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dium ZEEREARCIE 1:1 OFBRTHEIh D,

€77 P AR VRHEDEDO REEIERER, %
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1. 2 B & #

B F\ 7= imipenem 35 X O cilastatin sodium i
KE Merck #TBARIh, RithbitsIhicboT
»bY, Th¥h Fig.1 Illﬁ?‘i‘fl:”#"%i‘nf%ﬁ?boﬁ&%
Rolw AV iEE, BHEE, 7YV
7 — A AME, e bIEK BHEERERTEOLOE
AL,

1. #HiEwmaE

Cephalothin sodium (CET, » 7V v, HF#HX),
Cefoxitin sodium (CFX, =—%vv, BEAVIK
%), Benzylpenicillin potassium (PcG, f&&~=v)"7
G»Vva (EAl #HAEHIEK), Ceftizoxime sodium
(CZX, =#+Y v, HERIEKR), Piperacilin sodium
(PIPC, ~v + >V v, ZL{k2), Latamoxef sodium
(LMOX, v#-—~V v, $EHz%MNIK), Cefoperazone so-
dium (CPZ, ©7 4R35 v, BUL¥)o

2. HEBEABIVTT7C a2V

Bovine 7-globulin(BGG, Miles Laboratories), Bo-
vine serum albumin(BSA, Miles Laboratories), Com-
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Fig.1 Chemical structure of imipenem and cilastatin sodium

MK-0787 COOH MK-0791
N x S—CHz— CHz—NH—CH=NH-H:0 M NH: H
Hj_:ﬁ g s X
i N

HO—C = 75/ >=/\/\/ COOH
PH ﬁ 0. COONa

CHs

Molecular formula® C12H17N304S-H20
Molecular weight : 317.36

plete Freund’s adjuvant(CFA, ¥ = v), KE{L7 L
s =w a5 (alum, Levine 5 DOJFEPIZHE - TEED,

3. 77— AAMER L OBENBLE
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i, ERREKLO 3HMELHER), HDMmFE (417 —
o
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4 £ 0% e b ORME (MAREBEBHLER] © ~-2Y ¥
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=% 2 (C3H/HeNCrj %, i, 6.8, 4%E 23.4~
21.0g, AKX Fy—ARA-Y,<=), F, + (Sprague
Dawley %, H, 5~7 JB#e, (A% 201~254g, HA 7 v
7), ®NEy b (Hartley 5%, H, 3~5 B, HE
206~388g, MBI, vv¥ (HEXHESE, #, 24 &
B, &E 2.86~3.42kg, JtiiS ~<R),

LEBMIBAK—ELET (BRE 22+2°C, #Hx0E
B S5+10%, MREIRERT : PR 7 BE~F8 7 B T—BM
DERE LIc 0 bERIEE LT,

II. £ B 5 X%

1. Cilastatin sodium o % EREM Dt

D) #fhks O O

Cilastatin sodium » BSA » &R & LTHEAL,
0.9% EBRMIKICHEM L C TR ORE ORI ES L
o

Cilastatin sodium 0.2, 2, 20mg/ml
BSA 0.2 mg/ml

RIEL, cilastatin sodium ZERBREYE LT R
RRELTAVR, RWC, ThEho Bls SB0
CFA ¢ emulsion % fEBI L, 1BE7EDELE  biT 1
ELh Iml R REER T X OWHE TSRS Lic,
2 BREB B RZE & R UHE—CFA 0 emulsion 1 ml
ZETS XOBRNICGEINES Lo SRkAED 7 B
RETDELE,H b L ORI X DIRM L, 48EL
ROFERTS £ T —30°C THERSF Lic,

) EBNEERS

Molecular formula: CisH2sN20sSNa
Molecular weight : 380.43

TRAE% 9 B HOBMIZ OV TE i L, Cilasta-
tin sodium % X 78 BSA »EEHE L LTHEAL, 0.9
% EBAEECTLOBREXFHE L,

Cilastatin sodium 0.2, 2, 20 mg/ml
BSA 0.02, 0.2, 2mg/ml
ThEhORIZEYIC 50 pl ORBHIEER LD
BELT0.9% ABRIEKY BRE L ERCEARS
Lico KERIGOBZRITEAES 3, 24 3 LU 48 K]
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o
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— : D=0
+ : 0<DL5
H:5<D£10
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B. 24 XU 48 BRI CORBRIG
RFOHEI
— BRI
+ P BVREK
H: BEERES Bon e RR
H: FE, BED L IERY S Bk

3) EEHNEEMTI7 417XV -RIG

kBB E 14 B B 0BT TER L, Cilasta-
tin sodium 3 XY BSA 2F&EHAFE L LTHEAL, Th
Fh 1mg/ml 35 X0 0.1mg/ml DRETO0.9% £HA
EXRCHER Lico ThEhORBECRBIREARD
1ml ¥ OERCES L, EHK 15 SR TRO7 77 4
5% v —ERVBET 5 D fmEE L,

7F7 4 7Fv—ER: BB B, BEH FRE
B, < Lo&k, HER, B Bl I0RT

ThENOBY TREI NI b DIER O FF
RO X 51T -1

0 : MR

I:1~3 fERR (BfE)
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T : 4~6 Bk (FEE)

I : 7HERLED LRTEE (B

4) 3R EBIHMEE 77 4 7% v (PCA)

