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Abstract. We have been developing a family of phosphati-
dylcholine (PC)-associated NSAIDs, which appear to have 
improved GI safety and therapeutic efficacy in both rodent 
model systems and pilot clinical trials. As naproxen has been 
demonstrated to be associated with the lowest cardiovascular 
adverse events in comparison with both COX-2 selective in-
hibitors and conventional NSAIDs, we have been developing 
a Naproxen-PC formulation for evaluation in animal models 
and clinical trials. We have determined that an oil-based for-
mulation of naproxen and triple strength soy lecithin provides 
excellent GI protection in both: 1) an acute NSAID-induced 
intestinal bleeding model in rats pretreated with L-NAME that 
are intragastrically administered a single dose of naproxen  
(at a dose of 50 mg/kg) vs the equivalent dose of Napro- 
xen-PC; and 2) a more chronic model (at a naproxen dose of 
25 mg/kg BID) in rats that have pre-existing hindpaw inflam-
mation (induced with a intradermal injection of Complete 
Freund’s Adjuvant/CFA). Both models demonstrate the supe-
rior GI safety of Naproxen-PC vs naproxen while this novel 
formulation had significant anti-inflammatory efficacy to re-
duce hindpaw edema and the generation of PGE2 in the col-
lected joint synovial fluid. Conclusion: Naproxen-PC appears 
to induce significantly less GI injury and bleeding in two ro-
dent model systems while maintaining anti-inflammatory and 
COX-inhibitory activity. 

Key words: Naproxen – Phosphatidylcholine – Ulcer –  
Inflammation – Cyclooxygenase – Prostaglandin. 

Introduction

One of the central mechanisms by which nonsteroidal anti-
inflammatory drugs (NSAIDs) induce GI injury and bleeding 
is by disruption of the tissue surface barrier to gastric acid and 
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other luminal cytotoxic agents (Hills et al., 1983, Goddard et 
al., 1990, Goddard et al., 1987, Lichtenberger, 1995, Giraud 
et al., 1999). Our lab has provided insight into the molecular 
basis of this barrier property by demonstrating that the  
mucus gel layer of the stomach and other regions of the GI 
tract possess non-wettable hydrophobic properties due to  
the synthesis and secretion of surfactant-like phospholipids, 
with phosphatidylcholine (PC) being the most prominent 
(Butler et al., 1983, Hills et al., 1983, Lichtenberger et al., 
1983, Lichtenberger, 1995, Lichtenberger et al., 2007). We 
have also demonstrated that this surface hydrophobic barrier 
can be rapidly attenuated by NSAIDs and other damaging 
agents and/or conditions (Lichtenberger, 1995, Goddard et 
al., 1990, Giraud et al., 1999). We are still exploring the mo-
lecular basis for this action, but have evidence that NSAIDs 
chemically interact with and associate with PC, thereby  
disrupting its surface barrier properties. Based upon this 
understanding we have determined that pre-association of a 
number of NSAIDs with synthetic or natural (soy) PC can 
provide significant protection against NSAID-induced GI 
injury and bleeding in both rodent model systems and pilot 
clinical trials (Giovannucci et al., 1995, Anand et al., 1999, 
Lichtenberger, 1995, Lichtenberger et al., 2007).

