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Fig. 1. Chemical structure of tazobactam (TAZ) and piperacillin (PIPC).

Table 1. Subject profiles

Group Subject Age (yr) Height (cm) Weight (kg) BMI (kg/m?)

A 8 23.1%+3.0 174.06 £ 4.17 61.84 £3.95 20.434 + 1.509
B 8 25.0*5.8 170.05 £7.19 62.01 + 6.04 21.463 + 1.954
C 8 24.5%3.6 172.88 £4.47 59.65 + 4.97 19.973 £ 1.740
D 6 252 %28 170.40 £+ 3.44 60.62 * 6.23 20.872 £ 2.045
E 6 28.7+82 175.60 £ 7.47 68.10 + 3.33 22.157 £ 1.768
Mean *+ SD 251%5.0 172.55 £ 5.64 62.23 + 5,51 20.920 + 1.859
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Table 2. Examination

Classification

Examination

Examination by investigator

auscultation, percussion, palpation, inspection, medical interview

Physical temperature, respiratory rate, blood pressure, pulse rate
Electrocardiogram 12-lead electrocardiogram
Hematology RBC count, hemoglobin, hematocrit, platelet count, WBC count, WBC differential

Blood chemistry

albumin, total protein, total cholesterol, triglyceride, blood sugar, creatinine kinase,

electrolyte (Na, K, Cl, Ca, P), uric acid, CRP

Liver function test

AST, ALT, Al-P, total bilirubin, direct bilirubin, LDH, y-GTP

Renal function test BUN, s-Cr, Cer

Urinalysis

specific gravity, PH, protein, glucose, urobilinogen, sediment, ketone body

Immunoserological test

HIV, HBV, HCV, syphilis

Table 3. Pharmacokinetic parameters of tazobactam and piperacillin after 5-minute infusion

. ti/2 Cinax AUCint CLr Vdss CLr
Drug Dose Subject . .
hr Hg/mL Mg hr/mL mL/min L mL/min
025¢g 0.791 25.3 19.4 221 13.1 178
(TAZ/PIPC: 0.25 g/2 g) 0.093 7.1 3.1 48 1.9 40
TAZ 0375 g 0.819 37.9 34.8 185 12.0 148
(TAZ/PIPC: 0.375 g/3 g) 0.095 5.6 6.7 33 14 34
05g s 0.852 49.7 50.4 166 11.9 135
(TAZ/PIPC: 0.5 g/4 g) 0.071 8.0 34 12 0.9 18
2g s 0.808 206 146 235 12.8 134
(TAZ/PIPC: 0.25 g/2 g) 0.097 55 25 46 1.9 29
PIPC 3g 0.860 313 262 198 11.9 110
(TAZ/PIPC: 0.375 g/3 g) 0.100 49 55 42 1.6 21
4g 0.840 436 381 175 11.3 98.4
(TAZ/PIPC: 0.5 g/4 g) 0.071 89 23 11 1.3 7.1

Note: All values are mean + SD
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Fig. 2. Plasma concentrations of tazobactam and piperacillin after 5-minute infusion at three

different doses.

Dose: Group A (TAZ/PIPC: 0.25 g/2 g), Group B (TAZ/PIPC: 0.375 g/3 g), Group C

(TAZ/PIPC: 0.5 g/4 g)
Mean = SD (n = 8)
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Fig. 3. Plasma concentrations of tazobactam and piperacillin after 30-minute infusion at
three different dose.
Dose: Group A (TAZ/PIPC: 0.25 g/2 g), Group B (TAZ/PIPC: 0.5 g/4 g), Group C (TAZ/PIPC:
0.75 g/6 g)
Mean = SD (n = 7—8)
Table 4. Pharmacokinetic parameters of tazobactam and piperacillin after 30-minute infusion
t Cinax AUCint CLr vd CL
Drug Dose Subject 1 ! ! . s R,
hr 1 g/mL g hr/mL mL/min L mL/min
025g . 0.698 le.1 17.5 241 12.9 156
(TAZ/PIPC: 0.25 g/2 g) 0.091 0.7 2.0 34 1.1 49
TAZ 05¢g 8 0.814 36.3 474 182 12.0 130
(TAZ/PIPC: 0.5 g/4 g) 0.106 6.5 9.5 34 14 30
075 g 7 0.876 58.2 83.4 153 114 111
(TAZ/PIPC: 0.75 g/6 g) 0.118 9.2 121 22 2.0 23
2g . 0.820 122 125 272 13.9 127
(TAZ/PIPC: 0.25 g/2 g) 0.110 9 19 44 12 49
PIPC 4g 8 0.868 286 366 188 12.0 99.1
(TAZ/PIPC: 0.5 g/4 g) 0.080 43 68 36 1.6 18.2
6g . 0.893 380 557 186 12.8 104
(TAZ/PIPC: 0.75 g/6 g) 0.124 43 108 37 2.1 22

