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Abstract: A procedure is described for the simultaneous determination of codeine and
ibuprofen in human plasma following the administration of the two substances in a
proposed combination dosage form. The two substances were extracted separately from
plasma and then determined together by high-performance liquid chromatography
(HPLC) usmg a fluorescence detector. The codeme was first extracted from alkalinized
praSi‘ﬂa with hexane—dichloromethane \4. 1, viv ) and then washed with sodium uyuroxruc
solution. The ibuprofen was then extracted with hexane from the plasma acidified with
sulphuric acid. The organic layers were collected, evaporated to dryness and the
reconstrtuted residue was subJected to HPLC. The detection limit for codeine was 8 pg
17! and for ibuprofen 1 mg 17!
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ibuprofen (a non-steroidal anti-inflammatory drug with analgesrc and _antipyretic
activity) into a single dosage form is commercially contemplated; in consequence a
method that is specific and quantitative for the measurement of the two drugs in blood
will be required. Since the proposed drug combination is new no analytical method is
available.

Codeine has been determined in plasma by reversed-phase high-performance liquid
chromatography after extraction of the base [1, 2]. Tsina [1] discusses some of the
advantages of this approach over others such as thin-layer chromatography, gas
chromatography and gas chromatography—mass spectrometry

The more ICLCHU)’ available urug, lOUpIUICH has been absayea Dy extracung mc orug
from acidified plasma with an organic phase before reversed-phase high-performance
liquid chromatography [3-7]. Other approaches were to analyse the serum directly [8] or
to absorb ibuprofen on to a resin prior to chromatography [9].
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Attempts were made to determine codeine and ibuprofen simultaneously in plasma by
forming an ion-pair complex of codeine with sodium 1-octane sulphonate and extracting
this complex together with the ibuprofen from acidified sera. The two extracted drugs
were analysed by reversed-phase liquid chromatography. This approach proved to be
less than satisfactory because it afforded poor drug recovery from spiked plasma.
However, the method described fully in the present work, where codeine and ibuprofen
are extracted separately with appropriate adjustment of the pH of the sera, proved
satisfactory in terms of good recovery as well as precision. In the method the individual
extracts were concentrated, combined and then analysed for the drugs by reversed-phase
liquid chromatography with fluorimetric detection.

Materials and Method

Chemicals

Codeine phosphate and flurbiprofen were supplied by Boots Company (USA) and
ibuprofen by Upjohn Company; N-isopropylcodeine was prepared by K. B. Sloan. All
reagents and solvents were of reagent grade. All solutions were prepared with de-ionized
distilled water unless otherwise stated. Acetonitrile was HPLC grade and all aqueous
solutions for HPLC were filtered through a 0.45-pm nylon 66 membrane (Rainin
Instruments). The mobile phase was acetonitrile—0.1 M potassium dihydrogen phos-
phate with 0.05 M sodium octane sulphonate (pH adjusted to 3.7 with concentrated
phosphoric acid) (22:78, v/v).

Apparatus

The apparatus was a Varian high-performance liquid chromatograph, model 5000,
fitted with a 20-ul sample loop and with a proportioning pump for delivering a set
composition of acetonitrile to aqueous phase. The detector, a Schoeffel FS 970
spectrofluorimeter, was set for excitation at 213 nm with no emission filter. For the
concentrations of the drugs used the sensitivity settings of the detector were 0.02, 0.025
and 0.1 pA full-scale deflection. The 300 X 4 mm i.d. column was packed with 10-um
reversed-phase Varian Micropak (CN10). All tubes used in the extractions had well-
fitting screw caps.

Chromatographic procedures

The sample of plasma (2 ml) was spiked with 20 pl of the aqueous solutions of the
internal standards, N-isopropylcodeine (30 mg 17') and flurbiprofen (16 mg 1=). The
mixture was made alkaline with 2 ml of 50 mM phosphate buffer (pH 8). Codeine was
extracted with two 6-ml portions of hexane:dichloromethane (2:1, v/v). In each
extraction the mixture was shaken by hand for 2 min, centrifuged and the organic layer
removed. The organic layer (12 ml) was shaken with 1 m! of 0.05 M sodium hydroxide for
2 min and again separated. The organic layer in a 12-ml tube was then evaporated to
dryness under a gentle stream of nitrogen using a water-bath at 30°C.

