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Trace elements represent a group of essential metals or
metaloids necessary for life, present in minute amounts.
Analgesic adjuvants can enhance the effect of other
pain drugs or be used for pain control themselves. Pre-
vious studies on the effects of trace elements on noci-
ception and their potential use as analgesic adjuvants
have yielded conflicting results. In this study, we tested
the hypothesis that three vital trace elements (Zn21,
Mg21, Cu21) have direct antinociceptive effects. Groups
of eight Swiss mice were intraperitoneally (i.p) injected
with incremental concentrations of Zn21 sulfate (0.5, 2.0
mg/kg), Zn21 citrate (0.125, 0.5 mg/kg), Mg21 chloride
(37.5, 75, 150 mg/kg), Cu21 chloride (0.5, 1.0, 2.0 mg/
kg), and Cu21 sulfate (0.5, 1.0 mg/kg) or saline (control).
Evaluations were made by hot plate (HP) and tail flick
(TF) tests for central antinociceptive effect, writhing test
(WT) for visceral antinociceptive effect, and activity cage
(AC) test for spontaneous behavior. Zn21 induced pain
inhibition in HP/TF tests (up to 17%) and WT (up to
25%), with no significant differences among the salts
used. Mg21 salts induced pain inhibition for all per-
formed tests (up to 85% in WT). Cu21 salts showed
antinociceptive effects for HP/TF (up to 28.6%) and WT
(57.28%). Only Mg21 and Cu21 salts have displayed sig-
nificant effects in AC (Mg21 anxiolytic/depressant effect;
Cu21 anxiolytic effect). We interpret these data to mean
that all tested trace elements induced antinociceptive
effects in central and visceral pain tests. Our data indi-
cate the potential use of these cheap adjuvants in pain
therapy. VVC 2013 Wiley Periodicals, Inc.
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Trace elements represent a group of essential metals
or metaloids necessary for life, present in minute
amounts. Most of them (Fe, F, Mg, Si, Zn) are involved
in various biochemical enzymatic and metabolic proc-
esses, and some have been investigated in relation to
pain perception and control. Analgesic adjuvants are
drugs not specifically designed for an analgesic effect but,
when used, can enhance the effect of other analgesic
drugs or improve pain control. Most popular analgesic
adjuvants include antidepressants and anticonvulsants,

whereas trace elements make the bottom of the list,
despite being some of the most easily administered and
cheapest available options.

Widespread and widely used in mammals, zinc
(Zn21) is a virtually nontoxic trace element. Five to fif-
teen percent of the cerebral Zn21 is found in the presyn-
aptic vesicles of glutaminergic nerve terminations, having
a possible role in synaptic transmission (Ketterman and Li,
2008; Kay and Toth, 2008; Pan et al., 2011). Mayer
et al. (1989) showed that Zn21 is released simultaneously
with glutamate, exerting the effect of a noncompetitive
N-methyl-D-aspartate (NMDA) antagonist, and Mayer
and Vyklicky (1989) showed that Zn21 does not prevent
the NMDA binding site affinity or glycine binding on
the NMDA receptor. Zn21 also inhibits AMPA and in-
trathecal Zn21 in mice and produces an antinociceptive
effect but no change in the thermoalgezic tests (Bresink
et al., 1996; Larson et al., 2000). Animal studies also
showed that Zn21 chelators induce hyperalgesia, that
Zn21 ions have antinociceptive roles in neuropathic pain,
and that modulation of Zn21 biological fraction induces
analgesia (Liu et al., 1999; Larson et al., 2000; Rodri-
guez-Munoz et al., 2011). Zn21 and Cu21 also reduce
pain and inflammation in patients (Honkanen et al.,
1991; Lansdowne, 1996), and Kugelmas (2000) showed
the utility of Zn21 in muscle cramp pain.

Magnesium (Mg21), the fourth most abundant
cation in the human body, is required for presynaptic
delivery of acetylcholine and may induce similar effects
with Ca21 channel blockers. Mg21 is able to block
mechanic hyperalgesia in rats (Lee et al., 2011) and has
an antinociceptive effect in neuropathic pain rat models
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(Xiao and Bennett, 1994). Begon et al. (2002) proved
that intraperitoneal Mg21 has a partially or fully reversi-
ble effect on mechanical hyperalgesia in diabetic rats and
increased levels of Mg21 in the cerebrospinal fluid and
other brain regions. Koning et al. (1998) explain Mg21

effect by interaction with the NMDA-linked Na/Ca
channel, although other authors showed an NMDA-in-
dependent antinociceptive effect (Poleszak et al., 2008;
Nikolaev et al., 2012).

