
abnonllality of fibrocytes in the spiral liganlent 
~vould be expected to dismpt Kt tr.a~lspol-t. 
leading to depression of the EP. A reduced EP 
would explain the elevation of ABR thresholds 
in mutants as the receptor potential of hair cells 
depends on the nlagnitude of the EP (13). The 
idea that fibrocytes contribute to the generatloll 
or maintenance of the EP is thus strongly sup- 
ported by our present finding. 

In the past 5 years, 13 human genes have 
been identified that are responsible for heredi- 
taly nonsyndrornic deafness (16).  Mouse mod- 
els harboring mutations in the homologous 
genes are available for Bril 3.1;Briz-3c and for 
the myosin VIIA (shaker 1) and rnyosin XV 
(shaker 2) genes. In all three of these models. 
the mice suffer sellsolineural deafness because 
of defects in sensor) hair cells of the inner ear. 
Our analysis of Bm-4-deficient mice has indi- 
cated that cochlear fibrocytes. ~vhich are non- 
sensoty mesenchymal cells specific to the co- 
chlear duct. tnay also play an important role in 
a~~ditoly function. Given the high level of Bix-4 
expression in fibrocq.tes. the pathological 
changes tnay be a cell autonornous conse- 
quence of Bm-4 deficiency. as is the case for 
other rnelllbers of the POU transcliption factor 
family (1  7). Because the number of fibrocq~es 
in Br11-4-deficient mice is similar to that in 
u-ild-type mice (9) .  Bm-4 may be essential for 
the differentiation or fi~nction of fibrocytes but 
not for their survival. The fibrocytes are rich in 
Nat,Kp-ATPase and the gap junction protein 
connexin 26 (11).  u-hich are thought to be 
essential for I<+ transport, and mutations in the 
GJB2 gene encoding co~ulexin 26 have been 
sholm to be responsible for DFNB 1, another 
nollsyndromic deafness (18).  Seither GJB2 nor 
the Nat,Kt-ATPase gene. however, appears to 
be a target of Bm-4-mediated regulation, be- 
cause Bm-4-deficient fibrocytes shou-ed no 
dramatic changes in the expression of either 
gene. Identification of Bi-11-4 target genes in 
cochlear fibrocq~es may help to elucidate the 
role of these cells in audit017 fi~nction. 

References and Notes 
1. W .  E. Nance e t  al., Birth Defects 7, 64  (1971); C. W. 

Cremers e t  al., Arch. Otolaryngol. 11 1, 249 (1985). 
2. Y. j. M. de Kok e t  al., Science 267, 685 (1995). 
3. R. j .  McEvilly e t  al., Nature 384, 574 (1996); L. Erkman 

e t  al., ibid. 381, 603 (1996). 
4. D. Phippard e t  al., Hear. Res. 120, 77 (1998). 
5. A 1.3-kb Acc I-Bam HI fragment and a 6-kb Eco RI 

fragment isolated from a j l  genomic DNA library were 
used as short and long homologous sequences of a 
targeting vector, respectively. The pgk-neo cassette 
flanked by a pair of loxP sequences was used for positive 
selections, and the diphtheria toxin A-chain gene cas- 
sette without a polyadenylation site was used for neg- 
ative selection. The Not  -linearized targeting vector was 
introduced into J l  ES cells derived from 1291s~ mice by 
electroporation and cells were selected with C418 (77). 

6. An OCTA26 probe (GATCAGTACTAATTAGCAT- 
TATAAAC) was used. 

7. Mice were anesthetized with sodium pentobarbital (70 
mglkg) and maintained in a headholder within an 
acoustically and electrically insulated test room. Needle 
electrodes were placed on the tympanic bulla (positive 
lead) and scalp vertex (negative lead). Acoustic stimuli 

evoked by a click were delivered and the ABRs were 
measured with an evoked potential recording system 
(NEC, Tokyo). The peak amplitude was measured peak 
t o  trough and the threshold was defined as 1 kV. 

8. Horizontal sections of the temporal bone showed no 
gross difference between wild-type and mutant  mice 
in the thickness of the stapes footplate or in  the size 
or shape of the bony labyrinth, including the internal 
auditory meatus. 

