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Purpose. The feasibility of using hydrophobicity measurements as
screens for intracellular availability in T-cells or intestinal permeability
in Caco-2 cells was examined.

Methods. T-cell experiments: Cells were counted, collected, then incu-
bated with drug solution at 37°C. At selected time intervals, uptake
was quenched by transferring a sample into oil, followed by rinsing,
lysis of cells, protein precipitation and analysis by HPLC. Caco-2 cell
experiments: Cells were grown on plastic dishes for 7-10 d, then rinsed
and incubated with drug solution at 37°C. Uptake was quenched, cells
were lysed, protein precipitated and drug was analyzed by HPLC. /AM
chromatography: Stock solutions were injected onto an 1AM column
for HPLC. Mobile phase consisted of varying amounts of acetonitrile
in buffer (pH 7.4). The capacity factor, k{sm. was calculated using
citric acid to measure the void volume and was obtained by extrapola-
tion to pure buffer.

Results. Nine HIV protease inhibitors were studied for uptake by CEM
T-cell suspensions or Caco-2 cell monolayers. Capacity factors (log)
between IAM and C-18 columns were positively correlated for this
series. Caco-2 uptake rates correlated well with T-cell uptake rates
when normalized by protein mass. Single-variable regression using
IAM or C-18 columns was acceptable for analysis of T-cell data.
Correlation coefficients between T-cell uptake and log kjam or log
kc.yg were not improved with multivariable regression. Correlation
between Caco-2 uptake and log kiam was enhanced when molecular
weight and hydrogen-bonding potential were included in multivariable
regression analysis (from r? of 0.39 to 0.91). Correlations obtained
using log kiam, log k¢ or log distribution coefficient (log D) were
comparable when regressed against Caco-2 uptake using this approach.
Calculated log partition coefficient (ClogP) provided the poorest corre-
lation in the multivariable analysis (r* = 0.57 for T-cell uptake and
2 = 0.71 for Caco-2 cell uptake).

Conclusions. Uptake of HIV protease inhibitors by T-celi suspensions
or Caco-2 cell monolayers was positively correlated. Uptake by T-
cell suspensions was adequately described by hydrophobicity alone.
‘Description of uptake by Caco-2 cell monolayers required multivariable
regression analysis in which molecular weight and hydrogen bonding
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were included. Experimental measures of hydrophobicity (log kiams
log k¢ys and log D) were superior to ClogP in the correlation analysis.
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INTRODUCTION

Hydrophobicity is inextricably linked to the transport of
molecules across biological membranes. The optimal descrip-
tors of hydrophobicity and membrane interaction have been the
object of intense study on the basis of providing predictive
values for passive, biological transport (I-6). Measurements
of hydrophobicity have included partition and distribution coef-
ficients using various organic phases, partitioning into lipo-
somes, as well as chromatographic retention on reversed-phase
HPLC columns. This work describes application of an Immobi-
lized Artificial Membrane (IAM) column composed of phos-
phatidylcholine (PC) headgroup packing material to the
determination of hydrophobicity and description of biological
transport. This particular approach using IAM was developed
by Pidgeon et al. (7) and includes both hydrophobic and electro-
static contributions to membrane interaction.

New elements and new needs are driving the investigation
of hydrophobicity descriptors in pharmaceutical industry. These
elements can be traced, not surprisingly, to the routine applica-
tion of mass screening and combinatorial chemistry. These
techniques in drug discovery have resulted in orders-of-magni-
tude increases in the numbers of compounds being presented
for biopharmaceutical characterization. As a result, the ideal
hydrophobicity measurement is not only accurate, descriptive
and reproducible, but is also fast, facile, and amenable to
automation.

To achieve therapeutic efficacy, drug discovery candidates
in the HIV protease inhibitor area needed to overcome succes-
sive delivery barriers: absorption through the intestinal mucosa
after oral administration and penetration into T lymphocytes to
reach the site of action at the budding virion. Since transport
was critical to the design and success of these agents, effort
was directed at devising methods by which transport could be
readily assessed. Several methods of hydrophobicity determina-
tion were investigated, including capacity factors on IAM and
reversed-phase columns, distribution coefficients and calculated
partition coefficients. These methods were examined for corre-
lation with uptake by CEM T-cell suspensions and by Caco-2
cell monolayers.

