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A B S T R A C T  

A sensitive me thod  for  the s imul taneous  high-perfornaance liquid c l l romatograph ic  dctcrminal ion o f  
c lar i thromycin  and its active metabol i te  in p lasma and urine i.~ described. Alkalinized samples were cocx- 
tracted with an internal s t andard  and analyzed on a C n co lumn using electrochemical  detection.  Recoveries 
were >_85% and consistent.  S tandard  curves for p lasma wcre linear in the range 0 -2  l~g/ml for both  
c o m p o u n d s  (r > 0.99), with limits o f  quant i f icat ion of  -.. 10.03 Itg/ml (0.5-ml sample).  Within-day and  
day- to -day  precision were good ,  with coefficients o f  wlriat ion most ly  within 4-5%: accuracy for both  
c o m p o u n d s  were routinely within 90 -110% o f  theoretical values. S tandard  curvcs for urine were linear in 
the range 0-100 ltg/ml with limits o f  qu'.mtifieation of  0.5/~g/ml (0.2-ml s:maplc). Urine assays also had 
similar wi thin-day and day- to -day  precisions and accuracy.  

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

Clarithromycin (6-O-methylerythromycin A) (Fig. l), a novel macrolide with a 
broad spectrum of antibacterial activity [I-5], is currently under development by 
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Fig. 1. Chemical  s tructures o f  c lar i thromyein (R = H) and  14(R)-hydroxyciar i thromycin (R = OH).  
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Abbott  Labs. 14(R)-Hydroxy-6-O-methylerythromycin A (14(R)-hydroxyclarith- 
romycin, Abbott  62671) has been recovered in human urine and identified as one 
of the major metabolites of  clarithromycin. Like the parent drug, it has been 
shown to have substantial antimicrobial acitivity [6]. To measure the circulating 
levels of the parent drug and its metabolite, as well as their extents of recovery 
from urine, a suitable method for measuring the two compounds in plasma and 
urine was needed. Previously, erythromycin derivatives were shown to elicit good 
electrochemical responses using a porous graphite electrode [7,8]. Since this mode 
of detection was also appropriate for clarithromycin and its 14-hydroxylated 
metabolite, we developed a sensitive method to measure both compounds simul- 
taneously in biological fluids using high-performance liquid chromatography 
with electrochemical detection (HPLC-ED).  

E X P E R I M  E N T A L  

Chemicals  
All solvents were HPLC grade and reagents were analytical grade from Fisher 

(Fairlawn, N J, USA) or Mallinckrodt (St. Louis, MO, USA). Clarithromycin, 
erythromycin A 9-O-methyloxime (internal standard, Abbott  41036), and eryth- 
romycin B (Abbott  24091) were provided by Abbot t  Labs. (Abbott  Park, IL, 
USA). 14(R)-Hydroxyclarithromycin, descladinosylclarithromycin, 14(S)-hy- 
droxyclarithromycin, 14(R)-hydroxydescladinosylclarithromycin, and another 
metabolite designated M-7 (empirical formula CasH69NOI4) were obtained from 
Taisho (Tokyo, Japan). 

Clo'oma t ographic .D,st em 
Solvent delivery was accomplished using a standard low-pulse HPLC pump 

(Waters M-6000A, Millipore, Milford, MA, USA). A pulse dampener (Lo-Pulse, 
SSI~ State College, PA, USA) was used to minimize pump noise. Coulometric 
detector (Model 5100A, Environmental Sciences Assoc., Bedford, MA, USA) 
was used with the electric potential of  the screening electrode at about + 0.5 V 
and the working electrode at about +0.78 4- 0.04 V. The signal output was 
monitored using a computing integrator (SP-4200, Spectra-Physics, San Jose, 
CA, USA) or computer data system (Chromatography Data  System, Nelson 
Analytical, Cupertino, CA, USA). 

