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in human plasma using a monolithic column and its application to a
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2 o ® ATolNE A%e 4 B4 Fo) MAFEHE Fiee]E (monolithic) 2L ol & T4
o)A A ZPhE 13 (HPLO)- B A S WO = AdabA B4k e Aslglch. 343 0DS ZaR
g WE foold LRSS TE 4 dE 2wy 2US SN, ol 5Al ol &4 Al%Kon-
pairing reagent)S! sodium dodecyl sulfate®} 7= 227 (residual silanol group)S X}¥ 3= triethylamine
< Artstel, 4 243 S0 Be 7187] B2 (gradient elution)S AN SN, T A, AN =)
S WEEFEAR AGE AFENY PREAZLS 42 olE BEAY F A B Yo
= BAY AZS ANS A7, 01-5 pgmLe] F% W) ol ABale] RASTE 09994 FE s
444S dehilth 3 o] 59 vk At T Al AU JIHY LS 136-855%,
92.8~100.0 %C1 3L, 547+ vhE- A& ste] 13k A7F UL 0.93~5.62 %ol Ao, A= 0.1 pg/
mLOJ Tk, 7R ARl 24988 e =g BAIEEH A BEsHH e e 2 BEE A8
atlom, A=A F A dd7IEol wet Al ko] tixekl] thste] §E58 Zoew AP E )

Abstract: A simple and rapid HPLC method with fluorescence detection(FLD) for quantitation of penciclovir
in human plasma using a monolithic column was developed and validated. Penciclovir and ganciclovir(internal
standard, 1.S.) were separated on a Chromolith column RP-18e (4.6x100 mm) with a mobile phase consisting
of a mixture of (A) methanol/50 mM sodium phosphate buffer containing 200 mg/L. sodium dodecyl sulfate
(3/97, pH 2.5) and (B) methanol/50 mM sodium phosphate buffer containing 200 mg/L sodium dodecyl sulfate
(50/50, pH 2.5) at a flow gradient of 1.6~4.0 mL/min. The retention times of penciclovir and internal standard
were less than 4.0 min. Calibration curve was linear (R>=0.9994) over a concentration range of 0.1~5 pg/mL.
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Intra-day precision, accuracy and inter-day precision were 1.36~8.55 %, 92.8~100.0 % and 0.93~5.62 %,

respectively with a limit of quantitation at 0.1 pg/mL. The present HPLC-FLD method is sensitive, precise

and accurate. The method described herein has been successfully used for the bioequivalence study of a

famciclovir formulation product after oral administration to healthy Korean volunteers
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= Al & 2 B (penciclovir, 2-amino-9-[4-hydroxy-3-(hy-
droxymethyl)butyl]-3H-purin-6-one)+= prodrug®! ZA|
29 (famciclovir)®] WA Z nucleoside =A<+
2 setrx(Fig. NE 7RIt BAERHE
9 Zhol| A HAIFEHE WEA A ¥, herpes
simplex virus type I(HSV-1), type II(HSV-11), varicella-
zoster virus(NZV), Epstein-Bar virus(EBV)ol| 7%
MEAA  Hlo]#] 9]  thymidine kinaseo]l 2]3|
monophosphate FE|Z AAMstETH 2 & AlXU &
2ol o) HAIZZH triphosphate® 235 o] dGTP
o} AAHSZ DNAC A= herpes viruse] DNA
A 8 S Yoz oAgit. meb HAE
ZWE SEEIMSY) L 18 2 F5(vZv)el wl$-
EEEDIEEE

SR AAZEH AAZE TR A2 4
o B3 S A EES Holmzf ol AE]
5t HMAZEH ] 6-deoxy FF=AE diacetyl of 2=
2313 A FRRE AFolste] A8AE MM
Sl Aok A7 AAoA BAIZFEH 250 mge 1
3 AR side W, A2 EFFE(Con)”t oF
1.87 pgmL, 1 5% ZGATHT ) 0.76 hr,
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FAE7I(FLD) 2 E4shs W EC] ol8H3lom,
capillary electrophoresisE ©]-&3+ A H %= 1 75| Q]
th A HAHEIE 08 A TR IR E LY
sl A%, A ZE 02 pg/mL FEoloiA, a8t
A A3E Fdste o AxrE FEA &2 9
< 7HA A Atk 4 nucleoside FARIE R} v 1A
27 AANF2HE FAS 7R 2E, Schenkel 57
< FFAZE71E AHE-sted aqueous humorel 4] 78 gt
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Fig. 1. Chemical structures of penciclovir and ganciclovir (internal standard).
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2.1. Alek 7171

