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olar  f ib r i l l a r  centres ,  would  be  an  aggrega t ion  of c i s t rons  
of t h e  nuc leo la r  c h r o m a t i n  loop no t  engaged  in ac t ive  t r a n -  
sc r ip t ion  (Figure 4). T he  clear areas  s u r r o u n d i n g  t h e m  
would  co r respond  to  r ibosomal  c is t rons  in ac t ive  t r a n -  
sc r ip t ion ;  t h e i r  low elect ronic  dens i ty ,  t he i r  loose s t r u c t u r e  
a n d  t h e i r  smal l  size (10 X) would  be due to  the  fac t  t h a t  
n a s c e n t  R N A  molecules  would  be  s h o r t  w i t h  few as- 
soc ia ted  pro te ins .  The  f ibr i l lar  c o m p o n e n t  zone cont ig-  
uous  w i t h  t he  c lear  areas  would  cor respond  to r i bosoma l  
c i s t rons  w i t h  long R N P  molecules ;  hence  also a t r a n -  
sc r ip t ion  zone. 

I n  t he  f ibr i t lar  cen t re  zones mos t  d i s t a n t  f rom t he  clear  
areas,  t he  R N P  molecules  seem to  be f u r t h e r  l i be r a t ed  

f rom the  r i bosoma l  cistrons.  The  m a t u r a t i o n  process  of 
t he  r ibosomal  precursors  would  seem to s t a r t  a t  th i s  s t age ;  
t he  molecules  undergo  a morpholog ica l  condensa t i on  pro-  
cess, becoming  sho r t e r  a n d  shor ter ,  g lobu la r  s u b u n i t s  
(90 A) are seen in t h e m  and  t h e y  s u b s e q u e n t l y  undergo  a 
coil ing process, g iv ing rise to  t he  150-200 A granules.  

W e  m a y  the re fore  cons ider  each  nucleolar  f ibr i l lar  
cen t re  as an  ac t ive  zone in t he  nuc leo la r  c h r o m a t i n  loop 
(Figure 4), where  f i rs t  t r a n s c r i p t i o n  and  t h e n  m a t u r a t i o n  
of the  r i bosoma l  precursors  t ake  place. All  the  ac t ive  
f ibr i l lar  cen t res  t o g e t h e r  fo rm a single organel le :  t he  
nucleolus,  w i t h  all  t h e  f ibr i l lar  cen t res  immersed  in t he  
g r anu l a r  componen t ,  w h i c h  is t he i r  c o m m o n  f inal  p roduc t .  
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Summary. A new f luorescent  fi-blocker, 9 -amino-acr id in  p roprano lo l  (9-AAP), was a d m i n i s t e r e d  i.v. to  ia ts .  Mul t ip le  
f luorescent  9 -AAP b i n d i n g  sites were observed  on card iac  muscle  cells in frozen sections.  I n t e n s i t y  and  dens i ty  of 
card iac  9 -AAP f luorescence were m a r k e d l y  reduced  fol lowing p r e t r e a t m e n t  w i t h  ( •  a n d  ( - ) -propranolo l  b u t  n o t  
w i t h  ( + ) - p r o p r a n o l o l .  Our  f indings  sugges t  t h a t  9 -AAP m a y  label  #-adrenerg ic  recep tor  sites in r a t  myoca rd ium.  

Since the  in i t ia l  c lass i f ica t ion of adrenerg ic  recep tors  2, 
cons iderab le  ev idence  ha s  become  ava i l ab le  to  i nd i ca t e  
t h e  presence  of f i -adrenergic recep tors  w i t h i n  t he  m a m -  
m a l i a n  hea r t .  The  iden t i f i ca t ion  and  c h a r a c t e r i z a t i o n  of 
ca rd iac  f l -adrenergic  recep tors  h a v e  rel ied m a i n l y  on  
pha rmaco log ica l  a, e lec t rophysio logica l  4, and  b iochemi-  
c a d  approaches .  I n  add i t ion ,  r ad ioac t i ve ly  labe led  fl- 
ad renerg ic  agonis ts  6 a n d  an t agon i s t s  7 were used in v i t ro  
to  i den t i fy  #- receptor  si tes in card iac  p repa ra t ions .  Al- 
t h o u g h  va r ious  m e t h o d s  are avai lable ,  a more  d i rec t  ap-  
p r o a c h  for t he  de t ec t i on  of #-receptors  w i t h i n  t h e  myo-  
c a r d i u m  is w a r r a n t e d .  P r e f e r a b l y  such  a m e t h o d  would  
p e r m i t  a n  in v ivo  s tudy ,  w h e r e b y  possible  a l t e r a t ions  in  
t he  p roper t i e s  of t he  #- receptors  induced  b y  in v i t ro  pre-  
p a r a t i o n s  of card iac  t i ssues  m a y  be  avo ided  or min imized .  

