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HOLE, K., G. E. JOHNSON AND O.-G.  BERGE. 5,7-Dihydroxytryptamine lesions of  the ascending 5-hydroxy- 
tryptamine pathways: habituation, motor activity and agonistic behavior. PHARMAC. BIOCHEM. BEHAV. 7(3) 
205-210 ,  1 9 7 7 . -  Rats were injected stereotactically in mesencephalon with 5,7-dihydroxytryptamine (5,7-DHT) in 
the medial 5-hydroxytryptamine (5-HT) pathway (n = 8) and in the medial plus the lateral 5 - H T  pathways (n = 7) or 
injected with vehicle (n = 8), or sham-operated (n = 8). The 5 ,7-DHT lesions reduced the in vitro 3H-5-HT uptake in the 
hypothalamus and the cortex cerebri to 27-51% of control values, 3 H-noradrenaline uptake was not  significantly changed. 
5 ,7-DHT lesions of the medial, and of the medial plus the lateral, 5 - H T  pathways induced mouse killing behavior and 
increased number of boxing positions in the shock elicited fighting test. Both lesions also reduced the rate 
of habituation to touch, but only the lesion of the medial plus the lateral 5 - H T  pathway significantly reduced the rate 
of habituation to acoustic stimulation. Activity in the home cage was not significantly changed by the lesions. It was 
concluded that selective chemical lesions of the ascending 5 - H T  pathways result in prolonged habituation of the 
orienting response and increase in particular components of agonistic behavior. The increase in locomotor activity 
observed after electrolytic lesions of nucleus raphe medianus seems not to be due only to lesion of the 5 - H T  neurons 
ascending from this nucleus. 

5-Hydroxytryptamine 5,7 ~Dihydroxytryptamine Habituation of orienting Agonistic behavior 
Motor activity 

IT HAS been  suggested t ha t  the  5 - h y d r o x y t r y p t a m i n e  
( 5 - H T )  n e u r o n s  or ig ina t ing  in the  m i d b r a i n  r aphe  nucle i  
are i m p o r t a n t  in cen t ra l  con t ro l  of  pain sensi t iv i ty  [ 1 2 ] ,  
m o t o r  ac t iv i ty  [9,  15, 18, 24 ] ,  h a b i t u a t i o n  or sensit iza-  
t ion  to sensory  s t imu la t ion  [3, 4, 5 ] ,  and  aggressive 
behav io r  [6, 17, 22 ] .  In the  ma jo r i t y  of  p rev ious  s tudies  
the  f u n c t i o n  of  the  5 - H T  n e u r o n s  was a l te red  by  electro-  
lyt ic  lesions,  p a r a c h l o r o p h e n y l a l a n i n e  (PCPA) t r e a t m e n t ,  
or o t h e r  pha rmaco log ica l  man ipu la t ions .  These  m e t h o d s  
affect  o t h e r  types  of  n e u r o n s  as well as the  5 - H T  
neurons .  Recen t ly  it was observed t ha t  when  the  5 - H T  
n e u r o n s  are les ioned select ively wi th ,  5 , 7 - d i h y d r o x y t r y p t a -  
mine  ( 5 , 7 - D H T )  in jec ted  s t e reo tac t i ca l ly  in to  the  5 - H T  
pa thways ,  open  field l o c o m o t o r  ac t iv i ty  is r educed  and  
pain sensi t iv i ty  is u n c h a n g e d  [ 1 5 , 1 6 ] ,  in con t r a s t  to  the  
increase in l o c o m o t o r  ac t iv i ty  [24]  and  increase  in pain 
sensi t iv i ty  [12]  observed  a f te r  e lec t ro ly t i c  lesions.  Possi- 
bly some of  the  behaviora l  changes  observed a f te r  e lectro-  
lyt ic  les ions  of  the m i d b r a i n  r aphe  nucle i  or the  ascending  

5 - H T  p a t h w a y s  are due to damage of  o t h e r  n e u r o n s  t han  
the  5 - H T  neurons .  The behaviora l  e f fec ts  of  selective 
chemica l  lesions o f  the  5 - H T  p a t h w a y s  the re fo re  should  
be f u r t h e r  invest igated.  

In the  p re sen t  s t udy  the  e f fec t  of  5 , 7 - D H T  lesions of  
the  ascending  5 - H T  p a t h w a y s  on  h a b i t u a t i o n  of  the  
o r i en t ing  response ,  agonis t ic  behavior ,  and  m o t o r  ac t iv i ty  
in two  d i f f e ren t  s t imulus  s i tua t ions  in the  h o m e  cage, 
were s tudied.  

