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Wayne State University College of Medicine, Ann Arbor and Detroit, Mich.)

(Submitted for publication December 15, 1958; accepted February 26, 1959)

It is well-known that the skin of patients with
primary and secondary myxedema contains a
mucinous infiltrate. This extracellular deposition
of metachromatically staining material has been
interpreted as being a complex of acid mucopoly-
saccharide and protein (1). It has not been de-
fined chemically. The infiltrate disappears from
the skin of patients with generalized myxedema
who are given 120 to 180 mg. of desiccated thyroid
daily for six to eight weeks (1). A deposit, histo-
chemically like that which occurs in generalized
myxedema, occasionally presents locally in the
pretibial skin of patients with thyrotoxicosis and
exophthalmos (2, 3). Whenthe patient with local-
ized pretibial myxedema is given 180 mg. of desic-
cated thyroid a day, however, no clinical or his-
tochemical change occurs in the myxedematous
plaque.

In 1947 Watson and Pearce isolated a crude
mucopolysaccharide fraction from the pretibial
plaques of two patients with pretibial myxedema.
They found considerably less of this material in
skin from the amputated leg of an elderly man
(4). Wehave found no record of the comparison
of chemical or histochemical findings of myxede-
matous areas to other areas of the skin of pa-
tients with pretibial myxedema, or comparison
with control patients of similar age.

Wewish to report a chemical study of the mu-
copolysaccharide concentration of the skin of six
euthyroid patients with pretibial myxedema and
exophthalmos and eight patients of comparable
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sex distribution and mean age without thyroid
disease. The acid mucopolysaccharide content of
the myxedematous areas was found to be con-
siderably elevated when compared to clinically
uninvolved skin from the same patients. The
clinically uninvolved areas were found to contain
a moderately increased concentration of acid mu-
copolysaccharide when compared to normal skin
from patients without thyroid disease.

METHOD

Under local anesthesia skin biopsies were taken from
four women and two men, 27 to 58 years of age, with
extensive pretibial myxedema associated with exophthal-
mos manifested by increased exophthalmometer measure-
ments or by serious collateral eye signs. Biopsies were
obtained from the affected pretibial skin and an area of
clinically uninvolved skin of the upper thigh and oc-
casionally from the deltoid area of the shoulder. The
clinical story and histology of previous skin biopsies of
three of these patients were summarized in 1954 (2).

Skin biopsies were also obtained on six females and
two males, six and one-half to 78 years of age, who had
no demonstrable thyroid disease or pretibial myxedema,
past or present. These biopsies were obtained from the
skin of the leg at the time of orthopedic surgery.

Details of the method of assay of acid mucopoly-
saccharide used in this study have been published by
Bollet (5). Values are expressed as micrograms of
uronic acid in the acid mucopolysaccharide fraction per
100 mg. of dried, fat free tissue; carbazole and orcinol
methods of determination were used. This procedure
was demonstrated to have a replicate reproducibility of
approximately ± 7 per cent.

RESULTS

The acid mucopolysaccharide concentrations of
the clinically myxedematous pretibial skin are
presented in Table I, A. The mean value was
990 ,ug. of uronic acid per 100 mg. of tissue using
the carbazole method, and 735 /,g. using orcinol.
The mean values for the clinically uninvolved
areas of skin from the same individuals were 171
and 146 ,ug. per 100 mg. of tissue, respectively
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TABLE I

Uronic acid content of the acid mucopolysaccharide fraction
of skin biopsies of patients with pretibial myxedema,

using carbazole and orcinol methods
of determinations *

Ratio of
carbazole
to orcinol

Patient Carbazole Orcinol values

A. Myxedematous areas (pretibial)
1 1,770 1,733 1.0
2 2,010 1,524 1.3
3 804 519 1.6
4 408 146 2.8
5 440 298 1.5
6 507 298 1.7

Mean 990 753 1.7

B. "Normal" areas
1 (thigh) 98.7 126 0.8
2 (thigh) 221 180 1.2

(shoulder) 303 183 1.3
3 (shoulder) 108 95.5 1.1
4 (thigh) 145 141 1.0
5 (thigh) 184 164 1.1
6 (thigh) 138 129 1.2

Mean 171 146 1.1

* Results are expressed as micrograms of uronic acid per
100 mg. of dried, fat free skin.

(Table I, B). The latter values were higher than
the mean values found in the normal skin of eight
individuals, which were 89 and 98 pg. per 100
mg., respectively (Table II). The differences in
carbazole values from clinically uninvolved skin
of patients with pretibial myxedema as compared
to skin from control patients without thyroid dis-
ease are significant, with a p value of < 0.01.

TABLE II

Uronic acid content of the mucopolysaccharide fraction of
biopsies of skin of subjects without thyroid dis-

ease, using carbazole and orcinol methods
of determination*

Ratio of
carbazole
to orcinol

Patient Carbazole Orcinol values

1 (shin) 95.2 125 0.8
2 (shin) 93.0 97 1.0
3 (shin) 64.6 81.4 0.8
4 (thigh) 78.6 115 0.7
5 (shin) 90.0 60.5 1.5
6 (thigh) 67.8 70.7 1.0
7 (thigh) 104 115 0.9
8 (shin) 115 115 1.0

Mean 89 98 1.0

* Results are expressed as micrograms of uronic acid per
100 mg. of dried, fat free skin.

