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Application of the chicken embryo in testing
for embryotoxicity
Thiurams
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KORHONEN A, HEMMINKI K, VAINIO H. Application of the chicken embryo in
testing for embryotoxicity: Thiurams. Scand j work environ health 8 (1982) 63-69. A
test protocol was developed for the testing of chemicals for toxicity on the chicken
embryo. The protocol called for a continuous monitoring of the developing embryo for
those that died before maceration. The eggs were injected on day 3, and the test
was continued up to day 14 of incubation. The following parameters of embryotoxic­
ity were used: early deaths (spanning the first 2 d after injection), late deaths with
malformed embryos, late deaths with nonmalformed embryos, and malformed survivors.
The order of embryotoxic potency, in descending order, among the thiurams was
tetramethylthiuramdisulfide, tetramethylthiurammonosulfide, tetraethylthiuramdisulfide.
It was found that late deaths were seen in 70 % of the cases with malformations. The
most common types of malformations were eye defects and open coeloms. Dead embryos
frequently had multiple malformations. In lethal cases, embryonic development termi­
nated at stages 25/26 and 29 on the Hamburger-Hamilton scale.

Key words: embryonic deaths, malformations, teratogenicity, tetraethylthiuramdisulfide,
tetramethylthiuramdisulfide, tetramethylthiurammonosulfide.

The parameters used to measure terato­
genicity and other embryotoxic effects
vary, depending on the method and on
the scientist. Loosely defined terms, such
as "high" or "low" doses are used even in
the recommendations of the World Health
Organization, as noted by Jelinek &
Rychter (3). This problem stems, to a
great extent, from a nonuniform applica­
tion of the parameters to measure effects
and, in some systems, even on the lack of
such parameters. Most of the parameters
are based on a dose producing a certain
effect, and generally this effect is cal­
culated in relation to the number of sur­
vivors. As increasing concentrations of a
test chemical always involve embryonic
deaths, the number of malformed sur­
vivors may not accurately reflect the
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teratogenic potential of the chemical.
In this study a method utilizing chicken

embryos is employed to allow observation
of each exposed embryo throughout the
whole period of embryonic development.
The advantage of continuous observation
is that dead embryos can be readily re­
corded and inspected before maceration.
This procedure facilitates a precise defini­
tion of the different embryotoxic effects.

Three thiuram compounds, tetramethyl­
thiuramdisulfide (TMTD, thiram), tetra­
methylthiurammonosulfide (TMTM) and
tetraethylthiuramdisulfide (TETD, di­
sulfiram, Antabus), were selected as the
test substances. TMTD has been found to
be a teratogen in mice (5) and hamsters
(4). TETD has also caused malformations
in hamsters but only when introduced in
dimethylsulfoxide (4). All three of the
thiurams tested are extensively used in
rubber as curing agents and accelerators.
TMTD is additionally widely used as a
pesticide, and TETD as a drug in the treat­
ment of alcoholism.
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Materials and methods

White Leghorn chicken eggs were obtained
from the hatchery of Siipikarjanhoitajain
Liitto ry, Hameenlinna, Finland. The in­
cubator was commercially manufactured
by Hameen Insin66ritoimisto Oy, Hameen­
linna.

TMTD and TMTM were obtained from
the rubber factory of Nokia, Finland, and
were of technical grade; TETD, pro analy­
sis grade, was purchased from the Sigma
Chemical Company, St Louis, MO, USA.
Acetone, pro analysis grade of Merck,
Darmstadt, Federal Republic of Germany,
was used as the solvent for the thiurams.
The amount of test solution was always
5 pI; 5 pI of acetone was added to the
control embryos.

The solutions were added to the air

chamber according to the method des­
cribed in principle by Bloom (1). After in­
cubation for 3 d (72-76 h) embryos of
similar size were chosen from candled
eggs. While the egg was in a vertical posi­
tion, a hole of 4-6 mm in diameter was
made in the wall of the air chamber with
forceps. The embryo was readily seen
under the inner shell membrane, which
allowed the final selection of the embryos
for the test. Abnormal embryos were
discarded. With a Finnpipette the test
solution was carefully dropped on the
pulsating heart of the embryo. The hole
was sealed with a piece of tape. After
the addition of the test solution, the eggs
were incubated in a vertical position for
1 d. The temperature was kept at 37.8°C,
and the humidity between 66 and 71 0/0

throughout the incubation period. The

Table 1. Embryotoxic effects of tetramethylthiuramdisulfide (TMTD), tetramethylthiurammonosulfide
(TMTM) and tetraethylthiuramdisulfide (TETD).

