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a7 3/ #% & a-aminobenzylpenicillind % b 5 ampicillin (ABPC) &, BRRIZEH &
NTVWAHAEMED—>Th 3, LAL, £IOF5 Tldbicavailability DEWZ & APEI5 N TWw 34

Bioavailability@x#F D ik & LT, SAIESHI R CLEIHERD DIz Kilah 5,

{baiEsi e U Cid, leadf bt B NI HHMERIDIZ 212, BEWICES IZEILT 5 o &8 5 1886
B EATE SR, TOUMMLIEHIC L 2E Y% prodrugé KA TS

7 3/ BAlpenicillin¥ & Ufcephalospobrina) bioavailability Dik#E % HAEY & L T % D prodrugft
BB,

SEYO WAL ERIVC ST 2tk & LT, SEMAEETH 5, Purich? 5ickhid, 73/ BA
B -5 7 5 KEWE O pH-5E profile 13 pH6 L) ETn-octanol 12 &< SET 3 EHESN TV S,

oz 5, TI/EBEMEWMEDT I REAHERMIEHT 2SItk o THEEEREL
prodrugll OWTHETT 52 L1270

7 3 ) ROCFRERIIZIE, amide, Shiff base& (FenamineZ &2 E X 5115,

Dane® 513, ABPC# &7 3 /=12 phenylglycine K¥iD 7 3 / ##% 8 -dicarbonyl (L& Tk
#1, ABPC Na®enamineiB#fk4#thiifke L THTWA IV HEL TZDOMHEE 2HANTVE W,

2E Yo (L1273 /£ %5 HT 5 ABPC, amoxicillin (AMPC), & Ufcephalexin (CEX) % Bi¥
e LT, ZDenamine prodrugk &ML, LKRERIZ D0 TEWRAIZOME £1T% - 70
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Enamine % 8 -dicarbonyl D#E¥EIZ & > T=EZ21245 8L 72 (Scheme 1) o FFE(EAD enaminet#ith 12
2WTIE, NMR UVIRIXA <7 bV THERRL, TLCIZk 3 Rfff, RmfE KX Menamine D KAHKFIZ
B BLEM HEE L 2, '

Three Types of Enamine Derivatives of ABPC

-?H—CO- —?H—CO— —?H—CO—
_9/N\H 'SF/N\H . ‘lf—\c/N\H
_C\Céo I,C\Céo \—’&\‘Céo

| o) ]
Type I Type II Type III
Scheme 1

Prodrugid, HEANTEL,IZIBREYICETT IVNEFH 3,

Z D enamineBEMAL, VTN LBEWIAHENINGIE T L 222, 2 0HEW~DOHETIZ
Type 1®acetylacetone & U'Type I, Type MOFHEKTIE, LR TIMAFRLIZS WEWRS
o e T R

LEYE, BIERV prodrugDFED 5% 2 TH-dicarbony ft&M L L TRGHLME LT bFFT
127 5T\ 3 ethyl acetoacetate (EtAA) ZH W/,

Table 112, B#EERIZAIV 72 ABPC Na, AMPC NakU'CEX Na® EtAAFEAEOME # R
LTh5,

Table 1. Properties of Enamine Derivatives of Antibiotics

Rf Rm* Apox. pH-Profile** Activation tg.gs***
log K_ Energy
(Aa) (B) (nm) (min ) (Kcal/mol) (min)
ABPC 0.23 0.0 0.28
ABPC EtAA 0.84 0.70 2.45 288 -0.773pH+3.720 10 69
AMPC 0.12 0.0 0.05
AMPC EtAA 0.80 0.53 1.53 285 -0.796pH+3.832 12 79
CEX 0.14 0.16 0.11
CEX EtAA 0.87 0.96 1.88 283 -0.640pH+2.582 18 98

Rf (A) : Acetone:acetic acid=96:4
(b) : Ethyl acetate:acetic acid=96:4
: The extrapolated Rm value was determined in a veronal buffer
with silica gel G as the solid support, and liquid paraffin
as the stationary phase.
: K ; Hydrolysis rate constant of the enamine moiety in phosphate
buffers of various pH's(u=0.15) at 25°.
Kk % : Phosphate buffer (pH=7.4,u=0.15), at 25°.

