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M()GI1.NICKA. E.. C. G. B()ISSARD, P. C. WALDMEIER AND A. DELINI-STULA. 7he ¢:[tk'¢'ts ~!/'sin.eh" and 
repeated (I,~sc~ ~!1 maprotilinc. ,~.rapr~,tilinc and it.~ cnantir~mer~ on.l~nJt-shrwA induced fi.k, hting in rats. PHARMAC()I. 
BI()( ' tIEM BI-HAV 19(4) 71%723, 1983.--Foot-shock induced fighting behavior (SIF) in rats was tested after single and 
repeated dose-treatment ( 10 mg/kg IP twice daily for 10 days) of maprotiline, oxaprotiline and of( + )- and ( )-enantiomcrs 
of oxaprotilinc. Marked facilitation of SIF was observed after repeated but not single administration of all drugs including 
the NA-uptake inactive{ )-enantiomcrofoxaprotil ine. No enhancement of SIF was seen after multiple dose-treatment 
with promethazine, an antihistaminic, or atropine. The mechanism of the facilitation of SIF induced by antidepressants 
maprotiline and oxaprotilinc as well as by its enantiomcrs is unclear. The clear-cut dissociation of the effect of ( + )- and 

- )-oxaprotilinc on the rate of NA-disappearancc. but their similar enhancing effect on SIF challenges the assumption of a 
primary importance of central NA-systcm in this behavior. By contrast, the increase in jumping behavior recorded 
additionally to SIF. seems to be a great extent dependent on NA-uptakc inhibiting properties of tested drugs. 
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IN C ( ) N T R A S T  to the well e s t ab l i shed  inhib i tory  effects  of  
a n t i d e p r e s s a n t s  (ADs)  on p reda to ry  aggress ion  (mur ic ide  
bchav iour ) ,  the i r  inf luence  on affect ivc  types  o f  aggress ive-  
ncss  p roduced  by isolat ion or  foo t shock- s t imu la t ion  appea r s  
to bc var iable .  Thus  for ins t ance  af ter  single doses ,  cer ta in  
ADs  do not change  af fec t ivc  aggress ive  reac t ions  or  slightly 
inc rease  it, o thers  by con t r a s t  inhibit  it in a d o s e - d e p e n d e n t  
fashion.  Very little is at p resen t  k n o w n  abou t  the effect of  
long- te rm t r ea tmen t  with ADs on such  af fec t ive  types  of  
agg res s iveness  and only few repor t s  deal ing with this  prob-  
lem have  bccn  publ i shed  until  now 15. 13. 171. In view of  the 
fact that chron ic  effects  o f  Al )s  in an imals  may be of  g rea t e r  
r e l evance  for the i r  cl inical  a n t i d e p r e s s a n t  ac t iv i ty  than those  
o b s e r v e d  af te r  single doses ,  we found of  in teres t  to s tudy  the 
effects  of  maprot i l ine  (MAP) ,  oxapro t i l inc  (.+_) OX and  of  its 
(+ )  and  ( - - ) - enan t i om er  on shock induced f ight ing (SIF)  in 
the rat.  This  par t icu lar  aggress ion  model  has been  se lectcd 
for the s tudy because  of  the  suspec ted  role of  no rad rena l ine  
(NA) in elici t ing this type  of  af fec t ive  r e sponse  [6]. 

In recent  s tudies  it has  been s h o w n  that  single doses  of  
mapro t i l inc  exert  inh ib i to ry  effects  on foo t - shock- induced  

'Visting Scienti,q. Polish Academy of Science. Krakow, Poland. 
-'Visting Students (B.Sc.). Bucknell University. Lcwisburg. PA. 
'Requests for reprints should bc addressed to A. Delini-Stula. 

