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Fig. 1. Patterns of energy expenditure,

hased on ergograms.

Decrease of musele foree
with weight lifting.

Fig. 2.

Ificrease of olectric activity of
musgele in weight lifting,

Fig. 3.

are valuable for short-ferm benefit in
emergencies. I misused, they are mere-
Iy goads that hasten exhanstion. Con-
siderable suecess hag bheen reported with
the monoamine oxidage inhibitors, and
wilh psyehic energizers having olher
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types of action. Vitamins are of no help
unlegs the palient is sufTering from a
specific deficieney. The same may be
said for hormones. Adrenocortical dys-
function, however, is a comnon fealure
of ¢hronie faligue, 11 the disorder is one
of hypofunetion, stimulation with ACTH
may help, hul this may be harmfal if
mineralocorticoids are excessive. Andro-
gens and other anabolic sleroids are
popular in some quarlers for increasing
energy, but their disadvanlages proba-
bly outweigh their effectiveness.

The value of mincrals for Lreatment
is difficull to assess. Administration of
iron relieves faligue when iron stores
are depleled, but not otherwise. In hot

sweather, sall. tablets may prevent heat

exhaustion but not fatigue of other
types, and they delay acclimalion. 1.
Laborit (Parig) found that sodium de-
layed hoth exhaustion and recovery in
swimming rats. Calcium, magnesium
and potassium delayed exhaustion butl
sped recovery.

Because aspartic acid and ils amide
asparagine are slorage depots for am-
monia and have a place in the urea cycle,
Lahorit tested magnesium and polassi-
um asparlales in rals. Ammonia was
efliciently removed from the circulation,
and performance {(swimming) was
greatly improved. Given Lo alhleles,
these salls had a more striking effect in
gpeeding recovery than in delaying fa-
{igue. Magnesium and polassium aspar-
tates have heen used for Lrealment of
chronic faligue. Although some inves-
tigators reporled good resulls, others
found them no more eflective than a
placebo.

IT ammonienin is the problem, il can
be combaled in olher ways. Administra-
Lion of cerlain antibioties curlails fer-
menfation of protein in the intestine,
thereby limiting Lhe release of ammonia.
The same goal can be atlained more
safely by a low protein diel. DBt this
wonld rarely be effeclive in hanishing
faligue.

Drugs, hormones and dietary meas-
ures may help in managing chronie fa-
tigue, but reeducation is more important.
The patient must learn to work efTicient-
ly and use his leisure {o good purpose.
Well direeted aclivity, physical or men-
tal, is oflen the hesl means of aking the
Lired mind ofl its troubles,

o
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HIS STUDY is parl of a continuing
inquiry info the efTecels of this form
of electronarcosis on dogs. Barlier stud-
ies' indicated that there were no dele-
terious effects produced in the brains of
test animals. In the present investlign-
Lion, observalions were made on the eof-

3 ~fecls of Lhis form of clectronarcosis on:

(1) venlilation, (2) blood sugar and
blood pressure, (3) body temperature,
(4) pregnancy, (5) abilily Lo perform
learned tricks.

In addilion, allempls were made {o
ascerlain whether there was any corre-
lation belween the current required to
produce eleclronarcosis in a dog and 1he
dog’s Lolal weigrhl and skall thickness.

METHODS

[Glectronareosis was produced hy a
combinalion of direcl and ;1llm'n:||‘in;z
< currents in Lhe manner deseribed pre-

. viously.'® 'Pwelve mongrel dogs of holh
"" gexes, varving in weight from 10 {o 2R

? kg, were used in Hhese stadies.

Sl,u,rly No. 1 —-Iach of § dogs, placed
awake in Lhe prone position, had fopical
fornia,
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4. EFFECTS ON SOME
PHYSIOLOGIC
PROCESSES

IN THE DOG

*Department of Anesthesin, Universily of California

anesthesia applied to the pharynx, and
it No. 40 endotracheal tube inserted. The
euff was inflated when the tube was in
the proper position and after the tra-
chea had been anesthelized by dyclonine
injecled via a spray-tube' incorporvated
in the endotracheal eatheter. After the
dog had rested Tor 30 minutes, the calh-
cler was connecled to a Collinsg 9-liter
spirometer with a carbon dioxide (CO,)
absorber. Respiratory rate, tidal, and
minute volumes were recorded for 156
minules and average values obtained
from the graph.

