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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.  

60. ]~. LOWRY, N. J. ROSEBROUGH, A. L. FARR and R. J. RANDALL, 
J. biol. Chem. 793, 265 (1951). 

7 A. EDSrRO~% J. Neuroehem. 73, 315 (1966). 
8 J. ]~. ]~DSTROM, D. EICHNER and A. EDSTROM, Biochim. biophys. 

Aeta 67, 178 (1962). 
9 A. EDSTROM and J. SJOSTRANO, J. Neurochem. 16, 67 (1969). 

i0 S. FISCHER and S. LITVAK, J. ceil. Physiol. 70, 69 (1967). 
~1 A. GUIDITTA, W. D. DETTBARN and M. BRZIN, Proe. natn. Aead. 

Sei., USA 59, 1284 (1968). 
12 F~. KOENIG, J. Neurochem. 1,f, 437 (1967). 
13 R. J. LASEK, C. DABROWSKI and R. NORLANDER, Nature New Biol. 

24d, 162 (1973). 
14 L. AUSTIN and I. G. MORGAN, J. Neurochem. 7d, 377 (1967). 

Alpha-Receptor Subsensitivity of Isolated Atria from Rats Following Repeated Injections of Phenyl- 
ephrine or Isoprenaline t 

R, TIRRI, ANNELI SILTOVUORI and M. HARRI2 

Zoophysiological Laboratory, Department o/ Biology, University o/ Turku, SF-20500 Turku 50 (Finland); and Depart- 
ment o/Physiology, University o[ Kuopio (Finland), 29 January 7976. 

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 
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con t rac t ions  were recorded by  means  of a suct ion electrode 
on a Mingograph 24 B je t  recorder  as descr ibed earlier ~a. 
A single concen t ra t ion- response  re la t ionship curve was 
de t e rmined  wi th  each atr ial  p repara t ion .  

Results. The graphs  in Figure 1 show t h a t  r epea ted  
P H E - i n j e c t i o n s  did no t  cause any  s ignif icant  changes  in 
atr ial  response  to  ISO, bu t  t h e y  had  lowered the  posi t ive  
chronot rop ic  sens i t iv i ty  to P H E  af ter  4 days  t r e a t m e n t .  
This can be seen in the  concen t ra t ion- response  curve 
shif t ing to the  right.  Because th is  t r e a t m e n t  s t rongly  
reduced the  m a x i m u m  response  (p < 0.01), the  ECs0- 
values, however ,  did no t  differ f rom each o ther  in con- 
t rol  and exper imen ta l  groups. This lowered sens i t iv i ty  
was  pa r t l y  r e tu rned  to  normal  af ter  7 days  and to ta l ly  
r e tu rned  af ter  25 days  of inject ion t r ea tmen t .  

The resul ts  in Figure 2 indicate  the  effects of r epea ted  
ISO- in jec t ions  on adrenergic  atr ial  response  and  were 

t ical  significancies were p < 0.01 and  p <  0.005, 
respect ively.  In  t he  20-day t r e a t m e n t  groups, all re- 
sponses were except iona l ly  great .  This is p robab ly  due 
to seasonal  differencies in rats,  for these  exper imen t s  were 
carried ou t  abou t  6 m o n t h s  la ter  t h a n  the  o ther  experi-  
ments .  

The basic con t rac t ion  frequencies  of isolated a t r ia  were 
no t  changed  s ignif icant ly  in any  of the  P H E - t r e a t e d  
rats,  b u t  t h e y  were lowered in ISO- t r ea t ed  animals .  
Af ter  20 days  of t he  ISO-in jec t ion  t r ea tmen t ,  the  m e a n  
value of the  ISO- t r ea t ed  group was 184 • 8.0 and t h a t  
of the  contro l  group was 219 • 8.8; p < 0.025. 

Discussion. The changes  in atr ial  responses found in 
the  p resen t  s tudy  are qui te  similar to  those  observed by  
]~IARRI et  al x3 in isolated at r ia  f rom cold-exposed rats .  

ve ry  similar to t h a t  of chronical  P H E - t r e a t m e n t .  The 
response to  I SO was no t  s ignif icant ly  changed  bu t  the  [ 7days [ 20 days 
concen t ra t ion- response  curves to P H E  were shi f ted  to  the  180 
r igh t  indica t ing  a lowered sens i t iv i ty  of e- receptors  
following chronical  t r e a t m e n t  of 7 and 20 days  wi th  ISO. 160~ 
The m a x i m u m  responses  were reduced to  abou t  50% 
af ter  7 days  and  to 60% af ter  20 days  of in ject ion [ ~  

140~ t r e a t m e n t  as compared  to  the  control  values  and s ta t is -  ~ ' |  
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Fig. 1. Log concentration-response curves for the chronotropic 
responses to isoprenaline and phenylephrine in atria from control 
rats (broken lines) and from animals injected with phenylephrine for 
4, 7 or 25 days (continuous lines). Vertical bars indicate + or - SE. 

