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ABSTRACT 

An isocratic high-perfornaance liquid chromatographic method has been developed for the dctcrmin:t- 
tion of  morphine, morphinc-3-glucuronide, naorphine-6-ghtcuronidc and codeine in p lasma,  urine and 
ecrebrospinal fluid. The use of  an ellicient solid-phase extraction procedure together with a fo rward  optical 
scanning detector allows a detection limit of  500 pg/ml.  The method was evaluated by examination o f  
biological samples taken from s~ewborn iufants following the in t raveneu: ;  adininistration of  morphine 
sulfate. 

INTRODUCTION 

Morphine  (M) is being increasingly used in the treatment o f  chronic pain and 
as a drug cr  abuse. Recent studies show that not only M but also its metabol i tes  
are clinically active [1-4]. Therefore,  there is a need to develop a sensitive and 
specific method  for the determination o f  M and its metabol i tes  in biological  
samples.  Methods  to determine the concentrat ion o f  M or its metabalite~ in 
biological  samples  have used rad io immunoassay  (RIA)  [5,6], gas chromatogra-  
phy (GC) with electron-capture detection [7] or mass  spectrometry [8] or high- 
performance  liquid chromatography  (HPLC)  with e lectrochemical  detection 
(ED)  [9-12], f luorescence detection [ ! 3,14] or U V detection [ 15,16]. 

RIA al lows picogram amounts  o f  M to be detected [5], but it does  not measure 
M specifically since the antisera c o m m o n l y  used may cress-react  with M metabo-  
lites like morphine-3-g lucuronide  (M-3-G),  morphine-6-g lucuronide  (M-6-G) ,  
codeine  (C) and normorphine  [6]. RIA therefore measures  M-l ike  immunoreac-  
t,_'vity and is therefore not specific. Much better specificity and reliability are 
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present, in GC.  but only mass  f r agmen t og raphy  [I 7] and  e lect ron-capture  detec- 
tion [7] achieve the sensitivity l imits  comparab le  to RIAs.  However ,  G C  methods  
require several tedious and  t ime-consuming  sample  p r epa ra t i on  steps inc luding 
der iva t iza t ion  to reduce the high polar i ty  o f  M m a k i n g  e lect ron capture possible 
[9]. These  techniques are relat ively expensive and  are not  c o m m o n l y  available.  
Fhc m e t h o d  of  detection of  M and  its metabol i tes  by us ing  H P L C  has been 
in t roduced  dur ing  the last ten years  and  is being adop ted  in an  increasing n u m b e r  
oF labora tor ies  because o f  its specificity, reliability, sensi t ivi ty  and  the fact that 
dcr iva t iza t ion  i'~; not necessary. 

The l imit  of  detection is one o f  the majGr concerns when  H P L C  methods  are 
appl ied in the biomedical  field. The  lewrl o f  detection has  been  improved consid-  
erably by modit) ' i;~, extract ion procedures  and by the use o f  advanced  detection 
~.,,~tem,~ The  u'~¢ of  st.l-,.~.phase ext rac t ion  co lumns  as an  al ternat ive to l iqu id-  
lia~,~ ,l ,.xtraetiot~ for the isoiat ion o f  drugs has gained popu la r i ty  over recent y ta rs  
bccatnse o f  the reported excellent recoveries and ease o f  ope ra t ion  [18,19]. The  use 
of  a bonded-phase  cation exchanger  with some non-po la r  character  has been 
l\~und to be suitable for ,:hrorv, a togranh ic  methods  [20]. 

Scver:~l types of  detectors have bcela tried with H P L C  to improve  the sensitiv- 
it,,, El . :c ' ;ochemical  detectors are by far the most widely used. However,  the 
s imul taneous  detection o1" M and  its metabol i tes  using an  electrochemical  detec- 
tor is not possible because o f  differ ing redox potenti;fis o f  these compounds .  
S imul taneous  de terminat ion  of  M and its metaboli tes  by us ing ED with an addi-  
t ional screening electrode to deterxrfine M-6-G and  fluorescence d~:tection to 
qtmtitate M-3-G has been descr ibed [I.2]. Fluorescence detect ion has been used 
Ibtto~ving I-tPLC. Several me thods  to convert M to a fluorescent product (pseu- 
d o m o r p h i n c )  ~vcre devised [21.22]. U' , , lbrlunately the increased sensitivity 
achieved b3 derivatization to a lltnorcscen! product wa.~ poor.  Some of  the meth-  
ot|.~ using dimcrizat ion of  M to p seudomorph inc  [2~.24] cou ld  not dt:i.eu[ M-3-G 
because o1' a dimerizat ion react ion occurr ing through the phenol ic  (3-) posit ion.  
t~l~,~ ever, using the m~tivc f luorescence of  M and otller op ia te  agonists a sensitive 
method to estimate M and its metabol i tes  ha',~ been descr ibed [14]. IJV detectors 
i15. It, 1 l~ave been used. but the sensit ivi ty and the limit o f  detect ion varies f rom 5 
to 50 Lag ml It 5] nauch abo,~c the desired values o f  ie,,s t han  1 ng/ml. 

