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The roie of the renin-angiotensin system in the patho- 
genesis of cardiovascular hypertensive disease has 
been extensively studied by many investigators; how- 
ever, there has been little correlation between the con- 
centration of angiotensin II in plasma and the blood 
pressure of essential hy~rtensive patients [I$ The 
possibility that the reninangiotensin system might 
alter cardiovascular activity via the central nervous 
system was first suggested by the studies of Bickerton 
and Buckley in 1961 [2]. Their initial studies, utilizing 
the dog cross-circulation preparation in which the 
head of the recipient was neurally intact but vascu- 
larly isolated from the trunk, suggested that angioten- 
sin II, in sufficient dosage, was capable of stimulating 
structures within the central nervous system, thereby 
producing an increase in peripheral blood pressure 
and that this effect appeared to be due to an increase 
in sympathetic outflow from the central nervous sys- 
tem. Further studies demonstrated that the centrally 
induced pressor effects were not due to an action of 
the peptide on baro- and/or chemoreceptors [3,4] 
and were not due to hypoxia in the central circulation 
of the recipient [4]. The administration of an~otensin 
II into the cerebrospinal fluid (CSF) via the lateral 
ventricles in doses as low as 0.01 fig produced marked 
pressor effects a~ompanied by an increase in heart 
rate and contraction of the nictitating membrane 
[5,6J These pressor effects were markedly attenuated 
by the administration of an alpha-~drenergic blocker 
to the peripheral circulation, further implicating in- 
creased sympathetic outflow from the central nervous 
system as a major me~h~ism of action. Additional 
evidence for an increase in sympathetic outflow in- 
duced by an action of angjotensin on central ~ervaus 
system centers has been presented by other investiga- 
tors [7-.1X]. 

Preliminary experiments reported by Severs et ul. 
[9] demonstrated that bilateral lesions in the mid- 
brain of alpha-chloralose anesthetized cats abolished 
the centrally induced pressor elects of angiotensin II 
administers via the lateral ventricles. Deuben and 
Buckley [14] found that small electrolytic lesions 
placed within the periaqueductal gray, 4mm anterior 
to Horsley-Ciarke Zero, signi~cantly reduced the 
pressor response obtained From the intraventricular 
administration of angiotensin II, whereas similar 
lesions piaced 1 mm caudal did not alter the pressor 
response. Administration of the poIypeptide into the 
aqueduct of Sylvius, 6 or 5 mm anterior to Horsley- 
Clarke Zero, produced marked pressor effects, 
whereas administration of identical doses of angioten- 

sin II 4 or 3mm anterior to Horsley-Clarke Zero 
produced signi~cantly Lower pressor effects [14,15]. 
These data suggested that a central site of action of 
angiotensin 11 was located in the periaqueductal gray 
region of the mesencephalon~ between 4 and 5 mm 
anterior to Hors~ey-Clarke Zero and that the subnuc- 
leus medialis of the periaqueductal gray [16,17] is 
one of the sites of action of angiotensin II within 
the central nervous system. This area lies in close 
proximity to the aqueduct and the pathway has been 
shown to be fun~tionaliy involved with the control 
of systemic peripheral r~istance. This intrinsic pres- 
sor pathway turns abruptly lateral after synapsing in 
the subnucleus medialis and, therefore, lesions below 
this area would not be expected to disrupt these 
tracts. Finkielman et (II. [IS] have identified a poly- 
peptide similar to angiotensin I in ~erebrospin~1 fluid 
and found a significant correlation between the con- 
centration of this peptide and the degree of hyperten- 
sion in essential hypertensive patients. Therefore, an 
angiotensin sensitive site, which can easily be reached 
via the cerebrospinal fluid, may be of pl~ysiological 
importance. 

Minute doses of angiotensin II perfused via a ver- 
tebral artery of cats [I 1, 15, i9], dogs [20--241 and 
rabbits [25,26] have been shown to produce marked 
pressor effects. Gildenberg [ZO] localized the site of 
action of angiotensin II administered via a vertebral 
artery to be the area postrema. The area postrema 
lies in the caudal medulla and is composed of paired 
mounds of loose vascular tissue that bulge into the 
lumen of the fourth ventricle f27]. 

