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SUMMARY 

A rapid and sensitive method for quantitative analysis of the thalidomide analogues EM 12 and 
EM 16 and their metabolites has been developed. Following an optional extraction, samples were 
analysed by reversed-phase high-performance liquid chromatography with ion depression. The re- 
covery of the extraction procedures was 6580%. The method has been applied to pharmacokinetic 
studies in small laboratory animals and in vitro model experiments. 

INTRODUCTION 

Thalidomide (TD; Fig, la) is an outstanding example of a therapeutic agent 
that produces little or no toxic effect in the adult human. Its adverse effect on 
human embryogenesis is perhaps one of the most specific biological processes 
involving a chemical agent [l-4]. The mechanisms of teratogenic action of TD 
and the TD analogue EM 12 (Fig. la), and the metabolites responsible, are still 
unknown. 

The renewed interest in the use of TD as an anti-inflammatory agent, as well 
as a potent drug for the treatment of various diseases of the skin, including the 
lepra reaction (erythema nodosum leprosum, ENL) [5], requires sufficient in- 
formation about side-effects of TD. Although there are structural similarities 
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Fig. 1. Structures of (A) thalidomide and the teratogenic analogue EM 12 and Its metabolites EM 
356, EM 27 and EM 138, and (B) the non-teratogenic thalidomide analogue EM 16 and its metabolites. 

between TD, EM 12 and EM 16 (Fig. 1)) there are geat differences in their tera- 
togenic potential and in the number of metabolites they produce (at least twelve 
from TD, three from EM 12; and just two from EM 16). This favours the use of 
EM 12 and EM 16 in investigations of the mechanisms involved in the teratogenic 
action of TD. Most of the metabolites of TD, EM 12 and EM 16 are carboxylic 
acids, formed by hydrolysis of the parent compounds (see Fig. la and b) in aqueous 
medium at pH > 7 [ 6-91. EM 12 exhibits a smaller therapeutic effect, but a higher 
toxic and teratogenic potential than TD [ lO,ll] . The pattern of malformations 
and the sensitive phase during pregnancy for the teratological action of EM 12 
are reported to be equivalent to the corresponding effects of TD in the rabbit and 
in the marmoset monkey, which is a “TD-sensitive species”. In the rat, a “TD- 
resistant species”, EM 12 also causes malformations, although the type is differ- 
ent from that caused by TD in the rabbit [ 121. For EM 16 no teratogenic effects 
could be detected in different species. 

Several paper or thin-layer chromatographic methods [ 6-91, but only one high- 
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performance liquid chromatographic (HPLC) method, [ 131 have been described 
for the determination of TD and its metabolites in biological samples. As we 
needed a rapid, sensitive and more simple method for our investigations of the 
action of EM 12 and EM 16, we developed the method described in this paper. 

EXPERIMENTAL 

Materials 
Z- (2,6-Dioxopiperidine-3-yl)phthalimidine (EM 12) (non-labelled and 14C la- 

belled, specific activity: 90 MBq/mg; chemical purity: > 98% ),2- (2,6-dioxopiper- 
idine-4yl)phthalimidine (EM 16), N-phthalimidino-glutaric acid l-amide (EM 
27), 3- (2,3-dihydro-l,l-dioxido-3-oxo-1,2-benzisothiazol-2-yl)-2,6-dioxopiperi- 
dine (EM 8), N-phthalimidino-glutaric acid (EM 138) 2- (2,3-dihydro-l,l-diox- 
ido-3-oxo-1,2-benzisothiazol-2-yl)-glutaric acid l-amide (EM 270) and (N- 
phthalimidino-glutaric acid-5-amide (EM 356) were kindly obtained from Dr. E. 
Frankus (Chemie Griinenthal, Aachen, F.R.G. ). Methanol (LiChrosolv) and 
other organic solvents (all from Merck, Darmstadt, F.R.G.) were used as re- 
ceived. /?-Glucuronidase was from Boehringer-Mannheim (F.R.G. ) . Biological 
samples were drawn from Sprague-Dawley rats or Marmoset monkeys. 

Sample preparation 
Blood plasma. To 100 ,ul of plasma sample, 300 ~1 of hydrochloric acid-potas- 

sium chloride buffer (pH 1.6,0.2 M hydrochloric acid and 0.2 M potassium chlo- 
ride) including lo-20 ~1 internal standard [for EM 12, EM 8 in dimethyl sulph- 
oxide (DMSO) (1 mg/ml); for EM 16, EM 270 in DMSO (1 mg/ml) ] were added. 
The solution was saturated with solid sodium chloride and extracted three times 
with 500 ~1 of ethyl acetate. The extract was evaporated to dryness in a gentle 
stream of nitrogen and resuspended in DMSO. 

