




METHODS

MaleSprague-Dawley rats (3 to 4 monthsold)were housed individually in a
temperature-and humidity-controlledfacility on a 12-hour light-darkcycle (lights
on at 7 a.m.). Rat chow and water were availablead lib, except in experiments
with schedule-controlledbehavior (fixedconservativenumber [FCN],variable
interval [VI], and DRL) and eight-armradial maze when the ratswere maintained
at 80 to 85 percent of their predeprivationbodyweights.

Neurotoxlns

Ratswere pretreatedwith pargyline (20 or 30 rog/kg,intraperitonally [IP] 60
to 75 minutesprior to the neurotoxin injections)and anesthetizedwith sodium
pentobarbital(30 mg/kg, IP, 40 to 55 minutesprior) supplementedwith
methoxyflurane. Desipramine(20 rog/kg, IP)was administered30 to 45 minutes
prior to neurotoxins. 5,7-Dihydroxtryptaminecreatininesulfate (5,7-DHT) (25,
50, 75, or 100 i_g/ventricle,as the base) (RegisChemicalCo., Morton Grove, IL)
or 6-OHDA(25, 37.5 and 50 pg/ventricle,as the base) (SigmaChemicalCo.,
St. Louis, MO) was injected bilaterally intracerebroventricularly(ICV). Ampicillin
(50 mg/kg, intramuscularly25 to 40 minutesprior) was given to prevent infection.
Postoperatively,the 6-OHDAlesion ratswere given accessto preferredfoods
(vanillacustard with whole milkand vanilla wafers)and gradually returned to
standard chow.

Neurotoxlc Druge

(+)-MAHCl (12.5, 25, and 50 mg/kg/injection)or (+)-3,4-
methylenedioxymethamphetamine(MDMA)HCl (MDMA) (10,20, and
40 mg/kg/injection)was injectedsubcutaneously(sc), b.i.d. (morning and
evening, 12 hours apart), for 4 consecutivedays. Drugs weredissolved
in0.9 percent saline,and dosesare expressedas the salts.
Parachloroamphetamine(PCA) HCIwas purchasedfrom Sigma.

Behavioral Testing

A variety of behavioraltests were conducted. Methodsand resultsfrom each
test are described below. In most cases, testing began2 weeks after treatment
andcontinued for at least 2 weeks. The qnajorexceptionwas food and water
intake for which one group was tested approximately18 monthsafter treatment.

Analyele of Monoamlnee

After behavioraltesting, ratswere sacrificedby decapitationand their brains
were rapidly dissectedover ice; the striatum, hippocampus,and frontal cortex
were essayed for 5-HT and DA (Heffneret al. 1980). Concentrationsof DA and
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DISCUSSION

An overview of the behavioral resultsobtained in the present series of studies
shows that although neurotoxinshad some long-lastingbehavioraleffects
(e.g,, food intake,VI and DRLperformance),a wide variety of behaviorswere
unaffectedby partial denervationof the DA or 5-HTsystems by MDMA or MA.
In addition,some of the changesthat were observedwith neurotoxinswere
generally unsystematicwith regard to dose and, therefore,may have been the
result of randomvariation, One might draw the conclusionfrom these results
that DAand/or 5-HT do not play an important role in mediatingthese behaviors.
However,these results should-beinterpretedwith caution becausethe effects
of drugs on 5-HT and DAsystemsstronglysuggest that these systemsplay a
role in behavior.

An accountof the results presentedhere must, at this point, remain largely
speculative. It may be that the functional reservecapacityof the CNS
readily compensatedfor neurotransmitterchanges. Within a particular
neurotransmittersystem, the amount of release that is compromisedby drug-
induced toxicity may be too small to be reflectedin behavior. There is some
evidenceto supportthis view in that larger depletions of DAor 5-HT cause
morepersistent changes in behavior. VI 90-s responding has been found to
increasewith time as a result of 6-OHDAlesions that depletedboth DA and
NE by greater than 70 percent. Similarly, large depletions of DA cause
responserate increasesand reinforcementrate decreases in DRL 72-s
behavior, and 5,7-DHTlesionsthat producea large depletionof 5-HT increase
the responserate and decreasethe rate of reinforcementon the DRL 72-s
schedule.

