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MICROBORE LIQUID CHROMATOGRAPHY 
FOR PEDIATRIC AND NEONATAL 

THERAPEUTIC DRUG MONITORING AND 
TOXICOLOGY: CLINICAL ANALYSIS OF 

CH LORAMPHENICOL 

Steven H.-Y. Wong, Bogumila Cudny, 
Oddette Aziz, Nemat Marzouk, 

and Sean R. Sheehan 
Drug Analysis Division 

De partrn en t of La bo ru to ry Medicine 
University of Connecticut School of Medicine 

Furmington, Connecticut 06032 

Presented in p a r t s  at t h e  annual meet ing of t h e  American Association 

for  Cl inical  Chemistry,  San Francisco, July, 1987 and t h e  Firs t  

Internat ionl  Symposium on Pharmaceut ical  and Biomedical Analysis, 

Barcelona, September ,  1987 

ABSTRACT 

Microbore liquid chromatographic  assay of chloramphenicol was 
developed, using 5 UL samples and reversed-phase liquid chromatographic  
analysis with a C-18, 20% carbon load column. For  protein precipi ta t ion,  
serum samples w e r e  mixed with 20 UL of methanol ic  i n t e rna l  s t anda rd  
solutions.  Af t e r  centr i fugat ion,  0.5 UL al iquots  were  injected for  
analysis. Two procedures  w e r e  evaluated:  procedure A - column = C-18, 
3 um, carbon load of lo%, mobile phase = a c e t a t e / a c e t o n i t r i l e  
/ te t rahydrofuran (85:15:1.5), flow r a t e  = 80 u l /min ,  t empera tu re  = 5OoC; 
procedure B - column = C-18, 5 urn, carbon load of 20%, mobile phase = 
acetate/ acetonitrile(8:2), and flow r a t e  = 60 uL/min. P rocedure  B was 
chosen for  clinical  e f f i cacy  study. The  retent ion volumes of 
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I144 WONG ET AL. 

chloramphenicol and internal  s tandard w e r e  360 and  840 UL respectively.  
Cal ibrat ion cu rve  was l inear  be tween  3 to  40 mg/L. And day-to-day 
coe f f i c i en t  of var ia t ion was  6.8%. Cor re l a t ion  study with a n  establ ished 
cl inical  liquid chromatographic  assay for 20 pa t i en t  samples  showed 
a c c e p t a b l e  data:  k0.9949,  slope=0.9760 and  intercept=0.0025. Se lec t ed  
drugs did no t  interfere .  This assay, w i th  advan tages  of small  sample size,  
easy preparat ion and MBLC analysis, may b e  readily adap ted  for 
pediatr ic  and  neonatal  d rug  monitoring. 

lntroduct ion 

Microbore(MB) liquid chromatography(LC) may b e  complimentary to 

o the r  chromatographic  and  immunoassay techniques for  drug analysis(1). 

Since t h e  introduct ion of this  new technology, i t s  appl icat ions in clinical  

laboratory w e r e  demonstrated in only a f e w  d rug  assays. I t s  major 

advan tages  include enhanced mass sensit ivity,  and  reduced solvent 

consumption. In a cl inical  laboratory se t t i ng ,  enhanced mass sensit ivity 

would b e  of more in t e re s t ,  and may b e  readily applied to micro-sample- 

s i z e  analysis for  pediatr ic  and neonatal  d rug  monitoring. While i t  is 

desirable  to perform MBLC analysis with ded ica t ed  instrumentat ion,  

c l inical  laboratory equipped with convent ional  L C  might a t t e m p t  MBLC 

analysis  using 2 mm i.d. column, without  t h e  purchase of a ded ica t ed  

MBLC. 

