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To investigate the role of central catecholaminergic pathways in the development of hypertension in the spontaneously hypertensive 
rat (SHR) the effects of intracerebroventricular (i.c.v.) injections of 6-hydroxydopamine (6-OHDA) were compared with those of lo- 
cal injections near the main ascending noradrenergic pathways, The parameters studied were systolic blood pressure, heart rate and 
regional catecholamine concentrations in micropunched brain areas. I.c.v. treatment with 6-OHDA (three 200 pg injections) of young 
SHR attenuated the development of hypertension and caused widespread depletion of noradrenaline and to a lesser extent of dopa- 
mine and adrenaline. 6-OHDA-induced lesions of the dorsal and ventral noradrenergic bundles did not affect the rise in blood pres- 
sure but induced a depletion of forebrain noradrenaline comparable to that after the i.c.v, treatment. Dopamine and adrenaline levels 
were, however, not substantially affected. These results suggest that forebrain noradrenergic innervation may not be of major impor- 
tance for the development of hypertension in the SHR. 

INTRODUCTION 

A considerable  number  of  studies suggest in- 

volvement  of brain catecholaminergic  systems in the 

initiation of the rise in b lood pressure in young spon- 

taneously hypertensive rats (SHR).  A l r eady  in 1972, 

Haeus ler  and co-workers  showed that  in t racerebro-  

ventricular (i .c.v.) adminis t ra t ion of 6-hydroxydopa-  

mine ( 6 - O H D A )  to 6-7 weeks  old S H R  prevents  the 

development  of hyper tens ion in these animals,  while 

the same t rea tment  in adult  S H R  did not result in 

permanent  changes in b lood pressuret0, H. The 

neurotoxin 6 - O H D A  is known to specifically deple te  

catecholamine stores from nerve terminals  and to 

lead to re t rograde  degenera t ion  of ca techolamine 

neuron systems~3,14. Thus,  S H R  t rea ted  with high 

doses of i.c.v, adminis tered  6 - O H D A  showed signifi- 

cant deplet ion of noradrenal ine  and dopamine  in 

brain and spinal cordS, 15. Intraspinal  injections of 

6 -OHDA,  resulting in deplet ion in the spinal cord only, 

did not, however ,  interfere with the rise in b lood 

pressure 15, suggesting a specific brain site for the ef- 

fects observed after i.c.v. 6 - O H D A  injections. 

There  is also more  indirect  evidence for the in- 

volvement  of brain catecholaminergic  systems in the 

deve lopment  of  hyper tens ion in the SHR.  Several  

authors have repor ted  age-dependent  changes in the 

levels and/or  turnover  of noradrenal ine ,  dopamine  

and also adrenal ine  in a variety of brain struc- 
tures6,9,12,17--19,23,24,28,29,34, 36~38. The results of these 

studies are often conflicting and do not  fit together  to 

form a clear concept  of the role of central  catechola-  

mines in the init iat ion or  the maintenance  of high 

blood pressure in the SHR. In a number  of these 

studies, however ,  changes in ca techolamine levels 

were found in the hypotha lamus  of young 'prehyper-  

tensive'  SHR as compared  to age-matched Wistar-  

Kyoto control  rats. Toge ther  with the finding that hy- 
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pothalamic catecholamines are implicated in the reg- 
ulation of basal blood pressure~-3, 6, these data point 

towards a possible role of forebrain catecholaminer- 
gic innervation in the development of high blood 

pressure in these animals. The present study was un- 
dertaken to further investigate this possibility, with 
emphasis on the question which of the catecholamine 

systems is of major importance. 
Forebrain noradrenergic innervation originates in 

medullary cell groups and is carried through the peri- 

ventricular bundle and the dorsal and ventral bun- 
dies20, 26,27,32. 6-OHDA-induced lesions of these as- 

cending neuronal bundles lead to depletion of nor- 
adrenaline in forebrain structuresl4. 32, while leaving 

dopaminergic innervation intact. Adrenaline neu- 
rons also ascend from medullary nuclei, but take a 
route distinct from the noradrenergic bundles 26 and 

will probably not be damaged by the treatment. 
Comparison of blood pressure effects and regional 
depletion values after these specific lesions and after 

i.c.v. 6-OHDA treatment according to the protocol 
of Haeusler and colleagues (see above), which pre- 
sumably affects all 3 catecholamines, were anti- 
cipated to give better understanding of the role of 
brain catecholamines in general and forebrain nor- 
adrenergic innervation in particular in the process of 
the rise in blood pressure in the SHR. 

