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Table 1. Volunteers for the study on vancomycin
Study Dose (g/t) Subject Sex Age (Y) Weight (kg) Height (cm)
1 M 36 59 171
2 M 47 65 164
3 M 35 63 175
4 M 25 54 172
Single  0.5g,1g (1h) 5 M 13 8 61
6 M 47 82 178
Mean 37 62 170
SD 9 12 7
7 M 31 65 179
8 M 34 79 176
1 g/time (1.5 h) 9 M u 62 168
X2 times/day 10 M 26 71 173
Repeat 5 days 11 M 39 72 165
(total 9 times) 12 M 48 56 164
Mean 34 68 171
SD 9 8 6
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Test schedule of single administration.
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Table 2, Test items

Subjective/Objective
symptoms

Inquiry auscultation and percussion, palpation

Physical
examination

Blood pressure, pulse rate, respiratory rate, body
temperature, electrocardiogram, auditory acuity test

RBC count, WBC count, hemoglobin concentration,

FEB. 19982

Hematology hematocrit values, MCV, MCH, MCHC, platelet
g count, differential WBC count, reticulocyte count
3
E Glucose, total cholesterol, triglycerides, total protein,
g Blood A/G, protein fractionation, uric acid, BUN, creatinine,
‘; biochemistry B:MG, NAG, total bilirubin, GOT, GPT, y-GTP. LDH,
S ALP, LAP, aldorase, CPK, Na, K, CI, Ca, P
©
15
2 Appearance, specific gravity, sediments, albumin,
'E Urinalysi qualitative tests (pH, glucose, protein, occult blood,

rina

g ketone bodies, bilirubin, urobilinogen), NAG, AMG,
5 «MG,

Feces

L Intestinal bacterial flora® on days 1, 3, 5 and 12
examination

Pharmacokinetics

Vancomycin concentration in serum and urine

Others

Histamine concentration in plasma and whole blood,
protein binding rate,* CCr, lymphocyte stimulation test

*Examination only in multiple administration test

l’hole Blood 0,5ml

Add 0.7ml of distilled water
and 0.3ml of 1.2 N-Perchloric Acid

Centrifuge and filtrate

E_lasma 0.5ml

Add 0.15m! of
1,2 N-Perchloric acid

Supernatant (or standard solution®)—50 ul

Add 180 4l of reaction buffer*®
and 54l of 0.2% o-phthalaldehyde

Inject 504l (or 100 4l) into HPLC

* 0.2 N-Perchloric acid containing 5uM of histamine

** Reaction buffer was prepared by mixing 5ml of borate buffer,
5ml of methanol, 0.375ml of 1N-NaOH and 0,1ml of 0.5%
(v/v) 2-mercaptoethanol in methanol (pH of borate buffer
(0.05M sodium borate) was adjusted to pH 10 with 5M-NaOH),

Fig. 4. Determination procedure of histamine in

blood as the o-phthalaldehyde derivative by
High-performance liquid chromatography.
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Table 3. Histamine concentrations of blood after first intravenous infusion of multiple dose of van-

comycin 1 g over 1.5 h

Histamine concentration (nmol/ml)

Subject

No. before -1.0 -0.5
1 1 1

after administration of vancomycin (h)

0 0.5 1.0 2.0 4.0
I 1 ]

1 0.55  0.44  0.46
2 0.50 0.5  0.46
3 0.52 0.6  0.72
Whole 4 0.80 117 0.86
5 0.39 0.3  0.38
6 0.78  0.76  0.73

0.49 0.52 0.46 0.46 0.44
0.45 0.47 0.42 0.48 0.48
0.65 0.45 0.61 0.58 0.53
0.85 0.83 0.80 0.76 0.80
0.34 0.36 0.37 0.34 0.35
0.73 0.77 0.78 0.86 0.74

Mean 0.59 0.65 0.60

0.59 0.57 0.57 0.58 0.56

SE 0.067 0.119 0.079 0.078 0.077 0.076 0.080 0.072

1 0.047 0.041 0.042 0.044 0.043 0.044 0.037 0.040

2 0.047 0.047 0.047 0.045 0.044 0.045 0.041 0.046

3 0.045 0.042 0.040 0.045 0.041 0.037 0.038 0.036

4 0.045 0.044 0.047 0.040 0.044 0.043 0.045 0.042

Plasma 5 0.034 0.035 0.036 0.035 0.033 0.029 0.029 0.034
6 0.046 0.044 0.054 0.045 0.041 0.045 0.044 0.044

