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Summary. The metabolic consequences of the prolonged sys- 
temic insulin delivery associated with human pancreas trans- 
plantation have not been precisely defined. To determine if 
systemic insulin delivery in the absence of immunosup- 
pressive agents results in alterations in hepatic or extrahepatic 
insulin action, three groups of dogs were studied 2 months 
after either a sham operation or after their pancreatic venous 
drainage was severed and anastomosed to the inferior vena 
cava or portal vein (sham, peripheral and portal groups, re- 
spectively). The pattern of venous drainage was documented 
by measuring vena cava and portal insulin concentrations be- 
fore and after glucose injection. Systemic insulin concentra- 
tionswerehigher(p < 0.05)intheperipheralgroupthaninthe 
portal group both following a 14-h fast and after intravenous 
glucose. During a hyperinsulinaemic euglycaemic clamp 
(lmU.kg-l .min-1),  glucose utilization (measured using 
[63H] glucose) was slightly lower (p = 0.07) in the peripheral 

than in the portal group. Hepatic glucose release was equal in 
all groups. Carbon dioxide incorporation into glucose (an es- 
timate of gluconeogenesis) was higher in the portal than pe- 
ripheral group in the fasted state but not during insulin infu- 
sion. Plasma concentrations and flux rates of fatty acids and 
amino acids did not differ between groups. We conclude that 
chronic systemic insulin delivery results in a) systemicbut not 
portal hyperinsulinaemia, b)a  minimal impairment in in- 
sulin-stimulated glucose uptake, without altering insulin-in- 
duced suppression of hepatic glucose release, and c) no effect 
on fatty acid or amino acid turnover. Although chronic sys- 
temic insulin delivery appears to have a minimal effect on in- 
sulin action, it remains to be determined whether it has other 
deleterious effects such as enhancing atherogenesis. 

Key words: Systemic insulin, hyperinsulinaemia, insulin ac- 
tion. 

One of the goals of pancreas transplantation is to prevent 
the acute and chronic complications of diabetes mellitus. 
This may require normalization of metabolism as well as 
concentrations of glucose, non-esterified fatty acids 
(NEFA) and amino adds. As currently performed, human 
pancreas transplantation markedly improves glucose 
tolerance but does so at the price of systemic hyperinsulin- 
aemia [1-4]. The increased circulating insulin concentra- 
tions are believed to be due, at least in part, to drainage of 
the pancreas venous effluent into the systemic rather than 
the portal venous circulation [5]. While the long-term ef- 
fects of hyperinsulinaemia remain uncertain, both in vitro 
[6-8] and in vivo [9, 10] experiments suggest that in- 
creased insulin concentrations can cause insulin resis- 
tance. If this is so, it may not only impair substrate metabo- 
lism but may also accelerate graft failure by increasing 
insulin requirements. Anastomosis of a pancreatic graft to 
the inferior vena cava also abolishes the portal-peripheral 
venous insulin gradient [11]. Therefore, the liver may be 
exposed to lower rather than higher insulin concentra- 
tions. Thus, it is possible that chronic systemic insulin de- 

livery may via "upregulation" result in increased hepatic 
and via "downregulation" decreased extrahepatic insulin 
action. 

We have previously reported that anastomosis of the 
pancreaticoduodenal vein to the inferior vena cava in 
dogs results in chronic systemic hyperinsulinaemia with- 
out altering fasting glucose concentrations or postpran- 
dial carbohydrate tolerance [12]. In the present experi- 
ments, we have used the same model to directly test the 
hypothesis that systemic insulin delivery impairs the 
ability of insulin to modulate carbohydrate, protein and 
NEFA metabolism. 

