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Introduction

Colorectal cancer (CRC) is categorized as one of 
the most common types of gastrointestinal cancers that 
studied extensively in the world. It is considered as the 
third highest cause of cancer death (Shelton, 2002). The 
CRC pathogenesis involves initiation of epithelial cells to 
a cancerous state with defined precancerous intermediaries 
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by sequential and multistep progression (Raju, 2008). 
Aberrant crypt foci are abnormal clusters identified early 
in the lining of colon and rectum before colorectal polyps 
as precancerous lesions during colon carcinogenesis (Kim 
et al., 2008).

Success of cancer chemotherapy is limited due to the 
adverse effects induced by the drug, multidrug resistance 
and off-targets binding (Moorthi et al., 2011). In order 
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to develop new cancer chemotherapy, it is necessary to 
induce cancer tumors in rats to evaluate the efficacy of 
the potential anti-cancer drugs. Many carcinogens are 
able to induce colon tumors in rats but azoxymethane 
(AOM) has been most widely used (Chen and Huang, 
2009). Incidence of colon tumors induced by two or 
three subcutaneous injections of AOM takes 7-9 months 
to induce sufficient tumors (Femia and Caderni, 2008). 
When an inflammatory agent is administered via drinking 
water to the AOM-treated rats, it accelerates the induction 
process and it was postulated that dextran sodium sulfate 
(DSS) is the most suitable inflammatory agent which is 
able to develop number of colon tumors within a short 
time period (Gupta et al., 2007).

Biomarkers such as carcinoembryonic antigen 
(CEA) and carbohydrate antigen (CA) 19-9 have the 
characteristics that enable them to detect the progression 
of CRC and gastrointestinal tumor at earlier stages 
(Duffy, 2001 ; Tanaka et al., 2010). Alterations of specific 
oncogenes and tumor suppressor genes play a role at 
different stages of carcinogenesis process (Luceri et 
al., 2000). Protein encoded by adenomatous polyposis 
coli (APC) gene participates in signaling transduction 
pathway. Mutations in the APC gene play a rate-limiting 
role in majority of sporadic colorectal cancers and 
hypermethylation of its promoter is closely related to 
cancer development (Pan et al., 2009). A tumor suppressor 
protein encoded by tumor suppressor P53 (TP53) gene that 
regulates expression of the genes involving apoptosis, 
angiogenesis and genome maintenance. Mutations in TP53 
genes appear to occur at relatively late stage of colorectal 
cancer (Mills, 2005).

The synthetic antioxidants have restrictions for 
medicinal uses, as they are suspected to be carcinogenic 
(ElFar and Taie, 2009). Recent studies in medicinal 
plants field aimed to find suitable natural antioxidants 
for therapeutic purposes. These antioxidants can reduce 
free radicals induced by tissue injury (Erdemoglu et al., 
2006). Croton tiglium L is one of the largest genera of 
flowering plants which are widely used in ethnomedicine 
for the treatment of several cancer diseases (Nath et 
al., 2013). It exhibited high antioxidant activity due 
to the presence of some other phytochemicals such as 
ascorbic acid, tocoferol and other pigments (Sengul et 
al., 2009). The croton oil isolated from C. tiglium seeds 
used for treatment of the solid tumors due to presence of 
12-O-tetradecanoylphorbol-13-acetate (the major active 
constituent) that is able to stimulate apoptosis in prostate, 
breast, colon and lung cancers (Rickard et al., 1999).

It was emphasized that aqueous C. tiglium extract 
can cause increase in plasmid DNA strand breaking. 
This increase depends on the concentration used of the 
extract. Therefore, the plant extract needs to be tested to 
determine the required dose before directed to therapeutic 
purposes (Yumnamcha et al., 2014). Recent study 
showed that C. tiglium seeds extracts have no significant 
alterations in the biochemical measurements such as total 
protein, albumin and globulins of rats fed with C. tiglium 
seeds extracts. However, these extracts have significant 
effect on some haematological indices (El-Kamali et al., 
2015).

Most of the biologically active components absorbed 
slowly due to their high molecular weights which 
decreases their ability to cross the cellular membrane 
and hence decreases their efficacy and bioavailability. 
Therefore, integration of the traditional medicinal plants 
with nanotechnology can overcome such problems 
by increase their bioavailability and reduce their 
toxicity (Bonifácio et al., 2014; Mamillapalli et al., 
2016). Development of nano-extracts containing metal 
nanoparticles (M-NPs) showed great promise to solve their 
inherent stability problem. Incorporation of M-NPs into 
polymeric matrices showed valuable properties in many 
practical applications (Rozenberg and Tenne, 2008). The 
plant extracts with M-NPs increased the total phenolic 
compounds and exhibited good antioxidant activity at 
lower concentrations (Johnson et al., 2014 ; Shousha et 
al., 2019). Therefore, it showed a higher antioxidant and 
antimicrobial activity as compared to plant extract solely 
(Abdel-Aziz et al., 2014). 

From this point of view, the study was designed to 
develop novel strategies for prevention of colon cancer 
by mean of green nanotechnology through incorporating 
Ag-NPs into C. tiglium extract to enhance its antioxidant 
efficiency as suggested by Aboulthana et al., (2019) then 
to evaluate nano-extract against colon cancer induced by 
AOM in rats.

Materials and Methods

Silver C. tiglium nano-extract administration
The aqueous silver C. tiglium nano-extract was 

prepared and characterized by advanced confirmatory 
technique and administrated orally by stomach tube at a 
dose of 6.5 ml/Kg body weight (b.wt) (1/20 of Median 
Lethal Dose (LD50) (Aboulthana et al., 2019).

Induction of colon cancer in rats
Rats were injected by a single injection of AOM at a 

dose of 20 mg/kg b.wt interperitoneally (i.p.) to induce 
colon carcinogenesis chemically then  rats were given 2% 
DSS in drinking water for 7 days after one week of AOM 
injection. Histological examination for injected rats was 
done from 8th week of AOM injection to detect disease 
induction (Yoshimi et al., 2009). It was found that the 
disease induced after 12 weeks. The induced rats were 
consequently used to evaluate efficacy of the prepared 
silver C. tiglium nano-extract against colon cancer. 

Experimental design 
Healthy thirty-six adult male Wistar rats (weighting 

120 - 150 g) were housed in cages (six per cage). Rats 
were provided with water ad libitum and maintained 
under normal nutritional and environmental conditions at 
25 ± 2°C. The experimental procedures were carried out 
according to the ethical protocol and guidelines approved 
by the institutional animal care of National Research 
Centre, Dokki, Giza, Egypt. 

Rats were randomly divided into Control group: 
Rats were fed with normal diet and received distilled 
water for 21 days, Silver C. tiglium nano-extract treated 
group: Rats were fed with normal diet associated with the 
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Inflammatory markers
Markers of the inflammatory response specific 

for colon cancer were quantified through measuring 
C-reactive protein (C-RP) level and Myeloperoxidase 
(MPO) activity. C-RP level was determined in serum 
samples and expressed as mg/L using commercial 
enzymatic kit (Bio-Diagnostic, Cairo, Egypt). While, 
MPO activity was determined in supernatant of colon 
tissue homogenate and expressed by Δ/min/mg protein 
(Correia et al., 2012).

The major cellular contents in colon tissues homogenates
Three cellular contents were assayed as following 

calcium concentration was determined by using fully 
automated with microprocessor-controlled electrolyte 
system (Sensa Core’s ST-200 CL) and Lactate 
dehydrogenase (LDH) activity was done according to 
Babson and Babson (1973). Finally, Glucose level was 
measured by enzymatic colorimetric method following 
instructions of the Kit manufacture (Bio-Diagnostic, 
Cairo, Egypt).

Markers of Oxidative Stress
All these markers were assayed by using clear 

supernatants of colon tissue homogenates. These assays 
including: i) Products of the peroxidation reactions: 
Lipid peroxidation product (LPO) was determined and 
expressed as malondialdehyde (MDA) which is the 
end product of peroxidation reaction and the result was 
expressed as (nmol/g wet tissue) (Ohkawa et al., 1979). 
While total protein carbonyl content (TPC) was quantified 
spectrophotometrically and expressed as nmol of reactive 
carbonyl compounds per mg protein of tissue (Levine et 
al., 1994). ii) Antioxidant enzymes: Total Antioxidant 
Capacity (TAC) was determined and expressed as mM/L 
(Koracevic et al., 2001). While Catalase Activity (CAT) 
was assayed and expressed as Unit per gram of tissue 
(Aebi, 1984). Finally, Glutathione Peroxidase activity 
(GPx) was measured and expressed as Unit per gram of 
tissue (Paglia and Valentine, 1967). 

Statistical Analysis 
All data were statistically analyzed by one-way analysis 

of variance test (one-way ANOVA) using the Statistical 
Package for Social Sciences (SPSS for windows, version 
11.0) followed by Bonferoni test. Results were expressed 
as mean ± standard error (SE). The differences between 
the groups were considered statistically significant when 
a “P” value of less than 0.05.

Histopathological Examination
After sacrifice, specimens of colonic tissues 

were autopsied from different groups then studied 
histopathologically (Banchroft et al., 1996). All samples 
were immediately fixed in 10% formal saline for 24 hr 
and washed in tap water then dehydrated in serial dilutions 
of alcohol solutions. Tissue fragments were then cleared 
in xylene and embedded in the paraffin bees wax blocks 
that were prepared for sectioning at 4 microns thickness 
by slidge microtome. The tissue sections were collected 
on glass slides and deparaffinized then stained by 

treatment with C. tiglium nano-extract orally at a dose of 
6.5 ml/Kg b.wt for 21 days, Colon cancer induced group: 
Rats were injected with AOM at a dose of 20 mg/kg i.p., 
Silver C. tiglium nano-extract pre-treated group: Rats 
were treated with C. tiglium nano-extract orally at a dose 
of 6.5 ml/Kg b.wt for 21 days followed by injecting AOM 
i.p. for another 12 weeks, Silver C. tiglium nano-extract 
simult.-treated group: Rats treated simultaneously with 
AOM i.p. and treated orally by C. tiglium nano-extract 
and Silver C. tiglium nano-extract post-treated group: 
Rats were injected AOM i.p. for 12 weeks followed by 
the treatment with C. tiglium nano-extract orally at a dose 
of 6.5 ml/Kg b.wt for another 21 days.

Collection of blood samples and tissues
Rats were anaesthetized and sacrificed by decapitation 

at end of the experimental period then heparinized blood 
samples were collected from retro orbital plexus from 
each rat for the hematological measurements and serum 
samples were collected for biochemical measurements 
by centrifuging blood samples for 15 min at 4,000 rpm. 
In addition, colon tissues were collected then excised 
and washed in ice-cold saline. All collected colon 
tissues were autopased and splitted into 2 portions. 
Portion (I) was immediately fixed in 10% formal saline 
until the histopathological examination. Portion (II) 
was immediately washed in physiological saline then 
homogenized in Tris-HCl buffer (0.01 M and pH 7.4). 
Aliquots of the clear supernatants were used for measuring 
the inflammatory and oxidative stress markers and for 
undergoing the different electrophoretic patterns.

Hematological and biochemical measurements
Heparinized blood samples were analyzed on an 

automatic blood analyzer (ABX Micros 60 manufactured 
by HORIBA ABX SAS) to quantify hemoglobin (HB), 
red blood cells (RBCs), hematocrit (HCT), corpuscular 
volume (MCV), mean corpuscular haemoglobin (MCH), 
mean corpuscular haemoglobin concentration (MCHC), 
red blood cell distribution width (RDW), mean platelet 
volume (MPV) and platelet count (PLT), white blood 
cells (WBCs) and differential blood cells (lymphocytes, 
monocytes and granulocytes). While serum blood 
samples were used to estimate all traditional biochemical 
parameters (liver enzymes (alanine transaminase (ALT) 
and aspartate transaminase (AST), lipid profile (total 
cholesterol (TC) and triglycerides (T.Gs)), renal functions 
(urea and creatinin) and protein profile (total protein 
and albumin)) spectrophotometrically by colorimetric 
methods following instruction of the commercial kits 
purchased from Spectrum Diagnostics Egyptian Company 
for Biotechnology (Cairo, Egypt).

Tumor markers
Tumor markers specific for colon cancer including 

Carcinoembryonic Antigen (CEA) and Carbohydrate 
Antigen (CA) 19-9 were assayed quantitatively in sera of 
all groups using Enzyme Linked Immune Sorbent Assay 
(ELISA) technique.
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hematoxylin and eosin (H and E) stain for the examination 
under light electric microscope to confirm occurrence of 
the induction process. The histopathological changes were 
scored (Dommels et al., 2007). A rating score between 
0 (no damage) and +++ (maximal damage) was assigned 
for carefully investigated section. Also, the induction 
process was confirmed by the immunohistochemistry 
(IHC) technique for detection and localization of the 
anti-Keratin 20 antibody in colon tissue (Haines and 
Clark, 1991).

