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Promotion of Gastrointestinal Absorption of Pirenzepine
Dihydrochloride in the Rat. 1
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In order to examine the effect of various absorption-promoters on gastrointestinal
absorption of pirenzepine dihydrochloride (PRZ), a weak basic and very soluble compound
in water, PRZ was orally given to rats in combination with them and the percentages of
cumulative urinary excretion of PRZ were measured.

Marked PRZ absorption-promoting effect was found for esters of fatty acids with long
chains and monohydric alcohols, ester type nonionic surface active agents with less than
11 HLB values and triglycerides of fatty acids with long chains, while the promoting effect
on PRZ absorption was less potent for triglycerides of fatty acids with chains of medium
length, fatty acids with long chains and monoglycerides of fatty acids with long chains.

PRZ was suspended in sorbitan trioleate, an ester type nonionic surface active agent,
and in triolein, a triglyceride of fatty acids with a long chain, and the resulting suspensions
were orally given to rats. About 4 times increase in area under the blood concentration-
time curve as compared with that obtained after administration of aqueous solution of PRZ
was observed in both suspensions.

Keywords——pirenzepine dihydrochloride; gastrointestinal absorption; absorption-
promoter; fatty acid ester; nonionic surface active agent; triglyceride; gefarnate;
triolein
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1. B PRZBIACHTALH, ¥7rAr—FRAETASY, 94577V —A HI5® 11 3 V3505,
VALAERY PV A U=— FITHEF LR, /A VvAY, OAVAVRT =y, 23— MGK® T HXY : A A
AL DR AV, ToOMORETLIENDEA LIS DR V.
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0.8 mg/ml FRAFWHE L, 2.5ml/kg OEIGTREIR L » %L L. Table I 1R Lo n #5380k PRZ %3
B L 0.8 mg/ml, 1.6 mg/ml F 0¥ 4 mg/ml HEW A S L 7. Table I—IV (R Ukai o 5 5060, 3t
B & RBRE (15ml) CEBIEAWOREW 10ml ¥ PRZ 200 26 CEE LIS D) 8mg » ANBMR LS
Bl ThbORBEREY 2.5mikg OEETHRR Y v FIC X DBERNCRENEE L. vk, BRBROS
ARFEERCRBREY T T2 OB LUIER L.

MEHREERE—TZREK, YVEXV PV F V== bROF VA4 VA v D% 10ml i PRZ 80 mg # 75X
TEE I, 2.5mlkg OEIGTROES L.

4. RBRPHEHEBRAE  HIRESROBEOBRELEE, 59 VEAZEY » 2 r —OTCRE L. Rin#
Lt 24 R O 48 IR L, UK TLESY 100ml & L. 7ok, KIXABECER X8k,

5. MEPREANE SvirArEz—nr bV va (FvFx—n 40mglke, iv.) BET, 5o h OHES
BRic, ~-%0 v oARAEKEKR (1000 U/ml) CficLicy ) 2 v Fa—7 (Fva—=v 74, 0.51 mmi.d.,
0.94mmo.d) % h =a—Ya VL, Fao—7ORKIC YT, EFT2EL TESRCESZFEE L. m
#% 24 FfElic PRZ 053082 05 (20 mg/kg) L. HMITESECEE LT o — 7o © v i i+
LR X0 Tot. Tok, 1 EoET#H 0.3ml Tho 7.

6. RERUMZADRMAE Rk, K 1ml @ 0.1M REEE W (pH10.0) 0.5ml KO 7 v vk A
6ml #nz, 7w esrshhii (BE 10 min, 55008 3000rpm, 10 min) #fF-7%. Bbhi 2 v ekl AB
S5mlZ 0.1% BEER 0.5 ml % iz #&#& (10 min), 5508 (3000 rpm, 10 min) U, 851 7cERED 5 100 plk
BIRL, BEKh s <1257 4 — (HPLC) ORK & LT

MR FE T, i 0.2ml i< 0.02m REEEE R (pH10.0) 0.5ml RO 7 m ek s 6ml % 7 v vk
AL, Bbhics v ek L A8 Sml HARRGE L. B 0.1% Fig 0.5 ml # N2 B L, = OBIRK
WEERR = 7 v Sml % jn 2 K& (10 min), #0758 (3000 rpm, 10 min) U, 18 HivfcERERRE A 5 100 pl 2L,
HPLC 0@kt e L.

