturation, set aside for 24 h at 4°C, and centrifuged 
for 30 min. Finally, the pellet was collected and dissolved in a 
mixture of 0.005 M of Na3PO4 and 0.2 M NaCl buffer pH 7.2 
phosphate buffer saline (PBS). The dissolved pellet was con-
centrated by lyophilization and denoted as CR. The presence 
of ricin protein in CR was identified by employing liquid chro-
matography, column liquid chromatography, and fast protein 
liquid chromatography, followed by SDS-PAGE [23].

Cell Culture and Treatment

A549 lung cancer cell lines were purchased from the American 
Type Culture Collection ATCC CCL-185 (Manassas, VA, USA). 
The cell lines were cultured in RPMI-1640 medium (Sigma-
Aldrich, St. Louis, MO, USA) supplemented with 10% fetal bo-
vine serum (Sigma-Aldrich) and antibiotics, which consisted of 
100 units/mL penicillin and 100 μg/mL streptomycin (Sigma-
Aldrich). The cells were cultured in a standard culture condi-
tion with 5% CO2 and 37°C.

Cytotoxicity Examination by 3-(4,5-Dimethylthiazol-2-
yl)-5-(3-Carboxymethoxyphenyl)-2-(4-Sulfophenyl)-2H-
Tetrazolium Assay

Cell cytotoxic analysis was performed using a 3-(4,5-dimethyl-
thiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS) assay on cells in the presence of various 
concentrations of ricin from R. communis seeds (1.5, 5, 15, 50, 
150, 500, and 1500 parts per million [ppm]). Briefly, 1×104 cells 
were cultured in each well of 96-well microtiter plates in a final 
volume of 50 μL/well. Following the initial cell seeding, various 
concentrations of ricin were added, and the cells were incubat-
ed for 48 h. After the release of ricin treatment by replacing 

the media, at least 10 μL/well PrestoBlue (Invitrogen), a re-
agent, was added to each well, and all wells were incubated 
for 2 h at 37°C in standard culture conditions. The cell prolif-
eration rate was determined by measuring absorbance at 570 
nm and 600 nm wavelengths. The absorbance was read us-
ing an Infinite 200 PRO microtiter plate reader (Tecan Trading 
AG, Switzerland).

Flow Cytometric Analysis

A549 cells were seeded in a 6-well plate at a density of 5×105 
cells/well and were cultured for 24 h at 37 ˚C with 5% CO2. 
The cultures were treated with 0.5 ppm, 1 ppm, and 2 ppm 
of cisplatin and CR and incubated for 24 h at 37°C with 5% 
CO2. After 24 h of treatment, cells were observed by an in-
verted phase-contrast microscope (Olympus Corporation) at 
×100 and ×200 magnification. The cells were harvested us-
ing 0.01% trypsin at 37°C for 5 min. The cells were collected 
in 2-mL tubes and washed twice with cold PBS via centrifu-
gation for 5 min at 300 rpm at room temperature. The cells 
were gently resuspended in 1× binding buffer at a concentra-
tion of 1×106 cells/mL. Further analysis was performed using 
the FITC-Annexin V apoptosis detection kit I (BD Pharmingen; 
BD Biosciences), according to the manufacturer’s protocol. 
Briefly, 100 μL of the sample solution (1×105 cells/mL) was 
transferred to a 5-mL culture tube. A total of 5 μL FITC-Annexin 
V and 5μL PI was added to the tube for 15 min in the dark at 
room temperature. Finally, 400 μL binding buffer was added 
to the tubes. The samples were analyzed immediately within 
1 h by using a flow cytometer (Beckton Dickinson Facslyric) 
and were analyzed using Flowjo software version 10.5.3 [25].

