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Effects of Acute and Chronic DDT Administration on Hepatic Microsomal

Drug Metabolism in the Rat.*
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The President’s Science Advisory Commit-
tee Panel on the Use of Pesticides has re-
cently recommended that toxicity studies on
pesticides should include determinations of
“possible synergism and potentiation of ef-
fects of commonly used pesticides with such
commonly used drugs as sedatives, tranquil-
izers, analgesics, antihypertensive agents, and
steroid hormones, which are administered
over prolonged periods”(1). Investigation of
this problem has been in progress in our
laboratory since 1961.

We recently reported effects of the chlorin-
ated hydrocarbon insecticides, technical
chlordane and one of its components y-chlor-
dane, on hepatic microsomal drug metabo-
lism(2). These compounds caused a stimu-
lation of enzyme activity for the metabolism
of certain drugs, and these changes in enzyme
activity were characterized by a latency of
onset and a prolonged duration.

Other structurally related insecticides after
acute administration demonstrated similar ef-
fects on drug enzyme activity as measured by
barbiturate sleeping times(3). Dichlorodi-
phenyltrichloroethane (DDT) was the only
chlorinated insecticide studied which failed
to produce an alteration of enzyme activity
under the conditions used (Table I).

All of these insecticides are quite lipid sol-
uble and accumulate in body fat, after which
they are slowly liberated from these tissue
stores. It may be that rapid uptake of the
administered DDT by the fat stores pre-
vented it from exerting an effect on hepatic
enzyme activity. With this in mind, we de-
cided to follow the effects of DDT after
chronic administration. The results of this
investigation are presented here. We also
studied the acute effects of certain organo-
phosphorous anticholinesterase insecticides on
drug metabolism.

Methods. DDT, as a crystalline powder,
was admixed in a lab chow diet and fed to

* Supported by U. S. Public Health Service grant.

adult male Sprague-Dawley rats. The concen-
tration of DDT in the feed was 500 ppm.
Rats weighed 150-175 g at start of the experi-
ment, while survivors after 4 months on this
diet weighed 450-550 g. Prior feeding studies
with ground lab chow indicated that at the
concentration used, rats would ingest approxi-
mately 50 mg/kg of DDT in a 24 hour
period.

Equal numbers of experimental and con-
trol animals were selected randomly for drug
metabolism studies at intervals of 2 weeks,
1, 2, 3, and 4 months after beginning the diet.
Hexobarbital sodium, 125 mg/kg, was in-
jected intraperitoneally and sleeping times
determined on all rats. Sleeping time was
defined as the time which elapses from loss
of the righting reflex until regaining this re-
flex. Animals were numbered so that iz vive
results could be compared with in vitro en-
zyme activity.

Sixteen to 18 hours after sleeping time
determinations, rats were sacrificed by a blow
on the head and their livers immediately ex-
cised and placed in vessels immersed in ice.
Samples were taken from each liver for rou-
tine histology and the remainder was homo-
genized with 2 volumes of cold, isotonic
(1.15%) KCl in a Potter homogenizer hav-
ing a plastic pestle. Homogenates were cen-
trifuged at 9000 X g in a refrigerated high
speed angle centrifuge to sediment nuclei,
mitochondria and cell debris. The resulting
supernatant fraction, composed of micro-
somes plus “soluble” fraction, was used for
determinations of enzyme activity.

Drug metabolic pathways studied were the
side chain oxidation of hexobarbital, the N-
demethylation of aminopyrine, the ring hy-
droxylation of aniline and the reduction of
the aromatic nitro group of p-nitrobenzoic
acid. Disappearance of substrate was meas-
ured to follow the metabolism of hexobar-
bital by the method of Cooper and Brodie
(4). Appearance of the metabolite was meas-
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TABLE I. Effects of Single Doses of Chlorinated Hydrocarbon Insecticides on Hexobarbital
Sleeping Times in Mice.*

