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YOUNG, R. C., G. N. ERVIN AND G. P. SMITH. Abnormal open field behavior after anterolateral hypothalamic injection 
of 6-hydroxydopamine. PHARMAC. BIOCHEM. BEHAV. 5(5) 565-570, 1 9 7 6 . -  To investigate the importance of 
forebrain catecholamine terminals in open field behavior, rats were microinjected bilaterally in the medial forebrain bundle 
at the level of the anterolateral hypothalamus with 6-hydroxydopamine (6-OHDA), a specific catecholaminergic 
neurotoxin. These 6-OHDA microinjections produced extensive loss of forebrain catecholamine terminals; identical vehicle 
microinjections did not. When 6-OHDA rats were given 8 open field (OF) tests in the first or the fifth postinjection week, 
they had a longer latency to enter the OF, crossed fewer squares and reared less than normal rats or rats microinjected with 
vehicle. The abnormal OF behavior of 6-OHDA rats was not a generalized loss of locomotor activity because 6-OHDA rats 
were normally active in th~ home cage. The abnormal OF behavior of 6-OHDA rats was also not a result of a generalized 
lack of reactivity because the OF test elicited an increase of plasma corticosterone in 6-OHDA rats. The possibility that 
6-OHDA rats were abnormal in the OF because they were hyperreactive to it was not consistent with the observations that 
the OF activity of 6-OHDA rats did not change with repetitive testing, 6-OHDA rats did not defecate more than vehicle 
rats, and 6-OHDA rats did not display freezing behavior. These results suggest, but do not prove, that the abnormal OF 
behavior of 6-OHDA rats reflects a deficit of exploratory behavior that is correlated with extensive loss of forebrain 
catecholamine terminals. 

Open field test Exploratory behavior 6-Hydroxydopamine Brain catacholamines Corticosterone 

C O N F R O N T E D  with a novel open field, a rat moves 
through it, sniffs it, rears in it, and f requent ly  defecates.  
With repeated  exposure  to the open  field, rats usually 
defecate  less and move as much  or more  than they did on 
the first trial [23 ] ,  but  exp lora to ry  activity increases or 
does no t  change. Al though the open field test (OF) was 
devised to measure emot iona l i ty  [7 ] ,  it also measures 
exp lora to ry  behavior,  part icularly af ter  the first trial [23] .  

Movement  in the OF is temporar i ly  abol ished by 
reserpine [5] .  This suggests tha t  brain biogenic amines 
(ca techolamines  and sero tonin)  are necessary for normal  
OF behavior.  Discovery of  the selective toxic i ty  of  6- 

h y d r o x y d o p a m i n e  (6-OHDA) for ca techolamine  neurons  by 
Thoenen  and Tranzer  [20] provided a tool  to investigate 
the relat ionship of  brain ca techolamines  (norep inephr ine  
and dopamine)  to OF behavior  wi thou t  s imul taneous  
al terat ion of  brain serotonin.  Intraventr icular  or intra- 
cisternal adminis t ra t ion  of  6-OHDA produced  significant 
deple t ion of  ca techolamines  (CA) t h roughou t  the brain 
[22] and decreased OF activity [3, 8, 10, 12, 18].  A more  
localized des t ruc t ion  of  CA neurons  (loss of  terminals  of  
the nigrostriatal  t ract  and of  the  forebrain  [ 9 ] )  has been 
obta ined by microinject ing 6-OHDA into  the region of  the 
substant ia  nigra [21] .  Af ter  substant ia  nigra microinjec-  
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tions rats move less in the OF [2, 13, 21] ,  but  such 
t rea tment  can produce  rats that  do not  move under  most  
condi t ions  [ 21 ]. 

Since OF testing after  intracerebral  6-OHDA has been 
l imited to 1 or 2 tests in these exper iments ,  it is not  
possible to decide if the decreased OF activity is due to 
inhibi t ion of  explora t ion  by hyperemot iona l i ty ,  to a 
decreased tendency  to explore,  to a general decrease of  
l o c o m o t o r  activity, to a general lack of  react ivi ty to the 
OF, or to a combina t ion  of  these defects. 

