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Effects of Portacaval Anastomosis on 
Pancreatic Islets of the Rat 

DANIELE BANI, MD, CAMILLO CORTESINI, MD, and TATIANA BANI SACCHI, DSc 

The pancreatic islets of  rats with sut~gically constructed end-to-side portacaval anastomosis 
were studied immunocytochemically, morphometrically, and ultrastructural!y, and the 
plasma levels of  glucose, insulin, and glucagon determined. The results of the current study 
show that, four weeks after surgery, hypoglycemia, normal insulinemia, and hyperglucagone. 
mia occur and that these hematologic changes are associated with immunocytochemical and 
ultrastructural signs of  impairment of  the secretory activity of  islet B cells and normal 
secretion pattern of  the remaining islet cell types. The causes and the meaning of  the 
hematologic and islet cell changes are discussed, and the hypothesis has been drawn that 
they are prbnarily related to the functional deterioration of  the liver, which follows the 
diversion of  the portal blood in the systemic circulation. 
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End-to-side portacaval anastomosis (PCA) con- 
structed surgically in the rat diverts hepatic blood 
supply from the portal vein to vena cava, thus 
creating a condition of atrophy and functional im- 
pairment of liver cells, which occurs within a few 
days from the intervention and persists for several 
months (1-11). Therefore, the rat with PCA can be 
regarded as an experimental model mimicking the 
conditions that occur in patients with liver failure, 
especially due to cirrhosis, and with portal-  
systemic shunt. The analogy between the experi- 
mental and the clinical condition is further strength- 
ened by similar anatomical,  behavioral,  and 
biochemical changes in the central nervous system 
characteristic of hepatic encephalopathy (12). 

Some endocrine consequences of PCA have been 
reported in the rat (10, 13), including abnormalities in 
glucose homeostasis and in plasma levels and secre- 
tion patterns of pancreatic hormones. In fact, it has 

Manuscript received January 21, 1993; accepted April 26, 
1993. 

From the Department of Human Anatomy and Histology, 
Section of Histology, and 2nd Surgical Clinic, University of 
Florence, Florence, Italy. 

Address for reprint requests: Prof. T. Bani Sacchi, Diparti- 
mento di Anatomia Umana e Istologia, Sezione di Istologia 
"Enrico Allara," V. ie G. Pieraeeini, 6, 1-50139 Firenze, Italy. 

1048 

been shown that basal plasma glucose is slightly re- 
duced (14) and oral glucose administration results in 
an elevation of the maximal peak and a faster return to 
normal (3). Moreover, basal plasma insulin is normal, 
but oral glucose administration induces a greatly ex- 
aggerated insulin response (3). Finally, plasma gluca- 
gon is markedly elevated, and the insulin-glucagon 
ratio reduced (15). These alterations are accompanied 
by a dramatic reduction of hepatic glycogen stores (9, 
14, 16-18), which, in turn, may also contribute to the 
abnormal carbohydrate metabolism found in PCA. 

To what extent the above changes of glucose 
homeostasis and of plasma levels of pancreatic hor- 
mones are to be regarded as a consequence of the 
liver failure or of changes in the secretion pattern of 
the pancreatic islets, remains to be elucidated. The 
current research aims at investigating the possible 
role of the endocrine pancreas in determining the 
abnormalities of carbohydrate metabolism which 
take place upon PCA. 

MATERIALS AND METHODS 

Animals and Treatments. Ten adult male Wistar rats of  
the Nossan strain, weighing 200-250 g at the beginning of 
the experiment,  were used. The experimental schedule 
was designed in compliance with the guidelines for animal 
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care and use of the University of Florence. The rats were 
purchased from a commercial dealer and acclimatized for 
seven days at 22-24 ° C on a 12-hr light-dark cycle. Stan- 
dard laboratory chow and water were available ad libi- 
tum. The rats were divided in two groups of five animals 
each. At day 7 of harvesting (ie, day 1 of the experiment), 
the rats of the first group underwent end-to-side portaca- 
val anastomosis (PCA) under diethyl ether anesthesia, 
according to Lee and Fisher (19). Interventions were 
performed between 4 and 6 PM. The unoperated rats of 
the other group were used as controls. All the animals 
were killed by cervical dislocation four weeks later. Ac- 
cess to food and water was interrupted 2 hr before killing. 
Upon sacrifice, the PCA rats were examined closely to 
confirm patency of the shunts. 

