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202.7 
WHOLE-CELL RECORDINGS OF PARALLEL-FIBER AND 
CLIMBING-FIBER EPSCs FROM PURKINJE CELLS IN RAT 
CEREBELLAR SLICES D. J. Perkel. S. Hestrin, P. Sah* & R. A. Nicoll 
Depts. Physiol. and Pharmacol. UCSF, San Francisco. CA 94143-0444. 

TO investigate the conductances underlying the two different types of 
excitatory input to Pwkinje cells we used whole-cell recording in thin (100-250 
!.lm thick) sagittal slices of adult rat cerebellum. Cells were visualized directly 
using Nomarski optics, and debris overlying the soma was removed with a large 
"cleaning" pipette (Edwards et al., 1989, Pflueers Arch, 414:600). Recohling 
pipettes contained (mM): 140 CsF, 10 NaCI. 10 HEPES, 10 EGTA. 

Eleclrical stimulation of the white matter caused an all-or-none excitatory 
post-synaptic current (EPSC) that displayed paired-pulse depression. 
Stimulation of the molecular layer, on the other hand, resulted in a gradcd EPSC 
that exhibited paired-pulse facilitation. Both EPSCs showed reversal polenlids 
around 0 mV, and were entirely blocked by application of the non-NMDA 
receptor antagonist CNQX (10 pM). When the cell was voltage clampcd at -40 
mV andlor bathed in Ringer containing no added ~ g ~ + ,  neither typc of EPSC 
was affected by the NMDA-reccptor antagonist DL-APV (50 !J.M). We conclude 
that both types of EPSC are mediated entirely by non-NMDA receptors. 

Bath application of NMDA (100 did not evoke an inward current, even . . 
in ~ ~ 2 + - f r c e  Kinger or at a holding potential of -40 mV. Superfusion of 
aspanate (0.1 - I mM) caused an inward current, but this was blocked by 10 pM 
CNQX. Non-NMDA receptors thus sppcar to mediate a11 the 
elecuophysiological cffecL< of ehc~wtory .mino-ac~ds on Purkinjr cAls. 

202.9 

ARE S P I N E S  AND DENDRITES DYNAMICALLY 
DISTINCT CALCIUM COMPARTMENTS? Menahem Sepal. 
Peter Guthrie, and Stanley B. Kater. The Program in Neuronal Growth 
and Develgpment and the Department of Anatomy and Neurobiology, 
Colorado State University, Fort Collins, CO 80523. 

Dendritic spines are likely to be a primary site for neural plasticity. 
Intracellular calcium is thought to be the prime tool for regulating neural 
plasticity. Despite extensive interest, little is known about calcium's 
resting levels and dynamic changes in spines. One major unresolved 
question is whether spines constitute a functional unit separable from 
adjacent dendritic shaft. That is, is calcium in the spine ([Cals) regulated 
differently than intradendritic calcium ([Cald)? 

We have injected CAI pyramidal neurons in hippocampal slices from 
adult rats with fwa-2 and monitored [Cald and [Gals with high power 
objectives in a dual wavelength Ca imaging system. Resting calcium 
levels in spines and dendrites were not notably different. Calcium was 
elevated in individual dendrites by irradiating a distant site with a brief 
pulse of light. Resting [Cald (approx. 175 nM) rose to 600 - 2500 nM 
after irradiation. This increase traveled as a wave from the site of 
irradiation to the distant site where spine measurements were made. In 
most (n=20) spines on the irradiated dendrite, there was a parallel rise in 
[Cals. 

Notably, in I1 cases, the [Ca]s was Iower; as low as 20% of the level 
in the parent dendrite. In three other cases, [Ca]s actually exceeded [Cald 
by as much as 200%. Clearly, these data are obtained near the limits of 
current resolving power. Nonetheless, these data strongly suggest that 
[Cali is heterogeneously regulated in spines and parent dendrites of the 
same neuron. (supposed by Alzheimer's Association) 

202.11 

CAN SOMATIC SHUNT CONDUCTANCE BE MEASURED BY PEELING 
EXPONENTIALS? C.J. Wilson, Dept. of Anat, and Neurobiol.. U.T. 
Memphis. Memphis. TN. 38163. USA. 

