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Abstract Background: Colorectal cancer (CRC) is a frequently diagnosed cancer that primarily

affects the digestive system and an imperative cause of mortalities worldwide.

Objective: In this work, we formulated the Tin oxide-Sodium alginate-Polyethylene glycol-Allyl

isothiocyanate nanocomposites (SAP-Ally-NCs) and investigated its anticancer role against the

DMH-provoked CRC in rats.

Methodology: The formulated SAP-Ally-NCs were characterized different techniques. The CRC

was provoked to the rats via injecting 20 mg/kg of DMH and then administered with the formulated
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SAP-Ally-NCs for 16 weeks. The bodyweight changes and the polyp’s incidences were detected and

tabulated. The status of lipid peroxidation and antioxidant enzymes were studied by standard tech-

niques. The inflammatory markers and xenobiotic enzymes level was scrutinized using respective

kits. The mRNA expressions of various signaling molecules were examined by RT-PCR. The liver

and colon tissues were examined microscopically to detect the histological changes.

Results: The formulated SAP-Ally-NCs treatment appreciably improved the body weight gain

and suppressed the polyp’s incidences in the DMH-challenged animals. SAP-Ally-NCs treated ani-

mals were demonstrated the notable reduction in the lipid peroxidation and inflammatory cytokines

and elevated the antioxidant enzymes i.e. CAT and SOD activity. SAP-Ally-NCs administered ani-

mals exhibited the noticeable reduction in the expression of PCNA, cyclin-D1, iNOS, and COX-2 in

the colon tissues. The histological findings also unveiled the therapeutic role of SAP-Ally-NCs.

Conclusion: In conclusion, the SAP-Ally-NCs demonstrated the potent anticancer action against

the DMH-provoked CRC in rats. In future, it could be a potent chemotherapeutic agent to the

CRC.

� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

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

The colorectal cancer (CRC) is the third most often identified world-

wide among the deadliest non-communicable diseases and ranked sec-

ond in terms of death rate globally (Bray et al., 2018). CRC is a

multifaceted ailment with elevated incidences in Western countries as

well as Asian countries. This ailment is closely related with alterations

in the dietary patterns like over utilization of ultra-processed commer-

cial foods and beverages with poor nutritional rate (Poti et al., 2017).

Oxidative stress affects normal cellular functions via triggering DNA

injury, lipid peroxidation, and mutations. Furthermore, the tight con-

nection between oxidative markers and CRC progression was unveiled

by numerous findings (Mariani et al., 2014; Rashid, 2017; Ahmed

et al., 2019). The cellular injury due to the inequity between ROS accu-

mulation and antioxidants status could result in DNA damage and

mutations (Liu et al., 2017). Another event participating in the CRC

progression is the continual local inflammatory responses due to the

augmented generation of the pro-inflammatory regulators like IL-6,

IL-17, and tumor necrosis factor (TNF-a) in an struggling to reinforce

the damaged cells (Tuomisto et al., 2019; De Almeida et al., 2018).

The antioxidant systems play an immense role in order to neutral-

ize the ROS and declining its cellular damage. This is a most compli-

cated system that contains both enzymatic and non-enzymatic

antioxidants (Birben et al., 2012). Antioxidants performs a crucial

function in the direct hunting of ROS or indirectly interfaces ROS

accumulation and thereby terminating its toxic effects (Pisoschi and

Pop, 2015). Recently, targeting the antioxidant systems are regarded

as a most promising strategy to counteract the numerous ailments

especially CRC, as they minimizing the acquisitive harmful effects of

oxidative injury (Schieber and Chandel, 2014; Sosa et al., 2013). The

upsetting incidences of CRC were led to an unrelenting need for

exploring novel therapies that could overawed the restrictions of exist-

ing therapies. Based on the stage of cancers, therapeutic procedures

often include surgery, radiation and chemotherapy. CRC is normally

detected in a late stages, when victims regularly diagnosed with

reserved metastases (Van der Stok et al., 2017; Van Cutsem et al.,

2016; Hammond et al., 2016; Braun and Seymour, 2011).

Inflammation is a normal biological event that takes place during

the infection/damage. It triggers the immune system to discharge

pro-inflammatory mediators in order to guard our body. Nonetheless,

excessive inflammatory reactions are extremely dangerous. There are

tight connections between inflammation and cancers as it is one of

the prime event of cancer. Inflammatory reactions aggravate the tumor

progression through avoiding the cellular differentiation and endorsing

tumor development (Klampfer, 2011). The over-production of induci-

ble nitric oxide synthase (iNOS) could cause the DNA injury, DNA

repair deficient, promotion of cancerous growth. (Senedese et al.,
2019). The PCNA is a non-histamine nuclear protein, which con-

tributes a major function in the DNA replication with the rebuilding

of the DNA double strands, and is regarded as an indicator of prolif-

erative index and cell cycle kinetics. PCNA status has straight connec-

tions with the malignancy, invasion, penetration, and survival of

tumor cells (Cai et al., 2017; Guzinska-Ustymowicz et al., 2009).