Magnesium’s effects in postoperative analgesia or
habitual cephalalgia were investigated, with positive
results (Mauskop et al., 1994; Lee et al., 2012). How-
ever, whereas Begon et al. (2000) advocate the Mg21

passage through the blood–brain barrier (BBB), Takano
et al. (2002) explain the antihyperalgesic effect of intra-
thecally administered Mg21 by its not passing the BBB.
Brill et al. (2002) later confirmed, in another clinical
study, the effectiveness of i.v. Mg21 in neuropathic pain.
Still the data are at best contradictory, insofar as a previ-
ous peripheral neuropathy clinical study by Felsby et al.
(1995) yielded negative results.

Cu21 is an essential trace element that may partici-
pate too as a signaling molecule in the nervous system.
Extracellular ionic Cu21 is a powerful inhibitor for K
channels (Ma et al., 2008), whereas Cu21 deficit
decreases dopamine levels in rat brain (W.R. Yu et al.,
2008). Cu21-based preparations alone proved to be as
efficient as morphine or displayed an improved analgesic
effect when combined with nonsteroidal anti-inflamma-
tory drugs in rats, possibly through an activation of
Cu21-dependent opioid receptors (Okuyama et al.,
1987). Popa and Lerche (2006) showed that Cu21 acts
as an Na channel blocker but expressed doubts over a
possible therapeutic use. Some attempts to make a
Cu21-based acetylsalicylic acid yielded limited results (Li
et al., 1990). Later, Guilarte and Chen (2007) showed
that the Cu21 is an NMDA inhibitor, and Jones et al.
(2007) presented a possible Cu21–serotonin toxic inter-
action in neurodegenerative diseases. In 2008, Ma et al.
proved that Cu21 is a powerful bradykinin and K chan-
nel inhibitor, with both playing an important role in
pain transmission, and F. Yu et al. (2008) and Tamba
et al. (2008) argued for a Cu21/Zn21 superoxide dismu-
tase role, linked to neuropathic and inflammatory pain
mechanisms. This article’s purpose is to evaluate the
antinociceptive effects of these three vital trace elements
(Zn21, Mg21, Cu21) conditioned as various salt forms
in different concentrations, in a mouse model.

MATERIALS AND METHODS

All animal experimental procedures employed in the
present study were strictly in accordance with the European
Community guidelines regarding ethics and were approved by
our animal care and use committee. The animal breeding
facility of the Central Drug Testing Laboratory, ‘‘Gr. T. Popa’’
University of Medicine and Pharmacy, supplied adult male
Swiss mice with an average weight of 35 6 2 g. The animals
were housed in a temperature-controlled room (218C 6 28C)

with a 12 hr/12 hr light/dark cycle, four mice per cage, and
were allowed to acclimate for at least 24 hr before use, with
free access to food and water (Zimmermann, 1983; Nolen,
2011). All reagents were purchased from Sigma Aldrich Gmbh
and included Zn21 sulfate, Zn21 citrate, Mg21 chloride, Cu21

chloride, and Cu21 sulfate. To eliminate possible interference
from the sulfate group when tested, another salt of the same
trace element was also investigated. Different groups of eight
mice were intraperitoneally injected with one of the following
formulations: 0.9% saline for the control group (0.3 ml), Zn21

sulfate (0.5 and 2.0 mg/kg), Zn21 citrate (0.125 and 0.5
mg/kg), Mg21 chloride (37.5, 75, and 150 mg/kg), Cu21 chlo-
ride (0.5, 1.0, and 2.0 mg/kg), and Cu21 sulfate (0.5 and
1.0 mg/kg), all salts solved in 0.3 ml saline/mouse.

Nociception Studies

The antinociceptive effect of the tested substances was
evaluated by hot plate test (HP test) and tail flick test (TF
test), behavioral tests that quantify the thermal nociception.
For the TF latency test, animals were placed inside restraining
cages at least 5 min before the measurement. Constant heat
intensity was applied to the dorsum of the lower one-third of
the animal’s tail, and, when the animal flicked its tail in
response to the noxious thermal stimulus, both the heat source
and the timer were stopped automatically. A maximum TF
latency of 15 sec was permitted to minimize tissue damage to
the mouse’s tail. The test was performed at 15, 30, and 45
min and 1 hr after the administration of substances or saline
(control).

