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Summary Fenretinide is a synthetic retinoid with
chemotherapeutic activity against various malignancies.
Upon oral administration to animals, fenretinide was found
to be incompletely absorbed and excreted primarily in fe-
ces. The purpose of this study was to determine the possible
reasons for poor oral absorption of fenretinide using Caco-2
cell monolayers. To achieve this purpose, a solid dispersion
of fenretinide with Povidone K25 was used. The apparent
permeability coefficient (Papp) of fenretinide across Caco-2
monolayers in the presence of bovine serum albumin (BSA)
in the receiver was determined. Apical to basolateral (AP-
BL) and basolateral to apical (BL-AP) flux studies were
performed to determine the role of an efflux mechanism. In
the presence of 4% BSA in the receiver, the Papp was found
to be (8.8 ± 0.5) × 10−8 cm/sec. The AP-BL flux increased
linearly with an increase in fenretinide concentration (125–
640 µM) in the presence of 4% BSA in the receiver. Efflux
and paracellular pathways played an insignificant role in the
permeability of fenretinide. A significant amount of drug,
approximately 13–15% of the initial amount accumulated in
the cell membrane. The amount of fenretinide in the donor
decreased by 16% over a 3 h period. However, only 0.12%
of the initial amount was found in the receiver. Also, the Papp

increased with an increase in plasma protein concentration
in the receiver. On the basis of these results, the poor perme-
ability of fenretinide can be attributed to its accumulation in
the lipophilic cell membrane and poor partitioning into the
receiver medium.
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Introduction

Fenretinide (Mw = 391.6 Da) is a synthetic retinoid [N-(4-
hydroxyphenyl)retinamide or 4-HPR], that has been shown
to inhibit carcinogenesis in animal models for breast, bladder,
lung, ovary and prostate cancers [1, 2]. Fenretinide (Fig. 1)
is less toxic and teratogenic than other retinoids [3], thereby
making it one of the most promising retinoid compounds for
chemoprevention [4]. A phase III clinical trial suggested a
reduced risk of contralateral and ipsilateral breast cancer in
premenopausal women treated with fenretinide [5, 6]. The
exact mechanism by which fenretinide elicits its cytotoxic
action is still unclear. Recent studies have indicated that both
receptor-dependent and –independent pathways might be in-
volved in fenretinide induced chemopreventive and cytotoxic
effects [7].

Fenretinide has been administered orally as an oil for-
mulation in soft gelatin capsules during animal studies and
clinical trials. Fenretinide in its current dosage form exhibits
poor oral bioavailability and is incompletely absorbed after
oral administration [8, 9]. In order to achieve chemother-
apeutic levels, multi-gram quantities (as a very large cap-
sule or as multiple capsules) of fenretinide are administered.
The various factors that might account for poor absorption
of fenretinide from the gut include poor solubility and/or
dissolution, a significant paracellular component in passive
diffusion, drug efflux by P-gp or similar proteins, absorp-
tion via a saturable carrier-mediated transporter, extensive
metabolism, and accumulation in the cell membrane. If the
mechanisms of fenretinide absorption are completely under-
stood, various strategies can be employed to achieve higher
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Fig. 1 Structure of fenretinide

fenretinide plasma concentrations. A majority of drugs are
transported across the intestinal epithelium by passive dif-
fusion and/or carrier-mediated transport. Passive transport
may occur either through the cell after partitioning (tran-
scellular route) or by diffusion through water filled pores in
between the cells (paracellular route). The presence of tight
junctions coupled with a limited surface area (0.01–0.1%
of that of the transcellular route) results in a very low ef-
ficiency of the paracellular route in terms of absorption. In
case of carrier-mediated transport, a limited availability of
the carrier proteins might limit drug absorption. Also, certain
transporters like PEPT1, MCT1, and OATP-B demonstrate
pH dependence for transporting substrates [10].

The objective of this investigation was to carry out trans-
port studies of fenretinide across Caco-2 cell monolayers
with an aim to elucidate the reasons for its poor oral absorp-
tion.

