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The more we learn about the individua! elementi of the nervoUI 
system, their chemical nature and their phy•iological mechanùrru, the 
ea~~r it become8 lo undeT~tand how drugs con influence their behavior. 
(LoWRT, 1963). ' 

If the centra! nervoua ayatem were conatituted by neurons having si­
milar function, structure and chemical composition, it would be very diffi­
cult to juatify the use of cellular analyaia. W e know that thia is not the case 
and bere, more than in any other organ, functio~ ia dependant on the com­
plex coordination of different typea of individuai unita. The smalleat an d sim­
pleat nucleus in the CNS ia built up by different typea of nerve cella. Beaidea 
nerve cella other cella are present, such as glial cella, ependymal cella, blood 
vesaels and blood cells. 

The neuron repreaenta therefore not only the largest celi in the organism 
(water free weight between 5 and 50 ng. ; l ng = 10'' g), but is also the most 
varied in its from, dimension and chemical compoaition. Terminale from 
other cells are connected to the cell body, the dendritea and the first part 
of the axon. Fig. l repreaents an isolated nerve celi body, which has been 
disaected out from a sympathetic ganglion and thein stained for AChE by 
KOELLE'S method (1951). 

( ") This review is based on a lecture held at the Istituto Superiore di Sanità on the 30th 

March, 1967. 
(

0 
•) The following abbrevia tione bave been used in the text, figures an d tables : 

A Cb = Acetylcholine; ~tCACh = "C Acetylcholine; MeCh = Acetyl·f3-methyl· 
choline ; NE = Norepinephrine; IHNE = tritiated norepinephrine; SHTP = 5-Hydroxy­
tryptophan ; SHT = 5-hydroxytryptamine ; DOP A = 3,4-dioxyphenylalanine ; DA = 
Dopamine; GABA = y-aminobutyric acid; GLY = Giycine; Hl = Histamine; PG = 
Prostaglandine. 

AChE = Acetylcholinesterase; BuChE = Butyrilcholinesterase; ChAc = Ch oli­
neacetylase; MAO = Monoamineoxidase; COMT = Catechol-o-methyl-transferase; DOPA­
DC = DOPA-decarboxylose; SHTP-DC = SHTP-decarboxylase. 
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460 RASSEGNE 

Tbc product of tbe staining reaction. which is visiblc on the celi body, 
gives us an idea about the large number of conncctions betwccn the celi body 
and terminals originating from othcr cells. Tbc celi body and the ò endrites 

Fig. J. - Sympathetic ganglion celi of t.he rat s tai ned by KoELLE's meùtod (1951). The 
AChE activity is dernonstratecl by srnall crystals covering oli the celi body. 
(Mogni6cotion 800 X). 

are practicaUy covered with hundred s of smaU structures, thc synapses. 
Thc numbcr of these synapses may be as high as 5-6.000 for cortcx ceJis and 
2-3.000 for motor neurons (CAJAL, 1909). Each neuron establishes contacts 
with ovcr 1.000 ncighboring cells and thr clectrical activity of onc single 
fibre may influencc about 5.000 neurons. 

If we isolate a nerve ecU by dissection under the rnicroscope and piace 
it in a weak solution of methylene blue it is possible to visualizc thousands 
of small spots on each celi body, each represcnting a synapse. 

Thesc synapscs are not at ali alike morphologically, chemically or phar­
macologically . Therefore, if wc isolate by dissection a discrete and well de­
fined portion of cortex, hypothalamus or mesencephalon (Fig. 2), and sepa­
rate by means of centrifugai fractionation techniques the synapscs present 
in this region from other subcellular constituents, we should stili obtain a 
very heterogencous materia!. That is, our fractions should sti li contain exci-
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GIACOBINI 461 

tatory, inhihitory and otber types of synaptic structures (synaptosomes, 
Fig. 2). Witb further fractionation (Fig. 2) i t is possihle to separate the elemen­
tary particles storing the transmitter that is, the vesicles and granules. Tbe 
dimension of tbe vesicles varies hetween 200 and 1.400 A. The stored mate-
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Fig. 2. - Schemntic diagram of fractionation techniques for sepurnting synapses (synap­
tosomes) and other subcellular structures (vesicles nnd grnnuln). 

riai is mainly constituted hy transmitters or precursore but tbe presence of 
other substances can not be excluded. Up to tbe present time, stores bave 
been found of ACh, NE and 5-HT, and it is likely tbat many other types 
will be found in the future . 

The small 200 A vesicles have been associated witb ACh but, on tbe 
other band, tbe same type of vesicles have been found in adrenergic synapses. 
This fact can not be explained at the present time. Many authors bave corre­
lated o t ber types of larger vesicles ( diameter about 500 A, tbc so called «dense 
core n) witb adrenergic terminals. This correlation seems not to be absolute 
and valid for allloealizations in the CNS. The attempts wbieh bave been made 
to classify the different types of vesicles and granula are s tili unsatisfaetory . 

lt has also been shown that the utilization of 8HNE and the effect of 
many drugs aeting on catecholamines differs largely in the different parta 
of the brain (IVERSEN, 1967) . 

Llnn. 181. Su~r. Sanità (1968) 4, 459·488. 



462 RASSEGNE 

These facts emphasize the problem of the grea t complexity of the CNS 
and illustrate the difficulty of obtaining homogeneous structures for chemical 
analysis. Wc wou1d therefore like to stress thc point that the analysis of 
homogenates ohtained from brain or even from circumscribed regions of the 
brain may produce results very difficult to interprete. 

THE PERIPHERAL AUTONOMIC SYSTEM AS A :MODEL FOR BIOCHEMICAL 
AND PHARMACOLOGICAL STUDIES 

In order to avoid some of the difficulties connected with tbc isolation 
of homogeneous material from the CNS wc havc used as a model for our 
investigation the different sympathetic and parasympathetic ganglia of the 
cat. Both physiological and pharmacological studies (SJoQVIST, 1962 ; GIA­
COBINI, 1967) strongly suggested that the neurons which constitute the sym­
pathetic ganglia have different physiological and pharmacological properties, 
that is, the ganglion cells may be of di.fferent na tures. Histochemical studics, 
using staining techniques such as KoELLE's techniquc (1951) for AChE or 
the fluorescence technique for catecho1amines (FALCK et al., 1962) further 
support this view. 

In the sympathetic ganglia the great majority of synapses should be, 
according to classica) pharmacology, of the cholinergic type (Fig. 3-A). Ho-
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n Fig. 3. - Synnptic connections in the sympa-

thetic ganglia of the cnt. A and B, 
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splenic nerve ganglionic cholinergic fìbres an d 

(r 3l.. postganglionic (altern. cholinergic) 
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l 
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nerve and L5 ganglion. 
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wever, the postganglionic fibre can be of different types, that is, cholinergic 
or adrenergic (Fig. 3 B). 

.&nn. I st. Super. Sani là (1968) 4, 459-488. 
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The role of ACh, as summarized by KoELLE (1962), may be two fold. 
First, ACh liberated at tbc synapse may induce the liheration of additional 
quanta of presynaptical ACh. Second, ACh may liberate or trigger the lihe­
ration of otber transmittere from the preeynaptic site. An example of fun­
ctionally different postganglionic fìhree is that of the cholinergic fibrce ori­
ginating from the L7 ganglion, which innervate the eweat glande and tbc 
veesels of the hind limhs of the cat as suggest ed by LANCLEY (1892). 