Functional Analyses. Just prior to Sacrifice, blood samples 
were collected from the tail vein in heparinized capillary 
tubes and immediately centrifuged to separate plasma. The 
basal plasma glucose levels were determined by the glucose 
oxidase method. The basal plasma levels of insulin and 
giucagon were determined by radioimmunoassay using kits 
supplied by Novo BioLabs (Bagsvaerd, Denmark). 

Tissue Sampling. Upon sacrifice, fragments of pancreatic 
tissue coming from the juxtasplenic part of the pancreas 
were removed from each animal. Some of the specimens 
were fixed in Bouin's solution, dehydrated in graded etha- 
nol, and embedded in paratSm. Other fragments were fixed 
in cold 4% glutaraldehyde in 0.1 M cacodylate buffer, pH 
7.4, for 3 hr at room temperature and postfixed in cold 1% 
OsO4 in 0.1 M sodium phosphate buffer, pH 7.4, at 4 ° C. 
The fragments were dehydrated in graded acetone, passed 
through propylene oxide, and embedded in Epon 812. 

Immunoeytochemistry. One Bouin's-fixed, paraffin- 
embedded tissue fragment (about 5 mm 3 in size) from each 
rat was used. Four serial sections 5 I~m thick were placed on 
four separate slides. Similar series were prepared for the 
PCA rats and the controls. In each animal, the four slides 
were immunostained to reveal the four main islet hormones. 
The primary antisera used were as follows: anti-insulin 
(Novo; diluted 1:100), anti-pancreatic glucagon (Dako Patts, 
Santa Barbara, California; diluted 1:400), anti-somatostatin 
(Ortho, Raritan, New Jersey; diluted 1:1), and anti- 
pancreatic polypeptide (PP) (Dako Patts; diluted 1:1000). 
Anti-insulin was mouse monoclonal and immune reaction 
was revealed by the alkaline phosphatase-anti-alkaline 
phosphatase (APAAP) method (20). The remaining antisera 
were rabbit polyclonal and immune reaction was revealed 
by the avidin-biotin complex-alkaline phosphatase (ABC/ 
AP) technique (21). New Fuchsin (Sigma, St. Louis, Mis- 
souri) was used to reveal AP activity. The immunostained 
sections were dehydrated in ethanol and mounted in Per- 
mount. The order for the immunostaining of the slides was 
insulin, glucagon, somatostatin, PP; thus, the sections 
stained with anti-PP serum were consecutive to those 
stained with anti-somatostatin serum, and so on. The spec- 
ificity of the immunostaining was tested (1) by replacing the 
specific anti-hormone sera with nonimmune mouse/rabbit 
sera, and (2) by omitting the first layer. 

Electron Microscopy. Ultrathin sections were cut from the 
Epon-embedded specimens and stained with uranyl-acetate 
and alkaline bismuth-subnitrate (22) and examined in a 
Siemens Elmiskop 102 electron microscope at 80 kV. 

