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Neonatal Thymectomy Prevents Spontaneous Diabetes Mellitus

in the BB/W Rat

Abstract. Complete neonatal thymectomy reduced the frequency of spontaneous
diabetes mellitus in BioBreeding/Worcester rats from 27 to 3 percent. Incomplete
thymectomy also significantly reduced the frequency of diabetes (to 9 percent).
These findings strengthen the hypothesis that thymus-dependent, cell-mediated au-
toimmune destruction of pancreatic B cells is responsible for the pathogenesis of

diabetes in this experimental animal.

An acute diabetic syndrome resem-
bling insulin-dependent type 1 diabetes
in humans occurs spontaneously in ap-
proximately 30 percent of a colony of
BioBreeding/Worcester (BB/W) rats. Sa-
lient features of the syndrome include
genetic predisposition (I); abrupt onset
of insulin-dependent, ketosis-prone dia-
betes between 60 and 120 days of age;
lymphocytic insulitis with virtually com-
plete destruction of insulin-synthesizing
pancreatic B cells (2); and occurrence of
the syndrome in animals raised in a gno-
tobiotic environment (3).

It has been hypothesized that the BB/
W diabetic syndrome is the result of a
cell-mediated, autoimmune destruction
of pancreatic 3 cells (4). Support for an
immune pathogenesis stems from the
predominantly lymphocytic nature of the
insular infiltrate and the observation that
injections of rabbit antiserum to rat lym-

phocytes frequently normalize plasma
glucose levels in acutely diabetic rats
and prevent hyperglycemia in suscepti-
ble littermates (4). Another characteris-
tic of BB/W rats which resembles certain
human type I diabetics and lends support
to the syndrome’s immune pathogenesis
is the presence of lymphocytic thyroid-
itis in approximately 10 to 25 percent of
nondiabetic animals and 50 to 60 percent
of diabetic animals (5).

In this report we present evidence that
complete neonatal thymectomy prevents
the occurrence of diabetes in virtually all
susceptible animals. Inadvertent partial
thymectomy also provides significant
protection. In contrast, sham-operated
rats become diabetic with the expected
frequency. The effectiveness of thymec-
tomy in preventing diabetes supports the
hypothesis that a thymus-dependent,
cell-mediated immune destruction of

Table 1. Incidence of diabetes and insulitis in BB/W rats given complete thymectomy,
incomplete thymectomy, or sham surgery as neonates. Numbers in parentheses are percent-

ages.

Number of rats showing disease

Treatment .
Diabetes

Diabetes and
insulitis

Insulitis with
normoglycemia

Sham surgery
Complete thymectomy
Incomplete thymectomy

39 of 144 (27)
20of 63 (3)*
21 of 233 (9

16 of 105 (15)
7of 611D
42 of 212 (20)

55 of 144 (38)
9 of 63 (14)%
63 of 233 27)%

*Significantly different from corresponding control value at P < .0005 (chi-square test).
different from control value at P < .001 and from incomplete thymectomy value at P < .0S.

ly different from control value at P < .025.

+Significantly
iSignificant-
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pancreatic 3 cells is responsible for dia-
betes in the BB/W rat (6).

We subjected BB/W rats (7) to thy-
mectomy or sham surgery within 24
hours of birth (8). Surviving animals
were tested for glycosuria three times
weekly from 60 to 150 days of age. Rats
were defined as diabetic if their urine
glucose was shown to be 2+ or great-
er with Testape (Lilly) and if their plas-
ma glucose concentration exceeded 200
mg/dl (9). Diabetic animals were killed
immediately and nondiabetic rats were
killed at 150 days of age. At autopsy, the
thoraxes of thymectomized rats were
explored for evidence of thymic rem-
nants (/0). Among sham-operated ani-
mals, the presence of an intact thymus
was verified by gross or microscopic
examination or both. Pancreases were
fixed in Bouin’s solution, sectioned,
stained with hematoxylin and eosin, and
examined for evidence of insulitis. Thy-
mus and pancreas slides were studied
(by A.A.L.) without knowledge of the
operative procedure performed and the
physiological status of the animal. The
frequencies of diabetes and insulitis
among groups were evaluated by chi-
square analysis.

Two groups of rats were subjected to
the experimental procedures. The first
group was studied in the summer of 1980
when the incidence of diabetes in the
colony was approximately 20 percent.
The second group was studied from Jan-
uary to June 1981 when the frequency of
diabetes had reached approximately 40
percent (/7). The data for both experi-
mental groups are combined for the sake
of brevity. This does not alter the results
or the statistical evaluation of the data.

Complete thymectomy proved difficult
to achieve. It was verified microscopi-
cally in 63 of 296 (21 percent) of the
animals in which it was attempted (Fig.
1).

