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ABSTRACT

Alendronate is an antiresorptive agent with proven benefit in the prevention and treatment of
postmenopausal and corticosteroid-induced osteoporosis. After oral absorption, it was normally distributed to
non-calcified tissue and calcified tissue. Alendronate is neither subjected to hepatic metabolism nor biliary
excretion. It was exclusively eliminated via renal excretion. Alendronate therapy in patients with chronic kidney
disease (CKD) who sustain a bone fracture is increasingly relevant. Although a number of pharmacokinetic
studies in healthy subjects have been recently reported, pharmacokinetic of alendronate in impaired renal
function have not been investigated. The purpose of this study is to validate an experimental method to measure
alendronate in plasma and urine samples in investigating pharmacokinetic of alendronate in CKD patients using
plasma and urine data. Blood and urine samples were collected for 10 hours after administration. High-
performance liquid chromatographic (HPLC) technique with fluorescence detection was employed for the
determination of alendronate in plasma and urine. The sample preparation technique involved co-precipitation of
alendronate in the sample with calcium chloride and potassium phosphate under alkaline condition. Plasma
samplcs were cleaned up by precipitation of plasma protein using TCA prior to calcium coprecipitation step.
Subsequent cleanup process was performed by solid-phase extraction (SPE) using diethylamine (DEA) cartridge.
The analyte was finally derivatized with 9-fluorenylmethy! chloroformate (FMOC) and subjected to HPLC
analysis. Separation was performed on a C,, column and mobile phase consists of acetronitrile-methanol-
citrate/pyrophosphate buffers. Percentage of the organic solvent in the mobile phase was increased from 32% to
40% v/v at a constant flow rate 1.5 ml/min. Fluorescence detection was operated at 260 nm (cxcitation) and 310
nm (emission). At 35°C, alendronate was well separated from pamidronate (IS) with retention time of 9.40 and
11.4 min, respectively. Total analysis time was 40 minutes per sample. The method was validated accordingly:
LOD =5.13 ng/ml using 3 ml plasma; LOD = 5.27 ng/mi urine using I ml urine; LLOQ = 20.84 ng/ml in plasma
and 16.67 ng/ml urine. The calibration curves were linear over the concentration range of 0.0-100 ng/ml and 0.0-
200 ng/ml with > 0.99 for plasma and urine, respectively. Accuracy in plasma were 99.55%, 94.63% and
98.48% at 15, 40 and 80 ng/ml, respectively. Accuracy in urine were 82.47%, 119.88% and 105.10% at 5, 15
ng/ml and 40 ng/ml, respectively. Precisions in plasma ranged from 6.38-18.6% (within-run) and 9.93-13.2%
(between-run). Precisions in urine ranged from 1.54-14.3% (within-run) and 2.58-19.7% (between-run).
respectively. When stored at -20°C for 45 days, the amount of alendronate in plasma was 97.0% and 97.7% of
initial amou>m at 50 and 150 ng/ml, respectively.

Eight CKD patients at 43-81 years and GFR 51.92 (range 39.02-59.84) ml/min/1.73 m’ were included in
the study. The mean (range) of the following pharmacokinetic parameters were AUC, ».,C,, and t,, were 335.5
(203.9 10 810.9) ng.h/ml, 59.9 (42.7 to 77.1) ng/ml, and 7.65 (2.22 to 17.5) h, respectively. Maximum urinary

excretion rate and total amount excreted in urine were 46.49 pg/ml and 209.6 pg, respectively. Both plasma
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pharmacokinetic data and urinary excretion data from healthy volunteers were consistent with previously
reported values. Results in CKD patients showed elevated AUC and elimination half-life but reduced k, and CI/F.
Well corresponding to plasma data, urinary excretion profile showing low total amount excreted and low
maximum excretion rate in CKD patients was observed. Whether distribution pattern was altered remained
inconclusive. Volume of distribution can assist in delineating the altered pharmacokinetic parameters (i.e.

clearance and elimination half life) in CKD patients.
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i viinsilasuntlaslngsadi19903msnaeIn1s I3 18MA 0N T LUIUMINIDYWUT (derivatization)

A F2 a g . < ¥
NI ATLUIUMIAT 19T15UT2NOUTIFDU (complexation) 11 1AL

i P , o { o ] .
1991U75 High pertormance liquid chromatography (HPLC) Wy niouunsvarsiumsiingzvo

a
¥V

s > @ o . X . = Y A ' Sa
natwrianslundyiusinazlu biological matrix alendronate  Hilaseasendnannmydsndunaiuiin
A o by P = 1 o 'Y , &
qanduuasdans i laleanld (U 2-9)  Fdlddwisoasiedaeidis UV detection M30 fluorescence
. ad e 3 o 1 . £ o Y o o
detection 1AsAss 3D 0A31eHSIIQeINGN bisphosphonates ey HPLC  dainaoaviimisifasunilas
3 P [ i ) 4 Sy ¥ = o . . . . a s
Tassadwas Wi uoywus (derivative) Nezvigoasmmus e TAue19¥1Ms derivatization AeuATIZH

Li-14, 17-19

Tae HPLC (pre-column  derivatization) 30 wasnInaIsEIunsuenlag HPLC (post column
L 29 ¥ Y o v . ot “ o
derivatization) " u&? venv1nil dsamnsansa9iAa1InaY bisphosphonate TAB3TOU 017UTU LC/MS/MS ™,

. 20 N . . 3t . . .. . 32
electrochemical detector” | refractive index detector, ion chromatography with conductivity detection
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3‘1.]‘?1 2-7 Tassadamaniives alendronate (4-amino-1-hydroxybutylidine-1,1-bisphosphonate)

a a ¢ Y g o
uaﬂﬂ’lﬂl'ﬂ‘ﬂllﬂﬂ15'lLﬂi”l;";‘HLLUﬂﬁWiIﬂU HPLC a1 ﬂlu@l@uﬂ?ﬂ@ﬁﬂuﬂ')ﬂﬂ”ﬁ (samplc pretreatment)

@ 1 Y A wa % a v Y = o ¥ a @
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s

Tdsiiu Wnlifdseaninmioane  vinguawiiAvesdisngy  bisphosphonate  MIZTUAL  calcium

¥
33-34 o @

. & a g a v o
hydroxylapatite [Ca,, (PO,), (OH),]vaationszamiiauaisdsznaumagan’™ " A91iu alendronate Tusob
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o q ¢ o = . N dd = Yo
i];‘igﬂﬂTiW@ﬂ@zﬂ@uﬂ‘ULLﬂﬁL‘ﬁﬂN (calcium Coprempnatlon) iuﬁﬂTJzVIL‘L“UﬂN 'UNﬂTiﬁﬂ‘H]hlﬂ‘Vﬂﬂ'ﬁ

4 H q - a a 25-36 iy ¥ o EY ' ) .
ANAZNOUTT 2-3 ASY etiNszantammsanaznau™ ™ aznaufl lAlnezAoIHIU solid phase extraction

11,17-18,35-39

(SPE) ifiofianasdus No19anaznous a151559701U solid phase extraction cartridge #1168

° Y H = Y v & . i o P . '
il ludunewsi oun1ee19 921U ion exchange resin  lasasndnanifasuilszgavedivesu (weak

y . . g ia L4 i g a o 2 . Z
anion exchange) 15U diethyl amino (DEA) iHuftienlduin misyeaisideanisuns s luvuneu SPE 1 9g

9-12,15-17

% @ o 1 R R . EY N a rd
Idesazarivhivos 11 citrate W30 citrate/phosphate buffer Lmﬁsmqﬂizmummmawwuanaﬁ

Taes HPLC @a'll) @15 19131 derivatizing agent ¥94@130gu bisphospho- nate A Il 14 lunis@nyiae 9
1&un 2,3-naphthalene dicarboxylaldehyde (NDA)JZ, ﬂuorescamine“%, 1-naphtylisothiocyanatcm‘), N30 9-

LE-i4, 17-18

fluoronylmethylchloroformate (FMOC) Tas FMOC %gﬂﬂmﬂ%ﬂﬂﬂﬂ’hﬁﬁ%u g VUADUNITIAG BN

@ ' v a o . . . ' f 9 4
G]'JE‘]U'N‘WﬁKTlJTﬂd‘i@ﬂﬁﬁ’ngﬂ@uﬂ"liﬁmﬁ']zﬁiﬂﬂ calcium coprecipitation ﬁﬂﬂﬁﬂﬁ?ﬂ@ﬂNﬂﬁ?’J 4 ]Ugﬂ‘ﬁ 2-8
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Biological samples

Addition of phosphates or pyrophosphates

>

Addition of calcium ions.

h 4

Addition of NaOH

E— = &

Centrifugation

e Precipitate

Double or triple precipitation

Dissolution with acid

Dissolution with water or EDTA

- e = le o e~

Analysis Further treatment

a & a o o ‘ i i act B L a o
s 2-8  VUADUMITWETENTINIBE (biological sample) 1AYTT calcium precipitation Tun13NATIZY

SIERTRITI AT bisphophonates33

o a ¢ { H 2 ' .
A13195 BNAIDE1INBUMI AT IZH YD 367 alendronate AUATT0NUTUYTEABUMETUABUAG 9
Y
1aun
1) m3anazneu 11sAu (protein precipitation)
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. . . < ¥ =5 o~
alendronate Tuma 1@ trichloroacetic acid (TCA) ifluasfldnnazneulsauninige
Y P . .
2) AIANAZNBUAILLUABLT B (precipitation as calcium salts)
o o = = P ¥ a a 9 o 2+
9 1gManNnN15N BPs 1 1nsear319adn0 pyrophosphate ttazasainaa1slsznomdidouny Ca® lu