Chloramphenicol may b e  quant i f ied by microbiological assay(3, 

radioenzymatic  assays,  gas  chromatographic  assays($), and readily by L C  

with high specificity(5-8). R e c e n t  novel LC procedures  included Sood's 

study(9) using small  sample size of 25 UL fo r  a two s t e p  extract ion,  

followed by L C  analysis,  and  El-Yazigi's s tudy(l0)  of direct-sample- 

analysis of 10 UL by reversed-phase(RP) LC. However, t h e  l a t e r  study 

did no t  es tabl ish column stabil i ty.  T h e  p resen t  study uti l ized small 

sample of 5 UL , protein precipitation, followed by R P  MBLC analysis. 
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PEDIATRIC AND NEONATAL MONITORING OF CHLORAMPHENICOL 1145 

Clinical appl icat ions of MBLC h a v e  been  demonstrated recent ly  by 

t h e  au tho r  fo r  t h e  analysis  of theophylline , caffeine,  procainamide and 

N-acetyl procainamide( 1). Ju rgen  reviewed ant iepi lept ics  analyses( 1 I), 

and ut i l ized MBLC fo r  ant iepi le tpic  analysis  in brain t issue(l2).  Shipe et 

al. analysed bethamide(l3) , while  Annesley demonstrated i t s  u s e  for 

cyclosporine with small sample volume(2), and more recent ly  for  

f lecainide( 14). Hyldburg eva lua ted  t h e  feasibil i ty of radially compressed 

microbore column( 15). T h e  p resen t  study eva lua ted  t w o  MBLC procedures  

fo r  t h e  analysis of chloramphenicol,  using a commercially available,  

ded ica t ed  MBLC, for possible appl icat ion in pediatr ic  and neonatal  

The rapeu t i c  Drug Monitoring and  Toxicology. 

MATERIALS AND METHODS 

Reagen t s  

Acetonitri le(ACN) and  methanol,  HPLC grade, e t h y l  acetate, Baker 

Resi-analyzed, and sodium acetate, Baker Analyzed, w e r e  obtained from 

Baker(Phillisburg, NJ). Chloramphenicol was obtained from National 

Bureau of Standard(Rockville,  Md). T h e  internal  s tandard,  5-ethyl-5 

-p-tolybarbituric ac id  w a s  obtained from Aldrich(Milwaukee, Wid. 

S t anda rds  

Chloramphenicol s t o c k  solution, 1 mg/ml was prepared by 

dissolving 10 mg of chloramphenicol in 10 ml of methanol. T o  p repa re  

working s tandards,  aliquots,  250, 375, 500 and  1000 UL of t h e  above 

s t anda rd  w e r e  t r ans fe r r ed  to four  s e p a r a t e  25 mL volumetr ic  flasks, 
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1146 WONG ET AL. 

followed by evaporat ion of methanol under nitrogen. Then, drug-free 

serum was added to t h e  mark. T h e  concentrat ions of these  four  s tandards 

were: 10,15,20 and 40 mg/L. T h e  internal  s tandard s tock solution was  

prepared by dissolving 10 mg in 50 ml of e i the r  methanol or  e thyl  

acetate. Using t w o  s e p a r a t e  100 mL volumetric flasks, t h e  working 

internal  s tandard solutions w e r e  prepared by mixing 6.25 ml of s tock 

solution with e i the r  methanol or e thy l  acetate to t h e  mark. T h e  resul tant  

concen t r a t ions  w e r e  12.5 ug/L. 

Mobile phase 

Ace ta t e ,  0.1 N ,  pH = 6.0, was  prepared by dissolving 40.8 g of 

sodium acetate in t h r e e  l i t e r s  of disti l led wa te r ,  followed by adding 

glacial  a c e t i c  ac id  to adjust  pH = 6.0. This solution was  f i l t e r ed  and 

mixed with t h e  appropiate  amount of ace ton i t r i l e  (8:2 or  75:25)and 

acetonitrile/tetrahydrofuran(85:15:1.5), followed by degassing. 

Instrumentat ion 

MBLC consis ted of a microMetricTM syringe pump from 

LDC/Milton Roy(Riviera Beach, FI), with 5 ml capac i ty ,  connec ted  to a 

Model 7520 injector  from Rheodyne(Cotat i ,  Calif), equipped with a 0.5 

U L  r o t o r ,  a n d  a v a r i a b l e  w a v e l e n g t h  s p e c t r o M o n i t o r  D 

detector(LDC/Mil ton Roy) set at 254 nm. The  flow-cell was a maxNTM 

wi th  1 UL volume, 3 mm flow-path and  swept  volume of 9 uL. Two  

d i f f e ren t  columns w e r e  evaluated: 1. SpherisorbTM, C-18, 3 um, and 10% 

carbon load; and 2. NucleosilTM, C-18, 5 urn, and 20% carbon load. Both 

columns were  I mm i.d. and 10 cm length,  purchased from Keystone 
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PEDIATRIC AND NEONATAL MONITORING OF CHLORAMPHENICOL 1147 

