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Abstract

The effects of dorsomedial hypothalamic (DMH) nucleus lesion acey words
body weight, plasma glucose levels, and the gastric emptying of @astric emptying
liquid meal were investigated in male Wistar rats (170-250 g). DMHHypothalamus
lesions were produced stereotaxically by delivering a 2.0-mA currerfporsomedial nucleus
for 20 s through nichrome electrodes (0.3-mm tip exposure). In@" """ """
second set of experiments, the DMH and the ventromedial hypotha-

lamic (VMH) nucleus were lesioned with a 1.0-mA current for 10 s

(0.1-mm tip exposure). The medial hypothalamus (MH) was also

lesioned separately using a nichrome electrode (0.3-mm tip exposure)

with a 2.0-mA current for 20 s. Gastric emptying was measured

following the orogastric infusion of a liquid test meal consisting of
physiological saline (0.9% NaCl, w/v) plus phenol red dye (6 mg/dl) as

a marker. Plasma glucose levels were determined after an 18-h fast

before the lesion and on the #hd 15th postoperative day. Body

weight was determined before lesioning and before sacrificing the

rats. The DMH-lesioned rats showed a significantly faster (P<0.05)

gastric emptying (24.7% gastric retention, N = 11) than control (33.0%

gastric retention, N = 8) and sham-lesioned (33.5% gastric retention,

N = 12) rats, with a transient hypoglycemia on thepégtoperative

day which returned to normal by the 15th postoperative day. In all

cases, weight gain was slower among lesioned rats. Additional experi-

ments using a smaller current to induce lesions confirmed that DMH-

lesioned rats had a faster gastric emptying (25.1% gastric retention, N

=7) than control (33.4% gastric retention, N = 17) and VMH-lesioned

(34.6% gastric retention, N = 7) rats. MH lesions resulted in an even

slower gastric emptying (43.7% gastric retention, N = 7) than in the

latter two groups. We conclude that although DMH lesions reduce

weight gain, they do not produce consistent changes in plasma glucose

levels. These lesions also promote faster gastric emptying of an inert

liquid meal, thus suggesting a role for the DMH in the regulation of

gastric motility.
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Introduction group of rats. In the latter two experimental
sets only gastric emptying was determined.

The digestive-absorptive process is de-

pendent on the interplay between gastrignimals

emptying and small intestine movements.

Changes in gastric emptying or intestinal Adult male Wistar rats (170-250 g) were

digestion may result in the malabsorption ofsolated in individual cages for three days

nutrients leading to malnutrition (1). Gastricbefore experimental manipulation. The ani-

emptying is regulated by motor and secremals were housed under controlled tempera-

tory activities of the fundus, body and an-+ure and lighting conditions, with free access

trum of the stomach (2), which may beto standard rat chow (Labina, Purina, Cam-

influenced by stressful stimuli (3). In apinas, Brazil) and water.

previous paper, we demonstrated that lesion

of the paraventricular nucleus (PVN) blockedurgical procedures

the effects of stressful stimuli on gastric

emptying in rats (4). These observations After an 18-h fast, the rats were anesthe-

led us to reason that other nuclei might alstized with pentobarbital (70 mg/kg) and bi-

be involved in the neuronal circuitry regulat-ateral electrolytic lesions of the DMH and

ing gastric emptying. Since lesion of theMH were produced by delivering a 2.0-mA

dorsomedial hypothalamic (DMH) nucleuscurrent for 20 s through an insulated nichrome

reduces weight gain and retards growtlelectrode (0.7 mm in diameter and 0.3-mm

(5), we investigated the involvement oftip exposure) placed stereotaxically into the

this nucleus in the control of gastric emptynucleus using the following coordinates: in-

ing. cisor bar 3 mm below the interaural line;
antero-posterior (AP), 3.3 mm posterior to

Material and Methods the bregma; lateral (L), £0.6 mm from the
sagittal suture for the DMH lesion and +0.9