ZDTable TORME, RmE &Y, HibMElL 7 OBEWIHNRKBIIHREBEEIRTWEZ b2 S,
ZDZ L XELERNOKELRETZ8HDTH S, /-, enamineFE KTV THE Amax 285nm
POEIZHEWUVIRINE & 5, 20, ODEILA, 5 Wi h?DenamineZEEKY, —HERRIEEMREIC X 500

*
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KGRRT, BETIEEDL KSR ENZZ L Fbd ol TOKEHKIZplasma 2GIL TH,
ZOMAGBIEEENT, DUABTLEEMT IR0 o0, BEMINABREL LN
EHbh o7z,
ZDZEH5, KenamineFFEKIIBORTHESIIZNMAZET 52 L AFAEZL 6L, BOFREAIL
LT, RVBDESFCELV, EWE 1B 7L NVICDODHARmMIE 2V Y FTERIZFARS
Lo DR % Table JIZRT,

Table [I. Oral Administration of Antibiotics and Their Enamines

Peak Peak Bio- .
Level Time availavility Ratio
(ug/ml) (min) (%) pro/parent
ABPC Na 2.1+¥1.1 35 19.7+ 3.5

ABPC EtAA Na 3.4:1.1 30 36.4:12.1 1.8

AMPC 3H;Q 2.1+£0.5 50 26.8% 4.7
AMPC Na 5.5+0.7 30 43.4+ 4.4 1.6
AMPC EtAANa 5.320.9 45 60.0+ 2.1 2
CEX H,0 19.6%5.4 60 78.3%£10.3
CEX EtAA Na 19.0*3.6 150 98.6* 8.8 1.3
Dose : ABPC Na 15.0mg/kg ABPC EtAA Na 19.6mg/kg
AMPC 3H,0 15.0
AMPC Na 13.9 AMPC EtAA Na 19.3
CEX H,0 50.0 CEX EtAA Na 65.2

The value of pro/parent means the ratio of the
biocavailability of the prodrug to that of the

parent drug.

Each number represents the mean:SD for four rabbits.
Sodium amoxicillin(AMPC Na) was prepared as described
in the experimental section.

W N DenaminedBEIKk S 7 DFEMIZ e\ bioavailability 7% TW#E T 5 Z & HRH 5 17z,

LA»L, ABPC EtAA NaiZBEAO&EII1#5 D bioavailabilityld, ABPC O##IRNIR 512X T
#136%Tdh > 7z,

Enamineif# kL, WTFNLBROBEOZDIZERPIZIARGBLEZLDEEZ NS, LAY
2T, BOHEEV 4L S5pHAHIT.5% THIERBIXSOLPEL TR DLELLNS,
o EFI 5% 0 M BfiE ’

HLERPUIEES 3 3 REROMEE LT, SEMVEETH S, EBBRIIZOWTHERD Z
EFBESRTVSS

W7 7EDT v PEBRIGEEEL (kia/hr) & isopentyl acetatelZxtd 3 5EMEE (Pra) &
UHEER S (D) OBICRD &) 2MFRP S 2 L HRESNTWEY

n r s
2+ =0.1185 (+0.0883) log Piwa+0.058 (= 0.056) 6 0. 881 0.045
ka =0.000538 (20.00027) (PwraxD)+0.0106 (+0.0408) 6 0.965 0. 025

Ef@ipenicillin DERFRIUZ DV TIRET L, MAERE —REMBIR T A (AUC) R Ui hiReE
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1 2 3
Timé , hr
Fig. 1 - Blood level of ABPC in rabbits following the rectal
administration of ABPC EtAA Na at a dose of 19.6
mg/kg suspended in witepsol H-15(-@-), liquid
paraffin -white petrolatum( ® ), or sgualane-white
petrolatum(-A-). The results of oral administration
of ABPC Na to rabbits are also presented(-0-).

Concn. of ABPC in Blood,ug/ml

Table III - Rectal Administration of Antibiotics and
Their Enamines

Bio-

Peak Level Peak Time availability Ratio

Vehicle (vg/ml) (min) (%) pr/po
[ ABPC EtAA Na ]

W H-15 13.2+3.7 10 45.9% 9.3

Mig 14.7+1.5 10 58.0% 7.6 2.9

LP-WP 10.1+2.3 10 63.8+11.3 3.

