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ABSTRACT

Background: The therapeutic properties of the ethanol extract derived from the stem bark of Rhizophora apiculata 
have been investigated. Nevertheless, there is a lack of studies regarding its acute toxicity.

Objective: This research aims to evaluate the toxicity of ethanolic extract of R. apiculata bark by examining 
histological changes in the liver and kidney of rats.

Method: The ethanol extract of R. apiculata bark was administered using a fixed-dose approach in preliminary 
and primary tests, focusing on the kidneys and liver of male Sprague Dawley rats. Four treatment groups received 
doses of 5, 50, 300, and 2000 mg/kg BW, while one group served as the control. An uninterrupted observation 
period of 14 days was conducted to determine any indications of acute toxicity in these animals. On the fifteenth 
day, the rats were terminated.

Results: This study indicated the absence of any toxic manifestations, such as tremors, excessive salivation, 
convulsions, coma, and mortality. Nevertheless, it caused histological damage to the rats’ liver and kidney when 
administered at doses 300 and 2000 mg/kg BW.

Conclusion: While the administration of R. apiculata extracts at doses of 300 and 2000 mg/kg BW resulted in 
histological damage to the kidneys and livers of the rats, it did not induce any immediate symptoms.
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Introduction
The mangrove plant Rhizophora apiculata is 

found in Indonesia's coastline. Mangrove plants 
are known for their natural antioxidants and 
other bioactive substances essential for health. 
Some Indonesians use the plant’s fruits, flowers, 
and leaves in traditional medicine, particularly 
for treating heartburn and stomachaches [1]. 
Additionally, it has been used in India to treat 
amoebiasis, nausea, diarrhea, and vomiting [2]. 

Previous studies have shown that the bark 
extract of R. apiculata possesses antioxidant and 
anti-inflammatory properties [3-5]. Administering 
the extract can protect the pancreas [6], coronary 
artery [7], and testicles [8] of rats from damage 

caused by exposure to cigarette smoke. The extract 
contains active components such as tannin [9] and 
pyroligneous acid [10], which act as antioxidants 
and free radical scavengers, primarily found in the 
bark. Furthermore, studies indicated that ethanol 
extract of the bark exhibits anti-tumor [11], anti-
diabetic [12], and anti-microbial [9] effect. However, 
a subacute toxicity test of R. apiculata at a dose 
of 114 mg/kg body weight (BW) showed signs of 
liver toxicity in rats, while a dose of 228 mg/kg 
BW resulted in pancreatic toxicity [13].

Given the numerous benefits and uses of this 
extract, it is essentual to conduct a toxicity test 
using an animal model. The study aims to assess 
the safety of this extract in an animal model. 
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The research investigates the acute toxicity of the 
ethanolic extract of R. apiculata on the liver and 
kidney histology of Sprague Dawley rats, providing 
insights into its potential toxic effects on human 
and the relative toxicity of the substance [14]. 

Methods
Extract preparation

The maceration method was used to 
extract Rhizophora apiculata bark obtained from 
KPHL Gunung Balak on the shoreline of the Pasir 
Sakti sub-district, East Lampung (Figure 1). First, 
contaminants were removed from the barks, and 
it was sundried. Then, 1500 grams of dried bark 
were washed, chopped, and ground into powder 
using a grinder machine. The bark powder was 
macerated in 4 liters of ethanol 80% and blended 
homogenously for 24 hours. Next, the mixture was 
filtered using filter paper to obtain the filtrate. 
The filtrate was then evaporated using a rotatory 

evaporator at 50 oC to produce a solvent-free 
thick extract [6-8].

Animals 
An acute toxicity study of the ethanol extract 

from the bark of R. apiculata was performed in 
healthy male rats using the fixed dose method. The 
study was approved by the Ethical Commission 
of Medical Faculty, Universitas Lampung (1346/
UN26.18/PP.05.02.00/2023).

