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ABSTRACT

Tritium can be incorporated biosynthetically from tritiated
water into non-exchangeable C-^H bonds of deoxyribonucleotides
during DNA synthesis. Thus, accidental ingestion of tritiated
water during pregnancy may result in some degree of tritiation
of DNA in primary oocytes of female progeny. The genetic hazard
posed by such incorporation would depend mainly upon the amount
of tritium incorporated into long-lived primary oocytes and upon
the persistence of tritium in those cells. To study this problem
in mammals while avoiding tritium-induced inhibition of oogenesis,
it is proposed to measure deuterium that persists in the primary
oocytes of mice after exposure to deuterated water in utero.
Data from such measurements could be extrapolated to estimate the
fraction of tritium that persists In human primary oocytes after
incorporation from tritiated water during prenatal oogenesis.
Preliminary studies are described which demonstrate the
feasibility of these stable isotope tracer measurements.

INTRODUCTION

In order to assess genetic hazard to the progeny of women
exposed to tritiated drinking water during pregnancy, it would
be useful to know how much tritium is incorporated into primary
oocytes from tritiated tissue water during prenatal oogenesis,
and what fraction of that tritium persists in those cells during
their exceptionally long life. Such information would also shed
some light on the problem of very slow DNA turnover in non-
dividing cells [1-3].

The simplest method for measuring the amount of tritium
remaining in the DNA of primary oocytes of mice exposed to
tritiated water in utero would seem to be by autoradiography of
the oocytes after sufficient time had elapsed so that tritium
incorporated into other organic molecules had disappeared.
However, calculations show that this approach would not be useful
since the levels of tritiated water required to allow sufficient
incorporation of tritium into the DNA of oocytes would severely
disturb oogenesis. For example, in order to obtain 100 tritium
disintegrations per month, each nucleus would have to contain
2 x 10^ tritium atoms. Most primary oocytes are tetraploid, and
therefore contain 2 x 10H non-exchangeable DNA-bound hydrogen
atoms [4]. It has been found that the 3 H / % ratio in DNA of most
tissues chronically exposed to tritiated water is about 0.7 times
that of tissue water [5]. To incorporate 2 x 104 non-
exchangeable tritium atoms among a total of 2 x 1 0 ^ non-
exchangeable hydrogen atoms in DNA, the specific activity of
tissue water would have to approach 500 yCi/ml. However,
prolonged exposure of pregnant mice to tritium in body water at
levels of only 10 uCi/ml results in severe inhibition of oogenesis,
allowing only 5% of the normal number of primary oocytes to
develop [6].

To avoid tritium-induced inhibition of oogenesis, it is



proposed to use deuterium as a stable isotope tracer for tritium,
maintaining tissue water deuteration during pregnancy at a level
which is not high enough to affect reproductive potential. For
this purpose it is proposed to measure the fraction of deuterium
that persists in primary oocytes of mice that are exposed to 5%
deuterated tissue water in utero. The extrapolation of these
measurements to primary oocytes of humans would be uncertain
because of kinetic isotope discrimination effects and differences
in hydrogen nuclide kinetics between mammalian species. However,
we know of no other quantitative data concerning the persistent
fraction of tritium in human oocytes and we think that it would
be very useful now to have an estimate of its order of magnitude,
however approximate that estimate may prove to be eventually.

Czajka and Finkel have shown that there is no significant
effect on fertility or fetal viability when female mice are given
10% deuterated drinking water before and during pregnancy in a
regimen that results in about 5% deuteration of tissue water,
about 2.5% deuteration of non-exchangeable hydrogen in primary
oocyte DNA and therefore in about 5 x 10^ non-exchangeable
deuterium atoms in excess of the natural abundance of dauterium
in oocyta DNA [7-9] • Another 2 x 10^ deuterium atom.? might be
contributed by chose non-exchangeable hydrogen atoms i.i histones
which can equilibrate with tissue water during biosynthc-'s ol
non-essential amino acids. Assuming that 7% of the dry Ke:v,ht of
a 20 pm diameter primary oocyte nucleus is hydrogen, there are
8 x 10^ ambient deuterium atoms in a dry primary oocyte nucleus,
few enough to permit the detection of 7 x 109 extra deuterium
atoms [10].