Recen t ly ,  a p o t e n t  f luorescen t  #-adrenerg ic  an t agon i s t ,  
9 - amino-ac r id in -p rop rano lo l  (9-AAP) ha s  been  s yn the -  
t ized  s. This  c o m p o u n d  is a f luorescen t  ana logue  of pro-  
p rano lo l  a n d  i ts  chemica l  s t r u c t u r e  is (N-[ -2-hydroxy-3-  
n a p h t h o x y  propyl~-N ' -  [9 -amino-acr id in ] i sopropyl  di- 
amine)  (Figure 1). The  spect roscopic  m o l a r  e x t i n c t i o n  
coeff ic ient  of 9-AAP, e~60 in water ,  is 1.07 X 10K The  in- 
h i b i t o r y  effect  of 9 -AAP on #-adrenerg ic  r ecep to r s  was  
ca lcu la ted  f rom the  c o n c e n t r a t i o n  of t h i s  c o m p o u n d  
w h i c h  was r equ i red  to i n h i b i t  50 % of t he  ( - - ) - ep inephr ine  
s t i m u l a t e d  a c t i v i t y  in  a # - r e c e p t o r - d e p e n d e n t  a d e n y l a t e  
cyclase sys tem9,  ~~ The  d issoc ia t ion  c o n s t a n t  of 9 -AAP 
to  t he  #-adrenerg ic  r ecep to r  was  found  to  be  (3 • 1) • 
10-s M s, 11. 

OH CH 3 
I I ~ 2CHCH2NHCHCH2--NH 

Fig. 1. The structure of 9-amino-acridin propranolol. 

We have  r ecen t l y  used 9 -AAP to localize #-adrenergic  
receptors  in r a t  ce rebe l lum 1.. The  p re sen t  in v ivo  s t u d y  
was des igned in an  a t t e m p t  d i rec t ly  to  de tec t  #-adrenergic  
recep tors  in r a t  m y o c a r d i u m  b y  t he  u t i l i za t ion  of 9 -AAP 
as a f luorescen t  probe.  

Material and me/hods. 9 - A A P  in saline (2.5 mg/kg} was 
admin i s t e r ed  b y  slow in jec t ion  in to  the  ta i l  ve ins  of 
a lb ino  r a t s  (200-220 g). Cont ro l  an ima l s  were p r e t r e a t e d  
w i t h  one of t h e  fol lowing c o m p o u n d s :  ( •  
( - - ) -p roprano lo l ,  or ( + ) - p r o p r a n o t o l  (5 m g / k g  in saline) 
b y  slow i .v.  in ject ion.  30 min  later ,  9 -AAP (2.5 mg/kg)  
was a d m i n i s t e r e d  to each  of the  con t ro l  animals .  All  ani-  
mals  were ki l led b y  decap i t a t i on  u n d e r  l igh t  e ther  anae -  
s thes ia  30 m i n  a f te r  in j ec t ion  of 9-AAP. The  h e a r t  of 
each  a n i m a l  was  qu ick ly  removed ,  i m m e r s e d  in 'Tissue 
OCT C o m p o u n d '  (Ames, USA) and  frozen in l iquid n i t ro -  
gen. Later ,  6 -8  a m  card iac  sect ions  were cu t  in a c r y o s t a t  
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a t  - -20~ The  frozen sec t ions  -were m o u n t e d  on glass 
slides and  air-dr ied.  Sod ium p h o s p h a t e  buffer ,  0.08 M,  
p H  7.4, was  appl ied  a n d  covers l ips  were p laced  in posi- 
t ion.  The  sect ions  were v isual ized  u n d e r  p h a s e - c o n t r a s t  
a n d  t r a n s m i t t e d  u l t r av io l e t  i l l umina t i on  on a Zeiss 
Un ive r sa l  F luo re scen t  Microscope w i t h  H B O  200 "r 
super  pressure  m e r c u r y  lamp,  exci ter  f i l ter  U.G.1 a n d  
ba r r i e r  f i l ter  No. 41. 

