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A B S T R A C T  

( - ) - B u n o l o l  (LB) was applied to the h u m a n  eye in a commercia l ly  awlilable eye d rop  formulat ion.  LB 
• 3 its metaboli te ,  d i h y d r o - ( - ) - b u n o l o l  ( D H L B )  were identified and quantified in h u m a n  aqueous  hu- 

mour .  The  c o m p o u n d s  were analysed as their t r imethyls i ly l -pentaf luorobenzamidc derivatives using gas 
c h r o m a t o g r a p h y - n e g a t i v e  ion chemical ionisation mass  spectrometry .  In the case o f  D H L B  the corre-  
sponding ZHa-labelled i so topomers  were used as internal s tandards  and LB was quantified against  its 
me thox ime  derivative.  Cal ibra t ion  curves for LB and D H L B  against  internal s tandards  were linear with 
corre la t ion coefficients 0.994 and 0.996, respectively. Replicate analyses o f  a pooled sample  o f  aqueous  
h u m o u r  conta ining LB and D H L B  gave s tandard  errors  o f  the mean o f  4- 9.8 and  4- 2.4% for the 
concent ra t ions  o f  LB and  D H L B ,  respectively. The  practical  limit o f  detect ion of  the method  was ca. 30 pg 
for LB and ca. t00 pg for D H L B .  The  derivat izat ion procedure  was also sat isfactory for the analysis o f  a 
n u m b e r  o f  o ther  fl-blockers which are used in ophtha lmologica l  practice. 

I N T R O D U C T I O N  

fl-Blockers, formulated as eye drops, are widely used in ophthalmological  
practice to control intraocular pressure in cases o f  glaucoma [1,2]. There are no 
data concerning the effectiveness o f  different fl-blocker preparations in pene- 
trating the human eye or on the time course for the elimination o f  the drug from 
the aqueous humour. It is likely that fl-blockers act by binding to receptors in the 
ciliary body thus reducing the rate o f  production o f  aqueous humour [3,4]. Opti- 
misation o f  dosage o f  fl-blocker may be important; particularly in the elderly, 
where administration o f  excess o f  the preparation, usually applied twice daily 
over long periods, via the tear duct and nasal passage may have unwanted side- 
effects. 
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We have employed gas ch romatography-nega t ive  ion chemical ionisation 
mass spectrometry ( G C - N I C I M S )  in previous sto.dies on the absorpt ion  of  ste- 
roids into the human eye [5-7] and have found that  the sensitivity and specificity 
of  the technique were vital for the accurate and precise analysis of  the small 
volumes of  sample involved. In earlier work we developed an aqueous  phase 
derivatisation technique for the analysis o f  biogenic amines [8-10] and found that  
the most  satisfactory results were obtained when the amine was acylated with 
di tr i f luoromethylbenzoyl  chloride. In this case, when the derivative was analysed 
by G C - N I C I M S ,  most  of  ion current  was carried by the molecular  ion o f  the 
derivative [8], which gave a high degree of  sensitivity and specificity. We now 
report  an extension of  our earlier work  on aqueous phase derivatisat ion to the 
analysis of  fl-blockers and the applicat ion of  the technique to the determinat ion 
of  ( - )  bunolol (LB, Fig. 1) and its metaboli te,  d i h y d r o - ( - ) - b u n o l o l  (DHLB,  
Fig. 1), in human  aqueous  humour .  

CH2NHC(CH3) 3 

R=O LB  

R=OH,H DHLB 

R R=NOCH3 LBMO 

Fig. 1. Structures of  ( - ) -bunolol ,  di t lydro-(-  )-bunolol and methoxime of  ( - ) -bunolol .  

EXPERIMENTAL 

Chemicals  
Chemicals were obtained from the following sources: LB • HC1 and D H L B  • 

hemifumarate  (a gift from Allergan UK);  betaxolol,  carteolol,  met ipranolol  and 
timoloI were extracted from commercial ly  available preparat ions  o f  eye drops;  
bistrimethylsilylacetamide (BSA) (Fluka,  Glossop,  UK);  2HC1, 2H20,  
CHaCOO2H,  C2HsO2H, NaB2H4 (Aldrich, Gill ingham, UK);  pentaf luoroben-  
zoyl chloride (PFBCI) (Fluorochem, Glossop,  UK);  all solvents were H P L C  
grade (Rathburn ,  Walkerburn ,  UK).  

htternal  s tandards 
[2Ha]DHLB was prepared as follows: LB - HC1 (200 mg) was dissolved in 