A remarkable progress in chemotherapy for CRC treatment was

made and it still demonstrating one of the keystones of anticancer ther-

apy. Though, far from a perfection of chemotherapy, it is unavoidably

connected with multidimensional challenges and dose-associated toxi-

cities because of the off-target accretion and less pharmacokinetics that

restricts its therapeutic potential and vulnerability to multi-drug resis-

tance during treatments (Guimaraes et al., 2015). Currently, carrying

safer and potential dosages of target drugs is a vital goal of contempo-

rary chemotherapeutic approach and these dosages will target the sites

of the disease and standby the normal cells (Gullotti and Yeo, 2009).

Consequently, to address this problem a selective drug delivery system

needs to be explored (Mohanty et al., 2020).

Nanodrug-delivery systems have received much attention as a

potent drug delivery approach, accordingly demonstrating an advanced

technique for well-ordered and targeted release of the drug to tumors as

they may lessen the toxic outcomes and elevate the effectiveness of the

anticancer treatment (Wu et al., 1853; Mukherjee et al., 1937). Sodium

alginate (SA) is a most conventional, degradable, non-toxic, and well-

matched biopolymer with an extensive utilizations (Tang et al., 2018;

Zhou et al., 2019). In recent times, numerous findings has explored

the nano-materials combined with SA in order to elevate the functional

and technological features of SA-based nano-materials (Thakur and

Arotiba, 2018; Naik et al., 2016). 1,2-Dimethyl hydrazine (DMH), is

a strong colon carcinogen, provoking CRC in the investigational ani-

mals (Newell and Heddle, 2004; Saini et al., 2009) and it is a extensively

executed model of chemically-provoked CRC. DMH-triggered CRC is

a multifaceted mechanisms involving an array of pathological modifica-

tions (Ionov et al., 1993).

Allyl isothiocyanate is a strong, volatile, color-less oil that is found

in Brassica plants of the Cruciferae family (Sharma et al., 2012). Allyl

isothiocyanate is found to suppress the viability, multiplication, inva-

sion, and to trigger the apoptotic cell deaths in the different human

cancer cells like liver, cervical, and bladder (Zhang, 2010; Hwang

and Lee, 2006; Qin et al., 2018; Savio et al., 2015). Furthermore, the

effectiveness of Allyl isothiocyanate in combination with radiation

therapy is most effective against the non-small cell lung cancer cells

(Tripathi et al., 2015). In this exploration, we fabricated the Tin

oxide-Sodium alginate-Polyethylene glycol-Allyl isothiocyanate

nanocomposites (SAP-Ally-NCs) and evaluated its anticancer poten-

tial against the DMH-triggered CRC in rats through the minimizing

of oxidative stress and inflammation.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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2. Materials and methods

2.1. Chemicals

Allyl isothiocyanate, Tin oxide, Sodium alginate, Polyethylene
glycol, and other chemicals were attained from the Sigma-

Aldrich, USA. The assay kits for inflammatory markers were
procured from eBioscience, CA, USA. The PCR kits were
attained from the Thermofisher, USA, and Takara Bio, Japan,

respectively.

2.2. Formulation of SAP-Ally-NCs

The preparation of SAP-Ally-NCs: 0.3 g of SnO2 NPs was

added to 20 mL of Sodium alginate solution, then SnO2-
Sodium alginate solution mixture was added into 20 mL of
Polyethylene Glycol (PEG). Finally, the whole SnO2-Sodium

alginate-PEG homogenizes mixture solution was encapsulated
with 50 mL of Allyl isothiocyanate solution. The SAP- Allyl
nanocomposites were stirred continuously at 80 �C for 6 h.

A white precipitate was formed on continuous stirring; the
residue was centrifuged at 15,000 rpm for 15 min at �4 �C.
The solid SAP-Ally precipitate was washed several times with

deionized water. Finally, the SAP-Ally nanocomposites were
dried at 200 �C for 3 h.

2.3. Characterization techniques

The formulated SAP-Ally-NCs were characterized by an X-ray
diffractometer (X’PERT PRO PANalytical). The SAP-Ally-
NCs was investigated through the Field Emission-Scanning

Electron Microscopy (Carl Zeiss Ultra 55 FESEM) with
EDAX (Inca). The formation of SAP-Ally-NCs was confirmed
by UV–Visible spectroscopy (Perkin Elmer Instrument, USA).

The active biomolecules of the formulated SAP-Ally-NCs were
studied by Fourier transform infrared (FT-IR) analysis in the
wavenumber 500–4000 cm�1. Photoluminescence spectra anal-
ysis was done using the Cary Eclipse spectrometer.

