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Abstract: Lead (Pb) is a highly toxic metal present in the environment. It causes disturbances of several functions, including hematologic, renal, reproductive 
and nervous ones. Preventive or curative use of medicinal plants against these disorders may be a promising and safe therapeutic strategy. This study evaluated 
the hepatic toxic effects of prenatal exposure to lead in rats and the possible protective effect of dandelion (Taraxacum officinale) added to the diet. Female rats 
were given a normal diet (control) or a diet enriched with dandelion (treated). In addition, lead acetate was administered to half of the rats through drinking water 
from the 5th day of gestation until the 14th day postpartum. Lead toxicity was evaluated in their offspring by measuring body and liver weights, plasma biochemical 
parameters, liver damage, as well as protein content and activities of antioxidant enzymes in the liver tissues. Lead poisoning of mothers caused lead deposition in 
blood and stomach of their pups as well as hepatic tissue damages. Moreover, significant decreases in liver weight and protein content were found. Lead treatment 
caused oxidative stress and marked changes in the activity of antioxidant enzymes. However, no damages or biochemical changes were observed in puppies from 
the rats co-treated with lead and dandelion. These results indicate that supplementation of pregnant and lactating rats with dandelion protects their offspring against 
lead poisoning, likely through reduction of oxidative stress and liver damages.
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Introduction

Heavy metals are environmental pollutants with 
dangerous effects on human health due to their wide 
usage in many industrial branches. As a consequence, 
they are highly present in the air, water and soils (1). 
Among these metals, lead is one of the most common in 
our environment. Impact of this heavy metal on public 
health is well recognized, especially during the period 
of growth and development (2,3). Following absorption 
by the organism, lead (Pb) is distributed in soft tissues 
(blood, liver, etc…), then is rapidly stored in the back-
bone.

Prenatal life is considered as the most delicate stage 
of human development, because of the high degree of 
cell division and differentiation of the fetus. During that 
period, placenta acts as a selective barrier allowing the 
translocation of nutrients and oxygen to the fetus, while 
preventing the passage of other substances (4). As a 
consequence, at birth, maternal and neonatal blood lead 
levels are highly correlated (5). After birth, the newborn 
is further contaminated by lead contained in the milk 
during lactation, which represents approximately 25 to 
30% of total lead ingested by mother (6,7).

The liver plays a vital role in detoxification and me-
tabolism of toxic substances. Therefore, once overload-
ed, it is no longer capable of neutralizing toxic substanc-
es and digestive, endocrine, cardiovascular and immune 

systems will be intoxicated (8,9). Among soft tissues, 
the liver generally has the highest lead concentration 
(10), where it induces hepatotoxicity (11). Many of the 
adverse effects of lead exposure have been attributed to 
the propensity of lead to induce the production of reac-
tive oxygen species (ROS), DNA damage, and inactiva-
tion of antioxidant enzymes (12). Indeed, in both young 
and adult rats, lead treatment was found to cause altera-
tion in expression levels of various antioxidant enzymes 
in the liver, including superoxide dismutase (SOD), 
catalase (CAT), glutathione peroxidase (GPx), and gua-
nylate cyclase (13,14). Although the toxicity of lead has 
been largely studied in humans and adult rats, its role in 
generating oxidative stress in the liver of progeny has 
not been reported hitherto.

During the last years, major interest has been grant-
ed to medicinal plants for their effective contribution to 
the improvement and prevention of oxidative diseases 
including cardiovascular diseases, cancers and aging. 
These plants can produce alternative compounds to syn-
thetic molecules with proven serious side effects, for 
applications in food, pharmaceutical and cosmetic in-
dustries. Therefore, the identification of plant products 
or alternative medicines preventing or scavenging ROS 
production would help protect from oxidative damages. 
Accordingly, some bioactive compounds found in plants 
have been demonstrated to protect cells from oxidative 
stress by preventing the formation of free radicals or by 
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detoxifying free radicals, resulting in the prevention of a 
variety of pathophysiological processes (15).

Among the potentially antioxidant plants, dandelion 
(Taraxacum officinale L., Asteraceae) is an edible plant 
traditionally used in folk medicine because of its anti-
diabetic, choleretic, and diuretic properties (16). Recent 
studies have provided evidence that it can also reduce 
inflammation and the risk of tumor (17). However, the 
potent effect of dandelion on lead-induced hepatoxicity 
has not been described. Therefore, the purpose of this 
study was to investigate (i) the hepatotoxicity of lead on 
newborns from female rats intoxicated during late preg-
nancy and early postnatal periods, and (ii) the potent 
hepato-protective action of dandelion.

