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der C-5-Methylengruppe von  (S)-fi-Lysin. l) ieser Austausch 
ist  rascher  als die un te r  den  angewendeten  Bedingungen 
prakt isch  irreversible Wande rung  der Aminogruppe  
(Exp. 2.-4). d) Austauschreakt ion  und H - W a n d e r u n g  sind 
beide stereospezifisch, und zwar diskr iminieren sie auf  
gleiche Ar t  zwischen den dias tereotopen H - A t o m e n  am 
C-5 des Substra tes  (Exp. 5). 

t~ber die genaue Stereochemie der Reakt ion  soll an 
anderer  Stelle ber ich te t  werden. 

s t ra te  occurs. When  the  react ion is carried out  in the  
presence of [5'- '~H]-coenzyme B~2, the heavy  isotope is 
t ransferred both  to C-6 Of 3, 5-d iaminohexanoate  and to 
C-5 of fi-lysine. In  the  la t te r  the  labelled a tom occupies 
the  same dias tereotopic  posit ion as the  H a tom tha t  is 
t ransferred to (;-6 of the  product .  

J. Rs F. KUNZ, 
T. C. STADTMAN und D. ARIGONI 

Summary. Using t r i t i um labelled substrates  it  is shown 
tha t  in the  rea r rangement  of (S)-fi-lysine to 3, 5-diamino- 
hexanoic  acid cata lysed by  fl-lysine mutase  a stereo- 
specific hydrogen  migra t ion  f rom C-5 to C-6 of the  sub- 
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A Method for the Fluorimetric Determination of 
(LB 46), a fl-Blocking, A~ent, in Plasma and Urine 

For  the  de te rmina t ion  of p lasma levels o~ L B  461, a 
fl-blocking agent,  we needed a sensi t ive method,  since 
only low doses of the  drug are employed  for clinical t rea t -  
ment .  A ve ry  sensit ive me thod  was obta ined  by react ing 
LB  46 wi th  o-phtalaldehyde.  The condensat ion p roduc t  
has a 104-times higher  in tens i ty  of f luorescence than  the  
paren t  molecule in 3 N hydrochlor ic  acid. 

Ortho-phtalaldehyde has been described as a reagent  
for the  f luor imetr ie  de te rmina t ion  of several  amines 
(histamine 2, spermidine 3 and indoles~). By  condensat ion 
of L B  46 wi th  o-phta la ldehyde in acidic solut ion an 
intensely  f luorescent  product  is obtained.  The  f luorophor 
formed is not  v e r y  stable, especially in the  assay of minu te  
amount s  of LB  46, bu t  i t  can be stabi l ized by  the  addi t ion 
of ascorbic acid solution, which also lowers the  b lank  
readings. 

Extraction of L B  46 from aqueous solution. The o p t i m u m  
condit ions for ex t rac t ion  of L B  46 f rom aqueous  solut ion 
into a nonpolar  solvent  have  been tes ted by  s tudying  the  
d is t r ibut ion  of the  compound  be tween  var ious buffer  
solutions and e thyl  acetate.  100 sg  of the  drug in 3 ml  
of buffer were shaken wi th  10 ml  of e thyl  ace ta te  for 
15 min, then  the  L B  46 con ten t  of the  organic phase 
was de te rmined  (Table I). The  da ta  in Table  I demon-  
s t ra te  t h a t  for the  t ransfer  of LB  46 f rom an aqueous  
into an organic phase a p H  larger t h a n  ~1 has to be 
applied, and t h a t  re -ext rac t ion  into wate r  should occur 
at  a p H  lower than  3. 

Extraction from plasma and urine. The ex t rac t ion  of the  
compound  from plasma into several  organic solvents was 
tested.  Tile h ighest  recoveries were obta ined  wi th  d ie thyl  
ether,  abou t  89% of the  drug added to p lasma Samples 
being recovered.  Sa tu ra t ion  of the  aqueous phase wi th  
sodium chloride did no t  improve  this yield. 

