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Summary. By immunisation of rabbits with rat parathyroid-(PTG)-homogenates or
bovine PTG-homogenates antisera with species- and organ-specific antibodies against rat
PTG or bovine PTG, respectively, have been produced. After passive immunisation of rats
with the antiserum against rat PTG a marked immunoparathyroiditis developed in three
out of 15 rats. Hypoparathyroidism, however, was not observed.

An autoimmune etiology is discussed for the idiopathic hypoparathyroidism
(Blizzard et al., 1966a, 1966b; Mitschke et al., 1973; Van de Casseye and Gepts,
1973) and circulating tissue antibodies against parathyroid glands (PTG) were
detected in 38 % of those patients. The autoimmune etiology seems to be obvious
particularly in the syndrome of hypoparathyroidism, chronic adrenal insufficiency,
and moniliasis. In some rare cases of this syndrome a lymphocytic parathy-
roiditis was found at autopsy (Craig et al., 1955; Kossling and Emmrich, 1971;
Mitschke et al., 1973). Moreover, Van de Casseye and Gepts (1973) report on a
lymphocytic parathyroiditis in a patient with idiopathic hypoparathyroidism
and Paget’s disease. Seemann (1967) observed a distinet lymphocytic para-
thyroiditis in a patient without anamnestic data of altered calcium metabolism.
The significance of the sparse to moderate lymphocytic infiltrations of PTG which
were found in 10-16% of unselected autopsy series by Reiner et al. (1962) and
Seemann (1967} is not clear.

To acknowledge the autoimmune etiology of a disease Witebsky and Rose
(1957) also require active and passive immunisation for its experimental re-
producibility. Jancovic et al. (1965) induced an experimental parathyroiditis
by active isologous immunisation in chickens. And Lupulescu et al. (1965, 1968a,
1968b) succeeded in challenging an experimental parathyroiditis with hypo-
parathyroidism by active immunisation of dogs and rats.—In our present study
we investigated the formation of precipitating antibodies against PTG tissue and
the possibility of passive immunisation of rats.

Materials and Methods

For immunisation two and two rabbits were injected subcutaneously with the following
tissue homogenates and tissue extracts in 1 ml Freund’s adjuvant (Difco Lab.) once a week
for 8 weeks:

Group A: Rat PTG homogenate of 20 PTG each,

Group B: Rat thyroid (T'G) homogenate of 6 TG each,

Group C: Bovine PTG homogenate of 2 PTG each,

Group D: 1 ml bovine PTG extract PARA-THOR-MONE® (Lilly),

Group E: 1 ml bovine PTG extract PARATHORM® (Hormonchemie).

* Supported by DFG, Sonderforschungsbereich 34 “Endokrinologie .



E. Altendhr and W. Jenke

334

"UeyouNy ‘srweypuouriof] Aq pepraoid Ajpury seM gWHOHIVAVJ ‘Ueger) ‘Hqu) LT 1 Lq pepraoid Apury sesm @A NOW-JOHL VIV q
"aa13ESeU = () ‘UOI}BI[IFUI 04OI0SIP == +- ‘UOIIBIHUL POYIBW == 4+ o

0 0 0 X (Surrgeqy) wmaes 4Iqged [BULION
(@WIOHLYEVd 1™ 1)
— F WnIog joe1yxe proafyzered sursog T
(oroads gou) (@ANOW-JOHL VIV [ 1)
0 0 0 . 9NSST) SUIAOq (J WNISSIUY jornyxe proifyjered ouraog a
(ogroads qou)
SNSSY SUIAO(] g
(oygroeds) HIJd4 g Jo 9rULIOWOY
0 0 0 ) DL euraoq T O wnesuy proafygered sursog o)
(oryroads qom) nILY Jo
0 () + 0 a onss1y 4ol g WNIeSHuUy sjeuafowoy prorfyy ety q
(oyg10eds j0u)
ONSRTY 4RI °g
(1) + (o1pr00ds) LT 08 O
0 0 (e) ++-+ v DI rer ‘1 p wniesnuy  ojeusSowoy proifyered gy v
****pue quean[pe
» WSTPIoILT3 ¢SIYTPI0IAY)  dnoid zod jsurede punoy g punoiy [w [ yyn  dnoad ued
-eredodAy  esIIpPIOIAY], -ereq s8I QT SAIPOqIIUY wnaes JIqqey  Yeos Jod 90uo UOMESIUNWWI]  SHGRI

§9%1 JO UOTJRSTUNTITII SAISSRJ

S)IGEI JO UOYBSTUNUIUIT

51891 PUE SUOIPBSTUNTIII JO UFSAT ' 9[qB],



Experimental Parathyroiditis in the Rat 335

After this immunisation the rabbit sera 4, B, C, D, and E were analysed with the OQuchter-
lony immunodiffusion test {1958) for precipitating antibodies in order to investigate the reac-
tion

1. against the antigen containing tissue homogenate or extract used for immunisation,

2. against other organ tissues of the respective animal species, and

3. for cross reacting antibodies between rat PTG and bovine PTG.

