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Abstract

While the inclusion of highly lipophilic compounds in self-emulsifying drug delivery systems (SEDDS) is often reported to
result in strongly enhanced oral absorption, it is still controversial whether further lipolysis of the dispersed lipidic material is
required for final transfer to the enterocyte membranes.

In order to assess the relative roles of lipid vehicle dispersion and vehicle digestibility in the oral absorption of penclome-
dine (Pcm), a series of formulations of Pcm in medium chain triglyceride (MCT)/tocophersolan (TPGS) was developed having
three sizes (160 nm, 720 nm, and mm-sized (‘crude’ oil)); with or without the inclusion of tetrahydrolipstatin (THL), a known
lipase-inhibitor.

Oral absorption of Pcm was studied after administration of small volumes of these formulations in the conscious rat. Kinetic
evaluation was performed using population analysis. Formulations with particle size 160 nm had the highest relative bioavail-
ability (set atF = 1), whereas administration in particle size 720 nm had slightly lower bioavailakflitg 0.79). Co-inclusion
of THL yielded similar bioavailability for these two SEDDS. ‘Crude’ oil formulations Had= 0.62 (without THL) and 0.25
(with THL).

The data in the current investigation emphasize the prominent role of increased vehicle dispersion relative to digestibility in
the absorption of Pcm from MCT-TPGS in submicron emulsions. Only with Pcm administered as undispersed MCT, absorption
was more dependent on the action of lipase as bioavailability was inhibited two-fold by the co-incorporation of THL.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction ubility (<1pg/ml), good solubility in triglycerides
(180-280 mg/ml) and a high octanol/water partition-

Penclomedine (NSC-338720, Pcm) is a highly ing coefficient (5.4) lMyers and Stella, 1992 Not
lipophilic cytotoxic agent which is under active surprisingly, its absorption from the crystalline state is
clinical investigation Q’'Reilly et al., 2001; Liu poor. An important step forward in improving the oral
et al., 2002. Penclomedine has poor agueous sol- bioavailability of Pcm can be made by the transition
out of the crystal lattice into a molecularly dissolved

_— _ state. Due to the lipophilic nature of the molecule and
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of lipid excipients is still hampered by the overabun-
dance of possible choices, and on a more fundamental
level, by an incomplete understanding of the in vivo
fate of these formulations within the gastrointestinal
(GI) tract. Substantial variabilities in bioavailability
have been documented in kinetic studies when triglyc-
erides of various chain length are selected as lipid
phase. Undigestible vehicles as mineral oil have been
reported to be associated with lower, but neverthe-
less substantial absorption indicating that absorptive
pathways other than via endogenous lipid digestion
can be existent. Other examples are also available
where effects of vehicle digestibility on drug ab-
sorption were drug-specificB{oedow and Hayton,
1976.

A number of literature reviews have attempted to
identify and categorize the different factors that can
affect the processing of the lipid vehicle and incorpo-
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Fig. 1. Intestinal absorptive pathways of Pcm (represented by filled
stars) from administered triglyceride emulsion. Route A represents
the endogenous lipid digestion pathway in which the action of

lipase results in the formation of a ‘product phase’; route B

rated compound in the Gl tract in its absorptive route,
comprises all subroutes involving interfacial partitioning.

