Az. J. Pharm Sci. Vol. 66, September, 2022 267

ESTROGEN ATTENUATES DIMETHYLHYDRAZINE-INDUCED
COLON INJURY IN FEMALE RATS VIA ABROGATION OF
OXIDATIVE STRESS AND INFLAMMATIONS

Ahmed Derzawy Ismail 1, Adel Rashad Abd-Allah?, and Salama Abdou Salama? and
Hala EL-sayed Abdel-Hamied?

1BSc ,Faculty of Pharmacy, Cairo University, Cairo, Egypt.

2Department of Pharmacology and Toxicology, Faculty of Pharmacy (Boys), Al-Azhar
University, Cairo.

3Department of Pathology, Faculty of Medicine (Girls), Al-Azhar University, Cairo,
Egypt.

*Corresponding Author :E-mail salama@alazhar.edu.eg.

ABSTRACT:

The involvement of estrogen, the female sex hormone, in a variety of
gastrointestinal conditions has been documented. We studied the effect of endogenous
and exogenous estrogen (estradiol benzoate, 30ug/kg/day S.C) for 8 weeks on early
preneoplastic markers induced by the intraperitoneal injection of 1,2-dimethylhydrazine
(20 mg/kg) in female rats. Either in sham rats or estradiol benzoate administered animals,
estrogen abrogated tumor markers (CA 19.9 and CEA), decreased damage and
inflammatory cells infiltration in colon tissue, attenuated oxidative stress markers (MDA,
SOD, CAT, and GSH) and inflammatory mediators (IL-6 and IL-10). In conclusion, the
estrogen protects against colon injury by reducing precancerous colonic lesions and
oxidative stress. The research sheds new light on the therapeutic benefits of estrogen
against colon injury in rats.

Keywords: Estrogen, dimethylhydrazine, colon injury, inflammations and oxidative
stress.
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1. Introduction:

The large intestine, sometimes referred to as the colon, is a part of the digestive
tract. The large intestine is approximately 5 feet long, making up one-fifth of the length
of the gastrointestinal tract. It is responsible for processing non-digestible food material
after most nutrients are absorbed in the small intestine (Ratto, 2017). The colon layers
influence the motility of the large intestine (Ermund et al., 2013). Additionally, it utilises
a variety of methods to absorb water and electrolytes. The colon is essential for supplying
required vitamins through an environment that is conducive for bacterial cultivation
(Azzouz and Sharma, 2018).

Colon cancer is the third fatal and fourth most diagnosed cancer worldwide
(Rawla, et al., 2019). According to an epidemiological study on colon cancer prevalence,
females had a greater incidence of the disease. However, women aged 18-44 with colon
cancer had an improved prognosis compared with men of the same age and women >50
years (Bustos et al., 2017). Moreover, an enhanced survival outcome is connected to
colon cancer's up-regulated estrogen receptor beta-1 (ER(1) expression. Likewise, ERB1
expression down-regulation is linked to a worse survival outcome (Konstantinopoulos
et al., 2003). In postmenopausal women receiving hormone replacement therapy (HRT),
the prevalence of colon cancer fell by 30% according to the Women's Health Initiative.

1,2-Dimethylhydrazine (DMH) history begins around 1965 when the Cycas
circinalis L. seed's neurotoxicity was tested. Rats fed cycad meal crude extract develop
tumors in a variety of organs, such as the intestine, kidney and liver. It was discovered
that the tumors in the intestine are caused by the glycoside cycasin, a [-d-
glucosyloxyazoxymethane isolated from the crude material, and the first metabolite of
aglycone cycasin  methylazoxymethanol (MAM) (Laqueur 1965). The
mentioned carcinogen, MAM, is produced as a result of the metabolic activation of DMH
and its metabolite, azoxymethane (AOM), MAM rapidly produces methyldiazonium ion,
which has the ability to alkylate macromolecules in the liver and colon and cause DNA
mutations which leads to colon cancer (Venkatachalam et al., 2020).

Chronic DMH exposure causes adenomas to develop into adenocarcinomas,
which is accompanied by the production of growth factors that promote stromal
proliferation and angiogenesis, the activation of proteolytic enzymes that facilitate local
invasion, and multiple changes in secretion and membrane-associated glycoproteins
(Van de Goot et al.,2003).

The antioxidant system is crucial for neutralizing reactive oxygen species (ROS)
and reducing cellular damage (Birben et al., 2012). Antioxidants play a key role in direct
interaction with ROS, or indirect interference with its accumulation, thus, terminates its
harmful effects, (Pisoschi and Pop 2015). Targeting antioxidant systems is now seen to
be one of the most effective ways to combat various diseases, particularly colon cancer,
as they reduce the accumulative negative consequences of oxidative damage (Schieber
and Chandel 2014).

Surgery, radiation and chemotherapy are frequently used as treatment options for
malignancies, depending on their stage. Typically, colon cancer is discovered in its
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advanced stages, when the patients are already showing signs of distant metastases. Due
to the disturbing rise in colon cancer cases, there is an urgent need to investigate
novel treatments that could overcome the limitations of current treatments (Braun and
Seymour 2011); (Van Der Stok et al., 2017).

Inflammation is a physiological biological reaction that occurs during the
infection, damage and toxicity (Chen et al., 2018). To protect our body, it causes the
iImmune system to release pro-inflammatory mediators, but excessive inflammatory
responses are quite harmful. Because it is one of the primary events in cancer, there are
strong links between inflammation and cancer inflammatory responses accelerate the
development of tumors by inhibiting cellular differentiation and supporting tumor growth
Klampfer, L. (2011). Inducible nitric oxide synthase (iNOS) overproduction may result
in DNA damage, DNA repair deficiencies, and the promotion of malignant growth
(Marques et al., 2019). Elevated IL-6 (Zeng et al. 2017; Chung et al., 2006) and IL-10
levels (Sullivan et al., 2022) (Li et al. 2019; Sullivan et al., 2022) are characteristics of
colon cancer and may serve as a helpful indicator of a bad prognosis in patients and may
serve as a possible therapeutic target.

