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The proposed curative properties of copper(II)-non-steroidal anti-inflammatory drugs (NSAIDs) have led to
the development of numerous copper(II)–NSAID complexes with enhanced anti-inflammatory activity. In
this work, the antinociceptive and toxic effects of two new coordination complexes: Cu2(fen)4(caf)2 [fen:
fenoprofenate anion; caf: caffeine] and Cu2(fen)4(dmf)2 [dmf: N-N′-dimethylformamide] were evaluated in
mice. The antinociceptive effect was evaluated with two models: acetic acid-induced writhing response
and formalin test. For the sub-acute exposure, the complexes were added to the diet at different doses for
28 days. Behavioral and functional nervous system parameters in a functional observational battery were
assessed. Also, hematological, biochemical and histopathological studies were performed. Cu2(fen)4(caf)2
and Cu2(fen)4(dmf)2 significantly decreased the acetic acid-induced writhing response and the licking time
on the late phase in the formalin test with respect to the control and fenoprofen salt groups. The sub-acute
exposure to Cu2(fen)4(caf)2 complex increased the motor activity, the number of rearings and the arousal
with respect to the control and fenoprofen salt groups. These impaired parameters in mice exposed to Cu2
(fen)4(caf)2 can be attributable to the presence of caffeine as stimulating agent. On the other hand, all ex-
posed groups decreased the urine pools in the functional observational battery and increased the plasmatic
urea. These effects could be due to the decrease in the glomerular filtration caused by NSAIDs. In conclusion,
both complexes Cu2(fen)4(dmf)2 and Cu2(fen)4(caf)2 were more potent antinociceptive agents than fenopro-
fen salt. Sub-acute exposure to different doses of these complexes did not produce significant changes in the
parameters that evaluate toxicity.

© 2011 Elsevier B.V. All rights reserved.
1. Introduction

Fenoprofen is a non-steroidal anti-inflammatory (NSAID), analgesic,
with antipyretic properties used to treat mild to moderate pain. It re-
lieves symptoms of arthritis (osteoarthritis and rheumatoid arthritis),
such as inflammation, swelling, stiffness and joint pain. Evidence sug-
gests that NSAIDs act by inhibiting cyclooxygenase (COX) and, conse-
quently, prostaglandin synthesis (Polisson, 1996). Cyclooxigenases
COX-1 and COX-2 play different roles in the inflammatory process
(Hao et al., 1999; Polisson, 1996). COX-1 acts to maintain normal
physiological function by its control of the renal parenchyma, gastric
mucosa, platelet, and most other mammalian tissues, while COX-2 pro-
duces the prostaglandins involved in inflammation and mitogenesis
(Dillon et al., 2003; Hao et al., 1999). The inhibition of COX-1 leads to
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gastrointestinal ulcerogenic toxicity while a drug exerting the selective
inhibition of COX-2 over COX-1 is considered a safer andmore effective
antiinflammatory agent (Polisson, 1996).

Copper is also believed to possess anti-inflammatory and analgesic
effects (Blahova et al., 1994; Okuyama et al., 1987; Sorenson, 1989).
Copper ions, as centers of active site of various metalloproteins, play
a vital role in a number of widely differing biological processes like
electron transfer, oxidation and dioxygen transport (Mirica et al.,
2004; Rosenzweig and Sazinsky, 2006).

Experimental evidences proved that the coordination of NSAIDs to
copper(II) ions improves the pharmaceutical activity of the drugs
themselves and reduce their undesired collateral effects in human
and animals (Agotegaray et al., 2010; Blahova et al., 1994; Cini et
al., 2007; Korolkiewicz et al., 1989; Lewis, 1978; Sorenson, 1992;
Sorenson et al., 1995).

It is also known that many copper(II)–NSAID complexes present
superoxide dismutase (SOD) (Agotegaray et al., 2010; Devereux et
al., 2007; Wangila et al., 2006) and catechol oxidase activity
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(Abuhijleh et al., 1992). These enzymes protect the living cell against
various pathological conditions involving cardiovascular diseases, can-
cer, inflammation, diabetes and aging (Valko et al., 2007). Increasing at-
tention has been paid to the SOD activity of copper(II)-complexes with
anti-inflammatory properties because superoxide is implicated in the
promotion of arthritis by the degradation of hyaluronic acid, which is
essential for maintaining internal joint homeostasis (Auer et al., 1990;
McCord, 1974). This is supported by the complete protection against
this degradation by treatment with SOD (Czapski and Goldstein, 1998;
McCord, 1974). Moreover, oxygen-derived free radicals play important
roles in the pathogenesis of gastric mucosal injury (Nishiyama et al.,
1996) and SOD exists in the mucosal tissues of the gastrointestinal
tract where it is believed to protect against such damage (Klinowsky
et al., 1996).

Because the cooper(II)–NSAID complexes have a more potent phar-
macologic activity and lower collateral effects than their parent drugs,
and taking into account that there are no reports on the antinociceptive
and toxicological properties of copper(II)-fenoprofenate complexes, we
present here the study of the analgesic activity employing the acetic
acid writhing and formalin tests of two new complexes [Cu2(fen)4
(caf)2 and Cu2(fen)4(dmf)2] aswell as the results of the sub-acute expo-
sure to different doses to evaluate their toxicity.

