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Abstract: It is known that most chemicals, which have been increasingly used ARTICLE HISTORY
since ancient times, have carcinogenic and mutagenic effects. As an alternative ,
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to these chemicals, natural compounds, such as plant growth regulators (PGRs)
have been used. However, are the PGRs used to obtain efficient plants in Revised: Nov. 25, 2021
agriculture as harmless as it is thought today when it is essential to access Accepted: Dec. 13, 2021
natural foods in the food and agriculture sectors? Therefore, this study
investigates the mutagenic activity of two plant growth regulators (Kinetin, kpywWORDS
Chlormequat chloride (CCC)) using the Ames/Salmonella short-time test
system. Experiments were performed in the presence (+ S9) or absence (-S9)  Ames test,
of metabolic activation enzymes using TA 98 and TA 100 strains of Salmonella Mutagenicity,
typhimurium. 5 non-cytotoxic doses for each test substance were investigated.
The results were evaluated by comparing them with spontaneous control plates. o
According to the results, a 2500 pg/plate dose of Kinetin was to be found Kinetin,
mutagenic on the strain TA 98 in the presence and in the absence of S9 enzyme,  Chlormequat chloride
and on the strain TA 100 in the absence of the S9 enzyme. The other substance
CCC did not cause mutagenic effects on the bacterial strains.

Plant growth regulators,

1. INTRODUCTION

Parallel to the advancement of technology, the number of chemicals used in agriculture and
food is increasing (Tomatis, 1979; Onciil, 2009). Therefore, the identification of substances
capable of inducing mutations has become an important procedure in safety assessment
(Mortelmans & Zeiger, 2000).

Plant growth regulators (PGRs) are organic compounds, other than nutrients, that modify
plant physiological processes. Specific PGRs are used to modify crop growth rate and growth
patterns during the various stages of development, from germination through harvest and post-
harvest preservation (Harms, 1988). Concerns about the unconscious use of plant growth
regulators are increasingly being expressed. These are plant growth regulators that act as
synthetic auxins or plant hormones that alter plant metabolism. It is widely used as a herbicide
in agriculture and forestry to control broadleaf weeds (Uysal, 2010).
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PGRs fall into five groups: auxins, gibberellins, cytokines, abscisic acid, and ethylene. In
addition to these, brassinosteroids, polyamines, jasmonates, oligosaccharin, and salicylates are
also considered in this class by a number of researchers (Basra, 2000; Morsiinbiil ez al., 2010).

The cytokines discovered during the investigation of the factors that stimulate the division
of plant cells (cytokinesis) in subsequent studies are effective in many physiological and
developmental events, such as the transport of nutrients, apical dormancy, formation and
activity of the stem apical meristem, leaf development, breakage of bud dormancy and seed
germination. In addition, it has been determined that cytokines play a role in many light-
controlled developments, such as chloroplast differentiation, autotrophic metabolism
development, leaf, and cotyledon expansion (Akman & Darici, 1998; Tiaz & Zeiger, 2008).

Kinetin is a synthetic cytokine which is first discovered (Ozen & Onay, 2007; Tiaz and
Zeiger, 2008). The big difference with this substance compared to others is that it is essentially
a by-product of DNA degradation by heat, and it affects growth, especially by promoting cell
division. In this by-product, the adenosine is displaced from position 9 to position 6 on the ring
(Tiaz & Zeiger, 2008). Kinetin also maintains the synthesis of protein and nucleic acid, thereby
ensuring the longevity of cut flowers (Giileryiiz, 1982; Westwood, 1993; Kaynak & Ersoy,
1997).

Chlormequat chloride (CCC) is a synthetic PGR that prevents the growth of plant height.
Although CCC prevents elongation in grains, it is widely used to prevent lying in grains. It is
also applied to increase the fruit set in grapes. Due to a belief that it has a carcinogenic effect,
its use has been limited to ornamental plants (Saglam, 1991; Kaynak & Ersoy, 1997).

The Ames Test is used worldwide as an initial screen to determine the mutagenic potential
of new chemicals and drugs because there is a high predictive value for carcinogenicity when
a mutagenic response is obtained (McCann et al., 1975; Zeiger et al., 1990). In this work
bacterial reverse mutation assay (Ames test) was used to evaluate the mutagenic potential of
the two-plant regulator (Kinetin, Chlormequat Chloride) widely used as plant growth
regulators.

