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The chlorinated herbicide 2,4,5-trichlorophenoxyacetic acid
(2,4,5-T) has been in common use as a weed killer for over 20
years. Recently it has been employed together with 2,4~
dichlorophenoxyacetic acid (2,4-D) as a defoliant in Vietnam,

In 1964, the National Cancer Institute (1) undertook a screening
study of a number of herbicides and other chemicals for
carcinogenic and teratogenic potential. Those producing increased
proportions of abnormal fetuses were 2,4,5~T and the 2,4-D
isooctyl, butyl, and isopropyl esters but not 2,4-D acid (2).

The results of that study with the herbicide 2,4,5-T have been
reported by Courtney et al.(3). They found that 2,4,5-T was
teratogenic and feticidal in two strains of mice when administered
at 46.5 and 113 mg/kg either subcutaneously or orally, and in one
strain of rats when administered orally (highest dose administered
46.4 mg/kg). Subsequent investigations by Emerson et al. (4)
showed that 2,4,5-T was not teratogenic in Sprague-Dawley rats

at doses up to 24 mg/kg. The 2,4,5-T used by Courtney and co-
workers (3) was contaminated with approximately 30 ppm of 2,3,7,8-
tetrachlorodibenzo-p~dioxin (dioxin). This contaminant was shown
by Sparschu et al. (5) to be teratogenic in rats in amounts as

low as 0.5 ug/kg/day. The 2,4,5-T used by Emerson et al. (4)
contained < 1 ppm dioxin.

The present work describes the results of our teratogenic
studies on hamsters with samples of 2,4,5-T containing varying
amounts of dioxin and with samples of 2,4-D from different
manufacturers.

Materials and Methods

Primigravid golden Syrian hamsters, Mesocricetus auratus,
were used. The animals were shipped to our laboratories from a
commercial supplier on the second or third day of pregnancy.

In our laboratory they were caged individually and given Purina
Chow and water ad libitum. The test compounds were administered
daily by oral intubation on days 6 through 10 of gestation
according to the method of Robens (6). Groups of 6 hamsters
were used as controls and at each dose level for each compound;
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in most cases the experiments were repeated at the same dose levels
with a second group of hamsters. The first day after mating was
considered day O of gestation. On day 14 of gestation the animals
were killed by ether; the uterus was then opened and examined for
the presence of resorption sites. The fetuses were removed,
weighed, and examined for external malformations. Corpora lutea
were counted. About one-third of the fetuses were examined
further for skeletal anomalies by fixation in alcohol, clearing
and staining with Alizarin red. The remaining fetuses were fixed
and divided into two groups, one for dissection and the other for
histopathological examination.

The sources of the 2,4,5-T and 2,4-D samples are given in
Tables 1 and 2, together with the dioxin content of each sample.
The vehicle used for all of these compounds was acetone, corn
oil, and carboxymethyl cellulose in a ratio of 1:5.8:10, given in
amounts of 1 ml per 100 g body weight. Control hamsters were
intubated with the vehicle alone on the same days of gestation
as the treated hamsters.

All samples utilized in this experiment were analyzed for
all dioxins but only the existence of the "tetra'" compound could
be proven due to limitations in chemical analyses. This does not
preclude, however, the existence within the samples of minute,
undetectable quantities of other dioxin isomers.

The following conventions were observed. Any dead or resorbed
fetus was counted as a dead fetus. A fetus was considered abnormal
if it was living but had at least one anomaly of any type. An
abnormal litter was said to be any litter in which a minimum of one
abnormal fetus was found.

The percentage of fetal viability was computed by obtaining
the percentage per litter and calculating the average of the
percentages; the non-parametric Mann-Whitney U test was used to
compare the percentages with that of controls. Standard chi-
square tests were used to compare the abnormalities per litter from
treated and control animals. The average weight per hamster was
analyzed for statistical significance by the Student "t'" test.

