
Table 2. Effectiveness of placebos in relieving 
pain of pathological origin. The average per
centage relieved in Table 2 differs from the 
average percentage relieved in Table 1: 
t = 9.28 and p = 0.0001. 

Sub-
Study jects 

(No.) 

Severe postoperative 
(17) 118 
(18) 29 
(79) 34 
(20) (The av. per- 52 

centage relieved 36 
by placebo was 44 
33%.) 40 

(21) (The av. per- 14 
centage relieved 20 
by placebo was 15 
39%.) 21 

15 
15 

Satisfactorily 
relieved by 

placebo 
(%) 

wound 
21 
31 
26 
40 
26 
34 
32 
50 
37 
53 
40 
40 
15 

Pain from angina pectoris 
(22) 66 
(23) 19 
(24) 27 

38 
26 
38 

Pain from metastatic disease 
(25) 67 

Headache 
(26) 199 
Totals (10 studies): 831 

42 

52 
Av. 34.6 ± 2 . 9 

ings) is not enough. Thus there is 
exposed in this new framework un
suspected ties between mind and body, 
revealed by the study of drug action. 

HENRY K. BEECHER 

Harvard Medical School, Department 
of A naesthesia, Massach usetts 
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A Function for Ascorbic Acid in 

the Metabolism of an Insect 

Abstract. Homogenates of Blattella 
conjuncta oxidize L-tyrosine. The reaction 
is diminished by dialysis, but may be re
activated with L-ascorbic acid. Glutathione, 
pyridoxal phosphate, and folic acid also 
activate the system. 

It has been demonstrated (1-3) that 
ascorbic acid will activate the L-tyrosine 
oxidase system of mammalian liver. 
However, the function of the com
pound in insect metabolism is unknown. 
Previous investigations (4) have demon
strated that the cockroach contains 
large amounts of ascorbic acid. In fact, 
the concentration in the whole insect 
(10 to 19 mg/100 gm) greatly exceeds 
that in whole guinea pigs [2.4 mg/100 
gm (5)] . This concentration presumably 
indicates that ascorbic acid plays an 
important role in insect metabolism. 
The present study was undertaken to 
study tyrosine oxidation by insect 
tissues which, by analogy with the proc
ess in mammalian tissues, would be ex
pected to require ascorbic acid. 

Blattella conjuncta was captured lo
cally in the Upper Hutt Valley, near 
Wellington, New Zealand. The adult 
insects were killed by decapitation, and 
the whole insects were homogenized 
with two volumes of ice-cold 0.1 AM 

Table 1. Effects of ascorbic acid and other 
cofactors on the tyrosine oxidase activity of a 
dialyzed insect homogenate . The activity is given 
in microliters of oxygen per hour. 

Components added to homogenate Activity 

N o n e 11 
ce-Ketoglutarate (ce-K) 14 
ce-K + ascorbic acid 31 
ce-K + glutathione 15 
ce-K + pyridoxal phosphate 14 
ce-K + folic acid 21 
ce-K + ascorbic acid + glutathione 42 
ce-K + ascorbic acid + glutathione + 

pyridoxal phosphate 49 
« - K + ascorbic acid + folic acid 37 
ce-K + ascorbic acid + glutathione + 

pyridoxal phosphate + folic acid 50 

potassium chloride solution in a Potter-
Elvehjem apparatus. Insoluble materials 
were removed by centrifugation at 2°C. 
The supernatant was adjusted to pH 
7.5 and dialyzed in a cellophane bag 
against 0.14M potassium chloride solu
tion for 24 hours at 4°C. The resulting 
solution was used as the source of the 
tyrosine oxidase system. 

Activity was determined by Warburg 
techniques at 37°C in air with sodium 
hydroxide papers in the center wells of 
the vessels. Each vessel contained 1.0 
ml of the dialyzed solution, 1.0 ml of 
0.2M phosphate buffer at pH 7.2, and 
6 /imole of L-tyrosine. The side arm 
contained 0.1 ml of 0.1M a-ketoglu-
tarate and 0.1 ml of a solution of co-
factors. The total volume in each vessel 
was 3.0 ml. The following cofactors 
were used in some experiments: as
corbic acid (1 mg), glutathione (1 mg), 
pyridoxal phosphate (10 ^g) , and folic 
acid (200 fig). The reaction was 
initiated by tipping the side arm. 
Manometric readings were taken for 1 
hour. 

The results of a typical experiment 
are given in Table 1. It is clear from 
these figures that the tyrosine oxidase 
system is activated by ascorbic acid. It 
is also activated by folic acid. The 
greatest effect results from additions of 
ascorbic acid, glutathione, and pyridoxal 
phosphate. 

It is clear that the oxidation of L-
tyrosine by homogenates of this insect 
probably follows a pathway similar to 
that in mammals. It is known that the 
latter deaminate tyrosine by a trans
amination reaction with a-ketoglutarate 
which requires pyridoxal phosphate (<5). 
The resulting p-hydroxyphenylpyruvic 
acid is oxidized to homogentisic acid 
and carbon dioxide. This process in
volves 2,5-dihydroxyphenylpyruvic acid 
as an intermediate and requires ascorbic 
acid and glutathione. The effect of folic 
acid on the system is difficult to ex
plain, but a similar effect has been re
ported for the mammalian system and 
it has been suggested that the stimula
tion is not due to a direct effect of the 
compound on the enzymes (2) . 

The present study clearly establishes 
a function for ascorbic acid in insect 
metabolism. 

MICHAEL H. BRIGGS 
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