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Abstract:  The possibility that urinary thioethers concentration might be a marker for 
detecting exposure to herbicide containing 2,4-dichlorophenoxyacetic acid dimethylamine 
(2,4-DMA) was investigated in animals. Mice were treated with the herbicide containing 
2,4-DMA consecutively for 4 days. Urinary concentrations of thioethers related either to 
body weight or creatinine concentration in urine in the group of animals treated with 
herbicide were significantly higher compared to control group. Results suggest that 
thioethers determination in urine might be a noninvasive and simple method for 
detecting exposure to herbicide containing 2,4-DMA. 
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INTRODUCTION 
 
Herbicides are widely used in agriculture, especially in 

developed agricultural regions [14]. One of them is 2,4-
dichlorophenoxyacetic acid (2,4-D), a synthetic auxin 
which promotes uncontrolled plant growth. The International 
Agency for Research on Cancer classified herbicide 2,4-D 
as an agent possibly carcinogenic to humans (group 2B) 
[25]. The epidemiological evidence for an association 
between exposure to 2,4-D and non-Hodgkin's lymphoma 
is suggestive. There is little evidence of an association 
between use of 2,4-D and soft tissue sarcoma or 
Hodgkin's disease, but it is not clear whether it is 
specifically related to 2,4-D [10]. Biological monitoring is 
increasingly being used to detect whether workers have 
been exposed to and have absorbed the chemical [13]. 
2,4-D is rapidly eliminated unchanged in urine [13, 22]. 

However, 2,4-D was also excreted as an unidentified acid-
labile conjugates, via urine in human (10-15%) [20, 22] 
and via bile in rat (about 3%) [8]. For biological monitoring 
of 2,4-D exposure, typically used is a radioimmunoassay 
(RIA) in urine [12].  

The exact mechanisms related to the toxic effects of 
2,4-D remain obscure [19]. Palmeira et al. reported that 
2,4-D initiated the process of cell death by decreasing 
cellular glutathione [17, 18]. Our previous study showed 
that concentrations of thioethers in urine of agricultural 
workers were significantly higher after occupational exposure 
to the herbicide containing 2,4-dichlorophenoxyacetic 
acid dimethylamine (2,4-DMA) [15]. The aim of the 
present study was to investigate, using an animal model, 
the possibility that urinary thioethers concentration might 
be a marker for detecting exposure to herbicide containing 
2,4-DMA. 
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MATERIALS AND METHODS 
 
Materials. Albino BALB/C mice, 2-4 months old 

(Pasteur Institute, Novi Sad, FR Yugoslavia) which were 
kept in a natural dark-light cycle and fed with standard 
diet (Veterinarian Institute Zemun, FR Yugoslavia) and 
water ad libitum were used. Herbicide “Monosan herbi” 
containing 2,4-DMA as active compound, i.e. 2,4-D in the 
form of dimethylamine salt (464 g/l 2,4-D, 200 g/l 
dimethylamine and rest water) was obtained from ICN 
Galenika Co. (Zemun, FR Yugoslavia) for use in 
experiment, since human exposure to herbicide occurs not 
only to the active principles but to all chemicals present in 
a commercial formulation. 2,4-D in “Monosan herbi” is of 
technical quality. Impurities in total are up to 4.8% and 
include: 2-chlorophenoxyacetic acid, 4-chlorophenoxyacetic 
acid, 2,6-dichlorophenoxyacetic acid, 2,4,6-trichloro-
phenoxyacetic acid, bis-(2,4-dichlorophenoxyacetic acid), 
2,4-dichlorophenol, 4-chlorophenol and perchloroetilen.  

