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E Summary. - In experiments on gnaptosomes /rom rat 
b ain bypothalamus the effect o/ the actiuation of the pregn- 
a tic membrane by dopanine on the kinetic properties o j  
t rosine bydroxybse (TH) isolated from those synptosomes 

s studied. 
O w  result~ indicute that the decrease o/ the rate o/ D O P A  

s nthesis during the actiuation of presynaptic receptors by 
d pamine obsewed in in vivo experiments mq result from 

H substrute inhibition which under these conditions ir 
d i e to the chanm of the broberties o f  this en?vme. I t  is - < < L 

5 gested tbat the regulato~y inpuence $pregna& receptors 
T H  is exerted uia grosine-binding site of the entyme 

lecule responsible /or substrate inhibition. i 
Riassunto. - Sono sfati studiafi gli efetti dell'attiea- 

x one della membrana presinaptica sulle proprietà della 
ti osino-idrossihsi dei sinaptosomi dell'ipotalamo di ratto. l r I'attiua~ione sono stati impiegati la dopamina ed un 
r o polimero che non peneiru nelfa membrana sinaptosomiale. 
I risultati ottenuti indicano che h diminqione della sintesi 
dd Dopa dovuta alh attiuaxione dei receftori presinaptici 
iq vivo pui dipendere hll'inibixione della tirosina idrossi- 

L'inpuenp regolatrice dei reattori presinaptici sulla 
idrossilmi potrebbe essere esercitata tramite il sito 
la tirosinu deli'en~ima responsabile dell'inibixione 

The regulation of tyrosine hydroxylase (TH) 
1.14.3.2.) activity, the enzyme limiting catecho- 

biosynthesis, involves many factors [l, 21. 
d changes of kinetic constants in physiological 
tions are essential in TH regulation: the enzyme 

phosphorilated [3], and may change its aggre- 
tate, with consequent changes in its kinetic 
es [4]. Pre- and post-synaptic catecholamine 

ors play a prominent role in the physiological 
tion of TH activity in the brain. Presynaptic 
ne receptors [5, 61 contro1 TH activity; TH 

inhibition by dopamine [7] resulting from the hlockade 
of its release and reuptake from presynaptic cleft 
seems the most likely mechanism of TH reaction 
inhihition in this case. 

Dopamine (DA) inbibitory effect on TH is competi- 
tive and directed to the pterine site of its molecule [4]. 
Therefore, our study on the TH physiological contro1 
by dopamine agonists deals with the kinetics of TH 
reaction in comection with the pterine cofactor. 
We have shown before that the antagonists of DA- 
receptors, neuroleptics, have a direct effea on TH 
as tbey prevent or eliminate the suhstrate inhibition 
of the enzyme [E]. We assume that TH substrate 
inhibition may play a certain role in the physiological 
medianism of T H  regulation alongside witb the enzyme 
inhibition by the end-product, DA. 

The idea that the mechanism of regulation of TH 
activity during the stimulation of presynaptic receptors 
could not be accounted for only by the dopamine- 
induced T H  inhibition was set forth in a previous 
report [9]; the evidence for this concept was provided 
by experiments witb isolated synaptosomes. It was 
shown that the inhihitory iniiuence of extrasynapto- 
soma1 DA on synaptosomal T H  activity, at a DA 
concentration lower than the K, for uptake, was 
eliminated hy fluphenazine. It was also shown that 
fluphenazine completely eliminated the inhibitory 
transmembrane effect on synaptosomal TH of the 
non-catecholamine DA analog, 7-hydroxy-N, N-di- 
n-propyl-2aminotetraline, which, unlike DA, had 
no direct effect on TH. 

To verify the suggestion that the inhihition of TH 
during the stimulation of presynaptic receptors is 
determined not only hy end-product inhibition hut 
also by other mechanisms, we carried out experiments 
ou the kinetics of the TH reaction, using botb the 
soluhle and the membrane-hound enzyme prepared 
from synaptosomes pretreated with DA or its poly- 
mer derivative, in which DA is covalently linked 
to dextrane 70; this compound has the biologica1 
activity of natura1 DA but is unable to penetrate inside 
synaptosomes through the plasma membrane. 



The experiments were carried out on synaptosomes 
isolated from rat hypothalamus according to [IO]. 
The suspension of synaptosomes was divided into 
three parts and tbree types of samples were simulta- 
neously incubated: 1) a control sample incubated in 
the buffer without additions, 2) a sample incubated 
with DA, 10-6M, 3) a sample incubated with the poly- 
mer derivative of DA (PDA). The incubation was 
carried out for 30 min at 37 OC in a Krebs phosphate 
buffer with the following composition: 124 mM NaCI, 
5 mM KCl, 20 mM Na,HPO,, 1,2 mM KH,HPO,, 
1.3 mM MgSO,, 0.75 mM CaCI,, 10 mM glucose, 
pH 7.4. Aftcr the incubation the synaptosomes were 
isolated from the medium hy centrifugation at 213300 g 
within 20 min and soluble and membrane-bound 
T H  was isolated from them according to [4]. Protein 
was measured using the technique described in [12]. 
The concentration of DA(10-6 M) was chosen in 
accordance to Venter et al. [l31 who showed that 
in order to obtain well-marked effects o€ immobilized 
catecholamines on receptors in cellular suspensions 
high concentrations (lO-ClO-'M) have to be uscd. 
In  our experiments the concentration o€ synaptosomal 
protein in the incubation medium was about 4 mglml. 
Hill coefficients were calculated according to [14]. 

The curve expressing the relationships between 
tbe reaction rate and tyrosine concentration (€or the 
membrane-bound enzyme in the control samples) 
had a marked sygmoid character. 

able 1. - A/frrufions iri binetic properties of membrane- 
bownd fyroshe f~~droxyhsr with resprcf to groxinr aftrr 
inmbafion of gnupfosomes with DA und PDA. 

.......... ontrol 4,340,5 25,6*2,8 86,5&8,9 
............ A 1,5&0,2 28,2*3,0 30,0&2,7 

PDA ............ 1,340,l 38,3&0,4 18,052,O 

The 6gures represcnt the meen of 7 experiments & S.E.M. 

ITherefore, the kinetic parameters o€ the reaction 
re calculated using the Hill coeffiuent. Tab. 1 

that the exposure of synaptosomes to dopamine 
its polymer derivative changed the kinetics of 

reaction with respect to tyrosine. TH prepared 
exposed to DA and PDA showed 

maximum reaction rate, which 
to PDA was higly significant 

experimental samples di{- 
to tbe half saturating 

concentration of tyrosine (S 0.5). The S 0.5 values 
were 3 or 5 times lower in the experimental samples 
pteviously exposed to DA or  PDA respectiv.$y, as 
compared to controls. Thus DA and especially PDA 
eaused a sharp decrease in the optimal tyrosine con- 
centrations. Experimental samples differed from con- 
trols also with respect to the Hill coefficient which 
slightly exceeded 1 in the experimental samples and 
was about 3 timcs higher in contcols. 

l 

l - control 
C . . 
a 
' 1 2 D A  3 -PDA ,,/ 

Frc. l. -Tbc transmcmbranc effect o€ DA and PDA on thc mem- 
brane bound tyrwim hydroxylase activity as a function of DMPH, 
concentration. Buffci tris - maleate 0, 1 M, pH 6,l. Tyrosinc 
conccntration is optimal for TH: in contro1 samplc 160 pM, in 

DA sampls 60 m, in PDA ssmple 30 I>M 

In Fig. 1 the reaction rate is plotted against the 
concentration of DMPH,., It can be seen that the 
contact of synaptosomes with DA and PDA somewhat 
decreased tbe Km of particulate TH for DMPH, 
and did not change the maximum reaction rate. Simi- 

IÌc. 2. - Kinetics o€ soluble synaptosomal tyrusine hydroxylasc 
rcactioii with respect ro tyrosine after innibsation of synapto- 
soma with DA or PDA. BuKer: O, 1 h[ tri+malcate pH 6,l. 
DMPH, concentration~20 ?M, Protein concentration 30 pg/ml. 



lar results [9] were obtained with the soluble enzyme. 
Kinetic changes with respect to tyrosine were also 
observed for the soluble enzyme although they were 
less marked (Fig. 2). It  can be seen that the incubation 
of synaptosomes with PDA and DA did not cause 
appreciable changes in the optimal tyrosine concen- 
aations, but led to an increase of the marimal rates 
of the T H  reaction. 

The kinetic changes in the T H  reaction during the 
activation of pr@S& receptors with dopamine 
and its polymer derivative pmped against a back- 
p u n d  of changes in the intern&syh?ptosomal «mi- 
lieun. The permeability of the synaptpsomal mem- 
brane increased, as cor?fir~ed by a 20 % increase in 
the protein concentration in the incubatidq medium 
in the samples incubated with DA and PDA (Tab. 2). 

Table 2. - The protein contant in ~ynaptosomal fractions 
and in the incubation medinm after incubation of ynapto- 
somrs with DA and PDA. 

Contro1 . . . . . . . . . . 31 ,512 ,2  2998f 207 80 ,0112 ,8  
DA ............ 36,5f2,6 2440f109 41 ,612 ,6  

PDA ............ 39,6&2,4 25081135 46,01.2,3 

Thc figures rcpreaent the mean of 6 experimcntn + S.E.M. 
Thc valucs of the columna 2 and 3 arc exprewd in micro- 

grsma of protein per milliliter. Thc valucs of column 2 tepre 
scnt thc concentradon of total protcin in membrane-bound 
fraction. 

Figure8 of column 3 repmcnt the protein conccntration 
of sotublc fraction after ita frsctionadon with ammonium 
sulfate and msinly consisted of tyrosinc hydroxylase. 

