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ABSTRACT

Background: A sequential response of insulin secretion is likely to follow the sequential pattern of digestion to
optimize the effect of insulin and other counter regulatory peptides on the target tissues to maintain optimum
insulin signaling pathway activation. Therefore, it is likely to relate insulin secretory response to the corresponding
phase of digestion.

Patients and methods: Plasma glucose, insulin and glucagon levels of three groups, each comprises of 10 persons.
Group “N” for normal, group “P” for pre-diabetic and group “D” for type 2 diabetes individuals. Fluctuations
in insulin secretion, in relation to changes of plasma glucose levels throughout the four phases of digestion will be
traced, changes in glucagon levels will be also evaluated.

Results: Early in the gastric-filling phase insulin was decreasing while glucose was rising, whereas, early in
the gastric-emptying phase, insulin was rising while glucose was decreasing. Statistical significance of glucagon
changes was higher than that of insulin between groups.

Conclusion: Factors, which regulate insulin secretion during the gastric-filling phase, may differ than those during
the gastric emptying-phase. Insulin/Glucagon ratio, is more contributed, than insulin alone, to the metabolic
abnormalities associated with diabetes. It is more informative to consider insulin secretion in relation to the
corresponding phase of digestion. Therefore, a four- phase cycle of insulin secretion may be suggested.

Keywords
Four-phase cycle of insulin secretion, Pre-hepatic Duodeno-portal
(PDP) loop, B-cell fatigue, Phase overlap.

Introduction

Diabetes mellitus is a complex progressive disease. Insulin can
increase hepatic glucose uptake by stimulating glucokinase activity
and can also reduce hepatic glucose secretion by reducing glucose-

6-phosphatase (G-6-Pase) [1]. Glucagon in concentrations, as
low as 10"°M, a level, which is far beyond the common available
bioassays, may increase hepatic glucose output [2]. Plasma
glucagon level has been also demonstrated to play an important
role to maintain fasting plasma glucose [3].The ability of glucagon
to regulate hepatic glucose production is mediated through
activation of the cAMP/PKA signaling pathway [4]. Insulin
also regulate, but oppose, these pathways [5]. Insulin-mediated
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reduction in endogenous glucose production occur rapidly, within
minutes, even in individuals with T2DM [6]. Glycogen-derived
hepatic glucose production includes both glycogenolysis and
gluconeogenesis. Gluconeogenesis contributes more during fasting
state. Activation of gluconeogenesis by glucagon requires glucose
precursors, primarily lactate, alanine and glycerol. The delivery of
such compounds to the liver needs longer time of fasting to reduce
plasma insulin and disinhibit lipolysis and proteolysis. Besides, the
production of these compounds is not regulated by glucagon [7].
However, regulation of hepatic glucose production by glycogen
is known to occur in the context of hepatic insulin action [5].
Because insulin secretion is known to be initiated by nutritional
substrates, abnormal meal habits are expected to disturb insulin
secretion. Frequent eating occasions, which is demonstrated to
contribute more than caloric density and portion size to changes
in energy intake [8], may result in overlap of the digestive phases.
This overlap is expected to be directly disturb insulin secretion.
Fluctuation of insulin and glucagon throughout the four digestive
phases has not thoroughly investigated in humans. This issue will
be addressed in this work.

Patients and methods

Between March 2019 and March 2023, three groups, each includes
ten persons, have been enrolled in this study. Ten normal volunteers
(group “N”), ten pre-diabetic (group “P”) and ten T2DM (group
“D”) individuals of less than 5 years duration, were enrolled in
this study. Fluctuations of insulin, glucagon and glucose levels
were recorded, and curves of a mixed-meal tolerance test (MMTT)
were illustrated to study how can each parameter affect in, and is
affected by the other parameters. The protocol was approved by the
“Ethical Medical Committee” of the Faculty of Medicine, October
Six University, on January 2019. Informed written consents were
obtained from all subjects.

