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Table 1. List of healthy volunteers
Volunteer Age Height Body weight | Area of body Dose *
no. (years) (cm) (kg) surface (m?) | (mg/kg)
1 21 172 70 1.8 7.1
2 22 166 56 1.6 8.9
3 22 172 59 1.7 8.5
4 21 180 70 1.9 7.1
5 24 167 56 1.6 8.9
6 37 177 76 1.9 6.6
mean + S.D. 25 + 4.9 17‘2 + 4.9 64 £ 7.4 1.8 £ 0.2 7.9 £ 2.2

* panipenem/betamipron and imipenem/cilastatin sodium (500mg/500mg)

&l & L Ciz PAPM/BP 500mg/500mg 3 X UF[H]
20 IPM/CS 2R L 2. RBIZ 7 0 X A —sr3—HiC
TiTv», MEOR5HEREIZS BFE Lz, EHORS
I3 REBETIT, SERFRNI30 R Lz, BEER
ENTHDRMIT, FHIR5FEEIS, 304, 355,
454, 1Ref, 1.58FR, 2 BRI, 4BRRE, 6 BERGICAT
WV, Ao iR E L7, MRS ER LTRSS A T AR
#4811, 1M Morpholino-propane sulfonate &
(MOPS) (pH 7.0)% 1 : licmz ¢, HEREZ C—
0CLUTICHEEREL 12, BRIZERZEE, 0~2
BERE, 2~ 4BEM, 4 ~ 6 BRREICATV, REEZHE
L7:%%, migeEMHICIM MOPS #1 @ 1z ¢,
WEREE T-20CUTICREL 72,

AREP, HEREBCHTIEMOELEL AL,
#50B L UKRE 6 BEE#E O mMAIC OWT, GOT,
GPT, AL-P, LDH, y-GTP, BUN, creatinine % &
DREZIT- 72,
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SANKT76959% REW & T 5 ERFIRT 4 R 7 =TT
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HEMBRIT, MmEEICD v T2 M,/ IM MOPS %R
(1:1)%, RiZD>wTi20.5M MOPS #% F\» T el
L7z,

BPBIUCSIZARLDFEC & 25 EHK 7
a2}t 7%74— (HPLC) #ic TRIEL 72,
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B LN h - 72D T, KRB TId bioassay H
HERETRT,
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pg/ml, BPi314.8~22.8ug/mlC¥H)I319.64g/ml,
IPM 1329.1~38.5¢g/ml TF¥#1334.6xg/ml, CS TiZ
48.7~59.8ug/ml T¥#1354 . 3ug/mlTh - 72, KKK
DFEH MmAE PR ERS % Fig. 1~2icRL 72, PAPM
& BP i i EEHERS ) Jo8E Tl BP @) Crax?® PAPM
DHIL2BEL ), BERLERSH TH -2, i,
IPMECSoHmpRE#HBICBWTIZCSOEH
Coax THL.HERC %0, #E5 2HM%ETIPM 2L
{7z, PAPM & IPM o ifn i BEHERE ) LEBRIC B\
TiZ PAPM 555 1 Bef#% $ < IPM % @Y,
1 BRI LA I EFE0H KR %R L 2. BP &£ CSnil
TREHBOETIE, 2RERSICBWTCSNS
»BP D 2 5L &R R 72,

HER NIEB) S1%¥H 25 £ — 5 —% Table 6 ~9
ICRL7z, 6 BDOFEMETHAS &, PAPM 0 Ty,,8 13
0.96B% R, V. 10.86 1, AUC 50.06 hr - ug/ml T
D, BP ) T8 i30.598/H], V, 17.86 1, AUC 14.54
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Table 2. Plasma concentration of panipenem following
500mg/500mg panipenem/betamipron 30 minutes
drip infusion

Table 3. Plasma concentration of betamipron following
500mg/500mg panipenem/betamipron 30 minutes drip
infusion

