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4.36 APPLICATIONOFTHEMULTITRACERTECHNIQUE:TRANSPORTOFVARIOUS
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ABSTRACT

The placenta functions as a barrier between fetus and mother, providing regulation of heat

exchange, respiration, nutrition, and excretion for the fetus. There is limited information on the

transport of trace elements from the mother to the fetus. Transfer of trace elements via the placenta to

the fetus rats was examined by the multitracer technique, which can be used to evaluate the behavior

of many elements under the same experimental condition. In this experiment, the multitraer solution

contained the following elements: Be, Na, Sc, V, Mn, Fe, Co, Zn, Ga, As, Se, Rb, Sr, Y, Zr, Tc and Ru.

We examined the time courses of uptake of various elements in the placenta and the fetus. From these

results, we observed a significant difference in time dependency between each element. The elements

were divided into three groups. Based on the results, it was considered that the placenta is highly

selective because essential elements are readily transported across placenta/membranes to the growing

fetus, whereas nonessential metals hardly penetrated the placental barrier that protects the fetus from

toxic effects.
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1. INTRODUCTION

Radioisotopes have been extensively used to tace the behavior of elements in organisms. The

production of radioactive multitracers using the RIKEN Ring Cyclotron was first reported in 1991

[1,21. The radioisotopes in the multitracers are salt- and carrier-free, which is extremely important for

animal experiments because the behavior of elements can be traced without toxic effects on animals

[3,41. Since a vast amount of information can be obtained in one experimental run using the

multitracer technique, both the effect of differences between individual animals and the number of

animals required are minimized.

It is great of important to study the transfer of various elements via the placenta from the mother to
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the fetus. The placenta functions as the barrier between the fetus and the mother, providing means of

regulating of heat exchange, respiration, nutrition, and excretion for the fetus. However, to our

knowledge, no systematic study has been conducted on the behavior and accumulation of various

elements in the pregnant rats and the fetus. In the present study, the multitracer technique was applied

to the study of the fetoplacental transport of various elements in the pregnant rats. First, we examined

the time courses of uptake of various elements via the placenta to the fetus rats. Second, we

investigated the influence of the uptake of various elements by the fetal growth.

2. EXPERIMENTS

A multitracer solution containing various radioisotopes was prepared from a silver (Ag) target

irradiated with 4N beam of 135 MeV/nucleon from RIKEN Ring Cyclotron. The irradiated Ag target

was dissolved in (1:1) HN03. Then Ag was precipitated as AgCI with conc. HC1, and AgCl was

filtered out. The solution was evaporated to dryness under a reduced pressure. The residue containing

the multitracer was finally dissolved in a physiological saline solution.

The thirteenth-, seventeenth-, and nineteenth-day pregnant dams of the Wistar strain were

purchased from Japan SLC, Inc., Japan. The physiological saline containing the multitracer (0.1 ml)

was injected into the tail vein of pregnant dams. The seventeenth-day pregnant dams were sacrificed

under ether anesthesia at 3 12, 24 and 48 hours after injection. We examined the time dependent

uptake of various elements. The thirteenth- and nineteenth-day pregnant dams were sacrificed under

ether anesthesia at 24 hours after injection. We examined influence of the uptake of various elements

by the fetus growth. The maternal blood, the placentas, the fetuses, the fetal brains, and the amniotic

fluids were determined by yray spectrometry. The observed 'Y-ra . ed on the basis of their

energies and half-lives.

3. RESULTS AND DISCUSION

.The behavior of 7Be , 22Na , 46SC, 48V, 52 Mn , 59 Fe, 16CO, 65 Zn , 67 Ga , 74 As, 15 Se, 14 Rb, "Sr, 87, 88zr,

96 Tc, 101mRh, and 103 Ru was determined from the yray spectra. From these results, it was classified

into three groups by a large difference in the behavior of elements.

Group I elements, such as Be, Sc, V, As, Y, Zr, Tc, Rh, and Ru, were detected in the placenta.

However, in our experiments, the radioactivity of these elements in the fetus and the amniotic fluid

was not sufficiently high to be detected. Group I elements were transported from the maternal blood to

the placenta and were mainly accumulated in the placenta. Almost of group I elements induce toxicity

at a high dose in the living body, therefore, the present results suggest that Group I elements are hardly

penetrated the placenta membrane.

