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Summary

Phenoxyacetic acid herbicides constitute one of the largest groups of herbicides used in the world. The
study was carried out to investigate the effect of herbicide 2,4-D (2,4-Dichlorophenoxyacetic acid) on some
blood parameters and toxicity of the male reproductive system of Sprague Dawley (CD) rats. The level of
2,4-D in the liver and its metabolite: 2,4-DCP was ascertained using the HPLC method and the organ weight
of the livers was also determined. Three different concentrations of pesticide were used. The animals were
treated orally 25 ppm and 50 ppm with water and 50 ppm and 100 ppm with food for 30 days. No significant
difference was found in the blood parameters between the groups. The level of 2,4-D in the liver was found to
be significantly higher in both feed and water groups compared to those of the control group (p<0.01). The
level of 2,4-DCP in the liver also increased in all the experimental groups compared to control (p<0.01) groups,
with the exception of the water group which had the lowest concentration. As far as the abnormal spermato-
zoa rates of rats were concerned, the values of the experimentally fed groups were higher than the control
group and the difference between them was statistically significant (p<0.01).
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2,4-Dichlorophenol (2,4-DCP) is used in the produc-
tion of the herbicide 2,4-dichlorophenoxyacetic acid
(2,4-D), and it is one of the abundant chlorophenols in
the aquatic environment. These pollutants, which are
widely distributed in nature, have detrimental biologi-
cal effects, including chronic toxicity, mutagenicity and
carcinogenicity (18). 2,4-DCP is also utilized in the
manufacture of methylated chlorophenols that are used
for mothproofing, in antiseptics and disinfectants (1).
Because of this great ubiquity, 2,4-DCP, together with
other chlorophenols, was listed as early as 1978, among
129 priority pollutants in 65 classes by the US Envi-
ronmental Protection Agency (10).

In recent years, there has been increasing interest in
the toxicology of the male reproductive system. Con-
troversial reports on reproductive disorders associated
with the exposure of males to occupational toxicants
has partly triggered this interest (2, 6, 13). Increasing
reproductive adverse effect observed after the Vietnam
War has been considered as a result of exposure to Agent
White which is a herbicide having 2,4-D among the
active ingredients (15). However, there is no evidence
on the relation of the exposure to 2,4-D and reproducti-
ve system disorders.

The exact mechanisms related to the toxic effects of
2,4-D remain obscure (14). Although it’s been claimed
that this herbicide has not accumulated in environment,
food chain and body (3) there is some evidence in
relation to accumulation in animal tissues (12). Our
previous study (4) in rat which treated with 2,4-D in
drinking water and food at levels of 25, 50 and 100 ppm
for a period of 30 days to determine accumulation with
subchronic exposure showed that 2,4-D and 2,4-DCP
has accumulated in kidneys at low levels.

In the present study, it was investigated the sub-
chronic effects of orally administered 2,4-D on sperm
morphology and serum AST and ALT levels (blood
parameters) and accumulation levels of 2,4-D and its
metabolite in liver.

Material and methods

Animals and treatments. Forty, eight week old Sprague
Dawley (CD) rat were obtained from the Istanbul University,
Cerrahpasa Faculty of Medicine, Experimental Animals Produc-
tion and Investigation Centre Rats (130-140 g) were acclimated
for 1 week prior to treatment under usual management conditions
(20 £ 2°C and 50 + % 5 humidity). Rats were randomly divided
into 5 (five) groups consisting 8 animals each, 4 groups used as
treatment groups and 1 group left as control.
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Experimental design. Group I (n = 8): treated
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Tab. 1. Abnormal spermatozoon rates in CD rats (mean + S.E.M), (n =8)

with 25 ppm 2,4-D in drinking water for 30 days,
group II (n = 8): treated with 50 ppm 2,4-D in

Abnormal spermatozoon Rate (%)

drinking water for 30 days, group III (n = 8): |Control group
treated with 50 ppm 2,4-D in food for 30 days,
group IV (n = 8): treated with 100 ppm 2,4-D in
food for 30 days, control group (n = 8): fed on
pelleted and drinking water for 30 days. Treated
food and water were freshly prepared and given

each morning. After the 30 days treatment period,

3.25 = 0.50?
Group | (treated with 25 ppm 2,4-D in drinking water) 7.25 + 1.902b
Group Il (treated with 50 ppm 2,4-D in drinking water) 12.00 = 0.40°

Group Il (treated with 50 ppm 2,4-D in food)
Group IV (treated with 100 ppm 2,4-D in food)

14.75 + 2.80P¢
16.25 + 3.600¢

the rats were sacrificed by anaesthetic (diethyl

ether) overdose followed by cervical dislocation

and tissue samples and blood were collected.
Spermatological morphology. The cauda

Explanation: means with different letters differ significantly at p < 0.05

Tab. 2. Serum activity of AST and ALT in CD rats (mean + S.E.M), (n = 8)

epididymis of each animal was dissected from sur-

rounding tissues and milked into 500 pl Sp-TALP
medium. Abnormal spermatozoon rates were de-
termined on a glass slide preparing and a thin smear
staining by Spermac® stain (Stain Enterprise,
Republic of South Africa). Morphological defect
rate was evaluated by counting 200 cells under
a light microscope immersion objective (x 1000).

