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"',has been recorded in a varlety of preparatvons by dlfferent lnves-"“
fongators (l)
Q the.¢echanism of spontaneous Spike'generation and cellular inter- . o

‘actions.

7§9nentictinputé cc:the recorded-epcntaneous bioelectfiC“ecffVItQ:f"lnﬂi“”
‘JNerve tissue cultures provude a particularly suntable preparatoon: :w»;
.5|nce the average splke frequency and the' dlscharge patterns
. remain constant over a period of at least one hour and spontanecde
.bidelectrfc activity can be recorded'without'thevccmplicating'
eeffects of climblng and mossy fiber activation. In add|txon, aéents‘
”'whtch prevent synaptlc transmvssuon in vivo (29) can as easily be ‘
f;‘added as removed from the bathang solutlons.f
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Introducfion_

)

,Althodgh'épbntaneons bioelectric activity of Purkinje cells

19, 20, 28),‘more'prec|se information is needed about

‘It is the purpose of this study to investigate the:

fe]étfve.contributions of individual Purkinje cells and Qf_;he}ff;,

v

The exnstence of

interneuronal connectlons in cultures has been demon~
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{f?ii;:k v - mieroscobe (3, 24) analyses. The generation of spontaneous:complex f 5;1'5?;;
B ieﬁ;v :Synaptically-mediated discharges in cultures ofwrodent spinal cordv K ;
and cerebral cortex has been reviewed by Crain (7). More detdiled : :
:analyses of . fhe organotyplc temporal patterns of- dlscharges in spinal
cord and.brain-stem explants have been reported more recently‘(h).
. ‘ The effect of different ions has been expdored in a preliminary ': : _f'quVQ
f -manner inﬁcerebellar'cdlturea.(27).j; ."'A .}i; P gt | » 5:
3 3 Maieriaf% and methods. " f“
- . Explants from the cerebellum of two- to four;day;eid nais‘ L.'i;lv,ax}ffiV
) (Snraéue40awley, Simonsen ‘albino) were grown on glass coverslopsv
i; : ih a plasma clot (anco Laboratornes, Ltd., liophilized chicken;j

'r'plasma and chicken embryo extract). The cultures were incubated =~

nfw.on flying coverslips in roller tubes at a temperature off37°C.“_Tne
nntrient consisted of 50% BésaWnMedium Eagle (Grand Island Biologieai"ﬁ»“x
Fti':ﬁ wo - Company), 25% Hanks Balanced Salt Solution (Microbiological

'ASsociafes,'lnc;) and 25% calf serum (Grand Island Bidlogical

Company). The ~glucose concentration in the medlum was |ncreased

" to a net 6 mg/ml (21). Hanks balanced salt solutlon was used . as - '_Minﬁy” 7'

+

~bathing'solution during electrophysiological experfments and;

‘contained the following ion concentrations expressed in millimoles/

LDt titers Nat(11.7), KM(5.8), €1T(145.0), CaZ*(1.3), Mg2*(0.9), - - I ¢ .

,'Hco3'(14§2)'~ so;,z‘(o.u) HP0,27(0.2), H,P0L™(0.4).  The pH of the ' |

"jisolutlon was kept close to 7. L during all experlments. The electro- L

.'i; phystologucal methods applled have been described earller (l 16) t¢.

Solutnons were: exchanged by means of a syrunge feed sys&em._ When
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3.

'_a,change was. made, the buoelectrlc activity was disturbed temporarily,..ff'h

'probably due to hydrodynamlc effects. After about'one‘minute it

,settled to a stable pattern. Electrical stimuli,'O.l ‘msec iﬁ

duratlon and up to 30 uA in srrength were applled by a palr of
"mucropnpettes with flve-to ten-micrometer tlpS. Al measurements

"were carrued out at a temperature of 37°C < * 0.20c. - : ‘j' ,ﬂf'f* ;gyﬁﬁ

t:'fei-f.vi f;". bAneiyéis'of‘Spike trefns-Tecorded eﬁpracellufa}iyﬁet'jyoc iq; .;ft
| Haeks.balaneed salt solution frem the_soma of‘largernerve ceils

