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Acceleration of Growth of Sarcoma 180 with Pyridoxamine and Retardation 
with Penicillamine.' (28458) 

M. L. LITTMAN, T. TAGUCHI and,Y. SHIMIZU 
Bureau of Laboratories, Dept. of Health, New York City  and Research Institute for  Microbial 

Diseases, Osaka University, Osaka, Japan 

A study of the vitamin requirement of 
Candida albicans revealed that Vit. Bs was 
utilized as a metabolite, shortening the lag 
phase and reversing the inhibitory action of 
5-fluorouracil ( 5-FU) and 5-fluoro-2'-deoxy- 
uridine (FUDR) noncompetitively, pointing 
to a new role of this vitamin in nucleic acid 
metabolism of the organism( 1). Growth of 
the pathogenic yeast was restricted by a 
number of vitamin antagonists and the in- 
hibition could be reversed by the analogous 
vitamins for which the organism had require- 
ments (2). To ascertain whether this method 
of growth regulation and vitamh require- 
ment determination for C. albicans could be 
applied in vivo, experiments were begun with 
Sarcoma 180 in mice using pyridoxamine and 
one of its little known antagonists, L-peni- 
cillamine. 

Material and methods. The ascitic form 
of Sarcoma 180 (S-180) obtained from the 
Sloan-Kettering Institute for Cancer Re- 
search through the courtesy of Dr. K. Sugi- 
ura, was maintained in 18 to 22  g, 6-week-old 
white male CF1 mice (Carworth, Inc.) by 
weekly intraperitoneal injections of 1 X 106 
ascitic cells/mouse. Solid form S-180 tumors 
were produced regularly by the single injec- 
tion of 0.2 ml saline suspension containing 
1 x 106 ascitic cells per mouse into the 
right subcutaneous shoulder region of the 
animals. Two types of diets were employed, 
i.e., a complete diet consisting of a standard 
mouse pellet (Rockland Farm,  Inc.) and 
pyridoxine deficient diet (Nutritional Bio- 
chem. Corp.). The mice were housed in 
stainless steel box-type cages with sawdust 
bedding and all received diet and water ad 
libitum. 5-FU was obtained from Hoffmann- 
LaRoche, Inc., pyridoxamine dihydrochloride 
from Merck, Inc., D-, DL- and L-penicilla- 
mine from Nutritional Biochemicals Corp. 

*Supported by grants from Nat. Science Foun- 
dation. 

Mice were weighed every 2 days and at  the 
end of each experiment. The well demarcated 
solid form sarcomas which developed were 
excised periodically, weighed and photo- 
graphed for size. 

Results. Accelerating effect of pyridoxa- 
mine on ascitic S-180 in mice. Thirty mice 
previously maintained on a complete diet 
were divided equally into Groups A, B and 
C, of which the latter 2 groups received in- 
traperitoneal inoculations of 1 x log ascitic 
S-180 cells/mouse (Fig. 1). Group A re- 
mained uninoculated as a nontumor-bearing 
control. Twenty-four hours later, Group A 
and tumor-bearing Group C were treated 
with subcutaneous injections of 15 mg pyri- 
doxamine/mouse daily for 7 days, while 
Group B remained untreated as the tumor- 
bearing control. The mice were then rested 
and observed for 22 days. No mortality was 
encountered with normal mice which had re- 
ceived 1.05 mg pyridoxamine over a 7-day 
treatment period. Administration of pyri- 
doxamine to ascitic S-180-bearing mice 
(Group C) on the other hand, shortened 
their life spans (Fig. 1). Life span shorten- 
ing also occurred in tumor bearing mice 
given 7.5 and 0.75 mg daily doses of pyri- 
doxamine. This was attributed to the stimula- 
tory effect of pyridoxamine on the ascitic 
tumor cells. 

