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The present research exploration is intended to inspect the chemotherapeutic potency of fisetin in
1,2 dimethylhydrazine (DMH)-stimulated colon carcinoma in Wistar rats. The 20 mg/kgb-wt of DMH
was injected to the investigational rats via subcutaneous route once in a week for 15 weeks to induce
colon cancer in a rat model. Fisetin at 50 mg/kgb-wt dose were administered throughout the experimen-
tal period. Biochemical methods were employed to study the antioxidant, lipid peroxidation, Phase-I & II
enzymes. Pro-inflammatory cytokines and apoptotic proteins were measured using Elisa methods. Colon
tissue damages were examined using hematoxylin and eosin staining. Our result suggested that fisetin
treatment efficiently decreased the tumor incidence andnumber by restoring the antioxidant status,
phase-II enzymes and inhibiting the actions of phase-I enzymes and lipid peroxidative events in DMH-
induced colon tumorigenesis model. Further, we noticed that fisetin treatment significantly inhibited
the pro-inflammatory cytokine production. Moreover, we observed that fisetin treatment remarkably
inhibited the anti-apoptotic Bcl-2 and induced pro-apoptotic Caspase-9 and Caspase-3 expression,
thereby induces apoptosis in DMH-induced colon tumorigenesis model. From this observation, we con-
clude that fisetin (50 mg/kgb-wt) can efficiently prevent chemically induced colon cancer by enhancing
antioxidant status and modulating inflammatory and apoptotic signalling events.

© 2020 The Authors. 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

The International Agency for Research on Cancer (IARC) recently
reported that the global cancer burden were ascended to 18.1mil-
lion new incidences and 9.6million deaths in 2018 including all
cancers from 185 countries (Bray et al., 2018). Next to the lung
and breast cancer, the colorectal cancer is a largely reported (1.8
million incidences, 10.2% of the total in 2018), and is second ranked
on mortality (881 000 deaths, 9.2%), due to poor prognosis (Bray
et al.,, 2018; Wong et al., 2019).
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Almost 70% of colon cancer incidences were sporadic cases
which were mediated through environmental reasons like dietary
styles, physical activity, smoking tobacco and excess alcohol con-
sumption (Vieira et al., 2017). Colon cancer is a complex and mul-
tistage event instigated from epithelial cells through aberrant
crypts and adenoma to sarcomas finally metastasis. In addition,
oxidative stress was potentiating to interrupt signalling cascades
that linked to initiation and malignant transformation. Increased
accumulation of reactive oxygen species (ROS), a characteristic fea-
ture during oxidative-stress has been involved in a aberrant crypt
foci development and the pre-cancerous lesions in the colon cancer
(Prasad et al., 2017). Hence, the inhibition of ROS alongside the
alleviation of signaling connected to cell multiplication believed
an efficient strategy to prevent the colon cancer (Liu et al., 2017).

The long persistence of inflammation promotes the develop-
ment of carcinogenic events via activating molecular signalling
pathways (Wu et al., 2013). Moreover, a number of studies have
been confirmed that colon tumors exhibit constitutive expression
of transcription factors being influenced in essential component
of multiple inflammatory pathways, namely signal transducer
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and stimulator of transcription-3 (STAT-3) and Nuclear factor-xB
(NF-kB). The nonsteroidal anti-inflammatory drugs have been pro-
ven as a promising agent in colon cancer clinical trials. Unfortu-
nately, they carry severe gastrointestinal side effects (Derry et al.,
2017). Incidentally, the recognition of potential natural-based
bioactive agents that down-regulates the inflammation and/or
up-regulates apoptosis can be a harmonizing and beneficial target
in colon cancer chemoprevention (Song et al., 2015).