(presumably Purkane cells) reveals an average spike frequency of
a7t 5 spckes/sec (16) and usually orregular |nterspuke dlstrnbu-

tlon'(Flg.;]A). Less frequently, burstlng actlvnty (Flg 1B) or[w

regular discharge patterns (Fig. l;)ewere~observed. Purkinje*cellsy
can be recognized by theirIShape aneﬂthe orfgie of dendrit%e f.;:e
iarboriiation. el' L : .:~ o Cr ':-:‘ﬁi
*fy-fﬁf : After |ncrea5|ng the coecentrafion of Mg2+ ;n .the" bathlng
solutlon from 0. 9 mllllmoles/luter to 8 mllllmoles/llter, about
'iv=ha1f of the Purkinje cells stopped.bioelectric activity (17);

The effect of M92+ upon the dlscharge pattern of the other Purkane

,cells which kept fnr:ng in h|gh concentration of Mng ' ‘ ",ﬁ‘ﬁ.fff

is demonstrated-

"“ﬂ@1  o “in Fig. 2. The firing is characterlzed by a sngnufvcant regu)arl-

": zation as lndlcated by a decrease of - the coeffnc:ent of varlatoon

: (Iable 1), - in addition, the,average'spjke frequency,decreased_to

alsmaflef_vaiue than obtained in normalybalanced'séft'solutiod('y

’xTheré‘wes.ip'hb‘caseien irregqlar'interspike:Tntervélgd}strlbdt3bﬂn*




f:i-? ; ‘observed in-solutions with high concentration of Mgz+. All cells

resumed. normal bloelectrlc activity after rransfer to normal balanced

salt solution, ln order to exclude the possible effects caused by

an.lncreased osmolarity due to addition of MgClZ to the balanced

salt solution, glucose (leading to the same increase in osmolarity). . . T
was added to the bathlng solution. There was no effect on the

N ;ffhvr' : *dsscharge pattern ‘and average spike frequency: detectable. .lt should LVf:du;‘lf'

be noted however, that both the conentratvon of M92+ and Cl'g

ibChangedlwhen adding MgC12 to' the balanced salt solution., Whereae
:the concentration of Cl‘ is changed only by about 10%,. the concen- o 'fﬁf..
‘tratlon of MgZ+ lS lncreased by about 900%. ;

Addntaon of 10 mscrograms/mlllllnter d- tubocurarlne, or lO

mlcrograms/mllllllter atroplne, to the bathsng solutlon had very

”llttle effect on the average splke‘frequency and on the discharge :xx

'patterns.' lflsynaptic actlvltyUWas‘mediated by acetylcholine then‘“brh)‘~

“ﬁu;‘vdd o blocklng would be exPected in a manner similar to a high concentra~s7

tlon of Mg ‘: Addlthﬂ of 20 mlcrograms/mllllllter pentobarbttol :

led however, to regularuzatlon of forlng (Table I) as observed

"iln vnvo (23) . Tne changes in average splke frequency and lntersplke o

interval dnstrubutlon are very similar to the alteratlons observed

when.uncreasung the concentratlon of Mg. Removal of Ca2+ from

the bathing solution had initially the same effect of regulariZation'

L of firing; but soon led to irreversible changes.

e ls remarkable that isolated PurknnJe cells in perlpheral :ﬁlﬁ

- areas of the cultune (Flg. 3) Whlch have fewer or no synaptlc vuﬂ;;

rconnectlons ‘tor other neurons (l9), fure regularly in. solutlons of

L ..'x
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'Vuermal balanced salt solutlon as well as high concentrations of M§2;‘rl
;The average splke frequency decreases, however, by about 20% when..;,
'the concentratlon of Mg2* is raised from 0. .9 mllllmoles/llter to 8 -

millimoles/liter. Electrical stimulation some distance away from a.“~ 
| spontaneously regular;flring neuron evoked an actlon-petential that e
‘lstposslbly due to direct stimulatio of dendrites orlantldremic

stlmulatlon (Fig..48). - In contrast, stimulation of nerve cells-fromﬂ.fo“

1dense areas (irregular discharge pattern) of the culture gave rlse

to a synaptically evoked ‘action potentnal 5uggesting stlmulatlon

"of a pathway (Fig. QA) lncreasnng the conantration of Mng to‘8.n
mllllmoles/llter abolishes only the evoked action potentlal asi.-ffliig
J” Flg. Lba, - This giVes‘further-proof that synaptic transmlsslo;"
is effectlvely blocked by lncreaS|ng the concentratuon of M92+ to‘;ﬁrnﬁl

18 mllllmoles/llter.