Since our laboratory is one of the few at which a
beam of ionized tritium atoms (tritons) is available for
biomedical research, we have been able to use the highly sped.is
deuterium-tritium nuclear fusion reaction, D(T,n)*He, to detect
sub-picogram quantities of deuterium in individual blood cells [11],
In this technique, target cell deuterium is measured by counting
alpha particle tracks in a nitrocellulose film after bombardment
with low energy tritons. Since detection of deuterium in sin;.;I
cells by mass spectrometry would be exceptionally difficult, we
propose to measure deuterium in oocytes by using the triton
bombardment method.

EXPERIMENTAL METHOD

Experiments were performed to measure the number of alpha
tracks that can be produced by bombardment of oocyte preparations
with tritons. Initially, triton bombardments were performed
using a technique described previously [11,12]. Oocytes were
placed on the surface of 6.35 urn thick TFE (tetrafluoroethylene)
Teflon film, which was closely applied to a Kodak-Pathe LR115
alpha track detector. The red-dyed superficial layer of
nitrocellulose in which alpha tracks are formed is 7 pm thick.
Fig. 1, Frame A shows the pattern of alpha tracks which appeared
in the etched detector after bombardment with 4 x lO1^ tritons/cm2

at an energy in the 200 keV range, finely adjusted to maximize the
resonance yield of neutrons from a thin titanium deuteride target.
The double contour is due to shift of the position of the oocyte
relative to the track detector during bombardment when a tear



developed in the triCon-damaged Teflon. However, it was noted
that 12.7 um thick FEP (perfluorinated ethylene-propylene
copolymer) Teflon film was somewhat more resistant to such damage
and most subsequent bombardments were performed on FEP Teflon.

Fig. .1, Frame B shows alpha tracks from an oocyte bombarded
with about 2 x 10^5 tritons/cm2 at the resonance energy.
Approximately 100 excess tracks are seen over a 130 um diameter
zone of the track detector. The diameter of the dry flattened
cell from which these tracks originated was also 130 vim. We also
investigated the feasibility of increasing the yield of tracks by
raising the triton beam energy above resonance in order to
increase the penetration of tritons into target cells. It was
found that increasing the energy more than 165 keV above
resonance energy resulted in severe damage to the track detector.
Fig. 1, Frame C shows such damage following bombardment of an
oocyte by 3 x 10^5 tritons/cm2 at 230 keV above resonance prior
to etching. Fig. 1, Frame D shows the same zone after etching
the track detector in 6M NaOH at 40°C for one hour. Numerous
alpha tracks are revealed just in that area of the track detector
which was protected by the oocyte from direct damage by the beam.
Fig. 1, Frame E shows the surface of a track detector subjacent
to an oocyte after bombardment by about 4 x lO1^ tritons/cm2 at
165 keV above resonance, after removal of the Teflon from the
track detector but prior to etching. Fig. 1, Frame F shows the
same area after etching. The larger rounded image is in a zone
that was immediately subjacent to the oocyte during bombardment.
During these experiments, we found that oocyte preparations were
significantly more resistant than Teflon to damage by tritons.
Fig. 2 shows an oocyte deposited on a transparent sapphire plate
before (Frame A) and after (Frame B) bombardment at resonant
energy by 1.4 x 10^6 tritons/cm2. The dark bands are due to
shrinkage folds e.levated above the remaining surface of the cell,
as viewed by phase contrast light microscopy. Fig. 2 shows
another oocyte by scanning electron microscopy before (Frame C)
and after (Frame D) bombardment by 1.0 x 1016 tritons/cm2. No
damage to either cell is discernible.

