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Table 1 Patients characteristics

Patient No. 1 2 3 ‘ 5 6 7 8 9 10

il | TS | sMo | MN | HW | MS. | HK | KW | Ms. | s
Sex Female | Male | Male | Male | Female | Male | Male | Mae | Mae | Male
™ ] 3 ) 3 3 ) 1 “ s &
B aton M M M L M Mo [BooMLE| M M Mo
“ITotal DNR 4“0 "

ol 10 80 | Soace | @OXR) | % 0 v w0 0
“

(days) k< el El 6 % 0 [] 168 57 0
Bberl | 2w | ame [ awo | o | [ e wmae | e | omo | 2
% Blast 6 6 3 7 0 7 1 9 0 3
'(’Jd” 74 84 81 75 78 72 71 63 6.4 72
AP
(79-29mU/ml) 166 6 184 28 42 175 1,018 33 24 140
) » ) 5 3 » % 5 13 ™ %
837’“”/"“) 2a % 20 104 57 20 % it} il 18
v | 5 © @ @ ) 10 6 12 kY
m{‘;f‘;‘:&m 1.0 18 09 01 14 04 0.8 12 16 13
?;;‘;;:;M 0.8 09 11 1.2 08 13 11 13 0.9 14

*! Total dose of DNR previously administrated before this study.

*? Period from the last administration of DNR prior to this study.
** Blast crisis of chronic myelogenous leukemia.
DXR : Doxorubicin, ACR : Aclarubicin.