Materials and methods

Materials

Fenretinide was purchased from Sigma Chemicals (St. Louis,
MO). Caco-2 cells were obtained from American Type Cul-
ture Collection (ATCC, Rockville, MD). Bovine serum albu-
min (BSA), retinol binding protein (RBP), all trans-retinol,
and trypsin-EDTA solution were purchased from Sigma (St.
Louis, MO). Antipyrine and HEPES buffer were from Spec-
trum (Gardena, CA). Dulbecco’s modified Eagle medium
(DMEM) and fetal bovine serum (FBS) were purchased
from Gibco (Grand Island, NY). Penicillin-Streptomycin and
L-glutamine were obtained from Cellgro (Herndon, VA).
Transwell r©-col inserts (24 mm diameter, 0.4 µm pore size)
and cluster plates were from Costar (Bedford, MA). HPLC
grade solvents were purchased from Fisher (New Jersey). All
materials were used as obtained without further purification.

Preparation of fenretinide solution

Fenretinide is practically insoluble in water. Therefore, a
solid dispersion of fenretinide in Povidone K 25 (28–34 kDa)
at a ratio of 1:20 with butylated hydroxytoluene (BHT)
(0.005% w/w, in ethanol; as antioxidant) was used. The max-
imum concentration of fenretinide used in the transport study
was 250 µg/mL (640 µM). Precipitation of fenretinide in the
transport buffer was negligible over a 5 h period, if any.

Characterization of physicochemical properties

The n-octanol-water partition coefficient (log P) was deter-
mined by a shake flask method at 25◦C according to a pub-
lished procedure [11]. The pKa value for fenretinide was es-
timated to be 9.96 using the ACD/Solaris Software (Ontario,
Canada). Solubility studies of fenretinide and fenretinide-
Povidone K 25 solid dispersion system were carried out by
the shake flask method in Hanks Balanced Saline Solution
(HBSS) supplemented with 10 mM HEPES, sodium salt (pH
7.4) and ascorbic acid (0.1%). Excess drug was added to the
buffer in a scintillation vial. After sonication for 30 min,
the scintillation vials were placed on a shaker (100 rpm)
in a 37◦C walk-in incubator. Samples withdrawn at differ-
ent time points were filtered through a 0.45 µm filter. The
samples were diluted with isopropanol and stored at − 20◦C
until further analysis. Solubility was determined from the
equilibrium concentration. Fenretinide was practically in-
soluble in HBSS-HEPES, pH 7.4 buffer (below quantifiable
limits i.e., < 10 ng/mL). This necessitated the formulation
of fenretinide as a solid dispersion to enhance its solubil-
ity. Fenretinide, when formulated as a Povidone K 25 solid
dispersion had a solubility of more than 2.5 mg/mL.

Caco-2 cell culture

Caco-2 cells (passage: 55–78) were grown in vent capped
75 cm2 tissue culture flasks at 37◦C in a humidified atmo-
sphere of 5% CO2. DMEM supplemented with 10% FBS,
15 mM HEPES, pH 7.4, 2% L-glutamine, 100 IU/mL peni-
cillin, and 100 µg/mL streptomycin was used as the culture
medium. For transport studies, cells were seeded at a density
of 70,000 cells/cm2 on collagen-coated Transwell r© inserts.
The apical (AP) and basolateral (BL) compartments con-
tained 1.5 and 2.5 mL of the culture medium, respectively.
The cells were allowed to grow and differentiate for 18–22
days before use. The integrity of the cell monolayer was as-
sessed before, during, and after the study by measurement
of transepithelial electrical resistance (TEER) using an ep-
ithelial voltohmmeter (World Precision instruments, West
Haven, CT). Monolayers with TEER > 500 � · cm2 were
utilized for the transport studies. Antipyrine was used as a
marker compound for passive transcellular transport [12].

Drug transport across Caco-2 monolayers

HBSS (pH 7.4) supplemented with 10 mM HEPES and 0.1%
ascorbic acid was used as the transport medium. Transport
experiments were initiated by washing the monolayers three
times with HBSS followed by pre-incubation of the cell
monolayers in HBSS for 30 min. Various concentrations (50–
250 µg/mL or 125–640 µM) of fenretinide solutions were
prepared by dissolving appropriate amounts of fenretinide
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solid dispersion in the transport medium. Apical to basolat-
eral (AP-BL) and basolateral to apical (BL-AP) flux studies
were performed by introducing the drug solution into the AP
and BL side, respectively. Transport medium in the presence
or absence of 4% BSA was added to the receiver chamber.
Samples were removed from the receiver at various time
points (10, 20, 40, 60, 90, 120, 150, and 180 min) over 3 h
and analyzed by HPLC. The receiver was replenished with
an equal volume of transport medium. Samples were also
withdrawn from the donor chamber at the beginning and end
of each experiment. AP-BL transport studies of fenretinide
were also carried out at 0, 2, and 3% BSA or 17 µg/mL
retinol binding protein (RBP) in HBSS-HEPES. For para-
cellular transport studies, transport medium was prepared
without calcium. Permeability of fenretinide under pH gra-
dient conditions (pH 6.0 in AP and pH 7.4 in BL) was also
studied.