Materials and Methods

Animals
Wistar rats weighing 170 to 180 g were obtained 

from the "Central Pharmacy of Tunis" (SIPHAT). They 
were kept in cages in a breeding farm at a temperature 
of 21±1°C with alternating periods of 14/10 h of dark-
ness/illumination and a relative humidity around 40%. 
All animals had free access to drinking water. The basic 
food consisted of 15% protein industrial pellets provid-
ed by the Industrial Society of Concentrate (SICO, Sfax, 
Tunisia).

The experimental procedures were carried out ac-
cording to the general guidelines on the use of living 
animals in scientific investigations (18) and approved 
by the Ethical Committee of the Faculty of Science of 
Sfax.

Plants
Dandelion microspheres (ref. TADL060206) were 

supplied by PARACHIMIC Company, Sfax, Tunisia.

Chemicals
All reagents used in the present study were of ana-

lytical grade. Lead (in the acetate form) was obtained 
from SD Fine Chemicals (Bhoisar, Mumbai, India). 
5,5’-Dithiobis (2-nitrobenzoic acid) (DTNB), L-glu-
tathione (reduced form), and all current chemicals were 
purchased from Sigma Chemical Co. (St. Louis, MO, 
USA).

Experimental procedure
Food preparation

Standard diet provided to the rats consisted of pel-
lets containing a mixture of wheat, alfalfa, soybean, vi-
tamins and minerals. Alternatively, a diet enriched with 
2% dandelion was prepared by mixing plant powder 
with food pellets in distilled water so as to obtain a ho-
mogenous paste (19). That mixture was cut into pellets 
and allowed to dry before the experiment.

A preliminary study, using dandelion doses up to 2% 
in the diet did not reveal any toxic effects or oxidative 
stress in adult females. Higher doses resulted in the oc-
currence of diarrhoea and reduced growth, but were not 
lethal to rats.

Treatments
After one week acclimatisation in the laboratory 

conditions, adult females were placed with males on 

the proestrus night and the presence of spermatozoa in 
the vaginal smear was noted as day 0. Pregnant females 
were individually housed in plastic cages in a tempera-
ture-controlled nursery (22–24°C). 

Thirty-two pregnant rats were randomized into two 
sets of 16 rats. The first set consisted in controlling ani-
mals drinking distilled water. The second set was given 
water containing 6 g/L lead acetate, resulting in an av-
erage uptake of 343 mg lead/kg body weight/day (20). 
Each group was then separated into two subgroups of 
eight animals. Among the animals not intoxicated with 
lead, rats belonging to C (control) and D (dandelion) 
subgroups were given a normal diet and a diet enriched 
with 2% dandelion, respectively. Similarly, the two sub-
groups treated with lead acetate were given either a nor-
mal diet (Pb) or a diet enriched with dandelion (D Pb). 
Every female rat was treated from day 5 of gestation to 
day 14 of lactation, development being strongly sensi-
tive to environmental pollutants during that period (21). 

At birth, pups from each mother were weighed and 
each litter was reduced to eight pups (4 males and 4 fe-
males) in order to maximise lactation performance (22). 
During the lactating period, food and water intake were 
evaluated daily at the same time by measuring food and 
water remaining in the tanks. All the recorded data were 
then used to calculate the amounts of lead and dandelion 
ingested by each lactating dam. All samples were stored 
at -27°C until analyses.

Organ sampling
On day 14 after delivery, every pup was anesthetized 

with chloral hydrate by intra-abdominal injection. The 
body weight of pups was recorded and blood samples 
were collected in heparin tubes from brachial artery. 
Plasma samples were drawn from blood by centrifuga-
tion at 2500 x g for 15 min, then kept at -27°C until 
analyses. Moreover, stomach contents of suckling pups 
were sampled and weighed. Milk tinged with blood was 
not taken, thus avoiding the introduction of blood into 
the milk collected (23). The livers were drawn, cleaned, 
and weighed. A fraction of each sample was immedi-
ately fixed into Bouin’s solution (saturated picric acid 
added with 37–40% formaldehyde and glacial acetic 
acid, 75:25:5 v/v) for histological studies. The remain-
ing fraction was homogenised (1:2, w/v) in 50 mM 
Tris buffer (pH 7.4) containing 150 mM NaCl using an 
Ultra-Turrax device. Homogenates were centrifuged at 
5000 x g for 25 min at 4°C and aliquots of supernatant 
were kept at -27°C until analyses (19).