The HP test was performed on mice using an Ugo
Basile HP device. Temperature was set at 548C 6 0.58C. A
chronometer measured the latency observed from the time
when the mouse was placed on the heated surface until the
first overt behavioral sign of nociception, such as 1) the mouse
licking a hind paw, 2) vocalization, or 3) an escape response.
Analgesic measurements were performed at baseline and 15,
30, and 45 min and 1 hr after administration of the drug or
0.9% saline (control group). A cutoff time of 30 sec was used
for the HP test. Treatments that produced a significant
increase in the nociceptive thresholds were considered to be
antinociceptive (Mungiu et al., 2002).

The antinociceptive effect on visceral pain of the tested
substances was also evaluated by a peripheral mechanism
(writhing test to acetic acid). The abdominal stretch, or writh-
ing assay, was performed by injecting 0.1 ml of 1.0% acetic
acid intraperitoneally in manually restrained mice. Immedi-
ately after injection, animals were placed in a large glass
cylinder. The number of abdominal stretches occurring in
successive 5-min intervals was counted beginning 5 min after
acetic acid, for a 30-min period after intraperitoneal injection
of diluted acetic acid. The tested substances were administered
5 min prior to acetic acid intraperitoneal injection. Values are
reported as the mean (6SEM) for each treatment, with groups
composed of eight mice. Treatments that produced a signifi-
cant decrease in the number of abdominal stretches were
considered to be antinociceptive. The mice were kept under
observation for 72 hr and then sacrificed.
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Spontaneous behavior was evaluated by activity cage
test. This test is performed to record spontaneous co-ordinated
activity in individual mice and variation of this activity over
time. Mice were allowed to acclimate to the testing room the
night before testing. Animals were weighed and tested
between 9:00 and 11:00 AM. Horizontal and vertical locomo-
tor activity was monitored for 2 min with the Ugo Basile
Activity Cage System. Horizontal and vertical activity was
defined as the total number of beam interruptions throughout
a 2-min observation period. The test was performed 15 min
following the administration of the tested substances.

Statistical Analysis

SPSS 16.0 for Windows from the IBM SPSS Data Col-
lection was used. Data are expressed as the mean 6 SD for
each measurement time. Differences between treatment
groups were evaluated by one-way ANOVA for comparison
at each time point, followed by Bonferroni post hoc tests. P
< 0.05 was considered a significant difference for all tests.
Pain inhibition with various stimuli (Wu et al., 2003) was also
calculated according to the formula

% Inhibition ¼ ½ðTx� T0Þ=ðTm� T0Þ�3100;

where T0 is the latency before the drug administration (base-
line), Tx is the latency for various consecutive time intervals,
and Tm is the maximum time allowed (cutoff time) to avoid
any possible lesions to the test animal.

RESULTS

Measurements performed during the TF test show
that Zn21 sulfate induces an increase in TF latency at 15
and 30 min from intraperitoneal injection, which indi-
cated a significant antinociceptive effect. The TF latency
increase and therefore the analgesic effect also seemed to
be dose dependent at 15 min.

For the 0.5 mg/kg Zn21 sulfate dose, the TF la-
tency was significantly increased at 15 and 30 min, with
a peak at 30 min (7.29 6 0.23 sec). In the 45th and

60th minutes after the administration, TF latency dipped
under the control values, but with no statistical signifi-
cance. For a 2 mg/kg Zn21 sulfate dose, TF latency
showed the same profile (Fig. 1).

Pain inhibition calculations showed that Zn21 sul-
fate induces a dose-dependent analgesic effect, lowering
the TF pain by up to 17.78%. A dose of 0.5 mg/kg
reduced the TF pain by 11.03% at 30 min, whereas the
2.0 mg/kg dose induces a maximal inhibition of 17.78%
at 15 min. The maximum dose effect is recorded at 15
min after administration (Table I).

