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T h e  A c u t e  P h a s e  of  N e u r o g e n i c  H y p e r t e n s i o n  in  

In  t he  dog and  rabbi t ,  the  onse t  of neurogenic  hyper -  
t ens ion  is a lways preceeded by  a l a t en t  per iod ~ t h a t  was  
no t  ev iden t  in our previous  s tudy  in the  ra t  ~. In  t he  pre- 
sent  exper iments ,  special a t t en t ion  was given to  t he  init ial  
changes  in ar ter ia l  pressure  af ter  s ino-aort ic  dene rva t ion  
in th is  species. Fu r the rmore ,  the  possibi l i ty  t h a t  denerva-  
t ion of the  aort ic  area produces  a d i f fe rent  effect  f rom the  
sinus area  was  also s tudied  because such difference has  
been  observed  in chronic  expe r imen t s  ~. 

Acute neurogenic hypertension. In  ra t s  under  e ther  
anesthesia ,  b i la tera l  s ino-aort ic  dene rva t ion  was  per- 
fo rmed in a one-s tage  opera t ion  last ing 15-30 min,  w i th  a 
t echn ique  descr ibed in detai l  elsewhere*. The di rect  blood 
pressure  in the  aor ta  was recorded in the  conscious un- 
res t ra ined  animals  wi th  the  technique  of chronical ly  
i m p l a n t e d  cannulae  descr ibed by  WEEKS and JONES a. 
I m m e d i a t e l y  following recupera t ion  f rom anesthesia ,  the  
blood pressure  a t t a ined  its m a x i m u m  values, w i th  no 
l a t en t  per iod for t he  deve lopmen t  of the  neurogenic  
hyper tens ion .  This is i l lus t ra ted in Figure  1, which  shows 
t h a t  30 min  af ter  the  denerva t ion  the  ra t  was hyper t ens ive  
and t h a t  its h e a r t  ra te  had  d ropped  f rom the  contro l  value 
of 485 bea ts / ra in  to  395 beats /rain.  The opposi te  pressure  
and  hea r t  ra te  changes  are ano the r  ind ica t ion  t h a t  
t a chyca rd i a  and  increased cardiac o u t p u t  are no t  the  
maj or d e t e r m i n a n t s  of neurogenic  hype r t ens ion  in the  rat,  
as we have  previous ly  observed in chronic expe r imen t s  4. 
The hype r t ens ive  levels exh ib i ted  by  the  ra t s  in t he  f i rs t  
few hours  r emained  qui te  cons t an t  in dai ly  observa t ions  
pe r fo rmed  for up to  6 days,  as is shown in F igure  2. 
Hence,  we have  set  t he  5th hour  as the  s t anda rd  t ime  for 
eva lua t ing  the  sever i ty  of the  hype r t ens ion  induced  by  
s ino-aort ic  denerva t ion .  

