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PRINCE, C R C COLLINS ANDH ANISMAN 5ttes~ol-pJovoLedJesponsepatternsma s~tmtasL Modtfi(attonbx 
dmzepam PHARMACOL B1OCHEM BEHAV 24(2) 323-328, 1986--When placed in a water-filled arena in which one 
area is Illuminated mice tend to remain in the illuminated region Moreover, in a forced-swim task mice Initially exhibit 
vigorous responding followed by a rapid decay of active swimming, and the adoption of a characteristic floating posture 
Immediately following exposure to inescapable shock the response invigoration was appreciably enhanced, as was the 
tendency to remain in the illuminated region of the arena Administration of low doses ofdlazepam (0 5 and I 0 mg/kg) prior 
to testing effectively ehmlnated the response invigoration, as well as the response of approaching the illuminated region of 
the arena It ~s proposed that the behavioral variations evident soon after uncontrollable shock are related to a transient 
increase of anxiety or vigilance Moreover tt is suggested that several time-dependent behaworal variations associated 
w~th inescapable shock may be related to alterations of anxiety 

Stress Response invigoration Perseveratlon D~azepam 

A wide range of  behawora l  deficits may be engende red  by 
uncontrol lable  avers lve  even t s  including & s t u r b a n c e s  of  
shock-  and wate r -escape  pe r fo rmance  [17,19], &srupt lon  of  
appet~t~vely mot ivated  behaviors  [25], a l terat ions  of  respond-  
mg for electrical  brain shmula t lon  [35], dec rea sed  respon-  
s~v~ty m a test o f  analgesm [18], as well as varmt~ons o f  
explora tory  style [8] and socml dominance  h ierarchies  [34] 
Fur ther ,  ~t was recently repor ted  that  uncontrol lable  foot- 
shock may result  in the provoca t ion  of  a perseverat~ve re- 
sponse  style where to  ammals  persis t  m adop tmg  re sponse  
strategies that had previously  proved  successful  m terminat-  
ing s t ressors  [5] Indeed,  mice wdl mamtam these  behawora l  
styles even when the e f f e c h v e n e s s  of  such r e sponses  are 
d iminished and more  appropr ia te  defens ive  r e sponses  are 
avadable  

In add~hon to the response  persevera t ton  ehcl ted  by 
shock,  Jt was shown that  m some s~tuat~ons m~ce may exhibit  
a st imulus perseverat~on t endency ,  such that  the propens i ty  
to remain m the wc tmty  of  pa rhcu la r  e n w r o n m e n t a l  stimuli 
~s greatly enhanced  Specifical ly,  when placed m a water-  
filled V- or Y-maze  m whsch one area was d lummated ,  mice 
tended  to remain m the wcm~ty of  the hght whde  avoiding the 
noml lumlnated  region [9, 30, 31] Immedmte ly  after  expo-  
sure to shock the h m e  spent  m the d lummated  area was  
increased,  and the f requency  of  entr ies  into the nomlluml-  
hated area was reduced  Within 24 hr of  shock terminat ion  

the enhanced  pre fe rence  for the il luminated region o f  the 
maze was absent  [31] 

In a fo rced-swim task, inescapable  shock was shown to 
p rovoke  t~me-dependent  variations of  motor  exci ta t ion 
Soon after  exposure  to uncontrol lable  shock mice exhibi ted 
re sponse  invigoration,  whde  24 hr after the shock t rea tment  
mice engaged m ac twe  swimming for only br ief  per iods ,  be- 
fore adopt ing a f loatmg posture  [24] Likewise ,  it was 
demons t r a t ed  that m a shut t le -escape  task pe r fo rmance  
deficits  were  not evident  soon after shock of  modera te  sev- 
e n t y  and long durat ion 15 sec t rams),  whereas  marked escape  
d i s tu rbances  were  seen 24 hr af terward It has been argued 
that al though many of  the behavioral  &s tu rbances  seen after 
inescapable  shock are due to varmttons  of  n o r e p m e p h r m e  
(NE),  dopamlne  (DA), ace ty lchohne  (ACh) and se ro tonm 
(5-HT), the express ion  of  these  deficits at short  intervals 
af ter  inescapable  shock may be obvia ted  owing to 
heightened arousal engendered  by the s t ressor  [4, 15, 16] 
Indeed ,  ~t was  p roposed  that the motor  exci ta t ion and 
stzmulus perseverat~on seen m the swim task short ly after 
exposure  to shock may reflect  the anxiety or arousal 
p rovoked  by th~s t rea tment  