Aim of the work:

The present study was designed to evaluate the effect of endogenous and
exogenous estrogen as estradiol benzoate (EB), (30 ug/kg/day S.C) in adult female Wistar
albino rats.

Materials and methods:

Adult female Wistar albino rats about (8 weeks old, 150-170 g weight) were
obtained from the animal house at the EI-Nile Company for Pharmaceuticals & Chemical
Industries (Cairo, Egypt). For the purpose of acclimatization of rats to our study animal
house, they were kept six per cage for two weeks in controlled housing conditions (room
temperature 25+ 2°C, humidity (50-70%) and 12/12 h dark-light cycles) and kept free on
a standard diet with ad libitum access to food and water. The experiment was conducted
in accordance with the ethical guidelines for investigations in laboratory animals, (Clark
etal., 1997).

A total of 78 female Wistar albino rats were randomly divided into 8 groups as
follows:

Group 1: Intact female rats were administered tap water orally and did not receive any
treatment for 8 consecutive weeks and served as a normal control group.

Group 2: Sham-operated female rats were administered tap water orally and did not
receive any treatment for 8 consecutive weeks.

Group 3: OVX rats were administered tap water orally and did not receive any treatment
for 8 consecutive weeks.
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Group 4: Sham-operated female rats were injected with DMH (20 mg/kg i.p., twice
weekly) for consecutive 8 weeks.

Group 5: OVX rats were injected with DMH (20 mg/kg i.p., twice weekly) for
consecutive 8 weeks.

Group 6: Sham-operated female rats were co-administered Fulvestant (5mg/kg/week
S.C) (Yamamoto et al., 2019) with DMH (20 mg/kg, i.p. twice weekly) for consecutive
8 weeks.

Group 7: OVX rats were co-administered Fulvestant (5mg/kg/week S.C) with DMH
(20 mg/kg, i.p. twice weekly) for consecutive 8 weeks.

Group 8: OV X rats were co-administered EB (30ug/kg/day S.C) (Abd El-Lateef et al.,
2019) with DMH (20 mg/kg, i.p. twice weekly) one week before starting DMH and
continued for consecutive 8 weeks.

The 8-week study involved treating rats with the designed doses of fulvestrant and
estradiol benzoate (EB) beginning one week before colon injury by DMH was induced.
EB treatment continued concurrently with DMH treatment throughout the colon injury
induction period. After an ovariectomy or SHAM procedure, at four weeks,

At the end of the experimental period, animals were lightly anesthetized using
ether and retro-orbital plexus blood samples were collected and processed as in
methodology to determine serum parameters. Then, animals were euthanized by cervical
dislocation and their colons were rapidly isolated for biochemical analysis and
histopathological investigation. The biochemical analysis includes tumor markers as
[carbohydrate antigen 19.9(CA 19.9) and carcinogenic embryonic antigen (CEA)] and
determination of colon contents of oxidative stress parameters [malondialdehyde (MDA),
reduced glutathione (GSH), superoxide dismutase (SOD), catalase (CAT). Furthermore,
the inflammatory mediators (IL-6 and I1L-10) in colon tissue were also assessed.

Drugs and Chemicals

1,2 N,N Dimethylhydrazine (DMH) was purchased from Sigma—Aldrich
Corporation (Seeize, Germany). Carbohydrate Antigen 19-9 ELISA Kit and Cancer
Embryogenic Antigen (CEA) ELISA Kit were purchased from (Roche Diagnostics,
Basel, Switzerland). Rat IL-6 (Cat. No: PK-EL-61606R) and IL-10 (Cat.No:PK-EL-
61608R) ELISA Kit were purchased from (Promokine, Heidelberg, Germany).
Thiopental sodium was purchased from Egyptian International Pharmaceutical Industries
Company (EIPICO) (Cairo, Egypt). Isotonic saline was bought from EI-Nasr
Pharmaceutical Chemicals Company (Abou-Zaabal, Egypt). Povidone-iodine was
purchased from the El-Nile for Pharmaceuticals & Chemical Industries Company (Cairo,
Egypt). MDA, SOD, CAT, and GSH were purchased from Bio-diagnostic Co., for
research Kits, Egypt. Any other chemicals or reagents used were of analytical grade.
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Surgical procedures:

Animals were injected with thiopental (50 mg/kg, i.p) (Salman et al., 2012), then,
the bilateral ovariectomy (OVX) was performed as previously prescribed (Lasota and
Danowska-Klonowska 2004). After fasting of the animals overnight. An identical
procedure was carried out for the female SHAM procedure but without removing the
ovaries. Rats were given three weeks to recover before beginning the prescribed
treatment, including daily povidone-iodine wound disinfection (Yousefzadeh et al.,
2020).

Induction of Colon injury:

Colon cancer was induced with DMH, given in a dose of 20 mg/kg/twice weekly,
i.p. for 8 consecutive weeks. To ensure colon injury induction in this model, a
histopathological study of a colon section isolated 8 weeks after the first DMH dose was
performed.

Assessment of the change in body weight, growth rate and % of mortality.

The animals were weighed before and after injection of any drug. Then, the
change in body weight, growth rate, % of mortality and % of ACF incidence were
calculated as follows:

The change in body weight = (Final body weight-Initial body weight)
Growth rate= (Final body weight-Initial body weight)/ Total No. of experimental days.

