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Abstract

AIM: To explore the dynamic changes in the pressure of
the lateral ventricle during acute brainstem hemorrhage
and the changes of neural discharge of vagus nerve under
the load of intracranial hypertension, so as to analyze
their effects on the congestive degree of intestinal mucous
membrane and the morphologic changes of intestinal
mucous membrane.

METHODS: An operation was made to open the skull to
obtain an acute brainstem hemorrhage animal model.
Microcirculatory microscope photography device and video
recording system were used to determine the changes
continuously in the caliber of jejunal mesenteric artery
during brainstem hemorrhage and the changes with time
in the congestion of jejunal mucosal villi. We used HE
stain morphology to analyze the changes of duodenal
mucosal villi. A recording electrode was used to calculate
and measure the electric discharge activities of cervical
vagus nerve.

RESULTS: (1) We observed that the pressure of lateral
cerebral ventricle increased transiently during acute
brainstem hemorrhage; (2) The caliber of the jejunal
mesenteric artery increased during brainstem hemorrhage.
Analysis of red color coordinate values indicated transient
increase in the congestion of jejunal mucous membrane
during acute brainstem hemorrhage; (3) Through the
analysis of the pathologic slice, we found enlarged blood
vessels, stagnant blood, and transudatory red blood cells
in the duodenal submucous layer; (4) Electric discharge
of vagus nerve increased and sporadic hemorrhage spots
occurred in duodenal mucous and submucous layer, when
the lateral ventricle was under pressure.

CONCLUSION: Brainstem hemorrhage could cause

intracranial hypertension, which would increase the neural
discharge of vagus nerve and cause the transient
congestion of jejunal mucous membrane. It could cause
hyperemia and diffused hemorrhage in the duodenal
submucous layer 48 h after brainstem hemorrhage.
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INTRODUCTION

The normal function of  gastric juice is to digest food, but it
can cause ulcer through digesting the gastric and duodenal
mucosa. Gastric juice contains hydrochloric acid, which is a
strong acid with pH1.0. Hydrochloric acid can prevent
bacteria from breeding in stomach. The gastric mucosa is
covered with the mucus of gastric juice, which can prevent
the gastric mucosa from being digested. If the gastric mucosa
was directly digested by gastric juice, the mucosa can be
injured. Under stress, the discharge of  sympathetic nerve
and parasympathetic nerve will change, which will cause
changes in gastrointestinal motility, the secretion of gastric
juice, the mucosa blood stream, all of which are reasons
that cause the stress ulcer[1,2]. Usually, the meaning of stress
is emotional, such as agitation, anger, etc., under the irritable
environmental conditions breakthrough. They evoke the changes
of  the neural discharge of  autonomic nerve[3]. The stress
conditions in our experiment is brainstem hemorrhage[4-6].
The recovery of brainstem hemorrhage in different part
and extent has significant variation, which is determined by
the complex anatomic structure of brainstem[2,7-10]. The
reticular formations of  brainstem have many neurons, which
are related to visceral activities. It was reported recently
that the injury of the brainstem could cause a high incidence
rate of stomach mucosa hemorrhage[11,12]. Some literatures
also reported that the proportion of midbrain hemorrhage
in brainstem hemorrhage was 28%, which is higher than
10 years ago[13]. The recovery of brainstem hemorrhage is



related not only with the hematoma, but also with the body
conditions and complications of the patient[14]. Fatality rate
is high in a man who has the complications of stress
digestive tract ulcer with hemorrhages. The pathogenesis
of digestive tract stress ulcer bleeding, induced by brainstem
hemorrhage, was thought as the nerve and body fluid factors
acting on the gastric mucosa[4]. The changes of  vagus nerve
discharge during acute brainstem hemorrhage are not clear.
The aim of this research was to probe into the influence of
brainstem hemorrhage on the intestinal mucous, the
microcirculation of the mesentery, the regularity of the
electric discharge of  vagus nerve with the changes of
intracranial pressure under brainstem hemorrhage at
midbrain level, in order to guide the early diagnosis and
treatment of brainstem hemorrhage complicated with
digestive tract stress ulcer bleeding[12,15-19].

