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ENVIRONMENTAL SCIENCES

ENVIRONMENTAL CONTAMINATION  

The perinatal period is very critical as the embryo or the new born is more susceptible to Cd 
toxicity. This study was done to measure Cd levels in brain tissue of F1 and F2 generation mice 
whose mothers were exposed to Cd during lactation or during the entire period of gestation and 
lactation and also to investigate whether quercetin could modulate this effect. Dams were exposed 
to cadmium during lactation and during the entire perinatal period. F1 and F2 generations were reared 
till 100 days of age. After being sacrifi ced, their brains were extracted, and cadmium levels were 
estimated using Atomic absorption spectrophotometer. It was found that Cd levels in brain tissue 
were signifi cantly higher in the F1 generation when animals were exposed in lactation. There was 
slight increase in Cd in brain tissue of animals exposed during gestation as well as lactation, but 
the change was not statistically signifi cant. Quercetin reduced the Cd levels signifi cantly in a dose 
dependent manner in lactation group. In the other two groups it reduced the Cd levels even lower 
than the controls. This study shows that Cd is passed on to the next generation more effi  ciently when 
exposed during lactation. Lesser transmission is seen when exposure is during gestation followed by 
lactation. Quercetin effectively reduces Cd levels in brain tissue irrespective of the type of exposure.

ABSTRACT

INTRODUCTION 
Exposure to heavy metals and its associated harmful eff ects is something 

which the human race can no longer evade. Industrial effl  ux, farming products, 
mining and various such activities are actively contributing to the increasing heavy 
metal load in the environment. Cadmium is a heavy metal, whose source in the 
environment is from activities like manufacturing dyes, batteries, leather industry, 
and mining [1]. Not only those associated with these occupations are at higher risk 
of exposure, Cd fi nds its way to the general population too, through contaminated 
food and water [1]. Tobacco plant is known to assimilate more of this heavy metal 
than any other plant. Therefore, taking any form of tobacco increases the risk of 
Cd exposure manifold [2]. Once it enters the human body it starts accumulating in 
various tissues forming complexes with proteins, hence the harmful eff ects of Cd 
are seen in various organ systems, specially kidneys, liver and brain [3].
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Cd has been shown to aff ect cognitive functions and 
derange neuronal development of children.  The perinatal 
period is most critical as the embryo and the newborn is 
more susceptible to Cd toxicity due to lack of proper blood 
brain barrier [3]. There are confl icting reports about the 
amount of Cd that fi nds its way to the developing embryo 
through placenta. Some studies have reported Cd levels 
in cord blood were 50% that of maternal blood, indicating 
a huge load of Cd is passed on to the fetus [4]. Whereas, 
other studies have reported that the placenta might act as 
barrier [5]. Similar confusion exists in the role of breast milk 
causing Cd exposure in newborns. Some studies say that less 
cadmium is excreted in breast milk as lactation progresses 
[6]. However, one study has specifi cally shown that the level 
of breast milk Cd is at least 3-4 times than that of maternal 
blood which indicates that probably Cd is accumulated by 
the mammary glands [7]. 

Quercetin, a polyphenolic compound, is known for its 
antioxidant properties and has been shown to mitigate the 
eff ect of Cd [8]. Its benefi cial eff ect on cognitive functions 
is even more pronounced and most studies have attributed 
this benefi cial eff ect to its antioxidant properties [8,9].  It 
scavenges the superoxide ion directly inhibits the superoxide 
generating enzymes [10]. Quercetin also has shown ability to 
chelate heavy metals, and whether this property plays a role 
in modulating the Cd levels in brain needs to be evaluated 
[11]. 

