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The role of thyroid hormone in resistance
to human leprosy infection is not clear.
O'Byrne (') and Rojas (') have de-
scribed favorable results in leprosy patients
treated with methimazole (Tapazole) and
propylthiouracil, both of which are potent
antithyroid substances. However, Levy et
al. (*) and Browne and Hogerzeil (®)
have not found methimazole to be useful in
the treatment of human leprosy. Because of
the obvious difficulties that would be en-
countered in a comprehensive and con-
trelled study of thyroid and antithyroid
substances in human leprosy, it was de-
cided to determine the effect of these sub-
stances in murine leprosy. The concept of
this experiment derived from one of us
(HG), who gained experience and knowl-
edge of a similar project (7) while in
Colombia, South America.

METHODS AND MATERIALS

One hundred and sixteen female albino
Swiss Webster mice weighing 20-25 gms.
were divided into five groups, each com-
prising 22 to 24 individual mice, These
groups were treated with either radioactive
lodine (I'3'), Tapazole (TAP), L-tetraiod-
othyronine (T4) or L-triiodothyronine
(T3), or retained as a control group re-

1 Received for publication 30 September 1968,

2 Supported in part by the University of Minne-
sota  Graduate School Research Grant  (account
number  453-0303-4909-02) and USPHS Research
Training Grant in Dermatology, (AMO05560), Di-
vision of Dermatology, Department of Medicine,
University of Minnesota Hospitals, Minneapolis,
Minnesota 55455,

4 1. K. Koh, M.D., H. 1. Katz, M.D. and H.
Gallego-Correa, M.D., Department of Dermatology,
University of Minnesota  Hospitals,  Minncapolis,
Minnesota 55455,

ceiving only saline injections. Table 1 pre-
sents details of treatment schedules,

On the same date all mice were given,
intraperitoneally, the same dose of M. le-
praemurium (approximately 10%) Hawai-
ian strain organisms in an infected liver
homogenate. Individual mice from each
group were selected at random 75, 103, or
125 days postinfection, given an intramus-
cular traced dose of 1! (0.5 pc), sacrificed
24 hours later and autopsied. The thyroid
gland was removed and its radioactivity
determined on a crystal scintillation count-
er following digestion with 5N NaOH. The
liver and other internal organs were re-
moved, fixed, sectioned and stained with
hematoxylin and eosin and with Kinyoun’s
acid-fast stain (1), '

In comparing liver sections from the vari-
ous groups, the absence or presence and
number of granulomas (per three fields at
one hundred power magnification), cellular
composition of the individual granulomas,
and the relative number and staining char-
acteristics of intracellular acid-fast organ-
isms was evaluated,

RESULTS

Because statistically significant differ-
ences in results were not noted in animals
sacrificed after 75, 103 and 125 days respec-
tively, the data were combined. The per-
centage of mice surviving to complete the
experiment and their average thyroid I'31
uptake are shown in Table 2. The thyroid
hormone treated groups had a considerable
mortality prior to the days selected for
sacrifice. Twenty-one mice not infected
with M, lepraemurium were given similar
doses of T* and T* with 70 per cent and 72
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Tapre 1. Treatment schedule.

: .
Group | Treatment

Control No treatment (only saline M)

]I“ “l[}ﬂl‘ IISI n

TAP 100 pgm, IM" (freshly prepared)

K 10 pgm. IM" (freshly prepared
| in alkaline saline).

T |10 pgm. INI" (preparved weekly)

cGiven IM at 2 and 4 weeks prior to infection.

b Started 1 week prior to infection and given
every other day, throughout the course of the
experiment.

TasrLe 2. Group  swrvival  rales  and [
uplake studies.
|
| Surviv-
i ing mice | 1" up take |
i |
[ I Per | Signifi-
Group | Percent | cent | SkE® cance
Control 95.8 | 7.4 0.6
[ 95.8 6.4 0.8 |
TAP 05.8 4.0 0.4 | p<o.0l
g b 7.2 | 09 0.3 p<0.01
s 70.8 | 1.9 0.5 | p<0.01

v Standard ervor.
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Tasre 3. Relalive numbers of hepalic gran-
wlomas per 3 high powered fields.

: Average
number of
Group | granulomas Standard error
| iy |
(ontrol 19.35 | 466
Jat 16.15 2.49
TAP 8.26 1.47
T4 5.22 1.20 (p<0.01)
e 2.12 0.51 (p<0.01)

per cent respectively surviving at 60 days.
Significant differences in the combined
['*1 uptake studies were noted when the
TAP, T' and T* groups were compared to
the control group. The dose of radioactive
1" initially given to the I'' groups did
not cause significant hvpothyroidism as as-
sessed by tracer uptake studies. Thz ex-
ogenous T' and T depressed normal en-
dogenous thyroid function. Therefore the
animals so treated - showed a low tracer
uptake.

