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SUMMARY 

A reversed-phase high-performance liquid chromatographic method for the 
fluorometric determination of morphine in biological samples has been developed. 
Column et‘fluent is mixed with alkaline potassium ferricyanide to produce the tluores- 
cent dimer pseudomorphine_ The method provides higher chromatogaphic speci- 
ficity and sensitivity than conventional high-performance liquid chromatography- 
IMorphine can be detected at levels of 10 nS on column. 

INTRODLXTION 

Fluorescent derivatisation for enhanced detection and selectivity has been in 
use in chromatography for many years, and the availability of fluorescence detection 
systems for liquid chromatography systems has allowed the application of fluorescent 
derivatisation to that field. Derivatives may be formed before the sample is intro- 
duced (pre-column) or between the column outlet and the detector (post-column). 
Pre-column derivatisation is necessary if the reaction is slow, but post-column de- 
rivatisation is less likely to form artifacts, allows the simultaneous use of different 
detection systems, e-g. series ultraviolet (UV) detection and fluorescence detection_ 
and does not alter the chromatographic properties of the compounds of interest_ 
Post-column techniques have been extensively used for amino acid analyses’*’ and 
several post-column methods have been developed for drug analyses3+. 

Morphine (I, Table I) can be oxidized to the fluorescent dimer. pseudomor- 
phine. XII. by alkaline potassium ferricyanide. This reaction has been extensively 
used for the detection of morphine in biological samples’-9, and the reaction has been 
applied as a pre-column fluorescence derivatisation method for high-performance 
liquid chromatosaphy (HPLC) _ lo This paper describes a post-column fluqrescence 
derivatisation method suitable for the detection of morphine in biological samples_ 
The technique is simple, involving the use of a second pump to deliver the derivatising 
reagent to a post-column mixing volume before passing the eluent through a filter 
fluorometer. It gives both improved sensitivity and selectivity over UV detection_ The 
method is also compared to the pre-column derivatisation method for morphine 
described by Jane and Taylor”. 
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STRUCTL’EWL FOR_MtiLAE OF OPLkTES INVESTIGATED FOR OXIDATION BY ALKALINE 
FERRICYANIDE 

I Xlorpbins 
II Xormorphine 

III Naiorphine 

I\- Morphins-3-glucxonide 
V Codeine 

VI 6-Monoacetyimorphiris 
VII Dixetylmorphine 

VIII Ethylmorphine 
IS Acerykodeinz 

_X Dihydromorphins’ 
XI Xorcodeine 

SII Pseudomorphine 
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f Double bond iit C-7-C-S is saturated_ 

SIFTHODS 

Sanrpks and estrac-tion procedures 
Ante mortem and post mortem samples arisin, 0 from forensic inquiries were 

esttmined. All extractions of samples were carried out in silanized @assware to avoid 
loss of drug by adsorption onto the glass surface. The following three extraction 
procedures were used- 

Urine-free morphine. A IOO-~1 aliquot of a stock solution of nalorphine (0.24 
mg;ml) was added to 5 ml of urine_ The pH was adjusted to 9 with 2 M NaOH, and 
the urine was buffered with 1.5 ml of &I K2HP0, and saturated lvith NaCl ( 1 s)_ The 
urine was then extracted twice with 3 ml of chloroform-2-propanol (9:I) and the 
organic layer separated by centrifugation. The organic phase was recovered and 
evaporated to dryness. The residue was then taken up in 100 ,ul of HPLC eluent. and 
suitable aliquots were injected onto the HPLC columri. 

Grijze-totalmorphine_ A IOO-~1 ahquot of nalorphine stock solution was added 
to 1 ml of urine_ To this was added 1 ml of 70% hydrochloric acid. and the solution 
was digested in a boiling water bath for 30 min. After cooling, the solution was 
adjusted to pH 9 with ammonia solution. then buffered and extracted as described for 
free morphine in urine. 
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Noon. Specimens of blood (10 ml) were digested with acid, filtered and made 
alkaline as described for total morphine in urine, The solution was then extracted 
with 50 ml of CHCl,-propan-2-o1(9: l), and the organic phase was separated and back- 
extracted with 0.1 1M H,SO,_ The aqueous phase was separated, made alkaline with 
ammonia solution, and extracted with chloroform-2-propanol (9: 1). The organic 
phase was separated and evaporated to dryness in preparation for HPLC analysis. 