Rt

Cilastatin sodium 35 X 0% BSA ¥ EFRHMF & LTEM
L, #h#h 4mg/ml & 2mg/ml OWEET0.9% 4
BHEAC B LT, ThERORERY 72> b8 I
50 pl HIEH €= 5 b ORRE LCEHICBEPESH LT
FAESS 3 B5MIE, 10mg o Evans blue &F% &
EREARD 0.5ml #KERBIRFICES Lico T
EEBEHE 30 S THROKTEE LY, FREELER
DRHIZ L > THELALFBHMOAE IXRET 7D
B L, FEMOREEOTHE 5 mm Ll EERT
LORBEL Lic, EEREHVBIETH > BER, &F
2 ERRATIORBPMELFE L, ki PCA RAB
wIT o 1o BRERBERIG 2R TRHRIE OB BT
FxFoMmED PCA ik L, ThFholgd PCA
itz b 2 EDEHE L, PERERLTIT-
bty

2. Imipenem-EQ{ESWHESH ST 5 ~TT v
& RIEFMZE T R DR

D 5i4EYE (77 )-BEA”KEHORR

Levine 605 z# U BSA #7:(3 BGG 100 mg
% imipenem, CET, PcG, CFX oZrhFhsErlt
1:1,000 T 0.9% 4% &K 10ml wHFEML, 1IN
NaOH T pH10.5~11. 5 12#E4% L7eAat b, ERIZTT 90
PHERICE €1,  ORIGE P D KEDORHEK Y K
ELT, 1B4CITTHITL, UEkED M/15 ) v
t&E &¥EK (PBS, pH7.0) #fA\T, 3 HEME 4°C
THENZT, RECOTAEHERHRE Lico fER LA
HAEME-EEFBEMIERS L LEBEZSERE L
T 4°C RTHEARE TRE L, 2TCoNENE—&
BfEEME Th T hDEAEEY micro-Kjeldahl gz
THRIE Lico (FH LA E-EAKBAWD 5B PcG-
FEEZEEHTOVWTER 1 F4 bH D benzylpenicilloyl
(BPO) BEDFHEASH % penamaldate B¥ 12 X h R L
fok %, BSA 3 XU BGG 1 HFieo¥x FhFh 36
fE& 39 D BPO EEMNFEA LTI,

2) ~77v8BRY IgE BHEAICOWT

(1) sEHEs X OME ORI

RBEIEHTNZ N 10 LD~ Y ARDWTET -t
fIEHE & LT imipenem-BGG # 4 4, CET-BGG
f5&%, PcG-BGG #&13 L1 CFX-BGG 4%
A, ThEhZEAELE LT 40 ug/ml BECKD L5
2 M/I5PBS i Lic, ShbLHIAEME-BGG e
W¥wck Levine 5 OJ5E 88 UCTHRE L7 16 mg/ml

RO alum & 1:1(/v) Dgﬂﬁ?ﬁﬁb, Thig
Ry e LT 0.5ml/animal FEHMERMIcirE L, ol
#Hi Lo ZRBBI—REHED 30 BRITLhEhR
—HROR—ARER—ER TRETH Lk g,
oo MBII—RBHEE 9, 20, 28 &IV 37 RRAKS
BHEAEMIRE X 0 EME CTH 2004 o5,

11,000rpm, 520 UCHE /8 L, &E2)
AR L7 fifg % 50 pl F07 — A L, SRR,
T —30°C TTRE L,

(2) 48 B5R PCA I

R~y A NDEBL 7-riiEY 0.9% £EAEK
T2fERR 77— IIFE L L, TOFROBzowT
0.9% ABAEKT2HERBPRIIEZIED, %0 504 %
BELKCT v P EMOEPICHES L, 48 B, 10
mg ® Evans blue &% &L ERFEBKD 0.5
T BHEIRACES Ui, BRAFEBRIARIEL LT
AW AEYE - BERERAYOBRAEEOLNELLA
£4H BSA #&%) 2mg EA/ml © PBS BEvA
oo B BRESE 30 45 THRIDEKTEE LY, FHK
BrEEORHICX » TAE ULLFAMOKE IXAET
B HIE Lic, FREDORERDOTFHE Smm )
EERTLORBME L, BREABERICERTHRD
BEORERRIEEY =07 — iy o PCA {fi (IgE
BHUAT) & Lico Fhtho PCA KA &b
2IEDF » FEERLTRE Lo

3) ~77vERM 1gG Mtk L L MORENE
& DRFFHIR R RKIGHEC DT

(1) ®REFHES IOHUmEOFH

RIBIERFTRERATED Y HFROWTIToko &
ZHE & L T imipenem-BSA %44y, CET-BSA &
&%), PcG-BSA #5443 X U8 CFX-BSA #aH%R
Vv, ThFhERRE LT 10mg/ml BELHHIK
0.9% ABAKKCER LI, hbo HEHE-BA
EAMBI L SR D CFA T emulsion ®fFBL, oh
% emulsion % 2 ml/animal %338 1 [A 6 B, KTs&
VAR B S Uk, MBI AEE&EE 1,62,
34 3 XU° 49 B BICEABIRE DRI L, EOABRE
M8l S LcsimEERTsET —00K
Tﬁ%ﬁ"ﬁ Lf:.o

(2) WRERE (EREE)