METHOD 

Animals 

Thi r ty -one  male  a lb ino  rats  (M/511-Wistar) weighing 
2 4 0 - 2 8 0 g  at t ime  of  surgery were used. They  were 
housed  ind iv idua l ly  in c o n v e n t i o n a l  rat  cages and had 
food and  wa te r  available ad lib. Tes t ing  was pe r fo rmed  
dur ing  the  l ight  phase  of  a 12 hr  l ight-dark  cycle.  

J The authors gratefully acknowledge Miss Nina Holmelid and Mrs. May-Elin Figueroa for their excellent technical assistance. This research 
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Surgery 

A Kopf  s t e reo tax ic  i n s t r u m e n t  was used wi th  the  
inc isor  bar  set  2.4 m m  above the  in te raura l  plane.  U n d e r  
K E T A L A R  a n e s t h e s i a  ( 1 0 0 - 2 0 0 m g / k g ) ,  5 , 7 - D H T  
( 5 , 7 - d i h y d r o x y t r y p t a m i n e  c rea t ine  sulfate,  Regis) dis- 
solved in 0.9% NaC1 c o n t a i n i n g  ascorbic  acid (0,1 m g / m l )  
was in jec ted  s t e reo tac t i ca l ly  w i th  a 10 ul Hami l t on  syringe 
in the  region of  the  ascend ing  5 - H T  bund le s  [ 15] in the  
mesencepha lon .  

The  c o o r d i n a t e s  were for  the  media l  5 - H T  b u n d l e  
(group Med, n = 8): pos te r io r  to  bregma 5.6, la teral  0.0, 
ven t ra l  to  the  surface  of  co r t ex  7.5 ram;  and  for  the  
c o m b i n e d  lesions of  media l  and  la tera l  bund le s  (group 
Med + Lat,  n = 7): pos t e r i o r  5.6, la teral  +- 0.6, and  ven t ra l  
7.0 m m .  At each  in jec t ion  site 4 ug, 5 , 7 - D H T  (ca lcula ted  
as the  base)  in 4 ul was in jec ted  (1 u l /min ) .  The  needle  
was lef t  in situ for  1 min  af te r  c o m p l e t i o n  of  each  
in jec t ion .  T w e n t y  rain  before  the  in t r ace rebra l  in jec t ions  
p r o t r i p t y l i n e  HCI (Merck,  Sharp  and  D o h m e )  25 mg/kg  
was in jec ted  IP [ 1 5 ] .  Con t ro l  ra ts  were t r ea t ed  in the  
same m a n n e r  as the  5 , 7 - D H T  rats,  excep t  t ha t  they  were 
in jec ted  in t r ace reb ra l ly  wi th  the  vehicle on ly  (group Veh,  
n - - 8 ) ,  or the  cannu l a  was n o t  lowered  in t r ac ran ia l ly  
(group Sham,  n = 8). 

Histological and Bioehemical Analyses 

For ty-s ix  days  a f te r  surgery the  an imals  were sacrif iced 
by  decap i t a t ion .  The  b r a i n s t e m s  of  the  5 , 7 - D H T  and  
vehicle  in jec ted  rats  were kep t  in 10% Forma l in  for  one 
week. F rozen  sect ions  t hen  were cut  at  30 u m  and every 
th i rd  sec t ion  saved and  s ta ined  by the  eosin t echn ique .  

The  in vi t ro  u p t a k e  of  3H-5-HT and  3H-NA was 
s tud ied  in p u n c h e d - o u t  slices (d i ame te r  3 or 2 m m  and 
th ickness  a b o u t  0,6 r am)  f rom the  cor tex  cerebr i  and the  
h y p o t h a l a m u s .  The  i n c u b a t i o n  m e d i u m  was a mod i f i ed  
Krebs-Ringer  b i c a r b o n a t e  bu f f e r  [ 1 1 ] ,  pH 7.4, con t a in ing  
ascrobic  acid 0.2 mg /ml ,  Pargyline 20 ug /ml ,  E D T A  
46.5 mg/1 ,  and  sa tu ra t ed  wi th  95% O2 and  5% COs.  The 
slices were  p r e i n c u b a t e d  in 2 ml of  this  bu f f e r  at + 37°C 
for  5 m in  in a m e t a b o l i c  shaker.  T h e n  3H-5-HT (21.4  
C i / m m o l )  or  3H-NA (10.3 C i /mmol ,  New England  Nucle- 

ar) was added  to  the  m e d i u m  to  give a f inal  c o n c e n t r a t i o n  
of  2 . 1 0  -SM, and  the  i n c u b a t i o n  c o n t i n u e d  for  10 min.  
Af te r  t e r m i n a t i o n  of  the  i n c u b a t i o n ,  the  slices were 
dissolved in S O L U E N E  350 (Packard  I n s t r u m e n t s ) ,  and  
sc in t i l la t ion  fluid ( t o l u e n e / P E R M A B L E N D  III, Packard)  
was added.  The  samples  were c o u n t e d  in a Nuclear-  
Chicago Mark I l iquid sc in t i l la t ion  spec t rome te r .  

