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   The effects of 7-N-(p-hydroxyphenyl)mitomycin C (M-83), a derivative of mitomycin C, 
against eight human tumor xenografts serially transplanted into male BALB/c nude mice were 
evaluated. M-83 showed positive antitumor effect against six out of eight tumor strains. The 
antitumor spectrum of this agent was similar to that of mitomycin C except for two strains. 
   The serum level of M-83 detected by bioassay was biphasic, elimination half-life T1/2p 
was 10.9 minutes and the area under curve AUC600 was 112.4 pg • minute/ml when 15 mg/kg 
of the agent was administered. In the tumor, the peak concentration and AUC600 detected 
by radioassay correlated well with the value of drug efficacy TRW/CRW. The ratio of the 
concentrations detected by bioassay to radioassay in the tumor was approximately 10%, 
which was thought to be affected by inactivation of the agent in the tumor.

   7-N-(p-Hydroxyphenyl)mitomycin C (M-83) was synthesized as one of the 7-N-alkyl derivatives of 

mitomycin C and was reported in 1980 to have more potent antitumor activity against the ascitic form of 

P-388 leukemia than mitomycin C1,2). Mitomycin C is an antibiotic that shows a broad spectrum of 

antitumor activities against human solid tumors transplanted into nude mice3~5). Mitomycin C is 

reported to disappear rapidly in the body6) suggesting rapid inactivation of the drug in vivo. It appears 

that the pharmacokinetics of M-83 is similar to that of mitomycin C and the mechanism of action of this 

drug might involve alkylating effects on the synthesis of tumor cell DNA7,8). It was already reported 

that mitomycin C was not detected in the reaction mixture of M-83 and liver tissue9,10); therefore, the 

effect of M-83 was thought to be independent of the activity of mitomycin C. The present paper reports 

the antitumor effects of M-83 against eight human tumors in nude mice and concentrations of the drug 

in blood, liver, kidney and three strains of tumor by both radioassay and bioassay. The pharmacokinet-

ic parameters of M-83 in mice were studied in terms of the antitumor effects of the drug. 

                             Materials and Methods 

   Animals 

   Male nude mice with a genetic background of BALB/c, weighing 20~22 g and aged 4~6 weeks, 
were purchased from the Central Institute for Experimental Animals (Kawasaki). The mice were bred 
and maintained in specific pathogen-free conditions using laminar air-flow racks in the Experimental 
Animal Center of our university. 

    Tumors 
   Eight human tumor xenografts were used for the experiments. They included three gastric adeno-
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carcinomas (St-4, poorly differentiated; St-10, well differentiated; St-40, well differentiated), two colon 
adenocarcinomas (Co-3, well differentiated; Co-4, poorly differentiated), one breast carcinoma (MX-1. 
undifferentiated), one bile duct carcinoma (Ch-1, well differentiated) and one hemangiosarcoma (LC-27). 
Tumor fragments 2~3 mm in size were inoculated subcutaneously into the backs of mice. The width 

(W) and the length (L) of the tumors were measured by the same person three times weekly. Estimated 
tumor weight was calculated according to the formula of GERAN et al.11): tumor weight (mg)=(W2= 
L)/2. 

    Drugs 

    7-N-(p-Hydroxyphenyl)mitomycin C (M-83), provided by Kyowa Hakko Kogyo Co. (Tokyo), was 
dissolved in physiological saline by the following procedures; after 10 mg of the compound was dissolved 
in ethanol, hydrogenated castor oil (HCO-60) and polyethylene glycol were added in weight ratios of 
1 : 15: 40, and the solution was concentrated by evaporation at room temperature under reduced pressure. 
Labeled compound of M-83, 7-N-(p-hydroxyphenvl)-[3,5-14C]mitomycin C (14C-M-83, activity 3.42 pCi/ 
mg, purity 97.6%), was provided by Kyowa Hakko Kogyo Co. (Shizuoka). A commercially available 

preparation of mitomycin C (Kyowa Hakko Kogyo Co.) was used for the experiments to compare the 
antitumor activity. 

    Treatment Schedule 

    Drug administration was started when the estimated tumor weight reached 100~300 mg. M-83 
in a dose of 10 mg/kg was administered intraperitoneally with a schedule of q4d(every four days) x 3. 
The agent was also intravenously administered to the other mice in a dose of 7.5, 10, 15 mg/kg once 
or q4d x 3, respectively. Mitomycin C was administered intraperitoneally at a dosage of 3 mg/kg with 
a schedule of q4d x 3. Controls of each experimental group received comparable injections of phys-
iological saline on the same schedule. 