The  recovery  of L B  46 f rom urine by  ex t rac t ion  wi th  
e ther  is low and depends on the  vo lume  of urine assayed:  
Only 15% of l ~ g  of the  drug  added to 5 m l  Of urine 
was recovered.  An improved  yield of approx ima te ly  40% 
was obta ined  by  subs t i tu t ing  benzene for the  ether.  Treat -  
m e n t  of the  ur ine samples wi th  zinc sulphate  improved  
the  results further ,  and the  combina t ion  of these modifi-  
cat ions resulted in a recovery  of a lmost  80% of the  
a m o u n t  added to urine. 

Sensitivity and specificity of the method. The method  
allows the  measu remen t  of 20 ng of L B  46 in a p lasma 

4- (2-Hydroxy-3-isopropylaminopropoxy)-indole 

sample of 1-4 ml  and approx ima te ly  50 ng of the  sub- 
s tance in 5 ml  of urine. 

Since the  o-phta la ldehyde seems to react  wi th  the  
indole nucleus of the  I,:B 46 molecule, i t  was to be 
expected tha t  propranolo151 a naphta lene  der iva t ive  wi th  
the  same side chain, would  not  interfere wi th  the  de termi-  
na t ion  of LB  46. Indeed,  i t  was found t h a t  the  fluores- 
cence in tens i ty  of propranolol  in a concent ra t ion  up to 
10 ~xg corresponds to the  b lank reading of the  L B  46- 
assay. 

Stability of L B  46 in plasma. Adding  the  drug to 
ca t t le  blood or p lasma and keeping the  samples for 72 h 
a t  room t empera tu re  did no t  cause a s ignif icant  decrease 
of fluorescence. Similar  results were obta ined wi th  p lasma 
from L B  46-treated pat ients ,  where again no change of 
f luorescence in tens i ty  was observed when  the  samples 
were al lowed to s tand  for 48 h at  room tempera ture .  

Procedure. (A) Reagents .  L B  46 s tandard  solut ion:  
Prepared  by  dissolving 10 mg of the  drug in 100 ml  of 
0 . 1 N  hydrochlor ic  acid. F r o m  this  s tock solut ion s tand-  
ards are obta ined  by  di lut ion wi th  the  same acid. 0 .1N 
hydrochlor ic  acid;  1 N  sodium hydroxide.  Zinc sulphate:  
10% solution in disti l led water .  Die thy l  e ther :  Ether ,  
free of peroxides,  is redistil led. Impur i t i es  can cause 
complete  fai lure of the  de terminat ion .  Benzene : A reagent  
grade benzene is redisti l led and 1.5% (v/v) i soamyl  

Table I. Influence of plI on the extraction of LB 46 

pH 3 5 7 11 
% extracted ~ 1 6 33 96 

Ratio of the I.B 46 content in ethyl acetate to total amount x 100. 

1 4-(2-Hydroxy-3-isopropylaminopropoxy)-indole. 
2 p.A. SIIORE, A. BURKIIALTER and V. A. COHN, J. Pharmac. exp. 

Ther. 727, 182 (1959). 
3 B. ELLIOT and I. A. MICtlAELSON, Analyt. Biochem. 79, 184 (1967). 

"t R. P. MAICKEI. and F. P. MILLER, Analyt. Chem. 38, 1937 (1966). 
1-(Isopropylamino)-3-(1-naphtyloxy)-2-propanol. 

6 The blood samples were kindly provided by the courtesy of Dr. 
B. STRASSI, E of the Medizinische Universit/its-Poliklinik, Basel. 
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alcohol, free of fura ldehyde,  added.  0 - P h t a l a l d e h y d e :  
0.5% solut ion in methanol .  Ascorbic  acid:  1% solut ion 
in disti l led water .  Disti l led wa te r :  De-ionized wa te r  is 
twice glass-disti l led to  avoid high b lank  readings.  

(13) De t e rmina t i on  in p lasma.  The m e t h o d  developed 
for the  de t e rmina t i on  of LB 46 in h u m a n  p l a sma  is as 
follows: 1-4 ml  of p lasma,  f rom blood conta in ing  sodium 
c i t ra te  or hepar in  as an ant icoagulant ,  are ex t r ac t ed  by  
shaking  wi th  1 ml  of 1 N  sodium hyd rox ide  and  10 ml  
of d ie thyI  e ther  for 15 min  on an  au toma t i c  shaker.  
Af te r  centr i fuging,  an a l iquot  of t he  organic layer  is 
r emoved  and  ehe drug  r e tu rned  in to  2 ml of 0 .1N hydro-  
chloric acid by  shaking for 15 min.  

