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Development of a Gastric Retentive System as a Sustained-release Formulation
of Pranlukast Hydrate and its Subsequent In Vivo Verification in Human Studies

Hikaru SUGIHARA”, Hirofumi TAKEUCHI

Abstract: In a human site-of-absorption study pranlukast hydrate was demonstrated to have extremely poor absorption properties in
the lower gastrointestinal tract. The ratios of AUCO0-24 in the distal small bowel and colon compared to stomach delivery were
approximately 1/7 and 1/70, respectively. As a consequence, a gastroretentive double-layered tablet formulation (gastric swelling
system; GSS), consisting of a swelling layer and a drug release layer, was developed for once-daily dosing. To study the gastric
retention of the optimized GSS, an in vivo gamma scintigraphic study was carried out in nine healthy volunteers. The transit profiles
demonstrated that the GSS was retained in the stomach for more than 10 hr. The plasma profile was prolonged, especially following
administration after an evening meal. The human data validated the design concept and suggest that GSS could be a promising
approach for the development of a sustained-release formulation for drugs with a limited absorption window in the upper small
bowel.
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Table 1. Physicochemical properties of pranlukast hydrate

Table 2. Function, morphology and physiology of the

gastrointestinal tract % 7
Size
Segment Function Diameter a?::(a;% pH
x length, (cm)
Stomach Digestion 15 20 35 135
of foods

Duodenum  Neutralizati 5 51 55 30 2 4-65
on of acids

Jejunum Absorp_tlon 3-5x 240 180 5-7
of nutrients
Absorption

lleum of nutrients 3-5x 360 280 6-8

Colon Absorption 5 g, 99,195 13 6-8

of water
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Molecular formula Cy7H3NsO, + 1/2 H,0

Molecular weight 490.51
Melting point 231~235°C
Solubility 1.2 x 10" mg/mL (25 °C, Water)

Caco-2 permeability  1.52 +0.02 x 10 cm/sec

Table 3. Transit time in segment of the gastrointestinal tract *”

Segment Type of food

Liquid Solid
Stomach 10-30 min 1-3h
Duodenum <60 sec <60 sec
Jejunum & ileum 3+15h 4+15h
Colon - 20-50 h
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Fig. 1. Plasma concentration profiles of pranlukast in healthy
volunteers after releasing 225 mg of pranlukast hydrate in the
stomach, distal small bowel and colon, respectively. *P<0.05,
**P<0.01: significantly different from the colon. Each value is
the mean £ S.D. (n=6).
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Fig. 2. Area under the plasma concentration time curve (0-24 h)
of pranlukast in healthy volunteers after releasing 225 mg of
pranlukast hydrate in the stomach, distal small bowel and colon,
respectively. *P<0.05, ***P<0.001: significantly different from
the colon. Each value is the mean £ S.D. (n=6).
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Fig. 3. Swelling ratio of the GSS6 and GSS18 swelling layers
after 3 hr shaking with or without glass beads in the first fluid
(pH 1.2) of the disintegration test. Each value is the mean £ S.D.
(n=3).
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Fig. 4. In vitro release profiles of IR tablet, GSS6 and GSS18 at
100 or 200 rpm in the first fluid (pH1.2) of disintegration test.
Each value is the mean + S.D. (n=3)
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Fig. 5. Schematic image for basic concept of GSS for gastric
retention and drug release in stomach.
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Fig. 6. Plasma concentration-time profiles of pranlukast after
intragastric administration of IR, GSS6, Non-GSS18 and
GSS18 to beagle dogs (75 mg/body). Each value is the mean +
S.D. (n=4). *P<0.05, **P<0.01, ***P<0.001: significantly
different from result for IR.

Table 4. Pharmacokinetic parameters of Pranlukast after
intragastric administration of IR, GSS6, Non-GSS18 and
GSS18 to beagle dogs (75 mg/body). *P<0.05, **P<0.01,
***p<0.001: significantly different from result for IR. Each
value is the mean £ S.D. (n=4)

Tmax Cmax AUC MRT
hr ng/mL ng/mL - hr hr
IR 18+1.0 42.4+139 65.0 £19.2 28+05
GSS6 25+06 36.3+8.9 82.2+21.6 29+04
Non- . - —_—
Gssig  90%12 365+11.2 146.4+27.4 79+08
GSS18 87+31" 27.0+30 1584+224" 77+04™
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Fig. 7. In vitro release profiles of GSS12 and GSS24 at 200

rpm in the first fluid (pH1.2) of the disintegration test. Each
value is the mean £ S.D. (n=6).

