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Abstract. Persistent tardive dyskinesia is a serious side
effect of long-term treatment with neuroleptics. Al­
though striatal pathologic changes are believed to und er­
lie this potentially irreversible ia trogenic syndro me, the
nature of the neurolept ic-induced neuropathology is un­
clear. In the present study, we treated rats with either
vehicle or fluphe nazine decanoate (5 mg/kg, 1M) every 2
weeks for 4, 8 or 12 mo nths. Four to nine weeks after the
last injection, the anima ls were sacrificed and the density
of cells in the centra l part of the st riatum was measured
with a computerized image-analysis system. The control
and experimental an imals did not differ in body weight
with 4 and 8 mo nths of treatment, but the rats treated
with fluphenazine for 12 months had significan tly lower
body weights than comparable con trols. Four months of
neuroleptic use prod uced no significant neuropath ologic
changes . The animals trea ted with fluphenazine for 8
months had a significantly lower dens ity of the large
neurons. In the 12-mon th-treated group, there was no
significant difference between the control and experi­
mental animals. probably because of a ' floor effect': the
density of the large neurons was significantly lower in the
12-month-treated compared to the S-mo nth-treated con­
trol rats.

Key words: Fluphenazine - Neuro leptics - Tardive dys­
kinesia - Neuronometry - Striatum - Ch olinergic neu­
rons

Neuroleptic medications are the mai nstay of the trea t­
ment for psychosis. In some chronic condi tions, such as
schizophrenia. the pat ients require treatment for extend­
ed periods of time. Prolonged trea tment with neurolep ­
tics is not witho ut risk, however, because of the frequent
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occ~rrence of ta rdive dyskinesia (TO), a potentially'in.
versible syndrome of abnormal movements affecting"
par ticular, the oro facial and upper extremity l\]uSCut
ture (Jeste and Wya tt 1982; Casey 1987; Ka~~"'et ,

1988). Some studies have suggested an association .
persis tent TO with striatal damage (Gross and Kaltc:
bach 1969; Jellinger 1977; Pandurangi et al. 1980; 1.0:
et al. 1986). Interpretation of the human studies' is"1i::
ited, however, because of difficulties in assessilIg.1l
contribution of facto rs such as the type and degi'ei,
psychia tric illness, as well as the age or the length l>

amount of the neuroleptic treatment (Lam et al. I9I!
Animal models have been used to circumvent thosca>:
straints and to more directly investigate possible undCrt.
ing variables. ,- , -

Table I summarizes the published histopatho!ogi;;
investigations of an imals treate d with neur olepbes k
weeks to months. Despite methodologie difference!, .
numbe r of these studies reported abnormalities in !
ferent brain areas, especially motor areas includmg "
stria tum. Thus, there is some evidence of histopa tho101
cal abnorma lities, especially in the stria tum, follOlii:;
long-term neuroleptic administra tion . Nevertheless, Jl,1
nature of the stria tal pathologic changes is unclear: We:
controlled neuropathological studies of animals trtal:.
with neur oleptics for very long periods utilizing co:
puterized image-a nalysis techniques are lacking. .

Over the past 3 decade s. a number of investigatr
have studied the behavioral and neurochemical effeCuc
long-term administra tion of neuroleptics in ~
(Tarsyand Baldessa rini 1974; Rupniak et al. 1983;Eb>:
and Hama 1988). For example. Clow, Rupniak:
collaborators (Clow et al. 1979, 1980; Rupni~~. ci I

1983) reported evidence of increased do pamine~
numbers and possibly increased receptor sensitivitY'
anima ls treated for grea ter than 6 mon ths with a,¥
of different neuroleptics administered in drinking-1\;!l'
The relevance of the striata l dopamine receptor su~

sitivity to the pathogenesis of persistent TO is, bOWel"
quest ionable (Jeste and Wyatt 1982). Other recent~~
have reported a decrease in dopamine release(~ ...
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stud ies. The right hemisphere was used in 50% of the an ima ls. the
left in the ot her 50%. (The other hemisphere was used for neuro­
chemical studies. ( 0 be described sepa ra tely).

