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Abstract

Background: Etlingera elatior (Jack) R.M. Sm or Kecombrang Flower had been used traditionally to enhance the
taste of food. Some studies reported its pharmacological activities such as antioxidant, anti-inflammatory,
antimicrobial, and anticancer. However, its safety has not yet been reported explicitly. Objective: To investigate
the acute oral toxicity, macropathological and histopathological changes of 96% ethanol extract, n-hexane, ethyl
acetate and methanol-water fractions of Etlingera elatior flowers in Balb/C mice. Methods: The 96% ethanol
extract, n-hexane, ethyl acetate and methanol-water (3:7) fractions were given to mice with 4 dose levels (75, 150,
300, and 600 mg/Kg body weight). Single oral administration of them was done on the first day of the test and the
mice were then observed in 14 consecutive days. The control group received Na-CMC 0,3%. Changes in behavior,
mortality rate, body weight, macropathology and histopathology of kidneys and liver were assessed. Results: No
signs of toxicity or mortality were observed when mice were exposed to the 96% ethanol extract, n-hexane, ethyl
acetate and methanol-water fractions. The were no significant changes in the body weight. Macropathological
examination of the liver and kidneys showed normal results with a brownish red color, smooth surface and rubbery
consistency. Histopathological examination revealed mild, moderate, and severe damage to the liver and kidneys
of mice, however the level of damage was not followed by an increase in dose. The oral lethal dose was higher
than 600 mg/Kg. Conclusion: Etlingera elatior (Jack) R.M. Sm did not produce toxic effects in mice after acute
treatment.
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INTRODUCTION

Herbal medicines are usually considered safe or
have low toxicity based on their long history of use by
humans. However, recent studies showed that many
herbal medicines have side effects (Bent, 2008). The
safety issues are major problem in the use of medicinal
plants, so it is important to carry out studies on toxicity
to ensure their safety profile. In the context of
developing and using standardized herbal medicines,
ensuring effectivy and toxicity are necessasy issues.
Therefore, evaluating the toxicological effects of each
medicinal plant extract is an important aspect before the
drug is used for humans.

Etlingera elatior (Jack) R.M. Sm, commonly
known as Kecombrang, is one of the medicinal plants. It
is a shrub that grows annually and has fronds similar to
banana plants, it forms rhizomes and is green in color.
This plant produces flowers, fruit and seeds, and is
useful as a vegetable. The flower is a hump-shaped, top-
shaped compound flower with a stem length of between
40 and 80 cm. This plant belongs to the Zingiberaceae
family (Saudah et al., 2022).

Etlingera elatior flowers are usually used as a spice
for food flavouring and for ornamental purposes. In
traditional medicine, Etlingera elatior was used to treat
fever by roasting or burning the shoots, and then
consuming the inner side or contents. This plant could
also be used as a medicine for skin-related diseases,
including measles (Lachumy et al., 2010). Previous
studies have demonstrated the pharmacological effects
of Etlingera elatior flowers as an antioxidant (Jackie et
al., 2011), anti-inflammatory (Juwita et al., 2020;
Nurhayatun et al., 2023), antibacterial (Ferreira et al.,
2023), and anti-cancer (Zan et al., 2011). According to
Naufalin et al. (2021), the secondary metabolite
compounds of Etlingera elatior flowers were alkaloids,
flavonoids, tannins, terpenoids, saponins, steroids,
polyphenols and essential oils. The diverse
pharmacological activities are linked to these secondary
metabolites such as phenolics and flavonoids,
diarylheptanoids, terpenoids, and curcumin (Juwita et
al., 2018).

The safety and side effects of medicinal plants can
be determined through toxicity tests, one of which is the
acute toxicity test. Acute toxicity is interpreted as Lethal
Dose 50 (LDsp), the dose of a substance that causes
death in 50% of a test population (usually rodents) after
a single exposure. The higher the LDso value, the lower
the toxicity of the active ingredient (Ayun et al., 2021).
The main purposes of acute oral toxicity testing are to
obtain the presence of toxic effects on the tested animals
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after administration of a single dose or repeated doses
within 24 hours. When a substance is suspected of
causing harm, histopathological examination is crucial
to evaluate its toxic effects on cells and tissues.
Histopathology is the examination that aims to see the
structure of damaged tissues and cells under a
microscope (BPOM, 2022).

Acute toxicity evaluation of ethanol extract and
methanol fraction of Etlingera elatior flowers had been
studied. The acute toxicity test of the ethanol extract of
Etlingera elatior flowers in mice at doses of 1000, 1500,
2000 mg/KgBW showed that the extract was not toxic
(Sungthong & Srichaikul, 2018). The acute toxicity test
of methanol extract of Etlingera elatior flowers using
the Brine Shrimp Lethality Test (BSLT) method also
showed no toxicity (Lachumy et al., 2010). Meanwhile,
the evaluation of the ethyl acetate and hexane fraction
have not yet been conducted by any research group. This
study, thus, was aimed at examining the acute toxicity
of Etlingera elatior flowers in Balb/C mice and
histopathological examination of the liver and kidneys,
so that the maximum limit for consuming these flowers
safely could be determined.

MATERIALS AND METHODS
Materials

Etlingera elatior flowers were harvested from
Pangandaran, West Java. Mature flowers were collected
from plants that took around two years to flower. The
flowers sample was authenticated by a botanist at the
Biology Laboratory, Faculty of Mathematics and
Natural Sciences, Universitas Sebelas Maret with a
certificate of determination with the letter number
131/UN27.9.6.4/Lab/2022.

Male BALB/C mice (2-3 months old, weighing 20-
25 grams) were acclimated for 7 days before testing.
Prior to the test, mice were fasted for 3-4 hours, during
which water remained available. After the test substance
was administered, food was withheld for an additional 1
to 2 hours. This short period allowed for the absorption
and initial effects of the administered substance without
interference from food intake. This study protocol had
obtained Ethical Clearance from the RSUD dr.
Moewardi  Solo  with  the letter  number
1.726/X11/HREC/2022.
Method
Collection and processing of plant material

The flowers that were still in bud and pink were cut
crosswise with a thickness of 1-2 cm and then washed
with tap water to clean off the extraneous materials.
After sorting, they were dried in the oven at temperature
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of 50° C. The dried flowers were then ground in a
blender to fine powder and sieved using a 60 mesh sieve
to get size uniformity.