“N” group, ten males, age between 18-25 years, body mass index
(BMI) between 24-26 kgm/m, no history of chronic illnesses,
eight-hours fasting blood sugar (FBS) < 90 mg/dl, two hours blood
sugar < 140 mg/dl and glycosylated hemoglobin (HbA1c) of less
than 5.4 mmol/l. Normal bowel habits for at least one week before
the procedure. All individuals show normal triglycerides, high-
density lipoprotein (HDL), low-density lipoprotein (LDL), kidney
functions, liver functions and normal hormonal bioassay. “P”
group, ten persons, all were obese males of body mass index (BMI)
ranging between 29-34 kgm/m with (FBS) between 110-126 mg/
dl, 2 hours post-prandial blood sugar between 144-200 mg/dl and
HbA 1c between 6.5-8.0 mmol/l. Age range between 40-50 years,
normal bowel habits for at least one week before the procedure.
“D” group, ten males were typically T2DM individuals of not
more than five years of diagnosis maintained on various glucose
lowering protocols. FBS > 126 mg/dl, 2 hours post-prandial blood
sugar > 200 mg/dl and HbA lc > than 8.0 mmol/l. No past history
of autoimmune diseases or any other chronic illnesses.

It worthwhile to mention that out of seventeen, apparently normal
volunteers, seven have shown abnormal insulin secretion during

the first-phase (3 delayed and 4 absence of insulin peak). They
were all excluded from the study.

The diet

A sandwich, of ~60 gm of bread containing ~60 gm of roasted
meat and mixed green salad. The average caloric density of this
sandwich is about 500 kcl. Individuals involved in the study are
advised to eat this sandwich immediately after the fasting venous
blood sample was taken.

Percutaneous Ultrasound-Guided Portal Vein Access
Ultrasound guidance is typically used in left portal vein approaches,
although it can also be used in right portal vein approaches [9].
Typically, a 21- to 22-gauge needle is advanced under real- time
ultrasound guidance either with an ultrasound guide or free hand.
Once the needle tip is seen entering the target portal vein branch,
the procedure switches to fluoroscopic guidance. Contrast is
injected to confirm adequate placement of the needle in the target
portal vein branch. A guidewire is advanced centrally into the
main portal vein. When using a 21- or 22-gauge needle, a 0.018-
inch guidewire (stainless-steel or nitinol guidewire can be used)
is advanced through the access needle under fluoroscopy. The
0.018-inch guidewire is then upsized to a 0.035-inch working
guidewire using a telescoped transitional sheath system, such as
a micro- puncture kit with or without a metal stiffener (Cook Inc.,
Bloomington, IN), an AccuStick access system (Boston Scientific
Corp., Natick, MA), or a Neff-set (Neff Percutaneous Access Set,
Cook Medical Bloomington, IN) system (Cook). Once the 0.035-
inch wire is advanced into the central portal veins (preferably the
main portal vein), a definitive access vascular sheath is advanced
over the 0.035-inch guide wire.

Samples

After 12 hours of overnight fasting, all glucose-lowering drugs
were stopped 24 hours before the procedure (for the diabetic
group). Percutaneous ultrasound-guided portal vein catheter was
fixed the night before the procedure. Fasting samples were taken at
zero time point and at 2 minutes intervals for the early 10 minutes
(2,4, 6,8 &10). Then samples were taken at 30 minutes intervals
till the end of the fifth hour (300 min.). Whole blood, 3 to 5 mL,
is collected in a vacuum tube. Specimens are allowed to clot at
room temperature for 15-30 min, then centrifuged at 1500 x g for
10 min. Insulin is stable for at least 1 month at —20°C and 1 year
at -70°C [10]. Specimens should be processed within 1 hour of
collection. All samples were examined for plasma glucose, insulin
and glucagon levels.

Measurement of plasma glucose

Biochemical methods Plasma glucose was measured with a
centrifugal analyser using a hexokinase method (COBAS-BIO,
Roche, Wehvyn Garden City, UK) [11].

The Radioimmunoassay (RIA) for measurement of insulin
Plasma insulin was measured by a charcoal phase separation RIA
using a laboratory guinea pig antiserum GPUR. Insulin standard
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was supplied by NIBSC, (Potters Bin; UK) mad intact and split
proinsulins by Eli Lilly and Co., (Indianapolis, Ind., USA) [12,13].

