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Abstract

Background Many injuries cause pain and inflammation, which are one of the major challenges for physicians. In this study,
the analgesic and the anti-inflammatory effects of milnacipran were investigated on carrageenan-induced nociception and
inflammation in male rats.

Methods Pain and inflammation were induced by injection of A-carrageenan (1% v/v) into the hind paw. Indomethacin
(10 mg/kg: ip) or milnacipran (10, 20 and 40 mg/kg: ip) were administered 30 min before carrageenan. Analgesia and inflam-
mation were measured by hot plate and plethysmometer. Finally, lipid peroxidation, tumor necrosis factor alpha (TNF-a),
Interleukin 1 beta (IL-1p), Interleukin 6 (IL-6), myeloperoxidase (MPO) activity, nitric oxide (NO) and total antioxidant
capacity (TAC) status evaluated in the hind paw tissue.

Results The results showed that carrageenan caused hyperalgesia and inflammation in the hind paw tissue. Milnacipran (20
and 40 mg/kg) significantly and dose-dependently attenuated (65 +3.2%; p <0.01 and 42 +6.2%; p <0.001, respectively)
carrageenan-induced inflammation and significantly increased (p <0.001) nociception threshold. Also, milnacipran (20
and 40 mg/kg) significantly suppressed levels of malondialdehyde (MDA), NO (p <0.05), MPO activity, TNF-a, IL-1p and
IL-6 (p <0.001) following carrageenan injection. Additionally, milnacipran (10, 20 and 40 mg/kg) significantly augmented
(» £0.05) TAC status following carrageenan in the hind paw tissue.

Conclusion In the present study, milnacipran showed anti-nociceptive and anti-inflammatory effects on carrageenan-induced
hyperalgesia and inflammation in a dose-dependent manner. Milnacipran reduced inflammatory edema and increased the
paw withdrawal threshold probably through suppression of MDA, NO, TNF-a, IL-1, IL-6 and MPO activity, and increase
of TAC status in the hind paw tissue. Therefore, milnacipran holds important potential as an anti-inflammatory and anti-
nociceptive drug. Although, further clinical trials to confirm this issue, is required.

Keywords Carrageenan - Milnacipran - Plethysmometer - Pain and analgesia - Inflammatory cytokines - Myeloperoxidase -
Malondialdehyde - Rat

Introduction

Pain is an unpleasant sensory experience created following
the tissue damage that is resulting from chemical, thermal,
mechanical and electrical stimuli and it is either acute or
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suppression of the cyclooxygenase (COX-1 and COX-2)
isozymes have various biological effects; first, analgesic
activity is due to COX-2 prevention. They have several side
effects especially cardiovascular and gastrointestinal adverse
effects caused by COX-1 and COX-2 inhibition, which
restrict their clinical application (Taler et al. 2007). Hence,
the development of new anti-inflammatory substances is still
necessary. On the inflammation pathway, the created free
radicals cause an increase in the production of inflammatory
cytokines like IL-6, TNF-a and prostaglandins (PGs) that
not only increase the inflammation rate but also cause an
increase in the sensitivity of the axonal terminals to pain and
create inflammatory pains (Bavill 1997; Surh et al. 2001).
Reactive oxygen species (ROSs) and reactive nitrogen spe-
cies (RNSs) are free radicals that are produced during many
of the body’s reactions. If the radicals overcome the antioxi-
dants in the body, it leads to oxidative stress (Hosseini and
Abdollahi 2013). Inflammatory intermediaries such as IL-1
and IL-6 and ROS cause an increase in the sensitivity and
activation of pain neurons. Such an increase in the sensitiv-
ity to pain mostly occurs in the nerve cells in the vicinity of
the wound area and leads to an increase in the topical pain
(Sayyah et al. 2002).

