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Hyperuricemia is defined as a metabolic abnormality that occurs when serum uric acid (UA) level is
abnormally high in the body. We previously reported that A. longiloba possesses various important phy-
tochemicals and in vitro xanthine oxidase activity. Despite A. longiloba ethnomedicinal benefits, its toxi-
city and anti-hyperuricemic effects have not been reported. The present study was carried out to ensure
the safety and investigate the anti-hyperuricemic effects of A. longiloba fruit and petiole ethanolic
extracts on rats. In the acute toxicity study, extracts were orally administered at a dose of 2000 mg/kg
bodyweight and closely monitored for 2-week for any toxicity effects. The rats were then sacrificed
and samples were collected and analyzed for hematological, biochemical, and histopathological param-
eters. The anti-hyperuricemic effect of A. longiloba fruit or petiole extract was investigated through deter-
mination of UA levels on potassium oxonate (PO)-induced hyperuricemic rats. Extracts or standard drug
treatments were orally administrated 1-h after PO administration for 14-day. Animals were euthanized
and samples were collected for further experiments. The toxicity results show, no significant changes
were observed in behavioral, bodyweight changes in experimental groups compared to the control.
Moreover, there were no significant changes in hematological, biochemical, and histological parameters
between extracts treated and control group. In the anti-hyperuricemia study, the fruit and petiole
extracts treatments significantly reduced the level of UA in serum compared to the hyperuricemic model
group. This study demonstrated that the extracts of A. longiloba have anti-hyperuricemic activity and was
found to be non-toxic to rats in acute toxicity test.
� 2022 The Authors. 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

Over the last decades, hyperuricemia (HU) has become a serious
global health issue due to its increased prevalence and the associ-
ated risk of several diseases including cardiovascular, inflamma-
tory arthritis, renal, and heart disease (Huang et al., 2020;
Leander et al., 2021; Russo et al., 2021). HU is an abnormal meta-
bolic condition that results from higher levels of serum uric acid
(UA) in the human blood exceeding 6.8 mg/dL (female) and
7.0 mg/dL (male) (Chen et al., 2016; Benn et al., 2018; Barkas
et al., 2018; Seong et al., 2021). The global prevalence of HU has
increased significantly over the years with the highest prevalence
were reported in the United States of America (>21%), followed
by Korea (>10%), Taiwan (10%), and in Malaysia (5%) (Liu et al.,
2015; Hafez et al., 2017; Ali et al., 2018; Gaur et al., 2018) and is
most prevalent among men (Richette et al., 2014; Shahin et al.,
2021). UA is the waste material of purine metabolism in humans
and is produced by the oxidation of xanthine oxidase (XOD). The
source of UA has been identified by several scientists (Miao et al.,
2009; Ali et al., 2018; Lee et al., 2020). Approximately one-third
of serum UA is endogenously-produced and the rest is produced
during purines metabolism (Cornelis et al., 2011; Mallat et al.,
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2016; Srivastava et al., 2018). In humans, about 70% of urate is
removed by the kidney and the remainder by the gastrointestinal
tract (Tan et al., 2016). While, in rodents (rats and mice), the uric-
ase enzyme further converts UA into allantoin, which is more effi-
ciently excreted by the kidney and eliminated from the body
through urine (Desideri et al., 2014; Chen et al., 2016; Braga
et al., 2020; An et al., 2021). However, human often lacks the uri-
case enzyme and therefore abnormal UA may be accumulated in
the blood (Riches et al., 2009; Richette and Bardin, 2010; Winder
et al., 2021).

The main pharmacological agents used for the treatment of HU
is mainly by using UA synthesis inhibitor and excretion promoter
drugs, such as allopurinol, colchicine, and NSAIDs (Kostić et al.,
2015; Rahmi et al., 2020). XOD inhibitors reduce UA concentrations
by inhibiting UA synthesis. However, drugs used to treat HU have
shown adverse effects include skin rash, diarrhea, and liver damage
(Hafez et al., 2017; Srivastava et al., 2018). Therefore, natural med-
icine that helps reduction of UA concentration in the human body,
become top global priority and a hotspot of metabolic disorder
research.

