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ABSTRACT. PURPOSE: Effect of caprylocaproyl
macrogolglycerides (Labrasol), as a lipoidic excipient/
vehicle in an oral capsule formulation, on pharmacoki-
netic disposition of a BCS Class 3 compound, UK-
81252, was investigated in vivo in a canine model.
METHODS: The control and lipoidic formulations
were administrated to six Beagle dogs in a crossover,
single dose design with a 2-week washout period in
between treatments. The plasma concentration-time
profile for the lipoidic formulation was compared to
that of the control formulation (lactose-based oral cap-
sule). RESULTS: Although the lipoidic formulation
resulted in a markedly increased oral bioavailability
(based on mean pharmacokinetic parameters,
AUC0-48hr and Cmax), a double-peaking phenomenon
was observed with this formulation. The most likely
cause of this double-peak effect was the gastric empty-
ing retardation attribute of the lipoidic vehicle/excipi-
ent. The initial peak (Tmax1) was due to the absorption
enhancing properties of the lipoidic formulation and
the second peak (Tmax2) was most likely the result of a
shutdown in gastric emptying for a period of up to 2
hours (this value varied between dogs) after which the
remaining Compound UK 81252 emptied from the
stomach to generate the second peak. CONCLU-
SIONS: Caprylocaproyl macrogolglycerides enhanced
the absorption of Compound UK 81252. After oral
administration, the liquid-filled formulation consis-
tently produced a double-peak phenomenon in the
plasma profile. Labrasol was determined to be the most
likely culprit for this double peaking phenomenon.

INTRODUCTION

Compound UK 81252, (S, S, S)-N-{1-[2-carboxy-3-(N-

mesyllysylamino) propyl]-1-cyclopentylcarbonyl}
tyrosine, is a dual inhibitor of angiotensin-converting
enzyme and neutral peptidase with potential applica-
tion as an antihypertensive agent as well as a treatment
of congestive heart failure [1]. Compound UK 81252
(Figure 1) is a hydrophilic compound containing one
weakly acidic phenolic group, two more strongly
acidic carboxylic acid groups, and one strong basic pri-
mary amine group.

Figure 1: Chemical structure of Compound UK 81252.

Solubility of Compound UK 81252 can be described as
freely soluble in water and diluted acid/alkali solution,
specifically 40 mg/mL at pH 1 and 5 mg/mL at pH 5.
Permeability of Compound UK 81252 as determined
by Caco-2 permeability assay is low with a permeabil-
ity coefficient of 1.5 x 10-7 cm/s. According to the
Biopharmaceutics Classification System (BCS), Com-
pound UK 81252 is classified as a Class 3 high solubil-
ity-low permeability compound [2]. Earlier studies
demonstrated that the compound has low oral bio-
availability, which is potentially caused by the low per-
meability of the compound. To increase the oral
bioavailability of UK 81252, lipid based formulations
were investigated using caprylocaproyl macrogolglyc-
erides (Labrasol, Gattefosse, NJ) as the lipoidic vehicle.
Here we report the effect of Labrasol on the pharma-
cokinetic disposition of compound UK 81252 in vivo
in a canine study.
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MATERIALS AND METHODS

Preparation of Compound UK 81252 Capsules

The control formulation was prepared by using lactose
(Spectrum, Gardena, CA) as the filler. Preweighed
amounts of Compound UK 81252 (100 mg) and lactose
(1900 mg) were triturated and mixed using a mortar
and pestle. Appropriate amount (200 mg) of this pow-
der blend was encapsulated in size 00 Swedish orange
hard gelatin capsules (Capsugel, Greenwood, SC) by
hand filling. The filled capsules were then sealed with a
hydroalcoholic solution of gelatin. For lipoidic formu-
lation, caprylocaproyl macrogolglycerides (Labrasol,
Gattefosse, and Westwood, NJ) was used as the vehi-
cle. Compound UK 81252 (120 mg) was homoge-
neously dispersed in polyglycolyzed glycerides (8280
mg) using a mortar and pestle. Appropriate amount
(700 mg) of this dispersion was encapsulated in size 00
Swedish orange hard gelatin capsules by hand filling.

