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Dietary Protein and Pesticide Toxicity
in Male Weanling Rats*

ELDON M. BOYD I

The studies reviewed in this paper were undertaken at the request of the World Health
Organization to obtain information on pesticides that would be least toxic for use in coun-
tries where the diet is deficient in protein. To investigate the problem, the acute oral LD50
and the associated clinicopathological syndrome of toxicity were measured in weanling
male albino rats fed for 28 days from the time of weaning on diets containing different
amounts and different types of proteins. Initial results suggested that the type of dietary
protein was of minor importance provided it was present in adequate amounts. Using
casein as a source of dietary protein, it was found that the toxicity of S pesticides was not
appreciably increased when the amount of dietary casein was reduced to one-third ofnormal
requirements. When dietary casein was reduced to 13 % of the requirements for normal
growth, the toxicity of all 13 pesticides under study was increased. The greatest increases
were associated with carbaryl, parathion and, particularly, captan. When dietary casein
was increased to 3 times the normal amount, the toxicity of some pesticides such as DDT
was augmented while that of others such as carbaryl was unaltered.

The studies reviewed in this paper were begun in
1966 at the request of the World Health Organiza-
tion. The problem was to obtain evidence on what
pesticides would be the least toxic to use in countries
where the diet is deficient in protein. It was decided
to investigate the problem by measuring the clinico-
pathological syndrome of acute oral toxicity of a
series of pesticides in albino rats fed a protein-
deficient diet and then select suitable candidate pesti-
cides for subacute and chronic studies. The results of
acute studies on 13 pesticides are reviewed in this
communication.

PROTEIN-DEFICIENT DIETS

It was decided to feed protein-deficient diets to
weanling rats because the effects of protein deficiency
are more pronounced in weanlings than in older
animals. Initial studies were made by De Castro &
Boyd (1968) using a commercially available protein-
deficient test diet containing 8% of casein, 75% of

* Paper presented at the Eighth Annual Meeting of the
Society of Toxicology, Williamsburg, Va., USA, in March
1969. The projects reviewed in the paper were supported
by a grant from the World Health Organization.

1 Professor, Department of Pharmacology, Queen's
University, Kingston, Ontario, Canada.

starch, 14% of hydrogenated vegetable oil, 3% of
salt mix and a supplement containing all vitamins.
During the first week on this diet, there was little or
no growth of weanlings and signs appeared which
were similar to those of kwashiorkor. The animals
appeared to adjust to the diet during the second,
third and fourth weeks of feeding, when growth
reached about one-third of that in control rats fed
diets containing normal amounts of protein. It was
decided, therefore, to adopt a feeding period of
28 days and to compare the results with those in
similar weanlings fed for 28 days on a normal-pro-
tein test diet containing 27% of casein and 56% of
starch but otherwise of the same composition as the
protein-deficient test diet.
Boyd & De Castro (1968) reported that the acute

oral toxicity of DDT in rats fed for 28 days from
weaning on the 8% casein diet was practically the
same as that in controls fed the 27% casein diet.
Boyd & Boulanger (1968) obtained similar results in
a comparison of the toxicity of carbaryl.
At this point in our studies, the original com-

mercial 8% casein diet was withdrawn from the
market and we were provided with a " protein test
diet-low " containing 3.5% of casein, 81.5% corn-
starch, 8% of hydrogenated cottonseed oil, 4% of
salt mix and 3% of an all-vitamins mixture prepared
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after the formula of Hegsted & Chang (1965).1 The
" protein test diet-normal " now contained 26% of
casein and 59% of cornstarch with other ingredients
as in " protein test diet-low ". Boyd & Chen (1968)
reported that rats fed for 28 days from weaning on
the 3.5% casein diet were 2 times more susceptible to
the acute oral toxic effects of lindane than were con-
trols fed the diet containing 26% of casein. Boyd &
Krijnen (1968), however, found the LD50 of captan
in rats fed the 3.5% casein diet to be 1/26th of that
in controls fed the 26% casein diet. It was also noted
that weanlings fed the 3.5% casein diet did not grow
to any appreciable extent during the 28 days of
feeding, which confirmed the report of Hegsted &
Chang (1965).
At thisjuncture, a study of the amount and nature