Medicinal plants or herbs have long been utilized in folk
medicines to treat several ailments in several parts of the world
(Okoye et al., 2014; Oladeji, 2016; Ferid et al., 2020; Nur-Izzati
et al., 2021). Ifeoma and Oluwakanyinsol (2013), reported that
approximately one-fourth of pharmaceutically prescribed in the
world contains at least one plant-based constituent. It is well
known that medicinal plants are rich sources of various secondary
metabolites (SM’s) which are responsible for their biological effects
in mammals (Sarkar et al., 2021). SM’s also called phytochemicals
include phenolic, flavonoids, tannins, and others. These important
natural chemicals have been widely reported to have biological
effects that are important for drug manufacturing (Kabir et al.,
2016; Maher et al., 2021a, 2021b; Hazra et al., 2020; Bharadwaj
et al., 2021a, 2021b, 2021c). In recent times, treating disease using
plant-derived products has gained significant attention worldwide
due to several reasons, including efficacy, availability, affordability,
considered fewer/no side effects (Mintah et al., 2019; Abdulhafiz
et al., 2020a; Mohammadi et al., 2020; Mohammadi et al., 2022;
Roumeliotis et al., 2021).

Although therapy involves herbal medicines have shown
promising results in treating several diseases, there is limited
information concerning the potential toxicology effects that plant
may cause to the users (Ekor, 2014). Medicinal plants can produce
toxic and poisonous substances that may affect the entire human
organ system, with some substances produced from plants could
be deadly too (Reduan et al., 2020a). Hence, toxicity study of plants
is crucial to examine the risks that may be related to the use of
plants, plants parts, or plant-derived products, therefore it can help
to avoid the possible side effects when used as medication.

A. longiloba is a medicinal herb and is locally known as ‘‘Keladi
candik” or ‘‘Keladi Rimau” in Kelantan, Malaysia (Yusoff et al.,
2013; Ridley and Curtis, 1902; Nur-Hadirah et al., 2021;
Zulhazman et al., 2021). A. longiloba species is widely distributed
in tropical Asia countries such as Cambodia, Laos, Vietnam, South
West China, India, Peninsular Malaysia, Thailand, and Singapore.
Mostly found in the rainforest and grow understory, in swampy
areas and well-drained slopes, occasionally on rocks at the altitude
of 0–500 m above sea level (Nur-Alya et al., 2021). In Malaysia, the
plant has been used traditionally (mostly fruit and petiole) to treat
wounds and inflammation (Hamzah et al., 2019). It has also been
used for cough and high-fever treatment in India (Das, 2018).
Our previous studies show that A. longiloba has in vitro XOD inhibi-
tory, high antioxidant and wound healing activities (Hamzah et al.,
2019; Abdulhafiz et al., 2020a; Abdulhafiz et al., 2020b). Hence, the
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present study was carried out to ensure the safety and investigate
the anti-hyperuricemic effects of A. longiloba EtOH fruit and petiole
extracts in rats.
2. Materials and methods

2.1. Chemicals and apparatus

Ethanol 95% and Dimethyl sulfoxide (DMSO) 99% was procured
from R&M chemicals Co. Ltd (United Kingdom). Formaldehyde
(37% formalin), Blood Collection Tubes (EDTA tubes), normal tubes,
syringe, needles, stainless steel oral gavage needle, plastic cas-
settes, paraffin wax, haematoxylin, eosin, and microscopic slides
were procured from a local vendor. Potassium oxonate (PO) and
UA assay kit (ab65344) (Abcam, Cambridge, United Kingdom). All
the chemical and reagents used in the present studies were analyt-
ical grade. For blood analysis, RANDOX Blood Analyzer (Crumlin,
United Kingdom) was used. A compound microscope (Olympus
CX-21, Tokyo, Japan) was used for the histological study for the
microscopic observations during histological study. Thin section
preparations were done using a rotary microtome (Leica
RM2245, Buffalo Grove, United States).
2.2. Collection of plant and extract preparation

The fruit and petiole of A. longiloba were collected from Sering,
Kelantan, Malaysia (6.128920� N, 102.323295� E) between January
and February 2020. The plant samples were authenticated by Dr.
Zulhazman Hamzah at Universiti Malaysia Kelantan, Campus Jeli.
The authenticity of the plant was also verified with previously pub-
lished articles (Hamzah et al., 2019; Nur-Alya et al., 2021). The fruit
and petiole parts were detached from the mother plant, followed
by washing with running water. The samples were then dried on
oven-drier at the temperature of 40 �C for a 72-h. Subsequently,
the dried sample was pounded into a fine powder and kept at
8 �C for further use. The powder was then extracted with EtOH
(95%) using Soxhlet extraction apparatus (1:10 w/v) for 6-round
and then the solvent was separated from the crude compound
using a vacuum evaporator. The extracts were then kept in the
fume hood to allow the remaining solvents to evaporate for 24 h
and then the extracts paste were kept at 8 �C until further
experiment.
2.3. Animal ethics and preparation

