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ABSTRACT

Sepsis, a systemic inflammatory disease developed after an infectious insult and remains the major cause of death in
intensive care units. The aim of this study was to examine the protective effect of the ethanolic extract of Ruta chalepensis
L. (ERC) against oxidative stress and liver-kidney functions in cecal and ligation puncture (CLP) rats. In vitro, the results
showed that ERC rich in phenolic compounds possessed important antioxidant activity. In vivo, CLP-induced oxidative
stress evidenced by the increase of the TBARS and decrease in the enzymatic antioxidants (SOD, CAT, GPX) in liver and
kidney. Moreover, CLP induced liver-kidney toxicities showed by an increase in the ALT, AST, PAL, LDH, BUN and
creatinine in the plasma. However, the administration of ERC to CLP-rats prevents all these disorders. Positive action of
ERC was confirmed by histo-pathological examination. Therefore this study suggests that ERC could be a potential
therapeutic agent for sepsis treatment.
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1. INTRODUCTION

Sepsis presents a systemic inflammation disease specifically related to an infectious insult from agents such as bacteria,
pathogenic fungi, yeasts and viruses. Sepsis, leading to multiple organ failure, including renal, liver and cardiovascular
failure, disseminated intravascular coagulation (DIC) and acute respiratory distress syndrome (ARDS) remains a leading
cause of mortality and morbidity in intensive care units (ICU) [1-3]. The most frequent sites of infection are the lungs,
abdomen and urinary tract. Sepsis generally occurs in immunocompromised patients, the elderly, or patients undergoing
procedures in which significant bacterial contamination may occur [4].

Sepsis is associated with heightened oxidative stress [5]. Indeed, various studies have shown that sepsis is associated
with an increased oxygen free radicals formation including hydrogen peroxide (H»O), superoxide anions (027) and
hydroxyl radicals *OH and a decreased antioxidant potential such as superoxide dismutase (SOD), catalase (CAT) and
glutathione (GSH) [6]. Thus, the homeostatic balance normally present in cells between radical formation and protection
by antioxidant defenses system is disturbed and subsequently leads to oxidative stress [7]. The generation of oxygen free
radicals might be enhanced, leading to membrane damage, LPO, mitochondrial damage and initiation or aggravation of
diverse pathological states [8- 9]. The pro-inflammatory properties of ROS include endothelial damage, chemotactic
factors formation, neutrophils recruitment, lipid peroxidation, DNA damage, tumor necrosis factor-alpha (TNF-a) and
interleukin-1-beta (IL-1B) release and peroxynitrite formation [1].

Ruta chalepensis L. (R. chalepensis L.), commonly known as Fijel, belongs to the family of Rutaceae. It is a native herb of
the Mediterranean region [10] but it is also cultivated in many parts of the world in temperate and tropical countries [11].
Researcher has shown that this plant has biological activities such as antifungal, antioxidant, phytotoxic, abortive,
depressant, antidotal, ant-inflammatory and a depressant effect on the central nervous system [10, 11-19]. R. chalepensis
L. known as a medicinal plant since ancient times is currently used in many countries (Saudi Arabia, India, china and
Africa) for the treatment of various disorders [15]. Ruta species has characterized the presence of more than 120
compounds of different classes of natural products. Indeed, the leaves and young stems contain alkaloids, phenols, amino
acids, furocoumarins, saponins, coumarins, tannins, volatile oil, glycosides, sterols and triterpenes [20- 21].

This study aimed to investigate the in vitro protective effects of R. chalepensis L. extract by evaluating the free radicals
scavenging capacity using the DPPH, ABTS and TAC. In vivo, the present paper was carried out to examine the protective
effects of R. chalepensis L. aerial parts extract on the liver and kidney damage assessed by lipid peroxidation, antioxidant
enzymes capacities and cell damage biomarkers form rat during sepsis induced by cecal and ligation puncture (CLP)
model.

2. MATERIALS AND METHODS

2.1. Chemicals

2,2-Diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid, gallic acid, Butylated hydroxytoluene (BHT), thiobarbituric acid
(TBA), glutathione (GSH), bovine serum albumin (BSA), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS),
potassium persulfate and Trolox, were purchased from Sigma, France. Trichloroacetic acid (TCA), hydrogen peroxide
(H207), 5,5'-Dithio-bis (2-nitrobenzoic acid) (DTNB) Folin-Ciocalteu reagent, sodium carbonate (Na,COs), and other
solvents were of analytical grade and were freshly prepared in distilled water.

