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Abstract

A sensitive and rapid method for the simultaneous determination of three commonly abused anticholinergic drugs in Jordan;

trihexyphenidyl, procyclidine, and biperiden in plasma and urine has been developed using solid phase extraction and GC–MS.

Linearity was established from therapeutic to fatal concentrations of the three drugs; 5–300 ng/ml in plasma, with correlation

coefficient r2 $ 0:9978 and 10–800 ng/ml in urine r2 $ 0:9993: Recoveries were in the range of 86–92% and intra-day and

inter-day relative standard deviations ðn ¼ 6Þ were in the range of 6.6–10.3% for the three drugs at three different

concentrations in plasma and urine. The base peak m/z 98 for trihexyphenidyl, m/z 84 for procyclidine, and m/z 98 and 218 for

biperiden, and m/z 339 for papaverine (internal standard) were monitored at selective ion monitoring; their retention times were

8.10, 8.67 and 8.92 min, respectively, and 14.79 min for the internal standard with analysis time of 16.75 min. The limit of

detection of 0.5 ng/ml was attained for trihexyphenidyl and procyclidine, while for biperiden 2.0 and 1.0 ng/ml in spiked

plasma and urine, respectively. This method has been applied to forensic and authentic samples taken from abuser and patients

using these drugs. The method will offer the clinicians and the legal authority the right diagnosis regarding the anticholinergic

involved in any case of abuse with less than 1 h per sample (plasma or urine) from the time of receiving.
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1. Introduction

The pattern of drug abuse usually differs from

country to country and even from province to another

within the same country. The most common drugs of

abuse known worldwide are opiates [1–6], cannabi-

noids [7,8], amphetamines [9–12] and cocaine

[13–16].

In the last decade, Jordan witnessed a substantial

increase of illicit drug consumption. Beside the abuse

of opiates and cannabis, we face a different type of

drug abuse, the abuse of anticholinergic drugs. The

first anticholinergic drug to be abused in Jordan was

(Artanew) trihexyphenidyl hydrochloride [17]. It

represents around 29% of the total number of seized

drugs over a period of 4 years [18]. This drug was

listed in Narcotics and Psychoactive Drugs Act, since

1994 and found in the Jordanian market and black

market in two pharmaceutical strengths of 2 or 5 mg

tablets. A prison sentence of 6 months is usually

imposed on (Artanew) abusers and 3–5 years for

dealers; this led to a shortage of supply within
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the Jordanian market. Another two anticholinergic

drugs were taking trihexyphenidyl reputation among

the drug abusers in Jordan; (Kemadrinw) procyclidine

hydrochloride 5 mg strength dominated the antic-

holinergic drugs and became the drug of choice,

followed by (Akinetonw) biperiden hydrochloride

2 mg strength, both are not listed in narcotics and

psychoactive drugs act. However, the demand and

abuse of artane remains with the other two-antic-

holinergic drugs.

Trihexyphenidyl, procyclidine, and biperiden com-

pete with the neurotransmitter acetylcholine for its

receptor sites at synaptic junctions, which conse-

quently leads to inhibition of transmission of certain

nerve impulses. The anticholinergics are used in

clinical practice to treat Parkinsonism, especially the

tremor that is characteristic of the disease [19]. The

abuse potential of these drugs is attributed to their

euphoric and hallucinogenic properties [20–25].

Fatalities and intoxication with one or more of

anticholinergic drugs have been reported in the

literature [26–29]. The therapeutic and fatal concen-

tration of the three drugs in blood and urine are shown

in Table 1.

In literature, few methods are present regarding the

analysis of these drugs [30–32]. These methods lack

the capability of simultaneous determination of

procyclidine, trihexyphenidyl and biperiden, and are

based on the use of liquid–liquid extraction. On the

other hand, two interesting reports regarding the

analysis of anticholinergic drugs with some limi-

tations were cited in the literature [17,33], one based

on the use of gas chromatography coupled with

nitrogen phosphorous detector (GC-NPD) and solid

phase sorbent in extracting only one drug (trihexy-

phenidyl) from blood and urine, while the other

addressed the chiral analysis of anticholinergic

analogs in serum using on-line sample cleanup with

LC–MS as a method of separation and detection, this

method has a limitation in the analysis of urine and

forensic blood sample.

