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PAPPAS, B. A., D. A. V. PETERS, M. SAARI, S. K. SOBRIAN AND E. MINCH. Neonatal 6-hydroxydoparnine 
sympathectomy in normotensive and spontaneously hypertensive rat. PHARMAC. BIOCHEM. BEHAV. 2(3) 381-386, 
1974 . -  Neonatal sympathectomy was produced in rats from either a normotensive or spontaneously hypertensive 
(SHR) strain by repeated s.c. injections of 6-hydroxydopamine (6-OHDA). The SHR rats were considerably more active 
than the normotensive rats in the open field and activity wheels. Emotionality, defined by the profile of open field 
activity and defecation scores, was lower in the SHR. Neonatal 6-OHDA had no effect upon emotionality or running 
wheel activity. Adult endogenous brain norepinephrine was increased in brainstem and decreased in cortex of both 
strains by 6-OHDA. Tyrosine hydroxylase activity in the brains of normotensive, 6-OHDA injected rats varied directly with 
altered endogenous NE levels. Preliminary data also indicated increased serotonin synthesis in the brainstem of 6-OHDA 
injected rats. It was concluded that neonatal injections of 6-OHDA may cause selective degeneration of the descending and 
dorsal NE brain pathways, and that the behavioral effects of this treatment, while yet obscure, seem to resemble those 
produced by hippocampal lesions. 

6-OHDA Sympathectomy Spontaneous hypertension Activity Emotionality 

R E P E A T E D  subcutaneous  inject ions of  6-OHDA in the 
neonatal  rat not  only produce  a widespread and perma- 
nent  deple t ion  of  NE in peripheral  sympathet ic  neurons 
[1,6] but  also significantly alter regional brain contents  
of  NE. Specifically,  spinal [6 ,20] ,  cort ical  [6, 15, 19, 
20] ,  cerebellar [6 ,20] ,  and h ippocampal  [6] NE are 
lowered while brainstem NE is increased [4, 15, 19, 20] .  
Assay results for the hypotha lamus  have been confl ict ing 
[6, 13, 15, 20] .  The fol lowing research was carried out  to 
confirm our earlier observations on regional brain NE 
changes  after  neonata l  6-OHDA [15] and to assess 
changes in NE synthesis in the same brain regions, by 
measurement  of  the activity of  the rate l imiting enzyme 
tyrosine hydroxylase .  We also report  prel iminary data on 
changes in synthesis of  serotonin in the brainstem after 
the drug t rea tment .  

Secondly,  data  are repor ted  for open field and running 
wheel  activity of  neonatal  vehicle and 6-OHDA injected 
normotens ive  and hypertensive rats. Previous research has 
indicated no effect  of  neonatal  6-OHDA upon various 
types of  behavioral  procedures  [6 ,15] .  However ,  this 
laboratory has recent ly demonst ra ted  that  the drug pro- 
duces a deficit  in the inhibi t ion of  water  licking in 
response to foot  shock in both  normotens ive  rats and the 
SHR [17] .  This deficit  could be due ei ther to reduced 
emot ional i ty ,  heightened l o c o m o t o r  act ivi ty or to de- 
creased abili ty to inhibit  responding. The test procedures  
used here permi t ted  assessment of  the first two possibil- 
ities both  in the normotens ive  rat and in the SHR rat 
which may be characterized as au tonomica l ly  hyperact ive  
[14] .  We also examined the effect  of  6-OHDA sympath-  
ec tomy on diurnal variations in running wheel activity,  
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since in t rac ran ia l  in jec t ions  of  the  drug in adul t  rats  no t  
on ly  al ters  d iurna l  var ia t ions  in b ra in  se ro ton in  synthes i s  
bu t  also s igni f icant ly  a t t e n u a t e s  l ight-dark  per iod differ- 
ences  in l o c o m o t o r  ac t iv i ty  [ 10] .  