MATERIALS AND METHODS 

Male SHR derived from a colony of SHR-NIH cpb 
were used. The animals were weaned at the age of 4 
weeks and kept under a constant light-dark regime 
and had food and water available ad libitum. 

For i.c.v, injections, the animals were operated 
shortly after weaning under Hypnorm anesthesia. As 
6-OHDA appears to have asymmetrical effects after 
unilateral ventricular administration 8, the rats were 
provided with bilaterally placed polyethylene cannu- 
las in the lateral cerebral ventricles. After a recovery 
period of 7 days, the animals received either 
6-OHDA, dissolved as 200/,tg base per 10 ~1 physiolog- 
ical saline with ascorbic acid (0.2 mg/ml), or only the 
same volume of vehicle. Solutions were freshly pre- 
pared before the injections and were kept on ice. 
Perfusion-time per injection was about 2 min. Injec- 
tions were tolerated well. The first 10/*1 injection was 
administered in the left ventricle. 48 h later the sec- 

ond 10/A was injected through the right ventricular 
cannula. Again 48 h later the third dose was given as 
two bilateral 5 /A injections. Thus, the 6-OHDA- 

treated rats received a total dose of 600/ag base. This 
protocol is an adaptation of the original injection- 
schedule of Haeusler and colleagues10. ~1. A lower 

dose was chosen (200/,g instead of 250/~g) to avoid 
severe toxicity. After the third injection the rats were 

allowed a recovery period of 3 days after which train- 
ing procedures were started for indirect blood pres- 
sure determination. 

Measurement of systolic blood pressure and heart 

rate were carried out on conscious animals with a tail- 
plethysmographic method as reported earlier 16. In 

general, the development of hypertension was fol- 
lowed at least 3 weeks, after which, in case of rela- 
tively constant levels of blood pressure, the rats were 
decapitated and their brain taken out for catechola- 
mine assay. The procedure consisted of rapidly freez- 
ing the brains on dry ice, cutting serial sections of 300 

/,m on a cryostat at - -10  °C, and punching out a se- 
lected group of individual brain regions with hollow 
needles 25. The pellets from individual rats were ho- 

mogenized in 70/A 0.1 N HCIO 4. Protein content was 
assayed in diluted samples of the homogenate 
according to the method of Lowry 22. Noradrenaline, 
dopamine and adrenaline were assayed in 20/,1 sam- 
ples of the homogenate with a sensitive radio-enzy- 
matic assay according to the method of Van der Gug- 
ten 33. Slight modifications were incorporated in this 
method in that blanks were prepared without adding 
magnesium and internal standards of the catechola- 
mines were assayed separately. Cross-over was cor- 
rected for. Cross-over values in the assays used for 
the present experiments were: dopamine into nor- 
adrenaline 3.8%, dopamine into adrenaline 4.1%, 
adrenaline into dopamine 3.8%, adrenaline into nor- 
adrenaline 1.8%, noradrenaline into dopamine 
3.4%, noradrenaline into adrenaline 1.2%. Cate- 
cholamine concentrations are expressed as pg per ~g 
protein or as percentage of control values. 

In the second experiment 5-week-old male SHR 
were injected bilaterally under ether anaesthesia di- 
rectly into the midbrain. Stereotactic coordinates 
with the toothbar at zero and the bregma as zero 
were: posterior 5.1 mm, lateral 0.6 mm and ventral 
6.3 mm for the first injection; posterior 4.6 mm, lat- 
eral 1.2 mm and ventral 7.8 mm for the second injec- 



tion. With each injection 10 #g of 6 -OHDA was ad- 

ministered in 1 #1 physiological saline with ascorbic 
acid (0.2 mg/ml) using a Hamilton microsyringe via a 
guide cannula. Thus, 6-OHDA-treated rats received 
a total dose of 40/~g base. Control animals received 
vehicle injections only. After recovery of the animals 

the same procedure was followed as in the first exper- 

iment, except that afte r decapitation the hindpart of 
the brain was fixed in formalin and processed for rou- 
tine histology to determine the location of the cannu- 
la-tips. Fig. 1 shows a composite drawing of the posi- 

tion of the injections in the combined 6-OHDA-in- 

jected and vehicle-injected group. Rats displaying 
differences with these positions were discarded from 
the biochemical assay. No tissue necrosis or local al- 
terations were found around the tip of the cannula. 

