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Objectives: Phaleria macrocarpa (Scheff.) Boerl., an evergreen tree is found in Indonesia, Malaysia and
Oceania, explicitly Northern Territory of Australia and Papua New Guinea. The fruits are traditionally
used to treat various ailments including diabetes, psoriasis, looseness of the bowels, skin inflammation,
malignancy, kidney, liver and heart sicknesses. However, to date, no comprehensive study investigating
its toxicity profile utilizing liquid CO2 extract (LCE) has been reported in ICR mice. Hence, this research
was performed to investigate the both acute and sub-acute toxicities of the liquid carbon dioxide extract
from ripe fruit flesh of the P. macrocarpa in mice.
Methods: Acute toxicitywas assessed at a single dose of 3000mg/kg bw for 2weeks according to the up and
downmethodofOECD425guideline,while the sub-acute testwas assessed by liquid carbondioxide extract
at doses of 250, 500, 1000, and 2000 mg/kg bw for 28 days. The animals’ general behaviour, food intake,
body weight, organ coefficients, biochemical and histological morphology were observed and analysed.
Results: After acute exposure to LCE, there was no evidence of any severe or fatal effects in the mice. An
acute toxicity result exhibited that LD50 of LCEwas > 3000mg/kg bw. The findings of subacute toxicity eval-
uation revealed that LCE at doses of 250 and 500 mg/kg bw had no significant detrimental impact.
Moreover, LCE at 1000 and2000mg/kgbwdemonstrated toxicity to theheart, liver, kidney and lung inmice
identified by histological and biochemical investigation.
Conclusions: The results confirmed that the LCE dosage at 500 mg/kg bw is considered a safe dose that can
provide a better therapeutic effect without eliciting any adverse side effects.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Traditional medicinal plants play a crucial role in our everyday
life, and they are commonly used as healing hotspots to cure a vari-
ety of ailments. It was assessed that about 80% of the total popu-
lace relies upon customary medication for essential medical care,
particularly in underdeveloped nations and regions (Mintah
et al., 2019). More recently, the interest in regular herbal plant
treatments has expanded surprisingly in America and European
countries (World Health Organization. WHO Global Report on
Traditional and Complementary Medicine, 2019). The broad
acknowledgment of the customary medication can be ascribed to
its history of experimentation, accessibility, and affordability

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2022.101912&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2022.101912
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:rashidbioru@gmail.com
mailto:quahmed@iium.edu.my
mailto:quahmed@iium.edu.my
mailto:abmhelal@iium.edu.my
mailto:sahena@iium.edu.my
mailto:sahena@iium.edu.my
mailto:mobin.siddique@ubd.edu.bn
mailto:syed-azmi@hct.edu.om
mailto:syed-azmi@hct.edu.om
mailto:jahmed@ksu.edu.sa
mailto:mdzaidul.sarker@marianas.edu
mailto:mdzaidul.sarker@marianas.edu
https://doi.org/10.1016/j.jksus.2022.101912
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com


Md. Abdur Rashid Mia, Q.U. Ahmed, A.B.M. Helaluddin et al. Journal of King Saud University – Science 34 (2022) 101912
(Salmerón-Manzano et al., 2020). The dependency on herbal plants
with possible therapeutic benefits stimulates phytochemical and
pharmacological studies to evaluate their chemical components,
pharmaceutical value, and potential for drug discovery. During
recent years, a variety of clinical medicinal products and functional
meals foods, such as herbal drinks, teas and beverages, were found
based on indigenous ethics and scientific pharmacological research
on medicinal plants (Pereira et al., 2017). The World Health Orga-
nization regulatory authorities are increasingly concerned about
the safety and efficacy of medicinal products produced from the
traditional medicinal plants throughout their use (World Health
Organization, 2004). According to the reports, besides the haz-
ardous secondary metabolites present, some plant extracts may
be contaminated with air pollutants, particularly heavy metals,
which can further cause significant health problems (Rodríguez
and Mandalunis, 2018). As a result, it is essential to examine the
safety of plant extracts for human ingestion before evaluating their
possible therapeutic functions. Conducting acute and subacute oral
toxicity studies in vivo is one of the most effective approaches to
achieve these objectives (Pritchard et al., 2003).