(by bioassay) (by HPLC)
Plasma level (ug/ml) Plasma level (ug/ml)
No. No. B , B
Before| 15" | 30" | 35" | 45" | 60" |90 | 2° | 4" | 6° Before| 15" | 30" [ 35" |45 | 60" |90 | 2° | 4°| 6
1 0.0 |27.3|43.9|33.3|25.8{14.1| 8.0{5.3|1.1]0.3 1 0.0 (12.9/14.8| 8.9| 2.4/2.7(1.2({0.7(0.1]0.0
2 0.0 |32.0/49.9(46.5(30.8{15.0({10.6/6.6|1.5(0.4 2 0.0 |16.6/22.6/14.9| 9.0/5.2(2.7(1.4(0.1]0.0
3 0.0 |25.9/46.5/40.4|32.2/18.8|11.7|8.5|2.1|0.5 3 0.0 [16.1/22.8(16.2/10.8/6.9(3.5|1.5(0.2|0.0
4 0.0 [27.4]39.1{32.9(23.2|17.3| 9.5/5.0{1.1]0.2 4 0.0 [16.7/20.0(14.9] 6.7|3.5(1.6/0.8(0.0|0.0
5 0.0 |29.5(47.0({40.5/30.7|23.7(15.2{8.2|1.9(0.4 5 0.0 |15.9/16.8|13.8| 7.7|5.2|2.6|1.2(0.1{0.0
6 0.0 |30.4]{47.5/30.6/24.8/18.3[12.0{7.5|1.9(0.5 6 0.0 [15.0/20.3| 9.9] 5.4/3.6(2.1]{0.8{0.1]|0.0
Mean| 0.0 [28.8|45.6{37.4(27.9{17.9|11.1{6.8|1.6|0.4 Mean| 0.0 [15.5/19.6{13.1| 7.0{4.5[2.3(1.1|0.1]0.0
| £ | £l |x|x|x|x]|= B e N S B S e N S 'S
S.D.| 0.0 {2.2|3.7{6.1{3.7|3.4|2.5/1.5/0.5|0.2 S.D.| 0.0 |1.5/3.2]2.9{2.9/1.5[1.0/0.2|0.0]0.0

Table 4. Plasma concentration of imipenem following
500mg/500mg imipenem/cilastatin 30 minutes drip
infusion

(by bioassay)

Table 5. Plasma concentration of cilastatin following 500mg/
500mg imipenem/cilastatin 30 minutes drip infusion

Plasma level (ug/ml)

No.

Before| 15" [ 30" [ 35" [ 45 [60° |90 | 27| 4" | 6°
1 0.0 [21.1/38.5(29.7(20.6{16.9/10.6/5.9]1.3]0.3
2 0.0 [25.8(36.9(35.7(28.6{19.3|12.7|7.8[1.9]0.5
3 0.0 [23.5(38.5|29.6|21.8/{17.4(11.6/7.4|1.8|0.4
4 0.0 |18.2|31.7|27.1{19.9{14.5| 9.8|5.1|1.1|0.2
5 0.0 |17.4|33.0|27.2{21.2|17.0{10.2|/8.1|1.5/0.4
6 0.0 |20.5/29.1|25.9(18.9(13.0{10.7|/6.0|1.6|0.5

(by HPLC)
Plasma level (ug/ml)
No. - - - - - - . . .
Before| 15" | 30" | 35 | 45 | 60 | 90 2 4 6

1 0.0 [33.6]59.8/43.7|29.4/20.0{10.6/5.1{1.0]0.0
2 0.0 [39.6(58.8(53.2(38.8{26.5{15.9{8.9(2.2/0.0
3 0.0 [39.5|55.6/49.3|35.0(28.0{17.8/7.6(2.0|0.0
4 0.0 {30.0|{48.7|40.0(27.8/17.3{10.8/8.0(2.5]0.0
5 0.0 |30.5/51.9(41.2{30.8{20.1|11.0{7.3]0.5/|0.0
6 0.0 (34.1|51.1(38.0(29.7{19.1|{11.4/6.9(1.3]0.0