9. Under deep anesthesia, cochleas f rom 1 1-week-old 
mice were fixed w i th  4 %  paraformaldehyde (PFA) in 
0.1 M phosphate buffer (pH 7.4) overnight at 4OC. 
The specimens were decalcified w i th  0.12 M EDTA, 
dehydrated, and embedded in  paraffin. Serial sections 
(6 p.m) were stained w i th  hematoxylin and eosin. 
Five sections containing the suprastrial zone of the 
midbasal turn were selected a t  random and the num- 
ber of fibrocytes (mean I SD) was counted in sec- 
t ions f rom wild-type (590 I 25) (n = 4) and mutant  
(605 -t 50) (n = 4) male mice. 

10. Mice at postnatal day 0 were anesthetized and perfused 
with ~ce-cold 4% PFA and immersed in 4% PFA at 4OC 
overnight. Heads were embedded in OCT compound 
(Sakura) and cryosectioned (20 p.m). Digoxigenin-la- 
beled RNA probes were synthesized by using a 390- 
base-pair fragment of the 3' noncoding region of mouse 
Brn-4 as a template (Boehringer). Tissue sections were 
treated with 4% PFA, washed in phosphate-buffered 
saline, and then hybridized w ~ t h  the probes a t  72°C for 
24  hours. Sections were washed under stringent condi- 
tions and hybridization signals were detected by immu- 
nohistochemical analysis. 

11. B. A. Schulte and J. C. Adams, j. Histochem. Cytochem. 
37, 127 (1989); S. S. Spicer and B. A. Schulte, Hear. Res. 
56, 53 (1991): T. Kikuchi, R. S. Kimura, D. L. Paul, j. C. 
Adams,Anat. Embryol. 191, 101 (1995); S. S. Spicer and 
B. A. Schulte, Hear. Res. 100, 8 0  (1996). 

12. Mice were anesthetized and perfused wi th  2.5% glutar- 
aldehyde in 0.1 M sodium cacodylate buffer (pH 7.4). 
Cochleas were fixed by perilymphatic perfusion with 
2.5% glutaraldehyde overnight a t  4°C and immersed in 
the same fixative for 2 more hours at room tempera- 
ture. Electron microscopy was performed as in (79). 

13. In both wild-type and mutant  mice, al l  three cell 
types of the stria vascularis (marginal, intermediate, 
and basal cells) were identified and presented a nor- 
ma l  appearance. There was no observable difference 
in  the structure o f  intrastrial capillaries between 
wild-type and mutant  mice. Myelinated axons f rom 
spiral ganglion cells t o  sensory hair cells were well 
preserved. A t  the bases of inner hair cells, the fine 
structure of the afferent nerve terminal synapses 
appeared t o  be normal in  mutant  mice. 

14. For EP measurement, each mouse was artificially ven- 
tilated wi th  a respiratorthrough a tracheal cannula after 
deep anesthesia and muscular relaxation. Rectal tem- 
perature was maintained at 37°C and an electrocardio- 
meter was monitored. A glass microelectrode filled wi th  
150 m M  KC1 was inserted into the scala media of the 
basal turn through the lateral wall of the cochlea and 
the output was recorded with a high-impedance dual 
electrometer (WPI), New Haven, CT. 

15. H. Davis, Cold Spring Harbor Symp. Quant. Biol. 30, 
181 (1965); V. Honrubia and P. H. Ward, j. Acoust. 
Soc. Am. 46, 388 (1969). 

16. K. B Avraham, Nature Med. 4, 1238 (1998); C. 
Kubisch e t  al.. Cell 96, 437 (1999); S Yasunaga e t  al., 
Nature Genet. 21, 363 (1999). 

17. J. R. Bermingham Jr, e t  al., Genes Dev. 10, 1751 
(1996); S. Nakai e t  al., ibid. 9, 3109 (1995); M. D. 
Schonemann e t  al.. ibid., p. 3122. 

18. D. P. Kelsell e t  a/., Nature 387, 8 0  (1997); X. Estivill 
e t  a/., Lancet 351, 394 (1998). 

19. Y. Katori, C. M. Hackney, D. N. Furness, Cell Tissue 
Res. 284, 473 (1996). 

20. Supported by a grant-in-aid for Scientific Research on 
Priority Areas (O.M., T.N.); grant-in-aid 07457394 (K.I.) 
from the Ministry of Education, Sports, Science and 
Culture of Japan; and a grant from the Ministry of 
Health and Welfare. We thank M. Ogawa, K. Kaga, and 
T. Murobushi for valuable discussions; K. Jishage, H. 
Nishino, R. Sato, and K. Yamaguchi for technical sup- 
port; and T. Morizono, C. M. Hackney, and D. N. Furness 
for support. 

