
SUMMARY

Nonsteroidal anti-inflammatory drugs (NSAIDs) are high-
ly effective drugs that inhibit pain and inflammation, and
perhaps due to the role of inflammation in the underlying
etiology, NSAIDs have also demonstrated efficacy in

reducing a patient’s risk of developing a number of cancers
and neurological diseases (e.g. Alzheimer’s disease). The
utility of these powerful drugs is limited due to their gas-
trointestinal (GI) side-effects, notably peptic ulceration and
GI bleeding which is briefly reviewed here. We also describe
the barrier property of the GI mucosa and how it is affect-
ed by NSAIDs, as it is our position that disruption of the
surface barrier is an important component in the drugs’
pathogenesis, in addition to selective inhibition of COX-2,
which has proven to be problematic. We also discuss cur-
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rent alternative approaches being taken to mitigate the GI
side-effects of NSAIDs, including developing combination
drugs where NSAIDs are packaged with inhibitors of HCl
secretion such as proton pump inhibitors or H2-receptor
antagonists. We then present the rationale for the develop-
ment of the PC associated NSAID technology which came
out of our observation that the mammalian gastric
mucosa has hydrophobic, nonwettable properties that
provides a barrier to luminal acid, and the role of phospho-
lipids and specifically phosphatidylcholine (PC) in this bar-
rier property. In the last section we review the development
of our current lipid-based PC-NSAID formulations and our
encouraging preclinical and clinical observations validat-
ing their GI safety and therapeutic efficacy.

INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAIDs) are an
important class of drug commonly administered for both
acute relief of pain, inflammation and fever and a variety
of chronic conditions from arthritis to cardiovascular dis-
ease, the latter primarily due to association of aspirin
consumption and a lowered incidence of stroke and car-
diac events (1-4). Furthermore, there is also a compelling
body of evidence that the treatment with NSAIDs
(notably aspirin and ibuprofen) is associated with a
decreased incidence of a number of cancers, with the
strongest evidence relating to the use of aspirin for
chemoprevention of colorectal carcinoma (5-9). Simi-
larly there is epidemiological evidence that chronic treat-
ment with aspirin and ibuprofen may be associated with
a reduced incidence of a number of neurological dis-
eases including Alzheimer’s and Parkinson’s disease (10-
12). The mechanistic basis for the prophylactic efficacy of
NSAIDs in the development and progression of these
various contrasting disease states has yet to be elucidat-
ed, but may relate to the underlying role of inflammation
in these diseases and the generation of pro-inflammato-
ry mediators such as prostaglandin E2 and its down-
stream effects on numerous pathways affecting apopto-
sis and cell proliferation.

However, NSAIDs are known to cause gastrointestinal
(GI) toxicity that often leads to ulceration or perforation
of the GI mucosal lining, a factor that limits their use.
The major concern with the chronic usage of aspirin or
other NSAIDs is that 30 to 40% of patients using NSAIDs
have a GI intolerance to the drugs and suffer from a
spectrum of symptoms ranging from dyspepsia to peptic
ulcer disease, the latter which may be associated with
life-threatening episodes of hemorrhage (13-17). One

clinical study demonstrated that 30% of chronic NSAID
users had at least one gastroduodenal ulcer, as observed
via endoscopy (13). Furthermore, a retrospective study
restricted to rheumatoid arthritis patients in the U.S.
concluded that GI complications as a result of NSAID
usage are responsible for 400,000 hospitalizations and
16,000 deaths annually in this patient population (13-17). 