TECHNICAL PROBLEMS CONNECTED WITH MICROCHEMICAL ANALYSIS 
OF SINGLE NEURONS. 

lf we acccpt the view that neuropharmacological druge influence diffe­
rent parte of the CNS and different typee of cells in a different way, we can 
underetand that the use of microtechniques in the ficld of ncuropharmacology 
is almost a conditio sine qua non rather than a technicaJ luxury. As Loway 

pointed out (1963) : «W e teach that hypnotic and anaesthetic agents bave a 
selective action on the CNS. Actually it is the other way around . It is the 
CNS which is selective in response to druge ». Therefore, the more we learn 
about the chcmical structure and function of the neurons, tbc casier it is to 
understand the mode of action of neuropharmacological drugs. 

In order to study the drug effects a t thc cellular leve! we can make use 
of at leaet two different approaches : the cytochemical and thc neurophy­
siological (Table 1). The first approach involves the microinjection of drugs, 

Study of drug effects al lhe cytoloKfcal leve! 

l 
cellular localization of sitea of drug action 

l 
! 

histo· and cytoch emistry 

l 
! 

l 
microapplication of drugs 

l 
! 

electrophoretical techuique 

l l 
! ! 

quaniÌialÌve qualicacive direct excracellular inlracellular 

TABLE l. 

inhihitors or transmitters directly on the neuronai membrane. The injection 
is obtained by means of electrophoresis with a so called multiharrelled elec­
trode made up of severa! concentric micropipettes (Fig. 4). A simultaneous 
rccording of thc action potcntial is obtaincd. Thesc experiments aim to cha-

Ann. lat. S uper. Sanitè. (1968) 4, t69·488 . 



461 HASSEGNE 

racterizc very specifically the reaction of thc neurona l membrane to thc admi­
nistration of diffcrent t y pes of substances, partic ularly t hosc wh ich are 
susp ect ed t o serve as physiological n eurohumoral transmitters. T lw respon-

Fip:. 4. - Microinjection of p barmacologica lly act ivc substances or t runsrni tters 011 thc 
neuronnl membrane by means of a concentric (5-barrelled) electrode. S imultu­
n eous in trucellulnr recordi ng of tbe action poten tinl. A, B nnd C represen t difl"e­
rent t ype of synapses (A = axosomntic, B = a xodendritic, C = axoaxoual. 
influenced by the microiotiection. T he non-synnptic part of tbc ccii membrane is 
occupied by glia! cells. l'rom SALMOIRAGill & BLOOM (1 964). 

ses, which are recordcd as a varia tion in tbc ionic conductance of the ccii 
membrane, are related to thc effec l obtained a fter p hy siologica l or electrical 
stimulation of the same neuron. It should be em phasized tha t the s t rongest 
evidcnce for a substance to be identi fìcd as a cc physiological transmi tter » 

is t he fact tha t the subst ance is liberated after physiological stimulation and 
acts on the postsynap t ic membrane in a characteristic way , inducing specific 
conduct ance changcs. Unfortuna tely, this cvidence is lacking, for most CNS 
t r ansmitters becau se of t he t echnical difficulties inhercnt in such experiments . 

SALMOIRAGHI & BLOOlll (1 964) bave demonst r ated that different t ypes 
of n eurons exist in thc CNS, showing different scnsit iv ity to variou s tran­
smitters, and that tbc sam c tran smitter m ay exer t different effect s upon 
different neuron s (Fig. 5, I ). For example, N E and 5HT can b e botb 

A ntl. ! st. Stt]JU. Sanit<i (1908) 4, 459-488 . 



GIACOBINI 465 

excitatory and inhibitory for the cortical neuron (Table 2). At the same time 
some cells are sensitive to ACh but not to NE or 5HT. Similarly, in the ner­
vous system of invertebrates it has been found that the activity of a single 
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I Fig. S. - Schema tic diagram of neurohumoral 
trarumiasion. Triangles and aquarea 
represent two tranamitters. I : T o tbc 
left a presynaptic fibre ; A and 8 
represent two postsynaptic neurons. 
The activity of n single axon libera­
ting the some transmitter mny pro­
duce opposite effects (depolarization 
and hyperpolarizntion) upon two 
different postsynaptic neurons by 
exciting o ne nnd inhibiting the otber. 
Il: upper pnrt: More than one tran· 
smitter, or compounds baving dif­
ferent chemical s tructures, may 

n 
produce a similBI effect on two nerve 
ceUs (postsynapticnlly) and in.itiate 
the same permenbility cba nges. 
Lower part: Excitatory synapses 
influenced by difTerent mediators 
may coexist in the same neuron. 

axon liberating thc same transmitter may produce opposite effects upon two 
different postsynaptic ncurons by exciting one and inhibiting the otber 
(Fig. 5, l) (STRUMWASSER, 1962). 

Furthermore, it has been found (GERSCBENFELD, AscnER & T AUC, 
1967) that more than one transmitter, or compounds having different che­
mica! structure, may produce a similar effect on the nerve celi and initiate 
the same permeahility changes (Fig. 5, II). Excitatory synapses under the 
infiuence of differcnt mediators bave been demonstra tcd to cocxist in the 
same neuron (Fig. 5, II) (GERSCHENFELD, AscRER & TAUC, 1967), tha t is, 
excitatory postsynaptic potentials can be produced b y at !cas t two different 
synaptic transmitters. In some neurons these transmitters have already 
been identifìed as ACh and biogenic amines (catccholamines and 5HT) 
(TAUC, 1967). 

According to these results, the specifìcity of tbc synaptic response 
may be expla ined by thc fact that this spccifìcity rcsidcs in thc rcccptor or 
in stcps beyond the rcceptor , and the typc of rcsponse elicited may depend 

...tnn. /st. Suver. Sanità (1968) 4, 459·488. 
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TABLE 2. 

Substan008 admluletorcd clcotroJ)horotlcnlly 

Nl!:U ll ON 
ACb l NE DA 5·111' GLlJ'l'. l GAUA 

Medulla l FN D F , D l 

P ons . FN D F D 

Inferior colliculi . F ' i\ 

l F ~D F 

I-1 yp otha lamus FN D FND 

D 

Thalnmus: 

Ventrobasal complex . F N ' D F 

Lat era! geni culote F D D D I F 
Cauda te F i\ D F D F D I 

Cortex : 

~ l 

l 
Auditory, eom a to-sensory, sen-

D I F sor y-motor F D D F 

Vi sua l FN D D I F D F 

l 
D 

Cerebellurn F F 

Olfoc tory bulb FN D F D N D l F N 

Modificd from 5ALMOHIAGHI & BLOOM (1964). F facilitatiou, D depression , 
= no response. 

on t hc charact cris tics of thc membrane ra thcr than of thc transmillcr itself 
(Fig. 5, I ). 

T he fin a! r csponse of a ncuron to a certain drug depcnds thcrcfore on 
thc combined r esponse of differ ent receptors, on thcir threshold, and on tbc 
degree of accessibility of tbc drug t o the transmittcr. In other words, because 
of thc great complexity of synapt ic organization, a ccrtain drug having a 
rela tively simple mechanism of action may produce a ratbcr complicatcd 
cffec t by coming simultaneously into contac t with inhibitor y or cxcitatory 
synapses having different pharmacological « sensitivity ». 

Since tbc n euron has developcd membrane structures (rcccptors) ha ving 
sensitivity to different types of transmitters its membrane mus t be phar­
macologically diffcrcntia ted t o a high degrcc. This means tha t during d eve­
lopment, the m embrane produces different types of r eceptors having a spe­
cific sensitivity to differcnt t ypes of presynaptically liber ated substances. 