METHODS

Materials

HIV protease inhibitors PD1 to PD 10R were obtained from
the Chemical & Biological Information Library at Parke-Davis
Pharmaceutical Research (Ann Arbor MI). Structures of PD1
to PDIOR are shown in Fig. 1. PDIOR is QC.Asn.Phe
Y[CH(OH)CH,N]-PIC.NHtBu where QC is quinoline-2-car-
bonyl and PIC is piperidine-2(S)-carbonyl (8).

Cell Culture

CEM-T4 lymphocytes were obtained from AIDS Research
and Reference Reagent Catalog (#117) and were grown in
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Fig. 1. Chemical structures of the pyrone-(PD ]-3), dihydropyrone-
(PD4-9) and peptide-based (PD10R) HIV protease inhibitors.

suspension in media consisting of RPMI 1640 (Celox Corp.
Hopkins MN), HEPES (10 mM N-2-hydroxyethylpiperazine-
N’-2-ethanesulfonic acid), fetal bovine serum (10%), penicillin
(100 U/mL) and streptomycin (100 ug/mL). Cell concentrations
of 1 to 3 X 10% cell/mL were passed every 3 to 4 days at
1:20 dilution.

Caco-2 cells (passage numbers 36 to 46) were obtained
from American Type Cuiture Collection (Rockville MD). Cells
were seeded at 2.5 X 10° cells/well in 6-well plastic cluster
trays and maintained in Dulbecco’s Modified Eagle’s Medium
(DMEM, Sigma Chemical Co., St. Louis MO), L-glutamine
(1%) and Minimum Essential Medium Non-Essential Amino
Acids (1%, Gibco/BRL, Grand Island NY). Cells were confluent
for use in uptake studies within seven to ten days.

Cellular Uptake Experiments

For T-cell uptake experiments, the T-cell concentration
was measured and the cells were collected. Cell concentrations
were adjusted to 4 to 10 X 107 cells/mL. After centrifugation
at 1000 X g for 5 min, the growth medium was removed and
cells were washed, then resuspended in MOPS buffer (3-[N-
morpholino]propanesulfonic acid, pH 7.4). At time zero, the
drug solution (1.35 mL) was mixed with the T-cell suspension
(0.15 mL) and incubated at 37°C. Drug concentrations ranged
from 0.5 to 43.7 uM, depending on the solubility of the drug.
At selected time points out to 15 min, samples (0.20 mL)
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were removed from the incubation medium and spiked into a
microcentrifuge tube containing 0.05 mL oil (dibutyl phthal-
ate:dioctyl phthalate, 4:1) (9). Samples were spun immediately
at 16,000 X g for 20 s. Drug solution and oil were carefully
removed. The cell pellet was washed once with ice-cold MOPS,
followed by centrifugation at 16,000 X g for 20 s. After removal
of the supernatant, 0.05 mL water was added to the sample
tube and it was sonicated for 2 to 30 min. Acetonitrile (0.05
mL) was added to precipitate proteins, then the sample was
centrifuged for 20 min. The supernatant was transferred to an
HPLC vial for analysis.

For Caco-2 cell uptake experiments, growth media was
removed and the cell monolayer was rinsed with MOPS buffer,
then incubated with drug solution in MOPS (pH 7.4) at 37°C.
Multiple compounds were consistently incubated simultane-
ously in the Caco-2 uptake experiments. Total drug concentra-
tion was less than 50 pM. At selected time points out to 15
min, the incubation solution was removed, and the cells were
washed with ice-cold MOPS buffer. After removal of the buffer,
0.5 mL water was added to each well and the cells were soni-
cated for 20 min. The resulting suspension was collected and an
equal volume of CH;CN was added, followed by centrifugation.
The supernatant was collected for analysis by HPLC.

Uptake rates were calculated from the linear portion of
the uptake curve. Uptake units were mole/min-10° cells or mole/
min-mg protein, normalized to 0.100 mM incubation concentra-
tion of drug. Replicates of at least three were performed.

Reference Compounds

*H-propranolol and an orally-active, peptide-based prote-
ase inhibitor, PD10R, were used as reference compounds. The
radiolabelled propranolol was analyzed by liquid scintillation
counting. PDIOR was analyzed by the HPLC methods
detailed below.