To determine  the basis of  decreased OF behavior after  
central  CA loss, we gave repeated OF tests to rats after they 
received microinject ions  of  6-OHDA into the medial fore- 
brain bundle at the level of  the anterolateral  hypotha lamus  
(AL). At this AL site, 6-OHDA inject ions produce  wide- 
spread damage of  forebrain CA, but  only partial damage of  
the nigrostriatal  tract  [6] .  Af ter  such AL 6-OHDA injec- 
tions, rats have a transient period of  aphagia and adipsia 
[17] ,  but  then appear much more normal  than rats that 
receive 6-OHDA injections into the substantia nigra. 

METHOD 

Animal s  

Male Sprague-Dawley rats (Hormone  Assay, Chicago, 
Illinois), weighing 2 0 0 - 4 0 0  g, were housed in individual 
cages. The room was l ighted artificially be tween 0700 and 
1900 hr daily and was maintained at a t empera ture  of  24 ° C 
_+2°C. 

Surgery 

Rats were anesthet ized with chloral hydra te  and 
barbiturate (Equi-thesin,  3 ml/kg,  in t raper i toneal ly;  Jensen- 
Salsbery Laboratories,  Kansas City, MO). After  the scalp 
and cranium were opened,  the tip of  a 30 gauge cannula 
was posi t ioned stereotact ical ly in the anterolateral  hypo-  
thalamus (AL) (7 mm anter ior  to the interaural line, 2 mm 
lateral to the midline, and 8 mm below the dura according 
to the atlas of  deGroot  [4] ). A 50 ul Hamil ton  syringe was 
connected  to the cannula by po lye thy lene  tubing (PE 10). 
Using an au tomat ic  dispenser, 4 ~1 of  solut ion was injected 
bilaterally over a 30 sec interval. The cannula was left in 
place for an addit ional  60 sec and then withdrawn.  To 
produce preferential  damage of  ca techolamine axons and 
terminals, rats were injected with a solut ion of  6-hydroxy-  
dopamine hydrobromide  (Regis Chemical  Co., Chicago, Ill.; 
6.5 ug of  free base/ul) and ascorbic acid 0.4 ug/ul  dissolved 
in cold distilled water immedia te ly  prior to use. To control  
for non-specific damage, rats were injected with a vehicle 
solut ion containing ascorbic acid 0.4 ug/ul  dissolved in cold 
distilled water. We have previously demonst ra ted  that  such 
6-OHDA and vehicle microinject ions  produce  very similar 
non-specific lesions equal  to or less than 300 um [16] .  
Such microinject ions  of  6-OHDA also produce extensive 
loss of  anterolateral  hypotha lamic  and forebrain CA histo- 
f luorescence,  but  vehicle inject ions produce  loss of  CA 
his tof luorescence in the region of  the cannula tip only [6] .  
Fur thermore ,  microinject ions  of  6-OHDA produce  a loss of  
hypotha lamic  and forebrain catecholamines,  but  vehicle 
inject ions do not  [15] .  These data suppor t  the highly 
preferential  toxic i ty  of  our 6-OHDA microinject ions  for CA 
axons and terminals. Javoy et  al. [ 11] have also repor ted  
the abili ty of  obtaining highly specific CA lesions after 
6-OHDA microinject ions  into the substantia nigra or n. 

caudatoputamen.  It is now clear that  the relative specificity 
of the lesion produced by 6-OHDA microinject ions  varies 
with inject ion site and each exper iment  must provide 
internal evidence for the degree of  specificity claimed under  
the condi t ions  of  that  exper iment .  Under  our  condi t ions  
there is widespread CA loss th roughout  the entire forebrain 
and non-specific hypotha lamic  damage of less than 300 um 
in diameter .  This is a highly preferential ,  but  not  absolutely 
specific, CA lesion and the results are in terpreted accord- 
ingly. 