Mean 0.044 0.042 0.044 0.042 0.041 0.041 0.039 0.040

SE 0.002 0.002 0.003 0.002 0.002 0.003 0.002 0.002
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Table 4. Histamine concentrations of blood after ninth intravenous infusion of multiple dose of van-
comycin 1 g over 1.5 h

Histamine concentration (nmol/ml)

Subject after administration of vancomycin (h)
No. beflore —}.0 -(J),5 ? 015 110 2i0 4;0
1 0.46 0.40 0.38 0.44 0.46 0.42 0.40 0.39
2 0.31 0.32 0.35 0.35 0.31 0.33 0.33 0.40
3 0.70 0.67 0.80 0.57 0.56 0.61 0.69 0.65
Whole 4 0.87 0.87 0.78 0.81 0.87 0.82 0.97 0.88
blood 5 0.48 0.46 0.46 0.39 0.62 0.44 0.40 0.37
6 1.03 0.81 0.82 0.82 1.11 0.95 0.90 0.84

Mean 0.64 0.59 0.60 0.56 0.66 0.60 0.62 0.59

SE 0.112 0.093 0.092 0.085 0.118 0.100 0.114 0.096
1 0.038 0.035 0.035 0.037 0.035 0.030 0.033 0.034
2 0.028 0.033 0.033 0.033 0.030 0.035 0.031 0.031
3 0.037 0.038 0.040 0.038 0.037 0.042 0.036 0.038
4 0.050 0.048 0.050 0.047 0.043 0.046 0.051 0.050
Plasma 5 0.041  0.049  0.049  0.040  0.043  0.042  0.044  0.045
6 0.056 0.042 0.048 0.044 0.046 0.046 0.046 0.056
Mean 0.042 0.041 0.043 0.040 0.039 0.040 0.040 0.042
SE 0.004 0.003 0.003 0.002 0.002 0.003 0.003 0.004
Aerobes Anaerobes
11 [Vancomycin 1gx2/day x5days] 11 [Vancomycin 1gx 2/day x5 days|
10} 10} Toul
Befdobacteriem
< 9} L
3 9 =0 Fusobacterom
[=}
= 8 8t .
ATW' A Clostrdiem -
E T E. coli L
g 7 col 7
£ o 6f Peptococcacane
3
5 5 Enterococcus
= I ~ St
8 ™ <o Lactobacillus
ot 4 Sm_ﬂtococm 4}
g Condit
= 3 Klebsiella 3r
2k _ — — <= — — — == Staphylococcus 2 > d A Clostnduem (+,°!
. 1 ’//// ** lecithithinase-negative
*? |ecithinase-positive

before day3 day5 1wk before day3 day5 1wk
after administration  after withdrawal after administration  after withdrawal

Fig. 5. Mean changes in intestinal bacterial flora in feces following vancomycin
multiple-administration (n=6).

% 72, #$ 10°CFU/g B & @ Clostridium difficile DM, Fig. 6 D7 L < Y=1.046 X+1.67 TF
DBERERTRE6AT 1A, T 1:B%3LZCEDoN h, HBEKRr=0.983 Lt k{—B®L T, 20

7:55, THRIZEDERBA SR do T, Zens, DIBOMmEh@E RS I bioassay DR
2. nNraeq v rOENERE TRL Tz,

m#fch/v> a< 4 & 2 BE O bioassay & & FPIA 1) HEKRERER
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Fig. 6. Relationship between vancomycin serum  Fig. 7. Mean plasma concentrations of vancomy-
concentrations determined by bioassay and cin and the fitted curves in volunteers following
fluorescence polarization immunoassay an intravenous infusion of 0.5g and 1 g over 1
(FPIA) . h (bioassay) .