Gildenberg er al. [22f infused angiotensin If into 
both vertebral arteries of an~thetized dogs, as well 
as via the lateral ventricles. The pressor response to 
perfusion of angiotensin into the vertebral arteries 
was abolished by destruction of the area postrema, 
using heat cautery. Infusion of angiotensin II via the 
vertebral arteries after transection of the midbrain at 
the level of the tentorium rather than destroying the 
area postrema did not alter the pressor response in- 
duced by angiotensin II administered via the vertebral 
arteries. Adminjst~tion of small doses of an~iotens~n 
II via the cerebral lateral ventricles produced pressor 
responses which were unaltered by heat coagulation 
of the area postrema. Transection of the midbrain 
eliminated the pressor effect induced by intraventricu- 
lar administration of the peptide, suggesting that 
there are at ieast two sites of action in the dog brain 
by which angiotensin can induce pressor effects. 
Administ~dtion of the peptide into the cerebrospinal 
fluid (administration via the lateral ventricles) stimu- 
lates an area of the midbrain, namely the subnucleus 



medialis, whereas administration of the peptide via 
the bloodstream (vertebral arteries) affects the area 
postrema. 

The certtral administration of al~ha-r~c~~~~r 
agonists, clonidiae [ZS, 291 and n~re~ine~hrine Es], 
antagonized the centrally induced pressor effects of 
angiotensin II. The alpha-adreuergic blocking agents, 
phentolamine, tolazoline and phenoxybenzamine, per- 
fused intraventricularl~~ for a period of 30min differ- 
entially affected the pressor responses to centrally 
administers an~ot~s~~ II [30]. Vollmer and Buck- 
ley [30] reported that ~h~nto~mine markedly poten- 
tiated the pressor effects of angiotensin If, whereas 
tolazoline did not effect this response and phenoxy- 
benzamine markedly attenuated the centrally induced 
pressor effect, The authors could not propose a direct 
relat~o~sh~~ between the central spud-adr~~ergi~ 
blockade and enhancement of the an~ote~sin II pres- 
sor responses However, the dose of ~h~~tolam~ne 
was well within the range reported to block the hypo- 
tension induced by clonidine [31] and alpha-methyl- 
dopa [32,X3] and it was assumed to be related to 
the ability of phentolamin~ to block central alpha- 
adrenergic receptors. These authors also found that 
phentolam~n~ markedly attenuated the reflexogenic 
brad~~ardia induced by the intravenous administ- 
ration af norepinephrine. In contrast to phentola- 
mine, neither tolazoline uor phenoxybenztimine 
altered reflex bradycardia induced by norepinephrine. 

Intraventricular ~rfusio~ of either the ci- or 
I-isomer of propranolol failed to alter the central 
hypertensive responses induced by angiotensin II. 
These data [30] suggest that the centrally mediated 
pressor activity of angiotensin 11 in the cerebraspinal 
fluid may be closely associated with central alpha- 
adrenergic receptor mechanisms involved in the regu- 
lation of blood pressure, whereas beta-ad~energic 
mechanisms do not appear to be involved in this acti- 
vity. 

Ferrario et nl. 134-j measured cardiac output with 
chronically implanted ~owrn~t~rs and found that the 
increased blood pressure induced by infusion of 
ang~ote~sin Ii via a vertebral artery was usually due 
entirely to an increase in total peripheral resistance 
with cardiac rate and output remaining practically 
unchanged. This suggested that the sympathetic 
rather than the parasympathetic nervous system was 
the effector pathway. Jandhyala et al. [XT] investi- 
gated the ~ern~yn~ic efIects of a~g~ote~s~~ II 
adrni~~t~r~ via ~ntrave~tr~~nlar administration in 
chforalose anesthetized cats. They found that the 
pressor effects were not accompanied by any sign%- 
cant alterations in heart rate or cardiac output, but 

the result of an elevation of total peripheral resist- 
ance. Therefore, whether a~~iotensin II is adminis- 
tered centrally via ~ntravertebral artery infusion to 
mongrel dogs [34] or via the ~rebros~in~ fluid in 
cats [35] the pressor effects were due to the increased 
peripheral vascular resistance. Administration of the 
peptide via the iaterai ventricles did not produce a 
general increase in peripheral resistance, but rather 
a specific increase in resistance of selective beds [35]. 

