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ABSTRACT

The present study is designed to evaluate theadéint and anti-inflammatory effects of Paronychiaentea
methanolic extract against acetic acid-induced rdtige colitis in mice. The experimental colitis imice was
induced with 5% acetic acid (v/v, in saline) viecta route. Animals were then divided into varidusatment
groups (n = 12). Four groups were treated with Pgentea methanolic extract (PAME) (50, 100, 200 &06@
mg/kg) for 5 consecutive days, and one group weeted with sulfasalazine (SASP, 500 mg/kg) asralatd drug.
Disease activity index (DAI), colon weight and lmghematological parameters (C-reactive proteinRRG
erythrocyte sedimentation rate: ESR and full bleodnt: FBC), colonic contents of Malondialdehy®4DA) and
reduced glutathione (GSH), colonic superoxide disisel (SOD) and catalase (CAT) activities were rdedr
Results revealed that the intrarectal instillatiohacetic acid caused increased DAI, colon wei@RP, ESR and
colonic MDA levels, and a decrease in the otheapaaters such as colon length, FBC, colonic GSHIde®0D
and CAT activities. Treatment with PAME showed ifitant effect in lowering DAI, colon weight, CRESR and
colonic MDA levels, and in enhancing the colon tendg-BC, colonic GSH levels, SOD and CAT activities
dose-dependent manner. These findings suggest thieatextract obtained from P. argentea possess @ctiv
substances, which exert marked protective effectgiute experimental colitis by regulating inflamargtmarkers
and antioxidant parameters. Paronychia argentea maywe as a natural antioxidant and anti-inflamnrgito
therapy for ulcerative colitis.
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INTRODUCTON

Paronychia argente&. Caryophyllaceae is one of the most used planfislk medicine in Algeria, and is popularly
known as Arabic tea (Kassaret lahdjer, Fettatedjéahor Bissat elmouloukParonychia argenteavas reported to
contain the flavonoids isorhamnetin, quercetin, lebolin [1]. The aerial parts of this plant aed in the Algerian
traditional medicine as diuretic and for the treattnof renal diseases, especially as antiurolithi@3. In addition,
the plant was reported to have digestive [3], hyymmic [4], and antimicrobial activity [5]. Furthmore, Dafniet
al. [6] reported the use of leaf decoction of thiarplas a diuretic, in the treatment of kidney stomkabetes, and
heart ailments, and was also used as a blood gufff]. In PortugalParonychia argente& used as analgesic, for
stomach ulcer, anorexia, and flatulence [8].
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On the other hand, ulcerative colitis (UC) is aflaimmatory bowel disease (IBD) that primarily affetlie colon
and rectum. It features a recurrent, with chroslawsing conditions in the intestine [9]. The dalimanifestations
include diarrhea, blood in the stool, abdominahpaind weight loss [10]. The prescribed drugs @ia for colitis

are mesalazine and sulfasalazine [11]. However,tdube safety of sulfasalazine decays in patiaitls known

tolerance, these drugs can cause unwanted effacteabe infertility [12]. Additionally, the adverseffects of

sulfasalazine include vomiting, hypospermia, hejgatppneumonitis, hemolytic anemia, chronic nepisrcand

encephalitis [13], and in rare cases, sulfasalazameaggravate colitis, resulting in diarrhea, ahi}al cramps and
discomfort [14]. Medicinal plant based therapy gassess a protective effect, with less or no adveffects,
against colitis by causing an elevation in antiexitd and the activities of associated enzymes [l4drefore, the
use of traditional medicinal plants products magvide therapeutic alternatives or supplementargtitnent of
patients, and the structures of these productseare to provide leads for the synthesis of newiafltammatory

agents [16].

Oxidative stress could be a major contributingdadb tissue injury and fibrosis that charactertee inflammatory
bowel disease. An increased level of superoxide mitdc oxide, NO, during ulcerative colitis, ineses
peroxynitrite formation that mediates oxidationlipids, proteins, and DNA [17]. Chronic inflammatjoon the
other hand, increases oxidative stress, regeneratipair, and dysplasia in the colon that tramefmto an invasive
colorectal cancer (CRC) [18]. To scavenge reaaiiygen species (ROS), gastric cells have sevemineatic and
non-enzymatic antioxidants including superoxiderditase (SOD), reduced glutathione (GSH) and ca&t4l@AT),
however, excessive generation of ROS enhancesggrioixides (LPO) and could deplete these antioxidamymes
[19]. In vitro andin vivo studies have concluded that flavonoids are ap@at@pcandidates of new anti-inflammatory
drugs for scavenging the reactive oxygen specieduaing the damage to tissues, and affecting theaki
transduction pathways [20]. In addition to theiredt radical scavenging effects, polyphenols aoeight to be able
to enhance endogenous antioxidative capacity R4 Jfor the plantParonychia argente&., Zama and coworkers
[2], studied the protective effect of a butanolragt of Paronychia argented.. against toxicity caused by the
organophosphorus pesticide, chloropyriphos ethygregnant female rats using different parametech s plasma
and tissue malondialdehyde, blood reduced glutathimnd erythrocyte superoxide dismutase. Accordjriglthe
present work we employed vivo assays to evaluate the antioxidant activity amdahti-inflammatory effect of
Paronychia argenteanethanolic extract against acetic acid-inducedratoge colitis in mice, which to the best of
our knowledge has not been explored.

