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T h e  C o n t e n t  of  N o r a d r e n a l i n e  and  A d r e n a l i n e  

i n  t h e  R a t  H e a r t  Af t e r  A d m i n i s t r a t i o n  

of R a u w o l f i a  A l k a l o i d s  ~ 

Reserp ine  has  been  shown to  lower the catechol amine  
c o n t e n t  of brain,  per iphera l  s y m p a t h e t i c  tissues, adrenal  
medulla ,  hear t ,  and  a r t e ry  walls ~--1°. The hea r t  rate  in- 
crease p r o d u c e d  by  reserpine  in the  dog hear t - lung prep- 
a ra t ion  has  been  ascr ibed b y  PAASONEN and K~AVl~a 9 
to the  noradrena l ine  released f rom the hear t  t issue itself. 
In connec t ion  wi th  the  expe r imen t s  described in the last 
men t ioned  publ ica t ion  the  effect  of a number  of Rauwolfia 
alkaloids on the  adrenal ine  and  noradrenal ine  con ten t  of 
the ra t  h e a r t  was  de te rmined .  

The assays  of t he  noradrena l ine  and adrenal ine  con ten t  
were m a d e  in the  h e a r t  t aken  f rom in tac t  rats .  Two hearts  
were c o m b i n e d  for each  analysis .  The tissues were ground 
in 5% t r ichloroacet ic  acid and  the  procedure was tha t  
descr ibed b y  v. EIJLER n,  excep t  for minor  changes 9. The 
samples  were ana lyzed  biologically by  using the cat  blood 
pressure  and  the  isolated recta l  caecum of the  hen. Before 
s t a r t ing  the  blood pressure  assay a combina t ion  of drugs, 
as used  b y  KJ~RKI ~, was  adminis te red .  The methods  and 
mater ia ls  have  beendesc r ibed  byPAAsOXEN and  KRAYER ~. 

The Rauwol f ia  alkaloids (generously supplied by S. B. 
Penick & Co., N.Y.)  were dissolved in glacial acetic acid 
and  the  solut ion d i lu ted  so t h a t  the  concent ra t ion  of acetic 
acid in jec ted  was no t  in excess of 2~/o . The drugs were in- 
iec ted  in t raper i tonea l ly .  The doses of L-noradrenatine 
m o n o h y d r a t e  and  L-adrenal ine b i t a r t r a t e  (Ster l ing-Win-  
throp)  are  given in t e r m s  of the  base. 

Resu l t s .  The  rese rp ine - type  alkaloids x~, raunescine, iso- 
raunescine,  deserp id ine  (canescine, recanescine),  and re- 
sc innamine ,  upon  in t rape r i tonea l  injection,  produced a 
m a r k e d  dep le t ion  of noradrena l ine  in the  ra t  hear t  at the 
dose level of 5 mg/kg.  The da t a  are assembled in the 
Table.  The  in t ens i ty  of t he  effect  is s imilar  to t ha t  ob- 
served  w i t h  reserpine  a t  the  same dose level °. Even  at  
a level of 20 mg/kg,  yohimbine ,  which is chemical ly  differ- 
en t  f rom the  r e se rp ine - type  group,  had  no influence upon 
the noradrena l ine  c o n t e n t  of the  hear t .  

Fo r  a q u a n t i t a t i v e  compar i son  of the  abil i ty of different 
rese rp ine- type  alkaloids to release noradrenal ine ,  the dose 
of 5 mg /kg  appear s  to  be too  high.  A clear-cut  difference 
in p o t e n c y  b e t w e e n  rannesc ine  and  isorannescine was 
ev iden t  a t  the  dose of 0-5 mg/kg.  At  this  dose, isoraunes- 
cine r e m o v e d  only  abou t  50°/0 of the  noradrenal ine within 
6 h, while raunesc ine  was fully as act ive as a t  the ten t imes 
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FAfeet of Rauwolfia Alkaloids on the Noradrenaline aild Adrenaline 
Colltent of the Rat ltcart 

I 

Substance l)ose / "l'imetL hulividual Mean 
• [ (lug/ks) [ (h) Vahles nl~tg/g¢ mgg/g b 

L__A 
Noradrenaline 

Control . . , 
lsorannescine 
lsoraunescine 
Isoraunescine 
Isoraunescine 
Raunegcine . 
Raunescine . 
Ranneseine . 
Raunescine . 
l)eserpidinet. 
Rescinnamine 
Rescinnanfine 
Yohimbine . 
Yohimbine . 

