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To establish whether the incretin effect is under neural control, insulin, C-peptide, and glucose-dependent insulinotropic
peptide (GIP) responses and hepatic insulin clearance were investigated after oral and “isoglycemic” intravenous glucose in 12
inbred rats after denervation of the pancreas by orthotopic transplantation with portal venous drainage (Tx group) and in 12
laparotomized controls (sham group). Effective pancreas denervation was documented by a decreased pancreatic polypeptide
(PP) response to insulin-induced hypoglycemia and by decreased levels of norepinephrine and calcitonin gene-related peptide
(CGRP) in pancreatic tissue. Basal and incremental arterial plasma glucose integrated over 180 minutes did not differ between
oral and intravenous glucose, but the integrated insulin response (mean + SEM) was significantly greater with oral versus
intravenous glucose (Tx group, 104.9 + 22.0 v 31.0 + 49 nmol - L-1-min, P < .01; sham group, 79.5 = 10.6 v 36.6 = 5.8
nmol - L= - min, P < .01). The integrated response of C-peptide was similar during both tests (Tx group, 105 = 14 v79 = 8
pmol - mL~" . min; sham group, 112 = 10 v121 = 12 pmol - mL~" - min)}. Hepatic insulin clearance was significantly decreased
in both groups by oral compared with intravenous glucose administration (Tx group, 1.3 = 0.2 v 3.3 = 0.6 mmol/mmol,
P < .01; sham group, 1.6 = 0.1 v 3.9 + 0.6 mmol/mmol, P < .02). The incretin effects for insulin {Tx group, 5.6 * 2.7; sham
group, 3.0 + 0.8) and C-peptide (Tx group, 1.4 = 0.2; sham group, 1.1 £ 0.2}, calculated as the ratio of the integrated oral
response and integrated intravenous response, and GIP responses to oral and intravenous glucose were not significantly
different between the two groups. We conclude that there is preservation of the incretin effect in rats with orthotopically
transplanted and hence extrinsically denervated pancreas, thus ruling out the possibility that the autonomic nervous system
substantially contributes. Hepatic insulin clearance and insulinotropic hormones such as GIP appear to be more important.
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T IS WELL KNOWN that peripheral plasma insulin levels
are significantly higher after oral versus intravenous glu-
cose administration, producing identical plasma glucose pro-
files. This phenomenon has been interpreted as due to increased
insulin secretion from pancreatic 3 cells, and is termed the
incretin effect.! The increased release of insulin after glucose
ingestion has been attributed mainly to gut hormones that are
released after a meal and have known insulinotropic activity.
Since the enteroinsular axis contains gut hormones, as well as
nerves,? and since it is well known that the endocrine pancreas
is richly innervated,3# it seems reasonable to assume that
pancreatic nerves are involved in the mediation of the incretin
effect. However, all available studies on the incretin effect
following denervation of the pancreas, whether animal experi-
ments or investigations in humans, were compromised by one
of the following: neglect of the cephalic phase by administra-
tion of glucose via the imtragastric route>®; use of heterotopic
pancreas transplantation, which does not take into account
interference with the recipient's own pancreas, and which
involves systemic venous drainage that abolishes first-pass
hepatic insulin extraction®; and immunosuppression. producing
insulin resistance.!® Furthermore, it has been shown that a
decrease in the hepatic extraction of insulin also contributes to
the incretin effect.!"13 In the present study, we investigated the
incretin effect after orthotopic pancreas transplantation in
inbred rats. We chose this species and surgical preparation
because it has been shown that the cephalic phase is highly
important for intact glucose homeostasis in rats.!* This animal
model enabled us to determine whether nerves and hepatic
extraction of insulin are involved in the mediation of the
incretin effect.

MATERIALS AND METHODS

All studies were in conformity with the National Institutes of Health
Principles of Laboratory Animal Care (Publication No. 86-23. Revised
1985) and current German law on the protection of animals, and all
were approved by the Governmental Animal Care and Use Committees.
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Experimental Groups

Highly inbred male Wistar-Lewis rats weighing between 270 and 330
g (Charles-River Breeding Laboratories. Sulzfeld. Germany) and aged
12 weeks on entering the study were used They were housed in an
environmentally controlled room with a 12-hour light/dark cycle and
had free access to standard rat chow (Altromin, Lage, Germany) and
water. Orgap transplants among these rats are uniformly accepted
without rejection. All operations were done under ether anesthesia. The
animals were randomly assigned to two groups: Tx group (orthotopic
pancreas transplant), rats pancreatectomized before receiving an ortho-
topic pancreas graft from an age-matched donor rat (n = 12); and sham
group (control), laparotomized rats (n = 12).

