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INTRODUCTION
A. Use of Persistent Pesticides and Their Accumu
lation in the Environment.

Chemical pesticides have been used commonly and 
increasingly for the greater part of the twentieth 
century. Only in recent years, however, has great 
concern arisen over their adverse effects upon en
vironmental quality and human health. Reports of 
residues of chlorinated hydrocarbons (2,2-bis-p- 
chloropheny1-1,1,1-trichloroethane (DDT) and its 
metabolites in particular) in birds, fish, mammals, 
and water and the suspected linkage between certain 
reproductive disorders in mice with the ingestion 
of a chlorinated phenoxy acetic acid (2,4,5-1richloro- 
phenoxy acetic acid) have effectively motivated 
public concern about the widespread use of these 
chemicals as pesticides (1, 2, 3, 7).

The most predominant form of pest control used 
today is the application of chemical pesticides.
This general category of chemical agents includes 
insecticides, herbicides and fungicides (4). The use 
of these materials has conferred tremendous benefits 
on mankind by controlling many disease-bearing and 
agricultural pests (5, 6). Until recently, most
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investigators have not disputed pesticide use as being 
essential in the prevention and control of disease, 
the provision of sufficient food crop production 
levels and the elimination of undesirable vegetation.

Knowledge of the fact that some pesticides are 
persistent has existed for many years, but most of 
the chemicals involved had limited usage until the 
widespread application of DDT and other chlorinated 
hydrocarbons (2, 6). Prior to the early 1950's, 
little concern existed over the possible long-term 
effects that might result from the use of pesticides. 
However, there did exist evidence that large amounts 
of these chemicals in the soil could be phytotoxic 
and small residues of some pesticides were found in 
plant and animal tissue and in milk. These side 
effects were thought of as unfortunate but unavoid
able and thus motivated relatively little concern.

During the last two decades, high levels of 
chlorinated pesticides have been detected in soils, 
water and in streambeds. Dead birds were often found 
in or close to areas that had been sprayed with the 
chemicals and dead fish were sometimes seen floating 
on water surfaces after spraying. Relatively high 
concentrations of pesticides were found in the tissues
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of these organisms. Such findings were indicative of 
the fact that some chemical pesticides were not only 
stored in invertebrate and vertebrate tissue but 
were also concentrated in the upper trophic levels 
of the food chain which consequently led to grave 
concern about their possible long-term effects (2, 7).

Growing public concern about environmental 
hazards resulting from the use of certain pesticides 
has led to the restricted usage of the insecticide 
DDT and the chlorinated herbicide 2,4,5-T. In each 
case, administration of these chemicals to laboratory 
animals revealed their possible toxic potentials (9, 
13, 17, 33, 47). For quite some time DDT has been 
the main target of investigation because of its high 
degree of peristence in the environment and in the 
food chain (2, 5, 6, 9). DDT, under some environ
mental conditions, is believed to persist longer than 
any other chlorinated hydrocarbon insecticide.
Edwards (1964) found eighty percent of the DDT applied 
to soil remaining after one year and fifty percent 
remaining after three years. However, more recent 
work by Swoboda (1971) indicates that only sixteen 
percent or less of the DDT applied over a ten year 
period is recovered from heavy clay soils. The
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herbicide 2,4,5-T, though believed to be much less 
persistent than DDT or other chlorinated pesticides, 
has also been under investigative attack because of 
its widespread domestic use in the United States and 
its use as a defoliant in Vietnam (3). Galston (21) 
estimated that human beings, at the dose levels ex
perienced in Vietnam, could possibly ingest as much 
as fifty or more milligrams of the herbicide per day 
by drinking water from exposed areas. Such data 
suggest a possibility that the use of herbicides in 
Vietnam is causing birth malformations among infants 
of mothers exposed to the chemicals. Although in
dividual exposure to such chemicals in the United 
States is much lower than in Vietnam, the possibility 
of potential hazards resulting from their use cannot 
be ignored.

The designation of these pesticides as being 
persistent does not necessarily mean that they possess 
the potential to cause harm at their existing levels 
in the environment. Their presence, however, is 
cause for concern because of possible concentration 
effects resulting from their presence in the environ
mental food chain.

Many organic pesticides are fat-soluble and have
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low biodegradable potentials. These chemicals tend to 
accumulate in the tissues of living systems and since 
they are not degraded metabolically they become con
centrated through the food chain or other mechanisms 
(7, 11). It is now clear that residues of chlorinated 
hydrocarbon insecticides occur in the tissues and eggs 
of many species of birds both in Europe and North 
America (13). Several authors (11, 13) have postu
lated that these residues must have accumulated from 
the food of the bird and that concentrations of the 
pesticide are magnified as one moves from lower to 
higher trophic levels within an ecosystem. Hence the 
amount(s) of these chemicals found in the tissues of 
organisms at or near the top of the trophic level 
may greatly exceed that amount that is actually found 
in the environment. Considered with this is evidence 
(presented by Woodwell) that individuals (birds) 
from the top trophic levels possessed concentrations 
of DDT some 106 times greater than those concentra
tions found in the environment. Thus the designation 
of DDT and 2,4,5-T as being hazardous pesticides is 
not based solely upon their persistence in the en
vironment but also on their persistence in organisms 
with the resultant concentration effect at the various
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trophic levels.
B. Teratogenic and Toxicological Effects of Pesti
cides .

Considerable information exists on amounts of 
pesticides in the environment, but this information 
is scattered and the emphasis is uneven, so that 
there have been many more investigations dealing with 
the toxic effects of pesticide residues in fish, 
birds, and birds' eggs than in other vertebrates and 
invertebrates. Several researchers (13, 16, 17, 18,
19, 20) have linked certain reproductive failures in 
birds with the use of chemical pesticides. The common 
symptoms observed include (1) abnormally late breeding, 
(2) failure to lay eggs or breakage of eggs that are 
laid, (3) reduced clutch size and failure to lay more 
eggs after earlier clutches were lost, (4) unusually 
thin eggshells and (5) high embryonic mortality.
Studies by Enderson (13) revealed that the degree of 
eggshell thinning and the mortality rate for the 
embryo are directly proportional to the quantity of 
dichlorodiphenyl-dichloroethylene (DDE) , the principal 
metabolic product of DDT, present in the egg.

