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Analysis of strontium-induced asynchronous release of quanta from stimulated synapses 
revealed that long-term potentiation and long-term depression in the CAI region of the 
mammalian hippocampus are associated with an increase and a decrease, respectively, 
in quantal size. At a single set of synapses, the increase in quantal size seen with long-term 
potentiation was completely reversed by depotentiating stimuli. Long-term potentiation 
and depression are also associated with an increase and decrease, respectively, in the 
frequency of quantal events, consistent with an all-or-none regulation (up or down) of 
clusters of ~-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors, a 
change in the release of transmitter, or both. 

Long-term potentiation (LTP) and long- \vhich LTP and LTD are expressed, howev- 
term depression (LTD) in the CA1 region er, has not been unequivocally determined 
of the hippocal~ipus are thought to depend ( I ) .  Initially, quanta1 analysis suggested 
on the activation of postsynaptic N-methyl- that increases in both iluantal content, a 
1)-aspartate receptors (NMDARs) and a rise presynaptic variable, and quanta1 size, a 
in intracellular calcium (Ca2-'). The  site at postsynaptic measure, occurred during LTP 

Fig. 1. Subst~tution of Sr2+ for Ca2+ induces 
asynchronous quantal release. (A) Sample traces 
of evoked EPSCs obtained In a gulnea pig CAI 
neuron In the presence of Ca" or Sr". The bot- 
tom two traces are averages of 30 EPSCs shown 
at a dlfferent scale. (B) Cumulative ampltude dis- 
trlbutions comparing events associated with 
SrB-induced asynchronous release (dotted Ilne) 
with mnlature EPSCs (mEPSCs) recorded in TTX 
(sold line). Data from six dlfferent CAI neurons 
were averaged. No statistcal dfference In quantal 
ampltude was found between the two distribu- 
tions (P > 0.07). Averages of 100 of these quantal 
events obtalned in a single cell are displayed 
above the plot, (C) Summary graph of four cells 
where the stimulus strength was increased in one 
pathway ( f e d  symbols) before Sr2+ replaced 
Ca2+ In the extracellular souton. The traces are 
superimposed averages of S I X  successive sweeps 
taken froni a typical experiment before (a) and 
after (b) modlfcatlon of the synaptic response In 
the test pathway, as well as in the presence of 
Sr" (c). (D) Cumulat~ve amplitude distributions 
obtaned from the cells llustrated in (C) comparing 
the asynchronous events In the control pathway 
(dotted Ine) wlth those from the pathway where 
stmulus strength was increased (solid line). No 
statistical dlfference was found between the two 
dstributons (P > 0.25). Averages of 100 of these 
events obtalned in a single cell are shown above 
the plot, (E) Sample traces of evoked EPSCs orlg- 
nating from two independent pathways In the 
presence of Sr2-. On one pathway, pared-pulse 
stmulation was given. The lower traces are aver- 
ages of 15 EPSCs shown at a different scale. (F) 
Cumulative amplitude d~stributions comparing 
asynchronous events obtaned from control (dot- 
ted lne) and paired-pulse ( sod  line) pathways. 
Data from four dlfferent neurons were averaged. 
No difference in quantal amplitude was found be- 
tween the two distrbutons (P > 0.1). Averages of 
100 of these quanta events obtalned in a single 
cell are displayed above the plot. 

(2 ) .  However, more recent reports in which 
presumpti\,e single synaptic sites were stud- 
ied did not observe a change in quanta1 size 
during LTP (3, 4)  or LTD (3) but found a 
significant change in synaptic failures that 
could indicate a change in the probability 
of transmitter release. 

One approach to identify the site re- 
sponsible for a change in synaptic strength 
has been to examine the size and frequency 
of spontaneous quanta1 excitatory postsyn- 
aptic currents (EPSCs) (5). A change in the 
size of these events is thought to reflect a 
postsynaptic change in the response to the 
neurotransmitter. I11 contrast, a change in 
frequency is thought to represent a change in 
neurotransmitter release. Because NbIDAR- 
dependent LTP and LTD are lilnited to the 
stimulated nathwav, onlv a small suhset of , ,  , 
the synapses on the recorded cell express 
the plasticity. Thus, analysis of spontane- 
ous EPSCs. n ~ l ~ i c h  originate from all of the u 

synapses contacting the cell, 1s unlikely to 
detect any changes at the ~nodified syn- 