2.4. Animals

The 4 to 6-week-aged male Wistar rats, weighing 120–150 g

was collected from Institutional animal housing facility. Ani-
mals were then sustained beneath the usual laboratory situa-
tions with 45–55% humidity, 23–25 �C temperature and 12 h

light/dark series. All animals having free contact to regular diet
and water throughout the experimental tenancy. All animal
experiments were verified and approved by the institutional

animal ethical committee.

3. Experimental regimen

The 24 rats were arbitrarily alienated into four groups with 6
animals in each. Control (group I) animals were administered
with regular standard diet without any treatments. Group II
rats in were administered with 20 mg/kg of DMH (dissolved

in 1 mM EDTA, pH-6.5) via subcutaneous route, once in a
week for 5 successive weeks to initiate the CRC (Colussi
et al., 2001). Animals from group III and IV supplemented with

low and high dose of formulated SAP-Ally-NCs (10 and
15 mM), respectively concurrent with DMH challenge. The for-
mulated SAP-Ally-NCs treatment was continued till the 16th
week. At the end, bodyweight, weight gain, and growth rate

were determined via applying the following formula:

Weight gain ¼ BodyweightðfinalÞ � BodyweightðinitialÞ:

Growth rate ¼ ðBodyweightðfinalÞ
� BodyweightðinitialÞÞ=No: of experimental days:
3.1. Measurement of polyp’s incidence

The whole colon tissues were excised after the animal sacrifica-
tion at the end of experiments. Then the excised colon tissues
were cleansed with saline and incised longitudinally without
interrupting the developed polyps and guardedly enumerated

via macroscopic monitor.

3.2. Determination of lipid peroxidation and antioxidant
enzymes activity

The liver, proximal and distal colon tissues of experimental
animals were excised and the same was homogenated sepa-

rately using buffered saline. The tissue homogenates were uti-
lized for the biochemical assays. The status of lipid
peroxidation was investigated through detecting the levels of

thiobarbituric acid reactive substances (TBARS) by the
method suggested by Ohkawa et al. (1979). The enzymatic
activity of superoxide dismutase (SOD) was defined as the
enzyme level resulting 50% of inhibition in pyrogallol autoxi-

dation, which was executed as suggested by the Marklund
(1985) and the outcomes were demonstrated as SOD min/mg
protein. Catalase (CAT) activity was investigated via its capac-

ity to breakdown hydrogen peroxides into the water and oxy-
gen, which was scrutinized as per the protocols suggested by
Aebi (1984) and the outcomes were depicted as CAT

mM/min/mg protein.

3.3. Determination of phase I and phase II xenobiotic enzymes

Cytochrome P450 status was detected with the aid of Omura &

Sato (1964) approach and Cytochrome 4502E1 was investi-
gated by the protocols of Watt et al. (1997). The status of
Cytochrome-b5, NADPH-Cytochrome P450 Reductase and

NADPH-Cytochrome b5 Reductase was scrutinized as per
the procedures of Gan et al. (2009).

3.4. Detection of inflammatory markers

The status of pro-inflammatory mediators like TNF-a, IL-6,
and IL-1b in the serum of experimental animals was scruti-

nized with the help of respective assay kits (eBioscience, CA,
USA). All assays were done as per the protocols given by
the kit’s manufacturer.

3.5. Histological analysis

The liver and colon tissues of experimental animals were
excised and processed with saline. Paraffin embedded liver

and colon tissues were then sliced at 5 mm and mounted on



Fig. 1 X-ray diffraction pattern of SAP-Ally-NCs.
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clean glass slides. After the dewaxing and rehydration, a pair
of slides was stained with hematoxylin and eosin (H&E).
Lastly, the slides were monitored beneath the optical micro-

scope to detect the histological alterations in the liver and
colon tissues.

3.6. RT-PCR analysis

Total RNA extraction was done with the aid of TRIzol kit by
applying instructions of manufacturer (Thermofisher, USA).

RNA amount was determined using NanoDrop spectropho-
tometer. Then, the RNA was utilized to construct the cDNA
with the help of kit with manufacturer’s protocols. RT-PCR

examination was executed to with the help of commercial kits
(Takara Bio, Japan). The primers for PCNA sense: 50-CCAT
CCTCAAGAAGGTGTTGG-30, antisense: 50-GTGTCCCA
TATCCGCAATTTTAT-30, Cyclin-D1 sense: 50-CCGTCCA

TGCGGAAGATC-30, antisense: 50-GAAGACCTCCTCCT
CGCACT-30, iNOS sense: 50-CACCACCCTCCTTGTT
CAAC-30, antisense: 50-CAATCCACAACTCGCTCCAA-30,
and COX-2 sense: 50-AGGAGATGGCTGCTGAGTTGG-30,
antisense: 50-AATCTGACTTTCTGAGTTGCC-30 were uti-
lized. The 2–DDCT approach was utilized to determine the rel-

ative expressions of target genes and normalized with the
housekeeping gene b-actin expression.