Cell Extraction and Western Blot

One million A549 cells cultured for 24 h, after reaching 70% to 
80% confluence, were treated with CR (25 ppm and 50 ppm) 
for 36 h. A549 cells incubated for 36 h were obtained together 
with control cells that had not been treated. Cells were washed 
twice with cold PBS buffer before being undergoing lysis with 
lysis buffer; protein cells were counted using the BSA method. 
Equally, 40 µg of cell extract was electrophoresed on a 30% 
polyacrylamide gel (Invitrogen, Carlsbad, CA, USA) and electro-
transferred to an Amersham Protran 0.45-µm NC (GE Healthcare 
Life Sciences, Little Chalfont, UK). Lysis of cells was performed 
using RIPA lysis buffer. Immunoblotting was then performed as 
per the manufacturer’s guidelines (Bio‑Rad, Hercules, CA, USA) 
using the protein extraction reagent RIPA lysis buffer (20 mM 
Tris‑HCl (pH 7.5); 150 mM NaCl; 1 mM Na2EDTA; 1 mM EGTA; 
1% NP‑40; 1% sodium deoxycholate; 2.5 mM sodium pyro-
phosphate; 1 mM b‑glycerophosphate; 1 mM Na3VO4; 1 μg/mL 
leupeptin) with added protease inhibitors and 1 mM sodium 
orthovanadate (a phosphatase inhibitor). The tissue lysates 
were separated by centrifugation for 15 min at 15 000 rpm 
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and 4°C. Protein concentrations in the supernatant were mea-
sured through Bradford protein assay (Bio‑Rad). Equal amounts 
of protein were resolved by SDS‑PAGE, then transferred to a 
nitrocellulose membrane and immunoblotted with the anti-
body. Apoptosis-related proteins were analyzed by immunob-
lot analysis using caspase-3 (R&D Systems, Inc, Minneapolis, 
MN, USA) and caspase-9 antibodies (Santa Cruz Biotechnology, 
Inc, Dallas, TX, USA) at a 1: 1000 dilution. Autophagy signal-
ing was analyzed by immunoblot analysis by Beclin-1 (R&D) 1: 
1000 dilution; ATG5 (R&D) 1: 1000 dilution; LC3 (Cell Signaling 
Technology) 1: 500 dilution; and p62 (SQSTM1) (Cell Signaling 
Technology) 1: 1000 dilution in PBST and were incubated for 
24 h. b-actin (Santa Cruz Biotechnology) served as the load-
ing control. The membranes were imaged (LI-COR Odyssey Clx 
Western Blot Imager, USA), and the intensity of the bands was 
quantified using LiCOR quantification software [26].

Migration Assay

In the scratch/wound-healing assay, cell migration was ob-
served in A549 lung cancer cell lines with a 24-well Transwell 
plate system (Costar, Corning, USA). The cell lines were grown 
in 24-well plates and treated or untreated with CR and cisplatin 
(a positive control) in the complete medium, and then placed 
in an incubator. After 24 h incubation, gaps were introduced 
with a P10 pipette tip by gently scraping the monolayer. After 
scraping, cells were washed 3 times with PBS to remove de-
bris. Cells with gaps were incubated for 0 h, 24 h, and 48 h 
at 37 °C (5% CO2). The treatments were observed with a mi-
croscope linked to a computer and Toupview software (ver-
sion x64, 3.7.7892) and documented as TIFF, and the gap area 
was measured with ImageJ (NIH). The experiments were car-
ried out in triplicate [27].

Statistical Analysis

Data were analyzed using 1-way analysis of variance (ANOVA) 
using GraphPad Prism version 9.0 software for Windows. The 

data are presented as the mean±standard error of the mean 
(SEM). P values <0.05 indicated statistical significance. The ex-
periments were performed in triplicate.

Results

Cytotoxicity of CR on A549 Lung Cancer Cell Lines

CR and cisplatin (a standard cancer drug) were examined for 
their cytotoxicity on A549 lung cancer cells using the MTS 
method with a PrestoBlue reagent (Thermo Fisher). The ef-
fects of CR and cisplatin at various concentrations (1.5, 5.0, 
15, 50, 150, 500, and 1500 ppm) on the A549 cell death after 
48 h were evaluated to determine their IC50 values (Figure 1). 
CR showed cytotoxicity with an IC50 value of 40.94 ppm, high-
er than the IC50 of cisplatin, which was 10.98 ppm. The cyto-
toxicity of CR on the lung A549 cancer cells was also high-
er than that on normal (MRC5) lung cells (unpublished data).