A ca2+ Asynchronous rnEPSC Scaled 

- v - - - - - - - - -  v J 4 p A v  
20 rns 

0.5 
f .- 

- - - -  Asvnc events 

C 

II/- 
50 rns 

- 
3 
E 

V 
o Control 

- ~ E P S C  

I I I I 
-1  0 -5 0 5 10 

Time (min) 

(100 PA ; 0.0 I I I I 

150 rns 
0 1 2 3 4  

Amplitude (normalized) 

Control t Stim. Scaled 

v ' J 4 P A  V - - - - -  

20 rns 

Control & 
1 2 3 

Amplitude (normalized) 

E Control Control Pared-pulse Scaled 

21.0 

110pA 
- - - -  Control 

E Paired pulse 
; 0.0 

II' 200 rns 0 1 2 3 4 5  
Amplitude (normalized) 

1294 SCIENCE \,OId. 271 I MARCH 1996 



native appro,iclii.a, s ~ ~ c l i  a> a y p l ~ c a t ~ o n  c-it 
ylutamate agoniets (6. 7) or activation of 
\ - i ~ l t a y c - ~ c ~ ~ s i t i v e  Ca'+ challneli (8, 9 ) ,  
 ha\^ bee11 iicviseLi to pcr~iiit mo;lificatlon ot 
all c>f the synapses 011 a cell. These approach- 
es yrc~~lucc change\ in both i luc~ntal iize and 
f i cq~~cncy .  Ho\ve\-er, the relevance of the 
<\naptic plasticity ellclted Iiy these m n n l p -  
ldtions to st,~nil,~r,l NhlL3.AR-del?criiie11r 
LTP ;inil LTD that arc c\.okcii by synaptic 

srim~~latic-in has h?en Llucstic,ried ( I ? ,  11).  
T ~ L I ~ ,  n-e <ct out to st~ltl\-, in isolation. tlic 
q r~an t ,~ l  EPSCs that or~giriate syeclflcall\- 
from the subiet of Lynapse< that are express- 
lrig brandarii LTP and LTD. 

\N'hen stront~nm (SF'+) is \ui?st~tntcii ii,r 
(:a2+, the stlmul;ition-cvc~~ccil iynchronous 
releaic of tra~isnlitrcr 1, rcLluccLl. I'ut a<vn- 
chronoui release of quant,I ib marl;edly cllltl 

selectively enhanccil ( 12, 13). Tlili~ pcrmlr, 
iletaileil analvbi, ijf iluant;il c\-cnr< trc>m the 
Set o i  ,tim~~lateil srliapaea tliat ha\-c undcr- 
:one the plasticity. Using stan~lar~l elcctro- 
ph\ siulorical tecllniilues ( 14), n.e first esam- 
irietl the effect of sull~titl~tiliy S r l  iim Ca'+ 
on excitatory synaytic transmlrsl~)n in the 
liipyoc;impc~l slice (Fi?. I.\). S t i ~ l i ~ ~ l a t ~ ~ ~ i  ~f 
escit,~rory tibers in maturn railiatruli in a so- 
lutl i~n containing 4 mh1 (:a'- evcjkcil a 61st 
svriclironc)r~s EPSC n.itli no a~sc>clatcd q ~ ~ , ~ n t a l  
e\.entb after each t>f  several coniecutivc stim- 
uli. nhstituting the (:,I'+ with Sr'+ (4  mhl) 
qnickly lei1 ti) ,I ilccrc,~ic in the <ize of the 
~rnchroncjus EPSC anLl to rllc appearance of 
I ~ L I I ~ ~ ~ S O L I ~  a \ \ -nc l l~ - i i r l~~~i  L l~~ ; i~ i t a l  everit\, 
~vliicli lasteil for a kn. hunilrc~i milliseconds 
aftcr the itimuluz. In the absence of synaptic 
stimularic~n, the f~-eLlucricy of ipolltalie~~l,  
c ~ ~ c n t s  idid not incre,~se in tlie prewnce ot 
r (n = 6). Tlie amPlituJe diitril-ution of 
~ ~ u a n r , ~  fc-ir tlie asvnclironous e\-ents evokcLI 111 

Sr'+ not Llitirrent tiom tliat obt,~ineil in 
the same cell after action potential< \yere 
I~l i~ckeJ  111- tetroLloroxin (TTX) (miniature 
EPSC) (P > C.97) (Fig. 16) .  Thu<, the aayn- 
chrc~l l i>~~s e\.crit< ol?~cri-c~i atter <t im~~lat ion 
lvere, 111 f ~ c r ,  ,luantal ( 13, 15). 