Reversing effect of pyridoxamine on life 
prolonging action of 5-FU on ascitic S-180- 
bearing mice. One hundred and twenty mice 
maintained previously on a complete diet 
were divided equally into 4 groups. Group 
A consisted of a control group of 30 nontu- 
mor-bearing normal mice, while the remain- 
ing groups were inoculated intraperitoneally 
with 1 )( lo6 ascitic cells/mouse (Fig. 2). 
Forty-eight hours later, Groups A, C and D 
were treated with 0.5 mg 5-FU intraperi- 
toneally daily for 6 days. Group D received, 
in addition, daily subcutaneous injections of 
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FIG. 1. Accelerating effect of pyridoxamine on 

ascitic S-180 in mice maintained on complete diet. 
FIG. 2. Reversing effect of pyridoxamine on 

life prolonging action of 5-fluorouracil on ascitic 
S-180-bearing mice maintained on complete diet. 

FIG. 3. Effect of pyridoxamine on weight gain 
of normal, nontumor bearing mice maintained on 
complete diet, and reversing effect of pyridoxamine 
on 5-FU induced weight loss. (5-FU intrap, pyri- 
tloxamiiie subcut, mice weighed on 7th d, 18 mice/ 
group ). 

0.75 mg pyridoxamine/mouse for 6 days. 
Group B remained untreated as a tumor- 
bearing control. Following treatment, all 
mice were rested from the 8th to 25th day 
and fed ad libitum. Nontumor-bearing nor- 
mal mice (Group A), tolerated treatment 
with six 0.5 mg doses of 5-FU without mor- 
tality (Fig. 2 ) .  Also, intraperitoneal ad- 
ministration of 5-FU to ascitic S-180-bearing 
mice (Group C) prolonged their life span in 
comparison with the untreated tumor-bearing 
Group B. However, the concomitant sub- 
cutaneous injections of pyridoxamine with 
5-FU to tumor-bearing Group D reversed 

this life prolonging action (Fig. 2). This also 
occurred with 1.0, 7.5 and 15 mg daily doses 
of pyridoxamine administered concomitantly 
with 5-FU. 

Etfect of pyridoxamine on weight gain of 
normal nontumor-bearing mice maintained on 
complete diet and reversing effect of pyri- 
doxamine on 5-FU-induced weight loss. Un- 
treated normal mice maintained on a com- 
plete diet gained 2.5% in body weight at the 
end of 7 days (Group A) (Fig. 3). Sub- 
cutaneous administration of pyridoxamine to 
to Groups B, C and D caused significant in- 
crease in body weight over that of the con- 
trol group. 5-FU administration alone caused 
7% body weight loss in Group F, while in- 
creasing doses of pyridoxamine nullified this 
effect in 5-FU-treated Groups G, H, and I. 
Five successive daily doses of 50 mg pyri- 
doxamine were toxic to both untreated and 
5-FU-trea'ted mice. Since all mice, including 
those treated with 5-FU had been maintained 
on a complete diet which contains some Vit. 
BG, and this would exert some reversing ac- 
tion on 5-FU, pyridoxine deficient diet was 
next introduced to eliminate this factor. 

Accelerating effect of pyridoxamine on 
growth of solid form S-180 in mice main- 
tained on pyridoxine deficient diet. Sub- 
cutaneous administration of 10 mg pyridoxa- 
mine daily for 11 days to mice on pyridoxine 
deficient diet increased their average body 
weight 35740, while i t  more than doubled the 
weight of the subcutaneous solid form sar- 
comas (Table I). This is more increase in 
tumor weight than can be attributed solely 
TABLE I. Accelerating Effect of Pyridoxamine 
on Growth of Solid Form Sarcoma 180 in CF, Mice 

Maintained on Pyridoxine Deficient Diet.* 

Pyridoxamine 
daily dose Avg change Avg tumor 

No. of in body wtt wt f S.D. 

