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ABSTRACT

The present study aimed to investigate the effiaiclRosmarinus officinalis total methanolic extramst colon
cancer- induced in rats. Rats were classified itgroups. Group (1) was control. Groups from @)(5) were
intrarectally injected with N-methylnitrosourea (MIN for induction of colon cancer then group (2) wiast
untreated (cancer group); group (3) was treateddperitoneally with 5-fluorouracil while, groups @nd 5) were
treated orally with 1400 and 2800 kg b.wt. of R. officinalis extract respectively. niGar group declared
significant increase in the expression levelspafatenin and c-Myc genes in colon tissue. Furtheengolon
cancer induced-rats demonstrated significant insee@ colon COX-2, cyclin D1 and survivin expressio colon
tissue associated with significant elevation in ¢ireulating levels of all studied biochemical mar&. Additionally,
histopathological investigation of colon tissue t&@ats in cancer group showed dysplasia and anaplasithe
lining epithelial cells of the glandular structurka the contrary, treatment of cancer group witfierouracil or R.
officinalis extract showed significant decreasethie expression levels @gfcatenin and c-Myc genes. Also, all
treated groups exhibited marked decrease in CO§@jn D1 and survivin expression in colon tisseea@mpanied
with a significant reduction in the circulating kefg of the all studied biomarkers. As well as, redrimprovement
in the histological structure of colon tissue wastetted. In conclusion, the present study indicatet R.
officinalis extract possess promising therapeutile ragainst colon cancer through their antiinflantorg property,
antiproliferative capacity and apoptotic potential.
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INTRODUCTION

Colorectal cancer (CRC) is the third most diagnasstter type in males and the second in femaleklwinle, and
its incidence is increasing even in traditionathyvirisk countries. Moreover, mortality rates causgdcolorectal
cancer remain high, being the fourth and third eanfscancer-related mortality in males and femalespectively
[1]. CRC presents with a broad spectrum of neoptasanging from benign growths to invasive canGRC starts
in the inner lining of the colon and/or rectum agrawth of tissue called a polyp slowly growingahgh some or
all of its layers. A particular type of polyp calléhe adenomatous polyp or adenoma is a benignrtthmab may
undergo malignant transformation to cancer. Thiignant transformation is the result of mutationdaletion of
major regulator genes, resulting first in hyper@asoving toward adenoma to carcinoma and then stestis [2]
Rectal bleeding, diarrhea, weight loss, abdomiladth,pand anemia are considered to be the commopteyms of
this malignancy [3].

Numerous factors are found important in the dewalpt of CRC including colonocyte metbolism, higbkri
luminal environment, inflammation, as well as Itids factors such as diet, tobacco, and alchohesemption [4].
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The molecular etiology of CRC revealing that it dieyps from an accumulation of genomic mutationse §anes
more commonly found mutated in CRC include the adeatous polyposis coli (AP@approximately 80%), K-ras,
SMAD4, and P53, and the cell signaling pathwaystroosimonly impacted by mutations in CRC include \ttiat,
Ras, transforming growth factg-(TGF{), phosphatidylinositol 3-kinase (P13K) angkBathways [5].

Historically, herbs and spices have enjoyed a tigtition of use for their flavor enhancement chserstics and
for their medicinal properties. The rising prevaerof chronic diseases worldwide and the correspgndse in
health care costs is propelling interest amongarebers and the public for multiple health benefiated to these
food items, including a reduction in cancer riskd amodification of tumor behavior. A growing body of
epidemiological and preclinical evidence pointsctdinary herbs and spices as minor dietary coresiil with
multiple anticancer characteristics [6].

Rosemary R. officinali§ is a powerful herb belonging to the familyamiaceaethat originates from the
Mediterranean region [7-9]. Owing to its desirafidevor and antimicrobial and antioxidant activiti¢kis plant has
been widely employed as a spice and flavoring ametite food processing and pharmaceutical indes{10-13]
R. officinalis and many of its components were reported to psssesmopreventive properties in skin [Jtid
breast [15]cancersin vivo, mostly by inhibiting 7, 12-dimethylbenz (a) argbene (DMBA)-DNA adduct
formation. Moreover, they exert antioxidant acgiviboth in vitro [16, 17] and in vivo [18], thus inhibiting
genotoxicity, which is a significant contributorguse of cancer, and protecting from carcinogensxc agents.
They also were reported to display antiproliferatizctivity in vitro against breast [19-21]eukemia [20, 22],
hepatoma [23, 24], colon [25-27], lung [20], prastgR0], ovarian [24, 28], and urinary bladder [2&hcer cells.

SeveralR. officinaliscomponents, such as carnosic acid, carnosol,icrgoid, as well as some of its essential oil
constituents, have been proposed to be resporisitiliee anticancer effect &. officinalisextracts [14, 22, 24, 28].
Although the concentration ratios of carnosol aadnosic acid were reported to influence the antiamt and
antimicrobial activities [29].

The principal goal of the current study was to explthe potential rol&osmarinus officinaligotal methanolic
extract in alleviating chemically induced colon canin rats. This goal was achieved through anslgigenetic
markers, investigating colon immunohistochemicalidators, measurement of circulating biochemicdides and
examining the histological feature of colon tissue.

MATERIALS AND METHODS

Materials

1. Plant material:
R. officinaliswas obtained from the Egyptian Herbal Market, @aifgypt.R. officinaliswas precisely identified
and differentiated in the Research Institute fdy @irops, Cairo, Egypt.

Preparation of R. officinalis total methanolic extract (RMTME):

R. officinalistotal methanolic extract (RMTME) was prepared dygiag 300 ml of methanol (70 %) to 50 g of the
plant powder and left for 10-12 hrs. The extract vikered using filter paper and the solvent weapsrated using
rotary evaporator. The resultant extract was dedtedrin an oven at 5@ for 24 hourg30].