MATERIALS AND METHODS

Plant Material

Aerial parts of Paronychia argenteavere collected, at the flowering stage (April - y1da011), from Ouled
Rahmoune (mountainous region, Constantine, Algesia) air-dried for 10 days at room temperature.f.Pro
Oudjehih Bachir, a botanist at the University ofHAd] Lakhdar, Batna, Algeria, identified and autieated the
plant.

Animals

Male Swiss albinomice (20-30 g) were obtained from the LaboratofyAoimal Physiology, Constantine 1
University, Algeria. These animals were housedaaistant temperature of 252 °C with a 12 h light{deycle.
They were given free access to tap water and stdrdiet. All chemicals were purchased from Sigmar{@any),
Pfizer Health AB (Sweden), Prolabo, Aldrich and Kdu Mice were randomly divided into seven groupslaf
animals each. Group 1: normal control (NC) recei@e@Po saline (2 mL/Kkg, i.p.). Group 2: colitis cait(CC)
received 0.9% saline (2 mL/kg, i.p.) following iretion of colitis. Groups 3, 4, 5 and 6 were giV@nargentea
methanol extract (PAME) 50, 100, 200, 500 mg/kgpeetively 2 h following induction of colitis. Grpu?7:
received sulfasalazine (SASP), (500 mg/kg). Drugeeveuspended in saline and administered orallg dady.

Preparation of P. argentea methanolic extract

Approximately 500 g of powdered plant materials waaked, at room temperature, in 5 L of methanol® h
with occasional stirring [22]. Then the mixture widtered and the filtrate was concentrated undeuced pressure
with a rotary evaporator. The extract was furthmraentrated by allowing it to stand overnight incxen at 30°C,
and was then stored until use.

Total polyphenol content determination

Total polyphenol content dfaronychia argenteaethanolic extract (PAME) was determined with e of Folin-
Ciocalteau reagent using gallic acid as a standecdrding to Liet al.[23]. In brief, 0.1 mL of PAME was mixed
with 2.5 mL of distilled water and 0.5 mL of thelifeCiocalteu stock reagent. After 5 min, 1.0 mL2@% aqueous
Na,CO; solution was added to the mixture. The mixture Wesn incubated at room temperature for 1h and its
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absorbance was measured at 760 nm. The amourtabptdyphenols in the extract was determined fiiandard
curves of gallic acid and results are expressexililgrams of gallic acid equivalents per gram ofed PAME.

Total flavonoid content determination

Total flavonoid content in PAME was determined adawy to the method of Bahorwet al [24]. This method is
based on the formation of a flavonoid-aluminum ctampvhen the flavonoid-containing extract is mixedh an
aqueous solution of aluminum chloride. Total flavsimhcontent was determined by measuring the abroebaf the
extract-aluminum chloride mixture at 430 nm; quércand rutin were used as standards. Briefly, 1 ahleach
sample was mixed with 1 mL of aluminium chloridd @) solution (2%) in methanol. After an incubatiorripd
of 10 min, absorbance of mixture was measured @3 versus a prepared methanol blank. Resultexanessed
as milligrams of quercetin and rutine equivalergs gram of dried PAE.

Antioxidant and anti-inflammatory activities (acetic acid-induced colitis assay)

Induction of experimental colitis

Acute colitis was induced by acetic acid accordimgNeurathet al. [25] and Rachmilewitzt al. [26] with slight
modifications. Briefly, 24 h starved mice were lighainesthetized with ether, and then a metal cethets
carefully inserted 4 cm into the colera the anus. One millilitre of acetic acid (5% v/var8% saline) was slowly
instilled into the lumen of the colon. Animals wetteen maintained in a head down position for 3@ girhit
expulsion of solution. In normal control experingnhice received 0.9% saline alone using the saatbhad.

On the &' day, animals were anesthetized with ether anddbloas collected by retro orbital puncture for meimsy
inflammatory markers: erythrocyte sedimentatioe (&SR), C-reactive protein (CRP), and full bloodit (FBC).
Animals were then sacrificed and colonic segmerievexcised, freed of adherent adipose tissue,aslasith cool
saline, and were used for clinical scoring. Colosaenples were homogenized in KCI (1.15 %) withdfte of an
ultrasonic homogenizer and homogenates were cagdf at 4000 rpm for 10 min at 4 °C. The superrataere
frozen at -20 °C until use for the determinationtattal protein and for antioxidant parameters (M@Ad GSH
levels, CAT and SOD activities).

Clinical activity score

Body weight, stool consistency, and gross bleediete recorded daily. Each score was determineddiogpto the
method of Coopeet al. [27] as follows: change in body weight loss (0: @pt: 1-5%, 2: 5-10%, 3: 10-20%, 4:
>20%); stool blood (0: negative, 2: hemoccult pesijt4: gross bleeding); and stool consistencyn®mal, 1 and 2:
loose stool, 3 and 4: diarrhea). Disease actividex (DAI) was quantified with a clinical score wicecords
weight loss, stool consistency, and bleeding ofciilen. Body weight loss was calculated as thegrérdifference
between the original body weight (day 0) and thdybaeight on any particular day. At the end of éxgperiment,
mice were sacrificed and the colons were separfited the proximal rectum, close to its passage urite
pelvisternum. The colon length was measured betvikenleo-cecal junction and the proximal rectund ars
weight was measured.

Inflammatory markers measurements

Erythrocyte sedimentation rate (ESR) values werasmeed using the Westergren method described byevgesn
[28] and Fahraeus [29]. Briefly, 0.8 mL (4 volumed)the blood samples collected in tubes contairtiyr A (1
mg/mL of blood) for each group of mice were mixeithwd.2 mL (1 volume) of a sodium citrate solutith8%) .
Westergren tubes (Westergren graduated pipettess filked with citrated blood, and placed vertigalhto the
Westergren supports. Erythrocyte sedimentationrimwas recorded at one hour interval for 2 hoursamdpared
with those of other groups.

