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Drug Release Characteristics of Famotidine-Cationic Exchange Resin
Complexes and Their Pharmacokinetics in Rats

Dong Sun Shin, Woo Heon Song and Young Wook Choi

College of Pharmacy, Chung-Ang University, Seoul 156-756, Korea
(Received November 21, 1997)

Jon exchange resin complexes of famotidine have been prepared by the reaction of famotidine
solution with activated ion exchange resins. Complex formation efficiency between famotidine
and ion exchange resin was about 80~90% in average. calculated by HPLC determination.
Drug release characteristics from the resin complexes were evaluated by the modified
percolation method. Famotidine release was dependent on the type of ion exchange resins, In
the case of weakly acidic resin complexes, the cumulative released amount of famotidine was
more than 90% for lhr in pH 1.2 buffer solution. However, in the case of strongly acidic resin
complexes, it was less than 5% for 3hr in the same medium. Strongly acidic resins revealed
some advantages over weakly acidic resins for overcoming instability of famotidine in gastric
juice. In addition, strongly acidic resin complexes showed controlled release of famotidine in pH
6.8 buffer solution, showing the result of about 60 to 70% of drug release for 5hr. After oral
administrations of famotidineresin complexes to rats as dose of 40 mg equivalent/kg. the
pharmacokinetic parameters of famotidine were obtained by model independent analysis and
compared with those of famotidine solution or suspension. C.. of famotidine-resin complex was
lower than that of famotidine solution or suspension. MRT, MAT, and MDT of the complexes
were greater than those of famotidine solution or suspension. From these results, it was
expected that famotidine was released slowly from the complexes and absorbed continuously
into systemic circulation. It was recognized that drug release from the complexes was the rate-
limiting step in drug absorption, since there were close correlations between in wvitro drug
release and in vivo pharmacokinetic parameters.

Keywords— Famotidine, Ion exchange resins, Resin complex, Drug release, Oral administration.

Pharmacokinetics, Correlations

o] & w¥FAE Adamset Holmesel <18l 1935
22 /LE o= Hopoll A 3-gx]o] sto
, £3E9 B9 2 AA, v 2T dsze] 2o
ik ot £9] A, o] volrf ol & o] A
oFze] FFA Bl o277k PSS ol&H]
Ach Y A nER; AlAR 0 249 o] 24

A7} 2 FEARAM Aol Hol AHE R

olo
BT

3
m

iy
h=)
o

al
=
K3
°

]
PR

"8 Rl B o)t o] ARl

313

B, B3] o] &4 AEAE FAME ol 2ugrA
o] uj¢- st Misls ok ge) WE 54
ol A W& 03} £iol vh2E WEwEo] 4333
e AL oAt W&o} AAle] gl of
FEARA 0|24 FHA AFe degk ASE
Aoz Agdr} olgwdrAe AstE wle d=d
EEAE F4sled 8849 FANEE sk, o
AdE AR AE EE BT

o},

e A o afn

=
g FHo

o

B

&
2

o

(<3}
AA

].

O



314 AR - 59d - A9

BAFEAE ol2ud $A= pH 1.23 =9 ¢4
A oF 241 B HE H, olY kd7IdT 0.IN-
NaCle] o] 22 =g 717 &73A < 6/ F= ¥
27 et oln gATAd EAshe o] ol 2EH
o] wgo g oFEo] A5 WAt FAde] A
ALAE slire FEo] ZFojold 23lo] Brix]
ek, g3 24 A B 971718 7R R gl
o} apa, ¥izt7|= 2~6A7 A=) Heta, 13 &
L8] T B2 FE(100 mgel/d)& 233t} =3
1 oFEo] H AAd AA F5E ¢ Jolof 8,
ol FPH FFTIE N G T3P

Chaudhry®} Saunder®= ephedrine® dexam-
phetamine sulfate®] ©|-2w84A] BEAE /gst
2™, Brudney”= olem8R|9} o8] okZe] 2
FEALE Eod bt Qlr} o] A7A vitamin By
B oz go] AHEHAL, vitamin B F3A0
WA=}, Smith 572 33| 2EFIAIQ) methapy-
rilene®] AW dAAe] BZt AN SELY $A7L
o Feg A 531 &S ¥ 3sisith. Schlicht-
ing®& polystyrene, polyacrylic acid, polymetha-
aylic acid FHAZ E Ul 28R} carbinox~
amine 5AE L33} &7 pKazt 528} 2}
& o|2mEFATE YT A ZAE VR
on, wAAe] 45 o] Aje] AhHUn, 1
Az} oFE WET 7HA3ivka Huslsit). Berg®} Ostr-
up®e $AAE AAGA] 380l Bkl B ATE
3o, 53 in vivodl|Ae] &3] i B 58
7KE ¥Rl bt k.