To address this issue we have developed novel NSAID
products utilizing a lipid based formulation containing
soy lecithin enriched in phosphatidylcholine (PC) in a
neutral lipid oil matrix which is similar to a self-emulsify-
ing drug delivery system (SEDDS) (18, 19). Phosphatidyl-
choline is a functional excipient that plays a key role as a
solubilizing agent via the formation of a noncovalent
complex with the active ingredient NSAID. Evidence sup-
porting the formation of a noncovalent complex is based
upon findings that NSAIDs induce profound changes in
the biophysical characteristics of PC (e.g., changes to the
fluidity and reactivity with hydrophobic fluorescent
probes, the transition temperature from gel to liquid
crystalline state, its partition coefficient, its solubility in
aqueous and organic solvents, and its infrared and vibra-
tional spectra) and vice versa, PC changes a number of
the biophysical properties of NSAIDs, as demonstrated
by ours and other laboratories (20-27). The observation
that the aforementioned changes in biophysical charac-
teristics are reversible, further suggests that the associa-
tion between NSAIDs and PC is not permanent and
therefore, noncovalent in nature. By association with the
active ingredient, the PC-NSAID complex becomes
markedly more lipophilic. This enhanced lipid solubility
of the drug promotes its transit across the hydrophobic
mucus gel layer of the upper GI tract, presumably the
stomach, with reduced surface mucosal injury. The PC-
containing oil excipient neither impedes the bioavailabil-
ity of the NSAID nor changes the pharmacological activ-
ity. The PC lipid based NSAID products currently being
developed by Plx Pharma offer lower risk of gastroin-
testinal erosion and ulceration while maintaining the
pharmacological activity and bioavailability demonstrat-
ed by the commercial NSAID drug products.

RATIONALE FOR THE DEVELOPMENT
OF PC-NSAIDS

The gastric epithelium is a complex barrier that is
designed to withstand the hostile acidic environment of
the gastric lumen (2, 28-30). The protective mucus gel
layer is predominately composed of mucus glycopro-
teins, bicarbonate ions and surface active phospholipids.
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of NSAIDs, such as aspirin, ibuprofen and naproxen,
resulting in an increase in acid back-diffusion into the
mucosa.

GASTRIC SURFACE HYDROPHOBICITY:
ITS MEASUREMENT AND PERTURBATION BY NSAIDS

Surface active phospholipids in the mucus gel layer are
important hydrophobic components of the gastric barri-
er to acid and consequently binding of NSAIDs to them
rapidly attenuates the tissue’s surface hydrophobicity
(28, 29). The importance of these local effects of aspirin
and other NSAIDs has been clinically validated by the
ability of antisecretory drugs such as esomeprazole and
famotidine to decrease the proton gradient and thus the
motive force for acid back diffusion across the mucosa
resulting in a decreased risk of gastroduodenal ulcera-
tion (20, 28, 29, 32). As and objective benchmark of
mucosal barrier integrity, our laboratory measured the
hydrophobicity of the gastric luminal surface by evaluat-
ing strips of canine gastric mucosa by contact angle
analysis (32, 33). Determination of the relative
hydrophobicity of a particular surface such as the gastric
lining is performed by analysis of the contact angle,
which is the angle formed at the air-liquid-solid triple
point of the surface and is generally regarded as a reli-
able index of the hydrophobic characteristics of a partic-
ular test surface. A microliter droplet (of fluid such as
water) will bead up and form a large contact angle on a

The mucosal surfactants (phospholipids) form a nonwet-
table, hydrophobic lining that limits the entrance of acid
and protects the underlying epithelium (28, 29).
Davenport originally suggested that aspirin induced gas-
tric damage was because of injury and alteration of the
gastric mucosal barrier resulting in aberrant back diffu-
sion of luminal acid (31). Our technology is based on evi-
dence that injury to the gastric epithelial surface is relat-
ed to chemical interactions and association of aspirin and
other NSAIDs with the mucosal surface active phospho-
lipids, which are secreted by gastric mucus cells into the
overlying mucus gel layer (20, 28, 29).

NSAIDs such as aspirin disrupt the natural barrier mech-
anism of the gastric epithelium, because they bind to the
mucosal surfactants. When NSAIDs associate with sur-
face phospholipids the hydrophobic barrier becomes
hydrophilic allowing acid to permeate the mucosal lining
resulting in disruption of mucosal integrity. As the cells
lining the stomach acidify, surface and intracellular
membranes break down. With recurrent insult, cells con-
tinue to die, resulting in gastric erosions and ulcers. If
these NSAID-induced mucosal lesions occur adjacent to
an underlying blood vessel, bleeding ulcers can result in
potentially life threatening episodes of hemorrhage.
Figure 1 depicts our model to explain how the phospho-
lipid extracellular lining at the mucus gel-luminal inter-
face provides a hydrophobic barrier to luminal acid
which becomes compromised due to the surface binding
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Figure 1. A schematic model of the stomach’s hydrophobic mucosal barrier and how it is compromised by nonsteroidal anti-inflam-
matory drugs, promoting the back-diffusion of luminal acid.



