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Inhibition of Experimental Tumors by Orthophenylenediamine (OPDA) . 
(24557) 

VERNON RILEY* 
Sloan-Kettering Znstitute !or Cancer Research, N .  Y .  Ci ty  

The presence in animals of certain tumors 
has been observed to provide either biochemi- 
cal protection or liability in terms of survival 
time for the host when challenged with a le- 
thal dose of specific chemical agents such as 
the phenylenediamines( 1 ?2) .  The Cloudman 
S91 mouse melanoma protects its host against 
the acute toxicity of paraphenylenediamine 
(PPDA) whereas the same tumor is a disad- 
vantage to the host when the challenging com- 
pound is orthophenylenediamine (OPDA) . 
With the above experimental design this phe- 
nomenon extended to other combinations of 
tumor and compound variously to the advan- 
tage, disadvantage, or neither for the host. In  
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possible correlation, i t  was also observed that 
PPDA combines with certain pigmented tu- 
mor constitutents in vitro as determined by 
oxygen-consuming reactions in the Warburg 
apparatus when added to melanoma tissue, 
urine, blood plasma, or pure dihydroxyphenyl- 
alanine (DOPA) (3,4,5). Further pursuit of 
these phenomena led to chemotherapeutic test- 
ing of phenylenediamines against melanoma 
and other tumors. The results with the ortho 
isomer, which is the least toxic and most ef- 
fective, are reported here with a variety of 
transplanted mouse and hamster experimental 
tumors. 

Materials and m.ethods. Several inbred and 
hybrid strains of mice were employed for car- 
rying the tumor types studied. Most mela- 
noma experiments utilized the Cloudman S9l 
(6)  although the Harding-Passey ( 7) ? the 
Fortner hamster melanoma( 8) ? and several 
non-melanoma tumors were used for com- 
parative purposes. The transplanted ham- 
ster melanoma is designated as Melanotic 
Melanoma No. 2 (H.M.M. #2) and originated 
“spontaneously” in a Syrian golden hamster. 
The histological and biological characteristics 
have been described (8 ,9) .  The Cloudman 
S91 mouse melanoma was carried in both maIe 
and female DBA/2 hybrid mice. The Hard- 
ing-Passey melanoma and the Ehrlich car- 



I56 ‘rUMOK INHIRITION H Y  O-PHENYLENEDIAMINE 

cinema ( 10 1 were grown in male Hauschka 
I(’K Swiss albino mice. The Fortner hamster 
melanoma was carried in Syrian golden ham- 
sters ohtained from commercial stock. ‘I’LI- 
niors were transplanted hy subcutaneous in-  
oculation of 0.1 ml of 10 or 20% tissue sus- 
pension into the right hip. -411 measurements 
of tumors were with calipers i n  3 dimensions. 
I’olumes were determined by multiplying 
length by width times thickness. which gave 
acceptable correlation with tumor weights. 
Weights of individual animals were obtained 
with a 3fettler single pan balance with preci- 
sion of 5- 0.03 g and are expressed in the Fig- 
ures as calculated group averages. Ort ho- 
I)heii_\.lenediamine (OPD.4 ) was used as the 
free base. 3Ioqt commercial preparations ori- 
ginally ohtained were impure or contained 
osidized products and. although the_\- pos- 
sessed antitumor activity. efforts were made 
to further purify such products to reduce non- 
specific toxicity. A satisfactory coniniercial 
1)reparation of 0 I W . A  (free base) is now a\rail- 
able.+ Solutions for animal injections were 
prepared fresh daily in distilled water or 0.5v 
( 3 l C  (sodium carbosyniethylcellulose) solu- 
tion. Vnless otherwise indicated. all animals 
were injected intraperitoneally once a daj.. .? 
days ’week. 