% of mortality= (No. of dead rats in each group /Total No. of rats in the same group) X
100

Serum collection and Tissue preparation:

Animals were given light ether anesthesia one week following the last treatment,
and blood samples were taken from the retro-orbital plexus using heparinized micro-
tubes. The blood was left at room temperature to coagulate, and then centrifuged at 3000
rpm for 10 min using a cooling centrifuge (Sigma 3-30k, USA). The clear supernatant
serum layer was removed and placed in a deep freezer set to -80°. Animals were
euthanized, and the colons were removed, cleaned from adhering fat and connective
tissues, and rinsed in ice-cold isotonic saline shortly after blood was drawn, and separated
into two parts. The first part was preserved for histological analysis and kept in 10%
neutral buffered formalin solution in normal saline, the second part was immediately flash
frozen in liquid nitrogen and kept in a separate location at -80°C for upcoming
biochemical and ELISA test.

Serum and tissue biomarkers

ELISA kits and a microplate reader (Spectramax plus 384, molecular devices
corporation, Sunnyvale, CA, USA) were used to measure the amounts of serum CEA and
CA19.9 in the samples (Borras et al., 1995); Ballesta et al. (1995). also, ELISA method
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was used to assess the oxidative stress parameters in colon tissues. The mentioned test
was performed according to the manufacturer’s instructions.

Oxidative Stress Parameters

Estimation of Colon Malondialdenyde (MDA) Content, Colon Reduced
Glutathione (GSH) Content, Superoxide Dismutase (SOD) and of Colon Catalase
Activity
Histopathological examination

Colon tissue samples were fixed at 10% neutral buffered formalin solution in
normalsaline.To prevent dehydration, washing was done first in sterilised water and the
n with successively diluted alcohol solutions. Samples were cleaned in xylene and embe
dded in paraffin for 24 hours at 56 degrees Celsius in a hot air oven. A sledge microtome
was used to prepare paraffin bees wax tissue blocks for sectioning at a thickness of 4 um.
The tissue sections that were produced were then placed on glass slides, deparaffinized,
and stained with a standard hematoxylin and eosin (H&E) stain (Bancroft & Gamble
(Eds.). (2008). before being examined under an electric light microscope for evaluating
histopathological abnormalities.

Immunoflurescience examination

Immunofluorescence staining was carried out to assess the expression of the
inflammatory mediators (IL-6 and IL-10), as previously described (Abd-Elbakky et al.,
2011). Primary antibodies used were mouse monoclonal antibodies against I1L-6 and IL-
10), (Santa Cruz Biotechnology, Inc.; TX, USA). The slides were washed and incubated
with conjugated goat anti-mouse for (IL-6 and 1L-10), Alexa-conjugated goat anti-mouse
for IL-6 and IL-10 secondary antibody. Nuclei were counterstained with a fluorescent
stain 4',6-diamidino-2-phenylindole (DAPI). Tissue sections were finally mounted using
Fluoromount® anti-fade mounting media (Sigma Aldrich. co, St. Louis, MO, USA). They
were then visualized by Leica fluorescence microscope (Leica DM 5500B, Leica
Microsystems, Wetzlar, Germany). At least, 5 fields of each mouse were analyzed and
the intensity of immunofluorescence was measured using Image-J software (National
Institute of Health, USA).

Statistical analysis

Data comparisons were performed using analysis of variance (ANOVA) test
followed by Tukey-Kramer post-hoc t-test for multiple comparisons between groups. The
levels of significance were accepted at p < 0.05, all results were graphically displayed as
means * standard deviations (SD).
Results:

Effect of estrogen on body weight, growth rate, and mortality percentage of on
DMH-induced colon injury in female rats

Body weight in the DMH-treated groups was considerably lower than the control
groups (Normal control, sham-control, OV X-control). DMH treated groups all had lower
gain in body weight, lower growth rate, and higher mortality % than the control
groups. Moreover, Sham-DMH and OVX-DMH+EB groups trimmed the body weight
loss significantly, and had more growth and less mortality rates compared with other
DMH-treated groups. The differences between control groups were indefinable
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Table 1
Effect of estrogen on body weight, growth rate, and mortality percentage of DMH-induced colon injury in female rats,
. . . N.O’?“: Nom % Of
Initial body Final body Weight Growth | Of initial :
Weight (g) Weight (g) Gain (9) rate rats/grou Of dead mc_)rta
b rats/group lity
Normal Control | 162.33+£23.37 | 243.5+29.24 81.17+9.746 1.45 6 0 0
Sham Control 170.33+26.49 255.5+14.28 85.17+4.079 1.52 6 0 0
OVX control 173.55+24.29 260.3+10.33 86.75+1.722 1.55 6 0 0
Sham + DMH 167+14.72 233.8+10.17 66.80+1.6952 1.19 12 2 17
OVX+DMH 162.17+17.81 194.6+23.592b 32.43+3.9322b 0.58 12 4 33
ohams FUVEStaN | 1633347466 | 196.041750% | 326745.026% | 058 12 4 33
?\é),\erF”'VESta”t 163.83£16.52 | 196.6+29.243> | 32.7749.7463b | 0.50 12 5 42
OVXx Estradiol | 176541066 | 247.1414.28200¢ | 70.6044.0795¢0¢ | 126 12 3 25

Data are presented as means + SD six rats per group. and statistically analyzed by one-way (ANOVA) test, followed
by post hoc Tukey-Kramer test for multiple comparisons between groups. DMH: dimethylhydrazine, OVX:
Ovariectomized, %: percentage.

Growth rate = (Final body weight - Initial body weight) / Total No. of experimental days.

a: significant from OV X-control, b: significant from sham-DMH, c: significant from OVX-DMH, d: significant from
sham-DMH+Fulvestrant, e: significant from OVX-DMH+Fulvestrant.

