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Abstract
Background
This study aims to assess the hepatoprotective potential of Commelina nudiflora against CCl4-induced hepatic injury in rats.

Method
Antioxidant activities were determined. Phytochemical analysis was performed by gas chromatography mass spectrometry (GCMS). In the in vivo study, Sprague Dawley rats were pretreated with C. nudiflora (150, 300, and 450 mg kg body weight (b.wt.)) once daily for 14 days followed by two doses of CCl4 (1 ml/kg b.wt.). After 2 weeks, the rats were sacrificed and hepatoprotective analysis was performed.

Results
In vitro studies have shown that the extract possessed strong antioxidant activity and has ability to scavenge 2,2-diphenyl-2-picrylhydrazyl-free radicals effectively. GCMS analysis of the C. nudiflora extract revealed the presence of various bioactive compounds. Administration of C. nudiflora significantly reduced the impact of CCl4 toxicity on serum markers of liver damage, serum aspartate transaminase (AST), and alanine transaminase (ALT). C. nudiflora also increased antioxidant levels of hepatic glutathione (GSH) and antioxidant enzymes and ameliorated the elevated hepatic formation of malondialdehyde (MDA) induced by CCl4 in rats. Histopathological examination indicated that C. nudiflora protect the liver from the toxic effect of CCl4 and healed lesions such as necrosis, fatty degeneration, and hepatocyte injury as irregular lamellar organization and dilations in the endoplasmic reticulum. The immunohistochemical studies revealed that pretreatment of C. nudiflora decreased the formation of 4-hydroxy-2-nonenal (HNE)-modified protein adducts and 8-hydroxy-2′-deoxyguanosine (8-OHdG). Furthermore, overexpression of the proinflammatory cytokines TNF-α, IL-6, and prostaglandin E2 is also reduced.

Conclusion
These findings exhibited the potential prospect of C. nudiflora as functional ingredients to prevent ROS-related liver damage.
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Background
The liver plays a vital role in the metabolism, detoxification, and removal of different toxic chemicals from the body. The regulation of different physiochemical functions, such as oxidation, reduction, hydroxylation, hydrolysis, conjugation, sulfation, and acetylation, happens in the liver. Currently, liver diseases pose serious health issues. Environmental pollutants, infectious agents, and hepatotoxins (carbon tetrachloride) are reported to cause liver injuries [1, 2]. Carbon tetrachloride (CCl4) is a compound that is most commonly used to induce liver injuries in experimental animals [3]. Synthetically prepared or conventional drugs used for the prevention and treatment of liver injuries might be inadequate and can cause serious side effects. Due to these reasons, a large number of people around the world prefer to consume herbal plants for the treatment of liver diseases. Thus, it is important to find alternative drugs from natural plants with less toxicity and high efficacy for the treatment of liver disorders [4].

                        Commelina nudiflora, which belongs to the family Commelinaceae, is a slender and perennial herbal plant. It is native to Malaysia, India, Bangladesh, and other tropical Asian countries. The stem of the plant is 15–30 cm long, with green leaves and purple flowers. It is mostly found in wet places [5]. The plant is used in the treatment of intestinal obstruction, diarrhea, hemorrhoids, abnormal uterine bleeding, and vaginal discharge. In addition to that, it is also used to cure wart and erysipelas (deep red inflammation of skin). In East Africa, C. nudiflora is consumed for sore throats, while in India, the plant is believed to be beneficial in the treatment of leprosy [5, 6]. However, there have been no scientific studies on the chemical composition and hepatoprotective effects of C. nudiflora. Therefore, this study aims to evaluate the phytochemical constituents and chemopreventive effects of C. nudiflora against CCl4-induced oxidative stress and hepatic dysfunction in rats to determine possible hepatoprotective activity.

Methods
Chemicals, antibodies, and kit
CC14, Tris-HCl, thiobarbituric acid (TBA), oxidized and reduced glutathione, reduced β-nicotinamide adenine dinucleotide phosphate (NADPH), glucose-6-phosphate, 1-chloro-2,4-dinitrobenzene (CDNB), glutathione reductase, 5,5-dithio-bis-2-nitrobenzoic acid (DTNB), 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid (ABTS), potassium persulfate, sulfosalicylic acid (SSA), bovine serum albumin (BSA), hydrogen peroxide (H2O2), flavin adenine dinucleotide (FAD), 2,6-dichloroindophenol, trichloroacetic acid (TCA), Tween 20, and ethylenediaminetetraacetic acid (EDTA) were obtained from Sigma Chemical Co. (St. Louis, MO, USA). Rabbit polyclonal antibody specific for 8-hydroxy-2′-deoxyguanosine (8-8-OHdG), rabbit polyclonal antibody specific for 4-hydroxy-2-nonenal (HNE), rabbit polyclonal antibody specific to tumor necrosis factor alpha (TNF-α), rabbit polyclonal antibody specific to interleukin 6 (IL-6), rabbit polyclonal antibody specific to prostaglandin E2 (PGE2), EnVision™ + System/horseradish peroxidase (HRP), Rb (DAB+), target retrieval solution, and antibody diluent were purchased from Dako (Agilent Technologies Company, Denmark).

Plant collection and extraction
The plant was collected from the lowlands of Papar, Sabah, Malaysia. Plant identification was confirmed by Mr. Kulip and Mr. Johnny Gisil from the Institute of Tropical Biology and Conservation, Universiti Malaysia Sabah. A voucher specimen (MDS003) was deposited at the Tropical Biology and Conservation Herbarium, Universiti Malaysia Sabah. Sixty grams of dry powder was extracted with 300 ml of methanol by the Soxhlet method (50–60 °C and 72 h). Methanol residues were removed from the extract using a vacuum rotary evaporator. The samples were kept at − 80 °C for 24 h and then lyophilized using a freeze dryer. The freeze-dried samples were then stored in the freezer for further analysis [7].

Total phenolic content
The total phenolic content in the C. nudiflora methanol extract was determined by the Folin-Ciocalteu method [8] with slight modifications. A stock solution of 1 mg/ml was prepared from the extract. A Folin-Ciocalteu reagent was prepared by tenfold dilution (ratio 1:9). The reagent reacts with phenolic and non-phenolic reducing substances to form chromogens that can be measured spectrophotometrically [8]. Briefly, 1.5 ml of Folin-Ciocalteu reagent was mixed with 0.2 ml of assay samples and mixed vigorously. After 5 min, 1.5 ml of sodium carbonate (60 g/l) was added to the mixture. Finally, the mixture was allowed to stand for 90 min in the dark at room temperature. The absorbance was measured at 725 nm against a blank. Gallic acid was used as a standard for the quantification of phenolic compounds. Concentrations of 0.01, 0.02, 0.04, 0.08, and 0.1 mg/ml of gallic acid were used to plot the standard calibration curve. The concentration of the total phenolic content was estimated as milligrams of gallic acid equivalent by using an equation obtained from the gallic acid calibration curve.

2,2-Diphenyl-2-picrylhydrazyl assay
The antioxidant activity of C. nudiflora methanol extracts was determined via 2,2-diphenyl-2-picrylhydrazyl (DPPH) assay [9]. A plant extract was prepared at a concentration of 1 mg/ml. Various concentrations (0.012, 0.025, 0.050, 0.1, and 0.5 mg/ml) of plant extract were used. During the process, 0.3 ml of plant extract was mixed with 2.7 ml of DPPH (6 × 10−5 M) in methanol and left in the dark for 60 min. Absolute methanol was used as a blank. The absorbance was measured at 512 nm using a spectrophotometer. Ascorbic acid was used as a standard. The radical scavenging activity was calculated according to the formula summarized below

                           [image: $$ \%\mathrm{RSA}=\left[\left({A}_{\mathrm{B}\ \mathrm{control}}-{A}_{\mathrm{A}\ \mathrm{sample}}\right)/{A}_{\mathrm{B}\ \mathrm{control}}\right]\times 100 $$]


where % RSA is the percentage of radical scavenging activities, A
                           A is the absorbance values of the extract sample, and A
                           B is the absorbance values of the control sample.

Gas chromatography mass spectrometry analysis of C. nudiflora
                        
A small quantity of C. nudiflora methanol extract was injected into a gas chromatography mass spectrometry (GCMS) system, which consisted of an Agilent 7890A gas chromatograph system coupled with an Agilent 5975C mass spectrometry detector. A capillary column, HP-5MS (30 m × 0.25 mm) of 0.25 μm film thickness of coated material, was used. The injector temperature was set at 250 °C whereas the temperature settings were as follows: start at 40 °C and hold for 3 min; from 40 to 200 °C with 3 °C/min and then hold for 3 min. A post-run of 5 min at 200 °C was sufficient for the next injection. A gas chromatography was performed in splitless mode. Helium gas was used as a carrier gas and maintained at a 1.0 ml/min constant flow rate. Identification of various compounds was carried out by referring to the NIST library, and the chemical makeup was computed with reference to the abundance of the compounds in a chromatogram. Each analysis was carried out in triplicate, together with a blank solvent.

