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SUMMARY 

An enantioselectlve gas chromatographic assay utilising electron-capture detection has been de- 
veloped for the simultaneous quantitation of enantiomers of fenfluramine and norfenfluramine in 
plasma. The assay involves the conversion of the enantiomers of both fenfluramine and norfenflur- 
amine into their corresponding diastereomeric amide derivatives by an acylation reaction with n- 
heptafluorobutyryl-S-prolyl chloride under Schotten-Baumann conditions prior to gas chromato- 
graphic separation on an achiral polar OV-225 capillary column. Linear and reproducible standard 
curves were obtained over the concentration ranges 4.30-86 3 ng/ml per enantiomer and 1.25-42.25 
ng/ml per enantiomer for the enantiomers of fenfluramine and norfenfluramme, respectively. The 
method was applied to a single-dose pharmacokinetic study in a healthy adult subject. Stereoselective 
differences were observed m the plasma concentration versus time profiles of the enantiomers of both 
fenfluramine and norfenfluramine. The area under the plasma concentration versus time curve values 
obtained for the I-isomers of fenfluramine or norfenfluramine were higher than the values of then 
corresponding d-antipodes. 

INTRODUCTION 

Fenfluramine, N-ethyl-a-methyl-m- (trifluoromethyl)phenethylamine hydro- 
chloride, is marketed as a racemic mixture of d- plus I-isomers which is widely 
used as an appetite suppressant in the treatment of obesity. Fenfluramine is 
structurally related to the amphetamines although it has little or no central ner- 
vous system stimulant properties [ 11. Fenfluramine undergoes N-deethylation 
to form norfenfluramine which is also pharmacologically active. A major inactive 
biotransformation product, m-trifluoromethylphenyl l-propane-1,2-diol glucu- 
ronic acid conjugate [ 21 has also been reported. Experiments in animals have 
shown that at low doses fenfluramine releases serotonin from serotonergic neu- 
rons and prevents its reuptake, so that on chronic treatment it depletes brain 
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serotonin [ 3-71. Recently, flenfluramine has been investigated for its potential 
use in the treatment of children with autism [8-111 and adults with schizophre- 
nia [ 12,131 since sub-populations of autistic children and schizophrenic adults 
are associated with high blood levels of serotonin. 

Fenfluramine has been shown to undergo stereoselective disposition in rats 
[ 141 with higher levels of d-fenfluramine and Z-norfenfluramine compared to their 
corresponding antipodes in plasma, red blood cells and brain. In humans, follow- 
ing single doses of racemic fenfluramine, there were no significant differences 
between the plasma levels of the enantiomers of fenfluramine or norfenfluramine 
although after repeated administration of racemic fenfluramine, the levels of Z- 
fenfluramine and Z-norfenfluramine were significantly higher than those of their 
corresponding d-isomers [ 151. 

The quantitation of fenfluramine and norfenfluramine isomers in the biologi- 
cal samples obtained in rats [ 141 or humans [ 151 were carried out by a stereo- 
selective analytical method utilizing gas chromatography (GC) with electron- 
capture detection (ECD ) [ 161. Although fenfluramine and norfenfluramine iso- 
mers showed good resolution on an OV-225 column [ 161, the optimisation of the 
stereoselective methodology was not clearly stated nor was the lower sensitivity 
limit of the quantitative assay reported. Enantioselective analytical methods need 
to be optimised in order to demonstrate that the derivatization reaction is com- 
plete and that the reaction rates of the two enantiomers are constant. For ex- 
ample, a correction factor had to be applied for the assay of propranolol 
enantiomers since the chiral derivatizing agent trifluoroacetyl-S-prolyl chloride 
was not enantiomerically pure [ 171. 

In this paper a new sensitive, reliable and completely optimised enantioselec- 
tive GC-ECD procedure for the quantitation of fenfluramine and norfenflura- 
mine isomers in plasma is reported. The application of the method to a single- 
dose pharmacokinetic study in a human adult following an oral dose of racemic 
fenfluramine is also described. 

