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Effects of Dieldrin or DDT in vivo on Alpha-Alanine, Gamma-Amino-

butyrate, Glutamine, and Glutamate in Rat Brain.
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The biochemical mechanism by which mam-
mals are poisoned with chlorinated hydrocar-
bon insecticides, such as 1,2,3,4,10,10-hexa-
chloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-
1,4-endo, exo-5,8-dimethano-naphthalene (di-
eldrin) and 2,2-bis-(p-chlorophenyl)-1,1,1-tri-
chloroethane (DDT), is unknown. Both of
these insecticides produce convulsions in man
(1-4) and experimental animals(5,6). The
convulsions produced by dieldrin closely re-
semble the grand mal seizure of epilepsy.
They occur without warning, are intermit-
tent, and are clonicotonic in nature(3,4,6).
On the other hand, animals exposed to a le-
thal dose of DDT show gradually increasing
muscular tremor, which may last several
hours and lead to convulsions that may be
terminal(5). Symptoms observed in man
have been similar to those noted in experi-
mental animals(1,2). The marked difference
in symptomatology between the two insecti-
cides suggests a difference in their modes of
action. Under these circumstances, any
change noted with one substance and not
with the other might reveal some clue as to
a specific mode of action.

The free amino acid level of the brain is
considerably higher than that of plasma and
the pattern of the free amino acid pool is
different from that of cerebral protein(7). A
number of workers have investigated the ef-
fect of various convulsants on the levels of
amino acids in brain, particularly the levels
of glutamic acid, glutamine, and y-amino-
butyric acid(8-25). Further, it has been sug-
gested that y-aminobutyric acid may be a
depressant neurochormone which may oppose
the excitatory action of acetylcholine(26). As
far as we are aware, no reports have appeared
in the literature on the effects of dieldrin or
DDT on these substances.
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of Mines, Collins Ferry Road, Morgantown, W. Va.

Therefore, a study was made of the levels
of these amino acids in the brains of rats
poisoned with DDT or dieldrin in an attempt
to obtain some insight concerning the mode
of action of these chlorinated compounds. In
these experiments, the animals were dosed
with large amounts of the toxicant to obtain
severe poisoning. They were sacrificed when
exhibiting pronounced symptoms but before
moribund changes could begin.

Experimental section. Individually caged
female albino rats of the Sherman strain, 4
to 474 months of age and weighing 172-262
g, were used in all experiments. The insecti-
cides were administered in peanut oil by
stomach tube at the rate of 5 ml/kg body
wt (160 mg/kg of dieldrin or 400 mg/kg of
DDT). These dosage levels are approximate-
ly 4 times the oral LD;, dose of each insec-
ticide(27). Control groups received peanut
oil alone.

In preliminary experiments it was found
that animals given dieldrin at this level sur-
vived 4 convulsions and died within 114 to
176 minutes after dosing, averaging 146 =+
23 (Standard Deviation) minutes. On the
basis of these experiments, it was decided to
sacrifice the animals during their fourth con-
vulsion. Therefore, the dieldrin-poisoned ani-
mals were sacrificed within 72 to 109 min-
utes after dosing, averaging 89 = 14 min-
utes. Onset of the first convulsion in the
group occurred within 36 to 81 minutes after
dosing, averaging 53 =+ 15 minutes. In the
case of the animals given DDT, preliminary
experiments showed that death occurred with-
in 200 to 470 minutes, averaging 394 + 109
minutes. On the basis of these results, it was
decided to sacrifice the DDT-poisoned ani-
mals after 120 minutes of visible body trem-
or. The onset of tremor was defined as a
condition in which the animal’s back was
arched and the entire body was in tremor.
This occurred within 100 to 180 minutes
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after dosing, averaging 131 =+ 23 minutes.

Control animals were sacrificed at the same
time as corresponding rats in the experimen-
tal group. The rats were decapitated and the
heads were dropped into liquid nitrogen
within 4 seconds; the whole brain then was
extracted essentially according to the proce-
dure of Roberts and Frankel(28).