Materials and methods 

Animals and surgery 

After approval of the protocol by the Mayo Animal Care and Use 
Committee, 33 healthy mongrel dogs (30 females, 3 males) weighing 
between 16 and 25kg were anaesthetized with methohexital 
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(12 mg/kg body weight i.v.) following an overnight fast. The dogs 
were randomly assigned to one of three surgical procedures, the de- 
tails of which have been previously described [13]. Briefly, the entire 
venous drainage of the pancreas was transected and/or ligated ex- 
cept for the superior pancreaticoduodenal vein (SPDV), which was 
mobilized, transected from the portal vein, and either anastomosed 
to the inferior vena cave (peripheral group) or reanastomosed to the 
portal vein (portal group). Since this operation necessitates an ap- 
proximate 25-40 % pancreatectomy, we compared the results in the 
portal group to those in sham-operated dogs who underwent only a 
midline abdominal incision with removal of the intra-abdominal fat 
pad. Weight and gender distribution was comparable in the periph- 
eral (19.4 _+ 0.8 kg, 7 female, 1 male), portal (19.5 _+ 1.0 kg, 7 female, 
i male), and sham groups (22.0 + 0.7 kg, 8 female, 1 male). 

After post-operative recovery, animals were fed once daily with 
1400 g of standard dog chow (Country Prime, Mankato, Minn., 
USA) and allowed water ad libitum. Between 7 and 9 weeks post- 
operatively, the dogs were again anaesthetized as above and a Silas- 
tic catheter (no. 602-205, Dow Coming, Midland, Mich., USA) was 
implanted in a femoral artery. The catheter was flushed with 2 ml he- 
parinized (50 U/ml) NaC1 (154 mmol/1), ligated, and sutured subcu- 
taneously. Hyperinsulinaemic clamp studies were performed 6 to 
14 days later (8 to 10 weeks after initial surgery). 

Experimental procedures 

At the time of the hyperinsulinaemic clamp studies, all animals had 
haemoglobin levels of >10.5, leucocyte counts < 14.5, stable 
weight, normal stools, good appetites and appeared in healthy con- 
dition. Food was removed from cages 24 h prior to the study; water 
was continued ad libitum until the morning of study. On the morning 
of the study, the femoral artery catheter was retrieved under local an- 
aesthesia (2 % lidocaine [2-3 ml]; Abbott, North Chicago, Ill., USA) 
and was used for blood collection. Central venous access was ob- 
tained with a 16 gauge 24" Intracath (Deseret Medical, Sandy, Utah, 
USA) which was inserted in a saphenous vein on the morning of the 
study for infusions of hormones, glucose and isotopes. 

A primed (3.1/.tCi) continuous (0.03 gCi/min) infusion of 
[6-3H] glucose, a primed (100 gCi) continuous (1 gCi/min) infusion 
of H14CO3 (both from DuPont-NEN, Boston, Mass., USA), and a 
primed (1.1 mg/kg) continuous (0.01 mg.kg l.min-1) infusion of 
L-[5, 5, 5-2H3] leucine (99% mol % enrichment; MSD, Quebec, Ca- 
nada) were started 180 min prior to starting hormone infusions. [9, 
103H] palmitate (Amersham, Arlington Heights, Ill., USA) was in- 
fused (0.24 pCi/min) for a 60-min period immediately prior to start- 
ing hormone infusions. 

Infusions of insulin (1.0 mU. kg 1.min 1; Humulin R, Lilly, In- 
dianapolis, Ind., USA), glucagon (0.42 ng-kg- i -min  1; Lilly) and 
somatostatin (200 ng. kg-1. min-'~; Serono, Randolph, Mass., USA) 
were started simultaneously at time 0 and continued for 180 rain. All 
hormone solutions were diluted in 154 mmol/1 NaC1 and contained a 
final concentration of 1% albumin (25 % Human Albumin; Miles, 
Elkhart, Ind., USA). Arterial plasma glucose was measured every 
5 min (YSI, Yellow Springs, Ohio, USA) during insulin infusion, and 
the rate of a glucose infusion (20 % Dextrose; Baxter, Deerfield, Ill., 
USA; or 30% Dextrose; Travenol, Deerfield, Ill., USA) was varied 
using a programmable infusion pump (Harvard, South Natick, 
Mass., USA) to maintain euglycaemia. Exogenous glucose was la- 
belled with [6-~H] glucose resulting in an exogenous glucose specific 
activity (7.78 gCi x body weight (kg)/g glucose) calculated to main- 
tain plasma [6-3H] glucose specific activity constant during the clamp 
period. 

