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Uptake of “C-Labeled DDT and Parathion in Cultured
Male Germ Cells from the Cabbage
Armyworm, Mamestra brassicae L.*

Toshiaki SaimMIZU,** Makoto MurakawmI and Jun-ichi Fukamr

The Institute of Physical and Chemical Reseavch
- Wako, Saitama 351, Japan

(Received August 8, 1978)

The uptake of *C-DDT in cultured male germ cells derived from the cabbage
armyworm, Mamestra bvassicae L. was rapid for 3 hr after treatment, but **C-para-
thion was virtually not taken up by the cells. Approximately 40%, of DDT taken
up by the germ cells was removed from the cells by treatment with low concentra-
tions (0.0001-0.019%) of the non-ionic detergent, Triton X-100. Only a small frac-
tion of DDT taken up by the cells remained in the cytoskeleton structure resistant
to 19, Triton X-100. Perhaps the conclusion to be drawn from the data presented
in this paper is that DDT binds to outer membrane components of the germ cells.

The cytotoxicity of insecticides on cultivated
cells has been evidenced by progressive inhi-
bition of cell growth associated with cytopath-
ic changes in cell morphology.'”® However
the mechanisms of action of insecticides are
still not well understood at the cellular level.
Murakami and Fukami reported that although
a large amount of DDT was taken up by human
embryonic lung cells in culture,® only a small
fraction of the insecticide accumulated in the
cytoskeleton structure resistant to the deter-
gent, Triton X-100.” They suggested that
DDT associated mainly in lipid-rich surface
membrane structures of human cells. In this
study, we report that insect male germ cells
in culture are similar to cultured human cells
regarding the uptake of DDT and the libera-
tion of the compound from the cells by the

* A brief account of this paper was presented
at the Annual Meeting of the Pesticide
Science Society of Japan, Tokyo, March
30, 1978.

**%  Present address: Institute of Agriculture
and Forestry, The University of Tsukuba,
Sakura-mura, Niihari-gun, Ibaraki, 300-
31, Japan.

detergent treatment.

MATERIALS AND METHODS

1. Germ Cells

Male germ cells were obtained from the non-
diapausing pupae (1 day) of the cabbage army-
worm, Mamestra brassicae L. reared aseptically
on an artificial diet under a long day photo-
period at 25°C.»

2. Culture Media

Grace’s culture medium (without insect hae-
molymph) containing “C-DDT or *C-para-
thion was prepared and kept at 4°C - until
used. DDT, universally *C ring-label, (specific
activity:  29.7 mCi/mmole) and parathion,
1-*C—ethyl labeled, (19 mCi/mmole) were ob-
tained from the Radiochemical Centre, Amer-
sham, England as benzene solutions. The label-
ed insecticides were dissolved in ethanol after
the benzene was evaporated with nitrogen and
were added to the medium to give a final con-
centration of 4x107°m. At this concentra-
tion, no visible cytotoxicity to the cultured
human cells was observed.”
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3. Culture Procedures

The testes taken from the sterilized pupae
were ruptured with a pair of fine needles in
culture vessels (5cm in diameter) so as to
release the germ cells. Then, promptly Grace’s
medium containing labeled insecticide {0.2 ml)
was added and incubated at 25°C.

4. Uptake of Insecticides

Culture vessels were sampled at 1, 3, and
6 hr. At each period, the medium was removed
and the cells were washed three times with
0.99, NaCl solution by centrifugation (2,000
rpm, 10 min). The cells were digested with
0.1 N~ NaOH at room temperature. Total la-
beled compound uptake was determined by
counting an aliquot of the NaOH digest in
Aquasol-2 (New England Nuclear). Total
protein per culture was determined by assaying
the NaOH digest according to the method of
Lowry et al.

5. Liberation of DDT from the Cells

The cells exposed to “C-DDT for 3 hr were
washed as described above and then washed
with 0.0001-0.01%, of Triton X-100. Radio-
activity of the liberated insecticide was count-
ed. This procedure made it possible to wash
out the loosely associated DDT on the cell
surface.

6. Cell Solubilization ,

After incubation for 3 hr in the medium
containing “C-DDT, the cells were washed
three times with the saline and were solubil-
ized with 0.01-19; Triton X-100 for 10 min
in a water bath at 37°C. Radioactivity of
each detergent-soluble phase was counted in
10 ml of Aquasol-2.

