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Summary

Propranolol, a clinically proven lipophilic 8-adrenergic blocking agent, undergoes extensive and unpredictable first-pass hepatic
metabolism when administered as a conventional oral formulation. A mine-subject three-way cross-over study was performed 1n
healthy human volunteers to assess the relative bioavailability of two novel oral formulations of propranolol, designed to bypass
hepatic first-pass metabolism. These formulations contained a mixture of unsaturated fatty acids, mainly oleic acid, and surfactants
in enteric-coated hquid-filled hard gelatin capsules. Using these formulations selective increases of up to more than 6-fold in AUC
and 4-fold in C_,,, were achieved in subjects who responded poorly to Inderal®. The increased propranolol bioavailability achieved
using the liver bypass formulations was associated with a reduction n the coefficient of variance for both C_,, and AUC of up to
44%, when compared to Inderal® The results of the present study suggest the possibility of developing a predictable reduced dose
delwery system for basic lipophilic drugs which undergo extensive hepatic first-pass metabolism.

Introduction psychoactive drugs when administered orally (Jack

et al., 1982; Pond and Tozer, 1984). Propranolol,

Hepatic first-pass metabolism reduces the reli-
ability and effectiveness of many commonly used
lipophilic cardiovascular bronchopulmonary and
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a well studied and clinically proven B-adrenergic
blocking agent is almost completely absorbed from
the gastrointestinal tract and is then subject to an
extensive and variable metabolism by the liver.
Bioavailability estimates of 30% have been ob-
tained using conventional formulations of propra-
nolol (Routledge and Shand, 1979), however, a
number of studies have shown that propranolol
demonstrates non-linear kinetics, requiring a dose
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of 20-30 mg to saturate liver metabolism (Shand
and Rangno, 1972; Dvornic et al., 1983; Dey et
al., 1986). Failure to saturate liver metabolism is
thought to result in the poor performance of
sustained release formulations of propranolol
(Wagner, 1985; Nace and Wood, 1987). Bioavail-
ability of propranolol using sustained release for-
mulations has been estimated at only 40-70% of
that observed using conventional formulations
(Leahey et al., 1980; Serlin et al., 1983; Perucca
et al., 1984).

Interestingly, studies using rectal administra-
tion have demonstrated improved delivery of pro-
pranolol in animals (DeBoer et al., 1981; Iwam-
ato and Watanabe, 1985) and humans (Cid et al.,
1986). Rectal administration results in liver by-
pass as drugs absorbed into the haemorrhoidal
vemns do not enter the hepatic portal blood sup-
ply.

Another potential strategy for avoiding hepatic
first-pass metabolism of orally administered drugs
1s to redistribute absorption into the lymphatic
system, which has direct access to the systemic
circulation (Charman and Stella, 1991; Muran-
ishi, 1991). Previous studies have demonstrated
the appearance of drugs in lymph following oral
administration (Sieber et al., 1974). These com-
pounds are lipophilic (Sieber, 1976) and include
propranolol (White et al., 1991). The extent of
the absorption of drugs into the lymph has been
shown to be increased by the concomitant admin-
wstration of lipids and surfactants (Yoshikawa et
al., 1981; Palin and Wilson, 1984; Takada et al.,
1985; Charman and Stella, 1986a; Charman et al.,
1986; Omotosho et al., 1990). Lymphatic absorp-
tion of drugs has also been shown to result 1n a
corresponding increase in systemic drug bioavail-
ability (Palin et al.,1982; Caldwell et al., 1982;
Grimus and Schuster., 1984; Palin and Wilson,
1984; Gowan and Stavchansky, 1986; Ichihashi et
al., 1991).

The present study reports the effects of two
formulations of propranolol, designed to avoid
hepatic first-pass metabolism, in healthy human
volunteers. A comparison is made with a stan-
dard tablet formulation of propranolol, Inderal®,
and the implications for lymphatic drug delivery
discussed.