the Rat 
Isolated denervation o[ aortic and sinus areas. 2 groups  

of 11 ra ts  each were sub jec ted  to  bi la teral  denerva t ion ,  
e i ther  of t he  aort ic  or t he  carot id  baroreceptors .  In  our  
laboratory ,  t he  average value of the  direct  mean  ar ter ial  
pressure  in t he  unanes the t i zed  r a t  is 117 -F 11 m m  Hg  wi th  
139 m m  Hg  (E + 2 S.D.) as the  upper  l imi t  of no rmal i ty  ~. 
As is shown in the  Table, only  3 out  of the  11 ra ts  wi th  
dene rva t ed  carot id  ba rorecep tors  p resen ted  pressures  
h igher  t h a n  139 m m  Hg,  whereas  all the  11 animals  sub- 
m i t t ed  to  aort ic  denerva t ion  became  hyper tens ive .  The 
mean  hea r t  r a te  of these  animals  was 457=1=5 (x-FS.E.)  
bea ts / ra in  while for those  wi th  sinus denerva t ion  i t  was 
499~=6 bea t s /min ;  this  difference is s ta t is t ical ly  signifi- 
cant  using the  t e s t  of "Wilcoxon. These results  show t h a t  
isolated dene rva t ion  of the  aort ic  areas produces  a 
grea ter  increase in pressure,  n o t w i t h s t a n d i n g  the  lowered 
hea r t  rate.  Th i s  again emphas izes  the  role p layed  by  the  
per iphera l  res is tance  as t he  mos t  i m p o r t a n t  single cause of 
neurogenic  hyper tens ion .  I t  should be r emembered  t h a t  
in the  t echn ique  used for radica l  dene rva t ion  of t he  aor t ic  
barorecep tors  the  cervical  s y m p a t h e t i c  t runk  was cut.  
This could con t r ibu te  to  lowering the  hea r t  ra te  of these  
rats ,  because  hea r t  ra te  in these  species marked ly  depends  
on a h igher  s y m p a t h e t i c  tonus  s. I t  is general ly accepted  
t h a t  in the  dog the  sinus and  aort ic  areas are equal ly im- 
p o r t a n t  for the  reflex regula t ion of blood pressure ~. How-  
ever, in expe r imen t s  in which  pressure  changes  were pro-  
duced in the  isolated aort ic  arch of the  dog, LEvy  et  al. 6 
observed t h a t  cons iderably  higher  pressure  levels were 
necessary  to  ob ta in  m a x i m u m  cardiac  and resp i ra tory  
responses  t h a n  when  the  carot id  sinus was perfused. More 
recently,  GLICK and COVELL ~ have  shown t h a t  the  effects  
on the  hea r t  r a te  were the  same or, sometimes,  the  baro- 
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Fig. 1. Early phase of acute neurogenic hyper- 
tension. Blood pressure (BP) and heart rate 
(HR, beats/rain) of a 250 g conscious male rat 
with a cannula chronically implanted in the 
aorta; effects of bilateral sino-aortic denerva- 
tion measured at 30 and 60 min. Time mar- 
kings: 1 see intervals. 
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Fig. 2. Subsequent progression of neurogenic hypertensioI1. Indivi- 
dual values of mean blood pressure measured in unanesthetized rats 
with implanted aortic cannulae in a 6-day period following bilateral 
sino-aortic denervation. 
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receptors  of t he  aort ic  areas p redomina ted .  The resul ts  
herein p resen ted  indicate  t h a t  in the  ra t  the  inh ib i to ry  
effect  on t h e  s y m p a t h e t i c  t onus  exer ted  by  the  aort ic  
ba rorecep tors  is much  more  i m p o r t a n t  t h a n  t h a t  of the  
carot id  barorecep tors  s, 9. 

Individual values of the direct mean arterial blood pressure and 
heart rate 5 h after isolated denervation of the carotid or the aortic 
baroreceptors 

Carotid baroreceptors Aortic baroreceptors 
Blood Heart rate Blood Heart rate 
pressure pressure 
(mm Hg) (beats]min) (mnl Hg) (beats/min) 

112 530 147 430 
115 520 150 460 
118 500 150 480 
129 470 150 410 
131 480 153 450 
132 490 155 430 
135 510 160 490 
137 480 160 510 
142 490 162 460 
143 500 167 510 
154 520 177 400 

(Means • S.E.) (132 -[ 4) (499 • 6) (157 ~ 6) (457 J2 5) 

Resumen. Los resu l tados  p resen tados  d e m u e s t r a n  que 
en la ra ta  no exis te  per lodo la ten te  p a r s  el desarrollo de 
h iper tens idn  neurog6nica,  ya  que  i n m e d i a t a m e n t e  des- 
pu6s de la seccidn bi la teral  de los nervios depresores  
adrt icos y carot ldeos  la h iper tens idn  ar ter ia l  a lcanza sus 
valores mAximos. Por  o t ra  par te ,  se observ6 que, afin en 
esa fase aguda,  la des t rucci6n aislada de los presorecep-  
tores  adrt icos o carot ideos  t iene efecto diferente,  s iendo la 
denervac i6n  a6rt ica m~s efect iva em provaca r  h iper ten-  
sidn. Esos  resul tados  sugieren q u e e n  la expecie  r a t a  los 
presoreceptores  a6rt icos son n o r m a l m e n t e  mAs impor-  
t an t e s  p a r s  m a n t e n e r  una  inhibici6n t6nica sobre  el 
s i s tema s impat ico .  
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Fine Structural  Alterat ions  of Presynapt ic  Endings  in the Superior  Cervical  Gangl ion of the Cat 
after Exhaus t ing  Pregang l ion ic  S t imula t ion  

For  the  unde r s t and ing  of the  synapt ic  t ransmiss ion,  i t  
seems necessary  to  clear up the  funct ional  role of the  
main  s t ruc tura l  e lements  of the  pre- and pos t - synap t i c  
terminals .  12)~ ROBERTIS et a l )  ,2, HUBBARD and  t{WAN- 
BUNBUMPEN 3 and  DYACHKOX.VA 4 observed morphological  
changes  at  in te rneurona l  synapses  and  neuromuscu la r  
junct ion,  respect ively,  which could be t aken  in parallel  
wi th  physiological  changes  in t ransmiss ion.  

