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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  
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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 

1 y .  WATANABE, R. NAKAJINA, R. ODA, ]~[. UNO and T. NAITO, ~ed.  
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2 H. STUPP, K. Kf3PPER, F. LAGLER, H. SOUS and M. QUANTE, 
Audiology 12, 350 (1973). 

3 L. DENCKER, N. G. LINDQUIST and S. ULLBERG, Experientia 29, 
1362 (1973). 
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Table I. Mean startle reactions (4- SEM) to a 1 kHz tone (106 dB, re 0.0002 dyn/cm 2) of groups of 6 guinea-pigs 

]~XPERIENTIA 31/11 

Group Day of test 

1 14 22 28 34 

Pigmented (neomycin, 150 mg/kg) 
Albino (neomycin, 150 mg/kg) 

Pigmented, control (saline, i ml]kg) 

11.40-V2.03 12.474-2.45 5.20-t-1.56 ~ 2.27=t=0.83 c 0.67q-0.19~ 
8.604-4-1.87 10.934-3.40 5.004-2.20 2.72+1.19 b 0.87=t=0.27 c 

11.504-2.16 10.944-2.14 10.944-2.68 9.674-2.00 11.784-2.98 

Daily s.c. injections were begun on day 3. "P < 0.05; bp < 0.01; cp < 0.001. P-values relate to the significance of reductions between the 
responses and the initial (control) response of the same group. 

Table II. Mean startle reactions (4- SEM) to an 8 kHz tone (90 dB, re 0.0002 dyn/cm ~) of groups of 5 Wistar albino or Lister hooded (pig- 
mented) rats 

Group Day of test 

1 20 36 101 

Pigmented (kanamycin, 250 mg/kg) 
Pigmented, control (saline, 1 ml/kg) 

Albino (kanamyein, 250 ing/kg) 
Albino, control (saline, 1 mt/kg) 

20.48 -t- 3.01 15.32 4- 2.28 14.40 ~= 1.75 �9 10.24 i 2.01 b 
13.80 4- 1.54 14.12 4- 2.12 12.96 ! 2.03 11.35 4- 2.35 

7.45 4- 1.43 11.50 4- 2.36 1.10 4- 0.36 c 0.05 4- 0.05~ 
6.56 -4- 0.59 9.08 4- 1.13 8.04 -k 1.46 7.64 • 1.62 

Daily s.c. injections were commenced after the test on day 1 and terminated on day 35. *P < 0.05; bp < 0.01; cp < 0.001. P-values relate 
to the significance of reductions between the responses and the initial (control) response of the same group. 

' h i s topa thologica l  inves t iga t ions  of guinea-pigs  in jec ted  
w i t h  k a n a m y c i n  i t  was seen t h a t  serious damage  resul ted  
in the  s t r ia  of p igmen ted  animals  bu t  no t  in albinos 3. 

Other  workers  have  no ted  lesions in t he  s t r ia  vascularis  
of guinea-pigs in jec ted  wi th  o totoxie  drugs  4-6, bu t  t h e y  
were unaware  of t he  i nvo lvemen t  of melanin  p igment .  I t  
is now t h o u g h t  t h a t  damage  to  t he  hai r  cells in t he  organ 
of Corti  (resulting in deafness) m a y  occur secondary  to  t he  
pa thologica l  changes  in the  str ia  vascularis.  

In  our  laboratories ,  over  the  pas t  3 years,  s tudies  have  
been  conduc t ed  in to  t he  effects  of o to tox ic  drugs  on the  
hear ing  of ra t s  and  guinea-pigs,  b o t h  albino and  pig- 
men ted .  A progressive d iminu t ion  of acoust ic  s tar t le  
reac t ion  was  t aken  to  be indica t ive  of the  deve lopmen t  of 
hear ing  impa i rmen t .  The resul ts  of these  s tudies  were 
subsequen t ly  examined  to  de te rmine  whe the r  or no t  there  
m i g h t  be any  difference be tween  the  incidence or degree 
of deafness  (as de tec ted  by  our me thods  ) occurr ing in 
albino and  p igmen ted  animals.  

