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Abstract

To assess the metabolic consequences of hemipancreatectomy
in humans, we determined pancreatic beta and alpha cell func-
tion in healthy donors. Donors examined cross-sectionally were
found to have significantly decreased glucose-induced phasic
insulin secretion and arginine-induced insulin and glucagon se-
cretion as compared to age, sex, and body index-matched con-
trols. However, their fasting glucose and insulin values were
not different from controls. Similar observations were found in
the prospective evaluation of eight donors before and 15±2 mo
after hemipancreatectomy. Beta cell reserve, as measured by
glucose potentiation of arginine-induced insulin secretion,
was significantly decreased in donors (maximal acute insulin
response [AIR..]: donors = 666±84 pM vs controls
= 1,772±234 pM) while the PG5, (the glucose value at which
the half-maximal response was observed) was the same in the
two groups. Donors and controls responded to 60-min continu-
ous intravenous infusions of glucose by reaching identical
serum glucose values, despite significantly lower insulin secre-
tory responses in donors. Weconclude that hemipancreatec-
tomy in human donors is associated with decreased pancreatic
alpha and beta cell function. Since donors generally maintain
normoglycemia after hemipancreatectomy despite diminished
insulin secretion, our data suggest that healthy humans may
compensate for hemipancreatectomy by increasing glucose dis-
posal. (J. Clin. Invest. 1992. 89:1761-1766.) Key words: insu-
lin - glucagon * pancreas transplantation * diabetes mellitusv
glucose homeostasis

Introduction

The use of living related donors in human transplantation has
become a treatment of choice for individuals in kidney failure,
but controversy remains about their use in patients with failing
pancreata, livers, or lungs. Consequently, hemipancreatec-
tomy for the purpose of organ donation to a diabetic family
member remains an active part of only a few pancreas trans-
plantation programs around the world. Although the serum
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glucose values after hemipancreatectomy in humans have been
found to be elevated as compared to values obtained before
surgery (1, 2), and while as many as 25% of human donors
develop abnormal glucose tolerance after surgery (2), the ef-
fects of this operation on beta cell function have been only
superficially examined (2) while no information about alpha
cell function has been reported.

Preoperatively, human pancreas donors, like other healthy
individuals, maintain normoglycemia through a precise bal-
ance between insulin secretion and insulin action. At the time
of surgery, donors experience a sudden and dramatic reduction
in their beta and alpha cell mass. Such a reduction may result
in significantly decreased hormone secretion, as has been docu-
mented in dogs (3) and rats (4), and may require alterations in
hormone action for the maintenance of euglycemia. Therefore,
understanding how hemipancreatectomized human donors
regulate glucose homeostasis in the face of an abrupt loss of
pancreatic islet tissue may provide insights into the pathogene-
sis of type II diabetes mellitus, a disorder characterized both by
defects in insulin secretion and insulin action. Consequently,
we have performed a detailed evaluation of pancreatic endo-
crine function in healthy human donors after hemipancreatec-
tomy at the University of Minnesota and compared them to
controls with and without a history of type I diabetes in a first
degree relative. The specific aims of our investigation were: (a)
to determine the effect of hemipancreatectomy on insulin se-
cretion after intravenous pulses of glucose and arginine; (b) to
ascertain the adequacy of beta cell reserve after hemipancrea-
tectomy using the technique of glucose potentiation of argi-
nine-induced insulin secretion to determine both the maximal
insulin secretory response and the glucose value at which the
half-maximal response is observed (PG50);' (c) to determine the
effect of partial pancreatectomy on glucoregulation during in-
travenously administered glucose given as both a pulse and a
continuous infusion; and (d) to assess the effects of partial pan-
createctomy on alpha cell function as determined by the gluca-
gon secretory response to arginine injection at basal glucose
and during experimentally produced hyperglycemia.

Methods

Patient selection. Hemipancreatectomized individuals were recruited
from patients who have served as pancreas organ donors at the Univer-
sity of Minnesota. As of June 1, 1991, 75 first degree relatives of pa-
tients with type I diabetes mellitus have participated as donors in the
pancreas transplant program. Details of their preoperative evaluation
and the surgical procedure are included in an earlier publication (2).
Donors receiving medical therapy for clinical diabetes were excluded

1. Abbreviations used in this paper: AIR, acute secretory response of
insulin; ANOVA,analysis of variance; Kg, glucose disappearance rate;
PGjO, glucose value at which acute insulin response is half-maximal.
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from participation. Healthy controls were selected to match the donors
with respect to age, sex, and body mass index. In control group 1, no
member had a family history of diabetes in a first degree relative. In
control group 2, members were all first degree relatives of someone
with type I diabetes mellitus. Our protocol was approved by the Com-
mittee on the Use of HumanSubjects in Research at the University of
Minnesota, and all participants provided written consent.