Data on the toxicity of DDT to organisms indicate 
that species vary considerably in their sensitivity to
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the compound. Wurster (23, 25) revealed that some 
organisms occupying lower trophic levels show adverse 
effects from concentrations much lower than those that 
are known to affect animals higher in the structure. 
Porter and Weimeyer (18, 24) found that American 
Kestrels fed 6 to 18 parts per million (ppm) of DDT 
in food underwent reproductive failures. Wurster 
(26), upon examining the brain tissue from robins 
killed in an elm spraying program, found concentra
tions of DDT present as high as 50 ppm. Grosch (27) 
found in studies of organisms in lower trophic levels , 
that 39 percent of adult brine shrimp died within a 
3 week period when placed in a solution of 1 part DDT 
in 106 parts water and that all died within five days 
in concentrations of 1 part DDT in 10^® parts water.

Data on the toxicity of DDT to mammals show that
the degree of toxicity is greatly dependent upon the

r oute by which the organism obtains the chemical.

Met calf and O' Brien (1967) in studying the toxicity

of DDT to rats , found the following LD^ q values ac-

cording to the method of dose exposure: e. g .

cutaneous- 3,000 mg/kg, oral-400 mg/kg, intraperit oneal

150 mg/kg, and intravenous- 50 mg/kg. Recent work done

by investi gators at the National Cancer Institute (13)
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indicated that a dosage of 46 milligrams of DDT per 
kilogram of body weight can produce a tremendous in
crease in tumors of the liver, lungs, and lymph glands 
of test animals. Their assays of DDT content in the 
fat depots of human cancer victims showed a two to 
two and a half fold increase over the normal popula
tion sample. Harrison (11), in a mathematical for
mulation depicting the flow and storage of DDT in the 
ecological system, suggests that even without addi
tional DDT in the environment, its concentrations in 
some species at or near the top of the food chain will 
continue to increase for some years.

It is important to point out that little evidence 
dealing with the toxicity of 2,4,5-T to animals exists. 
Most of the studies done on the subject are short
term and the results are contradictory. Although this 
herbicide, along with 2 ,4-dichlorophenoxy acetic acid 
(2,4-D), is used extensively for weed control, there 
have been few reports dealing with its teratogenic 
(28), pharmacologic and toxicologic properties in 
animals (29, 30). Rowe and Hymas (30) give an ex
cellent review of early research on the toxicity of
2,4-D and 2,4,5-T to animals. Early work by most of 
these investigators indicated that the herbicides had
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very little, if any physiological or toxicological 
effects unless given at extremely high dose levels. 
Drill and Hiratzka (29) in evaluating the acute 
toxicity of 2,4,5-T, administered single large oral 
doses of the herbicide to test animals (dogs) during a 
14 day period. Dose levels range from 50 mg/kg to 
400 mg/kg. The acute oral LD5Q of 2,4,5-T was cal
culated to be in the range of 100 mg/kg or higher. 
Chronic studies performed by the same team in which
2.4- D or 2,4,5-T was administered orally five days a 
week over a 13 week period, revealed the possibility 
of a cumulative effect produced by the compounds.
Dose levels of 20 mg/kg resulted in death of some 
animals (dogs) within 18 to 49 days with 2,4-D and 11 
to 75 days with 2,4,5-T.

Recent studies on the effects of these chlorin
ated herbicides have provided additional evidence of 
reproductive disturbances, spontaneous abortions and 
births of abnormal offspring resulting from maternal 
exposure to these chemicals. Research carried out at 
the Bionetics Laboratory (22, 31, 32, 33, 47) has 
produced strong evidence that herbicides such as
2.4- D and 2,4,5-T cause abnormalities in the off
spring of animals that are exposed to the chemical
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during pregnancy. The Bionetics study (33) revealed 
that the young borne by mice and rats given 2,4,5-T 
during the early gestation period at dose levels of 
21.5 mg/kg or 46.4 mg/kg were either born dead or 
severely deformed. At dose levels of 4.6 mg/kg, 39 
percent of the young were born deformed. Such de
formities as lack of eyes, faulty eyes, cystic kid
neys, cleft palates, and enlarged livers were des
cribed in the report. Later work by Courtney e_t al. 
(28) tend to support the findings of the Bionetics 
study. Courtney found that the herbicide (2,4,5-T) 
is highly teratogenic and fetotoxic in mice and rats 
when administered either subcutaneously or orally to 
the mother. The abnormalities occurring among the 
fetuses were similar to those reported in the Bio
netics study.

Specifically, 2,4,5-T has been reported as 
causing serious birth deformities in laboratory 
animals. However, subsequent studies performed by 
researchers at the Dow Chemical Company revealed that 
the sample of 2,4,5-T used in these studies had been 
contaminated with relatively high levels of a dioxin 
contaminant (tetrachlorodibenzo-para-dioxin) (36). 
Accordingly, it has been suggested that the actual
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cause of the teratogenic effects of the 2,4,5-T used 
in the Bionetic study may not be a result of the 
2,4,5-T itself but, instead, the high dioxin con
taminant present in the sample used.