All experiments were approved by the Institutional Animal Care
and Use Committee (IACUC), Faculty of Veterinary Medicine,
Universiti Malaysia Kelantan, Kota Bahru, Malaysia (Approval
number: UMK/FPV/ACUC/PG/1/2020). Healthy Sprague Dawley
(SD) rats were purchased from ARASC. In toxicity assessment, a
total of 15, 6-week-old SD male rats (180–200 g) were used and
the rats were randomly selected, labelled, and kept in the polycar-
bonate rat cage (410 � 282 � 153 mm) for 1 week prior to dose
administration to get adapted to the laboratory conditions. The rats
were kept in an animal rooms (Department of Paraclinical Study,
Faculty of Veterinary Medicine, Universiti Malaysia Kelantan) with
an air-conditioned environment at 22–25 �C in 12/12 h light/dark
condition and humidity at the range of 60–65%. The animal cage
and water bottles were cleaned every 3 days. In the anti-
hyperuricemia study, a total of 35, 6-week-old SD male rats
(180–200 g) were used.
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2.4. Acute oral toxicity assessment

2.4.1. Animal group and dosage preparation
Toxicity assessment was carried out in accordance with the

guideline of the Organization for Economic Co-operation and
Development (O.E.C.D). The rats were randomly grouped into three
groups (n = 5); group A, B, and C. Group A were treated with deion-
ized water (control), while group B and C were given a single dose
of 2000 mg/kg body weight of fruit and petiole extracts orally,
respectively. The rats were fasted for 3-h prior to plant extracts
treatment following the protocol of Aliyu et al. (2020a). Thereafter,
all animals were maintained on standard animal feed (rat chow)
and sterile water ad libitum until the end-point of the experiment

2.4.2. General assessments and bodyweight
After administration of A. longiloba extracts, the rats were clo-

sely monitored for the first 4 h and then every day for 2 weeks.
The observed parameters include behavioral signs (restlessness,
dullness, and distress), respiratory pattern, eyes, skin, diarrhea,
mortality, and any other sign of toxicity. The food and water intake
of the rats were checked during the observational period. The body
weight of all animals was measured weekly for 2 weeks using dig-
ital scaling.

2.4.3. Euthanasia and necropsy
All rats were fasted for 15-h prior to post-mortem examination.

The rats were euthanized humanly followed by cervical dislocation
according to Aliyu et al. (2020a). All rats were subjected to gross
necropsy and organs are taken out for macroscopic examination.
Absolute and relative organ weights were measured. The relative
organ weights were calculated as the weight of each organ (abso-
lute organ weight) divided by the bodyweight of the corresponding
rat in each group. The collected organs were then kept in formalin
solution until further use.

2.4.4. Haematological analysis
The blood samples from animals were collected from the infe-

rior vena cava into clean ethylenediaminetetraacetic acid (EDTA)
bottles from each necropsied for hematological investigation.
Blood samples were also kept in plain tubes for serum chemistry.
The parameters investigated were as follows; total red blood cells
(RBC), hemoglobin (Hb) concentration, hematocrit (HCT), mean cell
hemoglobin (MCH), mean corpuscular hemoglobin concentrations
(MCHC), total white blood cells (WBC), red cell distribution width
(RDW), granulocytes (GRA), monocytes (MON), lymphocytes
(LYM), platelet (PLT), plateletcrit (PCT), platelet distribution width
(PDW), and mean platelet volume (MPV) count. The analyses were
carried out using an automated hematology analyzer (RANDOX
Blood Analyzer, Crumlin, United Kingdom).

2.4.5. Serum biochemistry
The blood samples collected in tubes were allowed to clot for

about 45 min and then spun at 2500 rpm for 15 min to get the
serum. The serum obtained was kept at �20 �C until further anal-
ysis. The serum was then further analyzed for blood urea nitrogen
(BUN), creatinine (CR), creatine kinase (CK), total protein (TP),
albumin (ALB), globulin (GB), and alanine aminotransferase (ALT)
using an automatic biochemical analyzer (RANDOX, United
Kingdom).

2.4.6. Histopathological examination
Histopathological study was conducted on organ samples of the

kidneys and liver. The organs were harvested and fixed in 10% buf-
fered formalin for 48-h (Kaid et al., 2019). The formalin-fixed tis-
sues were then sliced to 0.6 cm and arranged in the cassette. The
tissues were then further processed using automatic ‘‘Dip and
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dunk” tissue processors (Leica TP1020, Buffalo Grove, United
States) for 15 h, followed by paraffin embedding, trimming and
sectioning. A 4 mm thickness tissue section was obtained on a
rotary microtome (Leica RM2245, Buffalo Grove, United States).
The tissue sections were then mounted on a microscope slide
and placed on an oven at 42 �C and allowed to dry overnight. Con-
sequently, the material was stained with hematoxylin and eosin
stain to detect any abnormality lesions formed by the administra-
tion of plant extracts. The histological examination of the samples
was conducted using a compound light microscope (Olympus CX-
21, Tokyo, Japan). Lesions in liver and kidneys were scored as 0 (no
lesion detected), 1 (mild = <10%), 1.5 (mid-moderate = 10–30%), 2
(moderate = 30–50%), 2.5 (moderate-severe = 50–70%) and 3 (sev-
ere = more than 70%) following the protocol of Nurul et al. (2018).
2.5. Anti-hyperuricemia activity of A. Longiloba in the rat model