Materials and Methods

Chemicals

Propranolol was obtained from Alfa Chemicals
Ltd (UXK.) for formulation and bioavailability
studies. Oleic acid B.P. was supplied by Sherman
Chemicals Ltd. Tween 80 (polysorbate 80) was
obtained from ICI Speciality Chemicals. Glycerol
B.P. was supplied by William Rawson Ltd. Hy-
droxypropylmethylcellulose phthalate, B.P or
USP.NF grade, was obtained from Stancourt,
Sons and Muir Ltd and hard gelatin capsules,
Licaps®, transparent size 1, from Capsugel
(Pontypool, U.K.). Inderal®, 80 mg (ICI) was
obtained from commercial sources and bile acids
supplied by Consolidated Chemicals Ltd, Wrex-
ham (UX.). All other chemicals and solvents
used were of an appropriate grade and obtained
from Sigma (Poole, Dorset, U.K.), BDH (Speke,
Liverpool, UXK.) or Metlab (Hawarden, Clwyd,
U.K.).

Manufacture of dosage forms

Two formulations designed to by-pass hepatic
drug metabolism using lymphatic delivery were
manufactured containing propranolol, at a po-
tency of 80 mg per capsule, and oleic acid. For-
mulation A, containing bile acids, was based on
that previously tested in pigs (White et al., 1991).
In formulation B the bile acids were replaced by
the non-ionic surfactant Tween 80. To manufac-
ture formulation A, propranolol was first dis-
solved in oleic acid by heating at 45°C, with
mixing, followed by addition of an alcoholic solu-
tion containing bile acids. Alcohol was subse-
quently removed from the formulation under vac-
uum and the resulting material filled into size 1
hard gelatin capsules, which were sealed using
the Licaps® process (Cade et al., 1986).

Formulation B was manufactured using oleic
acid, containing 1% w/w d-a-tocopherol, which
was heated to 45°C and propranolol added with
mixing until completely dissolved. After cooling,
the Tween 80, glycerol and water were added,
also with mixing, and the resulting formulation
filled into size 1 hard gelatin capsules, which
were sealed using the Licaps® procedure (Cade
et al., 1986). The glycerol and water were added



to the formulation to prevent capsule embrittle-
ment caused by surfactants (Cole et al., 1992).

Capsules containing formulations A and B
were subsequently enteric-coated, by top spray-
ing, in a Uni-Glatt® fluidised bed (air suspension
system) with an alcoholic solution containing
HPMC-phthalate. The temperature and air flow
in the Uni-Glatt® system, were sufficient to effi-
ciently evaporate the solvent used but remained
below that at which damage to the hard gelatin
capsules would occur. The capsules were finally
assayed for propranolol content by the high-per-
formance liquid chromatography (HPLC) method
described below.

HPLC of propranolol formulations

The chromatographic procedure, based on the
B.P. test for propranolol, was carried out using a
20 X 0.46 cm Spherisorb® S50DS2 HPLC col-
umn (Phase Separations Ltd, Deeside, Clwyd)
with a mobile phase flow rate of 1.8 ml min~.
The mobile phase consisted of 1.15 g of sodium
dodecyl sulphate, 10 ml of a mixture of 1 volume
of concentrated sulphuric acid and 9 volumes of
water, 20 ml of a 1.7% (w/v) solution of tetra-
butylammonium dihydrogen orthophosphate, 370
ml water and 600 ml acetonitrile with the mixture
adjusted to pH 3.3 using 2 M sodium hydroxide.
Detection was by ultraviolet spectrophotometry
at 292 nm. The retention time of propranolol in
this system was approx. 2.5 min.

Single capsules containing propranolol, or
drug-free placebo formulations, were weighed
into 50 ml volumetric flasks and 25 ml of the
mobile phase added. The flasks were incubated
at 55°C for 5 min in a water bath and subse-
quently shaken for 10 min on a wrist-action
shaker. The flasks were allowed to cool to ambi-
ent temperature and then made up to a final
volume of 50 ml with mobile phase and left to
stand for 30 min. An aliquot of the extract was
centrifuged at 4500 rpm, at ambient temperature
for 10 min, and a 1 ml sample subsequently
diluted with an equal volume of mobile phase
before being analysed by HPLC. The injection
volume used was in each case 10 wl. Determina-
tions were performed in duplicate or triplicate
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with a coefficient of variance of less than 2%. A
single point calibration using a 0.75 mg ml~! high
purity standard of propranolol prepared in mo-
bile phase was used throughout.