Pain and inflammation, either acute or chronic influence
the patient’s quality of life. Due to the same reason, reliev-
ing of the pain and inflammation and elevating the patient’s
quality of life are amongst the priorities of treating the
patients. To relieve the pain NSAIDs are used as the first line
of treatment. Moreover, opioid drugs are used as the second
line to decline pain. These two groups of medications have
many side effects including: gastrointestinal, cardiovascu-
lar, renal, and hepatic adverse effects for NSAIDs linked to
their corresponding inhibitory effect for COX-1 and COX-2
(Brune and Patrignani 2015) and respiratory depression,
nausea, vomiting, constipation, tolerance, dependence, pru-
ritus, urinary retention, sedation and withdrawal effects for
opioids (Schug et al. 1992). Thus, specialists are looking for
an alternative drug for reducing inflammation and relieving
pain (Bavill 1997).

Antidepressants constitute a set of drugs that are known
to have analgesic effects. Researchers have paid a great deal
of attention to milnacipran, an antidepressant inhibiting the
reabsorption of serotonin and noradrenaline, amongst the
other antidepressants (Dharmshaktu et al. 2012). In the pre-
vious studies, regarding acute or chronic pain, milnacipran
has exhibited analgesic effects in patients with fibromyal-
gia (Derry et al. 2012). Recently, it has been reported that
inflammation and inflammatory pathways are participating
in the pathophysiology of fibromyalgia (Kadetoff et al. 2012;
Littlejohn and Guymer 2018; Rodriguez-Pint6 et al. 2014). It
has also been proved that it is effective in reducing the pains
resulting from intestinal inflammation and neuropathic pains
(Berrocoso et al. 2011).

@ Springer

According to the prevalence of pain and importance of
pain relieving for patients and considering the position of
milnacipran in reducing pain and also knowing the scarcity
of research on the anti-inflammatory effects of milnacipran,
the present study aimed to investigate the anti-inflammatory
and analgesic effects of milnacipran in the carrageenan intra-
plantarly injected male Wistar rats.

Materials and method
Animals

Male Wistar rats, weighing 170-220 g, have been used in
this study. The rats were kept in the animal’s room a few
days before starting the tests. Six rats were housed per
cage in a controlled room at a temperature of 24 +2 °C and
humidity of 50-60%. They maintained on a 12-h light—dark
cycle. Food and water were constantly available to them
(Kheradmand et al. 2016a). All procedures used in the
present study were done in accordance with the National
Institutes of Health ethical guidelines for the Care and Use
of Laboratory Animals and approved by the University of
Medical Sciences of Hamadan (UMSHA) Ethical Commit-
tee, Hamadan, Iran (ID: IR.UMSHA.REC.1396.363).

Drugs

Milnacipran and A-carrageenan were obtained from Sigma
Chemical Co. (USA), and they were prepared in sterile
normal saline. Indomethacin was purchased from Sigma
Chemical Co. (USA), it was solved in DMSO solvent (5%).
Milnacipran and indomethacin were administered intraperi-
toneally, and carrageenan injected intraplantarilly.

Experiment design

Animals (n=42) randomly divided into eight groups (6 rats):
1. Control group (normal saline), 2. Carrageenan (100 pl
1% v/v in normal saline), 3. Carrageenan + indomethacin
(10 mg/kg in DMSO), 4, 5 and 6. Carrageenan + milnacipran
(10, 20 and 40 mg/kg, ip), 7. Sham group (normal saline
containing 5% DMSO injected ip). Milnacipran in the dose
(10, 20 or 40 mg/kg, ip) or indomethacin in a dose (10 mg/
kg, ip) were injected 30 min before intraplantar administra-
tion of carrageenan.

Carrageenan-induced rat paw edema

Inflammation was induced by A-carrageenan 1%. Carra-
geenan was dissolved in saline (1% v/v) and was injected
(100 pl/rat) into the plantar surface of the right hind paw
(Sharma et al. 2020). Plethysmometer (Tajhiz Gostar
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Iranian, Iran) was used to quantify hind paw edema before
and 1, 2 and 3 h after carrageenan injection. The inhibition
percentage of inflammation was measured for each group
with respect to its vehicle group. The anti-inflammatory per-
cent was calculated by a formula as below:

anti-inflammatory percent=(V, — V,))/V,,x 100.

