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Abstract: One of the biggest challenges of gene-
derived water soluble molecules is the delivery of these
molecules across biological membranes. Non-par-
enteral routes including oral products need to be con-
sidered to fully exploit the potential of these molecules
especially for the treatment of chronic diseases. This
challenge will require cooperation between all scien-
tific disciplines to make this goal a reality. 

The area of genetic drugs has reached a critical
stage in introducing novel treatments for diseases to
the marketplace. Although the parenteral route is cur-
rently used for delivering most of these molecules, the
potential usefulness of these molecules will be greatly
enhanced by non-parenteral delivery routes. Non-par-
enteral routes for delivery of these molecules offer sev-
eral advantages, including their non-invasive nature,
ease of administration and for oral administration
patient compliance but these routes are less efficient.
The oral route is the most desirable; however it offers
the greatest challenge for the pharmaceutical scien-
tist. Several published studies indicate that these
molecules can be transferred by different means across
cell membranes and some of these approaches work
effectively in cell cultures [1]. However these efforts
have not translated into clinical success. It will take a
concerted and a collaborative effort on the part of all
scientists in the discovery and the development pro-
grams of the biotechnology industry together with
academicians to make these molecules orally bioavail-
able. Although high throughput synthesis and receptor-

based methods have generated a large number of
molecules, the rate of introduction of new molecules
is slower than at any time since World War II [2]. For
the most part, these high throughput methods have
relied on empirical rules with scientists turning into
technicians. Today’s approach is becoming haphazard
with little logic driving scientific progress forward. What
is required is a focused approach in applying scientific
principles of all disciplines. We do not need more
“haystacks” but more “needles” in “haystacks”. Hence
the selection of molecules for clinical development is
critical. Once an appropriate molecule is selected, a
major effort needs to be applied in developing the
drug delivery system for the success of orally absorbed
marketed products. 

Some of the approaches for designing orally active
molecules that need to be considered are: 

I. Chemical modifications.

II. Stability and enzyme processes
at the cellular and membrane level.

III. Transport processes across the membrane.

IV. Delivery Systems.

The above approaches are discussed using anti-
sense oligonucleotides as examples.

Antisense oligonucleotides (ODNs) belong to the
class of nucleic acids that have the ability to down
regulate the expression of disease causing proteins
by inhibiting gene expression at the level of the mRNA.
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ODNs are currently being evaluated in clinical trials for
treating a broad range of diseases including viral infec-
tions, cancer, renal transplant rejection and inflam-
matory disorders that include psoriasis and ulcerative
colitis [3-5]. The first ODN drug approved in 1998 in
the US and in 1999 in Europe was for the treatment
of cytomegalovirus infections of the retina. ODNs are
typically 10-25 mer nucleotides with a molecular mass
generally in the range 3000 to 7500 daltons, water-sol-
uble polyanionic macromolecules that do not readily
cross biological barriers. 

I. Chemical Considerations 
for Designing Optimal
Antisense Molecules 

a. Constructs 

Strategies for the cellular transport of compounds to
the target site are based on chemical synthesis of stable
backbones of molecules to protect them at the cellular
level against nucleases and transport across nuclear
membrane for their effect at the level of the RNA.

Earlier in the history of ODNs, the designing of these
molecules appeared straightforward since the exact
sequence of the target mRNA is known and com-
puter-predicted-folding should allow for the identifi-
cation of the single-stranded hybridization-accessible

sites. However this approach has been unsuccessful
and it appears that computer-generated algorithms
do not take into account the secondary and tertiary
structures associated with RNA.

Newer strategies include RnaseH mapping and
scanning. Combinatorial ODN arrays are both cost
effective and exhaustive. 

RNaseH mapping takes into account to recognize
and selectively degrade the RNA strand in the
RNA:DNA duplex. Combining the targeted RNA with
a random library of ODNs in the presence of RnaseH
and analyzing the cleaved fragments is used to iden-
tify accessible sites. This strategy has been success-
fully used for selecting against the multiple drug
resistant genes and the hepatitis C RNA virus. 