Toxicologists (36) at the Dow Laboratory contend 
that their current production of 2,4,5-T (containing 
less than 1 ppm dioxin as opposed to the 15-30 ppm 
alleged to have been present in the sample used by the 
Bionetics study) is not teratogenic. Based upon this 
hypothesis, a repeat of the Bionetics study in rats 
was carried out at the Dow Laboratory using the cur
rently produced 2,4,5-T containing less than 1 ppm 
dioxin. Preliminary results indicated no fetal 
anomalies, thus failing to substantiate those findings 
reported in the Bionetics study (33). In accordance 
with these results a subsequent study to determine the 
teratogenicity of the suspected dioxin contaminant,
2,3,7,8-tetrachlorodibenzo-p-dioxin, was carried out. 
The results of this study (37) indicated that a high 
degree of maternal and fetal toxicity was associated 
with the dioxin. These findings supported the idea 
that the presence of the tetrachlorodibenzo-p-dioxin 
in the 2,4,5-T sample tested by the Bionetics Labora
tories may have been the causative teratogenic agent.
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Further studies on the teratogenicity of rela
tively pure 2,4,5-T have been conducted by researchers 
at the National Institute of Environmental Health 
Science (NIEHS) and the Food and Drug Administration 
(FDA) (33, 35, 47). Preliminary findings indicated 
that nearly pure 2,4,5-T with less than 1 ppm dioxin, 
was teratogenic when injected into pregnant mice at a 
dose range of 24-150 mg/kg. Additional scientific 
evidence indicating the hazardous effects resulting 
from exposure to 2,4,5-T was presented by Verrett (33) 
of the FDA. She revealed that studies, using an ex
tensively purified sample of 2,4,5-T containing no 
detectable traces of the dioxin contaminant, had in
dicated significant embryotoxicity and teratogenicity 
in chick and hamster embryos.

The point of dioxin contamination of 2,4,5-T is 
one that cannot be overlooked. Dioxins are chlor
inated hydrocarbons that tend to be highly stable.
They are believed to be absorbed and retained by 
animal tissue which presents the possibility of an 
accumulation of dioxin in the bodies of exposed 
animals. It appears that the presence of this con
taminant occurs during the manufacturing process of 
2,4,5-T. Dioxin is of concern because it is believed
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to be highly toxic to poultry and to produce severe 
skin irritations to exposed workers (38). It becomes 
of extreme concern in view of the fact that if the 
hypothesis of the Dow researchers (37) is correct and 
the causative teratogenic agent in the Bionetics study 
is the dioxin contaminant and not the 2,4,5-T, then 
this contaminant may be among the most teratogenically 
powerful chemicals ever studied. Chick embryo studies 
by Verrett (33) indicate that this compound is a 
million times more potent as a teratogenic agent than 
thalidomide was found to be in tests on chick embryos.

Such evidence revealing harmful effects of a 
chemical that is widely used in the environment, 
naturally raises the question of possible danger to 
humans. Numerous unconfirmed reports dealing with 
the effects resulting from human exposure to 2,4,5-T 
exist (22, 33, 47). However, the relationship of the 
findings in test animals to humans is not known. It 
would not be prudent to automatically assume that a 
human fetus would react to 2,4,5-T and/or its dioxin 
contaminant in the same manner as the fetuses of the 
experimental animals in the teratogenic studies . 
However, in view of the fact that recent studies con
firm the teratogenicity of both 2,4,5-T and the
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suspected dioxin contaminant, action should be taken 
to prevent risk of human exposure while further in
vestigations are being carried out.
C. Mode of Action.

The complex mechanism of action by which chemical 
pesticides exert their influence on living systems is 
far from understood even after decades of intensive 
research. Most experimenters (10, 39, 40) generally 
agree, now, that the primary effects of these chemicals 
are virtually all upon the central nervous system.
Major supportive evidence for this view comes from 
the work of Tobias and Kollrass (41) who in working 
with the American cockroach observed that symptoms 
resulting from exposure to DDT suggest the possibility 
of nervous system involvement. They reported that test 
animals showed signs of tremor throughout the trunk 
and appendages with resultant hyperexcitability, 
followed by ataxia and total paralysis after 24 hours. 
Application of DDT by O’Brien (10) to isolated tissues 
and enzymes showed that only nervous tissue is sensi
tive to the chemical at very low concentrations.
Dale e_t aJL. (39) in studying the effects of DDT on 
rats observed that there was a direct correlation 
between the level of DDT present in the central
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nervous system and the intensity of symptoms displayed 
by the test animal. Based upon evidence of this type, 
DDT is generally classed as a chemical that possesses 
neurotoxic potentials.

Although no direct evidence indicating the pos
sible mechanism of action of 2,4,5-T and/or its dioxin 
contaminant exist, its suspected linkage in the 
occurrence of certain developmental neural abnormal
ities in test animals (33, 47) may be indicative of 
its role as a possible general neurotoxicant.
Research supporting this hypothesis is hampered by 
the fact that 2,4,5-T, as of yet, has been found to 
produce no unique abnormalities in the embryo or fetus 
that would indicate its specific role as a teratogen. 
Birth defects suspected to be induced by this herbi
cide are, for the most part, increased occurrences of 
defects already common in the population.

In recent years much interest has been focused 
on just how chemical pesticides produce their destruc
tive effects at the cellular level. Most of the 
studies relating to this subject have dealt primarily 
with the effects of pesticides on wildlife. Peakall 
(13, 17) in studying the effects of pesticide on
birds postulated the following physiological mechanisms
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for the various harmful effects produced by these 
chemicals on the breeding cycle of birds. Effects 
on liver enzymes by DDT and related compounds which 
lower the estrogen level in birds, could result in 
the observed late breeding or failure to establish 
second nest after loss of first clutch of exposed 
birds. Eggshell thinness in many species of birds 
may be attributed to the inhibition of carbonic an- 
hydrase, by DDT and its metabolites, which would
affect the hydration of carbon dioxide-- a crucial
step in the secretion of the calcareous eggshell. 
Experiments by Gutowska and Mitchell (42) in which 
they inhibited the production of this enzyme, by 
using sulfanilamide, resulted in the production of 
poorly calcified eggshells. Although there is a 
very extensive literature dealing with the pharma
cology of DDT (see appendix I for key references), 
since this study is concerned with 2,4,5-T, it is 
felt that, in the relative absence of specific work 
involving 2,4,5-T, it is not appropriate to develop 
this discussion at greater length. However, while 
the disturbing effects of these chemicals may not be 
of clinical concern to humans, the findings that pes
ticides have significant effects on hormonal balance
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and other physiological activities in a variety of or
ganisms, cannot be ignored when considering possible 
effects upon the human population.