Flectronarcosis was then induced and
recording resumed. As soon as electro-
narcosis was established, tidal volumes
were averaged from a G-minute spi-
rometer recording, Thirly minules af-
Ler eleclronarcosis had heen established,
a thivd set of values was obtained in the
same manner. There was sullicient. con-
sistency in the rate and tidal volume {o
make an averagre relinble.

The spirometry studies frequently
were spoiled by the onsel of panting.
I'his heat-loss mechanism moves large

Medieal Center, San  Franciseo, Cali-
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quantities of gases per it time and
modifies normal ventilalorys values mark-
edly. Muscle activity was the common-
est cange for the temperaturve vise which
evoked the panting, and such aclivity is
difTicull. o avoid in a dog which has
undergone endolracheal intubation while
awake.

The spirogram was nsed in the study
if the panting was prezent only in the
resling stade, and was nol oo violend,
Marked elevation of femperalure evokes
pantinge at. rates of 200 and over per
minule, hul. excitement and anxiely ap-
pear {o be {he biggest [aclors in respi-
rafory rates of 60 to 100, These slafes
disappeared wilh the induclion of elee-
Lronarcosis,

Study No. 2 Ander infilteadion with
6 oml of 1 per conl lidoeaine swithont,
epinephrine, a nylon cathetor was placed
in the right femoral arlery of cach of
7 dogs. The dogs were placed in {he
prone pogition and hlood pressure re-
corded by means ol o Statham® slrain-
grauge and n Grass recorder, Blood pres-
qure was recorded until stable for al
least 15 minnles, AL thalt time two 5-ml.
arterial blood samples were drawn an-
aerobically, and analyzed in duplicate
for pO., ptO,, and pHoin o Beekman®
physiologieal gas analyzer. Correclion
for O, saturation per cenl al 387 €. was
made by using the Severinghaus® form-
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ula, modified Tor dogs by using 38" €,

inslond of 377 C., as for human heings.

Samples were drawn again as soon as
rull eloctronmreosis was achieved, afler
Ly hour, after 1 honr, amed 1H minutes
after ending cleclronareosis. Blood pres-
sure was recorded hroughout the peri-
od of study. Dlood samples were ana-
Iyzod for glucose content, and blood gas.
The dogs hreathed vroom air sponfane-
ously, and were nol intubaled. Body
lemperature was ohserved and recorded
al the fime of arterial sampling.

Study No. 3 —— After stabilizadion of
rectal tomperalure, 6 dogs were sub-
joctod to eleetronareosis for 1 honr and
rectal temperalures recorded. Forly-
cight hours later the dogs were given

0.6 nyr. of seopolamine hydrobromide, |
recial femperatnres were taken unlil

stable, and electronareosis was repealed
in only 1 dog for 1 hour, during which
rectal temperatures were taken. The
gsame procedure was repealed 48 hours
Iater oxeepl gat 0.6 mg. of atropine
sullate was used instead of scopolamine.
Throughoul these studies Lhe pulse was
recorded, (o establish time limils for Lhe
{he sludy, as lachyeardia was considered
an indieation of a persistent. anficholin-
ergric dirugr effeet.

The reclal temperature of 3 dogs
known to have high currenl require-
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ments for the induetion and mainfenance
of eleclronareosis was obsgerved for Lthe
ellecls on bady temperature of prolong-
ed induction with considerable muscle
M aclivity, and of rapid inductions wilh
B less muscle activity, Slow indaction in-
verease was 1 omilliampere per 15 see-
i, onds. IPast induelion inerease was aboul
1 millinmpere per 5 geconds,

Ifive dogs were permitied to develop

Lthrough violent musenlar activity while

their heat-loss meehanisms were hypass-
Then
B! they were extubated, and permitied to
i pant until their tomperatures were nor-
il (387 CL reelal). The effeels of en-

il n
i‘dol,rn(:ho:\l infubalion on hody lempera-

B Lronarvcosig al least 6 Limes in the course
B of Lheir pregnancey.

Study No. 5 - Six dops were {rained
Lo do a standard series of {rieks, Iach
was lawgrht to “heel™ while the Leainer
walked, {o sil on its haunches with the
forelegs held up, fo jump through a
hoop, and Lo mound a small plat foronn and
turn arvomd. Bvery fime, therealter,
thal one of these animals underwent elec-
tronarcosig, the ability Lo perform these
tricks was fested as soon as possible
afler the end of Lhe eleclronarcosis.

