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Maximal responses and pD~-values of noradrenaline and histamine on the mesenterie artery of the rabbit. 

EXPERIENTIA 31/11 

25~ 42~ 

Control Prindolol Control Prindolol 
(100 nM) (100 nM) 

Noradrenaline 
Maximalresponses (nag) 2096.4 4- 461.0 (9) 2040.1 -4- 300.0 (9) 2939.9 4- 656.0 (10) 2857.6 4- 520.3 (10) 
pDe-values 6.54 4- 0.13 (9) 6.72 4- 0.08 (9) 6.42 4- 0 .07  (10) 6.40 4- 0 .08  (10) 

Histamine 
Maximalresponses (rag) 2950.0 4- 244.5 (9) -- 4565]3 4- 438.8 ~ (7) -- 
pD~-values 5.29 4- 0.11 (9) -- 4.87 4- 0.11 �9 (9) -- 

Given are means 4- SE, number of experiments in brackets. ~p < 0.02 compared with 25 ~ 

respect ively.  Noradrena l ine  (0.01-50 [xM) and  h i s tamine  
(0.5-100 txM) elicited increasing cont rac t i le  responses  
wi th  cumula t ive  admin i s t r a t i on  of increasing doses and  
exe r t ed  max ima l  responses  which  were in all cases higher  
for h i s t amine  t h a n  for noradrena l ine  (Table). The eleva- 
t ion  of t e m p e r a t u r e  f rom 25 ~ up  to 42 ~ did no t  signifi- 
can t ly  al ter  the  max ima l  response for noradrenal ine .  Also 
the  pD2-value (negat ive logar i thm of t h a t  molar  concen-  
t r a t i on  causing a hal f  max ima l  effect) a t  25 ~ did no t  differ 
f rom t h a t  a t  42~ On the  o the r  hand ,  t he  e levat ion  of 
t e m p e r a t u r e  enhanced  s ignif icant ly  t he  max ima l  effect  
induced  by h is tamine .  At  the  same t ime,  the  pD~- 
value for th is  amine  at  42 ~ decreased signif icantly.  The 
f l -adrenoceptor  s t imu lan t  isoprenal ine in concen t ra t ions  
up to  0.1 m2~I did no t  elicit  a n y  re laxing effect  on s t r ips  
f rom the  mesente r ic  a r t e ry  con t r ac t ed  by  10 ExM his tamine .  
In  the  presence of t he  f l-adrenolytic drug pr indolol  
(100 nM) ,  t he  max ima l  contrac t i le  response  to  nor-  
adrenal ine  was no t  a l tered at  all, e i ther  a t  25 ~ or a t  42 ~ 
(Table). If  f i -adrenoceptors  were pregent  in the  mesenter ic  
a r t e ry  of t he  rabbi t ,  i t  would be an t i c ipa ted  t h a t  the i r  
b lockade would increase the  contrac t i le  response  to  nor-  
adrenaline.  Likewise the  pD2-value for noradrena l ine  af ter  
pr indolol  should be e levated  by  excluding the  inh ib i to ry  
effect  of /~-adrenoceptor s t imulat ion.  In  fact,  pr indolol  
y ie lded no a l te ra t ion  of the  pD~-value for noradrena l ine  
(Table). These observa t ions  imply  t h a t  in the  mesenter ic  
a r t e ry  of the  r abb i t  ~-adrenoceptors  are lacking. 

The resul ts  p resen ted  are cons is ten t  wi th  observa t ions  
on the  ra t  ao r ta  which  describe the  peak  contrac t i le  
responses  to  several  drugs to be enhanced  by  elevat ion of 
t e m p e r a t u r e  ~. H i s t amine  was found to  have  a h igher  
ceiling effect  t h a n  noradrena l ine  a t  b o t h  t empe ra tu r e s  
inves t iga ted .  In  addi t ion ,  i t  was  d e m o n s t r a t e d  t h a t  the  

