
Jottrnal of Chrotmt!ography, 572 ( 199 I ) I8 I- I93 
Biorrmlical Applications 
Eiscvier Scicncc Publishers B.V., Amsterdam 

CHROMBIO. 6054 

Determination of the quaternary compound ciclotropium in 
human biological material after hydrolysis and derivatization 
with the fluorcphor flunoxaprofen chIoride”*’ 

BETTINA LIEBMANN, DORIT HENKE. HILDEGARD SPAT-IN-LANGGUTH and ERNST 

MUTSCHLER* 

Pllar~?lakok)gi.\cJ~es hvimt fiir Nurur,cli.~~crrscJ~~!~~icr rlcr Joham Wdfgtrrlg Goetlw- Uttiwxifiit, Tlteodor- 
Stem-Kai 7, Gcbiirrdc 75 A, D-6000 Frankjbrr am Maiu 70 (Gwmw?)*) 

(First received February 26th. 1991; revised manuscript rcccived June IOth, 1991) 

ABSTRACT 

The quantitative dctcrmination of the quaternary spasmolytic compound ciclotropium and its rnetabo- 

Iite N-isopropyttropinium is described for human plasma and urine. The anaIy!ical procedure consists of 

ion-pair extraction from biological material, alkaline hydrolysis, subscqucnl dcrivatization with the flue- 

rophor gunoxaprofen chloride and separation by high-performance liquid chromatography on a reversed- 

phase column with fluorimetric monitoring. The detection limits of 0.5 ng/ml in plasma and IO ng/mi in 

urine at signal-to-noise ratios higher than 3 permit the determination of pharmacokinctic paramcterr ::Ctcr 
therapeutic doses. 

INTRODUCTION 

Ciclotropium bromide [(SR)-3a-hydroxy-&isopropyl-lccH,SaH-tropanium 
bromide cr-phenylciclopentaneacetate; Fig. 1 a] is a new parasympatholytic agent 
with a quaternary nitrogen *.vhich can be used to relieve spasm of the smooth 
muscle of the gastrointestinal tract, biliary colic and dysmenorrhoea. 

First estimates of pharmacokinetic data were obtained from a study with 14C- 
labelled drug that was administered to five healthy male volunteers [l]. Yet, until 
now the quantitative determination of the unlabelled drug in human biological 
material has not been possible. As the therapeutic doses in man are usually low 
(20 mg orally), and since it is known that other quaternary compounds such as 
N-butylscopolaminium bromide [2,3] or trospium chloride [4] are poorly ab- 
sorbed from the human gastrointestinal tract, low plasma and urine concentra- 
tions of ciclotropiuin were to be expected. Therefore, it was necessary to develop 
a sensitive assay method that would permit the quantification of concentrations 

u Dedicated to Professor Dr. rcr. nat. Dr.h.c. mu!t. Hcrbcrt Oclschhiger on the occasion of his 70th 
birthday. 

b Part of the Ph.D. thesis of B. Liebmann. 
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a b 

Fig. 1. Structures of cictotropium and its (metabolic) hydrolysis products. (a) Ciclotropium bromide; (b) 

N-isopropyhropinium; (c) a-phcnylciclopentaneacetic acid. 

iii the low nanogram range. This was achieved in a similar way as previously 
described for trospium 151. It was assumed that the drug is metabolized to the 
corresponding alcohol, N-isopropyhropinium [(SR)-3ct-hydroxy-S-isopro- . 

pyl-laH,5cH-tropanium; Fig. f b], and the carboxylic acid (a-phenylciclopenta- 
neacetir, acid; Fig. ic) [6]. Similar behaviour has been described for related drugs 
such as ipratropium bromide [7] and trospium chloride [4]. Hence an assay meth- 
od for the metsbolite N-isopropyltropinium was needed as well. Ciclotropium 
and this metabolite do not possess sufficient chromophoric properties (poor UV 
absorbance at 211 nm), therefore a derivatization appeared advantageous. 