Experimental protocol
Male Sprague Dawley rats weighing 150–250 g were utilized throughout the experiment. The animals were acquired from the Animal Breeding House, Biotechnology Research Institute, Universiti Malaysia Sabah. The animals were maintained at a room temperature (25 °C) in a temperature-controlled room and allowed access to food (normal laboratory chow) and tap water ad libitum. All the animals were treated humanely and well maintained under standard ethical principles as per university regulations (UMS/IP7.5/M3/4-2012). They were acclimatized to laboratory conditions for 7 days before experiments started. CCl4 was prepared at a dose of 1.0 ml/kg body weight with corn oil (1:1). A suspension of plant extract was prepared in distilled water, and different doses of C. nudiflora extract (150, 300, and 450 mg/kg body weight) were administered to the animals by gastric gavage needles. Thirty-six adult male rats were taken and distributed randomly into six groups of six animals each. Group 1 served as a normal control; group 2 was treated with CCl4 (1.0 ml/kg body weight); groups 3, 4, and 5 were treated with C. nudiflora (150, 300, and 450 mg/kg body weight, respectively) + CCl4 (1.0 ml/kg body weight); and group 6 was treated only with high doses of C. nudiflora (450 mg/kg body weight).
The rats were pretreated with selected doses of C. nudiflora methanol extracts continuously for 14 days, followed by an administration of CCl4 on the 13th and 14th days. The doses of the plant extract (150, 300, and 450 mg/kg body weight) and CCl4 (1.0 ml/kg body weight) were administered. All of these rats were sacrificed 24 h after the last dose of CCl4 within a period of 1 h. Blood was collected by cardiac puncture using sterile disposable syringes, while serum was obtained by centrifugation at 2000×g for 15 min. The livers of these animals were removed immediately and cleaned with chilled saline (0.85% w/v, sodium chloride) to remove an extrinsic material. The liver tissues were stored at − 80 °C for biochemical studies while a small portion of the tissues was kept in a 10% neutral buffered formalin solution for histopathological and immunohistochemical analyses.

Preparation of post-mitochondrial and cytosolic supernatant
The hepatic homogenate was prepared by the method proposed by Mohandas et al. [10], as described by Iqbal et al. [11]. The rat livers were homogenized in an ice-cold phosphate buffer (0.1 M, pH 7.4) containing KCl (1.17% w/v) using a homogenizer (Polytron PT 1200E, Switzerland). The nuclear debris was removed from the liver homogenate by centrifugation at 3000×g for 10 min at 4 °C. The post-mitochondrial supernatant (PMS) was obtained by centrifugation at 12,000×g for 30 min at 4 °C, which was utilized for the measurement of malondialdehyde (MDA) and reduced glutathione (GSH) content, as well as a source of antioxidant enzymes. A part of PMS was further ultracentrifuged at 105,000×g for 1 h to obtain cytosolic fractions to determine quinone oxidoreductase assay activity.

Biochemical assays
Assay of reduced glutathione
Reduced glutathione in liver PMS was estimated according to the method described by Jollow et al. [12]. Briefly, 1.0 ml of hepatic PMS (10% w/v) was reacted with 1.0 ml of sulfosalicylic acid (4% w/v). The samples were kept at 4 °C for 60 min and then centrifuged at 3000×g for 30 min at 4 °C. The assay mixture contained 0.2 ml filtered supernatant, 2.6 ml phosphate buffer (0.1 M, pH 7.4), and 0.2 ml DTNB (4 mg/ml of 0.1 M phosphate buffer, pH 7.4) in a total volume of 3.0 ml. The development of a yellow color was read immediately at 412 nm on a spectrophotometer (model 4001/4). Results were expressed as micromoles of reduced glutathione per gram of liver tissue.

Assay of lipid peroxidation
Hepatic lipid peroxidation in PMS was performed by the method described by Buege and Aust [13]. Briefly, 1.0 ml of PMS was mixed with 0.5 ml of trichloroacetic acid (10% w/v) and centrifuged at 800×g for 30 min, and 1.0 ml of the supernatant was reacted with 1.0 ml of thiobarbituric acid (0.67% w/v). All the tubes were placed in a boiling water bath for a time period of 20 min. The tubes were then transferred to an ice bath and allowed to cool for 5 min. The amount of MDA formed in each of the samples was assessed by measuring the optical density of the supernatant at 535 nm using a spectrophotometer (model 4001/4). The results were expressed as nanomoles of MDA formed/gram tissue using a molar extinction coefficient of 1.56 × 105 M × 1 cm × 1.

Assay of glutathione peroxidase activity
Glutathione peroxidase activity in liver PMS was carried out according to the method by Mohandas et al. [10] as described by Iqbal et al. [14]. Briefly, 0.025 ml of 10% w/v hepatic PMS was added to a reaction mixture that consisted of 1.51 ml of 0.1 M phosphate buffer (pH 7.4), 0.1 ml EDTA (0.5 mM), 0.1 ml sodium azide (1.0 mM), 0.05 ml glutathione reductase (1.0 EU/ml), 0.1 ml GSH (1.0 mM), 0.1 ml NADPH (0.1 mM), and 0.01 ml hydrogen peroxide (30%), forming a total volume of 2.0 ml. Enzyme activity was calculated as nanomoles of NADPH oxidized/minute/milligram protein using a molar extinction coefficient of 6.22 × 103 M × 1 cm × 1.

Assay of glucose-6-phosphate dehydrogenase activity
Glucose-6-phosphate dehydrogenase activity was measured by the method of Zaheer et al. [15] as described by Iqbal et al. [14]. Briefly, a reaction mixture of 3.0 ml, consisting of 0.5 ml of 0.05 M Tris-HCl buffer (pH 7.6), 0.05 ml NADP (0.1 mM), 0.05 ml glucose-6-phosphate (0.8 mM), 0.25 ml MgCl2 (8 mM), 0.1 ml of 10% w/v hepatic PMS, and 2.0 ml of distilled water, was prepared. The changes in absorbance were noted at 340 nm, and the enzyme activity was calculated as nanomoles of NADP reduced/minute/milligram protein using a molar extinction coefficient of 6.22 × 103 M × 1 cm × 1.

Assay of glutathione reductase activity
Glutathione reductase activity was determined by the Carlberg and Mannervik method, [16] as described by Iqbal et al. [14]. Briefly, 0.05 ml of 10% w/v hepatic PMS was mixed with 1.7 ml of phosphate buffer (0.1 M, pH 7.6), 0.1 ml EDTA (0.5 mM), 0.05 ml oxidized glutathione (1 mM), and 0.1 ml NADPH (0.1 mM) and the reaction mixture was read at 340 nm. Enzyme activity was calculated as nanomoles of NADPH oxidized/minute/milligram protein using a molar extinction coefficient of 6.22 × 103 M × 1 cm × 1.

Assay of catalase activity
Catalase activity was determined by the Claiborne [17] method, as described by Iqbal et al. [14]. Briefly, a reaction mixture of 2 ml, consisting of 0.99 ml of 0.05 M phosphate buffer (pH 7.0), 1.0 ml of 0.019 M hydrogen peroxide, and 0.01 ml of hepatic PMS (10% w/v), was prepared. The changes in absorbance of the reaction solution were noted at 240 nm, and the enzyme activity was calculated as nanomoles of H2O2 consumed/minute/milligram protein using a molar extinction coefficient of 6.4 × 103 M × 1 cm × 1.

Assay of glutathione S-transferase activity
Glutathione S-transferase activity was measured by the Habig et al. [18] method, as modified by Athar and Iqbal [19]. The assay system was obtained by the addition of 2.75 ml phosphate buffer (0.1 M, pH 6.5), 0.1 ml reduced glutathione (1.0 mM), 0.1 ml CDNB (1.0 mM), and 0.25 ml of hepatic PMS (10% w/v). The absorbance was determined at 340 nm, and the enzyme activity was calculated as nanomoles of CDNB conjugate formed/minute/milligram protein using a molar extinction coefficient of 9.6 × 103 M × 1 cm × 1.

Assay of NAD(P)H: quinoneoxido reductase activity
Quinone reductase activity was determined by the Benson et al. [20] method, as modified by Iqbal et al. [21]. The assay mixture consisted of 2.0 ml of Tris-HCl buffer (0.025 M, pH 7.4), 0.7 ml BSA (1 mg/ml), 0.1 ml FAD (150 μM), 0.02 ml NADPH (0.1 mM), 0.02 ml Tween 20 (1% w/v), 0.05 ml of cytosolic fraction (10% w/v), and 0.05 ml of 2,6-dichlorophenolindophenol (2.4 mM) in a final volume of 3.0 ml. The enzyme activity was determined at 600 nm and calculated as nanomoles of 2,6-dichlorophenolindophenol reduced/minute/milligram protein using a molar extinction coefficient of 2.1 × 104 M × 1 cm × 1.

Assay of serum alanine transaminase and aspartate transaminase
Serum alanine transaminase (ALT) and aspartate transaminase (AST) levels were determined by the method described by Reitman and Frankel [22]. Briefly, 0.5 ml of α-ketoglutarate (2 mM) and α-l-alanine (200 mM) for ALT, and α-ketoglutarate (2 mM) and l-aspartate (200 mM) for AST, was incubated in a water bath for 10 min at 37 °C; 0.1 ml of serum was added, and the volume was made up to 1.0 ml with a sodium phosphate buffer. The reaction mixture was incubated for exactly 30 and 60 min for ALT and AST, respectively. After that, 0.5 ml of DNPH (1 mM) was added to the reaction mixture and kept for another 20 min at room temperature. Finally, the change in the color was noted by the addition of 5.0 ml of NaOH (0.4 N) and the final product was read at 510 nm after 30 min.

