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Abstract
Fatty liver disease is caused by high-calorie intake and the prevalence is 
currently increased due to lack of definite treatment. However, antioxidants 
are used as a preventive measure, and some exist as bioactive compounds 
in the Ulva lactuca extract used. These compounds include alpha-
tocopherol, vitamin C, and polyphenols, which has an anti-hyperlipidemic 
and antioxidant effect. Therefore, this study aims to analyze the Ulva 
lactuca extract in preventing higher triglyceride, malondialdehyde (MDA), 
and fatty liver disease. This experiment was a randomized control with a 
post-test onlygroup designusing 36 male Wistar rats. The animals were 
given high fat and fructose diet, and divided randomly into 2 groups, those 
were: control group who were given a placebo; and treatment group were 
given ethanol extract of Ulva lactuca 200mg / kg-weight for 42 days. Data 
between groups were analyzed by Independent-t test. The results showed 
that Ulva lactuca extract can prevent higher triglyceride and MDA levels in 
treatment group significantly, which is p <0.001 and p=0.003 respectively 
(p < 0.05). Furthermore, histological examination showed the infiltration of 
fat vacuoles in control group.In conclusion, Ulva lactuca extract could be 
an alternativeprevention for fatty liver disease due to its ability to prevent 
higher triglyceride and mda levelin male wistar rats
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Introduction
Sedentary lifestyle, as a practical diet and rich in 
calories causes excess body energy in the form of 

fat. Accumulation of fat in the body triggers various 
metabolic diseases such as obesity, diabetes 
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mellitus, metabolic syndrome, and asymptomatic 
fatty liver.

Fatty liver or Non-alcoholic fatty liver disease 
(NAFLD) is acondition of the accumulation of fat in 
the liver without alcohol consumption. High levels 
of fat in the blood are stored in fat tissue (adipose) 
or stored in the liver in the form of triacylglycerols 
or triglyceride (TG).1 Research by Chatrath et 
al. (2012) stated that hypertriglyceridemia in 
fatty liver is triggered by overproduction of very 
low-density lipoprotein (VLDL) which is rich in 
triglycerides due to dysregulation of fat metabolism 
in the liver.2 In addition, several studies showed 
that hypertriglycerides are closely related to fatty 
liver.1,2,3 The prevalence of Non-Alcoholic Fatty Liver 
Disease increases every year asymptomatically.  
It was estimated to be around 25% on a global scale 
and was 7.9% at the medical checkup population of 
Charitas Palembang Hospital in 2013. Furthermore, 
the prevalence at the Dr. Kariadi Semarang General 
Hospital increased by 4% to 7% from 2005 to 20094,5 
even with an uncertain NAFLD management. 
Since the condition is caused by the productions 
of free radicals from liver fat peroxidation, the best 
method of treatment is to consume food or drinks 
containing high quantity of antioxidants. One of the 
local food ingredients that is useful as an antioxidant 
is sea lettuce (Ulva lactuca). It contains bioactive 
compounds in the form of vitamin C, polyphenols, 
and α-tocopherol, namely 35.64 mg / 100g, 694.57 
mgGAE / 100g, and 308.54 mg / 100g.6

The content of Ulva lactuca which acts as anti-
hyperlipidemic are vitamin E or alpha-tocopherol 
and its polyphenols.7,8 Vitamin E is known to modify 
lipid metabolism through PPARα activation which 
will increase β-oxidation of fatty acids.9 Polyphenols 
as anti-hyperlipidemic through CPT1A1 activation 
which will also induce β-fatty acid oxidation.8,10 Apart 
from being anti-hyperlipidemic, Ulva lactuca also 
has potential as anti-inflammatory with the ability to 
inhibit free radicals thus preventing the activation 
of inflammatory cytokines and chemokines such 
as TNF-α, IL-1, IL-2, IL-4, IL-6, and IL-8.9,10 A study 
by Sathivel et al. (2014) showed that Ulva lactuca 
had a hepatoprotective effect on D-Galactosamine 
induction. Ulva has strong activity in inhibiting 
superoxide formation and decreasing intracellular 
ROS.7 This supports the ability of Ulva lactuca as 

an antioxidant. Several studies have also shown the 
existence of the antioxidative effect of Ulva using 
the malondialdehyde (MDA) marker. Giving Ulva 
lactuca extract was found to prevent the increase in 
MDA and increase the work of antioxidant enzymes 
in vitro and in vivo.8

Apart from a high-fat diet, fructose can also 
cause fatty liver through the de novo lipogenesis 
mechanism.11 This study used a sample with a 
high-fat and fructose diet to induce fatty liver. Then 
analyzed the effect of the ethanol extract of Ulva 
lactuca on fatty liver in rats fed a high fat and fructose 
diet through examination of blood triglycerides, 
malondialdehyde (MDA).

