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IONTOPHORETIC application of L-arginine (L-Arg)
resulted in a profound decrease in visually eficited and
spontaneous activity in 22 of 77 (29%) cells in area 17
of the anaesthetized/paralysed cat. Duradon was long,
and cells did not rccover pre-application activity levels,
indicating peymancnt dectine. This effect was obrained
without change in the extracellularly recorded wave-
form, demonstrating thar this did nor result from  de-
polarization block. In the remaining 55 cells, application
of L-Arg alone, at levcls capable of cliciting inhibition as
described above, was without effect. In 29 cells, L-Axg
application was able to reversc the cffece of inhibition of
nitric oxide (NO) production. Populations of cclls
showing the depressive effect described above and those
affected by NO modulation levels were mutually exclu-
s1ve,

Kcy words: L-Arginine; Car visual correx; (Neuro)modu-
lation; Nitrie oxide: Nitric oxide synthase
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Introduction

In the search for physiological roles for the gaseous
neurotransmitter nitric oxide (NQ) in the CNS,
many differcnt rechniques and neuronal systems have
been examined. NO is formed by the action of the
enzyme nitric oxide synthasc (NOS) on its biolog-
ical substrate, the amino acid L-arginine (L-Arg).
Within the CNS, NOS exists in a number of different
isoforms: that most indmately involved in neuronal
function is thought to be neuronal NOS (nNOS).1~
We studied the visual cortex of the anaesthetized cat
in an ateerpt to detcrmine the effects of compounds
thought w opcrate on the NO system and on NOS.
While many cells responded to the application of
both an antagonist of NNOS and L-Arg in a manner
consistent with other recent observations®® an
unusual cHect of L-Arg was observed in a large
propordon of cells.” Here we report this unusual,
depressive ellect, which was observed on approxi-
mately 30% of cells tested, and we discuss these find-
ings in the context of the wider aspects of NO and
NOS in CNS rissue.

Materials and Methods

Nincteen cats were anacsthetized with halothane
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ysed with gall

ine rtriethiodide (10 mg kg™ bh1).

(0.1-5%) in NOJ (30%) and O, (70%), and paral-

EEG, ECG, expjred CO, and temperature were
monitored and raintained contnuously, adjustng

anacsthetic levels

thesia. Further dedu

0 mainuin a state of light anaes-
are given in Ref. 7. Single units

from primary vidual cortex were recorded extra-

cellularly using
filled wath a co

ulribarrelled plass micropipertes

bination of the following drugs:

NaCl (3 M for reording), L-Arg (10 mM, pH 6.0),

L-lysine (10 mM,

pH 8.0), or Pom

pH 6.0), L-NOArg (10 mM, pH

ine Sky Blue (PSB, 2% wfv, in

6.0), diethylunin%ﬁ:itric oxide (DEA-NO, 10 mM,

0.5 M sodium ace
struction). When
subjccted 10 a reg
appropriate polar;
Sigma chemicals an
both capable of
deseribed below.

te solurion, for histological recon-
not in use drug barrels were
bntion current of 5 to 25nA of
fy. L-Arg was purchased from
H two diffcrent batches were used,
producing the depressive effccr

rug application currents were

selected on the bas

of inidal quslitatve studics, and

were generally held in a range which did not saru-
rate responses. Single unit data were collected and
visual sumuli produced under computer control
(Visual Sumulatiog System, Cambridge Electronic
Design, Cambndg, UK). Sdmuli werc viewed
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FIG. 1. perist time ht {PSTH) documenting the effect

of manipulgtion of nitric oxide [NO) levels. (») Control visusl
responses to 2 bar stimulus drifted back and forwerd (disgram above
the recorde) across the receptive field at the preferred orfemation.
(b) Reduced resp seen during inuous iontophoretic gppli-
cation of L-NOArg, 70 nA, (e} Co-application of L-NQArg with L-Arg,
blocking the L-NOGArg offect (d) Lack of effect of L-Arg applied
iontophoratically alone. PSTH are in 100 ms bine

monocularly rthrough the dominant cye for each cell
under test. Our basic paradigm was to esmablish
control responscs to a drifting bar sumulus, moving
backward and forward through the rccepuve field, at
the optimal orientation. Subsequecntly, this procedure
was repcated in the preseace of the compound or
compounds of intcrest. We also examined drug effects
on spontaneous acuvity. 1ypically, responses were
averaged over 10-20 stmulus presentations and
asscssed from the accumulared count in perisnmulus
ume histograms (PSTH).