Drug Administration, Blood sampling, and Analysis 
of Plasma Samples

The control and lipoidic formulations were adminis-
trated to six Beagle dogs in a crossover, single dose
design with a 2-week washout period. The study was
conducted in accordance with the international guiding
principles for biomedical research involving laboratory
animals and in compliance with the International Con-
ference on Harmonization (ICH) guidelines for Good
Clinical Practice. Each dog, after fasting for at least 18
hours with free access to water, was dosed at approxi-
mately 1 mg/kg on the first day. For each dosing, blood
samples (3 mL) were collected from the jugular vein by
venipuncture (repeated punctures) immediately before
treatment and after Compound UK 81252 administration
at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 24, and 48 hours. The blood
samples were collected into lithium heparin vacutainer
tubes and were stored at –80° C until analysis.  

Plasma samples, plasma standards, and a plasma blank
were allowed to thaw at room temperature. All samples
were mixed by vortexing. The samples were then centri-
fuged at 3000 rpm for 3 minutes. The drug was extracted
from the plasma using a quaternary amine solid phase
extraction column (J.T. Baker, Philipsburg, NJ). The col-
umn was first conditioned with water and ethanol. Then,
1 mL of the plasma sample was transferred to the solid
phase extraction column and the column was allowed to
dry. The column was washed by adding sequentially 2

mL of water, ethanol, hexane, ethanol, and then water.
The column was transferred to a new test tube and
eluded with 1 mL of 1M ammonium acetate (pH 4.0).
The samples were mixed well and analyzed by liquid
chromatography-mass spectrometry (LC-MS). The LC-
MS system consisted of a Waters 2690 Alliance Separa-
tion Module and a Micromass Quattro LC. A Phenome-
nex Luna column, C-18(2) (150 x 2.0 mm, 5 µm
Phenomenex, Torrance, CA) was used with a gradient
elution from 5% acetonitrile to 42% acetonitrile in 5 mM
ammonium acetate for 8 minutes, then 42% acetonitrile
for 2 additional minutes. Subsequently, the column was
re-equilibrated at the initial conditions for 5 minutes.
The flow rate was controlled at 0.25 ml/min; the injec-
tion volume was 40 µL. The method had a linearity fac-
tor of 0.98 and was validated for specificity with
samples of known concentrations. 

The samples were analyzed on-line by a Quattro LC
and quantitated using MassLynx software after the
samples eluted from the LC system. A standard curve
comprising of six calibration standards (10 ng/mL, 20
ng/mL, 50 ng/mL, 100 ng/mL, 500 ng/mL, and 1000
ng/mL) was constructed with a weighted quadratic
regression. The amount of Compound UK 81252
present in each plasma sample was then calculated
from the standard curve using the chromatographic
peak area.

RESULTS AND DISCUSSION

The mean plasma concentration-time profiles of Com-
pound UK-81252 after oral administration of lactose-
based control capsules and caprylocaproyl macrogolg-
lycerides-based liquid-filled capsules (containing 10 mg
Compound UK 81252) to Beagle dogs are shown in
Figure 2. 

Figure 2: Plasma concentration (Mean + SD, n=6) of UK-
81252 after oral administration in dogs.
9



J Pharm Pharmaceut Sci (www.ualberta.ca/~csps) 7(1):8-12, 2004
At the 10 mg dose, the plasma concentrations for the
control formulation were very low and at numerous
time points, the plasma levels were below the assay
sensitivity (10 ng/mL). The results obtained form the
current study further confirms low bioavailability of
Compound UK 81252 from the earlier studies. Both
control and liquid-filled formulations gave 100% drug
release at the 15-minute dissolution time point in both
deionized water and 0.1 N HCl as the dissolution
medium. Permeability of Compound UK 81252 as
determined in Caco-2 permeability assay is low with
permeability coefficient of 0.15 x 10-6 cm/s. Permeabil-
ity of Compound UK 81252 in Caco-2 cell lines in
presence of 5% polyglycolyzed glycerides in Hank’s
Buffer solution markedly increased to 17.5 x 10-6 cm/s,
which coincides with the increased passage of mannitol
(permeability coefficient of mannitol from 0.71 x 10-6

cm/s without polyglycolyzed glycerides to 22.4 x 10-6

cm/s with polyglycolyzed glycerides).  The enhanced
permeation of mannitol and Compound UK 81252
indicates that caprylocaproyl macrogolglycerides may
cause the tight junction opening and paracellular diffu-
sion may be the main absorption route for Compound
UK 81252. In dogs, the lipoidic vehicle, caprylocaproyl
macrogolglycerides, clearly enhanced the absorption of
Compound UK 81252 effectively, compared to lactose-

based control formulation. The absorption enhance-
ment observed in the present study further confirms
the potential application of caprylocaproyl mac-
rogoglycerides as a bioavailability enhancer for oral liq-
uid and capsule formulations.

