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genases and cytochrome ¢ oxidase) are little
affected by #n vivo irradiation at lethal levels.

Summary. Rats were subjected to 700 r
of whole-body X-irradiation. At intervals of
13 to 85 hours after exposure, homogenates
were prepared from spleens of irradiated and
control animals and separated into 4 subcel-
lular fractions by differential centrifugation.
Per mg of nitrogen, DPNH cytochrome ¢ re-
ductase specific activity of the homogenates
from X-rayed rats was increased significantly
over the control levels at 13 and 37 hours
after exposure. At 85 hours, the difference
was much less owing to an increased specific
activity of the enzyme in the control homoge-
nates, as well. Expressed on the basis of nitro-
gen, cytochrome reductase specific activities
of nuclear, microsomal, and supernatant frac-
tions after irradiation showed no striking
changes as compared to control values. Spe-
cific activities of the mitochondrial fractions
from spleens of irradiated animals were de-
creased significantly as compared to control
levels. The. % of total DPNH cytochrome ¢

reductase activity recovered in the 4 fractions
prepared from the spleens of irradiated and
control animals was essentially the same.
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It has previously been reported(Longo,
10) that the EEG pattern provoked by intra-
carotid injection of acetylcholine (ACh) in
rabbits is similar to the “activation” or
“arousal” response produced by external
stimuli. Similar observations have been made
by Rinaldi and Himwich(15), who consider
this effect as a specific action of cholinergic
drugs on the reticular activating system. On
the other hand, much experimental data sug-
gest that cholinergic drugs are not the sole
mediators of the activation response. In fact,
it has been demonstrated that epinephrine
and amphetamine are also able to elicit an
activation picture in the EEG of experimental
animals(Bonvallet et al., 1; Elkes et al., 6;
Schallek and Walz, 17). This paper is con-

cerned with the modifications of EEG after
injection of acetylcholine, eserine, epine-
phrine, and amphetamine directly into the
brain circulation.

Methods. Fourteen non-curarized unan-
esthetized tabbits and 12 “cerveau isolé”
preparations (for details of “cerveau isolé”
preparation in rabbit, ¢f. Longo and Silves-
trini, 12) were used. Blood pressure was
measured in majority of experiments, con-
necting femoral artery to mercury manometer.
Some additional experiments were carried out
on cats curarized with d-tubocurarine. The
technic(Longo, 10) consists in cannulating
the internal carotid in the rabbit so that the
injected drug reaches the brain directly. Pre-
cautions were taken to avoid arousal reactions
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caused by external solicitation during the in-
jection, and repeated controls were made in-
jecting saline. Cortical and subcortical EEG
were recorded by technics reported elsewhere
(Longo, 11). Eserine and amphetamine were
injected in the form of salicylate and sulfate
salts respectively; acetylcholine, either as hy-
drochloride or perchlorate salt, epinephrine in
the form of bitartrate. All doses are reported
as total amount given to animal and are ex-
pressed as weight of free bases. At the end
of the experiment, an intracarotid injection of
methylene blue or of Tndia ink was given for
macroscopic control of the area that this route
supplies.

Results.  Administration of drugs into in-
ternal carotid of normal rabbit.  Acetyl-
choline. In all of the animals an arousal re-
sponse was first elicited by injecting intracar-
otid ACh. The results obtained previously
(Longo. 10) were confirmed. All animals re-
sponded to ACh: however, effective doses
varied in different animals from 0.5 to 2 ug.
The injection produced a desynchronisation
of the tracing with very short (1-2 seconds)
latent periods., This EEG arousal was gen-
erally accompanied by tachypnoea and search-
ing movements of the head, with higher doses
(10-20 pg) by efforts to escape. Repeated
administration of ACh given at intervals of
10 minutes provoked always the same re-
sponse in the EEG. The records of the blood
pressure showed that no modification followed
the small doses:; a delayed and short lasting
fall was noticed after high doses. The same
high dose of ACh. by intravenous injection.
produced considerable lowering of blood pres-
sure and flattening of the EEG. but no arousal
reaction.

Eserine. The general procedure followed
was to administer only one drug in every ex-
periment after sensitivity to ACh was tested.
Five animals received eserine. A single dose
of 10 pg was never followed by EEG changes.
When a total amount of 30 to 50 pg was
reached by repeated administration or in a
single administration, a distinct activation of
the tracing appeared after a latent period of
1-2 minutes and lasted for 30 minutes or
more. Attention should be drawn to the fact
that external stimulation of the animal im-

mediately after injection of the drug reduces
the latent period, as it gives rise to prompt
and prolonged desynchronisation. These
EEG patterns of arousal were not accom-
panied by behavioural changes seen after in-
jection of ACh.

Epinephrine. Tn 4 rabbits injection of doses
up to 20 pg caused no modifications of the
EEG. When the same amount of drug was
administered intravenously, activation of the
tracing was rarely obtained; rather, on those
occasions when epinephrine produced any
change at all, a tendency to increase spind-
ling was noticed. Curarized cats have been
emploved in a number of experiments; intra-
venous injection of 10-20 pg of epinephrine
provoked in this animal an activation of the
EEG. The injection of the drug into the
common carotid artery in doses up to 10 pg
was not followed by any activation; with
larger doses (20-30 pg) activation of the
tracing was frequently noted, but this ap-
peared 10-20 seconds later when a rise of ar-
terial blood pressure was observed, due to en-
trance of epinephrine into the general circu-
lation.

