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HPLC QUANTITATION OF LEVOBUNOLOL 

OLOL, IN BIOLOGICAL FLUIDS 
AND ITS METABOLITE, DIHYDROLEVOBUN- 

D. D.-S. Tang-Liu, S. Liu, J .  Richman, 
and R. Weinkam 

Department of Drug Metabolism and Pharmacokinetics 
Disco very Research 

Allergan Pharmacetuticals, Inc. 
2525 Dupont Drive 

Irvine, California 92 71 5 

ABSTRACT 

In order to quantitate the concentrations of levobunolol and 
its major metabolite (dihydrolevobunolol) in aqueous humor and in 
blood after ophthalmic doses, HPLC procedures were developed. 
The direct injection procedure, after plasma protein 
precipitation and reduction of levobunolol to dihydrolevobunolol, 
was found to be suitable for clinical samples. A second 
procedure, involving extraction with ethyl ether, employed a 
uv/fluorescence dual detection system to simultaneously monitor 
levobunolol and dihydrolevobunolol. The sensitivity for 
levobunolol was 5 ng, and for dihydrolevobunolol, 1 ng. There 
was no observable interference from the biological fluids, blood 
and aqueous humor. Both procedures offer high reproducibility, 
selectivity, and sensitivity, which are essential for 
pharmacokinetic and metabolism studies. 

Copyright 0 1986 by Marcel Dekker, Inc. 
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2238 TANG-LIU ET AL. 

INTRODUCTION 

Levobunolol (l-5-[3-(tert-butylamino)-2-hydroxypropoxy]- 
3,4-dihydro-l(2H) naphthalenone) (LBUN) is a potent, nonselective 
beta adrenoceptor antagonist without intrinsic sympathomimetic 
activity. It is biotransformed to dihydrolevobunolol (DHB). 
Both LBUN and DHB further undergo glucuronide conjugation in man 
( 1 ) .  When administered intravenously to dogs, LBUN has 
demonstrated approximately six times the potency of propranolol 
under the same conditions (2), and DHB is as potent as its parent 
compound in dogs ( 3 ) .  LBUN administered topically (4,5) has been 
reported to be effective for long-term control of glaucoma. To 
monitor the prescence of LBUN and DHB in blood plasma and ocular 
fluids following ocularly administered doses, a sensitive and 
specific assay method is required. 

Timolol, another nonselective beta antagonist, is currently 
used in glaucoma therapy. Topical LBUN and timolol are similar 
in pharmacologic actions, systemic adverse effects, and 
therapeutic responses (4,5). One study has shown that the 
concentration of timolol in the plasma never exceeded 5 ng/ml and 
was not always detectable (assay limit: 1 - 2 ng/ml) after 
administration of two drops of 0.5% timolol ophthalmic solution 
in each eye (6 ,7 ) .  If LBUN exhibits pharmacokinetic properties 
similar to timolol, plasma LBUN levels will be less than 5 ng/ml 
after ophthalmic administration. 

Studies of dl-bunolol metabolism in biological tissues have 
employed the radioactively labeled drug using multiple ether 
extraction and TLC procedures (8,9,10). The radioactivity of 
bunolol in the plasma has been quantitated after extraction under 
basic and acidic conditions with a sensitivity of 0.3 to 4 ng/ml 
when 5 mls of plasma were used ( 1 ) .  A recent report in which 
fluorescence detection was used employed multiple extraction of 
blood with benzene and provided a sensitivity of 2 ng/ml DHB 
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LEVOBUNOLOL AND ITS METABOLITE 2239 

(11). These procedures were tedious for routine samples, and the 
detection limits were inadequate for clinical blood samples after 
ophthalmic doses (e.g., 250 p g ) .  The need also exists for 
quantitation of LBUN and DHB levels in ocular fluids when a small 
amount of aqueous humor (100-200 ~ 1 )  can be sampled. 

measurement of LBUN in human plasma using fluorometric 
detection. In a second method, we used a UV/fluorescence dual 
detection system to simultaneously quantitate both LBUN and DHB. 
These procedures provided target sensitivity in plasma and in 
aqueous humor and were suitable for routine analysis. 

