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ABSTRACT

Background: Nowadays obesity recognized as chronic or non-communicable disease.
Pathophysiology of obesity caused by an imbalance between energy intake and expenditure.
Obesity was known to be a risk factor for the development of metabolic syndrome. The aim of this
study is to evaluate activity of ethanol extract of red spinach (EERS) to prevent obesity in diet-
induced zebrafish.

Materials and Methods: Acclimatization period for zebrafish was carried out for 2 weeks. After the
acclimatization, zebrafish were divided into 6 groups (n = 10 in each group) such as normal group
(negative control); obese group (positive control); standard drug (orlistat 4,5 pg/ml); EERS group
(50 ug/ml); EERS group (100 pg/ml); and EERS group (200 ug/ml). During a period of 4 weeks,
normal group received a standard diet and didn’t received EERS administration. Positive control
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group received Artemia. Treated group received Artemia and were combined by administration of
EERS. To determine obesity criteria we calculated of zebrafish BMI.

Results: Based on BMI calculation, EERS 50 pg/ml, 100 pg/ml and 200 pg/ml showed a
preventive effect on obesity compared to the positive control group. In addition, EERS 50 pg/ml
was able to reduce BMI lower than the other extract groups.

Conclusion: It can be concluded that EERS 50 pg/ml has strength preventive effect on diet-
induced obese zebrafish. This effect might be influenced by the presence of phytochemical
compounds of extract such as flavonoid, saponins, and tannins.

Keywords: Amaranthus tricolor; ethanol; extract; high-fat diet; zebrafish.

1. INTRODUCTION

The prevalence of obesity in the worldwide still
increased every year. Increased prevalence of
obesity has contribution against increased
morbidity and mortality [1,2]. Obesity was known
as a complex disorder or non-communicable
disease, characterized by excessive fat storage
in adipose tissue caused by imbalance between
energy intake and its expenditure [3,4]. Obesity
has association with metabolic syndrome, such
as type two diabetes mellitus (T2DM),
hypertension, dyslipidemia, cardiovascular
diseases, cancer, and non-alcoholic liver disease
(NAFLD) [5,6].

Several studies in human and animal (i.e.
rodents) explained that obesity has relationship
with excessive diet intake. Excessive diet intake
both high carbohydrate diet and high-fat diet
influence excessive fat accumulation in adipose

tissue [7-11]. In addition, excessive fat
accumulation in adipose tissue released pro-
inflammatory  cytokines which responsible

against the presence of metabolic syndrome [12].
Therefore, animal model study especially obesity
became important for depth explored and to
obtain effective treatments against obesity
[13,14].

Obesity and its treatment have been studied in
several animal model. Currently, animal model
for obesity could developed using zebrafish
(Danio rerio). Zebrafish is a good model system
for developmental biology, genetic studies, and
biomedical research [15,16]. Zebrafish has the
similarities gene, physiological, neural and
endocrine signals as humans, so zebrafish could
be considered as established model for obesity
[17,18].

Red spinach (Amaranthus tricolor L.) is purple
red color vegetable with several pharmacological
activities. The pharmacological activities of red
spinach including antioxidant, antibacterial,
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hepatoprotective, diuretic, and hypolipidemic
[19]. Red spinach use in society to reduce body
weight gain have been reported. Therefore, the
aim of this study is to evaluate of red spinach
activity to prevent obesity in diet-induced obese
zebrafish.

2. MATERIALS AND METHODS
2.1 Plant Material and Identification

Red spinach leaves were obtained from Balai
Penelitan Tanaman Rempah dan Obat
(BALITTRO), Bogor, West Java, Indonesia.
Identification of red spinach leaves was carried
out at Lembaga llmu Pengetahuan Indonesia
(LIPI), Jakarta, Indonesia.

2.2 Extraction Process

Red spinach leaves were dried, cutted, and
grounded to be soft. Furthermore, red spinach
leaves was extracted with 96% ethanol by
maceration and evaporated through rotary
evaporator at 50°C, speed of 50 rpm. Extract
were used for in vivo study using zebrafish and
phytochemical screening.

2.3 Phytochemical Screening of Extract
of Red Spinach

Phytochemical screening of extract of red
spinach leaves were performed to observe the
presence of phytochemical constituents such as
alkaloids, flavonoids, saponins, tannins,
quinones, and steroids/triterpenoids.

2.4 Experimental Animal

Adult male zebrafish (Danio rerio) were obtained
from Bandung, West Java, Indonesia. All
zebrafish in this study were maintained in a
controlled environment (involves 12:12 light: dark
cycle, room temperature at 26OC, pH 7,5). Water
quality maintained according to zebrafish
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guidelines. Animal study was conducted on
Laboratory of Pharmacology, Faculty of
Pharmacy, Bhakti Kencana University.