V,=the volume (ml) of the right hind paw after injection
of carrageenan in the different times, V,=the volume (ml) of
the right hind paw immediately before carrageenan injection.

Pain assessment

Carrageenan intraplantar administration resulted in acute
thermal hyperalgesia (Sammons et al. 2000). The rats were
placed on a hot plate surface (55 +0.5 °C) and the latency
time of the animals to reflex to the hot stimuli was recorded
when animals start jumping or licking the hind paw. The
light beam power was set to create a base latency time of
3 s. To prevent tissue damage, 9 s were considered as the
cut off time of the test. Hot plate was done immediately
before injections and then 30, 60 and 90 min after carra-
geenan injection.

Analgesia was quantified as percentage of maximum pos-
sible effect (MPE%), to equalize the bases latency time in
different animals, according to the following formula (Yaksh
1981):

TL — BL

MPE % = 100
% X CT -BL

where MPE = maximum possible effect, TL =test latency
time, BL =base latency time (i.e., initial (Oth) hot plate
latency time), CT = cut off time.

Sampling

The rats were euthanized and then paw samples were iso-
lated after removing of the skin and stored in a freezer at
—80 °C for next tests.

Myeloperoxidase activity assay

MPO activity is a marker of inflammation in the tissue. The
MPO activity was assessed as reported previously (Haddadi
et al. 2018b). Briefly, to measure the amount of this enzyme,
tissue samples were homogenized in a solution containing
0.5% hexa-decyl-trimethyl-ammonium for 1 min. After three
freeze-defreeze, they were placed in a sonication device
(Bandelin DT510H, USA) for 5 min. They were centrifuged
for 30 min with about 10,000 rpm. 100 pl of supernatant
with 2.9 ml of solution containing O-dianisidine, Buffer
phosphate (pH 6) and H,0, were mixed and after 5 min,
100 ml of chlorhydric acid solution (1.2 M) was added. At

the end, samples absorbance was read spectrophotometri-
cally at a 400 nm wavelength.

Interleukin (IL)-1B, IL-6 and tumor necrosis factor
(TNF)-a assessment

The hind paw tissue levels of IL-1f, IL-6 and TNF-a were
measured using the ELISA kits (Rat IL-1p, IL-6 and TNF-
a, Biolegend, California, USA) based on the manufacture’s
guideline. Conditions were equal for all tests. In summary,
the frozen hind paw tissue samples were homogenated in
RIPA buffer, as reported before (Haddadi et al. 2018a). After
centrifugation, the supernatants were incubated in the wells
and after washing, diluted streptavidin-HRP-conjugated anti-
rat IL-1p, IL-6 or TNF-a were added. Finally, after adding
of stop solution, the absorbance was read at 450 nm using
an ELISA reader. The concentration of the cytokines was
expressed as pg/ml of tissue homogenate.

Lipid peroxidation assessment

The level of peroxidation of lipid was evaluated as reported
previously, via MDA measurement (Kheradmand et al.
2016b). Measurement of MDA is a standard method for
detecting the amount of lipid peroxidation in tissue samples.
Malondialdehyde produces a pink product due to the produc-
tion of thiobarbituric reactive substances at boiling tempera-
ture, which can be accurately measured at a nanoscale by
colorimetric method at 532 nm.

Nitric oxide assay

Nitric oxide (NO) swiftly oxidized to nitrite and nitrate sub-
sequent to its creation. The level of total NO was evaluated
via nitrite and nitrate measurement according to the Griess
reaction, as reported previously (Haddadi et al. 2018b). In
this colorimetric method, the final product absorbance can
be determined at a wavelength of 540 nm in a microplate
reader.

