
Although there are a number of mag- 
netometer and metal-detection systems 
available, the unit we first used was a 
Waugh magnetometer type TV-2, which 
was produced during World War I1 
to bench-check steel aircraft components 
for residual magnetism. I t  required 
minor modifications for working into the 
chopper input of an Offner model I) 

electroencephalograph. The detector re- 
sponds to the absolute intensity of a 
steady magnetic field in a particular di- 
rection and will register zero when ori- 
ented in a plane perpendicular to the 
direction of the ambient field. The sys- 
tem is calibrated by measuring the effect 
of rotating the pickup a given amount 
about a vertical axis from its null point 
with respect to the earth's field. The 
field to which the instrument is respond- 
ing for calibration is presumed to be the 
product of the horizontal intensity and 
the sine of the angle of displacement. On 
the basis of the published value of 0.25 
gauss ( 3 )  for the horizontal intensity of 
the earth's field in California, 0.2 
mgauss/cm of pen travel seems to be 
ample over-all sensitivity, the periodic 
field variations with motility present 
characteristically approaching 1 mgauss 
peak to peak. 

The magnets used are 3/16-inch di-
ameter by %-inch long General Electric 
Company sintered alnico-5 rods fur-
nished cut to length. These magnets are 
not treated in any special way to increase 
or preserve the degree of magnetization 
they have when received. They are pre- 
pared for ingestion by coating with poly- 
styrene. Subjects report neither aware-
ness of them after ingestion nor any kind 
of after effect, and the data ( 4 )  indicate 
that the ingested magnrt probably re-
mains within the stomach of most sub- 
jects for periods of 2 hours or longer. 
The field variations recorded can be 
shown to be a function not only of peri- 
odic amplitude of magnet movement, 
but of mode of motion, orientation, and 
position with respect to the detector. 

The method appears to have many 
uses beyond the recording of stomach 
motility. For example, it is currently 
being used to detect particular patterns 
of movements in small laboratory ani- 
mals; the magnets are fixed under the 
skin. The Waugh type IV-2 magnetome- 
ter has been modified and improved by 
the current manufacturers (5) and by 
William T. Kyle, Electronic Facility, 
College of Engineering, University of 
California, Los Angeles. Information 
concerning the improved circuit we now 
employ rnay be obtained from Kyle until 
it is published. 
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Stigmasterol in Cigarette Srnoke 

The presence of phytosterols in to-
bacco leaf (1 ,  2 ) ,  seed ( 3 ) ,and smoke 
( 4 )  has been previously reported; in 
only one case was a structure assigned to 
the sterol, that of y-sitosterol isolated 
from Nicotiana tabacum ( 2 ) .  We wish 
to report the isolation of stigmasterol, a 
compound whose melting point differs 
from that of the other sterols recorded, 
from cigarette smoke ( 5 ) .  

The smoke generated from regular 
size, American, blended cigarettes was 
fractionated as we have described earlier 
( 6 ) .  Fraction M (200 g )  was chromato- 
graphed on silica gel; a mixture of 84 
percent benzene and 16 percent ether 
eluted material whose infrared spectrum 
had absorption bands in the 9 to 11-p 
region similar to those of many sterols 
( 7 ) .  These bands were used to guide 
further isolation work. Fractional recrys- 
tallization from 1/1 benzene and meth- 
anol was followed by three chromatogra- 
phies on acid-washed alumina, fractional 
recrystallization from 4/1 methanol and 
ethanol, and recrystallization from 1/4 
benzene and petroleum ether (30' to 
60°C), whereupon 35 mg of colorless 
crystals, mp 165.0 to 168.5'C, [uID20-
40.2' ( 8 )  was obtained (stigmasterol, 
mp 170 to -45.8'171°C, [ u ] , ~ ~  ( 9 ) .  
The compound gave a positive Lieber-
mann-Burchard test, and a precipitate 
with digitonin; it absorbed 2.0 moles of 
hydrogen (10)  (assuminq a molecular 
weight of 41 1 ) ;  it exhibited a "false 
energy" maximum (11) at 206 my in 
the ultraviolet, ruling out the possibility 
of conjugated double bonds; and it had 
an infrared absorption spectrum consist- 
ent with that of stigmasterol. The re-
duction product h ~ d  a melting point of 
136.8 to 137.3'C [ u ] , ~ ~25.3O {stigma-
stznol, mp 137OC ( I Z ) ,  [ ~ r ] ~ ~ ~24' ( 1 3 ) ) ;  
its acetate melted at 131.2 to 132.4'C 
and had a rotatian of [a],," 16.2' {stig-
mastanyl acetate, rnp 129.0 to 129.5OC 
[uID2O15.4' (14) ) ;  and its benzoate had 

