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Abstract

It has been hypothesized that the symptoms of vertigo in patients with Me¤nie're’s disease somehow are related to impaired
production and/or transport of endolymph. Antisecretory factor (AF) is a protein known to affect transport processes in the
intestine and it has been shown that intake of specially processed cereals (SPC) can increase endogenous AF synthesis. In a
prospective open pilot study, 24 patients with severe Me¤nie're’s disease (functional level scale 5^6 according to the criteria of AAO-
HNS) received SPC for 14^30 days. AF levels in plasma increased by 83% in 20 of the 24 patients studied. The attacks of rotatory
vertigo were reduced, to final AAO-HNS functional level scale 1^3, in 12 patients and in three of these hearing was normalized.
Twelve patients had no or minor effects of the treatment. The correlation between AF activity after treatment and the final AAO-
HNS functional level scale was 30.65, P6 0.001. Studies in rats using immunohistochemistry methods showed that AF was
localized to the cochlea and the vestibule of the inner ear. The present results suggest that AF might be a new regulator of the
endolymph.
? 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Me¤nie're’s disease is characterized by recurrent epi-
sodes of severe rotatory vertigo associated with senso-
rineural hearing loss, tinnitus and a feeling of fullness in
the a¡ected ear. The cause is not known, but it has been
hypothesized that endolymphatic hydrops that causes
dilatation of the cochlear duct is involved in creating
the symptoms of Me¤nie're’s disease (Hallpike and
Cairns, 1938; Yamakawa, 1938; Ikeda and Sando,
1984).
Several studies have focused on the function of the

endolymphatic duct and sac in the pathogenesis of the

hydrops, and histopathological evidence suggestive of
decreased absorptive capacity of the endolymph has
previously been demonstrated in these tissues (Rask-
Andersen et al., 1981; Bagger-Sjo«ba«ck and Rask-An-
dersen, 1986). Other investigators have presented evi-
dence that endolymphatic duct and sac dysfunction
cannot be considered to be the sole cause of hydrops.
Furthermore, endolymphatic hydrops alone is insu⁄-
cient to explain the pathophysiology of both cochlear
and vestibular symptoms (Salt et al., 1986; Salt and
Thalmann, 1988; Sterkers et al., 1988). Dysfunction
of many structures of the inner ear including the stria
vascularis, the hair cells and neurons seems increasingly
likely to be involved in creating the symptoms of this
disease (Kimura et al., 1986; Nadol et al., 1995). In-
volvement of the sympathetic nervous systems has also
been indicated.
Many treatment modalities have been described for

the cure of Me¤nie're’s disease. However, none are e¡ec-
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tive for all patients. Treatment has focused on hydrops
reduction by means of salt restriction, diuretic therapy,
and various forms of adrenergic L receptor blockers
have been tried. Surgical opening of the endolymphatic
sac and selective resection of the vestibular nerve has
also been described as being bene¢cial therapies for
Me¤nie're’s disease. Treatment with ototoxic drugs is
used to destroy a presumed defective vestibular organ.
This means that the pathophysiology of Me¤nie're’s

disease is poorly understood and each of the treatments
that have been described is only e¡ective in some pa-
tients.
In the present study we have assumed that impaired

production or resorption of endolymph and/or trans-
port across membranes is involved in creating at least
some of the symptoms and we tested the e¡ect of anti-
secretory factor (AF) for its potential in reducing the
symptoms in patients with Me¤nie're’s disease.
AF is a 41 kDa protein originally isolated due to its

ability to inhibit experimental diarrhea (Johansson et
al., 1995; Lange and Lo«nnroth, 2001). AF probably
acts as a modulator of water and ion transport. Endog-
enous AF synthesis can be stimulated by dietary mod-
i¢cations in animals and in man (Go«ransson et al.,
1995; Bjo«rck et al., 2000). It has been reported that
patients with long-standing symptoms of in£ammatory
bowel disease who received specially processed cereals
(SPC), optimized for increasing endogenous AF synthe-

sis, had signi¢cantly increased plasma AF activity and
improved subjective rating of clinical symptoms when
compared to the group of patients treated with placebo
cereals (Bjo«rck et al., 2000).
The aim of the present investigation was to evaluate

if intake of SPC that increased AF activity could reduce
the symptoms of patients su¡ering from Me¤nie're’s dis-
ease. We also studied the immunoreactivity of AF in a
histological study in the rat inner ear.

