
Journal ofNeurology, Neurosurgery, andPsychiatry, 19'79, 42, 402-406

Morphological and biochemical findings in jejunal
biopsies from patients with multiple sclerosis
P. E. JONES, C. PALLIS, AND T. J. PETERS

From the Department of Medicine, Royal Postgraduate Medical School, London

SUMMARY Gluten withdrawal from the diet is occasionally used speculatively in the man-
agement of multiple sclerosis. To assess whether there might be any rational basis for such a
measure we have undertaken morphological and biochemical studies of the jejunal mucosa in
14 patients with multiple sclerosis. All were found to have morphologically normal villi, and
quantitative estimation of surface-to-volume ratios gave values which did not differ from
control subjects. Intraepithelial lymphocyte counts were normal. Antigliadin antibody titres
were not raised in any patient. Estimation of activity of the brush border disaccharidases
(sucrase, lactase, and maltase) showed that the mean level of each enzyme did not differ
significantly from control subjects. Analytical subcellular fractionation of the biopsies showed
no changes in the distribution or activity of marker enzymes for the brush order, lysosomes,
mitochondria, cytosol, peroxisomes, or endoplasmic reticulum. It is concluded that there are
no gross morphological or biochemical abnormalities in the jejunal mucosa in patients with
multiple sclerosis and, therefore, that the use of gluten-free diets cannot be justified on the
assumption that these patients suffer from a coeliac-like lesion of the small intestine.

Epidemiological studies on the prevalence of mul-
tiple sclerosis are fraught with difficulties
(Acheson, 1977). That environmental factors are
involved is now generally accepted (Prineas, 1970)
although what these may be is still highly
controversial.

It is generally agreed that the prevalence of
multiple sclerosis is broadly correlated with lati-
tude, and it may be that within these limits dietary
factors are of relevance. It has been argued
(Shatin, 1964) that the prevalence is significantly
correlated with the geography of cereal cultiva-
tion, being high in wheat and rye growing areas,
less high in corn (maize) growing regions, and low
in the widely separate parts of the world where
cassava, millet, and rice provide the main source
of dietary protein and carbohydrate.

It is scarcely surprising that in a disease of
unknown aetiology, and where little can usually
be done for the patients, the latter should tend to
clutch at therapeutic straws. In 1973 MacDougall
published the results of his personal experience
with a gluten-free diet, and his enthusiasm was
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reported in the media. The medical profession was
described at that time as having a closed mind
concerning the possible "enteropathic" nature of
multiple sclerosis. Matheson (1974) also reported
benefit from a gluten-free diet. Neurologists are
still asked by patients whether they should go on
to such regimens.
A survey of the literature showed that little was

known about the intestinal morphology-or the
level of antigliadin antibodies-in patients with
multiple sclerosis. We, therefore, decided to in-
vestigate this aspect of the disease using quanti-
tative methods of assessing possible enterocyte
pathology.

Patients and methods

Between September 1975 and December 1977
we investigated 14 patients admitted or readmitted
to the Neurology Unit at Hammersmith Hospital
with an unequivocal diagnosis of multiple sclerosis.
All fulfilled the diagnostic criteria of Schumacher
et al. (1965), and in 12 of the 14 patients IgG
accounted for over 12% of the total CSF protein.
There were seven men and seven women, their
ages at the time of investigation ranging from 27
to 52 years, and the duration of their illness from
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a few months to over 10 years. No patient had re-
ceived steroids in the previous three years.
Those participating in the investigation gave

informed consent to peroral jejunal biopsy.
Severely disabled patients or patients with evi-
dence of organic mental deterioration were ex-
cluded from the study. The project was approved
by the Research Ethics Committee of the Royal
Postgraduate Medical School.

Jejunal biopsies were obtained with the Watson-
Crosby capsule under fluoroscopic control 50 mm
distal to the ligament of Treitz; biopsy samples
were divided into representative pieces and pro-
cessed for light microscopy and quantitative mor-
phological assessment, estimation of brush border
disaccharidase activities, and analytical subcellular
fractionation.

Biopsy specimens were orientated villi upper-
most, examined with the dissecting microscope,
and fixed in 10% formalin in normal saline. Ver-
tical sections were cut for histological examination.
Surface/volume ratios were determined by the
method of Dunnill and Whitehead (1972). and
intraepithelial lymphocyte counts quantified by
the method of Ferguson and Murray (1971).