RESULTS AND DISCUSSION

Cellular uptake of DDT and parathion is
illustrated in Fig. 1. For the first hr after
treatment, the uptake of DDT in the germ
cells was rapid, after which the rate of uptake
leveled off, while very little amount of para-
thion was taken up by the cells. DDT taken
up by the cells was easily extracted with 709
ethanol (unpublished data).

Figure 2 shows morphological effects of vari-
ous concentrations of Triton X-100. At a con-
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Fig. 1 Uptake of DDT and parathion into
cultured male germ cells.
The germ cells were cultured in Grace’s
medium containing *C-labeled DDT or para-
thion for 1, 3, and 6 hr. The uptake is ex-
pressed as the percentage of the amount of
radioactivity added into the culture vessel.

centration of 0.019,, cysts of the germ cells
are largely intact (Fig. 2A). Exposure of the
cultures to 0.19, Triton X-100, the cysts are
disrupted and cytes are released from the
cysts (Fig. 2B). Treatment with the detergent
at a concentration of 1%, leads to the complete
solubilization of cells. The detergent-resistant
structures such as nuclei seem to remain well
(Fig. 2C).

Liberation of ¥C-labeled DDT from the cells
by treatment with various concentrations of
Triton X~100 is summarized in Table 1. When
treated with 0.0001-0.019, Triton X-100, the
amount of label bound to the cells decreased
to 50.49, of its initial amount. When cultures
were treated with 0.019, Triton X-100, cysts
of the germ cells were largely intact (Fig. 2A).
Therefore, it is considered that the insecticide
removed with 0.0001-0.019%, Triton X-100 as-
sociates loosely with the cell surface. Approxi-
mately 409% of DDT that was added in the
medium was removed with the detergent at
these concentrations. In contrast, exposure
of cultures to 0.19% Triton X~100 completely
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Fig. 2 Photomicrographs of cysts of the germ cells treated with various concentrations
of Triton X-100 at 37°C for 10 min.

Photographs were taken with a phase-contrast microscope.

A: 0.019% Triton X-100 (x 160), B: 0.1% Triton X—-100 (x240), C: 1% Triton X-100

(% 240).

Table 1
Triton X-100.

A) Exposure of cultures to 0.0001-0.019, Triton

Liberation of “C-DDT from cells after treatment with various concentrations of

B) Exposure of cultures to 0.05-1% Triton X~

X-100. 100.
Concentration of Radioactivity Concentration of Radioactivity
Triton X—100 liberated Triton X—100 liberated
[s) 0,

(%) (com) (%) (%) (cpm) (%)
(Medium) 1,108 9.9 0.05 4,506 32.3
(0.99% NaCl) 40 0.4 0.1 3,952 28.3
0.0001 412 3.6 0.5 3,456 24.7
0.0005 228 2.0 1 1,370 9.9
0.001 348 3.1 - . B ;

- Radioactivity remained in the
0.005 784 6.9 cytoskeleton};tructure* *% 684 4.9
0.01% 2,686 23.8
Radioactivity remained
in the cells** 5,694 50.4

* This dose of Triton X-100 caused no visible disruption to the cells (see Fig. 2A).
** Protein content digested with 5ml of 0.18 NaOH at room temperature was 375 gg/culture

vessel.

*** Protein content in the cytoskeleton structure digested with 5ml of 0.1 xn NaOH at room tem-

perature was 275 ug/culture vessel.

solubilized outer membranes of the cysts (Fig.
2B). Accordingly, it is thought that DDT
removed by treatment with the detergent at
concentrations of 0.05-0.1%, is more closely
associated with membrane structures. Only

a small fraction of DDT taken up by the cells
remained in the cytoskeleton structure resist-
ant to 19, Triton X-100.

The data presented in this paper suggest
that DDT associates mainly in outer membrane
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components of the germ cells. Recently,
Krause reported the damage to spermato-
genesis in mice and juvenile rats which were
treated with DDT.!» We are now investigat-
ing the effects of DDT on spermatocysts by
using a suitable culture system in which sper-
miogenesis of M. brassicae can be observed
vityo. 1D
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