nonwettable hydrophobic surface and conversely, rapid-
ly spread over a hydrophilic interface forming a negligi-
ble or small contact angle with that surface. On a per-
fectly wettable surface the contact angle approaches 0°,
whereas on a very hydrophobic surface such as Teflon®,
angles of over 100° have been observed (33).

Measurement of gastric surface hydrophobicity has been
performed in a number of animal species including
humans by placing air-dried mucosal biopsies on the
stage of a goniometer (an instrument used to measure
contact angles) and carefully applying a small droplet of
fluid on the tissue sample.  The contact angle for freshly
excised tissue was determined to be between 70° and
80°, but equilibrates to approximately 40° to 50° under
in vitro conditions, as studies in our Ussing Chamber (a
tool to measure ion transport across an epithelium)
experiments depicted in Figure 2. These observations
show that hydrophobic properties of the gastric mucosa
is markedly and dose-dependently decreased after
treatment with acidified aspirin (32). The results also
suggest that gastric injury may be attenuated by incor-
porating the NSAID in a lipidic particle, as a complex
with PC, to modify interactions with the mucosal mem-
brane and maintain surface hydrophobicity and barrier
integrity.

CURRENT APPROACHES AND ALTERNATIVES
TO MITIGATE NSAID GASTRIC TOXICITY

Because of the health risks associated with chronic
NSAID usage, a number of approaches have been uti-
lized to reduce NSAID induced GI toxicity. Combinations
of NSAIDs with antisecretory drugs (e.g., H-2 receptor
blockers or proton pump inhibitors), cyclooxygenase-2
(COX-2) selective inhibitors (coxibs) and/or the ‘cytopro-
tective’ prostaglandin, misoprostol have been developed
and marketed.  However, due to the limited gastropro-
tective effect of these commercial products or unexpect-
ed adverse events there is a continued effort to develop
new strategies to reduce NSAID induced GI toxicity (17,
30).  Emerging approaches include the use of NSAIDs in
association with nitric oxide, sulfhydryl-containing
agents (34-36) and cobiprostone, an eicosanoid known
to be a chloride channel activator, currently being devel-
oped by Sucampo Pharmaceuticals, Inc. (37-41).

Although the development of coxibs has dominated the
approach of pharmaceutical industry over the past 10
years toward NSAID treatment for pain and inflamma-
tion, based on the premise that COX-1 inhibition is most-
ly responsible for NSAID induced GI injury, there is also

much overlooked evidence that NSAID injury to the gut
epithelia can be dissociated from the COX inhibitory
mechanism altogether. Ligumsky et al demonstrated
that despite evidence that intragastrically and parenter-
ally administered aspirin inhibited gastric prostaglandin
biosynthesis in a comparable fashion (95%), only the for-
mer induced significant gastric injury to the stomachs of
rats (42). Darling et al found that aspirin can induce gas-
tric injury in transgenic mice deficient in either COX-1 or
COX-2, suggesting that simple inhibition of COX-1 activ-
ity cannot provide the only explanation for NSAID
induced gastric pathogenesis (43). In addition, there is
now compelling evidence that drugs designed to selec-
tively inhibit COX-1 are not damaging to the gut, indicat-
ing that the coxib approach may have been based on
erroneous presumptions on the importance of this COX
isoform, or for that matter prostaglandins, in NSAID
induced GI injury (44). 