The tissue was blotted dry to avoid form ation of ice crysta ls. an d
frozen in liqu id nitrogen after being placed in a disposable test tube.
The bra ins were then sto red in a freezer at _ 800 C. For sectioning.
the br ain s were mounted on a cryosta t specimen disc and the
tem perature was allowed 10 rise to - :WO C before section ing.
Sections (12 ~ thick) were mad e at 60-71 Il intervals. (In the
a-m onth-treated gro up. we used zo-u-thick sectio ns. but because of
the overlap of cells sometimes seen. decided to usc thi nne r sections
for th e 8- and 12-month-trea led gro ups. Subs equently. we add ed a
control gr oup of ten anima ls that was sacri ficed at 4 mo nths but had
Iz-u- thick sectio ns. for comparison with the 8- and 12-month·
treated cont rols.) The slides were dri ed for 14 h.thcn post-fixed with
aceto ne at 4° C. and ai r-dried in a refrig erator. The sections were
stai ned with cresyl violet. ~

Measu rements were performed on the IBAS 1000 image ana lysis
system (Zeiss , lnc.). A trai ned neuropathology tech nician examined
the sections blind with respec t to the identi ty of the animal. Us ing
the at las of Pa xinos and Wa tson (1986). we selected for study
the sect ion closest to the cen ter of the stria tum, and exami ned
the cent ral part of the striatum in this section. The areas were
first located under the low power. then qu antitated nt 500 x
(40 x objective x 10 x eyep iece x 1.25 x optical disc). We measured
the total num ber of cells per five screens in the stria tum of eac h
hemisphere .

~"Il'\. h c cre Sf'; male Sprague-Dawley rats (ob ta ined from
. ..". 11 ~rcasuc-Dawlcy. lnc.). weighing 150- 175 g each. They were
__ •.I'.n! on .1 I ~ -h light- dark cycle. and ho used two per cage for
~.. : " cd , prior to sta rting treatmen t with either fluphenazine
.... - ..:.: . , rn:: l. ~ ; /I = 3:::!) or vehicle (sesame oil; n = 16) inject ions
,, --.. : "" c-cl , . Si\ anima ls from the control grou p and ten from
....t ,' ~ :'n:n l .i1 group were treated for 4 mon ths. five each for 8
........ I ~"': t ~ (film the con tro l grou p and 11 from the cxperimen­
......" t" '.'f 1=month s. All the animal s were weighed prior to each
~ o: -

I , ,,, . ~d. , .il"ll."f the lust injection (except for five cont rol and
... t\ ~~ 'm'nl I - 1 d r .: ' • .• •~ .I aruma 5 treate lor 12 months. which were
:,'• .•• 'c-cl., after the last inject ion ), the animals were sacri-
~'" "L.I[1tt.a tllln and the bra ins quic kly removed . On e hemi-

, tto. (~ br.un of eac h anima l was used for neuropa thologic

.......1 i1% i) and in choline acetyl tra nsferase (ChAT)

.,."" I Mahadik et al. 1988) in the striatum following
Ar:r.:.: neuroleptic tre atment.

" :h" paper. we report morphometric effects of treat­
Of" wuh fl uphenazine for 4, 8, and 12 months in rats.
\ . ~ ·. ", Hh..:sized sianificant decreases in stria ta l neuro­
~ :..: :,. , ;t ~ with long er-term neuroleptic trea tment.

I Neuropa thologic effects of long-term neuroleptic use in animals
,,tit .

Species Ne uro leptic Months Pathologic ch anges in experimenta l anim als

u thor5

---;;; aJ. (1959) Mo nkeys Chlorpromazine 8 Diffuse
( .<11

Gu inea Chlorpro mazine or 1-3 Diffuse
L \\ ia and Gershonv»: rc pigs reserp ine

.....'
'\-tn119671

Ra ts Haloperidol 4 Limbic -gliosis

~Jlltl , I .11. (1965) Rabbits Va rious 1- 12 Variable

and mice

r and Quandt ( 1970) Rabbits Chlorpromazine 6 Brainstem cell death
.....me

Rats Perphenazine 1- 2 Nil. hl:rc: and Colleagues
'l. ,en - 12 iYf% cell loss in basal ganglia

•. ' , 1~ 7~1

eT1~rl! and Lange Rats Chlorproma zine 6 Brain stem and ccrebeller gliosis
...... \ -
·fO "