' 9 4 & aada a a =Sy PN &
TANZA ﬂ"l'iGlﬂ@]ﬁﬁﬂ@uﬂULLﬂﬁL‘]fUiJi]ﬂlﬂu’lﬁﬂhﬂﬁxﬁ"ﬂﬁﬂ'I‘Wil!ﬂ?illflﬂfﬂi BPs ®Q03IN13UATIZVDONIIN
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biological matrix 11&Wﬂ151ﬂ‘ﬂ3@ﬂﬁﬁ1'}$ N1TANAZNDUAISLADLTENDITNINT 2-3 AT LW@LWZIJF]’J"!NU??IVW
o ' P a— o w Yy
LLﬂﬁL“ﬂUNﬁ?uVILHa@ﬁ'ni‘liﬂﬂ’lﬂﬂ‘lﬂﬂﬁﬂ EDTA
v S . .
3) MIUUNE1TAIYIT solid phase extraction
Y  a . . g am o o a & o ' v & °
NITHENTITAIUIT solid phase extraction Ll]u’lﬁﬂWiﬂ?ﬂﬂﬁﬂﬂlvll,ﬂ@u@@ﬂiﬂﬂ@naﬂ"lﬂ LLﬁZUQLﬂuﬂ"li‘Vl'l
y &y a et Y v & X a v . & o .
Waisndeans AT il a Ny S UARL L INTY tiou 19 diethyl amino group (DEA) wuiu weak ion-
exchange resins @31 alendronate 3uanszgannarIUAUYIZIUINYDT ion exchanger NI FLAIIVIA ion

Y
a A

& y 3 Y : o o o s
exchanger Tutugameoiu 1219 citrate buffer Fenszlinnuasaafgaluividesviial
o a o . . .
4)  NIMBYWUT (derivatization)
o o < v J o ' o - ¢ 4
nszvauMmImieywus iunszinumsgansluduseumamisua1sneuiinsiaigd (e

@ = < 9 Yt ' A & a P a ' S Y
1J§1JL1JaUu Lﬂ3flﬁj"NSU@QﬁWiiﬁNﬂ?TNLWNW?’,ﬁNWOLﬂiaﬂu@]lﬂﬁ]z‘ﬁ LB N IﬁL@MW%‘JWQﬂ“ﬁuVI fluorescence Vlﬂ

YR 4

=Y ' Y o fmea @ Ay a o ¥ 3 4 a g
Wuau A1TNBBUYNUT (derivatizing reagent) maw1ﬂgﬂsmﬂumﬁmmﬂﬁamﬁww”lmammmammﬂuau

o

o oAy o oy Y o ' o o Y, a o &

WUSHA0IN1T  BYWUTA IAR239zAeAa  @Ineoyiutnton 15 lunsding 11500 alendronate v 9-
. 4 o (asa o v g

fluorenyl methyloxycarbonyl chloride (FMOC-CI) Lﬁaamﬂmmmmﬂgﬂsmw alendronate 1ATIR15 LAY

oy Yt o o a 9 1
ﬂ‘i{WU"ﬁVﬂ,ﬂhﬂﬂWllﬂ\‘]ﬂ'J‘V]aquﬂiJwaﬁ

a

o acd e o o kg = .
AT WAILTIT AT IEHINOVIUS 10 alendronate Tutlaaizaremailn HPLC-fluorescence detection

1840

et £ 9 @ ToOPT-18, = 1 ‘dy w = n/ [l 1
U “l@ ﬂWiﬂﬂEWIﬂUQJUﬂU‘Ha1Uﬂ@M ASANBUMAIT  UNILIASUNAI0E19 1AINITANALNDUSIN (co-

Coe

9 i
S o . 3o v 5 . . T .
precipitation) AU calcium 1AUUNIMIANALYN LAY solid-phase extraction (SPE) it diethyl amine (DEA)
. A Ya 4 & ~ P Y . o @ P
cartridge LW@1‘H@3€)UNE’(S§61@N1ﬂﬂJH LiJ@ﬁ]gﬂl,?ﬁWZ“HIﬂﬂ HPLC system ADINIOUNUTUBD alendronate GL‘H
Y o (men o .
#13130 fluoresce M Iaevinl§ATeT1 FMOC
Z Y [~ . . A
an1Igued HPLC Uy 9219 C -column 11 analytical column (18 mobile phase M3 pyrophosphate
< o v R o o . . o (v W '
Wuoanszney MIved13nIY mobile phasc N uuuy gradient elution N1l5ugnI1auYe buffer 1ay
. . .
methanol Lia acetonitrile 1N 19 analyte gnarzoonu luafimunzay uaze w13 nuenaIn peak TUNIUDU 9
b4 '
EYI o o . (4 . .

Ife13rAn N15RTI998 A8 fluorescence detection FLAIANNYIIAAU 260 nm {excitation) 8% 310 nm
L. . A o Y A X o o ' o H
(emission) LAY internal standard Mminazly Ao pamidronate ATTIRTYUATVDYNWAITNUINUET alendronate UU 92

ar a’ e = as o G ar 1 £ l
(’]WYU‘H@ﬂﬂHLLax’J‘ﬁﬂ'liLﬂEJ’)ﬂuﬂUﬂWimiUNG]]E]UNﬂﬁﬁTJST]ﬂ‘iJiSﬂ'Ii gALIH NOUILLEN alendronate Iﬂﬂ
' 1 . I Y = ' S 4
NITRNAZNDUITIVAY calcium i]$llﬂﬁﬂ1ﬂﬂIﬂiﬁ]u1u‘ﬂﬁ1ﬁhWE]EJﬂﬂauIﬂEJﬂ'IiG]ﬂGl&’ﬂE]‘L!IiJi@]Uﬂ?EJﬂ‘iﬂ
aca L3 o 1 Yt A . . [
TnseidTnanludaazfineaumaiil 1dlinsvwagouanuiundeis (validation) $IUN

o /9 3 . o . . = ' 3y
i llszgna 19 1un 5@ bioavailability W38 bioequivalence HatsMafny1 Fedayasiie q wuuldsausan
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H a P
A15190 21 35AATIEHUI 108 alendronate TuTIv0amaa lae HPLC fluorescence detection

excitation,
Biological Derivatizing LOD Dose/ Route of
Mobile phase entission Reference
fluid agents (ng/ml)  administration
wavelength

Acetonitrile/methanol-

FMOC pyrophosphate buffer 32:68 v/v 260,310 1.0 70 mg/ oral 11
(gradient elusion)

Plasma

Acetonitrile/methanol-

FMOC pyrophosphate buffer 32:68 v/v 260,310 2.0 70 mg/ oral 13
(gradient elusion)
Acetonitrile-methaol-

FMOC pyrophosphate buffer mixture 260, 310 3.51 90 mg/ oral 17
20:15:65 v/v (gradient elusion)
Acetonitrile/methanol-

Urine FMOC pyrophosphate buffer 28:72 v/v 260,310 25 70 mg/ oral 18

(gradient elusion)
Dibasic phosphate buffer,

FMOC sodium citrate butfer, and 440, 520 4.96 40 mg/ oral 40

acetonitrile

Y LY = '8 s = -
doyaszaveludadiizainnia ins s alendronate Tudaanzlusieainsgunma Tas

N i g ' S 2 ' 9
7% HPLC-fluorescence 1A8 Kang tiazame ' (ag Lainesse tazaae ™ 11 nud1 wasdmesaiegdalndifie

a ' 3 . . 4 9
At 13U cumulative amount of alendronate excreted (Ae,, ) (481¥ maximum cxcretion rate (R,..) a13199 222 1@

- ¢ o sy v o = & o
ﬁ?lh/‘ﬂi‘IllLﬂﬁ]iVlNLﬂﬁ‘lﬁ]ﬁHﬁWﬁﬂiVlUl,ﬂﬁﬂﬂi$ﬂ1JEJ'IGluﬂE‘TﬁTJZiﬂﬂﬂﬁﬁﬂ‘ﬁ'ﬁﬂ\i 2 AMTANHEN

" ] a ¢ o s o {y o
ﬂ1§1\1ﬁ 22 AN TURMDINIUNTYIAUATTANT (mean = SD) V9981 alendronate LLUU?U‘lJi:ﬁ‘V]']u‘I?IVlﬂ‘Nﬂ