Ann. Iat. Super. Sani/d (1968) 4, 459-4 88. 
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lt is not known how the postsynaptic membrane is devcloped and diffe­
rentia ted, but it is supposed that contact with, or proximity of the presy­
naptic component must be of importance. The emhryonic muscle, e. g., is 
ra ther uniformely « sensitive » to ACh in ali its extension, but after inner­
va tion only a small and well defined region remains which maintains this 
scnsitivity. This specific and limited region , the muscle end plate, can re­
gress, under certain conditions, to tbc embryonal situa tion, e. g., after de­
ner va t ion . The neurons must therefore possess genetic information about 
tbc typc of recep tor molecules which will appcar in its membrane. The ulti­
ma te distribution pattcrn and specificity of such a r eceptor structure is pro­
bably d ependant on which type of contacts the neuron cstablishcs with other 
cells during its development. 

A ALYTICAL R EQUIR EMENTS FOR CYTOCHEl\IICAL STUDIES 

Tf wc now consider the second approach, tha t is, cytochemical analysis, 
wc must es tablish certain criteria for s tudying the effect of drugs a t the cel­
lular leve!. The experiments require precise and well controlled condi t ions 
in order to avoid different types of artefacts. 

These conditions are : 

A) quantitative signifìcance ; 

B) high specificity ; 

C) high sensitivity (high localiza tion and resolution of the local 
clwmical e.ffects of a given drug action) ; 

D) the presence of the drug should not interfere with the method itself ; 

E ) the method should be unaffected by side reactions ; 

F ) rapid ana lysis of severa! samples at one time; 

G) rela tively low cost of chemicals and equipment. 

Since the effect of a certain drug is often a consequence of its elfect 
upon a certa in en zyme or enzymes, it is important to follow the effect of the 
d rug on the enzyme activ ity in r es tric ted regions of the ner vous system or, 
if possible, in single cells. Neuropharmacologists are also interested in s tu­
dying those enzy mes which t ake part in the met abolism of pbysiologically 
active su bstances like transmitters, and to spccify the localiza tion of sucb 
cnzymes. We sbould emphasize the significance of obtaining quantitative 
r a ther than qualitative resul ts dur ing such a study . Most his tochcmical 
tcchniques (s taining or fluorcsccnce mcthods) have a rela tively limited use 
in pharmacological studies bccause they lack quantitative significance. 

The sensitivities of different ty pes of techniques are reported in Tahlc 3. 
In our lahora tory wc have mainly used fluorimetric, isotopic, and microma-

Ann. !st . Super. Sanità ( 1 ~68) 4, 459·488. 
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TABLE 3. 

Sensltlvlty of lsotope procedure and comparlson to tbat or other method s 

TEC II NIQUE 
SENSITIVI'rY 

(moles or meaBUrable 
subslrnto) 

Colorimetric 
Fluorimetric 
lsotopic . . 

IO·• - 10-•o 
10·" - 10·12 

I O •• _ Io -•a 

10·18 - 10·1• Microma nometric (Cnrtesian diver) . 

nomctric t cchniques. The isotope techniques, which have rccently been intro­
duced in cC'IIular analysis (BucKLEY et al. , l967a) have proved to be of great 
help. A schematic diagram of the isotopic t echnique developed io our labo­
ratory for measuring different enzyme act ivities in single cells is shown in 
Fig. 6. Table 3 shows that isotopic techniques may be more sensitive than 
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- Schemalic representation of the procedure for the radiochemical determinalion 
of enzyme nctivity (ChAc, AChE, MAO, etc.) in individuai nerve cells. Mter 
removing the connective tissue capsule n smnll piece of ganglion is dissected 
out (A), and single cells are obtained from this fragment by microdissection (B). 
By means of a diver micropipette a single celi is washed in fresh Ringer before 
tra nsferring it by the same pipette to a smnll tube (C nnd D). The smnll volume 
of Ringer earried with the celi (about 0.1 f.L I) is evnporated by blowing (E). The 
tubes cont aining the cells are placed in ice and 0.5-1 f.Ll cold buffer substrate is 
ndded. To prevent evnporation, the tubes are tither sealed with caps, or 50 f.LI 
hexane is pipetted onto the incubation mixture (F). After incubn tion and the fol­
lowing stcps, the radioactivity is measured in 11 scintillntiou counter (G). 

Atm. l at. Stt]H!r. Sa,.iltl (1968) 4, 459·488. 
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both colorimetric nnd fluorimetric techniques. On the other hand, the num­
ber of rcsults obtained per experiment is much la rger with i otopic than 
\~i th micromanometric techniques. 

Fig. 7. - celi body (30 !-')Crom a rat sympathetic ganglion ia abown ot two d ifferent mo-
~-tnificn tions in thc diver. 

Fig. 7 shows a Cartesian divcr contammg a singl<' sympathc tic celi 
body. A magnetic diver technique has rccently b!'cn developcd (CAIILSSON 
& GtACOBJNJ, 1968) ptrmitting an uutomatic reconling of the vuriation 

. h m. l si. Sup(r • .<;anilli (1 908) 4, 4 'o0·488. 
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of the gas In the diver . The quantitative histochemical technique can 
be used in tbc study of drug action in the nervous system in the fol­
lowing cases : 

l) Drugs which block synaptic transmission. 

2) Drugs with action on the centrai ner vous system. 

3) Drugs which influence ion-transport in the nerve celi. 

4) Drugs wlllch induce changes in the nucleic acids of thl' nt>rVI' celi. 

Different types of enzymes related to the metabolism of transmitters or 
precursors of the ACh or NE system have been studied by means of cyto­
chemical t echniques. Severa! of these techniques bave been developed in 
our laboratory together with BucKLEY, CoNSOLO & McCAMAN (1967a) . 
The concentration of NE in single cells is determined by means of the tech­
nique described by CASPERSSON, HILL.<\.RP & HrTZÈN (1966). As shown in 
Tablc 4 severa! enzymes wlllch are of importance for the metabolism of ca te-

'l'ransmltter l or prccursor 

---
ACh 

NE. 

DOPA l 
5-HT . l 

TABLE 4. 

Quantltatlve cellular assay of enzymes .related 
to chollnergic and adrenerglc transmlsslon 

Relo.ted enzyme l M etl1od l Re!cre no es 

A ChE Cartesian divcr GIACOBINI, PAUIBORG & SJ ii· 
QVIST (1967). 

ChA c lsotopic GIACOBINI, 
(1969). 

E . & s. KosLow 

I sotopic B uCKLEY et al. (1967 a ; b). 

MAO l sotopic CoNSOLo, GtACOBINI & KARJA-
LAINEN (1968). 

COMT I sotopic GIACOBINI, E. & S. K ERPEL-
FRONIUS (1968). 

DOPA-DC l I so t opi c l li 

5-HTP-DC l Isotopic l Il 

cholamines like MAO, COMT, DOPA-DC 'etc. can now be studied in very 
small samples of ner vous system or in single neurons. It is also possible t o 
determine two or more different enzymes in the same neuron by combining 
micromnnometric and isotopic methods. 

Ann. !BI. Su per. Sanità (1968) 4, 459·4 88. 
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THE CHOICE OF THE MATERIAL 

As pointed out above, pharm~cological and biochemical studies support 
the concept that different types of celi populations are present in the sym­
. pathetic ganglia. The sympathe~c ganglio n seems therefore to constitute a 
very suitable materia! for identifying neurons having different pharmacolo­
gical and biochemical properties. Fig. 8 shows a generai diagram of the ana­
lysis. 