FEEED —1, 6, 20, 34 % LU 49 B BEHRL
FHMEC S TRE Lz, ThEROHMED 28
Rk 4% 7 5 €7 = MBI TLEY, £ OHRAMARN
100 ¢l %+EADNRBRE (AE 3mm, £ Bom)
CEALE. %\WT, lmg EA/ml 0 HEAFEE
(B & B AR D 2 Rie 5 HAME-BCC KE
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Table 1 Active skin reaction in guinea pigs immunized with cilastatin sodium
S— . Challenge Active skin reaction after challenge injection
dose e o dose 3hrv 24 hr? 48 hr¥
animais . .
(mg/animal, s.c.) (pg/fsite, 1d) [ 4+ 44+ 444 = 4+ o+ 44— 4+ 444
P
0 3 0 0 013 0 0 013 0 0 0
10 3 0 0 013 0 0 013 0 0 0
0 3 100 3 0 0 0/3 0 0 0|3 0 0 ©
1000 3 0 0 013 0 0 013 0 0 0
0 7 0 0 07 0 0 017 0 0 0
10 7 0 0 0|7 0 0 017 0 0 0
0.1 7 100 7 o o ol7 o0 o0 0|7 0 0 0
1000 7 0 0 017 0 0 017 0 0 0
0 7 0 0 07 0 0 07 0 0 0
10 7 0 0 017 0 0 017 0 0 0
! 7 100 7 o o 0|7 o0 0o 0|7 0 0 0
1000 7 0 0 0|4 3 0 0|6 1 0 0
0 7 0 0 017 0 0 07 0 0 0
7 10 7 0 0 0|7 0 0 017 0 0 0
10 100 7 0 0 012 5 0 017 0 0 0
1000 7 0 0 010 2 5 010 6 1 0

a) In skin reaction at 3 hours :
Diameter of edema with erythema or hemorrhage (D : mm)

b) In skin‘reaction at 24 and 48 hours :

Severity of redness

—:D=0 —  No reaction
+:0<D=5 + : Faint redness
++ : 5<D=10 + + : Clear redness with induration
+++ :10<D + + + : Redness with edema, induration or
necrosis
Table 2 Active skin reaction in guinea pigs immunized with BSA
Immunizing No. of Challenge Active skin reaction after challenge injection
dose s dose 3hr? 24 he® 48 hr?
(ug/animal;sc.) (ugfsite, id) [ 1 44 4ii] = 4+ 44 44—+ 4 44t
0 3 0 0 013 0 0 013 0 0 0
0 3 1 3 0 0 013 0 0 013 0 0 0
10 3 0 0 013 0 0 0|3 0 0 0
100 3 0 0 013 0 0 0|3 0 0 0
0 7 0 0 07 0 0 017 0 0 0
100 7 1 0 0 2 510 5 2 01 4 2 0
10 0 0 0 710 0 3 410 0 5 2
100 0 0 0 710 0 0 710 0 0 7

a) In skin reaction at 3 hours :
Diameter of edema with erythema or hemorrhage (D : mm)

+:0<Ds5
++ ! 5<D=10

+++ :10<D

" EEWE LT E0 2 EBRIERREKY 0.16 M PBS
(?H 19 TEBL, ZhooRFAREBRLH 100 4l
TORRRED 2 SERRYIME Ll EE L, B
BHER, 302, 1R X0 2 BREERECO

WRER O A BREE L,
TR I hIEAH,

b) In skin reaction at 24 and 48 hours :

Severity
+
++
+4+

of redness

. No reaction
: Faint redness

Clear redness with induration
Redness with edema, induration or

necrosis

RE LT, TR OREIT 30
1 BRI H, 2RI+ 2L,

ERBE — & Lico BREUREER & 3 MPWURBR D
R RUR B 0 W0k & DHUMIE O VLR & L7co
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(3) 3R PCA RJ&

BELIELE, b O FHEAC 0.9% EEREK
T 3 ERERR L &4HmE (49 B BREUAME) &
LURHBOES Y+ FMiEE 50 pl IS Lo ERE
4 3 BEfI4%ic 10 mg @ Evans blue A k% SUERIT
BED 0.5ml ABEMIRPICIES Lo BEIRER
BEERE L LTRVW AN BE—EA/ADOBEE
BORM RS HAEME-BGG 4% 2mg &EB/ml D
PBS BRI\ oo By BRI 30 SR HRIMETE
2L®, HEEYHEL, EENEERETECLS
BHEEHOA X IXHE L, PCA RIEOHES X
¢ PCA ffiozkE iz Eakd 48 B PCA KUt & RERIC
fFoteo ThERD PCA RIGIIA T ED 2D E N
£, MREHLTRE L

(4) EEURERIG

1mg BA/ml oFRIF (RENRLEFERDOA
MRS HEHE-BGG 541) BWEx 0.16M PBS
TOERERERL, 0 0.5ml % 0.9% £BAEKT
SRR LIimE (49 H BiRELME) 0.5ml hn
%, 37°C, 2BEf1 v¥2~<X—1t L, Bk 4°C T488
FIEE Lico 2%, ORI W BilbEZ kS L
7= PBS T3 ML B L, HEHFOEEAEEY BGG
PERME L LT Lowry EOHE- TRIE Lico

(5) EEURE~7T7 VHEIERE

FROEERRERIGICR W TELh e RIGHEN ST
hzeho 2 #HEFREnECY L THREGREOBRXER
0.5 LrERNE GiEWHE-BGG %41 DERE
BPHRE Lo &RWT, 0.16 M PBS ¢ 200mM D4

WEBRLERL, OBRRYRRE LT 050 ¢
20 2 ERERTRIIZIF D, ZORRRI fing
0.25ml #inx, 37°C, 2WMM v+ 2 X~ 11, 4
vF L N—vg vi&%h?&hoﬁﬂ%mw%ﬁm
BE¥SUVRERK 0.5ml ik, LUEERRBRLE
RBEOFECURELREYE Lic, &ifkentsy
EWBEHREORIRICHEOBRER BT 510k, 1k
Rit#% 50% BHIET 57 ET B EHARED mM
Pox AMAEWBE X A BB S - BRI Hgs s
RKdtco