Evaluation of lead content 
Mineralisation of blood, stomach contents and food 

pellets was carried out at 200°C in Kjeldahl tubes in the 
presence of a nitric acid/perchloric acid (2:1 v/v) mix-
ture. Lead contents were then determined using a fast 
sequential atomic absorption spectrometer (220 FSAA, 
Varian). Accordingly, no lead was detected in food pel-
lets. Calcium contents in the stomach were determined 
using an ion assay with a disodium salt solution of eth-
ylene diamine tetraacetic acid (EDTA) at a pH between 
12 and 13. 

Protein quantification
Protein content was assayed as described by Lowry 
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The NAS calculation system applied to semi-quanti-
tative evaluation of inflammation and ballooning in the 
liver tissue confirmed all previous observations (Fig. 2).

Effects of treatments on growth and body weight
Supplementation of control mothers with dandelion 

et al. (24), using bovine serum albumin as standard.

Determination of antioxidant enzymes activities and 
lipid peroxidation level

Levels of lipid peroxidation in liver and plasma sam-
ples were estimated by measuring the formation of thio-
barbituric acid reactive substances (TBARS) according 
to the method of Yagi (25). Superoxide dismutase (SOD) 
activity was determined in sera and liver homogenates 
according to the method of Beyer and Fridovich (26). 
Catalase (CAT) activity was measured using the meth-
od of Aebi (27). Changes in absorbance were recorded 
at 240 nm, and the enzyme activity was calculated in 
terms of μmoles of H2O2 consumed/min/mg of protein. 
Glutathione-peroxidase (GPx) activity was measured 
according to the method of Floke and Gunzler (28). The 
decrease in absorbance at 340 nm was measured, and 
the enzyme activ ity was expressed as nmoles of GSH 
oxidized/min/mg of protein.

Histological analyses
Small pieces of neonate liver were fixed in a Bouin’s 

mixture, embedded in paraffin, and sectioned. The sec-
tions were stained with haematoxylin-eosin (29) to ex-
amine tissue constitution. Six slides were prepared from 
each liver. All sections were evaluated semi-quantita-
tively for the degree of liver injury. Thus, the steatohep-
atitis calculation system (NAS) was applied to evaluate 
the steatosis, inflammation, and ballooning in liver tis-
sues (30).

Statistical analysis
The data were analysed using the statistical package 

program Stat Graphics plus 5.1 (stats graphics). Statisti-
cal analysis was performed using one-way analysis of 
variance (ANOVA) followed by Fisher’s protected least 
significant difference (FLSD) test as a post hoc test for 
comparison between groups. Differences were consid-
ered significant at different levels (P < 0.05, P < 0.01, 
P < 0.001).

Results

Death or abortion was not observed in any experi-
mental groups during the treatment period (21 days). 
However, few clinical signs were noted in suckling 
pups of the Pb groups, including reduced activity and 
increasing weakness.

Effects of treatments on liver tissues
Liver histological study was used to determine the 

effects of lead on liver tissues and the potent protective 
effect of dandelion on lead-induced injury. Histopatho-
logical examination of control group (Fig. 1(A, A1)) 
showed normal architecture and appearance of the cen-
tral vein with a radiating pattern of cell plates that were 
normal in shape and size. The exposure of rats to Pb in-
duced degenerative signs, including necrotic cells, leu-
cocyte infiltration, and hepatocyte vacuolization (Fig. 
1(B, B1)). The co-administration of dandelion to the 
Pb-treated group provoked a marked improvement in 
the hepatocyte structure (Fig. 1(C, C1)). The liver his-
toarchitecture was normal in control rats supplemented 
with dandelion. 

