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f requency  of the  fibre d iameters  was a b o u t  30 ~xm in 
t r e a t ed  mice, while in controls  it  was abou t  50 ~tm (fig- 
ure 2). 
The pro te in  con t en t  of t he  gas t rocnemius  muscle in 
t r ea t ed  mice was s ignif icant ly  lower in compar i son  wi th  
the  contro l  group:  th is  reduc t ion  h a d  i ts  c o u n t e r p a r t  in 
the  marked ly  increased hydroxypro l ine  con t en t  (table). 
The above men t ioned  d a t a  pe rmi t  one to qual i fy  the  
lesion as a muscular  dys t rophy ,  a l though  a c lear-cut  dis- 
t inc t ion  of its origin is impossible,  since in th is  field the  
pathological  f indings are confusingly  similar, and  mor-  
phology depends  on the  s tage t h a t  t he  disease has reached  
in the  pa r t i cu la r  muscle examined .  The morphological  

Vehicle & 9.THC 

Weight of the muscle (mg) 171.7 • 7.89* 187.2 -L 12.2 
Protein content (per cent 
of the weight of the 
muscle) 
Hydroxyproline content 
(per cent of the protein 
content) 0.637 -E 0.03 
Twitch tension (g) 59.85 • 2.33 
Tetanus tension (g) 218.86 • 8.87 

19.72 -I- 0.58 15.57 -[= 0.35 (p<l% o) 

1.065 i 0.05 (p<l~ 
36.70 =[:: 2.26 (p<1% o) 

160.28 ~ 8.33 (p<l~ 

* Standard error. 

d a t a  f i t  ve ry  well wi th  the  b iochemical  f indings and the  
funct ional  t e s t s  on muscle.  
I t  can therefore  be inferred t h a t  t he  t r e a t m e n t  wi th  A 9- 
THC at  low doses for a r a the r  pro longed t ime  gives rise 
to  a par t i cu la r  muscular  lesion which,  as far as we know, 
has  never  been  descr ibed af ter  cannabinoids .  Our experi-  
men ta l  d a t a  canno t  give an exp lana t ion  of t he  possible 
mechan i sm involved in t he  origin of this  peculiar  dys-  
t rophy .  However ,  the  da t a  r epor ted  by  K ay aa l p  et  al. ~ 
account  for a par t ia l  blocking ac t ion  of Ag-THC upon 
neuromuscu la r  t ransmiss ion,  poss ib ly  due to  a direct  
ac t ion  of t he  drug  on the  naked  m o t o r  nerve  te rminals  in 
t he  muscle,  which  are more  suscept ib le  to such an act ion 
t h a n  the  mye l ina t ed  m o t o r  axons  in the  nerve  t runk.  
Therefore,  i t  c anno t  be excluded t h a t  such a blocking 
act ion,  p ro t r ac t ed  for 30 days,  is one of the  causes of the  
observed  muscular  lesions, t h o u g h  some effects ob ta ined  
af ter  t r e a t m e n t  w i th  Ag-THC ~, 3, 8-10 suggest  t h a t  a more  
general  mechan i sm is involved.  Studies  are in progress  
on th is  topic.  
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Summary. Some new type  of bufadienol ide-  and cardenol ide-conjugates ,  including bufo tox ins  and  3-sulfates recent ly  
isolated f rom the  toad  skin, were t e s t ed  for the i r  cardio tonic  act ivi t ies  b y  using isolated frog hea r t s  and guinea-pig 
atria.  The re la t ive potencies  were ob ta ined  and  repor ted .  