AANSFEY EHEE CalbiochemAH(Darmstadt,
Germany)Z 58 TR oH, WREEFELAE A
3k 7FA 2 28 ¢} ion-pairing reagent® AF8-3F sodium
dodecyl sulfate= SigmaAK(St. Louis, MO, USA)2] A|
AES AFESIGTE I AdEEr1E A ] 48l
o5 4ol H713HE triethylamine*’-2 Junsei chemicalr}
(Tokyo, Japan)2F-H TU3I3ATh o] &7 Azl At
43t oMHEYEL, mlehs, ALJLIEFS Merck
AH(Darmstadt, Germany)Z %8 HPLCHF 2 E Y3}
% 3L, &2 Fisher ScientificAH(Springfield, NJ, USA)
9] HPLCHE & AHE3IATh Al Aol A3t o}
AEYEZ 9 7|et A FES 5F
AH&-3FAT.

HPLCE HXZ Waters 600E pump(Waters, Milford,
MA, USA)E, NEFTUS
L-2200(Hitachi, Tokyo, Japan) A-55+U 715, ZH
O 2= Hitachi L-2300%, ¥ZAZ712% Jasco
821-FP(Jasco, Tokyo, Japan) &< AF&3Sith. HPLC
Z4-2  Chromolith column RP-18¢(4.6X100 mm,
Merck, Darmstadt, Germany)E A}-8-3}91 2, dl o]
2] X 2= Autochro-2000(Ver. 1.0, Young Lin,
Anyang, Koreay2 AR5t}

KX
o

915 AkES

13 autosampler= Hitachi
o

a
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Table 1. Gradient elution profile used for the separation of
penciclovir in human plasma using a monolithic

column
Time Flow rate  Mobile phase Mobile phase
(min) (mL/min) A(%) B(%)
0—4.5 1.6 100 0
4585 4.0 30 70
8.5—10.0 4.0 100 0
10.0—10.5 1.6 100 0
22. HPLC =7 Z[Hs}
74743k 2391 @ F HAZEH | F7 oln| B
¥ HPLC #419H& FHarlete] HH o 218 &4
& F SFastan. AxeY 9F AR oo 24
ANA EAsFG T 4 ZHLS Chromolith column

RP-18¢(4.6 X100 mm)E AH-&3lem, 4y HSE
93} stainless steel frit =33 (0.5 um)= 2H3FA T}
ol 52 2= (A) 50 mM sodium phosphate buffer(pH
2.5, triethylamine 2 mL/L, sodium dodecyl sulfate 200
mg/L)/Methanol=98/2 &3}, (B) 50mM sodium
phosphate buffer(pH 2.5, triethylamine 2 mL/L, sodium
dodecyl sulfate 200 mg/L)/Methanol=50/50 €< 0.2
um membrane filter2 o] 2}3}32, g} M & 7] el A
7k AAG AE ARgsA e, o] Y 24 Rtk o}
Yt e "SI A7 71E&7] &2 8t A tk(Table
1). 24 o] o8 2x% 20°CE UM stAe
o, FFHE7NA 947] AFL 254 nmz, WE I}
4 380 nmE A ste] 24330t

% 0
Bl

23. EFEHEM FHY A EMY
AN ZZW BZES 2o
T W BAAT I, o]
blank A0 2 32 3le] FA|Z=H]o] &
7} 27+ 0.1, 02, 0.5, 1, 2, 4, 5 ug/mL =7}
B82S nELh 22t T52dA 05mLE

AL 2 = AL 270
7)ol WH-EFEHR TAEEH &
Ly
-

P
=

ol
ol

fioof 58 2

N < T - T B L

L)

Aol ¥ g
(10 pg/mL FE2] 88 50 uLg 7}stal B8
710014 10327 st o7]dl o EYE
mLE 7sto] BHEE ERVIE 4jo] AldHE &
AEEste] g olwt FH ekt Fated 7R
A AP T &7)3 40°Col AT FE SAF
AZA171 3, 50 mM sodium phosphate buffer(pH 2.5,
triethylamine 2 mL/L, sodium dodecyl sulfate 200 mg/

L)/Methanol = 98/2(¢] 57 A)S] €9 100 uL= A&

i
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A7 S ek
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24. MK ME ¥ 2