Pancreas Transplantation

A pancreaticoduodenal graft was obtained from the donor together
with a segment of portal vein, common bile duct, and aorta including the
celiac and superior mesenteric arteries. In the recipient, the pancreas
was completely resected, with excision of the bile duct from the liver
hilus to within a few millimeters of its junction with the duodenum,
leaving the blood supply to the spleen and duodenum intact. The graft
was transplanted with end-to-side anastomoses made between the graft
portal vein segment and the host portal vein and between the graft aortic
segment and the host aorta. The graft duodenum was then removed, and
the continuity of the bile duct was restored by joining the respective
ends using two Teflon catheters (Vasofix Brauniile, 1.0 mm/20G OD;
Braun, Melsungen, Germany).
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Implantation of Long-Term Indwelling Catheters

Thirteen weeks after the first operation, silastic catheters (Thomafluid-
Silikon-Hochtemperatur-Chemieschlauch HighFlexible, 0.5 mm
ID X 0.9 mm OD; Reichelt Chemietechnik, Heidelberg. Germany)
were inserted in the left and right jugular vein and the left carotid
artery.!S They were advanced until the tips reached the right cardiac
atrium and the aortic arch, respectively. An oral catheter was implanted
by first making a small incision in the skin of the right cheek and then
passing a silastic catheter through the cheek wall and into the oral cavity
until the tip was 5 mm from the wall of the cheek.'6 The catheters were
exteriorized through subcutaneous tissue to the posterior neck of the
animal with the aid of a trochar. The catheters were kept in place by a
cuff consisting of Silastic Medical Adhesive Silicone Type A (Dow
Corning, Midland, MI) and glued to the catheters 1 cm proximal to the
site of vascular access. which was used to anchor the catheters in the
subcutaneous tissue. Every other postoperative day, the catheters were
flushed with isotonic saline and filled with physiological saline contain-
ing chymotrypsin (225 U/mL) and gentamycin (20 mg/mL).!” The
external orifice of the catheters was closed with a small polyethylene
plug.

Processing of Blood Samples

All samples were collected into prechilled tubes containing 2.5 mg
EDTA and 500 U Trasylol per 1 mL blood, kept on ice, and centrifuged
immediately.

Oral Glucose Tolerance Test

An oral glucose tolerance test (OGTT) was performed 1 week after
insertion of the catheters, when the rats returned to a normal body
weight (BW) gain, with BW between 400 and 470 g. All tests were
performed 1 the evening 12 hours after food withdrawal. Before the
test, extension tubes were attached to the catheters and suspended
overhead by a pulley system. Throughout the procedure, the rat was
allowed to move freely within the confines of a metabolic cage. Heparin
100 IU was administered per rat, and 20 to 30 minutes later, the glucose
load was applied. After obtaining two basal blood samples, 2 glkg BW
glucose (50% glucose solution) was infused into the intraoral catheter
over 1.5 minutes by a Precidor pump (infusion pump model 5003:
Precidor Infors, Basel, Switzerland). The rats usually ate all of the
proffered glucose spontancously and rested calmly throughout the
experiment. Blood samples for plasma glucose, insulin, and C-peptide
determinations were obtained from the arterial line at time points — 10,
0, 5, 10, 20, 30, 40, 60, 90, 120, 150, and 180 minutes, and for plasma
glucose-dependent insulinotropic peptide (GIP) at time points —10, 5,
20. 60, 120, and 180 minutes. To prevent blood volume depletion, an
equivalent volume of washed erythrocytes resuspended in normal saline
was administered intravenously after each blood sample. The mean
hematocrit obtained at the beginning and end of each study was as
follows: sham: 47 + 1 and 50 = 1 for OGTT and 43 £ 1 and 48 = 1 for
IVGTT; Tx: 47 = 1 and 47 = 1 for OGTT and 44 * 2 and 46 * 2 for
IVGTT.