Extraction and fractinations

Etlingera elatior flowers powder was extracted for
24 hours in 96% ethanol by maceration technique. The
powder and solvent ratio was 1:5. The extract was then
filtered through the filter paper. Remaceration with fresh
solvent was carried out twice with powder and solvent
ratio of 1:3. The remaceration step used a smaller
solvent-to-material ratio compared to the initial
maceration to maximize the extraction of remaining
active compounds from the plant material. By using a
more concentrated ratio in the second step, the gradient
for diffusion was improved, allowing for further
extraction and a higher overall yield of the desired
compounds.

The filtrate of maceration and remaceration was
evaporated using a rotary evaporator and followed by a
water bath to concentrate. Fractination was carried out
with liquid-liquid extraction. Ten grams of thick ethanol
extract was dissolved in 100 mL of methanol-water
(3:7), then liquid-liquid partition was carried out using
n-hexane which formed two layers (methanol-water and
hexane phases). The n-hexane solution was separated,
while the remain filtrate was partitioned with ethyl
acetate. The ethyl acetate solution was separated, and
remain methanol-water solution. The three fractions
obtained were methanol-water, ethyl acetate and hexane
fractions which were then evaporated and concentrated
to achieve the thick extract. To ensure all solvent had
evaporated, the sample was heat in a controlled way to
a constant weight by repeatedly heating and weighing
the sample until the weight no longer changes.

Acute toxicity test

The number of tested animals was 5 mice in each 4
dose levels, so that 20 mice were needed. There were 4
extract treatment group (96% ethanol extract, n-hexane,
ethyl acetate, and methanol-water fraction), so that 80
mice were needed. The negative control group (Na-
CMC 0.3%) consisted of 5 mice, so a total of 85 mice
were used in this study. Each extract was given orally
once with dose | (75 mg/KgBW), dose Il (150
mg/KgBW), dose 111 (300 mg/KgBW), and dose IV (600
mg/KgBW). The extract and fractions were given to
mice at fixed dose levels according to OECD Guideline
423: Acute Toxic Class Method. This study protocol had
obtained Ethical Clearance from the RSUD dr.
Moewardi  Solo  with  the letter  number
1.726/XII/HREC/2022.
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Observation of animal behavior, body weight,
macropathology and histopathology of liver and
kidneys

Toxic symptoms were observed in the first 30
minutes and continued for 4 hours after administration
of the extract. Observations were continued for 14 days,
once a day (BPOM, 2022). Animal behavior observed
was fast heartbeat, decreased or increased breathing,
excessive licking, skin (itching), changes in fur color,
hair loss, body shaking, convulsions, excessive
salivation (salivation), diarrhea, sleep, weakness or
decreased activity, and death (Fithria et al., 2018);
(BPOM, 2022). On the 15™ day, surgery was performed
on 1 mouse for each dose, then the liver and kidneys
were observed macropathologically and
histopathologically.

Body weight was monitored at least once a week
after administration of the test preparation (BPOM,
2022). In this study, weighing was carried out 3 times: 0
day, 7™ day, and 13" day.

Observations were made using the H and E
(Hematoxcylline and Eosin) staining method and
observed using a microscope at 400x magnification.
Observation of liver damage was carried out thoroughly
in the hepatocyte cells near the central vein and those
that far from the central vein. Observation of kidney
damage was carried out thoroughly in the cortex and
medulla of the Kkidney. Fatty degeneration and
inflammation in the liver and kidneys of mice were
scored, score 0 if there was no damage, score 1 (mild
damage) if there was local or focal inflammation or fatty
degeneration, score 2 (moderate damage) if there was
multifocal inflammation or fatty degeneration, score 3
(severe damage) if there was even or diffuse
inflammation or fatty degeneration (Darmayanti et al.,
2020).

Data analysis

Body weight was analyzed statistically using One
Way Anova, followed by Tukey test. Toxic symptoms,
macropathology and organ histopathology were
analyzed qualitatively. The LDsp was calculated using
the Thomson and Weil method. According to Siswadi &
Saragih (2018), the Thomson and Weil formula is:

Log LDgo=LogD +d (f +1)
Note: D: smallest dose, d: logarithm of dose multiples,
f: a factor in Weil's LDs calculation list.

RESULTS AND DISCUSSION
Extraction and fractinations

Etlingera elatior flowers used in this study were
still in bud and pink in color with the aim of ensuring

©2025 Jurnal Farmasi dan llmu Kefarmasian Indonesia
Open access article under the CC BY-NC-SA license



Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 12 No. 2 August 2025 279

that the secondary metabolite content, especially
flavonoids, was optimal. The flowers were dried at a
temperature of 50° C because this temperature was
considered safe to prevent damage to flavonoid
compounds. The extraction was carried out by
maceration with 96% ethanol as a solvent because it can
dissolve flavonoid and polyphenol compounds found in
Etlingera elatior flowers (Suwarni & Cahyadi, 2016).

The thick ethanol extract was then continued to the
fractionation process. The purpose of fractionation was
to separate secondary metabolites based on their
polarity, with each fraction enriched in compounds of
similar chemical properties, such as nonpolar or semi-
polar compounds. This is crucial for identification of
which specific compounds or groups of compounds
were responsible for the toxic effects observed. Thick
ethanol extract might contains a complex mixture of
hundreds of compounds, while a single fraction might
contain a compound or a mixture of compounds that is
more potent (e.g., more toxic or more active) than the
original whole extract, as it concentrates the active
molecules. The yield of ethanol extract and fractions can
be seen in Table 1.

Behavioral responses and mortality rate

Mice that were given Na CMC, 96% ethanol
extract, and fractions at all doses did not die during 14
days of observation (Table 2). In this study, the highest
dose (600 mg/Kg body weight) did not cause death.
Therefore, if the highest dose given did not cause death
for 14 days, then the preparation was declared non-toxic
(BPOM, 2022). The LDsg value in this experiment could
not be calculated because there were no deaths in the
tested animals.

The results of toxicological observations were
compared between the negative control and the
treatment group. After administration of ethanol extract
and fractions, several toxic symptoms were observed,
including sleepiness, decreased activity, excessive
licking, and rapid heartbeat (Table 3). The mice in the
negative control group, ethanol extract and fractions
treatment were experienced sleeping behavior. This was
normal behavior because mice are nocturnal animals
that are active at night. According to Lestari et al.
(2019), if these symptoms also occur in the control
group, they cannot be concluded as symptoms of
poisoning or toxic symptoms.