3.7. Statistical analysis

The outcomes were depicted as the mean ± SD from all the
discrete groups. The one-way ANOVA was applied to illus-
trate the variations between groups successively Tukey–Kra-

mer’s multiple comparison assay, and the statistical
significance is set at p < 0.05 for all assessments.

4. Results

4.1. Characterization of formulated SAP-Ally-NCs

The XRD patterns of SAP-Ally-NCs are shown in Fig. 1. The
XRD characteristic peaks at 2h= 26.44� (1 1 0), 33.76� (1 0 1),
37.71� (2 0 0), 51.63� (2 1 1), 54.62� (2 2 0), 57.84� (0 0 2),
61.80� (3 1 0), 64.45� (1 1 2), 65.76� (3 0 1), 71.10� (2 0 2)
and 78.54� (3 2 1) is corresponds to tetragonal structure of

Tin oxide-Sodium alginate-Polyethylene glycol- Allyl isothio-
cyanate nanocomposites. The prepared nanocomposites
results is good agreement with JCPDS no. 88-0287 and peaks
show that the tetragonal rutile-type SnO2 (space group

P42/mnm) crystalline structure. The present results confirmed
that Sodium alginate -Polyethylene glycol- Allyl isothio-
cyanate molecules have successfully substituted on the SnO2

surface matrix. The average crystallite size is found to be

122 nm calculated using Debye-Scherrer formula (D) = 0:9k
b cos h.

The SEM image of SCP-Ally nanocomposites that deter-
mine the size and morphology are shown in Fig. 2(a-b). The
SCP-Ally nanocomposites are formed spherical with a stone

like nanostructure and the average particle size is 126 nm.
The chemical composition of SCP- Ally nanocomposites are
identified by EDX spectra as shown in Fig. 2(c). From the
EDX results, the nitrogen, carbon, tin and oxygen molecules
are clearly observed for SCP- Ally nanocomposites. The

atomic percentages were, found to be: 7.37% of Sn and
58.29% of O, 32.54% of C, and 1.79% of N in the SCP- Ally
nanocomposites.

An FTIR spectrum for SAP-Ally nanocomposite is shown
in Fig. 3, which is reveals the presence of functional group such
as –OH and Sn-O. The O-H stretching bands are around

3454 cm�1 and 1633 cm�1, correspond to the absorption of
water molecules at the sample surface. The asymmetric O-
Sn-O stretching vibrations have occurred at 835 and
626 cm�1, which has indicated that the SnO2.

The UV–vis absorption spectrum of the SAP-Ally
nanocomposites was shown in Fig. 4. The UV–vis absorption
spectrum of the SAP-Ally nanocomposites synthesized at tem-

peratures 200 �C. In the present work, the absorbance edge
peak is observed at 282 nm for SAP-Ally nanocomposites.

The photoluminescence spectrum of the SAP-Ally

nanocomposites, with an excitation wavelength of 325 nm is
shown in Fig. 5. The emission spectrum of the SAP-Ally
nanocomposites, the peaks at 367 nm, 403 nm, 435 nm,
476 nm, 505 nm and 538 nm respectively. The Near band edge

(NBE) emission is found to be 367 nm, corresponding to the
recombination of electron-hole pairs in oxygen and metal
vacancies. The violet emission located at 403 nm, due to the

recombination of the CB electron to the V2+
o . The blue emis-

sion peaks are found to be 435 nm and 476 nm, is attributed
to the electron transition between the V+

o to V2+
o . The green

emission bands are observed at 505 nm, and 538 nm respec-
tively, is ascribed to the interactions between these oxygen
and interfacial tin vacancies.

4.2. Effect of SAP-Ally-NCs on the initial and final body weight,

weight gain and growth rate of control and experimental rats

Fig. 6 displays the effects of SAP-Ally-NCs on the bodyweight

changes of the experimental animals. The DMH-challenged



Fig. 2 (a-b). Lower and higher magnification of FE-SEM image and (c) EDX spectrum of SAP- Ally-NCs.

Fig. 3 FT-IR spectrum of SAP- Ally-NCs.
Fig. 4 UV–Vis spectrum of SAP-Ally-NCs.
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animals demonstrated a drastic reduction in the final body-

weight, weight gain and growth rate, which is contrasting to
the control. On the other hand, the formulated SAP-Ally-
NCs supplementation possessed the remarkable bodyweight

gain in DMH-activated rats. When compared with the low
dose of SAP-Ally-NCs (10 mM/kg) treatment, the high dose
of SAP-Ally-NCs (15 mM/kg) was appreciably prevented the
weight loss and improved the final bodyweight and growth rate

of DMH-triggered animals (Fig. 6). The fabricated SAP-Ally-
NCs supplementation effectively regained the bodyweight of
animals.
4.3. Effect of SAP-Ally-NCs on the colonic polyps’ incidence of
experimental rats

As illustrated in the Table 1, the control animals did not pos-
sessed any signs of polyps. DMH-activated rats demonstrated

the 100% of polyp’s incidences, which is in contrast to the con-
trol. The formulated SAP-Ally-NCs (10 and 15 mM/kg) sup-
plemented animals displayed a remarkable reduction in the

polyp’s formation in the DMH-provoked animals (Fig. 7).
The supplementation of 10 and 15 mM/kg of formulated
SAP-Ally-NCs has effectively prevented the polyp’s incidence,
respectively.