Metabolic evaluation. All testing was performed in the General
Clinical Research Center at the University of Minnesota after the sub-
jects had fasted for at least 10 h. Beginning at 8 a.m. patients underwent
an intravenous arginine stimulation test followed 30 min later by either
an intravenous glucose tolerance test or the glucose potentiation study
detailed below. The insulin secretory response to an intravenous injec-
tion of glucose and the glucose disappearance rate (Kg) were assessed
on a separate morning in some patients. The intravenous glucose toler-
ance test was performed by the administration of 20 g of glucose (given
as dextrose 50 gm per 100 ml water) over 30 s, with time zero set at
half-way through the injection volume. Samples for glucose and insulin
were obtained at -10, -5, 0, 2, 3, 4, 5, 7, 10, 15, 20, 25, and 30 min.
The arginine stimulation tests were performed by the intravenous ad-
ministration of 5 g of arginine (given as 10% arginine HCI; Kabi Vi-
trum, Inc., Clayton, NC) over 30 s, with time zero set at the time at
which one-half of the injection volume was given. Samples for glucose,
insulin, and glucagon were obtained at -10, -5, 0, 2, 3, 4, 5, 7, and
10 min.

The glucose potentiation study was modified from that previously
described (5, 6) to determine more precisely the glucose value at which
the insulin secretory response was half-maximal (PGm) in our donor
population. In our modification, five arginine stimulation tests were
done at different levels of serum glucose. The serum glucose values at
which the arginine stimulation tests were performed were baseline,
those levels achieved by continuous infusion of glucose (as dextrose 10
gmper 100 ml water) for 1 h at rates of 300 mg/min, 600 mg/min, 900
mg/min, and a final infusion of dextrose 20 gmper 100 ml water at a
variable rate calculated to bring to serum glucose to 27.8 mM, as de-
scribed by Ward and colleagues (7). The continuous infusion of glucose
at rates of 300 mg/min, 600 mg/min, and 900 mg/min allowed us to
compare the donors and the controls with respect to their glycemic
responses to fixed infusions of glucose. Before beginning the study,
intravenous lines were placed in both arms of the subjects. The arm
from which blood was sampled was placed in a warming chamber
heated to 55OCat least 30 min before the study to assure arterialization
of the venous blood (8). A 2-h rest period was allowed between each of
the glucose potentiation studies to allow the patient's serum glucose,
insulin, and glucagon to return to baseline (6). Subjects studied via this
protocol included the 10 donors studied cross-sectionally, the 10
members of the first control group, and 6 members of the second con-
trol group. No donors were followed prospectively using the glucose
potentiation protocol.

Determination of serum glucose, insulin, and glucagon values.
Serum glucose values were determined by the glucose oxidase method
using an autoanalyzer (Beckman Instruments, Inc., Fullerton, CA).
Serum insulin values were measured by radioimmunoassay as previ-
ously described (9). Samples for glucagon determinations were col-
lected into prechilled tubes containing 2.5 mgEDTAand 500 UTrasy-
lol (Miles, Inc., FBA Pharmaceuticals, West Haven, CT) per milliliter
blood, put on ice, and centrifuged immediately. Glucagon was mea-
sured by radioimmunoassay (10) with antibody 04A obtained from Dr.
R. H. Unger (University of Texas, Dallas).