2. MATERIAL and METHODS
2.1. Material

The Kinetin that tested for mutagenicity is in the cytokinins group. The second substance is
Chlormequat chloride (CCC), the other regulator that inhibits plant growth for the
determination of mutagenicity. As the positive control mutagen, while 4-Nitro-o-
phenylenediamine was used in the absence of S9 mix, 2-aminofluorene (2AF) was used in the
presence of S9 mix for S. fyphimurium TA 98 strains. As the positive control mutagen for S.
typhimurium TA 100 strains, sodium azide (SA) in the absence of S9 mix, and 2AF was used
in the presence of S9 mix (Table 1).

Table 1. Some chemical properties of the plant growth regulators and positive control examined.

Common Chemical name Chemical Purity

Name Formula (%) Usage as Reference

Kinetin 6-furfuryl-aminopurine Ci0HoNsO >08%  Plant growth regulator ~ Merck Inc. (2021a)

CCC Chlormequat chloride CsHi3CLN 100 %  Plant growth regulator ~ Merck Inc. (2021b)

SA Sodium Azide NaNj3 99.99% Potent mutagen Merck Inc. (2021c)

2AF 2-aminofluorene CizHiN 98% Potent mutagen Merck Inc. (2021d)

4-NOP 4-Nitro-o- CsH7N30, 98% Potent mutagen Merck Inc. (2021e)
phenylenediamine
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2.1.1. The test strains

In the study were used TA 98 (his D 3052, rfa, Auvr B, +R) and TA 100 (his G 46, rfa, Auvr B,
+R) strains were used, having been developed by in vitro mutations from LT2 wild strains of
S. typhimurium by Ames et al. TA 98 strains determined the frameshift mutations and TA 100
strains determined the base-pair substitution mutations.

2.1.2. The dose of test substance and preparation

The plant growth regulators were weighed in a proportion and were dissolved in dimethyl
sulfoxide (DMSO) and stored at room temperature. Doses of all the substances were prepared
individually, and cytotoxic doses were determined. After determining the cytotoxic dose, 5
doses were selected for each item and mutagenesis experiments were applied to these doses.
Non-cytotoxic doses of 2500-1000-250-25-2.5 ng/petri were chosen for the Kinetin and 1600-
800-400-200-100 pg/petri for the CCC.

2.2. Methods

Preparation of stock cultures of S. typhimurium TA 98 and TA 100 strains, controlling the
genetics of the bacteria, and an Ames/Sa/monella/microsome test were conducted by the petri
incorporation method, according to the procedure of Maron and Ames (Maron & Ames, 1983).
In this method, two different agars, as Minimal Glucose Agar (MGA) and top agar, are used.
The basis of the method is the counting of revertant colonies that grow between the upper layer
(top agar) and the lower layer (MGA).

The metabolites of chemicals may also have mutagenic effects. Therefore, the S9
microsomal enzyme is also used to measure the mutagenic effects of the metabolites. In this
manner, the determination of direct and indirect effects of mutagenic substances were studied.
Experiments were performed both with and without an S9 mix in the two groups. Each dose
tested using three Petri dishes and independent experiments were carried out at different times.
The tests were repeated when needed. Positive controls, solvent control (DMSO), and
spontaneous controls were also performed as parallel experiments. Spontaneous control petri
dishes that only containing bacteria and histidine/biotin solution were used to calculate the
number of colonies that automatically return from each strain. After incubation for 48-72 hours,
histidine-dependent bacterial colony counts were taken from the average value of the results
obtained. Standard deviation values were calculated for these results.

In the mutation testing, a rotating force of the test substance is measured from mutant strain
to wild strains, whether with the original mutation. Therefore, the strains are controlled to see
whether they have the genotype in terms of mutant characters.

2.2.1. Determination of the cytotoxic effects of the test substances

Before starting the mutagenicity assay, the cytotoxic effect (LDso) should be determined. The
importance of determining the LDso doses that can cause inhibition on test bacteria is that it
will not result in a mutagenicity test. Primarily, containing the appropriate number of bacteria
(1-2x10%) of the overnight culture was made up to 10 dilution using a broth. To determine the
cytotoxic effect it is always used in dilution 10 of culture. 0.1 ml overnight bacterial culture
and 0.1 ml of various concentrations of the test substances were added to the top agar. After
this, the mixture was spread over Nutrient Agar (NA) petri dishes, and the petri dishes were
incubated at 37 °C for 24 hours. At the end of incubation, the colonies were counted (Dean et
al., 1985). A comparison with the control dishes without the addition of chemicals toxic and
nontoxic doses was determined. Less than half of the number of colonies in the control plates
were considered of a cytotoxic dose.
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2.2.2. The Ames Test

In the assay without S9, 0.3 ml of histidine/biotin solution, 0.1 ml of various doses of the test
substance, and 0.1 ml of bacterial cultures that had been incubated for 12-16 hours were added
to tubes containing 3 ml top agar at 45°C. The tubes spread to the MGA Petri dishes. After
allowing to freeze, the petri dishes were reversed and located in the incubator at 37 °C for
incubation over 48-72 hours. After incubation a count of colonies was counted.

