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Effect of Hypothalamic Lesions on Canine Neurogenic Arterial

Hypertension.*

(20923)

A. EArL WALKER, KENNETH M. Browng,! anp J. D. McQUEEN.
From the Division of Neurological Surgery, Johns Hopkins University, Baltimore, Md.

That the hypothalamus plays a role in the
regulation of the arterial tension has long
been recognized, but it has also been known
that it is not essential for the production of
temporary hypertension by reflex or direct
stimulation of the medulla oblongata. Its
importance in the maintenance of chronic
states of arterial hypertension has never been
determined. The present study is concerned
with the effect of lesions of the hypothalamus
and its descending pathways upon chronic
neurogenic hypertension in dogs. This type
of hypertension is characterized by a marked
increase in the cardiac output occasioned by
the tachycardia which results when medullary
cardiovascular centers are released from the
inhibitory influence of stretch receptors in
the carotid sinus and certain other arterial
walls. According to some investigators, a
polycythemia(3) and a peripheral vasocon-
striction(1) are present as well. Neverthe-
less the present study concerns primarily the
influence of the hypothalamus upon the raised
central excitatory state of medullary cardio-
vascular centers which results subsequent to
their release from peripheral inhibitory in-
fluences.

Methods. Twenty-four stock dogs were
used in these experiments. They were ren-
dered hypertensive by bilateral resection of
the carotid sinuses, section of the vagosym-
pathetic trunk on one side and a section of
the aortic depressor nerve on the other. All
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FIG. 1. (Dog 442). Indicates systolic blood pres-
sures (ordinates) at intervals after excision of
carotid sinus and partial vagectomy (C), and ef-
fect of bilateral hypothalamic lesions in septal
region (Section 153), later medullary reticular
lesions (Section 98) and finally larger lesions on
the right side of anterior hypothalamus (Section
161). Although the pressures vary considerably,
there was no consistent change following any of
these procedures. Abbreviations used in the illus-
trations are as follows: C—moderator nerve sec-
tion. CC—corpus callosum. CP—peduncularis cere-
bri. CR—corpus restiforme, HL—hypothalamic
lesions, LG——corpus geniculatum laterale. M—
corpus mammillare. MD—nucleus medialis dorsalis.
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ML—medullary lesions, NC—nucleus caudatus,

NR—nucleus ruber. P-—pulvinar. PC—commisura

posterior, S-—nuelens subthalamicus. Sac—saeri-

fice. Tr Cs—tractus corticospinalis. V—tractus

spinalis nervi trigeminus. VIII—nervus acusticus.
X—nucleus dorsalis vagi.

blood pressure determinations were made by
percutaneous puncture of the femoral artery.
When the hypertension was well established
as determined by 3 or 4 systolic arterial pres-
sures over 160 (usually 180-200 mm Hg),
bilateral lesions were made in the hypothala-
mus or adjoining regions. These lesions were
produced by inserting parallel needles, sep-
arated 4 mm and insulated except at the tips,
through a midline burr hole into the hypo-
thalamus. The position of the needies
was controlled radiographically. An electro-
cautery current was passed for 30 sec-
onds through each needle using a setting of
20 or 30 on the electrosurgical unit, which
current would just coagulate the surface mus-
culature. The resultant lesions varied some-
what in size, presumably due to escape of the
current at points-other than the tips of the
electrodes. In early experiments an attempt
was made to coagulate at points which gave
pressor responses upon electrical stimulation
but in later experiments, the lesions were
made without prior stimulation in various
parts of the hypothalamus and brain stem.
All surgical procedures were carried out un-
der general anesthesia and under aseptic con-
ditions. Blood pressures were recorded for
periods of 6-20 months after the production
of neurogenic hypertension. In some experi-
ments cortical ablations were made and if the
elevated arterial pressure persisted after 6-12
months hypothalamic lesions were produced;
finally lesions were placed in the brain stem
of the still hypertensive dogs as shown in
Table I. The animals were sacrificed under
anesthesia and the brain, eyes, adrenals, kid-
neys, heart and thyroid removed for histo-
logical study. The brain was sectioned
serially and stained for cells by Nissl’s technic
and for myelin by Weil’s method.