2.2. Plant materials

Fresh plant material (stem and leaves) was collected in March 2011 in Chebba region (Mahdia, Tunisia, latitude 35.23°
and longitude 11.11°). The plant was identified and authenticated by a botanist (Pr. Mohamed Chaieb, Department of
Botany, Faculty of Sciences, University of Sfax, Tunisia), according to the Flora of Tunisia [22-23]. The vouchers
specimen was deposited at the herbarium of the department of botany in the cited institute.

2.3. Preparation of extract

The collected plant material was dried in shade at 25°C for two weeks, grinded with a blender for 15 min. The powder was
soaked in ethanol with shaking for 3 days and extracted three times at room temperature (22°C). The extract was then
filtered and the solvents evaporated using a freeze drier and stored at 4°C in the dark until a further analysis. This was
used as ethanol extract of Ruta chalepensis L. (ERC).

2.4. Phytochemical screening

The preliminary phytochemical screening was performed according to the Harborne [24, 25] methods. Ethanol extract of
Ruta chalepensis L. (ERC) was subjected to chemical tests for the presence of sterols, triterpenoids, carotenoids,
tropolons, quinons, flavonoids and alkaloids.

2.5. Determination of total phenolic content (TPC)

Total phenolic content (TPC) was measured by the modified Folin-Ciocalteu procedure [26]. Briefly, 50 ul of sample
(Img/ml) was mixed with 250 pl of Folin-Ciocalteu reagent. After 3 min, 50 pl of sodium carbonate (Na;COs3) (20%, wiv)
was added to the mixture and the final volume was adjusted to 5 ml with distilled water. After incubation for 30 min at room
temperature, the absorbance was read at 727 nm using a spectrophotometer. Gallic acid was used as a standard for the
calibration curve. The phenolic content was expressed as mg gallic acid equivalents (GAEs)/gram of dry extract using the
linear equation based on the calibration curve.
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2.6. Total antioxidant capacities (TAC)

The total antioxidant capacities (TAC) of R. chalepensis L. ethanol extract (ERC) were evaluated by the
phosphomolybdenum method of Prieto et al. [27]. This assay is based on the reduction of Mo (VI) to Mo (V) by the sample
and the subsequent formation of a green phosphate/Mo (V) complex at acidic pH. An aliquot of 0.1 ml of methanolic
sample solution (Img/ml) was mixed with 1ml of the reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4
mM ammoniummolybdate). The tubes were capped and incubated in a boiling water bath at 95°C for 90 min. After
incubation, the samples had cooled to room temperature and the absorbance of the test sample was measured at 695 nm
against a blank. The blank contained 1ml of reagent solution and the appropriate volume of the same solvent used for the
sample and it were incubated under same conditions as the rest of the samples. Ascorbic acid was used as a standard for
the calibration curve. The TAC of the sample was expressed as milligrams of ascorbic acid equivalents (AAEs)/gram of
dry extract.

2.7. Scavenging activity of ABTS radical cation

The trolox equivalent antioxidant capacity (TEAC) assay, which measures the reduction of the radical cation of 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) by antioxidants was performed as previously described [28]. Briefly,
ABTS was dissolved in water to a 7 mM concentration and the ABTS radical cation (ABTS") was produced by adding
potassium persulfate to a final concentration of 2.45 mM. The completion of radical generation was obtained in the dark at
room temperature for 12-16 h before use. For the study, the ABTS" solution was diluted with ethanol to adjust its
absorbance at 734 nm to 0.70 +0.02. For the photometric assay 1mL of the ABTS" solution and 100 pl of antioxidant
solution were mixed for 45 s. After 5min, measurement was performed at 734 nm, using methanol as the blank. A
calibration curve was prepared with different concentrations of Trolox (0-20 uM). Results were expressed as millimolar
concentration of Trolox per gram of dry extract

2.8. DPPH free radical-scavenging capacity

Antioxidant scavenging activity was studied using 2,2-Diphenyl-1-picrylhydrazyl free radical (DPPH), according to the
method of Kirby and Schmidt [29], with some modifications. Briefly, 1 ml of a 4% (w/v) solution of DPPH radical in
methanol was mixed with 1 ml of sample solution in methanol (different concentrations). The mixture was shaken and
incubated for 20 min in the dark at room temperature. Scavenging capacity was read spectrophotometrically by monitoring
the decrease of the absorbance at 517 nm. Lower absorbance of the reaction mixture indicates a higher free radical-
scavenging activity.