) RREWNEE7Z -2 ARR

AR GraLNick H DTN » THT o1z, ~n
Yy B e b 0 BifiEE 2,500rpm 2T 15 SR04
B 7o, IMER% 0.16 M PBS T3 EELEEMEL, 0.16
M PBS T 2% MEREFERE Lico £ 1ml 120.9%
AEAEKCERE LicE 4 DRED imipenem, cilasta-
tin sodium ¥ XOHEYORAERE 1ml 2L,
37°C T2 AM v o X— b L%, 0.16 MPBS T3
B LS % T, BE 0.16M PBS T 2 mX#
B E Lico £ OMIMRFHER 0.5ml ERLRMLYA
#Ljcm#E 0.5ml Zinx, 37°C T2RfEA V¥~
b Ltmo £ vV o= g V%, MFR%Y 0.16 MPBS T
4EREL%E L, 0.16 M PBS T 2% MERE#EKEL
foo T DB 2 TG 7 — & AN 2 Wk i, B
E iz 1,000rpm 12T 1 AREL L, AREYER)
oAt b MERGEEE DO % PIRENCRE Lico HIRRER
DR DI 0.9% £ AKKY iV TAROBERT L
Paik R & B LCH S IEE YRS 0RI -4

Table 3 Active systemic anaphylaxis (ASA) reactions in guinea pigs immunized with either

cilastatin sodium or BSA

Immunizing antigen ASA reactions
4 D No. of Challenge antigen General evaluation of symptoms

Compoun 0se animals

(mg/animal, s.c.) Compound Dose 0 1 I m

(mg/animal, i.cardi.)

3 Saline 1 ml/animal 3 0 0 0

Cilastatin 0.1 7 Cilastatin 1 7 0 0 0

sodium 1 7 sodium 1 7 0 0 0

10 7 1 7 0 0 0

BSA 0.1 7 BSA 0.1 0 0 1 6

Symptom : A; licking or rubbing nose, B;ruffling fur, C; weakness or diminished tone,
D dyspnea, E;sneezing or coughing, F;retching, G ;convulsion, H ; prostration,

and I; death

General evaluation of symptoms observed in each animal is as follows :

0 : asymptom

I >one to 3 symptoms (a mild case)

II : four to 6 symptoms (a moderate case)
II 2 more than 7 symptoms or death (a serious case)
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Table 4 Detection of specific IgG-type antibodies in sera of guinea pigs
immunized with either cilastatin sodium or BSA
Immunizing antigen Challenge antigen
Compound Dose Compound Dose Mean PCA titers?
(mg/animal, s.c.) (mg/animal, i.v.)
Cilastatin 0.1 Cilastatin 2 <1
sodium 1 sodium 2 <1
10 2 <1
BSA 0.1 BSA 1 4.096

1) The figure indicates mean PCA titer of 7 sera.
PCA titer : Reciprocal of the highest serum dilution giving a positive skin

reaction in 3 hr-homologous passive cutaneous anaphylaxis (PCA).

Table 5

Forty-eight hour-passive cutaneous anaphylaxis (PCA) in rats with

pooled sera of immunized mice

Immunizing antigen

PCA titer®

Challenge antigen ) . ..
Day after primary immunization

(Conjugate) (Conjugate)
-1 9 20 28 37
Imipenem-BGG Imipenem-BSA <2 <2 <2 <2 4
CET-BGG CET-BSA <2 8 16 16 16
PcG-BGG PcG-BSA <2 128 64 32 64
CFX-BGG CFX-BSA <2 64 64 64 128

a) PCA titer was expressed as the reciprocal of the highest dilution of serum

given positive reaction.

b) Seven days after the secondary immunization
Fifty ul of serum of each immunized mouse was pooled in each group.

ARG E Utco BBMEXNRE LCIXIIDMEE % AL,
20 10 EABRREKTRRK Y L oK b 2D
BAE 2% MIRTFER L, UTREOBRELXTV2
—AARIERHER L1,

. £ 8 ® &

1. Cilastatin sodium O4EEM OKT

D) EBYEERIG

Cilastatin sodium 7¢ & 00 BSA C&ELI-ELE v
MERT BEBMEB RSO Table 1 X002
RRTZELTH B,

Cilastatin sodium @ 0.1, 1 % X0¢ 10 mg/animal ¢
RE LB cilastatin sodium %S L, EF
RIS R S r BRES 3 BEB OB RIS I
TRALEEBDIed »to L L, BRES 24 B
BRI L B - 1B EBRIE cilastatin so-
dium o 10 mg/animal THE L1=Bipo 7 b 5 Tic
RDbhIz, TORIGIE 24 BRI E OFH 48 BsRHE &
IVEETH -1

BSA T Licer ., M2 £TEHL BE, Wil
B ICEIED BB MBI Arthus KSR Lo

2 EBMLEMTF7 4 5% —KIE (Table 3)

Cilastatin sodium © 3 BETHE LK B Ov-Th
% cilastatin sodium OOEAESIC X > T2HET -
71 59F V—RIEERRIEN ST

BSA T&ELI-TEDEAE » MI4L T BSA 0L
HNEHBEOCERRLERT 77 4 55 v —RIEER
L7

3) 3R PCA G (Table 4)

Cilastatin sodium THELI-ELE, PHOLERL
FMERERAE L LT cilastatin sodium D5
HLTR AR PCA RIGERI e o1

BSA THIFELI-ELE, F HHELMER BSA T
RISERYT - cBEZERL PCA RIERX4E L, £DOFH
PCA ffiix 4,096 ThH 7o

2. Imipenem-BHEAYHRGHC KT 5 ~7TT v
¥ & SRR R R ORE

1) ~75 iR IgE B kEEIZ OV T

(1) ®EBofEilckT5 IgE Rk (PCA
D)