Isoglycemic Intravenous Glucose Tolerance Test

One week after the OGTT, 20% glucose was infused intravenously
using the Precidor pump at a rate necessary to produce the plasma
glucose pattern observed after the oral glucose load in the same rat
(*“isoglycemic” glucose infusion). Blood samples were taken at the
same time points and for the same variables as in the OGTT.

Pancreatic Polypeptide Release After Insulin-Induced
Hypoglycemia
The cephalic phase of insulin release is vagus-mediated. To ensure

that vagal denervation was effective in the transplanted pancreas,
hypoglycemia was induced in two rats of each group 1 week after the
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intravenous glucose tolerance test (IVGTT). The conditions were the
same as for the glucose tolerance tests. Regular human insulin (2 U/kg
BW) was administered intravenously through a jugular cannula. Blood
samples for plasma glucose and pancreatic polypeptide (PP) determina-
tions were obtained from the arterial line at time points —10 and 30
minutes.

Pancreatic Tissue Content of Norepinephrine and CGRP

Seventeen weeks after pancreas transplantation or sham operation.
food was withheld for 12 hours overnight and the animals were
laparotomized and exsanguinated from the aorta, and the pancreas was
harvested. The pancreas was immediately frozen in liquid nitrogen and
stored at —30°C until extraction for determination of the tissue content
of norepinephrine and CGRP.

Analyses

The plasma glucose level was measured using the glucose oxidase
method (Glucose Analayzer 2: Beckman Instruments, Munich, Ger-
many). Plasma immunoreactive insulin and C-peptide levels were
measured by radicimmunoassay using rat insulin and C-peptide as a
standard.'81? PP in plasma was measured by radioimmunoassay using a
bovine assay?’; a sufficient degree of cross-reactivity with rodent PP
was obtained in the middle portion of the standard curve for PP levels of
the rat in fasting and post—insulin load plasma to be read. Immunoreac-
tive GIP in plasma was analyzed as described by Kuzio et al’! in
samples obtained after pooling plasma from two randomly chosen rats
of the same group; serial dilutions of rat plasma extracts yielded curves
parallel to those obtained with the porcine GIP standard reference. In a
series of eight animals (four Tx and four sham). tissue specimens from
the dorsal part of the pancreas were thawed at 4°C, immersed in ice-cold
6 mol/L perchloric acid, and homogenized. After incubation and
centrifugation (20,000 X g) for 15 minutes at 4°C. respectively, the
supernatant was stored at —80°C after mixture with sodium phosphate
buffer (0.5 mol/L, pH 6.5) until determination of the norepinephrine
content by high-performance liquid chromatography.?? In specimens
from the ventral and dorsal pancreas of 10 rats (five Tx and five sham)
extracted by boiling in 0.5 mol/L acetic acid as described by Byrant and
Bloom,> CGRP was measured by radioimmunoassay (RIK 6006,
CGRP (rat); Peninsula Laboratories, Belmont, CA). The total protein
level was measured in the respective pancreatic tissue extracts using the
Coomassie Plus Protein assay reagent (Pierce, Rockford. IL).

Calculations and Statistics

The integrated responses of plasma glucose, insulin, and C-peptide to
the glucose loads (oral and intravenous glucose) were calculated over
180 minutes by summing the product of the plasma concentration at
each time point multiplied by the minutes in the period, and subtracting
the product of the basal value and the total minutes after the load.?* The
incretin effect was calculated for msulin and C-peptide using the
formula, integrated incremental response (oral)/integrated incremental
response (intravenous).!? Hepatic insulin clearance was calculated from
the molar ratio of the integrated responses of C-peptide and insulin after
oral and 1ntravenous glucose.!* However. the interpretation of these data
is limited by the use of integrated responses in which the response
remained above baseline and did not represent the total amount of
insulin and C-peptide in response to the secretory glucose stimulus.