BCCJLI~C the indnction of LTP \v,~shei out 
cluickl\- (-15 m ~ n )  x i t h  whole-cell rcccjrd- 
irig ( 1  G ) ,  sequential applicatic-in of Sr'+ be- 
fore and aftcr LTP indr~ction \vab not tcaii- 
ble. Thus, ivc tcstcii rlic po<sil~ilitv of com- 
paring, . ~ t  the sdmc rime, i l~~ ,~n t ; i l  e\.ent< 111 a 
control pathway and a moilifie;l patlimai-. 
iT7e firbt determined if the sizes ~ ) f  the q~la11- 
t;il reip011ie~ el-okeil in the prescnce nt  S F -  
n-crc the sanie in t\vo indepenilent pathn-;iyi, 

S. H. P. Ciet, 3epaltment of Cell~~lar and Nolecl.~la~ 'liar- 
tiiaczlog:. Ut-verstb' of Call'zrrla Sat- Frat-c~scz, C,A 
sL2L3-34s0 ,  JS,A, 
P. C ilaenka De::al-I-ients 3r Psjcli'atri ar:l 'i-;,siolo- 
g :  Jni~e-s'th of Calir~lr'a, Sat- Crarc~sso C4 Si143- 
0 9 8 i  USA. 
R A Ncz De:~al-t--~errs of Cell~~lar and No eel-lar PPar- 
maczlzg: at-d 'Pis 3102: Jti ~ers  I: 3r Callfolnia San 
C~anc~scz. C, ,  91-13-3450,  USi  

even n.hcii tlic q~zeh of the evokeil rcsyon\cs 
in tlic tn.o p,itlin.a!j J~fferecl (Flu. LC:). C:orn- 
parlsori of the q ~ ~ a ~ i t a l  size L l ~ s t r ~ h u t i r ~ ~ i  iii 
e x ~ ~ e r i m e l ~ t s  ill a - l~ ich  the atimulus to cl11e L I ~  

the pathn-a\-s \\,as increa,eJ anil then Sr'- 
nras applieil (Fig. 1D) re\-ealct-1 110 Jitterence 
(1' > 2.25) in the a~ynchr .ono~~i  quanta1 
EPSCs ex-oked fro111 these t\vo pathn-ays, 
eve11 thi~ugll the number id synapses llelng 
acriv;ircil and c o n r r i l ~ ~ ~ t i n g  ti) the gcncraticjn 
(of i l~~arital  EPSCs was ci~nsiilcrahlv il~ffercnt 
In the t w  inputs. As espectcii, the parhn.a\. 
\\.it11 the larger in17r1t was alic assiociarcd ~vitl i  
an incrca<e i r i  the freil~~encv of el-cnt<. R'c 

L .  

a l b ~ ~  examilieii n-hether changirig tllc proha- 
iiility uf tranimltter releaie in ~ ~ n c  <)f the t ~ v ~ )  
i ~ l p ~ ~ t '  coulil affect the jiic of the q~larital 
EPS(:s. Applving paireil stimuli (~nter i t imu-  
1115 ~ntcrval ~ ) t  32 mi )  to one input (Fig. lE ) ,  
ivh~cli  facilitate. rransm~tter release, in- 
creascii the frcilucncy of ill~anral EPS(:s (by 
a Lietor of 2.24 2.23 cc~rnt~are~l to control 
~ n p r ~ t s ,  n = 4) 1 ~ 1 r  li;iLl 11i1 efficr on niean 
qr~antal amplitude (+0.5  5 2.9"A) or the 
cnmulatlve ampl~ tn~ lc  ii~btrihr~tion (I' > 2.1) 