Data analysis. Data are reported as means±standard errors of the
mean. The acute secretory response of insulin (AIR) and glucagon was
calculated as the mean of the three peak values obtained within 5 min
of secretagogue injection, with the basal values subtracted. Intravenous
Kg were calculated based on the best linear fit of the natural log of
glucose values as a function of time from 10 to 30 minutes with least-
squares linear regression: Kg = (A in ln plasma glucose/A min) x 100.
Normal Kg values were defined as those > 1.00%/min. The slope of
potentiation was calculated as the difference between the acute insulin
responses to arginine obtained after the 900 mg/min glucose infusion
and at basal glucose divided by the difference between the serum glu-
coses obtained after I h of 900 mg/min of glucose and that obtained at
basal glucose (slope = [AIRa - AlRbJ/[glucosewo( - glucosebJ]).
The maximal acute insulin response (AIR.) was taken as the secre-
tory response measured at a serum glucose 2 27.8 mM. The glucose
value at which the secretory response was half-maximal (PGjo) was
estimated from graphs of individual glucose potentiation data and then
meaned within groups. In all subjects this determination was aided by
the use of a computer generated line demonstrating the relationship
between AIR and serum glucose concentration. Accuracy of the PG50
determination was assured by the presence of at least two studies at
glucose concentrations at or above that at which glucose maximally
potentiated arginine-induced insulin secretion. Differences between
groups were assessed using the nonparametric one-tailed Mann Whit-
ney U Test (for single values of glucose, insulin, glucagon, glucose
disappearance rates, and acute hormonal secretion) or a two-way analy-
sis of variance (ANOVA) (for data from intravenous glucose tolerance
tests, arginine stimulation tests of insulin and glucagon secretion, and
glucose potentiation). A P value equal to or less than 0.05 was consid-
ered statistically significant.

Results

Subject characteristics. 10 donors were studied 69±12 mo
(mean±SEM) after hemipancreatectomy (Table I). They were
matched with respect to sex, age, and body mass index with two
groups of 10 healthy controls that differed in their family his-
tory of type I diabetes mellitus (listed under Cross-sectional

Table I. Subject Characteristics

Body mass Fasting Months since
Group Male/Female Age index glucose Kg donation

(#1W) (yr) (kg/ni) (mM) (%/min)
Cross-sectional data

Control Group 1 3/7 39±4 22.3±0.6 4.8±0.2 1.55±0.23
Control Group 2 3/7 38±3 24.7±1.6 4.8±0.1 1.67±0.19
Donors 3/7 39±4 22.9±0.8 5.2±0.2 1.26±0.17 69±12

(range: 12-146)
Prospective data

Preoperative 2/5 36±5 24.7±2.0 4.7±0.2 1.63±0.16
Postoperative 2/5 38±5 25.3±1.9 6.3±0.9 1.21±0.19* 15±2

(range: 11-24)

* P < 0.05 as compared to preoperative value.
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Figure 1. Intravenous glucose tolerance
tests in donors and controls. After a 10-h
fast, donors (o, n = 10) and matched con-
trols (i, control group 1, n = 10; *, control
group 2, n = 10) were given a 20-g pulse
of glucose at time 0. The insulin secretory
response is shown in A and the glycemic
response is shown in B. Donors had signifi-
cantly diminished insulin secretion com-
pared to controls (P < 0.001). Individuals
in control group 1 were without a history
of type I diabetes in a family member.
Subjects in control group 2 each had a first
degree relative with type I diabetes.

Data in Table I). Subjects in control group 1 were without a
family history of type I diabetes, whereas subjects in control
group 2 had a first degree relative with type I diabetes. An
additional eight donors were studied before and 15±2 moafter
hemipancreatectomy (listed under Prospective Data in Table
I). After hemipancreatectomy, donors had higher fasting glu-
coses compared to matched controls (cross-sectional data:
5.2±0.2 mMin donors vs 4.8±0.2 mMin control group 1 and
4.8±0.1 mMin control group 2) or to their own preoperative
values (prospective data: 4.7±0.2 mMvs. 6.3±0.9 mM;pre- vs
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postoperative values). However, this difference was statistically
significant only when donors were compared to control group
2 (P < 0.02).

Beta cell function. Beta cell function was assessed by the
insulin secretory response to glucose and to arginine (Figs. 1, 2,
3, and 4). No differences were found between the fasting insu-
lin values in donors and controls (30±6 pMin donors vs 42±6
pM in both groups 1 and 2) or between the values obtained at
the two time points in donors studied prospectively (66±6 pM
preoperatively vs 60±12 pM postoperatively). Donors dis-
played significantly less insulin secretion in response to glucose
whether compared to matched controls (AIR: donors
= 174±30 pM [n = 10]; control group 1 = 372±66 pM [n
= 10]; control group 2 = 690±150 pM(n = 10]; Fig. 1, donors
vs controls P < 0.001 by ANOVA) or to their preoperative
values (Fig. 2, P< 0.05). The Kg for donors and the controls in
control groups 1 and 2 were not statistically different (Table I).
However, the postoperative Kg values of donors followed pro-
spectively were significantly less than the preoperative values
(Table I, Fig. 2).

