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Letter to the Editor 

Treatment of Mouse Neuroblastoma 
with Methyldopa* 

E. CHELMICKA-SCHORRI" and B. G. W. ARNASON 

Department of Neurology, The University of Chicago and the Pritzker School of Medicine, Chicago, Illinois 60637, 
U.S.A. 

C-1300 mouse neuroblastoma (NB) share, 
many morphological and biochemical proper- 
ties with immature neurons. NB ceils synthes- 
ize, matabolize and store neurotransmitters and 
contain enzymes involved in neurotraT~smitter 
synthesis and degradation. NB tumor cells also 
possess transmitter receptors and high affinity 
uptake systems for neurotransmitters and their 
precursors [1, 2]. Murine NB resembles hu- 
man NB in many respects and it is commonly 
employed as an experimental model for the 
latter. 

Earlier, we showed that the sympathetic 
nervous system (SNS) influences growth of NB 
in vivo. Sympathetic axotomy in adult mice 
and total chemical sympathectomy in new- 
borns produced by pretreatment with 6-OH 
dopamine (6-OH DA) slowed NB growth 
significantly in treated mice [3]. The treat- 
ment effect was specific for NB; growth of 
mouse breast adenocarcinoma (A10) or mouse 
melanoma was unchanged. In contrast, pre- 
treatment of newborns with nerve growth 
factor (NGF) augmented NB growth sub- 
stantially [4]. NGF produces overgrowth of 
sympathetic ganglia and hyperinnervation of 
the periphery. Treatment of newborns with 
chlorisondamine, an agent which blocks af- 
ferent cholinergic input into sypathetic gang- 
lia and thus arrests maturation of the SNS, 
also slowed NB growth [5]. The experiments 
outlined above suggest a modulatory role for 
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the SNS in NB growth. We now report that 
treatment with the adrenergic blocking agent, 
methyldopa [levo-3-4 (3, 4 dehydroxyphenyl)-2- 
methylalanine, ethyl ester hydrochloride] 
(Aldomet), a drug employed for treatment of 
hypertension, slows the growth of s.c. implan- 
ted NB. Wick has independently shown that 
i.p. injection of the methyldopa analogue L- 
dopa methyl ester, prolongs survival of mice 
bearing i.p. NB [6] and that injection of 
methyldopa prolongs survival of mice bearing 
L1210 or P388 leukemias [7]. 

Tumor cell suspensions of NB and of A10 
were prepared by homogenization of s.c. 
tumors. A suspension containing 105 cells/ml 
was injected s.c. into the flank. NB tumor was 
injected into A/J and A10 tumor into A/HeJ 
mice. Experimental animals received Aldomet 
i.p. (Merck, Sharp and Dohme) twice daily 
beginning on the day of tumor injection and 
continuing throughout the experiment. 
Controls received 0.9°,0 NaC1 solution. After 
14 days, the tumors were excised and weig- 
hed. Significance of the difference in mean 
tumor weight between treated and control 
groups was calculated using Student's t-test. 

For in vitro studies, NB clone N2A cells and 
A10 cells were cultured in Dulbecco's mo- 
dified MEM with L-glutamine and 20% fetal 
bovine serum. Cells were plated in 0.3 ml flat 
bottom microtiter wells (10,000 cells per well) 
and maintained at 37°C in a 5% CO2, 95% 
room air humidified incubator. Twenty-four 
hr later, medium was removed and serum-free 
medium containing the methyldopa analogue 
L-dopa methyl ester (Sigma Chemical 
Company) in three different concentrations 
and tritiated thymidine 1 #Ci/ml (sp. act. 6.7 
Ci/mmole) was added. After 60 min incu- 
bation, cultures were harvested with a Mash 
II apparatus (Microbiological Associates) and 
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Table 1. Effect of L-dopa methyl ester on thymidine incorporation by tumor cells in vitro 

Concent ra t ion  
of ~-MD (nM) 

NB tumor A10 tumor 

Counts/min_+ S.E.M.* 

Decrease in in- 
corporation of 

3H thymidine (%) 

Decrease in 
incorporation 

Counts/rain + S.E.M.* 3H thymidine (%) 

0 8153-+625 (10) 
3.0 361 -+33 (5) 
1.5 706-+ 142 (5) 
0.5 2141 _+ 184 ~5) 

95.6 
91.4 
73.8 

5351 +436 (10) 
328_+28 (5) 93.9 
492 _+ 33 (5) 90.9 
805+62 (5) 85.0 

*Number of cultures studied is given in parenthesis. 

dry filters placed in scintillation fluid contain- 
ing toluene and Omnifluor (New England 
Nuclear). Radioactivity was measured in a 
liquid scintillation counter. Values were ex- 
pressed as counts/min and the percentage of 
inhibition of thymidine incorporation com- 
pared to controls was calculated. 

Twenty-five mg of Aldomet killed all six 
mice tested within a few minutes of injection. 
A dose of 2.5 mg twice daily in a pilot 
experiment (three treated and three control 
mice) reduced tumor size from 260 mg to 140 
mg. This difference was not significant. 
Aldomet treatment at a dose of 7.5 mg 
twice daily significantly slowed growth of NB, 
but  growth of A10 tumor was not influenced 
(Fig. 1 ). The vertical bars give the S.E. of the 
mean. Aldomet-treated mice were slightly 
smaller than littermates treated with saline 
and some had mild diarrhea; no other unto- 
ward effects were noted. In vitro L-dopa me- 
thyl ester is equally toxic to NB and A10 
(Table 1 ). 
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Fig. l. Aldomet and tumour growth. 