17  February 1999; accepted 30 June 1999 

Long-Term Depression in 
Hippocampal Interneurons: 

Joint Requirement for Pre- and 
Postsynaptic Events 

Fernanda L a e z ~ a , ' - ~  James J. Doherty,' Raymond Bingledine2* 

Long-term depression (LTD) is a well-known form of synaptic plasticity of 
principal neurons in the mammalian brain. Whether such changes occur in 
interneurons is still controversial. CA3 hippocampal interneurons expressing 
Ca2--permeable AMPA receptors exhibited LTD after tetanic stimulation of CA3 
excitatory inputs. LTD was independent of NMDA receptors and required both 
C a 2  influx through postsynaptic AMPA receptors and activation of presynaptic 
mCluR7-like receptors. These results point to  the capability of interneurons to 
undergo plastic changes of synaptic strength through joint activation of pre- 
and postsynaptic glutamate receptors. 

LTD and long-term potentiation (LTP) are hippocampus. neocortex. and cerebellum ( I .  
activity-dependent forms of synaptic plastic- 2) .  Most studies related to LTD and LTP have 
ity that have been extensively studied in the examined excitatory synapses onto principal 

neurons. However, it is irnpoltant to lcnolv 

7Neuroscience Program, of whetller the same types of long-tel-111 plastic- 
pharmacology, E~~~~ university ~ ~ ~ h ~ ~ l  of pjedicine, ity occur at excitatory synapses onto inter- 
At lanta,  G A  30322,  USA. neurons. It is clear that long-term plasticity at 

*TO whom correspondance should be addressed, E- certain hippocarnpal intenleurolls is passive, 
mail: rdingledine@pharm.emory.edu resulting fronl plasticity of excitatory inputs 
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to the principal cells that synapse onto the 
interneurons (3. 4) :  however. otller evidence 
points toxvard direct forins of plasticity (5. 6 ) .  
Recently, Ca"-pelmeable ,4MP,4 (a-arnino- 
3-lydroxy-5-methyl-4-isoxa20lepropionate) re- 
ceptors were shown to mediate synaptic poten- 
tiation (7, 8). In some illterneurons Ca2+-per- 
nleable and Cast-impermeable .k\IPA recep- 
tors are localized to different synapses (9. 10). 
whereas in other illterneurons .k\IPA receptor 
sub&pes appear to intennix in different propor- 
tions at the same synapses (11. 12). 

We perfomled whole-cell patch-clamp re- 
cordillgs from visually identified CA3 stratum 
(st.) radiatuln illterneurons in thi11 hippocampal 
slices prepared fi-om young rats (13). LOIT.- 
intensity electrical stirnulation of the CA3 py- 
ramidal cell layer evoked excitato~y inputs onto 
the nearby interneurons (Fig. 1A). Interneurons 
filled with biocqqin revealed that their axons 
mainly target st. radiah~ln (Fig. 1B). In these 
interneurons, excitato~y postsynaptic culvents 
(EPSCs) call be classified into hl-o broad 
goups. Type I EPSCs have an ouhvardly rec- 
tifying or linear cu~vent-voltage (I-1.) relation. 
are insensitive to polyamines. and are mediated 
by AI\tfPA receptors with  lo^ C a '  perineabil- 
ity. whereas type I1 EPSCs are inwardly recti- 
fving. are blocked by polyarnines. and show a 
range of Ca2+ pertneability that approaches that 
of NMDA (12:-methyl-D-aspartate) receptors 
(10-12, 14. 1.5). All evoked EPSCs n-ere abol- 
ished by 50 p M  LY303070. a specific AI\tfPA 
receptor antagonist (16). 

High-fsequency stinlulation of CA3 pyra- 

nlidal cells induces LTP in both CA1 and CA3 
pyramidal cells (2.  17). On tile basis of the 
finding that Ca2+-permeable AMPA receptors 
may be capable of supposting synaptic potenti- 
ation (7. 8). we examined u-hether type I1 
EPSCs could mediate any form of spaptic 
plasticity. With NhIDA receptors bloclced (13), 
Ive applied three trains of high-frequency stim- 
ulation (30 pulses: 100 Hz; one train ever). 10 s) 
to the CA3 cell body layer. All type I1 EPSCs 
tested (n  = 12 interneurons) showed LTD of 
the lllean EPSC amplitude [Fig. 1C: analysis of 
variance (Ah-OVA). P < 0.0011. LTD started 
immediately after tetanic stimulation. Within 5 
lnin the EPSC amplitude fell to an average 
steady-state level of 53 -t 7% of pretetanus 
control. n-hich persisted up to 60 rnin after 
tetanus. 