Table II. Plasma levels of LB 46 in rats ~ 

Intravenously Perorally 
5 mg/kg 5 mg/kg 10 mg/kg 
I II III IV 

5 inin - 1662.5 q- 496.0 - - 
l0 482.2 ___' 210.4 1100.0 ~ 123.6 - - 
15 - 975.0-- 126.1 14.5 ~ 5.1 110.1 '-- 9.3 
30 111.5 ~ 18.5 477.5 -6 290.9 25.6 __ 5.7 61.0 _!: 9.7 

1 h 22.0 -4- 2.8 87.5 :~ 55.0 17.3 =': 5.5 25.3 .-- 6.8 
2 2.3 -}- 0.2 3.3 :}: 2.3 19.8 ~ 2.6 
4 - - 3.1 ~- 0.4 
8 - - 3,1 ~- 2.3 

Nanogralns per milliliter of plasma, mean --S.D. of 3 (experi- 
inent I, III, IV) and 4 (experiment II) animals respectively. 

Table III. Human plasma levels of LB 46 ~ 

Patient 0.25 0.50 1.0 2.0 4.0 8.0 12.0  "17112 h 
(h) (h) (h) (h) (h) (h) (h) (h) 

1 0 0 11.0 15.1 16.9 2.8 0.8 2.1 
2 0 0.4 4.1 31.2 18.3 11.5 4.5 3.7 
3 0 1.2 6.0 13.3 1.1.4 6.0 3.6 5.1 
4 0 2.4 2.9 6.6 16.0 3.4 3.2 2.7 
5 0.9 9.0 9.4 10.6 9.4 4.0 0.9 2.6 

Mean == S.D. 3.2 + 1.2 

Nanograms per milliliter of plasma. ~ Biological half-life. 

Table IV. Excretion of LB 46 in the urine of rats 

Hours Volume Urine levels No. 
rnl _k S.D. ~g q- S.D. 

An a l iquot  of t he  hydrochlor ic  acid solut ion is used for 
t he  f luor imetr ic  assay. To 1.5 ml  of the  acidic ex t r ac t  
0.1 ml  of 0 -ph ta la ldehyd  reagen t  is added  and  the  mix tu re  
hea t ed  for 30 min  on a wa te r  b a t h  a t  50 ~ Af te r  cooling 
the  tubes  to  room t e m p e r a t u r e  the  f luorophor  is s tabi l ized 
by  addi t ion  of 0.5 ml  of ascorbic acid solution. 

The f luorescence of the  solut ion is de t e rmined  in a 
spee t rof luor imeter  a t  390 n m  exci ta t ion,  and  440r im 
fluorescence. I n t e rn a l  s tandards ,  ob ta ined  by  add ing  
known  amo u n t s  of LB 46 to  p l a sma  samples,  and  b lanks  
which  do no t  con ta in  the  drug are t r ea t ed  in the  same way.  

(C) D e t e rmi n a t i o n  in urine. For  t he  assay of LB 46 ill 
ur ine the  modif ica t ions  men t ioned  earlier were appl ied:  
5 ml  of urine are di luted wi th  an equal  vo lume of dist i l led 
wa te r  and t h e n  are added  2 ml  of a zinc su lpha te  solut ion 
and  t ml  of 1 N sodium hydroxide .  The p rec ip i t a t e  fo rmed  
is s epa ra ted  by  cen t r i fuga t ion  at  3000 rpm for 10 min.  
An al iquot  of the  s u p e r n a t a n t  is t r ans fe r red  in to  ano the r  
tube,  and af ter  add ing  1 ml  of 1 N sodium hyd rox ide  the  
drug  is ex t r ac t ed  in to  10 ml  of benzene- i soamyl  alcohol 
by  shaking  the  mi x t u r e  for 15 min.  Af te r  cent r i fuging 
the  samples,  the  drug is r e -ex t rac ted  f rom a 9 ml a l iquot  
of the  benzene  layer  in to  2 ml of 0 .1N hydrochlor ic  acid. 
The assay is pe r fo rmed  as descr ibed for t he  de t e rmina -  
t ion  in plasma.  