The sample in this study consisted of 30 
male Sprague Dawley rats, aged 8-10 weeks, 
and weighing 200-250 gram. Acclimatization 
and administration of the extract were carried 
out in the pet house of the Faculty of Medicine, 
University of Lampung. The rats were kept in a 
room with controlled conditions: temperature of 
20~25°C, relative humidity of 50-70%, and 12 
hours of artificial lighting time from 8:00 am 
to 8:00 pm. The rats were fed 20-25 grams per 
day, equivalent to 10% of their body weight, with 
feedings at 07.00 am and 4 pm. Drinking water 
was provided ad libitum. The cages cleaned by 
replacing the husks every three days. 

Acclimatization lasted for seven days. After 
the acclimatization, rats were randomly divided 
into five groups and placed into five cages, each 
containing six rats. The cages measured 40 x 30 
x 20 cm and were made from plastic [13,14]. 
Mangrove extract was administered to the rats 
on the first day, and the rats were observed for 
14 days. On the 15th day of the experiment, 
termination was carried out.

Administration of the extract 
After acclimatization, the rats were randomly 

divided into five groups. The KK group served as 
the negative control (healthy group) and was only 
given standard food and drink. Group KP1-4 were 
assigned single-dose oral administration of the 
extract at doses 5, 50, 300, and 2000 mg/kg BW, 
respectively [13, 14]. The rats were terminated 
on 15th day, and their organs were collected for 
histological preparations [13-15].  

Figure 1. Image of the R. apiculata plant. This plant grows 
on the coast, has distinctive roots reaching a height of 5 
meters, and sometimes has aerial roots that come out of the 
branches. The bark is gray.
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Histological preparation and examination 
Six steps were used to construct the histological 

preparations for the liver and kidney. Organs were 
sectioned, infiltrated, fixed, dehydrated, and cleared. 
The process began with 48 hours of fixation in 
a 10% buffer-neutral formalin solution. After 
trimming to a thickness of less than 0.5 cm, the 
organ samples were placed in a tissue cassette 
for use in the automatic tissue processor. 

The samples were immersed in graded alcohol 
solution (75%, 95%, and absolute alcohol) for 
dehydration, with each immersion lasting two 
hours. Clearing was done in two phases using 
xylol I and xylol II. Histoplast paraffin was used 
for impregnation. The embedding process was 
completed using a tissue embedding console. A 
rotary microtome Spencer was used for sectioning, 
resulting in pieces 4-5 mm thick. The sections 
were transferred to glass slide and kept in an 
incubator at 37oC for 24 hours. 

Before staining, the histological preparations were 
deparaffinized using xylol (I and II) solutions for 
two minutes. The preparations were then rehydrated 
by submerging them in graded alcohol (absolute 
alcohol, 95% alcohol, and 80% alcohol) for one 
minute each. The samples were then rinsed under 
running tap water for one minute and stained 
with Mayer's Hematoxylin dye [6-8].

Histological examination was performed under 
a 400x microscope to determine the number 

of necrotic and degradation cells in the liver. 
Additionally, tubular degeneration and inflammatory 
cells in renal histology were assessed. The severity 
of liver or kidney damage due to exposure to 
toxic substances was categorized according to 
the scoring system in Table 1 [6,15].

	  
Statistical analysis 

SPSS statistical analysis software was used 
for statistical analysis. The Shapiro-Wilk test was 
used to assess normality. Additionally, Kruskal-
Wallis and Post Hoc Mann-Whitney tests were 
conducted.

Results 
The results showed that there were no deaths 

or toxic symptoms in any of the treatment groups. 
During the 14-day observation period, there was 
no significant change in the weight of the mice 
in either the standard group or the group dosed 
up to 2000 mg/kg BW. 

Histological examination revealed no significant 
adverse effect of the extract at doses of 5 and 
50 mg/kg BW. The liver histology showed typical 
typical hepatocyte cells arranged radially, with no 
apparent swelling or abnormalities in the hepatic 
sinusoids (Figure 2). However, cell degeneration 
and necrosis were observed at doses of 300 mg/
kg BW (KP3) and 2000 mg/kg BW (KP4).