In spontaneous control, histidine/biotin solution and the bacterial culture were added in the
top agar tubes, 0.1 ml of DMSO was added to the DMSO control, in addition to the
histidine/biotin solution and the bacterial culture. In the positive control experiment, the
histidine/biotin solution, bacteria culture, and the absolute mutagenic substances specific to the
strain were added. Experiments were performed in five doses for the Kinetin and CCC
substances, and for each dose three petri dishes were used.

An S9 mix was prepared fresh immediately before the S9 (+) experiment. After adding the
3 ml of top agar, the histidine-biotin solution, the bacterial culture, and the tested substances as
mentioned in the S9(-) experiments, then 0.5 ml of ice-held S9 mix was added. The mixture
uniformly spread on MGA petri dishes. When the agar solid was incubated in an incubator for
72 hours at 37 °C. Spontaneous, positive, and dimethyl sulfoxide controls were prepared by
adding 0.5 ml of the S9 mix in the same manner. After incubation, the colonies were counted
manually, and the results were analysed.

3. RESULTS / FINDINGS

For a substance to be called a mutagenic agent, the number of colonies counted in mutagenicity
test results must be at least twice the number of spontaneous revertant colonies. 2-3 times that
of spontaneous revertant number of suspected mutagen colonies, and three times more than
those which are mutagenic. Which is less than twice the number of spontaneous revertant with
the results being evaluated as non-mutagenic (Maron & Ames, 1983, Emig ef al., 1996).

3.1. Results of Salmonella/Microsome Mutagenicity Test

The plate incorporation test results for S. typhimurium TA 98 and TA 100 in the presence and
absence of the S9 enzyme are given in Table 2. Considering Table 2, a 2500 pg/petri dose of
Kinetin was found to be mutagen in tests conducted without the S9 on the TA 98 strain. Other
doses of Kinetin were found to be non-mutagenic.

Table 2. The mean and standard deviation of the results of mutagenicity testing of 5 dose of the Kinetin.

KINETIN TA 98 TA 100

S9(-) S9(+) S9 () S9(+)
Spontaneous Control (SC) 32.542.5 56.543.5 168+26 188+13
DMSO Control (DC) 32.542.5 58.5+7.5 189+9 176.5+5.5
2,5 ug/ petri 23+0° 64.5£0.5° 231420° 1694372
25 g/ petri 38.5+0.5? 75+3% 235.5+31.5* 215.5+£34.5%
250 pg/ petri 43.5+5.5% 88.5+4.5¢ 248+16% 290.5+46.52
1000 pg/ petri 56+1° 86.5+4.5* 252+10° 328+70%
2500 pg/ petri 694+437° 788+352° 247.5+£17.5% 834+206°
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Table 2. Continues

Positive Controls (PC)

4-Nitro-o- phenylenediamine 1457+497 - - -

(100 ng/ petri)

Sodium Azide (100 pg/ petri) - - 862+216 -

2AF (100 pg/ petri) - 658439 - 688+13

a: negative, b: positive, c: suspected mutagen

As can be seen in the results in Table 3, all doses of the CCC are determined to be non-
mutagenic in the presence and absence of the S9 enzyme. Chemical dose-response curves of
bacteria were tested with the test substances shown in the following chart.

Table 3. The mean and standard deviation of the results of mutagenicity testing of 5 dose of CCC.

