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ﬁaiéthion is one of the organophosphorus insecticicdes least
toxic to mammals. The toxicity of this compound in chick embryos
is known; however, its teraﬁogenic nature has not been recorded.
Concentrations from 1l.17 t6 116.8 milligrams per egg were injected
into the yolk sacs of 1 to 12-'day dincubated chicken eggs,
and various types of abnormalities were vroduced. Injections of
3.99 and 6.1:2 milligrams malathion into the yolk sacs of L and 5
day incubated eges produced deformed chicks with a corbination
of sparse plumage, micromelia, overall growth retardation and beak
defects. A1l knowm breskdown and related products of malathioh were
investigated as to tneir teratogenicity; - however, only the parent
cormmound and malaoxon were capable of producing the aforementioned
terata. Malathion causes a reduction in growth to embryos from eggs
injected on days L and 5 of incubation. Various metabolites were injected
along with malathion into fertile eggs in an attempt to detémine
the possible effect of the latier compound on metabolism. OFf the compounds
injected, tryotophan prevented both the malformations and the growth
retardation while nicotinamide, nicotinic acid, and quinolinic acid
prevented the malformations only. & tryptophan assay revealed a re-
duction of total tryptophan content in malathion treated embryos
indicating a reduction in uptake of this amino acid from the yolk.
Other compounds related to tryptophan by electronic reactivity en-

hanced the effect of malathion. Several NAD or NiDP linked dehydrogen-




ases were investigated by histochemical and biochemical methods on
both malathion treated and untreated ermbryvos. A cholinesterase assay
on erorvo homogenates revealed no apparent relationship between

cholinesterase levels and teratisms.
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RESUME

Le-malathion constitue l'un des organophosphates insecticides
les moins toxiques pour les mammifdres. Quoique la toxicité de ce |
produit sur les embryons de poulet soit connue, son action vératogéne
n'a pas &té rapportée. Des concentrations de 1.17-3 116.8 milli-
grammes par oeuf furent injectées dans les sacs. vitellins
dtocufs de poulet incubés (4ges de 1 & 12 jours), et divers types
G'anomalies furent ainsi produits. Des injections de 3.99 8 6.h2
milligrammes de malathion dans les sacs vitellins d'oeufs incubés
2ges de L} 3 5 jours ont produit:des poulets malformés présentant
une combination de plumage réduit, micromélie, croissance retardée
et déformation du bec. Tous les produits cataboliques connus du
malathion et leurs dérivés ont été étudiés quant 3 leur pouvoir
tératogéne, cependant il s'est avéré que seuls le malathion et le
malaoxon purent produire les tératismes mentionnés plus haut. Le malath-
ion prodult une réduc?ion de la croissance dane les embryons de poulet

(quand i1l est injecté dens les oeufs incubés, &ges de L 3 § jours. Divers

métabolites ont été injectés en meme temps que le malathion dans
des oeufs fertiles afin de déterminer l'effet possible de ce der- .
nier composé sur le métabolisme. Parmi ces composés, la tryptophaﬁe
a empéché 3 la fois les malformations et le ralentissement de la
croissance, tandis que la nicotinamide, les acides nicotiniqué et
guinolinique n'ont emp@ché que les malformations. Un test avec le
tryptophanc ' a révélé wne réduction de la quantité totale de ce produit

dans les embryons ﬁraités au malathion, ce qui est symptomatique




e

dtune diminution de la consommation de cet acide aminé 3 partir
du vitellus. D'autres produits s'apparentant au tryptophane par
leur réactivité électronique ont accentué les effets du malathion.
Diverses dashydrogénases 3 NAD et 3 NADP ont 6té &tudides chez
des embryons traités au malathion et des témoins par des méthodes
histochimiques et biochimiques. La mesure de la cholinestérase
pratiquée sur des homogénate d'embryons n'a révélé"aucun_papport

entre . les niveaux de cholinestérase et les tératismes.
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TNTRODUCTION

Various agents are capable of causing congenital malformations;
they include viruses, cytotoxic compounds, antibiotics, alkaloids, azo
dyes, hormones, dietary deficiencies, hypoxia, irradiation and others.
Recently, in our laboratory, organophosphates have been implicated as
possible teratogenic agents. This becomes imporfant because these
compounds are now used extensively as insecticides. As é result, we
atterpted to determine the effects of a relatively low toxic organo—'
prosphate on the developing chick embryo, but first a brief review of

organophosphates.

Jrganonhosnhates

Tn the 1930%s, the organophosphates, tabun, sarin, and somen were
prepared as nerve gases for the war effort. The insecticidal action
of these compounds was realized by Gerhard Schrader and his assoclates
of To Ge Farben Industries. They made dimefox in 1940, schradan in

1942, and parathion in 19hlL.

2o Enzyme inhibition

Organophosphates act by inhibiting cholinesierases. They
do so b& combining with serine at the esteratic site of .the enzyme as

shown in Fig. l.
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Figo 1.

Yechanism of cholinesterase inhibition by orgarophosphates
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Ye Acbivation and inactivaticn

Some organophosphates contain a thio.group attached to the
phosphorus'gtom. This thio group must first be oxidized for the comp-
Jounds to be effective anticholinesterase agents; the P=$ linkage is
less electrophilic than the P=0 linkage, thus the phosphorus in P=§

. compounds is inadequately positive to undergo rapid reactions with
cholinesterases. For example, malathion is converted to malaoxon
which is a much more potent cholinesterase inhibitor than malathion

(0*Brien, 1960, 1967; Heath, 1961) as showvm belows:

RV N/
A e N

CH C S-CH-CO0OC H, in vivo 7 CH S-CH-C00C H
3 l- 25 ) | 25
GH20C002H5 CH2COOC2H5

nalathion malaoxon
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Tnactivation resulting in the loss of all biochemical activity occurs
upon hydrolysis of any of the bonds between the P atom and the acid
or basic groups attached to its The following compounds.do not react

with esterases:

B 0 B 0 OH 0
\\B4¢/ or \\Pé/ or \\P4¢?
BV/ \OH , HO/ \X B'/ \X

ce Action of acetylcholine and related corpounds

Acetylcholine is the chemical mediator which is responsible

for the transmission of nerve impulses, It acts at the myoneural junction
and at’ synapses. The enzyme acetylcholinesterase inactivates the compound
soon after it is released. If acetylcholine is not destroyed, it would

continue to stimulate and would disrupt the cholinergic syshen.

Compounds which mimic acetylcholine are nicotine and
ruscarine. Nicobtine acts at the neuromuscular junction and ganglia.

It stimulates voluntary muscles and indirectly activateg}smooth muscles
or glands. Muscarine acts at the organ level and results in direct
stimlation of the organ. For example, it may cause excess urination,
lacrimztion, decrease of heart rate, puoil constriction etc.

Compounds which antagonize acetylcholine are atropine and
curare. 'Atr5pine antagonizes aceéylcho;ine at the organ level by

blocking the receptor site to which acetylcholine attaches. Curare
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on the other hand, antagonizes acetylcholine at the neuromuscular

Junction.

de - Mode of action of organophosphates

: | In vertebrates, the main effect of organophosphate poison-
ing is the inhibition of cholinesterases at cholinergic sites. The
1 symptoms are excessive parasympathetic stimulation and may result in
decreased heart rate, defecation, urination, and hypoteénsicne
Cholinesterase inhibition also affects the neurommscular junction.
This leads to twitching of voluntary muscles and paralysise Death is

timately due to asphyxiation.either via paralysis of thoracic ruscles,
or by central action on the respiratory center. Atropine is an
effective antidote at the organ level as well as centfallyg

A few organophosphates cause nerve damage by desfroying the

myelin sheath (Koelle, 1963). Demyelinating compounds include diiso-
propyl phosphorofluoridate (DF?), diethyl phosphorofluoridate,
and tri(ethyl phenyl) phosphate. Demyelination does not occur with
diazinon, dichlorovos, demeton, chlorothion, sarin, soman, tabun,
melathion, or schradan (O‘Brien; 1960}, In general, the organophosphate
' exhibiting the greatest cholinesterase irhibition is the most toxic.

¢ The relative toxicity of some organophosphates is shown in Fige 2o

es Malathion
Malathion was introduced as an insecticide in 1950 by the
American Cyanamid Company. This compound has a low toxicity in mammals

(Fige 2), but is highly lethal to insects (Spiller, 1961), It is aliquid




oz

Fige 2.

Corparative toxicity of some insecticides in the rat
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with a high boiling point, slightly soluble in water to the extent of 1L5S
pom, and soluble in many organic solvents and oils. Vertebrate

toxicity is due to the anticholinesterase activity of malathion, however,
the toxic siéns last for only a short time and recovery occurs within

4 a few hours. If death 6ccurs, it is because of asphyxiation.

Walters (1957) reported the episode of a woman who drank

: 16 0z. of 2 malathion spray (equivalent to 130 mg/kg) to relieve a
toothache. She was treated within L hours with atropine ;nd she recover—~

1 ed the following daye

feo Degradation and metabolism of malathion

In meammals, malathion can be degraded by phosphatases and
carboxyesterases; the laitter enzyme can 2lso cleave the second ester
yielding the diacid. Malathion monoacid is a poor anticholinesterase
agent probably because the carboxylate ion reduces the positivity of

the phosphorus atom as shown below (0fBrien, 1967):

Y
sl
- -
(CH30)p - ¥ \fﬂ"c'o-czﬁs
NG

|
0

Malathion, and its oxyzen analog malaoxon, can be degraded
3 o™ 9 &

by various tissues including liver, kidney, lung, muscle and brain
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(Seume and O!'Brien, 1960; Murphy and DuBois, 1957). The percentage
of urinary products, in the form of malathion «-monacid (Chen, Tucker,
end Dauterman, 1969) and malathion diacid respectively, is 63 and 17
$n the cow, 12 and L8 in the rat, and LO and 2L in tho dog. A achome
outlining the metabolism of malathion is shown in Fige 3, (Knaak and |
O'Brien, 1960; OtBrien, Dauterman and Neidermeier, 1961; Krueger ard

OtBrien, 1959je

g Organophosphates as teratogens

1=

» Khera et ale. have shown that SystoxR (combination of 0,C-
diethyl~0-2 (ethylthio) ethyl phosphorodi'bhioate and 0,0-diethyl—~S-2
(ethylthio) ethyl phosphorodithioate) and EPN {O=ethyl-O-p-nitrophenyl
phenyl phosphonothioa‘be) cause permanent damage to the hind limb
skeleton of ducks {Knera. LaHam and Gricé, 19653 Khera et al., 196€6).
Ruddick (19€8) injec;ced various organophosphates into fertile chicken
eggs; however, the results obtained were erratic and were not reprod-
ucible. The organophosphates that were injected with 1 ‘o 500 HE
per egg included water soluble phOSpharm‘_drgn‘ {2-chloro-2-diethyl carba=-
rnoyl-l-methylvinyl l-dimethyl phosphate) and water insoluble dylox
(0,0 dimethyl 222-trichloro-l-hydroxyethyl pholsphonate), baytex (0,0
dimethyl~0- (Li- (methylthio)-¥~toyl phosphorothiocate), sumithion (0,0
| dimethyl (3-methyl-l-nitrophenyl) phosphorothioate), and parathion )
(0,0 diethyl-p-nitrophenyl -thiophosphate). These compounds were
| injected on days 1 to 10 of incubation. After phosphamidon trea‘cmént,

the terata were inconsistente. The most frequest type of deformity was




Fig» 3.

Metabolic scheme of malathion degradation in mammals -
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the "neurotoxic syndrome!; this consisted of chicks with outstretched
hind limbs which caused the animals to rest on their sterna. Other

. terata included hydrocephaly, massive distortion of the maxilla, anophth-
almia end cross beak. One phocomelic chick was produced with baytex
after an :’mjegtion of 500 $g per eggo Parathion was not teraﬁogenic at
the mncentrations usede The 'fneurotoxic syndrome" was aalso commnon in
control embryos if the eggs were not packed tightly in the hatching trays.
The chicks use the eggs and shells for assistance during the early post-
hatch period and if they are unable to support themselves in their first
walking attemnts, they will devéZLOp this syndrome. In Ruddick's work,
the sample size used was small (10 to 30 eggs) and the amount of organo-
phosphate administered was low. These factors probably account for some

of the inconsistencies in his results.

Matton and LaHam (1969) treated trout larvae with dylox (0,0-Dimethyl

2,%, o_trichloro-l~hydroxyethyl phosphonate) and produced fry with histo-
logical disturbances to the liver, lddney, heart and muscle. 'The authors
concluded that these changes mey be because of a decrease in heart rave
and opercular muscle activity which leads to hypoxda and fatigue. These
changes are due to the anticholinesterase action .of dylox on the larvae.
The teratogenic effects of malathion on chick embryos has not been

previously recorded; however, its toxicity has been studied by various

workers (Hadani and Egyed, 1966; Walker, 1966; McLaughlin et al. 1963).
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The results of the current study wili show that malethion
produces teratisms in chick embryos consisting of feather, beak,
and limb defects. These bear some similarities to the syndrome

obtained by Landauer (1947, 1957).vhen insulin and E~aminonicotin-

amide were employed.
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STATERENT OF PROBLEM

Long before the question of the danger to the environmment of
the slowls.r éeémded persistent insecticides, such as the organochlorines,
became a public issue, ;Jltimatelf leading to their ban in many places,
it was obvious to many biologists and chemists that the organophosphates
would be the likely replacement. While more hazardous i?o handle and
more costly, mest of them are degraded rather rapidly in nature o
harmless products. From the toxicity evidence available, it appeared
that one of the most likely ones to be selected as a replacement was
malathion because of its low téﬁici’cy in mammals. This has come to
pass and today malathion is the most commonly used insecticide and is
in constant use in crop protection and in the combat of disease~bearing
insect vectors. In anticipation of its widespread usage, we were
concerned that while it was apparenf,ly relatively non-toxic to adult
_ mammals, no one had considered the possibility that ingestion of food-
stuffs, possibly contaminated by malathioh or its derivatives, by
pregnant animals might prove toxic to the embryo and lead to congenital
defects. Should this be the case and should the resulting teratisms
be consistently reproducible and of a moderate nature, it would then
be possible to carry out biochemical studies leading to the locus of
the lesion. Malathion offered the added advantage of being relatively
inexpensive, easy to obtain, available in the radioact.ivé form, and
information existed on its metabolism and breakdown products in mammalse

For all these reasons, this study t.vas begun.
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MATERIALS AND METHODS

Injections

2, Mathod of injections

Fertile whife leghorn eggs purchased from a commercial hatch-
ery (Hy-Line Chicks, Chatham, Ontario) were used throughout this wWorke
The eggs were set in a Jamesway single-stage incubator at dry and wet
bulb readings of 38°C and 30°C respectively. Bggs with improperly
calcified shells, displacéd air cells, and blood clots were discarded.
A11 injections were made through a hole drilled in the center of the
lunt end of the shell with an egg punch (Fige L) which enabled us to
treat large numbers of ‘eggs in a short period of time. For 2ll compounds
used, Q.1 ml of a solution was injected into the yolk sac with a 20—
gauge l~inch needle.

When performing the injections, we were careful not to
demage the vitelline membrane. If it is damaged, the yolk will spread
out into the albumen. If the needle had yolk on it after it. was removed
from the egg, the egg was discarded.

Eggs were injected on days 1 to 3 of incubatfion (before the.
embryo is visible) placing the ‘plunt ends horizontally facing the
operator. dJust prior to injection, the egg is shaken 'bhere'By ensuring
that the embryo will come to lie at the top of the yolk thus preclud-
ing the possibili‘b& of damaging it won injection. This is so because

the blagtodarm is less dense than the yolk.




f B

Fige le . ‘
| | Diagram of egg punch




R«—— Removable needle

-<——Bottle stopper

-«——Rubber stopper

-«————Needle handle

S
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After day 3, the eggs are injected in a normal manner. The
air cell is first outlined and the location of the embryo is marked on
the shell. The needle is then inserted into the blunt end and is

directed away from the embryoc.

b. - Compounds injected

i. Melathion

A solution of malathion in corn oil (0.1 m1) was in-
jected into the yolk sac. Technical grade (95%) malathion (Cyanamid of
Canada Ltd.) was used throughout. For each day from 0 to day 12 of
jnevbation (Hamburger and Hemilton, 1951) each of 50 eggs was.given
2 single injection. Because of the large number of eggs. needed for
each concentration, several runs were necessary to cover a range of
concentrations from 1% to 1007 including many intermediary values.
fontrol series of uninoculated, distilled water inoculated, corn oil
inoculated, and stab only inoculated eggs were run with each experiment—
21 series. In this way, the toxicity of the compound for each day of
incubation could be determined.

A second series of experiments was conducted to deler—
mine and score the abnormalities obitained from malathion injected embryos.

2. - Malathion breakdown products and closely.
related conpounds

Various malathion breakdown products (Cyanamid of
Canada Ltd.) were injected into fertile eggs at doses of 5 and 10 mge

These compownd and their structural formulae are listed as follows:
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i, Malathion monocarboxylic acid

CH,0 s - CH;0 S
>Np 7 or LN
CH 0/ ‘\S CH-COCH C O/ A S~CHCOOC,H,
3 R h 25
CH2-00002H5 CH, COOH
o¢-monoacid @-monoacid

ii. Malathion dicerboxylic acid

CH.,0 S
EIN P V4
/
CH40 ™ 5-CH~C00H

I
CiL,,~COOH

iii. O—Des_methyl malathion potassium sulfate

S—CH-
CH- COOCZH5

CH2—00002H5

ive Potassium dimethyl phosphorodithioate




ve Potassium dimethyl phosphorothioate

CH,0 S
B\P/
CHBO/ \OK

vie Sodium dimethyl phosphate

CH,0 0
INGZ
CH,O ~ ONa
3
vii. IMalaoxon
CH.0 0
3 \P/
7N
CHBO S—CH—OOOC2H5
CH2—00002H5

Five, 20 and 30 mg of each of the following carbon

fragments of the malathion molecule were injected into fertile eggs:
OO
viii., Mercaptosuccinate (Nubritional Biochemicals-NBC)

SH~CH~COOH
|
(1, COOH

ix. Diethylmalate (NBC)

OB- ICH—COO 02H5
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%x. Malic acid (Eastman Kodak Chemicals)

OB~ CH-CCCH

I
CH,, COOH

xi. Succinic acid (Baker)

CH2~COOH

~COCH
CH2 c0

xdii. Diethyl succinate (Baker)

THZ- Coo CZHS

CH2-COO CQHS

3. Amino acids, vitamins, nicotinamide precursors

z2nd compounds related to tryptophan

embryos

i.
ii.
iii.
iv.
Ve

’ vie

A saline solution (0.1 ml) containing 0.025 mmole
of one of the following corpounds solubilized where required with a few
drops of IN sodium hydroxide was injected together with the.malathion

in an attempt to counteract the effect of the insecticide on the

I~alanine (N. B. C.)
L-glycine (Fisher)
I~valine (Sigma)
L-leucine (. B. C.)
I-isoleucine (N. B. Ca)

I~serine (N. B. C.)




vii.
viiie
ixe

Xe

xii,
xiide
xiv,
pa
xvi,
xvii.

xviii.

xdi.
xxciiie
KV o
XXV o
xxvie
xoviie

xxviii.

I~cysteine (N. B. C.)
I-methionine (N. B. C.)
l~glutamic acid (British Drug House)

L‘lySi'ne (No B, C.)

. I~arginine (N. B. C.)

I~histidine (N. B. C.)

I-tryptophan (Baker)

I-phenylalanine (N. B. C.)
I~tyrosine (N. B. C.)

I~-proline (N. B. C.)

Thiamine (N. Be Ce)

Vitamin A (N. B. C.)

Riboflavin (N. B. C.)

Indolé (Eastman Kodak Chemicals)
Indoleacetic acid (Awcin) (Zastman Kodak
Chemicals)

Serotonin Creatine Sulfate (M. B. C.)
Adenine (N. B. C.)

Hypoxanthine (N. B. C.)

Guanine (Ne Be C.)

Imidazole (Calbiochemicals)
o¢-naphthol (Sigma)

@ -naphthol (Sigma)

Quinoline (British Drug House)

Anthranilic acid (British Drug House)
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xati. Quinolinic acid (M. B. C.)
woriie  Nicobinamide (5 mgz/egg) (We B. Co)
sooriii. Micotinic acid (5 mg/egg) (Ne B. C.)
xoo¢cive  Atropine (5 mg/egg) (M. B. C.)
‘mcv. Adenosine-5t Triphosphate Disodium Salt
(ATP-5.0 and 2.5 mg/egg) (N. Be Ce)
xowvie  Adenosine-5' Diphosphate Trisodium Salt

(4DP-5.0 and 2.5 mg/egg) (N. B. C.)

Lo Insulin
Tnsulin was used as a teratogen (Landauer and Bliss,
1946; Landauer, 1947) to compare its effects on the embryo with those
obtained with malathione. Various insulins were used including Toronto
insulin (Connaught Laboratories), protamine zinc insulin‘(Connaugh'b

Leboratories), insulin crystels (Sigma), and ILetinR (F1i Lilly Co.)e

Ca Duration of reversal effect of syndrome

Malathion (3.99 mz/egg) was injected into fertile. eggs on
dey |, of incubatione Five mg -of either tryptophan, nicotinamide
or cuinolinic acid was injected into malathion treated eggs at 2l hour
intervals from day L to day 12 of incubation. This was dore to determine
up to what day of incubation the alleviating compounds could still
reverse the effect of malathion if injected at daily intervals into

melathion treated eggse

Skeletal Defects




Skeletal defects were determined by X-ray ohotographs and by
alizarin red S staining (Gray, 195L). ‘hen staining with alizarin red
3, the abdominal cavity was first opened and the embryo was placed ;n
955 e"l:l-manol for 3 to 5 days. The organs wére removed and the animal
was then placed in fresh ethanol for an additional week, and in acetone
for 2 weeks. It was then immersed in ethenol fér 2 days and in 1% -
votassium hydroxide for aboubt 2l hours. The embryo was defeathered anc
re-immersed until it was cleared and was then dipped for.12 to 20 hours
in 0.57% potassium hydroxide to which a few drops of a saturated agueous

solution of alizarin red S was added. It was then placed in increasing

concentrations of glycerine (30, 60, 90%) each for L8 hours and stored in

pure glycerine. Skeletal structures could now be observed.

.
Uotake of Malathion P22 in Embryo and yolk sac

The main biological effect of organophosphorus compounds is their
inhibitory action of cholinesterase. We, therefore, chose malathion
labelled in the P position for this experiment.

Malathion P32 obtained through Nuclear Chicago Corporation had the

following structurzl formula:

/
CH30 S~CH~COOCoHg

CH,~C00CHs

et
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' The amount received weighed 0.1293- g and had 1 mc of activitye

e Solutions

le Stock solution

The shipping vial contained 1000 pc which was

brought to a volume of 10 ml when mixed with corn oils
20 305% Malathion
Amount - 10 nl made up as follows:

1 m stock solution (100 nc).

8065 ml of oile

0035 ml of malathion.

Therefore, O.1 ml of this solution contains 3.99

mg malathion and lpc malathion P3 2.

3¢ 505% Malathion

. Amount - 10 ml made up 2s follows:

1 ml stock.

Bol5 ml oil.

055 ml malathion.

Therefore, 0.l ml of this solution contains 6.L2

mg malathion and 1 pe malathion P32.

Lo 90% Malathion
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Amount ~ 10 ml made up as follows:

1 ml stock solution.
9 ml malathion.

Therefore, 0.1 ml of this solution contains 105.12

mg malathion and 1 nc malathion P329

S, Control solution

Amount - 10 ml made up as follows:

1 ml stock.
9 ml oile
Therefore, 0.1 ml contains 1 uc of P32 malathion

and corn oile

be Schedule of injections

50 lLi-day incubated eggs were injected with O.1 ml of solution 2.
50 l-day incubated eggs were injected with O.1 ml of solution L
50 L~day incubated eggs were injected with O.1 ml solution Se
50 5-day incubated eggs were injected with 0.‘1 ml solufion 3.
50 S5-day incubated eggs were injected with 0.1 ml solution L.

50 S-day incubated eggs were injected with O.1 ml solution 5.
ce Procedure

1. The eggs wera injected as per above schedule and 5 embrvos

of each group were removed 1, 2, 3, L, 6 and 9 days after injection.
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2. The embryos and yolk sacs were removed immediately

and washed in saline solution and then dried.

3. The embryos or yolk sacs were then placed in glass

4 homogenizing tubes and 1 ml of water was added to each.

Lo The tissue was then ground for 5 minutes in a glass

tissue grinder and the volume was notede

5. A 0.2 ml aliquot of the homogenate was removed and
placed on an aluminum planchet and spread thinly and evenly over the
surface. The radioactivity was determined in a low background gas flow-

counter (Nuélear Chicago Corporation).

6e An aliguot of yolk was also removed. and counted on

a2 planchet :in a gas flow counter.

’

IWA. DWA. and Protein Synthesgis

To cdetermine if malathion had any effect on RNA, DNA or protein

synthesis, uptake studies with labelled nucleotides and an amino
acid were performed on malathion treated and untreated chick embryos
in vivo.

Tritiated thymidine and uridine, and carbon-labelled valine were
injected into the yolk sacs of fertile untreated and malathion treat—
ed chicken eggs. The uptake of the labelled compounds was fo be

followed at 2, 6, 12, and 2l hour intervals by licuid scintiilation
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scthods on a scintillation counter (Wuclear Chicago Corporation),
model muber 8401, system 703, with a counting efficiency of L5%.
The readings were made at a gate of 1500 and data of 1150 for triti—”
ated compounds, and a gate of 1150 and data of 1050 for the carbon-1i

labelled cormound.

