Proe. Indian Acad. Sei. (Anim. Sci.), Vol. 89, Number 5, September 1980, pp. 505-514.
t~) Printed in India.

Tissue changes in the pancreas of guinea pigs immunized with
insulin *
P S R MURTI-IY, P K JAIN and S K M U K H E R J E E
Division of Toxicology and Experimental Medicine, Central Drug Research Institute,
Lucknow 226 001, India
MS received 3 October 1979 ; revised 26 March 1980
Abstract. Immunization of guinea pigs with plain insulin for 4 weeks followed
by insulin in Fretmd's complete adjuvant for a further period of 8 weeks induced
a variety of inflammatory changes in the pancreas of the animals. Mononuclear
cell infiltration of the islets of Langerhans (insulitis), periductulitis, collagen proliferation and deposition of alcian blue and PAS-reactive mucosubstances in some of
the acinar lobules were some of the conspicuous changes observed in the pancreas
of all the immunized animals. It is evident that guinea pigs, which axe usually
resistant to insulitis-inducing manoeuvres, develop more or less well-defined
insulitis on prolonged immunization with insulin.
Keywords. Guinea pig ; insulin immunization ; pancreas ; islets of Langerhans ;
immune insulitis ; histochemistry.
1.

Introduction

There is increasing evidence implicating autoimmune phenomena in the onset and
progression of diabetes mellitus of aeute juvenile type (Nerup and Binder 1973;
Nerup et al 1974; Bottazzo et al 1976; Irvine et al 1976; Svejgaard 1976; Gamble
and Taylor 1976). Further, an inflammatory lesion, insulitis, consisting of lymphocytic infiltration of islets of Langerhans has been frequently encountered in juvenile
diabetes o f short duration and the lesion has been considered to represent a cellmediated type autoimmune phenomenon responsible for the destruction o f insulin
secreting eeUs (Gepts 1965; Egeberg et al 1976). Experimental " i m m u n e insulitis ", which closely resembles human insulitis has since been successfully
induced in a variety of experimental animals by immunization with insulin or
insulin derivatives (Renold et al 1966; Toreson et al 1968; Lee et al 1969;
Freytag et al 1969a) or by passive transfer o f anti-insulin sera (Lacy and Wright
1965 ; Logothetopoulos and Bell 1966 ; Freytag and Kloppel i969; Kloppel 1976).
However, an exception has been found in guinea pigs, in which the various immunization procedures fail to induce insulitis (Kloppel 1976). Although, peri-insulitis* CDRI Communication No. 2666.
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like lesions were observed by Wright and Gingerieh (1974), a conclusive evidence
for the existence of insulitis in guinea-pigs is not yet available. Further, the possible role of multiple inoculation of the antigen in the induction of insulitis in
guinea pigs has not been fully explored.
The present study was, therefore, undertaken to provide further information on
the susceptibility of guinea pigs t o multiple close insulin immunization and to
delineate the induced tissue changes in the pancreas by suitable histochemical
techniques.
2.

Material and methods

11 adult guinea pigs (body wt 400-500 g) of either sex were divided into two groups.
Group I, consisting of 7 animals, received subcutaneous injections of 6 x crystallized
bovine insulin dissolved in slightly acidic distilled water (pl-I 4.6) at a dose of 1 U/
animal/day for 4 weeks. From the 5th week till the termination of the experiment
(12 weeks), the dose of insulin was increased to 1.8 U/animal/day and was administered mixing with an equal amount (v/v) of Freund's complete adjuvant (FA).
Group II, consisting of 4 animals, received distilled water/FA only and served as
control. Fasting blood glucose concentrations were ascertained periodically by
Nelson's (1944) method and glucose tolerance test was performed using 1 g glucose/kg body wt. Circulating insulin-antibody titres were determined by passive
haemagglutination test. Other serological tests employed like double diffusion
immunoelectrophoresis were reported elsewhere (Jain and Mukherjee 1979).
At the termination of immunization, the animals were sacrificed by decapitation
and the pancreas were collected and fixed in Bouin's fluid. They were embedded
in paraffin as usual. 5/zm thick serial sections were obtained from these blocks and
were stained by the following techniques:
(i) I-Iaematoxylin-eosin for general histomorphology, (ii) Mowry's (1975) modi.
fled aldehyde-fuchsin-aleian blue (AF-AB) for the simultaneous demonstration of
fl-cell granules and polysulphated and polycarboxylated glucosaminoglycans,
(iii) Thiosulphation-aldehyde fuchsia of Bussolati and Bassa (1974) for the demonstration of -S-S-containing peptides in ]?-cells (fl-granules), (iv) Van Gieson and
Picro-amidoblack methods for collagen (Lillie 1965), (v) periodic acid Schiff
reaction for glycoprotein and glycogen (Pearse 1968), (vi) Congo red method for
amyloid (Pearse 1968) and (vii) Phosphotungstic acid haematoxylin method for
a-cells and fibrin (Levene and Feng 1964; Pearse 1968).
3.