=& <
MITANHT 2 NMIFANEI

Parameter (unit) Kang uaznme" Lainesse ttaznmue”
Dose (mg) 70 40
Ae,, (ng) 198.4 + 812" 96.23 + 60.8"
R_. (ug/h) 65.67 £20.8 3536+229
T,,. (h) 0.93 +0.59 0.58 + 0.86

a : Amount excreted over 30 h b : Amount excreted over 36 h (Reference formulation)
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0w = ¢ o - ] v
AUt A 1515 alendronate TumataidmnAtin HPLC-Muorescence detection UL 1)
= P Yoy 1 . 14 ~ Y = “ v o w
ﬂﬁﬁﬂHTVﬁWUQWHHL’J ulﬂ!,!,ﬂ Yun 118z Kwon 118y Rhim unzame IﬂUN‘UuG]GUﬂ7§m3mJ“ﬂﬂﬁ1Uﬂﬁﬂﬂu
4 = = v Y &4 o o a .
“U'Llﬂ@uuﬁﬂL‘L'uﬂ'\i(ﬁﬂ@l&;’ﬂa‘HTﬂimuGluWﬂ'lﬁN']ﬂ’m TCA 6% LAIIUNNANALNDUNULAAITYY (calcium co-
¢
e g o g . . . = .
precipitation) MMNUUNITUATTUIUNTTUENATIAIY DEA solid-phase extraction {(SPE) cartridge i pamidronate
o . 9 = 3 L. ' a o o o Ay ¥
(11 internal standard ttaz 1% FMOC 1ilu derivatizing ATWITIHABDINTUNTFIAUAITATUBY alendronate 'lé
= [ = ¥ = £ vy < o < 4 5
INNTTANHING 2 NITHANEN Ulﬂgﬂi’lﬂi’)ilvlﬂuﬂTiNVI 2-3 “I)'Q‘lﬂi]Tﬂf.ﬂiLﬂUGlU@UNWﬁﬁTiﬂlﬂul,]Zﬂ 7 w1 1

AMEMIRINeI@ AT EUATNATUIEMIUE1VA 70 mg

Y : = s o ¢ o =
MIWN 2-3 A imei mundreaumans (mean + SD) ¥8467 alendronate Tugtuuusutliznmiuila

= =
INNITANET 2 NIFAYT

Parameter (unit) Yun and Kwon'' Yun, et al”
Dose (mg) 70 70
Number of participants 4 24
AUC,,, (ng/ml/h) 1186 £27.6 102.44 + 70
AUC,  (ng/ml/h) 1294 +257 110.24 +72.40
C,,, (ng/mh) 4094+ 19.6 38.47 £24.39
T,.. () 1.00 £0.41 0.99+0.51
t,, (h) 1.67 +0.50 1.87 £0.62

e ) WYy dada ¢ A 2 - )
wanantl Rhim wazamz' 181sgndI53A s iWe AN B3 I611AY8981 alendronate sodium W14 1A
o o g o ' P ' 3 @ @ W
70 mg  InszAVe luwaid maudediawataninmae 9 Wunat 7 9 lumdsulisniun
Ty o . N s o 7 ¥ =
wunlufinnuuanaenuluamnsimesmundysaumans vad alendronate sodium 113 2 ¥iln
- S : 9w ' o W Y
1na1T19du  alendronate lignualsamwlaseu laniluauuas higniidasenmai@  nazgn
o w 1 ] = o = ve oy o Vel N o :
mineonlugd lunfGeundasmdadlundn  delisuudeslfuvmnanludniimshauvesduunwios
o tet = o 4 Vel o ' a aa 4
Fa'liiims Anyundrraumansveten alendronate Tugniimsihauveslaunnses vinanuHalndiRa
R o EY ] v Ed ' =] a e Y o
glomerular filtration wedla  owvhldnazaveglunizgnlduiniy  ednlsfnm drhilideyanidaou
4 o Y @ 9 2 Py A o '
Aeafums 1uuazdSuvuanludihelsala sadediheninisiiouveslaunnsesgu use (glomerular
. . 2 a @ Y = e
filtration < 30 mimin/1.73 m)  misdAeaszaun lunaauuazdaanzvedih  asldszlomine

= o - 9 A o
MIANYUATTIAURIERS VD01 alendronate TudileTsnlaGoss
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31 nmaanzitinzaunvesisinnzilag HPLC uazasiaindievigosisaaied

g 9o o @ o o ' { o o

ﬁﬂTJ&’ﬁl‘D’ﬁ?W‘iU HPLC %$®1ﬁﬂﬁaﬂﬂ1ﬂm$ﬂﬂuﬂﬁ\‘lil'lﬂﬂ'l'iﬁﬂ‘ﬂ'l@ﬂi“] ﬁﬂtﬂi1$ﬁﬂ§ﬂ1m87

o 9 4 Y < . .. e v
alendronate 1At HPLC uazmnmmaﬂgaaﬁamuw waz ¥ FMOC (il derivatizing agent NUIIWIUNDY

4 X o ' Y] . Y] R v . .
wihit "7 Fdananly c-18 analytical column ttaz 1% mobile phase 152noUAIY citrate buffer LAY
[l ¥

pyrophosphate WA@Y methanol/acetonitrile Tau# citrate ion Lay pyrophosphate 14 mobile phase UUIHY

o . ¥ . . SN, IS 4
AANITRATUVR alendronate UU stationary phase waz 14 gradient elution ai591¥ derivatized product EAJLI“]

o {9 '
W30 underivatized product NA198ggnTzEanUINIYlU 25 U

3 P X i . o . 3. B .
lumsdnuil 18 19a1s FMOC lums derivatization 497 183 19 unare q nsane' ™7™ s 9910

o
Nt o

a ana W . FY < v a w o { a
FMOC asaifialiseniy amine lAsaaGimoldaniizind eyius FMOC fuAavuiniiune
L lq aw & o ¥ {y ¥
ATYUIUMS derivatization 7119 FMOC luami3dbiivznszvihnioldanngildszy 1 lumsdnyives yun uas
1t Y = o aas . . .. ¢ .
auz' 1Aun pH veadisazaeNezinilfise (reaction mixture) = 11.5 USMIMTYOI acetonitrile 1 reaction

o as

. 4 = o a Y o o o =t Puy
mixture VEWEIWONBUWUTUDIYINY FMOC VlLﬂﬂﬁaniﬂa&’ZﬂU"lﬂﬁiJU”’im (BYWUTVDI FMOC Hazawihla

3
g s

Y o Z o o g " o
100) Lﬁaﬂmnuﬂmwﬂ%uﬁuaqmgwuﬁﬂuaamnu FMOC  sawmimsdiy pH vesaisazaionionasnin
aaa a s ¥ ¥ d ¥ L. . ' a JY as
Ui nnnauysaiual MiTluna1eae citric acid NnouRAINT1IZHAY HPLC msmamﬂmﬂgamsawwﬁ
) ¥ 4 L R o o
Hu 92 19nue1IAAU excitation LAY emission 7 260 LAZ 310 nm AR
P & et o @ | o ¢ . ) . .
clumiﬂnymﬂz‘lmm151J5uam1mumawm‘v4m Uae organic solvents TINNIIN gradient elution
A Y a 21 @ 1 g 9 = P LY
wolinamuganlumsiinsiziaedisdis Taeaned g lunsdnguionina1ududuvo 901 alendronate
Yy - 4 o A
luiden Taolfimain HPLC-luorescence t1IUAT
. - Y '3
Column : VertiSep'" GES C-18 17111617 15 cm IFUHTUFUONAN 0.46 cm YUIABYNIN 5 um
. 3 a I'd a o ..
Mobile phase: Usznounis asazatoiwines (A) uaz @1v1aza18 Methanol 11a2 Acetronitrile (B)

td
ATFEEITUDY gradient #3U

Time (min) % A:B
0-17 68 :32
17-24 40 : 60
24-40 68 :32

A 1S ues 25 mM citric acid 1tag 25 mM sodium pyrophosphate 15y pH=43

B: A1%i1aza1y Methanol Ua% Acetronitrile W8T 18U 1:1(v/v)



Flow rate 1.5 ml/min

Column Temperature 35 °c

Detection Fluorescence detection A1L81IAAY 260 nm (excitation) #ta1¥ 310 nm (emission)

A gy = sy Y ' o = . =
LiJai‘IfﬁﬂTZ‘z'JLﬂiTZ‘Vi“lﬂﬂﬂu WU31%$ﬂ31ﬂ§]ﬁinﬂﬂ‘lWﬂ‘U@€ alendronate LiQ1Y palmxdronate W ‘L‘i:ﬁlﬂm

= = o o 3/ a LS ' . =t
11.4 U u8e 9.4 U auaiay wazldnarinszvaen10619 (run time) lszuia 40 UM

32 MSAIENATAZAIENINTGIY

= Yot L) Y¥ & o .
3.2.1 1630UA15020NIATF U alendronate 1 HA LAY 1 1Az 10 pg/ml Taglauniluariazais
. 5 q e v ¥y v
3.2.2 (M3UNAITATAWUIATTIU pamidronate ¥ 191T1U internal standard 1ANAIAINY 24 pg/ml Tay

V¥ a o
1midusaviiazay

3.3 maesaNsleg 1 awaanuazdaa:

acta # = O ada ¢ "
F53n51:1 lunisdneil laaaudase1niT A5 12161 alendronate TUWATENIUOY Yun 1482 Kwon
G as [ H o @ .. . a = 1 a o amady Y
M3Ie3 suAIRg IR aN Azt a1 IT U 9201WEVANNTT coprecipitation AULAAITUN ITUIRGINVITA |10
v 7. ' o { ) 3 Yo Yy ¥ { o
swaunds " uaimsdSutazalasundadlud s auaie q 1dun anududunasdSnamsnay
1 H H < o w =1 = Y
Tugsazdusoy  Tuduseuusn wwtumsmidaldsavulunwarauisenlasmsanazneou ldsauaae
. . ) Y & o = a PN - & Y a
trichloroacetic acid 1d3391 @ 7ava1elandsiminTdsAuunAunaouias NaOH tWa lvinants
L t @ o L ¥ o iy ¥
coprecipitation Yo alendronate arunretatlagiza ot coprecipitation 18 Taonss mznouii 14
' e R i Y o v . o {
arawlunia U NTABLTAN (acetic acid) UAEAA Lol DEA-SPE cartridge 11e13aza101gnv209n91n