0.5 
5.0 
5.0 
5.1) 
0.5 
5.0 
5-O 
5.0 
5.0 
5.0 
5.t) 
54) 

2O.O 

6 

6 
16 
6 
4 
6 

16 
4 
4 
6 
6 
4 

(n = 13) 490 ± 140,t 
245,250 248 

68 68 
28 28 

<20o,13 <17  
32,36 34 
34,t5 25 
< 28e < 28 
15,28 22 
71,3(1 51 

17 17 
< 29P < 2 9  

350,495 423 
355,550 453 

Adrenaline 

Controls . . 
Isoraunescine 
I soraunescine 
Isoraunescine 
Isoraunescine 
Raunescine . 
Rmmeseine . 
Rauneseine . 
Itaunescine . 
Deserpidinet. 
Rescinnamine 
Rescinnanfine 
Yohimbine . 

0.5 6 
5'0 4 
5.0 6 
5.1) 6 
(1-5 6 
5.0 4 
5.0 6 
5-0 6 
5.0 4 
5.(1 4 
5.0 6 
5-0 6 

(n = 10) 
42,36 

45 
14 

6,2O 
26,39 
3O,27 

14 
24,24 
28,30 

45 
15 

34,4t 

32 ± 14 a 
39 
45 
14 
13 
33 
29 
14 
24 
29 
45 
15 
38 

Time after intraperitoneal injections. 
b Each individual vahl(, is ubtaincd front two pooled hearts. 
c Wet weight. 
d -4- standard deviation. 
e (<) Not dt, t0etahle and less than the value presented. 
t Al~o caUed e, aiwseilte ilr reeaileseitle. 

higher dose. In four exper iments ,  no t  inchuled in the  
Table, 0.5 mg/kg of reserpine, wi th in  2 h, r emoved  69°/0 
(range 58-77) of the  noradrenal ine  con ten t  of the hear t .  

Adrenaline amoun ted  to about  6% of the noradrenal ine  
content .  The sca t ter  of the  adrenal ine values was r a the r  
wide and the admin is t ra t ion  of tim Rauwolfia  alkaloids 
did not  produce clear-cut  changes.  

i n  the  exper imen t s  of I NNES, KRAYER, and  WAUD t* the  
reserpine-type Rauwolfiaalkaloids increased t h e h e a r t  ra te  
and shor tened the functicmal ref rac tory  period of a t r io-  
ventr icular  (A-V) t ransmiss ion and A - V  p ropaga t ion  
time in the  dog hea r t -hmg preparat ion.  The q u a n t i t a t i v e  
difference in potency  between Raunescine  and  Iso- 
raunescine, ment ioned  above, was also noticed,  e -Yohim-  
bine which had  no such effects did no t  decrease the  nor-  
adrenaline c o n t e n t  in our  exper iments .  The a s sumpt ion  
therefore, t ha t  the t n ms i e n t  cardioaccelerat ion and  fa- 
cili tation of A - V  t ransmiss ion is due to the  release of 
noradrenal inc from the heart ,  is fur ther  suppor t ed  by  our  
findings on the ra t  hear t .  