.....I..h I I!}?;) Rat s Perphenazine 6-12 Nil

," 0:"..,.11 .aod Lyon ( 1978) Rats Flupen th ixol 6 10% cell loss in ventro -la tera l bu t not
dorso-medial stria tum

il . :o~ et ,II. 11981} Rats Fluphenazine I 3/4 Nonsignifi cant decrea se in neuron density
in ventra-lat era l striatum in j -mom b old.
but no t 25-month old rat s

Rats Haloperidol 4 Light microscopy : no change in striata l
neuron den sity but increased neuron size.
Electron microscopy: substantia nigra :
axon and colla tera l sprou ting . Stria tum :
increased size of neuro ns. dendrites.
number of associated synaptic vesicles

"-I~..I J I . ci .1 1. 11 988) Rat s Haloperidol I 1/2 Apparent reduction in size and number of
striatal neurons and neuronal processes
that stained po sitive for choline acetyl
tran sferase

... .,.':"J JnJ Casey (1989) Rats Haloperido l 1/2 mon th Increase in striatal. bu t not nucleus
treatment accumbens, synapses with perfo rat ed
the n 1/2 post-synaptic densities. Change reversed on
month neurol eptic-withd rawal
withdrawal

, ,
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thick sections of the 8-month-treated controls ..Frri the '
number of th e cells per screen, and the a rea per vieWing,
(0.02380 mm-), the areal densities of the cells were caleulii~
edge correc tion was appli ed in the determi nati on of the cell nUln~
per screen. Using the value s for areal den sity and the thi~ .
~he s:ction. we comp uted th~ vol~me den sities ~cenS/m~3). Atb t(

ification of th e Abercrombie sph t-cell co rrectio n was applied,Cd.
descri bed by Ko nigsmark et al. (1969), to correct the volume d t -,
sities. h ' .. ... Ct.

T,b.e mean weights of the animals in the experimental an'
control gro ups were similar (Fig . I). The mean (Wi l~
standard devia tions in parentheses) weights in gJ'atn '

were : 423.6 (49.6) and 430.8 (23.5), respec tively, follo. ~
ing 4 months' treatment, 488.6 (30.4) and 496.2 (28.21
respectively, following 8 months' treatment, and 534 L
(54.8) and 459.7 (34.0) respectively, following 12mon~'

treatment. The experimental and control groups did not
differ in the ir overall growth patterns following 4 and ~

months of treatment, but the experimental group had .
significantly lower mean body weight than the contro~
group following 12 months of trealment (P< 0.05, tw~
tailed I-test). Also, three animals in the l2-monlh-treatee
experimental group became severely ill a nd either died0,

had to be eu thanized. (The data on these three animal,
were excluded form further analysis.)

There were no significant differences between the two
hemispheres on any neuro nometric mea sures for eithcl
the con tro l or the experimental group. Hence, we com.
bined the data from the two hemispheres. Also, the neu­
rop athologist who examined the brain sections indepen,
dentl y, fou nd no obvious neurop athological abner.
maliti es in an y of them .

Arter 4 months or treatment with fluphenazine, there
were no differences in tota l striata l cell dens ity between
the con trols and the fluphenazine-treated animals (Table21

Next, using a modified computer program on IBAS 2000, we
divided the striatal cells in the 1 2-~-t hick section s into three catego­
ries by size. We based our meas urements on the diam eter of a circle
of the same area as the measured cellular area . Thus, we separated
the cresyl violet-st ained cells into small « 7.5 Il in diameter),
medium-sized (7.5-14 ~ in d iam eter) and la rge (> 14 J.l in diameter).
The nu mbers of the med ium -sized and large cells per 20 contiguou s
screens were counted. Th e reason for using 20 screens (rather tha n
five screens as for the tota l number of cells) was that the lar ge cells
were found to be very infrequent, usually ranging from 0 to 4 per
20 contiguous screens.

We identi fied the neurons manually, by sta ining charac teristics.
nuclear morphology and presence of a nucleolus. While there could
bea n overla p between glia an d small neuro ns amo ng cells < 7.5 Jl
in diameter. this is extremely unlikely among larger cells. Indeed .
we fou nd that more than 95% of the medium-sized and a ll of the
lar ge cells. identified by our automa ted counting procedure. also
me t the morpho logical criteria for neurons defined above. In a study
of crcsyl-violet stained sections from the human brains . Terry et 011.
(l 981) found that pract ically all of the cells with diameter less than
7.1 Jl (i.e.• an a rea of less than 40 Jl;!) were gfia, while almos t all of
the larger cells were neuron s. We used a technique simila r to th at
or Terry et al. (198 1) for de te rmining cell size. The cell diameter (d)

was com puted by using th e formula d =2 VAIn.where A=cell a rea .