Capacity Factor (k') Determination

Capacity factors were obtained on both an Immobilized
Artificial Membrane. PhosphatidylCholine (®*STAM.PC) column
(10 cm X 4.6 mm, 5 pm particle size, Regis Chemical, Morton
Grove, IL) and a Hypersil CI18 column (10 ¢cm X 2.1 mm,
Hewlett Packard) using UV detection at 216 nm. Stock solutions
were prepared in CH;CN and injected onto the column. Mobile
phase consisted of Dulbecco’s phosphate-buffered saline (10
mM phosphate, pH 7.4) and CH,CN. The high hydrophobicity
of many of the compounds necessitated the use of CH;CN as
an organic modifier to elute the compounds in a timely manner.
When this was the case, each compound was injected under
isocratic conditions over a range of mobile phase compositions
(eg, 15% CH;CN:85% Dulbecco’s to 25% CH;3;CN:75% Dul-
becco’s) and capacity factors (k') were determined:

k, - (tR - to)/to

where tg is the retention time of the test compound and t, was
the retention of the void volume marker, citric acid. Capacity
factors from four to five mobile phase compositions were used
in plots of log capacity factor versus percent CH;CN to calculate
k' by extrapolation in aqueous mobile phase, k' jav and k' ¢y5,
on the respective columns. The r* values for all linear regression
plots were > 0.98. Data were normalized for daily column
performance using k’ for phenytoin.
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Reversed-Phase HPLC Analysis

Two sets of chromatographic conditions were used. For
analysis of samples from T-cell experiments, a C18 column
was employed. The gradient mobile phase conditions consisted
of 60 to 75% CH,CN and 40 to 25% water containing 0.1%
triethylamine (TEA). Samples from the Caco-2 studies used a
phenyl column with gradient mobile phase conditions ranging
from 50 to 60% CH;CN and 50 to 40% water containing 0.1%
TEA. Mobile phases were adjusted to pH 3.0 with H;PO,. The
wavelength used for the analysis ranged from 255 to 265 nm.

Calculated and Other Parameters

Hydrogen bonding (H-bonding) capacity was calculated
using the method put forth by Stein (10). Partition coefficients
(ClogP) were calculated using the MedChem program (PC
Models, v 4.42, Daylight Chemical Information Systems) (11).
Distribution coefficients (log D) were determined in saline:octa-
nol at pH 7.4 by Robertson Microlit Laboratories, Inc. (Madison
NIJ) using a pH-titration method (12).

Statistical Analyses

Excel (Microsoft, Seattle WA) and JMP (SAS Institute,
Cary NC) were used for statistical and multivariable regres-
sion analyses.

RESULTS AND DISCUSSION
Hydrophobicity Parameters

Hydrophobicity was assessed by calculation (ClogP), octa-
nol:water distribution (log D), or by chromatographic means
using reversed-phase (log k¢ig) or IAM (log k{am) columns.
Hydrophobicity values are depicted in Figure 2. ClogP values
represent distribution of the nonionized species and are gener-
ally several log units higher than the experimental values
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obtained at pH 7.4. In this particular chemical series, experimen-
tal values were influenced by the pyrone or dihydropyrone
hydroxyl group pK, in the range of 5.5 to 6.5. As illustrated
in Figure 2, hydrophobicity values for each protease inhibitor
ranked as follows:

ClogP > log k(i3 > log Kiam = log D

The curves closely paralleled each other in most cases. The
greatest divergence was noted for the log D value for PD1.
Log D for PDI dropped precipitously relative to the other
parameters, resulting in the only negative hydrophobicity
parameter. PD1 was the only compound in this set that had a
double negative charge at physiological pH.

Cell Uptake Studies

Two reference compounds, propranolol and PD10R, were
used to benchmark the uptake rates of the PD protease inhibitors
based on reported in vivo performance. Approximately 100%
of propranolol was available after absorption (13). PDIOR is
a peptide-based HIV protease inhibitor that has demonstrated
clinical efficacy after oral administration (8). PDIOR has a
molecular weight of 617 and 11 potential hydrogen bonding
sites, suggesting that its fraction absorbed in humans will be
low. Comparison of the PD protease inhibitors to the reference
compounds provided a basis for projecting whether transport
into intestinal cells or into target cells would limit delivery of
inhibitors to the virus.

