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Abstract 

A sensitive L C - M S - M S  method capable of quantifying terfenadine at levels down to 100 pg ml ~ in human 
plasma is reported. The method was validated over a linear range from 0.1 to 5.0 ng ml ] using a liquid-liquid 
extraction with a deuterium-labelled internal standard. The between-run precision and accuracy of the calibration 
standards were 2.6 6.0"/,, RSD and - 2 . 0  to + 2.2°/,, relative error (RE). The between-run and within-run precision 
and accuracy of quality control samples (0.3, 1.5 and 3.5 ng ml ~) were 1.0 5.9% RSD and + 1.7 to + 6.3% RE. 
This method was applied to the analysis of human plasma samples. 
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1. Introduction 

Terfenadine  { c~-[4-( 1,1 -d imethyle thyl )phenyl ] -4-  

(hydroxyd ipheny lme thy l )  - 1 - p iper id inebutanol}  

(T: Fig. 1) is a non-seda t ing  an tagon i s t  o f  his- 

tamine  H I - r e c e p t o r  deve loped  by M a r i o n  Merre l l  

D o w  under  the t r ade -name  Seldane.  It is the first 
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an t ih i s tamin ic  d rug  in this g roup  devoid  o f  seda- 

tive effects on the central  nervous  system [1]. 

T undergoes  extensive (99.5%) and  rap id  bio-  

t r ans fo rma t ion  by hepat ic  cy toch rome  P4503A4 

(CYT3A4)  to pha rmaco log ica l ly  active me ta bo -  

lites, p r imar i ly  t e r t -bu ty lca rboxy te r fenad ine  ( M D L  

16,455), and  a pha rmaco log ica l ly  inact ive me ta bo -  

lite o f  azacyc lonol  ( M D L  4829) [2,3]. The  f irst-pass 
me tabo l i sm results  in very low concen t ra t ions  o f  

te r fenadine  in p lasma.  In add i t i on  to the two m a j o r  

metabol i tes ,  three o ther  metabol i tes ,  an a lcohol  

metabo l i t e  ( M D L  17,523), an a ldehyde  metabo l i t e  

and  a " k e t o n e - a c i d "  metabol i te ,  have also been 

detected in urine [4]. 
The therapeut ic  dose  o f  T is 60 mg twice daily; 

Cmax is 1.5 ng ml ~ J for a 60 mg dose [2]. Dose  
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proportionality has been studied and confirmed [2]. 
For the pharmacokinetic study of T, the active 
metabolite of tert-butylcarboxyterfenadine can be 
easily detected by HPLC with fluroescence detec- 
tion because of its relatively high plasma level [5]. 
However, to measure the plasma level of T is still 
a major challenge. Previously, radioimmunoassay 
(RIA) [6] was the only method for the quantitation 
of T in human plasma, but the test kit is not 
commercially available. An HPLC method with 
fluorescence detection had a limit of quantitation 
(LOQ) of 10 ng ml- I  for T [5]. This could be 
applied to an interaction study or a unique clinical 
situation, but in normal subjects the T levels are 
usually below the LOQ of this method. A GC-MS 
method has also been used for metabolite identifi- 
cation [7], but hydrolysis and multiple-step deriva- 
tizations were involved, resulting in a relatively 
long sample preparation time. Therefore, the GC-  
MS method might not be suitable for pharmacoki- 
netic studies with large numbers of plasma samples. 
This paper describes a simple and rapid L C - M S -  
MS procedure for the quantitative determination 
of T in human plasma. 

2. Experimental 

2.1. Materials and reagents 

Terfenadine was purchased from USP (Wash- 
ington, DC) and terfenadine-d~o the internal stan- 
dard (I.S.), was custom synthesized. Ammonium 
acetate and ammonia solution were obtained from 
Mallinckrodt (Paris, KY). Acetonitrile, methanol, 
hexane and HPLC-grade water from Fisher (Fair 
Lawn, N J) and heparinized control plasma from 
Worldwide Biologicals (Cincinnati, OH). 