In this communication the quantitative determination of ciclotropium in hu- 
man plasma and urine after ion-pair extraction from biological material, alkaiine 
hydro!ysis t, * the corresjonding alcohol, N-isopropyltropinlum (the drug itself 
does not possess reactive groups for a direct covalent labelling), and subsequent 
derivatization with the fluorophor flunoxaprofen chloride (Fig. 2a) to the corre- 
sponding ester (Fig. 2b) is described. The metabolite N-isopropyltropinium itself 
can also be assayed fluorimetrically after ion-pair extraction without 
hydrolysis and after reaction of the hydroxy moiety with flunoxaprofen 

Derlvatkdon 

previous 
chloride. 

Fig. 2. Derivatization of hydrolysed ciclotropium (N-isopropyltropinium ) with flunoxaprofen chloride (a) 
yielding the corresponding ester (b). 
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EXPERIMENTAL 

Solvents (analytical-reagent-grade or LiChrosolv) and reagents were obtained 
from Merck (Darmstadt, Germany). Double-distilled water was used for the 
preparation of aqueous solutions and the high-performance liquid chromatogra- 
phy (HPLC) mobile phase. Dipicrylamine, moistened with 50% water. was pur- 
chased from Fluka (Buchs, Switzerland). For the assay methods, two different 
dipicrylamine solutions were used. Their compositions were as follows: solution I 
= 100 mg of dipicrylamine + 600 mg of anhydrous sodium carbonate + 10 ml 
of water; solution II = 35 mg of dipicrylamine + 10 ml of 0.1 M sodium hydrox- 
ide solution. 

Ciclotropium bromide, N-isopropyltropinium bromide and N-desmethylciclo- 
tropium were made avail&lc by Helopharm (Berlin, Germany). N-IButyltropini- 
urn bromide [(8R)-3a-hydroxy-8-(n)butyl- 1 ccH,5al-I-tropanium] was provided by 
Pfleger (Bamberg, Germanyj. S-Flunoxaprofen was kindly donated by Ravizza 
(Milan, Italy). Flunoxaprofen chloride was synthesized as described previously 
[S]. FIunoxaprofen chloride solution was freshly prepared by dissolving 10 mg of 
flunoxaprofen chloride in 1 ml of anhydrous acetonitrilc. 

Instruments 
The solvents were evaporated in a Speed-Vat concentrator (suction power 5 

m”/h, 1725 g, 45°C) (Bachofer, Rentlingen, Germany). The HPLC system con- 
sisted of a K::auer 44 pump (Berlin, Germany), a Rheodyne 7125 injection valve 
(Cotati, CA, USA) with a 20-~1 loop, a Shimadzu RF-535 fluorescence HPiC 
mcrnitor (Duisburg, Germany) and a Knauer TY recorder. Stainless-steel tubing 
was used. 

Ciclotropizm. In a screw-capped glass centrifuge tube, 4 ml of heparinized 
plasma were extracted with 5.5 ml of chloroform after addition of 5Oij ~1 of 
dipicrylamine solution I and 250 ~1 of 1 .O M hydrochloric acid (pH in the aque- 
ous phase 8.5-9.5). The tube w&s intensively shaken for 5 min, and after centrifu- 
gation (X min, 2500 g, 10°C) the plasma layer was carefully removed. A &ml 
volume of the organic layer was transferred into another tube, shaken with 2.4 ml 
of 0.1 A4 hydrochloric acid for 15 min and centrifuged for ld min (2500 g, 20°C). 
A 2-ml sample of the resulting aqueous layer was mixed with 1 ml of 1 .O M 
hydroxide solution, and then by heating in a screw-capped tube (140-145°C 90 
min) in a paraffin bath ciclotropium was hydrolysed. After cooling the sample to 
room temperature, 500 ~1 of dipicrylamine solution I were added and the pH was 
adjusted to 8.5-9.5 with hydrochloric acid (5 AK). Then chloroform (2.6 ml) was 
added, and the tube sha.ken for 15 min and centrifuged (10 min, 2500 g, 20°C). A 
2-ml aliquot of the chloroform phase was mixed with 1.4 ml of 0.1 M hydrochlo- 
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ric acid, again shaken for 15 min and centrifuged (1G min, 2500 g, 20°C). Then 1 
ml of the aqueous layer was diluted with 1 ml of methanol (azeotropic mixture) 
and the mixture was evaporated to dryness using a vacuum centrifuge. As a 
neutral pH was necessary for the subsequenz derivatization procedure 151, the 
residue was “treated” three times by adding 3 ml of methanol and subsequently 
evaporating to dryness in order compl,t,!, p p 1~ to remove traces of hydrochloric acid. 

