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the characterization of cRNA. We hope 
that this report will help others to 
extend these studies and will stimulate 
further investigations of the cellular 
function of this RNA. 
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Indole-3-Acetic Acid in Hluman Cerebrospinal Fluid: 

Identification and Quantification by Mass Fragmentography 

Abstract. lndole-3-acetic acid has been identified in human cerebrospinal fluid 
by the gas chromatographic-mass spectrometric technique called mass fragmentog- 
raphy. A specific and sensitive method for quantitative determination of indole- 
3-acetic acid down to 2 nanograms per milliliter of cerebrospinal fluid has been 
developed. Samples of cerebrospinal fluid from 24 patients with depression con- 
tained 6.1 ? 3.1 (range 2.6 to 15.8) nanograms of indole-3-acetic acid per milli- 
liter. 
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5-Hydroxytryptamine (5-HT) is ca- 
tabolized in the central nervous system 
(CNS) by monoamine oxidase to 5- 
hydroxyindole-3-acetic acid (5-HIAA). 
Several investigators (1) have found 
low concentrations of apparent 5-HIAA 
in cerebrospinal fluid (CSF) of de- 
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pathway in the biotransformation of 
tryptophan in animals and man. The 

pressed patients compared to controls. 
The level of 5-HIAA in CSF has been 
used as an index of brain 5-HT metab- 
olism (2). 

The formation of 5-HT is a minor 
pathway in the biotransformation of 
tryptophan in animals and man. The 

326 

385 

(54%) 

326 

385 

(54%) 

340 340 

399 399 

400 400 

IF7 
I I 

IF7 
I I 

3401 

COC3F, 
Mo4h39 

3401 

COC3F, 
Mo4h39 

C3F7 
,l L _ 
C3F7 
,l L _ 290* 

*%A .. 
290* 

*%A .. 

200 200 300 300 

m/e 
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this was found to give the highest yield of m/e 326 from the IAA derivative (shown 
by mass fragmentography). The trap current was 60 gta; Molw., molecular weight; 
m/e, mass-to-charge ratio. 

SCIENCE, VOL. 177 

m/e 
Fig. 1. Mass spectra and proposed fragmentation patterns for the heptafluorobutyryl 
methyl ester derivatives of reference IAA (top) and 5-MeIAA (bottom). Asterisks 
indicate metastable peaks. An LKB 9000 gas chromatograph-mass spectrometer with a 
silanized glass column (1 m by 3 mm, inside diameter), packed with 3 percent XE-60 
on Gas Chrom P was used. Column, flash heater, and ion source temperatures were 
130?, 210?, and 270?C, respectively. The ionizing potential was selected to 40 ev, as 
this was found to give the highest yield of m/e 326 from the IAA derivative (shown 
by mass fragmentography). The trap current was 60 gta; Molw., molecular weight; 
m/e, mass-to-charge ratio. 

SCIENCE, VOL. 177 

32Sf 

COC3F, 
MOIW.385 

32Sf 

COC3F, 
MOIW.385 

129 129 

I I 



catabolism by the liver enzyme trypto- 
phan pyrrolase (or oxygenase) is a 
quantitatively more important pathway 
(3). It has been hypothesized that there 
is .an increased pyrrolase activity in 
depression (4). An enhanced metabo- 
lism of tryptophan by way of the kyn- 
urenine pathway in the periphery should 
leave less tryptophan for the synthesis 
of 5-HT and tryptamine in the CNS. 

Coppen et al. (5) measured the uri- 
nary excretion of tryptamine and its 
major metabolite indole-3-acetic acid 
(IAA) by fluorometry. Tryptamine was 
recently demonstrated in small amounts 
in rat brain by means of an enzymatic 
technique (6). However, it has not 
been possible to detect IAA in the CNS 
of animals or man because of the lack 
of analytical methods with sufficient 
sensitivity and specificity. 

If IAA could be codetermined with 
5-HIAA in human lumbar CSF, cur- 
rent theories about the biochemistry of 
depressive disorders could be further 
elucidated. Thus an increased trypto- 
phan pyrrolase activity should decrease 
the 5-HT and tryptamine in brain with 
accompanying decrease in concentra- 
tions of 5-HIAA and IAA in CSF. Low 
amounts of 5-HT in brain (5-HIAA in 
CSF) may also be due to decreased 
activity of tryptophan-5-hydroxylase, 
which should be accompanied by in- 
creased brain tryptamine, possibly re- 
flected by an increase in IAA in CSF. 
The hydroxylation is the rate-limiting 
step in the biosynthesis of 5-HT (7). 

Due to the considerations above we 
report our effort to identify and quanti- 
tatively determine IAA in human lum- 
bar CSF. 

A method for the quantitative anal- 
ysis of 5-HIAA in CSF by a gas chro- 
matographic-mass spectrometric tech- 
nique called mass fragmentography has 
been described (8). The 5-HIAA was 
extracted from CSF with ethyl acetate, 
and the methyl ester was prepared with 
diazomethane. Two heptafluorobutyryl 
groups were introduced on the phenolic 
hydroxyl and the indole nitrogen groups, 
respectively. The diheptafluorobutyryl 
methyl ester derivative of 5-HIAA was 
analyzed by mass fragmentography. 

