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Abstract. In this study, Triticum growth inhibition test was used to determine the 
effects of this fungicide on root and stem growth and % mitotic index. For this purpose, 
Kate A1 Russian wheat variety was used as test material. According to the Triticum 
root growth test, the concentration value that halves the root length is known as the 50 
EC50 (effective concentration) value. According to the test, root length of the control 
group was 9.38 ± 0.66 cm and stem length was 9.56 ± 0.88 cm. According to Triticum 
test, the EC50 value of the fungicide was found to be approximately 5000 ppm. Some 
doses of this fungicide used (2500, 5000 and 10000 ppm) were observed to inhibit root 
and stem growth and all the results were statistically significant according to Dunnet-t 
test. % In the root mitotic index analysis studies, 5000 cells were counted for the dos-
es and it was observed that the tested concentrations of 1250, 2500, 5000 and 10000 
ppm decreased mitotic activity. It was observed that the concentration of 10000 ppm 
decreases the mitotic index (11.02 ± 2.35 cm) the most. The highest recommended dose 
of the tested fungicide in the fight against agricultural pests is 1000 ppm and the EC50 
value is determined as 5000 ppm according to the test results indicating that the cyto-
toxic effects of this fungicide will be limited. In MTT assay, toxic effects were observed 
at all concentrations and time applications of 70% Thiophanate Methyl fungicide. Dose 
and time dependent decreases in cell viability were observed. These results show that 
the fungicide has a cytotoxic effect on MDBK cells at the doses used.

Keywords: Thiophanate methyl, Triticum test, MTT assay, cytotoxicity.

INTRODUCTION

Thiophanate-methyl chemical’s approved common name for dimethyl 
4,4-(o-phenylene) bis (3-thioallophanate) (IUPAC). Thiophanate-methyl is 
a systemically active benzimidazole fungicide that inhibits the synthesis of 
β tubulin (FAO, 1995). Thiophanate-methyl chemical structure was shown 
in Figure 1.

Some of the toxicity researches with thiophanate-methyl in mice, rats 
and dogs indicated the most sensitive organs were liver and thyroid. Thi-
ophanate-methyl does not cause gene mutations; it causes changes in chro-
mosome number in vitro and in vivo. (Marshall, 1997a). In animals admin-
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istered thiophaneate-methyl, a significant decrease in the 
proportion of immature erythrocytes was observed in 
animals sampled after 24 hours, while a dose-dependent 
increase in the frequency of micronucleated immature 
erythrocytes was observed in other time applications. 
(Proudlock, 1999).

Barale et al. (1993) conducted an in vivo cytoge-
netic micronucleus test in mice and reported that a dose 
of 1000 mg/kg thiophanate-methyl had very little effect 
(1 polyploidy in 600 cells). Furthermore, a 2000 mg/kg 
dose of thiophanate-methyl was compared with the con-
trol group and caused a slight increase in micronucleat-
ed erythrocytes (Proudlock 1999). In rats, a 5000 mg/kg 
dose resulted in cytogenetic effects in bone marrow and 
spermatogonial cells. (Makita et al 1973). These results 
shows that thiophanate methyl has a low aneugenic 
potential and therefore, it is unlikely to be the cause of 
the in vivo cytogenetic presence.

The MTT assay is a widely used and reproduc-
ible test. The assay can also be used for floating cancer 
cells and is suitable for detecting cell replication and 
cell death (Mosmann 1983). In testing anti-proliferative 
drugs, both the Triticum assay and other proliferation 
assays have been observed to show the same effect. For 
this purpose, this study investigated the cytotoxic effect 
of fungicides at different concentrations on the root 
growth of wheat seeds (Komlodi-Pasztor et al 2012). 
Other plants have also been used as tools for screening 
toxicity, similar to Triticum. Plant tests are low-cost and 
correlate with other toxicity tests (Czerniawska-Kusza et 
al. 2006; Jitǎreanu et al. 2013; Radić et al. 2010).

