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COSCINA, D. V., J. SEGGIE, D. D. GODSE AND H. C. STANCER. Induction of rage in rats by central infection of 
6-hydroxydopamine. PHARMAC. BIOCHEM. BEHAV. 1(1) 1-6,  1973.- Intracisternal injection of 300 /.~g of 
6-hydroxydopamine in male rats elicited a syndrome of hyperreactivity or hyperemotionality, i.e., rage, similar to that 
previously reported after septal or ventromedial hypothalamic (VMH) lesions. Specifically, rats showed increased resistance 
to capture as well as increased number and magnitude of startle responses compared to vehicle injected or normal controls. 
As with septal but not VMH lesions, this rage subsided with repeated testings (handling). These findings are discussed with 
regard to the possible importance of brain neurotransmitters in the expression of behaviors. 
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STIMULATION or destruct ion of  certain structures along 
the l imbic hypotha lamic  axis can produce profound effects 
on the expression of  affective or emot ional  behaviors [ 12 ]. 
The impor tance  of  intact l imbic circuitry for normal 
emot ional i ty  is suggested f rom reports  of  marked 
hyperemot iona l i ty  and hyperreact ivi ty  after septal lesions. 
Among  the many behavioral  abberat ions associated with 
septal rage are a striking alertness to approaching 
movements ,  explosive startle reactions to audi tory  or tactile 
st imulation,  and vicious attacks linked with loud 
vocalizations,  ur inat ion and defecat ion  when a t tempts  are 
made to handle such animals [2] .  Similar emot ional  
r e spons iv i ty  has been reported after vent romedia l  
hypotha lamic  (VMH) lesions [31] .  This syndrome of  rage 
behaviors appears immedia te ly  after lesions of  either 
forebrain s tructure but,  in the case of  septal lesions, 
eventual ly subsides with repeated handling [2, 18, 24, 26] .  
Al though anatomical ,  endocrinological  and behavioral  
explanat ions  have been advanced to account  for certain 
aspects of  these lesioned induced behaviors,  a comple te  
comprehens ion  of  the neural events associated with this 
syndrome is not  yet  available. 

Inject ions of 6 -hydroxydopamine  (6-OHDA) directly 
into the ventricular  system of mammals  produce long 
lasting or permanent  deplet ion of  the brain catecholamine,  
norepinephrine (NE),  but  have little effect  on the 
indoleamine,  5 -hydroxyt ryp tamine  (5-HT or serotonin)  [1, 

3, 7, 10]. A second brain catecholamine,  dopamine  (DA),  is 
usually depleted by such t rea tment  as well, though of ten  
less severely so and not  as permanent ly  as with NE [3, 7, 
10]. While conduct ing several neuropharmacological  
exper iments  wi th  rats fol lowing intraventr icular  or 
intracisternal injections of  6-OHDA, the first author  was 
struck by the irritable nature of  these animals. Moreover,  
this irritability, which has been alluded to by others  who 
have used this compound  [1, 10],  seemed quali tat ively 
similar to that  which occurs after septal or  VMH injury. In 
the hopes of  gaining fur ther  insight into neural mechanisms 
associated with  aberrant emot ional  behaviors,  we have 
begun to study systematically the neurochemical  and 
behavioral t ime course of  this drug induced rage. In this 
paper, we report  the results of  repeated observations on 
6-OHDA treated rats using behavioral  ratings previously 
employed to assess septal and VMH rage [2, 18, 24] .  These 
data suggest that centrally administered 6-OHDA can mimic 
both  quali tat ive and quant i ta t ive  aspects of  emot ional  
behaviors which have, in the past, been associated with 
limbic diencephalic injury. 