Terry and DeTeresa (1982) have demonstrated tha t corn­
puterized image analysis using aut om ated cou ntin g app aratus may
yield inaccurate results if time-consuming video editing is not used.
Th ose resea rchers found that a hand tally of the cells was within 3%
of the cou nt produced by an edited image ana lysis of the same
microscopic area . We empl oye d a similar method of video editing,
and also fou nd that the han d tallies were within 5% of the auto­
mated co unts.

All the measur ements were done by the same rater who was
blind to the data on treat ment or age. Test-retest reliability was
det ermined by repeating the morphometry in five control and five
experi menta l anima ls. The intraclass co rrelation coe fficient for re­
pea t measures was 0.90 (P <O.OOI).

A neuropa thologist evalu at ed th e same sections und er a light
microscop e. blind 10 o ther dat a, to comment on any obvious
neu rop athologic abnonnal ities in any of the sectio ns.
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Reliability ojmeasurement. The IBAS 2000 was cal ibrated accord­
ing to the manufacturers' inst ructi ons using a grid with a IO-jJ
sepa ration between lines. T his procedure was pe rfo rmed befo re
analys is fo r each grou p of an imals . In add ition . the acc uracy of the
final measurement was ma nually checked. employing a ret iculed
ocular. The agreement bet wee n the two meth od s (au tomati c and
manual) was great er than 95%.

To compare our values with tho se in the literat ure. we computed
vo lume densit ies of the tot al number of the stria ta l cells in the 12-Jl

""

SOl

-0-- Vehicl e

-.-- FluphenaZine

50 ..
Fig. I. The figure shows mean increases
in body weight of the ra ts over the course
of 12 mo nths of trea tment with vehicle
(0 ) or fluph enazi ne (e)
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!dJt l. Total cell density- the in stria tum '" A Eight Months Treatment

(PIt 3. Density- of medi um -sized and la rge neuron- :·...' " owing
I sed 12mon ths' treatment

2-:nsit)' represent s the num ber o f cells per 5 screens in ::JCcen tra l
..'\1il r of the striatum
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[ .Icr~i ty represent the num ber of neurons per 20 screens in the
.:r.lr.lI sector of the st ria tum. The VOl lues a re means {wi t ]; <tu nda rd
ln1.ltions). Please no te that (un like Ta ble 2) neurons wit h dia­
-":1('11 less than 7.5 J.1 a re not included in Table J
• P<: O.OI, on protected r-tcsrs fo r the g-month-trcn ed cont ro l
~ :nlU experimental groups. and for the S-momh com:..ols ver sus
·· -mooth cont rols (la rge cell s o nly)

7.5 ·10 10·11 11- 12 12 ·1 3 13 · 14 14 - 15 15-16 16 · 20

Diameter :: Cell (IJ)

Fig. 2A. B. The figure shows Ircquc-cy histograms of the densities
of the stria ta l cell s grouped acco rd. r.; to cell size in the A S- an d
B 12-mont h-trea tcd control an d cvrerimen ta l animals. For the
8-mont h· tr cOlted gro up. 1I= 5 each f ...~~ co nt ro ls and fluphenazine­
treated rut s. Fo r the l f-month-treat ed group. 11= 10 for the co ntro ls
( Mack coi l/m ils ) a nd II = 7 for ftuphenazinc-trcarcd rut s t ha tched
cohnnns )

medi um-sized and large neurons in the control versus
experimen tal an imals (per ~O screens) following 8 and 12
months of treat ment.

We also measured ten 4-month control animals using
the same techniqu e as the 8- and I~-month-treated con­
trol an imals. The 4-month contro ls had a mean medium­
sized neuron densi ty of 497 , 105) and a mean large
neuron density of 3.9 (3.0). There was no significant
d ifference in the medium-sized neuro n densities am ong
the 4-, 8-. a nd 12-month control groups. There was,
however. a significant difference in terms of the density
of the lar ge neurons (P<0.OO5. ANOVA ). with the
4-month contro l animal s having significantly greater neu­
ron density than the 12-monthgroup (P <O.OI , protected
r-test), bu t not the 8-month group .