2. Materials and methods

2.1. Materials

Fenoprofen calcium salt, carboxymethylcellulose and Tween 80
were purchased from Sigma-Aldrich. All other reagents and solvents
were of analytical grade and used without further purification.

2.2. Synthesis of the complexes

The complex [Cu2(fen)4(dmf)2]·2H2O was prepared according to
the following procedure: a 2.0 ml dmf solution containing 0.0811 g
(0.150 mmol) of racemic fenoprofen calcium salt hydrate (Ca
(fen)2·H2O)was added to 3.0 ml of an ethanolic solution of CuCl2·2H2O
(0.0170 g, 0.100 mmol). The resulting green solution was stirred at
room temperature for about one h and then kept at the same tempera-
ture overnight. The addition of an excess of water led to the immediate
precipitation of a green complex with a glassy appearance, which grad-
ually recrystallized at room temperature after three weeks. The bright
green microcrystals obtained were filtered, washed with water and air
dried. Yield: 64% (0.0387 g) elemental analysis, found: C, 62.5; H, 4.9;
N, 1.7%. Calc. for C66H70Cu2N2O16: C, 62.2; H, 5.4; N, 2.1%. A slow recrys-
tallization of the complex in dmf/water yielded green single crystals
without crystallization water which were studied by X-ray diffractom-
etry. These results were published elsewhere (Agotegaray et al.,
2008). The complex [Cu2(fen)4(caf)2] was prepared by the addition of
a solution containing 50 mg (0.040 mmol) of Cu2(fen)4(dmf)2 in 2 ml
of acetone to 31 mg (0.160 mmol) of caffeine dissolved in 2 ml of hot
ethanol under stirring. This procedure led to a resulting limpid, green
solution. The slow diffusion of water resulted in the formation of two
layers of solvents. After a few days at 4 °C green crystals were obtained,
whichwerewashedwithwater and air dried. Yield: 57% (0.0340 g). The
well-shaped crystals could not be solved by X-ray crystallography due
to molecular disorder but it was studied by spectroscopic and thermal
techniques revealing the structure proposed. Analysis calculated for
C76H72Cu2N8O16: C, 61.6; H, 4.9; N, 7.6%. Found: C, 61.3; H, 4.8; N, 7.7%.

2.3. Experimental animals

Healthy CF1 female mice 8 weeks old were used. They were
obtained from the colony of the animal facility from the Biology, Bio-
chemistry and Pharmacy Department which were maintained under
constant conditions of temperature (22±1 °C) and humidity (70%),
in a 12 h light:12 h dark cycle (light on at 6:00 h) during all the ex-
periment. According to the body weight (approximately 30 g) they
were randomly divided into different groups of 8–10 animals which
were acclimatized for a week before starting the experiment. All ani-
mals had free access to tap water and standard diet (Ganave®, Ratas y
Ratones, Alimentos Pilar S.A., Argentina) throughout the experiment.
The care and the handling of the animals were in accordance with the
internationally accepted standard Guide for the Care and Use of
Laboratory Animals (2010) as adopted and promulgated by the Na-
tional Institute of Health.

2.4. In vivo analgesic activity

2.4.1. Acetic acid-induced abdominal writhing
The test was performed as described by Collier et al. (1968) and

Fontenele et al. (1996). Nociception was induced by an intraperitoneal
(i.p.) injection of 0.6% acetic acid solution (10 ml/kg). Mice were orally
treated by gavage with 26 mg/kg Cu2(fen)4(dmf)2 and 31 mg/kg Cu2
(fen)4(caf)2, and 1 h later the acetic acid was injected. The vehicle
used for dissolution of complexes was 0.05% CMC-Na and 0.1% Tween
80. The control group received the vehicle and the positive group re-
ceived 21 mg/kg fenoprofen salt. Each quantity of drug administered
was equivalent to the therapeutic dose of 20 mg/kg of fenoprofen.

Immediately after the injection of acetic acid, each animal was iso-
lated in an individual box to be observed during 20 min. The number
of writhing and stretching was recorded. A writhe is indicated by ab-
dominal constriction and stretching by full extension of hind limb.

2.4.2. Formalin test
This test was carried out as described by Hunskaar and Hole (1987).

Twenty microliters of 2.5% formalin was injected into the dorsal surface
of the left paw of mice 1 h after oral administration by gavage of
26 mg/kg Cu2(fen)4(dmf)2, 31 mg/kg Cu2(fen)4(caf)2, 21 mg/kg feno-
profen salt or vehicle (0.05% CMC (carboxymethyl cellulose) and 0.1%
Tween 80). The time that animals spent on licking and biting the injected
paw was recorded. On the basis of the response pattern described by
Tjolsen et al. (1992), two distinct periods of intensive licking activity
were identified and scored separately. The nociceptive scores normally
peaked 5 min after formalin injection (early phase) and 15–30 min
after the injection (late phase). The early phase is due to a direct effect
on nociceptors by the formalin. The late phase seems to be an inflamma-
tory response (Tjolsen et al., 1992).

