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Summary. Rabbits were immunized with crystalline bovine and porcine insulin. Besides 
determining the blood glucose Ievels and antibody titers, electronmicroscopic studies were 
performed. The following results were obtained. 

1. Immunization with bovine or porcine insulin constantly results in the formation of 
hmnoral antibodies. In addition, about 60 % of the animals showed a lymphocytic infiltration 
of the pancreatic islets, an insulitis, after immunization with bovine insulin. In contrast, no 
insuIitis occurred after immunization with porcine insulin. 

2. The infiltrate mainly consisted of lymphocytes and immunoblasts. Insulitis can there- 
fore be regarded as an immune response of the cellular type. 

3. Lysis of the cell membranes between lymphocytes and immunoblasts as well as degene- 
rative changes of the beta cells and phagocytosis of cell debris suggested an autoimmune 
process against insulin, proinsnlin, C-peptide or associated proteins. 

4. Antibody titer and hyperglycemia correlated within the single groups of the study. 
Hyperglycemic animals showed the highest antibody titers. Hyperglycemia and antibody 
titer did not depend on the existence and extent of an insulitis. I t  is therefore snggested that  
hyperglycemia is caused by biologic neutralization of endogenons insulin by its binding to 
humoral antibodies. Insulitis, on the other hand, obviously represents an independent immune 
response of the cellular type. 

Zusammenfassung. Kaninchen wurden mit kristallinem Rinder- oder Schweine-Insulin 
immunisiert. Neben Blutzuckerkontrollen und Antikörpertiter-Bestimmungen wurden 
elektronenmikroskopische Untersuchungen am Pankreas durchgeführt. Es ergaben sich 
folgende Befunde. 

1. Die Immunisierung mit  Rinder- oder Schweine-Insulin rief in jedem Fall die Bildung 
humoraler Antikörper hervor. Zudem zeigten nach Rinder-Insulin-Immunisierung etwa 60 To 
der Tiere eine Insulitis mit tymphocytärer Infiltration der Pankreas-Inseln. Die Schweine- 
Insulin-Immunisierung hatte dagegen keine Insulitis zur Folge. 

2. Die Zellinfiltration der Inseln bestand überwiegend aus Lymphocyten und Immuno- 
blasten. Sie entspricht damit dem Typus einer cellulären Immunreaktion. 

3. Zellmembranauflösungen zwischen Lymphoeyten und B-Zellen sowie degenerative 
B-Zellvergnderungen und die Phagocytose von Zellmaterial deuten auf einen Autoimmun- 
prozeß hin, der sich gegen Insulin, Proinsulin, C-Peptid oder andere dem Insulin assoziieret 
Proteine richten kann. 

4. Es bestand eine enge Korrelation zwischen der Höhe des Antikörpertiters und der 
Höhe der Hyperglykgmie innerhalb der einzelnen Versuchsgruppen. Tiere mit Ityperglyk- 
ämie hatten gleichzeitig die höchsten Antikörpertiter. Dabei waren Hyperglykämie und Höhe 
des Antikörpertiters unabhängig von dem Vorhandensein oder Ausmaß einer Insulitis. Es 
wird daher angenommen, daß die Hyperglykämie auf einer biologischen Inaktivierung des 
endogenen Insulins beruht, welches durch humorale Antikörper gebunden wird. Die Insulitis 
scheint dagegen eine davon unabhängige celluläre Autoimmunreaktion darzustellen. 

* Supported by Deutsche Forschungsgemeinschaft, Bad Godesberg, and SFB 34, Hamburg, 
Germany. 
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The lymphocyt ic  inf i l t ra t ion of the islets of Langerhans  which is called in- 
sulitis (von Meyenburg,  1940) is known for some t ime as a speeifie f inding in  
juveni le  diabeties with aeute onset of the disease (Le Compte, 1958). Sinee lympho- 
eytie insulitis resembling the in f l ammatory  inf i l t ra te  of the islets in h u m a n  dia- 
betes had been evoked in eows by  immuniza t ion  with homologous and  hetero- 
logous insulin,  autoimmunologie  faetors in the pathogenesis of diabetes melli tus 
have been diseussed (Gepts, 1965). Besides in eows and  sheep (Renold et al., 
1964; Federl in  et al., 1968) insulit is  was only yet  observed in  rabbi ts  immunized  
with bovine insul in  (Toreson et al., 1964). I n  addit ion,  some of these animals  
developed hyperglyeemia.  The present  s tudy  was under t aken  to examine by  
eleetron mieroseopy if the exper imëntal  insulit is  in  rabbi ts  is eomparable with an 
a u t o i m m u n e  response of the eellular type and  if insulit is  also oecurs in rabbi ts  
immunized  with poreine insulin.  Fur thermore ,  a eorrelation between insuhtis,  
hyperglyeemia and  produet ion  of humora l  ant ibodies was proofed. 

