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In the course of investigations of hormonal
effects on connective tissue in these labora-
tories, our attention was drawn to the problem
of localized myxedema. As a result of our
clinical impression that this lesion was often
associated with progressive exophthalmos, the
studies to be reported here were initiated. Re-
cently, Curtis(1) has also pointed out that
the two conditions occur frequently in the
same patient, and have a very similar clinical
course.

The primary pathological change in local-
ized myxedema is an infiltration of the
dermis by a mucinous intercellular and inter-
fibrillar ground substance,(2,3) Watson and
Pearce,(4) by direct chemical analysis of skin
from patients with pretibial myxedema, dem-
onstrated a marked increase in hyaluronic
acid, chondroitin sulfuric acid, and water in
the affected areas.

Experimental exophthalmos has been pro-
duced in guinea pigs by several investigators
both by thyroidectomy and with extracts

of the adenohypophysis containing the
thyroid stimulating hormone (TSH)(5).
Smelser(6,7) reported that the orbital

tissues of such animals were edematous
and contained a stainable amorphous material
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in the connective tissue. Subsequently, he
demonstrated that the increase in weight of
the orbital contents was due to an increase in
water content, and suggested that edema of
these tissues is responsible for the forward
proptosis of the eye.

On the basis of these observations, it was
decided to study the amounts of mucinous
substances in the orbital tissues in experi-
mental exophthalmos. In addition to histo-
chemical studies, water and hexosamine con-
tents were determined. Since mucopolysac-
charides contain fixed quantities of hexosa-
mines, the determination of these substances
may be used as an index of the amount of
mucopolysaccharide present. )

Methods. Four sets of young guinea pigs
(250 g) were studied: A) Intact controls, B)
Intact animals treated with thyroid stimulat-
ing fraction from the adenohypophysis (TSH),
C) Thyroidectomized controls, and D) Thy-
roidectomized animals treated with TSH. The
animals were fed a stock diet of Purina Dog
Chow with additional fresh greens, excluding
cabbage. Those receiving TSH were injected
intraperitoneally with 25-30 Junkmann-
Schoeller units per day. The degree of ex-
ophthalmos was estimated grossly. The
animals were etherized and sacrificed by ex-
sanguination at intervals up to 3 weeks after
the start of the experiment. The entire orbital
contents were removed and the eyes were care-
fully dissected free and discarded. The lac-
rimal and Harderian glands were separated
from the remaining tissues, which consisted of
the extraocular muscles, adipose tissue and
loose connective tissue. The contents of one
orbit were then fixed in formalin and absolute
alcohol, while the other was saved for meas-

t The TSH used was Thyrotropic Hormone,
Parke Davis and Co., R No, 099802, 6-8 Junkmann-
Schoeller units per mg, obtained through the cour-
tesy of Dr. D. A, McGinty.
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urement of water and hexosamine content.
The fixed material was sectioned at five micra
and stained with hematoxylin and eosin, and
toluidine blue. Sections of the material were
digested in a solution of bull testis hyaluroni-
dase! containing 50 turbidity reducing units
per ml. To estimate water content, the tissues
were placed in tared watch glasses and weighed
on an analytical balance immediately after
removal from the orbit. They were then dried
in an oven at 100°C for 12 hours and kept
dry in a vacuum desiccator over CaCl, until
reweighing. The hexosamine content was de-

Fia. 1.
Section of extraocular muscle and connective
tissue from a control animal, showing the faint

Toluidine bluc stain.
Fia. 2,

Section of similar area from thyroidectomized
guinea pig treated with TSII. Note heavy de-
position of intensely metachromatic material.
Toluidine blue stain. X 125.

metachromasia. X 125,

§ Bull testis hyaluronidase supplied by Dr. E.
Seifter, of the Wycth Research Laboratories, Phil-
adelphia, Pa.
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termined by an adaptation to whole tissues
of West’s(8) modification for serum of the
method originally described by Elsom and
Morgan.(9) The dried tissues were trans-
ferred to 10 ml volumetric flasks and hydro-
lyzed for 6 hours in a boiling water bath after
the addition of 3 ml of 2N HCL. After cool-
ing, the flasks were filled to the 10 ml mark
with distilled water, and the contents filtered
through a No. 5 Whatman filter. 0.5 ml ali-
guots of the filtrate were then carried through
as described by West.- The hexosamine
values were expressed as mg per 100 mg of
tissue (dry weight), using a glucosamine
standard.

Results. None of the animals in the control
group developed exophthalmos. Histologic
examination revealed extremely small amounts
of metachromatic material scattered through-
out the connective tissue and in the capsule
of the Harderian gland (Fig. 1).

Exophthalmos appeared in the intact
animals receiving TSH (Group B) within
2 to 3 days after the onset of treatment, began
to diminish within 10 to 12 days, and dis-
appeared almost entirely after 3 weeks. The
thyroidectomized control animals (Group C)
developed moderate exophthalmos. All the
thyroidectomized animals receiving TSH
(Group D) developed marked exophthalmos.
The orbital tissues of this group were dis-
tinctly mucoid and viscous on gross examina-
tion.