Recent approaches to reduce NSAID induced GI injury
relate to the coadministration of the antisecretory drugs
with NSAIDs such as esomeprazole and famotidine in an
effort to decrease the proton gradient and thus the
motive force for acid back diffusion across the mucosa,
and thus decreasing the risk of gastroduodenal ulcera-
tion (45-47). With a lower motive force, the transit of pro-
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Figure 2. Ability of aspirin to induce a dose-dependent decease
in gastric surface hydrophobicity of canine gastric mucosa
mounted in an Ussing Chamber. Modified with permission from
Goddard, P.J., Hills, B.A., Lichtenberger, L.M. Does aspirin dam-
age canine gastric mucosa by reducing its surface hydrophobici-
ty? Am J Physiol, 1987, 252(3 Pt 1): G421-30.



tons through NSAID induced mucosal breaks is
decreased resulting in lower epithelial cell acidification
and injury. Misoprostol, which is used in combination
with diclofenac in the drug, Arthrotec® also address the
potential GI toxicity of NSAIDs by fortifying the mucosal
barrier to acid integrity or turnover by sparing ‘cytopro-
tective’ mucosal prostaglandins (48, 49). The major
drawback with this approach relates to both its limited
GI protective efficacy and the stimulatory effect of the
prostanoid on uterine and GI smooth muscle, which may
have to potential to cause abortive contractions, and
bloating and diarrhea, respectively (49, 50).

Our approach directly addresses the issue of GI toxicity
and mucosal lining integrity through application of a
specialized lipid based formulation that facilitates safe
transit of the NSAID across the mucus gel layer while
maintaining the integrity of this barrier to acid and other
luminal damaging agents. To decrease NSAID induced
surface injury, a novel, oral NSAID drug delivery system
has been developed to create a presumptive non-cova-
lent complex between natural (soy) PC and the anti-
inflammatory drug. Based upon our laboratory experi-
ence the association of the NSAID and PC appears to
render the drug more lipophilic and facilitates its transit
across the GI mucosa while minimizing surface injury
with no loss in functional bioavailability and therapeutic
efficacy (20).

PHOSPHATIDYLCHOLINE-ASSOCIATED NSAIDS
UNDER DEVELOPMENT

Preclinical evaluation

The development of the PC-associated NSAID technolo-
gy has undergone an evolution over the past 15 years,
since our early studies in the mid 1990s where we demon-
strated that a number of NSAIDs could be associated
with synthetic (disaturated) dipalmitoyl PC and, when
intragastrically administered as an aqueous suspension
to rats, reduce NSAID induced gastric injury (Figure 3)
(20). Currently with the support of our university-based
start-up company, PLx Pharma, Inc. together with grant
support from the National Institute of Health and the
State of Texas, we have developed a process in which we
formulate NSAIDs with a PC-enriched soy lecithin oil
together with agents (to reduce viscosity, sedimentation
and oxidation and promote dissolution) which is in turn,
encapsulated into gelatin capsules. Based upon shelf-life
analysis, we have selected the type of capsule to prevent
cross-linking and hydrolysis of the active.

PLx Pharma, Inc. is focused on the development of PC
conjugates with three widely used NSAIDs, ibuprofen,
aspirin and naproxen; and currently has approved inves-
tigational new drug (IND) applications for all three. We
are currently evaluating the long term shelf life stability
of all three PC associated NSAID formulations, which
appear to meet expectations necessary for commercial-
ization. Further, the characterization of the structure of
the PC associated NSAID lipidic particles within the oil
matrix is underway, with much of the evidence support-
ing the possibility that they exist as reverse micelles. In
all cases the optimization of the PC-associated NSAID
formulations is based on close collaboration between
our research lab and the company, in which prototypes
are evaluated in a number of animal models of NSAID
induced GI injury, bleeding and therapeutics. In addition
to assessing GI injury and bleeding, we also evaluate the
efficacy and potency of the test drugs to inhibit inflam-
mation and hyperalgesia in animals where a small vol-
ume of complete Freund’s adjuvant (CFA) has been
injected into their hindpaw to induce inflammation. For
our oral formulations, which is the subject of this review,
the PC-enriched oil formulations are either dispersed in
water and intragastrically administered by gavage or
alternatively injected into Torpac Minicaps® which are
then intragastrically administered followed by a small
volume of water, to more closely simulate human con-
sumption.