In the last decade, analytical forensic toxicology

witnessed an exponential increase in the use of solid

phase extraction (SPE) as a method of sample

preparation in drugs of abuse and postmortem forensic

cases; because this technique offers good reproduci-

bility, cleaner extract, the need of minimal quantity of

solvents, and the ability to automate the extraction

procedure. In this work a rapid and sensitive method

for the simultaneous determination of the three

commonly abused anticholinergic drugs; trihexy-

phenidyl, procyclidine, and biperiden in biological

fluids (plasma and urine) in one-step of extraction and

detection using HCX-solid phase sorbent and gas

chromatography–mass spectrometry (GC–MS) is

presented.

The developed method enables the forensic

toxicologist to provide the physician and the legal

authority with the right diagnosis regarding the

anticholinergic drug involved in cases of abuse or

overdose. The method reduces the cost, the sample

volume, and the time required to obtain a proper

diagnosis as a result of good differential diagnosis by

toxicological analysis.

2. Materials and methods

2.1. Chemicals and reagents

HPLC-grade acetonitrile and methanol were pur-

chased from LAB SCAN (Ireland). All other reagents

and chemicals were reagent grade or better and used as

obtained from commercial sources. Trihexyphenidyl-

HCI, procyclidine-HCI, biperiden-HCI were supplied

by The Drug Control Laboratory, Ministry of Health

and papaverine standard was available as pure

substance at the Toxicology Laboratory, Jordan

University Hospital/The University of Jordan.

The SPE column HCX (130 mg/10 ml) ISOLUTE,

Octadecyl-C18 and Octyl-C8 were purchased

from International Sorbent Technology (UK).

Table 1

Therapeutic and fatal concentration cited in the literature of the

three anticholinergic drugs in plasma and urine

Drug Plasma (ng/ml) Urine (ng/ml) References

Trihexyphenidyl 55 59–173a [37,17]

30b, 120b 380b [34,27]

Procyclidine 150–630, 116 – [34,36]

4000–4,400b 1800–7000b [34]

Biperiden 4.0–6.0, 5.0 – [34,35]

a In psychiatric and trihexyphenidyl abuser.
b Reported in fatal cases.
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Deionized water obtained with Millipore purification

system (Bedford, MA, USA).

2.2. Standard solutions

A Stock standard solution of trihexyphenidyl,

procyclidine and biperidin hydrochloride was pre-

pared in 25 ml methanol to produce a concentration of

1 mg/ml. A working solution was prepared in

methanol by appropriate dilution of the stock standard

to obtain the desired concentration of the three drugs.

A working solution of the internal standard (papaver-

ine) was prepared in methanol in a concentration of

1000 mg/ml. The methanolic stock and working

solutions were stored at 220 8C and found to be

stable for at least 3 months.

2.3. Chromatographic conditions

The GC–MS analysis was performed on Shimadzu

Gas Chromatography–Mass Spectrometry QP2010

(Shimadzu Corporation, Tokyo, JAPAN) fitted with

Teknokromaw 30-m TRACSIL META.X5 capillary

column (0.25-mm i.d £ 0.25-mm thickness, cross-

linked 5% phenyl methyl-siloxane, Teknokroma,

Spain). Sample injection was by splitless mode

using 1.0 ml sample volume. Both injection port and

interface temperature were 250 8C. The GC tempera-

ture profile was; initial oven temperature set at 150 8C

for 1 min, then 25 8C/min to 250 8C held for 1 min

then 8 8C/min to 280 8C and held for 7 min. The

carrier gas used was helium at a flow rate of

1.0 ml/min. All drugs including the internal standard

were eluted within 15 min. Data acquisition and

analyses were performed using standard software

supplied by the manufacturer. The Shimadzu

GC-MS/QP2010 with the electron impact (EI)

ionization mode set at 70 eV. The electron impact

spectra of the three drugs and internal standard were

recorded by selective ion monitoring (SIM). Reten-

tion times and characteristic mass fragments were

recorded and the chosen diagnostic masses were

monitored in the SIM. The following mass fragments

were used in identification of procyclidine m/z 84,

trihexyphenidyl m/z 98, biperiden m/z 98 and 218, and

the internal standard (papaverine) m/z 339. Acqui-

sition was started at 7.5 min and ended at 16 min.