Scientific(Col1ege Park,  Pa). Column hea t ing  coil  and monitor,  CH1445, 

w e r e  purchased from SYS-TEC(Minneapolis, Minnesota). T h e  column was  

embedded within two-halves of t h e  cylindrical  aluminium blocks fo r  

e f f i c i e n t  h e a t  t ransfer .  Silicon h e a t  sink compound-type Z9 from G C  

Electronics  (Rockford,  Illinois), was  introduced into t h e  grove of t h e  

aluminium blocks for enhancing h e a t  t r ans fe r  be tween  t h e  block and 

column wall. T h e  assembled blocks and column w e r e  then wrapped with 

t h e  heat ing coi l  connec ted  to t h e  monitor. This assembly was readily 

posit ioned be tween  t h e  injector  and t h e  d e t e c t o r  without  any additional 

connect ing tubing which will add to t h e  extra-band dispersion. 

T h e  chromatograph for  t h e  cl inical  analysis consis ted of a 

Cons tan tme t r i c  Pump from LDC/Milton Roy, a Rheodyne 7125 injector,  

and model 440 d e t e c t o r  with a 254 nm f i l t e r  from WaterdMilford,  Mass). 

T h e  column was  a uBondapak C-ld(Waters), p ro t ec t ed  by a guard column 

packed with Bondapak C-18. Chromatograms w e r e  recorded on a n  

Ommiscribe recorder.  

Sample preparat ion 

MBLC analysis was  based on protein precipi ta t ion with methanol,  

while t h e  cl inical  procedure,  adap ted  from a published method(51, was  

based on ethyl  acetate extract ion.  

MBLC analysis  - Using a ser ies  of conical,  polypropylene tubes,  

aliquots,  5 uL, of s tandards (0,10,15,20 and 40 mg/L), quali ty controls  

and pat ient ' s  s e r a  w e r e  mixed with 20 UL of methanolic working internal  

s t anda rd  solution. T h e  mixtures w e r e  vortexed thoroughly for protein 

precipitation. Then, t h e s e  conical  t ubes  w e r e  centr i fuged at 9,500xg for  
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1148 WQNG ET AL. 

10 minutes. The  proteinaceous mater ia ls  w e r e  compacted to a f ine  pel le t  

at t h e  bot tom of t h e  conical  tubes,  while t h e  supernatant ,  containing 

chloramphenicol and t h e  internal  s tandard,  was  c l ea r  and dis t inct .  These 

tubes  w e r e  careful ly  removed from t h e  cen t r i fuge  so as not  to dis turb 

t h e  content ,  and  placed sequentially inside a t r anspa ren t  t u b e  holder. 

With s t eady  and smooth motion, and  without  moving t h e  tubes,  a 10 UL 

syringe was inser ted into t h e  c l ea r  supernatant .  While CAREFULLY no t  

disturbing t h e  con ten t ,  5 UL of t h e  c l e a r  supe rna tan t  was loaded without  

picking up any particle.  Through t h e  injector,  0.5 UL was  introduced into 

t h e  column. 

Cl inical  assay - Aliquots, 100 uL, of s tandards,  quali ty controls  

and pat ients '  s e r a  w e r e  e x t r a c t e d  with e thy l  acetate. Af te r  t ransfer ,  t h e  

organic  phase containing chloramphenicol and  t h e  in t e rna l  s t anda rd  was  

evapora t ed ,  followed by re-consti tution wi th  methanol. Aliquots, 10 uL, 

w e r e  injected for analysis. 

Chromatographic  pa rame te r s  

Two procedures  w e r e  evaluated fo r  their  clinical  eff icacy.  For 

p rocedure  A, t h e  analysis was  performed with a SpherisorbTM C-18 

column and  acetate/ACN/THF(85:15: 1.5) as t h e  mobile phase. Flow r a t e  

was 80 uL/min., and  analysis t empera tu re  was 5OoC. For procedure B, 

t h e  analysis was  performed with a NucleosilTM C-18 column and 

acetate/ACN(80:20) as t h e  mobile phase. Flow-rate was 60 uL/min. 