Electrophoretic Assays
Known weights of colon tissues (0.2 gm) were 

freezed rapidly in liquid nitrogen then homogenized in 
1 ml water-soluble extraction buffer. The homogenates 
were centrifuged at 10.000 rpm for 5 min. and the clear 
supernatants transferred into another tubes. Known 
volumes of the individual homogenates supernatants 
were pooled together and used as one sample for each 
group. Concentration of total protein was determined in all 
pooled samples (Bradford, 1976). Protein concentration 
must be equal in all wells during all electrophoretic assays. 
These assays including:

i) Electrophoretic protein pattern: Native proteins were 
separated electrophoretically through Polyacrylamide 
Gel Electrophoresis (PAGE) (Laemmli, 1970 ; Darwesh 
et al., 2015).

ii) Electrophoretic lipid moiety of native proteinpattern:  
Native gels were stained for detecting lipid moiety of 
native protein with Sudan Black B (SBB).The stained 
lipoprotein bands appeared as black bands. The Rf, 
B% and Qty% of lipoprotein bands were determined 
Subramaniam and Chaubal (1990).

iii) Electrophoretic calcium moiety of native protein 
pattern: Native gels were stained for detecting calcium 
moiety of native protein using alizarin Red ‘S’. The 
stained calcium moieties appeared as yellow bands. The 
Rf, B% and Qty% of the calcium moiety bands were 
determined (Zacharia and Kakati, 2004 ; Abd Elhalim et 
al., 2017 ; Abulyazid et al., 2017).

iv) Electrophoretic isoenzymes (zymography): 
Non-denatured PAGE is used for detecting the enzyme 
activity through identification of the enzyme subunits.  
Firstly, electrophoretic catalase pattern (CAT) and 
Electrophoretic peroxidase (POX) pattern were assayed 
for native gel after electrophoretic run by incubating  
with H2O2 as substrate then stained.The stained CAT 
subunits appeared as yellow bands in the gel (Gregory 
and Fridovich, 1974 ; Siciliano and Shaw, 1976). While, 
the stained POX subunits appeared as brown bands in 
the gel (Rescigno et al., 1997). Finally,  Electrophoretic 
esterase (EST) pattern was carried out to localize in-gel 
EST activity by incubating gel in conditioning buffer then 
staining in reaction mixture consisting of α, β-naphthyl 
acetate (5.58 X 10-3 mM, pH 7.5) as substrates along with 
dye coupler Fast Blue RR. The α-naphthyl acetate used as 
substrate for α-esterases which appeared as brown bands 
and β-naphthyl acetate used as substrate for β-esterases 
which appeared as dark pink bands Ahmad et al., (2012).

Data Analysis

PAGE plates were photographed and analyzed using 
Quantity One software (Version 4.6.2). The relative 
mobility (Rf), band percent (B%) and relative band 
quantity (Qty%) of the electrophoretically separated 
bands were determined in addition to the molecular 
weights (Mwts) which were determined by this program in 
comparison to marker of standard molecular weights with 
regularly spaced bands ranging from 6.458 to 195.755 
KDa. The similarity index (SI%) and genetic distance 
(GD%) were calculated (Nei and Li, 1979). 

Molecular Assay
RNA extraction and cDNA synthesis

Total RNA was extracted from colon tissues using 
easy-spinTM Total RNA Extraction Kit (iNTRON 
Biotechnology). The RNA concentration and purity 
were determined using NanoDrop® (ND-1000 
Spectrophotometer, NanoDrop Technologies Inc, 
Delaware, USA). Purity of the RNA yield was accepted 
in all samples (A260/A280 absorbance ratio of between 
1.85 and 2.0). All RNA samples were normalized to1,000 
ng/μL, DNase treated (DNaseI, Thermoscientific) and 
reverse transcribed into First Strand cDNA using Power 
cDNA Synthesis Kit (iNTRON Biotechnology) according 
to manufacturers’ protocols.

Primer design 
Specific primers for APC 
(F:  5’-TGGAGAGAGAACGAGGTATT-3’ ; 

B: 5’-CTTCCATCACTTTGGCTATCT-3’) and
TP53 
(F: 5’- ACTTTAGGGCTTGTTATGAGAG-3’; 

B: 5’-CAGGAACCAGTTTGCATAGA-3’) genes 
were designed on the bases of the Rattus norvegicus 
sequence Gene bank accessions NM_012499 and 
NM_030989 respectively using Primer Quest Tool 
and synthesized by Macrogen company. The designed 
primers were used for Real time quantitative PCR 
(qRT-PCR). For gene expression analysis, Beta 
actin (Actb) was used as endogenous control and its 
primers (F: 5’-TGTGGATTGGTGGCTCTATC-3’; B: 
5’-CAGTAACAGTCCGCCTAGAA-3’) were designed 
based on sequence of Gene bank NM_031144.

Gene expression using qRT-PCR
Expression of the APC and TP53 genes were 

determined in colon tissues of control and different 
treated groups. A master mix was prepared for each 
assay containing 10μL of 2X SYBR green PCR mix 
(TOPreal™ qPCR 2X PreMIX, enzynomics), 1 ul of 
10uM primer sets and nuclease-free water. For each 
sample, a 25 μL reaction volume of mastermix containing 
1 ul of cDNA was prepared. The qPCR was performed 
by Qiagen’s real-time PCR system (Rotor-Gene Q) 
using default cycling conditions : 40 cycles of an initial 
activation step of 95°C for 15 min followed by 95°C 
for 10 s (melt), 57°C for 15s (anneal) and 72°C for 30s 
(extend). The mean Cycle threshold (Ct) values were 
calculated and then normalized to Actb using ΔCt method. 
Changes in relative expression were calculated using the 
2-ΔΔCt method [K.J.Livak ,T.D. Schmittgen , methods 25 
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(4) (2001) 402-408].

Statistical analysis
Molecular data were statistically analyzed using the 

SPSS computer program (SPSS Inc., Chicago, Illinois, 
USA). Levels of the relative gene expression were 
compared between control and other treated groups 
using the non-parametric Mann-Whitney test. Results 
were reported as the arithmetic mean ± SE, and P value 
less than 0.05 is considered statistically significant 
(***=P<0.001, **=P<0.01, *=P<0.05 and ns=statistically 
non- significant).

Results

Although the present study was designed to reveal 
efficiency of C. tiglium extract after incorporating Ag-NPs 
against colon cancer induced by AOM, it was found that 

AOM caused adverse effects at the hematological and 
biochemical levels during the induction process.

Hematological Measurements
As shown in Table 1, AOM caused no significant 

alterations in the hematological measurements related 
to indices of red blood cells (RBCs, HB, HCT, MCV, 
MCH and MCHC). While it caused a significant 
(P≤0.05) elevation in RDW, MPV, PLT and WBCs with 
its differential count levels when compared to control 
group. Although treatment with C. tiglium nano-extract 
caused significant (P≤0.05) decrease in levels of all 
these measurements in all nano-extract treated groups 
as compared to AOM induced colon cancer group, 
it restored these measurements to normal values in 
post-treated group.

C C. tiglium 
nano-extract

Induced cancer C. tiglium nano-extract
Pre-treated Simult-treated Post-treated

Fo
rm

ed
 E

le
m

en
ts

RBCs (106/ul) 5.86 ± 0.18 5.94  ± 0.25 5.78 ± 0.19 5.92 ± 0.15 5.74 ± 0.16 5.82 ± 0.18
HB (g/ dl) 12.13 ± 0.36 12.81  ± 0.29 12.34 ± 0.24 12.81 ± 0.22 12.77 ± 0.19 12.49 ± 0.22
HCT (%) 33.32 ± 1.08 34.40  ± 1.94 32.29 ± 1.16 32.13 ± 0.58 32.25 ± 0.48 32.50 ± 0.48
MCV (um3) 56.90 ± 1.02 57.00  ± 1.44 54.62 ± 1.02 55.73 ± 1.67 55.35 ± 1.15 54.94 ± 1.22
MCH (pg) 20.97 ± 0.38 20.82  ± 0.29 21.29 ± 0.55 20.63 ± 0.43 20.79 ± 0.28 21.30 ± 0.47
MCHC (g/ dl) 36.46 ± 0.41 35.78  ± 0.56 34.04 ± 0.98 34.26 ± 0.72 34.63 ± 0.85 34.31 ± 0.47
RDW (%) 15.62 ± 0.39 15.64  ± 0.25 20.24 ± 0.18a 19.68 ± 0.27a 17.22 ± 0.17ab 15.54 ± 0.24b

MPV (um3) 6.16 ± 0.15 6.21  ± 0.15 9.18 ± 0.10a 7.26 ± 0.11ab 7.65 ± 0.12ab 6.23 ± 0.14b

PLT (103/ul) 446.30 ± 5.64 450.00  ± 6.30 849.10 ± 11.48a 612.20 ± 8.46ab 512.00 ± 4.89ab 456.20 ± 7.02b

WBCs (103/ul) 8.71 ± 0.14 8.78  ± 0.15 15.13 ± 0.22a 12.81 ± 0.12ab 12.64 ± 0.11ab 8.99 ± 0.12b

D
iff

er
en

tia
l 

C
ou

nt

Lymp. (103/ul) 6.79 ± 0.13 6.75  ± 0.13 11.71 ± 0.16a 9.85 ± 0.13ab 9.82 ± 0.13ab 6.99 ± 0.11b

Mono. (103/ul) 1.00 ± 0.06 0.98  ± 0.06 1.72 ± 0.07a 1.63 ± 0.09a 1.21 ± 0.04b 1.03 ± 0.02b

Gran. (103/ul) 0.94 ± 0.03 0.91  ± 0.01 1.91 ± 0.02a 1.57 ± 0.02ab 1.24 ± 0.02ab 0.89 ± 0.02b

Values were expressed as mean ± standard error, a, significant difference from control group; b, significant difference from toxic group at P≤0.05.

Table 1. Effect of C. tiglium Seeds Extract after Incorporating Silver Nanoparticles (Ag-NPs) against Azoxymethane 
(AOM) Induced Colon Cancer on Different Hematological Measurements in Rats

Figure 1. Data Showing the Ameliorative Effect of C. tiglium Seeds Extract after Incorporating Silver Nanoparticles 
(Ag-NPs) against Azoxymethane (AOM) Induced Colon Cancer on Tumor Markers in Sera of Rats
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Biochemical Measurements 
As reported in Table 2, it was found that activities of 

liver enzymes (ALT, AST and ALP) in addition to TC 
and T.Gs levels increased significantly (P≤0.05) in sera 
of AOM induced colon cancer group when compared to 
control group. While, these biochemical measurements 
levels showed significant (P≤0.05) decrease in silver 
C. tiglium nano-extract treated groups as compared to 
AOM induced colon cancer group. Furthermore, AOM 
affected kidney functions through increasing levels 
of urea and creatinin and decreasing levels of T.P and 
albumin significantly (P≤0.05). Moreover, all C. tiglium 
nano-extract treated groups showed significant (P≤0.05) 
decrease in levels of urea and creatinin significantly 
(P≤0.05) with restoring T.P and albumin levels to normal 
values.

Tumor Markers
Data illustrated in Figure 1 showed that AOM caused 

significant (P≤0.05) elevation in levels of tumor markers 
(CEA and CA 19.9) as compared to control group. As 
compared to AOM induced colon cancer group, the 
treatment with C. tiglium nano-extract declined levels of 

those markers significantly (P≤0.05) in all nano-extract 
treated groups and restored their levels to normalcy in 
post-treated group.

Inflammation Markers
As regard to the inflammatory response, data illustrated 

graphically in Figure 2 showed that AOM caused 
significant (P≤0.05) elevation in levels of inflammatory 
markers (C-RP level and MPO activity) as compared to 
control group. 

Although the treatment with C. tiglium nano-extract 
caused significant (P≤0.05) decrease in levels of 
inflammatory markers in all nano-extract treated groups 
as compared to AOM induced colon cancer group, it 
restored levels of these measurements to normal values 
in post-treated group.

Major Colonic Contents and Oxidative Stress Markers
As regard to the assays that were carried out in the 

colon tissues, glucose and calcium in addition to LDH 
enzyme are considered as the major cellular contents in 
colon tissues. AOM caused significant (P≤0.05) decline 
in these measurements as compared to control group 
(Table 3).

C C. tiglium 
nano-extract

Induced cancer C. tiglium nano-extract
Pre-treated Simult-treated Post-treated

Li
ve

r 
En

zy
m

es ALT (U/L) 44.70 ± 0.83 45.60 ± 1.10 84.70 ± 0.83a 44.10 ± 0.82b 45.49 ± 0.64b 44.50 ± 1.01b

AST (U/L) 173.57 ± 1.47 170.60 ± 2.46 268.00 ± 3.12a 169.90 ± 1.31b 169.20 ± 1.88b 167.90 ± 1.73b

ALP (U/L) 84.00 ± 0.72 83.30 ± 0.73 131.30 ± 1.26a 84.10 ± 0.61b 83.30 ± 0.68b 84.00 ± 0.78b

Li
pi

d 
Pr

ofi
le TC (mg/dl) 75.70 ± 0.68 75.20 ± 0.89 96.10 ± 0.64a 74.20 ± 0.61b 75.30 ± 0.67b 74.70 ± 0.78b

T.Gs (mg/dl) 64.61 ± 0.67 65.39 ± 0.83 93.52 ± 0.57a 64.55 ± 0.75b 64.65 ± 0.64b 64.44 ± 1.12b

ki
dn

ey
 

fu
nc

tio
ns

Urea (mg/dl) 57.56 ± 1.19 58.11 ± 1.24 102.671 ± 1.75a 59.20 ± 1.15b 58.83 ± 1.02b 58.97 ± 1.12b

Creatinin (mg/dl) 0.81 ± 0.01 0.81 ± 0.02 2.57 ± 0.04a 0.794 ± 0.01b 0.80 ± 0.01b 0.81 ± 0.01b

Total Protein (g/dl) 8.48 ± 0.07 8.49 ± 0.09 4.91 ± 0.07a 8.43 ± 0.11b 8.38 ± 0.08b 8.36 ± 0.13b

Albumin (g/dl) 3.43 ± 0.07 3.50 ± 0.08 1.27 ± 0.05a 3.43 ± 0.07b 3.44 ± 0.10b 3.46 ± 0.08b

Table 2. Effect of C. tiglium Seeds Extract after Incorporating Silver Nanoparticles (Ag-NPs) against Azoxymethane 
(AOM) Induced Colon Cancer on Different Biochemical Measurements in Rats

Values were expressed as mean ± standard error, a, significant difference from control group; b, significant difference from toxic group at P≤0.05. 