0 10 + .7 + 3.5 700 e 26 
.1 10 +2.8 +14.0 1400 & 3 7  

1.0 10 +5.5 +27.5 1 9 0 0 2 4 3  
10.0 10 +7.0 +35.0 1900 e 4 3  

* Maintained on diet for 16 days, followed by 
subcutaneous implantation of 1 X 10" ascitic 
cells/mouse and continuation of diet for 12 more 
days. Pyridoxamine therapy 24 hr after tumor 
implantation and daily for 11 days. Average initial 
wt 20 g, after 16 days of diet, 19 g. 

t Beginning from day of tumor implantation. 
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TABLE 11. Comparison of Normal Diet, Pyridoxine Deficient Diet, and Deficient Diet 
Enriched with Pyridoxamine, on Growth of Solid Form Sarcoma 180.* 

Days on diet change Avg tumor Tumor 
after tumor NO. of in body wtt wt k S.D. inhibition 

Diet implant mice g % (mg) (%) 
Complete # 8 10 +2.4 +10.8 800 k 28 

12 10 +3.6 +15.6 1400 k 37 
Pyridoxine deficient$ 8 10 + l .4  + 7.1 300 k 17 63 

12 10 + .7 + 3.5 700 k 26 50 
Pyridoxine deficient 

9 9  

9 9  9 9  

+ pyridoxamine 11 8 10 +2.0 + 8.2 1100 k 33 0 
Idem 12 10 +3.6 +15.0 2200 47 0 

*All mice maintained on respective diets for 16 days, followed by subcut implantation of 

t Beginning from day of tumor implantation. 
# Standard pellet, Rockland Farms, Inc. 
$ Nutritional Biochem. Corp. 
( I  1 mg pyridoxamine/lOO g pyridoxine deficient diet. 

1 X loe  ascitic cells/mouse, and continuation of diet as above. 

to the weight gain of the host, and was taken 
to indicate the heightened avidity for pyri- 
doxamine of solid S-180 tissue over that of 
normal tissue. 

Comparison of complete diet, pyridoxine 
deficient diet and pyridoxine deficient diet 
enriched with pyridoxamine on growth of 
solid form S-180. Three groups of 2 0  mice 
each, maintained on 3 different diets for 16 
days, all received subcutaneous implantations 
of 1 X l@ ascitic S-180 cells/mouse, and 
were continued on their respective diets. At 
8 days after tumor implantation, solid sar- 
comas were one-half the weight in mice on 
pyridoxine deficient diet as in those on the 
complete diet (Table 11). By the 12th day, 
sarcomas in mice on the deficient diet were 
again % the weight as on the complete diet. 
The tumor retarding effect was attributed to 
Ba lack since admixture of pyridoxamine to 
pyridoxine deficient diet not only completely 
nullified the tumor retarding effect of the de- 
ficient diet, but produced tumors actually 
larger and heavier in weight than in mice on 
complete diet (Table 11). The data indicate 
that pyridoxamine exerts a pronounced 
growth stimulatory effect on both ascitic 
and solid form S-180 in CF1 mice, that 
growth of sarcoma is retarded by pyridoxine 
deficient diet, and that pyridoxamine added 
to deficient diet nullifies this effect. If it were 
now possible to reproduce chemotherapeuti- 
cally the regressions induced by pyridoxine 
deficient diet or to reinforce this effect with 
a B6 antagonist, it would help confirm the 