    Evaluation of the Effect of the Agents 

    Observation of tumor growth was made for 2~3 weeks after initial treatment. The relative mean 
tumor weight (RW) for each test group and the control group was calculated according to the method of 
GERAN et a1.11), using the formula RW=Wi/Wo, where Wi is the mean tumor weight of a group at any 

given time and Wo is the mean tumor weight of that group at the initiation of treatment. In the formula 
TRW/CRW, TRW is the relative mean tumor weight of a treated group and CRW is the relative mean tumor 
weight of the control group. Antitumor activity was evaluated as follows; ++, regression of tumor 

[RW <1.0]; +, retardation of tumor growth [TRW/CRW <42%]; -, inactive [TRW/CRW >42%]. To 
estimate the minimum effective dose (MED) of M-83 and mitomycin C, the dose response effect against 
the MX-1 tumor was investigated. One-half, 1/4 and 1/8 of the maximum tolerable dose (MTD) of these 
drugs were respectively administered once intravenously and the lowest TRW/CRW was used for the as-
sessment. The coefficient of correlation (r) between the doses of drugs and the natural logarithm of 
TRW/CRW was calculated. After the statistical significances of the r values were confirmed, the MED 
value was obtained from the regression equation where TRW/CRW was 42%. 

   Whole-body Autoradiogram 

   Nude mice bearing Co-3 or Co-4 were injected intravenously with 15 mg (51.3 iCi) of 14C-M-83 per 
kg. Then the mice were sacrificed by freezing in acetone chilled by dry ice 15 minutes and 3 hours after 
the injection, and specimens were cut into 40 um slices with a cryotome. After drying the specimens, 
X-ray films were exposed to the sections in a dark-room for 5 months, and the films were developed. 

   Radioassay 

   The samples including the blood, liver, kidney and tumor were obtained from mice bearing one of the 
MX-1, Co-3 and Co-4 at the time of 1, 5, 15, 30, 60 and 180 minutes, respectively, after intravenous in-

jection of 14C-M-83 in a dose of 15 mg/kg. After weighing out the specimens, they were dried in a 
draft for several days and oxidized with sample-oxidizer (Aloka ASC-111). The radioactivity of each 
sample was measured by liquid scintillation counter (Aloka LSC-653) and the concentration of the drug 
was calculated.
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   Bioassay 

   M-83 was also injected at a dosage of 15 mg/kg intravenously into mice bearing one of the MX-1, 
Co-3 and Co-4, respectively. The mice were sacrificed by exsanguination at the same intervals after 
injection as in the radioassay. After tissue samples were immediately excised, rinsed and weighed, 10% 
homogenates were made with 1/15 M phosphate-buffered solution (PBS) (pH 7.2). Serum or these homo-

genates were extracted with 3 ml of chloroform. After shaking for 10 minutes, the chloroform layer 
was dried in reduced pressure and the residue was dissolved in 50 µl of methanol and 1 ml of 1/15 M 
PBS before analysis. The antimicrobial activity of the residue was determined by the thin-layer cup 
method using Escherichia coli B and the concentration of M-83 was obtained from the standard curve. 

   Chemical Assay 
   To assess the value obtained by bioassay, the same serum sample was analyzed by high pressure 
liquid chromatography (HPLC) using Hitachi 638-50 chromatograph. Serum was extracted with 
ethyl acetate and after drying under reduced pressure the residue was dissolved in chloroform and me-
thanol (94: 6). Detection was performed with Hitachi 638-41 UV detector at a fixed wavelength of 
360~365 nm. 

   Analysis of Pharmacokinetics 
   Since the semilogarithmic plots of serum levels of M-83 detected by chemical and bioassay versus 

time following intravenous injection were biphasic, the pharmacokinetic parameters were calculated ac-
cording to a two-compartment model using the following equations");

C=Ae-a°+Be-Pt (a>,3) 

T1/2(r)=0.693/r (r=a, 3)

The estimation of areas under the curves (AUC) in serum and tumor was made employing the linear 

trapezoidal method");

AUC
tn

=tn 

t0 t0

d(t)dt =
n-1 

i=0

ti +1-ti 

2
(C1 Ci+1)

Ci: drug concentration at time t,

The AUC for each tumor and antitumor effects of M-83 were compared by the coefficients of correla-

tion.

    Inactivation of M-83 in Tumor Homogenates9,10) 

   Tumor homogenates (20%) of MX-1, Co-3 and Co-4 were prepared in 1/15 M PBS (pH 7.2) by 
homogenization with a Polytron (Kinematica, Luzern) for 10~15 seconds. M-83 was dissolved in 
PBS (20 iig/ml) and was mixed with the same volume of tumor homogenate (the final concentration of 
M-83 was 10 itg/ml in 10% tumor homogenates in PBS). Immediately after mixing and 5, 15, 30 
and 60 minutes after incubation at 37°C, 1 ml of the reaction mixture was extracted with 3 ml of 
chloroform. The residual antimicrobial activity was measured by the same bioassay procedure as de-
scribed above. 