0 3 6 9

8. E MXERBRNREERAID
BREEY. M BREETm

KRR RR 5 GSS12 R Tk GSS24 (22T,
A% O H ARG 5 20, REACBNT
Ho=eyrFI57 4 —2ROEERNESHFRMEL K
i L7z, 2235, N T ~v (Fsm) IR SE S ¥,
R e Y —%—RIZT 5 7HIT, FDA DRET S WIE
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Fig. 8 IZ/R LT, #5.7.65 Rl ¥ TI GSS24 22 2 8L b
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GSS12 X O* GSS24 O Wk R % € -€h Table 5 IZiR
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Table 5. Gastric emptying of two tablets each containing 225
mg (total of 450 mg) pranlukast hydrate GSS12 and GSS24,

GSS24 A - BRI E I LT 5 = & B B after a standard high calorie, high fat breakfast.

AL 70 | BT GSS24 1% GSSI12 | H TG A3 Subject No. Gaétsr;ezmptying (hours EOSS;'Z";’SG)
BB L iymote, 4. GSS24 1x#khifh 24 Wl o 500 13437
ETICHP BHRHBO IR T 5 2 L v b GSS BEIN 1) 15241 13437
ICER SN T < AMBEMITRN 2 & AR S T, 2(1) 9.63 12.357
0 1 5 O B N R R b A R IE T 2(2) 9.63 12.357
Fix, RBARMETHS O WD OIE S R 3 438 429
15y DI HEHIE A2 1 0 PR 3 B L P hps o
EARY —RIFMEA e ) —RICHTHERNEYOHH 4(2) 4.63 4.38
BIBIESED Z ERNMBNTEHY D fi5 e LTRAID 5(1) 9.33 15-247
H N BT B, R A IR L B I O 5(2) 9.33 15-247
EB T IRIE L A2 | E N OO & S b gg; gi ﬁﬁ
HINEMZ YT A BN L, £ OBMB BRI 7 ) 8.45 10.87
128+07mm®CThH 5, MA T, WINIFERFH TH D72 702) 11,047 10.87
W, M DN Lo T L, BIFIEA LY b REWVN 8 (1) 9.27 11.89
BT T b AT R I & > C B 8(2) 9.63 1358°
NTLED, LiaioT, HAHFIIGHIL R 508 o) - o
VHTHY . SRR 5 7 oIl Mean 853 10.12

FIeRE S LHE L > THYEH Z AR 5 MR S.D. 3.35 3.90
B, AEOFEENS . Eha ) —8 A% O 5 Mt *1: Gastric emptying and complete disintegration occurred

o g S S b - . during the interval between 15 and 24 hr. A value of 15 hr was
ICFRWT GSS It BN ERREZ AT 5 2 & 039

used for calculation of the mean and S.D.; *2: Complete
LNk lroTl,

disintegration time (complete disintegration occurred before
gastric emptying).

FDA OHET HEEEEAm I 2 ) —#flE & EE L
#%. 5 LANIC GSS12 J O GSS24 #fadtss Nk D% 5 L
7O MIEFIRE T 7 7 7 A4 MOV T Fig. 9 IR LT,
F7-. EYBRERH ST A —F — 2O\ Table 6 (2R L
7o GSS12 254137 T v h A b MR E Tmax 73
6.2 FEfE1 2/~ L, EOBBLHIC MR RENMET L,
—J7 T GSS24 ZF 54D MRT 1% 9.2 Bl & 722 v . GSS12
(TR D B WSS & 72 o 72, GSS24 O I HhiE fE
DFHpE L7 BER & Ul AR R S R 2 LTz

(Fig. 7). HHMEHEMNAEWVZ & (Table5) AT 6N
bo K, TTNH A MIHFHEE MRT & GSS24 o H HE
HIEE OFIBAIZ DWW C Fig. 10 1283 X 512, B HEHRRR
DRV, FRERRHRSERET 2EMICH D Z LB |
AFERE L<HH LT,