Figure 2. Data Showing the Ameliorative Effect of C. tiglium Seeds Extract after Incorporating Silver Nanoparticles 
(Ag-NPs) against Azoxymethane (AOM) Induced Colon Cancer on a) C-Reactive Protein (C-RP) in serum samples 
and b) Activity of Myeloperoxidase (MPO) in colon tissue homogenates of rats. Values expressed as mean ± SE; a, 
significant difference (P≤0.05) from control group; b, significant difference (P≤0.05) from toxic group
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C C. tiglium 
nano-extract

Induced cancer C. tiglium nano-extract

Pre-treated Simult-treated Post-treated

M
aj

or
 C

el
lu

la
r 

C
on

te
nt

s

Glucose 
(nmol/ g wet tissue)

3.70 ± 0.04 3.70 ± 0.07 1.13 ± 0.02a 1.79 ± 0.02ab 2.58 ± 0.03ab 3.73 ± 0.02b

LDH 
(U/ g wet tissue)

1742.41 ± 6.08 1737.00 ± 4.64 1047.80 ± 11.24a 1411.40 ± 20.51ab 1412.40 ± 14.08ab 1552.98 ± 26.67ab

Ca 
(mmol/ g wet tissue)

0.17 ± 0.01 0.18 ± 0.00 0.96 ± 0.01a 0.15 ± 0.01b 0.17 ± 0.00b 0.15 ± 0.01b

M
ar

ke
rs

 o
f 

O
xi

da
tiv

e 
St

re
ss

TAC (mM/L) 1.31 ± 0.04 1.27 ± 0.07 0.48 ± 0.01a 0.83 ± 0.01ab 0.85 ± 0.01ab 1.29 ± 0.05b

CAT (U/gm) 45.25 ± 0.24 45.29 ± 0.81 10.37 ± 0.14a 31.74 ± 0.24ab 33.81 ± 0.32ab 44.47 ± 0.23b

GPx (U/gm) 21.37 ± 0.14 21.74 ± 0.28 11.40 ± 0.17a 17.08 ± 0.27ab 16.41 ± 0.26ab 20.39 ± 0.37b

LPO 
(nmol/ g wet tissue)

44.00 ± 0.89 43.80 ± 0.58 144.40 ± 1.40a 75.40 ± 0.51ab 75.00 ± 0.95ab 43.40 ± 1.12b

TPC 
(nmol/ mg Protein) 

10.43 ± 0.06 10.36 ± 0.06 24.14 ± 0.36a 18.08 ± 0.26ab 13.94 ± 0.12ab 10.74 ± 0.21b

Table 3. Effect of C. tiglium Seeds Extract after Incorporating Silver Nanoparticles (Ag-NPs) against Azoxymethane 
(AOM) Induced Colon Cancer on the Major Cellular Contents and Oxidative Stress Markers in Colon Tissues of Rats

Values were expressed as mean ± standard error; a, significant difference from control group; b, significant difference from toxic group at P≤0.05.

Figure 3. Histopathological Examination Showing the Ameliorative Effect of C. tiglium Seeds Extract after Incorporating 
Silver Nanoparticles (Ag-NPs) against Azoxymethane (AOM) Induced Colon Cancer on Colon Tissue of Rats. It 
revealed that a) control group appeared with normal histological structure of the mucosa with glandular structure (g), 
submucosa (sub), muscularis (ms) and serosa (S) (H and E, X40), b) C. tiglium nano-extract treated group appeared 
with normal histological structure (H and E, X16), c) AOM induced colon cancer group appeared with desquamation 
(des) of the tips in the mucosal lining epithelium with massive inflammatory cells infiltration in lamina propria of the 
mucosa and submucosa (m) as well as anaplasia of the glandular epithelium (red arrow) with criteria of malignancy 
of disorganization, hyperchromachia, polarity and pleomorphism with inflammatory cells infiltration in surrounding 
lamina propria (H and E, X16), d) C. tiglium nano-extract pre-treated group appeared with sever lymphoid hyperplasia 
(Lh) in the follicle submucosa with extension of mucosa (H and E, X40), e) C. tiglium nano-extract simult-treated group 
appeared with sever lymphoid follicles hyperplasia (Lh) in the submucosa and extended to the mucosa associated with 
inflammatory cells infiltration (m) (H and E, X40) and f) C. tiglium nano-extract post-treated group noticed with 
lymphoid follicles hyperplasia (Lh) in the submucosa with intact glandular structure (g) (H and E, X40).
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Although the treatment with C. tiglium nano-extract 
caused significant (P≤0.05) increase in glucose level in all 
nano-extract treated groups as compared to AOM induced 
colon cancer group and restored its level to normalcy in 
post-treated group. On the other hand, it decreased activity 
of LDH as compared to AOM induced colon cancer 

group and could not restore its activity to normal value 
in all nano-extract treated groups. As regard to calcium 
level, C. tiglium nano-extract caused significant (P≤0.05) 
increase in its level with respect to AOM induced colon 
cancer group and restored its level to normalcy in all 
nano-extract treated groups.

Figure 4. Immunohistochemistry Showing the Ameliorative Effect of C. tiglium Seeds Extract after Incorporating 
Silver Nanoparticles (Ag-NPs) against Azoxymethane (AOM) Induced Colon Cancer on Severity of the 
Immunohistochemical Reaction in Colon Tissue of Rats Using Anti-Keratin 20 in a) control group (H and E, X40), 
b) C. tiglium nano-extract treated group (H and E, X40), c) AOM induced colon cancer group (H and E, X40), d) C. 
tiglium nano-extract pre-treated group (H and E, X40), e) C. tiglium nano-extract simult-treated group (H and E, X40) 
and f) C. tiglium nano-extract post-treated group (H and E, X40).

C C. tiglium 
nano-extract

Induced cancer C. tiglium nano-extract
Pre-treated Simult-treated Post-treated

Pr
ot

ei
ns

 
Pa

tte
rn

s

Native protein 70.81 ± 0.48 72.26 ± 1.17 42.39 ± 0.72a 68.46 ± 0.43b 69.92 ± 0.28b 71.67 ± 0.72b

Lipid moiety of 
native protein

13.96 ± 0.06 13.33 ± 0.40 5.95 ± 0.04a 9.81 ± 0.02ab 18.99 ± 0.18ab 12.93 ± 0.30b

Calcium moiety 
of native protein

13.79 ± 0.19 13.85 ± 0.23 34.11 ± 0.11a 13.93 ± 0.11b 13.85 ± 0.13b 13.82 ± 0.29b

Is
oe

nz
ym

es
 

Pa
tte

rn
s

CAT 31.94 ± 0.12 31.94 ± 0.14 16.54 ± 0.28a 27.63 ± 0.25ab 27.64 ± 0.29ab 32.14 ± 0.30b

POX 15.68 ± 0.24 15.61 ± 0.24 9.01 ± 0.10a 15.52 ± 0.34b 15.70 ± 0.27b 15.51 ± 0.26b

α-EST 12.58 ± 0.18 12.45 ± 0.27 12.42 ± 0.29 12.43 ± 0.34 12.39 ± 0.14 12.37 ± 0.25
β-EST 54.46 ± 0.31 53.37 ± 0.45 31.53 ± 0.52a 52.40 ± 0.37b 52.46 ± 0.37b 52.64 ± 0.40b

Values were expressed as mean ± standard error; a, significant difference from control group; b, significant difference from toxic group at P≤0.05

Table 4. Effect of C. tiglium Seeds Extract after Incorporating Silver Nanoparticles (Ag-NPs) against Azoxymethane 
(AOM) Induced Colon Cancer on Relative Quantities of the Total Bands of Electrophoretically Separated Proteins and 
Isoenzymes Patterns in Colonic Tissues of Rats
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Moreover, AOM caused significant (P≤0.05) decrease 
in level of the total antioxidant capacity (TAC) and 
activities of the antioxidant enzymes (CAT and GPx) 
associated with significant (P≤0.05) elevation in 
concentrations of the peroxidation products (LPO and 
TPC) as compared to control group as shown in Table 3. 

Although the treatment with C. tiglium nano-extract 
caused significant (P≤0.05) increase in TAC and activities 
of CAT and GPx associated with lowering concentrations 

of LPO and TPC in all nano-extract treated groups as 
compared to AOM induced colon cancer group, it restored 
these measurements to normal levels in post-treated group.

Histopathological Examination and Immunohistochemistry
As revealed in colon of control rats (Figure 3a), it was 

found that there was no histopathological alteration and 
the normal histological structure of the mucosa layer with 
lining epithelium and lamina propria with the glands as 

Figure 5. Native Electrophoretic Patterns Showing Physiological Effect of C. tiglium Seeds Extract after Incorporating 
Silver Nanoparticles (Ag-NPs) against Azoxymethane (AOM) Induced Colon Cancer on Bands Number, Arrangement 
and Similarity Percents on a) protein, b) lipid moiety of native protein and c) calcium moiety of native protein in 
colonic tissues of rats.

Figure 6. Native Electrophoretic Isoenzymes Patterns Showing Physiological Effect of C. tiglium Seeds Extract 
after Incorporating Silver Nanoparticles (Ag-NPs) against Azoxymethane (AOM) Induced Colon Cancer on Bands 
Number, Arrangement and Similarity Percents on a) Catalase (CAT), b) Peroxidase (POX), c) α-esterase (α-EST) and 
d) β-esterase (β-EST) in colonic tissues of rats. 
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well as the underlying submucosa, muscularis and serosa 
were noticed. In C. tiglium nano-extract treated group 
(Figure 3b), there was no histopathological alteration and 
no deviation recorded from control group.

While, AOM induced colon cancer group, desquamation 
was detected in the tips of the lining mucosal epithelium 
while the underlying lamina propria of the mucosa and 
submucosa showed massive inflammatory cells infiltration 
(Moderate degree: ++ ; 50-75%) as well as anaplasia and 
dysplasia (Severe degree: +++ ; 75-100%) in the glandular 
epithelial structure as hyperchromachia, polarity and 
pleomorphism (Figure 3c).

In nano-extract pre-treated group, sever lymphoid 
follicles hyperplasia (Severe degree: +++ ; 75-100%) 
was detected in the submucosa and extended to the 
lamina propria of the mucosa (Figure 3d). In nano-extract 
simult-treated group, the submucosa showed severe 
lymphoid hyperplasia (Moderate degree: ++ ; 50-75%) 
in the follicles which was extended to the mucosa in 
association with inflammatory cells infiltration (Mild 
degree: + : 25-50%) in the later (Figure 3e). While in 
nano-extract post-treated group, the glandular structure 
was intact while the submucosa showed mild lymphoid 
hyperplasia (Mild degree: + : 25-50%) in the follicles 
(Figure 3f). The overall histological findings revealed 
that the C. tiglium nano-extract minimized severity of 
the inflammatory responses that is considered as criteria 
of malignancy and stage of colon cancer especially in the 
nano-extract post-treated group.

On the other hand, the IHC was carried out for 
detection of the anti-Keratin 20 antibody through 
localization of the reaction on the tips of the mucosal 
epithelium. Severity of the immunoreactivity is depending 
on the density and distribution of the brown to black color. 
As presented in Figure 4, the anti-Keratin 20 antibody 
was not expressed in the control and C. tiglium nano-
extract treated groups. While in the AOM induced colon 
cancer group, anti-Keratin 20 antibody was expressed 
severely (moderate degree: ++ ; 50-75%). Although the 
treatment with C. tiglium nano-extract could not prevent 
the presence of anti-Keratin 20 antibody completely in 
the pre-treated and simult-treated groups, it reduced its 

expression obviously (midl degree: + ; 25-50%). While in 
nano-extract post-treated group, it prevented expression 
of anti-Keratin 20 antibody completely.

Electrophoretic Assays
Electrophoretic Protein Pattern

As presented in Figure 5a, native protein pattern was 
represented electrophoretically in colon of control rats by 
8 bands identified at Rfs 0.14, 0.24, 0.56, 0.64, 0.75, 0.78, 
0.92 and 0.95 (Mwts 124.50, 74.26, 23.06, 19.37, 16.29, 
15.39, 7.31 and 6.03 KDa; B% 8.88, 10.24, 15.38, 12.48, 
13.37, 12.09, 14.50 and 13.05; Qty% 6.69, 7.17, 15.18, 
4.70, 11.27, 7.59, 10.15 and 7.49, respectively). It was 
noticed that there were 5 common bands identified at Rfs 
0.14, 0.24, 0.75, 0.92 and 0.95. C. tiglium nano-extract 
solely caused no alterations in the native protein pattern 
and no deviation detected from the control group. While 
AOM caused physiological alterations in the native protein 
pattern represented by hiding 3 normal protein bands with 
existence of the characteristic one that was identified in 
AOM induced colon cancer group at Rf 0.40 (Mwt 37.18 
KDa; B% 18.77 and Qty% 11.76). Therefore, the lowest 
SI and highest GD values were recorded in AOM induced 
colon cancer group (SI=71.43% ; GD=28.57%).

Treatment with C. tiglium nano-extract exhibited 
improvement in the protein pattern by hiding the 
characteristic bands with restoring 2 normal bands 
identified at Rfs 0.55 and 0.78 (Mwts 23.88 and 15.44 
KDa, B% 18.50 and 16.21 and Qty% 19.31 and 9.46, 
respectively) in nano-extract pre-treated group, one 
normal band identified at Rf 0.54 (Mwt 24.45 KDa, B% 
17.95 and Qty% 15.23) in nano-extract simult-treated 
group and 3 normal bands identified at Rfs 0.55, 0.63 and 
0.78 (Mwts 23.88, 19.80 and 15.53 KDa, B% 15.66, 12.51 
and 13.92 and Qty% 16.45, 6.79 and 3.28, respectively) 
in nano-extract post-treated group. Therefore, SI values 
increased with decreasing GD values in the nano-extract 
pre-treated, simult-treated and post-treated groups 
(SI=93.33, 85.71 and 100.00% ; GD=6.67, 14.29 and 
0.00%, respectively). Moreover, the relative quantities 
of the total protein bands declined significantly (P≤0.05) 
in AOM induced colon cancer group as compared to 

Figure 7. The Ameliorative Effect of C. tiglium Seeds Extract after Incorporating Silver Nanoparticles (Ag-NPs) 
Against the Deleterious Effect of azoxymethane (AOM) Induced Colon Cancer on a) level of Tumor Protein P53 (TP53) 
gene expression and b) level of Adenomatous Polyposis Coli (APC) gene expression in rats
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the control group (Table 4). Treatment with C. tiglium 
nano-extract increased the relative quantities significantly 
(P≤0.05) in all nano-extract treated groups with respect to 
AOM induced colon cancer group and restored quantities 
of the total bands to normal values. 
Electrophoretic Lipid Moiety of Native Protein Pattern

As revealed in Figure 5b, the native lipoprotein pattern 
was represented electrophoretically in colon of control 
rats by 2 bands identified at Rfs 0.03 and 0.32 (B% 47.68 
and 52.32 and Qty% 6.94 and 7.13, respectively). There 
were no common bands. The C. tiglium nano-extract alone 
caused no alterations in the native protein pattern and no 
deviation detected from the control group. While it was 
noticed that AOM caused physiological alterations in 
the lipid moieties of native protein bands represented by 
hiding the normal bands with existence of characteristic 
(unique) one identified at Rf 0.07 (B% 100.00 and Qty% 
6.06) in AOM induced colon cancer group. Therefore, the 
lowest SI and highest GD values were recorded in AOM 
induced colon cancer group (SI=0.00% ; GD=100.00%).