                                   Results 

                          Antitumor Effect of the Agents 

   The effect of M-83 and mitomycin C on eight human tumor xenografts are summarized in Table 1. 

Both M-83 and mitomycin C were effective against six out of eight tumor strains. The spectra of the 

antitumor activity of both drugs were similar except for St-10 and Co-3. As shown in Table 2, the anti-

tumor effects of M-83 and mitomycin C revealed a statistically significant dose responsiveness against 

MX-1. The minimal effective dose (MED) obtained from the regression equation was 2.7 mg/kg for 

M-83 and 0.8 mg/kg for mitomycin C. The chemotherapeutic indices (MTD/MED) of M-83 and 

mitomycin C were 5.6 and 7.5 respectively.



Table 1. Effect of M-83 and mitomycin C against human tumor xenografts serially transplanted into nude mice.

Tumor 

St-4 

St-10 

St-40 

Co-3 

Co-4 

MX-1 

Ch-1 

LC-27

M-83

 Dose 
(mg/kg) 

  7.5 
 10 
  7.5 
 10 
 15 

  7.5 
10 
5 

 15 

 10 
  7.5 
   7.5

Schedule 

q4d x 3 iv 

q4d x 3 ip 

q4d x 3 iv 

q4d x 3 ip 

qd x 1 iv 

qd x 1 iv 

g4dx3 ip 

q4d x 3 ip 

qd x 1 iv 

qd x 1 iv 

gdx1 iv 

q4d x 3 iv

RWa) 

1.20 

1.65 

0.77 

1.23 

1.00 

1.16 

0.68 

0.82 

0.08 

0.32 

0.81 

1.91

TRW /CRWb) 
 (%) 

  49.2 
  48.2 
  12.3 
  32.7 
  29.8 
  54.9 
  22.4 
  28.2 

    0.8 

    4.1 
  16.1 
  31.4

Effects,) 

++    +    ++ 

++ 

+ 

 ++ 

 ++

Mitomycin C

 Dose 
(mg/kg) 

3 
3 
3 
3 

3 

6 
3 
3 

3

Schedule 

q4d x 3 ip 

q4d x 3 ip 

q4d x 3 ip 

q4d x 3 ip 

g4dx3 ip 

gd x 1 iv 

q4d x 3 ip 

q4d x3 ip 

q4d x3 ip

RW 

1.90 

0.57 

0.31 

1.14 

0.60 

0.04 

0.52 

0.01 

1.15

TRW/CRW 
 (%) 

  65.0 
  13.0 

   7.3 
  58.1 

  13.8 

   0.4 
    7.9 
   0.2 

   9.3

Effect 

++

++ 

++

++ ++ 

++ 

+

Response rate 75 % (6/8) 75% (6/8)

a) RW: Relative mean tumor weight (RW=Wi/Wo) where Wi is the mean tumor weight of a group at any given time and Wo is the mean tumor weight of 
   that group at the initiation of treatment. 

b)TRW/CRW: TRW is the relative mean tumor weight of a treatment group and CRW is the relative mean tumor weight of the control group, and the lowest 
   T/C during the observation was picked. 

c) Effect: Evaluation was made as follows: 
   + +: Regression of tumor RW <1.0, +: retardation of tumor growth TRW/CRW <42%, -: inactive TRW/CRW >42%.
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Table 2. Chemotherapeutic index of M-83 and mitomycin C against MX-1.

    Drug 

Effect on MX-1a) 

r (p)b) 
MEDc) (mg/kg) 
LD50 (mg/kg) 
MTDd) (mg/kg) 
C.I. e )

M-83

 Dose 
(mg/kg) 

   7.5 
  3.75 
  1.875 

-0 .998 (P<0.05) 
   2.7 
23 
 15 

   5.6

TRW/CRW 
 (%) 

    2.0 
  18.8 

  76.7

Dose 
(mg/kg) 

3 
   1.5 

  0.75 
-0 .996 (P<0.10) 
  0.8 

9 
6 

  7.5

TRW/CRW 
 (%) 

   0.5 
   7.9 
  54.5

a) The agent was administered once intravenously when the estimated tumor weight reached 100~300 mg. 
b) Coefficient of correlation between the dose of the drug and natural logarithm of TRW/CRW (%) -
c) MED: Minimum effective dose , obtained from the regression equation where TRW/CRW value was 42%. 

d) MTD: Maximum tolerable dose , two-thirds of the value of LD50 (mg/kg). 
e) C.I.: Chemotherapeutic index=MTD/MED.