Recent ly ,  N a m b a r a  and  his co-workers  a - n  have  isolated 
new bufotoxillS and  the i r  homologs,  as well as bufadieno-  
lide and  cardenot ide  3-sulfates, f rom the  skin of Japanese  
toads .  They  also syn thes ized  the  analogous conjugates  of 
cardenolide12,13. In  th is  s tudy,  some of these  compounds  
were t e s t ed  : 1. the  isolated frog hear ts ,  and  2. the  isolated 
guinea-pig atria.  
The agents  used were bufal in 3-sulfate, d igi toxigenin 
3-sulfate*,  gamabufo ta l i t ox in  (gamabufota l in  3-suberoyl-  
arginine ester), gamabufo ta l in  3-hemisuberate ,  gama-  
bufotal in,  8 d igi toxigenin  3-suberoyl -X es te rs*  in which  
X were amino acids, and d ipept ides  (table 2), as well as 
bufal in and  digi toxigenin  (* = syn the t i c  specimen):  
The s tock solut ion of d igi toxigenin  was p repa red  wi th  
95% e thanol  in concen t ra t ion  of 1.0 mg /ml  (2.7 raM). 
All o ther  compounds  excep t  3 were also dissolved in con- 
cen t ra t ion  of 1.0 mg/ml .  S tock  solut ions of gamabufo ta l i -  
toxin,  gamabufo ta l in  3-hemisubera te  and  gamabufo ta l in  
were m a d e  in equimolar  to  t h a t  of digi toxigenin.  I m m e -  
d ia te ly  before exper iment ,  these  s tock  solut ions were 
d i lu ted  wi th  saline (0.6% for frog hear ts ,  and 0.9% for 
guinea-pig atria) to  desired concent ra t ions .  
1. The isolated frog h e a r t  (S t raub ' s  prepara t ion) .  The 
m e t h o d  of assay  is t he  same as t he  previous  pape r  1.. 
Male frogs, R a n a  n ig romacu la ta  (20-35 g) were used. The 
S t r aub ' s  cannula  con ta ined  2 ml  of Ringer ' s  solution, the  
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composi t ion  o5 which  (in mM) was:  NaC1 111, KC1 2.7, 
CaCI~ 1.8, NaHCO a 15 and glucose 2.7. I t  was aera ted  
wi th  95% O 2 + 5% CO~. Isotonic  con t rac t ion  of the  
hea r t  was recorded on smoked  drums.  The hea r t  was first  
made  h y p o d y n a m i c  by  reducing the  concen t ra t ion  of 
calc ium to 0.6 mM, 1/3 of the  normal ,  and  the  effects  of 
the  compounds  were  t e s t ed  in t he  following way.  
S ta r t ing  f rom a sub thresho ld  dose, a small  a m o u n t  
(10-70 ~,1) of a di luted solut ion was added  to  the  cannula  
every  15-30 min, so t h a t  a s tepwise increase in the  cumu-  
la t ive concen t ra t ion  of the  t e s t  compound  was achieved,  
un t i l  the  h e a r t  wen t  into cont rac ture .  The way  of in- 
creasing the  cumula t ive  concen t ra t ion  was:  10-~, 
3 • 10-", 10-( ~-l} . . . .  A n e x t  addi t ion  was no t  made  unt i l  
the  he igh t  of con t rac t ion  reached a p la teau.  The relat ive 
potencies  (RP) were ob ta ined  on the  basis o5 the  concen- 
t r a t ion  of each compound  in which con t rac tu re  of the  
hea r t  was b rough t  abou t  (C-contr). E a c h  c o m p o u n d  was 
t e s t ed  on 4 prepara t ions .  The exper imen t s  were carried 
out  wi th  several  lots of frogs a t  room t e m p e r a t u r e  of 
20-25 ~ The po t ency  of digi toxigenin in the  same lot of 
animals  was t aken  as s t andard .  In  mos t  cases, C-contr  of 
d igi toxigenin  was 3 • 10 -7 g/m1. Occasionally it was 10 -6 
g/ml (1 out  of 5-6 cases). In  the  following, the RP-va lues  
are shown on molar  basis. 

Table 1. Relative potencies of compounds belonging to group A and 
group B obtained hi frog hearts and guinea-pig atria 

Compound RP Guinea-pig atria 
Frog Con- 
heart traeture SQ 

A. 

