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Abstract—T he placental transfer of the clinically important cytostatic drug cis-
diamminedichloroplatinum(Il) (cis-platinum, DDP) was investigated by applica-
tion of '®™Pt-labelled DDP to pregnant NMRI mice on day 10, 11,12, ..., or 17 of
gestation and by measurement of the radioactivity in the embryos or fetuses in
intervals between 0.5 and 48 hrafter application. W hereason days 10,11 and 12 after
treatment only very small amounts of radioactivity could be detected in the
embryos, from day 13 considerable and increasing amounts of radioactivity could
be found; finally, within the fetal compartment on day 17 even an effect of
enrichment of DDP over a uniform distribution between mother and embryos was
observable. It is supposed that the ability of DDP to pass the placental barrier only
after accomplished maturation of the placenta is due to active carrier-mediated

transport processes.

INTRODUCTION
¢is-DIAMMINEDICHLOROPLATINUM(II) (cis-pla-
tinum, DDP) represents a new, clinically

approved antitumor agent which differs from all
other cytostatic drugs by its purely inorganic
character. Clinical trials of the last few years have
shown that DDP is most effective against
urogenital cancers and head and neck cancers, as
well as against lung cancers and brain cancers
[1-4].

According to pharmacokinetic investigations,
DDP, or its platinum-containing metabolites, are
eliminated mainly by the kidneys. After injection
the plasma level of DDP declines biphasically, the
skin, liver and kidneys being the principal sites of
localization of the drug[5-7]. However, DDP does
not apparently pass the intact blood-brain barrier
[8,9], though it is cytostatically active against
brain tumors [3, 4].

All these pharmacokinetic studies were per-
formed with non-pregnant animals. No attention
has been paid up to now to the behavior of DDP at
the placental barrier. Therefore, in the present
study we investigated the ability of DDP to
traverse the placental barrier and to enter into the
embryonal or fetal compartment, depending on
the stage of pregnancy.
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MATERIALS AND METHODS

The '®™Pt-labelled DDP used as tracer in this
study was obtained as solution in normal saline
from Oak Ridge National Laboratory, Oak
Ridge, TN (for radiophysical and radiopharma-
ceutical properties of '*™Pt and ['*™Pt]-DDP see
refs [10, 11]).

The original solution was made up with saline
and unlabelled DDP (prepared as described
previously [12,13]; elemental analyses within
+0.5% of the theoretical values) to achieve final
concentrations of 1 mg DDP/ml and 25 uCi/ml.
Of this solution, a volume of 0.01 ml/g body
weight of mouse, corresponding to 10 mg DDP
and 0.25 mCi/kg body weight, was injected
intraperitoneally (i.p.) into pregnant NMRI mice
on day 10, 11, 12, ..., or 17 of pregnancy (day of
fertilization = day 0). In all, 168 animals were so-
treated.

At the different gestation stages, the embryos of
3 mice were removed 0.5, 1, 2, 4, 8, 24 or 48 hr after
administration, washed five times with normal
saline and put into test tubes. By use of a gamma
counter, the impulse rates (counts/min) of all the
embryos of each mouse were determined,
corrected for decay and apparatus errors and
correlated with the weight of the embryos. Values
were converted into values of absolute radio-
activity per g embryo and related as a percentage
of the dose of radioactivity administered per g
mouse. The results are givenin Table 1 and Fig. 1.
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Table 1. Detection of '™ Pt at various intervals after i.p. application of single doses of 1¥™Pt-labelled cis-platinum
(DDP) to pregnant mice on day 10, 11, ..., or 17 of pregnancy
0.5 hr 1 hr 2 hr 4 hr 8 hr 24 hr 48 hr
Day 10 0.27 £0.15 0.37 £0.12 0.40 £ 0.17 027 £0.15 0.23 £ 0.06 0.13 £0.06 0.13 + 0.06
Day 11 0.33 £0.15 0.43 £0.15 0.70 £ 0.10 0.50 £ 0.26 0.40 = 0.26 027 +£0.12 0.10 + 0.00
Day 12 0.37 £ 0.15 0.83 £ 0.06 0.83 £0.11 0.47 £0.11 0.43 £ 0.06 0.27 +0.20 0.20 £0.10
Day 13 147 £0.15 1.40 +0.20 1.83 £ 0.40 1.63 + 0.30 0.97 £0.11 0.43 + 0.06 0.30 £0.10
Day 14 5.67 £2.77 14.17 + 344 8.90 £5.30 7.80 = 3.87 1047 £ 125 1.10 £ 0.53 0.30 £ 0.10
Day 15 12.20 + 3.15 33.80 £5.00 22.90 +4.20 13.90 + 145 6.40 = 1.65 5.50 £ 1.65 093 £ 0.15
Day 16 23.70 + 6.07 4]1.27 + 8.36 21.10 + 3.90 8.43 +3.92 5.87 £2.08 4.50 + 3.30 200 £1.25
Day 17 71,63 £9.00 197.40 £27.70 150.00 £ 9.56 9253 £ 1426 28.10+7.78 8.30 £ 2.26 3.18 £1.94

