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Recently, neurons of the olfactory bulb were brated with electrolytic (Magoun, 1956)lesions at Dibenzyline e_
found to reduce their spontaneous discharge rates the midcollieular level during temporary light (LSD-25) and

¢ in response to microelectrophoretieally adminis- ether anesthesia. Ether was initially administered (BOL-148). Bc
tered norepinephrine (NE), serotonin (5-HT) by nasal cone and continued briefly through a acidified to pE
and acetylcholine (ACh) (von Baumgarten el al., tracheal cannula. This method of decerebration solubility, 5-h_

produces nonreactivity to pain. Occasionally, ininesulfate (_
1963). These locally elicited chemical responses preparations showed thrashing movements of the of 0.05 M. Dl
suggested that the three endogenous amines extremities or cessation of spontaneous respira- pounds regula
might participate in the function of an olfactory tory movements which were possibly related to of the ol:der o
inhibitory synaptic pathway (Green et al., 1962; variations in the extent of the lesion. When re- centrifugation
Yamamoto el al., 1963; Phillips et al., 1963). In quired, animals were artificially respired with and read)" for,
order to evaluate this possibility, a more complete mixtures of oxygen and room air. Successfully de- tion of the sol,

pharmacological analysis of these inhibitory cerebrated animals were mounted in a stereotaxic The fourth o_
responscs was undertaken and preliminary results head-holder and the olfactory bulbs and frontal micropipette,
have been reported (Bloom et al., 1963b, 1964). cortex were cautiously exposed. The lateral ol- and served as
The objective of these studies has been to estab- factory tract (LOT) was impaled with a bipolar (Salmoiraghi

concentric stimulating needle electrode (tip diam- the retaining
lish certain pharmacological points of reference eter 0.5 mm) inserted through the frontal cortex and Katz, 195.
from which characterization of olfactory bulb just posterior to the neck of the bulb (Green et al., also be purpo'
inhibitory transmitters might be initiated. 1962). Stimuli of variable amplitude and duration exclude the p(

Five-barreled glass micropipette electrodes were delivered from a stimulus isolation unit. flow. All the (

(Curtis and Eccles, 1958a,b) have been used for Properly filled 5-barreled glass micropipette net difference
the microelectrophoresis of desired drugs and electrodes (see below) were inserted into the bulb monitored on
amines into the immediate environment of a with a precision micromanipulator (Debroske et Alltests inwt

neuron while simultaneously recording its activity al., 1960). Field potentials and extracellular action at the tip exc
extracellularly. This approach excludes many of potentials of spontaneously active neurons were rent were dis
the problems of response interpretation related recorded with the central barrel of the pipette controlled by

filled with 4.7 M NaC1 solution and connected to saline or wa

to blood-brain barrier permeability. In addition, a high impedance unity gain amplifier (Bak, 1958). pipette with,
it helps to rule out drug effects due to fluctuations These potentials were displayed on dual-beam os- amp) and ret
in systemic blood pressure, to changes in the corn- cilloscopes and in addition, were fed into a voltage 0.10 microam
position of the extracellular fluid (e.g., pH, elec- gating circuit from which action potentials could Faraday's la_
trolytes, or metabolites) or to primary drug be separated from background noise. The output assuming l:l
effects upon neurons many synapses removed, of the gating circuit was coupled to a linear count- mum dosagecurrents wot

METHODS. Experiments were completed in 55 ing device adjusted to recycle every 0.5 or 1.0 gram equiva
young adult pigmented rabbits acutely decere- second (reset time: less than 3 msec). The output Each of the

of this circuit was displayed on one channel of an least 8 neuro
Received for publication March 30, 1964. ink-writing polygraph yielding a continuous record
Preliminaryresultspresentedin part at the and 5-HT)t

Fall 1963 Meeting of the American Society for of discharge rate. eally related
Pharmacology and Experimental Therapeutics, Five-barreled glass micropipette electrodes with tion of lyoph
San Franciscn, Califorma. overall external tip diameters of 3 to 8 micra were by the appliPresent address: Department of Anatomy,
Yale University Sctmol of Medicine, New Haven, prepared as previously described (Salmoiraghi and tion of the al
Connecticut. Steiner, 1963; Bloom et al., 1963a). Briefly this The analy
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method consistsofprefillingpipettesby boilingin factorybulb containingmitralcells.These cells