Digitoxigeni~/ 1.0 t.0 1.0 
Digitoxigenin 3-sulfate 0.3 
Bufalin 0.3 10 tO 30 
Bufalin 3-sulfate 1.0 

B. 
Digitoxigenin 3-suberoyl-argiuine ester 0.3 1.0 0.3 0.3 
Gamabufotalin 1.0 3.0 3.0-10 
Gamabufotalin 3-hemisuberate 0.3 1.0 1.0 
Gamabufotalitoxin 1.0 1.0-3.0 3.0 

RP = relative potency. SQ = sudden quickening (see text). 
Dixitoxigenin was taken as standard. RP's are shown on molar basis. 

Table 2, Relative potencies of compounds belonging to group C 
obtained in frog hearts. 

C. Digitoxigenin 3-suberoyl-X esters 
X RP 

1. Glycine 0.3 1.0 
2. L-Alanine 0.1-0.3 
3. L-Tryptophan 0.3 
4. L-Proline 0.03 
5. L-Arginine 0.3 1.0 
6. Glycyl-L-proline 0.1-0.3 
7. L-Aspartic acid dimethyl ester 0.3 
8. Glycyl-L-phenylalanine methyl ester 0.3-1.0 

RP ~ relative potency. Digitoxigenin was taken as standard {t.0). 
RP's are shown on molar basks. 

A. Bufalin 3-sulfate and  re la ted  compounds :  The resul ts  
are shown in table  1. The R P ' s  of digi toxigenin,  bufal in  
and the i r  sulfates were wi th in  a nar row range,  0.3-1.0. 
Sulfation a t  C-3 decreased the  p o t en cy  in digi toxigenin,  
while it  increased the  p o t en cy  in bufalin. 
B. Gamabufo ta l i t ox in  and  re la ted  compounds :  As shown 
in tab le  1, t he  R P ' s  of gamabufo ta l i t ox in  and  3 re la ted  
compounds  ranged  0.3-1.0. 

C. Digi toxigenin  3-suberoyl-X esters:  The R P ' s  of 8 com- 
pounds  of th is  group are summar ized  in table  2. They  also 
ranged wi th in  a re la t ively  na r row range, 0.1 1.0, excep t  
suberoylproi ine  ester,  t he  p o t en cy  of which  was  exceed-  
ingly low. Any  simple s t ruc tu re -ac t iv i ty  re la t ionship  was 
not  obta ined.  The suberoylarginine  ester  is also included 
in this  table.  
The p a t t e r n s  of response of the  S t raub ' s  p r epa ra t i on  to 
t he  c o m p o u n d s  descr ibed were  basically t he  same.  The 
cumula t ive  appl ica t ion  caused a gradual  increase in the  
he ight  of cont rac t ion ,  and  t h e n  a cont rac ture ,  which  was 
accompanied,  or soon followed, by  an arrest .  The only 
difference no ted  in the  responses  to gamabufo ta l i t ox in  
and the  c o m p o u n d s  belonging to the  group C was the  fact  
t h a t  a longer t ime  (20-30 min) was necessary  to  reach  a 
s t eady  level of cont rac t ion ,  in every  s tep of the  cumula t ive  
addi t ion  of the  drug. In  digi toxigenin or the  bufogenins,  
a p la teau  was reached wi th in  15 min or less. 

The hea r t  ra te  ranged be tween  40 and 70/rain when the  
p repara t ions  were set  up. No cons is ten t  or r emarkab le  
change was caused e i ther  by  reducing the  calcium con- 
cen t ra t ion  of Ringer ' s  solution, or by  the  cumula t ive  
addi t ion  of the  drugs unt i l  the  concen t ra t ion  reached  one 
or two s teps  pr ior  to the  final (C-contr). Then the  bea t ing  
rate  d ropped  quickly, and  an arres t  followed. 