Several octyl-bonded (Ca) reversed-phase HPLC columns, including 5 ~lm 
Spherisorb, Nucleosil (both from Alltech Assoc., Deerfield, IL, USA) and Sepra- 
lyte (Analytichem International, Harbor City, CA, USA) were suitable. The mo- 
bile phase for Nucleosil Ca (5 ~tm, 250 mm x 4.6 mm I.D.) consisted of aceto- 
nitrile-methanol-water (39:9:52, v/v) containing 0.04 M NaH2PO4 and NaOH to 
bring the pH to 6.8. The flow-rate was set at 1.2-1.4 ml/min. Slight modifications 
of the organic contents and the pH in the eluent were sometimes needed to 
achieve satisfactory resolution because of column-to-column variabilities in re, 
tentivity for macrolide derivatives. 
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Extraction procedure./br plt:sma 
Procedures  using 0.5 ml o f  p lasma,  as described here, are representat ive.  A 

0.5-ml a l iquot  o f  plasrna was  t ransfer red  to a clean tube. A b o u t  750 ng o f  internal  
s t anda rd  (e.g. 75 id o f  l0  ~tg/rnl internal  s t anda rd  in a 1" 1, v/v, ace ton i t r i l e -wate r  
mixture) ,  0.2 rnl o f  sod ium c a r b o n a t e  solut ion (0.1 M),  and  3 ml o f  ethyl a ce t a t e -  
hexane  (1" I, v/v) were added  to each tube. The  contents  of  the tubes were  stirred 
vigorously  for  1 rnin a n d  centr i fuged at 800 g for  5 rnin. The organic  layer was  
t~'ansferred to a clean tube,  and  the solvent  was evapora ted  to dryness a t  45"C 
under  a s t ream o f  air. The  residue was dissolved in 200-400 ld o f  50% (v/v) 
solut ion o f  acetonitr i le  in water ,  and por t ions  o f  the solut ion (20-80 ld) were 
injected into the H P L C  system and analyzed.  

Standard curve for plasmd samples 
S t a n d a r d  solut ion o f  c la r i th romycin  and  14-hydroxyclar i thrornycin  were pre- 

pared  individually in acetoni t r i le  at  concen t ra t ions  o f  approx imate ly  1 mg/ml;  
they were refr igera ted until  used. Usually,  100 ttl o f  each o f  the s t anda rd  solut ions 
were mixed with 9.8 ml o f  n o r m a l  h u m a n  p lasma  to provide  a s t anda rd  solut ion 
o f  bo th  c o m p o u n d s  in p l a sma  at  10 ltg/rnl each.  This was serially diluted with 
no rma l  p l a sma  to prov ide  a set o f  s t anda rd  samples  conta in ing  bo th  c o m p o u n d s .  
The  set used for m e t h o d  val idat ion had concen t ra t ions  of  0.1, 0.2, 0.5, 1.0, and  
2.0 Ftg/ml each. S t a n d a r d  curves were cons t ruc ted  by weighted (1 /concent ra t ion)  
l inear regression o f  the observed peak-height  ra t ios  and  the concent ra t ions .  Cali-  
b ra to r s  were p repa red  similarly by di lut ion o f  a separa te  set o f  s tock solut ions o f  
c lar i thrornycin and  14-hydroxyclar i thromycin ;  the stock solut ions were different 
f rom those used for  the s t a n d a r d  curves. The ca l ibra tors  (somet imes referred to as 
qual i ty  cont ro l  samples)  were assayed as the u n k n o w n  and  the results were used 
to mon i to r  the accuracy  o f  dai ly analysis.  

Extraction procedure for  ur#le samples 
The procedure  for  ur ine  was very similar to that  described for p lasma.  The  

