Chlorella vulgaris AS EXOGENOUS ANTIOXIDANT TO PROTECT OXIDATIVE 
STRESS ON RAT INDUCED BY CARBON TETRACHLORIDE
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Carbon tetrachloride is a hepatotoxic chemical which can produce trichloromethyl free radical. The aim of this study were to determine effect of Chlorella vulgaris extract on MDA level, SOD and GPx level on rat after induced by CCl4 and to get the effective dose of chlorella extract as antioxidant that can neutralize CCl4 exposure. This research was conducted experimentally with Completely Randomized Design consists of 6 treatment and 5 replications. The doses of Chlorella vulgaris extract were 3 mg, 4 mg, and 5 mg per 100 grams of rat body weight.The administration of Chlorella vulgaris extract was performed within 30 days, while the CCl4 induction (0.25 ml/100 g BW) was administered orally on the day 9, 12, 16, 19, 23, and 26. Parameters recorded were MDA, SOD and GPx level on serum on rat. The result showed that administration of Chlorella vulgaris extract can inhibit lipid peroxidation indicated by decreasing of MDA level and reducing oxidative stress indicated by the elevating of SOD and GPx level. In conclusion 5 mg/100 g BW of chlorella extract is an effective dose to use as endogenous antioxidant to protect the cell damage caused by CCl4 exposure.  
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Introduction
	Chlorella vulgaris (C. vulgaris) is a type of algae that grows in fresh water. The whole plant is used to make nutritional supplement and medicine. Chlorella vulgaris consists of chemicals including amino acids, peptides, proteins, vitamins, sugars, and nucleic acids. Chlorella vulgaris is a good source of protein, fats, carbohydrates, fiber, chlorophyll, vitamins, and minerals (Kim et al., 2009; Baky and Baroty, 2013; Wang et al., 2014; Lidiane et al; 2018). Frietas, (2017) report that C. vulgaris has vitamin B 12, vitamin C, iron mineral,58% protein and poly unsaturated fatty acids. The cell wall of C. vulgaris must be broken down before people can digest it. Astaxanthin is the main of carotenoid  pigment found in C. vulgaris equipped with two asymmetric carbon located at the 3 and 3΄ position of the benzenoid rings on either end of the molecule, has been proposed as super vitamin E due to its natural antioxidant activities.  The essential functions carotenoid as antioxidant are to deactivate  free radicals such as singlet molecular oxygen and Reactive Oxygen Species (ROS) i.e anion superoxide(O2-),hydroxyl radical (OH-) and peroxyl radical.  Reactivity of free radicals hold the potential of initiating  oxidative stress an imbalance between endogenous antioxidant and free radical, result in cell damage (Chonglong et al., 2014; Yadav et al., 2016).
The industrial solvent carbon tetrachloride (CCl4) is a potent environmental hepatotoxin. It is widely used to induce oxidative stress and liver damage in animals. The liver injury induced by CCl4 results from free radicals and lipid peroxidation that cause hepatic cell damage. Carbon tetrachloride can be metabolized to free radical intermediates by cytochrome P450 in the hepatocytes; these free radical intermediates is radical trichloromethyl (CCl3-) then can initiate lipid peroxidation to affect cell integrity and finally, result in cell damage due to oxidative stress (Thangkrisnakomari et al., 2012;  Foaud et al., 2018; Kamble and Rao, 2018; Susatyo et al., 2018). 
The process of occurring lipid peroxidation showed by elevating of Malondialdehyde and lowering antioxidant activity super oxide dismutase (SOD) and glutathione peroxidase (GPx).  The function of SOD is to catalyze anion superoxide and convert it to hydrogen peroxide (H2O2). This reaction continued by GPx which catalyze  H2O2 into water (H2O) and oxygen (O2) (Lobo et al., 2010; Mbata et al., 2018; Goodarzi et al., 2018). The free radical caused lipid peroxidation  and oxidative stress result in decreasing of endogenous antioxidants level  such as  Super oxide dismutase (SOD) and Glutathione Peroxidase (GPx) and induce cells damage. Administration of Chlorella vulgaris as exogenous antioxidant can be prevented oxidative stress and the damage of cells.  
Administrated of C. vulgaris extract will increase endogenous antioxidant SOD and GPx. Peng et al, (2009) studies the effects of 80% ethanolic C. vulgaris extracts (GPE) on carbon tetrachloride (CCl(4))-induced hepatic damage were investigated in Sprague-Dawley rats. The reduced levels of glutathione, vitamin C, superoxide dismutase, and catalase in the CCl4 -treated rats were significantly increased by treatment with GPE.
   To determine the potential activity C. vulgaris as antioxidant we used  carbon tetra chloride (CCl4). Administrated C. vulgaris extract to treated animal which exposed by CCl4 expected to be neutralize toxic effect of  trichloromethyl free radical. This aims of this study were to investigate the effect of  C. vulgaris extract on MDA level, SOD and GPx activity after induced by CCl4 and to get effective dose of C. vulgaris exctract that can able to neutralize CCl4 exposure shown by decreasing MDA level and increasing SOD and GPx activities. 
Methods
Research Location and Time
This research is conducted in Animal House, Laboratory of Animal Physiology, Laboratory of Ecotoxicology and  Research Laboratory Faculty of Medicine Universitas Jenderal Soedirman, Purwokerto.
Animal treated and Ethic study
	Thirty male white rat Wistar strain used in this study with 2-3 month of age and 150-200 g of weight from LPPT IV Universitas Gadjah Mada Yogyakarta. Permission for using treated animal has been approved by Ethical Committee of Health Research Dr. Moewardi General Hospital, Faculty of Medicine Universitas Sebelas Maret number 461/V/HREC/2017.
Instruments and Materials
	Instruments used in this study were cage (40x30x15 cm), gastric probe, drinking water, ELISA reader for measuring antioxidant activity and Spectrophotometer UV-Vis for detecting end product of lipid peroxidation.
Materials used in this research are 30 male Rattus norvegicus Wistar strain, chlorella exctract with 3 mg, 4 mg, and 5 mg of doses; rats feed CCl4 solution, physiologic NaCl, olive oil,  a commercial ELISA kit and Clinical Chemistry kit for measuring antioxidant and free radical parameter.
Production of Chlorella vulgaris exctract
	Production of C. vulgaris extract use maceration method (Cha et al., 2010). Dried C. vulgaris weighed as much as 50 g and added to 100 ml of 96% ethanol in beaker glass. This solution was mixed and left for 24 hour until it was sedimented. After 24 hour, the macerate was taken and placed in clean beaker glass. Furthermore, the macerate was re-macerate by using 96% of ethanol. Re-maceration was done three times in 24 hour, repeatedly until the color of the mixture faded. Obtained solution was evaporated using Vacuum Rotary Evaporator to remove solvent and to obtain thick C. vulgaris extract.