The organ specificity of the antisera was tested by comparing Ouchterlony tests and also
with immunoabsorption by other organs of the respective animal species. Furthermore, immune
electrophoretic studies were done.

A parathyroiditis was induced by means of passive immunisation. Test groups of 15 rats
each were daily injected intraperitoneally with 0,3 ml rabbit antiserum for 50 days.

Rats of test group A’ were injected with rabbit antiserum A4 ;

rats of test group B’ were injected with rabbit antiserum B;

rats of test group ¢V were injected with rabbit antiserum C';

rats of test group D’ were injected with rabbit antiserum D;

rats of test group X were injected with rabbit control serum.

Serum calcium (flame photometry) and serum phosphorus (method according to Zilversmit
and Davis, 1950; C.F. Boehringer, GmbH, Mannheim) were measured repeatedly in the rats
during the experimental period. After 50 days the rats wera sacrificed and both lobes of the
TG together with the PTGs were dissected. The left TG and PTG were fixed in formaldehyde
and embedded in paraffine for light microscopical histology. The right TG and PTG were
fixed in glutaraldehyde, postfixed in osmic acid and embedded in epoxy resin for electron
microscopy. In addition, liver, pancreas, kidney and adrenals were examined histologically.

Results

After injection of the different tissue homogenates and tissue extracts in
rabbits for immunisation the following antisera could be characterized:

Antiserum A: contained a) a species specific antibody against rat tissue and
b) a species and organ specific antibody against rat PTG (Fig. 1a, ¢, d, e).

Antiserum B: contained a species specific antibody against rat tissue without
organ specificity against TG or PTG.

Antiserum C: contained a) a species specific antibody against bovine tissue
and b) a species and organ specific antibody against bovine PTG (Fig. 1b).

Antiserum D: contained a species specific antibody against bovine tissue
without organ specificity against PTG.

Serum E: no antibodies against bovine tissue or PTG could be found by the
methods used.

A cross reaction of antiserum A4 with bovine PTG or of antiserum €' with rat
PTG was not present: no precipitation lines were developed in the Ouchterlony
test.

A marked parathyroiditis was found in three rats of the group A’ by passive
immunisation after injections of antiserum A. The other rats of group A’ showed
ounly discrete lymphocytic infiltrations and a slight increase of connective tissue
stroma. In parathyroiditis the inflammatory infiltrate was developed within the
gland and along the capsular zone (Fig. 2a—c¢). There were broad infiltrations along
the perivascular interstices and dissociating the parenchymal cords. The infiltrate
contained predominantly lymphocytes, moreover macrophages as well as eosino-
philic and neutrophil leukocytes. The lymphocytes frequently had pseudopod-like
processes, which extended both to the interstitial conective tissue and to the paren-
chymal cells (Fig. 3¢, d). In the infiltrated regions some epithelial cells showed
degenerative changes, i.e., dilatation of the rough endoplasmic reticulum and of
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Fig. 1a—e. Immunologic characteristics of antisera: a Comparative agar-gel diffusion test:
antiserum A4 and B response to rat parathyroid (rP7T'G) and rat thyroid (r7G) homogenates.
Yet an additional precipitation line appears between antiserum 4 and rPTG which is indi-
cative for an organ specific antibody against rat PTG tissue. b Comparative agar-gel diffusion
test: antiserum C reacts with bovine parathyroid (b PT@) and bovine thyroid (b7'G) homo-
genate. An additional precipitation line, however, appears against PTG homogenate which
is indicative for an organ specific antibody against bovine PTG tissue. ¢ and d Agar-gel dif-
fusion test after absorption: antiserum A was absorbed by homogenates of rat adrenal (adr),
rat kidney (kid) and rat liver (liv). The absorption is complete because the antiserum does no
longer response to the homogenates. Another precipitation line with rat PTG homogenate
appears after this absorption. e Immuno-electrophoresis of antiserum 4 with rat PTG and
rat TG homogenates: an additional organ specific precipitation line appears migrating to the
cathode



Fig. 2a—c. Parathyroiditis of the rat after passive immunisation with antiserum 4: Marked
inflammatory infiltration of the PTG and its capsule with lymphocytes, plasmacytes and

single leucocytes. Light microscopy a x 150, b X 375, ¢ X 800



Tig. 3a—d. Parathyroiditis of the rat after passive immunisation with antiserum 4: a and b