f ighting in micc.  but not in ra ts  [3.91. ( ± K ) X ,  (a hy- 
d roxyde r iva t i ve  of  MAP)  showed  similar  an t i aggress ivc  
p roper t i e s  in mice as M A P  12], howcver ,  its ef fects  in ra ts  
have  not yet been repor ted .  Also,  possible  inf luence  of  re- 
pet i t ive  t r ea tmen t  with  these  two drugs  on S IF  has not yet 
been  s tudied.  In this respec t ,  par t icular ly  in teres t ing  was 1o 
test  the effects  of  ( + ) and ( - ) - enan t iomer  of  ( -'-)OX since its 
highly se lec t ive  N A - u p t a k c  inhibi t ing p roper t i e s  arc 
s t e rcose lcc t ivc  and ent i re ly  conf ined  to the ( ÷ ) - f o r m  [21]. 
P rome thaz ine .  an an t ih i s t amin ic ,  and a t rop ine  were tes ted  
for compar i son .  Moreove r .  s tudies  of  the  ra te  of  NA- 
d i s a p p e a r a n c e  in the rat bra in  af ter  repea ted  t r ea tmen t  with 
( ± ) ( ) X  and its c n a n t i o m e r s  were also car r ied  out  in o rde r  to 
clarify a poss ible  role o f  effects  the reon  in the S IF  faci l i tat ing 
p roper t i e s  o f ( _ ) O X  and its enan t iomcr s .  

MUFHOI) 

Male a lb ino  rats  (Tif: RAI f (SPF) .  T ie r fa rm Sisseln ,  
Swi tze r land)  w.eighing 170-190 g at the beg inning  of  the 
t r ea tmen t  were  housed  in g roups  of  10 an imal s  per  cage  
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under  standard laboratory condit ions (a cont inuous  12 hr 
light-dark cycle,  constant  humidity and temperature} ~,ith 
free access  to tood and water.  All rats were al lowed one day 
of  adaptat ion to the laboratory in v, hich the tests w.ere per- 
formcd.  

I-xperimenl I 

Rats (n=20 per dose) were treated with one single dose 
(1(I m g / k g ) o f  MAP, (_+ It)X, (+)( )X o r ( - ) ( ) X .  Pairs of  rats 
were selected at random from each treatment  group and 
placed 2 hr after the administrat ion of  the drug in experi-  
mental chambers  in which they were subjected to mild elec- 
tric shocks del ivered by a shock scrambler  (Ruedin I ,AS 
8010) through an electrifiable grid-floor (see later). 

f",xlwrimcnt 2 

Animals received twice a day injections of  vehicle or  10 
mg/kg of  drugs for 10 consecut ive  days (chronic exper iment  ); 
or  were injected twice daily with vehicle tbr 9 consecut ive  
days.  ()n the 10th day they received a single dose of  the 
tested drug (acute exper iment) .  Thereaf ter ,  they were sub- 
jec ted  to the test as in Exper iment  I. 

I'.xlwrintcnt 3 

Animals were  treated t~ ice  daily with ei ther  vehicle.  
p romethaz ine  (10 mg/kg) or  atropine sulphate (5 mg/kg) for 
10 consecut ive  d a y s .  

SIl"-Procedurc 

l ' w o  hours after the last in.icction of  the vehicle or drugs,  
pairs of  rats (vehicle-vehicle ,  drug-drug), each rat from dig  
fcrent home cage,  were placed in tin exper imental  shock- 
chamber  (24×24×42 cm). After  l-rain adaptat ion period. 
fighting was induced by mild electric foot-shock.  A constant  
current ,  every  3 sec for 5 rain (1 mA intensity and 0.5 sec 
dr, ration ~. was del ivered by a shock-scrambler  {Ruedin I .AS 
8010) through an electrif icable grid-floor. The latency to the 
onset  of  the first attack, the number  of  at tacks,  and the dura- 
tion of  fighting were recorded during 5-rain period. An attack 
~ a s  scored when tin animal,  in response to shock assumed 
an upright posture and faced its partner  with forepaws in 
touch.  The durat ion of  fighting was defined as total t ime the 
rat spent in an upright position during 5 rain of  exposure  to 
shock.  I n addition to fighting, the number  of  individual jump- 
ing episodes  occurr ing in fighting-free intervals was counted.  

Slalislic~ 

The results v,.cre statistically analysed by the Mann- 
Whitney U-test.  

l)rtt,~,,,~ 

Hydrochlof ide  salts of  MAP,  (_+ R)X and its (+1 and ( - I -  
enant iomers  (Ciba-Gcigy).  atropine sulphate (Fluka~ and 
promethaz ine  hydrochlor ide  (Rh6nc-Poulcnc)  wcrc injected 
intraperi toneally as aqueous  solutions in a volume of 2 ml/kg. 
The doses  of  drugs refer to the forms used. 