The Enzyme-Linked Immunosorbent Assay (ELISA) for
measurement of glucagon

Glucagon levels were measured using a previously validated
sandwich ELISA (Mercodia: cat. no. 10-1281/1271, employing
an N-terminal anti-glucagon antibody as capture antibody and a C-
terminal-specific anti-glucagon antibody as detection antibody [14].

Statistical analysis

Statistical analysis was performed by using the t-tests, analysis of
covariance (ANCOVA) tests as appropriate. A Covariance P-value
of < 0.05 was considered significant. All results will be plotted in
three illustrations to compare how each variant affects in, and is
affected by other variants [15].

Results

Cephalic

Phase

Mn , 4 6 8 10 30 6 9

Gastric-failing
pnase

Gastric-emptying
phase

Resting
phase

Insulin-ud/ml

Glucagon pg/ml

120 150 180 210 240 270 300

Figure 1: The “N” group

Plasma glucose level at zero time point, is 80 mg/dl, from zero
to 4 min., plasma glucose was slowly rising. From 4 min. to 30
min., plasma glucose levels show abrupt rise where it reaches a
peak of 135mg/dl at 30 min. after which glucose level was slowly
declining until 150 min. where it shows a second rise with a peak
of 100 mg/dl. Then plasma glucose was gradually declining to
reach a level of 80 mg/dl at the end of the study period (300 min.).

Plasma insulin level at zero time point is 12 uU/ml. At 4 min.
insulin level starts to show an abrupt rise reaching a peak of 30 pU/
ml at 6 min., after which it shows a gradual slow decline to a level
of 25 pU/ml at 8 min. before it shows a steady rapid rise to reach
another peak of 60uU/ml at 30 min. Plasma insulin level was then
declining and insulin level at 90 min. was 20 pU/ml. then it shows
another rise to reach a third peak of 30 pU/ml at 150 min. After
that plasma insulin was gradually and steadily declining to reach a
level of 15 pU/ml at the end of the study period (300 min.).

Plasma glucagon level at zero time point is 200 pg/ml. At 2 min.
glucagon start to rise showing a peak of 400 pg/ml at 4 min., a level
which were maintained for 2 min. (at 6 min.), after which glucagon
level starts to decline gradually to reach a level of 200 pg/ml at 10
min. Plasma glucagon level was then maintained around this level
till 90 min. where it shows another gradual rise to reach a second
peak of 300 pg/ml at 150 min. After that, glucagon levels were
gradually declining to reach a level of 200 pg/ml at the end of the
study period (300 min.).

Glucose-insulin crossings

Crossing means that one parameter moves in the opposite direction
of the other per unit time, regardless the units of each. At 7 min.,
plasma glucose level crosses over the insulin (glucose was rising
while insulin was declining), a point after which plasma insulin
changes were strictly following changes of plasma glucose (i.c.
insulin follows glucose). Whereas, at 90 min., plasma glucose level
crosses over the insulin, but in the opposite direction (glucose was
declining while insulin was rising), a point after which insulin does
no longer follow glucose. This opposite crossing, which occurs at
the beginning of the third-phase, suggests that, rules that govern
insulin secretion during gastric-emptying phase have changed than
that of the gastric filling-phase, suggesting that other initiators
and potentiators might be involved, as well as undermining the
prioritization of glucose in regulating insulin secretion during the
gastric-emptying phase (the third-phase). Rasmussen, more than
three decades ago, described these insulin changes as the third-
phase of insulin secretion [16].

Insulin & glucagon peaks

A peak of glucagon is seen at 4 min., preceding a peak of insulin,
which is seen at 6 min. Insulin peak, is followed by gradual decline
of glucagon. This is simply explained by the counterbalancing
effect of insulin on alpha-cells at the pancreatic islets. However,
at 90 min., plasma insulin level was, as low as, 20 pU/ml and
glucagon level was 200 pg/ml. Although both are secreted from
the same islet, the pattern of glucagon/insulin rise during the
gastric-emptying phase (third-phase) is different than that of the
gastric filling phase, rising glucagon crosses over the rising insulin
at ~ 100 min. reaching a peak of 300 pg/ml at 150 min., while
rising insulin reach its peak of 100 mg/dl at 150 min. (observe
the absence of the counterbalancing effect of insulin!). Glucagon
concentration in the portal vein, during the first-phase of insulin
secretion, has been demonstrated to be higher than in any other
major vascular system [17]. On the other hand, insulin clearance in
the splanchnic zone is reported to increased, while hepatic insulin
metabolism is reduced during the first-phase in animal models
[18]. Therefore, it is suggested that, during the first-phase, insulin
may exhibit different pathway, other than that of glucagon, to
reach the portal vein.

