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Summary. The injection of neoprene into the pancreatic ducts
‘of dogs has been used to destroy exocrine function prior to
pancreatic transplantation. The subsequent histological
changes and the evolution of lesions over a period of
3-36 months are described. Animals were sacrified or biop-
sied at various intervals (3, 15 and 36 months) and the pan-
creases showed the disappearance of exocrine acini and
changes of chronic pancreatitis. An immunoperoxidase
procedure with insulin, glucagon, somatostatin and pancreat-
ic polypeptide antisera was used to show the persistence of
pancreatic endocrine cells. After the injections, sclerosis pro-
gressively increased and secondary lesions of the islets were

seen, although functional islets persisted. This technique was
then applied to pancreas transplantation in man. Eight trans-
plants from seven diabetic patients were available for exami-
nation. In four cases, there were early technical failures, but
four pancreatic transplants continued to function for
28-889 days until suppuration destroyed one of the grafts and
the three other patients died. The persistence of endocrine
cells in sclerotic tissue was observed in histological and im-
munopathological examinations.

Key words: Pancreas, transplantation, injection of neoprene,
diabetes, dog.

The degenerative complications caused by microan-
giopathy still remain a major problem in diabetic pat-
ients. New techniques which have been developed over
the past few years in an attempt to slow the evolution of
diabetic complications include electromechanical or bi-
ological artificial pancreases, implantation of adult or
fetal endocrine islets and segmental pancreatic trans-
plants [1]. The technical problems involved, however,
have not yet been resolved completely [2-5]. Pancreatic
transplants involve technical problems due, in part, to
the need for the suppression or diversion of pancreatic
exocrine secretion. Numerous methods have been used
[6-9] but none of these is perfectly satisfactory [1, 2]. We
have used a technique (initially in dogs, then in man), in
which suppression of pancreatic exocrine function is
obtained by the injection of neoprene, a substance
which rapidly solidifies in the pancreatic ducts.

Materials and Methods

Dogs

Injection Technique: Neoprene 671 (Safic Alcan, Puteaux, France) is
a low viscosity, liquid rubber (70 units) of pH 12.4. Upon contact with
the more acidic pancreatic juice (pH 8.9), this product is polymerised

and precipitated. The surgical technique used [10, 11] was as follows:
the main pancreatic duct was isolated in the vicinity of the duodenum
and a polyethylene catheter (16 or 18 gauge) was inserted and intro-
duced for several millimetres. Following aspiration of pancreatic
juice, 1-6 ml pure neoprene were injected in situ followed by 0.2 ml
acetic acid (180 mmol/1) to accelerate palymerization. This produced
a solid neoprene cast, which filled the major ducts and their radicles.

In this study, 17 mongrel dogs were used. Two sets of experiments
were carried out: group 1=five animals received an injection of
2-3ml neoprene with ligation of the main and accessory pancreatic
ducts; group 2 =12 animals received a right pancreatectomy follow-
ing injection of neoprene, thus leaving in place the body and tail of
the pancreas, which was vascularized by branches of the splenic and
superior mesenteric arteries [12]. The following investigations were
made: (a) before surgery, the dogs were weighed and baseline levels of
blood glucose, electrolytes, urea and amylase activity were measured;
(b) after surgery, dogs were weighed, glucose (ortho-toluidine meth-
od) and amylase (Amylokit, Biomérieux, France) were measured
twice a week; glycosuria (Multistix, Miles Laboratories, Paris,
France) was measured daily; induced hyperglycaemia (oral or IV),
levels of plasma insulin (kit, Radiochemical Centre, Amsterdam, UK)
and plasma glucagon (radioimmunological levels, Dr. Ruitton, Hopi-
tal E. Herriot, Lyon, France) [13] were determined at regular intervals.
Exocrine function was replaced by giving lyophilized pancreatic ex-
tracts (Eurobiol, Eurorga, Orsay, France; 5g-15kg body weight~!-
day~") and liprocil triglycerides (Spiol, Montrouge, France; 2g-kg
body weight ~!-day~").