I_ESPONSES methanol, replacing methanol by diffusion against may be identified by the antidromic spike dis-
_ water, and finally aspirating the water and trans- charge occurring within 2 milliseconds after elec-

L, ferring into three of the four outer barrels freshly trical s*Amulation of their centripetal processes in
prepared concentrated (0.5 to 1.5 M) aqueous solu- the ipsilateral LOT (Green el al., 1962). Other
tions of the following chemicals: acetylcholine spontaneously active cells not exhibiting the anti-
chloride (ACh), atropine sulfate, dibydro-_- dromic spike response were included in the study
erythroidine hydrobromide, chlorisondamine di- only if the shape of the field potential evoked by

'.d Laboratory methochloride (Ecolid), hexamethonium chloride, LOT stimulation indicated that the tip of the
.alth at L-norepinephrine bitartrate (NE), dimethylphen- micropipette was within the mitral cell layer

ylpiperazinium iodide (DMPP), guanethidine (Green et al., 1962; Phillips et al., 1963). Unless
sulfate, bretylium tosylate, tyramine hydrochlo- otherwise specified all drugs were administered
ride, L-metaraminol n-bitartrate, phentolamine electrophoretically.
hydrochloride (Regitine), Dibenamine chloride,

1956) lesions at Dibenzyline chloride, lysergic acid diethylamide RESULTS. Data reported are based upon 258
,mporary light (LSD-25) and 2-brom-lysergic acid diethylamide spontaneously active neurons whose discharge
y administered (BOL-148). Both lysergic acid derivatives were rate was decreased by electrophoresis of ACh,
_tly through a acidified to pH 3.5. Because of their relative in- NE or 5-HT. All of these cells were also tested

dccer_bration solubility, 5-hydroxytryptamine oxalate or creat- with various drugs known to act peripherally as
Occasionally, inine sulfate (5-HT) was used at a concentration synergists or antagonists of one or the other of

_cments of the of 0.05 M. Drug barrels filled with these com-
,mous respira- pounds regularly exhibited electrical resistances the three amines. Fifty-five additional spontane-
})ly related to of the order of 20 to 150 megohms. By means of ously active neurons which responded only to the
.ion. When re- centrifugation, pipettes could usually be filled pharmacological agents but not to ACh, NE or
respired with and ready for use within 45 minutes after prepara- 5-HT are also included.
LIccessfulIy de- tion of the solution from fresh crystalline sources. The absolute dose of the drug that reaches
_a stercotaxic The fourth outer barrel of the 5-barreled glass neuronal receptors cannot be accurately deter-
_s a_d frontal micropipette electrode was filled with 3 M NaC1 mined with the electrophoretic technique. Aside
'he lateral ol- and served as the source of neutralizing current from uncertainty as to the amount of ions ejected

.vith a bipolar (Salmoiraghi and Steiner, 1963) used to balance by any given current, the effects of diffusional
,_(te (tip diam- the retaining and ejecting currents (del Castillo and enzymatic barriers through which the wave
frontal cortex and Katz, 1955). Moreover, this outer barrel could
) (Green ctal., also be purposely imbalanced in either polarity to of ions must pass also escape rigorous evaluation.
and duration exclude the possible electrotonic effects of current Therefore, the results have been expressed in

tion unit. flow. All the currents (positive, negative, and the terms of the qualitative response, i.e., increase or
micropipette net difference at the pipette tip) were continuously decrease of discharge rate during or after treat-
into the bulb monitored on separate channels of the polygraph, ment with a particular drug and the modification
(1)ebroske ct All tests in which unintentional current imbalance of the response to ACh, NE or 5-HT.

:_ellular action at the tip exceeded 10% of the total ejecting cur- Acetylcholine. As previously reported (yon
neurons were rent were discarded. Possible effects of pH were Baumgarten et a/., 1963), a small proportion of
,f the pipette controlled by electrophoresis of equally acidified olfactory neurons in decerebrated rabbits re-
c<mnccted to saline or water. Drugs were ejected from the

•r (Bak, 1958). pipette with cationic currents (0.005 to 0.15 micro- spond to ACh by increasing their discharge rate.
_hml-beamos- amp) and retained with anionic currents (0.02 to Most of the responsive neurons decrease their rate
i_to a voltage 0.10 microamp). Relating these current values to of discharge when tested with ACh, but these re-
_cntials could Faraday'slaw(Falkenhagen and Kelbg, 1959)and sponses were seldom dramatic or intense. In

