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Table 3
Effect of diet, drug treatment, and restricted feeding on survival and tumor
weight in mice bearing the fast-growing B16 melanoma tumor

Increase
Median in
Mean sur- survival survival° Mean tumor
Diet Group’ vival (days) (days) (%) wt (g)°
Purified  Untreated 24 + 1° 23 9.0 £ 0.1
Restricted 22 + 1° 24 4 6.4 + 0.4/
Treated 32+ 2 31 35 5.7 + 0.6
Deficient  Untreated 34 + 2 30 30 3.3 + 057
Restricted 29 & 37 30 30 3.4 + 0.6
Treated 41 + 3 41 78 3.6 + 0.4°

2 Untreated and restricted groups received 0.9% NaCl solution and treated
groups received drug from Days 1 to 12 after tumor inoculation on Day O as
described in ‘‘Materials and Methods.’’ Actual food consumption was 1.7 + 0.1
g from Days 1 to 12 and 2.6 + 0.1 g thereafter in the purified diet-restricted
group. Consumption was 1.9 + 0.1 g in the deficient diet-restricted group
throughout the experiment beginning on Day 1. Parallel consumption was ob-
served in the drug-treated groups. Untreated and treated animals were given free
access to the diets. Each group contained 10 mice.

® % of increase

- Median survival of group
(Median survival of purified diet-untreated group

¢ Tumor weight determined at necropsy in animals that died from tumor, mean
+ S.E.

“Mean + S.E.

° Not significantly different from untreated group.

Significantly different from untreated mice within dietary group (p < 0.001).

g Significantly different from all groups maintained on purified diet (p < 0.01)
but not significantly different from each other.

1) X 100

N

o
LA A S N S B B AR S S 2
oA b 4 A 2 1 1 1 1 1111

MEAN BODY WEIGHT (g tSE)

-
]
rvrrrrrrrrry
I U N N S 1

Il '} 1 1 1 I A

'
-
L]
J
~
[
w

[] ] 12 17 22
DAYS

Chart 2. Body weight changes in diet-restricted and drug-treated mice bear-
ing the fast-growing, highly pigmented B16 melanoma tumor. Mice were divided
into 2 dietary groups and 3 subgroups. Group A received the purified diet, and
Group B received the deficient diet. All mice were stabilized for 14 days on the
diet before tumor inoculation at Day 0. Weight data in non-tumor-bearing mice
are presented as the pooled mean of all mice before assignment to individual
subgroups (O). Tumor-bearing subgroups were ad libitum fed and 0.9% NaCl
solution injected (M); ad libitum fed and drug injected (A); and restricted fed and
0.9% NaCl solution injected (@); bars, S.E. The drugs and 0.9% NaCl solution
were administered i.p. from Days 1 to 12 as outlined in **Materials and Methods."’
All subgroups contained 10 mice. Arrows, first and last days of treatment.

commercial diet clearly were not malnourished for protein.
Non-tumor-bearing mice maintained on the purified and defi-
cient diets consumed similar amounts of amino acids. In all
diets, consumption decreased in the treated and restricted
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groups during the treatment interval. Mice maintained on the
deficient diet actually consumed more amino acids on a mg/
kg basis than did mice maintained on the purified diet during
the treatment interval. The diet restriction study shows that the
decrease in amino acid intake in the purified and deficient
dietary groups does not increase median survival (Table 3).

Additional studies in our laboratory indicate that increasing
the protein equivalent of the purified diet from 11.8 to 23.2%
by doubling the amounts of all amino acids except for phenyl-
alanine and tyrosine does not alter survival or the antitumor
response to drug.* Even though amino acid intake was doubled,
mice still lost a similar amount of weight when treated with the
drug.

Table 5 illustrates that an average phenylalanine consump-
tion ranging from 77 to 130 mg/kg increases median survival
(deficient diet). Drug treatment decreases phenylalanine (and
tyrosine) consumption further, but these changes are not sta-
tistically different (p > 0.05). Other experiments indicate that
the phenylalanine intake must be lower than 364 + 10 mg/kg
before an increase in median survival occurs.* This value is
significantly lower than is the 488 + 17mg/kg consumption
observed in the slow-growing tumor-bearing group maintained
on the purified diet (p < 0.05).

The effect of the 3 diets on plasma tyrosine and phenylala-
nine levels is presented in Table 6. Plasma tyrosine levels in
non-tumor-bearing mice fed the commercial and purified diets
did not differ significantly. Phenylalanine levels were consis-
tently higher in mice maintained on the commercial diet. Con-
sumption of the deficient diet for 7 days resulted in a 33%
decrease in plasma tyrosine and a 21% decrease in phenylal-
anine in non-tumor-bearing mice compared to the purified
dietary group. These levels remain lowered for at least 70 days.

The presence of tumor significantly altered tyrosine and
phenylalanine metabolism in mice fed the purified diet. Tyrosine
levels increased by 9% 7 days after tumor transplant but then
decreased by about 23% in mice bearing 14-day tumors.
Plasma tyrosine was also reduced in mice fed the commercial
and deficient diets, which bore 14-day tumors. Tumor-bearing
animals maintained on the purified and deficient diets showed
reduced plasma phenylalanine levels at 7 days with no further
alteration in the levels at 14 days. Phenylalanine levels were
also lower in 14-day tumor-bearing mice fed the commercial
diet. Drug treatment did not alter plasma tyrosine and phenyl-
alanine.