l la ter ia ls  and Methods 

Fifteen rabbits (New Zealand white rabbit; weighing about 2000 g) were immunized with 
crystalline bovine insulin (ttoechst) in Freund's adjuvant (Difco Lab.) and ten rabbits with 
crystalline porcine insulin (Hoechst) in Freunds' adjuvant. The immunization was performed 
according to the slightly modified method of Lee et al. (1969). Four insulin injeetions were 
given at weekly intervals into the toe-pads of the hindlegs: In the first week, 1 mg insulin 
in complete Freund's adjuvant; in the second, third and fourth week, 0.5 mg insulin in in- 
complete Freund's adjuvant was administered. Three control animals received Freund's ad- 
juvant only. Blood samples for determination of glucose were taken biweekly. Blood glucose 
was measured by the glucose oxidase method (Boehringer, Mannheim). 

The animals were sacrificed 6 to 8 days after the last immunization. At sacrifice blood 
samples were taken for determination of glueose and antibody titer to insulin. The antibody 
titration was performed aecording to the slightly modified method of Farr (1958) for quanti- 
tative immunoehemical measure of antigen-antibody eomplexes. 1 The titer is defined as that 
dilutation of sera whieh shows a 50% binding of 1 ~g j12~ poreine insulin/rel. By means 
of the antibody titer it was then possible to ealeulate the absolute insulin-binding-capaeity 
(IBC) of the sera. 

For light mieroseopie studies, portions of heart, lung, liver, kidney, spleen and lymph 
nodes were fixed in 10% formol solution. Panereatie tissue was fixed in Bouin's solution. 
Sections were stained with hemalaun-eosin, periodie aeid Schiff's reagent and Gomori's 
aldehyde-fuehsin. 

For eleetron mieroseopie studies, pieees of panereas were immersion fixed immediately 
after removal in 3% glutaraldehyde buffered with 0.1 M sodium cacodylate (pH 7.4) for two 
hours. After rinsing in 0.1 M sodium eaeodylate buffer the cubes were postfixed in 1% osmium 
tetroxide buffered with 0.1 M sodium eaeodylate for 90 min. The fixed tissue was dehydrated 
in ethyl aleohol and after passing propylenoxid embedded in Epon 812. 600-800 Ä sections 
were eut on a Reiehert ultramierotome 01Vr U2, double-stained with uranyl aeetate and 
lead eitrate and examined in a Philips eleetron mieroseope EM 300 at 60 kV. 

Results 

1. Blood Glucose Levels 

The blood glucose levels of the nonfas t ing control animals  and  the animals  
before t r e a tmen t  ranged from 70 mg/10O ml to 125 mg/100 ml. The amounts  of 
glucose in the blood of fasting animals  were almost  the same. Dnr ing  the thi rd  

1 The authors wish to thank sincerely Dr. Franz Klaus Jansen, Diabetes-Forsehungsinstitut, 
Düsseldorf, for valuable assistance in determination of the antibody titers. 
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and  four th  week of the  s t u d y  abou t  30 % of the  animals  immunized  with  bovine  
or poreine insul in d i sp layed  hyperg lyeemic  episodes las t ing mos t ly  three  to seven 
days .  The blood glucose levels in these r abb i t s  genera l ly  ranged  f rom 130 mg/100ml 
to 180 mg/100 ml (Table 2). Only  single animals  in bo th  groups showed hyper-  
g lyeemia  up to 280 mg/100 ml. The e levat ion  in blood glueose was independen t  
f rom the  presence and  degree of an insuli t is  (Table 1). Fo r  instanee,  the  r a b b i t  
wi th  the  most  s t r ik ing islet  lesions r emained  normoglyeemic .  On the  eont rary ,  
the  r a b b i t  wi th  the  h ighest  blood glueose level deve loped  no insulit is .  Moreover,  
hype rg lyeemia  oeeurred also in those r abb i t s  whieh were immunized  with  poreine 
insulin and  whieh, on the  whole, rëvealed  no insulit is .  

