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Abstract: Central projections of vagal motoneurons to the heart were studied in diabetic rats using
Wheat germ Agglutinin-Horseradish peroxidase (WGA-HRP). Experimental rats were rendered
diabetic by intraperitoneal injection of streptozotocin in citrate buffer. The diabetic rats were
maintained in a stable diabetic state by daily injection of insulin for 24 weeks. Age-matched control
rats were injected intraperitoneally with citrate buffer not containing streptozotocin. Control rats were
also kept alive for 24 weeks after citrate buffer injection. At the end of 24 weeks the two groups were
prepared for injection with WGA-HRP. Following anesthesia with sodium pentobarbitone,
thoracotomy was performed on the left aspect of the thorax to expose the heart. The atrial and
ventricular walls were then injected with 5% WGA-HRP by multiple intramuscular penetrations.
Experimental and control rats were sacrificed 72 h after tracer injection by transcardial perfusion first
with normal saline followed by fixative and then buffered sucrose. Transverse serial frozen sections of
the brainstem were then taken and processed for WGA-HRP neurohistochemistry and analyzed under
light and dark-field microscopy. Analysis of the sections taken from diabetic rats revealed fewer
WGA-HRP labeled neurons in the nucleus ambiguus (nA) than sections taken from control rats.
Sporadic labeling of the dorsal motor nucleus of the vagus nerve was observed in control rat but not in
the diabetic rats. It was concluded that the depletion of labeled neurons in the diabetic rats compared
with the normoglycaemic rats is indicative of impairment of retrograde neuronal transport of WGAHRP in chronic diabetic state.
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glucose, fructose and sorbitol in the vagus nerve as well
as abnormal plasma lipoprotein concentrations[7].
Cardiovascular dysfunctions associated with diabetes
have been reported to include amongst others,
microvascular lesions affecting the entire vasculature of
the body, cardiac arrhythmias, impaired arterial
baroreflex functions and orthostatic hypotension[1,8-10].
Vagal lesions of chronic diabetes have also been
shown to be accompanied by impairment in the
neuronal transport capabilities of the vagus nerve[5,11].
Whereas the impairment in the ability of the vagus
nerve to transport target tissue-derived endogenous
material such as NGF and NT-3 has been demonstrated
in the diabetic rat, no change was recorded in the
content of these materials in the vagally innervated
organs studied[11]. Thus alteration in the concentration
of tissue-derived materials cannot be held responsible
for the observed impaired transportation in the nerve.

INTRODUCTION
Diabetic-induced peripheral neuropathy is a
significant complication resulting in increased patient
morbidity and mortality. Several body systems are
known to be implicated in this metabolic disorder in
which cardiovascular complications are known to be
the commonest causes of sudden death of patients.
Visceral lesions associated with this disorder are often
induced by disorders of the autonomic nervous system
i.e., diabetic autonomic peripheral neuropathy which is
commonly characterized by derangement in
cardiovascular,
gastrointestinal
and
respiratory
systems[1-4].
Earlier studies have shown that vagal lesions in
chronic STZ-induced diabetes were caused by
hyperglycemia of diabetes[5,6] and are associated with
increased amount of metabolic markers which include
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level was monitored on a weekly basis throughout the
duration of the experiment. Control rats were injected
in the same manner as the experimental rat with the
same volume 100 mM of citrate phosphate buffer (not
containing STZ), pH 4.5. Blood glucose level of control
rats was also measured 24 hours after the injection to
confirm a normoglyceamic level of <200 mg dL−1. This
was also measured weekly throughout the duration of
the experiment to ascertain normoglycaemic status of
control rats.
At the end of 24 weeks, six experimental and six
control rats, which survived this phase of the
experiment, were selected for treatment with WGAHRP. For surgical exposure of the heart, each rat was
anaesthetized with an intraperitoneal injection of
sodium pentobarbitone (Sagatal, May and Baker,
Dabenham) in a dose of 60 mg kg−1 body weight. A left
lateral thoracotomy along the third intercostal space
was then performed to expose the sternocostal surface
of the heart. With the aid of a 100 microlitre Hamilton
syringe with a G31 gauge needle, 0.1 ml of 5% WGAHRP in 0.5M sodium chloride was injected by multiple
penetrations into the muscular coat of the atrial and
ventricular walls of the heart care being taken to avoid
injection of tracer into the cardiac cavities. Following
each muscular injection, the injection site was pressed
firmly with sterile gauze for 2 min to prevent tracer
leakage into the pericardial sac.
After the injections the heart was wiped with sterile
gauze and the thoracotomy incision closed in layers.
The rats were then kept in a warm environment until
recovery from anesthesia. Diabetic and control rats
were anesthetized 48-72 h after tracer injection and
subsequently perfused transcardially first with normal
saline followed by a fixative containing 1%
paraformaldehyde and 1.25% glutaraldehyde in 0.1M
phosphate buffer, pH 7.4 at room temperature and
finally with 10% buffered sucrose at 4°C.
Transverse serial frozen sections of the brainstem,
40 µ in thickness were then taken and processed for
WGA-HRP neurohistochemistry, using the modified
Tetramethyl benzedene procedure recommended by
Mesulam[16-17]. The sections were then analyzed under
light and dark-field microscopy. Cell counting was
done with the aid of a calibrated cell counting chamber.
Only cells with distinct margin and in which the blueblack reaction products of TMB/WGA-HRP were seen
were regarded labeled and counted.