Main tenan ce 

Animals had free access to Purina rat chow pellets and 
tap water. Body weights and food and water  intakes were 
recorded daily for the first two postoperat ive  weeks. Since 
AL 6-OHDA injections produce short - term aphagia and 

adipsia [17] ,  body weights of  AL 6-OHDA rats were 
maintained during the first nine pos topera t ive  days by two 
daily gastric intubat ions at 1300 and 1500 hr of  12 ml of  
eggnog (13 oz evaporated milk, 125 ml tap water,  250 g 
dextrose,  1.8 ml Polyvisol, 2 whole eggs, 30 ml Kaopec- 
tate). In addit ion,  any animal that  did not  accept  pellets 
and water  by the four th  postoperat ive  day was given wet 
chocola te  chip cookies  and 10% sucrose solution until  it 
did. 

Appara tus  

OF testing was performed in a rectangular  area (76 cm x 
93 cm) enclosed by brown cardboard walls 60 cm high. The 
f loor was covered with white contac t  paper and was divided 
into 8 cm squares by brown lines. Fluorescent  ceiling lights 
2.6 m above the f loor of  the OF provided 20 u Watts/cm 2 
in the center  of  the field (40A Opto-Meter ,  United Detec tor  
Technology,  Santa Monica, California). 

Home cage (HC) activity was determined by housing 
animals individually in clear bot tomless  Plexiglas cages (21 
cm x 44 cm x 20 cm) mounted  on wooden  racks with wire 
mesh (7 mm x 7 mm)  floors. Social st imuli  were l imited by 
white par t i t ions (20 cm high) be tween cages. An infrared 
light source was moun ted  in the middle of  the long axis of  
each cage 12 mm from the cage f loor opposi te  a photocel l  
de tec tor  (Lafaye t te  No. 5811-1, Lafayet te  Ins t rument  Co., 
Lafayet te ,  Indiana). In ter rupt ion  of  the light beam trig- 
gered a corresponding automat ic  counter  (Lafaye t te  No. 
5811) located in an adjacent  room. 

Stat is t ics  

Data are expressed as medians and ranges of  values. 
Statistical comparisons were made with the Mann-Whitney 
U test, 2 tailed, unless specified otherwise.  

EXPERIMENT 1 

M E T H O D  

Animal s  

Nine rats received AL injections of  6-OHDA and 8 rats 
received AL vehicle injections. All 6-OHDA rats had 
aphagia or anorexia and lost weight during the first 
postoperat ive week (mean peak loss = 17.6% of preopera-  
tive weight, range: 11 -29%) .  Vehicle injected rats also lost 
weight (mean peak loss = 8.6%, range: 5 -12%) .  By the 7th 
postoperat ive  day vehicle rats regained their  preoperat ive 
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weight  ( m e a n  loss = 1.4%, range: 0 - 6 % ) ,  bu t  6 -OHDA rats  
did no t  ( m e a n  loss = 1 5.5%, range:  8 - 2 9 % ) .  

All 6 -OHDA and vehicle rats  were tes ted  in the  OF on 
pos t in j ec t ion  Days 1, 3, 5, and  7. F o u r  u n o p e r a t e d  rats  and  
2 sham-ope ra t ed  rats  (skull  holes  dri l led) were also tes ted  in 
the  OF on  four  a l t e rna te  days to def ine  the  n o r m a l  range of  
behav io r  in the  OF u n d e r  our  cond i t ions .  

Open Field Procedure 6-OHDA 

A rat  was r emoved  f rom its h o m e  cage and  t rans fe r red  to  
a wire ho ld ing  cage for  30 sec. T h e n  it  was p laced in one  Vehicle 
co rne r  of  the  OF wi th  i ts head  toward  the  wall. During the  
nex t  6 m in  tes t  per iod  several behaviora l  m e a s u r e m e n t s  None 
were recorded.  Then  the  ra t  was immed ia t e ly  r e t u r n e d  to 
its h o m e  cage. On  each tes t  day  animals  were given two  
s ix-minute  tests  separa ted  by  an in terva l  of 55 min .  Test ing 
was always p e r f o r m e d  be t w een  0800  and 1300 hr.  6-OHDA 

During each OF test ,  the  fol lowing behaviora l  measure-  
men t s  were made:  Vehicle 

(1) Latency. The sec elapsed before  a ra t  moved  b o t h  
f ron t  and  rear  paws ou t  of  the  four  squares  which  def ined  None 
the  s ta r t ing  corner .  If  a rat  did no t  move  f rom the  co rne r  
wi th in  a 6 m in  tes t  per iod,  the  l a t ency  was cons idered  360  
s e e .  