pD2-value of h i s t amine  decreased wi th  increasing t em-  
pera ture ,  whereas  t h a t  of noradrena l ine  remained  un-  
affected.  A l t h o u g h  the  effects  of h i s t amine  on vascular  
smoo th  muscle  are closely re la ted  to  the  adenyl  cyclase 
sys tem,  whereas  t h a t  of e - s y m p a t h o m i m e t i c  drugs is 
no t  5, i t  is still  r a t h e r  unsettie~l w h e t h e r  the  receptor  i tself  
or the  metabol ic  events  following the  s t imula t ion  of t he  
receptor  were af fec ted  by  t empera tu re .  A compar ison  
wi th  the  effects  of ca techolamines  on f l-adrenoceptors  on 
th is  organ is impossible  since the  results  p resen ted  
d e m o n s t r a t e  t he  absence of f l -adrenoceptors  on the  mes-  
enter ic  a r t e ry  of the  rabbi t .  Also the  pu lmona ry  a r t e ry  
of the  guinea-pig does no t  conta in  f l -adrenoceptors  6, 7. 

Summary. On the  r abb i t  mesenter ic  ar tery ,  the  eleva- 
t ion of t e m p e r a t u r e  f rom 25 ~ up to  42 ~ d iminished the  
af f in i ty  of h i s tamine ,  whereas  t h a t  of noradrenal ine  to  
the  e -adrenocep to rs  remained  unchanged.  The presence 
of f l -adrenoceptors  could no t  be demons t ra t ed .  

D. REINHARDT8 and J. WAGNER 

Pharmakologisches Institut, 
Universitiitskgnikum Essen, Hu[elandstrasse 55, 
D-d300 Essen (German Federal Republic BRD), 
20 June 1975. 

4 U. PEIPER, W. WENDE and H. K. ~r Plfigers Arch. ges. 
Physiol. 305, 167 (1969). 
R. ANDERSSO~, Acta Physiol. Seand. 87, 84 (1973). 

6 A. J. LEwis, J. Pharm. Pbarmac. 25, 166 (1973). 
D. T. OKPAKO, Br. J, Pharmac. dd, 311 (1972). 

8 This work was supported by the Deutsche Forschungsgemein- 
sehaft. 

Bufuralol,  a New fl-Adrenoceptor Blocking Agent 

The cont inu ing  search for drugs which  will b lock fl- 
ad renocep to r s  has  led to  t he  observa t ion  t h a t  compounds  
wi th  an N-subs t i tu t ed  e thano lamine  or oxypropano lamine  
mo ie ty  a t t a c h e d  to  a heterocycl ic  or aryl  nucleus can 
produce  the  desired pharmacologica l  effect  1. 

Considera t ion  of t he  s t ruc tura l  re la t ionship  be tween  
p h e n o x y p r o p a n o l a m i n e s  and  oxygen-heter0cycl ic  e thanol -  
amines  d i rec ted  a t t e n t i o n  to  a series of benzofuran-2-  
e thano lamines  1. S t ruc tu re -ac t iv i ty  s tudies  i n d i c a t e d  
t h a t  m a x i m u m  f l -adrenoceptor  b locking p o t e n c y  was 
achieved wi th  7-alkyl or 7-alkenyl subs t i tuen ts ,  and  wi th  

small  b r an ch ed  alkyl subs t i t uen t s  on the  amino funct ion.  
This  led to  t he  choice of 1-(7-ethylbenzofuran-2-yl)-2-  
tert-butylamino-l-hydroxyethane 2, Ro 03-4787, bu- 
furalol, for e x t e n d e d  pharmacological ,  and  eventua l ly  
clinical, evaluat ion.  
Bufuralol  has  been  p repared  by  the  following route.  
T r e a t m e n t  of 5-bromo-3-e thylsa l icyla ldehyde 3 in e tha-  
nolic sod ium hydrox ide  solut ion wi th  chloroacetone  

1 M. S. I~. GHOURI and T. J. HALEY, J. pharm. Sci. 58, 511 (1969). 
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afforded me thy l  5-bromo-7-ethylbenzofuranyl  ketone 4. 
Chlor inat ion wi th  sulphuryl  chloride followed by  reduc- 
t ion wi th  sodium borohydr ide  gave 1-(5-bromo-7-ethyl-  
benzofuran-2-yl ) -2-chloro- l -hydroxyethane  5. Reac t ion  
wi th  an excess of tert-butylamine led to the  format ion  
of the  amino-alcohol  6, separa ted  f rom a small  q u a n t i t y  
of the  isomeric p r imary  e thanolamine  7 by  fract ional  
crystal l izat ion.  Debromina t ion  was effected by ca ta ly t ic  
hydrogena t ion  over  pa l lad ium/charcoal  and the racemic 
alcohol 2 was isolated as the  crystal l ine hydrochloride,  