C-reactive protein (CRP) concentrations were ddtexdch according to the manufacturer's recommendation
(Spinreact) using the agglutination technique (QREex). Briefly, 50 uL of serum samples of eachugraf mice
were deposited on the circles of test plates, anp 0 L) of CRP-Latex reagent was subsequergfodited
beside each previous drop. Each two drops (sem@g@agent) were mixed by rotation with the aid of and, trying

to expand the mixture over the entire inside arfeth® circle. After stirring for 2 min, the presenor absence of
agglutination was examined by the naked eye. Tlesance of agglutination indicates a CRP conceotrati6
mg/L, whereas the absence of agglutination sho@RR concentration 6 mg/L.

Analyses of hematological parameters (FBC) of bleathples, collected in tubes containing EDTA (1 migbf

blood) for each group of mice, were carried ouhgsa self-hematology analyzer (Beckman coulterjhatcentral
laboratory of EI Khroub hospital, Constantine, Alge
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Antioxidant studies

Malondialdehyde and glutathione measurements

Lipid peroxidation was evaluated by measuring mdialdehyde (MDA) levels using the procedure outlirgy
Okhawaet al.[30]. In this method, an aliquot (0.5 mL) of thelan homogenate was added to 0.5 mL of 20% TCA
and 1 mL of 0.67% TBA. The mixture was boiled f& rhin at 100 °C, cooled immediately in ice, andextitb 4

mL of n-butanol. It was then centrifuged at 3000 rpm fér rhin, and the absorbance of the supernatant was
measured with a spectrophotometer at 530 nm angaed with a curve made by MDA standards (seriatidns

of the stock 10 mm 1,1,3,3-tetraethoxypropane &miut The amount of MDA was expressed as nmol/gabdénic
tissues.

On the other hand, colon gluthatione (GSH) leve$ watermined according to Ellman [31]. GSH in caldissue
homogenate was measured by its reaction with thealils reagent, 578lithio-bis-(2-nitrobenzoic acid), (DTNB).
A volume of 0.5 mL of 10% trichloroacetic acid (T¢#as added to 0.5 mL of colonic tissue homogerfsiter 15
min, each sample was centrifuged (2000 rpm, 5 raimg the supernatant was analyzed for GSH. A volofime
supernatant (0.2 mL) was combined with 1.7 mL &f K. potassium phosphate buffer (pH 8), and themnfl.lof
DTNB was added to the tubes and the intensity efrésulting yellow color was measured after 5 mid12 nm.
GSH concentrations were calculated using the stdndarve of GSH, and results are expressed as pnodl/
colonic tissues.

Determination of superoxide dismutase activity

The activity of superoxide dismutase (SOD) was meitged using the method of Misra and Fridovich [3&fh
slight modifications. According to this method, Or. of colonic tissue homogenate was added to 2.5f0.05
M carbonate buffer (pH 10.2). The reaction wasiated by the addition of 0.3 mL of freshly prepa@®8 mM
adrenaline. An increase in absorbance was recaatiéB0 nm every 30 s for 150 s. One unit of SODviagt
induced approximately 50% inhibition of the autadation of adrenaline to adenochrome in 1 min. Resare
expressed as Ul/mg protelDetermination of catalase (CAT) activity

Activity assay was based on the ability of CAT taluce the disappearance 0§Q4 according to the method
described by Clairborne [33]. The reaction mixtooatained 50 pL of homogenate and 2.95 mL gdH0.019 M
in potassium phosphate buffer 0.1 M, pH 7.4), dredabsorbance was read at 240 nm at 1 min intéov&@ min
using UV-visible spectrophotometer. One unit of CAfivity was calculated by using the following rosla:

k = (2.303A1) x log (AL/A2)

where:k is the first order reaction rate constafit, time interval in minAl: absorbance in time A2: absorbance
after 1 min. CAT activity was then calculatedka®, where m is the mass of protein in the usedmelwf colonic
sample in mg. CAT activity was expressed as Ul/moggin.

Protein determination
Protein concentration in the colon supernatants maasured using the biuret reagent [34] using logerum
albumin as a standard.

Statistical analysis

All determinations in this investigation were conthd in triplicate and results are expressed asntestandard
error of the mean (SEM). In this study, statist@aalysis was performed using Studettsst for significance, and
analysis of variance (ANOVA) followed by Dunnetsst were done for the multiple effects comparigpaalues

less than 0.05 were considered statistically sicpmift.

RESULTS AND DISCUSSION

Extraction and polyphenols and flavonoids contents

Extraction was carried out using methanol, resshitswed that the plant extract has a yield of ahou@71 + 0.637
%. In addition, results also showed that this extcantained significant polyphenol (217.463 + 0rBFGA-Eq/gE)
and flavonoid (13.349 + 0.562 mgQ-Eq/gE, 26.765830 mgR-Eqg/gE) contents.

Antioxidant and anti-inflammatory activities (acetic acid-induced colitis assay)

General observation and clinical activity score

Colonic instillation of acetic acid triggered inninflammatory responses in the large bowel, cheniaed by
extensive hemorrhage, occasional ulceration, bevadl thickening, and high macroscopic damage. Adshiation
of saline did not protect against colonic injurp]3In the present study, acetic acid-treated rgiceips developed
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rapidly severe colitis with typical signs includingloody diarrhea, reduced mobility and food intakeor coat
quality and dramatic body weight loss. Gross bladbesion to the anus was observed in some miagdditian to a
high mortality rate. Treatment with extracts inaea survival rate of mice in a dose-dependent maamdisplayed
in Figure 1; no mortality was observed in the ibgroups.