Fig. 5 PL spectrum of SAP-Ally-NCs.

Fig. 6 Effect of SAP-Ally-NCs on the initial and final body weight

depicted as the mean ± SD from all the discrete groups. One-way

successively Tukey–Kramer’s multiple comparison test. Note: ‘*’ P< 0

provoked group. Group I: control, Group II: 20 mg/kg DMH-challeng

and 15 mM of SAP-Ally-NCs, respectively.

Table 1 Effect of SAP-Ally-NCs on the colonic polyps’ incidence o

Groups No. of polyp

bearing rats

Total number

of polyps

Incid

poly

Group I Nil Nil Nil

Group II 6 17 100

Group III 4 10 58

Group IV 2 6 37
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4.4. Effect of SAP-Ally-NCs on the TBARS level in the liver and
colon tissues of experimental rats

Fig. 7 demonstrating the TBARS levels of both control and
experimental animals. The DMH-provoked animals displayed

the augmented status of lipid peroxidation in the liver, proxi-
mal and distal colon tissues as evidenced by elevated TBARS
status, when compared with control. Interestingly, the supple-
mentation of formulated SAP-Ally-NCs (10 and 15 mM/kg) to

the DMH-triggered rats displayed the drastic reduction in the
status of TBARS in liver, proximal and distal colon tissues.
When compared with low dose, a high dose of SAP-Ally-

NCs (15 mM/kg) administration effectively elevated the
TBARS status in the DMH-provoked animals.

4.5. Effect of SAP-Ally-NCs on the SOD activity of liver and
colon tissues of experimental rats

The liver, proximal, and distal colon tissues of DMH-challenge

to the animals demonstrated the severe reduction in the enzy-
, weight gain and growth rate of experimental rats, Results were

ANOVA was applied to illustrate the variations between groups

.05 compared with control and ‘#’ P< 0.05 compared with DMH-

ed animals, Group III & IV: DMH animals supplemented with 10

f experimental rats.

ence of

ps (%)

Inhibition of

polyps (%)

Average numberof polyps/

polyp bearing rat

– –

0 4.12

42% 3.62

65% 2.97



Fig. 7 Effect of SAP-Ally-NCs on the TBARS level in the liver and colon tissues of experimental rats, Results were depicted as the

mean ± SD from all the discrete groups. One-way ANOVA was applied to illustrate the variations between groups successively Tukey–

Kramer’s multiple comparison test. Note: ‘*’ P < 0.05 compared with control and ‘#’ P < 0.05 compared with DMH-provoked group.

Group I: control, Group II: 20 mg/kg DMH-challenged animals, Group III & IV: DMH animals supplemented with 10 and 15 mM of

SAP-Ally-NCs, respectively.
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matic activity of antioxidant SOD when compared with con-
trol (Fig. 8). Surprisingly, the supplementation of 10 and

15 mM/kg of formulated SAP-Ally-NCs were appreciably
enhanced the activity of SOD in both liver and colon tissues
of DMH-activated animals. The high dose of formulated

SAP-Ally-NCs (15 mM/kg) has improved the SOD activity
more effectively when compared with low dose treatment.

4.6. Effect of SAP-Ally-NCs on the CAT activity of liver and
colon tissues of experimental rats

As illustrated in the Fig. 9, the activity of antioxidant enzyme
CAT was diminished drastically in the liver, proximal, and dis-

tal colon tissues of DMG-provoked animals. On the other
hand, the treatment with the formulated SAP-Ally-NCs were
effectively improved the activity of CAT in both liver and

colon tissues. When compared with 10 mM/kg, the 15 mM/kg
of formulated SAP-Ally-NCs were demonstrated the potent
activity, which is evidenced by the increased activity of CAT

in the liver and colon tissues. The control and 15 mM/kg of for-
mulated SAP-Ally-NCs administered rats displayed the similar
kind of outcomes with each other.

4.7. Effect of SAP-Ally-NCs on the phase I and phase II

xenobiotic enzymes in the liver tissues of experimental rats

Fig. 10 revealed that the status of xenobiotic enzymes i.e.

cytochrome-P450, cytochrome-B5, cytochrome-p4502E1, and
NADPH-cytochrome-P450 reductase in the liver tissues of
DMH-activated rats were found up-regulated when compared

with control. Interestingly, the administration of formulated
SAP-Ally-NCs (10 and 15 mM/kg) were effectively diminished
the status of these xenobiotic enzymes and set back to the near

normal levels in the liver tissues of DMH-provoked animals.
The outcomes of control and 15 mM/kg of formulated SAP-
Ally-NCs administered animals were found similar.