In accordance  w~th the w e w  that arousal cont r ibutes  to 
the express ion  of  pe r fo rmance  deficits reduced by inescapa-  
ble shock,  t rea tment  w~th a benzodmzep lne  prior to inescap- 
able shock t rea tment  was  shown to p reven t  an escape  rater- 
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ference  in rats tested 2 hr af terward [29] More recent ly,  it 
was demons t ra ted  [11] that chlordiazepoxlde  administered 
prior to inescapable  shock prevented  the appearance  of  an 
escape  interference ordinari ly evident  24 hr later Of  particu- 
lar interest  was the finding that drug t rea tment  administered 
prior to the shuttle escape  session was without  effect on 
per formance  Thus ,  it was concluded that anxiety or  fear 
engendered  by inescapable  shock is a necessary condit ion 
for the provoca t ion  of  the neurochemlca l  changes that sub- 
serve  the escape  in terference Reducing anxiety or  fear dur- 
ing the inescapable  session precluded the deve lopment  of  the 
subsequent  behavioral  deficits Taken  together ,  the results 
o f  the Drugan et al [11] study, and those o f  Anlsman et al 
[4] and Glazer  and Weiss [15,16] suggest that the arousal 
necessary  for the deve lopment  of  neurochemlcal  changes 
that p romote  subsequent  behavioral  dis turbances,  may be 
inst rumental  in prevent ing  the express ion of  short- term be- 
havioral  deficits Fur thermore ,  the possibility exists that the 
response  invigoration and stimulus persevera t lon  evident  
shortly after exposure  to Inescapable shock may be a reflec- 
tion of  the arousal  or  anxiety p rovoked  by the ave r swe  
st imulation The present  exper iments  were undertaken to 
de termine  whe ther  t rea tment  with a benzodiazeplne  would 
influence the response  invigoration and stimulus persevera-  
tlon engendered  by inescapable  shock 

E X P E R I M E N T  1 

When placed in a water-fil led arena where  one region is 
dlumlnated,  mice tend to remain in the i l luminated area for 
longer  periods of  t ime re la twe to that spent in the dark re- 
gion This tendency is further  enhanced in animals that were 
exposed  to inescapable shock Unlike the escape  interfer- 
ence  induced by Inescapable shock of  modera te  s even ty  and 
long duration,  the stimulus persevera t lon  tendency is a tran- 
sient one,  no longer being evident  within 24 hr of  s tressor 
terminat ion [31] Inasmuch as the stimulus persevera t lon  
could be induced by a relat ively small number  o f  shock pre- 
sentat ions [30] and was augmented by reducing water  tem- 
perature  [9], ~t was suggested that the persevera t lon  was a 
ref lect ion of  anxiety engendered by the avers lve  situation 
Thus ,  it might be expec ted  that t rea tment  w~th a ben- 
zodlazeplne ,  such as d lazepam,  which has been shown to 
modify o ther  anxiety related behaviors  [26], would hkewlse 
minimize the stimulus perseverat~on tendency  

METHOD 

Sub j ec t  s 

Eighty naive,  male,  CD-I  mice were  obtained from 
Charles  River  (Canada) L t d ,  Lapralr ie,  Que,  at 55-60 days 
of  age Mice were  housed in groups of  5 in standard polyp- 
ropylene  cages,  and were  acchmat lzed  to the laboratory for 
10-14 days prior to being used as exper imental  subjects 

A p p a r a t u s  

Foot - shock  was del ivered in three black Plexiglas cham- 
bers  that measured  3 0 x 1 4 x 1 5  cm The f loor of  each 
chamber  consis ted of  0 32 cm stainless-steel rods spaced 1 0 
cm apart  (center  to center)  and connec ted  in series by neon 
bulbs The end walls of  the chambers  were  hned with stain- 
less steel plates and connec ted  to the grid f loor  Shock could 
be del ivered to the floor through a 3000-V source,  thereby 
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FIG 1 Percentage (_+S E M ) of time spent in the tllummated por- 
tion of a water-filled arena in mice that had been exposed to inescap- 
able shock or no shock and treated with either dlazepam (0 25, 0 5, 
or 1 0 mg/kg) or vehicle 

providing relatwely constant  current  l l lummauon of the 
chambers  was reduced through a 0 63 cm red Plexlglas roof  