Urine (1 ml) was mixed with 2 ml of 0.5 &I sodium hydroxide solution and 100 
ng of the internal sta ndard (N-butyltropinium, dissolved in 100 !!! water) and 
kept at 140- 145°C for 90 min. After cooling to room temperature 500 ~11 of di- 
picrylamine solution II were added and the pH was adjusted to 8.5-9.5. The 
further extraction procedure was the same as described above. 

N-lsup~~~pyZt~~opi~~ilm~. Heparinized plasma (4 ml) was treated in a similar way 
“- described for cicloptropium in p!asma. Yet, no alkaline hydrolysis was per- 
Firmed. Instead, a 2-ml volume of the aqueous layer was mixed with 2 ml of 
methanol, evaporated to dryness and “treated” with 3 ml of methanol three 
times. [As thz maximum concentrations of the metabolite in plasma were beyond 
the detection limit in a single-dose study ( +: 0.3 ng/ml), no further studies were 
performed to quantify the metabolite in p!asma samples.] 

In order to quantify the metabolite N-isopropyltropinium in urine, 1 ml was 
extracted in a same way as for parent ciclotropium in urine, including the addi- 
tion of internal standard, but withtiut previous alkaline hydrolysis. 

To the extraction residue 200 ~1 of Runoxaproi‘en chloride solution were added 
and the screw-capped tube was heated to 110°C for 15 min in a paraffin bath. 
After evapol atin, 0 the solvent in a vacuum centrifuge, 1 ml of ethyl acetate and 
1 .3 ml of 0.01 1M hydrochloric acid were added. After intensively shaking for 15 
min and centrifugation (10 min, 2500 g, 5°C) the organic layer was removed and 
discarded. This extraction with ethyl acetate was performed twice, in order to 
remove excess reagent. Finally 1 ml of the aqueous layer was evaporated to 
dryness in a vacuum centrifuge. 

Ciwornatographic cot !dhiotzs 
The residue was dissolved in 100 ~1 of acetonitrile-methanol-water (1: 1: 1, v/v; 

better solubility than in the mobile phase), and in 500 ~1 of this mixture when 
urine samples were analysed. The injection volume was 20 ~1 (loop filling); the 
stationary phase was a Waters Nova-Pak Resolve Cr s (4 pm) HPLC column (150 
mm x 3.9 mm I.D.) (Waters-Millipore, Eschborn, Germany). The mobile phase 
consisted of water-acetonitrile (13:7, v/v) containing 1 .O ml of phosphoric acid 
(85%) and 2.5 g olC choline chloride per litre, yielding pH 2.2; its flow-rate was 1.2 
ml/min and the rjlean pressure 12.2 MPa. The retention time of the N-isopro- 
yyltropinium-flunoxaprofen ester was 8.9 min; the derivative of tlie internal stan- 
Card &ted after 12.3 min. A xenon I;?K: *I~ ciy ?Ised as a ii& source for fluo- 
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rescence detection with the detection wavelengt,,, _ _ hc Get at 3 10 nm for excitation and 
365 nm for emission (two monochromators); the slit widths of the fluorimeter 
were 13 nm for excitation and 15 nm for emission. 

An alternative stationary phase was a Supelco Suplex pkb-100 (5 pm) HPLC 
column (150 mm x 4.6 mm I.D.) (Supelco Deutschland, Bad Homburg, Germa- 
ny) with acetonitrile-water (1119, v/v) containing 1.0 ml of phosphoric acid 
(50%) and 0.6 g of dodecylsulphate per litre as mobile phase. Here the retention 
times of the derivatives were 8.0 min for ciclotropium and 11.1 min for the in- 
ternal standard (flow-rate of the mobile phase 1 .O ml/min). 