Data are expressed as mean + standard error of 
the mean (S.E.M.). For statistical comparison Stu- 

dent's t-test was used. When P < 0.05 (two-tailed) 
differences between the groups were considered sta- 
tistically significant. 

1,8 MM 

~ i , 4  ~m 0 , 5  MM 

Fig. 1. Schematic drawing of the location of the cannula-tips 
(asterisks) as used for micro-injection of 6-OHDA or vehicle. 
Drawing adapted from the atlas of Palkovits and Jacobowitz 27. 
The anterior/posterior zero refers to the interaural line. Re- 
gions of origin of catecholamine fiber systems (A7, A8, A9 and 
A10 region) are indicated by black dots. 
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RESULTS 

In i.c.v. 6-OHDA-treated rats, especially the first 
injection induced a transient period of hypomotility 
and after a few hours a hyperreactivity to tactile and 
environmental stimuli. During the one-week training 

procedures for blood pressure determination this hy- 

perreactivity slowly disappeared. For the remaining 
experimental period i.c.v. 6-OHDA-treated rats ap- 
peared to have decreased locomotor activity as com- 

pared to their vehicle-injected controls. Midbrain mi- 

cro-injected animals, either with vehicle or with 6- 
OHDA,  did not show any changes in gross behaviour 
after recovery from anaesthesia. 

Body weight changes also followed different pat- 
terns in the two experiments. I.c.v. 6-OHDA-in- 
jected rats, again mainly after the first injection, 

showed a slight attenuation of body weight increase 
and in some animals even a transient decrease. Al- 

ready before the third injection body weight in- 
creased again in most of the animals andthe  curve of 
the 6-OHDA-treated rats thereafter paralleled that 
of controls. At the end of the experiment no differ- 
ences were observed in body weight between the ex- 
perimental groups. In the second experiment, no 
changes in body weight gain were seen after local 
midbrain injections (data not shown). 

The development of hypertension in the i.c.v. 6- 
OHDA-treated SHR was markedly attenuated, as 
shown by significantly lower systolic blood pressure 
values during the whole measurement-period 
(Fig. 2a). Vehicle-injected rats had systolic blood 
pressures up to 210 mm Hg, while these values in the 
6-OHDA-injected SHR generally did not exceed 
170 mm Hg. SHR injected locally with 6-OHDA 
near the noradrenergic bundles developed hyperten- 
sion similarly to vehicle-injected rats. Systolic blood 
pressure values between these groups were not sig- 
nificantly different during the entire period of meas- 
urement (Fig. 2b). 

Rats injected i.c.v, with 6-OHDA displayed signif- 
icantly lower heart rates than vehicle-injected con- 
trols. The average heart rate in vehicle-injected rats 
was 450 beats per minute, while that of 6-OHDA-in- 
jected rats was only about 350 beats per minute 
(Fig. 3a). In the locally injected groups no consistent 
difference was found between the vehicle-injected 
rats and the 6-OHDA-treated group (Fig. 3b). In 
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Fig. 2. Systolic blood pressure of SHE after i.c.v, injections of 6-OHDA or vehicle (a) or after local midbrain micro-injection of 6- 
O H D A  or vehicle (b). In both cases filled circles indicate values for vehicle-injected animals and open circles indicate values for 6- 
OHDA-injected rats. The number of days on the abcissa refers to the time after the first injection (day zero). For both i.c.v, treated 
groups n = 7; for the locally vehicle-injected group n = 9 and for the locally 6-OHDA-injected group n = 12. After i.c.v. 6 -OHDA in- 
jections on every day of measurement a significant difference (P < 0.05) was found between the groups (a). After local micro-injec- 
tions on none of the days of measurement a significant difference was found between the groups (b). 