  Fig. 1. Whole-body autoradiograms of nude mice after intravenous injection of 14C-M-83. 
   Dark areas correspond to high concentration of labeled substance. a) A mouse bearing the 

Co-3 tumor, 15 minutes after the injection, b) 180 minutes. C) A mouse bearing the Co-4 tumor, 
15 minutes after the injection, d) 180 minutes. Accumulations can be seen in the liver, kidney 
and intestinal tract. No accumulation in cerebrospinal space nor in the gastric cavity. Note ac-
cumulation in the peripheral area of the Co-4 tumor where necrotic tissue was thought to be mini-
mal. 
   Br: Brain, H: heart, G: gastric cavity, In: intestinal tract, L: liver, K: kidney, T: tumor.

a b

d

                            Whole-body Autoradiogram 

   Autoradiograms of mice bearing Co-3 or Co-4 are shown in Fig. 1. 14C-M-83 was distributed main-

ly in the liver, kidney and intestinal tract and was not found either in the cerebrospinal space or in the 

gastric cavity. Although the blood level decreased markedly after 3 hours, the radioactivity in the liver, 

kidney and intestinal tract was preserved. Marked differences of distribution of radioactivity were not
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Table 3. Time lapse change of M-83 in blood.

Time (minutes) 

1 
5 

    15 
    30 
   60 

   180

Radioassay 
 ("!g/ml) 

25.0±2.9a 
 12.5±2.4 
  6.0±1.0 
  4.7±1.2 
  3.2±0.6 
  2.3=0.4

Bioassay 
Gtg/ml) 

13.8±1.9 
3.9-0.6 
 1.8±0.5 
0.7+0.2 

 0.4=0.2 
 tb)

Chemical assay 
  (f g/ml) 

  16.3±3.9 
   3.9±1.2 

   1.4±0.0 
   0.5±0.1 
   0.1 ±0.0

T1/2a (minutes) - 1.0 1.2 
T1/2(minutes) 31.8c) 10.9 10.4 
AUC600 (jig -minute/ml) 391.3 112.4 112.0

1) Mean±S .D. 
b) t: Trace , lower than the detectable range (concentration <0.31~0.156 ag/ml). 
c) Elimination half-life from 5 to 60 minutes after the injection .

Table 4. Concentration of M-83 in liver and kidney.

Organ 

Liver 

Kidney

 Time 
(minutes) 

1 

5 

   15 

  30 

  60 

  180 

1 

5 

   15 

  30 

  60 

  180

Radioassay 
 G<g/g) 

79.7w 6.5b) 

83.1±13.1 

44.9111. 8 

37.8± 3.4 

23.0± 0.6 

17.4± 2.5 

92.9±6.2 

57.9±20.3 

24.3±4.1 

18.3± 4.2 

16.2± 4.2 

10.5±1.2

Bioassay 
 (l'g/g) 

2.7±0.7 

1.8±1.1 

0.6±0.4 

tc) 

t 

t 

7.2 

0.6 

0.3 

t 

t

Ratioa) 
(%) 

  3.3 
  2.1 

  1.3 

 12.4 
  2.5 
   1.6

a

) The ratio of the concentrations detected by bioassay to radioassay (%) . 
b) Mean±S .D. 
c) t: Trace , lower than the detectable range (concentration <0.31~0.156 pg/g).

found between the mice bearing Co-3 and Co-4. In the tumor of Co-4, radioactivity was present mainly 

in the peripheral area where necrotic tissue was thought to be minimal. 

                               Blood Level of M-83 

   Blood levels of M-83 detected by radio-, bio- and chemical assay are shown in Table 3. The peak 

concentration of M-83 in serum detected by bioassay was seen 1 minute after the injection, and after 5 

minutes the drug was eliminated exponentially with an elimination half-life of 10.9 minutes. At sixty 

minutes after the injection, the concentration of M-83 was not detectable in half the samples. The AUC 

in serum detected by bioassay from 0 to 60 minutes after injection (AUC600) was 112.4 pg.minute/ml 

when calculated in terms of the linear trapezoidal method13). The concentrations of M-83 detected by 

chemical assay were similar to those detected by bioassay. T1/2 was 10.4 minutes and AUC600 was 

112.4 pg • minute/ml. The peak concentration of 14C-M-83 in blood detected by radioassay was observ-

ed 1 minute after the injection. The concentration decreased exponentially in the early phase but the 

rate of decrease diminished in the late phase. The elimination half-life from 5 to 60 minutes after the 

injection was 31.8 minutes, and AUC600 was 391.3 Fig -minute/ml.
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Table 5. Concentration of M-83 in tumors.