Protein concentration in the membrane-bound frac- 
tion was reduced by about 15 % respectively. Protein 
concentration of soluble T H  decreased by 50 %. 

The data presented suggest that the stimulation 
of presynaptic receptors by dopamine agonists is 
associated with a decreased optimal tyrosine concen- 
tration for TH activity. This would mean that, in 
these conditions, T H  substrate inhibition occurs at 
lower tyrosine concentrations. T H  reaches a para- 
doxical state: decrease of optimal concentration of 
the substrate at unchanged or lowered K, for the 
cofactor is usually considered as indicative of activation 
of the enzyme. On the other hand, physiological 
tyrosine concentrations [l51 would already be ìnhibi- 
tory for the enzyme. Tyrosine concentration in 
the brain is fairly constant [15], and is maintained 
by the high rate of the phenylalanine hydroxylase 
reaction. However, increased enzyme ffinity for 
tyrosine may resuft in the development o€ substrate 
inhibition at n o r d ,  physiological substrate con- 
centrations. Thus, TH substrate inhibition might 
be controlled by enzymatic systems regulating T H  
conformation and activated by the stimulation of 
presynaptic receptors. Phosphorylation by protein 
h a s e  and l i h g e  or elimination of peptide fragmcnts 
by peptidases are known to be the most widespread and 
prompt ways to modify the enzyme molecule. 

In conclusion, using DA covalently linked to the 
soluble polymer of 70000 molecular mass, baving 
al1 DA active hinctional groups but not penetrating 
with sufficient specd inside synaptosomes, we could 
show that not ali the dopamine effects are related to 
the direct action on TH (such as the enzyme inhibition 
by the end-product of a diain of biosynthetic reactions). 
Decreased optimal tyrosine concentration and increased 
maximum reaction rate with respect to tyrosine are 
related to the e&ct of dopamine on the external synapto- 
somal membrane. This effect would start a chain 
of reactions leading to T H  modiìication. Kinetic 
changes of the reaction with respect to tyrosine under 
the iduence of DA or PDA are qualitatively tbe 
same and therefore are not related to the mechanism 
of active transport of the tnnsmitter into aynaptosomes. 
Substrate inhibition of T H  may be involved in medi- 
anisms of inhibition o€ T H  activity following the 
activation of presynaptic recepton. 
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he release of GABA from the cerebral cortex: a biochemical approach 
o monitorirrg tk activity of cortical GABA neurons 
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Summary. - The effects o f  inhibitors of G A B A  me- 
or uptah on G A B A  output from the cerebral 

by means of a co//ecting cup p/aced on 
cortex in urethane anaesthetixed rats. G A B A  

and quuntified by a mass-fragmentographic 
kethod. 

N EthanohmincO-sulphate (EOS)  1 O-'M applied directb 
n the cerebral cortex carrsed a long-lasting two fold increase 
'n G A B A  output while DL 2,4 diaminobrr~ric acid 
D A B A )  5. l O-3M caused a seuen foM increase and p-ala- l ine wus inuctiue. 

The resultr indicate that gliul uptah hus little effect 
inactiuation in tbe cerebral cortex. Tha inhi- 

of the neurond uptake seemr a more effectiue t001 
G A B A  concentration in the gnuptic cleft and 
also G A B A  output, than the inhibition of 

A B A  metabolirn. 

Riassunto. - Alun i  inibitori delh captqione gliak o 
neuronale e del metubolismo del G A B A  sono stati usati 
per studiare i meccanismi che determinano h cessaxione 
dell'qione sinaptica di questo aminoncido. I l  modello spe- 
rimentale u t i l i ~ ~ a t o  è stato il ratto in cui una coppetta era 
stata impiantata d a  corteccia parietale. I l  G A B A  è 
stato misurato con tecniche mass-frammentografìche. 

I risultati ottenuti indicano che I'EOS (10-'M), un ini- 
itore della GABA-tramaminasi, oue applicato sulh cor- 

~eccia cerebrale, determinu un raddoppio delh puntità di 
G A B A  che diffonde nelle coppe corticali; il D A B A ,  

della captarione neuronale di G A B A ,  ne de- 
aumento fino a circa il 700 % ; mentre /a PLrla- 

un inibitore della captazione gliale dell'aminoacido 

i I risultati suggeriscono che, nella corteccia cerebrale del 
ratto, l'inibizjone della captazione neuronale è pid eflcace 
dell'inibizione del metabolismo del G A B A ,  nell'aumentare 
la concentra~ione a livello sinaptico di questo neurotrasmet- 
titore. 

The activity of GABAergic neurons can be moni- 
tofed « in  vivo » by electrophysiological or biochemi- 
cal techniques. Each technique has inherent advan- 
tages or limitations. The electrophysiological approach 

is usually very sensitive and offers the possibility o€ 
measuring rapid changes in the neuronal activity. 
However the anatomica1 complexity o€ the brain 
and the lack o€ adequate histochemical controls make 
it difficult for the elearophysiologist to ascertain 
the nature of the neurotransmitter released by a part- 
icular neuron. Moreover it is impossibile to assess 
by electrophysiological recording the global activity 
of the GABAergic ueurons in a given brain area. 
The biochemical techniques usually provide informa- 
tion on the global function of a biochemically identi6ed 
neuronal population. However they are not sensi- 
tive enough to monitor rapid changes in neuronal 
ectivity. 

Among the biochemical techniques, turnover studies 
have been widely used in the last few years in order 
to monitor the rate o€ activity of cholinergic and 
dopaminergic neurons [l-31. Several techniques 
bave also been developed for the study of the tumover 
rate o€ GABAergic neurons [4]. However GABA 
is present not only in neurons but also in glial cells [!i]. 
The compartmentalization between the two types o€ 
cells, its disposition and metabolism have not yet 
been completely darihed [6]. It is therefore difficult 
to calculate neuronal GABA turnover rate [4 - 71. 

The measurement of the release o€ neurotransmitters 
from newe endings has always been considered the 
most direct approach to the study of neuronal activity 
since the release is, within certain limits, proportional 
to the impulse flow [E, 91. Therefore as an alternative 
approach to measuring « i n  vivo n the activity o€ 
cortical GABA- releasing neurons we attempted to 
investigate and quantify GABA outflow from the 
cerebral cortex. 

EVIDENCE OF A NEURONAL ORIGIN OF GABA RELEASED 

PROM THE CORTICAL SURFACE. 

Collecting cups were applied to the surface o€ the 
hrain in adult male rats according to previously de- 
scribed techniques [IO, Il]. Riuger solution was placed 
in the cups and was substituted every twenty minutes; 
the aminoacid content was measured by a sensitive 
and specihc G. C.-M. S. method [IO]. 



The amount of GABA released from the cortical 
surface was 55 rfI 8 picomol. collection period and 
remained fairly constant for several hours [12]. The 
amount of glutamate found in the collecting cups 
was 1.25 f 0.2 nmol/collection period. However, 
the blood contained 0.37 nmol/ml of GABA [l21 
and 150 nmol./ml of glutamate [13]. Therefore both 
the GABA and glutamate detected in collecting cups 
could have simply diffused from the blood and could 
therefore be unrelated to neuronal function. 

In o r d a  to shed some light on tbe origin of these 
aminoacids, we measured the output of GABA and 
glutamate from the cortical surface while simultaneously 
recording the electrical activity from the same area. 

c-. GABA ,P-" GL *.-a GLN P-0 .00~  

Fic. 1. - Thc effccts of locslapplication of 50 mM K U  on GABA, 
glutsmate md glutamine output from thc cercbrnl eortcn and 
on thc E 6 G  of urethane anacsthctized rats. (*) P < 0.01 (Data 

from [12]). 

As shown in Fig. 1, the substitution of an equimo- 
lecular concentration of NaC1 with KCI 50 mM in 
the Ringer solution filling the collecting cups was 
followed by a large increase in GABA output and a 
decrease in glutamate output. The peak increase in 
GABA output occurred in the iirst twenty minutes 
after changing the solution and was relatively long 
lasting. The modification in the aminoadd release 
pattern was accompanied by the appearance of an 
electrocorticogram (ECoG) characterized by high volt- 
age low frequency waves. This electrocorticographic 
pattern suggests an enhanced cortical inhibition, as 
would be expected from an enhanced GABA output [14]. 
In order to ascertain whether the increase in GABA 
output was assodated with an increase in neuronal 
activity, tetrodotoxin (TTX), which blocks the rapid 
Na+ infiux assodated with depolarization [15], was 
added to the solution iilling the collecting cups. TTX 
(3.1FSM) completely prevented the inaease in GABA 
output induced by the application on the cortical 
surface of a solution containing KC1 25 mM [IO]. 

These results demonstrate a relationship between 
GABA output and neuronal activity and seem to 
indicate that GABA released from the cortical s u e  
originates from neurons under the collecting cups. 

EFFECTS OP INHIBITORS OF GABA UPTAKE AND ME- 

TABOLISM ON GABA RELEASE. 

In order to obtain further evidence that GABA 
detected in the collecting cups deriva from the brain, 
attempts were made to modify GABA output without 
affecting blood GABA levels or cerebral blood flow. 
As shown in Table 1, the intracerebroventricular 
adrninistration of 30 yg of aminooxyacetic add (AOAA), 
an inhibitor of GABA metabolism [16], significantly 
increased the cortical level of GABA, doubled the 
amount released and caused a slight sedation without 
affecting blood GABA level. 