Cephalic Phase --—-Insulin uU/ml

----Glucagon pg/ml
----Glucose mg/dl

P

Minutes 0 2 4 6 8 10 30 60 90 120 150 180 210 240 270 300

Figure 2: The “P” group

Plasma glucose level, at the zero time point is 115 mg/dl. Start to
gradually rise, reaching 120 mg/dl at 10 mim, reaching a peak of
145 mg/dl at 30 min., end of meal ingestion. At 120 min., plasma
glucose starts to rise again to reach another lower peak of 115 mg/
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dl at 150 min. After that, plasma glucose is gradually declining to
reach a level of 120 mg/dl at 300 min, the end of the study period.

Plasma insulin level at zero time point is below10 uU/ml. At 4
min, insulin level becomes 15 pU/ml (i.e. delayed first-phase).
After that insulin levels rise gradually, but slower than the “N”
group, to reach a peak of 75 pU/ml at 30 min. At 90 min, insulin
level was 30 pU/ml. After that, insulin level shows another peak
of 50 uU/ml at 120 min. and a third peak of 40 pU/ml was seen at
180 min. Insulin levels were then gradually and slowly declining
to reach a level of 30 uU/ml at 300 min. Plasma glucagon level at
the zero time point is 320 pg/ml, then it shows abrupt increase to
a peak of 400 pg/ml at 10 min., after which glucagon levels were
marginally fluctuating around this figure until 210 min. where it
start to decline gradually and slowly to reach a level of 280 pg/ml
at 300 min.(the end of the study period).

——Insulin uU/ml
——Glucagon pg/ml

Cephalic Phase
—-Glucose mg/dl

Minutes 0 2 4 6 8 10 30 60 90 120 150 180 210 240 270 300

Figure 3: The “D” group:

Plasma glucose level at zero time point is 132 mg/dl, steeply
rising to reach a peak of 165 mg/dl at 10 min. This peak was non-
significantly fluctuating for about one hour, after which glucose
levels started to decline at 120 min. to reach a level of 130 mg/
dl at 300 min. (the end of the study period). Plasma insulin level
at 6 min. was 20 pU/ml, before which plasma insulin levels were
below the level of 10 pU/ml (i.e. absence of first-phase). Insulin
levels were then gradually increasing to reach a level of 50 pU/
ml at 90 min. After that, insulin starts to decrease gradually and
slowly to reach a level of 20 pU/ml at 300 min. (the end of the
study period). Plasma glucagon level at zero time point was 300
pg/ml at 10 min. It start to slowly rise to reach a peak of 450 pg/
ml at 10 min. Then it continues to fluctuate around this value with
slight decline to reach a level of 300 pg/ml at 300 min (the end of
the study period).

Table 1: The P values of changes of insulin and glucagon between the
three groups. Note that P-value of < 0.05 was considered significant.

Group “N” Group “P” Group “D”
Group W %lglitagon OGIOUOC(;GgOn
R i
Group “D” ?ﬁzulin ?ﬁiﬁlin “““““““
Discussion

Insulin initiators and insulin potentiators
The absorbed nutrients posse the ability to initiate insulin secretory
response and are, therefore, termed “insulin Initiators”. After a

mixed meal, plasma glucose concentration occurs over a narrow
range of 6-7 mml/l [19].This concentration of plasma glucose is a
weak stimulus for insulin secretion. Therefore, stimuli other than
glucose, are critically important for normal regulation of insulin
secretion. These stimuli arise from different sources at different
times and interact in a complex fashion to determine the pattern
of change in insulin secretion and action [16]. The response to
insulin initiators can be modified by a variety of hormones and
neurotransmitters, which may amplify, and occasionally inhibit,
insulin secretion and are therefore termed “insulin potentiators”.

