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Abstract

Objective: Dietary triglycerides (TG) are partially retained in the intestine within intracellular or
extracellular compartments which can be rapidly mobilized in response to several stimuli,
including glucose and glucagon-like peptide-2 (GLP-2). To elucidate the mechanism of intestinal
lipid mobilization, this study examined the patterns and time course of lymph flow and TG
following glucose and GLP-2 treatment in rats.

Approach and Results: Lymph flow, TG concentration and TG output were assessed in
mesenteric lymph cannulated rats in response to an intraduodenal (i.d.) lipid bolus followed 5
hours later by either: 1) i.d. saline + intraperitoneal (i.p.) saline (placebo), 2) i.d. glucose plus i.p.
saline, 3) i.d. saline + i.p. GLP-2, or 4) i.d. glucose + i.p. GLP-2. GLP-2 and glucose administered
alone or in combination stimulated total TG output to a similar extent, but the timing and pattern
of stimulation differed markedly. Whereas GLP-2 rapidly increased lymph flow with no effect on
lymph TG concentration or TG:apoB48 ratio (a surrogate marker of chylomicron size) compared
to placebo, glucose transiently decreased lymph flow followed by delayed stimulation of lymph
flow and increased lymph TG concentration and TG:apoB48 ratio.

Conclusions: Glucose and GLP-2 robustly enhanced intestinal TG output in rats but with
different effects on lymph flow, lymph TG concentration and chylomicron size. GLP-2 stimulated
TG output primarily by enhancing lymph flow with no effect on chylomicron size, whereas
glucose mobilized intestinal TG, stimulating secretion of larger chylomicrons. This suggests these
two stimuli mobilize intestinal lipid by different mechanisms.
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INTRODUCTION

Hypertriglyceridemia, due to an expanded pool of triglyceride-rich lipoprotein (TRL)
particles, is a component of the atherogenic dyslipidemia complex contributing to increased
risk of cardiovascular diseasel. In recent years we and others have discovered that the
secretion of chylomicrons (CM), ie intestinally derived TRLSs, is regulated not only by fat
ingestion but also by intrinsic and extrinsic signals including lipid and non-lipid luminal
nutrients2~, hormones®6 and neural activity’. Pharmacological targeting of CM production
may present a therapeutic opportunity for ameliorating cases of dyslipidemia, thereby
reducing the risk of cardiovascular disease.

During the postprandial phase, dietary TG is hydrolyzed in the intestinal lumen to 2-
monoacylglycerol and fatty acids, which are absorbed by enterocytes and re-esterified to TG
at the endoplasmic reticulum (ER) membrane8. The majority of TG accumulating in the ER
fuse with lipid-poor apolipoprotein B48 (apoB48) during its co-translational translocation
into the ER lumen to form prechylomicrons, in a process facilitated by microsomal
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triglyceride transfer protein (MTP)®. Prechylomicrons undergo further processing in the
Golgi apparatus into mature CMs, which are subsequently secreted across the basolateral
membrane into the lamina propria of the intestinal mucosa. Secreted CMs migrate across the
lamina propria towards the blind-ended villus lacteal via a convective process'®. CMs enter
lacteals primarily by size exclusion and drain into the mesenteric lymph duct before entering
the general circulation at the left subclavian vein.

Alternatively, TG accumulating between ER leaflets can bud off into the cytosol to form
cytoplasmic lipid droplets (CLDs)L. CLDs serve as a transient intestinal lipid storage pool,
which we have observed in enterocytes up to 10 hours after a meal in humans 4and are
postulated to exist at least up to 18 hours post-meal’. Similarly, intestinal lipid stores have
been shown to be retained for up to 12 hours post-meal in rodents!2. In addition to CLDs,
CMs have been identified in the intracellular secretory pathway, lamina propria and
mesenteric lacteals in humans3# and rodents12:13.14,