Time after injection of insecticide

Dose

Insecticidet (mg/kg) 1hr 3 hr 1day 3 days
DDT 25.0 64 + 11 (9) 89+15 (8)t 7517 (8) 68 + 8 (8)
Trichloro 237§  25.0 63 = 11 (7) 72 + 14 (8) 65 - 11 (10) 33+ 7 (8)¢
Control — 65 + 14 (9) 59 + 13 (7) 72 =20 (8) 80 +18 (10)
v-Chlordane 25.0 — 95 + 18 (10) 55+ 6 (6)F 357 (9)1%
Endrin 6.25 — 4811 (9)+ 31«12 (10)f 37+ 8 (9)1
Control — — 80 20 (9) 7919 (7) 80 =15 (9)

* Values in the table are time in min + standard deviation during which righting reflex was
absent. Animals received hexobarbital sodium, 125 mg/kg, intraperitoneally. Numbers in par-

entheses represent No. of animals per group.

t Insecticides were dissolved in corn oil and given by intraperitoneal injection to CF#1 mice
weighing 15-25 g. Mice receiving DDT and Trichloro 237 were in one group and mice receiving

y-e¢hlordane and endrin were in another group,
1 P =0.05. For all other values P > 0.05.

hence 2 separate control groups.

$ 1,2,3,4,5,6,7,8,8-nonachloro-4,7-methane-3a,4,7,7a-tetrahydroindane. It is a non-insecticidal

component of technical chlordane.

ured to follow the metabolic alteration of
aminopyrine to 4-aminoantipyrine by the
method of Brodie and Axelrod(5), and of p-
nitrobenzoic acid to p-aminobenzoic acid by
the method of Fouts and Brodie(6). The
metabolite p-aminophenol was measured to
follow the metabolism of aniline by a method
of J. R. Gillette (personal communication).
Aniline HCl, 0.5 pmoles per 5 ml incubate
was used as substrate. Two g of solid NaCl
were added to 4 ml of the incubation mixture.
Extraction was made by shaking with 30 ml
ether for 20 minutes. Twenty ml of the ether
phase was then extracted with 4 ml 1 N
NayCO; containing 1% phenol (the phenol
must be added to the Na,COj just before
use). One ml of bromine-Na,CO; mixture
(bromine water added to 1IN NayCO; until
a light yellow color appears) was added to
3 ml of the Na,CO; phase. This mixture is
read at 620 mp on a Coleman spectrophoto-
meter with 3 ml Nay,COj-phenol solution as
the blank. The conditions of incubation, co-
factors used and their concentrations were the
same as reported by McLuen and Fouts(7).

To assess the acute effects of DDT, the
compound was dissolved in corn oil at a
concentration of 25 mg/ml and injected in-
traperitoneally into rats at doses of 25, 50
and 100 mg/kg. Injections were made daily
for 3 days with controls receiving equivalent
volumes of corn oil. Sleeping times and in
vitro metabolisms were performed in the

manner described above at 1, 8 and 15 days
after the last injection of DDT.

To determine whether the organophos-
phorous insecticides caused an alteration of
hepatic drug enzyme activity, certain of these
agents were screened using hexobarbital
sleeping times in mice. Doses used were
chosen to be well below the LDjes. CF #1
white mice, weighing 15-25 g, received single
intraperitoneal injections of parathion, 2.5
mg/kg; paraoxon, 0.5 mg/kg; malathion, 25
mg/kg; ethyl-p-nitrophenyl benzenethiono-
phosphonate (EPN), 12.5 mg/kg, and octa-
methyl pyrophosphoramide (OMPA), 5.0
mg/kg. Sleeping times were done at 1 and
3 hours, and 1, 3 and 8 days following treat-
ment.

Statistical evaluation of data was made
using the Student’s “t” distribution as de-
scribed by Snedecor(8). The level of signifi-
cance chosen was P = 0.05.

Results. Table I shows that DDT, when
administered as a single dose intraperitoneally
to mice, does not lead to an effect on hexo-
barbital sleeping times, such as can be pro-
duced in the case of y-chlordane, endrin and
trichloro 237. It was because of this apparent
lack of stimulation that feeding of DDT and
repeated injections of this insecticide (as de-
scribed below) were studied.

Significant increases in the rate of in vitro
drug metabolizing enzyme activity were ob-
served 2 weeks after rats were put on the diet
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TABLE II. Effects of Chronic DDT Feeding on in vivo and in vitro Hepatic Drug Metaboliz-
ing Enzyme Aectivity in the Rat.