The free radical scavenging activity of each solution was then calculated as percent inhibition according to the following
equation:

Scavenging activity (%) = (Ablank-Asample/Ablank) % 100

Where Apiank is the absorbance of the DPPH solution in the absence of sample, and A sampie is the absorbance of the
sample. Extract concentration providing 50% inhibition (ICsp) of DPPH was calculated from the graph of percentage
inhibition against extract concentration. Ascorbic acid was used as reference compounds.

2.9. Animals and treatments

Adult male Wistar rats (weighing approximately 160-240 g) used for the experiment were supplied by the Central
Pharmacy of Tunisia (SIPHAT, Tunisia). All animals were kept in cages and maintained in a controlled environment
(temperature, 22 + 3 °C; minimum relative humidity, 40%) in an animal hose with a 12 h light/dark cycle. The rats were fed
with a commercial balanced diet (SICO, Sfax, Tunisia) and drinking water was offered ad libitum. All the experimental
procedures were carried out in accordance with international guidelines for care and use of laboratory animals [30]

2.10. Sepsis induction-cecal ligation and perforation surgery

Polymicrobial sepsis was achieved using the cecal ligature and puncture (CLP) model in groups of rats according to the
method described by Wichterman et al. [31].The surgical procedure was carried out under anesthesia by i.p. injection of
chloral hydrate. Briefly, after shaving and cleaning the ventral abdominal wall with alcohol, a midline incision (2-3 cm) was
made and the cecum was carefully exposed to avoid damage to the blood vessels. After the placement of a partially
occlusive ligature around the right colon junction, ten punctures were performed in the cecum with a 20-gauge sterile
needle, allowing the passage of some fecal material in the abdominal cavity. The cecum was then gently squeezed to
extrude a small amount of feces from the perforation site, returned to the peritoneal cavity and the abdomen was closed in
two layers. Sham rats were operated on in the same manner except that cecum ligation and puncture were not performed.
After surgery, normal saline (3 ml/100 g b.w) was given subcutaneously to all rats to prevent dehydration. All rats were
kept separately in their metabolic cages with free access to food and water.

The septic condition was characterized by muscular wasting at the hind limb level, hair erection, hyper-excitability,
restlessness in locomotion, sub-conjunctival hemorrhage and increased spleen weight. In the sham-operated rats, the
cecum was exposed, manipulated and returned to the peritoneal cavity without being punctured.

2.11. Experimental design

The ethanol extract of R. chalepensis L. was dissolved in saline solution (NaCl 0.9%). The suspensions were freshly
prepared each time and injected intraperitonially (i.p.) into the rats with a volume of 1 ml/100 g body weight (BW). Control
animals received the same volume of vehicle (saline solution only).
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After 4 weeks of acclimatization, the rats were allocated randomly to four experimental groups of ten animals each with
free access to food and water.

-Group I: served as the vehicle-treated sham (control group) in which a sham operation but no CLP was performed. These
animals received the solution saline (NaCl 0.9%) daily by intraperitoneally injection for 48 h.

-Group II: served as the Ruta-treated sham (ERC group) in which a sham operation but no CLP was performed. These
animals received the ethanol extract R. chalepensis L. (20 mg kg'l BW) daily by intraperitoneally injection for 48 h.

-Group llI: served as the vehicle-treated CLP (CLP group). These animals underwent laparotomy followed by CLP as
described above and received the solution saline (NaCl 0.9%) daily by intraperitoneally injection for 48 h.

-Group 1V: served as the Ruta-treated CLP (CLP+ERC group). These animals underwent laparotomy followed by CLP as
described above and received the ethanol extract R. chalepensis L. (20 mg kg‘1 BW) daily by intraperitoneally injection for
48 h.

At the end of experiments, the rats were weighed and rapidly sacrificed by cervical decapitation in order to minimize the
handling stress, and the arterio-venous blood samples were collected in heparin-containing tubes from all the
experimental groups. Plasma was immediately separated by centrifugation of the blood at 3000 rpm for 15 min at 4°C,
divided into aliquots and stored at -20°C until used for biochemical assays.

The thiobarbituric acid-reactive substances (TBARs) and the antioxidant enzyme activities (superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GPX)) were determined in liver and kidney extracts.

2.12. Preparation of cytosolic extract

In brief, about 1 g of rat organs liver or kidney was cut into small pieces and homogenized in 2 ml of ice-cold Tris Buffered
Saline (TBS, pH 7.4), centrifuged at 9000x g (4°C, 20 min). Supernatants were collected and stored at -80°C until use.

2.13. Biochemical assays
Estimation of protein level

Total protein content was determined by the method of Lowry et al. [32] using the Folin reagent and bovine serum albumin
(BSA) as standard at 490 nm.