2.4. Samples collection

Blood and urine samples were obtained from eight

patients receiving psychiatric therapy at the Psychia-

try clinic, The National Center for Psychiatry—

Ministry of Health. The patients are known anti-

cholinergic drugs abusers. In the consent form the

identity of the patients was kept anonymous. The

blood samples were centrifuged; the plasma and urine

were kept in deep freeze until they were extracted and

analyzed. The method was also tested on three cases

of anticholinergics overdose presented to emergency

room in the early stage of our research; samples were

stored at 220 8C.

2.5. Extraction procedure

For conditioning, the HCX columns were treated

by passing through 2 ml methanol, 2 ml de-ionized

water and 2 ml of phosphate buffer (0.1 M, pH ¼ 6).

In a clean vial 2 ml plasma or 5 ml urine and 0.1 ml of

the internal standard solution followed by the addition

of 3 ml or 2 ml of phosphate buffer (0.1 M, pH 6) to

blood or urine samples. The prepared samples were

mixed well then poured into the HCX columns. After

application of the samples, the columns were washed

with 1 ml acetic acid (1.0 M) and then dried at

maximum vacuum for 5 min. Acetonitrile (4 ml) was

added and eluted rapidly through the columns and

dried at maximum vacuum for 2 min. The three drugs

were eluted into a collection tube with 4 £ 0.5 ml of

the elution solvent 4% NH4OH in ethyl-acetate. The

extract was evaporated to dryness at 40 8C under a

gentle stream of nitrogen. The residue was dissolved

in 100 ml of ethyl acetate; 1 ml aliquot was injected to

a GC/MS.

2.6. Method validation

Drug free plasma and urine samples obtained from

healthy subjects were used as negative quality

control samples (NQC). A stock standard solution

containing the three drugs was used in prepared

plasma and urine samples at different concentrations.

For the determination of limit of detection (LOD),

NQC urine and plasma containing 0.5, 1.0 and

2 ng/ml of the analytes were prepared. Duplicate

Samples at each concentration were prepared in NQC
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plasma and urine to construct the calibration curves;

5, 25, 50, 100, 150 and 300 ng/ml in plasma, and 10,

50, 100, 200, 400 and 800 ng/ml in urine of the three

drugs. The peak–area ratio for each drug was

calculated by dividing the area of the base peak ion

m/z at the retention time of that drug by the area of

the base peak ion m/z 339 of the internal standard.

The resulting peak–area ratios versus the concen-

trations of the corresponding calibrators were plotted.

For the determination of recovery and precision six

samples at each concentration of 5, 50 and 150 ng/ml

and 10, 100 and 400 ng/ml were prepared in plasma

and urine for the drugs under investigation and at

50 mg/ml for the internal standard, respectively. Each

sample in the validation procedure was injected

twice.

3. Results and discussion

3.1. Chromatographic separation

The separation of the three drugs on gas chroma-

tography was very difficult when the same type of

column (HP-1) and GC temperature programming

were used as described in Ref. [17]. The method

conditions were: initial temperature 180 8C held for

1 min, then linear increase in temperature at 8 8C/min

to final temperature 280 8C held for 2 min, at such

conditions biperidin and trihexyphenidyl were poorly

separated (co-eluted). In an attempt to obtain better

separation between the three drugs, an HP5-MS

column was used with linear increase in temperature

as mentioned above the peaks of the three drugs were

separated very close to each other (less than 0.1 min

difference). When a non-linear temperature program-

ming was implemented; the initial temperature

maintained at 180 8C for 4 min, and the first ramp

rate increased to 12 8C/min and the first ramp

temperature of 210 8C/min held for 4 min and the

second ramp rate increased to 30 8C/min to final

temperature 280 8C, the retention times of the drugs

were increased by 1 min with no significant improve-

ment in the resolution, especially between trihexy-

phenidyl and biperiden. While decreasing the initial

time and temperature, and first ramp rate, at such GC

conditions trihexyphenidyl was poorly separated from

procyclidine.