In contrast. none of the type I EPSCs (11 = 

10 intemeurons) shou-ed LTD after tetanus 
(Fig. lC) ,  but trallsiellt potentiation u-as ob- 
served in sonle cases (18). TWO cells 1vit11 
EPSCs of intermediate rectification sho\ved 
either LTD or no change in response to the 
tetanus (Fig. 1D. triangles) and were exclud- 
ed from further analysis. A 5 0 - ~ M  concen- 
tration of LY303070 abolished EPSCs occur- 
ring writhi11 the tetanic trains (iz = 3). l-uling 
out the possibility of a substantial contribu- 
tion of kainate receptor activation to LTD. 

The finding that LTD occuned only in in- 
terneurons with EPSCs that had low rectifica- 
tion ratios (r.r. < 0.5: Fig. ID) (15) suggests 
that C a '  entry through AMPA receptors may 
be required for LTD. If so, LTD should be 

three thick primary den- 
drites arose from a multipolar, bipolar, or fusiform cell body; dendrites branched proximally and ran primarily 
radially. These cells correspond most closely t o  Schaffer collateral-associated interneurons (33). (C) Tetanic 
stimulation was delivered t o  CA3 synaptic inputs at the arrow while type I1 (open circles) and type I EPSCs 
(solid circles) were recorded. Each point is the mean i SEM of evoked EPSCs from 12 type I1 or 10 type I 
synapses. (D) Posttetanic EPSC amplitude measured 10 min after tetanus is expressed as a function of the 
rectification ratio (r.r.) of the interneuron (75). Type I1 EPSCs are inwardly rectifying with r.r. 5 0.5 (open circles) 
and depress after tetanic stimulation. Type I EPSCs have linear or outwardly rectifying I-V relations and show 
either transient potentiation (78) or no effect (solid circles). Two cells with intermediate r.r. are shown as open 
triangles. 

Fig. 1. LTD occurs exclu- A 
slvely at type II EPSCs (A) type II  type I 

B 
, /-- 

prevented by (i)  polyarnine antagonists that se- 
lectively block GluR.2-lacking AMPA recep- 
tors. (ii) depolarization of the interneuron dur- 
ing the tetanus to reduce Ca2+ influx, and (iii) 
perfi~sion of the illterneuroil with BAPTA (to 
chelate tetanus-induced Ca2- influx). 

First, we tested whether Qpe I1 EPSCs 
could be selectively blocked by polyamines 
(11, 19). An inu-ardly rectifying EPSC was 
largely bloclced by A'-(4-hydroxyphenylpropa- 
ny1)-spertnine (NHPP-SP) (Fig. 2. A and C). In 
contrast. an EPSC with a linear I - l7  relation 
was unaffected by the sanle drug (Fig. 2. B 
and D). T11e effectiveness of VHPP-SP and of 
Joro spider toxin (JSTX) was inversely cor- 
related to the rectification ratio (15), showing 
a ~naxinlal block of EPSCs having a very lox- 
rectification ratio (Fig. 2E) (11. 19). To es- 
tablish whether inu-ardly rectifying AMPA 
receptors u-ere necessary for LTD induction, 
we delivered trains of stimuli that elicitt:d 
type I1 EPSCs i11 the presence of 10 or 30 p M  
NHPP-SP. Both collcentrations of the poly- 
amine colnpletely bloclced LTD (Fig. 2F: 
ANOVA. P < 0.05. iz = 5 ) .  

LTD requires an inu-ard flux of ions. be- 

Type I and type II EPSCs 
evoked at -40 mV (top) 

A B 
tvoe I1 control +NHPP-SP type I control +NHPP-SP 

- 
Fig. 2. Polyamine sensitivity of CA3 inputs and 
LTD. (A) CA3-evoked type I1 EPSCs a t  -70  m V  
are reduced by 10 p M  NHPP-SP. (0) CA3- 
evoked type I EPSCs in a different cell are 
unchanged a t  -70  m V  in the control (left) and 
in the presence of 1 0  p M  NHPP-SP. (C and D) 
I-V relations of EPSCs f rom the same interneu- 
rons as (A) and (B) before (solid circles) and 
after perfusion wi th 10 FM NHPP-SP (open 
circles). (E) Percent block of EPSC by poly- 
amines (8 t o  10 FM JSTX or 1 t o  1 0  p M  
NHPP-SP; holding potential = -70  m V )  is 
inversely related t o  the rectification ratio. (F) 
Type I1 EPSCs recorded after tetanic st imulation 
in  the presence o f  NHPP-SP (10 t o  30 FM) 
(hatched bar) are displayed as percentage of 
pretetanic control. For comparison, posttetanic 
type I EPSCs (black bar) and type II (gray bar) 
EPSCs are also shown (*P < 0.001, by analysis 
of variance post hoc Bonferroni). 