TBARS measurements

The lipid peroxidation level in tissues was estimated by measuring thiobarbituric acid-reactive substances (TBARs) and
expressed in terms of malondialdehyde (MDA) content using the method of Yagi [33]. 125 pl of supernatants were mixed
with 50 pl of TBS, pH 7.4 and 125 pl of 20% trichloroacetic acid (TCA) containing 1% butylated hydroxytoluene (BHT) in
order to discard proteins. After centrifugation (1000xg, 4°C, 10 min), 200 pl of the new supernatants were mixed with 40 pl
of HCI (0.6 M) and 160 pl of 120 mM thiobarbituric acid (TBA) dissolved in 26 mM trishydroxymethyl aminomethane (Tris).
The mixture was heated at 80°C for 10 min, and after cooling, the absorbance was read at 530 nm against a reference
blank. TBARSs level was calculated by using an extinction coefficient of 1.56 x 10°M™ cm™.

Measurement of catalase (CAT) activity

The catalase (CAT) activity was estimated according to Aebi [34]. The used reaction mixture contained 780 pl of
phosphate buffer (0.1 mM, pH 7.4), 200 ul of 50 mM H,0, and 20 pl of tissue homogenate. The reaction started by adding
H20; and its decomposition was observed by following the decrease in absorbance at 240 nm for 1 min. One unit of CAT
activity is defined as the amount of enzymes required to decompose 1 pmol of hydrogen peroxide in 1 min. The enzyme
activity was expressed in international units (1.U.), i.e., in umole of H,O, consumed/min/mg protein, at 25°C.

Estimation of superoxide dismutase (SOD) activity

The superoxide dismutase (SOD) activity was estimated by measuring its ability to inhibit the photo reduction of nitroblue
terazolium (NBT) according to the method of Asada et al. [35]. One unit of SOD activity is defined as the amount of
enzyme required to inhibit the photo reduction of NBT by 50%. The activity was expressed as units/mg protein, at 25°C.

Measurement of glutathione peroxidase (GPx) activity

The glutathione peroxidase (GPX) activities were determined in the cytosolic fractions according to the method of Paglia
and Valentine [36]. Tissue homogenate was mixed with 400 pl of 0.1 mM glutathione (GSH) and 200 ul of 67 mM of
KNaHPO, (pH = 7.8). After 5 min of pre-incubation at 25°C, 200 pl of 1.3 M of H,O, were added. After 10 min, the mixture
was treated with 1 ml of 1 % TCA and centrifuged at 3000xg and 4°C during 10 min. Supernatants were homogenized
with 0.32 M of Na;HPOs and 1 mM of 5,5-Dithio-bis (2-nitrobenzoic acid) (DTNB). The enzyme activity was
spectrophotometrically measured at 412 nm and expressed as pmoles of GSH reduced/min/mg protein.

Estimation of biochemical parameters in liver and kidney

The biochemical parameters such as lactate dehydrogenase (LDH), phosphatase alkaline (PAL), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), blood urea nitrogen (BUN) and creatinine were analyzed in the
plasma using commercial kits according to the manufacturer’s directions.
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2.14. Histopathological studies

Forty-eight hours after CLP, tissue samples of liver and kidney were removed for histological analysis. Each sample was
fixed by immersion in a Bouin solution for 24. The sample was then embedded into paraffin, sliced into 3-um sections, and
stained with hematoxylin-eosin. The slides were examined classically with a photonic microscope to determine
histopathological lesions.

2.15. Statistical analysis

Data are reported as mean + standard error to the mean (SEM) for at least 6 determination throughout the study. The
statistical analyses were calculated using a one-way analysis of variance (ANOVA), followed by Student’s t-test and the
significance was accepted at p<0.05

3. RESULTS
3.1. Phytochemical characterization

Results of the preliminary phytochemical screening performed according to the Harborne method are illustrated in Table 1.
In fact, the chemical tests performed for, sterols, triterpenoids, carotenoids, tropolons and quinons were negative.
However, the chemical tests performed for flavonoids and alkaloids were positive in ERC extract. The quantification of
total phenolics of ERC extract was performed using the Folin Ciocalteu reagent. Analysis showed that ERC contains
178+0.02 mg gallic acid equivalents (GAEs)/g of dry extract (Table 2).

Table 1. Chemical groups present in R. chalepensis L. ethanol extract (ERC).