The alkaline plasma was acidified with 0.25 ml of 2 M sulphuric acid and 12 ml of
hexane was added. The two phases were equilibrated by gentle mixing for 1 h on a
rotator; 8 ml of the organic layer was removed and added to the dried codeine extract.
Gentle evaporation under dry nitrogen was carried out until 1 ml of solution remained.
The sides of the tube were washed down with about 1.5 ml of hexane before the contents
were evaporated to dryness.
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The residue was dissolved in 100 pl of acetonitrile—water (1:1, v/v) and 20 pl of this
solution was subjected to chromatography. The column was at room temperature and
the flow rate of the mobile phase was 1.8 ml min™".

For the establishment of standard curves, the above procedure was carried out using
drug-free plasma spiked with codeine and ibuprofen to yield a final drug concentration in
the plasma of 10-100 pg 17! and 10-80 mg 1%, respectively. Peak-height ratios were
obtained by dividing the peak height of codeine by that of N-isopropylcodeine and the
peak height of ibuprofen by that of flurbiprofen.

Results and Discussion

Early attempts to evaluate codeine and ibuprofen simultaneously by the same
chromatographic procedure proved successful. The method consisted of the precipitation
of protein in the plasma by the addition of 2 ml of acetonitrile to 1 ml of plasma, mixing

with o vartevy mivar for § min and than cantrifiocing Tha gunernatant lanid wag
witii & VOrieX nuxer ior 5 min and meén cenuiiuging. inc Duyv:uataut 1nquia was

transferred to another tube and 1 ml of hexane was added. After mixing in a vortex mixer
for 15 s, the two phases were allowed to separate. The hexane layer was removed and
discarded. The lower layer was evaporated to dryness. The dried residue was
reconstituted immediately before HPLC analysis with acetonitrile— distilled water (35:65,

v/v). The mobile phase was the same as that described under “Chemicals” except that the
pH was not adjusted to 3.7 with concentrated phosphoric acid but left at the phosphate
pH of 4.6. Both UV (Varichrome) and fluorescent detectors (Schoeffel) were used. A
typical chromatogram is shown in Fig. 1 where flurbiprofen was used as the internal
standard; it will be noted that good separation was obtained between codeine and
norcodeine (a metabolite of codeine). It was aiso found that codeine could be readily
determined just as well by fluorescence as by UV. However, because of their significant
solubilities in hexane, only 40% recovery of the two drugs was achieved. This loss to the
hexane led to poor sensitivity in the determination of codeine and ibuprofen in plasma. If
the washing with hexane was omitted, it was found that the non-polar plasma
constituents interfered with the chromatographic peaks of codeine and flurbiprofen.

Other methods of protein precipitation [10] were tried without success, for example,
the addition of pnerchloric acid led to depgradation of codeine and concentrated

aGQlivid PO alie Llnrallalivll LURRCALT Qi LRIl Qe

hydrochloric acid resulted in a poor recovery. Other organic solvents (e.g. chloroform
and dichloromethane) used for extraction gave “stable” emulsions on mixing or shaking.
It was decided therefore that the best approach was first to extract codeine from
alkalinized plasma, then to extract iboprofen from acidified plasma and finally to

camhine the avtrante hafare chromataoranhy
LCOMHIVLHILC Ui Calialls UCiUIC LIVINatOgIapily .

In the extraction of codeine from plasma it was found that too violent or prolonged
shaking or mixing by a vortex mixer caused the formation of a stiff gel throughout the
organic layer. The gel could be somewhat broken by mechanical shock to the tube. The
2-min hand shaking recommended by Aarons et al. [4] minimized the chances of gel
formation. For extraction of the aud, ahal\ius should be Scuuc and plUlUllsCu to gi'v'e
complete transfer and little formation of a gel in the hexane; 1 h on a rotator was found
to give the optimum time for good recovery. A typical chromatogram is shown in Fig.
2. Codeine has a pKa of 8.2 and would therefore be fully ionized at the pH of the mobile
phase and would readily form an ion-pair with sodium octane sulphonate The formation
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Figure 1

Chromatogram of (A) norcodeine (20 pg ml™?), (B)
codeine (2 pg ml™"), (C) internal standard flurbi-
profen (2.5 pg mi™*) and (D) ibuprofen (2 pg ml™ ')
in acetonitrile:water (1:1, v/v). The column was a -
Varian Micropak CN10, 300 X 4 mm i.d. Detection
was by Varichrome UV at 220 nm and a sensitivity of
0.01. The mobile phase was acetontrile-0.01 M
potassium hydrogen phosphate with 0.65 M sodium 1-
octane sulphonate (pH 4.6) (32:68, v/v).

