
The metabolic pathways of nomifensine, a non-tricyclic antidepressant’, 
include hydroxylation of the phenyl ring with the formation of C-hydroxynomi- 
fens&&. This metabolite is active in various pharmacological and biochemical 
tests, suggesting it might contribute to the pharmacological and clinical effects of 
nomifensim?. 

A numbes of am&tical methods have been described for the determination of 
nomi&nsin~. lin this note we describe a gas chromatographic method for 4’-hydroxy- 
nomifensine in plasma and brain. The procedure has been applied to investigate the 
kinetics of 4’-hydroxyncmifensine in rats. 

MATERIALS AND BAE-iEiODS 

4’-Hydroxynomifensine and nomifermsine hydrogemnaleate were obtained 
from Hoe&t (FrankfuA/M, 6.F.R.). Pentatiuoropropionic anhydride was obtained 
from Fluka (Milan, Italy). Other reagents were: formic acid, heptane, chloroform 
(Car10 E&a, Milan) Italy); and benzene (F&anal gradG Hoechst)_ - 

Apparatus 
A Fractovap 2150 gas chromatograph (Carlo E&a) with a =Ni electron 

captnre detector was used_ The column was a glass tube (3 m x 4 mm I.D.) packed 
with Supelcoport (100-120 mesh) with 3% OV-25 as the liquid phase (Pierce, Ro&- 
ford, Ill., USA.). C~lumo tempera- was 2&P, detector temper&se 250” and 
injector wrt temptz-ame 250”. Carrier gas was nitrog.en at a Bow-rate of 50 ml/m& 

For mass spectrometry, a mass speczometer combined with a gas chromato- 
graph (LKB 9(loo) was used under the following conditions: energy of the ionization 
beam, 70 eV; ion source temperature, 250”; accelerating voltage, 3.5 kV; and trap 
curr’en& 100 pA. The gas chromatograph was operated under the same conditions as 
above_ 

Female CD-COBS rafs(Charles River, Coma, Italy), average weight 180 & 10 g, 
weEe%EefL 

Exbract&n fionz #asnr~. To QJ-1.0 ml of hepa&--ted plasma, 50 ~1 of a 



methauoIic solution of nor&f&sine (1 &g/ml) and 0.5 M phosphate btier pH 8.S 
wcrc added to a final voIurne of 2.5 mf, followed by IO ml of benzene_ The samples 
were mechanically shaken, ccntiged and the organic phase we transferred to test- 
tubes containing 1.5 ml of 1 IV formic acid, which were then shaken for 15 miu_ Af&r 
ceatigation, +e organic phase was discarded and the acidic aqueous ph%e pms 
made alkaline (pH 8.8) and reextractcd wi& IO ml of be&ene_ A&r centkifirgation, 
*be~neplrase~ev~~tedto~brylIess, . . 

,5kmzctionfrom 6rain. Brain was homogenized (6 mg) in &Gd ac&z& N 
formic acid (85:15), and centrifuged for 15 min at 4*; the supernatant was shaken 
twice with n-heptan~hioroform (4:1)_ The organic phase was disci&ed and the 
aqueous phase was used for drug extraction as described for plasma 

Derivative formation 
The dry residue was dissolved in OS ml of beazene, 100 ~1 of pentiuoro- 

propionic anhydride were added aud the samples were heated at 60” for I h_ After 
the reaction, t&e sampks were shaken with 1 ml of t M phosphate b&&r pI3 6, 
centrifuged and 1~1 of the benzene phase was inject& into the gas chromatographic 
column_ 

Inrernui stan&rd CZQP~S 

Drug-free plasma and brain samples with known amounts @-IO0 ng) of 4’- 
hydroxynomifensin~ were analyzed concurrently with each set of unknown samples. 
Concentrations of 4’-hydroxynomi&nsine in the unknown sarnpLzs were obtained 
from the ratio of the peak w to the internal standard cures. 

RESULXS AND DISCUSSION 

Fig. 1 presents typic& chromatograms of extracts from (A) homogenized 
brain of rats treated with 4’-hydroxynomif&sine (10 mg/kg, i-p.), from (B) homo- 
genized brain to which 50 ng of the compound and the internal standard were added 
and from (C) drug-free homogenized brain. The extract from untreated brain does 
nor show peaks that could interf&e wit& analysis of 4’-bydroxynomif&nsine. The 
pentafiuoropropionyf derivatives of 4’-hydroxynomif&e and nonrifensine give sym- 
metrical peaks, well separated, with retention times of 3.5 and 4-5 min respeaively. 
Spe%icity of the an&is was confirmed when unknawn brain samples of rats given 
4’-hydroxynom&nsine were aualyzed by combined gas&quid chromatography- 
mass spectrometry (GLC-MS). Tine mass spectrum obtained from analysis of the 
GLC peak (Fig. 2) was identical to that obtained after injection of 4’-hydroxynomi- 
fen&e penta&~oropropionate_ 

Calibrution curves amd sensitivity of the method 
Calibration c-es were constructed by adding known amounts of 4’-hydroxy- 

nomifensine to plasma and Eomogznized brain of untreated rzts and procesGng 
these samples as described above. In these expe rimentai conditions the ratio of the 
peak area of 4’-hydroxyuomifensine pentiuoropropionate to that of the internal 
standard WTIS linear in the range O_Oi-O_2 ng per injection. 0.01 ng per injection (2 ~1) 
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F=_ 1. Gas chromatograms of brain extracts, from rats injested with 4’-hydroxynornifensi (A), from 
brain to which 5-o llg of ~-hydrox)T!omifendn (a) and no&fen&e (b) were added (B) and from 
drug-fm. bonio~& brain Q. 

was the lower detection limit, corresponding to 5 ng per ml of plasma or per g of 
brain tissue. 