2HC1 (5 ml, 20°/'0 in 2H20)  and heated (60"C, 2 h) in a sealed tube. The solution 
was made alkaline by addit ion o f  sodium methoxide (1.6 g): the resul tant  precip- 
itate was extracted into diethyl ether (2 x 5 ml) and dried (anhydrous  sodium 
sulphate). The solvent was removed, the unpurified product  was dissolved in 
C2HsOZH (5 ml), and NaB2H4 (200 rag) was added. The suspension was refluxed 
(18 h) and cooled, and C H a C O O 2 H  (I .0 ml) wa ~. added; then the solution was 
diluted to 20 ml with water and made  alkaline by the addi t ion o f  5 M sodium 
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hydroxide .  The  solu t ion  was extracted with die thyl  e ther  (2 x 30 ml), and  the 
c o m b i n e d  organic  layers were dr ied ( a n h y d r o u s  s o d i u m  sulphate) .  The  solvent  
was r emoved  a f ford ing  crude  p roduc t  (83 mg) as a gum.  Th i s  was used as an  
in te rna l  s t anda rd  wi thou t  fur ther  pur i f icat ion,  Ana lys i s  by G C - N  I C I M S  indicat-  
ed tha t  the i sotope compos i t i on  [based on the molecu la r  ion  o f  the pentaf luoro-  
benzamide-d i ( t r ime thy l s i ly l )  ( P F B - d i T M S )  derivative] was  as follows: 2Ha, 
96 .3%;  2H2, ! .8%;  2H1, 1.8%; 2Ho, 0.1%.  

The  m e t h o x i m e  o f  LB (Fig. I) was prepared  as follows: LB • HCI  (50 mg) was 
hea ted  wi th  m e t h o x y l a m i n e  • HC1 (50 mg  in 1 ml o f  pyr id ine)  for  i h at 80°C. 
Mos t  o f  the pyr id ine  was  r emoved  by  evapora t ion  under  a s t ream o f  n i t rogen at 
80°C, s o d i u m  hydrox ide  (2 ml,  2 M)  was added  to the residue and  the resul tant  
emul s ion  was extracted wi th  d ie thyl  e ther  (2 x 2 ml)  and  dr ied  ( a n h y d r o u s  sodi- 
u m  sulphate) .  The  solvent  a n d  excess m e t h o x y l a m i n e  were r emoved  by evap- 
o ra t ion  unde r  a s t ream o f  n i t rogen  at 60°C. This  in te rna l  s t a n d a r d  also was used 
wi thou t  fur ther  pur i f icat ion.  

Samples 
Samples  o f  aqueous  h u m o u r  were ob ta ined  f rom pat ients  unde rgo ing  rout ine  

ca ta rac t  surgery and  i n f o r m e d  consen t  was ob t a ined  in all cases. LB • HCI (0.5%, 
50 /A, Betagan,  Al le rgen  U K )  was in t roduced  into the eye at var ious  t ime in- 
tervals before  surgery.  Col lec t ion  o f  the aqueous  h u m o u r  has  been  descr ibed in 
full p revious ly  [6,7]. 

Derivatisation procedure 
The  sample  o f  aqueous  h u m o u r  (40-80 ~tl) was d i lu ted  to 1 ml  with 0.2 M 

po t a s s ium hydroxide ,  and  [ZH3]DHLB and  LB m e t h o x i m e  (20 pl of  a 2 ng]pl  
so lu t ion  of  each in acetoni t r i le)  were added.  T he  so lu t ion  was extracted wi th  
d ie thyl  e ther  (2 ml)  a n d  the extract  dr ied by passage  t h rough  a n h y d r o u s  sod ium 
su lpha te  in a Pas teu r  pipette.  The  ether  layer  was  r emoved  unde r  a s t ream of  
n i t rogen,  the residue was  then dissolved in m e t h a n o l  (100/al) and  0.2 M potassi-  
u m  hydrox ide  (1.4 ml)  was added.  PFBC1 (5/A) was added ,  and  the mix ture  was 
shaken  for 5 m i n  (until  it was clear). The  solut ion was then ext rac ted  with die thyl  
ether  (3 ml)  and  the extract  dr ied by passage th rough  a n h y d r o u s  s o d i u m  su lpha te  
in a Pas teur  pipette.  The  ether  layer  was evapora ted  unde r  a s t r eam o f  ni t rogen,  
the res idue was dissolved in BSA (30 pl) and  the so lu t ion  hea ted  for 30 m i n  at 
60"C. The  vo lume  o f  the reac t ion  mix tu re  was reduced to ca, 5 pI with a s t ream of  
n i t rogen  and  then  it was  di luted wi th  ethyl  acetate (80 pl). A n  a l iquo t  (4 pl) o f  the 
final so lu t ion  was injected into the G C - M S  system. 