Results

Blood glucose concentration and the responses to oral glucose tolerance test were
normal in all the immunized animals. Fasting blood sugar values (mg/100 ml)
were 116.0 + 3.1 and 105 + 3.7 in the control and immunized animals, respectively. On the other hand, high titres (1:160) of insulin-antibodies could be
detected in the immunized animals.
On autopsy, all the immunized guinea-pigs showed a gross increase in the size
of the pancreas. In 6 animals, the splenic region of the pancreas was nodular
and hard, and showed adhesions with the spleen.
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Figures 1-3. 1. Portion of an islcJt of immunized guinea pig showing clusters of
mononuclear cells (arrow) in the capillaries. Haematoxylin-eosin. 2. Pancreatic
islets (arrow heads) of immunized guinca pig showing a reduction in the proportion
of/3-cells to other cell tylTes. MAF-AB. 3. Mononuclcar cell infiltration (arrows)
of an islet from immunized guinea pig. A = acinar lobulcs, D = pancreatic duct.
Haematoxylin-eosin.
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Figures 4-6. 4. As in figure 3, but stained with TAF to show the P-cells (arrow).
5. Low power view of inflamed pancreas from immunized guinea pig showing
mononuclear infiltration around a ductule (arrow-hcad) and granulomatoustype cell mass resembling an islet (arrow). Haematoxylin-eosin.
6. Inflammatory infiltrates around the pancreatic ducts of immunized guinea-pig. Haematoxylin-eosin.
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Figures 7-9. 7. Immunized guinea-pig pancreas showing tubular structures
resembling pancreatic ductules (arrows) with polysulphated and polycarboxylated
mucosubstances in the cells and lumen--MAF-PAS-AB. 8. Periphery of acinar
tissue (A) showing ductular structures with PAS-reactive (arrow-head) and A B positive (arrows) mucosubstances. C : fibrosed region of pancreas.--MAF-PASAB. 9. Extensive collagen proliferation in the immunized guinea pig pancreas
with partially inflamed acinar lobes (A) in the left half of the photograph. Picroamidoblack.
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Figures 10-1J, 10. Islet from a normal guir~ea-pig showing a-cells (arro\~s) in the
Izeriphery and capillaries devoid of inflammatory cells (arrow-~cads~--PTAH.
l l . Another islet from a normal guinea-pig showing well-granulated {~-cclls-MAF.
Scale = 50 t,m.
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Histological examination rev~led pathological changes affecting about 30 to
40~o of the pancreatic tissue. These changes varied from focal mononuclear cell
infiltration of both exocrine and endocrine tissues to extensive fibrous tissue proliferation and necrosis in pancreatic parenchyma.
Most of the islets in the unaffected portions of pancreas looked normal with
variable degree of stainable granules in their ceil types.
In the pancreatic regions affected by the inflammatory changes, some islets had
dilated capillaries containing clusters of mononuolear cells (figure 1). Some large
sized islets also showed an apparent reduction in the proportion of/1-cells to other
coil types (figure 2). Some islets had lesions comparable to insulitis. These
lesions consisted of peri- and intra-insular mononuelear cell infiltration. Among
the infiltrates, both large and small lymphocytes as well as a few fibroblast-like
ceils could be recognized (figure 3). The insulitis-affected islets had fewer number
of t-cells with, more or less, normal degree of AF or TAF stainable granularity
(figure 4). Periductulitis-like lesions consisting of lymphocytic infiltration around
the pancreatic ductules were also frequently observed (figure 5).
Extensive pathological changes involving the aoinar, insular and duet tissues were
evident especially in the splenic portions of the pancreas. Inflammatory infiltrates
consisting of mononuclear cells, giant cells, fibroblasts, occasionally polymorphs
and a few plasma ceils were seen among disrupted and unrecognisable pancreatic
tissue. In certain regions where the lobular structure has not been completely
destroyed, cell masses resembling islets affected by severe granulomatous type
lesions were found (figure 5). None of the component cells in them had any stainable a- or t-granules but showed small amounts of PAS-positive substance indicating the presence of glycogen or glyeoprotein. However, Congo red staining
did not reveal any deposition of amyloid in them. At several places in the partially
destroyed acinar tissue, certain tubular structures resembling pancreatic ductules
were observed. Some of their cells had PAS- and AB-positive substance indicating the presence of neutral and acidic mucopolysacoharides in them (figures 7
and 8).
In the severely affected portions, the pancreatic tissue was almost completely
replaced by a high degree of collagen proliferation, and only a few, if any, aoinar
lobules could be reoogaised (figure 9). Besides lymphocytic infiltration, proliferation of fibrous tissue, especially collagen, could be identified with Van Gieson
and Pioroamido black stains around mostly the larger pancreatic duets (figure 6).
The collagen fibres showed an affinity to the alcian blue component of the Mowry's
AF-AB stain indicating the presence of polysulphated and poly-oarboxylated gluoosaminoglyoans along these fibres. Mast cells were also observed in close association with the collagen fibres.
Areas of necrosis and phagocytic activity were observed in certain places of the
severely inflammed and fibrotic pancreas. The cell masses near or surrounding
these areas were, however, not stained by AF, TAF or PTAI-I, indicating the
absence of islet cells.
4. Discussion