Amounts of extract equivalent to 20 mg
of brain, fresh weight basis, were applied as
20 pl bands on Whatman No. 1 paper for
the analysis of y-aminobutyric acid, glutamic
acid, and glutamine. Glutamic acid and v-
aminobutyric acid were separated at 25°C in
phenol saturated with water and containing
0.025% 8-hydroxyquinoline. O-Phosphoryl
ethanolamine runs in the same position as
glutamic acid in this solvent but the amount
present is so small, in relation to the large
amount of dicarboxylic acid(29), that the
interference in subsequent analysis was neg-
lected. Glutamine was separated in a solvent
containing 2-butanol—95% ethanol—6% am-
monium hydroxide (100:25:35 v/v), as de-
scribed by Roland and Gross(30). The am-
monium hydroxide was prepared from con-
centrated ammonium hydroxide by diluting
with 4 volumes of water. The mobility of
glutamine in this solvent has not been de-
scribed. After 72 hours of development at
25°C, this amide was found to run between
the aspartic-glutamic acid and the serine-
glycine-histidine spots, and its movement in
relation to valine was 0.32 as compared with
0.12 for glutamic acid and 0.42-0.43 for ser-
ine-glycine-histidine. Recovery studies showed
that the rate of hydrolysis of glutamine in
this solvent was negligible. The quantity of
amino acids present was determined from
comparison with standards chromatographed
at the same time, essentially according to the
method described by Roberts and Frankel
(31).

Alanine was separated by 2-dimensional
chromatography. Twenty ul spots, equivalent
to 40 mg of brain, fresh weight basis, were
applied to 46 X 57 cm Whatman No. 1 fil-
ter paper, then chromatographed at 25°C in
phenol-water followed by collidine-lutidine
(1:1 v/v) saturated with water(32). It was
not feasible to run more than 8 two-dimen-
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sional chromatograms at a time. Therefore,
extracts of the brains of 4 control and 4 ex-
perimental animals were run simultaneously
without standards as described in Table II,
and the results reported as optical density.

Studies were also conducted to prove that
the spots analyzed did, indeed, contain the
amino acids, y-aminobutyric acid, glutamic
acid, glutamine, or alanine. Pooled brain ex-
tracts, before and after acid hydrolysis, were
co-chromatographed with standards and with
internal standards in the phenol-water solvent
followed by the collidine-lutidine solvent or
in the phenol-water system followed by 2-
butanol-ethanol-ammonia. The spots of the
unknowns and the standards run to the same
position and the internal standards were re-
covered quantitatively. Further proof that
the spot corresponding to glutamine on 2-
butanol-ethanol-ammonia chromatograms con-
tained only glutamine was obtained by chro-
matography of the eluate of this spot in the
previously-mentioned 2-dimensional system.
No ninhydrin-reacting constituent other than
glutamine was found. Also, glutamic acid was
the only ninhydrin-reacting substance found
after acid hydrolysis of this eluate and subse-
quent chromatography in the same 2-dimen-
sional systems.

Results. The effects of dieldrin and DDT
on levels of gamma-aminobutyric acid, gluta-
mine, glutamic acid, and alanine are illus-
trated in Tables I and II. As shown in the
Tables, DDT had no significant effect on
levels of gamma-aminobutyric acid, glutamic
acid, alanine or glutamine. On the other
hand, an increase of 24% was noted in the
level of gamma-aminobutyric acid after ad-
ministration of dieldrin. This increase was
significant at level p — 0.02 to 0.01. This
result is in agreement with recent studies(15,
18,23,33) that have shown that the occur-
rence of seizures is not necessarily related to
decreased levels of gamma-aminobutyric acid
in the whole brain. The present results do
not rule out the possibility of localized de-
creases in the content of this amino acid that
are not reflected in the concentration of
gamma-aminobutyric acid in the whole brain.