SYMP. GANGLION 
~ 

~ 
NORMAL 

---®=== 

' 
DENERIATED 

® (@) t® • l ' [@] 
2:~®. -~ _. ' AHAO'SIS 5m .:P suecELU.LAR o FRACTIOHATIOH 

CARTESIAN ISDTOPIC FI.UlllESCENCE , 
14CACII OIVER ASSAY M-S PHOTOMETRY 

SUBCEllll.AR ANALYSIS NEURONAL ANALYSIS 

Fig. 8. - Diagram of cellular (right} and subcellular (left} analysis of enzyme activity (Cor­
tesia n diver and microisotopic methods} and monoamines (fluorescence micro­
spectro-photometry} in isolated cells. Uptake analysis (left} for 3HNE and 
14CACh in granules and vesicles obtained from fractions of normal and denervated 
sympathetic ganglio of the cat. 

The levels of investigation are three : the total ganglion contammg 
20-25.000 neurons, single neurons isolated by microdissection and subcel­
lular fractions obtained from the total ganglion . We feel that only the com­
bination of these three different approaches may contribute to give a picture 
of such a complex materia!. The enzyme activity is measured fìrst in whole 
gangli a rapidly isolated from the autonomie system of the ca t and then homo­
genated. By means of homogenization, ultracentrifugal fractionation, and 
a sucrose density gradient it is possible to obtain different subcellular frac­
tions (Fig. 9). Morphological controls with both light and electron microscopy 
a re regularly performed on the ganglia as well as on the fractions. 

Single autonomie neurons are dissected from the ganglia under the 
dissection microscope. The ganglia used for the analysis may be normal or 

3 
.dnn. I si. Super. Sanilà (1968) 4, 459·488. 



472 RASSEGNE 

preganglionically denervated. This operation results in the complete destru c­
tion of the prcsynaptic s tructures (synaptic t erminals) attached to the body 
or dendrites of the postsynaptic neuron. The isolated cells are used for thre(' 

diiTerent types of cellular analysis (Fig. 8), 
first they m ay be introduced in the Cartesian 
divcr for respiratory or enzy matic study 
(Fig. 7) , secondly, differcnt enzy mcs may b e 
assayed using thc microisotopic t echniqu e 
(Fig. 6), and thirdly , t he levcl of catecho­
Iamines (noradrenaline) may b e evaluated 
by means of fluorescencc microspectropb oto­
metry . The above steps constitute thc so 
called cc neuronal analysis "· The subcellular 
fractions obtaincd, containing synaptosomes 
of the difi'erent ganglia (Fig. 9), may be used 
for enzymatic studies or for uptake analysis . 

F ig. 9. - Di fferen t subcellulnr fractions obt ained by 
meaus of ultracen trifugation and sucrose 
density gradient fnctionntiou. P 1-syuop· 
t osomal lnyer, P 2-mitochondrin + synap· 
tosomes, P3 -rnitochondrial layers. Tbe 
fractions were obtoinecl by pooling two 
superior cervicnl gnngliu of the cat. 

--------------------

The localization of a specific enzyme in 
thc ccii b ody is of great importancc since it 
h as becn suggcsted t ha t thc synthcsis of 
transmittcr substan ce t ake piace in the celi 
body as well as in the synaptic endings . Fr om 
the ccii body the transmitter is transported 
down to the termina ls throu gh the axon. 
Indirect detcrmination of t he " turnovcr rate » 
for NE in different parts of t he neuron of 
sympathetic ganglia (CosTA, 1967) showed 
that the turnover in the celi b ody is s ignifi­
cantly higher than that in the terminals. 

Thc histochemical studies of DAHLSTRoM (1966) on peripheral auto­
nomie neurons, showing fluorescence for catecholamines, also support the 
idea that the storage p articles for noradrenaline are synthesized in t h e cell 
b ody and then transferred throu gh the axons to the terminals . 

.d nn. / st . .Supe!·. Sanità (1968) 4, 459·488. 
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Among the questiona whieh ean be answered by the types of analysis 
mentioned above are the following: 

- are « adrenergie » neurons capable of metabolizing ACh as well ? 
- are « eholinergie >> neurons eapable of metaholizing NE ? 

The eompatibility of the oeeurrenee of AChE in various types of neurons 
with the faet that these neurons are presumably non-eholinergie has been a 
matter of diseussion. Histoehemieal results have also suggested the presenee 
of A ChE in adrenergie neurons or fihres. This faet has been hrought forward 
to support the hypothesis of BuRN & RAND (1962) whieh involves ACh in 
the adrenergie transmission meehanism. 

THE DISTRIBUTION OF FOUR TRANSMI'ITER ENZYMES 
IN AUTONOMIC GANGLIA 

When eomparing the relative aetivity of AChE and ChAc in some auto­
nomie ganglia of the eat (Fig. 10 and Il) it beeame evident that a close eorre­
lation exists between ChAe and AChE aetivities. Some ganglia, for example 
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Fig. 10. - The enzyme activity (ChAc, AChE, MAO and COMT) of four enzymes in the 
sympnthetic ganglia of the cat. 

ChAc activity is expressed in moles ACh x 10·13/hour/(.Lg wet. (Scale 0-200). 
AChE activity is expressed in (.Lmoles HAc x 10-Sfmin./mg. (Scale 0-20). 
MAO activity is expressed in moles of product x 10·11fhour/(.Lg wet. (Scale 0-20). 
COMT nctivity is expressed in (.Lmoles of productfhourfmg wet. (Scale 0-20). 

stellate imd cervieal superior, show partieularly high aetivity. The eiliary 
ganglion shows the highest aetivity of all the autonomie ganglia investiga­
ted (Fig. 11). 

.dnn. Jst. Super. Sanitl) (1068) 4, 459·488. 
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With respect to their CbAc and ACbE activity tbc ganglia can be rankcd 
in the following progressive ordcr : coeli a c, L6, SI, L 7, stella te, superior cer­
vical and ciliary. The lowest leve] of CbAc and AChE activity is found in thc 
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Fig. 11. - Distribution of enzyme activity (ChAc, AChE, MAO, nnd COMT) in parnsym· 
pnthetic and sensi ti ve ganglio of the ca t . The units used are indicated in Fijr. l O. 

coeliac ganglion whicb also exhibits tbc highest MAO acttvity. Inversely, 
tbc ciliary ganglion which shows tbe highest ChAc and AChE activity, has 
the lowest MAO activity (about half of L7). 

Nodose and spinal ganglia show rather low but appreciable MAO acti­
city (GIACOBINI & KERPEL-FRONIUS, 1968). Coeliac and inferior mesenteric, 
which show tbc highest MAO activity of ali ganglia, bave the most ahundant 
system of adrenergic synaptic terminals of ali sympathetic ganglia. On the 
contrary, the ciliary ganglion contains only a few synaptic adrenergic struc­
tures (fuMBERGER, NoRBERG & UNGERSTEDT, 1965) and has the lowest 
MAO activity. 

L6, L 7 and 51 show a rcmarkably similar MAO activity which correlates 
well with tbc reported values of the NE content for these ganglia. (CONSOLO, 
GIACOBINI & KARJALAINEN, 1968). 

