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Summary 
 
Placental transfer determines the exposure of the foetus to environmental xenobiotics as a result of maternal 
exposure.  These agents include substances ranging from allergens, endocrine-disruptors and pesticides to 
medical and environmental radionuclides, many of which have been suggested as possible causes of childhood 
leukaemia.  The unborn child represents a subpopulation that is particularly sensitive to the effects of exposure to 
such environmental agents in comparison to the adult population. However, the mechanisms and effects of such 
exposure and the long-term health effects in later life are unclear.  In order to determine the potential risk to the 
child, we need to know whether such agents transfer across the placenta to reach the foetus, in which organs they 
accumulate and to what extent.  We will present current data on the placental transfer of pesticides and 
radionuclides in two models which clearly demonstrate the transfer of such agents across the placenta to the 
fetus.  Since the fetal concentration can exceed that observed in the maternal organ, consideration needs to given 
to the potential effects and the likely risk estimates. 
 
Introduction 
 
Interest in the effects of exposure to environmental iodine, strontium and caesium radionuclides has 
been renewed following the 1986 Chernobyl accident. In utero exposure is of particular concern 
because the higher radiosensitivity of a developing embryo or fetus increases the risks of adverse 
outcomes. There has been a greater incidence of childhood thyroid cancer than expected in Belarus 
since Chernobyl, with higher infant leukaemia rates in Greece also linked to in utero exposure to this 
radiation fallout. 
The latest biokinetic models for distribution of iodine and strontium radionuclides in the fetus 
following intake by the mother before or during pregnancy have been developed and validated from 
the rather scant human data available. Use of the somewhat limited supporting animal data was 
therefore essential. The human physiology-based pharmacokinetic models have the advantage that 
they can be adapted for extrapolation to other pregnant animal species where data can more readily be 
obtained for model validation and refinement.  A series of placental transfer and biodistribution 
studies were undertaken and the data input into the Mirdose program to provide dose risk estimates for 
the unborn child. 
 
Although the cause is unknown, environmental contaminants such as pesticides have been identified in 
epidemiological studies as risk factors for childhood leukaemia (Kaatsch et al 1998, Alexander et al 
2001, Feychting et al 2001, Meinert et al 2000, Zahm and Ward 1998, Dich et al 1997, Daniels et al 
1997)  demonstrating association with both acute lymphoblastic leukaemia (ALL) (Krajinovic et al 
2002, Infante-Rivard et al 1999) and acute myeloid leukaemia (AML) (Langmuir et al 2001, Ross 
1998). Placental contamination with xenobiotics represents a bioindicator of the individual 
environmental exposure of the mother, and may also have an impact on intrauterine fetal development 
and postnatal health status of children.  Many foreign substances can reach the developing fetus 
through placental transfer. Accumulation of xenobiotics in the placenta may result in deterioration of 
the enzymatic, immunological, and hormonal profile of the placenta which affects the health status of 
child.  Formulating effective prevention strategies for diseases such as allergies and cancer will 
depend upon establishing a thorough understanding of key risk factors responsible for the expression 
of such diseases. 
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Materials and Methods 
 
In-vivo model - radionuclides. 
Pregnant guinea pigs at late (8-9 weeks) gestation received a single 0.25ml bolus of radionuclide (Tc-
99m, I-131, Co-57, Sr-85, Ca-45, and Fe-59) administered in saline by intracardiac injection under 
anaesthesia.  Following recovery, the animals were sacrificed by anaesthetic overdose at appropriate 
time intervals (dependent upon the effective half-life) ranging from 0.5 hours up to 96 hours after 
administration.  Maternal and fetal biodistribution were determined following dissection by activity 
measurement of a wide range of organs and tissues against standards prepared from the same stock 
used for injection. A minimum of three animals were used for each time-point in order to obtain 
adequate statistics. 
 
In-vivo model - pesticides. 
Pregnant guinea pigs at late (8-9) weeks gestation received a single oral bolus of 14C-labelled 
pesticides (dichlorobenzene (DCB), DDT, DDE or polychlorinated biphenyl (PCB-52)) administered 
in 0.25ml corn oil.  Animals were sacrificed by anaesthetic overdose at time intervals between 1 and 
72 hours after administration and the maternal and fetal biodistribution determined following 
solubilisation of replicate organ samples and counting against standards prepared from original stock 
solution. A minimum of three animals were used for each time-point in order to obtain adequate 
statistics. 
 
