
Short Communications Experientia 44 (1988), Birkh/iuser Verlag, CH-4010 Basel/Switzerland 495 

16 Broadhurst, P. L., Summation of drives: a study of the combined 
effects of air and food deprivation, in: Experiments in Motivation. 
Ed. H. J. Eysenck. Pergamon Press, London 1964. 

17 Broadhurst, P. L., The Maudsley Reactive and Non-Reactive strains 
of rats. Behav. Genet. 5 (1975)299-319. 

18 Broadhurst, P. L., and Levine, S., Behavioral consistency in strains of 
rats selectively bred for emotional elimination. Br. J. Psychol. 54 
(1963) 121-125. 

19 Brodal, A., Neurological anatomy in relation to clinical medicine, 2nd 
edn. Oxford University Press, New York, 1964. 

20 Descarries, L., and Lapierre, Y., Noradrenergic axon terminals in the 
cerebral cortex of rat. I. Radioautographic visualization after topical 
application of DL-(3H)-norepinephrine. Brain Res. 51 (1973) 141 
160. 

21 Descarries, L ,  Watkins, K. C., and Lapierre, Y., Noradrenergic axon 
terminals in the cerebral cortex of rat. Ili Topometric ultrastrucmral 
analysis. Brain Res. !33 (1977) 197-222. 

22 Eysenck, H.J., and Broadhurst, P. L., Experiments with animals: 
Introduction, in: Experiments in Motivation, p. 285. Ed. H.J. 
Eysenck. Pergamon, Oxford 1964. 

23 Freedman, R., Hoffer, B. J., Woodard, D. L, and Puro, D., Interac- 
tion of norepinephrine with cerebellar activity evoked by mossy and 
climbing fibers. Exp. Neurol. 55 (1977) 269-288. 

24 Hall, C. S., The genetics of behavior, in: Handbook of Experimental 
Psychology. Ed. S. S. Stevens. Wiley, NewYork 1951. 

25 Harrington, G. M., The Har strains of rats: origins and characteris- 
tics. Behav. Genet. 11 (1981) 445-468. 

26 Harrington, G. M., and Blizard, D.A., Open-field behavior in the 
Maudsley Reactive and Non-Reactive strains: procedural variations. 
Behav. Genet. I3 (1983) 91-94. 

27 Hirsch, J., Behavior-Genetic Analysis. McGraw-Hill, New York 1967. 
28 Hobson, J. A., and Brazier, M. A. B., The reticular formation revisit- 

ed. Raven Press, New York 1979. 
29 Kobayashi, R.M., Palkovits, M., Kopin, I.J., and Jacobowitz 

D. M., Biochemical mapping of noradrenergic nerves arising from the 
rat locus ceruleus. Brain Res. 77 (1974) 269 279. 

30 Liang, B., and Blizard, D. A., Central and peripheral norepinephrine 
concentrations in rat strains selectively bred for differences in re- 
sponse to stress: confirmation and extension. Pharmac. Biochem. 
Behav. 8 (1978) 75 80. 

31 Liang, B., Dunlap, C. E., Freedman, L. S., and Blizard, D. A., Varia- 
tion in number and affinity of cardiac beta-receptors in the Maudsley 
Reactive and Non-Reactive strains. Life Sci. 31 (1982) 533-539. 

32 Owen, S., The effect on avoidance response extinction in rats of CS 
continuation and emotional constitution. J. genet. Psychol. 103 (1962) 
147-151. 

33 Reis, D. J., Joh, T. H., and Ross, R. A., Effects of reserpine on activ- 
ities and amounts of tyrosine hydroxylase and dopamine-hydroxylase 
in catecholamine neuronal systems in rat brain. J. Pharmac. exp. 
Ther. 193 (1975) 775-783. 

34 Savage, R. D., and Eysenek, H. J., The definition and measurement 
ofemotionality, in: Experiments in Motivation, p. 292-314. Ed. H. J. 
Eysenck. Pergamon Press, Oxford 1964. 

35 Segal, M., and Bloom, F. E., The action of norepinephrine in the rat 
hippocampus. IV. The effects of locus ceruleus stimulation on evoked 
hippocampal unit activity. Brain Res. 107 (1978) 513-525. 