-------------- --~-

Late deaths (days 5-14)
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day 5)

N %

Non­
malformed
embryos

N %

Malformed
embryos
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Malformed
survivors

(on day 14)

N %

All affected
embryos

N %

TMTD

5 42
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FIg 1. The teratogenic dose ranges of tetra­
methylthiuramdisulfide (TMTD) tetramethylthiu­
rammonosulfide (TMTM), and tetraethylthiuramdi­
sulfide (TETD). The dose scale is different for
TMTD to avoid overlapping with TMTM. The
effects on all the treated embryos are shown as
percentage and on a probit scale (dose in a log
scale). For each of the thiurams, the dose­
response curves show (from the right) early
deaths, nonmalformed dead embryos (early
deaths + nonmalformed late deaths), total mor­
tality (early deaths + late deaths), and total
effect (all affected embryos). The horizontally
hatched area illustrates the category of non­
malformed late deaths; the area with heavy
oblique hatching, the category of malformed late
aeaths; and the area with light oblique hatching,
the category of malformed survivors.

graphs are formed, those for TMTD and
TMTM falling in the low-dose region and
that for TETD in the high-dose area.

Some quantitative parameters have been
derived from the curves of fig 1 and pre­
sented in table 2. These include ED50 for
embryotoxicity (total effect) and LD50 for
total mortality, nonmalformed deaths, and
early deaths scored on day 5. The slopes
of the dose-response curves are also given.
All of the calculated effective doses in­
crease in the order TMTD < TMTM <
TETD, the differences between TMTD and
TETD being about fivefold. The slopes of
the dose-response curves are similar, with
the exception of that for total mortality.
However, TMTM consistently appears to
'show the smallest values for the slopes of
the dose-response curves.

The proportions of malformed embryos
among those treated are shown in fig 2.
TMTD caused 40 % malformations at a
dose of 20 nmol/egg as compared to 34 0J0
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<Results

The embryotoxicity of TMTD, TMTM, and
TETD was studied in chick embryos. The
numbers of embryos in each dose group
and in each affected category are given in
table 1. In table 1, as well as in all subse­
quent presentations of data, the per­
centages have been calculated per number
of treated embryos. The acetone back­
ground, based on 70 embryos treated
simultaneously with the thiuram series, is
also shown in table 1. The acetone back­
ground was 1.5 0J0 for the early deaths,
1.5 0J0 for the nonmalformed late deaths,
and 3 0J0 for the malformed late deaths.
No malformed survivors were found in the
acetone series.

The dose-response curves for the data
of table 1 are plotted on a probit­
logarithmic scale in fig 1. Three sets of

eggs were turned two to four times per
day.

Two days after the addition of the
thiurams, after a total incubation period
of 5 d, the eggs were candled again. Eggs
containing dead embryos were counted and
discarded. The rest of the eggs were then
candled every second or third day. Those
containing dead embryos were opened and
the embryos checked for external malfor­
mations and for the developmental stage
as defined by Hamburger & Hamilton
(2). The incubation was terminated on day
14, 11 d after the addition of the test solu­
tion. The remaining eggs were opened,
and the embryos examined for survival
and for external malformations.

The affected embryos were classified by
the following categories of embryotoxicity:
(i) early deaths - embryos dying before
day 5 of incubation, within 2 d of treat­
ment; (ti) late deaths, nonmalformed ­
externally normal embryos dying between
days 5 to 14; (iii) late deaths, malformed ­
externally malformed embryos dying be­
tween days 5 to 14; (iv) malformed sur­
vivors - externally malformed embryos
alive at day 14 of the incubation period.
The median lethal dose (LD50) and median
effective dose (ED50) were calculated ac­
cording to Rosiello et al (6) with a Wang
table computer.
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Table 2. Median effective dose (EDso), median lethal dose (LDso), and the slope (tan (X) of the
dose-response curves for the embryotoxic effects of tetramethylthiuramdisulfide (TMTD), tetrameth-
ylthiurammonosulfide (TMTM), and tetraethylthiuramdisulfide (TETD).

Total effect Total mortality Dead, not mallormed Early deaths

95 'I, 95 'I, 95 'I, 95 'I,
EDso conti- LDso conli- LDso conli- LDso conli-

{nmoll dence (nmoll dence (nmoll dence (nmoll dence
egg) limits tan a egg) limits tan a egg) limits tan a egg) limits tan a

(nmoll (nmoll (nmoll (nmoll
egg) egg) egg) egg)

TMTD 18 15-21 1.3 28 25-32 1.5 35 31-41 1.2 40 35-46 1.3
TMTM 34 28-41 1.3 39 32-48 1.1 44 36-55 1.1 48 38-60 1.1
rETD 91 81-100 1.3 110 100-120 1.4 150 130-170 1.2 170 150-190 1.3

Table 3. Dose required to cause malformations in 10 % of the treated embryos (EDlO) and the
optimum teratogenic dose of tetramethylthiuramdisulfide (TMTD), tetramethylthiurammonosulfide
(TMTM), and tetraethylthiuramdisulfide (TETD).