HEART RATE (B/rain) 

500 

~00- 

350- ~ 

300- 

2? 2'8 ~s 22 
DAYS 

a b 
2'1 2'0 15 ~'2 

DAYS 

Fig. 3. Heart rate of SHR after i,c.v, injections of 6-OHDA or vehicle (a) or after local midbrain micro-injections of 6 -OHDA or vehi- 
cle (b). In both cases filled circles indicate values for vehicle-injected animals and open circles indicate values for 6-OHDA-injected 
rats. The number of days on the abcissa refers to the time after the first injection (day zero). For both i.c.v, treated groups n = 7; for 
the locally vehicle-injected group n = 9 and for the locally 6-OHDA-injected group n = 12. After i.c.v. 6 -OHDA treatment on every 
day of measurement a significant difference (P < 0.05) was found between the groups (a). After local 6 -OHDA micro-injections on 
days 29, 31 and 42 only a significant difference (P < 0.05) was found between the groups (b). 



this e x p e r i m e n t  cont ro ls  d i sp layed  a hear t  ra te  of  470 

beats  pe r  minu te ,  whi le  6 - O H D A - i n j e c t e d  S H R  had 

a hear t  ra te  of  a round  440 bea ts  pe r  minu te .  

B iochemica l  results  indica te  d i f ferent ia l  effects  of  

bo th  t r e a tmen t s  on c a t e c h o l a m i n e  c o n c e n t r a t i o n  in 

the  se lec ted  m i c r o p u n c h e d  bra in  areas.  T h e  cate-  

c h o l a m i n e  c o n c e n t r a t i o n  of  va r ious  bra in  reg ions  of  

adult  S H R  which had  b e e n  in jec ted  i .c.v,  wi th  6- 

O H D A  or  vehic le  at the  age of  5 weeks  are  shown in 

Tab le  I. N o r a d r e n a l i n e  was s ignif icant ly  d e p l e t e d  in 

all a reas  inves t iga ted  excep t  the  ros t ra l  part  of  the  

nucleus  t ractus  soli tari i  (NTS)  and the  locus coeru-  

leus. A t endency  towards  a d i f fe rence ,  h o w e v e r ,  

exis ted in the  locus coe ru leus ,  a l though  the  dec rease  

did not  reach  stat ist ical  s ignif icance,  due  to large var-  

ia t ion in the cont ro l  g roup .  N o r a d r e n a l i n e  levels  

were  be low the  l imit  of  de t ec t ion  in the  nucleus  ac- 

cumbens  and the  nuc leus  caudatus .  D o p a m i n e  and 

adrena l ine  were  a f fec ted  less and in f ewer  bra in  

areas than  no rad rena l i ne .  D o p a m i n e  was significant-  

ly dep l e t ed  in f ronta l  cor tex ,  nuc leus  accumbens ,  nu- 

cleus cauda tus ,  la tera l  septa l  nucleus ,  nucleus  in ter-  

stitialis s t r iae te rmina l i s  (NIST) ,  cen t ra l  amygda lo id  

nucleus ,  nucleus  h y p o t h a l a m u s  an te r io r  and nucleus  
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dorsomedia l i s .  A d r e n a l i n e  was only  de tec tab le  in hy- 

po tha lamic  and medu l l a ry  regions ,  as well  as in the  

zona  incer ta  and the  cen t ra l  amygda lo id  nucleus .  A 

significant dep le t ion  was found only in the paraventr ic-  

ular,  pe r iven t r i cu la r ,  a rcua te  and d o r s o m e d i a l  nu-  

clei. 

Fo r  be t t e r  c o m p a r i s o n  b e t w e e n  the  effects  of  i .c.v.  