"In both Tables 2 and 3 (and in Fig. 2) the values given
for the 12-mon th group are those for the anim als sacri­
ficed four weeks after the last inject ion (similar to the
8-month group). There was. however, no significant dif­
ference between the 12-month-treated experimental ani­
mals sacrificed 4 weeks versus 9 weeks afte r the last
injection. Th e same was true for the 12-month-trea ted
cont rol animals.

Figur e 2 shows frequency histograms of the densities
of the stria tal cells grouped according to cell diam eter
(7 . 5- 1O ~ . 10-1 1 u, 11-1 2~. 1 :- 1 3~. 1 3-14~, 14-1 5~.

15-16~. > 16~) in the 8- and I ~-month- t reated control
and experimental animals. There was no significant shift
to the left that could have indicate d a cell shrinkage
rather than a cell loss with either neuroleptic treatment
or aging.

J7~ .~ "):-i .71
OJ I tI.J th

470.7 , : .;5 .5)
0.6 01 1.5)

~5Y . 7 (76 .2)
O .~ (0.6 )1>

7.5-14 ~

. I.l Jl

, NlOlt'ing 8 months ' Irell f m l 'lJf

'5- 14 ~ 493 .8 I7 b . ~ 1

· 1.\ Jl " ( 1.71

• J1ml'ing /2 months . lrctl/I1l('IIf

'- Tb~ . values for the volume density of cell; in our
· month-treated control a nimals genera lly ranced be-:. --, ~!! 69000 and 70nOO/mm'. We foun d a trend for a
~eWhat lower total cell density in the S-rnoarh- and
· .·month-treated experim ental anima ls compared to the
~ntrols . Hence, we decided to measure the densitv of the
l~~ and medium-sized cells in these groups IT;ble 3).
tt / ~ 7.5 ~ in diameter were not considered because
' lld IfI!C~ltte s in distinguishing between small neurons

Ti lia In the cresvl violet-stained sections. )
°r~nalyze the e'/fects of the treatment as \\ell as the

PQf,0 jlbe,animals in the 8- and 12-month groups, weI POlled 2 x 2 analyses of variance (AN O\ ·.-\s) fol­
Iiy.post-hoc protected r-tests for the total cell den­

I ia ',lDd the density of the medium-sized cells ,-.5-1 4 ~
tliC eter), and of the large cells ( > 14 ~ in diameter)
~CO!!~rol. and experimental grou ps. The A:\OVA re·

r na Slgmficant trea tment- by-age interaction for the
. eUrons only (P <O.OI ). The post-hoc tes:s showed

iI:l~nt differences In the density of the large neurons
~/:;i~nl!he .8-month-treated control versus ~-month ­
l:-rn(;ii ~X~nmental anim al> ( P < 0.0 I ). and betw een the
"Ills (~:t.reated Control s versus 12-month-lreated con-

. ~0.0 1 ) . Table 3 comp ares the densities of the
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Discussion

The rationale for our study design was as follows . We
chose fluphenazine decanoate because this commo nly
used depot neur oleptic has been shown to be associated
with persistent TD at least as much as other frequentl y
prescribed neuroleptics (Jeste and Wyatt 1982). Th e dose
of fluphenazine selected (i.e., 5 mg /kg every 2 weeks) was
higher than the usual clinical dose (but well below the
LD s• for the species, as stated by the manufacturer and
as determined from our previous studies) primarily to
compensate for a more rapid rate of the metabolism of
fluphenazine in the rats. We chose treatment dura tions
of 4. 8 and 12 mon ths because. in a rat with an average
life span of 2-3 years. these lengths of time are compar­
able to the long du rations of the neuroleptic treatment
commo nly not ed in the patients with persistent TD.