The insulin secretory response to arginine was also signifi-
cantly decreased in the donors when compared to the matched
controls (AIR: donors = 168±30 pM[n = 101; control group 1
= 258±36 pM[n = 10]; controlgroup2 = 264±36 pM[n = 10];
Fig. 3, donors vs controls P< 0.001 by ANOVA). Decreases in
the acute insulin response to arginine were seen in six of eight
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Figure 2. Prospective evaluation of the effect of hemipancreatectomy
on intravenous glucose tolerance tests in donors. Eight donors re-

ceived an intravenous pulse of 20 g of glucose both before and 15±2
mo after hemipancreatectomy. A demonstrates a significant (P
< 0.05) decrease in the acute insulin response to glucose after hemi-
pancreatectomy. Bdemonstrates a significant (P < 0.05) decrease in
the glucose disappearance rate (Kg) postoperatively.
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Figure 3. Arginine-induced insulin secretion in donors and controls.
After a 10-h fast, donors (o, n = 10) and matched controls (i, control
group 1, n = lO; *, control group 2, n = 1O) were given an intravenous
pulse of 5 g of arginine at time 0. The insulin secretory response was

significantly less in the donors than in the controls (P < 0.00 1).
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Figure 4. Prospective evaluation of arginine-induced insulin secretion
in donors. Arginine-induced insulin secretion was studied in eight
donors before and 15±2 moafter hemipancreatectomy. No signifi-
cant difference was found between the acute insulin responses to ar-
ginine measured at these time points.

donors studied prospectively (Fig. 4) but the mean responses
were not significantly different.

Beta cell reserve was assessed by examining glucose poten-
tiation of arginine-induced insulin secretion. Donors demon-
strated significantly less beta cell reserve than did their
matched controls (Fig. 5, P< 0.001). The maximal acute insu-
lin response (AIR..) was lower in donors than in matched
controls (666±84 pM in donors vs 1,680±312 pM in control
ProuD 1 or 1.776±390 nM in contrml armim 7v P ep . AA1 1
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Alpha cell function. Alpha cell function was assessed by
measuring the glucagon secretory response to the intravenous
administration of arginine. No differences were observed when
comparing basal glucagon values in the donors (84±9 ng/liter,
n = 10), control group 1 (105±13 ng/liter, n = 10), and control
group 2 (72±27 ng/liter, n = 7). The acute glucagon response to
arginine at basal glucose levels was significantly decreased in
donors compared to their matched controls (90±8 ng/liter in
donors vs 256±42 ng/liter in control group 1 [n = 10, P
< 0.001] and 181±30 ng/liter in control group 2 [n = 7, P
< 0.05], P = 0.001, Fig. 7). Hyperglycemia during the glucose
potentiation studies significantly inhibited arginine-induced
glucagon secretion in both donors and controls (P < 0.001, Fig.
8). At a serum glucose exceeding 27.8 mM, donors secreted
significantly less glucagon in response to arginine than did con-
trols in group 1 (40±5 ng/liter vs 123±21 ng/liter; donors vs
controls; P = 0.001). No statistical difference was found be-
tween arginine-induced glucagon secretion at a serum glucose
exceeding 27.8 mMin donors and controls in group 2 (40±5
ng/liter [n = 10] vs 74±19 ng/liter [n = 6]; donors vs controls).

In donors studied prospectively, the acute glucagon re-
sponse to arginine was decreased after hemipancreatectomy in
each of the four patients studied. However, the mean response
measured preoperatively was not significantly different from
that measured postoperatively (169±39 ng/liter vs 99±15 ng/
liter; pre- vs postoperatively).