= NC - AAC —~+~AA+PAME (50 mg/kg)
-~ AA+PAME (100 mg/kg) ---AA+PAME (200 mg/kg)
-+ AA+PAME (500 mg/Kg) -+ AA+SASP (500 mg/ke)
1004

804

60 -

40

204

Percentage of Survival

Days

Figure 1. Effects of different doses oP. argentea methanolic extract (50, 100, 200 and 500 mg/kg) dsulfasalazine (500 mg/kg) on
survival rate of mice with acetic acid-induced cotis, compared with normal control (NC) and acetic aid control (AAC) groups

As shown in Table 1, the administration of PAME &8WSP prevented reduction of body weight. Bloodesped
in the stool of all experimental groups treatechvéitetic acid just few minutes after induction ofitts (Table 2).
Changes in the consistency of the stool were obseimmediately after administration of acetic aicichll groups
(Table 3); none of the described changes were wbdan the intact group.

Table 1. Effects of different doses dP. argentea methanolic extract and sulfasalazine on body weighoss score in mice with acetic acid-
induced colitis

Body weight loss

score Day 1 Day 2 Day 3 Day 4 Day 5
NC 0 0 0 0 0
AAC 0 2.4+0.032 3+0.04f 35+0.094% 3.96+0.3%*

PAME (50 mg/kg) 0 2.33+0.037 2.66+0.075 3.33+0.035 3.93+0.2%
PAME (100 mg/kg) O  1.16+0.04% 1.833+0.058 2.0+£0.075 2.0+0.055
PAME (200 mg/kg) O  0.83+0.01% 1.33+0.036 1.83+0.085 1.66+0.065
PAME (500 mg/kg) O  0.75+0.018 1.33+0.089 1.91+0.0§ 1.6+0.039
SASP (500 mg/kg) 0 066+0.0281.16+0.016 1.5+0.014 1.33+0.004
Data are expressed as means + SEM 3)”p< 0.05,"p< 0.01 and™p< 0.001 acetic acid control vs. normal contfg> 0.05,'p< 0.05,” p<
0.01 and™ p< 0.001 vs. acetic acid control.

Table 2. Effects of different doses dP. argentea methanolic extract and sulfasalazine on stool blabscore in mice with acetic acid-
induced colitis

Stool blood
Sscore Day 1 Day 2 Day 3 Day 4 Day 5
NC 0 0 0 0 0
AAC 40" 4+0.03%% 38+0.04% 3.75+0.094* 3.66+0.3%"

PAME (50 mg/kg) 4+0° 3.66+0.03F 4 +0.037 4 +0.037 3.75+0.2%

PAME (100 mg/kg) 4 +0™ 3.16 £0.08% 3+0.04% 2.25+0.075 0.5+0.0457

PAME(200 mg/kg) 4+0 2.8+001% 22+0.036 1.6+0.085 0.2+0.065"

PAME (500 mg/kg) 4 +0™ 3.16 £0.0® 2.3+0.048 1.7+0.093° 0.25+0.039"

SASP (500 mg/kg) 40 258+0.028 1.7 +0.016° 0.6 +0.014" 0

Data are expressed as means + SEM @). “*p< 0.001 acetic acid control vs. normal control;
"p> 0.05,p< 0.05,” p< 0.01,” p< 0.001 and™ p< 0.0001 vs. acetic acid control.
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Table 3. Effects of different doses dP. argentea methanolic extract and sulfasalazine on stool coiséency score in mice with acetic acid-
induced colitis

Stool consistency
score Day 1 Day 2 Day 3 Day 4 Day 5
NC 0 0 0 0 0
AAC 4+0" 38+044" 371:x04% 36:08%* 32+0.3%

PAME (50 mg/kg) 40 3.75+0.6% 3.75+02% 3.75+£065 3.5+0.1%
PAME (100 mg/kg) 4 +0™ 3.54+0.57 29+056 216+0.39 1.16+0.34

PAME (200 mg/kg) 4 £ 0™ 3.2+0.48 2.28+069 1.5+0.34 0
PAME (500 mg/kg) 4 +0™ 3.0+0.8 242+098 12+04" o™
SASP (500 mg/kg) 4+M 25+076 1.62+062" 0.71+055" 0

Data are expressed as means + SEM @) *p< 0.001 acetic acid control vs. normal control;
"p> 0.05,p< 0.05,” p< 0.01,” p< 0.001 and™ p< 0.0001 vs. acetic acid control.

Additionally, PAME significantly reduced the diseasetivity index (DAI), a clinical parameter reflaug the
severity of weight loss, rectal bleeding, and stoohsistency (Fig. 2). Acetic acid caused severerosaopic
edematous inflammation in the colon, and causechaokhortening (Fig. 3a) and decrease of its wegkigFig.
3b) in the colitis control group. However, such mges were improved by treatment with 100, 200, 0@ mg/kg

of PAME; treatment with 50 mg/kg had no effect, ahé SASP (500 mg/kg) showed better results inethes
parameters, indicating its potent activity at thstéd dose.