2.5. Sub-acute toxicity

The experiment was conducted according to the protocols described
byOECDGuidelineNo. 407 (2008). Fenoprofen salt and complexeswere
incorporated into the standard aliment and small pieces of food made
(approximately 0.2 g)with thedose for eachmouse. Before daily admin-
istration, micewere left for two h fasting. The exposure was over a peri-
od of 28 days at a dose of 21 mg/kg and 42 mg/kg body weight/day
for fenoprofen salt; 31 mg/kg and 62 mg/kg body weight/day for Cu2
(fen)4(caf)2, and 26mg/kg and 52 mg/kg body weight/day for Cu2
(fen)4(dmf)2. Control animals received standard food.

During the exposure, all the animals were observed for signs of tox-
icity. At the end of the exposure, behavioral and functional parameters
as well as motor activity were assessed for each mouse. Subsequently,
blood samples were obtained for hematological analysis by retro-
orbital bleeding (Fukuta, 2004). After that, mice were euthanized and
blood sampleswere taken by cardiac puncture for biochemical analysis.
Finally, necropsy observations and histopathological examinations
were realized on several tissues.

2.5.1. Functional observational battery
On the 28th day of exposure, behavioral and functional parame-

ters of the animals were evaluated through a functional observational



Fig. 1. Effects of fenoprofen salt and complexes in the Acetic Acid test. A, Control group;
B, 21 mg/kg fenoprofen salt group; C, 26 mg/kg Cu2(fen)4(dmf)2; and D, 31 mg/kg Cu2
(fen)4(caf)2. Mice were administered orally 1 h before of acetic acid injection (i.p.). The
number of writhing and stretching per mouse was counted over a 20 min period. Feno-
profen salt group was used as positive control. Values are means±S.E.M.; n=9–10.
⁎Pb0.05 and ⁎⁎Pb0.001 respect to the vehicle control group. †Pb0.001 respect to the
fenoprofen group (ANOVA followed by t-test).
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battery. It included a thorough description of the animals' appear-
ance, behavior and functional integrity (US EPA, 1998). Procedural
details and scoring criteria for the functional observational battery
protocol were performed according to Moser and Ross (Moser and
Ross, 1996) and modified for mice (Ingman, et al., 2004; Moser and
Ross, 1996; Youssed and Santi, 1997).

Briefly, measurements were first carried out in the home cage. The
observer recorded each animal's posture, activity and palpebral clo-
sure. The presence or absence of clonic or tonic movements, sponta-
neous vocalizations and bitting were also noted. Then the animal
was removed from its cage, rating the ease of removal and handling.
All signs of lacrimation, salivation and piloerection were rated.
Other abnormal clinical signs were also recorded. The animal was
nets placed in an open field arena having a piece of clean absorbent
paper on the surface, and allowed to freely explore for 3 min. During
that time, the observer ranked the mouse's arousal, gait score, activity
level and rears as well as any abnormal postures, unusual move-
ments, stereotyped behaviors, pelvis elevation and tail position. At
the end of 3 min, the number of fecal boluses and urine pools, and
presence or absence of diarrhea was recorded. Next, sensorial re-
sponses were ranked according to a variety of stimuli (click stimulus
using a metal clicker, approach and touch rump with a blunt object,
pinch of the tail using forceps, and touch of the corner of the eye
and the inside of the ear with a fine object).

Also, surface righting reflex and landing foot splay were evaluated.
In landing foot splay, the tarsal joint pad of each hindfoot was marked
with ink and the animal was then dropped from a height of 15 cm
onto a recording sheet. Finally, the wire maneuver was carried out.
The animal was suspended from a horizontal wire by forelimbs and
released.

2.5.2. Hematological and biochemical parameters
A volume of 0.4 ml of blood was obtained from each mouse by

retro-orbital bleeding under light ether anesthesia with ethylendia-
mine tetraacetate (EDTA) as anticoagulant (25 μl/ml of blood).
These samples were used immediately for the determination of he-
matological parameters employing an automatic analyser (Coulter
T890). The parameters measured were total erythrocytes, leukocytes
and platelet counts, hematocrit and hemoglobin levels, leukocyte dif-
ferential counts and erythrocyte indices. Blood samples for biochem-
ical analysis were obtained by cardiac puncture as a terminal
procedure. Heparin was used as anticoagulant (20 UI/ml of blood).
The samples were centrifuged at 1500×g for 10 min (Rolco CM 36R
centrifuge) to obtain plasma. For the hepatic function evaluation, ala-
nine aminotransferase (ALT) and aspartate aminotransferase (AST)
were determined, while for the renal function, urea and creatinine
were evaluated. Biochemical determinations were made using specif-
ic kits (Wiener Lab, Argentina) by measurement of the optical density
of reaction products at the corresponding wavelength with a spectro-
photometer (Shimadzu UV-1203, UV–VIS spectrophotometer).

