
potentiometer. The experiments were 
done in an air bath at constant tem
perature; all materials were brought to 
constant temperature before each trial. 

The result of an experiment with 
kaolinite, which is typical of all the 
experiments so far conducted, is shown 
in Fig. 1. The kaolinite was contained 
in a vertical, plastic cylinder (1.5 cm 
inside diameter and 6 cm long); it was 
supported in the cylinder by a porous 
glass wool plug. At the time the 
cylinder was filled, two thermistors 
were embedded in the kaolinite, one 
5 mm and the other 10 mm from the 
sample top. The clay was gently packed 
into the sample holder and around the 
thermistors by means of a small me
chanical vibrator held against the walls 
of the holder. So far, there has been 
no attempt to achieve truly uniform 
compaction in the several experiments. 
Deionized water under a 5 mm falling 
head was introduced at the top of the 
sample and allowed to percolate down
ward. The temperature of the water, 
sample, and sample holder was brought 
to 30 °C at the beginning of the experi
ment in a thermostated chamber which 
was maintained constant ± 0.01 °C 
throughout the experiment. 

The temperature-time curves, shown 
in Fig. 1, substantiate the prediction 
made above, and can be interpreted in 
terms of the physical processes postu
lated. The erratic behavior of the ther
mistors after the abrupt temperature 
drop is due possibly to imperfect in
sulation of the thermistor leads. 

Experience has shown that the mag
nitude of the temperature fluctuations 
can be correlated, at least qualitatively, 
with the kind of medium and its specific 
surface. The velocity of movement 
seems to be determined largely by the 
kind of porous medium and its degree 
of compaction. On wetting, some media 
shrink and some swell, causing either 
cracking or heaving which markedly 
affects the results. However, for the 
three porous media studied, every trial 
resulted in a curve having the same 
characteristics. Temperature fluctua
tions ranged from about 0.1 °C for the 
glass beads and about 4°C for kaolinite 
to about 9°C for Arizona bentonite. 

Since the color of all the porous 
media darkened on wetting, the visually 
observed arrival of the liquid front 
could be correlated directly with the 
abrupt drop in temperature. But, in 
order to verify this observation, a series 
of trials was made in which the in
filtrating liquid was a solution of 
sodium chloride instead of deionized 
water. At various stages of the process, 
2- or 3-mg samples of the medium were 
taken by a microspatula at different 
distances from the liquid source and 
analyzed for water content and for the 

presence of the chloride ion (8). It 
was shown conclusively that (i) the 
water content at the thermistor site in
creased during the initial temperature 
rise, (ii) the chloride ion was not 
present at the thermistor site until the 
temperature began to level off just be
fore the sharp drop, and (iii) practi
cally complete saturation of the medium 
at the thermistor site had occurred by 
the time the temperature began to drop 
sharply. 

If chloride ion is transported only 
in the liquid phase, the evidence seems 
conclusive that the initial temperature 
rise is due to water vapor sorption. The 
arrival of chloride ion at the thermistor 
site when the temperature decrease 
first becomes apparent may be regarded 
as proof that the temperature drop is 
due to the arrival of the liquid front. 
The results of these experiments and 
careful visual inspection have indicated, 
however, that the liquid front does not 
have a clearly defined boundary. Ap
parently, films and fingerlike extensions 
race ahead of the nearly saturated zone. 

Our principal conclusions are: (i) 
The movement of water through an 
unsaturated porous medium is not an 
isothermal process as is generally as
sumed. (ii) The movement of water— 
and likely other fluids—through un
saturated porous media can be studied 
to advantage by observing the heat 
effects accompanying the fluid phase 
changes. It appears that the theoretical 
treatment of infiltration and similar 
processes should consider the energy 
transfer implied by these experiments. 
The energy transfer ahead of the fluid 
by the diffusing vapor and heat flow 
due to temperature gradients appear 
to be important considerations (9 ) . 
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Tympanic Muscles and Control of 
Auditory Input during Arousal 

Abstract. A reticular stimulation pro
ducing a powerful arousal reaction de
creases the potential in the cochlear nu
cleus evoked by a click. This reduction re
sults from the contraction of the middle 
ear muscles, which lessens the pressure 
transmitted to the cochlea, and is not due 
to a direct neural inhibitory effect at the 
level of the first synapse of the auditory 
pathway. 

Three years ago, Hernandez-Peon, 
Scherrer, and Jouvet published a note 
showing that the electrical responses 
evoked by clicks in the dorsal cochlear 

1s. 

5s 

10s. 

Fig. 1. Microphonic potential recorded on 
the round window in response to pips 
(0.25 key/sec) before, during, and 1, 
5, and 10 seconds after a supramaximal 
mesencephalic reticular stimulation (150 
pulses per second, 6 volts). 
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nucleus of the cat are depressed during 
attentive behavior ( 1  ) . The authors 
attributed this effect to a reticular acti- 
vating influence, based on the fact that 
they had observed a similar reduction 
of the dorsal cochlear nucleus poten- 
tial in "enc6phale isolC" cat, during 
reticular stimulation. It was therefore 
deduced that transmission in the first 
synapse of the acoustic pathway is in- 
hibited by reticular discharges. This 
deduction provided the basis for an 
attractive theory, according to which 
reticular formation controls the first 
synapses of all sensory pathways (2).  