The results of the present study demonstrate that immunization of guinea pigs
with (daily injections of) bovine insulin induces insulitis and a variety of other
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pathological changes in the pancreas. That the frequency and mode of insulin
administration might play a decisive role in the induction of islet lesions in guinea
pigs can be envisaged by a comparison of the present observations with that of
Wright and Gingerich (1974) who failed to induce persistent and well-defined islet
lesion in this species after 2 to 3 injections of insulin.
Apparently, the weakest inflammatory response observed in the guinea-pig pancreas was the presence of mononuclear cells in the dilated vessels of some islets-a finding identical to that reported in rabbits by Toreson et al (1968). The variable
degree of degranulation observed in the fl-cells of these islets indicate hyperactivity of the insulin-secreting ceils in response, probably, to the transient insulin
deficiertey induced by the combined effect of the high titres of precipitating insulinantibodies and progressive destruction of islets in other parts of pancreas in the
immunized animals. Such a possibility has been considered by Kloppel (1976)
who suggested that an immune precipitation of the freshly secreted insulin by the
antibodies in the vicinity of fl-cells might even be responsible for the initiation of
insulitis.
Mononuolear cell infiltration in and around a few islets represents an advanced
stage of the inflammatory process. The number of islets affected by insulitis in
guinea pigs, was however, considerably less than that observed by various authors
(see Kloppel 1976) in other species; this finding lends support to the widely held
view that guinea pigs are comparatively less susceptible to insulitis-inducing manoeuvres than other laboratory animals. Islets showing insulitis had, in most cases,
a reduced number of functional fl-cells, though no signs of degeneration or necrosis
could be detected in the cells around them. In fact, necrotic ]3-cells have not been
conclusively demonstrated in human or experimental insulitis (Kloppel 1976;
Gepts 1976).
Extensive and complex pathological changes observed in the splenic portions of
guinea pig pancreas represent the severe inflammatory process associated directly
or indirectly with the immunization. These changes could not be attributed as
only insulin-induced since much of the aeinar and duct tissues were also affected.
Similar non-specific involvement of the pancreatic tissue has also been demonstrated in guinea pigs immunized with insulin or its fractions or with homogenized
islet tissue (Wright and Gingerich 1974).
As regards the connective tissue proliferation, it is evident that none of the islets
with functional celt types in them had fibrotic changes. Fibrosis was also absent
in the islets affected by insulitis. This agrees with the general observation that
insulin immunization does not lead to islet fibrosis (Le Compte et al 1966;
Kloppel 1976); injection of islet homogenates, however, induces fibrosis of islets
(Heydinger and Lacy 1974). Nevertheless, the extensive collagen proliferation
found in the splenic portions of the pancreas has evidently damaged both aciuar
and islet tissues beyond recognition. Benedixen (1976) suggests that changes
in connective tissue activity might represent an interplay between non-specific
mediating systems and specific initiating immune response as seen in a variety of
autoimmune disorders.
Finally, the absence of manifest diabetes mellitus in the immunized guinea pigs
appears to be due to the low percentage of islet damage and the compensatory
increase in the functional activity of unaffected islets.
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