METHODS AND MATERIALS

A. PIastic Bag (in toto) (Culture o f Chick Embryo s.

Following 18 hours of non-experimenta1 incub-

ation , the albumen was sep;arated fr om the yolk and

was used to prepare a 0. 1% suspens ion of 2 ,4,5-tri-

chiorophenoxy acetic acid by the addit ion of 10 ml
of 1% 2,4,5-T (dissolved in chick ringer-- appendix
II) to 90 ml of the albumen. The suspension was 
then transferred to v-shaped polyethylene plastic 
bags (15 cm x 20 cm) (43). The yolk was then replaced 
in the 2,4,5-T albumen suspension. The neck of the 
bag was twisted closed, with a minimum amount of 
wrinkles, trapping as much air as possible above the 
preparation. Plastic covered wire was tied around 
the mouth of the bag sealing it. The resulting 
preparation was then placed in the incubator, sus
pended by the neck, with the remaining wire from the 
tie serving as the suspension hook. The effects of 
the herbicide on the developing embryo were then 

observed.
After a total of 48 hours of incubation (30 

hours of experimental incubation) the plastic bags 
were opened and immersed in finger bowls partially 
filled with chick ringer, the embryo was then removed
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by using bibulous paper rings . By means of micro
scopic observation the embryo was staged and examined 
for structural abnormalities. Hamburger and Hamilton's 
A Series of Normal Stages in the Development of the 
Chick Embryo (44) was used as a reference in staging.
A stage micrometer was used to measure length of the 

embryo.
Control embryos were run in an equivalent chick- 

ringer-albumen mixture, 90 ml of albumen and 10 ml 
of chick ringer. This procedure did not require 
sterile technique.
B. AH Vitro Culture of Chick Embryos.

Following 18 hours of non-experimental incub
ation in the shell, the vitelline membrane and at
tached embryo were removed from the egg by the use 
of hot glass rings (45). The embryo was then freed 
from the vitelline membrane by gently working the 
outer edges of the blastoderm with a small sterile 
hair loop and floating it into a petri dish. Yolk 
removal was accompanied by washing the attached blas
toderm with chick ringer. The embryo was then ex- 
planted on agar media, in a culture chamber containing 
known concentrations of 2,4,5-T ranging from 1x10 
to lxlO- percent (see appendix III for conversion of
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per cent (%) to parts per million (ppm) and milligrams

per kilogr am (mg/kg)). The embryo was explanted with
the endoderm surface downward (46). All remaining

chick ringer was pipe tted off so that the preparation

wouId 1ie f 1at.
The tissue culture chambers consisted of glass 

petri dishes containing watch glasses of approximately 
4 cm in diameter. The agar media and embryo were 
placed in the watch glass which was surrounded by a 
sterile cotton ring soaked in distilled water to 
maintain a moist atmosphere. The resulting prepara
tion was incubated for an additional 30 hours of 
development. At the end of the incubation period 
embryos were staged (44) and observed for abnormal
ities. Sterile technique was required for this pro
cedure and all experimental and observational work was 
performed in a tissue transfer chamber.
C. 2,4,5-T Preparation.

The 2,4,5-T used in this study was reagent grade, 
chromatographically chemical and was obtained from 
the Nutritional Biochemicals Corporation (lot #5816).

A preliminary series of efforts made to place the 
herbicide into solution revealed that the solubility 
of 2,4,5-T in an aqueous system is essentially near
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Following 18 hours of non-experimental incubation 
in the shell, the vitelline membrane and attached 
embryo were removed, using sterile technique, from 
the egg by using a hot glass ring (45). The prepara
tion was washed with chick ringer in order to remove 
the yolk. The blastoderm was then freed from the mem
brane by working the outer edges with a small hair 
loop and floating it into a petri-dish. The blasto
derm was then explanted, endoderm down, onto a thin 
layer, 1.5 ml, of nutrient agar that had been placed 
in the bottom of a Cooper dish. A very thin ring of
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cotton soaked in distilled water was placed in the 
bottom of the dish in order to maintain a moist en
vironment within the dish. The preparation was sealed 
by placing vaseline into the upper indented edges of 
the Cooper dish top. The resultant preparation was 
then allowed to develop on a thermostatically con
trolled microscope stage. Time lapse films were taken 
at a magnification of 2.5. Development was allowed 
to proceed up to the point of degeneration.
E. The Statement of the Problem.

The reason for working with very young embryos 
in this particular instance was to determine whether 
the effect of the herbicide is on fundamental embry
onic expression or whether the effects seen are due 
to more complex involvements which can only occur in 
later developmental stages.

The question, of course, still remains as to 
whether 2,4,5-T or the dioxin actually cause birth 
abnormalities. For this evidence embryos were grown 
in the presence of known concentrations of the her
bicide and observed for possible effects.

Perhaps the greatest need in this field of in
vestigation is the establishment of appropriate 
testing procedures which will permit the evaluation
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of pesticides, at known concentrations, upon intact 
embryos. This study had, as its single most signi
ficant goal, the testing of several embryo-culture 
techniques in determining pesticide effects on 
developing organisms.



RESULTS
A. Plastic Bag (in to to) Culture of Chick Embryos.

At the end of 48 hours of development, intact 
yolks cultured in a 1000 ppm 2,4,5-T suspension showed 
significant growth reduction and neural abnormalities. 
The data presented are from a series of 23 experiments 
which utilized 105 chick embryos in the experimental 
groups and 109 chick embryos in the control groups.

Results were recorded in terms of average somite 
number (Table 1), average length of embryos (Table 2) 
and average stage of embryonic development (Table 3).

In addition to the quantitative data presented, 
the occurrence of certain gross structural abnormal
ities in embryos exposed to the herbicide were 
recorded (Table 4). The most frequently noted ab
normalities were those occurring in the development of 
embryonic neural structures (Plates 2 and 3). Plate 1 
is a photograph of a control embryo grown in plastic 
bag .