METHOD 

Animals 

Thirty-five male albino rats of  the Wistar strain (High 
Oaks Ranch, Ontar io)  were used. Animals  were housed in 
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separate  metal  cages with wire mesh f ron t s  and b o t t o m s ,  
and fed wate r  and Rock land  lab chow ad lib t h r o u g h o u t  the 
expe r imen t .  Cages were located in an animal  co lony  with 
con t ro l led  t e m p e z a t u r e ( 2 4 '  + 1" ( ' l a n d  l ighting cond i t ions  
( I 2-hr l ight-dark cycle: l ights on at 0800  hr). 

lnjecHons 

After  two weeks a d a p t a t i o n  to the con t ro l l ed  
e n v i r o n m e n t ,  rats weighed 300-320  g. At  tha t  t ime,  16 rats  
were anes the t i zed  wi th  60 mg/kg of  sodium p e n t o b a r b i t a l  
(i .p.) a f te r  p r e t r e a t m e n t  w i th  0.1 mg a t rop ine  sulfa te  (i .p.) 
t hen  placed in a David Kopf  s t e reo tax ic  in s t rumen t .  With 
the  incisor  bar  ad jus ted  to its lowest  ex t r eme ,  300  ug of  
6-OHDA (Ca lb iochem)  was injected in to  the  c is terna  magna 
in 20 ul of vehicle (0.9% saline wi th  0 .01% ascorbic  acid 
added to re tard  ox ida t ion) .  All in jec t ions  were made  
t h rough  a 26 gauge needle  a t t ached  to a 100 ~1 Hami l ton  
Microsyringe.  Rats  were removed  f rom the  s t e reo tax ic  
i n s t r u m e n t  and  placed in a p rone  pos i t ion  wi th  the i r  feet 
e levated above  the i r  head to assist equal  d i s t r i bu t ion  of  the  
in jected mater ia l  t h r o u g h o u t  the  ven t r i cu la r  sys tem [5 ] .  A n 
add i t iona l  14 rats were t r ea ted  in exact ly  the  same m a n n e r  
excep t  t ha t  20 /al of  the  vehicle w i t h o u t  6-OHDA was 
in jected in t racis ternal ly .  The  remain ing  5 rats were not  
in jected nor  behaviora l ly  tes ted so as to  provide  normal  
bra in  tissue for  chemical  assays which  were pe r fo rmed  later. 

Of  the  16 rats receiving 6-OI tDA,  3 became  ill before  the  
c o m p l e t i o n  of the  behaviora l  tes t ing  and  were de le ted  f rom 
the  expe r imen t .  Accordingly ,  the  n u m b e r  of  vehicle 
in jected con t ro l s  which  were behaviora l ly  tes ted  for  
compar i son  w i th  6-OHDA rats was reduced f rom 14 to 10. 

Behapioral Tests 

T w e n t y - t h r e e  rats were ra ted on  5 separa te  ra t ing  scales 
(see 'Fable 1) on  Days 3, 9, 17, 24, and  31 af te r  in ject ion.  
Four  of  these  measures  have been  used before  by one  of  us 
(J.S.)  to rate septal  rage 1251. In general ,  these  tests  
represent  s imilar  assessments  used by o the r s  for  this  same 
purpose  I2, 181. A f i f th  measure ,  the  n u m b e r  of  q u a d r a n t s  
en te red  in three  rain (see Table  1), was inc luded to provide  
some index of  ra ts '  act ivi ty.  

The  first measure ,  res is tance to cap ture ,  was scored 
dur ing  cap tu re  in the  homecage .  The  remain ing  four  
measures  were scored while each rat  was in a two-f t  dia. 
d rum marked  of f  in to  equal  quadran t s .  Table  I descr ibes  
the  sequence  of  test ing.  All scores ob t a ined  were ana lyzed  
separa te ly  be tween  groups  for  each tes t  ca tegory  ra the r  
t h a n  c o m b i n i n g  scores to  give on ly  one  behaviora l  index as 
done  previously  12, 18].  This  avoided the  necess i ty  of 
consider ing the  relative equa l i ty  of any given measure  to  an 
overall  s u m m e d  index. All ra t ings were made  by one  
observer  who  had m u c h  previous  exper ience  wi th  such 
test ing procedures .  

Chemical Assays 

Fol lowing  the  last rat ing session on  Day 31, all an imals  
were left  und i s tu rbed  in the i r  homecages  for  two weeks. 
Then ,  5 rats which  had received 6-OHDA and 4 rats which  
had received the  vehicle were r a n d o m l y  selected f rom each 
of  the i r  respect ive groups  and  sacrificed by decap i t a t i on  for  
d e t e r m i n a t i o n s  of  fo rebra in  NE and 5-HT levels. The  5 