Note: All values are mean * SD

Table 5. Urinary concentration and excretion of tazobactam and piperacillin after 30-minute infusion

of 4.5 g tazobactam/piperacillin

Drug Concentration (4 g/mL) Excretion (%) CLR.
0-6 hr 6—12 hr 0—-12 hr (mL/min)

TAZ 770.6 = 330.8 9,011 * 8.457 71.2* 85 130+ 30

PIPC 4,566 %+ 1,928 63.12 % 35.70 529+ 4.3 99.1 % 18.2

Dose: TAZ/PIPC: 0.5 g/4 g
Mean=SD (n = 8)

TAZ B L O PIPC OOV T, 55EHEB I
30 SR O BN 52BI1T 5 TAZ B X O PIPC ©
Coan BL O AUC & iV, 287 —FF IV THNT L7245
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TAZ, AUCw I\ TIE 5 5EEDB X U830 4 MUl e

D TAZ BLUPIPC, WTHIZBWTDH 95% FHEXH
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0 RAERS Lol TAZ B £ O PIPC ® PK



H A& AL % # 8 % &

=~

i

=4
1R

MAR.

2010

Table 6. Statistical analysis of pharmacokinetic data (Power model results)
Administration Linear (slope) Linear (slope)
L. ) Drug Parameter i
(min/infusion) Estimate® 95%CI"
X 1.01 71— 1.31
TAZ Cma 0 0 3
AUCint 1.39 1.16 —1.62
5
Cinax 1.10 0.79-1.41
PIPC
AUCins 1.41 1.17-1.65
Cmax 1.16 1.03-1.30
TAZ
AUCins 1.42 1.26 - 1.57
30
Cumax 1.05 0.92—-1.18
PIPC
AUCinf 1.37 1.19-1.56

Dose proportionality requires this CI to contain 1.00

“Estimate of slope from power model

95% confidence interval for slope from power model

Table 7. Pharmacokinetic parameters of tazobactam and piperacillin after repeated administration (4.5 g X 3/day)

ti/2 Cumnax AUCint CLr Vdss Urinary excretion®
Drug Day .
hr 1 g/mL u g-hr/mL mL/min L %
1 0.871 37.0 484 177 12.3 68.4
0.117 3.9 8.8 31 1.0 7.4
TAZ 05¢g 0.798 38.1 48.2 177 11.8 67.1
(TAZ/PIPC: 0.5 g/4 g) 0.064 44 8.0 28 13 8.6
3 0.771 37.9 48.1 176 115 63.6"
0.041 2.6 7.0 24 1.0 24.5
1 0.873 322 389 178 11.6 53.3
0.112 50 82 39 1.7 6.5
PIPC 4 g 0.844 316 379 183 11.6 52.7
(TAZ/PIPC: 0.5 g/4 g) 0.083 52 80 41 2.1 8.4
s 0.864 324 385 177 10.9 50.8"
0.094 40 58 26 14 19

Note: All values are mean £ SD (n = 6).
aUrinary excretion (%) estimated by TAZ or PIPC in 0—24 hr urine (Day 8: 0—8 hr) divided by daily dose.

bh =4

Table 8. Pharmacokinetic parameters of tazobactam and piperacillin after repeated administration (4.5 g X 4/day)

tij2 Crnax AUCint CLr Vdss Urinary excretion®
Drug Day .
hr M g/mL u g hr/mL mL/min L %
0.841 32.2 38.6 221 144 70.0
1
0.082 6.6 5.9 39 2.7 5.6
TAZ 05 g 0.792 32.8 39.0 217 13.6 754>
(TAZ/PIPC: 0.5 g/4 g) 0.070 5.1 5.1 29 2.0 11.2
0.837 325 38.7 218 13.6 704>
8
0.154 4.5 4.9 29 2.1 4.9
0.840 269 303 225 13.7 57.1
1
0.076 55 47 38 2.6 5.7
PIPC 4 g 0.818 273 307 221 13.3 61.5°
(TAZ/PIPC: 0.5 g/4 g) 0.072 43 41 31 2.1 11.0
0.989 267 300 225 13.7 58.9"
8
0.148 34 36 29 2.0 3.1

Note: All values are mean = SD (n = 6).
aUrinary excretion (%) estimated by TAZ or PIPC in 0—24 hr urine (Day 8: 0—8 hr) divided by daily dose.

