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ABSTRACT: The MPTP-treated mouse has proven to be a valuable model of parkinsonism. For example, C57 black 
mice treated with MPTP exhibit a large decrement in the neostriatal content of dopamine and its metabolites, a 
marked reduction in the capacity of neostriatal synaptosomal preparations to accumulate [3H]dopamine, a large 
decrease in neostriatal tyrosine hydroxylase activity, a marked loss of nerve cells in the zona compacta of the 
substantia nigra, and pronounced behavioral deficits. These biochemical, pathological and behavioral deficits are 
similarly observed in MPTP-treated primates and in humans with idiopathic parkinsonism. A great deal of our current 
knowledge concerning MPTP has come from experimentation carried out in the mouse. 

RESUME: Utilisation de la souris traitee au MPTP comme modele animal du parkinsonisme. La souris traitee au MPTP 
s'est averee etre un modele precieux du parkinsonisme. Les souris noires C57, par exemple, lorsqu'elles sont traitees 
avec du MPTP presentent une diminution importante du contenu en dopamine et de ses metabolites au niveau du 
neostriatum, une reduction marquee de la capacite des preparations de synaptosomes du neostriatum a accumuler la 
[3H] dopamine, une diminution importante de l'activite de la tyrosine hydroxylase dans le neostriatum, une perte 
importante de cellules nerveuses dans la zona compacta de la substance noire et des deficits comportementaux 
marques. Ces deficits biochimiques, pathologiques et comportementaux sont egalement observes chez les primates 
traites au MPTP et chez les humains atteints de parkinsonisme idiopathique. Beaucoup de nos connaissances 
actuelles sur le MPTP proviennent d'experiences effectuees sur la souris. 
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As is now widely known, l-methyl-4-phenyl-l,2,3,6-tetra-
hydropyridine (MPTP) can be formed as a by-product during 
the "designer drug" synthesis of l-methyl-4-phenyl-propio-
noxypiperidine (MPPP), a potent analgesic agent structurally 
related to meperidine. It was reported a few years ago that the 
inadvertent ingestion of MPTP, along with varying amounts of 
MPPP and other agents, caused symptoms of parkinsonism in 
several young individuals who were likely attempting to simu­
late the actions of heroin with MPPP.1'2 These individuals 
became afflicted with the classical symptoms of parkinsonism, 
including tremor, rigidity and akinesia. They were virtually 
identical in appearance to those suffering from idiopathic par­
kinsonism except for one major difference: as a group they 
were considerably younger than those with idiopathic parkin­
sonism.1'2 Moreover, these individuals who self-administered 
MPTP had low cerebrospinal fluid levels of the dopamine metabo­
lite homovanillic acid and responded favorably to l-dopa and 
bromocriptine, drugs normally used to treat Parkinson patients.23 

One individual in this group subsequently died of an overdose 
of drugs, unrelated to MPTP. Histopathological analysis of his 
brain revealed a striking loss of nerve cells in the zona compacta 
of the substantia nigra. This loss of cells is the major pathologi­
cal feature observed in Parkinson patients. 

It was also reported that the administration of MPTP, but not 
of MPPP, caused behavioral deficits, biochemical changes, and 

neuropathological changes in primates, similarto those observed 
in humans with idiopathic parkinsonism.4 It thus may be con­
cluded that the agent responsible for causing the parkinsonism 
in the human drug abusers was MPTP. The discovery that a 
simple substance of this type, administered to experimental 
animals, or self-administered by humans, can cause neurologi­
cal deficits which so closely resemble the deficits seen in the 
parkinsonian patient, has tremendous implications for the etiol­
ogy of human parkinsonism. It suggests that a similar toxin, 
endogenous or exogenous, may be involved in the pathogenesis 
of parkinsonism. This speculation is underscored by two pieces 
of information. Firstly, the lack of concordance of parkinson­
ism in identical twins has tended to rule out genetic influences 
as being causative.5'6 And secondly, the pathological changes 
observed in older primates treated with MPTP even more closely 
resemble the pathological changes seen in the Parkinson patient 
than previously thought.7 Apparently, most of the early experi­
ments with MPTP had been done in younger primates. 