Mouse Killing Behavior 

Nine days  af te r  surgery an adul t  a lb ino  mouse  was 
i n t r o d u c e d  i n to  the  ra t ' s  h o m e  cage. The  behav io r  of  the  
rat  was observed  for  30 rain,  and  b i t ing  a t t acks  on the  
m o u s e  were scored.  

Competition Tests 

Twelve  days a f te r  surgery,  a f te r  36 hr  of  wa te r  depriva- 
t ion ,  c o m p e t i t i o n  for  a wa te r  b o t t l e  was tes ted.  Fo l lowing  
this  tes t  session a 5 , 7 - D H T  in jec ted  rat  and a con t ro l  rat  
lived t o g e t h e r  in the  tes t  cage for  48 hr. At  the  end  of  
this  per iod,  a f te r  a n o t h e r  36 h r  per iod  of  wa te r  depriva- 
t ion ,  c o m p e t i t i o n  for  wa te r  was again tes ted .  F i f t een  days 
a f te r  surgery a t ube  f ight ing tes t  ( a t t e m p t i n g  to force 

a n o t h e r  rat  ou t  of  a t u b e )  was pe r fo rmed .  There  were no  
s ignif icant  d i f fe rences  b e t w e e n  groups  in any  of  these  
c o m p e t i t i o n  tests,  and  they  are no t  f u r t he r  r epor t ed .  

Habituation to Acoustic Stimulation 

Test ing  was p e r f o r m e d  on the  16th ,  17 th  and  18 th  day 
pos tope ra t ive ly  in a Grason-S tad le r  (Model  E 3 1 2 5 - A  
100) Sk inner  box  (19 × 29 × 23 cm)  c o n t a i n e d  wi th in  a 
sound  a t t e n u a t e d  c h a m b e r  ( M o d e l E  3 1 2 5 A A - 3 ) .  Back- 
g round  whi te  noise was provided  by the  ven t i l a t ion  fan. 
The s t imulus  was a whi te  noise (85 dB for 3 sec) del ivered 
f rom a Grason  Stadler  Noise G e n e r a t o r  Model  9 0 l B .  The 
rat  was placed in the  appara tus  10 rain before  test ing.  The 
s t imulus  was p resen ted  wi th  at least 5 sec intervals ,  and 
on ly  w h e n  the  rat  was ly ing or s i t t ing mot ionless .  

The  ra t ' s  response  to the  s t imulus  was ra ted in 5 grades 
as descr ibed  previously  [ 14] .  The rat  a t t a ined  the  hab i tua -  
t ion c r i te r ion  when  n o  response  was observed to 3 
successive st imuli .  

Habituation to Touch 

Test ing  was p e r f o r m e d  1 7 - 1 8  days af te r  surgery,  in the 
h o m e  cage. The t o u c h  was appl ied wi th  a st iff  ha i r  a t t ached  
to a plast ic  rod,  on a mark  on the  back  of the rat ,  in the  
midl ine ,  3 cm f rom the  tail ( e l imina t ing  visual s t imuli) .  

Care was t aken  to apply the  s t imulus  in a c o n s t a n t  way 
each t ime,  w h e n  the  rat  was no t  moving.  The s t imulus  was 
t e r m i n a t e d  w h e n  the hair  was visibly ben t .  Intervals  
b e t w e e n  s t imul i  were at  least 15 sec. 

The rat ' s  response  to the  t o u c h  was scored in 4 grades. 
Cr i ter ion for h a b i t u a t i o n  was a t t a ined  when  the  rat  showed  
no  visible response  for  3 successive trials. 