PennwaltA+e] Pennkinetic® system & 422] 8%
Ao REA et & 4 AUrh? oJRAL dextro-
methorphan® 7Mool 23R Amber-
lite TRP-69°1 ZEAA EFAE A=Zsn poly-
ethylene glycol 4000(PEG 4000)% Z-2 A{A=
Ag)ale] Boll @ BEEEE FHARAIZI T, o|A
EERIY ZEA U NLAEZAE airsuspen-
sion 71&2 FHTI] 40-150 umel APo g A=3
Role}l, YATA o]20] ethyl cellulose mem-
brane® Fal FitEli FE-R] EFA vhgaio]
ol gmetd FEo] A&HH o WwEHE B4 /A
3L %At} PennwaltAte] = ot $AI1EIAZE am-
phetamine, hydrocodone, phenyltoloxamine, phen-
termine 59| 2F&°] it} IR. Wilding 57 274
Heloz Azd 57 EdAle AT o A
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3\_]2& /\]'g_%]:}' 16-18)

B AFolaE o2l dt deoll Akl polystyrenedt
divinylbenzene®| EAEZRAE 7| BTRE e &
ol weFAE Medla HREUE o] 2w A9
2N BIAE FAs] A& AAE st
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She o] 259 o8] nEso] AREUS A3 TE
steay, srejde] gl g BelgAde] /jals
T 398 /K eH, FEFRAQA aAdA 9] A&A
ol EE,E HREY YAl EES FY 4 U
22t Zlgigc). o)w 93T oleAlVlE vnd d
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A8 2L Aleko2F Famotidine(Samjin Pharm.
Co., Korea), Amberlite IRP-69(Sigma Chem. Co.,
U.S.A.), Amberlite IRP-88(Sigma Chem. Co., U.
S.A)), Amberlite CG-50(Sigma Chem. Co., U.S.
A), Dowex 50X8-200(Aldrich Chem. Co., U.S.
A). Sodium acetate(E.P., Duksan Pharm. Co.,
Korea), Methanol(HPLC grade, J.T. Baker, U.S.
A)E A3, ool dut Aok E P AMS-
5=

7171 @ 7172+ Vortex mixer(Model M37614,
Hanil, Korea). pH meter(Mettler Delta 320, Eng-
land), Hot plate stirrer (Coming PC-351, U.S.A),
Thermo controller(Kyowa Interface Science Co.,
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Japan), UV spectrophotometer (Shimadzu UV
240, Japan), HPLC(Hitachi system, Japan:
pump : 17100, UV detector : L-4200H, integrator :
D-2500), Rotary vacuum evaporator(Eyela, Tokyo
Rikakikai Co., Japan), Electronic balance
(Sartorius, Handy, Germany). Microcentrifuge
(Type HA-12, Hanil, Korea) & ARE3199c}.

I2E|EI| oA BT}

1A FREjdo] oA dup} BPHdtE H
7¥s7] 44l pH 1.2 ¢ SREjdS &A1 A g
TElde] g A8 & A strEldT o 2t
B9 R AE IRIBATE o|w, BajitEe] gR
Elde] BMof| MR vXA] Y= U &
Y3lsitk. HPLCE Hitachirlel Al &S ARS8l oH
¥MzAcRY ARS Inertsii ODS-2, ©l83e
water ' methanol : 0.05M monobasic sodium phos-
phate(74:10:16), ¥4 1.0mi/min, A== 0.01
AUFs, &7 UV 254 nm, FR3E 20 pl ©10t).

Oj2mEeX|el MAZ

ole wEFAE dPEo 2 pKaatel 691 car-
boxylic acid typeS] <kt kol 2w e}l pKagk
o] 1~29] sulfonic acid type2] 44 Aol euds
ANz B5E & gl B d7olMe sulfonic acid
type2 2+ Amberlite IRP-69(0]3} IRP-69% %+3h)
9} Dowex 50X8-200(¢18} DowexZ 23h 2 A3
31, carboxylic acid type2E+ Amberlite IRP-
88(o]3} IRP-882 °FhHI Amberlite CG-50(°]3}t
CG-H02 F8hH< ARg3lsith