2. The isolated guinea-pig atria.  Male guinea-pigs (370 to 
570 g) were used. Tile r igh t  and left atr ial  p repa ra t ions  
were p repa red  f rom tile excised hear t ,  and suspended  
separa te ly  in organ ba ths  which conta ined 10 ml of 
Krebs -b ica rbona te  solution. The composi t ion  of the  solu- 
t ion (in mM) was: NaC1 118, a c t  4.7, CaC12 2.5, Kt{2PO 4 
1.18, MgSO 4 1.18, NaHCO a 24.9, and ghlcose 11.1. I t  was 
aera ted  wi th  95% O2 + 5% CO2 and kep t  a t  37~ The 
contract i le  tension of the  a t r ia  was recorded isometr ical ly  
on an ink-wri t ing oscil lograph wi th  a force-d isp lacement  
t r ansduce r  and a carrier  amplifier.  The left atr ial  p repara -  
t ion was s t imula ted  at  a co n s t an t  ra te  (4 Hz) by  a square-  
wave pulse. The r ight  bea t  spontaneously ,  and the  bea t  
ra te  was recorded wi th  a ca rd io tachometer .  Admin i s t ra -  
t ion  of t he  drugs  was  m a d e  in a cumula t ive  manner .  
Digi toxigenin,  bufalin,  d igi toxigenin 3-suberoylarginine 
ester, gamabufo ta l in  and its 3-hemisuberate ,  and gama-  
bufo ta l i tox in  were tested.  Four  expe r imen t s  were carr ied 
out  for each compound .  

W h e n  the  concen t r a t ion  of the  c o m p o u n d  t e s t ed  was 
e leva ted  cumula t ive ly ,  the  contrac t i le  force of t he  left  
a t r ium increased gradual ly  and  reached a peak.  Then  
a r rhy thmic  con t rac t ions  which did no t  follow the  elec- 
t r ical  s t imula t ion  appeared,  and  the  systol ic  tens ion  
t ended  to  decrease slightly. The la t t e r  was accompan ied  
by  a marked  increase in the  diastolic tension,  and  a con- 
t r ac tu re  followed. In  the  r igh t  atr ial  p repara t ion ,  the  
inotropic  response  Was a lmos t  the  same as in t he  left. 
A sudden  increase in the  bea t  ra te  (sudden quickening,  
SQ) invar iab ly  preceded  the  cont rac ture .  Digi toxigenin  
caused con t r ac tu re  and SQ a t  a concen t ra t ion  of 10 -~ 
g/ml. Taking  th is  as s t anda rd ,  the  R P ' s  of o the r  com- 
pounds  were ob ta ined  (on molar  basis) and summar ized  
in table  1. As shown in the  table,  the  values of the  2 sets 
of R P ' s ,  ca lcula ted  on the  basis  of C-contr  or t he  concen-  
t r a t i on  a t  which SQ appeared ,  were abou t  t he  same.  
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I t  is well known t h a t  bufadienol ides  are several  t imes  
more  p o t e n t  t h a n  the  cardenol ide  homologs  15. This rela- 
t ionsh ip  is seen in guinea-pig a t r ia  in RP-va lues  for 
bufal in and  digi toxigenin,  gamabufo ta l i t ox in  and digi- 
toxigenin  3-suberoylarginine ester.  The same relation,  
however ,  was no t  found  in frog hear ts .  Since the  sensit i-  
v i t y  of frog hear t s  to  digi toxigenin is abou t  the  same as 
t h a t  of guinea-pig atria,  the  R P ' s  for the  4 bufadienol ide-  

compounds  are clearly larger in guinea-pig atr ia  t h a n  in 
frog hear ts .  This suggests  t h a t  the  frog hea r t  is less sensi- 
t ive to  bufadienolides,  b u t  no t  to cardenolides,  t h a n  the  
m a m m a l i a n  hear t .  