following procedure  using 0.2-mI al iquots  of  urine is representat ive.  Al iquots  (0.2 
ml) o f  ur ine were t r ans fe r red  individually to clean test tubes. To each tube, the 
fol lowing were added:  3 ~tg o f  internal  s t anda rd  (usually 300 #! o f  internal  s tan-  
da rd  at  10 llg/ml in 50% aqueous  acetonitrile),  0.1 ml o f  sodium ca rbona t e  solu- 
tion (0.l  M),  and  3-4 ml o f  ethyl ace t a t e -hexane  so lu t ion  (1:1, "~/v). The  tubes 
were st irred vigorously for  1 min  on a vortex mixer  (Amer ican  Scientific Supply,  
M c C a w  Park ,  IL,  USA.) and  centr i fuged at 8130 g for 5 min. The  organic  layer 
(2-3.5 ml) was t rans fe r red  to a clean tube and the solvent was removed by evap-  
ora t ion  a t  a b o u t  45°C under  a s t ream o f  air. The  residues were dissolved in 
0.8-1.2 rnl o f  50% a q u e o u s  acetonitri le,  and por t ions  of  this solut ion were in- 
jected into the H P L C  system. 

S t a n d a r d  curves for ur ine  were typically cons t ruc ted  with s t anda rds  at  concen-  
t ra t ions  o f  0, 1.0, 2.5, 5.0, 10, 25, 50, and  100 Flg/ml for  each c o m p o u n d .  Call- 
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brators were prepared as usual; the stock solutions were different from those for 
the standard curve samples. 

RESULTS AND DISCUSSION 

Erythromycin A 9-O-methyloxime, the internal standard, gave two chroma- 
tographic peaks, including a minor peak due to impurity, but both were well 
resolved from clarithromycin and 14-hydroxyclarithromycin. This compound 
was stable under the work-up conditions. The extraction recoveries for all three 
compounds were consistent and estimated to be better than 85%. It was noted 
that 14-hydroxyclarithromycin could be readily converted to M-7 (an anhydro 
derivative) when its solution in ethyl acetate-hexane was heated to 450C in the 
presence of sodium carbonate. This emphasized that care should be taken to 
avoid transferring any aqueous phase along with the organic solution during the 
sample extraction. With such care, no significant formation of M-7 was observed. 

Fig. 2 depicts typical chromatograms from normal human plasmz:, plasma 
spiked with both clarithromycin and 14-hydroxyclarithrornycin at 0.5 Itg/ml 
each, and plasma from a subject 2 h after he received a 600-mg oral dose of 
clarithromycin. A Nucleosil C8 (5/tln, 250 m m x  4.6 mm I.D.) column was used. 
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Fig. 2. Typical chromatograms from plasma samples using a Nuclcosil C~ column. (A) Normal human 
plasma (NHP); (B) N H P  spiked with clarithromycin (I), 14-hydroxyclarithromycin (II), internal standard 
(liD, and descladinosylatcd clarithromycin (IV); (C) plasma collected from a subject 2 h aftcr adminis- 
tration of  a 600-rag oral dose of" clarithromycin. 
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There were no apparent interferences at the retention times of  parent drug, the 
internal standard and 14-hydroxyclarithromycin from normal pooled human 
plasma. In chromatogram B, descladinosylclarithromycin was included to show 
its retention time (7.2 min). A peak at this retention time was also observed in the 
chromatogram of  post-clarithromycin plasma, suggesting the presence of  this 
metabolite in human plasma. Usually,  one unknown late-eluting peak appeared 
at about 60 rain under the above conditions.  The retention of  this peak was 
monitored periodically to al low adjustment of  the injection intervals (usually 
30-35 min). 

Under the proposed HPLC conditions,  the available metabolites such as des- 
cladinosylclarithromycin (described above), 14(S)-hydroxyclarithromycin, 
14(R)-hydroxydescladinosylclarithromycin (M-6),  and an anhydro derivative 

T A B L E  I 

S T A N D A R D  C U R V E  D A T A  F O R  H P L C - E D  A S S A Y  O F  C L A R 1 T H R O M Y C I N  A N D  ITS  14 -HY-  
D R O X Y  M E T A B O L I T E  1N P L A S M A  A N D  U R I N E  

Theore t i ca l  
c o n c e n t r a t i o n  
(l~g/ml) 