One of the issues investigated was whether or not there
is an advantage in pre-associating the NSAID with the
PC-enriched oil separately. This question was investigat-
ed in an acute GI bleeding model where rats receive
injections of the NO-inhibitor, N-nitro-L-arginine methyl
ester hydrochloride 1 hour before and at 1 and 6 hours
after being intragastrically dosed with the test NSAIDs.
After 18 hours, the rats are euthanized and the distal
half of the small intestine was flushed with saline and
the perfusate analyzed for hemoglobin as an index of GI
bleeding. In the case of separate dosing, the test NSAID
(in this case ibuprofen) was administered either immedi-
ately before or after the animals were dosed with the PC-
enriched oil and compared to rats that received a single
intragastric dose of the ibuprofen pre-associated with
PC in the oil matrix. The results demonstrate that in
sharp contrast to the impressive reduction in GI bleeding
of pre-associated ibuprofen/PC conjugate, separate
dosing of ibuprofen and the PC-enriched oil has little or
no protective action (Figure 4).
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In a recent rodent study, we compared the ability of PC-
associated aspirin with unmodified aspirin to exacerbate
gastric injury if administered in combination the coxib,
celecoxib (51). This model was originally described by
Wallace and associates has the premise that the GI pro-
tective action of a coxib is lost if administered together
with aspirin (or another COX-1 inhibitor) and has since
been confirmed in clinical studies (44, 52). In our study

we investigated the effects of aspirin or the  PC-associat-
ed aspirin  (administered at an NSAID dose of either 20
or 40 mg/kg) alone and in combination with a celecoxib
(15 mg/kg) on gastric ulcerogenesis, bleeding, surface
hydrophobicity and ulcer healing. Both the effects of PC
associated aspirin on the GI tract and COX inhibition lev-
els were evaluated in this study. By measuring both
macroscopic gastric lesion formation and changes in
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Figure 3. Protective efficacy of phosphatidylcholine (PC) against nonsteroidal anti-inflammatory drug (NSAID) induced gastroin-
testinal (GI) injury using different rodent models of acute NSAID induced injury and bleeding.In this composite figure we present evi-
dence that PC reduces GI injury and bleeding induced by: (AA) ibuprofen, (BB) indomethacin, (CC) aspirin and (DD) piroxicam; we also have
obtained evidence for the GI protective activity of PC-associated naproxen (as depicted in Figure 7) and diclofenac (not shown). *In
all cases, the PC-associated NSAIDs induced a statistically significant difference vs. the unmodified NSAID (P < 0.05); **the unmod-
ified NSAID in each case induced a significant increase in GI lesions and bleeding versus saline treated control; the number of
rats/group range between 6 and 15. Modified with permission from Lichtenberger, L.M., Wang, Z.M., Romero, J.J., Ulloa, C., Perez,
J.C., Giraud, M.N., Barreto, J.C. Non-steroidal anti-inflammatory drugs (NSAIDs) associate with zwitterionic phospholipids: insight into
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gastric surface hydrophobicity (by contact angle analysis
on gastric biopsies), we found that PC-associated aspirin
in combination with celecoxib greatly reduced
aspirin/celecoxib GI toxicity (Figure 5). In contrast to the
ability of aspirin (at a dose of 40 mg/kg) to reduce sur-
face hydrophobicity in the presence and absence of cele-
coxib, surface hydrophobicity was maintained in rats
treated with PC- associated aspirin (Figure 6). Because
mucosal surface hydrophobicity is associated with vul-
nerability to acid induced injury, these data suggest that
the tissue’s ability to resist the corrosive effects of acid is
maintained after PC-associated treatment.

In the same study we demonstrated that experimentally
induced gastric ulcers healed better when rats were
administered with celecoxib in combination with PC-
associated aspirin (with results similar to the saline con-
trol) than with the celecoxib in combination with unmod-
ified aspirin. We also demonstrated that PC-associated
aspirin and aspirin had a comparable inhibitory effect on
mucosal prostaglandin E2 concentration, indicating that
the protective effect of PC-conjugated aspirin is inde-
pendent of COX inhibition.