2.5.1. Hyperuricemia development and treatments
For HU development in rats, the uricase inhibitor drug (PO) was

administered following Tang et al. (2017), with some modifica-
tions. The rats were grouped into seven groups (n = 5). The control
(healthy group) was given 0.5% carboxymethyl cellulose sodium
solution (0.5% CMC-Na) orally. Treatment groups II-VII were
intraperitoneally injected with PO (250 mg/kg b.wt), 1 h before
plant extract administration. Group II served as the HU model
group. Group III-VII were treated with allopurinol or plant extracts
orally. Thereafter, all rats were accessed water and food ad libitum
throughout the study. All the PO, 0.5% CMC-Na, and plant extracts
were prepared freshly and given for 14 consecutive days. All the
PO, 0.5% CMC-Na, and plant extracts were prepared freshly.
2.5.2. Sample collection and uric acid assay
All rats were fasted for 15-h prior to post-mortem examination.

The rats were euthanized humanly followed by cervical disloca-
tion. The blood samples were collected from the posterior vena
cava into clean ethylenediaminetetraacetic acid (EDTA) bottles
from each necropsied rats. The blood sample was allowed to clot
approximately 1 h at room temperature and then centrifuged at
10,000�g for 15 min to obtain the serum. The serum sample was
kept at � 20 �C until used. Serum UA level was measured by an
enzymatic colorimetric method using a UA assay (ab65344). The
procedures were per the kit manufacturer’s instructions.
2.6. Statistical analysis

The data were analyzed by one-way Analysis of Variance
(ANOVA) followed by Duncan multiple range test (DMRT) using
SPSS v. 21.0 for windows. All data were presented as
mean ± standard error. The statistical significance level was estab-
lished at p < 0.05.
3. Results

3.1. Acute oral toxicity effects of A. Longiloba extracts

3.1.1. Effects of the ethanolic fruit and petiole extracts on the
behavioral pattern of rats

In the current study, a single dose of EtOH fruit or petiole
extracts (2000 mg/kg) of A. longiloba was administered orally to
male Sprague-Dawley rats to evaluate toxicity effects. During the
experimental period, behavioral or physical condition changes
were not observed in the extract-treated groups. In addition, no
significant changes were observed in food and water consumption
compared with the control group.



Table 1
The effect of A. longiloba ethanolic extracts on the organ weights of SD rats after 14-
day.

Organs Study Groups

A B C

Absolute organ weight (g)
Liver 10.24 ± 0.31a 9.74 ± 0.55a 10.06 ± 0.38a
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3.1.2. Effects of ethanolic fruit and petiole extracts on body weight of
rats

The effect of oral administration of EtOH fruit or petiole extracts
on the average body weight gain over the study period is presented
in Fig. 1. The results show no significant differences between the
bodyweight of the plant extracts treated group compared to that
of the control.
Heart 1.06 ± 0.08a 0.98 ± 0.04a 0.94 ± 0.05a

Lungs 2.72 ± 0.16a 2.34 ± 0.10a 2.04 ± 0.19a

Right kidney 1.24 ± 0.08a 1.12 ± 0.03a 1.16 ± 0.04a

Left kidney 1.26 ± 0.11a 1.12 ± 0.03a 1.10 ± 0.04a

Spleen 0.98 ± 0.05a 0.84 ± 0.06a 0.94 ± 0.06a

Relative organ weight (g)
Liver 0.038 ± 0.001a 0.035 ± 0.004a 0.030 ± 0.001a

Heart 0.004 ± 0.00a 0.0035 ± 0.00a 0.0033 ± 0.00a

Lungs 0.010 ± 0.000a 0.008 ± 0.000a 0.007 ± 0.000a

Right kidney 0.0046 ± 0.00a 0.0041 ± 0.00a 0.0041 ± 0.00a

Left kidney 0.0047 ± 0.00a 0.0041 ± 0.00a 0.0039 ± 0.00a

Spleen 0.003 ± 0.000a 0.003 ± 0.000a 0.003 ± 0.000a

Same letters within the same row is not significantly different. Data are expressed
as mean ± SEM. group A (control group), group B (fruit extract) and group C (petiole
3.1.3. Effects of ethanolic fruit and petiole extracts on organ weight of
rats

