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PATHOLOGIC CHANGES FROM ELECTRICAL SHOUKS 381

1 ce. of human marrow culture acting for a period of 24 hours has an
effect similar to 35 r of high voltage Roentgen rays on lymphocytes
and progranulocytes. These effects and the straight line character
of the drop may all be explained if the major action of the ionizing
radiation is to inhibit the onset of mitotic and amitotic division of
the cells receiving the irradiation.

The authors are deeply indebted to Dr. J. H. Lawrence and to Dr. E. O. Law-
rence for their codperation and interest in this study.
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PATHOLOGIC CHANGES IN THE BRAINS OF DOGS GIVEN
REPEATED ELECTRICAL SHOCKS.

By Kann T. NEUBUERGER, M.D.,
ASSISTANT PROFEBSOR OF PATIIOLOGY,
Ricaarp W. Wurreneap, M.A., M.D.,
PROFESSOR OF PHYSIOLOGY AND PHARMACOLOGY,

FExmp K. Rurnepae, M.S., M.D.,

INSTRUCTOR IN PPATHOLOGY,
AND
FrankLix G, Fpavan, B.AL, MDD,
DIRECTOR OF CUOLORADO PRYCHOPATHIC HUSPITAL; PROFESROR OF PSYCHIATRY,
UNIVERSITY OF COLORADO SCHOOL OF MEDICINE AND HOSPITALS,
DENVER, COLO,

(I'rom the Departments of Physiology and Pharmacology, and Pathology.)
NuMERoUS studies of both experimental and clinical material
have shown that rather definite pathologic tissue changes result
from shock therapy with insulin and with metrazol. In view of the
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recent extensive use of electrical shoek in the treatment of psychoses,
we were led to undertake the following investigation with the object
of comparing the brain changes induced by this modality with
those produced by the above-mentioned convulsant agents.*

Procedure. Convulsions were repeatedly induced in a series of 12 mon-
grel dogs by the application of an alternating electrical eurrent. The
equipmentt was the same as that used by the Department of Psychiatry in
eleetrical shoek therapy. The electrodes were applied over shaved areas
of the skin superior to the zygomatic arch in the temporoparietal region,
external to the motor area of the brain, Shocks were applied at a potential
of 80 volts and a eurrent strength of 200 ma.; the duration of the individual
./_:‘ .M.w.;. was (.15 second.t  Shocks were administered at 3 to 5 day intervals,

Ihe total number of shocks given each animal is shown in Table 1. Tor
the most part the animals were given the number of shocks which are admin-
istered to patients. Individual animals varied considerably in respect to
the severity of the convulsive manifestations induced hy the alternating
current applied.  The variations are indicated in Table 1 by slight, moderatc
and marked, depending upon the degree and duration of convulsive seizures,
Those rated marked lasted several minutes after the shock was applied and
were accompanied by tonie and clonie contractions, {rothing at the mouth,
and involuntary defeeation and micturition.  Moderate convulsions were
those which were quite marked during the application of the current but
Irom which recovery oecurred within a minute or two after the shoek.
Slight convulsions did not continue after the current was stopped.

TABLE 1.—TABULATION OF REsvLys,

Experiment.
Dog. szree scovery
B ,,r Duration, No. of rwmm_..m,“ MM H_M”pr.u_ﬁw_m
No. Sex, t shoeks. convulsions, duys. Remarks.

1 1 T 14 Marked 0

2 2 10 25 Marked 129

4 3 M 17 Slight {o 26

moderate

1 4 I 53 16 Moderate -4

5 5} r 63 18 Marked 12

.:,. G M 53 15 Marked - 42

( i r 15 4 Marked 0 Killed for distemper
S S M 15 3 Marked 0 Very excitable

0 0 M 5 2 Marked 0 Death on 5th day

{pneumonia)
i 10 M 15 B Marked 0 Spontaneous death
11 11 ¥ 26 8 Moderate 0 Spontaneous death
to
marked

12 14 r 14 5 Marked 1

Many o the animals hecame quite unruly during the time the shocks
were heing given, A number of them even developed savage tendencies.
On the other hand, dogs which were permitted to survive a number of

weeks without the shock treatment «id not exhibit any abnormal hehavior
during this recovery period.