Tumor 

MX-1 

Co-3 

Co-4

      Time 
     (minutes) 

1 
5 

       15 
       30 

       60 
      180 

AUC600 (pg.minute/g) 

1 
5 

       15 
      30 
      60 
      180 

AUC600 (yg.minute/g) 

1 
5 

       15 
      30 
      60 

      180 
AUC600 (ag.minute/g)

Radioassay 
kg/g) 

  4.3±0.3b) 
  4.5±1.4 

  3.3±1.0 
  3.0±0.1 

  2.7±0.3 
  2.1 
191.5 

  1.7±0.2 
 2.9±1.3 

  2.2±0.4 
  1.8±0.5 
  1.7±0.3 
  1.3 
118.1 

 2.6±0.8 
 3.2±0.6 
 2.5±0.2 
 2.0±0.2 
  1.7 
  1.7 

130.7

 Bioassay 
  (Fug/g) 

0.47±0.06 
0.43±0.06 
0.43±0.06 
0.40 
tc) 

18.6 

0.40 
0.20 
0.19 
t 
t 
t 
4.8 

0.72±0.48 
0.56±0.28 
t 
t 
t 

5.7

Ratio' 
(%) 

 10.9 
  9.6 
 13.0 
 13.3 

  9.7 

23.5 
  6.9 
  8.6 

  4.1 

27.7 
17.5 

  4.4

a

) The ratio of the concentrations or AUC detected by bioassay to radioassay (%). 
b) Mean±S .D. c
) t: Trace , lower than the detectable range (concentration <0.31~0.156 /(g/g).

  Concentration of M-83 in Liver and Kidney 

   The concentrations of M-83 in the liver and 

kidney detected by radioassay and bioassay are 

shown in Table 4. The radioactivity in the liver 

and kidney was 3~8 times higher than that in the 

blood. The antimicrobial activities of the extracts 

from these organs were low. In the liver no bio-

activity was detected in 30 minutes or more after 

the injection and in the kidney no bioactivity was 

found in 60 minutes or more after the injection. 

The ratio of the concentrations of M-83 detected 

by bioassay to those by radioassay in the liver

varied from 3.3 to 1.3 %, which decreased with time. The ratio in the kidney ranged from 12.4 to 

1.6% the decrease of which was also time-dependent. In the liver the ratios were lower than in the 

kidney.

Table 6. In vitro inactivation of M-83 by tumor 

 homogenatea).

Time (minutes) 

5 
   15 

   30 
   60

MX-1 

100b) 

 94.8 

 86.8 

 82.5

Co-3 

80.0 

77.8 

63.8 

60.0

Co-4 

95.8 

93.8 

93.8 

87.5

a) The mixture of M-83 (10 Fig/ml) and tumor 
   homogenate (10%) was incubated at 37°C 
   aerobically. 

b) Residual antimicrobial activity of M-83 is 

   shown as percentage of the concentration of the 
   agent in the mixture at each time to that immedi-
   ately after mixing.

                        Concentration of M-83 in the Tumors 

   The concentrations of M-83 in the tumors are shown in Table 5. The peak concentration of 14C- 

M-83 detected by radioassay was seen at 5 minutes after the injection and the radioactivity decreased 

gradually. The radioactivity in the tumors was lower than that in the blood at any time. AUC600 
detected by radioassay for each of the tumors was 118.1~191.5 1(g • minute/g, which correlated well
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with the peak concentration detected by radioassay. The peak concentration of M-83 detected by bio-

assay was found 1 minute after the injection. The rate of elimination of bioactivity in the tumors was 

relatively slow in comparison with that in the liver or kidney. The antimicrobial activity of M-83 in 

the extracts of tumor was variable and occasionally not detected several minutes after the injection. 

On 60 minutes or more after the injection, M-83 was not detected in any tumor by bioassay. The 

ratio of the concentrations of M-83 detected by bioassay to those by radioassay in the tumor of MX-1 

was approximately 10%. AUC600 detected by bioassay in the MX-1 tumor was 18.6 ,ug • minute/g, 

which was approximately corresponding to 10 % of the AUC obtained by radioassay. 

                      Inactivation of M-83 by Tumor Homogenate 

   As shown in Table 6, M-83 was inactivated a little by tumor homogenate in vitro. The antimicro-

bial activity of M-83 was reduced to 60 % by tumor homogenate of Co-3 when the mixture was incubated 

at 37°C for 60 minutes. The inactivation ability of tumor homogenate of Co-3 against M-83 was more 

remarkable than those of MX-1 and Co-4. 