The uniform membrane neuron model originally proposed for the 
motoneuron by Rall. and by Jack and Redman can be thought of as  a 
mapping function that allows extraction of the physiologically 
meaningful values, dendritic length and dendritic dominance, from the 
less meaningful measured values, the equalking time constants and 
their coemcients. As such. it is very well-behaved. that is, errors of 
measurement of the time constants and coemcients make roughly 
commensurate errors in the estimates of dendritic length and dendritic 
dominance. Viewing the somatic shunt model a s  a mapping function 
yielded a very merent  result. The surface generated by the function in 
the space deflned by the f i s t  two equalizing time constants and their 
coefficients was vely complicated. Although is was not multivalued. it 
folded back and approached itselfin several places. It was most 
complex when the dendrltic length was less than one length constant. 
Adding the third time constant and its coemcient helped only a little. 

As a result, small errors in measurement of time constants and 
coefficients can produce large and unexpected errors in the estimate of 
dendritic length and dendritic dominance when using the somatic shunt 
model to extract these parameters. With some values of time constants 
and coemcients, the uniform and somatic shunt models both flt the 
data reasonably well, but with very different values for dendritic length 
and dendritic dominance. These results suggest that measurement of 
somatic shunt conductance, and even the determination of which model 
best flts neurophysiological data, should be approached with caution. 

202.8 
EXCITATORY AMINO ACID RECEPTORS UNDERLYING THE 
ASSOCIATIONAL/COMMISSURAL AND MOSSY FIBER SYNAPTIC 
CURRENTS OF CA3 PYRAMIDAL NEURONS. I. S. Isaacson and R. A. Nicoll. 
De~ts. of Phvsioloav and Pharmacoloav. Univ. of Cal., San Francisco, CA 94143 

C A ~  pyr&nidal-teurons receive tw~natomlcally distinct typs of synaptic Input 
that exhibit different forms of lone term wtentiation (1.TP): an associaiion;il/ 
commissural (a/c) input that requires NMDA receptor acttvation for the induction of 
LTP and mossy fiher (mf) input wh~ch docs not. NMDA receptor binding IS low at 
the nif synaptic rcgion comparcd to the a/c synaptic region, however, litllc ntore IS 

known concerning thc contributions of non-NMUA and NMDA rwptors at th:se 
synapses. 

Toaddress this question, synaptic currents in CA3 pyramidal neurons wcre studied 
using the method of "blind whole-cell recording (Blanton, M. et al., J. Neurosci. 
Merh., 30: 203, 1989) in thick (500 pm) hippocampal slices from adult guinca pigs. 
A/c excitatory post synaptic current?, (EPSCs) were elicited by a conventional bipolar 
stimulating elecucde placed in stratum radiatum. To eliminate the contribution of 
contaminating non-mf inpuls which can be activated by conventional stimulating 
electrodes, "pure" mf EPSCs were evoked by the direct stimulation of granule cells 
with a glutamate-filled iontophoretie electrode positioned in the dentate gyms. 

EPSCs evoked from stimulation of ale fibers displayed a slow component at 
depolarizing holding potentials (> -40 mV). The slow component to the EPSC was 
blocked by the addition of APV to the perfusing medium. 

Glutarnatcevoked mf responses, presumably reflecting the activation of single 
fibers, often yieldedEPSCs ranging in amplitude from 200 to 1000 pA at a holding 
potential of -80 mV. These EPSCs also contained a small, slow component at morc 
depolarized membrane potentials which was blocked by APV. A larger APV-scnsilive 
comoonent to mf EPSCs was observed in slices ocrfused with Mae-free Rinacr. 

Tkse result?, pmvide evidence that both the & and mf inpugto CA3 pyr~n~a$l 
neurons activate NMDA and non-NMDA receDtors. The functional role of NMDA 
receptors at the mf-CA3 synapse remains to beelucidated. 

