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ABSTRACT: Purpose: Gastrointestinal (GI) side
effects of the nonsteroidal anti-inflaimmatory drug
(NSAID) diclofenac may be reduced if it is adminis-
tered as a complex with phospholipid. The upper and
lower GI permeability induced by a diclofenac-dipalm-
itoyl phosphatidyl choline (DPPC) complex were
compared with those of diclofenac acid and its sodium
salt in rats. Methods: Pharmacokinetic studies were
carried out to assess bioavailability of diclofenac prepa-
rations. Adult male Sprague-Dawley rats were dosed
orally (equivalent to 15 mg/kg diclofenac sodium) as
the acid or its sodium salt as well as diclofenac-DPPC
complex. Upper and lower GI permeability, as surro-
gate markers of toxicity were determined using sucrose
and 'Cr-EDTA, respectively. Results: At 1 h post-
dose only diclofenac sodium induced a significant
increased upper GI permeability. Three h post-dose all
formulations significantly increased upper GI perme-
ability although the diclofenac acid had the least effect.
In the lower GI tract, the induced increase in perme-
ability was significant at 1 and 3 h post-dose for all for-
mulations with no significant differences between
them. Conclusion: The induced upper and lower GI
toxicity of diclofenac was formulation and time depen-
dent. The lack of effect of diclofenac acid was due to
the decreased availability of the drug. In the upper GI
tract, up to 1 h post-dose, the diclofenac-DPPC com-
plex demonstrated reduced upper gastroduodenal per-
meability as measured by sucrose. However, the
protective effect of DPPC did not last and was not
extended to the lower GI tract due to the systemic
effect, contribution from the enterohepatic recircula-
tion and/or dissociation of the complex. In assessing
diclofenac GI toxicity, the effect of the different for-
mulations on the entire GI tract at various times after
drug administration must be considered.
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INTRODUCTION

Since the introduction of cyclooxygenase-2 selective
drugs, the use of conventional non-steroidal anti-
inflammatory drugs (NSAIDs) has declined. Neverthe-
less, the latter are still very much in use. Diclofenac is
one of the most widely prescribed NSAIDs for its anal-
gesic, and anti-inflammatory indications. It is also
available as an over the counter product in some coun-
tries. Similar to other NSAIDs, diclofenac use is associ-
ated with rare, but serious and sometimes fatal,
gastrointestinal (GI) side effects, including ulceration,
and hemorrhage, especially in the elderly (1, 2).

Different approaches have been taken to decrease
NSAID-induced GI toxicity. For example, incorpora-
tion of NSAIDs with phospholipid has been suggested
to improve GI safety of these drugs (9). The presence
of an adsorbed layer of surface-active phospholipids on
the surface of the mucus that covers the surface epithe-
lium is suggested to protect the GI tissues by providing
a hydrophobic layer between the epithelium and the
luminal contents (10, 11). In addition, the phospholipid
layer increases mucosal resistance to luminal acidity by
repelling the diffusion of hydrogen ions (12). There are
a number of lipids that appear to be covalently and
non-covalently associated with mucus glycoprotein (9,
13, 14). Phosphatidylcholine with the dipalmitoyl spe-
cies represents the most potent surface-active phospho-
lipid (11). It has been suggested that ionic binding
between DPPC and an NSAID shields the NSAID
from pH-dependent changes hence the complex
remains lipophilic even as the intragastric pH
approaches neutrality (15).

Although, it has been reported that NSAIDs associated
with zwitterionic phospholipids may reduce GI toxic-
ity (9), there is not sufficient data on the pharmacoki-
netics of NSAIDs administered as these preparations.
This is important since phospholipid may influence
the absorption characteristics of the drug (19).
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Previous studies have demonstrated that GI toxicity of
diclofenac is due to both local as well as systemic
effects and enterohepatic recirculation (20). Therefore,
due to contributions of local effects, modification of
diclofenac formulations may reduce GI toxicity. The
objectives of this study were to compare GI toxicity of
diclofenac administered as diclofenac acid, the sodium
salt, and a phospholipid complex. This was achieved
by studying the pharmacokinetics and the pattern of
increased upper and lower GI permeability caused by
the latter formulations. Permeability changes were
used as the surrogate marker of NSAID induced GI
toxicity in the rat model (7, 4). Sucrose (4) and >'Cr-
ethylendiaminetetraacetic acid (!Cr-EDTA) (7) offer
non-invasive approaches for assessment of NSAID-
induced upper and lower GI tract, respectively (3-6, 7).