In tropical circumstances, Phaleria macrocarpa blooms all year
long in the Southeastern Asian area, especially Malaysia, Indonesia
and Oceania (Mia et al., 2021). The fruit of P. macrocarpa grows on
the stems and branches of the trees, hanging from short stalks that
are attached to the trunk. The fruit of Phaleria macrocarpa is well-
known for its use as a healthy drink or tea, as well as in medications
and cosmetics (Zhang et al., 2012). Traditionally, the fruits are eaten
fresh, like guava, or combined with other relishes, like chili, to
improve their flavour (Easmin et al., 2015). The fruits of P. macro-
carpa have been claimed to treat diabetes, rheumatism, fever, heart
disease, and cancer (Easmin et al., 2015). Soeksmanto (Soeksmanto,
2006) observed that when mice were administered a dose of
170 mg/kg bw of butanol extract, they had moderate necrosis of
the proximal convoluted tubules (Soeksmanto, 2006). Armenia
et al. (Armenia et al., 2006) performed similar research in which
they induced P. macrocarpa extract at doses 200, 100, 50 mg/kg
bw in Japanese Quail for eight weeks and observed elevated serum
glutamate level as well as mild hepatic hypertrophy (Armenia et al.,
2006).

Plant materials can be extracted in many ways, both conven-
tional and non-conventional. The toxicity of plant extract or com-
pounds depends on the different factors such as extraction
procedure, temperature, pressure, nature of the solvent, and their
ratio (Soquetta et al., 2018). LCE is a non-conventional approach
that is more ecologically friendly than traditional methods due to
the reduced use of synthetic and organic chemicals, shorter operat-
ing time, and improved extract quality. In this technique, they
replace the organic solvents used in conventional extraction with
CO2, which is non-toxic, non-flammable, recyclable, and cheap. It
is also easier to remove from the extracts since it is non-reactive
with the extracts’ organic constituents (Rout et al., 2011; Aiello
et al., 2020). The major benefits of this technique are the recovery
of thermally labile and volatile compounds from residues using
low temperature and pressure (Azmir et al., 2013).

However, the non-conventional, liquid CO2 extraction method
of P. macrocarpa fruit flesh has yet to be tested for its toxicity
effects. Thus, the current research focuses on the safety of LCE of
P. macrocarpa fruit via acute and subacute toxicity assessments
in mice through oral administration.

2. Results

2.1. Acute toxicity study

The acute toxicity investigation found that a single dose of
3000 mg/kg treated orally resulted in no indication of morbidity
2

or death in experimental mice during the two-week study period
of the experiment. No behavioural alterations in mice were
observed during the entire treatment period. The body weight
increase of the treated experimental groups was somewhat lower
than that of the normal control group, but the difference was not
statistically significant (Table 1). The organ exhibited that coeffi-
cients of the heart, kidney, brain, and lung were all within the nor-
mal range at the end of the experiment, with the exception of the
liver, which was significantly decreased (Table 2). Furthermore, no
histological alterations were identified in the tissues of the LCE-
treated and control groups, with the exception of the liver and kid-
ney. During the 14-day monitoring period, no animals died. As a
consequence, the LD50 of LCE was estimated to be >3000 mg/kg bw.

2.2. Subacute toxicity study

2.2.1. Water intake, food consumption and body weight
There were no death or behavioural changes detected in the

LCE-treated groups compared to the control group throughout
the subacute trial. As displayed in Table 1, after the fourth week,
body weight gains were marginally lower in the experiment group
receiving doses of 500 and 250 mg/kg bw compared to the control
group with no significant difference. However, body weight gains
were significantly lower at the doses of 1000 (*p < 0.05) and
2000 (**p < 0.01) mg/kg bw which were 3.75 g and 1.63 g respec-
tively compared to the control group (8.90 g). Food intake reduced
substantially at dosages of 1000 mg/kg bw and 2000 mg/kg bw
when compared to the control (p < 0.05). Furthermore, food and
water intake were found to be lower in the 2000 and 1000 mg/
kg bw mice groups than the control group of mice (**p < 0.01).