Although some studies have shown that Ulva lactuca 
has antioxidative and hepatoprotective effect,8,9,10 
there has been no study of its effect on triglyceride 
and oxidative biomarker MDA in rats fed a high 
fat and highfructose diet (fatty liver model).This 
study was objected to determine the antioxidant 
activity of Ulva lactuca, its effect on triglyceride, lipid 
peroxidation and fatty liver.

Material and Methods
Research Design
This is an experimental study with the Post Test 
Control Group Design method. It was conducted and 
treated for 6 weeks. Furthermore, the independent 
and the dependent variables in the form of ethanol 
extract of sea lettuce (Ulva lactuca) and blood 
triglycerides, malondialdehyde (MDA), and fatty liver 
were tested respectively.

Experimental Animals
The sample used consisted of male Wistar (Rattus 
norvegicus) rats aged 12-14 weeks with a weight of 
180-200 grams and in good health. The number of 
samples was calculated using Federer's formula to 
divide 36 animals into treatment and control groups. 
The treatment group received a high fat and fructose 
diet with ethanol extract of Ulva lactuca, while the 
control received the same diet and placebo for 
42 days. In vivo rat experiment was carried out at 
the Experimental Animal Care Unit, Laboratory of 
Pharmacology and Therapy, Faculty of Medicine 
Udayana University from 1st November 2019 –   21th 

December 2019.  This research has been approved 
by the Animal Ethics Committee, of the Faculty of 
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Veterinary, Udayana University No. 3181/UN.14.2.9/
PD/2019.

High Fat Diet and High Fructose Diet
High fat diet is composed of 200 grams standard 
diet (CP-594), 100 grams wheat flour, 8 grams 
cholesterol, 40 ml pork tallow and 50 ml water. These 
components were mixed until homogeneous.The 
mixture is formed into pellets and the pellets were 
dried in an oven at 1500C for 4 hours.13 The pellet of 
high-fat diet contains of 30% fat, 55% carbohydrate, 
13% protein and 2% cholesterol.

The high-fructose diet is a 30% fructose solution 
(30ml fructose / 100ml water) added to the drinking 
water of rats every day.11 Food and water were given 
ad libitum.

Preparation of Ulva lactuca Extract and 
Determination of the Dosage
The material used is sea lettuce (Ulva lactuca), 
and the extract was made using the Soxhletation 
method with 90% ethanol solvent. The extraction 
was conducted for 5 hours, and the dosage was 
consistent with the study by Sathivel et al. (2014) 
at 200mg / kgBW. 12 This study used Ulva lactuca 
extract with a dose of 200mg / kgBW once a day 
for 42 days.

Administration of Ulva lactuca Extract
Thirty-six male Wistar rats 12-14 weeks with weight 
180-200 grams which are randomly distributed into 
2 groups of treatment. Control group were given 
high fat, high fructose diet and placebo solution 
(aquadest)and treatment group were given high fat, 
high fructose diet and extract of Ulva lactuca. Food 
and water were given ad libitum, placebo solution 
and extract Ulva lactuca were given once daily with 

a dose of 200 mg/kg BW for 42 days. At the end of  
6 weeks of administration, the animal were 
sacrificed, and 3 ml blood samples were taken from 
retro-orbital plexus and centrifuged at 4000 rpm 
for15 minutes to obtain the serum. The serum was 
stored frozen until analyses.

Blood Triglyceride Examination
Triglyceride examination used the enzymatic 
colorimetric GPO-PAP (Dia-Sys method), according 
to manufacturer instructions (Triglycerides, Cobas 
Integra, Roche, Germany), and the normal range in 
male rats aged 8-16 weeks was 20-114 mg / dL.14

Malondialdehyde (MDA) Examination
The MDA examination used the ELISA method 
with the Rat Malondialdehyde Kit, according to 
manufacturer instructions (Bioassay, Shanghai, 
China),and the levels were measured using Optical 
Density (OD value).