2. Materials and methods

2.1. Patients

Twenty-four patients with ‘de¢nite Me¤nie're’s disease’
according to the guidelines for the diagnosis of Me¤-
nie're’s disease presented by the Committee on Hearing
and Equilibrium of the American Academy of Otolar-
yngology - Head and Neck Surgery (AAO-HNS) (1995)
were studied individually over a period of 14^30 days in
an open pilot study. The selected patients had severely
incapacitating Me¤nie're’s disease and su¡ered at least
two attacks weekly. The demographic data are shown
in Table 1.
Twelve women and 12 men, mean age 50 years (range

25^86 years) were included in the study. The right ear
was a¡ected in 13 patients and the left ear in eight

Table 1
Patient data, AF activity before and after SPC treatment, and clinical e¡ects on AAO-HNS diagnostic staging

Patient Sex Age Disease duration (years) Side Days of SPC treatment AF activity AAO-HNS ranking

before after before after

1 F 50 (30), 0.2 (L),R 14 0.4 1.2 5 1
2 M 56 6 L 16 0.3 1.4 5 4
3 M 66 2 L 13 0.4 1.5 6 4
4 F 45 3 R 14 0.3 0.6 6 4
5 M 33 9 R 27 0.1 0.5 6 6
6 M 41 22 L 31 0 0.6 6 6
7 F 63 5 R 19 0.2 1.3 6 1
8 M 52 0.8 R 15 0 1.2 6 2
9 F 25 1 R 17 0.6 1.7 6 1
10 F 43 9 R 13 0 1.5 6 4
11 F 33 7 R 14 0 0 6 6
12 F 70 1 L 14 0 0.6 6 6
13 F 33 7 L 23 0 1.4 6 1
14 M 64 18 L 30 0.6 1.1 6 3
15 F 43 1 L 21 0.6 1.4 6 2
16 F 52 2 R 14 ND 1.1 5 5
17 M 79 (15), 12 (L),R 15 0.5 1.0 6 2
18 M 29 3 R 27 0.3 1.5 6 4
19 M 86 35 L+R 30 0.1 1.5 6 2
20 M 75 21 R 31 0 1.4 6 1
21 M 52 2 R 24 0.3 0 5 5
22 F 40 4 R 31 0 0.8 5 2
23 F 33 5 L 36 0.1 0.1 6 6
24 M 37 7 R 31 0.3 0.6 6 2

ND=not determined.
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patients. Three of the patients had bilateral Me¤nie're’s
disease, in which case the latest a¡ected ear was studied.
Duration of the disease varied from 10 months to 30
years with a mean of 8.4 years.

2.2. Clinical examination

Pure tone and speech audiometry was performed in
all patients. In 21 of the 24 patients electronystagmog-
raphy and oculomotor test had previously been per-
formed as a part of the diagnostic procedures for Me¤-
nie're’s disease. Pure tone and speech audiometry was
done after the diet period.
The extent of vertigo was assessed in each patient

before and after the treatment period, using the six-
point functional level scale for evaluation of vertigo
according to recommendations by AAO-HNS (1995)
(Table 1).

2.3. Treatment with SPC

SPC, produced by BioDoc AB (Stockholm, Sweden)
and examined as previously described (Bjo«rck et al.,
2000), were administered to the patients. Each patient
received 1 g/kg bw/day of SPC, divided into two to

three dosages over 2^4 weeks. The patients kept a diary
during the SPC diet period, noting their subjective
symptoms such as £uctuation of hearing and frequency,
character and duration of the vertigo. Ten of the 24
patients stopped taking their medication for Me¤nie're’s
disease during the trial, while 14 patients continued the
medication they normally took.

2.4. Analyses of AF in patients

The plasma samples were drawn before and after the
cereal intake period and analyzed as described (Bjo«rck
et al., 2000). Previous studies on man and animals in-
dicate that AF values of more than 0.5 are correlated
with a reduction of diarrheal disease (Lange and Lo«nn-
roth, 2001).

2.5. Histology

Two adult male rats, weighing 300 g, were ¢xed by
transcardial perfusion with 4% bu¡ered formaldehyde.
The skulls were decalci¢ed in 10% EDTA in Tris-bu¡-
ered saline and embedded in para⁄n. Frontal sections,
4 Wm thick, were prepared and sections showing the
cochlea and labyrinths were collected. The sections
were boiled in a microwave oven and incubated with
an a⁄nity-puri¢ed antibody raised in rabbits against a
16-amino-acid-long synthetic peptide comprising the ac-
tive site of AF (Johansson et al., 1997). The antiserum
was used at a dilution of 1/5000 to 1/10 000. The im-
munoreactions were visualized by an alkaline phospha-
tase-conjugated secondary antibody (Chemicon Inter-
national, Harrow, UK) and a substrate solution
containing nitroblue tetrazolium and 5-bromo-4-
chloro-3-indolyl phosphate tolodium salt (Roche Diag-
nostics, Mannheim, Germany). Control sections were
incubated omitting the primary antibody or with the

Fig. 1. Audiograms from (A) patient no. 8 and (B) patient no. 9,
before and after treatment with SPC.

Fig. 2. Correlation between AF activity after treatment and AAO-
HNS functional level scale after treatment in the 24 patients.
r=30.65; P6 0.001.
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primary antibody preabsorbed with an excess of the
antigen used for immunization. Both types of controls
were negative.

2.6. Statistics

Linear regression analyses was performed to explore

the correlation between AF activity and AAO-HNS
functional level scale.