. o (mma Y v Y a ¢
cartridge W1¥1UHA3 171U FMOC 1d239dgvumenn1sing1s1 lay HPLC

3.3.1 TUABUMITATHNAIDEIINAITI

- Yulednadewatau ¥5u1es 3 mi ldaslu polypropylene centrifuge tube ¥119AINY 15 ml
= . 4 v P e Y Y o
- AumIazany pamidronate Ys11@35 25 pl twe 1911y internal standard tauvenIdidnu

= v . N . [ o o
- anazneullsau @ee13azaty 6% wichloroacetic acid (TCA) 1511015 3 mi en gy

o IS
1381 451U

L] =Y

a A g o.. g a
- I3 4,000 rpm Nigamgil 10 °C uriat 10 w1
' = Y o ¥ =t ¥ =
wonaumisazawlaeenninazneulilsiy udwihinsanazneuAlsuARIToN  AUNTIIAY
gy
@13az a1v 0.1 M KH,PO, 1511@5 200 pl uazaisazae 0.1 M CaCl, Y3u1a3 200 pl v
Y = a
whau flunar 10 i
= 4w Yo Y o d {
Wumsazate 4 M NaOH 1515 400 pl wetSuanmwldidudrs  udnilinyumiesm
= = a fo} < =t
A5 4,000 rpm Ngngd 10 °Ciiluat 10 1M
v

' & ¥ o a . . <
LLUﬂﬁ?Uﬁ1ﬁa$ﬁ'lff1ﬁ1’N LLﬂ'}uWﬂﬁfﬂﬂujﬂmNGLUﬁWﬁﬁﬁﬁa151 0.2 M acetic acid Usuas 500 ul

LG VUAZADUNTZIIOAIIUNUA
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a 3 a £ 9 Y Y oW g =
- @nUT NSN3 miwa I Awtluoat 30 3ui

¥ - y 4 Y a Y o
ANAZNOUAIULAATILATIV 2 AMTIANEITAZA10 4 M NaOH 51165 400 ul LLa’J‘LHUl.‘lJ

PN

= d' ] = fe) < =
HYUHIBINAIING 4,000 rpm NgNMHH 10 °C 1luat 10 wIn
. e Y o AN
wondauesazawlane udnhnznsuitldazatsluaisazats 0.2 M acctate buffer pH 6
1317995 1 ml UazA15aza1w 0.2 M acetic acid USRS 40 pl 1UE19UALNOUNT LI WA ITIUNLA

s YA < rq Y Y o & a
WIS gNnTYIuns 2 mi i I imaiheaal 30 3w

@uasazaly 0.2 M EDTA Y5u1a5 250 pl tWefidaaznsuunaiounaydeavndiunu
1 g a

wenduar 45 Jud wldasazaela

o a0 Yo o & A . 9y . .

iasazaielaf ladaaaethuifouais q wud1gnszuIums solid phase extraction (SPE)

i . a R . o v ¥

Tag 14 cartridge ¥UA diethylamine (DEA) 11013 prewash A5 103 | ml uazyzeeen

vy . .

A0EITaZaE 0.2M sodium citrate Y5185 1 ml

:’J = 9 A

Tunsumsasaudlegataay

_ duledrediedamiz Ysuas 1 ml ldaalu polypropylene centrifuge tube Wu10A1MY 15 ml

= ¥y ¥ a4 Y L9 Y Y oo g a
19991900 10T NI 195 4 mlsa v dnmudunar 10 J3ui

= X 4 vy . Vg Y Y w
- fudsagaly pamidronate Y3195 25 pl e 14114 internal standard 1@ vt Ity
Iy a Y A Py a
ANAZNBUAIBUAAFENATIN | AIBNMTIANAITATAIY 0.1 M KH,PO, 51as 200 ul uag
1 Y Y o o a
Msaratw 0.1 M CaCl, 3niaT 200 uhvan lwndudunar 10 s

= M o = N ° dl ]
WNeTaza1w 4 M NaOH 151a5 400 pl wedSuanmliifluae  udnihliwyumioed

a

A5 4,000 rpm ARanil 10 °C Hunan 10 wd

&Y

v
! 2 Y o = . .
LLUﬂﬁ’Juﬁ?iﬁzﬁWUiﬁ‘Wﬂ Ltmum:naummu‘luﬁﬁazma 0.2 M acetic acid U331@5 500 ul

mdmumnaummwﬁ’muwm

a ¥ o a £ g Y Y @ Q a
- ENUSgnEUTA 3 ml e Brnnuduna 30 319

= 4 =

Y g Y o
- ANAZNBUAIBUAALTONATIN 2 AuNTIANEITazate 4 M NaOH U511a3 400 pt udaiily

o

WMo E 4,000 rpm igangil 10 °C Thuam 10 1
- wondrumsazaiolaiia udnhezneuitidazatoluaisazats 0.2 M acetate buffer pH 6
151193 1 ml waza@15aga1s 0.2 M acetic acid U31IRT 40 pl (VG1AUAZABUNTLIIAITUNUA
- Lﬁmﬁwﬁqméﬂ?mm 2 ml e I luna 30 Juid
- @udisazalw 0.2 M EDTA 151185 250 pl iomsanzneunnamounazomrag iy

g o 9
wendlumal 45 3w au'ldensazatsla

1}
o e

0 Hy Yo & ' Y . .
- ahasazaislaildnsadalwifousis q A2en3zuIUAIT solid phase extraction (SPE) Tag
- o y ¥ v
14 cartridge YU® diethylamine (DEA) W15 prewash Awi3uas 1 ml wazyzeeenaly

@1782870 0.2 M sodium citrate Y5195 1 ml
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o o o
3.3.3 YUAdUNITNIBYWUE (derivatization)

81 alendronate Tudetiawarauuazdaany egluasazawivzeonin SPE carridge 9390

4 v < o S o ¥ Y
aldouliilueyiusnawisons19ianae  fluorescence  detector 18 lagldas  9-fluorenylmethyl

chloroformate chloride (FMOC-CI) (u derivatizing agent Taolinszuauns el

= {y . . .

tlaarsazaten 1arzeonn SPE cartridge 1311915 0.54 ml a1y reaction vial

(@UH15A2a18 1 M sodium carbonate buffer pH11.9 151105 200 ul

a Y .. :

WUEITaEals FMOC-Cl anududu 0.25 mg/ml lu acetronitrile 151103 200 w 1Ty

d' ay g oA Y a aan ' A

asavatehguugivientiu a5 win e iRl e ieneiies

a . Y oy H Y aaa « 2

ANAITAZAY glycine ATMANTY 360 pmol/ml Turi UTwas 20 ulievigal §ns e bty
a =] kY H & P a Y I~ =

18120 3 udnene Bngamgideutiunar 2 uii

o . . 1 Y Y v g = 4 @

AUAIAZANY 1 M citric acid Y5103 200 pl warlddnwdunar 1 i el Suanmld

=

Wunais

= iy o T +

Anmsazaten 1ad15200 HPLC-fluorescence fasd3uias 100 w lae'liidesnsesmisazate

1 =
NOURA

3.4 Faqadnsainldlumstinm

o ¢ o =
Tagmamasunwngilglumsanm

D

2)

3)

4)

5)

6)

7)

8)

9)

61 alendronate (Fosamax Plus”) 4118 70 diaansu Man 1au1isyn MERCK SHARP & DOME de
Mexico; Mexico 30311118 Tag158% MSD (THAILAND) LTD. Thailand

vaeaifiUden ¥iin VACUETTE” 1nflouf e Lithium Heparin Y118 6 Jadans wanlaoustn
Greiner Bio-One GmbH; Austria

(Wi91zidea ¥iia VACUETTE" Multiple drawing blood collection needles for single use YU
21 G x 1 % 117 wanlaow3 1 Greiner Bio-One GmbH: Austria

Sunziden wila NIPRO” Hypodermic Needle %110 21 G x | 17 #Aalasu3sm NIPRO
CORPORATION; Japan

Disposable Syringe ¥U1A 3, 5 uaz 10 dagans wWamlagu3yn NIPRO CORPORATION:
Thailand

SURFLO® IV Catheter 414181 20 G x 1 % 111 #d3a Tagu35n TERUMO CORPORATION; Japan
SURFLO" Injection Plug #iia 1a#1/34M TERUMO CORPORATION; Japan

Heparin Injection A MWIWNAY 100 iwmL wdalagdhandynssy Tsawsnnagsvauasung
o.alvigl 9. a9van

=1

a1a

10) Sterile Gauze Y118 2 x 2 117

2y
11) 19ANDIDAN NG



SaquarmsiiidlumsianziBnee luwamauazfaans

aradl fisai

1) #17419537U alendronate sodium

2) éhﬁm:mUuazﬁmﬂﬁm%'ﬂlumﬁmﬂsﬁ Vlﬁsﬁld Methanol, acetonitrile, citric acid, sodium
pyrophosphate, trichioroacetic acid, calcium chloride, potassium hydrogen phosphate, sodium
hydroxide, acetic acid, sodium acetate, ethylenediaminételraacetatc (EDTA), sodium citrate,
sodium carbonate, FMOC, giycine

aUnsaindl  fidail

1) wnagaAnaasl Lﬂd’ul@mfsl}’; beaker, volumetric flask, pH paper

2) Diethylamine (DEA) solidphase extraction (SPE) cartridge

in3eatienl¥lumsinm

1) Lﬂdﬁ'aﬂ HPLC Shimadzu CTO-10AS VP ﬂizﬂamﬁﬂ SIL-10 ADVP autosampler, LC-20 AD
Pump, SCL-10 AVP controller 4a% RF-10AXL Fluorescence detector 135% Shimadzu
Corporation, Kyoto, Japan