Histology: Samples for histological examination were taken either
when the animals were sacrificed (nine dogs) or by biopsy (six times
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Table 1. Clinical evolution of human pancreatic allografts
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Patient No.  Age (years) Age at onset

of diabetes ic graft function
(years) (days)

Duration of pancreat-

Causes of graft
failure

Delay between graft Cause of
failure and death of death
patient (days)

1 2 16 0
2 28 20 1
3 39 14 1
4a 41 32 3

4b 4 32 28

7 36 32 889
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Fig.1. Plasma glucagon, plasma insulin, blood glucose and serum
amylase concentrations in dogs which had received an intraductal
neoprene injection followed by right pancreatectomy

from five dogs) from animals that survived surgery. These samples
were taken at different periods after the operation: 2-3 months (five
dogs in group1, two dogs in group2), 12-15months (one dog in
group 1, four dogs in group?2) and up to 22 months (two dogs in
group 2) or 36 months (one dog in group 2). Pancreatic tissues were
fixed in Bouin’s solution before embedding in paraffin. When possi-
ble, the fragments were taken from different sites: head, body, tail and
uncinate process. Sectioning was difficult, due to the elasticity of the
neoprene and dissolution of this product was not possible, even with
toluene. Slides were stained with haematoxylin and eosin, periodic
acid Schiff (PAS), Azan Mallory Heidenhaim, Gomori aldehyde fush-
in (PAF) and haematoxylin phosphotungstic acid [15, 16]. These
stains were used on both paraffin embedded slides and freshly frozen
sections. Examination on a black background was also performed.
Immunocytochemistry was performed in ten cases. Paraffin em-
bedded sections (3—4 p) were mounted on glass slides in a drop of gel-
atine (5 g/1in water). After hydration of the sections, the immunoper-
oxidase assay, using the technique of Sternberger et al. [17] or the
classical indirect assay, were carried out. The antisera (1:10) were left
for 1h at room temperature, then washed in phosphate buffer solu-
tion (PBS). Sheep y-globulin anti-guinea pig or anti-rabbit antisera,
conjugated with peroxidase, were then added (1:10, room tempera-
ture for 1h), followed by rinsing in PBS, and washing in Tris buffer
for 15 min. In order to show up the peroxidase, 8 mg of 4-chloro-1-
naphthol (Koch-Light Laboratories, Colnbrook, Bucks, UK) dis-
solved in 0.24 ml of 95% ethanol were added to 50 ml Tris-buffered sa-
line (0.005 mol/1, pH 7.6); the filtered solution was used with 0.02%
hydrogen peroxide. The sections were mounted in buffered glycerine.
The following antisera were used: anti-insulin sera (two sera:
Hoechst-Boehring, Paris, and a serum from the Histology and Embry-
ology Laboratory, Oullins, France); anti-glucagon serum (a gift from
Dr. A Ruitton, Hépital E.Herriot, Lyon, France); anti-somatostatin
and anti-pancreatic polypeptide sera (Dr. Dubois, Histology and Em-
bryology Laboratory, Oullins, France). The peroxidase conjugated
antisera were obtained from the Pasteur Institute, Paris. The reaction
was considered as positive when the cells were stained with a blueish-
grey colour by 4-chloro-1-naphtol and the background of the prepara-
tion could not be seen [18]. An approximation of the intensity of the
reaction was made by a semi-quantitative analysis: from -+ (very
weakly positive and few cells) to + + + (many positive cells). The
sections were examined under a Leitz (Orthoplan) microscope and
photographs taken with a Leitz Orthomat (Wild & Leitz, Rueil Mal-
maison, France).