Group 11 elements, such as Na, Rb, Sr, Co, and Ga, were transported from the maternal blood to

the placenta and retained in the placenta, fetus, and amniotic fluid. Figure I shows time dependence of
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uptake rate of Rb, Sr, and Co in the maternal blood, the placentas, the fetuses, the fetal brains, and the

arnniotic fluids. The uptake rate of Rb, Sr, and Co in the 13th-, I 7th-, and 19th-day fetuses is shown in

Fig. 2.
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Fig. 1. Time dependence distribution of Rb, Sr, and Co in maternal blood (*), placenta 13), fetus

fetal brain (A), and arnniotic fluid (X)
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Fig. 2 The uptake rate of Rb, Sr, and Co in the fetus

Sodium was remained constant in all tissues, and the uptake of Na was not dependent on time at 3-

48 hours after injection. The uptake of Na was not depended on stage of pregnancy (on 13th-, l7th-,

and 19th-day pregnant). On the other hand, the uptake of Rb in the placenta slowly decreased with

time and that in the matemal blood, the fetus, the fetal brain, and the arnniotic fluid increased with

time. The uptake of Rb in the placenta was higher than that in the fetus at 348 hours after injection.

Rubidium is essentially an intracellular ion, physiologically quite similar to K, and is consequently

distributed throughout the body. The uptake of Rb in the fetus was increased by the fetus growth (on

13th-, 17th-, and 19th-day pregnant).

The uptake of Sr in the fetus was higher than that in the maternal blood, the placenta, and the

arnniotic fluid at 348 hours after injection. In the fetus, the highest uptake of Sr at 3 hours after

injection was detected and the uptake of Sr decreased with time slowly. The transfer of Sr from the

placenta to the fetus proceeds readily, because Sr and Ca not only share similar chemical and physical

characteristics, but they also have a similar involved in biological processes. Calcium was stored
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mainly in the bone. The uptake of Sr is reported to be via ion exchange of the elements with Ca in

bone [5j. The distribution of Sr is similar to that of Ca, which means that most part of the body burden

is deposited in the bone. The uptake of Sr in the fetus was increased by the bone growth in the fetus.

The transfer of Co from the placenta to the fetus is as yet unknown. In the present study, the

uptake of Co in the placenta, the fetus, and amniotic fluid decreased in a time-dependent manner. The

uptake of Co in the placenta was higher than that in the fetus. The uptake of Ga was low in the

placenta and the fetus. The uptake of Ga in the fetus decreased in a time dependence. The uptake of

Co and Ga in the fetus was not depended on stage of pregnancy.

Group III elements, such as Mn, Fe, Zn, and Se, were transported from the maternal blood to the

placenta and mainly accumulated in the fetus. They were hardly detected in the amniotic fluid. Figure

3 shows time dependence of uptake rate of Mn, Zn, and Se in the maternal blood, the placentas, the

fetuses, the fetal brains, and the amniotic fluids. The uptake of these elements in the fetus was

correlated with the fetal growth (on 3th-, 17th-, and 19th-day pregnant). The uptake rate of Mn, Zn,

and Se in the 13th-, 17th-, and l9th-day fetuses is shown in Fig. 4 These essential elements

accumulated into the fetus across the placenta from the dams, because these essential elements have

important role in the development fetus.
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Fig. 3 Time dependence distribution of Rb, Sr, and Co in maternal blood (*), placenta 13), fetus

fetal brain and amniotic fluid X)
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Fig. 4 The uptake rate of Mn, Zn, and Se in the fetus
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Although the uptake of Mn in the placenta was low, that in the fetus and fetal brain is very high at 48 hours

after injection. These results suggest that the uptake of Mn in the fetus was mainly accumulated in the fetal

brain, because Mn is related to neural development.

Ile uptake of n in the placenta was similar to that in the fetus at 48 hours after injection. Although the

uptake of Zn in the placenta slowly decreased with time, that in the fetus and the fetal brain increased

with time.

The uptake of Fe from the placenta to the fetus was very rapid and that in the fetus is very high at 3-

48 hours after injection.

Selenium is an essential trace element to mammals that constitutes the active center of glutathione

peroxidase 6 Selenium plays numerous protective roles against oxidative injury, including the

peroxidation of membrane lipids and the degeneration of DNA and /or proteins. However, Se in high

doses has been known to cause injury to the fetus. The uptake of Se in the placenta and the maternal

blood was higher than that in the fetus at 348 hours after injection. It was suggested that the fetus need

Se only in a small amount but Se has a very important and acute role in these organs.

4 CONCLUSION

The uptake of various elements in the maternal blood, the placentas, the fetuses, the fetal brains,

and the arnniotic fluids was determined using the multitracer technique. It was concluded that the

placenta is a highly selective filters; because essential elements such as Group III elements are readily

transported from the placental membrane to the fetus, whereas nonessential elements such as Group I

elements have difficulty penetrating the placental barrier that protects the fetus from the toxic effects

of these elements.
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