Table 5 states the observed percentage of mortal
ity in experimental cultures as compared with the



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

25

TABLE 1
AVERAGE SOMITE NUMBER

X SOMITE NUMBER ± SEM

N CONTROL N EXPERIMENTAL

2 20 + 0.71 4
2 18 + 0.71 3
5 16 + 1.84 4
6 16 + 0.93 4
6 16 + 1.35 5
6 13 + 0.48 6
3 14 + 1.41 3
6 17 + 0.51 4
4 17 + 1.00 4
3 17 + 0.71 2
4 14 + 2.45 4
4 17 + 1.19 3
6 17 + 1.22 6
6 15 + 0.75 5
6 17 + 0.85 6
4 15 + 2.27 6
5 9 + 2.58 5
6 16 + 1.53 5
5 12 + 3.16 5
6 19 + 1.67 6
5 14 + 3.83 5
4 15 + 4.50 5
3 12 + 2.04 4

18 + 1.32
19 + 0.57
12 + 0.28
16 + 2.00
19 + 0.63
13 + 1.29
14 + 1.15
10 + 1.73
10 + 1.00
13 + 1.00
14 + 0.40
8 + 3.85

12 + 2.69
16 + 1.05
10 + 1.49
11 + 1.03
5 + 1.48
4 + 2.05

10 + 2.80
14 + 2.34
13 + 3.63
14 + 3.70
9 + 3.32

107 356 ± 34.69 104 284 ± 40.80
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TABLE 2
AVERAGE LENGTH OF EMBRYO 

X LENGTH ± SEM
RUN

NUMBER N CONTROL N EXPERIMENTAL

1 4 5.8 + 0.26 4 5.5 + 0.71

2 4 6.5 + 0.20 2 3.7 + 1.00

3 6 7.1 + 0.48 5 5.6 + 0.67

4 6 6.7 + 0.40 5 5.5 + 0.36

5 6 6.6 + 0.36 5 4.6 + 0.44

6 5 5.4 + 0.28 6 5.5 + 0.22

8 6 4.6 + 0.70 5 3.7 + 0.82

9 5 4.8 + 0.47 5 3.6 + 0.95
10 6 5.8 + 0.32 6 4.6 + 0.54

11 5 5.0 + 0.52 5 4.1 + 0.82

12 4 5.2 + 0.62 5 4.9 + 0.24

13 3 3.8 + 0.50 5 3.0 + 0.52

TOTAL 60 67.30 + 5.11 58 54.30 + 7.29
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TABLE 3
AVERAGE EMBRYONIC STAGE

X STAGE OF EMBRYO ± RANGE
RUN

NUMBER N CONTROL N EXPERIMENTAL

1 2 13 + 0 5 12 + 2
2 3 12 + 0 3 12 + 1
3 5 12 + 2 4 12 + 1
4 6 12 + 2 4 12 + 2
5 6 13 + 1 5 13 + 1
6 6 11 + 0 4 11 + 1
7 3 12 + 1 3 11 + 1
8 6 13 + 1 4 10 + 1
9 4 13 + 1 4 10 + 1

10 3 13 + 1 2 11 + 0
11 4 11 + 2 4 11 + 1
12 4 12 + 1 3 9 + 3
13 6 13 + 2 6 12 + 2
14 6 12 + 1 5 12 + 1
15 6 13 + 1 6 10 + 3
16 4 12 + 2 6 11 + 1
17 5 10 + 1 5 9 + 1
18 6 12 + 2 5 9 + 1
19 5 10 + 3 5 9 + 4
20 6 13 + 2 6 11 + 2
21 5 10 + 3 5 10 + 3
22 4 12 + 2 5 10 + 3
23 3 11 + 1 4 8 + 4

TOTAL 107 12 + 2 104 12 + 4
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TABLE 4
PERCENTAGE OF OBSERVED ABNORMALITIES

Failure of 
Brain Regions 
to Differentiate
Control Exp 11 .

18% 85%

No
Optic Cup 
Formation

Control Exp tl.
10% 42%

Abnormal
Heart

Formation
Control Exp 11.
27.3% 39%

TABLE 5
OBSERVED PERCENTAGE LETHALITY

Percentage Lethality 
Control Experimental
4.5% 24%



Plate 1
A photograph of a control embryo (plastic 
bag culture) at t = 48 hrs. Normal develop
ment has occurred as evidenced by 21 pairs of 
somites, distinct enlargement of telencephalon 
and optic vesicles. Heart has normal s-shaped 
appearance. Head is partly turned onto left 
side. (Stage 13; Hamburger-Hamilton Series.)





Plate 2
A photograph of an experimental embryo (plastic 
bag culture at a dosage of 1000 ppm) at t = 48 
hrs . showing extreme anterior nervous system 
abnormalities. The heart is essentially normal. 
Fourteen pairs of somites are present.



Plate 2



Plate 3
A photograph of an experimental embryo (plastic 
bag culture - 1000 ppm) at t = 48 hrs. showing 
abnormally slow formation of the three primary 
brain vesicles and irregular spinal cord for
mation. Closure of the anterior neuropore has 
been retarded.
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percentage mortality of control cultures. Of the 81 
experimental embryos surviving at the end of the incub
ation period (48 hours), 61% had externally-appearing 
normal heart formation. At the end of 72 hours of 
incubation, all experimental cultures incubated for an 
additional 24 hours were dead. Ninety per cent of the 
control cultures incubated for an additional 24 hours 
showed normal patterns of embryonic development.

The vitelline membrane of experimental embryo 
cultures was very easily ruptured, often hampering 
subsequent examination. This finding is indicative 
of a marked reduction in membrane strength. The 
vitelline membrane of control cultures did not show 
this membrane weakening effect. No efforts were made 
to quantitate membrane strength.

It must be stressed that in the plastic bag (in 
to to) culture, embryos were not directly exposed to 
the concentration of 2,4,5-T present in the albumen.
At any concentration of the herbicide which produces 
an effect, the 2,4,5-T must cross the vitelline mem
brane in order to get to the developing embryo. Hence, 
the vitelline membrane, as long as it remains intact, 
is serving as an effective barrier to the 2,4,5-T — 
albumen suspension. Thus the embryo is affected only
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by that portion of the 2,4,5-T that crosses this 
membrane.
B. In Vitro Culture of Chick Embryos.