2. Animals:

Forty adult male Sprague-Dawley rats weighing 180-§ were obtained from the Animal House Colonythe
National Research Centre, Cairo, Egypt and acctichédr one week in a specific pathogen free (SRIR)idr area
where the temperature (25+1) and humidity (55%})sR&ere controlled constantly with a 12 h lightidaycle at
National Research Centre Animal Facility BreedingldDy. Rats were housed witkd libitum access standard
laboratory diet consisting of casein 10%, saltstanx 4 %, vitamins mixture 1%, corn oil 10 % andludese 5%
completed to 100 g with corn starch [31]. Animatezhfor according to the guidelines for animal ekpents
which were approved by the Ethical Committee of MadResearch of the National Research CentrepCRigypt.

3. Experimental design:

After the acclimatization period, the rats in th&rent study were classified into 5 groups (8 vgmup). (1):
Normal healthy animals served as negative contmlgin which rats received 1 ml of vehicle (Dimgthulfoxide
DMSO 5% in saline)(2): Colon cancer induced group in which rats wereanertally administered with N-
methylnitrosourea in a dose of 2 mg dissolved B @l water/rat three times weekly for five week2][33): 5-
fluorouracil-treated group in which rats were ing@tally administered with N-methylnitrosourea foe weeks and
then intraperitoneally treated with 5-fluorouraicila dose of 12.5 mg/kg on days 1, 3 and 5 withcy@e being
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repeated every four weeks over the duration of shely period (four months) [33)4): R. officinalis total
methanolic extract-treated group (RMTME low dose) which rats were intrarectally administered with N
methylnitrosourea for 5 weeks and then orally gdatith low dose (1400 mg/kg) of RMTME daily fomdonths.
(5): R. officinalis total methanolic extract-treated group (RMTME hidbse) in which rats were intrarectally
administered with N-methylnitrosourea for 5 weeksd ¢he orally treated with high dose (2800 mg/kifRMTME
daily for 4 months.The selected doses of the mediglant extract was calculated accoding to threrdh toxicity
study in the current work (unpublished data).

At the end of the experimental period, the ratsaWasted overnight and subjected to diethyl ethaesthesia. The
blood samples were immediately collected from #teoorbital venous plexus and divided into two &yltbe first
tube contains anticoagulant for separation of ptasand the second tube is free from any anticoayutan
separation of serum for biochemical analyses. Ttherrats were sacrificed by cervical dislocation &me colon
was dissected, cleaned and washed in saline th@ediinto two portions, the first portion was eaited in liquid
nitrogen and stord at -80° C for molecular genatialyses and the second portion was preservedrmafm saline
(10%) for histological investigation and immunobidtemical examination.

. Methods

1.Molecular genetic analyses:

1.1. Expression ofp-catenin and c-Myc genes

(a) Isolation of total RNA

Total RNA was isolated from colon tissue of ratdhe different studied groups by the standard TRIZReagent
extraction method (Cat#15596-026, Invitrogen, GeryhaBriefly, tissue samples were homogenized imllof
TRIzol® Reagent per 50 mg of the tissue. Afterwattie homogenized sample was incubated for 15 esnat
room temperature. A volume of 0.2 ml of chlorofoper 1 ml of TRIzol® Reagent was added. Then thepsssn
were vortexed vigorously for 15 seconds and inadbat room temperature for three minutes. The sesnpkre
centrifuged at 12,000 xg for 15 minutes &€ 4Following centrifugation, the mixture was sepedainto lower red,
phenol-chloroform phase, an interphase, and ales®upper aqueous phase. RNA was remained exelysivthe
aqueous phase. Therefore, the upper aqueous phaseavefully transferred without disturbing theeiphase into a
fresh tube. The RNA was precipitated from the aggegohase by mixing with isopropyl alcohol. A volumi0.5
ml of isopropyl alcohol was added per one ml of Zdk® Reagent used for the initial homogenizatiofteAvards,
the samples were incubated at 15 -°G0for 10 minutes and centrifuged at 12,000 xg fomiinutes at £C. The
RNA was precipitated forming a gel-like pellet dretside and bottom of the tube. The supernatantrerasved
completely. The RNA pellet was washed once withl1ofiv5% ethanol. The samples were mixed by voerd
centrifuged at 7,500 xg for five minutes al@ The supernatant was removed and RNA pellet wadriad for 10
minutes. RNA was dissolved in diethylpyrocarbor{@BEPC)-treated water by passing solution a few sitheough
a pipette tip .

Total RNA was treated with 1 U of RQ1 RNAse-free &8¢ (Invitrogen, Germany) to digest DNA residues, r
suspended in DEPC-treated water. Purity of totaRRMs assessed by the 260/280 nm ratio (betweeanti@.1).
Additionally, integrity was assured with ethidiumoimide-stain analysis of 28S and 18S bands by folehgde-
containing agarose gel electrophoresis. Aliquoteevused immediately for reverse transcription (RT).

(b) Reverse transcription (RT) reaction

The complete poly(A)+ RNA isolated from rat colasstie was reverse transcribed into cDNA in a tetéime of
20 pl using RevertAidTM First Strand cDNA SyntheKis (MBI Fermentas, Germany). An amount of totdlR
(5ug) was used with a reaction mixture, termed asten mix (MM). The MM was consisted of 50 mM MgCBX
reverse transcription (RT) buffer (50 mM KCI; 10 niMis-HCI (pH 8.3) 10 mM of each dNTP, 50 uM oliga-
primer, 20 U ribonuclease inhibitor (50 kDa reconarit enzyme to inhibit RNAse activity) and 50 U MuLV
reverse transcriptase. The mixture of each sample eentrifuged for 30 sec at 1000 xg and trangfetvethe
thermocycler (Biometra GmbH, Goéttingen, GermanyheTRT reaction was carried out at 25 °C for 10 min,
followed by 1 h at 42 °C, and the reaction was #apby heating at 99 °C for 5 min. Afterwards, téaction tubes
containing RT preparations were flash-cooled incnchamber until being used for DNA amplificatibmough
semi-quantitative real time-polymerase chain reactsqRT-PCR).