The effects of EtOH fruit and petiole extracts on the absolute
and relative organs weight of male Sprague-Dawley rats are dis-
played in Table 1. The absolute weights of all organs of the plant
extracts test groups were within the normal ranges and no statis-
tically significant alterations were shown between the selected
organs weights of treated groups and the control group. Likewise,
the relative organ weight of all selected organs of the test group
was not statistically different compared to the control.
extract).
3.1.4. Effects of the ethanolic fruit and petiole extracts on
hematological parameters

The hematological analysis of fruit and petiole extracts treated
rats show no significant alterations in any hematological parame-
ters compared to control (Table 2). A little increase in WBC count
and platelets were observed in test groups (B and C), which are
no-significant compared to the control group. The mean platelet
volume (MPV) in group B showed significance difference when
compared with the value of 5.96 ± 0.11. However, the rest of the
parameters exhibited negligible variations mostly not significant.
3.1.5. Effects of the ethanolic fruit and petiole extracts on biochemical
parameters

The results showed no significant alteration (p < 0.05) in the
extract-treated groups compared with the control. Nevertheless,
there was a significant rise in creatine kinase in group B (fruit
extract treated rats) compared with control. The rest of the liver
biochemical parameters displayed slight insignificant changes in
the extracts test groups compared to control, showing the extracts
has no significant toxicity effects on biochemical parameters
(Table 3).
Fig. 1. Acute oral toxicity effects of ethanolic fruit and petiole extracts of A. longiloba on b
treated fruit extract at the dose of 2000 mg/kg and (c) treated petiole extract at 2000 m
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3.1.6. Effects of the ethanolic fruit and petiole extracts on histology of
rats

In histopathological studies, there are no major changes in the
kidney and liver were found. No liver and renal lesions were
observed (Fig. 2). This indicates that the extracts have no signifi-
cant toxic effects on those organs. The scoring result also shows
no significant difference (data not presented).
3.2. Effect of A. Longiloba extracts on serum UA levels of PO-induced
rats

The A. longiloba extracts at 250 mg/kg and 500 mg/kg were trea-
ted for 14 days on PO-induced hyperuricemia rats and serum UA
levels were measured. As presented in Table 4, in comparison to
the UA levels of the normal rats (1.13 mg/dL), the uric acid level
of the hyperuricemic rats (1.57 ± 0.015 mg/dL) was significantly
(p < 0.05) was significantly elevated by the injection of PO
(p < 0.05). In contrast, administration of the fruit and petiole
extracts treatment at doses of 250 mg/kg and 500 mg/kg b.wt sig-
nificantly lowered the level of uric acid of hyperuricemic rats to
normal ranges. Allopurinol drug used as a standard treatment at
ody weight after 14-day observation. Group (a) control (treated distilled water), (b)
g/kg.



Table 2
Effects of the fruit and petiole extracts of A. longiloba on hematological parameters in
SD rats after 14 days observation.