Another model system routinely use to evaluate the
safety and efficacy of the PC-NSAID formulation was
used in a recent paper in the journal Inflammo-
pharmacology where both the GI safety and therapeutic
efficacy of a PC-associated naproxen formulation were
evaluated (53). In this series of experiments, the hind

paw of rats was injected with 0.2 mL CFA and then the
animals are intragastrically administered naproxen or
PC-associated naproxen (25 mg/kg bid) or the equiva-
lent volume of saline for 3 days, during which time fecal
matter was collected to assess fecal hemoglobin con-
centration, as an index of GI bleeding. At the end of the
study period the rats were euthanized and the following
parameters assessed: the thickness of the rat’s paw was
measured to assess edema and synovial fluid was col-
lected to measure the COX-mediated generation of the
prostaglandin E2; blood was collected to assess hemat-
ocrit (an indicator of anemia induced by chronic GI
bleeding); and the small intestine was dissected and
macroscopically inspected for the presence of perfora-
tions and adhesions. The results depicted in Figure 7A-D
provide evidence that PC-associated naproxen induced
significantly less GI injury and bleeding than an equiva-
lent dose of unmodified naproxen, while inducing a sig-
nificant inhibition in ankle edema and synovial fluid
prostaglandin E2 as indices of the formulation’s anti-
inflammatory and COX-inhibitory efficacy, respectively. It
should be noted, that although the COX-inhibitory activ-
ity of PC-associated naproxen and unmodified naproxen
were comparable in this study, it appeared that ankle
edema in the PC-associated-naproxen-treated group
was less than that observed in the group treated with
unmodified naproxen. If reproducible these finding with
PC-associated naproxen would run counter to earlier
observations where we reported in different rodent
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in gastric injury and protection when a selective cyclooxygenase-2 inhibitor (Coxib) is used in combination with aspirin. Br J Pharmacol
2007, 150(7): 913-9.

Figure 6. Gastric surface hydrophobicity is maintained in rats treated with phosphatidylcholine (PC) associated aspirin when com-
pared to an equivalent dose of aspirin (40 mg/kg) either alone or in combination with a celecoxib. Cel = celecoxib, ASA = aspirin,
ASA/PC = PC-associated aspirin. Modified with permission Lichtenberger, L.M., Romero, J.J., Dial, E.J. Surface phospholipids in gas-
tric injury and protection when a selective cyclooxygenase-2 inhibitor (Coxib) is used in combination with aspirin. Br J Pharmacol 2007,
150(7): 913-9.



model systems that PC-associated ibuprofen had signif-
icantly greater analgesic and anti-inflammatory activity
than observed with equivalent (non-ulcerogenic) doses
of the respective unmodified NSAID (54). It should be
noted that in the subchronic experiments depicted in
Figure 7, where an ulcerogenic dose of naproxen was
used, the analgesic efficacy of test formulations could
not be assessed due to the fact that the animals have
visceral injury and pain that would confound this behav-
ioral analysis.

In order to assess the analgesic efficacy of our test for-
mulations, we use a modification of the above model
system. First, animals with CFA induced joint inflamma-
tion are fasted overnight on the 3rd day after CFA injec-
tion. Second, the following day after a baseline measure-
ment of the pain pressure threshold (to be described
below) the animals are acutely treated with a single
intragastric dose of PC associated ibuprofen, unmodified
ibuprofen or saline. Third, 2 hours later, the sensitivity of
the animal’s inflamed hind paw to pressure was evaluat-
ed using our modification of the established Randall
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Figure 7. Subchronic model used to evaluate the GI safety (A and B) and therapeutic efficacy (C and D) of phosphatidylcholine (PC)-
associated naproxen versus unmodified naproxen in rats with complete Freund’s adjuvant-induced joint inflammation by measur-
ing: (A) intestinal adhesions and perforations (P < 0.05 when comparing naproxen alone to saline, PC-associated naproxen or PC
alone); (B) fecal hemoglobin (P < 0.05 when comparing naproxen alone to saline, PC-associated naproxen or PC alone); (C) ankle
thickness (P < 0.05 when comparing naproxen alone to saline, PC-associated naproxen or PC alone); and (D) synovial fluid
prostaglandin E2 (PGE2) concentration (P < 0.05 when comparing saline to PC-associated naproxen or naproxen alone). The num-
bers above bars = number of rats/group. Modified with permission from Lichtenberger, L.M., Romero, J.J., Dial, E.J., Moore, J.E.
Naproxen-PC: A GI safe and highly effective anti-inflammatory. Inflammopharmacology 2008, 16(1): 1-5.