843} HHE columndl] o] &nd FRE Yu A
2l gdg 234 E2EUlE column methodE ©]&
siglon, ol 2R E W BEERA o8 85
o]g Tf3lw glera U FH ojwmiyA
3gA & 712 JdekE 100 mIE Alsla o7k F o}
Al ol &3H/4 100mIE A&, oloiA IRP-
69% IN-HCl, IN-NaCl, IN-NaOH=Z A &3} 1,
Dowex$} CG-50= IN-HCI, IN-NaOH., IN-HClZ
Aelstd e, IRP-88= IN-HCl, IN-KCI, IN-
KOHZ 717} 100 mi¥ A U= Heisiact. ¢ #3
F 7t o]l 2udhrA| 7t A4S o] 2 & YW EE 3
Z ol&g A3 e fdoE HEAEP o,
ol2gt S i AAG F, Do|2FFFE Wt
Ealo] AHsta sl HFHoR 11 Yol FA
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o E|E-0| 2w S§xel A=

ojg] Axelsld A IRP69, IPR-88,
Dowex, CG50 A1 Z} 1g¥< sREd &9 100
miol 7Fska 25°C, 40°C, 50°CollA] mutslHA w2
Eld-olewusker] B8 E AlZt. ol ItEE
9 gae gz} pHel wE e meisie
pH 5.0~559] ¢kFdo Eo Smg/mid TEE Al
Z3lgt} WheSd A7 HEo s uhgguE K
dlo] gAZo] WREY] FEE HPLCE A%
on tol4 BRE|UY F=r} ASHA S Wizt
2} Whe A A SRElde] ofo] B A4
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Bl ok A&t
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Percolation'g ] 921& ol &3le] FAEBIAZT
B9 srEld WES dEsigint. 1188 rledpy,
simulated glass disk& 72 YU+ glass reser-
voirel SHREIY ke 24 100 mge] H& FAEA
£ 93, 25mie o] FRAEZAL 3 A==
AN Uz mjd& AR 50mie] $E2 A
7¥8td percolation® 4+ YEE st thakekd A
67182l £2A18Y A1 (pH 1.2)& E2 ARgst
of o] 28% d&o 2 33 AAstm, Akt 2zt
9] 23S 35l HPLCH wat A#sidet. o
Al A2 (pH 6.8)& AHEst] 22 WHOR per-
colationdliL, 1A1Zmi} ZHte] RES F3dsid
HPLCHE uig} a3l Base f2gde] &2
Abzale) B3 22 o g o] ewra| A
o] EAof wlg} thekst pH &390 percolationA]#H
srede] HEEAL S BN

27| oM ZREIEIQ| MILHSE) A E

A% ZE 24 Sprague DawleyAl F4 IFHE &
3} ALRE AHFRo] FEIHEA 3Y o A4 =

ofiA AREEE & 97N 1A% dFHE AF 300~
350g WY AL Adsle] 34ne] & 3 o= 3o
Agaitt AP5ES A obF ARE AAAFL,
NEE Yair F7 Aol Zjolddll A#G.d. 0.58
mm, o.d. 0.965mm, Intramedic, Clay Adams)<
st

Auzibe Sreld 48 Rz, st2E
o] FALE ZHrol tigt gal=rt vif @] W&
o 7}&8tA 24 L-aspartic acid ¥ mannitol& 3
7¥sled BAAZE Alg AREY FARA LT B
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ATRAE BFANZA AW 712HCE SH5
83AA Fefelgion], AFFA%E 40mg/2ml/

kgo 2 Bac) ¥E2 FREY 2% Omes &

F5 2midl @A EEAAL] PR SLsHA F
ol en, $2) B A¢E FREH R 40
mgell d-&she FAEJRAE S/ 2midl A=A
A e Wlor Rt AFRAE B7E &
HE olgsten, dEFAFde FuFAA §
4 e A 9 AAME sl AREL F
& HPLCZ A%},

da 9 nF
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Figure 1—Famotidine degradation in pH 1.2 buffer
solution at 37°C. Famotidine and its degradation pro-
ducts were assayed by HPLC. showing the results
that summation of each peak area was equivalent to
100%. ©, Famotidine(FMT). ®, Degradation product
(F-1): ¥, Degradation product (F-2) . ¥, Degradation
product (F-3): o, Total amount of FMT and degra-
dation products (F-1,2,3).
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g}, HPLC AgutEagiydx] B3E 479 2
suaE g 4 gdgon, ArF e SrEde)
FEE FaEdey Balihge] sre wh|dsie
Z7HE 9}, oln BRElde] REAEET EalEA]
&1 golle FREY] peak areate] HREH
A peak areazt® A JERITHFigure 1). wet
A, A ddz e AEEF AVle Bt
Ee grede) ko g 11535l B}

o E|Cl-2f0|2mElsX| S8tAel ME

25°Ce] #REIY fdFA IRP69 % Dowex?
AZbd kg oS B (Figure 2), Al Ao w
2} vkgshe vpRElde] ke FUkeila 6A1RE] vE
$o2 A A BAe] grHACH, e o
2ugFA 9] A FLaATt e SxlA9
7} olemEFA 1go} Wi SREld AFFS
Table 19 2t} AW ol m@5A|e] 7$ 25°CH
th 40°CollA] Aol ot Z7HER e, 50°ColA
= 234 34 33 S grElde] i) A