2.2.2. Organ coefficient
The organ coefficient’s results are shown in Table 2. The organ

coefficients of the heart, lungs, and brain in treated groups ranging
from 250 to 2000 mg/kg bw did not vary significantly from their
control groups. However, the LCE dosage of 2000 mg/kg bw exhib-
ited a slight difference in the kidney and liver, compared to the
other groups.

2.3. Serum biochemistry analysis

LCE at 1000 and 2000 mg/kg bw revealed that TP and ALB sig-
nificantly decreased (Figure-1A.a) while ALP, CRE, BUN, ALT and
AST levels increased significantly (Fig. 1Ab, Fig. 1Ba and 1Bb) in
contrast to the control group. As far as the lipid profile is con-
cerned, TC, HDL-C and LDL-C were slightly increased at doses of
1000, 2000 and 1000 mg/kg bw respectively, whereas LDL-C and
TG had significantly decreased at higher dose and the rest of the
groups in lipid profiles were non-significant compared to the con-
trol group (1B.c). The GLU values (Fig. 1A.a) presented no signifi-
cant changes when compared, at different doses, to the control
group

2.4. Histopathological analysis

In the histological analysis, Groups (A-E) were for subacute tox-
icity and Group E was high dose (3000 mg/kg bw) of acute toxicity.
In acute toxicity, histological analysis of normal control mice has
not been shown here due to the normal findings of cellular struc-
ture similar to the sub-acute control mice. At the end of the exper-
iment period to ascertain toxicity elicited, important organs
kidney, including liver, lung, brain and heart of the mice in the con-
trol group and rest of the groups treated with different doses (250,
500, 1000 to 2000 mg/kg bw) in subacute and acute toxicity
(3000 mg/kg bw) were analysed for histopathological examination.
As shown in Fig. 2 to Fig. 6, the microscopic findings exhibited that



Table 1
Body weight gain, food and water consumption of mice.

Weeks Acute toxicity Sub-acute toxicity

Control 3000 Control 250 500 1000 2000

Initial weight (g) 30.20 ± 0.464 31.35 ± 0.366 30.53 ± 0.575 31.60 ± 0.722 30.60 ± 0.999 31.05 ± 0.951 30.80 ± 0.778
One week (g) 33.05 ± 0.533 33.45 ± 0.202 33.23 ± 0.545 33.03 ± 0.560 33.25 ± 0.777 31.95 ± 1.090 31.25 ± 0.702
Two weeks (g) 36.60 ± 0.564 35.90 ± 0.108 35.90 ± 0.367 35.10 ± 0.639 34.30 ± 0.656 32.85 ± 1.144 31.50 ± 0.607
Three weeks (g) – – 37.60 ± 0.286 36.90 ± 0.715 35.70 ± 0.863 33.90 ± 0.991 31.83 ± 0.657
Fourth (week) – – 39.43 ± 0.263 38.68 ± 0.872 37.25 ± 0.655 34.80 ± 1.150 32.43 ± 0.544
BWG 6.4 4.65 8.90 7.05 6.65 3.75* 1.63**

Food intake (g/W) – – 236.3 ± 4.813 198.3 ± 5.452 191.5 ± 4.975 154.8 ± 9.578* 140.8 ± 6.945*
Water intake (mL/W) – – 314 ± 3.416 286.5 ± 4.349 282.5 ± 3.227 216 ± 12.06* 205.3 ± 6.799*

Values are means ± SEM (n = 4). *p < 0.05 and **p < 0.01 significantly different from the control group.

Table 2
The organ coefficient results of mice treated orally with LCE.