Bio~-hcmical ,~Iclhod,~ 

l)~'l~'l'nlilltlti~m o.f thc disopp~'or~tll~ c ~l'~'lldo~ctlolls :N,'A ill 
rat cortex Offer tyro.~ine hydroxyht~c inhihition. Groups of  5 
females Tit: RAI l :  (SPFI rats ( l i c r f a rm Sisseln, Switzcr landl  

weighing 180-200 g at the beginning of  the t reatment  were 
treated with ( ___ )()X ( I(} mg/kg P()) or  ( ÷ ~- or ( - }()X (5 mg/kg 
P()) once or  once daily fl)r 2 . 4  or 10 days. Tw.o hours after 
the last t reatment ,  they received ~t-methyl-p-tyrosine melh- 
ylester HCI (H 44;68, Labkemi AB, Gothenburg,  Sweden; 250 
mg/kg IP) and were decapitated 4 hr later. Brains were dis- 
sected,  and cort ices  homogenized in acidified n-butanol. NA 
was extracted after addition o f  n-heptane into 0.2 M H('I 
essentially as descr ibed by Maickel ~q a/. 181. Fluoromctr ic  
est imation of  the ca techolamine  w as per tbrmed according to 
Waldmcier  c t a / .  122]. Statistical calct, lations were per- 
formed by means o f  I )unnet t ' s  test. 

RE.SUI TS 

None of  the investigated substances given acutely (10 
mg/kg) changed the qualit~ or  f requency of  fighting in com- 
parison to respect ive control.  Thus,  in exper iments ,  v, here 
the animals received onb  one injection of  vehicle or  one 
dose of  drugs (Exper iment  I). the mean number  of  fighting 
episodes during 5 min of  exposure  ~as  about 30-40 and the 
average duration of  fighting about g(k-160 sec ( l ab l e  I). 

In the exper iment  ( l x p e r i m c n t  2) in ~hich  thc animals 
were handled and treated '~vith vehicle prior to the single 
dose of  drugs, the fighting episodes induced b} shocks ,acre 
very sparse (3-7/5 rain) and short-lasting (5-18 sec) both in 
controls  (vehicle-vehicle)  and drug-treated (vehicle-drug) 
groups (Table I). ( iencral l} .  these rats behaved differently 
from the rats which received only single injections and no 
previous handling. "l'hc.~ sho,,ved longer latency to the onset 
of  the first attack and became passive shortl.v (I rain) after 
shock del ivery:  they did not fight or  try to escape.  

By contrast ,  rcpli t ive administrat ion of  l0 mg/kg MAP. 
()X and its both cnant iomers  (twice daily injections lbr l0 
days) produced all enhanced aggressive response to foot- 
shock in that the number  of fighting episodes v, as clearl} 
higher, duration of  at tacks longer and the latent> to the firsl 
attack remarkably shorter  by cofnparison to the parallel and 
identically handled controls.  The difference between these 
drug and control groups (Control 2) was highb, significant. 
These  drug-treated animals ~ e l e .  hov, ever ,  it} respect to 
their responsiveness  to shock not significantly different from 
the animals which have not exper ienced repeti t ive handling 
beforehand ((_'ontrol I). 

As shown in Table I, in the Experiment  2, the number  of 
jumps  was markedly increased by comparison to controls 
ei ther in rats receiving chronic ~,aline plus single dose of 
( ' )()X or ( a_ )()X or in rats receiving muhiplc doses of  these 
two substances.  MAP and ( - ) ( ) X  also increased jumping 
f requen t} ,  but markedl.~ less than ei ther ( ' ) ( ) X  or I -)- 
cnant iomcr.  Ariel  subchronic t reatment ,  lhc increase of  
jumping produced b k ( - ) ( ) X  and t ~ }()X was significantly 
higher (1~<::0.01) than that observed  after ( -  }()X. 

( 'hronic  pre l reatment  with promcthazinc  and atropine 
slightly and non-significantly reduced fighting, l ,atenc} to 
the first attack as well as jumping behavior  was also not 
significantly changed (median values,  duration: c o n t r o l -  1 I, 
p romethazine-  3, a t r o p i n e - 4 ;  fighting f lequency:  con- 
t ro l -  4.5, p r o m e t h a z i n e - 6 1 ,  a t rop ine -g8 .5 :  jumping fre- 
quency,: cont ro l - :6 ,  promethazine  -8. atropine 6). 