un t r ea t ed  and untes ted  normals  were also sacrificed at this 
time. All brains  were rapidly r emoved  f rom the  calvarium, 
washed wi th  cool  0.9% saline, and the  forebra in  dissected 
away f rom the h indbra in  by a coronal  sect ion f rom the  
corpora  quadr igemina  to the mammi l l a ry  bodies.  Fore- 
brains  were b lo t t ed  wi th  fi l ter paper,  weighed,  and then  
f rozen in l iquid ni t rogen unti l  assay the fol lowing day. 
C o n c e n t r a t i o n s  of  b o t h  m o n o a m i n e s  were de t e rmined  by  
the m e t h o d  of  Maickel and co-workers  [22 ] .  F luoresccnce  
r e a d i n g s  w e r e  m a d e  w i t h  a n  A m i n c o - B o w m a n  
s p e c t r o p h o t o f l u o r o m e t e r .  Separa te  d e t e r m i n a t i o n s  of  NE 
and 5-IIT recoveries,  b o t h  f rom aqueous  s t andards  and 
f rom brain  h o m o g e n a t e s  to  which  exogenous  amines  were 
added,  p roduced  reliable results across several i n d e p e n d e n t  
runs (range = 7 5  85% for b o t h  amines) .  There fore ,  the  
assay results  ob t a ined  for bra in  ex t rac t s  of  test  animals  
were not  cor rec ted  for recovery.  

Statistical Analyses 

All behavioral  data  for each of the  five test  categories  
were ana lyzed  by separate  two-way  analysis  of  variance 
( A N O V A ) ,  the  two fac tors  being groups  (6-OHDA vs. 
vehicle t r ea ted )  and days (five test  sessions per  measure) .  A 
cor rec t ion  for repea ted  measures  on  the  second fac to r  was 
employed .  F luorescence  readings f rom bra in  ex t rac t s  were 
ana lyzed  be tween  groups  by  t-tests for  i n d e p e n d e n t  samples  
for each amine  de t e rmina t i on .  All F-tests  and f-tests were 
two-tai led.  

l~. ES U LTS 

Qualitative Observations 

After  recovery f rom anes thes ia ,  rats which had received 
6-OHDA appeared  quie t ,  hypoae t ive ,  and,  in some cases, 
mildly seda ted  in the i r  homeeages .  Over the  next  week the i r  
general  appearance  re tu rned  to normal ,  a l t hough  many  
animals  were anorex ic  and  hypodips ic  and did not  appear  
to g r o o m  normal ly  dur ing  this  t ime.  It was felt tha t  these  
anomal ies ,  wh ich  have been  observed before  [1, 10, 281,  
were responsible  in more  severe form for  the  illness which  
developed in 3 of  the  16 rats which  received 6-OHDA. 

By the  second behaviora l  rat ing session (Day 9), t he  13 
rats  which  received 6-OHDA seemed vir tual ly normal  if teft  
und i s tu rbed .  However,  if aroused w i th  a puf f  of  air t h r o u g h  
the  f ron t  of  the  cage, these  animals  typica l ly  exh ib i t ed  an 
exaggera ted  s tar t le  reponse.  In some cases, the  response  was 
so explosive tha t  the  rats would b o u n c e  a r o u n d  the  cage for  
several seconds  a f te r  such s t imu la t ion ,  t hen  freeze on  the i r  
h a u n c h e s  af te r  the  hyper reac t iv i ty  subsided.  In some of  the  
animals,  sliding the  homecage  open  was suff ic ient  to elicit 
such explosive responding  tha t  rats leaped ou t  of  the i r  cages 
and h o p p e d  wildly a r o u n d  the  floor.  When a t t e m p t s  were 
made  to seize the  escaped rats, they offered ex t r eme  
resis tance to capture ,  i.e., s truggled vigorously when  
con t a ined  wi th  a gloved hand,  bi t ing the  glove viciously 
while squealing,  u r ina t ing  and defecat ing.  These  behaviors  
abe t t ed  ab rup t ly  when  rats were r e tu rned  to the i r  
homecages .  This  general  s y n d r o m e  is s t r ikingly similar to 
tha t  descr ibed years ago for  septal  rats [2]  and is 
qual i ta t ive ly  similar to t ha t  of  VMH rats (Coscina,  unpub-  
lished obse rva t i ons ] .  Such forms  of h y p e r e m o t i o n a l i t y  
seemed maximal  be tween  one  and two  weeks af ter  injec- 
t ion,  then  began to subside gradual ly  over the  next  two 
weeks. 
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Order of 
Testing 