36 Singh, S. D., Conditioned emotional response in the rat. I. Constitu- 
tional determinants. J. comp. physiol. Psychol. 52 (1959) 574-578. 

37 Slater, J, Blizard, D.A., and Pohorecky, L. A., Central and peripheral 
norepinephrine metabolism in rat strains selectively bred for differ- 
ences in response to stress. Pharmac. Biochem. Behav. 6 (1977) 511- 
520. 

38 Snyder, D. W., and Reis, D. J., Sudden death following bilateral le- 
sions of nucleus locus coeruleus. Neurosci. Abstr. 1 (1975) 425_ 

39 Stone, E.A., Freedman, L S., and Morgano, L.E., Brain and 
adrenal tyrosine hydroxylase activity after chronic footshock stress. 
Pharmac. Biochem. Behav. 9 (1978) 551-553. 

40 Sudak, H. S., and Maas, J. W., Behavioral-neurochemieal correlation 
in Reactive and Non-reactive rats. Science 46 (1964) 418-420. 

41 Thompson, W, R., The inheritance of behavior: behavioral differ- 
ences in fifteen mouse strains. Can. J. Psychol. 7 (1953) 145-155. 

42 Weiss, J. M., Glazer, H. 1., and Pohorecky, L. A., Coping behavior 
and nenrochemicaI changes: an alternative explanation for the origi- 
nal "learned helplessness" experiments, in: Animal Models in Human 
Psychobiology. Eds G. Serban and A. Kling. Plenum Press, New York 
1976. 

43 Zigmond, R. E, Schon, F., and Iversen, L. L., Increased tyrosine 
hydroxylase activity in the locus coeruleus of the rat brain after reser- 
pine treatment and cold stress. Brain Res. 70 (1974) 547 552. 

0014-4754/88/060491-0551.50 + 0.20/0 
�9 Birkh/iuser Verlag Basel, 1988 

Short Communications 

Long-term depressor effects of noradrenaline and dopamine neurons transplanted into the third ventricle 
of the brain of salt-loaded hypertensive rats 

R. H a s h i m o t o  and  F. K i m u r a  

Department o f  Physiology, Yokohama City University School o f  Medicine, 3-9 Fukuura, Kanazawa-ku, Yokohama 236 
(Japan) 
Received 13 January 1988; accepted 26 February I988 

Summary. Neura l  tissues including A 6 group noradrena l ine  neurons  in the locus ceruleus or A 10 group dopamine  neurons  
in the subs tan t i a  n igra  were t r ansp lan ted  into the th i rd  ventricle at  the preopt ic -an te r ior  hypo tha lamic  level of  rats  made  
hyper tensive by salt loading.  Ei ther  t r ansp lan t  exerted a long-last ing depressor  effect. 
Key words. Neura l  t ransp lan ts ;  ca techolamine  neurons ;  th i rd  ventricle;  salt hyper tens ion;  depressor  effects. 

In  the course of  a previous  s tudy in which we assessed the 
effects on  g o n a d o t r o p i n  secretion of  the  t r ansp l an t a t i on  of  
ca techolamine  (CA) neuron- r i ch  b ra in  tissue into the th i rd  
ventricle (IIIV) at  the level of  the  preopt ic  area (POA) 1, it 
was occasional ly found  t ha t  rats  wi th  such t ransp lan t s  had  a 
b lood  pressure considerably  lower t han  t ha t  in cont ro l  rats  
w i thou t  t r ansp lan t s  (unpubl i shed  observat ion) .  There  is am- 
ple evidence t ha t  b ra in  ca techolamine  plays a role in decreas- 