A descr ip t ion  of t he  appa ra tu s  and  m e t h o d s  for the  
m e a s u r e m e n t  of s tar t le  reac t ion  appears  e lsewhereL In  
expe r imen t s  involving Lis ter  hooded  (pigmented) ra ts  
there  was conclusive evidence of deafness af ter  kanamyc in  
admin is t ra t ion ,  whereas  s tudies  of the  effect  of k a n a m y -  
cin on Wis t a r  albino ra ts  p roduced  no s ignif icant  evidence 
of deafnessL However ,  direct  compar isons  could no t  be 
m a d e  since ne i ther  t he  doses of the  drugs nor  the  condi-  
t ions  of the  expe r imen t s  were ident ical  for t he  albino and 
p i g m e n t e d  animals.  

Direct  compar i sons  of the  resul ts  were possible  in an 
e x p e r i m e n t  involving the  use of a group of 6 r a n d o m  
bred,  p igmen ted  guinea-pigs and a group of 6 H a r t l e y  
albino guinea-pigs.  Dur ing  and af ter  daily s.c. admin is t ra -  
t ion  of neomyc in  (150 mg/kg) the  s tar t le  reac t ions  of 
these  animals  were assessed to  a shor t  series of 240 msec 
tones  p resen ted  r a n d o m l y  in the  f requency  range,  1 to  
8 kHz  (max imum sound pressure  level - 106 dB  re 

0.0002 dyn/cm2). B o t h  groups showed marked  s tar t le  
reac t ion  dec remen t s  a t  some frequencies,  for e x a m p l e ;  
1 kHz  (Table I). By  the  use of pa i r ed / - t e s t s ,  i t  was shown 
t h a t  there  was a s ignif icant  (p < 0.05) reduc t ion  in t he  
mean  s tar t le  reac t ion  of the  group of p igmen ted  animals  
a t  a t ime  when the re  was a n o n - s i g n i f i c a n t  reduc t ion  in 
t he  albino group (day 22). However ,  when  the  drug a d z  
min i s t ra t ion  was con t inued  the  mean  s tar t le  react ions  of 
b o t h  groups even tua l ly  showed very  h ighly  s ignif icant  
(p < 0.001) reduct ions  f rom the  respect ive  init ial  cont ro l  
values.  The s tab le  responses  of a cont ro l  group (Table I) 
d e m o n s t r a t e d  t h a t  h a b i t u a t i o n  was no t  a factor  in these  
reduct ions  which  were  therefore  assumed to have  resul ted  
f rom drug- induced  hear ing  impa i rment .  

Thus  the  avai lable  evidence,  b o t h  c i rcumstan t ia l  and  
direct ,  suggested t h a t  albino animals  migh t  be less sus- 
cept ible  to  t he  effects  of o to tox ic  drugs, which  was 
cons i s ten t  w i th  earl ier  f indings a. In  order  to conf i rm this,  
a control led compar i son  be tween  albino and p igmen ted  
ra ts  was  carr ied out .  The magn i tude  of the  animals '  
s ta r t le  react ions  to  8 k H z  tones  of 240 msec dura t ion  and 
p resen ted  a t  a sound pressure level of 90 dB (re 0.0002 dyn /  
cm ~) were t aken  as a measure  of the i r  hear ing  acuity. 
4 groups  of animals,  1 drug and  1 control  group for each 
of t he  Wis ta r  and  Lis te r  hooded  rats,  were  included. The 
animals  in t he  d r u g  groups  were given dai ly s.c. inject ions 
of kanamyc in  (250 mg/kg) and the  control  animals,  injec- 
t ions  of an equ iva l en t  volume of saline. Before the  com- 
m e n c e m e n t  of inject ions,  young  i mma t u re  animals  were 
screened to exclude those  wi th  in t r ins ical ly  low s tar t le  