The relative number of granulomas in
the liver sections is shown in Table 3. The
T and T* groups had a significantly de-
creased number of granulomas as com-
pared with the control groups.

116, 1. Small cell granuloma. Magnification X480,
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116, 2. Acid-fast bacilli in saeall cell grannloma.

The character of the granulomatous re-
sponse differed in the various experimental
groups. Two distinct histopathologic types
of granuloma formation could be dis-
cerned. Table 4 presents a comparison of
these granulomas. The small cell granuloma
was composed of collections of well-
defined, discrete cells each with a centrally
placed single nucleus, occupying approx-
imately two-thirds of the cell, and a slightly
cosinophilic cytoplasm which often con-
tained brown to black, irregular. small to
large clumps of pigment (Fig. 1). A sur-
rounding mantle of discrete small mononu-
clea cells, mainly lymphocytes, was often
observed at the periphery of this type of
granuloma. Giant cells were rare. Acid-fast
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Magnifieation X 1,000,

staining revealed irregularly stained, long,
narrow, sparse intracellular bacilli (Fig, 2).

The second type of granuloma was com-
posed of large multinucleated cells with
cither centrally, peripherally, or eccentri-
cally placed nuclei (Fig. 3). On hema-
toxylin-eosin staining the cytoplasm was
granular and lacked pigment. Acid-fast
staining revealed that the large cell granu-
lomas contained numerous fully stained
short bacilli (Fig. 4).

The number of acid-fast staining bacilli
in 100 small and 100 large cell granulomas
was determined under oil immersion and
was recorded by the following semi-
logarithmic (udmg, scheme. Each granulo-
ma was scored from zero to four depending

TasrLe 4. Comparative features of small and large cell granulomas.

Small cell granulomas

Cell type | Mononuclear

cells

Large cell granulomas

(histioeytes | Multinuelear ¢ lls

| and Kupffer's cells)

Presence of giant cell ['nusual
Number of intracellular
acid-fast baeilli Few

Acid-fast staining
Mantle of peripheral
mononuclear cell
Presence of pigment

Usually  present
phoevies)
[sual

Irregular and long baeilli
(mainly

| Usually present

Many, elumped
Solid and short baeilli
lvm- | Oceasionally present

["nusual
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b- .‘ atd .
I'1c. 3. Large cell granuloma. Magnification X480,

on the number of stained bacilli present.
The scoring was done as follows:

0 = no bacilli seen in the granuloma

1 = 1 to 10 bacilli per granuloma

2 = 11 to 100 bacilli per granuloma

3 = 101 to 1,000 bacilli per granuloma

4 = over 1,000 bacilli per granuloma
The small cell granuloma had an average
score of 1.63 while that of the large cell
granuloma was 3.21. The difference be-
tween the two groups is significant
(p<0.001).

TapLe 5. Comparison of incidence and

type of granulomatous response in liver.

Small cell ‘ Large cell
granuloma
Per cent

| No. |
granulomal granuloma
Per cent | Per cent

Giroup

52.2

Control | 8.7 39.1
[ | 4.3 43.5 52.5"'
TAP | 16.7 | 62.5 2.8
T4 L 105 | 68.4 21 .1
T |  29.4 64.7 | 5.9

|

The quantitative aspects of the granulo-
matous liver infiltrate are shown in Table 5.
The T* group, and to a lesser extent the T*
and TAP groups, demonstrated no granulo-
mas or predominately the small cell type,
in contrast to the control group.

DISCUSSION N

Experimental murine leprosy is caused
by M. lepraemurium and is a chronic pro-
gressive disease in mice. The causative or-
ganisms of murine leprosy and human lep-
rosy share many similar characteristics as
Loth are intracellular acid-fast bacilli which
cannot be cultured on ordinary media and
are susceptible to many similar drugs, in-
cluding the sulfones (¥). Because of these
and other similarities, as well as previous
lack of other suitable in vivo procedures,
murine leprosy has been used in the past as
an experimental model to study human
leprosy.

From a study of liver pathologic changes
alone it is difficult to draw definitive con-
clusions as to the efficacy of thyroid hor-
mone therapy in murine leprosy. However,
there is an apparently changed host-
parasite relationship demonstrated in the
thyroid groups especially T®. These ani-
mals had a qualitative as well as a quanti-
tative decrease in the severity of their dis-
ease as measured by strictly morphologic
means.