Stimulus perseverat lon was moni tored in a circular  black 
Plexlglas pool that measured 86 0 cm m diameter  and 30 0 
cm in height Two 14 watt bulbs were  located on one side of 
the pool,  spaced 30 0 cm apart,  6 5 cm from the s~de of  the 
pool and 5 0 cm above the water  The pool was filled with 
water  (20°C) to a height of  13 5 cm 

Pro(  edul  e 

Mtce received mtrapentonea l  mjechon of  d lazepam (0 25, 
0 50 or  I 00 mg/kg) or  vehicle on each of  three consecu twe  
days m order  to permit  adaptat ion to the sedative effects of  
the drug [14] On the fourth day mice were placed in the 
shock chambers  and half the animals of  each group were 
exposed  to 180 shocks of  6 sec duration (150 ~A,  AC) at 16 
sec intervals,  while the remaining m~ce were  not shocked 
Immediate ly  thereaf ter  mice (n=10/group) received lntra- 
peritoneal mject~on o f d l a z e p a m  (0 25, 0 50 or 1 00 mg/kg) or 
vehicle as they had on the 3 days prior to shock apphcatlon 
Dlazepam was dissolved m 4ff% propylene glycol,  10% alco- 
hol and the final volume made up of saline Fifteen minutes 
after the drug t reatment  m~ce were placed individually in the 
center  section of  the pool, and the time spent m the dlum~- 
nated and dark halves of  the pool were recorded Mice re- 
ce ived 3 trials of  1 mm durat ion at intervals of  1 minute 
be tween trials 

RESULTS 

The analysis of  the proport ion of  t ime spent m the dluml- 
nated port ion of  the arena revealed that per formance  was 
most  affected during the first of  the three test trials Analysis  
of  var iance of  per formance  on this test revealed that tzme 
spent in the bright area varied as a function of  the Shock 
Trea tment  × Drug interaction,  F(3,66)=5 74, p < 0  01 Con- 
slstent with earher  observat ions  [31], Newman-Keu l s  multi- 
ple compar isons  of  the simple main effects revealed that In 
vehicle treated mice the shock t reatment  enhanced the 
propensi ty  of  mice to remain m the dlummated area (or con- 
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versely to avoid the dark area) Although the drug treatment 
did not influence the performance of nonshocked animals, m 
prewously shocked ammals the 0 5 and 1 0 mg/kg doses of 
diazepam s~gmficantly reduced the tendency to remain m the 
dlummated area relative to vehicle treated mice (see Fig 1) 
Indeed, at these doses the shocked animals spent less time m 
the dlummated area than did their nonshocked counterparts 
that received the same drug doses 

In v~ew of the finding that shuttle escape deficits are de- 
pendent on the duration of shock apphed during the inescap- 
able shock session [15,16], two additional experiments were 
undertaken to determine whether shock of brief duration (2 
sec) would influence the preference for the illuminated area 
of the pool, and whether such an effect was modifiable by 
dmzepam It was observed that 360 shocks of 2 sec duration 
(the procedure being otherwise identical to that of the prew- 
ous experiment) s~gmficantly enhanced the preference for 
the illuminated area, F(1,23)=8 76, p < 0  01,just as shock of 
long duration was effective m th~s respect L~kew~se, it was 
found that enhanced preference for the dlummated region of 
the arena was ehmmated by treatment w~th an lntermedmte 
dose of dmzepam (0 8 mg/kg) Thus, ~t appears that the con- 
sequence of inescapable shock and dmzepam on the bright- 
ness preference are independent of the shock duration to 
which amman had been exposed, despite the fact that such 
procedures may be differentially effectwe m leading to 
learned motor response tendencies 14, 15, 16] 