Treatment with C. tiglium nano-extract exhibited 
improvement in the lipoprotein pattern by restoring one 
normal band identified at Rf 0.02 (B% 49.02 and Qty% 
2.69) in the nano-extract pre-treated group with existence 
of one abnormal band at Rf 0.12 (B% 50.98 and Qty% 
6.49). It restored 2 normal bands identified at Rfs 0.03 
and 0.32 (B% 32.22 and 34.48 and Qty% 4.23 and 5.11, 
respectively) in the nano-extract simult-treated group with 
existence of one abnormal band at Rf 0.12 (B% 33.30 and 
Qty% 10.01). While in nano-extract post-treated group, 
nano-extract restored all the normal bands at Rfs 0.03 
and 0.32 (B% 49.47 and 50.53 and Qty% 3.61 and 5.53, 
respectively) without existence of characteristic ones. 
Therefore, the SI values increased with decreasing the 
GD values in the nano-extract pre-treated, simult-treated 
and post-treated groups (SI=66.67, 80.00 and 100.00%; 
GD=33.33, 20.00 and 0.00%, respectively).

As regard to the quantitative level, it was found that the 
relative quantities of the total lipoprotein bands declined 
significantly (P≤0.05) in AOM induced colon cancer 
group as compared to control group (Table 4). Although 
C. tiglium nano-extract increased the relative quantities 
significantly (P≤0.05) in all nano-extract treated groups 
with respect to AOM induced colon cancer group, relative 
quantities of the total bands restored to normal values in 
nano-extract post-treated group.

Electrophoretic Calcium Moiety of Native Protein Pattern
Data illustrated in Figure 5c showed that calcium 

moiety of native protein pattern was represented 
electrophoretically in colon of control rats by 3 common 
bands identified at Rfs 0.12, 0.23 and 0.64 (B% 35.00, 32.70 
and 32.29 and Qty% 2.56, 9.33 and 1.93, respectively). 
C. tiglium nano-extract alone caused no alterations in the 
native protein pattern and no deviation detected from the 
control group. AOM caused physiological alterations in 
the calcium moieties of native protein bands represented 
by appearance of 2 characteristic (unique) bands identified 
at Rf 0.34 and 0.91 (B% 20.50 and 18.62 and Qty% 10.29 
and 7.68, respectively) in AOM induced colon cancer 
group without hiding the normal ones. Therefore, the 

lowest SI and highest GD values were recorded in AOM 
induced colon cancer group (SI=75.00% ; GD=25.00%).

Treatment with C. tiglium nano-extract exhibited 
improvement in the calcium moiety of native protein 
pattern by hiding the abnormal characteristic bands 
in all nano-extract treated groups. Therefore, the SI 
values increased with decreasing the GD values in all 
the nano-extract treated groups (SI=100.00; GD=0.00%).

At the quantitative level, it was noticed that the 
relative quantities of the total bands increased significantly 
(P≤0.05) in AOM induced colon cancer group with respect 
to control group (Table 4). Treatment with C. tiglium 
nano-extract decreased the relative quantities significantly 
(P≤0.05) in all nano-extract treated groups with respect to 
AOM induced colon cancer group and restored quantities 
of the total bands to normal values. 

Electrophoretic isoenzymes
Electrophoretic Catalase Pattern

As illustrated in Figure 6a, it was noticed that CAT 
isoenzym pattern was represented electrophoretically 
in colon of control rats by 4 types identified at Rfs 0.11, 
0.55, 0.91 and 0.95 (B% 26.55, 28.73, 24.72 and 19.99 
and Qty% 12.35, 12.23, 4.53 and 2.88, respectively). 
Three CAT types (CAT2, CAT3 and CAT4) are considered 
as common bands. C. tiglium nano-extract alone caused 
no abnormalities or deviation from control group. 
AOM caused physiological changes in CAT pattern 
represented by hiding the CAT1 type without appearance 
of characteristic bands. Therefore, the lowest SI and 
highest GD values were recorded in AOM induced colon 
cancer group (SI=85.71% ; GD=14.29%). Treatment with 
C. tiglium nano-extract restored the physiological state 
of the electrophoretic CAT pattern through restoring the 
absent type (CAT1 type) in all nano-extract treated groups. 
Therefore, the SI values increased with decreasing the GD 
values in all the nano-extract treated groups (SI=100.00; 
GD=0.00%).

At the quantitative level, it was found that the relative 
quantities of the total CAT types decreased significantly 
(P≤0.05) in AOM induced colon cancer group as compared 
to control group (Table 4). Although treatment with 
C. tiglium nano-extract increased the relative quantities 
significantly (P≤0.05) in all nano-extract treated groups 
with respect to AOM induced colon cancer group, 
quantities of the total CAT types restored to normal values 
in the nano-extract post-treated group. 

Electrophoretic Peroxidase Pattern
As presented in Figure 6b, it was noticed that POX 

isoenzym pattern was represented electrophoretically in 
colon of control rats by 4 types identified at Rfs 0.02, 
0.29, 0.56 and 0.94 (B% 23.73, 23.46, 23.59 and 29.22 
and Qty% 4.73, 2.81, 3.29 and 4.47, respectively). Three 
POX types (POX1, POX2 and POX4) are considered as 
common bands. The C. tiglium nano-extract alone caused 
no abnormalities or deviation from control group. 

AOM caused physiological changes in the POX pattern 
represented by hiding POX3 type without appearance of 
characteristic ones. Therefore, the lowest SI and highest 
GD values were recorded in AOM induced colon cancer 
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group (SI=85.71%; GD=14.29%). Treatment with 
C. tiglium nano-extract restored the physiological state 
of the electrophoretic POX pattern through restoring 
the absent type (POX3 type) in all nano-extract treated 
groups. Therefore, the SI values increased with decreasing 
the GD values in all the nano-extract treated groups 
(SI=100.00%; GD=0.00%).

As regard to the quantitative level, the relative 
quantities of the total POX types decreased significantly 
(P≤0.05) in AOM induced colon cancer group as compared 
to control group (Table 4). C. tiglium nano-extract 
decreased the relative quantities significantly (P≤0.05) 
in all nano-extract treated groups with respect to AOM 
induced colon cancer group and restored quantities of the 
total POX types to normal values.

Electrophoretic Esterase Pattern
As shown in Figure 6c, it was noticed that electrophoretic 

α-EST isoenzyme was represented in colon of control rats 
by 2 types identified at Rfs 0.04 and 0.15 (B% 50.58 
and 49.42 and Qty 4.75 and 7.43, respectively). The first 
α-EST type (α-EST1) is considered as common band. 
C. tiglium nano-extract alone caused no deviation from 
control group. While AOM caused physiological changes 
in the α-EST pattern represented by hiding α-EST2 type 
without appearance of characteristic ones. Therefore, the 
SI value (SI=50.00%) decreased with increasing GD value 
(GD=50.00%) in AOM induced colon cancer group. 

Treatment with C. tiglium nano-extract restored the 
physiological state of the α-EST isoenzymes pattern 
through hiding the characteristic type with restoring the 
absent type (α-EST2 type) in all nano-extract treated 
groups. Therefore, the SI values increased with decreasing 
the GD values and became equal in all the nano-extract 
treated groups (SI=100.00% ; GD=0.00%).

As regard to the quantitative level, it was noticed 
that AOM caused no significant changes in the relative 
quantities of the total α-EST types and values of the 
relative quantities of total α-EST types were approximately 
equal in all treated groups as compared to control group 
and AOM induced colon cancer group (Table 4).

As presented in Figure 6d, it was noticed that 
electrophoretic β-EST isoenzyme was represented in 
colon of control rats by 2 types identified at Rfs 0.15 
and 0.35 (B% 43.65 and 56.35 and Qty% 17.26 and 
36.82, respectively). The second β-EST type (β-EST2) 
is considered as common band. C. tiglium nano-extract 
alone caused no deviation from control group. 

AOM caused abnormalities noticed physiologically 
in the β-EST pattern represented by hiding β-EST1 
type with appearance of one characteristic (unique and 
abnormal) band identified at Rf 0.66 (B% 51.40 and 
Qty% 33.04). Therefore, AOM decreased the SI value 
with increasing the GD value (SI=50.00%; GD=50.00%) 
in AOM induced colon cancer group. The treatment 
with C. tiglium nano-extract restored the physiological 
state of β-EST isoenzymes pattern through hiding the 
characteristic type with restoring the absent type (β-EST1 
type) in all nano-extract treated groups. Therefore, the 
SI values increased with decreasing the GD values and 
became equal in all the nano-extract treated groups 

(SI=100.00%; GD=0.00%).
At quantitative level, it was found that the relative 

quantities of the total β-EST types decreased significantly 
(P≤0.05) in AOM induced colon cancer group as compared 
to control group (Table 4). Treatment with C. tiglium 
nano-extract increased the relative quantities significantly 
(P≤0.05) in all nano-extract treated groups with respect to 
AOM induced colon cancer group and restored quantities 
of the total β-EST types to normal values. 

Molecular assay
As shown in Figure 7a, AOM induced colon cancer 

group showed highly significant increase (P=0.004) in 
level of TP53 gene expression as compared to control 
group. In addition, levels of TP53 gene expression are 
significantly higher in C. tiglium nano-extract pre-treated 
and simult-treated groups when compared to that of 
control group (P=0.026 and P=0.019, respectively). 
While the nano-extract post-treated group didn’t show 
any significant (P=0.417) change in level of TP53 gene 
expression than control group.

As illustrated in Figure 7b, the toxic group showed 
highly significant (P=0.006) increase in level of APC gene 
expression as compared to control group. In addition, 
levels of APC gene expression are slightly significantly 
(P=0.27 and P=0.020, respectively) higher in C. tiglium 
nano-extract pre-treated and simult-treated groups in 
comparison to control group. While the nano-extract 
post-treated groups didn’t show any significant (P=0.796) 
change in level of APC gene expression than control 
group.

Discussion

Although the present study was designed to reveal 
efficiency of C. tiglium extract after incorporating 
Ag-NPs against colon cancer induced by AOM, it was 
found that AOM caused different deleterious effects at 
different hematological and biochemical levels during the 
induction process. It is necessary to use animal models 
for studying pathogenesis of colorectal tumors, as well 
as for evaluating the possible alternative treatments 
(De-Souza and Costa-Casagrande, 2018). Assessment of 
the haematological parameters can be used to determine 
the adverse effect on blood constituents of an animal and 
also it can be used to explain blood relating functions of 
chemical compounds/plant extract (Ashafa et al., 2009). 

It is well known that AOM induced alterations in 
haematological status of rats and this attributed mainly 
to the oxidative stress that plays a role in haematological 
abnormalities and carcinogenesis progression (Childress, 
2012). During the current study, it was found that level of 
RDW elevated significantly in AOM induced colon cancer. 
This was in agreement with Forhecz et al., (2009) who 
reported that the RDW level elevated in active malignancy 
that is accompanied by a prolonged inflammatory 
processes. In addition, the RDW value is closely related 
to colorectal cancer metastasis and it has been shown to 
predict advanced cancer stage (Lee et al., 2014 ; Yang 
et al., 2018). The MPV level is considered as an early 
marker of platelet activation. It elevated significantly in 
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AOM-induced colon cancer. This was in agreement with 
Li et al., (2014) who reported that MPV was found to 
be independently associated with the presence of colon 
cancer and there was a positive correlation between 
MPV and stage of tumor-nodule-metastases. The PLT 
level elevated significantly in addition to WBCs and its 
differential count (Lymp., Mono. and Gran.) in AOM 
induced colon cancer group. This might be attributed to the 
inflammatory reactions which stimulate the bone marrow 
to produce PLT and leukocytes especially lymphocytes 
because the leukocytes migrate to inflammation site and 
their attraction are facilitated by PLT (Laoui et al., 2011; 
Vieira-de-Abreu et al., 2012). Moreover, neutrophils 
are considered as the first line of defense and rapidly 
recruited to inflamed loci in response to inflammatory 
mediators released at the injury site (Coussens and 
Werb, 2002). Recent studies revealed that AOM can 
induce hepatotoxicity and develop liver injury (Megaraj 
et al., 2014), similarly to results of the current study. It 
was found that AOM caused elevation in levels of ALP, 
AST and ALP that are considered as the most common 
biomarkers used to evaluate liver functions. This was 
in accordance with Moharib et al., (2014) who reported 
that AOM caused liver damage occurred as a result of 
highly reactive electrophiles (carbonium ions and alkyl 
free radicals) that severely damage liver tissue causing 
necrosis and consequently leads to loss of membrane 
integrity. Therefore, cytoplasmic enzymes might leak from 
hepatocytes into blood at early stages of liver damage due 
to increasing membrane permeability.

Silver C. tiglium nano-extract restored these 
measurements to normalcy at all therapeutic modes 
(Protection and Treatment). This might be attributed to the 
presence of wide range of the polyphenolic compounds 
that increased after incorporating Ag-NPs as suggested by 
Abdelhady and Badr (2016) and supported by Aboulthana 
et al., (2019) who revealed that C. tiglium nano-extract 
contains higher concentrations of the active ingredients 
that exhibit antioxidant activity when compared to the 
crude one. Consequently, these compounds exhibited high 
ability to maintain integrity of cell membranes against 
reactive oxygen species (ROS) generated as a result of 
AOM injection.