In T-cells, the uptake of PD10R was 0.51 nmol/min-mg
protein-0.1 mM, less than /> that of propranolol (1.29 nmol/
min-mg protein-0.1 mM) (Table I). Uptake of the clinical candi-
date, PDIOR, into T-cells thus reflected a minimum acceptable
uptake rate for the PD protease: inhibitors to be evaluated
against. As shown in Table 1, only one protease inhibitor (PD1)
had an uptake rate substantially lower than PD10R, while four
had uptake rates within two-fold of PDI0OR (PD2, PD4, PD6,

Hydrophobicity
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Fig. 2. Comparison of ClogP, log k¢s, log kiam and log D for the set of nine HIV protease inhibitors.
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Table I. Summary of T-Cell and Caco-2 Cell Uptake Studies

Key T-cell uptake® Caco-2 cell uptake®
PD1 0.013 = 0.002 0.13 = 0.04
PD2 0.55 £ 0.10 5.99 = 1.40
PD3 325 = 1.10 1295 = 4.13
PD4 024 £ 0.02 0.47 = 0.10
PD5 163 = 0.89 4.76 * 0.08
PD6 0.38 * 0.06 0.54 = 0.19
PD7 0.75 = 0.06 1.18 = 0.12
PD8 7.45 = 2.81 2171 = 43
PD9 5.14 = 0.81 3.40 = 1.91
Propranolol 1.29 = 0.51 344 = 0.39
PDIOR 0.51 = 0.06 028 = 0.18

“ Uptake at pH 7.4 in nmol/min-mg protein-0.100 mM.

PD7). The remaining four protease inhibitors (PD3, PDS5, PD8,
PD9) showed considerably higher uptake. Mitigating factors
such as protein binding, stability, and activity against the virus
were not accounted for in these studies; however, it can be
concluded that transport into target cells should not be rate-
limiting for eight of nine PD protease inhibitors.

The uptake rate of PDIOR into Caco-2 cells was 0.28
nmol/min-mg protein-0.1 mM), while that of propranolol was
more than ten-fold higher (Table I). Uptake rates at least equal
to those of PDIOR should be sufficient to achieve antiviral
activity in the absence of dissolution rate or stability limitations.
All of the PD protease inhibitors had Caco-2 cell uptake rates
greater than PDIOR with the exception of PDI, previously
noted as being doubly anionic at physiological pH. Five of the
protease inhibitors (PD2, PD3, PD5, PD8, PD9) had uptake
rates equal to or greater than that of propranolol. Propranolol
is completely absorbed from the intestine, although extensively
metabolized during first-pass. Therefore, these compounds were
all candidates for oral administration, with the exception of PDI.

The two cell systems were dissimilar to each other physi-
cally in that T-cell incubations were conducted with cells grown
in suspension, while Caco-2 cells were grown in monolayers.
The predominantly spherical T-cells were bathed in incubation
media. The highly differentiated Caco-2 cells were complete
with tight junctions between the cells and presented only the
apical, microvillar surface to the incubation media. None the
less, it was anticipated that driving forces should be similar for
uptake into the two cell types. Surface area was considered
constant in each system, which was normalized for the amount
of protein. There was a reasonable correlation between uptake
into T-cells and Caco-2 cells (Table I), with a slope close to
unity (1.1) and r? of 0.71.

Modeling and Correlations

The complete result set for single-variable analysis of the
data is presented in Table I1. This matrix shows that all measures
of hydrophobicity (log kiam, log kg, log D), as well as ClogP,
correlated well with each other. For uptake into T-cell suspen-
sions, there was a positive correlation with hydrophobicity
(Table II). Values ranged from 0.74 to 0.90, with ClogP being
the lowest and log D the highest. With the exception of log D
(r = 0.74), hydrophobicity was poorly correlated with uptake
into Caco-2 cell monolayers (0.56 to 0.74).
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Given that transport across biological membranes is not
solely a function of hydrophobicity (14,15), the compound set
was examined for ranges in molecular weight and hydrogen-
bonding. The molecular weights of the protease inhibitors were
338 to 601, and hydrogen-bonding capability was 2.5 to 8.5.
Multivariable analysis was conducted in which log T-cell or
Caco-2 cell uptake was regressed against hydrophobicity (log
kiam, log k¢g, log D or ClogP), molecular weight and hydro-
gen-bonding.

The results of multivariable analysis are shown in Table
III. For T-cell uptake, there was little or no improvement in
correlation beyond single-variable analysis. Neither hydrogen
bonding (A,) or molecular weight (A;) were statistically signifi-
cant variables for T-cell uptake when log kism, log keys, or log
D were used for the variable representing hydrophobicity (A)).
There was no satisfactory correlate when Clog P was used for
hydrophobicity. Log D was clearly superior to log kjam and
log k¢ig in this analysis.