The major physiological determinants of insulin secretion, in
humans, are the circulating concentrations of glucose, free fatty
acids (FFAs) and amino acids (AAs) [20]. Each nutrient is likely
to initiate (its own) precise required amount of insulin, Highly
specialized neuro- endocrinal cells of the gut, “K”, “I” cells; in the
duodenum, and “L” cells, in the ilium, secrete GIP, CCK and GLP-
1 respectively, to potentiate (regulate) insulin secretion according
to the absorbed nutrient.

Insulin is probably the most important hormonal factor influencing
lipogenesis and lipolysis. High insulin levels inhibit lipolysis (e.g.
postprandial state), whereas, low insulin levels increase lipolysis
(e.g. fasting state) [21]. Insulin level at 90 min. in group “N” was
20 pU/ml, and in group “P” insulin level was higher, 30 pU/ml.
whereas in group “D” insulin level was relatively very high, 50 pU/
ml. Hypoglycemia induced by exogenous insulin administration,
inhibits lipolysis which is supposed to increase, resulting in
activation of lipogenesis instead of lipolysis [1]. Besides, at
glucose level > 8.0 mmol/l, B-cell loses its preferential selectivity
and respond to high glucose and GLP-1, instead of responding to
FFAs (as initiators) and GIP and CCK (as potentiatots), so that
more glucose is produced, hence more insulin as well, and a vicious
cycle develops. Therefore, not only postprandial hyperglycemia,
but also postprandial hyperinsulinemia, is well contributed to
postprandial dyslipidemia, an observation which need to be
considered while treating dyslipidemia in those individuals.

In-group “N”, plasma glucose level at 10 min (early in the gastric-
filling phase) was rising, while insulin level was also rising. In the
contrary, at 90 min, plasma glucose level was declining, whereas,
plasma insulin level was rising, along with rising plasma glucagon
level. These results suggest that factors regulating insulin secretion
during the gastric-filling are no longer functioning, and factors,
other than glucose and GLP-1, may regulate insulin secretion
during the gastric-emptying phase. FFAs, as initiators, and GIP
as potentiator are likely to be suggested, as the chyme passes from
the stomach to the duodenum. Rising of glucagon levels at 90
min. supporting this notion (effect of GIP). This insulin secretory
pattern is distorted in group “P” and completely lost in group
“D”. These data also account for the apparently phase-related
selectivity of initiators and potentiators to regulate the release of
a particular amount of insulin (and glucagon) which is required
for a precise metabolic process. Therefore, relating the timing
of release of initiators and potentiators, hence insulin secretory
response, to various digestive phases rises the notion to describe
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insulin secretion into four-phase cycle, namely, cephalic, gastric
filling, gastric emptying and resting- phases.

The Proposed Four-Phase Cycle of Insulin Secretion

The cephalic (neurogenic) phase, is 3-5 min. duration [16],
purely neurogenic, against glucose gradient, and lasts till ingested
glucose level can stimulate insulin secretory response, 5-10 min.
Lagging of insulin secretion between 6-8 min. in the “N” group
represent the transition from neurogenic-, to glucose-dependent
insulin secretion. The second-phase corresponds to the gastric
filling phase of digestion. During this phase, the absorbed glucose
potentiates insulin secretion, while Glucagon-like peptide 1 (GLP-
1) potentiates insulin secretory response. GLP-1 is secreted from
the enteroendocrinal “L” cells in the ilium in response to food
mobilization by the gastro colic reflex following meal ingestion.
The third-phase corresponds to the gastric-emptying phase of
the digestion. As the chyme passes through the duodenum, the
intraluminal pressure of the gut increases and is transmitted to the
ilium to accelerate digestion and absorption of nutrients (other
than glucose). Elevated levels of AAs, TG and FFAs, initiate
a modified insulin secretory response at the level of B-cell. In
addition, they will be taken up by liver cells and B-oxidation
will be activated (lipolysis, which requires lower insulin level).
Moreover, the passage of the chyme through the duodenum will
mechanically stimulate the entero-endocrinal “K” cells to secrete
glucose-dependent insulin peptide (GIP), and “T” cells to secrete
cholecystokinin (CCK), to regulate secretion of both insulin and
glucagon, which are likely to be essential for B-oxidation and fat
metabolism at the hepatocyte. The fourth-phase follows complete
evacuation of the stomach and lasts until the next meal is ingested.
Only basal levels of both insulin and glucagon are required. Glucose
level is supposed to be less than 5 mmol/l; a level which suits insulin
biosynthesis at the B-cell. The longer the fourth-phase the better the
replenishing of insulin stores and avoiding B-cell fatigue.

