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Abstract PURPOSE. The purpose of this project was
to 1) assess the disposition kinetics of [3H]-cholesterol
following co-administration with a novel hydrophilic
compound, FM-VP4, and 2) determine the pharmacokinetics, tissue distribution and excretion of [3H]FMVP4 following single oral (150 mg/kg which includes
100 mCi of radiolabel) and intravenous (15 mg/kg
which includes 10 mCi of radiolabel) doses. METHODS. Following an overnight fast (12-16 h) and 48 h
post-surgery, adult male Sprague Dawley rats were
divided into six treatment groups (n=4/group).
Groups received single oral doses of 25 mCi/ml
[3H]cholesterol alone or with 5, 10, 20, 50 and 100 mg/
kg FM-VP4 at 0700 h. Ten percent Intralipid was used
to solubilize and co-administer [3H]-cholesterol and
FM-VP4. LC-MS analysis confirmed minimal cholesterol and vegetable stanol content within 10%
Intralipid. Thin layer chromatography was used to
confirm that the majority of radioactivity measured in
plasma was associated with either esterified or unesterified cholesterol. In a second study pharmacokinetics of
[3H]FM-VP4 were studied following intravenous or
orally gavaged doses (n=8). Tissues, urine and feces
were also collected in FM-VP4 kinetics study to measure tissue distribution of radioactivity. Plasma [3H]cholesterol and [3H]FM-VP4 were tested for radioactivity. RESULTS. FM-VP4 co-administration significantly decreased [3H]-cholesterol AUC0-48h and
Cmax, and increased CL/F and Vd/F of [3H]-cholesterol as compared to controls in a dose-dependent manner. Following oral administration of [3H]FM-VP4,
the majority of radioactivity following was recovered
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in the feces and gastrointestinal (GI) tract. The compound exhibited an oral bioavailability of 6.5%. Following IV administration, a two-compartment
pharmacokinetic model was observed and the majority
of the radioactivity was recovered in the GI tract.
CONCLUSIONS. FM-VP4 reduces plasma concentration of [3H]-cholesterol in fasting rats. [3H]FM-VP4
has a very low oral bioavailability.
INTRODUCTION
Heart disease caused by atherosclerosis is one of the
leading causes of death in North America. Although
smoking and high blood pressure are considered major
risk factors for this fatal disease, it is the elevation in
plasma cholesterol concentrations that has been most
widely accepted as playing an important role in the
development of cardiovascular disease (1). Plant sterols
and stanols also known as phytosterols and phytostanols are naturally occurring compounds that are
found in vegetable oils, seeds, and nuts and in some
fruits and vegetables. Dietary intake of phytosterols
has been estimated to be approximately from 180 mg
per day in a traditional North American diet (2) up to
400 mg per day in a Japanese diet (3). When ingested,
preliminary findings have reported that phytosterols
and phytostanols decrease low-density lipoprotein
(LDL)-cholesterol levels without significant effects on
high-density lipoprotein (HDL)-cholesterol levels in
animal models and humans (4,5). They also prevent
and delay the development of atherosclerotic lesions in
animal models (5,6). Recent Vtudies have shown that.
apoE-deficient mice develop severe hypercholesterolemia and atherosclerotic lesions similar to that
observed in humans (5,6). When these animals are fed a
cholesterol-enriched diet containing a “tall-oil”-derived
phytosterol mixture, significantly lower plasma total
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cholesterol levels and delays in the development of atherosclerosis were observed when compared to mice fed
a cholesterol-enriched diet without phytosterols. Our
laboratory has observed that when rats were co-administered a novel vegetable stanol mixture composed of
sitostanol and campestanol with radiolabeled and cold
cholesterol incorporated into a lipid emulsion
(Intralipid), the area under [3H]cholesterol concentration versus time curve and maximum plasma concentration of [3H]cholesterol were decreased in a dosedependent manner (7). An explanation for these findings may be due to the inhibition or displacement of
cholesterol
from
cholesterol-containing
micelles
formed with bile acids in the gut by this vegetable
stanol mixture resulting in less cholesterol being available for absorption. However, further investigations
are required to elucidate the mode of action of these
mixtures.
While numerous studies describing the effects of lipophilic phytosterols and phytostanols on total plasma
and lipoprotein cholesterol levels have been reported
(4,6-9), very little is known about the plasma pharmacokinetics of dietary cholesterol over a sustained
period of time (24-48 h) following oral co-administration of a water soluble phytostanol, FM-VP4 (Figure
1), to fasting rats.
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Figure 1: Chemical structure of FM-VP4, composed of
sitostanoland
campestanol-ascorbyl-phosphate.
Tritiated and unlabeled FM-VP4 were used in these
studies

