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EISON, M. S., A. 1). STARK AND (;. |'II.LISON. Oppos('d e.lJ~'cts ol locus coeruh'us arid sul).stautia m gra h'~ions em ~oc&l 
behavior in rat colonies. PI-tARM:~,('. BIO('Ift'M. BHtAV. 7( I ) 87 90, 1977. P, ats were observed in enriched colon.', 
environments folh)wing radio-t'requency lesions of lhe locus coerulet, s (L('), zona ct)nlpaclll of  substantia nigra INN). or 
conlrol operations, l.C-lesioned animals were (nil(ally inactive, stayed in tile burr(~v,s, and fell when climbing ropes and 
ramps. SN-lesioned rats were opposite to L(" animals in many ways. Ihey were hyper:lctive, had minimal motor 
disturbances, and were hyperaggressive. S,N animals sclf-isc~lated and were not social-groomers, whereas I.(" rals 
socially-groomed and nlountcd <)/her animals more than controls. These results pr<)',ide evidence that lhe dopaminereic 
nigrostriatal pathway and the noradrenergic fibers innervating the cerebral cortex and limbic forcbrain exert ()pposcd 
effects upon behavior. 

l,ocus coeruleus Substanlia nigra RI. lesions Social behavi<)r Norepinephrine l)opamine 

( 'ONSI I )ERABI .F  evidence indicates tha! tile ca lechol-  
amines ( ( 'At .  dopamine  (DA), and norep inephr ine  (NF)  
mediate  impor t an t  central  funct ions .  Nl-i has been implicated 
in diverse processes such as z, rousal 151, feeding I I 1 .  
and affective mood  1151, while a t lerat ions  in brain IrA 
have been found to inf luence inotor  activity 1141, feeding 
behavior [lt>)], and are implicated in the etiology of  
Parkinson 's  disease [ I I I • 

Al though much significance has been a t t r ibu ted  to lhe 
a c t i o n s  of  these neuro t ransmi t l e r s ,  pharmacological  
investigations of their  precise role in behavior have been 
hampered  by the fac( that  1)A and Nt{ are closely related 
compounds .  Anatomical ly ,  however,  the cell bodies 
responsible for much of  ( 'A synthesis  are discretely located 
m several brain nuclei. The cell bodies of  origin for NE 
projec l ions  Io (he cerebral cor tex and limbic forebrain lic in 
the locus coeruleus ( I . ( ) ,  and tile DA synthes iz ing cell 
bodies  of tile nigrostriatal  patlaway are found in the zona 
compac ta  of  substant ia  nigra (SN) 1181. Electrolyt ic  lesions 
(.it these nuclei result in specific ( 'A dep le t ions  in these 
lcrminz, l areas [2, 9 13]. The present  s tudy compared  the 
effects  of  radio-f requency (RI") lesions of  these nuclei on 
social and o the r  behaviors in rat colonies.  

Mf: Ill(Ill 

..I *zimals 

l h e  s tudy was run in two replications.  111 each, 34 young 
male I.ong-['.vans rats weighing 160 180g  were raised in 
enr iched colony env i ronment s  for 60 days. The animals 
were then col lected,  assigned to one of  three grot, ps 
balanced for body  weight,  and ;inesthe)ized with l iqui the-  
sin. They were nlarked in one of  three slripe pat terns  with a 
fur dye a n d  l e l t l r l l ed  to tile colony l'()r twelve days prior to 
surgery. 

Sto.~(,i 3. 

l-he animals were anes the t ized  with Equithesin and RF 
lesions were made bilaterally using a Grass LM.- 3 lesion 
maker  in the L (  group at A - 1.8, 1.-+0.9,1)  2.4 (incisor 
bar 5 into above inleratlral line) by passing 10.5 m/', rnls 
current  for 6 0 s e c  through tile 1 mm bare tip of a 0.5 nlm 
d iameter  slainless steel e lect rode.  l h e  SN lesion was inadc 
with e lec t rodes  angled at 4 5  to the midsaggital plane at 
two AP levels by passing 9 nlA for 60 sec. Two lesions were 
made 1 mm anter ior  to SN where IrA fibers arc maximally 
disrupled 1181. One lesion wits A -)3.8, l , 1.7. 1) 1.3:a 
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second 1 mm dorsolateral  along tile 4 5  p l a n e . . , \  single 
addi t ional  lesion was made in the center  of SN zona 
compac la  at A :-2.8. l . ,  2.0, D 1.1. These coord ina tes  
were de t e rmined  prior to surgery by f luorescence micro- 
scopy using the rapid glyoxylic acid me thod  [ 21 ] and later 
conf i rmed  using cresyl violet. Half the cont ro ls  received 
sham L(" lesions and half sham SN lesions. 