Results are presented as the mean * SEM. The significance of
differences was tested using Student’s ¢ test for paired and unpaired
observations or nonparametric tests (Wilcoxon signed-rank test for
paired and Mann-Whitney U test for unpaired observations) as appro-
priate.
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RESULTS

In response to intravenous injection of msulin, arterial plasma
glucose decreased from 5.1 = 0.3 mmol/L to 1.9 # 0.1 mmol/L
after 30 minutes. The APP level, ie, PP(t30) minus PP(t0), was
742 and 894 pg/ml in two sham animals, respectively, and 222
and 273 pg/mL in two Tx rats, respectively. The much smaller
PP response in Tx animals was considered to indicate effective
vagal denervation after transplantation. The norepinephrine
content of the pancreas in Tx rats was significantly lower than in
sham rats (121 * 17 v 245 =+ 28 ng/ug protein, P < .01, n = 4,
respectively). Also, the CGRP content of the Tx versus sham
pancreas was significantly decreased (dorsal pancreas, 149 + 37
v 293 + 22 pg/mg protein, P < .05, n = 5; ventral pancreas,
148 + 31 v 323 £ 17 pg/mg protein, P < .01, n = 5). Thus, the
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tissue content of the mediator of the adrenergic nervous system
and of CGRP—one mediator of the peptidergic nervous sys-
tem—was approximately halved after transplantation. These
findings were taken as proof of sufficient denervation.

Plasma glucose levels during oral and intravenous glucose
loading in Tx and sham rats are presented in Fig 1. In sham and
Tx rats, glucose concentrations attained a peak value within 20
minutes and thereafter reached a postprandial plateau within
180 minutes. The plasma glucose concentrations achieved by
adjusting the intravenous infusion were identical to those
measured during the OGTT. The integrated incremental re-
sponse of glucose over 180 minutes was similar after oral and
intravenous glucose (Table 1). The mean total glucose load
infused intravenously was similar in the two groups (Tx,
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1.9 £ 0.2 mmol; sham, 2.1 £ 0.3 mmol), but was only about
half the oral glucose load (Tx, 4.8 = 0.1 mmol; sham, 4.7 * 0.1
mmol). In both sham and Tx groups, the difference between oral
and intravenous glucose was significant (P < .01).

Basal insulin concentrations were similar and plasma insulin
during the OGTT was uniformly higher than the level measured
during the IVGTT in both groups (Fig 1). Consequently, the
integrated incremental response of plasma insulin was also
significantly greater after oral versus intravenous glucose (sham
and Tx; Table 1). In contrast to the findings for insulin secretion,
C-peptide concentrations in both groups were higher only for
the first 30 minutes during the OGTT compared with the
respective values during the IVGTT (Fig 1). Consequently, the
integrated incremental response of C-peptide calculated over
180 minutes was similar for both glucose loads (sham and Tx).

The mean incretin effects on insulin and C-peptide did not
differ between Tx and sham rats. However, the mean incretin
effect was significantly greater for insulin versus C-peptide.
Insulin clearance was significantly decreased after oral versus
intravenous glucose in both sham and Tx rats (Table 1).

Fasting GIP values were similar in both groups. Oral glucose
stimulated GIP, whereas intravenous glucose did not (sham and
TX; Fig 1).

DISCUSSION

Following orthotopic transplantation of a whole pancreas
with portal venous drainage, arterial plasma insulin concentra-
tions are still higher after oral versus intravenous glucose
despite comparable arterial glucose concentrations. Our finding
that the transplanted pancreas remained vagally denervated is in
accordance with the observation of Gooszen et al,2 who found

Table 1. Integrated Incremental Response (over 180 minutes)
for Plasma Glucose, Insulin, and C-Peptide and Molar Ratio
of Integrated Incremental Response for C-Peptide to Integrated
Incremental Response of Insulin (hepatic insulin clearance) in Sham
and Tx Rats After Oral Glucose {2 g/kg) and Isoglycemic Intravenous
Infusion {mean = SEM)

Parameter Sham Tx P

Glucose {(mmol - L1 min}

Oral glucose 513.1 =554 410.1 =397 .14
IV glucose 512.3+57.1 380.1=31.6 .05
P ‘ .95 .45

Insulin (nmol - L= . min}
Oral glucose 795 *+10.6 1049 =220 .30
IV glucose 36.6 = 5.8 31.0x49 A7
P R <.01 <.01

C-peptide (pmol - mi~" - min)
Oral glucose 112 = 10 105 = 14 .70
IV glucose 121 £ 12 79+ 8 .01
P . .60 .10

Hepatic insulin clearance
Oral glucose 1.6 = 0.1 1.3+0.2 28
IV glucose 398 *=0.6 3.3+06 47
P . <.02 <.01

Incretin effects
Insulin 3.0x0.8 5.6 = 2.7 .68
C-peptide 1.1 £0.2 1.4+02 17
P ) . <.01 <.01