thereby affecting bioavailabilityGharman et al., 1992,
1997; Humberstone and Charman, 1997; MacGregor
et al., 1997; Charman, 2000; Gershanik and Benita, Route A inFig. 1 represents the endogenous lipid
2000; Porter and Charman, 2001 digestion pathway in which the action of lipase results
The most prominent classes of variables identified in the formation of a ‘product phaseHgérnell et al.,
in most of these reviews are: (1) physicochemical and 1990; Staggers et al., 1990The formation of this
biopharmaceutical properties of the compound; (2) product phase is aided by the influx of bile, and lig-
properties of the lipid vehicle (including the chosen uid crystalline intermediates build up on the surface
tensioactive compounds and cosolvents); (3) emulsifi- of degrading lipid droplets. These liquid crystalline
cation (also termed lipid vehicle dispersion); and (4) structures are believed to be ultimately converted
digestibility (also referred to as lipolysability). into micelles. Microscopic studies have also pro-
In the current investigation, the first two variables vided evidence to support the existence of a so-called
are fixed by selecting one drug (Pcm) and one lipid ‘*hydrophobic continuum’, linking the dispersed and
vehicle, consisting of medium chain triglycerides and degrading oil droplets to the interior of the product
tocophersolan (TPGS). This allows to study the con- phasesRatton et al., 1985; MacGregor et al., 1997
tributions of emulsification and digestibility on the The study of the role of digestibility of lipid vehi-
extent and rate of absorption of Pcm. Emulsification cles in vivo has been hampered by the lack of satis-
leads to an improved effective surface that can medi- factory experimental methods. Both pancreatectomy
ate transfer of Pcm to the absorptive epithelium and and bile duct cannulation have been reported to re-
is represented by route B Fig. 1 This route, which sult in incomplete inhibition of lipolytic activity, al-
can be termed interfacial partitioning, comprises at lowing partial lipid digestion Reymond et al., 1988
least three subroutes, as Pcm present on the dropletn the current studies, THL (tetrahydrolipstatin, orli-
interface can partition to the intestinal absorptive stat) is utilized as a tool to inhibit lipolysis of the
membranes either directly after direct interaction with (un)emulsified triglyceride phase. THL is a potent in-
the enterocyte bilayer, via the aqueous phase, or viahibitor of lipases Borgstrom, 1988; Hadvary et al.,
transient solubilization in a micellar phase formed by 1988 and is known to effectively protect triglyceride
either duodenal components or surfactants from the droplets when predissolved in sufficient quantities in
administered formulationMyers and Stella, 1992; these dropletsHernandez and Borgstrom, 198Dif-
Charman et al., 1997 ferent from classical approaches that interfere with
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the incoming flux or activity of lipases, the protect-
ing effect comes from within the droplets. The uti-
lization of THL allows using the same triglyceride oil
phase to compare the lipid vehicle effect of a vehi-
cle with intact or without an inhibited lipid digestion
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50/50 and 95/5 (w/w) ratios, respectively. Upon cool-
ing, these mixtures solidified but could be rapidly be
molten using a microwave or normal oven at°@

Pcm and, in the indicated preparations, THL were
dissolved in the molten mass at 10% (w/w) and 1%

pathway. Furthermore, the current studies have been(w/w), respectively. Immediately before administra-

performed with conscious rats in order to avoid the

tion, the lipid phases were emulsified using bidistilled

possible depressant effects of general anesthesia orwater at a 10% (w/w) lipid/water ratio. The compo-

gastrointestinal physiological functionki€aly et al.,
1981; Grundy, 1990; Myers and Stella, 1992 series
of formulations of Pcm was developed with increasing
degree of emulsification (quantified as particle size)
samples of each formulation were administered to con-
scious rats in the presence or absence of THL.
Finally, pharmacokinetic (pk) modeling of the blood
concentration versus time profiles allowed to draw
conclusions on the relative relevance of size and di-
gestibility of the utilized lipid emulsions for oral ab-
sorption of Pcm.

2. Experimental
2.1. Materials

Pcm  (3,5-dichloro-2,4-dimethoxy-6-trichlorom-
ethylpyridine, NSC-338720) was supplied by the Na-
tional Cancer Institute, Bethesda, MD, USA. TPGS
(tocophersolan, p-a-tocopheryl  polyethyleneglycol
1000 succinate) was obtained from Eastman Chem-
ical Company, Kingsport, TN, USA. Miglyol 812
(MCT, medium chain triglycerides) was purchased
from Roig Farma, Terrassa, Spain. THL was purified
(>98%) from the commercially available capsules
and subsequent analysis was performed by differen-
tial scanning calorimetry and HPLG\eboldt et al.,
1998. Ammonium acetate was from Carlo Erba, Mi-
lan, Italy. t-Butylmethylether and acetonitrile were
purchased from Merck, Darmstadt, Germany. DDT
((1,1-Bis-4-chlorophenyl)2,2,2-trichloroethane) was
obtained from Aldrich Chemical Company, Milwau-
kee, WI, USA.