2o Solutions of radioactive compourds

1. L—valine—ClL' (Amersﬁarn/ Searle Ltd)
Specific activity 260 mc/mmole,
The shipping vial contained 50 pc in a volume of
0.8 ml or 62.5 pc/ml.
A 0.l ml aliquot was diluted with 6,15 ml C.9%
saline for a concentration of 1 pc/ml. -
In each egg, we injected O.1 ml of a solution

containing C.l jce

2. Uridine-1 (imersham/Searle Ltd)

Specific activiity Le25 c/mmole,

The shipping vial contained 250 pc in 0.5 ml or
500 nc/ml.

A 0,0L aliquot was diluted with L499 ml saline for
a concentration of 1 pc/ml.

In each egg, we-injected 0.1l ml of a solution

containing 0.1 xuce
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5C0 nc/ml.
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Thymidine-H  (imersham/Searle Ltd)
Specific activity 11.60 c/mmole.

The shipping vial contained 250 pc in 0.5 ml or

4 0,01 ml aliquot was diluted with L.99 ml saline

for a concentration of 1 uc/ml.

containing 0.1 nce

In each egg, we injected 0,01 ml of a solution

e Scintillation solutions

Lo

2e

Ligquid scin"cillatioﬁ mixture

1 part ethylene glycol monoethyl e’g.her.
2 parts toluene.

1} parts ethanol.

10 g PPO (2,5 diphenyloxazole)

0.2 g POPOP (1,lL-~bis-2(5-phenyloxazolyl) benzene)

Triton X-~100 mixture
923 ml triton X-100
1077 mi toluene

k.3 ‘g PPO

0.108 g POPOP




Co Schedule of injections and sacrifice of embryos

Embryos were injected with labelled uridine, thymidine
and valine, with and without malathion on day 5 of incubation. The
, erbryos were removed at 2 hour intervals up to 12 hours and then 2k, 30,

§ 36, 18, 72, and 96 hours after injections
de  Procedure

1. Embryos were hoﬁogeﬁzed with a small amount of
buffer in a glass. mortar pestle type homogenizer for 5 minutes.

2, TCA (trichloroacetic acid) was added to the homo-
genate to a final concentration of 10%. |

3. The solution was centrifuged for 5 mimutes at 18C0-

3000 rpm and the supernatant discarded.

o The precipitate was washed with 10% cold TCA contain-

ing 5% non-radiocactive nucleotide or amino acid. It was washed thrice
with acetone and thrice with ether, and then air dried for 2 hours.

5. A 5 mg sarple of tre dried TCL precipitate was solub-

ilized in 3 ml hydroxide of hyamine and placed in 2 55°C oven for 2k

hours; or the dried TCA precipitate was solubilized with 2 ml of IN NaOH.

6. 15 ml of the liquid scintillation mixture was added
to the hyamine solutionj or the itriton X-100 mixture was added to the
NaOH along with water for a ratio of 13/10 producing a gel when cooled
to ).;OCo The radioaétiw.r:?.ty was determined on a liquid scintillation

counters
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@o Control experiment

l. A control experiment was run using non-radioactive
thymidine, wridine and valine to determine their effact on chiclk embryos
when injected into the yolk sac of fertile chicken eggs. The eggs were
candled each day after injection. The dead embryos were discarded and

the viable ones removed on day 15 and examined for morphological defects,

20 To determine the scintillation system giving maximum
results, we injected eggs on day 1 of incubation with radioactive comp-
ounds and removed the embryos on cay 7. Each of the 2 scintillation

systems was used and the results comoarede”

Tryptophan Assz;

Totel tryptophan content of 6 to 8 day old chick erbryos injected
with malathion on day Lt and 5 was determined by the method of Saifer

and Cerstenfeld (196L).

1, The erbryos were remcved from the shell, freed of membranes

and rinsed in 0.9% saline and pattc;d dry with a ’paper towele

2, ‘The embrycs were homogenized with 3.5% perchloric acid in 2
glass tissue grinder for 3 to 5 minutes.

3. The homogenates were hydrolyzed in hydrolysis tubes previously
flushed with nitrogen, heat sealed and placed in an auto clavg at 15
pounds pressure for a period of 2l hours, which kept the indole ring

intacte
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Lo A photometric glyoxylic acid- reaction for the indole nucleus
of tryptophan produced a yellow colour which was read at 365 mp in a
Gilford Model 2400 Spectrophotomster.
| 5 o« Tryptophan values were determined from a standard curve

prepared with I-tryptophan.

Cholinesterase Determination

Four day old chick embryos treated with malatiiion were removed

2L, 48, 72 and 96 hours after injection and treated in the following way:

1. The embryos were removed from their shells, freed of membranes,
and rinsed in saline and pa;bted dry with a paper towel,

2. ‘The sample was homogen:lzed* at b.bC for 5 minutes in a glass
tissue grinder and centrifuged at 3000 rpm at L°C for 15 mimtese

3o The acetylcholinesterase was determined on an aliquot of the

suoernatant with 2 cholinesterase kit (Boehringer Mennheim Corporaticn,

H.Y.). The test is based on a method by Ellman et al., {196l) wherby
cholinesterase in the homogenzte splits acetylthiocholine into acetate and
thiocholine; thiocholine combines with dithiobisnitrobenzoic acid to form a

coloured product, thionitrobenzoic acid which is read at LO5 mp.

Lactate Dehydrogenase dAssay

Incubated white leghorn eggs were injected with 3.50 mg malathion
in corn oil on day 3, with 3.99 on day L, with 6.1:2 mg on day 5 and with
8.12 mg on day 6. Ten embrycs per group were removed for analysis 2l

hours after injection and treated in the following ways:




1, The embryos were extracted and homogenized in the same manner
as for the cholinesterase determination.

2. lactate dehydropgenase was determined on an aliquot of the
supernatant with an LDE kit (Boehringer Mamnheinm Corporation, N. Y.).
The test is based on the fact that LDH converts pyruvate amd MADH into
lectate and NiD. Enzyme activity is measured by the rate of decrease

.

in absorbency of NADH.

Malate Dehydrogenase Assay

Tro experimental runs were made. . In the first run, the schedule of
injections was the same as for lactate dehydrogenase. In the second run,
the ez were injected with 3.99 mg malathion on day L and 10 embryos of each

group were extracted for analysis at 2l hour intervals, .

1, The erbryos were extracted and homogenized in the same manner
as for the cholinesterase determination,
2, lMalate dehydrogenase Was determined on an aliquot of the

supernatant with an MOH kit (Boehringer Mamnheim Corvoration, N Y.)e

The test is based on the fact that ¥DH converts oxaloacetate and NADH

into I-malate and NAD. Enzyme activity is measured by the rate of

decrease .in absorbancy of NADH.




Alkaline Phosphatase Assay

Incubated white leghorn eggs were injected according to the sanme

§ schedwle as for lactate dehydrogenasc.

le The embryos were homogenized in the same manner as for the
i cholinesterase determination.

2. MAlkalire phosphatase was determined on an aliquot of the

i supernatant with an enzyme kit (Boehringer Mannheim Corporation, N. Y.).
The test is based on the fact that phosphatase splits p-nitrophenyl-
phosphate into organic phosphate and p-nitrophenol which is yellow in
alkaline solution. Enzyme 'activity is measured by the intensity of the

colour forred,

| Histochemical Methods

Cholinesterase ard some dehydrogenases were determined on treated
embryos by histochemical methodse. For all determinations, the embrycs
were Tirst injected with 3.99 mg/egg malathion on day 5 and removed for
analysis at 2l howr intervals up to day 8.

Tne erbryos were extracted from the shell, freed of membranes,

i rinsed in saline, and patted dry.

l. Tre embryos were then either fiiced in formalin containing 1%
§ calcium chloride or unfixed.

2, They were then placed in cold gum sucrose (made by dissolving
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1% gun arabic in 0.88M sucrose) until they sanke In this way, the
tissue water was replaced by gum sucrose which enabled us to cut cryostat
sections of good morphology (Pearse, LaHam, and Jannigan, 1963).

3. The embryos were then placed in scotch tape boats 2 cm x 1 cm
x 1 cm made by placiné scotch tape over a stove bolt head which was pre-
i moistened with glycerine.

he The boat was filled with Tissue—tekR OCT compound (Ameé Coe,
Elkhart, Indiana) and then quick frozen in liquidlnitrogen and stored at
| —8o°c.

5. The blocks were then placed on a cork disc and then mounted on
a microtome chuck with a feﬁ drops of water which sealed the cork to the
cold (-25°C) chuck.

6. TFrozen sections were cut and mounted on coverslips and the

appropriate histochemical test was performede

ae Dehydrogenases

lactate, malate, succinate, DPN, TPN, glucose-6-phosphate and
isocitrate dehydrogenase were determined on frozen sections (Pearse, 1960;
Culling, 1963).

1. Solutions

MIT (3-L,5-dimethylthiazolyl-2) 5-diphenyl tetrazolium

bromide) stock solution.

MWIT (L mg/ml)e 2.5 ml
0oCly (0.5 mil)e 0.5 mil
Tris Buffer (042M). ' . 245 ml
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Distilled water. : 3.5 ml
2, Substrates

ie  1.OM sodium DL-lactate.
i1,  1.0M sodium L-malate.
iii, l.OM sodium succinate.
ive 1.0 glucose-6~phosphate disodium salt.
Ve 1l.0M DL-isocitric acid.
vi. &6 mg DPNH.

viie 6 mg TPNH,

i. Add 0.9 ml MIT stock solution to 0.1 ml substrate
(except NADH and NADPH). .

ii. ' To this mixture, add a pinch of cofactor (NAD
for lactate, malate, and isocitrate, none for succinate and NADP for
glucose~6~phosphate)o

iii, For NADH or NADPH, add 6 mg to 1.0 ml of stock
solutione | |

ive  Adjust PH to 7 with tris buffer.

Ve Add a few drops of the incubation mixture to
the frozen section,

vie Incubate at 37°C for 30 to L5 minutes.

viie Posifix in 10% formalin containing 1% CaCL, for

5 minutes.
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viii, Wash gently in distilled water.

ixe -+ Mount in glycerogele.

The method is based on the fact that the tetrazolium
salt accepts the electrons and hydrogens from the substrate liberated by
the enzyme in question. The salt 1s reduced to formazan, an insoluble

microcrystalline product which is deposited at the site of the enzyme.

be Acetylcholinesterase

The method (Karnovsky and Roots, 196L) is based on the fact
that acetylcholinesterase hydrolyses acetylthiocholine iodide liberating

thicholine. The thicholine is believed to reduce ferr_:'_._cyanide to
- -+
i‘err_o_cyanide preferentially., The latter combines with copper (Cuf ) ions

+t

to form the insoluble copper ferrocyanides The Cu’ ions in the medium

are complexed with citrate to prevent formation of copper ferricyanide.

l. Method -

ie To 5 mg acetylthiocholine jodide dissolved
in 6.5 ml O;lM sodium hydrogen maleate buffer Ph 6.0 add the following
in order:

005 ml 0.1M sodium citrate.
‘ | 1.0 ml 30mM copper sulfates

1 ml waters

1l SmM potassium ferricyanides

The final incubation mixture is gre.en in colour and is stable for hours.

ii. Add a few drops of this medium to each
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section and incubate at 37°C for 30 to L5 minutés. Reddish granules

indicate the site of the enzyme.
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APPINNTX T - METHODS AND MATERIALS

Aubtoradiography

To determine the distrib;u'bion of malathion at a tissue levei, radio-
" autography was done using malathion P3 ?. Fertilized chicken eggs were

‘ each injected on day L and 5 with 1 pc malathion p32 containing 3.99 mg
per egé of malathion on day L of incubation and 6.L42 mg per egg of

{ malathion on day 5 of incubation. Histological paraffin sections were

nade ard mounted on pretreated glass slides (Rogers, 1968).

ae Pretreatment of slides

The glass slides were pre-cleaned by séaking overnight

in sulfuric acid - potassium bichromate glass cleaner. Theéy were

n;xt washed in cold running water foilowed by 2 changes of fiistilled
water. They were then subved in a solution of 5.0 g gelatin, 0.5 g
chrome alum (potassium é.luminmn sulfate) and water to 1000 ml. The
suobing mixture was filtered immediately before use and was made

fresh before each subbing. The slides were drained and placed verti-
cally in slotted wood blocks and dried in a dust free cabinet. Paraffin
sections were cut and placed on one end of the pre-cleaned slides to
which a few drops of albumen was first placed. The slides were then

trought to the dark room fitted with a wratten #2 safelight.

»




De. Mnplication of emulsion

The slides were deparaffinized by dipping them into 2-
changes of xylol. They wore next dehydrated in 2 changes of absoluto
2lcohol for 5 minutes each and dipped in a celloidin solution made
by dissolving 0.3 g parlodion (¥Mallinckrodt) in a 1 to 1 mixture of
ethanol and ether. They were pre~warmed at hOOC on a slide warmer,
and then dipped in NTB-3 emulsion in a plexiglass coﬁtainer made to
receive a minimum number of slides (to conserve the emulsion}. The
slides were kept in a vertical position until the emulsion was drained

off. The back of the slide was wiped with a kleenex tissue to remove
any excess emulsion and they were then allowed to dry for 2 hours in the

dark. The coated slides were stored in plastic slide boxes each
containing a vial of drierite stopped with absorbent cotton to re-
move any condensation that might have formed. The boxes were sealed
with black electrical tape and stored in a refrigerator at h?c. Test
boxes each containing 5 to 10 slides were developed at 1 week inter-

vals to determine the proper exposure time.

c. Development and staining

The slides were developed for 10 minutes in D-19 develop-
er (Kodak) at LOC, washed for 30 seconds in cold water, fixed for 15
minutes in hardened fixer kept at LOC, and then washed for 1 hour in

cold running water. They were next placed in cold absolute alcohol




and then in absolute alcohol at room temperature, each fof 5 minutes.
They were staiﬁed for 10 minutes in 0.05% basic fuchsin a2t LoC and |
then rinsed in absolute ethanol for 30 seconds at L°C. The sections
were dehydrated by placing them in absolute ethanol for 5 ﬁinutes at
1OC and then dipping them in 2 changes of absolute ethanol at room
temperature each for S minutes. The sections were mounted with xylene-

d¢iluted permount and viewed microscopically.
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Toxicityr of 1lalathion

B

The toxicity of malathion in chick embryos was determined by
injccting various amounts of the inseccticide into fertile egss at
daily intervals. Yortality data which relates to the age of the
chick is listed in Table 1 and Fig. 5.

As shown in Fig. 5, concentrations above 25% malathion were
lethal throughout the injection scnedule. When 1esé than 25% was
injected into b to 6 day incubated eggs, the mortality was dose de-
pendent. Injections of 10% or less on days 7 to 12 or, injections
of 13 or less throughout the injection schedule.were'innocuous sipce
the per cent mortality was similar to the corn oil controlse Younger
erbryos (up to day 6) were more or less sensitve to congentrations
greater than 13 malathion; however, when concentrations equal to or
greater than 507 were injected on days li to 12 of incubation, none
of the embryos survived. .

To determine the length of time the embryos r;mained viable after
each dose level, the eggs were candled at 2h.hour intervals. After
each day of injection, the deaths were scored ffom the time of inject-
ion tq near the end of incubation (Tables 2 to 10; Fige 6 to 11).

As shown iﬁ Fig. 6, when 3.99 mg per egg was injected on days
i and 5, death occurred either soon after the treatment or at the
end. of the incubation pveriod. From Fig. 7, when 6,12 mg per egg was

injected on days L, 5, and 6, death occurred soon after the treatment.
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Table 1, Percentape mortality among developing chick embryos after the

injection of malathion in ecorn 0il?

Ape of embryos at injection (days)
Concentration of b
malathion injected L S 6 7 8 9 10 11 12

1003 (116480 mg/egg) 100 100 100 100 100 100 100 100 100

50% (58440 mg/epe) 100 106 100 100 1 100 100 100 100
255 (29420 mg/ege) 100 100 100 100° 100 100 9 50 50
20% (23436 mg/egg) 100 .00 100 1w 8 80 50 30 30
17%  (19.86 mg/ege) w0 w0 wo 9 S b 30 3u 30
153 (17.52 mg/egg) 100 00 w0 8 3% 30 3 30 30
125 (.02 mg/ege) 00 100 8 50 30 30 "2 10 10
108 (11.68 mg/egg) 100 w0 80 1 110 W 110 110 10
7%  (Bel2 mg/egg) 90 75 50 10 10 10 10 10 10
5e55 (Eels2 mg/egg) 90 50 4 10 0 1w 1 10 1o
b%  (5.8L mg/egg) 8o © 4 10 10 W 10 10 10
3655 (3499 mg/ege) 50 jo 20 10 10 10 10 10 10
15 (1.17 mg/egg) 3v 20 10 1 10 W 1w v W
Control (ecorn oil) 30 20 10 10 10 10 10 10 10

a tmbryos candled each day up to hatching.

® 0.1 ml per egg injected throughouts




Tige 5. Toxicity of malathion in chick embryos after injection into

fertile egps on days L1 to 12 of incubation
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Table 2. Percentage mortality among chick embryos examined up to day

19 of incubation after an injection of 0.1 ml distilled water

per egg?

Age of Embryos at Injection (days)

4 5 6 7 8 9 10 11 12

N b

5 0 8

6 | o o 6
7 | ¥ 2 0o 0

o 8 k 2 0 4 L

2

5 9 o 6 o 4 0o o0

el

5 10 o o o o0 o 2 4

o

o 11 c O o o o 0o o o

(o]

R - c o o o o o 2 2 2

[ I _

A 13 o o0 o o o0 o0 o 4 o
1k 6 o0 o ¢ o OO o0 o0 2
15 o o o o o 2 o o0 @2
16 o o0 o o o o o 0 o°
17 o o o0 o o0 o 0 0 o
18 o O o o o 2 0o 4 o
19 18 2 N 2 6 I Y 0 L

8 Average values of 3 experiments after injecting 50
eggs each.
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Table 3. Percentage mortality among chick embryos examined up to day
19 of incubation after an injection of 0.1 ml corn oil per

a

. 8gg
Age of Embryos at Injection (days)
4 5 6 T 8 9 10 11 12
4 1L
5 0 8
6 0 0 8
7 L 0 0 0
. 8 2 o o 2 8
a
e 9 0 0 0 2 0 0
':BJ 10 0 0 0 0 0 0 2
& 11 0 0 0 0 0 L 0 0
E 12 0 4 0 0 0 0 0 2 2
a 13 0 0 0 0 0 0 L 0 N
14 2 0 0 0 0 0 0 L 0
15 0 o o 0 0 0 0 0 o
16 0 0 0 0 0 0 2 0 0
17 0 0 0 0 0 2 0 2 o0
18 2 0 0 0 0 0 2 0 o0
19 6 8 2 6 2 L 0 2 in

a Average values of 3 experiments after injecting
50 eggs each.
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Table_ Le Percentage mortality among chick embryos examined up to day

19 of incubation after an injection of 1.17 mg malathion per

eggab

Day of Incubation

-~ O W

10
11
12
13
1k
15
16
17
18

19

Age of Embryos at Injection (days)

l2

5 6 7
8

0 4

0 0. 0
0 2 6
0 2 2
0 0 0
0 0 0
0 0 0
0 0 0
2 0 0
0 0 0
0 0 0
0 0 0
b 0 0
0 6 2

10 11
0

4 0
(o} 0
0 2
0 L
0 0
0 0
0 0
2 2
L 2

& Average values of 3 experiments after injecting

b

50 eggs each,

0.1 ml malathion in corn oil per egg,
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- Table 5, Percentage mortality among chick embryos examined up to day

19 of incubation after an injection of 3.99 mg malathion per

Day of Incubation

egg®®
Age of Embryos at Injection (days)
L 5 6 7 8 9 10 11 12

Y 20

p 0] 10

6 0 12 0

T 0 0 8 2

8 0 0 0] 2 L

9 0 0 0 0 0 6
10 0 0] 0] 0 0] 0 L
11 0 0 0] 0 0 0 2 L
12 o o o o o o o o 6
13 2 0 L 0 0 0 0 0 0
1k 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0]
16 0 0 0 0 2 0 o 2 o0
17 b 0 0 2 2 2 0 2 0
18 k L 0] 0 0 0] 0 0 0

19 20 1k 8 L 2 2 L 2 b

b

Average values of 3 experiments after injecting 50 eggs each.

0.1 ml malathion in corn oil per egg.
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Table 6. Percentage mortality among chick embryos examined up to day

19 of incubation after an injection of 6.2 mg malathion per

egg™
Age of Embryos at Inbection (days)
L 5 6 T 8 9 10 11 12
I 62
5 2k 38
6 2 8 28
7 2 0 10 b
8 0 0 0 0 2
[
o 9 0 0 0 0 u 6
®
a 10 0 0 0 0 0 2 4
E, 11 0 0 0 0 0 0 0 2
% 12 0 0 0 0 0 0 2 o 4
E 13 0 0 0 0 0 0 0 0o 2
1k 0 0 0 0 0 0 0 0o o
15 0 0 0 0 0 0 0 0o 2
16 0 0 0 0 0 0 0 0 o
17 0 0 0 2 2 0 0 2 0
18 0 0 3 0 0 0 0 0o o0
19 0 L L L4 2 2 L 6 2

a
Average values

b

50 eggs in each

0.1 ml malathio

of 3 experiments after injecting

n in corn oil per egg.




L7

Table 7. Percentage mortality among chick embryos examined up to day

19 of incubation after an injection of 11,68 mg malathion per

eggab
Age.of Embryos at Injection (days)
L 5 6 T 8 9 10 11 12
i 0
5 100 0
6 0 100 0
( o o 76 8
8 0 0 2 0 6
o 9 0 0 0 0 0 0
g 10 0 0 0 0 2 L 2
'g 11 0 0 0 0 0 2 0 0
A1 o o o o o o & 6 o
E 13 0 0 0 0 0 0 0 2 6
A 1 0 0 0 0 2 0 0 0o 0
15 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 o
17 0 0 o 0 0 0 0 0 o©
18 0 0 0 0 0 0 0 0 o
19 0 0 2 2 0 L L 2 L

& Average values of
50 eggs each

b

3 experiments after injecting

0.1 ml malathion in corn oil per egg.
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Table 8. Percentage mortality among chick embryos examined up to day

19 of incubation after an injection of 29.2 mg malathion per

eggab
Age of Embryocs at Injection (days)
b 5 6 T 8 9 10 11 12
L 0
5 9k 0
6 6 82 0
7 0o 18 86 0
8 0 0 1k 86 9lk.
9 0 0 0 1k 0 L8
.,S 10 0 0 0 0 0 3h 22
% 11 0 0 0 0 6 0 4 26
:‘:* 12 0 o o 0 0 0 4 8 32
s 13 0 0 0 0 0 0 0 0 10
a 1k 0 0 0 0 0 0 ki 0 o0
15 0 0 0 0 0 0 0 0 o0
16 0 0 0 0 0 o 0 o o
17 0 0 0 0 0 10 0 (N
18 0 0 0 0 0 0 0 0o o
19 c 0 0 0 0 8 16 16 8

& Average values of 3 experiments after injecting

50 eggs each

b

0.1 ml malathion in corn oil per egg.




Table 9; Percentage mortality among chick embryos examined up to day

19 of incubation after an injection of 584k mg malathion per

eggab
Age of Embryos at Injection (days)
4 5 6 7 8 9 10 11 12
L 16
5 hoo12
6 Y 10 26
7 L 0 0 i
. 8 2l 2 2 10 62
'§ 9 1k 0 0 0 6 30
% 10 6 2 2 18 6 0 52
-1 & 6 o 4 o 18 26 o0
E 12 10+ © 6 6 6 2 2 98 o0
& 13 o 4 o 6 o 6 16 2 92
1k 0 2 0 0 0 I 2 o 6
15 2 20 10 16 8 0 0 0o 2
16 0 0 0 6 0 6 0 0- 0
17 0 10 2 0 2 12 0 0 o
18 2 8 0 b 0 0 0 0 o
19 6 =24 52 26 10 22 2 0 o

a
Average values of

50 eggs each

b

3 experiments after

0.1 ml malathion in corn oil per egg.

injecting
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Table 10. Percentage mortality among chick embryos examined up to day
19 of incubation after an injection of 116.8 mg malathion per

eggab
Age of Embryos at Injection (days)
L 5 6 T 8 9 10 11 12
L 15
5 2 11
6 9 L 4
T 0 2 2 12
8 5 0 2 5 41
9 6 0 0 2 0 36
§ 10 2 2 2 2 T 0o 28
B .
% 11 6 6 0 2 0 0 6 L
g 12 5 2 4 4 6 8 0 4 6
E 13 0 2 2 5 0 2 26 10 8k
2 14 0 2 2 5 13 8 18 26 6
15 4 2 N 2 0 0 6 0 0
16 b 0 0 10 0 0 6 2 0
17 2 6 10 4 10 10 L 0 o
18 4 9 12 L 0 2 0 2 k
19 36 52 56 43 17 3k 6 10 O

b

0.1 ml malathion per egg.