S-WP 8.6+3.7 20 85.0%+ 9.5 4.3
{ AMPC EtAA Na ]

W H-15 7.2%£2.2 10 29.7+ 8.1 1.1

LP-WP 10.3*4.8 10 62.1%217.7 2.3
[ CEX EtAA Na ]

W H-15 8.6*0.3 60 34.0%

LP-WP 14.0%£2.1 50 63.2+ 4.2 0.8
[ TAPC HC1 ]

LP-WP 2.3+0.8 50 36.2+ 6.0 1.8
{ IPABPC K ]

LP-WP 0.5+x0.1 30 3.5% 1.3 0.2

Vehicle : W H-15 ; Witepsol H-15 , Mig ; Migryol 812
LP-WP ; 1/2 Liquid Paraffin + 1/2 White
Petrolatum , S-WP ; 1/2 Squalane + 1/2 White

Petrolatum.

Dose : ABPC EtAA Na 19.6 mg/kg, TAPC HCl1 20.8 mg/kg
AMPC EtAA Na 19.3 IPABPC K 17.3
CEX EtAA Na 65.2

Rp : PC;0.1g + Vehicle;0.9g, CEP;0.2g + Vehicle;0.8g

The value of pr/po means the ratio of the bioavailability
of the prodrug after rectal administration to that of the
parent drug after oral administration.

Each number represents the meanzSD for four rabbits.
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(Cmax) & log P” (n-octanol 12444 3 53Eif%ER) L OEICKDMEN S22 E Hbbh ol

n S

r
log AUC=0.972 (£0.3365) log P+0.147 (%0.8189) 5 0.9936 0. 063
log Cmax=0.772 (£ 0.0385) log P—0.780 (= 0.094) 5 0.9998 0. 007

ZORH» 5 log PHL.5LTF TH 3 ABPC (log P=1.35), AMPC (0.87), RUCEX (0.65) I3,
EEDSRINENBENZ LA TFRITE 3, Zh5EYOD enamineFFEEKDERREOER L Fig. 1 &
X U Table MIZFHT,

Fig. 11213, ABPC EtAA Na®ZMEHAIC X 3 EBIREBROFNEFH IR Th5, ABPC
Nald, WTFhoOEATLBNE N LA -72DT, HED2HABPC Na OEOH5%R O MAPERE %
RU7Z. £7, Table MIZRFTINL, &K enamineiFEIKDEIFIZEH Dbioavailabilityld, £ DH
EHORORE LD ELERTWEZEFMbA 572, CEX EtAA NaTl¥, 2 0BEMFIEOHRET
ICIBIENE 20850, WThOERTHLERVWEIES N, LFIOFEAKIL L Ttriglyceride®
EBRALARERZORB F RV, penicillin®d B -5 7 & LB A triglyceride ROEAI TIIINAF R &
NPTV EAES N TV S D TLIFOEE TIX liquid paraffine-white petrolatum® 1 @ 1 €S
WE R,

ABFPLFIZ DN THRET L 72, ERIPEYRE P a0, F AR5 RA D% VWiE, bioavailabi-

1 ABPC Na 0
T v v " IMixed
5.0 ABPC EtAA Nal (-o-)
— B+ g——o—0*A
E~10 T =
- 4_
310 Fo) « g
o \Y -d
Q 5]
S o 3 O
M -
g 4 ‘}‘~
o B '
o SH & S 2F !
a |2 % P c
< e 3]
A ERY
S TR N\ - NN °
g .
o . o 0 A i I 1
§ o 1 2 3 0 5 1015 20
Time , hr ABPC EtAA Na,mg/kg(-O-)
Fig. 2 - (a):;Blood level of ABPC in rabbits following rectal
administration of ABPC EtAA Na(A) (-e-), a .mixture

of 1/2 ABPC EtAA Na and 1/2 ABPC Na(B) (-O-), or

1/2 ABPC EtAA Na(G)( ® ) at a dose equivalent to 15
mg/kg of ABPC Na. :

(b) ;Relationship between the values of AUC and the
mixing ratio of the two antibiotics or the fraction
of ABPC EtAA Na mixed in the preparation.