Results

In our sample of 77 cells two observations were
of note - in some 25 cclls applicaton of the NOS
inhibitor L-NOArg {which is a competitivc inhibitor
for the L-Arg site) reduced visual responscs, an effect
which was reversed by co-applicauon of L-Arg (Fig.
1). In each case, however, applicarion of L-Arg alone
was without effect (Fig. 1d). This and other aspects
of the pharmacology of NO-mediated responses are
dealt with in a separate study (manuscripr submitted
for publication).

Figure 2 shows control PSTH of the visual
responses of a cortical cell (Fig. 2a) prior to drug
applicaton, contrasted with the reduced responses
seen during application of L-Arg (Fig. 2b). Both visu-
ally elicited and spontaneous actvity are greatly
depressed. Insets to the figure show the recorded
analogue wavelorms of the acdon potendal, taken
both before and during L-Arg application. Clearly
there 15 no shift in the shape of the waveform which
would be consistenr with a loss of activity resulting
from, for cxample, a depolarizadon blockade. The
histogram in figure 2¢ surmmarizes the magnitude of
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FIG. 2. deristimylus dme histegramg (PSTH) documenting the Sup-
pressive]cffect of C-Acp. (a) Control vigual responses, as in figure 1.
[ Ras:+nscs during continuous application of L-Arg. Bin width 100
ms. To the right are represemative waveforrna of the spika, taken
from thelfilterad gue data, shawing no change in shape during
Arg iffduced pp (e} & y hictogram ehowing
respons£04 cells effected by L-Arg (uppcr panel) prioc 10 and during

L-Arg adninistration. The lowar panel shows a similac histagram for
the celld unaffected by (-Arg administration. All P are
normali, to the pre-drug administration comrol level.

L-Argmediated inhibition (on average, after 3 min of
pplication, responses were reduced by 75 =

the remainder of the populadon. Further
are given In figure 3. This shows control

: upper simple cell, lower complex cell) priar
application followed by the responses during

case vual respoqses are unaffected. Column {c)
shows [that application of the amine acid L-lysine
(with 1}-Arg, on¢ of the threc basic amino adds 2t

physiolbgical pH),)* was also without cffect. In
contras} the responses scen during applicagon of L-
Arg (c lumn d) were gready reduced.

Tt is bf nore thar cells affected by L-NOArg were
never dffecred by L-Arg in the manner described
above (Figs 2,3) and vice versa (although the two celis
types Were cncountered in the same animals and
in the sfme penctrations). Control respanses (Fig. <)
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FIG. 3. Responaes of wo contical cells - upper row, » simple cefl in
layer V. lower, a complex cell in iayer V. Column {a). control
responses, {b) the lack of effect of jontoph J icetion of
L-nitric oxide arginine. {¢€) Lack of offaty of application of the relstad
amino acid L-tysine. (d) Suppressive effect of (-Arg. Bin size 100 ms.

were unaffected by applicaton of the NO donor
DEA-NO (Fig. 4b) or L-NOAsg (Fig. 4c) but were
markedly reduced by L-Arg (Fig. 4d) with a
20 nA application current, and wherc 60 nA reduced
visual responses to near zero (Fig. 4e).

In all 22 cells (including those ilustrated in Figs 2
and 4) the profound depressive effect greatly outlasted
the period of application, such thart even after 2 period
of many minutes (up to 1 h) activity remained dimin-
ished. The cffect was relatively slow in onser, taking
2-3 min w0 reach a peak. Cells of all visual types were
affected, and histological reconstruction showed thar
they werc found in all laminae, II-VI.

Discussion

The basic finding of thns study is thar a highly
significant proportion of car visual cortcal cclls (some
29%) respond 1o the application of L-Arg with a
profound and prolonged depression of spiking
actvity. We can offer several possible mechanisms by
which such an effect may be derived. First, in the
neuropil around cells inhibited by U-Arg, locally
available NOS may be inactive at the ume of apph-
cation of L-Arg, because of local veriation in the
availability of pative L-Arg. Thus when L-Arg 1s
applicd there is a rapid production of NO, which
inhibits the cell. We rcject thus hypothesis on two
grounds, first, applicadon of DEA-NQ did nor
mhibit this type of cell and thercfore inhibiton by
production of NO from exogenously applied L-Arg
is ualikely. Second, only cells whose actvitics are
depressed by L-Arg are in this group, {as above,
suggesting an inhibitory effect of NO gencration)
whereas in the group of cells affected by NOS
blockade using L-NOArg by far the most prominant
cffect of NO was scen to be excitation. A sccond
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FIG. 4. ineHactivenesy of NO manipulstion cells suppressed by L-

