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ABSIRACT

A sensitive high-performance liquid chromatopraphic determination of dimethindenc and s metabo-
lite N-demethyldimethindene in wrine has been developsd. The quantitative analysis was followed by
determination of the enantiomeric ratio of dimethindene on an x,-AGP column (EnantioPac*). The uri-
nary cata for nine volunteers after oras admiristration of racemic dimethindene are presented. The isola-
tion, identification and synthesis of the metabalite N-demethyldimethindene are reporied.

INTRODUCTION

Dimethindenc maleate, N,N-dimethyl-3-[1-(2-pyridinylethyD}- 1 H-indene-2-
ethapanune maleate, is an antihistaminic drug, which is used in therapy as the
racemate. Daily doscs of only 3-6 mg are required. Separation of the enantiomers
van be achieved by fractional crystallization with tartaric acid [1.2]. fn vitro exper-
iments showed that the enantiomers of dimethindene differ in their pharmacolog-
ical activity. T'or R-{—)-dimethindene a greater Hy-antihistaminic activity was
found [3]. Stereoselective disposition of enantiomers also can result in different
pharmacological profiles owing Lo different rates of absorption or stercosclective
metabolism, distribution or clearance [4]. To date po information is available on
the disposition kinetics of individual dimethindene isomers in humans or animals
alter administration of the racemic drug. A gus chromatographic (GC) method
for determination of racemic dimethindene with a limit of detection of 10 ng/ml
urine has been reported {3,6]. Recently, 4n cnzyme-linked immunosorbent assay
with a limit of detection of 0.1 ng/ml dimethindene has been developed [7]. Re-
cause of interferences this assav is only applicable for serum.

This paper describes a method for the determination of dimethindene and its
metabolite N-demethyldimethindence by high-performance liquid chromatopra-

* Paris of 1his study have been presented al the Anvaal Meeting of the Dewtsche Pharmg-outiehe Gexell-
schafl, Sepiamber 1985, Erlangen.
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phy (HPLC) on a reversed-phase celumn and the analvsis of the enantiomeric
ratio of dimethindens by HPLC on a chiral stationary phase. The urinary data of
nine volunteers after oral administration of racemic dimethindene are presented.
The isolation, identification and synthesis of N-demethyldimethindene are re-
ported.

EXPERIMENTAL

Chewnticals

Mimethindene maleaie was obtained from Zyma (Nvon, Switzerland). Fendi-
line hydrochloride was obtained fram Thiemann Arzneimittel (Waltrop, Germa-
ny). Acetomitrile, 2-propanc! and a-hexane were LiChrosolv™ reagents lrom
Merck {Darmstadt. Germany). Vinyl chloreformate was purchased from Merck
and used without further purification. 1,8-Bis(dimethykuminonaphthalens was
obtained from Fluka, (Buchs, Switzerland ). NADPH and dichloradimethylsilane
were purchased {rom Sigma (Deisenhofen, Germany). The other chemicals used
were of analytical grade.

Apparatus

A Vartan 3000 liquid chromatograph with a variable-wavelength detector
655A-22 (Merck-Hitachi) and a D-2000 chromata-integrator (Merck-Hitachi)
were used.

The semipreparative column was a LiChrospher™ 60 CIN (10 gm particle size,
250 mm * 8 mun LD Merck), with a 30 mm * 4 mm 1.1D. guard column. The
maobile phase was 0,02 A KH,PO, acetonitrile—water (60:32:8, v/v). The flow-
rate was 2.5 ml/min. the column temperature 30°C. and the detection wavelength
254 nin.

The analytical column was u LiChrospher 60 CN (10 pm particle size, 250 mm
* 4 mm ... Merck) with a 30 mm = 4 mm LD. guard column. The mohile
nhasc and the detection wavelength were the sume as [or the semipreparative
column. The column temperature was 25°C and the flow-rate 1.0 mi/min.