Since a healthy living neuron is actively involved
in the transport of materials between the axonal
terminals, dendrites and the cell body, it has been
hypothesized that neuronal functional abnormalities
such as observed in the diabetic state are accompanied
by disruptions in the mechanism of neuronal transport
in the affected vagus nerve. This hypothesis is
supported by the demonstration of impairment of
anterograde and retrograde transport of NGF,
neurotrophins and the neuronal tracer, Fluorogold in the
vagus nerve of STZ-induced chronic diabetic states[5,11].
Furthermore since investigations have shown that the
reduction in the rate of neuronal transport of
endogenous neurotrophins in the vagus nerve of
streptozotocin-induced diabetic rats is not accompanied
by reduction in the target tissue content of
neurotrophins[11], it is quite logical to infer that the
impairment of neuronal transport is; (a) of neuronal
origin and (b) impacted upon by the integrity of the cell
bodies of origin of vagal nerve fibres.
While reduced neuronal transport in the diabetic rat
could be due to impairment of transport mechanism, it
could also emanate from loss of vagal neurons as a
direct metabolic effect of hyperglycaemia of diabetes.
The effects of diabetes on various organs innervated by
the vagus nerve have been studied in various
species[4,6,11-15].
To date there are very limited studies on the role of
the vagus nerve in diabetic cardiopathy. The paucity of
literature on this subject motivated the present study
which was designed to determine the effect of STZinduced diabetes on the retrograde transport of a
sensitive neuronal tracer, WGA-HRP by cardiac
preganglionic parasympathetic vagal nerve fibres in the
rat.
MATERIALS AND METHODS
Adult male and female Sprague-Dawley rats
weight range between 200 and 300 gm were used for
the study. These were divided into two groups
(Experimental and Control). The experimental rats were
injected intraperitoneally with STZ in a dosage of
60mg/kg in 0.05 molar sodium citrate buffer at pH 4.5
after light anaesthesia with ketamine/xylazine.
Twenty-four hours after STZ injection blood
glucose levels were measured from tail-prick blood
sample to confirm induction of hyperglycemia with
blood glucose level of >200 gm dL−1. The diabetic rats
were subsequently treated with lent insulin at a daily
dosage of 2-3IU/100G body weight to maintain a steady
level of blood glucose between 200-300 gm dL−1 for a
period of 24 weeks. Experimental rats’ blood glucose

RESULTS
Analysis of sections taken from the brainstem of
diabetic and non-diabetic rats revealed the presence of
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of labeled neurons counted in the non-diabetic rats.
While the section containing the maximum number of
labeled cells in the control rat had 50 labeled cells (left
and right sides added) Fig. 1, comparable section in the
diabetic rat had only 12 cells (Fig. 2). Sporadic labeling
of neurons was also observed in the DMNV of
controlled rats. While some sections had no labeled
neuron at all, some had a maximum of two labeled
neurons (Fig. 1). This nucleus was completely devoid
of labeled neurons in the Diabetic rats.
DISCUSSIONS

Fig. 1: Photomicrograph of a representative transverse
section taken from the medulla oblongata of a
non-diabetic (Control) rat, demonstrating WGAHRP labeled neurons (colored black) in the
nucleus ambiguus following injections of WGAHRP into cardiac wall. (Observe the sparse
labeling of the DMNV). nA. Nucleus ambiguous
in the ventrolateral aspect of the medulla
oblongata Dorsal motor nucleus of the vagus
nerve (DMNV). Magnification = (X200).