requirement of S-180 for Vit. B6 and con- 
tribute to the control of this tumor system. 
A compound selected for this possible action 
was L-penicillamine since it had been ob- 
served that addition of the compound to the 
diet of albino rats increased the animal's re- 
quirement for Vit. B6 and produced the ap- 
pearance of pyridoxine deficiency symptoms 
(3). Retarding effect of L-penicillamine on 
growth of solid form S-180 in mice main- 
tained on a complete diet. Mice bearing solid 
form S-180 gained 24.5% in body weight 
when maintained on complete diet for 3 
weeks, while the implanted sarcomas increas- 
ed 7-fold in weight (Table 111). L-penicil- 
lamine-treated mice, on the other hand, 
showed sarcoma weight increase of only 3- 
fold, or 60 to 72% inhibition over that of 
the untreated mice. Average body weight gain 
in the L-penicillamine-treated group was min- 
imal (4.5%) and at  the end of 2 weeks of 
therapy many mice exhibited roughened coats 
and other signs of pyridoxine deficiency (Fig. 
4, 5). Retarding effect of L-penicillamine on 
growth of solid form S-180 in mice main- 
tained on pyridoxine deficient diet and the re- 
versing efiect of pyridoxamine. L-penicilla- 
mine treatment caused pronounced retarding 
effect on the growth of solid form S-180 in 
both pyridoxine deficient diet as well as the 
same diet enriched with pyridoxamine (Table 
IV). The average weight of 7-day-old solid 
sarcomas in mice on deficient diet and treated 
with L-penicillamine was one-fifth that in 
mice on deficient diet alone. Enrichment of 
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TABLE 111. Retarding Effect of L-Penicillamine on Growth of Solid Form Sarcoma 180 i n  
CF, Mice Maintained on Complete Diet.* 

Avg change 
Weeks of in body wtt 

Avg tumor 
wt  2 S.D. 

T reatinen t therapy g % (mg) Mortality 

Nolie (control) 1 +1.7 + 8.5 500 22 0/10 
2 +3.5 +17.5 1900 & 43 0/10 
3 +4.9 +24.5 3450 & 58 0/10 

~~-penicilla.iiiiiie 1 +1.2 + 6.0 300 t 17 0/10 

X 14 days, subcut 2 +1.9 + 8.5 760 2 27 0/10 
3: + .9 + 4.5 970 & 31 0/10 

1 mg/mouse/day/ 

* All mice received subcut implantation 1 X 10" ascitic cells/mouse at start. 
t Beginning from day of tumor implantation. 
# 7 day rest, no L-penicillamine. 

TABLE IV. Retarding Effect of L-Penicillamine on Growth of Solid Form Sarcoma 180 in 
CF, Mice Maintained on Pyridoxine Deficient Diet and Nullifying Effect of Pyridoxamine 

on Retardation.* 

L-penicillamine 
mg/mouse/day 

Dict Group X 7 days, S.C. 

Avg change 
in body wt t  

g %  

Avg tumor 
wt e S.D. 

(mg) 

Tumor 
inhib 
(%) Mortality 

Pyridoxine deficient A 0 

Pyridoxine deficieii t D 0 

B .5 
C 1 .o 

+ pyridoxamine: 
E .5 
F 1.0 

+1.4 + 7.4 
-1.2 - 6.3 
-1.5 - 7.9 
+2.0 + 8.5 

+2.5 +ll.O 
+1.2 + 5.5 

300 2 17 
180 2 40 
6 0 2  8 

1100 & 33 

1050 2 32 
750 & 27 

0/10 
40 7/10 
80 8/10 

0/10 

6 0/10 
33 3/10 

* All mice maintained on their diets for  16 days, followed by subcut implantation of 1 X106 

t Beginning from day of tumor implantation. 
# 1 nig pyridoxaminc/100 g pyridoxine deficient diet. 

ascitic cells/mouse. 

the deficient diet with pyridoxamine com- 
pletely nullified the tumor-retarding effect of 
the deficient diet but only partly nullified the 
tumor-retarding effect of L-penicillamine. 
This would imply that there is a second 
mechanism, other than Be antagonism, re- 
sponsible for L-penicillamine tumor retard- 
ing action. Judging from the nature of L-pen- 
icillamine, it is probably chelation. The data 
clearly indicate (1) pyridoxine deficient diet, 
although toxic to a degree, exerts a signifi- 
cant retarding effect on the growth of solid 
form S-180(4,5,6), ( 2 )  L-penicillamine adds 
to the tumor retarding effect of this diet, (3) 
pyridoxamine added to pyridoxine deficient 
diet nullifies the tumor retarding effect of the 
diet, as well as some of the tumor retarding 
effect of L-penicillamine, and (4) pyridoxa- 
mine and L-penicillamine act in vivo as a vita- 
min-vitdmin antagonist pair. The implications 
of this type of antagonism and the possible 