2) HPLC Column %i VertiSep'™ GES C-18 A7106712 15 cm UM ugudna1e 0.46 cm ¥R
9NN 5 pm
13HN Vertical Chomatography Co, Ltd., Bangkok, Thailand

3) m%ﬂmgumfim (centrifuge) ‘g'u Hermle Z323K  15H% Hermle Labortech, Germany

4)  Tdsunsumeniau@es Win Nonlin Version 1.1

= 4
5)  TUsupsUABUNWAABS Microsoft Excel
S,
AoUNIMIANE
o =& a o 1 Y Y -~ a w o a 'd
ynsne lagmsiAudedlanadu@azla@ e voddiuni i 1ATaNIT Ity LariIMIUNIIZHHA
o ' A o P & )
F10019 @ IUNNVINSTANE AD
da as o aa 9
D AUEITIMIEANIN AT T3INENNANTTINANING] NTUNWLKIUAT
& a a wa o 'd s I'd o o o s [
2)  guivinmifiemsmundsmens auuademand UMINO0AVAIUATUNS amalng 9.

ayuan

P A ¢
3.5 NISANSIVABUANINUUT DD VDIIB IAII1ZH (Method validation)

VoA A acta P ) LAt
NAFTOUANUUUTDNUDIITAUAT I HIWAUIVULAINIY [CH Guideline

3.5.1 Linearity
o - da E and o £ 4 g g
anauazanszalss o lumaauazlaan: Ine s nWanO Iy MAMANATUAINY ATRUAQN
Yy v s o
AT UTY alendronate Tuwaieul (0. 5, 10, 20, 50, 100 ng/mL) Aaaaslumisien 3-1 uazludaaniz (o,

w ) v o e ) o '
5,10, 20, 50, 100, 200 ng/mL) ﬂx‘iLLﬁ'ﬂﬂ,UWﬁNﬁ 3-2 mmmauwummuﬁmxmnammmmm peak arca
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o . =R 99d X o ¥ W ' o )
alendronate N1 pamidronate aaliy internal standard AUAIMANUYUUDY alendronate A1199 Tagsulmm

. . . . 2 & o o dd d 9/ a1 ' 41
coefticient of determination (r°) Fearuduwusiilwduase aaslalr 1nn1 0.99

.:1 Yy Sq o = . .
191940 3-1 mmwnmuuazﬂ?mmmiﬁzammmgm alendronate Vli‘h’i’h!ﬂﬁf’fﬂ‘ﬂ"l lmearlty 1uwa1au1

A vuveasnly  YSunaswarmn PBanasiuan AN THEsazats
wWaau (ng/mL) (mL) (nl) MNAIF U (ug/ml)
5 3 15 1
10 3 30 1
20 3 60 1
50 3 15 10
100 3 30 10

o Yy = Hq w = . .
MR 32 AanududunazlS e a1sazaienins gy alendronate 1195 lun1sANY linearity Juiaans

anuvaduveenty  Bunastfaai: Wanasidy anududumsazain
tfaa 1z (ng/mL) (mL) (uL) A5 (ng/ml)

5 5 25 i

10 5 50 1

20 5 100 1

50 5 25 10

100 5 50 10
200 5 100 10

3.5.2 Specificity/Selectivity

. P " w o ' = a Sy YV ' . ' =

UATIEH blank plasma BYWNUBDY 6 AIDYN “H\?Nﬁﬂ?ﬁ’)LﬂﬁWZW‘V]blﬂ@@ﬂ@li’)ﬂuliJWU interference ADHIN

Y =2 =8 dy = o JRETEY) Yk ex a ] A o sy

Glﬂumsﬁmm 1un15ﬁmmmznmsmﬁaunu blank plasma ‘ﬂ"lmmw lJET‘UﬂTW‘IJﬂG]GlU"l)"NLLiﬂLW@‘W@JUTJ‘E
p 3 a

a e o asia 4
AUNITEH LLﬁ%VIﬂﬂ'E’]Uﬂ’HlJ%WLW'IZL%HiN"'UEN]%’JLﬂiW%ﬁ

3.5.3 Lower limit of detection (LOD) and Lower limit of quantification (LLOQ)

° =

o a PV oo d o & & Y
ﬁﬂﬂLLﬁZ’JLﬂﬁWW@’JEJEJNiﬂi‘u‘WﬁWﬁ’iﬂLLﬁﬁiﬂ’dﬁn:ﬁIﬂﬁ’J‘ﬁWW@uWSIJM WOV IRANUANYUN T AN
RS o oy o . o Y Y Ay Y Y A w a &
mmmmama‘lﬂ (LOD) 3 uuaeIiuey 10 a10019 ﬂ'ﬁ&iﬂﬂﬂ’ﬂm‘lﬁl‘lluiﬂvlﬂ ﬂzﬁl@ﬁhﬂWﬁNﬂizﬁ‘WﬁﬂNM

11l5159u (coefficient of variation; %CV) (precision) Taina51Au 15% 91000 ATLIMHIAT predicted LLOQ 210



difninensnsdowiandiong assansAg 29
20

' in Y Y w a Y ' { o {5 '

A1 LOD 114 udranauazinizvaltesnaluwaanuazdaa e sz auanududuisiu'le adrailee
a [ 4 ° % £ T a &

10 A296719 HBAUIUANT BUNZYDINIWYARB (% accuracy) LazAdUUseANTAIMULIUIIY (coefficient of

variation; %CV) 1A8A1 % accuracy AIIBYTTNIN 80-120 1Az %CV lunsinu 20%"

3.5.4 Accuracy
o = fo and o £ 4 o Y v o
anauaz AT zralat e lunaau ez a1 laedsnvanniy Asgduanuty T4 3 sedu
) ' Y : ‘
Taoarmidudulunaran fie 15, 40 Az 80 ng/mL daunnududuluilaaiiz e s, 15 uay 40 ng/mL Faog]
' YY) . . Y o oy @ . B '
Tugenmiduduve 9 standard calibration curve ANUINIUISBDYWNUDY 5 AIDY1Y ATUIUMT Yoaccuracy Tae
= LY do Yy Y o a v : sy Y '
afFsuineuanududureseninia lanuaududuveswiiuasli AUAY 100 M1 Yaccuracy ‘I/lvl.ﬂﬂ’ﬁ@g

TENIN 85-115% vnduil LLOQ og5yna1a 80-120%"

3.5.5 Precision (Within-run and between run)

'
o

afauazSinseimeian luwaaumastaa: o fianniy frzsunimdy a3 sz
Tagarmdudulunaiau 15, 40 uay 80 ng/mt ddusududuludaainz 5, 15 uag 40 ng/mL Feogluzag
ANTMAUAUYDS standard calibration curve ARMdNTUazeddes 3 @10 meluseumsdiiung
31A512WREIAY (within-run precision) L1AYTEMINTOUMIAUTUNTTATIZH (between-run precision) A1l

A1 %CV Tagliaisiauny 15% sndudl LLOQ luaasiAu 20%"

3.5.6 Recovery

o a dao s axd o Ed ! ¥ ¥ . .
anauazinazvaleoen luwatauuazdaa g laosnwannvulugimmdudy  calibration

¥ 9 v Y o 1 a LY i i . f
curve  ANUANTUAZTOHIIUBY 5 AI0UNW LA UATIZNAI861901 11 pure authentic standard  1AEH11L

o ol o @ ' 4 o Y o o '

AszUAIUMsARafvMiloununsanaalogan lunatauazlaaznssauanuuTULaZ S U019
wuRenuaeae luwaranuazlaaiy fuIn % recovery VBINITAAAYT LAY internal standard 19
wiemney response VYDIHYUIAL internal standard luwamuwazilaanny Ay response VBIYWULAL internal
. v 1 o o Y 1o o 9/ 1w v =t
standard 1u pure authentic standard fn8 100 A1 %recovery Adnnaldldsuiludeumdy 100 udaasil

H 4 ¥ 4 L] 1 1 =
AUASH LU H18YIH (precision) Wamuimm %CV TagluarsTanau 15%

3.5.7 Stability (Long-term stability)
o o a o and o £ 4 o Yy ¥ o oA
‘Vl'\ﬂWiﬁﬂﬂlLﬁﬁ'JLﬂ'i'ISTW]'J@EHQUTTUWEH?TIJWIﬂUrJ‘ﬁVIWQJUT’Uu NITAUANILNTY 2 F2A1 A S0

- : : LY . . ) oy
ng/mL tag 150 ng/mL %aag“lumammwmmmm standard calibration curve AIUITNTUAZBE 198l 3

' ]
= a a o/ [}

@ o 3w dq v d o 0 = @ o o o

AIBYTY wmmnm‘umamwqmﬁguwhﬁlunmﬂmﬂm (20 O LﬂHiZU%L’Ja'IuUiHﬂ’J‘LWIL UINYNIDYN
2 4 o a o Y o VoA = @ 1w &2 o Y Ao

FUMNIATNNIM T AUATIEHIUTANTY ATUIUWIAUVSIUY NNATITATIUAIDYTIIUMTA IUDNIUTAN NN

Q q

P’ S oAy Y ' '
MIAATIEN A lanasazoglugie £ 15%"



dacta d et o =
3.6 ﬂ]51]53?4ﬂﬂ353&ﬂ513ﬂ‘nwmu111u
acta

o 2y Y @ 4 @ w L H o
unmmm:wm"lﬂ"lﬂ“l‘mwaﬁnﬂmatm derivatization E'JMVNWTLEZJ'I‘EU alendronate Glumamwm