Effect of Estrogen on tumor markers levels in rat serum:

Data in Fig. 1 showed that OV X-DMH group for 8 weeks significantly increased
the serum levels of CEA to about 1460%, compared to normal control rats, with
significant decrease to 57.46%, when  compared to sham-DMH group Also, co-
administration of DMH and Fulvestrant increased the tumor markers serum
concentrations as the same way. For OVX-DMH+EB group, a significant regression of
tumor markers was noticed when compared to OVX-DMH+Fulvestrant group, with
values of 71.7%.

Regarding CA19.9, in the OVX-DMH group significantly increased the serum
levels of CA19.9 to about 1855%, compared to normal control rats, with significant
decrease to 50.96%, when compared to sham-DMH group Also, co-administration of
DMH and Fulvestrant increased the tumor markers serum concentrations as the same
way. For OVX-DMH+EB group, a significant regression of tumor markers was noticed
when compared to OVX-DMH-+Fulvestrant group, with values of 53.69%, these findings
proved the protective role of estrogen on the development of colon injury into colon
cancer.
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Fig.1: effect of estrogen on tumor markers colon tissue levels of DMH-induced colon
injury in female rats; Data are presented as means+SD and statistically analyzed by one-
way analysis of variance (ANOVA) test, followed by post hoc Tukey-Kramer test for
multiple comparisons between groups. DMH: dimethylhydrazine, OVX:
Ovareictomized CEA: Cancer Embryogenic Antigen, CA19.9: Carbohydrate Antigen
19-9.

2 Significant from OV X-control, °: Significant from sham-DMH, ¢: Significant from
OVX-DMH, ¢: Significant from sham-DMH+Fulvestrant, ©: Significant from OV X-
DMH+Fulvestrant.

Assessment of the colonic lipid peroxidation and oxidative stress tissue content:

The DMH treatment significantly increased the colonic MDA and decreased the
colonic CAT, SOD and GSH tissue content when compared to control groups. Beside,
the endogenous activity of estrogen in sham-DMH group decreased the colonic MDA and
increased the colonic CAT, SOD, and GSH tissue content when compared with estrogen
deprived groups (OVX-DMH, sham-DMH+Fulvestrant, and OVX-DMH+Fulvestrant
groups). In a similar way, the pre-administration of EB significantly decreased the colonic
MDA and increased the colonic CAT, SOD and GSH tissue content when compared to
other DMH administered groups (table.2).

Table.2: effect of estrogen on body lipid peroxidation and oxidative stress markers of on
DMH-induced colon injury in female rats

MDA SOD (U/gm) CAT (mmol/g) GSH
(nmol/g) (nmol/g)

Normal Control 2.9+ 0.32 64.57+4.095 76.23+10.18 121.748.324
Sham Control 3.1+0.34 64.75+7.297 74.75+13.22 119.4+10.13
OVX control 3.2240.43 64.38+1.668 72.72+7.628 122.9+4.255
Sham+DMH 7.57+0.9% 40.1747.185% | 44.40+3.8482 88.90+8.370?
OVX+DMH 8.88+0.70%P 27.22+7.063*" | 25.55+9.768%° 62.22+8.4193P
Sham+Fulvestant+DMH | 9.45+0.882" 21.12+7.158%" | 17.78+9.318%° 61.12+11.613P
OVX+Fulvestant+DMH | 11.17+0.79%°¢¢ | 14.5045.287>P¢ | 11.17+0.786%° 46.17+5.781%°
OVX+Estradiol +DMH | 4.8+0.78%>¢%¢ | 46.47+8.17>%% | 44.80+9.4982%%¢ | 94.80+10.71>c¢
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Table.2: effect of estrogen on body lipid peroxidation and oxidative stress markers of on
DMH-induced colon injury in female rats, Data are presented as means + SD and
statistically analyzed by one-way (ANOVA) test, followed by post hoc Tukey-Kramer
test for multiple comparisons between groups. DMH: dimethylhydrazine, OVX:
Ovariectomized, MDA: Malondialdehyde, SOD: Superoxide Dismutase, CAT: Catalase,
GSH: Reduced Glutathione.

3. Significant from OVX-control, °: Significant from sham-DMH, ©: Significant from
OVX-DMH, ¢ Significant from sham-DMH+Fulvestrant, & Significant from OVX-
DMH+Fulvestrant.

Assessment of pathological changes induced by DMH:

As shown in (Fig. 2), control groups showed normal epithelial mucosa without
abnormalities. DMH treated groups revealed gradient degrees of tissue damage. Estrogen-
deprived groups (OVX-DMH, sham-DMH+Fulvestrant, and OVX-DMH+Fulvestrant)
showed the worst tissue damage picture, with different degrees of inflamed mucosa and
inflammatory cell infiltrate, while EB-administered group showed the lowest degree of
tissue damage markers

b8 S *_D' 4
Ly
4 R

Fig.2: effect of estrogen on pathological changes in colon tissue of DMH-induced colon
injury model in female rats, DMH: dimethylhydrazine, A: colonic section of control
group(s) lined by blunt looking normal clonic mucosa(x200). b: colonic section of sham-
DMH lined by intact epithelial mucosa with moderate degree inlammatory cell
infiltrate(200X).c: colonic section of OVX-DMH, sham-DMH+Fulvestrant, and OVX-
DMH-+Fulvestrant groups lined eroded superficial mucosa with sever degree
inflammatory cell infiltrate (200x).D: colonic section of EB administered group lined by
intact epithelial mucosa with mild degree inflammatory cell infiltrate(200x).E: Colonic
section of Fulvestrant- treated groups lined by inflamed mucosa with sub epithelial
Collection of Lymphoid cell aggregate( 200x).F: Colonic section of EB administered
group lined by mild atypical cells with goblet cell depletion, hyper chromatic nuclei and
infrequent mitosis (200x).G: Section of sham-DMH group showed colonic mucosa lined
by devitalized ATROPHIC epithelium (200x).H: Section of OV X-DMH showed colonic
mucosa lined by devitalized degenerated epithelium (200x).
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Effect of Estrogen on the expression of I1L-6 and IL-10 expression in colon tissue:

Ovariectomized-DMH administered group significantly increased the expression
of IL-6 and IL-10 to 137.5 and 150%, respectively, when compared to the normal control
rats. And to 61 and 45%, consecutively of the sham-DMH group. Fulvestrant treated
groups exhibited a similar expression to OVX-DMH group. In contrast, administration of
EB significantly decreased the expression of IL-6 and IL-10 to 33.3 and 29.9% when
compared to OVX-DMH-+Fulvestrant group

(Fig.3) Immunofluorescence staining of IL-6 on colon tissues.

Fig.3: Immunofluorescence staining of IL-6 on colon tissues exposed to DMH in the
presence or absence of estrogen

A: Normal Control, B: Sham Control, C: OV X control, D: Sham+DMH, E:
OVX+DMH, F: Sham+Fulvestant+DMH, G: OV X+Fulvestant+DMH, H:
OV X+Estradiol +DMH

(Fig.4)Immunofluorescence staining of 1L-10 on colon tissues
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Fig.4: Immunofluorescence staining of IL-10 on colon tissues exposed to DMH in the
presence or absence of estrogen

A: Normal Control, B: Sham Control, C: OVX control, D: Sham+DMH, E:
OVX+DMH, F: Sham+Fulvestant+DMH, G: OV X+Fulvestant+DMH, H:
OVX+Estradiol +DMH
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Fig.5: Effects of DMH in the presence or absence of estrogen. (A, C, E)
Immunofluorescence staining of

IL-6 and IL-10 respectively on colon tissues exposed to DMH for 8 consecutive weeks in
the presence (4" and 8" column) or absence (5th, and 6th and 7th columns) of estrogen.
Corresponding histograms of fluorescence intensities of the captured pictures were
blotted (1st and 4th column). Quantitative analysis of the fluorescence intensity of protein
expression (red color for IL-6 and 1L-10) obtained from 5 fields from each mouse section
was performed using ImageJ software (B, D, F). Statistical analysis of normally
distributed variables were tested by parametric one-way ANOVA followed by post hoc
Tukey HDS test for multiple comparisons, The expression was located in colon
epithelium. DMH: dimethylhydrazine, OVX: Ovariectomized, IL-6: Interlukin-6, IL-10:
Interlukin-10.

a: Significant from OVX-control, °: Significant from sham-DMH, ©: Significant from
OVX-DMH, ¢ Significant from sham-DMH+Fulvestrant, & Significant from OVX-
DMH+Fulvestrant.

Discussion:

Colon cancer (CC) is a primary cause for cancer-related fatalities and its
prevention is of great importance. The potent carcinogen 1,2-Dimethylhydrazine (DMH),
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which was used in this study, is a widely used in vivo model. (Fiala et al., 1977). Itis a
common alkylating chemical used to cause malignant neoplasms in rodent colons. As a
result of the DMH's metabolic activation, methyl free radicals are produced, which are
known to cause oxidative stress. In the presence of a metal ion, the DMH also produces
a hydroxyl radical or hydrogen peroxide, which may contribute to the beginning of lipid
peroxidation. (Kawanishi and Yamamoto, 1991). The commonest diagnostic for
colorectal cancer patients is the CEA, which is also the most fully studied tumor-
associated antigen from a biochemical and clinical perspective. (Ogata et al., 2009).
Additionally, it has been noted that CA19-9 is an important predictor for colorectal
cancer. (Shibutani et al., 2014). Consequently, combining these two tumour markers may
result in the development of a more accurate biomarker for colorectal cancer. (Verazin
etal., 1990; De Salvo et al., 1997; Hara et al., 2011).

According to our research, the body weight growth was slightly reduced in the
sham+DMH group, significantly reduced in the entirely estrogen depleted groups when
compared to the normal control groups, and restored in the OVX-DMH-EB treated group
when compared to the estrogen deficient group. These results are in  agreement with
study of (Hassan et al., 2021), Likewise, compared to the control group, the sham+DMH,
OVX+DMH, sham+DMH-+fluvestrant, and OVX+DMH-+fluvestrant groups all had
significantly higher plasma levels of CEA and CA19-9, which was primarily caused by
an increase in the production of these molecules by cancerous cells, these results are in
approval with a previous study (Muthu and Vaiyapuri, 2013) . These findings
demonstrate the anticancer action of EB through a reduction in CEA and CA 19-9 release,
which leads to a decrease in malignant cells.

The histopathological study, which showed dysplasia, hyperplasia,
hyperchromaticity, ulceration, and erosion in the colon's lining epithelium as well as
dense lymphocytic infiltration in the submucosa in all DMH administered with sham or
OV X with fluvestrant or without it in treated rats, similarly confirmed our findings. When
DMH and EB were administered simultaneously to OV X rats, the amount of hyperplasia,
dysplasia, and mucosal ulceration was reduced, and there was some residual
hyperchromasia in the colon, the obtained results are in agreement with study carried out
with (Parks et al., 2011).

In the environment of inflammatory areas, inflammatory mediators like IL-6 and
IL-10 form a positive feedback loop to cause cellular and DNA damage by encouraging
cell proliferation, ultimately resulting in the spread of cancer. It is believed that IL-6 and
IL-10 are crucial in controlling the expression of the genes involved in inflammation,
proliferation, and apoptosis. (Shen and Tergaonkar, 2009). In this study, production of
IL-6 and IL-10 may reflect the degree of inflammation in all DMH treated groups. Thus,
the anti-inflammatory effect of EB might be linked with reduced IL-6 and IL-10 in DMH
treated rats, which is one of the significant mechanisms for prevention of colorectal
inflammation and consequently cancer by EB.