6-OHDA (2) Corner activity. The n u m b e r  of  t e m p o r a r y  ex ten-  
sions of  b o t h  forepaws  o u t  of  the  s ta r t ing  co rne r  ( s t re tches)  
and  the  n u m b e r  of  t imes  b o t h  forepaws were l i f ted free or Vehicle 
against  a side wall (rearings).  The sum of  the  inc idence  of  
these two  behaviora l  events  was the  corner  ac t iv i ty  score. None 

(3) Exploratory activity in OF. The n u m b e r  of  squares  
t raversed by  b o t h  f ron t  and  rear  paws and  the  n u m b e r  of  
rearings ( s t and ing  free or against  a wall) were recorded.  

(4) Defecation. Its occur rence  was recorded.  

Home Cage Activity Procedure 

Beginning 3 days pr ior  to  in jec t ion  and  for  the  first 
pos t in j ec t ion  week,  all 6 -OHDA and vehicle rats  were 
housed  in indiv idual  pho toce l l  cages, excep t  dur ing  OF 
tests. Cumula t ive  pho toce l l  c o u n t s  were r ecorded  daily for  
each ra t  and  were cor rec ted  for  c o u n t s  t ha t  occur red  wi th in  
30 min  a f te r  OF tests,  feeding or  weighing. 

RESULTS 

6-OHDA rats  did no t  r e spond  no rma l ly  to  the  OF. They  
had  longer  latencies,  moved  across fewer  squares,  reared less 
and  defeca ted  less t han  vehicle or n o r m a l  rats  (Table  1). 
A l t h o u g h  6-OHDA rats  spen t  mos t  of  the  tes t  t ime  in the  
s tar t ing corner ,  t hey  were n o t  as active the re  as vehicle rats. 

In those  OF tests  in which  l a t ency  was 240  sec or longer,  
the  m e d i a n  inc idence  of  s t r e tches  and  rears in the  co rne r  
for  6 -OHDA rats  (0 in 57 tests)  was s ignif icant ly  less t han  
for  vehicle ra ts  (8 in 20 tests,  p < 0 . 0 0 1 ) .  

In con t r a s t  to  the i r  poo r  p e r f o r m a n c e  in the  OF 
t h r o u g h o u t  the  first pos t in j ec t ion  week,  6 -OHDA rats  
recovered n o r m a l  act ivi ty  in the  HC by the  second 
pos t in j ec t ion  day (Table  2). This was the  ra te  at  which  
vehicle rats  recovered  (Table  2). Beginning on  the  th i rd  day,  
some 6-OHDA rats  were sporadical ly  hyperac t ive  (see 
ranges, Table  2). 

DISCUSSION 

The  6-OHDA rats  were less react ive t han  vehicle ra ts  in 
all pa rame te r s  of  OF behav io r  t h r o u g h o u t  the  first post-  

T A B L E  1 

OPEN FIELD PERFORMANCE AFTER 6-OHDA OR VEHICLE 

Postinjection Day 
Treatment 1 3 5 7 

Squares Traversed 

6-OHDA 

Vehicle 

None 

0t 0*t 0*t 0*t 
(0) (0) (0-159) (0-232) 

62t 113 121t 180 
(0-192) (0-330) (0--443) (37-488) 

491 514 576 609 
(316-575) (292-749) (400-749) (203-888) 

Latency (sec) 

720"t 720"t 640t 583"t 
(720) (720) (41-720) (372-720) 

366t 218 275 274t 
(33-720) (15--720) (2-720) (80--608) 