Yy o v qy s I ¥ A o 4= A Hq
filefifds14e alendronate Taeiidretvaznnunndilolinlaizedimialsadu 0 #lve alendronate e

& a ! I
wevsongee1guInndl 20 Y Uszuia 7 Ay

3.7 éedlaaneIaaNng

ll
= (Y o

a as ] & sy v Y = B L o
ludredrudeanldnindiislsanszgangu wie  dlhelialadeds Aszduniaiuvesla
° ) . 2 1o W Yo @ ¥ 0 @ a o =
(GFR) @101 60 ml/min/1.73 m’ uadehildsumssnundronisiidenaunula uaziinisiiaveslansn
4 [} ¥ A ad a wa - L. R Y a
Funatedaties 3 weu Tasiiduaeunisilfiifn i Good Clinical Practice (GCP) laun msupa1iuiuoey

U A Ym o Y] -~ = o 9 a o o = Y
ﬂ']ﬂﬁiljﬂ IﬂUVW‘ﬂ'Ji]UﬂgchiWUazlaﬂﬂlﬂU?ﬂUﬂWiL&lﬂi"llljﬂiﬁfﬂiflﬂﬂ ﬂiZIUGD'u AITULTYS YBRNNDY

' o v ' =& [ =) gg Y = ow @ Y
AmauunUy warmIUJuaaIneunITANY AT TTHINTANY] TaidimIasansIsoasnainadile

a

Y
s a Y 1 o -~ s - ]
sauransuansnuaaslalunsdisu Iasemsise Tavasuylumisdeuaauanindugeudisunis

o

398 (Inform Consent)
o Qs 1 A o ¥
3.7.1 milmm)amataaﬂuazmamaffﬁﬁn:

< s | A
NITNUAIDU QBN

Y Y aw Yo 4 o ' & ' a A P o

- mnwimqmﬂwfuz"lﬂi‘umimumamuaaﬂmumwaaﬂwmamﬂmm”lﬂuﬁa@maaﬂﬂ1uaz/

A & ' 3 ] ° H Y @ o ~ 2 o ' A -

Wee Mgz earuEy Taons s 8lusuau 11 a5 aT3az 10 ml vasiudszmun Tasazinuaiegiuneni
v ¥V

19810, 0.25 (15 W), 0.5 30 W), 1,15, 2, 3, 4, 6, 8 1Az 10 92 Tug Amd1Ay saue8d 10aaAN 1ML 110

ml vassudTeniun
o : . o : . . - ;
- fediwdeatSuing 10 ml iraes 9 azgrinn 13 lunaeafisl heparin 100 vieTudiias 20 ul e
9 o o o - o o A = g < o e
Yosrunsuisiivenden uazihlivyumivaiiousnuaiant AAU53 4,000 rpm Wual 10 W A

a [e) & & @ E = EY ' ] =
quUnNY 10°C ﬂ1ﬂ1uﬂ'§\7‘1ﬁ11‘“Qﬁa\jﬂ1jlﬂ1$Lﬁ@ﬂ W'ﬁ1ﬁ1]TWLLUﬂVLﬂﬂ‘&fﬂ"ﬂl,ﬂﬂllﬂuﬁaaﬂNWLﬂaU]TuW@ﬂfﬂui]

a

o g a [e} ' ° a o & ac ' Yo
15 mi LLazuﬂ,‘ﬂLL‘ULL“UW]QELMQNQO C i)uﬂ:ﬂi]ﬁu1”1')‘.ﬂi1$ﬁﬁ11ﬁn“m FIVHNIT Qﬂa1]1ﬂ§Uﬂ1iﬁ§'}ﬂﬁaU
9 . i A 9o A = a vy Y o oA A
ﬂ?ﬂllgﬂﬂm (vahdatlon) Lwaiﬁuuiﬂ’)]uﬂ]'lﬂLﬁu_lgﬁmltagLWU\jwaﬂgﬂzi‘ViVlﬂ‘Uauawnﬂ?]uu“"Tf@flﬁ]

C

=1 ¥ L
matfusesafaaiz
Y Y aw Yo g o ' o ) H
. @mnuTﬂiamiaﬂaﬂ:"Lﬂ'iumimumamqﬂaam Tasazgrinulumiruzihinnieina 0, 0-2, 2-
@ @ o d o ' o d ' .
4, 4-8 e 8-10 9 Tuandasulsemun Tasmainudedtadaarie wilumaiuazanluuaazsianm
iy f ' ° o Y oa4d
Jaazi1dluuaaztianar e pH uazU5uiaInnasainy
o 1 = 1 A o Y W ar @ & 9 [l 1 =
- ehedudamaziinann q anuldvdinnialiuiesuazasiunnuda szgnunidldvasadinten

c o Cod oA a o) ' ° a o
YUTIAAITUY 50 mi ﬂiﬁilﬂm 30 ml Llﬂ&’UWUlﬂLL‘IﬂHNWQNWﬂ“N -20 °C i)ummzumnmiwwmiﬁmm
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3.7.2 ﬂﬁll’/j’Iile‘lﬂ]nﬁ.laE)ﬂﬂtlili)@gl‘lﬂi]‘uiﬂﬁdﬂﬁl%ﬂiz‘ﬁ’ndﬂﬁﬁﬂy1
' S o ' A ' H 1Y Y 3 aw Yo @ 1
'iS“H’JNﬂﬁLﬂ‘UWl?E]EJNLa6ﬂ1ULtﬂﬁ;’ﬂN"Uaﬁﬂﬁi‘ﬂﬂizvnum Pj‘ﬁlﬁ’miﬂﬂﬂﬁ]ﬂﬂil‘;’ulﬂiUﬂTi’JﬂﬂW.

SV @

o a o Yo a ' Vo 4 =
mumuiawm %‘W’ﬂi MITBADIUDINTT LLa:ﬁi]ﬁf’"lﬂi‘ljﬂﬁf‘llla"iﬂﬂl!,WWUWTJN’Ji]ﬂ@ﬂ’l\ﬂﬂﬁéh’ﬂ Lﬁaﬂizumwa

gH

A

Y o - 1 ot a &£ 4 o '
"U"NL?]U\THS@@Tﬂ"liuhl‘wxiﬂizﬁ\‘iﬂ‘ﬂ@'mﬁ]zlﬂﬂ“llui]WﬂUHLﬁZﬂTHﬂUW’N’]U'NLﬁE)ﬂ
Y Y av a Sy 1R (4 A (=] o
windeiniau TasamsIsuAamenal WALseaef  (adverse  events) 1308113 luiaszden

Y o 4 @ S| a
Itves Innisinymeuasumeduilng uay

. § Y aw ¥y 2
(adverse drug reaction) tH@391nMsd1smWnITItnluATel
& Yo a 1 q W @ H Y Y ao o & Y o
WudsvAsreumldaiglumsinuimenanvun  wasindidisanInsamsdtsiinnusuludesaouds
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a

= Y Y 1 = [ a2 o @ Y o
ONINNITANE QL“‘lﬂi’Ji\!Iﬂi\‘iﬂﬁ’JﬂUﬂz"lllLﬁUﬁVlﬁW‘W\ﬁJ1uﬂ155ﬂH1WEﬂ‘U1ﬂ uazauIsouITums

s
=

[ a b2 a
iﬂHWWU1U1ﬁﬁl1ﬂJﬁV]‘ﬁ1ﬂﬂ11}ﬂﬂﬁ

a <
3.8 misinszideya
a < v d
3.8.1 MIUANZHMUNTVIAUAITAS (Pharmacokinetic analysis)
v o o ' o ¥ o . LY
ALV UUYDY alendronate 1uwa1ﬁn1mtaa1m1a 9 ﬂZQﬂu’llﬂﬁi'NLﬂUﬂiWV‘li%ﬁ’JWQﬂ'JWML“IJUﬂJuﬂJ@ﬁ
& . . ° o = ' Y o @
#1AUIA1  (concentration-time  curve) uazummmamwﬁmu,mammnﬁmaumamTﬂacl%'waﬂ Non-
v = g . .. . S .
compartmental model a0 115UnNsUABUWUAST WinNonlin Standard Edition Version 1.1 (Scientific Consulting
b4
Inc., NC, USA) Asne 1l
X deww o o . o
1) wunladuniwszavaluwarauinuian (area under the plasma time curve, AUC((,m)) ITATUIU

Tagly trapezoidal rule LLa& extrapolate Tal infinity

AUC 0, = AUC, + AUC,
Cl
AUC, = AUC,  +—-
k

e

9

A £ day o o H] ' =
(4o AUC o Wuﬂiﬂlﬁuﬂﬁ11’153@‘Ufﬂ1uwa1ﬁn1ﬂUL?ﬁ1ﬂ\3LLﬂL'§ﬁ1 0 IUDY

(0-t)
Y Ao o
LAY ANIENINTEALYN

Q

& 4 dq v o o ¥ . Y oo
AUC oo, A wumlﬂﬂﬁMﬁmmﬂuwmamnunmmmmmmqumﬂ
o =& L& e
TEAVY LAY extrapolate 1194 infinity YIATUIVIINAUNTT