•. The output assuming 1:1 electron to ion transfer, the maxi- these neurons, electrophoretic administration of
linear count- mum dosage which could be ejected with these physostigmine--which also slowed many neurons

ry 0.5 or 1.0 currents would range between 5 and 150 X 10-_4 whether or not they were sensitive to ACh--pro-
,. The output gram equivalents per second of electrophoresis, longed, but usually did not potentiate, the in-
rha,mcl of an Each of the drugs listed above was tested on at tensity of the ACh response. Moreover, physostig-

least 8 neurons sensitive to that amine (ACh, NE, mine never caused an ACh insensitive unit to be-
ill (lOllS record

and 5-HT) to which the drug was pharmacologi- come ACh sensitive. Dihydro-B-erythroidine,
cally related. In two experiments an aqueous solu-

.,'tr.des with tion of lyophilized reserpine phosphate was ejected atropine, hexamethonium, chlorisondamine, and
_ micra were by the application of pressure to avoid precipita- DMPP slowed the discharge rates of units which

',,)iraghi and tion of the alkaloid by C1- ions. were either slowed or unaffected by ACh. All
• Briefly this The analysis was confined to the layer of the ol- these drugs, with the exception of DMPP, blocked
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the ACh response. Often this blockade lasted OLFACTORYNEURON 1953;
only 0.5 minute. Atropine stopped neuronal firing ACh mE mE D,UNON facto_

.oe,A .o4,A .Oe,A .04_A block
for 1 to 3 minutes; consequentlyits effectsupon 1 1 $ 1 1 1. ther

the responsiveness to ACh could be tested only iiit ltl_ilti__l _!,i__ i t_ _ _tten_ during the early stages °f rec°very fr°m atr°pine' 2°'' _ li'i i__i_l i

Dihydro-/_-erythroidine was tested on 33 units, in _ , ,
which it blocked responses to ACh but failed to _ 10 i1 i , _ :i_[i! ' ' :._i_ neur,

it interfere with responses to either 5-HT or NE. _ 0 i ',ii,t_lii. _ tionLSD

The blockade of ACh responses was not due to _ ACh ,E.o8_,A o8_,A o,uNO_F with
tachyphylaxis to ACh, as consecutive subsequent _ ¢- _ _ _

least 30 seconds did produce responses after N_20 _Itl_/ill!tltllt[_!_[tii__/[[i of L
termination of blocker electrophoresis.

:I Norepinephrine. In deeerebratedrabbits, NE I° __! l_"i _ '_}i '_1'_iii_iiii_i"lil_t__ i '_)i t:*_:'_i_l_ spOracid
t exclusively reduced the spontaneous discharge 0 _1,,_, i_11,,\ii'_i,_:i,, R

rate of responsive units. Decreased rates of dis- : oneminute ! NE

charge were also observed after the electropho- Fro. 2. Polygraph record of discharge rate of peri
resis of tyramine and metaraminol, but neither of one olfactory neuron responding to both ACh and inje
these drugs affected subsequent responses to NE NE with reduction in rate of firing, stozTests with both amines repeated at 1- to 2-
nor caused tachyphylaxis. Dibenamine and phen- minute intervals during 15 minutes of Dibena- 196
tolamine, two blockers of peripheral sympathetic mine (0.08 microamp) electrophoresis between the

upper and lower records. NE response was blocked of ,_
by Dibenamine, but ACh response was not.

OLFACTORYNEURON spo
NE am

,04_h o_ receptors, suppressed responsiveness to NE of

10[ _/ /s_L /../ _,, ,__ , when administer_l for 0.5 to 15 minutes. Oc-
pre

:____ casionally, blocleade of responses lasted longer

adl

than 30 minutes. For some cells, the electro- He

phoretic administration of Dibenamine caused a eje
DIBEN NE NE biphasic effect: the NE response was enhanced

_ h . OD:

_" ____//,//_t' .04_ .04_A 04uA either prior to the onset of NE blockade or during duIO I / !, I / the period of recovery from Dibenamine electro- w_
_ 15____j._,_]l|,j phoresis (fig. 1). Dibenamine administration, par- ab

ticularly in NE sensitive units requiring prolonged 5-]
Dibenamine treatment to produce blockade,

"" NE NE NE caused a sustained moderate increase in discharge.04_h .04uh .04uh

[ , 1'l15 , ' case did Dibenamine affect ACh or 5-HT re-

0 blocker, decreased the rates of spontaneous dis-
| ..... ,,

oneminute charge of NE sensitive cells, but did not interfere

Fz6. 1. Continuous polygraph records of dis- with their responsiveness to NE. Dibenzyline,
charge rate of one olfactory neuron responding to guanethidine, and bretylium reduced spontane-
brief NE electrophoresis with prolonged reduction ous activity of neurons regardless of their sensi-in rate of firing.