Activity in Home Cage 

Observa t ion  of  h o m e  cage act ivi ty  was p e r f o r m e d  20 
days af te r  surgery in the  animal  quar ters .  The f loor  of  the 
h o m e  cage was divided by  imaginary  lines in to  6 squares,  
11 cm × 11 cm each.  N u m b e r  of  squares  en te red  wi th  b o t h  
forepaws,  n u m b e r  of  rearings,  and n u m b e r  of rearings of 
du ra t ion  10 sec or more  were coun ted .  The rat  was 
observed for  two  5 min  periods.  During the  first per iod the 
cage was in the  rack. Then  the cage was gent ly  moved  to a 
table  in the  same room,  and the  second obse rva t ion  per iod 
s ta r ted  immedia t e ly .  

Shock Elicited Fighting 

Test ing was p e r f o r m e d  20 days af te r  surgery. The tes t ing  
appa ra tus  was the  same as the one used for h a b i t u a t i o n  to 
acoust ic  s t imula t ion .  Scrambled  shocks  (40  shocks,  0.8 mA,  
du ra t ion  0.5 sec wi th  2.5 sec intervals)  were delivered to  
the  grid f loor  f rom a Grason Stadler  (Model  E 1 0 0 4 G S )  
shock genera tor .  Two rats  f rom the same e x p e r i m e n t a l  
group were t es ted  t oge the r  and  the  occur rence  of  a box ing  
pos i t ion  [1] was scored for each  shock.  For  s tat is t ical  
purposes  all con t ro l  rats (Sham and Veh)  were t rea ted  as 
one group.  

Statistical Analysis 

When no t  s ta ted  o the rwise  s t a t e m e n t s  of  s ta t is t ical  
s ignif icance are based on S tuden t s  t- test ,  two-tai led,  wi th  
the  c o n f i d e n c e  l imi t  set  at the  5% level. The p-values refer  
to  compar i sons  of  the  5 , 7 - D H T  in jec ted  groups or the  
sham ope ra t ed  group wi th  the  vehicle group.  
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R E S U L T S  

The animals  appeared  hea l t hy ,  and  the re  were n o  
s ignif icant  group d i f fe rences  in b o d y  weight  t h r o u g h o u t  the  
expe r imen t .  B iochemica l  and  behav iora l  da ta  for  the  rats  
in jec ted  wi th  vehicle in the  midl ine  (n = 4) and  bi la tera l ly  
( n =  4) were a p p r o x i m a t e l y  the  same,  and  all vehicle  
in jec ted  rats  t he r e fo re  were t rea ted  as one  group  in the  data  
p resen ta t ion .  Group  Veh was n o t  s igni f icant ly  d i f fe ren t  
f rom group Sham for any  of  the  b iochemica l  or behaviora l  
data.  

Histology 

In the  5 , 7 - D H T  in jec ted  and  vehicle in jec ted  rats  visible 
damage to the  bra in  tissue was observed on ly  in the  needle  
t rack and its i m m e d i a t e  su r round ings  (no t  exceed ing  
2 0 0 u r n  in d i a m e t e r  in any  rat) .  With the his to logical  
t e c h n i q u e  used, there  was no  de tec t ab le  d i f fe rence  b e t w e e n  
5 , 7 - D H T  in jec ted  and vehicle in jec ted  rats. F luorescence  
h i s t o c h e m i s t r y  of  bra ins  wi th  this  type  of  5 , 7 - D H T  lesions 
has been  descr ibed  in a previous  paper  [ 15] .  

In Vitro Uptake o f  3 H - 5 - H T  and 3 H - N A  

Figure 1 shows  t ha t  5 , 7 - D H T  in jec t ions  in the  media l  
5 - H T  bund le  reduced  3 H - 5 - H T  up take  to 51% of  c o n t r o l  
values in the co r t ex  cerebri ,  and to 44% in the  h y p o -  
tha lamus ,  ~ H - N A  up take  in the  cor tex  was no t  changed.  
5 , 7 - D H T  lesions of  the  media l  plus la teral  5 - H T  bund l e s  
reduced  3 H - 5 - H T  up take  to 42% of  con t r o l  values in the  
cor tex  and  to 27% in the  h y p o t h a l a m u s ;  a r e d u c t i o n  in 

H - N A  u p t a k e  in the  cor tex  to  75% of  con t r o l  in this  
group was no t  s ta t is t ical ly  s ignif icant .  In a p rev ious  s tudy  
[ 1 5 ] ,  we observed tha t  s imilar  b i la tera l  5 , 7 - D H T  lesions 
p r o d u c e d  some damage  to the  dorsal  NA bund le  in some of  
the rats. The  behaviora l  data  of  the  three  rats  of  the  Med + 
Lat group wi th  the  lowes t  cor t ical  ~ H - N A  up take  there-  
fore was c o m p a r e d  to the  data  of  the  rest  of  the  group,  bu t  
no  clear  d i f fe rences  were found .  