The chiral ¢column was an %,-acid glvcoprotein varlridge (100 mm * 4 mm
I.D., ErantioPac”, LKB} with a LIChrospher™ NH; guard column (10 pm parti-
cle size, 30 mm »* 4 mm 1.12.}. The mobile phase was 0.02 M phosphate buller
(pH 7.0) containing 5.0% (v/v) 2-propanol. The flow-rate was 0.3 ml/min, the
column temperature 22°C, and the detection wavelength 254 nm.,

Mass spectra were obrained with a Finnigan Model MAT 312, operated it 70
eV in the chemical ionizaiion mode with ammonia as reagent gas. pH mea-
surcments were cartied out with a plI-Digi, WI'G (Wulheim, Germany).

Isolarime of N-demethyldimerhindenc
Dimethindene (28 pmol) was incubated with ral liver microsomes (L7 mg pro-
trein) obrained from male Spraguc—Dawley rats that had been pretreated with
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phenobarbitone (30 mg/kg). The microsomes were prepared according to the
method of Dayer et af. [8]. Each incubation mixture contained 1-2 umol of di-
methindene, (0.9 mg of protein, 2 pmal of NADPH and 12 pmol of MeCl; in G ml
of Tris buffer (pH 8). Incubation was performed al 37°C for 60 min while gently
stirring the mixture. Afier extraction with #-pentane at pH 11, the metabolite was
further purified by semipreparative HPLC. The conditions used are given under
Apparatus. The fractions of interest were extracted with #-hexane, and a mass
spectrum of the 1solated compound was recorded.

Syathesis of N-demethyldimethindene

The N-demethylation of dimethindene was carried out by excluding light and
moisture. Dimethindene base (3.1 mmol) and [,8-bis-(dimethylaminenaph-
thualene (.31 mmaol) were dissolved in |,2-dichlorocthane (15 ml). The reaction
mixture was cooled 10 —5 to 10°C, and vinyl chloroformate (3.1 mmol) was
added with stirring. After 15 min the mixture was refluxed at 60-70°C for 45 min.,
cooled to room lemperature and concentrated. The carbamate was ourified by
flash chromatography over a silica gel column with #-hexane—ethyl acetate
(30:50. v/v} as eluent. The eluent was removed under reduced pressure, and an
oilv residue was ehtained (2.8 mmol, 90.3%). The carbamate {3.2 mmol) was
dissolved in methylene chloride (15 ml), and a slow stream ol hydrogen chloride
was bubbled through the solution for 30 min at room temperature. Solvent cvap-
oration was followed by addition of methacol und heating at 70°C for I h. The
hydrachloride was converled into the maleate salt and recrystallized from diethyl
cther—ethanol. The yicld was 56.4% (1.83 mmol). N-Demethyldimethindene ma-
leate was characterized by tmass spectrometry (MS), NMR, IR spectroscopy and
elementul analysis.

Extraction procedure

A 0.5-ml volume of 25% aqueous ammonia was added to cach urine sample
(4.0 ml). Dimethindene and N-demethyldimethindene were then extracted twice
with 4.0 mi of n-hexane for 15 min. The tubes were centrifuged for 20 min, and
two 3.0-ml volumes of the organic phase were transferred to a flask and evaporat-
ed to dryness. The residue was dissolved in 1.0 ml of n-hexanc and evaporated to
dryness under nitrogen. The residue was disselved in 50 pul of standard solution
(54.8 ug offendiling per ml of 0.02 A7 KH,PO,), ol which 40 4l were injected into
the RP column. Glassware used for concentration was cleaned with chromic
sulphuric acid, washed with distilled water and dried; (he surface of the glass was
deactivated with dichlorodimethylsilane,

Calibration curve, assay precision and recovery from urine

To 4.t ml of blank uring, 12, 24, 48, 96, 192, 484, 968 and 2416 ng of dimethin-
dene were added and extracted as described above, Eacl concentration was pre-
pared six to eight times. The calibration curve was oblained by plotting the ratio
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of the peak area of dimethindene ta that of the standard against the known
concentrations of dimethindene. The recovery of dimethindena was also caleulal-
cd [rom these data. The calibrarion curve and recovery of N-demethyldimethin-
dene were obtained in the same way: 25, 60, 125 and 313 ng of N-demcthyldi-
methindene were added to 4.0 ml of blank urine, and processed as described.