After administration of Dibenamine response to tivity to NE. However, with pipettes filled with
NE was blocked. During early stages of recovery any one of these three drugs, electrophoresis was
from Dibenamine, rate of discharge is slightly
faster than before Dibenamine. Effect of NE ap- particularly difficult to control and no meaningful
pears to be intensified, but note that NE effect data concerning the effects of these drugs on NE
now does not extend beyond period of administra- responses were obtained.
Lion (compare with top row response). In this and
subsequent illustrations taken from individual Serotonin. All 5-HT sensitive neurons reacted
experiments, the animal preparation was the un- to the amine by slowing their discharge rate. A1-
anesthetized midcollicularly decerebrated rabbit, though LSD-25 and BOL-148 specifically blockand _A refers to the electrophoretic current in a
microamps, the response ofsmooth muscleto 5-HT (Gaddum,
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1953; Gaddum and Hameed, 1954), in 21 ol- In another series of experiments 25 animals

_E _BEN0H factory neurons from 4 rabbits, these drugs never were chronically treated with reserpine prior to08pk .04ph

--; & blocked 5-HT responses without also blocking surgery by various dosage schedules, but none of

i / ,,/_!/:_ the response to NE (figs. 3 and 4). Despite our these rabbits survived the electrolytic decerebra-

! i!'l:i]_I attempts to avoid leakage of LSD-25 and BOL- tion.
tL_ .ii'_!il;_ 148 from the pipette, the number of NE-sensitive a-Methyl-m-tyrosine (ot-MMT). In rabbits,

!!!i_:_i!iLilIit!!_ neurons encountered per microeleetrode penetra- a-MMT selectively depletes brain NE (Hess
_,_,_v_./'_'.l_.._.'_,l tion was much less when the pipette contained et at., 1961; Porter et al., 1961; Costa eLal., 1962).

LSD (168 NE-sensitive cells in 98 penetrations Seven days after treatment with a-MMT, its de-
D_SEN_0F_ without LSD in the pipette versus 8 NE-sensitive carboxylated metabolites are undetectable in

_' / cells in 16 penetrations with LSD). Application brain although NE depletion still endures for

_:_'_!i;!i!!I!@ti!tl_ of LSD-25 and BOL-148 occasionally slowed the several days (Gessa et a/., 1962). The time coursespontaneous rate of unit discharge, but equally of NE depletion by a-MMT excluded the possi-
k:!7" '...... _!,

: :i_'_ii.i_'_It/_ acidified saline had no slowing effect, bility of using the same animal as its own control.
i_}l_'_0_i_._I.l Reserpine. Neurons originally sensitive to ACh, In experiments carried out 7, 9 and 11 days after

NE and 5-HT were continuously studied for the intravenous injection of 100 mg/kg of
_rge r'_te of periods of 90 to 220 minutes after the intravenous a-MMT, neurons responsive to ACh, 5-HT and

,th AC_ and injection, of 1 mg/kg of reserpine to deplete brain NE were readily encountered. In a rabbit 9 days
at 1- to 2- stores of NE, 5-HT and dopamine (Brodie et a/., after _-MMT, neurons initially unresponsive to
(_f l)ibena- 1961). Electrophoretic administration of each of tyramine became responsive to it for about 30

_._ between the three amines was then repeated at intervals minutes after a 35-second eleetrophoresis of NE
wasblockednot of 5 to'3O minutes. In seven rabbits the unit re- (fig. 6), a dose which in normal animals did not

sponses to the electrophoresis of each of the three affect responses to subsequent eleetrophoresis of
amines remained unaltered after the i.v. injection tyramine. In none of the 25 neurons tested with('ss _o NE
of reserpine (fig. 5). Because reserpine alkaloids ACh, NE or 5-HT in 3 a-MMT treated animals_iuute_. Oc-
precipitate in ionic media, local electrophoretie was there any qualitative difference in their re-