use of other vitamin deficient diets and vita- 
min antagonists for control of tumor growth 
other than, and including S-180, ,makes fur- 
ther investigation important. Comparative 
growth retarding efiect of 5-FU and L-peni- 
cillamine on solid form S-180 in mice main- 
tained on pyridoxine deficient diet. Pyridox- 
ine deficient diet alone exerted significant 
tumor retarding effect when compared with 
complete diet (Table V) . Reinforcement of 
deficient diet with 5-FU caused 51% addi- 
tional tumor inhibition, while reinforcement 
with L-penicillamine caused 59% tumor in- 
hi bi t ion. Concomitant administration of both 
compounds did not produce additive effects. 
L-penicillamine was as effective as 5-FU 
in retarding the growth of solid form S-180 
in mice on pyridoxine deficient diet and 
was less toxic. Growth retarding eDect 
of L-penicillamine on solid form S-180 
in mice despite delayed therapy. Treat- 
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ment of mice carrying 4-day-old matured 
solid form S-180 subcutaneous implants, 
with 4 successive intraperitoneal doses 

FIG. 4. Retarding effect of L-penicillamine on 
growth of solid form 5-180 in mice maintained on 
complete diet. Sarcomas excised 3 weeks after 
subcut implantation of 1 X 10" ascitic cells/mouse. 
TOP ROW: No treatment BOTTOM ROW: 1 mg 
L-penicillamine/mouse/day/ X 14 days, plus 7 days 
without treatment. 

FIG. 5. Retarding effect of pyridoxine deficient 
diet and L-penicillamine on development of ascitic 
S-180 in mice, 9 days after intrap inoc 1 X 10" as- 
citic cells/mouse. LEFT : comp2ete diet  MIDDLE : 
pyridoxine de$cimt diet RIGHT : pyridoxine de- 
ficient diet + L-penicillamine (1 mg/mouse/day/ 
X 9 days). 

FIG. 6. Effect on development of solid form 
S-180 of L-penicillamine and pyridoxamine in mice 
maintained on pyridoxine deficient diet. All mice 
implanted subcut in rt shoulder region 9 days pre- 
viously with ascitic tumor cells. FROM LEFT TO 
RIGHT: 1st: deficient diet alone, 2nd: + L-peni- 
eillamine, 3rd to 5th: increasing doses of pyri- 
doxamine (0.1, 1.0 and 10 mg/mouse/day/ X 9 a) .  

of L-penicillamine had no inhibitory effect 
on sarcoma development by the 8th 
day in mice maintained on complete diet 
(Table VI).  However, with pyridoxine de- 
ficient diet reinforced with L-penicillamine 
there was 68% tumor inhibition over the con- 
trol, and 3 1 % with pyridoxine deficient diet 
alone, despite the 96-hour delay in therapy. 
Doses of L-penicillamine were higher than 
tolerated in this experiment, since there was 
14% loss in body weight and 3376 mortality 
a t  the end of the experiment. Growth retard- 
ing effect of L-, D-, and DL-penicillamine on 
solid form S-180 in mice maintained on com- 
plete diet. Forty mice maintained on a com- 
plete diet received subcutaneous implanta- 
tions of 1 )( 1@ ascites S-180 cells/mouse 
and were divided equally into 4 groups. The 
following day, intraperitoneal injections of 
1 mg each of L-, D- and DL-penicillamine 
per mouse were administered separately to 
each animal group daily for 14 days. The 
mice were sacrificed on the 15th day and 
solid sarcomas excised and weighed. L-peni- 
cillamine produced 55 % tumor inhibition 
over that of the untreated animals, while D- 
and DL- forms were less active (Table VII) . 
Mice treated with L-penicillamine for 14 days 
showed some signs of Vit. B6 deficiency and 
there was no mortality. 