25 9 14 7 
(15--43) (3-300) (9-57) (4-171) 

Rearing 

O*t O*t O*t O*t 
(0) (0) (0-1) (0-5) 

5t 8 19 23t 
(0-18) (0-51) (0-69) (5-54) 
60 60 64 69 

(33-69) (28-91) (38-86) (53-93) 

Percent Defecating 

44 0 0 0 

38 75 63 100 

67 67 67 50 

Note: Data are median values (except for percent defecating) from 
9 6-OHDA, 8 vehicle and 6 control rats. Range of values is in paren- 
thesis. *significantly different from vehicle, p<0.05; tsignificantly 
different from control, p < 0.02. 

T A B L E  2 

HOME CAGE ACTIVITY AFTER HYPOTHALAMIC 6-OHDA OR 
VEHICLE 

Experimental Day 
- 2  
-1  

Microinjection 
+1 
+2 
+3 
+4 
+5 
+6 
+7 

6-OHDA Vehicle 
535 (376-1394) 619 (382-1266) 
646 (279-1499) 637 (294-1433) 

237"t (103-517 
496 (199--837 
678 (263-2939 
773 (236-3966 
803 (28%1368 
805 (314-2952 
735 (393-5213 

369* (82-869) 
673 (6%1194) 
810 (110-1102) 
921 (187-1370) 
741 (290-1347) 
947 (44-1380) 
891 (112-1154) 

Note: Data are median values from 9 6-OHDA and 8 vehicle rats. 
Range of values is in parenthesis. *significantly different from day 
-2 ,  p <0.05; tsignificantly different from Day - 1, p <0.05. 
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in jec t ion  week. The fai lure of  6 -OHDA rats  to  en te r  the  OF 
on the  first tes t  day could  have been  an excessive reac t ion  
to the  OF (freezing).  The  slight i m p r o v e m e n t  in perfor-  
mance  wi th  repe t i t ive  tes t ing  is cons i s t en t  wi th  this  
i n t e rp re t a t i on .  But  even in the  seven th  and  e igh th  OF tests  
on  p o s t i n j e c t i o n  Day 7, 6-OHDA rats  have very long 
la tencies  and  moved  and  reared m u c h  less t h a n  vehicle rats. 
Unless 6 -OHDA al tered  the  con t r o l  of  de feca t ion ,  the  lack 
of  de feca t ion  wi th  r epea ted  tes t ing  also suppor t s  the  view 
tha t  6 -OHDA rats  failed to  exp lore  the  OF for  reasons  
o the r  t h a n  h y p e r e m o t i o n a l i t y  because  de feca t ion  in the  OF 
corre la tes  s ignif icant ly  wi th  a var ie ty  of  e m o t i o n a l i t y  
factors  [ 2 3 ] .  

The  lack of  act ivi ty  of  6-OHDA rats  in the  OF 
con t r a s t ed  sharply  wi th  the i r  n o r m a l  and  s o m e t i m e s  
excessive act ivi ty  in the  HC (Table  2). This  d issocia t ion  
d e m o n s t r a t e s  t h a t  the  a b n o r m a l  OF behav io r  of  6-OHDA 
rats  was no t  the  express ion  of  a general  l o c o m o t o r  
deb i l i t a t ion .  

A l t h o u g h  6-OHDA rats  had  longer  la tencies  to  en t e r  the  
OF, were less active and  reared less in the  OF than  vehicle 
rats, vehicle rats  were also a b n o r m a l  on  some of  these  
pa rame te r s  of  OF behav io r  on some tes t  days. No te  the  
errat ic  behav io r  of  vehicle  rats:  on  Day 3, they  were no t  
s ignif icant ly  d i f fe ren t  f rom con t ro l :  on  Days 5 and  7, 
vehicle rats  were n o r m a l  on  at least  1 p a r a m e t e r  of  OF 
behavior .  P re sumab ly  the  erra t ic  p e r f o r m a n c e  of  vehicle 
rats was a resul t  of  the  non-spec i f ic  damage of  vehicle 
mic ro in jec t ion .  In an a t t e m p t  to  dissociate  these p re sumed  
non-spec i f ic  ef fec ts  of mic ro in j ec t ion  on  O F  behavior ,  we 
delayed OF tes t ing  of  6 -OHDA and vehicle rats  unt i l  30 
days af te r  mic ro in jec t ion .  