Mean| 0.0 |21.1/|34.6/29.2|21.8(16.3(10.9/6.7|1.5]0.4
* +

S.D.| 0.0 |3.2|3.9/3.4/3.4(2.2/1.0[1.2]0.2/0.0

+
+
H
+
H
H+
I+
+
+

Mean| 0.0 [34.6(54.3|44.2|31.9(21.8(12.9/7.3|1.6|0.0

+
I+
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H
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SD.| 0.0 (4.2|14.4(5.9/4.2/4.4|3.2(1.2]0.7/0.0
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Fig. 1. Plasma concentrations of panipenem and imipenem
(cross-over study, 500mg, mean*S.D., n=6)
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Fig. 2. Plasma concentrations of betamipron and cilastatin
sodium (cross-over study 500mg, mean+=S.D., n=6)
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Table 6. Pharmacokinetic parameter of panipenem in 6 healthy volunteers
Parameter 1 2 3 4 5 6 Mean + S.D.
A (g ml) 59.34 75.77 45.20 40.25 38.39 75.12 55.68 +£16.98
B (ug ml) 16.63 21.57 26.46 19.00 32.64 27.96 24.04 + 6.03
o (hr ") 3.41 3.97 3.20 2.64 2.93 7.08 3.87 + 1.64
el (hr 1) 0.71 0.70 0.69 0.77 0.77 0.71 0.72 £ 0.04
Kel (hr™") 1.86 1.95 1.36 1.49 1.28 2.06 1.67 £ 0.33
K, (hr'1) 0.96 1.30 0.91 0.55 0.66 3.29 1.28 £ 1.02
K., (hr'1) 1.30 1.42 1.61 1.37 1.76 2.44 1.65 £ 0.42
Tiza (hr) 0.20 0.17 0.22 0.26 0.24 0.10 0.20 + 0.06
Ti28 (hr) 0.98 0.99 1.01 0.90 0.91 0.98 0.96 + 0.05
A\ (n 6.58 5.14 6.98 8.44 7.04 4.85 6.51 + 1.33
V, () 4.89 4.68 3.93 3.40 2.64 6.56 4.35+ 1.36
Vi () 11.47 9.82 10.91 11.84 9.68 11.41 10.86 + 0.91
Cl-plasma (ml min kg) 2.81 2.89 2.57 2.88 2.56 2.13 2.64 £ 0.29
Cl-renal  (ml min kg) 1.17 0.66 0.68 1.44 1.36 0.64 0.99 + 0.37
AUC (hre zg mh 42.50 51.66 54.91 41.46 58.10 51.71 50.06 £ 6.70

Table 7. Pharmacokinetic parameter of betamipron in 6 healthy volunteers
Parameter 1 2 3 4 5 6 Mean + S.D.
A (g ml) 81.78 51.56 33.72 54.39 42.50 73.87 56.30 £18.35
B (g ml) 4.08 13.56 10.47 7.39 12.40 7.90 9.30 £ 3.52
a (hr 1) 13.62 8.27 4.16 6.73 8.49 11.53 8.80 + 3.37
s (hr 1) 0.99 1.31 1.06 1.27 1.30 1.19 1.19 + 0.13
Kel (hr 1) 8.48 3.93 2.46 4.45 3.77 6.28 4.90 £ 2.15
K, (hr™") 4.53 2.89 0.96 1.63 3.10 4.25 2.89 + 1.41
Kq (hr=1) 1.59 2.76 1.80 1.93 2.92 2.19 2.20 £ 0.54
Tiza (hr) 0.05 0.08 0.17 0.10 0.08 0.06 0.09 = 0.04
T2 (hr) 0.70 0.53 0.65 0.54 0.53 0.58 0.59 = 0.07
AW (1 5.82 7.68 11.32 8.09 9.11 6.11 8.02 £ 2.03
vV, (WD) 16.57 8.03 6.05 6.84 9.65 11.87 9.84 £ 3.90
Vi, (@D 22.39 15.71 17.37 14.93 18.76 17.98 17.86 + 2.64
Cl-plasma (m] min kg) 11.93 8.84 7.57 8.71 9.91 8.40 9.23 + 1.52
Cl-renal  (m] min kg) 12.40 9.38 7.40 9.25 10.51 8.05 9.50 £ 1.79
AUC (hre g ml) 9.97 16.86 18.68 13.66 15.02 13.05 14.54 £ 3.05