2.2. Dosage forms

The dosage forms used in this study consisted of

sitions containing the high amount of surfactant re-
quired only a short vortex step in order to prepare the
emulsions, whereas the dosage forms containing the
low amount of TPGS sonicated for 2min in 30s in-
crements while cooling (Microson sonifier, Misonix,
Farmingdale, NY, USA). The final Pcm concentra-
tion in this series of preparations was 10 mg/g. Pcm
is reported to be very stable in emulsiof&dnkerd
et al., 1988, nevertheless care was taken to proceed
as rapidly as possible with administration to animals.
Particle size analysis of all emulsions was per-
formed using a submicron particle sizing apparatus
(Malvern Zetasizer, Malvern, PA, USA).

2.3. Animal experiments

Male Wistar rats weighing from 250 to 270 g sup-
plied by CIFA (University of Navarra) were used in
this study.

All rats were fasted overnight with free access to
water. At the day of the experiment, 5Q00f the indi-
cated dosage form was administered as a bolus by oral
gavage. At the indicated times, blood samples were
obtained under a short ether anesthesia by orbital sinus
blood sampling using haematocrit capillaries. Blood
was collected in heparinized tubes and immediately
frozen and stored at20°C until further analysis. In
order to compare this experimental protocol, a paral-
lel kinetic study of formulation | was performed by
a set of six cannulated rats. Both experimental proto-
cols had the advantage that general anesthesia could
be avoided, however, the length of the cannulation ex-
periment (9 h) was associated with substantial techni-
cal problems as well as increased suffering by the an-
imals. Animals were cannulated in their jugular artery
1 day before the experiment. Upon administration of
formulation I, animals were immobilized in cages, and

a 10% (w/w) oil phase dispersed in water. Two lots blood samples were collected in heparinized tubes at
of lipid/surfactant phase consisting of medium chain the indicated times. Kinetic analysis indicated that the
triglycerides (MCT) and TPGS were prepared with absorption of Pcm from formulation | was identical



112 P.C. de Smidt et al./International Journal of Pharmaceutics 270 (2004) 109-118

(data not shown) for both experimental protocols, and (F), however, drug disposition will remain unaffected
the orbital sinus blood sampling protocol was pre- and all the data were fitted simultaneously using the
ferred for the remainder of the studies. The protocols population approach. Therefore, there is enough infor-
of the studies were approved by the Committee of the mation to discriminate between drug disposition (data
animal Experimentation of the University of Navarra. from 36 animals) and drug absorption (different from
each formulation).
2.4. Sample preparation and analysis Population analysis uses all available data but pre-
serves individuality, thus the mean and individual pro-
Sample preparation was a modification of the pro- files can be described. Briefly, the observed drug con-
cedure reported previousiiviyers and Stella, 1992 centration in theth animal measured at timth (C;;)
In short, blood samples were thawed, and L0@as were modeled asSheiner and Grasela, 1991g,b
pipetted into a 15ml glass tube. An aliquot of in- Cij = f(PK;, D;, t;) + sjj Q)
ternal standard (DDT, in acetonitrile) was added to whereD; is the dose given to thith animal, PK is

each sample, followed by 1.0ml of saline and Sml of ¢ et of individual pk parameters (i.e. total plasma
t-butylmethylether. The tubes were then vortexed for clearance), and represents the structure of the pk

45s, and the organic layer was removed after a 5min mqe| (j.e. mono-compartmentad); is the difference
centrifugation at BSQ g. The organic layer was trans-  atween the observed valug;() and the mode! pre-
ferred to a new conical glass tube, and evaporated un-gicted value: the set ofs represents a random vari-

der vacuum. The residue was taken up in @08ce-  gpje the residual (intraindividual) variability, and are

tonitrile and analyzed by HPLC. assumed to be independent and symmetrically dis-
A 25 pl aliquot was injected into a Hewlett Packard  jhted around the 0 value with variance equabto

series 1100 HPLC apparatus operating at & wave- |, (1) an additive residual model is represented; how-

length of 243nm. Separation of Pcm from the ma- g e gifferent residual models such as the proportional,
trix and DDT was accomplished by using a Lichro- .y nbined error models were also tested.