Extract T1 T2 T3 T4 T5 T6

ERC - - - [ N ;

T1: test of sterols and/or triterpenoids; T2: test of carotenoids and/or triterpenoids; T3: tropolons test; T4: quinons test; T5:
flavonoids test; T6: alkaloids test; -: no reaction; +: positive reaction

3.2.Total antioxidant capacities (TAC)

The total antioxidant capacity (TAC) of R. chalepensis L. ethanol extract (ERC) was measured spectrophotometrically
through phosphomolybdenum method, which is based on the reduction of Mo (VI) to Mo (V) by the antioxidant compound
and the subsequent formation of a green phosphate/Mo (V) complex at acidic pH with a maximal absorption at 695 nm
[27]. Analysis showed that TAC of ERC extract was of the order 123.85+ 6.48 mg ascorbic acid equivalents (AAEs)/g of
dry extract (Table2).

3.3. Scavenging activity of ABTS radical cation

ABTS by reacting with potassium persulfate, produces ABTS radical cation (ABTS'), a blue green chromogen with
maximum absorption at 734 nm. The extent of decolorization is significant indicator of antioxidant activity of the sample.
Indeed, the reaction of antioxidants on ABTS radical cation is due to its hydrogen donating availability which is visually
observed by transformation of color radical cation (ABTS") into colorless ABTS. Analysis showed that ERC extract.
presents a capacity ABTS radical scavenging of the order of 0.095+ 0.001 mmol/ g of dry extract (Table 2).

Table 2. Total phenol content (TPC), total antioxidant capacity (TAC) and scavenging activity of ABTS radical
cation of R. chalepensis L. ethanol extract (ERC).

TPC TEAC TAC
Extract a a a
(mg of GAEs/g of dry extract) (mmoles/g of dry extract) (AAEs/g of dry extract)
ERC 178+0.02 0.095+0.001 123.85+6.48

Values expressed are means + SD of three parallel measurements

3.4. DPPH radical scavenging activity

DPPH is a stable free radical that shows maximum absorbance at 517 nm. When DPPH radicals encounter a proton-
donating substrate, such as an antioxidant, the radicals are scavenged and the absorbance is reduced [37]. The decrease
in absorbance is taken as a measure of radical scavenging activity. This is a widely used method to investigate the
scavenging activity of some natural compounds.
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As can be seen in Fig. 1, the scavenging activity of ERC extract is concentration-dependent. The IC50 value of ERC is
0.14 mg/ml, whereas the IC50 of ascorbic acid is 40 pg/ml.
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Fig 1: free radical-scavenging capacities of ERC and ascorbic acid as positive control measured by DPPH assay.
Values expressed are means + SEM of three parallel measurements.

3.5. Biochemical parameters in liver and kidney

LDH, AST, ALT and PAL activities increased significantly by 38.1%, 21.3%, 17.9% and 80%, respectively, in the CLP
group compared with the control group. These hepatic enzymes are known to be released in blood in the event of cellular
destruction [38] and increased activities indicate some degree of cytolysis. Treatment with ERC extract markedly
attenuated the increases and ameliorated all indices related to liver dysfunction by 24.6%, 15.3%, 9.8% and 32.6%,
respectively at 48 h after CLP (Fig. 2).
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Fig 2: Effect of CLP and R. chalepensis L. ethanol extract (ERC) treatment on the AST (A), ALT (B), LDH (C), and
PAL (D) activities. Values are mean + SEM; n=6 AST, ALT, LDH and PAL-IU/I
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Blood urea nitrogen (BUN) and Creatinine were measured as an index of renal failure. Significantly higher plasma
creatinine and BUN were observed in the CLP group as compared to normal. This increase was about of 15.4% and
30.6%, respectively. After treatment with ERC extract, we noticed that these biochemical parameters levels significantly
decreased at 48 h after CLP (by 10, 4% and 16.2% respectively) (Fig. 3).
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Fig 3: Effect of CLP and R. chalepensis L. ethanol extract (ERC) treatment on blood urea nitrogen (BUN) (A) and
creatinine (B) levels. Values are mean +SEM; n=6. BUN-mmol/l and creatinine-umol/I

2 As compared to control group: p<0.05.° As compared to CLP group: p<0.05

3.6. Hepatic and renal lipid peroxidation

Lipid peroxidation levels in the liver and kidney of rats subjected to the different treatments were measured according to
Yagi method [33]. MDA levels, an end-product of lipid peroxidation, in both liver and kidney samples were significantly
higher by 85.7% and 39.3% respectively in the CLP group compared to the control group (sham group). This increase
indicates lipid peroxidation at the cytoplasmic membrane. Treatment with ERC extract decreased significantly MDA levels
in both tissues at 48 h after CLP by 29.4% and 15.4%, respectively (Fig. 4).
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Fig 4: Lipid peroxidation levels (TBARs) in liver (A) and kidney (B) of control, CLP, ERC and treated septic rats.
Values are mean + SEM; n = 6. TBARs rate-nmoles TBARs/mg protein.

