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Absorption of intraduodenally administered ~~ in rats 
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Group No. of rats Dose of Pb 2+ Stool + Absorption(%) 
(~zg per rat) GIT content 

1. Acceptors 9 10.6 63.1 ~ 4.2 36.9 ~ 4.2 
2. Bile duct non-cannulated 4 10.6 64.4 ~: 5.6 35.6 ~ 5.6 
3. Bile duct cannulated 4 10.6 81.2 • 2.5 18.8 ~2 2.5 

Group 1 : Acceptors: Biliary excreted 2~ (from donors) was administered intraduodenally. Group 2:2~ was administered intraduode- 
nally. Bile duct non-cannulated. Group 3 : ~~ was administered intraduodenally. Bile duct cannulated. The results are expressed as a 
percentage of the intraduodenally dose {means and 95% confidence limits of means). GIT gastrointestinal tract. 

was immedia te ly  admin i s t e red  to acceptors  (9 rats) 
t h rough  a cannu la  into the  d u o d e n u m  6. F r o m  acceptors  
t he  bile was collected for 24 h. 2. group:  4 ra t s  w i t h o u t  
bile duc t  cannu la ted  were given in t r aduodena l ly  2~ 
every  2 h. 3. group:  4 rats  w i th  bile duc t  cannu la t ed  were 
given in t r aduodena l ly  2~ every 2 h. The dose of 
lead received by  the  ra ts  in the  2nd and 3rd group in the  
course of 24 h was equal  to t h a t  received by  acceptors  in 
donor ' s  bile wi th in  the  same t ime in terval  (10.6 ~zg of 
P b  2+ per  rat) .  

De te rmina t ion  of percentage  of absorp t ion  and measure-  
m e n t  of samples  were pe r fo rmed  in the  same way  as 
descr ibed former ly  ~. Each  animal  received abou t  8 ~zCi 
of 2~ Carrier-free 2~ was k indly  suppl ied by  the  
Gustaf  Werne r  Ins t i tu te ,  Univers i ty  of Uppsala ,  Sweden.  

Results and discussion. The average cummula t i ve  
bi l iary excre t ion  of ~~ donors  was 8.5% of t he  
admin is te red  dose dur ing 24 h. In acceptors  (group 1) 
and  in the  ra t s  f rom group 3 excret ion via bile dur ing 
24 h was 1.6 • 0.4% resp. 0.9 ~ 0.4% of the  in t raduo-  
denal ly  admin i s t e red  dose of 2~ 

The Table shows the  values  of 2~ absorp t ion  in 
separa te  groups of rats.  The results  clearly indicate  t h a t  
percentage  of absorp t ion  in acceptors  as well as ra ts  f rom 
group 2 (bile duct  non-cannula ted)  is s imilar  (36.9 and 
35.6% resp.). The percen tage  of absorp t ion  in the  group 
3 (bile duc t  cannula ted)  is s ignif icant ly  lower - -18 .8% 
( p <  0.05). I t  is therefore  obvious t h a t  absorp t ion  of 2~ 
adminis te red  into the  duodenum decreases in ra ts  wi th  
cannu la ted  bile ducts .  On the  o ther  hand ,  there  are no 
differences be tween  absorp t ion  of bi l iary excre ted  ~~ 
and  of =0a P b  admin is te red  into d u o d e n u m  in ra ts  w i t h o u t  

cannu la t ion  of the  bile duct .  Presence  of bile seems to  
increase absorp t ion  of 2~ f rom the  gas t ro in tes t ina l  
t rac t .  Lead  p ro b ab l y  forms a complex  (or complexes)  
wi th  some of bile componen t s ,  mos t  p robab ly  prote ins  3, 7, 
pe rhaps  v ia  a non-enzymat i c  way. 

Compar ison wi th  results  of the s t u d y  of E H C  of 52Mn 6 
shows t h a t  the percen tage  of absorp t ion  of lead excre ted  
via bile is s imilar  to  values found in manganese .  In  case 
of lead, much  lower bi l iary excre t ion  in compar i son  
wi th  manganese  means,  however ,  much  smaller  impor t ance  
of E H C  in the  to ta l  t u rn o v e r  of lead in t he  organism of 
the  rat .  

Summary. The au tho r  s tudied  absorp t ion  of 2~ 
af ter  admin i s te r ing  in t r aduodena l ly  2~ e l imina ted  
wi th  bile. The resul ts  ob ta ined  were compared  wi th  
absorp t ion  of ~~ admin i s t e red  into the  d u o d e n u m  as 
2~ in ra ts  forming  2 groups,  one wi th  bile duc t s  
cannula ted ,  the  o ther  intact .  I t  was found t h a t  bile 
p layed  an i m p o r t a n t  role in absorp t ion  of Pb  f rom the  
gas t ro in tes t ina l  t rac t .  Absorp t ion  of Pb  2~ is s ignif icant ly  
reduced if the  bile is d ra ined  off by  means  of a canula.  
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Effects  of  T e m p e r a t u r e  on the R e s p o n s e s  to N o r a d r e n a l i n e ,  I s o p r e n a l i n e  and 
H i s t a m i n e  on I so la ted  Rabbi t  M e s e n t e r i c  Ar tery  

I n  exper iments  on isolated organs,  the  responses to 
f l - sympathomimet ic  drugs were found to be h ighly  sensi- 
t ive against  a l t e ra t ion  of t empera tu re ,  decrease of ex- 
t racel lular  H + concen t ra t ion  and  agains t  metabol ic  in- 
hibitors.  F r o m  these  observat ions ,  it  is concluded t h a t  
the  effects of f l -adrenoceptor  s t imulan t  drugs depen d  on  
the  metabol ic  s ta te  of an organ 1, 3. Moreover,  using ~- and  
f l - sympathomimet ic  drugs as re laxants  on the  r abb i t  
i leum t e m p e r a t u r e  e levat ion reveals a clear cut  separa-  
t ion of adrenocep tors  into the  t e m p e r a t u r e  sensi t ive  fl- 
and the  insensi t ive ~-adrenoceptors  3. 

In  order  to  prove  whe the r  th is  holds t rue  also on the  
mesenter ic  a r t e ry  of the  rabbi t ,  the  effects of t e m p e r a t u r e  
e levat ion e i ther  on the  af f in i ty  or on the  intr insic  ac t iv i ty  
of ~- and f l - sympathomimet ic  drugs were inves t iga ted .  

I t  was fu r ther  of in te res t  to s t u d y  the  effects  of h i s t amine  
under  similar expe r imen ta l  condit ions.  

Helical ly s t r ips  of t he  mesente r ic  a r t e ry  of t he  r a b b i t  
were p repared  for i sometr ic  recordings.  They  were sus- 
pended  under  a tens ion  of 2 g in a 50 ml  b a t h  con ta in ing  
Krebs -Hense le i t  solut ion bubb led  wi th  95% 0 2 and  5% 
CO 2. The s t r ips  were al lowed to  equi l ibra te  for 60 min  
pr ior  to  appl ica t ion  of the  drugs a t  25 ~ and at  42~ 

1 H. J. SCHOMAIqN, J. WAGNER and D. RGINHARDT, Nannyn- 
Sehmiedeberg's Arch. Pharmak. 275, 105 (1972). 
J. WAGNER, D. REINHARDT and H. J. SCHOMANN, Archs iiit. 
Pharmacodyn. 197, 290 (1972). 

a j .  WAGNER, D. REINHARDT and H. J. SC~IOMANN, Naunyn- 
Schmiedeberg's Arch. Pharmak. 276, 63 (1973). 
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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 .  
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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). 


