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Abstract

Aims/hypothesis. We have shown previously that the
increase of plasma non-esterified fatty acids for 48 h
results in decreased glucose-stimulated insulin secre-
tion in lean and non-diabetic obese subjects. It is cur-
rently not known if a prolonged increase in non-ester-
ified fatty acids also impairs the insulin secretory re-
sponse to non-glucose secretagogues.

Methods. Heparin and intralipid (to increase plasma
non-esterified fatty acid concentrations by about two-
to fourfold) or normal saline was infused intravenous-
ly for 48 h in 14 non-diabetic obese subjects. On the
third day in both studies, insulin, C-peptide, proinsu-
lin, and insulin secretion rate were assessed in re-
sponse to an intravenous arginine infusion at fasting
glucose concentration and a second arginine infusion
after a 60-min 11 mmol/l hyperglycaemic clamp.

Results. There were no significant differences detect-
ed in acute (5 min) or total (90 min) arginine-stimu-
lated C-peptide or insulin secretion response in the
heparin-intralipid study compared with the control
group at fasting glucose or during hyperglycaemia.
Conclusion/interpretation. We have shown that a pro-
longed increase in plasma NEFA does not blunt argi-
nine-stimulated insulin secretion or plasma insulin
concentrations in non-diabetic obese subjects. These
findings suggest that the previously demonstrated
NEFA-induced impairment in insulin secretory re-
sponse to glucose cannot be generalized for non-glu-
cose secretagogues. [Diabetologia (2001) 44: 1989—
1997]

Keywords Insulin secretion, arginine, non-esterified
fatty acids, beta-cell insulin resistance, obesity.

In recent years, there has been increasing interest in
the effects of NEFAs on pancreatic beta-cell func-
tion [1-5]. While it is generally accepted that the
acute increase in plasma NEFAs enhances glucose-
stimulated insulin secretion (GSIS) [6-8], the effect
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of a prolonged increase in plasma NEFA on GSIS
has been more controversial. Using an intravenous
infusion of heparin plus intralipid, we previously
showed that an increase in plasma NEFA and triglyc-
erides for 48 h in lean healthy subjects results in a
loss of the stimulating effect of NEFA on GSIS [9].
Although there was no absolute reduction of GSIS
below baseline at 48 h, the beta cell was not able to
fully compensate for the NEFA-induced reduction
in total body insulin sensitivity (S;), a finding that
we interpreted to indicate NEFA-induced impair-
ment of beta-cell function. In contrast, others have
reported an absolute increase in insulin secretion
during a 48-h hyperglycaemic clamp with increases
in plasma NEFAs [10] but they did not assess insulin
secretion in relation to the NEFA-induced reduction
in S;.
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Table 1. Characteristics of the study participants

Age (year) Sex BMI? (kg/m?) Fasting plasma Fasting plasma Fasting plasma
glucose (mmol/l) insulin (pmol/1) TG® (mmol/l)
1 39 M 43.4 4.4 99 241
2 42 M 32.9 55 131 1.36
3 54 F 41.9 45 71 1.10
4 49 F 33.2 5.6 63 1.36
5 52 F 27.6 4.8 37 2.35
6 42 M 33.2 6.2 145 3.19
7 40 F 43.3 54 94 1.28
8 45 F 39.1 4.3 28 0.83
9 37 F 31.3 4.6 114 1.40
10 56 F 28.6 5.1 27 1.36
11 58 M 33.6 6.3 69 1.98
12 36 F 32.8 51 39 0.78
13 60 M 30.1 5.9 48 1.68
14 49 F 38.5 52 67 245
Mean 44.4 - 36.2 54 67 1.68
(SEM) (2.0) (1.9) (0.1) ©) (0.18)

* BMI
b TG, triglycerides

Recently, we reported that obese non-diabetic
subjects but not obese subjects with Type II (non-in-
sulin-dependent) diabetes mellitus showed an abso-
lute reduction in GSIS after a 48 h increase in plasma
NEFAs and triglycerides [11]. Our results supported
the findings which have shown a decrease in first
phase insulin response to glucose with a prolonged in-
crease in plasma NEFAs in healthy subjects [12] and
improvement of first phase insulin response with 1-
week lowering of plasma NEFAs with acipimox in
normoglycaemic relatives of patients with Type II di-
abetes [13].

