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Abstract. Currently, the world community faces the Covid-19 pandemic phenomenon
since December 2019 and has caused many victims. Various methods have been used to
prevent and treat patients affected by this viral infection, especially in medical care. In
addition to medical efforts, exploring natural material potential as a controlling agent for
Covid-19 has been widely carried out. The purpose of this study was to examine the
potential of Muntingia calabura as a controlling agent for Covid-19, by studying the
secondary metabolite effects of Muntingia calabura leaves on zebrafish (Danio rerio).
Research focuses on the administration of Muntingia calabura leaves extract and its
impact on the organ respiration, heart rate and swim mobility on zebrafish (Danio rerio)
by microscopic and macroscopic observations. The Muntingia calabura leaves were
extracted following the soxhlet method, which then used as supplement of zebrafish feed.
The zebrafish were divided into 5 groups, of control and those treated with leave extract
of 0.5 mg/L, 0.25 mg/L, 0.1 mg/L, and BSA alone, respectively. The results showed that
Muntingia calabura leaves extract caused significant effects on zebrafish that decreased
operculum opening, heart rate, and swim mobility. Data were analyzed with One-Way
ANOVA, with the LSD Post Hoc Test and Duncan (DMRT), to determine the differences
between each treatment group.
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1 Introduction

New cases of pneumonia were first reported in Wuhan, Hubei Province, in 2019. Five
patients were diagnosed with Acute Respiratory Distress Syndrome (ARDS) from 18 to
December 29 2019. The samples studied showed the etiology of the new coronavirus [1].
COVID-19 was first reported in Indonesia on March 2, 2020, in two cases [2]. Due to
COVID-19 in Indonesia, the mortality rate is 8.9%; this figure is the highest in Southeast Asia
[2]. Coronavirus is an RNA virus with a particle size of 120-160 nm. Coronavirus, which is
the etiology of Covid-19, belongs to the genus betacoronavirus. The results of computer
modeling show that SARS-CoV-2 has a 3-dimensional structure in the binding receptor spike
domain protein similar to SARS-CoV.
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In SARS-CoV, this protein has a strong affinity for angiotensin-converting-enzyme 2
(ACE2) [3]. In SARS-CoV-2, in vitro data supported the possibility that the virus could enter
cells using the ACE2 receptor [4]. ACE2 receptor expression is found in several
extrapulmonary tissues such as the heart, kidney, endothelium, and gastrointestinal tract [5].
ACE2 is highly expressed on the digestive tract epithelium cells' lumen surface, which
functions as a co-receptor in obtaining food and specifically for the absorption of amino acids
from food. The ACE2 network is scattered in other organs and may explain the multi-organ
damage observed in Covid-19 patients [6].

Muntingia calabura is a widely grown plant in Indonesia and people do not know much
about Muntingia calabura’s benefits, and it causes many Muntingia calabura not to be used,
especially in the health sector [7]. The Muntingia calabura is one of the plants used as
traditional medicine or herbal medicine by the community. This plant's chemical constituents
have been scientifically proven to have compounds of the flavonoid group and have good
biological activity. Therefore, Muntingia calabura plants have great potential in the field of
pharmacology as a medicinal plant.

Further research also needs to be conducted to understand the bioactivity of compounds
on Muntingia calabura leaf that have not been widely disclosed [8]. Zakaria (2007) reported
that Muntingia calabura leaves have antipyretic and anti-inflammatory activity. It showed that
anti-inflammatory effect of the Muntingia calabura extract, which could be due to biologically
active chemical constituents in the extract. These findings serve as scientific support for
Muntingia calabura plants' therapeutic use in traditional medicine [9].

The zebrafish (Danio rerio) were used as model organism in research for more than 100
years [10]. Zebrafish is used as a research tool on infectious diseases and host-pathogen
interactions [11]. Several models of bacterial, viral, and fungal infections have been
investigated using zebrafish [12]. Moreover, gills in fish are multifunctional organs that aid in
critical physiological processes [13]. Therefore, study to reveal the potential of Muntingia
calabura leaf for covid-19 control agent was urgently needed.

Bovine serum albumin (BSA) is a biologically stable globular protein used in various
biochemical applications [14]. BSA is a plasma protein of cattle having 76% similarity with
HAS (Human Serum Albumin) and composed of a single polypeptide chain consisting of
more than 500 amino acid residues [15]. BSA effects on the sarcoplasmic reticulum channel
important on lipid bilayer, which affects muscle contraction [16].

2 Method

2.1 Research location
The research was conducted at the Laboratory of Animal Structure and Development,
Faculty of Biology, Universitas Gadjah Mada in October-November 2020.