Figure 1. Histological structure of the liver of 14 day-old rats born 
from control mothers (A, A1), mothers treated with lead acetate 
(B, B1), mothers intoxicated with lead acetate and fed with dande-
lion (C, C1) from the 5th day of gestation. Sections were examined 
by light microscopy (200x, 400x) after haematoxylin–eosin stain-
ing.  Arrows indicate:       Granuloma inflammatory disorders;  
hepatocytes      vacuolization of hepatocytes;      necrotic cells;                   
        leucocyte infiltrations.
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Figure 2. Histological NAS scores of liver tissues of the different 
set of animals, given as means ± SE of 12 determinations. Means 
not sharing the same letters within a row are significantly different 
(P < 0.05).
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had no effect per se on their food or water consump-
tion, or on body weight of neonates (Table 1). How-
ever, it increased mother body weight (+10% as com-
pared to control). Conversely, lead exposure of moth-
ers caused a significant decrease in the consumption of 
food (-24.8%) and an increase in water drinking (+30%) 
(P < 0.05). These observations were accompanied with 
a reduced body weight in mothers and their offspring, 
compared with the control. Co-treatment with dandeli-
on maintained normal food and water consumptions by 
mothers, as well as body weight of their pups.

Effects of treatments on lead concentration in neo-
nate blood

Lead concentration in blood of intoxicated pups aged 

14 days exhibited 8- and 7-fold increases in male and 
female pups, respectively, compared to controls (Table 
2). However, supplementation of mothers with dande-
lion upon lead exposure reduced significantly (-40%, 
P < 0.01) the accumulation of lead in the blood circula-
tion of their offspring. The addition of dandelion to the 
diet of control mothers had no effect per se on the blood 
lead level in pups.

Effects of treatments on lead and calcium levels in 
neonate stomach

Lead concentration in the stomach of intoxicated 
pups aged 14 days exhibited a 5-fold increase, compared 
to that in control (Table 3). Moreover, lead caused a 
marked change in the mineral content of neonate stom-
ach, especially calcium content which dropped by 78% 
and 60% in male and female puppies, respectively. Con-
versely, diet supplementation of lead-intoxicated moth-
ers with dandelion caused a strong decrease of Pb level 
and parallel increase of Ca level in pup’s stomachic con-
tent (P < 0.001), as compared to Pb group. The addition 
of dandelion to the diet of control mothers had no effect 
per se on the gastric lead or calcium level in neonate.

Effects of treatments on liver weight and oxidative 
status
Effects of treatments on liver weight

Lead administration in pregnant and lactating moth-
ers resulted in a significant decrease of the liver weight 
in 14 day-old pups (P < 0.05) (Table 4). However, the 
offspring from lead-intoxicated mothers supplemented 
with dandelion exhibited normal liver weight. Addition 
of dandelion to the diet of control mothers had no effect 

Treatments Stomach content (µg/g)
Males (n=4) Females (n=4)

Lead Calcium Lead Calcium
C 1.23±0.64 4.67±0.91 1.78±0.39 5.09±1.86
Pb 6.11±1.40*** 1.04±0.18*** 8.95±0.38*** 2.02±0.53**

D Pb 2.54±0.16*,++ 2.55±0.19**,++ 1.70±0.17++ 3.61±0.44*,++

D 1.54±0.20 4.23±0.56 1.73±0.23 5.01±1.04

Treatments
Blood lead concentration (µg/mL)
Males (n=4)                  Females (n=4)

C 0.19±0.01 0.24±0.02
Pb 1.59±0.13*** 1.78±0.33***

D Pb 0.92±0.20**,++ 1.02±0.19**,++

D 0.18±0.01 0.23±0.01

Table 2. Lead concentration in blood of 14 day-old pups from 
control mothers (C) or mothers treated with 6 g/L of Pb through 
drinking water (Pb) and 2% dandelion (D) or (D Pb) in feed, from 
the 5th day of pregnancy until day 14 after delivery.

Values are expressed as means ± SD of 4 determinations in each 
group.
Significant differences between groups were mentioned as follows:
Pb or (D Pb) group compared to control (C): *P < 0.05;**P < 0.01;***P 
< 0.001.
(D Pb) group compared to Pb group: +P < 0.05; ++P < 0.01; +++P < 
0.001.

Table 3. Concentration of lead and calcium in stomachic content of 14 day-old pups from control mothers (C) or mothers 
treated with 6 g/L of Pb through drinking water (Pb) and 2% dandelion (D) or (D Pb) in feed, from the 5th day of pregnancy 
until day 14 after delivery.

Values are expressed as means ± SD of 4 determinations in each group.
Significant differences between two groups are mentioned as follows: 
Pb or (D Pb) group compared to control:*P < 0.05; **P < 0.01;***P < 0.001.
(D Pb) group compared to Pb group: +P < 0.05; ++P < 0.01; +++P < 0.001.