Thus one of the objectives of this investigation was to
determine the effect of FM-VP4 on the plasma pharmacokinetics of exogenous cholesterol in fasting rats. Furthermore, since no studies to date have been conducted
to ascertain the bioavailability of FM-VP4, a second set
of studies were completed to determine the plasma
pharmacokinetics, tissue distribution and excretion of
[3H]FM-VP4 following oral and intravenous administration to rats.


MATERIALS AND METHODS
Plasma Pharmacokinetics of Cholesterol following
FM-VP4 Administration:
Development of a FM-VP4-[3H]cholesterol oral gavage formulation- The formulations were composed of
25µCi [3H]-cholesterol (corresponding to 227.3 ng of
cholesterol based on specific activity of 110 mCi/mg;
Amersham, Mississauga, ON, Canada), 1 mg unlabeled
cholesterol (7) and increasing amounts of FM-VP4 (120 mg). The formulations were mixed with 1 ml of
Intralipid (Clintec Nutritional Company; Deerfield,
IL, USA) on the day of the study and gently vortexed.
Intralipid is a sterile non-pyrogenic fat emulsion prepared for administration as a source of calories and
essential fatty acids (10), and was used as a vehicle to
solubilize and co-administer exogenous [3H]-cholesterol and FM-VP4 in a palpable oral formulation. Liquid
chromatography-mass
spectrometry
analysis
revealed minimal total cholesterol and vegetable stanol
content within 10% Intralipid prior to the addition
of exogenous cholesterol (labeled and unlabeled) and
FM-VP4 as previously published (7).
$QLPDO PRGHO Adult male Sprague Dawley rats (340410 g) were used in both the [3H]-cholesterol and
[3H]FM-VP4 pharmacokinetics studies. The rat is an
appropriate animal model to investigate the plasma
pharmacokinetics of cholesterol following oral administration due to similarities in intestinal characteristics
(i.e. anatomical, metabolic and biochemical characteristics) (11-14) and intestinal processing and absorption of
dietary cholesterol (15) between rats and humans.
Analysis of radiolabeled cholesterol- [3H]-Cholesterol concentrations in plasma were determined using
external radioactivity calibration curves (corrected for
quenching and luminescence). To confirm that the
majority of radiolabel measured in plasma was associated with cholesterol (esterified and unesterified) thin
layer chromatography was used as previously published (16).
Experimental design- All rats were cared for in accordance the Canadian Council on Animal Care and the
University of British Columbia guidelines. Adult male
Sprague Dawley rats were obtained from UBC animal
care unit (Vancouver, B.C., Canada). The rats were
maintained under a 12 h light (0700-1900)/dark cycle
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and supplied with a standard laboratory diet (PMI
Feeds, Richmond, VA, USA) and water ad libitum.
The right external jugular vein was cannulated with a
two-part catheter consisting of PE 50 connected to a
short length of 0.02-inch silastic tubing inserted 3.2 cm
past the clavicle (17). The jugular cannula was tunneled
beneath the skin and exteriorized through a small stab
wound in the back of the neck.
Following an overnight fast (12-16 h) and 48 h post-surgery, rats were divided into six treatment groups and
received a single-dose oral gavage (0.4 ml total volume)
at 0700h of either: [3H]-cholesterol (227.3 ng/ml) plus
unlabeled cholesterol (1 mg/ml) alone (control) or coadministered with FM-VP4 at concentrations of 5, 10,
20, 50 and 100 mg/kg. Plasma pharmacokinetics was
initiated by sampling 0.4 ml of blood prior to and 0.25,
0.5 1.0, 2.0, 4.0, 6.0, 8.0, 10, 24, 28, 32 and 48 h postoral gavage. An equal volume of normal saline (0.4 ml)
was administered IV to the animal following each
blood draw to prevent fluid depletion throughout the
duration of the study. Since the majority of cholesterol
within whole blood is recovered in the plasma (18),
plasma was obtained by centrifugation and analyzed
for [3H]-cholesterol by radioactivity. [3H]-cholesterol
behaves in a similar fashion as unlabeled cholesterol as
previously reported (18).
Pharmacokinetic data analysis- The pharmacokinetic
parameters, total body clearance (CL/F; where F is the
bioavailability constant) and volume of distribution
(Vd/F) of [3H]-cholesterol in individual animals were
estimated by non-compartmental analysis using statistical moment theory (19). Concentrations of [3H]-cholesterol in plasma were plotted against time on linear