Results. Of the 24 dogs utilized in these
experiments, 14 survived sufficiently long to
give significant results. The majority of dogs
in which subsequent larger brain stem lesions
were made did not survive the procedure for

TABLE I. Results of Hypothalamic Lesions.

Remarks

175 Hypothalamic lesions made first

B.P.range Avg

Site of hypothalamic lesion
Dorsal to optic chiasm (N. med. preoptic)

R.—ant. paravent.

B.P. Mo after hypo-
(avg) thalamic lesion

200 Preliminary bilateral frontal lobectomy

150-190
170-220

at optic chiasm

Prob. posterior hypothalamus*

L.—ant. limb. int. eap.

12

150
200

dullary lesions
d for study

ly; brain too decompose
1 pair medullary

lateral ablation of motor cortex; died 1 mo P.O.
hypothal. lesions

lateral oceipital lobectomy ; later me
lateral frontal lobectomy

lateral orbital gyrectomy

sions of orbital gyri bilaterally
ilateral cingular gyrectomy

1.
1.

nary bi

1

1

b
inary b

1ml

lesions caused death in 1 wk

pothalamic lesions,
220 Died after 2nd series

calization lesions on

nary le
nary b
nary b

imi
mi:

imi

iminary

im:

195 2 pairs hy
180 Medullary

220 Prel

190 Preli
205 Prel

170 Prel

200 Prel

160 Prel

205 X-ray lo

160-230
170-220
160-230
150-200
185-230
140-200
190-230
150-240
160-240
100-240

hiasm

post. hypothal. at N. subthal.

N. interpeduncul.

t. optic chiasm
hiasm

N. reuniens at post. optic chi

Prob. post. chiasmal

Hippocampus above mesencephalon
*

Septal areas ant. to optic ¢

N. lat. preopt. at pos
N.

Para-aqueductal

8
8
9
0
1 (died)
5
4
7
6
3

210
190
205
190
200
160
210
200
190
185

N. tr. peduncul. trans.

185 Medullary lesions and second large post. hypothal. lesions

150-240

R.—N.mam. & N. interped.

L.—N. interpeduncul,
R.—N. interpeduncul.

200

175 Died after 2nd series hypothal. lesions

130-210

150
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ed.

L.—N. mam. & N. interp
*Tregions not clearly defined in sections available.
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FI1G. 2. (Dog 444). Indicates systolic blood pres-
sures at intervals after induction of neurogenie
hypertension (C) by carotid sinusectomy and par-
tial vagectomy (repeated because of failure to
maintain a hypertension (V)) and effect of bi-
lateral hypothalamic lesions at level of subthalamic
nuclei, and finally large lesions of the rostral pons
from which the animal succumbed within a week.

more than a few hours or several days.

The site and the number of the electro-
cautery lesions and the brain stem incisions
together with their resultant effect upon the
neurogenic hypertension are listed in Table I.
Most of the hypothalamic lesions were situ-
ated in its posterior extent in order to inter-
rupt as many descending fiber tracts as pos-
sible, but neither anterior (Fig. 1) nor pos-
terior (Fig. 2 and 3) electrocautery lesions,
compatible with survival of the dog, resulted
in a persistent fall in the arterial hypertension.

Incisions were made in the reticular sub-
stance of the medulla near the level of the
lateral recess in 3 dogs with well developed
neurogenic hypertension. One of these dogs
died on the fourth postoperative day after
having regained a blood pressure level of 170
mm Hg. The other 2 dogs had a marked but
transient fall in their blood pressures (Fig. 2).
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By the end of the second postoperative week
their hypertension had returned, and it per-
sisted for the following 3 months period of
observation. In a fourth dog (H24), small
bilateral, transverse incisions in the region of
the cephalic extent of the dorsal motor nucleus
of the vagus nerve failed to prevent the de-
velopment of chronic neurogenic hypertension.
In the sections made of the eyes, adrenals,
kidneys, heart and thyroid no abnormality
was seen.