.Ami. 1st. Super. Sanità (1968) 4, 459·4 88. 
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THE EFFECT OF PREGANGLIONIC DENERVATION 

Preganglionic denervation results in a loss of hoth ChAc and AChE 
activity in the ganglia (BucKLEY et al., 1967b) (Fig. 12). The decrease in the 
enzyme activity is about 98 % in all ganglia for ChAc, ·but only 58 and 64 % 
for AChE, ·indicating that the former enzyme is more specifically located at 
the presynaptic level (Fig. 12). The data presented in Fig. 12 show that in the 
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Fig. 12. - The effect of denerva­
tion on four en.zymes 
(ChAc, AChE, MAO 
and COMT) in three 
different sympathetic 
ganglia of the cat. T he 
units used are indicat· 
ed in F ig. 10. 

presynaptically denervated S1, L7 and 16 ganglia neither the MAO nor t he 
COMT activity are changed. 

Both presynaptic fìbres and synaptic boutons are completely degene­
rated one week after denervation (HuNT & NELSON, 1965 ; GruLLo, 1966). 

Clumping and agglutination of synaptic vesicles has been observed 
within 6 hours of the operation. The synaptic vesicles show a tendency to 
move away from the synaptic site, whilst intraaxonal cytolysomes appear. 
The axonal cytolysomes appear to be expelled into the Schwann cell's plasma 
(Szentagothai, personal communication, 1968). The latter changes are appa­
rent within 12 to 18 hours after the operation. 

In the investigation of GIACOBINI, PALMBORG & SJoQVIST (1967) on 
the L7 ganglion of the cat it was shown that bere, as in the rat ganglia 
(GIACOBINI, 1957), the total AChE activity of norma! cells shows a wide 
variation (about 50 fold). The cells with low activity represent the majority 
of the population, wh.ilst neurons with very high activity are rare (Fig. 13 
and 14). Only one of the 40 cells investigat ed lacked measurable activity 
(Fig. 13). This study also showed a characteris tic distribution pattern of 

.dnn. Isl. Super. Sanità (1968) 4, 459·488. 
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en zym c activity in the L7 ganglion of the cat (GIACOBINI, PALli1BORG & 

SJoQvisT, 1967). 

Number of cells 

0 AcCh (5.3xi0-3M ) 
E2 MeCh (I0-2M) 

F ig. 13. - F rcquency distribu­
tion of ChE activity 
(in p.l of co2 x l o·•; 
hour) in individuul 
sympathctic ccii bo­
dies from tbe norma l 
L 7 gangli a of the 

ca t. 

'--r--' '-T-' ...,_, ....,_, '-T-' '-T-' ...,_, ....,_, ....,_, 
0-10 10-20 20·30 30·40 40·50 50·60 70·80100·110 160-170 

• 10-4).11 C02 / hour 

After denervation, there was a remarkahle decrease in average enzy me 
activity as measured with h oth subst rates (MeCh and ACh) (Fig. 14) . As 

Number of cells 

O AéCh (5.3 x I0-3 M) 

E2 Me C h (I0-2 M) 

o 0-10 

x I0 - 4)J l C02/ hour 

Fig. 14. - Same distribution a s in 
Fig. 13, but from denervated 
gangli n. 

much as 35 % of the den ervated cell population lacked measurable enzyme 
activity. In celi hodies with measurable activity the values varied more than 
10 fold . This s tudy demonstrates the presen ce and the high variabilit y of 
enzyme activity in the postsynaptic pericar ial en zyme. 

According to histochemical studies (FREDRIKSSON & SJoQVIST, 1962) 
pregan glionic den ervation causes the disappearance of AChE from presy­
napt ic terminals hut docs not affect the AChE of the celi hodies. Innervated 
cells were found to exhibit a considerably higher AChE activity than den er­
vated ones (Fig. 14). Both ChE (BuChe and AChE) are prcscnt in the gan­
glion cells of the cat but BuChE is confined to glial cells (KOELLE, 1951 ; 
GIACOBINI, 1959) (Fig. 15). 

.dnn. 1st. Super. Sanità (1968) 4, i 59-{88 . 
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Fig. 15. - L7 ganglion of the cat stained for AChE with Koelle's method (1951). Cryostate 
section. Magrùfication about 150. Norma! ganglion with AChE in a few cell 
bodies and in surrounding fibres. Some cella are more heavily stained than 
others. 

.dnn. lsl. Super. Sanità (1968) 4, 459·488. 
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ChAl' H<'ll\ Il \ wa~ III Casur!'cl 111 40.i i ~olatl'd n · l l lwd H·<- !rou1 tl u· L';" l!<~ l• · 
!!liou (HncKJ,n 1•1 u/ .. J 1)(,7/i). 2 J (, rell~ wPn· di !'~ !'Ctrd fnllll 7 oornw l l!a11 f! l1.1 

an d ] 89 from 3 <ll'nerva1rd ~an f! l w. Th1· ~~ no rmal rrll-. with uwabur:d ol• 

Ch Ar sho"' a r tivitit:f' from U.(, lo O.H 10 1
' ' molt•!-- ACh /hour (Fij.:. J CI). Tl11 ·~· 

c-1·1lo; repr<'!'l'nt 12.:) 0 u of tl lt' Ìn\t'!' tigatl'd popu latiou . Ct•ll hodit•f' with '"" 
ChAc acti,·it ~ repn'~>t>nt t l11· majnrit y nf thc popnl <l liOn. whil~t thust• with 't·r~ 
high acti,·it y aJT ran·. After drtwn·atiun thc proportiun of' acti' <· cci i,. n ·· 
mained appro:ximatP. I) tiH· samc (13.2 %) (Fig. lo). Th<' diflc rt' nc<· hrtwr·cn th• 
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individu a i valul's hl'rom t• 1<·~~-o aftt:r dctH' n atir111 and a d f'tTI'<l -1' i n th <· a\ t·ra;_!l ' 
cn:r.ymc activ ity from 2.6 Lo 1 .2:> / Jo·•a moli'!. ACh/Lou r nccur!. us " ·di. 

5 experimentl'ò werc pcrform<.'d dctcrmining .M AO actiùty o n 24~ iso­
la led celi bodif's froru thc L7 gan~lion (CON!-OLO, GJACOBJ '\1 & kAnJ ,U.AINE'\ , 

1968). 142 cf'll ~< werc dissected from thref' contro! ganglia anù 100 frorn tlw 
two gan~lia 32 days after dcnrrvation . 103 cdls of tlw contro! ganglia (Fi l! . J 7) 
showcd m casurable M.AO activ iti f's betwccn l an d 42 X ] o·It rn olt·!l of pro­

duct/hour. Tbcsc rcprescntf'd 73 % of tl1c ccii~ invc·stigatt·d and th<·ir m ean 
ac tivity was 5.5 .:r 0.57 X 1 o-~~ mole:- of productj bou r. Tbc majority of 
thc population wcrc cdi hodic·s with low MAO acti \-ity whilc a ft ·w had a 
very high acti,·ity, abovc 20 .x. 10'12 mole;; of productj ltour (.Fig. 17) . Of tlw 
denervatNI gan~lia 69 ccii ~ (Fi g. ] 7) show<.'d mcasurabi P MAO a et Ì\'ÌlÌf';. 
bc twecn 2 and 46 Y JO·I~ moles of prodnctjhour. This r cpr('sen t<·<l 69 % o f 
thc cells in ves tigat('d an d thcir mc an art j, i t y waF 6.5 i. 1.0. 

