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ABSTRACT 
Lead, a toxic heavy metal, induces several health problems via oxidative stress. The Paederia foetida extract (PFE), 
a plant indigenous to Asia, reportedly exhibits potent antioxidant activity. Thereby, this study aimed to investigate the 
protective effects of PFE on the hematological system and renal and liver function in rats exposed to lead poisoning. 
Male Wistar rats were divided into six groups and orally administered either 0.25% carboxymethylcellulose as a 
control, lead acetate [50 mg/kg body weight (BW)], or lead acetate plus one of four concentrations of PFE (50, 100, 
500, and 1,000 mg/kg BW). All rats received their treatment daily for 8 weeks. The bodyweight of each animal 
was recorded weekly. The effects of the lead acetate and PFE were investigated by evaluating the bodyweight and 
hematological and biochemical parameters, as well as histological studies on the liver and kidney tissues. PFE at 100, 
500, and 1,000 mg/kg significantly (p < 0.05) improved the harmful effects of lead administration on the bodyweight, 
the liver, and the kidney, as well as hematological indices. In conclusion, PFE has a potent protective property against 
lead-induced toxicity. Since oxidative stress results from exposure to lead, an exogenous chelator with antioxidant 
activity, such as the low-cost PFE, could be a promising agent for ameliorating lead toxicity.

INTRODUCTION
Lead (Pb) is a toxic heavy metal in the environment, 

and it represents a great concern to human health worldwide 
(Abdelhamid et al., 2020). It presents in multiple forms and 
sources, such as food and air pollution (Kosnett et al., 2007). It 
causes multiorgan toxicities and damages almost all vital organs 
such as the testes, brain, kidney, liver, and hematopoietic tissues 
(Manoj Kumar et al., 2017). Lead-contaminated food and water 
are absorbed through the duodenum via divalent metal transporter 
1 and leached into the circulation (Kosnett et al., 2007). More 
than 95% of the lead in the circulation binds to proteins in the 
erythrocytes (Gonick, 2011); thus, it is stored in internal organs 
such as the liver and the kidney (Nakhaee et al., 2019). One of the 
key mechanisms implicated in lead-induced toxicity is oxidative 
stress, which is an imbalance between oxidant and antioxidant 

systems due to an excess of reactive oxygen species (ROS). 
This excessive formation of ROS by lead consequently results in 
mitochondrial impairment and cell damage (Zolkipli-Cunningham 
and Falk, 2017). Several heavy metal chelating agents have 
been applied as therapeutic drugs for lead-exposed patients, 
such as succimer, dimercaprol, dimercaptosuccinic acid, and 
CaNa2-ethylenediaminetetraacetic acid (EDTA). However, these 
chelators have multiple side effects (Kosnett, 2010). Therefore, 
great attention has been given to natural compounds that could 
attenuate the deleterious effects of lead poisoning and protect the 
cell from lead-induced damage. Such natural compounds include 
vitamin C (Haridy et al., 2014) and vitamin E (Khodamoradi et al., 
2015) and flavonoids from natural plants (Adhikari et al., 2018). 

Flavonoid and other polyphenol mixtures can be found 
in several plants, and they are widely known for their antioxidant 
activity (Pandey and Rizvi, 2009). In a previous experimental 
animal study, the effects of lead were neutralized by a mixture 
of flavonoids and polyphenols via heavy-metal chelation and 
antioxidant activity (Adhikari et al., 2018). Moreover, several 
flavonoid-containing medicinal plants, such as Thunbergia 
laurifolia Linn. (Tangpong and Satarug, 2010), green tea extract 
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(Mehana et al., 2012), Fumaria parviflora L (Dorostghoal et al., 
2014), Ginkgo biloba extract (Yallapragada and Velaga, 2015), and 
Tinospora cordifolia (Sharma and Pandey, 2010), also exhibited 
protective effects against lead-induced toxicity. However, Paederia 
foetida Linn., a flavonoid-enriched plant from the southern region 
of China, Vietnam, India, Japan, and Thailand (Ahmed et al., 
2014) that is used as a folk medicine to treat rheumatoid arthritis 
(Kumar et al., 2015; Soni et al., 2013), diarrhea (Afroz et al., 
2006), asthma (Khushbu et al., 2010), and diabetes (Kumar et al., 
2014), has not been investigated for its protective effects on lead-
induced toxicity yet. Therefore, this study sought to investigate the 
protective effects of a methanolic extract of P. foetida against low-
dose, lead-induced toxicity, particularly in hematologic, renal, and 
liver organs of rats.