As we were primari ly interested in determinin g the
persistent effects of neuroleptic use. we waited for at least
4 weeks after the last injec tion. before sacrificing the
animals. Following 12 months of treatme nt. it seemed
appro priate to have a longer period of neuroleptic with­
drawal in some animals - hen ce, a proportion of the rat s
treated for 12 months were sacrificed 9 weeks after the
last injection. (We did not measure the blood or brain
concentrations of fluphenazine because of methodologic
problems in such det erminations as well as difficulti es in
relating these to the neuroleptic am ounts in the stria tum .)
We must add . no netheless, that there is not eno ugh
infor ma tion in the literature to ch oose the "ideal" doses,
durat ions and length s of neu ro lept ic wi thdrawal for
neuropathologic studies,

Th e validity of our neuro nometric technique is sug­
gested by comparing our va lues with those in the liter a­
ture, Our classifi ca tion of the striatal cells int o sma ll
1< 7.5 u ). medium-sized (7.5- 14 fl ) and large (> 14 u)was
compa rab le to tha t reported by Kemp and Powell (1971)
and by Pasik et al. ( 1979), who divided the neostri atal
neuro ns into sma ll (less than 8 u), med ium 19- 18 u) an d
large (20 fl or more). Th e exac t values for the large
neuro ns were different fro m ours, probably becaus e the
latter investigators used maximum rather than average
diameters to co mpu te cell size. In every case. Jess than 1%
of all the neurons were classified as being large.

Ou r calculated values of approximately 69500/mm'
lor the cell de nsity in the 8-mo nth·t rea ted control group
are in reasonable agreement with the published values of
60 000!mm' in 7-mon th-old controls (Brizzee et al. 1981)
or 62000 !mm' in 6-7-mo nth-o ld co ntrols I Benes et al.
1983) in the rat stria tum. Differences in the stra in. age.
nutritional status and tissue preparation. uncertainties
regarding the exact thickness of every section, and the
tact tha t we only measured the cent ral stria tum may
accoun t for the small differences ob served from the pu b­
lished values.

We studied the cen tral sec tor of the striat um becau se
it is large eno ugh to allow examinations of :O contiguous
screens, which was necessary for measuring a min imum
number of the large neurons. Whether the ventrolateral
sector would be affected more, as suggested by Nielsen
and Lyon (1978), rema ins to be con firmed.

Our ma in findings may be summarized as folio
f ou r mon ths trea tment with fl uphenazine did \\\
produ ce significant changes in the number of stria1loo:
neuron s. H owever, the animals treated for 8 monihs h~
a significantly lower den sity. compared to the contro~
of large neurons in the central part of the striatum. "
simila rity in the gro wth pattern of the 8-month. treat . ,
control and experimental anima ls suggests that SYst~
toxicity of neuroleptics was not likely to have ca\lSed lht
striata l pathologic changes in the experimental 'gro
After 12 months of treatment, however, the cell densi;:
of the treated animals were comparable to those 'of tht
co nt rols, with the latter values for the large neuron,
being significantly lower tha n those for the 8-month:
tre ated cont ro ls,

Because of relati vely sma ll Ns. especia lly in tho
8-mo nth gro up, our study must be considered preliminan'
Nonetheless, if con firmed using larger sample sizes. ou:
finding of a reduction in the large stria tal neurons in tho
anima ls treated with fluphenazine fo r 8 months is co.,.;':
tent with the reports of path ology of the large neurolll
in the stri atum in pa tients with persistent perioral TD
(G ross and Kaltenbach 1969: Jellinger 1977). Gross and
Ka ltenbach (1969) repo rted that their pat ient (case " I .,
a man who developed persisten t perioral dyskinesia fol.
lowing neuroleptic treatment. had sa tellitosis and neu.
ron ophagia mo stly of the la rge neurons in the mediurr,
part of the ca ud ate. Jcl linger 11 977 ) reported tha t five of
his nine pati ents with perioral dys kinesia. but none of th,
19 non-TD co ntrol s. had swelling of the large neuron.
and gliosis in the rostral two-thirds of the caudate bilater.
ally. Obviou sly, cau tion is necessa ry in com pari ng neu­
rop ath olo gic findin gs in patients with TD to those in the
rats treated long. term with neuroleptics.

The larzest striatal neurons are most likelv cholinenj;
interneuro-ns (K imura et al. 1980: G roves i983). It ha,
been known from clinical observa tions and neurochemi.
ca l experimen ts that the re is a dopami nergic-ch olinergi,
interaction in the neostriatum. suggesting a direct dopa­
minergic co ntro l of the neostriata I cholinergic neuron,
(e.g .. Seth y and Van Woert 1974a, b ). Recen tly. Kubota
et a l. ,(1 987) and Chang et al. ( 1988) provided mor­
phological evidence that the nigrostriatal doparninergic
neuron s could influence the striatal cholinergic neuron­
monosynapt ically . Using immunocytochemical techni­
qu es. the invest igato rs found tha t cholinergic neuron ;
were in direct synaptic contact with dopamin ergic axon­
in the st ria tum of rat s. It is. therefore. conceivabl e tha:
prolonged administra tion 01 dopamine-receptor-block­
ing neurolept ics could result in damage to the cholinergr.
neurons.