We have dcvclop,.'d a me thod  combin ing  sol id-phase extract ion of  M and its 
metabol i tcs  from urine, p l a sma  and  cerebrospinai  fluid (CSF)  with isocratic 
H P L C  and  mult i -wavelength forward op tka l  detect ion Io analyze M. M-3-G,  
M-6-G and  C. 

I \ I ' F R I X 1 F N T & I  

Methano l  and a¢ctcn~tlt ile were H P L C  grade (Fischer Scientific. Fair lawn.  NJ.  
USA~. Potassi¢~,:,: i'~ho.,<phate, phosphor ic  acid and acetic acid ,,',ere AR grade 
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(Sigma, St. Louis, MO, USA). M, M-3-G, M-6-G and C were donated by Na- 
tional Institute on Drug Abuse (NIDA, Washington, DC, USA), courtesy of  Dr. 
B. Walsh. Plasma, urine and CSF samples were obtained from the University of 
Illinois Hospitals (Chicago, IL, USA). 

Extraction 
Solid-phase extraction was performed using l-ml Bond Elut strong cation- 

exchange (SCX) cartridges (Analytichem, Harbor City, CA, USA) containing 
40-1tm silica particles. The cartridges were positioned on a Vac Eiut processing 
station (Ar:.'..~lytichem). The cartridges were conditioned with ,nethanol (2 hal), 
water (! mi) and l0 mM phosphor.~,e acid (0.5 ml at pH 3.4). A 0.4-ml urine, 
plasma o.~ CSF sample was mixed with 0.5 ml of l0 mM phosphoric acid and 
applied to the SCX cartridges. The ca~ tridge was air-dried for about 30 s and then 
washed firstly with l0 mM phosphoric acid (i ml), 0. i M acetic acid (0.5 ml) 
followed by methanol (I mI). The column wa~ agnin air-dried for 30 s. M and its 
metabolites were eluted with 3% ammoniacal melhanol (2 ml) and collected in 
the tubes. The solvet~, ~. was evaporated to dryness under nitrogen at 45"C and 
reconstituted in 150 Id of  the mobile phase. 

Chromatograph&" conditions 
HPLC was performed at ambient temperature using a 600E multi-:,olvent 

delivery system (Waters Assoc.. Milford, MA, USA). The mobile phase was 
composed of 10% acetonitrile in 0.05 M potassium phosphate bluffer pH 4.68. 
The flow-rate of  the mobile phase was 1.0 ml/min. Aliquots (50 Id) o;'the reconsti- 
tuted samples were injected into a Hibar LiChrospher 100 CM-8/III,  25f~ m m x  
4.6 mm I.D. column (E. Merck, Rahway, N J, USA). The HPLC analysis was 
performed under iso,.,'atic conditions. The injector wac, a 5O-pl loop injector 
f~'~,heodyne, Cotati,  CA, USA). The steel column was protected by a 0.2-ima filter 
twit ter  Assoc.). Detection was performed using a UV-VIS Spectra Foc,as for-. 
war;t~ optical detector and Spectra Focus software (Spectra Physics, San Jose, 
CA, 123A). The detector was set at three wavelengths, 23.'), 255 and 280 nm. to 
scan at hig, h speed. Data manipulation was achieved with ao. 1BM PS/2 computer, 
Fu!l spectra were also monitored from 190 to 310 nm for each peak. The data 
were further analyzed using derivative spectroscopy to determine absorbance 
maxima and inflection points. The data for each chromatogram were saved to do 
three-dimensional plots and spectral analysis. The data were used to distinguish 
the peaks of M and its me'abolites from other peaks. A re-equilibrium time of 5 
min was given between injectio,s. Each run was monitored for 15 min. 

Peak areas were used to calculate the eoncentratiop.s o f M ,  M-3-G. M-6-G and 
C, based on the ,,tandard curves prepared from biological samples spiked with M 
and its metaboiites. 
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RESULTS A N D  D I S C U S S I O N  

EA't~'ttctiem 
The sol id-phase ex t rac t ion  using Bond Elut  SCX cartr idges provided  excellent 

recoveries for M and  its metabol i tes .  Simihtr results were ob ta ined  by Venn and  
Michalkicwicz  [14], using Bond Elut C2 co lumns  and fluoresence detect ion.  The  
advan tage  o1" a ca t ion-exchange  ex t rac t ion  procedure  was that  c leaner  extracts  
were ob ta ined  in a relatively srnall volume.  The linal eluent (3% a m m o n i c a l  
me thano l )  d isrupted bo th  ion-pa i red  and  n o n - p o l a r  interact ions.  