Results. Mult ip le  yellow, in t ense ly  f luorescent  dots  
were obse rved  in card iac  sect ions  f rom an ima l s  wh ich  
were t r e a t e d  b y  9 -AAP a lone  (Figure 2). S imi lar  p a t t e r n  
and  i n t e n s i t y  of f luorescence were n o t e d  in atr ial ,  ven-  
t r icular ,  subendoca rd i a l  a n d  sep ta l  m y o c a r d i a l  sections.  
F luo rescen t  dots  were p rac t i ca l ly  a b s e n t  in  the  endo-  
c a r d i u m  a n d  ep ieard ium.  D o t t e d  f luorescence was of ten  
n o t e d  to be  a r r a n g e d  as t h r e a d s  or cha ins  cons is t ing  of 
several  f luorescent  beads  a n d  spots  wh ich  were localized 
m a i n l y  on  m e m b r a n e s  of card iac  muscle  cells. This  dis- 
t r i b u t i o n  p a t t e r n  of 9 -AAP f luorescence was obse rved  in 
l ong i tud ina l  as well  as in cross sect ions  t h r o u g h  cardiac  
muscle  cells (Figure 3). 

I n  add i t i on  to t he  well def ined 9-AAP yellow fluores- 
cen t  dots,  t h i s  c o m p o u n d  also coloured t he  myoca rd i a l  
m e m b r a n e s  w i t h  a diffuse non-specif ic  greenish  t in t .  
Dul l  opaque  non-specif ic  g reen i sh  f luorescence was oc- 
cas ional ly  observed  in e ry th rocy te s ,  d ispersed a m o n g  
card iac  muscle  cells. 

D o t t e d  f luorescence was reduced,  and  somet imes  even  
to t a l l y  a b s e n t  in card iac  sect ions  f rom cont ro l  an ima l s  
p r e t r e a t e d  w i t h  e i the r  ( •  or w i t h  ( - - ) -pro-  
pranolol .  The  dens i t y  a n d  i n t e n s i t y  of 9 -AAP fluorescence 

in card iac  sect ions  f rom con t ro l  an i ma l s  p r e t r e a t e d  w i t h  
( + ) - p r o p r a n o l o l  were h igher  t h a n  in sect ions  o b t a i n e d  
f r o m  an i ma l s  p r e t r e a t e d  w i t h  ( i ) -  a n d  ( - - ) -propranolo l .  
T h e  degree of f luorescence,  however ,  was  m o d e r a t e l y  
lower  in sect ions  f rom ( + ) - p r o p r a n o l o l  p r e t r e a t e d  ani-  
mals  as c o m p a r e d  w i t h  cardiac  p r e p a r a t i o n s  f rom r a t s  
t r e a t e d  b y  9 -AAP alone. 