Total antioxidant capacity (TAC) assay

The level of TAC was determined in the hind paw tissue
homogenate according to ferric reduction antioxidant power
(FRAP) method, as reported before (Haddadi et al. 2018b).
In summary, at low pH, which was determined by the use
of acetate buffer (pH=3.6), the reduction of Fe-3-TPTZ
complex creates a drastic blue color that can be calculated
at 593 nm.
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Data analysis

The data were analyzed by SPSS software using one-way
or two-way ANOVA and Tukey post-test as appropriate
and the results were reported as mean + SEM. A value of
p <0.05 was regarded as significant. The graphs were pre-
pared using Graph Pad Prism software (version 6, Graph
Pad software Inc., San Diego, CA, USA).

Results

For each groups of experiment, we had six male Wistar
rats. Mean age and body weight in each group were not
statistically significant (p =0.48 and 0.73, respectively).
The results of the sham group showed no significant differ-
ence with the control group in behavioral and biochemical
assessments (results not shown in graphs).

Milnacipran and indomethacin attenuated
carrageenan-induced hyperalgesia

The results indicated that intraplantar injection of carra-
geenan significantly (p <0.001) reduced paw withdrawal
latency in comparison with the control group in all trials,
which is an indicator of carrageenan-induced hyperalgesia.
The highest decrease in paw withdrawal latency occurred
90 min after carrageenan injection. Injection of indometh-
acin (10 mg/kg: ip), 30 min before carrageenan, signifi-
cantly (p <0.001) increased the paw withdrawal latency
when compared with carrageenan group. Intra-peritoneal
injection of milnacipran (20 and 40 mg/kg), half an hour
before carrageenan injection, caused a significant increase
in the paw withdrawal latency (p <0.001) versus carra-
geenan group. The analgesic effect of milnacipran (20 and
40 mg/kg) in the time 90 min after carrageenan injection
was significantly (p <0.01) higher than indomethacin. It
should be stated that, milnacipran in the dose of 10 mg/
kg (ip) have had no significant analgesic effect on carra-
geenan-induced hyperalgesia (Fig. 1).

Milnacipran attenuated carrageenan-induced
inflammation and paw edema

As demonstrated in Fig. 2a, carrageenan significantly
increased the volume of the paw edema 60 (p <0.05),
120 (»p <£0.001) and 180 (p <0.001) min after injection
when compared with the control group in the same times
(Fig. 2a).

According to Fig. 2b, intraplantar injection of car-
rageenan into the right hind paw significantly increased
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Fig.1 The effect of intra-peritoneal injection of indomethacin
(10 mg/kg) and milnacipran (10, 20 and 40 mg/kg) on the paw with-
drawal latency within 0-90 min after intraplantar injection of carra-
geenan. (Data shown as mean+ SEM of MPE%) (two-way ANOVA
with repeated measurement followed by Tukey’s post hoc test, n="6).
###pS0.00l vs carrageenan group. ***¥p<0.001, versus the control
group. ¥¥p <0.01 vs carrageenan +indomethacin group

(» <0.001) inflammation percentage compared with the
control group.

Milnacipran (40 mg/kg: ip) decreased the volume of
the paw 60 and 180 min after carrageenan injection in a
significant manner (p <0.01 and p <0.001, respectively).
Also, milnacipran (20 mg/kg: ip) significantly decreased
(»<0.001) the volume of the paw 180 min after carrageenan
injection when compared with the carrageenan group, but
milnacipran (10 mg/kg: ip) have had no significant effect
on paw volume when compared with the control group. On
the other hand, indomethacin (10 mg/kg) significantly pre-
vented (p <0.001) the increase of the paw volume 120 and
180 min after carrageenan injection when compared with
carrageenan group. As shown in Fig. 2a, indomethacin sig-
nificantly decreased paw edema volume more than milnacip-
ran (20 mg/kg: ip) 120 (p £0.05) and 180 (p <0.01) after
carrageenan injection (Fig. 2a).