MATERIALS AND METHODS
Chemicals

Dipalmitoyl phosphatidyl choline (DPPC) was pur-
chased from Amagasaki (Hyogo, Japan). Diclofenac
sodium powder, naphthoxy acetic acid sodium, cetyl
trimethylammonium bromide and Trinder’s reagent
were from Sigma (St. Louis, MO, USA). Methylcellu-
lose, D-glucose, and potassium dihydrogen orthophos-
phate from BDH Chemicals
(Edmonton, Canada) and sucrose was from Aldrich
Chemical Company Inc (Milwaukee, WI, USA). >!Cr-
EDTA was obtained from Dupont NEN (Wilming-
ton, DE, USA). Methoxyflurane was purchased from
Janssen Pharmaceutica (North York, Canada). All sol-
vents and reagents were of HPLC and analytical grade,
respectively.

were acquired

Formulations

Diclofenac acid was prepared by acidification of an
aqueous solution of diclofenac sodium, extraction into
chloroform, and subsequent recrystallization.
Diclofenac-DPPC complex was prepared by associat-
ing diclofenac acid with an equimolar concentration of
DPPC. A suspension of the complex in water was used
as the diclofenac-DPPC complex. Diclofenac sodium
and diclofenac acid suspension in 1% methylcellulose
were used as diclofenac sodium and diclofenac acid
preparations, respectively. Diclofenac content of all
formulations was confirmed by HPLC.

Diclofenac Assay

Plasma concentrations of diclofenac sodium were
quantified using a reverse phase HPLC method at
ambient temperature. Briefly, 100 ul of rat plasma
was mixed with 25 pl of internal standard (naphthoxy
acetic acid sodium, 10 pg/ml), 10ul of phosphoric
acid and 1 ml chloroform. The contents of the tube
were vortexed for 1 min, and then centrifuged at 1800
x g for 5 min. Following separation and evaporation of
the organic layer, the residue was reconstituted in 200
u of HPLC water and 50-100 ul of the aqueous
phase was injected into the HPLC system.

The HPLC system consisted of a M-45 solvent delivery
system (Waters Associate, Inc., Milford, MA, USA), a
SPD-10A UV-Vis variable wavelength detector (Shi-
madzu Coroperation, Kyoto, Japan), a SIL-9A autoin-
jector (Shimadzu analytical instruments division,
Kyoto, Japan), and a 10 cm X 4.6 mm LD. partisil
ODS-3 analytical column (Whatman Inc, Clifton, NJ,
USA). The mobile phase consisted of acetonitrile-phos-
phate buffer (33:67 v/v). Phosphate buffer was pre-
pared by dissolving 6.8 g KH,PO, (0.05M), 1 ml
triethanolamine, and 3 ml 2 M sulfuric acid in 1000 ml
water (pH 4.5). The flow rate was 1ml/min and detec-
tion was performed at 276 nm.

Under the chromatographic conditions employed, the
internal standard and diclofenac eluted at 5.5 and 21
min, respectively. A linear concentration-response
relationship was found within 0.025-15 pg/ml
(r? >0.999) range. The assay was suitable for analysis of
plasma samples (0.1 ml) with an acceptable coefficient
of variation (< 10%) and sensitivity (25 ng/ml).

Differential Scanning Calorimetry (DSC)

Thermograms of diclofenac acid, diclofenac sodium
and the diclofenac-DPPC complex were recorded using
a Seiko SSC/5200 differential scanning calorimeter
(Plymouth Meeting, Pennsylvania, USA). The thermal
behavior was studied by heating 2.0+0.2 mg of each
individual sample in a covered sample pan under nitro-
gen gas flow. The investigations were carried out over
the temperature range 25-200° with a heating rate of
10°/min.
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Animals

Male Sprague- Dawley rats (250-300 g) were housed at
ambient temperature in individual metabolic cages
(Fisher Scientific, Edmonton, Canada). The experi-
ments were approved by the Animal Care Committee
of the University of Alberta.