(~0~) : The dose-AUC profiles of ABPC EtAA Na alone.
(-@-) : The mixing ratio-AUC profiles for concomitant
administration of the two antibiotics. The points
represented by A, B, and C in (a) correspond to the
values of AUC obtained from the corresponding blood
levels in (a).
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litvhAgEashaZtdbrore X, ABPC EtAA Nak ABPC Na%B&#H5 L R, K
RIX = v ABPC NadERBIEIN%Z ABPC EtAA Na@#d 3 Z &2 bh o7,

Fig.2 (a) ®XIT—e—I3ABPC EtAA Na (A) 5% D MAERERMHEHRETHD, 01X 2D
YR (C) OMAMETH 2, LiL, AFENEH%VSEDABPC Nak 80D ABPC EtAA
Na & PERI#5 (B) +5 %, 18ROABPC EtAA NatFURREOAUCHE SN,

Z® (A) (B) (C% Fig. 2 (b) O THEET 3 & (B) (C) M AUCHZH ABPC EtAA Nalz kY
IR & 1 7= ABPC Na®DWRIUZHRT 2L D TH 5,

= DIBESEF O mechanism i3 # T~ 5 75, ABPC EtAA Nak CERN T8Ik s h T
EM T 3EAAPERL TW A2 e A bhol,

4%—

~
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= o
9l0re 2 30
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Fig. 3(a) - Effect of PG EtAA Na or EtAA on the rectal
absorption of ABPC Na in rabbits. Rectal |
administration :..g.-; ABPC EtAA Na(l0 w/w%),
-@- ; ABPC Na(l10 w/w$%)+PG EtAA Na(l0 w/w%),
-O- ; ABPC Na(l0 w/w%)+EtAA(5 w/w%) in liguid
paraffin-white petrolatum base(50:50,w/w).
Oral administration :--p--; ABPC Na in hard
gelatin capsule. Dose : equivalent to 15 mg
/kg of ABPC Na. 0.196 g/kg of suppository
for ABPC E4AA Na. Each point represents the
mean value for five rabbits. The coefficient
of variation of each point is less than 24%.

Fig. 3(b) - Effect of PG EtAA Na or EtAA on the rectal
absorption of CET Na in rabbits.
-®- ; CET Na(20 w/w%)+PG EtAA Na(lo0 w/w%)
-0- ; CET Na(20 w/w%)+EtAA (5 w/w%) '
in liquid paraffin-white petrolatum base
(50:50 w/w). Dose : 50 mg/kg of CET Na.
0.25 g/kg of suppository for CET Na.
Each point represents the mean value for
five rabbits. The coefficient of vari-
ation of each point is less than 30%.
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o BRI EA| (Rectal Absorption Promoter) DA%

LROBERL SRIUTEAIE LTT I /B enamine FEIEE AWK L, WEWE DEBBRIN RIE
THEIZOVWTRETL 72,

B -dicarbony{t A#OFEMIZ LV 7 3 / B enamine % Type 1, [, McHET 224 Tx 3

(Scheme 1), Fi4EE & L T cephalothin Na (CET Na) #fWwW/, 7 I /M enamine FE kD
BRI R 2 L 5X72& 25, Type I, T, &0 & Type I DA RIVEEDREI K E N
EHbhol, ZZTHEMAELT, 7I/BEL TIZEIZABPCOHEIEETH 3 phenylglycine Na

(PG Na) 2w, f-dicarbonylita#e L T EtAA% w7 (PG EtAA Na),

Fig.3 (a) 7R+ & 5 1ZABPC EtAA Nak, ABPC Nalz EtAA %4 L7 & 00 Mrhiss
5eAERUTHY, ABPC NallPG EtAA Na#EE#5 L /-4 DT EtAARA D MHIBRE I
B ->Tw3,