of dietary proteins was undertaken. Boyd, Bou-
langer & De Castro (1969) fed albino rats for 28 days
from weaning on diets containing either 0 %, 3 %,
9%, 27% or 81 % of casein, 26% of lactalbumin or
26% of soy protein with the balance to 85% as
cornstarch and with 8% of hydrogenated cotton-
seed oil, 4% salt mix and 3% of an all-vitamins
mixture prepared after the formula of Hegsted &
Chang (1965). The acute toxicity of phenacetin,
given orally in a dose of 4.0 g/kg of body-weight, in
rats fed diets containing 9 % casein, 27 % casein and
26% lactalbumin was similar to that in controls fed
a standard laboratory diet (Purina Laboratory
Chow). 'Death rates and signs of toxicity were
significantly greater in rats fed 0%, 3% and 81 % of
casein and in animals fed 26% soy protein.
Boyd & De Castro (1969) gave DDT orally in a

dose of 350 mg/kg of body-weight to albino rats
which had been fed for 28 days from weaning on
the same types of diets containing 0%, 3%, 9%,
27%, or 81 % of casein. Rats fed 0%, 3% and 9%
casein exhibited, while on diet, docility, pallor, food-
spilling, piloerection, a scaly dermatitis over the tail,
a normal or augmented food intake per kg of body-
weight and a tendency to oliguria and hypothermia.
Animals fed a 0% casein diet actually lost body-
weight, those fed 3% casein did not grow, while
growth in rats fed 9% casein was at about one-third
the rate in rats fed 27% casein. The death rate from
DDT toxicity in rats fed 0% and 3% casein diets was
significantly higher than that in rats fed a diet con-
taining 27% of caseim. Boyd & Krijnen (1969a)
determined the acute oral LD50 of DDT in rats fed
for 28 days from weaning on these same 5 diets and

1 Obtained from General Biochemicals, Chagrin Falls,
Ohio, USA.

obtained a value of 81 mg ± 17 mg per kg in rats
fed 0% casein, 165 mg ± 34 mg per kg in rats fed
3% casein, 327 mg ± 42 mg per kg in rats fed 9%
casein, 481 mg ± 13 mg per kg in rats fed 27% casein
and 130 mg ± 41 mg perfkg in rats fed 81 % casein.
A decision had to be made on the proportion of

casein to be used in the protein-deficient diet for
further screening of pesticides. When weanling
albino rats were fed for 28 days on a diet containing
8 %/7-9% casein (i.e., one-third of the optimal amount)
they were found to be slightly, but usually statisti-
cally insignificantly, more susceptible to the acute
oral toxic effects ofDDT (Boyd & De Castro, 1968),
carbaryl (Boyd & Boulanger, 1968), lindane (Boyd &
Krijnen, unpublished data), chlorpropham (Boyd &
Carsky, 1 969a), and monuron (Boyd & Dobos,
1969b). Chlorpropham and monuron are herbicides
described respectively as isopropyl-N-(3-chloro-
phenyl) carbamate and N'-p-chlorophenyl-N,N-
dimethylurea (Spencer, 1968). While it is obvious
that other pesticides should be tested in rats fed the
9% casein diet-and such studies are now in pro-
gress-lowering protein intake to one-third of the
normal amount did not appear to offer a very severe
challenge to the animals in respect of susceptibility to
pesticide toxicity.
On the other hand, the acute oral LD50 of all