2 and 3 

T A B L E  1 

FIVE CATEGORIES USED TO ASSESS SEPTAL-LIKE SYNDROME 

Category 

Resistance to capture 
(in homecage) 

Number of Quadrants 

Freezing 

Magnitude of first 
Startle Response 
(after tap on back 
with metal rod) 

5 Number of Startles 

Scoring Criteria 

0 - rat remains calm when approached 
or grasped with gloved hand 

1 - rat avoids glove slightly and/or 
offers some resistance when 
grasped 

2 - rat clearly avoids glove by 
running around cage and/or 
struggles when captured 

3 - rat jumps out of cage and may 
struggle when captured 

4 - rat jumps out of cage and/or 
struggles vigorously and bites 
glove when captured 

Number of quadrants entered with 
three feet during 3 rain inside 
cylinder 

Number of seconds maintaining 
motionless posture (little or no 
vibrissa movements) during 3 
min inside cylinder 

0 - no response 

1 - flinch or twist of whole body 

2 - flinch of body and rapid retreat 

3 - jump or hop (all feet leave floor) 

4 - high leap (at least 6 in. 
above tloor) and rapid retreat 

Number of consecutive startle 
responses to tap on back before 
three consecutive nonresponses 
(maximum of 20 startles) 

Vehicle  t r ea ted  rats  showed  n o n e  of  these  behaviora l  
anomal ies  and,  in all respects ,  appeared  comple t e ly  no rma l  
t h r o u g h o u t  the  obse rva t ion  period.  

Behavioral Testing 

The  qual i ta t ive  f indings  r epor ted  above  were largely 
ref lec ted  in the  quan t i t a t i ve  measures  ob t a ined  wi th  the  
five ra t ing scales. As s h o w n  in Fig. 1, res is tance to cap ture  
( top  f rame)  for 6-OHDA rats was greater  t h a n  for  vehicle 
t rea ted  rats 3 days af te r  in jec t ion ,  became  max ima l  by  Day 
9, decreased on  Day 17 and  app roached  con t r o l  levels by  
Days 24 and  31. T he  2-way A N O V A  results  revealed t h a t  
the  d i f ferences  b e t w e e n  groups  was s tat is t ical ly s ignif icant  
( p < 0 . 0 0 1 ) .  In add i t ion ,  test  results  were d i f fe ren t  across 
days of  tes t ing ( p < 0 . 0 0 1 )  and there  was an in t e rac t ion  

effect  b e t w e e n  groups  and  days (p<  0.001) .  
B o t h  the  magn i tude  of  the  first s tar t le  response  and  the  

n u m b e r  of  consecut ive  s tar t les  (F rames  2 and  3 f rom the  
top ,  Fig. 1) fo l lowed a t ime  course similar to  tha t  seen for  
res is tance to capture .  Maximal  responding  occur red  9 days 
af ter  in jec t ion  w i t h  h igher  t h a n  con t ro l  r e spond ing  on  Days 
3 and  17. A l t h o u g h  the re  was a gradual  decl ine  on  b o t h  
measures  by  Days 24 and 31, values for  drug t rea ted  rats 
remained  sl ightly h igher  t han  con t ro l s  because  the  la t te r  
animals  showed  vir tual ly  no  re spond ing  by  th is  t ime.  The  
2-way A N O V A  results  for  each measure  showed  tha t  
responses  of  drug t r ea ted  rats were s ignif icant ly  h igher  o n  
b o t h  measures  t h a n  con t ro l s  ( p < 0 . 0 0 1 ) .  In add i t ion ,  scores 
varied s ignif icant ly  across days on  b o t h  measures  ( p < 0 . 0 0 1  
and 0 .005) .  Again, an in t e rac t ion  effect  b e t w e e n  groups  
and days was found  ( p < 0 . 0 0 1  and 0.01).  
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FIG. 1. Means and standard error of 6-OHDA group (o; n = 13)and 
vehicle control group (e; n = 10) on the five behavioral tests plotted 
across days after intracisternal injection. Description of tests and 

scoring criteria in Table 1. 