Ontario & McMaster universities arthritis criteria index
and VAS-patient global assessment scoring systems
(see Figure 9). Previously we demonstrated in cross-over
single dose pharmacokinetic (Phase I/II) trials in healthy
subjects that PC associated ibuprofen was bioequiva-
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Table I. The pharmacokinetics of phosphatidylcholine-associated ibuprofen after initial dose and repeat administration over 4 weeks in
evaluable patients.

Paired
Day 0 Week 4 Raw change t-test t-test

Treatment PK-parameter N Mean ± STD N Mean ± STD N Mean ± STD P value P value

Ibuprofen Cmax (mg/L) 64 53.0 ± 20.0 59 58.6 ± 19.3 59 5.1 ± 23.5 0.1005 0.5725
Ibuprofen-PC Cmax (mg/L) 61 62.5 ± 24.8 54 71.0 ± 21.1 54 7.8 ± 27.3 0.0399* 0.5725
Ibuprofen Tmax (min) 64 80.6 ± 27.5 59 81.7 ± 28.0 59 1.7 ± 29.6 0.6680 0.6713
Ibuprofen-PC Tmax (min) 61 76.7 ± 27.6 54 76.3 ± 25.1 54 -0.9 ± 33.2 0.8511 0.5725
Ibuprofen-PC, phosphatidylcholine-associated ibuprofen; PK, pharmacokinetic; STD, standard deviation. With permission from
Lanza, F.L., Marathi, U.K., Anad, B.S., Lichtenberger, L.M. Clinical trial: Comparison of ibuprofen-phosphatidylcholine and ibuprofen on
the gastrointestinal safety and analgesic efficacy in osteoarthritic patients. Aliment Pharmacol Ther 2008, 28(4): 431-42.

Selitto procedure (54). The method requires using an
analgesymeter which applies increasing pressure on the
paw until the animal first senses pain (termed the ‘pain
pressure threshold’) as indicated by paw withdrawal or
extension of the digits. Using this model system, we have
confirmed that the analgesic efficacy of PC-associated
ibuprofen to increase the pain pressure threshold over
baseline is comparable with that of the unmodified
ibuprofen and significantly greater than that recorded in
saline treated controls, thereby demonstrating analgesic
efficacy of PC associated ibuprofen (54).

Clinical Evaluation

Currently PLx Pharma, Inc. has had IND applications
approved by the United States Food and Drug
Administration for PC-associated ibuprofen (PL-1100; PL-
1200), PC-associated aspirin (PL-2200) and PC-associ-
ated naproxen (PL-3100) and all three oil matrix PC-
associated NSAID formulations are in different phases of
clinical evaluation of their pharmacokinetics, safety and
GI toxicity. In a paper published in the journal Alimentary
Pharmacology & Therapeutics (55), we reported that a
PC-associated ibuprofen formulation had a pharmacoki-
netic drug profile bioequivalent to unmodified ibuprofen
in osteoarthritic patients at a dose of 800 mg TID, and
that the PC-associated ibuprofen formulation induced
significantly fewer gastroduodenal clinically relevant
endoscopic ulcers and erosions than ibuprofen alone (P
< 0.015) after a 6-week dosing period in patients older
than 55 years of age, without any treatment related
adverse events (Table I and Figure 8). We have also
demonstrated in the same study that PC-associated
ibuprofen provided relief of pain and inflammation in
osteoarthritic patients during the trial period that was
comparable with ibuprofen using both a Western
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Figure 8. Phosphatidylcholine (PC)-associated ibuprofen
induced clinically relevant gastroduodenal endoscopic injury
(using Lanza scoring system where Lanza score of > 2 = 3-10
erosions or an ulcer) in a significantly (P < 0.015) lower percent-
age (11.5%) of treated at-risk osteoarthritic (OA) subjects, older
than 55 years of age, than was observed with unmodified
ibuprofen (42.9%) when the drugs were administered at a dose
of 2,400 mg ibuprofen/day for 6 weeks. Modified with permis-
sion from Lanza, F.L., Marathi, U.K., Anand, B.S., Lichtenberger,
L.M. Clinical trial: Comparison of ibuprofen-phosphatidylcholine
and ibuprofen on the gastrointestinal safety and analgesic effica-
cy in osteoarthritic patients. Aliment Pharmacol Ther 2008,
28(4): 431-42.



