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Influence of Mineral Water on Absorption of Oral Alendronate in Rats
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Alendronate, an oral bisphosphonate (e.g., Fosamax®), is effective in the treatment of osteoporosis, and the Fosa-
max® package insert advises that the bioavailability is reduced when taken with mineral water containing high levels of
metal cations (Ca2*, Mg2™*, efc.) . However, standards regarding the water used when taking alendronate are unclear. In
this study, the influence of mineral water on the absorption of oral alendronate was investigated based on urinary excre-
tion of its unchanged form in rats. Alendronate was diluted in each water sample and administered orally (0.7 mg/kg)
to male Wistar rats after 24-hour fast. Urine samples were collected until 24 h after dosing. Urine samples were
alkalinized, and alendronate in urine was precipitated as a calcium salt, followed by loading on an anion exchange car-
tridge. Eluted alendronate was derivatized with 9-fluorenylmethoxycarbonyl (Fmoc) chloride and determined by HPLC
with fluorescent detection. Cumulative urinary excretion recoveries of alendronate were calculated from the amounts of
urinary excretion. Alendronate was rapidly excreted in the first 6 h, and similar elimination rate constants were seen
(from 0.28 to 0.45 h—1/2) among the water samples. Cumulative urinary excretion recoveries with tap water, eviang and
100% deep ocean water were 0.98+0.17%, 0.80+0.18% and 1.01£0.16% (mean=+S.E., n=4). Those with Contrex®
(0.33+0.07%) were significantly lower when compared with ultrapure water (1.56+0.35%, p<{0.01). These findings
suggest that the absorption of alendronate decreases based on the calcium concentration of mineral water. In conclu-
sion, mineral water containing high levels of calcium is not recommended when alendronate is taken.
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WTOHEAEIHHME TR0,

AMETIE, YL > ROX— 2IXTINTH—
5 —THRA L 258 0WRIIC KIE T 8%, Fv b
ERHWTHH LU, B, 7L 2 ROox— MIEEK
WIZ AN E 72 D BT KB 132 I & o A
%, ERFEmE UERIUNEER 2R3 7201, 7
L2 hox—bomERREIIZHIENL, K¥
XEERAR (11.5ng/ml) RimTH2.9 —F, 5%
KROT L ROx— MIKRNTRH#ZZTTITTN
TREAKREL THPMNTRFITHHETNS
W,) B HEHDOERRE 24 R £ THRINL, ZDRE
ZHE L CRERPHRIER 2RO 2 2 & TN ZFE
MLz, F/z, U4 FATO0y MEIZKDY
L2 ROox— bk OERHEEERZ KD, HEEEAN
DB L.
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1. HIE Alendronate sodium trihydrate (Lot.
No. 018K4719) & pamidronate disodium (PN FE4EH)
., Lot. No. 017K47132) % SIGMA #h % % F
ZZ. 7 bZbUIL R, A=)V B
SRR L AR, T T (R oy g
FUD L Rl 3ROHisEEE, YL > Rok—
r DFEBRALAF] E L T O Fmoc chloride (>99 %,
Lot. No. 1346480 42208026) I3 Fluka #-%17% )
2. ZOMORKEIIT N TEHRZFEHAL 2. BEFEH
HIEIZIE OASIS®WAX /1 — KU ¥ (Waters #1#)
Rz,

2. WERERKIK  ERICAWVWEIXIINT 4 —
& —1%, eviane (R - FEELI XTI T+ —
& —2), 100%FEEAK (> ~J—7—2X), Con-
trex® (> MU —7—X) O3FEAELL, ZOfh
IZ/KEKTOME ©IT> 7z (Table 1), &L
T, MUK (EE 0mg/D) &Mz,

3. KB  EBRHKO 24 RN SR
IH7-8-9 HEh D Wistar RS v b2 H W,
T—FI)VFEE FCBERIC A Z2—L (RUZFL >
Fa—7, SP136, EHBUER) ZHALL. v
MI BB BEICIRIES 120V, SBIT DWW T 4L
TOHWE, 1B, AR, ERHEAKZOBY
FEBRBARICTRASINZT O b I )VITEDEAT
b,