In non-obese patients with Type II diabetes, the in-
sulin secretory response to arginine seems to be well
preserved, as opposed to the poor insulin secretory
response to glucose seen in these patients [14]. In vit-
ro studies have shown that NEFAs acutely enhance
both GSIS and non-glucose-stimulated insulin secre-
tion [15]. In contrast, in vitro studies have suggested
that the impairment of beta-cell insulin secretion me-
diated by prolonged exposure to NEFA could be spe-
cific for GSIS [16-19]. To our knowledge, however,
this has never been assessed in vivo in humans. We
therefore examined the effect of prolonged increase
of plasma NEFA on the beta-cell response to a non-
glucose insulin secretagogue, arginine, and we as-
sessed the effect on glucose potentiation of arginine-
stimulated insulin secretion. To that aim, we mea-
sured the acute incremental insulin, C-peptide and in-
sulin secretion response as well as the total incremen-
tal area under the respective curves of these parame-
ters after arginine stimulation at both fasting and at
about 11 mmol of plasma glucose. We chose to study
obese non-diabetic humans since we had previously
shown that these subjects are particularly sensitive
to the impairing effect of chronically increased NE-
FAs on beta-cell function [11]. Arginine is thought

to stimulate insulin secretion mainly by inducing pan-
creatic beta-cell membrane depolarization by directly
entering the cell through cationic amino acid trans-
porters [20-23], and therefore, arginine-induced insu-
lin secretion bypasses the K*-ATP channels, which
mediate a large part of the glucose-stimulated insulin
secretion. Thus, examining the NEFA-mediated ef-
fect on arginine-stimulated insulin secretion could
shed more light on the potential mechanisms of the
beta-cell dysfunction associated with prolonged in-
crease of plasma NEFAs.

Subjects and methods

Subjects. Fourteen non-diabetic obese research volunteers
(5 men and 9 women) participated in the study. Their demo-
graphic and clinical characteristics are shown in Table 1. Dia-
betes mellitus was excluded by assessing fasting plasma glu-
cose concentrations on at least two occasions. None of the par-
ticipants had systemic illness other than controlled high blood
pressure and mild hyperlipidaemia. The dose of anti-hyperten-
sive medications remained the same throughout the study and
no patient was taking any lipid lowering agent. None of the
subjects were treated with S-blockers or any other agent
known to affect islet autonomic function. The pre-menopausal
women were studied during the follicular phase of their men-
strual cycle on both occasions. Informed written consent was
obtained from all participants in accordance with the guide-
lines of the Human Subjects Review Committee of the Univer-
sity Health Network, Toronto.

Experimental protocols. The participants were studied on two
occasions, 4 to 6 weeks apart and each served as his or her
own control. Subjects were admitted to the Metabolic Investi-
gation Unit of the Toronto General Hospital, where they re-
ceived a control diet and a continuous infusion of intralipid
and heparin to increase plasma NEFA concentrations for 48 h
or a control saline infusion before and during the assessment
of pancreatic insulin secretion. After a 12-h overnight fast, an
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intravenous catheter was placed in each forearm, one for infu-
sion and one for blood sampling. The arm containing the sam-
pling catheter inserted in a distal vein was maintained in a
heating blanket ( ~ 65°C) to arterialize venous blood. After a
fasting baseline blood sample was drawn, heparin sodium (Or-
ganon Teknika, Toronto, Canada) and intralipid 20 % solution
(Baxter, Mississauga, Canada) were infused at 250U/h and
40 ml/h respectively, starting at 0800 hours and continued for
48 h before and then during the subsequent testing of insulin
secretion. Intralipid is a sterile fat emulsion containing 20 %
soybean oil, 1.2% egg phospholipids, and 2.25% glycerin in
water. During this time subjects consumed an isocaloric diet
consisting of 20% calories derived from protein, 30% from
fat, and 50 % from carbohydrate, divided into three meals and
one evening snack. Blood samples were drawn at approximate-
ly 0800 hours (after a 12-h overnight fast) and 1600 hours on
day one and two for glucose, insulin, NEFA and triglycerides.