Alternatively, it may be that the behaviorsstudied, rather than relying on the
function of any particularneurotransmittersystem, rely on several synergistic
transmitter systems. A partial reduction in the presynapticterminal field of one
neurotransmittermaybe readily compensatedfor by oneof the synergistic
systems,

Other possibilities involvefunctional compensationin CNS neurotransmission.
It may be that transmissionin DA and5-HT neuronswas normal or at least
adapted to maintainnormal behavioralfunction. Althoughthe concentrations
of monoaminesin the brainwere decreased,this measuremay not reflect
the amountthat is released. If synthesisand releasewere increased as a
compensatorymechanism,then the same numberof receptorswould be
stimulated and functionwould not change. Although it is difficult to understand
how postsynaptictone would be maintained if one assumes that the DA and
5-HT systemscomprisetight chemicaljunctions, the assumptionof volume
transmissionmakes the results more reasonable. In volume transmission, the
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DISCUSSION

Q: I was wondering if you sawany long-termchanges in bodyweight?

A: Not whenthey are comparedwith their own rate of growth. _notherwords,
you would get some initial losses,particularlywith methamphetamine[meth], in
the bodyweight, but then if you comparedthem with controls in a relatively free-
feedingsituation,they will gainweight at aboutthe same rate as the controls.
So it does lag a little bit.
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die. When you do see black'measles" representingdegeneratingterminals,
you take for granted that they will die and that the related neuronalcell bodies
will also die. Although many peoplehave been obsessedby silver methods,
there are only a few who have been experimentingwith moreand more refined
techniques. Maybe you saw the materialat the Anatomy Meetingthat Dr. de
Olmos and his colleaguesfrom Argentinaproduced. They kept modifyingtheir
silver technique to the pointwhere, in quinolinicacid experiments,they used the
same dose that people have used to make 'restricted" lesions in the striatum.
De Olmos and his colleaguesdetected degeneratingneurons not only in
striatum but in cerebralcortex,-thalamus,and various other placeseven 15
minutes after the injection. I was just wondering if the silver methods have
become so sensitive that they might even pick up changes that are reversible.
I am sure that there are many who know this area better, so they might even
have thought about these things, but as I rememberfrom the time I used
silver techniques, there are few peoplestudying the ultrastructureof these

· argyrophilic particles andneurons. I wonderwhat you think about this problem?

A: George Ricaurtespent a lot of time working at the level of the electron
microscopeanddid mostof the silver staining proceduresalong with Ray
Guillery. I thought that the changesusingthe electron microscopewere not
reversible. I mustsay that, since that time, Phil Groves has obtained evidence
showing very nicely that you can see a silver-positive neuron in a cell that has
been stained immunologicallyfor tyrosinehydroxylase,indicatingthat it is 1he
same cell that takes up silver. Now, if you combine that with the idea that the
uptake site is down and that the levels are down, I think the conclusion
becomes inescapable. But Iwould agreewith you that any single benchmark
in and of itself maynot be a hallmarkfor neurotoxicity. We haveconverging
evidencefrom chemistry,from function (ifyou take uptake as a function of the
cell), and the argyrophilicnature of the fiber that degenerationcan occur.
But taken singly, I think that any one of these things could lead us astray.

Q (Molliver): About 10years ago, S. 0gren and colleaguespublisheda series
of reports on animals treatedwith PCA [parachloroamphetamine]that havea
selectiveserotonin deficiency. They found profound behavioralchanges: a
tenfold decrease in conditionedavoidance learning. Would you comment on
these data?

A: We have never looked at it usingPCAoWe have looked at conditioned
avoidance acquisition usingother5-HT toxins, but we havenot been able to
replicate these data; but we havenever tried it with PCA,

Q (Molliver): That was a profoundeffect, Have others been able to replicate
these data?

A: I don't think so, I thinkthey have tried,
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