Preclinical studies clearly addressing the possible benefits of
flavonoids-rich diet in the colon cancer treatment. Fisetin
(3,3',4',7-tetrahydroxyflavone), is largely occurs in fruits and veg-
etables, like apple, grape, cucumber, and onion (Khan et al,
2013). Fisetin is reported to possess various pharmacological activ-
ity including antioxidant (Kumar, 2016), free radical scavenger
(Kang et al., 2014), anti-inflammatory (Kim et al., 2015), cardio
protective (Shanmugam et al., 2018), anti-viral (Lin et al., 2012),
antidiabetic (Prasath et al., 2013), anti-carcinogenic (Meng et al.,
2017), anti metastatic activity (Pal et al., 2016). This exploration
was intended to inspect the remedial benefits of fisetin against
the DMH stimulated colon carcinoma in Wistar rats.

2. Materials and methods
2.1. Chemicals

Fisetin and DMH were procured in Sigma Aldrich Co. (USA). The
ELISA test kits were procured from R&D Biosystem, China. Whole
other chemicals utilized in the study were of diagnostic range.

2.2. Experimental design

The male Wistar rats (130-150 g) were utilized in this investi-
gation and all investigations were done via adopting the laws of
international Law on Animal Care and Use. All rats were sustained
in controlled situations of like 12 h light/dark sequence, 50% mois-
ture, 25 + 2 °C temperature, and the rats were supplemented with
pellet diet, water ad libitum. The entire rats randomly alienated
into four groups with six rats in every. The group-I were regarded
as control. The group-II animals received DMH at 20 mg/kgb-w.
dose via subcutaneously once a week for 15 weeks. The group-III
received 50 mg/kg b.w. of fisetin along with DMH. The group-1V
animals received 50 mg/kg b-w. of fisetin alone. All animals fasted
overnight prior to the last day of investigational schedule then sac-
rificed and blood and tissue samples were gathered for various
investigations.

2.3. Bodyweight and growth rate changes

Bodyweight and growth during the investigational period were
constantly measured and recorded. From the initial day the ani-
mals were weighed, subsequently once a week until animals sacri-
fice. The growth rate was determined via utilizing the below given
formula:

Final bodyweight — Initial bodyweight

Growthrate = Total no. of experimental days

2.4. Histopathological studies

Colon tissues of normal and investigational animals were fixed
in 10% neutral formalin immediately after removal. 2-5 pm thick
sections were taken for further studies. Hematoxylin and eosin
(H&E) were employed to study tissue damages as described earlier
(Jorgensen et al., 2017).

2.5. Estimation of lipid peroxidation

The thiobarbituric acid reactive substances (TBARS) status was
inspected. (Katerji et al., 2019) The level of conjugated dienes
(CD) was studied according to the technique of Rao and Recknagel
(1969). (Rao and Recknagel, 1969) Jiang et al. (1991) (Jiang et al.,
1991) method was used for lipid peroxides measurement.

2.6. Biochemical estimation

The cytochrome b5 and cytochrome-P450 (EC. 1.14.14.1) sta-
tuses were investigated as described earlier by the technique of
Ferreon et al. (2007) (Ferreon et al., 2007). The SOD activity mea-
surement performed biochemically followed by the technique of
Kakkar et al., (1984) (Kakkar et al., 1984). The enzymatic function
of catalase was inspected based on the way of Sinha (1972) (Sinha,
1972). The GSH content was calculated by previously described
(Ngamchuea et al., 2017).

2.7. ELISA assay for cytokines and apoptosis

TNF-o, IL-6, IL-1B and apoptotic protein measurements were
measured with an ELISA kit (R&D Biosystem, China) as described
previously by Li X et al., (2015) (Li et al., 2015).

2.8. Statistical examination

Statistical investigation was done with the aid of SPSS tool. Data
are portrayed as mean + SD. The one-way ANOVA, subsequently
Duncan Multiple Range test was employed to compare the varia-
tions among the data. Data are regarded as statistically significant
if p < 0.05.