Detect ion wavelength for  both procedures  was  set at 254 nm, 0.002 to 

0.005 AUFS. 
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PEDIATRIC AND NEONATAL MONITORING OF CHLORAMPHENICOL 1149 

Calibration 

Peak height ratios of chloramphenicol to the internal standards 

were plotted against their respective chloramphenicol concentrations. 

Linear regression analysis of the calibration curves were performed by 

using Advanced Statistical Analysis from Radio Shack(Fort Worth, TX). 

Concentrations of quality control and patient samples were estimated 

from these plots. 

Results 

Chloramphenicol and i t s  esters were well  resolved by both 

procedures A and B. Using procedure A, the analysis time per sample was 

about 9 minutes, as shown by Figure 1. Retention volumes of 

chloramphenicol and the internal standard were 320 and 640 UL 

respectively. W i t h  procedure B, the analysis time was longer, 15 minutes. 

Retention volumes of chloramphenicol and the internal standard were 360 

and 840 UL respectively. Because of the binary mobile phase and ambient 

temperature separation, the simpler procedure B was chosen for further 

evaluation. 

Calibration studies showed that peak height ratios were linearly 

correlated to  concentrations between 3 to  40 mg/L. Sensitivity was 

estimated to  be 3 mg/L at  SIN = 3. Recovery, based on peak height of 

the 15 mg/L standard(n=6), was estimated to  be about 95%.Precision 

studies showed that: within-run, mean = 14.6 mg/L, CV = 3.5% and n =6.,  

and day-to-day, mean = 14.8 mg/L, CV = 6.8% and n = 15. When 

compared to  an established cl inical L C  analysis for the measurement of 

20 cl inical samples, the correlation study showed that r = 0.9949, slope = 

0.9760 and an intercept = 0.0025. 
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2 

b L 

0 5 

Minutes 

Figure 1 : Microbore liquid chromatogram of 0.5 UL al iquot  of 
supe rna tan t  from procedure  A. Chlorarnphenicol concen t r a t ion  was 21 
mg/L. (Peak identification: 1 = chloramphenicol and 2 = internal  
standard).  
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2 

0 5 10 

Minutes 

Figure  2 : Microbore liquid chromatograms of 0.5 UL al iquots  of 
supe rna tan t  from procedure B. Chromatograrn A shows 6 mg/L of 
chlorarnphenicol following o ra l  adminis t ra t ion of chloramphenicol 
palmitate ,  and  chromatogram B shows 21 mg/L of chloramphenicol 
following IV administration of chloramphenicol succinate .  ( Peak 
identification: 1 = chloramphenicol and 2 = internal  standard).  

In t e r f e rence  

For checking possible chromatographic  in t e r f e rence ,  t h e  

following drugs, analyzed by procedure B,  did no t  co-elute with 

chlorarnphenicol or  t h e  internal  standard: acetaminophen, cimetidine,  

chlorpromazine,  codeine,  chlordiazepoxide,  desipramine, diazepam, 

doxepin, dernoxepam, f lurazepam, imiprarnine, meper idine, nortr iptyl ine,  
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1152  WONG ET AL. 

propoxyphene, phenytoin,  phenobarbital ,  pentobarbi ta l ,  thioridazine,  

vancom ycin, cephalexin and ampicillin. 

Discussion 

For clinical  drug analysis,  enhanced m a s  sensit ivity of MBLC may 

b e  readily capi ta l ized for  limited-sample-size application such as 

ped ia t r i c  and neonatal  d rug  monitoring(l,2). Previously, t h e  author  has  

demonstrated MBLC analysis of theophylline,  ca f f e ine ,  procainamide and 

N-acetyl procainamide. T h e  p resen t  study was  designed to explore  t h e  

potent ia l  appl icat ions of MBLC fo r  antimicrobial  monitoring, and  

chloramphenicol was chosen in this pilot  study, 

For t h e  cl inical  assays of chloramphenicol,  t h e  obvious choices  of 

e i t h e r  t h e  microbiological(3) o r  liquid chromatographic  assays(4-10) would 

b e  dependent  on whether  t h e  pa t i en t  has  been administered with o the r  

antimicrobials. If aff i rmat ive,  microbiological assay would encounter  

potent ia l  cross-react ivi ty  or i n t e r f e rence  from o the r  antimicrobials,  so 

t h a t  liquid chromatographic  assay would be  preferred.  In o rde r  to  design 

a cl inical  assay of chloramphenicol,  a brief out l ine of i t s  clinical  

pharmacology and some relevant  ana ly t i c  considerat ions a r e  outlined as 

follows. 