Table 1. Histological damage score of rat liver and kidney due to exposure to toxic substances

Score Liver description Kidney description

0 No degeneration of hepatocytes and necrosis in one 
microscope field of view observed

Normal

1 About 1-20% degeneration of hepatocytes and necrosis 
found in one microscope field of view (mild damage)

Mild (change less than 30%)

2 About 21-50% degeneration of hepatocytes and necrosis 
found in one microscope field of view observed 
(moderate damage)

Moderate (change less than 50%)

3 About 51-75% degeneration of hepatocytes and necrosis 
found in one microscope field of view (severe damage)

Severe (change more than 50%)

4 More than 75% degeneration of hepatocytes and 
necrosis found in one microscope field of view (very 
severe damage).
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Table 3. The rats’ histopathological liver damage evaluation (*significant)

Groups
Average of histological liver damage 

score
Mann-Whitney Post Hoc Test 

(liver)

KK (Control) 0 -

KP1 (5 mg/kg BW the extract) 0.8 0,071

KP2 (50 mg/kg BW the extract) 0.8 0,071

KP3 (300 mg/kg BW the extract) 1.04 0,036*

KP4 (2000 mg/kg BW the extract) 1.08 0.036*

Table 4. The rats’ histological kidney damage evaluation (*significant)

Groups
Average of histological kidney 

damage score
Mann-Whitney Post Hoc Test 

(Kidney)

KK (Control) 0 -

KP1 (5 mg/kg BW the extract) 0.4 0,134

KP2 (50 mg/kg BW the extract) 0.6 0.050

KP3 (300 mg/kg BW the extract) 1.4 0,005*

KP4 (2000 mg/kg BW the extract) 2.4 0,005*

Figure 2. Histological examination of rat liver of 400x magnification after treatment with R. apiculata bark extract. A. Key: 
a: vena porta hepatica, b: normal sinusoid, c: normal hepatocytes, ‣ : hepatocyte necrosis, ●: clowdy swelling, ■: sinusoidal 
dilation. B. 5 mg/kg BW extract group, C. 50 mg/kg BW extract group, D. 300 mg/kg BW extract group, E. 2000 mg/kg BW 
extract group
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In the kidney histology, tubular degeneration 
and inflammatory cells were found in the groups 
treated with 300 mg/kg BW and 2000 mg/kg BW) 
(Figure 3). The extract exhibited toxicities to the 
liver and kidneys at doses over 300 mg/kg BW, 
with significant differences (p<0.05) between the 
control group and the groups exposed to these 
higer dose (Tables 3 and 4).

The main histological changes in the rats' liver 
induced by the extract included cell degeneration 

and necrosis, dilation of the sinusoid, focal 
congestion, and vacuolar degeneration. These 
changes indicate metabolic disturbances caused 
by the extract. A dose of 300 mg/kg BW caused 
mild kidney damage, with approximately less than 
30% of the tissue containing inflammatory cells. 
The 2000 mg/kg BW caused moderate kidney 
damage (Figure 2). In contrast, doses of 5 and 
50 mg/kg BW did not cause inflammation of 
the kidney tissues.

Figure 3. Histological examination of rat kidneys at 400x magnification after treatment R. apiculata bark extract. A. 
Healthy control group, B. 5 mg/kg BW extract group, C. 50 mg/kg BW extract group, D. 300 mg/kg BW extract group, E. 
2000 mg/kg BW extract group. Key: a glomerulus (in A, B,C), b: tubulus. ⁎: inflammatory cells, □: tubular thyroidization (in E)
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Discussion 
Based on ethnographic exploration of traditional 

medicine, further in vitro and in vivo research is 
needed to reveal R. apiculata extract as a potential 
raw material for medicine. Previous studies have 
reported that this extract has antioxidant, anti-
inflammatory, anti-tumor, and other pharmacological 
effects [5-7,11]. However, before can be further 
developed into a medicinal product, it is necessary 
to study the potential side effects and toxic effects 
associated with its consumption [14,15].