Results

2,4-D. All three of the samples of 2,4-D tested were from
commercial sources and therefore represent the products used
industrially. Terata were produced occasionally, but the percentages
were not significantly different from the control percentage
(Table 1). '

560



*10°0> 4 38 IuEdIITusis 3

*G0°0> d 3® JuedTITuSTS

q
*o7dues Aue U po3d9IOP Bq PINOD SUTXOTP ON °'GOI-H41 °*ON ¢, uor3zonpoad juaiand,
€+0) Iopmog sOTNOISH ‘D fOH6T160 “ON ¢, uorionpoad jusaind, €°o) TeITWSY) moq ‘g ‘uorionpoad HggT
‘€07660 °ON ,TBOoTUyo®l, ‘*0D TeOTWaY) Mo ‘Y :s90i1nos SuTmOTTOF 92Uyl WOIJ paureilqo alsm soTduweg 5
LT Lo 0 6°56 9° 1T 9°¢ 6€T 71 T oY
LT 0 G°CT 98768 RN A 6°6 00T 11T 8 09
L7 0 ¢°tt 496706 '8 20T %L £8 6 00T 1
L°T 6°¢C 0 9°06 6°6 ¢°6 69 9L L oY
26°T 0 0 0°96 0°€T L°e 701 80T 8 09
L1 0 AN €°€6 9°C1 S'9 10T 801 8 00T d
8°T 9°L 1°6 9°66 9°6 %°q 90T 1T 1T 414
LT 0 0 q7 16 80T £°6 611 TeT 11 o%
LT 6°0 2'81 L°S6 1°0T €Y 11T 91T 1T 09
9°'T 0 0°0T 6°88 86 0‘TT 86 0Tt oT 001 v
8°T 0 G'¢E L°96 0'TT 7°€ (44 SL6 98 - Toa3uo)
(3) sasniyag 1923377 A933TT 19T £3T oAl *oN sweq (83/3m) goTduwes
sn3aj a9d 9ATT Teiol 9ATT aad aad £3T Iad ~fe3aoR *ON Teaol Jo Q1~9 sfeq a-v¢z
*3IM *ay aed se8eyx S9TITT® -TT9BTA °ON Ay T®aoT ¥ *ON ‘aso(q
—IOwoy 7 -waouqy y Teiag j% s9snlag £1TRQ

x9)suey 8yl ut (-%°Z 3JO £199334 ofusSozeis]

T a19VL

561



8T 0 0 8°L6 21T 7°C 08 Z8 L 0%
1 1°C 0 3£°89 8°L £'€e Y6 ™t 2T 08
9T 9'¢ [ Y A4 0'9 'Ly 9€ 89 9 00T 10 ‘a
LT 9°8 0 p8 06 9°c1 ¢'8 0%t €ST 1T 0t
39°T gz 1T 6°¢6 €T 0y 12T 9ZT1 6 0%
29°T (AN 20°07 SE€°8S 9°9 9°ty €6 6 8 08
2¢°T 9°L 30°0% SCTOY T°¢ ¢ LS 96 €T 1T 00T €0 ‘D
L°T 0 0 1°¢6 1’6 (A4 %9 69 L oY
't T §°Z1T 7PL'06 %°0T 8'6 €8 Z6 8 08
L't 0°€T 20°0S¢ PpS°s8 8T v IT UL L8 9 00T 6°C ‘d
L°T %°8¢C po’SZ  SI°89 €L €'t 88 0T T 114
L°1 L°SL 2£°€E  38°6GT L€ €'yl LE 791 0T oy
9°T 6°ty 350°00T 3t°¢ 8°0 7'v6 L eZT 6 08
- - - 5 0 0 0°00T O €01 6 00T Sy ‘v
8'T Ze*0 S°c L°96 0°11 v'e (A2 SL6 98 - Toa3uo)
(3 sasnlagd 293371 193371 I9IITT £31 oAy *oN suweq (3y/8m) .mqmﬁammv
sniag axad AT TeIOL oATT a9d aad £3T aad -TEIXON °‘ON Te3I0] Jo (QT-9 sdeq Ju93uo0)
*IM Ay Jeod saleyx S9TITT® ~-TIqBTA ON AV T®I0T % *OoN ¢3soq uTxoT1q
-Iowsy % -wiouqy y T€IBL % sosnjog ATreq  ‘ordumeg