Treatments Absolute weight (g) Protein content (mg/g of organ)
Males Females Males Females 

C 0.63±0.01 0.61±0.13 31.56±4.19 30.75±5.22
Pb 0.54±0.02* 0.53±0.17* 9.21±2.50*** 5.43±2.16***

D Pb 0.60±0.02+ 0.59±0.02+ 24.26±2.85*,++ 33.90±5.29+++

D 0.61±0.01 0.58±0.02 32.40±4.41 33.87±4.00
Values are expressed as means ± SD of 4 determinations in each group.
Significant differences between two groups are mentioned as follows: 
Pb or (D Pb) group compared to control:*P < 0.05; **P < 0.01;***P < 0.001.
(D Pb) group compared to Pb group: +P < 0.05; ++P < 0.01; +++P < 0.001.

Table 4. Liver weight and protein content of 14 day-old pups from control mothers (C) or mothers treated with 6 
g/L of Pb through drinking water (Pb) and 2% of dandelion (D) or (D Pb) in feed from the 5th day of pregnancy 
until day 14 after delivery.
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per se on the weight of newborn liver.

Effects of treatments on liver protein content
Lead treatment of mothers caused a strong decrease 

of the hepatic protein level in their offspring (Table 4). 
The average decreases in protein contents were 70% and 
82% in male and female neonates, respectively, com-
pared to control pups. The addition of dandelion to the 
diet of mothers upon lead exposure markedly reduced 
such changes in their offspring, which exhibited protein 
levels similar to those of control.

Effects of treatments on lipid peroxidation levels in 
liver

Hepatic TBARS production in the offspring varied 
greatly depending on mother treatment. Lead intoxica-
tion of mothers resulted in 14- and 8-fold increases of 
TBARS concentration in the liver of male and female 
pups, respectively, as compared to control (Table 5). 
However, dandelion supplementation of the lead-poi-
soned mothers significantly reduced the peroxidation 
level in liver of their offspring (P < 0.001), reaching 
control levels. That dandelion effect (TBARS decrease) 
was particularly marked in female neonates, compared 
to males. The addition of dandelion to the diet of control 
mothers had no effect per se on the peroxidation level in 
the liver of their offspring.

Effects of treatments on antioxidant enzyme activities 
in liver

Dandelion supplementation had no effect per se on 
the hepatic level of antioxidant enzyme activities in con-
trol newborns. Lead administration to mothers caused 
a strong decrease in hepatic SOD activity in male and 
female pups (by 46% and 50%, respectively) (Table 5). 
The addition of plant (dandelion) to the diet of mothers 
reduced significantly that change in the neonate’s liver 
(P < 0.001). 

Similarly, catalase activity decreased significantly 
in the liver of male and female pups (-44% and -34%, 
respectively) upon lead exposure (Table 5). Dandelion 
supplementation of mothers kept hepatic catalase activ-
ity close to control value in their offspring.

A strong decrease in GPx activity was observed in 
the liver of male and female pups from lead-treated 
mothers (7- and 13-fold decreases, respectively, P < 
0.001). Here again, addition of dandelion to the diet of 
mothers maintained GPx activity close to control values 

in their offspring.

Discussion

Lead is a ubiquitous environmental and industrial 
pollutant that has been detected in nearly all phases of 
environment and biological system. Its persistence in 
human and animal tissues has often been associated 
with considerable health risks (31). In particular, preg-
nant women, offspring and young children are highly 
vulnerable upon lead exposure (32). The occupational 
or accidental exposure to lead affects different organs 
and tissues, including the respiratory tract, skin, kidney, 
liver, etc... Our experimental study consisted of chronic 
exposure of female rats, from gestation until the 14th 
day of lactation, to 0.6% lead in drinking water. Such 
intoxication was accompanied with a marked decrease 
in food consumption by mothers, which in turn reduced 
their body weight. Similarly, we observed growth re-
tardation in intoxicated young rats, which is likely the 
result of a limitation of milk absorption by the offspring 
(32). These results are consistent with previous stud-
ies performed with lead or other heavy metals (33,34). 
The magnitude of these effects appeared to be strongly 
dependent on the developmental period in which expo-
sure takes place (35). They support the hypothesis that 
perinatal and postnatal exposures of rats to lead delays 
the growth of their pups, which may be a consequence 
of transfer of Pb through both placenta and milk. Be-
sides, although T. officinale did not stimulate food or 
water consumption by mothers, growth activation was 
recorded upon dandelion supplementation. This could 
be due to vitamins and iron contents of the plant, which 
help preventing anemia (36). 