TA 98 TA 100
CCC
S9 (-) S9(+) S9 (-) S9(+)
Spontaneous Control (SC) 3242 5948 130.5£7.5 142+13
DMSO Control (DC) 27.54£2.5 60.5+0.5 14347 154.5+£32.5
100 pg/ petri 38+7° 35.544.5° 136424 128.5+2.5%
200 pg/ petri 28.549.52 67.5¢1.5° 103.5+4.52 150.5+3.5°
400 pg/ petri 38.5£18.5% 65+222 155.544.52 183.5+24.5%
800 pg/ petri 36£2° 87+2° 136+8° 186+332
1600 pg/ petri 49+1* 86.5£3.5* 166.5+16.5° 1824212
Positive Controls (PC)
4 Nitro-o- phenylenediamine 643+317 - - -
(100 pg/ petri)
Sodium azide (100 ug/ petri) - - 646.5+22.5 -
2AF (100 pg/ petri) - 535425 - 434430

a: negative, b: positive, c: suspected mutagen

As can be seen in Figure 1, when the mutagenic activity of the Kinetin was investigated in
the presence and absence of the S9 enzyme on the TA 98 strain, it was found that the number
of colonies obtained was more than twice the number of spontaneous colonies, and it was
determined that a 2500 pg/petri dose of Kinetin was mutagenic against the TA98 strain.
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Figure 1. The dose-response chart of Kinetin in the experiments with or without S9 on the TA 98.
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As can be seen in Figure 2, when the mutagenic activity of the Kinetin substance was
investigated in the presence and absence of the S9 enzyme on the the TA100 strain, since the
number of colonies obtained in the presence of the S9 enzyme was determined to be more than
twice the number of spontaneous colonies, it was determined that a 2500 pg/petri dose of
Kinetin was mutagenic against the TA100 strain.

Figure 2. The dose-response chart of Kinetin in the experiments with or without S9 on the TA 100.
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When Figures 3-4 are examined, the count of colonies of the experiments of the CCC in the
presence of and absence of the S9 enzyme were two times less or similar to the number of
colonies of spontaneous control. Therefore CCC was evaulated as a "non-mutagenic agent".
According to the numbers achieved, the CCC was not mutagenic on the TA 98 and TA 100
strains. 2500 pg/petri of Kinetin was identified as mutagenic on the TA 98 and TA 100 strains.

430



Yapici, Uraz & Beyzi

Figure 3. The dose-response chart of the CCC in the experiments with or without S9 on the TA 98.
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Figure 4. The dose-response chart of the CCC in the experiments with or without S9 on the TA 100.
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4. DISCUSSION and CONCLUSION

There are several of synthetic and natural substances with unknown biological effects in our
environment (Bagc1, 1985; Forman & Ames, 1991). In fact, any chemicals that do not show
directly can create genetic damage in humans (Ames, 1985). Small amounts of various
chemicals in our environment can cause mutations or cancer today (Dokmeci, 1988; Vural,
1984). One of the most important issues in the application of PGR is the user level that will not
harm the humans, the environment, or plants and harvest before a certain time of these
substances (Halloran & Kasim, 2002). In terms of acute toxicity, the effects of PGR are not
immediately lethal, but the experimental studies show that they may cause harmful effects for
carcinogenic, immune-toxic, reproductive, and so on, if there is long-term exposure to these
substances (Cetinkaya & Baydan, 2006). For all these reasons, in our research, we aim to
investigate two plant growth regulators frequently used in agriculture that have potential
mutagenic effects and whether they are carcinogenic.

The Ames Test is a widely accepted and simple test that can be used to determine the
mutagenic and antimutagenic potential of various chemicals, pesticides and hormones, foods,
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drugs, and so on that can cause gene mutations and which have a high predictive value for in
vitro carcinogenicity (Zeiger et al., 1990; Pillco & de la Pefia, 2014). Therefore, in this study,
the incorporation the Ames Test using S. typhimurium TA98 and TA100 was employed to
assess the mutagenic activity of Kinetin and CCC in the presence or absence of metabolic
activation with an S9 fraction.

As stated by Ames (1973), spontaneous conversion of bacterial strains from a his- to a his+
state is possible within certain limits (20-50 revertant/plate for TA 98; 75-200 revertant/plate
for TA 100). As a result of our research, for the TA98 strain, the mean number of spontaneous
colonies was found to be 56.543.5 and a 59+£8 revertant/plate in the presence of the S9 enzyme;
the other hand spontaneous colonies were found to be 32.5+£2.5 revertant/plate, 3242
revertant/plate, and 41.5+6.5 revertant/plate were found in the absence of the S9 enzyme. For
the TA 100 strain, the mean number of spontaneous colonies was 188+13 revertant/plate and
142413 revertant/plate in the presence of the S9 enzyme and, on the other hand 134+4
revertant/plate, 168+£26 revertant/plate, 130.5£7.5 revertant/plate, and 125.5£13.5
revertant/plate were found in the absence of the S9 enzyme.