All experiments were conducted as triplicates and the
results were expressed as mean ± SD. The statistical sig-
nificance was evaluated using Student’s t test.

Calculation of apparent permeability coefficient

The apparent permeability coefficient, Papp (cm/sec), for all
the transport studies was calculated using the following equa-
tion:

Papp = �Q/�t

60.A.C0

where, �Q/�t is the rate of appearance of the drug in the
receiver chamber (µg/min), A is the cross-sectional area
(cm2) of the semi-permeable membrane of the transwell,
and C0 is the initial donor concentration (µg/mL).

The Papp of fenretinide was normalized with a correction
factor to account for variations from one monolayer to the
other. The permeability of antipyrine, a passive diffusion
marker was determined along with that of fenretinide during
each transport study. The correction factor was obtained by
dividing the Papp of antipyrine (during a particular study)
with the average Papp of antipyrine obtained from control
monolayers. The average Papp of antipyrine was found to
be 4.1 × 10−5 cm/sec by performing transport studies of
antipyrine in a number of transwells (n = 8; TEER > 500 �

· cm2) and confirmed by repeating these studies on separate
days.

Extraction of fenretinide

After the transport experiments, the Caco-2 monolayers were
rinsed with ice-cold PBS, scraped off, and subjected to a
freeze-thaw cycle. After centrifugation, the supernatant was
analyzed for the amount of drug in the cytosolic portion of

the cells. The amount of drug in the lipophilic cell membrane
was estimated by treating the pellet with ethanol overnight.
The insert in each well was incubated with ethanol to extract
the drug adsorbed to the insert.

Saturated plasma protein binding concentrations of
fenretinide

The saturated protein binding concentrations of fenretinide
were determined in different concentrations of BSA (0, 2,
3, and 4%), 17 µg/mL RBP (0.84 µM), and 17 µg/mL
RBP + 4% BSA in HBSS-HEPES, pH 7.4. Excess amount
of drug was added to the protein solutions in teflon-capped
glass bottles. After sonication for 30 min, the bottles were
placed on a shaker (100 rpm) at 37◦C. Samples (1 mL)
were withdrawn at different time points till equilibrium was
achieved. The amount of fenretinide in the samples was de-
termined after protein precipitation (with isopropanol).

HPLC analyses

Samples were analyzed by HPLC consisting of a pump
(Waters 510), autosampler (Waters 717 plus), and a
UV-Vis detector (Shimadzu SPD-10A). A Nova-Pak C18

3.9 × 300 mm (Waters, Milford, MA) column equipped
with a C18 guard column was employed during the analysis.
The samples (1.0 mL) were spiked with 50 µL of internal
standard (20 µg/mL of all trans-retinol) followed by addition
of isopropanol (1.0 mL) to precipitate the protein. The mix-
ture was vortexed and centrifuged. The supernatant was then
analyzed for fenretinide and antipyrine. The mobile phase
used in the analysis of fenretinide comprised of acetoni-
trile/water/acetic acid (75:23:2) at a flow rate of 1 mL/min
and wavelength of 365 nm. The calibration range for fen-
retinide was 0.03–100 µg/mL. The limit of quantification
(LOQ) and limit of detection (LOD) were determined to be
0.03 µg/mL and 0.01 µg/mL, respectively.

Antipyrine was analyzed according to a published method
at 254 nm with a mobile phase composed of acetoni-
trile/78 mM phosphate buffer (25:75, pH 7.2, 1 mL/min)
[13].