Apparatus and reagents. Analysis were done

Control group

AST ALT
192.57 + 25.27 | 106.67 + 7.28
Group | (treated with 25 ppm 2,4-D in drinking water) | 162.00 £ 10.74 | 103.36 + 5.17
Group Il (treated with 50 ppm 2,4-D in drinking water) | 164.37 + 11.78 | 113.84 +7.98
Group Il (treated with 50 ppm 2,4-D in food) 166.25 =+ 7.38 95.67 £ 9.23
Group IV (treated with 100 ppm 2,4-D in food) 193.28 £ 13.57 | 113.42 £5.92

using the Shimadzu LC-10A liquid chromato-
graphy equipment at a wavelength of 235 nm,
which had a UV detector and 20 pl volume for all

Tab. 3. The level of herbicide and its metabolite, 2,4-DCP, in the liver (mean
+S.E.M), (n =8)

standards and final extracts of liver samples. The
mobile phase was a mixture of 4% acetic acid/ace-

tonitryl (60 : 40). The Hypersil ODS (125 X 4 mm,
5 pm) coloumn was used in the separation of the
compounds. Flow rate was adjusted to 1 ml/min.
(pressure about 2100 psi) and the temperature was
ambient. Acetonitryl, methanol, diethyl ether
(HPLC grade), hydrochloric acid, 2,4-dichloro-
phenoxyacetic acid and 2,4-dichlorophenol were

2,4-D 2,4-DCP
Control group Not found Not found
Group | (treated with 25 ppm 2,4-D in drinking water) 2.83 £ 0.42* 1.03 £ 0.19*
Group Il (treated with 50 ppm 2,4-D in drinking water) | 4.19 + 0.28* 1.73 £ 0.47*
Group Il (treated with 50 ppm 2,4-D in food) 5.46 + 0.35* 3.52 £ 0.37*
Group IV (treated with 100 ppm 2,4-D in food) 7.90 = 0.54* 4.64 = 0.42*

purchased from Merck (Darmstadt, Germany),
Spermac® colour (Stain Enterprise, Republic of
South Africa). 2,4-D and 2,4-DCP stock solutions (0.1 mg/ml)
were prepared by dissolving in bidistilled water.

Extraction of the 2,4-D and its metabolite 2,4-DCP for
HPLC. Liver (1 g) homogenate was mixed 10 ml of distilled water
and Iml 1 N HCI. To this was added 30 ml diethyl ether followed
by shaking for half an hour and centrifuged at 20°C and 4000
rpm for 15 min. The supernatant was removed. This procedure
was repeated 3 times. The diethyl ether collected was completely
evaporated to dryness at 40°C under a stream of nitrogen gas.
The C-18 SPE (IST, Mid Glamorgan, UK) cartridge was drained
with a vacuum manifold system, washed first with 3 ml methanol
and then 10 ml 4% acetic acid. A 20 ul volume of acidic solution
was injected into the HPLC.

Statistics. All calculations and statistical analyses were gene-
rated in SPSS for windows version 10,0 (SPSS Inc. Chicago, IL,
USA). Statistical analyses were performed using analyses of
variance (ANOVA) followed by Duncan test. Differences were
considered to be significant at p < 0.01 and p < 0.05.

Results and discussion

Spermatological morphology. Abnormal sperma-
tozoon rate in the control group was % 3.25 £+ 0.50
(tab. 1). In 2,4-D treated groups this rate was increased
at the end of treatment period. Also when the abnormal
spermatozoa rates of rats were considered, the values
of all groups were higher than the control group except
treated with 25 ppm herbicide in water group and the
difference between them was significant statistically.