Liver Histology Examination
The liver histological examination was conducted 
using a Hematoxylin Eosin (HE) streak. Liver 
preparations were histopathologicallyassessedto 
find NAFLD-specific lesions such as steatosis. 
This complication is characterized by infiltration or 
accumulation of fat vacuoles on hepatocytes based 
on the NASH CRN score.15,16

StatisticalAnalysis
In this study, descriptive analysis was conducted 
for data characteristics with a confidence level 
of 95%. In addition, the normality, homogeneity, 
and comparative tests were conducted using the 
Shapiro-Wilk, Levene, and the Independent T-test 
respectively.

Table 1: The Mean Comparison of Rats’ Weight between 
Groups before and after treatment of Ulva lactuca

Group n		  Control	 Treatment	 p value
		  bodyweight	 bodyweight
	  	 (g)+_ SD	 (g)+_ SD

Before	 18	 195.72+_ 7.217	 197.61+_ 6.251	 0.437
After	 18	 244.94 +_ 18.928	 236.33 +_ 12.58	 0.163
			 
 p significance (p<0.05)
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Result
In each group, there was an increase in body weight 
(Table 1) before and after treatment, because of 
high fat and high fructose diet, but after treatment 
there were not differ significantly, whereas p value 
= 0.163 (p>0.05). It indicated that extract of Ulva 
lactuca has no effect to bodyweight. Our result was 
similar to Widyaningsih et al., (2015) who also found 
no difference in body weight rat which given high-fat 
diet and extract of Ulva lactuca.17

Table 2 showed that the mean of triglyceride and 
MDA levels were 164.72 mg / dL and 124.44 
mg / dL, and 0.407 nmol/ml, and 0.297 nmol/ml 
respectively for control and treatment group.The 
independent t-test on the triglyceride and the MDA 
variables obtained p-value <0.001, and p-value = 
0.003 respectively. Therefore, the mean levels of 
triglycerides and MDA between the two groups after 
treatment differed significantly (p <0.05).

Table 2: The Mean Comparison Results of the Research 
Variables after Treatment

Variable	 Group	 n	 Mean 	 SD	 p

Triglycerides	 Control	 18	 164.72	 7.813	 <0,001
(mg/dL)	 Treatment	 18	 124.44	 15.901	
MDA (nmol/ml)	 Control	 18	 0,407	 0,130	 0,003
	 Treatment	 18	 0,297	 0,048	

p significance (p<0.05)

Liver Histology Examination
The liver histology examination was conducted 
on four pairs of randomized samples each from 
the control and treatment group, based on the 
Lambertz et al. (2017) study.18 The results obtained 
showed that the hepatocytes of only two of the four 
samples from the control group were infiltrated with 
the fat vacuole known as steatosis. Meanwhile, in 

the treatment group, they did not show steatosis 
signs, which was assessed based on the NASH 
CRN score. In this study, the control group showed 
a ± 5% steatosis. Therefore, there was a fatty 
liver process at an early stage in the control group 
(grade 1 steatosis). The results of the liver histology 
examination are shown in Figure 1.

Fig. 1: The Results of Liver Tissue Histological Examination in Control (A) and Treatment (B) Rats

Description
 
Figure A (Control)	 Figure B (Treatment)

□	 Blue arrow: fat vacuoles infiltrate in	 □	 There is no infiltration of fat vacuoles
	 hepatocyte cells
□	 Green arrow: widening of the sinusoid	 □	 Green arrow> widening of the sinusoid 
	 vessels		  vessels
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Discussion
The results showed that the ethanol extract of Ulva 
lactuca decreased the level of triglyceride in the 
treatment group (Table 2). This is in line with previous 
studies conducted by Kammoun et al. (2017), 
where a decrease in triglyceride levels after the 
administration of Ulva lactuca extract for 30 days was 
reported. The role of vitamin C and E contained in the 
ethanolic extract was also mentioned. Furthermore, 
the study by Hassan et al. (2011) showed that 
administering Ulva lactuca extract for 21 days may 
reduce triglyceride levels by 66%.7,8