The effects of dmzepam were not due to gross motor ~m- 
pa~rments engendered by the drug treatment An addlUonal 
experiment was conducted (n=20) to assess whether re- 
peated administration of dmzepam over 4 consecutive days 
would influence the ammals ability to grasp and hang from a 
0 32 dmmeter bar Thus the procedure of Experiment 1 was 
repeated, but instead of  testing mice in the sw~m task. the 
grasp response was assessed The analys~s of variance con- 
firmed that the Drug treatment reduced the grasping re- 
sponse, F(3,16)=7 28, p < 0  05, and that performance vaned 
overTes t  days, F(3,16)=5 97 ,p<0  01 Multiple comparisons 
confirmed that on the first test day a dose dependent reduc- 
tion of the t~me m~ce could hang from the metal bar was 
observed (mean+S E M = 10 20_+2 43, 7 94_+2 91,5 68_+ 1 51, 
3 86_+ 1 40 sec for vehicle, 0 25.0 50 and I 00 mg/kg groups, 
respectwely) However,  by the fourth test session perform- 
ance of the 025 and 050 mg/kg doses (13 00_+200. 
11 30_+1 89) d~d not differ from vehicle animals 
(13 80_+0 73), while the 1 0 mg/kg dose (7 04_+2 01) still in- 
fluenced performance q~<0 05) Inasmuch as the 0 50 mg/kg 
dose did not ~mpalr gross motor abdlty, th~s factor clearly did 
not account for the effects seen m the sw~m task It will be 
noted as well that ff m~ce were tested m the water task after 
only a single rejection of  dmzepam, then several m~ce 
encountered difficulties in swimming, however, following 
repeated mject~on of the drug no such d~sturbances were 
evident even at the h~ghest dose employed 

EXPERIMENT 2 

As indicated earher, several minutes after exposure to 
inescapable shock mice &splay invigorated responding m a 
swim test Although this response style does not appear to be 
causally related to the stimulus perseverat~on, it was 
suggested that it may be reflectwe of the anxiety assocmted 
with the shock session [31] Accordingly, Experiment 2 as- 
sessed the effects of dmzepam on the response mwgoratlon 
provoked by inescapable shock 

METHOD 

Suble~  t~ a n d  A p p a r a t u s  

Seventy-four nawe, male CD-I m~ce, were employed 
The subJect-characteristics were the same as those of  Exper- 
iment 1 L~kew~se, the apparatus used to admlmster the foot- 
shock treatment was the same as that of Experiment I The 
sw~m test was conducted m three Pyrex beakers (hezght=25 
cm. dmmeter=17 cm) filled with water (20°C) to a height of 
17 cm The beakers were placed s~de by side, separated by 
nontransparent Plexlglas panels The swim performance m 
the three beakers was monitored s~multaneously by a video 
recorder 

PJ o (  edll t  (" 

As m Experiment 1 m~ce received mtraperltoneal mjec- 
t~on of dlazepam (0 25, 0 50 or I 00 mg/kg) or vehicle on each 
of three consecutive days, and on the fourth day were ex- 
posed to either 180 shocks of 6 sec duration (150/,zA. AC) at 
16 sec intervals, or were placed m the apparatus w~thout 
being shocked Immediately thereafter mice recewed mtra- 
peritoneal injection of dlazepam (0 25, 0 5 or 1 0 mg/kg) or 
vehicle as they had on the 3 days prior to shock apphcatlon 
Ten m~ce were represented in each of the groups, except the 
shocked and nonshocked mice m the 0 25 mg/kg dose, which 
had 8 and 6 mice, respectively Fifteen minutes after injec- 
tion mice were indlwdually placed m the water filled beakers 
for a 9 mm period during which their behavior was monitored 
by videotape These recordings were subsequently used to 
determine the amount of time animals remained in a floating 
(~mmobde) posture Immobd~ty was defined as floating w/th- 
out hind or fore-hmb movement Occasionally mice dis- 
played a single stroke of a hind hmb, apparently to remain 
upright, a behavior which was still considered floating The 
ammals were coded by numbers, and the experimenter who 
assessed the video recordings was unaware of the shock and 
drug treatment that m~ce had recewed It was prewously 
observed [23] that within- and between-rater rehabdlty m 
measuring the t~me floating vaned less than 5 percent 

RESULFS 

The amount of time mice engaged in floating as a function 
of the treatment conditions is shown m Fig 2 Analysis of 
variance revealed that the time spent in a floating posture 
varied as a function of the Shock Treatment × Test period 
interaction, F(2,144)=5 02, p < 0  01 Newman-Keuls multi- 
ple comparisons (a=0 05) of the means comprising this in- 
teraction revealed that floating increased over time, but the 
magnitude of the increase was less pronounced in shocked 
than m non-shocked animals Accordingly, during the latter 
two periods the shocked animals exhibited significantly less 
floating than non-shocked mice In addition to the effect of 
shock, performance was influenced by the Drug treatment 
mice received, F(3,72)=3 45. p < 0  05 Newman-Keuls mul- 
tiple comparisons indicated that relatwe to vehicle treated 
trace, the amount of t~me engaged in floating was increased 
by the 0 5 and 1 0 doses of dmzepam 