Flo, BERLBHEEMIIERLZ b OO, NS
TAERALT 12 K% OMIER 7T v 2 R RE
6.8 ng/mL TH Y. MRT I 44 B TH -7z, GSS24 %k
AL T2 k15 REf% O MR 7" v 2 MR X #
FLEHL, 1037 18843 ng/mL Th 5 Z L ab, GSS24 D
MR A ) 2 TS S T IO LT
DT ENFERTE T,

0.02 hrs post-dose 4.18 hrs post-dose

<

12.13 hrs post-dose

7.65 hrs post-dose

Fig. 8. Scintiscan images of two GSS24 tablets each containing
225 mg (total of 450 mg) pranlukast hydrate, radiolabelled with
approximately 0.5 MBq 53Sm administered to subject No.6
after a standard high calorie, high fat breakfast.
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Fig. 9. Plasma concentration-time profile of pranlukast after
oral administration of GSS12 or GSS24 to healthy volunteers.
Each value is the mean + S.D. (n=9).

Table 6. Pharmacokinetic parameters of pranlukast after oral
administration of GSS12 or GSS24 to healthy volunteers. Each
value is the mean £+ S.D. (n=9).

After breakfast administration

GSS12 GSS24
Tmax (hr) 6.2+1.8 7.1+28
Cmax (ng/mL) 411.8+231.1 302.5+184.7
AUC (ng/mL - hr) 2718.9 +1190.1 2427.2 +930.0
MRT (hr) 72+13 9.2+23
“ -
.
12 -
*
10 *
%
8 L
E 6 I *
= 4l
R2=0.7206
2 L
o 1 1 1 ]
0 5 10 15 20
Gastric emptying time (hr)

Fig. 10. The correlation between plasma pranlukast MRT and
gastric emptying time after breakfast administration of GSS24
to healthy volunteers. (n=9).

WIT, Y BHBEE Lo mIEhEEEIc > TG L
7. FDA DHET 2 @IEEE A ®m A 7 ) — &% 21:00 |Z4&
B L 72%% . GSS24 % R U 7= BE o> i v i BE HERS 12D T
Fig. 11 (2R L7, Y &1£IC GSS24 #RA L7254, #ia
B¥EDOT 0T 7 A MTHARTHEE 9~12 R o b
PEMREITAEREICEWER E ot F7o. Eiplhiey
BT A —H —% Table 7 |2k Lz, ¥ BH% K5O Tmax
KON AUC IZZENZH, 105 BT R O 3241.5 ng*hr/mL &

720 . MRT ZWThoR5EETHRERTH 723, 4
BHBEE DTN Tmax TR L, AUC 2SHERT HHEHR &
ol

A BBEH B CTRIERE R L ERO—2 L L
T, HHEIFWEEEFBDETT 522 03mbh TRy
B Y BHEGOEAIXE D ORAPEHIEE A L v IEE
L7z H[RBENE 2 bivlz, £, F B%EZEHICHBWT AUC
DI LIFWARLI-Z &nnd, Y REEBIL 721412 GSS24
ZRAT 5 Z &Ik > T GSS24 B NI L v 4E
F L, ORISR0 F VNG EERIZ R T 2 3R &
BKBIIEHTE LD EEZ LN,

PLEDOFERMNS GSS1XT T v i A RKFiD L 912
HALE ORGSR E SN DMWY > FUEHET D
{bEH DR D FrfERANLIcAE A i ch 2 Z L2354
LT TET,

800
—8— GSS24_breakfast

—O— GSS24_dinner

Plasma conc. (ng/mL)
& 8

8

o

0 3 6 9 12 15 18 21 24

Time (hr)
Fig. 11. Comparison of plasma concentration-time profiles of
pranlukast after breakfast or evening meal administration of
GSS24 to healthy volunteers. *P<0.05, **P<0.01: significantly
different from GSS24_breakfast. Each value is the mean £ S.D.
(n=9).

Table 7. Pharmacokinetic parameters of pranlukast after
breakfast or evening meal administration of GSS24 to healthy
volunteers. **P<0.01, significantly different from breakfast.
Each value is the mean + S.D. (n=9).

GSS24
Breakfast Evening meal
Tmax (hr) 7.1+28 10.5 + 1.6**
Cmax (ng/mL) 302.5+184.7 509.5 +230.7
AUC (ng/mL - hr) 2427.2 £930.0 3241.5+1078.8
MRT (hr) 9.2+23 94+12
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