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Validation of an HPLC Method for Nadolol in Human Plasma and Evaluation
of Its Pharmacokinetics after a Single-dose in Korean Volunteers
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ABSTRACT-A high-performance liquid chromatographic method was validated for quantitation of nadolol in human
plasma. Nadolol and internal standard, pindolol, were extracted with tert-butyl methyl ether after addition of 10 M sodium
hydroxide solution. The analytes were separated on a reverse phased C18 column using a mobile phase consisting of 0.05 M
ammonium phosphate monobasic buffer, acetonitrile and methanol (81:17:2 v/v/v) and detected using a fluorescence detec-
tor (excitation wavelength 230 nm, emission wavelength 294 nm). The method was specific and sensitive enough to detect
as low as 3 ng/mL of nadolol in human plasma. Linear calibration range was 3-150 ng/mL with correlation coefficient
greater than 0.999. The overall accuracy was in the range of 96.8 to 103% and precision C.V.(%) 7.30 to 12.2%. The recov-
ery was approximately 100% and stability was confirmed during storage and sample preparation. The present HPLC method
was successfully applied to study bioavailability after oral administration of 80 mg of nadolol in healthy Korean subjects.
The mean AUC, was 1968397 ng- hr/mL and C,., of 186179.3 ng/mL was reached at 3.5£0.76 hr. The mean t;,; of nadolol

was 17.332.59 hr.

Key words—Nadolol, HPLC, Fluorescence, Validation, Pharmacokinetics

UEE2 Y X Re 2ol R HXMEE g4
Aol 21 2HgAIZke] 71 o] B0k YEe-L T )
o] 1% F4lol U ul el F3 o)A A(SQI2150,
SQ12148, SQ12149, SQ12151y} FHFC 2 33HE racemate
e ol A=A Azt B pgAld it 2% xlﬁ‘rﬁfﬂw
)& WAlthY thE B8A A9} fAlsHAl ] B
A At 2e-S 53 W*Z@i%&%
28-S Yehflo] 54 AlulEakalurss
ABAIZITE, Sk 4A20] AAARFS ?%W?ll, g7
e S84 RATIARE g paidA|ele thEA 28R

FE FANIE 2R eht Itk $8FE B BYel

T2 =Rl A3t Fole o] ARjlAR
Tel : 02)590-2422, E-mail : hkuh@catholic.ackr

431

kol
i
&
9,
e
2
0,
~
&
i
£
_lO
mE
rlo

UE8-2 OE prgal] dEA 1
3L AgAJo] Yol 1o BT Fol Al 4R Tt E
HABl) A O] EEL oF 35%0lH HAFFFE o|E=

11% oF 4A|7to]t} 2 E-ge) A0l 88 AT &

Aoz Vet AN ZEtERsSRrleE AR 42 A
oz AHEAJEY 1Y Y &L 160 mg7HA Fo 75
at}l. @55 5E WilFe 3 20mg/A A8 FEFHIES
Hol 7oz d#A Jout vhE Fo Al 80 mg/dayol| A

H|A8S Hole Aog Ejr_ggj\u}. 15 224 B./‘:&;q] |
ARG o HARS S| oAHFEE FFAF A
doy)E FAgo] Aria defA] Yol A9 thikEA] got
OiFE vpHsR R Ao 2 widRT)h e It
18-22%7} Agsl EFER2L oF 2 1kgo 2 UiA] rh?



432 AT - EREZ -

AR ¥, 9% 24 igVIE F 1420072 B
%iﬂ Q‘Wﬂi 71 Aol 19 13] Fo7t 7hesh,

A BAAAME FEEH ] dojuA w77t d%
%IE}.