E X P E R I M E N T  2 

METHOD 

Animals 

Bilateral  mic ro in jec t ions  of  6-OHDA (7 rats)  or of  
vehicle (7 rats)  were admin i s t e r ed  as descr ibed in the  
M e t h o d  sect ion.  All 6 -OHDA rats  had  recovered  f rom the i r  
init ial  pos tope ra t ive  aphagia  or anorex ia  and  were main-  
ta in ing body  weight  on  pel lets  and  wate r  at the  t ime  of  
testing. 

Open Field Procedure 

Two 6 min  tests,  separa ted  by 55 rain (descr ibed in 
E x p e r i m e n t  1), were admin i s t e r ed  to 7 6-OHDA rats  and  7 
vehicle rats  on  pos t in j ec t ion  Days 30 t h r o u g h  34. These  rats  
were no t  the  subjec ts  of  E x p e r i m e n t  1 and did no t  have 
pr ior  OF exper ience .  

RESULTS 

When  tes ted  in the  OF on pos t in j ec t ion  Days 30 t h r o u g h  
34, 6 -OHDA rats  had  s ignif icant ly  longer  latencies,  moved  
across fewer  squares  and  reared less t han  vehicle  rats  (Table  
3). There  was a t e n d e n c y  for  6-OHDA rats  to  defeca te  more  
t han  vehicle rats  dur ing  these  OF tests,  bu t  OF act ivi ty did 
no t  increase w h e n  6-OHDA rats  de feca ted  less than  vehicle 
rats (Day 34, Table  3). F u r t h e r m o r e ,  repe t i t ive  OF tes t ing  
did no t  elicit  b e t t e r  OF  pe r fo rmance .  These  resul ts  do no t  
suppo r t  h y p e r e m o t i o n a l i t y  as the  exp l ana t i on  for  the  

T A B L E  3 

OPEN FIELD PERFORMANCE 30-34 DAYS AFTER ANTEROLATERAL HYPOTHALAMIC 6-OHDA OR 
VEHICLE 

Postinjection Day 
Treatment 30 31 32 33 34 

Squares Traversed 

6-OHDA 0* 0* 0* 0* 0* 
(0-199) (0-187) (0-59) (0-59) (0-4) 

Vehicle 510 481 357 477 409 
(321-674) (246-796) (204-638) (332-593) (278-624) 

Latency (sec) 

6-OHDA 720* 720* 720* 720* 720* 
(28-720) (32-720) (425-720) (55-720) (373-720) 

Vehicle 47 5 9 13 23 
(10-120) (3-67) (2-39) (7-38) (15-34) 

Rearing 
6-OHDA 0* 0* 0* 0* 0* 

(0-17) (0-11) (0-10) (0-6) (0-12) 

Vehicle 60 40 36 56 40 
(49-77) (13-77) (22-54) (26-86) (26-81) 

Percent Defecating 

6-OHDA 29 29 43 43 14 
Vehicle 14 14 14 0 29 

Note: Data are median values (except for percent defecating) from 7 6-OHDA and 7 vehicle rats. 
Range of values is in parenthesis. 

*significantly different from vehicle, p <0.05. 
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decreased activity in the OF. Since vehicle rats responded 
to the OF like normal rats (compare Control data, Table 1), 
the abnormal behavior of 6-OHDA rats in these OF tests 
can be correlated with the loss of CA after 6-OHDA 
because the apparently equivalent non-specific neuropath- 
ological effects of vehicle microinjection did not 
produce any abnormal OF behavior. 

