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Glucose and Insulin Changes Following a Renoportal Shunt
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Summary. The effect on glucose metabolism of altering the site
of the venous drainage of an isograft of isolated adult islets im-
planted beneath the renal capsule, from the systemic circula-
tion to the portal circulation was determined in streptozotocin-
induced diabetic rats. Reversal of diabetes was accomplished
by the transplantation of 1000-1200 isolated islets beneath the
left kidney capsule. The rate of fall of the glucose concentration
(as expressed by the K value) was found to be significantly de-
creased in transplanted animals (1.7 £ 0.5%/min; mean =+
SD) compared with normal animals (2.4 = 0.5%/min). Drain-

ing the left renal vein into the portal circulation restored the K
value to that of normal animals (2.5 & 0.4%). However the fast-
ing glucose concentration was significantly higher and the
basal insulin levels lower in both normal and transplanted rats
with a renoportal shunt.
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The normal delivery of insulin from the pancreas to the
liver directly via the portal vein gives insulin levels which
are three- to tenfold higher in the portal compared with
the peripheral circulation [1]. This portal systemic ratio is
probably an important aspect of normal glucose metabo-
lism. The systemic delivery of insulin in diabetes via the
subcutaneous route or directly into the systemic circula-
tion after a segmental pancreatic graft does not restore
normal physiological control of glucose metabolism
[2-4]. Experimental diabetes can be corrected in the rat
by transplantation of isolated islets into the liver via the
portal vein or into the splenic parenchyma, and in the
dog by implantation of dispersed pancreas into the
spleen. Despite the delivery of insulin directly into the
portal system in these models subsequent glucose toler-
ance tests are not strictly normal although the animals
are essentially normoglycaemic[5-11]. This might be due
to transplantation of inadequate numbers of islets or to
damage to the islets during their preparation. Normal
glucose tolerance tests have been reported following the
transplantation of segmental pancreatic grafts in dogs
with venous drainage into the systemic circulation, al-
though in these reports the basal insulin levels and the in-
sulin response to glucose stimulation were abnormal [12,
13].

In order to examine this aspect of pancreatic trans-
plantation more precisely, we have established a model

of experimental diabetes in the rat which can be correct-
ed by implanting isolated adult islets beneath the renal
capsule [14]. Subsequent transplantation of this kidney
with the subcapsular islets and anastomasis of the renal
vein to the portal vein then provides secretion of insulin
directly into the portal system, allowing comparison of
glucose homeostasis for the two types of insulin delivery.

Materials and Methods

Female LEW rats weighing 180-220 g (obtained from Bantin & King-
man, Grimstone, Yorks, UK) were rendered diabetic with a single in-
jection of streptozotocin (Upjohn, Kalamazoo, USA) into a tail vein at
a dose of 65 mg/kg body weight. Islets were isolated by a modification
of the collagenase digestion/Ficoll separation technique [15, 16]. Six
female LEW donors were used for each preparation which yielded ap-
proximately 1200 isolated pancreatic islets. The islets were placed un-
der the left kidney capsule of the female recipient rat as described pre-
viously [14].

After transplantation animals were placed in metabolic cages and
body weight, urine volume, urine glucose and serum glucose were
measured daily for 2 weeks and every 2 weeks thereafter. Fifty days af-
ter transplantation an IV glucose tolerance test was carried out. Under
general anaesthesia, cannulae were inserted into the femoral artery and
vein. An IV glucose challenge (500 mg/kg) was injected in all animals
6 h after cessation of anaesthesia, and arterial samples were taken at re-
gular intervals for glucose and insulin estimations. The rate of fall of
glucose concentration (K value) was calculated according to the meth-
od of Moorhouse et al. [17] using glucose values between 10 and 30 min
after the injection of the glucose challenge. The right kidney was then
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Table 1. K values of basal immunoreactive insulin and fasting serum glucose levels in individual rats before and after a reno-portal shunt