As shown in Table 1, 27 percent of the
sham-operated rats became diabetic
while only 3 percent of the completely
thymectomized and 9 percent of the in-
completely thymectomized animals evi-
denced diabetes. The severity of diabe-
tes and the age of onset, however, were
similar among the three groups. Insulitis
with normoglycemia was present in 15
percent of the sham-operated rats, 11
percent of the completely thymecto-
mized rats, and 20 percent of the incom-
pletely thymectomized animals. Al-
though these results are not significantly
different, the incidence of combined dia-
betes and normoglycemic insulitis was
significantly greater among sham-operat-
ed rats than among thymectomized ani-
mals (Table 1).
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The occurrence of insulitis and diabe-
tes in rats without microscopically iden-
tifiable thymic tissue might be explained
by the presence of ectopic (12) or residu-
al thymic tissue overlooked at the time of
initial surgery and at autopsy. Alterna-
tively, immunologically competent cells
may have left the thymus prior to thy-
mectomy.

The observation that partial thymecto-
my also protects against diabetes may be
without precedent. Although data con-
cerning the effects of incomplete neona-
tal thymectomy are not readily gleaned
from the early thymectomy literature,
Martinez et al. (13) reported that mice
subjected as neonates to 90 to 95 percent
thymectomy did not accept skin allo-
grafts across the H-2 histocompatibility
barrier, while complete thymectomy pre-
vented rejection in almost all the ani-
mals. In another study, the presence of
residual thymic tissue in mice afforded,
at best, partial protection against suc-
cessful transplantation of polyoma vi-
rus-induced tumors (14).

It is well known that neonatal thymec-
tomy induces profound lymphopenia in
rats and mice and is responsible for
impaired cellular immune responses
such as experimental allergic encephali-
tis, tuberculin skin reactions, and rejec-
tion of skin allografts (15). Antiserum to
rat lymphocytes also reduces the number
of peripheral blood lymphocytes and im-
pairs or abolishes the same cell-mediated
immune responses (15). We previously
reported that rabbit antiserum to rat lym-
phocytes protects against diabetes in the
BB/W rat (4). It is, therefore, reasonable
to expect that partial as well as complete
thymectomy would induce a state of
relative immunologic incompetence in
which the mass of effector lymphocytes
is reduced below a certain threshold lev-
el of effectiveness. Under these circum-
stances, the susceptible BB/W rat may
be unable to consummate or even initiate
the destruction of pancreatic p-cells nec-
essary for the induction of diabetes. The
present results, therefore, are not con-
sistent with the widely held assumption
that incomplete neonatal thymectomy af-
fords no protection in immunologic pro-
cesses of the cell-mediated or delayed
type. '

Functional assays (mixed lymphocyte
culture or mitogen-induced T cell repli-
cation) of surviving T cells were not
employed to evaluate the completeness
of thymectomy. In retrospect, measure-
ments of this type might have been use-
ful because partial thymectomy protect-
ed against diabetes. It is not certain,
however, whether available in vivo or in
vitro functional assays are sufficiently
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Fig. 1. Photomicrograph of a very small thy-
mic remnant (TH) embedded in mediastinal
adipose tissue (x35). The compact aggregate
of thymic lymphocytes is adjacent to a small
lymph node (LN). The remnant was not mac-
roscopically recognizable (stain: hematoxylin
and eosin).

sensitive to detect the low level of T cell
competence that might result from the
presence of microscopic thymic rem-
nants. In preliminary studies, peripheral
blood lymphocytes from sham-operated
BB/W rats were compared with lympho-
cytes from athymic nude rats and com-
pletely or incompletely thymectomized
BB/W animals. Monoclonal antibodies
(Pel-Freeze Biologicals) were used to
enumerate total T cells (W3/13), non-
helper T cells (OX8), and helper T cells
(W3/25) (16). Only cells reacting with
W3/25 were consistently depressed in
nude rats and in most completely thy-
mectomized BB/W rats. Many BB/W
rats with microscopic thymic remnants
also evidenced a marked reduction in the
number of W3/25-labeled lymphocytes.

The observation that the predisposi-
tion of BB rats to diabetes may be linked
to the major histocompatibility complex
(17, 18) and the report that neonatal BB
rats inoculated with Wistar-Furth bone
marrow evidence a decreased incidence
of diabetes (19) provide additional and
persuasive support for an immunologic
pathogenesis of the syndrome. The re-
cent reports of generalized lymphopenia
among diabetic and diabetes-susceptible
rats (20, 21) and of reduced numbers of
helper T cells (22) are enigmatic and
difficult to reconcile with the protection
afforded by neonatal thymectomy and
injections of antiserum to rat lympho-
cytes (4). Detailed studies—including se-
lective depletion and cell-transfer stud-
ies—of the known T cell subsets, other
lymphocyte groups, and macrophages
are required to clarify the pathogenic
significance of lymphopenia in these ani-
mals.