Figure 2

Chromatogram of (A) codeine (60 pg1™), (B) N-
isopropylcodeine (300 pug17"), (C) flurbiprofen (160
pg1~!) and (D) ibuprofen (16 mg1™'), extracted
from plasma (2 ml). The chromatographic conditions
were the same as given in Fig. 1 except that 22% v/v
of acetonitrile was used and the aqueous phase was
adjusted to pH 3.7.
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With the chosen composition of the mobile phase (22% v/v of acetonitrile; pH of the
aqueous phase 3.7) the retention time of codeine was sufficiently long (about 4 min) to
keep its peak clear of those of the plasma constituents while the retention times of
ibuprofen (about 8 min) and the internal standard (about 6 min) were not excessively
long. It was found that the retention time of flurbiprofen altered more significantly with
changes in mobile phase composition than did that of ibuprofen, so much so, that at
concentrations of less than 20% v/v of acetonitrile, flurbiprofen had relatively longer
retention times than did ibuprofen.

Standard curves established by spiking drug-free plasma with codeine and ibuprofen as
well as the internal standards were linear over the concentration ranges expected in
plasma, 0-100 pg 17! for codeine and 0-80 mg 17! for ibuprofen. The correlation
coefficients of the calibration curves were 0.9998 and 0.9999 for codeine and ibuprofen,
respectively. The precision of the method was assessed using the data for plasma spiked
with the two drugs. Tables 1 and 2 show the between-assay relative standard deviation

Table 1
Precision* for the determination of codeine in drug-free
plasma spiked with codeine

Codeine concentration

in plasma Mean peak- RSD%
(pgh) height ratiot (%)
10 0.106 4.7
25 0.192 4.4
50 0.321 23
80 0.507 3.6
100 0.648 1.6

*The regression equation for peak-height ratio against
concentration of codeine was: y = 0.039 + 0.00596x; the
standard error (SE) of the gradient was +0.00011 and the
SE of the intercept was 0.07.

1Mean value of five determinations.

tRelative standard deviation (%); n = 5.

Table 2
Precision for the determination of ibuprofen in drug-free
plasma spiked with ibuprofen

Ibuprofen concentration

in plasma Mean peak- RSD#
(mg/1) height ratiot (%)
10 0.915 4.0

20 1.48 1.4

40 2.59 21

60 3.75 2.8
80 4.93 1.3

*The regression equation for peak-height ratio against
concentration of ibuprofen was: y = 0.328 + 0.0573x; the
SE of the gradient was +0.0005 and the SE of the intercept
was 0.0252.

tMean value of five determinations.

tRelative standard deviation (%); n = 5.
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(RSD) at each concentration. With a signal-to-noise ratio of 2, the lower limits of
quantitation were estimated to be 8 pg 17! for codeine and 1 mg 17! for ibuprofen. There
was no loss of codeine or ibuprofen in plasma when stored in a deep freeze for 3 weeks.
The total recovery of codeine and ibuprofen for the whole extraction and evaporation to
the final solution for injection into the chromatograph was 85 * 1% and 89 £ 2%,
respectively (n = 5 for the five concentrations measured for each drug). Analysis time
and the amount of acetonitrile consumed can be significantly reduced if the dried extracts
of the two drugs are combined before chromatography as described under Chromato-
graphic procedures.

The metabolite, norcodeine, could appear in the plasma samples, and if so would be at
a very low concentration [11]. However, in order to determine if norcodeine contributed
to the codeine peak, samples of codeine solution were spiked with norcodeine. The
chromatogram showed good resolution between the two narcotics (Fig. 3).

(]
A

Figure 3 B

Separation of (A) norcodeine and (B) codeine under

the conditions given in Fig. 2. The internal standard,

N-isopropylcodeine, is depicted by (C).
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Some plasma samples showed a negative peak between the peaks of ibuprofen and
flurbiprofen. This phenomenon was found to be due to the presence of caffeine in the
plasma [1] and could be overcome by: changing the composition of the mobile phase;
carrying out chromatography of the ibuprofen and flurbiprofen separately from codeine
and its co-extractants; and restraining the subject from imbibing caffeinated drinks well
before blood samples are taken. Since chromatography resolved ibuprofen and
flurbiprofen, the method can be used to determine flurbiprofen with ibuprofen as the
internal standard. Under such conditions there would be no need to use sodium octane
sulphonate.
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