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Betamipron O BE#HMEEAER &  DYERAKF(2)

— Bt E) » DRE—
RIBEX - KPR - )RR RREE
=R A L B — A AT R RHRFELBMEDFRE

% B SEHN - ZREA - T
FERF R BB R AIH

xR W FRUAEYE, panipenem/betamipron ORI B 5 BHEEEIC S
T, B, FEERHE 7 )T 7> 28RBS L U stopflow RERIC L VR LUTORE LB
7z,

1) Panipenem (PAPM) # &il#5 L 72 5nE 27 ) 75> 2 (CLr) I3, REKHEBE
(GFR) » 1 ~1.56& %/~ L 72, PAPM o CLr i3, B & betamipron (BP) » &igic & N 1%
T L72%% probenecid % iodopyracet % L 72K & s L T/ h o 72,

2) KEB % BB~ F + > @ N,-methylnicotinamide (NMN) = tetraethylammonium
(TEA) i3, PAPM O CLriciI L A E B eh - 12,

3) EEKEIZEITS BP D CLr i GFR D% 2 ~ 3fZ %R, probenecid D#AREIC &
> TERICIEKT L7z, £72, probenecid ® CLr 4 BPic & » TIETFL 72,

4) Stop-flow REIC & % &, PAPM BEMRMEMEICA X ) v icd22) 75> 2k
T# 2 ~2.508BK% L OFWHENT7a—r8—> %2R, BP DRMLE (50mg/kgiv.) I= & -
TIZELICIHIE N7z,

5) PAPM B U B-7 7 9 1R IMAK 2 RRICHEEE (50mg/kg) L 72 & X hEhie &
R et % BYERERE T IS L ) RSB L 72, RI&% BP # K5 LTy, PAPM O
THOEYEE T A — 712 L TLEIE A LN b > 72, —F, cephaloridine (CER) %
cephalexin (CEX) Tix, BP O#HIC & » THHEHEEEH (kex) 72T AEELIET 4R L
A

Key words . Panipenem, Betamipron, & 7 ) 7 7 > X:REk, Stop-flow B, AT =+

v EA R

B A 2 LR B A& A panipenem/betami-
pron (PAPM/BP) i3, ¥ & T % % panipenem
(PAPM) ¢ BHMBRIER2E T8 T =4 >
% H# %) betamipron (BP ; N-X> VA L-8-T 7
=) ENFEREAHITH b, BiRTIZ, BP OHEM
RERXRRICBU 2 BHBBITHE L BEHEE L OBEL S
REFL 72V ZokEER, BPiz PAPM # i3 L & ce-
phaloridine (CER) *° imipenem (IPM) k5 7% 8
-7 7 % LERIER O BN~ DEEBE L EY A A
2BIRBYICHIRI L, IEALRME DM 2 IS
ET LI EHNHALD E L 520D,

A®TIZ, PAPM OBEMHBITLE BHEEICHNT S
BP DHtRMROBED &5, RRICEIT 2 PAPM B &
UBPOBSMEIF S 7 ) 75> 2R84 6 2
stop-flow REkIC & D RRETL 7,

. EBRMHELUHZE

1. EBREWS & REE &4

HAOBMEEERE (KE2.5~3.1ke) # ARER
B (BE) LOBAL, 2 BREEEE~BIL R
HRBERICHL 2, SEME, FiR23+1°C, BE
55+ 5%, FHI TR L4 TR CREIN-HEY
ZRTEI Y —ICANRTHEB L2, 20, BFS

T 140 HEHARAR I XLAT 1-2-58
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# (CR-3, BAZV7T) %# 1815028 52, KiEik#%H
HICIERE €7z,

2. HEREAB L UANE

PAPM #5-#130.375W/ v %N 4 X ) > (FIkH
¥) »FUCABAEKICARGEER (EREOTKBE,
0.7mg/ml) L, EBICHT 2 Z kL7, BP (KK
1bER) #5-#1350~60C THHET0.5NKEILF + 1) 7
LBHUC TI0B IR L, £BAEKTHREARL C
v, EEMB 7 )T 7 RRBTIE, CERBL U
cephalexin (CEX) (\Ww§#1d 3 7<) 2 PAPM o3
BEH L L TH ., ZOMORAKIZT T LR
¥, BEmik 7o~ 777 4 — (HPLC) &% #HHIC
Bk 7ot 7778 (FEM3K) 2RV,