Table 1. Frequence of insulitis, mean blood glucose levels and mean insulin-binding-capacity 
(IBC) in rabbits 6-8 days after the 4. weekly immunization with bovine or poreine insulin 
in Freund's adjuvant. IBC is ealeulated on that dilution of serum with 50% binding of 0.1 ~zg 

of poreine j127 insulin/ml. Standard deviation (S) 

Group Animal Mean IBC Mean blood 
number (Fg/ml) glucose 

(mg/100 tal) 

I. Adjuvant (control) group 3 - -  94 (74-125) 
S ±  17 

II. Porcine insulin - -  
immunized group 10 

with insulitis 
without insulitis 10 

I 

0.2 (0.04-0.6) 116 (100-152) 
S ±  0.18 S ~  24 

III.  Bovine insulin - -  
immunized group 15 

with insulitis 8 

without insulitis 7 

3.8 (0.15 11.0) 110 (80-148) 
S ±  3.6 S:]- 20 

4.4 (0.8-13.4) 120 (82~30) 
S-L 4.15 S:::: 39 

2. Antibody Titer 

Pree ip i t a t ing  an t ibodies  were d e m o n s t r a t e d  only onee whereas soluble anti-  
bodies were formed in all  animals  immunized  with  bovine or poreine insulin. The 
a n t i b o d y  t i ters  r anged  f rom 1 : 1 (IBC: 0.04 ~g/m]) to 1:360 (IBC: 13.4 ~g/ml). 
I n  par t i eu la r ,  the  following observa t ions  were made :  (1) The mean  insulin- 
b ind ing-eapae i ty  (IBC) of the  sera af ter  immun iza t i on  wi th  bovine  insulin differed 
only  s l ight ly  in the  r abb i t s  wi th  and  wi thou t  insuli t is  (Table 1). The a m o u n t  d id  
not  refer to  the  degree or e r e n  to the  exis tence of an insulit is .  Thus,  the  an imal  
wi th  the  mos t  s t r ik ing insuli t is  exh ib i t ed  a ve ry  low IBC (0.15 Fg/ml) of the  
serum. (2) There  was a eorrela t ion in e levat ion  of the  blood glueose level and  the 
a m o u n t  of the  ant ibocly t i ter .  Hype rg lyeemie  animals  (130 mg/100 ml -280  mg/ 
100 ml) showed on the  average higher  a n t i b o d y  t i ters  t han  normoglyeemie  animals  

1"  
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Fig. 1. a Control an imah  Normal rabb i t  islet with distinct granulat ion of the beta  cells. 
Aldehyde-fuehsin. × 500. b 2%abbit pancreas after  weekly immunizat ion with bovine insulin 
(4. week) : Poor demarcat ion of an islet from aeinous tissue by  periinsular insulitis consisting 
of mononuclear cells. PAS. × 500. c Rabb i t  pancreas after weekly immunizat ion with bovine 
insulin (4. week): Marked islet destruction by  peri- and intrainsular  insulitis. Few clusters 
of beta  cells with different degranulation and some alpha cells surrounded by  mononuclear 

cells. Aldehydefuehsin. × 500 
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Fig. 1 c 

Table 2. Mean insulin-binding-capacity (IBC ~g/ml) in hyperglycemic and normoglycemic 
rabbits 6-8 days after the 4. weekly immunization with bovine or poreine insulin in Freund's 

adjuvant. Standard deviation (S) 

Group Animal Mean Mean IBC 
number blood glueose (Fg/ml) 

(mg/100 tal) 

I. Adjuvant (control) group 3 94 (74-125) 
S ±  17 

II. Porcine insulin - -  
immunized group 10 

with hyperglycemia 3 

with normoglycemia 7 

142 (132 152) 0.4 (0.15-0.6) 
S ±  8 SB 0.1 

104 (70-120) 0.04 (0.04) 
S ±  18 S ~  0 

III. Bovine insulin - -  
immunized group 15 

with hyperglycemia 5 

with normoglycemia 10 

160 (130~30) 9.0 (2.64-13.4) 
S ± 3 9  S-L5.6 

97 (81-125) 1.9 (0.15-4.4) 
S ± 1 6  S i l . 6  

(Table 2). (3) Al though rabbi t s  immunized  with poreine insul in  sometimes de- 
veloped hyperglyeemia the IBC of these ant isera was in  general rauch lower 
(0.04-0.6 ~zg/ml) t han  the IBC of the bovine insul in  ant isera (0.15-13.4 Fg/ml). 
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Fig. 2. Rabbit pancreas after weekly immunization with bovine insulin (4. week): Part of the 
periinsular infiltrate. Severat lymphocytes (L) of the intermediate type with already well 
developed nucleolus and abundant ribosomes in the cytoplasm. Close by immunoblasts (I) 