It was found that AOM caused alterations in kidney 
functions. This was in agreement with Garba et al., 
(2007) who postulated that serum urea and creatinin 
were measured as indicators of kidney function and 
raising their concentrations are considered as an index 
of kidney dysfunction. Furthermore, it is well known 
that AOM is an active metabolite of the colon specific 
carcinogen 1,2-dimethylhydrazine (DMH) and it belongs 
to the hydrazine compounds which stimulate urea cycle 
and up-regulate biosynthesis of amino acids (Liao et al., 
2012). Therefore, urea cycle might be expected to be 
up-regulated to remove excess ammonia derived from 
elevated amino acids. Also, amino groups (N-terminus) 
of amino acids that have been used as metabolic fuel are 
converted into urea through urea cycle resulting in increase 
of urea level (Bando et al., 2011). As regard to decline in 
the TP, significant increase in urea and creatinin levels 
act as an inhibitor of the synthesis of proteins (Yazar 

and Baydan, 2008). Moreover, levels of TP and albumin 
might be decreased significantly as a result of the liver 
injury that consequently leads to alterations in protein 
biosynthesis (Gürocak et al., 2013). In addition, urea and 
creatinin levels might be increased with lowering TP and 
albumin levels due to the severe inflammation occurred 
in kidney tissues as a result of AOM injection and this 
consequently leads to tubules degeneration and protein 
cast deposition within tubular lumina and tissue necrosis 
(Tan et al., 2015).

Treatment with C. tiglium nano-extract restored 
levels of the kidney functions to normal levels at all 
therapeutic modes. This might be attributed to presence 
of high concentrations of flavonoids that improve the 
renal physiology and possess diuretic and natriuretic 
properties, as well as exerting renoprotective effects that 
attributed to antiapoptotic and antifibrotic properties of 
these active constituents. In addition, levels of the TP and 
albumin restored to normal values due to the beneficial 
effect of nano-extract on liver tissues that became able 
to biosynthesize protein normally (Vargas et al., 2018). 

Lipids play a crucial role in maintaining the membrane 
integrity (Chung and Jung, 2003). In the present study, it 
was found that AOM caused significant elevation in levels 
of TC and T.Gs. This was in accordance with Yuvaraj et 
al., (2007) who emphasized that chemical agents that 
induce cancer development affect cellular lipids and 
cause abnormal lipid synthesis or defective degradation 
of lipids. Also, this might be attributed to deficiency of 
the lipoprotein lipase that helps in uptake of the T.Gs 
(Lanza-Jacoby, 1984). In addition, Nalini et al., (2006) 
postulated that hypertriglyceridemia occurred as a result 
of tumors growth and it showed a stronger association 
with metastatic conditions. C. tiglium nano-extract 
decreased TC and T.Gs levels and this might be attributed 
to efficiency of the active constituents in the extract 
to develop lipolysis-stimulating agent in adipocytes 
(Kim et al., 2014). The lipolytic action of the extract 
was mainly mediated by phosphorylation of hormone-
sensitive lipase (the key enzyme in the mobilization of 
fatty acids in adipocytes) and its activity is regulated 
post-transcriptionally by reversible phosphorylation by 
protein kinase A and this might aid in development of 
therapeutic strategy in preventing obesity (Holm, 2003).

It is well known that CEA and CA19-9 are the most 
common and specific markers of colon cancer. Levels 
of these markers are used not only for preoperative 
assessment of extent and outcome of cancer, but also 
postoperative monitoring of recurrence (Nakatani et 
al., 2012). Their levels are considered as the best serum 
marker for CRC and most thoroughly characterized 
tumor-associated antigens, in both biochemical and 
clinical aspects (Ogata et al., 2009). In the present study, 
it was found AOM caused significant elevation in levels 
of these tumor markers. This was in accordance with 
many previous studies carried out by Mare et al., (2013) 
who postulated that AOM was categorized as a potent 
carcinogen and active intermediate of DMH and it leads 
to generation of ROS in the colon and hence, induce 
tissue lesions. Consequently, these ROS cause instability 
of colon cell metabolism leading to different changes in 
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these tumor markers that are categorized as representatives 
of colon function. Moreover, elevation of serum CEA and 
CA 19-9 levels was significantly correlated with larger 
lesion size and multiplicity of adenomas (Kim et al., 2017). 
Treatment with C. tiglium nano-extract decreased levels of 
the tumor markers and this might refer to the anti-tumor 
efficiency of the active constituents that increased after 
incorporating Ag-NPs in C. tiglium extract (Aboulthana 
et al., 2019). These active constituents exhibited higher 
free radicals scavenging activity, reducing power and 
total antioxidant capacity that can inhibit the process of 
carcinogenesis effectively and prevent the development 
of invasive cancer. Therefore, they exhibit anti-tumor 
activity through inhibiting growth of cancer cells (Mohd 
Ali et al., 2012 ; Abdelhady and Badr, 2016).

The C-RP is called positive protein of the acute phase. 
Its level increases dramatically as a marker of tissue 
damage, inflammation and associated with prognosis 
in a variety of solid tumors (Hall et al., 2013). In the 
present study, the C-RP level elevated significantly in 
AOM induced colon cancer group. This might reflect 
ongoing inflammation and tissue damage more accurately 
than other biochemical measurements (Masoodi et al., 
2009). Furthermore, Rajendiran et al., (2018) emphasized 
that elevating C-RP level might be attributed to the 
inflammatory effect of DSS that ingested via drinking 
water in combination with AOM during the induction 
process. It is known that MPO is an enzyme found 
predominantly in neutrophils and it is used as a good index 
of inflammatory response and tissue injury. Its activity 
is linearly related to neutrophil infiltration in colonic 
tissue (DOdorico et al., 2001). During the present study, 
it was found that the MPO activity is significantly higher 
in AOM injected group. This might refer to neutrophil 
infiltration that increased as a result of ingestion of DSS 
in association with AOM (Pandurangan et al., 2015). 
Treatment with C. tiglium nano-extract decreased levels 
of the inflammatory markers. This is in accordance with 
Jangid and Jadhav (2018) who documented that the anti-
inflammatory effect of this plant extract against intestinal 
inflammation might be attributed to presence of the 
secondary metabolites that are well known by their ability 
to inhibit inflammatory reactions.

LDH belongs to the most important enzymes that play 
an effective role in the glycolytic pathway. It catalyzes 
conversion of pyruvic acid anaerobically and reversibly 
into lactic acid. It is used as an indicator for cancer 
development and also for many abnormalities in different 
tissues (Erez et al., 2014). During the current study, it 
was found that glucose level decreased significantly as 
well as, decline in LDH activity in the AOM induced 
colon cancer group. This was in agreement with Zhao 
et al., (1997) who postulated that glycolytic pathway 
increases in cancer tissue. This might be attributed to 
increasing number of cells that consume great glucose 
amount to get energy through glycolysis during cancer 
development and hence LDH activity consumed under 
anaerobic conditions (Denko, 2008). Moreover, growing 
cancer cells are able to destroy other tissues causing 
release of intracellular enzyme like LDH into blood stream 
by injury or death of cells and hence LDH decreased in 

cancer tissue (Pujara and Chaudhary, 2017). Also, calcium 
plays a primary and effective role in development of cell 
injury in vital organs at different pathological states. 
During the current study, calcium level increased in colon 
tissues of AOM induced colon cancer group. This was in 
accordance with Wulf (2000) who reported that calcium 
level increased as a result of the oxidative stress and 
disturbances of calcium homeostasis that might be induced 
in three different subcellular compartments including 
cytoplasm, mitochondria and the endoplasmic reticulum. 
Furthermore, marked elevation in level of cytoplasmic 
calcium was related to injury of colon tissues during the 
induction process. Nano-extract restored the glucose level, 
LDH activity and calcium level to normal values. This was 
attributed to efficiency of the active constituents to inhibit 
several metabolic intermediates and ROS formed during 
microsomal enzyme activation process (Waly et al., 2014). 

The MDA is considered as one of the final 
polyunsaturated fatty acids peroxidation products that 
are commonly known as marker of oxidative stress 
(Al-Henhena et al., 2015). AOM exhibited significant 
increase in the MDA concentration in colon tissues. This 
was in accordance with Khan and Sultana (2011) who 
reported that elevation of the colonic MDA exhibited 
mutagenic and genotoxic effect and may contribute to 
cancer development. Also, it induced protein damage, 
DNA fragmentation, gene mutations and loss of membrane 
integrity (Anilakumar et al., 2010). Therefore, lipid and 
protein peroxidation products (LPO and TPC) increased 
significantly in AOM induced colon cancer group during 
the induction process of colon cancer. Antioxidant 
enzymes (CAT and GPx) provide the first line of cellular 
defense against the destructive effects of ROS. In the 
present study, it was noticed that AOM caused significant 
decline in total antioxidant capacity and activities of these 
antioxidant enzymes. This was in accordance with Waly 
et al., (2016) who emphasized that AOM has the ability to 
initiate oxidative stress through producing extremely ROS 
and by modifying activities of the antioxidant enzymes. 
Furthermore, AOM induced the oxidative stress through 
depletion of intracellular reduced glutathione (Lai et al., 
2013). The plant extract contains wide range of the active 
compounds which exhibit antioxidant properties in a dose 
dependent manner (Popov et al., 2011). Moreover, due to 
the phenolic compounds available in this extract leading to 
antioxidant activity, it can scavenge of free radicals such as 
hydroxyl radical which is the major cause of peroxidation 
reactions (Ahmed, 2010). The colonic antioxidant profile 
was restored to normal levels by C. tiglium nano-extract. 
This might be attributed to nano-extract efficiency to 
prevent ROS generation in the colinic cells as presented 
by its ability to quench and scavenge DPPH and ABTs 
radicals’ formation (Waly et al., 2014). Dhanapal and 
Ping (2017) supported our findings and revealed that the 
antioxidant capacity of the plant extract increased after 
incorporating Ag-NPs. Due to its preference to adsorb 
antioxidant compounds onto surface of the Ag-NP, 
improving the scavenging ability.

Conventionally, carcinogenesis is well defined by three 
stages: initiation, promotion and progression (Martín et al., 
2016). In the present study, the H and E staining of colonic 
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tissues was carried out for histopathological examination 
and it was found that severe histological abnormalities 
were noticed in colonic mucosa of the AOM-treated rats. 
This was in accordance with Saleem et al., (2015) who 
emphasized that oxidative stress and depletion of the 
antioxidant enzymes were responsible for inflammatory 
cells infiltration and severe histopathological alterations 
noticed in AOM induced colon cancer group. Moreover, 
AOM is a metabolite of DMH, whose mechanism of 
preneoplastic lesions induction is caused by the increased 
expression of c-fos gene and reduced c-myc gene 
expression, as well as alterations in the mutated K-ras 
gene expression similar to those observed in spontaneous 
carcinogenesis in humans (Caderni et al., 2003). Also, 
alterations in architecture of colonic mucosa with typical 
inflammatory changes such as crypt and surface epithelial 
loss as well as infiltration of inflammatory cells and 
complete destruction of the epithelial architecture might 
refer to the effect of DSS that administrated via drinking 
water in association with AOM during the induction 
process (Huang et al., 2010). 

In addition, cytokeratin 20 was expressed severely 
in colonic tissues of AOM induced colon cancer. This 
was in accordance with Derry et al., (2014) who showed 
that cytokeratin 20 is considered as an additional colon 
biomarker and expressed virtually in epithelial cells in 
all cases of colorectal carcinomas. The present study 
revealed that C. tiglium nano-extract minimized severity 
of the inflammatory responses that is considered as criteria 
of malignancy and stage of colon cancer in nano-extract 
simult-treated group while these inflammatory responses 
were prevented completely in the post-treated group. Due 
to presence of phenolic compounds that are considered 
as part of a complex defense mechanism against wide 
range of stressors, they accumulate in response to these 
deleterious factors (Kumazawa et al., 2002). These 
phenolic compounds are well known as good antioxidant 
agents due to their capability of singlet oxygen-quenching 
and radical scavenging activity and incorporation of 
Ag-NPs into the extract increased the antioxidant 
efficiency (Mitiku and Yilma, 2017; Shousha et al., 
2019). Herein, treatment with nano-extract protected the 
colonic cells from damage and dysfunction that induced 
by oxidative stress. This might refer to the beneficial 
efficiency of C. tiglium nano-extract to protect cells by 
maintaining membrane permeability through preventing 
glutathione depletion and hence inhibiting peroxidation 
reactions.