Fig.1 Structure of daunorubicin hydrochloride
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No.4 #BR & WIBELET LTV Lo No.7 O #EIL
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i, FFEHROMELRSET S, AP, LAP oL
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Fig.2 Assay procedure for plasma sample
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Fig.3 Asssy procedure for blood cell sample
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Table 2 and its in the plasma of patients
beared with leukemia after intravenous injection (40mg/body)
Patient No. 1 2 | 3 [l 5 5 7] & ] 9 | W
x Female | Male | Male | Male | Female| Male | Male | Male | Male | Male §
Age (v) 6 | 2 [ e [ 3 | s | m | a4 | 4 | & | e |\ SD
Bodyweight (kg) | 48 | 76 | 55 | & | st | s | & | e | 65 | w
(ng/mi) | (ng/mm | (/) | /o) | (/)| rg/on) | /| g | /| o) | o/
Omin, 0.00 2.51 1.08 0.00 0.801 0.00 0.00 0.00 0.00 0.512] 0.818
Smin.| 99.50 |115.00 |202.00 | 65.10 |352.00 | 698.00 [ 67.90 |420.00 | 159.00 | 101.00 |228.00 |204.00
10min. | 31.20 | 34.20 | 35.70 | 40.00 |125.00 | 200.00 [ 41.70 |135.00 | 50.90 | 47.50 | 74.10 | 58.20
DNR 30min. | 18.10 | 23.10 | 28.60 19.30 | 70.30 77.60 | 20.70 [ 64.40 | 29.20 | 30.20 | 38.20 | 23.10
60min. | 16.30 | 15.70 | 19.10 | 17.10 | 40.60 52.40 | 22.30 | 25.80 | 19.80 | 21.50 | 25.10 | 12.00
2hr. 14.20 9.30 | 13.30 | 10.00 | 22.80 60.90 | 19.40 | 29.10 | 11.60 9.35 | 20.00 | 15.80
794 | 520 | 519 | 860 | 1070 | 702| 1600 1630 | 650 | 7.9 | 911 | 407
4.63 2.9 4.85 5.78 5.67 5.34 | 11.20 6.73 3.44 3.45 5.34 2.45
1.9 1.57 1.86 3.52 1.52 1.63 2.00 1.39 0.669 1.35 1.75 0.73
0.00 1.79 0.29 0.530| 0.82 0.00 0.00 0.00 1.09 0.451 0.613
64.20 | 83.40 | 97.60 | 45.60 | 36.50 23.30 | 206.00 |149.00 | 75.10 | 96.50 | 62.90
27.20 | 97.30 | 32.30 | 28.60 | 56.40 28.70 | 92.70 | 67.50 7.10 | 55.40 | 28.50
21.20 | 25.90 | 32.10 | 19.60 | 60.10 15.60 | 46.10 | 36.10 | 25.10 | 33.40 15.00
DNR-OL 2540 | 24.60 | 22.50 | 21.30 | 64.80 24.90 | 30.10 | 36.80 | 26.00 | 33.30 | 15.10
2.30 | 20.60 | 2840 | 18.50 | 57.70 %70 | 6.0 a0 | 2.2
w60 | .60 | 250 | 2050 | 5450 w80 | 7.0 3490 | 16.40
26.60 | 17.80 | 16.20 | 24.70 | 48.70 27.80 | 68.10 31.20 | 15.80
16.00 7.63 | 12.70 | 13.80 | 22.10 16.00 | 26.30 16.40 5.10
.00 0.000| 0.6 0.000] 9.3 8| se 387 | 5.3
8.400 | 9.440| 11.200| 5.960( 16.60 14.10 | 66.20 23.30 | 28.50
3.1 8.280( 2.220| 2.790| 16.70 18.70 | 21.70 12.10 | 13.00
1.580| 1.720| 1.750| 1.130( 17.00 9.37 | 1.00 6.47 6.84
Others 1.200| 1.120( 1.040| 1.380| 10.10 10.90 7.12 5.10 5.44
1.00| 0.610( 0.761| 0.851| 9.37 11.80 | 19.90 7.63 | 10.53
0.494| 0.600| 0.421| 0625| 7.33 13.30 | 11.40 5.28 6.04
0.485| 0.365| 0.360( 0.665| 8.31 10.30 | 15.80 6.75 8.88
0.843| 0.347| 0.270| 0.620| 7.58 7.40 | 11.40 4.24 4.19
0.00 4.30 2.06 0.53 | 11.00 4.87 9.35 X X 4.83 5.15
172.00 | 208.00 | 311.00 | 117.00 | 405.00 105.20 | 692.00 |317.00 | 182.00 |348.00 2.79
61.60 |140.00 | 70.20 | 71.40 | 198.00 89.10 | 250.00 | 121.00 | §7.40 | 142.00 | 89.60
40.90 | 50.70 | 62.50 | 40.00 |147.00 45.70 | 121.00 | 66.90 | 56.80 | 78.00 | 43.40
Total 60min. [ 42.90 | 41.40 | 42.60 | 39.80 |116.00 58.10 | 63.00 | 38.00 | 48.70 | 63.50 | 30.90
2hr. 44.60 | 34.50 | 42.50 | 29.40 | 89.90 58.00 | 116.00 | 43.70 | 35.40 | 69.00 | 52.40
4hr. 37.00 | 29.40 | 28.10 | 30.70 | 72.50 45.40 | 74.10 | 97.70 | 41.10 | 36.80 | 49.30 | 23.80
8hr. 31.70 | 20.50 | 21.40 | 31.10 | 62.70 57.90 | 49.30 | 90.70 [ 39.20 | 28.10 | 43.30 | 22.10
24hr. 18.80 9.55 | 14.80 | 17.90 | 31.20 25.60 | 25.40 | 39.10 [ 21.70 | 20.00 | 22.40 8.42

