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SUMMARY 

A reversed-phase high-performance liquid chromatography method is de- 
scribed which is capable of determining the drug dipipanone in urine and plasma at 
concentrations down to 20 ng/ml. 

INTRODUCTION 

With the exception of heroin, dipipanone has probably been the most exten- 
sively abused narcotic analgesic in the United Kingdom in recent times’+. It is a drug 
most frequently encountered in the preparation of Diconal, which also contains the 
anti-emetic cyclizine whose metabolism and pharmacokinetics, unlike that of dipi- 
panone, have been explored in detail following administration to dogs and rat+‘. 
However, the influence of either of these drugs on each other when administered to 
humans has not been investigated. Apart from the obvious toxicity of narcotic an- 
algesics taken in overdose, dipipanone has a certain inherent toxicity, in particular, 
the alarming fall in blood pressure which can occur following intravenous adminis- 
trations. For most of the cases in which Diconal poisoning has been reported, cy- 
clizine can be identified in the blood but not dipipanone, although both may be 
present in other biological samplesg. Clinical and forensic toxicologists consequently 
have difficulty in interpreting such findings. As the first part of our investigation into 
the pharmacokinetics of dipipanone and cyclizine, it became important to develop 
a specific and reliable method for their assay in biological fluids. Thin-layer chro- 
matography’ and gas-liquid chromatography 5*6*10 have been used mainly as screen- 
ing techniques for these drugs in the body fluids of suspected addicts but little has 
been reported on the routine application of these techniques in pharmacokinetic 
studies. High-performance liquid chromatography (HPLC) offers a means of analys- 
ing for these drugs in body fluids, since such procedures possess adequate sensitivity 
but are also able to accept samples which are thermally unstable, polar and non- 
volatile. Such materials may be the product(s) of metabolism of Diconal and for any 
pharmacokinetic studies it is important to take this into account. What follows is a 
discription of a method for the analysis of dipipanone by HPLC. 
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EXPERIMENTAL 

Apparatus 
HPLC was performed with an Altex 100 pump, a Rheodyne 7125 injector 

valve fitted with a 20-~1 loop and a Pye Unicam LC3 variable-wavelength ultraviolet 
detector operated at 230 nm and a sensitivity of 0.08 a.u.f.s. The column was 25 cm 
x 6 mm O.D. x 4.5 mm I.D. stainless steel, packed with Spherisorb octadecylsilane 
(ODS) Cis reversed phase. The flow-rate was 2 ml/min at a pressure of 3000 p.s.i. 

Materials 
Acetonitrile, HPLC grade, was obtained from Rathburn Chemicals, Walker- 

burn, U.K. Deionised distilled water was prepared as required and all other chemicals 
were of analytical grade. Dipipanone, obtained as the hydrochloride from Wellcome 
and codeine sulphate from McFarlane-Smith, were both used, as provided, without 
further purification. 

Eluen t 
A series of eluting system were examined, some being chosen on the basis of 

their relative polarities, while others were based upon previous HPLC reports1rp12 
on drugs having similar or related structures or pharmacological function to dipi- 
panone. The eluting systems examined in the study are listed in Table I. 

Limit of detection 
Pure dipipanone isolated from the hydrochloride was accurately weighed and 

then dissolved in methanol to give a solution of 1 mg/ml. The solution was serially 
diluted by a factor of ten and 20 ~1 of each dilution injected on to the HPLC system. 
The limit at which dipipanone could be detected as represented by a peak height 
twice the size of background noise on this HPLC system was found to be 1 pg/ml. 
This is equivalent to 20 ng injected onto the column. For this reason all calibration 
curves were constructed, such that the smallest amount of drug injected was 40 ng. 

TABLE I 

HPLC SOLVENT SYSTEMS USED IN THE PRESENT STUDY 

Solvent system Composition Reference 

Methanol-water (90: IO), (80:20), (70:30), (6040) 
Acetonitrile-water (90: lo), (80:20), (70:30) 
0.01 M Aqueous sodium pentanesulphonate- (69.95:30:0.05) 11 

acetonitrileeorthophosphoric acid 
Methanola.75% aqueous ammonium acetate (80:29) 12 
Acetonitrile-O.75% aqueous (80:20) 12 

ammonium acetate 
Acetonitrile-I % aqueous ammonium (80:20) 12 

acetate 
Acetonitrile-1 % aqueous ammonium (80:20) 14 

acetate, containing 0.05 M diethylamine 
(the pH of this mixture was brought to 7 
with glacial acetic acid) 
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Preparation of a standard calibration graph for dipipanone in methanol 
Pure dipipanone, isolated from the hydrochloride, and codeine base were ac- 

curately weighted and dissolved in methanol to give dipipanone concentrations in 
the range 2-10 pg/ml and codeine, as internal standard, at a concentration of 5 pg/ml. 
Aliquots of 20 ~1 of each concentration were injected into the HPLC apparatus and 
the relative peak height of dipipanone to codeine recorded in each case. this proce- 
dure was repeated ten times for statistical evaluation (Table II). Note that 20 ~1 of 
each concentration is equivalent to the range 40-200 ng. 