(Fig. IF).  
Ha\- nu e s t a h l ~ ~ l i c ~ l  the validity of this 

tcchniclue, we csanlinc,l ~vlicther LTP had 
any etfect i i r i  the size dibtrihutic~n ot the 
L ~ L I ~ I I ~ , ~  cvc~keJ in Sr2- (Flg. 1.3,). .After ob- 
tailling baiclinc evoked responses, LTP was 
inLluccii IT pairing synaptic s t i m u l a t ~ ~ ~ n  \vith 
iiepiilari:ati~~n in c-ine uf the patli\vay<. (The  
stimr~ll~. to tlie other pathn.,~y \mi  turneii oft 
i i u r i ~ i ~  the pairilig pn)ccdr~rc.) Atter pairing, 
there n-,~s a sclcct1r.c potcnr~at i i~n 111 the 
paireLl l~a t l i \~~ny  that rclliaincil stalllc for 30 
min. Tlicn. Sr2+ \\,as applicil, a n 1  the qrlan- 
ral EPS(:s el-okeLi 117. tlie s t ~ m u l ~ ~ t i i ~ n  of ulle 
parhivay ;inil t l i c~ l  the other pathway were 
c~~l lccte i i  1\22 (14) for ilctails]. Tlie ilre 
t r ih~~ t lon  of clu,~nt;il rc\lponscs ci~llecteii from 
the porcntiatcil pathway was shifted t ~ )  the 
riyht \vhcn compareii with the contrcjl quan- 
tal rc<ponsc< (Fig. I I i ) ,  arid the llican qizc 
111cre;l<cJ hy 33'? i , ,  ~<)~l i ia te l l t  \vltli p rcv io~s  
rebnlts ( 2 .  6).  iXJir11 icaling, the avcragcil 
traces tiom rlic rlvo patli\v,~y< were ir~perim- 
posahlc. T h e  slilft In the c ~ ~ m ~ ~ l a t i \ - e  Jistri- 
1:urion ~ ) f  ilu,~nral EPSC iizc n a i  hlghlv sig- 
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Fig. 2. LTP and LTD are assoc~ated \hi~ih changes of qclanial slze, (A) Summary of SIX whole-cell 
recordings obtained from suinea pig neurons where synaptic siimuaton !!?ias palred \vth membrane 
depoarizaiion In one pathway (filed symbols). The sample records are superilnposed allerases of six 
successve sweeps taken as il- Fig. 1C. (B) Correspondns cul-iiuaiive ampiude dsirbutions or the 
events assocated nith Sr"+nduced asynchronous reease obtained from the pared (solid ine) and 
unpa:red (dotted n e )  pathihiays. The distrbutons are statistcay diyereni (P -c 0.0001). Averages of 100 
of ti-ese e\/ents obtained in a snge  cell are sho\vn abwe  the p o i .  (C) Sur-iima~y graph of seven \hihole-cell 
I-ecordnss obtained 'roln rat neurons where depression of one pathviay ( f e d  syrnbos) was induced by 
ow-frequency stimulation (1 Hz 6 min; thck bar). The sarnpe records are superimposed allerases of six 
successve siveeps taken as in Fg.  1C. (D) Corresponding cumulat~ve amplitude distributions of the 
e\/ents assoc~ated ji>:th Sr' -Induced asynchronous release, obtaned from the cepressed (soic line) and 
control (dotted ~ n e )  pathji5:ays. The t!!?io dstribut~ons are stat~st~cally d~fferent (P 4 0.0001) Averages of 
100 of these events obtaned n a s~ngle cell are slio!!?in aaove the plot. 



nificant in all six experiments in whlch 
quantal responses were collected 50 to 60 
inin after pairing (P  < 0.0001) (Fig. 2B). 
These experiments were repeated in the 
presence of the NMDAR antagonist D(-)- 
2-a1ni1lo-5-phosphono~~alerate (APV) (100 
pM), which blocked both LTP and the In- 
crease in quanta1 size (P > 0.07, n = 5). 

To  examine if quanta1 size decreases dur- 
ing LTD, we induced LTD by ion-freiluency 
stimulation (LFS) (1 Hz for 6 inin) at the 
restine tnemhrane notentla1 in current 
clamp. This stimulation caused a large stable 
depresslon in the experimental path\vay (Fig. 
2C). When quantal e\7e~lts were collected in 
Sr" 55 Inin after LFS, quanta1 size was 
depressed (mean quanta1 size decreased by 
25%). The s~uillmary for all experiments in 
\vhich LTD \vas generated (Fig. 2D) sho\vs a 
shift to the left in the auantal size distribu- 
tion, and for each experiment, the shift was 
highly significant (P < 3.004, n = 7 ) .  In the 
presence of APV, LFS dld not induce LTD, 
and no cha~lge in quantal size was detected 
( P  > 0.08. n = 4). 