3. Results

3.1. Effect of fisetin on body weight changes in control and
investigational animals

Table 1 depicts the changes in bodyweight and growth rate of
normal and investigational animals. We noted a significant
decrease in the growth and body weight of DMH-provoked exper-
imental animals when compared with the control. In other hand,
fisetin (50 mg/kg) treatment alleviated the loss in the growth rate
and body weight of DMH-induced animals. There were no changes
between normal and fisetin alone supplemented animals.

3.2. Effect of fisetin on colonic polyps in the colon of control and
investigational animals

Our results clearly indicated that there were 100% of colonic
polyps in the colon were noted in DMH stimulated experimental
animals. Administration of 50 mg/kg of fisetin to DMH-incited rats
was considerably diminished colonic polyps in the colon tissues by
72.19% Fig. 1. Moreover, we did not observe polyps in the
untreated control and/or fisetin alone supplemented animals
(Table 2).

3.3. Effect of fisetin on enzymatic antioxidant level in control and
investigational animals.

We noticed that DMH-induced experimental animals showed
decreased levels of enzymatic antioxidants. This might be associ-
ated with DMH-induced excessive radical generation (Fig. 2). How-
ever, the fisetin (50 mg/kg) supplementation appreciably increased
the SOD, CAT, GPx levels. There were no alterations in the SOD,
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Table 1

The effect of fisetin on body weight changes and growth rate in control andDMH - induced experimental animals.

Groups Initial body weight (g) Final body weight (g) Weight gain (g) Growth rate (g)
Group | 131.54 + 7.62 265.19 + 10.42* 133.65 + 8.39# 1.09 £ 0.04*
Group II 130.65 + 8.26 187.34 £ 7.15* 56.69 + 3.01# 0.62 + 0.07*
Group III 129.69 + 6.91 231.71 £ 12.75* 102.02 + 8.58# 0.89 £ 0.01*
Group IV 132.87 £ 8.15 258.86 + 11.64* 125.99 + 7.14# 1.03 £ 0.06*

Values are expressed as mean * SD for six animals in each group. Values not sharing a common superscript (*, #) differ significantly at p < 0.05 (DMRT).
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Fig. 1. The effect of fisetin on enzymatic antioxidant levels in plasma, liver, proximal and distal colon of control and DMH - induced experimental animals Values are
expressed as mean * SD for six animals in each group. Values not sharing acommon superscript (*, #) differ significantly at p < 0.05 (DMRT).

Table 2

The effect of Fisetin on the incidence of colonic polyps in the colon of control and DMH - induced experimental rats.

Groups No. of rats No. of polyps Total no. of polyps Average no. of Percentage incidence Percentage of
bearing rats polyps bearing rats* of polyps# polyps inhibition

Group [ 6 0 0 0 nil

Group I 6 6 19 3.1 100 0

Group Il 6 2 6 2.1 32.56 72.19

Group IV 6 0 0 0 0 nil

CAT, GPx statuses of control and fisetin alone supplemented
animals.

3.4. Effect of fisetin and DMH on lipid peroxidation byproducts.

The lipid hydroperoxide (LOOH), TBARS and CD levels were
markedly augmented in the DMH alone-challenged rats than nor-
mal rats. The animals were supplemented with fisetin (50 mg/kg)
efficiently lowered the LOOH, TBARS and CD levels in DMH-
induced animals (Fig. 3). This might be associated with antioxidant
properties of fisetin.

3.5. Effect of fisetin on phase-1 and phase-II enzymes in the liver

The functions of cytochrome-P450, cytochrome-b5 and GST
were remarkably augmented in DMH induced experimental rats.

However, fisetin (50 mg/kg) treatment significantly lowered the
cytochrome b5, cytochrome P450 and GST compared to DMH
induced experimental rats (Fig. 4). There were no changes in the
phase-I and phase-Il enzymes between normal and fisetin alone
supplemented animals.