The best separation was achieved on Teknokromaw

TRACSIL Meta.X5 column when the GC

conditions set at; 150 8C for 1 min, then 25 8C/min to

250 8C and held for 1 min then 8 8C/min to 280 8C

and held for 7 min. The retention times were; 8.10,

8.67, 8.92 and 14.79 min for procyclidine, trihexy-

phenidyl, biperiden, and the internal standard,

respectively. Gaussian peaks shapes were obtained

at such condition with good baseline separation

between the three drugs and the internal standard.

The above mentioned column and GC conditions were

used in this study.

The injector temperature has shown an effect on

the detection of trihexyphenidyl since it decomposes

at temperature above 250 8C, and to avoid its

degradation the injector temperature was set at

250 8C, such temperature showed an improvement

in the detection limit of trihexyphenidyl with no

significant effect on the detection of the other two

drugs.

3.2. Extraction

3.2.1. Selection of SPE sorbent, buffer and elution

solvent

Methods described in the literature [30–32] based

on the use of liquid–liquid extraction technique for

extracting one or two of the anticholinergic drugs

were tested. Poor recoveries in the range of (40–75%)

were obtained for the three drugs. Back extraction was

necessary in order to reduce background noise

resulted from sample matrix; without back extraction

the selectivity of GC–MS method was compromised

when the detection of the two closely eluted drugs,

biperiden and trihexyphenidyl, is required. Therefore,

different solid phase extraction columns were tested

as an alternative to liquid–liquid extraction including;

C18, C8 and HCX. The high lipophilic sorbent (C18)

showed a significant increase in the back ground noise

when spiked plasma was extracted at pH 8 and eluted

with 2% NH4OH in ethyl-acetate, the recovery was in

the range of 52–70% for the three drugs, while a

better recovery was attained 60–76% for plasma and

urine when the sample extracted at pH 6 and eluted

with 4% NH4OH. The mild polar sorbent (C8)

showed better recoveries of the analytes which were

found in the range of 70–76% for blood and

urine extracted at pH8 and eluted with 2% NH4OH
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in ethyl-acetate, and 73–78% for samples extracted at

pH 6 and eluted with 4% NH4OH in ethyl-acetate. It

is known that the retention of high and mild lipophilic

sorbents (C18, C8) is based on a single mechanism

and the effect of pH on the extraction procedure is

important, those two factors make those sorbents

unsuitable due to their non-specific retention proper-

ties and the matrix interferences.

The preliminary investigation on the use of a

sorbent with mild polarity and cationic exchange

properties like HCX, using a buffer of pH 6 and

elution solvent (2% NH4OH in ethyl-acetate) as

described in Ref. [17]. Such sorbent showed a

recovery of 70, 75, and 90% for biperiden, procycli-

dine and trihexyphenidyl, respectively, in spiked

plasma samples, but when the pH of the buffer was

increased to 8, no significant increase in their

recoveries was noticed 68–90% with a significant

increase in background noise.

In order to improve the recovery which was attained

for biperiden and procyclidine using the method

described by Hadidi [17], a significant increase in the

recovery of the two drugs was observed and reached

above 86% when the elution solvent was changed to a

4% NH4OH in ethyl-acetate. The interferences from

the biological matrix were reduced when HCX

column, pH 6 buffer and the elution solvent mixture

(4% NH4OH in ethyl-acetate) were used. It was found

that the use of an old elution solvent mixture would

yield a poor recovery; therefore, it is recommended to

prepare the elution solvent mixture on the same day.

