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Grijalva and colleagues (1, 2) recently
have shown that lateral hypothalamic (LH)
lesions induce gastric mucosal damage in
rats. Lateral hypothalamic lesions in dogs
(3) and cats (4), and electrical stimulation of
the LH in rats (5) are associated with in-
creases in gastric acid secretion. However,
Smith and Brooks (6) noted no significant
change in basal acid output in rats after LH
lesions. Since gastric acid secretion has
been shown to be an important factor in the
production of stress-induced gastric ulcers
in rat (7, 8) and man (9), the first experiment
examined whether the incidence of LH
lesion-induced ulcers and erosions in the
fundic (acid-secreting) gastric mucosa of
rats could be altered by vagotomy, pro-
pantheline bromide (an anticholinergic), or
cimetidine (a histamine H,-receptor an-
tagonist), all of which are known to reduce
gastric acid output (10, 11). In a second ex-
periment gastric mucosal barrier functions
were tested very soon after producing LH
lesions to determine if the barrier had been
altered by the hypothalamic damage even
before gross visible defects were present in
the gastric mucosa.

Materials and methods. Experiment 1.
Male Sprague—Dawley albino rats weigh-
ing 285—-490 g were individually housed in
wire mesh cages and given food (Purina
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Laboratory Chow) and water ad libitum for
at least 1 week. At the beginning of the ex-
periment they were deprived of food but
not water overnight and then anesthetized
with sodium pentobarbital (50 mg/kg body
weight, ip). Groups of rats were then either
given (i) bilateral subdiaphragmatic va-
gotomies (N = 11), or administered a single
subcutaneous injection of (ii) propantheline
bromide (10 mg/kg; N = 10), (iii) cimetidine
(100 mg/kg; N = 9), or (iv) an equal volume
of isotonic saline (5 ml/kg; N = 18). All four
groups were then given bilateral LH lesions
by the method described below. An addi-
tional control group (N = 13) was given a
single injection of isotonic saline (5 ml/kg)
followed by control brain surgery also de-
scribed below. Only the cimetidine group
received two additional injections (100
mg/kg) 8 and 16 hr following LLH lesions.

Vagotomy and drug preparation. Bilat-
eral subdiaphragmatic vagotomies were
performed through a ventral midline inci-
sion made on the abdominal surface di-
rectly caudal to the xiphisternum. The
lobes of the liver were gently deflected to
locate the esophagus. The left gastric artery
and vein were separated from the
esophagus and were gently stripped of all
connective and neural tissue. The anterior
and posterior trunks of the vagus were then
delicately teased away from the esophagus
and a 1-cm section of each nerve removed.
The esophagus was examined under a 40X
dissection microscope and any remaining
traces of neural or connective tissue were
excised.

Cimetidine (Smith Kline & French
Laboratories, Philadelphia, Pa.) solutions
were prepared by dissolving the material in
0.5 M HCI, adjusting the pH to 6.0 with 1 M
NaOH and diluting with normal saline.
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Propantheline bromide (Searle & Co., San
Juan, P.R.) solutions were prepared by dis-
solving 30 mg of the material in 15 ml of
normal saline.

Stereotaxic surgery. Rats were mounted
in a Kopf Model 900 stereotaxic instru-
ment. Bilateral electrolytic LH lesions were
made with a lesion-generating device (C. H.
Stoelting Co.) by passing a 1.2 mA direct
anodal current for 15 sec through stainless
steel electrodes (insect pins size 00 insu-
lated with Epoxylite except for the cross
section of the cut tip). A cathode clamped
to a saline-soaked gauze pad wrapped
around the tail completed the circuit. The
electrodes were placed 2.4 mm posterior to
bregma, 1.9 mm to each side of the midline,
and 7.8 mm below the dura of the brain with
the skull oriented in a horizontal position.
Control brain surgery was performed by
lowering the electrodes 6.5 mm below dura
but no current was passed.

