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Abstract. Daud D, Dewa MSAM, Mahbob ENM, Razak WRWA. 2021. Short Communication: Phytochemical diversity and bioactivity of
Malaysian Premna cordifolia (Lamiaceae). Biodiversitas 22: 3245-3248. The aims of the present study are to determine the chelation
potential and protective effect of Premna cordifolia leaves ethanolic extract in lead intoxicated mice. Twenty-four male mice were
divided into four groups with six animals each. Group 1 was healthy mice and received 2 ml/kg bwt distilled water. Group 2 was healthy
mice and supplemented with 200 mg/kg bwt P. cordifolia leaves ethanolic extract. Group 3 was lead intoxicated mice and received 2
ml/kg bwt distilled water. Group 4 was lead intoxicated mice and supplemented with 200 mg/kg bwt P. cordifolia leaves ethanolic
extract. All treatments were given for 14 days. Chelation activity was determined by measuring the concentrations of lead in the liver,
kidney and testis by using atomic absorption spectroscopy. Sperm quality was tested according to World Health Organization manual
and testosterone was estimated by using ELISA kit. Spectroscopic data showed that P. cordifolia leaves ethanolic extract was able to
lower lead concentrations in liver, kidney and testis of lead intoxicated mice. Following a decrease in lead concentrations, sperm quality
and testosterone levels were restored in lead intoxicated mice supplemented with P. cordifolia leaves ethanolic extract. In conclusion, P.
cordifolia leaves ethanolic extract has the potential to be developed as an alternative remedy for treating lead poisoning effects.
Keywords: chelation activity, lead, phytochemicals, Premna cordifolia, repro-toxicology

INTRODUCTION
Pollution has many adverse effects on living things.
One of the sources of pollution is heavy metals such as
lead, one of the most hazardous metals. Lead is widely
used in industries such as manufacturing and construction.
Therefore, associated industrial workers risk being exposed
to lead pollution by inhaling lead-contaminated dust or
ingesting lead-contaminated water and food. When
exposed to lead, a certain amount will enter the circulatory
system and be eliminated through the excretion system.
Meanwhile, the rest remains in the body tissues, where lead
accumulates over time. Depending on the concentration of
lead, it can interfere certain physiological functions.
Pneumonitis, bronchitis and metal fume fever are among
the diseases experienced by industrial workers exposed to
lead poisoning (Sani and Abdullahi 2017). Digestive
(vomiting and constipation), bone (osteopenia, osteoporosis
and osteomalacia), respiratory (respiratory changes similar
to asthma via inducing inflammatory responses),
cardiovascular (hypertension, cardiac dysfunction and
vascular
damage),
neurological
(cerebellum
encephalopathy and edema) and reproductive (miscarriage
and sperm count decreases) diseases due to long term lead
exposure has been reported by the previous researchers
(Flora 2009; Debnath et al. 2019).

Nonserious lead poisoning can be overcome by
changing daily lifestyle, including avoiding sources that
contain lead. Scientific evidence has also shown that
consuming diets rich in iron and calcium may reduce the
accumulation of lead in the body. At the moment, the most
effective way to treat serious lead poisoning (45 µg of lead
in per dl of blood or higher) is through chelation therapy.
Chelation therapy involves administering a chelating agent
that will bind to the lead, breaking lead particles down to
make them less toxic and facilitating the removal of lead
from the body through urine or feces. Although chelation
therapy has been proven to be effective in treating lead
poisoning, treated patients risk developing side effects such
as headache, nausea, vomiting, fever, allergic reactions,
abnormal blood pressure and minerals or vitamin
deficiencies (Flora and Pachauri 2010). In more serious
cases, chelation therapy can also lead to brain, kidney and
liver damages as previously reviewed (Daud et al. 2015).
As a result of these side effects, there is growing
awareness among researchers to explore new chelating
agents with less side effects, including chelating agents
from plant sources. Ginkgo biloba, Curcuma longa,
Coriandrum sativum, Silybum marianum and Allium
sativum are some of the plant species proven effective in
treating lead poisoning in animals models (Mehrandish et
al. 2019). The present study was conducted to evaluate the
phytochemical contents and the potential of Premna
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cordifolia leaves ethanolic extract as a chelation agent.
Scientific investigation was also conducted to evaluate the
protective effect of P. cordifolia leaves ethanolic extract
against lead-induced reproductive toxicity in male mice.