(kHlection o.t Beharioral Data 

T h e  colony enclosure  was a 4 x 3 × 2 m area with 
separate burrows,  a behavioral arena, and a feeding area [8] 
mainta ined on a 12 hr reversed day -night cycle. In the first 
run of  this s tudy the animals were observed during the 
middle 5 hr of  the night phase for 40 days: they were 
observed 7 h r  daily for 15 days in the replication.  Trained 
observers recorded the f requency of various spon taneous  
behaviors  described elsewhere [8] .  A census was taken 
every half  hour. All dala was subjected to two-way analyses 
of variance (d.f= 2,42 ). 

RESULTS 

Fol lowing lcsioning, LC animals stayed in tile burrows 
while SN rats were out in tile arena more than cont ro ls  
(bo th  p ,  0.05)" this t rend was still present 40 days after 
lesioning. These d i f ferences  in census location were corre- 
lated with d i f ferences  in activity levels (l"ig. 1 ). f i l e  L (  rats 
ran least o f ten  in activity wheels  and the SN animals most 
of ten  (p. :0 .001 I: again this effect  was still present 40 days 
after  lesioning. Throughou t  the stud, , ,  SN animals c l imbed 
more  on ropes and ramps than did contro l  or l.(' rats 
(p<0 .05) .  The L(" animals were ohserved to walk with a 
waddl ing or lumber ing gai! and were clumsy in that tile5. 
fell more  during cl imbs than any o ther  group (p- 0.001). 
SN rats had minimal mo to r  d is turbances  as reflected in 
number  of  falls. 

l h e  L(" rats were active par t ic ipants  in positive social 
in terac t ions  (Fig. l h  social ly-grooming and moun t ing  o lhe r  
animals more than an.,, o the r  group (bo th  p-: 0 .0l  ). Con- 
versely. SN rats self-groomed more of ten  and for longer 
periods of t ime (p<0.001 and . :0 .05,  r e s p e c t i v e l y ) t h a n  
e i ther  con t ro l  o r  L(" rats. An antisocial pa t tern  of  behavior 
in SN rats was fur ther  seen across three measures of 
aggression {Fig. 2). They fought more,  and l . (  rats less, 
than c o n t r o l s  as r e f l e c t e d  in s tand and hox l p "  0 . 0 5 ) ,  
broadsiding,  and violent fights ( b o t h  p. () .00IL Many ot" 
tile violent fights init iated by SN rats were directed toward 
L(" animals, and in two separate incidences L (  rats were 
observed to be killed in unyielding violent alhlcks by SN 
animals. ( ' on t ro l  rats were never seen to kill or engage in as 
prolonged violent episodes  as did SN rats. In the 40 day 
replicat ion,  the most  violent SN animal developed a 
compulsive habit  of bit ing tile tails o f  other  rats resulting in 
f requent  b lood- le t t ing  and tail muti la t ions.  

SN dominance  was fur ther  observed during the feeding 
hour  {Fig. 2) in that they foughl more for the possession of 
food (p. 0.05) and won more of  these contes t s  (p- :0 .001)  
than any o the r  group. However,  I,(' rats spent more time on 
tile feeding tray (p<O.05) and gained more weight af ter  
lesioning I p -  0.05) than e i ther  o the r  group. 

At the conclus ion of  the study, the atumals were 
col lected,  pcrfuscd with Formalin,  and frozen sect ions were 
cut and stained with cresyl violet, l h e r e  ,.,,'ere circular 1.(" 
lesions 0.5 mm in d iameter  under  the dorsolaleral  edge of 
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SN CONT LC SN CONT. LC SN CONT. LC 
SE L F- GROOM SOCIAL- GROOM MOU N T ER 

1](;. I. Mean number (d" |h11¢~, varJou,, behaviors were recorded per 
h o u r  or" obscP,  atJ<m. I o p  ]1;111: ~\cli\ 'Jt~ llle;istlres. S~-Ic , , Jol lcd rat,, 
hccalllu ]l.vpcraclJ~e al ter xur.,.'cr~,, alld had minimal moU,r di,,lur- 
hancc~, a,, rcl lec{cd m f lwir nUlnbcr of lk l ] ]x.  |.('-I¢'doncd rats ~erc 
conversely JnaclJ',e alld fell f requent ly.  I {ohml half: Opposed social 
proclivilJes i l l [he |',L.(I [gSiolled ~!roup~. [hcsc opposite patterns o f  

social hcha~ ior pcrsi,,Icd 40 days a fh.'r It_,sionin,_,. 
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SN CONT. LC SN CONT. LC SN CONT. LC 
STAND AND BOX B R O A D S I D E R  VIOLENT FIGHTER 