Discussion
.,LVUI 4, ' A'AJV 7l) w These data uniquely document the fact that after hemipancre-

G50 was not significantly different for these two atectomy, healthy human donors experience deterioration in
0.4 mMin donors vs, 9.8± 1.0 mM, in control both pancreatic alpha and beta cell function. Donors have sig-±0.3 in control group 2, P> 0. 1). Donors had a nificantly decreased argiine-induced glucagon secretion andwer slope of potentiation than did their controls glucose- and argiine-induced insulin secretion when com-donors vs, 1.02±0.19 in control group 1 and pared to matched controls. In donors followed prospectively,control group 2, P < 0.02). statistically significant differences were found between the Kg
e glucose potentiation study, donors and controls values measured before and after hemipancreatectomy but no
itical values of serum glucose in response to each differences in Kg values were noted between the donors studieduIous glucose infusion over 60 mmn(Fig. 6). De-*

were i g- cross-sectionally and their controls. Donors and controls wereinsulin values obtained simultaneously were sig- also both observed to achieve identical glucose values in re-er in the donor group than in the control group sponse to four increasing rates of continuous intravenous infu-
.00 1). sion of glucose. Importantly, this response occurs despite the

significant decrease found in donor beta cell reserve. Both the
10 - maximal acute insulin response to arginine during hyperglyce-

mia and the slope of potentiation were found to be significantly
t0 - lower in donors than in controls. However, the glucose value at

which the acute insulin value was half-maximal was the same

0 - in both subject groups. Webelieve these observations suggest
that healthy hemipancreatectomized human donors may com-

0-o pensate for postoperative decrements in insulin secretion by
X/ increasing glucose disposal. If our hypothesis is correct, the

0 /t _' appearance of hyperglycemia after partial pancreatectomy for
t0/> organ donation may represent failure to compensate for dimin-

ished hormone secretion by altering glucose utilization.0 1 0 2 0 This investigation is the first to compare the effect of partial0 1 0 2 0 3 0 4 0
pancreatectomy on phasic hormone secretion from both alpha

GLUCOSE(mM) and beta cells in human donors to that in matched controls
se potentiation of arginine-induced insulin secretion with or without a history of type I diabetes in a first degree

ontrols. Arginine-induced insulin secretion was stud- relative and to reinforce cross-sectional observations with a pro-
rent levels of glycemia. Donors (o, n = 10) demon- spective evaluation of patients pre- and postdonation. Previ-
[ntly less arginine-induced insulin secretion at each ously, Kendall et al. have reported that glucose intolerance or
ia as compared to controls (i, control group 1, n = 10; frank diabetes occurs in up to 25%of human pancreatic donors
p 2, n = 6; P < 0.001). followed for prospectively for one year (2) with serial oral glu-
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Figure 6. Response of donors and controls
to continuous intravenous glucose infu-
sions. Arginine stimulation tests were per-
formed at basal glucose, after 60-min con-
tinuous infusions of glucose at rates of 300
mg/min, 600 mg/min, and 900 mg/min,
and after a variable infusion of glucose cal-
culated to bring serum glucose to . 27.8
mM. In response to these infusions, donors
(o, n = 10) and matched controls (-, control
group 1, n = 10; *, control group 2, n =
6) achieved the same glucose values (A).
The insulin values achieved after the glu-

4 0 cose infusions were significantly lower in
the donors than in the controls (P < 0.001,

on) B).

cose tolerance tests and that this is associated with diminished
insulin responses to oral glucose. Earlier, Bolinder and col-
leagues observed decreased glucose-induced insulin secretion
and rates of glucose disappearance in two subjects 12 moafter
hemipancreatectomy (1). In our investigation, we have deter-
mined glucose-induced insulin responses to intravenous glu-
cose to be significantly decreased in 10 donors studied a mean
of 69±12 mo after organ donation as compared to matched
controls, and have confirmed the validity of these observations
by comparing them to data obtained from studies of eight sub-
jects examined before and 15±2 mo after hemipancreatec-
tomy. Moreover, we have assessed in vivo measures of beta cell
reserve in donors using the technique of glucose potentiation of
arginine-induced insulin secretion. Our observations in hu-
mans confirms the experimental evidence in animals (3, 11)
that partial pancreatectomy leads to a decrease in the func-
tional reserve of the beta cell.

Our studies demonstrate that the beta cell dysfunction
found after hemipancreatectomy is a global rather than a secre-
tagogue-specific phenomenon since both glucose and arginine-
induced insulin secretion were significantly decreased in do-
nors compared to their matched controls. These data confirm
those from dogs reported by Ward and colleagues (3) after a
two-thirds pancreatectomy, but are in conffict with data from

Bonner-Weir and colleagues (4). Our disagreement with the
latter group could be attributed to the species difference in our
models (human vs weanling rat).