In this study, rats were used as a model due 
to their similar sensitivity and metabolic systems 
to humans, as well as their rapid growth and 
ease of handling during experiments [14,15]. 
The liver and kidney were the primary organs 
observed in histological toxicity tests. The liver 
is a principal organ for metabolic activities, 
including the detoxification of endogenous and 
exogenous substances such as xenobiotics [16]. 
Some xenobiotics induce liver injury and damage, 
characterized by hepatocyte swelling, inflammation, 
and necrosis. These xenobiotics generate free 
radicals indirectly, leading to oxidative stress, 
which in turn causes pro-inflammatory cytokine 
expression and local inflammation [17,18].

The present study revealed toxic effect of 
R. apiculata extract on the liver and kidneys 
of rats, likely due to the presence of tannins 
and pyroligneous acid in the extract. These 
substances can cause cell damage and apoptosis 
[19,20]. Tannins, widely distributed in the plant 
kingdom, may inhibit microorganism growth and 
support plant tissues defense against infection. 
However, high doses of tannin can irritate mucous 
membranes. The phenolic group in tannins has a 
high affinity for protein, forming complexes that 
can bind with metal ions, leading to their absence. 
Metal ions are essential for certain enzymes to 
bind their active sites, and their lack can render 
cells inactive [19,21,22]. Previous findings indicate 
that acacia tannin extracts cause changes in cell 
internal structures and membranes, leading to 
organelle destruction and membrane rupture of 
microorganisms [23].

Inflammatory cells were observed in the 
kidneys when toxic doses were administered 
acutely. Inflammation is a protective response 
involving blood vessels, cells, proteins, and other 
mediators, aimed at eliminating the cause of cell 
injury, removing necrotic cells and tissue, and 
initiating tissue recovery. Poisons are diluted, 
destroyed, or neutralized by inflammation as a 
protective measure [24]. At a dose of 2000 mg/
kg BW, tubular thyroidization was observed, with 
some of the tubules appearing smaller and others 
dilated with colloidal mass content covered by 
squamous epithelium.

Conclusion
The study indicates that the safe and effective 

dose of R. apiculata bark extract for rats is 300 
mg/kg BW or below. Administration of R. apiculata 
extracts at acute doses of 300 and 2000 mg/
kg BW resulted in mild to moderate histological 
damage to the kidneys and livers of the rats. 
However, no immediate symptoms were observed.

Acknowledgment
The authors thank Hibah DIPA Fakultas 

Kedokteran Universitas Lampung 2023 for funding 
this research.

Funding
Hibah DIPA Fakultas Kedokteran Universitas 

Lampung 2023.

Declaration of interest
The authors declare that none of them has 

any conflict of interest.

Author contributions
Received: September 14, 2023
Revised: May 14, 2024
Accepted: June 11, 2024
Published online: July 7, 2024

https://doi.org/10.32889/actabioina.144


7Acute toxicity test of Rhizophora apiculata bark extract on rat liver and kidney histology

Acta Biochimica Indonesiana 6(2):144 | https://doi.org/10.32889/actabioina.144

References
1.	 Rizki R, Leilani I. Etnofarmakologi tumbuhan familia 

Rhizophoraceae oleh masyarakat di Indonesia. J 
Bioconcetta. 2017;3(1):51-60. https://doi.org/10.22202/
bc.2017.v3i1.2726

2.	 Nabeelah Bibi S, Fawzi MM, Gokhan Z, Rajesh J, Nadeem 
N, et al. Ethnopharmacology, phytochemistry, and global 
distribution of Mangroves-A comprehensive review. 
Mar Drugs. 2019;17(4):231. https://doi.org/10.3390/
md17040231

3.	 Rahim AA, Rocca E, Steinmetz J, Jain Kassim M, Sani Ibrahim 
M, Osman H. Antioxidant activities of mangrove Rhizophora 
apiculata bark extracts. Food Chem. 2008 Mar 1;107(1): 
200-7. https://doi.org/10.1016/j.foodchem.2007.08.005

4.	 Gao M, Xiao H. Activity-guided isolation of antioxidant 
compounds from Rhizophora apiculata. Molecules. 
2012;17(9):10675-82.https://doi.org/10.3390/
molecules170910675

5.	 Thatoi HN, Patra JK, Das SK. Free radical scavenging 
and antioxidant potential of mangrove plants: A review. 
Acta Physiol Plant. 2014;36(3):561-79. https://doi.
org/10.1007/s11738-013-1438-z