At the start of our research, cytotoxic doses of Kinetin were determined. Since the number
of colonies obtained from the petri dishes in which kinetin was applied at a dose of 10000
ug/petri, was below half the number of colonies obtained in the control petri dish, it was
determined as cytotoxic. Therefore, 2.5-25-250-1000-2500 npg/petri doses of the kinetin
substance were started in the study.

According to data obtained, a 2500 pg/ petri dose of Kinetin was evaluated as mutagenic for
TA 98 strains in the presence and absence of the S9 enzyme. In experiments conducted in the
presence of the S9 enzyme, a 2500 pg/petri dose of Kinetin for TA 100 strains was evaluated
as mutagenic. Therefore, Kinetin was seen to be effective as mutagenic as frameshift and point
mutations. The mutagenic effect that was initially not determined, but determined after the
addition of the S9 enzyme for TA 100 strains, can be formed due to the resulting intermediate
compound of the tested substance being metabolized by enzymes.

Yesilada (2000) investigated the effect of Kinetin on mutant wing spots induced by mutagen
EMS using the somatic mutation and recombination test of Drosophila melanogaster in a study.
The 103 M concentration of Kinetin decreased the number of double spots, while the 10+ M
concentration caused an increase in the number of all types of spots. The change in the effect
of Kinetin at high concentrations may be due to its mutagenic effect. In our study, while no
mutagenic effect was observed at 2.5, 25, 250, 1000 ng/Petri doses of Kinetin, a significant
difference was observed in terms of mutagenicity at a 2500 pg/Petri dose.

Kappas (1983) investigated the genotoxic activity of Kinetin (6-furfuryl-aminopurine) on
Aspergillus nidulans. According to the test results, Kinetin did not increase the somatic
separation frequency of 4. nidulans. He also stated that S9 did not increase the effect of Kinetin
in tests using the metabolic activation technique. However, in our study, Kinetin was not found
to be mutagenic in the absence of the S9 enzyme on the TA 100 strain, while it was observed
to be mutagenic in the presence of the S9 enzyme.

All the doses of CCC were evaluated as non-mutagenic in the presence and absence of the
S9 enzyme in our research. When a literature review is conducted, mutagenicity data related to
the the CCC substance, no genotoxic or mutagenic effect was found. However, in a study
conducted by Sussmuth and Lingens (1976), while CCC did not show mutagenic effects on the
E. coli K12 strain, valine sensitive in 0.2 to 0.5 M concentration and of a pH between 5 and 8,
showed mutagenic effects at pH 9. In addition, it was found that maternal fertility may be
affected at a high dosage of chlormequat in certain rodents (EFSA, 2008). For these reasons, it
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could be thought that CCC does not cause frameshift and base-pair change mutations, while
living things can produce different effects.

In terms of human health, the use of a combination of several short-time test systems instead
of a single test system makes the results more reliable in determining the mutagenic properties
of chemical compounds (Ennever & Rosenkranz, F 1986; Hofnung & Quillardet, 1986;
McDaniels, 1990; Quillardet & Hofnung, 1988). In order for the test substances to be specified
as mutagen or non-mutagen with certainty, these substances should be evaluated using different
test systems, the results should be compared, and a reliable conclusion should be reached in this
way.

Acknowledgments

This article was prepared from thesis work. The authors wish to thank Hacettepe University,
Molecular Biology Department for providing the bacteria, as well as the Scientific Research
Committee of Gazi University for supporting this study financially.

Declaration of Conflicting Interests and Ethics

The authors declare no conflict of interest. This research study complies with research and
publishing ethics. The scientific and legal responsibility for manuscripts published in [JSM
belongs to the authors.

Authorship contribution statement

Authors are expected to present author contributions statement to their manuscript such as.
Sevilay Yapici: Investigation, Resources, Visualization, Formal Analysis, and Writing -
original draft. Guven Uraz: Methodology, Supervision, and Validation. Ebru Beyzi:
Investigation, Methodology, Supervision, and Validation.

Orcid

Sevilay Yapici https://orcid.org/0000-0003-2298-4832
Guven Uraz “¥ https://orcid.org/0000-0003-2591-7096
Ebru Beyzi https://orcid.org/0000-0002-5292-9554

5. REFERENCES

Akman, Y., & Darici, C. (1998). Bitki Fizyolojisi (Beslenme ve Gelisme Fizyolojisi) [Plant
Physiology (Nutrition and Development Physiology)]. Kariyer Matbaacilik

Ames, B.N,, Lee, F.D., & Durston, W.E., (1973). An Improved Bacterial Test System for the
Detection of Classification of Mutagens and Carcinogens. Proc. of the Nat. Acad. of Sci., 70,
782-786.