(c) Semi-quantitative real time-polymerase chain raction (sqRT-PCR)

An iQ5-BIO-RAD Cycler (Cepheid. USA) was used tdatenine the rat cDNA copy number. PCR reactionsewer
set up in 25 L reaction mixtures containing 12.mfl1x SYBR® Premix ExTaqTM (TaKaRa, Biotech. Cad L
Germany), 0.5 puL 0.2 uM sense primers, 0.5 pL 0/Rantisense primer, 6.5 pL distilled water, andL5gfi cDNA
template. Each experiment included a distilled wetmtrol.
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Primer sequence fd-catenin- F: 5'-CAAT GGG TCA TAT CAC AGA TTC TT-3R: 5'-TCT CTT TTC TTC
ACC ACA ACA TTT-3' [34] and for c- Myc (GenBank agssion number Z38066) were F:T85A CGA GAC
CTT CGT GAA GA-3 and R: 5ATT GAT GTT ATT TAC ACT TAA GGG T-3 [35]. The semi quantitative
values of RT-PCR (sqRT-PCR) of the previous genesewormalized on the expression valueB-attin gene f§-
actin-F: 3- CCC CAT CGA GCA CGG TAT TG “3R: ATG GCG GGG GTG TTG AAG GTC [36]. At the enfl 0
each sgRT-PCR, a melting curve analysis was peddrat 95.0 °C to check the quality of the used prém

Calculation of Gene Expression
First the amplification efficiency (Ef) was calctdd from the slope of the standard curve usingftilewing
formulae [37]:

Ef = 10-1/slope
Efficiency (%) = (Ef — 1) x 100

The relative quantification of the target to thé&erence was determined by using k€T method if E for the target
(B-catenin, K-ras and c-myc) and the reference psrfieactin) are the same

Ratio (reference/ target gene) = EfCT (referenc€Ji{target)

2.Immunohistochemical examination:

One portion of the fixed colon tissue of rats ie thifferent studied groups was washed in tap wéhem, subjected
to serial dilutions of alcohol (methyl, ethyl andsalute ethyl) for dehydration. Specimens wererelan xylene
and embedded in paraffin at 56 degree in hot ander 24 hours. Paraffin bees wax tissue blocks vweepared
for sectioning at 4 um by slidge microtome. Theaot®d tissue sections were collected on glassipeslides and
fixed in a 65C oven for 1 hr. Then, the slides were placed ooplin jar filled with 200 ml of triology working
solution (Cell Marque, CA-USA. Cat# 920p-06) whiisha product that combines the three pretreatmiepss
deparaffinization, rehydration and antigen unmagkifter that, the jar is securely positioned ie #utoclave. The
autoclave was adjusted so that temperature red@ and maintained stable for 15 min after which gues is
released and the coplin jar is removed to allodeslito cool for 30 min. Sections were then wasmedimmersed
in Tris buffer saline (TBS) to adjust the PH, tlissrepeated between each step of the immunohistuche
procedure. Quenching endogenous peroxidase actaityperformed by immersing slides in 3% hydrogeroxide
for 10 min. Power stain TM 1.0 Poly HRP DAB Kit#8a&4-0017 (Genemed Biotechnologies, CA-USA) waslus
to visualize any antigen-antibody reaction in tfesues. Two to three drops of the rabbit polyclopaimary
antibody (COX-2 Cat#RB-9072-R7, Thermoscientifid-OSA), (cyclin D1 Cat#RB-9041-R7, Thermoscientjfic
CA-USA) and (survivin Cat#RB-9245-R7, ThermosciBatiCA-USA) were applied, then the slides werelinated
in the humidity chamber for overnight at{G4 Hence forward, poly horse reddish peroxidasBRHenzyme
conjugate was applied to each slide for 20 ming'-8jaminobenzidine (DAB) chromogen was prepaned 2-3
drops were applied on each slide for 2 min. DAB wiased, after which counter stained with mayerhemadin
and cover slipping were performed as the finalstegfore slides were examined under the light mawpe. Image
J software (NIH, version v1.45e, USA) was calibdatend the image is opened on the computer screeméme
analysis.

3.Biochemical analyses:

Plasma B-cell lymphoma 2 (Bcl-2), serum matrix iepaoteinase-7 (MMP-7), matrix metalloproteinasév@VIP-
9), epidermal growth factor (EGF) and plasma tumecrosis factor: (TNF-o) levels were assayed by ELIZA
technique using assay kits purchased from Glorgrga Co., Ltd, TX, USA according to the instructigmovided.

4. Histological investigation:

After fixation of the other portion of colon tissuef rats in the different studied groups in forimaialine (10%) for
24 hours, these portion were washed in tap watem Hubjected to serial dilutions of alcohol (mettethyl and
absolute ethyl) for dehydration. Specimens werarek in xylene and embedded in paraffin atG6n hot air oven
for twenty four hours. Paraffin bees wax tissueckéowere prepared for sectioning at 4 pum by slichjerotome.
The obtained tissue sections were collected orsgides, deparaffinized and stained by hematoxatid eosin
stain and examined through the electric light nécope [38].

Statistical analysis:
In the present study, the results were expresséteas + S.E of the mean. Data were analyzed byayeanalysis
of variance (ANOVA) using the Statistical Package the Social Sciences (SPSS) program, version39]. [
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Percentage difference representing the percentétion with respect to corresponding control grovas also
calculated using the following formula:

Treated value — Control value X 100
Control value

% difference =

RESULTS
1.Molecular genetic results:
The results of gene expression levels assessmeiicatenin and c-Myc in colon tissue of the differstidied
groups were summarized in Table (1). Our data tedghatp-catenin and c-Myc genes were down-regulated in the
colon tissue of control group. However, the exgmssevel of B-catenin and c-Myc genes were significantly up-
regulated in colon cancer- induced group (309% 21®215% respectively) as compared with the controup. In
contrast, cancer- induced rats treated with 5-rélutacil exhibited significant down-regulation inet expression
levels of B-catenin and c-Myc genes (-71.85% and -64.66% otispdy) as compered with untreated cancer-
induced group. Treatment of cancer- induced ratl loiw or high dose of RMTME reversed the altemnataf the
expression levels of the two genes. Thus, the sge levels ofi-catenin and c-Myc genes revealed significant
down-regulation in colon cancer- induced grouptedawith low dose of RMTME (-17% and -20% respesity
and that treated with high dose (-26.6% and -2&.&8pectively) as compared with untreated canceu:ded group.
The effect of RMTME in amelioration of genetic a#tton was dose dependent.