4.8. Effect of SAP-Ally-NCs on the inflammatory markers in the

serum of experimental rats

The status of TNF-a, IL-6, and IL-1b in the serum of experi-

mental animals was examined and the outcomes were depicted
in the Fig. 11. The TNF-a, IL-6, and IL-1b levels were found
elevated in the DMH-provoked animals when compared with

control. Interestingly, the formulated SAP-Ally-NCs (10 and
15 mM/kg) administration to the DMH-triggered animals were
demonstrated the remarkable reduction in the status of TNF-

a, IL-6, and IL-1b. The control and 15 mM/kg of formulated
SAP-Ally-NCs supplemented animals demonstrated similar
kind of outcomes.

4.9. Effect of SAP-Ally-NCs on the mRNA expressions of

signaling molecules in the colon tissues of experimental rats

The mRNA expression of various signaling molecules was

studied by RT-PCR analysis and the outcomes were depicted



Fig. 8 Effect of SAP-Ally-NCs on the SOD activity in the liver and colon tissues of experimental rats, Results were depicted as the

mean ± SD from all the discrete groups. One-way ANOVA was applied to illustrate the variations between groups successively Tukey–

Kramer’s multiple comparison test. Note: ‘*’ P < 0.05 compared with control and ‘#’ P < 0.05 compared with DMH-provoked group.

Group I: control, Group II: 20 mg/kg DMH-challenged animals, Group III & IV: DMH animals supplemented with 10 and 15 mM of

SAP-Ally-NCs, respectively.

Fig. 9 Effect of SAP-Ally-NCs on the CAT activity in the liver and colon tissues of experimental rats, Results were depicted as the

mean ± SD from all the discrete groups. One-way ANOVA was applied to illustrate the variations between groups successively Tukey–

Kramer’s multiple comparison test. Note: ‘*’ P < 0.05 compared with control and ‘#’ P < 0.05 compared with DMH-provoked group.

Group I: control, Group II: 20 mg/kg DMH-challenged animals, Group III & IV: DMH animals supplemented with 10 and 15 mM of

SAP-Ally-NCs, respectively.

8 W. Wei et al.



Fig. 10 Effect of SAP-Ally-NCs on the phase I and phase II xenobiotic enzymes in the liver tissues of experimental rats, Results were

depicted as the mean ± D from all the discrete groups. One-way ANOVA was applied o illustrate the variations between groups

successively Tukey–Kramer’s multiple comparison test. Note: ‘*’ P< 0.05 compared with control and ‘#’ P< 0.05 compared with DMH-

provoked group. Group I: control, Group II: 20 mg/kg DMH-challenged animals, Group III & IV: DMH animals supplemented with 10

and 15 mM of SAP-Ally-NCs, respectively.

Fig. 11 Effect of SAP-Ally-NCs on the inflammatory markers in the serum of experimental rats. Results were depicted as the

mean ± SD from all the discrete groups. One-way ANOVA was applied to illustrate the variations between groups successively Tukey–

Kramer’s multiple comparison test. Note: ‘*’ P < 0.05 compared with control and ‘#’ P < 0.05 compared with DMH-provoked group.

Group I: control, Group II: 20 mg/kg DMH-challenged animals, Group III & IV: DMH animals supplemented with 10 and 15 mM of

SAP-Ally-NCs, respectively.
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in the Fig. 12. The mRNA expression of PCNA, cyclin-D1,

iNOS, and COX-2 was found up-regulated in the colon tissues
of DMH-provoked rats. Surprisingly, the supplementation of
formulated SAP-Ally-NCs (10 and 15 mM/kg) was potentially

restrained the expression of PCNA, cyclin-D1, iNOS, and
COX-2 in the colon tissues of DMH-activated animals.



Fig. 12 Effect of SAP-Ally-NCs on the mRNA expressions of signaling molecules in the colon tissues of experimental rats, Results were

depicted as the mean ± SD from all the discrete groups. One-way ANOVA was applied to illustrate the variations between groups

successively Tukey–Kramer’s multiple comparison test. Note: ‘*’ P< 0.05 compared with control and ‘#’ P< 0.05 compared with DMH-

provoked group. Group I: control, Group II: 20 mg/kg DMH-challenged animals, Group III & IV: DMH animals supplemented with 10

and 15 mM of SAP-Ally-NCs, respectively.
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4.10. Effect of SAP-Ally-NCs on the colon histology of
experimental rats

