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Protein-deficient Diet and DDT Toxicity*
ELDON M. BOYD 1 & ELVIRA S. DE CASTRO I

The objective of the study reported was to investigate the hypothesis that a diet low in
protein would aflect ability to detoxify pesticides. If this were so, the results would have
application to use ofpesticides in areas ofthe world where the diet is normally low in protein.
To test the hypothesis, weanling albino rats were fedfor 4 weeks on three types of diet: (1) a
standard laboratory chow diet, (2) a synthetic diet containing 8 % casein but otherwise
adequate in calories, vitamins and minerals, or (3) the same diet as group (2) but con-
taining a normal protein content of 27 % casein. DDT was selected as the challenging
agent and was given orally at the end of 4 weeks in a range of doses which permitted
delineation of the LD5o and associated clinicopathological signs of toxicity in rats of the
3 dietary groups. The median lethal dose and the syndrome of toxicity were essentially
similar in all three groups of rats. Within the parameters of toxicity measured, the results
suggest that DDT toxicity is not augmented by a low-protein diet.

De Castro & Boyd (1967) have shown that growth
of weanling albino rats is reduced by some 50%
when they are fed for 1 month on a diet containing
8% casein, 75% starch, 14% hydrogenated vegetable
oils, 3% salt mix (US Pharmacopoeia, 1950) and
adequate vitamin supplements. There was little or
no inhibition of growth when the amount of casein
was raised to 27% and starch reduced to 56% and
results were compared with those in weanlings fed
Purina laboratory chow. Liu & Boyd (1967) found
that starch given intragastrically in doses of 100 g/kg/
body-weight day or more produced a lesser degree
of inhibition of growth in young albino rats. Part
of the inhibition of growth reported by De Castro
& Boyd (1967) may have been due, therefore, to the
high starch content of their protein-deficient diet
although Liu & Boyd (1967) concluded that starch
would likely have a very minor effect, if any, at 75%
concentration in the diet. Stunting of growth would
appear to have been due mainly to the low (8%)
protein content of the diet fed to weanling rats by
De Castro & Boyd (1967).

Since impairment of growth by the low-protein
diet might have been associated with impairment
of ability to detoxify drugs, it was decided to deter-
mine the clinicopathological syndrome of toxicity
at the range of the median lethal dose of a drug
given to weanling albino rats after feeding them for
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4 weeks on the three types of diet-8% casein, 27%
casein (normal-protein), and laboratory chow.
DDT was selected as the challenging drug since the
results might have application to the use of DDT as a
pesticide in countries where the diet is normally low
in protein and high in starch (WHO Chronicle, 1965).

METHODS

The experiments were performed upon weanling
male Wistar-strain albino rats of 50 g-60 g body-
weight obtained from Canadian Breeding Labor-
atories, St. Constant, Quebec, Canada. They were
divided into three groups, one of which was fed
Purina laboratory chow (obtained from the Ralston
Purina Company Limited of Woodstock, Ontario,
Canada), the second normal-protein (27 %) test diet,
and the third protein-deficient (8%) test diet (the
latter two diets obtained from General Biochemicals,
Chagrin Falls, Ohio, USA). After 4 weeks, the
body-weight of animals fed laboratory chow
(group 1) was 204 g± 19 g (mean ± SD), of animals
fed normal-protein test diet (group 2) 189 g±27 g.
and of animals fed protein-deficient test diet
(group 3) 91 g± 14 g.
The rats were then segregated in metabolism

cages, one animal per cage, and given water but no
food for 16 hours prior to administration of DDT,
which was dissolved in cottonseed oil and given
intragastrically through a cannula in a volume of
20 ml/kg body-weight. The doses of DDT were 0,
200, 300, 350, 400, 500, and 600 mg/kg body-weight,
each dose given to 9-26 rats of each of groups
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1, 2 and 3. The numbers of animals per treatment
group are shown in Table 1. The animal was re-
turned to its metabolism cage and offered Purina
laboratory chow and water ad libitum for a period
of 3 days, during which time clinical measurements
were recorded. Subsequently, surviving rats were
autopsied.