A previous study in our lab has demonstrated that Cd 
levels attained in brain following exposure during gestation 
corelated with memory impairment in the subsequent 
generations. We had also tested that Cd exposure during 
lactation caused memory impairment in F1 generation [8-
12]. To evaluate further, the present study was designed to 
measure Cd levels in brain tissue of F1 and F2 generation mice 
whose mothers had been exposed to Cd specifi cally during 
lactation or during the entire perinatal period. This work 
was meant to compare the Cd levels attained in brain tissue 
due to exposure during these crucial phases of the perinatal 
period. This study also intended to analyze the Cd levels in 
brain tissue when Cd and quercetin was co-administered.

MATERIAL AND METHODS
Animals

Animals (swiss albino mice) weighing approximately 
20–25 g (8 weeks old) were used in the study. The animals 
were obtained from the Central Animal House of University 
College of Medical Sciences, Delhi. They were housed in 
cages in groups of three to four per cage with free access 
to pellet diet and water in a temperature-controlled 
environment (temperature:22 + 2°C, humidity: 50–55%, 
natural light/day cycle). Care of animals was done as per the 
guidelines of the Committee for the Purpose of Control and 
Supervision of Experiments on Animals (CPCSEA), Ministry 

of Environment and Forest, Govt. of India, New Delhi. The 
study was duly approved by the Institutional Animal Ethics 
Committee, University College of Medical Sciences, Delhi.

Preparation of animals

Nulliparous female mice were examined by vaginal 
cytology and their oestrous state was assessed. They were 
randomly divided into pairs (male and female) and were 
placed overnight for the purpose of mating. The start of 
gestation (i.e day 1 of gestation) was confi rmed by presence 
of spermatozoa in vaginal smears on the subsequent 
morning. The impregnated female animals were then 
housed individually in separate breeding cages. The animals 
were thereafter divided into diff erent groups.

For animals to be exposed during lactation period (fi rst 7 
days), following delivery the dams were divided into groups 
and treated with the respective drugs for 7 days. Following 
delivery, the F1 generation mice were reared till 100 days age 
and the brain tissue were collected. The F1 generation were 
also crossed among themselves to produce the F2 generation 
mice which were again raised till 100 days for collection of 
brain tissue.

For animals to be exposed during the entire perinatal 
period (last 7 days of gestation + fi rst 7 days of lactation), 
the dams were divided into groups and treated with the 
respective drugs for 7 days during gestation (day 14-day21) 
and for one week during lactation (fi rst 7 days). F1 and F2 
animals were reared same as above to collect the brain tissue.

Plant material

Quercetin was purchased from M/s Sigma Aldrich 
(Product no. Q4952 CAS no.117-39-5, dated  8-03-2010) in 
the form of yellow amorphous powder. As per the literature 
provided by the manufacturer, the purity of the product as 
assessed by HPLC was found to be 98%. For the study, the 
quercetin powder was suspended in double distilled water to 
prepare solutions of the required doses (25, 50, 100 mg/kg). 
The suspension was made homogenous using an ultrasonic 
sonicator before administering each dose.

Drugs and dosing schedule

Cadmium chloride (M/s Sigma Aldrich, product no. 
230723) was dissolved in distilled water (or vehicle) 
and was administered daily in dosages of 1.2 mg/kg/day 
intraperitoneally (i.p.). Quercetin was administered in doses 
of 25, 50, and 100 mg/kg/day, i.p. Control groups receiving 
equal volume of vehicle were run for diff erent treatment 
groups. Thereafter, drug-dosing was stopped, and the 
newborn pups were kept with their dams for feeding. For the 
lactation group, animals in diff erent groups, were treated 
with the drugs/vehicles for the fi rst 7 days. Animals which 
were to be treated during the entire perinatal period were 
administered drugs/vehicles for total 14 days (7 days in 
gestation + 7 days in lactation). On Postnatal Day 21 (PND21) 
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the litter mates were weaned, separated, housed together by 
sex, and were grouped in same laboratory conditions as their 
parents.