                                   Discussion 

   The experiments described above demonstrated the antitumor activity of M-83, a new derivative of 
mitomycin C, in a human tumor xenograft - nude mice system. M-83 was selected among several 7-
N-phenyl derivatives of mitomycin C tested in rodent tumor systems (P-388 leukemia, ip-ip). It was 
reported that M-83 was more effective than mitomycin C in the ip-ip system but only as effective as mito-
mycin C in the solid tumor of Lewis lung carcinoma2,10). In our human tumor xenograft - nude mice 
system using MX-1, M-83 caused regression and disappearance of the tumor but the chemotherapeutic 
index (MTD/MED) of M-83 was 5.6, which was less than the mitomycin C value of 7.5. HOUCHENS 
et al.14) reported that three strains of L1210 leukemia and B16 melanoma murine models and MX-1 

(breast) xenograft selected for 94 % of antitumor agents which had been assessed by more complicated 
and expensive protocols. Human tumor xenograft models such as MX-1 in a nude mice system are 
thought to be significant in predicting antitumor activity in clinical studies of newly developed 
agents15~17) 
   The antitumor spectra of M-83 and mitomycin C against eight human tumor xenografts were similar 

except for St-10 and Co-3. It was reported that mitomycin C was not detected in the metabolites of 
M-839,10), suggesting that the p-hydroxyphenyl residue is not separated from the quinone structure of 
M-83 in its metabolic pathway. From the fact that M-83 is not masked compound of mitomycin C, the 
antitumor spectrum of M-83 is suspected to be different a little from that of mitomycin C. In clinical 
trials, phase I-II studies were already carried out in patients with gastrointestinal carcinoma or lung 
cancer18,19). It is recommended that M-83 should be used also for various carcinomas which are insensi-
tive to mitomycin C. 

   In whole-body autoradiogram, 14C-M-83 was distributed mainly in the liver and kidney. From the 
fact that radioactivity was strongly detected in the intestinal tract but not in the gastric cavity, the drug 
in part was thought to be excreted as metabolites into the bile. The drug did not pass the blood brain 
barrier. Radioactivity was found mainly in the peripheral area of the tumor of Co-4 where necrotic 
tissue was thought to be minimal20). 
   The serum level of M-83 detected by bioassay was biphasic and the drug was eliminated exponenti-
ally 5 minutes or more after injection with an elimination half-life of 10.9 minutes. IMM et al.10) 
have reported that in normal mice the half-lives of M-83 in 8 phase were 17.9 and 7.5 minutes at a dosage 
of 20 and 10.2 mg/kg respectively. There were no significant differences in time lapse change of M-83 
in serum between tumor-bearing nude mice and normal mice. AUC ° of 112.4 jig • minute/ml in serum 
detected by bioassay was important to compare the effect of the agent with those in clinical trials or in 
vitro clonogenic assay using tumor cell cultures.
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Table 7. Pharmacokinetic parameters of M-83 in tumors and drug efficacy.

Tumor 

MX-1 

Co-3 

Co-4 

rc) 

P

Radioassay

PC* 
Ctug/g) 

  4.5 
  2.9 
  3.2 

-0 .994 
<0.10

AUC° 
 Gig. 

minute/g) 

 191.5 
 118.1 
 130.7 

 -0 .996 
 <0.10

Bioassay

PC 
(FLg/g) 

0.47 
0.40 
0.72 

0.241 
 NSd)

AUC600 
 (ag' 

minute/g) 

  18.6 
    4.8 

    5.7 

 -0 .999 
 <0.01

Ratioa) 
(%) 

 9.6 
 6.9 
17.5 

 0.204 
 NS

 In 
vitrob ) 
(%) 

82.5 
60.0 
87.5 

-0 .411 
 NS

TRW/CRW 
 (%) 

   0.8 
  29.8 
  22.4

Effect 

++

* Peak concentration . a
) The ratio of the concentrations of M-83 detected by bioassay to those by radioassay in the tumor 5 min-

  utes after the injection. 
b) In vitro residual antimicrobial activity of M-83 when the mixture of the drug and tumor homogenate 

  was incubated at 37°C for 60 minutes. c
) Coefficient of correlation between natural logarithm of T RW/CRW (%) and one of the peak concentration 
  (ug/g), AUC600 (jig • minute/g), ratio (%) and in vitro residual antimicrobial activity (%). 

d) NS: Not significant .

   The HPLC values of M-83 in serum were similar to those detected by bioassay. Both the bioassay 
and chemical assay showed the quantity of the drug molecule which was unchanged in the sample. The 
chemical assay provides more precise values and has more wide detectable range than bioassay but the 
assay procedure is complicated and many samples can not be tested at the same time. 