Ames, B.N., (1985). Food Constituents as a Source of Mutagens, Carcinogens and
Anticarcinogens, Genetic Toxicology of the Diet, proceeding of a Satellite Symposium of
the Fourth International Conference on Environmental Mutagens Held in Copenhagen,
Denmark, Ed. B. knudsen, 3-32.

Bagci, H., (1985). Yaz Okulu Molekiiler Biyoloji Ders Notlart [Summer School Molecular
Biology Lecture Notes]. ODTU, pp 25-55.

Basra, A.S., (2000). Plant Growth Regulators in Agriculture and Horticulture: Their Role and
Commercial Uses. Haworth Press.

Cetinkaya, A.M., & Baydan, E., (2006). Bitki Gelisim Diizenleyicilerin Zehirliligine Genel Bir
Bakis [An Overview of the Toxicity of Plant Growth Regulators]. Veteriner Hekimler
Dernegi Dergisi, 77(4), 26-31.

Dean, B.J., Brooks, T.M., Hodson—Walker, G., & Hutson, D.H. (1985). Genetic toxicology
testing of 41 industrial chemicals. Mutat. Res, 153, 57-77

433


https://orcid.org/0000-0003-2298-4832
https://orcid.org/0000-0003-2591-7096
https://orcid.org/0000-0002-5292-9554

Int. . Sec. Metabolite, Vol. 8, No. 4, (2021) pp. 425-435

Dokmeci, 1., (1988). Toksikoloji, Akut zehirlenmelerde Tani ve Tedavi [ Toxicology, Diagnosis
and Treatment of Acute Poisoning]. Nobel Kitap kitabevi.

EFSA (2008). Conclusion regarding the peer review of the pesticide risk assessment of the
active substance chlormequat (considered variant chlormequat chlorid). EFSA Scientific
Report 179. pp.1-77.

Emig, M., Reinhardt, A., & Mersch Sunderman, V. (1996). A comparative study of five nitro
musk compounds for genotoxicity in the SOS choromotest and Salmonella mutagenicity.
Toxicol. Letter., 85, 151-156.

Ennever, F.K., & Rosenkraz, H.J. (1986). Evaluating Batteries of Short-Term Genotoxicity
Tests. Mutagenesis, 1,293-298.

Forman, D. & Ames, B., (1991). The Ames Test and the Causes of Cancer. Br. Med. J. Vol.
303, 428-429.

Giileryliz, M. (1982). Bahge ziraatinda biiylitiicii ve engelleyici maddelerin kullanilmast ve
onemi [The use and importance of growth and inhibitory substances in horticulture]. Atatiirk
Universitesi Yaynlart, 279.

Halloran, N., & Kasim, M.U. (2002). Meyve ve Sebzelerde Biiylime Diizenleyici Madde
Kullanimi ve Kalint1 Diizeyleri [Use and Residues of plant Growth Regulators in Fruit and
Vegetable Production (Turkish with English Abstract)]. Gida, 27(5), 351-359.

Harms, C.L., & Oplinger, E.S. (1988). Plant Growth Regulators: Their Use in Crop
Production. North Central Region Extension Publication 303, Wisconsin.

Hofnung, M., & Quillardet, P. (1986). Recent developments in bacterial short-term for the
detection of genotoxic agents. Mutagenesis, 1(5), 319-330.

Merck Inc. (2021a). Merck KgaA. Retrieved from https://www.sigmaaldrich.com/TR/en/prod
uct/sigma/48130?gclid=Cj0KCQiA70yNBhDiARISADtGRZa37fnvMOKezsUvqJThNSu-
QTyIkXNEoIVEP3kYNwbu3EwMX99us 4aAi08EALw_wcB

Merck Inc. (2021b). Merck KgaA. Retrieved from https://www.sigmaaldrich.com/catalog/sub
stance/chlormequatchloride1580799981511?lang=en&region=TR

Merck Inc. (2021c). Merck KgaA. Retrieved from https://www.sigmaaldrich.com/TR/en/prod
uct/aldrich/438456?gclid=CjwKCAiA4veMBhAMEiwAU4XRr7YCvB3B_LIdPRU8gFcR
hW44-sYzAIJW gZ4uswFhKFcOtZVpDxASwijBoC ucQAvD_BwE