Recoveiy 
At pM 8.8. 4’-hydroxynomifensine was well extracted with benzene with a 

recovery of 95 %. Back extraction into a small volume of 1 N formic acid gives a very 
clear blank cbromatogram but d ecreases overall recovery. In the 10-100 ng range the 
mean overall recovery from control plasma was 81.0 f 4.8 % and from control brain 
homogenate 76.0 _C 7.5%. 
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Eli. 2. Maa spectrum of 4’-hydroxynomifkke pentailuoropropionate. 
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To determine the within-assay and betweenassay precision of ffie method, 4’- 
hydroxynoo&nsine (IQ and 100 ng) was added to drug-fkek &isma, which was 
ditided and stored at -20”. Five samples of each concentration were det-ed 
sixnuI~~tiy and ten at diEerez& ties. The results are reported in Table I. 

Wm-Rm AND RUN-TO-RUN PRECISION IN DETERMEN A-I-ION OF PLASMA 
4’-EiYDROXYNOMIiNE (4HN) 

wmlin-ruTI 5 10 83 3.0 
100 81.2 33 

Ruu-w-iun 10 10 8::: 69 
loo is 

Metabolic studies of ffie oral administration of ~14C@om&nsine have shown 
thrrt 4’-hydroxynomiknsine present in man and monkey urine accollnts for ca. 7 % of 
the administered nomifensine; the metabolite could not be identified in urine of other 
animal speck&. Expriments in this Iaboratory after intraperitoneal &ministration of 
nomifknsine (10 and 20 m&c& to rats con&m that the metaboiite is not detectable in 
pksma and brain (<5 ng/mI or g) witbin 8 h of admin.i&ration- 

In order to collect information on the kinetic profile of nomifensine metabolite, 
female rats were treated intraperitoneapiy with 4‘-hydroxynomifensine (10 mg/kg) 
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zrnd plasma sand brain were anaIyzed sps deskbed. Fig. 3 shows tfre curve ofplz~~ 
conce~tr&ion vs. time for the compound, 4’-Hydroxyuomifentie was rapidiy adsorb- 
e& rising m m‘pesik at.5 tin (1.18 f 027 &g/r&)_ PIas= conceFJ&&ians showed a 
bipkie &line there&et, wi& ~LT initial phase lsrsting 90 &I, followed by a second 
slower pk.se with a hz&We of 264 min. Table Ii rep~r& tie concenErzSi~ns of 4‘- 
hydroxynorkfksine in four rat brain areas (stsiatlrm, brainstenr, bip_oocampus, 
telenceph&n). No substantial different were noted in 4’-hydroxynomifensin kinet- 
its. Brain pe& concentrations were reached after 15 min with IeveIs 6Ge times bigber 
-than in plasma. Ha.l!f$ves (T+) and areas under the curves (AUC) were aIs tompar- 
able in all ehe brain areas considered (Table EI)_ 

TABLE II 

LEWIS OF 4’-HYDROXYNOMKFENSINE @g/g & S-D_) IN RAT BRAIN AREAS 
Eafhvdueistkim3nfrom6vera~_ 

z-ii (m&l] Sh7iZW?l Brahtem Hippowp~ Teletrcepfiah 

1 
5 

iii 
60 
90 

120 
240 
4so 

0.16 i 0.04 0.17 f 0.05 
1.08 f 0.34 1.24 & 0.58 
2io f O-47 2.05 f 0.33 
l-53 i 035 1.62 & 0.12 
0.79 f 0.16 0.60 f 0.12 
0.36 + 0.02 0.34 & 0.06 
0.30 c 0.05 0.30 + 0.11 
0.24 f 0.09 0.21 * 0.05 
0.13 & O-03 0.11 -r_ o&z. 

0.16 + 0.06 0.18 f O-05 
0.92 & 0.23 1.17 * 0.14 
2.03 i 0.17 260 + 0.83 
1.66 f O-21 l-94 & 0.32 
0.61 + 0.12 0.62 & 0.16 
0.32 &- 0.07 0.40 f 0.06 
0.25 f 0.08 0.31 f 0.14 
0.20 10.09 0.18 i 0.04 
0.11 50.03 0.13 & 0.04 

TABLE III 

AREAS UiqDER THE CURVE (AUC) AND /I HALF-LIFES (T,) OF 4’-HYDRO)EYNOMI- 
??EIWNE 
AUC and /I T- were d-ted assuming a two-compartmeo t model for oral administration. Each 
valucisthemean & S.D. fmm five groups of rats i-zmiomkd before &&ation of the kinetic param- 
eters_ 

PIasma 43.74 rir I2.89 26423 f 22.65 
StriaWlXI 242.86 + 43.23 288.31 & 51.12 
Brainrtcm 21030 I 252s 294_80 f 4927 
Hip-P= 201.85 f 29.75 300.40 j, 64.20 
Tekcephaton 221.52 & 25.60 277-11 t 60.72 

CONCJXJSION 

The present gas chrornatographic method appears to be sutticientiy specific 
and sensitive for kinetic studks with 4’-hydroxynomifksine, and might prove usefkl 
in kinetic studies after administration of nomifknsine in animal species in which the 
active met&o&e is fonried in significant amounts. Our studies show that in rats 4’- 
hydroxynomifknsine is not detectable in plasma or brain and therefore cannot play 
a role in the pbarmaco!ogicaI efEcts of nomifensine in the animal species considered. 
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