Several stimuli have been shown to mobilize intestinal lipid stores including oral glucose34,
glucagon-like peptide-2 (GLP-2)®, a subsequent meall®, and sham fat feeding”. Oral glucose
ingested 5 hours after a high-fat meal decreased jejunal® and duodenal? lipid stores in
humans. We demonstrated in humans a coincidental increased plasma TG, primarily in the
CM fraction, decreased CLD number and a shift in the size distribution of CLDs towards
predominantly small CLDs in enterocytes suggesting mobilization of intracellular TG
stores?. In healthy men, a single subcutaneous dose of GLP-2 administered during
intraduodenal lipid infusion and a pancreatic clamp increased plasma and CM TG as well as
apoB48°. Importantly, GLP-2 can elicit these effects when administered 7 hours after a high-
fat meal, which we attributed to mobilization of an enterocyte pool of apoB48 or preformed
CMs®. Similar responses have been seen ex vivoin jejunal tissue, and /7 vivo in mice and
hamsters16:17. In hamsters, GLP-2 increased intestinal lipid absorption and CM secretion,
and mobilized intestinal TG stores 5 hours after an oil bolus'6-17.GLP-2 receptors are
expressed along the gastrointestinal tract most abundantly on subepithelial myofibroblasts,
enteroendocrine cells, and enteric neurons but are notably absent from enterocytes18-20.
GLP-2 receptors are abundant in circular and longitudinal muscle of the non-grandular
stomach and duodenum as well as the duodenal lamina propria of the mucosa layer2?.,
GLP-2 stimulation of mesenteric blood flow in humans?2 and pigs23 as well as GLP-2-
mediated chylomicron secretion in rodentsl’ were shown to be nitric oxide dependent
suggesting GLP-2 is likely to mobilize intestinal lipid stores via indirect mechanisms.

The mechanisms by which intestinal lipid stores are mobilized are unclear. We hypothesized
that glucose and GLP-2 access distinct lipid pools in the intestine for mobilization, likely
through differing mechanisms. Therefore, these two stimuli administered alone or in
combination could provide insights into mechanisms of intestinal TG mobilization. We
examined this with the conscious rat mesenteric lymph duct cannulation model, which
allows measurement of lymph flow rate, TG concentration and TG output. We did not
demonstrate additive or synergistic effects of glucose and GLP-2. Instead, we showed
strikingly different patterns of lymph TG dynamics by GLP-2 and glucose, supporting the
existence of differing mechanisms of intestinal lipid mobilization.
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MATERIALS & METHODS

The data that support the findings of this study are available from the corresponding author
upon reasonable request.

Animals

Male Sprague-Dawley rats weighing 250-300g (Harlan Laboratories, Indianapolis, IN) were
housed in pairs and acclimatized for two weeks in a temperature- and humidity-controlled
facility prior to the experiment. Rats were maintained on a standard rodent diet (LM-485
Mouse/Rat Sterilizable Diet; Harlan Laboratories, Madison, WI) with ad /ibitum access to
water and a 12-hour light/dark cycle at the University of Cincinnati Laboratory Animal
Medical Services. All animal procedures were approved by University of Cincinnati
Institutional Animal Care and Use Committee and complied with the National Institutes of
Health Guide for the Care and Use of Laboratory Animals.

Mesenteric Lymph Duct & Duodenal Cannulation

Following an overnight fast, the mesenteric lymph duct and duodenum were cannulated
under inhalant isoflurane anaesthesia, as previously described?4. Briefly, the mesenteric
lymph duct was cannulated according to procedures described by Bollman et al.,2> in which
a polyvinyl chloride (PVC) tubing (0.2mm ID; 0.50mm ID) was advanced into the
mesenteric lymph duct and secured by a drop of cyanoacrylate glue. The same tubing
material was placed in the intraperitoneal cavity to facilitate intraperitoneal delivery of
experimental treatments. Silicone tubing (0.5mm ID, 0.8mm OD) was advanced
approximately 1 cm into the duodenum via a fundal incision in the stomach which was
secured by purse-string suture. Pre-operative buprenorphine (Buprenex, Reckitt Bencksizer
Inc., Slough, UK) was provided as analgesic. Following surgery, rats were housed in a
Bollman restraint cage with air temperature maintained at 26°C. Immediately following
surgery, duodenal infusion of saline containing 5% glucose was commenced at a rate of 3
ml/hour for 5-8 hours. To simulate an overnight fast, saline without glucose was infused
intraduodenally at a rate of 3ml/hour and continued throughout the remainder of the study.