Although the interaction between the Shock and Drug 
treatments d~d not reach statlst~cal s~gmficance, multiple 
comparisons of the simple mare effects were conducted since 
all a p t t o t l  prediction had been made concerning this in- 
teraction These comparisons revealed that in nonshocked 
ammals dlazepam did not increase floating slgmficantly, 
while m shocked ammals a pronounced increase of floating 
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FIG 2 Mean (-+S E M ) ~mmobdlty (floating) t~me m m~ce exposed 
to inescapable shock or no shock and treated with either dlazepam 
(0 25, 0 50 or I 0 mg/kg) or vehicle prior to testing m a forced swim 
task 

was induced by the 0 5 and 1 0 mg/kg doses of the drug 
Indeed, as seen in Fig 1, the small excitation of performance 
seen in vehicle treated mice that had been exposed to shock 
was entirely absent after the 1 0 mg/kg dose of the drug In 
fact, at this dosage the shocked animals displayed somewhat 
more floating than their nonshocked counterparts Clearly, 
the behavioral excitation ordinarily observed shortly after 
exposure to inescapable shock was modifiable by treatment 
with dlazepam 

DISCUSSION 

As previously observed [24], response invigoration was 
evident m mice that were tested in a swim task shortly after 
exposure to inescapable shock Moreover, the tendency of 
mice to remain in the illuminated portion of the arena and to 
avoid the dark region was intensified in mice that had been 
exposed to inescapable shock [31] The perseveratlve tend- 
ency, which we previously demonstrated does not occur in 
the absence of the water (i e , on land) may be a reflection of 
arousal (or hypervlgllance) engendered by the stressor [5, 24, 
31] Furthermore, it was proposed that the perseveratlon 
reflects a narrowing of the organisms defensive repertoire so 
that highly prepared responses predominate The persevera- 
tlon is considered to be of adaptive significance when 
animals are tested in a task where escape can be accom- 
plished through highly prepared responses or when the re- 
sponse requlrcments are relatively unambiguous, however, 
when the task requirements are fairly complex the perse- 
veratlve response style may be counterproductive [5] 

In accordance with the proposition that the motor invig- 
oration and perseveratlon were a consequence of the anxiety 
engendered by the shock treatment, it was observed that 
dlazepam reduced these response tendencies in animals that 
had been exposed to inescapable shock It will be noted that 
dlazepam did not appreciably influence the time engaged in 
active swimming in naive animals, a finding commensurate 
with that of Porsolt, Plchon and Jalfre [22], which would 
suggest that the drug influenced responding by eliminating 
the anxiety associated with the previous shock treatment 

Further, since the tendency to remain in the illuminated area 
of the arena is unrelated to motor activity changes 
engendered by either shock or drug treatments [9,31], It is 
unlikely that alterations of the perseveratlon was secondary 
to motor changes (e g ,  freezing) engendered by the experi- 
mental manipulations It is noteworthy as well, that it is 
possible to dissociate the behavioral effects of dlazepam 
from other pharmacological compounds in swim paradigms 
As observed by Crawley [10] in a test of locomotor actwlty 
and transitions between bright and dark areas of a field, the 
effects of anxlolytlcs were distinguishable from those of 
neuroleptlcs Contrary to the effects of dlazepam in the pres- 
ent report, we previously observed that the DA receptor 
blocker, plmozlde, reduced motor activity in a swim task, 
however, the tendency of mice to approach an illuminated 
area was not affected by this compound [9] These data not 
only divorce the perseveration from the motor effects of 
pharmacological treatments, but reveal some degree of be- 
havioral specificity of the dlazepam treatment 