3.2.2. Selective ion storage of drugs masses

The structural similarity of the three drugs results

in a similarity in their mass spectra. The three drugs

shared the following m/z regardless of their abun-

dance; 84, 77 and 55. On the other hand, biperiden and

trihexyphenidyl shared m/z 98 as the base peak, when

this base peak was used as a qualifying and

quantifying ion for trihexyphenidyl and biperiden, a

good discrimination between the two drugs was

observed at their retention times of 8.67 and

8.92 min. However, the use of two ions; base peak

m/z 98 with the second most abundant m/z 218 for the

quantitative and qualitative identification of biper-

iden, and the use of one ion; base peak m/z 98 for

trihexyphenidyl, seems to be very practical as

the intensity of the mass m/z 218 was found to be

more abundant in biperiden mass spectrum than

trihexyphenidyl. The base peak m/z 84 at 8.10 min

for procyclidine was used.

3.3. Validation

3.3.1. Recovery and precision

The mean percent recoveries and coefficient of

variations (CV%) of the three drugs at the concen-

tration levels of 5, 50 and 150 ng/ml in plasma and 10,

100 and 400 ng/ml in urine of six determinations at

each concentration are presented in Table 2. The mean

recovery and CV regardless of the concentration were

(88.3%, CV% 7.3 and 91%, CV% 8.2) for procycli-

dine, (88%, CV ¼ 10.3% and 92%, CV ¼ 8.4%) for

trihexyphenidyl and (86.3%, CV ¼ 8.7% and 89%,

CV ¼ 7.1%) for biperiden, in plasma and urine,

respectively. The recovery of the internal standard

(papaverine) was found to be 92% in plasma and 95%

in urine (CV ¼ 3.5 and 2.2%, n ¼ 6). In calculating

the recovery, the ratios of the drug to the internal

standard of extracted and un-extracted samples were

used. The method showed excellent recoveries of

above 86% with precision of less than 10.3%.

3.3.2. Selectivity, detectability and linearity

Fig. 1(I) shows the typical total ion chromatogram

(TIC) for plasma NQC. Arrows A, B, C, and D indicate

the retention times of corresponding anticholinergic

drugs; procyclidine, trihexyphenidyl, biperiden and

the internal standard, respectively. While Fig. 1(II)

Table 2

Shows the recovery and precision obtained by the developed

method ðn ¼ 6Þ

Drug Concentration

(ng/ml)

Recovery

(%)

Precision

(CV %)

Trihexyphenidyl

Plasma 5, 50, 150 82, 93, 89 9.8, 12.5, 8.4

Urine 10, 100, 400 94, 92, 90 8.7, 7.5, 9.0

Procyclidine

Plasma 5, 50, 150 92, 83, 90 9.5, 7.6, 6.3

Urine 10, 100, 400 88, 90, 95 7.0, 4.8, 8.2

Biperiden

Plasma 5, 50, 150 80, 88, 91 10.8, 9.1, 6.3

Urine 10, 100, 400 89, 93, 85 8.9, 5.2, 7.3
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Fig. 1. The total ion mass chromatogram. (I) Plasma NQC. (II) Plasma NQC spiked with 50 ng/ml of each drug and 5 mg/ml of the internal

standard. Arrows A, B, C, and D indicate the retention times of corresponding anticholinergic drugs; procyclidine, trihexyphenidyl, biperiden

and the internal standard, respectively.
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shows a (TIC) of NQC plasma spiked with 50 ng/ml of

the three drugs and 5 mg/ml of the internal standard.

Under the conditions selected for gas chromatog-

raphy, good separation between the drugs with the

absence of interferences from endogenous com-

ponents, at the retention times was observed. The

LOD (detectability) and limit of quantitation (LOQ)

were determined as analytes base peak concentrations

giving rise to signal-to-noise ratios of 3 and 10,

respectively. The LODs for procyclidine at m/z 84 and

trihexyphenidyl at m/z 98 were found to be 0.5 ng/ml

for both drugs in plasma and urine, while for biperiden

at m/z 98 and 218 were 2.0 and 1.0 ng/ml in spiked

plasma and urine, respectively. Table 3 shows the

mathematical expression and the correlation coeffi-

cients parameters of the three drugs. Correlation

coefficients above 0.998 were obtained for the all

analytes in plasma and urine. The method offered

excellent linearity at the concentration range of 5–300

and 10–800 ng/ml for plasma and urine, respectively,

the concentration range of the calibration curves of the

three drugs were higher than those reported in Ref. [17],

such level offered our method the ability to determine

high concentrations of the analytes especially in the

case of fatal and overdose poisoning.