MATERIALS AND METHODS

Ethical approval
The study protocol was approved by the Animal Ethics 

Committee, Walailak University, under Approval No. 008/2019. 
All animal procedures were carried out in accordance with the 
Guide for the Care and Use of Animals for Scientific Purposes, 
National Committee for Research Animal Development, National 
Research Council of Thailand.

Paederia foetida Linn. extraction
Paederia foetida leaves were obtained from Khlong 

Krabue, Pak Phanang District, Nakhon Si Thammarat Province, 
Thailand (8°17ʹ54.5ʺN, 100°09ʹ13.1ʺE); and the leaves were 
identified by Assistant Professor Dr. Kingkan Bunluepuech, 
Applied Thai Traditional Medicine Department, School of 
Medicine, Walailak University, Thailand. The voucher sample 
(Ref. HA1601061505) was deposited at the School of Medicine, 
Walailak University. Healthy leaves of P. foetida Linn. were 
collected between March and May 2019. The collected leaves of 
P. foetida were gently washed with tap water. The leaves were 
dried at 45°C for 48 hours in a hot air oven and then ground into 
a powder. 50 g of ground leaves was then extracted with 500 ml 
of methanol for 7 days at room temperature. The plant remains 
were removed by filtering with Whatman filter paper (No. 1). The 
filtrated extraction was then concentrated using a rotary vacuum 
evaporator under reduced pressure at 45°C (Heidolph Hei-VAP 
Advantage Rotary Evaporator). The concentrated were dried 
at 45°C in a water bath, resulting in a crude semisolid residue 
(percentage yield, 20%). The final yield was stored at 4°C for 
further investigation. In animal studies, it was suspended in a 
0.25% solution of carboxymethyl cellulose in distilled water. 
Doses of the methanolic PFE were modified from Kumar et al. 
(2014, 2018).

Phenolic content of PFE
The amount of phenolic content of PFE was determined 

using Folin–Ciocalteu’s reagent. Briefly, the crude methanolic 
extract of PFE (1 mg/ml) was mixed with Folin–Ciocalteu’s phenol 
reagent (250: 250 μl) for 5 minutes. Then, 500 μl of a sodium 
carbonate (Na2CO3) solution (7% w/v) was added to the mixture, 

and the volume was adjusted to 1.5 ml with distilled water. The 
reactions were allowed to occur for 90 minutes at room temperature 
(in the dark). Next, 200 μl of reaction samples was transferred to 
96-well microplates, and its absorbance was measured at 765 nm 
(JASCO FP-8200, JASCO FP-8200 microreader). The amount 
of phenolic concentration (mg in equivalent/g dry weight) in the 
plant extract was calculated by using a standard curve that was 
generated from gallic acid (0–500 μg/l). All determinations were 
conducted in triplicate experiments.

Flavonoid content of PFE
To determine the amount of flavonoid content of PFE, 50 

μl of P. foetida crude extract (1 mg/ml) was incubated with 200 μl 
of distilled water. Then, 5% NaNO2 (300 μl) and 10% AlCl3 (300 
μl) solutions were added, and the final volume was brought to 1 ml. 
After 5 minutes of incubation, the absorbance was measured at 510 
nm and the amount of flavonoid concentration was calculated by 
using a standard curve that was generated from quercetin (0–500 
μg/l). All determinations were conducted in triplicate experiments.

Lead acetate preparation
Lead (II) acetate trihydrate was obtained from Merck 

Company, USA. In previous studies, ingestion of low levels of lead 
at doses of 1, 7.5, 20, 50, and 60 mg/kg bodyweight (BW) caused 
ROS generation and tissue damage (Agodi et al., 1990; El-Masry 
et al., 2011; Haridy et al., 2014; Kumar Singh et al., 2018; Offor 
et al., 2017; Shukla et al., 2003; Tham et al., 2013). Therefore, this 
study focused on lead acetate at 50 mg/kg BW for lead toxicity 
induction in rats. A solution was prepared by suspending 5 g of 
lead acetate in 20 ml of sterile water. A fresh lead acetate solution 
was prepared daily.

Animals
All animals were obtained from Nomura Siam 

International, Thailand. They were provided with commercial feed 
and distilled water. They were maintained in well-ventilated cages, 
which were kept under a regular light/dark cycle (12/12 hours), 
constant room temperature (23°C ± 2°C), and relative humidity 
(50%–60%). The rats were allowed free access to a standard diet 
and water throughout the experimental period. The animals were 
acclimatized for 7 days before the experiments. Bodyweight was 
recorded weekly for each animal throughout the experiment.