2.5.3. Histopathological examinations
Euthanized animals were macroscopically examined. Liver, kid-

neys, stomach and brain were weight and intestine total length was
recorded. Representative fragments of these organs were fixed in for-
mol 10% solution, dehydrated by serial ethanol solution and enclosed
with paraffin. Sections 5 μm thick (Minot Leica model RS 2165) were
stained with hematoxylin–eosin and examined under a light micro-
scope (Olympus Bx51).

2.6. Statistical analysis

Acetic acid and Formalin test data were tested using one-way
ANOVA followed by t-test when differences between groups were
detected. Behavioral data measures in functional observational bat-
tery were continuous (providing interval data), ranked (ranks based
on a defined scale), descriptive or binary (presence or absence of a
sign). Continuous dates were tested using a one-way ANOVA fol-
lowed by LSD test when differences between groups were detected.
The ranked data were analyzed using Kruskal–Wallis nonparametric
test (Zar, 1999). For descriptive or binary data, each experimental
group was compared to control group and fenoprofen salt group
using a chi-square test. Hematological data presented as percentages
were previously transformed to p=arcsin√p (Zar, 1999). These data
and biochemical data were tested using a one-way ANOVA followed
by LSD test when differences between groups were detected.

The Kruskal–Wallis test was used for comparing the histopatholog-
ical parameters between groups. Data are expressed as means±S.E.M.
Probability values less than 0.05 were considered to be significant. All
statistical analysis was made using software SPSS 7.5 for Windows.

3. Results

3.1. Analgesic activity

3.1.1. Acetic acid-induced writhing
Results obtained from acetic acid-induced writhing are showing in

Fig. 1.When acid-acetic test was analyzed, the one-way ANOVA reveled
significant differences among the groups, F(21,36)=5.8, Pb0.001. Both
complexes and fenoprofen salt showed inhibitory effects of the writh-
ing response induced by acetic acid. Mice treated with Cu2(fen)4
(dmf)2, Cu2(fen)4(caf)2 and fenoprofen salt decreased significantly the
acetic acid-induced writhing response compared with the control
group (Pb0.001, Pb0.001 and Pb0.05, respectively). The percentage
of inhibition was 89.7%, 92.1% and 45.2%, respectively. The difference
between the groups treated with the lowest dose of both complexes
and the administered with the lowest dose of fenoprofen salt was
very significant (Pb0.001). Therefore the maximal inhibition of the no-
ciceptive response was achieved by both complexes with respect to
fenoprofen salt.

3.1.2. Formalin test
In this test, the one-way ANOVA reveled significant differences

among the groups, F(3,37)=3.8, Pb0.02 for the early phase, and
F(3,37)=30.6, Pb0.001 for the late phase. The results obtained
(Fig. 2) showed that the time spent on licking the injured paw was sig-
nificantly attenuated in the early phase by both complexes and fenopro-
fen salt compared to the control group (Pb0.05). In the second phase
the inhibition was more significant for all drugs (Pb0.001). Also, Cu2



Fig. 2. Effects of fenoprofen salt and complexes in the formalin test. A, Control group;
B, 21 mg/kg fenoprofen group; C, 26 mg/kg Cu2(fen)4(dmf)2 and D, 31 mg/kg Cu2(fen)4
(caf)2. Values are expressed as the mean±S.E.M. of time that the mouse spent on licking
and biting the injected paw in the early phase (black bar) and the late phase (gray bar).
n=9–10. ⁎Pb0.05 and ⁎⁎Pb0.001 respect to the vehicle control group. †Pb0.02 and
††Pb0.002 respect to the fenoprofen group (ANOVA followed by t-test).
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(fen)4(dmf)2 and Cu2(fen)4(caf) showed marked inhibition of licking
responses in the late phase with respect to the fenoprofen salt group
(Pb0.02 and Pb0.002, respectively). Therefore, both complexes have a
stronger effect than fenoprofen salt in inhibiting the second phase cor-
responding to inflammatory pain.

3.2. Sub-acute toxicity

3.2.1. Functional observational battery
Data obtained in the functional observational battery are shown in

Table 1. We observed that both groups of mice exposed to both doses
of Cu2(fen)4(caf)2 presented changes in some parameters evaluated
in the home cage, in the hand-held observations and during the ma-
nipulative test. Both doses of Cu2(fen)4(caf)2 complexes increased
the activity of mice in the cage (Pb0.01) and the highest dose of caf-
feine complex made difficult the handling of animals (Pb0.01) com-
pared to the control group. On the other hand, mice administered
with the highest dose of fenoprofen salt presented minor activity in
the box (Pb0.01) compared to the control group. Furthermore, the
activity of mice exposed to both doses of Cu2(fen)4(caf)2 was in-
creased with respect to both doses of fenoprofen salt (Pb0.01).

In the open field observations, the results showed that all groups
(except the lowest dose of fenoprofen salt) increased the activity
[Pb0.05 or Pb0.01] compared to control group. Both groups exposed
to caffeine complexes were significantly more active than those ex-
posed to both doses of fenoprofen salt (Pb0.05). With respect to rear-
ing and arousal, all groups increased these values compared to the
control group (Pb0.05 or Pb0.01).