METHOD 

Animals  

Thi r t y - t h r ee  male  and  32 female  offspr ing of  Wistar  
pa ren t s  ob t a ined  f rom a local b reeder  and  m a t e d  in our  
l abo ra to ry ,  and 31 male  and 27 female  offspr ing of  the  
2 6 t h  gene ra t i on  s p o n t a n e o u s  hype r t ens ive  pa ren t s  were 
used. The  pa ren t  hype r t ens ive  rats  were of  the  s t ra in  
descr ibed by  O k a m o t o  [14]  and were i m p o r t e d  to this  
l a b o r a t o r y  f rom the  Nat iona l  Ins t i tu t e  of  Menta l  Heal th ,  
Be thesda ,  and  ma ted .  The  rats  were weaned  at 22 days of  
age and m a i n t a i n e d  in co lony  cages un t i l  sacrifice. The  
co lony  room i l l umina t ion  cons is ted  of  a reversed 12 hr  
d iurna l  l ight-dark  cycle. 

Infections 

A p p r o x i m a t e l y  hal f  of the  rats were in jec ted  subcu ta -  
neous ly  on  Days 1 t h r o u g h  7 af te r  b i r t h  wi th  50 ug/g, 
6 -OHDA ( 2 , 4 , 5 - t r i h y d r o x y p h e n e t h y l a m i n e ,  Regis Chem- 
ical Co.),  dissolved in 0.05 ml of  a sal ine-ascorbic  acid 
so lu t ion  (1 mg/ml) .  In jec t ions  of 75 ug/g were also admin-  
is tered on  Days 10, 15, and 22. The  o t h e r  rats  received 
0.05 ml vehicle on  the  same schedule .  

Behavioral Tests 

At 43 days of  age, the  rats  were qu ick ly  weighed and  
t h e n  placed in an open  field for  5 min .  This  appa ra tu s  
cons is ted  of  a 1.03 m square  f loor  divided in to  25 equal  
squares  wi th  side walls 0 .40  m high.  The  appa ra tus  was 
pa in ted  whi te  excep t  for  b lack  lines de l inea t ing  the  
squares.  Coun t s  of  act ivi ty ,  rear ing and n u m b e r  of  bol i  
excre ted  for  the  5 min  per iod were recorded .  At  the  
t e r m i n a t i o n  of th is  interval ,  the  rats were r e tu rned  to 
the i r  indiv idual  h o m e  cages and left  u n d i s t u r b e d  un t i l  
some were sacrif iced for  e n d o g e n o u s  c a t e c h o l a m i n e  assay 
2 days later.  

A t  a b o u t  120 days of  age, 8 ra ts  f rom each t r e a t m e n t  
g roup  were placed,  for  3 consecut ive  days,  in modi f i ed  
act ivi ty  wheels  (La faye t t e  I n s t r u m e n t  Co.)  to  wh ich  living 
cages wi th  ad lib food  and  wate r  were a t t ached .  The  origi- 
nal relay devices a t t a c h e d  to the  axle of  the  wheels  were 
replaced wi th  m er cu r y  relays to  e l imina te  the  audible  
click af te r  each whole  wheel  r evo lu t ion .  These  mercu ry  
relays were wired to ac t ivate  coun te r s  ou ts ide  of  each 
sound  c h a m b e r  wh ich  recorded  wheel  revolu t ions .  The  
wheels  were housed  in sound  a t t e n u a t e d  chamber s  wi th  
con t ro l l ed  l ight ing and  t e m p e r a t u r e  ( a b o u t  22°C)  condi-  
t ions.  Sessions began at 8 a.m. for  hal f  the  rats in each 
group  and at 8 p.m. for  the  o t h e r  half.  The l ight-dark  
cond i t i ons  wi th in  the  chamber s  were the  same as those  
m a i n t a i n e d  in the  c o l o n y  room (light of f  at  8 a.m.,  l ight  
on  at  8 p.m.) ,  and to ta l  r evo lu t ions  dur ing  each of  the  
12 hr  intervals  were recorded  over the  3 days. 