with sparse granular cytoplasm and abundänt cell organelles. × 7650 
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Fig. 3. Rabb i t  panereas after weekly immunizat ion with bovine insulin (4. week): Between 
two immunoblasts  (I) one lymphoeyte (L) with  an inereased ratio of heteroehromatin to 
euehromatin in the nueleus. On the top a plasma eell (P). Exoerine eell (E). Capillary (C). 

× 9100 



Fig. 4. Rabbit  pancre&s after weekly immunization with bovine insulin (4. week) : Lympho- 
cyte (L) in close contact to a beta cell (B). Circumscribed decomposition of the cell membranes 

(h). ×21500 

Fig. 5. Rabbit  pancreas after weekly immunization with bovine insulin (4. week): Degenera- 
tive changes of a beta cell (B) with cystic dilatation of the rough endoplasmie retieulum and 
shrinkage of the nucleus. In  the vicinity a lymphocyte (L) and an immunoblast (I). Alpha 

cell (A). × 6800 
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3. Light and Electron Microscopy 
a) No histopathological changes of the endocrine and exocrine pancreatic tissue were 

noted in the control animals immunized with Frennd's adjuvant (Fig. 1 a). 
b) After immuniza~ion with porcine insulin in :Freund's adjuvant no insulitis was found. 

By means of electron microscopy, no changes of the islets were noted too, i.e. there were neither 
heavy degranulations nor degenerative alterations of the beta cells. 

c) After immunization with bovine insulin in Freund's adjuvant insulitis occurred in 8 of 
15 rabbits. 

Lightmicroscopically the islets were surrounded and invaded by mononuclear 
cells to a different extent (Fig. 1 b). Sometimes, the inflammatory infiltrates were 
only observed in single islets; sometimes, all islets were involved in the inflam- 
matory proeess. They then showed only few beta cells having close eontaet with 
the surrounding mononuclear eells (Fig. l b). Often, the remaining beta cells 
appeared to be hyperactive by the marked enlargement of the nuclei and the 
distinet degranulation of the swollen cytoplasm as demonstrated by Gomori's 
aldehyde-fuehsin staining (Fig. 1 c). The alpha eells showed no ehanges in size 
or staining reaction. The inflammatory infiltration of the islets extended often 
into the adjaeent aeinous tissue. There, the largest infiltrates of mononuelear 
eells were found arround small veins. The spleen and the regional lymph nodes 
showed hyperplasia of the follieles and the paraeortieal zones. The remaining 
parenchymatous organs whieh were also examined lacked lymphoeytic infiltrates 
as seen in cellular hypersensitivity. 

Electronmicroscopically lymphocytes and immunoblasts could be distinguished 
as the main eell types of the peri- and intrainsular infiltrate in rabbits immunized 
with bovine insulin. The lymphocytes were characterized by a fairly high ratio 
of heterochromatin to euchromatin in the nucleus, by a vague nucleolus and by a 
cytop]asm containing only few organe]les. Lymphocytes of the intermediate 
type show already a nucleolus and eontained numerous monoribosomal particles 
in the cytoplasm (Fig. 2). Immunoblasts were frequently observed in different 
phases of development. As its eommon eharacteristies distinet nueleoli, an in- 
creased ratio oB euchromatin to heterochromatin in the nucleus and an abundant 
eytoplasm with some organelles were observed. Besides these two cell types 
rarely plasma eells oecurred and were generally loeated in the periphery of the 
infiltrate (Fig. 3). Granulocytes were only seen in individual cases. 

