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SUMMARY 

The oxidative metabolism of sparteine has been investigated in a 
Nigerian population. The distribution of metabolic capacities was 
shown to be skewed with two subjects (2/97, 2.1%) being relatively 
deficient in their ability to produce the dehydrometabolites. These 
observations afford evidence that sparteine oxidation is under poly-
morphic control in Nigerians. 
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INTRODUCTION 

It is now well established that the biotransformation of sparteine, a 
naturally occurring quinolizidine alkaloid with cardio-stimulatory /1/ 
and oxytocic properties 111, exhibits wide interindividual variability /3, 
4/. In European populations the oxidative metabolism of sparteine (to 
its dehydrometabolites) and debrisoquine (to 4-hydroxydebrisoquine) 
are under a common genetic control 151 and are mediated via cyto-
chrome P-4502D6, the gene for which (CYP2D) has been localized in 
the long arm of chromosome 22 (22ql 1.2-ql2.2) 161. Numerous 
investigations have pointed to ethnic differences in the sparteine/ 
debrisoquine oxidation polymorphism 111 and the reported frequency of 
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occurrence of 'poor metabolisers' of sparteine has varied from zero in 
Ghanaians /8/, South African Venda 191 and Cuna (Panama) Indians 
l\QI to 8.3% in Canadian Caucasians /11/. Despite such a wealth of 
information, only one study concerning sparteine has been reported in 
black Nigerians /12/; the present investigation provides additional data 
on the polymorphic metabolism of sparteine in this African population. 

MATERIALS AND METHODS 

Human volunteers 

Ninety-seven healthy black Nigerians (78 male, 19 female; age 19 
to 29 years [23.2 ± 2.3, mean ± s.d.]) were recruited from the student 
population of the University of Ife, Ile-Ife, Nigeria. All subjects were in 
good health, had no history of major organ disease and had not 
received any recent drug medication. Local ethical approval and 
informed consent were obtained before participation in the study. 
Following a light breakfast, each volunteer emptied the bladder and 
then received sparteine sulphate (100 mg, Aldrich Chemical Co. Ltd., 
Dorset, UK) orally in a gelatin capsule together with 150 ml water. 
Thereafter all urine was collected for the next 0-12 hours. Total urine 
volumes were recorded and aliquots (20 ml) taken and stored at -20°C 
until they were transported over dry-ice to London for analysis. 

Analysis of sparteine and metabolites 

Each urine sample was allowed to thaw and an aliquot (1 ml) 
applied to a glass column (5 χ 0.5 cm i.d.) containing the nonionic 
polymeric adsorbent Amberlite XAD-2 (Aldrich Chemical Co.) pre-
viously prepared by successive washings with distilled water (3 ml), 
methanol (3 ml) and water (3 ml). The column was washed with dis-
tilled water (3 χ 1 ml), the excess fluid being drained off and discarded, 
and then eluted with methanol ( 3 x 1 ml). This eluate was evaporated 
under reduced pressure (<36°C) and the dried residue dissolved in a 
small volume (50-100 μΐ) of methanol before examination by chroma-
tography. The recovery of known amounts of sparteine added to urine 
within the working range from Amberlite XAD-2 columns was 73.2 ± 
3.0% (mean ± s.d.). 

Thin-layer chromatography (t.l.c.) was performed on precoated 
aluminium-backed silica gel 60 plates (0.2 mm thick; Merck, 
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Darmstadt, Germany) and developed in a solvent system consisting of 
ethyl acetate/methanol/aq. NH4OH (sp. gr. 0.88) (10/1/1 by vol) IUI. 
The plates were subsequently dried in a current of warm air to remove 
any remaining solvent and alkaloid related compounds were visualised 
by dipping in iodoplatinate reagent /13-15/. 

After drying, the plates were assessed visually and then scanned at 
540 nm employing reflection-absorption photometry using a Shimadzu 
CS930 dual wavelength chromatoscanner (V.A. Howe and Co. Ltd., 
London, UK). The use of automatic background compensation and 
scanning in a zig-zag fashion permitted the integration of the moving 
average of data from the individual sampling points (spikes) and 
enabled the calculation of the volume of chromatospots (zone volume). 
In contrast to analysis with solutions, a simple linear relationship 
cannot be obtained between absorbance and concentration of material 
on a thin-layer surface owing to the scattering of light by the adsorbing 
agent within the plate. Fortunately, this relationship between 
absorption and concentration can be linearized mathematically by 
employing the Kubelka-Munk equations /16/. 