E. B. HENDERSONa melting point of 135.0 to 136.0°C 
J. S. DINNING [n],20 19.7O {stigmastanyl benzoate, mp 

Department of Psychologj~, 135.0 to 136.OC [a],20 19.6' (15) ) .  
Cnivcrsity of California, Los Angeles The acetate and the benzoate of the 

original sterol were prepared; the former, 
after several recrystallizations from 4/1 
methanol and benzene, had a melting 
point of 140 to 141 'C and a rotation of 
[uID20- 51.9' {stigmasteryl acetate, mp 
140 to 141°C [aIDz0-50.3' (16)) .  I t  
did not depress the melting point of an 
authentic sample of stigmasteryl acetate 
(17) ,  and it had an infrared spectrum 
identical with that of the authentic ma-
terial; the benzoate, after repeated re-
crystallization from 6/1 methanol and 
benzene, melted at 161.0 to 161.5OC 
[uID20- benzoate, mp 24.3O {stig~naster~l 
160.5 to 161.5' - 24.5' (18)) .  

The crude steroid fraction from frac- 
tion M contains other steroids which we 
have not as vet isolated in Dure form. A 
sterol has also been obtained from frac- 
tion K ( 6 ) ;  the data are: mp 149.5'C 
[a]," - 63', positive Liebermann-Burch- 
ard test; precipitate with digitonin; ace- 
tate, mp 137.0 to 138.0°C; benzoate, mp 
124.5 to 125.0°C. The quantity isolated 
was too small for us to effect rigorous 
purification, and these values may be 
open to revision. 

Khanolkar, Panse, and Divekar ( 2 )  
found the sterol glycoside which they 
isolated from tobacco leaf to be readily 
hydrolyzed by dilute hydrochloric acid. 
The possibility therefore exists that, in- 
asmuch as an acid extraction step was 
utilized in our fractionation of the ciga- 
rette smoke condensate, stigmasterol may 
be present in smoke in part, or in whole, 
as a glycoside. The quantity of sterol 
isolated corresponds to 0.5 b~g per ciga- 
rette; this figure must be taken only as 
a lower limit inasmuch as considerable 
losses were sustained in the isolation 
process. 
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Formation and Auxin Activity 

of Indole-3-Glycolic Acid 

I t  is usually assumed that the plant 
"crowth hormone. indoleacetic acid. arises 
in plant tissue by some transformation of 
the amino acid tryptophan (1  ) . This be- 
lief has become widespread despite the 
fact that the best yields in numerous 
enzymatic experiments have never ex-
ceeded a few percent ( 2 ) .  We there-
fore felt it necessary to examine other 
possible biosynthetic pathways for in-
doleacetic acid. 

In  view of the facts that tryptophan 
is known to arise in various biological 
systems via an enzymatic coupling of 
indole with serine (3 )  and that indole 
is known to couple also with D-glycer-
aldehyde-3-phosphate ( 4 ) , we examined 
the possibility that indoleacetic acid or 
some close analog could arise by a direct 
union of indole with a two-carbon frag- 
ment. We found that indole and glyoxy- 
late, in aqueous solution, reacted nonen- 
zymatically to yield a Salkowski-positive 
compound later characterized as indole- 
3-glycolic acid (IGA, Fig. 1 ) . This com- 
pound is active in several bioassays used 
for detecting auxins. 

The reaction between indole and gly- 
oxylate was carried out as foll&ws. 
Aqueous solutions of indole and sodium 
glyoxylate (5) were mixed so that they 
contained 0.2 bmole of indole and 60 
&mole of sodium glyoxylate in 1 ml of 
solution. After the mixture had been in- 
cubated for 1 hour at 30°C, residual in- 
dole was extracted with toluene and as- 
sayed by a method similar to that de- 
scribed by Yanofsky ( 6 ) .Under the con- 
ditions described, approximately 25 per- 
cent of the indole disappears in 1 hour. 
If, to a duplicate tube, one adds 4 ml 
of Salkowski reagent, a color appears 
which is similar to but not identical with 
that given by indoleacetic acid and 
which is different from the color pro- 
duced by indole. 

For chromatographic investigation of 
the product, 0.4 ml of 0.005M indole 
was mixed with 1.6 ml of 0.2M sodium 
glyoxylate and incubated 2 hours at 30' 
C. Samples of this reaction mixture were 
applied to Whatman 3-MM paper, and 

the solvent (isopropanol, ammonia, and 
water, 80/5/15) was allowed to ascend 
30 cm beyond the applied spots. The 
paper was then air-dried and sprayed 
with Ehrlich's aldehyde reagent. The 
chromatograms showed a brilliant rose-
colored spot which had an R, of 0.37 
(the R, value for indoleacetic acid un- 
der these conditions is 0.47; for indole, 
0.96). 