H@As A Ee)FEd Yol TAD g%ﬁw =
SNE 710 275k W 19-5541 9] A%

oA, HAd asp1A, 24, 1%, A
FFAZA, R A 2 B Aghe) WY ol
A4 B oHES B83T YA B As 2
shel A9 369 ¢ wASAT ALAE B
Aol =1, AR Aol i okelHg 2 o4
bERHS THsA, AFUE, Folakd B W E 5
< AT, 15 o sz rAd
el oA A4S AN 3639 A9t
% APA A471E R AL F w4571z
B Hgetal A9 71zl SFHA e A A
Zgo 7 FAHHE 24218 AA 3N oH, ApEA Q) oAE
Aol met NPAFEINE e F AR 55
4ARE ANt

Nn:.

ol
S

U

wE PRl AE el Fokd A5 AFE
NBIHA AR L ABA S TR DA
FE B2 FASNAE B AP/ Sl A
Al Al sk 5, A, F9, §5 L antine
A g5 52 AT BHES HATh A A 2
3 707300 @A ARE el BUT A9
2 AT F, AN A oF $A17H A I
d FoF F MRS FAAZ SGANA A
W3t FAMGS T & W FAATIEL, 25 104
Aol ARS=S sAor, NF 3L oA 747

J}L' =
4
o

32

v

g ol E2ste] Ag o]

25. %8 Fof W = 3

okE Tk, Ad B HdA wels shRe e o
HRlh AlE F3heM Al gl dwele] =
stoll AAstSiTt. ok ok 247] 2419 2 W
Aol e WA EHE detong, 24739 9
e FASIE 2T 1292 Wreleh Al 17] 1520
= Wz “@HoIA 250 mgrS, Al 2ell= A
oo m «F=ulo1y 250 mg"e Forsiglon, Al 27]
mells 2 Wl R Fefeidith. BE wdAtEe] e

oA - olE% - 9RF

el F-2]ol] heparin-locked L.V. catheterS 4 X]3}aL
gl 10 mLE A3 vh, 287 7HH 02 txof ©
= }\]-&lg} 71—71— 1;(4&} £ 240 ng], -6}7}1] Eoka].og
th AN T, FoF T 154, 30, 453, 14
7F, 1.5A17F, 2417, 25/\]7]- 3A1ZE, AX 7Y, 6A17E, 8A]
ZF 1041 7Fe] & 13 A" oA AA s AE A
LV. catheter -l 2ol A= sl A B2 A+
£ &3] AAs7] 918 Wi oF 1 mLe] oS w
o] WL oF 8 mLe] F S heparinized vacutainer
o AHAsA Tt A8 Fwlt} LV. catheterdtol] +73}

£ 8ol S35 WA istel FAHE sl s
e Fabg AY 495 05 mLE FYstath A
| Fole] 38 WAL B HAE 7] 9,
vacutainerS H 3| E50] A3, FA] HX 3 2
3000 rpmell A 10%-7F LA E2 e F, IS s}
o] polypropylene Al & &ell &7 @i EAA7HA] 9
3} 70°Col| A BA31de).

om

26. 88 Az 2| ¥ &= ALt

HRARTH 7F AIZPE R A F st Gt 70°Cel
AR I A E5E A2 WA =9 F 12
7 AR v, o] 0.5 mLE Fste] Al &
7|3 7)o Wi w2 A &9 50 uLE 7+ ¥, 4
Ebﬂ ZLA—] HH:HJJ. =9 tﬂoh:ﬂ og 317(13]5]'%{1:]' vl
A&t #F A EE HPLCO F9fste] dofxl A=n}
Eafo i WiEEEed] va wHd i A
AZEHe v3 AAEE et vl e A%
Aol st B3 AMls & ANSEHY TS
shslth.