We have developed a direct injection HPLC method for 

Reagents and Chemicals 
Levobunolol (I-BUN) and metoprolol were obtained from 

Warner-Lambert (Ann Arbor, MI) and from Ciba Pharmaceutical Co. 
(Summit, NJ), respectively. Dihydrolevobunolol (DHB) was 
prepared by quantitative reduction from LBUN with sodium 
borohydride, and then stored in a refrigerator at 4OC. 
Metoprolol was used as the internal standard in the direct 
injection method for quantifying DHB. Hydrocortisone (Sigma 

standard in the Chemical, St. Louis, MO) was used as the interna 
dual detection system. 

Sodium borohydride (J.T. Baker Chemical Co., 
and 1-heptane sulfonic acid sodium salt (Eastman 

Pittsburgh, NJ) 
Kodak Co., 

Rochester, NY) were of reagent grade. HPLC grade acetonitrile 
and methanol were from Burdick and Jackson (Muskegon, MI). Ethyl 
ether was of spectrophotometric grade. The water was deionized 
and then double glass-distilled. 

ng/ml) were made in methanol, and the bottles were aluminum 
foil-wrapped to avoid exposure to light. The internal standard 
solutions were of 20 ng metoprolol/ml acetonitrile or 100 pg 

hydrocortisone/ml methanol. All solutions were stored at 40c. 

The stock solutions of LBUN and DHB (1, 10, 100 and 1.000 
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2240 TANG-LIU ET AL. 

E l u e n t  con ta ined  0.2% sodium hep tansu l fona te  i n  48% methanol, 

The pH was ad jus ted  t o  3 .5  by s i m i l a r  t o  a p rev ious  r e p o r t  (11) .  

1 N sodium hyd rox ide  and phosphor ic a c i d .  The mob i l e  phase was 

f i l t e r e d  th rough  a 0.45 pm membrane f i l t e r  ( t y p e  HA, M i l l i p o r e ,  

Medf o r d  , MS) . 
Human plasma and b lood  were ob ta ined  f rom b lood  banks o f  

med ica l  cen te rs  ( U n i v e r s i t y  o f  C a l i f o r n i a ,  Orange, CA and 

U n i v e r s i t y  o f  C a l i f o r n i a ,  San Franc isco ,  C A )  and were kep t  

f r o z e n .  B lank  aqueous humor, used t o  c o n s t r u c t  c a l i b r a t i o n  

curves, was c o l l e c t e d  f rom n a i v e  New Zealand a l b i n o  r a b b i t s .  

Ins t ruments  

Th is  assay employed an i s o c r a t  c system. A precolumn 

( L i c h r o s o r b  RP-2, 4 cm x 2.1 mm, I D. ,  30 pm, Merck) was 

dry-packed and was p laced between he i n j e c t o r  and t h e  a n a l y t i c a l  

column ( U l t r a s p h e r e  ODs, 15 cm x 4.6 mm. I . D . ,  5 pm, Beckman). 

I n j e c t i o n s  were made by a Waters I n t e l l i g e n t  Sample Processor, 

Model 7108 (Waters Assoc., M i l f o r d ,  MA). A Beckman Model 114M 

pump (Berke ley ,  C A )  was used t o  d e l i v e r  mob i l e  phase a t  a f l o w  

r a t e  o f  1.6 ml/min w i t h  a back p ressu re  around 3,500 p s i .  To 

q u a n t i t a t e  t h e  f l u o r e s c e n t  DHB i n  b i o l o g i c a l  f l u i d s  (Method I ) ,  a 

Far rand M K l  f l uo rospec t romete r  (Far rand O p t i c a l  Co., V a l h a l l a ,  

NY) o r  a Perk in -E lmer  650-10s f l uo rospec t romete r  was s e t  a t  an 

e x c i t a t i o n  wavelength o f  225 nm and an emiss ion  wavelength o f  300 

nm, r e s p e c t i v e l y .  The s l i t  w i d t h  was s e t  a t  20 nm f o r  t h e  

e x c i t a t i o n  monochrometer, and a t  10  nm f o r  t h e  emiss ion  

monochrometer. The f l uo rospec t romete r  was operated a t  a 

s e n s i t i v i t y  range o f  0.1 w i t h  a 20 p1 f l o w  c e l l .  When bo th  

LBUN and DHB were s imu l taneous ly  mon i to red  (Method 11) ,  a Beckman 

v a r i a b l e  wavelength d e t e c t o r  (Model 165, Berke ley ,  CA) was s e t  a t  

255  nm, 0.005 AUFS, and was connected between t h e  a n a l y t i c a l  

column and t h e  f l uo rospec t romete r .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