Table 5. Plasma concentrations of vancomycin following 0.5 g single intravenous infusion over 1 h

Subject Plasma concentrations (ug/ml) at time (h) after adm.
No. before 0.0 0.5 1.0 2.0 4.0 6.0 11.0 23.0
1 0.0 21.0 15.0 10.8 7.4 4.6 2.9 1.5 0.6
2 0.0 23.2 13.2 10.7 7.6 6.3 4.3 2.3 0.7
3 0.0 20.4 12.2 11.0 7.8 5.1 3.0 1.5 0.0
4 0.0 22.4 14.8 10.9 7.7 6.0 3.6 1.6 0.0
5 0.0 30.7 18.5 15.5 10.0 7.1 5.4 2.9 1.0
6 0.0 20.0 12.4 9.3 6.8 4.4 2.9 1.9 0.0

Mean 0.0 23.0 14.4 11.4 7.9 5.6 3.7 1.9 0.4
SD 0.0 4.0 2.3 2.1 1.1 1.1 1.0 0.6 0.4

Table 6. Plasma concentrations of vancomycin following 1 g single intravenous infusion over 1 h

Plasma concentrations (ug/ml) at time (h) after adm.

Subject
No. before 0.0 0.5 1.0 2.0 4.0 6.0 11.0 23.0
1 0.0 50.0 26.7 18.6 11.7 7.4 5.0 3.0 1.1
2 0.0 57.3 37.3 29.8 15.8 10.2 7.7 3.7 1.5
3 0.0 47.7 29.6 18.7 13.2 7.7 6.3 2.6 1.1
4 0.0 48.0 34.5 27.4 14.1 9.4 6.7 3.1 0.9
5 0.0 54.9 40.9 29.3 16.3 11.6 8.7 4.2 1.4
6 0.0 38.8 20.7 15.7 11.9 7.1 4.1 2.7 . 1.2

Mean 0.0 49.5 31.6 23.3 13.8 8.9 6.4 3.2 1.2

SD 0.0 6.5 7.4 6.3 1.9 1.8 1.7 0.6 0.2
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Table 7. Pharmacokinetic parameters of vancomycin in volunteers following single intravenous infusion of 0.5

g over 1 h period

Subject ks ki, Kio V. Ve a Y-J tinla) ’m(m Clyot AUC
No. h-! h-! h-! 1 1 h™! h-! h h ml/min ug-h/ml
Mean 0.911 0.692 0.458 12.89 29.86 1.894 0.167 0.37 4.14 98.4 85
1 0.445 0.425 0.402 16.49 33.76 1.119 0.153 0.62 4.54 110.5 75
2 1.389  0.691 0.474 11.05  33.26 2.419 0.135 0.29 5.12 87.3 95
3 1.861 1.330 0.609 11.67 28.00 3.573 0.227 0.19 3.06 118.5 70
4 0.876 0.712 0.457 13.35 29.78 1.871 0.174 0.37 3.9 101.7 82
5 0.868 0.566 0.425 9.84 24.93 1.719 0.140 0.40 4.95 69.7 120
6 0.919 0.661 0.487 14.57 34.83 1.897 0.170 0.37 4.09 118.3 70
Mean 1.060 0.731 0.476 12.83 30.76 2.100 0.167 0.37 4.29 101.0 85
SD 0.494 0.312 0.072 2.46 3.86 0.833 0.033 0.14 0.75 19.3 19

kiz: First-order rate constant describing transfer from compartment 1 to compartment 2.
k,,: First-order rate constant describing transfer from compartment 2 to compartment 1.

kio: First-order rate constant describing elimination from compartment 1.

V.: Distribution volume of compartment 1.
a: First-order hybrid rate constant in distribution phase.
B: First-order hybrid rate constant in elimination phase.
t.2 (a): Half life in distribution phase.
t,. (B): Half life in elimination phase.
Clrou: Total clearance.

AUC: Area under the plasma concentration—time curve calculated by parameters.

V... Distribution volume at steady state.

Table 8. Pharmacokinetic parameters of vancomycin in volunteers following single intravenous infusion of 1 g
over 1 h period

Subject k2 ka kio V. V.. a ;] tipla) 4B Clrod AUC
No. h-! h-! h-! 1 1 h-! h-! h h ml/min sg-h/ml