EXPERIMENTAL 

Materials 
Pure reference standards of isomers of fenfluramine, racemic fenfluramine and 

norfenfluramine (Robins Research Labs., Richmond, VA, U.S.A.) and chlor- 
phentermine hydrochloride (Parke Davis, Scarborough, Canada) were kindly do- 
nated. Heptafluorobutyric anhydride, S-proline, thionyl chloride and l- 
adamantanamine were purchased from Aldrich (Montreal, Canada) and glass- 
distilled-grade acetone, dichloromethane, benzene, n-pentane and amyl acetate 
from BDH (Toronto, Canada). All other chemicals used were of analytical grade. 
Disposable borosilicate culture tubes were used for extractions (16 mm x 125 mm) 
and evaporations (16 mm x 100 mm ). 

Instrumentation 
A Model 5840A gas chromatograph equipped with a 63Ni electron-capture de- 
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tector and a Model 5840A integrator (Hewlett Packard, Edmonton, Canada) and 
a 30 mX0.33 mm I.D. OV-225 capillary column (Terochem Labs., Edmonton, 
Canada) were used. 

Gas chromatographic conditions 
The initial column oven temperature (190’ C) was held for 14 min and there- 

after increased at a rate of 15”C/min to a final temperature of 25O”C, which was 
held for 5 min. The injection port temperature was 28O”C, the detector temper- 
ature 3OO”C, the argon-methane (carrier gas) flow-rate 1 ml/min, the argon- 
methane (make up gas) flow-rate 60 ml/min, the split vent flow-rate 28 ml/min, 
the septum vent flow-rate 2 ml/min and the head pressure on the column 15 p.s.i. 

Preparation of standards and reagents 
Stock solutions of dl-fenfluramine (10 rug/ml), dl-norfenfluramine (10 pg/ml) 

and chlorphentermine (10 pg/ml), prepared weekly by dissolving their hydro- 
chloride salts in double-distilled (deionized) water, were stored at 4°C in the 
dark. Appropriate dilutions were made as required. Sodium hydroxide (0.1 n/r) 
and 0.1 M hydrochloric acid solutions were prepared in double-distilled water 
fresh every week. N-Heptafluorobutyryl-S-prolyl chloride (S-HPC, 0.02 M) was 
prepared according to the reported procedure [ 181. 

Extraction and derivatization 
To a borosilicate culture tube were added 1 ml plasma and 50 ~1 internal stan- 

dard solution containing 41.8 ng of chlorphentermine free base. The sample was 
mixed (Vortex genie, Fisher Scientific, Edmonton, Canada) and 0.5 ml of 0.1 M 
sodium hydroxide was then added. The sample was mixed again and 5 ml of n- 
pentane were added. The tubes were capped and the contents mixed at 1600 rpm 
for 10 min on a rotating-type mixer (Ika, Vibrax VXR, Fisher) and then centri- 
fuged (Model TJ-6 centrifuge, Beckmann Instruments, Palo Alto, CA, U.S.A.) 
at 1720 g for 5 min at 4°C. The upper organic phase was transferred by Pasteur 
pipette to a borosilicate tube containing 1 ml of 0.1 M hydrochloric acid. The 
sample tube was capped, the contents were mixed (1600 rpm for 10 min) and 
centrifuged (1720 g, 5 min). The organic layer was discarded. To the aqueous 
layer were added 1.2 ml of 0.1 M sodium hydroxide and the contents were mixed 
(5 s). S-HPC (50 ~1) was then added and after mixing (1600 rpm for 10 min) 
the sample was allowed to stand for 45 min at room temperature, after which 5 
ml of n-pentane were added and the contents mixed (1600 rpm for 10 min) and 
centrifuged (1720 g for 5 min). The organic layer was transferred into another 
tube and the solvent was evaporated at 65°C. The residue was dissolved in 20-30 
~1 of amyl acetate and suitable aliquots (l-2 ~1) were injected into GC-ECD 
system. 

Effect of the amount of S-HPC on reactivity 
dl-Fenfluramine (250 ng/ml per enantiomer ) or dl-norfenfluramine (200 ng/ 

ml per enantiomer) was allowed to react with various volumes of 0.02 M S-HPC 
(20,30,40,50 and 60 ~1) as described earlier. Z-Adamantanamine hydrochloride, 
previously derivatized with S-HPC (500 ng/ml) in amyl acetate, was added to 
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the residue as an external standard and the samples were analysed by GC-ECD 
thereafter. Each set of reaction conditions was studied in duplicate. 