2.2 Muntingia calabura extraction
The Muntingia calabura leaf extraction were conducted following standard soxhletation
method. The fresh Muntingia calabura leaves number 3-5 from the tip were collected and



washed with clean running water, drained, and dried at 36°C in an open air. The dried leaves
were then mashed with blender, to get leaf powder, which then be wrapped with filter paper
and put in a round bottom flask on the sox. The process was carried out at 70 ° C until the
drops on the cycle are colorless. The extract obtained was concentrated with rotary evaporator
at 55°C until it got a thick extract from ethanol. The thick extract of Muntingia calabura
leaves was put on oven at 50°C to remove moisture.

2.3 Leaf extract pellets

Takari brand fish feed of 40 grams were gindedr and divided into 4 different containers. 5
ml of Muntingia calabura leaf extract solution is mixed in 10 grams of feed with
concentrations of 0.5 mg/L, 0.25 mg/L, and 0.1 mg/L, repelleted with pelleter and dried.

2.4 Zebrafish maintenance

Wild type zebrafish (Danio rerio) were obtained from Leiden University and cultivated at
the Faculty of Biology, UGM. The fish were maintained in a cycled aquarium at room
temperature between 27-28.5°C and feed three times a day. Zebrafish broodstock are spawned
to obtain eggs that will be reared until the age of 1 month for treatment. Adult zebrafish are
placed in an aquarium of 8 cm x 8 cm and a height of 10 cm.

2.5 Preparations of BSA solution

Bovin Serum Albumin (BSA) was used as irritant or stressor to induce the stress on the
fish, which then be treated with the extract. 0.1 g of BSA was dissolved in 1 L of water. BSA
solution was put into the treatment aquarium as much as 250 mL for 4 aquariums, 1 aquarium
filled with normal water. BSA solution was used to induce immune effect of the zebrafish in
the aquarium and as a negative control.

2.6 Treatment of extract-feeding

Zebrafish WT AB/TL strain were used as experimental animals, which were grouped into
five group, namely: 1) Control (zebrafish in water media with regular fish feed), 2) negative
control (zebrafish in BSA solution with ordinary fish feed), 3) zebrafish in BSA solution +
Muntingia calabura leaf extract 0.5 mg / L, 4) zebrafish in BSA solution + Muntingia
calabura y leaf extract 0.25 mg/L, and 5) zebrafish in a solution of BSA + Muntingia
calabura leaf extract 0.1 mg/L. The zebrafish were feed with Muntingia calabura leaf extract
or regular pellet 3 times a day for 14 days.

2.7 Data collections

All group treatments were observed with a Leica DM750 microscope to determine
zebrafish frequency of operculum opening and heart rate. Operculum opening frequency was
observed by counting zebrafish's operculum opening in 1 minute. Heart rate was observed by
counting heartbeats in 1 minute period.

The zebrafish range is determined by dividing the area in the aquarium. An aquarium with
a base of 8 cm x 8 cm and a height of 10 cm is divided into 4 places shown in figure 3.4. The
zebrafish movement is calculated based on the number of zebrafish across the divided side in
one minute.



Figure 2.1. The distribution of zebrafish swimming ranges in the aquarium.

2.8 Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics 25. One Way ANOVA test
was used to determine differences between treatment groups of various Muntingia calabura
extract concentrations. Data were presented as mean, standard deviation and were considered
significant if P <0.05.

3  Results and Discussion

3.1 Effect of Muntingia calabura extract on zebrafish operculum opening frequence
The result showed the variation of operculum opening on the fish of control and treated
fish as presented on Figure 3.1.
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Figure 3.1. Frequency of zebrafish operculum opening on the first, seventh and fourteenth day.



Data showed that the most frequent of operculum opening frequency was performed by
the control group at the first day of treatment. On the other hand, the lest operculum opening
frequent was showed by 0.5 mg/L leaf extract treatment group on the fourteenth day. The data
also showed that on 0.1 mg/L group and 0.5 mg/L group were decreased operculum opening
on seventh day and fourteenth day. Control group, BSA and 0.25 mg/L group were decreased
from first until fourteenth day.
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Figure 3.2. Operculum opening on the zebrafish, a) zebrafish on the first day, b) zebrafish on the seventh
day, c) zebrafish on the fourteenth day.

3.2 Effect of Muntingia calabura extract as feed on zebrafish heart rate

Result showed the decrease in heart rate from the first day to the fourteenth day occurred
in the extract treatment group 0.1 mg/L, 0.25 mg/L and 0.5 mg/L, while the BSA group was
the group with the highest increase in heart rate (Figure 3.3.). The heart rate of adult zebrafish
ranges from 120-130 beats per minute at 28°C [17].