C & - ¥ 9 P Y Ao
AUC — _—+ 14U C‘ e ﬂ31ulmumum93811uwaWﬁNWV]L'JaRjﬂVHU'VrJﬂ

@—o0)
k

v g = o ' .
18 uaz ke A1nilun1svia lugas terminal phase

2) Clearance (CI/F) 49481 ATUIUIINGAT

Dose
CIF =
AUC
3) Elimination half-life (t,,,) Y9481 AUIUIINGAT
In2



6)

7)

&)

9)

23

) vassuilseniuel

max

o : . {oqouy o
srAueIgagalunata (C,, ) uaz M v laszausgaga lunaau (1
' v Y 9
B vInEdUNI AN TUYee luwa @y -at laoa s
' { o w ! Ly ¥ . . .
A lumsmine (k) Aea A Feiwam 18910 Tusunsa Win Nonlin Version 1.1

A1TNINTNITNTEIWAIVOE (volume of distribution, V /F) AUIUINGAT

d
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e

a

Excretion rate “Uaﬂﬁﬂﬁ Yeann1elaa1ly ﬁmammmqm

amount ¢xcrete in urine

Excretion rate (ug/h) =
time interval

Excretion rate Y848 ¥19180nM31de132g9q9 (Maximum excretion rate; R_ ) ¥u10i9 8a31n3 9

X

1 &
eennutaanzgegaluyiwamiia g (T, )

[ Vv
Pinuendueenmatdaa1izvianua (Cumulative amount excrete in urine: U, ) MNA0D4 A1HATIM

. v .
ﬂuaqﬂ?mmmﬁmuaaﬂ‘wwﬂaan:mwm“lucmmm 10 “D”JIMQW@Q?‘U‘L]?&’WTIUUW

a < aa
3.8.2 NMIUANSHNIITORA (Statistical analysis)

¥ ' = I o s @ o o ' =
ﬂTﬁﬂﬁzN?aWﬁﬂJ@HaSWUﬁTu,ﬂTVH?WIJLG’I@3‘1/1WQLﬂﬁ‘])’i)aUF’f'Iﬁ@liclu@WﬁTﬁiJﬂﬁLLa;‘ifdllTJU L‘LIU?]']LQ?!U +

C o = . = |4 ' Y =
AULVSAUUNINTITU Lla?;llﬁﬂﬂlﬂﬁﬂﬂlwnﬂﬁﬂ@‘]qT@Qﬂquﬁﬂﬂ]‘ﬂq 2 ﬂ’(,jll I@Ujﬂ)’ student t-test N 95%

confidence interval
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41 MI5ATIVADUANINGNABIVDIIT A IZH
4.1.1 Linearity/calibration curve
N3RS § U EM I 196 1T I VEIT YR ITZ1 9 alendronate FU pamidronate TiAIMITHTUT
0-100 ng/ml Tumatarun wag 0-200 ng/mi uaay waasnnuduwusiduduass Taelan coefficient of

. . 2 1 o 2 )V At a Le=) wa | . ot
determination (r’) 411021 0.99 (;iiJVl 4-1 102 4-2) AWTAITIBAITUATIZHUAUTUUA linearity N1A
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. 0.4 = 0.(21052x + 0.0281 y = 0.0052x - 0.027
<03 R® = 0.9993 « 0.3 1 R’ = 0.998
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0.1 1 01
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s 42 navlinmIgiuvesdymIussning alendronate IS oUIRBLAY pamidronate Tudlaatie 1ldun
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4.1.2 Specificity/Selectivity
4 qw a st o & o . )
Weldan1emiia s wnWaINAIY agWunN HWWIUVDI alendronate LIAY pamidronate (internal
i o o q Y a o o '
standard) 92U IngAnalszum 114 WA uaz 9.4 win swdny waslanailunmslinazidaeaig (un
. =)
time) U3zt 40 WINA
a o . 1 [Py i . . .
10N UATIEH blank plasma (482 blank urine wun il danan1ssunufAn retention time ()

o

Yo alendronate (11.4 ‘Lﬂﬁ) Tu plasma L1Y urine ﬁtyigwmmsiumuﬁm t, Y83 pamidronate (9.4 ‘Lﬂﬁ) ﬁ
. L4 @ @ 1 1 g Y= . as
wuly plasma wag urine Y 9zAAAEBNRINMIIAMAUNIARAYEY pamidronate 1A8IT background
. a o {y ¥ o o v
subtraction AT IATIZHHA chromatogram Aldnnmavhmsvnaudae background veaeninnssunIu

Adtyny 14 v09 pamidronate (3UN 4-3 uaz 4-4)
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4.1.3 Lower limit of detection (LOD) and Lower limit of quantification (LLOQ)
A15199 4-1 3TN WANITAATIZHAAT10A TUN15ATI973A (Limit of detection, LOD) uaz ¥adina

Tun1svitfSuiae (Lower limit of quantification, LLOQ) alendronate luwanauazdaaiag

= s o W o 4 o o
195199 4-1 Tadnalunsasiviatazinding lumsviysuiuen alendronate Tuwaauwazilaaine

Concentration Concentration Accuracy
tested (ng/ml found (ng/ml N
ested (ng/mb) — found (ng/ml) Mean+ SD  %CV

Plasma
LOD 5.13 6.66 10 129.8 £25.2 19.39
LLOQ * 20.84 18.34 10 87.99 £ 9.50 10.79
Urine
LOD 5.27 5.19 10 104.7 £ 14.9 14.28
LLOQ** 16.67 18.33 10 110.0£16.0 14.53

* predicted LLOQ fI112810 predicted LLOQ = LOD + (10 x SD) HAUNIAY 19.57 ng/ml

** predicted LLOQ f11284970 predicted LLOQ = LOD + (10 x SD) HAWNINY 15.84 ng/ml

4.1.4 Accuracy @ Precision (within run and between run)
aaaasluas1afi 4-2 uaz 4-3 A1 accuracy voansnaden luwarawas lutlaaiz Bateglugs
¢ .. o < as a & A v - S
80.0-120.0% 1AZA1 Precision (AMurautluaduilseaninnunt/silsiu ¥5e coefficient of variation, %CV)
H T iy ' A a J. ..
VYO4N4 within run LAY between run HAHOHAT 20% FIUAAII IBNTIATIZHI Accuracy 1Az Precision

L Sa
(within run and between run) 116l

15190 4-2 Accuracy 1182 Precision (within run and between run) U909 alendronate nmsnageylu

Waau
Conc" Within run Between run
Level
(ng/ml) % Accuracy %CV %Accuracy %CV
QCL 15.18 99.55 18.63 99.11 13.16
QCM 40.48 94.63 9.86 105.6 10.77

QCH 80.96 98.48 6.38 104.9 9.93
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M54 4-3 Accuracy L8 Precision (within run and between run) U894 alendronate 310N 1T NAADY 114

Taanz
Conc" Within run Between run
Level
(ng/ml) % Accuracy %CV % Accuracy %CV
QCL 5.01 82.47 12.79 ©113.0 19.68
QCM 15.03 119.9 14.27 91.46 12.79
QCH 40.08 105.1 1.54 106.9 2.58

4.1.5 Recovery
o ly o e o < B L a
ASZUIUNITENALT alendronate 1 laT 1w lumsanutl anmenld = 0% Taeiin % cv iy

Y : P = act o 1 S @ Py
15% Auaadlun1I 199 4-4 LAAIDY recovery o IsMsanaey lunusingeusy1a

A1519N 4-4 Recovery U84 alendronate 11a¥ pamidronate 91n15nadeu lunatauway Jaae

Compound Concentration (ng/ml) % Recovery + SD Y%CV
alendronate (plasma) 80.96 80.75 + 4.80 5.95
alendronate (urine) 40.08 109.1 +£9.04 8.28
Pamidronate (plasma) 208.33 87.34 £4.87 5.58

4.1.6 AIINAIAT (Stability)

= { o Yl o o =4 [ @ { o
U310 alendronate Tuwanaaniuny 13fgumgi -20°C dunat 45 u aFsudeusulSuaoiivh

~

a ¢ @ o A o g ' A 3 = 2 g

MIAAT IEHUIMToUTaGuAY  wu YSinaomnavdessuia 97% uay 98% vodilsuiuG iy
Y _ o ar = :’!‘ Yy g 0 = @ et

ANUAVYY 50 LAy 200 ng/ml MUAIAY AWEAIIUAI1T199 45 FIFHUDN alendronate HA1uAEIE 1Y

= et a < oy @
wammﬁmu“l’;ﬁqmwgu -20°C L‘ﬂunmam&uaa 457U

MTNN 4-5  HANITNATBUAIINALA? (stability) U998 alendronate Tuwarein

. . PE—
Concentration Estimated concentration (ng/ml) Alendronate Ntviao
(ng/ml) Day 0 Day 45 (%)
50 56.13+293 54.05+9.52 9697+ 220

200 21286 +58.4 2027+ 182 97.75 + 183
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m’ (51.92 £ 7.22 ml/min/1.73 m) Fedailulsn laiseaszosii 4 fie A1 GFR 04114999 30-60 ml/min/1.73 m’
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Tasaungimihldmsviauesnanasdiulngiinninewiiviniuuaz lsannudulaiage deyaiugiu
' 1 =
yoadiholasrusamluaaied 4-6
@ o . P X o H - °
AsANYINABIaUATERS Y8381 alendronate sodium TudiasTsalasesalunsell Tdvhnsdnuty
@ =y a Y wn 9 4 = o o = '
arnadaTguamaaie TastidnilquauiRdinusinisdnidua 7 au dhaweno Towgsenang 19-27
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. oy & oy Y 4

ml/min/1.73 m’) @udeyanuguvesdiloldsiusanluaisei 47
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At anmsdanynauiidimaresdfidniseglunasiilnd aunsanudeyasngivisiy
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) o < Yy 5 { o d 9
A 46 anvmzn ldvesfiholsalaGesvidisumsfne