Discussion. Eighteen normal and malig- 
nant human cell lines cultured in semi-syn- 
thetic substrates showed an essential require- 
ment for 8 vitamins, including pyridoxine ( 7). 
A similar requirement for pyridoxine was in- 
dicated by the retardation of growth of in- 
duced and transplantable tumors in animals 
deprived of this vitamin (4-6). The presence 
of pyridoxal and pyridoxal phosphate in the 
vicinity of isolated Ehrlich ascites tumor cells 
intensified their uptake of amino acids both 
under aerobic( 8) and anaerobic conditions 
(9). These tumor cells quickly took up pyri- 
doxal calculated to be 1.3 to 1.4 times that 
of the extracellular level of the vitamin ( 10). 
Coincidentally, Ehrlich ascites tumor cells ap- 
pear to have a greater capacity to take up 
amino acids from the blood and concentrate 
them than do normal cells( 11 ) . These find- 
ings are all compatible with the koown pri- 
mary functions of Vit. B6 as a coenzyme in 
amino acid decarboxylation, transamination, 
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TABLE V. Comparative Growth Retarding Effect of 5-Fluorouracil and L-Penicillamine on 
Solid Form Sarcoma 180 in  CF, Mice Maintained on Pyridoxine Deficient Diet.* 

Diet 

change Avg tumor Tumor 
wt  k S.D. inhib 5-FUS i.p. L-Pcn$ i.p, in body wtt 

(mg) (mg) g 96 (mg) (70) Mortality 

Pyridoxine deficient 0 0 +3.5 +12.9 850 2 29 0/7 
Idem .5 0 -2.3 - 9.5 420 ? 21 51 2/6 

0 1.0 -2.3 - 9.3 350 -r- 18 59 2/6 
.5 1.0 -3.2 -13.3 360 2 18 58 2/6 

Complete diet (control) 0 0 +4.1 +15.2 1250 2 35 . 0 0/10 

9 9  

9 9  

* All mice maintained on their diets for 13 days, followed by subcut implantation of 1 X 10' 
ascitic cells/mouse. Drug therapy coniiiitwced 24 hr later and daily for 8 days, sarcomas 
(wised  9th day. 

t Beginning from day of tumor iniplanta tion. 
t Per  mouse/day/ X 8 days. 

TABLE VI. Retarding Effect of L-Penicillamine on Growth of Solid 'Form Sarcoma 180 in  
CF, Mice Despite Delay in  Therapy* of 96 Hours. 

L-Penicill change Avg tumor Tumor 
i.p. daily in body wt t  wt 2 S.D. inhib 

Diet Group dose (mg) g %  (mg) (YO) Mortality 

Complete A 0 +5.5 +26.1 1640 40 0/12 
9 9  2/12 B 5,2,2,2 +3.0 +14.6 1630 2 40 0 

Pyridoxine deficient C 0 + .5 + 2.3 1130 2 3 3  31 0/12 
D 5,2,2,2 -3.0 -14.5 530 ? 33 68 4/12 9 9  9 9  

*Al l  mice maintained 011 complete diet, followed by subcut implantation 1 X loe ascitic 
cells/mouse, then divided into treatment groups. L-penicillamine on 4th) 5th) 7th and 8th days, 
x:i~'conias excised 011 10th day. 

t Beginning from day of tumor implantation. 

TABLE VII. Retarding Effect of Penicillamine Isomers on Growth of Solid Form Sarcoma 
180 in  CF, Mice Maintained on Complete Diet." 

Penicillamine 
isomer 1 mg/ change Avg tumor Tumor 

mouse/day/l4 in body wtt w t  S.D. inhibition 
days (i.p.) Group g % (mg) (%) Mortality 

No t,lierapy A +3.1 +13.0 4900-r- 70 0 0/10 
L-f orm B +6.2 +27.0 2 2 0 0 2 4 7  55 0/10 
D-form C +8.9 +38.8 2 9 0 0 k 5 4  41 0/10 
DL-f orm D +6.6 +28.7 3800 + 6 2  22 0/10 

* Subcut tumor iniplantt~tioii of 1 X 10' ascitic cells/mouse 24 Iir before therapy with 

t Beginning from day of tumor implantation. 
penicillamine. Sarcomas excised on 15th day. 

serine and threonine dehydrase and cysteine 
desulfhydrase reactions and in the catalytic 
breakdown of tryptophan by tryptophanase. 
It was not surprising therefore, to encounter 
the stimulatory action of pyridoxamine on the 
in vivo development of ascitic and solid form 
S-180 following injection of the vitamin or 
addition to the diet. 