Table. 1: Semi-quantitative real time-PCR confirmaton of g—catenin and c-Myc genes in colon tissue of the filifent studied groups

Groups B-catenin gene c-Myc gene
Control group 0.33+0.02 0.48+0.02
Cancer group 1.35+0.04 1.50+0.08
(309%) (212.5%)
Fluorouracil group 0.38+0.03 0.53+0.04
(-71.85%) (-64.66%)
RMTME group (1400 mg/kg) 1.11+0.04 1.20+0.04
(-17%) (-20%)
RMTME group (2800 mg/kg) 0.99+0.03 1.10+0.03
(-26.6%) (-26.6%)

Data are expressed as means *standard error (8E3 inimals / group.
a: Significance change at P < 0.05 in comparisothwiontrol group.
b: Significance change at P < 0.05 in comparisothwiancer group.
(%): percent of difference with respect to the esponding control value.
RMTME: R. officinalis total methanolic extract eadt.

Table (2): Effect ofR. officinalis total methanolic extract (RMTME) on COX-2, Cyclin D, and Survivin expression in colon cancer
induced in rats

Groups COX-2 Cyclin D1 Survivin
p (cell count) (cell count) (cell count)
Control group 10.6#41.03 | 15.830.74 6.5+0.49
30.51.95 | 38.333.12 | 41.164.45
Cancer group (1850%) | (1421%) | (533.3%)
: 11.G0.99 | 15.5:1.14 6.5:0.41°
5- fluorouracil group (-63.93 %) (-59.56 %) (-84.21 %)
RMTME group 17.6%1.48 | 38.Q:1.44 | 11.16-1.09
(1400 mg/kg) (-42.07 %) (-0.87 %) (-72.8 %)
RMTME group 18.1%1.02 | 38.0:2.87 | 10.330.5¢
(2800 mg/kg) (-40.43 %) (-0.87 %) (-74.9 %)

Data are expressed as means *standard error (8E3 fanimals / group
a: Significance change at P < 0.05 in comparisothweontrol group.
b: Significance change at P < 0.05 in comparisothwancer group.

(%) percent of difference with respect to the cepanding control value

RMTME: R. officinalis total methanolic extract eadt.

2 Immunohistochemical results:

Immunohistochemical examination of COX-2, cyclin Dland survivin expressions

Table (2) and Fig. (1, 2 &3)explained the effect dR. officinalistotal methanolic extract (RMTME) on COX-2,
cyclin D1 and survivin expression in colon canaetuced in rats. The results indicated significdevation in the
number of positive cells for COX-2, cyclin D1 anghgvin expression in cancer group recording 185.9%2.1%
and 533.3% respectively as compared to control grddowever, treatment of cancer induced rats with 5
fluorouracile showed a significant depletion in CQXcyclin D1 and survivin expression by -63.93%9.56% and
-84.21% respectively in comparison with cancer grodiso, daily oral administration of low dose Rf officinalis
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extract (RMTME) revealed significant decrease i@ tlumber of positive cells for COX-2 and survivikpeession
by -42.07% and -72.8% respectively as compared thiéhuntreated one. Similarly, high doseRuf officinalis
extract (RMTME) revealed a significant decreasthamnumber of positive cells for COX-2 and surviexpression
by -40.43% and -74.9% respectively as compared thighuntreated one. Treatment of cancer inducedwdh
either low or high doses of RMTME caused non-sigaiit variation in the number of positive cells fiyclin D1
expression as compared with untreated one.

Fig.1: Photographs for immunohistochemical stainingf colon tissue using antibody against COX-2 of J&ontrol rat: showed mild
positive reaction in interstitial stromal cells (1®x), (b) Colon cancer-induced rat showed very sevgositive reaction in the cytoplasm
of the glandular lining epithelium (160x), (c) Colm cancer- induced rat treated with 5-fluorouracil srowed moderate positive reaction
in the nuclei of the glandular lining epithelium (160x), (d) Colon cancer- induced rat treated with lev dose of RMTME showed sever

positive reaction in the nuclei of stromal cells awell as some of the nuclei in the glandular liningpithelium (80x) and_(e) Colon
cancer- induced rat treated with high dose of RMTMEshowed moderate positive reaction in the nuclei ¢he glandular lining
epithelium (160x).

Fig. 2: Photographs for immunohistochemical stainig of colon tissue using antibody against cyclin Ddf (a) Control rat showed
positive reaction in the nuclei of the glandular lning epithelial cells (80x), (b) Colon cancer-indued rat showed very sever positive
reaction in the nuclei of the glandular lining epitelial cells as well as the interstitial stromal dés (160x),_(c) Colon cancer- induced

rat treated with 5-fluorouracil showed moderate pogive reaction in the nuclei of the glandular lining epithelial (80x), (d) Colon

cancer- induced rat treated with low dose RMTME shaved very sever positive reaction reaction in the ralei of the glandular lining
epithelial (160x) and_(e) Colon cancer- induced rateated with high dose of RMTME showed sever posite reaction in the nuclei of
the glandular lining epithelial (160x).
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Fig. 3: Photographs for immunohistochemical stainig of colon tissue using antibody against survivinfda) Control rat showed mild

negative reaction except some few interstitial straal cell especially in their nuclei (80x), (b) Colo cancer-induced rat showed very
sever positive reaction in the nuclei of the intetgial stromal cell as well as some nuclei of linig glandular epithelial cells (160x), (c)
Colon cancer- induced rat treated with 5-fluorouradl showed mild positive reaction in the nuclei oftte glandular lining epithelial
cells as well as in the stromal interstitial cell§80x), (d) Colon cancer- induced rat treated withow dose of RMTME showed sever
positive reaction in the nuclei of the glandular lhing epithelial cells as well as stromal interstitil cells (160x) and (e) Colon cancer-

induced rat treated with high dose of RMTME showedsever positive reaction mainly the nuclei of the ghdular lining epithelial cells

(160x).