TABLE I

NUMBER OF ANIMALS PER TREATMENT GROUP
IN EXPERIMENTS WITH THREE DIETS OF DIFFERENT

PROTEIN LEVELS

Dose of DDT
Diet (mg/kg No. of animals

body-weight)

Laboratory chow 0 26
200 9
300 10
400 10
500 10

Normal-protein test diet 0 26
350 10
400 9
500 10
600 10

Protein-deficient test diet 0 26
300 9
350 9
400 10
500 11
600 10

Clinical signs were recorded at intervals of 1 to 3
hours during the first 12 hours of the experiment,
and again during hours 24 to 36. Intensities of signs
were estimated and were allocated values 1+ to 4+.
At intervals of 24 hours, the following measurements
were made: body-weight (g), food intake (g of
laboratory chow per kg of body-weight per 24 hours),
water intake (ml/kg/24 hours), colonic temperature
(°F), urinary volume (ml/kg/24 hours), urinary
glucose and protein output (mg/kg/24 hours), and
urinary pH on the 24-hour samples. Colonic tem-
perature was recorded with a Thermistemp tele-
thermometer, and urine analyses were made with
Ames Combistix test strips.
Antemortem signs were recorded in detail; at

death the animal was autopsied and gross and
microscope observations made, and the wet weight
and water content of the organs listed in Table 5
were recorded. Histopathology was observed on

blocks of tissue fixed in Lillie's buffered formol with
sections stained by haematoxylin-phloxine-saffron.
Wet weight was measured in grams to an accuracy

of 0.1 mg on a Mettler Gramatic Semimicro balance
except for skin and residual carcass, which were
weighed to an accuracy of 0.01 g. The contents of
the lumen of the gastrointestinal tract were removed
and weighed before the tissues were weighed. The
sample of muscle was the left half of the muscle
layer of the ventral abdominal wall. Water content
was measured as g per 100 g dry weight of tissue
upon aliquots dried to constant weight at 950C in a
Fisher Isotemp forced-draft oven. The sample of
skin taken for water analysis was from the dorso-
lumbar region after removing the hair with clippers.
The residual carcass was cut into small pieces,
homogenized in a Waring Blendor and an aliquot
weighed for water analysis. The weight and water
content of body organs were similarly measured
upon survivors at 3 days.
The results were analysed by application of a

t-test to mean differences from respective controls
and by regression analysis where indicated (for
example, in dose-response analysis of clinical signs)
by the methods of Croxton (1959). The LD50±SE
was calculated by the linear regression method of
Boyd (1965). Supplementary studies on diet were
made as noted below.

RESULTS

Data concerning the interval to death, and death-
rates are summarized in Table 2. Death occurred
earlier when the dose was higher, the median interval
being approximately 1 day. The LD50±SE was
368±28 mg/kg in rats fed laboratory chow. It was
not changed significantly by feeding the protein
deficient diet and was slightly elevated in rats fed
the normal-protein diet.
TABLE 2. INTERVAL TO DEATH AND LDso FOLLOWING
ORAL ADMINISTRATION OF DDT TO ALBINO RATS

FED DIFFERENT DIETS

Laboratory Normal- Protein-
chow diet protein deficient

diet diet

Interval to death (hours)
(median +SD) 20 6 22 4 25+ 9ga

LDso + SE (mg/kg) 368 28 481 i 13 b 345 + 90

a Significantly greater than the mean of rats fed laboratory
chow.

b Significantly higher than the LDso in rats fed laboratory
chow or protein-deficient diets.