Frequently, the invading lymphoeytes and immunoblasts were in elose eon- 
taet with beta cells. The cell membranes between these lymphocytes and beta 
eells were found out of foeus to such a degree that  this observation ean be regarded 
as limited decompositions of the adjacent cell membranes (Fig. 4). The ergasto- 
plasm and the organelles of the affeeted beta cells, however, were for the rest 
intaet. Other beta eells showed degenerative changes although the cell membranes 
appeared to be undisturbed. These beta cel]s revealed cystic dilatation of the 
endoplasmie retieulum and a shrinkage of the nuc]eus (Fig. 5). Sometimes, 
eellular debris was observed in immunoblasts aeting as macrophages (Fig. 6). 
Partly, lymphocytes and immunoblasts had also close eontact with alpha ee]ls 
and aeinous eells. In some acinous cel]s, focal degeneration of the eytoplasm was 
obvious. 

The remaining beta eells were heavily degranulated. Furthermore, the hyper- 
plasia of the rough endoplasmic reticulum and the enlargement of the Golgi 
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Fig. 6. Rabbit pancreas after weekly immunization with bovine insulin (4. week): Immuno- 
blast aeting as a maerophage (M). In the eytoplasm phagocytosed eell debris. × 9500 

complexes wi th  numerous  microvesicles in the  v ie in i ty  suggested a highly in- 
creased synthes is  and  secret ion of insulin (Fig. 7). Moreover,  the  few granules  a t -  
t r a e t ed  a t t en t i on  b y  its different  e lectron dens i ty  and  different  size of the  core. 
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Fig. 7. ]~abbit pancreas after weekly immunization with bovine insulin (4. week): Part of a 
strongly activated beta cell of an animal with insulitis. Different electron dense granules (A) 
and hyperplasia of the rough endoplasmic retieulum and the Golgi complexes (GC). In the 

vicinity of the Golgi complexes ~bundant microvesieles. × 19500 

Some of these eould be eharaeterized as pregranules (Logothetopoulos, 1968). 
NormM beta  eells eould always be observed when insulit is  was only slightly 
developed or generally laeked. I n  part ieular ,  nei ther  in normal  nor  in  hyper- 
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Fig. 8. Rabbit  pancreas after weekly immunization with bovine insulin (4. week): Slightly 
degranulated beta cells of an animal without insulitis. Displacement of some granules to the 

cell surface indicating a momentary increased secretion. × 9500 
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active beta eells an inerease of the lysosomes and the perinuelear fibrillar material 
was noted. Only the frequent displaeement of granules to the eell surfaee in some 
beta cells of animals with marked hyperglyeemia indieated that  insulin release 
was temporary inereased (Fig. 8). Indieations for a permanent  hyperaet ivi ty  as 
noted in animals with a severe insulitis did not exist. 

Discussion 

Besides a production of humoral antibodies after aetive immunization with 
heterologous and homologous insulin an insulitis with lymphoeytic infiltration in 
and around the islets of Langerhans is observed in eows, sheep and rabbits 
(Renold et al., 1964; Toreson et al., 1964; Federlin et al., 1968). This lymphocytie 
type of insulitis resembles very mueh the insulitis in juvenile diabetes mellitus 
of short duration (Le Compte, 1958; Gepts, 1965). In  rabbits, insulitis was first 
reported by Toreson and Coworkers (Toreson et al., 1964; Toreson et al., 1968; 
Lee et al., 1969) after immunization with bovine insulin. Other investigators 
(Fellenberg and Rose, 1968) did not confirm these islet lesions in the same speeies. 
In  our study, insulitis oceured in 60 % after immunization with bovine insulin. 
However, no insulitis was found in rabbits immunized with poreine insulin. 

Sinee lymphocytic insulitis develops only by means of immunization with 
insulin in Freund's  adjuvant  it is likely that  it represents an immune response of 
the eellular type. Moreover, the specific localization of the infiltrate within the 
islets suggests that  the eellular immune response assumes autoimmune eharaeter. 
The immunologieal system seems to be unable to distinguish between exogenous 
and endogenous insulin or associated protein fractions as they normally ean be 
demonstrated in crystalline insulin (Sehliehtkrull et al., 1970), Aceording to the 
studies of Sehliehtkrull et al. (1970) dimer insulin, proinsulin, and as yet un- 
characterized proteins ran be fractioned by gel filtration from the so-called 
monoeomponent insulin. These proteins are considered very good antigens whose 
antibodies strongly cross react with pure erystalline insulin and neutralize its 
biologie effeet to some extent. On the eontrary, no antibodies are formed when 
monoeomponent insulin has been administered. Under this point of view it is 
therefore impossible to define exaetly the antigen when normal erystalline in- 
sulin is injeeted. In  our study, it only ean be suggested that  immune eells of the 
rabbit  are sensitized against antigens whieh are species-nonspeeifie and oeeur 
in the islet of cow and rabbit. Furthermore, the destruetion of the normal islet 
architeeture and the disappearanee of beta cells suggest that  the antigen is some- 
how involved in the insulin produeing system and probably belongs to the frac- 
tions of proinsulin, C-peptide and assoeiated proteins. 