Conversely, multivariable analysis greatly improved the
correlation of hydrophobicity with uptake by Caco-2 cells
(Table IIT). When log k{am represented hydrophobicity (A)),
both hydrogen-bonding (A,) and molecular weight (A;) were
needed to describe the uptake process, and r? then rose to 0.91.
Using log k¢g or log D for hydrophobicity, molecular weight
was again significant, but hydrogen-bonding was rejected. Only
when ClogP was used for hydrophobicity was the correlation
with Caco-2 uptake not considered significant. Furthermore,
using the molecular weight term to adjust Caco-2 permeability
increased the correlation between Caco-2 and T-cell uptake
from r* = 0.71 (Table II) to 0.90 (Table III).

From this analysis, the three experimentally determined
hydrophobicity measures, log kiam, l10g k¢ and log D, provided
useful and comparable correlates of HIV protease inhibitor
uptake by T-cell suspensions or Caco-2 cell monolayers. The
calculated partition coefficient, ClogP, was less useful in both
cases. Of the three experimental measures, we found log
k{am most accessible to our own use and most facile in obtaining
results. Log D was a more time-consuming approach usually
reserved for fewer compounds later in development. In the
discovery mode, log D determinations were contracted to an
external resource. Log D measurements by pH titration can
also be problematic for poorly water-soluble compounds. Log
keig provided reliable correlations that were virtually indistin-
guishable from log kiaum in this series; however, the C18 column
represents only hydrophobic contributions, while the IAM.PC
column contains both hydrophobic and electrostatic contribu-
tions to membrane interaction.

CONCLUSIONS

Uptake of HIV protease inhibitors by T-cell suspensions
or Caco-2 cell monolayers was positively correlated, although
some differences were noted. Uptake by T-cell suspensions
could be adequately described by hydrophobicity alone. Uptake
by Caco-2 cell monolayers required multivariable regression
analysis in which molecular weight and hydrogen bonding were
included. Experimental measures of hydrophobicity (log D,
followed by log kiam and log k¢ g) were useful in the correla-
tion analysis, whereas ClogP was not. With a large set of
compounds to lend robustness to the multivariable model, log
kiam could be used to screen and select compounds for T-cell
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Table II. Correlation Matrix (r values) for HIV Protease Inhibitors

Variable log k'1am log k'cys *log D ClogP log T-cell log Caco-2 H-bond MW
log Kjam 1.000
log keyg 0.862 1.000
*log D 0.848 0.847 1.000
ClogP 0.865 0.900 0.793 1.000
log T-cell 0.784 0.808 0.901 0.742 1.000
log Caco-2 0.562 0.658 0.740 0.605 0.844 1.000
H-bond 0.013 ~0.308 —0.202 —0.269 —0.334 —0.686 1.000
MW 0.542 0.448 0.367 0.354 0.160 -0.299 0.578 1.000
Note: n = 9 compounds except for *log D (n = 8 compounds).
Table III. Multivariable Regression Summary of Dependent Variables for Log T-Cell and Caco-2 Cell Uptake
Log T-Cell® A, A, A, A, n R? s F(p<)
Log kiam -2.77 1.11 9 0.61 0.63 11.13 (0.012)
Log keis —5.42 1.34 9 0.65 0.60 13.13 (0.008)
Log D —0.76 0.52 8 0.81 0.44 25.9 (0.002)
ClogP —-4.84 0.67 9 0.52 0.70 7.5 (0.03)
Log Caco-2 -0.36 1.09 9 0.71 0.54 17.3 (0.004)
-2.77 1.26 —0.0047 9 0.90 0.35 26.4 (0.001)
Log Caco-2*
Log kiam —1.20 0.61 9 0.32 0.65 3.22 (0.12)
0.97 1.12 -0.0069 9 0.83 0.35 14.7 (0.005)
0.78 0.94 —0.13 —0.0044 9 0.9t 0.28 16.7 (0.005)
Log k'C18 —3.09 0.85 9 0.43 0.59 5.34 (0.05)
—1.83 1.28 —0.0060 9 0.87 0.30 20.68 (0.002)
Log D -0.17 0.31 —0.0044 8 0.55 0.49 7.3 (0.036)
1.95 0.40 8 0.90 0.26 21.63 (0.004)

% Log T-cell = A, + A ,*Hydrophobicity + A,*H-bonding + A;*MW - H-bonding and MW were not significant at p > 0.1.
® Log Caco-2 = Ay + A *Hydrophobicity + A,*H-bonding + A;*MW - ClogP gave no significant correlations at p > 0.1.

and Caco-2 transport, thus reducing the number of actual cell
experiments needed.