Experimental design
Thirty-six healthy male Wistar rats weighing about 180–

200 g at 6 weeks of age were randomly divided into six groups: 
i) animal control group, ii) lead-induced group (50 mg/kg BW 
of lead acetate), iii) cotreatment of 50 mg/kg BW PFE with lead 
acetate group, iv) cotreatment of 100 mg/kg BW PFE with lead 
acetate group, v) cotreatment of 500 mg/kg BW PFE with lead 
acetate group, and vi) cotreatment of 1,000 mg/kg BW PFE with 
lead acetate group.

All rat groups were orally administered selected PFE 
doses based on previous studies (Arunkumar et al., 2016; Kumar 
et al., 2014). Treatments lasted for 8 weeks. Eight weeks of lead 
acetate administration was carried out to mimic subchronic lead 
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exposure and sufficiency for lead toxicity induction (Obafemi 
et al., 2019). This also is an appropriate time for investigating the 
protective effects of PFE (Kumar et al., 2014). The bodyweight of 
each animal was recorded weekly for 8 weeks.

Dose fixation of the plant drug
The lethal dose or LD50 of the PFE, > 2,000 mg/kg BW, 

was reported previously (Das et al., 2013; Kumar, 2014). In their 
study, animals received graded doses of PFE raised from 100 to 
2,000 mg/kg BW for 24 hours. They found that no animals showed 
any change in behavior, anatomy, or neurological patterns from 
any of the doses. The results from this group suggest that doses up 
to 2,000 mg/kg of PFE are safe for use. Moreover, several studies 
used concentrations of PFE between 100 and 500 mg/kg BW for 
28 days, and they showed remarkable protective effects, such as 
antihyperglycemic, antihyperlipidemic, and antioxidant activities, 
in Wistar rats (Kumar et al., 2014). In addition, at concentrations 
between 100 and 400 mg/kg BW of PFE, hepatoprotective effects 
against carbon tetrachloride were seen as well in rats (Arunkumar 
et al., 2016). Therefore, we chose the dosages of PFE based on 
these publications and added two more dosages [one lower (50 
mg/kg) and one higher (1,000 mg/kg)] to cover the range of 
promising doses that could protect against lead-induced toxicity.

Blood collection for hematological and biochemical studies
After 8 weeks of treatment, the rats were deeply 

anesthetized by using a mix of zoletil100 and xylazine at a ratio 
of 25:5 mg/kg BW, intraperitoneal injection. The combination 
of zoletil100 and xylazine is appropriate to use as an anesthetic 
since it prevents serum hemolysis and hepatic metabolism in rats 
(Machado et al., 2009). Blood samples were collected from the 
heart. Whole blood was collected in EDTA tubes for analyzing 
complete blood count, including i) red blood cell (RBC) count, 
ii) white blood cell (WBC) count, iii) hemoglobin concentration 
(Hb), and iv) % hematocrit (Hct), as well as red blood cell 
indices including v) mean corpuscular volume (MCV), vi) mean 
corpuscular hemoglobin (MCH), and vii) mean corpuscular 
hemoglobin concentration (MCHC). These parameters were 
analyzed by a Mindray Broucher BC-5180 Auto Hematology 
Analyzer (Aspen Diagnostics, India).

The blood samples were also utilized for biochemical 
studies. Serum was collected by centrifugation at 3,000 
rpm for 30 minutes and then kept in a freezer at −70°C 
until used. Aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT), blood urea nitrogen (BUN), and 
creatinine were evaluated. These parameters were measured by 
an automated analyzer (Mindray BS-400 Chemistry Analyzer, 
Aspen Diagnostics, India).

Histopathological study
Histopathological changes in the liver and kidney were 

determined in this study. The liver and kidney tissues were immediately 
removed from the rats after blood collection. The tissues were then 
weighed, fixed in 10% neutral buffered formalin, and embedded in 
paraffin. After that, sections (5 µm thickness) of paraffin-embedded 
tissues were stained with hematoxylin and eosin. The histological slides 
and representative photomicrographs were examined and captured 
using a light microscope, respectively. The relative weight of the organs 
was calculated by using the following formula: 

 mean absolute weight of organ (g)
 Relative weight of organ 100

 final weight of the animal (g)

Statistical analysis
Data are presented as means ± SEM. Prism 9 software 

(GraphPad, La Jolla, CA) was used for data analysis. Statistical 
analyses were carried out using two-tailed unpaired Student’s 
t-test when comparing two groups or with a one-way analysis of 
variance followed by Dunnett’s multiple comparisons test when 
three or more groups were compared. A p-value less than 0.05 (p 
< 0.05) was considered statistically significant. 