Different types of inflammatory cells: Iymphocytes (L), eosinophilic leucocytes (Fo) and

plasmacytes (PI) in close vicinity to parathyroid cells (Ptc). ¢ and d Lymphocytes with villous

and pseudopod-like processes extending toward the parathyroid cells (P#c). Electron micro-
scopy. & X 5500, b x 5500, ¢ x 17000, d % 28000
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Fig. 4. Degenerative lesions of rat parathyroid cells in parathyroiditis: dilatation of the rough

endoplasmic reticulum (rer) and the perinuclear spaces. Partial loss of distinet plasmamem-

brane. In the upper right corner the part of a necrotic cell (NC). IS interstitial space. Electron
microscopy. X 12000
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Fig. 5. Compensatory activation of rat parathyroid cells in parathyroiditis: Cytoplasma with

a great amount of organelles involved in hormone synthesis and secretion, i.e., many profiles

of the rough endoplasmic reticulum, large Golgi fields with many Golgi vacuoles and pro-
secretory granules. Electron microscopy. x 17000
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the perinuclear space as well as of the Golgi profiles (Fig.4). Sporadically necrotic
cells were found. On the other hand the intact epithelial cells showed signs of
elevated endocrine activity, ie., extended Golgi apparatus and rough endo-
plasmic reticulum and increased free polyribosomes (Fig. 5).

No inflammatory infiltration of the PTG was developed in the rat test groups
B’, ¢, D', and X after the injections of antisera B, C, D, and the normal rabbit
control serum. Some rats of group B’ had a discrete focal infiltration of the thyroid
gland and a low-grade eosinophilic infiltration of the thyroid capsule.

With regard to the other organs examined histologically, sparse lymphocytes
were seen only in the central lobular regions of the livers in all test groups.

Neither the rats of test group A’ nor those of the other groups had developed
a hypoparathyroidism. The serum calcium and the serum phosphorus were
within the normal range during the whole test period.

Discussion

By immunisation of rabbits with rat and bovine PTG homogenates antisera
could be obtained containing species and organ specific antibodies against rat
PTG tissue and bovine PTG tissue, respectively. By immunisation with one of
the two commercial bovine PTG extracts only species specific antibodies against
bovine tissue could be obtained without organ specificity to PTG. According to
data made available by the manufacturer this extract has a biologically stan-
dardized PTH-concentration of 100 USP/ml equivalent to 0.04 mg/m! pure PTH
and, in addition to that, hormonally inactive proteins of about 6.5-10.0 mg/ml.
The antigen determinant(s) in the PTG homogenates, which were operative for
the formation of the organ specific PTG antibodies in the antisera 4 and C, were
not determined. Considering the number of possible antigens it cannot be supposed
nor postulated that the demonstrated PTG antibodies were antibodies against
PTH. The lack of hypoparathyroidism in the rats of group A’ after passive
immunisation does not speak for the presence of parathyroid hormone binding
antibodies in the antiserum A.

The models of experimental immune parathyroiditis so far described in
chickens, dogs, and rats were based on active immunisation with isologous
tissue homogenates (Jancovic ef al., 1965; Lupulescu ef al., 1965, 1968). The
present study shows that immune parathyroiditis in rats can also be produced
by passive immunisation. This was possible only with antiserum A4 accord-
ing to the species and organ specificity of this antiserum as tested by the
Ouchterlony method. However, no more than 3 out of the 15 rats of the test group
A’ developed a marked parathyroiditis, whereas the rest showed only a sparse
lymphoeytic infiltration of PTG, These individual differences may be due to two
reasons. On the one hand, it can be assumed that the resorption of the antibodies
from the peritoneal cavity after the intraperitoneal injections was irregular and
insufficient. On the other hand, the rats themselves could have developed anti-
bodies against the rabbit-y-globulin, by means of which the PTG antibodies
could be absorbed and inactivated.

The inflammatory infiltrate showed the criteria of an immune reaction of the
acute type as well as of the delayed type. The neutrophil and eosinophilic leuko-
cytes refer to an immune reaction of the acute type, which was caused by the
passive transmission of the humoral antibodies existing in the antiserum. The
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lymphocytes, which were predominating after 50 days of experiment, as well as
the plasma cells indicate an immune reaction of the delayed type most probably
as a secondary effect of antigen-antibodies complexes.

In the experiments of Lupulescu ef al. (1965, 1968) with active isologous
immunisation the animals had a hypoparathyroidism in addition to the para-
thyroiditis. In our rats, by contrast, serum calcium and serum phosphorus were
within the normal range even if a marked parathyroiditis was developed. Obviously,
the remaining not degenerated parathyroid cells were able to compensate the
loss of parenchyma caused by inflammation. This is supported by their activated
cytoplasm rich in organelles. In accordance with this Kléppel et al. (1972) suppose
that in experimental immune insulitis (after immunisation with insulin) the
hyperglycemia is due to the hormone binding antibodies and not due to the degree
of the inflammation.
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