Table 8. Pharmacokinetic parameter of imipenem in 6 healthy volunteers
Parameter 1 2 3 4 5 6 Mean + S.D.
A (g ml) 32.53 34.29 45.30 23.77 25.46 35.98 32.89 + 7.80
B (g mb) 23.23 24.84 28.41 22.89 18.47 19.84 22.95 + 3.56
a (hr ") 3.39 2.64 6.66 3.21 3.15 4.74 3.97 £ 1.50
s (hr™") 0.76 0.68 0.74 0.82 0.73 0.65 0.73 £ 0.06
Kel (hr'!) 1.39 1.20 1.64 1.33 1.08 1.47 1.35 £ 0.20
K, (hr'h) 0.91 0.62 2.75 0.71 0.67 1.82 1.25 £ 0.86
Ky, (hr'h) 1.86 1.50 3.02 1.99 2.13 2.11 2.10 £ 0.51
Tiz2a (hr) 0.20 0.26 0.10 0.22 0.22 0.15 0.19 + 0.06
Tv28 (hr) 0.91 1.02 0.93 0.84 0.95 1.06 0.95 + 0.08
Vv, (1) 8.97 8.46 6.78 10.72 11.38 8.96 9.21 + 1.65
V, ) 4.37 3.48 6.17 3.83 3.56 7.74 4.86 + 1.73
Vy (1) 13.34 11.94 12.95 14.55 14.94 16.70 14.07 £ 1.69
Cl-plasma (ml min kg) 2.83 2.89 3.02 3.24 3.45 2.79 3.04 + 0.26
Cl-renal  (ml min kg) 1.60 1.74 1.77 2.49 2.47 1.96 2.01 + 0.39
AUC (hr-ug ml) 41.97 51.38 46.62 36.70 43.19 39.33 43.20 + 5.24
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Table 9. Pharmacokinetic parameter of cilastatin in 6 healthy volunteers
Parameter 1 2 3 4 5 6 Mean £ S.D.
A (ug/ml) 70.61 67.60 62.39 66.40 53.12 64.83 64.16 = 6.06
B (ug/ml) 19.65 28.91 56.96 20.45 39.93 31.52 32.90 +13.98
a (hr™!) 2.85 2.7 9.14 3.78 7.89 4.75 5.19 £ 2.71
B (hr'!) 0.80 0.69 1.01 0.56 1.24 0.85 0.86 + 0.24
Kel (hr'") 1.83 1.44 1.89 1.61 1.94 1.91 1.77 £ 0.20
K2 (hr™") 0.58 0.66 3.37 1.41 2.15 1.57 1.62 = 1.04
Ky (hr") 1.25 1.30 4.89 1.32 5.04 2.13 2.66 + 1.82
Tize (hr) 0.24 0.26 0.08 0.18 0.09 0.15 0.17 £ 0.07
T2 8 (hr) 0.87 1.00 0.68 1.24 0.56 0.81 0.8 £ 0.24
Vi () 5.54 5.18 4.19 5.76 5.37 5.19 5.21 =+ 0.54
V, () 2.57 2.65 2.88 6.18 2.30 3.82 3.40 = 1.46
Vy (1) 8.11 7.83 7.07 11.94 7.67 9.01 8.61 £ 1.75
Cl-plasma (ml/min/kg) 2.31 2.17 2.15 2.17 2.92 2.11 2.31 = 0.31
Cl-renal  (ml/min/kg) 1.20 1.17 1.14 1.20 1.35 1.12 1.20 £ 0.08
AUC (hre zg/ml) 51.33 68.80 65.43 55.23 50.87 52.25 57.32 = 7.81
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Fig. 3. Urinary excretion of panipenem/betamipron
(500mg/500mg, n=6)
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Fig. 4. Urinary excretion of imipenem/ cilastatin
(500mg/500mg, n=16)
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Table 10. Urinary excretion of panipenem following 500mg/500mg panipenem/betamipron 30 minutes drip infusion