Apoptotic Activity in Flow Cytometry Analysis

Apoptotic activity of CR (0.5, 1, and 2 ppm) and cisplatin (0.5, 
1, and 2 ppm) was tested against A549 cancer cell lines using 
a flow cytometry method (Beckton Dickinson Facslyric) with 
Annexin V-FITC/PI reagent. All data obtained were analyzed by 
Flowjo software version 10.5.3. In Figure 2, the colors shown 
represent cells that absorb fluorescence against Annexin or 
PI reagents, as recorded by the ultraviolet light. Cisplatin and 
CR show the fractions of viable (Q4), early apoptotic (Q3), late 
apoptotic (Q2), and necrotic (Q1) A549 cancer cells.

The viability percentage of cisplatin- and CR-treated A549 can-
cer cells at every concentration was lower than that of the con-
trol (96.85%). The viability percentage of living cells of the CR-
treated cells decreased in a concentration-dependent manner 
and was less than that of the cisplatin-treated cells. CR exhib-
ited apoptotic activity in a concentration-dependent manner 

IC50
100

75

50

25

0

CR
Cisplatin

0.0 0.5 1.0 1.5
Log concentration (ppm)

2.0 2.5 3.0 3.5

Ce
ll s

ur
viv

al 
(%

)

IC50

Figure 1. �Cytotoxicity of crude ricin (CR) and 
cisplatin on A549 lung cancer cells 
at various concentrations in the 48-h 
treatment. Data are presented as 
mean±standard error minimum (SEM) 
(n=3).

e936683-4

Herawati I.E. et al: 
Crude ricin in lung cancer cell lines

© Med Sci Monit Basic Res, 2022; 28: e936683
LABORATORY RESEARCH

Indexed in:  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



that was observed in early and late apoptosis. The cells under-
going apoptosis were found more often in the early phase of 
apoptosis than in the late phase. The earliest apoptotic frac-
tion of the A549 cells (38.35%) was found at the concentration 
of 2 ppm of CR. Furthermore, the number of cells undergoing 
necrosis was much lower than apoptotic cells, indicating that 
CR may prefer to induce apoptosis rather than necrosis. When 
compared to cisplatin, CR had stronger apoptotic activity, with 

the number of apoptotic cells induced being 2.16-fold higher 
than that with cisplatin (Table 1).

CR Increased Apoptotic Signaling

The caspase-inducing activity of CR and cisplatin was examined 
on A549 lung cancer cell lines by a Western blot method, and 
the results are shown in Figure 3. CR and cisplatin increased 
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Figure 2. �Annexin V/PI double-staining assay of A549 cells treated with 0.5 ppm, 1 ppm, and 2 ppm of cisplatin and crude ricin (CR) 
for 24 h. Representative flow cytometry result showing (A) cisplatin-dose-dependent and (B) CR dose-dependent alteration 
distribution of early and late apoptosis. (A1) and (B1) show negative control of cell line, (A2-A4) show increased apoptotic 
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the expression levels of active fragments of caspase-9 and 
caspase-3 at 36 h, including caspase-9 fragments of 47 kDa 
and 35 kDa and caspase-3 fragments of 35 kDa and 19kDa. 
In this study, we found a significant increase in caspase-9 lev-
els (Figure 3A, 3B), 2.32-fold at a dose of 25 ppm and a 3.25-
fold at 50 ppm compared with the negative control. There was 
also a 1.46-fold and 1.84-fold increase in cleaved caspase-9 
(Figure 3A, 3B) after CR treatment at doses of 25 ppm and 
50 ppm, respectively. Caspase-3 protein levels were likewise 
enhanced by CR (Figure 3A, 3B) by 3.02-fold at 25 ppm, and 
3.81-fold at 50 ppm. Meanwhile, protein levels of cleaved cas-
pase-3 increased (Figure 3A, 3B) 1.30-fold and 1.24-fold af-
ter the CR treatment at doses of 25 ppm and 50 ppm, respec-
tively. These results suggested that the molecular mechanism 
of A549 lung cancer cell death caused by CR and cisplatin oc-
curred through the activation of caspase-9 and caspase-3.