RESULTS 

Phenolic and flavonoid content of PFE
According to a previous report, P. foetida contains 

a large amount of flavonoid constituents (Ojha et al., 2018). 
Therefore, we first determined the phenolic and flavonoid contents 
in P. foetida extracts using garlic and quercetin as the equivalent 
standard. The phenolic and flavonoid contents of the P. foetida 
extract were 26.47% (3.97 ± 0.17 mg gallic acid equivalents 
(GAE)/g) and 42.86% (21.43 ± 1.77 mg quercetin equivalents 

Table 1. Effects of PFE on bodyweight gain in rats with lead acetate toxicity.

Treatments Initial BW (g) Final BW (g) BW gain (g) The gain to control (%)

Normal control 225.7 ± 8.4 483.0 ± 16.4 257.3 ± 12.1 100.0 ± 4.7

Lead acetate 220.5 ± 12.0 428.8 ± 18.8 208.3 ± 18.0* 80.9 ± 7.0*

Lead acetate + PFE (50 mg/kg BW) 234.0 ± 6.1 479.3 ± 39.1 245.3 ± 43.0# 95.3 ± 16.7#

Lead acetate + PFE (100 mg/kg BW) 229.8 ± 1.7 473.3 ± 23.7 243.5 ± 24.6# 94.6 ± 9.5#

Lead acetate + PFE (500 mg/kg BW) 231.7 ± 9.3 467.3 ± 32.5 235.7 ± 24.1# 91.6 ± 9.3#

Lead acetate + PFE (1,000 mg/kg BW) 221.0 ± 10.4 457.0 ± 23.1 236.0 ± 13.8# 91.7 ± 5.3#

*p < 0.05 compared to control group.
#p < 0.05 compared to lead acetate group.
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(QE)/g), respectively, indicating that P. foetida contained a good 
source of flavonoid content.

Effects of lead and PFE on body and organ weight
To determine the toxic effects of PFE on organs and 

bodyweight, Wistar rats were given lead (50 mg/kg BW) and various 
concentrations of PFE ranging from 0 to 1,000 mg/kg BW. After 8 
weeks of intervention, the result showed that the bodyweight of rats 
receiving the lead acetate alone exhibited less increase in comparison 
with rats receiving normal saline (control group) (p < 0.05). Moreover, 
there was no difference in the weight of rats that received lead acetate 
with any concentration of PFE (50, 100, 500, and 1,000 mg/kg BW) 
compared to control animals (p > 0.05) (Table 1).

The livers and kidneys of the animals taken from the 
sacrificed animals were weighed and averaged. For the weight of 
the liver, the results showed no difference in its weight or its weight 
ratio (weight of liver divided by the bodyweight of rat) in rats 
exposed to lead acetate compared to controls. Also, there was no 
difference in the weight or weight ratio of the liver in rats exposed 
to lead acetate + PFE at any concentration compared to the control 
group or rats exposed to lead acetate alone. For the weight of the 
kidney, the results showed no difference in the weight or weight 
ratio of the kidney in lead-exposed rats compared to controls. 
However, in Table 2, there was a difference in the weight ratio of 
the kidney in rats exposed to lead acetate with PFE at 1,000 mg/kg 
BW compared to controls (p < 0.05).

Effects of lead and PFE on hematological parameters

RBC count
The results showed a significant decrease in the RBC 

count among rats exposed to lead acetate alone compared to controls 
( p < 0.05). Rats exposed to both lead acetate and PFE (at 500 and 
1,000 mg/kg BW) exhibited a significant increase in RBC count 
compared to rats exposed to lead acetate alone (p < 0.05). 

Hb concentration
The results showed a significant decrease in Hb 

concentration among rats exposed to lead acetate alone compared 
to controls (p < 0.05). Rats exposed to both lead acetate and PFE 
(at 50, 100, 500, and 1,000 mg/kg BW) exhibited a significant 

increase in Hb concentration compared to rats exposed to lead 
acetate alone (p < 0.05) (Fig. 1B).

Hematocrit
The results showed a significant decrease in Hct among 

rats exposed to lead acetate alone compared to controls (p < 0.05). 
Rats exposed to both lead acetate and PFE (at 50, 100, 500, and 
1,000 mg/kg BW) exhibited a significant increase in Hct compared 
to rats exposed to lead acetate alone (p < 0.05) (Fig. 1C).

