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2,4-Dichlorophenoxyacetic acid (2,4-D) is an organic chemical
developed in the mid-1940°s as a herbicide for the control of
broad leaf weeds. This compound was formulated for use as butyl

ester which is more volatile than the parent acid and therefore

easier to apply in aerial spraying (Sanders 1981). Taking into
account the importance of knowing the fate in the environment
and the toxicological effects of herbicides on living organisms,

Duffard et al. (1982) demonstrated that external application of

2,4-D butyl ester on fertile hen eggs on day 0 of incubation
resulted in a 50% of mortality. Chicks hatched from these
treated eggs exhibited postural and motor disfunctions and other

alterations as hypomyelination and changes in the nervous system

lipid composition (Mori et al. 1985, 1886). The same embryotoxic

effects of 2,4-D butyl ester were found when the herbicide was
applied on day 5 and 10 of incubation, but the 15 day aroup
improved the hatching percentsge (Duffard et al. 1987a).

Several studies have also been conducted on the metabolic fate
of 2,4-D rather than applied butyl ester. Hydrolysis of the
esters with formation of the free 2,4-D acid is the major
metabolic pathway. Ester hydrolysis can be carried out by the
actions of the many esterase enzymes found in the liver, blood
and other organs of different animal species (Matsumura 1975).

Erne (1966b) found that upon oral administration of 2,4-D butyl

ester to rats, pigs and calves, this compound was hydrolyzed in

the body to form 2,4-D and excreted by via the urine. The same

results were demonstrated by subcutaneous administration of 2,4-

D butyl ester to rats (Schulze et al. 1985). However, we did not

find 2,4-D as metabolite of 2,4-D butyl ester; only the ester
was detectable in all analyzed organs and tissues from one-day-

old chicks hatched from treated eggs (Duffard et al. 1987b) as

well as during chick embryonic development (Castro de Cantarini

et al. 1989). This fact could be due to metabolism of 2,4-D
butyl ester, and specially to change of esterase activities. The

present study was designed to investigate the esterase
activities during chick embryonic development and its

relationship with the metabolism of 2,4-D butyl ester.

Send reprint requests to Duffard A.M. at the above address.
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MATERIALS AND METHODS

Commercial formulation of 2,4-Dichlorophenoxyacetic acid butyl
ester (31.6% w/v) was supplied by Atanor, Argentina and its
purity was checked by gas liquid chromatography (GLC). (14C)2,4-
dichlorophenoxyacetic acid (epecific activity 56 mCi/mmol) was
parchased from Sigma (MO, USA) and used to prepare (14C)2,4-D
butyl ester for esterification with n-butyl alcohol (Horner et
al. 1974). The efficiency of esterification was approximately
92%. All the other chemicals were purchased either from Merck
Quimica Argentina or from Sigma, MO, USA.

Fertile hen eggs of an Arbor Acres strain were obtained from a
commercial hatchery. They were treated externally in narrow
bands, excluding the air compartment, with an ether solution of
commercial 2,4-D butyl ester (3.1 mg/egg) before starting
incubation, as previously described (Duffard et al. 1981).
Control eggs were treated with ether. After drying, the eggs
were placed in an Incubator maintained at 38 °C and 60% relative
humidity. They were rotated twice a day.

Twenty-four hours after hatching, chicks were decapited and
livers removed and immediately homogenized in 0.1 M phosphate
buffer pH 7.4 at 0-4 ©°C. The homogenates were then centrifuged
for 10 min at 6000 g in a refrigerated centrifuge. The resulting
supernants were diluted with 10 volumes of 0.1 M phosphate
buffer pH 7.4 and used as enzyme source.

The metabolism of (14C)2,4-D butyl ester was measured using the
following medium: 0.1 M phosphate buffer pH 7.4; 1 mM 2,4-D
butyl ester; 0.025 uCi (14C)2,4-D butyl ester and approximatly
10 pg of protein content in a final volume of 0.3 ml. The
reaction was started at the addition of enzyme preparation.
After 30 min of incubation at 30 ©C, the assay was stopped by
adding of trichloroacetic acid (TCA) to a final volume of 10%.