Parameter Study Groups

A B C

WBC (�103/ml) 5.62 ± 1.56a 7.26 ± 1.93a 6.82 ± 1.19a

MON (�109/L) 0.52 ± 0.13a 0.56 ± 0.17a 0.56 ± 0.11a

GRA (�103/ml) 0.36 ± 0.10a 0.44 ± 0.12a 0.38 ± 0.06a

LYM (�109/L) 4.72 ± 1.35a 6.26 ± 1.65a 5.86 ± 1.03a

LYM (%) 82.24 ± 2.34a 85.96 ± 0.98a 86.26 ± 0.21a

MON (%) 10.10 ± 1.39a 7.92 ± 0.71a 8.30 ± 0.53a

GRA (%) 7.66 ± 1.08a 6.12 ± 0.31a 5.44 ± 0.41a

RBC (�106/ml) 5.18 ± 0.18a 5.43 ± 0.28a 5.10 ± 0.36a

Hb (g/dL) 15.08 ± 0.36a 14.52 ± 0.71a 14.72 ± 1.01a

HCT (%) 30.98 ± 0.84a 33.00 ± 1.56a 30.56 ± 2.16a

MCV (fL) 59.90 ± 0.71a 60.80 ± 0.47a 59.84 ± 0.29a

MCH (pg) 29.16 ± 0.47a 27.18 ± 2.28a 28.84 ± 0.24a

MCHC (g/dL) 48.74 ± 0.85a 44.68 ± 3.59a 48.20 ± 0.26a

RDW (%) 13.58 ± 0.38a 13.74 ± 0.29a 13.60 ± 0.24a

PLT (�109/L) 530.6 ± 140.7a 320.4 ± 44.4a 478.4 ± 98.9a

PDW (fL) 13.64 ± 1.17a 13.22 ± 0.68a 13.34 ± 1.40a

PCT 0.32 ± 0.08a 0.20 ± 0.02a 0.28 ± 0.05a

MPV (fL) 5.96 ± 0.11a 6.32 ± 0.12b 5.98 ± 0.09ab

Data are presented as mean ± SEM, as compared to group A (control group), group B
(fruit extract) and group C (petiole extract). Same letters within the same row is not
significantly different.
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the dose of 5 mg/kg b.wt also caused a significant reduction in the
serum uric acid level to 1.08 mg/dL (p < 0.05). Interestingly, both
plant extracts had an almost similar uric acid-reductive effect to
that of allopurinol and no significant differences were found
between the effects of allopurinol and plant extracts treatment.
Table 3
Effects of the fruit and petiole extracts of A. longiloba on serum chemistry in SD rats
after 14 days.

Biochemical Parameters Study Groups

Group A Group B Group C

TP (g/dL) 7.34 ± 0.07a 7.44 ± 0.05a 7.24 ± 0.17a

ALB (g/L) 3.31 ± 0.03a 3.36 ± 0.05a 3.33 ± 0.05a

Globulins (g/L) 4.03 ± 0.04a 4.07 ± 0.09a 3.90 ± 0.14a

ALT (U/L) 66.82 ± 4.21a 68.54 ± 2.50a 79.9 ± 10.0a

BUN (mmol/L) 4.64 ± 0.24a 4.80 ± 0.29a 4.92 ± 0.22a

Creatinine (lmol/L) 1.03 ± 0.09 a 1.14 ± 0.13a 1.14 ± 0.08a

CK (U/L) 12.00 ± 0.20a 13.14 ± 0.16b 11.56 ± 0.24a

Data are presented as mean ± SEM, as compared to group A (control group), group B
(fruit extract) and group C (petiole extract). Same letter within the same row is not
significantly different.
4. Discussion

Global health is facing many challenges caused by various non-
communicable diseases, including metabolic disorders (hyper-
uricemia, gout, and diabetes), cancer, and chronic heart disease
(Excler et al., 2021). They are responsible for more than 70% of
all deaths globally, and the increase of these diseases has been
reported over the last few years (Excler et al., 2021; Habib and
Saha, 2010; Lozano et al., 2012). HU is a metabolic disorder and
is becoming a serious public-health challenge worldwide (Cao
et al., 2017; Zhang et al., 2018). Previous studies have reported that
HU is a risk factor for several diseases such as arthritis, diabetes
and, stroke (Wahyuningsih and Sukandar, 2016; Li et al., 2017;
Yu et al., 2018; Rahmi et al., 2020). These often lead to increased
economic burden and disability especially in developed countries.
Besides, the toxicity effect of available treatment has made the sit-
uation more difficult. In recent years, several attempts have been
made to discover new therapeutics to overcome this problem using
plant-based products/compounds isolated from medicinal plants.
Most recent studies have shown that the use of herbal therapy or
plant-based drugs for the treatment of several diseases is increas-
ing (Rahmi et al., 2020; Chen et al., 2020). It is estimated that there
are 450,000 plant species in the world, and more than 50,000 plant
species are being used for their therapeutics values (Dal Toso and
Melandri, 2011). Of which about 95% of the medicinal plants are
collected from wild resources. Furthermore, up to 80% of the global
population depends on medicinal plants or plant-based products
for maintaining their primary healthcare and over 25% of the drugs
currently produced in the world markets are derived from wild
plant species.

Before administering any substance or plant-based medicine to
laboratory animals, its toxicity effects should examined to make
sure the substance does not have toxicity effect on animals. Toxic-
ity study examine the risks that maybe related to the use of the
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products, therefore it can help to avoid the possible side effects
when used as medication (Saiyed et al., 2015; Aamir et al., 2019;
Aliyu et al., 2020b). In the present study, the acute toxicity effects
of ethanolic fruit and petiole extracts were assessed. The aim of
conducting this experiment was to determine whether the extracts
are safe to move forward to perform in vivo studies on animal
model. All experiments were carried out in accordance with rele-
vant guidelines and regulations.

A study on the effect of A. longiloba extracts on the behavioral
pattern and physical appearance shows that both fruit and petiole
extracts did not cause any changes in the behavioral pattern and
physical appearance of the animals at 2000 mg/kg b.wt. Our find-
ings are in line with Islam et al. (2013), who previously conducted
the acute oral toxicity test on different species in this genus (Alo-
casia indica Schott). Their report shows a non-toxcity effects of Alo-
casia indica Schott at different doses tested on Swiss albino mice.
Another study by Aliyu et al. (2020a) shows a non-significant effect
of EtOH leaf extract of Clinacanthus nutans on behavioral activities
of treated animals with 2000 mg/kg body weight of the animal. In
the present, the results demonstrated that the fruit and petiole
extracts did not cause any changes in behavioral and physical
parameters.