As ciclotropium had Rio be hydrolysed before determination, the assay re- 
corded the “total quaternary compounds”, i.e. the measured concentration was 
the sum of ciciotropium and its metabolite N-isopropyltropinium. The amount of 
ciclotropium was calculated from the difference between the concentrations of the 
“total quaternary compounds” and of N-isopropyltropinium. 

In order to define the extraction rate and the relative recovery for ciclotropium 
and N-isopropyltropinium, spiked plasma and urine samples of different concen- 
trations (Table II) were analysed and the peak areas compared with those of 
directly derivatized N-isopropyltropinium. 

In order to investigate optimal conditions for hydrolysis and derivatization the 
dependence of reaction yield on time and temperature was tested. Hydrolysis was 
carried out at 20,50,80, 100, 120 and 140°C for 90 min, and for 20,40,60,80, 100 
and 120 min at 140°C. The corresponding peak areas were compared with those 
of samples spiked with N-isopropyltropinium reference compound. Hence the 
resulting data are absolute data. The optimal temperature for derivatization was 
evaluated by reacting the compounds at different temperatures (20, 50, 80. I 10, 
125, 140 and 170°C) for 30 min. At 110°C the time course of the product yield 
within 60 min was studied. For each experimental point, three samples, contain- 
ing 100 ng of ciclotropium, were investigated. 

Liiiecwit_v studies arrd limit i3f’ if umt~ficatioit 
The linear behaviour of the calibration curve was tested with spiked standards 

of different concentrations. For ciclotropium in plasma a range up to 3 Crg/ml and 
in urine a range up to 10 /cg/ml was investigated. For the metabo’rite N-isopro- 
pyltropinium in urine, linearity was verified up to 5 /[g/ml (Table I). 

The detection limits were determined with plasma and urine standrlrdc oi‘ de- 
creasing concentrations; the lower limit of quantification was the concentration 
producing a peak with a signal-to-noise ratio of 2 3. 
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TABLE I 

LINEARITY STUDIES 

For the calculation of the SD. wlucs (in parcnthcscs, “A), six calibration curves were: used. 

Compound Correlation 
cocficicnt 

(1’) 

Regression 

Slope Intcrccpt 

PIusIllN 
Ciclotropium OS-10 ng/mI 7 0.9997 (0.02) 0.081 (19.4) 0.002 ng (38,9) 

I-3000’ng/ml 7 0.9999 (0.00) 0.088 (12.3) 0.009 ng (44.7) 

Urirre” 

Ciclorropium 0.0 I - IO ~&nl 10 0.9997 (G.01) 6.429 (10.0) 0.207 jig (36.0) 
N-Isopropyltropinium 0.01-5 jtg/lTll 7 0.9995 (0.01) 5.128 (9.3) - 0.041 /1g (37.9) 

u N-Butylttopinium was used ;IS irricrnnl standard. 

Reproducibility experiments for ciclotropiurn were performed at five different 
concentrations in both plasma (2,5: 10, 20 and 500 q/ml) and urine samples (10, 
50, 500, 1000 and IO 000 ng/ml). For N-isopropyltropinium the coefficients of 
variation were determined in urine samples at three concentrations (SO, 1000 and 
2500 r&ml>. The number of samples was >, 6 for each concentration (Table II). 

TABLE 11 

INTRA-DAY COEFFICIENTS OF VARIATION AND RECOVERY 

Concentration 

(w/ml) 

Number of 
data poi*:ts (It) 

S.D. 

(%) 

Recovery 

(%I 

Cicloiropiurn ifa plusrm 

500 

20 
10 

5 
2 

Ciclotropiltrrr irt uriw 
10000 

1000 

500 
50 
IO 

N-Zso~rop~~lrl’vpinilrrll in urirte 

2500 

1000 
50 

E 2.8 89 

i0 4.4 86 
8 3.3 87 

10 5.5 81 
8 7.7 83 

7 1.7 93 
7 3.4 92 
7 3.8 90 
7 5.0 89 
G 7.6 91 

8 2.4 94 
G 3.3 93 
8 6.5 89 
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In order to investigate the inter-day variability of the assay method, three differ- 
ent concentrations in plasma (5, 10 and 20 ng/ml) and two in urine (500 and 1000 
ng/ml for ciclotropium , 50 and 100 ng/ml for N-isolsropyltropinium) were mea- 
sured on six different days (Table III). 