At about the same time as it was shown that monkeys were 
very sensitive to the dopaminergic toxicity of MPTP, it was 
also shown that rats and guinea pigs were relatively insensitive.8 

It was quickly concluded by many that "MPTP works in primates, 
but that it doesn't work in rodents." However, a few years ago, 
we demonstrated that MPTP is neurotoxic to nigrostriatal 
dopaminergic neurons in mice.9 Although the mouse is consid-
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erably less sensitive to MPTP than is the monkey, the MPTP-
treated mouse exhibits clear behavioral, biochemical and 
pathological deficits. These deficits, which are in many respects 
similar to those observed in MPTP-treated primates, are compa­
rable to those observed in human Parkinson patients. A discus­
sion of some of our experience using MPTP in mice forms the 
basis of the present report. 

MATERIALS AND METHODS 

Male C57 black, CF-W (Swiss-Webster), BALB/C, CF-1, 
and CD-I mice were purchased from Charles River Labora­
tories (Wilmington, MA). All animals weighed 20-25 g at the 
time of testing. MPTP hydrochloride (Research Biochemicals, 
Wayland, MA) or 2 'CH3-MPTP hydrochloride (synthesized 
in our laboratory) was administered by i.p. injection at the 
doses (as the free base) and at the time intervals indicated in the 
figure or table legends. As indicated, deprenyl hydrochloride 
(Research Biochemicals, Wayland, MA), pargyline hydrochloride 
(Sigma Chemicals, St. Louis, MO) or AGN 1133 hydrochloride 
(gift of Dr. M. Youdim, Technion-Israel Institute of Technology), 
was administered i.p. approximately 18 h before administration 
of the appropriate neurotoxin. The mice were killed one or 
three weeks later as indicated and the levels of neostriatal 
dopamine (DA) and its major metabolites, dihydroxyphenylacetic 
acid (DOPAC) and homovanillic acid (HVA), were measured 
by high performance liquid chromatography with electrochemi­
cal detection.910 

RESULTS AND DISCUSSION 

The mouse has proven to be an excellent animal in which to 
study MPTP-induced neurotoxicity to nigrostriatal dopaminergic 
neurons. In our studies with MPTP in the mouse, we have made 
some interesting observations and have found that there are 
several important factors which need to be considered in using 
MPTP to produce a mouse model of parkinsonism. One very 
important factor is the choice of a dosing paradigm. In our 
initial experiments in the mouse, MPTP (30 mg/kg/injection) 
was administered in single daily injections over a period of 
several days.9 Under these experimental conditions, this dose 
of MPTP was approximately one-half of the LD50. More recently, 
however, we have found that if a given dose of MPTP is adminis­
tered more frequently, substantially less MPTP is needed to 
produce an equivalent degree of neurotoxicity. Moreover, neu­
rotoxicity can be induced much more rapidly. The rationale for 
using shorter time intervals between injections of MPTP is 
based on the observation that the half-life of MPP + , which is 
believed to be the ultimate neurotoxin, is approximately 2 h in 
the mouse brain." The data in Figure 1 demonstrate that there 
are considerable differences in the extent of neostriatal DA 
depletion in mice which received the same total dose of MPTP 
(80 mg/kg), but administered in different doses per injection 
and at different time intervals. In both strains of mice (C57 
black and CF-W), 8 hourly injections of MPTP( 10 mg/kg/injection) 
produced an approximate 60% depletion of neostriatal dopa­
mine (A of Figure 1) whereas 4 injections of MPTP (10 mg/kg/ 
injection) administered at 2 h intervals on two successive days 
did not significantly affect DA levels in either strain (B of 
Figure 1). However, a substantial reduction in neostriatal DA 
was observed in those mice which received 4 injections of 