8 Average values of 3 experiments after injecting
50 eggs each.




Toxicity of 0.1 ml of a solution of melathion in corn oil
containing 3,95 me malathion*?er egg injected into the volk
sac on various davs of incubation. The eggs were candled
each day and the per cent survivors was recorded up to hatch—

inge
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Toxicity of 0.1 ml of a solution of malathion in corn oil
containing 6,42 mg malathion per egg injected into the volk
sac on various days of incubation. The ecgcs were candled

each day and the per cent survivors was recorded up to hatch—
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Toxicity of 0.1 ml of a solution of. malathion in corn oil
containing 11.68 mz malathion per err injected into the volk
sac on various days of incubation. The eggs were candled
each dar and the per cent survivors was recorded up to hat.ch-—
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Toxicity of 0.1 ml of a solution of malathion in corn oil
containing 29,2 mz malathion ?er ens injected into the volk
sac on various days of incuba£ion. The epps were candled
cach day and the per cent survivors was recorsed vp to hatch-
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Toxdicity of 0«1 ml of a solution of malathion in corn oil
containing 58.5 mg malathion ver eg; injected inte the wvolk
sac on various days of incuba’tion. The eggs were candled’
cach day and the per cent survivors was recorded up to hatch-
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Toxdcity of 0.1 ml of a solution containing 116.8 n~ mala.
thion ver egg injected into the volk sac on various days
of incubation. The egrs were candled each day and the ner

cent survivors was recorded up to hatching.
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In geﬁeral, 100% and 50% malathion injections on days 1 to 7 proved
lethal in the latter stages of incubation, and injections on days 8 to
12 proved lethal within the first few days of the treatments. After
injecfions-of 25% malathion on days 1 to 9, most of the deaths occurred
within the first 3 days of the treatmentse Mortality was spread out to
dey 19 after injections on days 9 to 12. This same trend continued for
the 10% injections. ter injections of 5.5% and 3.59 malathion, mortality
decreased and was spread out over the 19 day period except for the 5.53
injections on day L which yielded a high mortality within 2 days after

treatnénts.

Abnormalities

The concentrations which killed SQ% of the ermbryos duriﬁg the
incubation period {(wncorrected LDSO)’aS shown in Fig. 12, yielded the
maximum number of malformed chicks. One-~half of the survivors of the
8 to 12 day injections were either featherless or h;d sparse feathers
in the abdominel region..'hinetyhfive ver cent of the survivors of
those injected on deys 6 and 7 were smaller in size than the controls,
vhile 507 had fewer feathers throughout.

Hinety-eignt ver cent of the survivors of the L and 5 day injections

displayed a combination of plumage, hind limb, beak and size defects.
This congenital deformity will henceforth be referred to as the malathion

syndrome®. The external characteristics of 15-day-old embryos (injected
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Fige 12e

Concentrations of malathion which killed 50% of the embryos
after injections on days L to 12 of incubation (LDSO-_uncorrect-

ed)
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with 3499 and 6.1:2 mg of malathion per egg on day L and 5 respectively)
are compared in Table 11, Photographs of 2-day-old (post—hatch) chicks

(Figse 13 to 19) illustrate some 6f the abnormalities of the legs, beak

and overall size,

a. legs
;:q all the afi‘é cted chicks, the hind lirbs were reduced to
zbout one~-half of the normal size and the phalanges were permanently
flexed (curled toe paralysis). In 10%, the joint between the tarsometat~
arsus bone projected dorsallye. ' One chick in 50 bilaterally lacked the
tarsometatarsus bone and phalangese |
be Beak
The length of the mandible was reduced. In 503, the distal
end of the maxilla was curved downwards over the mandj..ble (parrot beak).
ce Plumege
Twenty-five percent of the chicks lacked feaﬁhers; especially
in the ebdominal regions. Four percent were featherless, All hatched
chicks had ¥clubbed down" (the down is coarse and hair-like).

de Size

Tne overall size was two-thirds normal (proportionately distri-

buted with the exception of the legs and beak)e. Six percent were dwarfs

(about one-quarter of the normal size)s
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Table 11. The effect of malathion on the léngth of the hind limbs, body

and mandible in chick embryos treated on incubation days L and

5, and examined on day 15

Treatment Control Malathion - Malathion -
3499 mg per © 612 mg per
(100% Corn 0il) epz on day egg on day
N 1
‘No. of eggs 25 25 25
per group
Weight (g) 11.51 £0.142 9464 0,19 8.8l 0,18
Range 10.00-12,90 7+00=11.60 €4140~10,20
Body Length? 67.30 0,37 62,00 0,37 60,20 £0.15
Leg Length® 43480 £0.25 28,00 £0.73 25,30 £1,06
(rm) Range 41.00-L5.00 20.00-34.00 9.00-35,00
Mandibled 10.90 £ 0,07 8420 £0,18 8.00 £0.19
Length (mm) Range 10,00~11.00 6.00-10.00 5.00~9,00

a
Standard error.

° Crown to rump lengthe.

¢ Pror: acetabulum to phalanges.

d From gape to distal end of bone.




Photograph of a group of 2 day old chicks from eggs inject—

ed on day L of incubationlwith'3999 mg malathion per egg. The
malformed chicks (in the Toreground) are unzble to wall: because
of limb deformities. Two control chicks from uninjected ezgs

are in the background
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Fige 1l Fhotograph of two day old_post—hatcﬁed chicks. The left chick
is from an uninjected egg and the right chick is from an egg
previously injected with 3.99 mg malathion on day L of incu~
bation. Note the malformed hind limbs‘and the down-curved max—

illa, The chick is also unable to open its eyes
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' Fig. 15.

Photograph of 2 day old chicks. The chick on the left is from
an uninjected egg and the chick on the right is from an egg
previously injected with 3.99 mg malathion on day I of incu-
bation. Note the lack of digits on the right leg ahd the reduc-

ed overall sizee.







Figo 160

X-ray photographs of 2 day old chicks. The left chick illu—
strates normal skeletal dévelopment. The right chick, vprevious-
ly treated with malathion on day Iy of incubation, illustrates

micromelia and overall growth reduction
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Fige 17. Photograph of 19 day old chick embryos stained with alizarin
| red S aﬁd cleared by slkaline hydrolysis. The left chick is
from an uninjecfed erg and the right chick is from an egg
previously treated with 6.1:2 'mg malathion on day 5 of incu-

bation. Hote the in-curved hind limbs, parrot beak, and reduced

size in the malathion treated embryo




Lo




o

Fige 18.

The wpoer photograph illustrates the jaw skeleton from a
control chick, while the lower one illustrates the deforred
Jaw skeleton of a malathion treated embrvo. The mandible,
éf the treated chicx is reduced in size and the maxilla is

curved over it in the form of 2 parrot's beak
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Fize 190

Photograph of dismermbered hind limbs stained with alizarin
red S. The left limb is from an untfeated chick and the right
limb is from a malathion treated chick. The length of the
bones is markedly reduced. The tibiotarsus bone is boﬁed

medially, while the tarsometatarsus bone is shortened and

is projected medially
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The malformations of embryos 'examined aﬁ 15 days of incubation
oroduced by the various amounts of malathion tested are listed in Tables
12 to 20 and in FPig. 20 to 28. As shown in Pige. 20, 21, and 22,
the controls and 1.1l7 mg malathion produced normal embryos exca;:?t for
a few which hemorrhaged.
As shown in Fig. 23, eggs injected with 3.99 nmz on aay L and 5
produced embryos with the "malathion syndrome". ‘hen 3.99 mg wxala"om.on
'was injected on days 6 to 12, the abnormalities :.ncluded. feather reduct-
ion, hemorrhages and neck blisters. Micromelia or beak defects were
not evident.
As shovn in Fig. 2, eggs injected with 6.:2 mg on day S.produced
embryos with the "malathion syndrome'. Those injected on days 6 to 12
had feather abnormalities, abdominal edema (Fig. 2_9) , neck blisters, and
herorrhages. lMicromelia or beak defects were not ev_ident. »
As shown in Fig. 25, eggs injected with 11.68 mg malathion on days
. to 8 produced erbryos with hemorrhages and Iee:bher recxuc*c:.on, whereas
those injected on days 9 to 12 produced embryos m.‘ch hydrocephaly, feather
i‘eduction, edema and neck blisters.
As showm in Fig. 26, eggs injected with 29.2 mg malathion on days
Li 4o 12 produced embryos with hemorrhages and feather reduction while
those injected on days 9 to 12 produced embryos with edema and hydrocephaly.
As showm in Fig. 27, eggs injected with 58.lL mg on day 5 produced embryos
vltn bemorrhages, feather reduchon and tne“mala'bhv on s,fnarome". ggs z.nject-
ed on days 6 and 7 produced a few emoryos mth the "malauh:on syrdrome! |

and a few with hydrocephaly. Eggs injected on days 8 to 12 produced embryos




Table 12. Autopsy results of chick embryos injected with Oe.lml

-5

distilled water per egg?

Age of Embfyo at Injec%ion (Days)

L 5 6 7 8 9 10 1 12
Hemorrhage L N 2 0 Y 0 0 0 0
Abdominal Edema 0 0 0 0 0 0 0 0. 0
Hemorrhage + abdominal 0 0 0 0 o 0 0 0 0
edema
Neck blister 0 4 0 0 0 0 0 0o o©
Neck b11§ter + feather 0 0 0 0 0 0 0 0 0
reduction
Feather reduction 0 o] 0] 0 0 0 0 0 (0]
Feather reduction +
hydrocephalus 0 0 0 0 0 0 0 0 o]
Hydrocephalus 0 0 0 0 0 0 0 0 0
Hydrocephalus + feather
reduction + hind limb 0] 0 0 0 (o] 0 (0] 0 (o]
micromelia + beak s
Hind 1imb micromelia +
feather reduction + beak 0 0 0 0 0 0 0 0 0
defects
Hind 1imb micromelia +
beak defects 0 0 0 0 0 0 0 0 0
No apparent '
abno lities 96 92 98 100 96 100 100 100 100
a

Results of 3 experiments after injecting 50 eggs each.
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Table 13. Autoosy results of chick embryos injected with O.1 ml corn

oil per egga

Age of Embryo at Injection (Days)

L 5 6 7 8 9 -~ 10 11 12

Hemorrhage 20 8 0 2 8 6 10 2 2
Abdominal Edema 0 0 o] 0 0] o] 0 0 0
Hemorrhage + abdominal 0 2 0 0 0 0 0 0 0

edema
Neck blister 0] 0 0 0 2 0 0 0 0
Neck blister «+

feather reduction 0 0 0 0 0 0 0 0 0
Feather reduction 0 0 0 0 0 0 0 0 0
Feather reduction +

Rydrocephalus 0o o o o0 o0 O 0 0 0
Hydrocephalus 0 0 0 0 0 0 0 o (o]

Hydrocephalus + feather
reduction -~ hind limb 0 0 (o] 0 0 0 0 0 0
micromelis + beak defects

Hind limb micromelia -+ .
feather reduction + beak 0 0 0 0 0 0 0 0 0

defects

Hipd limb micromelia+ | o o o o 0o 0o 0 0 o0
Noagﬁgjzsizties 80 90 100 98 90 9k 90 98 98
a

Results of 3 experiments after injecting 50 eggs each.
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Table 1, Autopsy results of chick embryos injected with 1.17 mg

malathion per egg?

Age of Embryo at Injection (Days)

L 5 6 T 8 9 10 11 12
Hemorrhage 8 y 6 2 b 2 2 2 2
Abdominal Edema 0 0 0 0 0 0 0 0 0
Hemorrhage + abdominal 0 0 0 0 0 0 0 0 0
Edema
Neck blister L 0 2 2 0 0 0 2 0]
Neck b11§ter + feather 0 0 o 0 0 0 0 0 0
reduction
Feather reduction 0] 0 0 0 0 0 0 0 0]
Feather reduction + a
hydrocephalus 0 0 0 0 0 0 0 0 0
Hydrocephalus 0 o 0 0 0 0 0 0 0
Hydrocephalus + feather
reduction + hind 1limb 0 0 0 0 0 0 o] 0 0
micromelia + beak defects
Hind 1limb micromelia +
feather reduction + o} 0 0 0 0 0 0 0 0
beak defects
Hind 1limb micromelia +
beak defects 0 0 0 0 0 0 0 0 0
No apparent 6.
abnormalities 88 96 92 96 96 98 98 9 98

2 0.1 ml malathion in corn oil per egg — Results of 3 experiments after

injecting 50 eggs each.
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Table 15, Autopsy results of chick embryos injected with 3.99 mg

malathion per egga

Age of Embryos at Injection (Days)
L 5 6 T 8 9 10 11 12

Hemorrhage 10 8 12 0 8 Y h 6 2
Abdominal Edema 8 10 0 h 2 6 L 2 0
Hemorrhage - )

abdominal edema 4 6 0 2 0 0 2 2 2
Neck blister L 2 6 2 2 L 2 2 k4
Neck blister -

feather reduction 0 0 0 0 0 0 0 0 0
Feather reduction 0 0O 1+ 20 22 24 22 28 26
Feather reduction +

hydrocephalus 0 0 0 0 0 0 0 0 0
Hydrocephalus o o 0 o 0 0 o o o
Hydrocephalus + feather

reduction + hind limb 0 o 0 (o] (4] 0 (o] 0 4]

micromelia + beak defects
Hind 1imb micromelia +

feather reduction + 12 8 2 0 0 0 0 0 0

beak defects
Hind limb micromelia +

beak defects 38 18 6 0 0 0 0 0 0
No apparent

abnormalities 28 W8 60 T2 66 62 66 60 66
2 3.1 ml malathion in corn 0il per egg. - Results of 3 experiments after

injecting 50 eggs each.




Table 16, Autopsy results of chick embryos injected with 6.1:2 mg

v malathion per egg?

Age of Embryos at Injection (Days)

Yy s 6 T 8 9 10 11 212

Hemorrhage . 22 12 10 L 10 L 6 L 0
Abdominal Edema 0 2 Y 2 2 2 2 2 2
Hemorrhage +

abdominal edema 4 2 0 2 2 2 0 2 0
Neck blister Y 2 Y 2 Y Y 6 8 ' 2
Neck blister +

feather reduction 0 0 0 0 0 0 0 0 0
Feather reduction 0O 0 26 20 30 18 28 22 16
Feather reduction +

hydrocephalus 0 0 0 0 0 0 0 0 0
Hydrocephalus . 0 0 0 0 0 0 0 0 0

Hydrocephalus + feather
reduction + hind limb (0] 0 o] 0 (4] 0 0] 0] 0
micromelia + beak defects

Hind limb micromelia +

feather reduction + 10 18 2 2 0 0 0 0 0
beak defects
Hind limb micromelia - % 3 4 2 o0 0 0 o o
Noazﬁgizzzzties 20 32 50 66 52 70 58 62 8o
2 0.1 ml malathion in corn oil per egg - Results of 3 experiments after

injecting 50 eggs each.




Table 17« Autopsy results of chick embryos injected with 11.68 mg.

‘malathion per egga

Age of Embryos at Injection (Days)

Y s 6 7 8 9 10 11 12

Hemorrhage . s8 52 L6 35 148 6 10 10 1L
|
"Abdominal Edema 0o 0o 0 5 3 o 0 6 L
Hemorrhage + abdominal 0 0 6 0 0 5 0 0 2
edema
Neck blister 0 0" 0 "o 0 0 0 - 0 0
Neck blister +
feather reduction 0 0 0 0 0 0 0 0 0
Feather reduction 18 22 16 18 20 22 28 20 24
Feather reduction +
hydrocephalus 0 0 0 0 o} 0 0 0 0
Hydrocephalus 0 0 0 0 0o 24 37 28 18

Hydrocephalus + feather
reduction + hind limb 0] (0] 0 0 0 0 0 0] 0
micromelia + beak defects

Hind limb micromelia +

feather reduction + beak 0] 0 o o] o 0 0 0 0
defects
Hi::klizge:i:r°melia * 0o 0o 0 o 0o 0 0 o o
N°a§§£§;:§§tigs 2k 26 32 42 29 L4 25 36 38
2 0.1 ml malathion in corn oil per egg - Results of 3 experiments after

injecting SO eggs each.




Table 18. Autopsy results of chick embryos injected with 29.2 mg

malathion per egg?

Age of Embryos at Injection (Days)

L 5 6 T 8 9 10 11 12

Hemorrhage 62 50 43 48 82 3k 20 28 26
Abdominal Edema 0 0 0 2 6 0 0 0 L
Hemorrhage +

abdominal edema 0 0 0 4 o 18 10 12 -k
Neck blister 0 0 0 0 0 0 0 0 0
Neck blister +

feather reduction 0 0 0 0 0 0 0 0 0
Feather reduction 18 20 18 26 12 16 20 28 24
Feather reduction +

hydrocephalus 0 0 0 0 ° 0 15 0 0
Hydrocephalus 0 0 0 0 0 2 3 10 6
Hydrocephelus + feather

reduction + hind 1imb 0 0] 0 0 0 0 0 0 0

micromelia + beak defects
Hind limb micromelia =+

feather reduction + beak 0 0 0 0 o 0o 0 0 0

defects
Hind 1imb micromelis +

beak defects 0 0 0 0 0 0 0 0 0
No apparent 30 39 20 6 30 32 22 k2

abnormalities

' 20

2 5.1 ml malathion in corn oil per egg -

injecting 50 eggs each.

Results of 3 experiments after
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Table 19 Autopsy results of chick embryos injected with 58.L mg

malathion per egg?

Age of Embryos at Injection (Days)

L 5 6 7 8 9 10 1 12

Hemorrhage 26 10 10 28 64 24 8 80 80
Abdominal Edema 8 o] 2 0 6 14 12 o] 0
Hemorrhage + :

abdominal edema 6 2 b 0 L 26 T4 18 8
Neck blister 0 4 10 0 2 0 0 0 0
Neck blister +

feather reduction 0 0 6 0 0 0 0 0 0
Feather reduction 10 14 24 2 16 12 2 0 4
Feather reduction +

hydrocephalus ) 0 0 o] 12 0 0 0 0 0
Hydrocephalus 0 0] 0 y 0 0 0 0 0
Hydrocephalus + feather

reduction + hind limb 20 28 4 ‘8 0 0 0 0 0

micromelia + beak defects
Hind limb micromelia + S

feather reductiom + 0 0 0 0 0 0 0 0 0

beak defects
Hind limt micromelia +

beak defects 10 1k i 6 0 0 0 0 0
No apparent 20 28 36 L4 8 2 L 2 8

abnormalities

2 0.1 ml malathion in corn oil ver egg - Results of 3 experiments after

injecting 50 eggs each.
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Table 20, Autopsy results of chick embryos injected with 116.8 mg

malathion per egg?

Age of Embryos at Injection (Days)

L 5 6 T 8 9 10 11 12

Hemorrhage 28 4y 10 16 L 38 16 . 34 70
Abdominal Edemsa 0 0 0 2 10 6 10 2 0
Hemorrhage «+ 2 4 4 p 10 10 Sk 22 12

abdominal edema
Neck blister 0 0] 6 6 8 0 4 0 o]
Neck blister +

feather reduction 0 o 16 0 0 0 0 0 0
Feather reduction 14 24 20 30 L 0 2 0 0
Feather reduction +

hydrocephalus 0 0 0 4 ] 0 0 0 0
Hydrocephalus 6 0 0 2 0 2 2 0 0
Hydrocephalus + feather :

reduction + hind limb 28 26 i 6 o 0 0 0 0

micromelia + beak defects
Hind limb micromelia +

feather reduction + (0} 0 0 0 0 0 0 8] 0

beak defects
Hind limb micromelia + :
" peak defects 10 8 2 4 0 0 0 0 0
No apparent 12 3% 38 30 6 & 12 L2 18

sbnormalities

a

0.1 m® malathion per egg
50 eggs each.

Results of 3 experiments after injecting
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_List of Abnormalities for Figures 20 to 28

Hemorrhage

Abdominal edema

Hemorrhage and abdoninal edera
Neck blister

Neck blister and feather reduction

" Feather reduction

Feather reduction and hydrocephaly

Hydrocephaly
Hydrocephaly, feather reduction, hind limb micromelia, and beak defects
Hind limb micromelia, feather recduction, and beak defects

Hind limb micromelia and beak defects

No apparent abnormalities
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Fige 20

Percentage of various types of congenital defects in chick
embryos injected with distilled water on days L to 12 of
incuvbation. The total height of each column represents

100 per cent
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ige 21.

Percentage of various types of congenital defects in chick

emorvos injected with corn oil on days L to 12 of incubation
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i Fige 22 Percentage of various. tvpes of abnormalities in chick embryos

{ treated with 1.17 mg malathion ver egg on days L' to 12 of

incubation
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Fige 23 Percentage of various-types of congenital defects in .chick
embryos treated with 3.99 mg malathion per egg on days L to

12 of incubation
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Fige 21].0

Percentage of various types of conzenital defects in chick

embrros treated with 6,12 mg malathion per egg on days L to

12 of incubation
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Figo 25 .

Percentage of various types of congenital defects in chick
embryos treated with 11.68 mg malathion per egg on-days L to

12 of incubation
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Fige 26 Percentage of various types of congenital defects in chick
embryos treated with 29.2 mg malathion per egg on days L to

12 of incubation
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Figo 27 °

Percentage of various types of congenital defects in chick
embryos treated with 58.h mg malathion per egg on days L to

12 of incubation
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Fig. 28. Percentage of various types of congenital defects 'in chick
embryos treated with 116.8 mg malathion per egg on days L to

12 of incubation
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Fige 29 Dorsal and ventral views of a 13 day old chick embryo with
abdominal edema after injections of €.L42 mg malathion per

ege on day 7 of incubation
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with abdominel edema, hemorrhages and feathe;‘ reduction; however, the
"malathion syndrome® was not evident.

As shown in Fig'. 28, eggs injected with 116.8 mg malathion on days
L to 7 produced embryos with hemorrhages, feather reduction, edema, neck
plisters, and micromelia and beak defects. The micromelia and beak d.ei‘ects
occurred after inieéctions on days L and 5. Egrs injected on days 8 to 12
vroduced embrvos with hvdrocephaly, hemorrhages and edema.

The "malathion syndfome ¥ was therefore evideflf éf*bér inj ections
on days li and 5 with concentrations which killed 50%. Some embryos devel-
oped this syndrome after injectims of either 58.1 mg or 116.8 mg on days
6 and 7. After cay 7, the abnormelities were confined to hydrocephaly,
henorrhages and edefj]a.. The greatest number of malformations occurred'a’c
a dose level which produced 50% morvality. Bej.ow thié ie\fel, the sbnorm-
alities decreased rapidly, whereas, above this level the embr,;/os died and

could therefore not be studied. The occurrence of the "malathion syndrome"

was very predictable and was our main interest.

Distribution of Malathion-P-2

in the Embryo and Yolk Sac

2¢ Gas flow counting

Having established the teratogenicity of malathion on the chick
embryo, we next wished to determine at which level the malathion was
actinge That is, does the label emter the yolk sac and/or the
embryo, and if so, does it concentrate 1n any particular orgen{s) or
celi(s). We also wanted fo confirm some of the peculiarities obseﬁed

when undiluted malathion was injected into the egge For example, when

undiluted malathion was injected into the egg on days L to 7, there was
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a delay in mortality. Was this delay due to the lack of entry of
malathion into the erbryo? We also wished to debermine if there was
a relationship between deaths ard/or malformations, and the amount of
label found in. the .yolk 5aC O EMLIVOe ‘ |

The distribution of malathion-P>% in fertilized eggs after
injections of 3.99 mg per egg on day L of inc'ubation and 6.li2 mg per
egg on day 5 of incubation is shown in Tables 21 and 22, and Figse. 30

to 33.

is shown in Pig. 30, after injections of 3.99 mg per-egg malathion—P32
on day L, the amount entering tk*;e embryo increased to day 13. There is ‘
a small increase between days 6 and 8§ and a much larger increase on days
8 o0 13. There is a larger amount of label in the yolk sacj. however, the
. trend is similar to the upbtake in the emoryo. The amount of label in the
voll: on the other hard, declines from day 6 to day 13. ' The albumen was
not analvzed and therefore the total counts of the embryo ¢ yolk sac +
' voll will not be equal to cach other on the days following -injectién.
is shown in Fig. 32, after injections of 6.2 rﬁg per egg malathion—?32
on day 5 of incubation, ‘the amount entering the erbryo increased to day
13. .The distribution pattern in the embryo and yolk s;ac is similar to the
day by injections.

32

The uptake of malathion-P”“ per gram erbryo after day L injections,
as shown in Fig. 31, increases to day 6. There is a2 sharp decline to day
8 amd then a gradual decline to day 13. The amount of label per gram

volk sac reaches a peak on day 6, droos sharply to day 7 and reaches

i e




Table 21

4

Distribution of P32 in fertilized chicken eggs after injection
. 32
of 3.99 mg malathion containing 1 pc malathion P3 per egg

on day L of incubation

Day of ino- Average Total vol Average Decay Total cpm Cpm/g

ubation wt (g) homogenate cpm per factor per homogenate
, ml 0.2 m12 homogenate
50,1949 1.20 332 0.7837 2,52 13,0L2
6 03232 1.60 1,068  0.7837 10,902 33,731
: 7 0.6322 1.70 1,015 0.7h6L 11,559 18,28
;‘ 8 1.0789 2,00 865 O.7LEL 11,588 10,741
: 10 2.591L 3.20 985 047109 22,169 8,555
13  5.5956 8460 Loy  0.58L9 36,317 6,190
5 1.1975 1.30 3,061 0.7837 25,305 21,127
: 6 04786k 1.Lo 3,129 0.7837 27,9L8 35,539
“ 7 1.5939 1.60 2,637 CuTh6h 253,371 17,799
- 8 1..190 2,00 2,078 04746k 27,840 19,619
o 10 1.6277 2420 2,634 067009 10,756 25,039
13 3.8870 3.30 2,00L 0.58L9 56,532 1,500
5 b3l k2,90 2,241 0.7837 413,220 1, 298
6 10.820h  39.L0 2,605 047837 655,488 16,619
e T 3646907 35.40 2,626 0.7LOL: 623,605 17,591
N 8 3k.T39  33.50 2,699 0.7h6L 606,106 18,080
" 10 29.3u22  28.30 2,547 0.7109 507,859 17,913
13 2L.1363  23.50 2,081 0.58k9 120,003 17,789

& gverage of 5 readings for each sarmle.