bp =5
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Table 9. Adverse events and causal relationships
Relationship to test drug®
Adverse event®
Related Not related Total
Severity Mild Moderate Severe  Mild  Moderate Severe
Patients 20 0 0 5 1 0 22
Frequency (%) 55.6 13.9 2.8 61.1
35 0 0 9 7 0 51
Systemic organ class (SOC) Preferred term (PT)
Gastrointestinal disorders Loose stool 11 (30.6%) 11 (30.6%)
Enterocolitis 1 (2.8%) 1 (2.8%)
Diarrhea 5 (13.9%) 5 (13.9%)
Salivary hypersecretion 1 (2.8%) 1 (2.8%)
Nausea 1 (2.8%) 1 (2.8%)
Abdominal pain 2 (5.6%) 2 (5.6%)
Stomach discomfort 1 (2.8%) 1 (2.8%)
General disorders and Thirst 1 (2.8%) 1 (2.8%)
administration site conditions Chills 1 (2.8%) 1 (2.8%)
Chest pain 1 (2.8%) 1 (2.8%)
Hot feeling 1 (2.8%) 2 (5.6%) 2 (5.6%)
Feeling abnormal 1 (2.8%) 1 (2.8%)
Infections and infestations Pharyngitis 1 (2.8%) 1 (2.8%)
Injury, poisoning, and procedural Limb injury 1 (2.8%) 1 (2.8%)
complications
Investigation Heart rate increased 1 (2.8%) 1 (2.8%)
Body temperature increased 1 (2.8%) 1 (2.8%) 2 (5.6%)
White blood cell count in- 1 (2.8%) 1 (2.8%)
creased
Neutrophil count increased 1 (2.8%) 1 (2.8%) 2 (5.6%)
Lymphocyte count decreased 1 (2.8%) 1 (2.8%) 2 (5.6%)
Blood uric acid decreased 5 (13.9%) 5 (13.9%)
C-reactive protein increased 1 (2.8%) 1 (2.8%) 2 (5.6%)
Metabolism and nutrition disorders Decreased appetite 1 (2.8%) 1 (2.8%)
Nervous system disorders Headache 1 (2.8%) 1 (2.8%)
Respiratory, thoracic, and mediasti- Rhinorrhea 1 (2.8%) 1 (2.8%)

nal disorders

“MedDRA/]J ver.7.1

PMild: Test drug continued to be administered without treatment. Moderate: Test drug continued to be administered with treatment, Severe:

Test article discontinued.
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TAZ/PIPC1 H 3 I EHGICB VT, H5 6 HHD
1 H#%Y5 3 X008 HH®DTAZ PIPC®D Con B & O
AUC13#H5 1 HEOWNS L Mk EEZ R L7z, F
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Table 10. Change in intestinal bacterial flora in 7 days repeated study (three times a day)
. o 24 days after final 7 days after final 21 days after final
Species At hospitalization Day 3 L . . . . X

administration administration administration

Total aerobes (Log/g) 8.28 = 0.71 8.02 = 1.64 8.25 £ 1.19 9.70 £ 0.84 9.07 = 0.83
Staphylococcus 240 = 0.24 2.68 = 0.80 < 2.30 £ 0.00 2.38 £0.20 2.57 * 0.32
Streptococcus 7.63 = 0.93 5.95 £ 3.27 543 + 345 9.40 £ 0.92 8.73 = 1.15
Bacillus 3.98 £ 2.69 2.73 = 1.06 < 2.30 £ 0.00 < 2.30 = 0.00 < 230 £ 0.00
Corynebacterium 242 * 0.29 2.38 = 0.20 < 2.30 £ 0.00 < 2.30 £0.00 < 230 £ 0.00
Enterobacteriaceae 7.78 £ 0.71 6.13 * 3.07 553 = 3.61 9.02 = 0.79 8.38 = 0.48
Pseudomonas <230 = 0.00 3.18 £ 1.22 2.73 = 1.06 2.65 £ 0.56 < 2.30 £ 0.00
Total anaerobes (Log/g) 11.23 = 0.12 7.72 = 422 6.45 £ 4.55 10.75 £ 0.33 10.97 = 0.05
Bifidobacterium 10.38 = 0.37 7.27 £ 3.86 5.83 = 3.89 9.35 £0.73 9.00 = 3.29
Lactobacillus 580 = 1.84 3.72 = 1.87 < 2.30 £ 0.00 5.22 £ 2.59 6.60 * 1.85
Peptostreptococcus 9.97 + 0.34 4.05 £ 2.75 3.42 + 2.74 8.67 = 3.17 9.42 * 0.61
Clostridium 7.80 £ 341 5.83 = 3.89 5.83 £ 3.90 8.20 £ 2.97 8.17 £ 2.90
C. perfringens 2.72 = 1.02 2.35 = 0.12 < 2.30 £ 0.00 < 2.30 £0.00 < 230 £ 0.00
C. difficile <230 £ 0.00 < 2.30 = 0.00 < 2.30 £ 0.00 < 2.30 £0.00 < 2.30 £ 0.00
Bacteroidaceae 10.88 = 0.17 7.52 = 4.10 6.40 £ 4.50 8.98 £3.34 10.78 = 0.16
Bacteroides 10.03 = 0.20 6.72 = 3.58 6.13 = 4.20 8.45 £3.10 10.10 = 0.19
Fusobacterium 3.18 = 2.16 < 2.30 = 0.00 2.88 + 1.43 < 2.30 £0.00 3.07 + 1.88
Eubacterium 1045 = 0.28 4.62 = 3.61 5.73 £ 3.77 8.57 £ 1.62 842 * 3.01
Megasphaera 435 * 3.18 3.97 £ 2.66 2.97 * 1.63 < 2.30 £0.00 < 2.30 £ 0.00
Veillonella 4.97 = 227 3.73 £ 2.23 3.17 = 1.72 8.88 £ 1.54 7.08 * 2.08
Yeast (Log/g) 4.05 £ 1.25 593 = 143 5.95 * 1.55 5.52 £2.24 423 £ 1.11

