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Separation of morphine and its oxidation products by
capillary zone electrophoresis
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Abstract

Separation of morphine and its oxidation products (10-S-hydroxymorphine, pseudomorphine and morphine
N-oxide) by capillary zone electrophoresis in Tris–borate buffer in the presence of cyclodextrins was studied.
Pyridoxine was used as an internal standard. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Morphine (1) is oxidized into pseudomorphine
(2) and morphine N-oxide (3) in aqueous solu-
tions [1]. This degradation, for which a free radi-
cal mechanism was proposed, is dependent on pH
and concentration of dissolved oxygen [2]. Oxida-
tion of morphine in solid phase proceeds probably
according to another mechanism, because 10-S-
hydroxymorphine (4) and traces of 10-oxomor-
phine were identified in stored crystalline
morphine sulfate [3] and morphine base [4],
respectively.

Capillary electrophoresis was used for separa-
tion and determination of morphinane alkaloids
in various matrices—in pharmaceutical formula-
tions [5], in opium [6], bound as glucuronides in

body fluids [7], or in samples of forensic interest
[8–10]; however, we did not find any mention of
separation of morphine, its N-oxide, pseudomor-
phine and 10-S-hydroxymorphine, which we iden-
tified as the main impurities in crystalline
morphine or its salts. This paper deals with sepa-
ration of the aforementioned compounds by capil-
lary zone electrophoresis in the presence of
cyclodextrins.

2. Experimental

2.1. Drugs and chemicals

Morphine and codeine (5) were from Slovako-
farma a.s. Hlohovec; pseudomorphine (2) [11] and
morphine N-oxide (3) [12], were synthesized, 10-
S-hydroxymorphine (4) and 2,2%-biscodeine (6)
(Fig. 1) were isolated in our laboratory. Prepared
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and isolated compounds were fully characterized
by spectral methods. b-Cyclodextrin (b-CD), (2-
hydroxy-propyl)-b-cyclodextrin (HP-b-CD), (2-
hydroxypropyl)-g-cyclodextrin (HP-g-CD), g-cy-
clodextrin (g-CD), were from Fluka AG, (Buchs,
Switzerland); heptakis(2,6-di-O-methyl)-b-cyclo-
dextrin (DM-b-CD) was purchased from Sigma,
St. Louis, USA. All other chemicals were ob-
tained from Fluka.

2.2. Apparatus

A HP 3D Capillary Electrophoresis apparatus
(Hewlett Packard, Waldbronn, Germany) with a
diode array detector (190–600 nm) operated at
210 nm was used for analysis; data were processed
on a HP ChemStation. Capillaries: an untreated
fused silica capillary tubes 48.5 and 64.5 cm (ef-
fective length 40 and 56 cm, respectively) with 50
mm ID and extended light path (×3) as well as
the 64.5 cm×50 mm capillary tube coated with
polyvinylalcohol (PVA) (Hewlett Packard, Wald-
bronn, Germany) were used. Prior to use, the bare
silica capillary was rinsed with 1 M NaOH (15
min), distilled water (10 min) and the BGE (100

mM Tris–phosphate, pH 2.8, 5 min); PVA coated
capillary was rinsed with 20 mM phosphoric acid
(20 min), distilled water (10 min) and the buffer (5
min). Between analyses both capillaries were
flushed with 10 mM phosphoric acid (2 min),
distilled water (1 min) and buffer solution (3 min).
Samples were kept at laboratory temperature in
the autosampler and pressure injected at 5 kPa for
2 s. Resolution of peaks (Rs) was calculated ac-
cording to the equation

Rs=2(t2− t1)/(w1+w2)

where t is the migration time, w the baseline peak
width. Volume of sample loaded was calculated
from the Hagen–Poiseuille equation

V=DP · d4 · p · t · (128 · h · L)−1

where V is the volume, DP the pressure difference
across the capillary, d the capillary inside diame-
ter, t the time, h the buffer viscosity, L the total
capillary length.