ing arterial  b lood  pressure 2-10. I t  seems tha t  the POA-an te -  
r ior  hypo tha l amic  area ( A H A )  cont r ibu tes  to the  depressor  
system TM, the func t ion  of  which is s t imulated by CA 
t ransmiss ion  and  is p robab ly  media ted  by the  nucleus t ractus  
soli tarius (NTS) 13. Electrical s t imula t ion  of  the A H A  low- 
ered b lood  pressure 14,1 s. In  addi t ion,  the admin i s t r a t ion  of  
CA, ei ther  noradrena l ine  (NA)  or  dopamine  (DA),  in the  
P O A - A H A  and  NTS  induced a decrease in b lood  pressure  in 
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rats t 6 - t 7 and the activity of NA and DA in these areas is low 
in genetic 13, 18-20 and renovascular 21 hypertension. It was 
therefore assumed that our rats transplanted with CA neu- 
ron-rich tissues in the IIIV showed a hypotension due to such 
an action of CA. The present study was undertaken to check 
this hypothesis by transplanting CA neurons into the IIIV of 
rats made hypertensive by salt loading. 
Methods. Salt hypertension was induced in 8-week-old male 
rats of the Wistar strain with 2 % NaC1 given in place of their 
drinking water. The hypertension was fully developed in 
about 30 days, at which time blood pressure in all rats was 
significantly higher than before the salt loading was begun 
(fig.). Transplantation of CA neuron-rich tissues was per- 
formed in these hypertensive rats as described elsewhere ~. 
Briefly, the tissue including A6 group NA neurons in the 
locus ceruleus or A 10 group DA neurons in the substantia 
nigra was punched out of the coronal slice dissected from the 
medulla or midbrain of newborn rats with a metal cannula 
and was stereotaxically positioned in the IIIV at the POA- 
AHA region. Tissues from the cerebellum were transplanted 
as control transplants. Blood pressure and heart rate were 
measured in conscious rats by the indirect tail-cuff method 
using the rat-tail manometer system (KN-210, Natsume 
Seisakusho Co.). 
At  the termination of the experiment the rats were decapitat- 
ed and the brains were rapidly taken out to be subjected to 
histological examination, as described elsewhere 1. Only the 
data from the rats which were evaluated as having had sur- 
viving transplants in contact with the POA-AHA region 
were included in the results. It was confirmed in the previous 
study utilizing CA fluorescence method that such surviving 
transplants surely contained CA neurons 1. 
Results. Blood pressure before and after the CA neuron 
transplantation is graphically shown in the figure as the 
mean +_ SE for each NA, DA or control transplant. The rats 
with the transplants, either of NA- or DA-rich tissue, showed 
a marked decrease in blood pressure. Mean blood pressure 
30 days after the transplantation surgery, i.e., at 80 days of 
salt loading, was significantly lower than at 50 days of salt 
loading. The values were even lower than those before the 
salt loading was begun, and were significantly lower 
(p < 0.001) than the value in control rats, which remained 
high. The hypotension continued to be stable for more than 
60 days, during which time observation continued. The heart 
rate, which was increased significantly concurrently with an 
elevation of blood pressure following salt loading, dropped 
significantly with the transplantation surgery in all rats 
(table). It recovered to the level observed before the salt 
loading was begun, at 50 days after the surgery, in rats with 
control transplants, whereas the level remained significantly 
low in rats transplanted with CA neurons. At 60 days, the 
heart rate in rats with the transplantation, either of NA- or 
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Effects of t ransplantat ion into the third ventricle of brain tissues includ- 
ing catecholamine neurons on the blood pressure in the rat  under salt 
loading. Tissues from the locus ceruleus or substantia nigra, as nor- 
adrenaline neuron-rich tissue (NA-rich tissue) and dopamine neuron-rich 
tissue (DA-rich tissue), respectively, were transplanted into rats which 
had become hypertensive due to salt loading. Cerebellar tissues were 
implanted as controls. Values are shown as the mean -+ SE for each NA, 
DA or control transplant. * p < 0.05 vs controls. 

DA-rich tissue, was significantly lower than in rats with cere- 
bellum transplantation. 
Discussion. In the present study, transplantation of CA neu- 
rons into the IIIV in contact with the POA-AHA region was 
markedly effective in decreasing blood pressure in rats made 
hypertensiveby salt loading. Further, the effect seemed to be 
stable, not permitting rebound rises, and long-lasting. Al- 
though it was not examined in the present study whether CA 
fibers of the transplant definitely formed synapses with the 
recipient neurons and further, if so, whether synapses so 
formed worked similarly to the intrinsic ones, the possibility 
has been presented that CA neurons re-established synapses 
resembling normal ones, when they were transplanted into 
the striatum that had undergone denervation of intrinsic CA 

Effects of t ransplantat ion into the third ventricle of the brain tissues including catecholamine neurons on the heart  rate in the rat under salt loading 

