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Responses of Cell Cultures to Insecticides. II. Chronic Toxicity and

Induced Resistance.*

(30476)

Janis Gasrikst (Introduced by Leo Friedman)
Department of Nutrition and Food Science, Massachusetts Institute of Technology, Cambridge

Residues of agricultural insecticides are
present in the human food supply. Studies
in animals have indicated that a regular in-
take of small amounts of insecticides leads
to accumulation of some compounds in ani-
mal tissues(1,2,3). DDT and dieldrin have
been found in human fat(3). The signifi-
cance of these findings is not clear but they
suggest a potential hazard to human health.

To evaluate the effects of insecticides on
human cells, some organophosphorus, organo-
chlorine, and dinitrophenol insecticides have
been studied in human cell cultures. In
Chang liver and HeLa cells, the insecticides
induced cell destruction, and their relative
cytotoxicity has been determined(4). As a
continuation of the previous studies, this re-
port describes the chronic toxicity of insecti-
cides to human and mouse cell cultures.

Materials and methods. Cell cultures.
Hel.a cells derived from cervical carcinoma
were cultivated in Eagle’s basal medium(5)
supplemented with 10% calf serum and L-929
mouse cells derived from subcutaneous tissue,
in Medium 199(6) supplemented with 10%
horse serum. In all tests the media contained
100 units/ml penicillin and 100 ug,/ml strep-
tomycin.

For the chronic toxicity tests, cells were
suspended in their respective media at
100,000 cells/yml and 5 ml volumes were
planted in Falcon 25 cm® plastic tissue cul-
ture flasks. Insecticides were incorporated in

* Contribution No. 669 from Dept. of Nutrition
and Food Science. Supported in part by NIH Grant
CA-06988-01.

t With technical assistance of Luean Anthony.

the medium at the time of planting. The
insecticide-containing medium was changed
every third day or as required. When the
cultures showed a full cell monolayer, cells
were harvested by the trypsinization method
and transplanted to new bottles in the same
manner.

For testing the insecticide-treated cultures
for alterations of cell susceptibility to the
previously exposed insecticide, cells were
grown without insecticide for 2 or 3 days,
and then reexposed to varying concentrations
of the compound, as described in the methods
of the acute cytotoxicity test(4).

Insecticidal compounds. The insecticides
investigated in this study were purified com-
pounds: 0,0,-Dimethyl S-(N-methylcarba-
moylemethyl)-phosphorodithioate (Cygon®?) :
0,0- Dimethyl (1 - hydroxy-2, 2, 2 - trichloro-
ethyl)-phosphonate (Dipterex®t); 0,0,-Di-
ethyl S-(2-ethylthio) ethyl phosphorodithio-
ate (DI-Syston®%); 0,0,-Dimethyl S-(1,2-
dicarbethoxyethyl) phosphorodithioate (mal-
athion?; 1,2,4,56,7,8 8-Octachloro-2,3,3a-
4,7,7a-hexahydro-4,7-methanoindene (chlor-
danell); 4,4'-Dichloro-a- ( trichloromethyl)
benzhydrol (Kelthane®Y); 2-(1-Methylhep-
tyl)-4,6-dinitrophenyl  crotonate  (Kara-
thane®"),

The methods of treating the cell cultures
are the same as described previously(4).

Test procedure for chronic cytotoxicity.

+ American Cvanamid Co., Princeton, N. J.
§ Chemagro Corp., Kansas City, Mo.

| Velsicol Corp., Chicago, I

% Rohm and Haas Co., Philadelphia, Pa.
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TABLE I. Toxicity of Tnsecticides in HeLa Cells During Long-Term Exposures.

Chrounie toxieity exposures

1-29 Days! 30-51 Days® 52-59 Days® 60-70 Days* 71-84 Days®
Cone, Cone, Cone, Cone, Cone,

Insccticide wg/ml Toxie wg/ml Toxic  ug/ml Toxic ug/ml Toxic ug/ml Toxic
Cygon 2.0 — 20 + 100 — 200 -+ 300 +4+
Dipterex 5 — 5 — 50 ++-++ 25 44+ 10 +
Malathion .1 + 1 — 10 — 2() — 40 +++
DI-Syston .05 +(8) 5 — 5 + 10 —_ 25 -+
Chlordane .1 + 1.( — 5 — 10 + 20 —+
Kelthane .05 — .5 — 5 + 10 + 20 4+
Karathane .005 — 5 — 1 — 5 + 2 —

' 5 passages of enltures
. » ” "
=9

210 » ” "
11 » ” "

513 »” . .“

TABLE LI. Chronie Toxicity of

+ — Up to 25% destruction
+ 4 -25t050%
+++-50t0 75%
+ 44 — More than 75%

(8) — Possible stimulation of cell growth

Insecticides in Hel.a Cell Cultures.