Fig. 2. Log concentrations-response curves for the chronotropic 
responses to isoprenaline and phenylephrine in atria from control 
rats (broken lines) and from animals injected with isoprenaline for 
7 or 20 days (continuous lines). Vertical bars indicate + or - SE. 
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The  lowered sens i t i v i t y  to  P H E  b u t  no t  to  ISO was 
found  in b o t h  s tudies .  Only  a p ro longed  co ld -acc l ima t ion  
induced  an  increased  response  to ISO,  b u t  b y  t h e n  t he  
responses  to  P H E  h a d  a l r eady  r e t u r n e d  to t he i r  in i t ia l  
levels la. LE]3LANC et  al. 1~ h a v e  obse rved  an  increased  
f l -receptor  s ens i t i v i t y  b y  r epea t ed  in jec t ions  of ISO a n d  
b y  co ld -acc l ima t ion  of 20 days  in rats .  This  was found  in 
t he  m e t a b o l i s m  of t he  an i m a l s  b u t  also in card iac  chrono-  
t rop ic  response.  However ,  these  resul t s  are n o t  qu i te  
c o m p a r a b l e  w i t h  those  in t he  p r e s en t  s t u d y  because  t he i r  
e x p e r i m e n t s  were ca r r ied  ou t  in vivo,  where  ref lex 
a d j u s t m e n t s  and  o the r  s econda ry  influences,  e.g. an  
increased  m e t a b o l i s m  in t he  animals ,  are involved .  

K u N o s  e t  al.5 h a v e  sugges ted  t h a t  card iac  ~- and  fi- 
r ecep tors  r ep re sen t  a l loster ic  con fo rma t ions  of t he  same  
s t ruc tu re .  Accord ing  to t he i r  f indings  t h a t  h y p o t h y r o i d i s m  
reduces  the /~- recep tor  s ens i t i v i t y  and  raises t he  ~-receptor  
sens i t iv i ty ,  t h e y  h a v e  f u r t h e r  sugges ted  t h a t  i t  is an  
a l t e red  t h y r o i d  h o r m o n e  level  which  resu l t s  m an  in te r -  
conve r s ion  of m y o c a r d i a l  ~- and/~-receptors  12. Our  p r e sen t  
and  p rev ious  resu l t s  on co ld -acc l imated  r a t s  ~a are n o t  
t o t a l l y  in  a g r e e m e n t  w i t h  t he  ideas of Ku~vos et  al. 
m e n t i o n e d  above.  The  lowered c~-receptor sens i t iv i ty  was 
n o t  associa ted  w i t h  a s i m u l t a n e o u s  increase  in /~- recep tor  
response,  t h u s  i nd i ca t i ng  no  in t e r conve r s ion  of ad reno-  
receptors .  BENFEY~5 also has  r ecen t ly  r epo r t ed  an  
oppos ing  sugges t ion  to t he  a d r e n o r e c e p t o r  t r a n s f o r m a t i o n  
hypothes i s .  HARRI et  al. ~3 sugges ted  t h a t  an  increase  in 
t he  s y m p a t h e t i c  a c t i v i t y  of co ld-exposured  r a t s  was  
respons ib le  for t i le s u b s e n s i t i v i t y  of cardiac  e-receptors .  