Fig. 1. Terfenadine. 
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m/z 

Fig. 2. Full-scan QI mass spectrum of terfenadine. The proto- 
nated molecular ion (MH +) at m/z 472.7 was used for the 
product ion scan. 

2.2. Sample preparation 

Three primary stock solutions of T were pre- 
pared from separate weighings. The primary stock 
solutions were verified using a UV spectrophoto- 
meter, scanning from 200 to 400 nm. Two of these 
three stock solutions with the closest abundance 
were chosen to prepare standards and quality 
control samples (QCs). The primary and subse- 
quent working stock solutions were prepared in 
methanol and stored at - 20°C during the valida- 
tion. 

Working standards were prepared fresh daily. 
The addition of 100/~1 of working stock solution 
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Fig. 3. Daughter ion mass spectrum of terfenadine. 
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Fig. 4. Full-scan Q1 mass spectrum of terfenadine-d~0. The 
protonated molecular ion (MH ~ ) at m/z 482.7 was used for 
the product ion scan. 

to 1.0 ml of blank control plasma yields the 
plasma concentration. The plasma concentrations 
of calibration standards were 0.1, 0.2, 0.5, 1.0, 2.0, 
3.0, 4.0 and 5.0 ng m l -  ~. Three levels of  QCs, at 
0.3, 1.5 and 3.5 ng ml ~, were prepared at the 
beginning of the study and were stored at - 20°C 
with the clinical samples. 

2.3. Instrumentation 

The HPLC system consisted of LDC 3500 
pump (River Beach, FL) and a Waters Model 717 
autosampler (Milford, MA). A BDS Hypersil C~,~ 
guard column (10 x 2 mm i.d., 5/~m) and a BDS 
Hypersil C~ analytical column (50 × 3 mm i.d., 
3/Lm) were purchased from Keystone (Bellefone, 
PA). The HPLC system was operated isocratically 
at 0.8 ml min l and at room temperature. The 
mobile phase consisted of acetonitrile methanol-- 
10 mM ammonium acetate (625:375:150, v/v/v). 

The mass spectrometer was a Perkin Elmer 
Sciex API-III Plus triple-quadrupole mass spec- 
trometer (Thornhill, Canada) equipped with an 
atmospheric pressure chemical ionization (APC1) 
interface. The heated nebulizer temperature was 
480°C, the auxiliary nitrogen gas flow rate was 1.2 
1 min t and the interface heater temperature was 
55°C. Ions monitored [multiple reaction monitor- 
ing (MRM)] for T were m / z  472.7 (parent) and 
talc 437 (product) and for terfenadine-d~o (I.S.) 

were m / z  482.7 (parent) and m / z  447 (product). 
Argon was used as the collision gas and the 
electron multiplier was set at 4 kV. 

2.4. Data treatment 

A weighted l /y  linear regression was used to 
determine slopes, intercepts and correlation coeffi- 
cients, where y is the ratio of the compound peak 
area to the I.S. peak area. The resulting ratios 
were used to calculate T concentration from the 
equation concentration = ( ) ' -  intercept)/slope. 

2.5. Extraction procedure 

To 1.0 ml of heparinized plasma sample, 100/~1 
of I.S. in methanol (20 ng ml ~) were added. 
After vortex mixing briefly, 50/~1 of 1 N ammonia 
solution were added, followed by 4 ml of hexane 
and shaking for 5 min on a horizontal shaker to 
extract T and I.S. from the plasma sample. The 
organic phase was then separated from the 
aqueous phase by centrifugation at 2500 rpm for 
5 min. After freezing the aqueous layer in a dry 
ice-acetone bath, the organic phase was trans- 
ferred into a clean conical tube and evaporated to 
dryness under a stream of nitrogen gas in a 40°C 
water-bath. The residue was reconstituted in 100 
/ll of  mobile phase and 30 /d were injected into 
the LC M S - M S  system. 