2.3. Sample preparation

The background electrolyte consisted of Tris–
phosphate (pH 2.6, 100 mM) buffer completed
with cyclodextrin. The sample solutions was pre-
pared by dissolving 2–5 mg of the selected com-
pound in 2 ml of 0.1 M aqueous HCl and filling
up to 10 ml with distilled water and before pres-
sure injection (100 kPa · s) it was filtered through
a 0.20 mm nylon membrane filter.

3. Results and discussion

Peaks of morphine (1) and pseudomorphine (2)
were excellently separated in the bare silica capil-
lary or in the PVA coated one in plain BGE and
the addition of b-cyclodextrin or its derivatives
further enhanced the resolution (Table 1). How-
ever, there was very low or no difference in inter-
action of morphine and pseudomorphine with g-
or HP-g-CD, respectively, and peaks of these
compounds were not resolved. The same phe-
nomenon was observed also with pair codeine (5)
and 2,2%-biscodeine (6). Separation of morphine
and 10-S-hydroxymorphine (4) was very high inFig. 1. Structure of studied morphinane alkaloids.
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Table 1
Resolution (Rs) of peaks of morphine (1), pseudomorphine (2), morphine N-oxide (3) and 10-S-hydroxymorphine (4)

ConditionsaRs of

G HA B C D E IF

18.8 0.01, 2 18.2 18.3 19.4 20.9 22.2 24.21.0
3.87.51, 4 3.78.2 6.47.8 10.3 6.1 6.3

12.4 6.23, 4 1.7 1.0 4.4 7.0 8.1 13.1 11.8

a A, CE-1, pH 2.60; B, CE-1, pH 3.20; C, CE-2, pH 3.20; D, CE-1, pH 2.60, 10 mM b-CD; E, CE-2, pH 3.20, 10 mM b-CD; F,
CE-1, pH 2.60, 10 mM g-CD; G, CE-1, pH 2.60, 10 mM HP-b-CD; H, CE-1, pH 2.60, 10 mM HP-g-CD; I, CE-1, pH 2.60, 10 mM
DM-b-CD. CE-1, 56 cm×50 mm, 30 kV, 100 mM Tris–phosphate buffer, 25°C; CE-2, 56 cm×50 mm, PVA coated, 30 kV, 100 mM
Tris–phosphate buffer, 25°C.

plain BGE due to different pKa values of these
compounds (8.05 and 7.13 for 1 and 3, respec-
tively [13]). Resolution was higher in PVA coated
capillary than in the bare silica one (Table 1).
Addition of cyclodextrins resolution diminished,
the lowest (Rs=3.7) was with DM-b-CD. Con-
trary to this finding there was the resolution of
peaks of 10-S-hydroxymorphine and morphine
N-oxide—very low in plain BGE in bare silica,
highest in presence of g-CD. Morphinane alka-
loids are oxidized with hydrogen peroxide to two
epimeric N-oxides [14]. Because the concentration
of the minor N-oxide (with axially oriented N-
methyl group) did not exceed 8% in synthesized
N-oxides of morphine we considered only the
major one in the further study. Separation of
diastereomers of morphinane N-oxides will be
published later.

Resolution of peaks of studied compounds was
dependent on the concentration of added selector
(Fig. 2). Further, we used 5 mM DM-b-CD in
BGE as a compromise between the analysis time
and resolution of peaks (Fig. 3).

Separation by CZE depends on difference in
analytes velocities in an electric field; ion mobility
in a capillary with constant length is a function of
applied voltage. While the resolution of peaks of
morphine and 10-S-morphine was proportional to
applied voltage, resolution of peaks of internal
standard and pseudomorphine as well as peaks of
compounds 3 and 4 was only slightly affected by
electric field. (Fig. 4).

Temperature of the capillary is an another fac-
tor affecting the mobility of ions and resolution of

peaks. Mobility of ions increases with increasing
temperature due to lower viscosity of BGE, on the
other hand, temperature affects the dispersion and
causes broadening of zones and consequently al-
ters resolution. It is remarkable, that the resolu-
tion of peaks of morphine and 10-S-hydro-
xymorphine (4) increased with temperature, while
the resolution of peaks of other compounds de-
creased (Fig. 5) as a consequence of dispersion
effects.