Explanation: * p < 0.01

Effects of 2,4-D on serum transaminase activities
in rats. Hepatic toxicity was monitored by quantitative
levels of the ALT and AST activities, which are used as
the biochemical markers of liver injury. Blood serum
AST levels were decreased in all groups treated with
2,4-D in drinking water and treated with 50 ppm herbi-
cide in food in comparison with the control group, while
AST levels were increased in group treated with 100
ppm in food. On the contrary, blood serum ALT levels
were increased in groups treated with 50 ppm herbicide
in food and 50 ppm in drinking water, while the group
treated with 25 ppm 2,4-D in drinking water and the
group treated with 100 ppm 2,4-D in food showed
a decrease in serum ALT levels but, these differences
were not statistically significant (p < 0.01) (tab. 2).

Liver analysis. Assessment of all 2,4-D treated
groups revealed that herbicide and its metabolite con-
centrations found in the liver were high. Differences
were statistically significant except the level of 2,4-DCP
in group treated with 25 ppm herbicide in drinking water
(p<0.01). The level of herbicide was the highest in the
group administered relatively high dose in food (100
ppm). Table 3 shows the level of herbicide and its me-
tabolite, 2,4-DCP, in the liver.

Although there are few studies on the effects of
pesticides on aquatic and agricultural ecosystems, the
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toxic effects of 2,4-D on animals have not been clearly
established. This study was concerned with both the
evaluation of the toxic effects of 2,4-D on male repro-
ductive system and with determination of its levels in
rat liver.

Information on metabolism and mechanism of action
of 2,4-D are limited but it is known that in rats, calves,
pigs and human volunteers 2,4-D is absorbed rapidly
and almost completely when administered orally as the
free acid or as the sodium or amine salts (11, 17). This
compound, essentially unaltered, is mainly excreted by
the renal route in treated mammalian species (5). After
low doses, tissue concentrations were highest in
kidneys, liver, blood and lungs (11). Also Deregowski
et al. (7) reported that high levels of the herbicide in the
lungs, heart, liver, spleen and kidneys, and low levels
in the adipose tissue and brain, with intermediate
values in the adrenals and testicles. Regarding to the
food and water contamination levels of 2,4-D, in the
present study it was given to the rats at the dosage of
25, 50 and 100 ppm with food and drinking water for
30 days. It was observed that herbicide was the highest
(7.90 ppm) in liver of treated with 100 ppm in food
(p <0.01). Concentration of 2,4-DCP was increased as
depended to the treatment dose. It was reported that,
for chloring substituted compounds the higher lipid
peroxidation was observed for 2,4-D and 2,4-DCP when
compared to three chlorine atoms substituted com-
pounds. Also higher percentage of peroxidation of
erythrocyte plasma membrane was observed for meta-
bolites than for precursor herbicides. As a result, chlo-
rophenols have been reported to have higher toxicity
than the main compound (8). In our previous study, her-
bicide and its metabolite was determined in kidney and
results showed that the level of metabolite was higher
than main compound (4). The level of 2,4-DCP in the
liver was lower than that herbicides in this study, but
it was higher than those in kidney after same dose
administered (100 ppm). Ferri et al. (9) reported that
the tryptophan 2,3-dioxygenase (triptophan peroxida-
se) enzyme which is important in the regulation of trip-
tophan levels, has been inhibitited in case of herbicide
application to the rats at the same dosage (100 ppm).
An increase in the activity of alanine transaminase
(AST) in serum was reported (16) after administration
of herbicide orally to rats at doses of 200 ppm for 30
days and this result is similar to results of group treated
with 100 ppm in the current study.

When the effects of 2,4-D on male reproductive sys-
tem were examined, conflicting findings are seen to the
present results. Agent white called herbicide spray which
has 2,4-D among its active components have been used
during the Vietnam War was observed by a major study
(2) not to cause lowered sperm numbers and increased
abnormal spermatozoa in US Veterans. Conversely,
another study made on US Veterans has revealed lower
sperm concentrations and normal spermatozoa rates (6).
Another parallel study carried out on 32 male farm
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workers has shown that exposure to 2,4-D caused 50%
decrease in sperm motility, lowered sperm number and
increased abnormal spermatozoa compared to control
(13). Oakes et al. (15) has reported, 2,4-D and
Picloram including preparate called Tordon 75 D
caused testicular toxicity in rats but its specific cell type
and mechanism was unknown.

In the present study, 2,4-D was given to rats orally at
25, 50 and 100 ppm doses for 30 days. Especially the
50 and 100 ppm dose caused increased number of ab-
normal spermatozoa. Our results suggested that 2,4-D
and its metabolites could accumulated in the liver and
disorders of the male reproductive system when taken
orally even at lower doses. As the present information
is uncertain it is necessary to conduct more organ-spe-
cific and chemical-specific studies.