Vehic le  in jec t ions  did no t  s ignif icant ly  af fec t  3 H - 5 - H T  
or 3 H - N A  uptake .  

Mouse Killing Behavior 

None of  the  rats  in the  two con t r o l  groups  kil led the 
mouse  dur ing  the obse rva t ion  per iod .  However ,  4 of  the 7 
rats in group Med ( p < 0 . 0 2 5 ,  Fisher- tes t ,  two ta i led)  and  6 
of  the  8 ra ts  in group Med + Lat  ( p < 0 . 0 0 5 )  killed the  
m o u s e .  

Habituation to Acoustic Stimulation 

The Med + Lat  group requ i red  s igni f icant ly  more  trials 
to reach  the h a b i t u a t i o n  cr i te r ion  t han  the  con t ro l s  
( p < 0 . 0 2 )  and group Med ( p < 0 . 0 5 ) .  G r o u p  Med was no t  
s igni f icant ly  d i f fe ren t  f rom the con t ro l s  ( p > 0 . 1 0 )  (Fig. 2). 

Habituation to Touch 

Both  5 , 7 - D H T  in jec ted  groups requi red  s igni f icant ly  
more  trials t han  the  con t ro l  groups  to reach  the  h a b i t u a t i o n  
cr i te r ion  ( p < 0 . 0 1 )  (Fig. 3). 

Activity in Home Cage 

When the  cage was in the  rack, the  act iv i ty  was very low 
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FIG. 1. In vitro 3 H - 5 - H T  uptake (mean and SEM), given as 
percent of the mean uptake in group Sham. Number of rats in () .  * 
= p<0.001 (compared to group Veh). CX = Cortex. HT = 

Hypothalamus. 

in all g roups  (0 or 1 crossing for  m o s t  rats),  and there  was 
no  s ignif icant  d i f fe rence  b e t w e e n  the  groups. 

Af te r  the  cage was moved  to the  table ,  l o c o m o t o r  
act ivi ty  was 25% lower  in the  group Med + Lat  t han  in 
group Veh,  however ,  this  d i f fe rence  was no t  s ta t is t ical ly  
s ignif icant .  N u m b e r  of  rearings,  and  n u m b e r  of  rear ings of  
du ra t i on  10 sec or more ,  were n o t  s ignif icant ly  changed  by  
the 5 , 7 - D H T  injec t ions .  

Shock Elicited Fighting 

Both  in group Med and group Med + Lat  the shocks  
el ici ted a s ignif icant  h igher  n u m b e r  of  box ing  pos i t ions  
t han  in the  con t ro l s  ( p < 0 . 0 5 )  (Fig. 4). 

D I S C U S S I O N  

The 5 , 7 - D H T  in jec t ions  in to  the  ascending  5-HT path-  
ways resu l ted  in extens ive  lesions o f  these pa thways ,  as 
ind ica ted  by  the  r educed  in vi t ro  u p t a k e  of  3 H - 5 - H T  in 
the  t e rmina l  areas in the  cor tex  and the  h y p o t h a l a m u s .  
Bo th  the  h is to logica l  e x a m i n a t i o n  of  the  in jec t ion  site and 
the  da ta  for  the  3 H _ N A  up take  in the  cor tex  suggested 
t ha t  the  lesions were specific for  the  5-HT neurons .  In a 
previous  s t u d y  [ 15] ,  f luorescence  h i s t ochemica l  analysis  of  
bra ins  wi th  similar  5 , 7 - D H T  lesions ind ica ted  t ha t  the  
unspecif ic  les ions p r o d u c e d  is small  c o m p a r e d  to the  lesion 
of  the  5 - H T  pa thways .  The f luorescence  h i s tochemica l  
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FIG. 3. Habituation to touch. Number of  trials to criterion (mean 
and SEM). * = p<0.01.  
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FIG. 4. Shock elicited fighting. Number of shocks (mean and SEM) 
that elicited a boxing position, Number of  pairs of rats in ( ) .  Each 
pair received 40  shocks. * = p<0.05,  compared to all control rats 

(group Sham + group Veh). 

analysis also s h o w e d  that the medial  lesion mainly  damaged 
the medial  5 - H T  pathway ,  while  the medial  plus lateral 
les ion af fected  both  the medial  and the lateral 5 - H T  
pathways .  