Imipenem-BGG #4149y, CET-BGG #44%, PcG-
BGG #4843 X U8 CFX-BGG A TRIELIC=Y A
Mh—kEEE 9, 20, 28 3} XU 37 H BTk LTH
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Fig.2 The time course of imipenem-specific anti-
body production in rabbits immunized with

imipenem-BSA conjugate

Arrows indicate immunization with ho-
Horizontal bars indicate
Challenge antigen : Im-

mologous antigen.
the mean titer.
ipenem-BGG conjugate
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7eIiiE OH imipenem, #i CET, #f PcG, #; CFX IgE
BiGiekili (PCA {Ii) % Table 5 i3 ZE< THB,

i imipenem HLfIE— K SRITE O FEEHIT I\ T 4 ¢
BHEhLho7ch, ZREFHT7HBIRESVTRE X
hico UL, #D PCA fijix 4 &> S5ENETH -1

#i CET Miffil—RA™HE 20 B CEBTIIH S
WML, PCA ffi 16 %R Uiz, LA L, Li#% PCA
BOLAIZED LAY, kB RBIcH LTS
Z¢¥, PCA {Hi3ZEH) Lich » 1o

Y PcG Hifkiz—)kR% 9 A Bic PCA {f 128 %5
L, LBEEIRET Lico ZRABEHIBIC X - T PCA {F
X EF L, PCA fii 64 %R Ltz

#l CFX b — )k A t% 9 B B it i\ CEEICRH X
h, L% 28 B H % CRBEOHMKM%HH L. —%
RERBICH LTERIIEELRL, —hGBEHE7HE
O PCA ffiit 128 Th -1,

2D 77 vREN 186G BEHEL L oRENE
& DAEBFIR IR DWT

(1) ~77 vKRH 1eG BEGELORS (BE
I & % W)

Fig.3 The time course of. CET-specific antibody
. production in rabbits immunized wity CET-
BSA conjugate -
_Arrows indicate immunization wity ho-
.mologous antigen. Horizontal bars indicate
‘the mean titer. Challenge antigen : CET-
BGG conjugate
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~
8 00
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%
ki
s ¢ 00 Animal # 7
s | o-——8 Animal #13
m O—-—a Animal #15
aF =———a Animal #19
0 ] 1 1 1
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Days after the primary immunization

Imipenem-BSA #&4%, CET-BSA ®Aa&H PG
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Fig.4 The time course of PcG-specific antibody
production in rabbits immunized with PcG-

BSA conjugate
Arrows indicate immunization with ho-

mologous antigen.
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Fig.5 The time course of CFX-specific antibody
production in rabbits immunized with CFX-

BSA conjugate
Arrows indicate immunization with ho-
mologous antigen. Horizontal bars indicate
the mean titer. Challenge antigen : CFX-

BGG conjugate
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WFhOHME b ThEFh o homologous feHifil & D
HlcERLHRGRIGEY R L, S£PMELIEHIL
CEL L e E B G AR % 7R Lic, Imipenem 1§
THHMEOULRERIGHRL CET, PcG % XU CFX
X3 B LI ES O YR RS BRI X TEL, FURE D
F[ORIGHEIREI NI, i, FHOBOUREROR
¥E#% 0.5 L35 homologous HEDEHIEEIL im-

Table 6 Three hour-passive cutaneous anaphylaxis (PCA) in guinea pigs with
the sera of immunized rabbits

Immumzx‘ng antigen Challenge antigen | No. of PCA titers® | Mean PCA titer
~ (Conjugate) (Conjugate) sera®
Imipenem-BSA Imipenem-BGG 4 37, 37, 37, 37 37
CET-BSA CET-BGG 4 37, 38, 3%, 38 377
PcG-BSA PcG-BGG 4 38, 33, 3% 3° 385
CFX-BSA CFX-BGG 4 3%, 3%, 39 3 3925

a) Sera tested were obtained at 14 days after the last immunization from rabbits
immunized 6 times at a 7 day interval.

b) PCA titers were expressed as the reciprocal of the highest dilution of sera
given positive reaction.
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Fig.6 Precipitation reaction of imipenem-BGG conjugate to sera of rabbits
immunized with imipenem-BSA conjugate

2001 O—=o0 Animal # 4
B-—--m Animal #5
O—-—0 Animal #11
o———o Animal #14
100

Precipitated protein(ug)

owi 1 |
1/512 1/256 1/128  1/64

| ] I L L
1/32 1/16 1/8 1/4 1/2

Dilution series of imipenem-BGG conjugate(lmg protein/ml)

Fig.7 Precipitation reaction of CET-BGG conjugate to sera of rabbits immunized

with CET-BSA conjugate
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BGG #5414 20.0~26. 3 pug/ml, CFX-BGG %44 20.8
~28.6 pg/ml TH o1,

DX 3 AN E-BSA Mg L HAEWE-BGG
S OERUMRIGE 50% BIET 5 i ic LB~
77 vEix Table 7 WRTZELTH B,

$1 imipenem-BSA iMfi#% & imipenem-BGG # 44
DIkRERIG (imipenem HURHIMAFR) % 50% FHiI-T %

~7F vEi} imipenem 2% 1. 1mM TH#EVHLE
*FL, hick L CET % X< CFX iz th¥h 362
f&& 41.5 %, PcG ok Tik 76 fsOXKEXE LR