The results were obtained to three significant digits.
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Table 3 and its in the blood cells of patients
beared with leukemia after intravenous injection (40mg/body)
Patients 1 2 3 4 5 3 7 8 9 | 10
Sex Female | Male | Male | Male |Female| Male | Male | Male | Male | Male
Age (v) w | 2 | 0 | s | % | m | | w4 | & | e |Messel SO
Body weight (ki) | 48 | 76 | 55 | 6 | 5 | 55 | 57 | 64 | 65 | 50
(ng/) | (owlw) | (g | (na/a) | (nwls) | (na/m) | (ng/) | (na/e) | (na/a) | (naa) | (nale)
omin| 000 | 221 | o0582| 260 | 0.00| 121 | 1430 | 205 [ 000 | 000 | 23| 43
Smin. [100.00 | 194.00 | 364.00 | 156.00 | 202.00 | 224.00 | 176.00 | 477.00 | 167.00 | 203.00 | 237.00 | 110.00
10min.| 48.30 | 75.40 | 60.30 [110.00 | 94.00 | 400.00 | 158.00 [ 100.00 | 68.60 |170.00 | 129.00 | 103.00
oxg omin| 0 [ 8000 | 570 | 40 | 6860 | 15100 | 8140 | 6870 | 5880 10200 | 7110 | 3450
60min. | 18.80 | 53.50 | 40.30 | 36.60 51.30 | 85.00 78.30 | 46.90 | 47.80 | 88.50 5470 | 2.5
2hr. 22.00 | 20.30 | 24.60 | 30.90 31.9 | 74.20 62.40 | 37.80 | 31.00 | 63.80 40.00 | 19.5
4hr. 15.70 | 21.60 10.70 | 18.50 18.50 | 64.70 34.90 | 23.10 | 17.30 | 30.00 2.5 | 15.40
8hr. 8.86 5.0 | 23.70 | 19.10 9.06 | 67.20 17.40 7.57 | 12.20 | 19.70 19.00 | 18.00
24hr. 2.92 4.7 3.7 4.67 2.14 | 13.90 8.42 3.55 2.57 413 5.07 3.%
Omin. 0.00 2.13 0.00 1.25 0.00 1.51 2.2 0.93( 0.00 0.00 2.8 6.8
Smin.| 9.90 | 154.00 [209.00 | 85.50 | 144.00 | 375.00 | 11300 | 309.00 | 200.00 [178.00 | 265.00 | 115.00
10min. 63.80 | 45.50 | 53.80 54.30 | 112.00 72.10 | 88.30 [124.00 | 76.00 20| 2.0
30min. 39.40 | 36.40 | 28.90 55.00 | 46.30 47.70 | 47.80 | 50.60 | 42.20 41.70 | 10.00
DNR-OL  60min. 40.90 | 48.30 | 25.60 58.10 | 41.20 42.00 | 40.00 | 56.00 | 53.10 0.2 | 13.60
2hr. 23.30 | 25.80 | 25.40 51.10 | 41.80 47.90 | 41.40 | 53.40 | 48.70 38.30 | 12.%
dhr. | 2570 | 2340 | 2620 | 2630 | 63.00 | 4410 | 3200 | 40.30 | 7.3 | @20 | 30| 1270