and - 70 m V  (bottom) ~n ** G C  

two  different Interneu- 
rons (B) Morphological - - 
reconstructlon of a typl- 
cal blocytln-fllled CA3 In- 
terneuron The axon 1s 
displayed as a thlnner llne 
compared wlth the den- c D 
drlte The Inset shows the 
posltlon of the cell body 
wlthln the st radlatum 
(CC, granule cell layer) In 
all 42 st radlatum Inter- 
neurons examined, axons 
were dlstrlbuted malnly 
wlthln st radlatum but 
could also extend lnto 0 
the hllus or dentate gyrus -5 0 5 10 15 20 25 0 1 2 

as In thls cell Two or Tlme (mln) Rect~f~cat~on ratlo 
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cause clanlping at 1-40 mV during the tetanic 
train prevented LTD induction (Fig. 3A). A 
subsequent tetanlc stimulation delivered at 
-70 mV, as for control conditions. produced 
LTD in the same cells (second arrow in Fig. 
3A). This result suggests that a postsynaptic 
event  nus st be involved in the LTD mecha- 
nism, but additional presynaptic contribu- 
tions are not 111led out. 

We used the intracellular Ca2' chela- 
tor BAPTA [1,2-bis(2-aminophenoxy)ethane- 
lV,lV,N'~h"-tetraacetic acid] to determine wheth- 
er postsynaptic Ca2+ influx through inwardly 
rectifying AMPA receptors is necessary for 
LTD induction. Inclusion of 10 rnM BAPTA in 
tlie recording solution prevented LTD in three 
of six neurons expressing type I1 synapses and 
delayed LTD onset in the other three cells. A 
30-nuh4 concentration of BAPTA abolished 
LTD (Fig. 3B). After tetanic stimulation. 
EPSCs were 98 _f 5% of control with 30 nlM 
BAPTA in the pipette (il = 5), compared with 
57 2 4% of control in the absence of BAPTA 
( i z  = 12) (P < 0.05). Although 10 rnM BAPTA 
often is sufficient to block Ca2'-mediated plas- 
ticity, 30 to 50 rnM BAPTA is needed to block 
plasticity at some synapses (20). A high coii- 
centration of BAPTA might be required, for 
example. if the site of action of the inhacellular 
Ca2' is near the mouth of the AMPA receptor 
channel. or if a low concentration of internal 
Ca2+ is sufficient to trigger LTD (21). 

The synaptic failure rate increased after tet- 
anus in type I1 EPSCs (28% in control com- 
pared with 51% after tetanus. P < 0.001. paired 
t test, il = 5; Fig. 3E), but the mean amplitude 
of the EPSCs in successftil stimulus bials re- 

Fig. 3. Postsynaptic 
Ca2+ influx and failure 
rate in LTD. (A) Depo- 
larization blocks LTD. 
Type II EPSCs normal- 
ized t o  pretetanic con- 
trol period are shown. 
A t  the first arrow, te- 
tanic stimulation was 

mained constant after tetanus (102 f 2% of 
control, n = 3, Fig. 3C. D). The (coefficient of 
v a r i a t ~ o n ) ~ ~  of evoked EPSCs (including fail- 
ures) was reduced to 63 i 11% of control in 
LTD (n = 12). indicative of reduced quanta1 
content. These findings are consistent with, but 
do not prove (22), a reduction in the probability 
of transmitter release from presynaptic termi- 
nals in LTD. 

We next investigated the role of presynaptic 
rnGluR receptors in LTD. CA3 inputs to st. 
radiatum intelneurons were not significantly re- 
duced by a high concentration (30 kM) of the 
selective agonist for group I1 mGluRs. 2R.4R- 
4-aminopyrrolidine-2,4-dicarboxylate (APDC) 
(Fig. 4A, il = 101, indicating that group I1 
receptors (mGluR2. mGluR3) are absent or in- 
effective at these teilninals. This finding also 
confirms that the inputs studied are not from 
mossy fibers (5, 9). 