Blood Pressure Measurement  

Five naive 6 -OHDA and vehicle in jec ted  rats  a b o u t  120 
days of  age and  f rom b o t h  the  con t ro l  Wistar  and SHR 
st ra ins  were i m p l a n t e d  while u n d e r  n e m b u t a l  anes thes ia  

(40 mg/kg  i.p.) w i th  a chron ic  aor t ic  ca the te r .  F o u r  or 5 
days la ter  they  were again similarly anes the t i zed .  When  
the  rats were no  longer  over t ly  responsive to a tail p inch ,  
the  ca the t e r  was opened  and  f lushed w i th  a b o u t  0 .10 ml 
of  hepar in ized  saline and c o n n e c t e d  to a S t a t h a m  23Dd 
t r ansduce r  and B e c k m a n  po lygraph  for  c o n t i n u o u s  record-  
ing of  systol ic  and diastol ic  b lood  pressure to  assess the  
per iphera l  ef fects  of  6-OHDA. Pressures were r ecorded  
and scored for  30 min ,  beg inn ing  5 min  a f te r  the  c a t h e t e r  
was f lushed.  The  rats were killed by  anes the t i c  overdose  
and  discarded at the  t e r m i n a t i o n  of  recording.  

Biochemical  Assays 

F o r  our  init ial  assays of  e n d o g e n o u s  NE, we sacrif iced 
by  decap i t a t i on  7 vehicle and 7 6-OHDA injected rats  
f rom b o t h  our  con t ro l  and hyper t ens ive  strain.  The  rats  
were 45 days  old at  the  t ime of  sacrifice and had been  
tes ted  for  5 m in  in an open  field appa ra tu s  at 43 days  of  
age. The  hear ts  and adrenals  were quick ly  r emoved  and  
r insed wi th  saline. The  bra ins  were r emoved  c o n c u r r e n t l y  
wi th  hear t s  and adrenals  and placed on  an ice-cooled,  
saline-rinsed plate .  Af te r  d issec t ion  of the  ce rebe l lum 
f rom the  whole  brains ,  the  remain ing  brain  tissue was 
s e c t i o n e d  in to  b ra ins tem,  h y p o t h a l a m u s  and cort ical  
slices. The  b r a in s t em was isola ted by  corona l  cuts  at the  
first spinal  nerve and  t h r o u g h  the  ports varolli.  The  hypo-  
t ha l amus  was c leaned as m u c h  as possible of  opt ic  chias- 
ma and  tracts .  Cort ical  slices were sys temat ica l ly  sampled  
f rom the  en t i re  bra in ,  w i th  care t a k e n  to exc lude  under -  
lying whi t e  ma t t e r .  Fo r  the  amine  assays, the  t issues were 
i m m e d i a t e l y  f rozen  on  dry  ice and  la ter  s tored  in l iquid 
n i t rogen .  

At  intervals  af ter  decap i t a t i on  which  were equal  for  
t h e  no rma l  and  6-OHDA t rea ted  groups,  the  hear t ,  
adrenal  and  bra in  t issues were f luo romet r i ca l ly  assayed for  
e n d o g e n o u s  ep ineph r ine  (hear t  and adrenals  on ly)  and  
n o r e p i n e p h r i n e  (all t issue) by  a mod i f i c a t i on  of  the  tri- 
h y d r o x y i n d o l e  m e t h o d  [ 2 ] .  