Short- cmd long-term stability of ciciotrvpiwt~ irr biologicrrl sarqdes rrpou storage 
Plasma and urine samples that contained ciclotropium were assayed immedi- 

ately after sampling, after one month and after twelve months storage at - 20°C. 

I/rterJerence of metnboiites 
For two further potential metabolites, the two demethylated compounds N- 

desmethylciclotropium (Fin =. ,?a) and N-isopropylnoriropine (Fig. 3b), it was de- 
termined whether there was interference with the ciclotropium and N-isopro- 
pyltropinium assay method. 

In addition to the above-mentioned mobile phase, where the derivatives of 
N-isopropylfropinium and N-isopropylnortropine exhibited almost similar reten- 
tion behaviour, a second mobile phase was used. The latter differed from the 
usually used mobile phase in that the pH of the aqueous phase was neutral. Then, 
the retention behaviour of the two compounds (the one with the quaternary and 
the one with the tertiary nitrogen) was different. 

In order to test the applicability of this assay method for pharmacokinetic 
studies, plasma levels and urinary excretion of ciclotropium and its metabolite 
N-isopropyltropinium after intravenous and oral administration of ciclotropium 
were determined. Two healthy male volunteers received an intravenous dose of 10 

TABLE III 

INTER-DAY COEFFICIENTS OF VARIATION 

Concentration Number 

(&ml) of days (n) 

Ciciotropitttti itr phsttw 

5 

10 

20 

Cic!olropimt; ia witre 

5!x 
1 OOb 

IV-lsopro~~ftropittitrnl itt rtritte 

50 

100 

6 6.2 

6 6.2 

6 4.2 

6 4.3 

6 6.2 

6 5.6 

6 3.2 
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b 

Fig. 3. Slructurcs oT potc:~tinl N-dc~~cthyl;ttcd rnohfwlitcs. (a) N-Dcsmcthyfcic!o:;oiiiiiia; (bl N-isopro- 
pylnortropinc. 

mg (short infusion 0:“~ t‘ i5 min) and an oral dose of 40 mg of ciclotropium 
bromide in a cross-over study with a wash-out period of one week. Before start- 
ing the study blank plasma and urine samples were taken. For the intravenous 
application every 5 min until the end of the short infusion (15 min) and then after 
5, 10, i5,30,45 min and 1.0, 1.5,2.0,2.5,3.0,4.0,5.0,6.0,8.0, 10.0, 12.0,24.0 and 
28.0 h venous blood was taken, transferred into heparin-treated tubes, and plas- 
ma was separated by centrifugation. For oral dosage the sampling scheme was 
even, starting at 0.5 h after administration of the drug. The samples were stored 
at -20°C until analysis. Urine was fractionally collected over a 48-h period. 

From the plasma concentration-time curves preliminary pharmacokinetic pa- 
rameters were estimated: C,,, represents the maximum concentration detected in 
plasma and rmax the corresponding time value. fill is the half-life of the terminal 
phase cz,!r~!zte? .!‘rom A,, the terminal disposition rate constant, which is again 
calculated from the terminal log-linear phase by regression analysis. The area 
under the concentration-time curve (AUC) was calculated via the linear trape- 
zoidal method and extrapolated to infinity. The AUC was used to determine the 
renal clearance (C/R) from the total amount excreted into urine (AQ+~) as CZR = 
Aeo-+,/AUC. 

RESULTS AND DISCUSSION 

The extraction yield of ciclotropium and N-isopropyltropinium is acceptable 
for an assay of biological material (Table II). The extraction yield is highest at a 
pH rrlnge of 8.5-9.5. Repeated extractions and back-extractions lead to relatively 
“clean” (i.e. low-noise) chromatograms. Other physiological quaternary com- 
pounds 
tracted 

in human plasma and urine such as choline and acetylcholine are coex- 
with dipicrylamine as well 191. but can be separated by HPLC. Using 
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spiked plasma and urine samples it was found that ciclotropium is not hydrolysed 
to N-isopropyltropinium during the extraction and derivatization step. 