DPPH assay
The free radical scavenging activity of rat tissue and serum samples was determined by the DPPH method, described by Brand-Williams et al. [23] with slight modifications. Briefly, 100 μl of each sample was added to 2.7 ml of DPPH in an ethanol solution (6 × 10−5 M) in a test tube. The tubes were kept in the dark for 1 h. After that, the samples were treated with 1 ml of chloroform and centrifuged at 1107×g for 5 min. The absorbance of clear solution was recorded at 517 nm using a spectrophotometer. An ethanol solution of DPPH (6 × 10−5 M) without the sample was used as a control, and the percentage of DPPH radical scavenging activity was calculated according to the following equation:

                              [image: $$ \%\mathrm{DPPH}=\left[\left({A}_{\mathrm{B}\ \mathrm{control}}-{A}_{\mathrm{A}\ \mathrm{sample}}\right)/{A}_{\mathrm{B}\ \mathrm{control}}\right]\times 100 $$]


where A
                              A is the absorbance values of the extract sample and A
                              B is the absorbance values of the control sample.


ABTS assay
The free radical scavenging activity of our samples was performed via ABTS assay, as proposed by Re et al. [24]. Briefly, a stock solution of ABTS (7 mM) was prepared in water. An ABTS radical cation (ABTSS+) was obtained by treating ABTS stock solution with 2.45 mM potassium persulfate (final concentration). The mixture was kept in the dark overnight (12–16 h). The ABTSS+ solution was then diluted with phosphate buffer saline with a pH value of 7.4 (PBS) to an absorbance of 0.70 at 734 nm. After that, 20 μl of tissue or serum was added to 2 ml of diluted ABTSS+ solution. The mixture was incubated for 6 min at 30 °C, and the absorbance was recorded at 734 nm. ABTS solution without the sample was used as a control. The percentage inhibition of ABTSS+ by the sample was calculated according to the given equation:

                           [image: $$ \%\mathrm{ABTS}=\left[\left({A}_{\mathrm{B}\ \mathrm{control}}-{A}_{\mathrm{A}\ \mathrm{sample}}\right)/{A}_{\mathrm{B}\ \mathrm{control}}\right]\times 100 $$]


where A
                           A is the absorbance values of the extract sample and A
                           B is the absorbance values of the control sample.

Histopathological studies in liver tissue
Light microscopy analysis
For histopathological studies, a fixed portion of rat liver in 10% neutral buffered formalin solution was dehydrated in alcohol and embedded in paraffin. Cut thin sections (5–6 μm) were placed on glass slides and stained with hematoxylin and eosin (H&E) stains. The slides were examined under a light microscope by an expert pathologist who was not aware of the sample assignments to experimental groups for the pathological symptoms of hepatotoxicity, such as necrosis, hepatocyte derangement, fatty degeneration, and blood vessel congestion.

Transmission electron microscopy analysis
Small sections of hepatic tissues were fixed in 4% glutaraldehyde in 0.1 M of phosphate buffer for electron microscopy evaluations. The samples were washed and post-fixed in 1% osmium tetroxide (0.1 M phosphate buffer). Afterwards, the tissues were dehydrated in increasing concentrations of alcohol. Finally, the tissues were washed with 0.1 M of phosphate buffer and embedded in epoxy-resin embedding media. Ultrathin sections were obtained on copper grids, stained with uranyl acetate and lead citrate, and viewed under a transmission electron microscope.


Immunohistochemistry
Immunohistochemical studies were conducted using a Dako Kit. During the process, five antigens, which were HNE-modified protein adducts, 8-OHdG, TNF-α, IL-6, and PGE2, were screened. The hepatic tissues were fixed in 10% phosphate-buffered formalin for 24 h and embedded in paraffin. The paraffin sections were then de-paraffinized and rehydrated through a xylene and graded ethanol series. Antigen retrieval was performed using a water bath at 97 °C for 20 min. The samples were further treated with 3.0% hydrogen peroxide for 5 min and rinsed with Tris-buffered saline (TBS). The tissue sections on the slide were highlighted by wax pens in order to define the spot for the application of various staining reagents. The samples were then incubated for 20 min at room temperature with diluted antibodies, rinsed with TBS three times for 10 min, and applied with HRP for 20 min. The slides were rinsed again with TBS three times for 10 min, and freshly prepared DAB working solution was applied for 5–10 min, followed with a rinse by deionized water three times. The slides were counterstained by Harris hematoxylin for one dip and dehydrated through a graded ethanol and xylene series. The staining intensities of these markers were evaluated semi-quantitatively (weak/strong) and compared among the six groups.

Assay of protein
Protein concentration in all samples was determined by a bicinchoninic acid (BCA) protein assay kit using BSA as a standard.

Statistical analysis
The data was analyzed using SPSS 17.0 Windows statistical package software (SPSS, Inc., Chicago, IL, USA). Significant differences between groups were analyzed using one-way analysis of variance (ANOVA) followed by Tukey’s multiple comparison test. All the results were presented as means ± standard error (S.E.) of the mean. p values less than 0.05 were considered as significant.


Results
Total phenolic and DPPH scavenging activity of C. nudiflora
                        
The methanol extract of C. nudiflora was found to contain 42.67 ± 1.78 mg/g total phenolics expressed as gallic acid equivalents (GAEs, mg/g of extract). DPPH has been widely utilized to determine the scavenging activity of bioactive compounds. The DPPH scavenging capacity of the methanol extract of C. nudiflora increased in a concentration-dependent manner. The concentration of the plant ranged from 0.012 to 0.5 mg/ml, and the percentage of DPPH scavenging capacity ranged from 2.32 to 66.44% (Fig. 1).[image: A12199_2017_673_Fig1_HTML.gif]
Fig. 1Free radical scavenging capacity of the methanol extract of C. nudiflora. Each value represents the mean ± S.E. of triplicate tubes. Experimental conditions are described in the “Methods” section




                        

GCMS analysis of C. nudiflora
                        
The GCMS analysis of phytochemical constituents was carried out in methanol extracts of C. nudiflora, as shown in Fig. 2. The bioactive compounds of various natures are tabulated along with retention time (ret time), molecular formula (M. formula), molecular weight (M. weight), and area percentage (%) (Table 1). The identified bioactive compounds include phenol (0.71%), benzyl alcohol (1.62%), eugenol (0.64%), phenol,2,4-bis(1,1-dimethylethyl) (0.77%), dodecanoic acid (0.70%), hexadecanoic acid, ethyl ester (2.27%), n-hexadecanoic acid (3.15%), phytol (2.61%), and 9,12-octadecadienoic acid (Z,Z)- (0.66%).[image: A12199_2017_673_Fig2_HTML.gif]
Fig. 2GCMS chromatogram of the methanol extract of C. nudiflora
                                    




                           Table 1Identified bioactive compounds in the methanol extract of C. nudiflora
                                    


	No.
	Ret. time
	Name of the compounds
	Nature
	M. weight
	M. formula
	Area (%)

	1
	12.54
	Phenol
	Phenolic compound
	94.11
	
                              C6H6O
                            
	0.71

	2
	14.35
	Benzyl alcohol
	Aromatic compound
	108.13
	
                              C7H8O
                            
	1.62

	3
	29.06
	Eugenol
	Phenolic compound
	164.20
	
                              C10H12O2
                                                
                            
	0.64

	4
	36.06
	Phenol,2,4-bis(1,1-dimethylethyl)
	Alkylated phenol
	206.32
	C14H22O
	0.77

	5
	38.1
	Dodecanoic acid
	Fatty acid
	200.31
	
                              C12H24O2
                                                
                            
	0.70

	6
	50.79
	Hexadecanoic acid ethyl ester
	Palmitic acid ester
	284.0
	
                              C18H36O2
                                                
                            
	2.27

	7
	51.95
	
                                            n-Hexadecanoic acid
	Palmitic acid
	256.42
	C16H30O2
                                          
	3.15

	8
	56.71
	Phytol
	Diterpene alcohol
	296.53
	
                              C20H40O
                            
	2.61

	9
	57.10
	9,12-Octadecadienoic acid (Z,Z)-
	Linoleic acid
	280.44
	
                              C18H32O2
                                                
                            
	0.66




                        

Effect of C. nudiflora on body weight
Table 2 shows the effect of C. nudiflora on rats’ body weight. CCl4 administration resulted in a reduction in body weight. However, the animals that were pretreated with C. nudiflora extracts (150, 300, and 450 mg/kg body weight) for 2 weeks followed by two doses of CCl4 on the 13th and 14th days recorded a moderate increase in body weight.Table 2Effect of C. nudiflora on body weight


	Groups
	Initial body weight (g)
	Final body weight (g)
	Percentage increase (%)

	Saline control
	224 ± 39.1
	260.5 ± 33.5
	16.2

	CCl4 (1 ml/kg b.wt.)
	224 ± 32.4
	237 ± 32.6
	5.8

	
                                            C. nudiflora (150 mg/kg b.wt.) + CCl4
                                          
	219.8 ± 45.9
	237.5 ± 45.8
	8.0

	
                                            C. nudiflora (300 mg/kg b.wt.) + CCl4
                                          
	223 ± 25.9
	242.3 ± 15.3
	8.6

	
                                            C. nudiflora (450 mg/kg b.wt.) + CCl4
                                          
	220.5 ± 45.3
	240 ± 48.3
	8.8

	
                                            C. nudiflora (450 mg/kg b.wt.)
	224 ± 28.2
	259.5 ± 38.3
	15.8


Each value represents the mean ± S.E. of six animals



                        