Experimental design mm for the MH; vertical (H), 9.0 mm from

the dura for the DMH and 9.6 mm for the
Two sets of experiments were performedviH (6). In restricted lesions of the DMH and

to evaluate the role of the DMH nucleus inVMH nuclei, the nichrome electrode (0.1
gastric emptying. In the first set, the DMHmm in diameter and 0.1-mm tip exposure)
nucleus was lesioned electrolytically using avas introduced with the following stereo-
monopolar nichrome electrode (0.7 mm irtaxic coordinates: for the DMH, the same
diameter and 0.3-mm tip exposure). Gastricoordinates as in the previous experiment
emptying, body weight and plasma glucosevere used, while for VMH lesions, L was
levels were measured before and after0.8 mm from the midline and H was 10.0
lesioning. In the second set, the DMH andnm from the dura (6). The electrolytic le-
ventromedial hypothalamic (VMH) nuclei sions were produced with a 1-mA current for
were lesioned with a small electrode (0.110 s. The sham-lesioned rats underwent ste-
mm in diameter and 0.1-mm tip exposure) imeotaxic placement of the electrode 2.0 mm
order to produce restricted lesions in théelow the dura without any passage of cur-
nuclei. In order to assess the influence afent. All operated animals were allowed to
lesions occurring outside the DMH nucleusecover from surgery for at least 15 days
when the 0.3-mm tip electrode was usedyefore being used for gastric emptying stud-
complementary lesions of the medial hypoies. Control rats were kept in their home
thalamus (MH) were produced in a separateages during this period.
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Blood collection (9). At the end of the experiment, the rats
were sacrificed by ether inhalation.

In the first set of experiments, blood
samples were collected from a tail vein beHistology
tween 9:00 and 11:00 a.m. one day before

surgery and 7 and 15 days after surgery. The To determine the site and extension of
plasma glucose levels were subsequentiye lesions, the brains were fixed in buffered
determined by a colorimetric glucose oxiformalin and embedded in paraffin and 40-

dase method. pm thick coronal sections were cut and
stained with hematoxylin-eosin. At the end
Body weights of each experiment, the stained sections were

carefully compared with diagrams in the
Body weights were determined one daatlas of Paxinos and Watson (6). Only data
before surgery and 15 days after surgeryrom rats with bilateral lesions restricted to
immediately before the determination of gasthe DMH or VMH (two rats presented small
tric emptying at 1:00 p.m. The rats weredorsal arcuate lesions) were included in the
weighed on an Ohaus precision scale faanalysis. The MH lesions damaged the DMH,
small animals. VMH, the perifornical area and the lateral

hypothalamus (LH) (Figure 1).

Gastric emptying
Statistical analysis
Gastric emptying was measured by a pre-

viously described technique (7,8) using a Single factor analysis of variance
test meal of 0.9% (w/v) physiological saline(ANOVA) and the Newman-Keuls test (10)
containing phenol red (6 mg/dl) as a markenvere used to analyze the data with the level

The experiments were carried out betweeaf significance set at P<0.05.

1:00 and 5:00 p.m. The rats received the test .

meal (2 ml/100 g body weight) orogastrically 3y DA \:’—’,’
after a 20-h fast during which only water was \
available. After administration of the test™\ F—mm ,~
meal, the rats were returned to their cages fQr

8.5 min. Control rats remained in their cages\ R C \
\
B -\

for a similar period of time. Subsequently,
the rats were anesthetized with ethyl ethey; | (¢
(60 s) and their stomachs were exposed I | \\-~~—
laparotomy and clamped at the pylorus for \\\: -
30 s and the contents were recovered w
aspiration and washing. The phenol red cor=gg VM
centration, as a percentage of the gastricr T 1 1T T T T
contents (percent gastric retention, % GR) 0 DMH
10 min after orogastric administration, was

used to indirectly evaluate gastric emptying

(7). This evaluation is considered techni-

cally correct for gastric motility when the

test meal is physiological saline since there
is no activation of intestinal receptors anc£