Among the group I11 mGluRs. mGluR6 
appears to be absent in the hippocampus and 
mGluR4 is expressed mainly in CA2 (23). 
whereas mGluR7 and mGluR8 are heavily 
expressed by CA3 pyramidal neurons (24. 
25). The mGluR7 receptors appear to be ex- 
clusively localized to presynaptic ternlinals 111 

the hippocampus, predominantly at synapses 
onto interneurons (24, 26). We thus hypoth- 
esized that either mGluR7, mGluR8, or both 
mediate presynaptic inhibition at both type I 
and type 11 synapses. The group 111-selective 
agonist L-(+)-2-amino-4-phosphonobutyric 
acid (L-AP4) has a median effective concen- 
tration of 0.4 to 1.2 p,M for mGluR8 and 160 
to 500 kM for mGluR7 (27). A 3-p,M con- 
centration of L-AP4 did not depress synaptic 

+ 40 mV 30 mM BAPTA 

t 

delivered while inter- c 
neurons were clamped 

D E 

at +40 m V  (n = 4). A t  -50 4 o 
the second arrow, te- 

> 0 
cells were clamped a t  
-70 m V  (n = 3). (B) 

40 neurons loaded w i th  
3 0  m M  BAPTA do not  

-10 0 10 20 0 -25 -50 
Time (min) EPSC (PA) 

express LTD (n = 5). 
(C) Type II EPSC ampli- 
tude before and after tetanic st imulation (arrow). After the stimulus trains, EPSC amplitude was 
unchanged but failure rate increased f rom 23% t o  37%. (D) Amplitude histogram o f  EPSCs [ f rom 
cell of (C)] expressed as percentage of events in  control (gray) and after tetanus (black). To the 
right, averages o f  20 EPSCs (nonfailures aligned on  rising phase) before and after tetanus show that  
EPSC kinetics and amplitude were similar after LTD was established. Mean EPSC amplitude 
(nonfailures) was 20.8 + 0.9 pA before and 19.7 t 0.8 pA after the tetanus. EPSCs are offset 
vertically for clarity. (E) LTD was associated w i t h  an increase i n  percentage o f  failures o f  type II 
EPSCs. Each cell is represented by a different symbol (con, control). 

transmission at either type I or type I1 syn- 
apses. suggesting that mGluR8 receptors do 
not influence transmitter release at these syn- 
apses. However, both type I and type I1 
EPSCs were depressed by 1 mM L-AP4, 
consistent with activation of mGluR7 at these 
synapses (Fig. 4A). L-AP4 at 1 mM increased 
the incidence of synaptic failures (20% in 
control compared with 48% in L-AP4, P < 
0.001. paired t test. n = 6). consistent with a 
presynaptic localization of mGluR7 (24-26). 

We then investigated whether activation of 
group I11 mGluRs was necessary to produce 
LTD. The group I1 and group I11 antagonist 
LY341495 [2S-2-arnino-2-(1S,2S-2-carboxycy- 
clo-pro-1-y1)-3-(xanth-9-yl) propanoic acid] is 
active at submicromolar concentrations against 
recombinant mGluR7 receptors (28) and blocks 
tlie effect of group 111-selective mGluR ago- 

APDC 3 1000 

L-AP4 (pM)  

Fig. 4. Metabotropic glutamate receptor in- 
volvement in  LTD. (A) Effect of 3 0  k M  APDC 
(n = 10, black bar) o r  L-AP4 (3 p M  or  1 mM, 
respectively, gray bar, n = 6, or hatched bar, 
n = 10) on type I and type II EPSCs, expressed 
as a percentage o f  EPSC amplitude in  the con- 
t ro l  period before exposure. Data on  types I and 
I I  EPSCs were pooled because drug effects were 
similar (*P < 0.001). (B) The group Il/lll-selec- 
t ive antagonist LY341495 (500 nM) blocked 
LTD wi thout  affecting transmission a t  l ow 
stimulus frequency (n = 3 interneurons w i t h  
mean r.r. = 0.3 2 0.1). EPSC amplitude is 
expressed as a percentage of pretetanic control. 
A t  the arrow, tetanic st imulation was delivered. 
(C) EPSCs normalized t o  the highest amplitude 
EPSC occurring during 100-Hz trains are plotted 
in  relation t o  the number o f  pulses during the 
train in  the absence (solid circles, n = 8) or 
presence (open circles, n = 5) o f  500 n M  
LY341495. Data are pooled f rom type I and 
type I I  EPSCs. 
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