Results and discussion

Caco-2 monolayer permeability studies

The maximum concentration of fenretinide (dissolved
as solid dispersion) used in the transport studies was
250 µg/mL, which corresponds to about 0.2% w/v Povi-
done K 25. As the TEER across Caco-2 monolayers in the
presence of up to 0.5% w/v Povidone K 25 was not signif-
icantly different than the TEER in control studies (without
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Fig. 2 TEER across Caco-2 cell monolayers in the presence of 0.5%
w/v Povidone K 25 in the apical (AP) compartment. The TEER values
obtained at different time points are reported as percentage of TEER
from control experiments (absence of Povidone K 25). Data represents
mean ± SD (n = 3)

Povidone K 25), the cell monolayer integrity was not altered
by the presence of Povidone K 25 during transport studies
(Fig. 2). Also, the permeability of a passive diffusion marker,
antipyrine, was not affected after treatment with 0.5% Povi-
done K 25 [(38.0 ± 4.0) × 10−6 cm/sec] in comparison to
the control [(41.0 ± 1.8) × 10−6 cm/sec].

The mass balance was more than 90% in all experiments.
The permeability of fenretinide in the absence of BSA in the
receiver medium could not be determined due to extremely
poor aqueous solubility of fenretinide. Subsequently, trans-
port studies were performed in the presence of 4% BSA in
the receiver as the albumin content in human blood is about
4 g/dL [14].

The Papp of fenretinide across the insert in the absence
of Caco-2 cells was several folds ( > 1000) higher than that
in the presence of the cell monolayer. The barrier properties
of the filter support membrane were therefore considered
to be negligible while calculating Papp. Permeability studies
of different concentrations of fenretinide ranging from 50–
250 µg/mL were carried out in the AP-BL direction across
Caco-2 monolayers. A linear relation (Fig. 3) was observed
between the flux (2.5 × 10−4 µg/min · cm2 at 50 µg/mL to
1.3 × 10−3 µg/min· cm2 at 250 µg/mL) and the concentra-
tion of fenretinide within this concentration range, indicating
a passive diffusion pathway for the transport of fenretinide
across Caco-2 monolayers.

The permeability of fenretinide was independent of the
apical pH (6.0 or 7.4), thereby suggesting the lack of in-
volvement of a proton-dependent transporter (Table 1). Ya-
mashita et al. studied the effect of pH (6.0 or 7.4 in AP;
7.4 in BL) on permeability of a wide range of passively
and actively transported drugs. Cephalexin and cefutibuten,
known substrates of the proton-gradient dependent oligopep-
tide transporter (PepT1) showed significantly higher perme-

Table 1 Permeability of fenretinide across Caco-2 monolayers under
different experimental conditions

Papp

Transport conditions (10−6 cm/sec)

Control (With Ca+2, Mg+2; pH 7.4 in AP and BL) 0.09 ± 0.01
Without Ca+2, Mg+2; pH 7.4 in AP and BL 0.11 ± 0.03
With Ca+2, Mg+2; pH 6.0 in AP and pH 7.4 in BL 0.11 ± 0.02

ability under the pH-gradient condition in comparison to
the permeability with a pH of 7.4 on both the AP and BL
sides [15]. Also, a better prediction of the absorbed fraction
in humans was reported when pH-gradient conditions were
employed.

To further elucidate the type of passive diffusion path-
way involved (paracellular vs. transcellular), transport stud-
ies were performed in the absence of calcium. The ab-
sence of this divalent cation tends to open up tight junc-
tions, thereby enhancing the permeability of paracellularly
transported compounds [16]. Extracellular calcium concen-
trations had no significant effect on the permeability of fenre-
tinide indicating that paracellular transport is not a significant
pathway for a highly lipophilic substance like fenretinide
(Table 1). Also, no significant difference (p > 0.05) was ob-
served between the apparent permeability coefficients for the
AP-BL and BL-AP directions at two different concentrations
(Fig. 4). Based on the lack of difference in the permeability
values of fenretinide in the AP-BL and BL-AP directions,
it is unlikely that an efflux transporter like P-glycoprotein
(P-gp) is involved in limiting the permeability by pumping
out fenretinide from the cells.