The  bra in  and adrenal  ty ros ine  hyd roxy la se  act ivi ty  
was measured  by the  m e t h o d  of  Peters  et al. [16} in 
a n o t h e r  g roup  of  11 vehicle and 11 6-OHDA in jec ted  rats  
f rom our  con t ro l  strain.  The  rats  were a b o u t  120 days old 
at sacrifice and had been  admin i s t e red  an open  field tes t  
at 43 days  of  age. Brain  areas or whole  adrenals  were 
h o m o g e n i z e d  in 5 - 1 0  volumes  ice cold 0.25 M sucrose. 
Al iquo ts  of the  tissue h o m o g e n a t e s  were i ncuba t ed  wi th  
L- tyros ine-C14(U.L. )  in the  presence  of the  dopa  decar- 
boxylase  inh ib i to r ,  N.S.D. 1034 ( S m i t h  and Nephew 
Research  Co.). The  labelled L-dopa fo rmed  was isolated 
on  an a lumina  c o l u m n  and the  rad ioac t iv i ty  measu red  in a 
B e c k m a n  mode l  LS150  l iquid sc in t i l la t ion  coun te r .  The  
rate  of  syn thes i s  of  the  L-dopa-C 14 was used as a measure  
of  the  ty ros ine  hyd roxy la se  act ivi ty .  Assays for  endoge-  
nous  NE were also carr ied ou t  on  the  same tissue used for  
assay of ty ros ine  hyd roxy la se  act ivi ty .  Because of  tech-  
nical diff icult ies,  NE levels for  the  adrenals  were no t  avail- 
able. T r y p t o p h a n  5 -hydroxy lase  act iv i ty  was assayed on  
the  same tissue h o m o g e n a t e s  by  a previously  r epor ted  
t e c h n i q u e  [ 14] .  L - t ryp tophan-3 -C  14 was i n c u b a t e d  wi th  
b ra in  h o m o g e n a t e  in the  presence  of  a m o n o a m i n e  oxi- 
dase i n h i b i t o r  and the  5 - h y d r o x y t r y p t a m i n e - C  14 fo rmed  
was isola ted on a CG-50 ion exchange  resin. The  rate of 
f o r m a t i o n  of  the  label led 5 - h y d r o x y t r y p t a m i n e  was used 
as a measure  of  the  t r y p t o p h a n  hyd roxy la se  act ivi ty.  
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Statistical Analysis 

Except where noted, statistical treatments consisted of 
analyses of variance and post-hoc comparisons (Sheff6 
test). Data presented in tables consist of sample sizes, 
means and standard errors. 

RESULTS 

Body and Organ Weights 

Body weights at the time of sacrifice for endogenous 
NE determinations in the 45 day old rats were significant- 
ly lower in the SHR than in the control strain (p<0.001). 
In addition the 6-OHDA injected rats were significantly 
lighter than vehicle injected rats (p<0.001) and females 
were lighter than males (p<0.001). The 6-OHDA injec- 
tions also caused a greater weight reduction in the SHR 
than in the control strain (p<0.05), while males injected 
with 6-OHDA were lighter than similarly injected females 
(p<0.05). 

The adrenal weights, calculated as a percentage of 
body weight, of the SHR strain were significantly heavier 
than those of  the control strain (p<0.001). Furthermore, 
while 6-OHDA injections produced a significant over-all 
reduction in adrenal weight (p<0.01), this reduction was 
of greater magnitude in the SHR than in the control 
strain (p<0.05). Expressed as a percentage of body 
weight, the hearts of the hypertensive strain were heavier 
than those of the normotensive strain (p<0.001), while 
6-OHDA produced a non-significant reduction of heart 
weight (p<0.07). 

Blood Pressure 

Table 1 shows averaged group blood pressures at 5 and 
30 min intervals after recording onset. Analysis of vari- 
ance of the data revealed significantly higher systolic and 
diastolic blood pressure in the SHR strain (p<0.001) 
while 6-OHDA significantly lowered diastolic blood pres- 
sure in both strains (p<0.05). The drug also lowered mean 
systolic blood pressure in both strains although the 
effect fell just above statistical reliability (p<0.06). In 
addition to finding an increasing reduction in both systol- 

TABLE 1 

SYSTOLIC AND DIASTOLIC BLOOD PRESSURES AT 5 AND 
30 MIN AFTER RECORDING ONSET 

Group 5 Min 30 Min 

WISTAR 

Vehicle 110-+6/ 95-+6 105± 5 /  93±3 

6-OHDA 99-+4/ 86±4 92± 3/  81-+4 

SHR 

Vehicle 164 -+ 9 / 132 _+ 9 149 ± 13 / 113 t 7 

6-OHDA 146±9/  119±7 134± 6 / 1 0 7 ± 5  

ic and diastolic pressure over time after recording onset 
for both strains, diastolic pressures of the SHR rats were 
found to decline more over the 30 min interval than the 
diastolic pressures of the control strain (p<0.002). How- 
ever, blood pressures of 6-OHDA injected SHR rats still 
remained significantly elevated above those of the vehicle 
normotensive rats at all 6 recording intervals. 