. dAo|8E mZiolE

*§ xﬂ o8& IetvEHE EH AUC, Couo Trn®
HPLC #4193 ofsir] 42 FATIET=-A7
SO wE T AT 94T BECt A
I AT TE BN (T ASAESE FH
FaE, FoF F e A A 104274 €]
4T FEFE-AFA sHHA(AUC)S Atk &
Tl e 6}04 AHESHATH TowE A1 AUCSH
Cod 2R E AESHE T54AY 54 =22
23] K-BE Test® f+]5F 0=0.05°14 24t &4
< AASHIAL 90 % AFTAE FelsiTh txzekel
«.:lu]o]z% 250 mg”°ﬂ 1:}]6} /\]aok «agﬂ]o];a 250
mg”°] AESAEEA] oH= AlFojokx ol o] I

AE QB FEHAE 71700 stk

U_{m
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3.1. & = HAZEHe EAMY JHd
AN EFZH = oA EFZH (acyclovir)t} 7HAEZ w9}
7Z+o] nucleoside = 2ZA] vl-$- FAJo] AA &Y
9ol tiFEe] ] gwlel B4 gketh? ulEhA C18

= C8-v]- 7ro oa)\} zL}E%O A]. t:;,_ 7:1_?_0]] —/;q/\h,].

L Az

g oFgh 315HE Hol, o] FFOR 95% ]9
T8 AT 8N ARSI of F. o] & S| A ]
st 100% FEANME el s AAdo] u

e ZH S ARSI, o] Aok lo el A

7kste] 2l MRS S7MI7IE WP Sl o

A Fz=u o] vF

T-Eo] gttt SRR o] g A
& Al7bo]l dojiA oFa-5¥ st
AT 7ol AlgTt
Toll= 883717} of# siTh.
SR R e e LI
ol gloy, 18 Fxo] 5HL0R Qs 2
ol vjg o, Bl & Wl glo] o]sde
e AE0E SEFE Ao 7}%3}"4, AR
gr|Hoa BEs 4 9 _o]g], 2
o] 2ol Tzanavaras 5'7°0] R=2]¥ ZH & ARE-3}
"4 SMNFEHO I BFEES ISR EAEks WY
EJ_Z?]—“ © ™, Kazoka®™E purine} pyrimidine =
iﬂ S Si-RwEY Ay o BAE B
B Ao o] 2% Ak} triethylamine(FHE 2
Z=71E 2] Athe o5l Hrtate] FA|
228 4 F IR =239 REss o &
BAAAL, &l 2T fFFol A 71E7] & E
AA Gt HAZEH ] HFEAE 43 o|UIR &

°
o _‘,Lur gg-dx% R
~FRN el dlgshe o

¢ BYnTt 271

WIE2W S Fig. 20 YERY
WP Al O 3.8%, WHEFEHER MAEEH
329 HEE A7ES 2.1%0en, 7 F9] o

=3t

EAe] FEF N g, T8 WEEEEER 7t
AR H 01,02 05 1, 2, 4, 5 ug/mLe] AFHE
FFF ANEE 72 WA F HPLCE 43813
< o, 8 ANS2RY 73t WAFEH P A
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Fig. 2. Chromatograms of (A) blank plasma; (B) blank
plasma spiked with penciclovir (1 pg/mL) and internal
standard (ganciclovir); (C) plasma sample from a
healthy volunteer at 4 hr after oral administration of
250 mg famciclovir tablet.

A2 yEIANFEHMFEETEE 73 WA H|E)
=34633x(FNAZFZH FE, pg/mL)+0.0767 (R*= 0.9994)
2 0.1~5 pgmLe] HANA -3 FA4E Ve
ATH(Fig. 3).

2}7] & 5 7HA FEO0.1, 0.5, 1, 2, 5 pg/mL)2]
_{g]_] ]EE‘H vL:'LL_’__g'/'(]-_Q_ B/\—];],O:I_O_ U;H 5'_ H/ﬁlﬂ—lg
AL (CV, %)= 4l Fddo] 1.36~8.55%, L7t
JUA L 093~562% BAZ eI, A
2.8~100.0 %E UrEP;kD}(Tabze 2. 8% 7 WAER
W A &ZSHA(LOQ, limit of quantitation)= I ZFIEL
goll A At F-SH[(S/N ratio)E 10 o= 3}
I AP0l 20% ©)ato) L, BEAd o] 80~120 %!
z
A

W

Ne]