Discussion. Our  f indings  sugges t  t h a t  9 - A A P  b i n d i n g  
s i tes  m a y  r ep resen t  f i -adrenergic recep tor  s i tes  in r a t  
my o ca rd i u m.  The  m a r k e d  a f f in i ty  of p roprano lo l  to  fi- 
adrenerg ie  recep tors  is well  es tabl i shed.  I t s  f luorescent  
analogue,  9-AAP, also exh ib i t s  h igh  a f f in i ty  to  ~-recep- 
to rs  w h e n  s tud ied  in v i t ro  w i t h  a f l - recep tor -dependen t  
adeny la t e  cyclase systemS, 11. F u r t h e r m o r e ,  b ind ing  of 
p roprano lo l  to  cardiac  S-receptors  is stereospecificl~. I n  
t h e  p re sen t  s tudy ,  b o t h  t h e  i n t e n s i t y  a n d  dens i ty  of 
f luorescence were lower w i t h i n  t h e  m y o c a r d i u m  of con t ro l  
an ima l s  p r e t r e a t e d  w i t h  ( i ) -  an d  ( - - ) -p roprano lo l ,  as 
c o m p a r e d  to  those  p r e t r e a t e d  w i t h  t h e  ( + ) - r a c e m i c  iso- 
mer .  T h o u g h  e v a l u a t i o n  of f luorescence was qua l i t a t ive ,  
s tereospecif ic  b lock ing  of 9 -AAP b i n d i n g  s i tes  m a y  be 
in fe r red  f rom these  f indings.  F luorescence  in an imal s  
p r e t r e a t e d  w i t h  ( + ) - p r o p r a n o l o l  was  reduced  as com- 
p a r e d  w i t h  t h a t  obse rved  in sect ions  f rom r a t s  t r e a t ed  
b y  9 -AAP alone. This  p h e n o m e n o n  is poss ib ly  due to low 
specific a c t i v i t y  of t h e  (q- ) - racemic  i somer  or to  i ts  con- 
t a m i n a t i o n  w i t h  smal l  a m o u n t s  of ( - - ) -p ropr~no lo l  ta. 

12 A. ~'[. BARRET and V. A. CULLUM, ]~r. 7" Pharmac. 3d, 43 (1968). 
la R. Howe and R. G. SttANKS, Nature, Lond. 210, 1336 (1966). 

Fig. 2. Fluorescence photomicrograph of longitudinal section through 
rat ventricular myocarclium. Chains of fluorescent dots are observed 
on cardiac muscle cells. Frozen section, x 60. 

Fig. 3. High magnification fluorescence photomicrograph showing 
fluorescent beads on membranes of longitudinal (L) and cross (C) 
sections through cardiac muscle ceils. Frozen section, x 200. 



15.11. 1976 Specialia 1389 

A p a r t  f rom specific b ind ing  to  fl-adrenergic receptors ,  
propranolol  also exhibi t s  non-specific,  low aff in i ty  bind-  
ing to cardiac membranes~4. The diffuse greenish colour- 
ing of the  cardiac sect ions m a y  represen t  non-specif ic  
9-AAP binding  to myocard ia l  membranes .  

Recen t  indi rec t  evidence suggests  t h a t  the  fi-adrenergic 
receptors  are localized in t he  cardiac cell m e m b r a n e  ~5-~v 
This view m a y  be suppor t ed  b y  the  p resen t  f indings.  
Fur the rmore ,  t he  observed d i s t r ibu t ion  p a t t e r n  of do t t ed  
f luorescence m a y  represen t  discrete  areas w i th  h igh  
concen t ra t ion  of 9 -AAP binding  sites in the  myocard ia l  
membrane .  By inference, i t  m a y  be suggested t h a t  the  
fi-adrenergic receptor  sites are no t  evenly  d i s t r ibu ted  in 
ra t  cardiac cell membrane .  

More evidence mus t  be ob ta ined  to  es tabl ish  a defini te  
analogy be tween  9-AAP binding  sites and  fl-adrenergic 
receptor  sites. Ut i l iza t ion  of 9-AAP m a y  provide  a useful 
tool  for the  di rect  de tec t ion  of fi-adrenergic receptors  in 
the  h e a r t  and also in ex t ra -card iac  tissues. 
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15 R. J. LEFKOWITZ, D. OIIARA and J. B. WARSHAW, Biochim. bio- 
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Preparat ion of Isolated Cells f r o m  Rat Heart  
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Summary. Suspensions  of isolated cells f rom ra t  hea r t  were p repa red  and the  da t a  for v iabi l i ty  and  yield are given. 
Glucose up take  by  the  cells was med ia ted  by  a carrier  system.  