Calcu la ted  c o n c e n t r a t i o n  

C l a r i t h r o m y c i n  M e t a b o l i t e  

/~g/ml % o f  theory  /~g/ml % of theory  

Plasmtt 

o.o (o.oi) - (o.oo) 

o.I O.lOi 1oi o.lo6 
0.2 0.195 97.5 0.202 

0.5 0.506 !01 0.455 
1.0 0.999 99.9 0.994 
2.0 2.00 100 2.04 

(0.80)" 0.833 ¢ 104 0.829 c 
(0.40) b 0 .394 ¢ 98.5 0.396 c 

106 
101 

91.0 

99.4 
102 
104 

99.0 

Urine 

1.0 1.13 113 1.92 102 

2.5 2.45 98.0 2.39 95.6 
5.0 4.90 98.0 4.85 97.0 

10.0 9.50 95.0 10.6 106 
25.0 23.8 95.2 25.1 i 00 

50.0 49.3 98.6 49.2 98.4 
100.0 102.4 102 100.3 100 
(40) ~ 39.2 '  98 40.0 r 100 
(20) b 21.7 '  109 2 ! .6 '  108 

* High  cal ibrator .  
b L o w  cal ibrator .  
" C o n c e n t r a t i o n s  were  ca lcu la ted  based  o n  the s tandard  curves .  
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(M-7) were all well resolved from clarithromycin, 14-hydroxyclarithromycin, and 
internal standard, Typical relative retentions of these compounds using a Nucleo- 
sil C8 column were: clarithromycin, 1.00 (retention volume of about 20.2 ml); 
14-hydroxyclarithromycin, 0.62; 6-O-methylerythromycin B,  1.27; internal stan- 
dard, I.I8; N-desmethy]clarithromycin, 0.75; descladinosylclarithromycin, 0.48; 
M-6, 0.4]; and M-7, 0.45. These values varied somewhat when different columns 
were used or when the eluent was modified (especially the pH), but in general the 
compounds  were eluted in the same order. 

Table I illustrates representative s tandard curve data for the determinat ion of  
both clar i thromycin and 14-hydroxyclari thromycin in human  plasma and urine. 
The best-fit equat ion for clar i thromycin in p lasma was y = 0.7680x - 0.0112, 
with the y-intercept of  - 0 . 0 1 1 2  not significantly different from zero. The correla- 
tion coefficient was 0.9999, showing excellent linearity. The results for the two 
calibrators were 98.5 and 104% of  the theoretical values, support ing the accuracy 
of  the method. 

Similarly, the least-squares best-fit equat ion for 14-hydroxyclari thromycin 
was y = 0.7943.-,- - 0.0036, with the ),-intercept of  - 0 . 0 0 3 6  not significantly 
different from zero. The correlation coefficient was 0.9989. Results for the cali- 
brators indicated good accuracy of  the assay for 14-hydroxyclarithrornycin (99- 
104% of  theoretical values) in plasma. The est imated limit of  quantif icat ion 
(LOQ) of  the proposed procedure was 0.03 t~g/ml for either c lar i thromycin or 
14-hydroxyclari thromycin using 0.5 ml of plasma.  This LOQ was confirmed in a 
separate experiment  using a calibrator With nomina l  concentrat ion of  either com- 
pound at 0.04/~g/ml. The mean assay result was 0.038 ltg/ml (n = 5) for either 
c lar i thromycin or 14-hydroxyclari thromycin,  with a coefficient of  variat ion 
(C.V.) of  4- 12%, verifying acceptable accuracy and precision at near the LOQ of  
the method. This LOQ estimate can be routinely achieved if  good detector sensi- 
tivity is main ta ined  and sample background is not abnormal ly  high. 

To demonstrate  the within-day precision, two cal ibrators  were assayed in trip- 
licate using the proposed method. The mean  (4- S.D.) calculated concentrat ions 
for the low cal ibrator  (nominal  concentration: 0.2 leg/ml for each compound)  
were 0.203 4- 0.002 Itg/ml for the parent  drug and 0.200 4- 0.006/~g/ml for the 
metabolite.  For  the high calibrator (1.0 ~g/ml for each compound) ,  the mean  (4- 
S.D.) assayed concentrat ions were 1.02 4- 0.034 ~g/ml for the parent  drug and 
1.02 4- 0.037 Itg[ml for the metabolite.  The C.V.s were all within 4- 3.6%. 