Study Protocol

Following an overnight fast with intraduodenal saline infusion, a fasted lymph sample was
collected. A bolus of 1.5 ml Intralipid 20% (Sigma Aldrich, St. Louis, MO) was
administered via the intraduodenal cannula. Intraduodenal saline infusion at a rate of 3 ml/hr
was continued for the duration of the study. At 300 minutes post-Intralipid bolus (time = 0),
rats were randomized to receive one of four treatments: 1) saline (1 ml, i.d.) + phosphate
buffered saline (PBS, 0.5 ml, i.p.) (Placebo, n=10); 2) glucose (0.2 g in 1 ml saline, i.d.) +
PBS (0.5 ml, i.p.) (GLC, n=11); 3) saline (1 ml, i.d.) + GLP-2 (75 ug in 0.5 ml PBS, i.p.)
(GLP-2, n=10); 4) glucose (0.2 g in 1 ml saline, i.d.) + GLP-2 (75 ug in 0.5 ml PBS, i.p.)
(GLP-2 + GLC, n=10) (Figure 1). GLP-2 was synthesized at >90% purity as a DPP-I1V
resistant analog [Gly2]-GLP-2 (Pepceuticals, Inc., Leichestershire, UK). Lymph samples
were collected on ice for five hours prior to treatment and two hours post-treatment in 5-,
15- and 30-minute intervals (Figure 1). Euthanasia was performed at 120 minutes post-
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treatment by lethal intraperitoneal pentobarbital (100 mg/kg Euthanyl, Vetoquinol Inc., Lure,
France).

Sample Analyses

Lymph samples were refrigerated at 4°C and analyzed for TG concentration on the day of
collection using a commercial kit (Randox, Crumlin, Northern Ireland). Western blots for
apoB48 were performed by loading 7 ul of lymph fluid per well on 4-20% SDS-PAGE gels
for separation and transferred to polyvinylidene difluoride membranes. Membranes were
blocked for 1 hour with 5% non-fat milk in 1% Tween-20 in Tris-buffered saline.
Membranes were incubated with primary antibody goat anti-mouse apoB (1:8000) at 4° C
for overnight, followed by incubation with secondary rabbit anti-goat (1:10,000, Agilent, Cat
no. P0449) for 1 hour at room temperature. Bands were visualized with Immobilon Western
Chemiluminescent HRP substrate (EMD Millipore, Billerica, MA). Total Lab Quant
Analysis Software (Fotodyne, Hartland, WI1) was used to determine band density.

Calculations and Statistical Analysis

RESULTS
Lymph flow

Ten animals per treatment provides 80% power to detect a 13% difference in treatment
means given a standard deviation of 10%. TG output was calculated as the product of lymph
flow and TG concentration. Similarly, relative apoB48 output was calculated as the product
of lymph flow and apoB48 abundance. Area under the curve (AUC) following treatment was
calculated by trapezoid method. Fold-change was calculated at each time point post-
treatment as a fraction of time zero. Slope of rise was calculated from nadir to peak, slope of
decline was calculated from peak to post-peak minimum. Time courses post-treatment were
analyzed by PROC MIXED of SAS (version 9.4, SAS Institute Inc., Cary, NC) with time as
a repeated measure, where time, treatment and time x treatment interaction were considered
fixed effects and block was considered a random effect. First-order autoregressive
covariance structure was assumed, and least-square means were separated by the PDIFF
option of SAS. The difference between each pair of means was adjusted for multiple
comparisons by Tukey adjustment. Characteristics of time-courses were analyzed by block
and treatment using PROC MIXED of SAS with least-square means separated by Tukey
adjustment. Data are presented as least-square means £ SEM, unless otherwise stated.
Significance was declared at p < 0.05, trends were declared at 0.05 < p< 0.10.