15 G. Baumgarten, in: Die herzwirksamen Glykoside, p. 231. VEB 
Georg Thieme, Leipzig 1963. 
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Summary. Metanephr ine ,  i so-metanephr ine ,  no rme t an ep h r i n e  and  i sonormetanephr ine  were tes ted  for ~- and  fl- 
ac t iv i ty  on var ious  t issues ob ta ined  f rom rats,  guinea-pigs and cats.  I t  was found t h a t  m e t h y l a t i o n  of the  h y d r o x y l  
groups of norep inephr ine  or ep inephr ine  in e i ther  the  3- or 4-posi t ion marked ly  reduces or abolishes ~- and/~-ac t iv i ty  
wi th  the  except ion  of the  n ic t i t a t ing  m e m b r a n e  of the  cat.  This receptor  seems to show a t issue difference. 

O-Methyla t ion  of norep inephr ine  or ep inephr ine  is gener-  
ally regarded  as an inac t iva t ion  process and the  me t ab -  
olites m e t a n e p h r i n e  and  n o r m e t a n e p h r i n e  are t h o u g h t  
to possess l i t t le or no ac t iv i ty  on ~- or fl-receptors ~-4. In  
contras t ,  Langer  and  Rubio  ~ found recent ly  t h a t  nor-  
me taneph r ine  and  m e t a n e p h r i n e  elicited responses  of the  
ca t ' s  n ic t i t a t ing  m e m b r a n e  equal  to t h a t  of norepine-  
phrine.  
Since i t  is possible t h a t  th is  d i sc repancy  is t he  resul t  of a 
species and /or  t issue difference, m e t a n e p h r i n e  and  nor-  
m e t a n e p h r i n e  were t e s t ed  on a va r i e ty  of t issues ob ta ined  
f rom rats ,  guinea-pigs and  cats.  In  addi t ion,  the  2 iso- 
mers  of m e t a n e p h r i n e  and  no rme tanephr ine ,  i so-metane-  
phr ine  or 3 - h y d r o x y - 4 - m e t h o x y - N - m e t h y l - p h e n y l e t h a -  
no lamine  and  i so -normetanephr ine  or 3-hydroxy-4-  
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Effect of O-methy]ated derivatives of norepinep~ine and epine- 
phrine on the nictitating membrane of the cat. The number of de- 
terminations was 6 in most instances. The curve for norepinephrine 
included for purposes of comparison is obtained from Trendelen- 
burg et a13. 

m e t h o x y p h e n y l e t h a n o l a m i n e ,  which had  no t  been tes ted  
previously,  were included in the  expe r imen t s  to ob ta in  
in format ion  on the  impor t ance  of the  me t h o x y -g ro u p  in 
the  3- and 4-position. 
Cats were anes the t ized  wi th  e the r  to ob ta in  the  n ic t i t a t ing  
m e m b r a n e  or were sacrificed wi th  an overdose of pen to -  
ba rb i t a l  to  ob ta in  vas deferens  and spleen. Ra t s  and 
guinea-pigs were s tunned  wi th  a blow to  the  head  and  
quickly  decap i ta ted .  The tes t ing  was per formed wi th  
convent iona l  me t h o d s  and the  exper imenta l  procedures  
have  been  descr ibed in detai l  6-8. Cumula t ive  dose- 
response  curves were ob ta ined  for auricles and n ic t i t a t ing  
m e m b r a n e s  whereas  all the  o ther  tes t s  were pe r fo rmed  
by  i n t e r m i t t e n t  admin i s t r a t ion  of the  tes t  compounds .  
The figure shows the  dose-response curves of the  deriv-  
a t ives  on the  n ic t i t a t ing  m e m b r a n e  of the  cat. All com- 
pounds  are act ive and the  curves  are pract ica l ly  parallel.  
I so -me tanephr ine  and  i so -normetanephr ine  were less 
p o t e n t  t h a n  the  cor responding  isomers. 
The table  shows a s u m m a r y  of the  t issues tested.  W i t h  
the  except ion  of the  n ic t i t a t ing  membrane ,  all o ther  tis- 
sues did no t  respond or r e sponded  by  less t han  20% of 
the  m a x i m u m  response to norep inephr ine  even when the  
h ighes t  concen t ra t ions  of the  der iva t ive  were used: 
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