Preparation of a calibration graph for dipipanone in aqueous solution 
A stock solution of dipipanone hydrochloride in water at a concentration of 

200 ng/ml was prepared. From this stock solution, a range of dilutions were made 
to give solutions containing 200, 160, 120, 80 and 40 ng/ml of dipipanone hydro- 
chloride. A stock solution of codeine sulphate (internal standard) at a concentration 
of 100 ng/ml was also prepared. To 1 ml of each of the dipipanone hydrochloride 
solutions was added, 1 ml of internal standard solution. The mixtures were made 
alkaline with 1 ml of 1 ii4 sodium hydroxide and extracted twice with 10 ml of 
anhydrous diethyl ether. Each extract was evaporated to dryness on a water bath at 
30°C in a current of dry nitrogen, the residues redissolved in 20 ~1 methanol, and 
injected into the HPLC apparatus. The relative peak heights of dipipanone to codeine 
were recorded in each case. This procedure was repeated ten times for statistical 
evaluation. 

Preparation of calibration graphs for dipipanone in urine 
Samples were prepared in the same way as for the aqueous solution except 

that the combination of dipipanone hydrochloride and internal standard were first 
acidified with 1 ml of 1 M hydrochloric acid, extracted with 10 ml of diethyl ether, 
the ether layer discarded, and the solutions made alkaline with 2 ml of 1 M sodium 
hydroxide before the final extraction with diethyl ether. This process was repeated 
six times for statistical evaluation. 

Preparation of a calibration graph for dipipanone in plasma 
A stock solution of dipipanone hydrochloride was prepared in water at a con- 

centration of 2 pg/ml. From this stock solution, a series of dilutions were prepared 
in water ranging from 0.4 to 2 pg/ml. To 1 ml of each of these diluted solutions 
contained in a lo-ml graduated flask were added plasma to the mark, to give plasma 
containing 40-200 ng/ml of dipipanone hydrochloride. A stock solution of the in- 
ternal standard, codeine sulphate, in water was prepared at a concentration of 100 
ng/ml. To 1 ml of each of the plasma solutions containing known amounts of dipi- 
panone hydrochloride, 1 ml of internal standard solution was added and the mixture 
acidified with 1 ml 1 M hydrochloric acid. Each mixture was shaken with 10 ml of 
ether and the ether layers discarded. The aqueous phases were then made alkaline 
with 2 ml 1 M sodium hydroxide, extracted twice with 10 ml of diethyl ether and the 
extracts evaporated to dryness on a water bath at 30°C in a stream of nitrogen. Each 
residue was then dissolved in 20 ~1 methanol and injected in turn in to the HPLC 
apparatus and the relative peak height of dipipanone to internal standard recorded. 
This process was repeated six times for statistical evaluation. 
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RESULTS AND DISCUSSION 

Methanol and water, as well as acetonitrile and water mixtures as mobile phases 
have proved successful for the reversed-phase separation of many compounds13. 
Unfortunately in the present work such mixtures did not give the required chro- 
matographic performance. According to Deeks et al.’ 1 a mixture of 0.1 M aqueous 
sodium pentanesulphonate, acetonitrile and orthophosphoric acid in the ratio 
69.95:30:0.05 is a good eluting system for the analysis of morphinan derivatives. 
Unfortunately, the same solvent mixture did not prove to be useful for the chro- 
matographic analysis of dipipanone. Using ammonium acetate buffered with aceto- 
nitriler2 gave reasonable separation of dipipanone from the internal standard co- 
deine, but the tailing behaviour was unacceptable. Addition of diethylamine to such 
solvent mixtures has proved to be a very effective way of reducing peak tailing14-21, 
but the pH can approach 10, a value usually considered deleterious for ODS columns. 
Addition of glacial acetic acid to reduce the pH does not appear to affect the tailing 

2 

20 15 10 5 6 20 15 10 5 d 

Time (mid Time (mid 

Fig. 1. HPLC profile of dipipanone with codeine as internal standard. Peaks: I = codeine; 2 = dipipa- 
none. Chromatographic conditions given in text. 

Fig. 2. HPLC profile of dipipanone and codeine prepared from aqueous solutions of dipipanone hydro- 
chloride and codeine sulphate. Peaks: 1 = codeine; 2 = dipipanone; 3 = unknown. Chromatographic 
conditions given in text. 
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L 

I 1 

20 15 10 5 0 20 15 10 5 0 

Time Imid Time (mid 

Fig. 3. HPLC profile of dipipanone extracted from urine, using codeine as internal standard. Peaks: 
1 = codeine; 2 = dipipanone. Chromatographic conditions given in text. 