% As compared to control group: p<0.05. ®As compared to CLP group: p<0.05

3.7. Hepatic and renal antioxidant enzyme activities

Activities of some major enzymes involved in the defense against oxidative stress, SOD, CAT and GPX, were measured in
control, septic and treated rats using the methods of Asada et al. [35], Aebi [34] and Paglia and Valentine [36],
respectively. As shown in Fig. 5 and 6, the liver and kidney activities of theses antioxidant enzymes decreased in CLP
group compared to control rats. Indeed, the reduction in the activities of antioxidant enzymes SOD, Cat, and GPX were
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about 43.2%, 52% and 53.3% respectively for the liver and 43.2%, 58.4% and 45% respectively for the kidney. A
protective effect was observed when treating septic rats by ERC extract during 48 h. Actually, the antioxidant enzymes
activities SOD, Cat and GPX were higher by 26%, 29.7% and 71.4% respectively in liver and 37.5%, 103% and 54.5%
respectively in kidney compared to the CLP group.
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Fig 5: Activities of superoxide-dismutase (SOD) (A), Catalase (CAT) (B) and glutathione peroxidase (GPx) (C) in
liver of control, ERC, CLP and treated septic rats. Values are mean + SEM; n = 6. SOD activity units/mg protein.
Catalase activity-umoles H20, consumed/min/mg protein. GPX activity-umoles of GSH reduced/min/mg protein.

% As compared to control group: p<0.05. ®As compared to CLP group: p<0.05
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Fig 6: Activities of superoxide-dismutase (SOD) (A), Catalase (CAT) (B) and glutathione peroxidase (GPx) (C) in
Kidney of control, ERC, CLP and treated septic rats. Values are mean £ SEM; n = 6. SOD activity units/mg protein.
Catalase activity-umoles H,O, consumed/min/mg protein. GPX activity-umoles of GSH reduced/min/mg protein.

% As compared to control group: p<0.05. ®As compared to CLP group: p<0.05

3.8. Histopathological findings

The histological features reveal normal cell structure in the liver of control animals. However, the liver of CLP-rats marked
histopathological changes such as inflammatory cell infiltration, necrosis and fatty cyst apparition in tissue sections. An
ameliorative effect was obtained in CLP rats by treatment with ERC extract. The histological pattern was almost normal in
rats treated with ethanol extract of Ruta chalepensis L. (ERC) alone (Fig.7).
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Fig 7: (A) hepatic tissue of control rat showing normal appearance; (B) hepatic tissue of septic rats showed
inflammatory cell infiltration, necrosis and fatty cyst apparition; (C) hepatic tissue of sham-rats treated with ERC
extract, showing normal appearance; (D) liver of septic rats treated with ERC extract showing the amelioration of

histopathological changes observed in CLP group. Original magnification 100 X

The section of the Kidney from a control rat showed a normal architecture. However, the kidney of CLP-rats exhibited an
increase in bowman space and glomerular atrophy, whereas, examination of the kidney of septic rats treated with ERC
extract revealed potential protective action evidence by the amelioration of histopathological changes observed in kidney
of CLP group (Fig. 8).
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Fig 8: (A) renal tissue of control rat showing normal appearance; (B) In septic kidney-rats an increase in bowman
space and glomerular atrophy (C) renal tissue of sham-rats treated with ERC extract, showing normal
appearance; (D) septic kidney-rats treated with ERC extract; showing the amelioration of histopathological
changes observed in CLP group. Original magnification 100 X

4. DISCUSSION

In the present study, sepsis model was induced by cecal ligation and puncture (CLP), which mimics the clinical situation of
bowel perforation and bacterial infection in humans [39]. Several experimental studies have shown that CLP causes the
inoculation of colonic content into the peritoneal cavity and results in episodic bacteremia and systemic changes such as
hyperpyrexia, leukocytosis and tachycardia. These also reflect the progress of clinical human sepsis that occurs as a
consequence of the invasion of the body by gram-negative or gram-positive bacteria, fungi and probably by viruses and
parasites. Sepsis leads to immune cell activation with the release of reactive oxygen species (ROS). These inflammatory
mediators are important for killing pathogens, but if the response is over-stimulated, then it may cause systemic infection
in distal organs and can lead to death. There is a considerable body of evidence for redox imbalance and oxidative stress
in sepsis [40-42]. Oxidative stress mediated by oxygen-derived free radicals which include hydrogen peroxide and
hydroxyl radicals is an important cause of cell membrane damage. Several studies have identified the sources of free
radicals in sepsis. Some of them are the NADPH oxidase system [43-44], xanthine oxireductase [45]. Reactive oxygen
species are highly reactive and react with biological macromolecules, producing lipid peroxides, inactivating proteins, and
mutating DNA. Lipid peroxidation, mediated by free oxygen radicals, is believed to be an important cause of destruction
and damage to cell membranes, since the polyunsaturated fatty acids of the cellular membranes are degraded by this
process with a consequent disruption of membrane integrity. Lipid peroxidation can cause changes in membrane fluidity
and permeability and, thus, increase the rate of protein degradation, which will eventually lead to cell lysis [46]. A report
has found a strong link between the reduction of oxidative stress, antioxidant drugs, and survival improvement in the CLP
model of sepsis [47], supporting the hypothesis that oxidative damage may probably be one of several important factors
that lead to cell damage, organ dysfunction and death.