Table 1. Yield of ethanol extract and fractions of Etlingera elatior flowers

Extraction / Fractination solvent

Yield (% w/w)

96% ethanol extract
Methanol:water (3:7)

Ethyl acetate
n-Hexane

14.55
7.14
2.08
57.9

Table 2. The number of deaths in mice given Na CMC, extract, and fraction of Etlingera elatior flowers

Treatment

Number of mice

Number of dead mice

Negative control (Na CMC 0.3%)
Ethanol extract dose 75 mg/KgBW
Ethanol extract dose 150 mg/KgBW
Ethanol extract dose 300 mg/KgBW
Ethanol extract dose 600 mg/KgBW
Methanol-water dose 75 mg/KgBW
Methanol-water dose 150 mg/KgBW
Methanol-water dose 300 mg/KgBW
Methanol-water dose 600 mg/KgBW
n-Hexane dose 75 mg/KgBW
n-Hexane dose 150 mg/KgBW
n-Hexane dose 300 mg/KgBW
n-Hexane dose 600 mg/KgBW

Ethyl acetate dose 75 mg/KgBW
Ethyl acetate dose 150 mg/KgBW
Ethyl acetate dose 300 mg/KgBW
Ethyl acetate dose 600 mg/KgBW

(63}
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Table 3. Toxic symptoms after administration of Na-CMC, extract and fractions

Treatment group

Behavioral responses

Negative control (Na-CMC 0.3%) Sleeping
96% ethanol extract
Methanol-water fraction
N-hexane fraction

Ethyl acetate fraction

Sleeping, decreased activity, excessive licking

Sleeping, decreased activity, faster heart beats

Sleeping, decreased activity

Sleeping, decreased activity, excessive licking, faster heart beats

36
34
32

28
26
24
22

Means of body weight (gram)

g MEFATIVE CONTIOl =g Dose 75 mg/kgBW

=g [inse 300 mg/kgBW

7 13
Day

Dose 150 mg/kgBW

Dose 600 mg/keBW

Figure 1. Effect of 96% ethanol extract on mice’s body weight

During 14 days of observation, the behavior was
evaluated such as excessive licking, decreased activity,
and a faster heartbeat. Faster heart beat in a mouse was
observed visually. After administering the extract, the
mouse's chest was observed for increased visible heart
pulsation. These symptoms were not found in all mice
and were not found after day 2 to day 14, so this
behavior could be caused by the different response
abilities of mice. According to Rauf (2018), mice could
experience stress which was characterized by changes in
behavior such as frequently licking their bodies, their
hearts beating faster, and being often silent. Apart from
that, changes in mouse behavior that did not occur in all
mice could be caused by other factors; different
physiological conditions in each mouse (Fithria et al.,
2018).

Previous studies have shown that ethanol extract of
Etlingera elatior flower were not acutely toxic, with oral
administration of ethanol extracts at doses 1000, 1500,
and 2000 mg/KgBW to mice showing no fatalities
(Sungthong & Srichaikul, 2018). According to Lachumy
et al. (2010) methanol extract of Etlingera elatior
flowers using the BSLT method also found the extract
to be non-toxic to Artemia salina, showed an LDs, value

P-ISSN: 2406-9388
E-ISSN: 2580-8303

was 2.52. This recent study also found that the
methanol:water, ethyl acetate, and n-hexane fractions
did not cause toxicity in mice. Therefore, the results of
this study complement previous studies. These
consistent results from different studies and testing
models support the conclusion that Etlingera elatior
flower extracts are safe in terms of acute toxicity at the
tested doses.
Body weight measurement

Mice treated with 96% ethanol extract at doses of
75, 150, 300 and 600 mg/KgBW showed an increase in
body weight at the 1%, 2", and 3™ weighing. The 96%
ethanol extract did not affect mouse growth, as both the
extract-treated groups and the negative control group
showed weight gain after the 1, 2"¢, and 3" weighings.
In the One Way Anova test, a Sig. value of > 0.05 was
obtained, which means there was no significant
difference in body weight of mice between the negative
control group and ethanol extract-treated group. The
findings in this study, that 96% ethanol extract of
Etlingera elatior did not cause toxic effects, as shown
by increa sing body weight in experimental animals that
was not significantly different from the control group.
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34
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24
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Means of body weight (gram)

g NEPATIVE CONTIOl =g Dose 75 mg/kgBW

7 13

Day

Dose 150 mg/kgBW

e D052 300 Mg/ kgBWW ==g==Dose 600 mg/kgBW

Figure 2. Effect of methanol-water fraction on mice’s body weight

36
34
32
30
28
26
24

22 %

20

Means of body weight (gram)

=@=Negative control  ==@==Dose 75 mg/kgBW

7 13
Day

Dose 150 mg/kgBW

=@==Dose 300 mg/kgBW ==@==Dose 600 mg/kgBW

Figure 3. Effect of n-hexane fraction on mice’s body weight

Mice treated with methanol-water fraction at doses
of 75, 150, 300 and 600 mg/KgBW showed an increase
in body weight at the 1%, 2", and 3" weighing. The
methanol-water fraction did not affect mouse growth, as
both the fraction-treated group and the negative control
showed weight gain after the 1%, 2", and 3" weighings.
In the One Way Anova test, a Sig. value of > 0.05 was
obtained, which means there was no significant
difference in body weight of mice between the negative
control and methanol-water group. This indicated that
methanol-water fraction of Etlingera elatior did not
cause toxic effects, as shown by increasing body weight
in experimental animals that was not significantly
different from the control group.
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Mice treated with n-hexane fraction at doses of 75,
150, 300 and 600 mg/KgBW showed an increase in
body weight at the 1%, 2", and 3 weighing. The n-
hexane fraction did not affect mouse growth, as both the
n-hexane fraction treated and the negative control group
showed weight gain after the 1%, 2", and 3" weighings.
In the One Way Anova test, a Sig. value of > 0.05 was
obtained, which means there was no significant
difference in body weight of mice between the negative
control and n-hexane group. This indicated that n-
hexane fraction of Etlingera elatior did not cause toxic
effects, as shown by increasing body weight in
experimental animals that was not significantly different
from the control group.
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Figure 4. Effect of ethyl acetate fraction on mice’s body weight

Notes: (1). Negative control Na-CMC 0.3%, (2). Ethanol extract dose-1 (75 mg/KgBB), (3). Methanol-water fraction
dose-I (75 mg/KgBB), (4). N-Hexane fraction dose-1 (75 mg/KgBB), (5). Ethyl acetate fraction dose-1 (75 mg/KgBB)

Mice treated with ethyl acetate fraction at doses of
75, 150, 300 and 600 mg/KgBW showed an increase in
body weight at the 1%, 2", and 3" weighing. The ethyl
acetate fraction did not affect mouse growth, as both the
fraction treated and the negative control group showed
weight gain after the 1%, 2", and 3™ weighings. In the
One Way Anova test, a Sig. value of > 0.05 was
obtained, which means there was no significant
difference in body weight of mice between the negative
control and ethyl acetate fraction group. This indicated
that ethyl acetate fraction of Etlingera elatior did not
cause toxic effects, as shown by increasing body weight
in experimental animals that was not significantly
different from the control group.