All groups exposed to different doses of fenoprofen salt, Cu2(fen)4
(dmf)2 and Cu2(fen)4(caf)2 exhibited a significant decrease in the
number of urine pools deposited compared to the control group
(Pb0.01). There were no significant changes in the number of fecal
boluses compared to the control group.

Sensorial responses were ranked according to a variety of stimuli.
In the touch, both doses of Cu2(fen)4(caf)2 increased significantly the
response compared to the control (Pb0.05). In the tail pinch re-
sponse, only the highest dose of Cu2(fen)4(caf)2 increased the value
with respect to the control and to the highest dose of fenoprofen
salt groups (Pb0.05). The other parameters evaluated in the open
field arena were not altered in either of the experimental groups.

3.2.2. Hematological and biochemical analyses
Data from the hematology and clinical biochemistry are shown in

Tables 2 and 3, respectively.
With respect to mice exposed to the lowest dose of Cu2(fen)4
(caf)2, a significant decrement in the total erythrocytes and leuko-
cytes were detected [(Pb0.05) compared to the control group]. The
decrease in the number of erythrocytes was also significant for the
lowest dose of fenoprofen salt compared to the control group
(Pb0.05). However, these values are within the reference range for
mice, determined approximately in 7–11 (106/mm3) for erythrocytes
and 2–10 (103/mm3) for leukocytes (Everds, 2004). The other param-
eters, hemoglobin and hematrocrit, were not affected in comparison
to the control mice (Table 2).

In the white blood cells, no changes were observed with respect to
the control group (data not shown).

We observed a significant increase in the platelets number in mice
exposed to the highest dose of fenoprofen salt, the highest dose of Cu2

(fen)4(caf)2 and both doses of Cu2(fen)4(dmf)2, being these values
within the reference range for mouse [1010–1399 (103/mm3)]
(Pb0.05) (Table 2) (Everds, 2004).

When biochemical data were analyzed, a significant increase of
the urea level was detected in all groups, except the one correspond-
ing to the lowest dose of Cu2(fen)4(dmf)2 in comparison to the con-
trol group (Pb0.05). With respect to the creatinine level, the only
group affected was the one exposed to the highest dose of Cu2(fen)4
(caf)2 (Pb0.05). This value was higher compared to the control
group (Table 3).

In the aspartate aminotransferase (AST) level, a significant in-
crease was detected in mice exposed to the highest dose of Cu2

(fen)4(caf)2 with respect to the control (Pb0.05). This difference
was also significant in comparison to mice exposed to the highest
dose of fenoprofen salt (Pb0.05). However, no difference between
groups was detected by statistical analysis in the alanine aminotrans-
ferase (ALT) level (Table 3).

3.2.3. Histopathological analysis
The histopathological examinations of liver, stomach, intestine

and brain showed no changes with hematoxylin–eosine at the end
of the sub-acute exposure to all the compounds here evaluated in
any of the mice. The kidneys of some animals of all exposed groups
exhibited a minimal change. We observed a plenty of granular inter-
stitial tissue surrounding arteries and/or veins. Anyway, this change
was statistically not significant with respect to control group.

4. Discussion

In this work, the antinociceptive and toxic effects of Cu2(fen)4
(caf)2 and Cu2(fen)4(dmf)2 were evaluated in mice. Two different an-
algesic testing models were employed to identify different nocicep-
tive pains.

The acetic acid-induced writhing is a visceral pain model used for
detecting antinociceptive activity (Fukawa et al., 1980). It was
reported that prostaglandin biosynthesis plays an important role in
this nociceptive mechanism (Franzotti et al., 2000). Intraperitoneal
administration of acetic acid releases prostaglandins and sympatho-
mimetic mediators (Deraedt et al., 1980). In this study, both com-
plexes reduced significantly the number of abdominal constrictions
and stretching of hind limbs. The percentage inhibition was: 89.7%,
92.1% and 45.2% for Cu2(fen)4(dmf)2, Cu2(fen)4(caf)2 and fenoprofen
salt, respectively. The visceral analgesic action of both complexes was
5–7 times more potent than fenoprofen salt at the same fenoprofen
dose (20 mg/kg). Furthermore, both complexes showed longer
onset and shorter duration of writhing than fenoprofen salt (data
not shown). This indicates that Cu2(fen)4(dmf)2 and Cu2(fen)4(caf)2
present a strong analgesic activity for the visceral pain.

The formalin test is employed as model for nociceptive pain
(Dubuisson and Dennis, 1977; Steinar and Kjell, 1987) being consid-
ered effective to measure nociceptive and inflammatory pain. The an-
imals present two distinct nociceptive behavior phases. The early

image of Fig.�2


Table 1
Parameters evaluated in the functional observational battery after the sub-acute exposure to different dose complexes and fenoprofen salt.