D CFWolDino 

Figure I — The effect of different dosing paradigms for MPTP administration 
on the extent of DA depletion in mouse neostriatum. Groups ofC57 black 
or CF-W albino mice (6-10 mice per group) received a total dose of 
80 mg/kg of MPTP using one of the following dosing paradigms: A) 8 
injections of 10 mg/kg/injection administered every hour, B) 4 injections 
of 10 mg/kg/injection administered all h intervals with the same sequence 
repeated the next day, C) 2 injections of 20 mg/kg/injection administered 
6 h apart on two successive days, andD)4 injections of 20 mg/kg/injection 
administered at 2 h intervals in a single day. The animals were killed one 
week later and neostriatal DA was measured. The results represent the 
mean concentration ± S.D. and are presented as a percentage of the mean 
DA content in their respective control group. The concentrations of 
neostriatal DA in the untreated control groups were (mean±S.D.): 13.5±l .2 
\i.glg tissue in C57 black and I2.8±l .1 \s.glg tissue in CF-W albino mice. 
*P<0.001 from respective control value. Modified from Sonsalla and 
Heikkila, 1986. 

MPTP at 20 mg/kg/injection at 2 h intervals (D in Figure 1) 
whereas a considerably lesser effect was observed in those 
mice which received 2 injections of 20 mg/kg/injection adminis­
tered 6 h apart on two successive days (C in Figure 1). These 
findings indicate that both the dose of MPTP administered and 
the time interval between injections have profound effects on 
the extent of MPTP-induced neuronal damage. These same 
variables also affect the extent of mortality.I2 Clearly the choice 
of the experimental paradigm is a critical factor in doing experi­
ments with MPTP. 

Another observation we have made is that there are marked 
differences in the sensitivity of different strains of mice to 
MPTP.I2 For example, we found that C57 black mice were very 
sensitive to MPTP whereas CF-1 and CD-I mice were rela­
tively insensitive (Figure 2). After 4 injections of MPTP 
(20 mg/kg/injection) at 2 h intervals, DA was depleted by 95% in 
C57 black mice, by 59% in CF-W mice, and by 38% in BALB/C 
mice. In contrast, this same paradigm had no significant effect 
on neostriatal dopamine content in CF-1 and CD-I mice. Also 
note that the effects of MPTP on neostriatal DOPAC content in 
the different strains of mice paralleled those observed on DA 
content. In other experiments, we have also observed marked 
differences in sensitivity to MPTP in Swiss-Webster mice obtained 
from different suppliers.1213 Although the reasons for the dif­
ferences in response to MPTP in the various strains of mice or 
in the Swiss-Webster mice obtained from different suppliers 
are unknown, our findings indicate that several strains of mice, 
and particularly C57 black mice, are quite sensitive to MPTP. It 
is likely that these sensitive strains will prove to be very useful 
in experimentation with MPTP. These strains can, for example, 
be used to provide mouse models of parkinsonism. Although 
less obvious, it is likely that additional important information, 
perhaps even reasons for the observed differences in sensitivity 
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Figure 2 — The effect dfMPTP on neostriatal DA and DOPAC in different 
strains of mice obtained from Charles River Laboratories. Groups of mice 
from different strains were injected i.p. with MPTP (4 injections of 
20 mglkglinjection at 2 h intervals). The mice were killed one week later 
and the concentrations of DA and DOPAC in the neostriatum were 
determined. The results represent the mean concentration of neostriatal 
DA or DOPAC ± S.D.from4 to 10 mice per group and are expressed as a 
percent of their respective control value. Control values (mean±S.D.) in 
the different strains ranged from 12.0±1.5 to 15.8±2.5 \xg of DAIg tissue 
and 1.0+0.2 to 1.5±0.4 ^g of DOPAC/g tissue. *P<0.005, **P<0.001 
from respective control values. Modified from Sonsalla and Heikkila, 
1986. 

to MPTP, may be obtained from studies utilizing the "insensitive" 
strains. All of these data suggest that one must exercise great 
caution before making general statements about the effects of 
MPTP in mice. Clearly MPTP "works," but how well it works 
depends on many factors, only a few of which have been 
discussed above. It is perhaps not surprising that some labora­
tories may have difficulty in repeating even the simplest of 
experiments performed in other laboratories. Even within the 
same laboratory, the effects of MPTP can vary; for example, 
compare the different effects we have obtained in C57 black 
mice in the experiments described in Figures 1 and 2. 

