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Abstract

We investigated the anti-inflammatory, antinociceptive and ulcerogenic
activity of a zinc-diclofenac complex (5.5 or 11 mg/kg) in male Wistar
rats (180-300 g, N = 6) and compared it to free diclofenac (5 or 10 mg/
kg) and to the combination of diclofenac (5 or 10 mg/kg) and zinc acetate
(1.68 or 3.5 mg/kg). The carrageenin-induced paw edema and the cotton
pellet-induced granulomatous tissue formation models were used to
assess the anti-inflammatory activity, and the Hargreaves model of
thermal hyperalgesia was used to assess the antinociceptive activity. To
investigate the effect of orally or intraperitoneally (ip) administered
drugs on cold-induced gastric lesions, single doses were administered
before exposing the animals to a freezer (-18ºC) for 45 min in individual
cages. We also evaluated the gastric lesions induced by multiple doses of
the drugs. Diclofenac plus zinc complex had the same anti-inflammatory
and antinociceptive effects as diclofenac alone. Gastric lesions induced
by a single dose administered per os and ip were reduced in the group
treated with zinc-diclofenac when compared to the groups treated with
free diclofenac or diclofenac plus zinc acetate. In the multiple dose
treatment, the complex induced a lower number of the most severe
lesions when compared to free diclofenac and diclofenac plus zinc
acetate. In conclusion, the present study demonstrates that the zinc-
diclofenac complex may represent an important therapeutic alternative
for the treatment of rheumatic and inflammatory conditions, as its use
may be associated with a reduced incidence of gastric lesions.
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Introduction

Non-steroidal anti-inflammatory drugs
(NSAIDs) represent group of therapeutic drugs
most frequently used in the world. Diclofenac,
an NSAID synthesized by Ciba-Geigy about
30 years ago (1), is one of the medicines most
frequently used in Brazil (2). Diclofenac has

been used to alleviate the pain and edema
associated with rheumatoid arthritis, osteoar-
thritis, spondylitis, and many other inflamma-
tory conditions. It is also useful for the relief of
dysmenorrhea and of the pain associated with
surgery and neoplastic diseases (3).

Although diclofenac is usually well toler-
ated by patients, its use can result in some side
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effects, particularly those related to the gas-
trointestinal tract (4). Thus, some approaches
have been devised to reduce the incidence of
these side effects, including the use of differ-
ent routes of administration (5), H2 receptor
antagonists (6), pro-drugs (7), omeprazole and
sucralfate (8), misoprostol (9), and selective
cyclooxygenase 2 inhibitors (10).

Many experimental and clinical studies
have demonstrated that zinc compounds may
be useful to treat or prevent gastric ulcers
(11-15). Rodrigues de la Serna and Díaz-
Rubio (16) showed that zinc acexamate mark-
edly reduced the severity of gastric lesions
induced by piroxicam in patients.

Since patients’ compliance with the po-
sologic scheme is one of the most important
factors to determine the outcome of pharma-
cotherapy (17), mainly in long-term treat-
ments, the search for medicines that associ-
ate anti-inflammatory and gastroprotective
effects is important because it could avoid
the co-administration of two drugs. Tagliati
et al. (18) were the first to evaluate the anti-
inflammatory activity and the incidence of
gastric lesions induced by piroxicam, an
NSAID, complexed with zinc in rats. The
anti-inflammatory activity of piroxicam was
not changed when the drug was used as a
complex with zinc, but the severity of gastric
lesions was reduced in the group treated with
the zinc complex. Similar results have been
reported for zinc-tenoxicam (19).

In order to determine if the protective
effect against gastric lesions by complex
formation with zinc could be extended to
other NSAIDs, we assessed the anti-inflam-
matory and ulcerogenic activity of a zinc-
diclofenac complex in experimental ani-
mals.