Electrophoresis is standard technique for separating, 
identifying and quantifying of different proteins and it is 
considered as the most commonly tool used to analyze 
stoichiometry of a specific subunit of a protein complex 
(Shah et al., 2010). Mutations may occur at qualitative 
level by disappearance of normal bands and appearance 
of one or more abnormal ones. Otherwise, the alterations 
may occur quantitatively by remaining normal bands but 
with altering their quantities. The SI is only correlated to 
the qualitative alterations (Aboulthana et al., 2016). The 
SI is inversely proportional to the genetic variation. The 
low SI values between control and all the treated groups 
indicate differences in bands number and arrangement 

(Abdalla et al., 2015 ; Sharada et al., 2015).
Proteins represent the key players inside the cells. They 

are susceptible to be oxidized and this depends on relative 
content of oxidation-sensitive amino acid residues (Östman 
et al., 2011). In the present study, AOM caused alterations 
in native protein pattern. This was in agreement with Yasui 
and Tanaka (2009) who suggested that the alterations 
in native protein might be attributed to interaction of 
AOM with proteins. Furthermore, Aguilar-Mahecha et 
al. (2002) reported that the electrophoretic alterations 
might refer to deleterious effect on RNA transcripts, 
altering their amounts, localization or translation. Also, 
the modifications in overall native protein pattern might be 
related to altering DNA organization and hence changing 
DNA function and hence protein expression (Harrouk et 
al., 2000). Lipids are the most sensitive part of the cellular 
macromolecules (Javed et al., 2014). They are the major 
components of chromosomes, chromatin and nuclear 
matrix (Struchkov et al., 2002). During the present study, 
AOM altered the native lipoprotein pattern severely. This 
might refer to depletion of the antioxidant defenses and 
accumulation products of the oxidative stress that attack 
the lipid portion through inducing formation of the ROS 
as suggested by El-Sayed et al., (2018). Consequently, 
this leads to oxidative modifications and denaturation 
of the lipid moieties of proteins (Blasiak et al., 2004). 
Calcium-binding proteins categorized as acidic proteins 
with low molecular weights. They exhibited inhibitory 
effect hydroxyapatite formation leading to alterations 
in the mineralization process (Hunter et al., 1996). 
Furthermore, they exhibit an effective role in resistance of 
the tissues against the toxic agents (Surowiak et al., 2007). 
The alterations in these proteins might occur as a result of 
abnormal tissue mineralization (Abulyazid et al., 2017). 
During the current study, it was noticed that AOM caused 
changes in calcium moieties of the native protein. This was 
in agreement with El-Sayed et al., (2018) who postulated 
that these qualitative and quantitative abnormalities in 
calcium moieties of the native protein might be attributed 
to the oxidative stress and generation of ROS that convert 
an active hydrogen atom from these biologically active 
macromolecules. Furthermore, these alterations might be 
related to the significant increase in calcium concentration 
in the colon tissue as described during the current 
experiment and this leads to stimulating the oxidative 
stress and hence leads to variations in this protein pattern. 
C. tiglium nano-extract showed ameliorative effect against 
the alterations induced by free radicals’ attack in different 
native electrophoretic protein patterns. This might refer 
to presence of the active polyphenolic constituents that 
increased as a result of incorporating Ag-NPs as reported 
by Aboulthana et al., (2019).

Antioxidant enzymes are considered as tissue 
dependent tools of the antioxidant system. Their activities 
vary from tissue to tissue. The changes in antioxidant 
system might refer to attack of the ROS targeting protein 
contents and altering metabolic pathways (Ramanathan et 
al., 1999). In the current study, AOM caused abnormalities 
in the electrophoretic antioxidant isoenzymes. This was in 
agreement with Aboulthana et al., (2016) who suggested 
that changing the fractional activity of different isoenzymes 
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seemed to be correlated with the changes in rate of protein 
expression secondary to DNA damage induced by ROS. 
Consequently, this leads to structural changes in protein 
portion of native enzymes (Abulyazid et al., 2017). No 
changes occurred in the enzymatic activities, if there were 
no alterations in the protein expression (Djordjevic et al., 
2010). Furthermore, these alterations might be related 
to the significant decrease in the glucose level and LDH 
activity in the colon tissue as described during the current 
experiment and this referred to altering the glycolytic 
pathway and hence changing the glycation process that 
consequently inhibits enzyme activity (Hook and Harding, 
1998). Moreover, AOM altered the electrophoretic CAT 
pattern. This might be attributed to binding of this toxic 
substance to native macromolecules inducing secondary 
structural changes in the enzyme (Mansouri et al., 2013). 
Also, the alterations in the electrophoretic POX pattern 
might refer to the oxidative stress and the peroxidation 
reactions (Codrington et al., 2007). C. tiglium nano-extract 
showed antioxidant efficiency against the alterations in 
electrophoretic CAT and POX patterns. This might be due 
to enhancing the polyphenolic compounds that exhibit 
scavenging activity against ROS attack (Kumazawa et 
al., 2002).

Esterase-like albumin activity used as prognostic 
marker for various choronic diseases (Thangthaeng et 
al., 2011). It is expressed as several molecular forms 
that can be distinguished by their molecular weights 
and hydrodynamic properties (Massoulie et al., 1993). It 
can be visualized by staining the substrate using α- and 
β-naphthyl acetate in the presence of Fast Blue RR salt 
as a dye coupler (Ahmad et al., 2012). The alterations in 
electrophoretic EST pattern might be due to enhancement 
of oxidative stress markers which consequently results 
in altering albumin structure and function (Gangadharan 
et al., 2007). Also, the characteristic changes in EST 
pattern might refer to changing glycosylation of different 
ESTs in bile duct ligation liver. This consequently 
reflects changes in the glycosylated EST forms. The 
molecular EST pattern that remains unaffected, displays 
normal glycosylation pattern (Gravel et al., 1996). 
The glycosylation process that occurred abnormally 
increases probability of protein degradation and affected 
EST stability (Saxena et al., 1997). Due to increasing 
concentration of the total polyphenols after incorporating 
Ag-NPs, nano-extract exhibit antioxidative properties that 
could play an important role in maintaining integrity of 
macromolecules against oxidative reactions (Fraga et al., 
2010). In addition, these polyphenols stimulate activity of 
antioxidant enzymes to overcome attack of free radicals 
targeting these biomacromolecules (Ashokkumar and 
Sudhandiran, 2008).

Cancer progression is usually associated with 
irregularities in cell cycle (Park and Lee, 2003). Recent 
study directed to search in nature to find evidence 
supported experimentally suppression of the concomitant 
involvement of cell cycle by mean of apoptosis to 
phytochemicals with cell-cycle modulatory effects 
(Moghadamtousi et al., 2014). The TP53 and APC are 
the most sensitive genes susceptible to harbor mutations 
induced colorectal cancers involving the distal colon 

(Lynch and de la Chapelle, 2003). In the current study, 
it was found that AOM induced colon cancer caused 
significant elevation in relative expression of TP53 gene 
and this was in agreement with Nambiar et al., (2002) 
who reported that level of TP53 gene expression might be 
attributed to increase accumulation of TP53 protein within 
the tumor cells. Moreover, it was suggested that elevation 
of the TP53 gene expression might refer to stability of TP53 
protein that increased as a result of the aberrant alterations 
in TP53 acetylation and/or phosphorylation status and 
this suppresses its binding to DNA consensus sequences. 
Also, transactivation and repression function of TP53 
protein might be inhibited by alternative mechanisms. 
Suppression of TP53 activity in AOM-induced colon 
cancer may refer to differences in its post-translational 
modification (Minamoto et al., 2001). This was supported 
by Nambiar et al., (2002) who illustrated that TP53 protein 
isolated from AOM-induced colon tumors was found to 
migrate more slowly on gel relative to the active form of 
TP53 isolated from normal cells. APC exhibits its normal 
functions by promoting cellular differentiation of intestinal 
lineages including mucus-producing goblet cells (Barker 
et al., 2009). It is considered as one of the tumor suppressor 
genes which are susceptible to various mutations (Femia et 
al., 2007). It is the most frequent mutated gene expressed 
as a result of precancerous lesions in colon carcinogenesis 
(Xu et al., 2017). 

During the current study, it was noticed that AOM 
caused significant elevation in relative expression of 
APC gene and this was supported by the results obtained 
by Grivennikov et al., (2012) who reported that level of 
APC gene expression was noticed significantly greater 
in AOM induced colon cancer group. This attributed to 
role of APC that acts as a central gatekeeper protein in 
colorectal tumorigenesis for regulating multiple cancer 
pathways. The alterations in expression of APC gene lead 
to changes in expression of APC protein and abnormalities 
in cell cycle and hence promoting colon cancer (Ghatak 
et al., 2017).

Treatment with C. tiglium nano-extract decreased 
level of the relative expression of TP53 and APC genes in 
the post-treated group to normal level. Although it could 
not decrease their levels in the pre-treated and simult-
treated groups to normalcy, it decreased their levels 
significantly as compared to AOM-induced cancer. This 
was in accordance with the results obtained by Li et al., 
(2016) who verified that extract induced cellular apoptosis 
through regulating the apoptotic indexes, apoptotic rates 
and apoptosis-associated gene expressions. The extract is 
rich in the croton alkaloid and diterpenoids that have been 
found to inhibit cell proliferation or induce programmed 
cell death to control the growth of malignant cells (Thuong 
et al., 2014). Concentrations of these phyto-constituents 
increased after incorporating Ag-NPs (Aboulthana 
and Sayed, 2018; Aboulthana et al., 2019; Shousha et 
al., 2019). Consequently, the cytotoxic efficiency of 
nano-extract against growth of human colon cancer cells 
increased in comparison with the crude ones. Therefore, 
efficiency of C. tiglium extract was evaluated as a new 
plant-derived anticancer agent after incorporating silver 
nanoparticles during the current study.



Asian Pacific Journal of Cancer Prevention, Vol 21 1385

DOI:10.31557/APJCP.2020.21.5.1369
Evaluation of the Biological Efficiency of Silver Nanoparticles Biosynthesized 

In conclusion, the study concluded that C. tiglium 
nano-extract exhibited ameliorative effect against 
AOM induced colon cancer by decreasing levels of 
the hematological and biochemical measurements and 
restored their levels to normal values in all nano-extract 
treated groups. It restored levels of the tumor (CEA and 
CA 19-9) and inflammatory (C-RP and MPO) markers to 
normalcy in post-treated group. Moreover, it improved 
the antioxidant system by increasing activities of the 
antioxidant enzymes (CAT and GPx) with decreasing 
products of the peroxidation reactions (LPO and TPC) in 
all nano-extract treated groups and restored their levels 
to normal values in post-treated group. It minimized 
severity of the inflammatory reactions in all nano-extract 
treated groups and prevented it completely in nano-
extract post-treated group. Moreover, it prevented the 
qualitative alterations in the different native patterns and 
isoenzymes in nano-extract post-treated group through 
hiding abnormal bands with restoring normal ones. Also, 
it prevented the quantitative alterations in all nano-extract 
treated groups and restoring the relative quantities of 
the total native bands to control values. As regard to 
the molecular assay, nano-extract decreased expression 
of the tumor suppressor genes (TP53 and APC) in all 
nano-extract treated groups but it restored their expression 
levels to normal values in nano-extract post-treated group.

Acknowledgements 

This study was accomplished in laboratories of 
the National Research Centre, Dokki, Giza, Egypt and 
provided by researchers of different scientific fields. 
W.M.A. proposed the research idea and designed the 
experimental model for this work. N.E.I., N.M.O. 
and A.K.H. outlined the review. A.M.E. and A.K.H. 
were responsible for preparing the plant extract. 
W.M.A.,N.E.I., N.M.O., A.K.H. and M.M.S. performed 
the experimental work and provided reagents/materials 
necessary for experiments. A.M.Y. was responsible for 
preparing the silver plant nano-extract. A.A.M. was 
responsible for undergoing the histopathological and 
immunohistochemical examinations. W.M.A. interpreted, 
analyzed the data, wrote and correspond the manuscript. 
All authors read and approved the final manuscript.

Ethical statement
The experimental design and animals handling were 

carried out according to guidelines reported in “Guide 
for the care and use of laboratory animal” and based 
on protocol approved by Institutional Animal Ethical 
Committee of National Research Centre, Dokki, Giza, 
Egypt.

Conflict of interest 
The authors who are responsible for the manuscript 

certify that they have no declared conflicts of interest 
among them and no compelling interest exists.

References

Abd Elhalim SA, Sharada HM, Abulyazid I, et al (2017). 

Ameliorative effect of carob pods extract (Ceratonia siliqua 
L.) against cyclophosphamide induced alterations in bone 
marrow and spleen of rats. J App Pharma Sci, 7, 168-81. 

Abdalla MS, Sharada HM, Abulyazid I, et al (2015). 
Ameliorative effect of salicin against gamma irradiation 
induced electrophoretic changes in brain tissue in male rats. 
UK J Pharm Biosci, 3, 29-41.

Abdel-Aziz MS, Shaheen MS, El-Nekeety AA, et al 
(2014). Antioxidant and antibacterial activity of silver 
nanoparticles biosynthesized using Chenopodium murale 
leaf extract. J Saudi Chem Soc, 18, 356-63.

Abdelhady NM, Badr KA (2016). Comparative study of phenolic 
content, antioxidant potentials and cytotoxic activity of the 
crude and green synthesized silver nanoparticles′ extracts of 
two Phlomis species growing in Egypt. J Pharm Phytochem, 
5, 377-83.

Aboulthana WM, Ismael M, Farghaly HS (2016). Assessment 
of mutagenicity induced by toxic factors affecting ovarian 
tissue in rats by electrophoresis and molecular dynamic 
modeling. Int J Curr Pharm Rev Res, 7, 347-59.

Aboulthana WM, Youssef AM, El-Feky AM, et al (2019). 
Evaluation of antioxidant efficiency of Croton tiglium L. 
seeds extracts after incorporating silver nanoparticles. Egypt 
J Chem, 62, 181-200.

Aboulthana WM, Sayed HH (2018). How to use green technology 
to enhance antioxidant efficiency of plant extracts: A novel 
strategy. J Appl Pharm, 10, 264-7.

Abulyazid I ,  Abd Elhalim SA, Sharada HM, et al 
(2017). Hepatoprotective effect of carob pods extract 
(Ceratonia siliqua L.) against cyclophosphamide induced 
alterations in rats. Int J Curr Pharm Rev Res, 8, 149-62.

Aebi H (1984). Catalase in vitro. Methods Enzymol, 105, 121-6.
Aguilar-Mahecha A, Hales BF, Robaire B (2002). Chronic 

cyclophosphamide treatment alters the expression of stress 
response genes in rat male germ cells. Biol Reprod, 66, 
1024-32.

Ahmad A, Maheshwari V, Ahmad A, et al (2012). Observation 
of esterase-like-albumin activity during Nꞌ-nitrosodimethyl 
amine induced hepatic fibrosis in a mammalian model. 
Maced J Med Sci, 5, 55-61.

Ahmed MM (2010). Biochemical studies on nephroprotective 
effect of carob (Ceratonia siliqua L.) growing in Egypt. 
Nat Sci, 8, 41-7.

Al-Henhena N, Khalifa SAM, Ying RPY, et al (2015). 
Chemopreventive effects of Strobilanthes crispus leaf extract 
on azoxymethane-induced aberrant crypt foci in rat colon. 
Sci Rep, 5, 13312.