A second attempt was made by adding ethanola- 
mine-O-sulphate (EOS), a selective inhibitor o€ GABA 
metabolism [16, 1 7  to the Ringer solution flling the 
collecting cups. Figure 2 shows that the local appli- 
cation of 5.10-M and 10-M of EOS brings about 
a dose-dependent increase in GABA output. EOS is 
a relatively lipid-insoluble compound. In our experi- 
menta1 mode1 it was applied on the external surface 
of the brain. This may explain the high concentra- 
tions which were necessary to obtain a pharmaco- 
logica1 effect. Nevertheless, in spite of the large con- 
centrations of inhibitor used, the increase in GABA 
output was oniy doubled. 

This hnding correlates well with the observation 
that a dose of 2000 mg./kg. i.p. of EOS only causes 
a 30 % increase in the convulsive threshold of several 
anima1 models [ l v ,  and indicates a relatively low 
potency of this dmg. I t  also suggests that GABA-T 
plays a limited role in GABA inactivation. 

Table 1. - Tbc cffectr of inhacercbroucnhicnIur injictions 
of AOAA. 

X 

........................ Blood GABA content 110 
...................... Cortical GABA content 190 

GABA release .............................. 200 

30 pg of AOAA were injected 2 hours before. Thc conno1 
GABA tdease was 60 picomol.lcollection eample. Blood 
GABA cohtent 0.37*0.04 nmd/ml;  cortical GABA levcl: 
21.40.5* nmol/mg protein. 

Data from h[. 
. . 

--, - .. - 
It has been demonstrated ihat'a high affinity uptake 

of GABA occurs in presynaptic nerve terminals and 
in glial cells (see references in [la]). It has also been 
suggested that these uptake mechanisms play an im- 
portant role in the removal of GABA from the synaptic 
deft. The glial uptake is preferentially blocked by 
p-alanine, whereas d-diaminobutyric acid (DABA) 
interferes primarily with the neuronal or presynaptic 
uptake system [19]. 



As illustrated by Fig. 3, in our experiments the 
addition of DABA to the Ringer solution in the col- 
lecting cups was followed by a six-fold increase in 
GABA output. On the contrary, p-alanine at the 
same concentration was inactive. These results indi- 
cate that in the cerebd conex the neuronal uptake 
is a powerfui mechanism in removing GABA released 
from the nerve endings and reducing its concentrations 
at receptor leve]. 

.: . 
' _ C _  

- 
DIsCUSSION AND CONCLUSIONS. 

From our findings it q p q r s  that GABA released 
fsom the cerebral conex in vivo originates fmm the 
nervous tissue and that its release is related to neuronal 
activity in the upper cortical layers. Therefore, by 
measuring GABA output it is possible to monitor 
the functional aaivity of cortical GABA neurons. 

Using this approach we sbowed that it is possible 
to increase GABA output and therefore presumably 
GABA concentration in the synaptic cleft by manipu- 

I . . . . . . .  
1 2 3 4 6 6 7 6 9 1 0  

COLLECTION PERIODS ( 2 0  mi"> 

FIG. 3. - Thc &ccts of local applieation of Wanine  a d  of DI-dia- 
minobutyric acid (DABA) on thc output of GABA from thc 1st 

cerebnl conu. (3) P < 0.05. 

o 180-  lating GABA metabotism and uptake. However, .- . € 0 8  the inhibition of GABA-T by intracerebrovenuicular 
t 160 administration of AOAA or local appiication of EOS 

only brings about a twefold increase in GABA release. 
On the contrary DABA, an inhibitor of neuronal GABA 
uptake, induced a six-fold increase in GABA output. 

This obsemation coniirms the hypothesis that 
C 

GABA uptake is quantitatively more impomnt than 
.- 
E GABA-T as a mechanism for GABA inactivation. 

The finding that ,&aianine was ineffective in our experi- 
menta1 mode1 was unexpected and casts some doubt 
on &e role of giial cells in modulating GABA transmis- 
sion in the upper cortical layers. The inhibitors of 
the neuronal GABA uptake may therefore represent 

.- 
P 

a dass of compounds of future therapeutic interest 
V in situation in which GABA neurotransmission is 

impaired. 
? 

Thc rescarch was supportcd by gnnts n. 800039404 2nd 
COLLECTION PERIODO (20  mi") 810029204. Mass-spcctromcuic analyses wcrc carrird out at 

the Mass-Spectromctric Suvicc o€ the Medica1 Schooi, Uni- 
FIG. 2. - The cffccts of 1-1 appliution of cthanolaminc o versity of Florence. 
sulphate on thc output of GABA from thc rat ccrebral eanm. We am grntdul to Miss Mariiu Baggiani for typing thc 

(8) P < 0.05. manuscript. 
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A new clas.p$ endogenous peptide factors 
'" 7.- 

e l 
h.,. 

G. A. VARTANIAN md E. I. V+SKAYA 

Summsrg. - A pm@d brain extracf or cmbre-spina1 
Juìd (CSF) of anima& witb ~ihtcrai ksim o f  uari'aw 
parts of  tbc notar systen (motor cmtex, cerebcllum, &- 
snndng motor tracts), introdwced into tbc brain venhhw&r 
lyrrm ofintact animah, indure a s i d a r  qmmetri'r f w n r l d  
Itate of tbc s p i d  centres. 

Biocbcmical ana&s nsing column cbromatograpbj and 
enzy~atic &gradation bar indirated tbat tbc acfive agent 
premt in tbc brain octracts and in tbc CSF is a low-mo- 
bcuhr pepti& fraction witb a mokcubr wckbt bctween 
1000 a d  2000. 

At tbc btsr stages, cansponding bebauiowal~ to tbc 
period o f  compnsation of  tk aàmaged fmct iw,  in tbc CSF 
a d  in brain exIracts o f  tbc & m s  C# mw factor appsrs, 
wbicb ìs abk to eliminate tbc postwal aymmehy in ksioned 
animah at tbc earb stages of tbc aèvelopmant of tbc patbo- 
logicaì pr"s~s. Tbc reported resdts indicate tbc direct 
partin'pation of spccìjk cndogmu /actors in tbc patbo- 
gcnesis a d  compmatimr o f  organic ksim of tbc brain. 

Riassunto. - Estratti c6rebrali e liquida cnrofaioracbi- 
diano di animali con ksioni unibterali &l sistema motorio, 
introdotti mi uenm'roli cerebrali di animali iwtegn' po- 
cano M anahgo &fiit motorio a livc/o dei canhi rpi~li. 
Ricercbc cbimicbc bmuio indicato cbc questi pnn'pi attiui 
sono &i pptidi con M peso mokcohm uarikbik 1000 
a 2000. Qd I'animab si r~pendb W dcfiit motori's, 
compare mgli estratti di cmteih e ne1 l i p r  m altra fattore 
cbc si i ri~ebto capaa di eliminare k Mmmcbie postnrali 
in animali con analogbc knoni W sistema mwom centrak. 
I pr611nti risdtati indirano M r d  di /attata endogeni 
spein/sn nelìa p a t o p s i  8 mlìa compensazione di lesimi 
mganicbc da/ cmelh. 

In 1929 Di Giorgio [l] obsemed that the posturai 
asymmeuy of the hind limbs developing in n t s  and 
in other animals aftcr udaterai destruction of the 
anterior lobe of the cercbellum remaha aftm section 
of the spina1 cord at thc thoracic level, if a certain 
period of time M eiapsed between the appeumfe 
bf thc asymmetry and thc spina1 severing. Such a 
fixation of M wymmetriul functionai state of the 
spinai centres represented an u n u s d  phenomenon 

and was considered by some authors [N] W a form 
of spinal cord memory. 

In our Department [5] it was demonstrated that 
punfied braui extract or ccrebro-spinai tiuid (CSF) 
of animals with unilateral lesion of variow parta of 
the motor system (motor corta, ccrebellum, desccnding 
motor tram), introduced into the bmin venuiculpr 
system of intact animala, induce a similpr asymmetric 
functional state of thc spinai antres, reprcaentcd 
aftcr thoracic spinalization by the asymmety of posnire 
and tone of the limbs. The developmcnt of asym- 
metry in reapients corresponded to the leve1 and the 
side of lesion in the donor's centrai nervow system 
(Fig. 1). 

Biochemiul d y s i s  using column chromatography 
and enzymatic degradation has indicated t h t  the active 
agent prescnt in the brain atracts and in the CSF 
was a low-molccular peptide fraaion with a moleculnr 
weight between 1000 and 2000 [6]. 

Taking into consideration the data obtained, further 
research waa undertakui in ordu to: 

1) eluadate whether thc partiapation of chemiul 
factors in the reorganization of the functional state of 
the spinai cord can be applied Ilao to more rosaal 
centres; 

2) to establish the species apecifiaty of thcae fac- 
tors; 

3) to investigate more in detail the chemicai iden- 
tity of the liberated substanccs. 

The majority of the urpenments were performed in 
adult male rata, but also some othcr kboratory speaer 
were employed. Two experimentai modela were used: 
undaterai atirpation of the motor c o a u  and Brown- 
Séquard hemisection of the spinal cord at Tb-Th, 
level. The presence of chemical factora in the brain 
and/or CSF waa tested by injection of the CSF or 
HU-extracts of total brain of the operatcd animal- 
donor (10-50 pi) in the brain ventrides of intact re- 
cipient followed by spitillitatioa 

To establiah species specifiaty, dogs, cats and nb- 
hits with uniiateral cenual Iesions were used as donors. 



Intact rats, guinea-pigs and cats were used as recipi- 
ents. In severa1 cases the CSF of patients with uni- 
lateral brain lesions was injected subdurauy to intact 
animals. 