Men

The same transplantation procedure was used in seven diabetic pat-
ients [19], from whom eight specimens were taken for histological ex-
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Table2. Histology of canine pancreas.
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Dog |Time Origin | General Location of pancreatic sample Survival
N°.  |(months) |of appear- - - (years)
sample |ance Uncinate process Head Body Tail
Scle- Inflammato- | Endo- | Scle- Inflammato- | Endo- | Scle- Inflammato- | Endo-- | Scle- Inflammato- | Endo-
rosis ry infiltrate | crine rosis ry infiltrate | crine rosis ry infiltrate | crine rosis ry infiltrate | crine
islets islets islets islets
1 2 sacri- irregular + + ++ + + ++ + + ++
fice exo-
crine ++
2 2 sacri- cystic dilata- | + + 0 + + + + + + necrosis +
fice tion cysts cysts
3 2 sacti- sclerosis normal + abscess ++ + abscess ne- | ++
fice crosis haem-
orrage
exocrine +
4 2 sacri- sclerosis ++ exocrine + | + +++ |+ +++
fice exocrine +
5 2 sacri- normal normal normal
fice
6 3 sacri- baldy inject- | + haemorrhag- [0 + cysts 0 +++ |+ ++
fice ed; ic; pancrea- exo-
haemor- titis; abscess crine +++
rhagic
7 2 biopsy |cysts + exocrine + | ++++ +++ |polynuclear | ++
haemor- cells
rhagic
8 12 sacri- sclerotic +++ |+ ++ -+-+-+ |abscess + + necrosis +++
fice atrophy 5 cm cysts
9 13 biopsy |sclerosis +++ ++ ++ 4
5x0.5cm cysts cysts
10 13 biopsy |sclerosis +++ ++ + 4
3x03cm cysts
11 15 sacri- sclerosis + + ] + abscess ++ +++ |necrosis +
fice 4cm/2.83g abscess
Tbis |15 sacri- sclerosis + necrosis 0 +4+4 | ++ + ++ +++ ++
fice 7.5¢cm exocrine + abscess
4.02g
12 22 biopsy |sclerosis +++ polynuclear |+++ 4
5x0.5cm cells
13 22 biopsy |sclerosis ++++ +++
4x0.5cm
13 |36 biopsy ++++ |+ + 4 (died
diabetic)

amination. The surgical technique used was as follows: after section-
ing the pancreas at the isthmus, a segment of the organ was removed
with splenic vessels. Neoprene (3-9 ml) was injected into the duct and
the pancreas was transplanted in the iliac fossa of the host by a ter-
minolateral anastomosis of the vessels [11, 19]. The patients received
the following immunosuppressive treatment: prednisone (1 mg-kg ="
day~1), azathioprine (2.3 mg-kg~'-day~") and anti-lymphocyte glob-
ulin (I'V infusion of six vials/day for 28 days). The duration of graft
function, the causes of transplant failure and death are summarized in
Table 1. The biological data have been reported elsewhere [19].

Results

Dogs

In one dog from group 1, injection of neoprene was not
possible because the pancreatic duct was too thin. The
other four dogs in this group showed no signs of diabe-
tes up until the time of sacrifice, even when this was per-
formed 15 months after surgery (one dog). In group 2,
one dog with normal endocrine function (no.11) died
from an infection and one dog developed progressive

diabetes 2 weeks after surgery. In the remainder, blood
glucose, plasma insulin and plasma glucagon levels re-
mained normal. There was some increase in amylase ac-
tivity during the first 15 days (Fig.1), but this subse-
quently subsided. Three dogs were still alive between 36
and 48 months after the surgery and showed no signs of
diabetes.

Macroscopic Appearance: After 2 or 3 months, the pan-
creases were atrophic with microcysts and haemorrhag-
ic necrotic areas in animals from both groups. Neo-
prene was discernible throughout the whole organ as
thinly ramified, whitish matter, giving the surface of the
organ a punctuated appearance. After 15 months, the
pancreases were very atrophic and sclerosed, measuring
4-7 cm in length and weighing 2-4 g. Upon section, the
parenchyma was very sclerosed and retracted.

Microscopic Appearance: This was compared in both
groups, and according to the extent of destruction of the
exocrine pancreas and the intensity of sclerosis, three
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Fig.2aandb. Canine pancreas 2months after injection: (a)zone of chronic pancreatitis with pronounced dilation of ducts (PTAH x 40).
(b) presence of numerous endocrine islets in the sclerosis of another parenchymal zone. Modified exocrine acini and pancreatic canaliculi still

persist. (Azan x 100)

stages of evolution could be distinguished: (1) at 2 and
3 months (seven dogs); (2) at 13 and 15 months (five
dogs); and (3) at 22 and 36 months (two dogs and one
dog, respectively) after surgery. In the early stages, the
lesions were very irregular, but in all cases profound
changes in the pancreatic parenchyma were observed
(Table 2).