In order to observe the toxic effects produced 
by 2,4,5-T when the developing embryo is directly 
exposed to the herbicide, an in vitro culture of 
chick embryos was used. This involved removing the 
embryo from the yolk and placing it directly on an 
albumen-agar medium (appendix IV) containing known 
dose levels of the herbicide. Several dose levels 
were employed, ranging from .1 ppm to 1000 ppm, on a 
total of 34 chick embryos in the experimental groups; 
18 chick embryos were in the control groups.

Embryos explanted to culture medium were all 
killed (Table 6) at a dose level of 1000 ppm of 
2,4,5-T. Experimental cultures showed no further 
signs of development at the end of the incubation 
period (48 hours). The primitive streak and several 
primary embryonic structures observed to be present 
prior to the exposure of the embryo to the herbicide 
(18 hours of incubation) appeared to have undergone 
severe degeneration.

Marked degenerative changes were produced in 
embryos exposed to a dose level of 1000 ppm of
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TABLE 6
RATE OF MORTALITY

DOSE
LEVEL
(ppm)

N
NUMBER 

OF DEATHS % MORTAL

. 1 6 0 0

1 8 1 13

10 10 4 40

100 9 6 66

1000 12 12 100
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2,4,5-T. Sixty-seven per cent of the experimental 
embryos were killed at this dose level (Table 6). 
Structural abnormalities, in particular those in
volving the nervous system, similar to those reported 
in the ini toto study were observed.

A dose level of 10 ppm produced a 40% mortality 
rate in exposed embryos (Table 6). Those experi
mental cultures surviving at this dose level showed 
marked occurrences of neural abnormalities (Plate 4), 
degenerative cyst formation (Plate 5) and reduced 
somite number (Table 7).

Embryos explanted to culture media containing a 
dose level of 1 ppm of the herbicide suffered a 12% 
mortality (Table 6). Surviving experimental cultures 
showed such visible abnormalities as (1) failure of 
brain regions to differentiate, (2) no distinct spinal 
cord formation, (3) no true optic cup formation, and 
(4) faint somite formation.

No distinction could be made between experimental 
and control cultures at a dose level of .1 ppm.

Control cultures at each of the dose levels em
ployed grew normally until termination of the ex
periment, producing all embryonic structures normally 
evident at 48 hours of incubation such as beating



Plate 4
A photograph of an experimental embryo (in 
vitro culture at dosage of 10 ppm) at t = 48 hrs. 
showing marked neural abnormalities , abnormal 
heart formation and faint somite formation.





Plate 5
A photograph of an experimental embryo 
vitro culture - 10 ppm) at t = 48 hrs. 
Embryonic growth and development have 
severely retarded.

(in
been
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TABLE 7
AVERAGE SOMITE NUMBER 
x SOMITE NUMBER ± SEM

DOSE
(PP

LEVEL
m)

N CONTROL N EXPERIMENTAL

1 ppm 4 16 + 1.5 8 15 + .86

10 ppm 5 15 + 1.2 10 12 + 1.8

100 ppm 2 16 + 0 . 0 9 3 + 1.5

1000 ppm 7 19 + 1.5 12 0 + 0.0

TOTAL 18 66 + 4.20 39 30 + 4.16
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heart and essentially normal central nervous system.
The LD50 for in vitro cultures exposed to the 

herbicide at 18 hours of incubation was computed to 

be 11 ppm (Plate 6).
The data employed in calculating the LD50 value 

(Table 6) is plotted in Figure 1 (% mortality) and
Figure 2 (dose-response).
C. Time Lapse Cinematography.

It should be pointed out that in both the in 
toto and in vitro studies, embryos were observed only 
at the beginning (18 hours) and end (48 hours) of the 
incubation period. In order to observe the develop
ment activities occurring between this interval, 
embryos were explanted, in the same manner as in the 
in vitro study, to Cooper dishes and placed on a 
thermostatically controlled microscopic stage. Dose 
levels of 2,4,5-T ranging from 1 ppm to 22 ppm were 
employed in this assay.

Time lapse cinematography of embryos cultured at 
the computed LD50 value (11 ppm) showed that some 
degenerative changes begin immediately, marked by 
cessation of normal morphogenetic movement. However, 
in spite of general disintegration, some isolated 
centers of cellular proliferation could be observed.



Plate 6
A photograph of an experimental (in vitro) 
culture assayed at the calculated LD^q value. 
At t = 48 hrs., the embryo shows marked neural 
abnormalities, failure of somites to form 
properly and abnormal heart formation.





RATE OF M O R T A L I T Y
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DOSE -  RESPONSE R ELA T IO N SH IP

.
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Some embryonic development occurs up to the onset of 
degeneration at the LD^q . Formation of the notochord 
and some abnormal optic cup development were seen. 
Somites fail to take on their characteristic block
like appearance. Severe cell degeneration marked by 
embryonic death had occurred by the end of the in
cubation period.

Embryos (18 hours old) cultured at a dose level 
of 22 ppm showed no further signs of development. 
Morphogenetic movement had been stopped. The culture 
appeared to be in a state of total immobility.
Massive cellular death appeared to have occurred. 
However, proliferation in some isolated groups of 
cells was observed. A second embryo (30 hours old) 
was assayed to test the susceptibility of an older 
embryo to the effects of the herbicide. Preliminary 
results indicate that an older embryo was just as 
susceptible to the effects produced by 2,4,5-T as 
were the 18 hour embryos. Severe cell degeneration 
and cessation of morphogenetic movement were observed. 
It again was observed that some isolated cell proli
feration was occurring.

Movies of embryos cultured at a dose level of 
1 ppm showed a reduction in rate of development.
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Formation of the head fold was somewhat retarded.
Closure of the neural tube was incomplete. Some optic 
cup formation was observed but this began to degenerate 
as development continued. The anterior intestinal 
portal , an endodermal structure, appeared to be under
going a fairly normal pattern of development. For
mation of the heart appeared to be fairly normal.
Slowed somite formation was observed. As develop
ment continued, some centers of cell degeneration 
became evident. However, as was observed in earlier 
runs, resistant groups of isolated cells continued 
to proliferate. Massive cell degeneration had occurred 

by the end of the incubation period.
The value of time lapse was best demonstrated by 

an embryo cultured at the computed LD5Q i11 PPm)•
This culture showed an immediate effect from the her
bicide. The group of cells joining the area pellucida 
and area opaca broke away and underwent severe degen
eration. However, through morphogenetic movement,
the peripheral cells of the area pellucida made re 
attachment with the area opaca.