CR Inhibited Cell Migration in the A549 Cell line

CR (0.1, 0.5, and 1.0 ppm) and cisplatin (0.1, 0.5, and 1.0 ppm) 
were evaluated for their inhibition against A549 cell migration 
after 24- and 48-h incubation by a wound-healing assay. CR 
and cisplatin inhibited cell migration in a concentration- and 
time-dependent manner, as shown in Figure 4A and 4B. The 
highest inhibition of both CR and cisplatin was demonstrat-
ed by the concentration of 1.0 ppm with gap enclosures of 
3.10% and 3.28% in the 48-h incubation, respectively (Table 2).

CR Decreased Autophagy Signaling

The effect of cisplatin and CR on autophagy in A549 cells is 
shown in Figure 5A and 5B. The cisplatin treatment decreased 
Beclin-1 and increased Atg5 levels, and the CR treatment also 
decreased the Beclin-1 level 0.61-fold and 0.44-fold at doses of 

Treatment (ppm) Viable cells (Q4) Early apoptosis (Q3) Late apoptosis (Q2) Necrosis (Q1)

Control 96.85±0.42 1.49±0.085 1.56±0.12a,b,c 0.32±0.54

Cisplatin 0.5 82.65±0.14 7.94±1.67 6.16±0.47 4.37±1.29

Cisplatin 1 86.40±5.80 5.70±1.24 5.01±2.02 1.74±5.02

Cisplatin 2 77.20±0.28 15.40±0.05 6.41±0.21 1.29±0.57

CR 0.5 66.85±0.79 25.80±0.09 6.82±0.18a 0.54±0.71

CR 1 53.65±0.78 35.90±1.68 7.99±5.04b 2.45±0.71

CR 2 49.30±15.70 38.35±1.37 8.83±1.99c 3.58±15.06

Table 1. �Percentage of viable, early apoptotic, late apoptotic, and necrotic A549 cancer cells in the cisplatin and crude ricin (CR) 
treatment with significant effect between control and CR in stage of apoptosis (a,b,c).

Caspase 3

Cleaved Caspase 3

2.0

1.5

1.0

0.5

0.0

Control
Cisplatin
CR 25 ppm
CR 50 ppm

*
*

Re
lat

ive
 ra

tio
 of

 pr
ot

ein
 le

ve
l n

or
m

ali
ze

d b
y β

-a
cti

n 

Caspase 9

Cleaved Caspase 9

Caspase 9 Cleaved Caspase 9 Caspase 3 Cleaved Caspase 3

β-actin

35 kDa (full length)

19.17 kDa (cleaved)

47-51 kDa

35-40 kDa

42 kDa

C Cis CR 25 CR 50

A B

Figure 3. �Western blot analysis of caspase cascade-related proteins in A549 lung cells treated with cisplatin and CR. (A) Representative 
blots of caspase-9 and -3 were determined in A549 cells treated with cisplatin and CR at 36 h; (B) Densitometry protein 
levels of caspase-9, cleaved caspase-9, caspase-3, and cleaved caspase-3, measured using Image Studio Digits v. 5.2. and 
presented as a bar graph. The data are presented as mean±standard error minimum (SEM) (n=3). A one-way ANOVA followed 
by Tukey’s post-hoc test was conducted. * P<0.05.
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25 ppm and 50 ppm, while increasing the Atg5 level by 1.32-
fold and 1.45-fold at doses of 25 ppm and 50 ppm, respectively, 
compared with the negative control, in a concentration-depen-
dent manner. We also performed Western blot analysis, which 

revealed that the CR treatment decreased LC3-II levels 0.97-fold 
and 0.68-fold at doses of 25 ppm and 50 ppm, respectively, while 
LC3-I levels decreased by 0.77-fold and 0.67-fold at doses of 25 
ppm and 50 ppm, respectively. Meanwhile, the protein level of 
p62 increased 1.78-fold and 7.76-fold after the CR treatment at 
25 ppm and 50 ppm. As p62 is known to bind LC3, it serves as 
a selective autophagic substrate. These results suggest that CR 
and cisplatin inhibited autophagy in A549 lung cancer.