 
Experimental design. The animals were divided into 

experimental and control groups, each with 5 mice. The 
experimental group of animals was treated on 4 
consecutive days with herbicide “Monosan herbi” 
containing 2,4-DMA as active compound (30 mg/kg of 
2,4-D in the form of dimethylamine salt, per body weight 
i.p. on each day), whereas the animals of the control 
group received saline solution. The used dose was 
comparable with occupational exposure of humans, as in 
our previous study it was found that agricultural workers 
were occupationally exposed to this herbicide for 2–4 
days, 5–6 hours per day by spraying application [15]. The 
mice received for 4 days of the treatment one i.p. LDLO 
(lowest published lethal dose) of 2,4-D in the form of 
dimethylamine salt, equal to 120 mg/kg [21]. 24 hours 
after the last injection, urine samples were collected 
during 8 hours for determination of total thioethers 
concentration [24]. Mice metabolic cages were used to 
obtain a good separation between urine and faeces. The 
determination of thioethers was based on the method of 
Ellman [6]. Free SH groups react with 5,5’-dithio-bis(2-
nitrobenzoic acid) - DTNB to a photometrically 
measurable thiol. The mercapturic acids and other 
thioethers were converted into the corresponding 
thiophenols by alkaline hydrolysis. Protein was 
precipitated with perchloric acid. After centrifugation, 
sodium hydroxide was added to the supernatant. Alkaline 
hydrolysis was carried out in closed polypropylene tubes 
at 100°C for 120 minutes. After cooling, the hydrolysate 
was neutralized in the cold (10°C) to pH 7.2-7.8 with 5N 
hydrochloric acid and buffered with triethanolamine 
hydrochloride. Ellman assay and DTNB were added to 
hydrolyzed urine samples and the increase of absorbance 
was measured at 405 nm on a Unicam Ultraviolet 
Spectrophotometer SP 1800 [24]. Concentrations of 
thioethers were related to creatinine concentration in urine 
[11] and animal body weight. 

 

Statistical analysis. The statistical significance of the 
results was analyzed by Student t-test, and p < 0.05 was 
considered significant. 

 
RESULTS AND DISCUSSION 

 
The results obtained for the measured parameters in the 

urine of the animals are presented in Table 1. 
Urinary excretion of thioethers related either to animal 

body weight or creatinine concentration in urine were 
significantly higher in the experimental group compared 
to the control group.  

Exposure to certain electrophilic agents reacting with 
reduced glutathione (GSH) increases total thioethers 
detected after alkaline hydrolysis of urine. GSH 
conjugation results in the formation of cysteine 
conjugates, pre-mercapturic acids, mercapturic acids and 
other thioethers which are excreted in urine [4, 9]. Toxic 
mechanism of herbicide 2,4-D in animal cells is still 
poorly understood. 2,4-D rapidly depletes intracellular 
GSH and protein thiols in isolated rat hepatocytes. The 
lack of in vivo studies with 2,4-D precludes any 
comparison with in vitro data [18].  

There are many different influences that can change 
urinary thioethers excretion: diet [1, 2], tobacco smoke [3, 
7, 23] and mostly various alkilating agents [5, 9, 26]. But, 
in this experiment, diet factors were kept under strict 
control and there were no other influences such as 
tobacco smoke or other xenobiotics. The only treatment 
was with herbicide containing 2,4-DMA. On this basis, 
we concluded that difference in thioethers excretion 
between the two compared groups was the consequence 
of the treatment. 

It is important to recognize that N-nitrosamines can 
occur as a toxic impurity in amino formulations of 2,4-D 
(N-nitrosodimethylamine, N-nitrosodiethanolamine) [27, 
28]. Results of biological monitoring of workers exposed 
to N-nitrosodiethanolamine in the metal industry showed 
that high exposure subjects had a higher mean value of 
urinary thioethers than low-exposure and control subjects 
[16]. Because we have used a commercial herbicide in the 
present work, it cannot be excluded that nitrosamines, or 
some other constituents of the formulation, might 
influence to some degree the results. In this test, we took 
into account all possible alkilating agents which could be 
present in commercial herbicide, apart from 2,4-D.  

Table 1. Concentration of thioethers in urine related to body weight 
(mmol/g b. w.) and to concentration of creatinine in urine (mmol/mmol 
creat.) in control group and animals treated with herbicide 2,4-DMA. 
 