in jec t ions  of  6 - O H D A  and midbra in  micro- in jec-  

t ions,  da ta  in Fig. 4 are  expressed  as pe r cen t age  of  

thei r  r espec t ive  cont ro l -va lues .  T h e  abso lu te  concen-  

t ra t ion  found  in bo th  e x p e r i m e n t s  did no t  differ  f rom 

those  r epo r t ed  previously34,35 (see also Tab l e  I). 6- 

O H D A - i n d u c e d  lesions o f  the  ascending  n o r a d r e n e r -  

gic bundles  induced  a s t rong  dep le t i on  of  n o r a d r e n a -  

l ine in the  fo rebra in  nucle i  s tudied.  Fig. 4 shows that  

no rad rena l i ne  va lues  in the  reg ions  inves t iga ted  in 

bo th  expe r imen t s  are  dec reased  to a c o m p a r a b l e  ex- 

tent .  Loca l  midbra in  in jec t ion  of  6 - O H D A  did not  

dep le te  d o p a m i n e  excep t  for  a small  but  s ignif icant  

r educ t ion  in the  zona  incer ta .  D o p a m i n e  concen t ra -  

t ion in the  f ronta l  cor tex  and the  nucleus  per iven t r i c -  

ularis,  h o w e v e r ,  were  m a r k e d l y  inc reased  af te r  mid-  

bra in  in jec t ions  of  6 - O H D A  as c o m p a r e d  to vehic le-  

in jec ted  cont ro l -va lues .  In cont ras t  to i .c.v,  adminis -  

TABLE I 

Catecholamine concentration o f  individual micropunched brain areas o f  SHR after i. c. v. injections of  6-OHDA or vehicle 

Catecholamines are expressed as pg/~g protein + S.E.M. For both groups n = 7. 

Noradrenaline Dopamine Adrenaline 

Vehicle 6-OHDA Vehicle 6-OHDA Vehicle 6-OHDA 

Brain region 
Nucleus accumbens 69.7 + 3.6 47.0 + 4.2** 
Frontal cortex 4.3 + 0.3 0.2 + 0.06** 2.6 + 0.3 1.5 + 0.2* 
Nucleus caudatus 73.6 + 3.9 46.8 + 5.2* 
Lateral septal nucleus 15.8 + 1.1 1.8 + 0.4** 14.3 + 1.3 2.1 + 0.3** 
Nucl. interst, striae termin. 43.6 + 6.6 15.4 + 3.9* 15.8 + 2.5 6.6 + 1.4" 
Paraventricular nucleus 46.2 + 7.9 20.1 + 3.7* 5.5 + 0.9 5.0 + 1.0 1.8 + 0.2 0.8 + 0.1" 
Periventricular nucleus 50.8 + 1.0 7.7 + 0.7** 8.3 + 0.3 7.4 + 0.8 1.4 _+ 0.1 0.5 + 0.2** 
Anterior hypothalamic nucleus 24.6 + 3.0 8.7 + 1.0"* 3.0 + 0.2 2.3 + 0.1" 0.6 + 0.1 0.7 + 0.1 
Central amygdaloid nucleus 12.3 + 1.7 3.7 + 0.8** 14.3 + 2.1 3.7 + 0.6** 0.6 + 0.2 0.6 + 0.1 
Arcuate nucleus 26.4 + 1.8 6.3 + 1.2"* 5.3 + 0.7 6.1 + 1.0 1.2 +_ 0.07 0.5 + 0.1"* 
Median eminence 16.0 + 3.1 4.9 + 1.5' 36.1 + 2.3 28.1 + 7.2 
Dorsomedial nucleus 56.0 + 6.0 13.1 + 0.8** 5.8 + 0.7 3.7 + 0.2* 4.9 _+ 0.06 1.5 + 0.2** 
Gyrus dentatus 18.4 + 1.9 1.8 + 0.4** 2.5 + 0.6 3.6 + 1.1 
Zona incerta 23.6+2.0 7.9+2.1"* 4 .7+0.6  3 .4+0.4  2 .5+0.5  1.7+0.2 
A1 region 24.6 + 3.4 9.3 + 0.4* 3.6 + 0.5 3.5 + 0.2 2.3 _+ 0.3 2.2 + 0.07 
A2 region 90.4 + 5.4 42.3 + 2.3** 11.7 + 1.4 8.4 + 1.2 4.9 + 0.9 4.4 + 0.4 
Rostral NTS 30.7 + 4.5 22.8 + 2.6 4.4 + 0.6 5.6 + 0.3 3.5 + 0.4 3.8 + 0.4 
Locus coeruleus (A6 region) 43.5 + 13.7 18.1 + 2.6 9.7 + 2.0 5.7 + 0.7 4.2 + 1.2 3.1 + 0.4 

* P < O . 0 5 ;  ** P < O . O 0 1 .  
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Fig. 4. Brain catecholamine concentrations of SHR after i.c.v. 6-OHDA-treatment (open bars) or after local midbrain micro-injec- 
tions of 6-OHDA (stippled bars) as percentage of their respective control values found in vehicle-injected rats. *indicates statistically 
significant (P < 0.05) difference between 6-OHDA-treated and vehicle-treated groups of either treatment. 

tration local injections of 6-OHDA near the nor- 

adrenergic bundles did not induce significant effects 

on adrenaline concentration in the regions studied, 

although tendencies towards a difference were some- 

times observed. 