,ted longer administration of this drug was not possible, sponse from that of the untreated animals.he electro-
However, in two experiments reserpine was DzscussIoN. The purpose of this study was to_e c,msed a

enhanced ejected from the pipette by pressure (see METH- investigate the effects of various drugs on the re-
ODS). This direct application of reserpine pro- sponses of olfaetory bulb neurons to 3 endogenous

ie or during duced transient slowing of unit discharges, after brain amines: ACh, NE and 5-HT. These amines_ine electro-
which the rate of discharge gradually increased and their synergists and antagonists were ad-

ration, par- above control rates. Responses to ACh, NE and ministered electrophoretieaUy in the immediate
g prolonged 5-HT remained unchanged, vicinity of individual nerve cells. The data ob-blockade,
n discharge
,:adc. In no OLFACTORYNEURON

A I NE 5 HT NE NE
• 5-}I'I" re- " j .O80_A .080_,A .O8O_,A .O80_,A

:t!l(_OtlS dis- _ 30

,_ imerfere _ _o

,ii_cnzyline, _ _0

spontane- _ o .-
!a.irscnsi- _:

D I tSl) ON LSO NE 5 HT NE

fiile,i with o 1.080 _sA OFF .100 yh .080 pk .100 i_k

}_c_z'(!<i_was _ 3oJ_" _* I i i---t i

,_,-onNE _o

_n,reacted o !

_e r:ae. A1- ' one minute I

,':tllx" block FIG. 3. Continuous polygraph record of discharge rate of one olfactory neuron responding to both NE
, - -" and 5-HT with reduction in rate of firing.
(Gaddum, NE response was blocked after LSD (0.10 microamp) electrophoresis, while 5-HT response was not.
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FIe. 4. Polygraph record of discharge r_te of one olfactory neuron responding to both NE and 5-HT.
Each record (A, B, C) is separated by 3 minutes. Both NE and 5-HT responses were reduced by

BOL-148 (0.04 microamp) administered between heavy arrows. Note the increase of the overall discharge
rate of the unit after BOL-148.

t_incd show that some of the drugs tested se- neuronal activity. It is probable that a number of
lectively block the action of the amines at this pharmacological actions are elicited by a given
central site. Furthermore, our results in reserpine- drug, for example, atropine is known to have local
treated rabbits indic_.te that the ACh, NE and unesthctic properties (Curtis and Phillis, 1960;
5-HT effects do not require the presence of intact Krn]evi6 and Phillis, 1963a) in addition to anti-
neuronal stores of NE, 5-HT and dopamine, muscarinic activity. Thus local anesthetic actions

Electrophoretic administration of ACh has may also be involved in the suppression of ac-
been shown to increase the discharge rate of cer- tivity caused by the electrophoretic administra-
rain spinal (Curtis _nd Eccles, 1958a,b), medul- tion of atropine and some of the other cholinolytic

Fro. 5. l
l_ry (Anderson and Curtis, 1964) and cortical drugs. In any event, our data at present do not 5-HT with
neurons (Krnjcvi_ and Phillis, 1963a,b) in anes- permit us to make a distinction between nicotinic Followir

thetized animals. It also increases activity of and muscarinic ACh receptors nor do they per se pers!ste.nc._
caudate nucleus neurons in unanesthetized c_ts exclude the presence of a cholinergic olfactory serpme ,n_
(Bloom et al., 1964). In contrast, the activity of pathway.
olfactory bulb neurons in decerebrated rabbits is, Electrophoretic administration of NE has been discharge
with few exceptions, reduced by ACh (von shown to increase the discharge rate of units in the were prod
Baumgarten et al., 1963). The cholinesterasc in- brain stem of decerebrated cats (Bradley and which are
hibitor physostigmine potentiated olfactory Wolstencroft, 1962), the olfactory bulb of anes- axon term
neuron responses to ACh less efficiently than de- thetized rabbits (von Baumgarten et al., 1963), al., 1962).
scribed in medulla (Salmoiraghi and Steiner, and the hypothalamus of anesthetized cats A disti_
1963) and in visual cortex of cats (Spehlmann, (Bloom et al., 1963a). 5-HT in large doses also in- neurons L,
1963), but more actively than in somatosensory creased activity of cortical neurons in ants- Dibenami
cortex (Krnievid and Phillis, 1963a,b). The slow- thetized cats, rabbits and monkeys (Krnjevi6 rate elicit_
lug of spontaneous activity caused by electro- and Phillis, 1963c). In small doses, both NE and or 5-HT.
phoresis of physostigznine would be compatible 5-HT slowed the discharge rate of neurons in the tivity wa,

with the view that ACh might be an important lateral geniculate nucleus (Curtis and Davis, of Dibeno
physiological transmitter in an inhibitory path- 1962) and cortex (Krnjevi6 and Phillis, 1963c). In depletion
way for mitral cells. It is not clear, however, why the olfactory bulb of unanesthetized rabbits, NE reserpine.