MATERIALS AND METHODS

Fifty male Japanese white rabbits with long ears (weighing
1.5-1.8 kg) were employed. Thirty rabbits of one group
were used to observe the changes in the pressure of  lateral
cerebral ventricle and the blood stream of the duodenal
mucosa and the jejunal mucosa, under the acute brainstem
hemorrhage. The other 20 rabbits were used to analyze the
changes of  neural discharge of  vagus nerves under the
intracranial hypertension (36 mmHg, 1 min). Urethane 25%
was used for intravenous anesthesia[20]. An operation was
made to open the skull at interparietal bone and 0.1 mL
blood of itself was injected into its brainstem to make the
acute brainstem hemorrhage animal model at the level of
inferior colliculus[21]. The hematoma was confirmed to
compress the aqueduct of midbrain through the general
dissection. Right lateral cerebral ventricle intubation was
employed to calculate and measure the dynamic pressure,
before and after the load of acute brainstem hemorrhage.
We used the recording electrode to calculate and measure
the changes of  neural discharge of  cervical vagus nerve
under the intracranial hypertension (36 mmHg, 1 min). We
used the software of the device, manufactured in Chengdu
device factory, RM6204B organism signal acquisition
processing system to measure the absolute value of an area
of  the nerve discharge activities wave[22].  Through the
absolute value of an area of the wave, we could analyze
the intensity of  the nerve electric activities. By setting a

single liminal value line to analyze the frequency of wave in
each time segment, we could analyze the electric activities’
intensity indirectly. Microcirculatory microscope photography
device and video recording system were used to determine
the changes continuously in the caliber of jejunal mesenteric
mini-artery and the changes with time in the congestion of
jejunal mucosal and duodenal mucosa during brainstem
hemorrhage[11] (microcirculatory image process system, made
in Optic Instrument General Factory of Xuzhou). The
duodenal biopsies of  normal and 12, 24, 48, 72 h after
brainstem hemorrhage were taken, and fixed with 20%
formalin, HE stained. We observed the morphologic changes
of mucous layer and submucous layer under light microscope
and oil immersion objective (magnification ×1 500).

We used paired t-test for statistical method-dependent
samples. P<0.05 was considered significant.

RESULTS

(1) We observed a stationary baseline wave (about 9 mmHg)
through lateral ventricle intubation, and intracranial pressure
increased rapidly after acute brainstem hemorrhage animal
model was made, which recovered subsequently, but the
pressure level was still higher than it was loaded before
(Figure 1); (2) The caliber of jejunal mesenteric artery
increased after the load of brainstem hemorrhage. Statistical
analysis showed a significant difference between pre-loaded
and loaded brainstem hemorrhage (Figure 2); we also
observed that the occurrence time sequence of  mesenteric
artery caliber dilation had individual difference. We analyzed
the congestion of jejunal mucosa in acute brainstem
hemorrhage by red color coordinate values, then we observed
that the congestion increased transiently during 30 s after
the load of hemorrhage (Figures 3A-D). The analysis of
paired t-test for dependent samples showed that the increasing
tendency was significant (Figure 4), and the time sequence
of the phenomenon above had the individual difference;
(3) We analyzed the intensity of  the nerve electric activities
through the absolute value of  an area of  the wave. We also
analyzed the discharge activities’ intensity indirectly by setting
a single liminal value line to calculate the frequency of
dischargeable wave in each time segment (Figures 5A-C).
We observed that the neural discharge of  vagus nerve
increased after intracranial hypertension; (4) Comparing the
pathologic slice of duodenal mucous membrane between
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Figure 1  Changes in the pressure of the lateral ventricle during
acute brainstem hemorrhage in rabbit.