Age Weight Height GFR
Patient Gender
(year) (kg) (cm) (ml/min/1.73 mz)

1 F 43 44 150 39.02
2 F 74 54 150 59.09
3 M 74 49 162 46.69
4 M 80 91 168 49.50
S F 78 47 147 48.63
6 F 75 69 165 59.84
7 F 80 40 158 5539
8 F 81 72 160 57.22

M = male, F = female, GFR = glomerular filtration rate

a o & o A Yo =<
A1 1N 4-7 aﬂymz‘ﬂﬂﬂ°UENE]1?(1?(11ﬂﬁif_fﬂJmWﬂmﬂﬂi’mmﬁﬁﬂH1

Age Weight Height GFR
Patient Gender ,
(year) (kg) (cm) (ml/min/1.73 m’)

] M 27 74 168 106.25

2 M 21 53 168 101.33

3 M 22 72 174 111.66

4 M 23 64 181 93.99

5 M 23 69 171 101.21

6 M 19 52 168 101.74

7 M 21 58 171 98.70

M = male, BMI = body mass index, GFR = glomerular rate filtration

o 2 A o o
422 1ndFIAUMEA5UBI alendronate TudihglaGeSwazeimminsguavd
nslszave lunaraumasainfulszniugl alendronate sodium 70 mg WU MIgATUEUAA
' < o o g o = Y o o
at19520137 Tesszavmngegananiolu 1.0 ¥ luaasiadizinm 60 ng/mi Asaalugiii 4-5 vidn
& o a Y v & v A dyy s Y .. . ip
tu frnsoaamuszave lanioly 10 ¥3Tue mun lansws eunaai elimination half life, clearance/F

Tauaaslunisnei 4-8
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conc. {ng/mi}

20

time {(hr)
o v o ¢ o & o 9 y £ o
31]'71 4-5 ﬂﬁ1WLLﬁﬂﬂﬂ31MﬁN‘Wu‘ﬁ‘U@Qiiﬂ‘]_]ﬂ%ﬂﬁﬂiﬂ’ﬂﬁ?ﬁuWﬂULDaWﬂJ@Q@jﬂ’JUIiﬂ lﬂliﬂi\‘i

“#Aa95UYTMIUe alendronate sodium 70 mg (N =8)

d‘ =) 4 o o 9 y d’/ [ LY =
13190 4-8 WWiWNLG\E}iV}NmﬁG}fﬂﬁ’HﬁWﬁﬂiiﬂﬂ@‘lhﬂiiﬂ lﬁllﬁﬂiﬂLLﬁ&’@1ﬁTﬁl}ﬂ‘iq‘Uﬂ1Wﬂ

= s aa
LASHAAUATIZUN TN

Pharmacokinetics Patient Healthy volunteers
p-value
parameters (N=8) (N=7)

GFR (ml/min/1.73 m") 51.92+7.22 102.13 +5.59 <0.001°
c,,. (ng/ml) 59.90 + 20.6 56.59 + 11.8 0.352
T (h) 1.06 + 0.50 1.29 +0.39 0.175
AUC,, (ng.h/ml) 220.79 + 93.0 132.40 +47.0 0.019°
AUC, o (ng.h/mi) 335.52 +199.6 150.98 + 52.7 0018
k, (h) 0.145 £ 0.09 0278 +0.14 0.031°
t,, (0 7.65 + 5.82 3.43 4224 0.045"
CI/F (L/h) 249.40 + 85.9 510.44 + 161.9 0.002"
V/F (L) 244442 + 1727.0 2495.96 + 1814.0 0.478

* = gignificance value

LY o & ' o o o a '
nndeyaszduanulaan: GUR 4-6 wudh sanmsmianmaaanziamgegalumg 24
falue it ufidusendsauiunal (mid time) awaadlugiil 47 wun  PSmaRdusenms

2 4% a4 4 v & : C W < Y
aaneEuniawan 8 ¥ 1us duiu Ynamdiunagniuesenmistfaazaielu 10 42 lus Yayans

mdnemeaenaz ldagl 13 luasai 49
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Mid time (h}

sl 46 unugliuanagnsinisMdaemedad1z (Mean urinary excretion rate) 111901 (mid time)

¥
TudilaoTsnlais 05 n1emdssuilszniue alendronate sodium 70 mg (N=8)

300

200

Mean cumulative amount excrete
inurine {ug)

100 - /,/

|

= ~ o . ) . o
31]7] 4-7 ﬂﬁwuamﬂ?mmwgnﬂmaaﬂmqﬂﬁanz (Mean cumulative amount excrete in urine) NUL371

Y 1
(mid time) ﬂlué‘)ﬂ’wi’iﬂ%\ﬁ@iﬂﬂ%ﬂﬂ’i:’mum alendronate sodium 70 mg (N=8)

4 6
Mid time (h}

33

41 = g Qs 4 Y ¢ -ﬂv @ s <
M5 4-9  wisilmesmundraumdas ludaanzonndihelsa lasefwazermainsguamd nag

= s aa
WAUATIEHNINAOA

Patient Healthy volunteers
Pharmacokinetics parameters p-value
(N=38) (N=17)
Total urine volume (ml) 736.00 £ 256.5 979.71 +£ 269.49 0.051
T, () 3.00+2.62 1.29+£0.76 0.057
Maximum excretion rate [R__ ] (ug/h) 4649 £ 208 14332+ 72.8 0.006
Total amount excrete [U ] (pg) 209.59 + 64.2 578.59 + 308.9 0.010

* = significance value
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luaamainsguamd wun szavegagalunaaniiamasdszina 57 ng/mi waz Maniolu
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o 9l a o o 1 v g ' ' @ = @
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9 Ay Qs Py t « 4 @ 4 o = ar
wmauvingihelinlaGesy @139k 4-8) Anilweimundysaurnaaininelai@insgunIwa fa
= B : A Hqw ' S a o o 1 '
agdlumsed 4-8 wu awuildnsl (AUC) wazmnssdinvesmstisaen () lundudilolsala
¥ [
([F059EIAgInIA1 AUC Lag t, unguatamiadnsquawaedaiiiodign1eada (p< 0.05) (15190 4-8)
A o o < Y Y 1 1 ' A o w
uaiipsanszaumnlunaraumaein 10 93 Tusvesiinsumsanevie 2 ngu szlineoniilindinans
o o o q Y W Ao U gt 4 v & o oo < CY
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~—&— CKD patients
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time (hr)
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31]7] 4-8 ﬂiTV\lLLﬁGNﬂ'J'lllﬁllwu‘ﬁ"ll'ﬂ\ii3ﬂU611UWﬁWﬁiﬂﬂ‘UL'Jﬁ']LﬂﬁU"UﬂQFj‘ﬂ'JUISﬂVl,@]lj@'iﬂllaﬁi

Y @ o =]
mﬂawmauﬂsqmmwﬁwaﬁuﬂi:muEn alendronate sodium 70 mg 11U3U 1 LUA
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Y f ' ) @ @ da 9 Voo .
aiuni sz e GFR taz  AUC,  wunimnlinvessnuduiusidudy  lasiiduilszdns

ANUAUWUT (1) =-0.583 (U 4-11)

y a s o ¢ o v o
FHTNﬁ 4-10 ‘V‘Hﬁ'liJL@l'E]TVHQLﬂﬁ‘Iﬁ]ﬁu@ﬂﬁﬂiluwtﬂﬁu1‘1]6\1@1ﬁ1ﬁuﬂ3qsllﬂ1waﬁﬂ\?iﬂ'ﬂigﬂﬁnlﬁﬂ

. ® = Y = e '
alendronate sodium Y419 70 mg (Fosamax ) WisueuaunsanEnliTeauNIneu

Pharmacokinetics miﬁnmf:* Yun, et al''*+
parameters (N=17) (N =24)

C... (ng/ml) 56.6+£11.8 385+244
T (D 1.29 +0.39 0.99+0.51
AUC,, (ng.h/ml) 132.4 +46.9 102.4 +70.0
AUC, o (ng.h/ml) 151.0 +52.7 1102+724
k, (h) 0.28+0.14 0.40+0.18
1,, (h) 343+224 1.87 +£0.62
CVF (L/h) 5104 £ 162 889.5+ 486
V/F (L) 24959 + 1813.9 2576.4 + 1826

@ S w ™ =1
N UATHUNING FUUFZN Y Fosamax Plus 1 1@

a a4 o ® <
= 1aaNATGUAIWA SU15EN U Fosamax 1 1A
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s 49 nandianedasinaninen1eiladaz (Mean urinary excretion rate) AVLIAT (Mid time) VD4
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Aiholsalasos uenifsuiueiciaing quama nasiulszniue alendronate sodium
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« 4 CKD patients

«~®= Healthy volunteers
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Mid time {h}
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3‘1]71 4-10 a5 1aA9 Mean cumulative amount excrete in urine AULIAT (mid time) ‘Uaﬂl?jﬂ’miiﬂvlmiﬂﬂ

afSoufsuauoraainTgunIwa 1ae3UlsENIUYT alendronate sodium 70 mg
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