Endpoint Control Fenoprofen salt Cu2(fen)4(caf)2 Cu2(fen)4(dmf)2

21 mg/kg 42 mg/kg 31 mg/kg 62 mg/kg 26 mg/kg 52 mg/kg

Home cage observations
Normal body posture (D) 100 100 100 100 100 100 100
Activity (R) 2.60 2.30 1.90b 3.60bd 3.60bd 2.30 2.20
Palpebral closure (R) 0 0 0 0 0 0 0
Clonic movement (D) 0 0 0 0 0 0 0
Tonic movement (D) 0 0 0 0 0 0 0
Biting (D) 0 0 0 0 0 0 0
Vocalizations (B) 0 0 0 0 0 0 0

Hand-held observations
Ease of removal from cage (R) 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ease of handling (R) 2.00 2.00 2.00 2.30 2.90b 2.20 2.00
Salivation (R) 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lacrimation (R) 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Piloerection (B) 0 0 0 0 0 0 0
Normal fur appearance (D) 100 100 100 100 100 100 100
Normal respiration (D) 100 100 100 100 100 100 100
Normal cardiovascular signs (D) 100 100 100 100 100 100 100
Normal limb tone (D) 100 100 100 100 100 100 100
Normal abdominal tone (D) 100 100 100 100 100 100 100
Limb grasping (B) 100 100 100 100 100 100 100

Open field observations
Activity level (R) 2.80 3.30 3.60b 3.90bc 4.10bc 3.40b 3.40a

Rearing (R) 1.10 3.10b 3.30b 3.10b 2.50b 2.60b 2.50b

Arousal (R) 3.40 4.10b 4.10b 4.40b 3.90b 4.00a 3.90a

Normal gait (D) 100 100 100 100 100 100 100
Stereotyped behaviors (D) 0 0 0 0 0 0 0
Pelvic elevation (R) 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Normal tail position (D) 100 100 100 100 100 100 100
Fecal boluses (C) 2.40 0.60 1.30 0.90 2.10 0.80 0.80
Urine pools (C) 1.60 0b 0b 0b 0b 0b 0.40b

Diarrhea (B) 0 0 0 0 0 0 0

Manipulative tests
Approach response (R) 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Touch response (R) 1.90 2.00 2.00 2.20a 2.90a 1.90 2.10
Click response (R) 2.00 1.90 1.90 2.00 2.20 2.00 2.00
Tail pinch response (R) 1.90 1.90 1.90 2.10 2.40ac 1.90 2.20
Palpebral reflex (B) 100 100 100 100 100 100 100
Pinna reflex (B) 100 100 100 100 100 100 100
Flexor reflex (B) 100 100 100 100 100 100 100
Extensor reflex (B) 100 100 100 100 100 100 100
Righting reflex (R) 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Landing foot splay (C) 4.40 4.20 3.80 4.00 4.00 4.20 3.70
Wire maneuver (R) 1.10 1.10 1.00 1.00 1.00 1.10 1.00

Descriptive (D) and binary (B) date expressed as percentage of incidence (chi-square test); Ranked (R) data expressed as the mean score of the scale used (Kruskal–Wallis test);
Continuous (C) data expressed as mean value (one-way ANOVA test); aPb0.05 and bPb0.01 compared to control group. cPb0.05 and dPb0.01 compared to the lowest or the highest
fenoprofen dose. The lowest dose of each complex was compared with the lowest dose of fenoprofen, and the same was applied to the highest dose of complexes.

Table 2
Hematological data from mice sub-acute exposed to different doses of fenoprofen salt and complexes.

Parameter Control Fenoprofen Cu2(fen)4(caf)2 Cu2(fen)4(dmf)2

21 mg/kg 42 mg/kg 31 mg/kg 62 mg/kg 26 mg/kg 52 mg/kg

Erythrocytes (106/mm3) 9.4±0.1 8.95±0.1⁎ 9.3±0.1 9.1±0.1⁎ 9.3±0.1 9.4±0.1 9.3±0.1
Leucocytes (103/mm3) 8.6±0.8 6.2±0.7 9.5±0.9 3.8±0.2⁎ 7.0±1.4 6.0±0.4 8.9±1.4
Hematocrit (%) 40.1±0.2 39.2±0.4 40.0±0.3 39.7±0.3 40.3±0.4 40.8±0.3 40.0±0.3
Hemoglobin (g/dl) 14.0±0.2 13.4±0.3 13.9±0.3 13.6±0.1 14.2±0.2 14.1±0.2 13.9±0.2
MCV (fl) 44.4±0.2 44.5±0.3 44.9±0.7 45.0±0.3 44.9±0.1 45.4±0.3 44.6±0.2
MCH (pg) 15.1±0.2 15.0±0.0 15.0±0.0 15.0±0.0 15.3±0.2 15.0±0.0 15.1±0.2
MCHC (%) 35.6±0.3 35.4±0.2 35.6±0.2 35.4±0.1 35.5±0.2 35.1±0.1 35.5±0.2
Platelets (103/mm3) 1079.0±51.7 1171.8±27.8 1301.5±58.9⁎ 1163.9±20.5 1229.7±34.2⁎ 1208.0±47.4⁎ 1203.6±30.6⁎

Data expressed as mean±S.E.M.
MCV, mean corpuscular volume.
MCH, mean corpuscular hemoglobin.
MCHC, mean corpuscular hemoglobin concentration.
⁎ Pb0.05 compared to control group (one-way ANOVA followed by LSD test).
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Table 3
Plasma biochemical data from mice sub-acute exposed to different dose of fenoprofen salt and complexes.

