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Abstract Trichosanthes dioica seed extract was loaded on a QA-cellulose column and the unbound

fraction with the chitinase activity was run on SDS-PAGE. Multiple bands were observed and were

separated by a Sephadex G-50 column. The combination of the 6 and 33 kDa masses supported the

degradation of chitinase as purified earlier. Only the 33 kDa fraction contained sugar and showed

chitinase activity. The chitinase was also isolated by using a chitin column. At 200 mg/ml protein

concentration, the chitinase inhibited 49.1 %, 48.8 % and 38.12 % of Ehrlich ascites carcinoma,

HCT-116 and MCF-7 cells growth, respectively, in a dose-dependent manner. Exactly, 46 % and

82 % EAC cell growth inhibition were observed after treating the EAC cells bearing Swiss albino

mice with the chitinase at the doses of 1.0 and 2.0 mg/Kg/day respectively. EAC, HCT-116 and

MCF-7 cells growth inhibitions were due to the induction of apoptosis. ROS was accumulated in

HCT-116 and MCF-7 cells. After treatment of HCT-116 cells, the expression level of p53 and TNFa
genes increased and PARP gene decreased. On the other hand, elevated expression was observed for

PARP, MAPK, NFjB, FAS, FADD, and Caspase-8 genes in MCF-7 cells. The induction of apop-

tosis in HCT-116 was further confirmed by caspase protein expression. The chitinase causes ‘S’ cell

cycle arrest in MCF-7 and HCT-116 cells. T. dioica seed chitinase inhibited EAC, HCT-116 and

MCF-7 cells by inducing apoptosis in vitro and EAC in vivo in mice. These promising results indi-

cated that T. dioica seed chitinase can be an anticancer agent.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

A group of hydrolytic enzymes synthesized by higher plants, insects

and microbes (fungi, bacteria and viruses), is known as Chitinases

(EC 3.2.1.14). Chitinase catalyzes the cleave of b-1,4-glycosidic
bonds of chitin. Chitin is a long-chain polymer of N-

acetylglucosamine and the second most abundant polysaccharide

in nature. Chitosan, the deacetylated form of chitin, is also hydro-

lyzed by the enzyme (Grover, 2012). Chitinase can be classified in

different ways. Consistent with the catalytic activity, chitinases were

classified as endochitinases and exochitinases (Hamid et al., 2013).

Hundreds of chitinase were purified from roots, stem, latex, leaves,

fruits, grain, seeds and other parts of plants (Malik and Preety,

2019). Chitin is a primary component of cell walls in fungi. Most

plant chitinase possesses antifungal activity by breaking down the

glycosidic bonds of chitin (Malik and Preety, 2019). Besides the

antifungal activity, some chitinase also possesses antiproliferative

activity against different cancer cell lines (Abu-Tahon and Isaac,

2020; Viana et al., 2017). Recently a 39 kDa chitinase and a

57 ± 2 kDa lectin were purified from the seed of the Bangladeshi

popular vegetable Trichosanthes dioica and designated as TDSC

and TDSL, respectively (Islam et al., 2021; Kabir et al., 2016).