4. EWRG S hkADT7L>RORX—KD

Table 1. Hardness, Ca and Mg Concentration of Water

Water Hardness Ca Mg
(mg/1) (mg/D)  (mg/1)
Tap water 65 14.0 7.5
eviang 304 80.0 26.0
100% deep ocean water 700 22.0 160.2
Contrex® 1468 468.0 74.5

The hardness, Ca and Mg concentration of tap water are measured by
EDTA chelate method. Data of eviang are from ‘‘Itoen Itochu Mineral
Waters Co., Ltd.”” and data of Contrex® and 100% deep ocean water are
from ‘‘Suntoryfoods Co., Ltd.”

BGEIX, B MBI SHHE 1 EINREA (35 mg §2)
DN 1 [EIRAEZ b MKE 50kg TRRL, 0.7mg
/kg L7z, 7L ROX—MDFEKRZ02MI T
T MU LATEML 2R E, SECEHKT 20
FICHRL T02mg/ml 7 L > ROox— MR 2
L7z, ZORER, #H1 ENARRA (35 mg §)
%4 180 ml DEKEIK THA L 72358 2 & L 7.
BERET — 2 — L &2 A L7218, FRED S ERICRE
LTIREZERL TS (R2E[B), YL 2R
Ox— MRKZY T2 HNTROKEG L (K=
3.5 ml/kg).

5. BRROBIERFOFR

5-1. R = a—L X 0RZ BRI
UCREZAEL 2%, HEE TOM-—30°C T
U7, ERIRMEIRREIZ 0-3, 3-6, 6-9, 9-12, 12-24 ]
gEL-.

5-2. BILEEEMORRE  REEZEIR THHE
L, 400ug/ml /S ROx— AWK (NEHEY'E)
10ul, 0.1M Y > —/KFEHU L 100ul & 0.1M
WALV A 100ul ZIRMUTRMLEZ, 5
127, IMAKBILF U DTL20u ZIMATTIVAY
FHETTYL>RORXR—KFMKUONRI ROx—hzl
CEBRIDIVI O LAERETIBEDE, B EE (2000
g, 54 Lz, "BoniibEz 0.2 M FEE; 500 ul T
BREL, FEEKSml THRU 2. [FEkOILILERIE
Z2MEEEDERL, BRIICES LI NZEEZ 0.2
M BEES R R (pH4.5) 1ml CTIHEMRL-D5, K
Bk 2ml THRL TROMEGE & U /2, 1010

5-3. EMHE  HEKIml THIZFEEL L
OASIS®*WAX A1 — R~V w DI, AL E 20—
RU7Z. KK 1Iml THRELEZDS, REFINT
W57 > RO%x—r202MI7 BT MDA
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Iml THIH L, ilBHAKRE L7z, O— ROHIZ
1.0ml/min & U 7=,

5-4. RERMORE  #hH LA 270
uliZ, 1M pRERHEREEWR (pH 11.9) 100 ul 2 iRkIN#%,
Fmoc chloride %% 100 ul 1 mg/ 7 = kU )L 4
ml) IZEX>TT7 L > ROox— hE#ENFFEMRLL
7. Fmoc chloride {A#RZ ML TH S IEMIZ 3 7y
BT, IMJ T2z 100ul ZHNA T pH 239 %
ZETHFEMRILRIEZEEIEL, 20D 20ul # HPLC
IHEAL .