Biochcn?i~ al Rcsults 

Treatment  v, ith ei ther (÷) ( )X or the enant iomcrs  did not 
alter the endogem)us concentra t ion of  NA in the rat cortex.  
i r respect ive of  the duration of  the t reatment  (results not 
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T A B L E  I 

THI.I INFI.UENCE (.)F A('UI E AND RI.IPEI-I1 IVE "IREATMI¢NT WITH MAPROTILINE. ~ * ) 
()XAPROIILINE AND t lS ENANTtOMERS ON IHE FO()I[,;HOCK-INDU('FD FIGHTING IN RATS 

Fighting Behavior Jumping 
median value,, median value', 

I .atency Duration Frequency Frequency 
Treatment (see) (see) In fights) In jumps1 n 

Experiment I 

Acute:i: 
Vehicle (Control 1 ) 21.5 99 42 6 (20) 
Maprotiline 18.5 158 56 7 (lO) 
( * ) Ox,tprotiline 26.5 114 43 8 I I1)~ 
( ,- ) ()xaprotiline 41 78 31 16.5 I I0) 
I ) ()xaprotiline 24.5 93 37 4.5 (I0) 

l.;xperiment 2 

AcuIe:~ 
Vehicle (( 'ontrol 2) 711 5.5 3 3 <3()} 
Maprotiline 86.5 18.11 7.5 18.0:':  l i t ) )  

( • ) ()xaprotiline 70 4.5 2 42.0* (10) 
( - ) ()xaprotiline 79.5 I I .5 3 35.5* l l()) 
( ) Oxaprol i l ine I01.5 11.5 6 18.()": <lOt 

('h roni,,: 
Maprol i l in¢ 21.5 + 133" 49.5 + 14 +: I19) 
I • ) ()xaprotiline 18.5 :+: 122" 45.0:': 36': ~2t)~ 
I " I ()xaprotiline 15.0 :,~ 124.5" 49.5* 27.5:': 120) 
< ) ()xaproti l ine [4.5:' 137 :< 50.5 + I I.t) :+:; 120) 

All of  the compounds were adminiqered in a single dose of  I0 mgkg IP or twice daib for l0 
consecuti~,e days. The last dose was adminiqered 2 hi belbre the text. 

All ',ah,es are expressed as median'~, n=number of pair,,. 
:::.Single injection,, of  the drugs or vehicle m previouslv non-handled animal,,. 
~Single injections of  the drug,, in animal,, pre~,.iousl,, handled and treated with ph. ,,aline. 
:~p- 0.01 by compari'~on It> corresponding control,,. Mann-Whime~,-U-te,,t. 
;p. 0.01 b~ compari',on Io< . )oxapro l i l i ne  o r l o l - ) o x a p r o l i l i n e .  

s h o w n ) .  N o n e  o f  the  c o m p o u n d s  al l 'coted the  d i s a p p e a r a n c e  
o f  NA in this a r ea  a f t e r  a c u t e  t r e a t m e n t .  Hov. .ever .  r e p e a t e d  
a d m i n i s t r a t i o n  o f  the  r a c e m a t e  and  the  ( + ) - e n a n t i o m e r  sig- 
nif icantl~ e n h a n c e d  the  d i s a p p e a r a n c e  o f  the  c a t e c h o l a m i n e :  
in c o n t r a s t ,  the  ( - ) - e n a n t i o m e r  was  inac t ive  in th is  r e s p e c t  
(Fig.  I). Wi th  the  r a c e m a t e ,  in the  e x p e r i m e n t  in w h i c h  the  
d rug  v. as g iven  a c u t e ly  and l\~r 2 or  4 d a y s  r e s p e c t i v e l y ,  it 
b e c a m e  e v i d e n t  that  this  i n c r e a s e  in N A  ut i l iza t ion  o c c u r r e d  
a l r e a d y  a f t e r  the  s e c o n d  a d m i n i s t r a t i o n ,  find s e e m e d  to be 
s l ight ly  e n h a n c e d  a f t e r  the  f imr th .  In the  e x p e r i m e n t  wi th  the  
e n a n t i o m e r s ,  in w h i c h  the  c o m p o u n d s  w e r e  a d m i n i s t e r e d  
acu te ly  o r  t \w 4 o r  I0 days.  respec t i ve ly ,  it was noted that the 
enhancement  o f  N A  d isappearance observed  a f ter  4 days 
t rea tmen t  was not fu r the r  ahered  a f ter  10 days.  ind ica t ing  
that a stable s i tuat ion w i th  respect to the in f luence on N A  
u t i l i sa t ion  has been reached a f ter  this l ime.  