Mean corpuscular volume
The results showed a significant decrease in MCV among 

rats exposed to lead acetate alone compared to those in the control 
(p < 0.05). Rats exposed to both lead acetate and PFE (at 500 and 
1,000 mg/kg BW) exhibited a significant increase in MCV compared 
to rats exposed to lead acetate alone (p < 0.05) (Fig. 1D).

Mean corpuscular hemoglobin
The results showed a significant decrease in MCH among 

rats exposed to lead acetate alone compared to controls (p < 0.05). 
There was no difference in MCH between rats exposed to both lead 
acetate and PFE (at 50, 100, 500, and 1,000 mg/kg BW) and rats 
exposed to lead acetate alone (p > 0.05) (Fig. 1E).

Mean corpuscular hemoglobin concentration
The results showed a significant decrease in MCHC among 

rats exposed to lead acetate alone compared to those in the control 
(p < 0.05). Rats exposed to both lead acetate and PFE (at 100, 500, 
and 1,000 mg/kg BW) exhibited a significant increase in MCHC 
compared to rats exposed to lead acetate alone (p < 0.05) (Fig. 1F).

Red cell distribution width (RDW)
The results showed no difference in RDW between rats 

exposed to lead acetate alone and rats in the control (p > 0.05). 
There was also no difference in MCH between rats exposed to 
both lead acetate and PFE (at 50, 100, 500, and 1,000 mg/kg BW) 
and rats exposed to lead acetate alone (p > 0.05) (Fig. 1G).

WBC Count
The results showed a significant increase in WBC count 

among rats exposed to lead acetate alone compared to controls  
(p < 0.05). However, rats exposed to both lead acetate and PFE 

Table 2. Effects of PFE on organ weight ratio in rats induced with lead acetate.

Treatments BW
Liver Kidney

Weight (g) Ratio (%) % Weight (g) Ratio (%) %

Normal control 483.0 ± 16.4 15.4 ± 0.6 3.2 ± 0.1 100 3.2 ± 0.4 0.66 ± 0.06 100

Lead acetate 428.8 ± 18.8 14.87 ± 1.2 3.5 ± 0.2 109 3.4 ± 0.4 0.78 ± 0.06 118

Lead acetate + PFE (50 mg/kg BW) 479.3 ± 39.1 15.3 ± 1.9 3.3 ± 0.3 104 3.4 ± 0.3 0.76 ± 0.05 115

Lead acetate + PFE (100 mg/kg BW) 473.3 ± 23.7 17.8 ± 3.6 3.7 ± 0.6 115 3.5 ± 0.3 0.74 ± 0.09 112

Lead acetate + PFE (500 mg/kg BW) 467.3 ± 32.5 14.9 ± 0.8 3.2 ± 0.1 98 3.5 ± 0.5 0.76 ± 0.14 115

Lead acetate + PFE (1,000 mg/kg BW) 457.0 ± 23.1 14.5 ± 0.5 3.2 ± 0.6 99 3.8 ± 0.3 0.83 ± 0.04* 125*

*p < 0.05 compared to control group.
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Figure 1. Effects of lead acetate and the PFE on hematological parameters. (A) Red blood cell (RBC) count; (B) Hemoglobin (Hb) concentration; (C) % hematocrit 
(Hct); (D) mean corpuscular volume (MCV); (E) mean corpuscular hemoglobin (MCH); (F) mean corpuscular hemoglobin concentration (MCHC); (G) % red cell 
distribution width (RDW); (H) white blood cell (WBC) count; PFE: methanol extract of Paederia foetida leaves (mg/kg BW); lead (50 mg/kg BW). *p < 0.05 compared 
to control, #p < 0.05 compared between the lead acetate and PFE cotreatment groups.

(at 50, 100, 500, and 1,000 mg/kg BW) exhibited a significant 
decrease in WBC count compared to rats exposed to lead acetate 
alone (p < 0.05) (Fig. 1H).

Effects of PFE on liver function and histopathology

Alanine aminotransferase
The results showed that rats exposed to lead acetate 

alone exhibited significantly increased ALT compared to controls 

(p < 0.05) (Fig. 2A). However, rats exposed to lead acetate with 
PFE (at 50, 100, 500, and 1,000 mg/kg BW) exhibited significantly 
decreased ALT compared to rats exposed to lead acetate alone (p 
< 0.05) (Fig. 2A).