The experimental protocol is shown in Figure 1. At approx-
imately 0800 hours on day three after a 12-h overnight fast,
with the heparin-intralipid or saline infusion continuing at a
steady rate until the end of the study, blood samples were
drawn at 10 min intervals for glucose, insulin, and C-peptide,
during a 30 min basal period, before the arginine infusion.
Baseline samples for plasma NEFA, proinsulin, and triglycer-
ides were also drawn at time —30 and 0. Samples for NEFA
and triglyceride analysis were collected into chilled EDTA
tubes on ice containing 30 pug/ml blood of the lipase inhibitor
orlistat (tetrahydrolipstatin, Hoffman La Roche, Mississauga,
Ontario, Canada), to prevent ongoing in vitro lipolysis of the
samples [24]. The subjects then underwent an arginine stimula-
tion test, first at fasting plasma glucose and subsequently dur-
ing a hyperglycaemic clamp. The arginine prime and infusion
modality has been used by others previously [25] and results
in a biphasic insulin secretory response at each arginine bolus
and infusion period. Briefly, a 5 g intravenous bolus of L-argin-
ine hydrochloride (Sabex, Boucherville, Canada — 4:1 vol:vol
with NaHCO;) was infused over 45 s followed by 25 g infused
over 30 min at time 0 min. At time 90 min, a variable 20 % dex-
trose infusion was started and was adjusted according to plas-
ma glucose measured every 5 min to maintain plasma glucose
at about 11 mmol/l. At time 150 min, a second arginine infu-
sion identical to the first one was administered while maintain-
ing hyperglycaemia with the dextrose infusion for the remain-
der of the study. Since it is technically difficult to clamp blood
glucose in the first 15 min following the acute administration
of arginine, the dextrose infusion was kept constant for
15 min after the arginine bolus to avoid any alteration induced
by investigators of the acute beta-cell response between the
two studies. However, the glucose infusion was adjusted ac-
cording to the change in glucose concentration after 15 min.
Blood samples to measure plasma glucose, insulin, and C-pep-
tide were drawn at 0, 2, 3, 5, 7, 10, 20, 30, 40, 50, 60, 70, 80,
90 min, NEFA and TG were measured at 0, 30, 60, and
90 min, and proinsulin concentrations were measured at 0, 2,
3, 5, 80, and 90 min after the beginning of both arginine infu-
sions.

Laboratory methods. Glucose was assayed enzymatically at the
bedside using a Beckman Glucose Analyser II (Beckman In-
struments, Fullerton, Calif., USA). Insulin was measured by
radioimmunoassay using a double antibody separation method
(Pharmacia Diagnostic, Uppsala, Sweden) with an intra-assay
and interassay coefficient of variation of 5.8 % and 11.2 %, re-
spectively. There is a 41 % cross-reactivity with proinsulin re-
ported in this assay. C-peptide was measured by a double anti-
body C-peptide radioimmunoassay (Diagnostic Products, Los
Angeles, Calif., USA). The intra-assay and interassay coeffi-

cient of variation for this assay is 4.1 % and 15.1 % respectively.
Proinsulin was measured using a Linco human proinsulin RIA
kit (CV 3.2%). The samples for both studies in the same pa-
tient were assayed simultaneously with the same kit for insulin,
proinsulin, and C-peptide. Non-esterified fatty acids were
measured by a colorimetric method (Wako Industrials, Osaka,
Japan). Triglycerides were measured as esterified glycerol us-
ing an enzymatic colorimetric kit (Boehringer Mannheim Di-
agnostica). Free glycerol was eliminated from the sample in a
preliminary reaction followed by enzymatic hydrolysis of tri-
glyceride with subsequent measurement of the liberated glyc-
erol by colorimetry.