The HP test (HP) following intraperitoneal
administration of Zn21 sulfate showed increased and
dose-dependent latencies at 15, 30, 45, and 60 min
(Fig. 1) Statistically significant effects were recorded at
15 and 30 min for a 0.5 mg/kg dose, with a peak at
30 min (12.87 6 0.32 sec); at 45 and 60 min, the

Fig. 1. Left: Latencies for TF test, after intraperitoneal administra-
tion of Zn21 sulfate in different concentrations (0.5, 2.0 mg/kg).
Center: Latencies for HP test, after intraperitoneal injection of Zn21

sulfate in different concentrations (0.5, 2.0 mg/kg). Right: Latencies
for TF test, after intraperitoneal injection of Mg21 chloride at differ-
ent concentrations (37.5, 75, 150 mg/kg).

TABLE I. Average Pain Inhibition Values for Tested Substances

in TF and HP Assays After Administration of Zn21 Sulfate 0.5

and 2.0 mg/kg; Mg21 Chloride 37.5 and 150 mg/kg; and Cu21

Chloride 0.5, 1.0, and 2.0 mg/kg

Drug 0 Min 15 Min 30 Min 45 Min 60 Min

Zn21 sulfate, 0.5, TF 0.00 7.26 11.03 6.40 3.11

Zn21 sulfate, 0.5, HP 0.00 2.00 4.01 3.60 2.08

Zn21 sulfate, 2.0, TF 0.00 17.79 11.74 8.63 5.85

Zn21 sulfate, 2.0, HP 0.00 10.08 7.20 5.11 3.03

Mg21 chloride, 37.5, TF 0.00 49.79 65.57 50.12 38.26

Mg21 chloride, 37.5, HP 0.00 23.18 31.88 24.88 5.75

Mg21 chloride, 75, TF 0.00 57.31 58.15 34.79 34.18

Mg21 chloride, 75, HP 0.00 29.60 20.41 16.88 17.20

Mg21 chloride, 150, TF 0.00 17.67 72.68 71.39 45.40

Mg21 chloride, 150, HP 0.00 30.24 20.54 23.13 13.74

Cu21 chloride, 0.5, TF 0.00 4.96 1.90 20.81 22.57

Cu21 chloride, 0.5, HP 0.00 3.17 1.97 20.01 21.84

Cu21 chloride, 1.0, TF 0.00 9.58 6.88 4.49 1.81

Cu21 chloride, 1.0, HP 0.00 8.59 6.80 5.10 2.92

Cu21 chloride, 2.0, TF 0.00 18.97 28.60 23.62 18.00

Cu21 chloride, 2.0, HP 0.00 15.52 23.73 19.59 13.44
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latency was increased but with no statistical significance.
The same effect was recorded for all intervals for a 2.0
mg/kg dose, with a peak at 15 min (13.91 6 0.62 sec).

HP latency conversion to a percentage of the max-
imum possible effect showed that Zn21 sulfate induces
an antinociceptive effect, reducing the pain by 10.08%.
A dose of 0.5 mg/kg reduced the HP pain by 4% at
30 min, whereas the 2.0 mg/kg dose induces a maximal
inhibition of 10.08% at 15 min. The maximum
dose-dependent effect is recorded at 15 min from
injection (Table I).

Acetic acid-induced writhing test results show that
Zn21 sulfate induced a statistically significant nociceptive
effect, illustrated by the decrease of the total number of
writhings at 10, 20, and 30 min for the 0.5 mg/kg dose
and at 5, 10, 15, 20, and 25 min for the 2.0 mg/kg dose;
the maximum inhibition for visceral pain was recorded at
10–15 min after Zn21 sulfate administration. Our results
showed that pain inhibition was more significant at the 2.0
mg/kg dose (25.71% at 10 min) than at the 0.5 mg/kg
dose (17% at 10 min; Table II). The activity cage test after
the administration a dose of 1.0 mg/kg showed no
significant changes during evaluation of the spontaneous
behavior (see Fig. 3). Similar data on all test evaluations
were obtained for the Zn21 citrate doses of 0.125 and 0.5
mg/kg, respectively (see Supp. Info.).

Measurements performed during the TF test show
that Mg21 chloride induced a significant TF latency at
15 and 30 min after intraperitoneal administration, indi-
cating a significant antinociceptive effect. In the 45th
and 60th minutes, TF latency values dropped under con-
trol values, with no statistical significance. TF latency
seems to be dose dependent: for 37.5 and 75 mg/kg
Mg21 chloride doses, TF latency was significantly
increased for all intervals, with a peak at 30 min (at
13.94 6 4.29 sec). Increasing the dose to 150 mg/kg
changed only the evolution of the antinociceptive effect
but not its intensity (Fig. 1). After TF latency conversion
to a percentage of the maximum possible effect, Mg21

chloride induced a dose-dependent analgesic effect by
lowering the TF pain by 72.68% (Table I).