- NC - AAC —“~AA+PAME (50 mg/kg)
-+ AA+PAME (100 mg/kg) --AA+PAME (200 mg/kg)
-+ AA+PAME (500 mg/kg) -+-AA+SASP (500 mg/kg)
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Figure 2. Effect of different doses oP. argentea methanol extract (50, 100, 200 and 500 mg/kg) asdlifasalazine (500 mg/kg) on disease
activity index (DAI) of mice with acetic acid-indued colitis, compared with normal control (NC) and &etic acid control (AAC) groups.
Data are expressed as means + SEM £ 3). #%< 0.001 acetic acid control vs. normal control’p> 0.05 and™ p< 0.001 vs. acetic acid
control

Similarly, considerable increase in colon weighgight/length ratio, diarrhea, rectal bleeding, macopic score,
histological alterations, shearing of epithel@dlls, and decrease in body weight were indisator the severity
of inflammation in colitis [36]. In our studinduction of acetic acid alone causes significaevation in these
parameters. Treatment witR. argenteamethanolic extract leads to a dose-dependent aseren the above
mentioned parameters which indicate its anti-inflsatory and antiulcer activities.
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Figure 3. Effects of different doses ofP. argentea methanolic extract (PAME) and sulfasalazine (SASP)n colon length (a) and weight (b)
of mice with acetic acid-induced colitis, compareaith normal control (NC) and acetic acid control (AAC) groups. Data are expressed as
means = SEM (> 3). "< 0.001 acetic acid control vs. hormal control’p> 0.05, p< 0.05,” p< 0.01, and” p< 0.001 vs. acetic acid

control

Measurement of inflammatory markers

The erythrocyte sedimentation rate (ESR) counte@sn used as a marker for inflammatory disease l[j3éfder to
find out the effect of PAME against inflammation, EB&unt for 1 and 2 hours was done. Results predante
Figure 4 show that doses of 100, 200 and 500 mofIRAME have the ability to reduce< 0.05) elevated levels
of ESR after 1 and 2 hours. However, the coliticertreated with 50 mg/kg of PAME had the same ESRIlas
the colitic mice control.

ns

25 * = [OESR1h [JESR2h
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PAME SASP

Figure 4. Effects of different doses oP. argentea methanolic extract and sulfasalazine on the erytlucyte sedimentation rate (ESR) %L
and 2" hour of mice with acetic acid-induced colitis, comared with normal control (NC) and acetic acid contol (AAC) groups. Data are
expressed as means + SEM & 3). "< 0.001 acetic acid control vs. normal control*p> 0.05, p< 0.05,” p< 0.01, and” p< 0.001 vs.
acetic acid control

Measurement of serum C-reactive protein levelssisduto confirm the effect on inflammation [38], adéog to
that, our results show that CRP decreased from125.2.041 mg/L in control colitic mice to 8.5 + 8.9ng/L in
colitic mice treated with PAME (200 mg/kg); thifexft was dose-dependent (Fig. 5). However, a d658 eng/kg
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of the plant extract did not show any significarfeeff (Fig. 5). The decreased severity of colitisSASP (500
mg/kg) treated mice compared to colitis controlugravas further demonstrated by a 5 fold decreaserium CRP
level as shown in Figure 5.

30 1 T
- | T
gﬂ 20
g
o ﬂ ﬂ ﬂ
o LT
50 100 200 500 500 mgfkg
NC AAC PAME SASP

Figure 5. Effects of different doses oP. argentea methanolic extract and sulfasalazine on C-reactivprotein (CRP) levels of mice with
acetic acid-induced colitis, compared with normal entrol (NC) and acetic acid control (AAC) groups. @ita are expressed as means +
SEM (n >3)

Similarly, clinical manifestations of inflammatoryowel disease includes exacerbated hematologicahlanbe
leading to an unexplained diarrhea [39]. A fullddiocount (FBC) was performed, and results demaestrihat the
acetic acid control mice showed significant decremsevhite blood cells (WBC), red blood cells (RBC),
hemoglobin (Hb), hematocrit (HCT) and platelets APas compared to normal mice as listed in Tablérdatment
with 100, 200, and 500 mg/kg of PAME and 500 mgB4SP led to a significant increase in these herogicél
parameters as compared to colitic control mice s€hesults are in agreement with those of Gep#d. [40].

Table 4. Effects of different doses dP. argentea methanol extract (PAME) and sulfasalazine (SASP)rofull blood count (FBC) in mice
with acetic acid-induced colitis (AAC)

Full blood count WBC RBC Hb HCT PLA
(FBC) (x 10°/uL) (x 1P/uL) (g/dL) (%) (x 1P/uL)
NC 11.03+0.54 10.01+0.65 15.83+0.44 4357380 14.6+0.45
AAC 4.67 £0.089% 4.84 +0.30* 9.86+0.24* 30.07+0.6%" 7.54+0.31*

PAME (50 mg/kg)  4.92 £0.075 5+1™ 9.93+0.37° 32,95+ 145 7.8+0.2¢
PAME (100 mg/kg) 7.43+0.56 7.65+028 12.4+0.30 36.47+0.86 10.15+0.37
PAME (200 mg/kg) 9.16 +0.44° 8.75+0.35" 13.97+0.14 39.97 +0.60° 12.07 £0.07%
PAME (500 mg/kg) 8.91+0.31" 8.64+0.96" 13.83+0.16° 38.83+0.72° 11.86+0.11
SASP (500 mg/kg) 10.3+051 9.14+0.77° 14.67+0.28° 422+0.8  13.530.8%4
Data are expressed as means = SEM3n**p< 0.001 acetic acid control vs. hormal contr&h> 0.05, p< 0.05,” p< 0.01, and™ p< 0.001 vs.
acetic acid control. WBC: white blood cells, RB&diblood cells, Hb: hemoglobin HCT: hematocrit, Pphatelets

The ESR and the CRP levels are the most widely testd to monitor and detect inflammatory disord&hey are
both sensitive markers of inflammation and coreslatth the severity of inflammation, but are nogsific to any
particular illness [41]. In the present investigatitreatment with PAME reduced the colon inflamomain a dose-
dependently by decreasing the elevated levels 8 &® CRP, and elevating the reduced levels of FBC.