Shr. | 2090 | 2150 | 33.60 | 28.50 | 52.80 | 51.80 | 19.90 | 30.80 | 4420 | 9.0 | ¥.30 | 14.00
24he. | 13.00 | 13.00 | 13.30 | 1350 | 1110 | 36.00 | 19.30 | 25.90 | 23.00 | 3150 | 1980 8.0
omin.| 0.000| 0.000] 0.000] 0.000] 38.00| 2830 | 60.00] 2070 | 0.0m| o.om] 1570 | 2.0
Smin.| 6.410| 12.400| 14.300( 6.730( 96.50 | 83.70 82.00 | 60.30 | 13.000| 7.390| 34.90 | 3.00
10min. | 1.970| 3.700| 2.150| 3.720| 87.80 | 43.40 89.90 | 30.20 4.798| 3.180| 27.10| 3%5.50
30min.| 1.080| 2.760 1.570| 1.980) 61.50 | 24.40 61.80 | 23.30 1.870| 1.800{ 18.20 | 24.60
Others. 60min, 0.899| 1.140| 0.867| 1.630| 54.90 | 35.50 49.70 | 23.80 1.020| 1.90| 17.10 | 2.10
2hr. 0.975( 0.700| 0.784 1.550 | 29.90 | 35.30 51.00 | 23.90 1.19%| 1.50| 14.70 | 18.9
4hr. 0.742| 0.716| 0.605| 0.661| 34.00 | 25.00 54.30 | 22.80 0.012| 1.440| 14.10| 19.00
8hr. 0.867| 0.000( 0.484 1.070| 19.70 | 23.80 36.90 | 26.9 0.025| 1.200( 11.10 | 14.20
24hr. 0.000| 0.000| 0.437| 0.223| 28.10 | 29.80 54.90 | 39.40 2.050| 0373 15.60 | 20.60
Omin. | 0.00 4.34 0.582| 3.85 38.00 | 31.10 97.10 | 32.70 0.00 0.00 20.80 | 31.00
Smin. | 197.00 | 360.00 | 587.00 | 248.00 | 403.00 | 683.00 | 370.00 | 942.00 |499.00 | 477.00 | 477.00 | 219.00
10min. | 92.30 | 143.00 |108.00 | 168.00 | 236.00 |536.00 | 320.00 | 149.00 |197.00 |249.00 | 222.00 | 136.00
30min. | 53.00 | 92.90 | 91.70 | 78.30 | 185.00 |222.00 | 191.00 | 140.00 |111.00 |145.00 | 131.00 | 55.00
Total 60min. | 36.00 | 95.50 | 69.50 | 63.80 | 164.00 | 162.00 | 170.00 | 111.00 |105.00 |144.00 | 112.00 | 46.00
2hr. 47.20 | 44.30 | 51.20 | 57.90 | 113.00 | 151.00 | 102.00 | 163.00 | 86.20 |114.00 %3.00 | 2.9
dhr. | 4230 | 45.70 | 37.50 | 45.50 | 115.00 |130.00 | 121.00 | 86.20 | 85.60 | 73.60 | 76.60 | B9
Shr. | 34.60 | 26.60 | 57.80 | 48.70 | 8150 |143.00 | 74.20 | 70.30 | 57.00 | 80.00 | 67.50 | 240
24hr. 15.90 | 17.70 17.40 | 18.40 41.80 | 77.70 82.00 | 88.80 | 28.00 | 36.00 4040 | 6.4