TDSL was purified by affinity chromatography with the antitumor

activity in vivo in mice (Islam et al., 2021). On the other hand,

TDSC was purified by using a single chromatographic step and

the amino acid analysis, N-terminal sequence of the chitinase and

physicochemical characterization were done. The chitinase was a

glycoprotein in nature and the enzyme activity was inhibited

slightly in the presence of urea and EDTA. The chitinase inhibited

Aspergillus niger and Trichoderma sp fungal growth significantly

(Kabir et al., 2016). The anticancer effect of two chitinases isolated

from bacteria was reported by Pan et al. (Pan et al., 2005). The

author checked the anticancer effects only against MCF-7 cells

using MTT assay and presented the effect using a transmitted elec-

tron microscope (TEM) and also used the human breast xenograft

B(11)-2 in the SCID mice model. For evaluating the anticancer

activity of the chitinase, we have tried to purify the enzyme using

the established protocol (Kabir et al., 2016) but this time the chiti-

nase was degraded. We have purified degraded chitinase with the

complete enzymatic activity by gel filtration chromatography. The

chitinase was also isolated separately by using affinity chromatogra-

phy on the chitin column. Then the anticancer activities were

checked against human breast cancer cells (MCF-7) and colorectal

cancer cells (HCT-116) in vitro, and against Ehrlich ascites carci-

noma (EAC) cells in vitro and in vivo in mice. In the present inves-

tigation, cytotoxic effects were checked by MTT assay, induction of

apoptosis was proved using different fluorometric methods (e.g.

Hoechst 33342 staining, ROS generation, caspase inhibitors), cell

cycle arrest and alteration of several apoptosis-related genes expres-

sions. Finally, EAC tumor-bearing mice were used for in vivo

study. In addition to these results, for the first time we reported

in this manuscript that a degraded chitinase showed anticancer

activity in vitro and in vivo in mice.

2. Materials and methods

2.1. Chemicals and reagents

Chitin and QA-Cellulose were purchased from WAKO,

Japan; Sephadex G-50, caspase inhibitors, Hoechst 33342
and propidium iodide from Sigma, USA; DMEM and Fetal
bovine serum from Gibco, USA; SYBR green master mix

from Applied Biosystems; Primer from TsingKe Biological
Technology, China; Methylthiazolyldiphenyl-tetrazolium
bromide (MTT), Tris-HCl and other chemicals from Karl

Roth, Germany.
2.2. Isolation of chitinase

2.2.1. By affinity chromatography

Trichosanthes dioica seeds were homogenized in 10 mM Tris-

HCl buffer saline at the pH 8.2 (TBS). Then the homogenate
was centrifuged twice at 10,000 rpm for 20 min at 4 �C. The
supernatant was collected and loaded on a acetylated chitin
column (2.5 � 30 cm) that was previously equilibrated with

TBS. The unbound proteins were removed by washing the col-
umn with 500 ml of TBS. Finally, the column was washed with
the sodium acetate buffer saline at the pH of 4.0 and 3.5 to

elute the chitinase. The pH was raised by the quick addition
of 1 M of TBS and the eluted fraction (degraded chitinase)
was dialyzed against 10 mM of Tris-HCl buffer. The homo-

geneity of the eluted fraction was checked by using SDS-
PAGE in 15 % polyacrylamide gel. Bovine serum albumin
(Mr. 67 kDa), Ovalbumin (Mr. 45 kDa), Carbonic anhydrase
(Mr. 29 kDa), Trypsin inhibitor (Mr. 20 kDa) and Lysozyme

(Mr. 14.6 kDa) were used as marker proteins.

2.2.2. By ion exchange and gel filtration chromatography

Trichosanthes dioica seeds were homogenized with a 10 mM
Tris-HCl buffer at the pH of 8.2 (TB) and centrifuge as
described above. Then the supernatant was washed against
TB and loaded on a QA-cellulose column (2 � 20 cm). The

unbound fraction was collected by washing the column with
TB. After that, the eluted protein was concentrated by using
a freeze dryer. The concentrated protein/peptides were then

loaded on a Sephadex G-50 column (2 � 110 cm) previously
equilibrated with TB. The fragments of the enzyme were eluted
by TB and the purity was checked by SDS-PAGE as described

above. The purity of the largest fragment (chitinase, 33 kDa
fraction) was further checked in the presence and absence of
2-mercaptoethanol. Bovine serum albumin (66 kDa), carbonic

anhydrase (31 kDa), lysozyme (14.4 kDa) and aprotinin
(6.5 kDa) were used as standard marker proteins.

2.3. Chitinase activity, sugar and protein content

The sugar and protein content was determined by using the
phenol–sulfuric acid method and Lowry method, respectively
(Dubois et al., 1956; Lowery et al., 1951). The chitinase activity

was checked by the DNS (3,5-dinitrosalicylic acid) method
where 1 % colloidal chitin (w/v) was used as substrate.

