Exclusively inhibitory action of
iontophoretic acetylcholine on
single neurones of feline thalamus

dN most regioos of the mammalian brain only a small per-
centage of the neurones located with multi-barrelled micro-
pipettes are inhibited by iontophoretic acetylcholine (ACh).
‘Indeed, the much more frequent occurrence of cells excited
by rather small doses of acetyicholine (sec ref. 7 for review),
‘together with the finding that both the inhibitory and
excitatory actions of ACh are often antagonised by the
same pharmacological agents, has led to the suggestion that
the inhibitory action of ACh is mediated indirectly through
the excitation of neighbouring cholinoceptive interneurones
whose inhibitory transmitier is a substance other than
ACh™?, Several workers*™ have tried to overcome this
difficulty by working in the most superficial layers of the
cerebral cortex where a strong inhibitory action of ACh
predominates and ACh excitation has seldom been reported.
We wish to draw attention to the possibility that the nucleus
reticularis of the cat thalamus may well prove to be an
appropriate area in which to study the depressant action of
ACh on central mammalian neurones since almost every
cell encountered: proved to be inhibited by a short, low
amplitude pulse of ACh.



Four cats anaesthetised with a mixture of halothane
(035%%). nitrous oxide (65%) and oxygen were placed in a
Sercotaxic frame and burr holes propared in both sides
of the skull ar the approprinte sereataxic coordinates.
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freshly filled five barrelled micropipette which contained
enc barrel filled with 4 M NaCl for single umit recording,
mnother with | M Na(l for currcnt and current balancing
controls and’ two drag barrels containing [M ACKC] and
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the microclectrodes. The coordinates of the clectrodes were
AP9.5 and L7.0 or 8.0 and recording.began at H7.0 and
continped untid HOO (ref, 9). After 2 single microelecirode

track bad been made on each side of the brain the animals ---
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In Fig. 14 five microelectrode tracks, made in four cats
an the stefcotaxic coordinates AP9.S and L7.0 or 8.0, are
reprosented schematically by vertical Hnes to show the
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as the oncroelectrodes tramsversed first the noclens reticu-
laris and then entercd the ventrobasal complex of the
thalamus Track 1, which hy within the thickness of a
single histological section and from which the line drawn
in Fig. la was traced, penetrated only the nucleus reticularis
and located only cells inhibited by ACh. All other tracks
lay slightly more medial to track 1 and penectrated bath
the nucleus reticularis and the ventral basal complex of
the thalamus, Tracks 4 and 5 are from the same cat In
track 4 the resnbs suggest thal the clcctrode re-entered
the nuclcus reticularis at the lower Emit of it descent and
again located celis inhibited by ACh. During the withdrawal
of this electrode through the nucleus reticularis three mare

| ®
Vi \ ‘H4.00 }
l = |

VPL and VL

Hmvﬂmingm

cells mhibited by ACh {C) were found. During a =y
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exciled by ACh was almost identical to that secn in trge
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through the NaCl barrel. Of 74 cells found to be inhibite
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ACh are represented by a single symbol} 17 were inhihiley
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by relatively fow curront applications had # sherter lxtency
of ooset than the excitations evoked by either the same m
larger currcois from the same microelectrode during i
descent through the decper nuclei of the thalamus, The
obscrvations that the oaset of ACh-cvoked inhibition ix af
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Fig. 2 Ouscillographic reconds o chow the inhibition and excitation of neurones in the nuclkeus reticularns and venirobasal comples ﬂg
mu=oelecirode dose-rela

thalamus located in the same m: track_

inhibitions evoked by

25 nA backing current; ¢, Back

through the ACh barrel by — 5% nA,
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was

through the MaCl
ACh. Moie that the delay

. shorter latency than ACh-evoked cxcitation are in keeping
-with the view of Kmjevic', wio has suggesied that ACh-
‘evoked excitation in the corebwal cortex is ofien preceded
“by 2 period of inhihition. Since in the nuclens reticularss
“ACh-cvoked mmhibitton has a shorer latency than the
excitation evoked by larger curtents in the ventrobasal
“complex, it is difficult to believe that ACh-evoked inhibition
‘tould be mediated by the excitation of an intervening
cholinoceptive interneurone, The posshiliy that the in-
-hibitory action of ACh might be mediated by 2 presynaptic
‘mechanizm was eliminaied in pari by showing ACh o be
_an cqually eHective inhibitor of cells when firing was en-
. hanced by glotamic acd. b e gy

The finding that the action of ACh in the thalamus is
excitatory in one region and inhibitory in aoother could
b of gremt functiomal significance. For instance it now
seems possible that a single cholinergic pathway could
excite neurones of the ventrobasal complex and inhibit
peurones of the nuclens reticularie Thiz ‘push-pull
armangement s in kecping with the neurophysiclogical data
of Schisg and Warak" and Masion and Rispal-Padel",
which has led to the sogeestion thar the finng of the
bcuromes of the veotrobasal complex is modulsted by in-
bibitory interneurones whose cell bodies e within the
Buclen:. reticulars, - This idea is coatrary, however, to
Jazper's® original hypothess which supposed that the
mcleys reficulars was the “Snal relay” ouclews of the
cending excitatory pathway mvolved in "cortical arowsal”.
“‘Moregver, modern snatomical studics of the thalamus have
not been abic to comfirm the presence of a pathway [rom
the nucleus reticnlaris (o the corlex and indeed show the

preater than that which ocourred i A berween 1

smaller doses of ACh released by currenis

effi Ttiv rrent passed through MaCl barrel;

of effect of 60 oA poative cu BT Py I

berween the oreet of the ACh application and the ACh-evoked excitation
he ooset of the ACh pulse and the ACh-svoked inhibation.

A, From a el located at the sterectaxic coordinate H4.41 showing: e,

from 5515 nA: d, effiecy of withdawing 25 nA ol the
[, effect of balancmg the 55 nA pasted
excitation of 2 neurone locatled 243 mm

majority of the neurones of this nucleus Lo project 1o the
ventrobasal complex of the thalamus™™. Thus Jasper's
original visw" that the nucleus reticularic is intimately in-
volved in cortical arousal can only be retained by assuming
that the neurones of the nuclens reticulary ure inhibited by
the ascending cholinergic pathway and thus bring sboul
cortical arousal indirectly through disinhibition of the
n=urcnes of the more medial nuclei of the thalamus, In-
terestingly enough, similar physiological findings"-" bave
led Krpjevi® 1o suggest that the ACh-inhibited cells in the
upper layers of the cerehral conex bring about disinhibition
of ACh-excited neurones lying much deeper in the cercbral
corlex. An analogous situation cxists in the nervous fysiem
of Apiyrio. m which the firing of a single cholinergic
neurone has been shown 1o excite one cell mnd inhibst
ancther™™,
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