graph paper and terminal half-life (t1/2β and oral
absorption rate constant (ka) were estimated by
method of residuals (19). Area under the [3H]-cholesterol concentration-time curve (AUC0-48h) was estimated by trapezoidal rule (19).
Statistical Analysis- Differences in the pharmacokinetic parameters of treatment and control groups were
determined using an analysis of variance (PCANOVA;
Human Dynamic Systems) (20). Statistical differences
were determined using the Newman Keuls post-hoc
test (20). Differences were considered significant if
p<0.05. All data are expressed as mean +/- standard
deviation.
Plasma Pharmacokinetics, Tissue Distribution and
Excretion of FM-VP4:
Radiolabeled FM-VP4-[3H]FM-VP4 was obtained
from Chem Syn Laboratories (St. Louis, MO, USA)
and has a specific radioactivity of 1.34 mCi/mg. Upon
receipt, the material was solubilized in 20 mls of sterile
water and stored at 4°C. Stability studies confirmed
[3H]FM-VP4 integrity for 6 months at 4°C (data not
shown).
Experimental animals- Radiolabeled FM-VP4 was
administered either IV through the jugular vein or by
oral gavage to male Sprague-Dawley rats. Samples were
collected as stated in Table 1.
Justification for Route, Duration, Frequency and
Dose Level-The oral gavage route was selected for use
since it is one of the routes intended for human clinical
use. The intravenous route was selected in order to
determine the absolute bioavailability of FM-VP4.

Table 1: Sample Collection Protocol
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Either a single oral or intravenous bolus of radiolabeled FM-VP4 was administered to each rat. The oral
dose selected was based on the previous rodent pharmacology studies performed (7) and the projected
human dose. The intravenous dose selected was based
on allometric scaling and previous experience with bioavailability studies.
Preparation and Analysis of Dose Formulation-To
prepare the radiolabeled dose formulation, appropriate
amounts of radiolabeled and non-radiolabeled FM-VP4
(Table 1) were dissolved in distilled water to yield the
desired concentration (150 mg/kg oral and 15 mg/kg
intravenous) of FM-VP4 with the desired level of
radioactivity. The mean concentration of radiolabeled
FM-VP4 in the dosing formulation was determined by
liquid scintillation counting of aliquots prior to and
following administration. For these studies it was
assumed that the cold FM-VP4 and the [3H]FM-VP4
have the same physiochemical characteristics.
Administration of Dose Formulation-The oral dose
formulation was administered using an oral-gavageelongated needle and syringe of appropriate size at a
dose volume of 2-ml/400g-body weight. The intravenous dose formulation was administered through a
catheter inserted into the jugular vein of the animal at a
dose volume of 0.5-ml/400g-body weight. Doses were
based on the most recent body weights of the animal.
Sample Collection- Urine, feces and blood were collected at the designated times (Table 1) following FMVP4/[3H]FM-VP4 administration. Liver, lung, spleen,
both kidneys, and heart were harvested from the animal 48-h post-administration of FM-VP4/[3H]FMVP4. The animals were humanely sacrificed under
euthanol gas and their tissues were removed. The tissues were homogenized in sterile water and an aliquot
of the homogenate was counted for radioactivity.
Total tissue and feces weights and urine and blood volumes were determined.
Sample Processing and Analysis- [3H]FM-VP4 concentrations in plasma, feces, urine and major tissues
(liver, lung, spleen, kidney, heart) were determined
against external calibration curves for each biological
fluid and tissue (corrected for quenching and luminescence) using radioactivity.