After administration of ethanol extract and fractions
of Etlingera elatior flowers, mice experienced weight
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gain which was marked by an increase in the graph.
According to Tangkere et al. (2022), if the tested
animals experience weight loss, this could be due to the
administration of the extract. While an increase in body
weight indicates that the mice are healthy, which is
characterized by eating regularly. In toxicological
studies, a healthy animal will either maintain or increase
its body weight. If a substance is toxic, it will typically
show a significant decrease in body weight.

Mice in all treatment groups experienced increased
body weight. These increases were not statistically
significant when compared to the negative control group
(p>0.05), meaning there were no significant differences
between the weight gain in the treatment groups and the
control group at the end of the experiment. Based on this
statistical results, it could be concluded that
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administration of ethanol extract and fractions did not
affect the body weight of mice. The evidence suggested
that the ethanolic extract and fractions of Etlingera
elatior flower were safe and did not induce harmful
effects, as shown by these physiological markers.
Macropathology of liver

Macropathological observations were used to
determine toxic effects visibly or visually. Organ
damage can be seen from changes in color, consistency
and surface of the organ. The results of observations of
the liver and kidney organs of mice in the negative
control group and the treatment groups can be seen in
Figure 5. Based on Figure 5, it can be seen that the liver
and kidney organs of mice are brownish red in color,
have a smooth surface, and have a chewy consistency,
so that the liver and kidneys of mice are normal.
According to Takapaha et al. (2022), a normal liver has
a brownish red color, while an abnormal liver changes
color. Apart from that, a normal liver has a surface that
has a smooth texture and is somewhat hard when pressed
(Dorland, 2002), whereas a normal Kkidney is
characterized by a smooth surface, springy consistency,
has a bean shape, and is brownish red in color because
it receives 22% of the blood volume pumped by the
heart (Guyton & Hall 2007).
Histological features of liver

The scoring for liver damage in mice can be seen in
Table 4. Observations of the liver after administration of
ethanol extract and fractions resulted in fatty
degeneration and inflammation in hepatocyte cells.
Normal liver cells are characterized by polyhedral cells
arranged radially around the central vein (Surasa et al.,
2014). Fatty degeneration in hepatocytes s
characterized by small vacuoles in the cytoplasm, which
can then develop into larger vacuoles, resulting in the
nucleus being compressed to the periphery (Andreas et
al., 2015). Further damage, inflammation, is
characterized by cells that are very purple in color, have
an indeterminate size, and lack of distance between the
cytoplasm and the nucleus (Nazarudin et al., 2017).

Liver damage can be seen in Figure 6-10. The
negative control group showed no damage in the form
of inflammation or fatty degeneration. The choice of Na
CMC was based on its non-toxic or inert nature and its
inability to react with the extract. Administration of 96%
ethanol extract caused moderate liver damage in the
form of inflammation and fatty degeneration.
Inflammation occurred at all doses, while fatty
degeneration only occurred at dose 2 (150 mg/KgBW).

Administration of the methanol-water fraction
caused mild liver damage in the form of inflammation.
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Fatty degeneration did not occur with the methanol-
water fraction, indicating that this fraction did not
disrupt fat metabolism in the liver. Inflammation
occurred only at dose 3 (300 mg/KgBW).

The ethyl acetate fraction caused mild inflammation
in the livers of mice, but no fatty degeneration occurred
after administration of the ethyl acetate fraction.
Inflammation occurred only at dose 1 (75 mg/KgBW),
while no inflammation occurred at doses 2 (150
mg/KgBW), 3 (300 mg/KgBW), and 4 (600
mg/KgBW).

Administration of the n-hexane fraction caused
mild to moderate liver cell damage in the form of fatty
degeneration and inflammation. Dose 1 (75 mg/KgBW)
resulted in more inflammation and fatty degeneration
than dose 4 (600 mg/KgBW), while dose 2 (150
mg/KgBW) only caused fatty degeneration and in
greater amounts than dose 4 (600 mg/KgBW). Dose 3
(300 mg/KgBW) only resulted in inflammation, while
dose 4 (600 mg/KgBW) resulted in both fatty
degeneration and inflammation. The level of liver
damage that occurred was not accompanied by an
increase in dosage.
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Figure 6. Liver histpathology after administration of
Na CMC 0.3%

Note: (a) Normal hepatocytes, (vs) central vein, (1.1).
Far from central vein, (1.2). Near central vein

Flgure 7. Liver hlstpathology after admmlstratlon of
96% ethanol extract
Note: (a) Normal hepatocytes, (b) Inflammation cells,
(c) Fatty degenerations, (vs) central vein, (1.1). Far from
central vein, (1.2). Near central vein
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Table 4. Scoring of liver damage in mice after administration of Na-CMC, extract and fractions
. Inflammation Number of
Number of locations :
Fatty score locations
Preparate code degeneration Near Far from Near Far from
score central central central central
vein vein vein vein

Negative control (Na CMC 0.3%) 0 0 0 0 0 0
Ethanol extract dose 75 mg/KgBW 0 0 0 2 2 0
Ethanol extract dose 150 mg/KgBW 3 Difuse Difuse 2 2 1
Ethanol extract dose 300 mg/KgBW 0 0 0 2 4 0
Ethanol extract dose 600 mg/KgBW 0 0 0 2 2 1
Methanol-water dose 75 mg/KgBW 0 0 0 0 0 0
Methanol-water dose 150 mg/KgBW 0 0 0 0 0 0
Methanol-water dose 300 mg/KgBW 0 0 0 1 1 0
Methanol-water dose 600 mg/KgBW 0 0 0 0 0 0
n-Hexane dose 75 mg/KgBW 0 0 0 1 0 1
n-Hexane dose 150 mg/KgBW 0 0 0 0 0 0
n-Hexane dose 300 mg/KgBW 0 0 0 0 0 0
n-Hexane dose 600 mg/KgBW 0 0 0 0 0 0
Ethyl acetate dose 75 mg/KgBW 2 3 0 1 1 0
Ethyl acetate dose 150 mg/KgBW 2 4 0 0 0 0
Ethyl acetate dose 300 mg/KgBW 0 0 0 1 0 1
Ethyl acetate dose 600 mg/KgBW 1 1 0 1 1 0
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Figure 8. Liver histpathology after administration of
methanol-water fraction
Note: (a) Normal hepatocytes, (b) Inflammation cells,
(vs) central vein, (1.1). Far from central vein, (1.2). Near
central vein
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Figure 9. Liver histpathology after administration of
ethyl acetate fraction
Note: (a) Normal hepatocytes, (b) Inflammation cells,
(vs) central vein, (1.1). Far from central vein, (1.2). Near
central vein