DISCUSSION 

In this study the effects of i.c.v, injections of high 

doses of 6-OHDA on the development of hyperten- 
sion in the SHR were compared with those of mid- 

brain micro-injection of the neurotoxin near the dor- 
sal and ventral noradrenergic bundles. The rise in 
blood pressure was markedly attenuated in i.c.v. 6- 
OHDA-treated rats as compared to vehicle-injected 

controls, while local micro-injections of 6-OHDA in 
the midbrain did not induce changes in the devel- 
opment of hypertension. Both treatments had com- 
parable effects on forebrain noradrenergic levels but 
not on dopamine and adrenaline concentrations. 

The effect of i.c.v, injections of 6-OHDA on the 
development of hypertension in the SHR as found in 

the present study corroborates the results of the orig- 

inal study of Haeusler and colleagues 10 as well as 
those of later studies 5,15.2l. Heart rate was also signif- 

icantly lower in i.c.v. 6-OHDA-treated SHR in our 
experiments, which has been reported earlier tooS, 15. 

For a detailed examination on the regional effects 

of 6-OHDA-treatment on the levels of noradrena- 
line, dopamine and adrenaline in SHR, in this study 
selected individual catecholaminergic terminal 
areas20,32 were punched from brain slices of both 

i.c.v. 6-OHDA-injected and vehicle-injected SHR. 

The most pronounced effect of i.c.v. 6-OHDA- 
treatment was found on the noradrenergic systems. 
Marked depletions occurred in the frontal cortex and 

gyrus dentatus, areas which are known to receive in- 
put from the locus coeruleus via the dorsal noradren- 
ergic bundle. However, depletion of noradrenaline 
in regions of origin of the ventral bundle, the A1 and 
A2, as well in the hypothalamic areas which receive 
mixed noradrenergic innervation indicates that also 
the ventral bundle system is affected. 

In the paraventricular nucleus, periventricular nu- 



cleus and anterior hypothalamic nucleus of young 
SHR a decreased noradrenergic turnover as com- 
pared to Wistar-Kyoto controls has been found 37. In 
the present experiment i.c.v. 6-OHDA administra- 
tion induced a strong depletion of noradrenaline in 
these nuclei. Lesions of the central amygdala were 
recently shown to attenuate the rise in blood pressure 
in SHR 7. Noradrenaline concentrations in the central 
amygdaloid nucleus as well as in the nucleus of the 
main ascending route to the amygdala, the NIST, 
were reduced after 6-OHDA-treatment. Noradren- 
ergic depletion in the arcuate nucleus and the median 
eminence may have implications for the regulation of 
the endocrine system in the treated SHR. 

Depletion values of dopamine after i.c.v. 6- 
OHDA show that areas innervated both by the A9 
and A10 are affected. However, there is not a gener- 
al depletion of dopamine. The largest effect was seen 
in the lateral septal nucleus, which might be ex- 
plained by the relatively short distance of this area to 
the lateral ventricle cannulas where concentrations of 
6-OHDA could reach high values. The depletion of 
dopamine in the central amygdaloid nucleus and the 
NIST is again of interest in view of the lesion studies 
suggesting a role of the amygdala in the development 
of spontaneous hypertension 7. Significant depletion 
of dopamine in the dorsomedial nucleus of the hypo- 
thalamus might implicate that the incerto-hypotha- 
lamic dopamine system is also affected by the i.c.v. 6- 
OHDA-treatment in the present experiments. 

Adrenaline depletion was found in some, but not 
all hypothalamic nuclei and in none of the regions of 
origin in the medulla. Forebrain adrenaline innerva- 
tion has been implicated in the regulation of blood 
pressure 30 and adrenaline levels were found to be 
changed in hypothalamic nuclei of SHR of various 
ages 35'36. Depletion of adrenaline might, therefore, 
also contribute to the 6-OHDA-induced attenuation 
of the development of hypertension. 