Effect of C. nudiflora on CCl4-induced hepatotoxicity
The levels of ALT and AST (hepatic enzymes), used as markers for the determination of liver injuries, were significantly higher in CCl4-administered rats as compared with saline-treated control rats (Fig. 3). Meanwhile, the pretreatment of animals with C. nudiflora at doses of 150, 300, and 450 mg/kg body weight significantly decreased hepatic enzyme levels in a dose-dependent manner as compared with the CCl4-administered group.[image: A12199_2017_673_Fig3_HTML.gif]
Fig. 3Effect of C. nudiflora on CCl4-induced hepatotoxicity. Each value represents the mean ± S.E. of six animals. Hashtag indicates significance at p < 0.05 compared to the control group. Asterisk indicates significance at p < 0.05 compared to the CCl4-treated group




                        

Effect of C. nudiflora on CCl4-induced hepatic lipid peroxidation
MDA is the end product and a common marker of lipid peroxidation. Figure 4 shows that MDA levels are significantly elevated in the livers of CCl4-treated rats as compared to the saline-treated control rats. However, the pretreatment of methanol extracts of C. nudiflora significantly reduced MDA levels. These results suggest that oxidative stress induced by CCl4 was suppressed by the administration of methanolic extracts of C. nudiflora.[image: A12199_2017_673_Fig4_HTML.gif]
Fig. 4Effect of C. nudiflora on CCl4-induced hepatic lipid peroxidation. Each value represents the mean ± S.E. of six animals. Hashtag indicates significance at p < 0.05 compared to the control group. Asterisk indicates significance at p < 0.05 compared to the CCl4-treated group




                        

Effect of C. nudiflora on CCl4-induced reduced glutathione
GSH levels in the tissue often decrease under a state of oxidative stress. Therefore, we studied the effects of C. nudiflora methanol extracts on liver GSH levels in the CCl4-administered group. Oxidative stress caused by CCl4 significantly reduced levels of hepatic GSH in that group. However, CCl4-administered animals treated with C. nudiflora (150, 300, and 450 mg/kg b.wt.) had significantly increased GSH levels by 27, 34, and 38%, respectively, as compared with CCl4-administered rats (Fig. 5).[image: A12199_2017_673_Fig5_HTML.gif]
Fig. 5Effect of C. nudiflora on CCl4-induced hepatic reduced glutathione. Each value represents the mean ± S.E. of six animals. Hashtag indicates significance at p < 0.05 compared to the control group. Asterisk indicates significance at p < 0.05 compared to the CCl4-treated group




                        

Effect of C. nudiflora on CCl4-induced changes in antioxidant enzymes
The activities of hepatic antioxidant enzymes, viz., catalase, glutathione peroxidase, glutathione reductase, and glucose-6-phosphate dehydrogenase, decreased in the CCl4-administered group as compared with the saline-treated control group (Table 3). The group treated with CCl4 also indicated reductions in the levels of phase II metabolizing enzymes (glutathione S-transferase, quinone reductase) (Table 4). Meanwhile, the pretreatment of C. nudiflora resulted in the restoration of antioxidant enzyme levels in a dose-dependent manner.Table 3Effect of C. nudiflora on CCl4-induced changes in antioxidant enzymes


	Groups
	Glutathione peroxidase (nmol NADPH oxidized/min/mg protein)
	Glutathione reductase (nmol NADPH oxidized/min/mg protein)
	Catalase (nmol H2O2 consumed/min/mg protein)
	Glucose-6-phosphate dehydrogenase (nmol NADPH formed/min/mg protein)

	Saline control
	61.87 ± 1.93
	50.61 ± 1.32
	0.82 ± 0.01
	40.05 ± 1.37

	CCl4 (1 ml/kg b.wt.)
	47.89 ± 2.06#
                                          
	38.62 ± 1.05#
                                          
	0.50 ± 0.12#
                                          
	21.14 ± 1.67#
                                          

	
                                            C. nudiflora (150 mg/kg b.wt.) + CCl4
                                          
	55.18 ± 3.95*
	45.64 ± 3.66*
	0.68 ± 0.05*
	33.35 ± 1.53*

	
                                            C. nudiflora (300 mg/kg b.wt.) + CCl4
                                          
	59.18 ± 2.08*
	46.61 ± 1.03*
	0.70 ± 0.04*
	34.33 ± 1.41*

	
                                            C. nudiflora (450 mg/kg b.wt.) + CCl4
                                          
	61.17 ± 4.74*
	47.56 ± 0.71*
	0.74 ± 0.02*
	35.80 ± 0.9*

	
                                            C. nudiflora (450 mg/kg b.wt.)
	61.99 ± 5.15*
	50.11 ± 1.59*
	0.81 ± 0.04*
	40.15 ± 1.35*


Each value represents the mean ± S.E. of six animals

                                    #Significant at p < 0.05 compared to the control group; *significant at p < 0.05 compared to the CCl4-treated group



                           Table 4Effect of C. nudiflora on CCl4-induced changes in phase II metabolizing enzymes


	Groups
	Glutathione S-transferase activity (nmol CDNB conjugate formed/min/mg protein)
	Quinone reductase activity (nmol 2,6-DCIP reduced/min/mg protein)

	Saline control
	253.55 ± 11.49
	313.17 ± 27.7

	CCl4 (1 ml/kg b.wt.)
	118.44 ± 7.53#
                                          
	161.99 ± 6.9#
                                          

	
                                            C. nudiflora (150 mg/kg b.wt.) + CCl4
                                          
	148.19 ± 2.63*
	220.99 ± 15.4*

	
                                            C. nudiflora (300 mg/kg b.wt.) + CCl4
                                          
	174.76 ± 9.49*
	240.62 ± 12.53*

	
                                            C. nudiflora (450 mg/kg b.wt.) + CCl4
                                          
	210.34 ± 16.06*
	260.15 ± 6.14*

	
                                            C. nudiflora (450 mg/kg b.wt.)
	254.26 ± 9.90*
	312.51 ± 11.97*


Each value represents the mean ± S.E. of six animals

                                    #Significant at p < 0.05 compared to the control group; *significant at p < 0.05 compared to the CCl4-treated group



                        

Eliminated DPPH in hepatic tissue and serum of rats treated with C. nudiflora
                        
As shown in Table 5, a significant reduction was noticed in the DPPH levels of the CCl4-treated group as compared to the normal control group. In contrast, a significant increase of DPPH levels was noticed in the hepatic tissue and serum of CCl4-administered rats treated with C. nudiflora at various doses.Table 5Eliminated DPPH in hepatic tissue and serum of rats treated with C. nudiflora at various doses


	Groups
	Eliminated tissue DPPH (%)
	Eliminated serum DPPH (%)

	Saline control
	79.17 ± 1.41
	34.42 ± 1.31

	CCl4 (1 ml/kg b.wt.)
	68.85 ± 1.29#
                                          
	23.40 ± 1.86#
                                          

	
                                            C. nudiflora (150 mg/kg b.wt.) + CCl4
                                          
	73.89 ± 1.96*
	26.26 ± 1.49*

	
                                            C. nudiflora (300 mg/kg b.wt.) + CCl4
                                          
	77.71 ± 1.21*
	30.11 ± 0.84*

	
                                            C. nudiflora (450 mg/kg b.wt.) + CCl4
                                          
	77.77 ± 1.69*
	31.20 ± 1.79*

	
                                            C. nudiflora (450 mg/kg b.wt.)
	78.96 ± 1.97*
	34.03 ± 2.23*


Each value represents the mean ± S.E. of six animals

                                    #Significant at p < 0.05 compared to the control group; *significant at p < 0.05 compared to the CCl4-treated group



                        

Eliminated ABTS in hepatic tissue and serum of rats with C. nudiflora treatment
Significant reduction was noticed in the ABTS levels of the CCl4-administered group as compared to the normal and plant control groups (Table 6). Meanwhile, a significant elevation of ABTS levels was recorded in the hepatic tissue and serum of CCl4-administered rats treated with C. nudiflora.Table 6Eliminated ABTS in hepatic tissue and serum of rats treated with C. nudiflora at various doses


	Groups
	Eliminated tissue ABTS (%)
	Eliminated serum ABTS (%)

	Saline control
	82.07 ± 1.58
	87.34 ± 1.06

	CCl4 (1 ml/kg b.wt.)
	63.86 ± 6.58#
                                          
	79.22 ± 1.33#
                                          

	
                                            C. nudiflora (150 mg/kg b.wt.) + CCl4
                                          
	72.03 ± 6.31*
	82.92 ± 0.80*

	
                                            C. nudiflora (300 mg/kg b.wt.) + CCl4
                                          
	75.79 ± 5.99*
	84.03 ± 0.26*

	
                                            C. nudiflora (450 mg/kg b.wt.) + CCl4
                                          
	77.77 ± 3.13*
	85.02 ± 1.07*

	
                                            C. nudiflora (450 mg/kg b.wt.)
	82.34 ± 1.32*
	86.95 ± 2.80*


Each value represents the mean ± S.E. of six animals

                                    #Significant at p < 0.05 compared to the control group; *significant at p < 0.05 compared to the CCl4-treated group



                        

