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The Effect o f  A g e  and Pinealectomy on the Hypertension Produced by Adrenal Regeneration 

The occurrence  of h y p e r t e n s i o n  dur ing  adrena l  re- 
genera t ion  is a f fec ted  by  the  age ~,2 and  the  sex ~,3 of the  
expe r imen ta l  an imal  and  d e p e n d e n t  on sa l t  i n t ake  ~. The 
cause of t he  h igher  sens i t iv i ty  of i n fan t  ra t s  to  adrena l  
r egenera t ion  h y p e r t e n s i o n  is n o t  known,  b u t  an a l t e ra t ion  
of adrena l  s tero id  secre t ion  ~,~ or  a d i f fe ren t  regula t ion  of 
the  ad rena l  co r t ex  in the  p re -pube r t a l  per iod 7 could be 
involved.  There  are r epo r t s  avai lable  ind ica t ing  t h a t  t he  
habenu lop inea i  region pa r t i c ipa te s  in the  regula t ion  of 
the  ad rena l  cortex8. Clearcut  resul ts  in s tudies  of epi- 
physea l  func t ion  were  ob t a ined  mos t l y  in new-bo rn  or 
young  animals ,  while  in adu l t s  resul ts  were  more  of ten  
nega t ive  ~. The  h y p e r t e n s i v e  ac t ion  of r egenera t ing  adrena l  
g land  has  a s imilar  age dependence .  I t  was  the re fore  a t -  
t e m p t e d  to  d e t e r m i n e  w h e t h e r  t he  p i n e a l e c t o m y  affects  
t he  age d e p e n d e n c e  of ad rena l  regenera t ion  hype r t ens ion .  

Male V~ristar-KonArovice rats ,  fed a pel le t  d ie t  conta in-  
ing 0.75% NaC1, were  used. P i n e a l e c t o m y  was  pe r fo rmed  
in the  n e w - b o r n  an imals  accord ing  to  KINCL I0 and  cont ro l  
an imals  were  s h a m - o p e r a t e d  by  open ing  t h e  pos te r io r  
p a r t  of t he  skull. A t  21 and  86 days  old, i.e. before  and  
a f t e r  sexual  m a t u r a t i o n  uni la tera l  a d r e n a l e c t o m y  and  
n e p h r e c t o m y ,  and  enuc lea t ion  of t he  r e m a i n i n g  adrena l  
g land were  pe r fo rmed  a n d  a 1% (w/v) NaCl-solut ion  was  
s u b s t i t u t e 3  for  d r ink ing  w a t e r  n .  F r o m  t h e  t w e n t y - f i r s t  
to  t he  fo r ty -second  d a y  of  the  e x p e r i m e n t  (i.e. in t he  
per iod  of t e r m i n a t i o n  of ad rena l  regenera t ion) ,  the  in take  
of sa l t  so lut ion was  measured .  F r o m  the  s ix th  week of t he  
expe r imen t ,  w h e n  h y p e r t e n s i o n  had  developed ,  b lood 
pressure  was measured  ind i rec t ly  (J ELiN~K and  KRPATA 1~) 
a t  fo r tn igh t ly  in tervals .  Values  above  150 m m  Hg  were 
cons idered  to  be hype r t ens ive .  Af te r  t e r m i n a t i o n  of the  
e x p e r i m e n t  t he  an imals  were killed and  the  we igh t  of t he  
k idney  and  the  d ry  we igh t  of t he  left  vent r ic le  (prepared 
according  to  BENITZ la) were  de te rmined .  For  ca lcula t ions  
of re la t ive  we igh t  values,  t he  we igh t  of t h e  bled b o d y  
w i t h o u t  t he  diges t ive  t r a c t  was used. S t u d e n t ' s  t - tes t  was 
used for  s ta t i s t i ca l  evaluat ion .  

Mean blood pressure  values  (Table) were  af fec ted  by  
p inea l ec tomy  only  in an imals  in which  h y p e r t e n s i o n  was 
induced  before sexual  ma tu ra t i on .  Values  were lower in 
p inea lec tomized  an imals  thai1 in s h a m - o p e r a t e d  cont ro ls  
( P  < 0.05). Mean blood pressures  were  lower t h a n  in 
s h a m - o p e r a t e d  i m m a t u r e  ra t s  ( P  < 0.01) and  the  same 
in b o t h  expe r imen ta l  and  cont ro l  an imals  made  hyper -  
t ens ive  w h e n  adul t .  