pesticides studied to this point had been found to be
significantly lowered in albino rats fed for 28 days
from weaning on diets containing 0% and 3%
(or 3.5%) casein. Animals fed the 0% casein diet
had lost weight from weaning and the occasional
animal died during the overnight starvation required
to empty the stomach before oral administration of
pesticides. Some deaths from the pesticide, therefore,
may have been due to starvation in such animals and
this is now under study. Animals fed diets con-
taining 3% or 3.5% casein did not appear to be
particularly susceptible to starvation but this is also
under study. It was decided, therefore, to adopt the
diet containing 3.5% casein, which was available
commercially as " protein test diet-low" (see
above), as the standard diet for producing protein-
deficiency.
Groups of male weanling albino rats of a Wistar

strain were fed " protein test diet-low " for 28 days
and the clinicopathological syndrome of toxicity to a
pesticide dissolved in cottonseed oil and administered
by intragastric cannula in its LD50 range, was
measured by methods which have been reviewed in
detail by Boyd (1968a). The results were compared
with those in similar animals fed " protein test diet-
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normal ", which contains 26% of casein, and in
other controls fed a standard laboratory diet. At
least 100 rats were used to calculate the LD50 for
each pesticide in animals fed each diet. The method
used was linear regression (Boyd, 1965). Apart from
signs similar to those of kwashiorkor in animals fed
the diet containing 3.5% casein, the clinical and
pathological signs of toxicity to each pesticide in the
range of the LD50 were essentially the same in
animals in all 3 dietary groups but the LDr0 varied.
To summarize the results, the acute oral LD50 of a
pesticide in rats fed for 28 days from weaning on
" protein test diet-normal" was divided by the
LD50 in rats similarly fed " protein test diet-low ".
The resulting quotients for 13 pesticides are assem-
bled in Table 1.
The first 7 pesticides in Table I were on the

average 2 to 3 times more toxic in animals fed a diet

TABLE I

QUOTIENTS OBTAINED BY DIVIDING THE ACUTE
ORAL LDso OF A PESTICIDE IN ANIMALS FED

FOR 28 DAYS FROM WEANING ON " PROTEIN TEST
DIET-NORMAL ", a BY THE LDso IN SIMILAR
ANIMALS FED " PROTEIN TEST DIET-LOW" b

Quotient c

1.9 (1.3-3.2)

1.9 (1.6-2.4)

2.0 (1.3-4.2)

2.3 (1.8-3.2)

2.5 (1.8-3.3)

2.9 (2.3-3.8)

3.0 (2.2-4.5)
-one=U.0 tj.W--.0)

4.0 (2.9-5.7)

4.3 (2.5-8.4)

6.5 (5.2-8.0)

7.6 (5.2-11.7)

26.3 (17.8-39.8)

Reference

Boyd & Chen (1968)

Boyd & Carsky (1969b)

Boyd & Taylor (in
preparation)

Boyd & Tanikella (1969)

Boyd & Stefec (1969)

Boyd & Krijnen (1969a)

Boyd & Dobos (1969b)

Boyd & Krupa (1969)

Boyd & Carsky (1969a)

Boyd & Dobos (1969a)

Boyd & Krijnen (1969b)

Boyd, Chen & Liu (in
preparation)

Boyd & Krijnen (1968)

containing 3.5% protein as casein than in animals
fed a normal protein (casein) diet. Demeton, chlor-
propham, and endosulfan were 4 times more toxic,
carbaryl and parathion about 7 times more toxic and
captan 26 times; further studies are planned on
I or more of these 6 pesticides.