Our approach of maintaining the surface barrier of the 
GI tract is quite different from the conventional approach 
taken by the pharmaceutical industry over the past decade 
in the development of COX-2 selective inhibitors (coxibs), 
based upon the concept that non-specific NSAIDs induce 
GI injury primarily by inhibiting constituitive COX-1, and 
thereby depleting the tissue of “cytoprotective” prostag-
landins (Jüni et al., 2002, Insel, 1996, Budenholzer, 2002). 
Although endoscopic clinical trials and outcome studies 
appeared to confirm that a number of coxibs were indeed, 
safer to the GI tract than conventional NSAIDs in arthritic 
patients chronically taking the drugs at high dose (Cronstein, 
2002, Deeks et al., 2002), new evidence also was revealed 
that coxibs and certain NSAIDs increased a patient’s risk of 
developing serious life-threatening cardiovascular adverse * Corresponding author
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events including: unstable angina; myocardial infarction; 
heart failure; and ischaemic stroke. This concern was fur-
ther corroborated in subsequent studies in both arthritic pa-
tients and patients taking lower chemo-preventive doses of 
these drugs leading to the withdrawal of most coxibs from 
the market and “black box” warnings placed on all NSAIDs 
(Bresalier et al., 2005, Solomon et al., 2005, Nussmeier et 
al., 2005, Zarraga and Schwarz, 2007). In these studies it 
was concluded that the NSAID that presented the least car-
diovascular risk and providing the most effective relief for 
arthritic patients is naproxen (Watson et al., 2002, Farkouh 
et al., 2007). However since naproxen, especially at arthritic 
doses, is significantly toxic to the GI tract (Biskupiak et al., 
2006, Chan, 2006, Garcia Rodriguez and Jick, 1994), there 
remains a great unmet need for a GI safe-formulation of this 
NSAID. It is, therefore, our goal to develop and evaluate a 
Naproxen-PC formulation using our rodent model systems 
that can ultimately be translated into the clinic.

Materials and methods

Animal Experiments

We used two animal models of NSAID-induced GI injury. The acute 
model strictly provides a rapid screening tool to assess and compare the 
GI toxicity of a single dose of the test NSAIDs, as determined by an 
increase in intestinal bleeding 20–24 hrs after dosing. The subchronic 
model allows one to assess the test NSAID’s: 1) GI toxicity, with re-
gards to both GI bleeding (faecal haemoglobin, haematocrit reduction), 
the development of intestinal perforation and adhesions; 2) therapeutic 
anti-inflammatory efficacy, with regards to inhibiting COX activity and 
edema of the CFA-injected hindpaw; and 3) overall effect on the health 
of the animals, with regards to gain in body weight over the 3-day dos-
ing period. The acute and subchronic rodent model systems that were 
used to evaluate the GI safety and therapeutic effectiveness of our test 
naproxen formulations are described below.

L-NAME acute ulcer model: The acute intestinal toxicity of the test 
agents was evaluated in L-NAME (Nω-nitro-L-arginine methyl ester hy-
drochloride, L-NAME, 20 mg/kg, i.p.)-treated rats that were intragas-
trically administered saline, Nap (40 mg/kg) or an equivalent dose of 
Nap-PC as previously outlined (Lichtenberger et al., 2001), and 18 hrs 
later the rats were euthanized and the distal half of the small intestine 
flushed with saline and analyzed for hemoglobin (Hb) as an estimate of 
GI bleeding as previously described. 

CFA-induced joint inflammation model: Complete Freund’s Adju-
vant (CFA) was injected (0.2 ml) into a hindpaw of rats, followed by 
intragastric administration (25 mg/kg, oral, BID for 3 days) of either 
naproxen (Nap), naproxen that was associated with phosphatidylcholine 
(Nap-PC), or saline. In this model system, Complete Freund’s Adjuvant 
(CFA) is injected subcutaneously into a rat’s hind paw to induce joint 
inflammation. Test NSAIDs can be administered daily during the 3-
day study period by one of several different routes. The advantage of 
this model is that it can provide data on the test NSAIDs’ anti-inflam-
matory efficacy, as well as their GI side effects (ulceration and bleed-
ing), all from the same animal. The anti-inflammatory effects can be 
assessed by measuring the joint swelling by caliper, and the generation 
of eicosanoid mediators of inflammation by RIA in the synovial fluid 
as previously described (Anand et al., 1999; Lichtenberger et al., 2001; 
Darling et al., 2004). Lastly, GI side-effects (ulceration/bleeding) can be 
assessed by daily measurement of faecal haemoglobin and at euthanasia 
by measuring haematocrit (index of anaemia caused by GI bleeding), 
and inspecting the GI tract for lesions, perforations and adhesions. Intes-
tinal adhesions were assessed by a scale of 0 to 4. The small intestines 
were removed as a mass and were gently pulled apart for assessment 
of sticking and scored as follows: 0 = normal; 1 = slight sticking, pull 
apart without tearing; 2 = sticking, must cut adhesions to pull apart; 3 

= numerous adhesions, difficulty in cutting intestines apart; 4 = mas-
sive adhesions, cannot be cut apart.  Intestinal perforations were counted 
after filling the distal half of the small intestine with 5 ml of water and 
counting the number of breaks where leaks occurred.