Effect of reaction time on the formation of the diastereomers 
dE-Fenfluramine (250 ng/ml per enantiomer ) or dl-norfenfluramine (200 ng/ 

ml per enantiomer) was each reacted in duplicate with 50 ~1 of 0.02 M S-HPC. 
The reaction was stopped at various times (10,20,30,45 and 60 min) by extrac- 
tion of diastereomers with n-pentane. I-Adamantanamine, previously derivatized 
with S-HPC (500 ng/ml) in amyl acetate, was added to the residue as an external 
standard, after which the samples were analyzed by GC-ECD. 

Effect of the amount of S-HPC and the reaction time on the enantiomeric ratios of 
fenfluramine and norfenfluramine isomers 

The enantiomeric ratios (l/d) for the isomers of fenfluramine and norfenflur- 
amine were calculated for the various volumes (20-60 ~1) of S-HPC added. Sim- 
ilar calculations were made for the various times (lo-60 min) when the reaction 
was stopped. 

Stability of diastereomeric S-HPC derivatives of dl-fenfluramine and dl- 
norfenfluramine 

Duplicate samples of dl-fenfluramine (21.6-86.3 ng/ml free base per enan- 
tiomer ) and chlorphentermine hydrochloride (50 ~1) or dl-norfenfluramine 
(21.13-84.5 ng/ml free base per enantiomer) and chlorphentermine hydrochlo- 
ride (50 ~1) were each allowed to react with 50 ~1 of 0.02 M S-HPC for 45 min as 
described above. The residues obtained after evaporation were stored for various 
lengths of time (one, four, five and eight days), after which they were analyzed 
by GC-ECD. 

Standard curves for tsomers of fenfluramine and norfenfluramine 
A series of plasma samples from healthy volunteers were spiked with both dl- 

fenfluramine (86.3-4.3 ng/ml free base per enantiomer) and dl-norfenfluramine 
(42.25-1.25 ng/ml free base per enantiomer). Internal standard (50 ~1 chlor- 
phentermine hydrochloride stock solution) was added. Separate standard curves 
for the enantiomers of fenfluramine and norfenfluramine were constructed after 
chromatographing the spiked plasma standards and plotting the peak-height ra- 
tio of each enantiomer to that of the internal standard against the concentration 
of each enantiomer. 

Intra- and Inter-assay varzation 
Intra-assay variability in the analysis of the enantiomers of fenfluramine and 

norfenfluramine was determined by analysing a series of plasma samples (repli- 
cates) spiked with fenfluramine (10.3-86.3 ng/ml free base per enantiomer) and 
norfenfluramine (4.25-42.25 ng/ml free base per enantiomer ) within a day. In- 
ter-assay variability was determined similarly except that samples were analysed 
on four separate days. 
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Human study 
A healthy male volunteer weighing 67.5 kg, after an overnight fast, was given 

orally 60 mg fenfluramine hydrochloride (three 20-mg tablets, Pondimin@ ). A 
predose blood sample (15 ml) was obtained immediately before ingestion of the 
drug. Further blood samples ( 15 ml each) were drawn into heparinized evacuated 
tubes (Vacutainers) at 0.5,1.0,1.5,2.0,3.0,5.0,6.5,8.0,12.0,24.0,32.0,48.0,72.0, 
96.0 and 168.0 h. Care was taken to avoid contact of the blood with the rubber 
stoppers of the Vacutainers during collection of venous blood. The blood samples 
were immediately centrifuged and the plasma separated and stored at -20°C 
until analysis. 

Pharmacokinetic calculations 
Areas under the plasma concentration versus time curves (AUC;) were cal- 

culated by linear trapezoidal rule. Areas to infinity (AUCF ) were obtained by 
adding to AUC& the quotient of the last plasma concentration measured and the 
terminal slope value [ 191. Plasma elimination half-life values ( tl,z) for the en- 
antiomers were estimated from the terminal slope of the plasma concentration- 
time curves. Apparent oral clearance values (Cl, ) for the isomers were calculated 
according to standard procedure [ 191. 