Tumor weight differed among the dietary groups. Tumors
were weighed at necropsy after the mice died naturally from
the tumor. These data are presented as part of Tables 1 and 3.
Average tumor weights were not different in mice maintained
on the commercial and purified diets as shown in Table 1.
Tumor weights did not differ significantly between the drug-
treated and untreated groups receiving the slow-growing tu-
mor, but tumor weights were smaller in the treated group
receiving the fast-growing tumor and maintained on the purified
diet. Food restriction inhibited tumor growth in mice maintained
on the purified diet and receiving the fast-growing tumor.
Tumors were significantly smaller (p < 0.05) in mice main-
tained on the deficient diet than in any of the other dietary
groups, but the tumors weighed the same in untreated, re-
stricted, and treated groups regardless of tumor type.

4 Manuscript in preparation.

AUGUST 1982

Downloaded from cancerres.aacrjournals.org on October 15, 2019. © 1982 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

Dietary and Levodopa Methy! Ester Therapy

Table 4
Protein (amino acid) consumption in tumor-bearing mice during drug treatment and diet restriction
Protein (amino acid) consumption was determined daily for individual mice and averaged over the
specified intervals. Initial consumption was determined over a 7-day period before tumor inoculation. Values

for the treatment interval reflect the mean consumption during a 12-day drug treatment period or during
food restriction. The posttreatment interval reflects the mean consumption during the 12 days after the

treatment interval.

Protein (amino acid) consumption (mg/g)°

Treatmegt Posttreatment
Diet Group (Tumor type) Initial interval interval
Commercial® Treated (slow) 35.7 + 0.5° 27.7 + 0.8° 39.9 + 1.0°
Purified Treated (slow) 16.7 £ 0.2 9.6 £ 0.3 17.1 £ 0.4
Treated (fast) 18.5 + 0.1° 105 £ 0.2 17.8 £ 0.2
Restricted (fast) 16.3 £ 0.3 109 £ 0.3 16.2 + 0.6
Deficient Treated (slow) 18.4 £ 0.4 15.5 + 0.6" ¢ 192+ 0.7
Treated (fast) 15.4 + 0.1° 1.4t 0.1: 170+ 02
Restricted (fast) 17.7 £ 0.4 135+ 0.4"9 142 + 0.8%'

Food consumption (g) during interval

@ Consumption =

X % of protein in diet

Mouse weight (g) during interval

b values significantly different compared to initial consumption within the diet and group (p < 0.05).
¢ Al values for commercial dietary group significantly different from all values for purified and deficient

dietgry groups (p < 0.05).
Mean + S.E.

'° Significantly different from treated (slow) and restricted (fast) groups within diet (p < 0.05).
All values significantly different from each other within the treatment interval (p < 0.05).
g Significantly different within the same group (tumor type) maintained on purified diet during the

treatment period (p < 0.05).

Table 5
Phenylalanine consumption in tumor-bearing mice during drug treatment and diet restriction
Phenylalanine consumption was determined daily for individual mice and averaged over the specified
interval. Initial consumption was determined over a 7-day period before tumor inoculation. Values for the
treatment interval reflect the mean consumption during the 12-day treatment period or during food
restriction. The posttreatment interval refiects the mean consumption during the 12 days after the treatment
interval. Values for tyrosine consumption (not shown) are equal to one-half those reported for phenylalanine.

Phenylalanine consumption (mg/kg)”

Posttreatment
Diet Group (tumor type) Initial Treatment interval interval
Commercial® Treated (slow) 1621 + 207 © 1259 + 43P 1814 + 450
Purified Treated (siow) 847 + 12 488 + 17%° 867 + 21
Treated (fast) 940 + 7 535 + 105 950 + 12
Restricted (fast) 827 + 15 553 + 13 825 + 31
Deficient® Treated (slow) 125 + 2 105 + 4 130+ &
Treated (fast) 104 =+ 1 77 £ 1 1156 £ 1
Restricted (tast) 120+ 3 91 & 2 96 + 5

Food consumption (g) during interval

a .
nsumption =
Consumpti Waeight (kg) during interval

X % of phenylalanine in diet

® Al values for commercial dietary group significantly different from all values for purified and deficient
groups. Values within dietary groups significantly different from each other (p < 0.05).

¢ Mean + S.E.

Values significantly different from initial and posttreatment interval (p < 0.05).
© Significantly different from treated (fast) and restricted (fast) group during treatment interval (p < 0.05).
! values during all intervals significantly different from treated (slow) and restricted (fast) groups (p <

0.05).

9 All vaiues significantly different from all other dietary groups during all intervals (p < 0.05).

Mice showed no visible lung metastasis when observed at
necropsy in any of the groups. The mice may have been killed
by the primary tumor before evidence of pulmonary metastasis
could be detected.