Pharmacokinetic Study

Male Sprague-Dawley rats (n=>5/group) were anesthe-
tized with methoxyflurane. A PE-10 tubing fitted into
a PE-50 catheter was implanted into the right jugular
vein for the collection of blood samples. Rats received,
via a gastric gavage, single oral doses of diclofenac
sodium, diclofenac acid suspension in 1% methylcellu-
lose or diclofenac -DPPC complex suspension in water
(equivalent to 15 mg/kg of diclofenac sodium). They
were fasted overnight and during the experiment but
had free access to water. Blood samples (0.2 ml) were
taken at 0, 0.08, 0.17,0.25, 0.5, 1, 1.5,2,3,4,6,and 8 h
post-dose, plasma was separated, and stored at -20°
until analysis.

Areas under the plasma concentration-time curve
(AUC) of 0-1 h, 0-3 h and 0-8 h post-dose periods were
calculated using the linear trapezoidal rule. Peak
plasma concentration (C,,,,) and its time of attainment
(tmax) Were recorded without curve fitting.

GI permeability Study

Rats (n= 6/group) were dosed orally with diclofenac
sodium, diclofenac acid, or diclofenac acid-DPPC com-
plex (equivalent to 10 mg/kg diclofenac sodium). Con-
trol rats in each group received placebo (either DPPC
or 1% methylcellulose, as appropriate). At 1, and 3 h
post-dose which respectively coincide with the maxi-
mum increased permeability for sucrose (4) and 'Cr-
EDTA (7), 1 ml of the permeability marker containing
1 g sucrose and 10 p Ci *!Cr EDTA was dosed by oral

gavage.

Relative permeability was assessed by calculating the
percent of the administered dose of the probes excreted
in urine up to 8 h. Upper and lower GI permeability
changes were expressed as percent increases as com-
pared with control rats. Sucrose and *!Cr-EDTA were
measured using a spectrophotometer (4) and gamma
counter (7), respectively.

Statistical analysis

Differences between two means were determined using
the unpaired Student’s t-test. One way ANOVA fol-
lowed by Duncan’s New Multiple Range tests were
used to assess differences between more than two
means. A p value of <0.05 was considered significant.
Data are presented as mean + standard error.

RESULTS
Differential Scanning Calorimetry

In order to substantiate the association of diclofenac
acid with DPPC, DSC analysis was performed on
diclofenac acid, DPPC, and the diclofenac-DPPC com-
plex. The results of the DSC test confirmed the associa-
tion of diclofenac acid and DPPC in the complex as
both peaks representing diclofenac acid and DPPC
changed position (Figure 1).

Complex
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Figure 1: DSC thermograms of diclofenac acid, DPPC,
and diclofenac acid-DPPC complex.

Diclofenac acid concentration per milligram of com-
plex measured using HPLC indicated no degradation
of the acid in the complex.

Pharmacokinetics

There were no significant differences in the AUCg g
values for the three preparations (Table 1, Figure 2).

Diclofenac acid, however, was absorbed slower than
other two formulations as indicated by its significantly
longer T, and lower C_,, as well as smaller AUC ;.
A comparison of AUC; with that of AUCy reveals
that the absorption of the sodium salt, however, was
90% complete in 3 h so that its AUC,; was signifi-
cantly greater than other preparations
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Table 1: Bioavalability indices of diclofenac acid,
diclofenac sodium and diclofenac-DPPC complex
following oral administration of 15 mg/kg (diclofenac
sodium equivalent) to rats.

Indices Acid Sodium salt DPPC complex
Chax, pg/ml 4.2+0.6° 17.6+£6.3 13.242.3

Tinax, Min 79.2432.2°  16.2+4.7 17.0£3 .4

AUC,.1, pg.min/ml 149+36 613+228 377457

AUCq; pg.min/ml 354+38° 9154236 498+35

AUC ¢ pg.min/ml 721£112 10484263 641176

a, Significantly different from other preparations.
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Figure 2: Concentration vs. time plot following

administration of diclofenac sodium, diclofenac acid, and
diclofenac -DPPC complex. (N=5/group, mean + SE).

GI Permeability

As depicted in Figure 3A, at 1 h post-dose, neither
diclofenac acid nor diclofenac-DPPC complex signifi-
cantly increased permeability of sucrose.

Diclofenac sodium, on the other hand, caused a signifi-
cant elevation of the upper GI permeability. At 3 h
post-dose, all formulations significantly increased
upper GI permeability but the induced toxicity by
diclofenac sodium and diclofenac-DPPC complex sig-
nificantly exceeded that of diclofenac acid (Figure 3A).