Material and Methods

Drugs

The following drugs were used: sodium
diclofenac, 2-[(2,6-dichlorophenyl)amino]

benzene acetic acid monosodium salt; [o-
(2,6-dichloroanilino)phenyl]acetic acid so-
dium salt (kindly donated by Química Inter-
continental Farmacêutica, São Paulo, SP,
Brazil), zinc-diclofenac (synthesized accord-
ing to technique described by Cini et al. (20),
zinc acetate (Merck, São Paulo, SP, Brazil),
carboxymethylcellulose (CMC, Reagen, Rio
de Janeiro, RJ, Brazil), carrageenin (Sigma,
St. Louis, MO, USA), ethyl ether (Synth,
São Paulo, SP, Brazil), sterile 0.9% NaCl
(Hypofarma, São Paulo, SP, Brazil).

Animals

Male Wistar rats (180-300 g) were used.
The animals were kept in a light-controlled
room on a 12-h light/dark cycle. Food and
water were available ad libitum, except that
the animals were fasted overnight before
each experiment, although they continued to
have free access to water. In the experiment
for gastric lesions, the animals were placed
in cages without sawdust, with free access to
water but without contact with any residue.
In each experimental protocol, the animals
were divided into four groups (N = 6) and
treated with 0.5% CMC, a sodium diclo-
fenac suspension in 0.5% CMC, a zinc-di-
clofenac suspension in 0.5% CMC, or a
suspension of diclofenac plus zinc acetate in
0.5% CMC. The drugs were administered
per os (po) or intraperitoneally (ip). The
experimental protocols were approved by
the Ethics Committee on Animal Experi-
mentation (CETEA) of Universidade Fede-
ral de Minas Gerais.

Evaluation of anti-inflammatory and
antinociceptive effects

Carrageenin-induced paw edema. Paw
edema was induced by injecting 50 µl of 1%
carrageenin in saline into the subplantar re-
gion of the left hind paw. A similar volume
of sterile saline was injected into the same
region of the right hind paw. Paw volume
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was determined before each treatment (basal
volume) and 2, 4 and 6 h after carrageenin
injection using a plethysmometer (Model
7150, Ugo Basile, Varese, Italy). The drugs
were administered po or ip at the following
doses: 10 mg/kg diclofenac, 11 mg/kg zinc-
diclofenac or 10 mg/kg diclofenac plus 3.35
mg/kg zinc acetate, 2 h before the injection
of carrageenin (N = 6 for each group).

Formation of granulomatous tissue. For-
mation of granulomatous tissue was induced
by subcutaneous (sc) implantation of four
equidistant cotton pellets (40 mg each) into
the abdominal region of the animals under
ether anesthesia, according to the technique
described by Niemegeers et al. (21). Since
this was a multiple dose study, lower doses
were used. Diclofenac (5 mg/kg), zinc-diclo-
fenac (5.5 mg/kg) or diclofenac (5 mg/kg)
plus zinc acetate (1.68 mg/kg) was adminis-
tered po daily for 7 days. On the seventh day,
4 h after the last administration, the animals
were killed and the granulomatous tissue
was removed and dried at 60ºC for 24 h.
Granuloma weight was defined as the differ-
ence between the weight of the dry tissue
and the weight of the initial implanted cotton
pellet (160 mg) (N = 6 for each group).

Nociceptive response induced by a ther-
mal stimulus. The nociceptive response was
assessed by the technique described by
Hargraves et al. (22). One day before the
experiment, the animals were placed in the
nociceptive response apparatus (Model UB
7370, Ugo Basile) for 30 min. On the day of
the experiment, after another adaptation pe-
riod of 30 min, the basal latency for paw
withdrawal induced by a thermal stimulus
was determined. Diclofenac (10 mg/kg), zinc-
diclofenac (11 mg/kg), diclofenac (10 mg/
kg) plus zinc acetate (3.35 mg/kg) or a corre-
sponding volume of 0.5% CMC was admin-
istered po or ip. After 2 h, 1% carrageenin
(50 µl) was injected into the subplantar re-
gion of the right hind paw. The paw with-
drawal latency was again determined at 2, 4
and 6 h (N = 6 for each group).

Evaluation of gastric lesions

Two models were used to evaluate gas-
tric lesions. In the first model, diclofenac (10
mg/kg), zinc-diclofenac (11 mg/kg), diclo-
fenac (10 mg/kg) plus zinc acetate (3.35 mg/
kg) or a corresponding volume of 0.5% CMC
was administered po or ip. After 4 h, the
animals were transferred to a freezer (-18ºC)
in individual cages, where they were kept for
45 min according to a modification (19) of
the technique described by Rainsford (23).
After this period, the animals were killed
after exposure to ethylic ether and their stom-
achs removed (N = 6 rats for each group).