The electronmieroseopieal studies supported the suggestion that  the insulitis 
is based on eellular autoimmune meehanisms. The ultrastruetural findings 
resembled those of other experimental autoimmune disorders (Lampert  and 
Carpenter, 1965; Themann et al., 1968, Karesen, 1970) or in vitro investigation of 
eellular immunity  (Weiss, 1968). Thus, the inflammatory infiltrate of islets 
mainly consisted of lymphoeytes, lymphoeytes of the intermediate type and 
immunoblasts in different phases of development. Plasma eells and plasmablasts 
were rare and mostly localized at the periphery of the infiltrate; granuloeytes, 
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in general, were absent. Moreover, eytotoxie ehanges of the beta eells eould also 
be demonstrated, though they were only disereetly developed. As the most 
impressive finding eireumseribed deeompositions ot the adjaeent eell membranes 
between small lymphoeytes and beta eells were observed without having evidenee 
for a lysis of these eells. A similar lesion was laeking between immunoblasts and 
beta eells. Orten, several lymphoeytes were loeated between beta eells in such a 
way that  it looked like as if the immune eells inserted pseudopods between or 
into the beta eells. The release of granules and other eonstituent parts of the 
eytoplasm into the intereellular spaee as it is reported by Lee et al. (1969) was 
not observed. Single degenerative ehanges in beta eells adjaeent to immune eells 
and phagoeytosed eell debris suggested a eellular deeay. Together with a pro- 
duetion of humoral antibodies these faets support the assumption tha t  immune 
eells are sensitized against antigens oeeuring inside and outside of the beta eells. 

The still intaet  beta eells within the inflammatory infiltrates orten showed 
the eharaeteristies oB hyperaetivity.  Possibly, the inereased release of insulin by  
the remaining eells is neeessary in order to prevent an insulin defieieney due to 
the progressive inf lammatory destruetion of the beta eells. Considering the blood 
glueose levels, this suggestion seëms to be possible. Thus, some of the animals, in 
spite of a destrnetive insulitis, remained normoglyeemie. Itowever, it has to be 
assumed tha t  in the ease of a prolonged study progressive insulitis may  lead to 
manifest diabetes. Some observations support this suggestion (Grodsky et al., 

1966). 
A correlation was found in the level of the blooä glucose data and the anti- 

body titers. Thus, the highest fiter oB insulin antibodies were found in those 
animals which also showed the highest blood glucose levels during the study. 
The correlation did not depend on the existence or the extent of an insulitis. These 
facts provide presumptive evidence tha t  hyperglycemia is based on biological 
neutralization of the endogenous insulin by an immunological binding to the 
humoral antibodies (Grodsky, 1965). On the contrary, a close relation of hyper- 
glycemia and antibody titer to insulitis as it is suggested by Lee et al. seems to 
be less probable. 

I t  remains unclear why all animals formecl humoral antibodies after immuni- 
zation with insulin while lymphocytic infiltration of the pancreatic islets was a 
irregular finding. In  particular, we do not know, why insulitis only occurred after 
immunization with bovine insulin while insulitis was lacking in rabbits immunized 
with porcine insulin. Moreover, very low titers of the antibodies to porcine in- 
sulin were measureä. This low antigenicity of porcine insulin in rabbits when 
compared with bovine insulin can possibly be explainecl by the strong purallelism 
in amino acid sequences of porcine and rabbit  insulin. The fact that  hyperglycemic 
episodes occurred in some of these anima]s despite a very low antibody titer may 
also fit to the concept of a rar reaching identity between porcine and rabbit  
insulin. On the basis of this theory, antibodies to porcine insulin may  speeially 
be adapted to neutralize the biological effect of rabbit  insulin. On the other hand, 
many  studies show that  the differences in amino acid sequences of the different 
insulins only slightly account for its different immunologie beh~viour (Loekwoocl 
and Prout, 1962; Berson and ¥allow, 1963). To out knowledge it is yet unclear, 
if the pr imary structures of insulin precursors also play the same uneharacteristic 
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role in  immunologic  de te rmina t ion  of the whole molecule. Fur thermore ,  it  has 
to be referred to the unelear  impor tance  of the seeondary and  te r t ia ry  s t rueture  of 
these proteins in immuniza t ion .  