LA2L, Fig.3 (b)#%®+ X 5I12CET NaTi2PG EtAA Na#fEA#H5 L7527 EtAARS £
DY, KIBICRIRAMEEL TWBZ P bhd, 2O EIXT I/ #E2ET5ABPC Nald#AIHT
EtAAL R L ABPC EtAA Na24EMULAZE %277, LAaL, 7I/7EE2L-TEWAALKIGL
ZWCET Nad#aild, EtAAZEFRFICED A MEEAOBE A DB WA, Zhi7 3/ Ben-
amine FEKIZT 5 2 L 12k > THAPADIRYALPED L, BRIVEERDRIKEL B2 5D
ol

Pk, 73 /®enamineld 7 I /&% -2 WEY), SUEMHTE 2 WEYIIH L THEBRIXZ
{RET 22 bhol,

PG EtAA NaOEMRRIEERIR & FHMD log P” & DREf% & Fig. 4 R¥,

PG EtAA NapEBRIUEEZIRIEL, KEEOREVEMIML TEIVRELSS5bNEZ LN
nh ol
® DRUTARAE AN O 1E M

AR & h 2 WEMOERBRIR 2 MEET 5 Hiks LT, REEERIOHMPLFX L — SHOPH D
wEshTWw3Y ‘

7 3/ BenamineDRMIBAH 2HEL 727, REEHRNEEE2L - TwEWZ & bhol,

F* L — MEEIZBIL TldacetylacetoneZ2 D F L — MEIZ DWW T EL OD|EN H B 7TI /B
enamine D¥ L — FREAWEIEL 727, WThLBELRBE LU/ T VEBHLSOX L - MR L D2 2D
bl

ZhSEERIDOREMERIZ, FL— FEICBRHRLTVWELDEEZ S,

Na citrate. EDTA 2Nali b4 T# 34 ABPC NaDBBRRIR 4T T 2 2L Abh o, L
2L, Ca-EDTA 2Naz[BULBFRHS L1225, ZOMREDIRIIESEERTIZENbA -7,
FL<, PG EtAAIZCa™ 2+ ITFML 2 D TH Z DREEZIRIZID L 72 (Fig.5)

PG EtAA Nali, EEZELL2IEBT 25, 20BBTHEADEEA + >~ (Ca*t, Mg*™)
LR trapl, JEREE, F &L Tpore2ZE 133D EELI TS, Fig. 6 ¥ R"T X II12Z2nBEKT
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Fig. 4 - Relations between bioavailability following rectal
administration of antibiotics with PG EtAA Na in
rabbits and their octanol-water partitioning
properties(log P).

Dose : 0.15 g/kg of suppository for penicillin.

0.25 g/kg of suppository for cephalosporin.
Each antibiotic was suspended in liquid paraffin-
white petrolatum base(50:50,w/w) at a concentration
of 10 w/w% for penicillins or 20 w/w% for cephalo-
sporins in the presence of 10 w/w% of PG EtAA Na.
Each point represents the mean value for five rabbits.
The coefficient of variation of each point is less
than 22%.
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Concn. of ABPC in Blood,ug/ml

:“ O\O
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Time, hr

Fig. 5 - Blood level of ABPC in rabbits following ractal
administration of ABPC Na at a dose of 15 mg/kg
in the presence PG EtAA Na(l10%) (—~e-), PG EtAA-

Ca-EDTA 2Na{5%) (--0--) suspended in liquid
paraffin-white petrolatum,

Each dose was 0.15 g/kg of suppository.
Each point represents the mean for four rabbits.

BERGIE %3583 2 ABPC EtAA NaTl3, CaCl,, & %W IiMgCl, #10%%M L T & BRI ZE(L A
FHLE5NZV, UL»L, ABPC EtAA NadIRIUBEEERIZCa* 2T 22 & 12k - TiH%kT 3
ZeHFbrolr,
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Fig. 6 - (a);Blood level of ABPC in rabbits following

rectal administration of ABPC EtAA Na(-e—),

a mixture of 1/2ABPC EtAA Na and 1/2ABPC Na
(—0=), or 1/2ABPC EtAA Na(-@--) at a dose
equivalent to 15 mg/kg of ABPC Na .
(b);Blood level of ABPC in rabbits following
rectal administration of ABPC EtAA Na(-®-),

a mixture of 1/2ABPC EtAA Na and 1/2ABPC Na
(-o—), or 1/2ABPC EtAA Na(--@--) in the presence
of 10% CaCl? suspended in luquid paraffin-
white petrdlatum at a dose equivalent to

15 mg/kg of ABPC Na )

Each dose was 0.15 g/kg of suppository.r )
Each point represents the mean for four rabbits.