Arterial blood was also sampled for measurement of insulin [14], 
and glucagon [15] at regular intervals. Breath was collected via a 
tight-fitting rubber glove placed over the animal's snout into 2 ml of 
0.5 mmol/l Hyamine (Packard, Downer's Grove, Ill., USA). Opti- 
fluor (10 ml; Packard) was added and 14CO2 specific activity was 
measured as previously described [16]. Within i week of the study, 
the dogs were anaesthetized as above and underwent abdominal ex- 
ploration. The SPDV was isolated and flow was documented using a 
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flow probe (Transonic Systems, Ithaca, N.Y., USA). To verify that 
pancreatic venous drainage of insulin was as intended, insulin con- 
centrations were measured in simultaneous venous samples ob- 
tained from three sites: 1)portal vein (PV), 2)proximal inferior 
vena cave (P-IVC), and 3) distal inferior vena cave (D-IVC) at ba- 
seline and 5 and 10 min after peripheral venous injection of 10 g i.v. 
glucose. The tip of the portal vein catheter was advanced to the porte 
hepatis. The P-IVC catheter was placed in the vena cave at a location 
that would be cephalad to the site of anastomosis of the pancreato- 
duodenal vein in the peripheral group. The D-IVC catheter was 
placed in the vena cave at a location that would be caudad to the site 
of anastomosis of the pancreatoduodenal vein. Peripheral drainage 
was defined prospectively as PIV > DIV and PV = DIV insulin in at 
least 2 of 3 timepoints, and portal drainage was defined as PV > PIV 
and PIV = DIV insulin in at least 2 of 3 timepoints. Five dogs in the 
original peripheral group and three dogs in the original portal group 
did not meet these criteria and were therefore excluded from further 
analysis leaving 25 dogs for final analysis (nine sham, eight portal 
and eight peripheral). 

Analysis 

Specific activity of [6-3H] - and [14C] glucose were measured as pre- 
viously described [17]. Loss of [9, 10-3H]palmitate during depro- 
teinization and ion exchange chromatography was > 99.9%. [9, 
10-3H]palmitate specific activity was measured by HPLC using 
[2H31]palmitate internal standard [18]. The relative purity of the 
[3H] palmitate tracer was determined using [1-14C] palmitate as an in- 
ternal standard [19]. L-[5, 5, 5-2H3] leucine and ketoisocaproic acid 
enrichment were determined by gas-chromatography mass spectro- 
metry [20]. 

Calculations 

Rates of glucose and palmitate turnover were calculated using the 
steady-state equations of Steele et el. [21]. Endogenous rate of glu- 
cose appearance was calculated by subtracting the exogenous glu- 
cose infusion rate from the systemic rate of appearance of glucose. 
Carbon dioxide incorporation into glucose (as an estimate of glu- 
coneogenesis) was calculated by dividing plasma [14C] glucose spe- 
cific activity by [~4C] carbon dioxide specific activity and multiplying 
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by the total glucose appearance [16]. Leucine turnover was calcu- 
lated using both the leucine (i. e., primary-pool model) and ketoiso- 
caproic acid (reciprocal-pool model) atom percent enrichment as 
previously described [22]. 