Over the initial 5 hours of observation prior to administration of i.d. glucose and/or i.p.
GLP-2 or corresponding placebo, lymph flow was approximately 2.5 ml/hr (Figure S1A).
Intraduodenal glucose transiently decreased lymph flow by 51% over the first 15 minutes
before increasing (Figure 2A), resulting in net AUC of lymph flow after one hour that did
not differ between glucose and placebo (Figure 2B). GLP-2 increased lymph flow within 5
minutes, with flow remaining significantly elevated by the end of the first hour (Table 1). At
10 minutes, lymph flow fold-change was significantly greater for GLP-2 compared to
glucose (p = 0.019, Figure 2A). GLP-2 + GLC did not differ significantly from GLP-2 or
glucose alone at 10 minutes.
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Calculated total lymph volume as AUC of lymph volume (Figure 2B) and cumulative lymph
volume (Figure 2C) over one hour indicated significantly greater lymph volume with GLP-2
and GLP-2 + GLC compared to placebo, with no difference from glucose (Table 1). Other
analyses of lymph flow, including the slope of the rise to peak and decline from peak did not
differ by treatment (Table 1).

Lymph TG concentration and TG output

Fasting lymph TG concentration was approximately 20 mg/ml and rose to ~80mg/ml
following the lipid bolus (Figure S1B). It is interesting to note that lymph TG concentration
and output increased after the duodenal lipid bolus administered at 0 min whereas lymph
flow did not increase appreciably in response to the lipid bolus. Glucose induced a
maximum 2.21-fold increase in TG concentration, which differed significantly from placebo
(Table 1). Fold-change was significantly greater for glucose compared to GLP-2 at 15
minutes (p = 0.008) and 20 minutes (p = 0.014) post-treatment (Figure 2D).

For TG concentration, the time-to-peak and slope of the rise to peak did not differ by
treatment. At one-hour post-treatment TG concentration was below baseline for all
treatments with no difference between treatments (Table 1).

TG output (mg/hr) was calculated as the product of lymph flow (ml/hr) and TG
concentration (mg/ml) at each time point (Figure 2D). At 20 minutes, TG output was
significantly greater for glucose compared to placebo (p = 0.03, Figure 2F). AUC of TG
output (Figure 2G) tended to be greater for GLP-2 + GLC compared to placebo. Active
treatments increased lymph TG output, thus cumulative TG mass in GLC, GLP-2 and GLC
+GLP-2 were higher than in placebo at all time points after 25 minutes (p<0.05) (Figure
2H). No significant differences were observed among the three active treatments at any time
point.

Lymph apolipoprotein B48 abundance, output and ratio of TG: apoB48

Lymph apoB48 abundance was quantified by Western blot (Figure 3A,B). Output was
calculated as the product of lymph flow (ul/hr) and apoB48 abundance (AU/ul) and
presented in Figure 3D as fold-change relative to time zero. AUC of apoB48 abundance
(Figure 3C) and output (Figure 3E) up to 25 minutes post-treatment did not differ by
treatment. As a surrogate measure of particle size, the ratio of lymph TG: apoB48 was
calculated at each time-point, with a larger ratio indicative of larger particle size and vice
versa. Glucose increased TG: apoB48 compared to GLP-2 at 15 minutes post-treatment (p=
0.044) (Figure 3F). There was a tendency for increased TG: apoB48 AUC with glucose
compared to placebo (p=0.059) and compared to GLP-2 (p=0.066) (Figure 3G).