RESULTS AND DISCUSSION 

There are two requirements which must be satisfied in the development of an 
enantioselective analytical method on the formation of diastereomeric deriva- 
tives. Firstly, the chiral reagent used should be of high enantiomeric purity and 
secondly, there must be no racemisation during the derivatisation reaction or 
during chromatography. In the present study S-HPC was used as the chiral de- 
rivatizing agent since it met with the above criteria and had been successfully 
used in the development of enantioselective assays for dl-threo-methylphenidate 
[ 20,211. Thus enantiomers of fenfluramine and norfenfluramine were converted 
into their respective diastereomeric derivatives by reaction with S-HPC under 
Schotten-Baumann conditions. The Schotten-Baumann reaction was carried out 
in an aqueous alkaline medium, which had the advantage that excess of the acy- 
lating reagent was destroyed and thus did not interfere with the chromatography. 

Fig. 1 shows the chromatograms of the S-HPC-derivatized isomers of fenflur- 
amine and norfenfluramine and internal standard. It can be noted from this fig- 
ure that all the peaks were well separated and there were no interfering peaks 
from endogenous plasma constituents. The assignments of I-norfenfluramine and 
d-norfenfluramine peaks were tentatively based on the previous report of the 
resolution of pure reference standards on an OV-225 column [ 161. 

In the present study, the S-HPC-derivatized fenfluramine or norfenfluramine 
isomers showed excellent separation when injections of each diastereomeric pair 
were made on a column packed with a polar OV-225 stationary phase (cyanopro- 
pylmethyl-phenylmethyl silicone). However, when S-HPC-derivatized dl-fen- 
fluramine and dl-norfenfluramine were injected together, the peak corresponding 
to the d-enantiomer of norfenfluramine overlapped with that of the I-enantiomer 
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Fig 1. GC-ECD of S-HPC-derivatised extracts of (A) blank plasma; (B) spiked plasma standard 
containing 42.25 ng/ml norfenfluramine per enantiomer and 43.15 ng/ml fenfluramme per enan- 
tiomer; (C) 3.0-h plasma from a healthy adult volunteer dosed with 60 mg fenfluramine hydrochlo- 
ride. Peaks (S-HPC derivatives): 1~ l-norfenfluramine; 2 =d-norfenfluramine; 3 = l-fenfluramine; 
4 = d-fenfluramine; 5 =chlorphentermine (internal standard). 

of fenfluramine with the column oven set at 230°C or above. Good baseline sep- 
aration of the latter two peaks was obtained when the column oven temperature 
was decreased to 190” C (Fig. 1) . Thus initial column oven temperature was held 
at 190°C until the diastereomeric derivatives of d- and I-norfenfluramine and d- 
and I-fenfluramine were separated and thereafter the temperature was increased 
at 15”C/min to 250°C and then held at this temperature for 5 min. The higher 
temperature facilitated the faster elution of the internal standard and also re- 
moved any high-boiling impurities. 

During the development of the enantioselective methodology, care was taken 
to optimise firstly the amount of S-HPC reagent to be added and secondly the 
reaction time for the conversion of the isomers to their corresponding diastereo- 
mers. The possibility of racemization associated with either synthesis of the chiral 
reagents and/or the formation of diastereomers has been well documented [ 22- 
251. In the present work S-HPC was synthesized with care according to the re- 
ported procedure [18]. Fig. 2 shows the effect of the amount of S-HPC on the 
acylation reaction in which the diastereomeric derivatives of fenfluramine and 
norfenfluramine enantiomers were formed. Thus 50 ,~l of S-HPC were found to 
be adequate for the acylation of both the isomers of fenfluramine and norfenflur- 
amine. Fig. 3 shows the effect of reaction time on the acylation reaction. It re- 
quired only 10 min for the completion of the acylation reaction and there were 
no changes in the amounts of diastereomers of either fenfluramine or norfenflur- 
amine formed beyond 10 min. Neither the amount of S-HPC nor the reaction 
time had any effect on the enantiomeric ratios (Z/d) of the diastereomeric deriv- 
atives of fenfluramine and norfenfluramine. The enantiomeric ratios for both dl- 
fenfluramine and dl-norfenfluramine remained constant suggesting that the re- 
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Fig. 2. Effect of the amount of S-HPC on the formation of the diastereomeric amide derivatives of 
the enantiomers of fenfluramine (F) and norfenfluramine (NF), 

Fig. 3. Effect of the reaction time on the formation of S-HPC derivatives of dl-fenfluramine (F) and 
dl-norfenfluramine (NF). 