LEVOBUNOLOL AND ITS METABOLITE 2241 

Procedure 

Method I :  Q u a n t i t a t i o n  o f  LBUN and/or DHB as DHB i n  plasma 

Plasma samples ( 1  m l )  were t r a n s f e r r e d  t o  g lass  

d i sposab le  tubes .  The plasma p r o t e i n s  were p r e c i p i t a t e d  b y  
add ing  4 m l  o f  a c e t o n i t r i l e  ( c o n t a i n i n g  80 ng o f  m e t o p r o l o l ,  

t h e  i n t e r n a l  s tandard)  and mechan ica l l y  a g i t a t i n g  f o r  30 

seconds. A f t e r  c e n t r i f u g a t i o n  (1.000 xg f o r  10  min.) ,  t h e  

superna tan t  was t r a n s f e r r e d  t o  another  10 ml g l a s s  t u b e  and 

evaporated t o  dryness under a n i t r o g e n  s t ream a t  room 

tempera ture  i n  darkness. The d r i e d  r e s i d u e  was r e c o n s t i t u t e d  

i n  250 p1 e l u e n t  f o r  i n j e c t i o n  i n  o r d e r  t o  measure DHB. 

A r e d u c t i o n  procedure s i m i l a r  t o  t h a t  o f  Hengy and K611e 

(11) was adopted t o  measure t h e  t o t a l  amount o f  LBUN and 

DHB. The d r i e d  res idue  was d i s s o l v e d  i n  200 p1 o f  methanol 

c o n t a i n i n g  5 mg o f  sodium bo rohydr ide  and mechan ica l l y  

a g i t a t e d  f o r  30 sec. The r e s u l t a n t  s o l u t i o n  was l e f t  i n  

sea led  tubes  f o r  30 min i n  darkness. A f t e r  t h e  r e d u c t i o n ,  

t h e  sample was d r i e d  aga in  under a n i t r o g e n  stream and then  

r e c o n s i t u t e d  i n  250 p1 o f  e l u e n t .  

The r e c o n s t i t u t e d  s o l u t i o n  was f u r t h e r  c e n t r i f u g e d  

(12,800 xg) f o r  two min i n  an Eppendorf m i c r o c e n t r i f u g e  

(Westbury, NY). The Eppendorf d i sposab le  c e n t r i f u g e  tubes  

were p laced d i r e c t l y  i n t o  WISP v i a l s  and i n j e c t e d  on to  t h e  

HPLC column. The i n j e c t i o n  volume o f  each sample was 100 

p l .  The r e t e n t i o n  t imes  f o r  DHB and metop ro lo l  as 

mon i to red  by a f l uo rospec t romete r  were 6 and 7 min, 

r e s p e c t i v e l y .  

Method 11: Simultaneous q u a n t i t a t i o n  o f  LBUN and DHB. 

Two m l  o f  a c e t o n i t r i l e  and 1 m l  o f  methanol were used t o  

p r e c i p i t a t e  p r o t e i n s  i n  t h e  samples o f  b lood  (0.5 m l )  and 

aqueous humor (100 p l ) ,  r e s p e c t i v e l y .  Using a 10  p1 

Hami l ton  sy r inge ,  an a l i q u o t  o f  10  p1 o f  hyd roco r t i sone  

s o l u t i o n  (100 pg/ml) was added, t o  t h e  b i o l o g i c  sample 
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2242 TANG-LIU ET AL. 

p r i o r  t o  p r o t e i n  p r e c i p i t a t i o n .  

a t  1000 xg, and t h e  supernate was t r a n s f e r r e d  t o  a c l e a n  

tube .  A f t e r  evapora t i on  t o  dryness, t h e  res idues  were 

r e c o n s t i t u t e d  w i t h  0.5 m l  d o u b l e - d i s t i l l e d  de ion i zed  water .  
The r e s u l t i n g  m i x t u r e  was made a l k a l i n e  by  0.2 ml  and 0.1 m l  

o f  1 N sodium hyd rox ide  f o r  b lood  and aqueous humor samples, 

r e s p e c t i v e l y .  

T h i s  m i x t u r e  was then e x t r a c t e d  w i t h  5 m l  e t h y l  e t h e r  f o r  1 

min.  A f t e r  c e n t r i f u g a t i o n  (1000 xg, 10  m in ) ,  t h e  e t h e r  phase 

was c o l l e c t e d  and evaporated t o  dryness. 

r e c o n s t i t u t e d  w i t h  0.25 m l  doub le  s t r e n g t h  mob i l e  phase. The 

i n j e c t i o n  volume was 150 p l ,  and t h e  run  t i m e  was 10 min.  