The histological alterations in the colon tissues of experimental
animals were examined by H&E and the microscopic images

were displayed in the Fig. 13. Control animals demonstrated
the typical cellular arrangements without any lesions. The
Fig. 13 Effect of SAP-Ally-NCs on the colon histology of experim

without any lesions (Group I). The DMH-triggered animals demonst

(black arrows) with dysplasia (blue arrows) cells (Group II). The SAP-A

DMH-challenged histological changes (Group III & IV).
colon tissues of DMH-triggered animals displayed the severe
histological alterations, epithelial lining damages, and glands

with dysplasia cells. Interestingly, the treatment with the
SAP-Ally-NCs (10 and 15 mM/kg) effectively ameliorated the
DMH-activated histological changes and reduced the prolifer-

ating cells in the colon tissues of DMH-triggered tissues
(Fig. 14).
ental rats. Control rats exhibited the usual cellular arrangements

rated the severe histological alterations, epithelial lining damages

lly-NCs (10 and 15 mM/kg) treated rats effectively ameliorated the



Fig. 14 Effect of SAP-Ally-NCs on the liver histology of experimental rats. The liver tissues of control rats displayed the usual cellular

patterns without any damages and lesions (Group I). DMH-challenged rats demonstrated the increased hyperplasia (yellow arrows) and

hepatocyte (black arrows) damages (Group II). AP-Ally-NCs (10 and 15 mM/kg) administered animals exhibited the improved liver

histology with reduced hepatocytes damages and attenuated the histological changes (Group III & IV).
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4.11. Effect of SAP-Ally-NCs on the liver histology of
experimental rats

The H&E stained liver tissues of experimental animals were

examined microscopically to detect the histological changes
and the outcomes were displayed in the Fig. 14. The liver tis-
sues of control rats displayed the usual cellular patterns with-

out any damages and lesions. However, the liver tissues of the
DMH-stimulated rats demonstrated the increased hyperplasia,
fatty vesicular cells, and injuries in the hepatocytes were found.
The SAP-Ally-NCs (10 and 15 mM/kg) administered animals

were demonstrated the improved liver histology with reduced
hepatocytes damages, which proving the protective effects of
formulated SAP-Ally-NCs against DMH-provoked liver

damages.

5. Discussion

CRC is a major type of cancer that primarily affects the diges-
tive system and a prime most cause of mortalities globally
(Arnold et al., 2020). Characteristics of CRC include unre-

strained cell multiplication of colonic crypt epithelial cells, ini-
tiating with hyperplasia and gradually developing into
aggressive carcinoma (Nabil et al., 2016). DMH-mediated trig-
gering of CRC in animals is recommended as an perfect animal

model for crucial investigation of molecular events and partic-
ipated signaling cascades in the pathological progression of
CRC, due to the major similarities of both morphological as
well as histologically. DMH is get metabolized into diazonium

ion on the liver. This compound is a major reason for the
inequality in oxidative stress and DNA damage that could
be an initial phase of cancers (Perse and Cerar, 2011).

The progresses in the nanotechnology, such as the develop-
ment of nanoscale drug delivery, can warrant accurate cancer-
ous tissue targeting with less deleterious effects (Hu et al.,

2016; Huang et al., 2019; Hu et al., 2018). In this exploration,
we formulated the SAP-Ally-NCs and investigated its anti-
cancer potential against DMH-provoked CRC in rats. The

fabricated SAP-Ally-NCs were characterized using different
techniques. The SAP-Ally-NCs results of XRD analysis is
good agreement with JCPDS no. 88-0287 and peaks show that
the tetragonal rutile-type SnO2 (space group P42/mnm) crys-

talline structure (Grzeta et al., 2002). FT-IR results revealed
that the O-H stretching bands are around 3454 cm�1 and
1633 cm�1, correspond to the absorption of water molecules

at the sample surface (Moumen et al., 2019). The asymmetric
O-Sn-O stretching vibrations have occurred at 835 and
626 cm�1, which has indicated that the SnO2 (Hussain et al.,

2020). The findings from the PL analysis showed the NBE
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emission is found to be 367 nm, corresponding to the recombi-
nation of electron-hole pairs in oxygen and metal vacancies
(Vanheusden et al., 1996). The green emission bands are

observed at 505 nm, and 538 nm respectively, is ascribed to
the interactions between these oxygen and interfacial tin
vacancies (Gu et al., 2003).

Oxidative stress is primarily an outcomes of inequity
between free radicals and antioxidant’s radical scavenging
potential. As stated earlier, liver is the detrimental site of