DISCUSSION 

Experiments 1 and 2 demonstrated major deficits in OF 
behavior that did not improve with repetitive daily testing. 
This poor OF performance of 6-OHDA rats was not 
correlated with a general loss of motor activity (Table 2), a 
non-specific postoperative effect (Table 3) or with excessive 
defecation (see percent defecating, Tables 1 and 3). 

It is possible that the abnormal OF behavior of 6-OHDA 
rats reflects a general diminished reactivity of 6-OHDA rats 
to the stimuli of the OF. To test this possibility, we 
measured the plasma corticosterone response of 6-OHDA 
rats to the OF. In normal rats, plasma corticosterone 
increases during an OF test [ 1 ], but the increase of plasma 
corticosterone does not depend on locomotion in the OF 
[19]. This dissociation between the neuroendocrine 
response and the behavioral responses to the OF permits us 
to use the neuroendocrine response to the OF as an 
independent measure of reactivity of 6-OHDA rats to OF 
stimuli. It should be noted that the CA innervation of the 
median eminence appears intact in the 6-OHDA rats [6]. If 
plasma corticosterone increased in 6-OHDA rats that had 
deficits in the OF, that would demonstrate that 6-OHDA 
rats reacted to the OF test neuroendocrinologically. This 
result would not be consistent with the suggestion that the 
OF deficit of 6-OHDA rats reflects a diminished reactivity 
of all response systems to the OF. 

EXPERIMENT 3 

METHOD 

Animals 

The animals were from Experiment 2 plus 3 6-OHDA 
and 4 vehicle rats of similar weight. 

Procedure 

On postinjection Day 35, 7 6-OHDA and 6 vehicle rats 
from Experiment 2 were given a single 6 rain OF test at 
1000 hr. At the end of the test, the rats were decapitated. 
Samples of trunk blood were heparinized, centrifuged, 
separated and frozen immediately. 

Three 6-OHDA rats and 4 vehicle rats were removed 
quickly from their HC on postinjection Day 35 at 1000 hr 
and decapitated to obtain plasma samples. Concentration of 
corticosterone in all the plasma samples was determined by 
c o m p e t i t i v e  protein-binding radioimmunoassay [ 14] 
through the courtesy of Dr. Peter Stokes of this 
Department. 

RESULTS 

Plasma corticosterone in 6-OHDA rats was significantly 
higher after an OF test than in the HC (Table 4). This 
is evidence that 6-OHDA rats react to OF testing despite 
failing to move normally in the OF (Table 4). Median 
plasma corticosterone of 6-OHDA rats in the HC was 

TABLE 4 

ADRENOCORTICAL RESPONSE TO THE OPEN FIELD AFTER AN- 
TEROLATERAL HYPOTHALAMIC 6-OHDA OR VEHICLE 

Plasma Corticosterone 
(/z g/100 ml) 

Treatment Home Cage Open Field 

6-OHDA 1.5 11.2' 
(1.5-3.2) (7.4-17.3) 

Vehicle 4.7 18.2" 
(0.9-11.4) (11.7-30.9) 

Note: Data are median values from 3 6-OHDA and 4 vehicle rats 
in the home cage and from 7 6-OHDA and 6 vehicle rats in the open 
field. Range of values is in parenthesis. Open field values larger than 
respective home cage values. 

*p<0.025, one-tailed. Plasma corticosterone of 6-OHDA rats in 
Home Cage and Open Field were not significantly different from the 
values of vehicle rats. 

smaller than that of vehicle rats, but the difference was not 
significant for this small number of animals. 