Parameters Acute toxicity Sub-acute toxicity

Control 3000 Control 250 500 1000 2000

Heart (g/100 g) 0.59 ± 0.019 0.59 ± 0.012 0.60 ± 0.021 0.61 ± 0.011 0.62 ± 0.020 0.62 ± 0.026 0.63 ± 0.014
Liver (g/100 g) 4.93 ± 0.014 4.81 ± 0.005 4.95 ± 0.059 4.91 ± 0.009 4.90 ± 0.051 4.92 ± 0.09 4.80 ± 0.011
Kidney (g/100 g) 1.41 ± 0.006 1.47 ± 0.017 1.52 ± 0.009 1.53 ± 0.010 1.52 ± 0.09 1.53 ± 0.010 1.58 ± 0.008
Lung (g/100 g) 0.64 ± 0.003 0.63 ± 0.006 0.68 ± 0.006 0.64 ± 0.011 0.66 ± 0.008 0.67 ± 0.012 0.68 ± 0.006
Brain (g/100 g) 1.20 ± 0.005 1.21 ± 0.006 1.22 ± 0.009 1.23 ± 0.011 1.25 ± 0.009 1.26 ± 0.09 1.25 ± 0.013

Values are means ± SD (n = 4).
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slight pathological alteration in liver, kidney, lung, and heart were
observed in the treated animals after receiving the higher dose
from 1000 to 2000 mg/kg bw of LCE, whereas another vital organ
in the form of the brain showed no notable pathological alterations
(Fig. 2, from A–F).

The microscopic observation of the liver structure of animals
that were administered at 500 and 250 mg/kg bw was comparable
to the control (Fig. 3A–C) and no indication of any alteration and
apoptosis was noticed. On the other hand, animals receiving the
highest dose at 1000 and 2000 mg/kg bw (Fig. 3D and E) displayed
certain toxicities in the form of necrotic hepatocytes, dilated cen-
tral vail and lymphocytic infiltration when these groups were com-
pared to the control group. However, during the acute toxicity
study, only necrotic hepatocytes toxicity effect was observed at a
dose of 3000 mg/kg bw.

Thekidney’s histological assessment is shown in Fig. 4(A–F).Nor-
mal glomeruli and tubules were observed at the doses of 250 and
500 mg/k g bw and control groups. However, in the other high dose
treatment groups, dilated tubules, focal degeneration, apoptosis,
renal lesions and tissue haemorrhages were observed (Fig. 4D–F).

In Fig. 5, a number of pathological alterations in the lung were
detected in the 2000 mg/kg bw treated group, including increased
thickness of the edematous capillary endothelium cells, alveolar-
capillary wall, dissolution of partial structure, breakdown of pul-
monary alveoli and disruption of the structure of cell membrane
(Fig. 5E).

A control mouse’s heart had normal myocardial fibre architec-
ture (Fig. 6A). Extensive hyalinization, fragmentation and degener-
ation of cardiac fibres with congested blood vessels were seen in
mice treated with 2000 mg/kg bw (Fig. 6E); similar effects were
not detected in animals treated with lower dosages.

3. Discussion

Traditional herbs have been used for millennia to cure a variety
of illnesses (Newman, 2020). Phytotherapy is becoming more pop-
ular as theWHO promotes suitable ethnomedicinal usage and indi-
cates the safety evaluation of herbal medications. The FDA and
WHO both highlight the need of conducting scientific research to
validate the efficacy and safety of herbal treatments (Avila et al.,
3

2020; World Health Organization, 1993). A preliminary toxicolog-
ical study is required to verify the safety of herbal medicines before
they may be recommended for the treatment of various communi-
cable and non-communicable syndromes. The fruits of P. macro-
carpa are rich in flavonoids and have long been used in folk
medicine to treat certain chronic illnesses. However, no data on
the toxicity of P. macrocarpa fruit flesh using non-conventional
methods have been published so far. As a result, toxicological anal-
yses are necessary to assess safety, emphasizing the importance of
evaluating the toxicological profile when determining a safe dose
(Mia et al., 2021). In this research, oral acute and sub-acute toxicity
effects of P. macrocarpa fruits liquid carbon dioxide extract were
investigated using a mice model. Mice are one of the most com-
monly used mammalian species in preclinical investigations span-
ning from pharmacology to safety evaluation. Mice are genetically
quite similar to humans. Moreover, one year lifespan of mice is
considered equivalent to approximately 30 years lifespan of
human beings (Hsu et al., 2011).