3. B7UT 7 2ARE

BHROFERM 7 )T 7> ZRBREICEL TIT- 729,
Ny boLE ¥ — )L (20mg/ke, i.v.) THREEL 7280
MBI ZEhUIRE L, AABEEIERS L VEATBR
BoR)IF LB T—TLEEALRRLS,
AW/ v%er = b—NEEUCEBREKTFEHIRAIC
HEL, REXVB L Z0.5ml/minic% 3 & 5 IcEAR
ErBEALRL . REFLEL - HEBRER
(PAPM, BP, probenecid) # &Ik L ) AR S
L, Sl& B EMRBOFREAZIT-> 2, EHIRS5%
5HLCII0B LN, —ERBI L2 4~ 5B AR
RLU, ERROPESICKBENRAY T—T L L DRl
FITWE 7V T 72 (CLr) 8L URKKIEBR
(GFR) % fI5E L 7= (3HERH) . R\» TR LK 5Eic Table
1iZ/RL 72fFH3% (Blockade) % AfiL 727%, FEHEIC
4~58EnCLr 2HIZEL 72 (RB#), KRBT

Table 1. Loading and maintenance doses of drugs used
for constant renal clearance test in rabbit

Loading Mainte:
Compound € hance

(mg/kg) (mg/min)

Panipenem 2.5 0.56
Monitored Betamipron 2.5 0.64
Probenecid 5 0.40
Betamipron (for panipenem) 40 8.8
(for probenecid) 30 6.4
Probenecid (for panipenem) 90 1.7
(for betamipron) 40 2.0
Blockade p-Aminohippurate 90 1.7
Iodopyracet 200 15
N-methylnicotinamide 10 0.24
Tetraethylammonium 40 0.80
Cilastatin 10 0.92

%, B ICRADSHEZIEL 72, gL b
2R R D MEEFIBE L FRpHEHHEE » FRIRRICRIZE L,
BERERHIEFHICIHRT 5 Z & #HEZ L 72 (Wash-out
) GERB E L TRtz T nFnoe g 7))
T7ARBEL T, nHFBEIHERAD S5 ~101F
TR LHICHE (AMEBIUHRR) 28
L7z (Table 1),

PAPM ® 7 ) 7 7 > RRBRIZ DOV T, ERP D5
& % B5 ¢ 72 121M 3-(N-morpholino) propanesul-
fonic acid (MOPS, pH 7.0) #hnz 72 REBERNIZK
WTFTHRRL7z, BIUHARICE 2EBRIIAS A ED
2PILL EDARRICDOWTATY, WTFRDERIZHBNWT
LEBM A LN Z EH S EEIE Y 1 ERIC DWW T
Rz,

FERHE 7 )T 7 AR (BRSEAR) T,
FERORBEZHL KR (1B3KL) HFHKL D 4
X 1) > (3.75mg/min) ¥ F&EAL, PAPM, CER &
JUCEX (W d50me/ke) % FNFNEMD B3
E& BP L A% S L7z, EHFRE# 2MBE T
mE e R BEFRL, EHBELREL 72,

4. Stop-flow RKE

KRIZ2WW/ VI = b— N2 BUEBRAEKE
AL CERNRKEE T 2L, FED )T 5>
A RER L ERROBIETHERZES (PAPM, BP) ##&##%
EALZ, REZRERT HR159MB T3 B ARME
SURR%E TV, 71)—70— 2815 CLr 23k
2o TORREH T —T LEMF TRARDOFN*{=
L7, 6#Ic#FEAL, BT 2RL—E&
(0.2~0.4ml) T 25205 ~ 40 54R B L 72, RO %
B9 % EATIC phenolsulfonphthalein # &3 L, #&
KEne—H—k L1, —%D PAPM NHEER TI,
BP (50mg/kg i.v.) #, F7: BP N»¥EE Tl probenecid
(30mg/kg i.v.) ZBIE L 72D HIIT- 72,