1~ I. R. iNSES, O. I~a~vl,:t~, and 1). R. W~.m), J. l'harmacol., in 
press (1'.~58). 
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According  to  B~oI)IE et al. ,5,1~ only Rauwol f ia  alkaloids 
wi th  seda t ive  act ion are  able to  release 5 - h y d r o x y t r y p t -  
anaine and  noradrena t ine  f rom bra in  t issue.  I soraunesc ine  
in our  expe r imen t s  was  prac t ica l ly  w i t h o u t  seda t ive  ac t ion  
but ,  never theless ,  able to  dep le te  no radrena l ine  f rom the  
r a t  hear t .  However ,  a h igher  dose of i soraunescine  t h a n  
raunesc ine  seemed  necessary  to  p roduce  the  effect .  I n  t h e  
bra in ,  too,  50 mg/kg  of i soraunescine  lowered the  con- 
cen t r a t i on  of noradrena l ine  less t h a n  5 mg /kg  of raunes-  
cineXL The  fac t  t h a t  u -yoh imbine  was ineffec t ive  in the  
e x p e r i m e n t s  r e p o r t e d  is in keeping  wi th  t he  f inding *s,t~ 
t h a t  i t  does  no t  release noradrena l ine  f rom the  r a t  in- 
test ine,  the  t issue m o s t  sensi t ive  to dep le t ion  of nor- 
adrena l ine  b y  the  r e se rp ine - type  Rauwol f ia  alkaloids. 

M. ~4~. PAASONEN* and  OTTO ~(RAYER 

Department o~ Pharmacology, Harvard 1lledical School, 
Boston (Mass.), September 11, 1958. 

Zusammen/assung 

Die chemisch  v e r w a n d t e n  Rauwolf ia-Alkalo ide  Rau-  
nescin,  I soraunescin ,  Deserpidin ,  R e s c i n n a m i n  und  Re- 
serpin  ve ru r sachen  einen s t a rken  Abfall  des Noradrena l in -  
gehal tes  des IRattenherzens,  wenn  sic in t r ape r i tonea l  in 
e iner  Dosis yon  5 mg/kg  gegeben werden.  Der  Adrena l in -  
gehal t  wird  n i ch t  deu t l ich  oder  e inhei t l ich  verXndert .  
a -Yohimbin ,  das  chemisch  zu einer  ande rn  Gruppe  ge- 
h6r t ,  h a t  keine \Vi rkung auf  den Noradrena l ingeha l t  des 
Herzens .  
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Effects of Different Vegetable Fats 
on the Cardiac Damage 

Caused by Pyridoxine Deficiency 

H y p e r t r o p h y  of t he  h e a r t  ~ and  a reduc t ion  in cardiac  
t r a n s a m i n a t i o n  ~ are exh ib i t ed  b y  animMs w h e n  v i t a m i n  
B~ is lacking f rom the i r  diet ,  t h e  former  being a t t r i b u t e d  
to  hype r t ens ion  caused  by  tack of pyr idox ine ,  while  the  
l a t t e r  is basical ly due  to  t he  v i t amin  in t he  form of pyr i -  
d o x a l p h o s p h a t e  being the  p ros the t i c  g roup  of t r ans -  
aminases.  

Such a p ic ture  is r e m a r k a b l y  s imilar  to  t h e  one ob- 
served in h u m a n  ar ter iosclerot ic  forms,  whose  pa tho -  
genesis appear s  to be heav i ly  af fec ted  b y  v i t amin  B63 
t h r o u g h  tile re la t ions  exis t ing  be tween  the  l a t t e r  and  
lipid metabol i sm,  n o t a b ly  t h a t  of the  so-called essent ia l  
f a t t y  acids. I t  has  been  es tabl ished,  indeed,  t ha t ,  while 
a lack of v i t amin  B 0 t ends  to increase the  sever i ty  of the  
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Table/.--Iodine Values of Fats used (Mean values =5 S.E.) 

Fat Iodine Value 

Coconut Oil . . . . . . .  
Cocoa Butter  . . . . . .  
Olive Oil . . . . . . . .  
Peanut  Oil . . . . . . .  
Cottonseed Oil . . . . . .  
Sesame Oil . . . . . . .  
Corn Oil . . . . . . . .  
Wheat  Germ Oil . . . . .  
Soybean Oil . . . . . .  
Linseed Oil . . . . . . .  