Time on diet

Drug substrate* 2wk 1 mo 2mo 3 mo 4 mo
Hexobarbital 6.70 +=.22}  7.55 +.28% 7.77 x .08f 8.09 + .72} 6.98 + .32%
Control 4.15 +.77 5.60 +.78 3.79 +1.54 4.96 +1.02 3.79 = .72
Aminopyrine 1.45 +.231 171 =.56f 1.14 + .31% 76 = .30F 178 = .30}
Control 66 +.14 .61 +.18 46 + .12 .31+ .08 52 + 17
Aniline 14 +.04 .29 +-.09% 54+ 128 .56 =+ .20 23 + .12
Control 16 +.04 17 +.05 .36 + .06 40 += .07 .19 + .09
p-Nitrobenzoie acid ~ 4.44 +.62} 3.18 +.701 4.43 + .64} 3.06 = 961 3.66 +=1.07%
Control 2.20 +.43 1.21 +.41 1.61+ .13 1.25 + .39 1.49 + .98
Sleeping timest 19 + 4% 13 + 5% 18+ 5 ¢ 25 + 9¢ 25 + 6%
Control 44 + 19 43 + 11 41 + 12 45 + 11 42 +9

* Values in table indicate metabolism by supernatant fraction expressed as mean pmoles
drug metabolized + standard deviation per g liver (wet wt) in 2 hr (1 hr for p-nitrobenzoic
acid). All groups had 7 experimental and 7 control animals.

t Time in min during which righting reflex is absent. See Methods.

1 P = 0.05. For all other values P > 0.05.

(Table II). With the exception of the rate
of metabolism of aniline, where there was no
difference from control values, these increases
were in the range of 2-fold. Enhancement of
drug metabolism was seen for all pathways
after 1 and 2 months on the diet. Again at
3 and 4 months, all pathways except aniline
showed significant increases in rate of metab-
olism. Shortened hexobarbital sleeping times
paralleled the alterations in iz vitro enzyme
activity at all times studied.

After 3 injections of DDT in rats, there
were significant increases in rate of in wvitro
drug metabolizing enzyme activity at one day
after the last injection for all pathways and
at all 3 doses of DDT used (Table III). This
is in contrast to the effects of a single dose
of DDT on sleeping times in mice (Table T).
This enhancement of enzyme activity was
maintained at 8 days after the third injec-
tion with the exceptions of aniline at 25
mg/kg of DDT, and p-nitrobenzoic acid at
50 mg/kg of DDT where the differences were
not statistically significant. Sleeping times
were also depressed although differences at 8§
days after the last injection were not signifi-
cant due to a large variation in the control
values.

Effects of the organophosphorous insecti-
cides were characterized by a failure to
shorten hexobarbital sleeping times, at least
at the times studied (Table IV). Rather there

was a definite trend toward lengthening of
sleeping times by these agents, especially at
1 and 3 days after administration. The
effects of EPN were most sustained, in that
it produced significant increases in sleeping
times at all times from 1 hour to 8 days
after injection. OMPA was without effect at
any of the times studied. Rosenberg and
Coon(9) have also studied the effects of cer-
tain organophosphorous insecticides on hexo-
barbital sleeping times in mice. Their experi-
mental design differed from ours in dosages
used (theirs were higher) and the fact that
they studied the effect of insecticides on
sleeping times only at 2 hours after adminis-
tration of the insecticide. They, as we,
showed that only certain organophosphorous
insecticides affected hexobarbital sleeping
times. We also studied the effects of Para-
thion and paraoxon which were not studied
by these authors.

Discussion. We have shown that when
DDT is chronically fed to rats there is a
stimulatory effect on hepatic microsomal drug
metabolism, both in vivo and in vitro. This
phenomenon was previously observed with
several other chlorinated hydrocarbon insec-
ticides after acute treatment(2,3).