In humans, a pregnant woman can transfer her body 
burden of lead to the growing fetus, as there is no pla-
cental barrier for a heavy metal like lead (37). Thus, 
intoxication may occur during the first months of life 
through breast-feeding. Indeed, a number of contami-
nants in breast milk could represent a risk for children 
(38,39,40). In our study, we found high levels of lead 
(exceeding 1.5 mg/L) in young rat blood, confirming 
that offspring exposed to lead from the prenatal period 
may exhibit elevated blood Pb level, even higher than 
that of their mother (41,42). Such an observation sup-
ports the notion that infants absorb and retain more Pb 
than older animals (43,44).

Milk is a major source of calcium and is recom-

Parameters 
Males Females

C Pb D Pb D C Pb D Pb D

TBARS 0.79±0.19 11.33±2.94*** 1.70±0.11*,+++ 0.90±0.11 2.37±0.31 19.26±10.99*** 1.18±0.48+++ 1.78±0.11
SOD 32.15±2.30 17.32±1.87*** 25.54±2.60*,++ 30.53±1.59 33.55±5.42 16.61±2.97*** 26.00±1.08+++ 27.28±3.37

CAT 76.99±5.83 43.31±2.38* 73.23±0.73+++ 75.22±4.97 78.86±8.91 51.75±6.44* 72.17±2.80++ 76.07±7.29
GPx 20.68±2.57 2.83±0.63*** 17.60±3.95+++ 19.59±3.24 29.80±1.09 2.30±0.23*** 17.44±1.70*,+++ 28.48±0.98

Table 5. TBARS level and activities of CAT, SOD and GPx in the liver of 14 day-old pups from control mothers (C) or mothers treated with 6 g/L 
of lead (Pb) through drinking water and 2% dandelion (D) or (D Pb) in feed, from the 5th day of pregnancy until day 14 after delivery.

Results are expressed as mean ± SD of 4 determinations in each group.
TBARS: nmol/mg protein, Activity of superoxide dismutase (SOD): U/mg protein, Activity of catalase (CAT): µmol H2O2/min/mg protein, 
Activity of glutathione peroxidase (GPx): nmol GSH/min/mg protein.
Significant differences between two groups are mentioned as follows: Pb or (D Pb) group compared to control:*P < 0.05; **P < 0.01;***P < 0.001.
(D Pb) group compared to Pb group: +P < 0.05; ++P < 0.01; +++P < 0.001.
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mended as a prophylactic remedy against lead toxicity, 
since calcium increases Pb uptake from digestive tract 
(45). Interestingly, in our study, antiparallel variations 
of Ca and Pb were found in neonate stomach depend-
ing on the treatments. Such reverse trends between the 
metal and calcium has not been documented hitherto, 
and its cause remains to be elucidated. Only recent re-
ports have suggested that lead inhibits some regulatory 
actions of calcium on cell function (46, 47). Exhibiting 
a similar chemical structure to calcium, the metal would 
compete for membrane transport systems (48) and have 
a high affinity for intracellular calcium sites and calci-
um-regulating processes. As a consequence, it alters in-
tracellular calcium homeostasis and receptor-mediated 
signal transduction pathways, which contribute to its 
toxicity (48).

Once absorbed by the mothers, lead is distributed 
by the blood toward the soft tissues, including the liver 
which is a key organ in the metabolism and detoxifica-
tion of xenobiotics. As a consequence, quite high levels 
of lead are found in the liver (44), and toxicity may oc-
cur (49). Our results showed that lead caused signifi-
cant liver atrophy and drop in hepatic protein level in 
the pups. Such observation is likely the result of protein 
synthesis impairment in the hepatocytes, like it has been 
reported earlier (50). Along, it was accompanied with 
severe histological injuries in the progeny, including 
cell structure damage, hepatocellular necrosis and leu-
kocyte infiltration. These results are in agreement with 
those of Campana et al. (51) and El Heni et al. (52), 
confirming that late pregnancy and early postnatal are 
critical periods when pup development is particularly 
vulnerable to lead toxicity. 