The above procedures for extraction 
and preparation of derivatives were 
used for the analysis of IAA. The mass 
spectrum of the heptafluorobutyryl 
methyl ester derivative of IAA (Fig. 1, 
top) prepared from milligram amounts 
of synthetic IAA (Merck, Germany) 
had a prominent molecular ion (m/e 
7 JULY 1972 
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Fig. 2. Mass fragmentograms obtained 
from heptafluorobutyryl methyl ester de- 
rivatives prepared from (A) reference 
IAA, (B) material extracted fom CSF, 
(C) material extracted from CSF to which 
the internal standard (5-methylindole-3- 
acetic acid) had been added. The CSF 
sample contained 12 ng of IAA per milli- 
liter. The mass spectrometer was set to 
detect m/e 340, 326, and 385 on channels 
1 to 3 with relative sensitivities 1: 4:4, 
respectively. The column temperature was 
150 C. The other instrumentation condi- 
tions were as described in the legend to 
Fig. 1. 

385), and the base peak at m/e 326 
formed by the loss of the carbomethoxy 
group. The metastable peak at m/e 
276 is compatible with this transition. 

In analogy to the mass fragmento- 
graphic analysis of 5-HIAA, the mass 
spectrometer was set to detect com- 
pounds eluted from the gas chromato- 
graph giving rise to the ions m/e 326 
and 385. Derivatives were prepared (i) 
from synthetic IAA and (ii) from ma- 
terial extracted from human CSF. Mass 
fragmentograms (Fig. 2, A and B) 
were obtained. This shows that CSF 
contains a compound with the same 
retention time and relative proportion 
of the ions m/e 326 and 385 as synthe- 
tic IAA. The same results were obtained 
with another gas chromatographic col- 
umn (5 percent OV-17 on Varaport 
30). This shows that IAA is present in 
very small but measurable amounts in 
human CSF. The derivative from syn- 
thetic IAA gives, in addition to the 
above-mentioned ions, another promi- 
nent fragment at m/e 129 (Fig. 1, top). 
In view of the high background signal 
at this m/e from unknown compounds 
in CSF, it was impossible to use it to 
detect IAA in CSF. 

For the quantitative determination 
of IAA in CSF, 5-methylindole-3-acetic 
acid (5-MeIAA, from Fluka, Switzer- 

land) has been used as an internal 
standard. The mass spectrum of the 
heptafluorobutyryl methyl ester deriva- 
tive of 5-MeIAA showed, in accordance 
with that of IAA, a molecular ion at 
m/e 399 with the base peak at m/e 
340 (Fig. 1, bottom). 

To 2.0 ml of CSF, 240 ng of 5- 
MeIAA was added along with the 
compounds added for the analysis of 
5-HIAA (8). The procedures for ex- 
traction and making derivatives have 
been described. For the mass frag- 
mentographic analysis of IAA, the ions 
characteristic of IAA (326 and 385) 
and the base peak of 5-MeIAA (340) 
were monitored (Fig. 2C). 

The ratio of the peak heights of 
IAA (m/e 326) and 5-MeIAA (m/e 
340) was calculated, and the concen- 
tration of IAA in CSF was determined 
from a standard curve. This standard 
curve was prepared by treating solu- 
tions of known amounts of IAA (2 to 
20 ng/ml) in artificial CSF [see (8)] 
in the same way as the CSF samples. 
The peak height ratio (m/e, 326 to 
340) was plotted against the IAA 
concentration of the standard solu- 
tions. The curve is a straight line 
going through origin. When 16.0 ng 
of IAA was added to a 2.0 ml CSF 
sample containing 4.1 ng of endogenous 
IAA per milliliter, this amount could 
be quantitatively recovered. 

This sensitive and specific method 
has been tested on CSF samples that 
were available from 24 somatically 
healthy, depressed patients taking part 
in a biochemical, clinical, and pharma- 
cological investigation of endogenous 
depression. The lumbar punctures were 
performed during a period when the 
patients were given a placebo prior to 
antidepressant therapy. The patients had 
been fasting for at least 9 hours, and 
the CSF samples were collected in glass 
tubes. The samples were immediately 
frozen and stored at -15?C until 
analyzed. Each sample was analyzed 
in duplicate for its content of IAA. In 
the investigated patients the concentra- 
tion of IAA in CSF was 6.1 + 3.1 ng/ml 
(mean ? standard deviation), with the 
range being 2.6 to 15.8 (9). The stan- 
dard deviations of the analyses were 
0.5 and 1.0 ng/ml in the concentra- 
tions below and above 5 ng/ml, re- 
spectively. 