3.Biochemical results
The data in Table (3) illustrate the effectRf officinalistotal methanolic extract (RMTME) on plasma levefs

Bcl-2 and TNFe as well as, serum levels of MMP-7, MMP-9 and E@Fodlon cancer- induced rats. The results
revealed a significant elevation in plasma Bcl-8 8lNF-o levels (75.37% and 21.53% respectively). Alsouser
levels of MMP-7, MMP-9 and EGF (47.85%, 263% and®4b respectively) in cancer- induced group as coatgpa
with the control group. However, treatment of candaduced group with 5-fluorouracil showed a sfgant
reduction in plasma levels of Bcl-2 and TNR-40.42% and -15.32% respectively) as well as raelevels of
MMP-7, MMP-9 and EGF (-33.02%, -71.52% and -28.38¥pectively) as compared with untreated cancdudd
group. Treatment of cancer- induced group withegittow or high dose of RMTME produced a significant
depletion in Bcl-2 level (-18.6% and -20.20% resjpety), TNF-u level (-4.05% and -14.9 % respectively), MMP-
7 (-10.5% and -12.97% respectively), MMP-9 levéll(3% and -63.6% respectively) and EGF level (43ahd -
19.18% respectively) as compared to untreated caimskiced group.

Table. 3: Effect ofR. officinalis total methanolic extract extract (RMTME) on Bcl-2, TNF-a, MMP-7, MMP-9 and EGF circulating levels
in colon cancer induced in rats.

P Bcl-2 P TNF-a S MMP-7 S MMP-9 S EGF

Groups ng/ml pg/ml WL ng/ml ng/L
Control group 13.40:0.51  81.25+0.47  0.180+0.015 1.19+0.014 +
Cancer group 23.50£0.64 98.75:0.47 0.270+0.028 4.32+0.14 963.3+25.1
(75.37%)  (21.53%) (47.85 %) (263%) (45.9%)
5- fluorouracil group 14.00+0.45 83.62+0.89 0.182+0.013 1.23:+0.08 690 5.7
(-40.42%)  (-15.32%)  (-33.02%)  (-71.52%)  (-28.37%)

19.12+0.5% 94.75+0.4% 0.246+0.005 1.67+0.08 830+20
RMTME group (1400 ma/kg)  ~ g 6006y (-4.05%)  (-105%)  (61.3%)  (-13.8%)

18.75:0.47 93.87+0.34 0.240+0.011 157:0.08 776.6:23.8
RMTME group (2800 ma/k9)  ~ 50 5006)  (:14.9%)  (-12.97 %)  (63.6%)  (-19.18%)

Data are expressed as means *standard error (8E3 finimals / group
a: Significance change at P < 0.05 in comparisothweontrol group.
b: Significance change at P < 0.05 in comparisothveiancer group.

(%) percent of difference with respect to the cspanding control value

RMTME: R. officinalis total methanolic extract eadt.
S: Serum
P: Plasma

4 Histopathological results:
Histological investigation of colon tissue sectiasfscontrol group showed normal histological stuwet of the

mucosa, submucosa and muscularis layers (Fig.\hjle, colon tissue sections of colon cancer-indugeoup
showed dysplasia and anaplasis associated witmplgadhism and hyperchromachia in the lining epitiatiells of
the glandular structure (Fig. 4b). Examination ofon tissue sections of colon cancer- induced tratgted with 5-
fluorouracil showed few inflammatory cells infiltran in the lamina propria of the mucosa with oedein
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muscularis (Fig.4c and 4d). Microscopic investigatdf colon tissue section of cancer- induced tatated with
low dose of RMTME showed focal lymphoid cells aggon in the mucosa (m) with massive number of
inflammatory cells infiltration in submucosa (mmjdacongestion in blood vessels (v) (Fig. 4e) anspthsia in the
lining epithelium of the mucosa (d) (Fig. 4f). Timvestigation of colon tissue section of canceduired rat treated
with high dose of RMTME showed massive number daimmatory cells infiltration (m) in the hyalinizddmina
propria of the mucosal layer (h) (Figs 4g and 4h).

Fig. 4: (a) Micrograph of colon tissue section ofantrol group showed normal histological structure & the mucosa (mu), submucosa (s)
and muscularis (ml) layers. (H &E X40),_(b) Micrograph of colon tissue section of colon cancer- induteat showed dysplasia and
anaplasis associated with pleomorphism and hypercbmachia in the lining epithelial cells of the glandlar structure (d) (H&E X64), (c)

Micrograph of colon tissue section of colon cancernduced rat treated with 5-fluorouracil showed fewinflammatory cells infiltration in
the lamina propria of the mucosa (mu) with oedemani muscularis (ml) (H &E X40), (d) Micrograph of colon tissue section of colon
cancer- induced rats treated with 5-fluorouracil slowed the magnification of Fig. (4c) to identify fewnflammatory cells infiltration in the
lamina propria of the mucosa (mu) (H &E X64)._(e) Mcrograph of colon tissue section of colon canceinduced rat treated with low dose
of RMTME showed focal lymphoid cells aggregation irthe mucosa (m) with massive number of inflammatorgells infiltration in
submucosa (mm) and congestion in blood vessels (M) &E X40). (f) Micrograph of colon tissue sectiorof colon cancer- induced rat
treated with low dose of RMTME showed showed dyspta in the lining epithelium of the mucosa (d) (H & X64). (q) Micrograph of
colon tissue section of colon cancer- induced ratetated with high dose of RMTME showed massive numbbef inflammatory cells
infiltration (m) in the hyalinized lamina propria o f the mucosal layer (h) (H &E X40) and_(h) Microgrgph of colon tissue section of colon
cancer- induced rats treated with high dose of RMTNE showed the magnification of Fig. (4h) to identifyfew inflammatory cells
infiltration (m) in the hyalinized lamina propria o f the mucosal layer (h) (H &E X80).