The authors wish to express their gratitude to Dr. l~'rauke Schreck for teehnical assistanee. 

References 

Berson, S. A., Yalow, R. S. : An~igens in insulin: Determinants of specifity of porcine insulin 
in man. Scienee 150, 844 (1963). 

J;'arr, R. S. : A quantitative immuniehemical measure of the primary interaetion between 
J BSA and antibody. J. infect. Dis. 103, 329 (1958). 

Federlin, K., Renold, A. E., Pfeiffer, E. F. : Antigen-binding leucocytes in patients and in 
insulin-sensitized animals with delayed insulin allergy. Immunopathology Vth Int. 
Symposium. Ed. by P. A. Mieseher and P. Grabar, p. 107. Basel-Stuttgart: Schwabe and 
Co. Publ. 1968. 

Fellenberg, R., Rose, N. R. : Antigenieity of insulin. Int. Arch. Allergy 33, 454 (1968). 
Gepts, W. : Pathologie anatomy of the panereas in juvenile diabetes. Diabetes 14, 619 (1965). 
Grodsky, G. M. : Production of autoantibodies to insulin in man and rabbits. Diabetes 14, 396. 

(1965). 
Grodsky, G.M., Feldman, 1%., Toreson, W. E., Lee, J. C.: Diabetes mellitus in rabbits im- 

munized with insulin. Diabetes 15, 579 (1966). 
Meyenburg, H. von: Über ,Insulitis" bei Diabetes. Schweiz. med. Wsehr. 70, 554 (1940). 
K{tresen, R. : Experimental allergie thyroiditis in the guinea-pig. Aeta path. microbiol, seand., 

Seetion A 78, 625 (1970). 
Lampert, P., Carpenter, S.: Elec~ron microscopic studies on the vascular permeability and 

the meehanism of demyelination in exi0erimental allergie eneephalomyelitis. J. Neuropath. 
exp. Neurol. 24, 11 (1965). 

Le Compte, P. M.: Insulitis in early juvenile diabetes. Areh. Path. 66, 450 (1958). 
Lee, J.C., Grodsky, G.M., Caplan, J., Craw, L.: Experimental immune diabetes in the 

rabbit. Amer. J. Path. 57, 597 (1969). 
Loekwood, ]2). H., Prout, T. E.: Isoantibodies to insulin (abstract). Clin. Res. 10, 401 (1962). 
Logothetopoulos, J.: Eleetron mieroscopy of the pancreatie islets stimulated by insulin 

antibody. Canad. J. Physiol. Pharmacol. 46, 407 (1968). 
Renold, A.E., Soeldner, J. S., Steinke, J. : Immunological studies with homologous and 

heterologous pancreatic insulin in the eow. Ciba Foundation Colloquia Endoerinol. lõ, 
122 (1964). 

Schlichtkrull, J. : Proinsulin und verwandte Proteinë - -  chemische und biologische Unter- 
suehungen. 76. Tagg. Dtsch. Ges. Inn. 5/led. Wiesbaden 1970, S. 14. l%Iünehen: J. F. Berg- 
mann 1970. 

Themann, H., Andra, J. A., Rose, N. P~., Andra, E. C., Witebsky, E. : Experimëntal thyroi- 
ditis in the rhesus monkey. V. Eleetron microscopic investigations. Clin. exp. Immunol. 
3, 491 (1968). 

Toreson, W.E., Feldman, 1%., Lee, J.C., Grodsky, G.M.: Pathology of diabetes mellitus 
produeed in rabbits by means of immunization with beef insulin. Amer. J. clin. Path. 42, 
531 (1964). 

Toreson, W. E., Lee, J. C., Grodsky, G.M.: The histopathology of immune diabetes in the 
rabbit. Amer. J. Path. 52, 1099 (1968). 

Weiss, L. : Interactions of sensitized lymphoid cells and homologous target cells in tissue 
culture and in grafts: An electron microscopic and immunofluoreseence study. J. Immunol. 
101, 1346 (1968). 

Dr. med. G. Klöppel 
Pathologisehes Institut 
der Universit/it Hamburg 
]2)-2000 Hamburg 20 
Martinistr. 52 
Germany 