Fig. 4. HPLC profile of dipipanone extracted from serum, with codeine as internal standard. Peaks: 
1 = codeine; 2 = dipipanone. Chromatographic conditions as in text. 

improvement produced by the amine. Optimum resolution of dipipanone and codeine 
(internal standard) was achieved using a mobile phase composed of acetonitrile-1% 
aqueous ammonium acetate (70:30) to which was added diethylamine, so that its 
concentration was 0.05 M. The pH of this mixture was then brought to 7 with glacial 
acetic acid (Fig. 1). 

It is almost impossible to obtain complete coating of the silica packing with 
the organic octadecyl phase. Any unbonded silica provides residual silanol groups 
which interact with polar molecules. It is suggested that tailing encountered in the 
present work, was due to the interactions between dipipanone and free silanol groups 
on the packing material. The addition of diethylamine ensures that the surface of the 
reversed phase material is uniformly hydrophobic by blocking the residual silanol 
groups, hence improving peak shapes and separations. 

Maximum UV absorption for dipipanone occurs at 220 nm, but because of the 
increasing noise from the detector and absorbance by the eluting solvent the best 
sensitivity was attained by tuning to 230 nm. The sensitivity at this wavelength was 
higher than at 254 nm which is commonly used in a single wavelength. UV spectrum 
for morphine compounds2 2. 
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Concentration of dipiparone in water h-g/ml) 

Fig. 5. Calibration graph for dipipanone extracted from aqueous solution. 

The mean percentage extraction of dipipanone from aqueous solution was 
96.1%, from urine 95.5% and serum 92.5%. With aqueous solutions, a single ex- 
traction with diethyl ether was enough (Fig. 2), but urine and serum, (Figs. 3 and 4), 
required a preliminary back extraction. Without back extraction many unwanted 
peaks appeared on the HPLC trace. The correlation coefficient of the calibration 
curves from aqueous, urine and plasma samples (Figs. 5-7) were 0.998, 0.996, 0.99 

L 
0 LO 80 120 160 200 

Concentration of dipipanone in urine hg/mll 

Fig. 6. Calibration graph of dipipanone extracted from urine. 
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Concentration of dipipanone in serum (q/ml) 

Fig. 7. Calibration graph of dipipanone in serum. 

64 @I 

15 10 5 0 1; 10 
J 

5 0 
Time (min) Time hn) 

Fig. 8. (a) HPLC of dipipanone, cyclizine and internal standard codeine. Peaks: 1 = codeine; 2 = cy- 
clizine; 3 = dipipanone. Chromatographic conditions as in text. (b) HPLC of dipipanone, cyclizine and 
internal standard codeine. Peaks: 1 = codeine; 2 = cyclizine; 3 = dipipanone. Chromatographic condi- 
tions as in text, with exception that the ratio of acetonitrile: ammonium acetate has changed from 70:30 
to 60:40. 



HPLC OF DIPIPANONE 257 

respectively. This indicates there is a strong relationship between the concentration 
of dipipanone and the relative peak height ratio of dipipanone to internal standard. 

Statistical data 
The regression equations are, for aqueous samples: y = 0.0025 + 0.005x; for 

urine samples: y = 0.0092 + 0.005x; and for plasma samples: y = 0.00167 + 
0.005 x, where y is the peak height ratio of the dipipanone peak to that of codeine, 
and x is the concentration of dipipanone in ng/ml. All the calibration graphs were 
shown to be linear over the concentration range 40-200 ng/ml, with the curve almost 
passing through the origin. 

Since dipipanone is prescribed as a preparation with cylizine, it is necessary to 
establish if cyclizine interferes in this analytical system. Fig. 8a shows some overlap 
of the cylizine peak with that of dipipanone. When the ratio acetonitrile: ammonium 
acetate was changed from 70:30 to 60:40, good separation of all three compounds 
was obtained (Fig. 8b) but with some peak broadening and loss in sensitivity. 

CONCLUSION 

Although dipipanone and internal standard (codeine) can be resolved on re- 
versed-phase HPLC, using acetonitrile-1 % ammonium acetate (70:30) as eluting sol- 
vent, peak tailing is still a problem. Addition of diethylamine to the eluting solvent, 
sharpened both the dipipanone and internal standard peaks, and also produce a 
satisfactory separation of the two compounds. Maximum sensitivity of the system, 
occurs at a wavelength of 230 nm. Using the above condition it is possible to detect 
dipipanone at a level of 20 ng, hence this method is capable of detecting the drug in 
therapeutic and overdose situations. If pharmacokinetic monitoringZ3 over an ex- 
tended time period is required, then the method is not sufficiently sensitive. 

The resolution of cylizine from dipipanone using a solvent mixture of 
acetonitrile-ammonium acetate (70:30) is sufficient to establish interference from the 
former drug, but should this interference be serious then a change in the binary 
mixture to 60:40 is recommended. 
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