CET HE$ith%R Tl CET »i3k\ fAILEE (0.2mM)
%R LA, PcG #1708 CFX & ¥ h £ h CET O
2.7 {5 5.0 fsD B2 T 50% FHIE %R Lio Imipenem
CRERC A L RARED 200mM i\ Th 0%
PRIER % kb5 & & 2RI - Ko

PcG MR I B % ~7 7 ORLERER PO
AL H L, T huckB LT CET i 5.0 ff, CFXE
9.0 &L EC 50% BAIL% R Lz, Imipenem @ 50%
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Fig.8 Precipitation reaction of PcG-BGG conjugate to sera of rabbits immunized

with PcG-BSA conjugate
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Fig.9 Precipitation reaction of CFX-BGG conjugate to sera of rabbits immunized

with CFX-BSA conjugate
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%%, # imipenem-BSA $i Il #& & #i CET-BSA #;
m¥DEhEho 7 — A HME > V> T imipenem,
CET, Cpz, CZX, LMOX, PIPC %75 v ELTE
BL, ©Bum 75 YBHEREY fTote chb
77 v imipenem % }¢¢ CET RRAGRCNTS

50% BHIEBEIX Table 8 IwmRTZ &L THhbB,

Imipenem HFEHGREY 0% I+ 2 ~75 v &
i, imipenem »%1.3mM THd @\ FHILEXE L, =
AU HB: LT CET, LMOX, CPZ, PIPC ¥ X1t CZX
XrhXh 65 % 66.9 £, 72.9 %, 102.6 f2k L O
138.5 fELA LD KBHFE LT,

CET fURHBRICKT 5K~ 77 » D 50% FHIEAER
CET 2 11.8 mM (5L, fio~7 7 T
BERBED 200mM 2k T 50% FHILER RT =
ENHE A,
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Table 7 Hapten concentrations required for 50% inhibition of quantitative precipitation reaction of
hapten-BGG conjugates with anti-hapten-BSA antisera

No. of Hapten(mM)
Antigen-Antibody System
ntigem-Antbody =ysie sera | Imipenem CET PcG CFX
Imipenem-BGG, Anti-imipenem-BSA 4 1.1+£0.5" | 39.8£9.1 137.4+£35.4 45.7+£9.9
antiserum
CET-BGG, Anti-CET-BSA antiserum 4 >200 9.2+3.9 24.8+9.5 46.4110.6
PcG-BGG, Anti-PcG-BSA antiserum 4 =200 96.2+25.4 19.1+5.2 | >171.3+28.7
CFX-BGG, Anti-CFX-BSA antiserum 4 >200 55.2+£9.4 | >200 20.5%+4.9

a) The mean = S.E.

Antisera used were obtained at 14 days after the last immunization from rabbits immunized

6 times at a 7 days interval.

Table 8 Hapten concentrations required for 50% inhibition of quantitative precipitation reaction of
hapten-BGG conjugates with anti-hapten-BSA antisera

Hapten(mM)
Antigen-Antibody System
- Imipenem CET CpPZ Czx LMOX PIPC
Imipenem-BGG, Anti-imipenem-BSA 1.3 84.5 94.8 >180.0 87.0 133.4
antiserum?’
CET-BGG, Anti-CET-BSA antiserum >200 11.8 >200 >200 >200 >200

a) Pooled anti-hapten-BSA antisera were used.

3) HBREWNEE -2 ARR

Imipenem @ 10 mg/ml LA F DEEE CHE LicmERiz
7 — A AMEE BHRICE R eh >, 20mg/ml O
imipenem THE L7cMIRO AT EERMER DE T
BIfRAc ML DA v 2~y v 5 vEOKEREP
BxA Ciclcd 20mg/ml BETD 7 — 2 ARIGOK
BB SIch -7 (Table 9), Cilastatin sodium %5 X
* imipenem & cilastatin sodium O CAE L1
RIARRCACCREGBA TBYERIGE RS 2 »
f= (Table 10, 11),

PDME TAE LcMERIZLTD 7 — A AW & Bk
RIE% R LT,

1v. # ®

Imipenem DHEFEMIZE L CTIXBFHRELSHEFROE
#1578 imipenem & CFA THEZE LI ELE, P
T, imipenem B TIXREERMNLIMTF 74 5%
—RIGZER L2 7h > 1A, imipenem-BGG &44
TRBERICEZD, Ficf@iiys S LTEkm
D PCA RISCBVTHEMOBELBTB GRE
o

ZZ T4\ b bt imipenem & cilastatin so-
dium DRFERBEBFHDO— L LT, cilastatin sodium
DHEBRME R LU imipenem D77 UMk 5 Ui
DHAEWA L DRBEFHIRRRICHEY R L, T
WHRAORBREN 7 — 2 ARRYER L1,

Cilastatin sodium % CFA [t k3 ERELTELE,

FE2E&E L, cilastatin sodium 12X 5 R 1gG B
NGENEEIRDENENCTOVTREAL, WXT, AL
BRI\ TRBIER R RIEA RBAET B R R
o
* Cilastatin sodium THFL #= ELEy PEWLT
cilastatin sodium ’E‘ﬁ[ﬁ,ﬁ@%ﬁofi)g%ﬁ7j-7
1 FFV—RIGBFERIRIh o1, LML, cilastatin
sodium % PSS 5 L RIS 24 3 XU 48 B
R AT AL Rtk b O ERRE R A 5 BV BR
IEPBEINT, & ORIGIE 3K B TR IRk
ez & X b, Arthus BIRME X bt LA BEREERE
TEWEE L bhB, L Ligath, Laboratorium fir
Pharmakologie und Toxikologie ¢ Leuscaner bR
BEOD cilastatin sodium # B CEEHT7 VAF¥-F
#ChE%® B % maximization test |23\~ T cilastatin so-
dium ZREFEHEEDD T GRER) L),
SER LR RGO ENFHEHLE L2 TR B
PRI\ T cilastatin sodium (34 @\ % CFA 0L
BT Valvik vs Z il HEZhH LR
5, cilastatin sodium PEEOFEHICEVTEERT
VAE— DRERE LTEI © LRz EA LRV ERL
bhdo %f, cilastatin sodium TH# Lk BHOM
BEx AW PCA Riticis\ T cilastatin sodium i
X35 1gG Wiz RE S high » o