Estimates of the intensity of clinical signs at
representative intervals following administration
of doses of DDT which produced deaths are sum-
marized in Table 3. At 3-6 hours there appeared
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TABLE 3
ESTIMATES OF THE INTENSITY OF CLINICAL SIGNS AT REPRESENTATIVE INTERVALS

FOLLOWING ORAL ADMINISTRATION OF LETHAL AND SUBLETHAL DOSES
OF DDT TO ALBINO RATS a

Hours after Diet
Clinical sign administration

of DDT Laboratory chow Normal-protein Protein-deficient

Diarrhoea 6 1.1 + 0.6 0.2 i 0.1 b 0.0 + 0.0 C, d

12 1.5 : 0.6 0.5 +O .5 b 0.3 + 0.3 c, d

24 0.7 + 0.5 0.5 + 0.5 b 0.2 + 0.2 C, d

Soiling of fur and 6 0.2 + 0.1 0.0 + 0.0 b 0.0 + 0.0 d
skin

12 2.3 + 0.6 0.9 + 0,4 b 0.5 + 0.6C, d

24 2.5 i 0.8 2.1 + 0.6 b 1.0 1.1 d

Tremors 6 0.4 + 0.2 0.1 + 0.1 b 0.2 ± 0.2

12 2.7 ± 0.4 1.8 0.5 b 2.1 0.6 c, d

24 2.8 ± 0.6 3.0 0.5 3.2 0.7 d

Convulsions 6 0.0 + 0.0 0.0 + 0.0 0.0 ± 0.0

12 0.4 ± 0.4 0.6 + 0.4 b 0.4 ± 0.3

24 0.3 + 0.3 1.6 ± 0.6 b 0.2± 0.2 c

Irritability 6 0.3 + 0.3 0.1 + 0.1 b 0.0 ±0.0 C,cd
12 1.4 + 0.5 0.5 + 0.3 b 1.0 .05 C, d

24 2.5 + 0.8 2.1 + 0.9 b 1.7 ±.9 d

Listlessness 6 0.1 + 0.1 0.0 + 0.0 b 0.0 ± 0.0 d

12 1.1 ± 0.5 0.7 ±.5 b 0.8 0.7 d

24 2.3 ± 0.6 2.0± 0.7 b 2.2 0.9

Prostration 6 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

12 0.8 ± 0.5 0.2± 0.2 b 0.4 0.3 c, d

24 2.7 ± 0.9 1.7 0.7 b 2.2 0.8 c, d

Epistaxis 6 0.3 ± 0.3 0.2 ± 0.1 0.1 ± 0.1 C, d

12 1.6 ± 0.6 0.6 ± 0.3 b 0.7 0.3 d

24 1.5 ± 0.7 0.8 ± 0.5 b 1.3 0.7 c

Haemoda- 6 0.0 ± 0.0 0.0 0.0 0.0 0.0
cryorrhoea 6

12 0.6 ± 0.2 0.6 0.4 0.3 0.2 c, d

24 0.5 ± 0.4 1.6± 0.7 b 1.0± 0.5 c, d

a The results are expressed as mean ± SD clinical units of I + to 4 +.
b Means in rats fed normal-protein diet which differed significantly (P= 0.05 or less) from

corresponding means in rats fed laboratory chow.
c Means in rats fed protein-deficient diet which differed significantly (P = 0.05 or less) from

corresponding means in rats fed normal-protein diet.
d Means in rats fed protein-deficient diet which differed significantly (P = 0.05 or less) from

corresponding means in rats fed laboratory chow.
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TABLE 4

COMPARISON OF CLINICAL MEASUREMENTS IN ALBINO RATS FED DIFFERENT DIETS AND GIVEN
LETHAL AND SUBLETHAL ORAL DOSES OF DDT a

Days after Diet
Measurement administration

of DDT Laboratory chow Normal-protein Protein-deficient

Body-weight (g) 1 - 9.0 b - 6.2 - 5.5

2 - 5.2 b - 6.7 - 6.2

3 - 3.8c - 75 d - 1,0e

Food intake (g/kg per 24 hours) 1 - 53.8 b - 74.0 - 61.8

2 - 6.2 - 39.7 d - 15.4
3 + 58.7 b + 100 d + 20.1 b

Water intake (mlikg per 24 hours) 1 - 64.9 b - 58.3 - 57.2

2 + 43.2 b + 35.5 + 13.2 b

3 + 70.2 b + 35.5 d + 25.3 b

Colonic temperature (°C) 1 + 1.7 b + 3.3 d + 11 e

2 + 0.8C + 1.1 + 0.5

3 + 0.5 - 0. 2 + 0.8 e

Urinary volume (ml/kg per 24 hours)