A paper is in g

: paration dealing with {he
tollowing clectrieal she

 therapy.
H u,r:c:..":,::_i by .Rz_:: Tustrument Company, 12 West Broadway, New York.
1 Preliminary experiments showed that there was considerable variation in the
su=ceptibility of dogs to {he development of convulsions and that with a current of

less than SO volts, some of the animals failed to show convulsions at all,

in changes in 2 human coases
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PTATHOLOGIC (1TA

Some of the animals in the series died during the experiment. The
others were killed by bleeding, under nembutal anesthesia. Blocks of tissue
from the various organs obtained at autopsy were fixed and prepared for
histologic study by routine methods. Frontal sections were made of the
brains and blocks were taken from frontal and temporoparietal cortices,
hasal nuclei, cerebellum, and medulla. These tissues were examined by
the Nissl method; some of the tissues were prepared by the hematoxylin-
cosin method and by the Loyez, Cajal, and Hortega methads.

I.—Small areas of cortical devastation from Dog 1 which had 14 marked con-
vulsions. (Nissl, X 125.)

Protocols. Doc 1. Brain: Changes marked. Vascular dilatation and
petechie.  Nerve cell ehanges: swelling, a.mnccr.pmc:_w.m:.:m_:: of nuelei,
paleness.  Some satellitosis and neuronophagia. Numerous seattered
shrunken elongated dark cells without clearly visible nuclei.  Occasional
circumseribed areas of recent necrosis with severe and ischemie changes—
little glial reaction. Edema in white matter; myelin sheaths swollen and
kinked; no definite demyelinization. Faintly basophilic grayish globules
in white matter. Focus in subcortical white matter: small vein with round-
cell infiltration, surrounded by dense area of proliferated oligodendro- and
microglin.  Other organs: Congestion.

Do 2. Brain: Moderate number of swollen, vacuolated nerve cells
with reticular cytoplasm. Occasional small areas of ;meﬁm.nnn::: with
ghost cells. Few glia stars at site of necrotic nerve cells, _ Slight swelling
of macroglia; small numbers of fibrillary astrocytes. Swelling and kinking
of occasional myelinated fibers; no  definite demyelinization. Small
amounts of perivascular fat in white matter. Other organs: Congestion;
slight acute pneumanitis. )

Doa 3. Brain: In cortex and hasal ganglia: swelling and vacuolation
of numerous nerve cells; delicate network of strands and granules in eyto-
plasm of some. Nuclei generally well preserved. Nurerous dark-stained
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:_E.w A._ ..l__../.. Oeeasional severe cell changes and ghost cells, Swelling of
” .._.r”__mﬂ:_ I MEE E/ cortex. Changes disseminated, apparently independent
:_?Eﬁ:_u mmm:w_.g :_mm%mw.wqu mue.owmmm ::EFE. of glia cells, especially
i, E.ﬁwz.ﬁ @::ncmzcwm er of cerebellum. Purkinje cells well preserved.
_;.%:w .» \.WEM:. Widely .J.ou.imzmm nerve cells with swollen and vacuolated
oyt P _ﬂ: anc normal nuclei. Few dark-stained elongated slender nerve
..”_:.1... _..2_;,5 .:Eém.omznﬁ normal. ,H?S_% E.E:S.oonsﬂ: foei with ghost

s; little o :.rm:z_ reaction.  Vascular dilatation and petechiw in few
cortieal areas, Slightly inereased amounts of perivaseular fat in white
matter.  Other organs:” Congestion ; slight acute peribronchitis.

L3

(L J/f.:_:n_ E.":W:_:.. appearance and vacuolation of cortjenl nerve cells from
Dog 1 which had 14 marked convulsions.  (Nissl, % 660.)