Phase over-lap

As it is related to digestive phases, insulin secretion may directly
be influenced by meal habits. Frequent eating occasions, which is
known to be the most contributed to obesity and T2DM, will delay
gastric-emptying phase to allow more time for mixing and grinding
the newly ingested food. Glucose content, of the newly ingested
food, will be rapidly absorbed, and plasma glucose level will
consequently rises (new first-phase overlaps the old third-phase).
At plasma glucose level higher than 8 mmol/l, pancreatic p-cell
loses its selectivity, so that insulin secretion continues to respond
to glucose and GLP-1, instead of FFAs and GIP. The resultant
hyperglycemia, hyperinsulinemia and FFAs (of the previous
meal(s)) will, consequently, disturb the metabolic flexibility of the
IDGUC, to shift from glucose-dependent; to lipid-dependent ATP
synthesis. FFAs and TG accumulate inside the hepatocytes, fatty
liver and non-alcoholic fatty liver disease (NAFLD) develop.

The hypothesis of the Pre-hepatic Duodeno-Portal (PDP) loop
of insulin trans-circulation

Although both insulin and glucagon are secreted from the same
islet, glucagon peak precedes insulin peak by 2 min in the

first phase Figure (1). Moreover, between 2-4 min, both were
increasing; nevertheless, the counterbalancing inhibitory effect of
insulin to glucagon was missing. This observation may suggest
that, both may not pass through the same pathway to reach the
portal vein. Glucagon concentration during the first-phase has
been demonstrated to be higher in the portal vein; than in any
other major vascular system [22,23]. Besides, ingested glucose
does not appear in blood before 5-10 min. of food ingestion
[24,25], although, insulin clearance in the splanchnic zone has
been reported to increase, while, hepatic insulin metabolism has
been demonstrated to be reduced [26]. It has been reported that,
80% of the secreted insulin is extracted on first-pass, taken up
by the liver and the rest (20%) reaches the systemic circulation
[27]. This observation rises an important inquiry, how comes that
80% of secreted insulin cannot reduce hepatic glucose excursion?.
Surprisingly, it has also been reported that hepatic glucose
production is discerningly sensitive to a minute change in hepatic
insulinization [28]. Knowing that insulin secretion may not differ
between normal and pre-diabetic individuals.

Therefore, it may be hypothesized that insulin passes through a
different pathway, other than that of glucagon, to reach the portal
vein, mostly to the splanchnic zone (portal circulation), where
insulin clearance is known to increase. It is also important to
remember that, in normal physiological conditions, fasting plasma
glucose of less than 5 mmol/l, cannot stimulate insulin secretory
response or allow systemic circulation to transport such a relatively
big amount of insulin to the active splanchnic zone, or otherwise
hypoglycemia may occur. Therefore, a pre- hepatic duodeno-
portal (PDP); pathway; loop (to bypass liver metabolism and avoid
systemic rout for fear of hypoglycemia), may be hypothesized
(Figure 4).

kb Stomach

Gall Bladder Portal Vein

Pancreas . o
— _ Splenic Vein

Duodenum
Superior Mesenteric Vein

Splanchnic Zone N

Large Intestine
The PDP loop

Figure (4):

The hypothesis that insulin is primarily secreted to the duodenum, it is spread throughout the splanchnic
zone tissue before it is drained to the portal vein. This means that, insulin currently measured at the portal
vein does not primarily come from the pancreas. The arrows show the pathway of the imaginary pre-
hepatic duodeno-portal (PDP) loop, which drain insulin to the portal vein via the superior mesenteric vein.