These resul ts  suppor t  the  hypo thes i s  t h a t  synap t ic  
vesicles p lay a cer ta in  role in the  t r ansmiss ion ;  however ,  
in mos t  pa r t s  of the  expe r imen t s  quo ted  above no 
measures  were  t aken  to  have  a d i rect  cont ro l  over  the  
actual  s t a t e  of the  t ransmiss ion,  i.e. no paral lel  physio-  
logical recording was under taken .  

In  th is  respect  the  superior  cervical  ganglion of the  ca t  
seemed to be more  promis ing  because it allows a direct  
physiological  control  of the  actual  level of t ransmiss ion .  
Now we publ ish  the  f i rs t  results  of such a complex  ap-  
p roach  t ry ing  to  correlate  the  submicroscopic  morpho logy  
of the  synapse  wi th  the  physiological  f indings.  

Cats of b o t h  sexes, weighing 1.5-2 kg, were  anaes the-  
t ized wi th  N e m b u t a l  i.p. (40 mg/kg).  The super ior  cervical  
ganglia were exposed on bo th  sides w i th  t he  vessels 
supplying them.  Perfus ion exper imen t s  were pe r fo rmed  
using the  me thod  of KIBJAKOV 5 as  modif ied  by  PERRY 
and  PATON 6. In  o the r  expe r imen t s  the  na tu ra l  blood 
supply  was  preserved.  Pregangl ionic  s t in lu la t ion was 
made  wi th  rec tangular  pulses of the  following pa rame te r s  : 
f requency  10-20/sec; dura t ion  1 msec;  ampl i tude  6-8 V. 
The cont rac t ions  of t he  n ic t i t a t ing  m e m b r a n e  and  act ion 
poten t ia l s  were recorded.  The dura t ion  of s t imula t ion  
ranged  f rom 15 rain to  2 h. Af ter  the  s t imula t ion  period,  
the  ganglia were sub jec ted  to rout ine  e lect ron-microscopic  
examina t ions .  

In  the  ganglia wi th  na tu ra l  blood supply,  af ter  90 rain 
of s t imula t ion  no sign of fat igue occurred.  The act ion 

po ten t ia l  shows m a x i m u m  t ransmiss ion  and the  ul t ra-  
s t ruc ture  of ganglionic synapses  are similar  to  those  in 
res t ing s t a t eL  there  is no change  in n u m b e r  of synap t ic  
vesicles, a l though more  i rregular  form can be seen 
(Figure 1). 

Perfus ion of 60 rain wi th  Locke solut ion did no t  al ter  
the  p ic ture  appreciably.  The exc i tab i l i ty  of the  ganglion 
also remained  normal .  Pregangl ionic  s t imula t ion  wi th  t he  
pa rame te r s  men t ioned  above, however ,  led to a rapid  ex- 
haus t ion  and  af ter  15 rain of s t imula t ion  a comple te  failure 
of t ransmiss ion  ensued.  The electronkmicroscopic p ic ture  
of such ganglia (Figure 2) revealed very  marked  changes :  
the  p re synap t i c  endings  p roved  to be a lmost  conlple te ly  
empty .  A few vesicles seem to assemble  around the  site of 
the  synap t ic  contac t .  The mi tochondr i a  in the  pre-  
synap t ic  endings  are heavi ly  d a m a g e d :  t hey  are swollen 
and  the  wel l -known fine s t ruc tu re  is appa ren t ly  des t royed .  
The mi tochondr i a  of t he  pos t synap t i c  e lements  are a t  t he  
same t ime  qui te  normal  in appearance .  

If we added  to  the  perfus ion fluid of the  ganglion 10 mg/1 
choline chloride and  s t imula ted  t h e m  pregangl ionical ly  
wi th  the  above  pa ramete r s ,  t he  t ransmiss ion  r ema ined  
a lmost  in t ac t  and  we did not  observe  the  above -men t ioned  
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