Study No. 6 .. Skull radiographs were
taken of each of 8 dogs in which eleclro-
narcosis had heen established several
times. The animal's curreni require-
ments were known. The radiographs,
with a metal conlimeter marker for
measurement, were lateral exposures,
taken at 40 inches. The skoll thickness
al the site of the vertex eleclrode place-
menl. wag measured by a specialist in
velerinary radiology.

RESULTS AND DISCUSSION

In no fest animal was there noted a
deercase in Lidal volume. The minule
volume decreases were consequent. o
slowing of rate. The resling respiratory
rate of these dogs is normally in the
range of Lhose rales recorded under
electronareosis. The averagre resting Li-
dal volumoe was 200 mb; the rale 54, Af-
Ler eleetronarcosis was established, the
average Hdal volume was 390 mil.; the
rale 20. One hour later (under electro-
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narcosis) Lhe average tidal volume was
300 mi; the rate 28,

Table 1 —-"The data on blood gras may
he summarized by the statement that in
no animal did the arterial O, sataration
fall below 91 per cent or the arlerial
peO, rise significantly. The low pCO,
values oblained in some animals were
the resull of panting. One animal show-
od a fadlin pll from 7.42 to 753 despile
a0 sleady rise jn pO.. This fall accom-
panied a small rise in pCO,, 38 mm. o
43 mme and s construed as reflecling
a metabolic acidosis, not marked hypo-
venlilation,

In all the fest animals hat one, there
was noted a deereage in pO. helow the
resting, pre-electronarcosis level at some
poinl in the study, The greeatest fall was
LG mm, of merenry, o Tall in salura-
Lion of less than 2 per cenl. One dog
which had a control pO. of 62 showed a
steady improvement in pO. as the test
progreased,

On Lhe average, there were mild o
moderale rises (5 to 20 per cent) in sys-
tolie pressures when eleetronarcosis was
induced and maintained, with reversion
to resting: levels after elecfronarcosis
wig terminated. Dinstolic pressures in-
creased 11 to H0 per ecent in 3 dogs, and
in 1 dog there was o fall in diastolic
pressure of 25 per cent with no change
in systolic pressure,

Blood pressures were munkedly ele-
aled during electronarensis in 2 ani-
mals, However, hoth started with high
blood pressures, and the changes were
small when considered as a percenlage
of the slarting figure. One of the highest
percentage blood pressure rises, 20 per
cend, was found in a male dog which
has had surgery & fimes under electro-
narcosis and has undergone electronar-
cosis over 30 times,

Temperalure changres werve chiefly up-
ward when eleclronareosis was induced,
and Lhe rise varied from 0.27 1o 1.8” €.
Filteen minutes afler the end of electro-
narcosis, the temperatures were still ele-
valed, hul less =0 than during clectro-
narcosis, One dog had a lower tempera-
Lture than at the slarl of the procedure.

Blood glucose fevels varied markedly.
One dogr showed a deerease in hlood glu-
coge of 35 myg. per 100 ml. Al the others
demonstrated inereases varving from 5
nyr. to 225 mg. per 100 ml. These figures

[——
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Table 1
RESULTS OF STUDIES MADE VIA INTRA-ARTERIAL CATHETER
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Smith et al,

Table 2

SCOPOLAMINE EFFECT ON DOG TEMPERATURE

Resting

30 minutes after 0.65 mg. of scopolamine
120 minufes aflfer 0.65 myr. of scopolamine
One dog's temperalure rise wilh electronarcosis

Same dog afler 0.65 mg. of scopolamine

(6 dogs)

ARA” v 020 (.
3797 056" (.

A8.07 0.0 (.
18.8° 10 39.0" ambient temperatlure
23.8" (.

3017 {o 39.6°

ATROPINE EFFECT

Table 3
ON DOG TEMPERATURE

(6 dogs)

Resting
30 minutes after 0.6 mg. of atropine
120 minutes after 0.6 mg, of alropine

One dog’s lemperature rise with eleclronareosis

Ambient temperature 22.0°

Same dog alter 0.6 mg. of alropine

3847 1 0.727 (.

3817 0037 (.

38.07 0 037

BT 03927 — 0.5 (.