Estimation of ISR. Pancreatic insulin secretion rate was calcu-
lated from peripheral plasma C-peptide concentrations by de-
convolution using a two compartment mathematical model
with standard parameters for C-peptide distribution and me-
tabolism [26] (The software program for calculation of insulin
secretion was kindly provided by Drs. K. Polonsky and J. Stur-
is, University of Chicago, Chicago, Ill., USA). Although the
determination of individual C-peptide kinetic parameters
would have been ideal, unfortunately C-peptide was no longer
commercially available for in vivo use in humans at the time
these studies were carried out. The use of standard parameters
for C-peptide clearance and distribution has been shown to re-
sult in insulin secretion rates which differ in each subject by
only 10 to 12% from those obtained with individual parame-
ters and there is no systematic overestimation or underestima-
tion of insulin secretion [26]. These parameters were validated
for both obese non-diabetic and diabetic subjects in addition to
normal control subjects. The same protocol of a previous study
was used without individual C-peptide boluses [27]. Further,
our studies were done on the same individuals and the compar-
isons were within subjects. To our knowledge, there is no evi-
dence that differences in plasma NEFA concentrations or in-
tralipid and heparin infusion affect the kinetics of C-peptide
in humans.

Assessment of the beta-cell response to arginine. The acute in-
sulin, C-peptide, and proinsulin response (AIR, ACR, and
APIR respectively) was measured by calculating the mean in-
crease over baseline of insulin, C-peptide, and proinsulin, re-
spectively, at time 2, 3, and 5 min after the arginine bolus at
both fasting plasma glucose and hyperglycaemia. The total in-
cremental area under the curve of C-peptide, insulin and ISR
from time 0 to 90 min after the arginine bolus was also calcu-
lated both at fasting plasma glucose and during hyperglycae-
mia using the trapezoidal rule.

Assessment of glucose potentiation of the acute arginine re-
sponse. For each subject, the calculated AIR, ACR, and
APIR were plotted against the plasma glucose at fasting and
during hyperglycaemia. The slope connecting the two points
for each of these three variables was then assessed for all the
subjects. These slopes represent the glucose potentiating effect
of insulin, C-peptide, and proinsulin response to arginine re-
spectively [25].

Statistical analysis. The data were expressed as means + stan-
dard error (SEM). The comparison of the mean glucose,
NEFA, TG, insulin, C-peptide, and proinsulin concentrations
during the steady-state periods (time —-30 to 0 min, and time
130 to 150 min) and Ginf, S;, and ISR at steady state period
(time 130 to 150 min) between control and 48-h heparin-in-
tralipid study were assessed by two-tailed paired ¢ tests. The
AIR, ACR, APIR, total incremental AUC of glucose, insulin,
C-peptide, and ISR in response to arginine at fasting glucose
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Heparin-Intralipid infusion (HI) vs. saline (C)
I i i i —1 i
-48hr -24hr -30min  Omin

| Kl

90min 150min 240min
Arginine 5g IV bolus

+25g IV x 25min

|
D20% IV infusion to maintain
plasma glucose at ~11 mmol/l

Fig.1. Experimental protocol. All subjects received a con-
trolled diet until 12 h before the baseline sampling period
(-30 min)

concentration and during hyperglycaemia were also compared
using two-tailed paired ¢ tests. However, glucose concentra-
tions were slightly higher in the 48-h heparin-intralipid study
throughout the baseline and first arginine infusion periods, be-
cause the glucose was not clamped during these periods. To ac-
count for this, the acute (5 min) and total (90 min) incremental
responses of insulin, C-peptide, and ISR after the first arginine
infusion were also compared after adjustment for mean base-
line glucose concentration using ANCOVA. A p value of less
than 0.05 was considered statistically significant. All the statis-
tical analyses were done using the SAS statistical software ver-
sion 8.0 (Cary, N.C., USA).