Urinary glucose output (mg/kg per 24 hours)

Urinary protein output (mg/kg per 24 hours)

Urinary pH (24-hour sample)

2

3

2

3

2

3

25.9 b

14.5

40.2

74.3c
+151.1 b

+147.6 c

- 4.7

+223.1 b

+1 320.0 b

+ 74.8 d

+288.0 d

+195.2 d

- 23.6 d

+692.5 d

+155.0

+ 128.4 d

+242.8

- 52.8d

2

3

+ 3.2

+ 1.5

+ 17.7 b

+ 6.9

+ 8.2

+ 7.1

- 24.1 e

- 353 e,f

+ 12.8 e

- 38.1

+ 78.6

+1 263.1 e,f

+ 31.7 e, f

+138.2f

+ 2.7

- 3.6e

-3,9 es f

a Results expressed as mean percentage change from controls given the same respective diet but no DDT; specifically as

[(Xcd-Xc)/Xc]x 100, where Xd is the mean in the DDT-treated rats and Xc in the controls.
b Rats given laboratory chow; Xd-Xc significant at P < 0.01.
c Rats given laboratory chow; Xd-Xc significant at P = 0.05-0.02.
d Rats give normal-protein diet; mean percentage change significantly (P < 0.05) different from the corresponding mean

percentage change in rats given laboratory chow.
e Rats given protein-deficient diet; mean percentage change significantly (P < 0.05) different from the corresponding mean

percentage change in rats given normal protein diet.
f Rats given protein-deficient diet; mean percentage change significantly (P < 0.05) different from the corresponding mean

percentage change in rats given laboratory chow.
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diarrhoea and soiling, listlessness or irritability and
tremors, and epistaxis. These signs reached a peak
intensity at 12-24 hours when haemodacryorrhoea
also appeared. The common cause of death was
convulsions followed by prostration and respiratory
failure. The intensity of most signs except convulsions

and haemodacryorrhoea was less marked in rats
fed a normal-protein diet. Diarrhoea and soiling
were less marked in rats fed protein-deficient diet.
Other differences are indicated in Table 3.

Measurements made at intervals of 24 hours are
summarized in Table 4. During the first 24 hours

TABLE 5
CHANGES IN THE WET WEIGHT OF BODY ORGANS IN ALBINO RATS

AT DEATH FROM ORAL ADMINISTRATION OF DDT a

Organ

Adrenal glands

Brain

Gastrointestinal tract:

Cardiac stomach

Pyloric stomach

Small bowel

Caecum

Colon

Heart

Kidneys

Liver

Lungs

Muscle (ventral abdominal wall)

Salivary glands (submaxillary)

Skin

Spleen

Testes

Thymus gland

Residual carcass

Body-weight

Gastrointestinal luminal contents:

Stomach

Small bowel

Caecum

Colon

Total

Laboratory
chow diet

+12.7

- 4.8

-18.5 b

-16.5 b

-27.2 b

-43.6 b

-32.1 b

- 6.4C
- 8.1 C

-14.3 b

-13.8

-15.0 b

_13.7 c

-10.6 b

-63.6 b

-12.1 b

-30.0 b

- 3.4

_15.4 b

-63.2 b

-30.0 b

-76.5 b

-68.2 b

-55.1 b

Normal-protein
diet

- 1.2

- 5.9

-17.4

-23.3

-19.1

-46.3

-32.1

+ 2.9

- 2.4

+ 1.7 d

- 6.5

-17.2

-12.2

-10.4

-46.5 d

-13.2

-28.0

- 7.4

-18.2

- 5.4d

-17.9 d

-71.5

-69.9

-37.0 d

Protein-deficient
diet

+ 1.4

- 9.5

-7.0 e,f

-23.2

-21.5

-35.1

-29.1

- 2.4

- 8.0

-19.4 e

-10.8

-29.2f
-23.4

-20.6

-58.8

- 9.6

_44.9 e,f

-13.6

-18.9

-59.8 e

-51.2 e,

-75.5

-77.7

-61.6 e

a Wet weight measured in grams; results expressed as mean percentage change from controls
given the same diet but no DDT, specifically as [(Xd-Xc)IXc]x 100 where Xd is the mean in the DDT-
treated rats and Xc is the mean in the corresponding control.