Table 22,

Distribution of P22 in fertilized chicken egps after injection

of 6.2 mg malathion containing 1 uc of malathion p32 per

egg on day 5 of incubation

Day of inc~ Average Total vol Avefage ecay Total cpm Com/g
ubation wt (g) homogenate cpm per factor ver homogenate
(ml) 0.2 m? homogenate
6 0.32L6 1.60 553  C.7837  5,6k5 17,391
: 7  0.7208 1.70 1,118 0.7208 12,71 17,662
: 8 1.2027 2.00 875  0.6771 12,923 10, 715
: 10 2.k692 3.20 982  0.6771 23,205 9,398
13 5.1h92 8.60 €81 0.58L9 50,064 9,723
. 6 1.72 1.10 2,987 0.7837 26,679 18,825
:; 7  1.9806 1,60 2,638 0.7h6Lh 28,274 1k,275
;‘ 8 1.8993 2,00 1,989 U677 29,375 15,466
~ 10 1,9032 2.20 2,536  0.5771 11,205 21,650
> 13 3.2385 3.30 2,138  0.58L9 60,312 18,623
6 3947233 38,40 . 2,506 0.7837 €13,622 15,988
7 32,7991 31.70 3,078 0.7u6k  653,L16 20,619
i*: 8 30.3L62  29.30 2,519 0.6771 515,392 18,601
s 10 28,5867 27.60 2,074 06771 L23,000 15,315
13  20.7000 20,00 2,123  0.58k9 362,960 18,148

8 pverage of 5 readings for each sample.




Fige 30 Distrioution of malathion-p>2 per embryo, yolk sac, and
yolk after injections of 3.99 mg malathion containing l it
malathion-p>° per egz on day L of incubation (CP¥/whole unit
represents the counts recordéd for the total structure; that

- is,l. the whole embryo, the whole yolk.sac, or the whole yolk)
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Figo 31o

Distribution of malath:‘.on--?32 per gram embryo, volk sac, and

volk after injections of 3.99 mg malathion containing 1 pc

malathion-p>2 ver egg on day L of incubation
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Fige 32. Distribution of malathion-p32 per embryo, yolk sac, and
volk after injections of 6.1i2 mg malathion containing 1 nc

‘malathion per egg on day 5 of incubation
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Fig. 33 .

Distribution of malathion—P32 per gram embryo, volk sac, and
yolk after injections of 6.1:2 mg malathion containing 1 jc

malathion—P32 per egg on day 5 of incubation




95—

uoijognoul jo AoQ

el 2 U o 6 8- L 9 L¢
o 0 o 40000l
v/
g | /oVAq
/ O |OO0.0N
v
y10A O ‘
305 AloA U Jooo'oe
ofiquw3l O

000'0Y

anssi} wb/NdD




. =96~

another peak on day 10 and then declines to day 13

The uptake of m:a.lzﬂ;hiorz--l?32 per gram ermbryo after day 5 injections,
as shown in Fig. 33, increases to day 7, declirues‘ on day 8 and levels off
to day 13, As in the da.y L injections‘,v the amourt in the yolk sac

membrane also has 2 peaks. The first on day 6, and the secord on day

10.

The distribution of mlatnlon—rB in fertilized eggs after inject-

ions of 105.12 mg ver egg (90%) malathion on days i and 5 of incubation

=15}
-

is shown in Tables 23 and 2L,and Figs. 3L to 37.

As shown in Fig. 3L, after injections on day L, the CPM (counts/min.)
ver e~bryo remains low to day 10 and then increases to day 13. The
amount in the yolk sac parallels the embryo to day 10 ard also increases
to dav 13. The amount of label in the 3;511{ fluctuates on thé various
daws tested., A similar pattern exists when the CPM per gram embryo is
plotted against the day of incubation (Fige. 35).

As shown in Fig. 36, after injections on day 5, the CPH per embrvo
ani volk sac remains very low to day 8. The uptake by the embryo
increases sligntly to day 10 and levels off to day 13, whereas, the
wtake in the yolk sac increases to day 13. The amount cf label in the
yolk fluctuates on the days tested. The CPM per gram embryc (Fige 37)
remains constant to day 13 while the CPM per' gram yolk sac membrane
.remains low to cay 8, increases to day 10 and levels off to day 13,

The CPM in emoryos and volk sac meﬁbranes after injections ofA 90%

32

malathion-P”" on days 6 to 12 are listed in Table 25. After day 6 .

injections, the CPM per gram erbrvo on day 7 of incubation was 371e
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nistribution of P32 in fertilized chicken eggs after injection

Table 23.
of 105.12 mg malathion containing 1 nc of malathion p3? per
egg on day L of incubation

Day of inc- Average Total vol Average Decay Total cpm Com/g

ubation wt (g) homogenate cpm per factor per homogenate
ml 0.2 m* homogenate

5 042500 1.20 L 0.7837 N 12k
o 6 0.3652 1.60 3 0.7837 31 85
™ 7 045900 1.70 13 0.7h6L 148 21l
‘: 8 1.1556 2,00 10 0.7109 120 104
= 10 2.,7240 3.20 Lo  0.6771 LS 3h7
13 6.1133 8460 347 0.5849 25,510 3,977
5 1.2077 1.30 67 0.7837 556 460
) 6 049330 1.ko L5 0.7837 102 131
:, 7 1.6807 1.60 L5 0.7L6hL 1182 287
;4 8 1.3375 2.00 17 0.7109 239 180
E 10 2.0525 2,20 97  0.6771 1,603 781
13 3.8551 3.30 296 045849 6,350 2,166
5 L3.61k9  L2.10 soly C.7837 135,500 3,107
6 h0.i167  39.00 235 0.7837 58,550 1,LL9
* 7 38,2846 37.00 11  0.7h6h 151,395 3,95l
: 8 33.0165  31.90 1,330 0.7109  298,L55 9,0l
10 28.0278  27.10 999 046771 199,770 7,130
13 20.8552  20.10 1,056 0.58k9 181,894 8,720

2 pverage of 5 readings for each sarple.
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Table 2L, Distribution of P32 in fertilized chicken egis after injection
of 105.12 mg malathion containing 1 nc of malathion P32 per

one on day 5 of incubation

Day of inc- Average Total vol Average secay Total cpm Com/g

ubation wt (g) homogenate cpm per factor per homogenate
(m1) 0.2 m? homogenate

6 0.2k 1.60 8 0.7837 82 185
o 7  1.0870 1.70 9 0.7L6L 102 96
: 8 1.2589 2,00 9  CebTTL 133 - 106
S 10  2.1850 3420 26 045293 661 303
13 6.74L5 8.60 280 0.58L9 20,585 3,0L3
6  1.1695 1.40 b2 047837 355 32
: 7 1.7962 1.6C 31 0.7kéL 332 185
“ 8 2.9703 2,00 26 0.6771 38h - 129
: 10 1.7689 2420 W3 C.6293 2,199 1,413
:« 13 5.2828 2430 155 0.58L9 Ly 373 828
6 142.0313 L0.60 501 0.7837 129,800 3,088
7 36,0563  35.60 560 0.7h6L 135,585 3,625
: 8 28.8351 27.90 688 0.6771  141,5L1 L, 509
: 10 2642683 25.L0 55 0.6293 110,908 Ly, 222
13 26.Lh960 25.60 73  0.58k9 159,753 6,029

8 pverage of 5 readings for each sample.
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Fig. 3k.

Distribution of mala_’r,hion—P32 per embryo, yolk sac, and

yolk after injections of 105.12 mg malathion containing

"1 peof malathion-P32 per egz on day li of incubation
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Distribution of malathion—P32 per gram embrvo, yolk sac, and
volk after injections of 105.12 mg malathion containing 1 nec

of malathion-p-° per ege on day L of incubation
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Fige 36

Distribution of malathion-P32 per embryo, yolk sac, and
volk after injections of 105.12 mg malathion containing 1 e

of malathion-P32 per egz on day 5 of incubation
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yolk after injections of 105.12 mg malathion containing lpc

of malathion~p32 ver egg on day 5 of incubation
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Table 25. Distribution of P32 in fertilized chicken eggs after an injection

of 105,12 mg malathion containing 1 nc per egg

Day of Average Total vol Average Dascay Total com Cpm per
incubation wt (g) homogenate cpm pex factor per gram
and (ml) 0.2 m. homogenate homogenate
extraction
6-=7 0a7685 1470 25 0.7h6L 285 371
6==9 1.5589  2.20 33 0.6Lk8 563 361
o 613 6.6370 8.60 130 0.58L9 9,557 1,500
> 910 2.0223  3.20 61 0.58L9 1,669 825
13}
o 10=—-11 2.9828 5,20 7 0.5571 3,314 1,111
E ’ .
1112 1.8588 6450 160 045306 9,800 2,017
12—=13 5.6850 8.60 135 0.505L 13,486 2,020
b 1,2887 1.60 303 0,746k 3,248 2,520
o 69 1.5799 1.80 253 0.6uL8 3,531 2,235
s 13 16390 3430 91 0.58L9 2,568 s5h
@ 9=l 1.93l1  2.20 211 0.58L9 3,968 2,052
: 10--11 1.816L 2450 2k 0.5571 5,588 3,076
° 11-12 2,2215 2,60 163 0.5306 11,3LL 5,106
>
1213 5.0127 330 775 0.5054 25,302 5,048
67 320850 31.00 1,392 0.7h6L 289,060 9,009
6-=9 33.0lkls 31.90 190 0.6LL48 121,32} 3,672
6=-13 23.L4715 22,70 392 0.58L9 76,001 3,238
A
- 9=10 26,9488 26400 211 0.58L9 L6,968 1,743
: 10--11 29,4119 28,40 356 045571 90,805 3,087
11—12 24,1753 23440 62k 045306 137,359 5,682
12—13 21,5685 23.70 1,355  0.5054 318,240 12,953

8 Average of 5 readings per sample.
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This amount increased l=fold to day 13. - The amcunt of label in the yoll
sac nerbrane decreased Li-fold from day 7 to day 13. The erbryros died
within 2 days of injectlons on days 9 to 12 and therefore the uptake
could' oe followed .for only 1 day after injection. The CPM per gram
eubryo injected with 90% malathion-Po¢ on days 9, 10, 11 and 12 and
extracted 1 day later, increased from 825 to 2020 respectively. The CPY

per cram yolk sac membrane extracted 1 day later were 2052,-307€, 5106

fu

and 5018 respectively.

RNA, DNA and Protein Synthesis

To determine if malathion had any effect on RWNA, DNA, or protein

synthesis in vivo, we studied the uptake of labelled nucleotides and an
amino zcid in malathion-treated and untreated chick erryose

The liouid scintillation system was checked for quenching by count-
ing a known amcunt of the isotope and then adding a sample of the TCA
extract which was solubilized with hydroxide of hyamine, The 'sample was
recounted and the results are shown in Table 26. The CPM are reduced to
8% and 7% efficiency for embryo sarples solubilized in hyamine and added
to_ a known amount of tritiated thymidine and uridine respectively. For
valine C:u*, the counts are reduced to 18%, Because of the quenching
problem, another system was used whereby the tissue is suspended in a.gel
made with Triton-X 100 (Patterson and Greene, 1965). A comparison of the
2 scintillation systems is shown in Table 27. The results indicate a
large increase in the number of counts for the Triton~-X 100 system over the

hyamine system. . The former system was therefore.used to count the samles.
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1 Table 26, The effect of quenching on embryonic tissue extracts solubilized
in hydroxide of hyamine2

Compound Counts per minute Efficiency

3

Thymidine-H 12,400

(0.5 xuc)

Thymidine-H> 1,093 8%
(0.5 nc) +

Hyamine sol.

tissue

Uridine-H3 11,800
(0.5 mec)

Uridine-H3 : 920 7%
(0.5 mc) +

Hyamine sol,

tissue

Va.line—Clh 57,200
(0.1 ue)

Valine-c** 10,276 18%
(0.1 puc ) +

Hyamine sol.

tissue

a2 3 gamples of each.
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Table 27. A comparison of 2 scintillation systems on the uptake of
ur.i.dine-H3, thynﬁ.dine-H3, or valine-clh in TCA extracts

of 7 day chick embryos injected 12 hours before extraction®

Sample Hyamine-1liquid NAOH-Triton X-10U Efficiency
system gel system (%)
(cpm) , (com)
Blank 20 65 ' -
Uridine-H3 L7 215 18
Thymidine-H> Lo 20l 15
Valine-Cil 119 561 20

2 5 gamples of each.
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Examination of 15 day emb*yos from eggs injected on days L and 5
with non-radioactive uridine, valine or thymidine revealed no abnormalities,
or sizé decrease. The compounds were considered non toxic since the mortal-

ity was no greater than that observed when distvilled water was injected (30%).

To determine if any radioactivity was in the TCA-non-precipitavle
fraction (supernatant}), an alicuot of the supernatant of the TCA treated
thymi i dine-H3 sample was added ‘o the Triton-X 100 mixture. The resulis
are listed in Table 28. The counts were similar to the background. - The
supernatant fractions of the uridine-H> and valine-Cil samples were also

counted; however, there was also no radioactivity in these fractions.

Table 29 1lists the uptake of labelled uridine, thymidine, and
valine in both untreated and malathion treated embryos; Por the
thymidine—HB treated embryos, the CPM increased to I+ hours, levelled
off at 30 hours and then declined to 96 hours after injection. The
uptake of thymidine—H3 in the malathion treated embryos followed the
same pattern. The Studentts "t" test was used for the statistical
analyses in comparing the effect of malathion. Seven of the 12 values
were significantly lower than the untreated embryos. Three values showed
no significant difference, and 2 were significantly higher.

Klso from Tsble 29, the CPM for the uridine treated and wuridine-
ralathion treated embryos increased to & hours, levelled off to 36lhours
and declined to 96 hours after injéction. Six of the 12 values for the
melathion treated evbryos were signiiicantly lower than the untreated,

li values showed no significant difference,- and 2 were significantly:

higher (Student's g test)e
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Table 28, Determination of radiocactivity in the supernatant fraction of
TCA extracts after the injection of thymidine-H3 in malathion
treated and untreated 5 day chick embryos

Hours after Injection Thymidine-}i3 Thymidine-H3 +
(cpM) : Malathion

(cpm)
2 63% 60
b 61 60
6 52 65
8 52 ' 6l
10 52 48
12 k5 48
24 L2 62
. 30 5k 65
36 50 : Th
48 53 43
T2 37 - L2
96 37 41

a .
CPM of blank is 55.

b
average reading of 5 samples.
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%o 18 hours, and then declined to 9€ hours. Six values of the malathion
treated series were sirsnificantly lower than the untreated, 1 was signif- .-
icantly hirher, and 5 showed no sipnificant differences between the 2
groups (Student's "™ test).

If we combine the values ovéf the L1 day treatment period and take
a mean of the ratios of the experimentals/controls (Table 29), we find
that for thymidine there was a 12% drop (at 90% confidence limits, the
resultant confidence interval ranges from a L to a 20% drop); for
uridine, there was a L¥ dropi(at 90% confidence liﬁits, the resultant
confidence interval ranges from a 10% drop to no change); for valine,
there was a 5% drop (at 90% confidence limits, the resultant confidence
interval ranges from a 12% drop to no change). These results indicate
a significant drop in DNA synthesis. Also, there is a slight drop
in RHA and protein syntnesis; however, the values are on the borderline
of significance.

Trymhophan Assay

Sirce tryétophan allevieted the "melathion syndrome", we did a
triptorhan determination on enmtryo and yolk sac homogenates treated
with malathion in'vivo to ascertain if there was a2 chaange in the total
trvptophan in the treated tissue. As shown in Tadble 30, there is a
marked <Zecline in the total tryptophan of the embryo on day 6, 7, and
8, after an injection on day l, and the values were significant at
the 5, 1, and 10% levels respectively (Student!s ¥t" test)s The yolk

sac values were significant at the 5 and 1% levels on days 6 and 7

respectively.




Table 30,
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Tryptophan assay of 5 to 8 day old chick embryo and yolk sac

homogenates treated with malathion in vivo

Untreated
embryos

Malathion
treated
enbryos
(3499 mg-
day L)

Malathion
treated
embryos
(60&2 mg-
day 5)

Untreated
yolk sacs

Malathion
treated

yolk sacs
(3099 mg-
day L)

rlalathion
treated
yolk sacs
(682 mg-
day 5)

ricrograms tryptophan per gram wet weight

Day S Day 6 Day 7 Day 8
591.80°423.357  611.66£31.6  626.61£18.96 77641233431
gl M
589465£22498  L91.B7:22.91  517.93:19.29  690.20i:24.88

W
523585215.83  685.9825,50
1053.50£19.59  1213.78442.68 1215.0136.06 1267.0538.64
1026,21564495  1067.5i33.77 1078.55159.66 1315.00849.L0

* Ll
11k 6821496 1054.03£41.28

*bifference between reans significant at 107 level; *¥5e level;

(Student®s "t¥ test),

3ean values

bSi;andard error,

ml% level
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~Embryos and yolk sacs of eggs injected on day 5 were assayed for
tryptophan on days 7 and 8 of incubation. The day 7 and 8 erbryos were
simnificantly lower than the controls at the 1 and 10% levels respective-

ly. The day 8 yolk sacs were significantly lower at the 1% level,

Acetylcholinesterase

The activity of acetylcholinesterase of untreated, malathion-treated,
malathion—nicotina'nide—trea'l?ed and malathion—tryptophén—treated embryos
is shown in Fig. 38. There is a marked reduction in the activity in all
of the malathion treated groups. The number of milli~units p.er gram
embryo drops from over 17C0 in the L day control embryos to 130, 190 and
297 in day 5 embryos treated with malathion, malathion and nicotinamide,
and malathion and tryptophan respectively. That is, the activity remains
inhibited by malathion when in the présence of tryptophan or nicotinamide.

Lactate and Malate Dehydrogenases

Table 31 lists the results of the malate (MDH) and lactate (LDi-I)
dehydrogenase assays on i to 7 day chick embryos homogenatese The embryos
were injected with malathion on days 3, L, 5, and 6 and remo;red for
gnalysis 2l hours after injection. The activity of LDH on each of the
days tested was similar in both the controls and treated embryos. The
differences were not significant at the 5% level (Studentts "t¥ test).

.The activity of DH was lower in the melathion treated enbryos on
days L, 6, and 7o These values were significant at the 1% levele

To determine the duration of the effect of malathion on the activity
of MDH, the enmbryos were treated wi*;h malathion on day L and removed for
analysis ondays 5, 6, 7, and 8, The results are shém in Table 32, The

values were lower in the treated embrycs on days 5, 6, and 8 and were
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Acetvlcholinesterase assay of embrvo homogenates from chicken

4 writh 3.99 mg malathion on day L of incubation




Milli-units per grdﬁi embryo
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@ - Control-untreated embryos.

O- Malathion + Nicotinamide (5 mg/egg)

O~ Malathion

O-Malathion + Tryptophan (5 mg/egg)
VAN

Day

of incubation.




Table 31, Assay of lactate dehydrogenase (LDH) and malate dehydrogenase (MDH)

on i to 7 day old chick embryo homogenates treated with malathion

in vivo®
Units per gram of wet tissue
Day L Day 5 Day 6 Day 7
Untreated 25,19P40.80C 27,11 £0.68 25,42 £0.52 33,30 £1.08
enbryos 22,12-29.33%  23.39-30.66  20,25-27.13  29423-L1.L5

o]

% Malathion 26.18+1.19 26,05 £0.49 21,92 20, 32412 £1.12
treated 21.03-32.32  23.67-29.0L, 19.96-211.29  27.33-37.55
embryos
Untreated 55.69 2.5 53.81%2.,2; LS.dh+1.5L 60.78 £2.38
embryos 37.08-61422  Ll1.63=65456 Ll1.15-58.27 U3.20-68.95

<]

2 Malathion Ibe6122,10% 53.76£1.97 35.73 £ 1.59% 38085 + 2.21%
treated 29011=55.66  L11.99-65,56 29,1L-h2.12 28.L41-50.77
embryos

a

Incubated white leghorn eggs were injected with 3.50 mg malathion in corn

0il on day 3, with 3.99 mg on day kL, with 6.2 mg on day 5, and with 8.12
mg on day 6. Ten embryos per group were removed for analysis 2l hours

after injection.
Mean value
¢ standard error

d Range

Significant at 1% level




Table 32, Malic dehydrogenase assay of chick embryo homogenates from
fertile chicken eggs injected on day L with 3.99 mg malathion

and removed for assay at 2l hour intervals

Units per gram embryo

Day 5 Day 6 Day 7 .Day 8

Untreated embryos  hlia72221.00°  12.9241.35  L7.5241.87  55.89+2.81

Malathion treated  37.92t 1,38 39.[50.83 LB.B0LeTS 5207582457
exryos

3 Mean value of 10 embryo homogenates
D Standard error

¥ Significant at 1% level
*significant at 5% level
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significantly lower on days 5 and 6 of incubatione

Klkaline Phosphatase -

Table 33 1ists the total alkaline phosphatase in embryos treated
with malathion on days 3 to 7 of incubation and rempved for analysis _21;
hours after injection. The activiity expressed in milli-units per gram
wet weight, was lower in the malathion treated embrycs on day L, and
higher on days 5, 6y and 7o The day Ly values were significantly lower
2t the 5% level and the day 5 values were significantly higher at the
5¢ levele The days 6 and 7 values were not significantly different than

the controls,

Histochemical Determinations

The histochemical reactions revealed no observable differences
between the malathion-treated and untrez ted groups except for acetyl-
cholinesterase and MDH. The reactions for MDH, LDH, and DPN and TPN
diaphorases were all strong especially in the kidney tubules, howevef,
there was a2 slight reduc’cion in the intensity of the MDH sta;'Ln in the
idney tubules of malathion treated embryos (Fige 39 and LO)e The
intensity of the staining for succinate and gluéose—é—phosphate dehydro-
genases were weaker in both the treated and untreated sectionse

Acetylcholinesterase was markedly reduced in the malathion treated
sections, especially, in the brain, ganglia and somites (Fige LI and L2).
Recovery was not apparenﬁ up to day O since the enzyme was inhibitea in

all malathion treated sections that were examined (days 5 to-8)e
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Table 33. Assay of alkaline phosphatase on i to 7 day chick embryo

"homogenates treated with malathion in vivo?

Units per gram embryo

Day of incubation

L 5 6 7

Untreated LB6.65P229.98°  1,87.89432.07 332.4,2425.8L  311.94425.76
embryos

Malathion  351e5B16.81  620.55447.48  358.96£10.83  353460:23.06
treated .
embryos

3Tncubated white leghorn eggs were injected with 3,50 mg malathion in
corn.oil on day 3, with 3.99 mg on day L, with 6442 mg on day 5, and
with 8,12 mg on day 6. Ten embryos per group were removed for
analysis 2l hours after injection.

bMean valuee
Cstandard error.

¥%significant at 5% level,




Pige 39. Bmbrvo sections ceronstrating lactate dehydrogenase activity
" in kidney tubules. The lower 2 sections are from an uninjected
control embryo and the wpper section is from an embryo treated
with 6.):2 mg malathion on day 5 of incubation. The lower sect-
ion is from an unstained control. The middle and upper sections
have been stained to deronstrate lactate dehydrogenase activity.
Therebis no detectable differences between the 2 upper sections

X 100
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Fige .hO-

Enbryo sections demonstrating malate dehydrogenase activity h

‘kidney tubules. The upper section is from an uninjected

control embryo, and the lower section is from an embrwo treat-
ed with 6,42 mz malathion on day 5 of incubation., There is a
slight reduction in the intensity of the staining in the lower

section X 100
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R e

Embrvo sections from embryos demonstratin acetvlcholinesterase
[L > Y

activit&. Note the absence of activity in the malathion treated

upper section and the intense staining in the somite of the

uninjected control X 0O







Fig. )420

- Embryo sections of the optic lobe demonstrating acetylcholin-

-malathion treated upper section and the intense staining in

esterase activity. Note the absence of activity in the

the uninjected control X L0O
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Malathion Breakdown Products and Related Compounds

Table 3l lists the mortality data after injections of mercapto-
succinate, diethylsuccinate, succinate, malonate, diethyl malate and
mala‘be‘ on days L and 5 of incubatione. All of the above cecmpounds were
less toxic than malathion at the concentrations injectedeo

Fifteen embryos of each group were extracted on day 1l of incubation,
and examined for gross morpholegical defectses A comparison-of external
characteristics of mercaptosuccinate treated embryos are listed in Table
35 and 36, Treatment of 5 mg per egg on day L amd 5 produced normal
looking embryos after gross inspection. Treatment of 20 mg per egg on
day L produced 2 embz;yos with skeletal defects (which included shortened
" mexillae and missing cranial bones) and 1 embryo with short legs. Treat-
rent of 20 mg per egg on day 5 produced normal embryos. Treatment of
30 mg per egg on day L produced 5 em‘bryos that were smaller tnan the
controls, however, no other abrormalities were visibl.e. Treatment of
30 mg per egg on day 5 produced 3 smaller embryos, however, no other
malformations were apparent. |

The weights of the day L treated embryos were sj.gnificantly lover
than the con;t,rols at the dose levels indicated {Table 35)« The body
lengths were significantly lower afiter 20 mg and 30 mg (103 level) treat—
ments and the leg lengths were significantly lower after 5 mg (10% level),
20 mg (5% level) and 30 mg (1% level) treatments. After injections of
30 mg per egg on day 5, the weights and leg lengths of the embryos were
significantly lower than the controis, however, the body lengths f-zere

not significantly different,
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Tgble 3ke Mortality of chick embryos after injections of compounds
related to the side chain moiety of malathion®

Compound Amount injected Day of Percent b
per egg (mg) injection mortality
Malathion 3.99 L 54
.6.42 5 48
Mercaptosuccinate 5.00 4 28
5 24
. 20.00 4 34 -
' 5 24
30.00 Y 3k
5 L7
Malonic acid 5.00 Y 2k
5 11
30.00 L 23
5 .34
Malic acid 5.00 y 1k
] 14
30.00 L 22
5 20
Succinic acid 5.00 4 21
5 11
30.00 y 26
5 24
Diethylsuccinate 5.00 y 27
5 18
30.00 L 28
5 14
Diethylmalate 5.00 ) 12
5 16
30.00 L 29
-3 22

2 Each of 50 epgs injected.
bEggscandleledzysaﬁ:erimjection.




Table 35. The effect of mercaptosuccinate on the length of the hind limbs,

.mandible, and body in chick embryos treated on day b of incubation

1.2l

and examined on day 142

mercaptosuccinate
Parameter Control Malathion 5 mg/epg 20 mg/egg 30 mg/egg
(corn oil)  3.99 mg/egg
b ”r . Hae k- =%
'.\!eight 10.6810.19. 8.891'0.36 9.66—"-'0.).12 8.98&1006 9. 2620. 29
(g)
< ' en

Body 6548020407 570300419 63e90%0,13 61.80%0.09  63440%0,10
length® - ‘
(mm) .