Injection of milnacipran (20 and 40 mg/kg: ip) before
carrageenan significantly and dose-dependently prevented
(65+3.2%; p<0.01 and 42 +6.2%; p <0.001, respectively)
from increase of inflammation induced by carrageenan.
Also, injection of indomethacin (10 mg/kg: ip) 30 min
before carrageenan-reduced inflammation (16.5 +3.1%) in
right hind paw at a significance level (p <0.001) compared
to carrageenan group. The results showed that the effect of
indomethacin injection on carrageenan-induced inflamma-
tion was more than milnacipran injection at a significance
level (p <0.001) (Fig. 2b).
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Fig.2 The effect of intra-peritoneal injection of milnacipran (10, 20
and 40 mg/kg) and indomethacin (10 mg/kg) on a the edema volumes
of paws and on b the inflammation percentage of the paw resulting
from the intraplantar injection of carrageenan solution (1%) within
0-180 min after carrageenan injection. Data presented as a AV (n=6
rats, two-way ANOVA with repeated measurement followed by Tuk-
ey’s post hoc test) and b inflammation percentage (n==6 rats, one-
way ANOVA with repeated measurement followed by Tukey’s post
hoc test). *p<0.05, ***¥p <0.001 versus the control group; ##p§0.01,
###1,<0.001 vs carrageenan group; ¥p<0.05, ¥¥%5<0.001 vs mil-
nacipran (20 mg/kg)+carrageenan group; +p <0.05, ++p <0.01 vs
milnacipran (20 mg/kg) + carrageenan group

Effects of carrageenan and milnacipran
on the myeloperoxidase activity in the paw tissue

Myeloperoxidase activity was evaluated as the primary indi-
cator of the inflammatory responses. The results were indi-
cated that intraplantar injection of carrageenan significantly
increased (71.6+6.3; p <0.001) myeloperoxidase activity in

the paw tissue when compared with control group (25 +2.4).
Intra-peritoneal injection of indomethacin (10 mg/kg) sig-
nificantly decreased (27.8 +2.5; p<0.001) carrageenan-
induced myeloperoxidase activity in the paw tissue. Also,
milnacipran (20 and 40 mg/kg) 30 min before intraplan-
tar injection of carrageenan prevented from the increase
of enzymatic activity of myeloperoxidase (38.6+ 1.8 and
30.6 +£ 1.2, respectively) at a significance level (p <0.001)
compared with carrageenan group (Fig. 3a).

Effects of carrageenan and milnacipran on the paw
tissue level of pro-inflammatory cytokines

To confirm the role of inflammation, the level of TNF-a,
IL-6 and IL-1p as the pro-inflammatory cytokines were
assessed in the hind paw tissue. First, as presented in Fig. 3b,
intraplantar injection of carrageenan increased the level of
TNF-a (812.6 4+ 35) in a significant manner (p <0.001) when
compared with control group (165.3 +12.1). As anticipated,
indomethacin injection (10 mg/kg, ip) significantly dimin-
ished (p <0.001) the level of TNF-« in the hind paw tissue
following to carrageenan injection. Also, administration of
milnacipran (20 and 40 mg/kg, ip) 30 min prior to carra-
geenan impeded from elevation of TNF-« level in the hind
paw tissue (559.6 +18.2 and 365.7 +15.6, respectively) in
a considerable amount (p <0.001) (Fig. 3b).

Second, carrageenan injection meaningfully increased
the level of IL-6 (1426.8 +83; p <0.001) when compared
with control group (422 +35.1) (Fig. 3c). Indomethacin
injection (10 mg/kg, ip) significantly attenuated the level
of IL-6 (523 +£25.2; p<0.001) in the hind paw tissue versus
carrageenan group. On the other hand, milnacipran injec-
tion (20 and 40 mg/kg, ip) half an hour before carrageenan
prevented from augmentation of IL-6 level in the hind paw
tissue (825.3+39.2 and 597.1 +61.2, respectively) in a
meaningful level (p <0.001) (Fig. 3c).