10 9

Concn. of CET in Blood,ug/ml

e
v

s
0 / “

Time , hr

Fig. 7 - Blood level of CET in rabbits following rectal
administration of CET Na at a dose of 50 mg/kg
in the presence of PG EtAA Na(l10%) (-e~) oOr PG
EtAA-Catt complex(10%) (-e--) suspended in 1%
methyl cellulose agqueous solution
Each dose was 0.25 g/kg of solution.

Each point represents the mean for four rabbits.

Ca ™ RINZ & - TRBEMEY O LFEA » 5 OIS EL & > 722517 enamine FEIKD(EEIE
KL L L ELLND, SO L EHED BB, KICEMIZCET NaFVEANC I MM A5
RIfTbN B 1 %A ENL LT — ZKEREFREB IS LA (Fig.7) T2 THREL Cat e ¥
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L— b L7PG -EtAAREtAA TIMEEMR V2 HE T2 L bbb o7,

FEHOERBBIIZ I & FTER D S O EEKOKE, EBRANWRIIKT 388, LUEEM %
XECT 5 log P, Rm%Z KOOI BERE LR T L LTELLNS,

ZIT, FEAHLOBREIE, BROBBICEVZE sh S, EEGBMEIZEL T3 7 I/ Benamine
REFRIVTHLHBETEIEBT I bd o7,

FYRIR DYIERRIREEE L E 2 5 h KRB MR OB BRI Ca T A EELB AL TV A
ZEHFELENT WA

7 3/ Benamineld ZhBHEFEIBRNENBZZE»5, BAOEEA A YL — 2D 32
EHEZENB,

—%, KEMDOIEEIZHVWEDTA 2Naz FOF L — FAIZZ N BHIEFRA SIS h Wiz,
FERDGEA 4 v e FL— b a2 DK 32 L AHEL 2 DIRIUEERSRLITFTUEOELEZ 513,

ZECBR E N 3 EOERREZER S U T, BREMEM LA (simple diffusion) 124k THE
BB EET 28K -(transcelh;]ar route) LIFMZAKEMES A HERARIFE (tight junction) DK D
WNIZRE TR X N 3428 (paracellular route) #H 3T L ALLESNT WS (solvent drag
mechanism),

7 3/ #enamine F5EA N log PO/PMXVEMIIA L TOHRPUEEER 2R T 2 & » 5, enamine
FHEAEOERIMIZEIC tight junctionildH 33 DE #2515, EnamineiB#E A0 L — MERIC
Lo TCaA * v BESNtightiZff =N T/~ mucous layerHloosellz Y, KDFENIZHFEL TK
BHERMOBEGBRISER L 2D EZ SN 5,

¥ B

a-fLi27 I/ BEET SMEWED enamineFFRIE 2R L, 2 DR CEMERFVRRET 21T
Lolo

EnamineiB{fIZ§ 2 2 & 12k- T, MEAMIIABIZSEI N, ZOEMIFT7 VA ) ERFT
BRETH 5%, BUEKERPTIEELIIIMAGH SN, E-T, ZOHSERKE L TE, &0
SV LEBREFTE L wEEZLSN S, ZDenamineiFEBIIFE LKL, X, EBEIEKLTEA
ErwZrkdbholk,

PLE, SEME D enamineiSE (KL bioavailability D BICEFRHZ—EZEEZLON S,

KIZ, 73/ BEOenamine BB KIS KIAEEMOERB TN ZIEET 2 Z & b ho 7,

ZORERNL, TI/EELLLVEDIL AR TERD log. PARVEERRIKENZ LA
birolz, ZDEEMIE, FEEHICLZE0TIEEL, BHESCBETIEB/ A 0FL—

FREICHIRT 3L DTHAILEZLTWVWS, 2OZ EIE, Ca™ ™ Mg* 4 EDHRIMNT & - TREER

FRALT 22 6FEIRENT,
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BHENF DD, RBXIIT I/BEL-7 75 LEWMED T I /R I VRRAL L TEOKE
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