To investigate the role of chemical factors in com- 
pensatory processes, the CSF and brain extracts of 

DORORS 

FIG. 1. - Specincity of sstion of thc brnin atraas nnd of the CSF 
upon thc inact animlp-ncipiaits: (a) desmiction of the Icft 
motor atea wnuoiling tbc movements of contmlaural hind limb; 

i Ib) dcatmction of tbe right antdor lobe of euebellum; (C) right 
1 side hcmisection of thc s p i d  cord ai thc Th-;Ih4 lmel. The 
l brnin cxuscts and the CSF of thc animals with the abovc centra1 
Icsiona induce flexion of dght hind limb in thc intm animals- 
redpimts after spindktion; (d) desmiction of the Icft motor 
ama conuoiling the movement of che contmlateinl forc limb. 
Thc c.W and thc CSQ of an &al with such n Icsion induce 
in tbc in- rsipient the h e o n  of the right fore li&. mbicb 

is dsnrly rcvdcd &r spinilimtion at ccrvicpl Ievel. 

operated animals which had already compensated tbeir 
motor defen (3-4 weeks dter operations) were used. 
Animals bearing analogues but recent (one week) brain 
Iesions served as recipients in these experiments. 

~ S U L T S  AND DISCUSSION. 

The experiments have shown that tbe brain extracts 
pnd the CSF of animals with unilateral brain lesions 
of different paas of tbe motor system (motor cortex, 

'descending motor tracts) induced an asymmetrical 
functional state of the spinal centres in intact animals, 
represented by a postural asymmetry of the limbs after 
spinalization. The asymmetry induced in the recipients 
was dependent on the localization of the centra1 lesion 
in the donor (Fig. 1): the brain extracts or the CSF 
of the donors with lesions of the cortical area control- 
ling the hind timb (Fig. 1, a) or of the right anterior 
lobe of the cerebellum (Fig. 1, b), or with a fight- 
side hemisection of the spinal cord (Fig. 1, C) dways 
induced the flexion of the right hind limb. In case 
of contralateral lesions the active materia1 induced 
a Icft side flexion of the hind iimb. Moreover, 
when in the donor the motor area controlling 
the movement of the fore limb was removed, the 
flexion in the reùpient occured only in the fore iimb 
(Fig. 1, d). 

These chemical factors induung an asymmetrical 
functional state of the spinal cord centres bave been 
named factors of postural asymmetry (FPA). Fucther 
experiments on different animal species and the use of 
CSF of patients with organic destruction of senso- 
motor cortex of traumatic and urculatory origin have 
revealed the species aspeatiaty of thc FPA. 

At the later stages, corresponding behaviourally to 
the period of compensation of the damaged functions, 
in the CSF and in brain extracts of the donors a new 
factor appears, which is able to eliminate the postural 
asymmetry in simiiarly operated animals at the early 
stages of the development o€ the pathological process 
171. It is worthwhile to point out that after boiling 
this FPA disappem from the extracts and CSF of 
compensated donors. These data indicate tbat the de- 
velopment of compensatory rearrangements in the CNS 
is, in turn, accompanied by the appearance of speciiic 
factors which can eliminate the asymmetrical state of 
spinal centers of operated animals. These factors are 
also of proteic nature and differ from FPA in being 
thermolabile and able to suppress the FPA activity 
in vivo. 

Cats with traumatic lesions in cortical motor areas 
develop motor defects less severe than controls and 
compensate the damaged functions considerably faster 
when treated with the CSF of animals or humans with 
simila lesions of the CNS which have already com- 
pensated their motor defect. 

The simptoms of organic lesions of the CNS were 
considered until now as a result of the damage of 
functions of the specialized brain tissue. The repoaed 
results indicate the direct participation of specific en- 
dogenous factors in the pathogenesis and compensa- 
tion of brganic lesions o[ th brain. 

These fattors rnight be s i d a r  to the inductors serv- 
ing as mar!ks of tbe neuronal chains in the course 
of ontogeneticdex@opment of the brain. These pep- 
tides exea a modulamry ago?  u p n  the neurons of 
the motor system and indu&*&anges in their func- 
tional comections. These changes are, in turn, the 
first step of intracentral rearrangements eventually lead- 
ing to a compensatory effect. 

The therapeutical cffect observed in animal experi- 
ments is wortwhile of funher investigations on the 
mechanism of action of the peptide factors, in order 
to lead to neu7 treatments of organic diseases of brain, 
which until now do not have any effettive form of 
treatment. 
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Inhibition of nigral dopaminergic firing 
by N-n-pro&-qorapomorphine: behavioural and biochemical correlates 

- .  

GIAMPAOLO MEREU, ANTONIO ARGIOLAS, MARIA ROSARIA MELIS and GIAN LUIGI GESSA 

Instituie of Pharmacology, S2hooh of Biology a d  Medicine, Uniniversitj of Calliari, Italy 

Summary. - N-n-propyl-norupomorphine (NPA) is 10 
to 20 timer more potent than apomorphine in inhibiting the 
firing rate of nigral dopaminergic cells and striatal und limbir 
dopomine (DA) synhesis and also in praducing bypomotilitj 
in ruts. The intruumous EDm of NPA to inhibit dopa- 
minergic firing is 0.36/pg. .Q', whik that for apomorphine 
is 9.llpg &-l. The threshold subcutaneous doses of N P A  
and apomorphine to sipi/irant& inbibit motor activip or DA 
ptbesis m 1.25 and 25/pg.  kg-l, resprtiue&. Tba abwe 
effects of NPA, a$ those of apomorphine, afe untagoni<ed 

halopcridol a d ,  stereorper~~cal~, by (-) su&iride. 

Riassunto. - la N-n-brobil-norabomorfiM INPAI 1 h 
I I O a 2 0  volte pir) attiua ak'~pomorj&u neh'inike /'ahinifd 

delle relluh dopaminergicbe n&rali, nel ralJentare h sintesi 
dcllu dopamina n livello dello striato e del sistema limbico 
e nel/'inibirc la motilitd rpontanea nel ratto. Quevti effetti sono 

l 
antagonix<uti &lPaIoperido/o e, stereospecificmentc, aklla (-) 

1 su&idc. 

l It has been demonstrated that the behavioural stimu- 
lation produced by apomorphine is due to the acti- 
vation of postsynaptic dopamine (DA) receptors in 
the centra1 nervous system (CNS) [l, 21. Moreover, it 
has heen suggested that the sedative effect of low doses 
of apomorphine is mediated by the preferential stimu- 
lation of DA receptors located on the DA neuron 
itself, namely ,, autoreceptors " [l, 2-71. In fact 
the stimulation of these receptors results in the inhib'i- 
t ion of both DA synthesis and electrical activity of 
'DA neurons [3, 8-10], suppoting the idea that the 
!sedative etiect of apomorphine is the behavioural con- 
sequence of the inhibition of dopaminergic function. 

Recently, N-n-propyl-norapomorphine (NPA) has 
heen found far more potent than its homologue apo- 
morphine in producing excitatory and stereotyped be- 
haviour in different animal species [Il-141. With 
the aim of clatifying whether NPA were more 
potent than apomorphine in stimulating the autorecep- L ors, we studied the effects of low doses of NPA on 
khe electrical activity of DA neurons in the rat sub- 

nigra, on motor activity and on DA synthesis 
brain a r e a  The present study shows that 

RA is far more potent than apomorphine in inhibit- 
decreasing DA synthesis and producing 

Male Sprague-Dawley CD" rats (Chacles River, 
Como, Italy), weighing 230-250 g. were used. For the 
electrophysiological study, rats were anesthetized with 
3.0 % halothane in air, tracheotomized, intubated, par- 
alyzed with succinylcholine chloride (200 mg.kg-l, i.~.) 
and artiiicially ventilated. Additional injections of suc- 
cinylcholine chloride were given as needed throughout 
the experiment. A long-acting local anesthctic (etido- 
caine HCI) was infiitrated in al1 incision sites and soft 
tissue pressure points, then the animals were mounted 
in a David Kopf stereotaxic apparatus. Recording 
glass " omega dot " electrodes, iilled with a 2 % solu- 
tion of Pontamine Sky Blue (PSB) in 5 M CH,COONa 
(tips broken back to 1-2 pm, resistance 2-6 MQ in 
vitro), were lowered into the substantia nigra (SN) 
pars compaaa (PC): 1.S2.0 mm anterior to the lambda 
suture, 1.4-1.9 mm lateral to the sagital suture and 
7.1-7.8 mm ventral to the surface of the cortex with 
the skuli flat (nose rninus 2.3-2.5 mm). Extra-cellular 
action potentials from a single neuron were recorded 
and displayed using standard techniques [15-17j. 

In order to stimulate antidromically the nigro caudate 
pathway, electrical stimulations (30-90 V; 0.5-1.5 mA; 
0.5-1.0 msec; monophasic square pulses) were deliv- 
ered through a twisted pair of stainless steel 250 pm 
wire, insulated to the tip and placed in the medial 
forebrain bundle (6.6 mm anterior to the lambda; 2.0 
mm lateral and 5.8 mm ventral) adjacent to the capsula 
interna. 

Electrophysiological and anatomical identification of 
SN-DA neurons were performed as previously desc- 
ribed by others [lo, 18, 191 with some new charac- 
terizations o€ these cclls. Briefly, the SN-DA cells 
were identiiied by their regular and bursting basal 
finng rate [16, 18). wide shape [16], low conduction 
velocity [16, 191, response to antidromic stimulation 
and collision test and design of computed Inter Spike 
Interval Histograms [20]. Finaliy, cach recording site 
was marked by iontophoresis of PSB as cation (2-5 p4 
for a few min), followed by a standard histological 
preparation or a recently developed fluorescence histo- 
chemical method [21] (Fig. I). 