Determination af the cruniiomeric ratic i urine

Urine samples were extracted as described ubove and separated by HHPLC an
the RP-CN column. Dimethindene fractions were collected, and acetonitrile was
evaporated under a stream ol nitrogen. Fractions were extracted with #-hexane as
described [or urine samples. The residue was dissolved 1 50 ul of 0.02 Af
KH,PO, solution, and 45 ul were injected onta the chiral column.

For calibration, pure cnantiomers were combined (o obtain mixtures of
known opticul purily, which were then analysed.

in viva stiedy

Eight healthy volunteers received 4 mg of dimethindene as an agqueous solu-
tion (Fenistil® Tropfen). Urine was collected during the following inlervais: © 4,
4-14, 14-18, 18-22, 22-26 and 26-29 h. The valume and pH were measured, and
30 ml were stored at —20°C until analysis. A 3-mg sumple of dimethindene
fcoated pilly was administered o a healthy volunteer who had taken Ove oral
doscs of 400 mg of ammoniumehloride the day before and three additional doses
on the day of administration in order to adjust ibe urinary pH to acidic. Urine
samples were collecled ut 1-h intervals up to & h after administration and then
during the following ntervals; 8-10, 10-12, 12-16.5, 16.5-18, 18-23.5,23.5 27h.

RLESULTS AND DISCUSSION

Isolation and synthesis of N-demethyidimethindene

After extraction of human urine samples with a-hexane at pIT 11 following
administration of dimethindene, an unknown peak was detected {Fig. 11 This
peak was also observed after incubation of dimethindene with rar liver micro-
somes. Sufficient amounts of this metabalite for a mass spectral analysis were
obtained by incubation ol dimethindene with rat liver microsomes, (ollowed by
extraction with #-hexane and isolation by HPLC. The mass spectrum with chem-
ical ionization showed the molecular 1on peak at m/z 279, which indicated an
MN-demethylated structure. The structure was confirmed by synthesis of N-de-
methyidimethindene,

For the selective N-demethylation of tertiary amines vinyl chlorafarmate is a
suitable reagent, which also allows the subsequent cleavage of the carbamate
intermediale under mild conditions [9,10]. In the presence of | 8-his{dimethyl-
amino)naphthalene as proton scavenger, dimethindene as the [ree base reacts
very selectively with vinyl chloroformate to give the corresponding N-demethvi-
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Fig. |. Chromaragrams of {a) blank urine and () a wine sumple afier oral administration of 4 mg of
dimethindene. Peaks: | = melubolite, N-deethyldimethindene; 2 — dimethindene, 3 = internal stan-
dard, fendiline, Chromatogrpahic conditions; column, LiChrospher 60 CN (250 mm * 4 mm LL}) with
guard column: mobile phase, .02 M KH, PO, -acetonitrile—water (60:32:8. vyv): flaw-rate 1 ml‘min

ated vinyl carbamate. The vinyl carbamate is cleaved by addivon ol hydrogen
chloride in methylene chloride. followed by warming of the reaction mixture in
methanol {(Fig. 2). The existence of an N-demethylated metabolite of dimethin-
dene was [irst suggested by Maurer and Plleger |11], based on gas chromate-
graphic—mass spectrometric (GC-MS) analysis of a human urine sample after
acerylation.

e
“~cH, CHC-0-CH=CH
N\
Ch i
e
HC1# MeOH N::CH’
—_—
H
N,

CHy |

Fig. 2. Svathesis ol N-deiwthyldimethindene.
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Cluanfitative determination )

For the determination of dimethindene and N-demethyldimethindene by
HPLC we used a eyvano column in the reversed-phase mode. This guve a beller
separation of dimethindene and N-demethyldimethindene than Cg or €4 phases,
and with reasonable retention imes. In addition, no mierferences cceurred with
this column after the extraction of urine samples.