Amphetamine. Five animals received am-
phetamine. No modification of the electrical
tracing was observed up to 100 pg. When a
cumulative dose of 200-300 pg was reached,
a desynchronisation of the EEG and signs of
excitement and tachypnoea were noted.

Administration of drugs into carotid artery
of the “cerveau isolé” preparation. At least 1
hour elapsed between the cutting of the brain
stem and the beginning of the experiment.
After administration of acetylcholine up to
20 pg into the carotid artery, the activation
which is obtained in the normal animal was
never observed. In 4 out of 10 experiments
a change in pattern was noticed, consisting in
a discharge of high voltage waves at 8-12
c/sec. (Fig. 1), especially in occipital trac-
ings. A motor reaction and tachypnoea al-
ways followed the injection.

The effects of administration of eserine and
amphetamine were the same as in the normal
animal; in the “cerveau isolé,” however, de-
synchronisation was obtained only with
larger doses (0.05-0.1 mg of eserine and 0.5-
1 mg of amphetamine). Epinephrine was not
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FIG. 1. Action of acetylcholine administered by intracarotid route in normal and ‘‘cerveau
isolé’’ rabbit. First tracing: Rabbit 2 kg. Cannula in left internal carotid. At arrow: acetyl-

choline 2 yg. Activation in all leads.
2—R. frontal; 3—L. fr.-R. fr.;
ond tracing :
acetylcholine 5 ug (10 ug of chlorate salt).

Searching movements of head. Leads:
4—1. frontal; 5—R. fr.-oce.; 6—anteromedial thalamus.
Rabbit 2, 5 kg, ‘‘cerveau isolé.’”’
EEG response is completely different from the

1—1L. fr.-oce.;
Sec-
Cannula in internal left carotid. At arrow:

above and consists in discharge of high voltage waves. An intense motor reaction is present.
For demonstrative purposes, a tracing of ‘‘cerveau isolé’’ with low voltage background was

chosen. Leads:

1—1I.. occipital ; 2—L. parietal; 3—L. frontal; 4—R. frontal; 5—R. parietal;

6—R. occipital.

tested in the “cerveau isolé” animals.
Discussion. The activating effect of epine-
phrine injected intravenously, described by
Bonvallet ez 4l.(1), in the cat was confirmed
by the present authors; however, no activa-
tion was obtained with smaller doses by in-
tracarotid injection. In the rabbit, the acti-
vation of EEG very rarely follows adminis-
tration of epinephrine, either by intravenous
or intracarotid route. DeMaar and Martin
found that in the spinal vagotomized cat 1-
epinephrine produced activation that became
increasingly feeble with repetitive doses and
that synchronisation and spindling became
predominant. Rothballer(16) found that in
curarized cats with an intact brain stem
epinephrine was not able to produce a marked
activation or to completely abolish slow
waves and spindling activity. In view of the

results obtained in rabbits by ourselves and
in cats by the forementioned authors, it ap~
pears unlikely that epinephrine plays a major
role in the activation of the EEG mediated
through the reticular formation.

When injected directly in the cerebral cir-
culation, amphetamine produced an EEG re-
sponse very similar to the one observed by
intravenous administration of the same dose.
The fact that amphetamine is still active in
the “cerveau isolé” means that its action is
relatively independent of the presence of the
mesencephalic activating system and can be
exerted on higher structures (hypothalamus).

When injected intracarotidly, eserine failed
to show an action similar to ACh, i.e., a de-
synchronisation of EEG, characterized by
rapid onset and short duration. Previous ex-
periments(Longo, 10) have shown that the
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same rapid and short activation characteristic
of ACh could be obtained with other sub-
stances (tetramethylammonium iodide, suc-
cinylcholine chloride, d-tubocurarine chlor-
ide). It is, therefore, suggested that whereas
ACh and other substances possessing a qua-
ternary nitrogen produce their effects by
means of immediate action, the slower onset
of the action of eserine is probably related to
certain enzymatic changes. The difference
between the effect of eserine and ACh is also
evident in the “cerveau isolé” preparation.
The activating action of ACh on this prepara-
tion. obtained by Rinaldi and Himwich(15).
could not be confirmed. On the contrary. it
appears possible to reproduce, sometimes, by
means of intracarotid injections, the synchro-
nising and convulsant effect demonstrated
after topical application of the drug on the
cortex{Miller et al., 13: Funderburk and
Case. 8). Eserine, on the contrary, is still
active in producing activation in the “cerveau
isolé”. Desmedt and LaGrutta(5) claim that
the desvnchronisation, due to anticholines-
terase drugs. is due to the inhibition of the
cholinesterase present in the neuroglia and is
not at all connected with functional varia-
tions. In this connection. it is worthwhile to
remember that eserine never produces any be-
havioural changes, while ACh always pro-
duces searching movements and dyspnoea.