Antioxidant studies

MDA and GSH measurements

Free radicals and reactive oxygen species (ROS¢ waported in colorectal specimens of ulcerativitised42].
Lipid peroxidation, an indicator of mucosal injuipduced by reactive oxygen species, was measured as
thiobarbituric acid reactive substance (TBARS). tha@ other hand, malondialdehyde (MDA), the prodafclipid
peroxidation, was estimated by reaction with thibitaric acid [43]. In this study, the change in Mzontent
between control group and PAME-treated animalssiglayed in Fig. 6. No changes were observed in MiDAtent
between colitis control and 50 mg/kg PAME-treatedugs. In these two groups, animals exhibited iwed levels
of MDA in colon tissue. In the groups that receiviD, 200, and 500 mg/kg of PAME and 500 mg/kg ASB,
MDA levels were very significantly reduced. The lmitory activity of ulcerative colitis by. argenteatreatment
may be related to the anti-lipid peroxidation arekfradical scavenging ability.
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Figure 6. Anti-lipid peroxidation effects of different doses oP. argentea methanol extract and sulfasalazine by measuring tanic
malondialdehyde (MDA) levels in mice with acetic ad-induced colitis, compared with normal control (NC) and acetic acid control
(AAC) groups. Data are expressed as means + SEM ¥ 3). %< 0.001 acetic acid control vs. normal control®p> 0.05," p< 0.01, and
™ p< 0.001 vs. acetic acid control

NC AAC

Colonic inflammation, both in human IBD and in expemtal colitis, is associated with increased rsdeaf
reactive oxygen metabolites and nitric oxide lejdl3]. In 2013, Karbiner and coworkers [44] havewh that
changes in the oxidative state are manifested ascasase in the lipid peroxidation capacity andearease in the
antioxidant defense capacity of the glutathionéesys In our study, reduced glutathione (GSH) leulhe colonic
tissue were determined. In agreement with the abeperts, GSH levels were significantly reducedhgyibduction
of colitis. However, administration of PAME sigrifintly increased GSH levels when compared with of@rol as
given in Fig. 7. These results showed a signifigaiatective effect which demonstrates the rol€ofrgenteaand
its use in IBD. In addition, this may also suggtst anti-inflammatory effect d¥. argenteawhich could be due to
its ability to release glutathione and the antiaxiddipeptide/-Glu-Cys [45].
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Figure 7. Effects of different doses oP. argentea methanolic extract and sulfasalazine on colonic teiced glutathione (GSH) levels of
mice with acetic acid-induced colitis, compared wit normal control (NC) and acetic acid control (AAC)groups. Data are expressed as
mean = SEM 6 > 3). < 0.01 acetic acid control vs. normal control"p> 0.05, p< 0.05 and” p< 0.01 vs. acetic acid control

Determination of SOD activity

Superoxide dismutase (SOD) catalyzes dismutationsigferoxide anion to hydrogen peroxide, which is
subsequently converted to water by catalase. Talatg ROS levels, the intestinal mucosa possesseplex
antioxidant systems where SOD is the primary ardant enzyme that converts superoxide anionA0,ifL7]. The
effect of different doses d®. argenteamethanolic extract on SOD activity in the colongstie during ulcerative
colitis (UC) is shown in Fig. 8. Our results areaigreement with those obtained by other workerg B6D activity
was significantly § < 0.001) reduced in the colons of acetic acid (A¥ated animals compared with normal
control mice (2.22 + 0.097 Ul/mg of protein vs. 860+ 0.15 Ul/mg of protein). No change in colorigstie SOD
activity level in the 50 mg/kg of PAME-treated gpwas observed when compared with UC control group,
whereas groups treated with 100, 200, and 500 mofKBAME and 500 mg/kg of SASP showed significgrt (
0.01 andp< 0.001) increase in SOD activities in colons coragawith AA treated animals. This increased level
could prevent the adhesion of circulating leucogyte intestinal endothelium by blocking the expi@ssof
adhesion, such as vascular cell and intracelldbaesion molecules [47].
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Figure 8. Effect of different doses oP. argentea methanolic extract and sulfasalazine on superoxiddismutase (SOD) activity in colon of
mice with acetic acid-induced colitis, compared wit normal control (NC) and acetic acid control (AAC)groups. Data are expressed as
meanszSEM f > 3). < 0.001 acetic acid control vs. normal controPp> 0.05,” p< 0.01, and™ p< 0.001 vs. acetic acid control

According to Kruidenieret al. [48], SOD has powerful anti-inflammatory activitydars highly effective in the
treatment of colonic inflammation in experimentalitoby reducing ROS generation and oxidative sgréHence,
P. argenteawhich increased the colon SOD activity levels dgrulcerative colitis can be used as a powerful ant
colitic and anti-inflammatory agent and can be usétr further testing as potent chemotherapeagent.

