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SUMMARY

A sensitive (50-100 pg/ml) method 1s described for the analysis of the anticholinergic drugs
cycrimine, procychdine and trihexyphenidyl by capillary gas chromatography with flame therm-
1onic detection Since these antichohnergie drugs are frequently administered in combination with
antipsychotic medication for the treatment of mental illness, the potential interference by anti-
psychotic drugs in this assay was examined No interference was observed from a series of anti-
psychotic drugs 1n the quantitation of cycrimine, procychdine or trihexyphenmidyl The use of this
technique to study trihexyphenidyl pharmacokinetics in man 1s described

INTRODUCTION

Trihexyphenidyl (benzhexol) and its analogues procychdine and cycrimine
(Fig 1) are synthetic anticholinergic drugs used in the treatment of Parkin-
son’s disease and neuroleptic-induced parkinsonism [1]. The pharmacokinet-
ics of trihexyphenidyl in man has been described [2] using a cholinergic ra-
dioreceptor binding assay [3] However, the interpretation of these data 1s
difficult since this method 1s not compound-specific; 1t quantitates cholinergic
receptor binding activity without regard for chemical structure Several pro-
cedures have been developed for the instrumental analysis of trihexyphenidyl
mncluding gravimetric [4], volumetric [5], spectrophotometric [6-8], polaro-
graphic [9,10], potentiometric [11-13] and gas chromatographic (GC) [14—
16] methods. GC techniques have also been described for the analysis of pro-
cychdine [17,18] Unfortunately, the majority of these methods have been de-
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Fig 1 Chemical structures of trihexyphenidyl, procyclidine and cycrimine

veloped for drug quantitation in pharmaceutical formulations or 1n vitro prep-
arations Accordingly, with the exception of a GC-mass spectrometric method
[16], current instrumental procedures do not possess the sensitivity required
for pharmacokinetic studies of these drugs in man

In this paper we describe a method for the quantitation of trihexyphemdyl,
procyclidine and cycrimine in biological fluids by capillary GC with flame
thermionic (alkal: flame) detection. This procedure has a lower limit of sen-
sitivity of 50 pg for trihexyphenidy!l and 100 pg for procyclidine and cycrimine
per ml of sample for a 2.0 ml sample volume. The application of this assay to
the single-dose pharmacokinetics of trihexyphenidyl is described

EXPERIMENTAL

Materals

Reagent-grade chemicals and HPLC-grade solvents were used throughout
Procyclidine- HC, trihexyphemidyl- HCI and cycrimine- HC1 were the kind gifts
of Burroughs Wellcome (Kirkland, Canada), Cyanamid Canada (Baie d'Urfe,
Canada) and El Lilly (Indianapolis, IN, U.S A.), respectively. Other drugs
used 1n this study were of pharmaceutical grade from various manufacturers.
All glassware was silicomzed with 0.2% Aquasil (Pierce, Rockford, IL, US A )
in water, followed by two distilled water rinses and oven drying (100°C, 1 h)

Apparatus

Analyses were performed using a capillary gas chromatograph (Shimadzu
GC-9A) equipped with a sphtless injector (Shimadzu SPL-G9) and flame
thermionic detector (Shimadzu FTD-9) (Shimadzu, Columbia, MD, U S.A.)
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Sample aliquots were injected on the fused-silica capillary column [25 m X 0 25
mm [ D, 01 um chemically bonded OV-17 stationary phase (Quadrex, New
Haven, CT, U S.A )] with a 0.5-min splitless perniod. For 0 6 min following
sample 1njection the column temperature remained steady at 150°C, after which
1t 1ncreased at 30°C/mun to 230°C, then at 5°C/min to 245°C and finally at
30°C/mun to 280°C. The detector and injector were maintained at 280°C. Car-
rier gas (hellum) pressure was 2 3 kg/cm?; other gas flow-rates were* hydrogen
35 ml/min, air 110 m!/min and auxiliary (helium) 35 ml/min The recom-
mended air flow-rate for this detector 1s 150-200 ml/min, however, sensitivity
was optimal 1n this apphication with a reduction of air flow to 110 ml/min
Chromatogram peak heights and retention times were determined by an elec-
tronic integrator (Model CR-3A, Shimadzu, Rockford, MD, U S A ).