Results

The glucose, insulin, NEFA and triglyceride concen-
tration measured at 0800 h and 1600 h on days one
and two, and at 800 h on day three of the 48-h hepa-
rin-intralipid and control study are given in Table 2.
After starting the heparin-intralipid infusion, NEFA
were maintained in a high physiological range for
the entire study. Plasma NEFA were significantly
higher (p < 0.05) by design in the heparin-intralipid
infusion compared with the control study at all times
after the start of the heparin and intralipid infusion
and were increased about twofold at fasting on the
morning of the intravenous arginine infusions. Tri-

glyceride concentrations also rose significantly with
the heparin and intralipid infusion (p < 0.05) on day
one and day two compared with the control study
and reached about a twofold increase on day three
(p < 0.05). The fasting plasma glucose concentration
was slightly but not significantly higher after a 48-h
infusion of heparin-intralipid compared with the sa-
line infusion. The fasting proinsulin concentrations
were similar in both studies (14.2 +3.8 vs. 11.8 £ 2.3
pmol/l in the 48-h heparin-intralipid study and con-
trol study, respectively, p = NS).

Arginine stimulation at fasting plasma glucose (time 0
to 90 min). After the first arginine bolus, glucose con-
centrations rose slightly in both studies and returned
slowly toward fasting concentrations before the start
of the dextrose infusion, at 90 min (Fig.2A). The
mean glucose concentration between 70 and 90 min
was slightly higher in the 48-h heparin-intralipid
study compared with the control study (5.8 + 0.1 vs
5.5+ 0.1 mmol/l, p<0.01). The NEFA concentra-
tions (Fig.2b) declined in both studies from the base-
line but remained significantly higher in the former
(p <0.01). The TG concentrations (Fig.2C) remained
stable and tended to be higher in the heparin-intralip-
id study (p = 0.05).

After the first arginine bolus, the increase in plas-
ma insulin (Fig.2D) was greater in the 48-h heparin-
intralipid study compared with the control study (to-
tal incremental AUC between 0-90 min: 13909 +
2549 vs 8723 +1092 pmol/1.90 min respectively,
p =0.01) but the AIR (0-5 min) (Fig.4A) was similar

Table 2. Fasting plasma glucose, insulin, NEFA, and triglyceride concentrations for 48 h before the graded intravenous glucose in-

fusion (day 3)

48-h heparin-intralipid study Control study

Glucose Insulin NEFA TG mmol/l Glucose Insulin NEFA TG mmol/l

mmol/l pmol/l mmol/l mmol/l pmol/l mmol/l
Day 1 8:00 51+02 669 0.69 +0.10 1.33+0.10 47+02 76 =11 0.62 +0.10 1.86 +0.34
Day116:00 54+0.1 241 + 582 0.91+0.11° 445+0562% 53+0.1% 171 +35* 026 +0.03? 2.68 +0.31%
Day 2 8:00 50+02 72 £ 11 1.11 £ 0.14° 3.02+0562%  47+02 69 + 10 0.40 £ 0.04 2 1.95 +£0.24
Day216:00 57+02?* 255+55° 1.21£0.21° 403+086" 52+03* 208+53%  0.19+0.03° 222+0.292
Day 3 8:00 57+0.1% 82+9° 0.98+0.092% 280+0512% 54+0.1% 67+8 0.47 + 0.05 1.68 +0.19

Measurements at 0800 hours were done after a 12-h overnight
fast, whereas samples taken at 1600 hours were not done in
the fasting state

