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INTRODUCTION

Like other non-steroidal anti-inflammatory drugs
(NSAIDs), diclofenac and indomethacin are known to ex-
hibit gastrointestinal side-effects such as irritation and mu-
cosal damage (1). NSAIDs may cause gastrointestinal in-
flammation and ulceration by a direct ‘‘barrier-breaking’’
effect, due to the local contact between the mucosz and
solid drug particles, and by an indirect effect, due to the local
and/or systemic inhibition of enzymatic systems capable of
producing protective substances, such as PGE, and prosta-
cyclin (2).

While drug formulation has little or no effect on inherent
systemic adverse effects of drugs, topical irritation can be
decreased by appropriate formulations and dosage forms (3).
The effectiveness of colloidal drug delivery systems such as
liposomes (4) and nanocapsules (5) in reducing gastrointes-
tinal ulceration following oral administration has been dem-
onstrated.

The aim of the present study was to assess the potential
of nanocapsules prepared from poly(D,L-lactide) to improve
the gastrointestinal tolerance of NSAIDs in rats folloging
repeated intragastric and intravenous administration.

MATERIALS AND METHODS

Chemicals

Diclofenac as its sodium salt, indomethacin, ketamine
and phenylbutazone were obtained from Sigma (St Louis,
Missouri USA); indomethacin as its sodium salt (Indocid®)
was purchased from Merck, Sharp & Dohme (Riom,
France); clomethacin was supplied by Laboratoires Cas-
senne (Osny, France); poly(D,L-lactide), molecular weight
88,000, was purchased from Boehringer (Ingelheim, FRG);
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Technical Note

phospholipid mixture (Epikuron 170®) was supplied by Lu-
cas Meyer (Hamburg, FRG) and poloxamer (Synperonic
PE/F 68®) by ICI (Clamart, France). Caprylic/capric triglyc-
eride (Miglyol 810®) was obtained from Hulls (Puteaux,
France). All other chemicals and solvents were of an appro-
priate grade and purchased from Prolabo (Paris, France).

Production of the Free Acid Form of Diclofenac

An aqueous solution of sodium diclofenac was acidified
to pH 4.0 with acetic acid and was extracted three times with
chloroform. After washing with water and filtering through
sodium sulphate, the solvent was removed by evaporation.
The diclofenac obtained in this way was characterized by
infrared spectroscopy (Perkin Elmer 16 PC, Saint-Quentin
en Yvelines, France) and "TH-NMR (Bruker 80 MHz, Con-
necticut, USA).

Preparation and Characterization of Nanocapsules

Nanocapsules containing diclofenac (formulation A, Ta-
ble I) or indomethacin (formulation B, Table I) were prepared
by deposition of the poly(D,L-lactide) polymer following sol-
vent displacement as previously described (5,6). Diclofenac
and indomethacin concentrations in nanocapsules were de-
termined by HPLC using phenylbutazone and clomethacin
as internal standards, respectively. The HPLC equipment
(Millipore, USA) consisted of a Waters TM 600 Controller, a
Waters 600E Multisolvent Delivery System, a Waters TM
717 Autosampler, a Waters 484 Detector and a prepacked
Nova-Pak® 3.9x150 mm C,z column. The mobile phase was
acetonitrile-water (45:55, v:v), the pH being adjusted to 3.5
with acetic acid. A maximum of 20 pg/ml of indomethacin or
diclofenac was injected. Detection was performed at 280 nm.

Animals

Experiments were carried out on male Wistar rats
weighing about 350 g (Elevage Charles River, Saint-Aubin-
les-Elbeuf, France).

Gastrointestinal Tolerance

The animals were divided into groups of eight. The
groups were Kept in separate cages and the rats were allowed
to eat and drink freely. The diclofenac formulations (aqueous
solution or nanocapsule formulation A, both at 3 mg/ml)
were given at a dose of 20 mg/kg by the intravenous or in-
tragastric route. The indomethacin formulations (aqueous
solution and nanocapsules formulation B, both at 1 mg/ml)
were given at a dose of 5 mg/kg by the intravenous or intra-
gastric route. For intravenous administration, a catheter was
implanted in the left jugular vein under anzsthesia (ketamine
150 mg/kg) and for intragastric administration, a tube was
used. The formulations were administered daily for 3 con-
secutive days.