ACKNOWLEDGMENTS

The authors gratefully acknowledge Lamia Sharmeen for

supplying the T-lymphocytes. We thank Eric Reyner for his
exploratory work in the protease inhibitor project and Rufus
Williamson for his help in designing the T-cell incubation
experiments.

REFERENCES

1.

D. A. Paterson, R. A. Conradi, A. R. Hilgers, T. J. Vidmar, and
P. S. Burton. A Non-aqueous partitioning system for predicting
the oral absorption potential of peptides. Quant. Struct.-Act. Relat.
13:4-10 (1994).

K. B. Sentell and I. G. Dorsey. Retention mechanisms in reversed-
phase liquid chromatography. Stationary-phase bonding density
and partitioning. Anal. Chem. 61:930-934 (1989).

G. V. Betageri, A. Nayernama, and M. J. Habib. Thermodynamics
of partitioning of nonsteroidal anti-inflammatory drugs in the N-
octanol/buffer and liposome systems. /nt. J. Pharm. Adv. 1:310-
319 (1996).

. C. Y. Yang, S. J. Cai, H. Liu, and C. Pidgeon. Immobilized

artificial membranes-screens for drug membrane interactions.
Adv. Drug Del. Rev. 23:229-56 (1996).
R. Kaliszan, A. Kaliszan, and I. W. Wainer. Deactivated hydrocar-

bonaceous silicia and immobilized artificial membrane stationary
phases in high-performance liquid chromatographic determination
of hydrophobicities of organic bases: relationship to log P and
CLOGP. J. Pharm. Biomed. Anal. 11:505-11 (1993).

V. Pliska, B. Testa, and H. van de Waterbeemd. Lipophilicity in
Drug Action and Toxicology. VCH, New York, 1996.

C. Pidgeon and U. V. Venkataram. Immobilized artificial mem-
branes: chromatography supports composed of membrane lipids.
Anal. Biochem. 176:36—47 (1989).

N. A. Roberts, J. A. Martin, D. Kinchington, A. V. Broadhurst,
J. C. Craig, I. B. Duncan, S. A. Galpin, B. K. Handa, J. Kay, A.
Krohn, R. W. Lambert, J. H. Merrett, J. S. Mills, K. E. B. Parkes,
S. Redshaw, A. J. Ritchie, D. L. Taylor, G. J. Thomas, and P. J.
Machin. Rational design of peptide-based HIV proteinase inhibi-
tors. Science 248:358-61 (1990).

P. D. Brown and F. V. Sepulveda. A Rabbit jejunal isolated entero-
cyte preparation suitable for transport studies. J. Physiol.
363:257-270 (1985).

W. D. Stein. Theoretical and Experimental Biology An Interna-
tional Series of Monographs: The Movement of Molecules Across
Cell Membranes, Academic Press, New York, 1967.

. A.J. Leo. Hydrophobic parameter: measurement and calculation.

In I. J. Langone (ed.), Methods in Enzymology, vol. 202A, Aca-
demic Press, New York, 1991, pp. 544-91.

F. H. Clarke and N. M. Cahoon. Potentiometric determination of
the partition and distribution coefficients of dianionic compounds.
J. Pharm. Sci. 84:53-54 (1995).

- H. Lennernas, S. Nylander, and A.-L. Ungell. Jejunal permeabil-

ity: a comparison between the Ussing chamber technique and the
single-pass perfusion in humans. Pharm. Res. 14:667-671 (1997).



1406 Stewart, Chung, Tait, Blankley, and Chan

14. P. S. Burton, R. A. Conradi, N. F. H. Ho, A. R. Hilgers, and 15. R. A. Conradi, A. R. Hilgers, N. F. H. Ho, and P. S. Burton. The
R. T. Borchardt. How structural features influence the biomem- influence of peptide structure on transport across Caco-2 cells.
brane permeability of peptides. J. Pharm. Sci. 85:1336-40 (1996). Pharm. Res. 8:1453-60 (1991).