Days of 0 20 
salt loading 

Transplants Heart  rate (bpm) 

30 40 50 80 90 100 110 

Cerebellum 405 -+ 1 440 -+ 11 440 4- I0 445 4- 18 a 
(n = 4) 

NA-rich 403 4-_ 18 425 _+ 16 419 -+ 17 445 +_ 17 
Tissue 
(n = 4) 

DA-rich 393 -+ 9 425 -+ 16 428 _+ 15 440 4- 17 
Tissue 
(n = 4) 

433_+17 369+_13 b 350_+11 ~,b 386___8 b 387_+13 b 

438-+17 391-1-14 3424-11 ",b 362 • 16 b 342__5 a ,b ,*  

432 • 21 364 _ 13 b 

(Brain transplantation) 

3314-17 ",b 352_-4-_11 u,* 3264-14 ~,b,* 

Values are shown in Mean -+ SE. Numbers in parentheses show the number of rats in each group, a p < 0.01 or 0.05 vs values at 0 days. b p < 0.01 
or 0.05 vs values at  50 days. * p < 0.05 vs values for rats with transplantat ion of cerebellum at corresponding days. 
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neurons 22, and in the lateral ventricle 23 and the lateral cor- 
tex that were destroyed 24. Further,  CA was actually released 
in almost normal  quantities f rom the DA-denervated stria- 
turn which had been re-innervated by transplants of  neonatal  
substantia nigra 2s. It is assumed therefore that the present 
effects have been produced by C A  released f rom the trans- 
planted neurons, a l though objective data on the brain con- 
tent of  CA would be necessary to draw a definite conclusion. 
The study measuring the CA content  in the P O A - A H A  re- 
gion or in the CSF of  transplanted animals is now in pro- 
gress. 
The present results are in agreement with the previous obser- 
vation that  the administrat ion of  N A  into the P O A - A H A  
region decreases blood pressure 16, and suggest that the ad- 
ministrat ion of  D A  in this region will also cause hypoten- 
sion. It  is therefore probable that  the activity of  the depressor 
system in the P O A - A H A  region is supported by both N A  
and D A  transmissions. The results further demonstrate  that 
the neural t ransplantat ion method  is able to produce long- 
lasting hypotensive effects in rats loaded with salt. 
In genetically and renovascularly hypertensive rats the activ- 
ity of  both N A  and D A  in the P O A - A H A  region was lower 
than that  in normotensive rats,: as mentioned earli- 
er 13,1 s - 21. With  the hypotensive effects of  CA administered 
in these areas, it has been: assumed that  the impairment  of  
CA metabol ism in these areas is one,of  the factors responsi- 
ble for the development  and/or  m a i n t e n a n c e  of  hyperten- 
sion, It was also suggested that the salt hypertension was 
accompanied by a reduction in the activity of  A H A  26. The 
present findings proVide evidence indicating the importance 
of  CA transmission in the activity of  the P O A - A H A  region 
in salt hypertension. 
Al though we have focussed on the P O A - A H A  region as the 
site of  action of  CA released f rom the transplanted neurons, 
it is also possible that  the NTS is affected by CA via the CSF. 
By acting at both sites, the CA released from the transplants 
can decrease blood pressure more effectively. This possibility 
will be clarified by measuring CA content  in the CSF. 
It  has been postulated that, while the P O A - A H A  participates 
in the depressor system, inhibiting sympathetic nerve activ- 
ity, it also works as a vagal center and produces bradycar- 
dia zT, 28. It was pointed out that electrical stimulation of  the 
A H A  could elicit a response pattern of  combined sympathet- 
ic inhibition and vagal activation in the cardiovascular sys- 
tem 29. In agreement, the administrat ion of  CA in the POA- 
A H A  or N T S  induced a decrease in the heart rate con- 
comitantly with a decrease in blood pressure 16,17. The pres- 
ent finding, i.e. the bradycardia existing comcomitant ly  with 
hypotension in rats with transplantat ion of  CA neuron-rich 
tissues, appears to support  the concept. The decrease in the 
heart rate observed shortly after the transplantation surgery 
in all rats would be a nonspecific response to the surgical 
stress, al though the precise mechanism is unclear. 
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