
MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropy-

ridine) is a potent neurotoxin, which selectively

damages dopaminergic neurons, predominantly

those originating in the substantia nigra pars

compacta (Singer and Ramsay 1990). This leads to

impaired dopaminergic neurotransmission accom-

panied by a loss of dopaminergic nerve terminals

in the striatum. Similarly, Parkinson’s disease is

characterized by massive degeneration of

dopaminergic neurons in the substantia nigra,

the loss of striatal dopaminergic fibers, and a dra-

matic reduction of the striatal dopamine levels.

Mammals treated with MPTP develop motor dis-

turbances resembling those observed in patients

suffering from this disorder, namely bradykinesia,

rigidity and postural abnormalities, so MPTP is

extensively used in studies on animal models

of Parkinson’s disease (Speciale 2002).

Apart from its neurotoxicity, MPTP was reported

to be also genotoxic, as Cashman (1987) demon-

strated a significantly increased number of Salmo-

nella mutants after treatment of bacterial cells with

this compound in the Ames mutagenicity test. Con-

trary to this, Yang et al. (1988) reported that MPTP is

not mutagenic, although they used the same test. Be-

cause of these contradictory conclusions regarding

MPTP mutagenicity, and considering extensive

applications of this neurotoxin in studies on ani-

mal models of human disease, we aimed to test

the hypothesis about its mutagenic (genotoxic) ac-

tivity using another mutagenicity assay. Recently,

a novel assay suitable for detection of mutagenic

compounds and based on genetically modified

strains of a marine bacterium Vibrio harveyi has

been developed (Czy¿ et al. 2000) and optimized

(Podgórska et al. 2005). This microbiological test
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can be used to assess mutagenicity of samples

from the natural environment but also of chemi-

cals used in the laboratory (Czy¿ et. al. 2003;

Piosik et al. 2003; Wêgrzyn and Czy¿ 2003).

Moreover, the Vibrio harveyi mutagenicity assay

was found to be more sensitive than the Ames test,

at least for some mutagens (Czy¿ et al. 2002).

V. harveyi is naturally sensitive to neomycin, but

mutants resistant to this antibiotic can be isolated.

The frequency of appearance of such mutants in-

creases in the presence of mutagens in

a dose-response manner, and this phenomenon is

employed in the assay (Czy¿ et al. 2000, 2002).

Four V. harveyi strains (called BB7, BB7M,

BB7X and BB7XM) are used in the mutagenicity

assay (Czy¿ et al. 2000), but various mutagens are

optimally detected by different strains (Czy¿ et al.

2000, 2002). In preliminary experiments, we de-

termined that significant mutagenicity of MPTP

can be observed in assays with BB7 and BB7M

strains (BB7M is a derivative of BB7 containing

mucAB genes on a plasmid; products of these

genes cause an increased efficiency of the er-

ror-prone DNA repair and appearance of a higher

number of bacterial mutants) with maximal effects

at a final concentration of 1.2 �M (data not

shown). In Table 1, MPTP mutagenicity (in relation

to the time of its contact with bacterial cells in a cul-

ture) is exemplified in comparison to caffeine, which

was demonstrated previously to be non-mutagenic at

the concentration used (0.5 mM). We compared

mutagenicity of MPTP to that of known mutagens,

ICR-170 and doxorubicin, and found again a sig-

nificant number of V. harveyi mutants after treat-

ment with MPTP, at the level similar to other

mutagenic compounds (Table 2).

It was demonstrated previously that

methylxanthines (e.g. caffeine, pentoxifylline

and theophylline) can attenuate mutagenicity

of polycyclic aromatic compounds due to forma-

tion of stacking complexes with such molecules

(Piosik et al. 2003, 2005). Therefore, we tested ef-

fects of methylxanthines on mutagenic activity

of MPTP. We found that caffeine, pentoxifylline

and theophylline effectively attenuate MPTP

mutagenicity (Table 3).

On the basis of the results presented above, we

conclude that MPTP is a potent mutagenic com-

pound, which corroborates the conclusion

of Cashman (1987) but is in contrast to the sugges-

tion by Yang et al. (1988). The cause of the dis-

crepancy between results of Yang et at. (1988)

and those reported by Cashman (1987) and pre-

sented in this report is not clear. One possibility is

that several Salmonella strains are used in

the Ames test, and optimal mutagenicity of partic-

ular chemicals is observed for different strains,

similarly to the Vibrio harveyi assay, in which four

strains are used (Mortelmans and Zeiger 2000,

Wêgrzyn and Czy¿ 2003). Therefore, the use

of only some, but not all, tester strains may lead to

false negative results. It is also evident that certain

details in experimental procedures, which vary

from laboratory to laboratory, may considerably

influence the sensitivity of mutagenic assays, es-

pecially of those based on living cells

(Mortelmans and Zeiger 2000; Czy¿ et al. 2000;
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Table 1. Mutagenicity of MPTP and caffeine (CAF) in

the Vibrio harveyi assay relative to time of incubation

of bacteria with the tested compound

Time of incuba-
tion (hours)