Detection limit: 2.3 X 10*
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Phase I study of tazobactam/piperacillin in healthy volunteers
Kohya Shiba
Jikei University School of Medicine, 3-25—8 Nishi-Shinbashi, Minato-ku, Tokyo, Japan

Tazobactam/piperacillin(TAZ/PIPC), a penicillin antibiotic combined with a B-lactamase inhibitor at a
TAZ/PIPC ratio of 1 : 8, was administered to 36 healthy Japanese male volunteers to evaluate TAZ/PIPC
pharmacokinetics and tolerability after a single and repeated administration.

(1) Pharmacokinetics

Subjects were intravenously injected with a single TAZ/PIPC doses from 2.25 to 4.5 g over a 5-minute pe-
riod or in doses from 2.25 to 6.75 g over a 30-minute period. The TAZ half-life ranged from 0.7 to 0.9 hour and
that of PIPC from 0.8 to 0.9 hour. Cn. increased dose-dependently. After 5-minute injection of 45 g TAZ/
PIPC, TAZ C... was 49.7 ug/mL and PIPC Cu. 436 ug/mL. After 30-minute drip infusion of 6.75 ¢ TAZ/
PIPC, TAZ Coux was 58.2 ug/mL and PIPC C... 380 g/mL. AUC.; increased with dosage. After 5-minute in-
jection of 45 g TAZ/PIPC, TAZ AUC.s was 504 g + hr/mL and PIPC 381 ug * hr/mL. After 30-minute drip
infusion of 6.75 ¢ TAZ/PIPC, TAZ AUC. was 83.4 ug * hr/mL and PIPC 557 ug + hr/mL. CL: of TAZ and
PIPC decreased with increasing dose. Dose linearity tests on Cn.. and AUCi of TAZ and PIPC after single
TAZ/PIPC administration were measured by power model analysis. Results suggest nonlinear pharmacoki-
netics for both 5-minute injection and 30-minute drip infusion within the dose ranges examined.

TAZ excretion in urine 12 hours after 5-minute injection ranged from 78.8 to 81.3%, while that of PIPC
ranged from 55.2 to 56.7%. TAZ excretion in urine 12 hours after 30-minute drip infusion ranged from 63.5 to
71.2%, while that of PIPC ranged from 46 to 52.9%. Both were excreted mainly as the unchanged drug.

TAZ/PIPC was repeatedly administered at a dose of 4.5 g per infusion, three and four times a day. AUC of
TAZ and PIPC on days 6 and 8 were the same as on day 1. TAZ and PIPC showed no accumulation and no
change in pharmacokinetics in repeated administration.

(2) Tolerability

The following symptoms and findings were regarded as causally related to TAZ/PIPC and their severities
was judged as mild: loose stool (30.6%, 11/36 cases); diarrhea, decrease in blood uric acid (13.9%, 5/36 cases
each); abdominal pain (5.6%, 2/36 cases); and headache, thirst, chills, chest pain, hot feeling, salivation hyper-
secretion, nausea, feeling abnormal, stomach discomfort, and decreased appetite (2.8%, 1/36 cases each).
From these observations, TAZ/PIPC (1 : 8 ratio) was shown to be well tolerated.