Estimation of cadmium in brain tissue 

About 0.5 ml of homogenized brain tissue in phosphate 
buff er, was taken in triplicate. The homogenized tissue 
samples were taken in 100 ml digestion fl ask fi tted with 30 
cm long air condenser and 5.0 ml distilled nitric acid (HNO3) 
was added to each sample. The contents were heated at 80°C 
for 30 min. After cooling, 1.5 ml of concentrated perchloric 
acid (HClO4) (70%) was added and sample was heated 
again at 250°C with occasional shaking till white fumes 
evolved. Clear solution was cooled and transferred into a 
10 ml measuring fl ask. The volume was made up to 10 ml 
with deionized water. Thus, obtained sample was fi ltered 
by using syringe fi lter of 0.45 micron pore size (RFCL Ltd, 
New Delhi) and the concentration of Cd was analyzed by 
Graphite Furnace Atomic Absorption Spectrophotometer 
(GFAAS) at CSIR-National Institute of Oceanography, Dona 
Paula, Goa (Model: PinAAcle 900T Manufacturer: Perkin 
Elmer, Country, Singapore). The analytical protocol of the 
measurement of Cd in GFAAS has been described previously 
[13,14].

Statistical analysis

Results of the above experiments were expressed as 
mean ± Standard Error of Mean (SEM), and the diff erence 
between means was analyzed by Analysis of Variance 
(ANOVA) followed by Dunnett’s multiple comparisons test.

RESULTS
Cd levels in brain tissue in F1 and F2 generation 
when exposed during lactation period

Cadmium levels in brain tissue were signifi cantly higher 
in F1 generation mice which were administered Cd alone, 
when compared to the control group (Figure 1). When 
Cd was administered along with quercetin, there was a 
signifi cant decrease in Cd levels in F1 generation mice in a 
dose dependent manner when compared with Cd only group 
(Figure 1). However, the levels were still higher than control. 
Even though a similar trend was observed in F2 generation 
the diff erence was not statistically signifi cant.

Cd levels in brain tissue in F1 and F2 generation 
when exposed during entire perinatal period

When exposed to Cd during the entire perinatal period, 
a similar trend was observed as seen in the gestation only 
group (Figure 2). The Cd levels in the group exposed to Cd 
only was not signifi cantly higher than controls in both F1 
and F2 generation. Co-treatment with Quercetin however 
brought about a signifi cant decrease in Cd levels in both F1 
and F2 generations in a dose independent manner (Figure 2). 

DISCUSSION
Cd exposure during the perinatal period is most 

hazardous as the embryo and the newborn has a poorly 
developed blood brain barrier. Therefore, they are at higher 
risk of neuronal damage caused by Cd toxicity [15]. Cd 
induced neuronal damage is more pronounced due to its 
ability to interfere with the signal transduction, increase 
oxidative stress, induce apoptosis in embryonic cells and 
even causing epigenetic changes which can be passed on to 
the next generation [5-15]. As there are confl icting reports 
about role of placental transfer and breast milk in passing 
on Cd to the next generation, this study was done to measure 
Cd levels in brain tissue of F1 and F2 generation mice whose 
dams were exposed to Cd during lactation alone or during 
the cumulative period of late gestation and early lactation. 
Our previous studies have shown that Cd is passed on to 

Figure 1 Cadmium levels in brain following exposure to Cd alone and in 
combination with Quercetin on brain levels in F1 and F2 mice where drugs 
were administered during lactation. *p < 0.001 compared to control; bp < 0.05 
compared to control; a p < 0.001 compared to Cd for F1. Variation in Means 
between different groups not signifi cant for F2.

Figure 2 Cadmium levels in brain following exposure to Cd alone and in 
combination with Quercetin on brain levels in F1 and F2 mice where drugs 
were administered during the whole perinatal period. *p < 0.05 compared to 
control; bp < 0.01 compared to Cd; ap < 0.001 compared to Cd for F1; ***p < 0.05 
compared to control; ep < 0.01 compared to Cd for F2. 
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the next generation during gestation [8]. We have also 
observed in our lab that Cd exposure during lactation caused 
memory impairment in F1 generation [12]. Therefore, this 
comparative study focused mainly on the eff ect of exposure 
during lactation and compared it with that of exposure 
during entire perinatal period. As Cd is known to accumulate 
in various tissues and stay for long time it was imperative to 
analyze the level of Cd in the second generation as well. This 
was to evaluate whether the F1 generation which received Cd 
only through maternal sources could pass on the Cd to F2 
generation as well. 