Fenretinide (final concentration of 25 µg/mL) was in-
cubated with Caco-2 cell suspension over a period of
three hours (duration of the transport study) to determine
its metabolism by the cells. A previous study revealed

Fig. 3 AP-BL flux of fenretinide across Caco-2 monolayers as a
function of initial drug concentration. Fenretinide solution (50 to
250 µg/mL) was loaded on the AP side followed by sampling from
the BL side. Data represents mean ± SD (n = 3)
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Fig. 4 Papp values for fenretinide across Caco-2 monolayers for the
AP-BL and BL-AP directions. The drug solution at pH 7.4 (45 or
85 µg/mL) was loaded in the AP or BL compartment for the AP-BL and
BL-AP directions, respectively. Values are represented as mean ± SD
(n = 3)

enzymatic hydrolysis of mefenamic acid-guaiacol ester by
Caco-2 homogenate, which resulted in a very short half-life
for the ester prodrug [17]. In our studies, the metabolism of
fenretinide in Caco-2 cells was found to be negligible ( < 1%
for 100 µg/mL after 3 h). Also, stability studies over a 24 h
period in the transport medium indicated that drug degrada-
tion was minimal ( < 2%) during the initial three hour pe-
riod. Therefore, metabolism and degradation may not limit
the permeability of fenretinide across Caco-2 cells.

Permeability of fenretinide in the presence of plasma
proteins

The Papp of fenretinide increased with an increase in the
BSA concentration (Fig. 5). However, the permeability of an-
tipyrine, a passive diffusion marker was similar either with
4% BSA in the receiver [(41.0 ± 1.8) × 10−6 cm/sec] or
without BSA [(42.0 ± 1.7) × 10−6 cm/sec]. Krishna et al.
suggested that inclusion of BSA provides the necessary ab-
sorptive driving force and better mimics the in vivo sink
conditions [18]. For highly lipophilic and poorly water solu-

Fig. 5 Papp of fenretinide in the presence of 2, 3, and 4% (300–
600 µM) BSA and/or 17 µg/mL (0.8 µM) RBP in the receiver (BL)
compartment

ble compounds like fenretinide, the presence of BSA in the
receiver, apart from overcoming a compromise in sink con-
ditions, tends to increase the permeation out of the cell mem-
brane by drug-protein binding [15, 19]. According to Aungst
et al. who carried out permeability studies of HIV protease
inhibitors and other lipophilic drugs, an enhancement in per-
meability was observed only for the most lipophilic (log
P > 3) and highly protein-bound ( > 95%) drugs, such as
chlorpromazine, nelfinavir, and DMP 851 [20]. The data in
this study is in agreement with literature as the permeabil-
ity of fenretinide (log P = 8.03; highly protein bound) was
enhanced in the presence of BSA, whereas the permeability
of antipyrine (log P = 0.39; poor plasma protein binding)
[21, 22] remained unchanged. However, even at a BSA con-
centration of 4%, fenretinide exhibited poor permeability
(8.8 × 10−8 cm/sec), which might be due to poor partition-
ing of the highly lipophilic moiety between the cell mem-
brane and the receiving medium. A similar observation was
reported for cosalane, a highly lipophilic anti-HIV agent (log
P = 6.8), which had a very low Papp (4.49 × 10−8 cm/sec)
in the presence of 1% BSA [23].

The maximum fenretinide concentration in different pro-
tein solutions was determined and the data is shown in
Table 2. Sink conditions are maintained throughout the study
as the fenretinide concentrations achieved in the receiver at
any time point are well below ( < 15%) the maximum achiev-
able concentrations in the corresponding protein solutions.

Although the exact mechanism of fenretinide transport
in plasma is not known, it is quite likely to be bound to
plasma proteins such as albumin, lipoproteins and serum
retinol-binding protein (RBP). The average plasma level
of fenretinide administered at a dose of 200 mg/day over a
5-year treatment period during a breast cancer prevention
study was found to be about 1 µM ( ∼ 0.39 µg/mL) [24].
Owing to the extremely poor aqueous solubility of fenre-
tinide ( < 10 ng/mL), the plasma concentrations achieved
might be due to plasma protein binding. RBP, a 21 kDa
glycoprotein forms a complex with all-trans retinol (ATRol)
in the liver and is involved in the transport of ATRol in the

Table 2 Maximum achievable concentration of fenretinide in different
protein solutions

Maximum fenretinide
Solvent (% Protein in HBSS pH 7.4) concentration (µg/mL)

0% BSA bql∗

2% BSA (305 µM) 0.46 ± 0.02
3% BSA (457 µM) 0.61 ± 0.04
4% BSA (610 µM) 0.77 ± 0.10
16.7 µg/mL (0.84 µM) RBP 0.13 ± 0.02
16.7 µg/mL (0.84 µM) RBP + 4% BSA

(610 µM)
0.94 ± 0.04

∗Below quantifiable limit ( < 10 ng/mL)
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blood [25]. Fenretinide interacts with RBP to form a tight
complex, but the affinity is lower than that of retinol [26].

