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ANIMAL STUDIES OF THE FACIAL NERVE FIBER COMPOSITION
AND THE CELLULAR AND HUMORAL IMMUNE RESPONSE IN
BELL'S PALSY PATIENTS

A. By using the horseradish peroxidase technique it
has been demonstrated that peripheral facial nerve
branches to the mimetic muscles contain randomly
distributed motor fibers and also sensory and sym-

pathetic fibers (studies I-IV).

I. A Procedure for Studying the Organization of
Peripheral Nerves with Horseradish Peroxidase
Demonstrated on the Facial and Hypoglossal

Nerves in Rat.

The intraaxonal transport of horseradish peroxidase,
applied to the proximal stump of different
transected hypoglossal and facial nerve branches,
was used to label fibers in the hypoglossal main
trunk and 1in the interatemporal portion of the
facial nerve in the rat. By using tetramethylben-
zidine as a substrate, numerous heavily labeled
fibers are obtained. In longitudianl sections the
arrangement of fibers can be studied for 1long
distances. From these sections, sites of specific
interest can be further examined in transverse-like
constructions of the nerve. Thus, the procedure de-
scribed offers a convenient way of analyzing the

intrinsic organization of peripheral nerves.



II. Motor Fibre Organization in the Intratemporal
Portion of Cat and Rat Facial Nerve Studied

with the Horseradish Peroxidase Technique

The intra-axonal transport of horseradish peroxidase
(HRP) was used to label fibres in the intratemporal
facial nerve portion (ITFN) in the rat and cat. HRP
was applied to the proximal cut end of facial nerve
branches innervating different facial muscle.

Following appropriate survival periods, the animals
were fixed by perfusion. The ITFN was processed
histochemically for demonstration of intra-axonal
HRP, using tetramethylbenzidine as substrate. The
distribution of 1labelled fibres was analyzed 1in
serial 1longitudinal sections and 1in photographic
transverse-like reconstructions from three selected
levels. HRP-labelled fibres from all examined motor
branches were found to be diffusely distributed
almost throughout the entire ITFN, leaving only a
narrow zone free of label. By applying HRP to the
chorda tympani nerve, it as shown that this zone
harbours fibres of this nerve. The findings support
the conclusion that the motor fibres to the facial

muscles are diffusely organized in the ITFN.

IIT. Distribution of Sensory Ganglion Cells

Intervaling Facial Muscles in the Cat

The question of a possible sensory component in
branches of the facial nerve innervating facial

mimetic muscles in the cat was examined by the



technique of retrograde axonal transport of
horseradish poroxidase (HRP). HRP was applied to
the proximal cut end of facial nerve branches
innervating different facial muscle groups.
Following survival periods of 71-75 h the animals
were fixed by perfusion. Certain craniospinal
sensory ganglia and the brain stem were processed
histochemically for demonstration of HRP.
HRP-labelled cell bodies, structurally resembling
sensory neurons, were consistently observed 1ipsil-
aterally 1in the geniculate and proximal vagal
ganglia and under certain conditions in the
trigeminal ganglion. IMeasurements of HRP-labelled
neurons in the geniculate and proximal vagal ganglia
showed a wide size range but a unimodal size
distribution with peaks 1in the small size range.
These findings support the view that facial nerve
branches innervating the mimetic muscles contain

different types of sensory fibers.

IV. An HRP Study of the Central Course of Sensory
Intermediate and Vagal Fibers 1in Peripheral

Facial Nerve Branches in the Cat

Previous studies have shown that sensory fibers of
intermediate and vagal nerve origin are present in
facial nerve branches to the mimetic muscles in the
cat. In the present study the central course of
these fibers has been examined by transganglionic
trasnport of horseradish peroxidase (HRP). In some

of these experiments the facial nerve proper was



transected central to the site of HRP application.

In this way, the central course of the vagal fibers
could Dbe studied separately. izFOP comparison
HRP-conjugated wheat germ agglutinin was 1injected
into the geniculate ganglion, revealing the central
course of the entire afferent component of the
intermediate nerve. The results show that labeled
sensory intermediate nerve fibers, at their level of
entrance in the brainstem, form a tract at the
dorsal margin of the spinal trigeminal tract (5T).

While some fibers ascend from this 1level to
terminate in the main sensory trigeminal nucleus,
and a few fibers terminate in the rostral part of
the solitary tract nucleus, the majority take a

descending course. The main site of termination for
these descending fibers is in the medial part of

the C2 dorsal horn. Terminal labeling is also seen
in the ventrolateral part of the cuneate nucleus
(CUN) and in a small area of gray substance between
CUN and trigeminal nucleus caudalis. After entering
the brainstem some sensory vagal fibers project to
the trigeminal nucleus interpolaris and to an
interstitial nucleus within the 5T, but the larger
part joins the descending tract of intermediate
nerve fibers. These descending vagal fibers have a
terminal distribution pattern similar to the

intermediate nerve fibers.



B. The cellular and humoral immune response in the
peripheral blood in the acute and convalescent
phases of patients with Bell's palsy was studied
(studies V-X).