Ciclotropium was found to be completely hydrolysed fo N-isopropyltropini- 
urn during incubation at 140°C for 90 min (Fig. 4a and b), which is in accordance 
with results described for trospium [S]. For the derivatization the optimal temper- 
ature ranges between 110 and 140°C. At this temperature, 10 min after starting 
the reaction the amount of reaction product does not increase any more (Fig. 4r 
and d). Similar results were found ibr the internal standard. 

The derivatization of N-isopropyltropinium produced by metabolism as well 
as by hydrolysis of ciclotropium leads to a stable product, which was separated 
from plasma and urine constituents (e.g. choline) and from excess reagent (flu- 
noxaprofen) by reversed-phase HPLC. The excitation and emission maxima were 
determined to be 310 and 365 nm. The maxima observed were almost identical to 
those described for flunoxaprofen [8]. Fig. 5A and B depict chromatograms 
which were obtained from plasma and urine samples. 

a 
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Fig. 4. Depcndencc of reaction yield of ciclotropium hydrolysis on (a) temperature and (b) time. Depen- 
dence of derivatization yield on (c) tempcraturc and (d) time. Expcrimcntal details arc given in the cxperi- 
mental section. 
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Fig. 5. Chromatograms obtained from plasma and urine samples. The top of the chromatogram always 
represents the sample (a), the boitom chromatogram the blank (b). (A) Plasma (0.S ngjml ciclotropium 

bromide), volunteer 2,24 after intravenous application of 10 mg of ciclotropium bromide. (B) Urine (115 
ng/ml ciclotropium bromide), volunteer 2, 32-38 h collection period. (C) ‘N-Desmethylciclotropium in 
urine (25 ng/ml), spiked sample. Peaks: 1 = ciclotropium; 2 = choline; 3 = N-dcsmethylciclotropium; 4 = 
N-butyltropinium; 5 = Runoxaprofen. 
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The calibration curves obtained from ciclotropium in plasma and urine as well 
as for N-isopropyltropinium in urine are linear over a range wider than necessary 
to cover the clinically relevant concentrations (the correlation coefficients, regres- 
sion slopes and intercepts including relative standard deviations are given in 
Table I). 

The detection limit of cicloiropium is 0.5 ng/ml for plasma and 10 ng/ml for 
urine samples. The detection limit for urine can easily be further improved by 
increasing the sample volumes. As the pilot study tlemonstrated, ciclotropium 
concentrations in, urine are much higher thy those in plasma, and the urine assay 
is sufficiently sensitive without furrhcr modifications. The detection limit for N- 
isopropyltropinium ii? urine is 2 ng/ml. 

The intra-day variabilities for the ciclotropium assay in plasma and urine and 
for N-isopropyltropinium in urine at different concentrations are given in Table 
II. The inter-day variability of the assay method is summarized in Table III. The 
intra- and inter-day coefficients of variation were always below S%, even though 
no internal standard was used for the determination of plasma samples. N-Bu- 
tyltropinium can be used as an internal standard for plasma samples as well, but 
as the baseline noise is higher in plasma than in urine samples and interfering 
peaks sometimes occur, the coefficients of variation do not improve significantly. 
Overall linearity and accuracy studies indicate a high reliability. 

The concentrations of ciclotropium remained constant throughout the obser- 
vation periods for short- and long-term stability. 

As Fig. 5C shows, the derivative of N-isopropyltropinium can be separated 
from the derivative of the demethylated compound N-isopropylnortropine when 
the alternative mobile phase is used. In human plasma and urine these two poten- 
tial metabolites were not detected. 

The amount of ciclotropium has to be calculated from the difference between 
the concentrations of the “total quaternary compounds” and N-isoproyyltropini- 
urn, but as the amount of this metabolite appearing in urine is very low (about 
1% of the “total quaternary compounds”) and its plasma concentrations are 
beyond the detection limit it is negligible. 