2.4. Cytotoxicity study of the chitinase by MTT assay

Cytotoxicity of the fragments of chitinase was checked against
MCF-7, HCT-116 and EAC cells by using MTT assay. MCF-7

and HCT-116 cells were collected from the Zhao XuDong lab-
oratory, Kunming Institute of Zoology (KIZ) who recruited
from American Type Culture Collection (ATCC). MCF-7
(1 � 104 cells/well) and HCT-116 (2 � 104 cells/well) cells in

a 96 well cell culture plate were incubated in DMEM medium
for 48 h in CO2 incubator at 37 �C. At the same time, EAC
cells (5 � 104 cells/well) were incubated in RPMI-1640 medium

for 24 h in CO2 incubator at 37 �C. Then 33 kDa (chitinase)
and 6 kDa fragments at the concentration of 50 to 200 mg/
ml were used for treatment. Cell growth inhibition and IC50

values were calculated using Microsoft Excel software.



Table 1 Primer list.

Gene Primer Product

size (bp)

NFkB F CCAGTATCCCGGTCCAGCTAT 174

R CACGTCCAACTCACTCCAAGG

TNFa F ATTGCCGCAGAAAGTTCTACG 207

R GTCCAGTTTCGTCTTCAGCTC

FAS F CCCAGTCCTTCACTTCTATGTTC 121

R GTAGCACAGTTCAGTCTCGAC

18 s F GTAACCCGTTGAACCCCATT 151

R CCATCCAATCGGTAGTAGCG

p53 F GCCCAACAACACCAGCTCCT 200

R CCTGGGCATCCTTGAGTTCC

PARP F GGCCTCGGTGGATGGAATG 198

R GCAAACTAACCCGGATAGTCTCT

FADD F GCTGGCTCGTCAGCTCAAA 132

R ACTGTTGCGTTCTCCTTCTCT

BCL2 F AGTTATCGGCTTCAGTGGTCT 137

R CTGCCCGCTTCCTAGCTTG

BAX F CATATAACCCCGTCAACGCAG 77

R GCAGCCGCCACAAACATAC

Caspase-

8

F ACACAGTCGAGTAGACTCTCAAA 181

R AGGAAGTGATGCTCGTTCAGA

MAPK F CGGTGTCAATGGTTTGGTGC 151

R GACGATGTTGTCGTGGTCCA
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2.5. Experimental animals and ethical clearance

Swiss albino mice were produced at our university and were
maintained in accordance with the guidelines and regulations
of the Institution of Biological Sciences, University of Raj-

shahi, Bangladesh for the Care and Use of Laboratory Ani-
mals. In the current study, the use of a minimal number of
animals and their suffering was minimized. All the in vivo
experiments were performed according to protocols approved

by the Institutional Animal, Medical Ethics, Bio-safety and
Bio-security Committee (IAMEBBC) for Experimentations
on Animals, Human, Microbes and Living Natural Sources

(102(6)/320-IAMEBBC/IBSc) Institute of Biological Sciences
(IBSc), University of Rajshahi, Bangladesh and confirmed to
ARRIVE guideline. A total of 18 Swiss albino mice (males,

8 weeks old, around 25 g weight) were housed in cages (6
mice/cage) with free access to food and water. All animals were
kept under a 12-h/12-h light/dark cycle (lights on at 6:00 a.m.).

The mice were sacrificed in the current study using a two-step
process as per the approved guideline. Firstly, the mice were
rendered unconscious through inhaled anesthetic agent (Isoflu-
rane) exposure. Subsequently, they were killed by cervical dis-

location while the animals were fully unconscious. Isoflurane
was administered by drop method in a container with a tightly
fitted lid.