lence to unmodified ibuprofen, when the two drugs were
evaluated at doses of 200, 400 and 800 mg. Taking a
similar approach we have recently completed clinical
pharmacokinetic, bioequivalent and a 7-day GI safety
endoscopic assessment of PC-associated aspirin com-
pared to aspirin in healthy subjects and have initiated
pharmacokinetic evaluation of PC-associated naproxen.

CONCLUSIONS

The PC-associated NSAID products being developed
directly address the issue of GI toxicity typically associat-
ed with NSAID therapies. An NSAID pre-associated with
PC in a soy lecithin oil matrix is administered as a liquid-
filled gelatin capsule. The key lipid in the formulation,
PC, interacts and forms a (non-covalent) complex with
the NSAID producing a molecular dispersion with
enhanced lipid solubility. By formulating the NSAID as a
complex with PC the direct association of the potentially
toxic drug with native mucosal phospholipids in the GI
mucus gel layer is prevented and GI injury is significant-
ly reduced or eliminated. In addition, upon oral adminis-
tration the lipid based formulation hydrates and pro-

duces a SEDDS. Due to the large surface area, the
SEDDS widely distributes the lipid associated drug and
efficiently presents the NSAID to the gastrointestinal
tract in a readily transferable state.

Both in vitro and in vivo studies demonstrate that atten-
uation in gastric hydrophobic barrier is associated with
the interaction of NSAIDs with the gastric mucosa
through binding to the endogenous PC present within
and coating the mucus gel layer. Studies on laboratory
animals further support the conclusion that associating
NSAIDs with PC reduces the NSAID associated toxicity
without affecting efficacy and that NSAID toxicity is
associated with the ability of the drug to modify the GI
surface hydrophobic barrier through interaction with
endogenous PC.

Clinical pharmacology and upper GI endoscopic trials
have provided evidence supporting the working hypoth-
esis that an NSAID in the PC-containing oils is predomi-
nately emulsified in the upper GI tract and is delivered
across the hydrophobic gastric barrier (to acid) with min-
imal mucosal injury. Our finding that the pharmacoki-
netic profiles of our PC-associated NSAIDS appear simi-
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Figure 9. Both phosphatidylcholine (PC)-associated ibuprofen (IBU-PC) and ibuprofen (IBU) statistically significantly reduced (when
compared to baseline) the Western Ontario & McMaster universities arthritis criteria index (WOMAC) score a comparable extent in
osteoarthritis subjects over the 6-week study period, indicating that therapeutic efficacy of the test drugs to inhibit pain and inflam-
mation was comparable. *P < 0.0001 over baseline. Modified with permission from Lanza, F.L., Marathi, U.K., Anand, B.S.,
Lichtenberger, L.M. Clinical trial: Comparison of ibuprofen-phosphatidylcholine and ibuprofen on the gastrointestinal safety and anal-
gesic efficacy in osteoarthritic patients. Aliment Pharmacol Ther 2008, 28(4): 431-42.



lar to unmodified NSAIDs, supports the concept that the
PC containing oils act as a drug delivery system that
facilitates the transit of the NSAID across the gastric
mucosal gel layer without disrupting the protective bar-
rier. The PC excipient neither impedes the bioavailability
of the NSAID nor adds any pharmacological activity.
Thus this new class of PC associated NSAIDs appears to
offer lower risk of GI erosion and ulceration while main-
taining the pharmacological activity and bioavailability
demonstrated by commercial NSAID drug products.
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