DISCUSSION AND CONCLUSION
Early in the program when the design of the ex

periments was being considered, the in to to and in 
vitro cultures of chick embryos were decided upon as 
suitable techniques for testing the potential toxicity 
and/or teratogenicity of 2,4,5-T on early avian embryo 
genesis. The addition of known concentrations of 
the chemical to the albumen (in toto technique) could 
be easily accomplished. The ability to reconstitute 
the original yolk-albumen system following the additio 
of a known amount of the herbicide , evenly distributed 
throughout the albumen, was extremely useful in deter
mining the effects of the herbicide in an intact 
system (48). Secondly, direct exposure of embryos 
to a known concentration of the chemical (in vitro 
technique) provides a system in which the chemical 
is in direct contact with the embryo throughout the 
incubation period. Both of these procedures permit 
direct observation throughout the experimental period. 
In this manner, one can evaluate the effects produced 
by 2,4,5-T depending upon whether the herbicide is 
located in the albumen or in the yolk (49, 50).

Results indicate that the effects upon normal 
embryogenesis produced by 2,4,5-T depend upon egg



structure as well as developmental processes. The 
readily observable abnormalities produced (abnormal 
central nervous system, reduced embryonic size, re
duced somite number and failure of morphogenetic 
movement) in embryo cultures exposed to the herbicide 
clearly established the toxicity of 2,4,5-T.

Preliminary data indicated that the herbicide 
differentially affects neural structures and activi
ties. The finding that neural structures tend to be 
the primary target areas affected in early embryonic 
development may be related to the observed (Verrett, 
1969) neurotoxic effects of 2,4,5-T (33, 37). Con
clusive evidence for this hypothesis is not available 
because of the difficulties inherent in determining 
the mode of action of 2,4,5-T. However, such findings 
do show 2,4,5-T as having adverse effects not only 
on early fundamental processes but also on more com
plex neural structures and mechanisms that only occur 
in later stages of development.

The observed reductions in embryonic length and 
somite number of experimental embryos indicate that 
exposure to the herbicide during the early stages of 
development retard the normal patterns of both growth 
and morphogenetic movement.

52
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The occurrence of resistant localized areas of 
continuing cell proliferation in the midst of areas 
of massive cell degeneration is an interesting ob
servation. There is no firm identification of these 
isolated groups of cells which retain their growth 
capabilities while others undergo severe degeneration. 
However, the resistant cells appear to be exclusively 
mesodermal (Schlesinger --  personal communication).

The reduction of vitelline membrane tensile 
strength produced by the herbicide should not be over
looked in view of the fact that the yolk normally 
swells during normal development as the result of 
osmotic flow. This weakening of the vitelline mem-
brane would tend to increase the po s s ibility of its

rupture •
As discussed previously , the route of admini s-

tration is an important factor in evaluating the toxi-

city of a chemical (Metcalf and 0'Brien , 196 7) . The

timing of ingestion or injection of the chemical agent

is similarly import ant. The time of acquisit ion (by

the maternal organi si) of the herb icide must be taken

into consideration in view of the fact that the
maternal organism in acquiring 2,4,5-T may deposit 
the herbicide in either the yolk or in the albumen
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depending on which is being formed during the time of 
acquisition. For example, if one considers the her
bicide as being present in the blood stream of the 
maternal organism during the final phase of yolk 
deposition, during the time that the follicle is 
passing material from the blood stream into the yolk, 
then the herbicide will be laid down in the yolk 
resulting in direct exposure. This final phase of 
yolk deposition is very rapid and involves a signi
ficant increase in yolk size (from 6 mm to 35 mm 
in diameter) over a 6 day period (51). On the other 
hand, if 2,4,5-T is in the maternal blood stream 
during the time that the albumen layers are being 
secreted, then it will be deposited in the albumen 
(indirect exposure).

In reference to the range of dose levels used 
(.1 ppm-1000 ppm) in this study, it should be pointed 
out that 1000 ppm is an extremely high dose level and 
that it is not likely that a developing embryo will 
encounter such a dose level in nature. However, since 
chemical agents such as 2,4,5-T have been im
plicated as causing possible teratogenic risk to 
humans (33, 37), they should be tested at higher
dose levels than might be anticipated. Humans might
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be subjected to high level accidental exposure to 
2,4,5-T resulting from extensive use of the herbicide. 
One should also keep in mind that in the present 
study, the vitelline membrane proved to be a highly 
effective barrier to the penetration of the herbicide.

To determine the LD^q value , a dose range of 0.1
ppm to 1000 ppm was used. In view of the fact that
the calculated LD50 value , 11 ppm, is based upon
direct cellular contact with the herbicide, one mus t
not extrapolate this same value as being lethal at the
environmental level. The LD^q should not be inter
preted as meaning that 11 ppm of 2,4,5-T existing in 
the natural environment will cause death. Further, 
a blood level of 11 ppm may be insufficient to deposit 
this concentration in either the yolk or the albumen 
and finally, if albumen deposition is the route of 
administration, consideration of the data for in 
toto and in. vitro incubation, indicate that great care 
must be taken not to extrapolate from known to unknown 
circumstances.

Reagent grade, chromatographically pure 2,4,5-T 
was used in this study. It must be assumed that the 
dioxin contaminant level in the foregoing experiments, 
was negligible and did not enter into the observed
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teratological effects.
The time-lapse photomicrographic recording of the 

pesticide effects on embryo cultures has added a 
dimension of understanding not otherwise obtainable.
It has been learned, for example, that at the LD50 
dose level, an 18 hour embryo shows an initial very 
severe reaction. The cells at the margin of the area 
pellucida tear loose from the area opaca and, under 
the existent centripetal tension, the area pellucida 
withdraws rapidly. There is, however, an immediate 
effort at restoration by morphogenetic movement and 
cellular proliferation. These efforts, however, are 
brief (less than 6 hours in duration) and upon termin
ation, the resultant 24-hour embryo is seriously mal
formed. Generalized cell death starts at this time 
and the embryo degenerates rapidly.

