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ABSTRACT-A rapid, selective and sensitive reversed-phase HPLC method for the determination of a major metabolite of
terfenadine, fexofenadine, in human serum was developed, validated, and applied to the pharmacokinetic study of ter-
fenadine. Fexofenadine and internal standard, haloperidol were extracted from human serum by liquid-liquid extraction with
acetonitrile and analyzed on a Symmetry™ C8 column with the mobile phase of 1% triethylamine phosphate (pH 3.7)-ace-
tonitrile (67:33, v/v, adjusted to pH 5.6 with triethylamine). Detection wavelength of 230 nm for excitation, 280 nm for
emission and flow rate of 1.0 mL/min were fixed for the study. The assay robustness for the changes of mobile phase pH,
organic solvent content, and flow rate was confirmed by 3° factorial design using a fixed fexofenadine concentration (50 ng/
mL) with respect to its peak area and retention time. In addition, the ruggedness of this method was investigated at three
different laboratories using same quality control (QC) samples. This method showed linear response over the concentration
range of 10-300 ng/mL with correlation coefficients greater than 0.999. The tower limit of quantification using 0.5 mL of
serum was 10 ng/mL, which was sensitive enough for the pharmacokinetic studies of terfenadine. The overall accuracy of
the quality control samples ranged from 95.70 to 114.58% for fexofenadine with overall precision (% C.V.) being 3.53-
14.39%. The relative mean recovery of fexofenadine for human serum was 90.17%. Stability studies (freeze-thaw, short-
term, extracted serum sample and stock solution) showed that fexofenadine was stable during storage, or during the assay
procedure in human serum. However, the storage at -70°C for 4 weeks showed that fexofenadine was not stable. The peak
area and retention time of fexofenadine were not significantly affected by the changes of mobile phase pH, organic solvent
content, and flow rate under the conditions studied. This method showed good ruggedness (within 15% C.V.) and was suc-
cessfully used for the analysis of fexofenadine in human serum samples for the pharmacokinetic studies of orally admin-
istered Tafedine tablet (60 mg as terfenadine) at three different laboratories, demonstrating the suitability of the method.

Key words—Terfenadine, Fexofenadine, Human serum, Validation, Pharmacokinetics, HPLC

H 23U (terfenadine, a-[4-(1,1-dimethylethyl)phenyl]-4- 2853 a3E Hol 99% o]do] thAE]

inn

o] Yol B2
o

(hydroxydiphenyl methy!)-1-piperi dinebutanol}> A& Q] U2 tert-butyl groupe] 7F=H-4delHd Fravd
S|2EW] Hy 784 AR S04 98-S 4 2 wskd By ople} HEdudS: A3 8% w571 10
QoL oW Ahgelo] FEAA A AENEE, FF ngml VREEE LERAARE HLALEE oF 200 ng/mLE
A oPdubg B FEAA oldube S YoIA g AA B3] HEsUEROE 200 oPd IEEs FARND )
o]t} 17 2oy FAbARl A 85 HL s =
HEsuee oF 97%7 E @ AYsty, F & Gk AR 1423470019, wiT]E oF 131407k
A kY B JEE2 60mge® 1Y 19]
TR w2 Tak Foli= o] HxjoAR T 1Y 232 o] B88h 4A7)Eoe] sk AbgolA

Tel : 062)530-2931, E-mail : leeyb(@chonnam.chonnam.ac.kr

r1r

ARk 128 Folsink )