Dissolution testing

The dissolution characteristics of the enteric-
coated liquid-filled hard gelatin capsules contain-
ing formulation A or B were assessed using the
dissolution apparatus as specified by USP XXII
(apparatus 2). Dissolution testing was carried out
using 0.1 M HCI or Sorensens phosphate buffer,
pH 6.8, containing 0.2% (w/v) sodium cholate
and 0.1% (w/v) sodium deoxycholate at 37°C.
The total volume of the dissolution vessel was 900
ml and paddle rotation speed was set at 70 rpm.
Capsules containing formulation A or B were
found to float at the surface of the dissolution
vessel, therefore, to provide sufficient mixing the
paddle height was set such that the blades were
positioned at the surface of the dissolution fluid.
Using this system the capsules were shown to
remain intact for at least 1.5 h in 0.1 M HCL
Dissolution testing at pH 6.8 resulted in a rapid
release of the capsule contents within 5 min. No
decline in the performance of the enteric-coating
was observed during the period of the study.

Stability studies

Capsules containing formulations A and B
were stored in the dark at some or all of the
following temperatures; ambient temperature,
constant 4°C, constant 30°C and constant 37°C.
The capsules were stored in securely fastened
white polypropylene screw-cap bottles for up to 1
year following manufacture. Capsules were re-
moved at specified intervals and analysed for
their propranolol content using the HPLC method
described above.

Determination of propranolol in human plasma

Determination of propranolol in human plasma
was carried out using the HPLC method de-
scribed by White et al., (1991). This method com-
bines efficient solid-phase extraction of propra-
nolol and its metabolites from plasma with HPLC
analysis using fluorescence detection and is based
on that reported by Harrison et al., (1985).
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Clinical study

Nine healthy male and female volunteer sub-
jects, who were employees or students of the
Academy of Medicine, Bialystok, Poland, aged
between 21 and 44 years and within +10% of
idea! body weight, participated in the study. The
subjects were shown to be in good health by a
physical examination and a series of hospital lab-
oratory tests. To comply with ethical approval
conditions, the protocol for the study was ap-
proved by independent researchers at the
Academy of Medicine, Bialystok, and the subjects
gave their informed consent.

The subjects were free of other medication for
2 weeks before the start of the study and until the
collection of the final blood sample. Food was
withdrawn for 12 h over the night preceding each
leg of the study. A light breakfast was allowed 3 h
post-dose after which time the subjects were al-
lowed to follow their normal daily diet.

The study was a three-way cross-over design
with the subjects receiving formulation A, formu-
lation B or Inderal® containing an equivalent 80
mg dose of propranolol. The medication was
taken with 250 ml of boiled tap water. The zero
time blood sample was taken within a 5 min
period preceding the administration of the medi-
cation. Subsequent blood samples were taken at
1, 2,3, 4,5, 6, 8 and 12 h. The blood samples
were drawn into chilled EDTA vacutainers and
the stoppers discarded immediately after sample
collection, but before sample mixing, to avoid the
spuriously low plasma propranolol concentrations
reported following contact with the stoppers
(Cotham and Shand, 1975). Plasma was separated
by centrifugation at 2.0 X 10* g-min within 15
min of collection, transferred into clean tubes
and stored at —20°C until analysed. After 1 week
the patients received one of the alternative treat-
ments followed by the remaining treatment after
a further 1 week period. Plasma samples were
analysed by the HPLC method described above.
No degradation of propranolol was observed dur-
ing the period of storage at —20°C.

The results of the clinical study were evaluated
using the observed values of maximum plasma
concentration of propranolol (C_,,) and time to

Coax (t20)- The areas under the plasma concen-

TABLE 1

Effect of storage conditions on the potency of enteric-coated
hquid-filled hard gelatin capsules contaiing propranolol

Sample Storage Formulation  Formulation
date conditions A B

O weeks  zero time 801 799
+4weeks  4°C 79.9
ambient 799 776
30°C 781
37°C 75.8
+8weeks  4°C 792
ambient ND. 783
30°C 798
37°C 794
+12 weeks 4°C 809
ambient 798 795
30°C 783
37°C 763
+50 weeks  ambient N.D. 802

Values are in mg per capsule and represent means of 10
indvidual determinations made in duphicate or tniplicate The
coefficient of variance was 1n each case less than 2%. Zero
time determinations of capsule potency were carried out 3
days post-manufacture. Potency based on input amount of
propranol was 80.1 and 79.9 mg per capsule for formulation A
and B, respectively.

tration curves were calculated using the trape-
zoidal rule.