The nucleus ambiguus in the medulla oblongata,
one of the sources of vagal nerve fibres has been shown
to project to the heart in several earlier studies in most
animal species[18-30]. The robust labeling of this nucleus
in the present study was therefore not surprising as it
was anticipated and consistent with previous studies in
healthy animal species. It is however very remarkable
that fewer labeled neurons were observed in this
nucleus in diabetic compared with non-diabetic rats.
Since both groups of rats i.e., diabetic and non-diabetic
were subjection to the same experimental procedures it
appears logical to attribute the difference in the results
of the present study to the diabetic state of the
experimental rats. The result of the present study is also
consistent with earlier reports in which depletion of
labeled vagal neurons were observed following tracer
injections of vagally innervated organs of diabetic
rats[11,31]. The result of the present study is also in
agreement with that of Hellweg et al. and Lee et al.[5] .
Both groups of investigators had independently
demonstrated impairment of neuronal transport of
tissue-derived endogenous materials such as Nerve
Growth Factor (NGF) and neurtrophin-3 (N-3) by the
vagus nerve in diabetic rats. Both groups of authors had
also implicated impairment of neuronal transport in the
pathogenesis of diabetic neuropathy.
Several neurotrophic mechanisms and axonal
transport systems of the neuron are implicated in the
transport of neuronal tracer by neurons. Derangement
of these systems by the metabolic disorder associated
with chronic diabetes could be responsible for the
depletion of labeled vagal neurons observed in the
diabetic rats in the present study.
The depleted labeling observed in this and previous
studies could also have arisen from the reduction in the
availability of the injected tracer to the nerve terminal
either as a result of degeneration of vagal efferent
terminals or localized cardiac lesions associated with
diabetes[1,8,9]. On the other hand, diabetic-induced
impairment of uptake of the tracer through the

Fig. 2: Photomicrograph of a representative transverse
section taken from the medulla oblongata of a
STZ-induced diabetic rat demonstrating WGAHRP labeled neurons (colored black) in the
nucleus ambiguus of the vagus nerve following
injections of WGA-HRP into cardiac wall.
Observe the reduction in the population of
labeled neurons in this micrograph compared
with Fig. 1. nA. Nucleus ambiguus in the
ventrolateral aspect of the medulla oblongata.
Magnification = (X400).
Blue-black reaction products of WGA-HRP/TMB
(Tetramethyl Benzedine) in neurons of the nucleus
ambiguous (nA). Labeled neurons were bilaterally
distributed along the entire rostrocaudal extent of the
nA in both groups of rats (Fig. 1 and 2). The numbers
of labeled neurons counted in the nA of the diabetic rats
were also found to be significantly less than the number
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2.

processes of endocytosis and internalization could also
have been responsible for the impairment of retrograde
transport of tracer observed in the present study.
Furthermore, alterations in sorbitol-polyol pathway
and/or oxidative stress which have been demonstrated
to be responsible for impairment of neuronal transport
in other nerves[11,32-35] may also account for the
observed impairment of neuronal transport in the vagus
nerve in the present report.
Neurofilaments/tubulin components of the neuron
which are critical to axonal transport could also be
directly affected by the hyperglycaemia associated with
diabetes or indirectly by the impairment of access to
neurotrophins in the diabetic state[1,36-37]. An earlier
electron microscopic study by Tay and Wong has also
demonstrated degenerative changes in the DMNV in
diabetic rats[6]. Thus direct neuronal loss in the nucleus
ambiguus could not be ruled out as the likely cause of
the depletion in the number of labeled neurons in the
present study.
The weak labeling of the DMNV in the control rat
and the total absence of labeled neurons in the diabetic
in the study are quite consisted with the information
obtained from earlier studies of healthy experimental
animal species which had all indicated that the nA is the
principal source of cardiac vagal fibres[23,26] .
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CONCLUSION
9.

In conclusion, the present study has provided
evidence of impaired neuronal transport in cardiac
vagal nerve in diabetic rat and suggested underlying
mechanisms of the impaired neuronal function. Further
investigations at the peripheral and central ends of the
vagal system are required to determine the precise
mechanisms of the defective neuronal functions.
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