In this study, Cd levels in brain tissue were signifi cantly 
higher in the F1 generation of lactation only group. The values 
achieved were higher than when the dams were exposed 
during gestation only [8]. This indicates that Cd is passed 
on to the next generation most eff ectively when exposed 
during lactation period. The lower levels seen when exposed 
during gestation in our previous study [8] supports the 
earlier studies which stated that placenta acts as some sort 
of barrier for Cd [3-16], whereas, higher concentrations are 
achieved in breast milk [5-7]. However, it becomes diffi  cult 
to explain why there is no signifi cant increase in Cd levels in 
the group exposed during the whole perinatal period as this 
group was exposed for a longer period and should have at 
least achieved levels seen in lactation only group. 

Studies have shown that Cd induces expression of 
various groups of metallothionein which can bind Cd and 
sequester it in various tissues. Placenta being an important 
site of metallothionein synthesis may off er protection to the 
growing fetus from maternal Cd levels [3-17]. Even though 
mammary glands also synthesize metallothionein, fi ndings 
from this study indicate placenta plays a far more important 
role. That could also explain why higher levels were seen 
in lactation only group as compared to the gestation plus 
lactation group. As already stated, it was expected that 
the Cd levels in brain tissue of mice whose dams were 
administered Cd through the cumulative period of gestation 
as well as lactation should have been at least equal to the F1 
generation in lactation only group if not more. One plausible 
explanation for the same could be that in the gestation plus 
lactation group the exposure was started when placenta 
was developing and the metallothionein synthesized by the 
placenta off ered protection during the lactation period as 
well. 

The signifi cant diff erence in Cd levels in F1 and F2 
generation seen only in lactation group further proves that 
the increase in Cd in this group was probably due to maternal 
exposure. The F1 generation did not pass on the Cd to the 
F2 generation. Therefore, it can be assumed that the Cd 
accumulated by the F2 generation was from environmental 
sources, probably the water supplied ad libitum. The Cd 
levels in the other two groups showed no diff erence in F1 and 
F2 generation irrespective of whether it was control, Cd only 
or in groups where Cd and quercetin was co-administered 

indicating environmental accumulation contributed more 
than maternal transmission.

Quercetin was able to reduce the Cd levels signifi cantly in 
a dose dependent manner in lactation group. In the other two 
groups it reduced the Cd levels even lower than the controls. 
This shows that the chelating properties of quercetin may 
play a role in reducing tissue levels of cadmium [18]. A study 
on chitosan, another chelating agent showed that it was able 
to reduce accumulation of Cd in rat tissues [19]. This aspect 
of quercetin has not been investigated yet as most studies 
focus on its antioxidant role. Cd is diffi  cult to excrete and 
keeps accumulating in various tissues and organ systems. 
The fact that Cd was lower than controls indicate that 
quercetin may also play a role in Cd excretion which needs 
to be further evaluated. However, it is evident from this 
study that the protection of cognitive function is not due to 
antioxidant function of quercetin alone, but modulation of 
brain tissue levels also contributes to the same. 

The limitation of the study is that we have not evaluated 
metallothionines in these samples and hope to address 
that in our future studies. Nevertheless, this study shows 
that Cd is passed on to the next generation more effi  ciently 
when exposed during lactation. Lesser transmission is seen 
when exposure is during gestation [8] or during the whole 
perinatal period (gestation followed by lactation). Quercetin 
eff ectively reduces Cd levels in brain tissue irrespective of 
the type of exposure. 
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