AL WEshE 0.1 pg/mlE AeAn) o232y ¥
¢ T AWAIZEH e & A5-9] HPLC 242
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20.0 32. HAZEH NN dxol82E Bt
o 15.0 77 2491 249 olA Ak} hxofow «2 2
5 . "o 250 mg_”F’Jr“‘%HIOVJ 250 mg”_% Ztz+ 174
g 1O LA ATRAT T, 99 Aehe AGehn #A 5
< 50 o g A A tg AN FEY B IYF
0.0 FEFEEANFAE Fig 49l HERT 2+ 9197}
00 10 20 30 40 50 60  °AUCRE °FE £ F 100X 9] 2 AR
Conc.(ug/mL) o 4% FETEANFAEETH AIEE 32
Fig. 3. Calibration curve of penciclovir in human plasma(y o 93] F3AL. Cpps & A 35 FEF
= 34633x + 0.0767, R* = 0.9994). EAZFETHOBHY 1A o HAE =rE glo
Table 2. Precision and accuracy for the determination of W AR SROH, Toe® 2 WA BT o
penciclovir in human plasma by the HPLC-FLD TEARAe R HU 3T dewEel =Y

method e Al7H o ghe ARSIt
. Precision C.V.* (%) Accuracy (%) kol «Fu)olH 250 mgo] Ha IS &
Concentration

(g/mL) Intra-Day Inter-Day Intra-Day FLE-AI7HEA 3P A AUC(ughr/mL)+= 2.8810.58,
(n=5) (n=5) (n=5) 3 28F THEFTE Cpa(ug/mL)E 1.50£0.33,
0.1 8.55 5.62 92.8 I 8BS T SEATE Thuhn)E 0711026 ©]3)
0.5 1.50 0.93 99.2 o} 3 A|geke] «Zw H]o];ﬂ 250 mg”J _L:]E =k
5 160 47 99.0 1073, F2 45 FETE Cmax(ug/mL)— 1.60+

033, A3 84F 5% YA T 068+
0.332. 2 (Table 3), NZ2F7} AP k] A 0] && =
g Ee] HFA| xpo]7} thzeke] +£20% o|ujo]o]ok

*: C.V. (Coefficient of Variation) = (S.D./mean) X 100

B 54 A 088 e FRV AT Arhs A4 202w
S} Soly, AN, AU 2L FAYL 2L AL B ATIME NFFERAR 73 et of
Faske. zopsh B 0] 4B B54 Bk g )
2
.
E
~
O
2
2
S 1
@)
0
0 1 2 3 4 5 6 7 8 9 10

Time(hr)

Fig. 4. Mean plasma concentration-time curves of penciclovir in 24 human volunteers following single oral administration of
reference preparation(@) and test preparation(O) at the dose of famciclovir 250 mg (mean®S.D.).
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Table 3. Bioequivalence parameters of penciclovir in 24 human volunteers after oral administration of reference tablet and

test tablet at the famciclovir dose of 250 mg

Reference Test N .
Parameter (mean+S.D.) (mean+$.D.) 90% confidence interval
AUC, (ng-hr/mL) 2.8810.58 3.11£0.73 1.0007~1.1426
Char (Lg/mL) 1.50+0.33 1.60£0.33 1.0007~1.1374
Te (hr) 0.71£0.26 0.68+0.33

o}
BE Test 2002(ver. 1.2.1) Z2 202 FAX 2] 3}
oW, Tpus Aot tokz} Al o] Bl w g 7hat
o] AFAE 2Rl a(frelaE) = 0.0591M
M EAS AT AESH 554 B 352
AUC, % Cpo®ll 3+ K-BE Test Z223 ZAA2] 2
3, 32AF A AT AR E o] FARSS AT 5
ARem, 2aHEE AUC, HaA 2F2] 90 % A1Z
7+o] log 1.0007~log 1.14262- 24 log 0.8~log 1.25°]
o] Sojof itk WA 1ES WS, WS
T Coe BHA 22 90% AT A log
1.0007~log 1.137424] 5574 #R71&& VEA AT
(Table 3). W&k F A A= H714E AUC, 2 Coa
of oA AESFH SR F53S FAHLE AT

T AU

4. 2 B

2 AFME HAZ 2 8= SR e B
w2lY ZYg o83t 77e Al 8 T A
Z2ZHE 21&EA B8k WES AAEAT vl$-
4RI A S 2] 318ha] B0 2 Ql3le], o] 2%
AloFS o] F/dell st A gel Bk Mg Al
+E Z7MN71A, BElsS MAstE e, d71d <F
o g e deksrle] ngEd S A
37} triethylamines ©]&/3ol H7tste] & Aehs
718 AHAHT. o5 & dg Bxege &
Ho] v Qg o] &3te, &l g 71&7]
42 B o), F¥E WA AT HAH9 B
WS AR skt

Mgt AAFEH | A& BAHOZ F4H AT
(validation)S A3 A}, EFIA A g22E 73
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