3 ~ 3 0  

SN CONT. LC SN CONT. LC SN CONT. LC 

% WINS IN %, ON FOOD T R A Y  WEIGHT GAIN 
FOOD FIGHTS AT 30 MINS. 

IIG. 2. Top half: mean nunlber of limes per hour that animals v,'cre 
observed in 3 differen! kinds of aggressive encotmturs. Whereas 
L('-lesioned rats h~ught less than ('ontrols, SN-lesioned animals 
gradually became hyperaggressivc and ~iolent. ]{ottom half: While 
SN rats '~l. on Ill~.)re f ights for lhe pos~;ession of food than did cilher 
other ~:roup. [('qcsJoned anJnlals ~pent more lime on the feeding 

tray and eaincd more wej.,.z, ht "between lesioning and xacrificc. 
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the IV ventr ic le  e x t e n d i n g  f rom the dorsal  t egmen ta l  
nucleus  to the  mesencepha l i c  nuc leus  of  the  t r igeminal  
nerve. There  were few rema in ing  cell bodies  in the L('. In 
the SN-lesioned animals ,  glial scars 1.8 m m  long and  
0.5 mm wide were found  vent ra l  to the medial  lemniscus ,  
pene t r a t i ng  the zona incer ta  a long a 45 ° plane to t e rmina t e  
0.5 mm dor somed ia l  to the  vent ra l  tip of the cerebral  
peduncle .  When e x a m i n e d  wi th  f luorescence  mic roscopy ,  
few swollen c a t e c h o l a m i n e  cells were observed in the area 
be tween  the two lesions. These cells showed  the e n h a n c e d  
f luorescence  charac te r i s t i c  of  axon imized  CA cells ] 18].  

DISCI:SSION 

Opposed  behaviora l  s y n d r o m e s  were observed fo l lowing 
RF lesions of  the locus coeruleus ,  wh ich  con ta ins  the  cell 
bodies  that  give rise to the NE fibers inne rva t ing  cerebral  
cor tex  anti l imbic fo rebra in ,  and of  the zona c o m p a c t a  
subs tan t i a  nigra, which  gives rise to the DA nigros t r ia ta l  
pa thway .  ( o m p a r e d  to the  cont ro l s ,  LC-lesioned an imals  
t ended  to stay in the  bur rows ,  were inact ive when  out  on 
the arena floor,  amt o f t en  fell dur ing  the p e r f o r m a n c e  of  
m o t o r  tasks. Conversely ,  SN-lesioned rats were most  o f t en  
out  of  the  bur rows ,  were hyperac t ive ,  and had min imal  
m o t o r  d i s tu rbances .  "lhe [.(' rats soc ia l ly-groomed and 
m o u n t e d  o t h e r  animals ,  whereas  SN rats avoided posi t ive 
social i n t e r ac t i ons  and sel f -groomed.  While LC animals  were 
less violent  than  con t ro l s ,  SN rats gradual ly  became  
hyperaggressive af te r  lesioning, l h e s e  f indings  provide 
behaviora l  cv idence  that  these noradrenerg ic  and dopa-  
minergic  sys tems exert  opposed  ac t ions  on the cent ra l  
nervous  sys tem,  a conc lus ion  cons i s ten t  wi th  o t h e r  ev idence  
that  NE and I)A have oppos i te  ef fec ts  on behav io r  [3] and 
that  1.( and SN lesions have opposed  effects  on cent ra l  
glucose metabol i sn l  I 1 (~l. 