. Doa 5. Brain:  Changes less pronounced than in others: some tigrol-
ysis and vacuolation of nerve cells. Most nerve cells essentially :E.WE_
No glial reaction.  Oceasional vaseular dilatation and petechize, »:Em;.n.
negligible w:.:::_m and diminished tingibility in myelinated .m_wm.?. Other
organs: .f_:me.f..?.: ; diffuse acute _:EE:EWEE chronie pyelitis - o
..___v.:c u.. Brain:  Swelling and vacuolation of many nerve celis- many
._m y;_.H.::::_. Occ sional satellitosis and neuronophagia, espeeially in basal
gunglia_and :,:_E,:r Vaseular dilatation and recent petechie in several
parts of cortex.  Other organs:  Congestion, &

Doa .: No autopsy.

Dog 8. Q.E:.r. _ Changes in numerous nerve cells in all areas: swelline
vacuolation, indistinet eell borders, granular eytoplasm, oe :?,r_:._i,_ 7 i M:r.
nuclear granules.  Oceasional severe changes and E:Zm Z,:r I .5« or o
n_:& H.E.wan:ﬁ. Other organs:  Congestion. ik

Joc Y. Brain: severe: tigrolysis, swelli i
D E.Eﬂ_m__":.w..wmwwmwazsm v.m; m.w:.w. :.mw.c_wv s, swelling, ‘amn::_msc_:

7 ytoplasm.  Severe and ischemic cel] changes, Nuclei
_.:.:.c.ﬁ_::EnE_ than in others; many hyperchromatic and &m?:.ﬁm,m Glial
reaction absent or slight; some early microglial proliferation in few areas
Marked congestion and occasional hemorrhage in meninges, ﬂ:.%m:?m
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of ependymal lining; some subependymal gliosis and hemorrhage. Changes
not those of autolysis. Other organs: Congestion; pneumonia with lung
abscesses and empyema. (Severe pneumonic infection: animal had had only
2 electrical shocks,)

Dog 10.—No autopsy.

Doe 11. Brain: Dark-stained cells with “chronic” changes numerous.
In some areas: paleness of cells, severe and ischemic changes. Glial reac-
tion little or none. Many pyknotic nuelei. Few slightly swollen nuclei.
Very rarely small “gliarasen.” Other organs: Congestion; aspiration with
slight patehy pneumonia.

wl, ischemice, and granular cortical nerve cells from Dog 9 which had
2 marked convulsions. (Nissl, X 250.)

Fui. 3.

Do 12, Brain: Changes diffuse, somewhat similar to but less marked
thun those of Dog 9. Oceasional minute foci: paleness and ghost nerve
cells.  Most glial nuelei small and dark; oceasional large pale nueclei and
“gliarasen.”  Few recent petechize in meninges or near ependymal lining.
Other organs:  Congestion.

Results and Discussion. 'The most pronounced changes observed
were in the brain.  The cortex was more involved than the extra-
cortical gray matter. The pathologic changes in the cortex were
perhaps more noticeable in the vicinity of the pathway of the
electrical current (temporoparietal cortex).

The following outstanding neuropathologic changes were observed.
The nerve cells showed rather widespread damage, including
tigrolysis, paleness, swelling, vacuolation, and in some instances
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even ischemic and “severe” changes. Satellitosis and neurono-
phagia were found occasionally. In certain small circumscribed
areas only pale, ischemic, ghostlike cells remained. Numerous cells
exhibited “chronie™ alterations: the cells appeared dark, slender
and shrunken.  The glia and microglia revealed slight proliferative
changes. In a few of the animals some of the myelinated fibers
showed slight damage, associated with a mild degree of edema in
the white matter. The latter changes probably are of little sig-
nificance.  Vascular dilatation and minute hemorrhages were ob-
served in the cortex, in the meninges, and around the ventricles in
some of the brains.  Congestion was the chief observation upon
histologic examination of the other organs. The neuropathologic
findings are similar in many respects to those of Morrison, Weeks,
and Cobb,* who found a tendency to hemorrhage, shrinkage of
canglion cells, mild reaction of glia, and absence of demyelinization.