H e a r t  t issue has been successfully dispersed into prep-  
ara t ions  of viable,  isolated cells 2-5, bu t  only the  last  
au thors  s have  discussed sys temat ica l ly  the  methodology.  
However ,  some i m p o r t a n t  quan t i t a t i ve  aspects  were 
lacking in the i r  paper  (e.g. s ta t i s t ics  of viabil i t ies and  
the i r  relat ion to yields) ; and  fu r thermore ,  the  very  h igh  
percentage  viabil i t ies t h e y  ob ta ined  are p robab ly  un-  

Effect of temperature of incubation with collagenase on the prep- 
aration of suspensions of isolated cells from rat heart 

Harvest 3 Harvest 4 

Viability (%) Cell yield �9 Viability (%) Cell yield~ 

30~ 55.2• ~ 1000~ 264(5) 62.8•176 1397~416(5) 

37~ 40.2• b 939~:147(13) 39.3~2.1(13/o 1026=~ 95(13) 

Cells harvested at 20 rain intervals. 
10 ~ • yield of live cells per g heart tissue. 

b Significance of difference p < 0.005 > 0.001. 
Significance of difference p % 0.001. 
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Percentage viability (O--O) and numbers of cells/g tissue (D--O) 
are given Ior all comparable suspensions of heart cells prepared in 
Harvest 3 in these experiments. The data are means for successive 
groups each of 3 experin, ents. Harvest 3 is the suspension of cells 
dispersed during the 3rd 20 rain period of incubation with collagenase. 

r ep resen ta t ive  of the  me thod ,  and  could lead to  the  
re ject ion of o therwise  acceptable  prepara t ions .  

Methods. Male albino ra ts  (100-120 g) were s tunned  
and decapi ta ted .  The cardiac ventr ic les  were diced (side 
3 mm).  Tissue ( <  2 g) was incuba ted  a t  37~ in a 50 ml  
conical  flask conta in ing  3.5 ml  of a phospha te -buf fe red  
med i u m (pH 7.4) wi th  colIagenase (1 mg/ml).  The flasks 
were shaken a t  100 s t rokes /min.  The composi t ion  of the  
med i u m (g/l) was:  8.8 g NaC1, 0 .4g KC1, 0.21 g Na2HPO4, 
0.06 g NaH2PO 4 and 0.9 g glucose. Ceils were decan ted  
f rom the  t issue pieces a t  20 min in tervals  (harvests  1-4) 
and  the  t issue resuspended  in fresh buffer.  Ha rves t s  1 
and 2 were mos t ly  e ry th rocy tes  and  f r agmen ted  cells and 
were discarded.  Cells f rom harves t s  3 and  4 were collected 
by  cen t r i fuga t ion  (60 • g, 2.5 rain), washed  3 t imes  and 
coun ted  (cy tometer  d e p t h  0.2 mm).  Viabi l i ty  was  deter-  
mined  by  s ta in ing wi th  t r y p a n  blue (equal volume 0.25% 
dye). Pur i f ica t ion  of cells by  cent r i fugat ion  th rough  
Ficoll  (30 g/l) 5 was omi t t ed  because i t  a) rarely improved  
percen tage  viabi l i ty ;  b) a lways reduced  yields; and c) 
did no t  change the  microscopic appearance .  

For  metabol ic  exper iments  the  med i u m conta ined  
lower glucose (0.5 raM), [U-a4C]glucose (0.625 [zCi/inl), 
bovine  serum a tbumin  (1 g/i) and CaC1, (2.5 mM).  Cell 
v iabi l i ty  was no t  affected by  incuba t ion  for 60 min. The 
o p t i m u m  n u m b e r  of cells per  incuba t ion  sample  (1 ml) 
was 3-4 X 105. W i t h  cell number s  of 5 X 105 f i l t ra t ion was 
difficult .  Incorpora t ion  of ~4C into ceils was de te rmined  
by  scint i l lat ion count ing  of washed  cells on a Millipore 
fi l ter  (1.2 tzm, 0.25 mm) in a scint i l la t ion mix tu re  (Triton 
X-100: to luene:  POPOP) .  Comparisons  are be tween  cell 
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