~1 11>1. l o/. Supcr • .Sani/n (196~) 4, •59-4 8~ . 
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The majority of tht~ pupulation was r ons tilutcd by Ct'll Ludics 11ith 

a c ti vity bt·low 28 ;( l o-l'l moiPS of protluc t; hour. The proportion of ac L i\ c 

t·ells il1 t"ach r xrwrimrnt varied in thc norma[ gang lia hf'l\\ f'<' n (J7 . .3 and 78.5% 
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Fi!;. l 7. - Frc•tuenc) •liotrihution 111' \1:\0 a<"til ity in moles of' pro.luc t .r IO Wflllnr in 

norma l allll denerva tf'd b~ rnpatbr tic ~arr !( l ion cl'lls "t' the L 7 1!U1114Iion nf thtl rat. 
Th c - hadcd areas represent t he distribu tion aftcr dencr va tiun . 

. lliJ in tlu• de uc r va tf'Ù ganglia betwt·t•JL (,9 and 70 u-ri . • \ ~igniliean t llle reast· 

in thc a vt•ra gl' Pn:t.y me ac ti vity aftcr d t• ur rv a tiun t'ro m .) .. ) [: 0 .. )7 tu 6.;) _ 

1.0 -< 1.0'1" II JO I('r, u f produ t> tf hour was fn und . 

The f'at> l t ha t lht• leHI of .YL\ 0 a(:tivity in 1hc whoJ,. ~angliou i~; unchau­

~ed (F ig. L2) tl espilt! a t<i~oifìcant incn·as(• in t he lcwl in tlw si ng le ct•lls indi ­

··atrs t ha t t he \L\0 activ ity uf t hl' pn·syn a ptic fih n ·s a ncl tl l('i r tc rminul s, 

1ntl of th c nu n-m•r\'uns (g li al) compo rw nt uf thc dt'll l' f\ a t t'd gung lion ib pro­
ha hl y d t-cr caseù . _\fAO arti' ity has h t>t•n fnnnd ( \ xt>lrotl , p t>rs tm a l ('Hlllmnni­

•·a tinn , l 1)(r8) to be fi ,-f' 1 iuws hi f!; lwr in t lw --~ na p to,;o ma l t h a n in ut lwr frac­
tinns, whi~h 111 ay •·x plain 1 his decn ·ase. Thi~> is acrompanicd b y a cuncu ­

mi rant int: ro • <~sr in l ht· \l r\0 uc ti ' ity of rhe poi' t;;ynapt ic componeot (erli 

hody) . S incC' J\L\0 acli' ity is t.i ~hcr in t bc !lyna p t ic rl'gion t han in o tht·r 

('a rts nf 1 hc n e n ous t issue . 1 hc d<•gen f'ra tinn of t h i~ n·l!iou would lw t'Xfll't '· 

l l'd t u produrt· a ru a rJ..,·d d N ·n ·a::-P uf !h l' tota l ,le i Ì\ ity o f t lw gaug lion. 

\n inc n·a>-l' in non·pinl'phrint' conlt·nt o f' tlw po~ t ::.~ n aptic n ·ll hndi t·s 

n f .,, nqJa thc ric ~an~lion <'rlls (FrscnEn ~'( S;o,cvnEH. I 1Jn'i) as 1\1'11 a;, o f t:t·u -

!nn, (<t ,-;tt(lfr. 'imPiil (IUGI!) 4. r.;\1-ltiH. 



trai mouoarn im·rgic celi~ (IJAIILSTHoM &. F uxE, 19&5) as a rcsult of l10 t lr pn·­
and pos tsynaptie deuer vation h ali het·u n·portt•d. 

Tht•st· fiuding~ suggf' t tlta t a l !cast two biorlwmical a lt!' ral ionl' (NE 
and MAO) in pMt~yna pti r ef' ll bodif's occur a ft l'r presynaptic dcncn ation. 
To tt•st whethn th<' incrcascd M AO ar ti v ity is duf' to a prolifcratiou or h~­
pcrtrophy of mitochondria, thl' activity of othcr spccific mitochondrial 
enzymf's iu tbc same matf'rial i now under in vcstigation. 

Jt sbould be emphasiz(•J ouct· more that H UNT & EJ,SO'\ (1965) and 
GRILLO (1966) fnund completi' dcgf'Hcra tion of the sy11 apses Lut no ol)\ iou ~ 

morphologica l changcs in tlw postsyn aptic celi bod it·!' of denf'rvated au t o­

n omic ganglia from th1· frog and tbc rat. Tbc few synapsf'S which may resist 
degeneration in thc rat ganglia (GRILLO, 1966) an· thought to arisf' from sr11 a ll 

neurons, thc « in tPrneurons '' of "\'\1ILLIAMS ( l 967). 

Our experimen ts (CoNSOLO, G I ACOB I NI & KARJALAIN EN, 1968) with 
isolated cel i bodies show that m ore than 70 % of th e cells in L 7 contai n tht· 
cnzyme rcquircd for thc oxidation of the monoamincs. Thcse fi gurcs agret· 
rcla t ivcly wcll witlr the percentag!' of cclls (about 85 %) in which monoa mine 
fluorcscencc can be dcmonstratcd (HAlltBE RGE R, NoRBERG & SJoQVI ST, 

1963). Our r esults also suggest that in L7 t he cclls st orin g monoamincs may 
be iden t ica! with thosc containing MAO, aud MAO may be more spccificall y 
Jocalizcd than was previously considered o n tbc Lasis of histochemica l stu­
dies (KoELLE & VALK, l 954). MAO would appcar to occur mainly in mono­

am rnc containing ncurons (Fig. 18). 
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o Fig. l B. - .Oiagram of the per­
cen tage of the celi~ 
from L7 ganglion of 
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The Jack of correlation bctwecn COMT acttvJty and eithcr MAO acti­
v ity or catechola minc leve! in the ganglia fouud by G IACOBINI & KERPEL· 

Ann. I BI. Super. :San{fù (1968) 4, 4 5\H~l!. 
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FtWN IUS ( J968) sugges ts that thc l'n:ly me may nnt be selt'c ti vt•ly prescnt in 
thc ~ adr!'ncrgic '' ct>lls. This rt'sult is in agret>mcnt with thc \Ìew that 

COMT may act outsidc thc ncu ron itsf'lf but dose to 1 hc n·ccptor ;;il<' 
in thc ynapse. 

CO.\IP\IH ON OF I:.~ZY\11~ \ CTIV ITY l'l SY \1PATHETI C, 1'\H<\S,MP\TIIETlC 
.\ .\D , E\SITl\' E (; \ i\G I.IA 

Both ,\ChE an1l ChAc show considerahl y highcr ac ll \ tty in thc ci liary 
ganglion than in :.~ mpathf'tic ga nglia. fn fact Lhf' higlwst 'alut•s uf the two 
t•nzy rrws wt•re found in thc ciliary and supf'rior C<'n it•a l ganglia, and thf' lo­

we:s t in thc t·oeliae ganglio n . Tlw eorliac gang lion 1•xhibits t hr highrs t 'fAO 
acti,ity, in w rst>ly thc ciliary ganglion Rhows the lowt•st ~1AO activity, that 
1 ~, a hout orw half of L7. 

odosP and tlwracic bpina l gangliu .~how rathl'r low ~L\0 aud COM'l' 
:ti' IÌ \ Ìty (G rACOB rN r & KtWP E L-Ji'llO Nlt 'S, 1968}. f:odiac ami infPrior nu•st>n­

lP t ic- ,Jto" thf' hi:.dll'>-1 .\1 \ 0 at · ti ,i t ~ of a li s~mpatlwtie gang li~t. The t· il iar~· 
gan glio n <·ont a ins on ly a fc,, . ~ napti1· adn•nf'rgic ~ ••·uctun·s ( IL\\WEttt:Eu. 

