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Pivampicillin D WZIT « et « B X OABHc BT 2 EEKRIGH

ZIN1 VI /I R TR TR = A N
H O OEE - B X 2K E
FA R SR S8 Lo
Pivampicillin X5 v ~—2 « VAP RFEFTICR Fig. 1 Structure of pivampicillin
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~ <~ ~-CH3
CH—C(_)—NH-(EH _ICH ClCHs

NHz-HCl oéc—N—-—CH-COOCHzOCOC (CHs)s

T, Aminobenzyl-penicillin (ABPC) ® 3 {iZiZ Pivaloyloxy-
methyl- 2 =X FNVRERIELRATH 5,

Pivampicillin B& bHE %2 b 28, ABPC & L+
LB NRB L B,

Pivampicillin % 42 & N T 1% 3 <° 2> IZ nonspecific esterase
DOER T X Y Pivampicillin & R % & 72 Ampicillin ® @—CH -CO—NH—CH—(l:}f S\C/Cl-h + (CHs)3C-COOH

Pivampicillin

nonspecific estérase

“CHs3
hydroxymethyl ester {2 /K43 fE & v, & 51, Ampicillin NHyHC ,C—N——CH~— COOCH;0H  Pivalic acid

LANMBT AT FIt HRS®T % (Fig. 1o

nonenzymic reaction

I BESBAEAORRMESH
y
SNERBEND Staphylococcus aureus 548k DPivam. ch-co-NH-CH—(I;H (f(gg: + H-CHO
picillin ¥ X Ul D2036ANCH+ B RZ BB E, HA NH:  C—N—CH-COOH
LRGSR I & ) BRI RAIREET, Heart Anpicillin

Table 1 Sensitivity distribution of Staph. aureus to pivampicillin in surgical field (54 strains)
MIC (mcg/ml)

<0.05| 0.1 0.2 | 0.4 ’ 0.8 ’ 1.56\ 3.13' 6.95| 12.5| 25 ’ 50 { 100 | >100
ABPC 2 3 1 7 8 5 1] 2 4| 2
PVPC 2 2 1 3 9 5 | 6 2 | u
AMPC 2 3 5 | 1 4 2 | 3 2 | 22
CER 3| 5 | 14 | 10 9 | 13
CET 1 1| 35 | 14 1 2
CEP 1 4| 23 | 1 1 1 1
CEZ 1| 14 | 1w 9 3 1 9
CEG 1 2 7 | 2 4 2 9
CEX 1 7 | 40 4 1 1
TC 1| 20 1 1 1 2 1| o
CP 39 | 6 9
SM 21 6 5 | 1 21
KM 6 | 22 | 13 4| 1 8
KDM 1 2 | 1 | 2 2 2 | 6
VSM 1 4 8 | 33 7
LVM 10| 16 | 17 | 4 7
GM 5 | 16 | 32 1
DKB 1 4 | 17 ] 19| 10 1 1 1
NM 3 | 12 21 10 2 | 7
cL 1| 53
NA 2 1| s
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infusion agar, pH 7.0 248 L, 37T C24FfE&EEZD
BB IERE 2 RIE L.
ZD#ER, Pivampicillin BKIC bHE B H 0, AB-

PBS, pH6.0, 7.0, 8.0 ¥ XU Monitrol serum Tk
F ol BIEMicEERA LR, o 7 (Fig. 2),

Fig. 2 Standard curve of ABPC

PC 311X AMPC L Y 2 ~ 5 BB, MIC st s ™

Td oz (Table 1), 23
WolED, SMENREENR, KBE 49 Bk O B T ool pH 6.0 P B.S.