U2 Aol 8-&9 AR 2 FEEA AFTolY
H1Ee] 77 Aolo] upg}t oF5EHA EFo] tE F A
UM e & &4 HSoht ke At A
7} BALE]5L 9] °—‘D} B F 5SS AEske e
2+ HPLC-%3E4H (HPLC-Fluorescenceys ©|-&-3h=
@,37) GC-MSE O]%S}—« B8 Zo) glow HPLC-3%
g A=A FAHEE AA oA
T HaEo] Q0 Mz ohE vy
o7 BE VUEE 75*]] (standard granulated or direct compre
ssed tablet) 80 mg2 13] ZAF-FA3 AHFA AlFEA] Coat
AUCE 3715k A4 U=&3 o[/ddA SQI2150%Fe] A&
gHo R FFIINUL, WEFEA Ads UES i
AESA TS0 dFHAYE Bt dok webs] 33}
o] gA-SolAl E4& & daAol AVE F oy, &
g 9 ‘H RS ool oE Y= o] HEo]
WRETE AEo] HolAA] oFEsHe olfellA 7]
A5 zpo 17} opdu= Etalar AT ol Ak
BYEJeLY aeg Jdg] B3se] 9lE HPLC-E%443%
HE o)A UELS ASEE Ao] VA9 84S =
ol e ﬂfﬂo}aa} AEET 1SS 60-120 mgS 13)
ATEAG 4 Cpps 69-1399 ng/mLE B AF 2>
SO A 1%%‘%—‘% HPLC-FZEMH oz AEdhe 7
A A= 1-5ng/mlo| 222D wizlr) 9] 3u)7} =le AJ-
A& 7&%@} T UG ALE 4T = Ut

upgbA] £ ArllME £ 2 HPLC W9 e
A3l @Jv =5 5 A4S A% HPLC-Z3EAH
< AZAt. o] WEE 1% 3l A= O Al 71FAA
Zkz} g T 249 17e A Ui AFeforE
kA e] aLAlet *gaﬁ@%v*é/ﬂ@ﬂ (A1Fol oFERHA
A A 2002-603. 2002. 11. 22)2e]] w}a} 3= BMS A
okl FIEPHUIEE 40 mg) 28-S AFFIE T opES
=84 sEieE il &5 AsAAES A% e
sk b i S

2

o
oo
rtn:

uN -lo

P

NE
Alef 9t 7[7]
AT AHE UEE IEES YRIFEEQ 958
Sigma Chemical Co.(St. Louis, MO, H]=H)ellA] 21813,

0

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

A4z - B -

:co]—/ﬂz v - F8A
HPLC 559 oMEYUER, #We& Duksan Pure
Chemical Co.SF}, &), A £€ wWE oHEE Acros

Organics(New Jersey, F|=7), A4 EE-2 Shinyo Pure
Chemical Co.(Osaka, d¥&), 4B EEFLE Ducksan Phar-
maceutical Co.(Osaka, L&A FU3R] ARSI, AYA)
o] EEAFH AMEHE APLL = BMS Ao Art=®
HUFES 40 mgel3lE, HPLCS 4% Shimadzu Corp.
(Kyoto, Y0 = dd 71 ARS3Iict. 2Y S EE Phe-
nomenex Securityguard cartridge®(4x3 mm LD., Torrance,
CA, "]Z)e] A2E Luna CI18 100A(Phenomenex® 5 pm,
4.6x250 mm, Waters, Milford, MA, T|=HE ©|-83l39 ).

OjExt M3 o Fof

*@%Q’ﬁ%%‘é"]@ﬂ?fm Ao A44) & A
12 PR AL et Ag71ed] Fsial A9
]"‘°ﬂ PR e AR AMZ TE A 71HCFEYY
o, 2] oF, S oF el "3351'31%*—’“/\]3401] 7
313 A7t Al 2kt g &= 2492 WPRE AATIA
CESE B AEE A 73 HEl 7]% WA A
) 3] (Institutional Review Board, IRBH =l & 7} A ¥
NEER FIeiin). 3E Ag9E AgRlA AR ol 8-EA
g:ﬂﬁa o] Age] BA HhH o|AerEES WP
g oo gt thF Fo EHO}O% qnsh & HE ke =
oatol] o8t AlE 7t BolE BAE wsith HE A