Finally, as demonstrated in Fig. 3d, carrageenan intra-
plantar injection significantly increased (p <0.001) the level
of IL-1p when compared with the control group. Indometha-
cin administration (10 mg/kg, ip), as well as milnacipran
(20 and 40 mg/kg, ip) injection, 30 min before carrageenan
meaningfully reduced (p <0.001) level of IL-1p in the hind
paw tissue compared with carrageenan group (Fig. 3d).

Effects of carrageenan and milnacipran on the lipid
peroxidation in the paw tissue

To evaluate the participation of lipid peroxidation as a
marker of oxidative stress in the inflammation induced
by carrageenan, the concentration of malondialdehyde
was measured in all groups. The results indicated that
intraplantar injection of carrageenan increased malon-
dialdehyde (12.6 +1.1) in significant level (p <0.01) in
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Fig.3 The effect of intra-peritoneal injection of indomethacin
(10 mg/kg), milnacipran (10, 20 and 40 mg/kg) and intraplantar
administration of carrageenan on the a enzymatic activity of mye-
loperoxidase, b TNF-a, ¢ IL-6 and d IL-1P in the paw tissue 3 h

comparison with the control group (6.3 +0.6). Intra-per-
itoneal injection of indomethacin significantly prevented
the MDA elevation by carrageenan in the hind paw tissue
(8.5+1.2; p<0.05). On the other hand, milnacipran (10,
20 and 40 mg/kg: ip) 30 min before intraplantar injec-
tion of carrageenan-reduced malondialdehyde amount at
a significance level (9.4+1.3; p<0.05,7.2+1.5; p<0.05
and 6 +£0.7; p <0.01, respectively) in comparison with the
carrageenan group (Fig. 4a).
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after carrageenan injection (data showed as mean+SEM, one-way
ANOVA followed by Tukey’s post hoc test, n=6 rats per group).
##%p <0.001 vs the control group. ##p <0.001 vs carrageenan group

Effects of carrageenan and milnacipran on the paw
tissue level of nitric oxide

The impacts of milnacipran administration (10, 20, and
40 mg/kg; ip) on the NO concentration, as a hallmark of
nitosative stress, in the hind paw tissue of rats administrated
with carrageenan (10 mg/kg), are demonstrated in Fig. 4b. It
was observed that the concentration of NO was meaningfully
augmented in the carrageenan group (168.3 +12; p <0.001)
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Fig.4 The effect of intra-peritoneal injection of indomethacin »

(10 mg/kg), milnacipran (10, 20 and 40 mg/kg) and intraplantar injec-
tion of carrageenan alone on the level of a lipid peroxidation, b nitric
oxide (NO) and ¢ TAC status in the paw tissue 3 h after carrageenan
injection. Data are shown as mean+SEM (one-way ANOVA fol-
lowed by Tukey’s post hoc test, n=6 rats). **p<0.01, ***p <0.001
vs the control group. #p <0.05, #p<0.01 and #*p <0.001 vs carra-
geenan group

versus the control group (53 +4.3). Augmentation of NO
degree subsequent to carrageenan injection in the paw tis-
sue was suppressed by milnacipran injection (20 and 40 mg/
kg, ip) in a considerable amount (72.9 +9.2; p <0.001 and
54.1+7.2; p<0.001, respectively). Also, it was found that
indomethacin (10 mg/kg; ip) significantly decreased the
level of NO (67.1+8; p<0.001) in the hind paw tissue in
comparison with carrageenan group (Fig. 4b).