The results were obtained to three significant digits.

monitor FP-110) % B\, B)EHHR 467 nm, HH¥ERK
600 nm I THIE L7z SER L, BB At M
RE LCRYHM L ARCAE LTHRORREBR LA
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W Lo Fig.d 27 v b 75 a%ifto
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Pharmacokinetic study (%, 32 ¥ -3— b4 bt—

7% n (Fig.7) % i\, Damping-Gaus-Newton
Bicx BRI L 0 B LT
. & ®
1. DNR, DNR-OL ¥ X Uf o fR##p o iMfss XU
FlEFREEY Table 2, 3ic, MyERREEES LR
RPMERB Y Fig.5 6 I0RTo DNR 2HfEIh
Tu5 % No.2, 8,5 8 Tix, H5MO MKFRE
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Fig.5 Average plasma levels of DNR and its
metabolites in patients after intravenous
injection (40 mg/body)
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Fig6 Average blood cell levels of DNR and
its metabolites in patients after intra-
venous injection (40 mg/body)
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Fig.7 Three compartment model (I.V.)
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Fig.8 Average blood levels of DNR in patients
after intravenous injection (40 mg/body)
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Mot
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Fig.9 Urinary excretions of DNR and its me-
tabolites in the patients after intravenous
injection (40 mg/body)
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Table 6 Cumulative percent excretions of daurorubicin and its metabolites in the urine of patients
with leukemia after intravenous injection (40mg/body) (%)
Patient No. 1 2 3 4 5 6 7 ] 9 10
Sex Female | Male | Male | Male |Female| Male | Male | Male | Male | Male
Age (v) % 2 ) 3 3 i) X “ &5 | 6 |Avesel SD
Body weight (kg) | 48 6 55 64 54 53 57 64 65 50
ohr.[ 000 | 0.00 [ 0.00 |0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
dhe.| 258 | 9.95 | 478 | 222 | 353 | 300 | 645 | 465 | 665 | 2.8 | 4.68 | 2.43
DNR 2he (335 |16 | 525 | 300 | 465 | 440 | 7.23 | 533 | 885 | 320 | 568 | 2.78
8he|3.35 (119 | 533 [360 | 503 | 520 | 7.3 | 543 | 980 | 3.25 | 6.03 | 2.8
12he[3.38 |19 | 533 368 | 518 | 5.35 | 7.3 | 543 | 9.9 | 3.3 | 6.08 | 285
2he[3.70 {122 | 560 |38 | 548 | 5.43 | 760 | 5.43 [10.4 | 343 | 633 | 2.8
ohe.[0.00 | 000 | 0.0 [0.00 | 000 [ 0.0 | 0.0 | 000 [ 0.0 [ 0.0 [ 000 [ 0.00
2he.| 0723 | 228 | 0708 | 0720 | 102 | 139 | 140 | 0898 | 1.3 | 067 | 111 | 0.50
pypop |13 | 40 |12 |13 | 1ss | 23 | 223 | L6 | 25 | 107 | 1e7 |08
8hr.| 223 | 638 | 226 [228 | 323 | 355 | 3.00 | 3.00 | 400 [ 119 | 315 | 145
2he | 285 | 775 | 275 [295 | 420 | 435 | 320 | 403 | 625 | 182 | 400 | 178
2br.|3.80 | 950 | 363 [4.03 | 575 | 468 | 37 | 595 | 960 | 223 | 530 | 2.8
obr.| 0.00 | 0.00 [ 0.00 [0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 000 | 0.00 | 0.00 | 0.00
2he.{ 0.0615 | 0.263 | 0.109 | 0.0530 | 0.111 | 0.25 | 0.335 | 0.190 | 0.140 [ 0130 | 0.146 | 0.087
Others 4hr.| 00970 | 0.325 | 0.125 | 0.0823 | 0.187 | 0.212 | 0.308 | 0.182 | 0.228 [ 0.171 | 0.200 | 0.098
8hr.| 0130 | 0.33| 0.128 | 0.107 | 0.275 | 0.283 | 0.413 | 0.198 | 0.300 [ 0.188 | 0.23 | 0.102
24he.| 0.061 | 0.368 | 0.143 [ 0128 | 0355 | 0333 | 0.443 | 0.29 [ 0303 | 0196 | 0.273| 0.113
oh.| 0.00 | 0.00 | 0.0 [0.00 | 0.00 [ 0.00 | 0.0 | 0.00 | 000 | 000 | 0.00 | 0.00
2he.[330 [12.5 | 558 |3.00 | 465 | 4.60 [ 88 | 5.68 | 813 | 368 | 5.9 | 298
ol b | 458 159 | 6.65 | 450 | 673 | 698 | 985 | 7.20 [1L6 | 443 | 7.85 | 3.68
8hr.[570 | 186 | 7.63 |5.98 | 8.63 | 9.03 [10.8 | 863 [147 | 46 | 943 | 430
12he.|6.38 | 200 |82 675 | 970 | 9.8 | 1.0 | 065 [105 |53 [103 |46
2he (765 220 | 938 |78 |13 |05 [ns |[ne |24 |58 |18 |51

Reb~o#kthi2, Eic DNR 3 XU DNR-OL 0% T
HEShi, BYO 4REME TX, EL LT DNR 0F
THEZhical, ZThLl#iz, DNR-OL 0N %<
Teotco 24 BEMHERRIZ, DNR 216.33+2.93% T
DNR-OL %:5.30+2.48% T#h, DNR oftaik <
Tt Tz, 24 il E To DNR 3 X UF DNR Rififh
ORERIL, 11.8+5.1% Thot

UL # =®

M X Ok mERF o DNR #E 2, BAURAIN,R.9,
PAUL, C.”, HALHOVEN, R.% &> k [z 3 it DMisR %
211, DNR 0xER#HIX, DNR-OL TH3T &
BRALRTLBI, RAbOMELRS FAkTH- 1
(Fig.10), ¥ #:, DNR-OL i, HALHOVEN,R. 5% &
R 2 48HE D5 — 7 keffivTeo 2 RERIHIC 35 1 T
DNR-OL ifiso kM0 BLEANZ DRI, £ O
By, BEFERCX D, B, B HRES AL
DNR, DNR-OL {55, BRI S hicred L2
Hh59, No.7 ofi#iz, FIEERMROENLER
By, BEEROMESHL Hh, ¥i, MM DNR o