202.10 
INTRACEUUWIR ATP AND HfOSPHOCREATlNE I N  COlZTM AFTER 
NMDA, WIWALATE AND KAINIC ACID : NMR SPECPHUSMPY ON 
NEONATAL RAT BRAIN SLICJXS. J. Chammenat* , G. Fort in* ,& 
Jacquin*. 8. Gi l l e t* ,  J . C .  Beloeil* and M. Denavit-Saubid 
Laboratoire de  Physiologie Nerveuse & I n s t i t u t  de Chimie 
des Substances Naturelles,  CNRS, 91198 Gif-sur-Yvette, 
France. 

31P- and 1H- nuclear magnetic resonance spectroscopy 
of 3-10 day-old r a t  c o r t i c a l  , s l i c e s  were used t o  monitor 
evolution of i n t r ace l lu l a r  ATP, phosphocreatine (Pcr)  , 
l a c t a t e  and pH following 0.5-1 min appl icat ion of 
exc i t a to ry  amino ac ids  agonis ts .  Pcr was dephosphorylated 
during agonist-induced neuronal exci ta t ion and afterward 
f u l l y  rephosphorylated within 15-100 min, a duration 
r e l a t ed  t o  t h e  amount of agonis t  applied (threshold 
agonis t  concentration : 1 w M ) .  Reversion was abolished by 
mitochondria1 impairement (a t ractylos ide  50 l l M ,  5 min) o r  
suppression of glucose supply. In  t he  presence of glucose 
(10 mM), agonis ts  ra ised l a c t a t e  l eve l  and decreased pH 
revers ibly .  Effects  were reproducible and sensit , ive t o  
s e l ec t ive  pharmacological blockers of newonal membrane 
receptors.  Dose/resmnse analys is  revealed s i t ua t ions  in 
which [ATPli was revers ibly  decreased and provided 
evidence f o r  two d i f f e ren t  desensi t iz ing mechanisms : one 
preventing change of [ATPli following quisqualate,  
another one reducing NMDA e f f e c t  on Pcr a f t e r  decrease of 
[ATPIi. Neither mechanism was found a f t e r  kainate. 

202.12 

INHIBITORY INTERNEURONS MAY HELP SYNCHRONIZE FIRING 
OF POSTSYNAPTIC CELLS.  and IJ.Sejmwki. Salk 
Institute, La Jolla, Ca 92037. 

Phase locking within groups of neurons is a ubiquitous 
phenomenon in the central nervous system. This synchronization 
may reflect the operation of a central oscillator that owes its 
periodicity to the Intrinsic properties of individual cells or it may be a 
resonance property of small neuronal networks. We studied a 
model of a cortical pyramidal cell that had Hodgkin-Huxley type 
sodium and potassium channels. Frequency entrainment was seen 
to a rapid train of brief, strong (20-100 nS) compound inhibitory 
postsynaptic potentials (IPSP) onto proximal apical dendritic shaft. 
soma or axon initial segment. The IPSP in this case modulated 
postsynaptic cell behaviour by either increasing or decreasing the 
rate of firing. Facilitation by the IPSP was caused by activation of 
sodium channels and turning off qotassium channels, both reducing 
the threshold to firing. Using an intermediate sized IPSP (60 nS), 
entrainment to a 40 Hz input frequency occured when the initial rate 
of firing of the postsyhaptic cell was betweeri 32 and 47 Hz. The 
phase relation between the lnhlbitory cell and the postsynaptic cell 
generally varied from d2 to rr. depending on the initial rate of firing 
of the postsynaptic cell. Phase locking could also be demonstrated 
in cells which initially showed irregular firing due to uncorrelated 
synaptic input. The phase locking of cell firing observed in visual 
cortex in response to a visual stimulus may Involve these facilitatory 
IPSP effects in combination with direct excitatory connections. 
Thalamic rhythms such as spindling involve Inhibitory projections 
from the reticular nucleus that may utilize similar mechanisms. 
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