Determination of CAT activity
SOD and CAT are involved in the antioxidant defeasinechanisms of cells. SOD catalyzes the disnaurtadf

superoxide to hydrogen peroxide and molecular omygad CAT then converts the hydrogen peroxideatemwand
molecular oxygen [49,50]. In the present work, kel of CAT activity assessed in all experimergalmals is
displayed in Fig. 9. Results reveal that activify@AT significantly < 0.001) declined in acetic acid-treated
animals as compared to normal control ones, whdreatment with PAME and SASP significantly predoates
the levels of CAT activity to normal levels as cargd to colitic control animals. Based on the CATivaty levels,
we suggest thaR. argenteaextract at 50 mg/kg showed no effect on catalasieity as compared to colitis control
group.
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Figure 9. Effects of different doses oP. argentea methanolic extract and sulfasalazine on catalas€AT) activity in colon of mice with
acetic acid-induced colitis, compared with normal entrol (NC) and acetic acid control (AAC) groups. @ita are expressed as means +
SEM (n > 3)."< 0.001 acetic acid control vs. normal contro*p> 0.05,” p< 0.01 and™ p< 0.001 vs. acetic acid control

The inflammatory response initiated by acetic as@iéases production of ROS which in turn up-regsldtydroxyl
radicals and peroxide exacerbation leading to malcesosion, distortion, and loss of crypts [51].tiaridant
enzymes play a vital role in scavenging the frabcads. Therefore, and according to our resitsargenteawas
able to reduce the ulcerative colitis and the mfisatory effect by activating the antioxidant enzgmend

scavenging the free radicals.

CONCLUSION
In conclusion, our results demonstrated that iridncbf mice colitis by acetic acid for a short tinreduces

hematological alterations, disturbances in the axithntioxidant balance and increases the inflammabarkers.
Treatment with PAME has significantly decreased miclalamage, DAI, colon weight, CRP, ESR, and caoni
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MDA levels, and enhanced colon length, FBC, coldd&H levels, colonic SOD and CAT activities. Théadings
indicate thatP. argenteahas a remarkable anti-inflammatory effect assattiati¢h its greater antioxidant activity.
Moreover, these assays indicate that this plarmaeixis a source of bioactive compounds which mayubeful
therapeutic agents which may used for treatingimfhatory diseases such as ulcerative colitis amimizing or
preventing pathological damage caused by free atditlowever, the components responsible for thaesexidant
and anti-inflammatory activities could be one orrenoompounds isolated from this plant by Braca eolttagues
[52]. Therefore, further investigation is needecxamine the effect of each isolated compound ptésdhe plant
extracts, and to elucidate the definitive mechanisfiits therapeutic activities.

Acknowledgements

This work was supported by the Algerian MinistryHifjher Education and Scientific Research (MESR%®) ly
the Algerian Agency for the Development of ResearchHealth (ANDRS). We express our gratitude tosthe
organizations.

REFERENCES

[1] A.M. Rizk, In: U. Qatar (Ed.), The Phytochemistrfytioe flora of Qatar (University of Qatar, Qat4886 22.

[2] D. Zama, Z. Meraihi, S. Tebibel, W. Benayssa, md&che, S. Benayache, A. Vlietindkdian J. Pharmaco].
2007, 39, 145-150.

[3] H.M. Novais, I. Santos, S. Mendes, C. Pinto-GordeEthnopharmacol2004 93, 183-195.

[4] M.D. Carmona, R. Llorach, C. Obon, D. RivelaEthnopharmacol2005 102, 344-350.

[5]1 A.G. Al-Bakri, F.U. Affifi, J. Microbiol. Methods2007, 68, 19-25.

[6] A. Dafni, Z. Yanif, D. Palevitch). Ethnopharmacol1984 10, 295-310.

[71 M.R. Gonzalez-Tejero, J. Molero Mesa, M. Casared, Martinez,). Ethnopharmacal1995 45, 157-165.

[8] A. Ferreira, C. Proenca, M.L.M. Serralheiro, M.E Maujo,J. Ethnopharmacal2006 108, 31-37.

[9] K.M. Sakthivel, C. Guruvayoorappamt. Immunopharmacql2013 17, 907-916.

[10]L. Liu, S.F. Yuan, Y. Sun, Y. Long, Y.H. Li, Y.B. iy C. Li, H.Q. Gan, S.S. Cao, Q.B. Mei,
Ethnopharmaco).2009 126, 557-564.

[11]D. Lissner, B. Siegmunddig. Dis.,2013 31, 91-94.

[12]S. Ben-Horin, U. Kopylov, Y. Chowergutoimmun. Rey2014 13, 24-30.

[13]J., DeMichele, H., Rezaizadeh, J.I. Goldstéilin. Gastroenterol. Hepatql2012 10, A32.

[14]L. Tremblay, G. Pineton de Chambrun, B. De Vroey,L&@vogiez, E. Delaporte, J.F. Colombél, Crohns
Colitis, 2011, 5, 457-460.

[15]A.A. Mahgoub,Toxicol. Lett, 2003 143, 133-143.

[16]Z. Vochyanova, L. BartoSova, V. Bujdakova, P. FistuR. Husnik, P. Suchy, K. Smejkal, J. Hosek,
Fitoterapia, 2015 101, 201-207.

[17]V. Vinod Prabhu, C. Guruvayoorappant. Immunopharmacql2014 18, 124-134.

[18]S. Itzkowitz,J. Clin. Gastroentero]2003 36, S70-S74; S94-96.