3. Results and discussion 

The LC M S - M S  method for the detection of 
T in human plasma was investigated. Fig. 2 shows 
the full-scan Q1 mass spectrum of T where the 
molecular ion (MH +) was m / z  472.7. The daugh- 
ter ion spectrum of T (Fig. 3) illustrates two 
major peaks m / z  455.0 and 437.0 which are due to 
loss of water from the protonated molecular ion 
(MH +). The full-scan Q1 mass spectrum and the 
daughter ion spectrum of I.S. (Figs. 4 and 5) 
displayed a pattern similar to T, in that the proto- 
nated molecular ion (MH + ) was at m / z  482.7 and 
the base peak of daughter ion spectrum was at 
m / z  447.0, 
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Fig. 5. Daughter ion spectrum of  the I.S. 

MRM ion chromatograms were used to deter- 
mine T and I.S. levels in plasma. The ions moni- 
tored for T were m/z 472.7 and 437.0, those for 
the I.S. were m/z 482.7 and 447.0. The dwell time 
was 100 ms for each ion with a 10 ms pulse time 
between scans. Both T and I.S. eluted at 1.1 min. 
A relatively short run time, 2 min, was achieved 
with the short analytical column (50 x 3 mm i.d.) 
and a high percentage of organics in the mobile 
phase. 

At the initial stage of method development, 
both an ionspray interface and a heated nebulizer 
probe with corona discharge chemical ionization 
(APCI interface) were evaluated. The APCI inter- 
face was chosen owing to its consistent response 
to the analytes in the MRM mode. By adjusting 
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Fig. 7. Chromatogram of  extracted 0.1 ng ml 1 standard: (A) 
terfenadine; (B) I.S. 

the resolutions (RE1 and RE3) and peak width 
(delta mass), the instrument selectivity and sensi- 
tivity were greatly enhanced. 

Fig. 6 is a chromatogram of blank control 
plasma fortified with I.S. Thirty-six lots of com- 
mercial blank control plasma were screened dur- 
ing the method validation, and no interference 
was observed. Figs. 7 and 8 show, the extracted 
0.1 ng m l - ]  standard and the extracted 0.3 ng 
m l - I  QC, respectively. In each chromatogram, 
the I.S. concentration was 2.0 ng ml ~. The chro- 
matograms are clean and with baseline resolution. 

The calibration curves were plotted as the peak- 
area ratio (T/I.S.) vs. T concentration, with eight 
points ranging from 0.1 to 5.0 ng ml m. The 
resulting calibration curves were linear and gave 
correlation coefficients greater than 0.999. 
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Fig. 6. Chromatogram of  blank control plasma with I.S. 
added: (A) terfenadine; (B) I.S. No terfenadine was observed. 
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Fig. 8. Chromatogram of  extracted 0.3 ng ml - ~ quality con- 
trol sample: (A) terfenadine; (B) I.S. 
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Table 1 
Inter-day precision and accuracy for terfenadine standard concentrations 

1679 

Terfenadine (ng ml -])  

0.10 0.20 0.50 1.00 2.00 3.00 4.00 5.00 

Mean (ng ml ~) 0.100 0.196 0.51 1.019 2.009 2.963 3.965 5.052 
RSD (%) 6.00 5.10 3.72 4.32 3.14 2.73 3.86 2.63 
RE (%) 0.00 - 2 . 0 0  +2.20 + 1.90 +0.45 - 1.23 - 0 . 8 8  + 1.04 
n 5 5 5 5 5 5 5 5 

3. I. Recover), 

A simple l iquid-l iquid extraction procedure 
was introduced to extract T and I.S. from plasma. 
The recoveries were calculated by direct compari- 
son of the peak areas of extracted standards with 
those of unextracted test solutions prepared in an 
interference-free matrix at the same concentra- 
tions. The recoveries of  T were 54.2-60.2% over 
the concentration range 0 .1 -5 .0  ng ml 1 (n = 6). 
The I.S. (terfenadine-dlo) recovery was 58.8% 
(n = 6), which was comparable to that for T. 