28.8" Lo 39.0° — 02"

Table 4
EFFECT OF INDUCTION DURATION ON TEMPERATURE RISE
Temperoture Temperature
Dog Requirements slow induction fast induction
1 40 DC 37 AC 39.4° Lo 41.8” (KN #1) 39.17 to 40,0
S 2 | 3DC 42 AC | 38.6° 103977 (1aN #3) | 38 ' -

31 85 DO a5 ACT

39.6° to 41.0° (EN #2)

3827 to 386" -
38.7° 10 30,6 (EN #6)

Note: EN #1,
electronareosis,

represent, changes of 5 and 150 per cent

over the resting lovels.

One animal demonslrated a marked
rise in blood plucose.
throughout the entire procedure, and no
explanation for the change can be found
except the possibilily Lhat there was
electrode movement at eritieal times in
the study. Bleelrode movement may re-
sull in alternately “lightened” and
“deepened™ anesthegia,

The elevation in blood sugar in 2 dogrs
paralleled an elevation in blood pressure.
Bolh dogs were excilable in nature, and
difficult. subjects with which o work,
The only reasonable explanation for
these unexpected sugar and blood pres-
sure rises is the plane of anesthesin pro-
duced by clectronarcosis, As previously
staled, the level appenrs 1o be the “anal-

He was quiel

for example, is an abbreviation for the first time the animal was subjected to

gesia and amnesia” -3 of Artusio.®
Whether there is amuesia in dogs is a
debalable point. Analgesin is present to
a marked degree bul psychie stimuli
may persist, under eleclronarcosis, to
produce these blood pressure and glu-
cose elevalions. In support of this pos-
sibility is the fact thal it is possible, at
limes, Lo call quielly to a dogr nndergo-
ing surgery and gel a (ail-wagging re-
sponse,

Tables 2 and 2 - 'The resulls of the
studies on the effecls of scopolamine and
alropine on body temperature are sum-
mavized in tables 2 and 3.

The observalions on scopolamine and
alropine were made becanse drying
apenls are necessary to decrease saliva-
Lion in dogs Larned supine for abdominal
surgery, Unless secerelions are decreasad,

o
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pharyngeal suclion musl be nsed fre-
quently or the dog will beeome seriously
obslrucled by ils secrelions,

Table 4 -~ In one dog with known
high current requirements, a rige of 2.4°
(. developad during a long induction,
whereas there was an elevation of only
0.97 C, in a short one. In the other 2
animalg, the difference helween the long
and short inductions was seen, hul was
less pronounced: 1.37 compared lo 0.4°
and 147 compared (o 0.97 €

Musecle activily during the preindue-
tion and induclion phases of electronar-
cosis is the mogh probable gsouree of heal,
Shortening the induction period is nec-
essary, particularly in dogs with high
requirements of currvent. When stich a
dog is encountered, and it hecomes ob-
vious that a standard induelion will re-
sult in high {emperatures, if. has heen

*found advigable {o =lop the procedure,
permif. the animal to pant antil its lem-
peralure is normal, Then proceed again
wilh the inductiion al a much faster rate.

Table 5 —-- 'This table indieates thal
a dog, by panting, will lower ils Lem-
perature 2.5 to 3.0" Coin an hour, if
it is permitled fo do so and il there is
no straggding or exeitement. Lo inerease
heat outpul, Panting, in ilsell, is severe
muscle activity, and ns soeh, is produe-
tive of body heat, go the fall in tempera-
ture reflects a nel decrease in hody heal.

With intubation the lemperatures of
all 6 dogs undergoing spirometry be-
same elevated from 0.27 1o 1.2° (L Slarl.-
ing temperature was 384 - 0.90° C.
Temperature alter 30 minules of elee-
{ronarcosis was 39.07 v 1767 €,

The effect of the endotracheal tube on
the prevention of heal loss has hoeen

Current Reacorvehes
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noled previously. Panling is a means
of heat, production rather than of heat
loss in the dog with a tube in ils tra-
cheas the nsual air-stream over the hig
A-V shunts in Lhe dog's tongrae is divert.-
ed by the tube, while the exertion of
panting raises body heai oulpul.

Effects on Pregnaney — The pregnant
females did net aborl, and delivered
normal pups ab lerm. Pregnancy was
one of the contraindications Lo electro-
nareosgis listed by Robinoviteh in Gwalh-
mey's “Annesthesia’™ We have seen no
reports by other investigators on Lhe
elTeets of other forms of electronarcosis
on pregnaney. One of our pregnant. fe-
males nnderwent a Lotal of 6 hours of
eleelronarcosis in the first. week of preg-
naney. and delivered 10 normal live pups
at term. The olther 2 females averaged
1 hour per week of electronarcosis dur-
ingr their pregnancies, and delivered at
Lerm.

