
of heat-exchanger bath temperature and 
flow rate showed a heat-sink capacity 
of the four-pronged fork averaging 0.2 
cal/sec. The average temperature dif- 
ference between the input and output 
lines measured from the surface of the 
fork was 3?C. Unfortunately, this 
value is subject to the errors produced 
by the thermal gradient across the top 
surface of the fork. Because of the 
high pressures (intermittent pressures 
of over 100 lb/in.2 at flow rates of 70 
cc/min occur) and the small diameter 
of the flow lines, thermistors could not 
be placed in the liquid system. The 
heat-source capacity of any area of 
brain varies with the blood flow, and 
the blood flow is quite temperature- 
dependent. The feedback aspects of this 

dynamic system and the requirements 
of relatively steady states for accurate 

calorimetry necessitate separate meas- 
urements of the heat-sink capabilities 
of the fork and the thermal gradients 
produced in brain. Therefore, the value 

given above (0.2 cal/sec) may not be 
a true representation of the heat- 
source properties of the brain. 

The relationship between low tem- 
perature and nervous activity has been 
extensively investigated. Temperatures 
below 20?C abolish electroencephalo- 
graphic activity in mammalian brains 
(10), reduce cerebral metabolic rate to 
less than one-fourth of normal (11), 
and decrease acetylcholine production 
by choline acetylase to one eighth of 
normal (12). The freezing point of 
brain is about -1.5?C and tempera- 
tures for permanent damage of periph- 
eral nerve and of brain appear to be 
in the range of 0? to 8?C (13). 

Suitable cooling forks and other de- 
vices can be designed to block off 
almost any mass of tissue within the 
brain. Further extensions of the 

principle of cooling in two and three 
dimensions in the depths of the brain 
should allow analysis of the behavioral 
effects of ablations and of sections in 
the (relatively) intact animal. The 

technique shows promise of usefulness 
in the analysis of brain mechanisms of 

learning and memory, in the determina- 
tion of sites of action of behaviorally 
active drugs, and in providing the po- 
tential for reversible "trial" neuro- 

surgery of mass lesions in man (14). 
ROBERT BYCK* 
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Certain polydesmoid millipedes pro- 
duce a cyanogenic secretion (1-3). 
The glands are unquestionably defen- 
sive in function. A discharge occurs 

only in response to traumatic stimuli, 
and the secretion is strongly repellent 
to ants and some other predators 
(2, 4). Neither the structure of the 

glands nor the mechanism controlling 
cyanide emission has been properly 
understood. The purpose of this note 
is to present experimental evidence for 
the hypothesis (2) that the glands store 
an undissociated cyanogenic precursor, 
and that cyanide emission is triggered 
at the moment of discharge by addition 
of a catalyst (5). 

Apheloria corrugata (Wood) is an 

aposematically colored polydesmoid 
millipede. The glands, like those of 
other polydesmoids (2, 6), are serially 
arranged in pairs, one pair to each of 
most body segments. Their openings 
are visible as tiny pores on the notal 
lobes. Each gland has two compart- 
ments: an inner relatively large mem- 
branous reservoir, and an outer rigid 
vestibule (Figs. 1-4). The reservoir 
leads into the vestibule by way of a 
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narrow duct, the terminal portion of 
which is tightly occluded by a spring- 
like valvular infolding of the duct wall 
(see d, Figs. 3 and 4). A muscle, orig- 
inating on the body wall, inserts on this 
infolding (see e, Figs. 2 and 4) and 
serves to open the valve, thus clearing 
the duct lumen when the contents of the 
reservoir are discharged. The vestibule 
leads directly to the outside through a 
permanently opened orifice (see c, Figs. 
1, 3, and 4). The entire glandular ap- 
paratus is lined with cuticle. The cuticle 
is overlaid with a variously modified 
secretory epithelium. There are no com- 
pressor muscles around the reservoir, 
so that the discharge must be effected 
by other means (7). 