DISCUSSION

Colon carcinogenesis is a multistage process, wnvgplmultiple genetic and epigenetic changes thavide tumor
cells with a selective advantage to expand theines [40, 41]. The present study revealed sigmifidacrease in
the expression df- catenin and c-Myc genes in colon tissue of calancer group. This finding is in agreement
with that in the previous studies of [42, 43 andlgHcatenin is a subunit of cadherin protein comg@es has been
implicated as an integral component in the Wnt/&ligig pathway. Whefi- catenin is mutated- catenin cannot be
degraded but accumulates in the cytoplasm andldGates into the nucleus, where it binds to T- tadtor (TCF)
and activates the Wnt target genes such as cydliarid Myc that can lead to cell transformation §&%- Thus, the
gene that codes fd- catenin can function as an oncogene. Mutatiorthi;ngene are a cause of colorectal cancer.
Also, - catenin binds to the product of adenomatous msigocoli (APC) gene, which is mutated in adenonmsto
polyposis of the colon. Constitutive activation (Bf catenin pathway is responsible for the initiatiointhe vast
majority of colon cancers [48].

In the contrary, treatment of cancer group withusifouracil orR. officinalisextract showed significant decrease in
the expression level @f-catenin and c-Myc genes. The mechanism by whictubrouracil could act as effective
chemotherapy against colon cancer is well undegistéo Fluorouracil inhibits cell proliferation bya) forming 5-
fluorodeoxyuridine monophosphate (FAUMP), whichtumn blocks thymidylate synthase (TS), the enzyimat t
catalyzed novo synthesis of the DNA precursor thiyfaite (i.e., TMP); (b) forming defective, F-RNA,high
ultimately interferes with protein synthesis; amd forming defective, fluorinated DNA, which resalin single-
strand breaks and DNA fragmentation [49-51]
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Previous investigation from animal and cell cultstadies demonstrated the anticancer potenti&t.adfficinalis
active constituents, including carnosol, carnosid,aursolic acid, and rosmarinic acid [52]. Thpaded anticancer
properties were found to arise through the moleccit@nges in the multiple-stage process of caneeeldpment,
which are dose related and not tissue or specexsfep This is evidenced by its ability to supeke development
of tumors in several organs including colon, brekgér, stomach, as well as melanoma and leukemiks [53].
From the present results it is clear that treatnwtit R. officinalis extract showed significant reduction in the
expression off-catenin gene and this result could be explainedthgy efficacy ofR. officinalis to attenuate
Whnt/signaling pathway resulting in reduced trang@sn of target genes, including cyclin D1 and C@Xcarnosol
prevents adenomatous polyposis carcinoma (APC)ided intestinal tumorigenesis; potentialin its ability to
enhance E-cadherin- mediated adhesion and suppreatenin tyrosine phosphorylation. Additionally,rreasic
acid attenuates transcriptiorfatatenin outputs in colorectal cancer cells [54]

In the same way, treatment wigh officinalisextract in colon cancer-induced rats resulted sigaificant reduction
in the level of c-Myc gene expression in the curndy. This finding is in agreement with thatMékino et al
[55]. The proto-oncogene, c-Myc is a central retgulaf cell proliferation closely linked to the telycle machinery
[56], and is rapidly induced by mitogenic growttctfar such as platelet- derived growth factor (PD@E)].
Rosmarinic acid has been found to exhibit antiifedtive effects in cultured murine mesangial £@lhd suppress
the expression of platelet- derived growth facRDGF) and c-Myc mRNA expression in a dose depenahamniner
[55]. Previous evidence revealed that reactive erygpecies act as cellular signals in PDGF- indusiogenesis,
and these include the expression of the proto-ceteeg c-Fos and c-Myc. Since rosmarinic acid hastanp
antioxidative activity [58], this compound mightpgress c-Myc mRNA expression by scavenging reaciygen
species. The suppressive effects of rosmarinic aci®DGF and c-Myc mRNA expression would contribtotéts
anti-proliferative activity on mesangial cells [55]

In the present study, the immunohistochemical datealed that there was significant elevation icl@myxagenase-
2 (COX-2), cyclin D1 and survivin expression in@oltissue of colon cancer rats. This finding isamsistent with
the studies of [43, 59 and 60]. COX-2 is involvedlie regulation of a broad range of cellular psses including
tumor onset and progression, metastases and angisige[61] Takahashiet al [42] found that the increased
expression of COX-2 in epithelial cells of colosstie in 1, 2 Dimethylhydrazine/Azoxymethane (DMHMD-
induced colon adenocarcinoma, adenomas and aberrgptt foci (ACF) with dysplasia. The mechanism of
increased COX-2 expression in the current study beayelated to k-ras mutation and/or protein atitvawhich
increased COX-2 expression in tumors [62]

Cyclin D1 is a member of cyclins. It has been cdestd to be an oncogene which could regulate pssigne from
the G1 phase of the cell cycle to the S phase [B8grexpression of cyclin D1 protein was also foumaolon
cancer [64, 65]. The study of Mag al. [66] provided the first evidence that increasedvation of signal
transducer and activator of transcription-5 (Statiy contribute to the malignancy of colonic ademoimoma
through overexpression of cyclin D1.

Survivin is an apoptosis inhibitor protein thatilrits the activation of caspases and its overegwads implicated
in the growth and progression of many types of esdncluding colorectal carcinoma [67]. Our fingliis in
consistent with study of Chet al [68] and Jiret al [69] which demonstrated that the expression Eweélsurvivin
MRNA and protein were higher in colorectal carciaooells than in normal cell line. On other handatment of
cancer group with 5-fluorouracil dR. officinalis extract exhibited marked decrease in COX-2, cy8ih and
survivin expression in colon tissue accompanied witsignificant reduction in the circulating level the all
studied biomarkers.