Aspartate aminotransferase
The results showed that rats exposed to lead acetate 

alone exhibited significantly increased AST compared to controls 
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Figure 2. Effects of the PFE on liver function and histopathology. (A) Serum aspartate aminotransferase (AST) level; (B) serum alanine aminotransferase 
(ALT) level. *p < 0.05 compared to the control, #p < 0.05 compared between the lead acetate and the PFE cotreatment groups. Photographs show 
representatie hepatocytes stained with hematoxylin and eosin. (C) Hepatocytes in the control group; (D) hepatocytes in the lead acetate group; (E) 
hepatocytes in lead + PFE 50 mg/kg BW group; (F) hepatocytes in lead + PFE 100 mg/kg BW group; (G) hepatocytes in lead + PFE 500 mg/kg BW group; 
and (E) hepatocytes in lead + PFE 1,000 mg/kg BW group. Scale bar = 40 µm (magnification = 400×).
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(p < 0.05) (Fig. 2B). Rats exposed to lead acetate with PFE (at 
100, 500, and 1,000 mg/kg BW) exhibited significantly decreased 
AST compared to rats exposed to lead acetate alone (p < 0.05) 
(Fig. 2B).

Histopathology
No histopathological abnormalities were observed in the 

hepatocytes of rats in the control group (Fig. 2C). Rats exposed 
to lead acetate alone showed some neutrophil infiltration around 
the periportal areas (Fig. 2D). However, no histopathological 
abnormalities were observed in the hepatocytes of rats exposed 
to lead acetate and PFE at 50 mg/kg BW (Fig. 2E), 100 mg/kg 
BW (Fig. 2F), 500 mg/kg BW (Fig. 2G), and 1,000 mg/kg BW  
(Fig. 2H).

Effects of PFE on kidney function and histopathology

Blood urea nitrogen
The results showed that rats exposed to lead acetate 

alone exhibited significantly increased BUN compared to the 
control group (p < 0.05). Rats exposed to lead acetate with PFE (at 
100, 500, and 1,000 mg/kg BW) exhibited significantly decreased 
BUN compared to rats exposed to lead acetate alone (p < 0.05) 
(Fig. 3A).

Creatinine
The results showed no difference in creatinine levels 

between rats exposed to lead acetate alone and the control group (p 
> 0.05). Also, there was no difference in creatinine levels between 
rats exposed to both lead acetate and PFE (at 50, 100, 500, and 
1,000 mg/kg BW) and rats exposed to lead acetate alone (p > 0.05) 
(Fig. 3B).

Kidney histopathology
No histopathological abnormalities could be observed in 

the kidneys of rats in the control group (Fig. 3C). However, there 
was mild parenchymal cell degeneration among rats exposed to 
lead acetate alone (Fig. 3D) and rats exposed to both lead acetate 
and PFE at 50 mg/kg BW (Fig. 3E), 100 mg/kg BW (Fig. 3F), 500 
mg/kg BW (Fig. 3G), and 1,000 mg/kg BW (Fig. 3H).

DISCUSSION
Lead is a highly toxic heavy metal that has a variety 

of pathological and physiological effects in both animals and 
humans (El-Boshy et al., 2019; El-Tantawy, 2016). In this work, 
lead acetate-induced hepato-, renal- and hematotoxicities in 
rats. However, the toxic and harmful effects of lead acetate were 
alleviated by the P. foetida extract (PFE) starting at the dose of 
100 mg/kg BW, which may have a higher potency and similar 
efficacy when compared with higher doses. PFE at a dose of 100 
mg/kg BW also showed several other effective characteristics; 
for example, i) administration of PFE for 5 days significantly 
prevented hepatotoxicity after injection of CCl4 for 48 hours in 
rats (Arunkumar et al., 2016) and ii) PFE at a daily dose of 100 
mg/kg for 28 days significantly decreased the level of fasting 
blood glucose, total cholesterol, and triglyceride, and it modulated 
the pathology of the kidney and liver in streptozotocin-induced 
diabetic rats (Kumar et al., 2014). Moreover, the maximum 

effective dose observed in diabetic rats was 500 mg/kg BW, which 
was slightly aligned with our hematology results. It has also been 
reported that PFE can protect against colitis in rats at the higher 
dose of 500 mg/kg BW (Das et al., 2013). It seems that the higher 
concentration of PFE was also safe and effective and showed no 
signs of toxicity as observed in our studies and previous reports, 
which found that PFE doses up to 2,000 mg/kg BW (p.o.) are safe 
with an LD50 of more than 2,000 mg/kg BW (Das et al., 2013; 
Kumar et al., 2014).