DISCUSSION

In this study, we examined the concomitant use of dietary
limitation of tyrosine and phenylalanine and of carbidopa-lev-
odopa methyl ester chemotherapy in the treatment of B16
melanoma. The results indicate that host survival is enhanced

CANCER RESEARCH VOL. 42

with the deficient diet-drug combination. The data establish
dietary phenylalanine and tyrosine as important variables in
determining the chemotherapeutic responsiveness to this drug
and further support a role for tyrosine and phenylalanine in
melanoma growth.

Consideration of diet would be particularly important if this
drug or perhaps other analogs become clinically useful in the
treatment of human melanoma patients. One way of insuring
control over tyrosine and phenylalanine levels would be
through providing the patient with parenteral nutritional support
restricted in tyrosine and phenylalanine content. Conventional
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Table 6
Effect of diet, tumor, and drug treatment on plasma tyrosine and phenylalanine

Plasma levels (nmol/ml)?

Time Tyrosine Phenylalanine
Time on with
diet tumor Non-tumor- Tumor-bear-  Non-tumor-  Tumor-bear-
(days) (days) bearing mice ing mice bearing mice ing mice
Commercial diet 21 68 + 3°(6)° 69+1 (6)
28 14 59+ 0 (2) 60 £ 0 (2)
Purified diet 21 66+ 2 (9) 61+ 19(9)
21 7 72 £ 27(6) 53+ 1 (6)
28 14 51 £ 3 (2) 49 + 0 (2)
Deficient diet? 7 44 + 4 (6) 48+ 2 ()
14 45 + 3 (6) 51 £ 3 (6)
21 7 46+ 1 (5) 37+ 1" (5
28 14 31 (1) 43 (1)

? Tyrosine and phenylalanine levels were determined on pooled plasma samples obtained from groups
of 4 to 6 mice for the total number of pooled samples analyzed.

Mean + S.E.

;Numbers in parentheses, number of samples analyzed.
Purified diet non-tumor-bearing untreated versus commercial diet non-tumor-bearing untreated (p <

0.001).

© Purified diet tumor-bearing untreated versus non-tumor-bearing untreated (p < 0.001).
Significantly different from purified diet tumor-bearing untreated group with 7-day tumor.
9 Al values significantly different from commercial and purified diet tumor-bearing and non-tumor-

bearing mice (p < 0.001).

Deficient diet tumor-bearing versus non-tumor-bearing (p < 0.001).

parenteral nutritional support could interfere with the therapeu-
tic response to levodopa therapy since the currently available
protein hydrolysates and crystalline amino acid preparations
contain high amounts of phenylalanine (40). In fact, blood
levels of phenylalanine and other amino acids are elevated
during infusion of these amino acid-containing solutions (40).
In our study, we observed a poor chemotherapeutic response
in mice maintained on the commercial diet, which contains
1.09% phenylalanine and 0.64% tyrosine. The antitumor re-
sponse to drug also is inhibited in mice that are maintained on
a diet similar to the purified diet but containing 2% phenylala-
nine and 1% tyrosine.® Although these data support dietary
phenylalanine and tyrosine as important modifiers of the drug
response, interference by other constituents cannot be ruled
out. The fact that survival of tumor-bearing mice maintained on
the commercial diet was longer than was survival of mice
maintained on the purified diet suggests that the commercial
diet contains some tumor-inhibitory constituent, which may
also interfere with drug activity.

Weight loss as a side effect of drug treatment occurred in all
dietary groups. Patients with Parkinson’s disease treated with
these drugs also show weight loss, which may be due to
appetite suppression (38) or to effects on metabolic rate (32).
We observed no depression of appetite in non-tumor-bearing,
drug-treated mice, but appetite was depressed in tumor-bear-
ing animals. Both groups still lost weight during drug treatment.
These data suggest that the anorexia in tumor-bearing animals
is related to the tumor and not to the drug treatment. From the
diet restriction study, it is clear that decreased food consump-
tion and the accompanying weight loss does not significantly
alter survival of tumor-bearing mice. Feeding mice the 23.2%
protein equivalent diet, which eliminates protein-calorie mal-
nutrition as a contributing factor to the antimelanoma effect
during drug treatment, does not alter median survival compared
to treated mice maintained on the purified diet.

In contrast to the complete depletion of asparagine that is
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required for asparagine-sensitive tumors, only partial reduc-
tions in the plasma level of tyrosine and phenylalanine are
necessary to achieve an antitumor response in the B16 mela-
noma tumor. Only minimal weight loss occurred in mice fed the
deficient diet, and their weight was stable before tumor inoc-
ulation. The antitumor effect derived from this diet is clearly
not related to weight loss but probably is related to the plasma
level of tyrosine and phenylalanine available to the tumor.
These data further support an altered nutritional requirement
for tyrosine and phenylalanine in melanoma tumors.

Additional studies are in progress to determine the specific
levels of tyrosine and phenylalanine required for the growth of
B16 melanoma in vivo, to determine the extent of inhibition
imposed by dietary phenylalanine and tyrosine on levodopa
uptake into melanoma cells, and to establish the mechanism
responsible for inhibition of tumor growth by tyrosine and
phenylalanine restriction.
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