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Mean values and SEM, of the age in years, the mean blood pressure (MBP mm Hg), urinary prostaglandins E and F secreted per 24 h (PGEs 
ng/24 h and PGFs ng/24 h), sodium and potassium rejected per 24 h (UN~V mEq/24 h and UxV mEq/24 h) and the ratio between Na/K, 
before (B. Ex.) and after (A. Ex.) extracellular space expansion by 2 I of isotonic saline, infused at the rate of 0.3 ml/kg[min in the group of 
the essential hypertensive patients 

n Age MBP PGEs PGFs U ~V UKV V Na/K 
(years) (ram Hg) (ng/24 h) (ng/24 h) (mEq/24 h) (mEq/24 h) (ml/24 h) 

B. Ex. 17 36 (23-62) 126i5 105• 66• 83~13 54• 1483• 2.04:~:0.33 
A. Ex. 14 37 (23-62) 1 1 6 - } - 6  327~63 123-{=48 237• 67• 2592~677 3.73-k0.44 

p < NS 0.1 0.003 NS 0.001 0.025 0.001 0.005 

The following pa rame te r s  were measured  before and  
af ter  extracel lular  space expans ion  16, 17. i .  Arter ia l  b lood 
pressure  was measured  4 t imes  a day. Mean blood pres-  
sures (MBP) were calcula ted f rom the  diastolic (DBP) 
and systolic (SBP) pressures  by  the  formula  M B P  
(2DBP + SBP) : 3. The m e a n  value of the  4 mean  blood 
pressures  was taken .  

2. Pros tag landins .  Bioassays  were pe r fo rmed  on ex t rac t s  
of 500 ml, f rom 24 h ur ine collections, af ter  ch romato -  
graphic  separa t ion  into P G E  and P G F  groups xs,~9. The 
m e t h o d  used was descr ibed in detai ls  e l sewhere~ .  Since 
PG metabol i tes  appear ing  in the  urine general ly  have  
less biological ac t iv i ty  t h a n  the  pa r en t  compound2~ I t  
migh t  be assumed t h a t  mos t  of the  biologically act ive 
subs tances  de tec ted  in th is  s t u d y  were na tu ra l  PGs. 

3. Ur ina ry  o u t p u t  of sod ium ( U ~ V )  and  po ta s s ium 
(UKV) are calcula ted by  the  usual  methods .  E lec t ro ly te  
concen t ra t ion  was measured  by  f lame p h o t o m e t e r  (Ep- 
pendorf) .  

Results and discussion. The resul ts  are summar ized  in 
the  Table. A signif icant  pos i t ive  correlat ion was found 
be tween  the  P G E s  secre ted  in 24 h and sodium excre ted  
( U ~ V )  in 24 h (Figure 1). After  isotonic saline infusion,  
sodium excre ted  in 24 h was d i rec t ly  p ropor t iona l  to the  
increase in P G E s  release following saline infusion (Figure 
2). We did no t  f ind any  corre la t ion be tween  the  P G F s  
and  sodium excre ted  e i ther  before or af ter  saline infusion. 

The release of p ros tag land ins  following ei ther  in t ravas-  
cular and /or  extracel lular  space expans ion  is well 
known n-~4, and is conf i rmed by  this  s tudy.  

These results  suggest  t h a t  the  major  role of P G E s  could 
consist  in the  regulat ion of the  extracel lular  fluid, and 
consequen t ly  in the  long te rm control  of ar ter ial  blood 
pressure,  and  t h a t  the  def ic iency in renomedul la ry  PG 
synthesis ,  re la ted to the  evolut ion of essential  hyper -  
tens ion  in, could be the  cause and/or  the  result  of t he  
hyper t ens ive  disease. F inal ly  the  posi t ive  signif icant  cor- 
relat ion found be tween  the  ratio of u r inary  N a / K  and 
ur inary  P G E s  (Y ~ 0.015X + 0.53, r = 0.672), could 
suggest  an antagonis t ic  resul t  be tween  these subs tances  
(PGEs) and the  a ldos terone  sys tem.  

16 Of these 17 patients 3 of them, did not undergo expansion. 
1~ Extracellular space was expanded by i.v. infusion of 2 1 of iso- 

tonic saline at the rate of 0.3 ml/kg/min. 
is PGE and PGF group was assayed as ng of PGE 2 and PGF~ 

equivalent respectively. Standard PGE 2 and PGF~ were kindly 
provided by l)r J. PIKE, Upjohn Company Kalamazoo Mich. 