In the second model, diclofenac (5 mg/kg),
zinc-diclofenac (5.5 mg/kg), diclofenac (5 mg/
kg) plus zinc acetate (1.68 mg/kg) or a corre-
sponding volume of 0.5% CMC was adminis-
tered po daily for 7 days. After 4 h, the animals
were killed and their stomachs removed.

To determine the number and severity of
the gastric lesions, immediately after sacri-
fice the stomachs of the animals were opened
and rinsed with 5 ml saline. The stomachs
were carefully examined under a stereoscopic
microscope (Metrimpex-PZ Labimex, Bu-
dapest, Hungary) and the lesions were clas-
sified according to severity as follows: 1+
(hyperemia and/or petechiae); 2+ (hemor-
rhage with moderate erosion) and 3+ (hem-
orrhage with extensive and severe lesions)
(24). The number of lesions of each category
was determined and the mean ± SEM for
each experimental group was presented. The
technician who performed the scoring pro-
cedure did not know the treatment to which
the animals had been submitted.

Statistical analysis

The nonparametric Mann-Whitney test
was used to analyze the results of the gastric
lesions. Parametric statistical analysis (one-
way ANOVA) followed by the Duncan multiple
comparison test was used to analyze the other
results. Statistical significance was set at P < 0.05.
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Results

Carrageenin-induced paw edema

Carrageenin (1%, 50 µl) induced a marked
edema that reached its peak 4 h after injec-
tion. Previous po treatment with diclofenac,
zinc-diclofenac or diclofenac plus zinc ace-
tate induced the same extent of inhibition of
carrageenin-induced edema (Figure 1A). In-
traperitoneal administration of the drugs also
inhibited carrageenin-induced edema (Fig-
ure 1B). The drugs were administered po or
ip at the following doses: diclofenac (10 mg/
kg), zinc-diclofenac (11 mg/kg) or diclo-
fenac (10 mg/kg) plus zinc acetate (3.35 mg/
kg), 2 h before the injection of carrageenin
(N = 6 for each group).

Formation of granulomatous tissue

Treatment for 7 days with diclofenac (5
mg kg-1 day-1), zinc-diclofenac (5.5 mg kg-1

day-1) or diclofenac (5 mg kg-1 day-1) plus
zinc acetate (1.68 mg kg-1 day-1) inhibited
the formation of granulomatous tissue in-
duced by implantation of sc cotton pellets
into the abdominal region (Table 1). The
degree of inhibition was similar for all drugs.

Nociceptive response induced by a thermal
stimulus

Carrageenin induced a reduction of paw
withdrawal latency in response to a thermal
stimulus. Per oral (Figure 2A) or ip (Figure
2B) administration of diclofenac (10 mg/
kg), zinc-diclofenac (11 mg/kg) or diclo-
fenac (10 mg/kg) plus zinc acetate (3.35 mg/
kg) induced an antinociceptive effect.

Effect of routes of administration of
diclofenac, zinc-diclofenac or diclofenac plus
zinc acetate on the severity of gastric lesions
induced by cold exposure in rats

As shown in Table 2, the severity of
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after per os and intraperitoneal administration. Diclofenac (10 mg/kg), zinc-diclofenac (11 mg/
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gastric lesions (levels 1+ and 3+) for the
group treated with zinc-diclofenac (11 mg/
kg) po was less than that presented by the
groups treated with diclofenac (10 mg/kg) or
with the diclofenac (10 mg/kg) plus zinc
acetate (3.35 mg/kg) combination. The se-
verity of gastric lesions in the groups treated
with diclofenac or diclofenac plus zinc ace-
tate was similar at all levels (1+, 2+ and 3+).
Table 3 shows that the severity of all gastric
lesions in the group treated with zinc-diclo-
fenac ip was less than that presented by the
group treated with diclofenac alone. How-
ever, in comparison to the group treated with
diclofenac plus zinc acetate, a significant
difference was only observed for 1+ lesions.