The plasma concentration-time curves for ciclotropium in two healthy male 
volunteers are shown in Fig. 6A and B ftir intravenous and oral administration, 
respectively. After oral dosage of 40 mg of drug, maximum plasma concentra- 
tions (C,,,) of 9.3 and 5.7 ng/ml were found after 3.0 and 2.5 h (tmax) in the two 
volunteers. The oral bioavailability of 5.3 and 5.9% was in the same range as 
described for other quaternary compounds (3% for trospium chloride [4]). The 
average tl12 values were found to be 10.8 h for the intravenous and 10.4 h for the 
oral administration. The cumulative renal excretion, Ae, for these volunteers is 
given in Table IV. The unchanged renal clearance was calculated as 566.7 and 
379.3 ml/min for intravenous and 667.7 and 691.6 ml/min for oral administration 
of the drug. 

The concentrations of the metabolite N-isopropyltropinium in urine were in 
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h 

Fig. 6. Plasma concentration-time cuwcs of ciclotropium in two healthy voluniccrs after (a) intravenous 

dosage of 10 mg as :t short infusion for I5 min and (b) oral dosage of 40 mg ciclolropium bromide. 

all cases (intravenous and oral administration) about 1% of the “total quaternary 
compounds”. The two potential demethylated metabolites could not be detected. 
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TABLE IV 

f93 

----__ CUMULATIVE RENAL EALKCTiO-bd ,4c,,_, FOR CiCLOTROPIUM IN MAN 

Volunleer Mode of 
administrratbn 

- 

Amount excrctcd Fraction of 

(tig) ’ iilt: t_iO!d (3%) 

1 10 mg intravenously 8463.5 84.6 
2 10 mg intravenously 5806.9 58. I 

I 40 mg orally 2115.1 5.3 
2 40 mg oral!y 2473.3 6.2 

CONCLUSION 

Quantification of unlabelled quaternary drugs such. as N-butylscopoiaminium 
bromide or trospium chloride in biological material employing conventional 
chromatographic techniques is known to be rather difficult. Owing to the k-~ 
bioavailability, plasma concentrations after oral dosage are low and, in addCon, 
the chromophoric properties of these atropine derivatives are poor. Using the 
assay method described in this paper it was possible to measure plasma and urine 
concentrations of ciclotropium and its metabolite N-isopropyltropinium in man 
after intravenous and oml administration of the drug. In spite of involving two 
extractions, one hydrolysis and one derivatjzation step, the reproducibility and 
reliability of the assay method are high. 

ACKNOWLEDGEMENTS 

This work was supported by Helopharm (Berlin, Germany). The authors wish 
to thank Ravizza (Milan, Italy) for the supply of flunoxaprofen, Pfleger (Bam- 
berg, Germany) for the supply of N-butyltropinium and Dr. R. Ding (Medizi- 
nische Universit5t.s K linik, Heidelberg, Germany) for providing the volunteers’ 
plasma and urine samples. 

REFERENCES 

P. S. Sever, St. Mary’s Hospital, London, 1981, unpublished data. 
B. Bccrmann. K. Ho?lstrom at:d A. Rosen, .&r. J. C/i/r. I*lrmwrrrwl., 5 (1972) 87. 
A. Hcrxhcimcr and L.‘Hazfeli, Lamer, ii (1966) 418. 
G. Schladitz-Kcil, H. Spahn and E. Mutschlcr, Ar=trcittr.-For.sc,, 36 (1986) 6. 
G. Schladilz-Kcil, H. Spahn and E. Mutschlcr, J. Chotttutogr., 345 (1985) 99. 
Hclopharm, Berlin, unpublished data. 
J. Adlung, K. D. HBhlc, S. Zcrcn and D. Wahl, kI.=treittt.-Ff~rs~lt., 26 (1976) 5. 

H. Gpahn, 1. C/mmmogr., 427 (1988) 131. 
S. Eksborg and B. A. Pcrsson. in J. Hanin (Editor), Cholitrr ntxl Acc~~~~kltoli~re, IIundimok of Clwttkwl 
As.soy Mc~/aorls, Raven Press. New York, 1974, p. 181. 