Pivampicillin % Staphylococcus aureus O 34E & Rk

HE %A L ABPC 38X U AMPC XY 1 ~ 2 B, 21

HEHBB L 253, Pivampicillin [ £ 272 0 DHEH

EHELTWBZ Ldibhof (Table 2), 20
LML, ZOREMCONTHE, FANT An vl o]

pH AL &, BREEALETHY, 3 LDOTZTIV '

BiEdth, ABPCL iz awREMAIRShTVWaZ Lh  18f

B, K OpHBH 2000k, FREEH H4:7° 5 nonspcific

esterase (= & U 5% %13, ABPC }: HoTnBE b 17f human serum (Moni-trol serum)

BETER, 16k

I Pivampicillin DIRIX - HEitt sl ’

(1) 48 % g % : Pivampicillin ® Standard curve

YRR Bacillus subtilis ATCC6633 ¥k % BUEH & 35 14r

Cylinder plate method T Z 7z -7, #iHhix Citrate

agar (7T BT FYD AL 1%, RN 1.5%, AT 18r ' | ’ . .

*20.3%, #K1%) &flvico pHOPEIZ >V TiE 0.3 0.6 1.25 2.5 5  meg/ml

Table 2 Snsitivity distribution of E. coli to pivampicillin in surgical field (49 strains)
: MIC (mcg/ml) .
jgo. 1 ‘ 0.2 | 0.4 { 0.8 | 1.56 | 3.13 | 6.25 | 125 | 25 5 | 100 | >100

ABPC 1 1 6 19 7 2 2 16
PVPC 1 1 13 18 ' 2 7 10
AMPT - 6 24 6 1 3 14
CER 1 30 6 1 2 1 14
CET 1 1 7 14 15 3 13
CEP 1 2 5 6 22 18
CEZ 5 9 5 7 13 2 2 11
CEG : 4 14 15 7 2 12
CEX 1 17 16 7 13
TC 14 7 1 13
cp 1 1 18 3 1 3 27
SM 2 11 3 3 3 3 29
KM 17 21 9 7
KDM 1 15 26 5 2 1 5
VSM 2 21 9 5 1 6
LVM 2 8 16 17 4 2 5
GM 8 19 20 4 2 1
DKB 5 10 11 23 1
NM 3 12 18 14 1 5
CL 1 23 10 3 2 15
NA 3 30 15 6
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(2) MAREES X OURPIBEE : BUFERRA 2 4>\ T mg FEORSHORP|E L, 4 RFERICREHBREICE
Pivampicillin 500 mg % REJZMERIcEZO#HE L, Y%, L, ¥#5 131.4mg/ml Z/x L7z, 6REfIZ T 8,
1, 2, 4, 6BFEE TORRMOMPRE, RPBEL X ¥ 24.0mg/ml #7701, 6 R % TOFBRPEUE

WRHP D penicilloic acid DEEEZRIE Lize RFIEFE
X Bk ki & v, Standard i pH7.0P.BS Z W,
#EHiE 10 ml @ Seed single layer % vz, MPRES
% 500 mg Br 5.4, 3043ic¥-ty 1.88 meg/ml, 1 W1
2 3.4meg/ml, 2BERAHICKEMEL LY 3.5 meg/ml],
4 FEfC 1.08 meg/ml, 6 BEEIC 0.42 meg/ml G-
Jz (Table 3, Fig. 3),

JRPBE L, M eE L EgEO T lE L/ 500

Table 3 Serum levels of pivampicillin.
500 mg p.o. (at fasting)

0| |12 4 6 hrs.

LN 6.03mg/kg) | - |2.3|2.1| 3.4/ 1.25/0.53meg/ml
H.K(5.74 mg/kg) - 11.45/ 4.6/ 3.6{0.91/0.30
Average -11.88 3.4, 3.51.080.42 r

Fig. 3 Serum levels of pivampicillin

meg/ml

PVPC 500 mg p.o. at fasting time’

5 Test org. ; Bacillus svb. ATCC 6633
Medium ; Citrate/agar

4 Method ; Cylinder plate method

3 -

2}

1+

1 1 1 1

s
6 hrs.