that eithe
ACh blockers should also slow spontaneous and 5-HT invariably decreased the spontaneous
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A ACh NE SHT hCh
.06,uh .06_A 30 -k .06_h

S 5HT ACh NE
.10uh .06,uh .06_h

z I I i--I 7-IO

C NE ACh NE 5HT
,v .06_A .06.uA .06,uA 30_A
.<

2o=1-'1 I I [-1 1 1
duced by _ I0
discharge

0 , 'i_:' =_,:_::

umber of D ACh Slit NE ACh.06_A .10,uA .06 ;uA .06_uA

a given [ ""1 , [ 1 [_ [ t

toanti- Io

ninistra- ' ..... :

dinolytic °., ml.u,,
do not Fro. 5. Polygraph record of the discharge rate of one olfactory neuron responding to ACh, NE and

5-HT with reduction in firing rate.
nicotinic Following record A, reserpine (1 mg/kg) was administered intravenously. B, C and D show typical
_yper se persistence of responsiveness to each of 3 amines at 60, 120and 210 minutes, respectively, after the re-
)Ifactory serpine injection. Note the increase of the overall discharge rate in record D.

_asbeen discharge of responsive units and similar effects block NE activity are compatible with the view
tsinthe were produced by tyramine and metaraminol, that these endogenous amines possess an in-
Icy and which are known to release NE from peripheral hibitory role in the function of olfactory bulb.
c)fanes- axon terminals (Hertting et al., 1961; Weiner et The evidence that NE has inhibitory effects
, 1963), al., 1962). when released from brain stores is still meager.
_d ca_s A distinct site of action for NE in olfactory However, this view is supported by the action of
also in neurons is emphasized by the selective effect of tyramine in a MMT treated rabbits; in fact, in

Dibenamine in antagonizing the decreased firing this experiment tyramine reduced the unit ac

Q'nicvid rate elicited by NE but not that elicited by ACh tivity of olfactory neurons only after a 35-second
XE and or 5-HT. It is noteworthy that increased unit ac- electrophoresis of NE (fig. 6). On the other hand,

in the tivity was occasionally seen after electrophoresis NE, ACh and 5-HT continued to cause decreased
Davis, of Dibenamine (Bloom et al, 1964) and following discharge rates in reserpine and a MMT treated

i_3c).In depletion of brain catechols by local in_ection of rabbits. The latter results cannot be used as proof
i_, NE reserpine. Thus, the results obtained using drugs that ACh or 5-HT does not act by releasing NE,
!ancous that either deplete the stores of NE and 5-HT or since neither reserpine nor _-MMT affects brain
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Fzc.. 6. Polygraph record of discharge rate of one olfactory neuron 9 days after 100mg/kg a-MMT (IV).
The unit initmlly was unresponsive to tyramine (TYR). Between A and B, NE (0.06 microamp) was mine. In a-MM'

administered electrophoretically for 35 seconds. Subsequently (record B) this neuron demonstrated pro- tyramine was m
longed decrease in discharge rate after brief eleetrophoretic administration of TYR. P_eord shows phoresis of NE.
diminished TYR response 30 minutes after B, at which time 5-HT response was unaffected (see text). ACKNOWLEDG_

NE biosynthesis. The rate of formation, especially and antagonists in a manner identical with that D.H. Tedeschi,
after depletion of the NE stores (Brodie et al., of the transmitter at the particular synapse under tories, Philadelp

gifts of Dibenan
1959), may still be sufficient to maintain a NE investigation. For example, an adrenergic synapse
tissue level compatible with indirect effects of should be blocked or impaired by drugs which Frey, Dr. J. A. :[
AChand 5-HT. block or deplete the stores of NE. With this Sandoz Pharma,