Chloramphenicol is a broad spectrum antimicrobials for  t h e  

t r e a t m e n t  of infect ions as a resul t  of gram-positive and gram-negative 

organisms, and rickettsiae(l6-23).  In pediatr ic ,  i t  is used for  t h e  

t r e a t m e n t  of meningitis  and  epiglot t i t is  caused by Hemophilus influenzae. 

Side effects would include: aplast ic  anemia,  possible bone marrow 

suppression, and I'graylI syndrome. T h e  proposed the rapeu t i c  range is 10 

to 25 mg/L. 
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PEDIATRIC AND NEONATAL MONITORING OF CHLORAMPHENICOL 1153 

Chloramphenicol may b e  administered orally o r  intravenously(1Vf - 

t h e  p re fe r r ed  r o u t e  for  pediatr ic  and  neonatal  pat ients .  Following 1V 

administration of t h e  prodrug, chloramphenicol succ ina te  e s t e r s  a r e  

hydrolyzed in t h e  l iver to t h e  a c t i v e  chloramphenicol. Under 

physiological conditions,  t h e  prodrugs, 3- and  I- e s t e r s  ex i s t  in a r a t i o  of 

4 to 1. For t h e  L C  analysis of serum from th i s  pa t i en t  group, bo th  

prodrug e s t e r s  and chloramphenicol would be  d e t e c t a b l e  as t h r e e  

s e p a r a t e  peaks. 

Another approach would be  t h e  oral  administration of 

chloramphenicol palmitate.  I t  is hydrolyzed by panc rea t i c  l ipases in t h e  

duodenum. And chromatographic  analysis of t h e  serum would show only 

o n e  peak - chloramphenicol. Thus for pediatr ic  and neonatal  TDM of 

chloramphenicol,  i t  would b e  necessary to  consider bo th  si tuations:  

analysis  of chloramphenicol alone, and  along with 3- and 1- succ ina te  

es ters .  T h e  la ter  has been readily achieved by t h e  clinically established 

L C  assay with sample s i ze  of I00 UL o r  more, but  sat isfactory analysis 

by MBLC was achieved in this  study, only a f t e r  extensive,  sys t ema t i c  

column evaluat ion and  solvent  scouting. 

In addition to meet ing t h e  above requirements,  t h e  MBLC assay 

was designed to cap i t a l i ze  on enhanced mass sensit ivity by using as l i t t l e  

specimen as possible. Thus, necessary precaut ions would include 

minimized sample preparat ion to enhance  recovery,  followed by analysis 

by RP  MBLC columns. 

Sample preparat ion 

In keeping t h e  sample preparat ion as simple as possible, systematic  

s tudies  w e r e  performed on t h e  minimun sample s i ze  of 5 to 50 uL, 
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1154 WONG ET AL. 

multi-steps ex t r ac t ion  with various solvents,  protein precipi ta t ion using 

various solvent such as acetoni t r i le ,  methanol and t r i ch lo roace t i c  acid.  

The  finalized procedure would require  5 UL al iquots  of serum samples, 

pippeted into a ser ies  of marked, small  conical  polypropylene tubes. 

R e c e n t  studies also showed t h e  in t e re s t  of reduced sample size. Sood 

uti l ized 25 UL of serum for a multi-step extract ion(9) ,  while El-Yazigi 

demonstrated direct-sample-analysis w i th  10 UL sampIes(l0). However, 

column stabil i ty was not  established for  this  l a t e r  study. 