Assay precision and recovery of dimethindene and N-demethyidimerhindene. Ta-
ble 1 shows the resulls oblained with urine samples spiked with dimethindens
concentrations from 3 to 604 ng/ml and N-demethyldimethindenc concentrations
from 6 to 78 ng/ml. Lach concentration was prepared six o eight times and
analvsed on different days. Because no dimethindene analogues were available,
we had to find another suitahle internal standard (1.5)). Among antithistamines
with lipophilic and basic properties comparable with dimethindene. we chose
fendiline [N-(1-phenylethyl)-3,3-diphenylpropylamineg] as the 1.8 This compaund
has a retenfion time greater than that of dimethindene, and rhervefore it did not
interfere with the more hvdrophilic metabolites of dunethindenc on the reversed-
phase column. Reproducible results were achieved only when adding the [.S. after
the extraclion. The extraction of uring with 2-hexane gives clean extracts with no
interferences present (Fig. 1).

Beactivation ol the surface of the glassware used was necessary 10 oblain
reproducible results al very low concentrations of dimethmdene and N-demethyl-
dimethindenc.

‘The calibration curve tor the analysis of dimethindene in urine at 0-600 ng,/ml,
as a function of peak-arca ratio, gives the equation (peak arca of dimethindene/
peak area of 1.8 = {(0.03d » corcentraton of dimethindeney + (.005. The
correlation coefficient of 0.9999 indicates good lincarity of the data, Lhe cah-

TABLE 1
ASSAY PRECTISION AND RECOVERY

Dimethindene Pe-Demethyldimetiindene
Anount Amaunt sD Recoviry Amount Amoint 312 Recovery
added taund (ng/n) (%) added Foand (naml) (%)
ng/ml) ing'ml) tngiml) (ngyml}
3 3.1 03 1020 0 31 0% 49,2
£ 62 0.5 1076 12 6.7 0 532
]2 123 1.0 1l 3l 16.49 1.2 539
24 238 1.4 98 3 78 475 .5 6.6
48 149 12 101.1
[ 121.% 4.6 {064
242 246.2 Zng 101.0

604 609.6 421 LI
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Fig. 3. Curnulative exceretion curves of dimcthindzne in urire after eral admirisiration of 4 mg of dimethin.
dene to cight healthy volunteers,

bration curve for the analysis of the metabolite is (peak area of N-demethyldi-
methindene;/peak area of 1L.5.) = (0.024 x concentration of N-demethyldimeth-
indeng) — 005, with a correlation coefficient of 0.999. In the casc aof
N-demethyldimethindene, the recovery decreases at lower concentrations, hence
the accuracy at the lowest concentration of N-demethyldimethindene was 9.2%.

Dimethindene i fwman wine. Tig. 3 shows the comulative excretion curves of
dimethindene in urnne after oral administration of 4 mg of dimethindene to eight
volunteers. After 29 h, an average of 0.98% of the administered dose of unmetab-
olized dimethindene wus excreled. The variations between the volunteers were
quite large (0.2% as the lowest and 2.3% as highesl value). One reason for this
(inding is that the urinary pH of the volunteers was not standardized by means of
oral administration ol ammenium chloride. As is well known for basic drugs, the
urinary excretion depends on the pH of the urine [12}. Within the [lirst interval
(0-4 h) a hnear dependeney of dimethindene excreted (log ug) versus the pH of
urine wis observed (Fig. 4.

W -

ih-4 h)

dimethindene gxercied

el

= h 7 b
pH of urine 0-4 h

Fig. 4. pH dependency of the urinary excrction of dintcthindenz after oral administration of dimethindene.
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TABLE 11

PIMETHINDENE AND M-DEMETHYLDIMETHINDENE TN HUMAN URINE AIFTER ORAL
ADMINISTRATION OF DIMETHINDENE

Amount of dose, 3 mg.

Time Urine  Dimethindene N-Demethy klimazthindene
th) pll
Concertration DIxereted  Cuamulative Concentration  Cumulative
{ng;ml) per hour  excretion {hg/ml) excration
() (g (ug)
-1 a0 7 0L 1]
[-2 Az Rt 2000 21.0 16 26
2-3 4.9 172 143 40.3 71 135
i+ A0 98 123 53,48 LE) 250
4-5 4.5 1241 9.9 03.4 13l LRy
56 4.9 217 &5 719 340 49.1
67 33 43 26 155 267 61,3
78 2 ] 23 R 194 5o
K10 A5 15 18 8i.5 56 81n
H-12 55 23 2 ERRY 73 Q73
12 165 i1 A (L3 #7173 Pl 1008
6.5 I8 = 2 (.3 %77 i 103.4
18-23.5 6.2 3 0.1 A3 27 107.9
235 27 5.0 24 0.0 90.5 ol 113.06

¢ Not determined.
® la mlirstead of 4 ml were nzed for extraction.