PGE2 analysis: The PGE2 in synovial fluid from rat paws was assayed 
directly by radioimmunoassay using antibody from Sigma Chemical Co. 
(St. Louis, MO) and the manufacturer’s instructions. 

Statistical analysis: Experiments were analyzed initially by one-way 
ANOVA, followed by post hoc testing with the Fisher LSD test. The 
level of significance was set at p < 0.05.

Results

Acute NSAID-induced GI bleeding

We evaluated the acute GI protective action of Naproxen-
PC vs naproxen in rats, using the L-NAME model system. 
Briefly synthetase rats, that have been dosed with the con-
stituitive NO-inhibitor to increase their sensitivity to the GI 
toxic actions of NSAIDs, are intragastrically administered 
a single dose of the test NSAIDs or saline, and 18 hrs later 
the distal half of the small intestine is flushed and the hae-
moglobin (Hb) concentration of the perfusate analyzed to 
assess NSAID-induced GI bleeding. The results depicted 
in Figure 1 indicate that naproxen induced a significant ten-
fold increase in GI bleeding vs the values of saline-treated 
controls. Most importantly, Naproxen-PC induced a highly 
significant 75–80 % reduction in GI bleeding in comparison 
to rats that were administered an equivalent dose of unmodi-
fied naproxen.

Subchronic NSAID-induced efficacy & GI injury in rats 
with CFA-induced joint inflammation

Based upon the very encouraging results outlined above, we 
next used a second model which provides information on 
both the GI toxicity and anti-inflammatory efficacy of the 
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Fig. 1. Demonstration that Naproxen-PC induces significantly less GI 
bleeding than an equivalent dose of 40 mg Naproxen/kg, using the acute 
L-NAME rodent model system.
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test NSAIDs (or vehicle), which were intragastrically admin-
istered twice daily to rats with CFA-induced joint inflamma-
tion. Figures 2 & 3 represent such an experiment where we 
compared the anti-inflammatory and GI side-effects of intra-

gastric naproxen (25 mg/kg, BID), to an equivalent (NSAID) 
dose and/or volume of Naproxen-PC or saline. Figure 2 A–C 
demonstrates that in this subchronic model, Naproxen-PC 
is significantly less GI toxic than naproxen, inducing mark-
edly fewer intestinal perforations and adhesions (A) and a 
decrease in GI bleeding, as reflected by both a reduction in 
haematocrit (B) as an index of anaemia, and decrease in fae-
cal Hb (C) over the 3-day study period.

Figure 3 demonstrates that Naproxen-PC possesses sig-
nificant anti-inflammatory activity, as indicated by a decrease 
in ankle thickness in the CFA-injected hindpaw, as well as 
COX-inhibitory activity, as indicated by a decrease in PGE2 
concentration of the synovial fluid collected from the affect-
ed joint. It should be noted that although Naproxen-PC had 
comparable COX-inhibitory activity to naproxen, inhibiting 
PGE2 concentration by > 85 % from control (saline dosed) 
CFA-affected joint fluid (see Fig 3A), it was somewhat less 
effective in reducing joint edema in comparison to the un-
modified NSAID (Fig 3B). It also can be appreciated that 
PC on its own was GI-safe and demonstrated no detectable 
anti-inflammatory or COX-inhibitory activity.
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Fig. 2. Evaluation of the GI toxicity of Naproxen-PC in comparison 
to an equivalent dose of naproxen (25 mg/kg, bid for 3 days) using a 
subchronic rodent model of CFA-induced joint inflammation. The su-
perior GI-safety of Naproxen-PC vs naproxen is evident based on: (A) 
macroscopic assessment of perforations/adhesions; (B) haematocrit de-
termination, with a reduction in this value serving as an estimate of the 
development of an anaemia, presumably caused by NSAID-induced GI 
bleeding; and (C) analysis of faecal haemoglobin over the 3-day study 
period.
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Fig. 3. Evaluation of the therapeutic efficacy of Naproxen-PC in com-
parison to an equivalent dose of naproxen (25 mg/kg, bid for 3 days) 
using a subchronic rodent model of CFA-induced joint inflammation, as 
determined by measuring: (A) PGE2 concentration of the synovial fluid 
as an estimate of the COX-inhibitory activity of test NSAID-formula-
tions; and (B) the ankle thickness of the CFA-affected hindpaw at the 
end of the 3-day study period.
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Discusssion