Histology at 2 and 3 Months: The lobular structure of
the pancreas remained intact but was accentuated by in-
terstitial fibrosis (Fig.2). At the centre of the lobules, in-
jected neoprene was found in canaliculi; these canalic-
uli were mostly dilated forming microcysts, and occa-
sionally completely destroyed. Beyond these structures,
exocrine acini could still be found; they were altered,
necrotic or dedifferentiating. The periphery was sur-
rounded by sclerosis, which penetrated between the re-
maining acini. The inflammatory infiltrate was variable,
consisting of mononuclear cells, and occasionally form-
ing granulomas. Two dogs had microabscesses
(Table 2). Endocrine islets could be seen at the pe-
riphery of the lobules, close to or within the sclerosis.
They were often grouped in small numbers, badly indi-

vidualized, and occasionally hypertrophic (Fig.2). The
distribution of Bcells was irregular and cytoplasmic
granulations were often abnormal in size and number.
Isolated cells could be seen in the sclerosis. Using im-
munoperoxidase (Table 3) numerous cells gave a posi-
tive reaction with the anti-insulin antiserum, but only a
few glucagon-positive cells were seen in the centre of
the islets in two of the cases studied. With polypeptide
and somatostatin antisera, the reaction was weak and
only a few cells were positive in a few islets. In the only
diabetic dog of this group, the endocrine islets were
considerably reduced in number and the canals were
cystic with necrosis of acini. Two dogs had total haem-
orrhagic necrosis of the tail (no.3) or the uncinate pro-
cess (no.6) of the pancreas (Table 2).

Histology at 15 and 22 Months: The extent of the le-
sions was greater at this stage. Invasive sclerosis pro-
duced the appearance of chronic pancreatitis through-
out the organ and the exocrine pancreas had almost
totally disappeared (Fig.3). Microcysts were increased
in volume. The inflammatory infiltrate remained mod-
erate, but three dogs had microabscesses. The endo-
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Table 3. Presence of islet cell types identified by specific antisera in dogs and diabetic patients

Case N°. Date of Ne. of Anti-insulin Anti-glucagon Anti-somatostatin Anti-pancreatic
sample endocrine polypeptide
islets/
1Sse(e::ﬁs on Reaction  N° of Reaction  N° of N°. of Ne. of Ne. of Ne. of
intensity ~ positive intensity ~ positive islets positive islets positive
cells/islet cells/islet cells/islet cells/islet
(%) (%) (%) (%)
Dogs
1 2months +++ ++++ 65 ++ 12 2% + + 2
isolated cells
7 2months +++ +++ 33 ++ 33 isolated + isolated +
isolated cells cells cells
8 12months + + 33 + +
9 13 months +++ +(-4;?+ 80 ++ +
10 13months ++++ T4+ 75 + 25
isolated cells
7bis  15months ++-++ +++ 65 FH++ et + + + +
11 15months ++++ ++4+ 65 +4++ 33 isolated + lor2 ++
cells
12 22months +++ +++ 50 +++ 50
13 22months  +++ 4+ 50 4+ 50
isolated cells
13 bis 36 months # % 10 ++ isolated cells ++ isolated cells
Diabetic patients
4b 28 days # 7% 20 ++ 33 0
6 105 days “ £ 10 + isolated cells 0
7 889 days 80 ++++ 80 0

crine islets were more easily identified: they were often
hypertrophic and had large, vacuolated clear cells, oc-
casionally with pyknotic nuclei. The number of islets
varied according to the site from which the fragment
was taken. Antisera (Table 3) confirmed the presence of
endocrine hormones (Figs.4 and 5). Two dogs are still
alive without diabetes 4 years after surgery.

Histological Findings at 36 Months: A biopsy from one
dog (no.13) showed sclerotic tissue in which the only
recognizable structures were arteries, nerves and a few
remains of neoprene. Remnants of endocrine islets were
occasionally seen, grouped in small clusters, and were
more or less invaded by sclerosis. Some cells were vacu-
olated and voluminous, with small granules, while
others were still normal. Anti-insulin and anti-glucagon
antisera showed positively stained cells, either isolated
or in clusters (Table 3). This dog lived for a further year
without diabetes, but died 4 years after surgery from
diabetes which became apparent 1 month earlier.

Man

Macroscopic Appearance: In four cases, there was total
infarction of the pancreas, due to arterial or venous
thrombosis. In cases 6 and 7, the pancreas was very at-

rophic and sclerotic (Fig. 6), but the general appearance
of the organ was normal. On the surface and in a sec-
tion, full impregnation by neoprene was observed. In
case 5 there was also suppuration in a fairly large part of
the pancreas. In case4b, the pancreas appeared to be
practically normal and well impregnated with neo-
prene.