Pharmacokinetic Analysis- Plasma concentration versus time data for [3H]FM-VP4 in individual animals
administered FM-VP4 by oral gavage was analyzed by
model independent analysis using the WINNONLIN
nonlinear estimation program. The linear trapezoidal
rule was used to determine area under the concentration-time curve (AUC) from time 0 to 48 h postdosing
for the oral gavage studies. Total clearance (CL) was
calculated as the ratio of dose/AUC, where AUMC is
the area under the first moment of the concentration
versus time curve from time 0 to 48-h post-dosing.
The pharmacokinetic parameters CL and volume of
distribution at steady state (Vss) in individual animals
administered FM-VP4 by IV were estimated by compartmental analysis using the WINNONLIN nonlinear estimation program (21). It was concluded that the
[3H]FM-VP4 plasma concentration data fit a two-compartment model based on “goodness-of-fit” and residual sum of square estimations using the
WINNONLIN program. In addition, an independent
criterion (the Akaike information ciriterion) for determination of the goodness-of-fit was used. Concentrations of [3H]FM-VP4 in plasma were plotted against
time on log-linear graph paper. Area under the
[3H]FM-VP4 concentration-time curve (AUC0-48h) was
estimated by trapezoidal rule. Data collected from the
intravenous study was used to determine the absolute
bioavailability (F) of [3H]FM-VP4.
Statistical Analysis- All analyses was performed using
the SAS system (SAS Institute Inc.). [3H]cholesterol
pharmacokinetic parameters were statistically compared using analysis of variance (ANOVA). [3H]FMVP4 pharmacokinetic parameters following oral and
IV dosing were statistically compared using an
unpaired t-test. If the assumptions of normality or
equal variances are violated, the analyses were performed on the normal-score ranks of the data. Normalscore ranks are obtained by first ranking the data
(smallest to largest) across treatment groups, separately
for each variable, and then applying the Blom transformation (20). The Tukey multiple comparisons procedure was used to determine significance among all
possible pairs of treatments. Tukey’s procedure controls the experiment-wise error at the p = 0.05 level.
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RESULTS AND DISCUSSION
Plasma Cholesterol Pharmacokinetic Studies:
Co-administration of [3H]-cholesterol with FM-VP4 at
doses of 10 mg/kg and greater significantly decreased
[3H]-cholesterol AUC0-48h and Cmax (Figure 2 and
Table 2) in a dose-dependent manner. Tmax varied from
10-48 h (Table 2).
control
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Figure 2: [3H]-Cholesterol plasma concentration-versus-time
curve on a linear graph following a single oral dose of [3H]cholesterol (227 ng/ml), unlabeled cholesterol (1 mg/ml) and FMVP4 (0, 5, 10, 20, 50 and 100 mg/kg) co-administered in 10%
Intralipid to fasting Sprague Dawley male rats. Data are shown
as mean ± standard deviation. n for each treatment group the
same as Table 2.

Furthermore, co-administration with FM-VP4 at 10,
20, 50 and 100 mg/kg resulted in significant increases
in CL/F and Vd/F compared to controls (Table 2).
Taken together these findings indicate that co-administration of cholesterol with FM-VP4 significantly modifies the plasma pharmacokinetics of [3H]-cholesterol in
fasting rats. Both oral and parenteral administration of
phytosterols in humans and animal models resulted in
reduced concentrations of plasma cholesterol (4,5,2230,32-41). This reduction may be due not only to the
inhibition of intestinal cholesterol absorption but also
to other effects on hepatic and intestinal cholesterol
metabolism (34,41,42). Evidence from human and animal studies indicates that hepatic cholesterol synthesis
is influenced by intestinal cholesterol absorption: inhibition of intestinal cholesterol absorption by phytosterols stimulates de novo hepatic cholesterol
synthesis, while increased cholesterol absorption suppresses it. Dietary phytosterols may cause an increase
in hepatic cholesterol secretion (42). There are no convincing data on the effect of phytosterols on hepatic
bile synthesis. Phytosterol therapy is also associated
with a significant decrease in hepatic and lipoprotein
lipase activities in apoE deficient mice (5) and a significant increase in serum lecithin: cholesterol acyltransferase activity in hypercholesterolemic subjects’ (41).