~——————Chronic toxicity

Non-toxie

Minimal toxie

Acute tox-
——  dcity(4) IDy,

Tolerated toxie Chronic tox-

Insecticide cone, ug/ml dose, ug/ml cone, ug/ml icity MTD
Cygon 2.0 20.0 100 11
Dipterex 5.0 10.0 10 2.2
Malathion <.1 1 20 130
DIT-Syston kil 5.0 10 1.8
Chlordane <1 1 10 220
Kelthane 5 5.0 10 4.6
Karathane 1.0 5.0 5 .8

The effects were evaluated in 2 ways. First,
microscopic examination was made to deter-
mine the cytopathogenic effect. The lowest
concentration of an insecticide which induced
destruction or morphological alteration of 25
to 50% of the cells was expressed as the
minimal toxic dose (MTD). With some in-
secticides, cells became gradually resistant
and tolerated concentrations above the MTD
levels. The highest concentration of an in-
secticide which was tolerated for at least 2
weeks or for 2 passages of the cultures was
expressed as the tolerated toxic concentration
(TTC).

The alternative method measured chronic
toxicity by determination of growth inhibi-
tion. The growth of cultures was measured
by determination of total cell protein per
culture. The method for cell protein deter-
mination and its application for measure-
ments of acute cytotoxicity has been de-
scribed(4). Concentrations of a compound
which inhibited the growth by 10% and
50% during an incubation period of 48 hours

were designated as inhibitory doses, 1Dy
and 1D;.

Results. 1. Cytotoxicity of insecticides dur-
ing chronic exposure. Cygon, Dipterex, mala-
thion, DI-Syston, chlordane, Kelthane, and
Karathane, in amounts below their acute
cytotoxicity levels, developed toxic manifes-
tations which, in general, were characterized
by inhibition of growth and progressive
morphological changes. The appearance and
degree of cytotoxicity was dependent on the
concentration and the length of the exposure
periods as indicated in Table T.

The results of the chronic cytotoxicity test
during the indicated exposures for a total
period of 84 days are summarized in Table II.
The first column indicates concentrations
which did not induce any detectable signs
of toxicity. The minimum toxic dose (MTD)
in pg/ml at which each insecticide induced
cytopathic effects and growth inhibition is:
Cygon, 20; Dipterex, 10; DI-Syston, 5; Kel-
thane, 5; Karathane, 5; malathion, 0.1; and
chlordane, 0.1. At the TTC levels, the Dip-
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TABLE 11I. Resistance of Hel.a Cell Cultures to
Insecticides After Previous Long-Term Exposure.

20-Day

exposure 84-Day exposure
Resistanee  ~————— Resistance ———

IDg treated IDgtreated 1D, treated
Tnseeticide  TDgy control IDg, control ID,, control

Dipterex 1.1 .8 7
Malathion 1.5 1.1 1.7
DI-Syston 1.0 2.2 3.0
Chlordane 7 1.3 2.5
Kelthane 1.9 7 T
Karathane 1.5

terex, malathion, and chlordane cultures

always showed an increased number of
large, rounded, abnormal cells which con-
tained fine cytoplasmic granules. In the
DI-Syston and Kelthane cultures most cells
showed large cytoplasmic granules around
the nuclei. Multinucleated cells and giant
cells were also present,

2. Induced cell resistance to insecticides.
The results of altered cell susceptibility to
insecticides were expressed as the ratios of
the ID;, or IDy, levels of previously treated
cells to the corresponding ID levels of pre-
viously untreated controls. Results are sum-
marized in Table III. After an exposure of
20 days, according to IDj, values, the Kel-
thane culture was 1.9 times more resistant
than the control; malathion, 1.5 times; and
Karathane, 1.5 times. The susceptibility of
the Dipterex and DI-Syston cultures was
comparable to the control, and the chlordane
culture was slightly more susceptible. In
similar tests, after exposure for 84 days, the
DI-Syston culture was 2.2; chlordane, 1.3;
and malathion, 1.1 times more resistant than
the controls. However, when the same cul-
tures were compared at the ID;, values, the
corresponding ratios increased to 3.0, 2.5, and
1.7. In contrast to the increased resistance
of DI-Syston-, chlordane- and malathion-
treated cells, the Dipterex and Kelthane cul-
tures were slightly more susceptible.

The adaptation of cells to growing in the
presence of an insecticide was also evident
in the mouse L-929 strain. The L strain cells
were originally susceptible to 10 pg/ml of
Dipterex. During an exposure to 10 ug for
7 days and to 20 pg/ml for the subsequent

REspronNseEs oF CELL CULTURES TO INSECTICIDES

13 days, the cells were completely resistant
to Dipterex at 60 pug/ml and some were re-
sistant to 100 pg/ml on the 21st day. Accord-
ingly, after 21 days the Dipterex-treated cells
were 6 times more resistant to Dipterex than
the control.