Results

Stability testing

The effect of storage conditions and time on
the propranolol content of the capsules contain-
ing formulation A or B is shown in Table 1. The
results show that under conditions of storage at
ambient temperature, there was no measurable
decline in propranolol potency of the capsules
containing formulation A or B for the 8 week
period from manufacture to completion of the
clinical study. More detailed analysis of formula-
tion B shows that the propranolol content of the
capsules did not decline after more than 1 year of
storage at ambient temperature. The only notice-
able decline of propranolol potency was at the



TABLE 2

Pharmacoknetic parameters for propranolol- C,,,,, (ng ml =%}
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TABLE 4

Pharmacokinetic parameters for propranolol’ t,,,.. (h)

Subject Formulation Ratio Subject Treatment
A B Inderal A/Inderal B/Inderal A B Inderal

1 27 56 29 09 1.9 1 3 4 1

2 104 60 47 22 13 2 5 4 4
3 102 114 114 09 1.0 3 3 4 3

4 29 111 27 11 41 4 3 2 2
5 99 65 39 25 17 5 5 3 4
6 58 47 68 09 07 6 3 2 4
7 54 81 49 1.1 17 7 4 2 2
8 30 52 20 15 26 8 4 3 3
9 46 84 114 04 07 9 2 3 1
Mean 62 74 57 Mean 3.6 30 26
SD 31 25 35 SD 10 09 12
CV% 50 34 61 CV% 28 30 46

highest storage temperature of 37°C after 3
months.

Clinical study

The pharmacokinetic data for each of the for-
mulations are listed in Tables 2-4. The concen-
tration-time curves for each subject receiving the
three separate formulations are shown in Fig. 1.
The AUC, C,,, and t,, values obtained for
Inderal® 80 mg tablets were similar in terms of

TABLE 3

Pharmacokinetic parameters for propranolol AUC(ng mi !
h=i)

Subject  Formulation Ratio
A B Inderal A/Inderal B /Inderal

1 183 448 199 1.0 23
2 875 489 358 24 14
3 597 596 824 07 0.7
4 191 701 151 13 4.6
5 668 426 196 34 2.2
6 574 167 518 11 2.5
7 228 540 213 1.1 25
8 410 185 60 68 31
9 292 400 592 05 0.7
Mean 446 439 346

SD 245 175 250

CV% 55 40 72

extent and variability to those reported previously
(e.g., Cid et al., 1986; Walle et al., 1986).

Using formulation A containing bile acids, C,,,
was increased by up to 2.5-fold and AUC by up to
6.8-fold in three out of nine subjects (see Fig. 1;
subject nos 2, 5 and 8). The overall increase in
AUC with formulation A of 30% was associated
with a decline in the coefficient of variance from
72 to 55% compared to Inderal® (Table 3). Using
formulation B, containing oleic acid and non-ionic
surfactant instead of bile acids, a more obvious
increase in C_,, and AUC was achieved com-
pared to Inderal®. In this case, C,,, values in-
creased by up to 4-fold and AUC values by up to
4.6-fold in six out of nine subjects (Fig. 1; subject
nos 1, 2, 4, 5, 7 and 8). The overall increase in
Cax Of 30% obtained with formulation B was
associated with a reduction in the coefficient of
variance of nearly 45% (Table 2) compared to
Inderal. Similarly, the 30% overall increase in
AUC observed with formulation B, compared to
Inderal, was associated with a reduction in the
coefficient of variance from 72 to 40% (Table 3).
Interestingly, with both formulations A and B
there appeared to be a tendency to increase
propranolol bioavailability 1n subjects with a poor
response to Inderal® (Fig. 2).