Statistical analysis 

The data in the text and figures are presented as means _+ SEM. To 
test the hypothesis that peripheral insulin delivery results in insulin 
resistance, portal and peripheral gq'oups were compared using Stu- 
dent's one-tailed unpaired t-tests. Sham and portal groups were 
compared using Student's two-tailed unpaired t-tests to assess 
changes resulting from surgery alone. Wilcoxon Rank Sum tests for 
non-parametric data were performed when data did not pass a Wilk- 
Shapiro test for normality, p < 0.05 was considered significant. 

Results 

Intravenous glucose tolerance test 

Animals in the sham and portal groups had higher 
(p < 0.05) portal than vena cava insulin concentrations 
5 min after glucose injection indicating portal drainage of 
insulin (Fig.l). In contrast, animals in the peripheral 
groups had higher (p < 0.05) insulin concentrations in 
their proximal vena cava (i. e., proximal to the anasto- 
mosis of the pancreaticoduodenal vein to the inferior vena 
cava) than in either their portal vein or their distal vena 
cava indicating peripheral insulin drainage. Systemic (i. e., 
distal vena cava) insulin concentrations were higher 
(p < 0.02) in the peripheral than in the portal group docu- 
menting systemic hyperinsulinaemia. In contrast, portal 
venous insulin concentrations were lower (p < 0.05) in the 
peripheral than portal groups. Although the absolute 
values were different, the relative relationships of portal 
and systemic insulin concentrations before and 10 rain 
after glucose injection were the same in all groups as those 
observed 5 min after glucose injection (data not shown). 

i L [ 

6 0  1 2 0  1 8 0  

Time (min) Glucose concentrations were equal in the portal, periph- 
eral and sham groups both before and after insulin/gluca- 
gon/somatostatin infusion (Fig.2). Insulin infusion re- 
sulted in an increased insulin level from approximately 46 
to approximately 175 pmol/1 in all three groups. C-peptide 
concentrations were equally suppressed in all groups 
(data not shown). Glucagon concentrations did not differ 
in the three groups either before or during the final hour 
of the insulin/glucagon/somatostatin infusion. 

Glucose infusion rate, and glucose specific activity 

The glucose infusion rate required to maintain eugly- 
caemia did not differ in the three groups during the first 
hour of insulin infusion (Fig. 3). Thereafter  the glucose in- 
fusion rate tended to be lower in the peripheral than 
portal group with the difference being of borderline signi- 
ficance (p = 0.07) during the final hour of the insulin infu- 
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during hyperinsulinaemic euglycaemic clamp. Insulin infusion was 
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+ SEM 
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hyperinsulinaemic euglycaemic clamp. Insulin infusion was 
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are • SEM 

sion (45 + 7 vs 58 + 4 gmol .  kg-  1. min-  1). Somewhat  sur- 
prisingly, results in the sham group were more  similar to 
those in the peripheral  group than those in the portal  
group. Since the exogenous glucose contained [6-3H] glu- 
cose at a specific activity equal to that present in plasma, 
plasma glucose specific activity during the final hour of the 
insulin infusion did not differ significantly f rom that pres- 
ent prior to the insulin infusion (data not shown). 
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Glucose utilization, hepatic glucose release and carbon 
dioxide incorporation into glucose 

The pat tern of isotopically-determined glucose utilization 
closely paralleled that of the glucose infusion (Fig. 4), 
being similar during the first hour but somewhat  lower in 
the peripheral  than portal groups during the final hour of 
the insulin infusion (50 + 7 vs 62 + 4 Bmol. kg-  1. min-  1, 
p = 0.07). Hepat ic  glucose release did not differ in the 
portal  and peripheral  groups either before or during the 
insulin infusion. Carbon dioxide incorporation into glu- 
cose tended to be higher (p = 0.07) in the portal  than in the 
peripheral  group before but not during insulin infusion. 
Hepat ic  glucose release and carbon dioxide incorporation 
into glucose did not differ in the portal  and sham groups 
either before or during insulin infusion. 