Srimuangwonget al [70] demonstrated that 5-fluorouracil at concemratof 5 umol/L in combination with
hexahydrocurcumin (HHC) at concentration of#Bol/L significantly down-regulate COX-2 expressionHT-29
human colon cancer cells and these results mayabié/ahe potential therapeutic role of 5-fluorasil as COX-2
inhibitors. Moreover, the anti-tumorgenic effectsffluorouracil against N-methylnitrosourea indda®lon cancer
was confirmed by Weet al [71] who found that 5-fluorouracil-triggered agtosis of DN-HIF-transfected A549
cells was reduced by sicyclin D1 (cyclin D1-spexiiinterference RNA) introduction. In addition, th@optotic
effect of 5- fluorouracil was greatly supported the study of Sawaet al [72] which detected the invasion
inhibitory effect of 5-fluorouracil on survivin-3Bjene- transfected DLD-1 cells. These authors spelilthat
survivin-3B expression in colon cancer is an imaottfactor involved in the invasive capacity of cancells in the
presence of anticancer drug.

Carnosol has been found to block protein kinas&g@ating and inhibits the binding of the activapotein 1 (AP-
1) to the COX-2 promoter which should be noteduisdimentally different than the synthetic COX-2ilditilors
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(e.g. celecoxib) that function as direct inhibitofsCOX-2 [73].In vitro study of Barniet al [74] demonstrated that
the treatment of Caco-2 cell line with carnosicddeiads to the down-regulation of COX-2 expressibioth the
MRNA and protein levelsin several types of human cancer including col@alecarcinoma, mutation in thg-
catenin leads to cytoplasmic/nuclear accumulatiofi-catenin resulting in accelerated tumor cell peshtion and
tumor progression through the transcriptional attbn of target genes including cyclin D1 [75]. Téfere, the
inhibition of B-catenin MRNA level byR. officinalis extract as shown in the current study might be ohée
proposed mechanisms by which its active constitueatild reduce the expression of cyclin D1 in cdiesue of
the treated colon cancer rats. The second proposethanism for the efficacy &. officinalisextract to reduce
cyclin D1 expression in colon tissue of the treatsd related to the PISK/AKT pathway. PI3SK/AKT Hasen found
to promote cyclin D1 which has been found to beexjressed in tumor with a k-ras mutation [62].

The treatment of COLO 205 human colorectal ademimama with rosmarnol for 24h displayed a strongppsis-
inducing responseia the involvement of caspase activation and comgitaegulation of both the mitochondrial
apoptotic pathway and death receptor pathway. Thee an inverse correlation between caspases tativand
survivin expression [67]. Thus, the activation @fspases by rosmanol might be the mechanism by wRich
officinalis extract used in the present study could down-egguurvivin expression in colon tissue of the teda
rats.

The biochemical results in the current study res@dhat there was significant increase in B cetighoma 2 (Bcl-
2), tumor necrosis factor: (TNF-0), matrix metalloproteinase-7 (MMP-7), matrix médaloteinase-9 (MMP-9)
and epidermal growth factor (EGF) levels in col@anaer group. It well known that the key biochemieaént
involved in the apoptotic process was the upreguiadf pro-apoptotic proteins and/or the down-ragjoh of anti-
apoptotic protein molecules. Among these proteBd;2 family of proteinserve as critical regulators of the
mitochondrial pathway involved in apoptosis, actiagither inhibit or promote cell death. The Bgbroteins have
been identified as anti-apoptotic proteins, whidgidbto the outer membrane of the mitochondria are/ent the
release of cytochrome c [76]. The increment of Bdbvel in this study is in agreement with Setnal [77] who
found high expression levels of the anti-apoptgéoes Bag-1 and Bcl-2 in colon cancer. €&kpression of Bcl-2
is inversely correlated with p53 expression in aheas as well as primary and metastatic coloreetainomas [78,
79]. Enforced expression @fcatenin, the central mediator of Wnt signalingjuces Bcl-2 expression through its
downstream targets c-Myc [80]. Previous studies ingidahat TNFe stimulates inflammation by turning on gene
transcription through signaling cascades such a\t/NF«B pathway. This signaling subsequently serves as th
primary mechanism to protect cancer cells agaipsp#tic stimuli through several transcriptionahgs, such as
inhibitor of apoptosis proteins (IAP), the specifitibitor of caspases [81]he anti-apoptotic signaling of TN&-
tumor necrosis factor receptor (TNFR) is known tctivate Akt/NFxB in three ways: directly through
phosphatidylinositol 3-kinase (PI13K) activation, indirectly through crosstalk signaling to EGFR,bmth together
[82, 83].

Matrix metalloproteinases (MMPs) are a family ohedependent proteolytic enzymes, which degrade all
components of both the basement membrane and elktac matrix (ECM). Matrix metalloproteinasespla key
role not only in normal processes of ECM degradatiut also in pathological processes such asetissmodeling

of inflammatory diseases, cancer invasion, and stedés [84, 85]. The MMPs are frequently overexgedsin
various human cancers. Moreover, enhanced exprsssib MMPs have been associated with an aggressive
malignant phenotype and adverse prognosis in capeéents [86, 87]It is noteworthy that only matrix
metalloproteinase-7 (MMP-7) and membrane type-1 M(WH 1-MMP) are produced by colorectal cancer cells
themselves [88, 89 nd because of the strong ECM-degradative actimitych evidence supports the role of MMP-
7 in tumorigenesis and progressiarvitro, and in the animal models. The levels of MMP-7 niR&kpression were
correlated with the stage of colon cancer progoesf®0]. Also, it has been reported that colorettahors have
increased co-expression of MMP-3 and MMP-9. Inuzakal [91] hypothesized that urokinase plasminogen
activator (uPA) co-expressed with MMP-9 in coloedatancers is responsible for the activation osplgogen to
plasmin. Plasmin then activates proMMP-3 to MMP-Bicla then activates proMMP-9, resulting in coloagct
cancer progression.