The cumulative excretion curves of N-demethvldimethindene took quite simi-
lar to those of dimethindene, and 0.3-3.2% of the administered dose of dimethin-
dene was excreted after 29 h (average 1.43%).

Table I shows the urinary data for one volunteer after administration of 3 mg
of dimethindene and ammonium chloride to lower the urinary pH. 'T'he total
amount of free dimethindene excreted in the urine was 3% of the administered
dose, about three times higher than the average ol the eight voluntects (sce
above). The data in Table [T also show the dependence of the urinary excretion on
the pH of the urine. At 12 h after administration, the pIT had increased to 7.1 and
the amount excreted per hour had dropped from 2.2 to (0.3 pg.

Determination of the enantiomeric vatin of dimethindene

Sample preparation and calibratfon. For the extraction of urine samples the
non-polar solvent p-hexane was chosen, in order to obtiin clean samples and Lo
prevent the extraction of most dimethindene metabolites. N-Demethyldimethin-
dene, however, was present in rz-hexane extracts. This metabolite intericres with
the resolution of dimethindene on the chiral column, N-Demethyldimethindene is
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also separated on the #-AGP column but the (— )enantiomers of both com-
pounds are coeluted. Therelore il was necessary (o separile dimethindene from
its metabolite. It was not possible to couple the ¢hiral column and the reversed-
phase guard column that separates dimethindene and N-demethyldimethindene,
beeause the protein column only allows agueous bulfers as mobile phase with
small amounts of organic medifier. Therelore, we decided to isolate dimethindenc
by HPLC un a cyano column and Lhen separale its enantiomers on the g-AGD
column. This method allows the selective isolation of dimethindene with almost
guanlilauve recovery. The dimethindene fractions were then extracted with #-
hexang, as deseribed for the urine samples. More convenienl would have been
lvephilization of dimethindene fractions, but this was not possible hecause the
remaining buffer substances were insoluble in 30 gl of water.

For calibration of the assay, the pure enantiomers were combined in order to
obtain mixtures with known enantiomeric ratios. Pure enantiomers of dimethin-
dene were obtained by fractional crystallization of their diastercomeric lartrate
salts. Different concentrations of each mixture were chromatographed on the
a-AGP column. and calibration curves for each enanliomer were oblained.

Enantiomeric vatio of dimethindene in human urine. Fig. 5 shows the separalion
of dimethindene isolated [rom the urine of 4 volunteer after the oral adminis-

™
-
"

(-)-dimethindene

(+)-dimethindene

5@.31

m ATIRIITH LRI R e

=N S U S s

w = PR ® o Y WD
Fig. 3. Chromartngram of dimethindene isolated from human urine. Chromatographic conditivns: Enau-
UoPae cartridge (100 mm = 4 mm 1.N) with LiChrospher NEL, guard-column; mobile phase, (L.02 A7
phosphate butter (pH 7.0) with 5% 2-prapanol {v/v); Mew-rale, 0.3 mi/min.
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TARIL.E 111

PIMEPTHINDENE ENAXTHOMERS IN HUMAN TTRINE

limne Enantiomeric ratio (%) Cumulative excretion (ug)
“1] . —
R-(—) S5-(+) R S-{ H)
-1 3.2 68.8 0.3 0.6
12 Ll 624 T8 13.1
213 49.0 50.4 174 223
3-4 56 & 432 244 284
4-9 6.6 43.4 300 329
LA b 23 i5.4 36.5
67 637 3632 37 378
73 G5.4 34.2 302 38.0
&1 62,0 380 41.5 40.0
10-12 G677 32.2 445 414
1Z2-16.5 547 452 453 42,0
(B5-1K a3 3 368 435 422
IR-13.5 387 411 455 424