The UV absorbance o f  LBUN and hyd roco r t i sone  and t h e  

f l u o r e s c e n t  DHB were mon i to red .  The r e t e n t i o n  t imes f o r  DHB, 

LBUN, and t h e  i n t e r n a l  s tandard  (hyd roco r t i sone)  were 6, 8, 

and 7 n i n ,  r e s p e c t i v e l y .  The assay s e n s i t i v i t y  was 5 ng f o r  

LBUN and 1 ng f o r  DHB. 

The sample was c e n t r i f u g e d  

The res idues  were 

Data Analyses. 

C a l i b r a t i o n  samples t o  c o n s t r u c t  s tandard  curves  were 

ob ta ined  f rom b lank  plasma o r  aqueous humor samples sp i ked  w i t h  

d i f f e r e n t  amounts o f  DHB and/or LBUN and processed as descr ibed 

e a r l i e r .  A l l  chromatographic da ta  were s t o r e d  i n  an HP3357/LAS 

da ta  system (Hew le t t  Packard, Avondale, PA). Peak h e i g h t  r a t i o s  

(compound/ internal  s tandard)  were c a l c u l a t e d  and used t o  o b t a i n  

concen t ra t i ons  o f  LBUN and DHB. 

Resu l t s  

The f l uo rescence  e x c i t a t i o n  and emiss ion  spec t ra  o f  DHB a r e  

shown i n  F i g s .  1, 2, and 3. LBUN has two e x c i t a t i o n  maxima a t  

around 225 and 275 nm, w i t h  emiss ion  maximum a t  297 nm. Ray le igh  

and Raman cross-over  bands assoc ia ted  w i t h  d i f f e r e n t  scanning 

c o n d i t i o n s  were a l s o  observed. 
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LEVOBUNOLOL AND ITS METABOLITE 2243 

200 250 300 350 400 450 
Wavelength nm 

FIGURE 1 .  E x c i t a t i o n  spectrum o f  dihydro levobunolo l  a t  
emission wavelength o f  20 nm. Scan r a t e :  100 
nm/min; range: 0 .03.  

A 1 

* 1 

200 250 300 350 400 450 500 550 
Wavelength nm 

FIGURE 2 .  Emission s p e c t r a  of  dihydro levobunolo l  ( a )  
phase ( b ) ,  and methanol ( c )  a t  e x c i t a t i o n  
wavelength o f  2 2 5  nm. Scan r a t e :  100 nm/m 
range:  0.03. Note t h e  R a y l e i g h  s c a t t e r i n g  
wavelengths o f  225 nm and 450 nm. 

mobi le  

n;  
a t  
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I 

A 

B 1 
C 1 

8 v + 

250 300 350 400 450 500 
Wavelength nm 

FIGURE 3 .  Emission spectra  o f  dihydrolevobunolol  ( a ) ,  mobi le 
phase ( b ) ,  and methanol ( c )  a t  e x c i t a t i o n  
wavelength o f  2 7 5  nm. Scan r a t e :  100 nrn/min; 
range: 0.03. Note t h e  Rayle igh s c a t t e r i n g  a t  275 
nm and 550 nm and Rarnan s c a t t e r i n g  a t  around 300 nm 
( i n  b and c ) .  
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LEVOBUNOLOL AND ITS METABOLITE 2245 

Plasma concen t ra t i ons  o f  LBUN were ve ry  low a f t e r  250-500 

pg doses o f  LBUN had been admin i s te red  t o p i c a l l y  i n  a c l i n i c a l  

s tudy  (12) .  There fore ,  i t  was n o t  f e a s i b l e  t o  q u a n t i t a t e  plasma 

l e v e l s  o f  LBUN and DHB separa te l y .  A l l  samples underwent t h e  

r e d u c t i o n  s tep ,  and t h e  t o t a l  LBUN p l u s  DHB plasma c o n c e n t r a t i o n  

was measured as DHB (Method 1) .  Plasma LBUN was q u a n t i t a t i v e l y  

and comp le te l y  reduced t o  DHB f o r  assay measurements. 

of r e d u c t i o n  o f  LBUN was 98% +- 6.4% and 98% +- 6.0% (mean +- 
SD, n=3) when each m l  o f  plasma was sp iked w i t h  4 ng and 20 ng o f  

LBUN, r e s p e c t i v e l y .  Assay s e n s i t i v i t y  was d e f i n e d  as s i g n a l  

l e v e l s  equal  t o  5 t imes  n o i s e  l e v e l s ,  and was 1 ng f o r  DHB. 