Sucrase, lactase, and maltase activities of 11
biopsy samples and analytical subcellular fraction-
ation of specimens from four biopsies were
assessed by methods previously described (Peters
et al., 1976; Peters, 1976).

Antigliadin antibodies were determined by a
modification of the agglutination technique
(Boyden, 1951; Gunther et al., 1960).

Patients undergoing jejunal biopsy for investi-
gation of gastrointestinal symptoms and whose
biopsy samples were found to be normal on both
dissecting microscopy and histological examination
served as control subjects.

Results

MORPHOLOGY
In all 14 patients dissecting microscopic and histo-
logical examination of the jejunal samples showed
normal villi. In no patient was subtotal or partial
villous atrophy found. Figure 1 shows the surface-
to-volume ratio of the jejunal mucosa from 11
patients with multiple sclerosis and 12 control sub-
jects. There was no significant difference between
the multiple sclerosis and control groups. Intra-
epithelial lymphocytes were counted in 12 biopsies.
The mean count was 22+fr8 (SD) per 100 epithelial
cells (range 10-34). These values are entirely
within the normal range (Ferguson and Murray,
1971).
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Fig. 1 Surface-to-volume ratios of jejunal biopsies
from patients with multiple sclerosis and from control
subjects. Bar shows mean 4 SEM. Value c/lh defined
by Dunnill and Whitehead (1972).

DISACCHARIDASE ACTIVITIES
Table 1 shows activities of sucrase, lactase, and
maltase in 11 multiple sclerosis patients. Two
patients showed lactase activity in the range for
adult hypolactasia. The mean activities of sucrase,
lactase, and maltase did not differ significantly

Table 1 Disaccharidases and antigliadin antibody
titres in patients and control subjects

Patients Sucrase Lactase Maltase Anti-
(mUnits/ (mUnits/ (mUnitsl gliadin
mg protein) mg protein) mg protein) antibody

titre

1 EA 155 45 272 1:8
2 AC 183 135 622 1:8
3 SS 237 136 734 1:32
4 WD 289 3.2* 359 1:16
S MC 157 7.5* 493 1:32
6 MP 364 205 1241 1:16
7 BS 156 64 513 1:8
8 BB 195 87 397 1:16
9 JN 574 360 640 1:8
10 LL 550 39 580 1:32
11 MG 340 121 832 1:16
Mean±SE 291 ±43 132±31 608±76
Control subjects
Number 18 14 18
Values 204±15 95±11.9 629±82 < 1: 32

*These patients with hypolactasia omitted from mean lactase result.
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from control subjects (Peters et al., 1976). Table 1
also shows the serum antigliadin antibody titres.
In no patient was the value greater than that
found in control subjects.

TISSUE ENZYME AND RELEASED ACTIVITY
Table 2 shows specific activities of certain organ-
elle marker enzymes, estimated in jejunal biopsy
homogenates. The percentage activity in the post-
nuclear supernatant fraction reflects the propor-
tion of cells disrupted and gives a measure of
brush border integrity (Peters, 1976). There were
no significant differences between the two groups.
In particular, there were no alterations in the
activities of brush border and lysosomal enzymes,
and there was no difference in the percentage of
latent N-acetyl-,3-glucosaminidase, a measure of
lysosomal integrity (Peters et al., 1975).

Table 2 Enzyme activities in biopsy homogenates
from patients and control subjects