\oRt.IEnG & lJ~GE HSTEDT, 196:>) an d has the lowes t \L\.0 ac ti \'ity. 

The Ch c ac tivity in thc dor!'!al spina! roots of t hc cat is vc·ry low, in 
l ht' order of 0.02 mg A.Ch/g drieù tissuc/hour, us compari'<! lo LO mgfg ùrird 
lissuefhour in tbc vt>ntral roots ( IIEB B, l 962) . 

The AChE prt>scnt in thc dorsal spina! routs oJ thc cat is a lso H ry ltJW 

(3-13 f.LM MeCb 1gj hour) as cornpared to that of the sy mpathctic S}Stcm (el'r­
vical sy mpathctic ucrve, t40 f! M Mt'Ch/gfhour) (HE13B & KRNJE VIC, 1962). 
T he ChAc and AChE lev!'ls agr<"e quitc \\ci i \\ith tlw \ Ch contc•nt of thesc· 
rl'g ions (HEBB & KnN.J EVIC, 1962). 

LIIOLI NEHGIC \ i\I IJ \DRE'l EHG IC CELLS !:'.' 'l' IlE S 'r \IP.\ TI IETlC <:.\ .\GLIA 

Our rc!lults sul'port thc id1•a lhat lhe :ìy rnpathc tic ganglia of thc eat 
t•ootain two distiuct celi populations: fìrst ly a ,, l'holincrgic • popu latioo 

rrprcsenting in L7 a hout 10- 15% of tbc ganglion cells (Fig. l8). Thr;,~• c·P IIs 
a rt' rharacte rizcd hy thc prrscnce of f: hAc, hi gh enncentrations of \ ChE 
a nel thc· ahsc·ncf' ,, f monoamirw tluorcscence and ~" \ 0 acl i\ ity. s.·c .. mdly, 
an •< ad rcnc rgic '' populatio n comprising ubout 73-88 °~ o f thf' gaugl inn l't•lls, 
which Pxhibits Auo rl'scc·ncc for "'E and .\lA O acti\'ity. [t cnntains low o r 

lllodcrate Af:hE au c..l no mcasurablc ChA c ae t i\ ity . Tht' lir!'l l population i!-1 
iudiratr tl in lhe ll'ft part an d tlw St'con d iu tlw right part of Fil!. l B. Tlll' 

l 1011. '''· Su per. 8a1111" ti %8) 4, I.Hl·l ~~~. 



distriltutiou pa ltt· rn uf tlw l\n J pu pula ti o11 ~ in LI ~aul! l iou of t lw ea l j,.. ~; lwwu 

in Fif!. 19. 
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Fil!. l lJ. - Llis tr ib uLi o u pauern' of A Ch E , ChAe . . ~1 <\U :111d N b . in the Li !!"" ~'lion of t ],.. 

cat. Tlw en Yytuc a c tivil) a ud tlll' d('p: rrl' of tl uo rcbrl'tll't' for llHHIO:tllliut•, i:' ,.,. 

]JJ'I ',.!-ed in a rbitrar ) uu il>. Set• Lt•Jd . 

GEi\EHAL CUMM ENT :--

Netuopbys io lugist~ have pro vidPd, hy mt•uus o f tlu·ir elf'!'anl s tudie;.., 

mwful aud Rolid hy pol hcst•s al10u L synapti (' t rans111i ~s i ou mcchanism s, a ud 
th!')' h av<· alflu d cscrihr d the difl'c rcnt phasr s of excitatiou and inhi!Ji t ion 111 
t ht· n c rve cells. 

Th<'Sf' s tudies ha\·(· heeu possihk uul y bccau~t · of th e introduc tiou of 
thc iutracdlula r reconl i n ~ tcrlmiqut , and w ith it , ltPlp il has hcen poo.t.ibl t• 
to s tudy the rcsponsl' of sin~k ncurunal units . If sud1 a powcrful tool ai:i tlll' 

micr oclcctrode had not becn disco vt•rt•fl. our knowlcd ge ahout the physiology 
uf tlw ncr vuus systt•m would s tili be ' e ry vag ue a n d fragm enta ry. 

It is h y 11o mt•ans unlikcly tltat ru:urochemis ls und ncuropharmacolngist ~ 

111 a rcla tivcly slwrl tim c will hl' ahlr· to df'scrilJt'! with equal precision tlu· 

A m i. 1st. Su11er. Sani tà (1968) 4 , 4 ft!H 8 ti. 



plwrmacological a m i c hl'm ica l fl'aturl's n f diffl'r f' nts t y pt>s of neurous includ­
in~ K adrent'rgic •• unù " c hol.int> rgic n ut>urons. 

The rt'sults ~o far olHaineJ in our laboratory rnay already ht> lp 11s tu 

a n swl'r a fcw CJUt<Stions w hic h ari' of fundarnt•Htal ."l ignil1caiiCP '~hl'n lr) ing 

lo uuùcrs tand tht• tllt·ehani ;; rn of ar tion of drugs ac ting nn thP au tonomie 
Il t 't\ OliS S) S l l'm . 

f11 ),U rnmary: 

in tlw sympal lwtic gan glia of t ltc cat t fH· fl'VPis of \ ChE a nd ChAc 

.trl' rathPr wt· lf t:()rrt·latrd wlwn lonking a t the ganglion in Loto, howeve r, 

1 he . \.ChE contai11in g neuron s a ri' muc·h more nurnerous than l hc ChAc 
contuining n<•uru11s. 

ChAc is localizcd mostly JHPganglinnically in t hc lll'r\' C t c rmin a ls wht>­

n•as ACh E is Joca fi zcd bo th p re- ;md postgauglionically. Thc postgangJin­

nieafh· locafi?.ccl .\ChE is prcscut oot uu ly in Lhc posts) na ptic m t!mhra ne 

ln1t a lso in lhc cell body antl in the postgangfionic libres. Thesc Pnzymcs are 

.dsn highly roneenlratc·d in t h c pos t~) naptie tc•rrninals, a s tructur c whirh is 
ll nfortuHalt•f y not r,..ufif:-. ~1\aiLd, f<· li1 r dwmira f anaJy, i~ . 

\ f.hE has llll • rl'lt~rl' .t 11101'1' •1 d itl'nl'l' di~trihulion l han r!t \ c . \ctua!ly 

\ChE is pn•st·nt al,o in 11 adn· nPrgic ,, nt·um ns whi lc ChAc is probably rC'­

,1 rictcù lo o( cbolinl'rgic ,, IICHfiiDS (Fig. l 9) . T lwr..t'o re, tbc prcscncc of ,\ ChE 
in the neuron does no t rl'prl'st·nt a ~ure indi<'a tion 1 ha t t lw nPnron is '' eho­
linergic . 

LO'iCLUS IO "fS 

By usiug a s irnplilìed moJel of a functional unit of the ncrvous systcm 
~uch as a sympath!'tic ganglion, Wl' ha Ye triPtl to throw su me light on pro­
hl•·ms co nnf'Ctf'd '' it h ;,ynaptic tranbmission, c.g. : 

- iR il po!'lst h le fo r a n.-uron lo tnc t <tbolize ditfl'rPnt l\ P~'~> of tran­
~ mitlf'rs '? 