Urine. Urine samples (100-500 ~1, dependent on availability) were stabilized 
by adding twice the volume of a hydrochloric acid-potassium chloride buffer (pH 
2.0; 21.2 ml of 0.2 M hydrochloric acid, 100 ml of 0.2 M potassium chloride, 278.8 
ml water), including lo-20 ~1 of internal standard (as for plasma). The resulting 
solution was preprocessed using Sep-Pak C,, cartridges (Waters, Kijnigstein, 
F.R.G. ). Cartridges were preconditioned with 2 ml of methanol, followed by 5 ml 
of water. The sample was loaded to the cartridge and washed by adding 2 ml 
hydrochloric acid-potassium chloride pH 2.0 buffer, followed by 3 ml of buffer- 
methanol (8.5:1.5 ). The sample was eluted with 2 ml of methanol-water (7:3 for 
EM 16; 6:4 for EM 12) pH 7.0. An aliquot of the eluate was injected directly onto 
the columns. 

Calibration curves for the determination of the substances from biological sam- 
ples were set up by chromatographic analysis of certain concentrations of the 
single compounds. 

Sample preparation for the detemination of EM 12, EM 16 and their metabo- 
lites from in vitro experiments was straightforward. If necessary, samples were 
deproteinized and stabilized by adding 4 volumes of ethanol-O.5 M phosphoric 
acid (4:1, v:v). Proteins were eliminated by centrifugation. The pH of the super- 
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natant was ca. 4.5. No further hydrolysis of relevant compounds couldbe detected 
up to 2 months when the samples were stored at - 20’ C. The supernatant was 
directly injected onto the analytical columns. Calibration curves for non-labelled 
compounds were set up by spiking the “stop-mix” with certain concentrations of 
the single compounds. 

HPLC analysis 
Two analytical columns (125 x 4.6 mm I.D., Knauer, F.R.G.) were coupled di- 

rectly in the following order: 7 ym Nucleosyl-Phenyl (Macherey Nagel, F.R.G. ) 
followed by 5 pm ODS-Hypersil (Shandon, U.K. ). A Model 64.00 HPLC pump 
(Knauer), a Rheodyne 7125 injection valve fitted with a 20-~1 loop, a Model 
SPD-2A spectrophotometric detector (Shimadzu, Japan) operated at 229 nm 
(for EM 12) or at 240 nm (for EM 16)) a y&recorder (JJ Instruments, U.K. ) and 
an integrator (Shimadzu C-R3A) were used throughout the experiments. The 
eluent was methanol-50 mM phosphoric acid (21:79, v/v). The flow-rate was 
fixed at 1.1 ml/min. Analyses were carried out at room temperature. 

Experiments using 14C-labelled EM 12 were analysed by in-flow detection at 
229 nm and scintillation counting after sampling. During a 30 min analyt’ical run 
59 samples were drawn using a fraction-collector (SuperRac, LKB, Sweden). 
Vial No. 60 contained an identical volume of the sample analysed for recovery 
studies. Vials were counted in a liquid scintillation counter (Model 1217 Rack- 
beta, LKB) for 10 min each after addition of 16 ml of scintillation cocktail (Un- 
isolve 100, Zinsser, F.R.G. ). 

RESULTS AND DISCUSSION 

Preparation of samples from biological fluids was necessary. Two sample prep- 
aration methods have been developed. Solid-phase extraction of urine samples 
with Sep-Pak C,, cartridges gave best results with respect to recovery and re- 
producibility for EM 12, EM 16 and metabolites (Tables I and II). This method 
is not recommended for the preparation of plasma samples, for which the extrac- 

TABLE I 

RECOVERY AND REPRODUCIBILITY OF EM 16 EXTRACTION FROM URINE SAMPLES 

See text for details. 

Compound Recovery n 
(meankS.D.) 
(So) 

Monocarboxylic acid 82.5 i 9.4 
EM 16 77.3i5.8 
Dicarboxylic acid Not detected 
Mean 79.9 5 7 6 

EM 270 (mt. standard) 91.3 58.7 

12 
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TABLE II 

RECOVERY AND REPRODUCIBILITY OF EM 12 EXTRACTION FROM URINE SAMPLES 

See text for details. 

Compound Recovery (mean f S.D. ) n 
(%I 

EM 27 61.5 k4.1 4 
EM 356 65.1+ 4.3 4 
EM 12 66.5 + 2.7 4 
EM 138 66.8 * 5.9 4 
Mean 66.1? 4.3 4 

EM 8 (ink standard) 67.1 k3.9 4 
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Fig. 2. Dependence of k’ values of EM 12 and its metabolites on the concentration of organic modifier 
(methanol) in the HPLC eluent. Curves: l=EM 27; 2=EM 356; 3=EM 12; 4=EM 138. 

tion of EM 12, EM 16 and metabolites from a saturated sodium chloride solution 
by ethyl acetate gave recoveries similar to those for the solid phase extraction. 