Discussion

Ricin, known as a highly toxic substance derived from the seeds 
of R. communis, has been investigated extensively for its tox-
icity against several cancer cells. In this study, CR was eval-
uated for its cytotoxicity in A549 lung cancer cells using the 
MTS method, followed by the analysis of its mechanism of cell 
death induction, autophagic activity, and cell migration inhibi-
tion. The cytotoxicity of CR against A549 lung cancer cells was 
lower (IC50: 40.94 ppm) than that of cisplatin (IC50: 10.98 ppm; 
Figure 1). The CR cytotoxicity against A549 lung cancer cells 
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Figure 4. �Effect of cisplatin and crude ricin (CR) on migration activity of A549 cell lines. (A) and (B) are representative photographs 
of cell migration of A549 cell lines treated with cisplatin and CR for 24 h and 48 h, respectively. The white line reflects gap 
enclosure. (C) Quantification gap enclosure (% area). Data are presented as mean±standard error minimum (SEM) (n=3). 
One-way ANOVA followed by a Tukey’s post-hoc test was conducted. * P<0.05.

Concentration 
(ppm)

Gap enclosure (%)

24 h 48 h

Control 42.15±0.10 83.30±0.19

Cisplatin 0.1 44.49±0.10 82.41±0.17

Cisplatin 0.5 45.34±0.07 83.95±0.17

Cisplatin 1.0 18.21±0.02 3.28±0.01

CR 0.1 44.88±0.02 82.57±0.05

CR 0.5 6.84±0.03 7.96±0.08

CR 1.0 1.45±0.02 3.10±0.03

Table 2. �Percentage of gap enclosure induced by cisplatin and 
crude ricin (CR) in A549 lung cancer cell lines.

Gap enclosure was measured using ImageJ.
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was discovered for the first time. The only evidence reported 
was that the immunotoxin SWAlI-ricin A chain is rapidly, po-
tently, and selectively toxic to a high proportion of small cell 
lung cancer tumor cells in tissue culture [28].

Further experiments were conducted to determine whether the 
cytotoxicity of CR on the A549 cancer cells was related to the 
induction of apoptotic cell death, so the apoptotic activity of 
CR was evaluated using the flow cytometric method (Figure 2), 
followed by the Western blot method (Figure 3). The flow cy-
tometric analysis indicated that cisplatin and CR significantly 
decreased the number of living cells compared with the control 
(Figure 2). Furthermore, the viability percentage of living cells 
in the CR-treated cells decreased in a concentration-dependent 
manner. The cell death caused by CR was due to apoptosis as 
well as necrosis, but apoptosis occurred more frequently than 
necrosis, indicating that CR may be more potent in inducing 
apoptosis than necrosis (Table 1). Moreover, apoptosis may 
occur rapidly because it is seen that most apoptosis occurs in 
the early stage rather than the late stage.

Analysis of the mechanism of apoptotic activity of CR on the 
caspase cascade pathway in the Western blot method indi-
cated that CR induced apoptosis intrinsically via a mitochon-
drial caspase-9 signaling pathway and activation of caspase-3 
(Figure 3). It signifies that the cell death was caused by the 
induction of apoptosis through the activation of caspase-9 as 
the initiator caspase and caspase-3 as the effector caspase.

In cancer therapy, anticancer drugs are generally expected not 
only to suppress cancer cell growth but also to prevent cell 

metastases. The migration and invasion of cancer cells into dif-
ferent tissues is an important initial step in metastases. These 
processes can be targeted by an anticancer agent to inhibit 
cancer cell development and aggression. In this study, the ef-
fect of CR and cisplatin on A549 cancer cell migration was ex-
amined by the scratch/wound assay [29], which demonstrated 
that CR and cisplatin inhibited cell migration in a concentra-
tion- and time-dependent manner as compared with the con-
trol (Figure 4). The highest inhibition of both agents was pro-
vided by the concentration of 1.0 ppm with the gap enclosure 
of 3.10% and 3.28% within the 48-h incubation, respectively 
(Table 2). To date, no report has been found concerning the 
inhibitory activity of ricin protein against A549 cancer cell mi-
gration, and the only evidence reported is the inhibition of the 
fruit extract of R. communis on migration, adhesion, and in-
vasion of 2 breast cancer cell lines, MCF-7 and MDA-MB-231, 
along with reduction of the expression of matrix metallopro-
teinases 2 and 9 [13].