Arginine-induced glucagon secretion at both basal and ele-
vated glucose values was found to be significantly lower in
hemipancreatectomized subjects than controls. Since the ma-
jority of pancreatic glucagon is contained in the body and tail
of the human pancreas (12), distal pancreatectomy might be
expected to diminished glucagon secretion. Our observations
confirm the report of Gotoh et al. (13) that glucagon secretion
is decreased after resection of the distal half of the pancreas
from dogs. The functional significance of diminished glucagon
secretion after partial pancreatectomy is uncertain, but the
maintenance of a nearly normal insulin to glucagon ratio may
facilitate normal glucose regulation.

After hemipancreatectomy, a statistically insignificant rise
in the fasting glucose levels of both donor groups was noted.
While the clinical significance of this rise is uncertain, it is
worth considering that with time, hemipancreatectomized pa-
tients may become susceptible to the effects of "glucose toxic-
ity." According to the glucose toxicity hypothesis, which has
gained strong experimental support (14-20) and recently been
reviewed (21-23), hyperglycemia can be both a cause and an
effect of the diminished insulin secretion and the increased
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Figure 7. Arginine-induced glucagon secretion in donors and controls.
After a 10-h fast, donors (o, n = 10) and matched controls (v, control
group 1, n = 10; *, control group 2, n = 7) were given an intravenous
pulse of 5 g of arginine. The glucagon secretory response was signifi-
cantly decreased in the donors as compared to the controls (P < 0.05).
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Figure 8. Glucose inhibition of arginine-induced glucagon secretion
in donors and controls. Arginine-induced glucagon secretion was

studied at five levels of glycemia. Donors (o, n = 10) secreted signifi-
cantly less glucagon than did their matched controls (a, control group
1, n = 10; *, control group 2, n = 6; P< 0.001) at each level of glucose.
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insulin resistance seen with diabetes. If the glucose toxicity hy-
pothesis is correct, the relative hyperglycemia seen after partial
pancreatectomy may eventually lead to decreased insulin se-
cretion and to decreased glucose disposal. While decreased in-
sulin secretion was observed in our donor group, our investiga-
tion cannot determine whether this was due to the surgically
induced decrease in beta cell mass or to potentially adverse
effects of chronic, relative hyperglycemia. However, our data
suggest that hemipancreatectomized humans may increase,
rather than decrease, glucose utilization after surgery. Since
total glucose disposal is equal to the sum of insulin-dependent
and glucose-dependent mechanisms of glucose uptake (24, 25),
careful study of human donors after hemipancreatectomy
should provide important insights into the relative contribu-
tions of beta cell secretion, insulin-mediated glucose uptake,
and glucose-mediated glucose uptake to the overall mainte-
nance of normoglycemia. In addition, long-term follow-up of
hemipancreatectomized donors, especially of those who de-
velop hyperglycemia, is likely to provide fresh insights into the
glucose toxicity hypothesis.

Our observations are clinically relevant for pancreas trans-
plantation programs using living related human donors. Pre-
vious investigation has demonstrated that 25% of such donors
develop impaired glucose tolerance or frank diabetes within
one year of the operation (2). The current report demonstrates
that all donors are likely to experience a significant decrease in
both alpha and beta cell function. While the long-term conse-
quences of these changes in pancreatic endocrine function are
unknown, prudence dictates that cadaver donors be used for
pancreas transplantation in all but the most exceptional cir-
cumstance, such as when a suitable cadaveric organ cannot be
located for a patient with a very pressing need for a new pan-
creas.

In summary, we have assessed alpha and beta cell function
of healthy humans undergoing hemipancreatectomy for the
purpose of organ donation. Our observations demonstrate that
such donors experience decreases in glucose- and arginine-in-
duced insulin secretion, decreases in arginine-induced gluca-
gon secretion, and diminished beta cell reserve as compared to
controls. Despite these alterations, donors have normal basal
insulin and glucose values and respond to increasing rates of
continuous glucose infusions by maintaining levels of hypergly-
cemia identical to those found in normal control subjects. Our
observations suggest that after hemipancreatectomy, humans
may maintain normoglycemia by compensatory increases in
glucose disposal. Further investigation of healthy, hemipan-
createctomized humans may provide important insights into
compensatory mechanisms responsible for maintaining nor-
mal glucose homeostasis and the contribution that failure of
such mechanisms might make to the pathogenesis of type II
diabetes mellitus.
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