100

Reaction amount ( %)

A

0 60 120 180 240 300 3860
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Figure 2— Reaction rate at 25°% between famotidine
solution(h mg/ml) and resins. ©. Amberlite IRP-69 :
®, Dowex 50x8-200.

Table 1— Reaction Amount of Famotidine to Various
Cationic lon Exchange Resins at Different Temperature.

Resins 25°C 40°C 50°C

IRP-69 414.65 419.80 415.22
Dowex 431.03 451.59 433.12
IRP-88 399.89 386.21 362.18
CG-50 401.87 389.74 376.98

Data are expressed as mg of famotidine/lg of resins.
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A3 wEby AjEe] da 7tad Aog fdy
ot R olemBER|e] A 25°CollM A A
Eo] 1, 2=t sl wet Aol o9zt 37
A8 2y, AAdes 38E o ¥l
TR BEA ] vhg-Eoll A9 FekE v|A|A] & AL
2 A=)

7} ol LmBA|Re] wH-E-S Hws] HH,
73] ol mErlel 739 H'39l Dowex7t Na*
% IRP-69XE} Bke-Eo] &9k, R ol2mdt
$R)9] Z9o= H' &2 CG-H001 K 82l IRP-88:
o} WhE-Eo] B9} o)A 7} o] 259 ojeuds
Aol g H3lee] H*(Na' (K el o]&37|7}
AAH Y&E ol 2mekpAle] Bu7} AR 2 e w
2 B9 F57t Ady] Wi 1 wke-Eo] 74s)
= o= Alggd,

TX| SEM 25 E DZE|CC) WE

Zo) RuHYY batch elution'-& <]
Zo| GA B =gt gThe) B3E& A8
o] sy F-AFslm Rz o) st el
Zt] A3 percolation®goll Wt 3B 27E
9] BREY &S BEASICE M ol LudH|
o] 39, A1 A 1AI3F Bt e E gREe)
< TF 90%°)73°l03L, pH 4.8 YEA3} #2280 4]
3AIRE Bt e A7E 25 wEE Aok (Figure 3). W
off, A1 ol 2w A 2] Aoe A1l 34
B WEE AEEde] ke % 4%n|tele
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Figure 3—Released amount(%) of famotidine from
weakly acidic resin complexes in different pH buffer
solutions. O, Amberlite IRP-83: ®, Amberlite CG-50.

., A2ddMe BAZTEST AEHoZ [RP-69=
60~70%, Dowexe 50~60%<] W&& JeEIT
(Figure 4). E3, 7MW ol ader] EiAle

pH 1.2914 steEldo] A9 W] ggtonz B

t} tekgt pH $38-& 83 gRElde] WwEek
& #ABsTh pH 3.0 ¢59% pH 4.6 S5l
Me Alde] 799 Zol A WEHA o,
pH 5.6 $5H87 AM2AGME FREY WEo] A%
2o 2 Z7I=EAcHFigure 5).

A1delx e W& 4 AAE] FE3P] $39

80
70} pH12

60[—
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|l
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00 | S | L i 1

0 60 120 180 240 300 360 420 480

Released amount (%)
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Figure 4—Released amount(%) of famotidine from
strongly acidic resin complexes in pH 1.2 and pH 6.8
buffer solutions. ©, Amberlite IRP-69: ®, Dowex
50 8-200.
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Figure 5—Released amount(%) of famotidine from

strongly acidic resin complexes in different pH buffer
solutions. ©, Amberlite IRP-69: ®, Dowex 50x8-200.
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e e BEsHe AREYY] dE 2ARS
ot A ol2meA] BE3AleiNE A HEo]
AL, Y ol LA EFAE A 1089k
50~60%°13¢<] B&E Yehldck(Figure 6). TR
o8 gef get @) Aldelxd 2~3A2kgte)
SHPE ARA |3, AF A2elN HEAEE A
Alst el (Figure 7), 24 2 oA o) 2mdks