Table 4 Urinary excretions of pivampicillin

1360.7% T - 7= (Table 4, Fig. 4),

WoiEH, RYicsiF % penicilloic acid O@E%E
Iodometric assay iz X V& L7z,

FORER, Bhtk, 2 BEEICER®RIE 228.5 mcg/ml
L, 6HRI#%E 62meg/ml L7z Y, HEAHE R

Fig. 4 Urinary excretion of pivampicillin

meg/ml 500mg p.o. (at fasting) %
2,000 r 100
e Urinary conc.
~—=——- recovery
1,500 4
recovery
1,000+ - 50
500
T T T
+ 1 2 4 6 hrs.

500 mg p.o. (at fasting)

0 Y% 1 2 4 6 hrs. Recovery
1I.N (6.03 mg/kg) - 40 625 1, 590 720 122.5 mcg/ml
220 40 65 200 180 ml
8.8 26.0 103. 4 144.0 22,1 myg 304. 3 mg (60.8%)
H.K (5.74 mg/kg) - 85 500 1, 290 660 77.5 mcg/ml
85 35 105 180 335 ml
7.2 15.5 135.5 118.8 26.0 mg 303.0 mg (60. 7%)
Average - 8.0 27.5 119.4 131.4 24,0 mg 310.3 mg (60.7%)
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RrYPEtEh 5z & AbA o7 (Table 5 Fig. 5),

Table 5 Urinary concentrations of penicilloic acid.
pivampicillin 500 mg p. o. (at fasting)

% 1 2 4 6 hrs.
1.N. - 75 2151 165 | 75 mcg/ml
H. K. - 95 242 175 49 nm
Average - 85 229 | 170 | 62 n

Fig. 5 Urinary concentrations of penicilloic acid.
pivampicillin 500 mg p. o. (at fasting)
meg/ml
300 |-
PVPC 500mg p.o. (at fasting)
Iodometric assay
200 |
100 i
. A ) )

hrs.

I B #EMNRE

FR#SD % 5 » I 3L 1 gz Pivampicillin 20mg/kg
PRI KR OERE L, 2 ORBANBITEZRM L

% 1, 2, 3RERIBRICRERR L, MEmth, SIS % HH
L, SRR TS, 99%Dx %/ — L%z Ho-
mogenize L, 7L Li# & #bRi & L, MIBRNIRIE &
Cylinder plate method i THIE L 7z,

ZORER, KWL Lic FHRERRE) 4% 1R
=27 &R, AR bEL<, 2WTE, miF M
Ly M, FHADIETS -7z (Table 6, Fig. 6),

NV &£ & A KB

Pivampicillin & #&PNH & #Rat 4 5 72 », Thin
layer chromatography(‘TLC) % v J 7 Ji:(Coloriza-
tion) 331 O Bioautogram # {§:h% L7z

Table 6 Tissue concentration of pivampicillin.

20 mg/kg p.o.
Average : 3 rats (SD)
% 1 2 3 hrs
Liver 69.0 69.0 45.0 22.5 mcg/g
Kidney 22.5 42,0 18.0 12.3 ”
Lung 2.82 4.35 1.8 1.26 »
Spleen 0.88 0.8 0.56 0.6 "
Heart 1.8 2.43 1.05 0.8 n
Brain 0 0 0 0 "
Muscle 1.23 0.72 2.22 .11 »
Serum 9.1 | 110 | 6.4 ' 3.0 meg/ml
Fig. 6 Tissue concentration of pivampicillin.
20 mg/kg p.o.
Average : 3rats (SD)
mcg/ ml 20mg/ Kg P.O.
Average: 3rats(SD)
70 }-
O—-0O Liver
X——X Kidney
60 A——A Lung
) @®—@® Spleen
[0----00 Heart
sob- A—-—A Muscle
H—N Serum
40
30
20}
10}

3 hrs.

F ¥k (Adsorbent) izix Eastman chromagram No.