- do trne 11 adn•nt> r~ic '' or ·< cholinPrgic " neurous Pxis t as is tlwught 
111 classica [ pharmucology '( T he answPr to this qu•·s tion 'H'f'ms to be nt•gativ<' 

t11J , in our opinion , a nc•u ron may be '' l<'ss or more " " adrenPrgic • or c1 cho­
lin<'rg ic .,, \n n .. un plc of t his is t he pn·sencl' •1f \ ChE in n.-11rons , J10wing 
h i~h conreutrations of Pa lecholamine!'l . 

[n this ronn cction wc :-: houfJ not forge t , as poin ted uut earlit·r, that thc 

-.une twuron may lw s timufa tPd or inhiJJitPd h y a s ingle transmitter, or that 

111 e same lransnnl te r ma~ ha,,. difft>rent plt} ,.,iolo!;ical d fPcts upou d i fft•rcnt 

,.,.IJ t y pes. [n otl11·r ' ' orJs, l hc at~Lonomic 11e uron is proba bly •·quipp•·d with 

1 h<' tools for partiripalin~ in '-<' ' t•ral trammittc•r lint'b. The t:xuct phpiofo~ical 
-ig-ni licun c<' a nrl tltP putt·n tia l .,f 1 hl' nPnron in this ri'SfH'ct is ~tifi ro lllpfPtPfy 

nh!l<'urc. lfm' "' f' r, 11 is pm;sahlt> t hai the llf' Uron fHIS,.,t·:.o.;c•s a hiueht• tH iru l nw-
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In th t· s ~ ru patiH'til' !!illl~flia of t Ili' !'al tlw lt•n •J, of 1\ChL a11d Chl'H· an 

ratht·r WPII rorn·latt ·d 1dwn lookinP" al tlw gan~lion in l oto. Jln\\f'H'r . th• 
1\Chl•, rontarnin!! nt·urnrh an• mudr nron· nunwrom. than tlw ChAc· ronlain ­

in~ rwuron:-. Ch l\ t • j .., locali zt•d mostl ~ prqran~honicalh in tlw ru·n t' lt'rruin al-

1\hPn·a• Af.h ~: i .. loralizt·d hnth pn·- and po ... q!auP"Iionit·all\. Tht· po~q!nn­

l! lioni ra lh lo!'alrzt·tl AChL i ~ prt•,.t•nt nol ord~ in tlrt · I H>;.ts~ rrapt it· JJH'Illhrarr• · 

bnt al~o in tlw t·t• ll lood ~ arrd rn tlw posq!angliorrit· fìllf( ·,.. Tl~t·~· · t • nz~' lllt'" an 

al"o high l ~· cont'Pilt ratf·d in tlu· po~ t ,..~·napti e tPnnirra l .... Af.hE ha" thf' rf'fo rt · 

a rnorf' •· dinu.._,. '' distriloution th at f.h '\ c· . Actuall~ Af.hE i'- prP!'Pnl al,..., irr 

•< a dn·rwrgif' • nt·uron • wlril t· Clrl\<• r ~ prohal. l~ l't '"li'Ì <' ll d t o et cholint'r;!i'· 

rwurnn;. . Tlu·n•fnr•• t Il!' prPSPucr· nf A C h 1<. in a rrt·u m n doP;; 11111 rqrn•:-pn t 

arr indi<·ation that tlw nPUI'OJJ i-. " cholin cr~i<· '·· 

A nwd t•l i;, prt>"t'll lt•d for rxamininl! tiri' po:-s ihilit~ nf !'haul!inl! or modi­

f, ing phys iulol!ic al synaptr<· eormt·t:Lion;. in tlw autonomit' nt·rv<llt" sysll' rll. 

T lw implica t io rr of s~ napti f' plasti<~ ity in lt•arninf!. lrc h:11 inr an d nwmor\ 

nwclranism~-o i,., f'lltplrasizt•d . 

Riassunto. ( Hiol'himim '' .farmurnlopi" d,,f "'' llrfilll' dt•l sisti' IIW uutorwmn). 
un1·i m f'tod i nric rochimif'i quantitati,i , adatti alla nrisurazin111· di 

attil'itù l'llzirnatica tn s irr~o l l' ct·llul l' nc·no~l' . 1'01111 Rlati J'I'CI'IliPrnl'lll• · 

introdotti. 

Din•r"i tipi di !'nz imi paru•cipanti a l Jtwtaholis mn<li Rostanzt• trasrrrPt­

titri ci d PI s is tema rwrvoso (acl'tilcolina , noratln·nnlina . t·CP.) pns~<nno ora f' !'~-of' n · 

~<t udia t i con gran d<' prec is ione in n euro n i isola t i. 

La popolaziorw ccllulan· dt•l scttiur n ~anglio lombare• del l!alt11 Yt'llllt' 

u~a ta corr11· 11tndf·ll" ondt· s tudiare alcune cnrrc• lazinni c hirnich1· P farnracto ­

logiclw rwl IH'tHorr t· d,·l sis tema autonotno . 

Da qtlf'~lo gan;.dio prendmro nril-(itH' sia fiLn· rolirwrl!it' lw (p t'r lP glriarr ­

dolt· ~-oudori pa n· ,. 1 a~"dilatatrit· i) rlw film· a<ln·rrl·r~i<"lr• · (1 a~o t'o~trit trter) . 

L ' atti' itit di di~t•r~-oi t•n zirrri qualr: ac·t· tth·n lirw:-t<· ra-i, t'ltlirroac·f• tila .. i. m ol1n­

arninon~sida~i P l'alt'CIIl-o-ntNiltr·asfrras i <' la con c t·ntraziorrc· di ltlltnoamirro 

(no1'adr1·na lin a P adn•nali11a) 'emwro studialt· a t n · di' c•rsi li ' t• Ili: n f'l gnrrl-( lio 

t o t a l!'. rw ll o· Ri ngolt· cl'llult· ,. irr frazioni s uiH'cllulari . 

l risultati d i t alt· nrrali~i ùimos trano clrt · la popolaziollt' <h· i gangli sim­

patil'i dl'l !!atto ì• c•nstitu itn da rlu e <li s tirrti g ruppi Cl' llttlari . Il primo i· 11 11 

g ruppo ,, t·nliJtcrgiro "· rapprt'SI'n l anlt• in Li !'i rca il 10-1 5 °11 dt'llt· ('P IIul 1· 

gangliari . <,luf•Rta pnpolazinnt· ì· cara ltt·rizza t a dalla pn·,..pnza cl i ('o linoact· ­

t ila!:-i, da ult1· ('OilCI'ntrazioni di a('ctilcolincs tPrasi l' df'll'a ~s<'nza di fluorescen za 

pcr lP monoamirrt• c as~<cnza di atti\'i t à monoanrinoo'isidasiea. Il secondo ~rUJ>· 

po (· cos t ituit" da una popolaziont· <li cPIIult• 11 aùrcner~iclr e >> clw t•us lit rri st•t· 

I'Ìrca il 72-88 °0 dt•ll(' ct•lluiP ~angli ari. Talf' popolazione cons ta di cdlule clr t' 

tlinwst rano flunrt 'St't'IIZa JWr l<1 nnradrt•nalina t•d a l ti\ itit monoarn rrWII!i"'t· 

Ami . / st. Suwr . .'itwilct (196!!) 4 , 4 L!1·4 b' 
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