To test the supposition that the re- 
servoir holds a stored undissociated 

cyanogenic compound, and the vesti- 
bule supplies an agent that initiates 

cyanogenesis at discharge, a series of 

qualitative tests were made on the con- 
tents of individual excised glands which 
had been spotted on filter paper. Sev- 
eral millipedes were killed by freezing, 
and while frozen, the cuticle of the 

body wall was chipped away, to expose 
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Cyanogenic Glandular Apparatus of a Millipede 

Abstract. The cyanogenic secretion of the polydesmoid millipede Apheloria 
corrugata (Wood) is discharged from paired, serially arranged glands, each con- 
sisting of two compartments. In one compartment is stored an undissociated 
cyanogenic compound, and in the other, a chemical factor that triggers cyano- 
genesis. The gland is constructed in such a way that the contents of the two com- 
partments are mixed, and cyanogenesis is initiated, at the very instant of dis- 
charge. The stored cyanide precursor may be mandelonitrile. 
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the glands. After severing the muscle 
that operates the prevestibular valve, 
each gland was lifted with fine glass 
rods and exposed to air until the fluid 
adhering to its outsides dried. This 
brief desiccation did not noticeably de- 
crease the volume of the fluid contents 
of the gland. However, the narrow 
prevestibular duct shriveled and col- 
lapsed, thereby providing a leak-proof 
juncture at which both compartments 
could be separated without loss of 
fluid. The isolated reservoirs and vesti- 
bules were then transferred singly to 
filter paper; they were punctured and 
drained, and the emptied sacs were 
removed. 

Spot-testing for free hydrogen cya- 
nide by means of benzidine acetate- 
copper acetate reagent (8) gave a 
weak positive test (blue coloration) 
for the contents of both the vestibule 
and reservoir if the tests were made 
within seconds after the compartments 
were drained on the paper. If the se- 
cretion spots were first briefly exposed 
to air, a positive test was no longer ob- 
tainable, indicating that the initial free 
hydrogen cyanide had dissipated and 
was not being replaced at a detectable 
rate. If the aired secretion sites were 
subsequently spot-tested with a dilute 
solution of emulsin in the benzidine 
reagent, then the contents of reservoirs, 
but not those of vestibules, yielded an 
instantaneous strong positive reaction. 
The reservoirs evidently contain an un- 
dissociated, emulsin-sensitive, cyano- 
genic compound (9). 

To demonstrate the role of the vesti- 
bule, excised reservoirs and vestibules 
were drained on filter paper as before, 
and the spots were exposed to air 
until free hydrogen cyanide could no 
longer be demonstrated by the benzi- 
dine test. The spotted sites were then 
individually cut out of the paper, 
pressed together in pairs one over the 
other, and each double disc was tested 
with benzidine reagent. The test was 
negative when the reservoir contents or 
vestibular contents had been paired 
with their own kind, but intensely posi- 
tive where the match was between the 
contents of a vestibule and a reservoir. 
Thus, contact of the contents of the 
two chambers causes the liberation of 
hydrogen cyanide. Since the reservoir 
is the demonstrated source of undisso- 
ciated cyanogenic compound, the fac- 
tor that causes the emission of hy- 
drogen cyanide must arise from the 
vestibule. 

The discharged secretion of Aphe- 
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Fig. 1. Apheloria corrugata (Wood): isolated segment, KOH-treated and consisting of 
cuticle alone, with the complete left gland exposed. Fig. 2. Same: freshly isolated 
gland (partly polarized light). Fig. 3. Same: cuticular framework of isolated gland 
(KOH-treated). Fig 4. Same: close-up of vestibule and of the muscle-operated pre- 
vestibular valve (partly polarized light). Fig. 5. Narceus gordanus (Chamberlain): 
single gland (notice absence of vestibule in glandular apparatus of this quinone-secret- 
ing spiroboloid millipede), a, reservoir; b, vestibule; c, external opening; d, valvular 
cuticular infolding; e, muscle that operates the valve. 