One further point to be considered is that the thought in mind, many of the units considered in for LSD-25 andMerck Sharp
introduction of the pipette may disrupt cellular this qualitative study were also simultaneously roidine; and Dr
membranes interposing artificial drug-binding tested for a possible alteration in the physiological ceutical Compa
sites between neurons and 1)ipette which could response to specific pathways of synaptic ira-

prevent or modify the extent of the qualitative re- pingement arising from the lateral olfactory tract, lyophilized rese:assistance of M_
sponses observed. Inactiv,_tion by Dibenamine of The alterations of particular physiological
nonreactive binding sites may explain the in- mechanisms induced by these drugs in the ol- the completion(
creased effectiveness of NE just before or after factory bulb will be reported elsewhere.
the termination of Dibenamine electrophoresis ANDERSON, P. A

(fig. 1). SUMMARY scand., in pre.,BAK, A. F.: El
The data presented here, regarding the re- The reduction of spontaneous discharge rate of 10: 745, 1958.

sponsiveness of olfactory neurons to 3 endogenous olfactory neurons by electrophoretic administra- BAUMGARTEN,R
P. AND SALMC

brain amines, are directly applicable in the testing Lions of ACh, NE or 5-HT to individual nerve Physiol. 277: l
of another of the criteria for the identification of cells has been investigated in unanesthetized BLOOM,F. E., (
neurohumoral agents (Paton, 1958; Florey, 1960; rabbits. Electrophoretic administration of di- G.C. : Int. J.

Curtis, 1963). Thus the suspected brain substance hydro-B-erythroidine, atropine, hexamethonium BLOOM, F. E., I
must interact with pharmacological synergists and ehlorisondamine to ACh-sensitive units,



Vol. 146 I96._ OLFACTORY BULB NEURONS 23

blockcd their response to ACh. Physostigmine OLIVER,A. P. ANDSAL._mIRAGnl,G. C.: Pharma-
cologist 5: 243, 1963b.

prolonged the duration of the ACh response. Di- BLOOM, F. E., BAL'.X_(_ARTEN,R. VON, OLIVER, A.
hydro-fl-eL'ythroidine specifically blocked the P., COSTA, E. AND SAL._mlR^_HI, G. C.: Life
effects of ACh, but not of NE or 5-HT adminis- Sci. 131, 1964.

BRADLEY, P. B. AND WOLSTENCROFT, J. It.: Na-
rration. Both the ACh blocking agents and ture, Lond. 196:840, 1962.
physostip;mine temporarily suppressed discharge BRODIE, B. B., SPECTOR, S. AND SHORE, P. A.:

:'ate regardless of ACh responsiveness. Pharmacol. Rev. 11: 548, 1959.BROmE, B. B., SULSER, F. A,XDCOSTA, E.: Annu.
Electrophoretic administration of NE and Rev. Med. 12:349, 1961.

5-tIT always resulted in slowing of the unit's COSTA, E., GESSA, G. L., KUSTZM,_N, R. AND
BRODIE, B. B. : in Proceedings of the First Inter-

spontaneous discharge. Similar responses were national Pharmacological Meeting, ed. by W.
seen _fter administration of tyramine and meta- D.M. Paton, col. 8, p. 43, Pergamon Press,

raminol. Dibenamine and phentolamine specifi- London, 1962.CvnTIS, D. R. : Pharmacol. Rev. 15: 333, 1963.
cally blocked NE responses and did not interfere CVRTtS, D. R. ANDDAVIS, R. : Brit. J. Pharmacol.
with the response of 5-HT. LSD-25 and BOL-148 18: 217, 1962.

CURTIS, D. R. AND ECCLES, R. ]_I. : J. Physiol. 141:
did interfere with responses to 5-HT, but never 435, 1958a.
without prior or concurrent blockade of responses CURTIS, D. R. AND ECCLES, R. M. : J. Physiol. 141:
to NE. The spontaneous discharge rate was at 446, 1958b.
times increased after the unit's response to NE CURTIS, D. R.._ND PHILLIS, J. W.: J. Physiol.¢ 153:17,1960.
was })locked by Dibenamine. D_.SROS_E, J. M. F., ANDERSON, F. O. AND CRISP,

The ability of ACh, NE or 5-HT to slow spon- L.R. : J. Neuropath. 19: 628, 1960.VEL CASTILLO, J. ANDKATZ, B.: J. Physiol. 128:
taneous .discharge rate was qualitatively un- 157, 1955.
changed 4 hours after local administration or FALKENHAGEN, H. ANDKELBG, G.: in Modern As-
intravenous injections of reserpine or 7 to 11 days pects of Electrochemistry, ed. by J. O'M.Boekris, no. 2, p. 1, Academic Press, Inc., New
after intravenous ia_ection of _-MMT, suggesting York, 1959.
that the amines are not dependent for their effect FLOREY, E. : in Inhibition in the Nervous System

and Gamma-Amino Butyric Acid, ed. by E.
_-M_.IT (IV). upon intact brain stores of NE, 5-HT or dopa- Roberts, p. 72, Pergamon Press, New York, 1960.