Dose of TETD
TMTD TMTM TETD

Dose of TMTD

EDlo (low) 7.1 27 a 46 6.5
Optimum teratogenic dose 20 100 100 5.0

a The value of TMTM is arbitrary due to the shape of the dose-response curve (see fig 2).

Table 4. Incidence of different malformations produced by tetramethylthiuramdisulfide (TMTD), tetra-
methylthiurammonosulfide (TMTM), tetraethylthiuramdisulfide (TETD), and acetone.

TMTD TMTM TETD
Acetone

Malformation Dead Surviving Dead Surviving Dead Surviving Dead

N 010 N % N 010 N % N % N 010 N %

Small eye cup 19 76 8 22 2 50 11 35 73 15 43 50
Lid and cornea
defects 4 16 28 78 1 25 1 11 5 11 2 6 0
Asymmetric brain 1 4 2 6 0 0 1 2 0 0
Edemic head 1 4 0 0 0 0 1 3 0
Cleft palate 0 0 0 0 0 1 3 0
Defects of face
folds 2 8 0 0 0 1 2 1 3 0
Open coelom 18 72 10 29 2 50 6 67 48100 15 43 2 100
Stunted back
andlor neck 9 36 0 0 0 16 34 7 20 0
General edema 0 0 0 0 1 2 0 0
Lymph blebs 1 4 0 0 0 2 4 0 0
Blood blebs 0 0 0 0 2 4 0 0
Defects of the
legs 4 3 0 2 22 0 3 9 0
Defects of the
wings 2 8 0 0 0 0 0 0

Sum of malformed
embryos 25 100 35 100 4 100 9100 48 100 35 100 2 100
Sum of malfor-
mations 58 43 5 10 111 45 3
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for TETD at a dose of 100 nmol/egg.
TMTM caused a rather low proportion of
malformations at any of the tested concen­
trations; the highest percentage was 15
at 100 nmol/egg. Fig 2 also shows the
number of malformed embryos surviving
at day 14. This number was quite high
for TMTD, while for TETD about half of
the malformed embryos were dead.

The data in fig 2 were used in the esti­
mation of the dose required to cause
malformations in 10 % of the thiuram­
treated embryos (ED10) (table 3). The
comparison suggested that TMTD was
about three to five times more potent than
TMTM and about six times more potent
than TETD. The optimum teratogenic dose
was 20 nmol/egg for TMTD and about
100 nmol/egg for the two other thiurams.

Embryos that died between days 5 and
14 were inspected for developmental stage
and external malformations (fig 3). On the
third day of incubation, the embryos had
developed to stages 18 to 20 of the Ham­
burger-Hamilton scale (2). Two days later,
when the embryos were examined for
early death, the control embryos had
developed to stage 26. On day 14, when
the test was terminated, the control
embryos had reached stages 38 and 39. In
all series, including the acetone series,
scattered late deaths occurred between
stages 27 and 37. Most of the late deaths
produced by TMTD and TETD occurred
at stages 25/26 and at stage 29. In the
TMTD series, 50 Ofo of the late deaths
among the malformed and 67 % of the late
deaths among the nonmalformed embryos
occurred around stage 26. With TETD,
60 Ofo of the malformed late deaths and
75 Ofo of the nonmalformed late deaths oc­
curred around stage 29. The lack of dead
embryos at stage 27 may be an artefact
resulting from difficulties in distinguishing
between :stages 26, 27 and 28 among the
dead, often very small and severely mal­
formed, embryos.

An important observation from fig 3 is
that most of the embryos that died late
were malformed. In the TMTD series 70 Ofo
and in the TETD series 73 Ofo of the dead
embryos had external malformations.

The major types of malformations were
similar in all the groups studied (table 4).
Specific anomalies included two kinds of
eye defects, defects of the coelomic wall,

TMTD

TUTU

f;V\TE:C
~'\\_~,.\:~~.........---' \ ......' \.,..........

do 50.00 2cIo:JOO
DOSE (nmoles per egg)

Fig 2. Percentage of malformed embryos
(--) and malformed survivors (- - - -) among
the treated. (TMTD = tetramethylthiuramdisulfide,
TMTM = tetramethylthiurammonosulfide, TETD =
tetraethylthiuramdisuUide)

TMTD

Fig 3. Occurrence of late deaths (malformed
--, nonmalformed - - - -) at different em­
bryonic stages of the Hamburger-Hamilton scale.
(TMTD = tetramethylthiuramdisulfide, TMTM =
tetramethylthiurammonosulfide, TETD = tetra­
ethylthiuramdisulfide)

and deformation of the dorsal side of the
body.