Morphometry. Computer-assisted morphometry was car- 
ded out on immunostained sections by a method employed 
previously by us for similar purposes (23). An Apple IIGS 
personal computer was used. It was interfaced with a Tel- 
eraster card (Pertel, Torino, Italy) to a CC-'YV television 
camera (Sony CCD) applied to a light microscope with a 
x l00 objective. The Teleraster card allows for the light 
transmitted across the immunostained histological section 
to be measured and a digitized image to be reproduced on 
the basis of the values estimated. In each rat, different, 
randomly chosen microscopic fields, each containing one 
islet or part of an islet, were recorded; five fields per hor- 
mone were considered in each of the PCA rats and the 
control rats. The software allows deletion from the digitized 
images of all parts corresponding to values of transmittance 
different from that of the immunostaining. In such a way, 
only the areas of the immunostained tissue components can 
be selected and then measured by determination of the 
number of pixels of the residual images. The program also 
allows the interactive tracing of the boundaries of the endo- 
crine tissue on the digitized images and counting of the 
pixels of the encircled area. The values of the volume 
density of the immunostained areas, Vv (x/islet), were cal- 
culated as the ratio of x (number of pixels of the area 
immunostained for a given hormone) to islet (number of 
pixels of the area of islet tissue) in each image considered. 
For each hormone, the mean and SEM was computed for the 
PCA rats and for the control rats. 

The values of the volume densities of ergastoplasm, Golgi 
apparatus, and secretory granules in B cells, Vv (x/cyto), 
were calculated as the ratio ofx (number of points over the 
organdies considered) to cyto (number of points over the 
entire cytoplasm) by point counting on electron micro- 
graphs (24) at a x 10,000 final magnification. Five micro- 
graphs of B cells, coming from five different islets, were 
assayed in each PCA rat and control rat. An isotropic 
square lattice with distance between test points of 11.5 mm 
(equivalent to 1.5 I~m on the section) was used. For each 
organdie, mean and SEM were calculated. 

Statistical Analysis. Distribution of the morphometric val- 
ues was normal when checked with the ×2 test. Significance 
of differences between the PCA rats and the controls was 
evaluated by the Student's t test for unpaired values. P < 
0.05 was considered significant. 

RESULTS 

Functional Assays. Compared  with the controls ,  
the rats  with PCA reduced food consumpt ion  and, 
four weeks  after surgery,  had undergone a marked  
drop in body  weight  (265 -+ 25 g vs  310 ___ 15 g in the 
controls)  and in l iver mass ,  the latter accompanied  
b y  histologically detectable  hepatocel lular  a t rophy  
and depletion of  glycogen s tores  (evaluated b y  PAS 
reaction).  Moreover ,  biochemical  al terations of  the 
central  nervous  sys tem,  consist ing with por tosys-  
temic encepha lopa thy ,  were  also present  in the 
same animals studied here  (12). 

Hematologic assays showed that in the rats with 
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Fig 1. Islets from control (left) and PCA (right) rats. Immunostaining for insulin (A, E), glucagon (B, F), somatostatin (C, O), and PP 
(D, H). Immunoalkaline phosphatase method, counterstaining with Mayer's hemalum; x240. Bar = 40 Izm. 
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Fig 2. Histogram showing the volume densities of the immuno- 
reactive islet hormones. 

PCA, compared with the controls, plasma glucose 
was slightly but significantly reduced, plasma insulin 
was not significantly changed, and plasma glucagon 
was markedly and significantly increased (Table 1). 

Morphology. By visual examination of the immu- 
nostained sections, the pancreatic islets from the con- 
trol rats had all the well-known morphologic features 
of normal rat islets coming from the dorsal primor- 
dium. They showed a central core of B cells sur- 

TABLE 1. HEMATOLOGIC PARAMETERS OF CONTROL AND PCA 
RATS 

Glucose Insulin Glucagon 
(mg/dl) ( IzUIml) (pglml) 