5. i

1) PAPM

mIEREHE, EBNOA S /=N /T b=} Y ILIEK
(1 1)%mz CRATCELCREAL, 20LE0
—#8% HPLCICHEALEEL 2. RiZ, 5 mM ) ~ &
B (pH 7.4) 12 T10~2005Ic &R, REEcES
L7z HPLC &% LITIZRL 72,

%7 4 - YMC-PAK A-312 ODS (6 ¢ x150mm,

LA E2E)
B #h# . CH,CN/CH;OH/CH,COONH, (pH 5)/
PICB; (1 :6 :92: 1)

# i :1.5ml/min
¥ H UV 290nm
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B FE:0.01 AUFS A7 4 YMC-PAK A-312 ODS (6 ¢ X150mm,
2) BP LA b2E)

BHON L FEKAR P OEEEICEL TRIEL 72, # &4 . CH,CN/H,0/CH,COOH (20:80 : 1)
3) Probenecid F & 1.2ml/min
0.5mNEBKE AN RBREICMmMEED 5\ ITR & UV 240nm

(0.1ml), PNERREXE flurbiprofen (10xg/ml, 0.1ml) B B :0.01 AUFS

B L 02N 15E (0.2m]) 2JEXRMZ, 3mlH~X> £ T 5) CEX

L7z, Mg, FHFRRE LR HPLCHIC L > TEEL
MOSRBREICHEBBLSE]L, EXAMRT CERERE 7o

BL7 RNT, YTV A D—FN&EH(0.2ml) 6) 1X1)>

PHRMULTCER TS MBI, RicH Dische & DI #HL L TATV>, microplate T
(probenecid # FINT AT IN) # A8 /) —NVICHERL, BEELL,

Zn—E&MWM) HPLCiIck D E& L 7z, HPLCD %
H#LITFIRL 72,

# 7 4 . u-Bondapak C,s (4.6¢ X 250mm,
TP xri)
CH,CN/H,0/CH;COOH (55:45: 1)
1.5ml/min

# H UV 254nm

B R 0.02 AUFS

4) CER

mE, HRER (20%) NDZNZh0.2mlc S 8N N-
benzoyl-L-alanine (#4162, 100ug/ml, 10% + ) 7
o LVEEERKIER) # N2, ZIRTERLBREAL, 20k
HN—E% HPLCICEALE®RE L 72, HPLC » &%
#LUTICRL 7,

YES

BEtt
7

i.v. Dose
Central Ki Tissue
Compartment Ko Compartment
km
kex
Metabolite
Urine
Dose(a-Kz21) _,, , Dose(Kz1-8)
I Cp= ° e
Plasma conc. : Cp Velap Ve(ah)
Urinary excretion rate: &e_z%l;gsg {(a-Kzl)e"" + (Kzrﬂ)e'u.}

6. Y EREIRT

PAPM, CER 8 X U CEX DI EERBE 7Y T 7>
ZARB LN Bon- AP BES L CIRP SR ORE
MY Fig. LICRT 2-a>/,v— b A FEFRLICE
N GBI L 72, & TIDICIIIERIER/NN_F 70/
74 MULTP 2R, T— I NEAIZHEREREAL
L7z,

BP & probenecid #FIC & 2 ZERYEER /T £
— DB, t -REICL ) B 5L NEEE
DEELREL 72,

Kiz, K21 : Inter-compartment transfer rate constants
kex : Urinary excretion rate constant
km : Non-renal elimination rate constant
Ve : Volume of distribution
u. 8 . Hybrid rate constants

Fig. 1. Pharmacokinetic model for simultaneous analysis of the renal handling of 4-lactam antibiotics in rabbit
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II. #& 2