Postoperative procedure. All groups
were food and water deprived for 24 hr fol-
lowing LH lesions or control brain surgery.
Observations were made for presence of
hypersalivation (12) (as indicated by satura-
tions of saliva under the chin and around
the mouth) and chromodacryorrhea (as in-
dicated by the occurrence of reddish tearing
around the orbits of the eyes), and then all
groups receiving LH lesions were allowed
access to food for 1 hr. This was done to
obtain a preliminary indication that the
brain lesions were placed within the LH
area and, therefore, aphagia inducing. After
the initial feeding test all groups were sac-
rificed with an overdose of sodium pen-
tobarbital. The stomachs were removed
quickly and opened along the greater cur-
vature. The stomachs were gently rinsed
with water, any abnormalities were noted,
they were spread on a flat surface, and then
fixed with 10% formalin. All stomachs were
stored in 10% formalin for at least 1 week,
after which each stomach was examined for
gastric pathology with a binocular dissection
microscope at 10x. One eyepiece was fitted
with a reticle permitting gastric lesions to
be quantified in terms of total area (mm?)
and, as in previous studies (1) any discon-
tinuity in the gastric mucosa was consid-
ered a gastric lesion.
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The brains of all animals sustaining LH
lesions immediately were removed and
fixed in 10% formalin for several weeks.
They were then sectioned at 50 um and
stained with thionin. Extent of brain dam-
age was determined with reference to the
Kénig and Klippel atlas (13). Briefly, the
mounted and stained sections were
superimposed with a microprojector onto
corresponding structures representing
tracings from coronal atlas plates. Magnifi-
cation was adjusted until projected struc-
tures adjacent to the lesion corresponded
well with the atlas structures. Outlines of
the damage observed in representative sec-
tions through the lesion were drawn to scale
onto tracings of the brain sections taken at
appropriate anterior—posterior levels. An-
terior—posterior extent of brain damage
was estimated by tabulating the divisions of
the atlas figures that were incorporated
within the lesion outlines. Dorsoventral and
mediolateral extent of the lesions was mea-
sured using the atlas scale.

Statistical analysis. One-way analysis of
variance was used to compare extent of
gastric ulceration for all groups and attain-
ment of the 0.05 « level was accepted as
grounds for rejection of the null hypothesis.
The unpaired ¢ test was used to determine
the significance of differences between
groups.

Results. Three rats in the LH lesion—
saline group, one rat in the LH lesion—
propantheline group, and one rat in the LH
lesion—vagotomy group were eliminated
from the experiment because histological
analysis of the brains revealed that these
animals sustained asymmetrical lesions
which spared most of the LH. The stomach
of these rats appeared normal. Final group
samples were as follows: LH lesion—saline,
N = 15; LH lesion—propantheline, N = 9,
LH lesion—cimetidine, N = 9; LH lesion—
vagotomy, N = 10; and control brain sur-
gery—saline, N = 13.

No systematic differences were found in
either brain lesion size or placement be-
tween the groups receiving LH lesions.
Rats included in the study had bilaterally
symmetrical lesions which were generally
placed in the dorsolateral extent of the LH
and centered at the approximate middle
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Fic. 1. Photomicrograph of a representative bilateral LH lesion (frozen section, thionin stained).

anterior —posterior extent of the ventrome-
dial hypothalamic nucleus. The lesions fre-
quently involved the ventromedial tip of the
internal capsule, the fields of Forel, and the
zona incerta. A representative histological
section of the LH lesions is shown in Fig. 1.

In gross appearance, gastric lesions were
typically circular or slightly oblong and
superficially covered with blood and clearly
distinguishable against the background of
healthy tissue. Superficial hemorrhages
were frequently observed to accompany the
gastric lesions in freshly excised stomachs.
However, these superficial defects some-
times dissappeared after fixation in forma-
lin. Only discontinuities in the gastric mu-
cosa remaining after formalin fixation were
scored as gastric lesions. The gastric le-
sions were confined to the fundic mucosa.

Analysis of variance for total area of
gastric pathology was significant (P <
0.001), and as depicted in Fig. 2, the LH
lesion—saline group displayed significantly
more fundic gastric mucosal damage than
any of the other groups (P < 0.01) which
did not differ significantly from each other.