Group  
mmol/g b. w. 
(Mean ± SD) 

mmol/mmol creat. 
(Mean ± SD) 

Experimental 0.17 ± 0.11a 1.02 ± 0.64a 

Control 0.05 ± 0.03 0.28 ± 0.12 

a p < 0.05 compared to control 
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In our study in agricultural workers, urinary thioethers 
concentrations related to creatinine concentration in urine 
were significantly higher after occupational exposure for 
2-4 days to the same 2,4-D based commercial herbicide 
“Monosan herbi” [15]. The results of our present study 
using the animal model confirmed the results obtained in 
the previous study in agricultural workers, that thioethers 
determination in urine samples seems to be a suitable 
noninvasive and simple method for detecting exposure to 
herbicide containing 2,4-DMA. This assay, compared to 
RIA, is much cheaper, and thus more suitable for routine 
usage and with a broader spectrum not only for 2,4-D, but 
also for other alkilating agents which can occur during 
occupational exposure in agriculture.  

However, this study is preliminary. Long term research 
is needed to elucidate the mechanisms of increased 
urinary thioethers excretion after exposure to this 
herbicide.  

 
REFERENCES 

 
1. Aldkofer F, Scherer G, Von Maltzan C, Von Meyerinck L, Jarczyk 

L, Martin F, Grimmer G: Dietary influences on urinary excretion of 
hydroxyphenanthrenes, thioethers and mutagenicity in man. IARC SCI 
Publ 1990, 104, 415-420. 

2. Aringer L, Lidums V: Influence of diet and other factors on 
urinary levels of thioethers. Int Arch Environ Health 1988, 61, 123-130. 

3. Bos RP, Van Popel G, Theuws JLG, Kok FJ: Decreased excretion 
thioethers in urine of smokers after use of �-carotene. Int Arch Occup 
Environ Health 1992, 64, 189-193. 

4. Dehnen W: A study on urinary thioethers by detecting N-
acetylcysteine and thiophenol after alkaline hydrolysis. Zentralbl Hyg 
Umweltmed 1990, 189, 441-451. 

5. El Gazzar RM, Abdel-Hamid H, Shamy MY: Biological 
monitoring of occupational exposure to electrophilic compounds. J 
Environ Pathol Toxicol Oncol 1994, 13, 19-23. 

6. Ellman GL: Tissue sulfhydryl groups. Arch Biochem Biophys 
1959, 82, 70-77. 

7. Ferreira M Jr., Buchet JP, Burrion JB, Moro J, Cupers L, 
Delavignette JP, Jacques J, Lauwerys R: Determinants of urinary 
thioethers, D-glucaric acid and mutagenicity after exposure to polycyclic 
aromatic hydrocarbons assessed by air monitoring and measurement of 
1-hydroxypyrene in urine: a cross-sectional study in workers of coke and 
graphite-electrode-producing plants. Int Arch Occup Environ Health 
1994, 65, 329-338. 

8. Griffin RJ, Salemme J, Clark J, Myers P, Burka LT: Billiary 
elimination of oral 2,4-dichlorphenoxyacetic acid and its metabolites in 
male and female Sprague-Dawley rats, B6C3F1 mice and Syrian 
hamsters. J Toxicol Environ Health 1997, 51, 401-413.  

9. Henderson PT, Doorn RV, Leijdekkers CM, Bos RP: Excretion of 
thioethers after exposure to electrophilic chemicals. IARC Sci Publ 
1984, 59, 173-187. 

10. Ibrahim MA, Bond GG, Burke TA, Cole P, Dost FN, Enterline 
PE, Gough M, Greenberg RS, Halperin WE, McConnell E, Munro IC, 
Swenberg JA, Zahm SH, Graham JD: Weight of the evidence on the 

human carcinogenicity of 2,4-D. Environmental Health Perspectives 
1991, 96, 213-222. 

11. Jovanovic S, Markovic O, Stanulovic M: Handbook of Clinical 
Biochemistry. Medical Society of Vojvodina, Novi Sad 1981 (in 
Serbian). 

12. Knopp D: Assessment of exposure to 2,4-dichlorophenoxyacetic 
acid in the chemical industry: results of a five year biological monitoring 
study. Occup Environ Med 1994, 51(3), 152-159. 