Because concentration of degradation products
in properly stored alkaloid substances or prepara-
tions should be low, about 0.2%, we used pyridox-
ine as an internal standard for quantification of
morphine oxidation products.

Fig. 2. Dependence of resolution of peaks of morphine (1),
pseudomorphine (2) morphine N-oxide (3), and 10-S-mor-
phine (4) on concentration of DM-b-CDX. Capillary: 56 cm×
50 mm, 100 mM Tris–phosphate, pH 2.60, 30 kV, 25°C.
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Fig. 3. Electropherogram of solution containing morphine (1)
and its oxidation products: pseudomorphine (2), morphine
N-oxide (3), 10-S-hydroxymorphine (4), pyridoxine (IS). Cap-
illary: 56 cm×50 mm, 100 mM Tris–phosphate pH 2.60, 5
mM DM-b-CDX, 30 kV, 25°C.

about 6.4 nl for 64.5 cm long capillary. Depen-
dence of peak area on sample volume was linear
in the range 1–15 nl (r2=0.999, P=0.001) for
injected solution of pyridoxine (25 mg ml−1),
pseudomorphine (12.8 mg ml−1), or morphine
(0.5 mg ml−1).

The detection limit of separated compounds
was 0.8–1.3 mg ml−1, calibration curve, deter-
mined by analysis at ten concentration levels was
linear in the range 0.005–0.5 mg ml−1 for all
studied compounds with regression coefficient
better than 0.99, e.g. for pseudomorphine c=
23.7x+0.5 (x=Ax/Ais, Ax, Ais=peak area of de-
termined compound and reference substance,
respectively) with r2=0.999, P=0.001.

The precision expressed by the repeatability has
been determined by analysis of three samples (five
injections) of prepared solutions of morphine and
its oxidation products with pyridoxine as an inter-
nal standard with results (% RSD) as follows:
migration time 0.30, 0.34, 0.33%, resolution of
peaks 1.8, 1.3%, ratio of peak area versus area of
IS 1.78, 1.10, 1.15% for morphine, 10-S-hydroxy-
morphine and morphine N-oxide, respectively. An
electropherogram of sample containing pseudo-
morphine (0.13%), morphine N-oxide (0.09%) and
10-S-hydroxymorphine (0.21%) in morphine is
shown in Fig. 6.

Injected volume of sample solution should be
low in order to maintain high efficiency, however,
the injection plug length is a more critical parame-
ter than volume. The sample plug should be less
than 2% of the total length of capillary, what is

Fig. 4. Resolution of peaks of pyridoxine (IS), morphine (1),
pseudomorphine (2), morphine N-oxide (3), and 10-S-hydrox-
ymorphine (4) as a function of applied voltage. Capillary: 56
cm×50 mm, 100 mM Tris–phosphate 5 mM DM-b-CDX,
pH 2.60, 25°C.

Fig. 5. Dependence of peak resolution of pyridoxine (IS),
morphine (1), pseudomorphine (2), morphine N-oxide (3) 10-
S-hydroxymorphine (4) on temperature. Capillary: 56 cm×50
mm, 100 mM Tris–phosphate 5 mM DM-b-CDX, pH 2.60, 30
kV.
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Fig. 6. Electropherogram of sample containing morphine (1,
99.26%), pseudomorphine (2, 0.13%), morphine N-oxide (3,
0.09%) and 10-S-hydroxymorphine (4, 0.21%). Capillary: 56
cm×50 mm, 100 mM Tris–phosphate 5 mM DM-b-CDX,
pH 2.60, 25°C, 30 kV.

was observed with b-CD and its derivatives. Pyri-
doxine proved to be a reliable internal standard
for quantification of morphine oxidation products
at their concentration below 0.5% in stored crys-
talline morphine or its salts.
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4. Conclusions

Morphine and its oxidation products were sepa-
rated by capillary zone electrophoresis in Tris–
phosphate buffer. Completion of BGE with
cyclodextrins substantially changed the selectivity;
the highest resolution of all studied compounds

.