Effect of C. nudiflora on CCl4-induced histopathological changes
Light microscopy observation
Histological changes, including increased fatty degeneration, necrosis, blood vessel congestion, and derangement of hepatocytes, were observed in CCl4-treated rats alone. However, these changes were significantly improved by C. nudiflora, as shown in Fig. 6, which suggests that pretreatment with methanol extracts of C. nudiflora significantly prevented CCl4-induced hepatic injury.[image: A12199_2017_673_Fig6_HTML.gif]
Fig. 6Effect of C. nudiflora on CCl4-induced histopathological changes (H&E staining). a Control group, normal histopathology. b CCl4 (1 ml/kg b.wt.) hepatic necrosis (N), mononuclear cell infiltration (MCI), fatty degeneration (FD), sinusoidal spaces (S), and cell derangement (CD). c 
                                          C. nudiflora (150 mg/kg b.wt. + CCl4) repairing of hepatocytes. d 
                                          C. nudiflora (300 mg/kg b.wt. + CCl4) repairing of hepatocytes. e 
                                          C. nudiflora (450 mg/kg b.wt. + CCl4) repairing of hepatocytes. f 
                                          C. nudiflora (450 mg/kg b.wt.) normal histopathology




                           

Ultrastructural observations
The ultrastructure of liver sections of the normal control group showed regular nuclei with intact nuclear envelopes, endoplasmic reticulum at proximity to the nucleus, and abundant mitochondria in the cytoplasm (Fig. 7a). Ultrastructural analysis of the hepatocytes of the CCl4-intoxicated group demonstrated extensive cellular damage with irregular and damaged nuclei, significant dilations in ERs, large lipid globules, and glycogen loss (Fig. 7b). Pretreatment of the rats in group 3 with C. nudiflora significantly reduced the damage in hepatocytes. However, some lytic areas, lipid droplets, and dilations in ER were still noticed (Fig. 7c). Pretreatment of the rats in groups 4 and 5 with C. nudiflora provided overall improvement in the ultrastructure with intact nuclear envelopes, abundant mitochondria, and glycogen granules (Fig. 7d, e). The plant control group showed normal hepatocytes (Fig. 7f).[image: A12199_2017_673_Fig7_HTML.gif]
Fig. 7Protective effect of C. nudiflora on the ultrastructure of hepatocytes damaged by CCl4. a (×690) Control; hepatocytes show normal ultrastructure. b (×890) CCl4 (1 ml/kg b.wt.); glycogen loss, large lipid droplets (LD), degenerated nucleus, and disrupted endoplasmic reticulum are seen. c (×890) C. nudiflora (150 mg/kg b.wt. + CCl4); mitochondria are visible, and lipid droplets are present. d (×890) C. nudiflora (300 mg/kg b.wt. + CCl4); disrupted nuclear membrane and dilations in the endoplasmic reticulum are recovered, and lipid droplets are present. e (×89×) C. nudiflora (450 mg/kg b.wt. + CCl4); disrupted nuclear membrane and dilations in the endoplasmic reticulum are recovered, and lipid droplets are still present. The number of mitochondria and glycogen granules is increased. f (×550) C. nudiflora (450 mg/kg b.wt.) normal hepatocytes




                           


Effect of C. nudiflora on CCl4-induced immunohistochemical changes
Since HNE, a major aldehydic product of lipid peroxidation, is believed to be largely responsible for cytopathological effects observed during oxidative stress [1–3], we studied the effect of C. nudiflora against CCl4-induced formation of HNE-modified protein adducts in the liver. The production of HNE-modified protein adducts is indicated by the appearance of yellow coloration (Fig. 8). The CCl4-administered group showed intense yellow coloration as compared to the normal and plant control groups. However, very light coloration was noticed in the group treated by C. nudiflora.[image: A12199_2017_673_Fig8_HTML.gif]
Fig. 8Immunohistochemical appearance of HNE-modified protein adducts. a Control group, normal. b CCl4 (1 ml/kg b.wt.), increased formation of HNE-modified protein adducts. c 
                                       C. nudiflora (150 mg/kg b.wt. + CCl4), decreased formation of HNE-modified protein adducts. d 
                                       C. nudiflora (300 mg/kg b.wt. + CCl4), decreased formation of HNE-modified protein adducts. e 
                                       C. nudiflora (450 mg/kg b.wt. + CCl4), decreased formation of HNE-modified protein adducts. f 
                                       C. nudiflora alone (450 mg/kg b.wt.), normal




                        
8-OHdG, a DNA-based modified product, is one of the most commonly used markers for evaluation of oxidative DNA damage. Thus, we studied the effect of C. nudiflora against CCl4-induced formation of 8-OHdG in the liver. Figure 9 indicates the formation of 8-OHdG by the appearance of intense yellow in the CCl4-treated group as compared to the normal control group. This demonstrates that more 8-OHdG-positive cells are present. Meanwhile, the plant-treated group indicated faint yellow stains.[image: A12199_2017_673_Fig9_HTML.gif]
Fig. 9Immunohistochemical appearance of 8-OHdG. a Control group, normal. b CCl4 (1 ml/kg b.wt.), increased formation of 8-OHdG. c 
                                       C. nudiflora (150 mg/kg b.wt. + CCl4), decreased formation of 8-OHdG. d 
                                       C. nudiflora (300 mg/kg b.wt. + CCl4), decreased formation of 8-OHdG. e 
                                       C. nudiflora (450 mg/kg b.wt. + CCl4), decreased formation of 8-OHdG. f 
                                       C. nudiflora alone (450 mg/kg b.wt.), normal




                        
CCl4-induced hepatotoxicity is accompanied by the excessive production of proinflammatory mediators such as TNF-α, IL-6, and PGE2. Therefore, the effect of C. nudiflora on the expression of proinflammatory markers like TNF-α, IL-6, and PGE2 was also analyzed (Figs. 10, 11, and 12). The liver sections of the normal and plant control groups showed complete absence of immunostaining of TNF-α, IL-6, and PGE2. A large amount of TNF-α-, IL-6-, and PGE2-immunopositive cells was noticed in the hepatic tissue sections of CCl4-administered rats as compared to control rats. In contrast, a decrement of TNF-α, IL-6, and PGE2 immunopositivity was observed in C. nudiflora-treated rats.[image: A12199_2017_673_Fig10_HTML.gif]
Fig. 10Immunohistochemical appearance of TNF-α. a Control group, normal. b CCl4 (1 ml/kg b.wt.), high expression of TNF-α. c 
                                       C. nudiflora (150 mg/kg b.wt. + CCl4), low expression of TNF-α. d 
                                       C. nudiflora (300 mg/kg b.wt. + CCl4), low expression of TNF-α. e 
                                       C. nudiflora (450 mg/kg b.wt. + CCl4), low expression of TNF-α. f 
                                       C. nudiflora alone (450 mg/kg b.wt.), normal




                           [image: A12199_2017_673_Fig11_HTML.gif]
Fig. 11Immunohistochemical appearance of IL-6. a Control group, normal. b CCl4 (1 ml/kg b.wt.), high expression of IL-6. c 
                                       C. nudiflora (150 mg/kg b.wt. + CCl4), low expression of IL-6. d 
                                       C. nudiflora (300 mg/kg b.wt. + CCl4), low expression of IL-6. e 
                                       C. nudiflora (450 mg/kg b.wt. + CCl4), low expression of IL-6. f 
                                       C. nudiflora alone (450 mg/kg b.wt.), normal




                           [image: A12199_2017_673_Fig12_HTML.gif]
Fig. 12Immunohistochemical appearance of PGE2. a Control group, normal. b CCl4 (1 ml/kg b.wt.), high expression of PGE2. c 
                                       C. nudiflora (150 mg/kg b.wt. + CCl4), low expression of PGE2. d 
                                       C. nudiflora (300 mg/kg b.wt. + CCl4), low expression of PGE2. e 
                                       C. nudiflora (450 mg/kg b.wt. + CCl4), low expression of PGE2. f 
                                       C. nudiflora alone (450 mg/kg b.wt.), normal




                        