A novel strategy involves scanning combinatorial
oligonucleotides arrays for determining accessible
sites within targeted RNA molecules. This approach
allows one to synthesize an array of ODNs to cover
every possible site within the targeted RNA. However,
this approach is exhaustive and labor/time intensive.
A combination of the two technologies, RNaseH map-
ping for selecting a region with good accessibility fol-
lowed by combinatorial array to identify the optimum
sequence provides the best approach [6]. 

b. Biological Stability

Enzyme and chemical instability are the first hur-
dles to consider for delivering ODNs to cells. Unmod-
ified phosphodiester (PO) backbone oligonucleotides
are rapidly degraded in biological fluids by a combi-
nation of endo- and exo-nucleases. A variety of chem-
ically modified ODNs are developed where the most
widely studied are the phosporothioate (PS) oligonu-
cleotides where one of the non-bridging oxygens of the
PO backbone is replaced by sulfur. Other modifica-
tions that are investigated are peptide nucleic acids,
2_-methoxyethyl- and morphilino-based oligonu-
cleotides [7].

II. Transport Processes
Across the Membrane

Transport processes between cells and biological
membranes have more similarities than dissimilarities.
Hence considerations in synthesizing molecules for
transport for the two processes need to be inclusive
rather than exclusive.

a. b. c.

Figure 1. Schematic for several pathways for mem-
brane transport. a. paracellular. b. carrier-mediated.
c. transcellular via passive-diffusion. 
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a. Cellular Uptake

Naked ODNs do not readily enter cells. Several fac-
tors govern the entry of ODNs into cells. These include
chemistry, length, conformation and concentration,
cell type, stage of cell cycle, degree of cell differenti-
ation, passage number and conditions under which
cells are grown (pH and cation concentration).

ODNs need to be designed for ease of being trans-
ported across cell membranes and to prevent their
premature degradation by cell enzymes. Once inside
the cell in its stable form, the ODN needs to enter the
nucleus across the nuclear membrane, survive attack
by nucleases and bind to the DNA to prevent gene
expression or bind to RNA to prevent translation of
the gene’s message [8]. 

b. Transport Across G-I Membrane 
for PO Absorption

Oligonucleotides like DNA are poly negatively
charged, polar, water-soluble, have high molecular
weight (> 1000g/mol) hence are poor candidates for
efficient oral absorption. Of the several processes
involved in the transport process across membranes
that include passive diffusion across lipid bilayer mem-
branes, unless they assume a 3-d conformational
structure to shield charge and assume a lipid structure,
facilitated/active transport, carrier-based transport or
transport through paracellular tight junctions through
the water based channels (Figure 1) In addition, it has

been alluded and hypothesized that first generation
phosphorothioate ODNs undergo presystemic
metabolism and probably p-glycoprotein efflux at the
G-I wall. 

All these processes need to be addressed and
evaluated in a systematic manner before in vivo studies
are conducted to assess and understand the oral
absorption process of these molecules.

20

ISIS 2302

Sm
. In

te
sti

ne

Lg
. In

te
sti

ne

Sm
. In

te
sti

ne

Lg
. In

te
sti

ne

Sm
. In

te
sti

ne

Lg
. In

te
sti

ne

Sm
. In

te
sti

ne

Lg
. In

te
sti

ne

ISIS 11159
ISIS 14725

ISIS 16952

18
16
14
12
10

8
6
4
2
0

IV
Intraduodenal

Ti
ss

ue
 C

on
c.

 (µ
g-

eq
ui

v.
/g

)

Figure 2. Binding of parent ISIS 2302 and modified ODNs ISI 11159, ISIS 14725, ISIS 16952 to G-I tissues as
function of time. [8]
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Figure 3. Systematically intact parent ISIS 2302 and
modified ODNs ISI 11159, ISIS 14725, ISIS 16952 as
function of time. [8]
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High throughput Caco-2 based cell methods and
other in vitro methods by themselves may be poor
choices/models for oral absorption. A combination of
methods based on screening for first-pass metabolism/
efflux across the Caco-2 cells and in situ absorption
methods across different portions of the G-I tract offer
the most promising approach. Cell-trafficking studies
independent of their relationship with in vivo outcomes
are poor predictors of clinical success for these
molecules.