DISCUSSION

Enteral lipid stores are present in rodents and humans for 18 hours (and possibly longer)
after a meal and can be mobilized in response to various stimuli2=> 17, Here we assessed
whether glucose and GLP-2 administered alone or in combination 5 hours after a high-fat
bolus have differing or additive effects on intestinal TG mobilization in a conscious lymph-
cannulated rat model. We did not find evidence of an additive effect, rather we demonstrated
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that intraperitoneal GLP-2 and intraduodenal glucose administered alone or together
stimulated TG output to a similar extent but by different mechanisms and time course of
stimulation. Lymph flow was rapidly and robustly stimulated by GLP-2 and remained
elevated for up to one hour post-treatment. In contrast, glucose induced a transient reduction
in lymph flow followed by stimulation. GLP-2 had no effect on lymph TG concentration or
TG: apoB48 ratio compared to placebo, whereas glucose increased lymph TG concentration
and TG:apoB48 ratio, the latter suggestive of an increase in chylomicron particle size. These
results suggest that GLP-2 stimulated TG output primarily by enhancing lymph flow with its
cargo of secreted chylomicrons.

Intraduodenal glucose administered 5 hours after a high-fat bolus transiently decreased
lymph flow over the first 15 minutes. Previous studies in rats have shown no effect25,
decreasel0 or increase 27 in lymph flow with luminal glucose. This discrepancy could be
due to differing concentrations and/or osmolarity of the solution. Isotonic glucose in the
jejunal lumen did not affect lymph flow but increased motility28. Intraduodenal
administration of low glucose concentrations (5.6-28 mM vs 1100 mM in the current study)
increased lymph flow, reaching a plateau with 28 mM glucose. Stimulation of lymph flow
was reportedly due to enhanced absorption of water, sodium or both 27. The relatively high
concentration and hyper-osmolarity of glucose in the current study likely drove the initial
reduction in lymph flow. In contrast to isotonic saline, which has an osmolarity of 0.3
osm/L, the intraduodenal glucose bolus had an osmolarity of 1.41 osm/L. This may have
transiently attenuated intestinal water absorption and thus decreased lymph flow.
Hyperosmolar intraduodenal lipid infusion containing 20 mM maltose, a disaccharide of
glucose hydrolyzed by intestinal maltase, induced interstitial dehydration within the jejunal
lamina propria and decreased mesenteric lymph flow to a nadir of 0.17 ml/hr in rats 10. In
the current study, glucose decreased lymph flow to a nadir of 1.5 ml/hr at 10 minutes post-
treatment suggesting a transient, less drastic dehydration of the interstitial space. Tso et al.,
1985 demonstrated that interstitial dehydration doubled the time required for CM
appearance in lymph compared to normal hydration. In particular, when lymph flow dropped
below 2.4 ml/hr with infusion of a hyperosmolar solution, time required for CM appearance
was inversely correlated to lymph flow 10, In the current study, lymph flow decreased to 1.5
ml/hr with glucose treatment. Whether the coincidental 2.2-fold increase in TG
concentration was an artifact of decreased lymph flow and/or due to CM mobilization is
unclear. Compared to placebo or GLP-2, time-to-peak of apoB48 abundance was not
affected by glucose in the current study, therefore the plausible modest interstitial
dehydration likely did not hinder CM movement through the lamina propria and lacteals.

Area-under-the-curve of lymph apoB48 abundance and apoB48 output one hour after
treatment did not differ between treatments, suggesting that the total quantity of secreted
chylomicrons was not affected by treatment. Glucose increased the lymph TG:apoB48 ratio,
suggesting an increase in chylomicron size. In humans, we have recently demonstrated that
glucose reduced the total lipid content of enterocytes as visualized by electron microscopy,
coinciding with an increase in plasma TG, primarily in CM TG#. The distribution of
enterocyte CLDs shifted towards predominance of small CLDs suggesting mobilization of
intracellularly stored TG?. Therefore, the greater TG:apoB48 ratio may indicate that
intraduodenal glucose mobilized CLDs leading to expansion of chylomicron particles. The
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cellular mechanisms of glucose-mediated CM mobilization are not known but one
possibility may involve enhanced Golgi processing of pre-chylomicrons in the secretory
pathway*. Intestinal metabolic flexibility and fuel switching in response to altered glucose
and lipid supply has been demonstrated 777 vivo in rodents and swine models28-31. This has
been suggested to be independent of gene expression changes32. Therefore, in the current
study, it is possible that the intraduodenal glucose bolus partially spared enterocyte fatty acid
oxidation and favoured incorporation into CMs, contributing to the formation of larger CMs.
Although not assessed, gene expression was likely not a major regulator of this effect as
larger CMs were apparent by 15 minutes post-treatment.