MATERIALS AND METHODS
Chemicals
All the chemicals and reagents used throughout this
study were purchased from commercial sources via local
suppliers. Denatured ethanol, diethyl ether and nitric acid
were obtained from BDH Chemicals (United Kingdom).
Lead acetate, Dulbecco’s Modified Eagle Medium
(DMEM) and bovine serum albumin were purchased from
Sigma Aldrich (USA). Testosterone ELISA Kit was
purchased from Cayman Chemical (USA).
Plant materials and ethanolic extract
Premna cordifolia leaves were collected from their
natural habitat in Sekinchan, State of Selangor at the
Westcoast of Malaysia during dry and sunny weather.
Sample of plant was authenticated by a taxonomist from
Universiti Kebangsaan Malaysia. A voucher specimen
(UKMB40334) has been deposited at Physiology Research
Laboratory, Faculty of Applied Sciences, Universiti
Teknologi MARA (UiTM). Initially, the leaves were
pulverized into coarse powder and macerated in 80%
ethanol at a ratio of 1:5 (w:v) for seven days at room
temperature (Md-Jani et al. 2018). Then the extract was
filtered, evaporated using a rotary evaporator (Buchi R210, Switzerland) and lyophilized using a freeze dryer
(Christ Alpha 1-4 LD Plus, Germany). The frozen dried
extract was stored at 40C until needed and suspended in
distilled water prior to usage (Sharkawi et al. 2019).
Phytochemical screening
The qualitative screening was using standard methods
for saponins (Hui et al. 2018), tannins (Harbone 1973),
phenol (Sofowora 1993), flavonoids (Hui et al. 2018),
alkaloids (Wagner 1993) and steroids (Harbone 1973).
Animals and in-vivo study
The entire animal experimentation was performed in
accordance with the guidelines and authorized by the
UiTM Research Committee on Ethical Use in Research
(UiTM Care 176/2017). Male mice were purchased from
A-Saphire Enterprise (Malaysia). The animals were housed
in polyethylene cages under the following conditions; 24±1
0
C, 12-h light-dark cycle and received mouse pellets and
water ad libitum. Following seven days of acclimatization,
mice were divided into four groups with six animals each.
Group 1 was healthy mice and received 2 ml/kg bwt
distilled water for 14 days. Group 2 was healthy mice and
supplemented with 200 mg/kg bwt P. cordifolia leaves
ethanolic extract for 14 days. Group 3 was lead intoxicated
mice and received 2 ml/kg bwt distilled water for 14 days.
Group 4 was lead intoxicated mice and supplemented with
200 mg/kg bwt P. cordifolia leaves ethanolic extract for 14
days. Healthy mice were maintained with mouse pellets