In the present study, we observed that the induction of sepsis after CLP surgery resulted in significant oxidative damage in
liver and kidney tissues, as evidenced by an increased lipid peroxidation with a concomitant decrease in SOD, Cat and
GPX activities. The imbalance between antioxidant/oxidant brought about by sepsis induced by cecal and ligation
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puncture (CLP) was also observed by several authors. Thus [48] showed that the MDA levels in the liver, kidney, heart,
lung, diaphragm and brain were significantly higher in the CLP group than in the control. Similarly, it was demonstrated
that macrophage oxidative stress and mitochondrial superoxide production increased after CLP [49]. The malondialdehyde
(MDA) level, a major product of lipid peroxidation, was shown to be an effective marker in oxidative stress in sepsis [42].
The same applies to other researchers who showed that lipid products levels increased from 40 to 80 % above basal
values as a result of oxidative stress [50-51]. Increased concentrations of lipid peroxidation products are found in sepsis
induced by cecal ligation and perforation in rats and humans [52-53]. An excessive level of lipid peroxidation, (as a marker
of oxidative damage) expressed by thiobarbituric acid reactive substances (TBARsS) accumulation, is known to be a
critically important phenomenon resulting from oxidative stress [54].

Antioxidants can control sepsis-induced ROS either by directly scavenging free radicals or by enhancing the endogenous
antioxidant defense system. Indeed, the main enzymes involved in protection against damage caused by oxidative stress
in chronic sepsis are CAT, SOD and GSH. These antioxidant enzymes are considered to be a primary defense that
prevents biological macromolecules from oxidative damage and restricts the cytotoxic effects of toxic free radicals. SOD is
an enzyme that catalyses the dismutation of superoxide anion (O>7) to O hydrogen peroxide (H»O,) [55]. The latter
molecule is the substrate of CAT and GPX. When a cell has increased levels of SOD without a proportional increase in
CAT or GPX, a large amount of H,0; could react with metal ions, via the Fenton chemistry, and generate hydroxyl radical
('OH), which is the most harmful radical [56]. Catalase and glutathione peroxidase, selenium-containing enzymes which
require the presence of reduced GSH for its action, both catalyze the conversion of H,O to H.O.Thus, the decrease of
superoxide dismutase enzyme SOD in CLP group could be due to a feedback inhibition or oxidative inactivation of enzyme
protein due to ROS generation excess [57]. The inhibition of the catalase activity of CLP group is suggestive of enhanced
synthesis of superoxide anion (O,") that is a powerful inhibitor of catalase [58]. The free radicals attack hepatic and renal
cells, leading to hepatic and renal toxicity and dysfunction that are supported by the increase in LDH, AST, ALT and PAL
activities and blood urea nitrogen and creatinine levels [59- 61]. There is increasing evidence that oxidative stress plays an
important role in the development of sepsis-induced multiorgan failure [62]. Organ failure often begins with respiratory
failure, followed by intestinal, hepatic, renal, hematologic, and cardiac failure; the exact order may vary because of
preexisting disease or the precipitation insult [63]. Indeed, previous study, carried by Yun et al. [61] showed that induction
of sepsis after CLP surgery causes marked histo-pathological changes in heart, kidney, liver, and lung samples such as
congestion, inflammatory cell infiltration, necrosis, and degeneration compared to sham operation.