2.6. Determination of EAC cells growth inhibition in vivo in mice

1 � 106 EAC cells in 0.1 ml of saline were injected intraperi-

toneally to 18 male Swiss albino mice and kept at room tem-
perature for 24 h for tumor inoculation. Then the mice were
randomly distributed into 3 groups and chitinase was injected
at the dose of 1.0 and 2.0 mg/kg/day intraperitoneally for five

consecutive days. The remaining group was used as a control.
On the seventh day of the EAC inoculation, each of the mice
was sacrificed to harvest a total number of EAC cells in saline.

Viable EAC cells were first identified with trypan blue and then
counted by a hemocytometer under light microscope. Finally,
the percent of growth nhibition was calculated.

2.7. Cell morphological study by Hoechst 33342

Morphological changes in cells were studied after treatment

with the chitinase by Hoechst 33342. 2 � 104 HCT-116 and
1 � 104 MCF-7 cells /well in DMEM medium were seeded
in a 96 wells cell culture plate and incubated for 48 h after
treatment with 100 mg/ml of chitinase. EAC cells were collected

from mice and 5 � 104 cells/well were incubated with the same
concentration of the chitinase for 24 h. After that, cells were
washed with phosphate buffer saline and incubated with

Hoechst 33342 and kept in the dark for 20 min. Finally, mor-
phological changes were observed by an inverted fluorescence
microscope (Olympus IX71, Korea).

2.8. Observation of changes in the reactive oxygen species

HCT-116 and MCF-7 cells were cultured and treated with

chitinase under the same condition as described above. Then
incubated with the 20,70-dichlorofluorescein-diacetate
(DCFH-DA) stain for 15 min in the dark. Finally, observed
in a fluorescence microscope at the excitation wavelength of
485 nm and an emission wavelength of 530 nm.

2.9. Detection of caspase proteins expressions in HCT-116 cells
using caspase inhibitors

To detect the involvement of caspase proteins, caspase-8 (z-

IETD-fmk) and caspase-9 (z-LEHD-fmk) inhibitors were
used. HCT-116 cells were seeded in a 96 wells cell culture plate
as described above and 24 h later incubated with the caspases-8

and caspase-9 inhibitors for 2 h and treated with 100 mg/ml of
chitinase for 48 h. Cells without chitinase and caspase inhibi-
tors were used as control.

2.10. Real-time PCR and RT-PCR

Around 3.2 � 105 HCT-116 cells/well and 1.6 � 105 MCF-7
cells/well were seeded in a 6 wells culture plate. 24 h later, cells

were treated with 100 mg/ml of chitinase for 48 h. Then RNA
was isolated, cDNA was synthesized and PCR mix was pre-
pared. The primer used for the gene NFkB, TNFa, FAS,

18 s, p53, PARP, FADD, Caspase-8, MAPK, BCL2 and
BAX are given in Table 1. For amplification, SYBR green
master mix and BIO-RAD (CFX 96) Real-Time thermal cycler

was used and the condition was set to 50 �C for two minutes
and 95 �C for 3 min followed by 40 cycles at 95 �C for 15
sec and 60 �C for 1 min. The double delta CT method was fol-
lowed for the PCR data analysis, where 18 s gene expression

was used to normalize the data. For RT-PCR, a GeneAtlas
thermal cycler (Japan) was used. For the amplification of
cDNA 2 � TsingKe master mix (China) was used according

to the manufacturer guidelines. The steps followed were a
5 min PCR activation step at 94 �C, followed by 35 cycles of
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94 �C/30 s, 60 �C/30 s, 72 �C/59 s and the final extension of
72 �C/5 min for each of the genes. PCR products were ana-
lyzed with 1.5 % agarose gel where 100 bp DNA ladder was

used as markers.

2.11. Analysis of the different phases of the cell cycle

HCT-116 and MCF-7 cells were cultured in a six-well cell cul-
ture plate and treated with the 100 mg/ml protein concentration
of chitinase in the same condition as described above. After

that, cells were prepared and cell cycle phases of HCT-116
and MCF-7 cells were analyzed. flow cytometer (Beckman
coulter) was used.

