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CHROM. HZI S 

CHARACTERISATION AND QUANTITATION OF MORPHINE IN URINE 
USING HIGH-PRESSURE LIQUID CHROMATOGRAPHY WIT!4 FLUO- 
RESCENCE DETECTION 

SUMMAWI 

A simple and rapid method for the identification and quantitation of morphine 
in urine samples is described. The proccdurc, which involves conversion of the drug 
to a fluorescent product followed by liquid chromatography, is shown to be highly 
sensitive and specific. Levels down to 0.01 /rg/ml of morphine can be quantitatively 
detected in urine. A large number of drugs hrrvc been tested and shown not to interfere. 

The detection and yuantitation of morphine in biological fluids is a problem 
commonly cncountcred in Ibrcnsic science. Since the levels observed and the samples 
submitted arc often small. high sensitivity and rcliahility are required. In addition. 
the legal implications require that the method bc spcc~fic. 

Many methods have been proposed for the determination of morphine in 
biological samples : these include thin-layer and gas-liquid chromatography. UV 
spectroscopy. fluorimctr~’ and radioimmunoassay’. In certain instances these 
methods may bc considcrcd lacking in either xnsitivitg. specificity. rcproducibilitg 
or convenience of analysis. In terms of thcsc parameters the method described herein 
rcprcscnts an improvement of the analysis of morphine in urine. The method has 
been in routine use in this laboratory for several months. 

IXPL-RIMENTAI. 

A Waters Ass. Model (tC!(#,hl high-prcssurc reciprocating pump was used. 
l’hc column used was of stainless srccl. 25 cm 4.6 mm I.D.. slurry-packed with 
Partisil porous silica tti. lIcc\~c Angel. Clifton. N.J.. U .S.A.; 7-ltm +vcragc particle 
sire). The 13ld fitting was il : ,I6 in. reducing union (Swugclok) fitted with a plug of 
porous PI’I’E (Phase Scpurations. Quccrrsfcrry. Great Hrituin). The tap of the packing 
was covered with ;1 la>,cr crf glass-fihrc filter paper. on top of which wcrc placed three 
layer5 of 4K1.mcsh stainlea steel. Injections wcrc made on IO the top of the mesh. 
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The three ;rr~~ducl~ arc’ %eptiriaIcd by liquid chronrulopraph~ (Fig. I ). hlorphinc is 
prcscnr in rhc urine prcdominntcly as Ihe glucuronidc: acid hydrolysis brcshs rhc 
plucurcrnidc bond and 111~s incrcsscs rhc chance of dctccring morphine. 
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Fig. 2. Liquid chromatogrnms of blank urine and marphiniscd urine (2 /fg/ml) under tbc conditions 
described in the text. (A) 2//l blank urine extract: (l3) 2 1’1 blnnk urine extract plus 21’1 fcrricyanidc 
reagent: (C) 2 !lI morphiniscd urine extract: (D) 2 /#I morphiniscd ririnc extract plus 2 !tl fcrricyanide 
rcagcnt. 

RESULTS 

A typical chromatogram of the reaction products is shown in Fig. I. Typical 
results fro’m two urine samples are shown in Fig. 2. A large number of drugs have 
been examined in vitro (Table I), none of these gave a positive result for morphine by 
our method. The drugs which also undergo the oxidative coupling reaction can be 
distinguished from morphine by the relative retention times of the peaks produced 
by oxidation (Table 11). These compounds would give a false positive result for some 
of the other fluorescent methods described in the literature4*“. No false positive 
results have been obtained from samples so far examined by our method. 

Calihrar iori 
When a given amount of dihydromorphine standard is added to the urine 

sample, and the described procedure carried out, there is a linear relationship between 
the amount of morphine in solution and the peak height ratio of the morphine- 
dihydromorphine dimer to *the dihydromorphine dimer. The method is calibrated 
with a series of standard morphine-in-urine samples and thus the amount of morphine 
in the unknown can be determined from the peak height ratio by reference to the 
calibration graph. Under the conditions used the method is able to quantitate the 
amount of morphine in the urine from 0.1-10 ,ug/ml. Levels higher than this require 
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TABLE 1 

DRUGS TESTED irr vi/m FOR POSSIBLE INTERFERENCES 

Amitriptylinc 
Amphetamine 
Amylobarbitonc 
Atropine 
Bcntocninc 
Bcnzphetaminc 
Caffcinc 
Chlordiazepoxidc 
Chlorphenirslminc 
Cocai nc 
Cycloscrinc 
Dextromoramidc 
Dextropropoxyphcnc 
Diazepam 