Behavioral Tests 

Statistical analysis of the open field data were per- 
formed on the mean total squares entered (activity-explor- 
ation) during the 5 min test, mean total number of rear- 
ings and the proportions of rats within each group who 
defecated during the test. These data are shown in 
Table 2. 

There was no main effect of the 6-OHDA injections on 
either of the three open field measures. However, a signi- 
ficant drug by strain interaction on squares entered 
(p<0.05) can be seen from Table 2 to be due to the 
decreased exploration in the control strain and to the 

TABLE 2 

SUMMARY OF OPEN FIELD DATA FOR 43 DAY OLD RATS 

Strain 

Drug VEH 

Sex M 

N 17 

WISTAR SHR 

6-OH VEH 6-OH 

F M F M F M F 

16 16 16 17 14 14 13 

Mean Total Squares 56.8 ± 7.4 51.4 ± 3.1 

Mean Rears 16.5 ± 2.6 17.4 ± 2.1 

Defecation* 8 9 

40.1±7.4 55.9±7.8 44.8±5.8 

14.0±2.3 12.4±3.2 15.2±2.5 

8 6 6 

71.6±5.4 

22.8±2.1 

2 

51.5~8.1 

20.6±1.4 

6 

81.2±5.2 

21.2±1.8 

3 

*Number of rats defecating in open field 
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increased exp lora t ion  in the SHR strain. Overall, the SHR 
were considerably  more  active than  the con t ro l  strain 
(p<0 .025 ) ,  and reared more  o f t en  (p<0 .025) .  In addi t ion ,  
females  were more  active overall than  males ( p <0 .0 1 )  and 
this sex d i f ference  was much  more  p r o n o u n c e d  in the 
SHR strain (p<0 .025) .  Table 2 also indicates  that  the 
p r o p o r t i o n  of  SHR rats who  defeca ted  was less than tha t  
of  the con t ro l  strain ( p<0 .04 ,  p ropo r t i ons  test)  while 
there  was no effect  upon  defeca t ion  f requency  of  the 
6-OHDA inject ions.  

TABLE 3 

MEAN TOTAL RUNNING WHEEL REVOLUTIONS. L AND D 
DENOTE LIGHT AND DARK PERIODS RESPECTIVELY. 

DAY 

GROUP 1 2 3 

WISTAR 

VEH L 821 + 34 455± 8 302± 13 

D 1714-  + 62 9855 26 8595 30 

6-OHDA L 

D 

539+ 14 367± 12 231± 6 

1275-  + 33 861± 31 7525 23 

SHR 

VEH L 3055± 94 1632± 47 1684+ 33 

D 5055-+ 63 4244± 93 5315± 84 

6-OHDA L 3181-+ 136 1463± 38 1673± 45 

D 5830 ± 127 6019 ± 186 6064 ± 145 

Table 3 shows the averaged group total  activity wheel  
revolut ions  for  each 12 hr light and dark period p lo t ted  
for  the 3 test  days. It can be seen that  the SHR rats were 
considerably  more  active in the  wheel  than were the con- 
trol rats (p<0 .001) .  There  was no main effect  of  6-OHDA 
upon  wheel  activity nor  was there an in terac t ion  of 
6-OHDA wi th  strain, a l though 6-OHDA did tend to re- 
duce activity in the  con t ro l  rats and to  increase act ivi ty in 
the SHR rats. All groups  showed significantly increased 
activity during the  dark por t ion  of the l ight-dark cycle 
(p<0 .001) .  However  this increase was considerably  larger 
in the SHR rats than  in the  cont ro l  rats (p<0 .001) .  Over- 
all, activity showed a significant decline across the three 
test days (p<0 .001) .  