The neurotoxic actions of MPTPon nigrostriatal dopaminergic 
neurons in the mouse have been well characterized by several 
laboratories using different strains of mice and different experi­
mental protocols. For example, it has been shown that in mice 
treated with MPTP, there are marked reductions in neostriatal 
levels of dopamine and its metabolites, a greatly diminished 
capacity of neostriatal synaptosomes to accumulate [3H]DA, a 
loss of neostriatal tyrosine hydroxylase activity, and a substan­
tial loss of nerve cells within the zona compacta of the substantia 
nigra.91014"21 These same effects have been seen in the MPTP-
treated monkey as well as in patients suffering from idiopathic 

Table 1: A comparison of MPTP-induced neurotoxicity in mice and 
monkeys. 

Parameter Mouse Monkey 

Neostriatal DA Content 
Neostriatal DOPAC/HVA Content 
Neostriatal 3H-DA uptake 
Neostriatal TH Activity 
Protection by MAO-B inhibitors 
Protection by MAO-A inhibitors 
Protection by DA uptake inhibitors 
Protection by DA depletion 
Loss of cells in zona compacta 
Behavioral deficits 
Response to 1-dopa 

• » 

•» 
• 

• 

Yes 
No 
Yes 
No 
Yes 

Short-term 
Yes 

• » 

• 

• • • 

- » • 

Yes 
NT 
Yes 
NT 
Yes 

Long-term 
Yes 

NT = not tested 

Parkinson's disease.4 For a comparison of some of the effects 
of MPTP that have been described in the monkey and in the 
mouse, see Table 1. As was initially found in the mouse,10'4 

the neurotoxic actions of MPTP are prevented by the pretreat-
ment of monkeys with monoamine oxidase-B inhibitors.22,23 In 
addition, MPTP-induced neurotoxicity in both the mouse and 
the monkey can be prevented by the concurrent administration 
of a DA uptake inhibitor.24"27 These latter two findings confirm 
the suggestions based on in vitro observations that two of the 
critical steps in the neurotoxic action of MPTP are 1) the 
MAO-B catalyzed oxidation of MPTP to the dihydropyridinium 
intermediate MPDP+ and the subsequent formation of the 
pyridinium MPP+28 and 2) the active accumulation of MPP+ 

in dopaminergic neurons by the DA transport system.24 

It should be emphasized that parkinsonism may be classified 
as a dopamine deficiency disease. It is clear that both the 
MPTP-treated mouse and monkey have an extensive neostriatal 
dopamine deficiency. And in fact, the major biochemical, 
neuropathological and behavioral deficits observed in MPTP-
treated experimental animals and in parkinsonian patients are 
comparable. It is thus our feeling that the MPTP-treated mouse 
has been and will continue to be a useful animal model for 
parkinsonism. Perhaps the major deficiency of the MPTP-treated 
mouse as an animal model of parkinsonism is that the behav­
ioral deficits in MPTP-treated mice are relatively short-lived. 
This contrasts with observations made in the MPTP-treated 
primate, which has been described as being more permanently 
affected. Reasons for the recovery of the MPTP-treated mouse 
from its severe behavioral deficits are unclear but are clearly of 
potential importance and worthy of further study. It should also 
be stressed that the validity of any animal model for a human 
disease is dependent upon the strictness of the criteria used to 
define the model. It is our opinion that much of the disagree­
ment over whether or not the MPTP-treated mouse is a good 
model for parkinsonism is due to the differences in the defini­
tion of the model. 