The histologic findings paralleled the
macroscopic observations. All animals with
exophthalmos showed large deposits of in-
tensely metachromatic ground substance in
the connective tissue, particularly in the fat
tissue, the fasciae of the extra-ocular muscles,
and the capsules of the Harderian and lacri-
mal glands. (Fig. 2 and 3). In Group D, where
the extent of the changes was greatest, there
were actual lakes of this material and meta-
chromasia in the connective tissue between the
muscle fibers and in the septa of the glands.
Digestion with hyaluronidase resulted in al-
most complete removal of the metachromatic
deposits. (Fig. 4) Lymphoid nodules in the

9. Elson, A, L., and Morgan, W. T. J., Biochem.
J., 1933, v27, 1824,




MUCOPOLYSACCHARIDES IN PATHOGENESIS EXOPHTHALMOS

g .
~

V- S uitelk o

X

e AL

Ll L L

Fra. 3.

Section of Harderian gland from thyroidec-
tomized guinea pig treated with TSH, with large
amounts of mucopolysaccharides in the capsule.
Toluidine blue stain. X 125.

Fie. 4.

Adjoining section from
hyaluronidase digestion.
X 125,

same animal after
Toluidine blue stain.

subconjunctival area, seen in the controls,
were considerably enlarged in the other groups,
but no lymphocytic infiltration of the con-
nective tissue was observed. Onme section re-
vealed a small focus of muscle degeneration.

Water and hexosamine determinations were
carried out on all three components into which
the retro-ocular tissues were divided, the lacri-
mal gland, Harderian gland, and the muscle-
fat fraction. The changes were most striking
and clear-cut in the latter fraction, because of
the presence of a greater proportion of con-
nective tissue. Accordingly, only the data
obtained from this tissue will be presented
now. The water contents of these tissues cor-
related well with the degree of metachromasia
and the degree of exophthalmos. The most
striking and significant increase occurred in
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the thyroidectomized group given TSH
(Group D). The intact group receiving TSH
(Group B) exhibited a moderate increase at
first, followed by a fall to control levels.
(Table 1)

The hexosamine concentrations also varied
directly with the degree of exophthalmos,
metachromasia, and water content. (Table I)
It, too, was most strikingly elevated in Group
D and less so in the other groups. Group B
exhibited an initial rise, but the subsequent
fall was less striking than the secondary de-
creases in the other factors studied. The in-
crease in water and hexosamine content in the
treated animals cannot be ascribed to prolif-
eration of the orbital tissues, since analysis
of the total dry weights of the orbital contents
in the four groups reveals an actual decrease
in the weights of the retro-ocular tissues in
Groups C and D in relation to the control
group. (Table I) This indicates that in this
experiment exophthalmos is independent of
the growth of the orbital tissues.

Discussion. These results indicate that the
pathologic changes observed in exophthalmos
are similar to those of localized myxedema and
consist essentially of the accumulation of in-
terfibrillar ground substance in the orbital
connective tissue. The response to hyaluron-
idase digestion indicates that a large propor-
tion of the mucopolysaccharide moiety of this
ground substance is hyaluronic acid. It is
accepted that the mucopolysaccharides are
extremely hydrophilic (10) and, when present,
play a major role in the maintenance of tissue
water content. The large amounts of these
substances in the orbital tissues in experi-
mental exophthalmos, therefore, must con-
tribute significantly to the increase in water
content reported by Smelser,(7) and con-
firmed by us. It would appear, therefore, that
the increase in volume of the orbital contents
in experimental exophthalmos is the result of
both an accumulation of mucopolysaccharides
and the resultant rise in water content. In
the rigid confines of the orbit, the increased
volume of the retro-orbital tissues is in turn

10. Ropes, M. W., Roberts, W. vB., Rossmeis],
E. C,, Peabody, R. B., and Bauer, W., Acta med.
Scandinav., 1947, Suppl. 196, 700.
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TABLE 1.
Summary of Analyses of Orbital Contents of Guinca Pigs.

Water Hexosamine content,
No. content, mg/100 mg tissue Total dry w t
Greup animals %o (dry wt) orbital content
A Intaet controls 12 80.6 + 4% 70 + .03 1455 + 6.4
B Intact 4 TSH (5 days) 4 827+ .8 97 £+ .05
1569 + 7.3
B Intact and TSH (14 and 21 days) § 80.5 + 4 90 + 09
C Thyroidectomized 3 83.1+ .2 92 + .07 1229 + 15.5
D Thyroidectomized + TSH 8 86.9 + .5 1.27 + .11 109.7 + 8.9
7 zaA?
*SE. = / ——
vV n(n—1)

responsible for the extrusion of the ocular
globe.

Summary. The development of experimental
exophthalmos in the guinea pig is dependent
on the accumulation of large quantities of
intercellular ground substance and water in
the connective tissue of the orbital contents.
This is evidenced by the presence of consider-
able amounts of metachromatic material, of

which hyaluronic acid is an important com-
ponent, and by an increase in the hexosamine
and water content of these tissues.

This is similar to the changes observed in
localized myxedema in man, and suggests a
common mechanism for the two conditions.
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Selye’s observation that large amounts of
steroids induce anesthesia,(1) together with
the relationships thought to exist between
anesthetics and the carbohydrate metabolism
of brain,(2) have provided a basis for studies
concerning the effect of steroids on rat brain
cell respiration. It has been found that these
agents are capable of inhibiting the aerobic
respiration of rat brain, presumably at the
dehydrogenase level.(3) Our previous
studies indicate that this phenomenon also
operates in the intact organism since (a) de-
privation of gonadal steroids by castration
leads to an increased rate of glucose oxida-
tion by rat brain,(4) (b) tissues from cas-
trated male rats differ from normal tissues

in their response to steroids added in
vitro,(5) and (c) a parallelism can be shown
between the iz wvitro inhibiting potency and
in vivo anesthetic activity of the steroids.(3)
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