In the lower GI tract, increased induced permeability
was significant at both 1, and 3 h post-dose for all three
formulations (Figure 3B), and no significant difference
was observed between the examined formulations.
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permeability at 1, and 3 h post-dose following
administration of diclofenac sodium, diclofenac acid, and
diclofenac-DPPC complex. (a, significantly different from
baseline. b, significantly different from diclofenac

sodium. c, significantly different from diclofenac-DPPC
complex). (n=6/group, mean + SE).
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DiscussIiON

NSAID therapy is commonly associated with GI tract
side effects. Depending on the NSAID, the GI toxicity
is due to either direct local and/or systemic effects.
Direct local effects may be due to the local GI exposure
after oral administration and also secondarily to biliary
excretion into the GI tract. The post absorption sys-
temic effect may be manifested following all routes of
drug administration including parenteral (21) or rectal
doses (22). Our previous studies demonstrated that
diclofenac induced-GI toxicity is due to both local
exposure and systemic distribution (20).

Many approaches have been used to inhibit or decrease
the severity of the GI toxicity of NSAIDs. They
include designing of prodrugs (23, 24), nitric oxide
donor NSAIDs (28) and selective cyclooxygenase-2
inhibitors (29), as well as preparation of enteric coated
and sustained release formulations (25, 26), cyclodex-
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trin-NSAID (27), and dipalmitoyl-phosphatidylcho-
line-NSAID (9) complexes. Diclofenac is available on
the market in enteric coated and sustained release for-
mulations. Our previous data suggest that sustained-
release formulations of diclofenac induces significantly
increased intestinal permeability compared to immedi-
ate release preparations with no safety advantage in the
upper GI tract (20). In addition, severe damage in the
lower intestine has been reported following adminis-
tration of sustained-release diclofenac formulations

(30).

Diclofenac is a weak acid (pKa, 4.0) with a partition
coefficient of 13 (31) in octanol/phosphate buffer (pH,
7.4). The solubility of diclofenac under physiological
conditions ranges from 17.8 mg/L water at neutral pH
to less than 1 mg/L at acidic pH (32, 33). Sodium
diclofenac has a solubility of 1113 mg/L in water (33).
The association of diclofenac with zwitterionic phos-
pholipids, which may be both electrostatic and hydro-
phobic in nature, renders the phospholipids more
water-soluble and the NSAID more lipid-soluble (34).
It has been reported that the diffusion of NSAIDs
across lipid membranes and into target cells is acceler-
ated when it is present as a complex with DPPC (9).
Our results revealed that both diclofenac sodium and
diclofenac-DPPC complex exhibit higher initial plasma
drug concentrations than diclofenac acid (Figure 2) as
reflected in greater AUC values during the first one
and three hours post-dose (Table 1).

It has been reported that NSAIDs have the ability to
decrease the normal hydrophobic properties of the
mammalian stomach (9). The gastric mucosa has non-
wettable hydrophobic surface characteristics that pro-
tect the epithelium from the luminal acid (16). Hydro-
phobicity is found to be different in the esophagus,
antrum, proximal and distal duodenum, and the colon
(16). Furthermore, surface hydrophobicity in the stom-
ach is higher than in the proximal duodenum (35).
Hydrophobicity in the GI tract is, at least in part, due
to appreciable quantities of phosphatidycholines and
other surface-active phospholipids found in the
mucosal surface of GI tract (16). Surface mucus cells
have the capacity to synthesize, store and secrete phos-
pholipids into the mucus gel layer, a process that can
be modulated by prostaglandins (36). Phosphatidylcho-
lines, including the palmitoyl derivative, represent a
prominent component of mucus phospholipids, and its

mucosal concentration appears to be associated with
the integrity of the protective barrier (11, 9). NSAIDs
appear to decrease mucosal hydrophobicity due, per-
haps, to their ability to suppress prostaglandin synthe-
sis. In addition, they may chemically associate with
phospholipids and destabilize them from the mucus gel
layer (9). Such a biophysical transition would increase
the stomach’s wettability and result in an increase in
the back diffusion of luminal acid into the mucosa and
the development of erosions. It has been reported that
NSAIDs chemically pre-associated with zwitterionic
phospholipids have limited interaction with intrinsic
phospholipids (9, 15) hence can no longer make a com-
plex with the intrinsic phospholipids of the mucus gel
layer of the GI tract (9,15). This may have protective
hydrophobic properties.