For example, there was a significant increase in vascu- 
lar resistance in mesenteric and renal vasculature, but 
only a slight increase in the resistance in skeletal 
muscle vasculature. Int~aventricular infusion of the 
~lype~tide produced a si~~i~cant increase in left ven- 
tricular isometric pressure; however, the index of con- 
tractility was unchanged, indicating no alteration in 
ventricular contractility and that the alteration in 
ventricular pressure and dpjdt were mainly due to an 
increase in afterload or total peripheral resistance. 

~~~kie~an ef nl. [18] have found a pressor sub- 
stance in the cerebrospinal fluid of normotensive and 
hypertensive patients. They reported the substance to 
be a polypeptide similar to angiotensin I; however, 
they did not exclude the possibility that this pressor 
~l~~e~tide could be a precursor of angi~t~nsiR ff 
different from ~giotens~n I in plasma. These investi- 
gators have found a significant correlation between 
the concentration of this polypeptide and the blood 
pressure of essential hypertensive patients and raised 
the questian of the role of the central nervous system 
in the pathogenesis of essential hypertension, Other 
in~estjga~ors have reported the presence of renin and 
an~iotens~l~~ mainly angiotensin I, in the central ner- 
vous system of rats and dogs [3638]. Fuxe tit al. 
[39] identified angiotensin II containing nerve ter- 
minals in the central nervous system of the rat using 
immu~a~~stochemi~al procedures. Scattered terminals 
were found in the perj~~ntr~~ular mesence~hal~c gray, 
especially in the anterior part. Single terminals were 
found in various parts of the hy~thal~~, the pre- 
optic area, subcortical hmbic structures, Iimbic cortex, 
thalamus, ventral midbrain, reticular formation, vagus 
area of the medulla oblongata and the periventricular 
area of the pons and medulla oblongata. The location 
of the a~~iotensin II in the nerve terminals correlated 
with the presence of brain iso-renin in s~~aptosom~ 
[4O]. Schelling d al. c4i-j using tritiated angiotensin 
II concluded that intact angiotensin does not cross 
the blood-CSF barrier and that the increase in 
radioactive uptake by the brain was due to nonim- 
rn~nare~~~~ve degradation products of an~~otensin II. 
This is contradictor to Voficer and Loew [42] who 
Found intact “C-labeled angiotens~n II in brain tissue 
shortly after intravenous a~instrat~on of the com- 
pound. 

The present data suggest that angiotensin I and 
II can be biosynthesized within the central nervous 
system [36-38,431 and that both renin f38] and renin 
substrate [44] have been identified within the centrai 
nervous system. Printz and Lewicki [44] have 
reported that the concentration of renin substrate in 
the brain is sufhcient to permit significant amounts 
of angiotensin to be generated. Although the exact 
role of the brain iso-renin-angiotensin system is still 
unclear, it would appear that angiotensin II and poss- 
ibly a~~~otensin I, produced within the central ner- 
vous system, affects structures in the midbrain and 
perhaps other areas of the central nervous system, and 
that these actions may be significant from both a phy- 
siological and pathological standpoint. In addition, 
there is the strong possibility that the central vaso- 
pressor activity of angiote~sin may be related to its 
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ability to release antidiuretic hormone [45] and/or 28. 
its dipsogenic activity [46]. 

29. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

I. 

8. 

9. 

10. 

11. 
12. 

13. 
14. 

15. 
16. 

17. 

18. 

19. 

20. 
21. 
22. 

23. 
24. 

25. 
26. 

27. 

Z. M. Massani, S. Finkieiman, M. Corcel, A. Agrest 
and A. C. Paladini, Clin. Sci. 31, 473 (1966). 
R. K. Bickerton and J. P. Buckley, Proc. Sue. exp. Rio!. 
Med. 106, 834 (1961). 
J. P. Buckley, R. K. Bickerton, R. P. Halliday and 
H. Kato, Ann. N.Y. Acad. Sci. 104, 299 (1963). _ 
R. P. Hallidav and J. P. Bucklev. Int. J. Neuroaharmac. 
l(l-3), 43 (1962). 
H. H. Smookler, W. B. Severs, W. J, Kinnard and J. 