Parameter Control Fenoprofen Cu2(fen)4(caf)2 Cu2(fen)4(dmf)2

21 mg/kg 42 mg/kg 31 mg/kg 62 mg/kg 26 mg/kg 52 mg/kg

Creatinine (mg/dl) 7.1±0.6 5.3±0.5 7.5±0.6 6.5±0.4 9.2±1.0⁎ 5.5±0.4 7.1±1.1
Urea (mg/dl) 52.1±1.7 60.8±2.8⁎ 69.0±3.9⁎ 72.0±3.0⁎ 65.0±2.6⁎ 59.3±3.2 64.1±3.3⁎

AST (UI/l) 64.8±5.4 59.1±4.9 72.8±7.0 65.0±6.4 99.6±10.0⁎,⁎⁎ 57.8±4.7 85.5±11.0
ALT (UI/l) 12.3±1.5 11.0±1.3 7.8±1.6 13.4±1.3 11.9±2.1 10.8±1.2 8.2±1.8

Data expressed as mean±S.E.M.
AST, aspartate aminotransferase.
ALT, alanine aminotransferase.
⁎ Pb0.05 compared to control group (one-way ANOVA followed by LSD test).
⁎⁎ Pb0.05 compared to fenoprofen salt group (one-way ANOVA followed by LSD test).
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phase is initiated immediately after formalin injection and lasts about
3–5 min, resulting from chemical stimulation of nociceptors and
nerve by formalin. The late phase is initiated 15–20 min after injec-
tion and lasts about 20–40 min. It has been found that NSAID agents
have little effect on phase 1, reducing the nociceptive behavior of lick-
ing and biting in phase 2 (Hunskaar and Hole, 1987). It has been dem-
onstrated that the nociception produced in phase 2 of the formalin
test is a result of chemical insult resulting in tissue damage
(Rosland, et al., 1990) which produces inflammation mediators
(Ferreira, 1972; Otuki et al., 2001). NSAIDs block the production of
prostaglandins reducing sensitization of peripheral nervous tissue,
diminishing pain.

In this experiment, the analgesic effects of fenoprofen salt, Cu2

(fen)4(dmf)4 and Cu2(fen)4(caf)4 have little effect on early phase at
similar manner, but reduce the nociceptive behavior and have maxi-
mum efficacy in the late phase. Furthermore, both complexes showed
marked inhibition of licking responses in the late phase versus the
fenoprofen salt, indicating a potent action related to the inhibition
of the pain due to the decrease of the inflammatory process.

In the acetic-acid and formalin tests we demonstrate that fenopro-
fen salt is less effective in treating pain from inflammatory origin due
to both complexes have more potent antinociceptive activity than
fenoprofen salt. Previously, we observed that these complexes have
more potent antiinflammatory effect (Agotegaray et al., 2010).

Clinically, caffeine is used as an adjuvant to eliminate sleepiness
induced by antihistamines and to provide better analgesic efficacy.
Combinations of NSAIDs with caffeine have been analyzed in different
pain models (Casteñeda-Hernandez et al., 1994; Engelhardt et al.,
1997; López-Muñoz et al., 1996; Medina et al., 2006; Vinegar et al.,
1996). The mechanisms that participate in the potentiation of antino-
ciceptive effects by caffeine are not fully understood. Plasmatic level
analyses of certain analgesics or caffeine have discarded that pharma-
cokinetic mechanisms participate in this potentiation (Casteñeda-
Hernandez et al., 1994; Engelhardt et al., 1997; Gayawali et al.,
1991). In the formalin model, Sawynok and Yaksh (1996) reported
that caffeine only showed antinociceptive effect in the second phase
at doses of 12.5–50 mg/kg. In this work, the dose of caffeine contained
in the Cu2(fen)4(caf)2 complex was 8 mg/kg. Therefore, the higher
analgesic effect of Cu2(fen)4(caf)2 with respect to the fenoprofen
salt group cannot be attributed to caffeine analgesic effect, consider-
ing that Cu2(fen)4(caf)2 did not show antinociceptive difference in
the second phase with respect to Cu2(fen)4(dmf)2.

Evidence indicates that copper possesses antiinflammatory and
analgesic effects and enhances the antiinflammatory and analgesic
activity of numerous NSAIDs (Beveridge et al., 1982; Blahova et al.,
1994; Okuyama et al., 1987; Sorenson, 1989). By this way, the in-
crease in the analgesic activity could be due to the presence of copper
in both complexes. Evidences suggest that copper(II) salts have anal-
gesic properties, but the antinociceptive effect is least potent than the
Cu(II)–NSAID complexes (Okuyama et al., 1987). Cu–NSAIDs exhibit a
marked SOD-mimetic activity. The beneficial role of copper(II) in
minimizing inflammation has been attributed to its redox activity, in
particular, its ability in SOD to remove the highly reactive pro-
inflammatory superoxide radical anion O2

−• (Shuff et al., 1992;
Sorenson et al., 1995). Therefore, Cu(II)–NSAID complexes may act by
decreasing the inflammatory process and as a result, reducing pain.