TABLE II 

Dihydrohydroxymorphinc 
Diphcnhydraminc 
Ephcdrinc 
Hydromorphonc 
Lignocainc 
Mcprobamatc 
Mcmtran 
Metbadonc 
Mctbapyrilcnc 
Mcthaquulonc 
Methylamphctemine 
6-Mcthyldihydromorphinc 
Mcthylphcnidatc 

. .~. 
G-Monoacctylmorphinc 
Narcotinc 
Nicotine 
Nitrazcpam 
Normorphine 
Nortriptylinc 
Oxymorphonc 
Papsvcrinc 
Paracctamol 
Pcmolinc 
Pcntazocinc 
Pcthidinc 
Phcnacctin 

RETENTION TIMES OF THE PEAKS PRODUCED 
OF THE DIHYDROMORPHINE DIMER (G.1 min) 
Conditions arc as dcscribcd in text. 

X. 

Mckphinc 

BY OXIDATION. RELATIVE TO THAT 

X-X X-cliltyclro L)illyclro-~lilrytln, 

Normorphinc 
Nalorphinc 
G-Monoacctylmorphine 
G-Mcthyldihydromorphinc 
Dihydrohydroxymorphonc 
Oxymorphonc 
Hydromorphonc 
Pcntazocinc 
Phcnazocinc 
Paracctamol 

0.47 O*G6 I .oo 
1.88 1.37 I .oo 
0.25 0.42 I.00 
0.31 0.50 1.00 
three pcalts which arc not rcsolvcd 
0.54 0.71 I ml 

retained I .oo 
rctaincd I .Oo 

0.38 0.57 I .oo 
0.31 0.40 I JJO 
0.32 0.45 I.00 
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Phcnazocinc 
Phcnbutrazatc 
Phcncyclidene 
Phcndimctrazinc 
Phenmctrazine 
Phenylpropnnolaminc 
Procninc 
Prolintslnc 
Quinidinc 
Quinine 
Salicylamidc 
Scconal 
Strychnine 

dilution of the sample, lower levels can be detected but for quantitation less dihydro- 
morphine must be added as internal standard. 

Twenty replicate analyses of a standard sample of morphine in urine showed 
a relative standard deviation of 6”/;;. The absolute detection limit under the conditions 
described is 4 ng injected on the column. 

DISCUSSION 

Various extraction schemes were investigated; the one chosen gave good 
reproducibility of analysis and approximately 60-70 ‘yU recovery of low levels of 
morphine. Since an internal standard is incorporated, no attempt is made at ICO(%; 
recoveries. However, it is very important that the pH of extraction is reproduced 
accurately because the partition coellicients of morphine and dihydromorphine vary 
in a different manner with pH, leading to variable results if the pH changes. 7 he 
hydrolysis conditions were those norinally used in this laboratory. 
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The optimum conversion to the fluorescent products is obtained by carrying 
out the reaction on top of the column with 0.04 Ad K,Fe(CN), solution as oxidising 
agent. This has the additional advantages of involving no reaction delay and only 
requiring conversion of part of the extract (the fluorescent products are unstable 
under the oxidising conditions used). 

The chromatographic conditions were chosen to give acceptab!e resolution 
between the reaction products and the fluorescent co-extractives from the urine in 
the shortest possible analysis time. The colun?n had been in USC for several months 
and has not noticeably deteriorated. The use of the fluori,mctric detector, with the 
excitation and emission wavelengths optimised for the dimers. increases both the 
sensitivity and selectivity of the method. 

CONCLUSION. 

There is wide inter- and intra-subject variation in the rate of excretion of 
morphin?. This prohibits any bhck-calculation of dosage. However, for toxicological 
and forensic purposes it is an advantage to’be able to quantitate the morphine present 
in the urine. Most important from the forensic viewpoint is the fact that the method 
is specific. 

The range of calibration used was chosen as being most applicable to the 
samples received in’this laboratory. Should the expected levels be different, the range 
can be altered by varying the amount of dihydromorphine added as internal standard. 
The absolute sensitivity of the method is limited by the detection limit of the fluo- 

rimeter (4 ng injected), the amount of sample available, and the care and precautions 
taken in the extraction. In the samples examined so far, the most common ratio 
between free morphine and the glucuronide is I : 8. Therefore, there is considerably 
more chance of detecting morphine if the urine sample is hydrolysed. 

Although the method was developed to determine morphine in urine samples. 
it is also applicable to other body fluids or extracts. It would also seem to be poten- 
tially useful in following the excretion of morphine. The method has been found 
useful for the confirmation of small traces of morphine in injection syringes and 
ampoules received in this laboratory. 
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