TABLE I 

STABILITY OF n-HEPTAFLUOROBUTYRYL-S-PROLYL-dl-FENFLURAMINE AS A FUNC- 
TION OF STORAGE TIME AT ROOM TEMPERATURE 

Spiked n Actual concentration after analysis (mean f S.D.) (ng/ml per enantiomer) 
concentration 
(ng/ml per One day Four days Five days Eight days 
enantiomer) 

1 d 1 d 1 d 1 d 

36.30 3 87.7 85.03 84 87 86.33 84.77 86.83 88.62 87.61 

f 5.33 ?I 5.79 f 9.06 k 7.31 !I 1.74 k 1.08 k6.32 Ii 3.99 

48 15 3 43.5 42.16 4136 40.62 39.65 40.49 44.91 43.64 

f 1.18 + 0.93 f 1.59 k 1.04 k 3.18 k 4.60 k 1.08 f 1.39 

2160 3 22.1 21.41 21.47 22.36 22.57 24.03 24.86 22.00 

kO.71 + 0.75 k2.16 + 1.94 If-025 io.99 kO.61 -t 0.30 

actions were complete and that kinetic resolution was not a problem. Tables I 
and II show the stability of the derivatives of the isomers of fenfluramine and 
norfenfluramine as a function of storage time. The S-HPC derivatives of both 
isomers of fenfluramine and norfenfluramine were found to be stable for at least 
eight days at room temperature. 

The assay based on the measurement of peak-height ratios of the analyte and 
internal standard versus concentration was linear (r2 ~0.99) in the concentra- 
tion range 4.3-86.3 ng/ml for each enantiomer fo fenfluramine and 1.25-42.25 
ng/ml for each enantiomer of norfenfluramine (Tables III and IV ). A mean slope 
value of 0.005 was obtained in case of each fenfluramine isomer, whereas the 
corresponding values obtained for the isomers of norfenfluramine were 0.0547 (1- 
norfenfluramine) and 0.0531 (d-norfenfluramine). The lower limit of detection 
of the analysis was found to be 0.5 and 2.0 ng/ml for the enantiomers of norfen- 
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TABLE II 

STABILITY OF n-HEPTAFLUOROBUTYRYL-S-PROLYL-dl-NORFENFLURAMINE AS A 
FUNCTION OF STORAGE TIME AT ROOM TEMPERATURE 

Spiked n Actual concentration after analysis (mean 2 SD.) (ng/ml per enantiomer) 
concentration 
(ng/ml per One day Four days Five days Eight days 
enantiomer) 

1 d 1 d 1 d 1 d 

84.50 3 86.16 85.62 86.71 84.13 84.30 86.54 83.55 86.87 
* 3.57 ? 6.01 f 7.29 *5 13 +431 i2.36 Il.48 + 1.89 

42.25 3 42.82 41.94 38 80 39.27 39.47 42.36 43.28 43.22 
f 0.94 + 1.06 f 0.92 f237 ?263 + 1.30 kO.69 f 2.93 

21.13 3 21.68 21.87 24.04 22.63 22.43 22.63 20.14 21.83 
? 2.60 f 1.03 + 0.80 f 0.44 + 0.42 +0.71 t-O.83 f 0.90 

TABLE III 

STANDARD CALIBRATION CURVE DATA FOR FENFLURAMINE ENANTIOMERS 

Concentration 

(ng/mI) 

86.30 
43.15 
17.20 
8.60 
4.30 

Peak-height ratios derivatized fenfluramine 
enantiomer/internal standard (mean + SD.) 

d-Fenfluramine l-Fenfluramine 

0.4402 ? 0.011 0.4643 ? 0.026 
0.1770+0 012 0.1845 * 0.010 
0.0779 f 0.006 0.0793 * 0.007 
0.0428 & 0.005 0.0443 + 0.005 
0.0215 t 0.002 0.0211 &O 002 

r2 0.99 0.99 
Intercept - 0.009 -0.011 
Slope 0 005 0.005 

fluramine and fenfluramine, respectively. Studies on inter-assay and intra-assay 
variation were carried out to show that quantitation of dl-fenfluramine and dl- 
norfenfluramine were reproducible and accurate (Tables V and VI), A mean coef- 
ficient of variation of less than 10% for each derivatised enantiomer demon- 
strated that the assay had good reproducibility, The accuracy studies demonstrated 
that the concentration values obtained after analysis were within 20% of the 
theoretical values. 