IhbDZE XD, cilastatin sodium (XBHERERD
ONT BB B D SR & LCHBI & LIRIB LA LY
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Table 9 Direct Coombs’ reactions with human red blood cells
treated with imipenem

Anti-r-globulin serum
Drug concentration . -
(?12 /i) Subject Ortho Tokyo Standard | International
Diagnostics Inc. Serum Ltd. Reagents Co.
A —_ P —_
Vehicle B - - -
(0.9% Saline) C - - -
D — —_ —_—
A p— [ —
0.625 B _ _ ~
. c _ _ _
D, -— p— a—
A — p— u—
B p— p— —
1.25 c _ _ _
D p— — —_
A p— — p—
2.5 5 ~ B B
D — p— -
A — p— —
B p— pu— p—
5.0 c. _ _ _
D p— p— —
A . = B
10.0 C _ _ _
D — — —_
A ND ND ND
B ND ND ND
20.0 c ND ND ND
D ND ND ND
A + + +
Anti-D serum B + + +
(20X) c + + +
D + + +

Subjects : A=T.H., male 32 yr.,

B=S.1., male 40 yr,,

C=K.S,, female 21 yr., and D=T.M., female 18 yr.
Reactions : —=negative, +=slightly positive, and + =positive.

ND : not determined”

EEX %,

TeE BAGEL OV T RBVBD 77 v —T&
BESMY alum & & dicw v ABBMICEE T 5 2 &
RIb, b IgE BFHEACEN Lt 5 — V2
BHKDE L0 Levie 7 %13 Ub% < OBRER &
STREINTHY, HKESVRZ 0L 5 BT
BRMOAE R, ¥ IgE BfifkEE 0 B D1

DEHEATHS LR LT\ B,

APFRICSCTREL R~ 2 & LT BCG i LT

HEFRRZEEDOE\ C3H/He R=v A% H\, ~7
Fv—BHESIVT Y LEviNe 5 DHED TR
LT, 7AhV&ETTBGG LESIRLOPRE
PR E LTAV I, IgE BHAMOR E 2, =7 A0
IgE #HithH 1gG, BB LRILY 5 » F DRBITEIE
EEAEL, ~vAHMED PCA RIGLS » F AV
BEE IgE MFGOZMRIGEELTWB L)
Mora LR DWERFE-T, 48 BES » + PCA KIGIZ
X Y77 -BSA BEMEFRNFE L LTT- 70
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Table 10 Direct Coombs’ reactions with human red blood cells
treated with cilastatin sodium

Anti-r-globulin serum

Drug concentration

(mg/ml) Subject Ortho Tokyo Standard | International
Diagnostics Inc. Serum Ltd. Reagents Co.

A - — _
Vehicle B - - _
(0.9% Saline) C - - _
D - — _
A - - -
B — — -
0.625 c _ B B
D - — -
A - — —
B - - -

1.2
> C — — —
D - — -
A — — -
B - — -
2.5 p _ — B
D - - -
A - - —
B — — -
5.0 c B _ -
D - - -
A - - —-
B - - -
10.0 p _ " "
D - — -
A - - —
B - - -

20.0
0 C - — -
D - - -
A + + +
Anti-D serum B + + +
(20X) C + + +
D + + +

Subjects : A=T.H., male 32 yr., B=S.I., male 40 yr.,
C=KS., female 21 yr., and D=T.M.,, female 18 yr.
Reactions : —=negative, +=slightly positive, and + =positive.

EHB L LT 10 4g © imipenem-BGG &4 T~ v
ARBELICEZ A, —REFICI\TEH imipenem
IgE BHifFRL<{BEIRT, ZkEHFKiE U TH
imipenem IgE BH A DEENBD bRt IgE Bk
EEOBEXXRBIC B\ = CET-BGG #544, PcG-
BGG f5&% % L U CFX-BGG A AKEDES & K
TAE, ThoBONAENE-BGG HEAWTRIEZ L
7V AL~ REFCR TR T hF RO EYE T
5% IgE BhifheE4AL, —KkEBEC X - TH CFX,

# PcG Hifkix PCA {fio LR %R L1,

Lllkd X 51z, imipenem ¥EH LEALLHTTY
2y bEEbIE Y ARRE LTRELKR, fi i
ipenem-IgE B thDREENEM bR, LOREL
BEIMEOHENB DB ECHRTR D TH2T0 &
D& FIEIEE DERA imipenem D& & OREEHEK
BETD 0RO, 55\ EAREES L inipe
nem AFEE LTRBIND BORICEETIHO
MNIBREDLZATRETH B,
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Table 11 Direct Coombs’ reactions with human red blood cells treated with
imipenem/cilastatin sodium in combination

Anti-r-globulin serum

Drug concentration

(mg/ml) Subject Ortho Tokyo Standard | International

Diagnostics Inc. Serum Ltd. Reagents Co.
A - - _
Vehicle B - — _
(0.9% Saline) C - - _
D - - _
A - - _
B - - _
0.625/0.625 C _ B ~
D - - _
A - - _
- B - — _
1.25/1.25 C _ _ _
D - - _
A - - _
B - - _
2.5/2.5 c _ _ ~
D - - _
A - - _
5.0/5.0 B - - -
2.U/0. C _ _ _
D — — _
A - - _
B - — —
10.0/10.0 c _ _ ~
D - - _
A - - _
B - - _

20.0/20.0

c - - _
D - - —
A + + +
Anti-D serum B + + +
(20X) C + + +
D + + +

Subjects : A=T.H., male 32 yr., B=S.I., male 40 yr.,
C=K.S., female 21 yr., and D=T.M.,, female 18 yr.
Reactions : —=negative, *+ =slightly positive, and + =positive.