7. HPLCE£EBRUZOSHEHE HPLCOHEY A3, v 4 — & — R 6000A, f V¥ 2 7 X — 17 4 —

— At WISP 710B, #iH%i3 Bd84(EfT SPD-6A % fi\~, # 5 4% Radial Pak CN (¥ 4 — % — X, 8 mm
i.d.x10cm) g Lic. BEHHIER»LOMEBERBOBE, T3 e Ve v 5 v-K-Bii-+ V=517 I VR
¥ (70:30:0.5:0.1), MEHHLOMBRABMOBEAZ /) — -T2t = bV -KEEEE-F YV =F A7 3 VIER
(50:30:20:0.5:0.15) ZF\ . FE e 1.0 ml/min, #& 1R 290 nm TFF - 2.
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7 » MC PRZ KBW A BIRE G RO OBRY LicEo PRZ 0BREFEFEEM % % Table I iR U7, #lREY
b. (2 mglkg) k\ Tik 48 Ml & TR B G m O 40% MRS h, BEERF R TS E (2—10
mg/kg) KBGHE S BERBDOH 3% »HRE I NI BE fons - o,

758, PRZ 34AKRATIREA EREEZT IV EXHE® ShTRY, SEAVWES » PRBWTE, F0
KA EREMAD £ FRPROCERCHHE I RIcb D L Ebh 5.

2. PRZ OPMICRIETRIVEERIORE

PRZ % Table Il iR LI bW HBBEIIIBE IS » MIEDES Uk, 5% 24 BRI R

TasLe I. Cumulative Urinary Excretion Percentage of PRZ in Rats after
Intravenous and Oral Administration of PRZ

Cumulative urinary excretion (%)

Time (h) Intravenous Oral
2 mgfkg 2 mgjkg 4 mg/kg 10 mg/kg
0—24 39.2+2.5 2.7%+0.3 2.6x0.2 2.6+0.2
24—48 1.940.7 0.0+0.0 0.2+0.1 0.2+0.1
Total 41.1%2.6 2.7+0.3 2.8%0.3 2.8+0.2

Each value represents the mean 4 S.E. of 5 rats.
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TabLe I1. Effect of Various Compounds on Cumulative Urinary Excretion Percentage
(0—24 h) of PRZ after Oral Administration of PRZ®

Compounds corkBRlcd | Number of - Cumulaive wrinars
Aqueous solution 12 2.7+0.3
NaHCO; 100 mg/ml 3 3.84+0.6
EDTA 10 mg/ml 3 2.6+0.3
Taurine 10 mg/ml 3 5.0+1.6
Lecithin, powder, from soybean (30%) 50 mg/ml 3 8.6+2.4%
Saponins 10 mg/ml 3 5.3+0.79
Sodium alginate (1000 cps) 50 mg/m] 3 4.3+0.2
Chondroitin sulfate sodium salt 50 mg/ml 3 3.94+0.8
L-Glutamine 10 mg/ml 3 6.4+0.29
Nikkol MGK® 50% 3 9.0=+0.9%
Polyethylene glycol #400 50% 3 3.7+0.4
Propylene glycol 50% 3 3.8+0.6
Oleyl alcohol 50% 3 3.7£0.5
Ethyl oleate 50%° 3 14.8+1.5%
Squalene 50%° 3 6.6+1.4%
Gefarnate 50%9 3 16.4+3.9%
pL-a-Tocopherol acetate 5099 3 6.7+0.8%
Retinol palmitate 50%° 3 14.242.59
Phytonadione 50%° 3 2.8+0.5
Geraniol 50%° 3 4.4+1.5
Witepsol H-15® 50%9 3 9.44+0.5%

a) Administration dose of PRZ was 2 mg/kg. b) Each value represents the mean+S.E. ¢) Compounds were suspended in
0.3 9% carboxymethyl cellulose sodium salt. d) p<0.01, significant difference vs. agueous solution.