19 In view of the continuing controversy on the self existence of 
PGAs. M. HAMBERG, FEBS Lett. 5, 127 (1969). - 1. HIN~AN, A. 
Rev. Biochem. 4I, 161 (1972). - J. McGIFF, K. CROWSHAW and 
H. ITSKOVlTZ, Fedn. Proc. 33, 39 (1974); only PGE and PGF 
groups were assayed in this study. 

~0 p. PIPER, in Prostaglandins. Pharmacological and Therapeut@ 
Advances (Ed. M. GUTHBERT; HEINEMAN, London 1973), p. 126. 
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Summary. Cycloheximide depresses  m a x i m u m  rate  of change in m e m b r a n e  po ten t i a l  observed  dur ing  the  rising phase  
of the  act ion po ten t i a l  in single medul la ted  axons of Xenopus. Time course of depress ion is i ndependen t  of cyclohexi-  
mide concen t ra t ion  over  a range t h a t  a lmost  comple te ly  inhibi ts  leucine incorpora t ion  in to  axonal  proteins.  

U n d e r  condi t ions  of con t inuous  fluid exchange,  cyclo- 
heximide,  a p o t e n t  inhib i tor  of r ibosomal  p ro te in  syn the -  
sis, induces a gradual  depress ion in the  m a x i m u m  rate  of 
change  in m e m b r a n e  po ten t i a l  observed during the  rising 
phase  of the  act ion po ten t i a l  in an isolated medul la ted  
nerve  fibre of Xenopus. E x p e r i m e n t a l  results  are illus- 
t r a t ed  in Figures  1 and  2. 

The progressive increase in V associated wi th  the  
10 mg/ l  concen t ra t ion  of cycloheximide  is qui te  of ten  
observed in contro l  exper iments ,  mos t  of which,  however ,  

involve an unexp la ined  rise in -V to a p la teau level th rough-  
ou t  a t ime  course of several  hours.  

However ,  depressive effects when  present ,  can be 
reversed by  means  of a brief  condi t ioning hyperpolar i -  
zat ion under  condi t ions  such t h a t  the  max imal  value 

a t t a ined  by  V is ident ical  w i t h  t h a t  which  would have  
been ob ta ined  f rom a normal  or non-depressed  fibre af ter  
condi t ioning hyperpolar iza t ion .  Suppor t ing  da ta  were 
ob ta ined  f rom moni to r ing  exper imen t s  similar to those  
involving recen t  inves t iga t ions  of t ax ine  act ion 1. 

1 j. a. SMYTHIES, F. BENINGTON R. D. MORIN, G. AL-ZAHID and 
G. M. SCHOEPFLE, Experientia 31, 337 (1975). 
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Hen ce  it  is conc luded  t h a t  t h e  cyc lohex imide  depress ion  
in ques t i o n  m u s t  invo lve  a va r i a t i on  in some  m e m b r a n e  
c o n d u c t a n c e  fac tor  r a t he r  t h a n  a c h a n g e  in e i ther  the  
s o d i u m  or p o t a s s i u m  e lec t rochemica l  g rad ien t s .  N u m e r i -  
cal so lu t ions  of t h e  FRANKENHAEUSER-HuxLEY equa-  
t ions  2, a h a v e  ind ica ted  t h a t  t hese  resu l t s  are compa t ib l e  
w i th  t r a n s l a t i o n s  or d i s to r t ions  of t he  s o d i u m  inac t i va t i on  
cu rve  an d  t h e  p o t a s s i u m  ac t i va t i on  curve .  However ,  
exc luded  as theore t i ca l  possibi l i t ies  are v a r i a t i o n s  invo lv-  
ing s o d i u m  ac t iva t ion ,  p e r m e a b i l i t y  c o n s t a n t s  or electro- 
chemica l  g r ad i en t s  a, 4. 

R e s u l t s  descr ibed  in F igures  1 and  2 also ind ica te  t h a t  

t he  t i m e  course  of depress ion  in "0 is e s sen t i a l ly  inde-  
p e n d e n t  of cyc lohex imide  c o n c e n t r a t i o n  wi th in  a r a nge  
of 25 to  500 mg/1. 