(by bioassay)
Urinar'y Case number Mean + S.D.
excretion 1 2 3 4 5 6
Urine volume (ml) 315 160 90 690 400 325 330+210.7
0 | Concentration (ug/ml) 580.0 560.0 1140.0 317.8 518.0 367.5 580.6+293.9
; Recovery (mg) 182.7 89.6 102.6 219.3 207.2 119.4 153.5+56.3
hr | Recovery rate (% of Dose) 36.5 17.9 20.5 43.9 41.4 23.9 30.7+11.3
Cumulative recovery rate (% of Dose) 36.5 17.9 20.5 43.9 41.4 23.9 30.7£11.3
Urine volume (ml) 345 455 125 375 375 350 338+110.2
2 | Concentration (ug/ml) 57.5 42.4 201.0 63.5 128.8 71.6 94.1+60.3
; Recovery (mg) 19.8 19.3 25.1 23.8 48.3 25.1 26.9+10.8
hr | Recovery rate (% of Dose) 4.0 3.9 5.0 4.8 9.7 5.0 5.4+2.2
Cumulative recovery rate (% of Dose) 40.5 21.8 25.5 48.6 51.1 28.9 36.1t£12.5
Urine volume (ml) 105 315 200 189 330 175 219+85.7
4 | Concentration (ug/ml) 56.8 16.2 23.3 30.9 28.2 34.6 31.7+14.0
& | Recovery (mg) 6.0 5.1 4.7 5.8 9.3 6.1 6.2%1.7
hr | Recovery rate (% of Dose) 1.2 1.0 0.9 1.2 1.9 1.2 1.210.2
Cumulative recovery rate (% of Dose) 41.7 22.8 26.5 49.8 53.0 30.1 37.3%12.7

Table 11. Urinary excretion of betamipron following 500mg/500mg imipenem/cilastatin 30minutes drip infusion (by bioassay)

Case number

Urlnaliy Mean £ S.D.
excretion 1 2 3 4 5 6
Urine volume (ml) 315 160 90 690 400 325 330+210.7
0 | Concentration (ug/ml) 1556.0 | 3102.0 | 4797.0 733.6 1221.0 | 1392.0 | 2133.6+1530.2
; Recovery (mg) 490.1 496.3 431.7 506.2 488.4 452.4 477.5+28.9
hr | Recovery rate (% of Dose) 98.0 99.3 86.3 101.2 97.7 90.5 95.5+5.9
Cumulative recovery rate (% of Dose) 98.0 99.3 86.3 101.2 97.7 90.5 95.5+5.9
Urine volume (ml) 345 455 125 375 375 350 338+110.2
2 | Concentration (ug/ml) 80.0 66.4 401.9 73.6 98.3 67.8 131.3+133.0
; Recovery (mg) 27.6 30.2 50.2 27.6 36.9 23.7 32.719.6
hr | Recovery rate (% of Dose) 5.5 6.0 10.0 5.5 7.4 4.7 6.5+2.0
Cumulative recovery rate (% of Dose) 103.5 105.3 96.4 106.8 105.1 95.2 102.0+4.9
Urine volume (ml) 105 315 200 189 330 175 219+85.7
4 | Concentration (ug/ml) 23.0 11.2 29.5 24.3 13.2 19.8 20.246.9
¢ | Recovery (mg) 2.4 3.5 5.9 4.6 44 3.5 4.0£1.2
hr | Recovery rate (% of Dose) 0.5 0.7 1.2 0.9 0.9 0.7 0.8+0.2
Cumulative recovery rate (% of Dose) 104.0 106.0 97.6 107.7 105.9 95.9 102.9+4.9
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Table 12. Urinary excretion of imipenem following 500mg/500mg imipenem/cilastatin 30minutes drip infusion (by bioassay)

Urinary Case number Mean 4 S.D.
excretion 1 2 3 4 5 6
Urine volume (ml) 205 540 380 490 335 598 425+144.5
0 | Concentration (ug/ml) 1130.0 428.0 588.0 665.0 848.0 472.0 688.5+263.1
é Recovery (mg) 231.7 231.1 223.4 325.9 284.1 282.3 263.1+40.9
hr | Recovery rate (% of Dose) 46.3 46.2 44.7 65.2 56.8 56.5 52.6+8.1
Cumulative recovery rate (% of Dose) 46.3 46.2 44.7 65.2 56.8 56.5 52.6+8.1
Urine volume (ml) 85 105 250 205 538 480 277+£197.1
2 | Concentration (pg/ml) 472.5 554.4 226.5 250.5 106.5 116.4 287.8+185.7
‘; Recovery (mg) 40.2 58.2 56.6 51.4 57.3 55.9 53.3%6.9
hr | Recovery rate (% of Dose) 8.0 11.6 11.3 10.3 11.5 11.2 10.7£1.5
Cumulative recovery rate (% of Dose) 54.4 57.9 56.0 75.4 68.3 67.6 63.3+8.3
Urine volume (ml) 120 135 410 395 270 125 243+137.2
4 | Concentration (pg/ml) 82.0 93.6 31.2 17.9 58.4 101.5 64.1+34.3
é Recovery (mg) 9.8 12.6 12.8 7.1 15.8 12.7 11.8+2.9
hr | Recovery rate (% of Dose) 2.0 2.5 2.6 1.4 3.2 2.5 2.4+0.5
Cumulative recovery rate (% of Dose) 56.3 60.4 58.6 76.9 71.4 70.2 65.6+8.3