Histological features of kidneys
The scoring for kidney damage in mice can be seen
in Table 5. In this study, the kidney damage in mice
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cell infiltration, such as an accumulation of white blood
cells and immune cells like lymphocytes, plasma cells,
and macrophages, in a histopathological examination.
This infiltration is a typical sign of the inflammatory
response to tissue damage or infection and can be
observed and quantified under a microscope after
staining tissue samples.
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Flgure 10. Liver hlstpathology after administration of
n-hexane fraction

Note: (a) Normal hepatocytes, (b) Inflammation cells,

(c) Fatty degeneration, (vs) central vein, (1.1). Far from

central vein, (1.2). Near central vein
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Table 5. Scoring of kidneys damage in mice after administration of Na-CMC, extract and fractions

Fatty Number of . .
Preparate code degeneration locations Inflammatio  Number of locations
score Cortex  Medula n score Cortex Medula
Negative control (Na CMC 0.3%) 0 0 0 0 0 0
Ethanol extract dose 75 mg/KgBW 0 0 0 3 Difuse Difuse
Ethanol extract dose 150 mg/KgBW 0 0 0 3 Difuse Difuse
Ethanol extract dose 300 mg/KgBW 0 0 0 3 Difuse Difuse
Ethanol extract dose 600 mg/KgBW 0 0 0 3 Difuse Difuse
Methanol-water dose 75 mg/KgBW 0 0 0 2 3 0
Methanol-water dose 150 mg/KgBW 0 0 0 0 0 0
Methanol-water dose 300 mg/KgBW 0 0 0 0 0 0
Methanol-water dose 600 mg/KgBW 0 0 0 2 3 0
n-Hexane dose 75 mg/KgBW 0 0 0 3 Difuse Difuse
n-Hexane dose 150 mg/KgBW 0 0 0 3 Difuse Difuse
n-Hexane dose 300 mg/KgBW 0 0 0 3 Difuse Difuse
n-Hexane dose 600 mg/KgBW 0 0 0 3 Difuse Difuse
Ethyl acetate dose 75 mg/KgBW 0 0 0 2 6 4
Ethyl acetate dose 150 mg/KgBW 0 0 0 2 2 2
Ethyl acetate dose 300 mg/KgBW 0 0 0 2 4 5
Ethyl acetate dose 600 mg/KgBW 0 0 0 2 12 8

Kidney damage can be seen in Figure 11-15.
Administration of 96% ethanol extract at all doses
caused severe inflammation in the kidneys of mice, but
did not cause fatty degeneration.

Administration of the methanol-water fraction
caused inflammation in the kidneys of mice. Moderate
inflammation was observed in the kidneys of mice at
doses 1 (75 mg/KgBW) and 4 (600 mg/KgBW), while
no inflammation was observed in doses 2 (150
mg/KgBW) and 3 (300 mg/KgBW).

Administration of ethyl acetate fraction at all doses
caused severe inflammation, while administration of n-
hexane fraction at all doses caused moderate
inflammation in the kidneys of mice.

Flgure 11. Kldneys histopathology after administration
of Na-CMC 0.3%

Note: (T) Tubulus, (G) Glomerulus, (1.1). Medula,

(1.2). Cortex

Histopathological examination was carried out to
determine the presence of organ damage that was not
visible macroscopically due to the administration of the
test preparation. In this study, histopathological
observations were carried out on the liver and kidneys
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of mice. This is because the liver is the place for drug
metabolism, while the kidneys are a site for excretion of
metabolites. The liver is the major place where a drug is
metabolized when it enters the body. The results of
metabolism are called metabolites, where the resulting
metabolites can be toxic even though the initial
compound is not toxic (Rollando, 2017). In addition, a
histopathological examination of the kidneys was
carried out, which functions to filter and excrete
metabolic waste. A toxic compound that enters the body
will undergo several processes before being excreted in
the body, the process of entering the compound is the
exposition, toxokinetic and toxodynamic phase (Rahayu
& Solihat, 2018).
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Figure 12. Kldneys hlstopathology after admlnlstratlon
of 96% ethanol extract

Note: (a) Inflammation cell, (T) Tubulus, (G)
Glomerulus, (1.1). Medula, (1.2). Cortex

The damage that occured to the mice's liver was
mild to moderate inflammation and fatty degeneration,
while the damage to the mice's kidneys was moderate to
severe inflammation. Mild or focal damage (score 1)
indicated minor or localized problem where only one
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inflammatory lesion or fatty degeneration was found in
one location. A score of 2 indicates moderate or
multifocal damage, if more than one inflammatory
lesion or fatty degeneration was found. A score of 3
indicates severe or diffuse damage, if inflammation or
fatty degeneration was found evenly in several
locations.

Figure 13. Kidneys histopathology after administration
of methanol-water fraction

Note: (a) Inflammation cell, (T) Tubulus, (G)

Glomerulus, (1.1). Medula, (1.2). Cortex

of ethyl acetate fraction
Note: (a) Inflammation cell, (T) Tubulus, (G)
Glomerulus, (1.1). Medula, (1.2). Cortex

of n-hexane fraction
Note: (a) Inflammation cell, (T) Tubulus, (G)
Glomerulus, (1.1). Medula, (1.2). Cortex

The inflammation in the kidney tent to be higher
than in the liver. The kidneys are highly susceptible to
toxic damage due to high blood flow, concentration of
toxicants during filtration and secretion, high metabolic
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activity, the ability to metabolize chemicals, and
prolonged residence time of substances within the
tubules. Kidney's renal tubules are responsible for
reabsorbing and secreting substances, which can
concentrate toxins in the kidneys, unlike the liver where
biotransformation can detoxify them. Toxic substances
are filtered from the blood and processed in the liver,
then re-enter the blood to be excreted by the kidneys
(Lee et al., 2018).

Inflammation is characterized by cells having a
very purple color, there is no distance between the
cytoplasm and the cell nucleus, and the size of the cells
is uncertain (Nazarudin et al., 2017). Fatty degeneration
is characterized by cells having small vacuoles, which
can then become larger so that the nucleus is compressed
and pushed to the edge (Andreas et al., 2015). Scoring
of damage that occurred to the liver and kidneys of these
mice was not followed by an increase in dose. This could
happened by various factors. Different metabolic
processes, internal infections, nutritional deficiencies,
cell aging, and lack of oxygen can significantly impact
mice's health and physiology, contributing to varied
responses in experimental studies. These factors can
trigger physiological shifts like chronic inflammation,
altered immune function, and oxidative stress, affecting
diverse  biological processes and  ultimately
complicating scientific interpretations of mouse models
(Li et al., 2023). According to Apriliani et al. (2015),
this also might be occured because each mouse has a
different metabolic process and response, resulting in
significant fatty degeneration even at lower doses. This
results also could be due to the mice's endurance and
stress factors, which vary from individual to individual.
These factors can trigger increased oxidative stress,
leading to the production of free radicals or reactive
oxygen species exceeding the body's defenses. The
resulting free radicals, which the body cannot neutralize,
can cause cell damage (Ervina & Sukarjati, 2017).