Rcsults. Fig. 1 illustrates the effect of 
OPDA on tumor growth and total mouse 
weight when administered to animals with 
well-established transplanted melanomas. The 
tumor in this experiment was the Cloudnian 
S91 pigmented melanoma which had been im- 
planted 1 7  days prior to start of treatment. 
The initial intraperitoneal dose was 100 mg 
kg/day for 5 successive days with an increase 
the second week to 150 mg ’kg and finally to 
200 mg ’kg maintained for over 70 days. The 
injection schedule is shown in Fig. 1.  I t  ma>- 
be seen that treated tumors continued to grow 
slowly under this dose schedule for approxi- 
mately 30 days with a drug-induced inhibition 
of about 75%. A t  this point when untreated 
control animals were dying from their exten- 
sive tumors a significant decrease in size of 
treated tumors began to occur. This slow 
growth and regression of the tumors is also 
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reflected in total weights of animals. Each 
point on the graph is the average of the sur- 
viving animals with tumors, in the case of tu- 
mor volume curves and of total number of 
animals in each group in the weight curves. 
There were 10 mice in each group at begin- 
ning of experiment with a gradual decrease to 
zero survivals a t  30 days in saline-injected 
controls and to 2 in the treated group at  70 
days. 

The effect of OPDA on growth of the Hard- 
ing-Passey melanoma, when administered at 
constant dose level of 200 mg/kg/day 5 times 
a week. is illustrated in Fig. 2. I n  this experi- 
ment the compound was administered subcu- 
taneously rather than intraperitoneally, which 
seemed to inhibit as effectively or slightly bet- 
ter than i.p. injections at  this dose level with 
the Harding-Passey melanoma. Slightly more 
than 80% tumor growth inhibition was ob- 
tained after 40 days treatment. As also illus- 
trated in Fig. 2 ,  there was a steady weight 
gain in the treated animals, which suggested 
that this dose level was not the maximum that 
could be tolerated. 

Fig. 3 summarizes the results of OPDA 
treatment of a rapidly growing, metastasizing 
hamster melanoma. Tumor growth inhibition 
was approximately 85% after 40 days of 
treatment with 14 doses of 200 mg/kg and I5 
doses of 250 mg/kg. It may also be seen that 
there was a steady weight gain in treated ani- 
mals during this dosage regime. The added 
increase in weight of the untreated controls 
was due largely to tumor growth which even- 
tually affected the animals’ weight adversely 
as the tumors increased in size and metastatic 
development took place. 

Fig. 4 illustrates the results of OPDA treat- 
ment at higher dose levels on the Ehrlich solid 
carcinoma. Treatment was started on one- 
clay-old tumor transplants a t  a dose of 100 
mg/kg. The second day i t  was increased to 
150 mg/kg and, following a 2-day intermis- 
sion? treatment was continued for 5 consecu- 
tive doses a t  200 mg/kg followed again by a 
2-day recess. On the fourteenth day the dose 
was raised to 300 mg/kg/day. This dose was 
then maintained 5 days a week until the 
thirty-fourth day at  which t h e  treatment was 
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EFFECT OF OFDA ON MELANOMA GROWTH AND HOST WEIGHT 
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FIG. 1. Effect of OPDA (orthophcnylenediai~iiii~!) 011 ine1;iiioma growth and host wt. (Tu- 
mor: Cloudinan S91 iiiouse nielzliioina, 1 7  days post implant in DBA/2 inbred mice. OPDA 
aqueous solution inj. i.p. a t  100-200 mg/kg/day, controls iuj. with physiological saline.) 

FIG. 2. Effect of OPDA on €Iarding-Y;1sscy niclniiolna and host wt at constant dose. (Tu- 
mor 1 day old a t  start  of treatment. OPll4-wator solution, subcut. injections of 200 mg/kg/ 

FIG. 3. Effect of OPDA 011 Fortuer liailistcr nicloiioma arid host wt. (Tumor: HMM-2, 1 
day old at start  of treatmcnt. OPDA-water solution, 200-250 mg/kg/day, intraper. inj.) 

FIG. 4. Effect of OPDA on the solid Elirlich carcinoma and host wt. (Tumor 1 day old at 
start  of treatment in  Swiss ICR male mice. OPDA-CMC solution, 100-300 mg/kg/day, intraper. 
inj.) 

day.) 

discontinued. of the treated animals failed to develop tu- 
treated tumor volumes, over 95% tumor mors to the point where they could be meas- 
growth inhibition was obtained. The points ured. By the thirty-third day the tumors un- 
plotted represent average tumor volume of der treatment with OPDA (in CMC) had re- 
tumor-bearing animals and do not include gressed to a point where they could no longer 
mice in the treated group in which the tumor be measured. Animals in similar experiments 
failed to reach a measurable size. About half have remained free of tumors for several 

As illustrated by the plot of 
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niont hs and when rec:hallenged with a similar 
tumor tissue suspension on the opposite hip 
were resistant to the second implant. 