b Rats given laboratory chow; Xcd-Xc significant at P<0.01.
c Rats given laboratory chow; Xd-Xc significant at P = 0.05-0.02.
d Rats given normal-protein diet, mean percentage change significantly (P<0.05) different from

that in rats given laboratory chow.
e Rats given protein-deficient diet; mean percentage change significantly (P<0.05) different

from that in rats given normal-protein diet.
J Rats given protein-deficient diet; mean percentage change significantly (P<0.05) different

from that in rates given laboratory chow.
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there occurred a marked anorexia, oligodipsia and stress reaction was evident in the marked loss of
reduction in body-weight associated with a fever and weight in the spleen and thymus gland with a gain
oliguria. During this first day, rats fed normal- in weight of the adrenal glands relative to body-
protein diet had a higher fever, a proteinuria and a weight. Loss of weight was particularly marked in
diuresis; in rats fed protein-deficient diet there was a the gastrointestinal organs and in their contents.
marked proteinuria. The intensity of all these signs There were a few significant differences in rats fed
was dose-dependent, i.e., the correlation coefficients the normal-protein or protein-deficient diets, as
of the regressions of intensity of signs on dose of shown in Table 5, but, in general, the results were
DDT were all significantly different from zero similar to those in rats fed laboratory chow.
correlation at P<0.01. Loss of weight was due in part to loss of water as
At death there was loss of weight in practically shown by results summarized in Table 6. Dehydra-

all organs as indicated in Table 5. The presence of a tion was greater in many organs of rats fed on

TABLE 6
CHANGES IN THE WATER CONTENT OF BODY ORGANS IN ALBINO RATS

AT DEATH FROM ORAL ADMINISTRATION OF DDT a

Organ | Laboratory Normal-protein Protein-deficientOrgan ~~~~~chowdiet diet diet

Adrenal glands +17.3 b +24.2 +34.3 f

Brain - 3.2 - 1.5 - 3.7

Gastrointestinal tract:

Cardiac stomach - 9.8 c -15.0 - 3.5 e

Pyloric stomach + 3.6 - 4.7 d + 7.4 e

Small bowel - 1.7 -12.8 d - .9 e

Caecum - 9.9 b -23.6 d - 8.5 e

Colon -16.5 b -22.0 -15.4

Heart - 2.1 - 2.3 -3.0

Kidneys - 3.6 b - 8.8 d - 9.9f

Liver +13.9 b - 3.6 d - 3.0f

Lungs -10.4 b -12.4 -10.4

Muscle (ventral abdominal wall) + 0.5 - 2.7 -15.5f

Salivary glands (submaxillary) - 4.4 - 1.6 - 6.8

Skin -1 2.5 b - 5.6 -10.0

Spleen -2.8C - 0.8 - 4.7

Testes - 7.1 b - 12.7 d - 6.3 e

Thymus gland -8.8 b -12.2 -11.2

Residual carcass + 8.3c - 2.6-d 5.3f

a Water content measured in g per 100 g dry weight of tissue; results expressed as mean

percentage change from controls given the same diet but not DDT, specifically as [(Xd-Xc) Xc] x 100
where Xd is the mean in the DDT-treated rats and Xc is the mean in the corresponding control.

b Rats given laboratory chow; Xd-Xc significant at P<0.01.
c Rats given laboratory chow; Xd-Xc significant at P = 0.05-0.02.
d Rats given normal-protein diet; mean percentage change significantly (P<0.05) different from

that in rats given laboratory chow.
e Rats given protein-deficient diet; mean percentage change significantly (P<0.05) different

from that in rats given normal-protein diet.
f Rats given protein-deficient diet; mean percentage change significantly (P<0.05) different

from that in rats given laboratory chow.
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HISTOPATHOLOGICAL OBSERVATIONS
TABLE 7