6. HPLCH#7 7L > ROox— hORPEE
DHEEL Ptacek 5 DFHEOITHE U /=, s ATITH W
7z HPLC #% &3, Wik i&E (SSC-3215, &2
a—R#), BEHAR T (SSC-3461, > a—F
), E—7 5 —% QL% E (Chromatocorder 21,
SATALAAAVIA YY), T AEEE
(SSC-2120, > a—F%) ITk> THRE N,
ODS 775 . (Cl18, 4.64 X250 mm, PEGASIL ODS
SP100) #MHWTHBEL 7=, BEHIIYENZRY
Wi AY =)L 25mM PV T8, 25mME DO
CEEF RU T LAKEH (23:16:61,v/v) DIREA
W ZRWY, 717 LAIRE 40°C, #i®E 0.8 ml/min T
EW L7z, YL>ROx—hrENIROX—FOD
E—ramtianig®, BEHEEY LUV
X% =) K (13 :57 130, v/v) DIRABEIKRIC
ZH L THI 20 min R L TR RME ZBRE L,
ZD%, BUORIOBENEICZHT S &ITkD,
HERMZEML 2. R, ®XmbaE
(S-3370, HEF¥E) 2RV, MEkE, #tEE
13FNF N 260 nm, 310 nm IZHE L /-,

1. T8N

7-1. RAAAOHE#  FRREICBIST LR
O — MR R & 2 58 ThR U TR APkt
(%) Z2HHEL, REMICEBRPHERR (%) 2
KDz, Tz, 1R 720 ORFHER N S R
PR (% /h) 2R 7-.

72, CHREREEHOELH X #hcKE#E (h),
Y B R PR S Nz BAER PR R CGRELRRR
B) AR E TIcH S s RAEPEIE CREML
REER L0EOMNKEETOY R LE YT
A FA7ay b)), TS TOMEE (—k)
SIHREEER (k) ZROT.

7-3. HEETALEE RERUK, AGEK, KRUERE

R II)N T 4 —% — O R #1213 Bonferroni &
ZHW, p<O0.05DEEHEREDD & L. KEK
X ELEEEOKEKRKBEIIZEEIRTID
A —&—8 G338, RUKEKZEGRELZE
EORMIX TN +—F—H Gt3#) @, &7
[ D b 217> 7=,

] R

BHRKIZBWTTY L > RO x— M3 5% 6
ME CICREITRPICHRE S N, 12-24 FE#EE D IR
r PR R I EE 0% /h &5 o 72 (Fig. 1), B2 0
“3 FRFM £ TORPPEME L, FRKRKEKE
s U T, eviane®® Contrex® Tl T 9 % @ »
H 51T,

7L ROoxr—hEEHEKERWTREG L L
& D RIER P MR ORI HER & Fig. 2 1T/R L
. WEKTHRELEZEZOFHD 24 KM 7L >
Roxr— b RZFERPHEMRIIE 52O 1.56+0.35%
(n=4,mean+S.E.) THo/~. /Ki&/K, eviang,
100 % % JE 7Kk S OF Contrex®D -1 B F# R H HE il R 13
FEEK & e U TR M EM Z 7R LU 72743, Contrex®
CBWTOAFEEMNASLNT (Table 2, p<
0.01). 7KiE7K &bl U 72354, eviane 2 U} Contrex®
D BRER PP RIIEE Z R U2D, FRRE
WERED o Nmholz. £k, &SEVKIZTHBITS Ca
TREE &SR 0 24 Wi B FE IR R 28 & ORI A
DORBEMEAGERD 517z [r=—0.831, Fig. 3(A)] 73,
Mg B & ORI IZA S N>z 1=
—0.311, Fig. 3(B)].

BEIKIZBIT D, 7 AF AT Oy MZk
LEMOEENS, 7L 2 RO%— b OWHREEE
¥ (k) BRDZEZHD, TRTOHEKIZBNT
19 0.28-0.45h 12 &2 0 IFIFFEMERMEZ R L
7z (Fig. 4).

E-1 =

7L ROx—bzERHAT 3BITKIN D KA
Y, BYKROMOEREEICRAT2 &, WIE
MHTHRND DD Z &3 L<HMENTHBD, dv
71 MROKTERKRFICIRAT S ZEDNED 5T
%, RABICHWSKIZDNWTS, Ca, Mg/nED
BEORICEWIRXIIN I r—F—ZEHNnEHE, F
L— b OEREEITKOIIPMETT % Z ENRE
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Fig. 1. Mean Urinary Alendronate Excretion Rate over Each Collection Interval for 24 h after Oral Administration of Alendronate
n=4, mean+S.E.