In a final set of experiments, we deter- 
mined if, in the satne set of synapses, the 
increase ln quantal size that accoinpanles 

LTP could he reversed. A tetanus was used 
to ~nduce LTP so that Ive could compare the 
results with those obtained hy pairlng (Fig. 
3 ) .  Strontium \vas applied shortly after the 
induction of LTP, and the quanta1 EPSCs 
evoked in both the control and potentiated 
pathways were compared (Fig. 3A) .  We 
then returned to the control, Ca2--contain- 
lng medium, and after estahllshi~lg that the 
LTP had remained stable, we repeatedly ap- 
plied LFS to obtaln maximal depotentiation. 
This orocedure routinelv resulted in evoked 
respoilses smaller than those obtained before 
LTP (Fig. 3A).  Then Sr2- was reapplied, 
and the auantal EPSCs evoked from each of 
the pathways were examined. The increase 
in quanta1 size associated with LTP (mean 
= 24%) was colnpletely reversed (-31%) 
and converted into a clear depression 
(-856) (Fig. 3B). A suinlnary of flve exper- 
lments shows the reliability of this bidirec- 
tional control of quanta1 size at the same set 
of synapses (Fig. 3 ,  C and D). 

A sLunmary of the changes in mean quan- 
tal size for the various manloulations 1s 
shown in Fig. 4A. There \vas no difference In 
the size of quanta1 events evoked in the 
presence of Sr2+ and the size of miniature 
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Fig. 3. Quanta size can be sequentially Increased and decreased at a single set of synapses. (A) Example 
of a recording from a rat neuron where a test pathway (filled symbols) was f~rst tetanized (arrow) and then 
depotentlated by successive application of periods of low-frequency stimulations (thick bars). After the 
tetanus, Sr2- was washed in and out quickly and then reappled once depotentiaton had occurred. The 
sample records are superimposed traces (averages of six successive sweeps) taken at the Indicated 
tmes in both the control and test pathways. (B) Corresponding cumulative amplitude distrbutions of the 
asynchronous events assocated w~th potentiation (thick solid n e ) ,  depotentiation (thin solid line), and 
ther respectve controls (dotted nes) .  The Increase and decrease In quantal size assocated with LTP 
and depotentiation, respectvely, are statstcally sgnifcant (P 4 0.0001). The frst control was collected 
after LTP. and the second control. after depotent~ation. Averages of 100 of these events are shown above 
the plot. (C and D) Summary graphs for flve experiments. The time necessary to apply and wash out Sr2 ' 
vared from 10 to 30 mn. To obtan maximal depotentiation, we apped LFS one to SIX tmes [break In (C)]. 
The control dlstrlbutlons were pooled together in the averaged cumulative amplitude plot because they 
?vere not statstcallv different. 

EPSCs evoked 111 the Dresence of TTX, In- 
dlcating that the former are not conlposed of 
m~~lt iple  quantal e\7ei~ts. A similar highly 
significant increase in auantal size \vas ob- " 

served for LTP induced by pairing and hy 
tetanic stimulation. In contrast, LTD in- 
duced bu LFS pave a clear decrease in auan- 
tal slze. 'Whe11" the decrease in quantai size 
produced by depotentiation was compared to 
the control pathway, the effect did not reach 
slgniflcance. However, illost importantly, 
\vhen auantal size after deootentiation was 
compared with quanta1 size recorded in the 
saille pathlvay during LTP, the decrease was 
highly significant. The ohserved cha~lges 111 
quantal size likely indicate that during LTP, 
the sensitivitv or the n~unber of AMPA re- 
ceptors (or both) on a postsynaptic spine 
increases, and that during LTD, the opposite 
occurs 117). A n  alternative and less likely , , 

explanation that cannot be excluded by the 
present data is that LTP is associated with a 
presynaptic mechanism, whereby a coopera- 
tive sy~lchronous release of multiple quanta 
occurs (18). 

Like standard LTP and LTD, the chang- 
es in quantal size were entirely blocked by 
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.4P\-. I11 aLILlition to the changes ln qu;int<il 
size, change. in ilual-ital fl-equency \\.ere ,il>o 
oh;er\-eil (Fi" 44R). The fl-eL1uency \Vda  ill- 

cre;iseJ d~uriny 1~1th r ~ a i r i n g - ~ n i l ~ ~ c e ~ l  a11J 
t t - i ~ c c  LTP. D~uslng LTLJ, the Je- 

tile tl-cq~~ency c - i i  ilnantal sespnl-ise~ Jul-ina 
LTP in the ,ame pathn>,i\. 