In assessing performance In a forced-swlm task, cate- 
cholamine stimulants were previously shown to prevent the 
decay of active responding that is ordinarily evident [22,23] 
Likewise, the escape deficits introduced by inescapable 
shock were ehmlnated by catecholamlne stimulants applied 
prior to either inescapable shock or the test session [6, 27, 
28] In contrast, benzodlazepines were only effective m 
ehmlnating the escape Interference if administered before the 
inescapable shock session [11,29] Together these findings 
suggest that independent mechanisms are responsible for the 
stressor related behavioral alterations, as well as time de- 
pendent performance variations associated with inescapable 
shock For instance, although inescapable shock reliably 
provokes deficits of shuttle-escape performance [61, such ef- 
fects vary over Ume following shock apphcat~on Im- 
mediately following shock of moderate severity the escape 
deficits are absent or minimal and become progressively 
more pronounced over time [4, 15, 16] It is conceivable that 
the heightened arousal or anxiety engendered by the stressor 
may prevent expression of the shuttle deficits that might 
otherwise be evident [24] The fact that benzodlazeplnes 
administered prior to inescapable shock prevented the long- 
term behavioral disturbances [11], suggests that the m- 
creased arousal (fear) may be fundamental in provoking neu- 
rochemlcal alterations which contribute to the subsequent 
behavioral disturbances Although the present investigation 
revealed that dlazepam administered prior to testing mflu- 
enced performance, it should be underscored that the initial 
shock and later test sessions were separated by only a brief 
period Thus, it is hkely that the response invigoration and 
the perseveratlon were a reflection of the anxiety or vigi- 
lance associated with the preceding shock treatment 

Several neurotransmltters have been |mphcated in sub- 
serving the behavioral effects of uncontrollable stressors 
Whereas Weiss et al [33] attributed the escape interference 
to norepmephrlne alterations, Sherman and Petty [27] argued 
for a major role of 5-HT, while Anlsman [1] suggested that 
DA, as well as NE,  subserve the escape disturbances Addi- 
tionally, it was suggested that DA variations contribute to 
motivational disturbances evident m uncontrollably 
shocked animals [35] In addition to these amines, there is 
reason to believe that GABAergic variations may contribute 
to stressor-provoked behavioral variations lndeed, it has 
been shown that averslve stimulation may influence GABA 
activity [21] and receptor binding [7], and GABA adminis- 
tration into the hippocampus altered behavioral disturbances 
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m d u c e d  by inescapab le  shock  [27,28] I n a s m u c h  as the  ef- 
fec ts  o f  b e n z o d t a z e p l n e s  m a y  be due  to G A B A  va rmt lons  
[20], the  pos s tb lh ty  shou ld  be c o n s i d e r e d  that  the  s h o r t - h v e d  
r e s p o n s e  inv igora t ion  and  the  t e n d e n c y  to a p p r o a c h  light and  
avoid  dark  m the swim tes t ,  may  be re la ted to G A B A  act iv-  
ity O f  co u r se ,  th~s does  not  p rec lude  a role for  o the r  t rans-  
mi t te rs  m the m e d m t t o n  o f  the  behaviora l  mv tgo ra t t on  It has  
been  repor ted  tha t  s t r e s s o r - r e d u c e d  DA c h a n g e s  m frontal  
co rhca l  a reas  were  p r e v e n t e d  by t r e a t m e n t  with a ben-  
z o d t a z e p m e  [12,13] M o r e o v e r ,  tt was  s u g g e s t e d  tha t  the  ac- 
t ions  o f  b e n z o d m z e p m e s  on G A B A  neu ro t r ansm~ss ton  m a y  

be in f luenced  by DA acttv~ty [32] T h u s ,  the poss~blhty ex i s t s  
tha t  the  behavtora l  vartat~ons o b s e r v e d  m the p r e sen t  m v e s -  
hgat~on were  DA m e d m t e d  N e v e r t h e l e s s ,  the  p ropos~hon  
shou ld  be e n t e r t a m e d  that  the  w~de var ie ty  o f  behav iora l  
c h a n g e s  a s soc t a t e d  wi th  s t r e s s o r s  p robab ly  m v o l v e  al tera-  
t tons  o f  severa l  t r a n smt t t e r  s y s t e m s  More ove r ,  the r e l ahve  
con t r ibu t ions  o f  t hese  t r a n smi t t e r s  may  vary  ove r  h m e  fol- 
lowing s t r e s so r  apphca t ton  Accord ing ly ,  an d e t e r m m m g  the 
b e h a w o r a l  c h a n g e s  a s soc t a t ed  wtth uncon t ro l l ab le  avers~ve 
e v e n t s  ~t m a y  be essent ta l  to a s s e s s  the con jomt  ef fec ts  of  
t he se  di f ferent  t r a n smi t t e r s  
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