and water ad libitum. Lead-intoxicated mice were
maintained with mouse pellet and drinking water
containing 1000 ppm lead acetate ad libitum (LotfiGhahramanloo and Baghshani 2016). On day 15, mice
were anesthetized with diethyl ether and blood samples
(0.3-0.5 ml) were collected by cardiac puncture for
testosterone estimation. Then, all animals were sacrificed
by cervical dislocation and dissected. Epididymis was
collected for sperm quality analysis. Liver, kidney and
testis were collected for estimation of lead concentrations.
Estimation of lead concentrations in liver, kidney and
testis
Lead accumulation was estimated using an atomic
absorption spectrophotometer (Shimadzu AA670, Japan) as
previously described (Daud et al. 2015). Initially, 5 g of the
tissue was homogenized, digested with 10 ml of 65% nitric
acid and heated until the mixture became colorless. Then
the mixture was left at room temperature for 30 min, made
up to 25 ml by adding deionized water and filtered by using
Whatman filter paper No 41. Finally, the amount of lead in
the filtrate was estimated at a wavelength of 217 nm.
Sperm analysis
The cauda epididymis was blotted free of blood and
placed in a pre-warmed petri dish containing 1 ml of
Dulbecco’s Modified Eagle’s Medium (DMEM)
supplemented with 3 mg/ml bovine serum albumin. Several
incisions were made on cauda epididymis by using sharp
needle and unwanted tissues were removed. At this point,
the sperm suspension was incubated in CO2 incubator (5%
CO2, 37 0C, 30 min) to allow sperm to swim-up. Sperm
quality analysis was carried out immediately following
incubation using the criteria previously described by World
Health Organization (WHO 1999). A drop of sperm
suspension was loaded on the Makler Chamber (Sefi
Medical Instruments, USA) to count the sperm numbers
and sperm motility. The number of sperm was counted on a
Makler Chamber's strip of 10 squares and this number
represents sperm concentration in million per ml (10 6
sperm/ml). Sperm motility was calculated by randomly
selecting 10 squares on a Makler Chamber, and counting
the number of motile and non-motile sperm. To determine
sperm morphology, a drop of sperm suspension was loaded
on glass slide and sperm smear was prepared, followed by
Giemsa staining. Sperm morphology was classified into
two general classifications, normal sperm and abnormal
sperm (head, midpiece and tail abnormalities).
Estimation of blood testosterone levels
Testosterone levels were estimated using commercially
available ELISA kit in accordance with the manufacturer’s
instruction (Caymen Chemicals, USA).
Statistical analysis
All data are presented as mean ± standard error of mean
(SEM). The results were analyzed using one-way ANOVA.
Differences were considered statistically significant at
p<0.05.
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RESULTS AND DISCUSSION
Phytochemical screening
Qualitative phytochemical screening on P. cordifolia
leaves ethanolic extract showed the presence of saponins,
tannins, phenolic, flavonoids, alkaloids and steroids (Table
1). The presence of saponins, phenol, flavonoids, and
alkaloids makes the leaves of P. cordifolia a potential
antioxidant. Leaves of Premna genus are reported to be
rich in antioxidants (Onuegbu et al. 2019). These natural
antioxidants are substances that may protect living cells
against free radicals, collectively known as reactive oxygen
species (ROS) that are produced during cellular metabolic
reactions and when cells are exposed to toxins such as
cigarette smoke, heavy metals or even radiation (Maddu
2019). Previous studies have shown that tannins and
flavonoids mainly increase the plant’s ability to function as
a chelating agent (Amoriwicz 2007; Vaclavikova et al.
2008; Henrik-Klemens et al. 2021).
Estimation of lead concentrations in liver, kidney and
testes
Lead accumulation in liver, kidney and testis increased
significantly
(p<0.05)
in
lead-intoxicated
mice
(experimental G3) (Table 2). When supplemented with P.
cordifolia leaves ethanolic extract, lead accumulation in
liver, kidney and testes of lead-intoxicated mice
(experimental G4) decreased significantly (p<0.05). The
current results suggest that P. cordifolia leaves ethanolic
extract contains some compounds that can be isolated and
developed as chelating agents. The efficiency of P.
cordifolia leaves ethanolic extract was perhaps due to the
presence of tannin and flavonoids, a natural substance that
might have chelated lead and enhanced its excretion from
the body of lead-intoxicated mice. Evidence showed that
tannin fractions have strong chelating ability towards heavy
metals including lead, cadmium and copper (Kunnambath
and Thirumalaisamy 2015). Spectroscopic study confirmed
that flavonoids efficiently facilitate excretion of lead from
lead-intoxicated mice and improve reactive oxygen species
(ROS) scavenging activity (Adhikari et al. 2018). In
addition to, phenol, saponins and alkaloids have also shown
potential as heavy metal chelators (Moradkhani et al. 2012;
El-Aziza and Khalifab 2018).
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Sperm quality and estimation of testosterone levels
The results show that lead negatively impacts sperm
quality (sperm count, sperm motility and sperm
morphology) and testosterone secretion, as demonstrated
by experimental G3 (Table 3). Lead-intoxicated mice
supplemented with P. cordifolia leaves ethanolic extract
(experimental G4) showed an increase (p<0.05) in sperm
count, sperm motility, sperm with normal morphology and
testosterone levels compared to lead-intoxicated mice
supplemented with distilled water only (experimental G3).
More interestingly, healthy mice supplemented with P.
cordifolia leaves ethanolic extract (experimental G2)
showed a significant (p<0.05) increment in sperm quality
and testosterone secretion.
It is well known that lead poisoning causes oxidative
stress in the testes, decreased function of testicular
oxidizing enzymes and alters the hypothalamic-pituitary
axis (Leon and Pacheco 2020). This effect directly leads to
a decrease in sperm quality and testosterone secretion as
indicated by the results of this study. The antioxidants
contained in P. cordifolia leaves ethanolic extract are
believed to facilitate the removal of lead from the leadintoxicated mice and restore the functions of the testes in
producing sperm and testosterone. A previous study
mentioned that antioxidant compounds ameliorate
testicular toxicity induced by lead in male animal models
via modulating oxidative stress (Soleimanzadeh et al. 2019;
El-Khadragy et al. 2020). All these studies showed that
sperm production and testosterone levels increased in leadintoxicated animals after being treated with compounds or
plant extracts rich with antioxidants.