All animals gained normal body weight without a noticeable
increase. The feed and water consumption patterns of the rats were
normal and consistent throughout the study period. The weekly
bodyweight of experimental animals did not display any signifi-
cant changes after administration of the EtOH fruit and petiole
extracts compared to control. A minor increase in bodyweight
was witnessed in all experimental groups and this effect increased
continuously over time in all groups. Nevertheless, insignificant
body weight change effects usually occur at the endpoint of toxic-
ity study as the age and feed intake is increase and considered as a
normal physiological condition. A decrease in body weight after
administration of plant extracts may result in suppression of ani-
mal’s appetite for food (Raza et al., 2002; Nurul et al., 2018;
Reduan et al., 2020b; Mohd et al., 2021). Throughout this study,
regardless of the type of plant part used (fruit and petiole), A. long-
iloba extracts had no significant effect on body weight.

Analysis of organ weight in toxicology assessment is an essen-
tial measurement to evaluate the animal’s health condition.
Whereas, relative organ weight is vital to detect organs injuries.
The kidney, liver, heart, spleen and lung are the organs most
affected by the metabolic reactions instigated by toxic agents
(Mohamed et al., 2011; Rajeh et al., 2012). In the current study,
the weights of selected organs (liver, kidney, lung, spleen and
heart) between the test and the control were not statistically dif-
ferent (p < 0.05), indicating that both fruit and petiole extracts
were non-toxic in these selected organs.



Fig. 2. The light microscopic observations of liver and kidney tissues in control and treated groups in acute toxicity study of ethanol extracts of A. longiloba fruit and petiole
sacrificed at the end of 14-day study period (a) The liver section of a control group (b) kidney section of a control group (c) Liver section of a fruit extract treated group (Note:
no significance histopathological changes were observed) (d) The kidney section of a fruit extract treated groups (no significant histopathological alterations) (e) The liver
section of a petiole extract treated group with no significance histopathological changes were observed. (f) The kidney section of a petiole extract-treated group (no
significant histopathological lesions observed). (H & E, observed under 40x magnification, Bar = 50 mm).

Table 4
Effects of A. longiloba extracts on serum UA levels in PO-induced hyperuricemic rats.

Treatment Doses
(mg/kg b.wt)

Serum uric acid
levels (mg/dL)

Inhibition
(%)

Normal 1.13 ± 0.014
Hyperuricemia

model (control)
1.57 ± 0.015#

Fruit 250 1.16 ± 0.040* 26.27
500 1.15 ± 0.015* 27.00

Petiole 250 1.14 ± 0.001* 27.33
500 1.10 ± 0.040* 28.8

Allopurinol (Positive control) 5 1.08 ± 0.041* 31.11

Values are displayed as mean ± SEM *p < 0.05 vs. hyperuricemic rats (control); #
p < 0.05 vs. normal rats. Five animals used per group and all except normal rats
received potassium oxonate injection (250 mg/kg b.wt, body weight) for inducing
hyperuricemia.
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In addition to the above parameters, the hematology parame-
ters are important indicators to determine the toxicity effect of
the herbal extracts on animal blood (Yakubu et al., 2007). In con-
trast, the hematological study conducted by Adedapo et al.
(2004), showed a significant reduction in RBC and hemoglobin con-
centration of Euphorbia balsamifera aqueous extract treated SD rats
at the dose of 1 g/100 g b.wt. This may cause a complication such
as anemia due to a significant reduction in the concentration of
RBC and hemoglobin. Nevertheless, A. longiloba extracts in the pre-
sent study did not cause any major changes in the hematological
parameters however few changes were detected which may carry
little or no toxicological significance and therefore, the EtOH fruit
and petiole extracts can be considered safe to the hematological
parameters. Similar results were reported by Awe and Banjoko
(2013), a lower concentration of plant extracts (<2000 mg/kg)
did not affect the serum biochemical parameters. However, they
noted that EtOH leaf extract of Petroselinum crispum was hepato
and nephron-toxic at more than 2000 mg/kg.