4 N. RISKAER, E. CHRISTENSEN, P. V. PETERSEB7 and H. WEIDMAN, 
Acta oto-lar. 46, 137 (1956). 

5 L.-G. JoHNsso~ and J. E. HAWKINS, jr. Laryngoscope, St Louis 82, 
1105 (1972). 

6 j .  E. HAWKINS, jr. Audiology 72, 383 (1973). 
7 E. S. HARPUR, Br. J. Pharmac. 52, 137P (1974). 
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reactions.  The mean  weights  of the  4 groups did no t  differ  
by  more  t h a n  24 g (overall mean  was 181.8 g). However ,  
the  initial  mean  s tar t le  reac t ions  of t he  albino animals  
were m u c h  smaller  t h a n  those  of t he  p i g m e n t e d  group 
(Table II). This difference occurred despi te  t he  fact  t h a t  
43 albino ra ts  were screened to ob ta in  the  10 expe r imen ta l  
animals,  whereas  t he  10 p igmen ted  animals  were selected 
f rom jus t  14 ra ts  tes ted.  Since the  s t imulus  and the  t e s t  
procedure  were tile same in bo th  cases, th i s  resul t  could 
imply  some inheren t  difference be tween  the  s t ra ins  of ra t  
in the i r  acoustic  s tar t le  react ion.  

In  this  exper iment ,  there  were no s ignif icant  reduct ions  
in response in e i ther  cont ro l  group (Table II).  By  the  use 
of paired t-tests,  it  was shown t h a t  there  was a s ignif icant  
(p < 0.05) reduct ion  in t he  mean  s tar t le  reac t ion  of t he  
p igmen ted  drug  group a t  day  36 and a h ighly  s ignif icant  
(p < 0.01) reduc t ion  a t  day  101. However ,  a t  these  t imes,  
there  were ve ry  h igh ly  s ignif icant  (p < 0.001) reduct ions  
in the  mean  s tar t le  react ion of the  albino drug  group 
compared  wi th  the  initial  control  value;  these  s ignif icant  
reduct ions  in s tar t le  react ion were t aken  to  have  resul ted  
f rom drug- induced  hear ing  impa i rment .  

These la t te r  resul ts  cer ta in ly  ques t ion the  hypo thes i s  
tha t ,  dur ing chronic in toxica t ion  wi th  kanamycin ,  albino 
animals  are less l ikely t han  p igmen ted  animals  to  suffer 
cochlear  lesions resul t ing in hear ing impa i rmen t .  How-  
ever, th is  in te res t ing  possibi l i ty  is being fu r ther  explored 
in our laborator ies  using a more  refined m e t h o d  for tes t ing  

hear ing - namely ,  ope ran t  condi t ioning of tone  discr imi-  
nat ion.  The resolut ion of th is  p rob lem could lead to  a 
fuller u n d e r s t a n d i n g  of the  m e c h a n i s m  of toxic  act ion of 
such drugs on the  inner  ear. 

Summary. Fol lowing the  f inding t h a t  melanin  p i g m e n t  
p layed  a role in the  accumula t ion  of o to toxic  drugs in t he  
inner  ear, an inves t iga t ion  was made  of the  possible in- 
f luence of the  p i g m e n t a t i o n  of animals  on the i r  suscep- 
t ib i l i ty  to the  o to toxic  effects of drugs.  Hear ing  acu i ty  
was assessed by  m e a s u r e m e n t  of acoustic  s tar t le  react ion.  
P re l imina ry  expe r imen t s  suggested t h a t  p igmen ted  ani-  
mals  migh t  be more  l ikely to  suffer hear ing  i m p a i r m e n t  
following o to toxic  drug  adminis t ra t ion .  However ,  in a 
control led s t u d y  using ra ts  t r ea t ed  wi th  kanamycin ,  it  was  
no t  possible to  conf i rm this  and  albino an imals  appeared  
no less vulnerable  t h a n  p igmen ted  animals  to kanamyc in -  
induced  deafness.  
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The Effects of Dopamine ,  Piribedil  (ET-495) and 