Mean  0.565  0.362  0.464 13.04  33.39 1.257  0.134 0.55 5.19 100.8 165

1 0.933 0.469  0.680 10.56  31.57 1.916  0.166 0.36 4.16 119.7 139

2 0.462  0.295  0.421 11.90  30.53 1.061  0.117 0.65 5.92 83.5 200

3 0.731 0.391 0.529 12.37  35.50 1.514 0.137 0.46 5.07 109.1 153

4 0.346 0.262  0.382 1496 34.72 0.876 0.114 0.79 6.06 95.2 175

5 0.413  0.263  0.359 12.75  32.77 0.93¢  0.101 0.74 6.86 76.3 218

6 1.411  0.793  0.721 12.22  33.96 2.714 0.211 0.26 3.29 146.8 113

Mean 0.716 0.412  0.515 12.46  33.18 1.503  0.141 0.54 5.23 105.1 166

SD 0.406  0.204  0.155 1.44 1.90 0.714  0.041 0.22 1.32 25.9 39

Each parameter is defined the same as in Table 7.
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Table 9. Urinary concentrations of vancomycin following 0.5 g single intravenous infusion

over 1 h
Subject Urinary concentrations (u4g/ml) at time (h) after adm.
No. 0~2 2~4 4~6 6~8 8~12 12~24 24~48 48~172
1 314.0 299.0 414.0 574.0 448.0 125.0 12.8 3.5
2 482.0 749.0 628.0 359.0 274.0 115.0 24.9 7.1
3 1,390.0 1,030.0 767.0 337.0 151.0 97.8 22.8 2.9
4 1,890.0 1,590.0 921.0 382.0 204.0 75.2 13.8 2.5
5 2,610.0 1,410.0 854.0 549.0 271.0 82.8 21.2 2.7
6 530.0 443.0 169.0 294.0 146.0 90.1 12.7 3.5
Mean 1,202.7 920.2 625.5 415.8 249.0 97.7 18.0 3.7
SD 921.9 518.4 287.3 116.8 112.2 19.1 5.5 1.7

Table 10, Cumulative urinary recoveries of vancomycin following 0.5 g single intravenous in-

fusion over 1 h

Cumulative urinary recovery (%) at time (h) after adm.

Subject

No. 0~2 0~4 0~6 0~8 0~12  0~24  0~48  0~72
1 28.0 41.3 56.6 64.6 79.3 92.9 98.8 100.4
2 31.9 46.5 56.8 63.9 71.9 82.9 88.0 89.5
3 35.5 49.1 59.7 66.2 74.3 84.1 88.4 89.1
4 28.9 47.1 57.8 65.8 76.6 87.7 91.9 93.0
5 30.6 45.8 56.6 63.9 73.5 91.0 95.1 96.0
6 26.1 39.4 44.9 51.4 61.0 66.6 74.0 76.0

Mean 30.2 4.9 55.4 62.6 72.8 84.2 89.4 90.7
SD 3.3 3.7 5.3 5.6 6.3 9.4 8.6 8.3
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Table 11. Urinary concentrations of vancomycin following 1 g single intravenous infusion

over 1 h
Subject Urinary concentrations (ug/ml) at time (h) after adm.
No. 0~2 2~4 4~6 6~8 8~12 12~24 24~48  48~T2
1 529.0 399.0 319.0  558.0 276.0 180.0 18.3 5.0
2 2,150.0 1,240.0 1,330.0 787.0 415.0 183.0 74.5 9.3
3 1,890.0 962.0 1,350.0  424.0 143.0 140.0 25.5 6.4
4 2,700.0 1,950.0 1,640.0 511.0 266.0 139.0 15.3 2.8
5 353.0 973.0 628.0 248.0 377.0 178.0 244 49
6 658.0 816.0 738.0  296.0 169.0 131.0 14.6 4.6
Mean 1,380.0 1,056.7 1,000.8  470.7 274.3 168.5 28.8 5.5
SD 989.5 517.3 512.2 195.7 108.4 24.2 22.9 2.2

Table 12, Cumulative urinary recoveries of vancomycin following 1 g single intravenous in-
fusion over 1 h

Subject Cumulative urinary recovery (%) at time (h) after adm.
No. 0~2 0~4 0~6 0~8  0~12 0~24 0~48  0~T72
1 26.1 45.1 53.9 60.2 68.9 80.8 85.7 86.7
2 31.8 49.2 58.7 66.0 74.3 87.4 95.7 97.0
3 30.5 4.8 54.2 62.7 69.9 82.4 86.2 87.3
4 31.0 49.5 60.7 70.2 80.7 92.8 95.7 96.2
5 30.3 48.7 59.3 67.6 76.8 87.9 92.3 93.1
6 26.1 42.2 51.8 59.1 63.8 78.6 83.5 85.0