Leucine concentrations and turnover 

Leucine and ketoisocaproate  concentrations did not dif- 
fer in th~ peripheral  and portal groups either before or 
after insulin infusion (Table 1). Leucine turnover also did 
not differ between groups regardless of whether  it was cal- 
culated using primary- or reciprocal-pool models. Leu- 
cine concentrations and rates of turnover were slightly but 
not significantly lower in the sham group than those in the 
portal group. 

Palm• concentration and turnover 

Since the insulin infusion rate employed results in maxi- 
mal suppression of lipolysis, palmitate concentration and 
turnover were only measured before insulin infusion. 
Both were equal in all groups (Table 1). 

D i s c u s s i o n  

The present study was under taken to examine the effects of 
chronic peripheral  insulin delivery and the resultant sys- 
temic hyperinsulinaemia on carbohydrate,  protein and fat 

Table 1. Amino acid and fatty acid concentrations and turnovers 

Sham 

Basal Insulin 

Portal Peripheral 

Basal Insulin Basal Insulin 
[Leu] (gmol/1) 167 _+ 9 69 • 4 

[KIC] (gmol/1) 26_+ 1 13 + 1 

Leucine turnover 
(gmol. kg- 1 min- l) 
- Primary pool 3.3 _+ 0.1 2.3 _+ 0.1 
- Reciprocalpool 4.2• 0.1 3.5• 

[Palmitate] (gmol/1) 211 • 19 ND 

Palm• turnover 
(gmol.kg l-min-~) 7.2_+ 0.6 ND 

171• 6 76+7 172+10 82_+6 

25+ 2 12_+1 25+ 2 14_+2 

3.5 + 0.2 2.4 -+ 0.1 3.5 -+ 0.2 2.5 -+ 0.1 
4.4 • 0.3 3.8 + 0.2 4.4 -+ 0.2 3.9 _+ 0.2 

206 +27 ND 184 _+ 19 ND 

6.3 _+ 0.9 ND 6.4 + 0.6 ND 

Values obtained prior to ( - 30 to 0 rain; basal) and during (120 to 
180 min) insulin infusion. [Leu], leucine concentration; [KIC], keto- 
isocaproate concentration; [palmitate], palmitate concentration; 

ND, not determined. There were no significant differences between 
groups in any measurements 
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metabolism. The surgical model effectively produced sys- 
temic delivery of insulin as demonstrated by: 1) a distal to 
proximal inferior vena cava insulin concentration gradient 
with equivalent portal vein and distal inferior vena cava in- 
sulin concentration in the peripheral group; and 2) equival- 
ent distal and proximal inferior vena cava insulin concen- 
trations with higher portal vein insulin concentrations in 
the portal and sham groups. Systemichyperinsulinaemiain 
the peripheral group was further established by document- 
ing higher distal inferior vena cava insulin concentrations 
in the peripheral than in the portal group both following an 
overnight fast and after intravenous glucose. Consistent 
with previous reports [5, 12], these data further document 
that peripheral diversion of pancreatic venous drainage re- 
sults in chronic systemic hyperinsulinaemia. 

Previous experiments seeking to define the effects of 
hyperinsulinaemia on insulin action have not always 
reached concordant conclusions [6-10, 23, 24]. Some 
studies have suggested that hyperinsulinaemia enhances 
insulin action [23-25], whereas other studies have sug- 
gested that hyperinsulinaemia either decreases or has no 
effect on tissue response to insulin [6-9, 26]. These discre- 
pant observations may be due in part to differences in glu- 
cose and counterregulatory hormone concentrations 
present during insulin administration, modes of insulin in- 
fusion (continuous vs pulsatile), tissues studied, and meth- 
ods of assessing insulin action. The present study sought to 
avoid these limitations. The pancreas remained in situ and 
innervated; euglycaemia was maintained; insulin was se- 
creted in a physiologic pattern; hepatic and extrahepatic 
responses were assessed; and insulin effects on protein 
and NEFA as well as glucose metabolism were evaluated. 