T hese  f ind ings  t o g e t h e r  w i th  those  re la t ing  to condi t ion-  
ing  h y p e r p o l a r i z a t i o n  are  t h e n  t a k e n  to ind ica te  t h a t  t he  
d rug  btocks  a ch a in  of r eac t ions  or processes  a t  a l ink  
r e m o t e  f r o m  t h a t  d i rec t ly  conce rned  w i t h  m a i n t e n a n c e  
of t h e  r e s t i ng  level of t he  c o n d u c t a n c e  fac to r  i nvo lved  
(p robab ly  t h e  h factor) .  I n  such  an  e v e n t  t he  d i sappea r -  
ance  of a cr i t ical  m e m b r a n e  s t r u c t u r a l  c o m p o n e n t  shou ld  
proceed  a t  a ra te  w h i c h  is i n d e p e n d e n t  of t h e  cyclo- 
h e x i m i d e  c o n c e n t r a t i o n  w i t h i n  r a t h e r  wide  l imits .  

Mean percent inhibition of radioleueine incorporation in nerve 
protein by cycloheximide 

A poss ible  m e c h a n i s m  imp l i ca t i ng  in te r fe rence  w i th  
p ro te in  s y n t h e s i s  is s u g g e s t e d  b y  t he  r e su l t s  s h o w n  in 
the  Tab le  w h ic h  refer  to a cyc lohex imide  induced  
depress ion  of leucine  i nco rpo ra t i on  in to  p ro te in  of whole 
d e s h e a t h e d  Xe~aopus sciat ic  nerves .  T e s t  ne rves  were 
f i rs t  i n c u b a t e d  for 1 h in a R i n g e r  so lu t ion  c o n t a i n i n g  
cyc lohex imide  in t he  c o n c e n t r a t i o n s  indica ted .  B o t h  t e s t  
a n d  cont ro l  ne rve s  were t h e n  i n c u b a t e d  for i h in 2 ml  
v o l u m e s  of R i n g e r  c o n t a i n i n g  2 b~Ci ~C-L-leucine wi th  a 
specific a c t i v i t y  of 250 b~Ci/lxm. Cyc lohex imide  was  
p r e s e n t  a t  all t i m e s  in t he  so lu t ions  c o n t a i n i n g  t he  t e s t  
nerves .  S u b s e q u e n t  a na ly t i c a l  p rocedure s  were essen t ia l ly  
ident ica l  w i th  t hose  of CUNNINGHAM a n d  BRIDGERS 5. 
P r o t e i n  d e t e r m i n a t i o n s  were o b t a i n e d  b y  t he  m e t h o d  of 
LowRY s. Mean pe rcen t  i nh ib i t i on  in t he  Tab le  co r responds  
to t he  m e a n  of a se t  of t e r m s  each  of wh ich  is g iven  as 
100 (1-;~/c) where  .~ is c p m  per  m g  of p ro t e in  in t e s t  ne rve  
a n d  c is c p m  per  m g  p r o t e i n  in c o n t r a l a t e r M  cont ro l  nerve.  

A t  f i r s t  g lance  i t  m a y  s e e m surpr iz ing  t h a i  a n  84% 

inh ib i t ion  of leucine u p t a k e  is w i t h o u t  effect  on ~?, 
whereas  a 93% inh ib i t ion  is a s soc ia ted  w i th  a m a x i m a l  

ra te  of decline in V over  severa l  hours .  Th i s  impl ies  t h a t  
a r a t h e r  s l ight  r e d u c t i o n  in t he  c o n c e n t r a t i o n  of some 
p ro te in  c o m p o n e n t  to  a non-zero  level  would  e v e n t u a l l y  
r e su l t  in t he  comple t e  d i s a p p e a r a n c e  of a p ro te in  c omplex  
ne c e s sa ry  for m a i n t e n a n c e  of a s o d i u m  c o n d u c t a n c e  
fac to r  a t  i ts  r e s t ing  IeveI. 