Mean 29.3 46.6 56.4 64.3 72.4 85.0 89.8 90.9
SD 2.5 3.0 3.6 4.4 6.1 5.3 5.4 5.2

Table 13. Plasma concentrations of vancomycin following multiple intravenous infusion over 1.5 h
(1 gx2 times/day X9 times for 5 days)

Plasma concentrations (ug/ml) Plasma concentrations (4g/ml) at
Subject . 3rd adm. Sth adm. .
at times (h) after 1st adm. times (h) after 9th adm.
No.

before 0.0 0.5 1.0 2.0 4.0 6.0 10.5before 0.0 1.0 before 0.0 1.0 before 0.0 0.5 1.0 2.0 4.0 6.0 10.522.5

0.0 36.325.6 20.3 13.1 7.8 5.1 2.7 2.9 47.6 19.1 3.9 48.520.1 3.7 58.8 29.7 20.0 16.1 8.9 6.5 3.1 1.5
0.0 39.117.713.7 9.5 6.4 4.2 2.5 3.3 47.319.8 3.9 42.1 19.3 3.5 44.7 20.0 17.4 13.8 8.2 5.2 3.1 1.6
0.0 43.427.619.414.0 8.9 6.0 2.6 3.9 47.121.2 3.8 55.4 21.8 3.9 52.0 27.7 23.5 16.2 9.7 7.8 3.3 1.2
0.0 43.526.9 20.1 15.0 10.0 6.2 3.2 4.1 43.6 22.1 4.9 51.523.9 4.7 54.6 32.0 25.7 18.5 12.3 9.7 4.5 1.5
0.0 39.421.415.812.3 6.4 4.3 2.7 3.9 42.6 20.1 4.0 45.318.2 4.4 47.329.924.9 148 9.4 6.8 4.0 1.6
0.0 41.419.918.313.2 9.5 6.0 3.7 4.6 41.0 21.7 5.5 42.8 23.2 5.8 46.3 32.2 22.0 20.0 13.5 9.2 4.1 2.2

= S N N

Mean 0.0 40.523.2 17.9 12.9 8.2 5.3 2.9 3.8 44.9 20.7 4.3 47.6 21.1 4.3 50.6 28.6 22.3 16.6 10.3 7.5 3.7 1.6
SD 0.0 2.8 41 26 19 1609 04 06 2.8 1.2 0.7 52 2.3 0.8 55 4.5 3.1 2.3 2.1 1.7 0.6 0.3
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Table 14. Pharmacokinetic parameters of vancomycin in volunteers following multiple intravenous infusion of
1 g over 1.5 h period -lst-

Subject k.. k2 Ko V. Ve a g tiz(a) (B Clrat AUC
No. h-! h-! h-! 1 1 h-! h-! h h ml/min  ug-h/ml

Mean  1.312 0.717 0.747 9.48  26.83 2.567  0.209 0.27 3.32 118.0 141

0.535 0.642  0.481 15.42 28.27 1.444  0.214 0.48 3.24 123.6 135
1.750 0.564 1.112 7.31 29.99 3.232 0.194 0.21 3.57 135.5 123
0.814 0.575  0.598 10.84 26.19 1.795 0.192 0.39 3.62 108.0 154
1.086 0.697 0.621 9.98  25.53 2.208  0.196 0.31 3.54 103.3 161
1.519 0.771 0.919 8.68  25.78 2.970 0.239 0.23 2.91 132.9 253
2.401 0.728 0.958 6.63 28.50 3.909  0.177 0.18 3.88 105.9 157

S U E W N

Mean  1.351 0.663 0.781 9.81 27.38  2.593  0.202 0.30 3.46 118.2 164
SD 0.680 0.084  0.249 3.17 1.80 0.937  0.022 0.12 0.34 14.3 46

Each parameter is defined the same as in Table 7.