Twenty-four hours after the third administration, the
rats were lightly anesthetized with ether and gross macro-
scopic examination was carried out following laparotomy.
Animals were then sacrificed by a longer exposure to ether.
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Table I. Characteristics of the Diclofenac-Loaded Nanocapsules
(Formulation A) and Indomethacin-Loaded Nanocapsules (Formu-

lation B)*

Formulation A B
Diclofenac (mg/ml) 3.0 —_
Indomethacin (mg/ml) — 1.0
Miglyol 810® (mg/ml) 105.5 105.5
Size (nm) 180 = 63 248 = 83
pH 4.7 3.4

2 Poly(D,L-lactide) (12.5 mg/ml), Synperonic PE-F 68® (19.2 mg/
mi), and Epikuron 170® (19.2 mg/ml) were present in all formula-
tions. Encapsulation of diclofenac and indometbacin was close to
100%.

In order to quantify gastrointestinal lesions, the stomach was
opened along the greater curvature and the intestine (duo-
denum, jejunum and ileum) was slit open opposite the at-
tached mesenteric tissue. The organs were washed with nor-
mal saline (0.9% NaCl) to remove luminal contents and the
mucosal surfaces were examined for lesions using a magni-
fying glass. Lesions were scored for each organ according to
an arbitrary scale (Table II) as previously reported (5). The
mean organ lesional index was calculated for each group by
adding the various index scores observed for each organ in
all animals of the same group and then dividing the total
lesional score sum by the number of animals in each group.

Experimental data were analysed according to the
Kruskal-Wallis analysis of variance by rank (7), the aqueous
solutions being used as the reference.

RESULTS

Tables III and IV show the mean lesional scores in dif-
ferent parts of the rat gastrointestinal tract after administra-
tion of diclofenac or indomethacin formulations respectively.
At the chosen doses, considerable toxicity could be ob-
served after administration of the solution form, whatever
the route. As far as intravenous administration was con-
cerned, no significant differences were observed between
the drug solution and nanocapsules. In contrast, after intra-
gastric administration, for both NSAIDs, the nanocapsules
evoked lower lesional scores in all sections of gastrointesti-
nal tract. This reduction was statistically significant in all

Table III. Mean (= SD) Gastrointestinal Lesional Indexes in Rats (n
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Table II. Scale for Visible Macroscopic Mucosal Irritation (X Num-
ber of Lesions).

Localized hemorrhages <1 mm 0.5
Ulcers <2 mm : 1
Ulcers >2 mm : 2
Perforations : 3

regions except the duodenum, where the score was low even
with the solution.

DISCUSSION

The doses of NSAIDs (20 mg/Kg for diclofenac, 5 mg/
Kg for indomethacin) and the protocol (3 consecutive days)
were chosen after preliminary experiments because they
yielded levels of toxicity after administration of the drug
solution which were sufficiently marked to allow any pro-
tective effect of nanocapsules to be easily evaluated. The
scoring scale (Table II) was chosen in order to compare with
previously published data (5).

Gastrointestinal toxicity of NSAIDs after intravenous
administration has already been demonstrated (8,9). The en-
terohepatic circulation has been implicated (10). If was re-
cently been shown that, because of their capture by Kiipffer
cells in the liver, nanocapsules increased the enterohepatic
circulation of indomethacin in the rabbit after intravenous
administration (11). It might therefore be expected that the
nanocapsule would increased toxicity by this route; how-
ever, no significant differences between the solution and the
nanocapsules were noted.

In contrast, nanocapsules afforded a spectacular protec-
tion by the oral route, confirming previous observations (5).
In fact, under the acidic conditions encountered in the stom-
ach, diclofenac and indomethacin are mainly present in their
unionized form and their partition is largely in favor of an
oily phase rather than an aqueous phase. It could therefore
be deduced that they were slowly released from the internal
lipophilic core of nanocapsules, thus preventing direct con-
tact of high concentrations of the free drug with the gastric
mucosa. The importance of direct contact of indomethacin
with the mucosa in the production of gastric lesions has been
suggested by the finding that this drug is more ulcerogenic by
oral than by parenteral administration (12). The same expla-

= 8) Following Three Consecutive Daily Doses of Diclofenac (20

mg/kg) Given Intravenously and Intragastrically Either as an Aqueous Solution or as the Nanocapsule Formulation A.