In the present experiments, glucose utilization during a 
hyperinsulinaemic euglycaemic clamp was slightly lower 
in the peripheral insulin delivery group than in the portal 
group. Even then, the differences were small, variable and 
did not become apparent until after 1 h of insulin infusion. 
The minimal impairment in insulin action was only evi- 
dent when an approach (one-tailed Student's test) de- 
signed to maximize the possibility of detecting a dif- 
ference if it existed was used for statistical analysis. 
Furthermore, since under daily living conditions (e.g., 
after meal ingestion) the rate of onset of insulin action is 
likely to be as, if not more important than the eventual 
steady-state response to a given insulin concentration [27- 
30], a slight decrease in glucose uptake after several hours 
of insulin infusion may have little or no impact on carbo- 
hydrate tolerance. These data suggest that hyperinsulin- 
aemia associated with systemic insulin delivery causes 
only a mild impairment in the ability of insulin to stimulate 
glucose uptake. The physiologic significance, if any, of this 
mild impairment remains to be determined. 

In contrast to glucose uptake, hepatic glucose release 
was equal in all groups both before and during insulin in- 
fusion. Thus, there was no suggestion that the chronic 
portal hypoinsulinaemia present in the peripheral group 
resulted in increased hepatic insulin sensitivity. Similarly, 
no differences were found between groups in the esti- 
mated rate of incorporation of carbon dioxide into glu- 
cose (a qualitative index of gluconeogenesis) during 
hyperinsulinaemia. However, the estimated rate of car- 
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bon dioxide incorporation into glucose prior to the insulin 
infusion was higher in the portal than in the peripheral 
group, suggesting increased rates of gluconeogenesis. We 
have previously reported a similar observation in a sepa- 
rate group of dogs subjected to identical surgical proce- 
dure [12]. The limitations of the use of the rate of carbon 
dioxide incorporation into glucose to assess gluconeo- 
genesis have been previously discussed [16, 31, 32]. 

At least in theory, a decreased rate of gluconeogenesis 
could result from decreased availability of gluconeogenic 
substrate and/or decreased gluconeogenic efficiency. The 
present study demonstrates that both the basal rate of 
proteolysis (as reflected by leucine appearance into the 
systemic circulation) and the decrement in proteolysis in 
response to insulin were similar regardless of whether the 
pancreas venous effluent was drained into the systemic 
circulation or into the portal venous circulation. 

Non-esterified fatty acids could also influence gluco- 
neogenic efficiency by altering the availability of both en- 
ergy and reducing equivalents. However, as with leucine, 
fatty acid turnover was equal in the portal and peripheral 
groups. Palmitate turnover was assessed only in the basal 
state because prior studies have shown that the insulin 
concentrations present during the insulin infusion would 
result in marked suppression of lipolysis in all groups [33]. 
Thus, we find no evidence that chronic systemic insulin 
delivery alters either proteolysis or lipolysis. Further 
studies will be required to determine whether peripheral 
hyperinsulinaemia alters intrahepatic metabolism and/or 
supply of other gluconeogenic precursors. 

In order to maximize our chances of detecting a dif- 
ference between systemic and portal insulin delivery, we 
simultaneously measured insulin concentrations in the 
portal vein and inferior vena cava before and after in- 
travenous glucose. We developed prospective criteria for 
excluding any animal in which the route of drainage was 
not clear. Using these criteria, eight of the initial 33 dogs 
were excluded. Because these eight dogs presumably de- 
veloped enough collateral circulation to make their route 
of pancreatic venous drainage ambiguous, it is reasonable 
to assume that a lesser degree of collateralization may 
have been present in the remaining dogs. Thus, we cannot 
exclude the possibility that more marked metabolic dif- 
ferences may have been detected in animals with exclu- 
sively peripheral or portal insulin drainage. However, it is 
probable that collateralization between the pancreas and 
the mesentery also develops after human pancreas trans- 
plantation. 