   In the radioassay the blood level of M-83 is expressed in terms of total radioactivity in blood and 
was stabilized at a level equivalent to 2~3 jig/ml 60 minutes or more after the injection. Since no bio-
activities of M-83 were detected in the late phase, the radioactivity of the sample in the late phase was 
assumed to be caused by 14C in the metabolites of M-83. The radioassay was considered to be valuable 
in analyzing the pharmacokinetics in the early phase after administration of the isotope-labeled drug. 

   In the liver and kidney, the bioactivity of M-83 decreased rapidly below the detectable range after 
15~30 minutes. Because M-83 detected by radioassay persisted during those times, the drug molecule 
was considered to be metabolized to inactivated form or covalently bound to protein in the cell substance. 
The ratio of the concentrations of M-83 detected by bioassay to radioassay in the liver decreased more 
rapidly than those in the kidney, suggesting more potent inactivation in the liver. 
   Concerning the concentration of M-83 in the tumors, in Table 7 the peak concentration and AUC600 
detected by radioassay and bioassay, the ratio of the concentrations detected by bioassay to those by ra-
dioassay and inactivation ability of tumor homogenate in vitro were compared with TRW/CRW value as the 
drug efficacy. The peak concentration and AUC600 detected by radioassay correlated well with TRW/CRW 
value. AUC600 detected by bioassay was incomplete for evaluation. The concentration of M-83 in the 
tumor detected by radioassay shows the quantity of the drug after its transport between blood and tumor 
cells, which consists of both the drug molecule and its metabolites. Bioassay shows the quantity of un-
changed molecule after the drug is metabolized to inactivated form by tumor cell substance. Therefore, 
the ratio of the concentrations of M-83 detected by bioassay to radioassay in the tumor is determined by 
the inactivation ability of each tumor in vivo. The ratio of the concentrations in the tumor of MX-1 
detected by bioassay to radioassay was approximately 10 % and did not clearly decreased with time as 
in the liver or kidney. From in vitro inactivation test of M-83, tumor homogenates failed to show so 
strong inactivation ability under aerobic condition without any enhancing agents such as NADPH. 
It was suggested that part of unchanged molecule in the tumor is bound to receptor in cell membrane or 
cell substance, not extracted by chloroform or ethyl acetate even after homogenization and perhaps 
excreted out from the tumor. These factors such as receptors, inactivation and quantity of NADPH 
were thought to affect the drug efficacy of tumor cells by inhibiting the arrival of the drug molecule at 
the nucleus.



410 THE JOURNAL OF ANTIBIOTICS MAR. 1985

                                    Acknowledgments 

     The author is grateful to Prof. OSAHIKO ABE and Assistant Prof. KYUYA ISHIBIKI, Department of Surgery, 
 School of Medicine, Keio University, for their critical reading of the manuscript. The author wishes to thank 
 Dr. TETSURO KUBOTA, Department of Surgery, Kitasato Institute Hospital, and the staffs of Department of 
 Surgery, School of Medicine, Keio University, for their helpful support of the research. I also thank Dr. RYoit 
 IMAI, Kyowa Hakko Kogyo Co., for bioassay technique; Ms. MARIKO IKEDA and Ms. SONOE FUJISAKI for their 
 technical assistance. 

                                           References 

  1) IMAI, R.; T. ASHIZAWA, C. URAKAWA, M. MORIMOTO & N. NAKAMURA: Antitumor activity of 7-N-
     phenyl derivatives of mitomycin C in the leukemia P388 system. Gann 71: 560~562, 1980 
  2) 1MAI, R.; M. MORIMOTO, H. MARUMO, T. KOBAYASHI, T. TSURUO, M. INABA, S. TSUKAGOSHI & Y. SAKURAI: 

     Antitumor activity of 7-N-(p-hydroxyphenyl)mitomycin C in experimental tumor systems. Gann 72: 
     944~949, 1981 
  3) KUBOTA, T.: Experimental chemotherapy of carcinomas of the human stomach and colon serially trans-

     planted in nude mice. Nippon Geka Gakkai Zasshi (J. Jpn. Surg. Soc.) 78: 1069~1080, 1977 (in Japanese) 
 4) KUBOTA, T.; Y. SHIMOSATO & K. NAGAI: Experimental chemotherapy of carcinoma of the human stomach 
     and colon serially transplanted in nude mice. Gann 69: 299~309, 1978 
 5) KUBOTA, T.; Y. HANATANI, K. TSUYUKI, M. NAKADA, F. ASANUMA, K. ISHIBIKI & O. ABE: Effect of mito-

     mycin C on human gastric and colon carcinomas serially transplanted to nude mice.- With special reference 
     to the start of drug administration. Gan-to-Kagakuryoho 9: 638~645, 1982 (in Japanese) 

 6) SCHWARTZ, H. S. & F. S. PHILIPS: Pharmacology of mitomycin C. II. Renal excretion and metabolism by 
     tissue homogenates. J. Pharmacol. Exp. Ther. 133: 335~342, 1961 

 7) HASHIMOTO, Y.; K. SHUDO & T. OKAMOTO: Alkylation of DNA with a mitomycin derivative, 7-N-(p-
     hydroxyphenyl)-mitomycin C. Reductive alkylation and preferential binding to adenine. Chem. Pharm. 