Among the preparations examined in this study
diclofenac sodium showed the highest extent of
increased upper GI tract permeability at 1 h post-dose
(Figure 3A). The increased sucrose permeability was
also evident at 3 h post-dose as well as for >!Cr-EDTA
both at 1 and at 3 h after administration of diclofenac
sodium. This overall increased permeability of both
upper and lower GI tract coincides with the observed
more rapid and complete absorption of the salt as com-
pared with other preparations. Indeed, AUCg; and
AUC 3, which are indicative of the rate of absorption,
are significantly greater for the sodium salt as com-
pared with other formulations (Table 1). In addition,
the small elevation of AUC between 3 and 8 h post-
dose indicate that diclofenac sodium is mainly
absorbed within 3 h. The more rapid absorption of the
sodium salt is likely due to its high solubility hence its
availability at the site of absorption. This, in turn,
might have resulted in greater exposure of the GI tract
to the drug and have given rise to increased permeabil-
ity along the tract. Diclofenac acid, on the other hand,
has a very low water solubility, which appears to limit
its rate of absorption (Figure 2, Table 1). Lower expo-
sure of the upper GI tract to dissolved diclofenac acid
has likely resulted in a significantly smaller increase in
permeability of sucrose as compared with diclofenac
sodium (Figure 3A). In the more distal parts of the GI
tract where the pH is rather alkaline, the acid is
expected to convert to its salt with much greater solu-
bility. Therefore, the tract is more exposed to the solu-
ble drug hence there will be more absorption and also
greater increased permeability. This may explain the
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initially low and then gradual appearance of the drug
in plasma following administration of the acid (Figure
2, Table 1). The limited increased upper GI permeabil-
ity (Figure 3A) coupled with comparable increased
GI permeability (Figure 3B) following
diclofenac acid as compared with the sodium salt also
appears to be in line with the above explanation, i.e.,
less drug release in the upper and more in the lower GI
tract following administration of the acid.

lower

Similar to diclofenac acid, the DPPC complex exhib-
ited limited increased sucrose permeability within the
first h post-dose. This, however, cannot be attributed
to less drug release from the complex, as the drug
absorption from the complex is rapid and comparable
with that of the sodium salt (Figure 2). The presence of
the complex, therefore, might have provided a degree
of mucosal protection. The protective effect, however,
appears to be limited to the upper GI tract and only
during the first h post-dose (Figure 3). The complex
yielded increased permeability comparable to that of
diclofenac sodium for sucrose 3 h post-dose and for
S1Cr-EDTA at both examined times (Figure 3).

The limited mucosal protective effect of DPPC may
be due to the presence of enzymes such as lipase in the
GI tract that may dissociate the drug from the com-
plex. Other explanations for limited mucosal protec-
tive effect of DPPC include systemic effect and/or
enterohepatic circulation of diclofenac (37) after
absorption thereby further exposing the GI tract to the
drug. Subcutaneous administration of diclofenac to
rats has been reported to significantly alter the surface
hydrophobicity and reduce the amount of phospholip-
ids in both stomach and duodenum 3 h post-dose (35).
Furthermore, diclofenac does not appear to induce sig-
nificant changes in gastric or duodenal surface hydro-
phobicity in bile duct ligated rats (35). It seems that
with enterohepatic
diclofenac, there are local interactions between the
drug and surfactant phospholipids in the GI tract (35).

continuous recirculation of

These results are consistent with previous studies sug-
gesting formulation-dependent toxicity of NSAIDs in
the rat model (20, 38-40). Our data also highlight the
relative importance of considering formulation-depen-
dent factors when evaluating the pharmacodynamic
and toxicodynamic actions of NSAIDs (41, 42).

In conclusion, in the upper GI tract, up to 1 h post-
dose, diclofenac-DPPC complex was devoid of signifi-
cant increased permeability, a marker of mucosal toxic-
ity. However, in the lower GI tract, the complex was
not safer than diclofenac sodium. In assessing
diclofenac-induced GI toxicity, the effect on the entire
GI tract and at different post- administration times
must be considered.
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