3 x %
Leg ,  L2.00£0.05 28.0060.23  L0.300.,08  38.G0t0,18  38.L020.1
length
(rmm)

*

Handible 10.0020.01  8,00¢0.0L 947020602 94 TU£0403 9.?6!0.02
length®
{rm)

& Fifteen embryos examined per groupe

b Standard error.

€ Croun to rurp lengthe

4 From acetabulum to phalanges.

® From gape to distal end of bone.

* significant at 13 level.
¥ Significant at 53 level.

Significamt at 10% level,
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Table 36. The effect of mercaptosuccinate on the length of the hind limbs,
mandible, and body in chick embryos treated on day 5 of incubation
and! examined on day 142 v
Mercaptosuccinate \
Parameter Control Malathion 5 mg/egg 20 mg/ege 30 mg/egg
(corn oil)  6.1:2 mg/egy
b- ! ' we
Weight 1006820420 8.3620.91  11.00%0428 1042720022 949140023
g) ]
Body 6548020407  58.1020,12  66430:0408  6l1430£0.06  6L4Li0+0.06
length® : )
(rm;
#* 8t
Leg 42,00£0,05 28.40%*0.11  41.60%0,10 L1e30:0.05  L0.20£0.09
length
(rmm)
e
Mandible 10.,00%0,01 8.20+0.09 10.0020.01 10.1020.01 9,80+0.02
length®
(mmm)

@ Fifteen embryos examined per group.

b

€ Crown to rump length,.

Standard error.

d From acetabulum to phalanges.

€ From gape to distal end of bone,

¥ Significant at 13 level,

** Significant at 5% level.

% Significant at 105 level,




~126

In a second series of experiments using the same injection schedule,
20 eggs of each group were allowed to hatche Twelve chicks hatched after,
injections of 5 mg per egg of mercaptosuccinate on days L and 5 of incu-
bations One chick in each group was reatherlless in the abdominal region
only, and 5 chicks treated with 5 mg on day L, had bleached featheréo None

£ the embryos hatched after injections of 20 ng per egg on days L and 5.
The embryos were extracted and examined, and none appeared malformed.

:Q.fter injections of 30 mg per egg on day li, 1 chick hatcheds The extracted
embryos appeared smaller than the controls, and L had bleached feathers.
None of the chicks hatched after injections of 30 mg per egg on day 5,
however, the unhatched embryos appeared smaller than the controls and 3 had
bleached feathers. A1l ezﬁbryos excamined on day 1l of incubation appeared
normal, however, 3 were lighter in colour than the controls. "Also, all
embryos examined on day 1L appeared normal following injections of 5 and.
30 mg per egg malonate, malat;a, diethylmalate, succivé.te, and diethyl—
succinate on days L and 5 of incubation.

Table 37 lists the mortality data after several mal at’zﬁon breakdown
products ard standards were injected into fertile eggs on day 5 of incub-
ation. One embryé in each group after injections of malathion monocarbox-
ylic acid (5 mg) ard potassium dimethyl phosphorodithioate (10 mg) was malformed.
Eoth of them had 1 eye ard a crossed beaks. DNone of the other compounds
which included malathion,_giicarboxylic acid, CO-desmethyl malathion
potessium salt, potassium dimethyi phosphorothicate, and sodium dimethyl
vhosphate were teratogehic at the Q<;se levels administerede

Tifteen eggs of each gmup. were 2llowed to hatch.s The percent hatch
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Table 37. Mortality of chick ermbryos after injections of malathion
breakdown products and malathion standards into fertile

‘eggs on day 5 of incubation?

Each of 30 eggs injected.
b

Eggs candled 10 days after injection,

Compound Amount injected Percent Percent
per egg hatch mortalityP
(mg)
Malathion monocarboxylic 5 86 g
acid 10 9L 27
Malathion dicarboxylic 5 63 23
acid 10 7 12
O-desmethyl potassium 5 8k il
salt 10 63 20
Potassium dimethyl 5 70 8
phosphorodithioate 10 70 20
Potassium dimethyl 5 17 18
phosphorothioate 10 56 16
Sodium dimethyl phosphate 5 8k 6
10 7 16
Malaoxon 5 -— 77
1 - 64
0.1 - 1k
Malathion technical-95% 6.42 _— 57
(1968)
Malathion technical-95% 6.h2 — 64
Secondary standard
Malthion primary standard 6.42 — 56
99.3%
a
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is lis®ted in Table 37. Two embryos were malformed after injections of
5 mg per egg sodium dimethyl phosphate; 1 had an enlarged head and another
lacked the left eyc. Three embryos had sparse feathers after injections
of 10 mg per egg malathion dicarboxylic acid and 3 embryos had bleached
feathers after injections of 5 mg O-desmethyl malathion pot.,a.ssium salte
After injection of malaoxon into fertile eggs on day 5 of incubation
the erbryos exhibited the "malathion syndrome, however, the mortaiity
was higher than with malathion, When malathion primary and secondary
s{:andards were injected into 5 day fertile eggs, the malfommations were
similar to those obtained with malathion technical grade (1968) used

throughout this work,

- s e

¥odifying Agents

Table 38 compares the effects of the injection of a secord compound
with that of malathion only. Of the amino acids, glycine prevented the

malformations in L%

s but the enbryos remzined stunted. Tryptophan, on
the other hand, not only prevented the malfarmations but also- prevented
the growth inhibition (Fig. Lj3), that is, the embryos appeared normel in
all respecis. O the other compounds tested, quinolinic acid, nicotinic
acié and nicotinamide prevented malformations in up to 927 of the embryos
depending on the compounds used, but none were effective in preventing
growth retardation. In 2 of L experiments, indole was effective in preve'nt-
ing malformations, however, in the other 2, it either had no effect or
appeared to act synergistically with malathion.

Measurements of external characteristics of corn oll cntrols,

malathion treated, mala‘bhj.on—nicotinmnide treated, and mala‘tl&ion-tryptophm
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Table 38, Percent malformations and growth retardation in 15 day old
chick embryos injected on day 5 of incubation with malathion

ani various other comounds®

Treatment (0.025mmoles Percent Growth
per egg except melformations retardation
wvhere indicated)
Malathion (Mal-6.42mg 80 Yes
per egg)
Alanine 0 No
Ala + Mal 84 Yes
Glycine 0 No
Gly + Mal Ly Yes
Valine 0 No
Val + Mal 78 Yes
Leucine 0 No
Leu + Mal 80 Yes
Isoleucine 0 No
Iso + Mal 84 Yes
Sereine 0 No
Ser + Mal 8o Yes
Cysteine 0 No
Cys + Mal 90 Yes
Methionine 0 No
Meth # Mal 80 Yes
Glutamic Acid 0 No
Glu + Mal 78 Yes
Lysine 0] No
Lys + Mal 68 Yes
Arginine 0 No
Arg + Mal 76 Yes
Histidine 0 No
His + Mal 80 Yes

8 25 Embryos of each group were examined.




Table 38, GCont'd

Treatment (0.025mmoles Percent Growth
per egg except malformations retardation
where indicatéd)

Tryptophan 0 No
Try + Mal 0 No
Phenylalanime 0 No
Phe + Mal 8k Yes
Tyrosine o] No
Tyr + Mal 8o Yes
Proline 0 No
Pro + Mal 68 Yes
Thiamine HCl 0 No
Thi + Mal 8o - Yes
Anthranilic Acid 0 No
Anth. A. + Mal 76 Yes
Quinolinic Acid 0 , No
Quin. A. + Mal 5 . Yes
Serotonin Creatine Sulfate 0 No
Ser., Cr. Sul. + Mal 80 Yes
Indoleacetic Acid 0 No
Ind. Ac. A. + Mal 80 Yes
Vitamin A 0 No
Vitamin A + Mel 82 Yes
Riboflavin 0 No
Rib + Mal 80 Yes
Indole b 0 No
Indole + Mal 6(82) Yes
Nicotinamide (Smg/egg) 0 ' No
Nic + Mal 10 Yes
Nicotinic Acid (Smg/egg) 0 No
Nic. A. + Mal 8 Yes

b In 2 of L experiments of 25 embryos each, indole counteracted the effect
of malathion while in 2 other experiments there was no counteraction
but rather a synergistic effect.
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Fige 43.  Photograph of 15 day chick embryos. The left chick is from an
eng trested with malathion, the middle chick is from an egg
treated with malathion and nicotinamide, and the right chick

is from an egg treated with malathion and tryptophan
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treated animels are listed in Table 39, In the malathion treated and

malathion-nicotinamide treated grows, the body lengths and gross weights

were similar but were less than the corn oil controls. The leg lengihs
were shorter and malformed in the malathion treated animals while the legs
of those treated with malathion and nicotinamide appeared proportionél

tp the size of the animale.

Table 4O lists the degree of malformations produced by compounds

with k-values (measure of energy levels of molecules) which are in

the same range as tryptophan. The embryos were not only malformed,

but the degree of malformatiohs were greater than the malathion controls
(Fig. Wb and, 45)s The animals were sﬁaller, their legs short and twist-
ed, and in sone .instances the digits, tibiotarsus, and tarsometatarsus
bones were absent, frecuently on cne side only. In others, a hematoma
in the fore or hind limbs prevented the formation of digits. ZExterior-

ization of the viscera and edema were also common features.

insulin Injections

Table L1 lists the mortality aata of chick embryos after insulin
injections on days L and 5 of incubation. The mortality was in the same
range as for malathion injections except for protamine zinc insulin which
was higher on both days of injection.

Fifteen embryos of each group were examined for gross rorphological
defects on day 1li of incubation. After injections of Toronto insulin-on
day li; 13 embryos had no apparent malformationss however, they were
smaller than the controlse Ore 'embryo lacked the tarsometatarsus bone

and digits from the right hind limb, and another had a shorter upp.er beak




Table 39. The effect of simultaneous injections of malathion and
nicotinamide or tryptophan on the length of the hind limbs

body and mandible in chick embryos treated on day 5 and

examined on day 15 of incubation

Treatment Control Malathion Malathion Malathion
{corn 0il) 6.12 mg ver €.;12 mg and 6.12 mg and
egg on day 5 nicotinamide tryptophan
5 mg ver egg 5 mg oer egg
on day 5 on day 5
No. of eggs 25 25 25 25
per group
Weight (g) 11,51t 0.14%  8.84%0.18 8.66% 0,1l 1208 0,19
Range  10.00-12,90 6,1:0=10,20 7+20=10.00 10450=14420
Body Length® 67.30£0.37 60,202 0.5  57.50%0.61 615268 * 0.5k
Range 6Li,00=71.00  56,00-65.00 53,00=62,00 62.00-70.00
leg length® 1,3.80% 0,25 25.30%1.06 3846l £ 0,33 L5ehh £ 0.55
. (mm) Range k1,00-15.00 9.00=35,00 37.00=L:2.00 L0.00-~50.00
Mandibled 10.90£0.07  8.00%0.19 9.28 £ 0.18 10,96 £ 0,15
Length (mm) Range 10.00-11.00 5 +00=9.00 8400=11.00 10.00-12.00

8 Standard error.
P crovn to rurm length,
¢ From acetabulum to phalanges.

d From gape to distal end of bone.
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Table 40.. Degree of malformations in 15 day old chick embryos
injected with malathion and other compounds with
: "k-values" in the same range as tryptophan 2

K=-Values
Treatment Highest Lowest Degree of
occupied empty malformations
(mg per egg) molecular molecular
orbital orbital
Malathion (6.42) +
Tryptophan (5) 0.53k -0.863 -
Try + Mal -
Indole (2.5) 0.53k . -0.863 -
Indole + Mal ey =
Indoleacetic acid (5,2.5) 0.479 -0.863 -
Ind. Ac. A, 4+ Mal LT %
Adenine (2.5, 1, 0.5) 0.486 -0.865 -
Adenine + Mal PR,
Guanine (1, 0.5) . 0.307 -1.050 -
Guanine + Mal e
a-naphthol (2.5, 1, 0.5) 0.519 -0.6T1 -
a-naphthol + Mal FIRrarery
B-naphthol (2.5, 1, 0.5) 0.569 -0.637 -
B-naphthol + Mal red
Quinoline (1, 0.5) 0.770 -0.h4k0 -
Quinoline + Meal ++
Imidazole (2.5, 1) 0.660 -1,160 -
Imidazole + Mal . +

15 embryos of each group were examined for malformations on
day 15 of incubation.

¢ signifies the degree of malformations with malathion alone.
Increasing plus signs signifies greater degrees of malformations
- signifies no visible malformations.

In 2 of & experiments embryos treated with indole and
malathion were synergistically malformed, while in 2 other
experiments indole prevented malformations,
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Photograph of a 15 day 0ld chick embfyo treated with malathiom
and in‘oleacetic acid on day i of iﬁcubation. The left view
shows the entire embrvo. Note the lack of digits on the right
leg, the abdominal hernia, and the shortened beak. The right
view illustrates a hematoma in the right wing in place of

digits, as well as exteriorization of the viscera
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Figo hs ¢

Photozraph of 15 dary old chick embrvos. The left chick is from
an uninjected egg. The second from left chick is from a malathion
and guanine injected egs, the thirl from left chick is from

g treated with malathion and we-naphthel, and the right

chick is from an egg treated with malathion and adenine
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Table Ll., Mortality of chick embryos after injection of insulin into _
I and 5 day old incubated chicken eggs

Compound Amount injected Day of . Percent
per egg injection mortalit;

Insulin "Toronto" N b 532
, b 5 60
Insulin "Lilly™ N L L6
(Illetin) - L 5 .57
Insulin crystals 5 I L7
"S:l.gma" . 5 5 58
rrotamine zinc L L 70

" dnsulin L 5 66

8 jverage value 3 experimental runs of 30 eggs each.

b Eggs candled 10 days after injection.
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and was about half the normal size. ALl einbryos appeared normal after
Toronto insulin injections on day 5. After injections of Illetin on day
L, 13 embryos were free of visible malformations, and 2 had short hind
limbse After day 5 injections, 12 were free of visible malformations,
and 3 had short hind limbs which were outstretched in a horizontal plane,
None of the embryos developed ma2lformations after injections of protamine
zinc insulin or insulin crystals into day L or 5 incubated eggse

Some eggs that were treated with each of the L insulins were
a2llowed %o hatch, More than 80% of the eggs hatched. None of the
hatched chicks were abnormalj horever, some cf the Illetin treated embryos

were smaller than the controlse

Duration of Reversal of Mglathion Syndrome

To determine up to what day of incubation we could reverse the
malathion-induced teratisms, we injected nicotinamide, quinolinic acid,
or tryptophan at daily intervals from day 5 to day 9, into eggs pre~injected

O

el

day 5 with 6.42 mg malathion per egge. The results of these experiments
‘ are listed in Tebles L2 to bhe

The reversal of the syndrome by quinolinic acid can occur after an
injection of quinoliniec acid wp to day 8 of incubation. After this
f interval, reversal can still occur, however, 25% of the embfyos were
m2lforied on day 8 and the .number malformed increased to day 10. An inject-
ion of cuinolinic acid on day 11 or 12 camnot reverse the 'malathion
syndrome®,
Nicotinamide can reverse the "malathion syndrome" up to day 9 of

incubation. An injection of nicotinamide on day 12 has no alleviating
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Table 42. Reversal of malathion-induced teratisms after injections of 5 mg
nicotinamide at 2L hour intervals into fertile chicken eggs
previously injected with 6% malathion on day 5 of incubation?

Compound(s) injected Percent Malathion Other abnormalities
mortality syndrome including abdominal

{percent edema, neck blisters,
viable and exteriorization
embryos) of viscera

Malathion L2 88 10

Mcotinamide 28 0 0

Malathiontnicotinamide 6l 0 9

injected on day 5

Malathion+nicotinamide 60 0 18

injected on day 6

Malathionsnicotinamide 27 0 22

injected on day 7

Malathion+nicotinamide k7 b 16

injected on day 8

Malathionnicotinamide 62 10 6

injected on day 9

Malathion+nicotinamide 60 38 0

injected on day 10

Malathionnicotinamide 34 17 0

injected on day 11

Malathion+nicotinamide 22 90 L

injected on day 12

2 Bach of 50 eggs injected.




Table 43. Reversal of malathion-induced teratisms after injections of 5 mg
quinolinic acid at 2L hour intervals into fertile chicken eggs
previously injected with 6% malathion on day 5 of incubation

Compound(s) injected Percent

Malathion

mortality syndrome

Otker abnormalities
including abdominal

(percent edema, neck blister,
viable and exteriorization
embryos) of viscera

Malathion L8 8L 12

Quinoliric acid 28 0 0

Malathions+quinolinic 62 0 N

acid injected on day §

Malathion+quinolinic 60 L L

acid injected on day 6

Malathion+quinolinic 58 0 2

acid injected on day 7 .

Malathion+quinolinic 52 25 6

acid injected on day 8

Malathion+quinoliniec 58 56 2

acid injected on day 9

Malathion+quinolinic 69 é5 o}

acid injected on day 10

Malathion+quinolinie 60 90 0

acid injected on day 11

Malathion+quinolinie L2 92 0

acid injected on day 12

2 gach of 50 eggs injected.




Table 4. Reversal of malathion-induced teratisms after injections of 5 mg
tryptophan per egg at 24 hour intervals into fertile chicken eggs
previously injécted with 6% malathion on day % of incubation®

Compound(s) . injected Fercent Malathion Other abnormalities

mortality syndrome including abdominal
- (percent viable edema, neck blisters
embryos) and exteriorization

- of viscera

Malathion 58 86 8

Tryptophan 60 0 0

Malathion + tryptophan Th 0 8

injected on day S

Malathion + tryptophan 68 k 6

injected on day 6

Malathion + tryptophan 52 6 2

injected on day T

Melathion + tryptophan 54 18 2

injected on day 8

Malathion + tryptophan Lo 35 L

injected on day 9

Malthion + tryptophan 30 66 2

injected on day 10

Malathion + tryptophan 32 78 6

injected on day 11

Malathion + tryptophan 30 88 10.

injected on day 12

8Rach of 50 eggs injected
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effect on the “malathion syndrome'.

.Tryptophan can reverse the syndrome up to day 8 of incubation.
After this time, the syndrome can still be reversed but a greater
number of.malformed chicks are produced. An injection of tryptophan

- on day 12 has no alleviating effect on the ¥melathion syndrome',
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APEENDIX II - RESULTS

Atoradiccranhy

Paraffin seétions from embryos tfeated on days ..'u and 5 with
3.99 and 6.2 mg malathion in corn oil were coated with emulsion, stained,
and examined for radioactivity. Test boxes of slides were developed at
1 week intervels, a nd the maxirmm activity was observed after 2 weeks of
exposure.

Slides from embryos injected with mala‘hhmr-?B on day L and
removed on day 5 were exa.minedl for the presence of black silver grains.
Some activity was observed in the brain (cerebral hemsoheres) s retina,
nerve cord, gut, and in the mseﬁchyme near the dorsal aorta. In all
areas mentioned, the activity was extracellular, just a few areas in each
tissue vere observed, and in general, no parvicular pattern was evident.

- Slides from embryos injected with malathion—P32 on day L and
removed on day 8 had active areas in the brai'n Itissue and arcund the eyes
Some grains were n*'esent in the mexillary cartilage and in the connective

tissue around the notochord; the liver, kidneys and heart tissues were

dévoid of activity.

Slides from embryos injected with malathion—P32 on day L and
removed on day 10 had active areas in the brain, perichondrium, muscle
tissue, and around the eye. In the mid-body regions, some active areas
were observed in the nerve cord, and in the cartilages around it. Some

tracks were seen emanating from 2 cartilage . cellse
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Slides from erbryos injected with malathion-P32 on day 5 and
removed on day 6, had active areas in tﬁe brain, mesenchyme, and in a
few RBC!s in the dorsal aorta. Some activity was observed in the neural
tube, in the heart tissue and in the gut. Silver grains were observed
emanating from cartilage cells in the limb buds,

Slides from embryos injected on day 5 and exposed to melathion-
P32 sor 3 days had active éreas in the brain tissue, especially along
the inner lining of the diencephalon and hemispheres. Some active areas
were found in the nerve cord, in Eartilages around it, and in the muscles
of the limb buds.

Slides from embryos injected on d&ay 5 and eﬁposed to malathion-
932 for 5 days were examined for radioactivity. Silver grains were
observed in extracellular regions of cartilages and musclés. Some act~
ivity was seen emanating from mesenchyme cells, and from ganglion cell
bodies. Some activity was alsc found in the dermis of the skin at the
site of the feather germso. Some activity was found in the liver, nerve
cord and in kidney tubules, |

In general, the radioactivity in both the days L and 5 injected
embryos was extracellular, and only a few active areas in each organ or
region was apparent. Also, there was no particular pattern of distribut-

ione
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' DISCUSSION -

The chicken egg has been used as a tool in testing the effects of
chemicals -since 1893 (Féré, 1893). Chemicals can be injected into the
4 air cell, the chorioallantoic membrane, or the yolk. All the injections,
in this study, were made directly into the yélk. To understand .the
connection between the yolk and the embryo, a brief discussion of the
relationship of the various parts of the chicken egg follous.

The yolk is an emulsion consisting of a proteinaceous contimous

phase and a dispersed phase made up of yolk spheres (L=50 p diameter) and -

nutrients by the phagocytosis of yolk particles by cells of the blastoderm.

This process ceases after 2 days, and %he embryo is then nourished oy
the yolk sac circulation. The epithelium of the yolk sac absorps yolk
and becomes the nutri’cive 1ink between the embryo and its environmente
sfter !y days of incubation, the yolk sac covers half the surface of
the yolk and by 9 days of incubation, it covers almost the entire surface,
except for the communication between it and the ‘albumen sac (Li]lig, 1952),
Turthermore, the lining of the yolk sac is interrupted by septa project-
ing into the yolk; these folds have capiilary networks in each part. .t\;b
the end of incubation, the septa develcp to the point whereby they divide
the y0lk sac into sepavate compartments each filled with yolk. Water
soluble substances are moderately soluble in yolk whereas 1ip.id soluble
substaﬁces are note The behaviour of oil in yolk occurs by graduel coal-
escence and growth of the droplets forming a system from which the oil

does not separate (Romanoff and Romanoff, 1919). The behaviour of

ree lipid droplets (2 p diameter) (Bellairs, 1961). The early embryo obtains
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nalathion in yolk differs depending on the concentration used (Walker,
1967). Walker has shown that mixtures containing 80% or more vegetable

oil rose rapidly and remained just under the yolk membranes while

mixtures éohtaining less than 80% vegetable oil sank to the bottom of
the yolk sace.

In our work, after an injection of 25% or less malathion in corn
0il, the mortality was dose and age dependent, and death occurred soon
after injection. This is due (as was the case with Walker's results) to
the fact that the malathion and corn oil suspenéions rose to the top of
the yolk to come in close proximity or in contact with the developing
embryo. Thus, there is little in the way of’a barrier to the compounds
getting into the embryo. Both the 50% and ﬁhdiluted malathion were

lethal, but death occurred at a much later period of incubation than

with lower concentrations. The immediate andlatent death, after inject-

ions of varioums concentrations of malathion, was the result of the |
behaviour of malathion in the yolk. The density of malathion (1.23) is

mich greater than the yolk (1.035). Undiluted malathion therefore sank

to the bottom of the yolk, not only away‘from the embryonal area, but

removed from any vascular supply. This would account for the deaths at

the end of the incubation period for injections on daysl to 8. However,

as the density of the solution approaches the density of the yolk (f;25%),
the ma2lathion would be at or near the embryonal area scon after injéétion

and would account for the early deaths. The toxicity of malathion, therefore,

depends on the amount reaching the embryo which is dependent on




-1h7-

the density of the injected material, and the density of the injected

compounds approaches the density of the yolk as more oil is mixed with

the inscctieidee.