In  treating S-180-bearing mice with pyri- 
doxine deficient diet and reinforcing it with 
L-penicillamine, a Bs antagonist of low 

toxicity, significant retardation of sarcoma 
growth occurred. The tumor retarding effect 
of pyridoxine deficient diet is undoubtedly 
due to impairment of those cell functions de- 
pendent upon Vit. Bg, since addition of pyri- 
doxamine to the diet as well as parenteral ad- 
ministration of the vitamin, nullified this 
effect. Subcutaneous administration of pyri- 
doxamine to S- 180-bearing mice on deficient 
diet increased average body weight 3576, 
while it almost tripled the weight of the sar- 
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comas. The heightened avidity of S-180 
tumor tissue for pyridoxamine thus provides 
an exploitable biochemical difference between 
it and normal tissue (Fig. 6). 

Several investigators have demonstrated 
activity of pyridoxine antagonists such as 
4-deoxypyridoxine and isonicotinic acid hy- 
drazide against transplantable tumors grown 
in pyridoxine deficient animals ( 1 2- 16). How- 
ever, these antagonists were ineffective in ani- 
mals maintained on a complete diet (16), in- 
dicating that their action was easily nullified 
by the corresponding vitamin in the diet. In 
the studies herein reported, L-penicillamine 
exerted a definite tumor retarding effect in 
mice despite their maintenance on a complete 
diet. Retardation of S-180 and 3 other trans- 
plantable tumors in pyridoxine deficient ani- 
mals was first reported in 1943(17). In ani- 
mals fed pyridoxine deficient diet, there was 
inhibition to a varying degree of the growth 
of Adenocarcinoma 755, Ehrlich carcinoma 
(solid) , Murphy-Sturm lymphosarcoma, Leu- 
kemias 1210 and L4946, Ehrlich carcinoma 
clone 2 (ascites) and Plasma-cell tumor 
70429(18). Since this infers that these tu- 
mor types require Vit. B6, in view of our 
results, we would surmise that L-penicilla- 
mine would be similarly effective against 
these tumor types. It remains to be seen 
whether L-penicillamine, with or without 
pyridoxine deficient diet fed at sub-toxic lev- 
els, will have tumor retarding potential in 
B6-responsive tumors in humans. The re- 
quirement of malignant human cell lines for 
pyridoxine, the growth retarding effect of py- 
ridoxine deficient diet on many transplantable 
tumors, and our demonstration of the pro- 
nounced stimulatory effect of pyridoxamine 
on the in vivo development of S-180, suggest 
that Vit. B6 and its congeners be withheld 
from parenteral or oral administration to tu- 
mor patients unless their neoplasms are 
known not to be B6-responsive. 

The solid form S-180 tumor, one of the 
oldest of transplantable tumors in existence 
and originally a mammary carcinoma, is not 
very responsive to chemotherapeutic agents. 
Only 17 of 122 compounds, including 5-FU 
but not penicillin, were found to exert inhibi- 
tory effects ( 19). 5-FU therapy reinforced 

the tumor retarding effect of pyridoxine defi- 
cient diet on the growth of solid form S-180 
and caused a life prolonging action on ascitic 
S- 180-bearing mice. Pyridoxamine reversed 
this effect and also reversed 5-FU-induced 
weight loss in normal mice. The in vivo an- 
tagonism of pyridoxamine with 5-FU rein- 
forces the possibility that B6 is involved in 
nucleic acid metabolism. 

