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Accumulation of ceroid in smooth muscle indicates
severe malabsorption and vitamin E deficiency
G W H STAMP, D J EVANS

From the Department ofHistopathology, Royal Postgraduate Medical School, Hammersmith Hospital, London

SUMMARY Four patients had accumulation of ceroid in smooth muscle (lipofuscinosis), which
indicated severe or uncontrolled malabsorption, with confirmed vitamin E deficiency in three cases.
The distribution of the pigment was systematic, and there seemed to be an association between
malabsorption syndrome and vitamin E deficiency. Vitamin E supplementation seems to be
indicated in such patients, and it is suggested that studies of smooth muscle function should be made
in cases of heavy accumulation of ceroid.

Accumulation of ceroid pigment in intestinal smooth
muscle (lipofuscinosis or brown bowel syndrome) is
an association of malabsorption syndromes, but sys-
temic ceroid deposition in vascular or other smooth
muscle has only occasionally been documented in
man. 1-4 We report four cases in which a mal-
absorption syndrome or vitamin E deficiency was
inferred from surgical biopsy material, an inference
that has therapeutic implications.

Case reports

CASE I
A 30 year old man came to surgery with a history of
"Noonan's syndrome." Histological examination
showed atrophic testes with Sertoli cell nodules, and
no evidence of malignancy. Ceroid was noted in
smooth muscle cells of vasa deferentia and small arte-
ries and veins of the spermatic cord (fig 1). Although
haematoxylin and eosin stained sections had shown
that the material was lipofuscin, this was confirmed.
The pigment stained strongly with periodic acid
Schiff and was resistant to diastase digestion. It also
stained with methylene blue, methenamine silver, and
Masson-Fontana, and was distinguished from mel-
anin by its positive staining with Sudan black and the
long Ziehl-Neelsen technique using a picric acid coun-
terstain (as the usual methylene blue counterstain
masks the fuchsinophilia).3 Orange autofluorescence
is another property of lipofuscin,5 and this was
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Fig I Ceroid in smooth niiusCle of' las defi'rens (arrowed).
(HaematoxilIin an?d eosini.)
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observed on unstained sections. Finally, Perls's stain
for iron pigment yielded negative results. This panel r
of stains were performed in all the cases reported '
here. *

Further enquiries showed that he had had a four 'w
year history of diarrhoea and steatorrhoea. Multiple
nutritional deficiencies had been documented with
faecal fat ranging from 5-30g/24 hours (normal less
than 7) and a protein losing enteropathy (Cr5' 47% *a
loss in four days; normal less than 008%). Pro-i
nounced sacral oedema and lower limb oedema was
present, and a pedal lymphangiogram showed lymph-
angiectasia, which was also present in the jejunal
biopsy specimen (fig 2). Intestinal lymphangiectasia is;
associated with malabsorption and relatively severe
vitamin E deficiency.' Intestinal lymphangiectasia
has been documented in Noonan's syndrome (also
called "male Turner's syndrome") and is presumably
a consequence of the generalised disturbance in lym-
phatic drainage that often occurs.7

Following the histological findings in the testis,
vitamin E concentrations were measured and foundX
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Fig 3 Staining accentuates ceroid pigmentation in smooth
I X v 'tu >wb*memuscle ofoesophageal wall. (Periodic acid Schiff.)

xt'^- ) fbx ^' ** rto e low at 4-Opmol/l (n = 11 5-35). Prophylactic
vitamin E supplements were added to the patient's

a j . dietary regimen.

-X X M ^ $ i ~~~~~~CASE2

' * ^¢k, - gW 8 Q - ~~An oesophagogastrectomy specimen from a 53 year->\; **[< Ss.= 401 * ~~old man was submitted for surgical pathology. He
*;JT' /had had a clinical history of dysphagia of three

months duration. Macroscopically there was a large
annular tumour, 0 5cm above the oesophagogastnic

* X t, g junction, extending to within I-5cm of the proximal
margin. Microscopically, the tumour was a poorly
oiffer entiated carcinoma extending through the wall
dfof the oesophagus. Heavy ceroid pigmentation was

ILft W i7 .* noted in the muscularis propria (fig3). The patient
-v ~. whad had bouts of steatorrhoea for eight years. A

jejunal biopsy specimen showed severe partial villous

; *..4/:w ~;;i ':atrophy. Initially, he responded to a gluten free diet,
but he subsequently deteriorated, with complaints of

Fig 2 Pronounced widening of villous lymphatics in well weight loss and chest pain, and clinical hepatomegaly.
orientatedjejunal biopsy specimen. Spaces are clearly lined He died four months postoperatively.
by endothelium. (Haematoxylin and eosin.) Necropsy showed local recurrence of the
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oesophageal carcinoma and secondary deposits in
lymph nodes, liver, and vertebrae. Extensive lipo-
fuscinosis was noted both macroscopically and
microscopically in oesophagus, small bowel, colon
and heart. Ceroid pigment was shown in many arte-
ries and veins. The jejunum and ileum showed exten-
sive villous atrophy. This may well be an example of
coeliac disease complicated by oesophageal car-
cinoma, but formal histological proof of a response to
gluten withdrawal could not be obtained.