Samples from in vivo experiments with 14C-labelled EM 12, as well as from 
enzymic reactions in in vitro experiments using EM 12 and EM 16, were depro- 
teinized, and the pH was adjusted to less than 6, to prevent further alkaline hy- 
drolysis of the compounds of interest. The use of deproteinizing reagents or mix- 
tures other than ethanol-phosphoric acid can lead to unidentified reaction 
products (“artificial metabolites" ). No further preparation of these samples was 
necessary. 

Treatment of urine samples from rats and marmosets with p-glucuronidase (60 
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TABLE III 

RETENTION TIMES AND CAPACITY FACTORS (k’ ) OF EM 1‘2, EM 16, THE MAIN ME- 
TABOLITES AND THE INTERNAL STANDARDS 

Given are the mean values at a methanol concentration in the eluent of 21% and a flow-rate of 1.1 
ml/min at room temperature. 

Compound Retention time (min) k’ 

EM 27 7.2 
EM 356 9.1 
EM 12 11.1 
EM 138 12.8 
EM 8 (int. standard) 14.8 

Monocarboxyhc acid 8.3 
EM 16 12.7 
Dicarboxylic acid 15.0 
EM 270 (int. standard) 10.9 

4.5 
6.0 
7.5 
8.8 

10.3 

5.4 
8.8 

10.2 
7.4 

0 00 

000 500 1000 1500 2000 2500 3000 3500 40004500 5000 5500 6000 

Fraction no 

Fig. 3. 



423 

b 

I- 

Fig. 3. Chromatograms of a urine sample drawn from a female marmoset 3 h after application of 40 
mg of (A) “‘C-1abelled or (B and C) unlabelled EM 12 per kg. (A) A 20-,nl volume of the sample was 
Injected directly onto the columns and analysed as described in Experimental, with UV detection at 
229 nm. The lower part of the diagram shows detection by scintillation counting as described in 
Experimental. (B) A 10-p volume of sample was injected without preparation directly onto the 
columns and analysed as described m Experimental, with UV detection at 229 nm. (C) A ZOO-p1 
volume of sample was prepared and 10 yl of the resulting extract were injected onto the columns and 
analysed as described in Experimental, with UV detection at 229 nm. 

min at 37’ C) before pH adjustment did not lead to any changes in the metabolic 
patterns or the relative amounts of the metabolites compared with samples in 
which the pH was adjusted directly. This indicates the absence of glucuronidized 
metabolic products of EM 12 in these species. 

The analytical method presented offers a simple and fast tool for the qualita- 
tive and quantitative detection of EM 12 and EM 16 and their metabolites in a 
single run. Optimal results with respect to separation, analysis time and long- 
term stability of the stationary phases were obtained with the combination of the 
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Fig. 4. (A) Chromatogram of 30 ~1 of blank plasma from a marmoset. The animal was not treated in 
any way, but the sample was prepared and analysed as described in Experimental, with UV detection 
at 240 nm. (B) Chromatogram of EM 12 and its metabolites from plasma of a marmoset. The sample 
(100 @) was drawn 3 h after application of 20 mg of EM 12 per kg and prepared and analysed as 
described in Experimental, with UV dehction at 240 nm. 

two stationary phases described. The use of other stationary reversed phases gave 
no satisfactory results. The best eluent was methanol-50 mkf phosphoric acid 
(21:79). The methanol content can be varied over a small range to shorten the 
analytical runs without significant loss of separation capability (Fig. 2 ). The 
relevant chromatographic data of the method are listed in Table III. Detection 
limits for individual compounds are in the range l-2 pg/ml (signal-to-noise ratio 
3: 1) . The method gives a linear response in the concentration range 2-100 yg/ 
ml. 

Maximum sensitivity is achieved at a detection wavelength of 229 nm. For 
rejection of undesired UV absorption in samples containing EM 16 and metabo- 
lites, the wavelength for UV detection can be set to 240 nm without significant 
loss of sensitivity. 

With 14C-labelled EM 12 we achieved a recovery rate of 98.8%. [injected, 
11225? 151.1 dpm; recovered, 11091 k 220.1 dpm (n=6)] for the HPLC method. 

Figs. 3 and 4 show a set of typical chromatograms from experiments using EM 
12. 
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The method has been applied to pharmacokinetic studies and the in vivo and 
in vitro metabolism of EM 12 [ 141 and EM 16 in female rats and marmosets. 
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