2.12. Statistical analysis

The experimental results were expressed as the
mean ± standard deviation (S.D.). One-way ANOVA was
Fig. 1 Purification of chitinase fragments. (A) Clear T. dioica seed e

sodium acetate buffer saline pH 3.5 at the flow rate of 1 ml/min (B) 15 %

Lane-1: Marker proteins and Lane-2: purified 33 kDa chitinase fragm

loaded on a QA-cellulose column and the unbound fraction was collect

and the fractions were collected 2.5 ml/tube. (E) 15 % polyacrylamide g

sample, Lane-3: unbound fraction (chitinase fragments) of QA-cellulos

column without b-mercaptoethanol, Lane-5: fraction-1 (chitinase) with

chitinase fragment).
used for the calculation of data followed by Dunnett’s t-test
using SPSS software version 16.

3. Result

3.1. Purification and characterization of chitinase

The chitinase bound strongly to the chitin column that was
eluted only by using sodium acetate buffer saline at the pH

of 3.5 (Fig. 1A). The chitinase run with the MW of about
33.0 kDa in SDS-PAGE (Fig. 1B). The degraded chitinase
was a glycoprotein with 4.0 % of sugar and a lack of chitinase

activity. The chitinase was also isolated by using ion-exchange
chromatography. The crude extract was loaded on a QA-
cellulose column and the unbound fraction was collected

(Fig. 1C). The eluted fraction had chitinase activity and in a
SDS-PAGE, the enzyme migrated with the 33.0, 6.0 and
<4.0 kDa bands. 33.0 and 6.0 kDa fragments were separated
xtract was loaded on a chitin column and chitinase was eluted by

polyacrylamide gel electrophoresis pattern of the eluted fraction.

ent. (C) Clear homogenized Trichosanthes dioica seeds extract was

ed. (D) Unbound fraction was loaded on a Sephadex G-50 column

el electrophoresis pattern. Lane-1: Marker proteins, Lane-2: crude

e column, Lane-4: fraction-1 (33 kDa chitinase.) of Sephadex G-50

b-mercaptoethanol, Lane-6: fraction-3, Lane-7: fraction-2 (6 kDa
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by the gel filtration chromatography on a Sephadex G-50 col-
umn (Fig. 1D) in the intact form, whereas <4.0 kDa was fur-
ther fragmented (Fig. 1E). 33.0 kDa fraction was a

glycoprotein with 4.0 % of sugar and showed chitinase activ-
ity. In contrast, other fragments did not show chitinase activity
and were not glycopeptides. The result was summarized in

Table 2.
Table 2 Purification Steps of chitinase.

Purification methods Fraction MW w

(kDa)

Affinity Chromatography – 33.0

Gel filtration F-1 33.0

chromatography F-2 6.0

F-3 <4.0

Fig. 2 Cell growth inhibition of chitinase. (A) Cytotoxicity study of c

number of viable EAC cells in chitinase treated and untreated experim

(n = 6). Level of significance *p < 0.05 when compared with that of
3.2. In vitro cell growth inhibition

At 200 mg/ml protein concentration, 49.1 %, 48.8 % and
38.12 % of EAC, HCT-116 and MCF-7 cells growth were
inhibited by chitinase, respectively. When the concentration

was reduced to half, the EAC cells growth decreased rapidly
that was similar to MCF-7 cells and at the concentration of
eight Sugar Content Chitinase activity

+ –

+ +

– –

– –

hitinase against EAC, HCT-116 and MCF-7 cells in vitro. (B) Total

ental mice. Data are expressed as mean ± standard error of mean

the control group.