In t e rms  of  n u m b e r  of  q u a d r a n t s  en te red  in 3 min  
( F r a m e  2 f rom b o t t o m ,  Fig. 1), 6-OHDA rats  were sl ightly 
hypoac t ive  on  the  first day,  became  more  act ive o n  Day 9, 
t h e n  decreased ac t iv i ty  a long wi th  con t ro l s  over  the  
remain ing  th ree  tes t  sessions. The  2-way A N O V A  results  
revealed no s ignif icant  d i f ferences  be t w een  groups  on  this  
m e a s u r e  ( p > 0 . 0 5 ) ,  a t rend  toward  days  effects  
( 0 . 1 0 > p >  0.05)  and a s ignif icant  i n t e rac t ion  effect  be tween  
days and  groups  ( p < 0 . 0 0 1 ) .  Freez ing  behav io r  ( b o t t o m  
f rame,  Fig. 1) showed  an  inverse re la t ionsh ip ,  in general ,  to  
act ivi ty measures .  Freez ing  was sl ightly greater  t h a n  con t ro l  
values for  6-OHDA rats  on  the  first tes t  day,  decreased on  
Day 9, and increased f rom t h e n  on  to a m a x i m u m  o n  Day 

31. The  2-way A N O V A  results  revealed a t r end  toward  
group  d i f ferences  ( 0 . 1 0 > p > 0 . 0 5 )  bu t  no  d i f ferences  across 
days  regardless o f  g roup  type  ( p > 0 . 0 5 ) .  Again, there  was a 
rel iable i n t e r ac t i on  effect  be tween  groups  and  days of  
tes t ing  (p<  0 .005) .  

Chemical Assays 

As s h o w n  in Fig. 2, m e a n  levels of  NE ob t a ined  f rom 
bra in  samples  of  selected 6-OHDA rats  were 67% lower  
( p < 0 . 0 0 1 )  t h a n  co r respond ing  data  f rom vehicle t rea ted  or  
no rma l  u n t r e a t e d  controls .  On the  o t h e r  hand ,  means  levels 
of  5-HT f rom these  same bra in  samples  were on ly  12% 
lower  t h a n  con t ro l s  a f te r  6-OHDA. While this  5-HT 
dep le t ion  was cons iderab ly  smaller  (p<  0 .01)  t h a n  t ha t  seen 
for  NE concen t r a t i ons ,  it was none the le s s  s tat is t ical ly 
d i f fe rent  f rom con t ro l  values ( p < 0 . 0 5 ) .  There  were no 
d i f fe rences  in NE or  5-HT c o n c e n t r a t i o n s  be tween  bra in  
samples  f rom vehicle t r ea ted  or no rma l  u n t r e a t e d  animals .  
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Norm yen uru9 Norm Veh Drug Group 
5 4 5 5 4 5 n 

FIG. 2. Means and standard error of NE and 5-HT in brain samples 
from normal (solid bar; n = 5), vehicle treated (cross hatched bar; n 

= 4), and 6-OHDA treated (open bar; n = 5) rats. 

D I S C U S S I O N  

F r o m  the  da ta  p resen ted ,  it seems clear tha t  cent ra l ly  
admin i s t e red  6-OHDA is capable  of  p roduc ing  several 
affect ive changes  not  unl ike those  seen af te r  septal  or  VMH 
lesions [2, 26 ] .  The  gradual  d i m i n u i t i o n  o f  this  rage, as 



RAGE AFTER CENTRAL6-OHDA 5 

assessed both qualitatively and by quantitative measures of 
resistance to capture, number of startles and magnitude of 
first startle, seems more like that reported after septal 
injury since VMH lesions produce permanent rage [26]. 
The mild hypoactivity seen after 6-OHDA on the first day 
of testing (see Fig. 1) might also be taken as a symptom of 
brain dysfunction common to septal or VMH rats since it 
compares favorably with reports of decreased locomotion 
in these animals [6, 17]. However, the lack of reliable 
statistical differences between groups across days of testing, 
linked with corroborating reports by others of no activity 
changes in rats after 6-OHDA [4, I0, 30],  suggests that the 
initial decrement seen on Day 3 reflected the rats' illness 
proximal to drug treatment and not a true motor debilita- 
tion. 