Iffeels on Memory - The impael of
eloclronarcosis on learned Lricks could
not be quantitaled ; the fest animals per-
formed their tricks as usaal whelher the
period of electronarcosis hadl included
aperalions or not, and irrespective of
{he duration of the electronarcosis. One
precantion musk be observed: Tight fies
on Lhe legs for long periods of Lime leave
the animals unable to walk until cireu-
Iation relurng Lo normal, and under
these cirenmstances, testing is useless,
The study revealed no evidence of any
logs of the sense of balance in a dog
alter 2 hours of electronarcosis,

]
Table & — Theve appeared lo be no

correlation helween body weight or skull
thickness and the current requirements
for the production of electronaveosis.

I'he heaviest. dogr, a 28-kgr. Temale, had

Table 5
EFFECT OF PANTING ON BODY TEMPERATURE
Start
Dog temperature _10_minutes 20 minutes 30 minutes 1 hour Total fall
1 42.5° 405" 9.8 271"
B 3.0°
2 417 41.4° 3990 A8T €70 minules)
3 41.0” 41.07 39.67 390" 39.4° [.6” '
T - o o T B :l. ‘ '-\ -
4 41.2° 40.4° 39.8° 38.1° (drank H00 -
) ml. waler)
ho| a0se 4077 405" 207" 385" 2.7

“

' Fleclronareosis by Direcl and Allernating Current Smilth el al, 6h
A Table 6
TABULATION OF CURRENT REQUIREMENTS AND
SKULL THICKNESS AND BODY WEIGHT
beg W:i;m N Required N Skull’::‘zlmpn
RS 263 BEE T 1.0
2 280 | 16t — 10| e N
3 235 20 — 9 32 B
B 4 . 19.1 ] 20 B 7]'7 R 40 -
R 21.4 7 20 o1y | ea T
6 263 | g2 20 | 5.2
R 29.5 S | L ¥ S
8 21.1 200 7 o 4.0

the Towest correnl requirements; the
'n1exL heaviest, 26.3 k., had the highest.
The skull thickness was no criterion of
current requirements, In general, it has
lmcp found that the more nervous and
exciled the dog, Lhe higher the require-
ments. This deseriplion applies o the
general lemperament, not Lo a tempo-
rary stale,
CONCLUSIONS

In dogs in \\mich cleclronarcosis was

produced by (he lechnic reported:t®

1. Minute venlilatory volume fell

# slightly under cleclronarcosis, not be-

cause of deerease in Lidal volume hutl be-
cause ol slowed rafoe.

2. Arferial oxywren saluration per-

Pocenlage did nol. fadl below 91 per cent.

Arterial pCO, was nol elevaled ahove
normal levels in any test animal.

3. By panlingr, a dog can lower its
body temperature 214" 1o 37 in an hour.
Intubation of the Lrachea raises the body
!,ﬂmp(tl‘:l'.lll’(‘, by bloeking panting. Rapid
induclions of electronarcosis produce
lower body Lemperalure elevations than
slow ones. Muscle aclivity rather than
central nervous syslem stimulation prob-
a]»ly is the chicel faclor in lemperature
rise,

‘4. Scopolamine, 0.65 mg., and alro-
pine, 0.6 mp, are adequate drying dos-

1 ages for large dogs and do not conlrib-

ule Lo elevation of the hody temperature.

With electronarcosis, in only one dog,

; o which 0.65 my. of scopolamine had

g been administered, did a moderate tem-
peralure clevation occur.

| 24 i 3 a1 H 1
I b Eleclronarcosis did not. cause abor-
M t
v Lion in 8 pregnant. females,

6. Klectronareosis did not impair per-
formance of learned {ricks.

.

7. There appears lo he no correlation
I){\.l,\\'non the current requirements of a
given dog and either its weight or skull
{hickness,

SUMMARY

Conlinuing previous inquiries into the
effeels of clectronarcosis by o combina-
tion of D.C.and A.CL on some physio-
logic processes in Lhe dog, this p'np(’r
reports further investigations on addi-
tional arveas, including ventilalion, blood
stgar and pressure, body {emperature
pregnaney, and memory. '
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