Catecholamine Assays 

Table 4 shows average NE and ep inephr ine  (E) con- 
tents ,  calculated per gram of  tissue weight ,  for  hear ts  and 
adrenals,  and NE for  the 3 brain parts,  for  45 day old 
vehicle and 6-OHDA injected contro l  and hyper tens ive  
rats. The strains did no t  differ  in endogenous  heart  amine  
con ten t s  while the  6-OHDA inject ions  p roduced  reduc-  
t ions ( p < 0 . 0 0 1 )  of  b o t h  NE and E con ten t s  o f  the hear ts  
which  were the same magni tude  for  b o t h  strains. In con- 
trast to the hearts ,  b o t h  NE and E con ten t s  were signifi- 
cantly lower  in the  adrenals o f  the SHR strain (p<0 .05) .  
However,  6-OHDA produced  p ropor t iona l  increases of 
b o t h  adrenal amines,  which were the same magni tude  for 
the two  strains, a l though only the  NE increase was statis- 
tically significant (p<0 .05) .  In addi t ion to these calcula- 
t ions  based on raw data for  adrenal NE and E con ten t s ,  
we also calculated for  each rat the ratio of  adrenal  NE to 
E. Analyses of  variance pe r fo rmed  on these ratios indi- 
cated no effect  o f  e i ther  strain or drug t r ea tmen t  on the 
p ropor t iona l  con ten t s  of  the  two ca techolamines .  The two 
strains did no t  differ  in regional brain NE con ten t s .  
F u r t h e r m o r e ,  the effect  o f  the  6-OHDA t r ea tmen t  was 
the same for  b o t h  groups,  namely significantly increased 
hypo tha lamic  (p <0 .0 5 )  and bra ins tem NE ( p < 0 . 0 0 1 )  and 
significantly decreased NE in the cor tex  (p<0 .001) .  

TABLE 4 

SUMMARY OF TISSUE ENDOGENOUS CATECHOLAMINE CONTENTS FOR 45 DAY OLD RATS 

Strain Heart Adrenal 

E NE E NE 

Cortex Hypothalamus Brain Stem 

NE NE NE 

Control 

Vehicle 0.16 ± 0.01" 0.63 + 0.04 199 ± 14 127 ± 5 0.59 ± 0.05 1.60 ± 0.10 0.49 + 0.05 

6-OHDA 0.09 ± 0.01 0.14 ± 0.01 209 ± 18 147 ± 13 0.30 ± 0.07 2.08 50.25 0.86 ± 0.10 

SHR 

Vehicle 0.13 ± 0.01 0.72 ± 0.05 162 ± 5 103 -+ 8 0.61 ± 0.07 1.64 -+ 0.11 0.51 -+ 0.04 

6-OHDA 0.08 ± 0.01 0.17 ± 0.01 185 ± 8 130 + 9 0.34 ± 0.07 2.06 ± 0.19 0.85 ± 0.06 

*Each value represents the average of tissue sample values from 7 rats. Data are corrected for recovery which averaged 
about 78% for norepinephrine (NE) and 76% for epinephrine (E) and are expressed as tag/g tissue. 
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TABLE 5 

SUMMARY OF ASSAYS FOR TYROSINE HYDROXYLASE ACTIVITY AND ENDOGENOUS NE FOR 120 DAY 
OLD NORMOTENSIVE RATS 

Cortex Hypothalamus Brain Stem Adrenals 

Sample Size 6 6 5 5 

Tyrosine Hydroxylase Vehicle 2.10 -+ 0.10 25.4 -+ 1.8 3.80 -+ 0.17 848 -+ 21 

nmole dopa/hr/g tissue 6-OHDA 0.15 -+ 0.03* 27.3 -+ 1.0 5.09 -+ 0.15" 714 -+ 68t 

% control 7 107 134 84 

Endogenous Vehicle 0.25 -+ 0.09 1.07 -+ 0.17 0.46 -+ 0.08 

NE tzg/g 6-OHDA 0.10 -+ 0.06 1.16 -+ 0.17 0.63 -+ 0.08 

% control 41 108 138 

I 

m 

*significantly differeht from vehicle values at p<0.001, t-test 
tsignificanfly different from vehicle values at p<0.05, t-test 