spher 60 RP select B (gm, Merck) column with a Individual pk parameters (the components of; PK
mobile phase c_onS|st|ng of 80% acetonitrile and ZQ% were described as follows:

0.05M ammonium acetate at a flow rate of 1 ml/min. 0 — 0 L @
The peak area ratio of Pcm to DDT was determined “%# — “1.pop X
and compared to the standard curve in order to deter-where 61 ; represents the value of the parameier
mine whole blood concentration of the compound of in theith animal;f1 pop is the typical value (equal to
interest. The quantification limit for Pcm, given by a all rats) of the parametet;, andn1;, represents the
CV of 7.8%, was determined to be 10 mg/l. Calibra- deviation off1; from 61 pop. The set ofy; are as-
tion curves were prepared with spiked plasma over the sumed to be symmetrically distributed around 0 and
range of 10-200 mg/l. The correlation coefficiends ( forms a random variable with varianeé reflecting

for the calibration curves were >0.997. In the range of the unexplained interindividual variability associated
the concentrations tested, the mean value of recoveryto the 61 parameter. The varianca%____’” (n, being
was 95%. with a CV lower than 5%. Within-day CVs the number of pk parameters in the model) represent

were <5.1% and between-day CVs were alV.9%. the diagonal elements of th@ matrix. The goal of
the population analysis is to provide robust estimates
2.5. Data analysis of 01, .n, 2 ando?. Results from the population anal-

ysis were expressed as parameter estimate and CV%

Individual analysis of the plasma versus time con- (the standard error for each parameter divided by the
centration profiles revealed the presence of a flip-flop parameter estimate multiplied by 100). All the anal-
(Rowland and Tozer, 199phenomena preventing the yses were performed with the NONMEM version V
appropriate pk parameter estimation in several ani- computer programBeal and Sheiner, 1992The es-
mals. To overcome this difficulty it was (reasonably) timation method used during the model development
assumed that differences in drug formulation might process was the first-order conditional estim&ea]
modify the rate of absorption and/or bioavailability and Sheiner, 1999
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Drug disposition were characterized by apparent

plasma clearance (CL), and apparent volume of dis-

tribution (V) in the case of a mono-compartmental
model, and by apparent CL, apparew (volume
of distribution of the central compartment), appar-
ent Vss (volume of distribution at steady-state) and
apparent intercompartmental clearance {Cfor a
two-compartmental model. Different drug absorption

models were explored: First- and zero-order absorp-

tion models, absorption from multiple sites, etc. In

addition, the presence of lag time was also tested. For

each formulation, relative bioavailability was esti-
mated by setting (arbitrarily) the value Bfin group |
to 1. Formulation effects were tested in the absorption
rate constant, lag time arkd

To select between models the difference in the min-
imum value of the objective function (OBJF) provided
by NONMEM was used. The difference in OBJF be-
tween two nested models was compared witly%a
distribution in which a difference of approximately 4,
6, and 11 points was significant at the 5, 1, and 0.1%
levels, respectively.

In addition to the OBJF test, the precision of the
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ing particle size, but qualitatively the same excipients,
was developed.

Depending on their relative compositions, medium
chain triglycerides can form self-dispersing compo-
sitions with PEG-tocopherol (tocophersolan, TPGS)
with different particle sizes as measured by photon
correlation spectroscopy. Compositions of 10% Pcmin
MCT/TPGS (50/50%, w/w) form very fine emulsions
of £160 nm upon dilution with water, and co-inclusion
of 1% THL slightly increased patrticle sizégble J).