The measurement of biochemical parameters is a significant
biomarker for toxicology study as both liver and kidneys are essen-
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tial organs for organism survival. The liver and kidney are the pri-
mary organs and site of drug metabolism and excretion, and
increase/decrease of these biomarkers such as TP, ALB, GB, ALT,
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BUN, and CR, can help determine whether the plant extracts are
hepato and reno-toxic or protective in nature. Higher concentra-
tions of ALT, AST, and CR are reported in liver disease. While the
reduction in TP, ALB, and GLB is an indication reduced liver func-
tion (Yuet Ping et al., 2013; Adeyemi et al., 2014; Chuffa et al.,
2014; Brautbar et al., 2020). The results were consistent with nor-
mal serum biochemical parameters of all treated rats when com-
pared with control. In contrast, the histology study conducted by
Aliyu et al. (2020a) using Clinacanthus nutans EtOH extract showed
no statistically significant (p > 0.05) differences in the kidney and
liver lesion when compared with control at the dose of
2000 mg/kg b.wt. Meanwhile, the other study by Nurul et al.
(2018) using M. christia vespertillionis extract showed (karyolysis,
eosinophilic cytoplasm and pyknotic cells), degeneration and
inflammations. These results indicated that the plant extracts
could cause deleterious effects to the organs, mainly on the liver
and kidney. Therefore, it is expedient for the consumer to take
extra caution in the usage of any medicinal plants to avoid over-
dosing and side effects. In summary, administration of EtOH
extracts of A. longiloba fruit and petiole did not induce any major
toxicity effects in Sprague-Dawley male rats. Furthermore, almost
all the hematology, biochemical and histopathological parameters
were normal, however insignificant changes in some parameters
were noted which could or could not be associated with treat-
ments, thus carrying slight or no toxicological significance.

In the present study, HU was induced by administering PO,
uricase-inhibitor drug (250 mg/kg) to normal Sprague-Dawley rats,
indicating the successful establishment of the model. HU is charac-
terized by a high concentration of UA in the blood. It is docu-
mented that excessive production and under-excretion of UA
could lead to several diseases, including HU, gout, and many other
metabolic disorders (Haidari et al., 2009; Kuo et al., 2015; Meng
et al., 2014; Chen et al., 2019). HU is also been reported to cause
the kidney and heart diseases (Sánchez-Lozada et al., 2002;
Mazzali et al., 2001; Zhang et al., 2018; Huang et al., 2020).

Hyperuricemia and gout disorders are mostly controlled by
reducing UA production. In man, UA is created as the major
waste-product of purine metabolism in the liver and excreted by
the kidneys. The key enzyme in this process is XOD (Yisireyili
et al., 2017; Ojha et al., 2017; Cicero et al., 2021). XOD enzyme cat-
alyzes the conversion of hypoxanthine to xanthine, which is then
further converted to UA. Therefore, the inhibition of XOD can be
used as an effective therapeutic approach to treat HU (Haidari
et al., 2009; Meng et al., 2014; Sarvaiya et al., 2015;
Wahyuningsih and Sukandar, 2016; Li et al., 2017; Rahmi et al.,
2020).

Due to some serious side effects of XOD inhibitory drugs which
are used for the treatment of HU, scientists are now focusing their
efforts on finding a safer alternative for XOI drugs, particularly
from natural sources (Haidari et al., 2009; Rahmi et al., 2020;
Chen et al., 2020). In the present study, it was shown that the
administration of fruit and petiole as a phytochemical-rich medic-
inal plant could reduce the elevated UA levels in HU rats. Interest-
ingly, both fruit and petiole extracts and allopurinol had significant
reductive effects on the serum UA levels in the HU rats.

Our results are in line with Haidari et al. (2009) who reported
the UA inhibitory effect of Allium cepa extract, which had almost
similar effect to that of allopurinol. Chen et al. (2019) have also
reported the extracts of the rhizomes of Curcuma longa decreased
the levels of UA in serum and showed almost similar hyper-
uricemic action to that of allopurinol. In addition, they have
explained that the hyperuricemic property of extracts was due to
its inhibitory effect on XOD activity. Similar findings have been
reported by others (Yan et al., 2013; Meng et al., 2014; Sarvaiya
et al., 2015; Wahyuningsih and Sukandar, 2016; Li et al., 2017;
Rahmi et al., 2020). The mechanism in which the extracts of A.
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longiloba reduced the serum uric level in rats might be by inhibit-
ing the activity of XOD. Our results suggest that both fruit and peti-
ole extracts could alleviate PO-induced HU, which has a similar
effect as compared to allopurinol, a standard drug commonly uti-
lized to treat hyperuricemia.

5. Conclusion

In conclusion, the present study demonstrated that the fruit and
petiole extracts of A. longiloba have anti-hyperuricemia activity by
reducing the serum uric acid level in the serum. The extracts were
safer and non-toxic to rats. The present study may provide insights
and scientific evidence on the use of Alocasia longiloba fruit and
petiole as a traditional and complementary medicine to prevent
hyperuricemia and associated inflammations.
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