Other variables that might affect these data were
examined. The mean age of the normal controls
was 48 years as compared to a mean age of 45
years in patients with thyroid disease. No cor-
relation was found between age and acid mu-
copolysaccharide value in patients within either
group.

Table III presents a comparison of some clini-
cal features with the acid mucopolysaccharide con-
centration found in the areas of pretibial myx-
edema by the carbazole method.

Mucopolysaccharide levels were lower in the
three patients with the lesions of longest dura-
tion. The areas of pretibial myxedema in these
patients were observed to be diminishing. In ad-

TABLE III

A comparison of some clinical features of patients
with pretibial myxedema

Exophthal-
mometer

Duration measurements
of pretibial Carbazole at the time History of thyroid
myxedema value of biopsy disease*

years jg./100 mg. mm.
0.33 1,770 16.5/17.5 Th., Tx., Eu., T.
1.8 2,010 21.5/20.5 Th., I131, Eu.
2.5 804 17/18 Th., Tx., Eu., T.
4.0 408 24/24 Th., Tx., on thyroid

10.0 440 24.5/27.5 Th., I'31, on thyroid
13.0 507 23/24 Th., Tx., on thyroid

* Th., thyrotoxicosis; Tx., surgical thyroidectomy; I3l,
I131 thyroidectomy; Eu., euthyroid; and T., previously on
thyroid medication.

dition, these patients had been receiving desic-
cated thyroid for at least four years. It should
be noted, however, that Patients 1 and 3 had
also been on desiccated thyroid from the onset of
pretibial myxedema until a few weeks before
biopsy. Exophthalmometer measurements were
higher in patients with thyroid disease of longer
duration. It is of particular interest that Pa-
tients 1 and 3, the two patients with least protru-
sion of the eyes, were the only pretibial myxedema
patients in whom values for acid mucopolysac-
charide in skin of thigh overlapped mucopolysac-
charide values in leg skin from patients without
thyroid disease. The acid mucopolysaccharide
concentration did not seem to be related to the
history of surgery or radioactive iodine treat-
ment for relief of thyrotoxicosis.
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Higher acid mucopolysaccharide levels in as-
sociation with pretibial myxedema were accom-
panied by a higher mean ratio of carbazole to
orcinol values.

DISCUSSION

Curtis, Cawley and Johnwick in 1949 reported
the association of malignant exophthalmos and
pretibial myxedema and suggested that both the
malignant exophthalmos and the localized myx-
edema might be caused by a local effect of pitui-
tary thyroid stimulating hormone (TSH) on the
extraocular tissues and on the corium of the skin
of the lower leg (6). Wehave demonstrated that
the administration of TSH to dogs results in in-
crease in concentration of acid mucopolysac-
charide in the dog thyroid gland (7). The gen-
eralized increase in the concentration of acid
mucopolysaccharide in the skin of patients with
pretibial myxedema might also result from the
same stimulus. Differences in concentration
might be explained by local variations in tissue
responsiveness and to physical factors such as
gravity and tissue pressure. The increased con-
centration of acid mucopolysaccharide demon-
strated histochemically in the retro-orbital tissues
of coincident exophthalmos is presumably part of
this response (3). Since pretibial myxedema can
occur with either hypo- or hyperthyroidism (2),
and since our patients were euthyroid at the time
biopsies were obtained, it seems unlikely that
lack of thyroid hormone is the causative factor
of this condition, although evidence would seem
to indicate that it is the causative factor in gen-
eralized myxedema. The observation that local-
ized myxedema in one patient with coincident ex-
ophthalmos disappeared completely with the onset
of pituitary failure after pituitary surgery is evi-
dence for a possible role of TSH in the etiology of
localized myxedema (8). These two states with
similar histochemical findings thus appear to differ
in some important aspects.

The increase in the carbazole to orcinol ratio
found in the myxedematous areas suggests a
qualitative change in the mucopolysaccharide of
the skin. The ratio of 1.7 to 1 found approaches
the 2 to 1 ratio characteristic of heparitin sulfate

(5), and suggests a predominant increase in this
type of polysaccharide.

The finding that the changes in mucopolysac-
charide content of the skin are not limited to
the pretibial area indicates that the term "local-
ized pretibial myxedema" may be clinically cor-
rect, but is chemically incorrect.

SUMMARY

A chemical assay of the skin of six patients with
"localized" pretibial myxedema was made. All
six patients had exophthalmos and were euthyroid
at the time the skin biopsies were made. Biopsies
were made of the clinically involved skin of the
shin and of clinically uninvolved skin of the upper
leg and the deltoid area. The acid mucopolysac-
charide concentration of these skin specimens was
compared with the concentration found in the
leg skin biopsies obtained during orthopedic opera-
tions on eight comparable individuals who had
never had thyroid disease.

The mean value for acid mucopolysaccharide
concentration in the clinically myxedematous
pretibial skin was 990 ,ug. of uronic acid per 100
mg. of tissue using the carbazole method, and
753 ug. using orcinol. The mean values for the
clinically uninvolved areas of skin from the same
individuals were 171 and 146 ,ug. per 100 mg.
of tissue, respectively. The latter values are
higher than the mean values found in the normal
skin of eight individuals without thyroid disease,
which were 89 and 98 ,ug. per 100 mg., respec-
tively.

Higher acid mucopolysaccharide values found in
pretibial myxedema were associated with a higher
mean ratio of carbazole to orcinol values.
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