Afrer electrophysiological identification of a SN-DA 
cell, its spontaneous activity was recorded for 5-10 
min, then a dmg solution or comparable volume 
(1 ml.kg-l) of the solvent was injected through a 
previously incamuiated juguiar vein. Body temper- 



ature, expired CO, concentration, heart rate and fron- 
'tal EEG were monitored throughout the experiment. 

For motor activity studies, the animals were housed 
4 per cage at 240C, humidity 50-60 %, with a 12 h 
light-dark cycle and had standard laboratory food and 
water ad libitum. Motor activity was measured by 
placing the animals individually into motility cages 
(M/P 40 Fc Electronic Motility Meter, Motron 
Products, Stockholm, Sweden), as previously descrihed 
141. Motor activity was counted for 25 min starting 
5 min after the animals had been put into the motility 
cage, during the first 2 h of the dark phase of the 
cycle, when exploratory behaviour is maximal: a con- 
dition which is o~ t imal  to evidentiate the sedative ef- 
fect of DA agonlsts. 

DA synthesis was measured as DOPA accumulation 
following inhibition of DOPA decarboxylase by NSD 
1015 [3]. The animals received NSD 1015, 100 mg. 
kg-l, i+., and were killed by decapitation 25 min later. 
Caudate nucleus, nucleus accumbens and frontal cortex 
were dissected on ice as previously described [22] and 
stored at -30oC until analyzed. DOPA levels were 
determined hy our radioenzymatic method based on 
the conversion of DOPA to labelled SO-methyl- 
DOPA by catechol-O-methyl-transferase in the pres- 
ente of S-adenosylqH-methy1)-methionine (5-15 Ci/ 
mmole, Amersham, England) as a methyl donor [23]. 

FIG. 1. - Fluorescencc photomicrograph showing the sgrccn- 
yellow N fluorescente of DA cclls in the SN pars compactn (cg. 
as indicated by the arrows) 2nd thc red » fluorescsnt PSB spot 
(black werisk) confirmi y the recording site. The spot wzs produc- 
cd by iontophoreticdly cjected PSB fram thc tip of thc rccording 

clectrodc (21). 

( -  N-n-propyl-norapomorphine-HCI (Sterling 
Winthrop, Rensselaer, U.S.A.) and (-) apomorphine- 
HCI (Sigma, S. Louis, U.S.A.) were dissolved in saline 
containing 0.2 % ascorhic acid. (+) and (-) sulpiride 
were dissolved with a drop of acetic acid, diluted in saline 

FIG. 2. - Log dose-responsc regression mrvcs for inhibition of 
firing rate of DA ncurons in suhstantia nigra pars compacta by 
apomorphine (APO) and N-n-propyl-nonpomorphine (NPA), 
respcctivcly. Each point reptesmts the mean inhibition f S.E. 
(N = 5 t 18) obtained st  a given cumulative dose. Apomor- 
phine or NPA werc administered in increasing dosa  through 
a previously incannulatcd jugular vein. Only onc cell per rat 
was snidied. (8)  P < 0.001, with respcct to baseline values (me  

tailed Student's t-test). 

--. 
10 MIN 

Fic. 3. - E&ts of intravenous apomorphine (APO) and NPA 
on the iiring rate of rat dopaminergic neurons: antagonism by 
halopcridol (HAL). A, typical ~rsponsc to apomorphine. &m- 
plete temporary iqcrmption of activity was sccn after the cumu- 
lativc dose of 25, pgkg-'(5.0,5.0, 5.0.10.0, vg.kg-l, ns indieptcd 
by the srrows). B, the same degrce of inhibition was obtained 
with a cumulative dose of 1.0, ggkg-' (0.5, 0.5 pgkg-') of 
NPA. C, a sin& dose of 1.0, pg.kg-I of NPA led to complete 
inhibition within one min. Halopcridol, givcn intramnously 

9 min latcr, rapidly revsrsed the cffcct. 



NPA was far more potent than apomorphine in de- 
creasing motor activity in rats. A significant inhibi- 
tion of spontaneous motor activity was produced by 
a dose as low as 1-10 pg. kg-l. Interestingly, after a 
dose of 10 pg.kg-l, although the animals appeared 
sedated, they showed repeated episodes o€ stereotyped 
gnawing movements. After a dose of 100 pg. kg-l, 
the animals no longer appeared sedated but erhibited 
only stereotyped behaviour, characterized by continu- 
ous sniffing, gnawing, biting and licking movements 
(Fig. 4). 

DA Synfheris. As with apomorphine, a threshold 
dose o€ NPA to produce hypomotility also decreased 
DA synthesis in different brain areas. As shown in 
Tab. l ,  a dose o€ NPA as low as 1.25 pg. kg-' de- 
creased DOPA accumulation by approximately 20, 30 
aod 32 D/o in the frontal cortex, nucleus accumbens and 
caudate nucleus, respectively. Maximal decrease in DA 
synthesis (40 ",) was produced in al1 areas by a dose 
of 10 pg . kg-l. 

As can be seen in Tab. 2, doses of haloperidol (50 
pg . kg-l) and (-) -sulpiride (10 mg . kg-l) which, per 
se, do not modify motor activity, completely prevented 
the inhibitory effect of NPA on both motor acuvity 
and DA synthesis. The (+) enantiomer of sulpiride 
failed to prevent NPA effects. 

The present investigation has shown that NPA has 
far greater potency than apomorphine in producing 
sedation, decreasing DA synthesis and inhibiting the 
firing rate of nigral DA neurons. Al1 these effects 

I 
and the pH adjusted to about 4.5. Haloperidol (Ser- ~ cnase; Janssen, Belgium) was used in the commercially 
available solution. 
Firing. Fig. 2 shows the dose-related inhibition of 

l the bioelectrical activity of dopaminergic neurons in 
tlie substantia nigra pars compacta, induced by apo- 
morphine and NPA. 

.1G. 4. - Comparison of ths effccts of NPA and apomorphine on motor activity and striata1 DA ~"nrhesis. NPA and apornorphine wcre 
reshly dissolved in saline containing 0.2 30 ascorbic acid and injected subcutaneously in the back of thc neck. Motor activity and DA 
ynthesis were rneasurcd as dcscribed in Materials and hlethods. Values are expressed as percent of saline trcatcd rats (controls). Each value 
s the mean f S.E. of 10 anirnals. The total counts in 25 min werc 834 5 54 in saline-trested animals. Striatal DOPA Icvcls are I reported in Table 1. (*) P < 0.001; (**) P < 0.05, with respecf to saline-trcated rats. 

i In agreement with previous reports [a, 101, me found 
tliat the median effective dose that inhibited the firing 
rate of dopaminergic neurons by 50 D/o (ED,) was 
9.1 pg. kg-' for apomorphine. The administration of 
25 pg. kg-I o€ the drug temporarily shut off 80 "o of 
the DA cells tested (N=15). On the other hand, the 
ED,, of NPA was as low as 0.36 pg. kg-' and the 
inaximal dose used, 1.0 p p  kgT1, produced a transient 
complete inhibition in 95 % of the cells studied (N= 
18). After injection of apomorphine (25 pg. kg-l) or 
NPA (1.0 pg. kg-l), recovery took place slowly ni tb  
a 5%60 % return towards base-line occurring in 30 
min (Fig. 3 A and B). Furthermore, the inhibition of 

I nigral 6ring induced by these doses of apomorphine 
and NPA was readily reversed by 50 pg. kg-I of hal- 
operidol (Fig. 3C). 

Moti[& As expected from previous results [4, 61, 
apomorphine caused a biphasic effect. At the doses of 
25-100 pg.kg-l, it significantly decreased motor ac- 
tivity and the animals appeared sedated. By contrast, 
the dose of 200 pg. kg-' increased motor activity and 
clicited stereotyped behaviour characterized by repeti- 

( tive sniffing and head and limb movements (Fig. 4). 
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Rc. 1. - Effcct of GABA on sH-Daspanate rdcase induced hy high K+depolarization from cerebellar synaptosomcs. Synaptosomca 
(P. fmtions) were supcrfused in M 0  pardel supcrfusion diambcn with the following procedure: standard mcdium (128 mM NaU, 5 mM 
KCI, 2.7 mM CaCI., 1.2 mM MgSO,, 1 mM Na.HPO,, and 20 mM N-2 hydroxycthylpipera2inc N-Zzthane~ul~honic ncid (HEPES) 
a pH 7.35) for 5 minutcs, then 15 minutcs with a mcdium containing 6 nM 'H-Daspar*nre. After washing {or 6 minutcr, 2 min fractions 
wcrr wllccted. The composition of the superfusion mcdium was changed as indicated in thc pands. Picrotorin nnd binicullinc merc 
ndded nt min 32. The 'H-Dajpartate released in each fraction is given as n pcrccntage of the total aH-D-asparute recovurd (total fractions 
from the timc of wllcction (min 28) plus filtcr at thc cnd of supcrfusion). Eadi c u m  is the avcragc of 2-5 wpcrimcnts, nin in du- 

plicate (taken from Levi and Gallo, ref. 11). 

show that the GABA antagonist picrotoxin prevented 
the large effect eliuted by GABA when synaptosomes 
were depolarized with 56 mM KCI. 