Further experiments are needed to 
elucidate how these data compare to 
IAA levels in CSF of psychiatrically 
healthy volunteers and whether IAA 
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in CSF originates from oxidative dea- 
mination of tryptamine in the brain or 
from the systemic circulation. There 
are indications that tryptamine, but not 
5-HT or 5-HIAA, enters the brain 
from the bloodstream (10). Lovenberg et 
al. (11) have shown that brain contains 
the enzymes responsible for the trans- 
formations tryptophan -> tryptamine -> 
IAA. However, it cannot be excluded 
that IAA also is formed by transamina- 
tion of tryptophan with subsequent 
oxidative decarboxylation (12). The 
intermediate in this pathway is indole- 
3-pyruvic acid. 
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The use of chick embryos in the 

production of yellow fever vaccine dur- 

ing World War II suggests the presence 
of viruses capable of inducing neoplasia 

Table 1. Comparison of men who died of 
cancer with controls on the basis of previous 
yellow fever vaccination and by type of 
cancer. ICD, "International Classification of 
Disease"; +, vaccinated; -, not vaccinated. 

Yellow Cases Controls 
fever 

vaccination No. (%) No. (%) 
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All forms of cancer (ICD 140-205) 
+ 1221 45.9 1174 
- 1438 54.1 1485 

Lymphoma (ICD 200-203) 
+ 147 46.1 139 
- 172 53.9 180 

Leukemia (ICD 204) 
+ 84 43.5 81 
- 109 56.5 112 

Other cancer (ICD 140-199, 205) 
+ 990 46.1 954 
- 1157 53.9 1193 
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in avian species. To determine whether 
the vaccine could also induce cancer 
in man, we studied cancer mortality 
among army veterans of World War 
II in relation to their immunization 

against yellow fever during military 
service. 

Leukosis-sarcoma viruses are ubiqui- 
tous in the avian species-viruses even 

having been isolated from "leukosis- 
free" flocks. The cell type of the neo- 

plasia varies according to the strain of 
virus, and tumors occur mainly in the 

blood-forming organs, soft tissues, and 

kidney (1). Experimentally, avian vi- 
ruses have seldom induced neoplasia in 
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all, of the yellow fever vaccine used 

during World War II was contaminated 
with avian viruses, but the extent of the 

contamination cannot be determined to- 
day. Although at that time viruses were 
known to cause avian leukosis, their 
presence in chick embryos was un- 
known. Furthermore, a viral origin of 
human cancer was considered to be re- 
mote. Subsequently, with the immense 
new understanding of viral oncology, the 
effects of live vaccines used in the past 
have come into question. 

A third or more of World War II 
army veterans received yellow fever vac- 
cine, but only about 1 percent had died 
of cancer 20 years later. Hence, a retro- 
spective design, comparing veterans who 
died of cancer with living veterans on 
the basis of yellow fever vaccination, 
was adopted in preference to a prospec- 
tive design, that is, one in which cohorts 
of the vaccinated and the nonvaccinated 
veterans would be compared as to sub- 
sequent cancer mortality. Representative 
deaths from cancer were obtained by 
sampling notices of death prepared by 
the Veterans Administration on virtual- 
ly all deceased war veterans for the 
years 1950 to 1954 and 1959 to 1963 
(3). The underlying cause obtained 
from the death certificate was used to 
identify deaths from cancer. Death 
certificates are 80 to 90 percent accurate 
as to the fact of cancer and about 60 
percent accurate at the three-digit level 
of diagnostic classification (4). For 
lymphomas, death certificates are quite 
accurate, but for cancer of the pancreas 
or lung, much less so. For convenience 
and simplicity, sampling was restricted 
to white males born between 1912 and 
1928 and with World War II service 
beginning prior to 1945. Similarly re- 
stricted controls were obtained from a 
"2-percent file" representative of Na- 
tional Service Life Insurance numbers 

Table 2. Comparison of men who died of 
lymphoma with controls on the basis of pre- 
vious yellow fever vaccination, by date of 
entry on active duty and by date of death. 
+, Vaccinated; -, not vaccinated. 

Date Yellow Cases Controls 
entered fever 
active vacci- 
duty nation No. (%) No. (%) 

Lymphoma deaths, 1950-1954 and 1959-1963 
Before ~ + 76 72.4 77 74.8 

July 1942 - 29 27.6 26 25.2 

July 1942 1 + 71 33.2 62 28.7 
or later f - 143 66.8 154 71.3 

Lymphoma deaths, 1950-1954 
Total + 45 48.9 43 46.7 

- A47 51.1 49 53.3 
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Yellow Fever Vaccination, Avian Leukosis Virus, 
and Cancer Risk in Man 

Abstract. Comparison was made between 2659 veterans who died of cancer, 
during 1950 to 1954 or 1959 to 1963, and matched controls, based on the 

frequency of yellow fever immunization during World War II. The vaccine was 

produced from chick embryos that almost certainly contained avian leukosis- 
sarcoma viruses. Among the veterans, no relation was found between vaccination 
and leukemia, lymphoma, or other cancer. 
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