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ABSTRACT  
 
 
Aims: Obesity is a non-communicable disease whose prevalence continues to increase every year 
throughout the world. Obesity contributes to the emergence of several diseases such as type-2 diabetes 
mellitus, hypertension, cardiovascular disorders, cancer, and non-alcoholic fatty liver. A number of studies 
report that natural ingredients have the potential to be used as a treatment for obesity while reducing a 
fatty liver. The aim of this research is to evaluate the activity of red spinach ethanol extract in reducing the 
accumulation of fatty liver in diet-induced obese zebrafish based on its histopathological profile.  
 
Methodology: Zebrafish must be adapted for 2 weeks. After 2 weeks, the zebrafish were divided into 6 
groups which included:  the normal group (or negative control); the obesity group (positive control group); 
the standard drug (orlistat with dose 4.5 µg/ml); the EERS group (dose of 50 µg/ml); the EERS group 
(dose of 100 µg/ml); and the EERS group (dose of 200 µg/ml). For a period of 4 weeks, the normal group 
received a standard diet. A positive control group received Artemia. The treated group received Artemia 
which was combined with the administration of red spinach (preventive method). The obese group and 
extract-treated group were given 60 mg/group/fish in the experimental diet. 
 
Results: The results showed that EERS at a dose of 100 µg/ml did not show any fatty liver based on their 
histopathological profile. The EERS dose of 200 µg/ml is more effective in reducing fatty liver when 
compared to doses of 50 µg/ml and 100 µg/ml on obese zebrafish. 
 
Conclusion: Based on the results of the study, it can be concluded that EERS is very prospective for 
further research and development as a drug for treating obesity and reducing fatty liver. 
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1. INTRODUCTION  
 
The prevalence of obesity in the world will continue to increase. The increasing prevalence of obesity contributes to the 
high rates of morbidity and mortality in the world [1]. The pathophysiology of obesity is an imbalance between energy 
intake and expenditure [2]. Obesity has a relationship with metabolic syndromes, such as type two diabetes mellitus 
(T2DM), hypertension, lipid disorders, cancer, and non-alcoholic fatty liver disease (NAFLD) [3],[4]. 
Non-alcoholic fatty liver disease or NAFLD is a condition when there is excessive accumulation of fat in the liver [5]. This 
build-up of fat is not caused by heavy alcohol use. The fat accumulation, especially in the form of triglycerides in the 
hepatocytes [6]. Two types of NAFLD are non-alcoholic fatty liver (NAFL) and non-alcoholic steatohepatitis (NASH) [7]. 
NAFL is a form of NAFLD in which you have fat in your liver but little or no necroinflammation or liver damage. NAFL 
typically does not progress to cause liver damage or complications. However, NAFL can cause pain from enlargement of 
the liver. NASH is the form of NAFLD in which you have inflammation of the liver and liver damage, in addition to fat in 



 

 

your liver. The inflammation and liver damage of NASH can cause fibrosis, or scarring, of the liver. NASH may lead 
to cirrhosis, in which the liver is scarred and permanently damaged. Cirrhosis can lead to liver cancer [8]. 
As explained above, obesity has a relationship with the occurrence of NAFLD, it is necessary to carry out further research 
and development regarding natural-based drugs that have the potential to act as anti-obesity and at the same time have 
the capability to reduce fatty liver, considering that Indonesia is one of the countries in Southeast Asia and in a world that 
has many kinds of medicinal plants. One of the plants that have the potential to be used and developed as medicine is red 
spinach.  
Red spinach (Amaranthus tricolor L.) is a red-purple vegetable with many pharmacological activities. Red spinach’s 
pharmacological activities include antiviral, anti-inflammatory, antioxidant, antibacterial, hepatoprotective, diuretic, and 
hypolipidemic [9]. Studies on the use of red spinach in reducing fatty liver (NAFLD) have been reported before [10]. 
Therefore, the purpose of this study was to further investigate the activity of red spinach ethanol extract in reducing the 
accumulation of fatty liver in diet-induced obese zebrafish based on its histopathological profile.  
 
2. MATERIAL AND METHODS  
 
2.1 Plant Material and Identification  
The red spinach leaves used in this study were obtained from BALITTRO, Bogor, West Java, Indonesia. the plant 
identification was performed at the Indonesian Institute of Sciences (LIPI), Jakarta, Indonesia. 
 
2.2 Extraction Process  
Red spinach leaves were extracted with 96% ethanol by maceration method and then evaporated through a rotary 
evaporator. The extract obtained was used for in vivo studies using zebrafish.  
 
2.3 Experimental Animals  
In this study, the zebrafish used was of the male sex. All zebrafish used in this study must be in a controlled environment 
(referring to zebrafish guidelines) [11]. Research on zebrafish was conducted at the Faculty of Pharmacy, Bhakti Kencana 
University, Bandung, Indonesia.  
 