2.5 Experimental Design

Acclimatization for zebrafish was carried out for 2
weeks. During acclimatization, all zebrafish
received standard diet (Tefrabite). After the
acclimatization, zebrafish were divided into 6
groups (n = 10 in each group) such as normal
group (negative control group); obese group
(positive control group); standard drug (orlistat
4,5 pg/ml); EERS group (50 pug/ml); EERS group
(100 pg/ml) ; and EERS group (200 pg/ml). For a
period of 4 weeks, normal group received a
standard diet and didnt received EERS
administration. Positive control group received
Artemia. Treated group received Artemia and
were combined by administration of red spinach
(preventive method). The obese group and
extract-treated group was given 60 mg/group/fish
in experimental diet. In this study, we use
Artemia to induce obesity in zebrafish. Overfed
using Artemia based on the previous study [17].

2.6 Determination of Body Mass Index
(BMI)

Zebrafish weight and length were measured
every week (2 times/week). Body length of fish
was measured from head to end of the body.
Zebrafish body weight and length were used for
BMI measurement. BMI measurement needed to
determine of obesity criteria. BMI of fish was
calculated by weight (g) divided with the square
of body length (cm). Obesity criteria on male
zebrafish (BMI > 1.1 fold) and female zebrafish
(BMI > 1.3 fold) [17].

2.7 Statistical Analysis

Data were expressed as mean + standard
deviation (SD). Statistical analysis was
performed using One Way ANOVA coupled by
post hoc test Tukey HSD with significance
difference (p<0.05).

3. RESULTS AND DISCUSSION

3.1 Phytochemical Screening of Extract
of Red Spinach

The result of phytochemical screening showed
that extract of red spinach contained the
presence of flavonoids, tannins, and saponins
(Table 1). Based on the previous study were
performed by Iswantini et al. [20]. explained that
chemical components in plants such as
flavonoids, saponins, alkaloids, tannins, and
steroids/triterpenoids have potential effect as
anti-obesity.

3.2 Effect of EERS on Body Weight and
BMI

As expected, at the first, second, third, and fourth
week of the experiment, the positive control
group had significant gains in body weight and
BMI after administration of Artemia 60
mg/group/fish. Body weight of positive control
group at the first, second, third, and fourth week
such as 0,248+0,053; 0,385 + 0,007; 0,375
0,05; 0,376 £ 0,02, respectively (Fig. 1).

In particular, as shown in Fig. 1, at the fourth
week, the body weight decreased in EERS dose
50 pg/ml compared to the positive control group
(0,265 + 0,006; p < 0,05). The body weight of
positive control group at the fourth week such as
0,376 = 0,022. Furthermore, EERS 100 pg/ml
and 200 pg/ml showed modest decrease in body
weight

In this study, BMI showed the same pattern with
the body weight. Fig. 2 showed EERS 50 pg/ml,
100 pg/ml and 200 pg/ml showed a preventive
effect on obesity during treatment. Furthermore,
EERS 50 ppm was able to reduce BMI lower
than other EERS group. EERS 50 pg/ml showed
strong effect by statistic at fourth week compared
to the positive control group (0,026 + 0,05). In
addition, orlistat as the standard drug in this
study, also showed its effect to decrease body
weight and BMI at 4,5 pg/ml.

Table 1. Result of phytochemical screening of EERS

Compounds

Results

Alkaloids
Flavonoids
Saponins

Tannins

Quinones
Steroid/Triterpenoid

o+ o+

(+) : detected
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Fig. 1. Effect of EERS on body weight. (*) Results as expressed as mean * SD from 3 zebrafish,
significantly difference with positive control group, p < 0,05
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Fig. 2. Effect of EERS on BMI. (*) Results as expressed as mean * SD from 10 zebrafish,
significantly difference with positive control group, P < 0,05

Fig. 3. (a) Normal male zebrafish and (b) obese male zebrafish. Red box indicated excessive fat
accumulation in abdominal area
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4. CONCLUSION

Based on the results of study, it can be
concluded that EERS 50 pg/ml has strength
preventive effect on diet-induced obese
zebrafish. Therefore, red spinach use in society
should be considered, because its great effect to
help reduce body weight, especially in obesity
condition.

CONSENT

It is not applicable.

ETHICAL APPROVAL

All procedures in this study has been accepted
by Animal Ethic Committee Universitas

Padjajaran, Bandung, Indonesia (No.
561/UN6.KEP/EC/2020).