6061 %,

VIR & LTk EtOAc : AcOH : H,0=8:

1:1 OFREHW, £ BI2E 0.5%KMnO, # A

Wico

FO)NE Fig. 7, Fig. 8 L3459 ¢, Bioautogram
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Ti% Pivampicillin X Rf {£0.2 £ 0.57 DEL2>D =R
Ry hEFEDI, ABPC X RIfE 0.2 OEALE—D X

Fig. 7 Bioautograms of pivampicillin

Thin layer Eastman Choromagram No. 6061
Solvent EtOAc : AcOH :H20=8 :1 :1
Test organism Bacillus subtilis

front O —O -

e}

O o

o+ o () (

—-origin

Urine

ABPC R

PVPC 6APA Peni-acid l{rgjne

Fig. 8 Thin layer chromatography of pivampicillin

Thin layer : EastmanChromagram No. 6061
Solvent : EtOAc : AcOH :H20=8 :1:1
: 0.5%KMnOq
front
0 o o
O
"8
(@) ]
O 0 o ©
o
origin O S S O—

ABPC PVPC 6APA Penilic Urin Urine Normal
-acid L N. H.K. Urine

Ky Ne@Bdl, WoiFH, Pivampicillin 500 mg &0
FEHDOANRTZ ABPC DOfzfE S L ORI 1.0 DAz
2ODKENRARy PERD, RIELO HORKR
v M ABPC gt <d 5, Wb b Transforma-
tion product & Bbh 3 (Fig. 7)., Fiz oW T
1 Fig. 8 L BYTH 5B,

V B K K &

ABHRYE (136 DY T 2 &) 244ic Pivam-
picillin AL, ZDREKMEZ KR Lic, 1ERE
BB R 125mg » & ERE 500mg, 5 HEiZ&D
2HPOEEIZAM TS 5, HH5BREIZRD 1,500 mg
2 BiE 16,500 mg Th -7 FRBISMILILF2 S
63F £ TTH olco WBINFUIARBYSELLFIO S5 b
BREARRRE 8 B, ‘A BER 161, IREBH2HITH -
720

BRE NI Staphylococcus aureus 12 X% D 2,
Staphylococcus epidermidis 3 #l, Pseudomonas 1 4,
Staphylococcus aureus t Pseudomonas & DEA AL
1HTH -7,

PR RN BB H M2 Pivampicillin %488 £ T
ICHEROBMREBD L DERR L Lice ZORER, B
PP R 1D 5 & 8 BISHRY, 1 BIES), A2
BT, BEhRI2.7% Th >7T.

ik, BIERIZ WTIE, B 24, BLBIURS
BULABORBEEL LD 14, HE#IBBICES
EHELLO 1FDF 4 4] TdH - 7<(Table 7, Table 8),

Table 7 Clinical responses of pivampicillin

No.| Name [Sex|Age Disease Organism Dose/day |Days 3‘:::1 ﬁgjrl;‘gy Side effect Ip}gxsl-se
1| T.K. | F |60 | infected burn | Staph. aureus | 250mgx3 | 3 |[2,250mg - - good
21Y.S. | M| 18 | cystitis Staph. epid. 500mgx3 | 3 [4,500mg - - good
3| S.K. | M | 53 | osteomyelitis Pseud. 250mgXx3 | 3 |2, 250mg]| - - poor
4| H.O. | M | 22 | carbuncle Staph. epid. 250mgXx3 | 3 |2,250mg]|incision| Nausea |unknown
5| K. K. | M | 30 | acute urethritis | Staph. aureus | 250mgx3 | 3 |2, 250mg Ir;l':ssst:;ae - good

. Pseud. . . p s Nausea
6| T.Y. | F |24 | abscess Staph. aureus 250mg x3 | 12 18, 000mg|incision hxaﬁ;ema good

7 K.O. | F | 14 | infected wound | Staph. epid. 250mgx3 | 3 ;,~25Ering - I:Iausea good
8| S.M. | F | 14 | infected wound - 125mgx3 | 9 |3,375mg - Exatn};ema good
9| T.O. | F |63 |infected burn - 250mgx3 | 10 |7,500mg - - good