~-.re.yn,~ptic m,~nlpnlarioll;, on the six? ;111~1 

f~-equcnc\ of q n a ~ r a l  sccpc>niea. \X.he11 the 
increase 111 EPSC 5i:c recorileil f i~ r  LTP \Vda  

mltcheil b: ~ncreas~l-iy the ~ r i n l u l ~ ~ <  strel-igth 
(Fig. 1C).  the incre,i.e in trequency  is 

larger than \\-ith LTP. F~~rthermc~re,  the in- 
crease in tl.eilnenc7- c a u ~ e ~ l  1.y ~iliL~lylnu 
p,lire,l qtiulnli \Yak alsci much l ~ ~ - ~ t i ~ -  thllll 
that accomy:an\-in. LTP. Thu., n-11,itcver 
the o r l ~ i n  ot the il-icl-eaae 111 ~iu,intal frc- 
i l~~ency.  l r  cannclr 1'7 itself acioul-it tor tllc 
illcre;icc In the evc>l\e~l EPSC ,ire. Tile 
cllcinpe i l l  , l~~antal  si:e prekunlahly :icc~-iunts 
h r  this ili>csepal-icy. 111 cc)ntl-a\t, neitller 
increasine the numher of ,~crlvateil n a m e  , . 
11171- lncre~i<ln? the probal:iliry ot rransll-iitter 
release ca~u;eJ ,I change in quant,il size. 
Tll~uc, a pure increase 111 tl-equcncr 11,iJ 11~1 

etkct LIn i ~ u r  mea\ul-emcnti L > f  q ~ u ~ i n r ~ l  sire. 
X chanpe in il-equency c>f qu;int;il event< 

i i  i.~su,ill~ lnterpl-eteJ retlccting ,I cll,illge 
in the rele,iw (-it tr,insmirter, altllongh 5nch 
,ln inrerpreratliin 1s ditt'ic~ult rcl reconcile 
\\-it11 XIK-SG1 esperlmenr\ ln n.llicll nci 
ch,il-ipe 111 rcle;~se prc>b,ibility ilnsil-iq LTP 
\\-,is ohcrveJ (19). Rccellt ctnJics ( 2 6 )  habe 
s~~ggeatc~l  r l l ~ t  a porrlon c i t  sjnapae.: in the 
CX1 reqlcm ma\. contain t~u11ctic7l-ial 
KhlDXRs Ihnr 110 fnncric>n,rl XhLPX 1-ecep- 
tora. th<it is, the! ,ire qilent at neg~iti! e 
membrane pLitel-iti;ils. Xttel- LTP, <oms of 
thew silent ay~-i;ipe> Iieiomc fnncticlnal. 
S ~ l ~ l l  a lllecll'llllal~l llro\~lLle~ >ill 'iltel-ll~itl\~e 
esy:lal-i;rrion fill- ;I change ln rlle treclnency 
ot cluantal event. Iiec,lusc ,iftcr LTP there 
\ \ O L I ~ C I  he ,111 lllcreaae in the n ~ ~ m h e l -  cit 
tullcrional synapses. The pl-e.ent re\ult<. in 
\ ~ h l c l l  chal-iee; in Ih th  iiuant,il <ire ,111d 
treilnenci \I-el-e c7hserveLl, arc thcrefclrc con- 
sistent \\-ith the ~-.ropk)aal t11,it the iiuncrlon 
or n ~ ~ m h e r  ot XXIPX receptcIrq (or Iborll) at 
inilivlLIu,il .~-n,~psc.i can lie LIP- cIr i l c > \ \ ~ -  
r e ~ u l a t e ~ l  LlepcnLlinq c>n the 13,lrtern of s\ 11- 

iiptic ~cti\ .<ition of KhID.4Rs. Hci\\ eves, it 
~1loi.ulil I3e e rnph~i~ i rc~ l  th,it oul- results Llo 
not e r c l ~ ~ i l e  n pre<ynlptic c~7nrri1'ution rc7 

the pl,i.ticitv \Ye 11,ive stuJieJ. 
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