IN RATS WHICH DIED FROM DDT INTOXICATION

Organ

Adrenal glands

Brain

Gastrointestinal tract

Cardiac stomach

Pyloric stomach

Small bowel

Caecum

Colon

Heart

Kidneys

Liver

Lungs

Muscle

Salivary glands

Skin (tail)

Spleen

Testes

Thymus gland

Laboratory chow diet

Many lipoid droplets

Areas of congestion and
haemorrhage

Congestion of lamina propria and
submucosa

Capillary-venous congestion

Capillary-venous congestion

Submucosal congestion

Minor congestion

Minor capillary congestion

Congestion and tubular fatty
degeneration

Areas of fatty degeneration

Minor congestion

Normal appearance

Normal appearance

Normal appearance

Contracted red pulp

Interstitial congestion

Congestion and minor loss of
thymocytes

Normal-protein diet

Normal appearance

Areas of congestion and
haemorrhage

Congestion, epithelial oedema
and atrophic ulceration

Congestion and small surface
ulcers

Capillary-venous congestion

Congestion and minor ulceration

Minor congestion

Minor capillary congestion

Congestion, haemorrhage and
tubular fatty degeneration

Widespread oedema and fatty
degeneration

Minor congestion

Normal appearance

Normal appearance

Normal appearance

Contracted red pulp

Interstitial congestion

Congestion and minor loss of
thymocytes

Low-protein diet

Many lipold droplets

Areas of congestion

Congestion, leucocytic infiltra-
tion, small ulcers

Hyperaemic

Capillary-venous congestion

Minor congestion

Normal appearance

Minor capillary congestion

Congestion, haemorrhage and
tubular fatty degeneration

Fatty degeneration and necrotic
changes

Congestion and haemorrhage

Weak cross-striation

Congestion and degeneration of
serous glands

Atrophic shedding of epidermis

Contracted red pulp

Partial Inhibition of spermatoge-
nesis

Congestion and loss of
thymocytes

casein diets, particularly in rats fed the normal or

27 %-casein diet.
Table 7 summarizes the microscopic observations

in rats which died of DDT intoxication. The pesti-
cide produced a local inflammatory reaction in the
gastrointestinal tract. Absorption of the pesticide
produced widespread capillary or capillary-venous
congestion in organs such as the brain, heart,
kidneys, lungs, testes and thymus gland. Degenera-
tive changes were recorded in the renal tubules,
the liver, and the thymus gland. Occasionally,
degenerative changes were seen in other organs such
as muscle, salivary glands and skin and appeared
to be due to the protein-deficient diet. A summary

of histopathological observations at death in rats
fed the protein-deficient diet alone is given in
Table 8. The microscopic appearance of organs in
rats given the normal-protein diet was similar to
that in normal rats fed laboratory chow.

In rats which survived administration of DDT,
the clinical signs listed in Table 3 began to disappear
at 48 hours. Recovery was associated with an
increase in food and water intake and a gain in
body-weight as shown in Table 4. The fever dis-
appeared. There occurred a diuresis, particularly in
rats fed a 27%-casein diet, and a proteinuria and
glycosuria. An alkalinuria occurred in rats fed
laboratory chow but to a lesser degree or not at all
in rats given the casein diets (Table 4). At autopsy,
it was found that body-weights and weights of
organs had increased to some extent in survivors
and in most of them the liver had gained more weight
than in the controls. Organ dehydration, as seen in
animals which died, was less marked or absent in
survivors when autopsied at 72 hours.

In supplementary studies it was found that
weanling rats were most susceptible to the lethal
effect of DDT after being fed the protein-deficient
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TABLE 8
HISTOPATHOLOGICAL OBSERVATIONS AT DEATH IN
WEANLING ALBINO RATS FED A PROTEIN-DEFICIENT

DIET

Weeks
Organ on Histopathology

diet

Intestines 1-7 Essentially normal; goblets pro-
II minent

Intestines 8-10 Oedema of lamina propria ben-
eath columnar cells of villi

Kidney 1-3 Areas of capillary-venous con-
gestion

Kidney 6-10 Areas of capillary haemorrhage,
fatty degeneration and necrosis
of tubular cells

Liver 2-10 Peripheral lobular pale-staining,
oedema, fine fatty degeneration
and early necrosis