ACKNOWLEDGEMENT

This study was supported by Internal Research
Grant from LPPM Bhakti Kencana University
(LPPM — BKU), No.001/01.LPPM/UBK!/I11/2020.
COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Mohamed GA, Ibrahim SRM, Elkhayat ES,
el dine RS. Natural anti-obesity agents.
Bull Fac Pharm, Cairo Univ. 2014;52:269-
284.

2. Abdelaal M, le Roux CW, Docherty NG.
Morbidity and mortality associated with
obesity. Anns Trans Med. 2017;5:161.

3. Muller MJ, Geisler C. Defining obesity as a
disease. Eur J Clin Nutr. 2017;71:1256-
1258.

4. Piernas C, Wang D, Du S, Zhang B, Wang
Z, Su C, Popkin BM. Obesity, Non-
communicable Disease (NCD) risk factors
and dietary factors among Chinese school-
aged children. Asia Pac J Clin Nutr.
2016;25:826-840.

5. Jung UJ, Choi MS. Obesity and its
metabolic complications: the role of
adipokines and the relationship between
obesity, inflammation, insulin resistance,
dyslipidemia, and non-alcoholic fatty liver
disease. Int J Mol Sci. 2014;15:6184-6223.

31

10.

11.

12.

13.

14.

15.

16.

17.

Da Costa RM, Neves KB, Mestriner FL,
Louzada-Junior P, Bruder-Nascimento T,
Tostes RC. TNF-a induces vascular insulin
resistance via positive modulation of PTEN
and decreased Akt/e NOS/NO signaling in
high-fat diet-fed mice. Cardiovasc Diabetol.
2016;15:119.

Seth M. Relationship between obesity,
dietary behaviour and dietary intake in
obese omani females (age 30 — 49 years):
a cross-sectional study. Mathews J Nutr
Diet. 2020;4:01.

Mohammad A, Ajami M, Abdollahi M, Ahari
GK. A review of the relationship between
obesity and food insecurity. Int J Med Rev.
2016;3:381-388.

Kim J, Lim H. Nutritional management in
childhood obesity. J Obes Metab Syndr.
2019;28:225-235.

Parasuraman S, Wen LE. Animal model for
obesity-an overview. Sys Rev Pharm.
2015;6: 9-12.

Fernandes MR, de Lima NV, Rezende KS,
Santos ICM, Silva IS, de Cassia
Avellaneda Guimaraes R. Animal models
of obesity in rodents, an integrative review.
Acta Cir Bras. 2016;31:840-844.
Magnusson A, Fouts J, Booth A, Foster M.
Obesity-induced  chronic low grade
inflammation: Gastrointestinal and adipose
tissue crosstalk. Integr Obesity Diabetes.
2015;1:103-108.

Nilsson C, Raun K, Yan FF, Larsen
MO, Tang-Christiansen M. Laboratory
animals as surrogate models of human
obesity. Acta Pharmacol Sin. 2012;33:173-
181.

Barret P, Mercer JG, Morgan PJ.
Preclinical models for obesity research.
Disease @ Models and Mechanisms.

2016;9:1245-1255.

Faillaci F, Milosa F, Critelli RM, Turola E,
Schepis F, Villa E. Obese zebrafish: A
small fish for a major human health
condition. Animal Models Exp Med.
2018;1:255-265.

Zang L, Shimada Y, Nishimura N.
Development of a novel zebrafish model
for type 2 diabetes mellitus. Sci Rep.
7:1461.

Oka T, Nishimura Y, Zang L, Hirano M,
Shimada Y, Wang Z, Umemoto N,
Kuroyanagi J, Nishimura N, Tanaka T.
Diet-induced zebrafish shares common
pathophysiological pathways with
mammalian obesity. BMC Physiol. 2010;
10:21.



18.

19.

Yuniarto et al.; EJMP, 31(20): 27-32, 2020; Article no.EJMP.65452

Forn-Cuni G, Varela M, Fernandez-
Rodriguez CM, Figueras A, Novoa B. Liver
immune responses to inflammatory stimuli
in a diet-induced obesity model of
zebrafish. J Endocrinol. 2015;224:159-170.
Srivastava R. An updated review on phyto-
pharmacological and pharmacognostical
profile of Amaranthus tricolor: A herb of

20.

nutraceutical potentials. J Pharm Innov.
2017;6:124-129.

Iswantini D, Silitonga RF, Martatilofa E,
Darusman LK. Zingiber cassumunar,
Guazuma ulmifolia, and Murraya
paniculata extracts as antiobesity: /n-vitro
inhibitory effect on pancreatic lipase.
Hayati J Biol. 2011;1:6-10.

© 2020 Yuniarto et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/65452

32