    Bull. 30: 2644~2646, 1982 
 8) IYER, V. N. & W. SZYBALSKI: A molecular mechanism of mitomycin action: Linking of complementary 

    DNA strands. Microbiology 50: 355~362, 1963 
 9) FUJITA, H.: Pharmacokinetics of mitomycin C (MMC) and 7-N-(p-hydroxyphenyl)mitomycin C (KW-
     2083). Gan-to-Kagakuryoho (Jpn. J. Cancer Chemother.) 9: 1362~1373, 1982 (in Japanese) 
10) IMAI, R.; M. MORIMOTO & H . MARUMO: Distribution and excretion of 7-N-(p-hydroxyphenyl)mitomycin 

    C in normal mice. Gann 73: 675~680, 1982 
11) GERAN, R. I.; N. H. GREENBERG, M. M. MACDONALD, A. M. SCHUMACHER & B. J. ABBOTT: Protocols for 

    screening chemical agents and natural products against animal tumors and other biological systems (3rd 
     Ed.). Cancer Chemother. Rep. Part 3, 3 : 51~52, 1972 

12) DVORCHIK, B. H. & E. S. VESELL: Pharmacokinetic interpretation of data gathered during therapeutic 
    drug monitoring. Clin. Chem. 22/6: 868~878, 1976 

13) GIBALDI, M. & D. PERRIER: Appendix D estimation of areas . In Pharmacokinetics. Ed., M. GIBALDI 
     et al., pp. 445- 449, Marcel Dekker, Inc., New York, 1982 

14) HOUCHENS, D. P. & A. A. OVEJERA: Models for human tumor therapy in nude mice. Expl. Cell. Biol. 50: 
    339, 1982 

15) ASANUMA, F.; T. KUBOTA, Y. HANATANI, K. TSUYUKI, M. NAKADA, K. ISHIBIKI & O. ABE: Effect of 
    DONU, a new derivative of water-soluble nitrosourea, on human humors serially transplanted into nude 
    mice. Nippon Gan Chiryo Gakkai Zasshi (J. Jpn. Soc. Cancer Ther.) 17: 2035~2043, 1982 (in Japanese) 

16) INOUE, K.; S. FUJIMOTO & M. OGAWA: Correlation between antitumor effects against human mammary 
    carcinoma (MX-1) in nude mice and clinical efficacy of human breast cancer in thirty-four antitumor agents. 

    Nippon Gan Chiryo Gakkai Zasshi (J. Jpn. Soc. Cancer Ther.) 18: 13~20, 1983 (in Japanese) 
17) KUBOTA, T.; Y. HANATANI, K. TSUYUKI, M. NAKADA, K. ISHIBIKI, O. ABE, T. KAMATAKI & R. KATO: 

    Antitumor effect and metabolic activation of cyclophosphamide and 4-hydroperoxycyclophosphamide in 
    the human breast carcinoma (MX-1) - nude mouse system. Gann 74: 437~444, 1983 

18) KW2083 Phase I Study Group (Chairman: T. TAGUCHI): Phase i study of KW2083 [7-N-(p-hydroxyphenyl)-
    mitomycin C]. Gan-to-Kagakuryoho (Jpn. J. Cancer Chemother.) 9: 1844~1850, 1982 (in Japanese) 

19) SHINKAI, T.; N. SAIJO, K. TOMINAGA, K. EGUCHI, E. SHIMIZU, M. SHIBUYA & Z. SHIMABUKURO: Phase II 
    study of KW2083 [7-N-(p-hydroxyphenyl)mitomycin C] in patients with carcinoma of the lung and nmeta-
    static pulmonary tumor. Gan-to-Kagakuryoho 10: 834-839, 1983 (in Japanese) 

20) KUBOTA, T.; Y. HANATANI, K. TSUYUKI, M. NAKADA, F. ASANUMA, M. OKAZAKI, K. ISHIBIKI, O. ABE, E. 
    NAKAJIMA & K. MARUYAMA: Antitumor effect of 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-1-(2-

    chloroethyl)-l-nitrosourea (ACNU) on human colon carcinomas transplanted into nude mice. Jpn. J. 
    Clin. Oncol. 12: 33~42, 1982