Table II shows the day-to-day precision and accuracy for the assay of  both 
clar i thromycin a n d  14-hydroxyclari thromycin in plasma.  A set of  two calibrators 
(low and high) were analyzed over a nine-day period. The mean assay results for 
parent drug were 99.3 and I03% of  theoretical values, and the C.V.s were within 
4- 3.4%. Similarly, the mean calculated concentrat ions for 14-hydroxyclarithro- 

m y c i n  from the two calibrators were 101 and 104% of  theoretical values, respec- 
tively, with C.V.s being within 4- 5.1 °4. 

Fig. 3 illustrates the chromatograms from urine samples. Normal  pooled hu- 
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T A B L E  lI 

D A Y - T O - D A Y  P R E C I S I O N  A N D  A C C U R A C Y  F O R  T H E  ASSAY O F  C L A R I T H R O M Y C I N  A N D  
ITS 1 4 - H Y D ~ O X Y  M E T A B O L I T E  1N P L A S M A  A N D  U R I N E  

Compound Calculated concentration (/Ig/ml) C.V. Percentage 
(%)  of theory 

Mean  Range 

Plasma (n = 6)" 

Low calibrator 
Parent  0.397 0.38-0.42 3.4 99.3 
Metabolite 0.403 0.38-C.42 5. I 101 

High calibrator 
Parent 0.823 0.8 I -0 .86 2.4 103 
Mctabolite 0.833 0.79-0.88 3.8 i 04 

Urine (n = 8)  n 

Low calibrator 
Parent 21. I 19.5-22.3 4.6 105 
Metabolite 21.0 19.6--21.9 3.9 105 

High calibrator 
Parent 40. I 38.7--41.2 2.1 100 
Metabolite 40.2 38.8--41.6 2.3 I00 

" Theoretical concentrations for both compounds were 0.40 !~E/ml e~:ch in low calibrator and 0.80/ lg /ml  
each in high calibrator. 

b Theoretical concentrations of  both compounds were 20.0/~g/ml each for low calibrator and 40 l~g/rni 
each for high calibrator. 

m a n  urine s h o w e d  no  apparent  interferences at the retention t imes o f  c larithro-  
mycin,  14-hydroxyc lar i thromycin ,  and internal s tandard.  S tandard  curve data in 
urine are s h o w n  in Table  I. The  best-fit  equat ion  for c lar i thromycin  was  y = 
0.08017.x- - 0 .0200,  with the y- intercept  o f  - 0 . 0 2 0 0  not  significantly different 
from zero.  The  data s h o w e d  excel lent  l inearity with a correlat ion coefficient o f  
0.9995.  T h e  results o f  the cal ibrators assayed using the above  curve were in g o o d  
agreement  with  theoretical  values (98 and 109%).  Similarly,  an equat ion  o f y  = 
0 .07508x  + 0 .0230 was obta ined  for 14-hydroxyc lar i thromycin ,  in which  the 
y- intercept  o f  0 .0230 was not  significantly different from zero and the correlat ion 
coeff ic ient  was  0 .9998.  T h e  calculated c o n c e n t r a t i o n s  for the cal ibrators were 
108% o f  theoret ical  values  at the 20 pg/ml  level and 100%o at the 40 /Lg/ml  for 
either c lar i thromycin  or i4 -hydroxyc lar i thromye in .  