DIS( 'LJNSI()N 

The present s tudy shows that  ch ron ic  t rea tmen t  w i t h  te- 
t racyc l i c  ADs ,  M A P ,  and I + )OX,  as we l l  as w i t h  its ( 4 ) -  and 
< - ) -enan t iomer  fac i l i ta tes SI F. 

Single doses o f  these drugs,  i r respec t i ve l y  o f  the pre- 
t rea tment  cond i t i ons ,  did not in f luence SIF.  

Increased S IF  was shown af ter  repeated doses o f  desip- 
famine  15.17] as wel l  as a f te r  im ip ramine ,  am i t r i p t y l i ne .  
In ianserme and ip r indo le  [5.131. The fact that M A P  and 
(~' I t )X .  drugs hav ing  ant idepressant  activit),. [7. 181. also be- 
have in Si t - - test  s im i la r l y  to o the r  ADS .  suppor ts  the as- 
sumpt ion ,  that fac i l i ta t ion  o f  S IF  is a c o m m o n  p rope r t y  o f  
ch ron i ca l l y  admin is te red  ADs .  The mechan ism o f  this ac t ion  
is not c lear.  H o w e v e r .  a s igni f icant  rc, le o f  the NA-e rg i c  
system in this p h e n o m e n o n  is genera l l y  suspected. Hichel-  
man and Fiarchas [5l have related the enhancement  o f  S IF  to 
an increased N A  t u r n o v e r  a f te r  chron ic  A D  t rea tment .  Since 
m contrast  It, ( ± ) ( ) X  and ( + R ) X .  chron ic  t rea tment  w i th  
( )()X d o e s  not  p r o d u c e  an i n c r e a s e  in N A - d i s a p p e a r a n c c  in 
the  rat c o r t e x  (Fig.  IL this m e c h a n i s m  o f  a c t i on  s e e m s  highly 
unl ike ly .  O t h e r  a u t h o r s  [13] s u g g e s t e d  the  r e l a t i o n s h i p  be-  
t w e e n  p o s s i b l e  c h a n g e s  in the  cen t r a l  ~ - a d r e n e r g i c  r e c e p t o r  
s ens i t i v i t y  and  S IF .  It is k n o w n  i n d e e d ,  that  ( - ) O X  has  +t~- 
a n t a g o n i s t i c  p r o p e r t i e s ,  in c o m m o n  wi th  ( ___ )OX and  < + )OX.  
T h e s e  are  e v e n  s t r o n g e r  t han  t h o s e  o f  the  r a c e m a t e  and  the  
< + ) - form and  c o m p a r a b l e  to t h o s e  o f  i m i p r a m i n e  1211. The re -  
fl)re, o n e  cou ld  s p e c u l a t e  that  c h r o n i c  t r e a t m e n t  wi th  < - )OX 
m a y  lead to ¢ h - a d r e n o c e p t o r  s u p e r s e n s i t i v i t y  and  that  this  
e f fec t  is r e s p o n s i b l e  for  the  o b s e r v e d  e n h a n c e m e n t  o f  S IF .  
+~T-Adrenoceptor  s u p e r s e n s i t i v i t y  was  found  a f t e r  l ong - t e rm  
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treatment with imipramine and amitriptyline [10,20[. How- 
ever, preliminary estimations by means ofaH-WB-4101 bind- 
ing assay indicated that neither (_+)OX, I+)OX nor ( - )OX,  
given chronically change the sensitivity of m-adrenoceptors 
in the rat cortex (K. Hauser, persomd communication). 

The role of ¢~-adrenoceptors in the mediation of SIF is 
not yet established. Stimulation of those receptors by small 
doses of the ~-agonist  clonidine has been, however, re- 
ported to inhibit SIF [19]. Speculatively, therefore it could 
be expected that the subsensitivity of ¢~=-adrenoceptors may 
result in an enhancement of SIF. However, at present there 
is no evidence that ~-subsensit ivity develops--after multi- 
ple dose treatment with ( - )OX [4]. This is in contrast to 
MAP. (=)OX and (+)OX which under similar treatment 
conditions clearly change the ¢~-adrenoceptor mediated re- 
sponses. It is also not likely that ~-adrenoceptor subsen- 
s i t iv i ty  is the cause of enhanced SIF after the treatment with 
( - )OX.  There are at least two reasons for this assumption: 
first, after chronic treatment with ( - ) ( )X no changes in the 
:~H-I)HA-binding characteristics or in the formation of cAMP 
in response to NA in the rat cerebral cortex were observed 
[I, 4, I1], second, facilitation of SIF was observed in rats 
after the treatments inducing/3-adrenoceptor supersensitiv- 
ity [6,12]. 