The mechanism(s) by which these com-
pounds exert their action has remained some-
what unclear. Ortega(10), however, has re-
ported the effects of chronic DDT feeding on
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the ultrastructure of rat liver cells. Of par-
ticular interest is his observation that the
amount of smooth surfaced or agranular endo-
TABLE III. Effects of 3 Daily Injections of

DDT on in vivo and in vitro Hepatic Drug Metab-
olizing Enzyme Activity in the Rat.

Daily
Drug DDT Time after last injection
sub- dose
strate* (mg/kg) 1 day 8 days
Hexobarbi- 25 715 .17 (4)1 7.22 & .12 (3)¢
tal 50 7.03 +.44 (4)F 7.58 £ .12 (3)¢
100  6.98 .11 (4)} 7.38 + .40 (4)}
— 43941 (4) 333+ .25(3)¢
Amino- 25  1.52 +.24 (4)} 2.48 + .37 (3)t
pyrine 50  1.57 .27 (4)} 2.12 += .33 (3)¢
100 1.80 +.28 (4)1 2.41 +1.32 (4){
— .58 4-.08 (4) 61+ .17 (3)
Aniline$ 25 2,16 +.34 (4)} .27+ .11 (3)
50 227 +=.17 (4)f .37+ .05 (3)%
100 210 +.20 (4)f .35+ .06 (4)1
— 149 +.22 (4) 21+ .07 (3)
p-Nitroben- 25 3.66 .66 (4)} 3.21 + .45 (3)¢
zoicacid 50  3.73 +.69 (4) 4.15 +2.14 (3)
100  4.20 .53 (4)} 4.66 =1.72 (4)1
— 224 +.33(4) 1.65+ .54(3)
Sleeping 25 17 =5 (4)% 23+ 1 (3)
timest 50 16 += 6 (4)1 24+ 7 (3)
100 12 +3 (3)% 19 +10 (4)
— 30 =4 (4) 43 +22 (3)

* Values in table indicate metabolism by super-
natant fraction expressed as avg umoles drug me-
tabolized =+ standard deviation per g liver (wet
wt) in 2 hr (1 hr for p-nitrobenzoic acid). Num-
bers in parentheses represent No. of animals per
group.

t Time in min during which righting reflex is ab-
sent. See Methods.

t P = 0.05. For all other values P > 0.05.

§ At 1 day, concentration of the substrate, ani-
line HCL, was increased to 5.0 ymoles per § ml in-
cubate. This larger substrate concentration caused
a higher rate of metabolism. Qualitatively, the re-
sults with 5.0 ymoles are the same as with 0.5 u-
moles substrate.
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plasmic reticulum (SER) is greatly increased
with conversely a partial displacement of
rough surfaced or granular reticulum. Fouts
(11) had previously reported that a variety
of the drug metabolizing enzymes were pri-
marily localized in the SER and in the micro-
somes derived from this membrane system.

These observations provide at least sug-
gestive evidence for hypothesizing that the
enhancement of enzyme activity by DDT is
due to its causing an increase in the amount
of SER with a consequent increase in the
amount of the enzymes metabolizing the
drugs studied. Further support for this line
of reasoning is given by the investigations of
Remmer(12) on the effects of phenobarbital
on hepatic ultrastructure. Phenobarbital, like
DDT, chlordane, etc., is also a non-specific
“inducer” of drug enzyme activity. After
phenobarbital pretreatment, there is a pro-
liferation of SER, at least partially at the
expense of rough surfaced reticulum. This
mechanism of enzyme activity stimulation
might be extrapolated to the other chlorin-
ated insecticides such as chlordane, hepta-
chlor, dieldrin, aldrin and endrin which have
this stimulatory property.

A single dose of phenobarbital, 15 mg/kg,
in rabbits will produce a stimulatory effect in
12 hours (unpublished observation) with this
effect disappearing quite rapidly unless more
drug is administered. The discrepancy be-
tween onset and duration of action of pheno-
barbital as compared to DDT and other
chlorinated hydrocarbons would seem to be
due in part to the physico-chemical properties
of the insecticides. DDT is highly lipid sol-

TABLE IV. Effects of Single Doses of Organophosphorus Insecticides on Hexobarbital Sleep-
ing Times in Mice.*