L-penidamine (P-mercap tovaline,p,p-di- 
methyl-cysteine) was chosen for chemothera- 
peutic trial because of its antagonist activity 
to Vit. B6 and the sensitivity of s-180 to 
pyridoxine dietary deficiency. The compound 
has not been used as a tumor retarding agent 
before, to our knowledge. DL-penicillamine 
and other penicillin derivatives were reported 
as inactive against S-180 in the 1953 Nega- 
tive Data from Experimental Cancer Chemo- 
therapy Studies (Cancer Research Supple- 
ment No. 1). It appears as a urinary excre- 
tory product following parenteral adminis- 
tration of penicillin(20). I t  is a nontoxic, 
water soluble and acid-stable amino acid 
that is active orally in daily doses of 
900 mg for treatment of hepatolenticular de- 
generation (Wilson’s disease) , lead poisoning 
and hemosiderosis because of its pronounced 
chelating action( 20,2 1). Penicillamine is simi- 
lar to cysteine in many respects but differs in 
being more water soluble and in not being 
oxidized by enzymes occurring in animal tis- 
sues. Natural penicillamine 

CH3, 
C-CH-COOH 

/ I  I 
CHa SH NH2 

belongs to the D-series. The antagonistic ac- 
tion of L-penicillamine against BG in vivo has 
been attributed to its action in increasing ex- 
cretion of Vit. B6 and to its chemical inter- 
action with pyridoxal or pyridoxal phosphate 
(22 ) .  The antagonism may well be due to 
other mechanisms involving Bc, since pyri- 
doxine deficiency in rats disturbs sodium and 
potassium tissue level (23), decreases 1131 up- 
take in the thyroid gland( 24) and decreases 
urinary excretion of manganese (2 5). Desoxy- 
pyridoxine increases serum magnesium in 
rabbits (26). The failure of pyridoxamine 
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completely to nullify the tumor retarding 
effect of L-penicillamine on solid S-180 in 
mice on pyridoxine deficient diet suggests 
that the tumor retarding action of L-penicil- 
lamine is due to some other factor besides its 
antagonism to Vit. B6, probably chelation. 
Summary. Pyridoxamine dihydrochloride 

accelerated the growth of ascitic Sarcoma 180 
in iCFI mice and shortened the life span of 
these tumor bearing animals. I t  also acceler- 
ated the growth of the solid form of the tu- 
mor, indicating the strong B6-avidity of this 
tumor system. Pyridoxine dietary deficiency 
alone retarded the growth of the solid form 
of the tumor, while pyridoxamine nullified 
this effect. A relatively nontoxic Bc, antago- 
nist, L-penicillamine (P-mercaptovaline) , used 
clinically as a chelating agent, was found to 
retard the growth of solid form S-180 in mice 
when they were maintained on a complete 
diet, and especially so on pyridoxine deficient 
diet. The L-, D- and DL-forms of penicil- 
lamine were all active as sarcoma retarding 
agents, the L-form being the most active. 
Growth retardation of solid form S-180 was 
produced by L-penicillamine whether therapy 
was started 24 hours after tumor implanta- 
tion or was delayed for 96 hours. L-peni- 
cillamine was equally as active as 5-fluoro- 
uracil in retarding the growth of solid form 
S-180 in mice maintained on pyridoxine de- 
ficient diet and was less toxic. The tumor re- 
tarding effect of L-penicillamine was partly 
nullified by pyridoxamine, the two compounds 
acting in vivo as a vitamin and antivitamin 
pair. Pyridoxamine reversed the life pro- 
longing action of 5-fluorouracil on ascitic 
S- 180-bearing mice and reversed Sfluoroura- 
cil induced weight loss in normal mice. 
Therapy of a B6-responsive transplantable 
tumor in mice such as Sarcoma 180, with the 
use of pyridoxine deficient diet plus admin- 
istration of L-penicillamine was successful in 
significantly retarding the in vivo develop- 
ment of the tumor. 
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