In Table 4 the ¢, values observed for each of
the formulations have been recorded. The mean
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! max values were 3.0, 3.5 and 2.6 h for formulation
A, formulation B and Inderal®, respectively. The
delay in ¢, with formulations A and B com-
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Fig. 2. Companson of Inderal and formulation B AUCs

Individual subjects ranked in order of increasing AUC re-

sponse to Inderal together with corresponding AUC response
to formulation B.

Discussion

The results of the present study have demon-
strated that formulations containing oleic acid
increase the bioavailability of propranolol in sub-
jects who respond poorly to Inderal. The results
in Tables 2 and 3 show that formulation B pro-
duced a greater overall increase in AUC and
C..x With a reduced coefficient of variance com-
pared to both formulation A and Inderal. These
observations suggest that bile acids are not an
essential component of the formulations resulting
in the improved delivery of propranolol. The rela-
tionship between the improved response of sub-
jects receiving formulation B in poor responders
to Inderal is further illustrated in Fig. 2.

Previous studies using oleic acid containing a
dissolved lipophilic basic drug have demonstrated
a beneficial effect on drug bioavailability, an im-
provement ascribed to enhanced drug dissolution

429

characteristics (Stella et al., 1978). Interestingly,
however, the appearance of lipophilic drugs in
lymph has been observed and shown to be influ-
enced by the presence of a number of excipients
such as surfactants and oils, including oleic acid
(Sieber et al., 1974; Yoshikawa et al., 1981; Palin
and Wilson, 1984; Charman and Stella., 1986a;
Charman et al., 1986). Previous studies in pigs
have shown the appearance of high levels of
propranolol in lymph which were further in-
creased using a formulation similar to formula-
tion A described in the present study (White et
al., 1991). Furthermore, studies using cell lines
derived from liver (HepG2 cells) and intestine
(CaCo2 cells) have demonstrated the hormone-
like effects of oleic acid and other C,3 unsatu-
rated fatty acids on promoting the increased se-
cretion of chylomicrons and VLDL (Davidson et
al.,, 1988; Pullinger et al., 1989; Dashti et al.,
1990; Moberly et al., 1990; Homan et al., 1991). A
similar effect of oleic acid upon the increased
lipoprotein composition of lymph in animals has
also been observed (Renner et al., 1986; Cheema
et al., 1987; Tso et al., 1987). The major source of
oleic acid in vivo is probably biliary lecithin (Sim-
monds et al., 1968; Tso et al., 1977; Barnwell et
al., 1987).

It is believed that in the present study the
results obtained depended upon the lipophilic
nature of propranolol, which predisposes its se-
lection for lymphatic absorption. It is also be-
lieved that lymphatic absorption may be further
facilitated by a strong ion pair effect, at the
gastrointestinal membrane, between propranolol
and oleic acid, as discussed by Green and Had-
graft (1987). Furthermore, once inside the ente-
rocytes, oleic acid is known to participate in the
initiation of a number of intracellular second
messenger events, such as activation of protein
kinase C (Diaz-Guerra et al., 1991; Khan et al.,
1992). Oleic acid also promotes the acidification
of intracellular compartments, made possible by
its ability to function as a hydrogen ion ionophore
(Simpson et al., 1988; Wrigglesworth et al., 1990),
a process associated with the budding of secre-
tory vesicles from the trans Golgi network. In
addition to stimulating the production of chy-
lomicrons, oleic acid provides one of the essential
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building blocks for triglyceride, a major compo-
nent of this lipoprotein sub-class (Thomson and
Dietschy, 1981).

Tight association of drugs with chylomicrons
would provide the means of compartmentalising
drugs and therefore maintaining a high drug con-
centration within the lymph compared to other
tissue compartments (Charman and Stella, 1986b).
Delivery of drugs carried to the lymph in this way
would result in their direct access to the systemic
circulation without first passing through the liver
and explain the increased levels of drugs ob-
served in the systemic circulation following en-
hanced lymphatic absorption (Caldwell et al.,
1982; Palin et al., 1982; Grimus and Schuster,
1984; Palin and Wilson., 1984; Gowan and
Stavchansky, 1986; Ichihashi et al., 1991). It is
believed that the formulation system described in
the present study may provide a means of achiev-
ing reliable delivery of many drugs subject to
extensive liver metabolism when administered via
the oral route.