Table 2. Effect of Mineral Waters on the Oral Absorption of Alendronate in Rats

Waters Elimination rate constant Cumulative urinary
ke (h—1/2) excretion recovery (%)

Ultrapure water 0.33+0.10 1.56+0.35

N.S. |N.S.
Tap water 0.42+0.11 0.98+0.17

N.S. N.S.
eviang 0.28+0.04 0.80+0.18—— IN.S. *

N.S.

100% deep ocean water 0.45+0.11 1.01£0.16
Contrex® 0.30+0.03 0.33+0.07

n=4, mean+S.E.; * p<0.01; N.S., Not Significant.

SN TV, 12 IR D BRN /S BITAAT
Holz. TNHDOIEXD, AWFETIE Ca, Mg 7
EDOWRAPEROELD 3HHDOIRXTIIN T 4+ —4—
TdH 5 eviane, 100 % EJE 7K, Contrex®f ON7K & 7K
ZHNWT, v bORERBRZTo. 2B, 7
L2 ROox—hMIBEEMBEOERTHD, TDIFL
A EDY 24 BRI DANIC R ZZ bR & U TR FITHRE S
N3.9Ek, IIXIAFATOY MEEHAWT
HERHEELR k) ZROETA, HEUKHETIE
FELWEEZRD (Fig. 4 and Table 2), WKL
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Fig. 2. Cumulative Urinary Excretion Recovery of Alendro-

s 2 F7 L RO % — ORI SRR T &
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Fig. 3. Relationship of Ca (A) or Mg (B) Concentration of Water on Urinary Excretion
Alendronate was orally administered with ultrapure water (@), tap water (A), eviang (O), 100% deep ocean water (A), and Contrex® (OJ) in rats. n=4,

mean+S.E.

1.0 Time (h)

In (Xu(0)-Xu(t)) (%)
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Fig. 4. Sigma Minus Plots of Alendronate
Alendronate was administered with ultrapure water (@,

), tap

water (A, — — =), eviang (O, = ===), 100% deep ocean water (A,

— -+ =), and Contrex® ([J, === ==) in rats. n=4.

L2 Rox—hORBERPPHIERIL 1% 512 & O
HNHD, D KRFTO T v MBI 2 RBFRER T HE
MREFERETHDZEMS, Ty N TOHEYHRE
e FOGEERRT D HERI N,

3EHDI XTI 4 —4 —Td % eviane, 100%
WIEK, Contrex®X U /KiE/KZEHNWTT v MTY
LoRaxr—hz2AOKGLEEZS, VD 24
s AR IR PRI T R T OB KIZ B W TR L
K& U T M EM Z /R L7z (Fig. 2 and Table
2). BFZ Contrex®IC B NWTITAEREK N A SN
(p<0.01), FENRKENST. KEKEEKL 2
BE1L, eviane X U8 Contrex®D 1 D 24 i) B &
PRAPFEMZRIIAR N - 723, BEEFRD s>
7. LnL, Contrex®T# 5 U /= 0 R FER+ HE

ML, 2flE HKEKTHERGLEZGEX ORI
=2 &, RUOERBEZHAWSNRNWEEZEZ SN DK
BUKERRILL, KEKEDSEEL T3 EEDE I X
TV A —F =BT BT B O 24 B RER T
PEit R & b U 7= & 2 A, Contrex®%# Wiz &
WEEICKMETH>ZZ &S (p<0.05), Con-
trex® TR T2 &7 L > RO x— kORI RITK
TIab0EEZSN.