Control incubations without supernant livers were made to

discount autohydrolysis of 2,4-D butyl ester. The metabolites
were separated and detected by thin layer chromatography (TLC)
using 20 x 20 cm silica gel G plates and ethylacetate: hexane:

formic acid (20:80:0.3, v/v/v) as solvent system (Erne 1966a).

Radioactive spots were visualized with ultraviolet radiation at
254 nm and identified by direct comparison authentic
nonradicactive compounds (2,4-D butyl ester, 2,4-D). Metabolites

were then quantified by scraping off the spots from the TIC
plates, and counting them by scintillation spectrophotometry
using Triton X-100 : Toluene (1:3), 0.02% 1,4-bis (5-phenyl-2-
oxazyl) benzene (POPOP), 0.4% 2,5-diphenyl-oxazole (PPO) as
scintillation medium, in a LS-100 Beckman Scintillation Counter.

The external standard method for quenching correction was used.

Esterase activity was determined by Gomoris method with some
modifications using a-naphthylacetate (a-NA) and Fast Violet B,
during chick embryonic development and in different organs and
tissues of one-day-old chicks. The samples were homogenized in
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0.1 M phosphate buffer pH 7.4 and then centrifuged for 10 min at
6000 g. Dilutions of these supernants were prepared as required,
and imnediately used as enzyme source. The substrate solutions
were prepared by diluting a stock solution of a-NA in acetone
(0.03) in 0.1 M phosphate buffer pH 7.4. Enzymatic activity was
measured by the change in absorbance at 500 nm and 30 °C of a
reaction mnixture with the following composition: 0.5 mM
substrate-solution; 0.3 ml bidistilled water; 0.2 mg/ml Fast
Violet B and 0.1 ml a suitable dilution of the enzyme in a final
volume of 3 ml. Enzyme units (U) were arbitrarily defined as the
amount of enzyme which produced 0.05 absorbance change at 500 nm
min-1.

All protein determinations were carried out by the Bradford’s
method using bovine serum albumine as standard.

Statistical analyses were performed using the Student’s t-test
(Bancroft 1960). Levels of significance are shown on tables.

RESULTS AND DISCUSSION

Owing to the fact that the in vitro system has the advantage
that the conditions can be manipulated to maximize formation of
metabolites and considering also that the liver is the orgsn
with the largest metabolic capacity, the table 1 shows that 2,4-
D butyl ester underwent hydrolyslis to form 2,4-D by the action
of esterase enzymes found in the one-day-old chick livers
hatched from control and treated eggs. After separation of 2,4-D
and 2,4-D butyl ester by TIC, with the following values of Re
2,4-D (Re=0.40), 2,4-D butyl ester (Re=0.65) the radiocactivity
levels of these compounds did not show significant differences
between chick livers hatched from control and 2,4-D butyl ester
treated eggs. Therefore, approximately 70% of the radiocactivity
level was 2,4-D.

Table 1. In vitro metabolism of 14C-2,4-D butyl ester by chick
liver

% Radiocactivity recovered® as

Treatment 2,4-D 2,4-D butyl ester
Control 71.33 + 0.88 17.67 t 0.89
2,4-D butyl ester 73.33 £ 2.40 20.67 £ 4.10

a: After separation by TIC.
Results are mean * S.E.M. of 3 determinations.
For details see "Materials and Methods".

Considering that there was a discrepancy with our previous in

vivo studies, where 2,4-D was none detectable in one~day-old
chicks hatched from 2,4-D butyl ester treated eggs, we decided
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to determine the esterase activities during embryonic
development. The most striking finding was the inhibition of
esterase activities of yolk from 2,4-D butyl ester treated eggs
(Table 2). In fact, we found that the esterase activities of
yolk eggs were diminished to values of 53% of control (on 1et
incubstion day) and 36% of control (on 3v2 incubation day).
Bearing in mind the kinetica of the penetration of 2,4-D butyl
ester into egg (Castro de Cantarini et al. 1989), the level of
2,4~D butyl ester detected in yolk treated eggs was 1.55 % 0.16

HE/E.

Table 2. Esaterase activities of yolk eggs on 18t and 3rd
incubation days.