Time-lapse recording of low dose levels (1 ppm) 
revealed the sequence of abnormality onset. Neural 
fold closure ceased at a time when foregut elongation 
and heart formation were still progressing. It is 
felt that an extension of this technique might very 
well provide analyses of susceptible regions at 
known times of incubation at known dose levels. It
is this type of information which is urgently needed.
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SUMMARY
Three approaches were used in investigating the 

effects of 2,4,5-trichlorophenoxy acetic acid (a 
chlorinated hydrocarbon herbicide) on early avian 
embryogenesis.

The plastic bag, jin toto culture (indirect ex
posure), and the jLn vitro culture (direct exposure) 
were used for their suitability for investigating the 
possible toxic and/or teratogenic potentials of 
2,4,5-T.

The effects of the herbicide were studied by 
culturing chick embryos in the presence of known 
amounts of 2,4,5-T during the first three days of 
incubation. Dose levels ranged from 0.1 ppm to 
1000 ppm. Observations were based primarily on 
structural features (Hamburger-Hamilton Series) of 
normal development.

Preliminary results indicated that the herbicide 
is selective in effecting neural development. This 
finding may be indicative of 2,4,5-T as being a pos
sible neuro-toxic chemical. Subsequent observations 
revealed significant reductions in embryonic size 
and somite number.

That the vitelline membrane provides an effective
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barrier to the passage of 2,4,5-T was shown by the 
mortality data obtained from the hn vitro study. 
Embryos explanted to culture media were all killed at 
a dosage of 1000 ppm where as embryos grown in toto 
suffered only a 24% mortality at the same dose level.

The LD50 for cells in direct contact with the 
herbicide was calculated to be 11 ppm.

A method of time lapse cinematography was used 
in order to observe the actual pattern of develop
mental activities. Results showed that degenerative 
changes begin immediately marked by cessation of 
normal morphogenetic movement. However, in spite of 
general cell disintegration, some disorganized 
isolated cellular proliferation continues.

The reagent grade 2,4,5-T used in this study had 
an undetectable level of dioxin contaminant. The 
observed abnormalities were attributed to effects 
produced by 2,4,5—T and not the dioxin.
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Metabolism and Concentration of Estradiol in the 
Blood. Science 168: 592-594, 1970.

4. Wiemeyer, S. and R. D. Porter. DDE Thin Eggshells 
of Captive American Kestrels. Nature 227: 737, 
1970.

5. Bitman, J. et al_. DDT-Induced Inhibition of 
Avian Shell Gland Carbonic Anhydrase: A Mechanism 
for Thin Eggshells. Science 168: 594-595, 1970.

6. Dale, W. E. et al. Physiological Evidence of a 
Site of Action of DDT in an Insect. Science 102. 
305-307, 1945.
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APPENDIX II 
Chick Ringer Solution

NaC 1 7.19 g
KCL 0.37 g
C 3. C12 0.18 g
Dist. H2O 1000 ml
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APPENDIX III 
Conversion Table

% mg/kg ppm

1 X 10-5 0.1 0.1

1 X O 1 1 1

1 X 10-3 10 10

1 X 10-2 100 100

1 X 10-1 1000 1000
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APPENDIX IV 
Ringer-Albumen Agar

1. The albumen from an unincubated egg is added to 
50 ml of chick ringer solution in a stoppered 
flask and shaken for 1 minute.

2. Ringer-agar, 0.25 gm, is added to 30 ml of ringer 
solution in a flask and brought to a boil over 
medium heat.

3. When ringer-agar has cooled (40° - 45° C), 20 ml 
of the ringer-albumen is added and the two are 
mixed gently. About 2.5 ml of the medium is 
poured into each watch glass, where it gels in 
about 45 minutes.

Reference: New, D. A. T. The Culture of Vertebrate
Embryos. (Academic Press, Logos Press, 
New York-London) 1966.
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APPENDIX V

STATISTICAL ANALYSIS*

EMBRYONIC LENGTH

N X S SX

CONTROL 60 5.82 1.35 0.18

EXPERIMENTAL 58 4.52 1.45 0.19

r+ II -P> vO P<0.001

SOMITE NUMBER
N X S SX

CONTROL 107 15.77 4.16 0.40

EXPERIMENTAL 103 12.51 5.62 0.56

t = 4.73 P<0.001

* Raw data was used in all statistical analyses.
A two-tailed test for significance was employed.


	TABLE OF CONTENTS
	I. Introduction
	II. Materials and Methods
	III. Results
	IV. Discussion and Conclusion
	V . Summary
	VI. Bibliography
	VII. Appendices

	LIST OF TABLES
	1. Somite Number (Plastic Bag Cultures)
	2. Embryonic Length (Plastic Bag Cultures)
	3. Embryonic Stage (Plastic Bag Cultures)
	4. Observed Abnormalities (Plastic Bag Cultures)
	5. Mortality (Plastic Bag Cultures)
	6. Mortality (In Vitro Cultures)
	7. Somite Number (In Vitro Cultures)

	TABLE OF PLATES
	1. Control Embryo (Plastic Bag Culture)
	2. Experimental Embryo (Plastic Bag Culture)
	3. Experimental Embryo (Plastic Bag Culture)
	4. Experimental Embryo (In Vitro Culture - 10 ppm)
	5. Experimental Embryo (In Vitro Culture - 10 ppm)
	6. Experimental Embryo (In Vitro Culture - 11 ppm)

	TABLE OF FIGURES
	1. Graph: Per Cent Mortality vs. Dose Level
	2. Graph: Per Cent Response vs. Log Dose

	TABLE OF APPENDICES
	1. Key References to the Mode of Action of Chlorinated Hydrocarbons
	2. Chick Ringer Solution
	3. Conversion Table
	4. Ringer-Albumen Agar Medium
	5. Statistical Analyses