The evaluated parameter is the radioactivity per g embryo given as a percentage of the radioactive dose administered per g parent

animal. The values represent the mean values and standard deviations of the data of three parent animals.
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Fig. 1. Detection of '%™Pt in embryos after application of
['9mP-DDP to pregnant mice.

To pursue the distribution of '*™Pt within the
mice, the liver, the kidneys and a blood sample of
those mice treated on day 11 of pregnancy were
removed and measured in the gamma counter.
The relative radioactivity in relation to the
administered dose per g animal was calculated
and plotted in Fig. 2.

For further control purposes, 14 pregnant
NMRI mice on day 11 as well as 14 animals on day
16 of gestation received an i.p. injection of
unlabelled DDP (10 mg/kg mouse). The embryos
of two animals were removed after 0.5,1,2,4, 8,24
and 48 hr each and measured in the gamma
counter.

RESULTS
Whereas the impulse rates of the embryos of
control animals were of the same magnitude as
the background counts (5-20 pCi/g), the radio-
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Fig. 2. Organ distribution of '“™Pt after application of
[¥™P-DDP to pregnant mice.

activity in the embryos of the [®*™Pt]-DDP-treated
mice, which indicates the presence of ' *™Ptinany
molecular species (the differentiation between cis-
platinum and other platinum-containing meta-
bolites is not possible), exceeds in every case the
control values by factors of 10-50000.

Table 1 and Fig. 1 summarize the values of
radioactivity measured in the embryos as
percentages of the radioactive dose administered
per g animal. Both representations show that the
content of '“™Pt in the embryos differs markedly
and is dependent on the stage of pregnancy: on
days 10, 11 and 12 less than 1% of the per g
radioactivity injected can be detected in the
embryonal tissue. However, in all cases the
registered values surmount the control values by
a factor of 10-100. Moreover, even the low values of
days 10, 11 and 12 clearly show the tendency to
increase concentration of '*™Pt in the embryonal
compartment with advanced gestation.

Beginning on day 13, the relative values of
radioactivity in the fetuses exceed the 1% limit,
rise to 30-40% on days 15 and 16 and reach
100-200% on day 17. This means that on days 15
and 16 an amount of radioactivity can be found in
the embryos which is comparable to that in the
liver and kidneys of the parent mice (cf. Fig. 2),
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whereas on day 17, near the end of the pregnancy,
continued accumulation of '™Pt within the
embryos produces a higher content of Pt in the
embryos than in the liver or kidneys of the parent
animals.

With regard to the time course of the embryonal
content of '"™Pt after injection of ['*™Pt]-DDP at
the various gestation stages, in all cases the
amount of radioactivity found in the embryos
increases during the first hour after administra-
tion, when it reaches a maximum. After this time
the radioactivity decreases in a rapid and
continuous manner. However, even at 48 hr after
treatment a small portion of the injected
radioactivity is still detectable within the
embryonal or fetal compartment.

DISCUSSION

The main finding of the present tracer study is
that the entrance of DDP or its platinum-
containing metabolites into the embryonal or
fetal compartment is highly dependent on the age
of pregnancy and that only during the fetal
period, i.e. following day 12 of the murine
gestation, when placenta formation is completed,
is the drug able to pass through the placental
barrier to a considerable extent.

This result is surprising and has no correspond-
ence with the behavior of other clinically
approved cytostatic drugs, which traverse the
placenta, enter the embryonal compartment in
early, medium and late periods of gestation
[14-16] and induce teratogenic effects mainly
during the sensitive phases of embryonal

development (before day 12 in murine pregnancy).
As a consequence of the minimal placental
transfer of DDP during the organogenesis of the
embryos, it may be expected that strong
differences between DDP and other cytostatic
drugs exist with respect to the induction of
teratogenic and embryotoxic effects. Further
teratological experiments are necessary to con-
firm or refute this postulation.