The new enantioselective analytical method was applied to the quantitation of 
fenfluramine and norfenfluramine isomers in biological samples. Fig. 4 shows the 
plasma concentration-time curve of the enantiomers of fenfluramine and nor- 
fenfluramine in an adult following a 60-mg oral dose of racemic fenfluramine. 
Table VII shows simple pharmacokinetic parameters calculated from the plasma 
concentration-time profile. The times to peak concentration (t,,,) for the iso- 
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TABLE IV 

STANDARD CALIBRATION CURVE DATA FOR NORFENFLURAMINE ENANTIOMERS 

Concentration 
(ng/ml) 

n Peak-height ratios derivatized norfenfluramine 
enantiomer/internal standard (mean + SD.) 

l-Norfenfluramine d-Norfenfluramine 

42.25 3 2.3650 + 0.191 2.297 T!T 0.094 
21 13 3 1.1400 + 0.023 1.192 * 0.034 

8.50 3 0.571 i 0.005 0.586 ? 0.027 
4 25 3 0.274 -t 0.007 0.281 f 0.006 
1.25 3 0.0795 f 0.002 0.089 + 0.003 

t-1 
Intercept 
Slope 

0.99 
0.0395 
0.0547 

0.99 
0.0380 
0.531 

TABLE V 

STATISTICAL EVALUATION OF THE ACCURACY AND REPRODUCIBILITY OF THE AS- 
SAY FOR FENFLURAMINE ENANTIOMERS IN PLASMA 

No. Concentration of each n Concentration of each 
enantiomer enantiomer after analysis 
(ng/mI) (mean?S.D.) (ng/ml) 

1 d 

Intra-assay variability 
1 86.30 5 85 62 + 3.55 83.16 f 3.37 
2 43.15 5 44.18? 1.64 43.16 ? 0 84 
3 21.60 4 2186? 1.10 20.90 & 0.72 
4 10.83 4 9.93 f 0.94 9.73 i 0.94 
Overall coefficient of variation (% ) 5 59 4.78 

Inter-assay varrabhty 
1 86.30 5 84.04 + 3.04 86.01 i 1.90 
2 43.15 5 43.96 + 2 89 45.22i2.11 
3 21.60 5 21.96 + 1.65 22.10 i0.85 
4 10.83 5 9.09 & 1.02 9.40 -t 0.95 
Overall coefficient of variation ( % ) 7 22 5.21 

mers of fenfluramine were 8.0 h whereas the corresponding values for the enan- 
tiomers of norfenfluramine were 32.0 h. The peak plasma concentration values 
(C,,,) were higher for fenfluramme isomers than the corresponding norfenflur- 
amine isomers. AUC!; values were calculated up to 96.0 h for the fenfluramine 
enantiomers and up to 168.0 h for norfenfluramine enantiomers. The apparent 
CL, values calculated for l-isomers of both fenfluramine and norfenfluramine for 
the one subject studied were smaller than the corresponding values for d-isomers. 
The tIj2 value for I-fenfluramine (28.87 h) was observed to be longer than the 
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TABLE VI 

STATISTICAL EVALUATION OF THE ACCURACY AND REPRODUCIBILITY OF THE AS- 
SAY FOR NORFENFLURAMINE ENANTIOMERS IN PLASMA 

No. Concentration of each n Concentration of each 
enantiomer enantiomer after analysis 

(ng/mI) (mean+S.D.) (ng/ml) 

1 d 

Intra-assay variabiality 
1 
2 
3 
4 
Overall coefficient of variation (% ) 

Inter-assay varmbaility 
1 
2 
3 
4 
Overall coefficient of variation (% ) 

42.25 
21.13 

8.50 
4.25 

42.25 
21.13 
8.50 
4.25 

42.612 2.15 42 01 ? 2.00 
20.86 f 0.99 20.81? 1.47 
7.83 f 0.34 7.53 + 0.26 
5.07 + 0.20 5.11 f0.18 
4.87 4.70 

42.91? 0.27 42.16 + 0.49 
20.90 f 0.81 20.19 f 0.73 
8.07 ? 0.41 7.83 + 0.42 
5.01 kO.18 5.06 ? 0.27 
3.32 3.86 