Quantitation 
In  order  to es tab l i sh  l inear i ty  for the me thod ,  ca l ib ra t ion  curves  were con- 

s t ructed by der iva t i s ing  40 ng o f  in te rna l  s t anda rds  wi th  va ry ing  a m o u n t s  (1-100 
ng) o f  the co r r e spond ing  un labe l led  c o m p o u n d  as descr ibed  above.  The  call- 
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bra t ion  curve for  D H L B  was cons t ruc ted  by plot t ing the sum o f t h e  peak  areas  o f  
bo th  deuter ia ted d ias te reomers  agains t  the peak  a rea  o f  the undeu te r i a t ed  s tan-  
dard .  In o rde r  to correct  for  ins t rumenta l  var ia t ion  on a d a y - t o - d a y  basis quan t i -  
ta t ion was de te rmined  using a I : l  s t a n d a r d  mix ture  with each ba tch  o f  samples ,  
and a reagent  b lank  was  run with each ba tch  of  samples.  The  reproducibi l i ty  o f  
the me thod  was checked on three  replicate analyses  f rom a pooled  sample  o f  
aqueous  h u m o u r  collected f rom subjects who had  had  LB instilled into their  eyes. 

I n s t  r u n r e n  t a t i o n  

G C - M S  in tile N I C I  m o d e  was  carr ied out  using a H e w l e t t - P a c k a r d  5988A 
G C - M S  ins t rument  with an  R T E 6 V / M  d a t a  system. M e t h a n e  was  used as the 
reagent  gas with a source pressure  o f  c a .  263 Pa  and  a t empe ra tu r e  o f  140"C. 
Linear  scans were carr ied  out  over  the range  100-800 a .m.u.  The  Hewle t t -Pack-  
ard  5890 gas c h r o m a t o g r a p h  was  fitted with a cross- l inked methyl  silicone col- 
umn (12 m x 0.25 m m  I .D. ,  film thickness 0.25 Itm, S G E  BP- I ,  Burke  Electron-  
ics, Glasgow,  UK) .  T e m p e r a t u r e  p r o g r a m m e  condi t ions  were as follows: 140"C 
for I rain, then 30"C m i n - 1  to 280°C (10 rain). In jec tor  t empe ra tu r e  was  250°C 
and  interface t empe ra tu r e  280"C. Inject ions were made  in tile splitless mode .  

R E S U L T S  A N D  D I S C U S S I O N  

The der iva t i sa t ion  p rocedure  m a y  be explained as follows: the initial extrac-  
tion o f  the amines  under  basic condi t ions  is required to r emove  them f rom traces 
of  prote in  which interfere  with the aqueous  phase  acyla t ion  by coagu la t ing  with 
the PFBC1 thus br ing ing  it out  o f  solution.  The  ext rac ted  amines  are  initially 
redissolved in a small a m o u n t  o f  me thano l  since they might  otherwise  stick to the 
wall ot" the sample  tube on addi t ion  o f  the second quan t i t y  o f  0.2 M po tass ium 
hydroxide.  It  is i m p o r t a n t  to al low all the P F B C I  to hydro lyse  and  be conver ted  
to its po tass ium salt  before  ext rac t ion  since ex t rac t ion  o f  the reagent  interferes 
with the final analysis .  Use o f  ethyl acetate  r a the r  than  diethyI e ther  in the second 
extract ion step caused po t a s s ium pen ta f luo robenzoa te  to ext ract  as an ion pai r  
and  this occluded the der ivat ised amines  in the ext rac t  prevent ing  their  deriv- 
a t isat ion with BSA. Finally,  we have found tha t  a small  a m o u n t  o f  BSA in the 
sample  improves  the sensitivity o f  the me thod  especially where  a co lumn  has  been 
in use for some time. 

The  N I C I  mass  spec t rum o f  the P F B - T M S  derivat ive o f  LB (Fig. 2) is s imilar  
to the type o f  mass  spec t rum shown by co r re spond ing  derivat ives o f  biogenic 
amines  in our  earl ier  s tudies [8-10]: a par t i cu la r  fea ture  being tha t  the ion cur ren t  
is carried largely by the molecu la r  ion o f  the derivative.  The  mass  spec t rum o f  the 
P F B - T M S  derivat ive o f  the me thox ime  of  LB is s imilar  (with the difference be- 
tween the molecu la r  ions being 29 a .m.u.) .  