Lipid peroxidation is a result of oxidative stress, and treatment with all DMH-
treated groups was associated with a substantial rise in the level of MDA, a lipid
peroxidation product (Liang et al., 2014). MDA is a mutagen and a tumour promoter, as
has already been established.(Seven et al., 1999). The development of colorectal cancer
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can result from lipid peroxidation's induction of DNA mutation and cell proliferation
(Yau, T. M. 1979). The current study demonstrated that all DMH-treated rats had
considerably higher MDA contents in their colon tissue as compared to control rats. As
DMH could induce oxidative stress (Wongjaikam et al., 2014), Lipid bilayers and
reactive oxygen species easily interact, producing MDA, hydroperoxides, and hydroxyl
radicals as byproducts. Reactive oxygen species decompose and loosen cell membranes,
allowing them to enter intracellular molecules and cause mutations that are conducive to
the growth of cancer. (Wongjaikam et al., 2014). Furthermore, our study showed
decreased colon catalase, superoxide dismutase (SOD) and GSH antioxidant contents
after DMH injection in ratsContrarily, our data revealed that administering EB to
OVX+DMH rats reduced the amount of MDA present in the colon while increasing the
levels of the antioxidants catalase, SOD, and GSH. The EB effect might be caused by free
radicals that are reactive receiving electron donations, which would slow down radical
chain reactions. (El-Sayed et al., 2016). The obtained results are in agreement with the
previous study of (Hassan et al., 2021).

In conclusion, the present study indicates that estrogen has a protective effect
against colon injury Our study proves that inhibition of oxidative stress and inflammation
may be two important mechanisms for prevention of colon inflammation and cancer.

Nevertheless, further investigations are required to examine such an effect in
human subjects.

REFERENCES:

Abdel-Bakky M.S., Hammad M.A., Walker L.A., Ashfag M.K., (2011). Silencing of
tissue factor by antisense deoxyoligonucleotide prevents monocrotaline/LPS
renal injury in mice, Arch. Toxicol. 85; 1245-125

Abd El-Lateef, S. M., El-Sayed, E. S. M., Mansour, A. M., & Salama, S. A. (2019).
The protective role of estrogen and its receptors in gentamicin-induced acute
kidney injury in rats. Life sciences, 239, 117082.

Azzouz, L. L., & Sharma, S. (2018). Physiology, large intestine.

Ballesta, A. M., Molina, R., Filella, X., Jo, J., & Giménez, N. (1995).
Carcinoembryonic antigen in staging and follow-up of patients with solid
tumors. Tumor biology, 16(1), 32-41.

Bancroft, J. D., & Gamble, M. (Eds.). (2008). Theory and practice of histological
techniques. Elsevier health sciences.

Birben, E., Sahiner, U. M., Sackesen, C., Erzurum, S., & Kalayci, O. (2012).
Oxidative stress and antioxidant defense. World allergy organization
journal, 5(1), 9-19.

Braun, M. S., & Seymour, M. T. (2011). Balancing the efficacy and toxicity of
chemotherapy in colorectal cancer. Therapeutic advances in medical



280 Az. J. Pharm Sci. Vol. 66, September, 2022

oncology, 3(1), 43-52.

Borras, G., Molina, R., Xercavins, J., Ballesta, A., & Iglesias, J. (1995). Tumor
antigens CA 19.9, CA 125, and CEA in carcinoma of the uterine
cervix. Gynecologic oncology, 57(2), 205-211.

Bustos, V., Nolan, A. M., Nijhuis, A., Harvey, H., Parker, A., Poulsom, R., ... &
Harvey, B. J. (2017). GPER mediates differential effects of estrogen on colon
cancer cell proliferation and migration under normoxic and hypoxic
conditions. Oncotarget, 8(48), 84258.

Chen, L., Deng, H., Cui, H., Fang, J., Zuo, Z., Deng, J., ... & Zhao, L. (2018).
Inflammatory  responses and inflammation-associated  diseases in
organs. Oncotarget, 9(6), 7204.

Chung, Y. C.,, Chaen, Y. L., & Hsu, C. P. (2006). Clinical significance of tissue
expression  of interleukin-6  in  colorectal  carcinoma. Anticancer
research, 26(5B), 3905-3911.

Clark, J. D., Gebhart, G. F., Gonder, J. C., Keeling, M. E., & Kohn, D. F. (1997).
The 1996 guide for the care and use of laboratory animals. ILAR journal, 38(1),
41-48.

De Salvo, L., Razzetta, F., Arezzo, A., Tassone, U., Bogliolo, G., Bruzzone, D., &
Mattioli, F. (1997). Surveillance after colorectal cancer surgery. European
Journal of Surgical Oncology (EJSO), 23(6), 522-525.

El-Sayed, E. S. M., Mansour, A. M., & Abdul-Hameed, M. S. (2016). Thymol and
carvacrol prevent doxorubicin-induced cardiotoxicity by abrogation of oxidative
stress, inflammation, and apoptosis in rats. Journal of biochemical and molecular
toxicology, 30(1), 37-44.

Ermund, A., Schitte, A., Johansson, M. E., Gustafsson, J. K., & Hansson, G. C.
(2013). Studies of mucus in mouse stomach, small intestine, and colon. I.
Gastrointestinal mucus layers have different properties depending on location as
well as over the Peyer's patches. American Journal of Physiology-
Gastrointestinal and Liver Physiology, 305(5), G341-G347.