437



438 Z34

FUellA HEZHUY AAe 53ALGF) “eld A~
< HEsIY o5 AR AR7F ARED e g
A EFEH AN = AEN TN E S ol AL
WAAA ] FAE H7F, FRATFOEA FESIZ S F
Al AAAE FE3P7] il =gstar Qo). olefst fA
QAAA Y] T2 o5H] Aa 534 AAl HE W
Ate oMz FE ook & ARleltt. o)F I8l 4
FoRERA M S AX] AESEESAAANNE A
& A9 iR B E5E AESHTSAEAE BEAHA
2 58 Sl AENH TR AKlsE mrsla
FRTTHANE A E89S Alxstaal =¥t et
agd], HEsud ARe] BESHFEHAES A
el Zagh d=0lg o 3 HEHU A Fo &
2 FUARAS] HAaUHe] FEFE S EAX S et
Hu7t ofA71R] Qlg Rk ofe}, AN EE o] &3 Ha
A B4 o] A4 (robustness)o| vt 2414 (ruggedness)
o thet HF A7t Ead vt gls Aol

2 dTode 83 T Hadude A4S st

A

sled WSl TE F /)R oF SAHOR ¥l - A
Zale] B49) A4 Saldo] JPE YH 3 A2
Jee AF 2AYe FYsTA sid. o1ed o)g)
AZE BN o8l N TE Al 7Bl 717 8
Y 5 2439 A% AL PR NEJoREIAT
o] AT YEHAFTFHNG NENAFFERAY T

|
Al A 2002-60F, 2002. 11. 22 w&t BlE2HUY 7)E
Al zAA el FEEAUD 60 mg) 13E 13
AT T Al GEANEE e oR sl =
Aollx ] g2sud FOARI Hievde] oF2Fe st
A BAg gostaat s 2 Alge 7+ Adr)a E
2 359 7 AAE A3 (institutional review
board, IRBYE AA AEAZGAY g w2 T AEA
Ao met PP RE FFAY] FolE wholi
o] Fo -t

SERT

Alok & 717]

Aol EEA O AM-E tRARE 2 FeoREekiA e
25E S7HE Wol FEAF FAIANA &I Al
A “Eld A FEIEHE: ZF 02, A8 2007. 1. 13)
o= gHE2dUd S 60 mg Tk Azl

HAaud X5F 2 UHEFEAR 2183 2

J. Kor. Pharm. Sci., Vol. 35, No. 6(2005)

7o} - R - ASE - 0188

‘ Ry
F
oH ___ CHy
OHq—C—/—KN—(CHg);,——(L—/A\ —_CH,
(A AN
7 | :
= Terfendine
O
OoH—C @N ——{CHzjg—C 4@*“*1%000!4
} b,
Fexofenadine
HO /—-\
C|—©—\ N—(CH2)3CP~—®—-—F
Haloperidol

Figure 1-Chemical structures of terfenadine, fexofenadine (its major
metabolite and haloperidol (internal standard).
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Industrial Co., 13, &), TL&&571(CVE200D, Tokyo
Rikakikai Co., Tokyo, ¥¥), J73]47](UT-80, Tokyo
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Table 1-Factorial Design for 3-level-3-factor Investigated in the Robustness Test

. Levels
Factors Units Low(-1) Medium(0) High(1)
A. Flow rate of the mobile phase mL/min 0.9 1.0 1.1
B. pH of the mobile phase - 5.4 5.6 5.8
C. Organic solvent content (%) in the mobile phase % 30 33 35
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Figure 2—Chromatograms of (A) blank human serum, (B) blank human serum spiked with fexofenadine (100 ng/mL) and internal standard
(IS, haloperidol 10 pg/mL) and (C) serum sample at 1 hr after oral administration of 60 mg terfenadine tablet (The serum concentration of

fexofenadine corresponds to 116.93 ng/mlL). « =fexofenadine peak.
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Table II-Precision and Accuracy for the Determination of Fexofenadine in Human Serum at Each Institute

Precision C.V. (%) Accuracy
Concentration Intra-day (n=5) Inter-day (n=5) (%)
(ng/mL) Institutes
Ist 2nd 3rd Ist 2nd 3rd 1st 2nd 3rd
10 (LLOQ) 14.39 3.87 4.11 12.52 11.77 10.09 95.70 95.70 105.40
20 (low) 10.04 5.53 8.14 10.79 3.69 8.69 111.75 90.87 109.40
50 (medium) 3.53 4.36 9.28 10.88 0.96 432 111.10 96.64 109.20
200 (high) 5.75 3.08 5.49 9.78 1.55 6.67 114.58 99.72 108.61

C.V.(Coefficient of Variation)=100x S.D./mean.