Gastric lesions induced by po administration
for 7 days

As shown in Table 4, the severity of
gastric lesions (level 3+) induced by zinc-
diclofenac (11 mg/kg) was less than that
induced by diclofenac (10 mg/kg) alone. The
severity was also reduced for lesions 2+ and
3+ when compared to the severity of the
lesions induced by diclofenac (10 mg/kg)
plus zinc acetate (3.35 mg/kg).

Discussion

The results of the present study demon-
strate that complex formation of diclofenac
with zinc does not change the anti-inflam-
matory or antinociceptive activity of the drug,
but reduces the severity of gastric lesions
induced by this NSAID.

In the model of carrageenin-induced
edema, diclofenac, zinc-diclofenac or the
diclofenac plus zinc acetate combination in-
hibited the response in a similar manner.
These results provide support to those re-
ported by Tagliati et al. (18) and Nascimento
et al. (19), who demonstrated that the anti-
inflammatory activity of piroxicam and ten-
oxicam was not changed by complexing with
zinc. Similar results have also been reported

Table 1. Effect of diclofenac, zinc-diclofenac, and diclofenac plus zinc acetate on the
formation of granulomatous tissue in rats.

Granuloma weight (mg)

Control Diclofenac Zinc-diclofenac Diclofenac + zinc acetate

351.4 ± 10.1 239.5 ± 8.3a 234.2 ± 18.4a 263.3 ± 14.0a

Diclofenac (5 mg kg-1 day-1), zinc-diclofenac (5.5 mg kg-1 day-1), the association of
diclofenac (5 mg kg-1 day-1) plus zinc acetate (1.68 mg kg-1 day-1) or the corresponding
volume of 0.5% carboxymethylcellulose was administered po for 7 days. Data are
reported as means ± SEM for 6 animals.
aSignificantly different in comparison to control group (P < 0.05, ANOVA and Duncan
test).

Table 2. Effect of diclofenac, zinc-diclofenac, and diclofenac plus zinc acetate on
gastric lesions after per os administration.

Severity of gastric lesions

Level Control Diclofenac Zinc-diclofenac Diclofenac +
zinc acetate

1+ 540.5 ± 123.5 1526 ± 93.0a,b 292 ± 51.6 1384 ± 67.8a,b

2+ 7.5 ± 1.2 16.5 ± 3.7a,b 7.5 ± 1.7 14 ± 1.2a

3+ 1 ± 0.4 11.5 ± 1.7a,b 3.5 ± 1.6 12.5 ± 1.8a,b

Diclofenac (10 mg/kg), zinc-diclofenac (11 mg/kg), the association of diclofenac (10
mg/kg) plus zinc acetate (3.35 mg/kg) or the corresponding volume of 0.5% carboxy-
methylcellulose (control) was administered per os 4 h before cold exposure (4 h,
-18oC). Data are reported as means ± SEM for 6 animals. Levels: 1+ (hyperemia and/
or petechia); 2+ (hemorrhage with moderate erosion); 3+ (hemorrhage with extensive
and severe lesions).
aP < 0.05 compared to control; bP < 0.05 compared to the group treated with zinc-
diclofenac (Mann-Whitney test).

Table 3. Effect of diclofenac, zinc-diclofenac, and diclofenac plus zinc acetate on
gastric lesions after intraperitoneal administration.

Severity of gastric lesions

Level Control Diclofenac Zinc-diclofenac Diclofenac +
zinc acetate

1+ 563.5 ± 112.2 1703 ± 79.3a,b 670.5 ± 77.7 1521 ± 69.0a,b

2+ 3 ± 1.6 8 ± 0.9b 4 ± 0.9 5 ± 1.3
3+ 0 ± 0.2 5 ± 2.0a,b,c 0.5 ± 0.5 1.5 ± 0.7

Diclofenac (10 mg/kg), zinc-diclofenac (11 mg/kg), the association of diclofenac (10
mg/kg) plus zinc acetate (3.35 mg/kg) or the corresponding volume of 0.5% carboxy-
methylcellulose (control) was administered intraperitoneally 4 h before cold exposure
(4 h, -18oC). Data are reported as means ± SEM for 6 animals. See Table 2 for
explanation of levels.
aP < 0.05 compared to control; bP < 0.05 compared to the group treated with zinc-
diclofenac; cP < 0.05 compared to the group treated with diclofenac plus zinc acetate
(Mann-Whitney test).
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fate per se inhibited carrageenin-induced
edema, indicating that this compound may
present an intrinsic anti-inflammatory activ-
ity. The difference between our results, lack
of enhancement of anti-inflammatory effect
by simultaneous administration of zinc ace-
tate and diclofenac, and those obtained by
Abou-Mohamed et al. (26) may be due to the
approximately eight times higher dose (25
mg/kg) of the zinc compound used in their
study.