Fiala, E. S. (1977). Investigations into the metabolism and mode of action of the colon
carcinogens 1, 2-dimethylhydrazine and azoxymethane. Cancer, 40(S5), 2436-
2445,

Hara, M., Sato, M., Takahashi, H., Takayama, S., & Takeyama, H. (2011). Accuracy
of monitoring serum carcinoembryonic antigen levels in postoperative stage Il1
colorectal cancer patients is limited to only the first postoperative year. Surgery
today, 41(10), 1357-1362.

Hassan, H. F. H., Mansour, A. M., Salama, S. A., & El-Sayed, E. S. M. (2021). The



Az. J. Pharm Sci. Vol. 66, September, 2022 281

chemopreventive effect of thymol against dimethylhydrazine and/or high fat
diet-induced colon cancer in rats: Relevance to NF-«xB. Life Sciences, 274,
119335.

Hofseth, L. J., Hussain, S. P., Wogan, G. N., & Harris, C. C. (2003). Nitric oxide in
cancer and chemoprevention. Free Radical Biology and Medicine, 34(8), 955-
968.

Kawanishi, S., & Yamamoto, K. (1991). Mechanism of site-specific DNA damage
induced by methylhydrazines in the presence of copper (IlI) or manganese
(111). Biochemistry, 30(12), 3069-3075.

Klampfer, L. (2011). Cytokines, inflammation and colon cancer. Current cancer drug
targets, 11(4), 451-464.

Konstantinopoulos, P. A., Kominea, A., Vandoros, G., Sykiotis, G. P,
Andricopoulos, P., Varakis, 1., ... & Papavassiliou, A. G. (2003). Oestrogen
receptor beta (ERP) is abundantly expressed in normal colonic mucosa, but
declines in  colon  adenocarcinoma  paralleling the  tumour's
dedifferentiation. European journal of cancer, 39(9), 1251-1258.

Laqueur, G. L. (1965). The induction of intestinal neoplasms in rats with the glycoside
cycasin and its aglycone. Virchows Archiv flr pathologische Anatomie und
Physiologie und fir klinische Medizin, 340(2), 151-163.

Lasota, A., & Danowska-Klonowska, D. (2004). Experimental osteoporosis-different
methods of ovariectomy in female white rats. Rocz Akad Med
Bialymst, 49(Suppl 1), 129-131.

Liang, D,, Li, F., Fu, Y., Cao, Y., Song, X., Wang, T., ... & Zhang, N. (2014). Thymol
inhibits LPS-stimulated inflammatory response via down-regulation of NF-xB
and MAPK signaling pathways in  mouse mammary epithelial
cells. Inflammation, 37(1), 214-222.

Li, B.,, Wang, F., Ma, C., Hao, T., Geng, L., & Jiang, H. (2019). Predictive value of
IL-18 and IL-10 in the prognosis of patients with colorectal cancer. Oncology
letters, 18(1), 713-719.

Muthu, R., & Vaiyapuri, M. (2013). Synergistic and individual effects of umbelliferone
with 5-fluorouracil on tumor markers and antioxidant status of rat treated with
1, 2-dimethylhydrazine. Biomedicine & Aging Pathology, 3(4), 219-227.

Ogata, Y., Murakami, H., Sasatomi, T., Ishibashi, N., Mori, S., Ushijima, M., ... &
Shirouzu, K. (2009). Elevated preoperative serum carcinoembrionic antigen
level may be an effective indicator for needing adjuvant chemotherapy after
potentially curative resection of stage Il colon cancer. Journal of surgical
oncology, 99(1), 65-70.



282 Az. J. Pharm Sci. Vol. 66, September, 2022

Parks, M., Tillhon, M., Dona, F., Prosperi, E, and Scovassi, E (2001). 2-
Methoxyestradiol: New perspectives in colon carcinoma treatment. Molecular
and Cellular Endocrinology. 331 (1), 119-128.

Pisoschi, A. M., & Pop, A. (2015). The role of antioxidants in the chemistry of oxidative
stress: A review. European journal of medicinal chemistry, 97, 55-74.

Rao, C. V. (2004). Nitric oxide signaling in colon cancer chemoprevention. Mutation
Research/Fundamental and Molecular Mechanisms of Mutagenesis, 555(1-2),
107-119.

Ratto, C., Parello, A., Donisi, L., & Litta, F. (Eds.). (2017). Colon, rectum and anus:
anatomic, physiologic and diagnostic bases for disease management. Springer
International Publishing.

Rawla, P., Sunkara, T., & Barsouk, A. (2019). Epidemiology of colorectal cancer:
incidence, mortality, survival, and risk factors. Gastroenterology
Review/Przeglad Gastroenterologiczny, 14(2), 89-103.

Salman, S., Kumbasar, S., Hacimuftuoglu, A., Ozturk, B., Seven, B., Polat, B., ... &
Suleyman, H. (2012). The effect of metyrosine/prednisolone combination to
oophorectomy-induced  osteoporosis. Iranian  Journal of Reproductive
Medicine, 10(4), 363.

Schieber, M., & Chandel, N. S. (2014). ROS function in redox signaling and oxidative
stress. Current biology, 24(10), R453-R462.

Senedese, J. M., Rinaldi-Neto, F., Furtado, R. A., Nicollela, H. D., de Souza, L. D.
R., Ribeiro, A. B., ... & Bastos, J. K. (2019). Chemopreventive role of
Copaifera reticulata Ducke oleoresin in colon carcinogenesis. Biomedicine &
Pharmacotherapy, 111, 331-337.

Seven, A, Civelek, S., Inci, E. N. D. E. R, Inci, F., Korkut, N., & Burcak, G. (1999).
Evaluation of oxidative stress parameters in blood of patients with laryngeal
carcinoma. Clinical biochemistry, 32(5), 369-373.