Acknowledgements

The authors wish to express their thanks to
Miss A. Hart and Mrs L. Minshull for preparing
the manuscript and to Mr P. Guard for helpful
comments.

References

Barnwell, S.G., Tuchweber, B. and Yousef, I M., Biliary lipid
secretion in the rat during infusion of increasing doses of
unconjugated bile acids. Biochim Biophys Acta, 922 (1987)
221-233.

Cade, D., Cole, ET, Mayer, J.P and Witter, F., Liquid-filled
and sealed hard gelatin capsules. Drug Dev. Ind Pharm,
12 (1986) 2289-2300

Caldwell, L., Nishihata, T., Rytting, JH and Higuchi, T,
Lymphatic uptake of water-soluble drugs after rectal ad-
ministration. J Pharm. Pharmacol, 34 (1982) 520-522.

Charman, W.N.A. and Stella, V.J., Effects of lipid class and
lipid vehicle volume on the intestinal lymphatic transport
of DDT Int J Pharm, 33 (1986a) 165-172.

Charman, W.N.A. and Stella, V.J., Estimating the maximum
potential for intestinal lymphatic transport of lipophilic
drug molecules Int J Pharm, 34 (1986b) 175-178

Charman, WN A and Stella, VJ, Transport of hpophilic
molecules by the intestinal lymphatic system. Adv Drug
Del Rev, 7(1991) 1-14

Charman, W N A., Noguchy, T and Stella, V.J., Testing po-
tential dosage form strategies for intestinal lymphatic drug
transport- studies in the rat. Int J Pharm., 33 (1986)
173-179

Cheema, M., Palin, KJ. and Davis, SS, Lipid vehicles for
intestinal lymphatic drug absorption J Pharm Pharmacol ,
39 (1987) 55-56.

Ciud, E., Mella, F., Lucchini, L., Carcamo, M. and Monasterio.
J., Plasma concentrations and bioavailability of propra-
nolol by oral, rectal and intravenous administration in
man. Biopharm Drug Disposition, 7 (1986) 559566

Cole, S K., Story, M.J, Attwood, D, Laudanski, T., Robert-
son J and Barnwell, S.G, Studies using a non-ionic sur-
factant-containing drug delivery system designed for hard-
gelatin capsule compatibility Int J Pharm, 88 (1992)
211-220.

Cotham, R.H. and Shand, D., Spuriously low plasma propra-
nolol concentrations resulting from blood collection meth-
ods. Clin. Pharmacol Ther, 18 (1975) 535-538.

Dashti, N., Smith, E.A. and Alanpovic, P., Increased produc-
tion of apoprotein B and its lipoprotein by oleic acid in
CaCo?2 cells. J Lipid Res., 31 (1990)113-123

Davidson, N.O, Drewek, M.J., Gordon J1 and Elovson, J.,
Rat intestinal apolipoprotein B gene expression. Evidence
for integrated regulation in bile salt, fatty acid and phos-
pholipid flux J. Chn. Invest., 82 (1988) 300-308.

DeBoer, A.G, Gubbens-Stibbe, J.M. and Breimer, D D..
Avoidance of first-pass elimination of propranolol after
rectal admunistration to rats. J Pharm Pharmacol, 33
(1981) 50-51

Dey, M., Brisson, J., Davis, G., Enever, R., Pray, K, Zaim, B
and Dvornik, D., Relationship between plasma propra-
nolol concentration and dose in young, healthy volunteers
Biopharm Drug Disposition, 7 (1986) 103-111.

Diaz-Guerra, M.JJM, Junco, M. and Bosca, L, Oleic acid
promotes changes 1n the subcellular distribution of protein
kinase C in 1solated hepatocytes J Biol Chem, 266
(1991)23568-23576.

Dvornik, D., Kraml, M., Dubuc, J, Coelho, J., Novello, L A,
Arnold, J.D and Mullane, J.F, Relationship between
plasma propranolol concentrations and dose of long-acting
propranolol (Inderal® L A). Curr. Ther Res., 34 (1983)
595-605

Gowan, W G. and Stavchansky, S., The effect of solvent
composition upon the blood and lymph levels of phenytoin
in rats after gastric admimstration. Int J Pharm, 28
(1986) 193~199.