DMH activation that leads to over accumulation of ROS.
As well, augmented oxidative stress in the liver may imitate
alterations in the intestinal regions (Brenner et al., 2015). In
particular, a continual inflammation/environmental factors

lead to an elevated oxidative stress in a CRC progression,
which must be repressed in the precancerous phase as a
response of anticancer therapy (Takaki et al., 2019). In this

study, we found the augmented TBARS with diminished
antioxidants status in the liver and colon tissues of DMH-
challenged animals. Substantially, the administration of the

formulated SAP-Ally-NCs appreciably declined the TBARS
and improved the activity of SOD and CAT in both liver
and colon tissues. This outcome evidenced the antioxidant

potential of formulated SAP-Ally-NCs.
The uninterrupted accumulation of pro-inflammatory regu-

lators like IL-6, IL-1b, and TNF-a was tightly connected with
the human CRC (Akhmaltdinova et al., 2020). TNF-a is an

imperative pro-inflammatory marker that numerous studies
has demonstrated that its expression was up-regulated in
CRC. The expression of TNF-a is directly dependent on the

stimulation of NF-jB that is one of the prime inflammatory
regulator. Hence, targeting of TNF-a could be an effective
strategy to treat the CRC (Hirano et al., 2020). Similarly, we

also noted that enhanced status of IL-6, IL-1b, and TNF-a
in the DMH-provoked animals. Surprisingly, the SAP-Ally-
NCs treatment effectively diminished the IL-6, IL-1b, and

TNF-a status in the serum of DMH-challenged animals. This
outcome evidenced the anti-inflammatory potential of SAP-
Ally-NCs.

Inflammation and oxidative stress contributes an immense

role and are accounted to instigation and progression of vari-
ous tumors (Bickers and Athar, 2006). COX-2, an imperative
indicator of inflammation is stimulated during inflammatory

response and its expressions were enhanced in adenomas and
it was documented that it over-expressed in CRC (Eberhart
et al., 1994; Sano et al., 1995). COX- 2 was well-known to per-

form a vital function in the colon toxicity and the development
of polyp. Consequently, its inhibition has said to be a trust-
worthy approach of chemotherapeutic strategy of CRC and
other colon associated ailments (Taketo, 1998). COX-2 is acti-

vated in hypoxic/inflammatory situations and is up-regulated
in numerous cancers, including CRC, contrasting in normal
cells, which makes it as a reliable therapeutic target (Liu

et al., 2015). It is already demonstrated that elevated expres-
sion of (iNOS) and COX-2 is closely connected with the
CRC (Umesalma and Sudhandiran, 2010). Excessive COX-2

expression was monitored in numerous pre-malignant and
malignant conditions (Williams et al., 1999; Mohan and
Epstein, 2003). It was found that COX-2 is triggered promptly

in response to numerous growth factors and inflammatory
cytokines (Aggarwal and Gehlot, 2009). It was also found that
the iNOS has the central functions in the colon toxicity (Eizirik
and Pavlovic, 1997). The over generation of nitric oxide (NO)
via iNOS could provoke the DNA injury via diverse mecha-
nisms. It is also participated in the diverse pathological as well
as physiological situations and contributes an essential func-

tion in the tumor progression (Hofseth, 2008).
Femia et al. (2010) suggested that the DMH-provoked

CRC has the greater expression of pro-inflammatory enzyme

iNOS. PCNA, a supportive protein to DNA polymerase is a
co-factor of synthesis of DNA and its expression in elevated
in the proliferating cells (Fairman, 1990). Thereby, detection

of PCNA expressions was regarded as a most trustworthy
approach to investigate the proliferation status of colon tissues
(Biasco et al., 1994). DMH-provoked rats demonstrated the
up-regulated mRNA expressions of PCNA, cyclin-D1, iNOS,

and COX-2 in the colon tissues. But the SAP-Ally-NCs treat-
ment appreciably repressed the PCNA, cyclin-D1, iNOS, and
COX-2 expressions in the DMH-activated animals. This out-

come proved that the SAP-Ally-NCs could inhibit the cell pro-
liferative and inflammatory signaling pathways in the DMH-
triggered CRC animals.

CRC development is a multifaceted event with dysregula-
tion of mucosal epithelial cells and irregular cell multiplica-
tions. The preceding reports on CRC models are categorized

by assorted microscopically detectable mucosal intra-
epithelial lesions. Histologically, these lesions demonstrate var-
ious characteristics ranging from slight hyperplasia to deleteri-
ous dysplasia (Jass, 2002). In accordance with this statement,

we also found the drastic histological alterations in both colon
and liver tissues of DMH-challenged rats and these alterations
were appreciably ameliorated by the SAP-Ally-NCs treatment.

6. Conclusion

In conclusion, the formulated SAP-Ally-NCs have displayed the

potent anticancer action against the DMH-provoked CRC in rats.

The SAP-Ally-NCs administration effectively improved the body-

weight gain and declined the polyp’s incidences. SAP-Ally-NCs also

decreased the inflammatory markers and oxidative stress and

improved the antioxidants SOD and CAT in both liver and colon tis-

sues of DMH-challenged animals. SAP-Ally-NCs treatment apprecia-

bly down-regulated the mRNA expressions of PCNA, cyclin-D1,

iNOS, and COX-2 in the colon tissues. The histological findings also

demonstrated the therapeutic role of formulated SAP-Ally-NCs

against the DMH-provoked CRC in animals. In future, SAP-Ally-

NCs could be a potent chemotherapeutic agent to the CRC.
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