Although the changes described in the brain are definitely patho-
logic, they are not to be regarded as serious. Most of the nerve cell
nuclei remained fairly well preserved. Many of the changes ap-
peared to be reversible. The dogs during the recovery intervals
failed to show clinical signs of brain involvement, as measured by
the general behavior rather than by any specific neurologic test
Variation in the degree of involvement may well be influenced by
variation in individual susceptibility and by the degree of severity
of the convulsions.  In 2 dogs (Dogs 5 and ), which had survived
the experiments 12 and 42 days respectively, the findings were less
pronounced than in the other dogs, although Dog 5 had 18 and
Dog 6 had 15 markedly severe convulsions. On the other hand,
Dog 2, which had undergone 25 markedly severe convulsions and
was allowed to survive the experiment for 129 days, showed decided
changes in the involved parenchyma. In 1 animal a small vein in
the convolutional white matter showed lymphoeytice infiltration and
was surrounded by proliferated oligodendro- and microglia.  Baso-
philic or grayish globules, observed only in the celloidin-embedded
material, in the white matter of the same animal, are of questionable
significance and possibly are artefacts.  Similarly, the dark cells in
the cortex may be artefacts, as recently pointed out by Scharrer.?

The investigations of several workers indicate that the brain
changes indueed by electrical shoek arve partly due to the direct
cffect of the current upon the brain parenchyma and partly due to
the effeet of the enrrent upon the cerebral cireulation (Morrison,
Weeks, and Cobb, and Alexander'). The fact that the changes tend
to be slightly more severe in the vieinity of the pathway of the cur-
rent suggests the possibility that the current exerts a direet action
upon the brain parenchyma distinet from any effect upon the cireu-
lation.  The findings of Morrison, Weeks and Cobb, as well as those
of LFehling® that the current brings about a contraction of the
intracranial arteries, point to an involvement of the eirculation in
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the pathogenesis of the lesions. Petechie and small foci of ischemic
necrosis observed in the present work also suggest circulatory effect

TFor a long time it has been known that rather marked cerebral
changes are to be found in patients with epilepsy. Recent use of
convulsant therapy has renewed interest in the effects of convulsions
upon the architecture of the brain. Shock therapy with insulin
or metrazol has been shown to be accompanied by more or less
marked pathologic changes in the brain.

Conclusions. The present studies indicate that some degree of
neuropathologic change is to be expected in'animals given clectrical
shocks of the same strength and duration as those employed clini-
ally.  Our results suggest that histologic changes induced by elec-
trical shock in the brains of dogs are somewhat less severe than the
changes we found following metrazol.?
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III. THE ACTION OF VARIOUS DRUGS ON PATIENTS WITH
NORMAL INTRAMUSCULAR AND VENOUS PRESSURE.™

- ~ *> s AT Nid Al
By Liwis Guxrtuer, M.D.,T
ASSISTANT CLINICAL PROFESSOR OF MEDICINE, COLLEGE OF MEDICAL EVANGELIST
LOS ANGELES, CALIF.; ABSOCIATE SENIOR PHYSICIAN, C EDARS OF LEBANON HOSPITAL,

Lupwia Strauvss, M.D., Hexry H. Hesstern, N
CLINIC PHYSICIAN, CLINIC PHYSICIAN,
AND
TIvman EngrLBeErg, M.D.,
CLINIC PHYBICIAN,
LOB ANGELES, CALIF.

(From the Cedars of Lebanon Hospital.)

Tue action of different drugs in various shock-like states wherein
intramuscular and venous pressures fell to a low level, was reported
in a previous communication.! It was observed that a 259 solution
of Pyridine-beta-Carboxylic acid diethylamide (Coramine-C'iba)
when administered intravenously raised the lowered level up to
the normal range. Concomitantly, the low level of venous pressure

# Aided by a grant from the Ciba Pharmaceutical Products, Inc., Lafayeite Park,
Summit, N. J.

1 Now in military service as Lieutenant-Commander, M. C., U. 8. N. R.
1 Now in military service as First Lieutenant, M. C., U. 8. A. R.