1123

N Minimum extent

E Maximum extent

igure 1 - Diagram of rat brain coronal sections showing the minimum and the maximum
) . - ~ xtent of lesions in the dorsomedial hypothalamic (DMH) nucleus, ventromedial hypotha-
hence no interference with gastric functionamic (vMH) nucleus and medial hypothalamus (MH).
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Results tion which was significantly higher (P<0.05)
than that observed in the other groups.
Table 1 shows the body weight and plasma
glucose levels before and after surgery. ThBiscussion
percent body weight increase in DMH-
lesioned rats was significantly lower than in  Gastric emptying is a physiological pro-
the control rats, and the latter showed valuesess probably regulated by several hypotha-
similar to those for the sham group. At 7 daytamic nuclei. Based on the interplay between
after surgery, the lesioned rats had signifithe paraventricular and the DMH nuclei, we
cantly lower plasma glucose levels than thaypothesized that the DMH nucleus may be
control and sham groups. By 15 days aftenvolved in this regulation. Under condi-
surgery, the glucose levels in the lesionetions of cold-restraint stress, vagal non-adre-
rats were similar to those of the control anehergic and non-cholinergic fibers have a re-
sham groups and significantly higheraxing effect on the stomach (11,12) while
(P<0.05) than in lesioned rats 7 days afterholinergic fibers have a stimulatory effect
surgery. The results for gastric emptying aren small intestinal movements (13). The PVN
presented in Figure 2. The DMH-lesionedn these circumstances has been reported to
group had a significantly (P<0.05) loweractivate both divisions of autonomic out-
gastric retention (24.7 = 1.8% GR) com-flow (14). Our study with PVN lesions dem-
pared to the control (33.0 £ 2.1% GR) andnstrated that non-stressed rats with such
sham-lesioned (33.5 £ 0.1% GR) rats; théesions showed the same response as those
values for the latter two groups were similarsubjected to cold-restraint stress (4). This
In the second experiment, only gastricsimilarity in response may reflect an increased
emptying was measured since we simplactivity of vagal non-adrenergic and non-
wished to confirm the results of the firstcholinergic fibers (11,12) or a diminished
experiment using smaller lesions. The reactivity of cholinergic fibers since vagotomy
sults are shown in Figure 3. The two ratblocked this effect (4). In the present study,
with VMH and dorsal arcuate lesions werea typical electrolytic lesion of the DMH
included because their gastric retention wagestroyed the nucleus bilaterally, although a
the same as that of rats with only VMHsmall portion of the ventromedial, periforni-
lesions. The control and VMH-lesioned ratxal and dorsal regions of the arcuate nucleus
had similar levels of gastric retention whichwere damaged in four animals. As illustrated
were significantly higher (P<0.05) than thosen Figure 2, lesioned rats had a faster gastric
of DMH-lesioned rats. Damage to a largeemptying compared to sham and control ani-
portion of the MH resulted in a gastric retenmals. The surgical procedure apparently did

Table 1 - Increase in body weight and glucose levels in control (C), sham- (Sh) and DMH-lesioned (L) rats.

Data are reported as mean = SEM for the number of rats given in parentheses. *P<0.05, Cvs L; **P<0.05, L vs C and Sh;
*P<0.05, 7 days after surgery vs 15 days after surgery (Newman-Keuls test).

Group Weight Weight Glucose levels (mg/dl)
difference (g) increase (%)

1 day before surgery 7 days after surgery 15 days after surgery

Control 173.5-291.0 (8) 38.1 + 2.6 96.8 + 12.3 (8) 99.5 + 7.9(8) 116.0 = 5.5(7)
Sham 201.0-255.5 (12) 276 = 4.0 86.3 + 2.9(12) 925 + 4.8(12) 113.1 £ 3.2(12)
Lesioned 235.0-266.4 (11) 149 + 6.5* 83.1 £ 3.3(11) 74.0 + 3.2 (11)** 104.0 = 8.7 (11)*
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not interfere with gastric emptying since the
control and sham values were not statisti-
cally different. In view of the destruction of
small portions of the perifornical and arcu-
ate regions of the VMH nucleus, we exam-
ined gastric emptying in rats in which the
lesions were restricted to the DMH and VMH
nuclei. Figure 3 shows that gastric retention
was similar after the two types of lesions,
thus confirming that small lesions of the
VMH and/or of the VMH + arcuate nuclei
did not interfere significantly with the re-
sults. This finding is corroborated by the
observation that VMH lesions resulted in a
gastric retention similar to that of control
rats (Figure 3). The destruction of a large
portion of the MH, thereby damaging the
DMH, VMH, the perifornical area and the
LH, resulted in pronounced gastric retention
(Figure 3) and reinforced the effects ob-
served with DMH lesions. Since the VMH
and the dorsal arcuate nuclei do not influ-
ence the regulation of gastric emptying, it
remains to be determined which nucleus or
nuclei are responsible for the effect of MH
lesions. It is well known that the intra-PVN
administration of corticotrophin releasing
factor (CRF) in rats produces all the symp-