R£~('o 1'C/' I '  

The recovery was de te rmined  for each c o m p o u n d  by comp~r ing  the differences 
in area under  the peak between p lasma extr~cted ~nd unext rac ted  s tandards  and  
were determined ,wer a c o n c e n t r a t i o n  range o f  10-50 ng/ml.  The  recoveries of  M, 
M-3-G. M-6-G a~ad C f rom phtsmu were 92, 91, 87 ,'tnd 87%, respeO.ively. The  
recoveries of  M ~nd its mctabol i tes  f rom urine ,,',,ere simil;~r to tha t  o f  plasma.  

Chrom(ttographic co.Julitions 
Chron ; : ; tog raph ic  separa t ion  o f  M and its metabol i tes  w~s aciaieved with a 

mobi le  phase consis t ing o f  10% acctol: i t r i le  in 0.05 M potass ium p h o s p h a t e  buf- 
fer pH 4.68 with a t]ow-ratc ol" 1.0 ml /min .  The  re ten t ion  times o f  M-3-G,  M-6-G., 
M and C were 3.82, 4.35, 4.99 and 9.28 mirt, respectively. It was observed that  a 
slight chan:~c in n,obile  phase cond i t i on  had  a significant effect on the re ten t ion  
times. A chromatoL,,ram showing  full UV spect ta  o f  M and  its metabol i tes  i:: 
shown in Fig. 1. The  .Best separa t ion  and  de tec t ion  o f  M and its metabol i t es  was 
ob ta ined  at 280 nm wavelength.  A c h r o m a t o g r a m  for s t anda rd  concen t r a t i ons  ol" 
M and its metabol i tcs  extracted t)'om plasnaa is shown ,.':-t Fig. 2. 

The  urine, p lasma and CSF  samples  fi 'om newborn  infants  adminis te red  :L 
single in t r avenous  dose o f  0. i mg/kg  M sulfate were analysed.  The  s tudy p ro toco l  
was a p p r o v e d  by the Ins t i tu t iona l  Review Board.  The  urine,  p lasma and  C S F  
samples were collected 24 h after  the admin i s t r a t i on  o f  M. The  c h r o m a t o g r a m  o f  
extracted bla,~k p lasma is shown in Fig. 3. The  c h r o m a t o g r a m  o f  samples  oh-  

°'°'°° ! --'-Z  2.0 "~ ~-------~ k l l k T ~ ~  -- 26° -= 

< o.oooo - ~ ~ - ~ - ~ - -  .. 300 
t I I " I I | ¢ | " I 

o.oo ~.oo 6 .00  ~.oo ,~ .oo ~ . o o  

"rim? (re;n) 
Fig. 1. Chrt,matogram showing full UV s~ectra of c×tracted phtsma spikcd with morphine 45 /ig/mi), 
morphine-3-glucuronide (5 l~g/ml), n~orphinc-6-glucuronide (5 ,ug/ml) ::nd codeine (5 tig/ml). The retention 
times of M-3-G. M-6-G, M and C were 3.82. 4.35.4.99 and 9.28 rain. respectively. 
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Fig. 2. Chromat~gra;n~ showing extracted plasma spiked with (C) 5 nglml, (B) 10 ng/ml and |A) 20 ng/ml 
morphit, e-3-gtucmonide (!), morphine-6-gtucuronide (2), morphine (3) and codeine (4) (50-tci injection). 

taine~:!~ fl'om one  infant is s h o w n  in Fig. 4. It can be seen that the peaks o f  M - 3 - G  
are clearly identif iable in urine, p lasma and C S F  samples ,  while  the peaks o f  M 
could be identified in C S F  and p!asma. There was one  peak corresponding  to 
M - 6 - G  which  was smaller  than M-3-C, in the plasma sample  only.  There  were no 
peak~ corresponding  to C suggest ing  that the major metabol i te  in this infant is 
M -3 -G.  In another  c h r o m a t o g r a m  o f  extracted urine, plasma and C S F  samples  
obta ined  ~\'am another  infant  (Fig.  5), M - 6 - G  was clearly identif iable in all the 
samples  and an M - 3 - G  peak cou ld  be identified in plasma and urine samples.  
There  were no peaks  corresponding  to M and C. A l t h o u g h  M - 3 - G  is tile major 
metaboi i te  in mammals ,  we found  more  M - 6 - G  than M - 3 - G  in this infant.  This  
could  be due to either prematuri ty  or some  pathological  process  and needs fur- 
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l:ig. 3. Chromatogram showing extracted blank plasma. 