The application of known amounts of sparteine in urine to t.l.c. 
plates, subsequent development, visualisation and quantification per-
mitted the construction of a simple semilogarithmic plot which gave a 
straight line calibration curve between 10 and 250 μg (sparteine free 
base) which encompassed the working range for the urine samples 
under analysis. This calibration curve did not pass through the origin, 
giving a lower limit of detection equivalent to 5 μg sparteine (free 
base) on the t.l.c. plate. Results obtained from several determinations 
of the same urine samples, spiked with sparteine, showed coefficients 
of variation of 5.0 ± 0.9% (n=6; 20 μg on plate) and 4.8 ± 0.8% (n=6, 
200 μg on plate). The variability observed over a period of two months 
between aliquots of the same spiked urine samples analysed at weekly 
intervals resulted in a maximum coefficient of variation value of 5.6% 
(n=8). 

Unfortunately, insufficient amounts of material prevented similar 
procedures being undertaken for the metabolites and relative extinc-
tions could not be measured. Consequently, metabolites were quan-
tified as sparteine equivalents and absolute recoveries could not be 
determined. However, the semi-quantitative measurements undertaken 
enabled the expression of a relative ratio (sparteine/2-dehydrosparteine 
+ 5-dehydrosparteine) and thus permitted the ranking of individuals 
with respect to their relative urinary metabohte excretion. 
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RESULTS AND DISCUSSION 

Sparteine (Rf 0.71) and its two major dehydrogenated metabolites, 
2-dehydrosparteine (Rf. 0.33) and 5-dehydrosparteine (Rf 0.11), were 
visualised as black spots on a light pink ground together with several 
other unidentified minor metabolites from which they were clearly 
resolved. The pink background fades to white (2-3 days) but the black 
spots are permanent (at least 12 years in the dark). This has an advan-
tage over the use of iodine vapour (fades in 30 minutes) previously 
advocated by other workers /17/. In addition, both major metabolites, 
unlike sparteine, gave a red colouration with an alkaline nitroprusside 
reagent, known to furnish red or violet-red products with steroids 
containing unsaturated lactone rings and previously noted for Δ5 and 
Δ11 dehydro compounds /13,15/. Although lack of authentic com-
pounds prevented an absolute confirmation of identity, these meta-
bolites possessed the same relative front values (ref. sparteine) on thin-
layer plates and subsequent extracts provided gas chromatographic 
peaks in accordance with data from previous workers /4,8,11,13,18/. 

From visual examination of the chromatograms it could be seen 
clearly that whilst the majority of individuals excreted relatively large 
amounts of the two dehydro products amidst other unidentified meta-
bolites, a few produced only small amounts of these metabolites and 
two subjects (both female) had only sparteine detectable in their urine, 
traces of the dehydro-metabolites eventually being identified only after 
urine concentration (alkalinization then diethyl ether extraction). The 
presence of these two 'poor metabolisers' was confirmed by repeat 
testing at a later date. Interestingly, those individuals who produced 
little or no observable dehydro-metabolites also showed a lack of the 
other unidentified metabolites, perhaps suggesting the route to these 
products may be through the dehydro-compounds /19/. 

When the data calculated for each individual were presented in the 
form of a histogram relating frequency of occurrence and the common 
(Briggsian) logarithm (base 10) of the sparteine metabolic ratio, it 
could be seen that the distribution was skew (skewness 1.22; 0.25 with 
the two outliers removed) with a tail extending towards the higher 
values in the positive direction from the median. For such distributions 
the value of the arithmetic mean (ratio 6.0, logio 0.778) is usually 
greater than the median (ratio 0.7, logio -0.155). A mathematical mea-
sure of non-normality called kurtosis gave a positive value (4.68; 0.40 
with the two outliers removed) indicating an excess density in the tails 
of the distributions (it is zero for a normal distribution) (Fig. 1). The 
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Fig. 1: 

Log | 0 ( s p a r t e i n e / d e h y d r o s p a r t e i n e metabol ic r a t i o ) 

Frequency distribution of the log10 0-12 hour urinary ratios of sparteine/ 
dehydrosparteine after 100 mg dose of sparteine sulphate in an unrelated 
black Nigerian population (n=97). 

present identification of two subjects (2/97, 2.1%) with very high 
sparteine/dehydrosparteine metabolite ratios agrees with a previous 
study in which four such individuals (4/106, 3.8%) were identified /12/, 
and affords additional evidence that sparteine oxidation is under poly-
morphic control in black Nigerians. As previously mentioned, the 
reported frequency of sparteine 'poor metabolisers' has varied from 
zero to 8.3%, depending upon the population group examined, and this 
variation is reflected in studies concerning 'poor metabolisers' of 
debrisoquine (another cytochrome P-4502D6 probe) /20,21/. Such eth-
nological differences require closer examination before a full under-
standing can be approached 1211. 
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