Table INI-Analysis of Variance for the Factorial Design of Robustness Test on the Basis of its Peak Area

Factors Mean square(x107) F* P

Flow rate 48.1 1.250 0.337
pH 3.20 0.083 0.921
Content of organic solvent 24.6 0.641 0.552
Flow rate x pH 3.23 0.084 0.985
Flow rate x content of organic solvent 15.9 0.413 0.795
Content of organic solvent x pH 247 0.643 0.647
Flow rate x pH x content of organic solvent 384

*Error mean square based on flow rate, pH and content of organic solvent interactions, 8 d.f..
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Table IV-Pharmacokinetic Parameter Values for Each Institute Obtained after Oral Administration of Tafedine Tablet at the

Terfenadine Dose of 60 mg*
Parameters (gighi%ut;r) (igg,lglftu ttler) (33;,1 Iﬁgm (rletzﬂ)

AUC,(ng * hr/mL) 1128.37+274.62 1289.85+£455.51 1358.13£325.09 1258.78£357.70

AUC o (ng * hr/mL) 1105.89+259.97 1408.03£431.07 1399.74+£325.35 1339.61£376.17

Chnex (ng/mL) 125.994+22.75 186.66+47.81 162.30+46.67 158.32+46.52

Tinax (hr) 3.63+1.06 3.00+£0.76 3.25+0.89 3.29+0.91

tiy (hr) 4.84+1.27 4.06+£1.13 4.87+1.09 4.59+1.18
*Mean£S.D..

o|2RE ¥A F Havude] g A7) HPLC B4 1. WHEFEZE S2HTESE o] HPLC A=RAIE
2 QA tigk Bl EE A o]8E F e FET - IS BN A3 B AR T U4 B9 71 glo]
Aok AU, Y, A, A 2 e 2ty 9l Hadud 2 YREFEEHC] J3EiA BelHAt
5 & T Uk 2. A ERHE 8 Hasvd g 10~500 ng/

mL HeoM $5g AA8S Jepiz HA A=

Y F gagus 55 0| 10ng/mLelAtt. g4hgh EAHE HEe 4% intra- 2

‘B BEIZFEYE 60mg)y” 1784 Al 7]FlA HE interdaye] B @ AUl BFE 15% oE ek}
AL ggolAl 24zt A7 Folg F IR AT Adsle] o] BN FEI A, AE 2 AU 2SS g
2 Z 713 E A8 g 93 T Havvd g @ ¢ g B3 58T, @de, 24 T 2 ﬁ-%%
SEE Figure 3o YERAICE S, 2F H¥Ate] 3 F o HIANF A 7] FFA A OF tﬂi’“o] F 10%
EEEAI FHoERE 7 FELEEA mEmEE  oUlE Uehy ekgsislont AriekgAde] grEX| 1??'15'%

Table IVell eI “Bld FEIEAYY 60 mg)” 1
BE AT Folstd de FurAR Haduyde Ha
AUCo(ng - ht/mL)= 1339.614376.17, Cpadng/mLy= 15832
+46.52, Tuu(hr)e 3291091, tthr)S 4.59+1.180|Uth.
ol &Ml Hig "Esurel FaaRIe Hisgd
o] FTE(Cra 200 ng/mL, Towe 1.42-3A17H)9} v
e e o, HEd e 2aE 3H13-14