OPDA has heen submitted to the SKI tri- 
mor spectrum ( 1 1 ) where it was tested against 
a variety of 24 mouse, rat, and hamster tu- 
mors. A number of tumors showed inhibition 
within this test system and the results will he 
detailed elsewhere. 

Discussion. The phenylenediamines are 
physiologically active compounds( 12,13,14) 
and it is therefore a complex experimental 
problem to establish the mechanism of action 
of their antitumor properties. Their ability 
to combine in oxygen consuniing reactions 
with certain catechol amines such as dopa and 
related products present in some pigmented 
tumors! is provocative but inconclusive 
evidence of their mode of action. This 
class of compounds has also been reported to 
have inhibitory effects against DPS-depen- 
dent enzyme systems ( 14).  In  testing the 
effect of ortho-, meta-, and paraphenylenedia- 
mine on respiration and glycolysis of Ehrlich 
ascites cells in manometric experiments, inhi- 
bition by all 3 isomers was observed in respir- 
ation but not in glycolysis under condi- 
tions of testing (unpublished). This suggests 
that DYN enzymes are not critically involved 
in the inhibition of Ehrlich carcinoma cells. 
I t  also indicates that aerobic respiration of the 
cell is more sensitive to these compounds than 
the anaerobic pathways. From the chemother- 
apeutic standpoint the structural simplicity of 

O W A  is of special interest and lends itself to 
simple chemical substitution and radioactive 
Meling for a systematic study of its action. 

Summarj~. The antitumor effects of OPDA 
( orthophenylenediamine) on mouse and ham- 
ster melanomas and the Ehrlich solid carci- 
noma are reported. Complete inhibition of 
growth of the Ehrlich solid carcinoma was ob- 
tained as well as complete regression of some 
established and measurable tumors. 

1. Riley, V., Proc. Anz. Assn. Cancer Research, 

2.  - , PROC. soc. E m .  BIOT,. ASD MED., 1958, 

, ibid., 1958, v98, 5 7 .  3 .  - 
4. Kiley, I-., Hobby, G., Burk, D., Pigment CeEE 

Growth,  Academic Press, X. Y., 1953, 231. 
5 .  Riley, V., Proc. Ani. Assn.  Cancer Research, 1955, 

vl', 41. 
6. Cloudman, A .  M., Science, 1941, v93, 380. 
7.  Harding, H. R., Passey, R. D., J. Path.  and Bact., 

S. Fortner, J. G., Allen, A .  C., Cancer Research, 

9. Fortner, J .  G. ,  Cancfr, 1957, v10, 1153. 
10, Ehrlich, P., Experimental researches on spfcific 

11 .  Sugiura, K., Stock, C. C., Cancer, 1952, v5, 382. 
12. Mayer, R. L., J. Invest. Dermatol.,  1948, v10, 

1.3. Tainter, M.  L., James, M., Arch. intern. pharnz- 

14. Kcnsler, C .  J.,  Dexter, S. O., Rhoads, C. P., 

19.57, v2, 242. 

1-97, 169. 

1930, v33, 417. 

10.33, ~ 1 8 ,  98. 

t Iierapeiitics, Harben Lectures for 1907. 

389. 

ncodyizainie, 1929, v36, 140. 

Cancer Research, 1942, v2, 1 .  

Received Sovember 15, 1958. P.S.E.B.M., 1959, v100. 

Effect of Growth Hormone and Oxytocin Upon Milk Yield in the Lactating 
Rat.* (24558) 

CLARK E. GROSVENOH~ AND CHARLES W. TURNER 
Dcpt .  01 Dairy Hirshandry, I'nioersity oj  Missoirri, Columbia 

I t  has been demonstrated on basis of milk 
yields that growth hormone (GH) causes an 
increase in milk secretion in cows ( 1.2).  sheep. 

( 3 ) ,  and goats(4); while litter growth data 
suggested that it may be ineffective in rats 
( 5 ) .  It is well known, however, that amount 
of milk removed during nursing or milking is 
related to quantity of oxytocin discharged 

* Contribution from Mo. A u .  Esp. Sta. Journal 
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t Postdoctoral Fellow of N.1.H. This investiga- from the neurohypophysis(6,7)' It seemed Of 

interest? therefore, to reinvestigate the Of 