HEAES HF ARL 67kg, BFAHL 2549 LA}

—EE«J

S

8 r_‘fﬂ, :‘O o o

Z}—Oﬂﬂl = A
A, Jt olof] th&t of
off thdtd tAl s FAAZ F Xi‘ﬁé}/\]"% Azt
I 9F A ol$HE FoF AR FXAZ T AP F
ke FoF A AP F oA ANEH AP 2880 me)yE
E 240 mL3 A FoFstsict. H@A; 7o) B 2t

ol AFATE —’13'43}04 3*5‘ A 5% 7R AAEKd
ok AAR] oF Y=
o] Aa)gk AdeolA "rE“F —?— WA B2 HE
A A F

AY A APAEY] A FE9 o heparin-locked
catheterE AX|3t FHAoZ 717k 10mL A& AU
o} AR QA AT HE-E ARl WAE] 93]
Alg Aol A8A 2 HPAEAA FE7I1SAE wiF-s3
o A 9 ARIYe R AR 19, A 191, A
R Z0Y 19, AldEdA 291 & Al AAA} = 620 o]

&E Z7R

2 Ay
o%
:14
i)
=
S
fr
>,
el
)
T il
(ot
i
_E,
n9L

J



A

e

F F JEE] HPLC 249

ME W DX A2

A8 @ APt e Al 7R g o] B
s ettt R FFAAWY] (1420073 EY)
2 zk7]9] 3l odel 60A17F Bt AAER L, AE 3
T oFE FOF AAH ok & 0547, 1217 2407 34
7h, ANZE, SAIZE, 6XIZE, 8AIZE, 10AIZE, 124)7F, 2447,
36X17E, 48A17F, 60A17FS] F 154130l AT oF
T KN AEg vl
10417 Aol B &
A A3, F28 Ak 36U 60417 A1HS v
Do 2 AL, AE A T J A AN A
E #Fsl] FHIEA 75390, Aol Bt T
© gt o8 ", Wk, 7e} o) §EE ek
th A W LV, catheter ol ol = dm Az
Al 10&

)

2
<
3

HAHTE A3 AAS] S8 Wi oF 2mLe]
ol M|l oF §mLe] NS A|Fsle] WA} A
o} APAIZto] 71 E o e vacutainerdl BT} A

Julc} LV, catheter Stol] ZFshe dde] S8

Aot FARE SlEAE Ee FAM e 2y

Atk AP AL 3000 rpmoll A 1027¢

e Fold 4 Beldo) &7 2 &

=
=
A
T

(o]
=
Gl
3.

hud
O
)
ol
s
il

ANM BT

HEM 2 o €Y 3 SS9 55 &3

UEE EFES WEEd 59 20 pgmlE HE F
—20°CollA BAATR, o] &HE wWEER sAse] 15,
10, 5, 2, 1, 0.5 B 03 pgmLe] FE7/t HEE e
—20°Cel| e R SE FE% 990 pLoll 7t F=o| #F

It

Y HEE) 10uLE BEEAEE
TFEEFDZA BES 1000 pg/ml 4L veez 343
o 100 ug/mL F57}F HES &b,
£ 718F & 30% &<t vortexingdFSith.
SPMEF 500 pLet A=F - wE o)
£7} vortexings}o]

=
=<
;g

o37]dl

2 AFEet

500 uL= 7}3kod

of FUste] BASIE o153 0.05M LRIRIEE

9, oM EVELS WEkES 81:17:2(vwv)E 41 &
g oldlom H<4 1L.0mL/mineE EHFUTH ASS

71948 230 nm, WE IS 294 nm o2 3l
AFA 2P WEEEEHS] 9= HA gigt Y=g

=
W% 9

d3)Fe] 5 opEEH) o

o] T WAHE Fafo] 2A3I8iTt. skl
gate] Al ABAEE Fota, Afste] 6947k
slo] Azt S ekt HEA g
=70°Ce] BASIRE @G AEE A