Alpha-tocopherol in the extract acts as anti-
hyperlipidemic on adiponectin (suppresses fatty 
acid synthesis) and the peroxisome proliferator-
activated receptor (PPAR) mechanism. PPAR 
modifies β-oxidation of free fatty acids and regulates 
lipogenesis-related genes, as well as triggers a 
decrease in serum lipid levels.8,9,19,20 Kim et al. (2013) 
reported that the administration of α-tocopherol 
supplements will increase the PPAR-α expression 

and β-oxidation of fatty acids in the liver, as well as 
decrease serum triglyceride levels in rats fed with 
a high-fat diet.9

Polyphenol compounds in the extract also show 
protective effects against mitochondria and 
are antisteatotic by increasing the carnitine 
palmitoyl transferase 1 (CPT1A1) enzyme 
expression. It plays a role in β-oxidation and 
decreases the fatty acid synthase complex (FAS) 
expression.20 The MDA levels was also decreased 
in the treatment group and the bioactive compounds 
acted as antioxidants in vitro and in vivo.8,22,23,24,25 

The activity was measured using the MDA value as 
a lipid peroxidation marker in vivo. This result is in 
line with the study conducted by Hassan et al. (2011) 
where the administration of Ulva extract significantly 
prevented oxidative damage by minimizing lipid 
peroxidation.8 Other studies by Widyaningsih et al. 
(2014) and Kammoun et al. (2018) showed a similar 
result, where the polyphenol and flavonoid content 
significantly reduce MDA levels.10,25

Fig. 2: The Workplace of Ulva lactuca, active compounds: polyphenols, α-tocopherol, and vitamin 
C. They have a role in increasing β-fatty acid oxidation in the liver and as antioxidants to prevent 

ROS damage to hepatocytes. Generally, vitamin C acts as an antioxidant to inhibit the excess 
formation of reactive oxygen species.12,18,20
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Polyphenol donates hydrogen ions to reduce 
oxidants, while vitamin E or α-tocopherol acts as 
an oxidant chain breaker by donating the atoms to 
its phenolic hydroxyl groups. It can also suppress 
inflammation by inhibiting the transforming growth 
factor-beta (TNF-β) expression. In contrast, vitamin 
C neutralizes reactive oxygen species in the 
aqueous phase before lipid peroxidation.6,20

The antioxidant effect and reduction of triglyceride 
levels by Ulva lactuca also in line with the result 
of research with positive control by Widyaningsih 
et.al (2016).26 In that study, the effect of Ulva 
lactuca was compared with the drug of choice 
lipid lowering agent, namely simvastatin (statin) 
which is known to have anti-oxidative and anti-
inflammatory effects. Ulva lactuca (200mg / kgBW) 
was found to have the same effect (with statins), 
even better in lowering blood cholesterol levels 
on the 56th day of administration. This is because 
Ulvalactucacontains various compounds that work 
as antioxidants and anti-inflammatory, such as 
chlorophyll, phytomelatonin, and polyphenols.7,20,26

In addition, it was reported that the ethanol extract of 
Ulva lactuca prevented the fatty acid accumulation 
in the rats' liver tissue. The fat vacuole accumulation 
occurred in only two of the four samples from the 
control group examined, and this is because of their 
age. Due to this reason, they can adapt to the excess 

fat and fructose consumption. These experimental 
animals were 12-14 weeks, or 20-22 years old in 
humans, while the highest prevalence of fatty liver 
is at the age of 40-65 weeks.27 This study shows the 
occurrence of early stages of fatty liver with a high-
fat and fructose diet, where there is ± 5% steatosis. 
Therefore, it is included in grade 1 steatosis on the 
NASH CRN score for the fatty liver.

Similarly, previous studies showed that Ulva extract 
has an antioxidant and hepatoprotective activity 
that prevents fat deposition, lipotoxic lipids, and 
inflammation in the liver.7,12,23

Conclusion
From the results, it is reasonable to conclude that 
ethanol extract of Ulva lactuca can prevent higher 
triglycerides and MDA levels, as well as the fat 
vacuoles accumulation in male Wistar rats (Rattus 
norvegicus) when treated with a high fat and fructose 
diet.
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