No. Concentration l~{ean 
experiments of inhibitor inhibition 

(%) SD SE 

8 10 mg/I Cyclohexhnide 83.9~: 5.32 1.88 
4 50 mg/I Cycloheximide 92.5-t- 2.05 t.03 
9 250 mg/l Cycloheximide 93.7= k 3.13 1,04 

B. FRANKEN~fAEUSER and A. F. HUXLEY, J. Physiol., Loud. 171, 
302 (1964). 

a G. M. SCHOEt'rLE and G. C. JOHNS, Am. J. Physiol. 219, 636 (1970). 
r G. M. SCHOgPFLE and F. E. BLOOM, Am. J. Physiol. 197, tt31 

(1959). 
5 R. D. CUNmNOHAM and W. F. BRIDOERS, Biochem. biophys. Res. 

Commun. 38, 99 (1970). 
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Figures 1 and 2. Ordinate is percent change in magnitude of V, the maximum rate of change of voltage during the rising phase of the action 
potential obtained from a large single medullated Xenopus fibre. Each point corresponds to a mean of 9 consecutive measurements taken at 
2 see intervals. Stimulation rate is once per sec. Print out from a PDPS-I computer is effected by a Calcomp 565 X-Y recorder which prints 
200 points per hour. The fibre is subjected to continuous fluid exchange. At zero time each fibre is exposed to concentrations of cycloheximide 
indicated by numbers adjacent to each curve in terms of mg/1. Each of the fibres involved is obtained from a different nerve. The progressive 

increase hi V associated with the 10 rag/1 concentration is quite often observed in control fibres. Recording technique involves the single air 
gap method. 



15. 10, 1976 Specialia 1283 

Such a s i tua t ion  is, however ,  of ten encoun te red  in a 
sys t em involving coopera t iv i ty ,  where  a fairly large 
n u m b e r  of ident ical  c o m p o n e n t s  m a y  reac t  to  fo rm a 
single complex.  

As an i l lustrat ive example,  the  reac t ion  sequence 

n P +  S ~- PnS + C ~ PnSC 

m a y  be cons t ruc t ed  where  n molecules of a pro te in  P 
combine  successively wi th  componen t s  S and C in a 
s i tua t ion  such t h a t  EC] is l imited and IS] is p resen t  in 
excess. Res t ing  level of sodium conduc tance  migh t  t hen  
be de t e rmined  by  [P~SCI. 

For  reasonable  values  of n, say 5 to  20, the  concent ra -  
t ion t e r m  ~PnSC] can va ry  wi th  [P~ in a manne r  such 
t h a t  it  is essent ia l ly  zero t h r o u g h o u t  a qui te  ex tended  
range of [PJ, beyond  which,  i t  increases ab rup t l y  and 
s igmoidal ly  to  app roach  a l imit ing value de t e rmined  b y  
the  avai lable C factor .  

Hence  it is conceivable  t h a t  an ab rup t  reduc t ion  in [P] 
t h r o u g h o u t  a nar row range would lead to a gradual  t ime 
d e p e n d e n t  decline in [P~SC] which migh t  t hen  be 

ref lected in the  V- curves of Figures  1 and 2. 
Whi le  amino  acid incorpora t ion  in to  p ro te in  of isolated 

axons  is well es tabl ished for a va r i e ty  of forms, the  syn- 
the t ic  mechan i sm involved remains  obscure 7 12. The 
p rob lem is, of course, aggrava ted  by  the  absence of 

clearly demons t rab le  r ibosomes in axoplasm.  On sepa- 
ra t ing squid axon shea th  f rom axoplasm,  L a s E x  et  al.~a 
d iscovered t h a t  mos t  of t he  r ibosomal  R N A  is confined 
to the  sheath .  

Exp lo ra t ion  of these resul ts  to  the  medul la ted  axon 
would impl icate  the  Schwann  cell as a source of r ibosomal  
synthes is  wi th  subsequen t  migra t ion  of pro te in  into the  
axon.  N o t  excluded as a poss ibi l i ty  is t he  suggest ion b y  
AUSTIN and MORaAN ~4 t h a t  since high levels of IRNA are 
found in synap tosomal  s t ruc tures  it is possible t h a t  the  
axonal  m e m b r a n e  itself m a y  con ta in  r ibosomal  types  of 
synthes iz ing  sys tems.  
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Alpha-Receptor Subsensitivity of Isolated Atria from Rats Following Repeated Injections of Phenyl- 
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Summary. Daily inject ions of pheny lephr ine  or isoprenal ine for 4 or 7 days  lowered the  chronot rop ic  sens i t iv i ty  of 
e -adrenorecep tors  in isolated ra t  atria.  