OUf sugge stion of cholinergic neuropathology in­
duced by prolonged use 01neurolcptics is also con sistent
with at least two ot her reports of significan t decrease s ir
stri atal choline acetyl transferase (ChAT) activity follow­
ing chro nic admi nistration 01neurolept ics to rat s (Pedau
et a l. 1980 : Mah ad ik et al. 1988). Peda ta et al, (19811 '
fou nd significa nt decrease; in the stri ated ChAT ac tivit ­
in ra ts treated with halope ridol (OS), pirnozid e (OS) ,' r
fiusp irilene (1M ) in doses of I mg/kg/day given for 45- 0"
days. There was no significant change in the striata
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T activity f -llowing I or 12 days of fluspi rilene
,11 ~ ent . Among the ani mals treated with fluspirilene
r<J t~o da vs. the decrease in the ChAT was dose-depen­
.... I-~Iahad ik et al , ( 1988) repo rted cha t dail y injec tions
.l:l't·I~' eridol. 2 mg.kg/day 1M for -lO days produced a
.{ hJJ:rease in the stria tal ChAT acuvuy as well as a n
;.' nt reduction in the size and number of ChAT­
~ree stri atal neurons and thei r processes in the ra t.
~U~h changes were no ted following either single dose
~~operido l or chronic trea tment with clozapine or
" ramine. R upniak et al. (1986) found no signi ficant
..,juCtion in the ChAT activity in the striatum afte r
., ni s!rat ion of halopendol (1.4-1.6 rngjkg/day) fo r up
~: months. altho ugh the neuroleptic had been given
•' Jrinking water. ra ther than parenterally. .
a The mechanisms by which neuroleptics exert their
,,-urotoxic effects are unclear. We (Cadet et al. 1987 a.nd
~••hr et al, 1988) have suggested that an exce~slve

....,Juetion or a reduced de toxification of free radica ls
, \ be responsible. at least in pa rt. fo r the neu ro lep tic­
:;aeed neurotoxicity. It is also conceivab le tha t a

.' -nccd blockade of dopamine receptors by fluphen ­
~ .~~ maYdecrease the release or interaction ofan irnpor­
": , neuro trophic facto r that is essential for the survival
~": h t: large cho linergic neurons. Thus chronic neuleptic
~Jtmc:n t may accelera te the loss of these large neurons
:ni< h die natura lly with aging.

The lack of a significant difference in the den sity of the
.....cc nl.'urtJn ~ after 12 months of treatment warrants
.l,mment. We found a significant difference in the density
.< the large neu ron s among the -1-. 8- and 12-month
"'01",1rats. with the 12-month group having significa nt­
"\ lll\\ c: r values than the o ther two group s. Th is sugges ts
I :'t",sible "floo r effect", viz.. a ma rked red uction in the
,,0, '1\ of the large neurons in the 12-month control
~ .' "p· i t se l f so that the effects of a ging on the neuronal
." overshadowed the cha nges prod uced by 12 months
, neurolept ic treatment. Such a conclusion would be
.r n-eaent with the report by Brizzee et al. (1981) that

'::r age had a far greater effect on the stria ta l neu-
·.."'thology than did long-term neurol eptic treatment of
-u-

The results of l 2-mo nth treatment are also com­
~:,-" t<d by possible syst emic toxicity of fluphenazin e in
~ experimental group (suggested ~y the death of three
'::;"'JI; and an overa ll significant less of body weight).
• : :nJy. therefor e. suggest that 8 month s of neuroleptic
:~Jlm~nl may be optimal for studyi ng striatal neu ­
. "uth" logic cha nges in ra ts. An additional techn iqu e of
·-" ,mg neuroleptic-induced neu ropathology that will
"": ~ ,dul is imm unocvrochemistrv for the identification

:i.< srria ral cho linergic neurons. Fina lly. it will be
-r- irtant to relate the light microscopic findings to the
" " <>l ing resu lts of the electro n microscopi c studies
-·',,-hed by Benes et al. (1983. 1955) and Meshu l and

" .::- I IYXY J.
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