A Waters lModel6000A HPLC pump, Model U6K injector and 440 UV detec- 
tor (254 nm) were used in normal HPLC configuration. A Metering Pumps IModel 
HM reciprocating piston pump was used as the second pump to introduce the de- 
rivatising reagent. The fluorescent response was determined using an Amino Fluoro- 
calorimeter set in the fluorescent mode with an 85-W mercury lamp, a Coming 7-54 
excitation filter and a Wratten 2A emission filter and equipped with a 70-jtl llow cell. 
A dual pen recorder was used to monitor the UV and the fluorescent response_ 

Three columns were used in this study: a 100 x 4.0 mm I.D. Partisii 10 ODS, a 
100 x 4 mm I.D. Zorbax ODS (8 pm), and a 200 x 4.0 mm I.D. Kieselgel60 HPLC 
(5 pm). The columns were slurry-packed with 2-propanol into glass-lined stainless- 
steel tubing with 6.35 mm ($ in.) to !.56 mm <& in.) stainless-steel Swagelok reducing 
unions as end-fittings, with the 6.3%mm end being drilled out to minimise dead 
volume. Sintered stainless-steel frits were used to retain the packing_ These columns 
were all operated at ambient temperature. The mobile phase used for the pre-column 
derivatisation using the Kieselgel 60 column was methanol-2 M NH,OH-1 M 
NH,N03 (3020: 10). The flow-rate was 2.0 ml/min, and the analytical procedure used 
was as described by Jane and Taylor”. The mobile phase for the post-column der- 
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Fig. 1. HPLC system for morphine using post-column derivatisation and fluorescence detection. 
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ivatisdtion systems using the reversed-phase columns was methanol-O.1 M 
KBr ( 12.5:87.5) adjusted to pH 3 with phosphoric acid. The post-co!umn derivatising 
reagent was 50 mg of K,Fe(CN), in 250 ml of 4 34 NH&OH_ 

The flow diagram for the HPLC post-column derivatisation system is shown in 
Fig. I_ The outlet from the L’V detector was connected to the reagent ouriet from the 
second pump and the reaction coil (5 m of I.6 mm PTFE tubing of 0.3 mm I.D.) by a 
1.6 mm Swagelok tee. The post-column reagent at a flow-rate of 0.4 ml/min, was 
mixed with mobile phase elutin g at a flow-rate of 2-O mljmin. The reaction coil was 
kept at room temperature, and its outlet connected to the flow cell of the lluorescence 
detector_ 

The method described by Jane and Taylor’(’ was used to determine morphine 
using pre-column derivatisation and adsorption chromatography. except that nalor- 
phine was used as the internal standard rather than dihydromorphine- For the re- 
Lerssd-phase HPLC and post-column derivatisation, pure drug standards (Table I) 
\\ere prepared using the mobile phase as solvent, and aliquots were injected onto the 
column to determine retention times and the fluorescent response after deri\ atisation. 

The post-column reagent flow was optimised by maintaining a constant mobile 
phase l’lo\v-rate and vaqing the reagent flow-rate while monitoring the fluorescent 
response of srxndards. Calibration curves over the range from 10 ng to 9 icg (on 
column) xere obtained for the standards. 

The efficiency of the derivatisation \vas estimated from the calibrarion cur\es 
tbr morphine and pseudomorphine on the Zorbas ODS column_ Quenching of the 
tluorcscent response \vas estimated by comparin, 0 the calibration curves obtained for 
pseudomorphine \vith the K;Fe(CN), derivatisin, 0 reagent. and with this reagent 
replaced by -I _\I NH,OH. The reliability of the whole procedure \vas determined by 
cstracting morphine-free urine and \\-hole blood samples to \vhich&no\vn amounts of 
morphins and nalorphinz had been added. and determining the drtig le\cis. Apart 
from studies on the deri\arisarion efficiency and quenching_ the Partisil 10 ODS 
column \vas used throughout_ 