[19]E. Cadirci, H. Suleyman, H. Aksoy, Z. Halici, U. @&n, A. Koc,Chem. Biol. Interact2007 170, 40-48.
[20]G. Leonarduzzi, B. Sottero, G. Pd¥harmacol. Ther.201Q 128, 336-374.

[21]S. Nakayama, Y. Kishimoto, E. Saita, N. Sugihara,Tidyozaki, C. Taguchi, M. Tani, T. Kamiya, K. Kand
Nut. Res.2015 35, 56-64.

[22]H.M. Nana, R.A.N. Ngane, J.R. Kuiate, L.M.K. Mogtond.D. Tamokou, F. Ndifor, R.S. Mouokeu, R.M.E.
Etame, L. Biyiti, P.H.A. ZolloJ. Ethnopharmacal2011, 137, 70-76.

[23]H.B. Li, K.W. Cheng, C.C. Wong, K.W. Fan, F. Ch&nJiang,Food Chemistry2007, 102, 771-776.

[24]T., Bahorun, B., Gressier, F., Trotin, C., Brundtg,Dine, J., Vasseur, J.C., Gazin, M., Pinkas, IMycky, M.
Gazin,Arzneim Forsh / Drug Resl996 46, 1086-1089.

[25]M.F. Neurath, I. Fuss, B.L. Kelsall, E. Stuber, Strober,J. Exp. Med.1995 182, 1281-1290.

[26]D. Rachmilewitz, F. Karmeli, K. Takabayashi, T. ldaji, L. Leider-Trejo, J. Lee, L.M. Leoni, E. Raz,
Gastroenterology2002 122, 1428-1441.

[271H.S. Cooper, S.N. Murthy, R.S. Shah, D.J. Sederdran Invest.1993 69, 238-249.

[28]A. WestergrenActa. Med. Scandtockholm1921, 54, 247-282.

[29]R. Fahraeusicta. Med. Scand1921, 55, 158.

[30]H. Okhawa, N. Ohishi, K. YagAnal. Biochem.1979 95, 351-358.

[31]G. Ellman,Arch. Biochem. Biophysl959 82, 70-77.

[32]H.P. Misra, I. Fridovich]. Biol. Chem.1972 247, 3170-3175.

[33]A. Clairborne, In: R.A. Boca Raton (Ed.), HandbawkMethod for Oxygen Radical Research, Green world
(Fla CRC press]985 283-284.

[34]A.G. Gornall, C.S. Bardawill, M.M. Davidl. Biol. Chem.1949 177, 751-766.

217



Abderrahmane Baghianiet al Der Pharma Chemica, 2016, 8 (4):207-218

[35]G.C.B. Guerra, A.A. Araujo, G.A. Lira, M.N. Melo,.K.O. Souto, D. Fernandes, A.L. Silva, R.F.A. Janio
Pharmacol. Reports2015 67, 520-526.

[36]A.D. Kandhare, K.S. Raygude, P. Ghosh, A.E.I§HL.P. Gosavi, S.L. Badoldsian Pac. J. Trop. Biomed.
2012 5, 337-344.

[37]N. Boopala-Bhagavan, S. Arunachalam, P. Dhasarabhén Kannan,). Pharm. Res2013 6, 350-354.
[38]M.F. Rabbi, B. Labis, M.H. Metz-Boutigue, C.N. Betein, J.E. GhiaBiochem. Pharmacql2014 89, 386-
398.

[39]M.V K. Patil, A.D. Kandhare, S.D. Bhis@sian Pac. J. Trop. Biome®012 2, S962-S969.

[40]R.A. Gupta, M.N. Motiwala, N.G. Dumore, K.R. DanaaB. GanjareJ. Ethnopharmacal.2015 164, 239-
246.

[41]A.J. Calderon, M.H. WeneHosp. Med. Clin.2012 1, e313-e337.

[42]M., Bitiren, A.Z., Karakilcik, M., Zerin, I|.,Ozardali, S., Selek, Y., NazligBjol. Trace Elem. Res.
201Q 136, 87-95.

[43]C.S.V. Satish Kumar, K. Kondal Reddy, A. Gopala 8®edA. Vinoth, C.H.S.R. Chowdary, G. Boobalan, G.S.
Rao,Int. Immunopharmacql2015 25, 504-510.

[44]1M.S. Karbiner, L. Sierra, C. Minahk, M.C. Fonio, R.Bruno, S. Jeretjfe Sci, 2013 93, 503-508.

[45]L. Peran, D. Camuesco, M. Comalada, A. Nieto, An@@, J.L. AdrioJnt. J. Colorectal Dis.2006 21, 737-
746.

[46]B.L. Xu, G.J. Zhang, Y.B. Ji. Ethnopharmacal2015 162, 253-260.

[47]N. Kannan, C. Guruvayoorappdnt. Immunopharmacql2013 16, 57-66.

[48]L. Kruidenier, I. Kuiper, W. Van Duijn, M.A. Miereat-Ooms, R.A. van Hogezand, C.B. LameksPathol,
2003 201, 17-27.

[49]J. Limon-Pacheco, M.E. Gonsebatiytat. Res.2009 674, 137-147.

[50]1. Crespo, M.V. Garcia-Mediavilla, M. Almar, P. Gatez, M.J. Tufién, S. Sanchez-Campgéspd Chem.
Toxicol, 2008 46, 1555-1569.

[51]M. Krishnan, R.L. Jayaraj, J. Megala, N. ElangosBinmed. & Aging Pathal2014 4, 153-160.

[52]A. Braca, A. Bader, T. Siciliano, N. De Tommadiagn. Reson. Chen2007, 46, 88-93.

218