The GABA agonist muscimol potentiated the K' 
-induced release of 3H-D-aspartate in a way compara- 
ble to GABA, and its effect was equally reversed by 
picrotoxin (Fig. 2). Musdmol had hardly any effect on 
the spontaneous release of SH-D-aspartate. For this 
reason, in most of subsequent experiments, muscimol, 
rather than GABA, was selected as an agonist. Fig. 3 
shows the relationship between tbe magnitude of the 
potentiating effect of muscimol on aH-D-aspartate re- 
lease and the concentration of K U  in the depolarizing 
medium. The data point to a linear relationship be- 
tween the stimulatory effect of muscimol and the loga- 
rithm of tbe concentration of KC1. An extrapolation 
of the curve to the value of 1 on the ordinate (lack 
of effect of muscimol) corresponds to a K+ concen- 
tration of 7.8 mM which is probably too low to cause 
a substantial depolarization of synaptosomes, and is in 
fact close to the concentration of 5 mM present in 
our standard media. 

I t  seemed interesting to investigate whether the re- 
lease of 8H-Daspartate could be affected by GABA 
also in areas other than the cerebellum. Three areas 
(cerebral cortex, corpus striatum and hippocampus) 
were testcd in conditions (presence of 20 pM GABA, 
depolarization with 30 mM KC1) giving clear-cut ef- 

fects in the cerebellum. In these conditions, GABA 
did not exhibit any detectable effect on the release of 
SH-Daspartate (Fig. 4). - 

The results presented so far concern the behaviour 
of exogenous SH-D-aspartate which was similar to 
that of exogenous "Gglutamate. Since acidic amino 
acids are known to be actively taken up by cerebellar 
glial cells [15-171 and glial fragments may well con- 
taminate our synaptosomal preparations and take up 
3H-Daspartate from the superfusion medium, it seem- 
ed necessary to ascertain whether GABA potentiated 
the K+ -induced release of endogenous glutamate and 
of "C-glutamate previously synthesized from 14G 

glutamine. According to the current literature [la-201 
the pool of newly synthesized glutamate should be 
mainly localized in ntnre'terminals, when radioactive 
glutamine is used as a precursor. In  a set o€ experi- 
ments, cerobellar synaptosomes were superfused in the 
presence of' 'C-glutamine. The data on the release 
of endogenous glutambe and. of 14Gglutamate ob- 
served in these experimenis are reported in Fig. 5. It 
can be seen that during depolarization with 30 mM 
KCI the release of "Gglutamate was greatly stimu- 
lated by GABA, while the overall release of endoge- 
nous glutamate was apparently unaffected. Picrotoxin 
largely prevented the potentiating e&ct of GABA on  
the K' -induced release of the newly synthesized 
amino acid, in the same way as it prevented the effect 
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:urvs i6 tbc avcragc of 2-3 uperhcn t s  run in duplicate (taken 

from Levi m d  G d o ,  nt 11). 

FIG. 3. - Relationship bemeen the stimulntory effect of muscimol 
on $H-hspar ta tc  nlensc and the K U  conccnnntion in thc 
dcpolarizing mcdium. Thc &=t of musdmol was c~lculnted as 
ratio betmeen mmimal KU-cvoked rcleasc of 'H-Daspnrtan 
in thc prcscncc and in thc abscncc of thc GABA agonist. Expcri- 
menta1 procedure as in the Icgcnd for Fig. 1. Muscimol concentra- 
tion: 20 $. bncentrntion of KCI in the depalarizing mcdium: 
15 mM, 30 mM or 56 mM. Each point is the avcragc of 3 a p e &  
menta nin in triplicate + S.E.M. (tnkrn from Levi a d  GGnl, 
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FIG. 5. - EBect of GABA on the depolariration-induced release 
o f  glutamate from ccrebdhr synaptosomes. Synaptosomes were 
supcrfused with a medium wntaining 12 m "C-glutaminc for 
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fmm min 45 to 49. In tmo other chamhas, thc medium contain- 
ed, in addition, 20 pM GABA from min 39 to 49. In the last 2 
chamhcrs, the medium contained also 50 @i picrotoxin, from 
min 32 m 49. Endogmous glutamate and neluly synthesired 
L'Gglutamate wcrc detumined as previously described[ll] 

(takcn from Gallo, Levi, Raiteri and Coletti, ref. 12). 

of GABA and muscimol on the evoked release o€ 
aH-Daspartate. 

The lack of etiect on the release of total endogenous 
glutamate probahly reflects the fact that, in thq ex- 
perimental conditions used, the ,, reuptake p001 " and 
the ,, new synthesis pool ", which appear to be spe- 
cifically affected by GABA, represent only a small frac- 
tion of total endogenous glutamate. 

Fig. 6 shows a study on the age-dependence of the 
muscimol d e a  on aH-Daspartate release. No effect 
could be detected in cerebella from 8-day old rats, 
while the effect was present in cerebella from 20-day 
old animals. This observation may otier a clue to the 
nature of the nerve terminals involved in the phe- 
nomena observed. In fact, in 8-day old cerebella the 
putative ,, glutamergic" parallel fibers have not yet 
developed, while the other excitatory fibers (the climbing 
fibers) are already present and have synaptic contacts 
with the Purkinje cells [21]. 

In order to characterize more precisely the proper- 
ties of the GABA receptor responsible for the acti- 
vation of glutamate release, a series of studies were car- 
ried out on the ionic dependence of the biologica1 
effect observed. Tahle I summarizes tbe results of these 
studies. It is evident that the etiect of muscimol was 
neither Cas+ -dependent (line 2) nor Na+ -dependent 
(line 3 and 8). On the other hand, tbe effect was ab- 
sent when the concentration of CI- in the medium 
was below a certain leve1 (5CL75 mM depending on the 
composition of the medium). It is interesting that, 
starting from a cond'ition in which the effect was ab- 
sent (line 6: 50 mM K+ 87 mM Na+, 50 mM CI-) 
the effect could be restored by merely increasing the 
concentrauon of CI- fline 2 from bottom). or that of ,, 
K* (last line). 

In conclusion, while in Fig. 3 it is shown that the 
magnitude of the effect of muscimol is related the 
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Table 1. - Muscimol Effect on K+ -induced 3H-D-us- 
partate Releuse in Drferent Zonic Condifions. 

-- - -- - - 

lonic <onccntr.li.nr 
EUect of 
muacimol 

Y+ a++ N~ C CI- 
(20 vM) 

(n) 15-56 

(a) 30 

(a) 130 

(4 30 

(a) 50 
(n) 70-100 

(a) 70 
(a) 100 

(4 50 
(a b )  80 

133 present 

133 present 

133 . presene 
- absent 

50 absent 

70-100 prsaent 

75 absent 

105 prescnr 

80 present 

50 present 
~ ~- - -- 

(a) Cbloride; (b) Phosphate; (C) Isethionate; (d) Sucrose. 
EnKt of museimol on sH-D-aspaaatc release induccd by 

high K+ in diffemt ionic condition. Cerebell~r synaptosomcs 
(Pa fractions) were labelled and superfued as described in tbc 
Legend for Fig. r with media whose ionic composition is sum- 
marizcd in tbc table. Thc superscript letters a-b-c re fe  to 
fhe anion of che KK+, Na+ and CpP+ salts used. In a group 
of expcriments isuprrscripts Ictter d) sucrose was used to  re- 
placc NaU. CI- was present as NaCI, KCI and CaCI.. h 
che last column thc word n present n means that muuimol el- 
icited at 1wst a p % increase on the dcpoInrization - induced 
relcase of BH-D-aspanatc. Tbc word E absent u stands for no 
detectlble &cct of museimol on 'H-D- aspartate evoked rcleasc 

extent of the depolarization, Table I shows that an 
adequate depolar&ation is a necessary but not suffiuent 
condition to evoke the effect. which is not manifest 
unless a criticai concentration of CI- is also present. 
I t  is interesting that, when tbe concentration of CI- 
is just below the criticai level for a given depolarizing 
stimulus, an increase in the depolarizing stimulus can 

elicit the effect. It is thus possible that increasing 
depolarizations cause proportional increases in the af- 
finity or in the availability o€ GABAergic receptors. 
It is not clear whether CI- ions are necessary for 
GABA binding to its receptors or to trigger the bio- 
logica1 effect. Data reported in the literature on the 
binding of GABA to synaptic membrane preparations 
[22, 231 seem to exclude the first possibility; it seems 
possible that a CI- influx into tbe nerve terminals is 
promoted hy the activation of presynaptic GABAergic 
receptors. The entry of the anion could be the trig- 
gering step of an unknown mechanism by which gluta- 
mate depolarization-induced release is increased by 
GABA. 

The physiological implications of the present find- 
ings can be so far only matter of speculation. Since 
the most abundant nerve ending species presumably 
utilizing glutamate as a neurotransmitter in the cere- 
bellar cortex is represented by the parallel fiber termi- 
nals [l, 2, 4, 51, it is reasonable to suggest that GABA 
exerts its stimulatory action on glutamate release at the 
level of these terminals. This suggestion is corrobo- 
rated by the absence of effect at a developmental stage 
at which the parallel fibers have not yet developed. 

Whatever may be the origin of the GABA released 
onto the parallel fiber terminals (Purkinje ce11 or Golgi 
cell dendrites, basket cell terminals or others), the 
modulatory action of GABA on glutamate release 
would ultimately serve the purpose of increasing the 
activity of the inhibitory output o€ the cerebellum, 
represented by the Purkinje cells. 
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Summary. - The mechanism h which antibodies against 
nicotinic receptor ( A C h R )  increare fhe degradafion of A C h R  
and the clinical releuance of thir phenomenon bar been studied. 
I t  has been observed that the serum fraction which inrreases 
A C h R  degradation is IgG and that this class is actiue also 
iuhen separatedfrom IgG3 subclars. The A C h R  degrahtion, 
both norma/ and antibodj stimuìated, 2s independent of tbc 
external Ca+ +, is decreased bacitracin, methjiiamine and 
ammonium chloride. Ant i  A C h R  antibodies inrrease tbc 
number of endogtosic uesicles indicating that t h y  mq also 
affect the internalization and degfahtion of other components 
o/ the plasma membrane. Anti  A C h R  antibodies do no: 
modfi the rate of synthesis of AChR.  