ETAT, KEKIZERIT 25FIZEL > T Ca,
Mg B DL KIBIC B2 5. ARBFZE TIE TR
NOFEEDOIONSAKEKEZERILL, FEAWEZK
E/K DL 65 mg/l, Ca #EEIZ 14.0mg/l TH >
7= (Table 1). HALE 5367 » FTic BT 5 /KEK
L kK TXBE, 298 nFF (5.6%)
D 7KEAKIZFERE 100mg/1 LA ETdH 0, 9 200 mg/1
PlEZzRUEEDHAINSZENS, KiEKE
—fEDITTHZEFE LW, L, DNEDKE
KDL <IZFEE 30-80mg/l TH 5 Z &, 4 Ca B
13 3-20 mg/1 2/, Mg iRElL 1-8mg/1fEETH S
EEZENTVEZ ENS, D AETCIZEER
KEKEHNZEZEZTHELZABWEEDNS.

100% HEKTHEREG L&D RERPHEMERD
REEFIHERS 1L, AEK S IFTRBEOZETZRL -
(Fig. 2). 100% @K DLk &2 KB K & g3 5
L, CaiEIXIZITREETH 20, Mg EEIT 160
mg/l TH OIEFEIZTHE W (Table 1), I 51T, /8K
BEK D Ca JfE &1 0 24 IR B SR R % &
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ORITIZE OHEENED S =h, Mg EEICH
WTIIHBEMEN A S N> 7z (Fig. 3). L7=N
>TC, FELTIZRINT+—F—HD CaN7 L
> ROX— ORI EEZ KT L, Mgiddix<
EBIRITINTF—FI—IIBENDIETIEIHEVE
HBLIBWZ EARBINZ, HETHZ/N2 RO
F— MESHE (15 mg/vial) OELAZLRBRICH N
T, CaZAHIESHA 80mg) LIESTDHEHET
273, Mg ZHEEHA (250mg) SEEGL THEL
MBOENIRNZ ENHERINTHED, 19 EXRAR
F— FANZBNT, CaldMg LDDHFL— %
B L B\ EHRI N5,

YL Roxr—hZERATZEICHNDHEIKD
Ca, Mg IRIEZICEH L ZZEIE R4 5w, 7
Ty A—b—RF L PP a—ATIRHALLEE
12, KEHB LU TRINAK) 60% (KT L & D
NH5. D ZOWMETIIINS OEEID Ca A&
I TORWD, 75y 7 d—kb—DFEENRR
Ca #1349 220 mg/1, AL > 22— TIEK 90
mg/1 TH O ,® Ca PIRIE TFOREBRERTH >
ERlREEDYE 2 5 5.

7L ROox—MORO”WANT, BHEBEICHN
S5ND70, FBREO-RELTTIHPED Caz
WHTHEOBEIND ZENL N, HREEEE
MBI 55RO EMA 501213 800 mg/ H
PIED CaMLBETHB. 19 FD7=0HIZ, Can<
ZORMEEIRILED, EESHOFREMYDESTH
MLEDTHZENEZASN, CaBENENI X
INTF—F—RATHZEHEEIND. 2O L
o T, 7L Rox— MrAROZEKIZHE
BT 2UNEND D, WIEN RS &> e DITREE
KEHWEBETHo =, L UKEKIZERHD
KTHO, AFOLEIREDEET S EMHEEKT
DOIRFAEERR B35 2 8 <, EBICIT 0 76 &,
CailREDO/KEKTIRHIT S Z &S EADN
5. LMoL, Contrex®ZHW/z & &EDRMERFHE
MR, HEKZHWEEEZXDBHSNITEN >
ZEMSE, CARBENEVWEKZRDOI XTIV
+—4% — (Contrex®/2 &) TOHRHIZRET 7= F A
PFLWEHERIN5.

fmE LT, EAXARARR—FHRTHLT L >
ROx— MRARHIZZ X I +—F—2HW5 &,
Ca REKGERNICTRKINAE T T2 Z EAURB SN,

CazHmiREICEATDMARRIRIN T +—5 —
TORMIZET D ZEMERL W EEZ SN
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