The acute toxicity result revealed that no toxic symptoms, mor-
tality, or apparent behavioural abnormalities were seen in any ani-
mals at the tested doses. As a result, the P. macrocarpa fruits liquid
carbon dioxide extract (LCE) may be classified as non-toxic using
the acute toxicity classification technique (Duan and Liang,
2011). However, the histological alterations were observed in the
liver and kidney at 3000 mg/kg bw. To confirm the safe dose, sub-
acute toxicity assessments were carried out with four different LCE
doses (250, 500, 1000, and 2000mg/kg bw) for consecutive 28 days.
The intermediate and high doses of the LCE (1000 mg/kg and
2000 mg/kg, respectively) significantly decreased food consump-
tion, weight gain and water intake in mice during the testing
phase, indicating that high doses of the LCE had negative side
effects. The body weight changes might be attributable either to
reductions in food and water consumption or to organ damage
induced by the test plant extract (Deyno et al., 2020). A similar
finding was also previously revealed by Yang et al. (2019) and
Lazic et al. (2020) in which it was indicated that the significant
reduction in body weight gain of the treated group was most likely
caused by increasing the dose and duration of exposure to test sub-
stances. The weight of the organ coefficient is useful in determin-
ing whether the organ is normal or has become pathological



Fig. 1A. a. Biochemical analysis of TP, ALB and GLU, Values are means ± SEM (n = 4). *p < 0.05 significantly different from control group (two-way ANOVA followed by Tukey’s
multiple comparisons test) b. Liver function test (ALP, ALT and AST). Values are means ± SEM (n = 4). *p < 0.05, **p < 0.01 and ***p < 0.001 significantly different from control
group (two-way ANOVA followed by Tukey’s multiple comparisons test). Legends: A-Normal control (without LCE extract), B-250 mg/kg bw, C-500 mg/kg bw, D-1000 mg/kg
bw, E-2000 mg/kg bw.
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(Oyenihi et al., 2021). At the end of the subacute period, there were
significant differences in the relative organ weight of liver and kid-
ney at doses of 1000 and 2000 mg/kg bw treated groups (p < 0.05).
Changes in the weight of an internal organ may be the only evi-
dence to show that an organ is not normal. Similar phenomenon
was also revealed by Aboryag et al. (2017) and Traesel et al.
(2014) in which the kidney weight had been reported to be chan-
ged due to morphological abnormalities such as tubular hypertro-
phy. Therefore, serum biochemical and histopathological
parameters were evaluated for the toxicity of LCE and determined
major toxic effects on organs.

The liver’s activity can be determined by biliary secretion, pro-
tein synthesis, glucose metabolism, or by examining aberrant pro-
tein levels in the blood to see if the liver cells viz., hepatocytes have
been destroyed (Peng et al., 2016). AST, ALP and ALT are important
parameters which are increased in the bloodstream when the liver
is damaged or injured (Yalçın et al., 2020). Furthermore, elevated
levels of these enzymes are linked to hepatitis, liver necrosis and
liver toxicity, making them useful in the diagnosis of liver illness
(Khaoula and Ali, 2020). In this research, the ALT, AST, and ALP
levels in the 1000 mg/kg and 2000 mg/kg LCE treated groups
increased significantly (p < 0.05), indicating that large doses may
be toxic to the liver tissue and result in hepatic damage. The serum
4

value of TP and ALB at doses of 1000 and 2000 mg/kg bw was sub-
stantially lower than those of the control group, showing a
decrease in liver capability to synthesize proteins while protein
excretion increased in renal capacity (Yun et al., 2018). At high
doses, the substantial decrease in food and water consumption in
mice may have resulted in reduced protein synthesis. Urea and cre-
atinine are the most vital parameters involved in renal function
which damage glomeruli of the kidney due to elevating their level
in the blood (Abouelghar et al., 2020). The urea and creatinine
levels of mice in the group of 1000 mg/kg and 2000 mg/kg bw.
exhibited a significant increase in comparison to those of the con-
trol group (p < 0.05) which indicated impairment of renal function.
These findings were also confirmed by the microscopic observation
of the kidney which showed tissue edema, congestion of the ves-
sels at dosages of 2000 mg/kg bw. All these findings were steady
with the reduction in TP and ALB, which was further verified by
histological examination.