Data are means + SEM
2p < 0.05 vs day 1, 0800 values
bp < 0.05 vs control study
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Fig.2. Mean profiles of A glucose, B NEFA (non-esterified
fatty acids), C triglycerides, D insulin, E C-peptide, and F
Ginf (glucose infusion rate) vs time during intravenous argin-
ine stimulation at fasting plasma glucose concentration and
during hyperglycaemia in non-diabetic obese subjects
(n=14). These figures illustrate profiles following 48 h of ei-
ther a heparin-intralipid infusion (closed circles) or a saline in-
fusion (open circles). In the heparin-intralipid study the infu-
sion of heparin and intralipid was continued throughout the
experiment. The baseline period is time —-30 to 0 min. The
arginine stimulation at fasting glucose concentration refers to
the time period 0 to 90 min. Dextrose infusion was started at
time 90 min and adjusted to maintain plasma glucose concen-
tration at approximately 11 mmol/l. The steady state clamp pe-
riod refers to time 130 to 150 min. The arginine stimulation
during hyperglycaemia refers to the time period 150 to
240 min. The insert in panel (E) depicts the ACR at hypergly-
caemia in both studies

in both studies (380 + 71 vs 367 + 72 pmol/l, respec-
tively, p = NS). The 0 to 90 min incremental C-pep-
tide AUC (Fig.2E) was also similar in the 48-h hepa-
rin-intralipid compared with the control study
(42.34 +26.14 vs 35.96 + 11.53 nmol/1.90 min, respec-
tively, p = NS). The ACR (Fig.4B) was not different
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(0.96 £ 048 vs 0.78+0.38 nmol/l, respectively,

p =NS), a conclusion that was not altered by adjust-
ment for the mean baseline glucose concentration
(p =NS). The APIR was also similar between the
two studies (10.5 = 1.9 vs 7.6 + 1.7 pmol/l, respective-
ly, p = NS) (Fig.4C). Adjustment for the mean base-
line glucose concentration did not change this conclu-
sion (p = NS).

The basal ISR (Fig.3) was similar between the
48-h heparin-intralipid study and the control study
(183 £30 vs 161 +£36 pmol/min, respectively, p =
NS). The incremental ISR AUC after the first argin-
ine bolus was not different in the 48-h heparin-
intralipid study compared with the control study
(13580 + 6680 vs 11462 + 3954 pmol respectively, p =
NS).

Hyperglycemic clamp period prior to second arginine
stimulation (time 90 to 150 min). The mean glucose
concentrations in the hyperglycaemic clamp
(Fig.2A) increased progressively to approximately
11 mmol/l between time 130 and 150 min in both
studies. During this period (130-150 min), NEFA
concentrations (Fig.2B) were again significantly
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Fig.3. Insulin secretion rate (ISR) throughout the arginine
stimulation on day 3

higher in the 48-h heparin-intralipid study than in the
control study (p < 0.01).

Insulin (Fig.2D) and C-peptide concentrations
(Fig.2E) increased to a similar steady concentration
in both studies between time 130 and 150 min. The
proinsulin concentrations were also not different be-
tween the two studies (35.2 + 6.8 vs. 28.7 + 4.9 pmol/l
in the 48-h heparin-Intralipid vs control study,
p =NS).

Between times 130 and 150 min, Ginf (Fig.2F)
was similar between the 48-h heparin-intralipid and
the control study (31.3+2.0 vs. 36.4+ 3.0 umol -
kg™ - min! respectively, p = NS). During this period,
the ISR (Fig.3) was also similar between the two
studies.

Arginine stimulation test at hyperglycaemia (time 150
to 240 min). After the second arginine bolus, the glu-
cose total AUC (Fig.2A) was similar in the heparin-
intralipid and in the control studies. The mean plas-
ma glucose concentration was also similar in both
studies throughout that period. Plasma NEFA
(Fig.2B) further declined in both studies during this
period to reach a nadir at the end of the study, but re-
mained significantly higher in the 48-h heparin-in-
tralipid compared with the control study (p < 0.01).
The plasma TG concentrations (Fig.2C) tended to
be higher in the 48-h heparin-intralipid study than in
the control study but the difference was not signifi-
cant (p = 0.06).