Diclofenac, zinc-diclofenac or the diclo-
fenac plus zinc acetate combination inhib-
ited the formation of granulomatous tissue in
a similar way. Nascimento et al. (19) also
reported that complexation of tenoxicam with
zinc does not change the antinociceptive and
anti-inflammatory activity of this NSAID.
These results also agree with those reported
by Abou-Mohamed et al. (26) who demon-
strated that the simultaneous administration
of zinc with diclofenac or indomethacin does
not change the activity of these NSAIDs in
the carrageenan-induced paw edema model.

We also observed that the diclofenac-

Table 4. Gastric lesions induced by a 7-day per os treatment.

Severity of gastric lesions

Level Control Diclofenac Zinc-diclofenac Diclofenac +
zinc acetate

1+ 328.5 ± 56.7 423 ± 51.6 261.5 ± 62.3 311.5 ± 89.5
2+ 4.5 ± 1.5 27.5 ± 7.8a 18.5 ± 3.6a 41 ± 9.7a

3+ 0 ± 0 8.5 ± 3.1a,b 3 ± 0.7 10.5 ± 1.6a,b

Gastric lesions were induced by a 7-day po treatment with diclofenac (5 mg/kg), zinc-
diclofenac (5.5 mg/kg), the association of diclofenac (5 mg/kg) plus zinc acetate (1.68
mg/kg) or the corresponding volume of 0.5% carboxymethylcellulose (control). Data
are reported as means ± SEM for 6 animals. See Table 2 for explanation of levels.
aP < 0.05 compared to control; bP < 0.05 compared to the group treated with zinc-
diclofenac (Mann-Whitney test).

Figure 2. Effect of diclofenac, zinc-diclofenac, and diclofenac plus zinc acetate on the Hargraves model of nociceptive response after per os (A) and
intraperitoneal administration (B). Diclofenac (10 mg/kg), zinc-diclofenac (11 mg/kg), the association of diclofenac (10 mg/kg) plus zinc acetate (3.35
mg/kg) or the corresponding volume of 0.5% carboxymethylcellulose (control) was administered 2 h before injection of 1% carrageenin into the
subplantar region of the left hind paw. Data are reported as means ± SEM for 6 animals. Basal corresponds to the latency for paw withdrawal before
the treatments. *P < 0.05 compared to control (ANOVA and Duncan test).
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for naproxen (25). Bravo et al. (13) have also
shown that simultaneous administration of
acetylsalicylic acid and zinc does not alter
the anti-inflammatory activity of this NSAID.
However, Abou-Mohamed et al. (26) have
demonstrated that the simultaneous admin-
istration of diclofenac plus zinc sulfate in-
duces a higher inhibition of carrageenin-
induced edema than diclofenac alone. These
investigators have also shown that zinc sul-
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zinc complex does not change the antinoci-
ceptive effect of the drug. Nascimento et al.
(19) presented similar results for tenoxicam
in the model of abdominal writhing induced
by acetic acid in mice. However, our results
differ from those reported by Jain et al. (25)
who demonstrated that zinc-naproxen had a
greater antinociceptive effect in the abdomi-
nal writhing induced by acetic acid and in
the tail-flick test than naproxen alone at the
same concentration.

Taken together, the present results indi-
cate that complex formation between an
NSAID and zinc does not reduce the anti-
inflammatory or antinociceptive activity of
the drug. When an alteration occurs, it is an
increase in the anti-inflammatory activity of
the complex, indicating a possible intrinsic
anti-inflammatory activity of zinc compounds
and providing further support for the use of
zinc complexes in the treatment of different
inflammatory situations. The relationship of
zinc to inflammation is not clear. However,
it has been shown that zinc-deficient diets
may exacerbate the inflammatory response
in experimental animals (27) and treatment
with zinc compounds attenuates some signs
associated with rheumatoid arthritis in hu-
mans (28).