Sample preparation

A 2 0-ml] aliquot of sample (plasma, serum or urine) was added to a glass
test tube containing buffer (200 ul of 1.0 M glycine, pH 11 0), internal stan-
dard solution (100 ul of 150 ng/ml cycrimine for trihexyphenidyl or procycli-
dine analysis, 100 ul of 150 ng/ml procychdine for cycrimine analysis) and
extraction solvent [2.0 ml of ethyl acetate-hexane (1 3)] The tube was capped,
shaken gently (15 min) and centrifuged (10 min, 250 g) The drug-containing
organic phase (upper) was transferred to a second glass test tube containing
1 5 ml of 1.0 M hydrochloric acid, and the tube was capped, shaken vigorously
and incubated (room temperature) for a mimimum of 12 h. Following this back-
extraction, the organic phase (upper) was discarded, the aqueous phase alka-
linized (10 ml of 10 M sodium hydroxide), 1 5 ml extraction solvent were
added, and the tube was capped, shaken and centrifuged as before. The drug-
containing organic phase was removed and evaporated in a 1.5-ml polyethylene
centrifuge tube (BelArt, Pequannock, NJ, U.S.A.) under a stream of nitrogen
The residue was redissolved 1n extraction solvent (40 ul) and a 2 0-ul ahiquot
injected on to the column

RESULTS AND DISCUSSION

Sample chromatograms for drug-free plasma and plasma containing 3.0 ng/
ml each of cycrimine, procyclidine and trihexyphenidyl are shown in Fig 2 No
endogenous compounds were observed to significantly interfere with the anal-
ysis of these drugs in human plasma. By this method the minimum detectable
quantities of cycrimine, procyclidine and trihexyphenidyl are 100, 100 and 50
pg/ml of plasma respectively.

This extraction procedure 1s sufficiently complex to require an internal stan-
dard for the accurate quantitation of these drugs in a biological flmd. An ap-
propriate internal standard should have similar structural, extraction and
chromatographic properties to the compounds of interest, but must not be
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Fig 2 Sample chromatograms of (A) plasma containing no cycrimne (C), procychdmne (P) or
trihexyphemdyl (T') and (B) plasma contamning 2 ng/ml cycrimme (C), procychdine (P) and
trihexyphemdyl (T')
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Fig 3 Typical standard curves for plasma samples containing known concentrations of procycl-
dine and trihexyphemidyl Cycrimine was the internal standard employed 1n this case

present 1n samples received for analysis. Since combinations of these ant:-
cholinergic drugs are not commonly prescribed, one compound may be selected
as the internal standard for the quantitation of the other two In our case, cy-
crimine represents an ideal internal standard for trihexyphemdyl or procych-
dine as 1t 1s not available as a prescription drug in Canada However, we have
also 1nvestigated the analysis of cycrimine-containing plasma samples with
procyclidine as the internal standard.

Standard curves for plasma samples spiked with known concentrations of
trihexyphenidyl and procyclidine are shown in Fig. 3. These calibration curves,
obtained by plotting the ratio of drug to internal standard peak heights against
known drug concentrations, were not linear throughout their entire range (0.25-
243 ng/ml). As a result, plasma drug concentrations were determined by 1n-
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terpolation within linear sections (as determined by least-squares linear
regression) of approximately a 40-fold concentration range of the standard
curve In this way, accurate predictions of known concentration samples were
obtained while maintaining predicted concentrations of the blank samples in-
significantly different from zero Standard curves for the analysis of plasma
samples containing known concentrations of ¢ycrimine {with procychidine as
the internal standard) were ssmilar and were treated in the same manner
Within-day reproducibility was assessed by repeatedly analysing a plasma
sample containing the appropriate drug at a concentration of 3 0 ng/ml eight
times during the day Between-day reproducibility was determined through the
analysis of plasma samples containing a range of trihexyphenidyl, procyclidine
and cycrimine concentrations over six separate occasions These results are
listed 1n Table I

This assay was developed to examine the pharmacokinetics of trihexyphen-

TABLE1
REPRODUCIBILITY DATA FOR THE ANALYSIS OF PLASMA SAMPLES CONTAINING
EITHER PROCYCLIDINE AND TRIHEXYPHENIDYL OR CYCRIMINE

Cycrimine was used as the internal standard for trihexyphenidyl and procyclidine analysis, pro-
cyclidine was the internal standard for cycrimine determinations See text for details

Compound Actual Concentration determined Coefficient
concentration {(mean+SD) of vanation
(ng/ml) (ng/ml) (%)
Between-day reproducibility over a six-day period
Procychdine 025 0261004 136
10 0931008 82
30 297017 59
90 8961033 36
270 2830+152 54
Trihexyphemady!l 025 0251004 170
10 0981005 55
30 2901019 64
90 9171035 38
270 28521138 48
Cycrimine 025 0231005 20 4
10 1011007 72
30 3021017 56
90 9081036 40
270 2798+142 51