Since i.c.v, treatment was found to affect nor- 
adrenaline innervation most markedly, and the as- 
cending noradrenergic bundles are clearly de- 
fined 27.32, 6-OHDA-induced lesions of the dorsal and 
ventral bundles were made in SHR of the same age as 
in the first experiment. A representative selection of 
forebrain nuclei from the first experiment was used 
because the bundles lesioned project almost entirely 
to the forebrain and after lesioning depletion pat- 
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terns were expected to be general. Comparison of 
the effects of both treatments reveals an almost iden- 

tical depletion of noradrenaline, whereas the pattern 
for dopamine and adrenaline is different. Since the 
site of the injections is located caudally to the A9 and 
A10 dopamine cell groups (Fig. 1), it is not surprising 
that no general depletion of dopamine occurred. Ef- 
fects on the dopaminergic system after local micro- 
injections in the noradrenergic bundles were found 
only in the frontal cortex, periventricular nucleus of 
the hypothalamus and in the zona incerta. An in- 
crease in dopamine concentration after noradrena- 
line depletion, as found in frontal cortex and periven- 
tricular nucleus, has been reported previously for the 
frontal cortexa.3k The extent of the increase was, 
however, only up to 40% in these studies, while the 
present experiments reveal a much larger effect. This 
quantitative difference may be explained by strain 
differences. SHR have been found to have increased 
dopaminergic receptor binding 17, a decreased dopa- 
mine neuronal uptake 23 and higher dopamine con- 
centration35 in the frontal cortex as compared to 
Wistar-Kyoto controls. Also for the observed in- 
creased dopaminergic concentration in the periven- 
tricular nucleus, as well as for the decrease in dopa- 
mine content in the zona incerta, an interaction be- 
tween noradrenergic and dopaminergic systems may 
be postulated. Damage to the dopamine-system itself 
after i.c.v. 6-OHDA could block the effect of nor- 
adrenaline depletion. The decrease in zona incerta 
dopamine concentration is unlikely to be caused by 
direct effects of the 6-OHDA micro-injections on the 
most nearby dopamine celigroup, the A8, since in pi- 
lot-studies it was found that this effect was also pres- 
ent in animals with lesions in the dorsal bundle only 
(data not shown). 

No significant effects were found on adrenaline 
concentrations after 6-OHDA micro-injection, al- 
though in some nuclei tendencies were observed. 

Thus, micro-injections of 6-OHDA as described 
here seem to induce a specific depletion of forebrain 
noradrenergic innervation. Hindbrain catechola- 
mine concentrations were not investigated in this 
study. 6-OHDA lesions of the ascending noradrener- 
gic bundles, however, failed to affect the devel- 
opment of hypertension in the SHR. This could sug- 
gest that forebrain noradrenergic innervation does 
not play a major role in the development of hyperten- 
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sion in the SHR. The present results do not, howev- 

er, give information concerning the time-course of 

the destruction of the catecholamine systems. Since 

i.c.v, injections of 6 -OHDA will affect terminals 

firstl3,14 and the lesions in the second experiment 

were directed towards axonal bundles,  one should 

consider the possibility that the depletion values we 

observed at the termination of our experiments de- 

veloped through different mechanisms. Measure- 

ment of catecholamine turnover  or metabolites could 

give information to solve these problems. 

Erinoff and co-workers have also found a normal 

development of high blood pressure in SHR with 

midbrain noradrenergic bundle lesions 5. These au- 

thors used mechanical lesions rather than chemical 

ones and the site of the lesion was restricted to the 

dorsal bundle mainly. Our present results extend 

these findings since a more specific depletion was 

achieved through the use of 6 -OHDA.  In addition, 

catecholamines were assayed in micropunched brain 

regions and the ventral bundle was lesioned in all ani- 

mals. 

In conclusion, the present results show that i.c.v. 

injections of 6 - O H D A  induce an at tenuation of the 

development of hypertension in SHR and a marked 

depletion of brain noradrenaline.  Destruction of 

forebrain noradrenergic innervation itself, however, 

has no effects on the rise in blood pressure in treated 

SHR. Further investigation is needed to study the 

role of medullary noradrenergic innervation,  as well 

as brain dopamine and adrenaline systems, in the de- 

velopment of hypertension in the SHR. 
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