One type of eye defect involved the eye
cup, which varied from total absence to
near normal size. The sizes of the cornea,
lens and lids were proportional to the size
of the eye cup. The other eye defect type
was a partial or total absence of the lids
and the cornea. This defect extended oc­
casionally to the head region behind the
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eye, with the brain bulging from an open­
ing in the skin and the skull. In mild
cases, only the skin on the head was
affected. The eye cup defect was unilateral
in the right eye in 35 cases and in the left
eye in 9 cases of a total of 81, covering all
the treated groups. In the remaining 36
cases it occurred in both eyes, while there
was a preponderance of more severe
defects in the right eye. The superficial
defect was always unilateral, occurring in
the right eye in 39 cases and in the left
eye in 2 cases.

The coelomic wall defect varied from
umbilical hernias and wide open umbilical
stalks to total exteriorization of the
viscera. The dorsal defect included twist..,
ing, bending, and shortening of the back
and neck. The whole dorsal half of the
embryo could be small in comparison to
the belly.

One difference between the dead and the
surviving embryos appeared to stand out
irrespective of which thiuram was used.
Dead embryos frequently exhibited multi­
ple malformations, while the surviving
ones usually had only a single malforma­
tion (table 4). An additional feature was
that dead embryos of the TMTD and TETD
series frequently showed small eye cups
and open coeloms.

Discussion

The chicken has been extensively used to
assess the embryotoxicity of chemicals (7).
Although opinions have been divided on
the usefulness of the chicken embryo in
predicting teratogenicity (9), more recently
the system has been increasingly appre­
ciated for reasons such as inexpensiveness,
sensitivity, and parallelism to mammalian
morphological development (8). A central
problem in teratology is the species speci­
ficity of a teratogenic effect. Death of the
dam may mask the effect of a teratogen
on the embryo of one species, rendering
the tested agent nonteratogenic. Another
species may be more resistant to lethal
effects, and malformed embryos may be
detected at similar doses. In the chicken
embryo test the chemicals affect the
embryo directly, and both deaths and
malformations may be monitored. As there
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is no single species that could be used
reliably as a model for human teratogene­
sis, every toxic chemical must be tested on
several species. The chicken embryo
method is a practical and rapid way to
make a basic catalog of the comparative
toxicity of different agents to one kind of
the amniotic embryo (3). Comparing this
catalog to others obtained with different
mammalian species is helpful in predicting
teratogenic potential. In the present com­
munication we wish to emphasize yet
another valuable asset of the avian system,
that of continuous observation of the
developing embryo. This possibility faci­
litates the distinction of the various
embryotoxic parameters. The time of
death may be determined, and the dead
embryos may be inspected for malforma­
tions before maceration. Thus the follow­
ing embryotoxic effects may be recorded:
early deaths (embryos dying within 2 d of
treatment), late deaths divided into
malformed and nonmalformed embryos,
and malformed survivors (table 1 & fig 1).

The embryotoxic . parameters were de­
veloped with three thiuram compounds. It
was notable that the calculated para­
meters, ED50 and LD50 for early deaths,
nonmalformed deaths, total mortality, and
total effect (table 2), varied uniformly be­
tween the various thiurams. TMTD had
the lowest values, being the most potent
embryotoxic agent; TMTM was inter­
mediate; and TETD was the least embry­
otoxic agent. The dose-response curves of
the thiurams for the parameters mentioned
had fairly similar slopes.

The efficiency of the different thiurams
to cause malformations correlated with
their general embryotoxic potency. The
EDlo for malformations was 7.1 nmol/egg
for TMTD, 27 nmol/egg for TMTM, and
46 nmollegg for TETD. In a mammalian
study TMTD has been shown to be more
potent than TETD, which has been active
only when administered in dimethylsulf­
oxide (4).

The present results showed that most
(about 70 Ofo) of the embryos that died be­
tween days 5 to 14 were externally
malformed. Among dead embryos small
eyes and open coeloms were the prevailing
types of malformations, while in the sur­
viving embryos a more even distribution
of various types of malformations was



observed. Dead embryos frequently exhi­
bited multiple malformations. There were,
on the average, more than two external
malformations per embryo in the dead
series as compared to only slightly more
than one per embryo in the surviving
series. This result may indicate that
malformations in some vital organs may
be related to the mortality of the embryo.
Most of the deaths occurred at embryonic
stages 25/26 and 29, when, among other
embryonic events, the allantoic system
rapidly develops to reach the shell
membrane.

In the present article we have described
the parameters of embryotoxicity that can
be derived from the continuous observa­
tion of developing avian embryos. Three
thiurams were used as model compounds.
In subsequent studies more industrial
chemicals will be assayed in order to es­
tablish relative orders of embryotoxicity
among important groups of industrial
chemicals.
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