Experimental Design
	This research was conducted experimentally with Completely Randomized Design consist of 6 treatments and 5 times replications. The treatment consist of P1, P2, P3, P4, P5, P6. Before giving chlorella extract, the rats in each treatment was acclimated within 10 day with pellet feed twice a day (on 7 AM and 4 PM). Furthermore, the feeding was continued routinely until 30 days of experiment with the same time of administration. 
	For 30 days of experiment, the rats  in P4, P5, and P6 treatment groups were given C. vulgaris extract twice a day (before meals) with dose 3 mg/ 100 g BW, 4 mg/ 100 g BW, 5 mg/ 100 g BW, respectively, using gastric probe. Induction using 0.25 ml/100 g BW of CCl4 was administered to P3, P4, P5, and P6 treatment groups using gastric probe on day 9, 12, 16, 19, 23, and 26. Physiologic NaCl were given to rats in P1 and P2 group, which were free of CCl4 induction. 
Preparation of serum
Blood collection is done through orbitalis vein of rat on day 31 after treatment for serum preparation. Furthermore blood is centrifuged with a speed of 4000 rpm. The serum is then separated from erythrocytes.
Measuring parameters
Malondialdehyde detected by Thiobarbituric Reactive Substances (TBARS) method spectrophotometrically at 535 nm and SOD activity detected by Randox SOD spectrofotometrically at 520 nm and GPx activity detected by ELISA method with Elisa Reader  at wavelenght 450 nm.
Data Analysis
	Data resulted from the research are analyzed by Anova and Advanced Tuckey Test.

Result and Discussion 
1. Malondialdehyde (MDA) level
	The results of  MDA level  in control and treatment groups can be seen in Figure 1.
The data shown on day 31 the positive control group (P3) has highest MDA level and P1 has lowest MDA level compare with other treatments. MDA level are widely used as an indicator of lipid peroxidation. According to Lobo (2010) mechanism of  elevating MDA level because after rat administered by CCl4, CCl4 metabolized by cytochrom P-450 in endoplasmic reticulum of liver and converted to CCL3- (Tricholoromethyl radical) which initiated in lipid peroxidation reaction in phospholipid that composes the cell membran of hepatocyte.  Free radical that come from Fenton reaction for example anion super oxide (O2-) and hydroxyl radical (OH-) will also increase. This process result in phospholipid membranes are fragmented and formed MDA as the end result of lipid peroxidation, so that MDA level in P3 increased. Lipid peroxidation process followed by the occurrence of liver damage.
	