References

1.4hlborg U. G., Thunberg T. M.: Chlorinated phenols: Occurrence, toxicity,
metabolism and environmental impact. CRC Crit. Rev. Toxicol. 1980, 7, 1-35.

2.Air Force Health Study (AFHS): An epidemiologic investigation of health
effects in air force personel following exposure to herbicides-reproductive out-
comes. Scand. J. Work. Environ. Health. 1992, 15, 227-233.

3.A4non.: WHO. 2,4-dichlorophenoxyacetic acid (2,4-D)-Environmental aspects,
[in:] Environmental Health Criteria, FAO/WHO, Geneva, Switzerland 1986,
p. 92.

4.Aydin H., Ozdemir N., Uzunoren N.: Investigation of the accumulation of
2,4-dichlorophenoxyacetic acid (2,4-D) in rat kidneys. Forensic Sci. Int. 2005,
153, 53-57.

S.Balagué C. E., De Ruiz C. S., Rey R., Evangelista De Duffard A. M., Nader-
-Macias M. E.: Effect of the herbicide 2,4-dichlorophenoxyacetic acid on uro-
pathogenic Escherichia coli virulence factors. Toxicology 2002, 177, 143-155.

6.Centers For Disease Control (CDC): Health status of Vietnam veterans III.
Reproductive outcomes and child health. The centers for disease control Viet-
nam experience study. J. Am. Med. Assoc. 1988, 259, 2715-2719.

7.Deregowski K, Sulik M., Kemona A., Stefanska-Sulik E.: Distribution and elimi-
nation of C-2,4-dichlorophenoxyacetic acid (2,4-D) in rat tissues in acute poiso-
ning. Rocz. Panstw. Zakl. Hig. 1990, 41, 71-74.

8. Duchnowicz P, Koter M., Duda W.: Damage of erythrocyte by phenoxyacetic
herbicides and their metabolites. Pesticide Biochem. Phys. 2002, 74, 1-7.

9.Ferri A., Duffard R., Sturtz N., Evangelista A. M.: Iron, zinc and copper levels in
brain, serum and liver of neonates exposed to 2,4-dichlorophenoxyacetic acid.
Neurotoxicol. Teratol. 2003, 25, 607-613.

10.Keith L. H., Telliard W. A.: Priority pollutants: I. A prospective view, Environ.
Sci. Technol. 1979, 13, 416-424.

11.Khanna S., Fong S. C.: Metabolism of C-14 labeled 2,4-dichlorophenoxyacetic
acid in rats. J. Agric. Food Chem. 1966, 14, 500.

12.Koziollek P., Knackmuss H. J., Taeger K., Pagga U.: A dynamic river model for
biodegradability studies. Biodegradation 1996, 7, 109-120.

13.Lerda D., Rizzi R.: Study of reproductive function in persons occupationally
exposed to 2,4-dichlorophenoxyacetic acid (2,4-D). Mutat. Res. 1991, 262,
47-50.

14. Mikov 1., Milosevic M., Mikov A., Mikov M.: Increased urinary excretion of
thioethers as a marker for detecting exposure to herbicide containing 2,4-di-
chlorophenoxyacetic acid dimethylamine-experimental study on mice. Ann.
Agric. Environ. Med. 2000, 7, 61-63.

15.Oakes D. J., Webster W. S., Brown-Woodman P. D. C., Ritchie H. E.: Testicular
changes induced by chronic exposure to the herbicide formulation, Tordon 75D®
(2,4-dichlorophenoxyacetic acid and picloram) in rats. Rep. Toxicol. 2002, 16,
281-289.

16. Paulino C. A., Guerra J. L., Oliveira G. H., Palermo-Neto J.: Acute, subchronic
and chronic 2,4-dichlorophenoxyacetic acid (2,4-D) intoxication in rats. Vet.
Hum. Toxicol. 1996, 38, 348-352.

17.Sauerhoff M. W., Braun W. H., Blau G. E., Gehring P. J.: The fate of 2,4-dichlo-
rophenoxyacetic acid (2,4-D) following oral administration to man. Toxicology
1977, 8, 3.

18.Zhang J. F, Liu H., Sun Y. Y, Wang X. R., Wu J. C., Xue Y. Q.: Responses of the
antioxidant defenses of the Goldfish Carassius auratus, exposed to 2,4-dichlo-
rophenol. Environ. Toxicol. Pharmacol. 2005, 19, 185-190.

Author’s address: Handan Aydin, Department of Pharmacology and
Toxicology, Faculty of Veterinary Medicine, Istanbul University, 34320
Avecilar, Istanbul, Turkey; e-mail: haydin@istanbul.edu.tr