CASE 3
A specimen ofjejunum from refashioning of choledo-
chojejunostomy from a 37 year old man was submit-
ted for surgical pathology. Histological examination
showed a very heavy accumulation of ceroid in the
muscularis mucosae, muscularis propria, and sub-
mucosal blood vessels (fig 4). The mucosal villous
architecture was normal.
The patient had undergone total pancreatectomy
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Fig4 Accumulation ofceroid in muscularis propria.
Pigment is present in both layers but is much easier to
identify in longitudinally sectionedfibres. (HaematoxvYlin and
eosin.)

Fig 5 Ceroid within wall ofsubmucosal blood vessel.
(Periodic acid Schiff.)

15 years previously for chronic pancreatitis, after
which he had been given pancreatic enzyme supple-
ments and replacement insulin. His only symptoms
were attacks of ascending cholangitis beginning three
years prior to admission to hospital in this instance.
The extent of malabsorption was not fully

investigated as the patient was referred from another
hospital, but the serum albumin was 38 g/l, calcium
2 20.pmol/l, and haemoglobin concentration
13 1 g/dl. Malabsorption was presumably due to pan-
creatic enzyme deficiency, possibly exacerbated by
biliary insufficiency as a consequence of the recurrent
cholangitis. He made an uneventful postoperative
recovery and remained asymptomatic. Vitamin E
concentrations were measured on request twelve
months postoperatively and found to be low at
3.3 umol/l.

CASE 4
A jejunal biopsy specimen from a 71 year old man
was assessed for coeliac disease. The biopsy specimen
showed severe partial villous atrophy, with pro-
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nounced accumulation of ceroid in the muscularis
mucosae and lamina propria, and in a small sub-
mucosal blood vessel (fig 5).

Coeliac disease had been diagnosed 10 years pre-
viously. Intermittent bouts of steatorrhoea had
occurred since then, which the patient admitted were
related to poor dietary compliance. This was
exacerbated after the death of his wife six months ear-
lier. He was found to be cachectic with generalised
muscular weakness. Investigation showed that the
haemoglobin concentration was 10-2g/dl (mean cor-
puscular volume, 107 fl), albumin 27 g/dl, magnesium
0.74 mmol/l. Vitamin E concentrations were
undetectable, a highly unusual finding.
During the course of his admission he developed

signs of subacute intestinal obstruction, attributed to
faecal impaction in the sigmoid colon. His general
condition did not improve, and although further
investigations were planned, the patient discharged
himself against advice. Two weeks later he died at
home of extensive burns, having been unable to turn
off the hot tap while in his bath.

Discussion

Accumulation of ceroid (lipofuscinosis) occurs in
smooth muscle of the bowel in malabsorption syn-
dromes,1 8 and may be so severe that it is visible mac-
roscopically (so called "brown bowel syndrome").9
Vascular disease is much less conspicuous and has
only occasionally been described in man,1 3 4
although generalised ceroidosis is well documented in
experimental animals,10 in whom there is a clear cut
association between vitamin E deficiency and accu-
mulation of ceroid.`0 `l It is thought that vitamin E
has an important protective role in mitochondria,
complementing the effect of selenium (a constituent of
glutathione reductase) in preventing the unsaturated
lipids of the mitochondrial membrane being damaged
by free radicals formed during oxidative phos-
phoxylation.2 In vitamin E deficiency the accumu-
lation of ceroid can be shown to be intra-
mitochondrial by electron microscopy.212 In rats,
which are made deficient of vitamin E or selenium,
subsequent adminstration can prevent the accumu-
lation of lipid peroxidation products.13
The major role of vitamin E in man concerns the

maintenance of normal neurological function. The
most severe deficiencies occur in abetalipoprotein-
aemia and are associated with ataxic neuropathy and
pigmentary retinopathy.14 The benefits of vitamin E
supplementation have been convincingly shown.'415
Other malabsorptive states have been associated with
spinocerebellar degeneration, attributed to vitamin E
deficiency. 16 17

Neuropathological studies in vitamin E deficient

subjects, monkeys, and rats have shown axonal
degeneration in the posterior columns, with selective
loss of large calibre myelinated sensory axons in the
spinal cord and peripheral nerves.'8 Cardiomyopathy
and skeletal myopathy have been repeatedly shown in
experimental animals, but only on rare occasions has
a similar association been noted in man.419 Smooth
muscle function has not been adequately investigated
either in experimental animals or in man, although
various authors have suggested that it might be per-
manently impaired.' 320
The identification of accumulation of ceroid may

have two distinct implications: (i) the patient has or
has had a malabsorption syndrome; (ii) vitamin E
deficiency is, or was, present and should be an indi-
cation for evaluating the nutritional status and serum
vitamin E concentrations. It may indicate poor com-
pliance (as in cases 1 and 4), or malabsorption which
may not be clinically manifest (case 3). In cases in
which vitamin E deficiency is shown, it seems perverse
to withhold a treatment, which, in suitable doses, is
harmless2` and may prevent occasional serious com-
plications.

It is not clear to what extent the effects of vitamin E
deficiency are reversible. Disappearance of ceroid
after vitamin E supplementation has only rarely been
described,22 and the time scale is not established. It
seems clear, however, that ceroidosis is not itself an
adequate reflection of current vitamin E concen-
trations, but indicates an extended episode of
deficiency that requires full clinical evaluation.

We thank Dr DPR Muller, at the Institute of Child
Health, University of London, for arranging vitamin
E estimation and for his valuable advice, and Mrs
P Weller for excellent secretarial help.
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