Chemotherapy is a common strategy for cancer treatment, but 
its success rate is often limited by the development of chemo-
therapy resistance in different cancer cells to multiple anticancer 
drugs [22]. This is due, in particular, to the induction of drug-
protected autophagy bypassing the apoptotic pathway [30].

In the present study, CR inhibited autophagic responses in 
A549 cancer cells. The inhibition of autophagy was found 
through a Western blot analysis of autophagic-related pro-
teins. CR decreased LC3-II expression while increasing p62 
expression (Figure 5). The LC3-II is known as the only protein 
biomarker reliably associated with autophagosome formation 
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and maturation, and p62 is a binding protein serving as a link 
between LC3 and substrate of autophagy [31]. The decreased 
LC3-II and increased p62 levels indicate that autophagosome 
formation was inhibited. This was also accompanied by a de-
crease of Beclin-1 and an increase of Atg5, which are involved 
in the regulation of autophagy. Beclin-1 is a core component 
of the class III phosphatidylinositol-3-kinase/Vps34 complex 
I, which is essential for the phagophore nucleation step of 
autophagy [32]. Atg5 is an important protein involved in the 
expansion of isolation membranes and is required to form 
autophagosomes [31]. This evidence suggests that CR may in-
hibit rather than induce autophagy in A549 human lung can-
cer. It is of considerable interest to find evidence that CR can 
induce apoptosis and inhibit autophagy because chemother-
apeutic drugs commonly induce apoptosis as well as protec-
tive autophagy, which contribute to chemotherapeutic resis-
tance in many types of cancer cells. As a result, the discovery 
of chemotherapeutic agents having apoptotic activity and in-
hibiting effects on autophagy might be an important target 
for many researchers.

Many studies have shown the potential of ricin as an antican-
cer agent; however, for the application in cancer therapy, ricin 
has many limitations, such as non-specificity, immunogenicity, 
fast degradation in the blood stream, and lysosomal degrada-
tion inside cells [7]. Our present findings concerning the cyto-
toxic activity of CR against lung cancer cells with some molec-
ular mechanism profiles have provided additional evidence of 
ricin’s anticancer potential. This new evidence resulted from 
our efforts to find out more specific target cells for ricin. The 
characteristics of cancer cells may affect the specificity of an 
anticancer agent to interact with cancer cells. When the lung 
cancer cells can have more sensitive and specific character-
istics to ricin, it is very possible for ricin to interact more ef-
fectively with target cells and less effectively on normal cells. 
This discovery is expected to reduce the limitations of ricin in 
terms of non-specificity. However, the data obtained are still 
incomplete, and much work needs to be done to provide the 
significance of the therapeutic application of ricin.

This study revealed that cisplatin inhibited autophagy in A549 
lung cancer cells after 36 h of treatment, as evidenced by de-
creased levels of Beclin-1 and LC3-II and increased levels of 

Atg5 and p62. These findings contradicted previous evidence 
that cisplatin induces protective autophagy in many types of 
cancer cells, such as ovarian cancer [33], H460 cells [34], oe-
sophageal cancer [35], and bladder cancer [36]. However, it is 
in line with the results reported by Bello et al (2013) [32] that 
autophagy decreases below the basal level of control cells in 
cisplatin-treated melanoma cells. This was further reduced in 
still-living adherent and floating cells after 24 h of treatment, 
when significant apoptosis has occurred. After 18 to 20 h of 
treatment, and in a shorter period of time, there was no sub-
stantial change in LC3-II levels, indicating that the length of 
the incubation can affect the results.

Conclusions

Taken together, the results of this study provided evidence 
that CR has cytotoxicity against A549 lung cancer cells with 
the apoptotic death mechanism through the activation of cas-
pase-9 and caspase-3. Moreover, CR inhibited A549 cell migra-
tion and autophagy in a concentration- and time-dependent 
manner. These findings suggest that CR might have potential 
as a novel anticancer drug candidate. However, the limita-
tion of ricin concerning its high toxicity to human cells is still 
a great challenge to overcome. Further studies on the effect 
of isolated ricin on these particular A549 lung cancer cells are 
needed to verify its anticancer properties.
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