Defense against sepsis-induced oxidative stress consists of antioxidants synthesized in the tissues and exogenous
antioxidants. The present paper reveals that oxidative damage induced by sepsis was partially abolished by R.
chalepensis L. ethanol extract. The protective effect of R. chalepensis L. is connected with its components that possess
scavenging free radical properties. In order to evaluate the total antioxidant activity of natural compounds present in R.
chalepensis L., three methods were used in the present study that is DPPH free radical scavenging capacity, total
antioxidant capacities (TAC) and scavenging activity of ABTS radical cation. These findings suggest that flavonoids from
R. chalepensis L. are responsible for the antioxidant effect. Independent studies have confirmed the presence of
antioxidant phenolic compounds in the aerial part of Ruta gravoelens L. related plant [64]. Other studies supported by
Khlifi et al. [65] have showed that R. chalepensis L. extracts possess antioxidant activities, which supports their
ethnopharmacological use. Flavonoids widely distributed in plants have the ability to inhibit oxidative damage. Indeed,
these flavonoids have the potential to function as in vitro antioxidants by scavenging superoxide anion [66], singlet oxygen
[67] lipid peroxy-radicals [68-69], and/or stabilizing free radicals involved in oxidative processes through hydrogenation or
complexing with oxidizing species [70]. Flavonoids existing in R. chalepensis L., in addition to their free radical scavenging
properties also enhance the expression of intracellular endogenous antioxidants such as superoxide dismutase (SOD),
catalase, and GPX by maintaining their activities higher compared to the CLP group. Histopathological changes were
ameliorated by R. chalepensis L. treatment. These morphological improvements with R. chalepensis L. treatment were
also confirmed by assessing biochemical parameters. In an in vivo model, Ruta gravoelens L., a related plant has been
found to reduce oxidative stress by decreasing TBARS level and increasing antioxidant enzymes activities such as SOD,
catalase and GPX in liver and heart in hypercholesteromic rats [56]. Similarly, Ashour et al. [71] showed that treatment
with the ethanolic extract of R. chalepensis L. could reduce oxidative stress as well as inflammation in hypercholesteromic
rats. In in vitro experiments, Ruta gravoelens L. extract was found to scavenge hydroxyl radical and inhibit lipid
peroxidation [72]. According to the available literature [73], R. chalepensis L. plant contains approximately 2-5% of rutin.
Recently, several studies have reported that rutin decreases nitric oxide and reduces inducible nitric oxide synthase
(iNOS) protein in BALB/c mice pretreated with lipopolysaccharide (LPS) [74]. The same applies to other studies carried
out by lauk et al. [15] that showed that R. chalepensis L. extract inhibited LPS-induced nitric oxide production in BALB/c
mice.

CONCLUSION

It can be concluded that Ruta chalepensis L. ethanol extract has a powerful antioxidant activity, sufficient to prevent
oxidative stress induced by sepsis produced by the technique of cecal ligature and puncture (CLP) model. Indeed, this
extract inhibits lipid peroxidation and induces antioxidant enzymes activities such as SOD, CAT and GPX, consequently
attenuating liver and kidney dysfunction. Thus, we propose that R. chalepensis L. is a potential therapeutic medication for
the care of clinical septic patients.

DECLARATION OF INTEREST

The authors declare no conflict of interest.

2157 |Page May 30, 2014



& ISSN 2321-807X

ACKNOWLEDGEMENTS

This work was supported by the Tunisian Ministry of Higher Education and Scientific Research. We are grateful to Mr.
Hafedh BJAOUI, an English teacher at the Sfax Faculty of Sciences, for having proofread this paper.

ABBREVIATIONS

AAEs, ascorbic acid equivalents; ALT, alanine aminotransferase; ARDS, Acute respiratory distress syndrome; AST,
aspartate aminotransferase; BHT, butylated hydroxytoluene; BSA, bovine serum albumin; BUN, blood urea nitrogen; CAT,
Catalase; CLP, cecal ligation and puncture; DIC, disseminated intravascular coagulation; DPPH, 2,2-Diphenyl-1-
picrylhydrazyl; DTNB, 5, 5’-Dithio-bis (2-nitrobenzoic acid); GAEs, gallic acid equivalents; GPX, glutathione peroxidase;
GSH, glutathione; ICU, Intensive care units; IL-1B, interleukin-1-beta; INOS, inducible nitric oxide synthase; LDH, lactate
dehydrogenase; MDA, malondialdehyde; NBT, nitroblue terazolium; PAL, phosphatase alkaline; ROS, reactive oxygen
species; SIRS, systemic inflammatory response syndrome; SOD, superoxide dismutase; TAC, total antioxidant capacity;
TBARS, Thiobarbituric acid-reactive substances; TBS, Tris Buffered Saline; TCA, trichloroacetic acid; TEAC, trolox
equivalent antioxidant capacity; TNF-a, tumor necrosis factor-alpha; TPC, total phenolic content.
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