R ~ C H ( O H ) C H 2 N H R '  
1 

an t i a r rhy thmic  act ivi ty ,  bu t  is devoid of ~-adrenoceptor  
blocking act ivi ty .  Bufuralol  antagonizes  the  catechol-  
amine- induced release of free f a t t y  acids f rom isolated 
fat  cells and in the  in t ac t  animal.  I t  also blocks the 
ac t iva t ion  of glycogen phosphorylase  by  catecholamines  
in ra t  d iaphragm in vi tro,  and single doses of the  drug 
cause raised glycogen levels in a number  of tissues as a 
consequence of this  action. 

In  man  the  biological half-life of bufuralol  is 3 to 5 h. 
The principal  metabol i te  af ter  oral or i.v. adminis t ra t ion  

~CH(OH)CH2NHC(CH3) 3 
CH2CH3 2 

"OH COCH 3 CH(OH)CH2CI 
CH2CH 3 CH2CH 3 CH2CH3 

3 4 5 

-,,,.- + NHC(CHs) ~ 
CH(OH)CH2NHC(CH3) 3 

CH2CH 3 CH2CH3 ~CH2OH 
6 7 

~~L'CH(OH)CHTNHC(CH3)3 
CH(OH)CH 3 

8 

m.p. 149-150% for which sat isfactory microanalyt ica l  and 
spectroscopic da ta  were obtained.  

Bufuralol  has been resolved into its optical  isomers by 
fract ional  crystal l izat ion from ethanol  of the diastereo- 
isomeric salts formed wi th  ( + ) -  and ( )-di-p-toluoyl 
tar tar ic  acid. f -Adrenocep to r  blocking ac t iv i ty  resides 
only in the l aevoro ta to ry  form, [hydrochloride,  m.p. 
122 123~ 20 [e]a6s 136.0~ (c = 1, ethanol)l ,  bu t  local 
anaesthet ic  and an t i a r rhy thmic  propert ies  are observed 
in both  enant iomers .  

Pharmacologica l  studies in several species of experi-  
menta l  animals  show tha t  bufuralol  exhibi ts  non-select ive 
fl-adrenoceptor blocking propert ies  similar  to those of 
propranolol  2 and of comparable  potency.  These effects 
are exer ted on the  f l-adrenoceptor s t imulan t  actions of 
injected amines and of sympathe t ic  nerve  st imulat ion.  
However  bufuralol,  unlike propranolol ,  possesses some 
instrinsic sympa thomime t i c  ac t iv i ty  as indicated by 
t achycard ia  in reserpinized rats.  ]3ufuralol shows mem-  
brane-stabi l iz ing properties,  such as local anaesthet ic  and 

is a monohydroxy la t ed  compound  8 which also possesses 
po ten t  f l-adrenoceptor blocking ac t iv i ty ;  this metabol i te  
is present  in bo th  urine and plasma. Bufuralol  is an act ive  
fl-adrenoceptor blocking agent  and an t ihyper tens ive  in 
m a n .  

Summary. The synthesis  and biological propert ies  of 
bufuralol,  1-( 7-ethylbenzofuran- 2- yl)- 2-tert-butylamino-1- 
hydroxy-e thane ,  a new, non-select ive  fl-adrenoceptor 
blocking agent,  are described. 
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T h e  Inf luence  of P i g m e n t a t i o n  of Rats  and G u i n e a - P i g s  on  the  O t o t o x i c i t y  of 
K a n a m y c i n  and N e o m y c i n  

Numerous  studies have  shown a va r i e ty  of substances,  
par t icular ly  the  aminoglycoside antibiotics,  to be toxic  to 
the  inner ear. The rate  and ex ten t  of accumulat ion of these 
compounds  in inner ear fluids (endolymph and peri lymph) 
have  been s tudied in guinea-pigs 1, 2 and evidence has been 
provided tha t  this is due to their  af f in i ty  for melanin  
p igment  which is present,  in the  cochlea, main ly  in the  
stria vascularis  - one of the  sites where endo lymph  is 

t hough t  to be produced 3. In  v i t ro  studies showed tha t  
kanamycin  had a ve ry  high aff ini ty  for melanin  and by 
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