Table 13. Urinary excretion of cilastatin following 500mg/500mg imipenem/cilastatin 30minutes drip in fusion (by HPLC)

Case number

Urinary Mean + S.D.
excretion 1 2 3 4 5 6
Urine volume (ml) 205 540 380 490 335 598 425+144.5
0 | Concentration (ug/ml) 1105.0 415.0 592.8 500.1 596.2 373.3 597.1+264.8
Z‘ Recovery (mg) 226.5 224.1 225.3 245.0 199.7 223.2 224.0+14.5
hr | Recovery rate (% of Dose) 45.3 44.8 45.1 49.0 39.9 44.6 44.8+2.9
Cumulative recovery rate (% of Dose) 45.3 44.8 45.1 49.0 39.9 44.6 44.8+2.9
Urine volume (ml) 85 105 250 205 538 480 277+191.1
2 | Concentration (ug/ml) 345.4 374.5 140.5 135.0 48.5 75.7 186.6+139.1
; Recovery (mg) 29.4 39.3 35.1 27.7 26.1 36.3 32.3+5.4
hr | Recovery rate (% of Dose) 5.9 7.9 7.0 5.5 5.2 7.3 6.5+1.0
Cumulative recovery rate (% of Dose) 51.2 52.7 52.1 54.5 45.2 51.9 51.3+£3.2
Urine volume (ml) 120 135 410 395 270 125 243+137.2
4 | Concentration (ug/ml) 29.3 36.8 12.2 8.3 20.0 44.6 25.2+14.2
¢ | Recovery (mg) 3.5 5.0 5.0 3.3 5.4 5.6 4.6£1.0
hr | Recovery rate (% of Dose) 0.7 1.0 1.0 0.7 1.1 1.1 0.9%£0.2
Cumulative recovery rate (% of Dose) 51.9 53.7 53.1 55.2 46.2 53.0 52.2+3.2
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Fig. 5. Laboratory findings in 6 healthy volunteers
(e—e : panipenem/betamipron, o----0 : imipenem/cilastatin)
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PHARMACOKINETICS OF PANIPENEM/BETAMIPRON

Akira Saito

College of Medical Technology, Hokkaido University
Nishi 5-chome, Kita 12-jo, Kika-ku, Sapporo 060, Japan

Panipenem/betamipron (PAPM/BP) is a combination drug of panipenem (PAPM), a new car-
bapenem antibiotic, and betamipron (BP), an inhibitor of organic ion transport. The pharmaco-
kinetic parameter of this drug was compared with that of imipenem/cilastatin sodium (IPM/CS).

A cross-over study was carried out to compare blood concentrations and urinary excretion rates
between these drugs using 6 healthy male adults, who were given one of the 2 drugs at 500mg/500
mg by intravenous drip infusion over a period of 30 minutes.

The blood concentration (Cmax) of PAPM (45.6ug/ml) at the termination of drip infusion was

found to be higher than that of imipenem (IPM) (34.5xg/ml), but there was no difference in blood
half-life time (T,,8) in the elimination phase between the 2 drugs; namely, about 1 hour for both
drugs. However, IPM showed a higher cumulative urinary recovery rate up to 6 hours after the
administration (65.6%) in terms of intact compound than PAPM (37.3%).

There were marked differences in pharmacokinetics between BP and cilastatin (CS) ; namely,
Cmex values of BP and CS were respectively found to be 19.6 and 54.6ug/ml, and T,,,8 values were
respectively found to be 0.59 and 0.86 hour. Furthermore, cumulative urinary recovery rates up to
6 hours after the administration also differed between BP  (100%) and CS (52.2%). In other words,
the recovery rate of CS was only 1/2 that of BP.

In this study, side effects or abnormal laboratory findings thought to be related to the treatment with
the drug were observed in none of the subjects.