HIGH-CASEIN DIETS

Studies on the effects of feeding rats for 28 days
from weaning on a high casein diet were made
incidentally to the studies on protein-deficient diets.
The high-casein diet contained 81 % of casein, 4% of
cornstarch, 8% of hydrogenated cottonseed oil,
4% of salt mix and 3% of an all-vitamins mixture
prepared after the formula of Hegsted & Chang
(1965). When fed to male weanling rats for 28 days,
this diet produced inhibition of growth with no
change in food intake (per kg of body-weight),
polydipsia, diuresis, proteinuria, diarrhoea, and
hair-soiling (Boyd & De Castro, 1969).
Animals fed this high-casein diet showed an

increased susceptibility to the acute toxic effects of
orally administered DDT (Boyd & De Castro, 1969)
and phenacetin (Boyd, Boulanger & De Castro,
1969). The oral LD50 of DDT was 27% of that in
animals fed a normal (26%) casein diet (Boyd &
Krijnen, 1969a). In current studies, the oral LD50 of
lindane has been found to be 56% of that in animals
fed a normal-casein (26%) diet. The oral LD50 of
carbaryl, however, was the same in animals fed a diet
of 81 % casein (actually 2% higher) as it was in rats
fed a normal-casein diet (Boyd & Krijnen, 1969b).
The age of rats when placed upon a high-protein

diet is critical in determining dietary effects. Peters
(1967) placed male rats weighing 133 g ± 11 g and
some 2-3 weeks post-weaning, on a diet containing
80% casein and found that the animals grew as well
as controls fed a standard laboratory diet. The
nature of the protein in the high-protein diet is also
of significance. Growth of Peters' (1967) rats was
impaired if casein was replaced by raw egg-white
powder. Boyd (1968b) has reviewed evidence indica-
ting that the toxicity of dietary proteins increases
with increase in their water-solubility.

a Containing 26% of protein as casein.
b Containing 3.5% of protein as casein.
CThe range is shown in parentheses, i.e., from (1) a low

value of the LDso minus its standard error in animals fed a
normal-protein diet divided by the LDso plus its standard error
In animals fed the low-protein diet to (2) a high value of the
LDso plus its standard error on a normal-protein diet divided by
the LD&o minus Its standard error on low-protein diet.

THE NATURE OF NORMAL DIETARY PROTEIN

Boyd, Boulanger & De Castro (1969) found that
the nature of protein in diets containing presumably
adequate amounts of pretein could affect susceptibil-
ity to phenacetin toxicity in albino rats feeding upon

Pesticide

Lindane

Diazinon

Chlordane

Malathion

Endrin

DDT

Monuron

Demeton

Chlorpropham

Endosulfan

Carbaryl

Parathion

Captan
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TABLE 2
THE QUOTIENT OBTAINED BY DIVIDING THE ACUTE

ORAL LDso OF A PESTICIDE IN ANIMALS FED
FOR 28 DAYS FROM WEANING ON A STANDARD
LABORATORY DIET BY THE LDso IN SIMILAR

ANIMALS FED " PROTEIN TEST DIET-NORMAL", a

Pesticide Quotientb 1 Reference

Chlorpropham 0.4 (0.3-0.6) Boyd & Carsky (1969a)

Monuron 0.5 (0.4-0.7) Boyd & Dobos (1969b)

Parathion 0.6 (0.4-0.9) Boyd, Chen & Liu (in
preparation)

DDT 0,8 (0.7-0.9) Boyd & De Castro
(1968)

Lindane 0.8 (0.6-1.2) Boyd & Chen (1968)

Malathion 0.8 (0.7-0.9) Boyd & Tanikella (1969)

Captan 1.0 (0.6-1.5) Boyd & Krijnen (1968)

Diazinon 1.1 (0.8-1.5) Boyd & Carsky (1969b)

Chlordane 1.2 (0.9-1.6) Boyd & Taylor (in
preparation)

Endosulfan 1.2 (0.9-1.6) Boyd & Dobos (1969a)

Carbaryl 1.3 (1.1-1.5) Boyd & Boulanger
(1968)

Demeton 1.4 (1.2-1.5) Boyd & Krupa (1969)

Endrin 1.6 (1.0-2.5) Boyd & Stefec (1969)

a Containing 26%-27% of casein.
bThe range is shown in parentheses, i.e., from (1) a low

value of the LDso minus its standard error in animals fed a
standard diet divided by the LDso plus its standard error in
animals fed " protein test diet-normal " to (2) a high value
of the LDso plus its standard error in rats fed a standard labora-
tory diet divided by the LDso minus its standard error in rats
fed " protein test diet-normal ".