Effects of carrageenan and milnacipran on the paw
tissue level of TAC

To determine the alteration in antioxidant level of hind paw
tissue of rats in this study, TAC assay was carried out. The
influence of milnacipran administration (10, 20, and 40 mg/
kg; ip) on TAC status in the paw tissue of rats injected
with carrageenan, is indicated in Fig. 4c. The results show
that intraplantar injection of carrageenan meaningfully
(p <0.001) attenuated the status of total antioxidant capacity.
Downgrading of TAC status was impeded by ip injection of
milnacipran (10, 20, and 40 mg/kg) in a significant amount
(»<0.05, p<0.01, p<0.001, respectively), versus carra-
geenan group. Also, we found that indomethacin (10 mg/kg;
ip) increased TAC level in a significant manner (p <0.05) in
the hind paw tissue in comparison with carrageenan group
(Fig. 4c).

Discussion

In the current study, the effect of milnacipran on the noci-
ception threshold and inflammation had been investigated
following carrageenan intraplantar administration in male
rats. The results of the current study demonstrated that mil-
nacipran considerably declined the pain and inflammation
induced by carrageenan. Also, in this study, we revealed the
analgesic impacts of milnacipran, displaying that its mecha-
nism of action aims peripheral IL-1p, IL-6, TNF-«, oxida-
tive stress and MPO activation.

Carrageenan has been applied to produce different kinds
of paw edema, inflammation, and acute algesia in many
animal investigations. Carrageenan creates hypersensitiv-
ity to thermal stimuli. The hyperalgesia induced by carra-
geenan injection is an appropriate pathway for investigat-
ing the peripheral and central mechanism of sensory pain
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(Bach-Rojecky and Lackovic 2005; Tsuruoka et al. 2003).
Also, this model has broadly been utilized as a proper model
for investigating the effectiveness of potential candidates of
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analgesic and/or anti-inflammatory drugs (Bach-Rojecky
and Lackovic 2005; Hwang et al. 2008). The results of the
present study indicated that the intraplantar injection of
carrageenan caused a significant decrease in the paw with-
drawal latency time on the hot plate which proves hyperalge-
sia induction. These results were consistent with the findings
of the prior reports that had reported carrageenan-induced
hyperalgesia (Bach-Rojecky and Lackovic 2005; Khattab
2006). The carrageenan-induced hyperalgesia in the present
study was evaluated by the hot plate test as reported previ-
ously (Bach-Rojecky and Lackovic 2005; Ruiz-Miyazawa
et al. 2015), which the results of the current study are found
in line with their findings.

In recent studies, antidepressant drugs have been con-
sidered as the analgesic and anti-inflammatory agent. For
example, some studies reported that duloxetine and mil-
nacipran have similar effects on the treatment of fibromy-
algia (Dharmshaktu et al. 2012). Milnacipran is a reuptake
inhibitor of serotonin and noradrenalin. In the present study,
milnacipran in the doses of 20 and 40 mg/kg significantly
increased the paw withdrawal latency time on the hot plate.
Whereas, in another study, the chronic use of milnacipran
had exerted no effect on muscular stress induced pain-like
behaviors in a preclinical study in the rats (Suarez-Roca
et al. 2006). In accordance with the results of the current
study, Berrescoso et al. reported that milnacipran has posi-
tive effects on the CCI model of sciatic nerve induced neuro-
pathic pain (Berrocoso et al. 2011). Also, based on the study
by King et al. (2006), the acute intra-peritoneal injection of
milnacipran reduced the sensitivity to radiative heat.

In the present study, carrageenan was found to increase
the edema and inflammation of the hind paw and this was
also in compliance with the results of the previous researches
(Khattab 2006). On the other hand, in the present study, the
intra-peritoneal injection of milnacipran in the doses of 20
and 40 mg/kg and/or indomethacin significantly prevented
the inflammatory edema induced by intraplantar injection of
carrageenan. In agreement with the current study, it has been
reported that indomethacin significantly reduced the inflam-
mation following intraplantar injection of carrageenan (Buri-
tova et al. 1995). Additionally, in the another study, which
investigated the effect of milnacipran and indomethacin on
polyarthritis rats, indomethacin was found effective against
both stress levels but milnacipran was found effective only
in low pressure level (Mico et al. 2011), which this is totally
in accordance to the results of the current research.