Histology: In cases 1-4 and 5, the pancreas was totally
lysed; structures and nuclei had disappeared, leaving
only a ‘ghost’” pancreas. In case 6, the aspect was com-
parable with that seen in the dogs at 15 months: endo-
crine islets were found very irregularly within the scle-
rotic areas and one of the fragments had very hyper-
trophic islets. Fifty percent of the cells in these islets of
Langerhans were stained with the anti-insulin antise-
rum, but no reaction was observed with antiglucagon
antiserum (Fig.7). In one part of the pancreas, venous
thrombosis was present and a number of arteries
showed occasional cellular or fibrotic endarteritis with
inflammatory infiltration of the vascular wall; around
the islets, small monocytic infiltrates were present. In
case 4b, half of the pancreas was haemorrhagic with an
infected haematoma in the fatty tissue. In the other half,
exocrine acini, undergoing necrosis and disorganiza-
tion, persisted. The endocrine islets were visible be-
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Fig.3aand b. Canine pancreas after 15 months. Pancreatic atrophy has increased. Sclerosis is massive with total disappearance of exocrine acini.
Around the vessels, apart from some neoprene debris, endocrine acini with B cells stained by paraldehyde fuchsin are found (a). Acini and isolat-
ed Bcells at a greater magnification (x 250) (b) are seen within the sclerotic areas (< 400) b

tween acini and had a normal aspect. In the last case,
the appearance of the pancreas, which had been func-
tional for over 2 years, was absolutely identical to that
of the dogs at 22 months. The sclerotic areas showed

Fig.4. Canine pancreas after 15 months.
Anti-insulin antiserum conjugated with per-
oxidase: several endocrine islets, with

B cells marked by the antiserum, are

. grouped within the sclerotic areas. On the
right, neoprene remnants in a cystic forma-
tion ( x 250)

only slight evidence of inflammation, the pancreatic
ducts were slightly dilated and the exocrine acini had
totally disappeared. In this massive sclerosis, the endo-
crine islets were visible, very often surrounded by a scle-
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Fig.5a-d. Canine pancreas after 15 months. Labelling of different cells of an islet by various antisera coupled with peroxidase. (a) with anti-in-
sulin, the cells are numerous ( x 600); (b) with anti-glucagon ( x 600), (c) anti-somastatin ( x 400) and (d) anti-pancreatic polypeptide marked
cells are fewer in number ( x 400}
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Fig.6. Human pancreas 1% months after
the graft. Impregnation of neoprene
throught the pancreas and pancreatic atro-

Fig.7a—c. Human pancreas 3% months after transplantation (case 6). (a) A modified islet is seen and inflammatory infiltration is present within
the sclerotic areas (Azan x 400). (b) Artery with fibrotic endarteritis and hyaline deposition (PAS x 250). (c) Anti-insulin antiserum mark some
B cells in two islets ( x 400)

rotic casing (Fig.8). On a transverse section, taken from should be noted that there were endarteritic lesions of
the centre of the pancreatic graft, there was a relatively ~ the large vessels, which occasionally caused complete
large number of islets (75-80), of variable size, in which obliteration.

insulin was present, but not glucagon (Fig.9). Finally, it
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Discussion

We have described a method for the preparation of the
pancreas before transplantation. The injection of neo-
prene into this organ is a simple and efficient method of
eliminating exocrine function; similar products have al-
ready been used in dogs for the treatment of chronic
pancreatitis [20] or in transplantation [21]. In our experi-
ments, it was not used as a pre-transplant procedure
and therefore the lesions observed can only be due to
the injection of neoprene; thus, no rejection phenome-
na could have interfered. On the contrary, in man the ef-
fect of transplantation must be taken into account.