Figs. 3 and  4 show the mass  spectra  o f  the P F B - d i T M S  derivat ives o f  D H L B  
and  [2Ha]DHLB,  and  aga in  it is a p p a r e n t  tha t  mos t  o f  the ion cur ren t  is car r ied  
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Fig. 2. NICI  mass spectrum o f  (--)-bunolol as the P F B - T M S  derivat ive .  
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by the molecular  ion. The response o f  the instrument under NICI condi t ions  to 
the P F B - T M S  derivative o f  LB was two to three times that o f  the P F B - d i T M S  
derivative o f  D H L B ;  this is probably due to the enhanced electron-capturing 
effect conferred by the conjugated keto group in the former. It was found that the 
methoxime o f  LB had similar electron-capturing properties to those o f  LB and 
consequent ly  was more suitable as an internal standard for LB than [2Ha]DHLB.  
Calibration curves for  LB and D H L B  were linear over the range 1-100  ng with 
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correlation coefficients o f  0 .994 and 0.996, respectively. The reproducibil ity o f  the 
analytical method was checked on three replicate analyses from a pooled  sample 
o f  aqueous  humour  conta in ing  125.9 ng m l -  1 D H L B  nd 35.5 ng m l -  1 LB. The 
standard errors o f  the mean (S .E.M.)  were -4- 2 .4% for D H L B  and -¢- 9 . 8 ° 6  for 
LB, the lower precision for LB reflecting the use o f  an analogue  as an internaI 
standard. Fig. 5 shows  selected-ion moni tor ing  (SIM) traces o f  a derivatised 
extract from human aqueous  hum our  taken 24 rain after instil lation o f  the drop 
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TABLE I 

NICIMS DATA OF PFB-TMS DERIVATIVES OF fl-BLOCKERS USED IN T H E  T R E A T M E N T  OF 
G L A U C O M A  

fl-Blocker I value Base peak (re~z) Other ions in mass spectrum 

(--)-Bunolol 2961 557 ° 
( - ) - D H L B  2942, 2948 631 ~ 
( - ) -Buno lo l  methoxime 3051 586* 
Metipranolol 2844 575 ° 
Timolol 2853 582* 
Betaxolol 2968 573* 
Carteolol 3 ! 59 538 

465(13), 284(I3), 161(11) 
541(21), 304(I0), 284(15) 
494(3), 284(9) 
513(9), 290(15), 270(14) 
284(3) 
290(8), 270(8). 
558°(38), 466(28) 

* Molecular ion. 

and containing 67.4 ng m l -  1 D H L B  and 112.6 ng m l -  1 LB. Trace B shows LB 
(.'n/z 557) in comparison with LB methoxime (m/z  586). Trace A shows D H L B  
(m/z 631) in compar ison with [2Ha]DHLB (m/z 634), the single peak for D H L B  
arising from a single diastereomer and indicating the stereospecific nature of the 
reductase involved in the biological reduction. In contrast  the non-stereospecific 
reduction with sodium borodeuteride used in making  the internal s tandard result- 
ed in two diastereomers which have different retention times, as their PFB-TMS 
derivatives, on GC. Quant i ta t ion of  D H L B  against the total area for both deute- 
riated diastereomers proved satisfactory because the recovery of  the two dia- 
stereomers was always identical. The use o f  the diastereomeric mixture was also 
useful because it helped to highlight the stereospecificity of  the biological reduc- 
tion, i.e. confirm in each case that  resolution between the diastereomers was 
maintained.  

It has been established previously that LB is rapidly metabolised during its 
passage through the cornea in rabbit  eye [11]. A full report concerning the pene- 
tration and metabol ism of  the drug in the h u m a n  eye will be made  in the oph- 
thalmological  literature by us when the current study is complete. In brief, the 
data obtained so far indicate that LB attains m a x i m u m  concentrations o f  ca. 500 
ng m l -  1 20-40 min  after its topical applicat ion to the eye, whilst D H L B  attains 
m a x i m u m  concentrat ions of  ca. 400 ng m l -  ~ 90-120 min  after application of  the 
d,op.  

The analytical  procedure was also applied to a number  of  other fl-blockers 
used h~ ophthalmological  practice. ]Fig. 6 shows the NICI  mass spectrum for 
metipranolol ,  and again it may be seen that the ion current is carried mainly  by 
the molecular  ion of  the derivative. Table I summarises the N I C I M S  data  for the 
PFB-TMS derivatives of  the fl-olockers currenuy . . . .  ~o,~u'~ in controlling intraocular  
pressure. The molecular  ion is a major  fragment in all cases. It is hoped that  the 
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results of  our further studies may lead to the design of  improved dosage regimens 
for administration of  these drops. 
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