Table 2: Pharmacokinetic parameters of 3[H]cholesterol after a single oral gavage of 3[H]cholesterol, unlabeled
cholesterol and different concentrations of FM-VP4 co-administered together in 10% Intralipid to Sprague Dawley male
fasting rats.
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In this study increases in the FM-VP4 dose (10-100 mg/
kg) were observed to decrease the rate of [3H]-cholesterol absorption (Figure 2) and the overall [3H]-cholesterol exposure to the body (AUC0-48 h) (Table 2). These
findings suggest that increases in FM-VP4 dose may
decrease the percentage of cholesterol available for
absorption and the cholesterol that is available may be
absorbed more slowly in the presence of FM-VP4. A
possible explanation for the decrease in AUC may be
the inhibition or displacement by FM-VP4 of cholesterol from cholesterol-containing micelles, formed
with bile acids in the intestine, that are required for
cholesterol absorption (8). The decrease in absorption
rate may be due to decreased facilitated cholesterol
uptake by enterocyte cholesterol transporters (45-47)

to compensate for the limited amount of cholesterol
available to be absorbed. These possible explanations
warrant further investigation.
Plasma Pharmacokinetics, Tissue Distribution and
Excretion of FM-VP4 Studies:
[3H]FM-VP4 AUC and mean residence time (MRT)
after a single IV dose of FM-VP4/[3H]FM-VP4 in rats
were significantly greater compared with the AUC and
MRT following a single oral dose (Figure 3 and Table
3).
100
IV [3H]-FM-VP4
Oral [3H]-FM-VP4

[3H] Stanol
Concentration (ng/mL)

In 1993 Aviram and Eias reported that the consumption of olive oil (50 g/day) was associated with an
increase in the sitosterol content of LDL particles and
a marked reduction of in vitro lipid preoxidation and
in vitro uptake by macrophages (42). Thus, LDL that
has been modified by the incorporation of phytosterols or by a shift in its fatty acid composition may have
antiatherogenic properties owing to its resistance to
peroxidation that results in reduced uptake by macrophages. Further work by Bhadra and Subbiah
showed a significant reduction in cellular cholesterol
content with a corresponding increase in sitosterol
concentration in human skin fibroblasts and HepG2
cells incubated with liposomes containing sitosterol
(43). Field and colleagues, in addition, reported that the
incubation of Caco-2 cells with β−sitosterol decreased
uptake of cholesterol from the incubation medium
(44).
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Figure 3: [3H]FM-VP4 plasma concentration-versus-time curve
on a log-linear graph following a single intraenvous (15 mg/kg)
or oral (150 mg/kg) dose of [3H]FM-VP4 and unlabeled FM-VP4
to fasting Sprague Dawley male rats. Data are shown as mean ±
standard deviation; n=4 for each group.

These data were not corrected for dose. However,
[3H]FM-VP4 systemic CL and Vss were significantly
greater in rats administered an oral dose of [3H]FMVP4 compared to rats administered a single IV dose
(Table 3).

Table 3: Pharmacokinetic parameters of [3H]FM-VP4 + unlabeled FM-VP4 following single intravenous (15 mg/kg
containing 10

µCi of [3H]FM-VP4 ) and oral (150 mg/kg containing 100 µCi of [3H]FM-VP4) dose to fasting male

Sprague Dawley rats (350-390 g).
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Table 4: Tissue Distribution of [3H]FM-VP4 following single intravenous (15 mg/kg containing 10
and oral (150 mg/kg containing 100

µCi of [3H]FM-VP4)

µCi of [3H]FM-VP4) dose of radiolabeled and unlabeled FM-VP4 to fasting male

Sprague Dawley rats (350-390g).
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The plasma pharmacokinetics suggests that following
oral administration of [3H]-FM-VP4 the radioactivity
recovered in the plasma does not represent FM-VP4,
but some metabolites. This conclusion is supported by
the differences in terminal half-life (t1/2β) between the
oral and intravenous administration. The longer halflife following oral administration suggests that a
metabolite of FM-VP4 is being followed and is probably being pooled within the lipoprotein fraction of the
plasma. Differences in both the Cl (rate at which a
compound is removed from a unit volume of plasma)
and Vss (extent of distribution within the body) of the
oral compared to the intravenous administration is
probably due to the fact that the oral dose is 10 times
greater than the intravenous dose. When you correct
for dose there appears to be no significant difference
between the Cl and Vss of tritiated FM-VP4 following
oral or intravenous administration.
The greatest recovery of radiolabel between heart,
liver, lung, kidney and spleen was in the kidneys,
regardless of [3H]FM-VP4 administration route (Table
4). Lung recovery, although not statistically significant
was greater in rats administered an IV dose than an oral