Intravenous route Oral route
Organ Solution Nanocapsules Solution Nanocapsules
Stomach 3.8 24 39+t 2.6 52+ 29 0.3 = 0.7%
Duodenum 42+ 3.1 09+ 1.5 1.4+ 1.8 0.4 = 1.1
Jujenum 19.4 = 10.2 4.2+ 6.7 21.0 £ 17.8 1.5 = 3.4¢
Ileum 71.6 = 28.9 72.8 £21.0 43.2 +27.5 8.3 + 7.14t
Total 98.2 + 31.9 81.7 +24.2 70.9 + 38.4 10.7 = 7.0%%

2 Significant difference with respect to solution by the same route, P < 0.05.
b Significant difference with respect to the intravenous route with the same dosage form, P < 0.05.
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Table IV. Mean (= SD) Gastrointestinal Lesional Indexes in Rats (n = 8) Following Three Consecutive Daily Doses of Indomethacin (5
mg/kg) Given Intravenously and Intragastrically Either as an Aqueous Solution or as the Nanocapsule Formulation B.

Intravenous route Oral route
Organ Solution Nanocapsules Solution Nanocapsules
Stomach 3.5+ 22 64+ 5.0 3.7+ 1.0 04:b
Duodenum 44 = 36 27+ 32 25+ 19 0.2+04
Jejunum 55.5 = 15.1 69.0 = 31.7 39.6 = 20.1 0ot
Ileum 113.1 = 34.4 130.0 = 46.3 77.0 = 27.6* 3.8 = 2.5%¢
Total 176.5 + 32.9 198.9 + 81.9 120.8 = 47.7 4.0 + 2.3

¢ Significant difference with respect to solution by the same route, P < 0.05.
b Significant difference with respect to the intravenous route with the same dosage form, P < 0.05.

nation could apply to the duodenum as it can be assumed
that both drugs remain essentially unionized in this proximal
segment where the luminal conditions are still acidic.

It is unlikely that the reduced toxicity of nanocapsule-
associated NSAIDs is due to reduced bioavailability leading
to lower plasma concentrations and systemic effects, since it
has been shown for both diclofenac (unpublished data) and
indomethacin (13) that the two forms are bioequivalent in rats.

Another hypothesis is that the acid form of diclofenac
and indomethacin in nanocapsules caused less mucosal irri-
tation than the sodium salt of the aqueous solution. This
hypothesis is supported by data from Fara and Myrback (3)
who have shown, in an in-vitro model of rabbit colonic mu-
cosa, that NSAIDs, such as naproxen, indomethacin and
diclofenac, are less irritant than their sodium salts. In the
present study, this hypothesis is supported by the fact that,
regardless of whether the dosage form was the aqueous so-
lution or nanocapsules or whether it was administered by the
intragastric or the intravenous route, the toxicity of di-
clofenac and indomethacin was always more marked in the
intestine, especially in the ileum where the pH allows ion-
ization of the two drugs, than in the proximal segments
where the acidic form could prevail.

In conclusion, the systemic or local origin of the unto-
ward effects of NSAIDs on the gastrointestinal tract has
been extensively debated and no clear conclusion has
emerged. In the present study we have compared aqueous
solutions of diclofenac and indomethacin with their nanocap-
sule formulations following an intravenous or intragastric ad-
ministration. We have shown that the ulcerative effects of
systemic origin following the intravenous injection are not
related with the dosage forms. Despite the uptake of the
colloidal carrier by the Kiipffer cells and the resulting en-
hancement of the biliary excretion of the drugs, no evidence
of the influence of enterohepatic circulation on the mucosal
damage was obtained. In contrast we have clearly shown
that, following the intragastric administration of nanocap-
sules, a spectacular protection of the gastrointestinal mu-
cosz was obtained. As both dosage forms of the two drugs
are bioequivalent by intragastric route, similar plasma con-
centrations should lead to similar effects of systemic origin.
Thus the protective effect observed with nanocapsules dem-
onstrates the major influence of the local irritative effects of
NSAIDs on the gastrointestinal tract.
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