Fig. 3 Cell morphological change after staining with Hoechst 33342 dye and ROS generation after treatment with chitinase. (A) Optical

microscopic view of the control MCF-7 cells (a) and treated MCF-7 cells (b); fluorometric image of the control MCF-7 cells (c) and treated

MCF-7 cells (d); fluorometric image of the control HCT-116 cells (e) and treated HCT-116 cells (f); fluorometric image of the control EAC

cells (g) and treated EAC cells (h), Arrow indicating apoptotic cells. (B) Optical microscopic view of the control and treated HCT-116 cells

in (a) and (b) respectively; fluorometric images of control & treated HCT-116 cells and fluorometric images of control & treated MCF7

cells were represented by (c), (d), (e) and (f), respectively. Pictures were captured in 40x magnification.
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50 mg/ml, the EAC cells growth inhibition decreased almost to

zero. In contrast, about 20 % cell growth was observed for
HCT-116 and MCF-7 cells, as shown in Fig. 2A. The IC50 val-
ues were 192, 200 and 302 mg/ml for HCT-116, EAC and
MCF-7 cells. On the other hand, no inhibition was observed

for the 6.0 kDa fragment.

3.3. Cell growth inhibition in vivo in mice

At the doses of 1.0 mg/kg/day, 46 % EAC cells growth inhibi-
tion was observed. The growth inhibition incresed to 82 % at
the dose of 2 mg/kg/day of chitinase, as shown in Fig. 2B.

3.4. Observation cell morphological changes

After treatment of HCT-116, MCF-7 and EAC cells with the

chitinase, apoptotic features were observed with the compar-
ison of untreated control cells, as shown in Fig. 3A. ROS gen-
eration was observed for HCT-116 and MCF-7 cells, as shown

in Fig. 3B.

3.5. Detection of caspase proteins expressions in HCT-116 cells
using caspase inhibitors

HCT-116 cells growth inhibition was checked in the presence
of caspase-8 and caspase-9 inhibitors. In the presence of
caspase-8, 41.6 % HCT-116 cells growth inhibition decreased

to 20.4 % and no change was observed in the presence of
caspase-9 inhibitor.

3.6. Apoptosis related gene expressions

Apoptosis-related p53, FAS, BAX, BCL2, TNFa, NFjB and
PARP genes expression were checked for HCT-116. PARP,

p53, FAS, BAX, BCL2, TNFa, FADD, Caspase-8, NFjB
and MAPK gene expression were checked for MCF-7 cells.



Fig. 3 (continued)
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After treatment of HCT-116 cells with the chitinase, the

expression level of p53 and TNFa was increased consequently
with the decrease of PARP gene expression (Fig. 4A and B).
Changes in expression were not found for other genes and

the result was not shown. On the other hand, elevated expres-
sion was observed for PARP, MAPK, NFjB, FAS, FADD,
and Caspase-8 genes in the MCF-7 cells (Fig. 4C and D).
No change was observed for other genes and the result was

not shown.

3.7. Cell cycle analysis

In untreated HCT-116 cells, the G0/G1, S and G2/M cell cycle
phases were 75.48, 9.41 and 11.03 %. After treatment with
chitinase, G0/G1 phase decreased to 52.14 % at the same time

S and G2/M phases increased to 28.13 % and 17.79 %, respec-
tively (Fig. 5A & B). For MCF-7 the G0/G1, S and G2/M cell
cycle phases were 63.54 %, 17.37 % and 17.04 %, respectively.

After treatment with the chitinase, the Sub G1 phase was
found 7.63 % and the G0/G1 was decreased to 50.38 %, with
the increase of S and G2/M cell cycle phases to 22.4 % and
19.96 %, respectively (Fig. 5C & D). Increased ‘S’ cell cycle

is observed for both types of cells after treatment with
chitinase.