Ex-vivo model - radionuclides. 
Human placentas were obtained immediately following elective caesarean delivery with no adverse 
pathology.  A dual recirculating technique involving  perfusion of an isolated lobule was established 
using Tc-99m.  The placental transfer of radionuclides such as I-131, Co-57, Sr-85, Ca-45, and Fe-59 
was measured by addition of the radionuclide to the donor circuit and sampling of the recipient circuit 
at time intervals up to 2 hours after administration.  The system requires extensive validation for each 
experiment in terms of viability, perfusion markers and physiological measurements such as pH, 
temperature, oxygenation and pressure.  Data has been obtained from a minimum of three replicate 
experiments where control values were within established limits for each radionuclide. 
 
Ex-vivo model - pesticides. 
Human placentas were obtained immediately following elective caesarean delivery with no adverse 
pathology.  Following cannulation of both maternal and fetal sides, an isolated cotyledon was perfused 
at physiological pressure with oxygenated heparinised medium 199 supplemented with albumin, 
dextran and bicarbonate.  Once maternal and fetal circulations were established, the transfer of 4 of the 
available 14C-labelled xenobiotics (1,2-DCB, HCB, DDT, and DDE) was determined by addition of 
the individual xenobiotic to the maternal side of the system and sampling the fetal perfusate over time 
in an open circuit system in order to determine clearance values.  Fetal to maternal transfer was 
assessed in a similar fashion by adding the xenobiotic to the fetal side and sampling the maternal 
perfusate to provide information regarding possible fetal discrimination. Data was obtained from a 
maximum of 10 replicate experiments for each condition where control values are within established 
limits for each xenobiotic. 
 
Results 
 
In vivo administration 
Time-activity curves were obtained for each agent in late gestation following acute bolus 
administration.  The biodistribution is expressed in the form of % injected activity/g tissue in order to 
be able to directly compare the different organs.  Values greater than 1 for the log (fetal/maternal 
concentration ratio) indicate preferential uptake into the fetal organ.  Figure 1 compares the uptake in a 
range of organs for the radiolabelled pesticides. 
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Figure 1.  Biodistribution of pesticides in late gestation. 

 
Biodistribution data for the range of radionuclides were entered into Mirdose3 and doses to the fetus 
were calculated.  Table 1 below demonstrates that the primary constributor in each case during late 
gestation is the fetus itself and further detailed organ dosimetry will be presented. 
 
Table 1.  Fetal dose during late gestation 

Human fetal dose (mGy/MBq) during late gestation 
Late gestation C0-57 I-131 Fe-59 Ca-45 Sf-85 Tc-99m 
Fetal dose 3.02 0.57 9.64 8.13 4.73 4.4 x 10-3

Primary contributor Fetus Fetus Fetus Fetus Fetus Fetus 
% contribution 98 94 91 100 96 59 

 
Ex-vivo perfusion  
Using clearance index values agents can be ranked according to extent of transfer across the perfused 
placenta in the open circuit system as in Table 2 below.  These values appear related to how lipophilic 
these compounds are with respect to each other and correlate reasonably well with the in vivo data. 
 
Table 2.  Clearance index of pesticides in the open circuit model 

Xenobiotic n Mean Clearance index s.e.m. 
DCB 10 0.98 0.02 
PCB 6 0.74 0.02 
DDE 8 0.61 0.01 
DDT 10 0.61 0.01 

 
However, where agents transfer across the placenta by active transport as is the case with ionic 
compounds such as iodine and calcium, the in vitro system cannot directly predict the ranking of the 
compounds in vivo as shown in Table 3 below.  However, the in vitro system is still useful as a 
screening tool to determine which agents can transfer across the placental barrier. 
 
Table 3.  Ranking of radionuclides in the closed circuit model. 
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% transfer of radionuclides to fetus (in vivo) or fetal circulation (in vitro) 
In vitro perfused placenta Acute in vivo administration 

I-131 26.3 Ca-45 19.5 
Ca-45 24.3 Sr-85 12.8 
Sr-85 21.9 I-131 10.9 
Co-57 15.4 Fe-59 10.8 
Fe-59 8.9 Co-57 4.1 

 
Conclusion and Discussion 
 
There is reasonable correlation between data from the in vivo and in vitro models allowing for the 
effect of the absence of the fetus.  The in vivo fetal/maternal concentrations show that the 
environmental agents cross the placenta and accumulate in certain fetal organs varying according to 
the nature of the agent.  This has particular relevance for fetal dosimetry and preliminary 
microdosimetry calculations suggest that target fetal organs may be at risk following maternal 
exposure.  Fetal organ concentrations can exceed those of the mother which may have implications 
due to the increased sensitivity of the fetus.  The exact levels are as yet unknown but exposure during 
gestation could lead to carcinogenesis and neurotoxicity. 
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