The inflammation and fatty degeneration that
occured could also be caused by the secondary
metabolite content of the flowers. According to Naufalin
etal. (2021), Etlingera elatior flowers contain alkaloids,
flavonoids, tannins, polyphenols, terpenoids, steroids,
saponins, and contain essential oils. The methanol-water
fraction is polar and contains flavonoid and tannin
compounds, while the ethyl acetate fraction is semi-
polar and contains saponin, tannin, flavonoid and steroid
compounds. The hexane fraction is non-polar and
contains terpenoid compounds, namely dodecanal, 1-
dodecanol, dedecanoic acid, 1-hexadecanol, 1-
hexadecene, and 17-pentatriacontene which are volatile
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compounds resulting from GC-MS analysis of the n-
hexane fraction of Etlingera elatior plants (Maimulyanti
& Prihadi, 2015). The flavonoid compounds contained
in Etlingera elatior flowers are quercetin, apigenin,
kaempferol, luteolin. Rutin, quercetin, kaempferol, and
kaempferol-3-O-glucoside, are polar flavonoids
(Ghasemzadeh et al., 2015).

Inflammation and fatty degeneration in the liver and
kidneys of mice were thought to be caused by the
compounds kaempferol, quercetin and tannins in
Etlingera elatior flowers. This was in accordance with
several previous studies. In the study of Su et al. (2018),
Etlingera elatior flowers contained kaempferol and
quercetin, thus causing death in Spodoptera litura.
Apart from that, in research by Suryanto et al. (2018),
the kaempferol compound in Etlingera elatior leaves
caused death in Culex quinquefasciatus mosquito
larvae. According to Koraag et al. (2016), Etlingera
elatior flowers contained tannins, which caused death to
Aedes aegypti larvae. The mechanism of inflammation
is that plasma protein fluid and leukocytes will go to the
area experiencing infection, tissue that fights
inflammatory cells will be characterized by infiltration
of inflammatory cells (Baratawidjaja, 2002). Fatty
degeneration can occur due to an increase in free fatty
acids, then a decrease in triglyceride export due to a
deficiency in fat-binding apoproteins, and a reduction in
free fatty acid oxidation (Dancui et al., 2009).

The result of histopathology examination of liver
and kidney in this study confirmed the results of toxicity
result. If a high dose of a substance results in death in
mice, histopathological analysis of tissues can confirm
whether the death was due to specific damage (e.qg., liver
necrosis, renal failure). Even if no obvious symptoms of
toxicity were observed, histopathology might reveal
microscopic organ damage (such as cell death,
inflammation, or fatty degeneration) that would
otherwise go unnoticed. In this study, there were no
toxic symptoms or death in mice treated with ethanol
extract and fractions of Etlingera elatior flowers. But
the administration of ethanol extract and fractions of
Etlingera elatior flowers caused mild to moderate
damage to the liver, and moderate to severe damage to
kidney. This suggested the ethanol extract and its
fractions caused internal organ harm despite the absence
of outward signs of toxicity or mortality in the animal
model. Futher research is needed to identify the toxic
components, elucidate the exact mechanisms of organ
damage, determine the dose-response relationship for
toxicity, investigate potential interactions with other
substances, and establish safe and effective dosage
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limits for human use of the ethanol extract and its
fractions.

CONCLUSION

Administration of 96% ethanol extract, n-hexane,
ethyl acetate and methanol-water (3:7) fractions of
Etlingera elatior flowers did not cause toxic symptoms
and death in mice, so they were categorized as non-
toxic. Macropathological examination of the liver and
kidneys showed normal results with a brownish red
color, smooth surface and rubbery consistency. Effect of
administration of ethanol extract and fractions of
Etlingera elatior flowers in the liver of mice caused mild
and moderate damage, while in the kidneys of mice, it
caused moderate and severe damage.

ACKNOWLEDGMENT

The author would like to thank Universitas Sebelas
Maret for providing research funding through the Non
APBN-Hibah Grup Riset B (Research Grup Metabolic
Disorder), as well as all parties who have helped the
author in completing the article.

FUNDING

This research was funded by LPPM Universitas
Sebelas Maret by NON-APBN Hibah Grup Riset kelas
B.

AUTHOR CONTRIBUTIONS

Conceptualization, 1.S.; Methodology, I.S., N.H.;
Software, S.B.N.; Validation, 1.S.; Formal Analysis,
S.B.N.; Investigation, I.S., N.H., S.B.N.; Resources,
N.D.l.; Data Curation, I.S., S.B.N.; Writing - Original
Draft, I.S., S.B.N.; Writing - Review & Editing, I.S.,
S.B.N.; Visualization, S.B.N.; Supervision, N.H.;
Project Administration, N.H.; Funding Acquisition,
N.H.

CONFLICT OF INTEREST
The authors declare that they have no conflicts of
interest.

REFERENCES

Apriliani, D., Roswiem, A. P., & Nurcholis, W. (2015).
Aktivitas Hepatoproteksi Ekstrak Polifenol
Buah Delima (Punica granatum L.) Terhadap
Tikus Putih Yang Diinduksi Parasetamol.
Jurnal Kedokteran YARSI; 23; 128-142. doi:
10.33476/jky.v23i3.228.

Andreas, H., Trianto, H. F., & limiawan, M. I. (2015).
Gambaran Histologi Regenerasi Hati Pasca

©2025 Jurnal Farmasi dan llmu Kefarmasian Indonesia
Open access article under the CC BY-NC-SA license



Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 12 No. 2 August 2025 288

Penghentian Pajanan Monosodium Glutamat
Pada Tikus Wistar. eJournal Kedokteran
Indonesia; 3; 29-36. doi:
10.23886/ejki.3.4804.

Ayun, A. Q., Faridah, D. N., Yuliana, N. D., &
Andriyanto, A. (2021). Pengujian Toksisitas
Akut LD50 Infusa Benalu Teh (Scurrula sp.)
dengan Menggunakan Mencit (Mus musculus).
Acta Veterinaria Indonesiana; 9; 53-63. doi:
10.29244/avi.9.1.53-63.