We can not completely rule out a contribution of post-enterocyte mechanisms of glucose-
mediated chylomicron mobilization. For example, glucose ingestion and subsequent
hyperinsulinemia induced sympathetic activation and vasodilation in humans33 and
enhanced intestinal blood flow in rats34. Luminal glucose induces endogenous secretion of
GLP-1 and GLP2, therefore we cannot rule out a role for endogenous GLP-1 and GLP-2 in
modulating glucose-stimulated lymph TG and apoB48 appearance. However, endogenous
GLP-1 and GLP-2 likely have modest contributions to plasma TG and apoB48 as observed
in humans3®.

In contrast to glucose, intraperitoneal GLP-2 rapidly and robustly increased lymph flow with
negligible effects on TG concentration. Saline was infused intraduodenally at a rate of 3
ml/hr. After one hour, GLP-2 alone or in combination with glucose increased cumulative
lymph volume beyond the volume of saline (3ml) delivered by continuous intraduodenal
infusion, demonstrating contribution of fluid exceeding absorption from the intestinal lumen.
The mechanism of lymph flow stimulation is not known but is consistent with activation of
GLP-2 receptors on subepithelial myofibroblasts in the mucosal lamina propria and in
muscle layers of the gastrointestinal tract 36,37 which may have induced rapid contraction of
lacteals and lymphatic ducts. Lymph flow, rather than concentration/abundance, is the
primary factor driving TG and apoB48 outputs in response to GLP-2. We speculate that
output, which incorporates lymph flow and concentration, is a better indicator of lipid
delivery to plasma and more closely reflects previous studies which sampled the plasma
compartment. Although GLP-2 did not increase lymph TG concentration or apoB48
abundance, output was increased. This is in accordance with previous studies in humans
which demonstrated rapid increases in plasma TRL-TG and TRL-apoB48 following GLP-2
administration 7 hours after a meal ®.Similarly, GLP-2 increased TRL-TG in hamsters 5
hour after a lipid bolus and increased postprandial TRL-TG and TRL-apoB48 in micel8 36.37

We speculate that GLP-2 predominantly mobilized preformed CMs residing in post-
enterocyte pools38. Firstly, the rapid stimulation of lymph flow reaching a peak at 10
minutes did not coincide with a dilution of TG concentration or apoB48 abundance to levels
below that seen with placebo. This indicates that the additional lymph fluid was not lipid- or
CM-poor. Secondly, TG output and apoB48 output increased along with lymph flow within
10 minutes of treatment, suggesting rapid mobilization of apoB48-containing particles. The
subsequent decline in apoB48 abundance and output after 15 minutes despite sustained
elevated lymph flow may be indicative of depletion of the post-enterocyte CM pool. Lastly,
GLP-2 did not elicit any change in the ratio of TG:apoB48 suggesting the size of the
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particles was not altered and thus mobilization of CLDs or increase in fatty acid uptake were
likely not significant contributors to TG appearance. Future studies will employ transmission
electron microscopy to visualize enterocytes, as previously described 4 and lymph fluid for
precise quantification of lipid depots in specific compartments.