loria contains benzaldehyde and hy- 
drogen cyanide, but no free sugar (3); 
this suggests that the cyanide precursor 
in the reservoir is mandelonitrile (the 
cyanohydrin of benzaldehyde), rather 
than a glycoside. By thin layer chroma- 
tography (10) it was shown that man- 
delonitrile is indeed present in the se- 
cretion, and that after discharge it 
dissociates, since there was a progressive 
increase of free benzaldehyde in the 
exposed secretion. The four samples 
chromatographed were: fresh secretion 
(plated within a minute after dis- 
charge), aged secretion (stored in capil- 
lary tubing for one hour after dis- 
charge), authentic mandelonitrile, and 
authentic benzaldehyde. Both samples 
of secretion showed a pair of spots, 
corresponding precisely to those of the 
two authentic samples. In the fresh 
sample, the mandelonitrile spot was by 
far the more intense; in the aged sam- 
ple the predominance was reversed. 
Authentic mandelonitrile showed no 
comparable dissociation on storage 
(11 ). 

The hydrogen cyanide is released 

from the secretion gradually, rather 
than only at the moment of discharge. 
Solutions of silver nitrate, renewed 
every 5 minutes, were used to trap the 
vapors from a flask containing the 
freshly discharged secretion of four 
millipedes. White precipitate of silver 
cyanide (identified by treating with 
acid, and categorizing the liberated gas 
as hydrogen cyanide by the benzidine 
test) was still being formed when the 
experiment was discontinued after 30 
minutes. 

The sensitivity of the contents of the 
reservoir to emulsin, which is a mix- 
ture of glycosidases, does not mean that 
the stored precursor must be a glyco- 
side, since mandelonitrile is itself highly 
sensitive to emulsin, as indicated by 
the immediate intense blue color that 
developed at the periphery of paper- 
spotted droplets of authentic mandelo- 
nitrile treated with emulsin in benzi- 
dine reagent. Amygdalin (the glucoside 
of mandelonitrile) is far more resist- 
ant to emulsin than mandelonitrile or 
reservoir contents, and required re- 
peated reapplication of the reagent 
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mixture to induce even a faint blue 
color. 

The vestibular contents have an im- 
mediate dissociating effect on mandel- 
onitrile, but not on amygdalin. No 
blue color developed when droplets of 
benzidine reagent, applied to filter 
paper, were allowed to spread toward 
adjacent droplets of mandelonitrile, or 
of amygdalin in concentrated or dilute 
aqueous solution. But when drained 
vestibule contents were interposed be- 
tween reagent and mandelonitrile, so 
that the reagent as it spread eluted the 
secretion and carried it toward the 
mandelonitrile; then a blue color de- 
veloped instantly on contact. Under the 
same circumstances, amygdalin showed 
no signs of dissociation. In its proven 
susceptibility to immediate dissociation 
by the contents of the vestibule, the 
precursor in the reservoir again re- 
sembles mandelonitrile rather than the 
glucoside. 

The discharged secretion is an emul- 
sion. The continuous phase is miscible 
with water, turns blue cobaltous chlo- 
ride paper pink, and stains blue with 
benzidine reagent. It is probably an 
aqueous solution of hydrogen cyanide. 
The clear droplets of the discontinuous 
phase presumably contain benzaldehyde 
(pink stain with Schiff's reagent) to- 
gether with residual undissociated man- 
delonitrile and some hydrogen cyanide. 
The liquid in the reservoir is also an 
emulsion, the discontinuous phase of 
which presumably contains the stored 
mandelonitrile. If the cyanogenic com- 
pound were a glycoside, one would ex- 
pect a single aqueous phase. 