In this study we have evaluated the GI safety and therapeutic 
efficacy of a novel formulation of naproxen, in which the 
NSAID is formulated with soy PC, promoting the chemical 
(non-covalent) association of these two classes of molecules. 
This approach was taken based upon previous pre-clinical 
studies and pilot clinical trials indicating that Aspirin-PC 
and Ibuprofen-PC possess lower GI toxicity and equivalent 
therapeutic efficacy to the parent drug (Lichtenberger et al.,  
1995, Lanza et al., 2008). In the current study we used  
two rodent models to demonstrate the superior GI safety of 
Naproxen-PC vs naproxen after either a single or multiple 
doses of the test NSAIDs, based upon several indices of GI 
bleeding (intestinal and faecal Hb, and haematocrit deter-
mination as an estimate of the development of anaemia), as 
well as the macroscopic appearance of intestinal perforations 
and adhesions in the subchronic model. It also appeared that 
Naproxen-PC possessed significant anti-inflammatory and 
COX-inhibitory activity, based upon the reduction in ankle 
thickness and synovial PGE2 concentration in the hindpaw 
of rats exposed to CFA and subsequently treated intragastri-
cally for 3 days with the test NSAIDs or vehicle. 

Future studies are planned to further evaluate how the 
therapeutic (anti-inflammatory and analgesic) efficacy of 
Naproxen-PC compares with unmodified naproxen. The data 
presented above suggest that although the COX inhibitory 
activity may have been greater for Naproxen-PC than naprox-
en, it may have been less effective to reduce paw inflamma-
tion. It should be noted that we opted against measuring the 
analgesic efficacy of the test formulations (by measuring the 
sensitivity of the CFA-affected hindpaw to either thermal or 
mechanical stimulation) in the subchronic model system, as 
the results would have been confounded by NSAID-induced 
visceral pain, which presumably would have been reduced in 
the rats treated with our novel NSAID formulation. It how-
ever should be noted that in a recent clinical trial it was de-
termined that the therapeutic efficacy of another PC-NSAID, 
Ibuprofen-PC, to inhibit pain/inflammation in patients with 
osteoarthritis was comparable to that of the parent NSAID, 
ibuprofen, based upon inducing a significant change, compar-
ing baseline to post-treatment using standardized (WOMAC 
and VAS) scoring protocols, over the 6-week study period 
(Lanza et al., 2008). 

As previously discussed, there is a great unmet need 
for the development of an NSAID that can effectively treat 
chronic pain and inflammation without also inducing major 
cardiovascular and GI adverse events. Recent evidence sug-
gests that, although quite GI toxic, naproxen appears to be 
the safest NSAID for induction of cardiac events, thrombo-
sis and/or hypertension (Chan, 2006). We present here pre-
clinical evidence that pre-association of naproxen with PC in 
an oil-based soy lecithin formulation effectively reduces the 
GI toxicity of this NSAID, while appearing to maintain its 
therapeutic effects, which likely is due to its profound COX-
inhibitory activity. Future pre-clinical and clinical trials are 
planned to both confirm these findings and to translate them 
clinically.
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