Lowering the relative amounts of TPGS allowed to
obtain two compositions resulting in Pcm emulsions
with an intermediate particle size af710—730 nm.
Contrary to the first set of formulations (I and Il) where
vortexing was sufficient for emulsification, composi-
tion with low TPGS (lll and IV) needed a sonification
step. The composition of the latter formulations were
taken as a basis for the administration of the crude
oil preparations, where the same amounts of oil and
surfactant phase were administered, but without the
sonification procedure.

Table 1presents the compositions and mean parti-
cle sizes of the administered dosage forms. Mean par-

estimates and the analyses of goodness of fit plotsticle sizes of the preparations were stable over at least

served as a guide in the model building process.

3. Results
3.1. Formulation devel opment

In order to investigate the relative roles of lipid ve-
hicle dispersion and vehicle digestibility on the oral

absorption of Pcm, a series of formulations with vary-

Table 1
Composition and particle size of administered dosage forms

3 h (data not shown). Moreover, the preparations were
emulsified immediately before administration.

3.2. Absorption experiments and pk analysis

Fig. 2 shows the mean observed and mean model
predicted blood Pcm concentration versus time pro-
files. Model predictions are those obtained from the
selected model (Model Zable 2 and describes prop-
erly the data set shown iRig. 2 and the individual

Dosage Composition

Mean particle size

Contains Anticipated mechanism

forms administered preparation (nm) THL? for intestinal absorption

| 10% penclomedine/45% MCT/45% TPGS 160 - Interfacial partitioning
+ lipid digestion

1l 10% penclomedine/44.5% MCT/44.5% TPGS/1% THL 180 + Interfacial
partitioning

1 10% penclomedine/85.5% MCT/4.5% TPGS 710 - Interfacial partitioning
+ lipid digestion

\% 10% penclomedine/84.5% MCT/4.5% TPGS/1% THL 730 + Interfacial partitioning

\% 10% penclomedine/85.5% MCT (4.5% TPGS) Unemulsified - Interfacial partitioning
+ lipid digestion

VI 10% penclomedine/84.5% MCT (4.5% TPGS/1% THL) Unemulsified + Interfacial partitioning
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Table 2

Summary of key models fitted to the plasma concentration vs. time data

Model Model characteristics OBJF
1 Mono-compartmental; first-order absorption 651

Interindividual variability inV, CL
SameF, andKj, for groups I-VI

2 Bi-compartmental; first-order absorption 621
Interindividual variability inV¢, CL and Cly P <0.001
SameF, andK, for groups I-VI

3 Bi-compartmental; first-order absorption 614
Interindividual variability inV¢, CL and Clgy Five extra parameters with respect model 2
SameF for groups I-VI P> 0.05
Different estimate oK, for each group

4 Bi-compartmental; first-order absorption 508
Interindividual variability inV¢, CL and Cly P <0.001
SameK, for groups I-VI Selected model
Fgroups1 115 Fgroupsiiiv; Fgroupvi Fgroupvi

5 Bi-compartmental; first-order absorption 508
Interindividual variability inV¢, CL and Clg P> 0.05

SameK, for groups I-VI
Different estimate of for each group

V, apparent volume of distribution/;, apparent volume of distribution of the central compartment; CL, total apparent plasma clearance;
CLg, apparent intercompartmental clearanEgyelative bioavailability;K,, first-order rate constant of absorption; OBJF, minimum value
of objective function; Groups |-VI correspond to I-VI dosage formulations describddbte 1

observations (data not shownlable 2lists the key

models evaluated during the pk analysis. Drug dis-

position was best described with a two compartmen-

tal model (P < 0.001), and a first-order absorption Table 3 _
model was complex enough to describe the absorption Pk Parameter estimates

process. The presence of a lag time did not improve Parameter Estimate Interindividual variability
significantly the description of the dat® (> 0.05). CL (/) 0.086 (24) 37 (54)