Enzyme Control subjects Multiple sclerosis Statistics
(location) patients

Alkaline 64.70±6.30 [15] 51.20±4.60 [4] P> 0.05
phosphatase (36) (32)
(brush border)
Leucyl-2- 4.25±0.78 [9] 4.64±0.15 [3] P > 0.05
naphthylamidase (54) (30)
(brush border)
y-glutamyl 12.10±1.40 [11] 12.50±1.60 [31 P> 0.05
transferase (40) (44)
(brush border)
Znr+-resistant 8.49±1.03 [8] 9.30±2.4014] P> 0.05
a-glucosidase (36) (61)
(brush border)
Catalase 79.90± 5.50 [15] 75.80±11.70 [3] P> 0.05
(peroxisomes) (83) (97)
N-acetyl-13- 6.08 ±0.47 [14] 6.14±0.86 [4] P> 0.05
glucosaminidase (56) (63)
(lysosomes)
Latent N-acetyl- 73.60±1.19 [13] 72.50±2.40 [4] P > 0.05
,8-glucos-
aminidase (Y.)
Acid phosphatase 39.10 ±3.80 [7] 30.90±4.90 [4] P> 0.05
(lysosomes) (61) (64)
Acid 1.79 ±0.93 [4] 1.24±0.23 [3] P>0.05
,8-galactosidase (72) (60)
(lysosomes)
,3-glucuronidase 3.05±0.20 [71 3.84±0.73 [3] P >0.05
(lysosomes) (67) (69)
Malate 3720.00 ±310.00 [15] 4100.00±110.0013] P > 0.05
dehydrogenase (82) (79)
(mitochondria)
Lactate 387.00±40.00 [5] 290.00±86.00 [3] P > 0.05
dehydrogenase (74) (65)
(cytosol)
5'-Nucleotidase 41.10±4.10 [8] 29.70 [1] P> 0.05
(basal-lateral (50) (52)
membrane)
Protein 1.05±0.14 [25] 1.82 ±0.44 [4] P > 0.05

(75) (77)

Enzyme activities expressed as mUnits ±SE/mg protein.
Number of specimens analysed shown between square parentheses.
Percent activity in post-nuclear supernatant shown between curved
parentheses.
Control data taken from Peters (1976) and Peters et al. (1978a).

SUBCELLULAR FRACTIONATION STUDIES
Figure 2 shows a comparison of the density
gradient distribution for the marker enzymes for
the principal organelles. There are only minor
and statistically insignificant differences between
patients and control subjects.

Discussion

None of the 14 multiple sclerosis patients studied
was found to have coeliac disease. All had mor-
phologically normal villi (assessed by dissecting
and light microscopy), and serum antigliadin
antibody titres were all within the normal range.
Quantitation of the surface-to-volume ratios
showed no significant difference between multiple
sclerosis jejunal mucosa and control mucosa.
Quantitative counts of intraepithelial lymphocytes,
a highly sensitive index of minimal mucosal
damage (Ferguson and Murray, 1971; Fry et al.,
1972), were entirely normal.
These findings differ from those of Lange and

Shiner (1976) who found that one of 12 patients
with multiple sclerosis had subtotal villous
atrophy, and that another had partial villous
atrophy.
Two of 11 of our patients showed hypolactasia.

The prevalence of this condition in the Caucasian
population has been estimated at about 10%
(Neale, 1971), and this finding is, therefore, not
remarkable. Lange and Shiner (1976) reported
shortening of the microvillus membrane on
electron microscopy of biopsy samples from
multiple sclerosis patients. Our quantitative
enzymatic data and subcellular fractionation
studies did not indicate any abnormalities in the
enterocyte brush borders. The changes in the other
organelles were small and probably not significant.

In contrast to these essentially normal findings,
patients with coeliac disease show striking enzyme
alteratioins, and the sucrose density gradient
experiments demonstrate gross abnormalities in
the brush border of the enterocyte (Peters et al.,
1978a). This technique of analytical subcellular
fractionation with enzymic microlanalysis (Peters,
1977) is a highly sensitive technique for demon-
strating even minor changes in the intestinal
mucosa (Peters et al., 1978b).
We conclude that there are no major morpho-

logical or biochemical abnormalities in the
intestinal mucosa of patients with multiple
sclerosis. The use of gluten-free diets cannot,
therefore, be justified on the assumption that these
patients suffer from a lesion of the small intestine
like that of coeliac disease.
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Fig. 2 Isopycnic centrifugation of
post-nuclear supernatant from jejunal
biopsy homogenate from patients with
multiple sclerosis (continuous line) and
from control subjects (interrupted line).
Graphs show frequency-density
histograms of marker enzymes. Frequency
is defined as the fraction of total
recovered activity present in the gradient
fraction divided by density span covered.
The activity present over the density
range 1.05-1.10 represents, over an
arbitrary abscissa interval, enzyme
remaining in the sample layer and
presumed to reflect soluble activity. The
mean percentage recovery is: 5'
nucleotidase: 82; Zn ++ resistant
a-glucosidase: 86; Zn ++ sensitive
a-glucosidase: 107; alkaline phosphatase:
90; malate dehydrogenase: 105; acid
phosphatase: 104; catalase: 70;
N-acetyl-f3-glucosaminidase: 104.
Control data from Peters (1976).
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