Although the diclofenac plus zinc com-
plex did not change the anti-inflammatory or
antinociceptive activity of the NSAID, it
reduced its potential to exacerbate cold ex-
posure-induced gastric lesions. The group
treated with zinc-diclofenac presented a re-
duced severity of gastric lesions when com-
pared to the group treated with diclofenac
alone. These results are consistent with those
reported by Tagliati et al. (18) and Nasci-
mento et al. (19) who observed that the
severity of gastric lesions presented by ani-
mals treated with piroxicam or tenoxicam
complexed with zinc was reduced when com-
pared to that presented by animals treated
with the free drugs or with he NSAIDs com-
bined with a zinc compound.

When drugs were administered ip, the

difference between the zinc-diclofenac com-
plex and the diclofenac plus zinc acetate
combination was observed only for level 1+
lesions. Since 1+ lesions induce the least
discomfort, the use of the complex would
not be justified in case of parenteral admin-
istration. However, considering oral admin-
istration, the presence of zinc, complexed or
in combination, is important because it re-
duces the severity of gastric lesions as a
result of both local (13) and systemic (29)
effects.

Different models have been used to evalu-
ate the effect of potential antiulcer drugs,
raising the question of what model has a
greater predictive value. Some studies indi-
cate that the gastric lesions induced by
NSAIDs present a higher predictive value
than those induced by cold exposure (30).
However, others indicate that lesions in-
duced by cold exposure may represent a
model with high predictive value since many
clinically useful antiulcer drugs, including
H2 antagonists and H+K+ATPase inhibitors,
markedly reduce their number and severity
(31-33). In the present study, we observed
that a diclofenac plus zinc complex resulted
in a protective effect in both models, i.e.,
lesions induced by cold exposure and le-
sions induced by repeated administration of
the NSAID.

In the model of gastric lesions induced by
a 7-day treatment, there was no difference
among experimental groups when 1+ and 2+
lesions were evaluated. However, the sever-
ity of 3+ lesions was markedly reduced in the
group treated with zinc-diclofenac. It could
be argued that such a reduction resulted from
an adaptation of gastric mucosa that may
occur after prolonged treatment with the
NSAID, as suggested by Skeljo et al. (34).
However, this seems to be unlikely since as
the reduction of the severity of 3+ lesions
was not observed in the groups treated with
diclofenac or with the diclofenac plus zinc
combination. The reduction of severity thus
observed represents the protective effect of
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zinc when this element is complexed with
diclofenac.

Dillon et al. (35), studying zinc and cop-
per complexes with indomethacin, observed
distinct situations. Even though both com-
plexes caused less intense intestinal ulcer-
ation, copper complex-induced gastric ul-
ceration was less intense than that observed
with the zinc complex. According to the
authors, the activity of superoxide dismutase
may have been partly responsible for the
minor ulcerogenicity observed with indo-
methacin-copper. Concerning the zinc com-
plex, the lack of a technique to measure zinc
prevents the evaluation of the relation be-
tween this ion and superoxide dismutase.

Different mechanisms have been pro-
posed to explain the gastroprotective effect
of zinc compounds. It has been shown that
zinc sulfate may stabilize mast cells (36) and

lysosome (37) membranes. Regarding zinc
acexamate, increased prostaglandin 2 con-
centrations (12-14) and inhibition of norepi-
nephrine-induced vasoconstriction (38) may
explain its gastroprotective effect.

The explanation for the reduced severity
of gastric lesion with zinc-diclofenac com-
pared to diclofenac alone is not clear. How-
ever, Tagliati et al. (18), in a study of the
kinetics of piroxicam and of zinc-piroxicam,
observed that the absorption of the complex
was slower than absorption of the free drug.
A similar situation must occur with zinc-
diclofenac.

Since the posologic scheme is one of the
most important factors in patient compli-
ance with treatment (17), the present results
may be of interest by suggesting the use of a
single medication with combined anti-in-
flammatory and gastroprotective effects.
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