Table 5 summarizes the results of assays for tyrosine 
hydroxylase activity and endogenous NE in brain tissue 
and adrenal (tyrosine hydroxylase only) for 120 day-old 
vehicle and 6-OHDA-injected Wistar control rats. The 
decreased cortical NE level in the 6-OHDA injected rats 
.was accompanied by a significant corresponding reduction 
in tyrosine hydroxylase activity, while increased brainstem 
NE levels were matched by increased enzyme activity. 
The hypothalamus showed slight elevations of both NE 
and enzyme activity in the 6-OHDA rats while adrenal 
tyrosine hydroxylase activity was significantly reduced. 
Endogenous NE levels were not available for the adrenals. 
However, reference to Table 2 indicates significant eleva- 
tion of adrenal NE in the 45 day old 6-OHDA group. 

In addition to these data for tyrosine hydroxylase 
activity, we have carried out preliminary assays for 
tryptophan-5-hydroxylase activity in the brainstems of six 
6-OHDA injected and six vehicle injected normotensive 
rats. Our data show a significant (p<0.05, t-test) increase 
in activity in the brainstems of  the 6-OHDA injected rats. 
Ac tua l  values were 17.8-+ 1.4 and 12.2-+ 1.9 nmole 
5-HT/g/hr. for the 6-OHDA and for vehicle injected rats 
respectively, with the mean activity of the 6-OHDA group 
representing 141% of vehicle control activity. 

DISCUSSION 

While neonatal 6-OHDA injections were shown here to 
significantly lower blood pressure in the SHR strain, this 
decreased blood pressure was still markedly higher than 
that of the control normotensive rat. In agreement with 
these data, Clark e t  al. [6] reported that blood pressures 
of neonatal 6-OHDA injected hypertensive rats from the 
New Zealand strain were about 13% higher at maturity 
than those of vehicle-injected normotensive control rats. 
Since adrenal catecholamine levels were found here to be 
elevated in the 6-OHDA treated rats, the hypertension 
may be partially maintained by these amines. Adrenal 
demedullation [4] and ganglionic blockade [5] have more 
profound cardiovascular depressing effects in immuno- 

sympathectomized than in control rats. Alternately, the 
effects of 6-OHDA upon brain catecholamine function 
also reported here may in some as yet unknown manner 
be responsible for the maintenance of high blood pressure 
after peripheral sympathectomy. On the other hand, since 
we did not measure peripheral catecholamine content in 
rats 120 days of age, the age when blood pressure was 
recorded, it could be argued that some recovery of 
sympathetic function may have occurred between 45 days 
of  age and 120 days of age. However, no recovery of 
endogenous heart NE contents has previously been re- 
ported. Rather between 43 and 104 days of age, maturation 
seemed to increase the relative differences in heart NE con- 
tent between vehicle and 6-OHDA injected rats [ 15 ]. 

Behaviorally, the SHR rats were considerably more 
active than our control strain. Furthermore, assuming low 
defecation and high activity scores in the single open field 
exposure to reflect low emotionality [8],  the SHR rats 
were also less emotional than our control strain. This 
agrees with the results of Saari and Pappas [17],  who 
found less shock-induced suppression of water-licking in 
the SHR than in the same control strain used here. 