Rat no. K value Kvalue Basal Basal Fasting glucose Fasting glucose
before shunt after shunt immunoreactive immunoreactive before shunt after shunt
insulin levels insulin levels
before shunt after shunt
(%/min) (%/min) (mU/1) (mU/1) (mmol/1) (mmol/1)
Normal rats
1 2.7 241 15.2 7.8 3.9 541
2 1.7 1.5 14.6 119 4.6 6.4
3 2.3 1.8 28.7 14.5 5.6 6.8
4 2.7 3.0 14.5 7.8 3.9 6.3
5 2.7 241 12.9 0.1 5.6 6.8
p<05 p<001 p<0.01
Diabetic rats with islet isograft
1 2.7 3.0 231 12.6 6.7 8.8
2 1.5 2.6 17.2 12.0 3.9 6.0
3 11 2.0 18.9 13.7 541 7.2
4 1.7 2.6 15.8 72 2.9 43
5 14 241 31 6.4
p<001 p<01 p <001
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Fig. 1. Immunoreactive insulin levels during an intravenous glucose
tolerance test in normal rats before and after a reno-portal shunt (@ =
normal rats, O = normal rats with a shunt)
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Fig.2. Intravenous glucose tolerance tests in diabetic rats with an islet

isograft before and after a reno-portal shunt (@ = transplanted rats,
O = transplanted rats with a shunt)

removed and the left kidney, with the subcapsular islets, was excised
and replaced on the right side with the renal vein draining end-to-side
into the portal vein and the renal artery anastomosed end-to-end to the
right renal artery. The ureter was anastomosed end-to-end to the right
ureter. The same procedure was carried out in five normal animals that
had not been made diabetic nor given a pancreatic islet transplant be-
neath the renal capsule. Fifty days after this procedure both groups of
animals were subjected to a second glucose tolerance test.

Serum and urine glucose levels were determined using a GM4T,
glucose oxidase, autoanalyser (Analox Instruments, London; sensitivi-
ty 0.2 mmol/1, coefficient of variation of 3% over range 2-30 mmol/1).
Insulin levels were measured on the same serum samples, by a radioim-
munoassay using rat insulin standards (Novo, Copenhagen) by the
method of Albano et al. [18] (sensitivity 5 nU, coefficient of variation
7%). Statistical comparisons were evaluated by the paired t-test or the
Fischer exact test.

Results

After reno-portal shunt (and a unilateral nephrectomy)
was performed in normal rats; the mean fasting serum
glucose level increased from 4.7 = 0.8 to 63 =
0.7 mmol/I (mean = SD, p < 0.05; Table 1) and the IV
glucose tolerance test showed a significantly higher peak
value (p < 0.05), although the K value was not signifi-
cantly different (Table 1). The basal immunoreactive in-
sulin levels were significantly lower after the shunt in
normal animals and lower, but not significantly so, in an-
imals with islet isografts (Table 1). The peak immuno-
reactive insulin level showed a tendency to be lower in
normal animals after a shunt (59.3 + 41.6 mU than in
normal animals 103.6 + 50.6 mU (Fig.1, NS).

In the diabetic rats given an islet isograft, the mean
fasting serum glucose level was higher after a reno-portal
shunt (6.5 = 1.5 mmol/1) than before (4.5 £ 1.3 mmol/1;
p < 0.05; Fig. 2). After a reno-portal shunt the I'V glucose
tolerance test showed a higher glucose peak (Fig.2), and
the K value was significantly higher (2.5 £ 0.4 %/min;
Table 1) than in the same animals before reno-portal
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Fig.3. Immunoreactive insulin levels during an intravenous glucose
tolerance test in diabetic rats that have received an islet isograft before
and after a reno-portal shunt 1 (M = transplanted rats, [0 = trans-
planted rats with a shunt)

shunt (1.7 = 0.5 %/min; p < 0.05). Both basal and peak
immunoreactive insulin levels showed a tendency to be
lower following a shunt than in the same animals before
the reno-portal shunt (Fig.3). Comparison of the K val-
ues showed no significant difference between normal
animals, normal animals with a reno-portal shunt and
transplanted animals with a reno-portal shunt, but these
three groups had significantly higher K values than the
isografted diabetic animals without a shunt (p < 0.01).
In all transplanted animals removal of the grafted kidney
with its implanted islets produced an immediate return
to the diabetic state, confirming that the diabetic state
had been corrected by the islet transplantation and not
by regeneration of host islet tissue.