In discussing the possible mechanisms implicated in the 
enhanced SIF response it should be mentioned that the 
facilitator roles of cholinergic [16] and histaminergic systems 
were recently postulated [14]. Since (_+)()X and its 
enantiomers have rather strong antihistaminic properties 
and, although weak, anticholinergic effects [2,4]. changes in 
the reactivity of these two systems induced by prolonged 
administration of these comp.ounds can be assumed to play a 
role in the enhancement of SIF. However. under our exper- 
imental conditions neither promethazine nor atropine have 
produced any significant modification of SIF. Thus. at pres- 
ent. we lack data which could help to clarify the mechanism 
of SIF enhancement produced by chnmically given ADs. In 
spite of that. more and more data suggest that facilitation of 
SIF, observed after multiple-dose treatment with ADs, may 
be a common and characteristic property of these drugs. In 
the light of this. our results could indicate potential. 
antidepressant activity of ( - )()X. It is noteworthy, that in a 
preliminary double-blind cross over study in hospitalized 
depressed patients with (_")OX and ( - ) ( )X antidepressant- 
like activity o f ( - ) ( ) X  has been observed [4]. 

In our study, in addition to fighting, the .jumping behavior 
of rats subjected to foot-shock stimulation has been also re- 
corded. Significant and marked increase in the frequency of 
jumping after single and multiple-dose treatment with ( _+ )()X 
and ( + ) O X .  strongly suggests that this effect can be to a 
great extent related to NA inhibiting properties of used 
drugs. As mentioned before. 1_+ )()X is highly selective and 
potent NA-uptake inhibitor. Its NA-uptake inhibiting action 
is stereospecific and entirely confined to the ( 4. )()X [2 I]. The 
involvement of NA in jumping behavior is also supported by 
recent observations [15] that ~-adrenergic stimulation by 
clonidine increases the lbotshock induced jumping in rats. 

Finally, an interesting observation in our study was that 
rats subjected to reptitive handling and manipulations show 
little response to footshock stimulation by comparison It) 
nonhandled animals. Although it is generally recognized that 
repetitive handling may modulate behavioral responses there 
are little data on the particularity or mechanisms of such 
changes. This phenomenon requires further investigation. At 
present our findings once again emphasize the necessity 
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FIG. I. NA-di~,appcarance induced h~ ~-M'F in rats" cortex after 
treatment ~.ith ( ' )  ()X and its enantiorners. "1"~o ~eparate experi- 
ment,, were carried out. In ILxperirnent A, groups of 5 ralx received 
I0 mg/kg P() (.'- hoxaprotiline once or once daily for 2 or 4 du~,. In 
Experiment B, the animals were treated ~,ith 5 mg/kg P()of  either 
14 ) or I )-oxaprotiline once or once daily, l\~r 4 or 10 days. l 'v,o 
hours after the last treatment, they ,a, ere given 250 mg/kg IP 
~-methyl-p-tyro,~ine methyester ttCI (~-M'I') and decapitated 4 
hour ~, later. NA concentrations ;'.ere determined in the cortex. Data 
represent mean~, "_-S.E.M. in ng/g tis~,u¢; statb, tical calculation', v, erc 
d o n e  b} means O f  I)unnett's I - t ~ M .  * p '  (I.115. * * p -  0.01 vx. ~-MT 
~l lOr lC. 

and impor tance o f  matched and ident ica l ly  handled contro ls 
in chronic animal exper iments .  

In conc lus ion;  the results o f  the present invest igat ion 
demonst ra te  an enhancement o f  SIF after mul t ip le-dose 
t reatment  wi th M A P .  ( ~ ) O X  and N A - u p t a k e  act ive as wel l  
as NA-up take  inact ive enant iomers o f  ( + ) ( ) X .  The mech- 
anism responsible for this enhancement is unclear and needs 
fur ther  invest igat ion.  Strong fac i l i ta t ion o f  shock- induced 
j ump ing  behav io r  by ( = ) O X  and ( + ) O X  seems, however ,  to 
ref lect the NA-up take  inh ib i t ing propert ies o f  drugs. 
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