I t  has  been  suggested t h a t  in ra ts  adeny la te  cyclase 
migh t  be the  possible dopa ln ine- recep tor  wi th in  t he  
caudate  nucleus of the  cent ra l  nervous  sys t em i. As a resul t  
of this,  s t r ia ta l  homogena tes  of various o ther  species, 
including man,  have  been used by  numerous  workers  to  
inves t iga te  the  mechan i sm of act ion of neurolept ic  agents,  
which are supposed to exer t  the i r  effects by  blockade of 
dopamine- recep tors  2-4. IrL a b road  sense, a correla t ion 
be tween  po tency  of these  agents  in vitro,  as inhib i tors  o f  
dopamine-sens i t ive  adenyla te  cyclase, and  the i r  effects  
in vivo as neuroleptics,  seems to exist,  a l though  some 
discrepancies  have  been encoun te red  2, 4. We have  recent ly  
found  t h a t  in t ac t  or homogenized  re t inae  of the  r abb i t  
m a y  provide  ano the r  useful sys tem for such invest iga-  
t ions  in vi t ro  5, s, since the  neuronal  ea techolamine  in t he  
re t ina  of th is  species seems to be mos t ly  dopamine  7. The 
increased se lect iv i ty  (and sensi t ivi ty)  of our model,  com- 
pared  wi th  o ther  s t r ia ta l  or re t inal  p repara t ions  8,9, also 
makes  it sui table for e lucidat ing the  mechan i sm of act ion 
of o ther  drugs, such as expe r imen ta l  or clinical ant i -  
park insonian  agents.  Moreover,  th is  can be done at  t he  
cellular or molecular  level. For  example,  we have  recen t ly  
shown t h a t  apomorphine ,  a typ ica l  "dopamine- l ike"  drug, 
is a ve ry  p o t e n t  dopamine - recep to r  agonist ,  in i n t ac t  cells 
as well as in homogena te s  of r abb i t  re t ina  5, s. In  cont ras t ,  
we have  been able to  d e m o n s t r a t e  t h a t  the  mechan i sm of 
act ion of aman tad ine ,  a clinical an t ipark inson ian  drug, is 
no t  re la ted to  di rect  s t imula t ion  of dopamine-receptorsS,  
a l though  o ther  au thors  have  suggested th is  possibi l i ty  1~ 

Among  the  an t ipa rk inson ian  drugs act ing d i rec t ly  on 
dopamine- receptors ,  L-dopa is t he  mos t  specific. Several  
a t t e m p t s  have  been  made  to synthes ize  o the r  dopamino-  
mimetics ,  such as apomorphine ,  or pir ibedi l  (ET-495) 
[1-(3,4-methylene dioxybenzyl)-4-  (2-pyrimidinyl) p ipera-  
zinej, a non-ca techol  analogue of dopamine.  The agonist ic  
ac t iv i ty  of the  la t t e r  seems to  be ques t ionable  11, a l though  

its Metabolite S-584 on Retinal  Adenylate  Cyclase 

it  has  been proposed  t h a t  its metabol i t e  fo rmed in 
vivo, namely  S-584 El-(3, 4 -d ihydroxybenzyl ) -4- (2-pyr imi-  
dinyl)piperazineJ can d i rec t ly  ac t iva te  s t r ia ta l  dopamine-  
receptors  12. To t es t  th is  hypothes is ,  we have  inves t iga ted  
the  effects of b o t h  pir ibedi l  as well as S-584 on e i ther  
in t ac t  cells or homogena t e s  of r abb i t  re t ina,  under  condi-  
t ions  where the  ac t iv i ty  of t he  dopamine  is maximal .  

Methods. The procedure  for the  dissect ion of the  re t ina  
has a l ready  been  descr ibed 5. W h e n  in tac t  re t inae  were 
used, the  following modif ica t ions  of the  previous  ex- 
pe r imen ta l  procedure  5 were in t roduced.  Oxygena t ion  wi th  
95% 02-5 % CO 2 dur ing  the  final  10 min  incuba t ion  (in 
the  presence of drugs) was no t  applied,  in order  to main-  
ta in  the  very  easily breakable  re t ina  in good shape.  This  
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