The nearly total incapability of DDP to traverse
the placental barrier before placentation is
accomplished is paralleled by the inability of
DDP to pass the blood-brain barrier to any great
extent [8,9, 17]. With regard to the very limited
transfer of DDP through the blood-brain barrier
and through the placental barrier before day 13, it
can be supposed that it is the inorganic character
and the un-ionized, but dipolar, nature of the
DDP molecule that are responsible for the
inability to pass these membrane systems.
Moreover, the present data suggest that after the
placental maturation is finished, the noble metal
complex is transferred by an active, carrier-
mediated transport which finally leads to the
enrichment of DDP or its platinum-containing
metabolites within the fetal compartment at the
end of the gestation period.

Acknowledgements—The author is indebted to Professor Dr.
H.-]J. Merker for stimulating discussions. Thanks are also
given to Dr. B. Herzberg and Mrs. G. Witzke, Institut fir
Nuklearmedizin, Klinikum Steglitz, for performing the
gamma counter measurements.

REFERENCES

1. VoN HorrF DD, ROZENCWEIG M. cis-Diamminedichloroplatinum(Il); a metal
complex with significant anticancer activity. Adv Pharmacol Chemother 1979, 16,

273-298.

2. ROZENCWEIG M, VoN HorrF DD, ABELE R, Muccia FM. Cisplatin. In:
PINEDO HM, ed. Cancer Chemotherapy 1979—The EORTC Cancer Chemotherapy
Annual 1. Amsterdam, Excerpta Medica, 1979, 107-125.

3. KHAN A, McCULLOUGH D, BORTS F, SINKS LF. Update on use of cis-platinum
in CNS malignancies. Proc Am Soc Clin Oncol 1980, 21, 390.

4. KHAN AB, D'SouzAa B, WHARAM M et al. Cisplatinum in recurrent brain tumors.

Proc Am Soc Clin Oncol 1981, 22, 402.

5. MANAKA RC, WoLF W. Distribution of cis-platin in blood. Chem Biol Interact 1978,

22, 353-358.

6. LITTERST CL, LEROY AF, GUARINO AM. Disposition and distribution of
platinum following parenteral administration of c¢is-dichlorodiammineplatinum(II)
to animals. Cancer Treat Rep 1979, 63, 1485-1492.

7. HIMMELSTEIN KJ, PATTON TF, BELT R]J, TAYLOR S, REPTA AJ, STERNSON
LA. Clinical kinetics of intact cisplatin and some related species. Clin Pharmacol Ther

1981, 29, 648-664.

8. MaDAJEwWICZ S, KANTER P, WEST C et al Plasma, spinal fluid and organ
distribution of cis-platinum (DDP) following intravenous (iv) and intracarotid (ic)
infusion. Proc Am Assoc Cancer Res 1981, 22, 176.



536

10.

11.

12.

13.

14.

15.

16.

17.

P. Képf-Mazer

STEWART D]J, LEAVENS Mf LUNA M, SEIFERT W, Loo TL, BENJAMIN RS.
Human central nervous system pharmacology of cis-diamminedichloroplatinum
(DDP). Proc Am Soc Clin Oncol 1981, 22, 359.

LANGE RC, SPENCER RP, HARDER HH. Synthesis and distribution of a
radiolabeled antitumor agent: cis-diamminedichloroplatinum(Il). J Nucl Med 1972,
13, 328-330.

WoLF W, MANAKA RC, LEH FKV. The use of radionuclides of platinum. J Clin
Hematol Oncol 1977, 7, 741-759.

PEYRONE M. Ueber die Einwirkung des Ammoniaks auf Platinchloriir. Justus
Liebigs Ann Chem 1844, 51, 1-29.

DHARA SC. A rapid method for the synthesis of cis{Pt(NH;),Cl,]. Ind ] Chem 1970, 8,
193-194.

GIBSON JE, BECKER BA. Effect of phenobarbital and SKF 525A on placental transfer
of cyclophosphamide in mice. ] Pharmacol Exp Ther 1971, 177, 256-262.

WILSON ]G, ScoTT W], RITTER EJ, FRADKIN R. Comparative distribution and
embryotoxicity of hydroxyurea in pregnant rats and rhesus monkeys. Teratology 1975,
11, 169-178.

SKALKO RG. Kinetic aspects of the placental transport of teratogens. In: NEUBERT
D, MERKER H]J, eds. New Approaches to the Evaluation of Abnormal Embryonic
Development. Stuttgart, Georg Thieme Verlag, 1975, 326-352.

LEroY AF, LuTtz R}, DEDRICK RL, LITTERST CL, GUARINO AM.

Pharmacokinetic study of cis-dichlorodiammineplatinum(IT) (DDP) in the beagle dog:
thermodynamic and kinetic behavior of DDP in a biologic milieu. Cancer Treat Rep
1979, 63, 59-71.