There was no significant difference in urine volume,
urine glucose levels or the rate of increase in body weight
between any of the four groups. Blood urea levels were
performed monthly and were not elevated after the reno-
portal shunt and the unilateral nephrectomy.

Discussion

Transplantation of isolated adult pancreaticisografts be-
neath the renal capsule of diabetic rats will maintain in-
definitely a state of normoglycaemia [14]. These animals
have a similar basal insulin concentration and fasting
blood glucose levels to normal animals but challenge
with an intravenous glucose load shows a decrease in the
rate of fall of the serum glucose concentration. Drainage
of the renal vein of the kidney bearing the islet isograft
into the portal vein restores the rate of fall of the serum
concentration of glucose to that of a normal animal. Sim-
ilar findings have also been reported with fetal pancre-
atic isografts in the rat [19] and in pigs with vascularised
pancreatic grafts [20]. Such findings are in contrast to the
results of insulin infusion experiments using a computer
controlled insulin infusion pump that have shown no

significant difference between peripheral and intrapor-
tal routes of insulin administration in maintaining blood
glucose levels following a glucose load [21], or portoca-
val shunt experiments which show glucose tolerance to
be unaltered by such a procedure [22, 23]. However a
portocaval shunt in dogs does lead to rapid atrophy and
other structural abnormalities of the liver, which can be
partly prevented by infusion of insulin into the portal
vein [24].

Indirect evidence that the intraportal route is of im-
portance in glucose metabolism was the finding by
Kemp et al. [25] that a given number of islets adminis-
tered intraportally would reverse experimental diabetes
in rats more consistently than the same number of islets
administered intraperitoneally. Matas et al. [26] also
showed that less neonatal pancreatic tissue was required
to reverse diabetes in rats when the neonatal tissue was
administered intraportally rather than into a systemic
vein. However in both these studies the results might be
explained by improved islet survival in the richly vascu-
lar hepatic site.

It is of interest that the animals with a reno-portal
shunt, both normal animals and animals with renal sub-
capsular islets, showed a consistent significant rise in the
fasting glucose level together with a lower basal insulin
concentration (Table 1) than animals without a shunt
and this was consistent throughout the course of the glu-
cose tolerance test.

It is probably relevant that in these experiments both
groups of animals with a shunt had only one kidney, and
hence the blood flow into the portal vein after the shunt
was likely to be very considerable. This increase in the
portal blood flow might lead to increased hepatic extrac-
tion of insulin either due to a simple rate effect whereby
more insulin arrives more quickly at the liver or to an ac-
tual increased rate of insulin extraction by the liver.
However in a similar model of subcapsular fetal pan-
creas and a reno-portal shunt a raised serum glucose and
lowered plasma insulin was not found by Brown et al.
[19], although their animals had only one of the two kid-
neys draining its venous blood into the portal vein.

We found no change in the rate of weight gain, urine
volume or urine glucose following the shunt procedure
and all animals returned to the diabetic state within 24 h
following removal of the islet bearing kidney. Thus the
improvement in the rate of fall of the serum glucose con-
centration after shunting cannot be attributed to re-
covery of B cell function, although this has been reported
after a period of amelioration of diabetes in the strepto-
zotocin diabetic rat [27].

This experiment would seem to indicate that the de-
livery of insulin directly into the liver by a reno-portal
shunt following islet transplantation does result in a nor-
mal rate of fall of the serum glucose concentration as
measured by the K value. This increase in the K value is
probably due to an increased rate of glucose utilization
by a liver exposed to a higher insulin concentration.
However whether in the light of a rise in the fasting se-
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rum glucose concentration in animals with a shunt, the
restoration of K values to normal levels represents an im-
provement in glucose homeostasis, and therefore of
benefit to a patient receiving some form of pancreatic
transplant, must be doubtful.
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