However, our experiments have 
shown that injections of curare made in 
the "enckphale isol6" preparation sup- 
press the reduction in amplitude of the 
dorsal cochlear potential induced by 
reticular stimulation. This suggests that 
tympanic muscles are responsible for 
the reduction of the response of the 
cochlear nucleus during arousal. 

Reduction in amplitude of the micro- 
phonic potential recorded on the round 
window of the cochlea is the classical 
test of the contraction of middle ear 
nluscles; since mesencephalic reticular 
stimulation induces this reduction (Fig. 
I ) ,  it can be assumed that the reticular 
excitation controls sound transmission 
at the middle ear level by way of tym- 
panic muscles. These muscles mechani- 
cally attenuate the pressure transmitted 
from the eardrum to the oval window 
through the ossicular chain and lessen 
the amplitude of acoustic stimuli reach- 
ing the cochlea. 

After disinsertion of the tympanic 
muscles from the iniddle ear ossicles, 
reticular stimulation fails to induce any 
diminution of the cochlear response. 
Figure 2 shows potentials evoked simul- 
taneously in the left and right cochlear 
nuclei. The responses recorded from 

the side which has intact middle ear 
muscles are reduced by reticular stimu- 
lation (lower beam) but are not modi- 
fied on the side where stapedius and 
tensor tympani have been removed 
(upper beam). This implies that no 
inhibition of reticular origin takes place 
at the first relay of auditory pathways 
and that reduction in amplitude of 
cochlear nucleus potentials is a purely 
passive phenomenon. 

From the point of view of motricity, 
the delay, evolution, and control of the 
contractions of tympanic muscles, un- 
der reticular stimulation, can be com- 
pared with the delay, evolution, and 
control of other motor facilitations in- 
duced by reticular activation. Further- 
more, observation of the "enckphale 
isolk" cat's face during the reduction 
of the cochlear nucleus response by 
reticular excitation shows the pattern 
of muscular contraction such as has 
been described by Hess (3) as the 
facial component of the "tegmental 
motor reaction" of Thiele. Therefore 
the reticular control of auditory input 
may be understood to be the result of 
an infraliminal reflex facilitation, be- 
longing to a generalized motor reac- 
tion (4).  

Considered from the point of view 
of auditory sensation, contractions of 
tympanic muscles appear unimportant. 
Our experiments have shown that the 
diminution of microphonic potentials 
has never been greater than 13 db. Even 
in the case of reticular stimulation with 
powerful arousing action on the corti- 
cogram, the mean reduction registered 
was still under 5 db. This would explain 
that near-threshold responses only are 
reduced by reticular stinlulation at the 
cochlear nucleus level. Therefore, in 
normal conditions of wakefulness, the 
reticular control of auditory input ap- 

Fig. 2. Dorsal cochlear nucleus potential evoked by juxtaliminal clicks each second. 
Suppression of the attenuating reticular effect (2  volts, 300 cy/sec) on one side (upper 
beam) by cutting the tendons of tensor tympani and stapedius. Positivity upwards. 

pears no more important than other 
aleatory modifications occurring through 
active behavior (masking effect, head 
orientation, and so forth) (5). 

A. HUGELIN 
S. DUMONT 
N. PAILLAS 
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Technique for the Study of 
~lternate Metabolic pathways; 
Epinephrine Metabolism in Man 

Abstract. A general method of determin- 
ing the relative magnitudes of different 
pathways of formation of a urinary 
metabolite from a single precursor sub- 
stance is described. The method requires 
the administration of the precursor and 
an intermediate labeled with different 
isotopes, and the determination of the 
ratio of the isotopes in the metabolites. 
A preliminary application to epinephrine 
metabolism in man is presented. 

The metabolic conversion of one 
compound to another, through more 
than one pathway, presents a special 
problem with regard to ascertaining 
the relative magnitude of each of the 
pathways. When an intermediate com- 
pound is also a major excretion prod- 
uct, it is possible to state which is the 
major pathway (1).  This, however, 
introduces unnecessary variances, since 
more than one experiment is required, 
and it is not possible to appraise the 
extent to which each pathway is used 
or to determine the proportion of a 
final metabolite formed via a given 
pathway. 

The present report shows that this 
information can be obtained in vivo, 
under different conditions or disease 
states, in a single experiment, by ad- 
ministering, simultaneously, compounds 
appropriately labeled with different 
isotopes and determining the ratios of 
the isotopes found in each of the ex- 
creted metabolites. When the total 
radioactivity in each metabolite can 
also be determined, the magnitude of 
each of the pathways may be expressed 
in terms of a percentage of the pre- 
cursor substance. The development of 
a convenient method for the simultane- 
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