However, there was a significant difference in lipid profile at
high doses, implying that LCE influenced lipid metabolism in mice.
Although, the glucose level was decreased at high doses but it still
remained in the normal range.

The histological investigations supported the biochemical anal-
yses. Differences in histopathology occurred predominantly in the



Fig. 1B. a. Urea, Values are means ± SEM (n = 4). **p < 0.01 significantly different from control group (two-way ANOVA followed by Dunnett’s multiple comparisons test).
Legends: A-Normal control (without LCE extract), B-250 mg/kg bw, C-500 mg/kg bw, D-1000 mg/kg bw, E-2000 mg/kg bw. b. CRE Values are means ± SEM (n = 4). **p < 0.01
significantly different from control group (two-way ANOVA followed by Dunnett’s multiple comparisons test) c. Biochemical analysis of lipid profile (TC, HDL-C, LDL-C and
TG). Values are means ± SEM (n = 4). *p < 0.05 and **p < 0.01 significantly different from control group (two-way ANOVA followed by Dunnett’s multiple comparisons test).
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lung, heart, liver and kidney (Yang et al., 2019). In the microscopic
observation, hyperemia was also found in the lungs at 2000 mg/kg
bw. High doses of LCE could lead to alterations in different indices
in mice. TP and ALB biochemical indexes were also considerably
less, according to blood and biochemical analyses. The ALT, AST
and BUN, CRE were substantially increased and resulted in serum
biochemical disturbance with different ions (Zhou et al., 2017;
Zhao et al., 2020). These findings indicated that higher doses of
LCE might cause heart disease, glomerular enlargement, partial
apoptosis, alveolar congestion and heart cell damage to mouse
organs. The histological slices can confirm all lesions. However,
5

additional research is still needed on the precise mechanism eli-
cited for harmful activity.

4. Materials and methods

4.1. Sample preparation for extraction

P. macrocarpa’s fruits were initially washed with the clean water
and subsequently dried with the help of tissue papers to eliminate
any debris. The fruits were then split into flesh and seed parts.
After that, the fruit’s flesh was chopped into small pieces and put



Fig. 2. Histology of the brain. A (Normal control), B (250 mg/kg bw), C (500 mg/kg bw), D (1000 mg/kg bw), E (2000 mg/kg bw) and F (3000 mg/kg bw). Red arrow-
oligodendroglia (magnification 40�).

Fig. 3. Histology of liver. A (Normal control), B (250 mg/kg bw), C (500 mg/kg bw), D (1000 mg/kg bw), E (2000 mg/kg bw) and F (3000 mg/kg bw). Green arrow-nuclei of
hepatocytes, orange arrow- central vain, light blue- sinusoids, blue arrow-lymphocytic infiltration, yellow arrow-necrotic hepatocytes, red arrow-dilated central vein.
(magnification 40�).
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in the oven at 30–35 �C until complete dryness. The completely
dried samples were crushed to a fine powdered form using a
Fritsch Universal Cutting Mill-115 (Pulverisette 19-Germany)
(Azmi et al., 2021) and carefully kept at room temperature until
further usage to carry out other experiments.