The nature of the vestibular catalyst 
remains unknown. However, the paper- 
spotted vestibular contents, even after 
exposure to air at room temperature 
for 4 hours, liberate hydrogen cya- 
nide from mandelonitrile. Heating to 
130?C for 20 minutes destroys this 

property. 
The defensive gland of Apheloria is 

an admirably refined weapon. The 
storage of mandelonitrile provides the 

organism with a convenient way of 

retaining relatively large quantities of 

hydrogen cyanide in a stable form. In 
the absence of catalyst, and with no 

opportunity for the hydrogen cyanide 
to escape, but little dissociation would 
be expected (12). At discharge, the 
addition of the vestibular catalyst 
forces the gradual liberation of hydro- 
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gen cyanide. The essentials of the 
mechanism may be no different in other 

polydesmoid species, but in some the 
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precursor might be a glycoside rather 
than a cyanohydrin (2). 

Among millipedes, a two-compart- 
mented gland may be an exclusive fea- 
ture of the order Polydesmida. The 
glands of other forms studied, includ- 
ing spiroboloids, spirostreptoids, juloids, 
and chordeumoids (4, 13, 14), have a 
typical reservoir and an efferent duct 
with a terminal muscle-operated valvu- 
lar infolding, but they lack a vestibule 
(Fig. 5). None of these species are 
cyanogenic, and the absence of a sec- 
ond compartment in the gland may 
signify that the compounds they se- 
crete-quinones and phenols (14, 15) 
-are stored as such in the reservoirs 
and do not require chemical activation 
when they are discharged. 
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Hydrogen-Water Vapor Mixtures: 
Control of Hydrothermal 
Atmospheres by Hydrogen Osmosis 

Abstract. Experiments at 700?C and 
800 bars total pressure demonstrate 
positive deviations from ideality for 
mixtures of hydrogen and H20 gases. 
The deviations are greater than pre- 
dicted with Stockmayer's method. The 
composition of the mixture and the 
fugacity of hydrogen are controlled by 
diffusing hydrogen through metallic 
membranes. The results give the fugac- 
ities of both H20 and oxygen. 

An experimental technique has been 
devised which gives simple and continu- 
ously variable control of the fugacities 
of hydrogen, oxygen, and H20 in hy- 
drothermal experiments by means of 
controlled diffusion of hydrogen through 
metallic membranes. The pressure of 
pure hydrogen gas is an independent 
variable in addition to temperature and 
total pressure. 

Consider a homogeneous gas phase 
containing only the constituents H2, 
H20, and 02, which is separated from 
an external source of H2 by means of a 
membrane permeable only to H2. The 
equilibrium constant for the reaction 

H2 () 0 (g) :+ 1 O2 (g) H (g) 
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fH20 Kf - - fH2 '/ 

fH2 * f021/2 

fH20 Kf - - fH2 '/ 
fH2 * f021/2 

(1) (1) 

where g is a gas is well known for 

temperatures to 1500?K (1). 
In this reaction it is evident from the 

equilibrium constant that at a given 
temperature if the fugacities of two of 
the constituents are specified, the third 
is determined and the total pressure of 
the gas mixture must be fixed. Con- 

versely, if the fugacity (f) of hydrogen 
is arbitrarily controlled by means of 
osmotic equilibrium with the external 
reservoir and the total pressure of the 

gas mixture is also controlled, then fH2o 
and fo2 are fixed. Unless the mixture is 
ideal, however, values cannot be as- 

signed to fHo and fo2 without additional 
information. Several procedures might 
be followed to evaluate fH2o and fo2, but 
one stands out in simplicity. For nearly 
all conditions of interest in hydro- 
thermal work fo2 is numerically small 
and the gas phase can be assumed to be 

essentially a mixture of H2 and H20. 
On this assumption it is necessary only 
to determine the molar proportion of 
H2 and H20 at any given temperature 
and total pressure. With this data and 

fH2, values of fHo2 can be determined 
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