An increased sens i t iv i ty  of cardiac  e- receptors  is found 
to be induced  in frogs and/or  m a m m a l s  by  several  
condi t ions ,  e.g. b y  low exper imen ta l  t e m p e r a t u r e  a-7, 
i nac t iv i ty  of skeletal  muscles  8, increased vagal  influences 
o n  h e a r t  9, p ropy l th iou racy l  t rea tment1~ 11, and  hypo-  
t hy ro id i sm  ~. These effects are usual ly associa ted wi th  a 
lowered /~-receptor sens i t iv i ty  shown in inotropic  and/or  
metabol ic  ac t iv i ty  of th is  organ. Recen t ly  we ~a found  out  
t h a t  cold accl imat ion t empora r i ly  lowers chronot rop ic  
sens i t iv i ty  of t he  isolated r a t  a t r ia  to  an e-adrenergic  drug  
pheny leph r ine  (PHE) ,  while i t  does n o t  change  the  
sens i t iv i ty  to a /~-adrenergic drug  isoprenal ine (ISO). 
These resul ts  were i n t e rp re t ed  b y  suggest ing t h a t  the  
enhanced  release of ca techolamines ,  as a resul t  of increased 
s y m p a t h e t i c  ac t iv i ty  of cold-exposed animals,  was re- 
sponsible  for th is  subsens i t iza t ion  of cardiac a-receptors .  

The aim of the  p resen t  s t u d y  was to elucidate whe the r  in- 
creased levels of e - s t imu lan t  (PHE) and  f l -s t imulant  (ISO) 
in rats ,  as p roduced  by  repea ted  inject ions  of these  drugs, 
will change  the  sens i t iv i ty  of cardiac  adrenorecep tors  in 
isolated atria.  

Material and methods. A to ta l  of 198 adul t  male Sprague-  
Dawley  rats ,  200-350 g in weight ,  were used in these  
studies.  They  were d iv ided  into 20 groups,  hal f  of t h e m  
receiving once a day  subcu taneous ly  inject ions  of P H E  
(Neosynephr ine* ,  Win th rop)  3 mg/kg  in physiological  
NaCl-solut ion or ISO (Isuprel  | Win throp)  0.3 mg/kg  in 

olive oil. The  dura t ion  of the  t r e a t m e n t s  in each group is 
men t ioned  in t he  Figures.  The o the r  hal f  served as 
contro l  animals  receiving in jec t ions  of NaCl-solution or 
olive oil w i t h o u t  any  drugs. 

The cumula t ive  concen t ra t ion- response  curves for t he  
chronot rop ic  response to  ISO and  P H E  were de te rmined  
on isolated at r ia  a t  37~ in Thyrode ' s  solution. The 

t This study was supported by grants from the National Science 
Council of Finland. 
Department of Physiology, University of Kuopio, Finland. 

3 G. iKuNOS and M. SZENTIVs Nature, Lond. 277, 1077 (1968). 
4 G. A. BucKLer and C. C. JORDAN, Br. J. Pharmae. 38, 394 (1970). 

G. KUNOS, M. S. YONG and M. NICKERSON, Nature New Biol. 247, 
119 (1973). 
G. Kudos, I. VERMES-KuNos, G. N. BOYD and M. NXCKERSON, 
Fedn Proe. 32, 691 (1973). 

7 M. I-IARRI, Acta pharmae, tox. 33, 273 (1973). 
8 M. SZENTIVXNYI, G, KuNos and A. JUrIs Am. J. Physiol. 

218, 869 (1970). 
* M. SZENTIVs G. KUNOS and A. JUHs Acta physiol. 

hung. 37, 427 (1970). 
10 M. N&KASHIMA, I{. MAEDA, A. SEKIYA and Y. HAGIN0, Jap. J. 

Pharmae. 21,819 (1971). 
11 M. NAKASHIMA and Y. HAGINO, Jap. J. Pharmac. 22, 227 (1972). 
r2 G. KUNOS, I. VERMES-KUNoS and M. NICKERSON, Nature, Lond. 

250, 779 (1974). 
la M. HARRI, L. MELENDER and R. TIRRI, Experientia 30, 1041 

(1974). 