There are reasons to believe that behavioral changes 
other than those reported here after 6-OHDA treatment are 
common to septal or VMH rats. For example, previous 
work has shown that 6-OHDA increases aggression elicited 
by electric foot shock [9].  Similar increments in shock 
induced aggression have been seen after septal or VMH 
injury [8]. Of course, such parallels in behavior need not 
imply that 6-OHDA induces neural damage restricted to 
septal and/or VMH regions. In fact, the use of intra: 
cisternal or -ventricular routes to administer this compound 
assures widespread distrubition of the drug's effects thereby 
precluding any specific site of action per se. In addition, 
such drug treatment does not produce all of the behavioral 
anomalies known to occur after either type of forebrain 
lesion. For example, we found little consistency in freezing 
after 6-OHDA treatment in contrast to marked increments 
in such behavior after septal damage [24]. Also, our 
6-OHDA rats were anorexic and hypodipsic during the first 
week after injection (c.f. [1,28] for similar observations). 
However, septal or VMH lesions induced increments rather 
than decrements in drinking or feeding, respectively [13, 
17]. Finally, 6-OHDA produces little effect on jump flinch 
thresholds to foot shock [9] or on conditioned avoidance 
responding [29]. In contrast, septal lesions decrease jump 
flinch thresholds [21] and both types of brain lesions 
enhance avoidance responding [18, 19, 20]. Therefore, 
centrally administered 6-OHDA does not produce a spec- 
trum of behavioral changes which mirror those produced by 
septal or VMH lesions. Nevertheless, such treatment does 
appear capable of mimicking portions of the syndromes 
associated with either type of forebrain insult. These 
behavioral similarities are perhaps best evidenced in emo- 
tionality changes as reported here. 

It seems plausible to speculate that behavioral 
similarities and differences between drug treated and brain 
lesioned rats result from similarities and differences, re- 

spectively, in levels of brain monoamines. Such a notion 
presupposes that the behavioral effects which we were 
measuring and which occur in rats following discrete brain 
lesions are a consequence of neurochemical changes else- 
where in the C.N.S. [14]. So, for example, damage to the 
septum can produce decrements in forebrain levels of NE 
[15], 5-HT [15, 16] and acetylcholine [27]. As reported 
here and corroborated by many others [ 1,3,  4, 7, 9, 10, 29, 
30], 6-OHDA induces marked depletion of brain NE with 
little or no change in brain 5-HT. Additional work suggests 
that 6-OHDA does not alter levels of brain acetylcholine 
(no change in choline acetylase activity after 6-OHDA; G. 
R. Breese, personal communication). The possible behav- 
ioral consequences of brain lesions and resultant neuro- 
chemical changes is less clear regarding VMH injury. We 
could find no reports of marked changes in forebrain amine 
levels after discrete VMH damage. 

The present data suggest that brain NE serves some 
functional, perhaps inhibitory, role in the expression of 
emotional responses to abrupt somatosensory stimulation. 
Very recent support for this suggestion is implied by the 
work of Nakamura and Thoenen [23] who observed long 
lasting irritability in rats after two 300 ug injections of 
6-OHDA in the lateral ventricles. Unfortunately, it was not 
made clear whether animals were repeatedly tested over the 
130 day observation period or whether different groups 
were tested only once at different times after the two 
injections. This is an important consideration since handling 
is known to diminish such irritability in the case of rage 
induced by septal lesions [2, 18, 24]. Alternatively, 
procedural differences such as dose of drug used, route of 
administration and specificity of amine depleted might 
explain the difference in duration of irritability observed by 
Nakamura and Thoenen and ourselves. 

While 6-OHDA produced significant increments in 
several affective responses, the time course of these 
behavioral changes and their possible relationship to brain 
amine metabolism is not clear at this time. Our observations 
of decreased responsivity with repeated testings implies that 
drug induced rage was transient in spite of persisting NE 
depletion. This fact may mean that there is some type of 
functional reorganization of neurochemical mechanisms 
over time - a change which was not measureable by simple 
determinations of amine levels alone (e.g., altered turnover 
rates at remaining synaptic sites; receptor super- 
sensitivity). It is also possible that the metabolism of other 
brain amines (e.g., DA), which were not measured, may 
have been affected by 6-OHDA. These additional changes, 
either alone or in some combination with altered NE 
metabolism, might play an important role in the magnitude 
and duration of the behavioral changes reported. 
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