Dlecusslen”‘

A;The regular dlscharge patterns‘duriug expoSure‘te.éolutleﬁéw
‘with hlgh‘cohcentretlde of M92+ and the‘observatl0n'ofrregulerlv f
Jitirlhg Purkidje cells ln peripheral ereee suééeété that~aboutuhalfi“

of the tested Purkinje cells behave.ln culture llke pacemaker";
4neurons. Superposntlon of synaptic, |nputsrmayulhvnormal balenced
‘salt solution‘lead to the irregular lnterSplke dletrlbutlon-
observed The spontaneous bloelectrlc actuvuty of the other Purkun;e ;if

cells that stOp flrvng durlng exposure. to solutnons wnth high con-

j‘centratlons of M92+4|s assumed to be whdly synaptlc in orlgln.-




',bloelectric activity after acute as well as chronic exposure of

(R rfsplnal cord and cerebral cortex cultures to high concentratlons

"hil‘ 2 of Mgz+ has. been reported (6, 10).
ufff; :flj '”f:; l g Fegularnzatlon of firing has also been noticed in most rurkunJe‘
‘b'i }',' - - cells tested two weeks after exposure of fresh explants to' large
g ;f', e doses of x-irradiation (22). These observations are conslstent‘
with theiexperimentsbdescribed before,lsince it is known from
{j~;'i"" L _;,reoent morphological‘studies that an x-ray dose'ot 20 krad causes
severe damage.to‘synapses (14). |

H L Lot

-Spontaneous bioelectric activity has been frequently measured ::'i y”@lff

in situ (2, 12, 18), and it has even been observed in the chronncally
.:deafferented cerebellum (13). Fairly regular discharge‘patterﬁs.t

have been measured from Purkinje cells of adult animals in situ, .

hiufrir B ':f ‘but are‘generally'attributed.to mechanical injury by'the mioro?
| o : bl,j electrode (13, 26). Purkane cells of 7-day- -old rats dlsplay, however; a
| '~‘a regular singlet pattern Wthh is very similar to the regular
i,' . -dlscharge patterns observed during exposure to'solutnons of hlgh .‘

.concentrat:on of Mg2* (11, 30). It is nevertheless not possiblervﬂ_u'“

- to exclude the possibility that the “'ntrln51c rhythm“ observed

“in vitro is a property of nerve cells in culture caused by an in- .

¢ N Lo

e e ~  creased excitability of neuronal membranes. Moreover, it is not. .. . ;-=J\i*
yet known how the superposition of the spontaneous actlvity‘wlth ‘«'Qﬁf',;v“”
both -excitatory and inhibitory inputs is functlonlng and clearly,,‘“

there IS need- for further studues which should include st:mulatlon

',of the granule cell/parallel flber pathway and stlmulatlon of basket

‘ and stellate cells..‘l\u L *fu»[’
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The-cxperiments described suggest that, during exposure to

T ‘-agents which prevent synaptic transmission in our cultures about-

half of the PurknnJe cells behave in. vntro pacemaker like, .and -

half of them are silent. Other expcriments in this laboratory jnéi-ng"

cate:that-this ratio may change with external faCtors such as '»~:.’;«“{‘V.ﬁ"

R ~ temperature (16). Longterm experiments may help determlne whether

|nd|vidual cells wnthout synaptic .inputs are “either completely.