The HP test (HP) after intraperitoneal administra-
tion of Mg21 chloride showed an antinociceptive effect
for all doses and all recorded intervals, but only some
doses/intervals were statistically significant. The response
intensity is not dose dependent. Significant latencies were
recorded for the low dose (37.5 mg/kg) at 15 and 30 min
(including a peak of 15.75 6 5.32); for medium and high
doses, the effect was faster and the peak latency recorded
at 15 min was of 14.16 6 6.50 for the 75 mg/kg dose and
15.03 6 5.46 for the 150 mg/kg dose (Fig. 2).

HP latency conversion to a percentage of the max-
imum possible effect showed that Mg21 chloride
induced an antinociceptive effect, lowering the pain by
31.89%. The maximum dose-dependent effect was
recorded at 15 min after administration of the low dose
and at only 15 min for the medium and higher doses
(Table I). Acetic acid-induced writhing test results
showed that Mg21 chloride induces a statistically signifi-
cant nociceptive effect, by decreasing the total number
of writhings at 15–20 min for the 150 mg/kg dose
(Table II). The activity cage test with a dose of 150 mg/
kg showed significant changes during evaluation of the
spontaneous behavior, recording an important sedation
effect together with an anxiolytic action (Fig. 3).

Fig. 2. Left: Latencies for HP test, after intraperitoneal injection of
Mg21 chloride at different concentrations (37.5, 75, 150 mg/kg).
Center: Latencies for TF test, after intraperitoneal injection of Cu21

chloride at different concentrations (0.5, 1.0, 2.0 mg/kg). Right:
Latencies for HP test, after intraperitoneal administration of Cu21

chloride at different concentrations (0.5, 1.0, 2.0 mg/kg).

TABLE II. Average Pain Inhibition Values for Tested Substances

in the Writhing Test After Administration of Zn21 Sulfate 0.5

and 2.0 mg/kg; Mg21 Chloride 150 mg/kg; and Cu21 Chloride

0.5, 1.0, and 2.0 mg/kg

Drug 5 Min 10 Min 15 Min 20 Min 25 Min 30 Min

Zn sulfate 0.5 mg/b.w. 13.61 17.01 7.52 16.30 4.15 14.29

Zn sulfate 2 mg/b.w. 18.27 25.71 20.52 25.02 17.33 0.00

Mg chloride 150 mg/b.w. 86.03 83.75 84.71 89.54 86.82 85.71

Cu chloride 0.5 mg/b.w. 21.37 26.29 30.45 35.48 43.69 48.21

Cu chloride 1 mg/b.w. 22.92 40.80 39.62 41.58 43.69 46.43

Cu chloride 2 mg/b.w. 22.40 40.80 38.10 57.28 54.47 42.86
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Measurements performed during the TF test showed
that Cu21 chloride induced a significant TF latency at 15,
30, 45, and 60 min after intraperitoneal administration,
indicating a significant antinociceptive effect. TF latency
seems to be significantly dose dependent only at 15 min
for 0.5 mg/kg and 1 mg/kg Cu21 chloride dose. The
most important analgesic effect was recorded for the 2
mg/kg Cu21 chloride dose, with a maximum effect at 30
min and a mean TF latency of 8.66 6 0.21 (Fig. 2). After
TF latency conversion to a percentage of the maximum
possible effect, Cu21 chloride induces a dose-dependent
analgesic effect by lowering the TF pain by 28.60% (2
mg/kg dose, at 30 min; Table I).

The HP test (HP) following intraperitoneal admin-
istration of Cu21 chloride showed antinociceptive effects
for all doses and all recorded intervals, but only some
doses/intervals were statistically significant. The response
intensity is dose dependent. Significant latencies were
recorded for the low dose (0.5 mg/kg) at 15 min
(including a peak of 12.61 6 0.19); at 30 min, the
latency values dipped under control values. For the
medium dose (1 mg/kg), significant latencies were
recorded at 15 min (with a peak of 13.23 6 0.51) and
at 30 min. The higher dose (2 mg/kg) induced a maxi-
mum intensity effect at 30 min (with a peak of 16.39 6
0.38; Fig. 2). HP latency conversion to a percentage of
the maximum possible effect showed that Cu21 chloride
induces an antinociceptive effect, lowering the pain by
23.73% (Table I).