The  in take  of 1% NaC1 (w/v) solut ion (Table) f rom the  
s ix th  to  t he  twe l f th  week d e p e n d e d  on t h e  presence  of 
t h e  epiphysis ,  in a s imilar  way  as blood pressure.  Per i -  

na ta l  e p i p h y s e c t o m y  had  no effect  on the  in take  in 
an imals  exposed  to  SKEI.~ON opera t ion  as adul ts ,  while  
t he  c o n s u m p t i o n  of saline in an imals  exposed  to  th is  
p rocedure  w h e n  y o u n g  is decreased ( P  < 0.01). Re la t ive  
k idney  weight  and  left  ven t r i eu la r  d ry  we igh t  in t he  
group o p e r a t e d  before  sexual  m a t u r a t i o n  were  h igher  in  
s h a m - o p e r a t e d  t h a n  in ep iphysec tomized  an imal s  ( P  < 0.01 
for re la t ive  weigh t  of t he  le t t  ventr ic le ,  P < 0.05 respec-  
t ively) .  I n  an imal s  m a d e  h y p e r t e n s i v e  w h e n  adul t ,  no 
di f ferences  were  found.  

The  h y p e r t e n s i v e  ac t ion  of r egenera t ing  adrena l  g land 
is wi th in  l imi ts  p ropor t iona l  to  sal t  i n t ake  ~4. The  g rea te r  
sens i t iv i ty  of in fan t  r a t s  to  ad rena l  r egenera t ion  h y p e r -  
tens ion  m a y  thus  be re la ted  to  t he  g rea te r  in t ake  of 1% 
NaCt in t he  y o u n g L  Also these  resul ts  sugges t  t h a t  t h e  
g rea te r  in take  of NaC1 in s h a m - o p e r a t e d  an imal s  exposed  
to  t he  h y p e r t e n s i v e  s t imulus  w h e n  y o u n g  is re la ted  to  
h igher  Mood pressure ,  while  t h e  lower  sa l t  i n t ake  in 
p inea lec tomized  an imal s  is assoc ia ted  w i t h  lower  Mood 
pressure  and  lower  ven t r i cu l a r  and  l d d n e y  weights .  

The  p inea l  g land  m a y  p lay  a role in t he  regula t ion  of  
the  e lec t ro ly te  ba lance  via  t h e  ad rena l  g land 1.-1° and  a 
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Group Blood pressure 
mm Hg 

Fluid consumption Left ventricle nag 
ml/100 g body dry weightll00 g 
weight/3 days body weight 

Kidney mg 
wet weight/100 g 
body weight 

Body weight g 

Sham pinealectomy adrenal 
enucleaction at 21 days old 

Pinealectomy, adrenal enucleatign 
at 21 days old 

Sham pinealectomy, adrenal 
enucleation at 86 days old 

Pinealeetomy, adrenal enucleation 
at 86 days old 

162.9 :I= 6.65 (12) 107 ! 2.78 (48) 70.8 4- 2.61 (11) 904 a 4- 25.8 (11) 270 4- 6.5 (11) 

143.5 4- 3.88 (16) 86 4- 2.03 (48) 62.7 4- 2.44 (16) 791 b 4- 28.2 (15) 269 ± 7.7 (16) 

138.7 -t- 1.84 (15) 62 ~ 1.67 (35) 58.1 ~z 1.38 (15) 669 ± 19.1 (15) 274 =t= 7.2 (15) 

139.9 -1- 1.69 (15) 62 ± 1.59 (35) 58.1 ± 0.99 (15) 643 4- 17.8 (15) 294 ± 9.0 (15) 

No. of animals in brackets. ~ One values discarded because of very low body weight (154 g). b One values discarded because of marked 
hydronephrosis (1.31 mg[100 g body weight). 
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lower excre t ion  of sod ium was observed  in pinealecto-  
mized rats  than  in sham opera ted  controls  ~°. This  is in 
accordance wi th  the  effect  of p inea l ec tomy  on the  salt  
intake,  i.e. smal ler  losses of sodium migh t  resul t  in de- 
creased intake.  The  appearance  of t h a t  effect  of pinealec- 
t o m y  on ly  in animals  made  hyper t ens ive  before pube r ty  
suggests t h a t  t he  role of t he  pineal  gland in the  regula t ion  
of sal t  balance is lost  dur ing  sexual  ma tu ra t ion .  

KINsoN e t  al. ~ h a v e  recen t ly  repor ted  t h a t  pinealec- 
t o m y  does no t  effect  t he  occurrence of renal  hyper tens ion.  
These au thors  carr ied ou t  ep iphysec tomy  in animals  
weighing 100 g, i.e. cons iderably  older  t han  in the  present  
work. Rena l  hyper tens ion  was induced 13 days  later,  i.e. 
when  the  animals  were sexual ly  mature .  Thei r  resul ts  are 
to some degree in ag reemen t  wi th  ours, for in animals  
exposed to the  hyper t ens ive  procedure  when  adu l t  we 
also did not  observe  a dependence  of blood pressure on 
the  presence ot t he  pineal  gland.  

Zusammenfassung. N a c h  P inea lek tomie  un te rb le ib t  eine 
I t ype r ton i e  (SKELTON), falls einseit ige Nephrek tomie  und 
Adrenek tomie  m i t  Enuk lea t ion  der  i lbrigen Nebenn ie re  
bei jungen  R a t t e n  durchgef i ihr t  wurde.  W i r d  die experi-  
mentel le,  Hype r ton i e  ve ru r sachende  Opera t ion  bei adul-  
t en  Tieren  prakt iz ier t ,  so b le ib t  P inea lek tomie  ohne  jeden  
Effekt .  