‘“hﬂ L zs:]ent or spontaneouslv active, or whether each Purkinje cell has

”g - two stable states,.one Spontaneously active, the other ‘silent,

" as suggested by Albus (l)

TP . Summary

) ﬁhajn'"'u """ _Analysis of the spontaneous actlvity recorded extracellularly
° $’1:f} T’V,; '[from cultured Purkinje cells in Hanks balanced saft solution-at 376C

;reveals an average splke frequency of 17°¢ 5 sptkes/sec and usually

-tf ‘;*‘lrregular lntersplke interval histograms, Increasnng the concentra- ‘Q.Jt

Vw,;iyghi-, p;”A tlon of M92 from 0.9 to 8 mllllmoles/llter leads to a 5|gnificant '~u-;:”

};d‘.“-_lp?ﬁ,regularnzatlon of firang of about half of the tested PurknnJe cells;f?.
'uQ';E 'u‘Jffffﬁ whereas ‘the others stopped b:oelectrlc activity. Pentobarbltal (20”4
| ‘; 'A mlcrograms/mll]|];ter) had the same effect, but addition of

“d-tubocurarine (10 mlcrograms/mlllillter) or atroplne‘(lO microérams/:;
“in;'ff :’, 'fnlm"""ter) had no detectable effect on the rate and temporal

s

,"A.»; dxstrlbutnon of the spontaneous aCttVlty Neurons in peripheral

areas of cultures flre regularly in solutvons of normal. as well as f

.

'-hsgh concentrations of Mg2+
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Average (imp/sec) 7 10.8 ” 8.2

' Standard deviation

TABLE | '
FIRING FREQUENCIES OF PURKINJE CELLS :
UNDER VARIOUS CONDITIONS :

A ' Péntobarbital
BSS 8mM/lMngj (20ug/m1)

Number of cells 35 | 25 10 » SR

A{imp/sec) o 23 - 2.3 o3

Coefficient of - ‘ ' ' -
variation = ‘ ©1.35 L0421 ~ 1 0.38°
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FIGURE CAPTIONS

S j -.. . ‘ - ' ’ FiE‘lfe 1

IR, Fxtrace1lu1ar1y recorded Spontantous dCthﬂ potent:als of neuron'
e ' 'soma from cerebellar cultures,

Lo ‘ Figure 1A: Sample of most often observed discharge pattern.: T '

Eigure 1B: Somctimes, spikes occur in trains, with silent periodS’ S RN,

T IR _ - - between the bursts., T L 3 ‘hJ

Yo ... - Figure 1C: Nerve cells in peripheral areas of cultures exhlblt regular R

' co : diseharge patterns. . : o S

'"‘Figure 2

Effects of a high conceutratlon of Mg?'+ on the diSLharge pattern of

, .. * Punkinje cells. = - : : L
*;agg”.' Upper picture: Interspike dlstrlbutlon as recorded in Hanks Balanced o
T ' B Salt solution (0.9 mM/1 Mg2+) o . o g{’ ﬂp
"+ v . . . Lower picture: Interspike distribution recoEFed from the same neuron '

R . in a solution with 8 mM/1 Mg“'. Time between the
two measurements:. '10 min. Bin with: L msec.
Total counts: 3000. : ST

3}; o ‘:'A Figure 3

Living large nerve cells (presumably Purkane cells) in cultures~'
from cerebellun of newborn rats. ~
Upper picture: Row of large nerve cells in dense area of culture. 17
Co .days in vitro. Phase contrast. ‘
. Lower picture: Purkimje cell in a peripheral area of a cultUre.,,A‘
"~ microelectrode is positioned close to the soma of
the neuron.: 20 days in vitro. . o e

. Figure Lo o R . N ,jf‘fl
»'Response of Purklnje cells to electr1ca1 stinudation approximately
100y away from the cell soma. PR
Figure 4A: Evoked action potential in irregularly flring nerve, cell.”>
‘ This gction pontent1a1 was eliminated when the Loncentratlon
_ _ of Mg™ was raised. : :
Flgure 4B: " Evoked action potential in regularly firlng neuron. -This;‘”
. action pontential lg not affected by a change 1n‘the,_ . St
‘concentration of Mg®' and is probably due to direct TS
"stimulation of dendrités or antidromic stimulation. ';ﬂ.;‘ [‘
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