Acetic acid-induced writhing test results showed
that Cu21 chloride induced a statistically significant
nociceptive effect, by decreasing the total number of
writhings at 20–25 min for the 2 mg/kg dose (Table II).
Activity cage test with a dose of 1 mg/kg Cu21 chloride
showed a slightly anxiolytic action (Fig. 3). Similar data
for all test evaluations were obtained for the Cu21

sulfate doses of 0.5 and 1.0 mg/kg (see Supp. Info.).

DISCUSSION

The antinociceptive effect of zinc in our evaluation
processes was moderate, and we observed an inhibition
of 4–17% in thermoalgesic tests and 17–25% in chemoal-
gesic tests. Our results showed no significant differences
between the two Zn21 salts used. Zn21 sulfate, when
explored by activity cage test, did now show any signifi-
cant behavioral changes, but Zn21citrate had some
positive results.

We have also shown that magnesium salts induced
various degrees of antinociceptive action for all per-
formed tests. In comparison with the HP test, which
showed no dose-dependent effect (pain inhibition 30%),
the TF test showed a pain inhibition of 58–72% at 30
min. The most suggestive values appear in the writhing
test, in which the antinociceptive effect reaches 85%.
Behavioral effects evaluated by activity cage test denote
both a sedative and an anxiolytic action. Our results are
consistent with previous studies (Begon et al., 2002),
although the administration methods are different. Posi-
tive effects on the behavioral parameters argue for an
Mg21 chloride passage through the blood–brain barrier
(BBB). There is a documented correlation between the
antinociceptive and central nervous system-depressing
actions (Fawcett et al., 1999; Durlach et al., 2000). From
our results we conclude that Mg21 chloride exerts an
antinociceptive action at a dose of 150 mg/kg, with low
results for TF test but with important effects on the HP
test (inhibition values of 30% at 15 min, 56% at 30 min,
and 22% at 60 min).

Our results regarding copper salts show potential
antinociceptive effects during thermoalgesic tests and
especially during chemoalgesic tests. It is difficult to
explain the analgesic effect, although copper ion is
involved in many molecular mechanisms of pain relief.
Some research (W.R. Yu et al., 2008) has shown that

Fig. 3. Number of spontaneous movements per time interval in ac-
tivity cage test, on both axes, after administration of 0.9% saline for

the control group, Zn21 sulfate 1 mg/kg, Mg21 chloride 150 mg/
kg, and Cu21 chloride 1.0 mg/kg.
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Cu21 sulfate administration induces dopaminergic neu-
ron lesions with antioxidant defense inhibition and apo-
ptosis induction.

Zn21 ion (in both salts used) showed moderate
antinociceptive effects (4–25%), more evident on che-
moalgesic test. Significant behavioral changes were
recorded also following administration of Zn21 sulfate
and citrate. Magnesium (as chloride) induced an antino-
ciceptive effect in analgesic tests (30–85%), with the
highest values in writhing tests. It also induced sedative
and anxiolytic actions. Copper chloride induced a dose-
dependent antinociceptive effect (5% at minimal dose,
9.58% at medium dose, and 28% at maximal dose) in
the TF test and of 3.17–23.7% in the HP test. Behav-
ioral tests showed that Cu21 chloride exerts an anxio-
lytic effect.

Zinc

Our research showed the Zn21 effect in the pe-
riphery, where pain is transmitted by the A delta and C
fibers. We hypothesize that, under our experimental
conditions, Zn21 influences glutamatergic receptors both
at the peripheral and at the spinal levels (explaining why
in most our experiments analgesia occurs after a latency
of 10–15 min, the time required to cross the BBB and
reach the synaptic space). How and where Zn21 acts in
the synaptic space is not precisely known, but several
authors have provided additional info, although some-
times contradictory. Takeda et al. (2003) argue that zinc
increases the presynaptic release of glutamate or GABA,
with Smart et al. (2004) confirming these claims but
advancing the hypothesis (not yet confirmed) that zinc
acts as a direct neurotransmiter too, by postsynaptic sig-
naling pathway modulation. Li and Clark (2000) pre-
sented further data showing a reduction of inflammatory
pain (formalin model) from inhibition by zinc (zinc-pro-
toporphyrin intrathecally) of hemoxygenase at the spinal
level, but with no effect on peripheral thermal testing or
hemoxygenase levels reported.