The degree of toxicity depends on many factors: the individual
compound, the dose level, the duration of the period of drug admin-
istration and the pharmacokinetics and metabolism in a given spe-
cies. Because of this, we evaluated the effects of sub-acute exposure
of Cu2(fen)4(caf)2 and Cu2(fen)4(dmf)2 at two different doses: low
and high therapeutic doses; the lowest dose used in the antinocicep-
tive tests and the highest dose which could be used for patients with
severe pain caused by chronic inflammatory diseases. We evaluated
different parameters of toxicity after exposure of 28 days: behavioral
and functional nervous system parameters in a functional observa-
tional battery and also several biochemical and histopathological
studies were realized.

Both doses of caffeine complexes produced increase in the activity
evaluated in the home cage compared to the control and this differ-
ence is also significant with respect to both doses of fenoprofen salt.
The groups exposed to the highest dose of fenoprofen salt showed de-
creased activity in the home cage with respect to the control.

When the animals were removed from its cage, only those exposed
to the highest dose of caffeine complexes were more difficult to handle.
This difference is significant with respect to the control group and the
highest dose of fenoprofen salt. We found no changes in other parame-
ters evaluated in the home cage and handling of animals.

In the open field, the increase in the activity, number of rearings
and the arousal respect to the control group, reflect a stimulant effect
produced by all groups at different doses. When comparing the activ-
ity with respect to both doses of fenoprofen salt, we noted a signifi-
cant increase only in the caffeine complexes exposed groups.

The principal mode of action of caffeine is blocking adenosine re-
ceptors in a nonselective manner (Fisone et al., 2004; Fredholm,
1995; Jacobson and van Rhee, 1977). Caffeine has effects on alertness
(Fredholm et al., 1999) and stimulant effects have been quantified in
locomotor activity studies in rodents (Snyder et al., 1981;
Svenningsson et al., 1997). A study performed by El Yacoubi et al.
(2000) strengthened the adenosine A2A receptor participation on its
stimulant effects. Current evidence suggests that the psychostimulant
and reinforcing effects of caffeine may be the result of increased activ-
ity of dopaminergic neurotransmission perhaps via adenosine–dopa-
mine interactions (Ferré, 2008; Powell et al., 2001). The fact that both
groups of caffeine complexes increase the locomotor activity in the
open field (in a dose dependent manner) is likely due to activation
of dopaminergic transmission. Therefore, the increased activity as
the difficulty in handling animals with respect to fenoprofen salt,
could be due to the presence of caffeine in the complexes.

When we evaluated the sensorial response we observed that mice
exposed to both doses of caffeine complexes presented extreme ex-
citability to touch and these effects were significant with respect to
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the control. Regarding to tail pinch response, the highest dose of Cu2

(fen)4(caf)2 showed higher response with respect to the control
group and the highest dose of fenoprofen salt group. These higher
touch and tail pinch responses can be attributed to the excitability
produced by the presence of caffeine in the complex.

On the other hand, all groups exposed presented reduced number
of urine pools indicating possible renal damage. NSAIDs may cause
decrements in renal plasma flow and glomerular filtration. However,
these effects are usually fully reversible with the discontinuation of
the NSAID treatment (Murray and Craig Brater, 1993). Furthermore,
in the biochemical study we observed an increase in urea levels in
all groups of treated animals (except the lower dose of Cu2(fen)4
(dmf)2 group). The plasmatic urea is an indicator of renal damage
taking into account that its level increases when glomerular filtration
is reduced. In relation to creatinine, only the highest dose of Cu2(fen)4
(caf)2 exposed group increased the creatinine level with respect to
the control. Creatinine is not a good indicator for the detection of in-
cipient renal disease. Therefore, the increase in the plasmatic urea can
be due to the decrease in the glomerular filtration caused by NSAIDs
in all groups exposed to different conditions.

Even when in the hematological study we obtained a decreased
number of erythrocytes in lower doses of fenoprofen salt and Cu2

(fen)4(caf)2 exposed groups and leukocytes in lower dose of Cu2

(fen)4(caf)2 group, we considered this result not relevant since this
value is within reference values. The same applies to the number of
platelets.

Finally, we observed an increase in AST level with the highest dose
of Cu2(fen)4(caf)2 with respect to the control and fenoprofen salt
treated groups, indicating a possible liver damage.

In conclusion, in this work we identified the potent analgesic ef-
fect of Cu2(fen)4(caf)2 and Cu2(fen)4(dmf)2 and that this effect
could be due to decrease the inflammation process. In a future, it
would be interesting the elucidation the underlying mechanistic
and the molecular bases of antinociceptive effect of these complexes.
Furthermore, sub-acute exposure to different doses of these com-
plexes did not produce significant changes in the parameters that
evaluate toxicity in mice. Thus, these complexes may contribute to
the development of novel therapeutic agents for treating inflammato-
ry diseases due to the higher therapeutic activity and to the lower
secondary effects than the parent drug.
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