TasLe III.  Effect of Various Surface Active Agents on Cumulative Urinary Excretion
Percentage (0—24 h) of PRZ after Oral Administration of PRZ®

Applied Number . :
Surface active agents HLB concpé)ntration of Cuer;éll}gttilgg F;;lb?ry
(%) animals ¢
Aqueous solution 12 2.7+0.3
Polyoxyethylene sorbitan monolaurate 16.7 50 3 7.5+1.09
100 6 7.1+£0.79
Polyoxyethylene sorbitan monopalmitate 15.6 50 3 8.4+1.19
Polyoxyethylene sorbitan monostearate 14.9 50 3 9.2+1.39
Polyoxyethylene sorbitan monooleate 15.0 50 3 9.2+1.29
100 3 6.60.29
Polyoxyethylene sorbitan trioleate 11.0 50 3 13.7+1.0%
100 6 12.1+0.69
Sorbitan monolaurate 8.6 50 3 12.9+1.89
Sorbitan monopalmitate 6.7 50 3 3.8+0.8
Sorbitan monostearate 4.7 50 3 3.3+0.4
Sorbitan monooleate 4.3 50 3 13.0£2.29
100 3 11.44+1.59
Sorbitan sesquioleate 3.7 50 3 11.5+1.59
100 6 11.9:40.99
Sorbitan trioleate 1.8 50 3 13.7+1.39
100 6 15.7+1.49

a) Administration dose of PRZ was 2 mgfkg. b) Each value represents the mean+S.E. ¢) p<0.01, significant difference vs.
agueous solution.
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#Xh 5 PRZ B4 &G B35 88 (BRERFPE %) ©/R U7 (Table I). PRZ o ZARRFHE 213, 1 i
Ta— ADRBEIEBR=ATA (F7 s AF— b, A VA VEE=FN, SAIFVEEVF ) — L) TEL, 2V
b e — U (PRZ KBRS0 RERP %) © 5—6 fEfExRLc. fotEWs W THRFERED
EEPR BN L DB okehd, LD 3 DDA K EZ D - T,

REEEFIL, RV AFv=Frv ez vig
Wil = A 7 A RBOY v & v JRRERR = A T v RIE
A F v EEREEEFCOWTBES Li: (Table HI).
FZERCEFOYVAEZVEI ALIT—F, Y E
v ) AFT V— bk PRZ 0 BRERBPEN %%
Win&eiehotc. ZHBEFOREEERZ RS
&, HLB 7% 11 LU F o REGHFICx PRZ 0 2
e %12 v b v — Al 4—6 5T, HLB %
15 P ko RumEs X v K&l nmLic. e
REEEFIE KRR LI 50% FLEW X VT,
FRETEDOF ETMHTE PRZ o BRERFPRM %
LA EBE UTad o T,

Wi, 79434 FORIEER % Table IV
wirLic. PRZ o BRERFPEI %1 70 ) viT
WETHF VA VEROB OB LIS ML, 4 v
AVEENISTFREE LIV A LA VIR W Tk =
Vb r—EORS EOMER R L. ks, P YA
VA VORBERBSTHD 7Y ) vROA VA VI
3. PRZ 0 BTEIRPHEI %% 5 % D IS ¥ish o
foo RV 2V w5 A VT D EIROREHED
£ &L PRZ 0 RBERFHEM % OBIERIE Table IV
R LTcH Y, IEBEEDOKRFEH K { 72 % /W
(P 7FV Y REEAH< I DTV Y v )< b
)4 vA v (18)) PRZ o RBERFHHEZ L HEL
7o, Fiho, RESEN 18 OESREEL Y SV v
£ ¥R STiamh L PRZ o BRER P %%
Hinsets.