I n t r a d a y  p r e c i s i o n  values ( c o e f f i c i e n t  o f  v a r i a t i o n )  o f  Method I 

were 2.0% and 2.3% f o r  1 ng and 2 ng  i n j e c t i o n s  o f  DHB, 

r e s p e c t i v e l y .  Assay accuracy, expressed as q u a n t i t a t e d  

amount/spiked amount was about 97%. Plasma samples (1  m l )  sp iked 

w i t h  20 ng LBUN o r  20 ng DHB were s t o r e d  i n  a f r e e z e r  (-20'). 

These samples were subsequent ly thawed and processed ove r  a 

3-week p e r i o d  t o  t e s t  f o r  s t a b i l i t y  d u r i n g  t h e  assay p rocess ing  

p e r i o d .  The r e s u l t  (Tab le  1) i n d i c a t e s  no s i g n i f i c a n t  l o s s  o f  

e i t h e r  LBUN o r  DHB i n  f r o z e n  plasma samples f o r  up t o  t h r e e  weeks. 

b i o l o g i c a l  f l u i d s .  Because m e t o p r o l o l  has s i g n i f i c a n t  UV 

a b s o r p t i o n  a t  255 nm and has a r e t e n t i o n  t i m e  c l o s e  t o  t h a t  o f  

The e x t e n t  

Method 11 was used t o  measure LBUN and DHB s imu l taneous ly  i n  

LBUN, i t  was n o t  used as t h e  i n t e r n a l  s tandard  i n  Method 11. 

Hydroco r t i sone  was chosen as t h e  i n t e r n a l  s tandard  and 

demonstrated r e p r o d u c i b l e  and h i g h  e x t r a c t i o n  e f f i c i e n c i e s  ( 

2 ) .  The d e t e c t i o n  l i m i t s  f o r  LBUN ( b y  UV d e t e c t i o n )  and f o r  

(by  f l uo rescence  d e t e c t i o n )  were 5 ng and 1 ng, r e s p e c t i v e l y  

a b l e  

DHB 

Chromatograms a r e  shown i n  F i g .  4. The e x t r a c t i o n  e f f i c i e n c i e s  

o f  LBUN and DHB (Method 11) a r e  i n c l u d e d  i n  Table 2. The 

i n t r a d a y  p r e c i s i o n  o f  t h e  s lopes  o f  t h e  c a l i b r a t i o n  curves were 

3.2% and 3.8% f o r  LBUN and DHB, r e s p e c t i v e l y  (n=4).  
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TABLE 1 

STABILITY OF LEVOBUNOLOL AND DIHYDROLEVOBUNOLOL 
I N  FROZEN PLASMA AT VARIOUS TIME INTERVALS 

D i  hydro1 evobunolo l l  

Remai n i  ng 
Frac t i on3 Measured Amoun t2 

!m (nq)  ( % I  - N4 

1 20.36 +_ 0 . 5 4  (2.7%) 1 0 1 . 8  3 

7 19 .40  f 0 . 1 8  ( 0 . 9 % )  97 .0  3 

14 21.96 f 1 . 6 7  ( 7 . 6 % )  109.8  3 

25 19.43 f 1.61 (8.3%) 97.2 3 

Levobunolo l l  

9 Rema i n i n 
Measured Amount’ F r a c t i o n  m (nq)  (%I  - N4 

1 19 .56  f 1.17 (6.0%) 97 .8  3 

7 19.92 f 0.11 (0.6%) 99.6  3 

20 18 .22  f 0.30 (1.6%) 91.1 3 

22 20.24 f 1.15  (5.7%) 101.2 3 

A l l  samples were spiked w i t h  20 ng on Day 0. 
Mean f S.D. ( C . V . % )  
Measured amount/spiked amount 
Number o f  t r i a l s  
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LEVOBUNOLOL AND ITS METABOLITE 2241 

TAB1.E 2 

E X l K A C I l O N  E k k I C l t N C I t S  (MEAN f SO) OF 
LEVOBUNOLOL, DIHYDROlLtVOBUNOLOI_ AND I N l t  RNAL Sl  ANDARD 