Abbreviation: IV, intravenous.
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the PP response to be virtually abolished after meal stimulation
12 weeks post—pancreas denervation in dogs. Sufficient adrener-
gic denervation of the transplanted pancreas in our study was
shown by the significantly decreased norepinephrine content.
This is in line with the findings from Alm et al, 2% who found no
remaining adrenergic nerves in rat pancreas after extirpation of
the celiac and superior mesenteric ganglion, and only minute
amounts of norepinephrine in the pancreatic tissue. As it has
been shown that pancreatic CGRP afferent nerves stem from
dorsal root ganglia?” and that upper-abdominal sympathectomy
removed almost all CGRP-IR nerve fibers, suggesting an
extrinsic origin of CGRP-IR nerves,?® the significant reduction
of the CGRP content in the transplanted pancreas in our study
implies effective denervation. It may therefore be concluded
that also in the rat, the incretin effect for insulin was preserved
after denervation of the pancreas. It follows that either extrinsic
pancreatic nerves do not mediate the incretin effect or their
absence can easily be compensated for in the rat. However, the
higher arterial insulin levels during the OGTT were only partly
due to enhanced insulin secretion, since C-peptide concentra-
tions were higher only for the first 30 minutes, and the
integrated incremental response of C-peptide was similar after
oral and isoglycemic intravenous glucose administration. The
explanation for these findings is that during stimulation of
insulin secretion by oral glucose, hepatic extraction of insulin is
reduced. This can be assumed because the C-peptide to insulin
molar ratio of the integrated response was significantly lower
after oral versus intravenous glucose loading in both sham and
Tx animals.

Our finding that oral glucose tolerance was normal after
whole pancreas transplantation contrasts with results reported
by Siegel et al.'* They performed OGTTs and IVGTTs after
intraportal transplantation of pancreatic islets in streptozotocin-
diabetic rats; whereas intravenous glucose tolerance was compa-
rable in both transplanted and control animals, oral glucose
tolerance could only be normalized by injection of a preabsorp-
tive insulin bolus mimicking nerve-mediated cephalic-phase
insulin secretion. One possible explanation for the differences
between the findings of Siegel et al'* and our results in terms of
glucose tolerance may be a disruption of the intrinsic innerva-
tion by islet isolation and transplantation in the experiments by
Siegel et al.

The influence of extrinsic pancreas denervation on the
incretin effect has been shown in different animal species and in
man, but conflicting results have been reported.> 10 In a study by
Jakob,’ venous insulin levels were similar after intragastric and
intravenous glucose administration in dogs with duodenopancre-
atic allografts. However, the results were compromised by the
fact that ulcerating inflammation of the transplanted duodenum
may have reduced the glucose resorption and disturbed the
release of incretin factors.

In contrast, Kohler et al” found the incretin effect for insulin
to be preserved after orthotopic autotransplantation of pancreas
in dogs, which is in line with our own observations. However,
due to the chosen glucose-matching, ie, the use of venous
instead of arterial glucose concentrations during oral and
isoglycemic intravenous glucose administration, the incretin
effect shown in their study may represent an artifact. Since the
arteriovenous difference in plasma glucose is larger after oral
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versus intravenous glucose administration, matching the venous
glucose concentrations will lead to higher arterial glucose
concentrations during oral versus intravenous glucose loading.
In turn, the higher arterial glucose concentration that regulates
insulin and C-peptide secretion by the pancreatic B cells will
increase insulin secretion during an OGTT, and could lead to a
pseudo-incretin effect.'>?

Two studies in the pig also showed preservation of the
incretin effect after pancreas denervation.®® In the study by
Jensen et al,® venous glucose concentrations were also matched
and, in addition. the systemic venous drainage of the duodeno-
pancreas transplant led to hyperinsulinemia and impaired
glucose tolerance, thus complicating the interpretation of the
results. Such problems were avoided in the study by Nauck et
al,? in which venous drainage of the denervated pancreas was
established via the portal vein and arterial glucose concentra-
tions were matched during glucose infusion.

Our present study in the rat differs from all other incretin
studies in various animal species yet published, in one impor-
tant aspect: we administered glucose orally, whereas the other
studies used glucose intragastrically. This means that in our
study, the influence of pancreatic denervation on the cephalic
phase of insulin secretion could also be assessed; in the former
studies, intragastric glucose administration circumvented stimu-
lation of the nerves of the cephalic reflex arch. This latter
procedure is unphysiological and places a bias on the results
favoring the influence of gastrointestinal hormones.