A host of observations have been in favor of the hypothesis of
the (PDP) loop. The splanchnic zone is known to eventually
dispose about 40% of the total ingested glucose, which emphasizes
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the high and continuous increasing need for insulin [29]. Intra-
peritoneal injection of exogenous insulin has been reported to
mimic physiological insulin secretion with characteristically
rapid insulin absorption and near physiological carbohydrate
and lipid metabolism along with avoidance of peripheral hyper-
insulinemia [30]. The immediate improvement of the glycemic
state and almost withdrawal of glucose lowering agents, following
the procedures of bariatric surgery, even in individuals of long-
standing type 2 diabetes [31,32], along with rapid reversibility
of hepatic insulin resistance [33], may suggest that the nature of
the disease is a defect of a concentration gradient of mediators
(e.g. I/G ratio), which can be immediately restored, rather than
an organic cell defect which may take longer time, if ever, to be
restored. Knowing that insulin secretion may not differ between
normal and pre-diabetic individuals, meaning that, insulin of the
first-phase, is already secreted whether the first-phase is present or
lost. Although factors, which favor the existence of the PDP loop,
are conclusive, however, the pathway through which insulin can
bypass the liver and go directly to the portal splanchnic zone is to
be elucidated.

The first-phase of insulin secretion exhibits special characteristic
features, which distinguish it from other phases, which may give
a clue to solve this mysterious issue. Insulin secretion of the first-
phase is known to be pulsatile in nature; in a very rapid high
frequency, periodicity oscillations from the pre-docked readily
releasable pool at the inner surface of the plasma membrane of
the B-cell [34]. In addition, neuropeptide Y (NPY) and Galanin;
neuro-peptides secreted with insulin, exhibit an inhibitory
action to the secretory function of both endocrine and exocrine
pancreas [35,36]. This may suggest that the very rapid high
frequency periodicity oscillations may allow insulin; which is a
known endocrine hormone; to pass through the pancreatic duct;
exocrine pathway; to finally reach the duodenum where it can be
diluted and immediately absorbed to the splanchnic zone before
it is drained to the portal vein via the superior mesenteric vein
(SMV), where it usually measured. The presence of portal venous
communicating branch from the pancreas and the duodenum
cannot be denied. It is important to remember that insulin granules
from the readily releasable pool, are exocytosed in an insoluble
(inactive) crystalline latex hexamer form, which need to be
activated either by the effect of bile acids [37], or spontancous
dilution, before insulin crosses the capillary walls as monomers
into blood circulation [38]. It is also important to remember that,
in normal physiological conditions, the duodenum is supposed to
be empty during the first-, and second-phase, so that the acidity of
the gastric contents, and the alkalinity of the duodenal contents,
can be avoided. Bile acid sequestrantes have been demonstrated to
significantly reduce fasting, and post-prandial blood sugar and also
glycated hemoglobin (HbAlc) and glycated albumin [39], which
is in favor if this notion.

One more observation supports the hypothesis that insulin is
primarily secreted directly to the duodenum, and not to the portal
vein, is that the adipose tissue of the splanchnic zone is known to
be lipolytically more active with much greater metabolic activity

than other fat tissues in our body [40]. Relative higher insulin
delivery to the splanchnic zone, activate lipogenesis, particularly
with high caloric diet and frequent eating occasions, which result
in trunkal obesity. If insulin arrives to splanchnic zone via the
systemic circulation, then, all body fat tissues are expected to
show the same lipolytic activity, which is not the case. These data
may support the hypothesis of the endocrine-exocrine pathway of
insulin secretion. Notice that insulin peak during the third-phase,
30 wU/ml) Figure (1), was not as high as that of the second-phase,
but was also higher than the basal levels.

Conclusion and Recommendations

Not only postprandial hyperglycemia, but also postprandial
hyperinsulinemia should be considered (i.e. reduced) while
treating the metabolic abnormalities in prediabetic and diabetic
individuals. The discrepancy between insulin and glucagon peaks,
during the first-phase, may propose the presence of a different
pathway for insulin to reach the portal vein, other than that of
glucagon, Therefore, the Prehepatic Duodeno-Portal (PDP) loop
may be hypothesized. The pattern of insulin-glucagon secretion
during the third-phase underline the importance of GIP and
CCK, during the third-phase, in regulating FFAs metabolism and
prevention of fatty liver. Frequent eating occasions, per se, play a
crucial role in the development and progression of diabetes and the
associated metabolic abnormalities. These observations requires
intensive research to explore innovative diagnostic and therapeutic
modalities to prevent, or at least, halt the progression of diabetes.
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