3. mEPREHE

PRZ o ZFERhE % Oat ¢ RIF s KR
LhtAbEHOhsby A A Y RV F V== bk
FYF VA VEFEIRL, PRZ DYV rExy YAt
Ve — b, b YU AV IRBER O PRZ K%
PR LD L. Z08E, Bbhic 33k
MyE g EHER % Fig. 1 1TR Lic. PRZ OKREBRE
B\ T 5% 0.5—2 R Cmax (60 ng/ml)
L, M#EFEccEd L. PRZ OV vERY
FY A L= — FREBRERS TR, RER2E
RV K B 5 D39 10 50 Crmax (550 ng/ml) %71
L, 24 BREASciiziEMek L. PRZ o V4 v
A v IRBWR S T R\TIE, PRZ Oy reExry b
VA v — b REE RS NI Cmax (880

TaBLE IV. Effect of Various Glycerides on
Cumulative Urinary Excretion Percentage
(0—24 h) of PRZ after Oral Administra-
tion of PRZ®

Compounds Nuglfber Cumulative uroingry
animals excretion (%)

Aqueous solution 12 2.7£0.3

Glycerin 3 3.84+0.8

Tributyrin 3 2.940.2

Tricaprylin 3 5.7+0.79
Triolein 12 12.44+1.49
Oleic acid 5 5.8+0.99
Monoolein 3 7.00. 89
Diolein 3 7.7£1.79
Olive oil 6 12.841.8%
Soybean oil 3 12.9+1.69
Camellia oil 3 10. 72,49
Sesame oil 3 11.1+2.59

a) Administration dose of PRZ was 2 mg/kg. b) Each
value represents the mean+S.E. ¢) p<0.01, significant
difference vs. agueous solution.
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Fig. 1. Time Courses of Blood Concentration of
PRZ after Oral Administration of 20 mg/kg
PRZ as Aqueous Solution, Sorbitan Trioleate
and Triolein Suspension

---@--—, aqueous solution; —O—, sorbitan trioleate
suspension; —/A—-, triolein suspension.
Each value represents the mean+S.E. of 5 rats.
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ng/ml) ZRLU7c. DEOHKIL PRZ OV res vt )i ve— F BEERSCHESERHTH- . PRZ D
VAEXRY YU FUv=— RO VI U1 v BEBER 5 KT 5 area under the blood concentration-time
curve (AUC) 13 PRZ OREW G D LA 6 5RO S fEofmu R L. & OfERi1x PRZ o RERAHE
% OISR L —FK LT

4al, PRZ o RRER PR %% 182 PRZ OB R T HEREF OBHFICOCTHE Lic. £ ORE,
PRZ OWILE 1 fli 7 v =2 — v D ESEREE = A 7 v (Table IT), HLB 2% 11 DUF DB B = 2 7 LRI
A 4 v REEWF] (Table T), ROEMIEEE NV 7Y 5 1 § (Table IV) Ot X vk I b A%
ALTC.

F o, B pH % b fed it i1z NaHCOs, 5% B oA H 5 Wk AL Ee s F v— Al &
LT ® ethylendiaminetetraacetic acid I3RS R & R I 7nh - 1.

Muranushi 5 3B EAEWE C©H 5 Streptomycin RO EMEIBBECFDE , 7Y €51 F T
IORIEE S A &, 17 v a2 — AV ORBEIREE=A 7T AV ROESIREEE L ) 7Y £ 7 1 ML OfFHD
B ERB LML, TOREBRBCOWT, TRMESEIRMBEOC0€ 7)) «7 1 Vo8 Ll
A LR BB A E D B Iod LHE LT A, i, Sakai B @RI D p-7 3 REBE XS0
BV rFv=F v VEONA A vIEREEEFZFIH LT, RIUREZIR AR D TR D, L ORI S
WHlo Ca2t [ ETH B Z xR IBNTAB. Zh b i Lot {ba o RERC W TELR Y
fToTnb L DIFIEFITH D, Balnl LM REREY R U ISR o,

LI o T, SEIEH HHVEI BbkDd 5 BB R Y U R X e g RIEERREO M 1T > TETH
5.
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