V. Activated T Cells and Leu-7' Cells in Bell's
Palsy

In order to ascertain whether there was activation
of the immune system, the proportion of activated T
cells in the peripheral blood of 14 patients with
Bell's palsy was analysed using monoclonal
antibodies, A transient increase of these cells
occurred in the acute stage, with a return to normal
in the convalescent stage. The Leu-7t cells which
play a role in the natural cellular defence against
viral infections, were also studied Dby using
monoclonal antibodies in 25 patients. A significant
change in the percentage of Leu-7t cells was not
found when the samples from the entire group were
analysed. However, 10 patients who were investié
gated between September and October 1984, when the
incidence of Bell's palsy was comparatively high,
showed significantly lower percentages of Leu-77%
cells in the acute stage compared with the con-
valescent stage. The increase in the activated T
cells in the acute phase of the palsy suggests a
cell-mediate, immuno-regulatory abnormality with
primary or secondary immune activation. Similar
cellular immune alterations are found also in multi-

ple sclerosis. Further, the differences in the



proportions of Leu-7t cells which occured in these
10 patients may denote a contribution of various

etiological factors to the disease.
VI. T Cell Depression in Bell's Palsy

T lymphocytes and their subsets were analysed in 20
patients with Bell's palsy. The monoclonal anti-
bodies anti-Leu-1, anti-Leu-2a and anti-Leu-3a di-
rected against T lymphocytes, T suppressor/cytotoxic
(Ts) and T helper/inducer (Th) cell subsets were
used. Blood samples taken in the acute and con-
valescent phases of the illness were compared. The
percentage of T cells (Leu-1*% cells) was decreased
during the acute stage due mainly to a reduction of
the Th cell subset (Leu-37% cells). No significant
alteration was found in the Ts cell subset (Leu-2%
cells). The T cell and Th cell subset depressions
were resotred to normal within 4-6 weeks of the
onset of the palsy.

The T cell changes of the periopheral blood in the
acute stage of facial palsy indicates the involve-
ment of cellular immune mechanisms during the course

of Bell's palsy.

VII. TImmune Complexes and Complement Components in
Bell's Palsy

The serum levels of circulating immune complexes
were studied in 63 patients and the complement sys-

tem in 36 patients with Bell's palsy.

—- 6 —



The IgG-Clg and IgG-C3 containing immune complexes
were analysed by an enzyme-linked immunosorbent
assay (ELISA). The levels were found to be signi-
ficantly elevated 1in the acute and convalescent
stages of the palsy compared with controls. The
total complement activity as determined by a CH50
assay and complement component C3 titrations also
showed elevated values. The 1levels of C2 were not

altered.

The results indiate in Bell's palsy, an inflammatory
process and an antigen-antibody response which may

be triggered by a viral antigen.

VIII. Elevated Serum Interferon Levels in Patients
with Bell's Palsy

Serum of 94 patients were assayed for IFN by the use
of a bio assay method. The IFN levels in the serum
were elevated in the acute and convalescent phases
as compared with controls. A significant difference
was not found in the IFN levels in the acute and
convalescent phases, nor 1n patients with an

incomplete and a complete facial palsy.

The IFN-y 1levels in the serum were analysed by
radio-immunoassay in 32 of the patients: a sig-
nificant difference was not found in the serum IFN-y
levels in the acute and convalescent phases and the

controls.

Neutralization with specific antisera against IFN-,
IFN- and IFN-y was carried out on 15 sera of 11



patients in which the IFN activity was elevated
according to the measurements by bioassay.

Neutralization of a specific class of IFN was not
found. The elevated IFN levels indicate a low grade
antiviral response 1in the acute and convalescent
phases of the palsy which may reflect the

reactivation of a viral infection.

IX. Anti-herpes IgG and IgG Subclass Antibodies in
Bell's Palsy

To see 1if there was an association between Bell's
palsy and infection by viruses of the herpes group

78 patients and 59 controls were investigated.

The specific antiviral IgG subclass pattern in serum
against cytomegalovirus (CMV), herpes simplex virus
type 1 (HSV-1)and varicella =zoster virus (VZV) was
analysed using an enzyme-linked immunosorbent assay
(ELISA) combined with monoclonal antibodies directed
agaoinst the 4 subclasses of human IgG. Additional
ELISA assays of IgG and IgM antibodies were also

used.

The mean titers of IgG antibodies against HSV-1 were
higher in the acute and convalescent stages compared
with controls. The frequency of values 0.2 for all
subclasses was raised 1in the patients but not
significantly so. The mean valused for the sub-

classes were alike in patients and controls.

The mean titers of IgG antibodies against CMV and
VZV were similar throughout the palsy and also in
_8_



controls. In the patients, the pattern of 1IgG
subclasses was different from the controls but not

statistically so.

The patients and controls were not seropositive for
IgM against CMV and VZV. Four patients in the acute
phase, 3 in the convalescent phase and 3 controls
were positive for IgM against HSV-1.

While the sublcass pattern of IgG antibodies against
HSV-1 1is not diagnostic of reactivation of the
virus, the raised IgG antibodies may suggest re-
activation of a disease process and/or a superadded

infection.

X. Tick-Borne Borrelia Infection in Patients with
Bell's Palsy

An enzyme-linked immunosorbent assay was applied to
serum samples of 94 patients diagnosed as having
Bell's palsy: they were studied throughout two
consecutive years 1in an attempt to establish ser-
ologic evidence of a tick-borne spirochetal infec-
tion. A strain of Borrelia spirochetes, isolated
from Swedish Ixodes ricinus ticks, was used as an
antigen, and separate estimations of spirochetal IgG
and IgM antibodies were made; serum samples with
titaxe above the 95th percentile 1level of 120
healthy individuals were considered positive.
Thirteen percent of the patients' serum samples were
IgG-positive, 3% were positive for IgM, and 3% were
positive for both IgG and IgM. A two fold or

greater increase of IgG titers was found in 6%. All



the patients who were seropositive experienced the
onset of palsy during the period from July to

December.
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