4. Discussion

For evaluating the anticancer properties, we have attempted to
purify the chitinase (39 kDa) by using the established protocol

(Kabir et al., 2016). But the chitinase was purified in degraded
form with two clear bands (33.0 and 6.0 kDa). The chitinase

activity and sugar content was observed only in 33 kDa frag-
ment. The result indicated that the fragmentation process did
not affect the structure of the active site of the enzyme. After

that, we attempted to purify the chitinase with its full struc-
tural form using chitin affinity column. In this case 33.0 ± 1 k
Da fragment was purified with 4 % neutral sugar and no chiti-
nase activity. The fragmented chitinase was not eluted from

the column up to pH 4.0. The possible reason may be the
strong binding between the enzyme and chitin. In our previous
study, 80 % chitinase activity was observed at the pH of 4.0. In

the present study, the chitinase lost its activity completely at
the pH of 3.5 and eluted from the column with the loss of a
fragile fragment. The complete loss of activity indicated that

the quick increase of pH was not able to recover the structural
change of the enzyme.

Chitinase is a well-known enzyme that retains antifungal
activity (Liu et al., 2020; Loc et al., 2020; Rajninec et al.,

2020; Oliveira et al., 2020; Yano et al., 2020). Although many
chitinases were purified and reported as antifungal agents
(Malik and Preety, 2019) only very few were designated as

anticancer agents (Pan et al., 2005). Cytotoxicity of the 6
and 33 kDa fragments was checked against MCF-7, HCT-
116 and EAC cells. But only the 33 kDa fragment showed

cytotoxicity against the three cells. The result showed that
the chitinase is more toxic for HCT-116 and EAC cells than
that of the MCF-7 cells. Chitinases from Calotropis procera

latex showed cytotoxicity against HCT-116, OVCAR-8 and
SF-295 tumor cell lines (Viana et al., 2017). A chitinase from
Trichoderma viride inhibited the growth of HCT-116 and
MCF-7 cell lines (Abu-Tahon and Isaac, 2020). Pan et al.



Fig. 4 Real-time PCR and RT-PCR. (A) Percentages of relative mRNA expression after treatment of HCT-116 cells with chitinase. (B)

The Expression level of p53 gene of HCT-116 was verified by RT-PCR. (C) The expression level of PARP, NFjB and MAPK in MCF-7

cells (D) Expression level of FAS, FADD and Caspase-8 in MCF-7 cells. ‘L’ represents DNA ladder, ‘C’ expression with control and ‘T’

expression with chitinase treated RNA. Quality of control and treated RNA were checked by the 18 s gene.
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(2005) reported two chitinases isolated from different bacteria,
causing similar toxicity by structural damage in MCF-7 cells
while no toxic effect was observed in normal mice spleen cells.
They also reported the chitinase reduced the tumor size grad-

ually in the human breast cancer xenograft B11-2 in SCID but
did not mention the molecular mechanism of action. Although
some chitinase showed antiproliferative activity against differ-

ent cancer cells, for the first time we are reporting degraded
chitinase retained its ability to inhibit the cancer cells growth.
The molecular weights of the chitinases used for antiprolifera-
tive activity in other laboratories were different from the pre-
sently studied chitinase.

The enzyme was purified by gel filtration chromatography
with chitinase activity and by chitin column without chitinase

activity. In both cases, the enzyme showed cytotoxicity against
the cancer cell lines and the results demonstrate the enzyme
activity is not responsible for the antitumor activity. Antitu-

mor activity of the chitinase obtained from the affinity column
was checked against rapidly growing EAC cells in mice lacking
H2 histocompatibility (Chen and Watkins, 1970). The chiti-



Fig. 5 Different phases of HCT-116 and MCF-7 cells before and after treatment with chitinase. (A) and (C) represented cell cycle phases

of HCT-116 and MCF-7 cells before treatment with the chitinase, respectively. (B) and (D) represented cell cycle phases of HCT-116 and

MCF-7 cells after treatment with the chitinase, respectively.
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nase showed higher antitumor activity against EAC cells-
bearing mice.

Cell growth inhibition occurred in different mechanisms
e.g., apoptosis, pyroptosis, autophagy, or necrosis. Death-
inducing signals, ROS generation, caspase up-regulation etc.

are the cellular processes that are related to apoptosis. In the
present study, induction of apoptosis in MCF-7, HCT-116
and EAC cells by the chitinase was confirmed by Hoechst

33342 staining. Cytosolic ROS was increased after treatment
of MCF-7 and HCT-116 cells which caused oxidative stress
in the cells and promoted cell death.