The total insulin incremental AUC (Fig.2D) after
the arginine bolus during hyperglycaemia (between
time 150-240 min) was higher in the 48-h heparin-
intralipid study than in the control study
(99506 + 10631 vs 79477 + 9243 pmol/1.90 min re-
spectively, p=0.04). The AIR (150-155 min)
(Fig.4A), however, was similar between the two stud-
ies (1328 +200 vs 1275+ 198 pmol/l respectively,
p =NS). The total C-peptide (Fig.2E) incremental
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Fig.4. Relation between the mean acute insulin response
(AIR) (A), acute C-peptide response (ACR) (B), and acute
proinsulin response (APIR) (C) to arginine respectively, vs
mean plasma glucose concentration in non-diabetic obese sub-
jects (n = 14) after 48 h of either a heparin-intralipid infusion
(closed circles) or a saline infusion (open circles). The slope of
this linear relation represents the glucose potentiation of AIR,
ACR, and APIR to arginine respectively. Data = means + SEM
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AUC was not different between the two studies
(1532 +85.3 vs 160.6 = 80.1 nmol/1.90 min in the
48-h heparin-intralipid study vs control study respec-
tively, p = NS). The ACR (Fig.4B) was also similar
in the 48-h heparin-intralipid study compared with
the control study (2.27 + 1.44 vs. 2.24 + 1.24 nmol/l
respectively, p = NS). The APIR (acute proinsulin re-
sponse) (Fig.4C) following the intravenous bolus of
arginine, however, tended to be blunted during hy-
perglycaemia in the 48-h heparin-intralipid study
compared with the control study (26.5+9.4 vs
38.6 + 8.4 pmol/l respectively, p = 0.06).

The total incremental ISR AUC (Fig.3) after the
second arginine bolus did not differ in the 48-h hepa-
rin-intralipid study compared with the control study
(44227 + 22830 vs 50939 + 23351 pmol respectively,
p =0.07). The total glucose infusion required after
the second arginine bolus (4.02+0.26 vs 5.16 =
0.36 mmol/kg respectively, p < 0.01) as well as the
Ginf, at steady-state during the last 20 min of the
study (time 220 to 240 min) (58.1 4.6 vs. 73.1 £5.1
wlémol - kg™ - min™! respectively, p < 0.01) were low-
er in the 48 h heparin-intralipid study compared with
the control study (Fig.2F).

Glucose potentiation of the beta-cell response to argin-
ine. The relation between AIR (A), ACR (B), and
APIR (C) respectively, and plasma glucose concentra-
tions in both the 48-h heparin-intralipid study and the
control study are shown in Figure 4. The slope (arbi-
trary units) of the lines joining the two points repre-
sents the glucose potentiation of arginine stimulation
of the insulin, C-peptide, and proinsulin response.
There wasamarked glucose potentiation of AIR which
was similar in the two studies (177 + 29 vs 154 + 28 in
48-h heparin-intralipid compared with the control
study respectively, p = NS). The glucose potentiation
of ACR was also similar in the 48-h heparin-intralipid
study compared with the control (0.20+0.16 vs.
0.24 + 0.14 respectively, p = NS). The glucose potenti-
ation of APIR, however, tended to be lower in the hep-
arin-intralipid study than in the control study
(2.40 £ 1.91vs5.23 + 1.22 respectively, p = 0.07).

Discussion

We have shown that a prolonged infusion of heparin
and intralipid for 48 h, which resulted in a two- to
fourfold increase of fasting plasma NEFA, was not as-
sociated with an absolute reduction of the acute
(5§ min) or 90-min C-peptide or insulin secretion re-
sponse to intravenous arginine infusion either at nor-
moglycaemia or during hyperglycaemia. These obser-
vations contrast with our previous finding of a reduc-
tion of GSIS after a prolonged increase of plasma
NEFA in a similar population [11]. Our present find-
ings also contrast with previous findings of others

whom have shown blunting of the acute insulin re-
sponse to glucose after a 24-h increase of plasma NE-
FAs in healthy non-obese subjects [12]. Furthermore,
our results suggest that glucose potentiation of the
acute insulin secretory response to arginine is not al-
tered by a 48-h increase of plasma NEFA, in keeping
with the findings of previous in vitro studies that
have suggested that the impairment of beta-cell insu-
lin secretion mediated by prolonged exposure to
NEFA could be specific for glucose [16-19].