Anilakumar KR, Sudarshanakrishna KR, Chandramohan G, 
et al (2010). Effect of Aloe vera gel extract on antioxidant 
enzymes and azoxymethane-induced oxidative stress in rats. 
Indian J Exp Biol, 48, 837-42.

Ashafa OT, Yakubu MT, Grierson DS, et al (2009). Toxicological 
evaluation of the aqueous extract of Felicia muricata Thunb. 
leaves in Wistar rats. Afr J Biotechnol, 8, 949-54.

Ashokkumar P, Sudhandiran G (2008). Protective role of 
luteolin on the status of lipid peroxidation and antioxidant 
defense against azoxymethane-induced experimental colon 
carcinogenesis. Biomed Pharmacother, 62, 590-7.

Banchroft JD, Stevens A, Turner DR (1996). Theory and 
practice of histological technique Fourth Edition. Churchill 
Livingstone, New York, London, San Francisco, Tokyo.

Bando K, Kunimatsu T, Sakai J, et al (2011). GC-MS-based 
metabolomics reveals mechanism of action for hydrazine 
induced hepatotoxicity in rats. J Appl Toxicol, 31, 524-35.

Barker N, Ridgway RA, van Es JH, et al  (2009). Crypt stem 
cells as the cells-of-origin of intestinal cancer. Nature, 457, 
608-11.



Wael Mahmoud Aboulthana et al

Asian Pacific Journal of Cancer Prevention, Vol 211386

Blasiak J, Arabski M, Krupa R, et al (2004). DNA damage and 
repair in type 2 diabetes mellitus. Mut Res, 554, 297-304.

Bonifácio BV, da Silva PB, dos Santos Ramos MA, et al (2014). 
Nanotechnology-based drug delivery systems and herbal 
medicines: a review. Int J Nanomedicine, 9, 1-15.

Bradford MM (1976). A rapid and sensitive method for the 
quantitation of microgram quantities of protein utilizing 
the principle of protein-dye binding. Analytical Biochem, 
72, 248-54.

Caderni G, Femia AP, Giannini A, et al (2003). Identification 
of mucin-depleted foci in the unsectioned colon of 
azoxymethane-treated rats: correlation with carcinogenesis. 
Cancer Res, 63, 2388-92.

Chen J, Huang XF (2009). The signal pathways in azoxymethane-
induced colon cancer and preventive implications. Cancer 
Biol Ther, 8, 1313-7.

Childress MO (2012). Hematologic abnormalities in the small 
animal cancer patient. Veterinary Clinics of North America: 
Small Animal Pract, 42, 123-55.

Chung C, Jung ME (2003). Ethanol fraction of Aralia elata 
Seemann enhances antioxidant activity and lowers serum 
lipids in rats when administered with benzo (a) pyrene. Biol 
Pharm Bull, 26, 1502-4.

Codrington AM, Hales BF, Robaire B (2007). Chronic 
cyclophosphamide exposure alters the profile of rat sperm 
nuclear matrix proteins. Biol Reprod, 77, 303-11.

Correia RT, Borges KC, Medeiros MF, Genovese MI (2012). 
Bioactive compounds and phenolic-linked functionality 
of powdered tropical fruit residues. Food Sci Technol Int, 
18, 539-47.

Coussens LM, Werb Z (2002). Inflammation and cancer. Nature, 
420, 860-7.

Darwesh OM, Moawad H, Barakat OS, Abd El-Rahim WM 
(2015). Bioremediation of textile reactive blue azo dye 
residues using nanobiotechnology approaches. Res J Pharm 
Biol Chem Sci, 6, 1202-11.

Denko NC (2008). Hypoxia, HIF1 and glucose metabolism in 
the solid tumour. Nat Rev Cancer, 8, 705-13.

Derry MM, Raina K, Agarwal R, et al (2014). Characterization 
of azoxymethane-induced colon tumor metastasis to lung in 
a mouse model relevant to human sporadic colorectal cancer 
and evaluation of grape seed extract efficacy. Exp Toxicol 
Pathol, 66, 235-42.

De-Souza ASC, Costa-Casagrande TA (2018). Animal models 
for colorectal cancer. ABCD Arq Bras Cir Dig, 31, e1369.

Dhanapal ACTA, Ping HH (2017). Investigation of green 
synthesized silver nanoparticles using aqueous leaf Extract 
of Artemisia argyi for antioxidant and antimicrobial 
potentials. Int J Pharma Qual Assurance, 8, 190-9.

Djordjevic J, Djordjevic A, Adzic M, et al (2010). Chronic stress 
differentially affects antioxidant enzymes and modifies the 
acute stress response in liver of wistar rats. Physiol Res, 
59, 729-36.

DOdorico A, Bortolan S, Cardin R, et al (2001). Reduced 
plasma antioxidant concentrations and increased oxidative 
DNA damage in inflammatory bowel disease. Scand J 
Gastroenterol, 12, 1289-94.

Dommels YEM, Butts CA, Zhu S, et al (2007). Characterization 
of intestinal inflammation and identification of related 
gene expression changes in mdr1a−/− mice. Genes Nutr, 
2, 209-23.

Duffy MJ (2001). Carcinoembryonic antigen as a marker for 
colorectal cancer: Is it clinically useful?. Clin Chem, 47, 
624-30. 

ElFar MMM, Taie HAA (2009). Antioxidant activities, 
total anthrocynins, phenolics and flavonoids contents of 
some sweet potato genotypes under stress of different 

concentrations of sucrose and sorbitol. Australian J Basic 
Appl Sci, 3, 3609-16.

El-Kamali HH, Omran AME, Abdalla MA (2015). Biochemical 
and Haematological assessment of Croton tiglium seeds 
mixed with animal diet in male albino rats. Ann Res Rev 
Biol, 8, 1-7.

El-Sayed AB, Aboulthana WM, El-Feky AM, et al (2018). Bio 
and phyto-chemical effect of Amphora coffeaeformis extract 
against hepatic injury induced by paracetamol in rats. Mol 
Biol Rep, 45, 2007-23.

Erdemoglu N, Turan NN, Cahoco I, et al (2006). Antioxidant 
activities of some Lamiaceae plant extracts. Phytother Res, 
20, 9-13.

Erez A, Shental O, Tchebiner JZ, et al (2014). Diagnostic and 
prognostic value of very high serum lactate dehydrogenase 
in admitted medical patients. Isr Med Assoc J, 16, 439-43.

Femia AP, Dolara P, Giannini A, et al (2007). Frequent mutation 
of Apc gene in rat colon tumors and mucin-depleted foci, 
preneoplastic lesions in experimental colon carcinogenesis. 
Cancer Res, 67, 445-9.

Femia AP, Caderni G (2008). Rodent models of colon 
carcinogenesis for the study of chemopreventive activity 
of natural products. Planta Med, 74, 1602-7.

Forhecz Z, Gombos T, Borgulya G, et al (2009). Red cell 
distribution width in heart failure: prediction of clinical 
events and relationship with markers of ineffective 
erythropoiesis, inflammation, renal function, and nutritional 
state. Am Heart J, 158, 659-66.

Fraga CG, Galleano M, Verstraeten SV, et al (2010). Basic 
biochemical mechanisms behind the health benefits of 
polyphenols. Mol Aspects Med, 31, 435-45.

Gangadharan B, Antrobus R, Dwek RA, et al (2007). Novel 
serum biomarker candidates for liver fibrosis in hepatitis C 
patients. Clin Chem, 53, 1792-9.

Garba SH, Adelaiye AB, Mshellia LY (2007). Histopathological 
and biochemical changes in the rat’s kidney following 
exposure to a pyrethroid based mosquito coil. J Appl Sci 
Res, 34, 1788-93.

Ghatak S, Chakraborty P, Sarkar SR, et al (2017). Novel APC 
gene mutations associated with protein alteration in diffuse 
type gastric cancer. BMC Med Genet, 18, 61. 

Gravel P, Walzer C, Aubry C, et al (1996). New alterations 
of serum glycoproteins in alcoholic and cirrhotic 
patients revealed by high resolution two dimensional gel 
electrophoresis. Biochem Biophys Res Commun, 220, 78-85.

Gregory EM, Fridovich I (1974). Visualization of catalase on 
acrylamide gels. Anal Biochem, 58, 57-62.

Grivennikov SI, Wang K, Mucida D, et al (2012). Adenoma-
linked barrier defects and microbial products drive IL-23/
IL-17-mediated tumour growth. Nature, 491, 254-8.

Gupta AK, Pretlow TP, Schoen RE (2007). Aberrant crypt foci : 
what we know and what we need to know. Clin Gastroenterol 
Hepatol, 5, 526-33.

Gürocak S, Karabulut E, Karadag N, et al (2013). Preventive 
effects of resveratrol against azoxymethane induced damage 
in rat liver. Asian Pac J Cancer Prev, 14, 2367-70.

Haines DM, Clark EG (1991). Enzyme immunohistochemical 
staining of formalin-fixed tissues for diagnosis in veterinary 
pathology. Canadian Vet Journal, 32, 295-302.

Hall WA, Nickleach DC, Master VA, et al (2013). The association 
between C-reactive protein (CRP) level and biochemical 
failure-free survival in patients after radiation therapy for 
nonmetastatic adenocarcinoma of the prostate. Cancer, 
119, 3272-9.

Harrouk W, Codrington A, Vinson R, et al (2000). Paternal 
exposure to cyclophosphamide induces DNA damage 
and alters the expression of DNA repair genes in the rat 



Asian Pacific Journal of Cancer Prevention, Vol 21 1387

DOI:10.31557/APJCP.2020.21.5.1369
Evaluation of the Biological Efficiency of Silver Nanoparticles Biosynthesized 

preimplantation embryo. Mutat Res, 461, 229-41.
Holm C (2003). Molecular mechanisms regulating hormone-

sensitive lipase and lipolysis. Biochem Soc Trans, 31, 1120-4.
Hook DWA, Harding JJ (1998). Protection of enzyme by 

alphacrystallin acting as a molecular chaperone. Int J Biol 
Macromol, 22, 295-306.

Huang T-C, Tsai S-S, Liu L-F, et al (2010). Effect of Arctium 
lappa L. in the dextran sulfate sodium colitis mouse model. 
World J Gastroenterol, 16, 4193-9.

Hunter GK, Hauschka PV, Poole AR, et al (1996). Nucleation 
and inhibition of hydroxyapatite formation by mineralized 
tissue proteins. Biochem J, 317, 59-64.

Jangid SK, Jadhav DK (2018). A short review on Jaypala seed 
wsr Croton tiglium. World J Pharm Pharmaceutical Sci, 
7, 1691-7.

Javed A, Ashwini LS, Muralidhar TS, et al (2014). Effect 
of quercetin on cyclophosphamide induced biochemical 
profiles in rat liver. Int J Res Stud Biosci, 2, 40-6.

Johnsona AS, Obota IB, Ukponga US (2014). Green synthesis 
of silver nanoparticles using Artemisia annua and Sida 
acuta leaves extract and their antimicrobial, antioxidant 
and corrosion inhibition potentials. J Mater Environ Sci, 
5, 899-906

Khan  R ,  Su l t ana  S  (2011) .  Fa rneso l  a t t enua tes 
1,2-dimethylhydrazine induced oxidative stress, 
inflammation and apoptotic responses in the colon of Wistar 
rats. Chem Biol Interact, 193, 193-200.

Kim HN, Lee MY, Park JH, et al (2017). Serum CEA and CA 
19-9 levels are associated with the presence and severity of 
colorectal neoplasia. Yonsei Med J, 58, 918-24.

Kim J, Ng J, Arozulllah A, et al (2008). Aberrant crypt focus 
size predicts distal polyp histopathology. Cancer Epidemiol 
Biomarkers Prev, 17, 1155-62.

Kim MS, Kim HR, So HS, et al (2014). Crotonis fructus 
and its constituent, croton oil, stimulate lipolysis in OP9 
adipocytes. Evid Based Compl Alt Med, 2014, Article ID 
780385, 5 pages.

Koracevic D, Koracevic G, Djordjevic V, et al (2001). Method 
for the measurement of antioxidant activity in human fluids. 
J Clin Pathol, 54, 356-61.

Kumazawa S, Taniguchi M, Suzuki Y, et al (2002). Antioxidant 
activity of polyphenols in carob pods. Agric Food Chem, 
50, 373-7. 

Laemmli UK (1970). Cleavage of structural proteins during the 
assembly of the head of bacteriophage T4. Nature, 227, 680.

Lai CS, Li S, Liu CB, et al (2013). Effective suppression of 
azoxymethane-induced aberrant crypt foci formation in mice 
with citrus peel flavonoids. Mol Nutr Food Res, 57, 551-5. 

Lanza-Jacoby S (1984). Sequential changes in the activities 
of lipoprotein lipase and lipogenic enzymes during tumor 
growth in rats. Cancer Res, 44, 5062-7.

Laoui D, Van Overmeire E, Movahedi K, et al (2011). 
Mononuclear phagocyte heterogeneity in cancer: different 
subsets and activation states reaching out at the tumor site. 
Immunobiology, 216, 1192-202.

Lee H, Kong SY, Sohn JY, et al (2014). Elevated red blood cell 
distribution width as a simple prognostic factor in patients 
with symptomatic multiple myeloma. Biomed Res Int, 2014, 
e145619.

Levine RL, Williams JA, Stadtman ER, et al (1994). Carbonyl 
assays for determination of oxidatively modified proteins. 
Methods Enzymol, 233, 346-57.

Li C, Wu X, Sun R, et al (2016). Croton tiglium extract induces 
apoptosis via Bax/Bcl-2 pathways in human lung cancer 
A549 cells. Asian Pac J Cancer Prev, 17, 4893-8.

Li JY, Li Y, Jiang Z, et al (2014). Elevated mean platelet volume 
is associated with presence of colon cancer. Asian Pac J 

Cancer Prev, 15, 10501-4.
Liao W, Wei H, Wang X, et al (2012). Metabonomic variations 

associated with AOM-induced precancerous colorectal 
lesions and resveratrol treatment. J Proteome Res, 11, 
3436-48.