6.	 Mustofa S, Bahagia W, Kurniawaty E, Rahmanisa S, Audah 
KA. The effect of Mangrove (Rhizophora Apiculata) bark 
extract ethanol on histopathology pancreas of male white 
rats Sprague Dawley strain exposed to cigarette smoke. 
ActaBioIna. 2018;1(1):7-13. https://doi.org/10.32889/
actabioina.v1i1.2

7.	 Mustofa S, Alfa N, Wulan AJ, Rahmanisa S. Pengaruh 
pemberian ekstrak kulit batang bakau minyak (Rhizophora 
apiculata) etanol 95% terhadap arteri koronaria tikus 
putih (Rattus novergicus) jantan galur Sprague Dawley 
yang dipaparkan asap rokok. J Kedokt Univ Lampung. 
2019;3(1):28-33.

8.	 Mustofa S, Hanif F. The protective effect of rhizophora 
apiculata bark extract against testicular damage induced 
by cigarette smoke in male rats. ActaBiolna. 2019;2(1):23-
31. https://doi.org/10.32889/actabioina.v2i1.34

9.	 Sulaiman S, Ibrahim D, Kassim J, Sheh-Hong L. 
Antimicrobial and antioxidant activities of condensed 
tannin from Rhizophora apiculata barks. J Chem Pharm 
Res. 2011;3(4):773-6.

10.	 Loo AY, Jain K, Darah I. Antioxidant and radical scavenging 
activities of the pyroligneous acid from a mangrove plant, 
Rhizophora apiculata. Food Chem. 2007 Jan 1;104(1): 
300-7. https://doi.org/10.1016/j.foodchem.2006.11.048

11.	 Vinod Prabhu V, Guruvayoorappan C. Anti-inflammatory 
and anti-tumor activity of the marine mangrove Rhizophora 
apiculata. J Immunotoxicol. 2012;9(4):341-52. https://
doi.org/10.3109/1547691X.2012.660997

12.	 Selvaraj G, Kaliamurthi S, Thirugnasambandan R. Effect 
of glycosin alkaloid from Rhizophora apiculata in non-
insulin dependent diabetic rats and its mechanism of 
action: in vivo and in silico studies. Phytomedicine.2016; 
23:632-40. https://doi.org/10.1016/j.phymed.2016.03.004

13.	 Mustofa, S., Ciptaningrum, I., & Zuya, C. S. (2020). 
Subacute toxicity test of Rhizophora apiculata bark 
extract on liver and pancreas histopathology of rats. 
Acta Biochimica Indonesiana, 3(2), 89-97. https://doi.
org/10.32889/actabioina.v3i2.52

14.	 BPOM RI. Pedoman uji toksisitas nonklinik secara in 
vivo. Jakarta. Kepala Badan Pengawas Obat dan Makanan 
Republik Indonesia. 2014

15.	 Arndt TP, Boone LI. Clinical Pathology of the Rat. In: 
Suckow MA, Hankenson C, Wilson RP, Foley PL, editors. 
American College of Laboratory Animal Medicine,The 
Laboratory Rat (Third Edition). Academic Press; 2020.p. 
133-155. https://doi.org/10.1016/B978-0-12-814338-
4.00005-2

16.	 Chen J, Jiang S, Wang J, Renukuntla J, Sirimulla S, Chen 
J. A comprehensive review of cytochrome P450 2E1 
for xenobiotic metabolism. Drug Met Rev. 2019: 51(2). 
https://doi.org/10.1080/03602532.2019.1632889

17.	 Klaunig JE, Li X, Wang Z. Role of xenobiotics in the 
induction and progression of fatty liver disease. Tox Res. 
2018; 7(4): 664-80. https://doi.org/10.1039/c7tx00326a

18.	 Siriwardena AK. Reappraisal of xenobiotic-induced, 
oxidative stress-mediated cellular injury in chronic 
pancreatitis: a systematic review. World J Gastroenterol. 
2014;20(11):3033-43. https://doi.org/10.3748/wjg.v20.
i11.3033