Discussion
In this study, a GCMS analysis of the bioactive compounds in C. nudiflora extracts revealed the presence of bioactive compounds with antioxidant, anti-inflammatory, anticancer, antimicrobial, and hepatoprotective properties. It is widely recognized that dietary antioxidants have positive influences in reducing the risk of development of nutrition-related chronic diseases [25], and this fact has stimulated the search for new antioxidant sources. In the present study, the hepatoprotective effects of C. nudiflora were first investigated by suppressing CCl4-induced oxidative stress and inflammation in the livers of rats and attenuating the morphological changes caused by CCl4. Our findings contribute to the understanding that C. nudiflora treatment reduces the occurrence of liver oxidative injuries, and this nutritional strategy presents an alternative to current pharmaceutical approaches aimed at reducing hepatotoxicity.
Herein, nine bioactive compounds have been identified from methanol extracts of C. nudiflora. Among the identified compounds is phenol, a simple phenolic compound. It has been reported in the ethanol bark extract of Ficus religiosa Linn with antioxidant, antiseptic, and antibacterial properties [26]. Benzyl alcohol, an aromatic compound, has been also noticed in extracts of basil leaves (Ocimum basilicum L.) and reported with antioxidant and antimicrobial activities [27–29]. Eugenol, a phenolic compound, has been also detected in extracts of basil leaves (O. basilicum L.) and Eugenia caryophyllata. The antioxidant and anti-inflammatory activities of the compound have been reported [27–31]. Phenol,2,4-bis(1,1-dimethylethyl), an alkylated phenol, has been detected in extracts of Plumbago zeylanica, Hybanthus enneaspermus, and Tephrosia tinctoria and reported with antioxidant, anticancer, and antimicrobial properties [32, 33]. The abovementioned bioactive compounds have been reported with antioxidant and anti-inflammatory properties. Thus, we believe that these compounds have played a vital role in the protection of liver by neutralizing the free radicals produced by the administration of CCl4.
Dodecanoic acid, a lauric and saturated fatty acid, has been found in extracts of Vitex altissima L. The compound has been reported with antimicrobial, antioxidant, antiviral, and hypocholesterolemic properties [34–36]. Hexadecanoic acid (ethyl ester), a palmitic acid ester, has been detected in Vitex negundo and reported with antioxidant and hypocholesterolemic properties [37]. N-Hexadecanoic acid, a palmitic acid (saturated fatty acid), has been noticed in Centaurea aladagensis and reported with antioxidant, hypocholesterolemic, and hemolytic activities [37, 38]. Phytol, a diterpene alcohol, has been also found in the H. enneaspermus and reported with antimicrobial, anticancer, anti-inflammatory, hepatoprotective, and diuretic activities [37–39]. 9,12-Octadecadienoic acid, commonly known as linoleic acid (unsaturated fatty acid), has been also detected in Scotia brachypetala and reported with anti-inflammatory, anticancer, hypocholesterolemic, and hepatoprotective properties [37, 40, 41].
The study also demonstrates the hepatoprotective and antioxidative effects of C. nudiflora against CCl4-induced oxidative hepatic damage in rats. CCl4 is a known hepatotoxin, mostly utilized for the induction of hepatic injuries in experimental animals [42]. In our study, it is indicated that CCl4 results in a moderate decrease in body weight as compared to the control group. During the experiment, a constant increase in the body weight in the control group was noticed for 15 days with no mortality in all groups. However, sudden changes were noticed in the food and water intake of the CCl4-administered group alone after CCl4 treatment on the 13th and 14th days, which resulted in a decrease in body weight. The changes were less obvious in rats which were pretreated with C. nudiflora as compared to the CCl4-treated group. However, no changes were noticed in the food and water intake of the plant-treated control group (Table 2). Our results are in agreement with previous studies [43]. Thus, it is indicated that the methanol extract of C. nudiflora is effective in reducing the toxicity induced by CCl4.
CCl4 elevated levels of ALT and AST in the serum of the CCl4-treated rats, showing hepatic injury as these enzymes leak out from the liver into the blood due to hepatic tissue damage, which is always associated with hepatonecrosis [44, 45]. With the administration of C. nudiflora at various doses, the levels of these marker enzymes were restored in a dose-dependent fashion. The recovery of these damages may be due to the stabilization of the plasma membrane and the repair of hepatocytes. The results indicate that treatment with methanol extracts of C. nudiflora could protect the liver against damage caused by CCl4.
Lipid peroxidation is the main mechanism of hepatic damage. CCl4 is biotransformed by the catalytic activity of the liver cytochrome P450 in the endoplasmic reticulum to generate free radicals, mainly trichloromethyl (CCl3). Free radicals react with oxygen to produce trichloromethyl peroxyl (CCl3O2·) radicals. The resulted toxic metabolites have the potential to bind to various proteins or lipids and initiate the peroxidation of lipids [46, 47]. In the current study, both trichloromethyl and peroxyl radicals seem to initiate the degradation of membrane lipids. This causes the generation of lipid peroxides, which, in turn, give MDA products that result in a loss of cell membrane integrity and liver injury [46, 47]. Pretreatment of C. nudiflora methanol extracts markedly reduced the generation of the lipid peroxidation end product (MDA) in a dose-dependent manner. This shows that the administration of C. nudiflora methanol extracts effectively minimized lipid peroxidation induced by CCl4.
GSH, a well-known antioxidant, plays an important role against CCl4-induced injury by covalently binding to CCl3· radicals and enhancing the activities of glutathione peroxidase and glutathione reductase [46, 48]. Pretreatment with C. nudiflora methanol extracts resulted in elevating the liver GSH levels by 23, 34, and 38% as compared with the CCl4-treated group. The GSH levels in animals pretreated with C. nudiflora show no significant differences when compared with the saline-treated control group.
CCl4 intoxication also affects the activities of hepatic antioxidant enzymes. All oxygen-utilizing organisms are equipped with well-organized antioxidant systems to prevent damage caused by free radicals. These enzymes include catalase, glutathione peroxidase, glutathione reductase, glutathione-6-phosphate dehydrogenase, glutathione S-transferase, and quinone reductase. These enzymes act as the first line of defense to counteract free radical-induced oxidative stress [49]. Glutathione peroxidase is an enzyme which minimizes the production of peroxide radicals (hydrogen peroxide and alkyl hydroperoxides) in association with GSH [50]. Catalase neutralizes harmful H2O2 to oxygen and water. Glutathione S-transferase and quinone reductase (phase II detoxification enzymes) increase cellular GSH levels and protect cells against the toxicities of electrophiles [51]. Glutathione-6-phosphate dehydrogenase is involved in the generation of NADPH through pentose phosphate pathways. NADPH is required for the production of GSH, which is necessary for cell protection against free radical damage [52]. The pretreatment of rats with various doses of C. nudiflora methanol extracts significantly increased the activities of these antioxidant enzymes, as compared with the CCl4 alone-treated group. Using DPPH and ABTS assays, we found that methanol extracts of C. nudiflora increased DPPH and ABTS levels in the liver and serum of CCl4-treated rats. Our findings are in agreement with previously published data [53].
Light microscopy analysis demonstrated that animals treated with CCl4 alone showed marked destruction of liver architecture with extensive fatty degeneration, blood vessel congestion, derangement of the hepatic cells, and necrosis, while the saline- and plant-treated control groups showed normal hepatic cells with intact cytoplasm, prominent nuclei, and visible central veins. However, the pretreatment of animals with various doses of C. nudiflora reduced the histopathological changes and resulted in less-pronounced destruction of liver architecture, which indicates that pretreatment with methanol extracts of C. nudiflora reduced liver injuries.
Ultrastructural findings that were pointed out in the CCl4-treated group include dilations and irregular organization of membranes, large lipid droplets, and glycogen loss. The changes in organelle structure and edematous cytoplasmic matrix were probably due to alterations in membrane structure caused by lipid peroxidation. Our results are in agreement with previous reports [54]. MDA levels of the CCl4-treated group were more elevated when compared to the normal control group, which further supports these histological results. Administration of C. nudiflora markedly reduced the cellular damage in CCl4-treated rats.
The administration of CCl4 also markedly increased the formation of HNE-modified protein adducts and 8-OHdG. HNE is a major aldehyde product of lipid peroxidation and displays a variety of cytopathological properties, including the inhibition of enzymes and proteins, as well as DNA and RNA synthesis [55]. The aldehyde is highly toxic to hepatocytes. In addition to this, it also has genotoxic and mutagenic effects. It is believed that the toxicity of HNE is due to its reactive aldehyde group. On the other hand, 8-OHdG is a major product of oxidative DNA damage. Toyokuni et al. [56] and Uchida et al. [57] have reported that the process of lipid peroxidation has been involved in promoting the development of 8-OHdG by the production of HNE-modified protein adducts. Thus, we were interested to investigate whether various doses of C. nudiflora were able to block the increase in formation of HNE-modified protein adducts and 8-OHdG in the livers of CCl4-treated rats. In the current research, the productions of HNE-modified protein adducts and 8-OHdG are indicated by yellow and brown coloration due to staining. Normal and plant-treated control groups reveal no yellow coloration which signifies that protein adducts and 8-OHdG are not produced, while the CCl4-intoxicated group displays intense yellow coloration as compared to normal and plant-treated control groups, which proves that CCl4 intoxication triggers the production of four HNE-modified protein adducts and 8-OHdG. Meanwhile, the administration of C. nudiflora methanolic extracts reduced the yellow coloration in CCl4-intoxicated groups in a dose-dependent fashion as compared to the CCl4 only-treated group (Figs. 8 and 9). Our results indicated that prophylactic treatments of C. nudiflora to rats can efficiently attenuate this increase. This shows that phytochemical compounds may be responsible for the biological effects of C. nudiflora.
In the current study, we also investigated the inhibitory effects of C. nudiflora on the expression of proinflammatory markers such as TNF-α, IL-6 (cytokines), and PGE2. Cytokines act as central regulators, controlling genes, and are accountable for causing either apoptosis or protective action on cells by stimulating the proliferation of hepatocytes. They also play an important role in the constitution of a complex network involved in the regulation of inflammatory responses. Important hepatotoxic mediators in various experimental models of hepatic damage are TNF-α, IL-6, and PGE2. These markers are formed and released from several cells under physiological and pathological stress, and the liver is highly vulnerable to the action of these markers [58]. These markers have been selected due to an important role in inflammation, vascular permeability, as well as proliferation [59–61]. In our findings, the markers were expressed in inflammatory cells. The overexpression of proinflammatory markers is indicated by intense yellow and brown coloration due to staining (Figs. 10, 11, and 12). The hepatic sections of the normal and plant control groups showed a complete absence of immunostaining of TNF-α, IL-6, and PGE2 which implies that no proinflammatory markers were expressed. On the other hand, a large amount of immunopositive cells was noticed in the hepatic tissue sections of the CCl4-administered rats as compared to the control rats. This demonstrates that more proinflammatory markers were expressed in the CCl4-treated group. The overexpression of TNF-α, IL-6, and PGE2 in the CCl4-administered rats was markedly reduced by C. nudiflora in a dose-dependent manner. Thus, this demonstrates that administration of C. nudiflora had anti-inflammatory effects via suppression of proinflammatory mediator expressions.