Tnsecti- Dose. Time after injection of insecticide
cidet (mg/kg) 1hr 3 hr 1 day 3 days 8 days

Parathion 2.5 70 + 23 (7) 68+ 9(7) 121 +20(9)} 118 +23(10)} 57+ 9 (8)
Paraoxon 1.0 74 + 10(10)% 62 =+ 8 (9) 91 + 16 (9)} 105 +=17(10)} 71 = 16(10)
OMPA 5.0 64 T(9) 68+20(10) 83+12(9) T3+ 9(7) 71=x12(7)
EPN 12.5 110i 4(7)¢ 104 = 9 (8)% 106 = 19 (9)1 108 = 25 (7Y} 95 = 22 (9)%
Malathion  25.0 1+13(8) 64 +- 24 (8) 10213 (8)f 78 +=10(9)

Control — 8 + 10 (7) 59 + 10 (9) 72 20 (8) 80+ 18(10) 68 + 14 ©C)

* Values in table are the times in min +
was absent.

standard deviation during which righting reflex
Animals received hexobarbital sodium, 125 mg/kg, intraperitoneally. Numbers in
parentheses represent No. of animals per group.

t Insecticides were dissolved in corn oil and given by intraperitoneal injection.

t P = 0.05. For all other values P > 0.05.



392

uble and as such is taken up rapidly by body
fat. This “site of loss” especially after a low
dose could account for the latency in onset,
and at higher doses or after repeated adminis-
tration, for the prolonged duration of action.
Phenobarbital is not stored to as great an
extent as the insecticides in fat and is more
rapidly handled by the liver and routes of
excretion, with subsequently more rapid in-
activation and/or excretion. There may be
of course other explanations for these dif-
ferences.

In general, the organophosphorous agents
that we tested had either no detectable effects
on enzyme activity or produced slight inhibi-
tory effects. It is possible that the lengthen-
ing of sleeping times seen with several of
the organophosphorous insecticides may be
due to other than effects of these compounds
on hepatic drug metabolism.

It should be emphasized that not all drugs
are inactivated or ‘‘detoxified” by metabo-
lism, but rather some are converted from an
inactive parent compound to an active or
toxic metabolite. The organothiophosphates
and phosphonates for example usually require
metabolic conversion to give the active cho-
linesterase inhibitor(13). An increase in rate
of metabolism of drugs made more toxic by
metabolism could lead to increased effects or
duration of action of these drugs. On the
other hand, if metabolism does result in in-
activation, the increases in rate of metabolism
which we have observed after animals are
treated with halogenated hydrocarbon in-
secticides would lead to decreased effects or
duration of action as we have shown with
hexobarbital and other drugs. In either event,
animals treated with chemicals altering drug
metabolism will often be pharmacologically
“abnormal” and the usual drug dosages em-
ployed will not give the “usual” effects.

We are investigating the herbicides for
possible effects on hepatic drug metabolizing
enzyme activity.

Summary. DDT, 500 ppm, was fed in a
lab chow diet to rats. Hexobarbital sleeping
times and iz vitro assays were measured after
2 weeks, 1, 2, 3 and 4 months on the diet to
observe the effects of DDT on hepatic micro-
somal drug metabolizing enzyme activity.
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With the exception of aniline, which was not
different from control at 2 weeks, 3 and 4
months, significant increases in rate of drug
enzyme activity were seen at all times on the
diet for the drugs studied. Shortened sleeping
times paralleled these increases. Acute treat-
ment of rats with DDT at 3 dose levels, each
for 3 days, produced significant stimulatory
effects on drug metabolism ## vitro at both 1
and 8 days. Sleeping times were depressed
at both times, although this depression was
significant only at 1 day. In mice, acute in-
jection of a single dose of DDT did not
shorten hexobarbital sleeping times even at
3 days after treatment. Several of the organo-
phosphorous insecticides were screened acutely
with sleeping times in mice and produced
either no effects or in several cases a pro-
longation of sleeping times. The proposal was
made that the stimulatory effects of DDT on
enzyme activity were due to its causing a
proliferation of smooth surfaced endoplasmic
reticulum in the liver cell, with a consequent
increase in the amount of the drug metaboliz-
ing enzymes.
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