However, the most striking change, easily
visible on the chromatograms, was an aver-
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TABLE I. Effects of Dieldrin or DDT on Concentration of Glutamine, Gamma-Aminobutyrie

Acid, and Glutamic Acid in Rat Brain, Nine eontrol and 9 experimental animals were employed

in studies with dieldrin; 8 control and 8 experimental animals in DDT experiments. Differences

between control and experimental groups were tested for statistieal significance by ‘‘Student’s’’
T-test(37).

Control group, Experimental group,

mg/g brain mg/g brain

Toxicant GluNH, ~-ABA Glu A Glu NH, v-ABA Glu A

Dieldrin Range .33-.80 14-.21 1.00-1.73 .32-1.00 .15-.26 .85-1.57
Mean .52 A7 1.32 62 21 1.22
S8.D. a5 027 25 .21 .035 25
P 3-2 .02-.01 S5-4

DDT Range .40-.56 .12-.19 1.00-1.53 .23-.79 .09-.21 .73-1.50
Mean .48 16 1.23 .56 16 115
8.D. .065 .022 18 .19 .041 32
P 3-2 8-7 6-.5

TABLE II. Effeet of Dieldrin and DDT on Relative Alanine Content of Rat Brain.
Dieldrin experiment, DDT experiment,
Chromato- optical density at 570 mu Chromato- optical density at 570 mpu
graphie run Controls Dieldrin graphicrun  Controls DDT
1 Range .105-.184 .190-.315 3 .070-.095 .070-.125
Mean 137 .248 081 090
S.D. 034 .053 .036 024
P .02 -.01 7 -6
2 Range .085-.115  1.50 -.225
Mean .096 189
S.D. .013 .030
P <.001
land2 P .01 -.001

Extracts of brains of 4 animals in control and dieldrin groups, respectively, were chosen at
random and analyzed in each of the 2 ehromatographie runs (Nos. 1 and 2) so that a total of
8 animals out of 9 in the respective groups of Table I were studied. Extracts of brains of 4
animals in control and DDT-poisoned groups, respectively, in Table T were selected at random
and analyzed by 2-dimentional chromatography in Run No. 3. Differences between control
and experimental groups in a given chromatographic run were tested for significance by
‘‘Student’s’’ T-distribution as modified by Fisher(37) using logarithms of optical densities
of the extracts. In the case of dieldrin in which 2 chromatographic runs were made, an
additional test for statistical significance of the differences between experimental and eontrol
groups using the data obtained from both chromatographie runs was carried out by a modified
4T test.

E, -C, +E, ’02 g 2(81 —E1)2 + 2(01 -01)2 +2(92_E2)2 + E(cz _Cz)2
B ms? B (n-1)m
n

Where n — No. of determinations per mean; m — No. of means; e;, and ¢, are the logarithms of
optieal densities on 2 given day of the samples in experimental and control groups, respectively.
E, and C, are the means of the logarithms of optical densities of the samples in control and
experimental groups on a given day. This equation was developed by Dr. Richard G. Cornell,
CDC Statistics Section, and can be derived from the equation on page 85 of Snedecor(38).
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age rise of 80% in concentration of alanine
in the brains of rats given dieldrin. This was
statistically significant at the level of p =
<0.01. The rise in concentration of this
amino acid is probably the result of the inhi-
bition by dieldrin of the oxidations of the

Krebs tricarboxylic acid cycle in the brain,
possibly at the o-ketoglutarate stage. The
facts that DDT does not inhibit the respira-
tion of mammalian brain(34,35) and does
not change the level of alanine, glutamine,
glutamic acid or y-aminobutyric acid are both



490

consistent with this hypothesis as to the ac-
tion of dieldrin. However, a direct test of
the effects of dieldrin upon the ability of rat
brain to oxidize members of the Krebs cycle
other than succinate(36) has not been car-
ried out.

Summary. Studies were made of the ef-
fects of lethal doses of dieldrin or DDT on
the free amino acid pattern of the brains of
rats exhibiting severe symptoms of poison-
ing. Elevated levels of q-alanine and v-
aminobutyrate were noted with dieldrin but
not with DDT, indicating a different mode
of action of the 2 insecticides.
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