In order to ensure that all venous drainage is via the 
pancreaticoduodenal vein, the remaining venous drain- 
age must be interrupted. This results in venous congestion 
and loss of portions of the pancreas. We therefore also 
compared results observed in the portal group to those ob- 
served in a sham-operated group to evaluate the effects of 
the operative procedure including partial pancreatec- 
tomy. Although no significant differences were found in 
any of the parameters measured between groups, glucose 
uptake during insulin infusion tended to be higher in the 
portal than in the sham animals implying enhanced insulin 
action in the former. This intriguing result is consistent 
with several recent reports that a decrease in Beta-cell 
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mass either via pancreatic resection [34] or by administra- 
tion of streptozotocin [35] may be associated with an in- 
crease in insulin action. Partial pancrea tec tomy could also 
have altered the response in the peripherally drained 
group if, by reducing the mass of Beta  cells, it impaired in- 
sulin secretion. In previous experiments we found no evi- 
dence of decreased insulin secretion since C-peptide re- 
sponse to a mixed meal  was similar in the peripheral  and 
sham groups [12]. 

It  is possible that  the severity of insulin resistance 
might have been greater  if the duration of hyperinsulin- 
aemia had been longer than 8-10 weeks. This concern is 
particularly pert inent to human pancreas transplantation 
where hyperinsulinaemia may be present  for the duration 
of the recipient's life. Both in vitro and in vivo studies have 
demonstra ted that insulin action can be rapidly modu-  
lated by insulin [6-10, 23, 24]. In the only study to our 
knowledge that has examined the effects of duration of 
hyperinsulinaemia on insulin action, Wardzala et al. re- 
ported a transient increase in adipocyte and muscle re- 
sponse to insulin after 2 weeks of hyperinsulinaemia 
which was subsequently lost in muscle after 6 weeks of 
hyperinsulinaemia [8]. Whereas  the possibility remains 
that the defect in insulin-stimulated glucose uptake noted 
in the present  study may have become more  severe with 
increasing duration of hyperinsulinaemia, we believe it is 
unlikely that an impairment  in insulin-induced suppres- 
sion of hepatic glucose release, lipolysis and/or proteolysis 
would subsequently become evident, since there was no 
hint of a defect at the t ime of study. However  it should be 
noted that the present  animals were studied in the fasted 
state when insulin concentrations in the peripheral  group 
approached those in the portal  group. Insulin resistance 
might be more  marked  in the peripheral  group in the fed 
state when hyperinsulinaemia is greatest. 

Future metabolic  deterioration due to Beta-cell ex- 
haustion would not be anticipated since previous studies 
have demonstra ted that systemic hyperinsulinaemia asso- 
da t ed  with peripheral  insulin delivery is due to decreased 
hepatic insulin clearance rather  than increased insulin se- 
cretion [24 ,  12]. The impairment  in insulin action is mini- 
mal and appears  to be restricted to glucose uptake in 
peripheral  tissues without altering the rates of either 
proteolysis or lipolysis. The present  results, taken 
together with the recent reports  by Luzi et al. [36, 37] do- 
cumenting that glucose uptake and leucine turnover  dur- 
ing a hyperinsulinaemic euglycaemic clamp did not differ 
in diabetic patients who had received combined pancreas- 
kidney transplants from patients receiving comparable  
immunosuppressive therapy, suggest that systemic insulin 
delivery in itself may not have a major  effect on glucose, 
protein and fat metabolism. On the other hand Falholt et. 
al. [38] have recently reported that aortic lipid deposition 
was greater  following transplantation of a systemically 
drained pancreatic autograft  than that observed when 
pancreatic islets were injected into the portal  vien. In view 
of this observation, although systemic hyperinsulinaemia 
appears to have minimal effects on insufin action, it re- 
mains to be determined whether  it has other more  insid- 
ious effects in humans such as altering the risk of  athero- 
sclerosis. 
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