Lungs 2-10 Normal or areas of inflammatory
capillary-venous congestion

Muscle (skeletal) 1-10 Mostly normal; occasionally weak
A discs

Pancreas 1-10 Acinar glands reduced in size;
deficiency of zymogenic gra-
nules; islets relatively enlarged

Salivary glands
(submaxillary) 2-4 Normal appearance

Salivary glands
(submaxillary) 6-10 Minor deficiency of zymogenic

granules in serous glands

Skin (tail lesions) 1-10 Atrophic shedding of stratum
corneum

Thymus gland 1-4 Minor loss of thymocytes

Thymus gland 6-10 Moderate centrilobular loss of
thymocytes

Thyroid gland 6-10 Follicular epithelium flattened

diet for 1 week when a dose of 350 mg DDT/kg
killed 80% of 15 rats. This dose killed 60% of 15 rats
after 2 weeks on the protein-deficient diet and there-
after and up to 6 weeks the mortality varied from
40% to 60%. Corresponding death-rates in similar
numbers of weanlings fed laboratory chow were

73%, 87% and 40 %-73 %, respectively.
The weanlings appeared to adapt slowly to both

types of casein diet and several deaths from pneu-

monia occurred during the first and second weeks.
Susceptibility to pneumonia seemed to be associated
with the change to casein because no more deaths
occurred in 40 weanlings fed a diet of 65% starch
and 35 % laboratory chow (which mixture contains
about 8% protein) than occurred in weanlings fed
laboratory chow. Growth was stunted in rats fed

the diet of 65% starch and 35% laboratory chow to
the same extent as in rats fed the protein-deficient
casein diet and after 4 weeks an oral dose of 350 mg
DDT/kg killed 33% of the animals. The latter
mortality rate was insignificantly different from
50% with either 40 or 80 rats.

Since the mortality to DDT was measured in
survivors of weanlings given the two casein diets,
80 rats were given an oral dose of sucrose which
killed 29% of them and 2½/2 weeks later survivors
were given 350 mg DDT/kg. The mortality rate
following this dose of DDT was 68% which suggests
that survivors under these conditions ,are certainly
not less susceptible to DDT toxicity. Survivors of
one type of death (pneumonia) may react differently
from survivors of another type (sucrose death),
however.

DISCUSSION

The oral LD50 of DDT in albino rats found in
these studies fell within the range of 200-800 mg/kg
reported in a review by Spector (1956). The interval
to death and clinical signs of tremors and convul-
sions were similar to those previously found by
several authors such as Philips & Gilman (1946).
Additional clinical signs noted in the present study
were diarrhoea, soiling, irritability or listlessness,
epistaxis, haemodacryorrhoea, anorexia, oligodipsia,
loss of body-weight, fever and oliguria. The Council
on Pharmacy and Chemistry (1951) noted that the
pathology of acute DDT poisoning included mild
to moderate damage to the liver and kidney. As
shown above, additional pathological features found
in this investigation were a local irritant gastro-
enteritis, capillary-venous congestion of the brain,
heart, kidneys, lungs, testes and thymus gland, a
stress reaction in the adrenal and thymus glands and
spleen, and more or less generalized dehydration
and loss of weight in body organs.

While rats fed a low-protein (8 % casein) diet have
stunted growth and a somewhat cachectic appearance
(De Castro & Boyd, 1967), they are no more suscep-
tible to intoxication than are apparently healthy
rats fed laboratory chow. There were minor diffe-
rences in the clinical signs of intoxication-for
example, diarrhoea and prostration were less marked
in rats fed the protein-deficient diet,while protein-
uria was more evident-but the LD50 was of the
same order as that in rats fed laboratory chow.
Histological differences at death were due mainly
to the fact that the low-protein diet produces
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degenerative changes in the renal tubules and hepatic
cells and toxic effects in the intestinal mucosa, lungs,
muscle, salivary glands, skin, thymus gland and
thyroid gland.
The results of this study are consistent with the

hypothesis that DDT is no more dangerous as a
pesticide in countries where the diet is low in protein
and high in carbohydrate than in countries in which
the intake of these foods is " normal '.