In a short-term toxicity study conducted in accord-
ance with US EPA test guidelines, groups consisting of 
four male and four female beagle dogs were adminis-
tered gelatin capsules containing thiophanate-methyl 
at doses of 0, 50, 200, or 800 mg/kg body weight daily 
for 3 months. Due to severe toxicity, the final dose was 
reduced to 400 mg/kg body weight daily on day 50 of 
the test. One male at the highest dose was sacrificed on 
day 41 because of severe toxicity; one male at 50 mg/kg 

bw per day died on day 36, but this death did not appear 
to be related to treatment (Auletta, 1991).

MATERIALS AND METHODS

70% Thiophanate Methyl fungicide was purchuased 
from agricultural pesticide sales centers. Triticum test 
were carried out with Kate A1 Russian (obtained from 
Transitional Zone Agricultural Research Institute)wheat 
and different concentrations of the 70% Thiophanate 
Methyl fungicide (1250, 2500, 5000 and 10000 ppm), 
were used for the root and stem growth inhibition test. 

Root and Stem Growth Inhibition Test (EC50  determina-
tion)

Various concentrations of the 70% Thiophanate 
Methyl (1250, 2500, 5000 and 10000 ppm), were used 
for the root and stem growth inhibition test. The wheats 
were grown in freshly made distilled water for 24 h and 
then exposed for 96 h to the control group and other 
concentrations of 70% Thiophanate Methyl. In order 
to determine efficient concentration (EC50) values, ten 
roots from each wheat were cut off at the end of the 
treatment period, and the root and stem’s length were 
measured. The concentration that decreased root growth 
about 50% when compared to the negative control group 
(distilled water), was accepted as EC50 value. 

Mitotic index (MI) determination

Root tips were cut and fixed in ethanol:glacial acetic 
acid (3:1)end of the 72 h, then they were hydrolyzed in 
1N HCl at 60ºC for 7 min. Roots from each dose treat-
ment were stained with Feulgen dye for 1 h. Five slides 
were prepared for each concentration and 1000 cells/per 
slide were counted. 5000 cells were observed for each 
concentration. Example slide photos were given in Fig-
ure 2. In mitotic index (MI) determination, about 5000 

Figure 1. 70% Thiophanate methyl chemical structure.

Figure 2. Mitotic division of Triticum sp.



55Cytotoxic effects of %70 Thiophanate methyl fungicide

cells were counted, and MI% was determined with the 
following formulation: 

MI% = divided cell number/total cell number × 100

MTT Assay

This test was performed with MDBK cells (obtained 
from Sigma) according to Mosmann, (1983) and the test 
was repeated three times. Cells were incubated with 
different doses of fungicide. Then test materials were 
removed at the end of the incubation period. Cells were 
incubated with 5mg/ml MTT solution about 2 h in CO2 
incubator. Then MTT dyes were removed and 100 µl 
DMSO was added to the wells. Plates were analysed by 
ELISA at 540 nm wavelength. Cell proliferation of con-
trol group was accepted “0” (Mosmann, 1983).

RESULTS

In this study, the cytotoxic effect of thiophanate 
methyl fungicide was determined using Triticum and 
MTT tests. Both of these tests have been proven effective 
in determining cytotoxicity in previous studies, and it 
has been stated in the literature that these two tests yield 
mutually supportive results. 

In this root mitotic index analysis study, 5000 cells 
were counted for the doses and it was observed that the 
tested concentrations of 1250, 2500, 5000 and 10000 
ppm decreased mitotic activity. It was observed that the 
concentration of 10000 ppm decreases the mitotic index 
(11.02 ± 2.35 cm) the most. The highest recommended 
dose of the tested fungicide in the fight against agricul-
tural pests is 1000 ppm and the EC50 value is deter-
mined as 5000 ppm according to the test results indi-
cating that the cytotoxic effects of this fungicide will be 
limited, like previous studies. In MTT assay, toxic effects 
were observed at all concentrations and time applica-
tions of 70% Thiophanate Methyl fungicide. Dose and 
time dependent decreases in cell viability were observed. 
The results about root and stem growth inhibition test 
results with Triticum test of 70% Thiophanate methyl 
were shown in Table 1. In MTT assay, toxic effects were 
observed at all concentrations and time applications 
of 70% Thiophanate Methyl fungicide. Dose and time 
dependent decreases in cell viability were observed. 
MTT results were given in Figure 3.