2.7. Ethics

The human ethics committee of Go«teborg University
approved the study design (D. no. H 077-97).

Fig. 3. Section from the inner ear of an adult rat processed to demonstrate AF immunoreactivity. Positive signal appears dark, the sections are
not counterstained. Bars= 50 Wm. (A) Vestibular apparatus showing crista ampullaris (a) and macula utriculi (mu). (B) Higher magni¢cation of
A, showing distinct AF immunoreactivity in the hair cells of crista ampullaris (open arrow). The supporting cells are negative (arrow).
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3. Results

3.1. Clinical trial

The results are summarized in Table 1. In 12 patients
the attacks of rotatory vertigo were either totally elim-
inated or changed to more di¡use dizziness (AAO-HNS
functional level scale 1^3). These patients had two to
¢ve attacks of vertigo weekly over a similar period be-
fore the treatment. In three of the patients hearing was
normalized and no vertigo attacks occurred following
the period of cereal intake. Audiograms from two of
these patients are shown in Figs. 1A,B. These patients
had three to ¢ve attacks of vertigo during a similar peri-
od before the treatment with rated severity of 5^6 (mean
5.7). Twelve patients who had two to six attacks weekly
before treatment had no or minor e¡ects of the SPC
treatment. Their vertigo had rating of 4^6 (mean 5).

3.2. AF analyses

Before SPC treatment, AF plasma activity in blood
varied between 0.0 and 0.6 AF units (mean 0.3). After

SPC treatment levels were 0.0^1.7 AF units (mean 0.6)
(Table 1). An increase of more than 0.5 AF units was
reached in 20 of the 24 patients.

3.3. Relationship between plasma AF activity and
symptoms of Me¤nie're’s disease

The correlation between the reduction of vertigo and
the AF activity after treatment was statistically signi¢-
cant with a regression coe⁄cient of 0.65 (P6 0.001)
(Fig. 2).
Out of the 12 patients who did not respond to the

treatment, four patients had no or low AF induction
(0.0^0.5, mean 0.15). Eight of the subjects who did not
respond had increased AF levels after the treatment
(range 0.6^1.6, mean 1.0).

3.4. Histology

In the rat inner ear the most conspicuous AF immu-
noreactivity was seen in the crista ampullaris and in the
macula utriculi (Fig. 3). In the cochlea AF immunore-
activity was seen in the sensory epithelium of the organ

Fig. 4. Section from the cochlea of an adult rat processed to demonstrate AF immunoreactivity. Bars: A and B=100 Wm, C=10 Wm. (A) Low
magni¢cation showing AF immunoreactivity in the organ of Corti (arrow) and in Reissner’s membrane (arrow). (B) Higher magni¢cation show-
ing the organ of Corti. (C). High magni¢cation of Reissner’s membrane. AF immunoreactivity is evident in the inner epithelial layer.
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of Corti and in Reissner’s membrane. Stria vascularis
was weakly stained (Fig. 4). Saccus endolymphaticus
could not be identi¢ed in the investigated sections.

4. Discussion

The pathophysiology of Me¤nie're’s disease is poorly
understood and consequently it is di⁄cult to predict the
mechanisms of treatments that alleviate the symptoms
and signs of the disease. There is evidence that the
symptoms are related to de¢cits in the homeostasis of
the £uid system of the inner ear. The intracellular local-
ization of AF in cells directly in contact with the endo-
lymph suggests that AF might play a role in the pro-
duction, modi¢cation or regulation of endolymph and
that could explain the observed bene¢cial e¡ect of ele-
vation of AF plasma levels. Disturbances in the normal
function or the normal expression of AF could be one
aspect of Me¤nie're’s disease and explain why AF ther-
apy was successful in 12 out of 24 patients in our study.
The fact that immunohistochemistry showed expression
of AF in speci¢c cell types facing the endolymphatic
spaces in the cochlea and in the vestibular apparatus
supports that hypothesis. The present investigation does
not, however, explain why the vestibular function gen-
erally was better restored than the cochlear in all of the
clinically responding patients.
The fact that 12 patients did not experience any clin-

ical improvement from the SPC diet treatment could be
caused by insu⁄cient plasma levels of AF. Four of
these patients did indeed not have any increase in their
plasma AF activity. Absence of clinical improvement
could also be the result of lack of compliance, or of
an insu⁄cient AF synthesis. Eight patients who had a
modest clinical e¡ect of the treatment had a signi¢cant
AF activity. This may just be another indication of the
diversity and complexity of the pathophysiology of Me¤-
nie're’s disease. Previous experiences with other treat-
ment modalities of Me¤nie're’s disease (Paparella, 1991;
Quaranta et al., 1998) also show that only a certain
fraction of patients respond to a speci¢c therapy.

5. Conclusions

The present results show that increasing AF o¡ers an
e¡ective treatment for a subpopulation of patients with
Me¤nie're’s disease, and the study suggests that AF might
be involved in homeostasis in the inner ear.
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