In this exper iment ,  the medial  les ion reduced the rate o f  
habi tuat ion  to touch,  and the medial  plus lateral les ion 
both  to touch  and to acoust ic  s t imulat ion.  This e x p e r i m e n t  
therefore  supports  previous  studies  indicat ing that les ion o f  
the ascending 5 - H T  neurons  or reduced synthes i s  o f  5 HT 
reduce the rate o f  habi tuat ion  or increase sensi t izat ion [3,  
4, 5 ] .  Several o ther  studies ,  however ,  have failed to observe 
changes in the habi tuat ion  rate in rats wi th  impaired 
funct ion  o f  the 5 HT neurons  [8,  9, 2 5 ] .  Methodolog ica l  
d i f ferences  b e t w e e n  the tests  may  underl ie  some of  these 
differences.  This is also suggested by the present results, 
s ince the group Med ev idenced  a reduced rate o f  habitua- 
t ion only  wi th  regard to the response to touch,  but not  to 
audt iory  s t imulat ion.  

A general increase in react ivi ty  ma y  result in prolonged 
habituat ion.  Furthermore,  it should be po in ted  out  that 
e l ec tro ly t i c  les ions  in the brainstem may  produce  a reduced 
rate o f  habi tuat ion  [ 1 9 ] .  The necros is  at the site o f  
inject ion was very small both  after 5 , 7 - D H T  and vehicle  
inject ions ,  and there was no clear di f ference  b e tween  the 
t w o  groups in the size o f  this unspec i f ic  lesion. However ,  
cell  count ing  o f  the les ion area was not  performed.  The 
poss ibi l i ty  that  there may  exis t  small d i f ferences  b e t w e e n  
the t w o  groups in the damage to  n o n - 5 - H T  neurons  
therefore  has not  been exc luded .  

Les ions  bo th  o f  the medial  and o f  the medial  plus the 
lateral 5 - H T  bundles  increased mouse  kill ing behavior,  and 
also increased number  of  t imes  the electric  shocks  e l ic i ted a 
box ing  pos i t ion .  These  results are in accordance  wi th  
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several previous  studies.  Bo th  e lec t ro ly t ic  les ions in the  
raphe  nucle i  [ 1 7 , 2 6 ] ,  i n h i b i t i o n  of  5 - H T  synthes i s  wi th  
PCPA [6, 22, 2 3 ] ,  or  wi th  p a r a c h l o r o - N - m e t h y l a m p h e t -  
amine  [ 1 3 ] ,  and  general  lesion of  5 - H T  te rmina l s  wi th  
in t rac i s t e rna l  in j ec t ion  of  5 , 7 - D H T  [2] p r oduce  s imilar  
behaviora l  changes .  This e x p e r i m e n t  f u r t h e r  suppo r t s  the  
a s sumpt ion  t ha t  cen t ra l  5 - H T  n e u r o n s  are involved in 
mur ic ide  and  shock el ici ted f ight ing behavior .  F u r t h e r m o r e ,  
the  e x p e r i m e n t  ind ica tes  t h a t  lesion of the  media l  5 - H T  
bund le  is suf f ic ien t  to  p roduce  these behaviora l  changes.  
Everi~t, Fuxe  and  J ons s on  [7] observed b i t ing  a t t acks  on 
males  by  female rats  wi th  5 , 7 - D H T  lesions of  the  media l  
5 - H T  bundle .  Thus,  in rats  the  ascending  media l  5 - H T  
p a t h w a y  seems to be i m p o r t a n t  in con t ro l  of  agonis t ic  
behav io r  b o t h  in males  and  females,  while in mice  it has 
been  suggested t h a t  on ly  female aggressive behav io r  is 
con t ro l l ed  by  se ro tonerg ic  m e c h a n i s m s  [21 ].  

The  shock  el ici ted f ight ing  mode l  has  been  the  m o s t  
f r equen t ly  used paradigm for  aggressive behavior .  B lanchard  
and Blanchard  [1 ] ,  however ,  h a v e  shown  tha t  the pain 
i nduced  box ing  pos i t ion  ma in ly  is a defensive  pos tu re .  This 
test  t he re fo re  should  be regarded ma in ly  as a tes t  for  
defensive behavior .  In the mouse  kil l ing behav io r  there  
seems to be an i m p o r t a n t  c o m p o n e n t  of  conspeci f ic  a t tack ,  
in add i t i on  to p r e d a t i o n  and possible defensive c o m p o n e n t s  
[1 ] .  It is possible  t he re fo re  t ha t  b o t h  conspeci f ic  a t t ack  
and defensive behav io r  are increased by the  lesion of  the  
media l  5 - H T  pa thway .  