1. B 7 )T 7 ZARB

PAPM 0RIty 7 ) 7 5 > 2 REROBM % Fig. 2,
Fig.3 8 & F Table 2ic/R L 72, #FE & L T0.56
pg/min DEETHHFT LI LI LY, EERETYH
20ug/mlD MR IBE # /R L 72, PAPM #% Bijh i
(*E#) » CLr i3, GFR 0 1 ~1.5FnfEIcHL L 7>
(Fig. 2B); KWW TH U EKICBP # A M & L
PAPM D155 B4 T 2 R B o S EA £ Bith (R
BH#l) L7z 25, PAPM o i#EhiB R 13 o REAIC H
RTHLRIZE LR L7z, —7, RepPEttEEIC 123
EAEEA B LN h -2 (Fig. 2A), = HUTfEW
PAPM o CLr i3 xtBHIN80%Ic = THEEICIETL 72
(Table 2), 7 =74 > 5k E#] probenicid (Fig. 3
A) % iodopyracet (Fig. 3B) ##fFH L 72 & X2 b,
RS T mEERIRE D FR 7 & Oz R kit R
BEDETH A L 71255 CLr &b #E A3, BP # 43
RAlL7ztxEN L k&7 (Table 2),

L2Lad» 6, BLEHET =4 > Dp-
aminohippurate (PAH) Mf#H Tlx, PAPM o m#f
FRESCERSHED L TH2IZTILT 5 L Do, R
LDEFFEEFRH LN H - 72 (Fig. 3C, Table 2),

— %, H#¥ # F + > » N,-methylnicotinamide
(NMN, Fig. 3D) ® tetraethylammonium
(TEA, Fig. 3E) 25 T4, PAPM @ CLr iz
I EAEHE L eh > 72, $72, dehydropeptidase-
I (DHP-1) BLE/EM » & 5 cilastatin (Fig. 3F)
i3, BRI L > TPAPM oOR#HFHEZ NS 72 1M
HPRE L RPPEEE S TR LML, LaL
Lhh, BEOENMDIT)HE L WizHIC, REBEO
CLr i3 &4z RL 7 (Table 2),

BP Z#BEK| » L TIT- 2 EHKIEICBIT B 7))
T 7 2ARBOBMEE Fig. 4 1R L 72, MBEAC BT
% BP o CLr i3, #25ml/min T# "), GFR®» 2 ~ 3
AL L 72,

KRICBIT 5 BP niEEAZKSRIIMOERSY

BICHANTEC, BB AL L THET 52,

€T, BP K53 RAE D b DEEBIE 20 5 WA
Lo THREE N TV Z L AR I N7z,

[Elkkic, probenecid » 7 ) 75 > 2 REBD KK %
Fig.52/R L 72, Probenecid iZ, PAPM * k~NTEH
RAEHE(, £ BP LIZRL N £ I3 TRBRIL
R 2 T, S LAY %o TRPICHEE S
N5, REKD CLr 13 B 58 T GFR
DA/10 L ENEZRL 72, LA L%Ahs, BP #4+H
T LICE ) RPPEMEEAE LITETL, R
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Fig. 2. Renal clearance test of panipenem
before and after treatment of betamipron in rabbit

A. Plasma level (@) and urinary excretion rate ((__])
B. Clearance ratio of betamipron to GFR

ICBIFTBGFR b DIz 1 ~ 2% %R L7,

PAPM o4 #4i3 probenecid D HFHIZ £ - T5E4IC
HRIZ N2 L0YE LT, PAPM 0 EHtitBiENnER
B 7% PRI % Kb 72 (Fig. 6), PAPM D RME D &
DT WEE, REMEKEBD62%, F72, RENTOFEI
WE (BB 2R#LET) 331%TH - 72,

2. Stop-flow RE

KR BT 5 PAPM o stop-flow R B o) i &% %
Fig. 7ic/rL 7z, PAPM I3 GFR i T2 7)) 75>
AELTH2 ~2.50BKE L O0WEN70—¢
f—>r%mR_L7 (Fig. 7kE). j#&iT-72PAH» 7o
—XF = (T— 7 HEE) LRRE~>—H—DHRBL
EH SHB LT, PAPM % #ABHYIC 5 Wt 2 ER4713,
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(ug/ml) (mg/min) (ug/ml) (M/(I)nisn)
50 A 10.5 D 50 D 10. D
: RO 104 %
~ 40_ 10. - ~— r B o
8 & g ~
= g o g
© S ® .2
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O 90t \4\_ 40.2 » O 201 1 o
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f } f I } -1
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) T 1 Ll
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r } } I } =
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F T 1 I )
(g/ml) lodopyacet 200mg/ kg (mg/min) (rg/ml) TEA 40mg/kg (mg/min)
50( C 105 D Sor F 10.5
: . : - ;
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Fig. 3. Effect of some blockades on renal clearance of panipenem in rabbit
Blockade : A. Probenecid