Imipenem & fli DHEWE & DRIFFEAIXIRIGHE D
BRFIE\T Levine 5 DFED IS ¥EHL U TIESL L7z~
77 v-BSA HEAMTYFE R L E L, FOMmMBYE
CTEBRC I ARG LU 242, M2 R T B
PCA RIGIC X h FhZhofiemBEe b+ 5 H R 1
IeG BHithoBFEX B L1z & 2 5, imipenem © IgG
BAGEL DR L OTIENE D 18G WHitk
EEOBEMIOKS L 12IEABETh 1o L L, EES
heth BhoRAEE x5 1gG B D FLAmIE

BicoTH b, ThENOPUMTEOFHIAROREX
HHERIEH BV L PCA oW hic s\ T CFX >
PcG>CET >imipenem DJEICE WMEX R L1, £ Z T,
BHRES 14 BECERLCHROEYAVTERE N
DHAEME DO REFNZIRICHERX BE Lic & T 5,

imipenem HEHARIISTIERILME 7T VIHIER
6T CET, CFX #5 X ¥ CPZ (% imipenem (T LS5\
FHIFEER = L, LMOX, PIPC, PcG 35 k¥ CZX I3FE
1288 PAIERE R R Lo CET, PcG 5 Xt CFX HiE
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RGRC T 5 EREEE 77 VEIERIETELERD
HEWE b5 RBERCIERG (homologous L
1/2.7~1/9.0, 7z#2L PcG @ CFX HEH AR TS
FEIE R D CHEV) B RT O K LT, imipenem
iR A EMHIEEY Rt - T, imipenem
RS EXRICHER LAY E & ORIV R RIS
BRIWE ENXRBR IR,

ZhbHmZ & X b, imipenem 2§ ABEEEEE L,
—EHR-ASIRVCERERED, (=) vibDY
7y rARY VRILAGHEIRXT VAT -2EL
B A ARF ARCEWTHS LEL DR,

R=v ) vEIVET » v ARY YREEWEOKE
BEIZ 7 — A ARGBE RS AR 2 BEEE
CHFRIED ENBEI N TR0, Lhigic,
EyeRtACARER AN OREYHR T H D
CREEBINTVLIRBRENERE 7 — 2 ARRY in-
ipenem 75 5 NIC cilastatin sodium O\ THT - 2o
ZTORE, MREIATD 34D 7 — s AMIETE A D
BE D imipenem, cilastatin sodium ¥ X O'FHES OB
TARE L 4 ZOBEAOMBRICKH LT 7 — s ARIGE
Bl & Ll oo, #€-C, imipenem ¥ XU
cilastatin sodium DOff BB ILERE OERERE I
THRMBMBECX LTRALEERES RV DEELD
b,
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STUDIES ON IMMUNOGENICITY OF IMIPENEM, A CARBAPENEV,
AND CILASTATIN SODIUM, A SPECIFIC COMPETITIVE
INHIBITOR OF DEHYDROPEPTIDASE-I

Em1 Maki, Masako Kupo and Takesur Yosuipa
Research Laboratories, Nippon Merck-Banyu Co., Ltd.

Immunogenicity of imipenem (MK-0787) and cilastatin sodium (MK-0791) was investigated using
various assays for in vivo and in vitro immunological reactions. No systemic anaphylactic reaction
was induced by injection of cilastatin sodium in animals immunized with this compound. In PCA
assay using immune sera, no IgG-type antibody directed against cilastatin sodium was detected. Weak
skin reactions with slight redness and induration was observed at 24 and 48 hours after the cutaneous
challenge of high concentrations of this compound.

IgE-type antibody production was induced by the immunization of C3H/He mice with the intra-
peritoneal injection of antibiotic-BGG conjugates together with AI(OH); gel. Although BGG con-
jugates of various f-lactam antibiotics have induced high titers of IgE-type antibodies, no detectable
antibody against imipenem was induced after the primary immunization with the compound. A low
titer of IgE-type antibody against this compound was detected only after the booster immunization.
Immunogenicity of imipenem and other antibiotics was further investigated by ring precipitin reac-
tion, PCA reaction, and quantitative precipitation reaction, using sera from rabbits immunized with
antibiotic-BSA conjugates in complete Freund’s adjuvant. The precipitating and skin-sensitizing
antibodies were produced against imipenem as well as other antibiotics, although the titers for imipe-
nem were significantly lower than those for other antibiotics. In hapten inhibition assay, the cross
reactivity of imipenem against antigen-antibody reactions with other antibiotics was very low, while
significant cross reactivity was detected among several f-lactam antibiotics tested. In the in vitro
direct Coombs’ test, imipenem, cilastatin sodium and imipenem/cilastatin sodium in combination have
not induced any positive reaction.

It is, therefore, concluded that the immunogenicity of either imipenem or cilastatin sodium is
relatively weak when compared to those of other antibiotics such as PcG, CFX, etc.