‘When 50% or undiluted melathion is injected on days 9 to 12,
death occurs soon after the injection. This is due to the increased
surface area of the yolk sac with iis more abundantly developed vascular
suwply alter day 8, and allows for easier access to the embryo so that
when an injection is made on days 8 to 12, most of the embryos die
within a few days after injection. Those injected prior to day 8 died '
at later stages of developmernt indicating that in small amounts and at
slow penetration, malathion is not immediately toxic to the embryo.
Another explanation may be that malathion is degraded or detoxified
in the yolk; however, in spite of the fact thatthe metal')o‘].ish of
mal:sthion has never been elucidated biochemically in the chick embryo,
none of the known breakdown products of malathion (as determined in
mammels) were toxic or teratogenic to the chick embryo, thus, we are
inclined to reject this explanation. -

Dose levels which cause 50% .Tprtality when injected on days L and
5 cause the "malé.thion syndrome" (Greerberg and Lallam, 1969). At a dose
level which causes a greater than 50% mortality, the survivors are more

severely malformed suggesting that more of the cells of the particular organ(s)
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are affectede Many tiny embryos (one-querter of the normal size) are
produced at these higher dose levels indicating overall reduction in
organ and tissue growthe

The only abnormalitics that occurred after injections with corn oil,
distilled water, or 1% malathion were hemorrhagic areas, abdominal edema,
or neck blisters. The remaining deaths were of an undetermined nature,
Tnjechbions of 3.99 mg per egg malathion on days 1 to 3 had no zpparent
effects however, on day L, the survivors had congenital defects to the
hind limbs, beaks,and feathers, as well as overall size reduction. These
abnormalities were also evident after an injection of 6.)2 mg malathion
on day 5. Micromelia of the hind lirbs was the main lesion. The organs
a*i"fected are related to structures of mesodermal origin.

In the developing embryo, at approximately 50 to 55 hours (Stage

15), the limb primordia are flat undifferentiated areas of mesoderms By

-

3
wing oudse By L to liF days (Stage 2l;) the limb buds are distinctly longer

to Ly days (Stage 21) the leg buds are distinct and are larger than the

than wide, and at 5 days (Stage 26) the first 3 toes are demércatede By
% to 6 days (Stage 28) the limbs have developed into well defined
structures.

Certilace formation begins at 5% days and is well advanced by 6 or
7 days of incubation. Osteogenesis of “he long bones in the chick involwves
L stzges, The first stage concerns perichondral bone formation whereby
the perichondrium deposits a bony ring near the center of the cartilage;

this extends towards the ends of the cartilage forming a hollow cylinder.

By the time ossification commences the diaphysic (which is the middle of
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the shaft of cartilage) has stopped prowings however, the ends of the
bone cor imue to increase in diamster. The second stage involves
sbsorphion of cartilage. Erosion of cartilage bdegins about day 10 in
the middle of the diaphysis and . leads to the formation of the marrow
cavity. By day 15, the cartilage . of the middle third of tre diaphysis
is romoved. Thne third stage involves  calcification of cartilage.
Calcium salts are deocsited in the cartilage matrix irmediate 1y bereath
the neriosteium near the extremities of the diaphysis., The last stage

involves endochondral bone formation which occurs only in the epiphysis

)

nd the distal 1/6 of the long bones in birds where formation begins later

f:

and less exbtensively than in mammals. The formation of endochondral bone

o’

egins late in the incubation perlod or after hatching. It involves the
deposition of bone on the surface of rays of ercded cartilage within

the marrow cavity. Osteoblasts then form layers of bone arownd the
remainine certilages. Injections on days b and 5, therefore, precede
certilace formation. Injections on days L and 5 cause feather reduction
and limb defects while injections after day 5 result in feafher reduction
without limb defects. By day é and 7 (Stage 30) there are 2 dorsal rou

of feather zerms on either side of the spinal cord at the brachial level
and 3 rows on the legs. By day 10, the flight feathers are evident and
the coverts are visible in the wing webe. As the feather primordia develop,
they sink into the skin so that at tle end of inebation, each primordium
is located in a foliicle. Each primordium undergoes 3 stages of develop-—

ment; the first is down feathers, the second is juvenile feathers and

third is adult feathers. The dowm feathers originate from the dermis of
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By day 8 or 9, this growth causes the dermis to grow outward

cav. The net result is an epidermel cylinder filled with a
Down feathers cease to grow after day 13, houever,
% day 15, the juvenile contour feathers start

+he base of the follicle under the down feathers.

Hydrocephaly occurrad after injections on days 9 1o 12 with 25%

(or less)

Hyrdrocephaly was evident

on days 1

malathion and was not apparent after injections on days 1 to 9
after injections of ‘503 and undiluted malathion

to 9 of incubation. This occurrence is probably because of

slow peretration of the heavy material retarding its enbry. into the embryo to

any sreath

o
ci
o
=
joto
8]
]

exbent until day 9. It appears That the insult to the embryo by
on day 9 or leter resulis in nydrocephaly. This condition was char-
by a gelatinous substvance contained in embryos with enlarged heads.

tmalathion syndrome! was consistent and reoroducible. Long

malformations occurred after the injection of fertile chicken

eggs on days L to 7 with sulfanilamide (4ncel, 1950; Zwilling and DeBell,

1950), thellium (Karnofsky, Ridgway, and Patterson, 1950), eserine,

insulin, boric acid and pilocarpine (Landauer, 195L).

chemicals

The effects of these

on chick embryos differed from the malathion syndrome" in the

Tollowing ways:

1

-0

Tn the melathiorn experiments, chicks with micromelia also had

bezk defectsy however, with ingulin 2bout helf of those with micromelia

had bezk defecise

%

After the malathion treatment on days 6 and 7, the overall size

of the embryo was proportionately reduceds however, after treatment with
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insulin etc., beak and long bone malformations occurrede
3, Insulin, pilocarpine and eserine caused syndactylism; however,

malathion did note

The "malathion syndrome" is therefore similar in kind but different
in quality to the one described by Landaver. This implies that the chick
erbryo is sensitive to many teratogens injected on days I to 7 of incub-

AT 0N

ation, but reacus somewhaf differently to each, therefore, differernt
metabolic pathways must be involved. The response of the embryo to these
teratogens, including malathion, results in defects of the differentiating
mesoderm; however, the teratogen  inducing mechanism of the different
compounds {or groups of compounds) is apparently nct identical,

A clue o the teratogenic mechanism induced by walathion may be

in the work of Wilson and Walker (1966). In their experiments,

[«5

foun
malathion was added to cultured 1L d.szjr 0ld chick fibroblasts. Concentra-
tions zbove 1 pg/ml 3 x 10—6}1 inl"libited the growth rate and peak cell
populations. In &ll cultures containing 50 ,ug/ml (1.5 x 10".1'“14) and 100
pg/ml (3.0 = 1O—L"':-'I) the cell populations repidly decreased. In our
experiments, 157 and 172 ug/ml (3.99 and 6.2 mg per egg respectively)
were recuired to produce the "malathion syndrome'; these concentratviorns
were in the sare range as those vsed by Wilson and Walkere Gabliks and
Friedman (1965 agb) found a 50% inhibition of protein synthesis when 13

and 15 pg/ml of malathion was added to human cell culitures. It is unlike-
1y that the teratogenic action of malathion on the developirg chick can
be attributed solely to acetylcholinesterase inhibitionj however, the

abnormelities could be attributed to malathions! possible in vivo retard-
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ation of cell growth and protein synthesis. Wilson and Walker also
tested varicus fragments of the malathion molecule in cell cultures.
Their resulis indicate that mercaptosuccinate was acutely toxic at 3.0
x 10751, but not-at 15 x 10°%M. At a concontration of 1.5 x 107,
mercaptosuceinate inhibited cell growth; however, the nurber of cells
did not decrease at a rapid rate. That is, both. mercaptosuccinate and
~5:r

malathion were toxic to chick embryo cells in vitro above 3.0 x 10 -1,

while succinate, malate, diethyl melate, and diethyl succinate were not

X

toxic at levels as high as 1.5 x 10"" e
. e verfformaed experiments to determine if the carbon fragments of
malathion or any of its other breakdown products were responsible for
producing terat.isms, ard to cdetermine if malatﬁ:ion affects the synthesis’
of proteins or nucleic acids in vivo.

The wptake of va.line—cu’L was checked in both the exverimental and
control embryos as an index of protein synthesis. The values after L,
8, 12, 30, 36 and 72 hours of exposure to valine—Clh were significantly
lower at the 5 and 1% levelj however, exposure for 2, 10, 22;; L8 and 96
hours showed no significaent differences and exposure for 8 hours.was

significantly higher than the comtrocls. Therefore, for an expesure

g

eriod covering 96 hours, 6 velues were lower, 1 was higher, and 5 were
similar to the controls. When the changes were compared over 2 hour
periods, there was no particuler pattern for the differences. That is,

they were randomized over 96 hours. When comparing the change in

valine-Ctl uptake over the total 96 hour period, there was a 5% decrease in

the malathion treated group; wil ﬁhymi‘d:ine—HB and uridine~-E> there was a
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12 and L3 decrease in the treated groups, respectively. Thus, there
was an indication of a reduétion of protein and nucleic acid synthesis
although these values were not statistically significant. However,
since the ‘treated embryos were smoller jn size and had foreshortened
hind limbs when measured on day 15, it was obvious that there had in
fact been a reduction in protein synthesis. WUhen comparing the weights

of Iy to 8 day embrycs, there was no significant differences between

the treabted and the controls indicating that the reduction of protein
synthesis occurred after day 8.

"None of the carbon fragments of the malathion molecule were terato-
genic except for mercaptosuccihate (20, 30mg/egg) which produced smaller
erbryos, as well as 2 of 15 with cranisl skeletal defects and 1 of 15
with micromelia; some of the external characters were smaller than the
controls; however, no other defects occurred. In spite of this, we are
reluchant o conclude that mercaptosuccinate is teratogenic because 2 30.mg
dose is physiologically so great that this is probebly a non-specific -
effect. These in vivo results werc similar to the in vitro results of
Wilson and Walker (1966) in that none of the other carbon fragments of
melathion such as malonic acid, malic acid, succinic acid, diethyl
succinate and diethyl malate were teratogenic. A large dose (20, 30
ng/ezg) of merceptosiuccinate was required to produce growth reduct-
ion. This dose was equal to about 10 times that used by Wilson

and Valker to produce cell death in cultured fibroblasts. After

an injection of malathion, the embryos are reduced in size; however, it
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is uniikely that mercaptosuccinate is responsible for this reduction since
the tobal administered dose of malathion was less than 7 mg per egg and
of this, mercaptosuccinate would represent only a small fraction of the
parent corpounde
Mercantosuccinate at a dose level of 30 mg per egg also prevented

natching, Some of the embryos were alive abt the end of incubation; however,
they were unable to get out of their shells on their own. Large doses
of malathion also prevented hatching aé the erbryos were too weak to
penetrate the shell. Again, it appears that the mercaptosuccinate does
not cause this effect, after malathion injections, because of the small
cuantity (Af any) of mercaptosuécinate generéted.

’ane of the mzlathion breakdosn products tested {Table 37) produced
the "malathion syndrome®. Anophthalmia end crossed beak were preduced
in 1 of 30 embryos after injections of malathion monocarboxylic acid
mg) and potassium dimethyl phosphorodithioate (10 mg)s however, this
defect ras found in control emoryos on many occasions and'the small

nurber affected discounts the teratogenicity of these compounds.

T4 would thus appear that the entire malathion molecule was
rocessary to produce the Ymalathion syndrome". Malathion (or malaoxon)
is an anticholinesterase agent, and the entire molecule is necessary
to produce this inhibition. It would, therefore, seem likely that
cholinesterase inhibition would somehow be related to the production
of teratisms; however, this is prqobably not so (the relationship
between teratisms and cholinesterase inhibition will be discussed

later).
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Toronte insulin was injected into fertile eggs in an attempt to
corpare the teratogenic effects on the embryo with that of malathions
Three experiments of 30 eggs cach were run.. In general, the only apparent
cefect was a réduction in overall size. Ve repeated the experiment with
Tletin R (used by Landauver) which is a brand of insulin made by Eli
Lilly and Comnmany and sold in the United States under license from
Connaught Laboratories. Forty-five chicks were examined and only 2
were malformed. The malformed chicks had short hind limbs which w.ere
cutsbretched in a horizontel plane and differed from the limbs of chicks

A4

with {tre "malathion syndrome's -We were therefore unable to reproduce
. . s ; - s . . R . . R
the teratisms obltained by Landauer with either Toronto insulin or Illetin' .
Protamine zirc insulin and insulin crystals had no effect on the chick

embrvo. The strain of eggs used may have been genetically diffsrent

than those used by Landauer and may account for the observed differences

§Je

n our resulis,

. . - . 32 o R sa s .

The uptare of malathion-P” was followed to determine its distribu- -
(R . + o . 0] L) of > 32 : .
Tion in the embryo. After injection of 3.5% malathion-P”°, the wtake in
the embryo increased l-fold at the end of the first day, remained relatively
constant on days 7 and 8, and increased to day 13. The uptake in the volk
sac paralleled the uptzke in the embryo, as expected, since this is the route
by which materials in the yolk enter the embryo; however, the CPH were at 2 higher
level. The amount of label in the yolk declined to day 13 as expected.

If there is an increase in the amount of isotope in the yolk-sac ard enbryo,
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the amount in the yoll
closed system.

-
any
UJ

-

should decline since we are dealing with a

.

Tn view of the fact that the whole malathion molecule

aars to be necessary to proauce the teratisms, we believe that the
counts obtained represent the nhosphate o
molecule.

he intact malathion
vhen the r

esults were axpresseé in CPM per gram embryo, the amoun

3 o
in the embryo increasaed ohc.mly on day 6, and declined to day

was also an increase in the yolk-sac values to day 6, a sharp
day 13.

decline on day 7 and a further increase on day 10 followed by a drop to

.
Je would exvect these values to parallel the embryo values;
all of it.

however, when extracting the yolk-sac merbrane, it is difficult to remove

A1so, after washing the membrane with 3 changes of s
there was still some yolk adhering to iTe
a vari

ine,
of isotop

These factors may result in
e weights, and thus a discrepancy in the CPI
r gram of yo

The amount
emains fairly constant as expected.
Afser injections of 6.42 mg malathion P32, the CPM in the yolk,
volk-sac membrane, and embryo followed

3499 nz doses. The amount per gran of
off to day 13. These results indicat

he same pattern of uptske as the
bryo rose o dey 7 and levelled
208

that, at least, the phosphate
wviety entered both the yolk-sac and embryo in the i and 5 day injected
groups, & 24

L) 1 L3
nd both grows followed a similer dlstributmn patteriia

amount of the isotope entered the yolk-sac membrane and erbryoj however,
there was a wide
of i

1y

The results of the 90% injections indicate that only a very small
variati

the malathion with the yolk.
would

3 :
on between samples, because of the immiscibility
Therafore, only a small, variable amount

be in the vicinity of mory

v ey
the emorvo and would account for the discrep—
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ancy in the amount entering the embryo and or yolk-~sac. Another factor
was the wneven distribution in the samples priocr to removing a sample;
that is, even though we thoroughly mixed the homogenates just prior to
removing a sample, it either é:ontai ned a small amount of the isotope
or an umusud ly large amount. Furthermore, our technique of injecting
a2 constant amount of radicactivity resulted in a decrease in the
specific activities of malathion with increasing dose, since there was
a proportionate increase in the amount of unlabelled malathion with
increasing concenlration. These factors may account for the large

variation in the embryo, yolk-sac membrane and yolk valuese.

hi: 1athlon-P3 uptake was followed by auboradiographic methods in
embryos injected on day L and 5 of incubation in an atterwt to determine
its tissue organismic, and cellular distribution. IEmbtryos injected on

dey L were excosed to the isotcpe for 1, L and 6 days, and embryos inject-
ed on day 5 were exposed for 1, 3 and 5 days. In general, the radioactivity
was dispersed in nervous, cartilage, and connective tissue. After 1 dayls
exposure, littie or no activiiy was present in the kidney, ;1rer or heart,

but sow2 activity was present in these tissues after a few days exposure.

That is, exposure f longer pericds did not cause any greater congregation

"5

in eny particular tissue; hcwever, rore tissues became involvede Most
of the activity observed was in the form of aggregates or tracks of the

silver grains; the latter being very characteristic of P3 2

The activity
was mostly exiracellular. Io partimlar p ttern was evident. In general,
the low radicachbivity may be due in na**t to the leach_..g of the mal athion~

=2 after exposure to tissue processing solvents.
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Fridence from autoradiography and gas flow counting indicate that
malathion does enter the embrvo but does not concentrate to any extent in
any one particular organj however, it was observed in nervous tissue more
than any ot;hera Gerebtzoff (1959) reported thab AchBE can be detected
in neuroblasts of the spinal cord especially in the anterior horns of b
to Ly day chick embryos. Alse, at this time, acetylcholinesterase was
present in the optic lobes and in the retina, It appears that there is
some correlation between AchE activity and mlathion—-P32 distridbution-

in young erbryos, since the label was mainly present in those regions

mnentioned,

Raversal of the lzlathion Syndrome

It 2 metebolic antagonist is injected into fertile eggs, teratisms
mey result which can be alleviated by suoplying the agent which was
blocked, Tor exarple, if ethionine (antagonist of methionine) was inject~
ed imto fertile eggs, the embryos were abnormal with an enlarged liver
and thin legss this efiect can be zbolished by an injection of methionine
{(Xernofsky, Dagz and Iacon, 1955). Similarly, adenine will prevent the
action of azaserine on the chick erbryo (Dagg, Karnofsky, Lacon and
Roddy, 1956), as previously mentiored.

Atronine which is an antidote for acetylcholinssterase inhibiting
agents was injected into fertile eggs in an atterpt to alleviate the
tergbisms produced by malathiony however, it had no therépeu‘tic value,

Yz are therefore not dealing with a sirple cause and effect relation—

ship °

¥any unrelated compounds are cepsble of producing micromelia in
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chick embryos which can be prevented by an injection of nicotinamide
along with the teratogen (Landauer, 1948; Karrofsky, 196l). Only 6-

aminonicotinamide, vhich is an analog of nicotinamide, appears to act

;J.

in a cause-effect manner. The other commounds namely, pilocarpine,

O

serine, insulin, and sulfanilamide have various biologlcal effects,
however, all ‘can produce micromelia when injected into chick e.mbzyos.
Yhcromelid can be prevented by an injection of nicotinamide.
Pilocarpine and eserin;a are parasympathicomimetic agents. Pilo-

carpine acts by simulating acetylcholine at the receptor site and

eserine acus by blocking acetylcholinesterase which increases the gquan-

ck

ity of acetylcholine at the receptor site. The net result of both of
these compounds is an increased acetylcholine effect on neuromuscular
actione Nicotinamide has no known vhysiological effect on acetylcholire
activity and yet it prevents the tera‘bisms‘ induced by pilocarpine or
eserine,

In our work (Greenberg and LaHam, 1970) nicotinamide and nicotinic
acid were found to counteract the teratisms but did not prevent the
growih retardation. Tryptophan on the other hand, completely reversed
vhe "malathion syndrome¥., Since tryptophan is an NAD Drecursor, we
| 2lsc tried ancther compound in the metzbolic pathway of NAD synthesis

from wryptophan, namely quinolinic acid, in an attempt to mimic the

iy

 effects of tryptophan., We found thai quinolinic acid prevented the
teratisms, but not the growbh retardation, Anthranilic acid, however,
which is a breakdown product and not a precursor had no therapeutic value,

A1 of the above data indicate that malathion has at least 2 adverse
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effects in the chick embryo and that these do not appear to be related

one to the others To further elucidate this, we did a cholinesterase

agsay on chick embryos injected with malathion, malathion.and nicotinamide,

and malathion and tryptophan. If there was any correlation between teratisms .

and growth reduction, and cholinesterase inhibition, we would expect to find a

difference in enzyme levels between the embryos free of malformations
(malathion-nicotinamide “b.reated), embryos free of both malformations and
growth reduction (malathicn-tryptophan treated), ard embryos having both
malformations and reduced size (malathion treated only). Sirce the enzyme
levels were depi‘essed in 21l of the treated grows, it does not appear
that there is a relationship between malformations s malformations and

growth retardation, and cholinesterase levels in chick embryos.

This conclusion is reinforced by preliminary experiments in which we
determined the effect of melathion, malathion and nicotinamide, and
malathion and tryptophen on acetylcholinesterase in vivg hiséochemically.
These preliminary experiments strengthen our .observa’cions that enzyme
levels were low in 211 the malathion treated embryos. Thus, the
malathion syndrome can hardly be due to its effect on acetylcholinester-

ase. A£lso, as menvioned above, two other parasympathicoomimetic compounds are

capable of causing a similar type syndrome; however, this parasympath-
omimetic effect is not directly responsible for producing terata at -
least as shown with faalathiozla
Wicotinamide and quinolinic acid are essential in px'evénting 1imb,
beak and feather defects, while tryptophan is essential for preventing
Ximb, beak and fezther defects, as well as overall growth re&uctiono'
¥alathion, therefore, interferes dire ctly or indirectly with nicotinamide

metabolism since two precursors or nicotinamide itself can prevent the
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teratisms. Thus, the malformations could we;l be the result of
interference with energy metabolism so that at essential periods of
development there was an inadequate amount of energy available for
normal growth of the limbs. Also, the complete reversal of the

: "malathion syndrome® was achieved by an injection of tryptophan to-
gether with the malathion. Since growth retardation and teratogenic
effects in chick embryos are 2 separate entities (Zwilling and DeBell,
1950), a lack of the essential amino acid tryptophen, which is
necessary for growth, may be responsible for the reduction in the size
of the exbryoc. 4 tryptophan enalysis'revealed a2 significant decrease
in day 6 and 7 embryos after malathion injections on days L and 5.

This indicated a reduction of tryptophen uptake from the yolk,

Congenital malfomations in chick embryos can be caused by a host
of wnrelated compounds. These malformations are similar in kind but
different in many respects from one corpound to another (as previously
mentioned). It is difficult to believ;e that the lesions so induced are
due to disturbances to 1 metabolic pathway or to 1 step in a particular
pathvarye An exarple is 3-acebylpyridire and é~aminonicotinamide. Both
of these corpounds are capable of causing teratisms when injected into
the 96 hour chick embryvo (Iandaver, 1957). The .corpound, G=aminonicotine
caused 973 micromelia and 77% parrot or crossed beak. The compound,
3=acetylpyridine, on ’cl"e other hand, did not cause micromelia, parrot or |
cross beak, bubt did produce a short upper beak in 2L.2% and rmscular
hypotrephy in 97.1%. Both 3-acetylpyridine and 6—-aminonicotin§mide are

cepavle of producing swmotoms of niacin deficiency in mice which can be
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alleviated by nicotinamide or nicotinic acid (Weolley, 19L5; Johnson and
MeColl, 1955). It is thoucht that thesc analdgues act by being synthe—~
sized into NAD or NADP and that the vroducts are not physiologically active
(vlest ot ﬂ.,I 1966). Zoth of these corpounds can be counteracted by exo—
genous nicotinamide yet, they produce totally different abnormalities.

In our work, we tested compounds which were structurally related butb
not necessarily metabolically related to tryptophane. One such group
consists of qomounds with an indole ring. OF those tested, indoleacetic
acid, indole, and serotonin had no therapeutic valuesy however, in 2 of
i experirents, indole had a more severe effect than mslathion alone,

whereas indoleacetic acid enhanced the effect of malathion in all irstan-

ces. This synergistic behaviour suggests that we may not be dealing solely

with a metabolic effect, but that there may be a sub-molecular or
elecironic effect. That is, there may be an electronic disturbance
in the egg caused by the first agent (malathion), partially nullified
by the second agen%, (nicotinamide, nicotinic acid or quinolinic acid),
or corpletely nullified by the second agent (tryptophan); or ‘the
disturbance is enhanced by a synerzistic agent, for exarmple, indole-
acebic acid.

Compounds related to tryptophan electronically are so related

-

because they possess similar k-values ¥Which are listed in a2 publication
by Szent-Gyorgyi(1960). The smaller the k-value for the highest filled
orbital (linear function of the ionizailon potential) the better is the
electron donating ability of the compound, while the smaller the k-value

for the lowest empty orbital the betiter is the electron accepiing ability

of the compound. Of those compounds injected, indoleacetic acid, adenine,
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guanine, o-naphthol, g-navhthol, and guinoline had no effect on the

embryos when injected alonej however, when they were injected with the

malathion, they had a synergistic elfect producing embryos which

were more severcely malformeds ‘Imidazole which has levalues different from

tryptovhan was neither synergistic nor therapeutic, The above hypothesis

was one 1rn.ch we felt we should test in our system, but at this time
it would be premature for us to draw any definite conclusions.

The relationship of tryptophan and its metabolic nroducts is shown
in Pige L6 Tryptophan is incorporated into proteins, it is the pre-
cursor of serotonin, (which is a potent vasoconstrictor) and can be}
corverted to NAD or NADP,

Histochemically we tested several dehydrogenases to determine if

maleshion had any effect on NAD or NADP linked enzymes. We found no
visible differences be.;.feer\ control or experimeniel sections with lactate,
dehydrogenase,
Siight differences were observed in the kidnsy tubules of e:v'oe“menual
sections tested for malate dehydrogenase. Since histochemicél methods

rere used for gualitabive determinations, small cuantitative differ-

ences would be difficult to detects Ue, therefore, tested quantitatively

for 2 MAD linked enzymes, namely, malate dehydrogenase aml lactate dehydre-
senase oy biochemical assay. The former was tested to confirm our histo-
chemi.cal results, and the latter was tested because in early erbryonic

liTe, anaerobic glycolysis

has no effect on this enzymes

is prominent.