10-2 ~2 0-4 
36-5 ~ 2-1 
81.9 ± 3-4 
93.8 ± 6-0 

105.3 4- 8.8 
107-1 4- 9.2 
123.8 4- 11.5 
125-2 4- 10.8 
132-3 ± 12-1 
177.6 4- 13.4 

:Burr s y n d r o m e  4, the  admin i s t r a t i on  of n o n - s a t u r a t e d  f a t t y  
acids dur ing  a die t  lacking in py r idox ine  will e i ther  de lay  
the  onse t  of the  hypov i t aminos i s  or mi t iga te  its s y m p t o -  
ma to logy  s. 

We were  induced  b y  the  foregoing cons idera t ions  to 
u n d e r t a k e  a p r o g r a m a imed to assess the  act ions  exer ted  
by  a va r i e ty  of vege tab le  fats,  all w i th  va ry ing  c o n t e n t s  
of essent ia l  f a t t y  acids, upon  (1) t he  size, (2) l ipid conten ts ,  
and  (3) py r idoxa l  p h o s p h a t e  c o n t e n t s  of the  hear t ,  our  
e x p e r i m e n t s  be ing pe r fo rmed  on ra t s  s u b m i t t e d  to a diet  
lacking in v i t a m i n  B 6. 

We used a to ta l  of 144 an imals  averaging  in weigh t  
f rom 120 to 150 g, d iv ided  in to  twelve  groups  of twelve  
subjec ts  each, on a d ie t  wi th  no v i t amin  BG, of known  
compos i t ion  to which  25% of a vege tab le  fa t  h a d  been  
added.  

The subjec ts  received as m u c h  of t he  above  die t  as t hey  
could ea t  dur ing  a four-week period,  a t  t he  end of which 
t h e y  were  bled to  dea th ,  the i r  hea r t s  t h e n  be ing  r emoved  
unde r  asept ic  condi t ions ,  weighed  and t e s t ed  for to ta l -  
l ipids 6 and  p y r i d o x a l p h o s p h a t e  con ten t s .  The la t t e r  sub-  
s t ance  was  d e t e r m i n e d  by  the  m e t h o d  deve loped  by  
BOXER el al.7 using S . / aeca l i s  as the  t e s t  germ. 

The iodine value  of each  fa t  used was d e t e r m i n e d  by  
the  H a n u s  m e t h o d  as descr ibed  in U .S .P .  X V  s. 

Our  resul ts  are t abu l a t ed  in Tables  I and  II .  

F r o m  the  foregoing d a t a  it appea r s  t h a t  the  g rea t e s t  
degree of h e a r t  e n l a r g e m e n t  is o b t a i n e d  fi 'om cocoa b u t t e r  
and  coconu t  oil, t he  s l ightes t  f rom soybean  and  linseed 
oils, and  t h a t  i n t e r m e d i a t e  degrees of h y p e r t r o p h y  are 
d e t e r m i n e d  by  t h e  o the r  fa ts  t e s ted .  I t  m a y  be no ted  t h a t  
the  order  in which  the  fa ts  are  classed accord ing  to the i r  
iodine values  has  been  ma in t a ined ,  as t he  lower  t he  iodine 
value of  the  fa t  admin i s t e red ,  t he  g rea te r  was  t h e  increase 
in h e a r t  weight ,  a n d  vice versa, t he  only  excep t ion  being 
co t tonseed  oil, whose  h y p e r t r o p h y i n g  effect  a p p e a r s  to 
be less t h a n  t h a t  oI corn oiI a l though  i ts  iodine value  is 
lower. 

General ly ,  the  same cons idera t ions  app ly  to  the  lipid 
c o n t e n t s  of t he  h e a r t  t issue. 

On the  con t ra ry ,  the  p y r i d o x a l p h o s p h a t e  c o n t e n t s  was 
h ighes t  in such sub jec t s  as were  admin i s t e red  s o y b e a n  or 
whea t  germ oil and  lowest  when  olive oil was added  to 
t he  diet ,  S ta r t ing  f rom co t tonseed  oil, indeed,  the  effect 
upon  the  coenzymic  con ten t s  of the  hea r t  t issue gradual ly  
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