GENERAL DISCUSSION 

After bilateral AL 6-OHDA microinjections, rats did not 
move normally in an OF (Tables 1 and 3). The poor OF 
performance is not a manifestation of generalized loss of 
locomotor activity because 6-OHDA rats are normally 
active or hyperactive in their HC during the period of OF 
testing (Table 2). The poor OF performance is also not a 
total lack of reactivity to OF testing because stimuli of the 
OF elicited an increase of plasma corticosterone in 6-OHDA 
rats (Table 4). Since the OF elicits emotional and explora- 
tory behavior, it is possible that 6-OHDA rats are hyper- 
reactive to the OF and this inhibits exploratory behavior. 
We reject this explanation for the following reasons: (1) 
Repeated testing should diminish hyperreactivity [23 ], but 
the performance of 6-OHDA rats did not improve with 
repetitive OF tests (Tables 1 and 3); (2) Hyperemotional 
rats frequently assume a tense, crouching posture (freez- 
ing), but 6-OHDA rats did not display such behavior in the 
OF; (3) Hyperemotional rats tend to have exaggerated 
adrenocortical responses to many stimuli, but 6-OHDA rats 
did not (Table 4); and (4) Hyperemotional rats defecate 
more in the OF, but 6-OHDA rats did not (Tables 1 and 3). 
We consider the lack of data to support the possibility of 
hyperemotionality and the marked failure to explore the 
OF as complementary evidence for interpreting the poor 
OF performance as a failure of exploratory behavior. This 
interpretation is tentative and it requires further testing in 
other situations. 

The defect of OF behavior is probably the result of the 
forebrain CA damage produced by 6-OHDA because vehicle 
microinjections which did not disrupt OF behavior (Table 
3) produce the same non-specific damage at the microinjec- 
tion site in the AL hypothalamus [16] without depleting 
brain catecholamines [ 15] or reproducing the pattern of 
histofluorescent CA loss which occurs after 6-OHDA 
microinjections [ 6 ]. 

Preliminary analysis of  the loss of CA histofluorescence 
after AL 6-OHDA reveals severe loss of CA afferent 
terminals in parietal, frontal and piriform cortex, hippo- 
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campus ,  AL h y p o t h a l a m u s ,  a n t e r o m e d i a l  par t  of  the  n. 
c a u d a t o p u t a m e n ,  nuc leus  accumbens ,  dorsal  par t  of  the  bed  
nuc leus  of  the  stria terminal is ,  lateral  septal  nuc leus  and  the  
o / fac to ry  tuberc le  [6J .  The CA h i s to f luo rescence  o f  the  
pos t e r io r  pa r t  of  caudate ,  the  pos te r io r  h y p o t h a l a m u s ,  the  

t ha l amus  and  b ra in s t em is in tac t .  (These  data  will be 
p resen ted  in detai l  e lsewhere ,  F ink  and  Smi th ,  in prepara-  
t ion) .  This  p a t t e r n  of h i s to f luo re scen t  loss a f te r  AL 
6-OHDA suggests, bu t  does no t  prove,  t h a t  CA dene rva t ion  
of l imbic  fo rebra in  or n e o c o r t e x  or a c o m b i n a t i o n  of  these  
sites is cri t ical  for  the  defici ts  in the  OF. F u r t h e r  
e x p e r i m e n t s  are necessary  to i den t i fy  the  cri t ical  sites(s) of  
CA dene rva t ion  and  the  specific t r a n s m i t t e r  ( n o r e p i n e p h -  
fine a n d / o r  d o p a m i n e )  involved.  

Since there  is some non-specif ic  damage af te r  6 -OHDA 
micro in jec t ions ,  it is possible tha t  the  a b n o r m a l  OF 
behav io r  observed  in 6 -OHDA rats  is cor re la ted  wi th  the  
n o n c a t e c h o l a m i n e  damage of  6-OHDA micro in jec t ions .  The 
no rma l  OF behav io r  on  Days 30 t h r o u g h  34 a f te r  vehicle 
mic ro in jec t ions  tha t  p roduce  similar  non-speci f ic  damage is 
no t  cons i s t en t  wi th  such a suggest ion.  We recognize,  
however ,  t ha t  we have no t  exc luded  this  possibi l i ty  in these 
expe r imen t s .  

In summary ,  we cons ider  these  e x p e r i m e n t s  to  be 
t en ta t ive  evidence for  the  hypo thes i s  t ha t  fo rebra in  CA 
te rmina ls  are necessary  for  n o r m a l  OF behav io r  in the  rat .  
O the r  k inds  of  e x p e r i m e n t s  will be necessary to prove this  
hypothes i s .  
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