. lodopyracet

. P-Aminohippurate (PAH)

. Ni-Methylnicotinamide (*7".7" 7 . T

. Tetraethylammonium (T™ o

. Cilastatin

mTmoOoOw
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Table 2. Steady state renal clearance of panipenem before and after
administration of some blockades in rabbit
Mean £ S.D. of 4 or 5 clearance periods
Compound Renal clearance (ml/min) Statistical
Monitored Blockade Control Test significance
Betamipron 9.9+ 0.8 8.1+£0.7 p<0.01 |
Probenecid 16.2 + 2.2 9.0+ 2.3 p<0.01 |
p-Aminohippuric acid  20.8 *+ 4.4 18.5+ 2.5 n.s.*
Panipenem Todopyracet 19.9 £ 2.2 13.3£1.0 p<0.01 |
N-methylnicotinamide  17.5 + 1.5 16.7+ 1.4 n.s.
Tetraethylammonium 10,7+ 1.4 9.0+ 2.1 n.s.
Cilastatin 11.9+ 0.2 15.4 £ 0.2 p<0.01 1
Betamipron  Probenecid 28.5+1.7 6.5+ 0.3 p<0.01 |
Probenecid Betamipron 1.30+£0.34 0.12+0 05 p<0.01 |
* ! Significant difference was not found at the risk of probability of 5%.
(zg/ml) (ug/ml) (1g/min)
100F o 501 1100
o (ug/min) D g
-~ 80F 71000 © 2 4ot 18 <
s K} g &
) = =
£ e0f 1750 & s 30F / \\/ 160 2
5 kil b= I
8 1 = [V Q
=} o Q »
S 40t 4500 £ 20t 140 &
Q &) >
« b %
& < g g
& 20F 1250 & @ 10f 12 =
o > f =l
oL, . [t )
0 20 40 60 80 120 0 0 20 40 60 80 100 120 0
min min
4.0
9 o
& 3.0 5
g ‘\// P
c o 0.1f
I =
2 3
© o
1.0}
00 = — T T . — — oL 1 " L L L )
0 20 40 60 80 100 120 min 0 20 40 60 8 100 120
____ Control N Test , | Control N Test | min
T _r Bean | r T 1
L Saline IF’robenecid 2m/min' | Saline \ Betamipron 6.4 mg/min
¥ ™ - s 1
Probenecid 50mg/kg Betamipron 30me/ke
Fig. 4. Renal clearance test of betamipron before and Fig. 5. Renal clearance test of probenecid before and
after treatment of probenecid in rabbit after treatment of betamipron in rabbit
A. Plasma level (@) and urinary excretion rate ((__]) A. Plasma level (@) and urinary excretion rate (__])

B. Clearance ratio of betamipron to GFR B. Clearance ratio of probenecid to GFR
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Renal Artery 58% Cp=20ug/ml
100%
Glomerular Filtration
2% Tubular Secretion
26%
Reabsorption and/or Metabolism
13%
Renal Vein
‘ 45%
Excretion
55%
Fig. 6. Quantitative renal handling of panipenem in rabbit
Panipenem Panipenem after treatment
£ of betamipron
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Fig. 7. Stop-flow concentration patterns for panipenem before (left panel) and after (right panel) treatment of betamipron

IERLRME D b~ L OREICEL ST THELNE
Bpnr, —%4, BP (50mg/kg i.v.) #MEL 7214
BT 21T7- 72 & = A, PAPM Bijhss TA L7245
We— 2713 TELICEEL, 20T 7y AT
1 &% -7 (Fig. 7H),

BP o stop-flow KX B& » X & % Fig. 8 IR L 72,
PAPM & B WEND 7 0 —r¢F —> IR L 725,
E—2iBlTa4x)rEen )T 7 AR5 UL
& 7% - 72 (Fig. 84), %7z, probenecid NAETLEIC &
S THWE— 7 I3METF L72h%, PAPM ¢ 3R % N T2