3.6. Effects of fisetin on the colonic pro-inflammatory cytokines

In this investigation, we found the elevated statuses of these
pro-inflammatory modulators like TNF-a, IL-18 and IL-6 in DMH
induced experimental rats. However, fisetin (50 mg/kg) body-
weight treatment significantly inhibited the pro-inflammatory
cytokines compared DMH-induced rats (Fig. 5). Meanwhile, there
were no changes between the normal and fisetin alone supple-
mented animals.
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Fig. 3. The effect of fisetin on phase I and phase Il enzymes in the liver of control
and DMH - induced experimental animals. Values are expressed as mean * SD for
six animals in each group. Values not sharing acommon superscript (*, #) differ
significantly at p < 0.05 (DMRT).

3.7. Effects of fisetin on the activities of Caspase-9, Caspase —3 and Bcl-
2 expression

In this investigation, we noted the augmented statuses of anti-
apoptotic protein Bcl-2 and decreased expression of Caspase-9,
Caspase-3 in DMH-induced experimental rats. Whereas, fisetin
(50 mg/kg) treatment significantly inhibited the antiapoptotic pro-
tein Bcl-2 and enhanced the expression of Caspase-9, Caspase-3
while comparing it to DMH-induced rats (Fig. 6). Meanwhile, no
significant alterations were noted between the normal and fisetin
alone supplemented animals.

4. Discussion

In this exploration, we investigated the chemotherapeutic
potency of fisetin against chemically induced colon cancer model.
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Fig. 4. The effects of fisetin on the colonic pro-inflammatory cytokines. Values are
expressed as mean + SD from three independent experiments. Values notsharing a
common superscript (*, #) differ significantly at p < 0.05 (DMRT).

We found that fisetin significantly reduced the number tumor for-
mation in DMH-induced animals. Similarly, fisetin is reported to
inhibit the tumor growth by 67% in lewis lung carcinoma-bearing
mice (Touil et al., 2011) Free radicals are formed naturally in the
body and play a vital role in normal cellular developmental pro-
cesses (Loizzo and Tundis, 0000). However, the highly reactive nat-
ure of free radicals damages the cellular components, including
nucleic acids, proteins and cellular membranes, when they are in
enormous in amount. Naturally cells are evolved with antioxidant
enzymes in order to protect from these free radicals (Obrador et al.,
2019). In our study, we noticed that diminished levels of antioxi-
dant enzymes like SOD, CAT, GSH and GST in DMH induced colon
cancer bearing animals. It is well documented that biochemically
most of the animal and human cancer cells exhibit low levels of
antioxidant enzymes (Islam et al, 2019). Similarly, fisetin
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Fig. 5. The effects of fisetin on the apoptotic signalling. Values are expressed as
mean = SD from three independent experiments. Values notsharing a common
superscript (*, #) differ significantly at p < 0.05 (DMRT).

Fig. 6. Shows the hematoxylin and eosin staining of colonic tissue of different
experimentalrats. Colon tissues of control and fisetin alone treated rats showed
normal crypt architecture and underlying muscularis mucosa, and the goblet cells
are mostly adhered to epithelial cells. Colon tissue of DMH alone-treated rats
showed infiltration of neoplastic cells and the submucosa indicating the genesis of
malignant adenoma. Polystratification of cells and moderate dysplasia were also
observed in the nearby tissues of DMH alone-administered rats.

treatment regained the antioxidant profiles in different experi-
mental models (Molfino et al., 2013). Hence, we conclude here that
the antioxidant role of fisetin plays a major part in prevention of
DMH-induced colon cancer.