—1(; K. T. | M| 47 | infected wound 250mgx3 | 5 13, 750mg|incision - good

11| Y. K. | M| 40 felon - 250mgx3 | 2 - - unknown
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Table 8 Clinical uses of pivampicillin (Chemoprophylaxis)
No. | Name | Sex | Age Disease Dose/day Days | Total dose Sigfiect
1 |H.H 33 contused wound (sutured) 125mg x4 3 1, 500mg -
2 |M.H 29 contused wound (sutured) 250mg x 4 4 4,000mg -
3 | T.K. F 46 open fracture - 250mg x 4 6 6, 000mg -
4 | Y.K. 36 contused wound & burn 500mg X 3 6 9, 000mg -
5 8.0 s | gontused wound & open 500mgx3 | 11 | 16,500mg -
6 | M.K M 11 contused wound (s:t;r”eAd;g A 250mg X 3 3 2, 2560mg -
T HE.H~ ‘Mm 33 7 778;c;;ria:te<iii wound E 500mg X 3 3 3,000mg -
8 |M.G M 18 contused wound 250mg X 3 4 3,000mg -
9 |Y.S M 11 corrntr;xs;l W(;und 250mg X 3 2 1, 500mg -
10 | Y. I. M 63 contused wou-nd”(;rut‘ureidr)“iv 250mg x4 5 5,000mg -
11 | S.S. | M 34 ”skmigraft 500mg X 3 6 9, 000mg -
12 | K.I.| M 19 c;ut :vo;ﬁd (-s-utur;i) ‘ 250mg X 4 4 4,000mg -
13 | Y.K. M 11 contused wound (sutured) 250mg X 3 3 2,250mg -
4) JR¥ Penicilloic acid DOEBEE : RT3 Pe-
VI #* i

Pivampicillin IZDWT KB,
» RO XD nfEwmE 21

1) RBLARER G T FOBRE (548k) DRSS ¢
Pivampicillin &2 b HL 8 03B Y, 1.56 meg/ml LA
Tz 58, 6.25mcg/ml LLETIE 100 meg/ml LLEiC
248, W\ T 12.5meg/ml {Z 9 ¥kEBDH 72, ABPC L}
B+ sLi92~5BK MIC kL 3ETH -7,

2) JRELSTBERIBEE (498K) O3 M4y A : Pivam-
picillin ®°— 713 12.5meg/ml 12 » v, 18 # (36.
7%), W\T 12 138k (26.5%), 100 33
XU 100 meg/ml LLEIC 178 (34.7%) Tdh -1,
ABPC LW+ 5L |~ 2 BB WAk & 545, Pi-
vampicillin AL KISEICH LT, HdoObiE %
ALTWS,

3) MAEEER X UURH PR : PBS % Standard »
3% Cylinder plate method Tix 500 mg #% 1 #¢5-6%,
2RIz E— 2 3 D, FY 3. 5meg/ml Th 1z, R
BRI, 4BEMICE— 2 235 D, FEHg 1314 meg/ml,
6 B[ % T Recovery % 60.7% Tdh -7z,

BARMRNE 827

6. 25 mcg/ml

nicilloic acid Dy#EE% Ilodometric assay iz X ¥ &
Lice EOE—7 3P RE & Rk 285Hich Y,
228.5mcg/ml, 6 KT 62 meg/ml L 72 b HBIRYE <
R okt < h 5,

5) BEBNME :SDRT v 31 TORET
i, 20mglkg BB, FRICRO®EL, B M M
O M, BRDIETSH -7z,

6) KPR H : Pivampicillin D4 E&ENASHZ DWW
TTLC Z VW ##t L, A4f&NTiL, Pivampicillin 134§
#Hah ABPC &, ABPC @ity <& 5 Transforma-
tion product #EFB L7z,

7)  BE PR R A ¢ AR KB 244512 Pivampicillin
AR L, BYPR 2R 1O 5 B 8 Flic %D, 1 4
#), AW 2 BICHBRT2. 1% Th - 12, BRI 4 )
IZHEL 3B, BIUORSBE 2 FIiCid i,