There  are a n u m b e r  of  s imilari t ies  be tween  the behav-  
ioral syndr tmles  o t  the  L( ' - les ioned an imals  of  this s tudy  
and those  of  rats observed in a previous  c o h m y  s tudy  
fol lowing small ,  mul t ip le  in t r aven l r i cu la r  in jec t ions  of  
6 - h y d r o x y d o p a m i n e  {6-( ) I l l )A)  [b;]. Both  L (  and 6- 
( ) t l I )A rats lend to stay in bur rows ,  are inact ive ()tit in the 
arena,  and  are poor ly  coo rd ina t ed .  Also, b o t h  m o u n t  o t h e r  
animals  anti become  d o m i n a t e d  in aggressive encot ,  nters .  
W h i l e  i n t r a v e n t r i c u l a r  6-( ) I I I )A p roduces  widespread 
centra l  dep le t ions  of  NE. inc luding  spinal  cord,  I.(' lesions 
p r e d o m i n a n t l y  deple te  NF in cerebral  cor tex ,  l imbic fore- 
brain,  h y p o t h a l a m u s ,  and t h a l a m u s  [ 4 , 1 3 ] .  It is in te res t ing  
to no te  tha t  a l t hough  the pa t t e rn s  of  N/- dep le t ion  achieved 
with these m a n i p u l a t i o n s  may differ ,  they result in similar 
behavioral  syndromes ,  t l oweve r ,  unl ike 6-OIIDA injected 
rats who show bo th  decreased food c o n s u m p t i o n  and 
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weight  gains [ 8 ] ,  LC-lesioned rats gained s ignif icant ly  more 
weight  than  cont ro ls .  It is unl ikely  tha t  these weight  gains 
mere ly  reflect  reduced energy  e x p e n d i t u r e  in the inact ive 
LC rats, as 6-OHDA rats were likewise inactive.  F u r t h e r m o r e ,  
hype rphag ia  can also be observed fol lowing local in jec t ions  of 
6 -OHDA into  the midbra in  NE bund les  [ 1 ]. 

SN-lesioned rats, however ,  were un ique  a m o n g  o the r  
m o n o a m i n e  deple ted  rats s tudied  in previous  rat colonies  in 
thei r  aw)idance of  posi t ive social i n t e rac t ions  i such  as 
m o u n t i n g  and social g rooming)  and the i r  t e n d e n c y  to 
self-isolate, engage in s ingle-animal  act ivi t ies  such as 
wheel  running ,  and thei r  hype r r eac t iv i ty  to o the r  animals  
who a p p r o a c h e d  them.  They  were s o m e t i m e s  unyie ld ing  m 
violent  a t t acks  and persevered in o the r  behavioral  sequences  
once begun,  such as g rooming  and wheel running .  

A l though  this  hyperac t ive  and hyperaggressive pa t t e rn  of  
behav io r  which we observed fol lowing RF lesions of tile 
subs lan t i a  nigra is d iscrepant  wi th  repor t s  of inac t iv i ty  and 
hypophag ia  fol lowing local in jec t ions  of  6 - O l l l ) A  in to  the 
SN [ 19] ,  it is cons i s t en t  with  o the r  repor t s  of  hyperac t iv i ty  
w i thou t  aphagia  fo l lowing RF lesions of  the SN [ 10 ,12] .  11 
could be argued that  the increased act ivi ty  seen fol lowing 
RE lesions of  SN was a paradoxica l  effect ,  pe rhaps  
supersens i t iv i ty ,  for such lesions do not  deple te  cauda te  
d o p a m i n e  extens ive ly  1121. However,  in previous  s tudies  
we have found that  supersensi t ive  behaviora l  p h e n o m e n o n  
are charac te r ized  by an initial defici t  fol lowed by exag- 
gerated recovery l lT I ,  whereas  the behaviora l  changes  in 
bo th  lesioned groups  of  the  present  s tudy were s table over  
time. F u r t h e r m o r e ,  in s tudies  to be publ i shed  elsewhere ,  we 
have found  tha t  these same SN-lesioned an imals  showed 
a t t e n u a t e d  s t e r eo typy  fol lowing d - a m p h e t a m i n e  adminis -  
t ra t ion ,  a result  which is not  cons is ten t  wi th  a super- 
sensi t ivi ty  a rgument .  A more  likely exp lana t ion  of  these 
d iscrepant  f indings is thal  the c a l e c h o l a m i n e  dep le t ions  
found  fol lowing local in jec t ions  of f~-OIIDA into  the 
subs tan t i a  nigra are not  solely conf ined  to dopamine ,  but  
also involve ex tens ive  dep le t ions  of cort ical  and h y p o t h a -  
lamic n o r e p i n e p h r i n e  [7] due to leakage of 6-OHI)A along 
the re ject ing cannula .  