In a previous  s tudy  it was s h o w n  tha t  open  field 
l o c o m o t o r  act ivi ty  was r educed  in rats  wi th  5 , 7 - D H T  
lesions of  the  media l  plus la teral  5 - H T  bund l e s  [ 1 5 ] ,  in 
con t r a s t  to  the  increase in act ivi ty  a f te r  e lec t ro ly t i c  les ion 

of  the  m e d i a n  r aphe  nuc leus  [ 1 8 , 2 4 ] .  One  possible reason  
for  a decreased  open  field l o c o m o t o r  ac t iv i ty  cou ld  be  an  
increase  in reac t iv i ty  or  e m o t i o n a l i t y  in the  5 , 7 - D H T  
les ioned rats,  pa r t i cu la r ly  since the  field was br ight ly  
i l l umina ted  [ 15] .  In the  p resen t  s tudy  the  rats  t he re fo re  
were observed  in the  h o m e  cage (in a s i tua t ion  w i t h o u t  any  
new st imuli) ,  and  in a s i tua t ion  wi th  a r a t h e r  weak s t imulus  
(gent ly  mov ing  the  h o m e  cage to a n o t h e r  par t  of  the  room,  
w i t h o u t  hand l ing  of  the rat) .  Hyperac t iv i ty ,  as in the  
e lec t ro ly t ic  raphe  les ioned rats, was no t  observed in any  of  
these s i tua t ions .  On the  con t r a ry ,  rats  wi th  c o m b i n e d  
lesions in the  media l  and  the  la tera l  5 - H T  bund les  t ended  
to show a r e d u c t i o n  in the  l o c o m o t o r  ac t iv i ty  also in this  
test,  however ,  this  r e d u c t i o n  was n o t  s ta t is t ical ly  signifi- 
cant .  

In conc lus ion ,  p ro longed  h a b i t u a t i o n  and increase in 
mouse  ki l l ing behav io r  and  in shock  el ici ted defensive 
behav io r  can be observed no t  on ly  a f te r  e lec t ro ly t ic  lesions 
of  the  5 - H T  n e u r o n s  or pha rmaco log ica l  a l t e ra t ions  of  the  
func t i on  o f  these neu rons ,  bu t  also a f te r  select ive chemica l  
les ions o f  the  5 - H T  neurons .  It  seems l ikely the re fore ,  t ha t  
these behaviora l  changes  are due to lesion of  the  ascending  
5 - H T  pa thways .  Compe t i t ive  and d o m i n a n c e  behaviors  in 
o t h e r  tests  were n o t  changed,  and  lesion of  the ascending  
5 - H T  p a t h w a y s  does n o t  seem to resul t  in a general  
increase in agonis t ic  behavior ,  bu t  r a the r  in par t i cu la r  
c o m p o n e n t s  of  this  behavior .  F u r t h e r m o r e ,  the  s t u d y  
suppor t s  previous  s tudies  [ 1 5 , 2 0 ] ,  conc lud ing  tha t  the 
increased a m b u l a t o r y  act iv i ty  observed in rats  wi th  electro-  
lyt ic  lesions in the  med ian  raphe  nuc leus  is n o t  on ly  due to 
lesion o f  the  5 - H T  n e u r o n s  ascending  f rom this  nucleus.  

REFERENCES 

1. Blanchard, R. J. and D. C. Blanchard. Aggressive behavior in 12. Harvey, J. A. and C. E. Lints. Lesions in the medial forebrain 
the laboratory rat. Behav. BioL, in press. 

2. Breese, G. R. and B. R. Cooper. Behavioral and biochemical 
interactions of 5,7-dihydroxytryptamine with various drugs 
when administered intracisternally to adult and developing 
rats. Brain Res. 98: 517-527 ,  1975. 

3. Carlton, P. L. and C. Advokat. Attenuated habituation due to 
parachlorophenylalanine. Pharmac. Biochem. Behav. 1: 
657-663,  1973. 

4. Conner, R. L., J. M. Stolk, J. D. Barchas and S. Levine. 
Parachlorophenylalanine and habituation to repetitive auditory 
startle stimuli in rats. Physiol. Behav. 5: 1215-1219,  1970. 

5. Davis, M. and M. H. Sheard. Habituation of the rat startle 
response: Effects of raphe lesions. Physiol. Behav. 12: 
425-431 ,  1974. 

6. Eichelman, B. S., Jr. and N. B. Thoa. The aggressive mono- 
amines. Biol. Psychiat. 6: 143-164,  1973. 

7. Everitt, B. J., K. Fuxe and G. Jonsson. The effects of 
5,7-dihydroxytryptamine lesions of ascending 5-hydroxy- 
tryptamine pathways on the sexual and aggressive behaviour of 
female rats. J. Pharmac. 6: 25-32 ,  1975. 