Although the incidence of gastric ulcera-
tion was significantly reduced by propan-
theline, cimetidine, and vagotomy, only
propantheline also reduced the occurrence
of hypersalivation and chromodacryorrhea
(Table 1).

Materials and methods. Experiment 2.

Male Long—Evans rats weighing 350—400 g
were deprived of food but not water over-
night. After anesthetization with 50%
urethane solution (3 ml/kg, ip) a neck inci-
sion was made and the esophagus ligated. A
ventral midline incision was made on the
abdominal surface and then through a slit in
the duodenum two catheters were passed
into the stomach and held in place by a lig-
ature around the pylorus. One catheter
containing saturated KCl in agar gel served
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surgery. (Abbreviations: LHL: = lateral hypothalamic
lesion; CS = control brain surgery; S = saline, P =
propantheline; V = vagotomy; C = cimetiding).
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TABLE I. PERCENTAGE OF ANIMALS PER GROUP
DiSPLAYING VISIBLE SIGNS OF HYPERSALIVATION
AND CHROMODACRYORRHEA

Group* Hypersalivation Chromodacryorrhea
(N) (%) (%)
LHL-S (15) 80 80
LHL-C (9) 89 89
LHL-V (10) 70 70
LHL-P (9) 0 0
CS-S (13) 0 0

“ Abbreviations: LHL = lateral hypothalamic le-
sion; CS = control brain surgery; S = saline; C =
cimetidine; V = vagotomy; P = propantheline.

as the detecting electrode for electrical po-
tential difference (PD) determination. The
circuit for recording PD was completed
with an indifferent KCl-agar electrode
placed under the skin of the abdomen.
These electrodes led to a pH me-
ter—millivoltmeter (Beckman Model 3500)
through two separate beakers each filled
with saturated KCl solution and each con-
taining a balanced calomel electrode. The
changes in PD were continuously moni-
tored using a Sargent Model SLR recorder
connected to the pH meter. The second
gastric catheter led to a three-way tap and
was used for intragastric instillation and
removal of the test solution. The test solu-
tion was 150 mM HCI and ["“C]poly-
ethylene glycol (PEG), 2 x 1072 uCi ml!
was added to the test solution as a marker
for determination of residual volumes.
Thirty minutes after abdominal surgery
and cleansing rinses of the stomach, gastric
transmucosal PD and net fluxes for H*,
Na*, and K* ions were determined during
seven consecutive 30-min test periods. To
determine net fluxes 5 ml of 150 mM HCI
containing ["*C]PEG was instilled into the
stomach, mixed with the residual content,
and then a 2 ml sample withdrawn. Thirty
minutes later, the stomach was emptied by
gentle aspiration, the volume of this sample
was measured, and saved for analysis. The
stomach was then washed three times with
150 mM HCI without [*C]PEG and the “C
activity in the combined rinses was deter-
mined and used to calculate residual vol-
ume. H* titration to pH 7 was done using an
automatic titrator (Radiometer) and Na*
and K* concentrations were measured by
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flame photometry (Radiometer FLM 3).
With these values and the corrected esti-
mates of volume the net fluxes for each of
the ions were calculated.

The first 30-min test period (Period 1) oc-
curred prior to stereotaxic surgery. Fol-
lowing the first test period one group of rats
(N = 7) was given bilateral LH lesions and
the second group (N = 5) was given control
brain surgery employing the same methods
described in Experiment 1. The remaining
six consecutive 30-min tests were con-
ducted immediately after stereotaxic
surgery. Differences for net fluxes and PD
values for each group were determined sep-
arately by comparing the results of
preoperative period 1 to the mean values
for the six postoperative test periods. A
paired ¢ test was used for statistical
analysis.