The failure to observe any simple effect of neonatal 
6-OHDA on either our open field measure of emotionality 
or upon run wheel locomotion generally agrees with the 
data from this [15] and other laboratories [20]. We have 
previously found no effect upon one way avoidance [ 15], 
but a significant deficit in a shock-induced lick-suppres- 
sion [ 17] procedure. Furthermore, two-way avoidance is 
slightly depressed by neonatal 6-OHDA, but only at a 
short intertrial interval. (Blouin and Pappas, in prepara- 
tion). This pattern of behavioral data is reminiscent of 
that observed after electrolytic-lesioning of the hippo- 
campus [9]. These lesions and neonatal 6-OHDA sympa- 
thectomy seem not to affect a fear-emotionality process 
but rather to impair a response inhibition process. Finally, 
unlike the effect of intracerebral injections of 6-OHDA in 
the adult rat [10], neonatal injections of this drug were 
not found here to have any effect upon diurnal variations 
in locomotor  activity. 
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Our  b iochemica l  da ta  suggest ex tens ive  de s t ruc t i on  of  
noradrenerg ic  axons  in the  cor tex .  Paradoxica l ly ,  bra in-  
s t e m  n e u r o n s  show h y p e r f u n c t i o n .  F u r t h e r m o r e  this  
change may  no t  be specif ic  to  ca t echo lamine rg i c  neurons .  
Ra the r ,  ou r  p re l imina ry  da ta  indica te  cons iderab le  en- 
h a n c e m e n t  of  b r a i n s t e m  s e r o t o n i n  synthes is .  

One  s t r ik ing fea ture  of  our  da ta  is the  fact  t h a t  no 
cons i s t en t  effect  u p o n  h y p o t h a l a m i c  NE is observed.  
Resul ts  f rom o t h e r  l abora to r ies  have also been  inconsis-  
t en t  [ 1 2 , 1 8 ] .  Decreases in NE c o n t e n t  have been  r epo r t ed  
for  spinal  cord,  ce rebe l lum,  h i p p o c a m p u s  and  cor t ex  
while no  ef fec t  has  been  observed for  the  t h a l a m u s  and 
corpus  s t r i a tum [ 6 , 2 0 ] .  This  p a t t e r n  of  h y p e r f u n c t i o n  
and dep le t ion  suggests axona l  d e s t r u c t i o n  in b o t h  the  
descend ing  and  dorsal  NE p a t h w a y s  as descr ibed  by  
Unger s t ed t  [ 2 3 ] ,  bu t  poss ib ly ,  spar ing of  the  axons  of  the  
vent ra l  NE p a t h w a y .  E lec t ro ly t ic  les ions in the  adu l t  rat ,  
of the  locus coeruleus ,  wh ich  seems to be the  pr inc ipa l  
or igin of the  dorsal  NE fibres,  causes decreased  NE con-  

t en t  in the  cerebe l lum,  h i p p o c a m p u s  and cor tex  bu t  no t  
in the  h y p o t h a l a m u s  [ 2 1 ] .  These  effects  are s imilar  to 
those  observed a f te r  neona t a l  6-OHDA injec t ions .  On the  
o t h e r  h a n d  e lec t ro ly t ic  lesions in the  area of  p e d u n c u l u s  
cerebel lus  super ior ,  where  the  axons  of the  dorsal  and  
vent ra l  sys tems are ad jacent ,  p roduce  no t  only  regional  
decreases  in NE similar to  those  observed  a f te r  les ioning 
of  the  locus coeru leus  bu t  also s igni f icant ly  reduced  hypo-  
tha lamic  NE [ 2 1 [ .  If neona t a l  6 -OHDA produces  axona l  
degene ra t i on  on ly  in the  spinal  and  dorsal  NE pa thways ,  
t h e n  the  m e c h a n i s m  for  this  selective de s t ruc t i on  has  yet  
to be de t e rmined .  Perhaps  the  relat ively easier accessibil- 
i ty of  these axons  [22]  or the  s ta te  of  the i r  m a t u r i t y  at 
t ime  of  i n j ec t ion  may  a c c o u n t  for  the i r  selective des t ruc-  
t ion.  Al te rna t ive ly ,  it has been  r epo r t ed  tha t  adul t  rat  
b ra in  c a t e c h o l a m i n e  cell bodies  show m a r k e d  regional  
var ia t ion  in the i r  suscept ib i l i ty  to  the  degenera t ive  effects  
of  6 -OHDA [ 2 3 ] .  
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