Gastric retention (%)
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Gastric retention (%)
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Figure 2 - Percent gastric reten-
tion of a liquid meal (0.9% NaCl,
w/v) 10 min after orogastric
administration. Each column
indicates the mean + SEM of the
number of rats given in paren-
theses. C, Control; DMH-L, dor-
somedial hypothalamic nucleus-
lesioned rats. *P<0.05 com-
pared to control and sham
groups (Newman-Keuls test).

Figure 3 - Effect of hypothalamic
lesions on the gastric retention
of aliquid meal (0.9% NaCl, w/v)
10 min after orogastric adminis-
tration. The lesioned structures
were the dorsomedial (DMH)
and ventromedial hypothalamic
(VMH) nuclei and the medial hy-
pothalamus (MH). Each column
indicates the mean + SEM of
the number of rats given in pa-
rentheses. *P<0.05, DMH vs C
and VMH; MH vs C, VMH and
DMH (Newman-Keuls test).

toms of emotional stress (15), including aand resulted in diminished gastric retention.
high gastric retention (14) similar to thatDMH lesions have been reported to alter
seen with MH lesions. Whether the highdiurnal feeding and weight gain cycles (18).
gastric retention observed reflected PVNsimilarly, the rats employed in the present
activation was not determined. The blockstudy showed hypoactivity and loss of appe-
age of GABA, receptors in the DMH nucleus tite along with faster gastric emptying of a
produces symptoms similar to those of emdiquid meal. The latter effect possibly re-
tional stress (13) since the PVN is the maifiects the diminished stimulation of vagal
hypothalamic nucleus that regulates stression-adrenergic and non-cholinergic fibers
related events (16). Considering the recentlgr an increased parasympathetic activity. The
described interconnections between th®MH nucleus is involved in the regulation
DMH and PVN (17), it is possible that theof ingestive behavior (19). Thus, the slower
blocking of GABA, receptors in the DMH weight gain of DMH-lesioned compared to
may activate the PVN and lead to the sympsham-lesioned and control rats (Table 1)
toms of emotional stress (13) in a mannemay reflect an altered ingestive behavior
similar to the intranuclear injection of CRF,coupled with a loss of appetite following the
thereby altering gastric emptying (14). Orlesion. With regard to glucose levels, only a
the other hand, lesioning only the DMHtransient decrease was observed in the
removed one of the activators of the PVNesioned rats on the 7th postoperative day

Braz J Med Biol Res 30(9) 1997
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(Table 1) which returned to normal (control)DMH is not the only structure responsible
values by the 15th postoperative day, irior this activation. The DMH is likely to be
agreement with data reported in the literaan important element along with the PVN in
ture (5). The reason for the decrease in gla more complex neuronal circuitry in which
cose levels on the 7th day is unclear, but maye locus coeruleus also plays a role (21).
be associated with a transient hypophagi@he above results support the suggestion
and/or atransient mild hyperinsulinemia (20)that there is a fine balance between the DMH
Thus, the DMH appears to be involved in thand PVN in the regulation of gastric motility.
maintenance of weight gain but has no defiFurther studies are needed to clarify the in-
nite effect on plasma glucose levels. Basetérplay between these two regulators and
on the results obtained for rats with VMH ortheir role in the digestive-absorptive pro-
VMH + arcuate nucleus and/or MH lesionsgcess.

we conclude that the VMH and dorsal por-
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