J. JELINEK and J. KfiEG:EK 

Institute o/Physiology, Czechoslovak Academy o/ 
Sciences, Praha 4 (Czechoslovakia), I March 1968. 

so W. D. TANNER and G. F. HUNGERFORD, Proe. Soc. exp. Biol. Med. 
109, 388 (1962) .  

=z G. KINSOS, A. K. WAHID and B. SINGER, Gen. comp. Endocr. 8, 
445 (1967). 

Der  E i n f l u s s  y o n  A d r e n a l i n  au f  d a s  V e r h a l t e n  d e s  ze l lu l i i ren  K a l z i u m s  w i i h r e n d  der  K - D e p o l a r i s a t i o n  
d e s  H e r z m u s k e l s  y o n  M e e r s c h w e i n c h e n  

Adrenal in  kann bekann t l i ch  die l~hmende W i r k u n g  
erh6hter  extrazel lul t t rer  K - K o n z e n t r a t i o n e n  ([K]g) a m  
Myocard  wei tgehend  aufheben  1. Un te r suchungen  fiber 
einen Zusammenhang  zwischen der  pos i t iv  inot ropen 
Wi rkung  des Adrenal ins  und einer E rh6hung  des t rans-  
m e m b r a n e n  Ca-Umsatzes  2,3 waren  Anlass fiir die vor-  
l iegende Arbeit .  

Methodik. Alle Versuche wurden  an isolierten t inken 
elektr isch gereiz ten (Rechteck impulse  60/rain, Impuls -  
dauer :  1,0 msec) Meerschweinchenvorh6fen  durchgeif ihr t .  
Die  v e rwende t e  Tyrodel6sung h a t t e  die fibliche Zusam- 
mense tzung  (in m M / L ;  KC1 2,68 bzw. 30 = K - T y r o d e ;  
NaC1 137; CaCI~ 1,8). Die Adrena l inkonzen t ra t ion  
(5 × 10 -~ g/ml) wurde  auf  Adrena l inbase  bezogen. Die 
Kon t r ak t i onsampl i t uden  wurden  isometr isch mi t te ls  eines 
DehnungsmeBstre i fens  (Grass F T O  3) auf  e inem Direkt -  
schreiber registr iert .  Aufa rbe i tung  der P roben  in Anleh-  
nung an ~. Die Aktivi t~t tsmessungen wurden  mi t  e inem 
Fli issigkeitsszinti l lat ionsztthler  (Fa. E C K O  Modell  N 610 A) 
durchgefi ihr t .  Gleichzei t ig be s t immten  wir  f luoreszenzt i-  
t r imet r i sch  ~ die Ca-Konzen t ra t ion .  Bei der  Akt iv i t / i t s -  
b e s t im mung  wurden  die gemessenen Impulse / ra in  (Ipm) 
en tweder  auf  das Feuch tgewich t  (F.G.) der  PrAparate  
(Ipm/0,1 g F.G.  = Aktivit~it  des Gewebes) oder  auf  den 
Ca-Gehal t  im Gewebe (Ipm/0,1 /~)kq Ca = spezifische 
Aktivi t / i t )  bezogen. 

Ergebnisse. Die Kon t r ak t i onsk ra f t  elektr isch gereizter  
l inker Herzohren  von Meerschweinchen wird bei ErhGhung 
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Fig. 1. 4SCa-Aufnahme in isolierte linke MeerschweinchenvorhSfe 
([K]e der Perfusionsfliissigkeit: 30 InM/L) unter der Einwirkung yon 
Adrenalin (5 x 10 -" g]ml) and unter Kontrollbedingungen. 

de r  [K]e auf  30 m ~ I  innerha lb  weniger  sec bis zur  vGlligen 
L / ihmung abgeschw~cht ;  diese L / ihmung lftsst sich d u t c h  
Hinzuff igen von  Adrenal in  zu der  K-re ichen BadlGsung 
schlagar t ig  aufheben  (siehe auch 1). 

Nach  einer e inhci t l ichen /~qui l ibr ierungsphase kamen  
die Pr~iparate fiir die Daue r  von  15 rain in inak t ive  Tyro-  
delGsung m i t  einer  [K]~ yon  30 m M ,  danach  wurden  sie 
in *~Ca-haltiger K-TyrodelGsung mi t  Adrenal inzusa tz  nnd 
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Fig. 2. 4~Ca-Abgabe aus isolierten MeerschweinchenvorhGfen unter 
der Einwirkung yon Adrenalin und unter Kontrollbedingungen in 
Abh~inglgkelt yon der Aufenthaltsdauer der Pr/lparate in inaktiver 
K-Tyrodelbsung. Ordinate: Impulse/rain, bezogen auf den Kalzium- 
Gehalt des Gewebes in Prozent des Ausgangswertes dcr spezifischen 
Aktivit~tt nach 1 h *Aufladedauer*. 
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