'_icroarap) was mine. In a-MMT treated rabbits, the effect of GADOUM,J. H.: J. Physiol. 121: 15P, 1953.
,:_strated pro- tyramine was not apparent until after electro- G.*.DDUM, J. H. AND HAMEED, K. A.: Brit. J.
_ecordshows Pharmacol.9: 240,1954.

(sec text), phoresig of NE. GESSA, G. L., COSTA, E., KUNTZMAN, R. AND
ACKNOWLEDGMENTS.We are indebted to Dr. BRODIE, B. B. : Life Sci. 353, 1962.

_;_l with that D.H. Tedeschi, Smith Kline & French Labora- GREEN, J. D., IVIANCIA,5I. AND BAUMGARTEN,R.VON:J. Neurophysiol. 25: 467, 1962.
y_lapse under tories, Philadelphia, Pennsylvania, for generous HERTTING, G., AXELROD,J. AND PATRICK, R. W.:

Lergic synapse gifts of Dibenamine and Dibenzyline; Dr. A.J. Biochem. Pharmacol. 8: 246, 1961.
drugs which Frey, Dr. J. A. Harris and Dr. J. DerHovanesian, HEss, S. M., CONNAMACIIER, n. H., OSAKI, M.AND UDENFRIEND, S.: J. Pharmaco]. 134: 129,

._. With this Sandoz Pharmaceuticals, Hanover, New Jersey, 1961.
considered in for LSD-25 and BOL-148; Dr. L. McClelland, KRNJEVI(_,K. AND PHILLIS, J. W.: J. Physiol. 166:296, 1963a.
_mltaneously Merck Sharp & Dohme, for dihydro-fl-eryth- KRNJEVI6, K. AND PHILLIS, Z. W.:J. Physiol. 166:
i)hysiological to}dine; and Dr. A. J. Plummer, Ciba Pharma- 328, 1963b.
_ynaptic ira- ceutical Company, Summit, New Jersey, for KRNZ_.VI6,K. AND PttlLLIS, J. W.: Brit. J. Phar-maeol. 20: 471, 1963c.
iactory tract, lyophilized reserpine phosphate. The technical MAGOUN, H. W.: The Third Conference on Neuro-
physiological assistance of Mr. A. P. Oliver was invaluable to pharmacology, p. 226, Josiah Macy, Jr. Founda-• tion, New York, 1956.
_sin the ol- the completion of these experiments. PATON,W. D. M.: Annu. Rev. Physiol. 20: 431,

1958.
ere. REFERENCES I_I-IILLIPS, C. G., POWELL, T. P. S. AND SHEPHARD,

ANDERSON, P. AND CURTIS, D. R. : Acta physiol. G.M. : J. Physiol. 168: 65, 1963.
scand., in press, 1964. PORTER, C. C., TOTARO, J. A. AND LEIBY, C. M.:

D,_.K, A. F.: Electroenceph. clin. Neurophysiol. J. Pharmacol. 134: 139, 1961.
"_'.:_r_erate of 10:745, 1958. " SALMOIRAGHI, G. C. AND STEINER, F. A.: Jo
:_dministra- BAUMGARTEN, R. VON, BLOOM, F. E., OLIVER, A. Neurophysiol. 26: 581, 1963.

P. AND SALMOIRAOHI, G. C.: Pfltig. Arch. ges. SPEHLMANN,R.: J. Neurophysiol. 26: 127, 1963..-idu:d nerve
Physiol. 277: 125, 1963. WEINER, N., DRASKOCZV,P. R. ANn BVRACK,W.

:'nesthetized BLOOM, F. E., OLIVER, A. P. AND SALMOIRAGHI, R.: J. Pharmacol. 137: 47, 1962.
'.ion of di- G, C.: Int. J. Neuropharmacol. 2: 181, 19638. Y.*.MAMOTO,C., YAMAMOTO,T. AND IWAMA, K.;
_mefl_onium BLOOM,F. E., BAUMGARTEN, R. YON, COSTA, E., J. Neurophysiol. 26: 403, 1963.

itive units,