	
Figure 1. MDA level in control and treatment groups
Explanation : P1 (healthy control), P2 (standard control), P3 (positive control 
                     induced by CCl4), P4 (treatment with chlorella extract 3 mg/100bw,
                     P5 (treatment with chlorella extract 4 mg/100bw), P6 (treatment with      
                     chlorella extract 5 mg/100bw) 
	         	
	  After treatment with chlorella extract on day 61,  MDA level of P4,P5 and P6 decreased because carotenoid of chlorella  a derivate of polyphenolic compound donated electron  H+ to CCL3- so it become neutral. This result is in accordance with  Lidiane et al.,(2018) that found about polyphenolic compound of chlorella can protect cell from  the  damage  caused  by  free radicals. Chlorella also contains vitamin E which can function to break the chain of lipid peroxidation so that it can prevent cell damage (Peng, et al., 2009; Buono et al., 2014).
	The results of statistical analysis showed very significant differences among control positive and treatment groups (p<0.05). Tuckey test result showed that  there were no significant difference among P4, P5 and P6. It can be concluded that  all of treatments have the same effect to reduce MDA level, although these MDA level is still higher than P1 (healthy control) and P2 (standard control). Normal value of MDA < 1 mmol/l. 
	Treatment
	N
	Mean Grouping

	P3
	6
	1,9050    a

	P4
	6
	1,1483    b

	P6
	6
	1,0017    b

	P5
	6
	0,9667    b

	P2
	6
	0,6733    c

	P1
	6
	0,6033    c



2. SOD level
The results of  SOD level  in control and treatment groups can be seen in Figure 2.	

Figure 2. SOD level in control and treatment groups
Explanation : P1 (healthy control), P2 (standard control), P3 (positive control 
                     induced by CCl4), P4 (treatment with chlorella extract 3 mg/100bw,
                     P5 (treatment with chlorella extract 4 mg/100bw), P6 (treatment with      
                     chlorella extract 5 mg/100bw) 

The data shown on day 31 the positive control group (P3) has lowest SOD level and P1, P2 , P5  have SOD level higher than other treatments.  Super oxide dismutase is present in essentially every cell in the body which actually represented by a group of metalloenzymes with various prosthetic groups. It appears in three forms: Cu-Zn SOD: in the cytoplasm; Mn-SOD: in the mitochondrion and Cu-SOD:  is an extracellular SOD. This is the first line of defence to protect cells from the injurious effects of  free radical especially anion superoxide (O2-) (Yadav., et al, 2016; Ighodaro and Akinloye, 2017).  At the time when CCl3- enter to the liver followed by elevating Fenton reaction which produce Reactive Oxygen Species (ROS) such as O2-, SOD becomes active and  try to convert it  into hydrogen peroxide (H2O2) and oxygen (O2). However there were a lot of O2- in liver so that SOD failed to neutralize it and the level in serum increases.
After treatment with chlorella extract SOD level of P4,P5,P6 increased and P5 level almost the same as P1 (healthy control) and P2 (standard control). Chlorella extract consists of carotenoid derivate of polyphenolics compound will neutralize O2- by giving H+ so that SOD can convert O2- into H2O2. To activate SOD work minerals such as Cu and Zn are needed and chlorella have both Cu and Zn so that SOD can work well. This is indicated by an increase SOD in serum of treated animals.
The results of statistical analysis showed very significant differences among control positive and treatment groups (p<0.05). Tuckey test result showed that  there were no significant difference among  P4, P5 and P6. Chlorella at dose of 5 mg/100gbw has the highest SOD level compare with chlorella at dose 3 mg/100 gbw and 4 mg/100 gbw. This data indicate that chlorella can be used as antioxidant to  inhibit and neutralize the negative effect of CCl4 exposure.
	Treatment
	N
	Mean Grouping