Kikuchi et al., (2019) (Kikuchi et al., 2019) reported a number
structurally related flavonoids, including fisetin and they found
that fisetin effectively prevented the lipid peroxidative events by
exerting dose-dependent antioxidative activity. Ravichandran
et al., (2011) (Ravichandran et al., 2011) also found that fisetin
inhibited lipid peroxidation levels in [B(a)P] stimulated lung car-
cinogenesis via restoring the anti-oxidants. A study of structure-
activity relationship of flavonoids revealed that polyhydroxylated
substitutions on rings A and B, a 4-keto moiety, a free 3-hydroxyl
substitution and a 2,3-double bond determines lipid peroxidative
property of flavonoids.(Barnaba and Medina-Meza, 2019) Further,
we observed that fisetin treatment enhanced the phase-II enzymes
and subsequently inhibited phase-I enzymes in DMH-induced ani-
mals. Recently, (Shrestha et al., 2018) reported the ability of fisetin

inhibitory action against eight isoforms of human cytochrome-
P450 (CYP) through non-competitive inhibition more than its main
metabolite.

The chronic inflammation plays a key factor in promoting
tumor progression due to the release of different cytokines, inter-
leukins and most importantly ROS generation (Lin et al., 2019).
The prolonged use of anti-inflammatory drugs may reduce the
tumor development via delaying the proliferation, angiogenesis,
and metastasis (Gurpinar et al., 2013). We observed that DMH-
induced animals showed increased expression of inflammatory
markers. However, the treatment of fisetin inhibited TNF-a, IL-6
and IL-1B in DMH-induced animals. Previous studies also con-
firmed the inhibitory effects of fisetin against the expression of
TNF-a, IL-6 and IL-1B in different experimental models (Prakash
et al.,, 2013; Yu et al., 2016). Moreover, Gutiérrez-Venegas et al.,
(2014) (Gutiérrez-Venegas et al., 2014) found that the fisetin medi-
ated anti-inflammatory activity is linked with inhibition of MAPK,
NF-xB and COX-2 without affecting cell viability.

Apoptosis is a kind of cell necrosis that helps to eliminate
potentially harmful and/or unwanted cells. The defects in apopto-
sis can evident as cancer or autoimmunity diseases (Hassan et al.,
2014). In this study, we noticed that DMH-induced animals
showed the altered patterns of apoptotic protein. This substantially
increases the tumor burden in DMH-induced animals. Whereas,
fisetin treatment induced the apoptotic proteins such as
caspases-3, Caspase-9 in DMH induced animals. In this way, fisetin
may be reduces the tumor burden in DMH induced animals
(Through, 1285) also reported that fisetin stimulates apoptosis in
renal carcinoma cells via p53 mediated stimulation of DR5 mech-
anism. It is documented that fisetin treatment reduces the mito-
chondrial membrane potential and increases the stimulation of
caspases such as caspases-3, -8 and -9 by increasing the pro-
apoptotic proteins such as BAK and BAX meanwhile diminished
anti-apoptotic protein (BCL-2) in oral cancer cells (Shih et al.,
2017). Liu et al., (2017) (Sabarwal et al., 2017) demonstrated the
activation of caspase-3 signaling induced by fisetin is necessary
to induce apoptosis in the mouse model of liver cancer. It is also
supported by Sabarwal et al., (2017) (Kashyap et al., 2018), they
found that fisetin induced mitochondria regulated apoptosis in
gastric cancer cells. Kashyap et al., (2018) [46] clearly documented
that the ability of fisetin to block multiple signaling associated
with cancer.

5. Conclusion

The outcomes of current investigation clearly demonstrated
that the fisetin treatment considerably reduces the tumor inci-
dence and numbers by restoring the antioxidant status, phase-II
enzymes and inhibiting the functions of phase-I enzymes and lipid
peroxidative events. In addition, fisetin treatment significantly
inhibited the pro-inflammatory cytokine production. Further, fise-
tin treatment substantially inhibited the anti-apoptotic and
induced pro-apoptotic Caspase-9 and Caspase-3 expression,
thereby induces apoptosis. Hence, we conclude that the antioxi-
dant and anti-inflammatory effect of fisetin might be responsible
for this anti-tumor activity against DMH-induced colon cancer
model.
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