Formulation effects were tested in the rate of absorp- v, () 0.38 (25) 48 (53)

tion (P > 0.05) and inF (P < 0.001). RelativeF Ka (h~1) 4.65 (11) NE

was found to differ significantly® < 0.001) between  Fun 1 (fixed)

groups I-Il, groups IlI-1V, groups V and VI (model 4; Ei'/' o g'gg gg NE

Table J; however, differences iff between groups I ¢, 0.25 (15)

and Il and between groups Il and IV were found to be cLq (I/h) 0.08 (37) 90 (67)

statistically irrelevant £ > 0.05; model 5;Table 9. Vss (1) 1.2 (38) NE

Estimates (CV) obtained foF in model 5 were 1 Estimates of interindividual variability and parameter precision in
(fixed), 0.94 (26), 0.71 (22), 0.78 (20), 0.60 (27), 0.24 parenthesis are expressed as coefficient of variatign:appar-
(18) for groups (formulations) I-VI, respectively. In-  ent volume of distribution of the central compartment; CL, to-
terindividual variability was included i, CL andKy tal apparent plasma clearance; {>lapparent intercompartmental

. . clearancejF, relative bioavailability;K,, first-order rate constant
(fIrSt'Orc_jer rate constant of abSOI’ptIOI’B @ 0'001), of absorption;Vss, apparent volume of distribution at steady-state;
but not inVss, CLg andF (P > 0.05). Residual vari- |_y; refers to the I-VI dosage forms described Table % NE,
ability had an estimate of 23%. Parameter estimates interindividual source of variability not significant and therefore

obtained from model 4 are shown Table 3 not estimated.
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4, Discussion
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General anesthesia is known to be associated with
modified gastrointestinal motilityHealy et al., 1981;

The intent of the current studies was to assess the Grundy, 1990; Myers and Stella, 1992s this study

relative roles of emulsification and digestibility in the
oral absorption of a highly lipophilic compound, Pcm,
from lipidic formulations. The first extensive and ex-
cellent study of lipid vehicle effects on the oral ab-
sorption of Pcm has been communicated Myers
and Stella (1992)These authors compared oral ab-
sorption of Pcm from a series of emulsions using trib-
utyrin, trioctanoin, triolein, soybean oil and mineral
oil as oil phases. Bioavailability was measured after
duodenal infusion of emulsions of a relatively small
volume (0.5 Q) in anaesthetized rats.

In the present studies, two components were se-
lected for the design of a set of formulations that were
addressing this theme: MCT as the primary oil phase
and TPGS as emulsifier. Only their relative compo-
sitions were varied in order to obtain emulsions with
defined particle sizes. TPGS has the additional prop-
erty that it is a potent inhibitor of Pg¥( et al., 1999
which is a further factor that might affect intestinal
absorption studies and possibly blur the interpretation
of experimental results. It has long been known that
the choice of the triglyceride can influence the ab-
sorptive process in the intestine, for instance by pro-
moting the formation of chylomicrons, followed by
further routing in the lymph, as well as solubility ef-
fects of the digested food digest products. Upon the
action of lipase, tributyrin will release highly soluble
short chain fatty acids with a poor capacity to sol-
ubilize dissolved lipophilic compounds and Pcm is
anticipated to precipitate in situ in the Gl-tract, im-
pairing absorptionNlyers and Stella, 1992 Arachis
oil has been shown to promote the lymphatic uptake
of DDT as long chain unsaturated and saturated fatty
acids form colloidal intermediate phases with incom-
ing bile (Palin et al., 198R MCT is reported to pro-
mote absorption through the portal rouRa(in et al.,
1982; Nankervis et al., 1996Whereas Palin et al.
suggested that the fatty acids released upon lipoly-
sis of MCT are sufficiently water-soluble for intesti-
nal absorption without the necessity for solubilization
by biliary material Palin et al., 198 other authors
indicated that hydrolysis products of the related tri-
octanoin are incorporated into biliary micellar phases
(Rautureau and Rambaud, 1981; Myers and Stella,
1992.

intended to investigate the role of endogenous lipid
digestion, possible interference with this process was
avoided and instead, a conscious rat model was cho-
sen (although a short anesthesia for the ocular punc-
tion had to be applied). Furthermore, a limited amount
of lipidic material was administrated. It has been re-
ported that non-physiological volumes of lipidic vehi-
cles are associated with altered intestinal metabolism
(Humberstone and Charman, 199The oral and in-
travenous kinetics of Pcm have been described in the
previous study of Myers and Stella, and indicated that
about 8% of the incomplete bioavailability in their rat
model might be accounted for by a possible first pass
effect Myers and Stella, 1992As the current studies
have focussed on relative rather than absolute bioavail-
abilities, intravenous as well as lymphatic absorption
studies were omitted.

