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In vitro and in vivo investigations of lead-induced changes in membrane protein expression and
assessment of risks associated with children’s exposure to environmental lead
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The role of some membrane proteins in Pb-induced impairment of intellectual function
and a method for the assessment of blood Pb concentrations arising from non-dietary
ingestion using modified exposure equations are proposed in this thesis. This thesis
consists of six chapters.

The background information and research motivation and objectives are presented in
Chapter 1. Pb is a known neurotoxicant and low levels of Pb have been shown to be
associated with intellectual impairment in children. However, the mechanisms of action of
Pb that eventually lead to cognitive effects are not yet fully understood. Particularly in
developing countries, data on the extent of Pb poisoning are scarce. Blood Pb
concentrations are used as reference in describing health risks associated with exposure to
Pb. However, routine PbB monitoring is costly. Translating environmental Pb
concentrations to PbB levels may prove to be an alternative method.

Chapters 2 and 3 deal with the in vitro studies. The effects of Pb on the expression of
selected membrane proteins in neuronal PC12-cells are discussed in Chapter 2.  The results
from Western blot analysis of membrane proteins expression and real-time
reverse-transcriptase PCR evaluation of mMRNA expression suggest that heme oxygenase 2
(HMOX2) and Ras-related protein RAB-1B (RAB1B) may be involved in the mechanisms of
toxic action of Pb on neuronal cells. The results of the cell viability assay and
measurement of neurite length, which are presented in Chapter 3, showed that the range of
Pb concentrations that caused changes in the expression of HMOX2 and RAB1B failed to
cause overt cytotoxicity or disruption in neurite outgrowth. Taken together, these results
suggest that the down-regulation of HMOX2 and RAB1B may not be related to general cell
health but probably to specific neuronal function. Both HMOX2 and RAB1B have been
reportedly linked to neuronal processes related to learning and memory. HMOX2 is
involved in the synthesis of CO, a putative neurotransmitter with role in long-term
potentiation (LTP), a physiological model for learning and memory. RABI1B is thought to
be a memory related gene and has been implicated in a mechanism for long-term information
storage.

Chapter 4 is about the in vivo studies. Adult and young Sprague-Dawley rats were
treated with Pb and then blood and brain tissues were collected and analyzed for Pb
concentration. The effects of Pb on the expression of HMOX2 and RAB1B in the whole
brain of the animals were also evaluated. Dose-dependent increase in blood and brain Pb
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concentrations were observed. Pb caused a reduction in RAB1B expression in the brain of
Pb treated young rats, however a dose-dependent pattern was not evident. The decrease
was apparent only up to 10 mg/kg-BW, and the response of the 100 mg/kg-BW group was
comparable to the control. It is proposed that the response of the animals to lower doses
may be different from those caused by higher doses. An analysis of the changes in RAB1B
expression relative to blood Pb (PbB) concentration showed an ED50 of 6.69 pg/dL, a value

lower than the 10 pg/dL level of concern for Pb poisoning in children.

In Chapter 5, the assessment of the exposure of preschool children in Metro Manila,
Philippines to playground Pb is presented. The exposure of children to Pb from the
playgrounds was evaluated by analyzing the Pb content of hand wipe samples collected from
the children after playing in the playgrounds. The potential contributions of the
playground Pb to PbB levels were estimated using modified equations for estimating intake
and PbB. The average PbB level in children that may arise from exposure to Pb from
various sources was also estimated. Although the playgrounds are located in the same
school, the Pb concentrations measured in the hand wipe samples varied. The hand-Pb
concentrations did not correspond to soil-Pb levels, indicating that other factors such as
paint in the play sets contribute to children's exposure. The assessments revealed that the
contribution of playground Pb to PbB levels was minimal, and that Pb in blood of children in
Metro Manila mainly comes from food sources. An average of 10.82 pg/dL PbB was
estimated from various sources of Pb exposure, suggesting that children in Metro Manila are
at risk from the adverse effects of Pb in intellectual function.

Finally, Chapter 6 provides a summary of the findings in the various sub-studies as
well as recommendations for further studies. The results of the in vitro studies which
implicate HMOX2 and RABI1B in Pb neurotoxicity can provide fresh insight into the
mechanisms of action of Pb that eventually result in intellectual impairment. The in vivo
studies showed that RAB1B expression is reduced in Pb-treated young rats and the estimated
ED50 was lower than the 10 pg/dL level of concern for Pb poisoning in children. The
assessment of exposure of preschool children in Metro Manila, Philippines to environmental
Pb revealed that playground Pb is not a major contributor to PbB in children, and that food
sources account for the majority of Pb in the children's blood.
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