Transport studies of fenretinide were also carried out with
RBP in the receiver due to the fact that it binds to retinoids
with a greater affinity in comparison to albumin. The RBP
concentration used in the receiver was 17 µg/mL (0.8 µM),
similar to that in human plasma [27]. The Papp of fenre-
tinide in the presence of RBP and 4% BSA was found to be
higher than that in the presence of 4% BSA alone (Fig. 5).
Previously, a 14-fold increase in permeability of chlorpro-
mazine (CPZ) was observed when 0.1% BSA was replaced
with 0.1% α1-acid glycoprotein, which is known to bind to
CPZ with a much greater affinity than BSA [28]. The role of
an appropriate receiver solution during transport studies of
molecules like CPZ, which have poor permeabilities due to
accumulation in the cell membrane was emphasized. Simi-
larly, the permeability of highly lipophilic compounds like
fenretinide should depend on the receiver composition and
the experimental results show this dependency (Table 2 and
Fig. 5).

Accumulation of fenretinide in the cell monolayer

Lipophilic drugs are generally believed to permeate ex-
tremely well because of greater partitioning into the phos-
pholipid bilayer of the cell membrane. However, for highly
lipophilic drugs with a log P greater than 3.5, a decrease
in permeability is observed probably due to a low solubil-
ity coupled with accumulation in the cell lipid bilayer [29,
30]. In this study, a large amount ( ∼ 13–15% of the initial
amount) of fenretinide was found to accumulate in the cell
membrane after the transport study. Lack of detectable quan-
tities of fenretinide transport in in vitro permeation across rat
everted gut sacs studies and appearance of dark yellow color
(fenretinide is yellow) due to extensive accumulation of fen-
retinide confirmed its accumulation (data not shown). In a
similar study, metabolism, paracellular transport and efflux
did not contribute to the poor permeation of cosalane; in-
stead, cosalane permeability across Caco-2 cells was limited
by accumulation in the cell membrane and poor partitioning
into the receiver [23]. Sawada et al. also state that poor per-
meability of highly lipophilic compounds is due to limited
desorption from the receiver-side membrane into the buffer,
which is further restricted by in vitro assays with a lim-
ited volume of receiver [31]. In accordance with lipophilic
compounds like chlorpromazine [28], pyrimidine-based an-
tioxidants [31], and cosalane [23], accumulation in the cell
membrane might be playing a role in the poor permeabil-
ity of fenretinide. As further proof for accumulation-limited
transport of fenretinide, disappearance (from donor, AP) and
appearance (in receiver, BL) studies of fenretinide across
the monolayer demonstrate a distinct difference between the
uptake and appearance profiles of fenretinide (Fig. 6). The

Fig. 6 Uptake from the AP or donor compartment (�) and appearance
in the BL or receiver compartment (�) as a function of time are shown
(A). At is the amount of fenretinide present in the AP or BL compartment
at any time t. A0 is the initial amount in the donor (60 µg). A magnified
plot of appearance in the receiver is also shown (B). ABL is the amount
of fenretinide in the BL side. Receiver (BL) contained 4% BSA in
HBSS, pH 7.4

amount of fenretinide in the donor decreased by 16% of the
initial amount (60 µg) over a 3 h period. However, only
0.12% of the initial amount in the donor made it to the re-
ceiver. Poor partitioning between the cell membrane and the
receiver compartment might also limit the permeability of
fenretinide. The permeability seems to increase with an in-
creasing amount of protein due to increased drug binding.

Conclusions

Fenretinide permeates through the Caco-2 monolayer by
transcellular passive diffusion. Based on the in vitro results,
the in vivo oral absorption of fenretinide might be limited due
to accumulation in the cell membrane and poor partitioning
into the receiving plasma. However, solubility and dissolu-
tion of fenretinide in the gut lumen might also pose a problem
as the in vivo studies employed an oil formulation and not
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a solid dispersion. Further absorption studies of fenretinide
as solid dispersion filled in capsules in animal models may
prove to be useful in elucidating the role of dissolution as a
limiting factor.
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