LHKICIZES % h - 72 (Fig. 84),

3. EERH )T 7> RRBR

PAPM 5 L ~F CER, CEX % Hft5, & 5 \Wii%
B BP s HAES (50mg/kg i.v.) L7z & s Rk
MHEE % Fig. 91, MmifrhilEHRS & D RIEHEITIC &
N K12 EYRER T A — ¥ % Table 3icRL 72
PAPM Ti%, BP 2L TL o/ v5 21— 21
LZEALIZ & S N » 72 k%, 1 i il T AR
(AUC) i3+ a@Em%mRL 72,

—7%, CER & CEX ##5 L 724841243, BPic & »
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° * Betainipron Betamipron after treatment
5 of probenecid
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Fig. 8. Stop-flow concentration patterns for betamipron before (left panel) and after (right panel) treatment of probenecid

Table 3. Pharmacokinetic parameters of panipenem and S-lactam antibiotics in rabbits

Antibiotics Betamipron K12 Kzl kex km Vs AUC Ae(e)
(hr71) (hr™") (hr71) (hr7')  (ml/kg) (ug-hr/ml) (% dose)
- 4.81 4.36 3.16 3.05 308 84.6 51.5
+ 0.63 0.66 0.22 0.55 49 8.0 5.6
Panipenem
+ 4.78 3.82 3.60 2.88 250 109.4 55.7
+ 0.45 0.20 0.32 0.33 25 10.2 4.0
- 7.27 5.93 3.03 1.26 388 91.0 74.2
+ 3.4 2.99 0.03 0.62 58 2.0 12.4
Cephaloridine
+ 6.74 7.32 1.43** 2.19 371 103.7 39.6
+ 3.22 3.31 0.28 0.46 112 12.1 3.9
- 7.87 6.91 7.90 0.76 240 79.1 91.4
+ 1.45 1.16 0.84 0.25 62 7.7 2.5
Cephalexin
+ 5.40 5.92 4.76"° 0.81 230 106.1 85.7
+1.95 2.04 0.34 0.41 39 11.7 7.3

Vdg : volume of distribution during 8 phase
AUC ! Area under the plasma concentration-time curve from 0 to infinity
Ae (o) : Amount of unchanged antibiotics excreted into urine in infinite time
(Statistical significance>
* [ p<0.05
** 1 p<0.01
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Urinary Excretion Rate (%dose/hr)

Urinary Excretion Rate (%dose/hr)
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Fig.9. Urinary excretion rate after intravenous administrations of antibiotics alone (@) and
concomitant betamipron (O) in rabbit
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TEHHEE (kex) »HRICET L2, CER Ti&

R BRI (Ae (00)) DIETHEA, CEX Tt AUC

DMMBERH A L NI2H, BEERZALN LD T2,
1. * -3

BRLEBRL TS 121 20F 703, BN
So TR DEBBELATLIZ EFMLNTV 5,
T, EWreHTEOWEBRRICIZ, KEL( AT
THREKEE, REFICBIT27WsE L UBERND 3
DOBENEFEL, BRE L TRPpHIREZI N
LW RE, BY o/ L et EENIC BT 2
NEYE LBEEDITCHR L 5FHk, ¥ % b b pharmaco-
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NEPHROPROTECTIVE EFFECT AND ITS MECHANISM OF
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Renal excretion mechanisms of panipenem (PAPM) and betamipron (BP) in rabbit were investigat-
ed by clearance techniques #z vivo. The renal clearance (CLr) of PAPM under steady state exhibited
1 to 1.5-fold of glomerular filtration rate (GFR) and significantly decreased by the concomitant dose
of BP. Similar decrement of CLr was found after treatment of some organic anions, probenecid or
iodopyracet, but not p-aminohippuric acid. Organic cations such as N,-methylnicotinamide and
tetraethylammonium did not affect on the renal excretion of PAPM. BP and probenecid remarkably
inhibited their CLr each other. Stop-flow analysis confirmed that both PAPM and BP were
predominately secreted from renal proximal tubule. Concomitant intravenous dose of BP decreased
the urinary excretion rate constant of cephaloridine (CER) and cephalexin (CEX) without any change
of other pharmacokinetic parameters.