Specific Activity
(U/mg protein)

Incubation days Control 2,4-D butyl ester
a
1 3.70 + 0.78 1.74 £ 0.37
b
3 1.05 + 0.05 0.67 £ 0.15

Results are mean + S5.E.M. of 3 determinations.

ap < 0.05; »p < 0.025

Note: 2,4-D butyl ester was applied to fertile hen eggs before
starting incubation.

Interestingly, when the specific enzyme activities were analyzed
in tissues from 15-day-old chick embryos, we discovered that the
eaterage activities showed a diminution of 38% in liver and 15%
in brain with respect to the controls. In addition, there were
statistically differences in the weight of the tissues (Table
3), 8o the total enzyme activities were also diminished about
27% in liver and 18% in brain.

Table 3. Wet weight and Esterase activitiea in tissues from 15—
day-old chick embryos.

Tissues Wet Weight Specific Activity

(8) (U/mg protein)
Control 0.16 £ 0.01 110.46 + 13.61

Liver b a
2,4-D butyl ester 0.12 £ 0.008 68.04 £ 7.06
Control 0.30 £ 0.02 8.37t 0.36

Brain c b
2,4~D butyl ester 0.16 £ 0.03 7.13 £ 0.53

Results are mean * S.E.M. of 3 determinations.
ap < 0.05, Pvp < 0.025, e°p < 0.005.
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However, esterase activity determinations indicated that there
were no statistically significant differences between tissues
from chicks hatched from control and treated eggs. The largest
enzyme activities were found in liver followed by kidney, brain
and serum (Table 4). Taking into account that there were no
differences in the welght of the different tissues (Duffard et
al. 1987b, Mori et al. 1985), the total enzyme activity remained
unchanged in the treated groups.

Table 4. Esterase activities in tissues from one—day-old chicks
hatched from 2,4-D butyl ester treated eggs.

Specific Activity
(U/mg protein)

Tissues Control 2,4-D butyl ester
Liver 207.27 + 45.63 200.81 + 35.39
Kidney 38.35 £ 6.20 28.50 + 4.84
Brain 17.73 ¢ 1.66 16.10 £ 1.56
Serum 4.52 + 0.57 3.36 + 0.62

Results are mean * S.E.M. of 3-4 determinations.

The present results, specifically the in vitro assay, imply that

esterase enzymes found in chick liver are capable of hydrolyzing

the 2,4-D butyl ester to 2,4-D. Moreover, the esterase activity
is normal at the hatching time whereas it is diminished during
embryonic development. In consequence of the normal esterase
activity at the hatching time, we could not discard the

possibility that some guantity of 2,4-D butyl ester was
hydrolysed to 2,4-D without being detected in one-day-old chicks

(Duffard et al. 1987b). This could be due to the fact that the
newly produced 2,4-D was immediately bound +to tissue
macromolecules (Evangelista et al. unpublished results; Kelley

and Vessey 1987) or it was rapidly metabolized being a transient

metabolite. So, 2,4-D was nonextractable from the macromolecules

by the extraction method used in the residue studies.

On the other hand, the phenoxyherblcides appear to have some
effects on hepatic drug metabolism enzymes of chick embryo which
can not be esslly interpreted (Kelly and Vessey 1987;
Santagostino et al. 1991). The 1latter also described
vacuolization and biliary stasis of the chick hepatocyte by
MCPA, therefore they suggest the inhibitory effect on microsomal
enzymes result from the detergent effect of hepatic accumulation
on bile acids, how Schaffner et al. (1971) informed. In our
case, two poasibilities to explain the toxic effects of the 2,4-
D butyl ester on the chick embryonic development are feasible,
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a) a direct action and b) an indirect, as it was suggested by
Duffard et al. (1990) in muscles of chicks hatched from 2,4-D
butyl ester treated eggs, where free fatty acids accumulation
would play an important role in the 2,4-D butyl ester toxic
mechanism, per se or by producing small 1lipid droplets and
vacuolization. Furthermore, Arglello et al. (1990) demonstrated
one Ca2+ homeostasis alterations suggesting that the primary
effect could be an alteration of Ca2+ permeability.
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