Visual examination of the mean plasma concentra-
tions-time profile indicates the presence of double
peaks; further inspection of the individual plasma con-
centrations-time profiles reveals that five out of six
subjects showed a clear double-peak phenomenon (Fig-
ure 3a-f). Several mechanisms can trigger this atypical
double-peak plasma profile: 1) enterohepatic cycling, 2)
the presence of two absorption regions along the gas-
trointestinal tract, 3) gastric emptying regulated
absorption [3-8]. Enterohepatic cycling may be ruled
out as a cause of the double peaks in plasma concentra-
tions-time profile, because the phenomenon is not
observed after oral administration of lactose-based con-
trol formulation and after intravenous administration
of Compound UK 81252 in buffer solution at 2 mg/
mL concentration (from a previous study). The
absence of the double peaks after oral dosing of lactose-
based formulation also may be used to negate the pres-
ence of two absorption windows along the gastrointes-
tinal tract. 

Figure 3: UK-81252 Plasma concentration-time profiles for individual dogs.
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Caprylocaproyl macrogolglycerides is a lipid-based sur-
face-active agent. It is known that natural triglycerides
inhibit gastric motility, linseed oil and olive oil being
the most effective [9]. It is also known that surfactants
can inhibit the gastric emptying (i.e., slow down gas-
tric emptying or shut-down gastric emptying for a
period of time), which is mediated by the formation of
viscous mass in gastric and intestinal lumen or by a
substance (or substances) formed after contact of the
intestinal mucosa with the surface-active agents [10,
11]. The pharmaceutical formulation may thus influ-
ence drug absorption through this indirect physiologi-
cal effect.

These scenarios presented in the literature are consis-
tent with the double peaks observed in the current
case, where caprylocaproyl macrogolglycerides
enhance the absorption of Compound UK 81252 to
generate the first peak and provide a shutdown of gas-
tric emptying for a variable period (up to two hours) to
limit the supply of Compound UK 81252. Subse-
quently remaining Compound UK 81252 emptied
form the stomach to produce the second peak in the
plasma profile. One of the six dogs did not show the
double-peak phenomenon, but the plasma profile for
this dog showed a significant lag time (1.5 hours),
before the appearance of Compound UK 81252 in the
blood. This long lag time further demonstrates that
caprylocaproyl macrogolglycerides shuts down the gas-
tric emptying. The basic pharmacokinetic parameters
for individual subjects along with the mean data are
listed in Table 1.

The remarkable contrast between with and without
caprylocaproyl macrogolglycerides in the formula in
terms of basic pharmacokinetic parameters suggests
that caprylocaproyl macrogolglycerides has a strong
permeability enhancing and gastric emptying inhibi-
tory effects. 

CONCLUSION

The results from this dog study further confirm the
low bioavailability of Compound UK 81252 and the
compound’s permeability-limited oral absorption.
Caprylocaproyl macrogolglycerides enhanced the
absorption of Compound UK 81252. The mean area
under the plasma curve from time 0 to 48 hours
(AUC0-48hr) for the caprylocaproyl macrogolglycer-

ides-liquid filled formula was more than 7 fold greater
than that for the control formulation. After oral
administration, the liquid-filled formulation consis-
tently produced a double-peak phenomenon in the
plasma profile. Caprylocaproyl macrogolglycerides
was found to be the most likely culprit for this double
peaking.

Table 1: Basic pharmacokinetic parameters from
individual animals along with mean data after oral
administration of lactose-based control formulation and
caprylocaproyl macrogolglycerides-based liquid-filled
formulation.

aTmax1=first Tmax; b Tmax2= second Tmax
A = lactose-based control formulation; B = caprylocaproyl
macrogolglycerides-based liquid-filled formulation
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