3. Growth stimulatory effect of insecticides
to previously treated HeLa cells. On the 84th
day the DI-Syston- and chlordane-treated cul-
tures were subcultured and maintained with-
out insecticides for 2 days. When the sub-
cultures were exposed to various concentra-
tions of the insecticides, to which they were
originally exposed, growth was greater than
in the control culture that had never been
treated. The results showed that in the pres-
ence of 10 pg/ml of DI-Syston the growth
of the normal culture was reduced by 44%,
whereas in the chronically treated culture it
was increased by 88%. Similarly, 10 pg/m]
of chlordane inhibited the growth of the nor-
mal culture by 8%, whereas the growth in
the chronically treated culture was increased
by 16%.

Discussion. The chronic toxicity of in-
secticides to HeLa cells is characterized by
growth inhibition and cell destruction. When
the magnitudes of the chronic and acute tox-
icities are compared (Table II), it is evident
that most insecticides are significantly more
toxic during the chronic exposures.

During the long-term exposure to insecti-
cides, cells gradually adapt to growing in
their presence. After exposure for 84 days,
the tolerated toxic concentrations are 2 to
200 times above the MTD levels. The TTC
of malathion and chlordane are, respectively,
200 and 100 times the MTD. Some degree
of adaptation to Cygon, DI-Syston and Kel-
thane is also evident, but not to Dipterex
and Karathane. The ability of HeLa cells
to grow in the presence of an insecticide was
associated with the development of increased
resistance to that insecticide. When insecti-
cide-treated HeLa cells were subcultured
without insecticides for several days and then
exposed to the same insecticides at higher
concentrations, the malathion, DI-Syston and
chlordane cultures were 1.7 to 3.0 times more
resistant than the normal cells. In a similar
type of experiment with Dipterex, the mouse
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L cells became 6 times more resistant during
an exposure for 20 days.

The resistance of the DI-Syston- and chlor-
dane-treated cells was associated with a
growth stimulatory effect of both insecticides
upon the treated cells. The effect was par-
ticularly significant in the DI-Syston-treated
culture, in which growth increased by 88%,
and in the chlordane culture where it in-
creased by 16%.

The induced resistance of mammalian cell
cultures to insecticides may be associated with
several factors: selection of more resistant
cell types present in the original culture; in-
duced mutations in the -cells followed by
selection; and induction of enzyme systems
which inactivate the insecticides. The fact
that cell resistance was evident in cultures
after the removal of DI-Syston and chlor-
dane from the medium for 3 days allows
one to postulate that the induced cell resis-
tance is of a more than temporary nature.

The possibility of enzyme induction to ex-
plain the cell resistance is a plausible one,
since such enzymes are known to be associ-
ated with the drug resistance of some micro-
organisms. The growth stimulatory effect of
DI-Syston and chlordane upon previously
treated cells also suggests a certain depen-
dence of previously treated cells on these
insecticides—a phenomenon which is similar
to the well-known dependence of certain re-
sistant bacteria to antibiotics. The theory
of enzyme induction is also supported partly
by reports that chlordane has stimulated drug
metabolizing enzymes in the rat(7).

This study has shown that chronic ex-
posure of cell cultures to insecticides is associ-
ated with development of resistance.

Summary. Hela cell cultures were exposed
to subtoxic concentrations of insecticides for
84 days. All insecticides tested induced cyto-
toxicity which was characterized by growth
inhibition and cell destruction. The minimal
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toxic doses (MTD) in pg/ml were: Cygon
20, Dipterex 10, DI-Syston 5, Kelthane 35,
Karathane 5, malathion 0.1, and chlordane
0.1. All insecticides, except Karathane, were
significantly more toxic in the chronic than
in the acute cytotoxicity tests. On continued
exposure, the cells gradually adapted and
grew in the presence of the insecticides at
concentrations 2 to 200 times above the
MTD. After cessation of exposure the mala-
thion-, chlordane-, and DI-Syston-treated cul-
tures were 1.7 to 3.0 times more resistant to
the same insecticide than the untreated con-
trol cells. The induced resistance to DI-Sys-
ton and chlordane was associated with a
growth stimulatory effect of each insecticide
on the respective chronically treated culture.
1t is postulated that the cell resistance to
insecticides may be associated with cell muta-
tions or induction of enzyme systems capable
of inactivating or metabolizing the insecti-
cides.

I am grateful to Dr. Leo Friedman for his help in
organizing the laboratory facilities and for advice and
criticism during the course of this study.
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