Two incretin studies in patients undergoing heterotopic
pancreas transplantation reported a preserved® and an abol-
ished®® incretin effect, respectively. However, after heterotopic
pancreas transplantation with systemic venous drainage, the
impact of hepatic insulin clearance on the incretin effect cannot
be interpreted, because first-pass extraction of insulin by the
liver is abolished. In a study by Clark et al'® showing a
preserved incretin effect after paratopic pancreas transplanta-
tion with portal venous drainage, based on the matching of
venous glucose concentrations during glucose tolerance tests,
there was a trend for an artifactually increased incretin effect.
Furthermore, the above-mentioned transplantation studies in
humans appear to be compromised by the accompanying
immunosuppression, which interferes with the insulin sensitiv-
ity of tissues.”! The need for immunosuppression was avoided
in our study by using inbred rats. Another difference between
our experiments and the others is the measurement of C-peptide
in animals with intact kidneys-—in contrast to studies with
impaired renal function due to longstanding diabetes—so the
metabolic clearance of C-peptide can be assumed to be normal
in our animals. Measurement of C-peptide enabled us to
estimate the contribution of hepatic insulin clearance to the
incretin effect. The decreased hepatic insulin clearance after
oral glucose contributed substantially to the incretin effect in
our study. This is in line with the findings by Shuster et al,'* who
found that the incretin effect is mediated by both increased
secretion and decreased clearance of insulin. Dupré et al2
suggested that the decreased hepatic extraction of insulin after
oral glucose was related to a higher secretion rate of insulin
itself and was not a result of the enteroinsular axis following
glucose absorption from the gut. However, in our study,
C-peptide concentrations were higher only for the first 30
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minutes after oral glucose in comparison to the intravenous
isoglycemic glucose infusion. and the resulting integrated
incremental response over 180 minutes was similar. Therefore,
it can be concluded that the insulin secretion rate was higher
only for the first 30 minutes, whereas thereafter, the higher
insulin levels were likely due to decreased hepatic extraction
alone.

The factors that mediate the latter phenomenon are unknown,
and may include blood glucose supplied to the liver, factors
associated with increased hepatic blood flow, and factors
released by intestinal glucose absorption. It is known that GIP
and glucagon-like peptide-1 (GLP-1) are important incretin
hormones.?3*® The two hormones together are thought to
account for the majority of the intestinal stimulation of insulin
secretion.®® In our study, only GIP was measured. As the plasma
GIP concentration in our study reached a maximum within 20
minutes and returned to baseline within 180 minutes, its course
paralleled the oral glucose—related changes in plasma insulin.
Therefore, GIP may well have accounted for the increased
secretion of insulin, as evidenced by the higher C-peptide
concentrations within the first 30 minutes after oral glucose
ingestion. Roberge and Brubaker*® have suggested an enteroen-
docrine loop between GIP released from duodenal X cells and
intestinal proglucagon-derived peptide released from ileal L
cells, which may account for early increases in GLP-1 secretion
after duodenal fat but not after duodenal glucose application in
rats. This implies for our study that the initial higher insulin
secretion can be mostly attributed to GIP, because only glucose,
which is unable to activate the enteroendocrine loop, was
administered. Since it has been shown that ileal glucose directly
stimulates intestinal proglucagon-derived peptide secretion.*
GLP-1 may have been secreted in our study when glucose
reached the ileum. Therefore, one may speculate that GLP-1
could have modulated the hepatic extraction of insulin, which
likely accounted for the higher insulin levels in the absence of
elevated C-peptide levels from 30 minutes onward after glucose
ingestion. The slightly higher incretin effect in Tx rats, despite
interruption of the vagally mediated hepatopancreatic reflex of
GLP-14122 by denervation of the transplanted pancreas, may be
explained by the fact that the suppression of insulin secretion is
neurally mediated.*34

In conclusion. our results show that the incretin effect for
insulin is preserved after extrinsic denervation of the pancreas.
Gastrointestinal hormones such as GIP and a decrease in hepatic
insulin clearance seem to be of more importance than pancreatic
innervation for the increase in insulin after oral glucose
administration.
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