13. Knopp D, Glass S: Biological monitoring of 2,4-
dichlorophenoxyacetic acid exposed workers in agriculture and forestry. 
Int Arch Occup Environ Health 1991, 63, 329-333. 

14. Mikov I, Mikov M: State and problems of health protection in 
connection with the use of pesticides in agriculture of Vojvodina. Agric 
Med Rur Health 1996, 20, 19-22. 

15. Mikov I: Evaluation of Liver Function Tests in Agricultural 
Workers Exposed to Herbicide 2,4-dichlorophenoxyacetic Acid. 
Doctoral thesis. University of Belgrade, Belgrade 1999 (in Serbian). 

16. Monarca S, Scassellati-Sforzolini G, Donato F, Angeli G, 
Spiegelhalider B, Fatigoni C, Pasquini R: Biological monitoring of 
workers exposed to N-nitrosodiethanolamine in the metal industry. 
Environ Health Perspect 1996, 104, 78-82. 

17. Palmeira CM, Moreno AJ, Madeira VM: Metabolic alterations in 
hepatocytes promoted by the herbicides paraquat, dinoseb and 2,4 D. 
Arch Toxicol 1994, 68, 24-31. 

18. Palmeira CM, Moreno AJ, Madeira MC: Thiols metabolism is 
altered by the herbicides paraquat, dinoseb and 2,4 D: A study in 
isolated hepatocytes. Toxicol Lett 1995, 81, 115-123. 

19. Paulino CA, Guerra JL, Oliveira GH, Palermo-Neto J: Acute, 
subchronic and chronic 2,4-dichlorophenoxyacetic acid (2,4-D) 
intoxication in rats. Vet Human Toxicol 1996, 38, 348-352. 

20. Prescott LF, Park J, Darrien I: Treatment of severe 2,4-D and 
mecoprop intoxication with alkaline diuresis. Br J Clin Pharmac 1979, 
7, 111-116. 

21. RTECS: Registry of toxic effects of chemical substances. 
National Institute for Occupational Safety and Health, Cincinnati, OH 
(CD-ROM version). Micromedex, Inc, Englewood, CO 1992. 

22. Sauerhoff MW, Braun WH, Blau GE, LeBeau JE: The fate of 2,4 
dichlorophenoxyacetic acid (2,4-D) following oral administration to 
man. Toxicol Appl Pharmacol 1976, 37, 136-137.  

23. Sinues B, Rueda P, Benitez J, Saenz MA, Bernal ML, Lanuza J, 
Alda O, Tres A, Bartolome M. Thioether excretion, urinary 
mutagenicity, and metabolic phenotype in smokers. J Toxicol Environ 
Health 1994, 43, 327-338. 

24. Summer KH, Rozman K, Carlston F, Greim H: Urinary excretion 
of mercapturic acid in chimpanzees and rats. Toxicol Appl Pharmacol 
1979, 50, 207-212. 

25. Vainio H, Matos E, Kogevinas M: Identification of occupational 
carcinogens. In : Pearce N, Matos E, Vainio H, Boffetta P, Kogevinas M 
(Eds.): Occupational Cancer in Developing Countries, 41-59. WHO, 
International Agency for Research on Cancer, Institute of Occupational 
Health in Finland, International Labour Office, Lyon 1994.  

26. Van Welie RT, Van Dijck RG, Vermeulen NP, Van Sittert NJ: 
Mercapturic acids, protein adducts, and DNA adducts as biomarkers of 
electrophilic chemicals. Crit Rev Toxicol 1992, 22, 271-306. 

27. WHO: 2,4-dichlorophenoxyacetic acid (2,4-D). Environmental 
Health Criteria 29, WHO, Geneva 1984. 

28. Wigfield YY, Lacrois MD, Lanouette M, Gurprasad NP: Gas 
chromatographic determination of N-nitrosodialkanolamines in 
herbicide di or trialkanolamine formulations. J Assoc Off Anal Chem 
1988, 71, 328-333. 

 