I-S°%°C

JIo)sweH oYyl UT I-C‘y‘Z JO s3I0033d oyuslojeisy,

¢ AT79VL

562



*60°0> d I8 IUBOTITu3Lg 5
*10°0> d ' 3uedr3yTuUdIs 5
*UTXOTP ©TQe10939p Ou €IIBOTPUT (N q
*#6€LT~-X ‘ON €°0) aepmog seIndaay 9 {g-90700-1 "ON °,2and, ¢-o0p Tedtway) mog ‘4 ¢ (vad
ur pozrITeasdioax o7dues) ‘o) Jepoy uewiseqg ‘9 SQTTOZT °ON uorionpoad juaiand ¢ TeOTUYDRI,,
‘*0) TeOTWOY) moq ‘d f6¥%0TT °‘ON ¢, TeoTuyoel,, ‘*o) TedTwWRY) Mmod ‘D f0Z0-LO—IN °"ON €°0D
TeOTWAY) OJUBSUOK ‘g $°0) TBOTWAY) M B ¥ ‘V :590Inos SurmoTTOJ 9yl woxj paureiqo 21om safdmeg T
29°T L°9T 0 5£€°89 ¥'8 0°0¢ (A 09 9 001 an ‘o
P91 8°9 30°0%y Sv°IL €L £ T¢ VA 79 9 00T an “a
tu.m.H 1 0 5C°88 AR L°0T el 0sT T oY
5S°T (A 0 31°69 L™8 6°6¢C 96 LET TT 08
26°T 0 3%°9¢€ SI°ES €°9 £°96 8¢ L8 8 00T an ‘m

563



Fetal viability per litter decreased significantly in the two
highest doses of sample C and at 40 mg/kg of sample A, but the
decreases were not clearly dose-related. Hemorrhages per total
liveborn were consistently increased at the low dose levels.
The effects of 2,4~D on the average weight of the offspring
were negligible.

2,4,5-T. The results of the administration of 2,4,5-T and
dioxin contaminants are shown in Table 2. At.100 mg/kg,
2,4,5-T without detectable dioxin greatly increased fetal mortality,
the incidence of hemorrhage in the liveborn (except for sample E),
and the number of malformations among the liveborn (except for
sample G); fetal viability per litter was significantly decreased.
After dosage, the fetal responses ranged from lack of abnormalities
and hemorrhages to significant differences, suggesting that there
was considerable variation among the compounds obtained from
different manufacturers.

At 100 mg/kg, fetotoxicity increased with dioxin content,
except at 2.9 ppm. However, fetal viability per litter was
significantly depressed at all four levels of dioxin. At 100
mg/kg, abnormalities per live litter were significantly increased
both in rats given dioxin-contaminated samples and in those given
2,4,5-T without dioxin contaminants, except for samples D & G.

The percentage of hemorrhages per total liveborn was increased
with administration of 2,4,5-T with and without dioxin contaminants,
but no clear correlation with dioxin level could be established.

2,4,5-T without dioxin, given at dose levels of 40 and 80
mg/kg, increased the level of embryonic mortality and the numbers
of liveborn with hemorrhages; the fetal viability per litter was
significantly decreased in a dose-related manner. Contamination
with dioxin at these dose levels further increased the levels of
embryonic mortality and the number of liveborn with hemorrhages;
fetal viability per live litter was significantly decreased in
a dose-related manner. Abnormalities per live litter were clearly
related to the levels of dioxin in the 2,4,5-T. 2,4,5~-T with “ho
detectable dioxin produced no malformations below 100 mg/kg.