The serum actiui& on A C h R  degradation has been also 
studied in severa/ patients at diffmnt times and it has been 
found that it correlates stricfly with the severi9 of myasthenic 
ynptoms. In ronclusion, it seems that unti A C h R  antibodies 
uffect the function uf neuromuscular junction bj  increasing the 
rate o degradation of A C h R  buf not its rate of rynthesis and 
probabb by increasing the turnouer of other membrane com- 
ponents which m q  bc important for the morphologv and act- 
iuio of tbc neuromurcular junction. The clinical releuance 
?f these jindings are strenghened the correlation in the 
paticntr between tbc serum artiuio on the A C h R  and the 
seuerify of tbc ngasthenic symptoms. 

Riassunto. - Gli Autori hanno studiato il meccanismo con 
cui anticorpi antirecettore nicotinico aumentano la degrada- 
zione del recettore stesso e la rileuanza clinica di questo pro- 
cesso. S i  è osservato che responsabile di questo effetto di aumen- 
tata degradqione è la componente gammaglobulinira del siero, 
che /e I2G sono attiue anche dobo che sono state briuate della - 
componente IgG3. La  degradazione del recettore, sia normale 
che dopo sfimolazione da anticorpi, non 1 dipendente dalCa++ 
extracellulare ed è antagoniwta dalla bacitracina, dalla 
metilamina e dal cloruro di ammonio. Gli anticorpi antire- 
rettore aumentano il numero delle uescicole di pinocitosi e 
contribuiscono quindi alla degrada@nc non rpeci/Fa della 
membrana cellulare. Gli anticorpi antirecettore. non mod:$- 
cono acutamente la sintesi del rccettore stesso. ' 

Studiando la attiuifa del siero di diversi paxienti miaste- 
niy durante /a euo/u@one del/a malattia si è uisto che ui è 
una buona correlarione tra attiuitù de/ siero e severità dei 

ineficienra della giunzione neuromusrolarc, sia per& dimi- 
nuiscono il numero dei recettori sulla membrana postsinaptica, 
sia perché possono anche anmentare la degrada+nc di altre 
proteirie di membrana. L'imporfanra di questi dati per la 
clinica à confermata anche dalla correlazione che è stata tro- 
unta nei miastenici tra attiuità del siero sul recettore e seve- 
rità dei sintomi. 

In Myasthenia Gravis patients the main modification 
of the neuromuscular junction is a decreased number o€ 
acetylcholine receptors (AChR) in the postsynaptic 
infolding, which is probably the most relevant reason 
of the failure o€ the neuromuscular trasmission [l, 21. 

Myasthenia Gravis (MG) is an autoimmune disease in 
which both a humoral and cellular immune response 
against the acetylcholine receptor has been clearly 
demonstrated[3-61, and it has been postulated that 
this autoimmune response may have a role in causing 
the myasthenic symptoms. This hypothesis was based 
on several data a) it is possible to induce an experimental 
mode1 o€ MG in several animals immunizing them with 
Torpedo or electric Eel AChR, and the severity o€ the 
induced disease is related to the anti AChR antibodies[7]; 
b) the large majority of myasthenic patients have anu- 
bodies against AChR [6,8]; C) anti AChR IgG from myas- 
thenic patients injected in animals induce myasthenic 
symptoms [91; d )  the morphology o€ neuromuscular 
junction in MG patients and in the myasthenic animals 
. . . . . . . . 
1s similar [IU]. 

However it is not yet clear what is the mechanism 
by which antibodies can affect the activity of the neuro- 
muscular junction. Recently it has been shown that 
anti AChR antibody may block the receptor witha curare 
like action [11] or increases the degradation of both 
junctional and extrajunctional AChR [12-141 and it 
has heen suggested that such effects may explain the 
decreased number of AChR found in the neuromuscular 
junction of myasthenic patients. 

In this paper it is presented: 

sintomi miastenici. -In base a questi dati gli autori concludono a) evidence that the AChR antibodies increase in 
che gli anticorpi antirecettore possono essere rerponrabiLi della vitro the degradation of AChR, but not its synthesis; 
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b) an hypothesis on the mechanism by which 
degradation o€ AChR is carried out; 

C) evidence obtained in a group of myasthenic 
patients that the activity of sera of MG patients in 
increasing the AChR degradation is correlated with 
the severity of the disease. 

Ceflr. The clonal muscle cell line BC3H-1 [15] was 
grown in Dulbecco modified Eagle's medium contain- 
ing 10 €.tal calf serum (FCS) in a 6 % CO,, 94 % 
air incuhator in 35 mm I'etri dishes at an initial density 
of 1.8 r lo3 cells/cm2. Confluency was obtained in 
about 5-7 days while maximum AChR densities were 
achieved by 10-12 days. Myogenic cells were obtained 
from posterior limb muscles o€ 3 days old Sprague 
Dawley rats according to the technique of Jaffe [l61 
and cultivated in a medium analogous to that nsed 
€or the BC3H-1 cells. 

Toxin. a - Bungarotoxin (a BT) was purified accord- 
ing to Borman [l71 and labelled with '"1 using the 
Chloramine-T method [l8]. 

Putien:~. Plasma or serum was obtained from patients 
suffering from moderate to severe generalized MG. 
The diignosis was assessed by a clinical and electro- 
myographic criteria and the clinical stage of the disease 
was classified according to Ossermann and Genkins [l91 
with slight modifications. 90 % o€ the patients receiv- 
ed prednisone (25-100 mg) on alternate days and/or 
anticholinesterase drugs. 

A s s q  of AChR àegradution and synthesir. AChR deg- 
radation was measured both in BC3H-1 cells and 
myotubes with similar results, using the technique 
described by Kao and Drachman[13] and Devreotes 
and Fambrough [20]. 
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FIG. l .  - Efiect of scrurn of a norma1 subjcct and of a MG paticnt 
and o€ antibod~ classes on thc AChR degradation of BC3-H1 
cclls. Both serum and IgG from MG patient increase the AChR 
degiadation while IgM doss nut aficct it. The IgG used has 
been passed through a Scpharnsc-protcin A G l u m ,  so that 

thcy do not contain the IgG3 subclasr. 

Cells were incubated for 30 minutes at room temper- 
ature with 0.02 pM "1 a-BT. Cultures were subse- 
quently washed €ree of unbound toxin and retufned 
to the incuhator in growth medium containing, instead 
of FCS, 10 % of norma1 or myasthenic serum, since 
it  was previously shown that this amount produces 
the maximum activity [21]. Medium was removed 
far measurement o€ lP51 at different times and fresh 
medium was returned to the dishes. 

The rate of appearance of radioactivity in the medium 
is an indirect measurement of the rate of degradation 
of the AChR [13, 201. Al1 determination were perform 
ed in triplicate. The rate of synthesis o€ AChR was 
measured by incubating the cells €or 30 minutes with 
0.2 pM unlabelled a-BT. After 1 ,2 ,3 ,4 ,6  hours iodin- 
ated a-BT was then added at a concentration o€ 0.02 
pM. The reaction was stopped by washing the cells 
three times with Earle and 2 % FCS. Cells were remov- 
ed from the dish with a rubber policemen, and counted. 

IgG Purifiation. IgG and IgM were purified by 
chromatography on DEAEAffi-Gel blue (Biorad Labo- 
ratories, Richmond, California). IgG, subclass was 
isolated hy affiniry chromatography on a Protein-A 
sepharose column (Pharmaua, Uppsala). 

A) Cluss of antiboaj aferting A C h R  degradution, 

It was previously shown that &era o€ MG patients 
increase the rate of degradation o€ AChR and that 
this activity is proportional to the antiAChR antibody 
titer [2l]. An example of this activity, using as a test 
BC3-H1 cells, is shown in fig. 1. In arder to analyze 
which class of antihody is acrive in this process, both 
IgM and IgG were isolated; only IgG were found 
active on AChR degradation. Since MG patients have 
a high concentration o€ IgG, this subclass may be the 
active component o€ the antibody, therefore the IgG, 
component was separated from the IgG. The IgG 
without IgG, was found active in the same way as 
the parent IgG (Fig. i), indicating that the IgG, sub- 
class is not relevant for the serum activity on AChR 
degradation. 

B) Rnie of syntherir and degrudafion of AChR.  

One of the more important question to ask is if 
the antibody which induces AChR degradation stimu- 
lates also its synthesis. For this purpose a pool of sera 
of severa1 myasthenic patientr which were very active 
in increasing the rate of degradation wsre selected and 

Table 1. -  aie òf..p?thesis A- und degrndafion of A C h R  ,~ - 
---- .. a . . - 

Norma1 . . . . . . . . 3.7k0.6 3.110.06 16.2k0.3 

Myasthenic . . . . . . 3.950.5 5.8+0.4 8.8jz0.5' 
-- -- ---p 

(') Signi6cantly different from contro1 < 0.005). 



the effect of this pool was tested on the rate of AChR 
synthesis in BC,H-l cells. It was found that in pres- 
ente of a normal serum the rate of degradation and 
the rate of synthesis of AChR are comparable, while 
in presence of myasthenic sera the rate of degradation 
is increased but the rate of synthesis is not modified 
even after 6 hours of culture (Tab. 1). 

C )  Effect ofdr1181 activcon enbo@rs on A C h R  degradatton. 

It has been postulated that antihody clusters AChR 
on the surface of the cells and that this step triggers 
an increased endocytosis Bf plasmalemma, a subse- 
quent fusion of the endocytotic vesicles with lyso- 
somes and finally a degradation of AChR [8]. 