WHEN SIMULTANtOUSLY Q U A N l  I1AlF.D 

- C o n c e n t r a t i o n  - I - _ _  ExtracJJQn 
- k f f i c i  -- . - e n c i  __ - ___ es 

L e v o b u n o l o l  20 ng/ml 97.4 ( 6 . 9 )  
200 ng/ml 94.5 ( 4 . 3 )  

D i  hyd r o l  evobuno l o 1  20 ng/ml 94.5 ( 4 . 3 )  
50 ng/ml 109.2 ( 7 . 1 )  

I n t  e r n a  1 S tandard2 1 pg/ml 91.9 (8 .6 )  

n r 5  
’ H y d r o c o r t i s o n e  served as t h e  i n t e r n a l  s t a n d a r d  

O c u l a r  p r o f i l e s  o f  b o t h  IBUN and DHB were s i m u l t a n e o u s l y  

mon i t o r e d  b y  Me 

t o  r a b b i t  eyes.  

o f  LBUN was r a p  

IBUN t o  DHB. 

hod 11 a f t e r  50 111 o f  0.5% ILBUN a d m i n i s t r a t i c  

As e x e m p l i f i e d  i n  F i g .  5, t h e  o c u l a r  a b s o r p t i o n  

d ,  as was t h e  i n t r a o c u l a r  b i o t r a n s f o r m a t i o n  o f  

Because o f  t h e  presence o f  a c o n j u g a t e d  c a r b o n y l  g roup,  IBUN 

has d i f f e r e n t  UV s p e c t r a l  c h a r a c t e r i s t i c s  f r o m  DHB. l h e  l a t t e r  

absorbs  UV p o o r l y .  LBUN f l u o r e s c e s  p o o r l y ,  w h i l e  DHB has two 

e x c i t a t i o n  maxima a t  a round 225 nm and 2 7 5  nm. A t  t h e s e  

wave lengths ,  one e m i s s i o n  maximum was observed a t  298 nm ( F i g s .  

1, 2 and 3 ) .  A l t h o u g h  t h e  i n t e n s i t y  p r o f i l e  o f  a d e u t e r i u m  lamp 

cor responded t o  t h e  e x c i t a t i o n  maxima o f  DHB, t h e  d e u t e r i u m  lamp 
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2248 TANG-LIU ET AL. 

I ‘V 

F I G U R E  4 .  

H1.A N K 
L.u 

Chromatogram of blank plasma (right) and blank 
plasma spiked with levobunolol (LBUN) and 
dihydrolevobunolol (DHB) (Method 11). All samples 
contained 1 vg/ml hydrocortisone (IS) as the 
internal standard. 

provided neither better sensitivity nor smaller baseline noise 
than did a xenon lamp. Detectors with xenon lamps were used 
throughout the study. 

The excitation intensity at 275 nm is greater than that at 
225 nm. For this reason, fluorescence conditions were first 
evaluated at excitation wavelength of 275 nm and emission o f  300 
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n 
4 
E 
\ 

3 

m 
3 
0 w 
2 

18.080 

1.000 

0.100 

0.010 

0.001 
0 

TIME (min)  

FIGURE 5. Ocular  d i s p o s i t i o n  p r o f i l e s  o f  levobuno lo l  (a) and 
d ihyd ro levobuno lo l  (0)  i n  aqueous humor a f t e r  a 
s i n g l e  eye drop (0.5%) o f  l evobuno lo l  t o  r a b b i t  
eyes. 

o r  310 nm. A f i l t e r  (290 nm) was i n s t a l l e d  between two 

monochrometers i n  an a t tempt  t o  reduce t h e  l i g h t  s c a t t e r i n g  

phenomenon. Var ious s l i t  w id ths  were t r i e d .  The b a s e l i n e  no ise  

o f  HPLC t r a c i n g s  was such t h a t  t h e  d e t e c t i o n  l i m i t  was about 2 ng 

DHB i n j e c t e d  i n t o  t h e  column. 

found t o  be h i g h e r  a t  an e x c i t a t i o n  wavelength o f  225 nm, f i n a l  

d e t e c t o r  c o n d i t i o n s  were s e t  a t  an e x c i t a t i o n  o f  225 +_ 2 nm and 

emiss ion  o f  300 +- 2 nm and was op t im ized  d a i l y  by a l ignment  o f  

t h e  f l o w  c e l l  and t h e  lamp. S e n s i t i v i t y  was de f i ned  as 1 ng 

(peak he igh t :no i se  r a t i o  = 5 : l )  o f  DHB i n j e c t e d  on to  t h e  system. 