4.2. Liquid carbon dioxide extract preparation

With certain modifications, the LCE method was carried out
according to the approach outlined by Aiello et al. (Aiello et al.,
6

2020). P. macrocarpa fruits powder (250 gm) was soaked in ethanol
at a sample: ethanol (co-solvent) ratio of 1:2 and put in an extrac-
tion vessel. The ratio of carbon dioxide solvent to feed was 24:1.
Extraction of feed materials was carried out at 6.9 to 7.0 MPa
and temperatures ranging from 29 to 30 �C. The liquid carbon diox-
ide then flowed into the vessel to begin the smooth process of
extraction. By vaporization in the reboiler, the extracts were sepa-
rated from the liquid CO2. The extracts were then left at the bottom
of the reboiler. Extraction was carried out until there was no more
solution flowing out of the system. The extract from the cyclone



Fig. 4. Histology of kidney. A (Normal control), B (250 mg/kg bw), C (500 mg/kg bw), D (1000 mg/kg bw), E (2000 mg/kg bw) and F (3000 mg/kg bw). Blue arrow- distal
convoluted tubules, black arrow -glomerulus, green arrow-dilated tubules, orange arrow- focal degeneration, yellow arrow-apoptosis, red arrow-renal lesions/tissue
haemorrhages (magnification 10�).

Fig. 5. Histology of lung. A (Normal control), B (250 mg/kg bw), C (500 mg/kg bw), D (1000 mg/kg bw), E (2000 mg/kg bw) and F (3000 mg/kg bw). Red arrow-lung showing
extensive emphysema and focal fibrosis of the alveoli with ruptured alveolar walls, yellow arrow-haemorrhage with degeneration of alveoli (magnification 40�).
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separator was collected using the blue-top Schott container. Fol-
lowing collection, the ethanol was evaporated using a rotary evap-
orator and stored at �80 �C until further analysis.

4.3. Animals

In this research, twenty-eight male pathogen-free ICR experi-
mental mice (28–34 g), 6–7 weeks old as well as the animal feed
were purchased from the local animals’ provider ‘‘A-sapphire enter-
prise Ltd., Kuala Lumpur, Malaysia”. The animal feed was composed
of fat (5%), carbohydrates (60%), fiber (5%) and protein (20%). All the
7

experimental mice were kept in an SPF grade laboratory at constant
humidity (40%–70%) and room temperature (22 ± 2 �C) on a 12-h
light–dark cycle. All animals were kept in sterile polypropylene
cages and provided a basic diet as well as filter water. Prior to treat-
ment, the mice were acclimatized for 7 days.

4.4. Acute oral toxicity

The acute toxicity evaluation was done according to the Organi-
zation for Economic Cooperation and Development (OECD) guide-
lines 425 (Organisation for Economic Co-operation and



Fig. 6. Histology of heart. A (Normal control), B (250 mg/kg bw), C (500 mg/kg bw), D (1000 mg/kg bw), E (2000 mg/kg bw) and F (3000 mg/kg bw). Blue arrow- nuclei of
myocytes, yellow arrow-muscle fibre, red arrow-intercalated disc, black arrow -aggregation, green arrow-blood vessel (magnification 40�).
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Development (OECD)/OCDE, 2008). Animals were dosed one at a
time by following the up-and-down process. Eight mice having
their weight ranging from 28 to 32 g were divided randomly into
two different groups having four mice in each group (control and
3000 mg/kg). The LCE dose was chosen by the guidance based on
the substance’s hazardous potential. The control group was given
the same amount of distilled water as the experimental group in
order to create a comparison. Mortality and general behaviour
alterations were observed at 30 min, 2 h, 4 h, 6 h, 10 h, and 24 h
after administering the extract on the starting day and then daily
for a total of fourteen consecutive days. The animals’ general beha-
viours including salivation, breathing difficulty, tremors, faeces
consistency, itching, fur & skin, hypo-activity, sleep, convulsion,
coma, and mortality were observed daily for a total of 2 weeks.
Food and water, given to mice, were measured every day at the
same time. The difference was used to determine the amount of
food (water) consumed. During therapy, water intake, and food
consumption were monitored daily and body weight variations
were reported weekly. In the meantime, mice’s deaths and abnor-
malities were noted.