Azh FA d2A Ve € F AT ol Q%7

Aolz A% HEsude] Yol 2 23] gEoe
NG
a2 =
HEse $o § Ushd Ad 84 2 Hadun £

oAl HasLEe] HPLC & 4‘@% 2 - 7
23 A AEFHESHNES 9T F2ALS
AshAl AE|FEAH0] TAF AEFHETAAY 7]
90 ulEt Mz T Al 71l 2zt sgel Azke sl
491 Y F 24%S e g «ed AEIEAVY 60
mg)’ IAHL AT Fosle] AR o188 ANFL & 3 o
23} e AL AT,

=i
o]\
er_l‘
£
o,

J. Kor. Pharm. Sci., Vol. 35, No. 6(2005)

r’.E:

flo

HE Yehfo] 7Fsdk 3 AlE] B4 43¢t miAe A
o] v AIgE ¢ £ AU
3. Fasludel] tis] g HPLC B4z7i0 e olF
*Pel pH, 71809 & 9 50 Wsld] wE o ¥z
Holu} ZHA7M plXe FTFS SHslo] 22184 4
16& A3 7+ g ael Uish £ e feldt Zolrt
ERER] 9dof of A el tigk AxAgE FRE F UAS
B ot M= & Al 713X QC AEE Hl‘cskﬁ Eapdy
AFS A A3 A9 FNFEHAT BF 15%
olZ veR} o] B FalXo] S & ‘Siit}
4. F 24%9] A7e A AYAE ez “gd
EHEA 60 mg)” 78S A7 Folsty & FUARRL
HAxHude] B33 AUCk(ng - h/mL)y= 1339.61£376.17,

CoadDg/ML)E - 15832£46.52, Tpa(hn)E 3294091, 1,
(hr)& 4.59+1.18°11t}.
AR 2hs
£ A7 AEREA A5 ATde] XY(04142-

SFEAL31)E ol Al sk SFerel S4SFew,
ool BAr=gU.



B ANEE A7E 919 83 F Aasiutie] HPLC 33 g 9 4% 443

AnEs

1) Martindale, The complete drug reference, 32 editions 1999,
p. 418 (1999).

2)JEE. Countant, PA. Westmark, P.A. Nardella, SM. Walter
and R.A. Okerholm, Determination of terfenadine and
terfenadine acid metabolite in plasma using solid-phase
extraction and high-performance liquid chromatography with
fluorescence detection, J. Chromatogr., 570, 139-148 (1991).

3) Martindale, The complete drug reference, 32 editions 1999,
p- 410 (1999).

4)D.XK. Robbins, M.A. Castles, D.J. Pack, V.O. Bhargava and
S.J. Weir, Dose proportionlity and comparison of single and
multiple dose pharmacokinetics of fexofenadine (MDL
16455) and its enantiomers in healthy male volunteers,
Biopharm. Drug Dispos., 19, 455-463 (1998).

5)K.Y. Chan, R.C. George, TM. Chen and R.A. Okerholm,

Direct enantiomeric separation of terfenadine and its major
acid metabolite by high-performance liquid chromatography,
and the lack of stereoselective terfenadine enantiomer
biotransformation in man, J Chromatogr., 571, 291-297
(1991).

6) U. Hofmann, M. Seiler, S. Drescher and M.F. Fromm,
Determination of fexofendine in human plasma and urine by
liquid chromatography-mass spectrometry, J. Chromatogr. B,
776, 227-233 (2002).

7)T. Uno, N. Yasui-Furukori, T. Takahata, K. Sugawara and T.
Tateishi, Liquid chromatographic determination of fexo-
fenadine in human plasma with fluorescence detection, J.
Pharm. Biomed. Anal., 35(4), 937-942 (2004).

8) AFEYREOEAA A A 2002-60%, AEEHESAHAE
715 (2002. 11. 22). '

9) WinNonlin™ Users Guide Ver. 3.0, Pharsight Corp.
Mountain View, CA, USA (1998-1999).

J. Kor. Pharm. Sci., Vol. 35, No. 6(2005)