Heptane s u l f o n i c  a c i d  was added t o  t h e  mob i l e  phase as an 

i o n - p a i r i n g  agent t o  lengthen t h e  r e t e n t i o n  o f  LBUN and DHB. The 

Because t h e  assay s e n s i t i v i t y  was 
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2250 TANG-LIU ET AL. 

pH o f  t h e  mob i l e  phase i s  c r u c i a l  t o  op t im ized  r e t e n t i o n  t imes.  

For  example, t h e  r e t e n t i o n  t i m e  o f  LBUN was t o o  s h o r t  t o  be 

reso lved  f rom endogenous plasma peaks a t  pH 4.5 b u t  was 

lengthened as pH was reduced t o  2.5. Taking column s t a b i l i t y  

i n t o  cons ide ra t i on ,  t h e  m o b i l e  phase pH was s e t  a t  pH 3.5 t o  

o p t i m i z e  bo th  t h e  r e t e n t i o n  t imes  and t h e  column l i f e .  H igh  

coverage columns ( u l t r a s p h e r e )  had much longer  l i f e  and b e t t e r  

e f f i c i e n c y  than  o t h e r  C18 columns, e.g., VBondapak and 

L i ch roso rb .  

The d i r e c t  i n j e c t i o n  method (Method I )  was employed f o r  

c l i n i c a l  plasma samples. Q u a n t i t a t i o n  o f  plasma DHB l e v e l s  have 

proven t o  be s e n s i t i v e ,  r e p r o d u c i b l e  and accura te .  

Q u a n t i t a t i v e l y  complete recove r ies  were ob ta ined  ove r  a 

three-week p e r i o d ,  when plasma was sp iked w i t h  e i t h e r  LBUN o r  DHB 

and s t o r e d  a t  -2OOC. Because o f  t h e  t r a c e  amounts o f  L8UN and 

DH8 i n  human plasma a f t e r  a t o p i c a l  eyedrop a d m i n i s t r a t i o n ,  t h e r e  

was no a t tempt  t o  q u a n t i t a t e  bo th  compounds separa te l y .  To 

maximize t h e  d e t e c t i o n  l i m i t ,  2 mls o f  plasma were used, and a l l  

were c h e m i c a l l y  reduced t o  measure OHB. 

a d m i n i s t r a t i o n  (0.5% o r  l%), plasma concen t ra t i ons  ( i n  ng 

e q u i v a l e n t s  o f  DHB) were n o t  d e t e c t a b l e  i n  6 o f  12 c l i n i c a l  

sub jec ts ,  and t h e  mean plasma concen t ra t i ons  were 0.21 and 0.42 
ng/ml f o r  t h e  0.5% and 1% eyedrop t rea tmen t  groups, r e s p e c t i v e l y  

A t  1 h r  a f t e r  an eyedrop 

(12). 
These two HPLC procedures a r e  h i g h l y  r e p r o d u c i b l e  and 

s e l e c t i v e .  C l i n i c a l  plasma samples, a f t e r  d rug  i n s t i l l a t i o n  t o  

eyes, c o u l d  be q u a n t i t a t e d  f o r  t o t a l  concen t ra t i ons  o f  LBUN and 

DHB by p r o t e i n  p r e c i p i t a t i o n  p r i o r  t o  i n j e c t i o n  on to  t h e  system. 

Th is  assay p rov ides  s e n s i t i v i t y  o f  1 ng. LBUN and DHB can a l s o  

be q u a n t i t a t e d  s imu l taneous ly  i n  b i o l o g i c a l  f l u i d s  such as plasma 

and aqueous humor, u s i n g  a dua l  f luorescence/UV d e t e c t i o n  

system. The s e n s i t i v i t y  f o r  b u n o l o l  and d ihyd robuno lo l  a r e  5 ng 

and 1 ng, r e s p e c t i v e l y .  T h i s  dua l  d e t e c t i o n  procedure has been 
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LEVOBUNOLOL AND ITS METABOLITE 225 1 

used s u c c e s s f u l l y  i n  m o n i t o r i n g  t h e  o c u l a r  d i s p o s i t i o n  p r o f i l e s  

a f t e r  ophthalmic doses t o  r a b b i t s .  
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