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TABLE 11. 
Results of Adding Dried Whole Milk Following Periods of Butter Yellow-Rice Diet, on the 

Production of Liver Cancer. 

No. of days fed rice 
No. of No. of days and Klim diet Liver changes* 

animals fed on butter subsequent to butter < 7 

used yellow and rice yellow-rice diet - f + ++ +++ 
20 62 113-168 18 0 0 0 2 
27 88 100-250 1 0 0 5 21 
14 124 82-254 0 0 2 6 6 

* See Table I for explanation of symbols. 

induced in rats by feeding unpolished rice and 
p-dimethylaminoazobenzene. 2. The produc- 
tion of liver cancer in rats fed p-dimethyl- 
aminoazobenzene was partially inhibited by 
the daily ingestion of dried whole milk (50% 
protection at  200 days). 3. Liver cirrhosis 
produced by p-dimethylaminoazobenzene has 
been treated successfully by a rice diet con- 
taining 15% dried whole milk. (Based on 
previous evidence of the high incidence of 

liver cirrhosis in rats produced by p-dimethyl- 
aminoazobenzene-rice diet.ll). 4. Once ade- 
nomatous hyperplasia of bile ducts, cholan- 
gioma, or hepatoma had been established in 
the livers, these benign and malignant tumors 
could not be destroyed by ingestion of the 
rice-milk diet. 

The author wishes to express his appreciation to 
Dr. C. P. fthoads for his interest and valuable 
ndvice. 
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Effect of Malonate, Fumarate, Succinate, and Citrate on Synthesis of 
Acetylcholine in vitro.* 

CLARA TORDA AND HAROLD G. WOLFF. 
From thr New Pork Hospital and the Departments of Medicine (Neurology) and Psychiatry, 

Cornell University Medical College, New Pork City .  

The increased synthesis of acetylcholine 
in vitro under aerobic conditions is greater in 
the presence of serum and spinal fluid obtained 
from healthy humans than from patients with 
myasthenia gravis.*t2T3 Since the synthesis of 
acetylcholine in vitro is increased in the pres- 
ence of glucose and pyruvate' the following 
experiments were designed to ascertain 

* This study was aided by a grant from the 
Josiah Mncy, Jr., Foundation. 

ITorda, C., and Wolff, H. G., Science, 1943, 
98, 224. 

flTorda, C., and Wolff, H. G., J. Clin. Iniest . ,  
1944, 23, 649. 
3 Torda, C., and Wolff, H. G., Science, 1944, 

4 Quastel, J. H., Tcnnenbaum, M., and Wheatley, 
100, 200. 

A. H. M., Bioch. J., 1936, 30, 1668. 

whether or not possible intermediates of glu- 
cose and pyruvate metabolism modify the 
synthesis of acetylcholine. 

Method. ' The synthesis of acetylcholine 
was studied by the method of Quastel, Tennen- 
baum, and Wheatley' with minor modifica- 
tions2 Varying amounts of sodium succinate, 
sodium fumarate, sodium malonate, sodium 
citrate, and sodium oxalate were added to mix- 
tures containing 100 mg minced fresh frog 
brain, 1 cc serum or spinal fluid, 3 mg ghy- 
sostigmine salicylate, and 2 cc Ringer's solu- 
tion. The pH of the mixtures was adjusted to 
7.4. Identical mixtures without the salts of 
these organic acids served as controls. The 
mixtures were shaken and incubated aerobic- 
ally for 4 hours at 37°C. After incubation the 
amounts of free and total acetylcholine synthe- 
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TABLE I. 
Effect of the Substances on the Synthesis of Acetylcholine in aitro. 

Amount of acetylcholine synthesized in TO 
of control* 

Substance 

k e e  acetylcholine Total acetylcholine 
In  the presence of I n  the presence of 

frog brain and frog brain and 
Final - r 

in  mols fluid Serum fluid Serum 
concentrations Spinal Spinal 

Sodium malonate 8 x l W  
8 x 1 0 4  
8 x 1 0 3  

*’ fumarate .8 x 10-5 
8 X 104 
8 x 10-3 

’ ) succinat e 5 x 10-3 
5 x 10-1 
5 x 104 

’ ’ citra te 3.5 x 10-3 
3.5 x 1 0 4  
3.5 x 10-3 

) ) oxalate 4 x 10-5 
4 x 104 
4 x 10-3 

66 70 
55 54 
53 50 

131 134 
138 140 
142 151 

113 136 
151 150 
113 142 

130 135 
140 142 
150 154 

92 88 
105 110 
100 103 

64 62 
54 61 
51 58 

185 126 
130 130 
140 147 

140 136 
155 149 
148 143 

129 128 
139 138 
150 147 

102 99 
95 98 
107 109 

Each value represents the average of 10 separate experiments. The S.E. of the mean fo r  
each value was less than 28%.  The amounts of acetylcholine synthesized in pg per 100 mg 
frog brain, followed by the S.E. of the mean were: spinal fluid: free, 1.3T 2 0.048; total, 
2.36 0.052; serum: free, 1.15 0.045; total, 1.69 0.054. 

sized were assayed biologically on the sensi- 
tized rectus abdominis muscle of the frog. 
Since the compounds in the concentrations 
used did not modify the effect of acetylcholine 
in inducing muscle contraction, this procedure 
should be a valid indicator of the acetylcholine 
content of the mixtures. 