21527 54.2 45.3 474

434

tration of 3 mp of racemic dimethindene and ammonium chlonide. Table 111
shows the enantiomeric ratios of dimethindene in the vrine of this volunteer. The
urinary excretion of the enantiomers was then caleulated using the dala oblained
witlh the non-stereoselective method (Tables 11 and ). In the Iirst 2 h after
administration, more S-( + -dimethindene was cxcreted. In the third interval,

80 1

60

40

20 M (-)-enantiomer

[0 (+)-enantiomer

enantiomeric ratio (%)
[meantS.E.M.]

0-4 4-14 14-18 18-22 22-26 26-29
time [h]

Fig. 6. Enantiomeric rativs of dimesthiodzoe in urise ailer oral adwinistration of 4 jop of racemic dimetin-
dene to elght valunteers, Numbers: 0d hon — 84 [dh,n — T < 005 [4-18h, r = Tip = 0017 18-22
h,n=4:2226hand 26-29h # = 3
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dimethindene was cxercted as the racemate. From then on, the excretion of the
R-[- Yenantiomer was preferred. Overall, slightly more R-( - )-dimethindens
was excreted. A higher H,-receptor affinity for the more active {  )-enantiomer
could lead to a faster excretion of { + )-dimethindene within the first fow bours
after administration. The reversal of the enantiomeric ratio may then be due to a
stereoselactive metabolic reaction of { +)-dimethindene.

Fig. 6 shows the enantiomeric ratios of dimethindene in urine after oral admin-
istration of 4 mg of racemic dimethindene to eight volunteers. The urinary excre-
tion pattern of the dimethindene enantiomers is the samc as that found after
administration of 3 mg of dimethindene 10 one person (see above): 4 h after
administration Lhe cnanbiomeric rabo Tound was co. 1.0, bul later more (— )
dimethindene was excreted. The differences between the enantiomers are signif-
icunl within the intervils 4 14 h (p < 0.05)and 14 13 h (p < 0.01).

ACKNOWLEDGEMEN I

The authors thank Dr, Rehn (Zyma, Munich, Germany) for arranging a sup-
ply of urine samples.

REFERFNCES

I C.F. Huebrer LS, Pur., 3060 186 (1962); {C.4., 38 (1963) 5042¢e).

13, Rehy, &G Hennings, 5, Radler aud G, Blaschke, presented at €1 Anawat Mecting of the Geyellschafl

Devtseiter Chemidker, et 24, 198V, Nehliersee.

. Borchard. D Tiafner and R. Teise, Nawren-Schmiedeberg s Arch, Pharmacal.. 330 (Suppl.) (1985)

R9.

4 K. Wiliiams and E. Lez, Drags, 30 (19857 332,

M. M. Wermeille and G. A, Huber, J. Cleaimatogr., 228 (1932) 187

L Ralant, M. Wermeille, G. Huber, A Gumma and G Golden, in § M. Aiche and 1. Hirtz (Editors).

First Enrapean Congrese of Blophormacoutivs and Pharmacokimetics, Val. 2, Technigue er Documenta

don, Panis, (981, p. 403; (€4 96 (1982) 221

V.o Arcra, M, Wonneille, M. Wellman, IO B, Llull, M. AL Althaus and 1. P Balacl, Arecpefin, Foesch.

40 (1990) 1346,

5 P. Dayer, R Gasser, I Gut. T. Kronbach, G. M. Roberiz, M. Eichelbaum and U. A. Mever, Bivchent.
Biophys. Res. Comomun., 125 (1934) 374,

2 R.A. (Hofwen, B. C. Schnur, L. Bunes and I. T' Pepe, Terraltedron Lete, 15 {(1977) 1567,

10 J. Maibusum. J. Chromatagze. 436 (1988 769,

[1 H. Maurer and K. Plleger, J. Chromaiogr., 830 (1988) 31

12 R, Testa and A H. Beckett, Phurm. Acia Helv., 49 (1974) 21.

(o)

e

o>

~d



	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11