The present study proposed that PFE could attenuate the 
lead-induced reduction in bodyweight and restore hematologic 
alteration, renal function, and liver function in lead acetate-induced 
rats. For lead-induced reductions in bodyweight, the data from 
National Health and Nutrition Examination Survey (NHANES) 
1999–2006 revealed that blood lead levels were associated with 
lower bodyweights in adults (Scinicariello et al., 2013), which 
can potentially be caused by lead-induced metabolic changes. 
Moreover, previous studies indicated subchronic exposure to 
heavy metals induced weight loss (Nwokocha et al., 2011, 2012). 
The mechanism of lead-induced weight loss is not well understood. 
A previous study suggested that the loss of bodyweight might be 
caused by the lead-induced oxidative stress in the muscular system 
through ROS generation, leading to muscular atrophy (Buck and 
Chojkier, 1996). Following PFE treatment in lead-exposed rats, 
the present study showed that PFE in any concentration could 
improve the bodyweight of lead-exposed rats when compared to 
lead-exposed rats without PFE. The antioxidant properties of PFE 
could potentially explain its weight-restorative effect among lead-
exposed rats.

The present study also showed no difference in the 
weight or weight ratio of the internal organs (liver and kidney) 
between rats exposed to lead acetate alone, the control group, 
or rats exposed to lead acetate + PFE. These results are partially 
consistent with the study of Amjad et al., (2013), who reported that 
the weight of the kidney was significantly increased at 4 weeks, 
following daily induction (i.p.) of lead acetate at 8 mg/kg BW, and 
it did not change significantly at 6 weeks. Therefore, the alteration 
of the internal organs among lead-exposed rats is dependent on 
the duration of exposure. The mechanism underlying the increased 
internal organ weight could be explained by lipid accumulation 
in the liver and kidney, resulting in an increased weight of those 
organs (Alwaleedi, 2016).

For liver function and histopathology, the present study 
showed that AST and ALT levels were significantly increased 
in lead-exposed rats compared to control, suggesting lead-
mediated hepatic damage. Moreover, neutrophil infiltration 
could be observed around the periportal areas of liver tissue in 
lead-exposed rats. Interestingly, PFE administration at 100, 500, 
and 1,000 mg/kg BW decreased ALT and AST and reversed or 
prevented the histopathology of the liver tissue. These results 
suggest that PFE can protect against hepatic injuries and prevent 
the hepatic alterations that are caused by the toxic effects of lead 
acetate exposure. These results are consistent with the findings of 
previous studies that demonstrated the hepatoprotective activity 
of PFE in hepatotoxin-induced rats (Arunkumar et al., 2016; 
Sumithra et al., 2014; Uddin et al., 2011). The mechanism of lead-
induced hepatic injuries is not well understood. Previous studies 
showed that lead acetate could induce the production of ROS-
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Figure 3. Effects of PFE on kidney function and histopathology. (A) Blood urea nitrogen (BUN) level; (B) serum creatinine level. *p < 0.05 compared 
to the control, #p < 0.05 compared between the lead acetate and the PFE cotreatment groups. Photographs show representative renal cells stained with 
hematoxylin and eosin. (C) Renal cells control group; (D) renal cells in the lead acetate group; (E) renal cells in lead + PFE 50 mg/kg BW group; (F) 
renal cells in lead + PFE 100 mg/kg BW group; (G) renal cells in lead + PFE 500 mg/kg BW group; (E) renal cells in lead + PFE 1,000 mg/kg BW 
group. Scale bar = 40 µm (magnification = 400×). ▲ = parenchymal cell degeneration.
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related oxidative damage to the cell membrane of hepatocytes, 
which leads to hepatic enzyme leakage (Poli et al., 1987; Wang 
et al., 2013).

For the kidney function and histopathology, the present 
study showed an increased BUN but not creatinine levels among 
the rats exposed to lead acetate alone. These results indicate that 
the alteration in BUN was more sensitive than those of creatinine 
for the early stages of the lead-induced renal impairment. This was 
corroborated by another study that showed that increased creatinine 
was frequent in moderate to severe renal dysfunction (Wong Vega 
et al., 2020). In addition, mild parenchymal cell degeneration 
was observed among rats exposed to lead acetate alone (Fig. 3D). 
Following the administration of lead + PFE at any dose, BUN was 
significantly decreased (Fig. 3A). Interestingly, mild parenchymal 
cell degeneration was also observed among rats exposed to lead 
acetate alone or both lead acetate and PFE. As BUN and creatinine 
are commonly used as renal impairment biomarkers, the increased 
BUN level might be an early sign of renal dysfunction. Decreased 
BUN after lead acetate administration suggests the possibility of 
the protective effect of PFE.