The  p re sen t  resul t s  f rom r a t s  w i t h  h ighe r  s y m p a t h o -  
mime t i c  amine  levels p roduced  b y  r epea t ed  in jec t ions  of 
s y m p a t h o m i m e t i c  amines  s u p p o r t  th i s  suggest ion.  I n  
a g r e e m e n t  are also t he  f ind ings  t h a t  the  decreased  
s y m p a t h e t i c  a c t i v i t y  in rats ,  r e su l t ing  f rom decen t ra l -  
i za t ion  or f rom 6 - h y d r o x y d o p a m i n e  t r e a t m e n t ,  causes  
supe r sens i t i v i t y  to  n o r a d r e n a l i n e  b u t  n o t  to  ISO16,17 
However ,  t he  role of t h y r o x i n e  c a n n o t  be  excluded.  I t  h a s  
been  shown  t h a t  cold-exposure~8 and  /%adrenergic 
s t i m u l a t i o n  b y  ISO 19 induce  t h y r o i d  h o r m o n e  secret ion.  
Thus  a change  in s y m p a t h e t i c  a c t i v i t y  reflects  changes  in 
t h y r o i d  h o r m o n e  levels 20, a n d  th i s  could induce  changes  
in card iac  adrenorecep tors .  Nega t ive  results ,  however ,  are 
also r epo r t ed  of t he  effects of t h y r o x i n e  on the  card iac  
ad r eno recep to r  sens i t iv i ty  21, 22. 
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Occurrence of Aldehyde-Fuchs in  and Performic  Acid-Victoria  blue Posit ive  Granules  in the Ovarian 
Pedicle of Dysdercus koenigii F. (Pyrrhocridae:  Heteroptera)  
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Summary. A cycle of a c t i v i t y  of a ldehyde- fuchs in  and  per fo rmic  ac id-Vic tor ia  b lue  pos i t ive  granules  was observed  in 
the  o v a r i a n  pedicle of Dysdercus koenigii dur ing  t he  f i rs t  ov ipos i t iona l  cycle. The  q u a n t i t a t i v e  v a r i a t i o n  of these  
granules  in  t he  pedicle  can  also be cor re la ted  d i rec t ly  w i t h  t he  increase  or decrease  of t he  neu rosec re to ry  ma te r i a l  in  
the  A- type  cells of the  pars  in te rce rebra l i s  media l is  region of t he  p r o t o c e r e b r u m  of t he  b ra in .  

The  occurrence  of Gomor i -pos i t ive  granules  in  t he  
a m o e b o c y t e s  was ear l ier  r epo r t ed  in Rhodnius 2. There -  
after ,  t h e  ch rome  h a e n l a t o x y l i n - p h l o x i n  (CHP), a ldehyde -  
fuchs in  (AF) a n d  per fo rmic  ac id -a lc i an  b lue  (PAAB) 
pos i t ive  g ranu les  were observed  in t he  las t  v i teI lar ia l  
follicles of Pyrilla perpusilla a. D u r i n g  t he  course of 
i nves t i ga t i on  on  t he  endoc r ine  cont ro l  of oocyte  m a t u r a -  
t ion,  a cycle of a c t i v i t y  of A F  and  per fo rmie  acid- 
v ic to r ia  blue (PAVB)  pos i t ive  granules  were observed  
in t he  ova r i an  pedicle  of Dysdercus koenigii. The  p r e sen t  
s t u d y  p resen t s  some his to logical  and  h i s tochemiea l  
o b s e r v a t i o n s  of these  A F  a n d  P A V B  pos i t ive  g ranu les  
in the  ova r i an  pedic le  a n d  a discussion of t he i r  poss ible  
func t iona l  s ignif icance.  

The  t e s t - insec t s  (D. koenigii) were rea red  in t he  l abora -  
t o r y  a t  a t e m p e r a t u r e  of 28 ~ • 2~ and  w a t e r s oaked  
c o t t o n  seeds were p r o v i d e d  as food. Fo r  the  purposes  of 
the  p r e sen t  s tudy ,  a requ is i t ive  n u m b e r  (8-9) of d a t e d  
female  adu l t s  were d issected  da i ly  in physiological  sal ine 4 
for t he  whole  per iod  of one ov ipos i t iona l  cycle of 8 days.  
The  neu roendoc r ine  o rgans  a n d  t he  gonads  f rom t he  same  
ind iv idua l s  were f ixed in a p p r o p r i a t e  f ixa t ive  and  were 

t h e n  s t a ined  w i th  A F  and  P A V B  in t he  m a n n e r  descr ibed 
b y  DO6RA and  TANDAN 5. The  p r e p a r a t i o n s  were supple-  
m e n t e d  b y  his to logical  sect ions  s t a ined  e i the r  before  
(PAVB) or rou t ine ly  a f te r  sec t ioning  (At?). 

An e x a m i n a t i o n  of p r e p a r a t i o n s  (bo th  whole m o u n t s  
and  his to logical  sections) of t he  neu rosec re to ry  cells a n d  
gonads  (ovar ian  pedicle) revea led  a q u a n t i t a t i v e  v a r i a t i o n  
of A F  and  P A V B  pos i t ive  granules ,  du r ing  t he  d i f fe ren t  
s tages  of egg r ipening.  The  s t a in ing  reac t ion  of these  pedicle  
granules  and  those  of A - t y p e  cells were ident ical .  More- 
over,  t he  q u a n t i t a t i v e  v a r i a t i o n s  of these  granules  in  t h e  
pedicle can  also be cor re la ted  d i rec t ly  w i t h  t he  increase  
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