Arg. (a) Control visul responzes ib) Lack of affect of epplication
of the NO donor DEA-NO. te) Lack of effect of application of t-
NOArg, (d.o} Supprestive eflect of application of L-Arg with 20 nA
current (d} and 60 nA [e). Bin size 100 ms,

possible mcchanim relies on the fact that, in the
mammal, NOS i produced in several soforms, of
which nNOS is thought to be the most abundaar in
brain.'! 1-NOAsf is several dmes rore potent an
inhibitor of naN@S than other compounds.' L-
NOATrg is 2 morg potent blocker of nNOS than of
inducible NOS.! Were this type of NOS to be act-
vated here, whicl} is not readily biockable by L-
NOArg, applicatidqn of excess 1-Arg could result in

overproduction off

NO, which under some coadi-

tons is cyrotoxic.* Siace cytotoxcity results from
a hyperactivity of fpiking, the absence of an excita-

tory effect of DEA
does the abseace d
responses. Sincc thy

FNO again argues against this, as
f any L-Arg mcdiated excitatory
relatve cffectivencss and zone of

spread of the ™™
(although thcoreti
source is thought
200 pm in diamete
sion of L-Arg over
release of NO, act
With chis in mind it
study showed thar )
posisynaptic curren;

compounds are not known
ly NO released from a point
act on a sphere of peuropil of
2 it remains possible that diffu-
a large area results in 2 remote
hg on remote cells or processes.
s interesnng to note that a recent
[O could cnhance the inhibitory
s induced by acdvation of -

aminoburyric acid (FABA); rceeptors.” Data from
hippocampal pyramidal cells have been shown that
such GABA; receptprs are locaved diseally, on more
remote dendrite plocesses,”® and applicacion of
agonists for such rpceprors have been shown 1o
depress visually elicied activity in cat visual corzical
cells.”™ Tlus a remolely induced GABAy-mediated
inhibiton can accougr for the data we present here,
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but we must still hypothesize a clcar division of cell
types, along some unknown axis. Finally, L-Arg, 2
basic amino acid involved in numerous biochemical
processes in vivo, possibly given in amounts greatly
excceding normal physiological levels, may resuke in
some form of metabolic toxicity. Application of L-
lysine (in common with L-histidine and L-Arg, being
one of the amino acids with charged NH, groups at
physiological pH, ic. basic amino aads)® with
similar iontophoretic current levels, did not alter
spiking activity in any cell. Against the idea of such
mcrabolic toxicity however, is the facr that this effect
was seen 1n only 29% of cells, and never in 2 cell
whose activity was affected by NO-moduladng
- compounds.

We must therefore conclude that there is some as
yct unknowyn diffcrence between three cortical cell
groups = cells affected by NO moduladon, cells
suppressed by L-Arg, and cells unaffected by either.
With this in mind it is interesdng 1 point out thar
evidence from primare visual cortex suggcsts
that NOS is localized in cortcal regions which are
also rich in cytochrome oxidase,'® and evidence has
been provided recently to supggest a parcelation of cat
visual cortex with a blob system of cyrochrome
oxidase, similar to that in the primatc.”” Qur rcla-
uvely small sample size prohibits a clear visualiza-
tion of parcellation — cells depressed by T-Arg
were of all cell types, and found in all laminae, as
were cells affected by NO modulaton. We are
currently investigating thc organizaton of these
systems, using long tangential penetrations through
the cortex to examinc any possible columnar organi-
2anion, and the synaptic/biochemical mechanism of
this profound L-Arg-mediated effect.

Conclysions

Appligation of the L-Arg 10 some 29% of cclls in
the prinfary visual correx of the cat can cause a
d and prolonged depression of spiking
is effect appears to be unrclared to the

s spiking never show this L-Arg mediated

Cells which demonstrated this novel
¢ found in all laminac, and werc of all typcs.
s effect remains unexplained.
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Ganeral Summary

L-Arginine is the biological subsirate of the enzyme nitric oxide synthasc (NOS), W
oxide {NO). We have demonstrated an al effect of application of y-Arg in a sul
depreasion. Such cells arc unreaponsive to other compoungs thought 1o alter NO §
o be mediated by manipulation of the NO system, although this temaing a
axpozuce to L-Arg in possibly pherr logical rather than physiologics! amounts.
by NO manipulation in a more predictable rnanner. The population of cells affe
L-Arg are mutially exclusive.

ich produces the gaseous neurotransmitter Aitric
population of cortical cellz, resuhing in prolonged
Is, and we syggest that this responsa ig unlikely
bility. Alternstively, this may be a toxic eff¢ct of
R second population of cortical cells was effccted
ited by NO manipulation and those inhibited by
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