Number of neomycin-resistant
mutantsa

No tested
compounds

CAF MPTP

0 3 3 0

1 11 11 5

2 20 9 258

3 58 55 1336

a MPTP (1-methyl-4-phenyl-1,2,3,6- tetrahydropyridine) or caffeine

(1,2,3-trimethylxanthine) was added to exponentially growing

V. harveyi BB7M (Czy¿ et al. 2000) culture (A600 = 0.1, 30oC) in

BOSS medium (Klein et al. 1995) to final concentration of 1.2 �M

or 0.5 mM, respectively (no compound was added in control experi-

ment). Cultivation was continued for 3 h, and 0.1 mL of bacterial cul-

tures were spread onto BOSS agar plates containing neomycin

(0.1 mg mL–1) at indicated times. Following 48 h incubation at 30oC,
neomycin-resistant colonies were counted. Results of a representa-

tive experiment are shown.

Table 2. Mutagenicity of MPTP, ICR-170 and dox-

orubicin as assessed by the Vibrio harveyi assay

Compound and its
concentrationa

Mutagenicityb

BB7 BB7M

MPTP (1.2 �M) 102 � 21 814 � 264

ICR-170 (1.2 �M) 119 � 19 1238 � 186

Doxorubicin (0.12 �M) 385 � 19 162 � 32
a MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine), ICR-170

(6-chloro-9-[3-([2-chloroethyl]ethylamino)propylamino]-2-methoxy

-acridine, dihydrochloride) or doxorubicin (14-hydroxy-(8S-cis)-

8-acetyl-10-[(3-amino-2,-3,6-trideoxy-�-L-lyxo-hexopyranosyl)oxy]

-7,8,9,10-tetrahydro-6,8,11-trihydroxy-1-methoxy-5,12-naphthacen-

edione) was added to bacterial culture to indicated final concentrations

at time 0. Doxorubicin was added together with 4% S9 mix (rat liver

microsomal enzymes and cofactors) as described previously (Maron

and Ames 1983).
b To exponentially growing cultures of either BB7 or BB7M strain

(Czy¿ et al. 2000), indicated amounts of tested compounds were added

and cultivation was continued for 3 h. Then, 5×106 cells were spread

onto BOSS agar plates (Klein et al. 1995) containing neomycin

(0.1 mg mL–1). Following 48 h incubation at 30oC, neomycin-resistant

colonies were counted. To estimate number of spontaneous

neomycin-resistant mutants, analogous experiments were performed

in the absence of tested compounds. Number of such mutants was then

subtracted from number of mutants in cultures treated with MPTP,

ICR-170 or doxorubicin. Means of 3 experiments �SD are presented.



Wêgrzyn and Czy¿ 2003; Podgórska et al. 2005).

Thus false negative results may be obtained from

time to time. Mechanisms of MPTP mutagenicity

remain to be elucidated, but because it is an aro-

matic chemical, one might suspect its ability to in-

teract with DNA by intercalation between base

pairs. We suggest that MPTP mutagenicity should

be considered when using this compound in stud-

ies on animal models of Parkinson’s disease.

Finally, it appears that the Vibrio harveyi assay

can be used for assessment of mutagenicity

of compounds for which other assays give unclear

results.
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Table 3. Attenuation of MPTP mutagenicity by

methylxanthines (CAF, PTX and THF)

Compound(s) and their concentrationa Mutagenicityb

MPTP (1.2 �M) 102 � 21

CAF (100 �M) 8 � 3

PTX (100 �M) 5 � 3

THF (100 �M) 4 � 3

MPTP (1.2 �M) + CAF (100 �M) 27 � 9

MPTP (1.2 �M) + PTX (100 �M) 22 � 4

MPTP (1.2 �M) + THF (100 �M) 11 � 5
a MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine), caffeine

(CAF) (1,2,3-trimethylxanthine), pentoxifylline (PTX)

(3,7-dimethyl-1-(5-oxohexyl)xanthine) and/or theophylline (THF)

(1,3-dimethylxanthine) were added to bacterial cultures to indicated

final concentrations at time 0.
b Mutagenicity assay with the BB7 strain (Czy¿ et al. 2000) was per-

formed as described in the legend to Table 2.