Green, P.G and Hadgraft, J., Facilitated transfer of cationic
drugs across a hpoidal membrane. Int. J Pharm., 37 (1987)
251-255

Grimus, R C. and Schuster, 1., The roie of the lymphatic
transport 1n the enteral absorption of naftifine by the rat.
Xenobiotica, 14 (1984)287-294.

Harrison, PM., Tonkin, AM, Cahill, CM. and McLean,



A.J, Rapid and simultaneous extraction of propranolol, its
neutral and basic metabolites from plasma and assay by
high performance iquid chromatography J. Chromatogr,
343 (1985) 349-358

Homan, R, Grossman, J.E. and Pownall, H.J., Differential
effects of eicosapentaenoic acid and oleic acid on hpid
synthesis and secretion by HepG2 cells J Lipid Res, 32
(1991) 231-241.

Ichihashi, T, Kinoshita, H. and Yamada, H., Absorption and
disposition of epithiosteroids 1n rats (2): Avoidance of
first-pass metabolism of meprtiostane by lymphatic absorp-
tion Xenobiotica, 21 (1991) 873-880

Iwamato, K. and Watanabe, J, Avoidance of first-pass
metabolism of propranolol after rectal administration as a
function of the absorption site Pharm Res, 1 (1985)
53-54.

Jack, D.B., Quarterman, C.P., Zaman, R and Kendall, M J,
Variability of 8-blocker pharmacokinetics in young volun-
teers. Eur J. Clin Pharmacol, 23 (1982) 37-42

Khan, W.A, Blobe, G C. and Hannun, Y.A., Activation of
protein kinase C. Determination and analysis of inhibition
by detergent micelles and physiologic membranes: require-
ments for free oleate. J Brol. Chem , 267 (1992) 3605-3612.

Leahey, W.J., Neill, J D., Varma, M.P S. and Shanks, R.G.,
Comparison of the efficiency and pharmacokinetics of
conventional propranolol and a long acting preparation of
propranolol. Br J. Clin Pharmacol, 9 (1980) 33-40

Moberly J.B., Cole, T.G, Alpers, D.H. and Schonfield, G.
Oleic acid stimulation of apolipoprotein B secretion from
HepG2 cells and CaCO2 cells occurs post-transciptionally.
Biochum. Biophys Acta, 1042 (1990) 70-80

Muranshi, S., Drug targeting towards the lymphatics. Adv.
Drug Res, 21 (1991) 1-38

Nace, G.S. and Wood, A.J J, Pharmacokinetics of long acting
propranolol Implications for therapeutic use Chn Phar-
macokinet , 13 (1987) 51-64.

Omotosho, J A., Florence, A.T. and Whateley, T.L, Absorp-
tion and lymphatic uptake of 5-fluorouracil in the rat
following oral admimstration of w/o0/w multiple emul-
sions Int J Pharm, 61 (1990) 51-56.

Palin, K.J. and Wilson, C.G., The effect of different oils on
the absorption of probucol in the rat J Pharm Pharma-
col, 36 (1984) 641-643

Palin, KJ, Wilson, C.G., Dawis, S.S. and Phillips, AJ., The
effect of oils on the lymphatic absorption of DDT J
Pharm. Pharmacol, 34 (1982) 707-710

Perucca, E , Grimaldi, R, Gatti, G, Caruaggi, M, Crema F.,
Lecchiny, S. and Frigo, G M., Pharmacokinetic and phar-
macodynamic studies with a new controlled-release formu-
lation of propranolol in normal volunteers: a comparison
with other commercially available formulations Br J Cln
Pharmacol , 18 (1984) 37-43.

Pond, S. and Tozer, T.N First-pass elimination Basic con-
cepts and clinical consequences. Clin Pharmacokinet, 9
(1984) 1-25.

Pullinger, C R., North, J.F., Teng, B B., Rifici, V A, Ronchild
de Brnito, A E., and Scott, J., The apolipoprotein B gene 1s

431

constitutively expressed in HepG2 cells Regulation of
secretion by oleic acid, albumin and insulin and measure-
ment of the mRNA half-life. J Lipid Res, 30 (1989)
1065-1077.