Table 1. Phytochemical contents of P. cordifolia leaves ethanolic
extract (PCEE)
Phytochemical

Method

PCEE

Saponins
Froth test
+
Tannins
Lead acetate test
++
Phenol
Ferric chloride test
+++
Flavonoids
Alkaline reagent test
++
Alkaloids
Wagner’s test
++
Steroids
Salkowski’s test
++
Indicator: +++ strong present, ++ moderate presence, + low
presence, - absent

Table 2. The effect of P. cordifolia leaves ethanolic extract (PCEE) on lead concentrations in liver, kidney and testis of lead-intoxicated
mice. Data are presented as mean±SEM (n=6).
Experimental group

Liver (ug/g)

Kidney (ug/g)

0.0052±0.0004a

0.0067±0.0001a

Testis (ug/g)

G1
0.0029±0.0002a
G2
0.0041±0.0006a
0.0058±0.0003a
0.0021±0.0001a
G3
0.261±0.08b
0.293±0.07b
0.158±0.06b
G4
0.163±0.05c
0.202±0.04c
0.084±0.01c
Note: G1: Healthy mice supplemented with 2 ml/kg dH2O, G2: Healthy mice supplemented with 200 mg/kg PCEE, G3: Leadintoxicated mice supplemented with 2 ml/kg dH2O, G4: Lead-intoxicated mice supplemented with 200 mg/kg PCEE. Values with
different superscript within the same column show a significant difference at p<0.05.
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Table 3. The effect of P. cordifolia leaves ethanolic extract (PCEE) on sperm quality and testosterone levels in lead-intoxicated mice.
Data are presented as mean±SEM (n=6).
Experimental group

Sperm count (106 sperm/ml)

Sperm motility (%)

Normal sperm (%)

Testosterone (ng/ml)

G1
34±1.8a
87±9.4a
69±4.8a
2.1±0.3a
G2
53±2.3b
97±6.3a
83±5.2b
2.7±0.5b
G3
16±1.9c
34±5.7b
47±2.6c
0.9±0.1c
G4
27±4.3d
69±3.4c
60±4.3a
1.8±0.6d
Note: G1: Healthy mice supplemented with 2 ml/kg dH2O, G2: Healthy mice supplemented with 200 mg/kg PCEE, G3: Leadintoxicated mice supplemented with 2 ml/kg dH2O, G4: Lead-intoxicated mice supplemented with 200 mg/kg PCEE. Values with
different superscript within the same column show a significant difference at p<0.05.

In conclusion, P. cordifolia leaves ethanolic extract
supplementation attenuated lead accumulation and
reproductive toxicity in lead-intoxicated mice. Current data
suggest that P. cordifolia leaves ethanolic extract could be
developed as a natural chelation agent. However, further
studies are needed to evaluate the extract pharmacokinetic,
clinical dose, isolation and then characterization of
bioactive components.
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