WEEETER (Ko #70.0507 (1/hr) SEMATH 720
%o No.7 o@# Tt DNR BEHIEMTH - 2B
Mz, &5 Shic DNR 25, BT Sem ¥ TRl L
BRIC BT Lickdny Loy (Fig 1), —##hic
Anthracycline FEM 2, 3MAEDMPRERBLEE,
a ERMIPIER AL, VRN RV OX R &
LTabhTwbe SEOMERERIZL D, DNR 2
WwTh, ARcnFRESREYET B LRSI,
T MAPRERITT, Mt « HEMMR 2111
0.94 4y, BHREMMNT 1822, 01 BRI, 7 MM
15.8+8.4 BRI TH D, «IBEBMHIEHICEL, TH
RRMISE T LAVRE N7z, HALHOVEN, R, 5942, «
AN 0.94:£0.07 43, BB 1.04:£0.31 B5f),
7 ABEMHD 24.6£5. 4 BRI L ME LTV B0 BARc O T
— #% HALHOVEN,R. 59 07— 2 Lit@T 5 &, aif
R, BERMRRL, T HEERMIER LTV,
ish DNR REEQEMBNFMMGTL Y, hiiR=
S b AV ORI VA b A Y P AOBTHEE
# (K, Ki) pikEL, k= v - b2V b
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Fig. 10 Daunorubicin metabolites in human urine
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lites in a patient after intravenous in-
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PHARMACOKINETIC STUDY OF DAUNORUBICIN IN
PATIENTS WITH LEUKEMIA

Konyt Ocawa, Michio Matsuzaki, Hiroko MivasHITA,
Sicex1 Motomura, Axira ITo and Takao Oxuso
The First Department of Internal Medicine, Yokohama City
. School of Medicine, 3-46 Urafunecho, Minami-ku,

Yokohama City 282, Japan

Universi

Artsuo Maruta and Fumio Kopama
Department of hemoth K Cancer Center,
54-2 Nakaocho, Asahi-ku, Yokohama City 241, Japan

Daunorubicin (DNR) is one of the most important chemotherapeutic agents used in the treatment

of patients with leukemia. In order to elucidate the ph d; ics of DNR ini into
patients with leukemia, 40mg of DNR was :dmmmer:d intravenously for 3 minutes into the
patients with leukemia in the course of C of DNR in plasma,
red blood cells and urine was measured by high |iqu|d h hy (HPLC). A

three-compartment-open-body model was applied to kinetic study of the blood concentration of
DNR. The results from ten patients with leukemia are concluded as follows.

1. Peak level of DNR concentration was 228.00+204.00 ng/ml in plasma and 237.00+111.00
ng/g in red blood cells, both of which were revealed five minutes after the injection. Blood
concentration curve was composed of @, B and y phase. Half-life of a, B and 7 phase was
0.0351:+0.0157 hr (almost 2 minutes), 1.82+2.01 hr and 15.8+8.4 hr, respectively.

2. Daunorubicinol (DNR-OL) was proved to be a main metabolite of DNR. The peak level of
DNR-OL was 96.50+62.90 ng/ml in plasma and 205.00+115.00ng/g in red blood cells, both of
which reached five minutes after injection. It was found two hours after DNR injection that the
concentration of DNR was 20.00+15.80ng/ml in plasma and 40.00+19.5ng/g in red blood cells
and that DNR-OL concentration was 41.40+27.20 ng/ml in plasma and 40.20+13.60ng/g in red
blood cells. Thus DNR-OL concentration was revealed to be higher than that of DNR two hours
after the injection.

study using th p pen-body model revealed that intercompart-
mental distribution rate constant for circulati npartment to tissue compartment I (Ky) and
tissue compartment 11 (Ky3) were greater than that for tissue compartment T and I to circulating
compartment (K, Kj). Pharmacokinetic study also revealed that the distribution volume of
circulating compartment (V,) was smaller than that of tissue compartment (Vy+Vy). These results
support that DNR injected intravenously in a bolus dose transfers to tissue quickly, and is sustained
in tissue at higher concentration and released from tissue very slowly.

4. Percent excretion of DNR into urine was 6.33+2.93% for DNR and 5.30+2. 48% for DNR-OL
within 24 hours after the injection respectively. The cumulative percent excretion of DNR and
metabolites into urine was only 11.825.1% at 24 hours after the injection. This result shows that
the part of DNR which is excreted into urine within 24 hours after the injection is very small.