The lack of desynchronisation in the “cer-
veau isolé” may have some bearing upon the
general problem of the locus and mechanism
of the activation produced by ACh. A peri-
pheral effect on receptors of the arterial walls
or of the dura cannot be excluded. In this
case, the lack of desynchronisation in the
“cerveau isolé” would be due to deafferenta-
tion of the cerebrum.

[t is also possible that ACh may influence
the vestibular nuclei(Essig et al., 7; Del-
gado, 4) or the respiratory centers(Gesell
et al., 9) or the cerebellar cortex(Crossland
and Mitchell, 3) and thus, indirectly through
centripetal pathways, provoke generalized ac-
tivation. In fact, in the “cerveau isolé,” ACh
still produces motor and respiratory excite-
ment, while the desynchronisation is not in-
duced because of interruption of the rostral
connection.

The action of ACh may be exerted directly
on the cerebral cortex. In anatomical con-
trols, the cortical layers of the cerebrum and
of the cerebellum homolateral to the injected
side were found stained. Only on rare occa-
sions were the infundibular area and the
dorso-anterior part of the thalamus reached;
the dye was found also in the choroid plexus.
The mesencephalic brain stem was never di-
rectly injected with the dye. However, since
a difference in rate of diffusion between the
dyes and ACh is known to exist, we must con-
sider the anatomical findings only as orienta-
tive information.

It is known (Bremer and Terzuolo, 2) that
it is possible to obtain a generalized desynchro-
nisation after electrical stimulation of appro-
priate regions of the cortex, which is depen-
dent on the cortico-reticular and reticulo-
cortical circuits. The desynchronisation pro-
duced by ACh may be dependent upon reticu-
lar mechanisms initiated by cortical excita-
tion. This hypothesis can also explain lack
of action of ACh on the “cerveau isolé.” In
fact. Mollica(14) has demonstrated that it is
impossible to provoke in this preparation the
generalized desynchronisation with electrical
stimulation of the cortex. Moreover, the syn-
chronising effect, which is sometimes ob-
served, can be caused by an action of the
cortico-thalamic circuits whose activity is re-
leased from inhibitory control of midbrain
reticular mechanisms.

Summary. 1) The effects on cerebral
electrical activity (EEG) of acetylcholine,
eserine, epinephrine, and amphetamine, in-
jected by intracarotid route, are reported.
Non-curarized unanesthetized rabbits and
“‘cerveau isolé” preparation of the same ani-
mal were used. 2) In the unanesthetized
non-curarized rabbit, acetylcholine, eserine,
and amphetamine produced activation of the
EEG; epinephrine, however, administered
either by intravenous or intracarotid route,
does not have the activating effect. 3) In
the “cerveau isolé” preparation, acetylcholine
does not provoke activation, while eserine
and amphetamine are still effective. 4)
These results are discussed in connection with
the locus and the mechanism of action of the
drugs.
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That fluids from HeLa cell cultures in-
fected with an adenovirus were more acidic
than those from companion uninfected cul-
tures was noted during early studies of the
characteristics of these agents(1,2). In-
creased acidity of the media of infected cul-
tures accompanied extensive cytopathogenic
changes effected by the adenoviruses. Pre-
liminary reports indicated that lowered pH of
cultures infected with types 1-4 adenoviruses
was a reflection of an increased quantity of
lactic acid in the fluid, and the accumulation
of acid was correlated with increased utiliza-
tion of glucose by the infected cells(2).

This investigation was initiated to estab-

* This investigation was conducted under sponsor-
ship of Commission on Acute Respiratory Diseases,
Armed Forces Epider‘{liological Board, and was sup-
ported in part by Office of Surgeon General, Depart-
ment of the Army, and by grants from Brush Foun-
dation, Robert Hamfilton Bishop, Jr. Endowment
Fund, and Republic Steel Corp.

t Present address: Virus Laboratory, Charity Hos-
pital of Louisiana, New Orleans, La.

lish further the identity of acid or acids pro-
duced by uninfected and infected HeLa cells,
and to determine whether an increased ac-
cumulation of acids other than lactic acid re-
sulted from type 4 adenovirus infection. It
is the purpose of this communication to re-
port that lactic, pyruvic, acetic, and alpha
ketoglutaric acids increase in fluids of HeLa
cell cultures infected with this agent.
Methods. Tissue culture. HelLa cells were
propagated in medium consisting of human
serum, 40%, and Hanks’ balanced salt solu-
tion (BSS), 60%, as described previously (3,
4), Cultures in tubes were initiated with 50,
000 cells, and were used experimentally in ap-
proximately 24 hours. For infection, cultures
were washed 3 times with 2 ml of Hanks’ bal-
anced salt solution per wash, and to each
tube was added 0.8 ml of maintenance mix-
ture composed of 67.5% Scherer’s amino acid-
vitamin mixture(5), 25% tryptose phosphate
broth, and 7.5% chicken serum(4). To es-
timate pH of fluids, phenol red, 0.002%, was
present in all media. Viruses. Type 4 aden-