B7F 2t o ¥ 1 mLel
(100 ug/mL) 10 pL= 718k &
g WP o s HxeEste] HPLCO
ulE o 2 HE YHEEEE JolA
9] glo|a HABIE Fated mlE] AT Q02 NE
4 F JEe] =8 Tk

i

=

~70°CollA HPE T3S Ao)r] s] sEst &
g FE NS AFL(5 ng/ml), F5%(70 ng/mL)9}
F5(120 ng/mL)= A 8te] A A2ek 2241479t 100%
A Aet

=~

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



434 W - EVES - 74T -

CHs
Ha

O/\\/\g
Ho. OH CHs
HO

Nadolol
CHs
0 N/l\CHa
H
OH

Ir=z

Pindolo!

Figure 1-Chemical structures of nadolol and internal standard (IS,

pindolol).
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Figure 2—-Chromatograms of (A) blank human plasma, (B) human plasma spiked with internal standard (pindolol 1 pg/mL), (C) human plas-
ma spiked with nadolol (20 ng/mL) and internal standard (pindolot 1 pg/mL), and (D) human plasma sample obtained at 36 hr after oral ad-

ministration of 80 mg nadolol in a volunteer.
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Table I-Precision and Accuracy for the Determination of
Nadolol in Human Plasma

Concentration Precision C.V.(%) Accuracy
(ng/mL) Intra-day(n=6)  Inter-day(n=6) (%)

3 10.5 73 103.0

5 2.8 4.7 101.6

10 7.1 10.0 98.9

20 5.9 11.6 101.3

50 19 10.5 103.0

100 6.6 12.2 96.8

150 6.2 83 1012

C.V(%) = S.D./mean x 100
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Figure 3—Mean plasma concentration-time curve of nadolol fol-
lowing oral administration of COGARD® tablet at a dose of 80 mg
of nadolol in 8 healthy volunteers.

858
B EApe) SPAE HFsleE (%) AEE(S ng/mL)

7} 104.9%, Z55(70 ng/mL)7F 102.9% 183 FFE(120
ng/mLy= 105.2%2 WER} FE2WHo] o3k Ado] A2
Ao FAHAUTH

MA0|2E m2ije{e| L&
Figure 2+ 3
A=t gA ﬁ?LTOM —f‘%
Azl met VRl Aolot
= ZXog7HE AAo]EE uEiH Eio AUC,, AUCiy,
T Ke @ 1102 742 Table o) VeI =7}
T IEL 40mg) 28 ATFA Al AUC, Ciaxs Troas
Ke 2 t,2 717} 19684397 ng - hr/mL, 186+79.3 ng/mL,
3.540.76 hr, 0.041+0.007 hr' ¥ 17.3+2.59 hro] It} Table
el U] ot o 7 713e] SHES Cpe
9 Tl FxR= 247 263%9 10.6% W2 AR 242
Ao} AUCS} 1,8 HAx= 22 41.4%9F 33.5%% tha
& zlols Bk Al 713e] - AUC,n= 17532603 ng -
h/mLEA B AUCE Had AUCS 89.4%F 2HA|3H
ok A 2482 AR F 1HolN T A F AR &
A Z 2wyl AgslA o)glg vreldt). 3 38417k 1

e}

AV

OH‘

@)

axs

i

=
)

Hat 48A17te] 4 oﬂAL_ A olalz vehton, 60
A7re] % = Fri ¢S A|9sla A olske] =
T2 yvepligivh 2482] A@A A AUC, The Ko R
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AUC(ng * hymL)  AUC;(ng - hr/mL) Crax (ng/mL) Tinax (hr) K. (hr') ti2 (hr)
1968 +397 2118 +431 186 +79.3 3.5+0.76 0.041 +0.007 17.3+2.59
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