	P1
	6
	63,892        a

	P2
	6
	60,392        a

	P5
	6
	    59,308      abc

	P6
	6
	 57,100      bc

	P4
	6
	54,900     c

	P3
	6
	42,400     d



3. GPx level.
The results of  GPx level  in control and treatment groups can be seen in Figure 3.	

Figure 3.  GPx level in control and treatment groups.
Explanation : P1 (healthy control), P2 (standard control), P3 (positive control 
                     induced by CCl4), P4 (treatment with chlorella extract 3 mg/100bw,
                     P5 (treatment with chlorella extract 4 mg/100bw), P6 (treatment with      
                     chlorella extract 5 mg/100bw) 

The data shown on day 31 the positive control group (P3) has lowest GPx level and P1 has highest GPx level compare with other treatments. Glutathione peroxidase is a major and ubiquitously expressed antioxidant enzyme present in the cytosol and mitochondria. It is involved in the detoxification of hydrogen and lipid peroxides and acts as a peroxynitrite reductase ( Kuyumucu and Aycan, 2018; Wang et al., 2018). Glutathion peroxidase activity is an important as endogenous antioxidant that protects cells from the dangerous effect of hydrogen peroxide and its derivates. Hydrogen peroxide will be catalyzed by GPx and convert it into water (H2O) and oxygen (O2). But if O2- and H2O2 formation is excessive, GPx are not able to neutralize H2O2 and convert it into H2O and O2 so that GPx in P3 is deceased.  Carotenoid of C. vulgaris  as exogenous antioxidant can inhibit oxidative stress and indicated by increasing of GPx level. Antioxidants neutralize free radicals by giving one of  its  electrons  (H+)  to the  free  radicals  and  transforms into non-radical forms. The addition of antioxidants can inhibit the rate of increase in the number of peroxide radicals.  Research of Yun et al., (2011) indicate that administration of C. vulgaris on Sprawgue Dawley rat which induced by lead acetate can increase GPx level in brain up to 63%. Astaxanthin of carotenoid is stronger up to several-fold than vitamin E as radical scavenger and  has a potential effect to break the chain of lipid peroxidation (Buono, et al., 2014).
The statistical analysis showed very significant differences among control positive and treatment groups (p<0.05). Tuckey test result showed that  GPx level of P5 is equivalent compare to P1 and P2 and there are no significant differences  GPx level among P4,P5 and P6. These result indicate that chlorella extract dose 3,4 and 5 mg/100bw have the same effect to increase GPx level. 
	Treatment
	N
	Mean Grouping

	P1
	6
	126,908     a

	P2
	6
	122,675     ab

	P5
	6
	121,598      ab

	P6
	6
	116,673      b

	P4
	6
	114,212     b

	P3
	6
	56,032      c



Conclusion
	According to result of this reseach,can be concluded that the administration of Chlorella vulgaris extract can protect white rat from oxidative stress induced by CCl4, which indicated by decreasing of MDA level, increasing of SOD and GPx level. The most effective dose of chlorella extract as exogenous antioxidant was 5 mg/100gBW. The result of this study has benefit in developing C.vulgaris as herbal resource to protect cells damage caused by oxidative stress.
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Concentration  of SOD (U/ml)
4.0156464817843238	2.7242277193117812	3.2154315417996453	2.6612027356065906	2.1233032441614887	1.9987496091306693	4.0156464817843238	2.7242277193117812	3.2154315417996453	2.6612027356065906	2.1233032441614887	1.9987496091306693	P1	P2	P3	P4	P5	P6	63.891666666666431	60.391666666666431	42.4	54.9	59.308333333333337	57.1	Treatment

Concentration (U/ml)


concentration GPx (pg/ml)
5.1406786192745724	5.1306675978862604	7.1858455777081289	5.2869477647000434	5.8600014220703684	6.0029215109533691	5.1406786192745724	5.1306675978862604	7.1858455777081289	5.2869477647000434	5.8600014220703684	6.0029215109533691	P1	P2	P3	P4	P5	P6	126.90833333333335	122.67499999999998	56.031666666666418	114.21166666666683	121.59833333333314	116.67333333333303	Treatment

Concentration (pg/ml)


Concentration  of MDA (µmol/l)
6.5319726474218173E-2	0.15409953493332407	0.1344247001112519	8.7044050150867316E-2	0.10112698288126042	0.18236410465512895	6.5319726474218173E-2	0.15409953493332407	0.1344247001112519	8.7044050150867316E-2	0.10112698288126042	0.18236410465512895	P1	P2	P3	P4	P5	P6	0.60333333333333361	0.67333333333333489	1.9049999999999989	1.1483333333333341	0.96666666666666679	1.0016666666666658	Treatment

Concentration(µmol/l)
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