The product of the indole plus gly- 
oxylate reaction was confirmed as in-
dole-3-glycolic acid by cochromatogra-
phy with authentic indole-3-glycolic acid 
that was synthesized by a new independ- 
ent method, and also by a comparison of 
the RF values of these two materials in 
various solvent systems. Indole-3-glyoxy- 
lic acid was first prepared by the method 
of Giua ( 7 ) ,who had erroneously desig- 
nated the product as indole-2-glyoxylic 
acid. The correct nature of the product 
was established by Kharasch et al. ( 8 ) ,  
and later confirmed ( 9 ) .  The indole-3- 
glyoxylic acid was reduced by hydro-
genation of the sodium salt over palla-
dium, or more slowly over 5-percent 
palladium on charcoal, and by use of 
sodium amalgam. Sodium indole-3-gly- 
colate is stable, easily purified, and ob- 
tainable in good yields, but the free acid 
decomposes rapidly to colored products 
in air (10)  and has not been isolated in 
pure form. 

INDOLE f GLYOXYLATE --------flNDOLEGLYCOLATE 

Fig. 1. Reaction of indole and glyoxylate. 

The sodium indole-3-glycolate, recrys- 
tallized from methanol-ether, is a white 
solid with a decomposition point of 
360°C. Analytic data, obtained from 
the IVeiler and Strauss Microanalytical 
Laboratory, Oxford, England, are as 
follows. Formula, C,,H,O,N Na (213.-
17) .  Calculated: C 56.33; 11, 3.78; S, 
6.57; Na, 10.79. Found: C, 55.68; H, 
4.10; N, 6.50; Na, 10.73. 

Synthetic sodium indole-3-glycolic 
acid, as well as the reaction product, 
has an RF of 0.16 in benzene-propionic 
acid-water ( 100/70/5), 0.76 in 20-per- 
cent (wt./vol.) aqueous potassium chlo- 
ride, 0.82 in n-butanol-acetic acid-water 
(4/1/1) , and 0.01 in n-butanol-pyri-
dine-dioxane-water ( 14/4/1/1). A bril- 
liant rose-colored spot was obtained with 
Ehrlich's aldehyde reagent. 

Pure sodium indole-3-glycolic acid, as 
well as mixtures of indole and glyoxylate, 
show distinct activity in auxin bioassays, 
causing extension growth of subapical 
etiolated pea epicotyl sections, root initi- 
ation on excised etiolated pea epicotyl 
sections, and inhibition of axillary buds 
(Table 1 ) .  I t  may be noted from Table 

Table 1. Activity of indole-3-glycolic acid in auxin bioassays. When no values are given, 
no measurements were made. 

Extension Root Lateral bud 
growth* initiationt develop-
(mm of (average ment$ 

Substance Concentration growth per number (relative 
section of roots growth 

t standard per by visual 

Control 
Indoleacetic acid 1x ~ O ~ M  
Indoleacetic acid 1x ~ o - ~ M  
Indoleacetic acid 1x ~O"M 
Glyoxylate 4 x 10-'M 
Indole 4 x 104M 
Indole-3-glycolic acid 1 x 10"M 
Indole-3-glycolic acid 1 x 10-'M 
Indole-3-glycolic acid 4 x 10-'M 
Indole-3-glycolic acid 1 x 10-'M 
Indole-3-glycolic acid 4 x 10-4M 
Indole-3-glycolic acid 5 x 10-4M 
Indole-3-glycolic acid 
and glyoxylate 1 x ~o-'M, 4 x 1 0 . ~ ~ 4  

Indole-3-glycolic acid 
and indole 1x 10-'M, 4 x 10-'M 

Reaction mixtures 4 x 1 0-'M 
4 x IO-~M 

-- -~ --

error) section) estimate) 

3.08 t .19 3.4 t - I + t t  
7.32 i .32 
5.82 i .29 
5.31 i .22 7.4 +.L 

2.96 i .18 
3.79 2.19 
3.54 i .21 
3.65 t .22 
4.81 2.11 
5.04 t .36 6.6 
6.73 + .21 

14.3 

5.39 + .19 

8.00 F .23 
3.502 .20 
7.65 1 . 2 4  

.. 

* Eight-millimeter subapical sections of 7-day etiolated pea epicot~ls floated in 5 ml test solution containing 
1 percent sucrose and 0.01M phosphate at fiH 6.1, 13 sections per flask, 20 hours' incubation in the dark. 

Ten-centimeter sections of 8-day etiolated pea epicotyls including second node, incubated 24 hours with 
basal ends in 2 nll of test solution containing 0.005M phosphate a t  fiH 6.1, and then 7 days in frequently 
renewed 2-percent sucrose, all in the dark; 11 sections per flask. 
$ Same procedure as that for root initiation, but apical end in solution for the first 24 hours. 
$ The reaction mixture was prepared by mixins 1.6 ml of 5 x 10qM indole with 0.4 n ~ l  of 0.2M sodium 
glyoxylate and incubating for 1 hour at 30°C. Under these conditions, not all the indole disappeared. The  
molarity ~ i v e n  represents that of the indole added. 
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