After administration of 2,4,5-T containing no detectable
dioxin or dioxin at 0.1 and 0.5 ppm, the average weight per fetus
was significantly decreased. At dioxin levels of 2.9 and 45 ppm,
the apparently normal weights of the fetuses were due to edema.

Tables 3 and 4 show the types of terata produced. Bulging
eyes (absence of eyelid) and delayed head ossification accounted
for the majority of the terata from dioxin containing 2,4,5-T,
while fused ribs were seen with the greatest frequency among the
terata produced by 2,4-D.
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TABLE 4

Fetal AnomaliesZ Associated with Administration of 2,4-D

Daily Dose, Delayed Ear

2,4-D b Days 6-10 Head Abnorm- Fused
Sample= (mg/kg) Ossification alities Ribs
Control - - - 3
A 100 - 1 -
60 - - 3
20 - - 1
B 100 1 - -
c 100 - - 3
60 - - 2

2 Petuses were also examined for exencephaly, eye abnormalities,
nhind 1limb deformitles, cleft palate, and ectopic heart, but
none were found.

b See Table 1 for sources of 2,4-D. No sample contained detectable
amounts of dioxius.

The control hamsters had a very low fetal mortality and there
were only three malformed fetuses from a total of 942 live fetuses,
or 0.3%., With this same strain of hamsters, Robens (7) found four
malformed fetuses in 1081 control hamsters or 0.4%.

Discussion

2,4-D. The incidence of fetal anomalies resulting from the
administration of the three commercial samples of 2,4-D was low.
The lowest dose causing effects, 60 mg/kg, would approximate
600 ppm in the diet, and the maximum human dietary exposure to
2,4-D from permitted tolerances is 0.3 ppm.

2,4,5-T. The fetal anomalies resulting from 2,4,5-T
administration in the hamsters were clearly related to fetal
head development. They were, namely, eye abnormalities
(absence of eyelids), delayed head ossification, and exencephaly.
The results differ from those found by Courtney et al. (3) ia
rats and mice. Courtney et al. found cleft palates in mice, but
they were rarely found in our study with hamsters (seen in only
two animals).

Hemorrhagic gastrointestinal tracts in the hamster fetuses
were a prominent effect of 2,4,5-T administration, but could not
be clearly linked to dose level of the compound or the dioxin
content. It is possible that such hemorrhages reflect a toxic
effect on fetal organs as opposed to a developmental effect.
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The relationship between human exposure to low levels of
2,4,5-T and of 2,4~D and the production of congenital abnormalities
in different animal species is difficult to assess. There is a
wide margin of safety between the exposure levels of 2,4,5-T
permitted by registered uses existing prior to April 1970 on food
crops and the levels producing teratological changes in the
hamsters used here. Since April, these uses have been cancelled
so that the amount of 2,4,5~T now in use has still further
decreased  the possible hazard to humans.

Summary

Commercial samples of 2,4,5-trichlorophenoxyacetic acid
(2,4,5-T) were feticidal and teratogenic in the golden Syrian
hamster when administered orally on days 6 - 10 of organogenesis,
and the incidence of effects increased with the content of the
impurity, 2,3,7,8-tetrachlorodibenzo-p—dioxin (dioxin).
Abnormalities per live litter were clearly related to dose levels
of 2,4,5-T in combination with dioxin. With dioxin, the
abnormalities caused by 2,4,5-T consisted chiefly of absence of
eyelid and delayed head ossification. Dioxin contamination
increased the level of hemorrhages in the liveborn, and also
produced marked edema.

Terata were produced occasionally with 2,4-dichlorophenoxyacetic
acid (2,4-D) and the fetal viability per litter decreased, but
neither effect was clearly dose-related. Fused ribs were seen with
the greatest frequency among the terata produced by 2,4-D,
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