Applications o/the method. (a) D e t e rmi n a t i o n  of LB 46 
levels in the  p l a sma  of ra t  and  man.  The d a t a  ob ta ined  
wi th  male ra t s  (average weigh t  190 g) af ter  i.v. inject ion 
of 5 mg /kg  and  peroral  appl ica t ion  of 5 and  10 mg/kg  
of L B  46 are d i sp layed  in Table  l I .  The  biological  half-  
life for the  d i sappearance  of LB 46 f rom p la sma  of the  
ra t  has  been  ob ta ined  by  calculat ing the  regression of t he  
exponen t i a l  p a r t  of a semi logar i thmic  plot  of t he  d a t a  
by  the  ' leas t  squares '  me thod .  The half-l ife was found 
to  be abou t  30 rain. 

For  s tudy ing  h u m a n  p lasma  levels p a t i en t s  were 
t r e a t ed  wi th  a single oral dose of 5 mg  of LB 46. Blood 
samples  of 10 ml  were collected. Before admin i s t e r ing  the  
drug one sample  was t aken  to  be used for the  de te rmina -  
t ion  of the  b lank  reading.  These b lanks  did no t  differ  
s ignif icant ly  f rom readings  of ex t r ac t ed  aqueous  samples  
w i t h o u t  added  drug. T h e  d a t a  ob ta ined  f rom 5 pa t i en t s  
are p re sen ted  in Table  III% The d a t a  for t he  d isappear -  
ance of L B  46 f rom h u m a n  p l a sma  were  ca lcula ted  in t he  
same way  as descr ibed for the  rat .  The drug  w a s  found  
to  be e l iminated  f rom h u m a n  p lasma  wi th  a half-l ife of 
ap p ro x i ma t e l y  3 h. 

(b) D e t e rmi n a t i o n  of LB 46 in the  urine of rats.  The 
m e t h o d  has  also been  appl ied to  t he  d e t e rmi n a t i o n  of 
LB 46-levels in t he  ur ine of male  ra t s  (average weigh t  
175 g) t r ea t ed  i.v. w i th  5 mg/kg  of the  drug  (Table IV). 
The urine of pairs  of animals  p laced toge the r  in a me ta -  
bolic cage was collected joint ly .  The d a t a  d e m o n s t r a t e s  
t h a t  only smal l  a m o u n t s  of LB 46 are excre ted  in t he  
ra t  urine. 

0 4 2.7 .!= 1.6 0.24 -b 0.12 7 
4-8 6.3 i 1.4 0.35 • 0.11 3 
8-24 10.7 :}: 5.1 0.70 =]: 0.32 7 

2448 16.0 _+. 4.2 0.38 :!: 0.23 7 
48-72 20.9 4- 7.6 0.35 ~_ 0.10 2 

048 1.451':!: 0.52 5 
0-72 1.87 b-:- 0.83 2 

Zusamme~/assung. Eine  empf ind l i che  f luor imetr ische  
Methode  zur B e s t i m m u n g  yon  4- (2-Hydroxy-3- i sopropyl -  
aminopropoxy) - indol ,  d e m  //-Blocker L B  46, in P l a s ma  
(Erfassungsgrenze  0,02 ag) und  in Ur in  (Erfassungsgrenze  
0,05 ag) wird  beschr ieben.  Die m i t  dieser  Methode  gemes- 
sene biologische I t a lbwer t sze i t  im P la sma  betr i tgt  nach  
perora ler  Verabre ichung  beim Menschen  3 h und  bei  der  
R a t t e  o twa 30 rain. 

W. I. .  ]DACHA 

Number of determinations obtained with groups of 2 rats. ', Mean Pharmaceutical Chemical Laboratories, Sandoz Ltd., 
value calculated from the figures for the individual pairs. 4000 Basel 73 (Switzerland), 21 teebruary 1959. 