During apoptosis, several gene expressions are altered. In
the present study, expression levels of p53 and TNFa were
increased with the decrease of PARP gene in HCT-116 cells.
It was reported that TNFa caused DNA damage in HCT-

116 cells (Alotaibi et al. 2021). PARP is widely known as a
DNA repairing gene and the decrease in expression indicated
the loss of the DNA repair mechanism of the cells (Sakai

et al. 2012). Caspase can cleave PARP and thereby inactivate
it (Los et al. 2002). Here we found the caspase-8 protein
expression remarkably increased in HCT-116 cells after treat-
ment with the chitinase. p53 is a well-known apoptotic gene
that causes cell death in HCT-116 cells by the translocation

of BAX to mitochondria (Lim & Park, 2009). Induction of
apoptosis was reported by the upregulation of p53 and down-
regulation of PARP gene in HCT-116 cells (Kabir et al. 2021).

The up-regulation of the p53 and TNFa gene, and the down-
regulation of the PARP gene confirmed the apoptotic cell
death in HCT-116.

After treatment of MCF-7 cells, PARP gene expression was
increased significantly. Besides the repair of DNA, PARP also
retains the ability to induce programmed cell death. PARP

produced PAR, (Poly (ADP-ribose) that stimulates mitochon-
dria to release apoptosis-inducing factor (AIF) (Yu et al.,
2006) in a caspase-independent mechanism. NFjB also acts
as a pro-apoptotic and anti-apoptotic regulatory factor

(Kaltschmidt et al., 2000; Lin et al., 1999). After treatment
with the chitinase fragment, expression of NFjB was increased
significantly and might have entered the nucleus and caused

the DNA breakdown (Kabir et al., 2020). MAPK, FAS,
FADD and Caspase-8 are well known as apoptotic genes.
Besides PARP and NFjB genes, the expression level of FAS,
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FADD and Caspase-8 was also increased. The results con-
firmed the induction of apoptosis in MCF-7 cells and the

involvement of the FAS-mediated pathway. To control cell
survival and apoptosis, mitogen-activated protein kinases
(MAPK) play important roles (Xiao et al., 2013; Yu et al.,

2011). It was reported that Chicoric acid-induced apoptosis
in 3T3-L1 preadipocytes through the ROS generation which
regulates MAPK signaling pathways where mitochondrial dys-
function occurred followed by the activation of caspase-3

(Xiao et al., 2013). In the present study, ROS generation
may be activated the MAPK pathways that may be caused
apoptosis in MCF-7 cells. The induction of apoptosis in

HCT116 cells, MCF-7 cells were pictorially represented along
with the EAC-related mice experiment in Fig. 6.
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The cell cycle is a biological process that is regulated by
many proteins and a series of events take place in the cell. Can-
cer is the result of the variations of the regulation in the cell.

Many antitumor agents are used to stop the cell cycle at G0/
G1, S, or G2/M phases that cause cancer cell death. In our ear-
lier experiments, we have found that several lectins arrested

G0/G1 and G2/M phases of cell cycle and induced apoptotic
cell death in different cell lines (Islam et al., 2019; Kabir
et al., 2021, 2013). In the present study, the chitinase arrested

the S phase of the HCT-116 and MCF-7 cells. S cell cycle
arrest was also observed in EAC cells after treatment with
Asparagus racemosus lectin (Kabir et al., 2021).

In conclusion, T. dioica seed chitinase enzyme contained

fragile parts that degraded easily and did not affect the chitinase
activity. The chitinase showed strong cytotoxicity against HCT-
116 and MCF-7 cells in vitro by inducing apoptosis through the

alteration of several apoptosis-related genes. In the in vivo exper-
iments, the fragmented chitinase remarkably inhibited the EAC
cells growth in mice. Further studies would be helpful to desig-

nate chitinase as an promising anticancer agent.
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