We have previously shown that nuclei of dried blood cells
are more resistant to damage by low energy tritons than
cytoplasm [12]. Since we show now that dry oocytes resist
structural damage during bombardment by low energy tritons up to
1.4 x 1016 tritons/cm2, it is reasonable to expect that isolated
oocyte nuclei will also prove to resist substantial damage by
such bombardment. Thus, ic may be calculated that a normal
20 um diameter oocyte nucleus could yield 120 tracks from natural
abundance deuterium, while a similar oocyte maximally deuterated
by exposure to 5% deuterated tissue water during oogenesis could
yield 230 tracks.

Technical trials were also performed to investigate the
feasibility of obtaining clean preparations of single oocytes
from aging, unbred, non-superovulated mice grown to maturity from
the litters of deuterated and non-deuterated dams. It was found
that disruption of the ovarian stroma in 0.14M ammonium acetate
by sharp-edged hypodermic needles permitted freehand isolation of
individual oocytes with a micropipette. Such oocytes could be
freed from adherent granulosa cells and much viscous extracellular
matrix by one or two quick rinses in clean 0.14M ammonium acetate,
using the same micropipette. With this technique, many oocytes



could be obtained without difficulty from young mice but only a
few could be obtained from one year old mice. However, oocytes
obtained from one year old mice appeared similar to oocytes
obtained from younger mice. The yield and appearance of oocytes
from one year old offspring of dams given 15% deuterated, 75$
deuterated or normal drinking water before and during pregnancy
were the same. It has been shown that about eighty percent of
oocytes liberated by needle puncture of follicles from the
ovaries of unbred 8 to 10 week old mice selected without regard
to the phase of estrous cycle, are in the germinal vesicle stage
of meiosis I, and therefore tetraploid [4,13]. It may be
presumed that such oocytes were mainly from Type 7 or Type 8
preovulatory follicles with antra [14]. In our feasibility
studies oocytes were obtained by more extensive disruption of
ovarian stroma with sharp-edged needles, so that most oocytes
obtained by our technique should prove to be tetraploid also.

These preliminary studies indicate that many alpha tracks
can be obtained from natural abundance deuterium in nuclei of
single oocytes, and that clean oocyte preparations can be
obtained from mice up to 12 months of age whether their dams had
been exposed to 15% deuterated, 7%% deuterated, or normal drinking
water during pregnancy. We conclude that prolonged
deuteration of mouse oocytes resulting from exposure to 5%
deuterated tissue water during prenatal oogenesis would be
detectable in oocyte nuclei using our sensitive technique for
detecting deuterium based on bombardment by low energy tritons.
Although their interpretation would be complicated by isotope
discrimination effects rather than by radiation damage effects,
the tracer experiments outlined in this presentation should
provide information on the flow of hydrogen isotopes including
tritium to and from long-lived constituents of primary oocytes.
Such information, although potentially useful, is not available
from other experiments to our knowledge.
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FIGUBE CAPTIONS

Fig. 1 Frames A through F were photographed with Leitz optics
using 25X oil immersion and Heine phase contrast (dry)
objective lenses in an Ortholux microscope, and Kodak
panchromatic Plus-X 24 mm x 36 mm film in an Orthomat
camera. Magnification varies slightly from frame to frame,
but the full width of each Frame represents approximately
300 urn.

Fig. 2 Photomicrographs in Frames A and B were taken through a
Leitz 40X (dry) Heine phase contrast objective lens,
otherwise using the apparatus described for Fig. 1. The
cell diameter remained approximately 150 ym before (Frame A)
and after (Frame B) triton bombardment.

Frames C and D show scanning electron micrographs of
another cell taken at 800X magnification before (Frame C)
and after (Frame D) triton bombardment then reduced to
approximately the same magnification as Frames A and B. A
Model AMR 1000 A (American Metals Research, Bedford, Mass.)
scanning electron microscope was used through the courtesy
of Dr. John B. Warren, Instrumentation Division, Brookhaven
National Laboratory.
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