The only significant difference noted between the
heparin-intralipid studies and the control studies,
both at fasting plasma glucose as well as at hypergly-
caemia, was a higher incremental insulin AUC. No
such differences in the C-peptide or calculated insulin
secretion rate AUC were noted. The most likely ex-
planation for this finding is a NEFA-mediated reduc-
tion of insulin extraction by the liver [28]. Although
insulin extraction by the liver seems to be constant
throughout the physiological range of insulin concen-
tration at steady state insulin concentrations [29, 30],
it declines during dynamic (non steady state) condi-
tions and in the presence of very high insulin concen-
trations, similar to those seen in our study during the
second bolus infusion of arginine [31-33].

The total glucose infusion required to maintain
similar plasma glucose concentrations during the
heparin-intralipid infusion was significantly lower
than in the saline study, suggesting that prolonged in-
creases of plasma NEFA led to a reduction in insulin
sensitivity in our present study. Cross-sectional [34]
and longitudinal studies in humans [35] and in experi-
mental studies in animals [36, 37] have shown that a
reduction in insulin sensitivity is usually associated
with a compensatory increase in insulin secretion to
maintain glucose homeostasis. This observation has
led to the concept of “disposition index” of insulin
(DI), which implies that the product of insulin secre-
tion and insulin sensitivity should remain constant
for a given population (or individual) if glucose ho-
meostasis is to remain unaltered [38, 39]. In healthy
non-obese subjects, we have previously shown that
this compensatory insulin secretion increase occurs
after a short period of plasma NEFA increase but is
lost after a 48-h infusion of heparin and intralipid
[9]. Unfortunately, the absence of a steady state insu-
lin concentration after the second arginine bolus pre-
cludes the accurate measurement of insulin sensitivi-
ty during this period in our present study.

The subjects who participated in the present as
well as in our previous study [11] were heterogeneous
with regards to glucose tolerance, although none had
definite Type II diabetes. The small number of sub-
jects in our present study does not allow us to com-
pare the effect of prolonged increases of plasma
NEFA on arginine-stimulated insulin secretion be-
tween the obese subjects with and without glucose in-
tolerance and therefore we could not determine if the
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glucose tolerance status modulates this response in
this population.

There are several implications of our findings for
the pathophysiological role of chronically increased
plasma NEFA in beta-cell dysfunction. First, we did
not show an absolute NEFA-mediated reduction in
insulin secretion in acute response to arginine, as we
have previously shown for GSIS [11]. Because argin-
ine is believed to stimulate insulin secretion distal in
the insulin secretion cascade of events, primarily by
inducing depolarisation of the beta-cell membrane
(22, 23, 40), the absence of a significant effect at nor-
moglycaemia, combined with our previous observa-
tion of a NEFA-induced reduction of GSIS, would
suggest that prolonged NEFA exposure could alter
glucose-mediated insulin secretion and glucose po-
tentiation of arginine-stimulated insulin secretion
primarily by interfering with the metabolism of glu-
cose, leaving the exocytotic machinery relatively in-
tact. The stimulatory effect of arginine on acute insu-
lin secretion at hyperglycaemia and glucose potentia-
tion were also not affected in our present study, which
suggest an absence of interaction between glucose
and a prolonged increase of plasma NEFA on argin-
ine-stimulated acute insulin secretion.

In conclusion, we have shown in non-diabetic obese
subjects that a prolonged increase of plasma NEFA
does not blunt arginine-stimulated insulin secretion
or plasma insulin concentrations. These findings sug-
gest that the previously shown NEFA-induced impair-
ment in insulin secretory response to glucose cannot
be generalized for non-glucose secretagogues.
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