Conclusion
Our data demonstrates that methanol extracts of C. nudiflora are good sources of bioactive compounds with antioxidant, anti-inflammatory, antimicrobial, antitumor, and hepatoprotective properties. In addition to this, extracts of C. nudiflora indicate effective protection against CCl4-induced liver injury in rats and resulted in the restoration and reduction of GSH and MDA contents in liver cells. It improved serum ALT and AST levels (hepatic enzyme markers) and increased antioxidant enzyme activities. A histopathology of the livers indicates that C. nudiflora reduced the incidence of hepatic lesions induced by CCl4. Furthermore, immunohistochemical studies indicate that the plant extracts decrease the formation of HNE-modified protein adducts and 8-OHdG and also reduce the expression of TNF-α, IL-6, and PGE2 in liver cells. These results indicate that C. nudiflora extracts play a protective role in CCl4-induced liver injury, which might be due to elevated antioxidant defense potentials, suppressed inflammatory response, and oxidative stress of liver tissues. These findings exhibit the potential prospects of C. nudiflora as a functional ingredient to prevent ROS-related liver damage.

Acknowledgements
The authors thank Dr. Zarina Amin, Acting Director of Biotechnology Research Institute for her support and encouragement.
Funding
This research work is financially supported by Grant-in-Aid for Research Priority Area Scheme, Universiti Malaysia Sabah (SBK0027-SKK-2012). MDS is also grateful to the Ministry of Higher Education, Malaysia (MOHE), for providing our research fellowship (Ref No: KPT.B.600-18/3/-OR212688).

Availability of data and materials
Yes, plant material is available.


Authors’ contributions
All authors equally contributed. All authors read and approved the final manuscript.

Ethics approval
All experiments performed in the studies involving animals were in accordance with the ethical standards of the institutional and/or national research committee.

Consent for publication
The authors declare their consent for publication of the article.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


[image: Creative Commons]
                           Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated.

References
1.
Tasset A, Muñoz I, Collantes E. Oxidative stress biomarkers as indicator of chronic inflammatory joint diseases stage. Reumatología Clínica. 2010;6:91–4.PubMed

2.
Chandan BK, Saxena AK, Shukla S, Sharma N, Gupta DK, et al. Hepatoprotective activity of Woodfordia fruticosa Kurz flowers against carbon tetrachloride induced hepatotoxicity. J Ethnopharmacol. 2008;119:218–24.CrossrefPubMed

3.
Kuo DH, Kang WH, Shieh PC, Chen FA, Chang CD, et al. Protective effect of pracparatum mungo extract on carbon tetrachloride-induced hepatotoxicity in rats. Food Chem. 2010;123:1007–12.Crossref

4.
Ong HC, Faezah AW, Milow P. Medicinal plants used by the Jah hut Orang Asli at Kampung pos Penderas, Pahang, Malaysia. Ethno Med. 2012;6:11–5.

5.
Alikbangon. Philippines medicinal plants. p. 1–3. http://​www.​stuartxchange.​org/​Alikbangon.​html. Accessed 30 Apr 2012.

6.
Keary RW, Hepper FN. The useful plants of west tropical Africa. Britain: White Friars Press Limited; 1985.

7.
Wang L, Weller CL. Recent advances in extraction of nutraceuticals from plants. Trends in Food Sci Technol. 2006;17:300–12.Crossref

8.
Velioglu YS, Mazza G, Gao L, Oomah BD. Antioxidant activity and total phenolics in selected fruits, vegetables, and grain products. J Agric Food Chem. 1990;46:4113–7.Crossref

9.
Hatano T, Kagawa H, Yasuhara T, Okuda T. Two new flavonoids and other constituents in licorice root: their relative astringency and radical scavenging effects. Chem Pharm Bull. 1988;36:1090–2097.

10.
Mohandas J, Marshall JJ, Duggin GG, Horvath JS, Tiller DJI. Differential distribution of glutathione and glutathione related enzymes in rabbit kidney: possible implications in analgesic neuropathy. Cancer Res. 1984;44:5086–91.PubMed

11.
Iqbal M, Giri U, Giri DK, Alam MS, Athar M. Age-dependent renal accumulation of 4-hydroxy-2-nonenal (HNE)-modified proteins following parenteral administration of ferric nitrilotriacetate commensurate with its differential toxicity: implications for the involvement of HNE-protein adducts in oxidative stress and carcinogenesis. Arch Biochem Biophys. 1999;365:101–12.CrossrefPubMed

12.
Jollow DJ, Mitchell JR, Zampagilone N, Stripp B, Hamrick M, Gillette JR. Bromobenzene-induced liver necrosis: protective role of glutathione and evidence for 3,4-bromobenzene oxides as a hepatotoxic intermediate. Pharmacology. 1974;11:151–69.CrossrefPubMed

13.
Buege JA, Aust SD. Microsomal lipid peroxidation. In: Packer L, editor. Methods in enzymology, vol. 52. New Jersey: Academic; 1978. p. 302–10.

14.
Iqbal M, Rezazadeh H, Ansar S, Athar M. Alpha-tocopherol (vitamin-E) ameliorates ferric nitrilotriacetate (Fe-NTA)-dependent renal proliferative response and toxicity: diminution of oxidative stress. Hum Exp Toxicol. 1998;17:163–71.CrossrefPubMed

15.
Zaheer N, Tiwari KK, Krishnan PS. Exposure and solubilization of hepatic mitochondrial shunt dehydrogenase. Arch Biochem Biophys. 1965;109:646–8.CrossrefPubMed

16.
Carlberg I, Mannervik B. Glutathione reductase levels in rat brain. J Biol Chem. 1975;250:5475–80.PubMed

17.
Claiborne A. Catalase activity. In: Green Wald RA, editor. CRC handbook of methods for oxygen radical research. Boca Raton: CRC; 1985. p. 283–4.

18.
Habig WH, Pabst MJ, Jokoby WB. Glutathione S-transferase: the first enzymatic step in mercapturic acid formation. J Biol Chem. 1974;249:7130–9.PubMed

19.
Athar M, Iqbal M. Ferric nitrilotriacetate promotes N-diethylnitrosoamine-induced renal tumorigenesis in rat: implications for the involvement of oxidative stress. Carcinogenesis. 1998;19:1133–9.CrossrefPubMed

20.
Benson AM, Hunkeler AJ, Talalay P. Increase of NADPH: quinone reductase activity by dietary antioxidants: possible role in protection against carcinogenesis and toxicity. Proc Natl Acad Sci U S A. 1980;77:5216–20.CrossrefPubMedPubMedCentral

21.
Iqbal M, Sharma SD, Rahman A, Trikha P, Athar M. Evidence that ferric nitrilotriacetate mediates oxidative stress by down-regulating DT-diaphorase activity: implications for carcinogenesis. Cancer Lett. 1999;141:151–7.CrossrefPubMed

22.
Reitman SA, Frankel S. Colorimetric method for the determination of serum oxaloacetic and glutamic pyruvic transaminases. Am J Clinical Pathol. 1957;28:56–63.Crossref

23.
Brand-Williams W, Cuvelier ME, Berset C. Use of a free radical method to evaluate antioxidant activity. Lebensm Wiss Technol. 1995;28:25–30.Crossref

24.
Re R, Pellegrini N, Proteggente A, Panela A, Yang M, Rice-Evans C. Antioxidant activity applying an improved ABTS radical cation decolorization assay. Free Radica Boil Med. 1999;26:1231–7.Crossref

25.
Dai J, Mummer RJ. Plant phenolics: extraction, analysis and their antioxidant and anticancer properties. Molecules. 2010;15:7313–52.CrossrefPubMed

26.
Saravanan P, Chandramohan G, Mariajancyrani J, Shanmugasundaram P. GC-MS analysis of phytochemical constituents in ethanolic bark extract of Ficus religiosa Linn. Int J Pharm Pharm Sci. 2014;6(1):457–60.

27.
Lee KG, Shibamoto T. Determination of antioxidant potential of volatile extracts isolated from various herbs and spices. J Agr Food Chem. 2002;50:4947–52.Crossref

28.
Lee SJ, Umano K, Shibamoto T, Lee KG. Identification of volatile components in basil (Ocimum basilicum L.) and thyme leaves (Thymus vulgaris L.) and their antioxidant properties. Food Chem. 2005;91:131–7.Crossref

29.
Dasgupta A, Humphrey PE. Gas chromatographic-mass spectrometric identification and quantitation of benzyl alcohol in serum after derivatization with perfluorooctanoyl chloride: a new derivative. J Chrom B Biomed Sci Appl. 1998;708(1–2):299–303.Crossref

30.
Politeo O, Jukic M, Milos M. Chemical composition and antioxidant capacity of free volatile aglycones from basil (Ocimum basilicum L.) compared with its essential oil. Food Chem. 2006;101:379–85.Crossref

31.
Apparecido N, Daniel SM, Sartoretto GSSM, Caparroz-Assef CA, Bersani-Amado RKNC. Anti-inflammatory and antinociceptive activities of eugenol essential oil in experimental animal models. Braz J Pharmacog. 2009;19(1B):212–7.Crossref

32.
Ajayi GO, Olagunju JA, Ademuyiwa O, Martins OC. Gas chromatography-mass spectrometry analysis and phytochemical screening of ethanol root extract of Plumbago zeylanica, Linn. J Med Plants Res. 2011;5(9):1756–61.