Controls 116 -+ 3.8 9.9 ± 1.7 64.4 ± 8.9 
PCA 95 ± 1.1 8.4 ± 1.4 295 ± 47 

P < 0.001 NS P < 0.001 

rounded by a mantle formed by rather numerous A 
cells and minor amounts of D and PP cells (Figure 1 
A-D). Most B ceils were mildly immunostained. Con- 
versely, the islets from the rats with PCA showed a 
majority of the B cells with very intense insulin im- 
munoreactivity (Figure 1E). The other islet cell types 
did not appear to be substantially different from their 
control counterparts (Figure 1 F-H). The morphomet- 
ric analysis carded out on the immunostained islets 
validated the above findings, showing a significant 
increase in the volume density of immunoreactive 
insulin, and no significant differences in the volume 
densities of immunoreactive glucagon, somatostatin, 
and PP (Figure 2). On electron microscopic examina- 
tion, cytological changes of B cells were found in the 
islets of the rats with PCA compared with the con- 

Fig 3. B cells from an islet of a PCA rat showing very numerous beta granules, Electron micrograph, x7500. Bar ffi 1 p.m. 
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Fig 4. B cells from an islet of a control rat showing varying amounts of beta granules. Electron micrograph, ×7500. Bar = 1 i~m. 

trois. In fact, in the islets of the rats with PCA (Figure 
3), most B cells contained very numerous beta gran- 
ules, mainly of mature type with electron-dense 
cores, a moderately developed ergastoplasm, and a 
Golgi apparatus divided in small areas scattered 
throughout the cytoplasm. On the other hand, in the 
control islets (Figure 4), several B ceils were rather 
poor in secretory granules, the ergastoplasm was usu- 
ally well developed, and the Golgi apparatus occupied 
a single, large area near the nucleus. Ultrastructural 
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Fig $. Histogram showing the volume densities of beta granules 
and organelles in B cells. 

morphometry revealed that, compared with the con- 
trois, the B cells of the rats with PCA showed a 
significant increase in the volume density of secretory 
granules and a significant decrease in the volume 
density of the ergastoplasm (Figure 5). 

The non-B-cell types, including somatostatin- 
containing D cells and glucagon- and PP-containing 
non-B, non-D cells (25), had features quite similar 
in both control and PCA rats (Figure 6). 

No signs of islet cell damage, inflammatory reac- 
tion, and de novo formation of endocrine cells out- 
side the islets could ever be detected. 

DISCUSSION 

The current findings indicate that, following 
PCA, the pancreatic islets of the rat undergo 
changes consistent with increased storage of insulin 
in the B cells and depressed synthesis of secretory 
proteins. It is conceivable that this impairment in 
B-cell function is due to the persistent hypoglyce- 
mia. In spite of the apparent decrease of insulin 
secretion, the plasma levels of the hormone are not 
reduced. This is probably a consequence of dimin- 
ished extraction of insulin by the atrophic liver cells 
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Fig 6. Some non-A, non-B cells (including glucagon- and PP-containing cells) and a D cell (asterisk) in the mantle of an islet from 
a PCA rat. Cytological features are quite similar to those of normal rats. x7500. Bar -- 1 ~m. 

and fits well  with similar conc lus ions  d rawn  b y  
prev ious  authors  in s tudies  on cirrhot ic  pat ients  
with P C A  (26). The  marked  accumula t ion  of  insulin 
in B cells found  b y  us in basal  condi t ions  m a y  
explain the exaggera ted  insulin r e sponse  to oral  
g lucose  repor ted  in prev ious  studies (3). 

The  e leva ted  p lasma levels o f  g lucagon in the 
P C A  rats are  associa ted  with s t ructural  fea tures  o f  
A cells  ind ica t ing  a no rma l  s ec r e t i on  pa t t e rn .  
H e n c e ,  hype rg lucagonemia  does  no t  seem to be 
caused  b y  h y p e r s e c r e t i o n  b y  islet A cells but ,  
rather ,  by  r educed  ca tabol i sm of  g lucagon by  the 
liver. The  coex is tence  o f  hype rg lucagonemia  and 
h y p o g l y c e m i a  is p robab ly  related main ly  to the 
funct ional  impai rment  o f  the liver that,  being a lmost  
comple te ly  devoid  o f  g lycogen ,  is no  more  able to 
adequa te ly  r e spond  to g lycogeno ly t i c  stimuli. 
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