A recent article [8] compared the absolute bioavail-
ability in rats of three 2’-O-(2-methoxyethyl) ribose
sugar modified (2’-O-MOE) antisense ODNs with a
first generation phosphorothioate oligodeoxynucleotide
(PS ODN, ISIS 2302). In vitro metabolic stability of
these molecules in G-I tissue preparations indicated
that stability was improved for the modified (2’-O-
MOE) partial ribose-modified ODN. The fully (2’-O-
MOE) ribose-modified ODN modified [Figure 2].
Following intraduodenal administration, only chain-
shortened metabolites of PS ODN were recovered in
8 hours compared to ~50% (2’-O-MOE) antisense
ODN and no metabolites present for the two fully mod-
ified ODNs (2’-O-MOE PO and PS). The rank order
of oral bioavailability compared to an equivalent intra-
venous dose, based on plasma concentrations, was
ISIS 14725 (full PS, partial MOE) 5.5% > ISIS 16952
(full PS, full MOE) 2.1% >ISIS 2302 (PS ODN) 1.2%
>ISIS 11159 (full PS, full MOE) 0.3%.

The authors attribute the improved bioavailability
of ISIS 14725, the 3’hemimer 2’-O-MOE PS ODN to
a combination of improved presystemic stability and
permeability across the G-I tract. Although improved
bioavailability was observed, absolute bioavailability
did not correlate with tissue binding and in vivo
metabolism. Some of the physicochemical/preclinical
properties of these molecules including log P, structural
confirmation in solution, permeability coefficient and
efflux systems at the G-I tract need to be determined.
This will allow for better structure-bioavailability cor-
relation and allow for medicinal chemists to synthe-
size molecules with higher oral bioavailability. Not
Sufficient preclinical studies need to be conducted to
address the issue of transport of ODNs across bio-
logical membranes. Chemical approaches to elimi-
nate charge on molecules and increase their lipophilicity
and physical approaches by providing a sec-
ondary/tertiary structural confirmation in solution that
is amenable to membrane transport. Additional
approaches for improving absorption across the G-I
tract include targeting M-cells and mucoadhesives,
such as lectins, for adhesion to specific regions of the
G-I tract.

III. Delivery Systems 

Several formulation approaches have been used
to deliver ODNs. One of the most exciting drug delivery
systems that may provide a platform for oral delivery
of these molecules are based on self-emulsifying
microemulsion drug delivery systems (SMEDDS). A
typical SMEDDS consists of an oil, surfactant and
water and in some instances a cosolvent. To identify
the region for the formation of a water-in-oil (W/O)
SMEDDS requires a construction of a phase diagram.
A hypothetical phase diagram [Figure 4] identifies the
regions where a W/O SMEDDS is formed. Advantages
of SMEDDS include their thermodynamic stability,
isotropic nature and ease of manufacture. The water-
in-oil type of microemulsions provides the inner core
for drug loading of water-soluble molecules engulfed
in an external oil phase that protects these molecules
from the acid pH of the stomach and the degrading
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Figure 4. Hypothetical ternary phase diagram identi-
fying regions of microemulsion formation. L2 phase
is the region of interest for water soluble molecules.
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enzymes in the intestine. Since SMEDDS can be for-
mulated as a preconcentrate without water, the
absence of water allows for long-term stability of pep-
tides/proteins. In addition, SMEDDS are thermody-
namically stable and will provide the shelf-life for a
pharmaceutical product as a hard gelatin or a soft
gelatin capsule. All advances in the areas of stability
and absorption of peptides/proteins being considered
by others can be incorporated in a SMEDDS platform. 

Conclusions

The selection of molecules needs a thorough under-
standing of the requirements for molecules for oral
absorption. This process will require that systematic
physicochemical and preclinical studies be conducted
to ”build” properties into the molecule to address
issues of chemical and enzymatic degradation and
properties required for cellular and membrane trans-
port. The delivery system should provide a platform
for incorporating enzyme and efflux inhibitors to allow
for intact molecule to be available for systemic absorp-
tion. The SMEDDS provides a promising approach for
such a delivery system. A collaborative between sci-
entists from different disciplines will make oral bioavail-
ability of large gene derived products a reality. 
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