105

Fig.8. Human pancreas 2V years after
transplantation (case 7). The sclerosis is ex~
tensive, but in certain zones numerous en-
docrine islets persist, surrounded by sclero-
sis. The exocrine acini have totally disap-
peared and only impregnation by neoprene
can be seen (haematoxylin x 250)

Fig.9. Human pancreas 2 years after
transplantation. Endocrine islet and B cell
marked by anti-insulin serum ( x 250)

Two months after surgery, pancreatic lesions were
very variable. This is probably due to several factors:
difficulty in controlling pressure during the injection,
the small size and number of divisions of the ducts and
possible variations in the rapidity of neoprene floccula-
tion. We believe that high pressure injection could be
partly responsible for local haemorrhagic and necrotic
lesions and for the formation of cysts in the injected
ducts. However, neoprene does not appear to be toxic in
itself, since we carried out a control series by injecting
dogs intramuscularly or subcutaneously with fragments
of solid neoprene and no major inflammatory reactions
were observed. Two dogs had infections of the pancreas
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and several had localized microabscesses, but the neo-
prene injections were not given under sterile conditions
and the animals received no treatment with antibiotics,
which could explain these events.

Only one of the dogs developed diabetes 3 months
after surgery. This finding correlates well with anatomi-
cal data, since we have always found, even at 22 and
36 months, functional endocrine islets, as determined
by the immunoperoxidase technique; these cells contin-
ued to secrete not only insulin, but also glucagon, soma-
tostatin and pancreatic polypeptide. The persistence at
3 months of generally normal pancreatic lobules, with
islets that did not appear to be particularly hyperplasic,
could explain the continuation of endocrine secretion;
however, at 15 months, normal zones were no longer
found. During the course of evolution, the endocrine is-
lets became more and more clustered and surrounded
by sclerosis, but without any regular pattern. Three dogs
(nos.9, 10, 12) are still alive and non-diabetic after 4
years. In human chronic pancreatitis [22] or in the ob-
struction of pancreatic ducts by considerable fibrosis
and destruction of the exocrine canals, in general diabe-
tes develops after several years evolution [20, 22], al-
though no correlation exists between the intensity of
pancreatic fibrosis and the development of diabetes,
nor between the intensity of diabetes and the severity of
exocrine and endocrine lesions [23]. In our dogs, the
persistence of endocrine islets appeared to be sufficient
to prevent the development of diabetes, but the disease
can appear suddenly and evolve rapidly, in as little as
1 month as in dog no.13.

In man, it is more difficult to interpret our results.
Four cases were early technical failures; the pancreases
did not become functional or were so for only a short
period of time, i.e. 0-3 days. An arterial thrombosis in
one case and venous thromboses in three others explain
the anatomical condition of the pancreas. In caseS5,
transplant function was good for 30 days, but deterio-
rated due to suppuration of the pancreas.

In case 6, the cessation of pancreatic function after
75 days was probably due to a rejection process and the
sudden appearance of glycosuria and hyperglycaemia
are clinically in favour of this diagnosis. Histologically
the cellular endarteritic lesions and inflammatory infil-
tration of the vascular walls, as well as interstitial infil-
tration, can be considered as being due to rejection
mechanisms, and the persisting endocrine islets were
not sufficient to ensure good pancreatic endocrine func-
tion.

In the last two cases (cases4b and 7), the appear-
ance of the pancreas was very satisfactory, correlating
with the absence of hyperglycaemia in these patients. In
case 4b, the evolution was of short duration (28 days),
but in case 7, the evolution continued satisfactorily for
2 years and 5 months. Endarteritic lesions of the vessels
could be due to rejection occurring during evolution,
but without clinical symptoms. (This patient had several
renal graft rejections.) However, the extent of these le-
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sions was not very great and, since there was no con-
comitant interstitial infiltration, they were perhaps sim-
ply a result of chronic pancreatitis.

Histological biopsies were not taken from seven
other transplant patients either because this could not
be done at death, or because the patients kept their pan-
creases, even when these were not functional [24].

The complete suppression of exocrine function by
obliteration of the ductal system is one of the advan-
tages of this method, since it is more effective than duct
ligation and avoids drainage of pancreatic grafts [5, 29].
Surgery is simplified and there is only a low risk for the
patients [19]. If compared with the results of islet grafts
or fetal endocrine transplants, segmental pancreatic
transplantation presently appears to be the more effi-
cient {31-33]. At present it is still too early to predict the
future of the pancreatic grafts. Meanwhile, in the ab-
sence of the rejection of the pancreas, we can hope that
the grafts will ensure during some months or years the
correction of diabetes or at least allow kidney trans-
plantations to be carried out under favourable metabol-
ic conditions.
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