these diets for 28 days from weaning. As a control for
the " protein test diet-normal " containing 26% of
casein, therefore, we have routinely used animals fed
a standard laboratory diet. Two types of standard
diets have been used, namely " Purina laboratory

chow checkers and " Rockland mouse/rat diet,
complete"*2 The first diet contains not less than
20% of crude protein and the second 25%. Protein
is provided in the form of natural animal foods such
as soybean meal, dried whole whey, dried skimmed
milk, wheat-germ meal, meat and bone meal, corn
grits, wheat middlings, etc. (De Castro & Boyd,
1968).
The oral LD,0 of pesticides in animals fed a stan-

dard laboratory diet was divided by that in animals
fed " protein test diet-normal " containing of 26%
protein as casein; the results are summarized in
Table 2. For approximately 50% of the pesticides,
the acute oral LD50 was higher in animals fed the
normal casein diet and in the other 50% it was lower.
The differences were usually minor and statistically
insignificant although for a few substances such as
chlorpropham and endrin there were statistically
significant differences. The differences bore no rela-
tion to the type of standard laboratory diet that was
used. The clinicopathological syndrome of toxicity
at the LD,50 was essentially the same in animals
previously fed all types of normal-protein diets.
Since these results indicated that the type of protein
in the diet was probably not as important as the
amount of protein, it was decided to measure pesti-
cide toxicity in animals fed low and normal amounts
of casein. It is possible, however, that rats fed 3.5 %
dietary protein as soy protein, for example, might
be more susceptible to pesticide toxicity than rats
fed 3.5% dietary protein as casein. This is also
suggested by the studies of Boyd, Boulanger &
De Castro (1969). This possibility is being considered
because it is of obvious significance in countries
where the protein intake varies and is low in amount.

1 Obtained from the Ralston Purina Company Limited,
Woodstock, Ontario, Canada.

2 Obtained from Teklad Incorporated, Monmouth, 111.
USA.

RESUME

PROTEINES ALIMENTAIRES ET TOXICITt DES PESTICIDES CHEZ LE RAT MALE RECEMMEN T SEVRE

Des experiences ont e entreprises pour rechercher la
toxicit6 aigue 50% (DLr0) de 13 pesticides administres
par voie orale a des rats recevant pendant 28 jours apres
le sevrage une nourriture contenant des quantites varia-
bles et diff6rents types de proteines.

Lorsqu'on administre aux rats des quantites normales
de proteines sous la forme de caseine, la DL.0 de la

plupart des pesticides ne differe pas sensiblement de
la DL50 observee chez les animaux qui regoivent une
nourriture standard contenant des proteines naturelles
en quantites normales. Dans quelques cas cependant,
on note des variations significatives, en plus ou en
moins, de la DL50 chez les rats qui regoivent de la
caseine.
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Si l'on abaisse la teneur du regime en caseine a 1/3 de
la valeur normale, on n'enregistre que de faibles varia-
tions de la DL50 du DDT, du carbaryl, du lindane,
du chlorprophame et du monuron. Lorsque la teneur
en caseine est reduite a 13% des quantites permettant
une croissance normale, la DL50 des 13 pesticides est
significativement plus basse que celle observee chez les
rats a qui l'on administre un regime normalement enrichi
en cette proteine. L'accroissement de la toxicite est en
moyenne de deux A quatre fois en ce qui concerne le
lindane, le diazinon, le chlordane, le malathion, 1'endrine,
le DDT, le monuron, le demeton, le chlorprophame et

1'endosulfane, de sept fois pour le carbaryl, de huit fois
pour le parathion et de 26 fois pour le captane. Si le
r6gime alimentaire est completement carence en proteines,
la toxicite de tous les pesticides etudies est fortement
accrue.