Results. The amounts of acetylcholine syn- 
thesized in the presence of the substances used 
are given in Table I. Sodium malonate de- 
creased the amount of acetylcholine synthe- 
sized, while succinate, fumarate, and citrate 
increased the synthesis of acetylcholine. 

To determine whether or not the increased 
synthesis with sodium citrate was due to the 
removal of calcium ion, sodium oxalate was 
added in concentrations large enough to 
remove more calcium than did citrate, but still 
small enough to be bound mainly by the cal- 
cium present in the mixtures and therefore 
without any effect of its own upon the syn- 
thesis of acetylcholine. Since the synthesis of 
acetylcholine was not significantly modified 
in the presence of sodium oxalate in the con- 

centrations used, the effect of sodium citrate 
was not due to decreased calcium ion concen- 
tration in the incubated mixtures. 

Discussion. In the preSence of the above 
intermediates of glucose and pyruvate 
metabolism in small concentrations the syn- 
thesis of acetylcholine was increased by about 
50%. Succinate in larger concentrations and 
under different oxygen tension may have a 
different Malonate, known to de- 
press the oxidation of succinate,7V8 also de- 
presses the synthesis of acetylcholine. 

For the mechanism of action of fumarate, 
succinate, and citrate it is possible that these 
substances in small concentrations increase 
the synthesis of acetylcholine because they are 

5Nachmansohn, D., John, H. M., and Waelsch, 

GFurchgott, R., and Schorr, E., personal com- 

7 Cook, R. P., Biac7~ J.,  1930, 24, 1538. 
SQuastel, J. H., and Wheatley, A. H. N., 

H., J .  Biol. Chenz., 1943, 150, 485. 

munications. 

Siocli. J. ,  1931, 9A, 11C. 
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converted to some compounds9 that can be 
utilized for the acetylation of choline or be- 
cause of energy liberated during the metabol- 
ism of fumarate, citrate, and succinate. 

Summary. 1. The synthesis of acetylcholine 
in vitro in the presence of sodium malonate, 
succinate, citrate, and fumarate was investi- 
gated. 2. Malonate decreased the synthesis 
of acetylcholine in the concentrations used, 

9Evans, E. A., Jr., Harvcy Lectiircs, 1944, 39, while citrate, succinate, and fumarate in- 
273. creased it. 
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Effect of Vitamin K (LMenadione) on Choline Esterase Activity, Acetyl- 
choline Synthesis, and Striated Muscle." 

CLARA TORDA AND HAROLD G .  WOLFF. 
From the New York Hospital and tile nepartnwits of Medicine (Ilreiwology) mid Psychiatry ,  

Cornell Universi ty  Medical College, New Tork City. 

Under physiological conditions menadione 
(2-methyl-l,4-naphthoquinone) has the abil- 
ity to react with substances containing the 
-SH group.ll2q3 Therefore the activity of 
some enzymes having an active -SH group 
may be modified by menadione. Since choline 
esterase' and the enzyme that synthesizes 
acetylcholine? probably contain an active -SH 
group, a study was made to ascertain whether 
or not menadione modifies the activity of these 
enzymes0 

I. Effect of menadione on 
the Synthesis of Acetylcholine. The synthesis 
of acetylcholine was studied by the method of 
Quas tel, Tennenbaum, and Whea tleyi with 
minor modifications? Varying amounts of 
menadione were added to mixtures containing 

Experimental. 

*This study was aided by n grant from the 
Josiah Macy, Jr., Foundation. 
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100 mg minced fresh frog brain, 3 cc Ringer's 
solution, 3 mg physostigmine salicylate and 4.8 
mg glucose. The pH of the mixtures was ad- 
justed to 7.4. Identical mixtures without 
menadione served as controls. The mixtures 
were shaken and incubated aerobically for 4 
hours. After incubation the amounts of free 
and total acetylcholine synthesized were 
assayed biologically on the sensitized rectus 
abdominis muscle of the frog. 

Menadione depressed the synthesis of 
acetylcholine and the decrease was more 
marked in the presence of larger concentra- 
tions of the vitamin (see Table I ) .  

In  another series of experiments the amount 
of substrate was increased by adding 1 cc of 
spinal fluid to the mixtures before incubation. 
In  such mixtures more acetylcholine is syn- 
thesized.9 In the presence of menadione the 
synthesis of acetylcholine was decreased; the 
percentage decrease being similar to that found 
in the absence of spinal fluid (Table I). 

Methylene blue and menadione have similar 
effects on oxidative processes. Therefore the 
effect of methylene blue on the synthesis of 
acetylcholine was investigated. In  the pres- 
ence of lxlO-'; mol. methylene blue the syn- 
thesis of acetylcholine was 207% less (average 
of 6 series of experiments). Since methylene 
blue greatly increased the sensitivity of the 

:) Torda, C., and Wolff, H. G., Science, 1944, 
100, 200. 