2.4 Experimental design 
Because this research is part of previous research (Yuniarto et al., 2020) [12], the research design used also refers to 
previous methods which can be explained as follows. Before being used for research, zebrafish must be adapted for 2 
weeks. After 2 weeks of adaptation, the zebrafish were divided into 6 groups (each group consisted of 10 fish) which 
included:  the normal group (or negative control); the obesity group (positive control group); the standard drug (orlistat with 
dose 4.5 µg/ml); the EERS group (dose of 50 µg/ml); the EERS group (dose of 100 µg/ml); and the EERS group (dose of 
200 µg/ml). EERS is an ethanolic extract of red spinach. EERS is an ethanol extract from red spinach. 
 
2.5 Histopathology of Liver 
Zebrafish that have been given treatment are then sacrificed and their liver organs are removed. The stain used in the 
histopathological analysis of the liver is Hematoxylin and Eosin (HE). 
 
 
3. RESULTS AND DISCUSSION 
 
As mentioned above, this research is part of a previous study conducted by Yuniarto et al. (2020) using red spinach 
ethanol extract as an anti-obesity agent in zebrafish (Danio rerio) [12]. This study will focus more on the effect of red 
spinach ethanol extract in reducing fatty liver in zebrafish. The results showed that cells in the normal group (figure a) 
were generally normal with visible nuclear chromatin granules and pink cytoplasm (black arrows). However, a few cells 
experience death in the form of karyolysis where the cells do not have a nucleus (red arrows).  



 

 

   
(a) Normal group 

 
(b) Obese group (C) Orlistat 4.5 µg/ml 

 
  

(d) EERS 50 µg/ml (e) EERS 100 µg/ml (f) EERS 200 µg/ml 
 

Figure 1. Histopathological liver of Zebrafish (Danio rerio) (HE, x400). 
 
In figure b, the obese group can be seen the cells are generally normal with visible nuclear chromatin granules and pink 
cytoplasm (black arrows), the presence of fatty liver / hydropic degeneration is indicated by green arrows, and death in the 
form of karyolysis where the cells do not have a nucleus (red arrows). Meanwhile, in figure c, which is the standard drug 
group (orlistat 4.5 µg/ml), it can be seen that the cells are generally normal with visible nuclear chromatin granules and 
pink cytoplasm (black arrows), and death in the form of karyolysis was found in which the cells did not have a nucleus (red 
arrows) in a very small number. In this group, fat accumulation was not seen in histology.  
The results also showed that at the EERS 50 µg/ml and 100 µg/ml (figure d and e) the cells were generally normal with 
visible nuclear chromatin granules and pink cytoplasm (black arrows). However, there are still many cells that experience 
adaptation in the form of hydropic degeneration (fatty) (green arrows) and death in the form of karyolysis where the cells 
do not have a nucleus (red arrows).  
EERS dose of 200 µg/ml (shown in figure f) the cells are generally normal with visible nuclear chromatin granules and 
pink cytoplasm (black arrow). A few cells experience death in the form of karyolysis where the cells do not have a nucleus 
(red arrows). In this group, no fatty or hydropic degeneration was found. Based on the histopathological profile of the liver, 
in the normal group, the obese group, the orlistat group, and the extract group (at doses of 50 µg/ml, 100 µg/ml, and 200 
µg/ml) almost all had normal cells and karyolysis occurred (as indicated by red arrow). Karyolysis is one of the 
characteristics of necrosis. Necrosis is the death of cells or tissues caused by an irreversible degeneration process. In the 
liver, necrosis often occurs due to several external factors such as poison, infection, trauma, ischemia, and drug 
metabolites [13]. It is not yet fully known why, according to histopathological results, the entire experimental group 
experienced karyolysis.  
The occurrence of hydropic degeneration (shown by green arrows) was shown in the obese group, and the EERS group 
at doses of 50 µg/ml, and 100 µg/ml. Meanwhile, no hydropic degeneration was found in the EERS group at a dose of 200 
µg/ml. Hydropic degeneration is an early manifestation of hepatocyte damage. Hydropic degeneration occurs because 
cells are unable to maintain ion and fluid homeostasis, resulting in the loss of function of energy-dependent ion pumps in 
the plasma membrane. These morphological changes are easier to observe when extensive damage to the liver can 
cause paleness, increased turgor, and increased liver weight. Hydropic degeneration on microscopic examination is seen 



 

 

as small clear vacuoles in the cytoplasm. The results showed that a dose of 200 µg/ml of EERS was effective in reducing 
fatty liver when compared to doses of 50 µg/ml and 100 µg/ml.  
 
 
4. CONCLUSION 
 
Based on the results of the study, it can be concluded that the EERS dose of 200 µg/ml is more effective in reducing fatty 
liver when compared to doses of 50 µg/ml and 100 µg/ml. This explains that EERS is very prospective for further research 
and development as a drug for treating obesity and reducing a fatty liver. 
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