A var ie ty  of  evidence indica tes  that  an imals  with centra l  
n o r e p i n e p h r i n e  dep le t ions  can model  aspects  of  h u m a n  
depress ion  [ 15].  The present  results  are cons i s t en t  with  this  
for l . ( ' - lesioned an imals  are inact ive  and d o m i n a t e d  in a 
social e n v i r o n m e n t .  Rats with  RF lesions of  the dopamine r -  
gic nigrost r ia ta l  p a t h w a y  behave very d i f fe ren t ly .  Sur- 
prisingly, in some ways they resemble  an imals  wi th  cauda te  
lesions: bo th  are hyperac t ive ,  persevere in behaviora l  
sequences  once  begun [20 /  and show increases in 
d o m i n a n c e  [6 ] .  Thei r  ant isocial  pa t t e rn  of behav ior  is a 
novel  f inding which  meri ts  fu r the r  s tudy.  

RENCES 

5. ('ordeau, J. P. De('hanlplain and B. Jacks. l(xcitation and 
prolonged waking produced by catecholan3ines injecled into 
the ventricular system of cats. ('all..l. Phw'#K Pharmac. 49: 
627 631, 1971. 

6. ('oyle. 1. R. and R. J. Kirkhy. l)ommance behavior m tile rat 
following lesions of the caudate nt, elei. Phrsiol. Hehar. 14: 
75 g(), 1975. 

7. Creese, I. and S. I). lversen. The pharmacological and anatomi- 
cal substrates of the amphetamine response ill the  rat. flrain 
Rex. 83: 4.19-436, 1975. 



90 E I S ON.  S T A R K  A N D  [ i I , I , ISON 

8. l-llison, G. .Monoaminc neurotoxins: Selective and delayed 
effects on behavior in a rat colony. Brain Rex. 103:81 -92, 
1976. 

9. l.aull, R. L. M. and R. Laverty. ( 'hanges in dopamme levels in 
tile corpus striatum following lesions in file substantia nigra. 
1~.'_vpl .\:('urol. 23: 3 3 2 - 3 4 0 ,  1969.  

10. llodge. (;. and L. Butcher. Chronic hyperactivity without 
adipsia or aphagia induced by discrete lesions of pars compacta 
of the substantia nigra in rats..\:euros'ci. ,4bstr. 2: 289, 1976. 

11. tlornykicwicz. O. 1)opamine t3-hydroxytraminc) and brain 
function. Phartnac. Rer. 18:925 -964, 1966. 

12. h'ersen, S. I). File effect of surgical lesions to frontal ~.'ortcx 
and sttbstarltia nigra on alllphetanline responses in ruts. B~wm 
Re~. 31:295 311, 1971. 

13. Loizou, L. A. Projections of the nucleus locus coeruleus in the 
albino rat. Brain Rc~. 151: 563- 566. 1969. 

14. Papcsctli, R. l)oparnine, cxtrapyramidal system, and psychn- 
nlnlor function. Psychiat. .Veto'ol. .Veurrw/lir. !zllnst). 75: 
13 48, 1972. 

15. Schildkraut, .I.J. and S. S. Kety. Biogenic amines and emotion. 
Science 1.56:21 -30, 1967. 

16. Schv,artz, W..I. and I'. R. Sharp. Central catccholanmlc eliccls 
on brain glucose consumption..\'eto'o~'c,,. Ahstr. 2: 5112, 1976. 

17. Soretlson, ( .  A. and (;. l. llison. Nonlinear chan,,_'es in acti','it.'. 
and emotional rcacti',it} scores following central noradrenergic 
lesions in rats. Psychol~harmacoh~.~'la 23:313-  326, 1973. 

18. klngerstedt, U. Stereotaxic mapping of the monoaminc pa'fll- 
ways in tile rat brain...lcta ph3"s'iol, stand. !Suppl,) 367:1 48. 
1971, 

19, Un.eerstcch, I.'. Adipsia and aphagia after 6-hydroxydopamhle 
induced degeneration of tile nigro-striatal dopamme %stem. 
,.lcta phyxiol. ~'caml. (Suppl.) 367: 95.- 1 I 7, 197 I. 

20. Villablanca, .I. and R..I.  Marcus. l f | ec t ' ,~d  bilateral, simulta- 
llCOllS ablatioll of the catldate nuclei ill cats. t'i'dn Ih'oc 32: 
399, 1973. 

21. Watson, S. J. and J. 1). Barchas. (atecholamine histo- 
fluorescence usine cryoslat and glyoxylic acid in unperfused 
frozen brain: A detailed dewription ot" the techniqtle, hi prc',s. 