Merck Inc. (2021d). Merck KgaA. Retrieved from https://www.sigmaaldrich.com/TR/en/prod
uct/aldrich/a55500?¢gclid=CjwKCAiA4veMBhAMEiwAU4XRrxjiXsuivNKt3xEsz4F23]C
5zSDDbdu27iccMM9_V2Bh5x_wb3fWiRoCVHsQAvD BwE

Merck Inc. (2021e). Merck KgaA. Retrieved from https://www.sigmaaldrich.com/TR/en/prod
uct/aldrich/108898

Kappas, A. (1983). Genotoxic avtivity of plant growth regulating hormones in Aspergillus
nidulans, Carcinogenesis, 4(11), 1409-11.

Kaynak, L., & Ersoy, N. (1997). Bitki Biiyiime Diizenleyicilerinin Genel Ozellikleri ve
Kullanim Alanlar1 [General Properties and Uses of Plant Growth Regulators]. Akdeniz Uni.
Zir. Fak. Dergisi, 10, 223-236.

Maron, D.M., & Ames, B.N. (1983). Revised methods for the mutagenicity test. Mutat. Res.,
113,173-215.

Mc Daniels, C.C., & Stelma, G.N.Jr. (1990). Comparision of the Salmonella (Ames) test, UMU
tests and SOS chromotests for detecting genetoxines. Environ. And Mol. Mutagenesis, 16,
204-215.

McCann, J., Choi, E., Yamasaki, E., & Ames, B.N. (1975). Detection of carcinogens as
mutagens in the Sa/monella/microsome test. Assay of 300 chemicals. Proc. Natl. Acad. Sci.
USA; 72, 5135-5139.

Morsiinbiil, T., Solmaz, S.K.A., Ustiin, G.E., & Yonar, T. (2010). Bitki Gelisim Diizenleyici
(BGD)’lerin Cevresel Etkileri ve Coziim Onerileri [Environmental Effects of Plant Growth

434


https://www.sigmaaldrich.com/TR/en/product/sigma/48130?gclid=Cj0KCQiA7oyNBhDiARIsADtGRZa37fnvMOKezsUvqJThNSu-QTyIkXNEolVEP3kYNwbu3EwMX99us_4aAi08EALw_wcB
https://www.sigmaaldrich.com/TR/en/product/sigma/48130?gclid=Cj0KCQiA7oyNBhDiARIsADtGRZa37fnvMOKezsUvqJThNSu-QTyIkXNEolVEP3kYNwbu3EwMX99us_4aAi08EALw_wcB
https://www.sigmaaldrich.com/TR/en/product/sigma/48130?gclid=Cj0KCQiA7oyNBhDiARIsADtGRZa37fnvMOKezsUvqJThNSu-QTyIkXNEolVEP3kYNwbu3EwMX99us_4aAi08EALw_wcB
https://www.sigmaaldrich.com/catalog/substance/chlormequatchloride1580799981511?lang=en&region=TR
https://www.sigmaaldrich.com/catalog/substance/chlormequatchloride1580799981511?lang=en&region=TR
https://www.sigmaaldrich.com/TR/en/product/aldrich/438456?gclid=CjwKCAiA4veMBhAMEiwAU4XRr7YCvB3B_LldPRU8gFcRhW44-sYzAJWgZ4uswFhKFcOtZVpDxA5wjBoC_ucQAvD_BwE
https://www.sigmaaldrich.com/TR/en/product/aldrich/438456?gclid=CjwKCAiA4veMBhAMEiwAU4XRr7YCvB3B_LldPRU8gFcRhW44-sYzAJWgZ4uswFhKFcOtZVpDxA5wjBoC_ucQAvD_BwE
https://www.sigmaaldrich.com/TR/en/product/aldrich/438456?gclid=CjwKCAiA4veMBhAMEiwAU4XRr7YCvB3B_LldPRU8gFcRhW44-sYzAJWgZ4uswFhKFcOtZVpDxA5wjBoC_ucQAvD_BwE
https://www.sigmaaldrich.com/TR/en/product/aldrich/a55500?gclid=CjwKCAiA4veMBhAMEiwAU4XRrxjiXsuivNKt3xEsz4F23jC5zSDDbdu27iccMM9_V2Bh5x_wb3fWiRoCVHsQAvD_BwE
https://www.sigmaaldrich.com/TR/en/product/aldrich/a55500?gclid=CjwKCAiA4veMBhAMEiwAU4XRrxjiXsuivNKt3xEsz4F23jC5zSDDbdu27iccMM9_V2Bh5x_wb3fWiRoCVHsQAvD_BwE
https://www.sigmaaldrich.com/TR/en/product/aldrich/a55500?gclid=CjwKCAiA4veMBhAMEiwAU4XRrxjiXsuivNKt3xEsz4F23jC5zSDDbdu27iccMM9_V2Bh5x_wb3fWiRoCVHsQAvD_BwE
https://www.sigmaaldrich.com/TR/en/product/aldrich/108898
https://www.sigmaaldrich.com/TR/en/product/aldrich/108898