To determine the long-term effects of lead plus P. 
foetida intake in humans, low-dose lead acetate with P. foetida 
was administered for 8 weeks rats. In this study, lead acetate at a 
dose of 50 mg/kg BW caused mild liver injury, which is slightly 
different from other groups that showed more liver damage in 
rats (Abdelhamid et al., 2020; Adhikari et al., 2018; Offor et al., 
2017; Sumithra et al., 2014). This discrepancy could be due to 
the shorter time point at which the other groups observed the 
effect of lead exposure (4 weeks). In addition, another report 
found that 2% lead acetate, which is a subtoxic concentration, 
causes changes in hepatocytes, portal triads, and sinusoids with 
an aggregation of inflammatory cells in the portal triad one 
month after lead exposure (Jarrar and Taib, 2012). However, the 
liver normally provides a great ability to tolerate several kinds 
of injuries and toxicants. After chemically induced liver damage, 
the process of inflammation can neutralize injurious agents 
and restore liver function. Therefore, the liver might have been 
repaired and recovered when exposed to lead for a long time, as 
seen by our liver histology slides that showed only mild liver 
injury (Fig. 2). This result aligns with another report of normal 
portal hepatic tissue with a mild aggregation of inflammatory 
cells in the liver in rats seven months after lead exposure (Jarrar 
and Taib, 2012).

In the hematological study, the results showed a 
significant decrease in the hematological parameters, including 
the RBC count, Hb concentration, % hematocrit, MCV, and 
MCHC in the lead-exposed rats compared to controls. The 
results of this study were consistent with the findings of previous 
studies (Haridy et al., 2014; Obafemi et al., 2019). However, PFE 
cotreatment with lead acetate showed effective improvement in 
these hematological parameters. The mechanisms of lead-induced 
hematological alterations in rats are well described, including 
i) lead-related RBC membrane fluidity that leads to increased 
erythrocyte hemolysis rates (Mannem, 2014; Ray, 2016), ii) 
lead interference with the heme synthesis pathway, such as the 
downregulation of δ-aminolevulinic acid dehydratase, resulting 
in low Hb concentration (Obafemi et al., 2019), or iii) the 
interference of lead with iron and copper metabolism in the RBCs 

(Klauder and Petering, 1977). While most of the RBC parameters 
were altered, the present study showed that the leukocyte count 
was also increased in lead-exposed rats. This result is consistent 
with another study, which also showed a lead-induced increase 
in leukocyte count (Shah and Altindog, 2005). Following PFE 
administration at any concentration, our results showed restoration 
of leukocyte counts back to the physiological levels. This result 
suggests that PFE can reduce the inflammatory responses that are 
induced by lead toxicity.

To the best of our knowledge, this study is the first report 
of PFE effectiveness against lead-induced toxicity. A possible 
mechanism could be due to the effect of various phytochemicals 
found within PFE (Ojha et al., 2018; Wang et al., 2014). For 
example, flavonoids such as kaempferol (Satapathy and Pattnaik, 
2019) found in PFE could retain their heavy-metal binding 
activity and act as chelating agents that neutralize the Pb2+ charge 
(Adhikari et al., 2018; Bagchi et al., 2015; Cornard and Merlin, 
2003). This fact could reduce ROS and other free-radical-induced 
oxidative stress and inflammation during Pb2+ exposure in the cells. 
Flavonoids also retain their antioxidant and anti-inflammation 
properties after Pb2+ chelation resulting in even more health benefits. 
Since significant oxidative stress is generated due to cellular Pb2+ 
exposure, an exogenously supplied chelator with sustainable 
antioxidant activity and a low cost, like PFE, could be a promising 
agent for treating lead-induced diseases. Moreover, oxidative stress 
markers, such as protein carbonylation and nonprotein thiols, and 
antioxidant enzymes, such as catalase and superoxide dismutase, 
need to be further evaluated in P. foetida. Finally, future studies 
should include clinical trials to assess the protective effects of  
P. foetida against high blood lead levels in lead-exposed workers.

CONCLUSION
Our investigation clearly indicated that methanolic P. 

foetida leaf extracts, at doses of 100, 500, and 1,000 mg/kg BW, 
improve bodyweight and the function of the liver, renal, and 
hematologic systems, following low-level exposure to lead. This 
study is the first to demonstrate the effects of methanolic extracts 
from P. foetida leaves on the hematologic system and the function 
of the liver and kidney in lead acetate-induced rats. PFE starting at 
the doses of 100 mg/kg BW might be beneficial against low doses 
of lead exposure in rats. However, the potential protective effects 
of dietary supplements containing PFE following lead poisoning 
in humans need to be investigated further. 
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