Protein precipi ta t ion was achieved by vortex-mixing with t h e  

methanolic solution of t h e  internal  s tandard.  Then, t h e s e  samples tubes 

were  centr i fuged a t  high speed to yield a well-defined lower 

proteinaceous pel le t  which is firmly embedded on to  t h e  conical  bottom, 

and a c l ea r  and well-defined supernatant ,  containing chloramphenicol and 

t h e  internal  standard.  By t ransferr ing careful ly  these  test tubes to a 

see-through test tubes s tand,  5 UL al iquots  were  readily loaded into t h e  

syr inge without taking up pa r t i c l e  which would block t h e  solvent  pa th  of 

t h e  MBLC. The sample preparat ion,  ca r r i ed  ou t  in one  single tube  

without  any t r ans fe r ,  is thus simple and highly reproducible,  and t h e  

recovery is about  95%. 

MBLC analysis 

The  preliminary experiments,  using a binary mobile phase similar to 

t h a t  of t h e  clinically established assay(51, showed accep tab le  comparison 

if chloramphenicol was un-accompanied by pro-drug e s t e r s  such as in t h e  

analysis of serum from pat ient  receiving orally administered 

chloramphenicol palmitate.  However, f o r  t h e  analysis of serum from 

pa t i en t  receiving IV of prodrug succ ina te  e s t e r s ,  t h e s e  analyses  did not  
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adequately resolve chloramphenicol f rom i t s  pro-drug esters ,  resul t ing in 

over-estimated concen t r a t ions  in comparison to  t h e  clinical  assay. In 

a t t empt ing  to ach ieve  t h e  needed resolution, solvent  scout ing 

experiments  led to use of procedure A , using a ternary mobile phase: 

acetate/ACN/THF= 85:15:1.5 at an  e l eva ted  t empera tu re  of 5OoC. 

Another approach,  procedure B was based on t h e  increased 

interact ion of t h e  ana ly t e  with a higher carbon load(20% vs 10% in t h e  

procedure A) C-18 column. This was  a t t e m p t e d  as a resul t  of previous 

successful separat ion of polar ant idepressant  metabol i tes  such as 7- and 

8-hydroxy amoxapines(24). However, t h e  analysis t ime  was  longer, abou t  

1 5  minutes as compared to 9 minutes of t h e  previous procedure.  This 

simple analysis, ca r r i ed  o u t  at ambient temperature ,  would b e  desirable  

for  possible clinical  application. 

In capi ta l iz ing enhanced mass sensit ivity of MBLC, and to prolong 

t h e  column life,  small  sample s i ze  of 0.5 UL al iquots  were  injected fo r  

analysis. Based on our experience,  without  using a guard column, t h e  

number of injections was  est imated to b e  500 to  600, comparable  to t h a t  

of a previous study(1). Because of t h e  small, in jected sample s i ze  of 0.5 

uL, t h e  a t t enua t ion  was  set at 0.002 AUFS. The  basel ine was 'I noisy 

result ing in assay sensi t ivi ty  of abou t  3 rng/L. 

Cl inical  Analysis 

A s  shown by t h e  result ,  a ccep tab le  precision was established fo r  

both within-run and day-to-day studies. Se l ec t ed  drugs d o  no t  i n t e r f e re  

wi th  t h e  analysis. The  established sensit ivity at 3 mg/L may b e  improved 

with b e t t e r  MBLC d e t e c t o r ,  bu t  is adequa te  for  clinical  monitoring of 

chloramphenicol with the rapeu t i c  range of 10 to 25  mg/L. And 
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comparison with t h e  clinical assay showed acceptable  correlation. 

Because of t h e  small sample size of 5 UL and t h e  simple sample 

preparation, this procedure may be  readily adapted for pediatric and 

neonatal TDM of chloramphenicol. 

The described experience in column heating, althougth not adapted 

in this assay, may be  readily used for elevated temperature separation 

for other MBLC assay. As shown by Annesley(2,14), MBLC may be 

performed by 2 m m  i.d. column using conventional LC. This represents an 

"easier" approach for t h e  clinical laboratory to at tempt  and to capitalize 

on the  advantages of MBLC. In additon, there  is renewed interest in 

direct-sample-analysis(lO,25), using t h e  following methods: micro- 

injection(<lO uL), column switching, micellar chromatography, internal 

surface reversed-phase and electrochemical detection following 

photolytic derivatization. And these techniques with emphasis on 

micro-size, in addition to MBLC, would undoubtedly enhance the  analytic 

capability for pediatric and neonatal TDM and toxicology. 
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