RESCLTS X-SD DISCUSSIOS 

Ths strucIurcs of rhe opiarcs esamined . and their chromatosraphic propertics 

and fluorescent response determined usin g the post-column derivatisation technique_ 
xc listed in Tables I and II. The oxidation of morphine cogeners by alkaline potassi- 
um krricyanide to form tluorescent pseudomorphine-like dimers is influenced by 
rhrcs slrucrural features: the presence of a free hydrosy group at the O-3 position; the 
absmcr of a carbonyl group at the C-6 position ; and the presence of the furan osygen 
bridge’ I_ Thus compounds substituted at the O-3 position (codeine. morphine-3- 
glucuronide. etc_) or lacking the furan osygen bridge (pentazocine. levallorphan. etc.) 
do not form fluorescent derivatives. Cptimum conditions for this oxidation in the 
HPLC system described were selected by varying the derivatising reagent flo\v-rate 
\vhiIe maintaining a constant mobile phase flow-rate through the HPLC column. The 
results obtained for a number of opiates oxidized by fkrricyanide are giLen in Table 
III_ and the optimal reagent ffow-rate was 0.4 mllmin_ The five opiates listed in Table 
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TABLE II 

RETENTION. REkATiVE TO IMORPHINE, AND FLUORESCENT RESPONSE. RELATIVE TO 
PSEUDOMORPHINE, OF OPIATES AFTER HPLC SEPARATION ON PARTISIL IO ODS 

Opiure Rehire 

rrretthm 
rime 

ReInrise 
fluorescence 

hlorphine-3-glucuronide 
Sormorphine 
Morphine 
Dihydromorphine 
Nalorphine 
Norcodeine 
Codeine 
6-~Monoacetyimorphine 
Ethylmorphine 
Acet~ lcodeine 
Diacetglmorphine 

0.74 
0.80 
1.0 
1.10 
1.40 
1.4s 
1 x3 
1.1 3 
x12 
7s 
s-7 

-____ 

nil 
89 

100 
Sl 
62 

nil 
nil 

7.5 
nil 
nil 
nil 

III all exhibit an excitation maximum of 323 + 1 nm and an emission masimum of 
432 f 2 nm. The excitation filter, a Coming 7-54; and the emission filter_ a Wrattrn 
2X. are both cut-off filters and allow greater light transmission than band-pass filters. 
and thus gave greater sensitivity than band-pass filters on the fluorescence detector_ 

The chromatograms obtained for morphine and nalorphine using the Partisil 
10 ODS column are shown in Fig_ 2. Trace a was obtained after post-column der- 
ivatisation using fluorescent detection as described above. and trace b was obtained 
using UV detection at 254 nm. 

The extent of the conversion of morphine into pseudomorphine in the reaction 
coil was estimated by comparing the calibration curves obtained for morphine and 
pseudomorphine using the Zorbax ODS column. On this column. pseudomorphine 
had a retention time relative to morphine of 1.2 compared with X9 on the Partisil 10 
ODS column. Assuming that a small difference in the retention times of these com- 

TXRLE 111 

EFFECT-OF POST-COLUMN REAGENT FLOW-RATE ON RELATIVE FLUORESCENT INTEN- 
SITY 

Normorphine 52 100 85 74 
IMorphine 74 100 so 64 
Dihydromorphine 73 loo sz 73 
Nalorphine 76 100 S3 62 
6-Monoxetylmorphine 74 100 59 56 
Pseudomorphine** S6 65 42 33 

l All results determined on the Partisil IO ODS column with an eluent flow-rate of 1 ml/mitt. 
l * Maximum response was observed when K,Fe(CN), was omitted from the reagent. 
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a 

b 

0 4 8 min 

Fi- =- z- HPLC xpsration of morphine (I) and nxk+une (2) on Par&l 10 ODS using (a) ~luorrscrncr 
detection and (b) UV detection under cond;:lons described in the text. 

pounds on the Zorba ODS column should not significantly affect their IIuorsscent 

response. the comparison of calibration curves showed morphine to ha\ e 53 “, of the 
response of pseudomorphine and thus the derivatisation can be estimated ;LS 50”,, 
complete_ Quenching of the fluorescent signal by the derivati’sing reagent wils tllso 
examined using the Zorbas ODS column by preparing calibration curves for 
pseudomorphine with ferricyanide present and omitted from the derivatising reagent. 
These curves showed a reduction of 40:,, in the fluorescent response when the fer- 
ricyanide wxs present (see also Table III)_ 

The combined effect of incomplete derivatisarion and quenching of the lluores- 
cent response by the ferricyanide appeared to reduce the optimum response of the 
system by ELI. SO ]‘,_ A similar reduction in response was shown by comparing the on- 
column detection limit for morphine (10 ng) with that for pseudomorphine when 
K,Fe(CN), was omitted from the derivatising reagent (1 ng). 