IDH activity showed no differ-

ences between conbrol and experimentel embryos indicating that malathion

In the preliminery run with malate




Fig. héc

‘Yetabolic scheme of the amino acid tryptophan
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dehydro-gcnase, there. was a decrease in the enzyre 1 day after injeétion
for injections of malathion on days 3 and 5, with a marked decrease on
vday 6, These results prompted us to run‘ano‘bher experimental series with
embryos injcctéd' on day L and exposed to malathion for a period of from
41 to L days. There was a decline in activity on day 5 and 6 of incubation
which appeared ‘o recover by day 7; this indicated that energy metabolism
is affected with a reduction in ATP which could contribute to the
production of teratismse The quantitative differences were not large and
therefore could not be detected histochemically except in some kidney

tubule sectionse.

i cobinamide was found to counteract the micromelia ard facial
skeletal defects produced by sulphonamides in chick erbryos (ILandauer
and Wakasugi, 1968). They discovered that ADP cowld also successfully
counteiac‘c the teratisms. In our work, ADP did not afford protection
against malathion-induced teratao On the basis that the effects of
many teratogens could be prevented By nicotinamide and or ADP, Landauer
and Wakasugi concluded that "The morphogenetic disturbances prodﬁced
by these compounds arose via diphosphopyridine-mediated pathways,
interference with dehjzdrogenation, and with synthesis of ATP". They
concluded that interference with dehydrogenation and ATP production were
“he main factors causing teratisms.

Since tryptophan, quinoiinic acid, nicotinic acid and nicotinamide
are 211 active 2lleviating agents against melathion-induced terata,

malathion probably does rot interfere with any of the steps in the path- .
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way leading to NAD, but rather, the block is probably at the level of 'bryp--
‘tophan utilization,  Roger, Upshall, and Casida (1969 )‘i‘ound that the
organophosphate oidrin is capable of broducing teratisms in the chick
embryo, and that the teratisms could be alleviated by nicotinamides They
A also Tound that bidrin has no effect on the metabolism or quantity of
ni‘cotinamide or nicotinic acid nroduced in the embryoe. They found that
after an injection of an alleviating dose of nicotinic acid (1 mg per
egg), NAD and NADP levels in the embryo were not greatly n;odii‘ied but
the amount of nicotinic acid transferred to the emoryo increased by a
factor of 6o They also found that the metabolism of bidrin was unalter.d
by an alleviating cdose of nicotindmide. Since studies with bidrin have
showm that the quantity of NAD or like compounds is unaltered, it is
possible that more is required to overcome the stress caused by mala-~
thion or other teratogense

Ve conterd that we are dealing with two problemss. 'bh;e first being
growsh rebardation and the second being malformationse Tryptophan
apparently satisfies the chick embryo in alleviating both conditions,
An hypothesis consistent with our da%a is that malathion interferes
with the uptake of tryptophan int_o‘ the gmbryo during critical periods
cf development and that this leads to gr'bl'vrbh reductiog. Tryptophan
also supplies vNAD or nicotinic- a..cid or ni:cqtillamide all of which are
cap;ble of preventing melathion—inducedvteraté in the chick embryo.:

This hypothesis has the -advantage of being easily testables
First of all, a direct estimate of pool levels of trjp‘bophan, as well
as protein-bound tryptophan, should show that malathion causes a drop

in the total tryptophan of the embryo and a proportionate rise in
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that of the yolk. Secondly, injection of labelled tryptophan could
be followed in both the controls and malathion treated embryos: in
the latter, the rate of transfer of label to the embryo across the
yolk-sac s}mﬁid be reduced.

Another interesting aspect is the fact that teratisms induced by
an injection of malathion on dey L can be alleviated oy an injection of
tryptophan, quinolinic acid, .or nicotinamide up to day 10 of incubation,.
Zwilling (1959) fourd that cultured limbs from embryos injected with
insulin on day L and extracted up to day 7 could be protected from
malformations by nicotinamide, but after day 8 nicotinamide had no
effects This could be corpared tvour vork, since reversal of the terata
induced by malathion occurred uwp to day 8 after which reversal still
occurred, but the number of malformed embryos increased to day 10, After
day 10, the "malathion syndrome" could not be reversedes

In our laboratory, Gill and laHam (unpubliéhed results) are present—
1y conducting a cytological and histochemical study of the lirbs from |
chick embryos affected with the "melathion syndrome®. Preliminary results
have revealed morphological and s‘aaihing differences in the cartilages.

In many of the limbs, the processes at the ends of the bones were absent

and the cells located in their place resembled undifferentiated mesen-
chyme suggesting that differentiation of these areas failed to occur.

In the com o0il and stab-only comtrols, toluidire blue staining showed
X—metachroma‘r,id areas in cartilage t;ssueg The ground substance
exhibited uniform shades of deep red, anﬁ; the chondrocytes were surround-

ed by a normal amount of it., In the malathion treated embryos, toluidine

blue staining showed §~metachromasia; however, the shading was uneven




~-168-

and the colouvs ranged from pink to deep rede Many of the cells vere
urrownded by a lesser amount of ground substance than the controls
especially in the diaphysis of the femur. Also, the chondrocytes ucre

hypertrephieds ¥~metachromasia indicates staining of complex carbohydr—
ates with negatively charged groups. ‘Compounds such as mucopclysacchar-
ides containing negatively charged carboxyl, phosphate, or sulfate
groups are therefore somehow affected in the cartilages of.malathion

treated embryos.

v
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SUMMARY AND CONCLUSIONS

¥alathion, at dose levels which 15,11 504 of the embryos wnen inject-
ed into forbile chicken eprs on days L and 5 of incubation, is cap~
able of vroducing consistent reproducible malformations to the
embryos. The main defects are to the hind limbs, feathers, and
beaks, as well as, overall growth reductione The organs involved
are related to structures of mesodermal origine The limbs, feathers,
and beaks are therefore vulnerable to a malathion insult on days L

or 5 of incubatione

¥alathion, at dose levels which kill 50% of the embrycs when inject-—
ed into fertile chicken eggs on days 6 to 12 of incubation, is cap-
able of producing enbrycs with feather defects and stunted growth,
but the hind limbs are rarely damageds. Therefore, only the feathers
are vulnerable on days 6 to 123 however, edema and hydrocephaly may
also occurs

The experimentzl evidence suggests that the entire malathion
molecule is necessary to produce terata as well as cholinesterase
inhibition, and furthermore, there is probably no relationship

between cholinesterase inhibition and malformationse:

' Malathion causes a reduction in growth of chick embryos from

eggs injected with an LDSO dose on days L4 or 5 of incubation.
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Fistochemical determinabions of cholinesterase show that mala-

thion treatment reduced the in vivo levels of this enzyme. Also,

Histochemical deterrminations of lactate, succinate, DPN, TPN,
glucosé é-phosphates and isocitrate dehydrogenases revealed

no detectable differences between malathion treated and un-
treated embrvose Slight differences were observed in kidney
tubules of melathion-treated sections tested for malate de-
hydrogenase. A biochemical assay for malate dehydrbgenase
revealed a lesser amount in the malathion—treated embryos,
than in the untreated controis , indicating a general metabolic

slowdowne.

Nicotinamide, nicotimic acid, quinolinic acid or tryptophan
can prevent the malathion-induced malformations, however,

only tryotophan prevented the growth reduction as welle

Reversal of the “malathion syndrome®” can occur afier inject-
ions on days 5 to 10 of incubation with nicotinic acid, nico-
tinamide, quinolinic acid, or tryptophan inmto eggs pre-injected

with malathion on days L or 5 of incubation,

Malethion causes both mzlformetions and growth reduction in
chick embryos, and tryptophan satisfies the embryo in reliev-

ing both the malformations, and the growth reductions A

“%ryptophan assay revealed a reduction of tryptephan in mala-

thion treated embryos. This led to the hypothesis that malathion

interfered with tryptophan uptake from the yblk. .The malformation
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allevigting chemical appears to be NAD or related compounds, and
the growth retardation alleviating factor appears to the the

essential amino acid, tryptophan.
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APPENDIX IIY - HISTORICAL REVIEY OF TERATUGENESIS

Ceoffroy de Saint Hilaire (1832) in the cighteenth century was the
first to apply the term teratology to the study of monsters resulting from
disorders in structural organization of animalse The prefix of the word
is derived from the Greek meaning wonder. The science of Teratology deals
with congenital malformations, which refer to the presence at birth of
gross morphological changes from the norm, originating in fetal life. In
general, teratogenic action causes inhibition or deviation of an drgano-
genetic process and occurs during the period of organogenesis. Congenital
malformetions may occur spontaneously or be induced by external means;
this review will deal mainly with induced malformations by physical or
chemical meanss.

Various agents are capable of causing congenitael malformations;
they include viruses, cytotoxic compounds, antibiotics, alkaioids, azo
dves, hormones, dietary deficiencies, hypoxia, irradiation and others.

These chemical agents may be dispersed into the aqueous habitat of fish,
injected into the ova of birds or invo pregnant marmals. In-this outline,
I will briefly -discuss some of these agents and their relationships to

congenital malformations in memmals and birds with emphasis on the rat and

chick embryos, after presenting a short history of teratology.

History

Tsadore Geoffroy de Seint-Hilaire (1832) in his "Iraité de
Tératologie" described and classified congenital malformations in humans.
He also attempted to reproduce congenital malformations in animals, but

he had little success. He introduced the study of teratology; however,




~173~

the science of experimental teratology began in 1891 with the work of
Dareste (1891) who obtained malformations in chick embryos by raising or
lowaring the incubabion temperature, or by mechanical shaking. The embryos
had poorly developed circulatory systems, and brain and eye abnormalities.
b From his experimental studies, Dareste concluded that both high and low
terperatures produced the same type of defects; in general, similar types
of malfgrmations can occur regardless of the inducing agente
Féré (1893-1901) was the first to propose the chick embryo as 2 tool

to study the toxicity of various compoundse In his series of articles, he
recorded the teratogenic action on the embgryo of various chemical sub-
stances; embryos were either injected or were exposed to vapours.

The injected substances included ethyl, methyl, and propyl alchcholss
acetone, chloroform, sodium chloride, nicotine, morphine, hydrogen cyanide,
tropine, peptone (hydrolysed mixture of meat protein), glucose, glycerine,
potassium bromide and iodide, strychnine, creatine, antipyrine, cantharidin,
and caffeine; tetanus, diphtheria, and tuberculosis toxins; blood of a
dead rabbit containing pork cholera; syphilitic blood; and various venomss
The vepours included alcohol, chloroform, ether, mercury, phosphorus,
ammoniz, nicotine, muscarine, and various oils. Unincubated eggs were
commonly used; however, in some experiments the eggs were pre-incubated
for =i, 48, or 72 hours before injection. Féré studied the toxicity and
the teratogenicity of the corpounds by comparing the number of dead and
nalformed embryos with the controls. He described malformations which
included omphalocephalys cyclopia, spina b:‘i‘ida, and atrophy of the head,
tail and notic vesicless He observed these same malformations in the

controls;. however, they occurred less Irequently. Féré also pointed out
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that substances injected into unincubated eggs were more toxic to the
embryc than if injected into pre-incubated eggse

Stockard (1911) exposed fertilized, unincubated chicken eggs to
the fumes of alcohol and ether for a period from 20 minutes o 30 hourse
The shortest exposure time sufficient to produce malformations was 3 hours
and L5 minutes, although in some instances exposure as long as 8 hours
was ineffective; the best results were obtained after exposure of 1l to
20 hours. The treated embryos were smaller, had poorly developed brains,
as well as various eye defects. He was very interested in the eye
sbrormalities since similar defects were produced in fish when developing
fish eggs were exposed to ether or alcohole In another series of
experiments, Stockard exposed guinea pigs to alcehol and ether by intoxicat~
ing the parente. The offspring were eyeless and had nervous system
defects., His experimental work led him to the conclusion that "The part
or organ developing at the most rapid rate is inhibited more decidedlj
by treatment than are the less rapidly developing parts and is therefore
most affected or modified in its development® {Stockard, 1921).

2isop (1919) obtained abnormal chick embryos when incubation term-
eratures were aliered. Wuhen she exposed fertilized eggs to low temperatures
there was incomplete  infolding of the neural plate into the neural tube,
and a reduction in the number of somitese . Increased temperatures
produced brain abnormalities and extra somites lateral to the normal onese

Child (1928) zpplied potassium cyanide, hydrochloric acid, copper
sulfate, and ethanol to early chick embryos just after fervilization and
produced embryos with microcephaly; however, if the exposure was at a;'

later stage, after the head region was more developed, inhibition of the
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posterior regions occurredo

Hammett and Wallace (1928) added lead nitrate to the yolk prior
to incubation and examined the embryos after 18 to 72 hours. There was
a maTied reduction in the anterior regions, overall body size, and somite
growtha The authorsconcluded that regions of rapid cell proliferation
were selectively inhibited by leade

Prior to 1935, the science of experimental teratology was well
established; the chick embryo was the main organism used, and the owbtcome
of these experiments laid the foundation for studies in higher vertebrates,
The science of experimental mammalien teratology began in the 1930's with
studies on the biological effects of X-rays (Job, Leibold, and Fitzmaurice,
1935) and dietary deficiencies (Hale, 1933) on mammalian development.

In this study, I will attempt to review the teratogenic agents
and their effects on the rat and chick embryo. 4 corparison of the
erbryogenesis of these two animals reveals many similarities. In the
chick embryo, the incubation perio;i is 21 days; the primitive streak is
apparent between 18 to 2l hours and the first heart beat is observed
around the 9 somite stage (29 hours of incubation). The tail bud stage
is reached between 3 and L days of incubation. Cartilage formation begins
between day 5 and 6, while ossification occurs on day 1l. The endocrine
system starts to i‘unction in the second week of development between day
8 and 9. Organogenesis is complete by day 1l2.

In the rot embryo, the gestation period is 22 days; implantation
occurs on day 7 and the primitive streak stage is evident on day 8% to
9o The first heart beat takes place on day 9 and the tail bud stage

is established by 133 days of gestation, The endocrine system begins
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to function on day 16 or 17.

The L day chick embryo is therefore equivalent to an 11 or 12 day
rat embryo. Chick embryos are most susceptible to teratogens from days
L to 7 of‘i§cubation, while rat embryos are most susceptible from days

4

10 to 12 of gestatione

Dietery Deficiencies

Dievary deficlencies have been known to be teratogeénic since 1933
when Hale fed pregnant pigs vitamin A free diets during early pregnancy
(Hale, 1933). In this study, all 11 of the offspring were born without
eyehalls; 10 were alive 2% birth and 1 was stillborne. One piglet lived
for li days, 1 lived for 3 hours and the remaining 8 died within 5 minutes
of birth, Other malformations included facial clefts, accessofy ears,
misplaced kidneys and in rare instances, malformed hind limbs; To deter—
rine if the abnormalities were hereditary, he mated blind mzles fo Ul
related females as well as 1o Bling sisters. The females were all fed
normal diets during pregrancy yielding normel pigs.

Yarkany and Nelson (19L1) fed goitrogenic 'diets to prégnant rats
on the assurpiion that the young would be directly affected since endemic
golter and cretinism exdisted in various countries where iodine deficiency
occurreds One~third of the offspring developed congenital malformations
including short mandibles, tibiae, fibulae, radii, and ulnae bonesy
syndactylism and fusion of the ribs. JTodized salt added to the motherts
diet prevented the goiter in both the moﬁher and young, but, did nof
vrevent the congenital malformationé; however,ﬂwhen the diet was supple-

mented with dried liver wp to the 13th day of gestation, the malformations




~177-

were preventede 'L»Iarka.ﬁy and Schraffenberger (1943, 19LL) showed that the
essertial factor in the liver supplemented diets was riboflavin, and when
pregnant females were fed diets lacking riboflavin, the young had malform-
ations resembling those procduced by the goitrogenic diets. They also
showed that vitamins such as thiamine, niazcin, pyridoxine, and calcium
pantothenate did not prevent the teratisms. They mated the offspring in
various cormbinations end found that the malformations were not transmiss—
ible,

In other experiments, Warkany (1943) fed pregnant rats diets lacking
in vitamin D throughout pregnancy. The offspring had appendicular
skeletal defects which were prevented by the addition of vitamin D to the
maternal dietsa

Diets containing folic acid éntagonists were also teratogenice
Hozan, 0'Dell and Vhitley (1950) fed pregnant rats diets comtaining soybean
0il nmeal as a protein source, and all vitamins except ascorbic acid,
niacin, folic acid, and vitamin Bjpe The young were normal except for
hydrocephaly in less than 1%, ¥hen a folic acid antagonist,. crude methyl
folic acid, was added to the diets hydrocephaly increased to 20%. Vhen
the folic acid antagonists 2,lLi; diamino-5-(3!Lt-dichlorophenyl)-6-methyl
pyrimidine and 2,l, diaminc~5-p-chlorophenyl-é-ethyl pyrimidine were given
to pregﬁant rats after implan’oation, the young had cranial bone defec’bs,
hydrocephaly, and overall growth reduction (Thiersch, 1954).

Iandaver {1936) described micromelic embryos from chicken eggs of
hens fed deficient diets. The diets were lacking factors which were
vresent in wheat germ, liver, and whey (Byerly et al.; 1935)e Couch (19L8)

experinented with chicken eggs from biotin deficient hens resulting in
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embryos with parrot beaks, short and :ent tibiotarsus bones, short tarso-

nmetatarsus bones, and shor?t wingse

Yo Oxyveen Tension

Ingalls, Curley and Prindle (1950, 1952) exposed pregnant mice to
anoxia by placing them in a low pressure chamber av 260 to 280 mm Hg for
5 hours; when the mother was insulted on the lhth day of gestation, the
offsoring had fused ribs, cleft palate, cranioschisis, and anencephaly.
inencephaly was also the main abnormality following exposure to a simlated
atmosphere of 25 thousand feet and was not found among offspring when the
mother was exposed to 27 thousand feet, or maintained at sea level,

Grebouslkd {1961) exposed fertile chicken'. eggs to anoxia resulting
in offspring which were edematous. Other malformations varied depending
on the degree and duration of hypoxia. Eggsb exposed to anoxia for 3
hours produced embryos with undersized heads contaiming multiple anomaiies
of the brzin, eyes and beak., Exposure to moderate hypoxia for 3 hours
produced erbryos with hydrocephaly, microcephaly and folded midbrainse
Cleft palate, crossed beak and shert upper beak occurred affer severe
hypoxia for 3 hours or moderate hypoxia for 6 hours, Severe hypoxia for
6 hours produced microphthelmia and malformed or absent extremities. In
short; brief acute exposures induced malformations of the head; moderate

sposures affected individual structures of the head and trunk; prolonged
exposures to mild hypoxia resulied in rumpless offspring. In all
instances, edema was a common feature, According to Crabowsld, most of
the defects were caused by the edemé syndrome. That is, hypoxia leads

‘o fluid and electrolyte disturbances in the chick embryo which in turn
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causes malformations due to the physical effect on nearby proliferating
tissues (Crabowski, 196L)e Analysis of the serum of hypoxia treated
embryos showed an increase in lactic acid, free amino acids, potassium
and carbon dioxide. Sodium, calcium, chloride, and glucose decreased
while proteins and inorganic phosphates remained constant (Grabowski,

1966).

Trradiation .

The main effect of irradiation on éells during early development
is mitotic cell death, whereby cells are killed outright during metaphase
or cnaphase, Mitoses may be delayed or chromosome @bnormalities and
gberraitions may occur because of chromosome damage prior to division. The
effects of ionizing radiation on the fetus are due mainly to direct action
on cellular wechanismse These effects may cause sublethal bilochemical
injuries which affect cellular differehtiation; or change the cellls
proliferation rates; or kill certain groups of cells outright (Hicks
and DAmato, 1966)e

The pioneer work on irradiation of mammals (Job et al.; 1935) showed
that irradiation produced consistent malformations in ratse. After pregnant
females were exposed to doses of 36 to 90r during day 9, 10, and 11 of
gestation, more than one-third of the offspring had eye defects, jaw
defecis, and hydrocephaly. The dose level was important, since doses of
95 to 200r given on any of the first 18 days of pregnancy was lethal to
the offspring, whereas deses of 100r during the latter days of pregnancy
resulved in offspring with abnormel éhysiologyO The timing was also

important; when the animals were exposed on the 9th, 10th, and 1lth days
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of gestation, the brain primordia, the eyes, and the jaws were respect—
ively malformed.

Warkany and Schraffenberger {19.7) produced malformations in the
offspring of Sprague-Dawley pregnant rats after exposure to single
doses of between 190 to 950r of X-irradiation on the 10th to 16th days
of gestation. Irradiation on day 10 produced offspring with cranial
cdefects, cleft palate, fusion of the distal portion of the ribs, absence
of ulnae, and shortening of the femurs. Irradiation on éay 11 produced
limb and tail defects, whereas irradiation on day 12 produced encephalo-
celes as well as short maxillae. Irradiation on day 13 and 1l resulted
in malformed maxillae, syndactyly of the forelegs as well as short tails,
tibiae, and fibulae, Irradiation on day 15 a;'xd 16 had no effect on the
axial skeleton.

Russell (1950, 1956) experimented with irradiation on mouse
embryos. He irradiated the embryos between day 1 and 1l of gestation
with doses between 100 to LOOr. Irradiation between day 1 and 5 produced
a2 high mortality with no abnormalities, whereas irradiation between days
7 and 1l resulted in relatively low mortality with a great number of
maiformations. Irradiation between day 1L and birth resulted in a small
number of deaths and melformetions. He found that particular anomélies
c_guld be produced in the young when pregnant females were irradiated
during certain periods between day 7 and 1L of gestation, For example,
various ocular defects occurred when the mouse was irradiated between
7% and 9% days of gestation; malformations of the mouth and nose occurred
vhen the pregnant mouse was irradiated between 6% and 8% days of gestations

" skeleval defects of the limbs and cranium occurred after irradiation on
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days 9% and 10;_'-, while tail abnormalities occurred after irradiation
on doys 11y and 123, A4t a dose level of 200r, no malformations occurred
before day 63 however, exposure on days &% to 12% produced a high
incidence of thoracic and vertebral column defectse

Hicks (1950) exposed the whole bodies of pregnant rats and mice.
to doses between 200 and 600r; as a result, the fetuses had necrotic
brains and spinal cords. This damage was attributed to the destruction
of peuroblasts which was the direct effect of ionizing radiation on
nervous tissue (Hicks, 1952}

¥Hilson, Jordon, and Brent (1953) produced malformations of the
hear: and related blood vessels in offspring from pregnant rats exposed
tc 200r on the 9th day of gestation; malformations of the spinal cord
occurred afier exposure to 200r on the 10th day of gestat:.om On the
9th day, 25r produced embryos with mcronhthalm_a, 50r caused eye malform-
ations and retarded brains; 100r caused overall growth retardation and
eye sbnormalitiese Irradiation on the 10th day with more than 25r produced
embryos with maldeveloged brains and spinal cord defects; the incidence
for both types of malformations was directly related to the dosage givene
Tn the aforementioned experiments, UWilson®s group dlrect y exposed the
fetuses by opening the abdomen of the mother and irradiated the implant-
ation sites (Wilson and Karr, 1951). Wilson observed that the effects
of radiation was more severe on the 9th day than the 10th day and
concluded that the 9th day embrycs being less differentiated, were more
vulnerable to mitoses delay and chromosome altera‘cionso

Tn studies with radicactive isotopes, Sikov and Noonan (1958)

injected from 0.3 to 2.0 pc of phosphorus32 (PB } intraperitoneally
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into pregnant rats on the Tth to 1lth days of pregnancy; the abnormal-

o

ities in the offspring were mainly restricted to central nervous system

cefocts. Arnikar, Singh, and Udupa (1963) injected 50 uc of 222 into

female rats on the 9th day of pregnancy; the offspring had limb defects.
tronti ;90 administered to pregnent mice produced offspring with only
skeletal defects (Hiraoka, 1961).

radiation exposure to men and its effects on the offspring w

I3

reported by Murphy and Goldstein (1929). They reported on the administ-
ration of Y-rays to the pelvic region either before or after conception,
Yothers irradiated before ¥-ray treatment had normal offspfing, however,
snose irradiated after conception produced children with small heads

and overall growth retardation. dJapanese children who were in utero
during the A-bomb explosion showed overall growth retardation, micro-
cephaly, and mentel retardation (Plummer, 1952; Miller, 1956). VanCleave

1963) reported €0 cases of microcephalic children exposed to irradiation

in utero.

Trradiation of the Chick

Tt nhas been known since the turn of the century that exposure of fertile
chicken eggs to irradiation caused congenital malformations. Gillman and
Baetjer (190L) exposed chicken eggs to X-rays for 10 minutes each day |
during the first L deys of incubation. The malformations included curved
bodies and limbs, microphthalmia, and feather defects. trangeway and
Tell (1928) reporied extensive vascular damage to 6 day embryos after
exposure of 150 and 270r; cysts appéared on the body due to the distension

of blood vessels. Various abrormalities were produced in the chick-embryo
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after Y-ray exposure of up to 1800r {(Kernofsky et ale, 1950); the
abnormalities included short mendibles, cross—beals, corneal cysts,
small heads, thin legs and deformed or 2bsent toes.

An insight into the direat effechs of irradiation on Jocalized
arcas was made by Wolff (1936); he irradiated sclected areas using
& system of lead screens in a method perfected by Ancel. and Wolff (193L)e

Ee obtained the following results:

1, Irradiation to the primitive streak, in front of Hensents
rode produced omphalocephaly {body is twisted with heart on dorsal
side and head is in heart region)e

5. Trrediation abt 20 hours in front of the cephalic fold
produced diplocardiae

3, TIrradiation of the medial reglon of the prosencephalon of

an erbryo of 8 to 15 somites produced cyclocephaly in which two eyes

e found in the same socketes

K

Lo Trradiation of the mesencephalon in an embryo of 8 to 15
somites procduced octocephaly {derivatives of lower maxillary" buds are
completely or partially ebsent ).