Baratawidjaja. (2002). Imunologi Dasar. Jakarta:
Fakultas Kedokteran Universitas Indonesia

Bent, S. (2008). Herbal Medicine in the United States:
Review of Efficacy, Safety, and regulation:
Grand Rounds at University of California, San
Francisco Medical Center. Journal of General
Internal  Medicine; 23; 854-859. doi:
10.1007/s11606-008-0632-y.

BPOM. (2022). Pedoman Uji Toksisitas Praklinik
Secara in Vivo. Jakarta: Badan Pengawas Obat
dan Makanan.

Dancui, M., Mihailovici, M. S., Dima, A., & Cucu, C.
(2009). Atlas of Pathology, 3rd ed. Grigore T.
Popa. Romania: University of Medicine and
Pharmacy IASI.

Darmayanti, M. D., Samsuri, Setiasih, N. L. E., &
Berata, 1. K. (2020). Perubahan Histopatologi
Ginjal Tikus Putih Setelah 21 Hari
Mengkonsumsi Ragi Tape. Indonesia Medicus
Veterinus; 9; 889-899. doi:
10.19087/imv.2020.9.6.889.

Dorland, W. A. (2002). Kamus Kedokteran Dorland.
Jakarta: EGC.

Ervina, L., & Sukarjati. (2017). Pengaruh Pemberian
Ekstrak Biji Pepaya (Carica papaya L.),
Ekstrak Daun Mimba (Azadiracta indica A.
Juss ) Serta Campuran Ekstrak Biji Pepaya dan
Ekstrak Daun Mimba terhadap Gambaran
Histologi Ginjal dan Hati Mencit Jantan (Mus
musculus L). Wahana; 68; 61-69. doi:
10.36456/wahana.v68i1.629.

Ferreira, F. d. S., Neto, J. B. A., Oliveira-Tintino, C. D.
M., Aradjo, A. C. J., Ribeiro-Filho, J.et al.
(2023).  Chemical =~ Composition  and
Antibacterial Effects of Etlingera elatior
(Jack) R.M. Smith against Staphylococcus
aureus Efflux Pumps. Chemico-Biological
Interactions; 386; 110751. doi:
10.1016/j.chi.2023.110751.

Fithria, R. F., Wulandari, R.L., Hidayati, D.N., &
Rejeki, L. (2018). Toksisitas Akut Infusa Kulit

P-ISSN: 2406-9388
E-ISSN: 2580-8303

Ari Kacang Tanah (Arachis hypogea L.) pada
Mencit BALB/ C. Jurnal llmu Farmasi &
Farmasi Klinik.; 15; 62-70. doi:
10.31942/jiffk.v15i2.2568.

Ghasemzadeh, A., Jaafar, H. Z. E., Rahmat, A., &
Ashkani, S. (2015). Secondary metabolites
Constituents and Antioxidant, Anticancer and
Antibacterial Activities of Etlingera elatior
(Jack) R.M.Sm Grown in Different Locations
of Malaysia. BMC Complementary Medicine
and Therapies; 15; 1-10. doi:
10.1186/s12906-015-0838-6.

Guyton, A. C., & Hall, J. E. (2007). Buku Ajar Fisiologi
Kedokteran. Jakarta: EGC.

Jabbar, A., Wahyuni, W., Yusuf, M. I., Helmia, W. O.
N., & Sahidin, I. (2020). Uji Toksisitas Akut
Ekstrak Etanol Buah Wualae (Etlingera elatior
(Jack) R. M. Smith) Terhadap Gambaran
Histopatologi Organ Jantung Tikus Wistar
(Rattus norvegicus). Pharmauho: Jurnal
Farmasi, Sains, dan Kesehatan; 5; 9-13. doi:
10.33772/pharmauho.v5i2.10167.

Jackie, T., Haleagrahara, N., & Chakravarthi, S. (2011).
Antioxidant effects of Etlingera elatior flower
Extract Against Lead Acetate - Induced
Perturbations in Free Radical Scavenging
Enzymes and Lipid Peroxidation in Rats. BMC
Research Notes; 17; 67. doi: 10.1186/1756-
0500-4-67.

Juwita, T., Puspitasari, I. M., & Levita, J. (2018). Torch
Ginger (Etlingera elatior): A Review on its
Botanical Aspects, Phytoconstituents and
Pharmacological Activities. Pakistan Journal
of Biological Sciences; 21; 151-165. doi:
10.3923/pjbs.2018.151.165.

Juwita, T., Pakpahan, W. H. P., Puspitasari, 1. M,
Saptarini, N. M., & Levita, J. (2020). Anti-
Inflammatory Activity of Etlingera elatior
(Jack) R.M. Smith Flower on Gastric
Ulceration-induced Wistar Rats. Pakistan
Journal of Biological Sciences; 23; 1193-1200.
doi: 10.3923/pjbs.2020.1193.1200.

Koraag, M.E., Anastasia, H., Isnawati, R., Octaviani.
(2016). Efikasi Ekstrak Daun dan Bunga
Kecombrang (Etlingera elatior) terhadap
Larva Aedes aegypti. Aspirator; 8; 63-68. doi:
10.22435/aspirator.v8i2.4615.63-68

Kurniawan, I. W. A. Y., Wiratmini, N. ., & Sudatri, N.
W. (2014). Histologi Hati Mencit (Mus
musculus L.) yang Diberi Ekstrak Daun

©2025 Jurnal Farmasi dan llmu Kefarmasian Indonesia
Open access article under the CC BY-NC-SA license



Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 12 No. 2 August 2025 289

Lamtoro (Leucaena leucocephala). Simbiosis
Journal of Biological Sciences; 2; 226-235.

Lachumy, S. J. T., Sasidharan, S., Sumathy, V., &
Zuraini, Z. (2010). Pharmacological Activity,
Phytochemical Analysis and Toxicity of
Methanol Extract of Etlingera elatior (Torch
Ginger) Flowers. Asian Pacific Journal of
Tropical Medicine; 3; 769-774. doi:
10.1016/S1995-7645(10)60185-X.

Lee, H. J., Pyo, M. C., Shin, H. S., Ryu, D., & Lee, K.
W. (2018). Renal Toxicity Through AhR,
PXR, and Nrf2 Signaling Pathway Activation
of Ochratoxin A-induced Oxidative Stress in
Kidney Cells. Food and Chemical Toxicology;
122; 59-68. doi: 10.1016/j.fct.2018.10.004.