As a result these findings show that used fungicide 
has a cytotoxic effect on MDBK cells at the doses used. 
But our doses were higher than previous studies and 
these results suggested that doses above 1250 ppm may 

be cytotoxic. According to Triticum test, the EC50 val-
ue of the fungicide was found to be approximately 5000 
ppm. Some doses of this fungicide used (2500, 5000 
and 10000 ppm) were observed to inhibit root and stem 
growth. The highest recommended dose of the tested 
fungicide against agricultural pests is 1000 ppm and the 
EC50 value is determined as 5000 ppm, the cytotoxic 
activity of this fungicide may be limited at the doses 
required.

DISCUSSION

The clastogenic potential of thiophanate-methyl has 
been demonstrated through both in vivo and in vitro 
tests; however, its gene mutation potential is weak in nei-
ther bacterial nor mammalian cells. There is no assumed 
threshold for the clastogenic properties of thiophanate-
methyl; therefore, toxicological reference values (such as 
acceptable daily intake (ADI) in the diet and acute refer-
ence dose cannot be derived (Arena et al., 2018). In this 

Table 1. Root and stem growth inhibition test results with Triticum 
test of 70% Thiophanate methyl. * significant according to Dunnet- 
t test (p< 0.05).

Dose Stem length Root mitotic 
index Stem length

Control (dH2O) 9.38±0.66 9.56±0.88 37.61±5.60
1250 ppm 7.45±0.92 8.20±0.61 32.23±5.02
2500 ppm 6.25±0.26* 7.65±0.55* 26.25±5.40*
5000 ppm 5.20±0.35* 5.05±0.48* 21.66±4.84*
10.000 ppm 2.75±0.41* 3.95±0.25* 11.02±2.35*

Figure 3. MTT results of 70% Thiophanate methyl.
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study cytotoxic activity was studied and these results 
suggested that above 1250 ppm doses may be cytotoxic 
for MTT assay and 5000 ppm was found EC50 concen-
tration for Triticum mitotic activity test. 

When administered orally at a dose of 5000 mg/
kg bw with 96.55% purity, thiophanate-methyl did not 
cause any signs of toxicity or mortality (Souma and 
Nishibe, 1990a). After acute inhalation of the com-
pound with 95.3% purity at concentrations close to the 
LC50 (1.7–1.9 mg/liter), signs of toxicity included ataxia, 
decreased motor activity, tremors, and convulsions (Sai-
ka and Nishibe, 1987). No evidence of genotoxicity or 
mutagenicity has been found. But in this study some of 
the doses showed cytotoxic effects. The aneugenic poten-
tial of thiophanate-methyl was tested with mice admin-
istered an oral dose of 1000 mg/kg bw. Bone marrow 
cells were analyzed for micronuclei, chromosomal aber-
rations, hyperdiploidy, and polyploidy 16, 24, 36, and 
48 hours after treatment. Large micronuclei were sig-
nificantly induced, but the response was relatively weak. 
No increase was observed in the frequency of chromo-
somal aberrations. At 24 and 36 hours, a treatment-relat-
ed increase was observed in the frequency of polyploid 
and hyperdiploid cells, which is of borderline signifi-
cance given the very low frequency of changes in ploidy 
(Barale et al., 1993).

Chromosomal aberration study on CHO cells at 
100, 200, 300, 400 ppm concentrations showed negative 
results with thiophanate-methyl (Murli ,1988). Reverse 
mutation assay with S. typhimurium TA98 TA100, 
TA1535, TA1537 strains at doses of 312.5, 625, 1250 ppm 
gave negative results (Kanaguchi and Nishibe, 1990). 

Thiophanate methyl showed different risk results 
with various living organisms. Thiophanate methyl was 
found lethal toxic to zebrafish adult (12.1 ppm), juve-
nile (25.2 ppm), larvae (20.9 ppm) and embryo (12.1 
ppm) forms (Wang et al., 2021). For thiofanate-methyl 
in beans and wheat, the acute risk to mammals is low; 
however, its use in grapes has been assessed as high 
(Arena et al., 2018). Although the type of organism and 
life forms used in the study differed, cytotoxic activity 
was detected at higher doses than those used in these 
studies. The selection of doses used in our study was 
based on the EC50 dose.
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