L'administration d'une nourriture contenant des quan-
tites de caseine trois fois superieures a la normale A des
rats recemment sevres provoque des sympt6mes d'intoxi-
cation par la caseine. Les rats ainsi traites pendant
28 jours sont plus sensibles aux effets toxiques de certains
pesticides comme le DDT et le lindane, mais non A ceux
d'autres composes comme le carbaryl.
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Transliteration
from Cyrillic characters

The "International System for the Trans-
literation of Cyrillic Characters ", set out in
Recommendation ISO/R9-1954 (E) of the Inter-
national Organization for Standardization, is
normally used in the Bulletin ofthe World Health
Organization for personal names, titles of publi-
cations, etc. However, papers accepted for
publication may contain names transliterated
differently, and if the original Cyrillic spelling is
not recognizable inconsistencies may occur.

For convenience the transliteration from
Russian according to ISO/R9 is given below:

Translitteration
des caracteres cyrilliques

Le ((Systeme international pour la translitte-
ration des caracteres cyrilliques)) presente dans
la Recommandation ISO/R9-1954 (F) de l'Orga-
nisation internationale de Normalisation est
generalement utilise dans le Bulletin de l'Organi-
sation mondiale de la Sante' pour les noms de
personnes, les titres de publications, etc. Cepen-
dant des articles acceptes pour publication
peuvent contenir des noms translitteres diff&
remment et si l'orthographe cyrillique originale
n'est pas reconnaissable un manque d'unifor-
mite peut s'ensuivre.
A toutes fins utiles, la translitteration du russe

selon la recommandation ISO/R9 est indiquee
ci-apres:

Trans- Trans-
Crli literation Cyilc literation

character from Examples and remarks character fruiman Examples and remarks
Caractere Trans- Exemples et observations Caractere Trans- Exemples et observations
cyrillique iTtratnsn cyrillique iTtratnsn

du russe du russe

A, a a Appec = Adres Y, y u YTPO = Utro

B, 6 b 6a6a = Baba L I, 4) f (PI13HKa = Fizika

B, B V Bbi = Vy X, x h XHMHqeCKHII = Himiceskij

r, r g rnaBa = Glava LI, it c LIeHTpanbHblH = Central'nyj
ronosa = Golova ,

9 q lacbi -= Casy
AY A d ,Ea - Da WYII, WUimKoJa = Skola

E, e(e)1 e (e) Euie = Esce I, UAt s LleKa = Skeka
}1{, >*( z )ypHaI Zurnal (medial, Ior" In modern Russian, where

3, 3 z 3Be3,la = Zvezda medial) "ou" sometimes replaces medial ib,
transliteration is still ".

1HP, H i 1411 = Ii'b i,l En russe moderne, ou le ' rem-

14 j ~~~-bIi, Hr, -0il -y ij o place quelquefois le 'i m6dial, la
| , H | i-blH, -HH, -OH -- yj,-ij,-oj | | ~trarnslitt6ratiorn reste

<, K k KaK = Kak (final) (Not

J1, ni I Ito6HTb = Ljubit' literants-d
literated

M, M m My+K = Muz Non trans-
H, H n HH>KHHA = Niznij litt&r6.)
0, 0 0 06ecTBO = Obscestvo bI, bi y Ebu = Byl

n, n p [IepBbIr = Pervyj b, b 'orI 'ou' ManeHbKHRi = Malen'kij

P,pP r Pbi6a = Ryba 3,a3 3ro = Eto
C, c s CecTpa -Sestra 10, io ju 10M>HbIr Ju2nyj
T, T t TOBap4ut = Tovaris 51, sl ja iho = Jajco

p
Cyrillic e to be transliterated by only when the diacritical appears in the original.

par e que lorsque la dlacritique apparatt dans l'original.
Le 6 cyrillique ne dolt 6tre translitt6r6