Results. Changes in PD values and ionic
fluxes are represented in Table 2. In the
control group no significant changes oc-
curred between the initial preoperative pe-
riod and the mean values for the six periods
following control brain surgery. In contrast,
the group receiving LH lesions exhibited a
small but significant decrease in PD (P <
0.01), significant increases in H* loss (P <
0.01) and Na* gain (P < 0.01), but no sig-
nificant change in K* gain. At the termina-
tion of the experiment stomachs of all rats
were examined postmortem. Control ani-
mals exhibited normal stomachs, however,

TABLE II. GAsTRIC TRANSMUCOSAL POTENTIAL
DiFFERENCE AND IoNIC FLUXES FOLLOWING
LATERAL HyroTHALAMIC (LH) LESIONS OR
CONTROL BRAIN SURGERY

Ionic fluxes

(neq/30 min)
30-min PD
periods (—mV) H7* loss Na* gain K+ gain
Control brain Surgery (N = 5)

1 423 25+10 105 2108
2t07 432 156 8§£5 20+0.5
LH Lesion (N = 7)

1 42 20x6 62 22=x05
2t07 41 +x2¢ 40x9¢ 183« 2.6=+09

“ P < 0.01, paired ¢ test. Difference between period
1 and mean values for periods 2 through 7 for each
group.
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petechial lesions and erosions and superfi-
cial bleeding were noted in two of the seven
rats with LH lesions. Since only two of the
seven test animals had gastric lesions but
even those without lesions in the stomach
showed significant reductions in PD and in-
creases in net H* and Na* fluxes, we con-
cluded that a reduction in barrier function
occurred in the gastric mucosa of animals
with LH lesions even before gastric ero-
sions and hemorrhages were grossly de-
tectable.

Discussion. The results of Experiment 1
demonstrated that propantheline,
cimetidine, and vagotomy, all of which are
known to reduce gastric acid output, effec-
tively reduced the incidence of gastric
mucosal damage after LH lesions. Previous
studies (3, 4) have shown that gastric acid
output is increased after LH lesions. It is
likely that at least part of the protective ef-
fects of propantheline, cimetidine, and va-
gotomy in our study were due to their antise-
cretory action. The present results also
suggest that a primary effect of LH lesions
is to produce an abrupt increase in
parasympathetic activity as indicated by
the occurrence of hypersalivation and
chromodacryorrhea and their inhibition by
the anticholinergic, propantheline.

Lindholm et al. (2) reported that within
24 hr LH lesions resulted in gastric ero-
sions. Experiment 2 demonstrated that
within 3 hr LH lesions induced small but
significant changes in gastric mucosal bar-
rier (GMB) functions which preceded or
were concomitant with the occurrence of
morphological damage in the gastric mu-
cosa. These changes in GMB functions may
be due to at least two factors. First, the
increased H* and Na* ion fluxes and the
modest reductions in PD could be due to
increased permeability of the gastric mu-
cosa (14—16). Secondly, the increase in H*
ion loss from the gastric contents could be
due to increased production of HCO, .

The flux and PD changes observed in the
present study are similar to those reported
by Kelly et al. (14) during the early stages
of progressive rupture of the gastric
mucosal barrier in dogs. Kelly and col-
leagues (14) also found in dogs, as we did in
rats, that at this early stage of barrier dam-
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age there is no significant increase in the
gain of K* ion to the contents. This occurs
later in the damaging process when mucosal
cells have begun to rupture. Werther and
Horowitz (17) have concluded that abnor-
mal gastric mucosal permeability to H* ion
may also play a pathogenic role in stress-
induced gastric ulceration. Thus, the mor-
phological similarities between stress-
induced (18) and LH lesion-induced gastric
ulceration may extend to similarities in the
mechanisms of their production.

The present findings indicate that LH le-
sions result in a powerful outflow of
parasympathetic (cholinergic) impulses.
Altamirano (19) and Garner and Flemstrom
(20) have demonstrated that cholinergic
drugs can increase the production of
HCO;,~ by the gastric mucosa. Although
HCO,; production by the gastric mucosa
was not tested in the present study, some of
the H* which disappeared from the gastric
contents of the rats examined may have
been due to neutralization by HCO,~ pro-
duced by the mucosa as well as back diffu-
sion across the mucosa. It is suspected that
both increased permeability and HCO4~
production occurred in the mucosa follow-
ing lateral hypothalamic lesions.