Fig. 2. It shows a selective ion monitoring chromatogram from case 1 (urine) using m/z 98 and 218 to detect biperiden and 339 for papaverine

(internal standard).

Table 3

Regression data of the three drugs (concentration range

5–300 ng/ml in plasma and 10–800 ng/ml in urine)

Drug Regression equation Correlation coefficient

Trihexyphenidyl

Plasma y ¼ 0:0139x þ 0:0145 r2 ¼ 0:9986

Urine y ¼ 0:0107x þ 0:0091 r2 ¼ 0:9993

Procyclidine

Plasma y ¼ 0:0123x 2 0:0861 r2 ¼ 0:9978

Urine y ¼ 0:0201x 2 0:0694 r2 ¼ 0:9999

Biperiden

Plasma y ¼ 0:0051x 2 0:0209 r2 ¼ 0:9989

Urine y ¼ 0:012x þ 0:006 r2 ¼ 0:9996
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3.4. Application of the method to patients’ samples

The method offered excellent selectivity when

tested on plasma and urine samples taken from abusers

and patients, since no interferences at the retention

times of the three drugs from medications usually

prescribed in treating abusers and psychiatric patients

and also no interferences from samples matrix were

noticed.

All cases involved in this study were males, mean

age 27.3 (range 18–39 years), In case (1) biperiden was

found in the patient’s plasma and urine in concen-

tration of 14 and 60 ng/ml, respectively. Fig. 2 shows a

selective ion chromatogram of urine sample taken

from case 1. Application of the established method to

forensic plasma and urine sample obtained from case

(11), revealed the presence of trihexyphenidyl and

biperiden at concentration of 38 and 6 ng/ml in plasma,

102 and 31 ng/ml in urine, respectively. Their blood

concentrations were within therapeutic range.

The excellent capability of this method as a

screening procedure in investigating the presence,

the three drugs in plasma and urine was noticed when

a case of a concomitant ingestion of the three

anticholinergic drugs by a patient admitted to the

emergency room due to overdose (case 9) was

analyzed; the patient was an anticholinergic drugs

abuser. He admitted the ingestion of only a few tablets

of procyclidine before 1–2 h of his admission to

emergency. After necessary medical measures taken

by the treating physician, blood and urine samples

were collected. Their analysis revealed the presence

of other anticholinergic drugs; in the concentrations of

9 and 7 ng/ml in plasma, and 58, 29 ng/ml in urine for

trihexyphenidyl and biperiden, respectively. While a

high concentration of procyclidine was noticed in his

plasma and urine 52, 221 ng/ml. The drugs levels of

all cases included in this study are shown in Table 4.

In cases 1, 3, 4, 5, 7 and 10, one drug was found in

plasma and urine samples, two drugs were present in

cases 2, 6, 8, 11 and three drugs in case 9. Regardless

of the type of sample plasma or urine the drugs can be

determined with excellent specificity and sensitivity

in less than 1 h for receiving at the laboratory.

In conclusion, the forensic toxicologists are usually

facing many challenges in drug abuse cases includes;

the personal history of drug use in most cases is far

from being accurate, fearing the legal consequences

and embarrassment of admitted illicit substance use

which most users tend to deny, or to under report,

illicit drug consumption are examples of those

challenges. In cases of anticholinergics abuse, most

abusers of Artanew preferred to admit the intake of

Kemadrinw or Akinetonw, since the legal conse-

quence of Artanew abuse is more severe. On the other

hand, clinical judgment is the only method used in the

differential diagnosis the three drugs; unfortunately

the three drugs share the same clinical effects on the

abuser, thus making the clinical judgment very

difficult and unfair. The present developed method

offers a novel and valuable approach to law enforce-

ment and legal medicine services in the differential

diagnosis of the three anticholinergic drugs.
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