Table 15. Pharmacokinetic parameters of vancomycin in volunteers following multiple intravenous infusion of
1 g over 1.5 h period -9th-

Subject ki, k2 kio V. Ves a Y] tiz(a)  t,(B) Clro, AUC
No. h—! h-! h-! 1 1 h-! h-! h h ml/min ug-h/ml

Mean 1.270 0.562 0.727 7.95 25.92 2.388 0.171 0.29 4.05 96.3 173

1.335  0.507 0.993 5.79 21.04 2.645  0.190 0.26 3.64 95.8 174
3.531 0.713 1.574 4.41 26.25 5.618  0.200 0.12 3.47 115.7 144
1.748 0.721 0.897 6.49 22.22 3.161 0.205 0.22 3.39 97.0 172
1.232 0.584 0.656 7.81 24.29 2.306  0.166 0.30 4.17 85.4 195
0.513 0.294 0.499 12.45  34.17 1.182 0.124 0.59 5.58 103.5 161
0.981 0.548 0.473 11.18 31.19 1.863 0.139 0.37 4.98 88.1 189

S N s W N e

Mean  1.557  0.561 0.849 8.02 26.53 2.796 0.171 0.31 4.21 97.6 173
SD 1.050 0.157  0.412 3.16 5.18 1.539  0.034 0.16 0.90 11.0 19

Each parameter is defined the same as in Table 7.
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Table 16. Urinary recoveries of vancomycin In 601 o: st dose
volunteers following infusion of 1 g every a: 9th dose
12 h totaling nine doses 501 '
Subject 1lst* 2nd* 3rd® 4th* 5th*  total &
~ 40 oo
No. day day day day day (7 days) = ° 0% 009
' %o ® oy p—gs
® ©34.313.6%
1 707 795 89.5 85.5 85.1 83.9 giwr % 9 (n=24)
2 726 98.1 87.2 926 8.5 9.3 ¥ °
3 73.2 864 94.8 94.9 90.3 90.2 E 20
4 73.1 83.0 83.1 99.2 95.5 88.5 10
5 749 85.8 87.8 83.0 89.5 86.9
6 69.6 84.8 101.9 81.7 92.5 89.9 0 L i e 1 1 J

Mean 72.4 86.3 90.7 89.5 89.7 88.3
SD 1.9 6.3 6.7 7.1 4.0 2.5

*24 h urinary recovery from two doses.

*12 h urinary recovery from one dose.

“Total (seven days) urinary recovery from all
doses.
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Fig. 10. Urinary recovery of vancomycin in volun-
teers following multiple intravenous infusion of

lgover 1.5hevery 12h (referred to Table 16) .
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PHASE 1 STUDIES ON VANCOMYCIN HYDROCHLORIDE FOR INJECTION

Mitsuyoshi Nakashima
Department of Pharmacology. School of Medicine, Hamamatsu University, Hamamatsu,
3600 Handamachi, Hamamatsu-City, Shizuoka 431 31, Japan

Ken Katagiri
Shionogi Pharmacology Research Clinic, Shionogi & Co., Ltd.

Takayoshi Oguma
Shionogi Research Laboratories, Shionogi & Co., Ltd.

We studied the safety and pharmacokinetics of vancomycin hydrochloride, which was intravenous-
ly administered to healthy male volunteers. A single-administration study (SAS) of its 0.5g and
1.0 g doses and a multiple-administration study (MAS) of a 1.0 g dose administered twice a day for
5days (total, 9 times) were done on two volunteer populations. In terms of subjective and objective
signs, physiological and clinical examinations revealed no marked abnormalities or changes, except
in two cases of facial flushing and a slight, transient elevation of heart rate when the 1.0 g dose was
administered. No marked changes were observed in serum histamine concentration and intestinal
bacterial flora. In the SAS (0.5g and 1.0 g dose), the G.x of average plasma levels was 23.4 and
49.5 ug/ml, respectively. The average elimination half life in 8-phase was 4.3h (0.5g) and 5.2h
(1.0g) . Urinary recovery up to 72 h in the SAS for the 0.5 g dose was 90.7% and 90.9% for the 1.0
g dose. In the MAS, plasma levels observed in the first and ninth doses showed no significant
difference and remained linear. Twenty-four hours’ urinary recovery of this drug, compared to the
daily dosage, was slightly under 72% for the first dose but almost 90% after the second dose and
overall recovery was about 90%. Renal clearance was 114 ml/min for the initial administration and
121 ml/min for the final administration, which was not a substantial difference. Multiple administra-
tion had no influence on excretion from the kidney. The serum protein binding ratio was 34.3+
3.6%.