The results indicate that the changes in
the gastric mucosa are the consequence of
excessive neural outflow since the occur-
rence of gastric mucosal lesions were
blocked by vagotomy and an anticholiner-
gic. The suspicion appears justified that the
neural outflow liberated a paracrine sub-
stance or substances which affected the
mucosal cells directly or indirectly by
causing changes in blood flow.

Summary. Experiment 1 demonstrated
that gastric mucosal damage in rats induced
by lateral hypothalamic (LH) lesions could
be significantly reduced by antisecretory
doses of propantheline, cimetidine, and by
vagotomy, however, only propantheline
also prevented hypersalivation and
chromodacryorrhea. These results indicate
that a primary effect of LH lesions is to
produce an abrupt increase in parasym-
pathetic activity. Experiment 2 showed that
gastric mucosal barrier functions were al-
tered by LH lesions even before visible
defects of the mucosa were present. It is
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suggested that an increase in permeability
of the gastric mucosa may play an impor-
tant role in the pathogenesis of gastric ul-
ceration induced by hypothalamic damage.

10.

. Grijalva, C. V., Lindholm, E., Schallert, T., and

Bicknell, E. J., J. Comp. Physiol. Psychol. 90,
505 (1976).

. Lindholm, E., Shumway, G. S., Grijalva, C. V.,

Schallert, T., and Ruppel, M., Physiol. Behav. 14,
165 (1975).

. Davis, R. A., Brooks, F. P., and Steckel, D. C.,

Amer. J. Physiol. 215, 600 (1968).

. Wyrwicka, W., Exp. Neurol. 63, 293 (1979).
. Misher, A., and Brooks, F. P., Amer. J. Physiol.

211, 403 (1966).

. Smith, G. P., and Brooks, F. P., in ‘‘Progress in

Gastroeinterology” (G. B. Jerzy Glass, ed.), Vol.
2, p. 57. Grune & Stratton, New York (1970).

. Brodie, D., Marshall, R., and Moreno, O., Amer.

J. Physiol. 202, 812 (1962).

. Levine, R.J., and Senay, E. C., Psychosom.

Med. 32, 61 (1970).

. Robbins, R., Idjadi, F., Stahl, W., and Essiet, G.,

Ann. Surg. 175, 555 (1972).
Soll, A. H., and Walsh, J. H., Ann. Rev. Physiol.
41, 35 (1979).

11.

12.

13.

14.

19.
20.

533

Guth, P. H., Aures, D., and Paulsen, G., Gas-
troenterology 76, 88 (1979).

Schallert, T., Leach, L., and Braun, J. J., Physiol.
Behav. 21, 461 (1978).

Konig, J. F. R., and Klippel, R. A., *‘The Rat
Brain: A Stereotaxic Atlas of the Forebrain and
Lower Parts of the Brain Stem.”’ Williams & Wil-
kins, Baltimore (1963).

Kelly, D. G., Code, C. F., Lechago, J., Bugajski,
J., and Schlegel, J. F., Dig. Dis. Sci., 24, 424
(1979).

. Davenport, H. W., Warner, H. A., and Code,

C. F., Gastroenterology 47, 142 (1964).

. Ventura, U. L., Schlegel, J. F., LaForce, R. C.,

and Code, C. F., Amer. J. Physiol. 225, 33 (1973).

. Werther, J. L., and Horowitz, I., Proc. Soc. Exp.

Biol. Med. 154, 415 (1977).

. Manning, F.J., Wall, H. G., Montgomery, C. A.

Simmons, C.J., and Sessions, G. R., Physiol.
Behav. 21, 260 (1978).

Altamirano, M., J. Physiol. 168, 787 (1963).
Garner, A., and Flemstrém, G., Amer. J. Physiol.
234, 535 (1978).

Received July 27, 1979. P.S.E.B.M. 1980, Vol. 163.