5, If the optic vesicles ar: irradiated 2t 12 to LO hours of
incubetion, anophthalmia is producedo

4, TIf the lateral layers of an embryo of 15 to 23 somites
are irradiated, the fetal viscera are exteriorizeds

7. If the rhowmboidal sinus is irradiated at the 12 to 18 somites.
stage, fused legs occurrede |

Wolff wes able to reproduce the above teralisms at wille Other workers

-
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have used this technique and produced specific abnormalities. Stephan
(1953) produced abnormalities of the aortic arches, pulmonary arteries
and branchiocephalic trunks when the aortic arches were irradiatede
Dposurs of the limb buds to 1000r resulted in bone malformations: (Wolff

2l,, 1958; Kirrman and Wolff, 196lL); in the leg, the tibia developed

ck

€
at the expense of thiz fibule; whereas in the wing, the ulna developed

.

2t o more rapid rate than the radius. At L500r, the radius and fibula

ceased to develop, but if the ulna or tibia were irradiated, some

growth did occur,

Hormones
Hormones are capable of causing teratisms in both mammals and

B

srdse TFraser and Fainstat (1951) treated pregnant mice with cortisone

O

H

esulting in offspring with cleft palate, They showed that .the genetic

g

mzkeup of the animal was responsible for a higher or lower incidence of
the abrnorrality by using 5 dji‘fere;ﬂ.t strains of mice. Treatment on
the 10th or 11th days produced cleft palate in 79% of the offspring in
strains, and 21% in the C-57, B, and H strainse ' Treatment
on dzy 12 or 13, resulted in a lower incidence of cleft palate (29% in
& and ¥ and 8% in C-57, B, and H) for each strain of mice used.
Cortisone caused overall growth reduction in offspring of treated pregnant
mice (Kelter, 1957). Vhen Cu" cortisol was administered to Ajax and
CBA rice, the uptake was similar in the 2 strains bub the cleft palate
sensitive strain {ijax) retained a larger amount of the corpound during
2 hours following injection suggesting that genetic differences in the

metabolism or tissue binding may be responsible for the retention
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differences and greater susceptibility (Levine, Yaffe and Bacl, 1968).

Inhsulin administered to pregnant rats was not teratogenic to the
offspring (Kalter, 1980). Fowever, insulin was teratogenic in the mouse
oroducing exencephaly and other abnormalities (Smithberg, Sanchez and
Runner, 1956); nicotinamide had no effect on the teratogenic action of
insulin in mice. Insulin was also shown to be teratogenic in raboits
{Chomette, 1955)3 females were injected on 2 successive days of
pregnancy; the offspring had microcephaly and ectopia cordis (displace-
ment of the heart outside the thoracic cavity). Vhen cortisone was
injected onto the CAM {chorioallantoic membrane) of 8 day chicken eggs,
skeletal defects were produced; when cortisone was injected into the
yolk sac of li day embryos, bone deletions in the skull and abdominal
herniz occurred (XKarnofsky and Lacon, 196lk)e. In the 8 day embryo, the
bones did not stain well and were reduced in size. The authors suggest
that in the 8 day embryo, the adrenal steroids seem to interfere with
tre process of ossification since the precursors of cartilage appear
to be normale

Then insulin was injected into fertile chicken eggs, the embryos
were completely or partially rumpless (Landaver and Bliss, 1946)s Insulin
was also found to cause abrormelities of the limbs, beeks, and eyes
(Lendauver, 19&750 The timing and dosage determined whether rumplessness
or leg—beak—e&e—malformations would oceoure Injections during the first
2 days of incubation produced a high incidence of rurplessness whereas
injections on days 3 to 7 produced leg-beak-eye-malformationss; the

highest incidence occurred on day 5. Nicotinamide injections within 3
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nours before or after the insulin treatment counteracted the micromelia
and reduced the incidence of beak defects and rumplessness; an injection
of se-ketoglubarabe together with the insulin zt 96 hours reduced the
incidonco of miaromelia, bub it offorad no protoction azainst rurrp-'

4  lessness (Landauver, 1948). Zwilling {1951) found that insulin-treated '
cbnormal embryos were hypoglycemic and the more pronounced the micro-
melia the more pronounced and prolonged was the hypoglycemiae

Sccording to Zwilling, the reduced blood sugar in the embryo resulted
from inhibition of glycogen breakdown in the yolk sac membrane which
serves as a storage for glycogen until day 8 when the liver begins to
function. Zwilling alsc found & relationship between the length and
duraticn of the hypoglycemia and the degree of leg shortening, The limbs
were noymal if normal blood sugar levels were reached by day 8, moderately
micromelic if normal blood sugar levels were reached be’cweeﬁ day 8 and
10, and acutely micromelic if normal blood sugar levels were reached

vy day 1k or longer. Zwilling (1959) showed that the hypoglycemia

was not directly responsible for the micromelia by producing the
micromelia in cultured limbs grown in vitro in a medium containing
insulin. The bones grown in the presence of insulin had short shafts
and large ends, Bones grown in the presence of insulin and nicotinamide
were normel. Histologically, there was more matrix between the cells

in bones growm with insulin and nicotinamide than with insulin alone.

In another experiment, Zwilling cultured bone rudiments excised on day

6 and 7 from embryos injected on day b with insuline The limbs *;-reré
abnormal with swollen ends and short long shafts. UWhen day 6 bones:

were grown in the presence of nicotinamide, they were normal, however,
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when day 7 bones were grown in the presence of nicotinamide, the shaftis
remained shortened but the ends were not swollen, Bones excised on

day 8 and grown in the presence of nicotinamide remained distorted.

470 Dyes

Gillmen et al. {19L8, 1951) discovered that abnormal offspring
wers produced when trypan blue was injected into the pregnant rat on
day 8 or 9 of gestation. The dye was not present in the tissues of the
affected offspring, and he concluded that the malformations must have
resulied from a disturbance in the maternal metabolisme The malformations
included hydrocephaly, spina bifida, as well as tail, eye, ear and skull
defects. lhen the dve was injected on day 1l or later, the defects were
not apparents

Milson (1955) studied the effects of 1l dyes by injecting rats
with 20 mz of each on day 7, 8, or 9 of gestations He found that trypan
blue was highly terztogenics Evans blue was less teratogenic and
%iagara blue LB and Nlacura sky blue 6B were only slightly terauogenlco

YHlson et 2l., {1963) using C‘” labelled trypan blue failed to detect the

dye in the embryonic tissue., & hy otne31s to explain the mode of action
£ trypan blue has been postuiated by Lloyd and Beck {1969)s They present—
ed evidence to show that the drye is tealen up into the lysosome sysiem of the

volk sac and that the dve inhibits 5 lysosomal enzymes in the liver and yolk
sac. They further stated that trypan blue probably induces congenital
Gefects by interrupbing the flow of nutrients to the early post—implani-
ation embryo by blocking the hydrolysis of nutritional macromolecules

in the lysosomes 01 the volk sac epithelium; ©this conclusion was based
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the fact that interruptions in the uterine blood flow could be

teratozenic {Brent and Franklin, 19¢0).

by
eg
n
ga

si

Trypan blue was first reported to be teratogenic in the chick embryo
fncel and Lallemand (19k1). They exposed L8 hour incubated chicken
gs to the dye producing atrophy of the tail buds in 104 of the embryose
other experiments, various other melformations occurred including
stroschisis, rumplessness, and hind limb defects; hemorrhages at the

te of the defect appeared to be responsible for the malformations (fncel,

1950), Other malformations attributed to trypan blue, after an injection

into the yolk sac or subgerminal cavity at 2L or 36 hours of incubation,

included microphthelmia, anophthalmia, cross beek and rudimentary limbej

injections later than 72 hours of incubation were not teratogenic

{Beaudoin and Wilson, 1958). Xaplan aznd Grabowski (1967) reintroduced

th

we

di

he

e theory (&ncel, 1950) that developmenial defects caused by trypan blue
re dve to the presence of a hematoma at the site of the defect. They
scovered that embryos which produced a caudal hematoma afver trypan

tz treatment at L8 hours of incubation produced rumpless chickens, while
ose that failed to develop 2 caudal hematoma had normal rumpse The

motoma occurrad because of bleeding from a brezk in the dorsal aorta

posterior to the hind limbs.. Blood lezkage in the tissue spaces resulted

in

cell death and resorptions which ultimately led to rumplessnesse

Cytotexic Drugs

Various cytotoxic drugs can be teratogenic when administered to embryos.

They arzs capeble of interfering with the multiplication of rapidly dividing

un

diifferentiated cells by destroying enzyme function and interfering wwith
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protein and nucleic acid synthesis. Cytotoxic drugs have been used in
cancer therapy. Screening tests have revealed malformations in the
offspring of test animals. The effect of these drugs have been reviewed
by Cohen (71.961;.) and Kornofsky (1963, 1965). The drugs concerned included
alkylating agents, hormones, antimetabolites, alkaloids, antibiotics
etco Toxic levels of these compounds administered to intact animals
caused inhibition of cell growth, retardation of oral or Ges X tract
epithelium and cellular changes in the central nervous sysi.:em of post—

netal animels (Chauvbe and Murphy, 1968).

2. Mkylating agents

M example is nitrogen mstard which is teratogenic in various
;rimals such as the mouse, rabbit, rat and chick. These compounds
act by the substitution of an 2lkyl growp in a molecule for an H-atom,
or by substitution =f 2 carbonyl or amino group in proteins, or a’
vhosphate group in nucleic acidse They are capeble of forming several
types of cross linkages with the double stranded DNA caus ing its inact~
ivation in vivo. Nitrogen rustard (2 mg) given intraperitoriea]ly on the
10th to 12th day of gestation produced offspring with edema, exophthalmia,
amelia and without rurps (Danforth and Center, 195Lk). Nitrogen mustard
vroduced abnormal offspring in rats; they were reduced in size, and
had 1imb defects, cleft palate, edema;, and kidney malformations (Monie,
1961). Murphy et alo, (1958) compared the effects of seven alkylating
agents injected into rats on the 12th day of megnancye The young had
defects of the teil, overall growth .retardation, brain damege and cleft

palates. Rats treated with myleran (1,Lk~Butanediol dimethanesulfonate)

lacked zrain damage while those treated with chlorambucil Li(p—(Bis-




~190~

(2-chloroethyl) amino) phenyl) butyric acid) had fetal edema.
In the chick, nitrogen mustard was highly toxic, but was only
slightly teratogenic. When 0,01 mg was injected into the L day ezz,

eath occurred within 1 to 5 dayse The survivors were usually normal,

o3

however, the odd embryo had crossed beak, thin legs, and reduced weight
(Murphy et ale, 1957). Cyclophosphamide injected into fertile eggs

produced embryos with micromelia and bezk defects {Gerlinger, 1963).

b, Antimetabolites

Another group of cytotoxic agents are antimetabolites. They
are structural analogues of naturally occurring compounds such as
vitamins, purines, pyrmidines and amino acids. They interfere oy causing
a deficiency of the metebolite or by substituting for it in the corresp-—

onding metabolic pathway or systemo

1o Purine analogues

The mest active purine analogues'in rats is thioguanine
anc thioguanosine; they produced offspring with cleft palate and retarded
limbs, The least active is 9-ethyl merc#ptopurine which produced only
kinky tail (Chaube and Murphy, 1968). Another analogue, 8-azaguanine
is metabolized in the same marmer as guenine and is incorporated into
DNA thereby inhibiting protein synthesis. Uhen femzle mice were given a
single intrzperitoneal injection of 8—azaguanine, cleft palate and iimb
defects occurrad (Nishimura and Nuwmura, 1958). Deoxyguanosine is. not
teratogenic in the rat embryo, but it is teratogenic in the chick

embryos the malformetions included bone deletions in the limbs, cleft
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valate, beak defects, edema, and feather abnormalities (Xarnofsky and
Lacon, 1961), Deoxyguanosine interferes with the formation of deoxycyti-
dine since an injection of the latter compound will prevent the

teratogenic effects of the former compound (Karnofsky and Lacon, 1962).

2, Pyrimidine analomues

The pyrimidine analogues affect cell function by inter-
fering with RNA and DNA synthesis. Single injections of the fluoropyrimi-
dines in the rat from the 9th to 17th days of gestation produced embryos
with cleft palate and deformed appendages, paws and tails (Muwrphy, Dagg,
and Xarnofsky, 1957%.

In the chick, S5-fluorouracil injections into the L day
egg produced embryos with skeletal defects including shortening of the
lower beak, cleft palate, and melformed tibia and metatarsals; other

helogenated pyrimidines are not teratogenic in the chick embryo (Karnofsky,

Murphy, and Lacon, 1958).

3. (lutamine analogues

flutamine analogues such as azaserine and dizzo-norleucine
irhibit purine synthesis by preventing the conversicn of formylglycineamide
riborucleotide to formylglycineamidine ribonucleotide; glutamine transfers
its amins group to V'the latier compounde These analogues may also prevent
transemination reactions e. g., xanthylic to guanylic acid or uridylic to
cytidylic acid, therefores blocking de novo purine synthesis. Azaserine is
teratogenic in the rat; when pregnant femzles were given a single dose
from the 7th to 1hth day of gestation, the abnormalities included cleft

palate, fused ribs and vertebral column defects, Those injected on day 7
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or 1 had nowvm:l. offspring. Vhen azaserine was injected into L day
incwbated chicken eggs, the embryos had defects of the beak and appendi-
cular skeleton, microthphalmia, edem2, feather reduction and overall
crowth inhibition. When injected into 8§ day incubated chicken eggs,

the erbryos had edema and feather reduction, Injections into 12 day

incubated chicken eggs produced embryos with edema and feather inhibition,

however, no skeletal defects occurrede Tajections of nicotinamide,
riboflavin, pyridoxine, ascorbic acid, and biotin failed to protect the

embryo against azaserine {Dagg and Karnofsky, 1955)e

be Nicotinamide analogues

The nicotinamide analogue, 6-aminonicotinamide, was
Leratogenic in the rat (Chamberlain and Nelson, 19623 1963); abnormal-
ities included hydrocephaly, cleft palate, eye malformations, and
urogenital and cardiovascular defectse In these experiments, rats were

fed niacin-deficient diets during the second week of pregnancy for a

Lol

eriod of from L8 to 72 hours: those fed the deficient diets on days
8 to 10 of pregnancy showed the highest incidence of abnormaiitieso The
toxic effects and abnormalities caused by E—aminonicotinamide can be
prevented by an injection of 1CO mg/kg of nicotinamide just before the
injection of the anzlogueo

In the chick, G-aminonicotinamide injected into the yolk
sac of the li day incubated egg produced embryos with parrét beak and
ricrcmelia with bending of the tibiotarsus and tarsometatarsus bonese
These effects could be prevenited by 2 simltaneous administration of

nicotinamide (Murphy, Dagg and Kernofsky, 1957). Landauer (1957)

T




cbtained similer results with é~aminonicotinamide, however, when he
injected another analogue of nicotinamide, 3-acetylpyridine, into 96
ldour fertile chicken eggs, most of the embryoé did not hatch. Examin-
a‘{:ion of téxc cmbryos revealed malformations, with the main defects being
muscular hypoplasia, edema and a shortened upper beak; the body size

was only slightly reduced ard the long bones appeared normal in length
but were thin. T¥hen both of these analogues were injected into 2L

hour incubated chicken eggs, 51 were rumpless after &~aminonicotinamide;
whereas after 3-acetylpyridine, 25% had various abrormalities including
eye defects, cerebral hernia, rumplessness and muscular hypoplasiae The
teratogenic effects of }acetjléy;‘idine could be reversed by an injection

of nicotinamide (4ckermen and Taylor, 19L8J

Co Anbtibiotics

Antiblotics have also been found to be teratogenice These
compounds irhidbit nucleic acid and protein synthesiss An example is
actinomycin D which is produced by soil bacteria. It blocks DNA-dependent
R4 synthesise When this drug was injected into pregnant rats on day 7
of gestation, the offspring had hydrocephaly and ectopia cordis; when
injected on day 8, 17 were malformed with axial skeletal defects and
hydrocephaly; when injected on day 9, 28% were melformed with similar
mel.forma:bions as day 8 injections; when injections were performed on
day 10, the embryos had ocular and axial skeletal defects (Wilson, 196l).
Another antibiotic, mitomyein C, blocks DNA synthesis in bacteria,:
vifuses, and mermalian cells in culture. This compound does not produce

nmalformations in rats; however, it is teratogenic in the mouse (Tanimura,
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1967; Chavbe and Murphy, 1968). Tetracycline, and penicillin and
streptomycin have been shown to be teratogeni‘c in rats producing cleft
palate, hypoplasia of the mandible, micromelia and syndactyly for the
former compound, and micromelia, syndactyly and ectrodactylia when the
latter two compounds were injected together (Filipi, 1967).

Tetracycline was teratogenic when injected into the yolk sac
of the chick producing skeletal malformations and growth inhibition |
{Rolle and Bevelander, 1966). Tetracygi’ine inhibited the rate of
mineralization of the osteold matrix which resulted in defects of the
femur and mandible. The authors conciuded that the concentration of
tetracycline and not the time of administration was important in produci@.
the observed teratae

Pierro (196la) injected actinomycin D into 2, L8, and 96
hour incubated chicken eggs; 333, 853, and L of the embryos were
rumpless, respectively. If DN& and actiromycin D were premixed and
then injected together, the embryos were normal; however, the toxicity
increaseds Pierro (1961b) made a histological study and found that
cell death and degeneration occurred in the trunk, tail, and unsegmented
somatic mesoderm. The rumpless condition was attributed to cell death

which completely blocked the development of the posterior trunk regions,.

do Alkaloids
Some alkaloids were found to be teratogenic in rats. Two of
then, v:«_nblasm.ne and vincristine produced developmental defects in the
mouse and rat {Cohlan et el., 196Ls Cohlan and Xitay, 1965). Uhen

vinblastine was administered intraperitoneally from days 7 to 12 of
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gestation, 60% of the embryos were resorbed and 8% had developmental
malformations including stunted growth, hydrocephaly and hind 1limb defects.
Vincaleucoblastine was also teratogenic; treated embryos showed a 6-fold
increase :z.n metaphase arrest which was responsible for the teratogenesise
Vineristine was not teratogenic in the rat.

Pilocarpine and eserine were teratogenic in the chick (Landauer,
1953 and 195L; fAncel, 1950). Eserine injections into the L day chicken
egg produced embryos with parrot beaks, micromelia, and bent tibiotarsus
bones, syndactylism, and feather defects. The limb defects could be
reversed by injections of nicotinamide within 3 hours of the teratogen.
Pilocarpine injections into thé yolk sacs of 24 hour incubated chicken
eggs produced rumpless embryos; when injected into 96 hour eggs, the
embryos had 1limb defectso Thé dose level was important because an
injection of 3 mg per egg at 96 hours produced embryos with syndactylism,
whereas an injection of 6 or 12 mg per egg at 96 hours produced embryos
with syndactylism and short, bent tibiotarsus bones. The terata produced
by 3 mg pilocarpine could be revefsed by nicotinamide, howevéz', the
terata produced by 6 or 12 mg per egg were irreversible. Colchicine
was also found to be teratogenic in the chick producing micromelic

embryos (Ancel, 1950).

e. Viruses
Gregg {19L1) was the first to observe that a rubella virus
infection in pregnant humans could cause malformations in oi’fspr:;x.ng;
ti‘xey included congenital cataract, cardiac lesions, deafness, and

rental retardations
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The number of malformed offspring increased if exposed during
the first i weeks of pregnancy and declined up to the 13th week, after
which rone occurred. Forty-seven percent of the offspring were malformed
if exposea during the first month of pregﬁancy; 22% were malformed if
exposed during the second month of pregnancy, and 7% were malformed
if exposed during the third month of pregnancy (Michaels and Mellin,
1960)s Tne virus was found in cells of fetal organs as late as the
fourth month of pregnancy (Monif, et al., 1965), and m;lformations were
attributed to viral inhibition of cell multiplicatione |

Viruses were also teratogenic in other animalse. Shimizu et
alo, {195l:) found that Japanesé B encephalitis virus injected into
pregnant swine during early pregnancy caused stillbirths and hydrocephaly
in the of fspring. Young et al. (1955) gave live hog cholera virus to
pregnant swine which produced malformations to 38% of the offspringe
Tn the aforementioned articles, there was no illness to the adults and
in the latter case, prior immunization of the sows did not prevent
infection of the fetuse

Tn the chick, Hamburger and Habel (1947) injected influenza
virus into the blastoderm of L8 hour chicken eggs; the defects included
microcephaly, twistirg of the ads, and irmpairment in growth of the
emnion. The virus was not teratogenic when injected at later stagese

Mumps virus, on the other hand was not teratogenic in the chicke

Thalidomide
Thalidomide is a tranquilizer which was prescribed to pregnant

mothers in the early 1960's. Many cases of limb defects in newborn
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children were reported by MeBride (1961) and Lenz (1962) and were found
to be caused by thalidomide taken in early pregnancy. The main defects
(previously very rare) included the reduction of one or all bones of.the
wper or lowor limbs. The malformations were mainly symmetrical and
bilateral with the upper limbs being affected more often than the lower
limbs. Other malformations attributed to thalidomide included hypoplasia
of the pinnae, microphthalmia, congenital heart disease, and lesions
of the intestine. The thalidomide incident led to many. investigations
in animalse

Giroud et al. (1962) gave thalidomide orally to pregnant rats,
mice, and rabbits early in preghancy and reported teratogenic effects
in the mouse and rabbit but none in the rate The malformations included
cleft palate, anencephaly, and 1imb defects (the limbs were of the club
foot type, however, no shortening occurred)s Cook and Moore (1967)
added thalidomide to the diet of female rats 3 days before mating and
throughout pregnancy. The defects in the offspring included interfer-
ence with ossification of vertebrae, ribs, and skull, as well as defects
of the pelvic girdles and limbs. The susceptibility to thalidomide
varies widely among species and strains. Human erbryos were deformed
when pregnant mothers were given daily treatments of from 0.5 to 1.0
mg/kg for seversl days (Lenz, 196L). Thalidomide was teratogenic in
babeons after 5 mg per day was given from 12 to 22 days (Hendrick,
Axelrcd, and Claycorn, 1966). Implantation was prevented in rhesus
monkeys when 50 mg/kg was given daily for several days Jjust after mating

{(Lucey and Behrman, 1963). Rabbits were very sensitive to thalidomide;
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a daily dese of 30 mg/kg was teratogenic (Seller, 1962).

Thalidomide was also teratogenic in the chicke DeBock and Peters
(1963) injected 1 to 5 mg per egg on day 1 of incubation; the embryos
had short or twisted limbs, had only 1 lower limb, or had fused wingse.
Salzgeber and Salaun (1963) administered thalidomide to chicken eggs
oroducing malformations in 30% of the embryos; limb malformations
accounted for 15 to 22% of the malformed embryose.

The teratogenic mechanism of thalidomide-induced malformations
is still unknown, however, the drug appears to enter the cells of the
embryo and is then hydrolysed into polar compounds which are unable to
cross membranes once formed (Williams et al., 1965). Fabro et al.,
(196L) have shown that the glutarimide ring is not essential for the

production of terata.

Miscellaneous Compounds

Various sulphonamides were teratogenic in the chick (Ancel, 19503
Zwilling and DeBell, 1950; Landauer, 1968). Sulphanilamide produced
parrot beak, micromelia with bent tibiotarsus bones, syndactylism and
feather defects when injected into day 5 embryos; the micromelia was
alleviated by an injection of nicotinamide (Zwilling and DeBell, 1950).

Various rmetals were teratogenic in the chick (Ridgway and
Xarnof'sky, 1952). OFf those tested, thallium produced micromelia and
beak defects after injections into the L to 8 day yolk sacs. Arsenic
produced stunted growth, micromelia, and edema after injections -into
i day yolk sacs, while rhodium.produ;ed stunted growth, feather inhibi-

tion, micromelia, and mild edema after injections imto 8 day CAMS.
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Lead nitrate produced brain hemorrhages and hydrocephaly after injections
into the L day yolk sacs. Boron (boric acid) caused feather abnormal-
ities, edema, and beak defects after injectiohs into L day yolk sacs.
Landauer (1954) found that boric acid caused short mandibles, micromelia,
syndactylism, and curled toe paralysis after injections into L day yolk
sacs; nicotinamide reduced the incidence of facial abnormalities, but
offered no protection against micromelia.

Triazene (3,3 dimethyl-l-phenyliriazene) is an ahticancer agent
which caused developmental defects in chickens and rats (Murphy et al.,
1957), Females treated on day 11 of gestation produced off spring with
limb defects, edema, and growth inhibition; treatment on day 12 produced
embryos with cleft palate, fused ribs and malformed pawse. Injections
of triazene in L day chicken eggs produced embryos with weight inhbition,
edema, feather defects, micromelia with bent tibiotarsus bénes, and
beak abnormalities. MNicotinamide prevented the skeletal defects but
did not prevent the stunting or reduce the mortalitye.

Thiadiazole (2-ethylamino-1,3,l-thiadiazole), an anticancer agent,
which increasedthe uric acid content in chickens and man because of an
increase in de novo purine synthesis, was teratogenic in rats. Rats
treated on day 9 had normal offspring, however, those treated on day
11 had offspring with short or absent tails, and syndactylisms Rats
treated on the 12th day had cleft palate, hare iip, and skeletal
defects of the tail and limbs (Murphy et al., 1957). Thiadiazole was

not teratogenic after injections into Iy day chicken eggse
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Although not all teratogenic agents were covered in this'review,

it is evident that the embryo is susceptible to congenital defects by -

a variety of unrelated compounds, especially at the time of organo-

genesis during the period of differentiation.
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