Figure 2  Changes in caliber of jejunal mesentery small vessels
under the load of rabbit’s brainstem hemorrhage.
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and adventitia. Mucous layer and submucous layer protrude
into the intestinal lumens to form the plica. Many duodenal
glands can be seen in the connective tissue of the submucous
layer. Muscular layer consists of two layers of smooth
muscles, inner-ring and outer-vertical. Adventitia is the
plasma membrane. At present, it is considered that the
digestive tract ulcer is caused by the imbalance between the
attacking factors (gastric juice) that has the function of
digestion and the defense factors (mucus, mucosa, blood
stream of mucosa) that prevent the stomach and duodenum
from being digested[15,23-32]. In recent years, some experiments
emphasize that the bloodstream of duodenal mucosa and
the buffer capacity of mucosa endothelial cell are important
factors that protect mucosa cell from being injured;
experimental study of the stress ulcer shows that the nutrition
of gastrointestinal tract (such as glucose) can prevent the
stress ulcer[19]. The excessive breeding of the bacterium and
infection can influence the bloodstream of mucosa, and
weaken the gastric mucosal protective barrier function[29].
The balance can be broken by the stimulation from brain
through the action of  the autonomic nerve[22,33]. This type
of ulcer is not only a digestive disease, but also the result
that was comprehensively effected by multiple factors. The
occurrence is related to the disturbance of body neuroendocrine,
the weakness of gastric mucosal protective barrier function
and the augment of gastric mucosa injury factors[27,33,34]. It
was reported that the integrity of midbrain structure can
influence the hemodynamics during the hemorrhage,
according to the result of empirical studying in recent years.
In this experiment we investigated the upper gastrointestinal
stress ulcer bleeding, with the animal model of hemorrhage in

Figure 3  Changes of microcirculation of jejunal mucosa. A: Photograph of microcirculation of jejunal mucous membrane, 6 s before the load
of rabbit’s brainstem hemorrhage (×185); B: Photograph of jejunal mucous membrane, 10 min 26 s after the load of rabbit’s brainstem
hemorrhage; it showed the local congestion of villus mucosa (×185); C: Photograph of jejunal mucous membrane, 30 min 32 s after the load
of rabbit’s brainstem hemorrhage; it showed that the local congestion of villus mucosa had relieved (×185); D: Photograph of jejunal mucous
membrane, 40 min 46 s after the load of rabbit’s brainstem hemorrhage; it showed that the local congestion of villus mucosa had
ameliorated obviously (×185).

Figure 4  Paired t-test for red color coordinate mean values of
jejunal mucous membrane before and after rabbit’s brainstem
hemorrhage.

normal and 48 h after brainstem hemorrhage, we observed
that the duodenal submucous layer in normal rabbits did
not have dilated minute blood vessel and red blood cells
leaked out from capillary lumens to tissue space basically
(Figure 6A, B). Analyzing rabbit’s duodenum pathological
slices that are 48 h after brainstem hemorrhage, we found
that capillaries dilated in duodenal villi and duodenal glands,
red blood cells increased in lumens and leaked out from
capillary lumens to tissue space in local submucous layer
(Figures 6C, D).

DISCUSSION

Duodenal wall is usually divided into four layers structurally,
which are mucous layer, submucous layer, muscular layer,
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inferior colliculus (midbrain), and found that it could influence
the changes of bloodstream of the upper gastrointestinal
mucosa[11]. After the primary and secondary lesion in
brainstem, on one hand, the activities of sympathoadrenal
system reinforced, the secretion of catecholamine in vivo
had increased, the blood vessels in gastric mucosa contracted
intensely, which caused the injury of the gastric mucosa; on
the other hand, it stimulated the vagus nerve, which caused
the increased excretion of gastric acid and pepsin, thus it
aggravated the injury of  gastric mucosal barrier. In the
empirical study of  observing and measuring the changes

of bloodstream of gastroduodenal mucosa of shigellosis
patients’ biopsies by fluorescence microscopy, some
researchers found that there were microcirculatory changes
of  leukocyte movement and platelet aggregation in mucosal
blood vessels, and the injury of gastric mucosa was related
to the movement of leukocyte and platelet activation[30,31].
The proportion of midbrain hemorrhage in the brainstem
hemorrhage has increased in recent years. In our experiment,
we observed that the baseline of  intracranial pressure wave
increased in the acute brainstem hemorrhage. We thought
that it was caused by the local high intracranial pressure,