19.	 Timotheo CA, Lauer CM. Toxicity of vegetable tannin 
extract from Acacia mearnsii in Saccharomyces cerevisiae. 
Int. J. Environ. Sci. Technol. 2018; 15: 659-64. https://
doi.org/10.1007/s13762-017-1430-z

20.	 Mahmud KN, Hashim NM, Ani FN, et al. Antioxidants, 
Toxicity, and Nitric Oxide Inhibition Properties of 
Pyroligneous Acid from Palm Kernel Shell Biomass. 
Waste Biomass Valor. 2019. https://doi.org/10.1007/
s12649-019-00857-w

21.	 Puteri FH, Widjaja J, Cahyani F, Mooduto L, Wahjuningrum 
DA. The Comparative Toxicity of Xanthones and Tannins 
in Mangosteen (Garcinia mangostana Linn.) Pericarp 
Extract against BHK-21 Fibroblast Cell Culture. Contemp 
Clin Dent. 2019;10(2):319-23. https://doi.org/10.4103/
ccd.ccd_579_18

22.	 Smeriglio A, Barreca D, Bellocco E, Trombetta D. 
Proanthocyanidins and hydrolysable tannins: occurrence, 
dietary intake and pharmacological effects. Br J Pharmacol. 
2017;174(11):1244-62. https://doi.org/10.1111/bph.13630

23.	 Liu Z, Zhou L, Liu D, Zhu Q, Chen W. Inhibitory mechanisms 
of Acacia mearnsii extracts on the growth of Microcystis 
aeruginosa. Water Sci Technol. 2015; 71(6):856-61. 
https://doi.org/10.2166/wst.2015.038

24.	 Scharf, P., Rizzetto, F., Xavier, L. F., & Farsky, S. H. P. 
(2022). Xenobiotics Delivered by Electronic Nicotine 
Delivery Systems: Potential Cellular and Molecular 
Mechanisms on the Pathogenesis of Chronic Kidney 
Disease. International Journal of Molecular Sciences, 
23(18), 10293. https://doi.org/10.3390/ijms231810293

https://doi.org/10.32889/actabioina.144
https://doi.org/10.22202/bc.2017.v3i1.2726
https://doi.org/10.22202/bc.2017.v3i1.2726
https://doi.org/10.3390/md17040231
https://doi.org/10.3390/md17040231
https://doi.org/10.1016/j.foodchem.2007.08.005
https://doi.org/10.3390/molecules170910675
https://doi.org/10.3390/molecules170910675
https://doi.org/10.1007/s11738-013-1438-z
https://doi.org/10.1007/s11738-013-1438-z
https://doi.org/10.32889/actabioina.v1i1.2
https://doi.org/10.32889/actabioina.v1i1.2
https://doi.org/10.32889/actabioina.v2i1.34
https://doi.org/10.1016/j.foodchem.2006.11.048
https://doi.org/10.3109/1547691X.2012.660997
https://doi.org/10.3109/1547691X.2012.660997
https://doi.org/10.1016/j.phymed.2016.03.004
https://doi.org/10.32889/actabioina.v3i2.52
https://doi.org/10.32889/actabioina.v3i2.52
https://doi.org/10.1016/B978-0-12-814338-4.00005-2
https://doi.org/10.1016/B978-0-12-814338-4.00005-2
https://doi.org/10.1080/03602532.2019.1632889
https://doi.org/10.1039/c7tx00326a
https://doi.org/10.3748/wjg.v20.i11.3033
https://doi.org/10.3748/wjg.v20.i11.3033
https://doi.org/10.1007/s13762-017-1430-z
https://doi.org/10.1007/s13762-017-1430-z
https://doi.org/10.1007/s12649-019-00857-w
https://doi.org/10.1007/s12649-019-00857-w
https://doi.org/10.4103/ccd.ccd_579_18
https://doi.org/10.4103/ccd.ccd_579_18
https://doi.org/10.1111/bph.13630
https://doi.org/10.2166/wst.2015.038
https://doi.org/10.3390/ijms231810293