Another possible mechanism of action for zinc ions
is interference with the potassium channels. Prost et al.
(2004) showed that the zinc ion has the ability to open
the K-ATP channel in pancreatic cells, acting on both
sides of the membrane. Zinc also interferes with the nic-
otinic receptor ion channel, modulating nicotinic recep-
tor function (Hsiao et al., 2008). On the other hand, in
a recent study Taly et al. (2009) showed that Zn21 acts
as an alosteric modulator of the alpha–beta portion of
the heteropentameric element (alpha 4–beta 2) of the
nicotinic receptor. Of great importance to our study is
that Taly et al. argue the modulator role of Zn21 ions
can both stimulate (alpha–alpha interface) and inhibit
(beta–alpha interface) nicotinic izoreceptor alpha 4-beta
2 depending on the concentration of zinc used. This
could, in our view, explain the sometimes similar and
sometimes different results obtained by other authors
regarding the involvement of zinc in pain, vs. our data
(Hsiao et al., 2008; Taly et al., 2009). In fact, many

authors consider the nicotinic receptor as a useful target
for therapeutic agents in pain management (Meyer,
2006; Rowley et al., 2008). These hypothesis, however,
require further exploration.

The Zn21 sulfate dose that we used did not show
significant changes in spontaneous behavior when
assessed by the activity cage test. A literature review pro-
vided comparable data (Nozaki et al., 2011; Matsunami
et al., 2011), except for Kroczka et al. (2001), who
report an ‘‘antidepressant-like’’ effect in a forced swim
test in rats, but without providing a dose that produced
this effect or the zinc salt used.

Mg21

Our view is that one could explain the analgesic
effect of Mg21 by a peripheral mechanism, but the cen-
tral behavior inhibitory actions of our tests lead to the
conclusion that Mg21 does cross the BBB. Hasanein
et al. (2006) confirmed previous results regarding the
antihyperalgesic effect of i.p. Mg21 for mechanoalgezic
tests in rats with diabetic neuropathy. However, the
author proposes another mechanism for this effect: the
normalization of glycemia rather than interference with
the Na/Ca channel of the NMDA receptor or the low-
ering action on pronociceptive free radicals. As for the
relationship between the antinociceptive effect and the
CNS depressant activity, several authors have investi-
gated this and confirmed it (Fawcett et al., 1999; Dur-
lach et al., 2000). The current study showed a reduction
in both horizontal and vertical mobility after the admin-
istration of Mg21 chloride, in agreement with recent
data obtained by Bindar et al. (2010).

Cu21

Our results show a potential analgesic effect of
Cu21 salts in both the thermoalgezic and the chemoal-
gezic tests. Although different from our experimental
conditions, the literature data are consistent with our
results. However, it seems difficult to explain clearly
how Cu21 ions induce analgesia. As with other bivalent
trace elements, Cu21 also is transported to specific mole-
cules (Cu21 [1]-ATPase) using guidance proteins (chap-
erone; Gonzales-Guerrero and Argüello, 2008). Cu21

from the CNS cells is coupled in the enzymatic systems
involved in the synthesis of catecholamines, opioid pep-
tides, andf neuropeptides (Kim et al., 2008). A possible
role of Cu21 in analgesia was described by Jacka et al.
(1983) from an inflammatory arthritis model in rats,
which tested the antinociceptive effects of salicylate after
Cu21 pretreatment (mechanical pain tests). The data
presented here and the literature data converge on
Cu21‘s certain involvement in analgesia, but unfortu-
nately, because of various cellular and molecular actions,
not always beneficial, high-selectivity pain drugs based
on Cu21 do not yet exist. In fact, we may never attain
that, insofar as research by W.R. Yu et al. (2008) has
shown that Cu21 sulfate administration (striatal nuclei
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injections in rats) damages the dopaminergic neurons,
causing apoptosis.

We conclude that, after intraperitoneal injection,
all tested trace elements induced various degrees of anti-
nociceptive effects, demonstrated by thermoalgesic and
chemoalgesic tests. These results continue our previous
works (Tamba et al., 2008) and corroborate results from
cited authors, supporting further efforts to identify mo-
lecular-level effects of these investigated salts and making
trace elements an important nociception investigation
target and possible inexpensive adjuvants for pain therapy
(Gumilar et al., 2012).
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