Figure 5  Comparison of electric discharge of vagus nerve. A: The comparison of the electric discharge of vagus nerve through analyzing the
absolute value of an area of wave form before and after the compression (from 4 to 40 s under the intracranial hypertension), and the neural
discharge of vagus nerve had increased after intracranial hypertension, n = 20, P<0.05; B: The comparison of the electric discharge of vagus
nerve before and during the first 4 s after the rabbit’s lateral ventricle compression. We analyzed the electric discharge frequency of the
dischargeable wave in each time segment by setting a single liminal value line, and the neural discharge of vagus nerve had increased after
intracranial hypertension; C: The comparison of the electric discharge of vagus nerve before the compression and during continuous
compression (from 4 to 40 s). We analyzed the electric discharge frequency of the dischargeable wave in each time segment by setting a
single liminal value line, and the neural discharge of vagus nerve had increased after intracranial hypertension.

Figure 6  HE stain of duodenal structure of rabbits. A: HE stain of normal rabbit’s duodenal villus. The minute blood vessel had not dilated
and red blood cells had not leaked out from capillary lumens; B: HE stain of normal rabbit’s mucous glands of duodenum. The minute blood
vessel had not dilated; C: HE stain of the rabbit’s duodenal villus, which were 48 h after brainstem hemorrhage. The capillaries had obviously
dilated and red blood cells had leaked out from capillary lumens; D: HE stain of the rabbit’s mucous glands of duodenum, which were 48 h
after brainstem hemorrhage. The capillaries had obviously dilated and red blood cells had leaked out from capillary lumens.
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the occupation of hematoma in the brainstem at the level
of inferior colliculus, and cerebrospinal fluid circulation
disorder through hematoma compressing in aqueduct of
midbrain. We also observed the reduction of  the duodenal
mucous membrane bloodstream, the dilatation of jejunal
mesentery arterioles, and the transient increase in the
congestion of jejunal mucous membrane in the early stage
of acute brainstem hemorrhage model. The changes of
bloodstream distribution were probably related to the changes
of  activities of  sympathetic nerve and parasympathetic
nerve[21]. It was indicated in a recent research that the
decrease of gastroduodenal mucosal bloodstream, which is
one of the important defense factors of mucosa, is related
to the lack of NO synthetase and endothelium-derived
relaxing factor in mucosal vascular endothelial cell[27]. The
vagus nerve of  rabbits initiates from the dorsal nucleus of
vagus, its truncus goes into pectoral cavity and abdominal
cavity through cervical part; it has branches which distribute
to stomach and intestines. We calculated and measured the
electric discharge activities of  cervical vagus nerve continuously.
It showed that the electric discharge of  vagus nerve
increased after intracranial hypertension. The average electric
discharge intensity of  vagus nerve increased rapidly during
the first 4 s after the beginning of compression (P<0.002).
Compared with the level before the compression of lateral
ventricle, it also had significant increase during the 40 s
followed (P<0.002). It implies that the factor of intracranial
pressure should be considered in the mechanism of
brainstem hemorrhage combined with the changes of
digestive tract bloodstream. The intracranial hypertension
could excite the vagus nerve to increase its electric discharge
and influence the bloodstream of duodenum, jejunal
mesentery and mucosa. Pathological slices, 48 h after acute
brainstem hemorrhage, were analyzed and showed that there
was a significant congestion of blood capillary in the
duodenal villi and duodenal glands; some red blood cells
leaked out into tissue space of submucous layer. These
pathological changes are possibly the pathological basis of
upper gastrointestinal hemorrhage caused by the stress ulcer
in the condition of brainstem hemorrhage. It was reported
that the weak stimulation of  vagus nerve can cause the
inhibition of intestinal movement; it was also reported that
the vagotomy in the gastric mucosa can cause the reduction
of gastric acid secretion. In this experiment, we found that
the activity of  vagus nerve has increased after the brainstem
hemorrhage, and so we consider that the secretion of gastric
acid should increase. We observed that the bloodstream of
duodenal mucosa has decreased 20 s after the brainstem
hemorrhage, and the minute blood vessel of duodenal
mucosa, submucosa has obviously dilated and congested
after the brainstem hemorrhage, for example, at 48 h after
the brainstem hemorrhage. The stress ulcer with brainstem
hemorrhage may relate to the activity of  autonomic nerve
and the blood stream of mucosa.
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