8. File, S. E. Effects of parachlorophenylalanine and ampheta- 
mine on habituation of orienting. Pharmac. Biochem. Behav. 3: 
979-983,  1975. 

9. Geyer, M. A., A. Puerto, D. B. Menkes, D. S. Segal and A. S. 
Mandell. Behavioral studies following lesions of the mesolimbic 
and mesostriatal serotonergic pathways. Brain Res. 106: 
257-270 ,  1976. 

10. Grant, L. D., D. V. Coscina, S. P. Grossman and D. X. 
Freedman. Muricide after serotonin depleting lesions of mid- 
brain raphe nuclei. Pharmac. Biochem. Behav. 1: 77-80 ,  1973. 

11. Hamberger, B. Reserpine-resistent uptake of catecholamines in 
isolated tissues of the rat. Acta physiol, scand. Suppl 295: 
1-64,  1967. 

bundle: Relationship between pain sensitivity and telencephal- 
ic content of serotonin. J. comp. physioL Psychol. 74: 28-36 ,  
1971. 

13. Hodge, G. K. and L. L. Butcher. 5-Hydroxytryptamine 
correlates of isolation-induced aggression in mice. Eur. J. 
Pharrnac. 28: 326-337,  1974. 

14. Hole, K. Behavior and brain growth in rats treated with 
p-cblorophenylalanine in the first weeks of life. Devl. Psycho- 
biol. 5: 157-173,  1972. 

15. Hole, K., K. Fuxe and G. Jonsson. Behavioral effect of 
5,7-dihydroxytryptamine lesions of ascending 5-hydroxy- 
tryptamine pathways. Brain Res. 107: 385-399,  1976. 

16. Hole, K. and S. A. Lorens. Response to electric shock in rats: 
Effects of selective midbrain raphe lesions. Pharrnac. Biochem. 
Behav. 3: 95-102,  1975. 

17. Jacobs, B. L. and A. Cohen. Differential behavioral effects of 
lesions of the median or dorsal raphe nuclei in rats: Open field 
and pain-elicited aggression. J. comp. physiol. Psychol. 90: 
102-108,  1976. 

18. Jacobs, B. L., W. D. Wise and K. M. Taylor. Differential 
behavioral and neurochemical effects following lesions of the 
dorsal or median raphe nuclei in rats. Brain Res. 79: 353-361,  
1974. 

19. Le Moal, M., L. Stinus and D. Galey. Radiofrequency lesions of 
the ventral mesencephalic tegmentum: neurological and be- 
havioral considerations. ExplNeurol. 50: 521-535,  1976. 

20. Lorens, S. A., H. C. Guldberg, K. Hole, C. K6hler and B. 
Srebro. Activity, avoidance learning and regional 5-hydroxy- 
tryptamine following intrabrainstem 5,7-dihydroxytryptamine 
and electrolytic midbrain raphe lesions in the rat. Brain Res. 
108: 97-113,  1976. 



210 HOLE, JOHNSON AND BERGE 

21. Neckers, L. M., M. X. Zarrow, M. M. Myers and V. H. 
Denenberg. Influence of olfactory bulbectomy and the sero- 
tonergic system upon intermale aggression and maternal 
behavior in the mouse. Pharmac. Biochem. Behav. 3: 545-550, 
1975. 

22. Sheard, M. M. and M. Davis. Shock elicited fighting in rats: 
Importance of intershock interval upon the effect of p-chloro- 
phenylalanine (PCPA). Brain Res. 111: 433-437,  1976. 

23. Sheard, M. H. Brain serotonin depletion by p-chlorophenyl- 
alanine or lesions of raphe neurons in rats. Physiol. Behav. 10: 
809-811, 1973. 

24. Srebro, B. and S. A. Lorens. Behavioral effects of selective 
midbrain raphe lesions in the rat. Brain Res. 89: 303-325, 
1975. 

25. Swonger, A. K. and R. H. Rech. Serotonergic and cholinergic 
involvement in habituation of activity and spontaneous altera- 
tion of rats in a Y maze. J. comp. physiol. Psychol. 81: 
509-522, 1972. 

26. Vergnes, M. and C. Penot. Aggression intrasp~ciflque induite 
par chocs ~lectriques et r~activite apr~s l~sion du raph~ chez le 
rat.. Effets de la physostigmine. Brain Res. 104: 107-119, 
1976. 