Our study shows that supplementation of healthy fe-
males with dandelion had no effect per se on hepatic 
functions in either mothers or their offspring. It con-
firms that dandelion root extract itself does not have any 
harmful effects on hepatic function (53) and could be 
considered as safe when added at 2% in the diet. Even, 
our data showed that ingestion of dandelion by mother 
rats upon lead intoxication prevents the adverse effects 
of Pb on neonate liver. This hepatoprotective effect may 
be related to the presence of antioxidant compounds 
in root microspheres of T. officinale (54), including 
terpenes and phenolic compounds such as flavonoids 
(quercetin, luteolin, and luteolin-7-O-glucoside), chic-
oric acid, chlorogenic acid, and chrysoeriol (16,55). 
Accordingly, our results suggest that dandelion protects 
liver tissues against lead-induced damages, in particular 
oxidative stress and lipid peroxidation, thanks to its fla-
vonoids (56).

In order to understand the mechanism by which dan-
delion supplementation ameliorates lead-induced tox-
icity, we evaluated markers of oxidative stress, includ-
ing thiobarbituric acid reactive substances (TBARS, 
marker of peroxidation level) and antioxidative enzyme 
activities. Accumulating evidences have shown that 
lead causes oxidative stress by inducing the generation 
of reactive oxygen species (ROS) and weakening the 
antioxidant defence system of cells (57-58).Thus, lead 
contamination caused an elevation of lipid peroxidation 
rate in the newborn liver, confirming the high sensitivity 
of liver at late pregnancy and early postpartum (59,34). 
Many studies have reported that lead exposure induces 

oxidative stress in liver (51-56). Conversely, the sup-
pression of lipid peroxidation in hepatocyte membranes 
and the alleviation of oxidative stress by antioxidants 
are key mechanisms for hepatoprotection against lead-
induced toxicity (60). On that point, lipid peroxidation 
was decreased in diabetic rats following dandelion wa-
ter extract administration (61). These authors attribute 
the protective effect of the plant to the presence of luteo-
lin, luteolin-7-O-glucoside and polyphenols, which are 
well-documented antioxidants (62,63).

Besides, antioxidant enzyme activities were meas-
ured in the liver of pups to determine how dandelion 
affects hepatic antioxidant defenses. Our results clearly 
demonstrated that SOD, CAT and GPx activities de-
creased upon lead intoxication, indicating that lead ex-
posure induced oxidative stress by lowering hepatic an-
tioxidant defenses. These enzymes are important agents 
of living organism defense against oxidative stress, 
scavenging or decomposing highly toxic ROS (64,65). 
Several studies have shown that Pb can alter antioxidant 
enzymes because of its high affinity for functional sulf-
hydryl (SH) groups in these enzymes (65,66). Moreo-
ver, the induction of inflammatory process in hepatic 
tissue following lead chronic exposure was reported 
(67,68), and the authors suggested that Pb would inter-
act with antioxidant defense, leading to ROS genera-
tion. GPx, CAT and SOD depend on various essential 
trace elements for proper molecular structure and activ-
ity, so these antioxidant enzymes are potential targets 
for lead toxicity (66). This might be largely due to an 
overwhelming oxidative modification of the enzyme 
proteins by the ROS.

On the other hand, our observations revealed that 
ingestion of T. officinale prevented the impairment of 
antioxidant defense system in progeny liver challenged 
with lead, as indicated by the restoration of enzyme ac-
tivities upon co-treatment with lead and dandelion. As 
far as we know, such protective effect on antioxidant 
enzymes is not clearly elucidated. Some flavonoids 
identified in dandelion may act as ROS scavengers to 
protect against oxidative stress, as reported for luteo-
lin and luteolin-7-O-glucoside (17). Along, flavonoid 
treatments have been shown to increase catalase mRNA 
expression (69), and catalase and GPx activities (70). 
Research is currently under way to identify the structure 
of the hepatoprotectants in dandelion root against lead-
induced toxicity.

Dramatic damages caused to the liver by lead con-
sumption are strongly associated with oxidative stress 
(lipid peroxidation, generation of ROS). Dandelion sup-
plementation to the diet attenuates liver disturbances in-
duced by lead, as evidenced by a recovery of normal 
hepatic antioxidant status and lipid peroxidation. It is 
assumed that the antioxidant action of microsphere ex-
tract from the root of T. officinale would be responsible 
for improving the oxidative status during the lead poi-
soning. Therefore, the development of nutritional sup-
plementation using this plant may be useful to protect 
the liver against lead-induced damage, and further study 
on the role of this edible plant on human subjects should 
be addressed to confirm its potential.
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