dose of [3H]FM-VP4 (Table 4). Radiolabel was recovered in heart and spleen of intravenously dosed rats
only. No radiolabel was detectable in the liver of rats
regardless of administration route. These studies suggest that following oral and intravenous administration
most of the radioactivity is probably elsewhere (i.e. GI
tract, water spacing between tissues and cells etc.) with
minimal distribution into the major organs of the
body. To further support this hypothesis an additional
study to determine the total body recovery of radioactivity was done where the gastrointestinal tract tissues
(stomach, colon, duodenum etc.) and contents were
removed and analyzed for radioactivity.
The vast majority of [3H]FM-VP4 was recovered in the
feces and gastrointestinal (GI) tract following oral
administration (Table 5). In addition, a substantially
larger proportion of [3H]FM-VP4 was recovered in the
GI tract and feces following oral administration compared to IV administration (Table 5). Calculating the
bioavailability of [3H]FM-VP4 using the oral and IV
data results in about 6.5% of the original oral dose
being available to the systemic circulation after first
pass effect.

Table 5: Tissue, Urine, Feces and Gatrointestinal (GI) Tract recovery of [3H]FM-VP4 48 hours following a single
intravenous (15 mg/kg containing 10 µCi of [3H]FM-VP4) and oral (150 mg/kg containing 100 µCi of [3H]FM-VP4) dose
of radiolabeled and unlabeled FM-VP4 to fasting male Sprague Dawley rats (350-390g).

Route of
Administration
Intravenous
(n=3)
Oral (n=3)

% Tissuesa

% Urine

% Feces

% GI Tract

2.0 +/- 0.5

1.9 +/- 0.7

6.8 +/- 4.5

43.7 +/- 12.0

0.2 +/- 0.2*

2.2 +/- 0.5

34.5 +/- 31.0*

% of Dose
Recovered
54.3 +/- 8.5

68.5 +/- 11.6*
D

105.5 +/- 20.6*
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DGPLQLVWHUHG
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The total body recovery studies suggest that following
oral dosing that all of the radioactivity can be
accounted for and that greater than 95% of it is found
in the GI tract and/or GI tract contents and the feces.
This radioactivity recovered in the GI tissues and content may represent unabsorbed drug, biliary excretion
of absorbed drug, drug fecally excreted and/or reingested by way of coprophagia or drug in the GI tract
tissue in the process of being absorbed.
However, following intravenous administration only
54% of the total radioactivity was recovered with the
majority of it being in the GI tract/contents and feces
(81% of radioactivity recovered). This high level of
radioactivity in the GI tract tissues and contents suggests the possibility of coprophagia, which could occur
in rats not fed for an extended period of time or biliary
excretion. Take together, these findings further suggest
that the radioactivity found in the GI tract and/or
feces represent parent VP4.
The lack of recovery of radioactivity following intravenous administration may be due to loss of the tritium label into the interstitial spacing or aqueous fluids
between tissues and cells. Furthermore, following
intravenous administration it remains unknown why
radioactivity appears in the gut but not in the liver.
These findings from this preliminary study will be further evaluated in a follow-up ADME study.
Taken together these findings suggest that the vast
majority of FM-VP4 is either retained in the GI tract
or removed via the feces following oral administration.
Only a small percentage of FM-VP4 is absorbed and/
or available to the systemic circulation. Furthermore,
due to the high concentration of FM-VP4 recovered in
the GI tract following administration suggests that
FM-VP4 may exert its effect on inhibiting cholesterol
absorption within the gut. Additional studies to investigate these hypotheses are on going within our laboratory.
One of the limitations of these studies was ascertaining
if the radiolabelled FM-VP4 is intact upon absorption
into the bloodstream. We have assumed that the radioactivity represented the parent compound only. However, this does not take into account possibility of
metabolites. Currently we are developing a LC-MS



assay to ascertain if the radiolabelled compound does
represent the parent drug and/or metabolites.
In conclusion, co-administration of FM-VP4 modifies
the plasma pharmacokinetics [3H]-cholesterol in fasting rats. In addition, FM-VP4 follows either a noncomparment (oral gavage) or two-compartment (IV)
model, has a bioavailability of around 6.5% and is
mainly found in the GI tract and feces following oral
administration. Further studies to determine at where
and how FM-VP4 prevents cholesterol GI absorption
are warranted.
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