The results obtained from biological samples using the post-column method. 
described here. and the pre-column method. described by Jane and Taylor’“. are 
listed in ?-able IV. Agreement between the two methods is good, and using the post- 
column method replicate determinations of morphine in extracts obtained from L 
urine sztmple (3. Table IV) gave a standard deviation of 11 yj& (m = 9). Replicate 
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i:_ 
TABLE IV 

IMORPHINE LEVELS DETECTED IN BIOLOGICAL SAMPLES BY DERIVATISATIOIV HPLC 

Sample Merho& 

Free Total 

I” Urine A 30 14s 
B 34 110 

Blood B n-d_*** 0.03 

7 Urine A 7.4 IS 
B 2.0 II 

3 L:rins A 11 37 

B IO 35 

J Blood A n-d. 0.09 
B n.d. 0.04 

5 Gastric Iavs~e A n-d. 26 

* A. post-column deriratisation; B, prs-column dsriutisarion. 
** Samples from I were post mortem. 

l ** n-d. = Sot determined. 

determinations of the peak height ratio of morphine to nalorphine in extracts from a 
blood sample to which morphine and nalorphine had been added gale a standard 
deviation of 2.9 “/b (n = 17). The recoveries of both morphine and nalorphine from 
urine were SO 9’_ 

Typical’ihromatograms obtained from the same urine extract are shown in 
Fig. 3. Trace a was obtained usin, = UV detection; trace b using fluorescence detection 
lvithout derivatisation and trace c using fluorescence detection kvith derivatisation- 
Peaks 1 and Z in trace c correspond to morphine and nalorphine. 

The compounds eluting later than morphine and nalorphine were not aft‘ected 
by stopping the flow of derivatising agents, indicating that they had a native fluores- 
cence and were not related to morphine_ No attempt was made to identity these 
peaks. and similar chromatograms were obtained from all the urine samples es- 
amined. Blood extracts did nor contain any si_gnificant fluorescent coextractives. 
Morphine and nalorphine could not be detected in the urine extracts using UV detec- 
tion because of interference caused by coextractives (trace a). The non-appearance of 
morphine peaks when K3Fe(CN& was omitted from the derivatisins reagent was 
used as a confirmation of morphine in biological estracts. 

The use of a solvent system incorporating halide ions is not generally recom- 
mended by HPLC pump manufacturers_ However, such use is being increasingly 
reported lx6 and corrosion problems can be avoided if adequate precautions are 
taken. Our procedures involved adequate flushing of the entire chromatographic 
system with distilled water after a run had been concluded_ Solvenrs containing salts 
are not allowed to remain in the system unless there is a solvent flow_ It is also 
recommended that the HPLC system. without the column, is passified regularly by 
pumping 200 ml of 50 “/: HNO solution through it”. 
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A_. ~_ - - i__ -___ 1.. . . . 

0 10 nlin 0 10 20 min 0 Ib . - - --5-O min 

Fig_ 3. HPLC of urine extrac: containing morphine and nalorphine (internal standard) on Partisil IO ODS 
under conditions described in the text. (a) LV detcvtion at 15-I nm; (b) Iluorescence detection. no dcr- 
ixatisation; (c) tluorcxcence detection with deri\atisation. Peaks: I = morphine: Z = nalorphine. 

X re\ ersed-phase HPLC system involving post-column deri\ atisation has been 
de\ eloped for the detection of morphine_ The derivatisation to pseudomorphine foi- 
lo\ved by fluorescent detection gives the method both added sensitivity and specificity 
over UV detection_ and it is suitable for the detection of morphine in post mortem- 
iluids. 
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