3.2. PerJormance characteristics 

Five validation curves were run on three sepa- 
rate days. Consistently good correlation coeffi- 
cients (r > 0.999) were obtained throughout the 
validation process. Table 1 shows the inter-day 
precision and accuracy data for each standard 
concentration. 

Table 2 
Precision and accuracy for quality control samples 

Terfenadine (ng ml i) 

0.3 1.5 3.5 

Inter-day 
Mean (ng ml t) 0.311 1.560 
RSD (%) 5.88 4.84 
RE (%) +3.67 +4.00 
n 30 30 

lntra-day 
Mean (ng ml ~) 0.305 1.594 
RSD (%) 2.95 2.13 
RE (%) + 1.67 +6.27 
n 6 6 

3.588 
5.03 

+2.51 
30 

3.621 
0.99 

+ 3.46 
6 

The L C - M S  MS method, with an LOQ of  100 
pg ml ], was substantially more sensitive than 
the RIA method described by Cook et al. [6], 
which had an LOQ of  200 pg ml i. The signal- 
to-noise ratio obtained at the LOQ was 20. 

Table 2 displays the inter-day and intra-day 
precision and accuracy for three quality control 
levels. The data shows that this LC M S - M S  
method is very consistent and reliable with low 
RE and RSD for both the standards and QCs 
over the entire concentration range. 

Table 3 
Stability of quality control samples 

Terfenadine (ng ml i) 

0.30 1.5 3.5 

Processed sample stability 
Refrigeration (n = 6) 

Initial (ng ml - t )  0.298 1.52 3.56 
66 h (ng ml - I )  0.311 1.52 3.45 
As % of initial 104 100 96.9 

Stability of samples in biological matrix 
Benchtop (n = 6) 

Control (ng ml ~) 0.302 1.47 3.46 
4 h (ng ml ~) 0.292 1.58 3.69 
As '7,~ of control 96.7 107 107 

Freeze thaw (n = 6) 
1st cycle (ng ml ~) 0.295 1.52 3.56 
3rd cycle (ng ml ~) 0.311 1.48 3.53 
As %, of 1st cycle 105 97.4 99.2 

Sample storage (n = 6, - 2 0 ° C )  
Initial (ng ml ~) 0.319 1.60 3.54 
10 weeks (ng ml -~) 0.288 1.40 3.32 
As % of initial 90.3 88.0 93.8 
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Fig. 9. Pharmacokinetic profile of a subject dosed with 120 mg 
of terfenadine. 

3.3. S tabi l i ty  results 

t reatment  f rom a normal  volunteer is shown in 
Fig. 9. 

4. Conclusion 

A simple, rugged and sensitive L C - M S - M S  
method  was developed using a l iquid- l iquid  ex- 
traction procedure.  The method  was validated to 
meet the requirements o f  the pharmacokinet ic  
investigation o f  terfenadine. The L O Q  was 0.10 
ng ml 1. More  than 1000 clinical samples were 
analyzed in 4 days. The calibration curve is suit- 
able for generating reliable pharmacokinet ic  
parameters.  

The stabilities o f  the processed samples and the 
samples in a biological matrix were studied during 
the method  validation. The results are given in 
Table 3. N o  significant degradat ion o f  T was 
observed during the stability test. The samples 
were stable and the results were consistent. 

3.4. Clinical application 

This L C - M S - M S  method  was used to provide 
pharmacokinet ic  data  for T in human  plasma 
following oral  administrat ion.  Volunteers were 
given a single 120 mg dose o f  T and subsequently 
sampled at specific times for the determinat ion o f  
T in the plasma. A total o f  1250 clinical samples 
f rom 33 subjects were analyzed in 4 days. A plot 
o f  T concentra t ions  in plasma versus time after 
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