100 {

-2 -3
o o

Released amount ( %)
8

20

Time ( min )

Figure 6 —Released amount(%) of famotidine from
strongly and weakly acidic resin complexes in pH 1.2
buffer solution for 1 hr. ©, Amberlite IRP-6%: v,
Dowex 50x8-200. ®, Amberlite IRP-88: ¥, Am-
berlite CG-50.
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i
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0 ! L 1
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Figure 7—Released amount(%) of famotidine from
strongly and weakly acidic resin complexes in pH 6.8
buffer solution without pretreatment in pH 1.2 buff-
er solution. O, Amberlite IRP-69: ®, Dowex 50x8-
200: w, Amberlite CG-50.
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ole] AASL YA F carboxylic acidic resin
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7ol §AT 2EAT F7o St 243E BHYlo
H, AFFEAA = 279 Hlad wE F5E 2Y
F AN3] ZAEE HEE Jepigich = stREeld-
ol 2w FFA] BIANE ATFAS T 2/
AZ9 HREd $EE 2Fsglen, 1 Ave
Figure 9 Vel IAT}
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Figure 8 —Plasma concentration of famotidine after
oral administration to rats as dose of 40 mg/kg. In-
serted graph represents the plasma concentration of
famotidine after i.v. injection to rats as dose of 20
mg/kg. ©, Famotidine solution(p.o.): ®, Famo-
tidine suspension(p.o.): ¥, Famotidine solution(i.v.)

20

Conc. of fameotidine ( ug/ ml)
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Figure 9—Plasma concentration of famotidine after
oral administration of famotidine-resin complexes
to rats as dose equivalent to 40 mg/kg of famotidine.
O, Amberlite IRP-69: ®, Dowex 50x8-200: ¥V, Am-
berlite CG-50.

ASE ANE QBT Z7k500 HnBFEES
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1A 2 B 2RE gredo] MM3| &y
A FFER7] WE Aer AlRAY, FAIEGA
o FEHIEIAN R o] 2ndpAld CG-

502) 7% A1eilA 1A17Hell 90%01°3] HEE U
7] W&o, 1 FFFedde] BEAFS] FIE
Z Zoleta d 3= ov, AAF oz A o
WA 9] A2} FLIA A3 Frlske FE
UERRID). o|7le AFFAE 4 B3t 9
v R22] 2513 mE Al Ao R o]gEo] &
Aol g MM 3] FEe] HHEo| o]Fo|F 7] WEel
o 53] Fod Bt MRS Azenw
ANEE vl EAIZTo] ZaEo] B e &FF-2 olF
¥ Ao Algdrt

g9, JRE|de]) Pt T4 S 08319
9 v)o)EA By o8f FESEEA Fep|E
A28l tH(Table II). MRT. MAT, MDT& ®lus)
2 o] 2wdkER] BihAle] 797t EFA P e
At ZA Jebda, Fndsrse $A B39
A7) Wker HaYFEed] 2Eshs Allel #E
Ao} gl Z4rrt AFHAT. by, £4]
B3z Re grede] &R XM WEE o]
A&A o7 FrEm ULE & F ek 2, F
2 B3Ale] AUCS o e Auid QA o)&-E0l
FEEAA R G e, @3F5eR BlaE B
Vel o|2e A EFA7) %12 A8 Yz
74 vj3) HEFoz Fogle] 42| BFARRE AR
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Table II— Pharmacokinetic Parameter of Famotidine Based on Model Independent Analysis.

Parameter (unit) Lv. Standrd  Suspension IRP-69 Dowex CG-50
AUC@1 (ng - hr - ) 31.80 12.98 10.05 10.04 7.746 11.42
AUMC 12 (ng - hr? - mi) 107.90 58.46 49.00 67.66 51.18 68.451
MRT (hr) 3.394 4.534 4.878 6.742 6.607 5.996
MAT (hr) - 1.140 1.484 3.348 3.213 2.602
MDT (hr) - - 0.344 2.208 2.073 1.462
Crax(ug/mi) 24.62 2.485 1.792 1.171 0.900 1.440
F (%) - 20.27 15.80 16.17 12.10 17.95
R-B-AY %) - - 77.91 77.83 60.07 88.55

a)Absolute bioavailability. calculated by Doserv - AUCp.o/Dosep.o - AUCLv % 100(%)
DRelative biocavailability, calculated by AUCtest/ AUCstandara < 100(%)
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Figure 10— Linear regression plot of the percent dissolved of famotidine from resin complexes in pH 6.8 buffer

solution vs. plasma concentration of famotidine.
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