Two distinct types of granuloma forma-
tion were found, designated as large and
small cell granulomas. The large cell granu-
loma has multinucleated giant cells with
scant pigmentation and numerous intracel-
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Fic. 4. Acid-fast bacilli in large cell granuloma. Magnification X1,000.

lular acid-fast organisms. It occurs in he-
patic granulomas of mice with murine lep-
rosy (% %), The second type, the small cell
granuloma. consists primarily of either his-
tiocytic or Kupffer’s cells with abundant
pigment formation and scant intracellular
acid-fast organisms; a surrounding mantle
of lymphocytes was often present, The T*
groups demonstrated a predominantly small
cell type of hepatic granulomatous re-
sponse at one extreme, with the T' and
TAP groups intermediate in terms of the
character of their granulomatous response.
In a preliminary report Gutierrez (7)
noted a decreased number of granulomas
in the livers of the mice given T* as com-
pared to similarly infected controls, Inter-
estingly, only six of his 20 T* animals
survived the treatment period. Thyroid
hormones, both T# and T!, are known to
potentiate pressor amines, to have calor-
igenic effects and to increase the suscepti-
bility of animals to various bacterial prod-
ucts including endotoxins (%), It is pos-
tulated that the latter susceptibility led to
the premature deaths in both infected and
noninfected groups of mice treated with T*
and T*. Gutierrez also found that treat-
ment with a single dose of 85 pc of '™
as given in the present study did not result
in a decreased uptake of tracer I'*! given
up to five months after the iniitial I**!, We

are hesitant to speculate on the significance
of the liver granulomas results obtained in
the group.

Although the literature on the role of
thyroid hormones and antithyroid drugs in
leprosy is sparse, there is abundant evi-
dence regarding the effect of these sub-
stances in tuberculosis. Briefly, it has been
found (') that thyroid hormones, T® and
Tt result in an increased resistance to
tuberculosis infection in rabbits having
moderate  innate resistance. Hypothy-
roidism and antithyroid drugs have the
opposite effect. Although there is some
species variation, thyroid hormone adminis-
tration generally results in activation of
lymphatic tissue, increased mononuclear
phagocytic activity and decreased accumu-
lation of intracellular organisms within
granulomas. However, Backman (') stated
that both hyperthyroid and hypothyroid
states enhanced the multiplication of the
tubercle bacilli in lung and spleen in mice.

Bergel has reported (*) that when ro-
dents fed pro-oxidant diets high in unsatur.
ated fats and low in vitamin E, susceptibili-
ty to experimental infection with various
mycobacterial organisms occurs, including
M. leprae and M. lepraemurium, He postu-
lated that pro-oxidant diets alter lysosomes
which may be involved in the ultimate
degradation of intracellular organisms such



as the mycobacteria. Sulfone drugs such as
diaminodiphenyl sulfone (%), some anti-
thyroid drugs ('), and thyroid hormone
(*) have active antioxidant activity, This
may account for the diminished intracellu-
lar accumulations of organisms, in T# T4,
and TAP groups. T# is known to cross cell
membranes at a faster rate than TV and is
considered the active intracellular thvroid
hormone ('). On the other hand, TV i;
thought to be the transport form of the
thyroid hormone in the blood. Had the
TAP groups been given a higl er dosage of
TAP, the antioxidant effects might have
been more evident.

The aforementioned may be important in
the apparent reduction in liver pathologic
changes in the thyroid groups as compared
to the controls. However, an additional
factor may be the influence of the calor-
igenic and hypermetabolic properties of
thyroid hormone upon the body tempera-
ture of the T# and T treated groups, being
detrimental to propagation of the intraccl-
lular organisms. Many mycobacterial infec-
tions including leprosy may show tempera-
ture dependence (7).

The morphology of mycobacteria as re-
vealed by acid-fast staining is thought to
reflect their viability (). Nonviable bacil-
li stain irregularly vielding a lbeaded or
fragmented appearance. Those which stain
uniformly are considered viable, By these
criteria, the small cell granulomas of our
mice generally contained a majority of non-
viable organisms while the large cell granu-
lomas contained a majority of viable organ-
isms.

SUMMARY

Exogenous thyroid hormone adequate to
suppress endogenous thyroid activity in the
mouse resulted in qualitatively and quanti-
tatively diminished hepatic granulomatous
response to Mycobacterium lepraemurium.
These effects are discussed in relation to
the antioxidant and calorigenic effects of
thyroid hormones.

RESUMEN

.‘\(l('('nil[lil {"d'lltil!illl (1(' ‘ll]l'lll'll':"' !il"ll'{ll‘ﬂ-\'
exogenas para suprimir la actividaed  tiroidea
endogena en el ratén resultd en una disminu-
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cion cualitativa y cuantitativa a la respuesta
granulomatosa hepitica al Mycobacterium lep-
racmurivm. Estos efectos se discuten en rela-
cion con los efectos antioxidantes y calorigéni-
cos de la hormona tiroidea.

RESUME

L'utilisation d'une hormone thyroidienne ex-
ogene susceptible de supprimer Tactivité endo-
gene de la thyroide chez la souris, a entraind
une diminution qualitative et quantitative de
la réaction granulomateuse du foie i I'égard
de Mycobacterium lepracmurium. Cette action
est discutée & la lumicre de ce que Ton sait
des effets anti-oxydants et calorigénes des hor-
momes thyroidiennes,
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