Methyldopa differs structurally from the 
aminoacid L-dopa by addition of a methyl 
group on the a-carbon. In vivo methyldopa is 
taken up by adrenergic nerves, is metabolized 
like natural dopa, and false neurotransmitters 
such as methyldopamine and methyl- 
norepinephrine are produced: Treatment  with 
methyldopa leads to marked depression of 
norepinephrine in adrenergic nerves in both 
the central and peripheral nervous systems [8- 
14]. The mechanism of norepinephrine de- 
pletion is not understood. 

Depletion of norepinephrine in adrenergic 
endings creates a model similar to the chemi- 
cal axotomy which we showed previously sup- 
presses growth of NB [3]. However, tumor 
growth is slowed to an even greater extent in 
Aldomet treated than in axotomized mice. 
This suggests that Aldomet affects the tumor 
directly. Since  C-1300 NB cells produce do- 
pamine and norepinephrine, it is highly po- 
ssible that methyldopa is taken up by the 
tumor and changes tumor metabolism by de- 
pleting neurotransmitters and/or producing fa- 
lse neurotransmitters. Abnormal tumor meta- 
bolism could in turn influence tumor growth. 

Our in vitro experiments on the effect of L- 
dopa methyl ester on a C-1300 NB cell line 
agree with those of Wick [6]. L-Dopa methyl 
ester is toxic to NB cells in culture. L-Dopa 
methyl ester is as toxic to A10 cells as to NB 
cells in culture, yet growth of A10 tumor in 
vivo is unaffected by Aldomet. 

We offer no definitive explanation for our 
findings, especially since the mechanism of 
action of methyldopa is not fully understood. 
The present data do extend our earlier evid- 
ence that sympathetic blocking agents sup- 
press ,NB growth. These findings may ul- 
timately have implications for therapy of hu- 
man NB. 

Aek~owledge~tnent--The authors wish to thank Mr. 
Sidney Holshouser for his excellent technical assistance. 



Letter to the Editor 

R E F E R E N C E S  

971 

1. X. 0 .  BREAKEFIELD, Neurotransmitter metabolism in murine neuroblastoma 
cells. Life Sci. 18, 267 (1976). 

2. S .C.  HAFFKE and N. W. SEEDS, The E. coli of neurobiology? Life Sci. 16, 1649 
(1975). 

3. E. CHELMICKA-SzoRR and B. G. W. ARNASON, Effect of 6-hydroxydopamine on 
tumor growth. Cancer Res. 36, 2382 (1976). 

4. E. CHELMICKA-SCHORR and B. G. W. ARNASON, Modulatory effect of the 
sympathetic nervous system on neuroblastoma tumor growth. Cancer Res 38, 
1374 (1978). 

5. E. CHELMICKA-ScHORR and B. G. W. ARNASON, Suppression of growth of 
mouse neuroblastoma and A10 adenocarcinoma in newborn mice treated with 
the ganglionic blocking agent chlorisondamine. Europ. J. Cancer 15, 533 
(1979). 

6. M. M. WICK, L-Dopa-methyl-ester: prolongation of survival of neuroblastoma 
bearing mice after treatment. Science 199, 775 (1978). 

7. M. M. WINK, L-Dopa analogs: a-methyldopa, dopamine and D-dopa as new 
antitumor agents. Clin. Res. 269 303A (1978). 

8. C . T .  DOLLERY, Centrally acting alpha-adrenoceptor agonists in hypertension: 
mechanisms and their role in therapy. Aust. N. z .  J. Med. 6, 88 (1976). 

9. R . J .  FRANKEL, I. A. REXD and W. F. GANONO, Role of central and peripheral 
mechanisms in the action of a-methyldopa on blood pressure and renin 
secretion. J. Pharmacol. exp Ther. 2019 400 (1977). 

10. S . M.  HESS, R. H. CONNAMACnER, M. OZAKI and S. UDENFRIEND, The effects 
of a-methyl-dopa and a-methyl-meta-tyrosine on the metabolism of norepin- 
ephrine and serotonin in vivo. J. Pharmacol. exp. Ther. 1349 129 (1961). 

11. M. F. LOKHANDWALA, J. P. BUCKLEY and B. S. JANDHYALA, Effect of 
methyldopa treatment on peripheral sympathetic nerve function in the dog. 
Europ. J. Pharmacol. 329 170 (1975). 

12. C. A. STONE and C. C. PORTER, Methyldopa and adrenergic nerve 
function. Pharmacol. Rev..18, 569 (1966). 

13. A. CARLSSON and M. LINDZWST, In vivo decarboxylation of a-methyldopa and 
a-methyl metatyrosine. Acta physiol, scand 549 87 (1962). 

14. N . J .  URETSKY, Effect of ~-methyldopa on the metabolism of dopamine in the 
striatum of the rat. J. Pharmacol. exp. Ther. 189, 359 (1974). 