Discussion. This study would seem to in-
dicate that the heightened activity of medul-
lary cardiovascular centers which is occa-
sioned by their release from the inhibitory
influence of the moderator nerves is not per-
manently influenced to a significant degree by
lesions of the hypothalamus and its descend-
ing pathways compatible with the survival of

100

MONTHS
FIG. 3. (Dog 447). Indicates systolic blood pres-
sures at intervals after induction of neurogenic
hypertension (C) and effect of hypothalamic le-
sions destroying right mammillary body and dam-
aging left retro-mammillary area (lesions marked
1 in sections 113 and 97), then bilateral lesions of
medullary reticular areas (Section M97) and finally
a large lesion of floor of aqueduct of Sylvius
(lesions marked 2 in sections 113, 97 and 89). In
spite of the extent of these lesioms, and the event-
ual virtual destruction of the periaqueductal gray
matter, blood pressure remained high until the
animal’s death 10 days after the last operation.
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the dogs. It appears that the main source
of nervous energy concerned with the main-
tenance of the hypertension induced by sec-
tion of the moderator nerves is derived from
medullary cardiovascular centers. Our re-
sults suggest that the most important chronic
inhibitory influence upon these centers is the
moderator nerve system, for although certain
autonomic zones of the cerebral cortex, hypo-
thalamus, and the upper brain stem are
capable of vasomotor effects when excited
electrically, their elimination to a greater or
lesser extent does not necessarily modify the
activity of the medullary cardiovascular
centers in dogs with neurogenic hypertension.
In fact, the pressor and depressor responses
elicited from these higher levels of the central
nervous system are as marked in hypertensive
as in normotensive animals(2). These ob-
servations have led us to the conclusion that
the neurogenic function of cardiovascular
“centers” situated cephalad to those in the
medulla is directed toward a modulation of
the existing cardiovascular status for tem-
porary needs without regard for the prevailing
blood pressure level or pulse rate. Thus our
concept of the neurogenic control of the
arterial tension is that the moderator nerve
system acting at the medullary level is the
most important homeostatic influence upon
the blood pressure and that higher levels of
the central nervous system produce essentially
temporary modulating influences upon these
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vital centers. This does not deny that such
temporary cardiovascular effects repeatedly
induced might not result in a state of chronic
hypertension in some indirect fashion such as
by altering renal hemodynamics, but it seems
to us unlikely that a purely neurogenic type
of chronic hypertension would frequently
exist without a disturbance of cardiovascular
regulatory functions at the medullary level.

Summary. Chronic neurogenic hyperten-
sion in dogs induced by moderator nerve
section producing an increase in the central
excitatory state of the medullary cardiovas-
cular centers, is not permanently influenced
to a significant degree by lesions of the
hypothalamus or its descending pathways
compatible with survival of the animals. It
is suggested that the most important neuro-
genic homeostatic influence upon the arterial
tension is exerted by the moderator nerves at
the medullary level and that higher levels of
the central nervous system act as temporary
modulating influences in response to momen-
tary needs rather than as chronic adjusters of
the arterial tension.
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In vitro Induction of Cartilage in Mouse Somite Mesoderm by Embryonic

Spinal Cord.
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Evidence has been accumulating that the
origin of axial cartilage in fish(1), amphibia
(2), and the chick(3) is dependent upon
association of somite mesoderm with spinal
cord. An inductive influence of some kind
between the 2 tissues has been postulated.
Inductive tissue interaction in mammals re-
cently has been described in simple 2-com-

ponent systems #n vitro(4), offering oppor-
tunity for analysis of mechanism(5). The
present experiments were designed to deter-
mine whether inductive effects between spinal
cord and somites could be demonstrated un-
der similar conditions. For this purpose
clusters of somites from 9-day mouse embryos
were cultured in the presence or absence of