! 
1 5 . 0 0  



268 SHORT COM M UN ICATIONS 

t~ 

0 , 0 ~ 0 0  

o.oT~, O S F  

0 , 0 5 4 0  

O . O 3 f ~  

o.otoO 

0 .  ~Oo ":": v"- - ~ " T  , 
O.ou ~,oo s.oo ' 9.o0 12~oo ls~oo 

o.osooo,o,oo ~1 =~ PLASMA 

' ~ . 0 2 0 0  

0 0 1 0 0  

D. d'zJ cn i ~ " ~  
.n. O0 3 O0 6 0 D  9 O0 12 O0 15 O0 

° " ° "  ~ ! 
o.~o '~ URINE 
O, 3000 

I I  

0. 2000 

O. | 0 0 0  

C.O0 :5%00 6 . 0 0  

Time (rain) 
, .oo ~2:oo 151oo 

Fig. 4. Ch~onmtograms  of  CSF.  p lasma and urine samples  o f  an inPant obta ined at 24 h af ter  ~lle adminis-  
t ra t ion o f  nae, rphinc. Extracl ion was done  and  morph inc  and its mctabol i tcs  were elutcd f rom SCX car-  
tri,-tges. This  ch romatogran :  shows tlutt the "~'iajor mctabol i tc  is M-3-Q.  

ther  evaluat ion.  It is c lear  tha t  with the technique developed,  M and  its m e t a b o -  
lites can be detected in urine, p l a sma  and  C S F  samples  with very low detect ion 
lihnits. 

Lh, i t  o f  detection 
The detect ion limit was  de te rmined  as the concen t ra t ion  o f  sample  which cor-  

responds  to the vol tage  deflection o f  a peak  tha t  was  twice tha t  m e a n  o f  the 
baseline noise. W h e n  ext rac ted  f rom urine, p lasma and  C S F  (0.4 ml) usiilg a 
Bond  Elut SCX c~,rtridge the m i n i m u m  quant i f iable  concen t r a t ion  o f  M and  its 
metabol i tes  was  500 pg/nli .  The  sensitivity o f  the assay  ~"d no t  differ significantly 
for the four  c o m p o u n d s .  The  fo rwa rd  optical  de tec tor  was  found  to be re.ore 
sensitive than  a regular  UV detector .  

Precision 
In o rder  to de te rmine  the reproducibi l i ty ,  exper iments  were pe r fo rmed  for  ten 

consecutive days  and  it was  found  tha t  the  re tent ion t imes for  M and  its m e t a b o -  
lites were fairly close. 

The  ca l ibra t ion  was p e r f o r m e d  using seven concen t ra t ions  (10-50 ng]ml)  o f  
M,  M-3-G ,  M - 6 - G  and  C in p l a sma  p repa red  in duplicate.  These  samples  were 
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Fig. 5. C h r o m a t o g r a m s  o f  CSF,  p lasma and urine samt31es o f  am~thcr infimt obtained at 24 h after  the 
adrninistr 'ation o f  morphine .  Extract iun was done  and morph ine  and its metaboli tes  were clutcd fi om SCX 
cart rid~e~. 

extracted and  subjected to H P L C  analysis .  The  mean  coelticient o f  var ia t ion  
(C.V.) o f  ~xtract ion was i 1.3%. Lower  concen t ra t ions  o f  M and  its metabol i tes  
had  higher  coeffieier,.tu o f  var ia t ion .  Linear  corre la t ions  between the area under  
the peak  and  the orl.git ml concen t ra t ions  were per formed  by regression analysis .  
It was found  that  each c o m p o u n d  had  "t s t rong l inear  corre la t ion  between area 
under  the peak  and concen t ra t ion  (P < 0.0001) and  the corre la t ion coet~cie.qts 
were more  than  0.998. The  in t ra-assay  precision for 10 ng /ml  p l a sma  concentra-  
t ions o f  M, M-3-G,  M - 6 - G  and  C were 7.3, 7.1, 6.9 and  6 .6%,  respectively. The  
inter-assay precis ion for 10 ng /ml  p l a sma  concen t ra t ions  o f  M, M-3-G,  M-6-G 
and  C were 7.6, 7.2, 6.3 and  6 .9%,  respectively. Precision studie~ were also done  
at var ious  concen t ra t ions  and  were found  to be less t han  11%. 

CONCLUSIOi~ .~  

The results o f  the present  s tudy indicate  that  ca t ion-exchange  sol id-phase  ex- 
t ract ion followed by H P L C  with mul t i -wavelength  forward  optical  detect ion is 
effective i~} the detect ion o f  M and  its metabol i tes  in urine, p l a sma  and  C S F  
Samples at physiological  concent ra t ions .  The  me thod  descr ibed is rapid,  reliable, 
accurate,  sensitive and  reproducible .  The  me thod  can  be readi ly used to es t imate  
the levels o f  M and  its metabol i tes  in biological fluids o f  pat ients  being treated 
with M or to screen subjects  for M abuse.  
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