P. Buckley, J. P~~u~~ac. exxp. Ther. 153, 485 (1966). 
W. B. Severs, A. E. Daniels, H. H. Smookler, W. J. 
Kinnard and J. P. Buckley, J. P/tarmac. exp. Ther. 153, 
530 (1966). 
H. Ueda, Y. Uchida, K. Ueda, T. Gondaira and S. 
Katayama, Japan Heart J. 10, 243 (1969). 
G. Benetato, I. Haulica, M. Uluitu, E. Babuianu, J. 
Mocodean, P. Stefanescu and G. Suhaciu, Int. J. 
Neurop~l~rfnac. 3, 565 ( 1964). 
W. B. Severs, A. E. Daniels and J. P. Buckley, Int. 
J. Neuropharmac. 6, 199 (1967). 
H. Aars and S. Akre, Acta physiol. stand. 74, 134 
(1968). 
K. L. Keim and E. B. Sigg, Li@ Sci. 10, 565 (1971). 
R. Yu and C. J. Dickinson, Archs in?. P~ur~cod~l~. 
Ther. 191, 24 (1971). 
K. Fukiyama, Jap. Circul. J. 36, 599 (1972). 
R. R. Deuben and J. P. Buckley, J. Pharmac. exp. Ther. 
175, 139 (1970). 
J. P. Buckley, Fedn Proc. 31, 1332 (1972). 
D. M. Enoch and F. W. L. Kerr, Archs Neural., Chicago 
16, 290 (1967). 
D. M. Enoch and F. W. L. Kerr, Archs Neural., Chi- 
cago 16, 307 (1967). 
S. Finkielman, C. Fischer-Ferraro, A. Diaz, 13. J. Gold- 
stein and V. E. Nahmod, Proc. natn. Acad. Sri. U.S.A. 
69, 3341 (1972). 
E. A. Gyang, R. R. Deuben and J. P. Buckley, Proc. 
Sot. exp. Biai. Med. 142, 532 (1973). 
P. L. Gildenberg, P~~~~si~/~g~sf 12, 235 (1969). 
P. L. Gildenbere. Fedn Proc. 30. 432 (19713. 
P. L. Gildenberi C. M. Ferrario’and J: W. McCubbin, 
Clin. sci. 44, 417 (1973). 
M. D. Joy and R. D. Lowe, Clin. Sci. 39, 327 (1970). 
C. S. Sweet and M. J. Brody, Am. J. Physiol. 219, 1751 
(1970). 
R. Yu and C. J. Dickinson, Lancer II, 1276 (1965). 
R. Yu and C. J. Dickinson. Archs int. P~ffrmQ~odyn. 
Thhr. 191, 24 (1971). 
C. M. Ferrario, P. L. Gildenberg and J. W. McCubbin, 
Circulation Res. 30, 257 (1972). 

30. 

31. 
32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

F. Katie, H. Lavery and R. Lowe, Br. J. P/tarmac. 44, 
779 (1972). 
M. F. Lokhandwala and J. P. Buckley, Central Actions 
of Angiotensin and Related Hormones (Eds. J. P. Buck- 
ley and C. Ferrario), p. 206. Pergamon Press, New 
York (1976). 
R. R. Vollmer and J. P. Buckley, Central Actions of 
Angiotensin and Relafed hormones (Eds. J. P. Buckley 
and C. Ferrario), p. 189. Pergamon Press, New York 
(1976). 
L. Finch, Br. J. P/tarmac. 52, 333 (1974). 
A. Heise and G. Kroneberg, Eur. J. Pharmac. 17, 315 
(1972). 
A. Heise and G. Kroneberg, R’aunpn-Schmiedehergs 
Arch. exp. Path. P~zurmuk. 279, 285 (1973). 
C. M. Ferrario, C. J. Dickinson and J. W. McCubbin, 
Chin. Sci. 39, 239 (1970). 
B. S. Jandhyala, S. Singh and J. P. Buckley, Central 
Actions of Angiotensin and Related Hormones (Eds. J. 
P. Buckley and C. Ferrario), p. 197. Pergamon Press, 
New York (1976). 
D. Ganten, P. Granger, U. Ganten, R. Boucher and 
J. Genest, Hyperfens~~n ‘72 (Eds. J. Genest and E. 
Koiw), p. 423. Springer, New York (1972). 
J. L. Minnich. D. Ganten. A. Barbeau and J. Genest. 
Hypertension ‘72 (Eds. J. Genest and E. Koiw), p. 432: 
Springer, New York (1972). 
D. Ganten, A. Marquez-Julio, P. Granger, K. Hayduk, 
K. P. Karsunky, R. Boucher and J. Genest, Am. J. 
PhJ&t. 221, lj33 (1971). 
K. Fuxe. D. Ganten. T. Kokfelt and P. Bolme. Central 
Actions of Angiotensin und Related Hormones’ (Eds. i. 
P. Buckley and C. Ferrario), p. 493. Pergamon Press, 
New York (1976). 
D. Ganten, J. S. Hutchinson, P. Schelling, U. Ganten 
and H. Fischer, Clin. erp. Phurmac. Physioi. 2, 103 
(1976). 
P. Schelling, D. Ganten, R. Heckl, K. Hayduk, J. S. 
Hutchinson, G. Sponer and U. Ganten, Central 
Actions of Angiotensin and Reluted Hormones (Eds. J. 
P. Buckley and C. Ferrario), p. 497. Pergamon Press, 
New York (1976). 
L. Volicer and C. G. Loew, Neuropharmacology 10, 
631 (1971). 
S. F.‘Ab&ham, R. M. Baker, E. H. Blaine, D. A. Den- 
ton and M. J. McKinley, J. camp. ph~si~l. Pqchol. 
88, 503 (1975). 
M. P. Printz and J. A. Lewicki, Centrul Actions of 
Angiotensin and Related Hormones (Eds. J. P. Buckley 
and C. Ferrario), p. 54. Pergamon Press, New York 
(1976). 
J. P. Bonjour and R. L. Malvin, Am. J. Physiol. 218, 
1555 (1970). 

46. J. T. Fitzsimons, J. Physinl., Lond. 201, 349 (1969). 