Overexpression of epidermal growth factor recefl@FR) occurs in 65—70% of colorectal cancer (CB&)ents,
and as would be suggested, it is more commonly iseagtvanced stage tumors [92]. In this contextFRGas been
identified as an important therapeutic target inastatic CRC (mCRC). Epidermal growth factor recepto
member of the HER-erbB family of receptor tyroskmeases, is a cell-surface receptor that bindsezpidl growth
factor [93]. The binding of epidermal growth fac{®&GF) or other ligands to EGFR initiates a mitagesignaling

cascade through two main axes. The first axis re@the K-RAS—-RAF-mitogen-activated protein kindgé&PK)

pathway, which responsible for gene transcriptamil-cycle progression and cell proliferation. Vhithe second
axis involves membrane localization of the lipidi&se phosphatidylinositol 3- kinase (PI13K), whichmotes Akt-
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mammalian target of rapapycin (mTOR) activatiospansible for antiapoptosis and prosurvival sigfds 95] It
may also activate phospholipase-C, signal trangdarue activators of transcription protein (STATH[9 EGFR has
also been implicated in the activation of eicosdrsignaling through induction of cyclooxygenasez®D¥K-2) [97].
While, He et al [98] found that 5- fluorouracil induces apoptosisblon cancer cells through the regulation of the
Bcl-2/Bax protein ratio. It was demonstrated by drah al [99] that 5-fluorouracil alone can significantlyhibit
HT-29 cell proliferation and migration, block thells in G2/M phase and induce cell apoptosis. Alsoent study

of Zhouel al. [100] showed a reduction in TNi{evel in a canine model of severe acute pancie48tAP) after
treatment with 5-fluorouracil or octreotide, alasrein combination.

5-fluorouracil also can down-regulate MMP7 and agtin receptor 2 (ERbeta) expression. loviehal [101]
found a reduction in the expression matrix metatitginases (MMP)-2, MMP-9, and tissue inhibitor of
metalloproteinase (TIMP)-1 in a case of conjundtiméraepithelial squamous cell carcinoma (SCChated with
topical 5-fluorouracil chemotherapy. G al [102] showed that lapatinib in combination with IGefrouracil
markedly reduced the phosphorylation of EGFR anthdw epidermal growth factor receptor 2 (HER2), and
inhibited the activation of downstream signalinglesolles, such as AKT and ERK. Also, Ddérekal [103] found
that carnosol induced apoptosis with down-reguhatib Bcl-2 in cell lines established from patiemtgh acute
lymphocytic leukaemia, but not in normal periphdsidod mononucleocytes. Also, Mengaeti al. [104] showed
that inflamed skin treated with carnosic acid (G carnosol (CS) exhibited a decreased expree$itinl and
TNF-a, a selective inhibition of COX-2.

The study of Barnet al [105] reported that carnosic acid induced colancer cell lines apoptosis after 24h of
treatment and inhibited cell adhesion and migrapossibly by reducing the activity of secreted pase such as
urokinase plasminogen activator (UPA) and metalitginase. These effects may be associated through a
mechanism involving the inhibition of the COX-2 pafy as carnosic acid could down-regulate the egpva of
COX-2 in Caco-2 cells at both the mRNA and protieivels [105] Also, Huanget al [106] found that carnosol
could restrict the invasive ability of B16/F10 meusielanoma cells by reducing MMP-9 expression aiyity
through suppressing extracellular signal-reguldtie@se (ERK) 1/2, AKT, p38, and JNK signaling patiywand
inhibition of NF«xB and activator protein-1 (AP-1) binding activityF«B and AP-1 are MAPKs and AKT-
responsive promoter elements. Therefore, the MARKS AKT signal transduction pathway may play andntgnt

role in the regulation of MMP-9 expression.

Venkatachalanet al.[107] studied the potent beneficial role of rosmiaracid (RA) in DMH induced experimental
rat colon carcinogenesis. Its chemopreventive effe@videnced by the decreased incidence andhidison of
tumors along the colon. This effect of RA couldassociated with inhibition of cell proliferation gumduction of
tumor cell death [108]. Moreover, the strong anflammatory compound iR. officinalismainly carnosic acid and
carnosol could regulate the expression of inflannnaassociated genes [104]. Furthermore, carnoasl been
reported to have broad anti-cancer properties wersé cell line models targeting multiple deregethipathways
[109]. Additionally, carnosic acid showed power&utioxidant effect due to its free radical scavemgeproperty
[110]. All of these properties d?. officinalisextract together with the present findings onrti@ecular levels that
confirmed its anticancer activity led to suppregsirfi the circulating tumor biochemical markers lsv@s shown in
the current study.

Histological examination of colon tissue sectionraff received intrarectal dose of 2 mg N-methytisiturea for
five weeks (cancer group) revealed dysplasia amghlasia associated with pleomorphism and hyperchcbia in
the lining epithelial cells of the glandular stuet  (adenocarcinoma). This histopathologicaldesats in consistent
with the studies of Narisawet al [111], Narisawa and Fukaura [32] and Ousingsawal [112] which confirmed
the induction of colon carcinogenesis in rats. WHilistological investigation in the present restdtvealed that the
treatment with 5-fluorouracil showed the presenictew inflammatory cells infiltration in the laminaropria of the
mucosa with oedema in the muscularis. These firsdarg in agreement with the study of EI-Mgtlal [113] study.
The influence of fluorouracil on colonic carcinomminly comes from its growth inhibitory effects oancer cells
[114]. Also, histological examination of colon tigs section of colon cancer rats treated with lowedof R.
officinais extract (RMTME low) showed focal lymphoid cellsgaggation in the mucosa with massive number of
inflammatory cells infiltration in submucosa as has dysplasia in the lining epithelium of the ms&oln addition,
the treatment with high dose of RMTME revealed rvasswumber of inflammatory cells infiltration in éh
hyalinized lamina propria of the mucosal layer. Sédindings could be explained as that rosemartdoent
mainly rosmarinic acid which possesses more @& tesderate decreasing effect on the number of patygolon
cancer reaching to 50% [107].
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CONCLUSION

From the present results, it could be concludetiRhafficinalispossess a promising therapeutic role against colon
cancer induced in rats through its potential afiimmatory property, antiproliferative capacity aagoptotic
activity.
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