Luceri C, De Filippo C, Caderni G, et al (2000). Detection of 
somatic DNA alterations in azoxymethane-induced F344 
rat colon tumors by random amplified polymorphic DNA 
analysis. Carcinogenesis, 21, 1753-6.

Lynch HT, de la Chapelle A (2003). Hereditary colorectal cancer. 
N Engl J Med, 348, 919-32.

Mamillapalli V, Atmakuri AM, Khantamneni P (2016). 
Nanoparticles for herbal extracts. Asian J Pharm, 10, 54-60.

Mansouri M, Pirouzi M, Saberi MR, et al (2013). Investigation 
on the Interaction between cyclophosphamide and lysozyme 
in the presence of three different kind of cyclodextrins: 
determination of the binding mechanism by spectroscopic 
and molecular modeling techniques. Molecules, 18, 789-813.

Mare L, Caretti A, Albertini R, et al (2013). CA19.9 antigen 
circulating in the serum of colon cancer patients: where is 
it from. Int J Biochem Cell Biol, 45, 792-7.

Martín MA, Goya L, Ramos S (2016). Preventive effects of 
cocoa and cocoa antioxidants in colon cancer. Diseases, 4, 6.

Masoodi I, Kochhar R, Dutta U, et al (2009). Fecal lactoferrin, 
myeloperoxidase and serum C-reactive are effective 
biomarkers in the assessment of disease activity and severity 
in patients with idiopathic ulcerative colitis. J Gastroenterol 
Hepatol, 24, 1768-74.

Massoulie J, Pezzementi L, Bon S, et al (1993). Molecular and 
cellular biology of cholinesterases. Prog Neurobiol, l41, 
31-91.

Megaraj V, Ding X, Fang C, et al  (2014). Role of hepatic and 
intestinal p450 enzymes in the metabolic activation of the 
colon carcinogen azoxymethane in mice. Chem Res Toxicol, 
27, 656-62.

Mills AA (2005). p53: Link to the past, bridge to the future. 
Genes Dev, 19, 2091-9.

Minamoto T, Buschmann T, Habelhah H, et al (2001). Distinct 
pattern of p53 phosphorylation in human tumors. Oncogene, 
20, 3341-7.

Moghadamtousi SZ, Karimian H, Khanabdali R, et al (2014). 
Anticancer and antitumor potential of fucoidan and 
fucoxanthin, two main metabolites isolated from brown 
algae. Sci World J, 2014, Article ID 768323, 10 pages.

Moharib SA, Abd El Maksoud N, Ragab HM, et al (2014). 
Anticancer activities of mushroom polysaccharides on 
chemically induced colorectal cancer in rats. J Appl Pharm 
Sci, 4, 54-63.

Mohd Ali NI, Annegowda HV, Mansor SM, et al (2012). 
Phytochemical screening, antioxidant and analgesic 
activities of Croton argyratus ethanolic extracts. J Med 
Plants Res, 6, 3724-31. 

Moorthi C, Manavalan R, Kathiresan K (2011). Nanotherapeutics 
to overcome conventional cancer chemotherapy limitations. 
J Pharm Pharm Sci, 14, 67-77.

Nakatani H, Kumon T, Kumon M, et al (2012). High serum 
levels of both carcinoembryonic antigen and carbohydrate 
antigen 19-9 in a patient with sigmoid colon cancer without 
metastasis. J Med Invest, 59, 280-3.

Nalini N, Manju V, Menon VP (2006). Effect of spices on lipid 
metabolism in 1,2-dimethylhydrazine-induced rat colon 
carcinogenesis. J Med Food, 9, 237-45.

Nambiar PR, Giardina C, Guda K, et al (2002). Role of the 
alternating reading frame (P19)-p53 pathway in an in vivo 
murine colon tumor model. Cancer Res, 62, 3667-74.

Nath R, Roy S, De B, et al (2013). Anticancer and antioxidant 
activity of croton: A review. Int J Pharm Pharm Sci, 5, 63-70.



Wael Mahmoud Aboulthana et al

Asian Pacific Journal of Cancer Prevention, Vol 211388

Nei M, Li WS (1979). Mathematical model for studing genetic 
variation in terms of restriction endonuclease. Proc Natl 
Acad Sci U S A, 76, 5269-73. 

Ogata Y, Murakami H, Sasatomi T, et al (2009). Elevated 
preoperative serum carcinoembrionic antigen level may be 
an effective indicator for needing adjuvant chemotherapy 
after potentially curative resection of stage II colon cancer. 
J Surg Oncol, 99, 65-70.

Ohkawa H, Ohishi N, Yagi K (1979). Assay for lipid peroxides 
in animal tissues by thiobarbituric acid reaction. Anal 
Biochem, 95, 351-8.

Östman A, Frijhoff J, Sandin Å, et al (2011). Regulation of protein 
tyrosine phosphatases by reversible oxidation. J Biochem, 
150, 345-56.

Paglia DE, Valentine WN (1967). Studies on the quantitive 
and qualitative charecterization of erythrocyte glutathione 
peroxidase. J Lab Clin Med, 70, 158-63.

Pan SY, Xie EF, Shu YQ, et al (2009). Methylation quantification 
of adenomatous polyposis coli (APC) gene promoter in 
plasma of lung cancer patients. Ai Zheng, 28, 384-9.

Pandurangan AK, Saadatdoust Z, Hamzah H, et al (2015). 
Dietary cocoa protects against colitis associated cancer by 
activating the Nrf2/Keap1 pathway. BioFactors, 41, 14. 

Park M-T, Lee S-J (2003). Cell cycle and cancer. J Biochem 
Mol Biol, 36, 60-5. 

Popov B, Georgieva S, Gadjeva V (2011). Modulatory 
effects of total extract of Haberlea rhodopensis against 
the cyclophosphamide induced genotoxicity in rabbit 
lymphocytes in vivo. Trakia J Sci, 9, 51-7.

Pujara N, Chaudhary A (2017). Evaluation of creatine kinase and 
lactate dehydrogenase for liver abnormalities: a biochemical 
study. Int J Adv Med, 4, 1355-7.

Rajendiran V, Natarajan V, Devaraj SN (2018). Anti-inflammatory 
activity of Alpinia officinarum hance on rat coloninflammation 
and tissue damage in DSS induced acute and chroniccolitis 
models. Food Sci Hum Wellness, 7, 273-81

Raju J (2008). Azoxymethane-induced rat aberrant crypt foci: 
Relevance in studying chemoprevention of colon cancer. 
World J Gastroenterol, 14, 6632-5.

Ramanathan M, Jaiswal AK, Bhattacharya SK (1999). 
Superoxide dismutase, catalase and glutathione peroxidase 
activities in the brain of streptozotocin induced diabetic rats. 
Indian J Exp Biol, 37, 182-3.

Rescigno A, Sanjust E, Montanari L, et al (1997). Detection 
of laccase, peroxidase, and polyphenol oxidase on a single 
polyacrylamide gel electrophoresis. Anal Lett, 30, 2211-20.

Rickard KL, Gibson PR, Young GP, et al (1999). Activation of 
protein kinase C augments butyrate induced differentiation 
and turnover in human colonic epithelial cells in vitro. 
Carcinogenesis (Lond.), 20, 977-84.

Rozenberg BA, Tenne R (2008). Polymer-assisted fabrication 
of nanoparticles and nanocomposites. Prog Polymer Sci, 
33, 40-112.

Saleem TH, Attya AM, Ahmed EA, et al (2015). Possible 
protective effects of Quercetin and sodium gluconate against 
colon cancer induction by dimethylhydrazine in mice. Asian 
Pacific J Cancer Prev, 16, 5823-8.

Saxena A, Raveh L, Ashani Y, et al (1997). Structure of glycan 
moieties responsible for the extended circulatory life time 
of fetal bovine serum acetylcholinesterase and equine serum 
butyrylcholinesterase. Biochemistry, 36, 7481-9.

Sengul M, Yildiz H, Gungor N, et al (2009). Total phenolics 
content, antioxidant and antimicrobial activities of some 
medicinal plants. Pak J Pharm Sci, 22, 102-6.

Shah PI, Bhatt PA, Patel PS, et al (2010). Study of Electrophoretic 
pattern in serum of Multiple Myeloma Patients. Int J Pharm 
Health Sci, 1, 116-31.

Sharada HM, Abdalla MS, Ibrahim IA, et al (2015). 
Electrophoretic study of the antagonistic effect of salicin 
isolated from Egyptian willow leaves (Salix subserrata) 
against the effect of gamma irradiation in male rats. World 
J Pharm Pharm Sci, 4, 1576-602.

Shelton BK (2002). Introduction to colorectal cancer. Semin 
Oncol Nurs, 18, 2-12.

Shousha WG, Aboulthana WM, Salama AH, et al (2019). 
Evaluation of the biological activity of Moringa oleifera 
leaves extract after incorporating silver nanoparticles, in 
vitro study. Bull Nat Res Centre, 43, 212.

Siciliano MJ, Shaw CR (1976). Separation and visualization of 
enzymes on gels. In’Chromatographic and Electrophoretic 
Techniques. Vol. 2. Zone Electrophoresis’. 4th Edn. (Ed. I. 
Smith.), pp 185-209.

Struchkov VA, Strazhevskaya NB, Zhdanov RI (2002). Specific 
natural DNA bound lipids in post-genome era. The lipid 
conception of chromatin organization. Bioelectrochemistry, 
56, 195-8.

Subramaniam HN, Chaubal KA (1990). Evaluation of 
intracellular lipids by standardized staining with a Sudan 
black B fraction. J Biochem Bio Methods, 21, 9-16.

Surowiak P, Maciejczyk A, Materna V, et al (2007). Unfavourable 
prognostic significance of S100P expression in ovarian 
cancers. Histopathology, 51, 125-8.

Tan BL, Norhaizan ME, Hairuszah I, et al (2015). Brewers’ 
Rice: A by-product from rice processing provides natural 
hepatorenal protection in azoxymethane-induced oxidative 
stress in rats. Oxid Med Cell. Longev, 2015, Article ID 
539798, 10 pages.

Tanaka T, Tanaka M, Tanaka T, et al (2010). Biomarkers for 
colorectal cancer. Int J Mol Sci, 11, 3209-25.

Thangthaeng N, Sumien N, Forster MJ, et al (2011). Nongradient 
blue native gel analysis of serum proteins and in-gel detection 
of serum esterase activities. J Chromatogr A, 879, 386-94.

Thuong PT, Khoi NM, Ohta S, et al (2014). Ent-kaurane 
diterpenoids from Croton tonkinensis induce apoptosis in 
colorectal cancer cells through the phosphorylation of JNK 
mediated by reactive oxygen species and dual-specificity 
JNK kinase MKK4. Anticancer Agents Med Chem, 14, 
1051-61.

Vargas F, Romecín P, García-Guillén AI, et al (2018). Flavonoids 
in Kidney health and disease. Front Physiol, 9, 394.

Vieira-de-Abreu A, Campbell RA, Weyrich AS, et al (2012). 
Platelets: versatile effector cells in hemostasis, inflammation, 
and the immune continuum, Seminars in immunopathology, 
Springer, pp. 5-30.

Waly MI, Al Alawi AA, Al Marhoobi IM, et al (2016). 
Red Seaweed (Hypnea Bryodies and Melanothamnus 
Somalensis) Extracts counteracting azoxymethane-induced 
hepatotoxicity in Rats. Asian Pac J Cancer Prev, 17, 5071-4.

Waly MI, Al-Rawahi AS, Al Riyami M, et al  (2014). 
Amelioration of azoxymethane induced-carcinogenesis by 
reducing oxidative stress in rat colon by natural extracts. 
BMC Complement Altern Med, 14, 60.

Wulf P (2000). Role of calcium in neuronal cell injury: which 
subcellular compartment is involved?. Brain Res Bull, 53, 
409-13.

Xu M, Liu X, Xu Y, et al (2017). Co expression of Axin and 
APC gene fragments inhibits colorectal cancer cell growth 
via regulation of the Wnt signaling pathway. Mol Med Rep, 
16, 3783-90.

Yang D, Quan W, Wu J, et al (2018). The value of red blood cell 
distribution width in diagnosis of patients with colorectal 
cancer. Clin Chim Acta, 479, 98-102.

Yasui Y, Tanaka T (2009). Protein expression analysis of 
inflammation-related colon carcinogenesis. J Carcinog, 



Asian Pacific Journal of Cancer Prevention, Vol 21 1389

DOI:10.31557/APJCP.2020.21.5.1369
Evaluation of the Biological Efficiency of Silver Nanoparticles Biosynthesized 

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

8, 10.
Yazar S, Baydan E (2008). The subchronic toxic effects of plant 

growth promoters in mice. Ankara Üniv Vet Fak Derg, 55, 
17-21.

Yoshimi K, Tanaka T, Takizawa A, et al (2009). Enhanced 
colitis-associated colon carcinogenesis in a novel Apc mutant 
rat. Cancer Sci, 100, 2022-27.

Yumnamcha T, Nongthomba U, Devi MD (2014). Phytochemical 
screening and evaluation of genotoxicity and acute toxicity 
of aqueous extract of Croton tiglium L. Int J Sci Res Pub, 
4, 1-5.

Yuvaraj S, Premkumar VG, Vijayasarathy K, et al (2007). 
Ameliorating effect of coenzyme Q10, riboflavin and 
niacin in tamoxifen-treated postmenopausal breast cancer 
patients with special reference to lipids and lipoproteins. 
Clin Biochem, 40, 623-8.

Zacharia S, Kakati VS (2004). Characterisation of vitellogenin 
and vitellin of Fenneropenaeus merguiensis (De Man). 
Indian J Fish, 51, 255-63.

Zhao CH, Jiang CY, Zhang YY, et al (1997). Analysis of LDH 
activities and its isoenzyme patterns in colorectal cancer 
tissues. China Natl J New Gastroenterol, 3, 41-2.