The results with DDT raises to three the number
of drugs which have been found no more toxic when
given to cachectic than to normal rats in this labora-
tory. The other two were pentobarbital (Peters &
Boyd, 1966) and caffeine (Peters & Boyd, 1967)
given to rats with cachexia due to the feeding of a
rancid diet. These results indicate that cachexia
per se need not make albino rats more susceptible
to the toxic action of drugs.

RtSUMI

On a constate que chez des rats albinos soumis apres
sevrage, pendant un mois, a une alimentation pauvre
en prot6ines et riche en hydrates de carbone, la croissance
etait ralentie de 50% environ. Comme l'inhibition de la
croissance par la carence proteinique pourrait s'accom-
pagner d'une diminution de la capacit6 de detoxication,
des experiences ont e entreprises pour definir le syn-
drome clinico-pathologique d'intoxication observ6 apres
administration d'une substance toxique a des rats soumis
pendant quatre semaines a trois regimes alimentaires
differents: 1) un regime pauvre en proteines, contenant
8% de caseine; 2) un regime d'apport proteinique normal,
contenant 27 % de caseine et 3) un aliment de laboratoire.
On a choisi comme substance toxique le DDT parce que
les resultats des experiences pouvaient presenter un
interet concemant l'emploi de ce pesticide dans des
pays ou l'alimentation habituelle est pauvre en proteines
et riche en hydrates de carbone.
Au bout de quatre semaines, le poids corporel des

rats etait: dans le groupe 1, de 91 g + 14g; dans le
groupe 2, de 189 g ± 27 g; dans le groupe 3, de
204 g ± 19 g. On a alors administr6 aux rats du DDT
en solution dans de l'huile de graine de coton, apres
les avoir prives de nourriture pendant 16 heures. Les
doses de DDT etaient les suivantes: 0, 200, 300, 350, 400,
500 et 600 mg/kg de poids corporel. Les rats ont ete
ensuite replaces dans des cages ou ils pouvaient absorber
a volont6 de l'aliment de laboratoire. Les signes cliniques
ont et6 relev6s a intervalles reguliers et tous les rats
morts ont ete autopsies. Au bout de trois jours, les sur-
vivants ont et6 sacrifies et autopsies.

La DL50 ± ET de DDT etait de 368 ± 28 mg/kg de
poids corporel, et le temps moyen ecoule entre I'adminis-
tration du DDT et la mort de 20 ± 6 heures. Certains
sympt6mes: diarrhee, incontinence, apathie ou irritabilite,
tremblements, 6pistaxis, apparaissaient entre 3 et 6 heures
apres I'administration du DDT. Ils etaient suivis de
dacryohemorrhee, de convulsions, de prostration et de
defaillance respiratoire, accompagn6es d'anorexie, d'oli-
godipsie, de perte de poids, d'oligurie et de fievre.
A l'autopsie, on constatait une gastro-enterite localisee,
une deg6n6rescence des reins et du foie, un etat de choc,
une congestion du systeme veineux et capillaire, de la
deshydratation et une diminution du poids des organes.
Le retablissement, chez les survivants, se traduisait par
une disparition des sympt6mes accompagnee des ph6-
nomenes suivants: meilleure alimentation, augmentation
du poids, glycosurie, proteinurie, alcalinurie, disparition
de la d6shydratation des tissus et augmentation du poids
des organes, notamment du foie.
Le syndrome d'intoxication etait essentiellement le

meme chez les rats qui avaient ete soumis depuis le
sevrage a un regime pauvre en proteines et qui 6taient,
de ce fait, insuffisamment developpes et d'apparence
quelque peu cachectique. On notait quelques differences,
mais la DL50 ne s'ecartait pas de celle observee pour les
rats nourris avec l'aliment de laboratoire.

Les resultats de cette etude concordent avec l'hypo-
these selon laquelle l'emploi du DDT ne presente pas
plus de danger dans les pays oiu le regime alimentaire
est pauvre en proteines et riche en hydrates de carbone
que dans les pays oui il est plus equilibre.
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