A series of three formulations consisting of Pcm,
MCT and TPGS and varying in particle size (160-180;
710-730 nm and crude oil) were developed. In order
to assess the influence of digestibility, each set was
divided into a formulation with or without THL. THL
is a known inhibitor of intestinal lipases and is re-
ported to effectively protect triglyceride droplets when
predissolved in oil in the concentrations used in this
study Fernandez and Borgstrom, 1988 was antic-
ipated that when digestion of lipid is essential for up-
take of Pcm, co-inclusion of THL would result in low
or nonexistent bioavailability.

The experimental data clearly indicate that the
emulsified formulations containing THL all had sim-
ilar F values as their analogous compositions without
THL, providing no support for a critical role of lipid
digestion for the absorptive pathway of Pcm in this
study. Instead, the finest emulsions of below 200 nm
had identical blood-time profiles for the preparations
with and without THL, suggesting that interfacial
partitioning dominated the absorptive process.

The lipid particles of intermediate size (formu-
lations Il and IV, 710-730nm), appeared to have
slightly lower bioavailabilities £y v = 0.79 relative
to F 1). Furthermore, lower maximum blood
concentration values were obtained as compared to
formulations | and Il. The data suggest that for lipid
particles of these dimensions, interfacial transfer can
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still result in substantial absorption. Administration of order to deliver Pcm to the intestinal epithelium. In-
Pcm in crude MCT oil resulted in significantly lower termediate size MCT/TPGS emulsions of 710-730 nm
F, and furthermore showed a quantitative (two-fold still had a dominating effect of interfacial transfer, with
decreased absorption) effect of the inhibition of the lipolysis having at best a modulating effect on the rate
lipid digestion pathway. For Pcm dissolved in crude of absorption. In contrast, With Pcm administered as
oil, the diminution of particle size attained by me- crude MCT oil, absorption (which in general was sig-
chanical forces in the Gl tract, such as the passagenificantly lower) was more dependent on the action of
through the pylorusGarey et al., 1983is not suf- lipase as bioavailability was inhibited two-fold by the
ficient for the generation of an absorptional surface co-incorporation of THL.
that can yield efficient interfacial transfer. In this Future studies are anticipated that will investigate
case, the lipid digestion pathway substantially aids the influence of lipophilicity of the studied drug on the
the absorptive process. absorptive pathways after administration in lipid vehi-

It might be speculated that the apparent higher ab- cles. Some authors have documented effects oPlog
sorption rates of Pcm from soft gel capsules contain- on gastrointestinal when analogous compounds with
ing a solution of Pcm in Neobee 1053 (comparable logP values in the range of 5-8 were administered
to MCT) in humans Q'Reilly et al., 2001; Liu et al., (Nankervis et al., 1996; Iwanaga et al., 2D0@0/hile
2002, might point towards a dimensional issue. In the the aqueous solubility of Pcm<(l pg/ml) apparently
present studies, the administered volume of 0.5 ml was does not impair interfacial transfer, it remains to be
substantial relative to the dimensions of the Gl tract of investigated if compounds with even lower aqueous
the rat as compared to the human situation, where the solubilities will behave similarly. Furthermore, the ef-
applied size 11 capsule is much smaller in compari- fect of particle size on the relative contributions of in-
son with the lumen of the human Gl tract. This might terfacial transfer and lipolysis can be investigated in
result in an improved ability of the human Gl tract further detail, possibly allowing to define limits within
to process the capric/caprylic triglycerides, leading to which formulations become independent of lipolytic
somewhat higher bioavailabilities. processing.

The importance of the interfacial transfer (pathway
B, Fig. 1), also termed diffusional process in other
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