The report of lymphocytic thyroiditis

among diabetic and nondiabetic BB/W
rats (5) and the frequent presence of
autoantibodies to smooth muscle, thy-
roid colloid, and other tissue compo-
nents (22, 23) are also consistent with an
autoimmune pathogenesis of the BB/W
syndrome. These data suggest that more
than one cell type or antigenic determi-
nant are under immunologic attack and
that the predisposing defect in these ani-
mals is more likely to be an abnormal
immune response than an antigenically
altered target cell or tissue.
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High Angiotensin-Converting Enzyme Activity in the

Neurohypophysis of Brattleboro Rats

Abstract. The activity of angiotensin-converting enzyme is significantly higher in
the intermediate and posterior pituitary lobes of Brattleboro rats than in Long-Evans
control rats. The high activity level was reversed by vasopressin treatment. Con-
versely, angiotensin-converting enzyme activity was significantly lower in the ante-
rior pituitary of Brattleboro rats than in Long-Evans rats, and this activity level
was not affected by vasopressin. These findings suggest an inverse relation between
vasopressin and angiotensin systems in the posterior and intermediate lobes of the

pituitary gland.

Two hormones, angiotensin II and
vasopressin, regulate water balance in
mammals (/). Angiotensin II increases
fluid intake, whereas vasopressin is anti-
diuretic. An interaction between the re-
nin-angiotensin and vasopressin systems
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has been established (2). After its syn-
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into the general circulation, vasopressin
is able to control the release of renin
from the kidney (3). Angiotensin and

- Long-Evans (N=11)
7 =
% Heterozygous Brattleboro (N=9)

Homozygous Brattleboro (N=9)

Heterozygous Brattieboro given
vasopressin (N=5)

N Homozygous Brattleboro given
\\\ vasopressin (N=5)

500
**
| S’
400 %

3

-

¥
r*3

Posterior

Intermediate

Anterior

646 0036-8075/82/0507-0646801.00/0 Copyright © 1982 AAAS

vasopressin have also been postulated to
interact at the neurohypophyseal lev-
el. Administration of angiotensin II in-
creases the release of vasopressin from
the neurohypophysis (4). The localiza-
tion of the precursor of angiotensin II,
angiotensin I (5), and the existence of a
highly active angiotensin-converting en-
zyme (ACE) (E.C. 3.4.15.1) in the neuro-
hypophysis (6) suggest an interaction be-
tween renin-angiotensin and vasopressin
systems in this organ.

The interaction can be advantageously
studied in homozygous Brattleboro rats
(7). In these animals, diabetes insipidus
is associated with high plasma renin ac-
tivity and angiotensin II concentration
(8 without changes in renin substrate
(9). The high plasma renin activity can be
corrected by treatment with vasopressin
(10), but vasopressin is ineffective
against the high isorenin activity in the
adrenal gland and hypothalamus of these
rats (10).

Homozygous Brattleboro rats lack
angiotensin II binding sites in the neuro-
hypophysis (/1). To determine whether
there are other abnormalities in the re-
nin-angiotensin system in the neurohy-
pophysis of Brattleboro rats and whether
these changes can be influenced by vaso-
pressin, we studied ACE activity in the
posterior, intermediate, and anterior pi-
tuitary lobes of Long-Evans rats and
age-matched, heterozygous and homo-
zygous male Brattleboro rats (12).

The animals were decapitated between
9:00 and 11:00 a.m. and blood samples
were taken from the trunks, poured into
ice-chilled tubes containing heparin, and
centrifuged. A piece of lung was re-
moved and the pituitary glands were
separated into anterior, posterior, and
intermediate lobes under a dissecting mi-
croscope. These tissues were homoge-
nized in cold 0.1M tris buffer (pH 7.4)
containing 1 mM parachloromercuri-
phenylsulfonic acid, and portions of the
homogenate were analyzed for protein
content (/3) and ACE activity (14). ACE
activity was also measured in duplicate
10-ul samples of plasma.

There were significant differences be-
tween the Brattleboro and Long-Evans
rats in ACE activity in the three lobes of
the pituitary gland. ACE activity in the

Fig. 1. Angiotensin-converting enzyme activi-
ty in the three lobes of pituitary glands from
Long-Evans, heterozygous Brattleboro, and
homozygous Brattleboro rats and the effect of
vasopressin. The data are means * standard
errors. Single asterisks indicate significant
differences at P < .05; double asterisks indi-
cate P < .01 (analysis of variance followed
by multiple comparisons among individual
means).
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