This hypothesis was tested using differeot drugs 
which afiect endocytosis and lysosome functions. The 
BC,H-l cells were cultivated in a Ca++ free medium 
containing 1 mM EGTA and it was found that the 
rate of AChR degradation, both in normal conditions 
or after antibody stimulation, is not atiected (Tab. 2), 
showing that this process is independent of the external 
calcium. Bacitracin and methylamine, drugs which 
interfere with the clustering process [22], decrease in 
a dose dependent manner the rate of degradation of 
AChR both in normal and after antibody stimulation 
(Tab. 2). However these drugs do  not modify the rate 
of synthesis of AChR (Tab. 3) showing, also in this 
case, a dissociation between rate of synthesis and rate 

Table 2.  - Effects o f  CaPC a d  drugs inter/ering with 
endocytosis on A C h R  degradation. 

None ........................ 16.0 8 . 2  
Ca2+ free medium + EGTA 1 mM 13.9 9.5 

Methylnmine: 

0.1 ........................ 33.2 21.0 
1.0 ........................ 27.9 50.0 

Table 3 .  - Effect of drugs active on endoytosis on AChR 
iynthesis. 

.... .- 

D R U G S  ?&/ho~. 

None .................................... 3 . 7  
Baaytracin 1 mM . . . . . . . . . . . . . . . . . . . . . . . .  2.0' 

Methylamine 0.1 mM .................... 2.5' 
-- 

(*) Not aignificantly dHerent from control. 
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rnyasthenic 
FIG. 2. - Number of pynocytotic vesicles on the surface uf BC3H-1 
celln. The numher of pynocgtotic vcsicles have b e n  couoted in 
cells grown both in normal or myasthenic IgG at different time 
intervals. For each point the surface cxarnined was 75 After 
30 minutes, myasthenic IgG incieases the numher of pynocytotic 
vesicles while the norrnal serum did not affect it at any time. 

of degradation of AChR. The function of lysosomes 
was reduced by culturing the BC,H-l cells in medium 
containing NH,CI, and in this case the rate of degrada- 
tion of AChR is apparently reduced (Tab. 2). 

The cells were also prepared €or electron microscope 
examination with the freeze fracture technique and the 
numher o€ endocytocic vesicles were counted at differ- 
ent times after the exposure to the human sera. When 
the cells have been cultured in normal serum, the num- 
ber of endocytotic figures does not change in time, 
but when the cells have been cultured in presence of 
sera of MG patients the number of endocytotic figures 
is increasing dramatically with time (Fig. 2), showing 
that the sera of h lG patients stimulate endocytosis. 

It has been thus shown that sera of MG patients 
increase degradation of AChR through a surface cluster- 
ing of AChR, which leads to its increased internalization 
through endocytotic vesicles, step which is not calcium 
dependent, and finally to a destruction by lysosomes. 

D )  Clinica/ releuance o f  AChR degradation. 

If antibodies can really increase the rate of AChR 
degradation, they may he then correlated with the 
decreased numher of AChR receptors found in MG 
patients and should also he cnrrelated with the severity 
of myasthenic symptoms. For these studies rat myo- 
blasts, grown in vitro as described, were used as a tool. 

A correlation has heen previously described hetween 
the severity of the disease and the activity of the sera 



Table 4. - Correlah'ons betiveen clinica1 stage of 16 my<~s- 
thenic patients and the actiuio of their sera. 

PATIENÌS D i l e  
of tesrins C I  e W fzfC:ho" * 

4 
R F 

4 
R F 

1b 
R F 

2b 
R F 

2b 
R F 

4 
R F 

4 
4 

3 
3 

Za 
2a 

3 
3 

3 
4 

2b 
2b 

R F 
4 

3 
2a 

2a 
4 
t b  

3 
2b 
plasmapheresis 
2b 
2b 
4 
4 
4 

(a) The wveriry of thc diaease wss classified acsording 
to Osacrman and Gcnkins (19) as followa: RF = Completely 
symptom-free or symptom-free with only minimal doses of 
inticholineatcrnse sndlor conicosteroidr drugs. - I = local. 
izcd, nonprogressive form, usually ocular. - 2a = mild or 
moderate genaalired form without bulbar involvement. - 
2b = moderate or severe generalired form with bulbar 
manifcstations. - 3 = Acute onset of generalired myasthcnia 
with aevere bulbar manifcstations. - 4 = Late severe form, 
acute progrcsaions from groups I and 2 with frequent reapi- 
ratory criscs. 

The activihl of the sera of these psticnts have been tested 
at diEerent times snd compares with the clinica1 state of 
tbc patients. The correlation between the two parameters 
is rather good except than in case 12 and 13. 

of MG patients on the AChR degradation [21]. This 
correlation however is even more striking in the single 
patients. In the majority of cases, when the patients 
improve, the activity of their sera decreases, yhile 
when they become more severely il1 the activity of 
their sera is increased (Tab. 4). The interesting fact 
is that the modiiications of the serum activity follow the 
clinical evolution, whatever the « basa1 n activity. Out 
of the 12 cases with a positive correlation, two cases 
merit particular attention. In case n. 15 there is a con- 
stant strong acceleration of AChR turnover, and small 
variations of the AMd afe closely parallel to wider 
fluctuations of the severity of the disease. In  case n. 16, 
where correlation is also very close, the serum activity 
went to normal values for a shon period of time after 
plasmapheresis as expected because of the induced 
reduction of al1 the antibodies' level. 

In  this paper it has been shown that anti AChR IgG 
afiens AChR rate o€ degradation in vitro without 
affecting AChR synthesis. This fact is relevant since 
it may explain the decreased number of receptors found 
in the neuromuscular junction in MG patients. 

The correlation between the severity of the disease 
and tbe activity of sera of MG patients on AChR 
degradation is a funher support of the clinica1 signifi- 
cance of this phenomenon. However, the lack of 
effect of anti AChR antibodies on AChR synthesis has 
been measured in cells « i n  vitro n for a short period 
of urne, thus in a situation completely different from 
the dinical one. 

Furthermore the cells used for these studies are a 
continuous cell line derived from a mouse tumor which 
have some characteristics of the muscle cells, they 
contain contrattile proteins and nicotinic AChR, but 
do not fuse and do not produce myotubes. 

However the turnover rate of AChR is similar to 
that of rat normal myotubes [21] and human antiAChR 
antibodies cross-react to some extent with rat and 
mouse AChR [23]. With these limitations, BC3H-l 
cells seem to be a reìiable mode1 for studying the ef- 
fect of sera of MG patients on AChR turnover. 

We have measured the rate of synthesis counting the 
new receptor molecules which have been exposed at 
the surface of the cells after their incubation with the 
serum to be tested. It is possible that for a short period 
of time the rate of insenion of new receptors does not 
depend on the rate of AChR synthesis, but on the avail- 
ability of receptors present in a cytoplasmatic pool. 

Ho&ver it  has been reviously shown that the intra- 
cytoplasmatic p001 of A h* is very ma11 1241 and can 
account fot the insertion of new receptor molecules 
at the cell surbicefor less than four hours if the protein 
synthesis is blocked [a]. Inpur case the rate of insertion 
of new AChR is the same evea &er G hours of culture. 

Furthermore in preliminary experiments, in which 
the cells have been grown in presence of anti AChR 
antibody for three days, it was found that the total 
number of AChR exposed at the surface is dramatically 
decreased over the contro1 cells. And this supports 
the hypothesis that the antibodies to AChR aflect 
only the rate of degradation of AChR. Dissodation 
between rate of synthesis and rate of degradation of 
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AChR wasl also found when the rate o€ AChR degrada- 
tion was decreased by methylamine and hautracin; 
also in these experiments the rate of synthesis was 
not affected. 

I t  seems that synthesis and degradation of AChR 
are not coupled and that it is possible t o  affect one 
process without affecting the other. I t  is possible that 
in humans, io  which the situation is more complex 
and the time of espositiqn of the muscles to antibodies 
is ,very long, a diffeRitt zigulation of AChR turnover 
prevails. I t  has been found that A W  $re internalized 
by a process which requires clustering'af the surface 
molecules - since this process is decreased by the use 
of bacitracin and metylamina - and an ihcrease of 
endocytosis. I t  seems that anti AChR antibodies act 
hy stimulating the physiological process of AChR 
degradation since both norma1 and antibody-stimu- 
lated degradation is affected in the same way by drugs. 
Antibody-stimulated endocytosis may be not spe- 
cihc for the internalization of AChR and could affect 
other membrane molecules. I n  fact AChR mol- 
ecules are a minimal p a n  of the membrane protein, 

probably less than 0.1 %, and thus a selective retrieval 
of this class of molecules would have not increased 
the number of pynocitotic vesicles. Furthermore, in 
preliminary experiments it was found that the number 
of intramembrane particles of the plasmalemma are 
also decreased early after the medication with anti AChR 
antibodies, indicating that membranes are probably 
deprived of severalUprotein. ~urthermore, '  a ]arie 
clusterine of ~art icles was not obsemed after antibodies " L 

exposure, indicating that the cluster of AChR which 
may trigger endocytosis is relatively small. 

In  conclusion, present data strongly suggest that the 
antibodies against nicotinic AChR impair the function 
of neuromuscular junnion by increasing the AChR 
degradation and not AChR synthesis, and that in this 
process of AChR disposal by endocytosis other surface 
molecules may be affected. Probably, at the leve1 of 
the postsynaptic membrane profound rnodifications 
are produced by anti AChR antibody, in agreement 
with the large morphological modihcation that has 
been found in the neuromuscular junctions of the MG 
patients. 
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