We can not fully exclude a contribution of intra-enterocyte lipid pools to the GLP-2
response. In mice, stimulation of intestinal lipoprotein production in response to GLP-2 was
dependent on luminal CD36/fatty acid translocase demonstrating GLP-2 regulation of
dietary fatty acid uptake. Similarly, GLP-2 treatment of ex vivo jejunal fragments increased
glycosylation of enterocyte CD36/fatty acid translocasel8. In hamsters, intraperitoneal
GLP-2 administered 5 hours after an oral fat load induced rapid appearance of preformed
lipid-poor chylomicrons as indicated by a 2-fold increase in TRL-apoB48 mass within 30
minutes with no change in TRL-TG. In addition, the increase in TRL-apoB48 observed in
hamsters occurred with no change in jejunal lipid content or MTP activity suggesting
stimulation of fatty acid uptake and CM assembly may not be required for the early
mobilization of lipid-poor chylomicrons!’. Consistent with this, in our current study in rats,
GLP-2 administered 5 hours after an intraduodenal lipid load resulted in a rapid increase in
lymph apoB48 output with no effect on TG:apoB48 ratio suggestive of minimal effect on
CM particle size. In hamsters, by 90 minutes post-treatment, GLP-2 increased TRL-TG and
MTP activity suggesting eventual increased lipidation of chylomicrons in response to
GLP-217. Interestingly, these affects were blocked by pre-treatment with the nitric oxide
synthase inhibitor L-NAME, implicating a NO-dependent mechanism, involving modulation
of mesenteric blood flow, in GLP-2-mediated CM mobilization. Whether GLP-2 mediates
CM mobilization by similar mechanisms in humans is unknown. Preliminary data suggests
NO-dependent increase in mesenteric blood flow may not be required for GLP-2 mediated
CM mobilization in humans 22,

The pharmacological dose of GLP-2 administered in this study may have altered
endogenous GLP-1 and GLP-2 secretion. A negative feedback loop has been proposed for
GLP-1 regulation of L-cell function to inhibit peptide Y'Y secretion3®. It is plausible that
GLP-2 administration could alter endogenous peptide secretion; however, the
pharmacological GLP-2 dose given here would likely overshadow any minor contribution of
altered peptide secretion.

The lack of additive effect was surprising due to the speculation that glucose and GLP-2 act
on differing sites to mobilize TG stores. We speculate that there may be a “mass action”
effect with both stimulants. Although glucose’s main effect is to mobilize intracellular lipid
stores, the increased secretion of chylomicrons into the lamina propria may push
extracellularly stored chylomicrons into the lacteals. Similarly, if GLP-2 mainly acts
extracellularly, a feedback signal may stimulate further chylomicron secretion from the
enterocyte into the lamina propria when this space has been cleared of lipid stores, although
this has not been directly proven. Therefore, it is possible that total TG output is not additive
as illustrated in this study because both stimulants ultimately mobilize all lipid stores despite
differing primary sites of action.
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In summary, interestingly and somewhat unexpectedly we demonstrate here that enteral lipid
stores retained 5 hours after a high-fat bolus are mobilized by intraduodenal glucose and
intraperitoneal GLP-2 with similar potency but by differing mechanisms. Together with our
findings in humans, glucose increases TG concentration and intestinal TG output perhaps by
mobilizing intracellular lipid pools whereas GLP-2 acts by rapidly increasing lymph flow to
mobilize secreted chylomicrons residing in the lamina propria or lacteals*®. Further studies
are required to elucidate the molecular mechanisms of GLP-2 and glucose-mediated CM
secretion, which may reveal crucial regulatory sites that can be pharmacologically targeted
to reduce atherosclerotic risk.
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Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS
. Triglycerides are retained for several hours after a meal as storage pools in the
intestine which can be mobilized by stimuli
. Glucose and GLP-2 mobilize intestinal lipid stores with differential effects on

lymph flow and lymph TG concentration

. The underlying mechanisms of glucose- and GLP-2-mediated lipid
mobilization may help identify therapeutic targets for treatment of
hypertriglyceridemia
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| Day 1 | Day 2

Intraduodenal saline (3ml/hr)

| 30-min lymph sampling I | 5-min lymph sampling | | 15-min lymph sampling | >
Surgery Baseline Intraduodenal bolus: 300 min (Time =0) 330min 420 min
Recovery: 5% glucose lymph 1.5ml Intralipid 20% Treatments Sacrifice
Fasting: 0.9% saline overnight collection 1) i.d.diluent+i.p. diluent

2) i.d.Glucose +i.p. diluent
3) i.d.diluent+i.p. GLP-2
4) i.d. Glucose +i.p. GLP-2

Figure 1.
Study protocol.mesenteric lymph fluid was collected over 420 minutes following an

intraduodenal lipid bolus
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Figure 2.