33.
Rajaram K, Moushmi M, Velayutham Dass Prakash M, Kumpati P, Ganasaraswathi M, et al. Bioactive studies between wild plant and callus culture of Tephrosia tinctoria Pers. App Biochem Biotechnol. 2013:1–16.

34.
Bativska D, Todorova IVAT, Tsvetkove IVAV, Najdenski HM. Antibacterial study of the medium chain fatty acids and their 1-monglycerides: individual effects and synergistic relationships. Pol J Microbiol. 2009;58:43–7.

35.
Ouattara B, Simard RE, Holley RA, Piette GJP, Begin A. Antibacterial activity of selected fatty acids and essential oils against six meat spoilage organisms. Int J Food Microbiol. 1997;37:155–62.CrossrefPubMed

36.
Satish SS, Janakiraman N, Johnson M. Phytochemical analysis of Vitex altissima L. using UV-VIS, FTIR and GC-MS. IJPSR. 2012;4(1):56–62.

37.
Kumar PP, Bülent Köse Y, Iscan G, Demirci B, Baser KHC. Antimicrobial activity of the essential oil of Centaurea aladagensis. Fitoterapia. 2007;78:253–4.Crossref

38.
Kumaravel S, Lalitha C. Screening of antioxidant activity, total phenolics and GC-MS study of Vitex negundo. AJBR. 2010;4(7):191–5.

39.
Anand T, Gokulakrishnan K. Phytochemical analysis of Hybanthus enneaspermus using UV, FTIR and GC-MS. IOSRPHR. 2012;2(3):520–4.Crossref

40.
McGaw LJ, Jäger AK, Van Staden J. Isolation of antibacterial fatty acids from Schotia brachypetala. Fitoterapia. 2002;73(5):431–3.CrossrefPubMed

41.
Zheng CJ, Yoo JS, Lee TY, Cho HY, Kim HY, Kim WG. Fatty acid synthesis is a target for antibacterial activity of unsaturated fatty acids. FEBS Lett. 2005;579:5157–62.CrossrefPubMed

42.
Brautbar N, Williams J. Industrial solvents and liver toxicity: risk assessment, risk factors and mechanisms. Int J Hyg Environ Health. 2002;205:479–91.CrossrefPubMed

43.
Eidi A, Mortazavi P, Bazargan M, Zaringhalam J. Hepatoprotective activity of cinnamon Ethanolic extract against CCl4-induced liver injury in rats. EXCLI J. 2012;11:495–507.PubMedPubMedCentral

44.
Naik SR, Panda VS. Hepatoprotective effect of ginkgoselect phytosome in rifampicin induced liver injury in rats: evidence of antioxidant activity. Fitoterapia. 2008;79:439–45.CrossrefPubMed

45.
Ree KR, Spector WG. Reversible nature of liver cell damage due to carbon tetrachloride as demonstrate by the use of Phenergan. Nat. 1961;190:821–9.Crossref

46.
Brattin WJ, Glende EA, Recknagel RO. Pathological mechanisms in carbon tetrachloride hepatotoxicity. Free Radic Biol Med. 1985;1:27–38.Crossref

47.
Lee KJ, Jeong HG. Protective effect of platycodi radix on carbon tetrachloride induced hepatotoxicity. Food Chem Toxicol. 2002;40:517–25.CrossrefPubMed

48.
Kumar S, Ganguly NK, Kohli KK. Inhibition of cellular glutathione biosynthesis by rifampicin in mycobacterium smegmatis. Biochem Int. 1992;26:469–76.PubMed

49.
Ozden S, Catalgol B, Gezginci-Oktayoglu S, Arda-Pirincci P, Bolkent S, et al. Methiocarb-induced oxidative damage following subacute exposure and the protective effects of vitamin E and taurine in rats. Food Chem Toxicol. 2009;47:1676–84.CrossrefPubMed

50.
Parodi PW. A role for milk proteins and their peptides in cancer prevention. Curr Pharm Design. 2007;13:813–28.Crossref

51.
Fahey JW, Talalay P. Antioxidant functions of sulforaphane: a potent inducer of phase II detoxification enzymes. Food Chem Toxicol. 1999;37:973–9.CrossrefPubMed

52.
Pai GS, Sprenkle JA, Do TT, Mareni CE, Migeon BR. Localization of loci for hypoxantine phosphoriboxiltransferase and glucose-6-phosphate dehydrogenase and biochemical evidence of non-random X chromosome expression from studies of a human X-autosome translocation. Proc Natl Acad Sci U S A. 1980;77:2810–281.CrossrefPubMedPubMedCentral

53.
Chiu CC, Liu JY, Huang CY, Wang YW, Tzang BS, et al. Beneficial effects of ocimum gratissimum aqueous extract on rats with CCl4-induced acute liver injury. Evid Based Complement Alternat Med. 2012:1–9.

54.
Kepekçi RA, Polat S, Çelik A, Bayat N, Saygideger SD. Protective effect of Spirulina platens is enriched in phenolic compounds against hepatotoxicity induced by CCl4. Food Chem. 2013;141:1972–9.CrossrefPubMed

55.
Esterbauer H, Schaur JS, Zollner H. Chemistry and biochemistry of 4-hydroxynonenal, malonaldehyde and related aldehydes. Free Radic Biol Med. 1991;11:81–128.CrossrefPubMed

56.
Toyokuni S, Uchida K, Okamoto K, Hattori-Nakakuki Y, et al. Formation of 4-hydroxy-2-nonenal-modified proteins in the renal proximal tubules of rats treated with a renal carcinogen, ferric nitrilotriacetate. Proc Natl Acad Sci U S A. 1994;91:2616–20.CrossrefPubMedPubMedCentral

57.
Uchida K, Fukuda A, Kawakishi S, Hiai H, Toyokuni S. A renal carcinogen ferric nitrilotriacetate mediates a temporary accumulation of aldehyde-modified proteins within cytosolic compartment of rat kidney. Arch Biochem Biophys. 1995;317:405–11.CrossrefPubMed

58.
Ramadori G, Armbrust T. Cytokines in the liver. Eur J Gastroenterol Hepatol. 2001;13:777–84.CrossrefPubMed

59.
Hernandez-Munoz I, Torre PD, Sanchez-Alcazar JA. Tumor necrosis factor alpha inhibits collagen alpha1 (I) gene expression in rat hepatic stellate cells through a G protein. Gastroenterology. 1997:625–40.

60.
Berghe VT, Denecker G, Brouckaert G, Krysko DV, D’Herde K, et al. More than one way to die: methods to determine TNF-induced apoptosis and necrosis. Methods Mol Med. 2004;98:101–26.

61.
Ha SK, Moon E, Kim SY. Chrysin suppresses LPS-stimulated proinflammatory responses by blocking NF-B and JNK activations in microglia cells. Neurosci Lett. 2010;485(3):143–7.CrossrefPubMed




OEBPS/sidebar.gif





OEBPS/A12199_2017_673_Article_Equc.gif
%ABTS = (A5 convor ~ A sampic) /4B comvor] X 100





OEBPS/A12199_2017_673_Fig9_HTML.gif





OEBPS/A12199_2017_673_Fig6_HTML.gif





OEBPS/cc-by.png
() _®





OEBPS/contact.gif





OEBPS/A12199_2017_673_Fig2_HTML.gif





OEBPS/A12199_2017_673_Fig10_HTML.gif





OEBPS/A12199_2017_673_Fig3_HTML.gif
maole pyruvate/min/dl

s

o1

008

. .
006 M
. wart
004 |
maST
002
0 .

Contml  CCI¢ (I mike C.mdilora C.nudfloraC. mdiora €. mudiflora
but)  (SOmpke (Obmeke (SOmeke (0mpke
bt CCI4) bwt ! CCA) bwt! CClE)  bwe)





OEBPS/A12199_2017_673_Article_Equb.gif
%DPPH = (A5 convor ~ A sampic) /45 comvor] X 100





OEBPS/A12199_2017_673_Fig11_HTML.gif





OEBPS/A12199_2017_673_Fig1_HTML.gif
(YeDPPH Scavenging Actvity

Akl

e e

i





OEBPS/A12199_2017_673_Fig4_HTML.gif
Lipid Peroxidation (nmale MDA Tormed/e

sue)

s

w00

1500

1000

S0

= Control

ccl

(Ul bt

. mutiors (150 make
[t

. mutiors (300 ma'ke
bt €Ol

= wdiflora (450 e
b CCl)

C. mdiora (450 make
o)





OEBPS/A12199_2017_673_Fig7_HTML.gif





OEBPS/A12199_2017_673_Fig8_HTML.gif





OEBPS/A12199_2017_673_Fig5_HTML.gif
GSH {pmaole/g tissue)

=

2I .

15

N

) IIIII
N

2 Control
Jncots (i bt

e mutior 150 mye
bl

nC mistiora 300 mare:
b CCll)

+C o (450 e
B GOl

o 450 mgfg b





OEBPS/A12199_2017_673_Fig12_HTML.gif





OEBPS/A12199_2017_673_Article_Equa.gif
%RSA = [(An conrot = An sumpic) /A5 conrar| X 100