140
120 i J
/

100 Control
80 — BSA
60 0.1

(.25
40
—o
20
0 T T 1
Day-1 Day-7 Day-14

Figure 3.3. Zebrafish heart rate on the first, seventh and fourteenth day.



The renin-angiotensin-aldosterone system is a major factor in maintaining arterial blood
pressure. One of the target components is angiotensin-converting enzyme (ACE) which
functions as a regulator of arterial blood pressure and electrolyte balance through the renin-
angiotensin-aldosterone system. The highest concentration of ACE is in the capillaries of the
respiratory organs. ACE is also found in the proximal tubule of the kidney, gastrointestinal
tract, heart and brain [18]. Muntingia calabura leaves contain a group of compounds including
flavonoids, phenolics, triterpenoids. Qualitatively, it is known that the most common
compounds in Muntingia calabura leaves are flavonoids [19]. Several terpenoid and
polyphenolic compounds including flavonoids, tannins, xanthones, procyanidins,
caffeolyquinic acid derivatives are effective natural ACE inhibitors. Previous studies have
shown that plant extracts rich in phytocemicals are effective as ACE inhibitors [18].

3.3. Effect of Muntingia calabura extract as feed on zebrafish swim mobility
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Figure 3.4. Swim mobility on the first, seventh and fourteenth day.
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Figure 3.5. Swim pattern of zebrafish that were observed from above of aquarium. a) Swim pattern
on control group, b) Swim pattern on BSA and 0.1 0.1 mg/L group, ¢) Swim pattern on 0.25 mg/L group,
d) Swim pattern on 0.5 mg/L group.

Figure 3.4 showed that the data on the effect of the Muntingia calabura extract on the
zebrafish swim mobility. The graph depicts the value that tends to decrease with increasing
treatment concentration. The decrease in the chart is thought to have been strongly influenced
by the induction of BSA and Muntingia calabura extract in several concentrations. The BSA
group and the 0.1 mg/L treatment group had the same trend, namely a decrease in the seventh
day and an increase on the fourteenth day. Figure 3.5 showed that the swim pattern of
zebrafish after treatment. Based on the swimming pattern of zebrafish, it showed that the
cruising range was highest in the control group, namely zebrafish passing all sides of the
aquarium in one minute. The zebrafish in the BSA group and the 0.1 mg/L treatment group
had the same range of ranges across 3 sides in the aquarium. The zebrafish in the 0.5 mg/L
treatment group had the lowest range of all treatment groups, which only stayed on one side of
the aquarium.

BSA can induce several chemical secretions, one of which is interleukin-4 (IL-4) [20].
Interleukin-4 (IL-4) has a significant function in activating the heart rate. The increased heart
rate value in BSA treatment influences the zebrafish operculum's opening frequency shown in
Figure 3.3. Heart rate can be decreased due to BSA by giving Muntingia calabura leaf extract.
The antioxidants in Muntingia calabura have a particular function in increasing immunity
[21], so that the Muntingia calabura extract added to the BSA treatment has the effect of
decreasing the value of the heart rate, operculum opening and swim mobility at average
values.

In observing the behavior, the control group zebrafish was more responsive to feeding
with Muntingia calabura leaf extract as the treatment in this study. These data indicated that
the extract concentration of 0.5 mg/L caused a decrease in operculum opening, heart rate and
swim mobility higher than the other treatment groups. Based on the LC50 test, the
concentration of 0.5 mg/L of Muntingia calabura leaf extract is the limit for the concentration
of surviving zebrafish, it means that the 0.5 mg/L or higher concentration of Muntingia
calabura leaf extract has a toxic potential to zebrafish, because increasing the extract



concentration can decreased the operculum opening, heart rate and swim mobility. The extract
at a dose of 0.5 mg/L was not effective because the results obtained were not the same as the
control group.

The data of the research findings are linear with the one-way ANOVA statistical test
conducted. The statistical test results showed that Muntingia calabura leaf extract
significantly decreased operculum opening, heart rate and swim mobility of zebrafish.

4 Conclusion

This study concludes that Muntingia calabura leaves have potential as a controlling agent
for Covid-19, by studying the secondary metabolite effects of Muntingia calabura leaves on
zebrafish (Danio rerio). Muntungia calabura leaf extract has potential to induce the
physiologies respond of the zebrafish, evidenced by significant decreased operculum opening,
heart rate, and swim mobility of zebrafish. The extract toxicity effect on fish in this study was
indicated on the concentration of higher than 0.1 mg/L of the extract.
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