Yapici, Uraz & Beyzi

Regulators and Some Solutions Proposal]. Uludag University Journal of The Faculty of
Engineering, 15(1), 1-11.

Mortelmans, K., & Zeiger, E. (2000). The Ames Salmonella/microsome mutagenicity assay.
Mutation Research, 455, 29-60.

Onciil, O., (2009). Baz1 Gida Boyalarmin Mutajenik Potansiyellerinin Ames/Mikrozom Testi
ile Arastirilmasi ve p —Galaktozidaz Uzerine Etkileri [Investigation of Mutagenic Potentials
of Some Food Dyes by Ames/Microsome Test and Their Effects on B-Galactosidase]
[Doctoral Thesis, Gazi University]|, Gazi University, Institute of Science and Technology,
Ankara pp 1-50

Ozen, H.C. & Onay, A., (1999). Bitki Biiyiime ve Gelisme Fizyolojisi [Plant Growth and
Development Physiology]. Dicle Universitesi Basimevi.

Pillco A., de la Pena E. (2014) Ames Test (Bacterial Reverse Mutation Test): Why, When,
and How to Use. In: Sierra L., Gaivao 1. (eds) Genotoxicity and DNA Repair. Methods
in Pharmacology and Toxicology. Humana Press. https://doi.org/10.1007/978-1-4939-
1068-7_1

Quillardet, P., & Hofnung, M. (1988). “The screening, diagnosis and evaluation of genotoxic
agents with batteries of bacterial tests’’, Mutat. Res., 216:251-257.

Saglam, N. (1991). Bitki Biiyiimesini Diizenleyiciler ve Kullanim Alanlar1 [Plant Growth
Regulators and Their Uses]. Tarimda Kaynak, 2(3), 52-55.

Sussmuth, R., & Lingens, F. (1976). Mutagenic actions of chlorocholine chloride. Mutat. Res.,
40(3):229-35

Tiaz, L., & Zeiger, E. (2008). Bitki fizyolojisi. 3. baskidan ¢eviri [Plant physiology. translation
from the 3rd edition], ed; Ismail Tiirkan, Palme Yayincilik.

Tomatis, L., (1979). The Predictive Value of Rodent Carcinogenicity Tests in The Evaluation
of Human Risks. Ann. Rev. Pharmacol, Toxical, 19, 511-530.

Uysal, A., Durak, Y., & Aladag, M.O. (2010). Investigation of Mutagenic Effects of Some Plant
Growth Regulators Salmonella/ Microsome Test System. Fresenius Environmental Bulletin,
19(12b), 3094-3099

Vural, N., (1984). Toksikoloji [Toxicology]. Ank. Univ., Ecz. Fak., Yayinlari, No: 56.

Yesilada, E., (2000). Drosophila melanogaster’de EMS ile indiiklenmis somatik mutasyon ve
rekombinasyon iizerine kinetin, gibberellik asit ve indol asetik asitin etkisi, Turkish Journal
of Biology, 24, 279-284.

Westwood, M.N. (1993). Hormones and growth regulators. In: Westwood MN (ed) Temperate-
zone pomology, physiology, and culture. 3rd ed. Timber Press Inc., Portland, 364-381

Zeiger, E., Haseman, J.K., Shelby, M.D., Margolin, B.H., & Tennant, R.W. (1990). Evaluation
of four in vitro genetic toxicity tests for predicting rodent carcinogenicity: confirmation of
earlier results with 41 additional chemicals. Environ. Mol. Mutagen., 16 (Suppl. 18), 1-14.

435


https://doi.org/10.1007/978-1-4939-1068-7_1
https://doi.org/10.1007/978-1-4939-1068-7_1