7533, FHERRRBEREMRAIIER L b - 7z,

2 £ X #

1) DAEHNE VON, W. ef. al.: Acyloxymethyl esters of
ampicillin. J. Med. Chem 13 (4) : 607~612, 1970
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2) RoLINSON, G. N. ¢t al.: Penicillin metabolites. Anti- 5) fillufgk, ffh : Sulfobenzyl-penicillin (SBPC) ¢ &
micr. Agents & Chemoth. 654~660, 1964 R X UBEEKNI%, Chemotherapy 19 (8) : 988~

3) IsHIYAMA, S. et al. : Absorption and distribution of 998, 1971
4C—gulfobenzylpenicillin. Advances in antimicrobial 6) FIll—3k - WHRB G O FEITAERRZ M
and antineoplastic chemotherapy. Urban & Schmar- DR OFEDO T 7 —SEIN L ORICDOCT, BHA
zenberg 1972 B3k 26 (1) - 118, 1967

) fufgEr, i o ZAEC B3 5 Aminocyclohexyl- 7) HARIEY, L oy Pk kSRR, BRETIEF 27
penicillin (ACPC). Jap. J. Antibiotics 23 (1): 76, 1970 (2) © 287~292, 1972

ABSORPTION, EXCRETION AND METABOLISM OF PIVAMPICILLIN
AND ITS CLINICAL APPLICATION IN SURGERY

SHUNJI IsHIYAMA, IssEl NAKAYAMA, HIDEO IwaAaMOTO, SHIGETOMI lwal,
MutsuMi TAKATORI and TAKAMICHI KAWABE

Department of Surgery, Nihon University, School of Medicine

(Director : Prof. SHUNJ1 ISHIYAMA)

Basic and clinical studies were conducted on pivampicillin, and following results were obtained.

1) The sensitivity distribution among 54 strains of Staphylococcus aureus isolated from surgical lesions.:
Pivampicillin by itself had antibacterial activity below 1.56 mcg/ml in 5 strains, while above 100 mcg/ml in
24 strains and above 12.5mcg/ml in 9 strains. In comparison with ampicillin, MIC of pivampicillin was
inferior by 2~5 steps.

2) The sensitivity distribution among 49 strains of E. coli isolated from surgical lesions.: The peak of
sensitivity of pivampicillin was observed at 12.5 mcg/ml in 18 strains (36.7%), followed by 6.25 mcg/ml in 13
strains (26.5%). In 17 strains (34.7%), 100 or more than 100 mcg/ml was necessary to exhibit the antibacterial
activity. Compared with ampicillin, the antibacterial activity was inferior by 1~2 steps. Pivampicillin by
itself, however, demonstrated a considerable antibacterial activity against E. coli.

3) Blood concentration of pivampicillin and excretion in urine : Using the cylinder plate method and PBS
as the standard, the peak concentration in the blood was observed 2 hours after an oral administration of
500 mg, showing an average value of 3.5mcg/ml. The urinary concentration reached its peak after 4 hours
with an average of 131.4 meg/ml. Total recovery by 6 hours was 60.7%.

4) Urinary concentration of penicillioic acid: The concentration of penicillioic acid in urine was measured by
the iodometric assay. The peak of 228.5 meg/ml was obtained after 2 hours coinciding with the peak concen-
tration in the blood, followed by 62 mcg/ml after 6 hours, suggesting a relatively carly excretion in urine.

5) Tissue concentration: In a group of 3 rats of SD strain, the concentration was the highest in the liver
after the administration of 20 mg/kg. This was followed by the kidney, serum, lung, heart, spleen and
muscle concentrations.

6) Metabolism in vivo: Metabolism of pivampicillin in vivo was studied using TLC. Pivampicillin was
metabolized iz vivo and there demonstrated ampicillin as well as the transformation product of ampicillin.
7) Results of the clinical use : Pivampicillin was used in 24 cases of surgical infections. In 13 of these cases
excluding chemoprophylaxis, good effects were observed in 8, failure in 1, and unknown in 2, giving an

effective rate of 72.7%. Side effects were observed in 4, nausea in 3 and exanthema in 2.