Renner, F, Samuelson, A., Rogers, M and Glickman, RM,
Effect of saturated and unsaturated lipid on the composi-
tion of mesenteric triglyceride-rich lipoproteins 1n the rat
J Lipid Res, 27 (1986) 72-81

Routledge, P.A and Shand, D, Chinical pharmacokinetics of
propranolol. Clin. Pharmacokinet., 4 (1979) 73-90.

Serlin, M.J., Orme, M.L.E., Maclver, M., Green, G J., Sibeon,
R.G. and Breckenridge, A M., The pharmacodynamics
and pharmacokinetics of conventional and long acting
propranolol 1n patients with moderate hypertension. Br J
Chn Pharmacol, 15 (1983) 519-527

Shand, D.G and Rangno, R.E, The disposition of propra-
nolol Ehmination during oral absorption tn man Pharma-
cology, 7 (1972) 159-168

Sieber, S.M., The lymphatic absorption of p’pDDT and some
structurally related compounds 1n the rat Pharmacology,
14 (1976) 443-454

Sieber, SM, Cohn, V.H and Wynn, W.T, The entry of
foreign compounds nto the thoracic duct lymph of the rat.
Xenobiotica, 4 (1974) 265-284

Simmonds, W.J, Redgrave, T G. and Wilhx, R.L.S., Absorp-
tion of oleic and palmitic acids from emulsion and miceller
solutions J Chn Invest, 47 (1968) 1015-1025.

Simpson, R.J, Moore, R and Peters, T.J, Significance of
non-esterified fatty acids in iron uptake by intestinal
brush-border membrane vesicles. Bioclim Biwophys Acta,
941 (1988) 39-47.

Stella, V, Haslam, J., Yata, N, Okada, H, Lindenbaum, S.
and Higuchy, T., Enhancement of bioavailability of a hy-
drophobic amine antimalarial by formulation with olewc
acid 1n a soft gelatin capsule J Pharm Sc, 67 (1978)
1375-1377

Takada, K, Shibata, N, Yoshimura, H, Masuda, Y,
Yashikawa, H., Muranish;, S and Oka, T Promotion of
the selective lymphatic delivery of cyclosporin A by lipid-
surfactant mixed mucelles. J Pharmacobio-Dyn, 8 (1985)
320-323

Thomson, A.B R. and Dietschy, J M, Intestinal lip.d absorp-
tion Major extracellular and intracellular events In L.R.
Johnson (Ed), Physiology of the Gastromtestinal Tract,
Raven, New York, 1981, pp. 1147-1220.

Tso, P, Bahnt, JJA and Simmonds, WJ, Role of bihary
lecithin 1n lymphatic transport of fat Gasteroenterology, 73
(1977) 1362-1367

Tso, P., Lindstrom, M B. and Borgstrom, B, Factors regulat-
ing the formation of chylomicrons and very-low-density
lipoproteins by the rat small intestine. Biochim Biophys
Acta, 922 (1987) 304-313.

Wagner, J.G.. Propranolol: pooled Michaelis-Menten parame-
ters and the effect of input rate in bioavailability. Chn
Pharmacol Ther, 37 (1985) 481-487

Walle, T, Walle, UK., Olanoff, L.S and Conradi, E.C,
Partial metabolic clearances as determinants of the oral



432

bioavailability of propranolol Br J Clhn Pharmacol., 69
(1986) 317-323.

White, D G,, Story, M.J. and Barnwell, S.G., An experimental
anmmal model for studying the effects of a novel lymphatic
drug delivery system for propranolol. Int J Pharm, 69
(1991) 169-174

Wnigglesworth, J.M., Cooper, C E , Sharpe, M A and Nicholls,

P, The proteoliposomal steady state Biochem J, 270
(1990) 109-118

Yoshikawa, H, Muramishy, S, Kata, C and Sezaki, H, Bi-
functional delivery system for selective transfer of
bleomycin mnto lymphatics via enteral route Int J Pharm,
8 (1981) 291-302