TABLE VII 

SIMPLE PHARMACOKINETIC PARAMETERS OF ENANTIOMERS OF FENFLURAMINE 
AND NORFENFLURAMINE IN AN ADULT (67.5 kg) DOSED WITH 60 mg RACEMIC FEN- 
FLURAMINE HYDROCHLORIDE 

Compound t max c 
(h) max 

AUC; AUCF t l/2 CL2 
(rig/ml) (ng/mI/h 1 (ng/mI/h) (h) (I/kg/h) 

l-Fenfluramme 8.0 30.91 876.68 973.32 28.87 0.91 
d-Fenfluramine 8.0 25.45 746.56 772.18 17.24 1.15 
I-Norfenfluramme 32.0 13.18 1010.22 1113.41 43.86 0.80 
d-Norfenfluramine 32.0 14.58 9 45.12 950.04 19.8 0.94 

corresponding value for d-fenfluramine (17.24 h) in this one subject although 
Caccia et al. [ 151 calculated similar tlla values for l-fenfluramine (24.3 5 1.8 h) 
and d-fenfluramine (24 t8 h) isomers. However, it should be recognized that 
calculations of half-life in the earlier study was based on the measurement of 
plasma concentration over 48.0 h, whereas, in our study the concentrations of d- 
fenfluramine and I-fenfluramine were determined up to 96.0 h. The l-enantiomer 
of fenfluramine in this subject appeared to be eliminated more slowly than its d- 
antipode, which is also reflected in the Cl, values (0.91 l/kg/h for E-fenfluramine 
and 1.15 l/kg/h for d-fenfluramine). The AUCF calculated for Z-fenfluramine 
was 1.26 times greater than the corresponding value for d-fenfluramine indicating 
a mild enantioselectivity in the disposition of fenfluramine isomers which was 
supported by the fact that plasma levels of Z-fenfluramine were significantly higher 



116 

than those of d-fenfluramine in a paired t-test (t=4.4, 13 degrees of freedom, 
pc 0.01). Similarly, the tllz value for Z-norfenfluramine (43.86 h) was longer than 
that of d-norfenfluramine (19.8 h) based on the measurement of plasma concen- 
trations up to 168.0 h. Thus I-norfenfluramine like I-fenfluramine appears to be 
eliminated more slowly, as further indicated by a lower CL, value of 0.80 l/kg/h 
as compared to 0.94 l/kg/h calculated for d-norfenfluramine. Moreover, the 
plasma levels of Z-norfenfluramine were significantly greater than those of d- 
norfenfluramine in a paired t-test ( t = 1.89,13 degrees of freedom, p -c 0.05) such 
that AUCF calculated for Z-norfenfluramine was 1.17 times greater than the cor- 
responding value for the d-isomer. 

In an earlier study [ 151, after single oral doses of racemic fenfluramine to hu- 
man subjects, l-fenfluramine and d-fenfluramine were found to have similar t,,,, 
tl12 and AUCF values such that there were no significant differences in the plasma 
levels of the enantiomers, whereas after repeated oral doses to the same subjects, 
Z-fenfluramine was demonstrated to have higher plasma levels, longer half-lives 
and larger AUCF values than those of the corresponding d-enantiomer. The ob- 
servation of a longer tljz value of I-fenfluramine as opposed to d-fenfluramine in 
the late elimination phases, in the subject from the present study, provides a hint 
for the greater accumulation of Z-isomer after chronic doses of racemic 
fenfluramine. 

In conclusion, a new sensitive and specific enantioselective analytical method 
for the quantitation of both fenfluramine and norfenfluramine enantiomers in 
plasma has been developed. The method has been applied to a pilot pharmaco- 
kinetic study in a healthy adult and has been shown to have adequate sensitivity 
to follow the plasma concentration versus time curves for fenfluramine isomers 
up to 96.0 h and those of norfenfluramine isomers to 168.0 h, following a single 
oral dose. Observation of longer tl,* values for Z-isomers of both fenfluramine and 
norfenfluramine as opposed to the corresponding d-antipodes further adds to the 
significance of the present enantioselective method which is capable of measuring 
low plasma levels of fenfluramine and norfenfluramine enantiomers in their late 
elimination stages. 