Within-day reproducibility for eight determinations

Procychidine 30 2991022 72
Trihexyphenidyl 30 3011016 54
Cycrimine 30 2961021 70
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1dyl and procychdine, drugs used primarily for the treatment of antipsychotic
drug-induced Parkinson’s symptoms Accordingly, the potential for interfer-
ence from drugs commonly prescribed for the treatment of schizophrenia was
examined. These agents and their retention times in this system are listed in
Table II Clearly, the compounds of interest are completely resolved from the
drugs surveyed The possible interference from antipsychotic drug metabolites
was not investigated 1n this study The chromatographic behaviour of benztro-
pine, another commonly prescribed anticholinergic drug, was also determined
Although the retention time of this drug (6.74 min ) lends itself to quantitation
by this method, the poor efficiency of the current extraction procedure (~5%)
precludes 1ts analysis in biological fluids at pharmacologically relevant
concentrations

The specificity of a chromatographic assay procedure 1s a combination of
column resolving power, detector specificity and the selectivity of the sample
preparation Even with the excellent resolving power of capillary columns
{typically 2000-5000 theoretical plates per meter) and the selectivity of flame
thermionic detectors for compounds containing nitrogen and phosphorus, the

TABLE II

RETENTION TIMES FOR SEVERAL ANTIPSYCHOTIC AND ANTICHOLINERGIC
DRUGS

Compound Retention time® (min)
Trnflupromazine 503
Cycrimine 511
Procyclidine 545
Trihexyphendyl 594
Perphenazine 617
Promazine 6 31
Benztropine 674
Chlorprothixene 733
Chlorpromazine 735
Methotrimeprazine 752
Molhindone 793
Loxapine 801
Pipotiazine 922
Haloperidol 1091
Prochlorperazine 1093
Fluspirilene ND
Mesorndazine ND
Pericyazine ND
Pimozide ND
Thioridazine ND
Thiothixene ND

“N D, drug was not detected or had a retention time 1n excess of 12 min
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myriad of such compounds 1n a biological matrix places emphasis on selective
extraction procedures Dean et al [18] have described a cyclohexane extrac-
tion of biological fluids for the GC analysis of procychidine 1n plasma and urine.
This extraction procedure 1s sufficiently selective to allow quantitation of pro-
cyclidine in human plasma with a lower limit of sensitivity of 20 ng/ml For
the GC analysis of biperiden, an anticholinergic drug structurally related to
trihexyphemidyl, Le Bris and Brode [19] combined a hexane extraction of
plasma with an acidic back-extraction to further reduce interfering substances
and permit quantitation of the drug to 250 pg/ml. Few interfering substances
are extracted from plasma by either hexane or cyclohexane, however, their
poor extraction efficiency for this group of drugs (60% for trihexyphendyl
with equal aqueous and organic phase volumes ) necessitates increased solvent
volumes, multiple extractions or both to maintain reasonable drug recoveries

Unfortunately, similar extraction efficiencies were observed for trihexyphen-
1dyl with several solvents (ethyl acetate, methylene chloride, chloroform, n-
butanol, diethyl ether). However, a binary mixture of ethyl acetate and hexane
(from 1 3to 3 1) extracted trihexyphendyl, procychidine and cycrimine with
98% efficiency An ethyl acetate/hexane ratio of 1 3 was selected for this pro-
cedure since fewer detectable endogenous compounds were extracted from
plasma with this composition than with mixtures containing greater propor-
tions of ethyl acetate.

The combination of ethyl acetate and hexane not only increases extraction
efficiency over hexane alone, but also alleviates the difficulty of phase sepa-
ration of the emulsion frequently formed with hexane- and protein-containing
fluids However, in contrast to hexane, back-extraction of these anticholin-
ergic drugs from ethyl acetate—hexane into an acidic aqueous phase 1s very poor
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Fig 4 Plasma trihexyphenidyl concentration-time curve from an mndividual taking a single 2-mg
tablet of trihexyphenidyl hydrochloride
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(56-10% efficiency) regardless of the acid concentration To circumvent this

T Tt

12 h, the resultant acid-catalyzed hydrolysis of ethyl acetate improves the back-
extraction efficiency such that the majority (90-95%) of drug 1s recovered in
the aqueous phase

The application of this method to the study of trihexyphemdyl pharmaco-
kinetics was 1nvestigated by monitoring plasma levels of the drug in human
volunteers following a single 2-mg oral dose A typical plasma drug concentra-
tion—-time curve 1s shown in Fig. 4 Clearly, the drug 1s rapidly absorbed from

41T 203

for a highly sensitive assay procedure for the study of anticholinergic drug
pharmacokinetics under clinically relevant dosage regimes
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