A) Fold-change in lymph flow rate B) Positive area-under-the-curve of lymph flow (ml); C)
Cumulative lymph volume (ml); D) Fold-change in triglyceride (TG) concentration; E)
Positive area-under-the-curve of TG concentration (mg/ml) x hr); F) Fold-change in TG
output; G) Positive area-under-the-curve of TG output (mg); H) Cumulative TG mass (mg)
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Figure 3.
A) Representative western blots of apolipoprotein B in lymph; B) apoB48 abundance

normalized to time of treatment; C) Positive area-under-the-curve of apoB48 abundance; D)
Fold-change in apoB48 output; E) Positive area-under-the-curve of apoB48 output; F) Fold-
change in the ratio of lymph triglyceride (TG) to apoB48 relative to time of treatment; G)
Positive area-under-the-curve of lymph triglyceride to apoB48 ratio
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Descriptive characteristics of fold-change time-courses for lymph flow, triglyceride (TG) concentration, and
TG output following administration of the treatments at 300mins

Placebo GLC GLP-2 GLP-2+GLC SEM P-value
Lymph flow
Time to peak (min) 28.831) 32_7ab 14.6b 3514 550 0.023
Maximal fold change 13917 2l44ab 2 682 2_73ab 0.38  0.033
Slope of rise (fold change/hr) 1.45 3.93 6.54 5.01 1.67 0.125
Slope of decline (fold change/hr) -1.24 -221 -143 -1.31 049 0.334
Fold change at 60 minutes 1.1517 1.181] 1.68'317 203% 0.20  0.009
Cumulative lymph volume at 60 minutes (ml) 2.72b 327&17 2.40% 2932 0.39  0.002
Triglyceride concentration
Time to peak (min) 19.4 12.0 9.46 11.45 326 0.169
Maximal fold change 0.98b 2914 1.19ab 1.763b 029 0.019
Slope of rise (fold change/hr) 1.45 5.64 191 4.29 186  0.228
Slope of decline (fold change/hr) _0.9411 2772 _1.32ab _2.22.311 0.44  0.018
Fold change at 60 minutes 0.75 0.60 0.62 0.49 0.08 0.131
Cumulative TG mass at 60 minutes (mg) 129 230 239 228 358 0.058
TG output
Time to peak (min) 19.9 22.9 13.9 18.4 3.87 0435
Maximal fold change 1.18b 3.05% 2_67ab 3172 0.48  0.021
Slope of rise (fold change/hr) 1211) 8.07% 6.55‘9[] 10.4% 259  0.049
Slope of decline (fold change/hr) —0.67b _3g7% _2_l4ab _3302 0.64  0.005
Fold change at 60 minutes 0.778 0.753 0.973 0.979 0.15 0.260

a’bSuperscripts of differing letters within a row indicate significant differences as identified by Tukey separation
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Descriptive characteristics of fold-change time-courses for lymph apolipoprotein (apoB48) abundance,
apoB48 output and ratio of lymph TG: apoB48

Table 2:

Placebo GLC GLP-2 GLP-2+GLC SEM P-value
apoB48 abundance
Time to peak (min) 292 l4ab Zb 1Oab 3.22 0.004
Maximal fold change  1.35 1.19 1.02 131 0.113 0.201
apoB48 output
Time to peak (min) 24 18 17 18 2.87  0.329
Maximal fold change  1.99 236 248 2.95 0.62 0.746
TG: apoB48
Time to peak (min) 12.2 13.9 12.2 10.9 3.375 0.898
Maximal fold change  1.29 273 115 1.73 0.401 0.056

a'bSuperscripts of differing letters within a row indicate significant differences as identified by Tukey separation
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