Wi th in -run  precis ion o f  the m e t h o d  was  assessed by analyz ing  two  urine cali- 
brators wi th  c lar i thromycin  and 14-hydroxyc lar i thromycin  at 10 and 40 ~ttg/ml in 
quadrupl icate .  T h e  mean  analytical  recoveries at I0 /ag /ml  were 9 7 . 3 %  for clar- 
i thromycin  (C.V.  = ± 2.1%o) and I04 .8% for 14-hydroxyc lar i thromycin  (C.V.  = 
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Fig. 3. Typic 'd  c h r o m a t o g r a m s  For urine samples.  (A) N o r m a l  human  urine ( N H U ) ;  (B) N H U  spiked with 
e la r i thromyei l  {i) :rod 14-hydroxyclar i thromycin (ii)  at  2.5 ltg/ml each, worked up with internal s tandard  
(1II): (C) hu,rm,~ urine collected in the first hour  af ter  a single 400-rag oral  dose o f  c lar i thromycin.  

q- 0 . 8 % ) .  T h o s e  at  4 0  l t g / m l  w e r e  9 5 . 3 %  f o r  c l a r i t h r o m y c i n  ( C . V .  ---- -4- 1 . 2 % )  a n d  
1 0 3 . 1 %  f o r  1 4 - h y d r o x y c l a r i t h r o m y c i n  ( C . V .  = 4- 1 . 5 % ) .  

D a y - t o - d a y  pre': , ision a n d  a c c u r a c y  d a t a  w e r e  g e n e r a t e d  b y  a n a l y z i n g  t w o  
u r i n e  c a l i b r a t o r s  o v e r  a s e v e n t e e n - d a y  p e r i o d  ( e i g h t  a s s a y s ) .  T h e  r e s u l t s ,  a s  l i s t ed  

T A B L E  III  

R E S U L T S  F R O M  P L A S M A  Q C  L'AMPLES G E N E R A T E D  D U R I N G  R O U T I N E  A N A L Y S E S  

Coneentr. ' t t ion Percentage C.V. 
(/~g/ml) o f  theory (%~ 

11 

Clarithrono'chl 
0.18 93.6 ± 7.6 24 
0.72 99.4 4- 5.9 29 
3.70 98.4 ± 6.0 28 

14 ( R )-H)'drox),clarithronTycin 
0.15 100 4. 7.3 27 
0.60 103 4- 6.5 29 
2.94 105 4- 6.6 28 
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Fig. 4. Mean plasma concentrations of  clarithromycin and 14(R)-hydroxyclarithrornyein in healthy udult 
men ,'ff~er a fifth 500-rag oral dose of  clarithromycin (taken twice daily). 

in Table II, indicated that good accuracy could be maintained from day to day. 
The projected LOQ of  the assay procedure was about  0.5 leg/ml, using 0.2 ml of 
urine. This could easily be improved by using a larger volume of urine or by 
injecting greater volumes of  the extracts. 

No changes in clar i thromycin concentrat ions were detected in human  plasma 
after two years of  frozen storage and in human  urine after one year, supporting 
the stability of  the compound in both matrices. At least •5% of  14-hydroxycla- 
r i thromycin was recovered after six months  of frozen storage in either matrix, 
showing adequate stability for this metabolite, as well. The standards in plasma 
and urine were stable for at least five freeze-thaw cycles and for at least 5 h at 
room temperature. The extracted samples were stable for at least 30 h at ambient  
temperature in the autosampler.  

q-he proposed method has been used in several pharmacokinet ic  studies. Dur- 
ing these studies, we have assayed numerous clinical samples for both clarithro- 
mycin  and 14.-hydroxyclarithromycin; the predose plasma and urine samples 
have verified the specificity of the method. Table III shows the typical results for 
p lasma quality control (QC) samples obtained during one of those studies, using 
s tandard curves in the range 0.04-4 l~g/ml for either parent drug or the metabo- 
lite. During these routine analyscs, the results for individual QC samples in plas- 
ma  and urine were mostly within 90m110% of theory, and the between-day 
precision were generally within 4-7%. An example for the use of this assay in 
h u m a n  pharmacokinet ic  studies is  shown in Fig. 4, which illustrates the mean 
plasma concentrations of clar i thromycin and the 14(R)-hydroxylated metabolite 
from twelve healthy adult  men after the fifth 5G0-mg oral dose of  clari thromycin,  
given twice daily. Under  such conditions, the harmonic  mean terminal plasma 
half-life was about 4 h for clari thromycin.  
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