Lestari, D., Kartika, R., & Marliana, E. (2019). Uji Brine
Shrimp Lethality Test (BSLT) Umbi Bawang
Tiwai (Eleutherine bulbosa (Mill.) Urb) Dan
Uji Toksisitas Akut Fraksi Aktif. Jurnal Riset
Kefarmasian Indonesia; 1; 1-10. doi:
10.33759/jrki.v1il1.43.

Li, X., Li, C., Zhang, W., Wang, Y., Qian, P., & Huang,
H. (2023). Inflammation and Aging: Signaling
Pathways and Intervention Therapies. Signal
Transduction and Targeted Therapy; 8; 239-
245. doi: 10.1038/s41392-023-01502-8.

Maimulyanti, A., & Prihadi, A. R. (2015). Chemical
composition, phytochemical and antioxidant
activity from extract of Etlingera elatior flower
from Indonesia. Journal of Pharmacognosy
and Phytochemistry; 3; 233-238.
d0i:10.22271/tpi

Naufalin, R., Sutrisna, E., & Wicaksono, R. (2021).
Antioxidant Potential Ingredient  of
Kecombrang Plants (Etlingera elatior). I1OP
Conference Series: Earth and Environmental
Science; 653; 1-11. doi: 10.1088/1755-
1315/653/1/012130.

Nazarudin, Z., Muhimmah, I., & Fidianingsih, 1. (2017).
Segmentasi Citra untuk Menentukan Skor
Kerusakan Hati secara Histologi. Seminar
Nasional Informatika Medis (SNIMed); 8; 15—
21.

Nurhayatun, E., Purwanto, B., Soetrisno, S., Indarto, D.,
Poncorini, E., Sumandjar, T., Sagala, F. H., &
Salma, D. S. (2023). The Beneficial Effect of
the Ethanolic Extract Etlingera elatior Fruit on
IL-1R and Caspase-3 Levels in Sepsis Mice
Model. Journal of Applied Pharmaceutical
Science; 13; 116-120. doi:
10.7324/JAPS.2023.90410.

P-ISSN: 2406-9388
E-ISSN: 2580-8303

Rahayu, M., & Solihat, M. F. (2018). Toksikologi
Klinik. Jakarta: Kementerian Kesehatan
Republik Indonesia.

Rauf, S. (2018). Penurunnya Kecemasan Tikus
Ovariektomi Setelah Latihan Interval Dengan
Instensitas Tinggi. Jurnal Kesehatan Terpadu
(Integrated Health Journal); 9; 69-76. doi:
10.32695/jkt.v2i9.15.

Rollando. (2017). Pengantar Kimia Medisinal. Malang:
CV. Seribu Bintang.

Saifudin, A., Rahayu, A., & Teruna, H. Y. (2011).
Standarisasi Bahan Obat Alam, 2™ Ed.
Yogyakarta: Graha IImu.

Saudah, Z., Darusman, F., & Roslim, E. (2022).
Ethnobotanical Knowledge of Etlingera elatior
for Medicinal and Food Uses Among Ethnic
Groups in  Aceh Province, Indonesia.
Biodiversitas; 23; 4361-4370. doi:
10.13057/biodiv/d230862.

Siswadi, & Saragih, G. S. (2018). Acute Tocixity of
Sterculia quadrifida R.Br Bark Ethanol Extract
on Sprague-Dawley Rats. Majalah Obat
Tradisional; 23; 125-132. doi:
10.22146/mot.34871.

Su, Q., Zhou, Z., Zhang, J., Shi, C., Zhang, G., Jin, Z.,
Wang, W., & Li, C. (2018). Effect of Plant
Secondary Metabolites on Common Cutworm,
Spodoptera Litura (Lepidoptera: Noctuidae).
Entomological Research; 48; 18-26. doi:
10.1111/1748-5967.12238.

Sungthong, B., & Srichaikul, B. (2018). Antioxidant
Activities, Acute Toxicity and Chemical
Profiling of Torch Ginger (Etlingera elatior
Jack.) Inflorescent Extract. Pharmacognosy
Journal; 10; 979-982. doi:
10.5530/pj.2018.5.166.

Suryanto, Santoso, L. M., & Suratmi. (2018). Pengaruh
Penggunaan Ekstrak Daun Kecombrang
(Etlingera elatior) Sebagai Larvasida Nabati
Larva Nyamuk Culex Quinquefasciatus dan
Sumbangannya pada Pembelajaran Biologi
SMA. Jurnal Pembelajaran Biologi; 5; 41-53.
doi: doi.org/10.30742/jv.v10i0.45

Surasa, N. J., Utami, N. R., & Isnaeni, W. (2014).
Struktur Mikroanatomi Hati dan Kadar
Kolesterol Total Plasma Darah Tikus Putih
Strain Wistar Pasca Suplementasi Minyak
Lemuru dan Minyak Sawit. Biosaintifika; 6;
142-151. doi:
10.15294/biosaintifika.v6i2.3778.

©2025 Jurnal Farmasi dan llmu Kefarmasian Indonesia
Open access article under the CC BY-NC-SA license



Jurnal Farmasi dan Iimu Kefarmasian Indonesia Vol. 12 No. 2 August 2025 290

Suwarni, E. & Cahyadi, K. D. (2016). Aktivitas Onion and Crownshaft Palm Extract Against
Antiradikal Bebas Ekstrak Etanol Bunga Kidney Organ of Male White Rat Wistar
Kecombrang (Etlingera elatior) dengan Strain. PHARMACON; 11; 1771-1777.
Metode DPPH. Jurnal Iimiah Medicamento; 2; Zan, C. H., Rahmat, A., Akim, A. M., Alitheen, N. B.
39-46. doi: 10.36733/medicamento.v2i2.1095. M., Othman, F., & Lian, G. E. C. (2011).

Takapaha, V. J., Simbala, H. E. I., & Antasionasti, I. Antiproliferative Effects of Pandan Leaves
(2022). Uji In Vivo Ekstrak Bawang Hutan (Pandanus Amarylfolius), Kantan Flower
(Eleutherine americana Merr.)  Terhadap (Etlingera Elatior) and Turmeric Leaves
Gambaran Makroskopis Organ Hati Tikus (Curcuma Longa). Nutrition & Food Science;
Putih Jantan Galur Wistar (Rattus norvegicus). 41; 238-241.
PHARMACON; 11; 1335-1341. doi: doi: :10.1108/00346651111151366.

10.35799/pha.10.2021.34043.
Tangkere, S. C., Simbala, H., & Jayanti, M. (2022).
Acute Toxicity Test Combination of Dayak

P-ISSN: 2406-9388 ©2025 Jurnal Farmasi dan llmu Kefarmasian Indonesia
E-ISSN: 2580-8303 Open access article under the CC BY-NC-SA license