4.5. Subacute oral toxicity

The subacute toxicity assay was carried out for 4 weeks accord-
ing to the OECD 407 guidelines (OECD (Organization for Economic
Cooperation and Development), 1995) Briefly, twenty male mice
were randomly divided into five groups comprising four mice each.
The LD50 in this research was found to be >3000 mg/kg bw. Based
on that dose, the treated groups were orally administered LCE at
doses of 2000, 1000, 500, and 250 mg/kg bw via oral gavage for
28 days, whereas the control group was given distilled water.
Throughout the treatment, the toxicity indicators and abnormal
behaviours were all monitored on a regular basis. The weight
was kept track of on a weekly basis. All animals were anaesthetized
with pentobarbital at the end of the study, and blood samples were
taken immediately for biochemical examinations. The specific vital
organs namely liver, brain, heart, lung, and kidney were taken and
weighed in order to determine organ coefficients, while tissues
8

were collected and used for histological examination (Porwal
et al., 2017). Using the following equation, the relative organ
weight was determined in relation to the body weight of the
mouse (Betti et al., 2012).

Relative weight organ %ð Þ ¼ Organ weight � 100
Body mouse weight
4.6. Histological observation

The experimental mice were carefully euthanized, and subse-
quently their vital organs (liver, kidney, brain, lung, and heart)
were preserved in 10% buffered formalin followed by a standard
histological procedure that included tissue processing and paraffin
embedding. Subsequently, these tissues were sliced at 5 mm using a
microtome blade and all sections were meticulously stained with
hematoxylin and eosin. All slides were then viewed under light
electron microscope (LEICA 3 MSCOPE MODEL).

4.7. Biochemical analysis

For evaluating the biochemical parameters, the whole blood
was taken in a plan tube, serum separator, from mice and put
around 20 �C until blood clotting, then it was centrifuged at
3000 rpm for 15 min to get the serum. Some biochemical parame-
ters such as glucose (GLU), total protein (TP), alkaline phosphatase
(ALP), creatinine (CRE), alanine aminotransferase (ALT), albumin
(ALB), aspartate aminotransferase (AST), triglycerides (TG), urea,
high-density lipoprotein cholesterol (HDL-C) and total cholesterol
(TC) were analysed using Backman coulter AU 480. Low density
lipoprotein (LDL)-Cholesterol was calculated by following the
Friedewald equation (Friedewald et al., 1972).

LDL-Cholesterol = TC-(TG/5 + HDL). All units here are mg/dL.

4.8. Statistical analysis

Data have been represented as mean ± standard error of mean
(SEM). In order to assess the significant differences (p < 0.05,
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p < 0.01, p < 0.001), the values were examined using one-way and
two-way ANOVA followed by Dunnet’s, Tukey’s and Sidak’s multi-
ple comparison tests (GraphPad Prism 7.00).
5. Conclusions

The acute and subacute toxicity of P. macrocarpa fruits liquid
carbon dioxide extract was studied via oral administration in mice
in this research study. The results revealed no mortality among
mice after single oral administration of the tested doses. The
LD50 of LCE for mice was found to be more than 3000 mg/kg bw
and the LCE showed slight toxicity in liver histology when com-
pared to the control group. According to the findings of the suba-
cute toxicity test, it was discovered that the LCE caused
alterations in several parameters, which were shown to be dose–
response related. As a result, at a dose 1000 mg/kg bw, the extract
exhibited modest toxicity, albeit it was not substantial during daily
oral administration. As a result, it should be used with caution
when administered. Mice exposed to higher dosages (2000 mg/kg
bw) of the extract showed signs of toxic effects on their liver,
spleen, kidney, and lungs. In summary, the dose of up to 500 mg/
kg bw liquid carbon dioxide extract of P. macrocarpa fruit can be
considered a safe dose. So, this safe dose is much higher in liquid
carbon dioxide extraction than the previously reported safe dose
using conventional extraction methods. These findings give impor-
tant early information on the toxicity profile of P macrocarpa fruits.
As a result, more evaluations (such as investigations of genotoxic-
ity, sub-chronic toxicity) are necessary before this plant may be
recommended to be used in clinical trials. It is essential to realize
that medicinal plants should be studied and assessed in terms of
their toxicity and safety based on their solvent and extraction tech-
nique. So, while developing an LCE-based phytomedicine, the dose
must be chosen carefully to maximize efficacy while minimizing
adverse side effects.
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