Shen, H. M., & Tergaonkar, V. (2009). NF«kB signaling in carcinogenesis and as a
potential molecular target for cancer therapy. Apoptosis, 14(4), 348-363.

Shibutani, M., Maeda, K., Nagahara, H., Ohtani, H., Sakurai, K., Toyokawa, T., ...
& Hirakawa, K. (2014). Significance of CEA and CA19-9 combination as a
prognostic indicator and for recurrence monitoring in patients with stage Il
colorectal cancer. Anticancer research, 34(7), 3753-3758.

Sullivan, K. M., Jiang, X., Guha, P., Lausted, C., Carter, J. A,, Hsu, C., ... &
Pillarisetty, V. G. (2022). Blockade of interleukin 10 potentiates antitumour
immune function in human colorectal cancer liver metastases. Gut.


https://www.sciencedirect.com/science/article/abs/pii/S0303720710004417?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0303720710004417?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0303720710004417?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0303720710004417?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0303720710004417?via%3Dihub#!
https://www.sciencedirect.com/journal/molecular-and-cellular-endocrinology
https://www.sciencedirect.com/journal/molecular-and-cellular-endocrinology
https://www.sciencedirect.com/journal/molecular-and-cellular-endocrinology/vol/331/issue/1

Az. J. Pharm Sci. Vol. 66, September, 2022 283

Van de Goot, F. R. W., Ten Berge, R. L., & Vos, R. (2003). Molten gold was poured
down his throat until his bowels burst. Journal of clinical pathology, 56(2), 157-
157.

van der Stok, E. P., Spaander, M. C., Grinhagen, D. J., Verhoef, C., & Kuipers, E.
J. (2017). Surveillance after curative treatment for colorectal cancer. Nature
reviews Clinical oncology, 14(5), 297-315.

Venkatachalam, K., Vinayagam, R., Arokia Vijaya Anand, M., Isa, N. M., &
Ponnaiyan, R. (2020). Biochemical and molecular aspects of 1, 2-
dimethylhydrazine (DMH)-induced colon carcinogenesis: a review. Toxicology
research, 9(1), 2-18.

Verazin, G., Riley, W. M., Gregory, J., Tautu, C., Prorok, J. J., & Alhadeff, J. A.
(1990). Serum sialic acid and carcinoembryonic levels in the detection and
monitoring of colorectal cancer. Diseases of the colon & rectum, 33(2), 139-142.

Wongjaikam, S., Summart, R., & Chewonarin, T. (2014). Apoptosis induction in
colon cancer cell lines and alteration of aberrant crypt foci in rat colon by purple
rice (Oryza sativa L. var. glutinosa) extracts. Nutrition and cancer, 66(4), 690-
699.

Yamamoto, S., Yamashita, T., Ito, M., Caaveiro, J. M., Egashira, N., Tozaki-Saitoh,
H., & Tsuda, M. (2019). New pharmacological effect of fulvestrant to prevent
oxaliplatin-induced neurodegeneration and mechanical allodynia in
rats. International Journal of Cancer, 145(8), 2107-2113.

Yau, T. M. (1979). Mutagenicity and cytotoxicity of malonaldehyde in mammalian
cells. Mechanisms of Ageing and Development, 11(2), 137-144.

Yousefzadeh, N., Kashfi, K., Jeddi, S., & Ghasemi, A. (2020). Ovariectomized rat
model of osteoporosis: a practical guide. EXCLI journal, 19, 89.

Zeng, J., Tang, Z. H., Liu, S., & Guo, S. S. (2017). Clinicopathological significance of
overexpression of interleukin-6 in colorectal cancer. World journal of
gastroenterology, 23(10), 1780.



284 Az. J. Pharm Sci. Vol. 66, September, 2022

5 2eaS Y g iR g Cp ) Jiise AU o aalil) ¢ gl g8 dlual (e Iy Ca g i)
Ol &) 8 cllga)
3 dpaall de gl Al 5 2 4ads sue Al ¢ 2 il e 3G dale ¢ P daelan) (550 550 2ea]
Hc'&)ﬂ.ﬂ\ cBﬁ\.ﬁ\@L;cMM\%ﬁwﬁ)ﬂ&l
e BoalEl ¢ a3V Arala ¢ (Oai) Alapall IS ¢ o gandl 5 A 9aY) and?
e ¢ 3 Al ¢ a3V Aeala ¢ () Galall 408 ¢ L ol L) a3
. salama@alazhar.edu.eg : il Salll 55 i<y & 5l
ruidlall

Al L canagll Sleall Gal el e aally ¢ (o S sind) G50 0 ¢ Cams ) G50 0 Bl ) (3558
anbul 8 Baal (Aladl st o ga / &S/ ) )& 5 580 30 ¢ Dl 3 J gl jial) (a5 ARl cpa g i) A
(S / 20 20) cr)loue Jiise S 162 J Glaall Jala gaall ge Al 3 Sl o6l J8 Le YY) e
O iy Al ¢ g i sl il Lildae) a3 3l il ol of 2830 301 ()13 jadl 8 el s (13 pall GG 8
23Sl psw 5 WS G ailigla slanll gl lle ) anslil) slgay) Cladle Cpaiy ¢ sl sl dal 8
Gaob 0o Ol Al (e Coms ) (oan ¢ pAN (16,10 S5 ) Ol leUass sl (55 spawd
O il La el 23l sl e 1aas 12 s Cia) il oSl slgaY s At pull o sl sl Ty aall

593l sl o ol gl adae aa

3auSY) 5 L) ¢ o sl sl bl ¢ 031 Jiae U ¢ Cpm g i) sAalidal) cilalst),