ACKNOWLEDGEMENTS 

The authors gratefully acknowledge the Medical Research Council of Canada 
for Program Grant 34 and the University of Saskatchewan for graduate schol- 
arship to N.R. Srinivas. 

REFERENCES 

1 B V. Franko, L.J. Honkomp and J.W. Ward, J. Pharm. Pharmacol., 17 (1965) 222. 
2 K.K. Midha, E.M. Hawes, J.K. Cooper, J.W. Hubbard, K. Bailey and I.J. McGilveray, Xeno- 

brotica, 13 (1983) 31 
3 S. Garattini, E. Borroni, T. Mennini and R. Samanin, in S. Garattini and R. Samanin (Editors), 

Central Mechanisms of Anorectic Drugs, Raven Press, New York, 1978, p 127. 



117 

4 S. Garattuu, S Caccia, T. Mennini, R. Samanin, S. Consolo and H. Ladmsky, Curr. Med. Res. 
Opin., 6 (Suppl. 2) (1979) 15. 

5 T. Mennini, A. De Blasi, E. Borroni, C. Bendotti, F. Borsini, R. Somanin and S Garattini, in 
S. Garattini and R. Samanm (Editors), Anorectic Agents. Mechanisms of Action andTolerance, 
Raven Press, New York, 1981, p. 87. 

6 S Garattini, W. Buczko, A. Jon and R. Samanin, Postgrad. Med. J., 51 (Suppl. 1) (1975) 27. 
7 C. Reuter, Postgrad. Med. J., 51 (Suppl. 1) (1975) 18. 
8 E.R. Ritvo, B.J. Freeman, E. Geller and A. Yuwiler, J. Am. Acad. Child Psychiatry, 22 (1983) 

549. 
9 E.R. Ritvo, B.J. Freeman, A. Yuwiler, E. Geller, P. Schroth, A. Yokota, A. Mason-Borthers, G.J. 

August, W. Klykylo, B. Levinthal, K. Lewis, L. Piggot, G. Realmuto, E.G. Stubbs and R. Uman- 
sky, Psychiatr. Pharmacol. Bull., 22 (1986) 133 

10 M. Campbell, S.I. Deutsch, R. Perry, B.B. Wolsky and M. Palis, Psychiatr. Pharmacol. Bull., 22 
(1986) 141. 

11 M. Donelly, J L. Rapoport and D.R. Ismond, Psychiatr. Pharmacol. Bull., 22 (1986) 152. 
12 S.M. Stahl, S.B. Uhr and P.A. Berger, Biol. Psychiatry, 20 (1985) 329. 
13 T. Kolakowska, H. Gadhri and S. Molyneaux, Int. Clin. Psychopharmacol., 2 (1987) 83. 
14 A. Jori, P. DePonte and S. Caccia, Xenobiotica, 8 (1978) 583. 
15 S. Caccia, M. Ballabio and P. DePonte, Eur. J. Drug Metab. Pharmacokin., 3 (1979) 129. 
16 S. Caccia and A. Jori, J. Chromatogar., 144 (1977) 127. 
17 B. Silber and S. Riegelmann, J. Pharmacol. Exp. Ther., 215 (1980) 643. 
18 H.K. Llm, M. Sardessai, J.W. Hubbard and K K Midha, J. Chromatogr., 328 (1985) 378. 
19 M. Gibaldi and D. Perrier, in J. Swarbick (Editor), Estimation of Area; Pharmacokinetics, 

Marcel Dekker, New York, 1982, p. 445. 
20 H.K. Lim, J.W. Hubbard and K K. Midha, J. Chromatogr., 378 (1986) 109. 
21 N.R Srinivas, D. Quinn, J.W. Hubbard and K.K. Midha, J. Pharmacol. Exp. Ther., 241 (1987) 

300. 
22 G. Manius and R. Tschiyne, J. Chromatogr. Sci., 17 (1979) 322. 
23 C.E. Wells, J. Assoc. Off. Anal. Chem., 53 (1970) 113. 
24 J. Hermansson and C. Von Bahr, J. Chromatogr., 227 (1982) 113. 
25 J.D. Adams, T F Woolf, A.J. Trevor, L.R. Wilhams and N. Castagnoli, Jr., J. Pharm. Sci., 71 

(1982) 658. 