The mouse has proven to be very useful in studies with 
various MPTP analogs.29"32 These studies have been designed 
in part to provide an understanding of the mechanism by which 
MPTP exerts its nigrostriatal dopaminergic neurotoxicity. An 
understanding of those features of the MPTP molecule which 
are important determinants of neurotoxicity can provide very 
useful insight into the mode of action of this class of neurotoxins. 
Of the many MPTP analogs that have been tested in mice, only 
a fraction have produced any degree of neurotoxicity under the 
conditions in which they were administered.31"32 One of these 
neurotoxic MPTP analogs, l-methyl-4-(2'methylphenyl)-l, 
2,3,6-tetrahydropyridine (2'CH3-MPTP), was reported to be 
a more potent neurotoxin in mice than MPTP itself.30 Rather 
surprisingly, 2'CH3-MPTP-induced neurotoxicity is not pre­
vented in mice pretreated with selective doses of MAO-B 
inhibitors,33 doses which completely prevent MPTP-induced 
nigrostriatal dopaminergic neurotoxicity. The data in Table 2 
demonstrate that the pretreatment of mice with the MAO-B 
inhibitor deprenyl at the high but selective dose of 20 mg/kg 
fails to protect them against the neurotoxic actions of 2 'CH3-
MPTP. Protection against 2'CH3-MPTP neurotoxicity is 
observed only when mice are pretreated with large, nonselec­
tive doses of MAO-B inhibitors (e.g. see Figure 3). These doses 
of AGN 1133 (30 mg/kg) and pargyline (75 mg/kg) inhibit the 
activities of both MAO-B and MAO-A almost completely (data 
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Table 2: The effect of a high but selective dose of deprenyl on 
2 'CH3-MPTP-induced neurotoxicity in mice 

Pretreatment 2'CH3-MPTP n DA DOPAC HVA 
(n-g/g tissue) 

— — 5 I5.0±2.8 1.5±0.4 1.5+0.2 
Deprenyl — 4 15.2±2.1 1.3+0.4 1.3±0.3 
— + 5 4.4±1.9C 0.4±0.1a 0.6±0.1c 

Deprenyl + 3 5.5±0.6b 0.4±0.1a 0.7±0.1b 

aP<.01; bP<.005; CP<.001 as compared to control values. 
CF-W mice were injected with deprenyl (20 mg/kg i.p.) approximately 
18 h before the administration of 2 'CH3-MPTP (2 injections given 6 h 
apart, 17.5 mg/kgi. p.). The mice were killed one week later and neostriatal 
concentrations of DA and its metabolites were measured. The results 
are the mean concentration±S.D. 

not shown). Thus, unlike MPTP-induced neurotoxicity, which 
is prevented by low and selective doses of MAO-B inhibitors 
(e.g. deprenyl as low as 1 mg/kg, unpublished observations), 
2'CH3-MPTP-induced neurotoxicity is prevented only with 
high and nonselective doses of MAO inhibitors, doses at which 
both forms of MAO are inactivated. In separate experiments 
not shown, we have found that a combination of selective doses 
of clorgyline and deprenyl provided complete protection against 
the neurotoxic actions of 2 'CH3-MPTP in mice. All of these 
findings indicate that there is an important role for not only 
MAO-B but also for MAO-A in 2 'CH3-MPTP-induced neuro­
toxicity in mice. 

The latter observations may have relevance for ongoing clini­
cal studies in which a selective MAO-B inhibitor, namely deprenyl, 
is being given to newly diagnosed parkinsonian patients "to 
halt the progression of the disease." These clinical studies are 
based at least in part on the concept that idiopathic parkinson­
ism might be caused by an "MPTP-like" molecule. If however, 
idiopathic parkinsonism were caused by a simple analog of 
MPTP, for example one like 2 ' CH3-MPTP, which is bioacti vated 
not only by MAO-B but also by MAO-A, it is clear that deprenyl 
treatment would not be effective. One should also consider the 
possibility that another causative agent, even one very similar 
to MPTP, might itself be neurotoxic without metabolic activa­
tion or alternatively, be bioactivated by a mechanism indepen­
dent of MAO. 
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