Another important finding of the present study was that
milnacipran prevented MPO activity induced by carrageenan
in the hind paw tissue, which is an indirect assessment of
the number of macrophages and the number of neutro-
phils. Many studies have shown that the release of MPO
from leukocytes in the injured area leads to the activation
of neutrophils and monocytes, that extraction of neutrophils
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and secretion of more prostaglandins produce carrageenan
inflammation. It has been reported that carrageenan-induced
edema is a biphasic phenomenon. During this process,
MPO activity and level of neutrophil activity significantly
increased within 0—4 h after induction of inflammation by
carrageenan that is in accordance with the findings of the
current study (Bach-Rojecky and Lackovic 2005; Frode and
Medeiros 2001). Varghese et al. (2006) reported that desip-
ramine (a tricyclic antidepressant) could decrease the level
of MPO activity in a significant manner. It can be postulated
that the anti-inflammatory effect of milnacipran in the cur-
rent study may be exerted through its neutrophil recruitment
reduction, as appraised by MPO activity suppression.

To confirm the role of inflammation in the anti-inflam-
matory and analgesic effects of milnacipran, the level of
TNF-a, IL-6 and IL-1p were assessed in the hind paw tis-
sue. Subsequent to tissue damage, inflammatory responses
augmented pain feeling. The peripheral sensitization is initi-
ated by IL-1p and TNF-a as pro-inflammatory cytokines, as
well as reactive oxygen species and free radicals. Extra to
their participation in the inflammation onset, these cytokines
straightly activate their receptors and nociceptors terminals
to decrease the threshold of pain, causing hyperalgesia and
inflammatory pain (Kadetoff et al. 2012; Stejskal et al.
2013). The results of the current study revealed that the level
of this pro-inflammatory cytokines after injection of car-
rageenan significantly increased in paw tissue. This totally
agrees with the previous reports. For example, the increase
in the TNF-a and IL-1§ levels have been previously reported
in paw tissue following carrageenan-induced inflammation
(Mizokami et al. 2016; Ruiz-Miyazawa et al. 2015). Pre-
treatment with milnacipran in the doses of 20 and 40 mg/
kg impeded the elevation of TNF-a, IL-6 and IL-1p in hind
paw tissue which injected with carrageenan. Similar effects
have been previously reported from some of serotonin and
noradrenalin reuptake inhibitor antidepressant drugs such
as amitriptyline (Handy and Moore 1998; Menendez et al.
2002). The precise mechanism by which antidepressants
exert their anti-inflammatory activity remains to be clari-
fied. The analgesic and anti-inflammatory effects of NSAIDs
are mediated by prevention of prostaglandins (PGs) produc-
tion via suppression of COX-1 and COX-2 (Rao and Knaus
2008). Pro-inflammatory cytokines increased COX activity
and subsequently PGs release (Neeb et al. 2011; Yang et al.
2008). It is plausible that milnacipran may decrease pain and
inflammation through inhibition of COX isoenzymes. In this
regard, it has been demonstrated that amitriptyline decreased
the activity of COX-2 in macrophages (Rafiee et al. 2017).
Also, in another study, it has been shown that selective sero-
tonin reuptake inhibitors attenuated COX-2 expression in
human T lymphocytes (Taler et al. 2007). Many reports also
have indicated that antidepressants hinder the PGs produc-
tion (Tynan et al. 2012; Yaron et al. 1999). In the present
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study, milnacipran analgesic and anti-inflammatory effects
were at least in part exerted through its suppression of MPO
activity and inflammatory mediators, such as IL-1f, IL-6
and TNF-a. Carrageenan triggers neutrophil recruitment
and MPO activity, and activates the cytokines production,
including IL-1f, IL-6 and TNF-a, which are accountable for
inflammation and pain (Littlejohn and Guymer 2018; Rod-
riguez-Pint6 et al. 2014; Ruiz-Miyazawa et al. 2015). Sup-
pression of MPO activity, IL-1p, IL-6 and TNF-a abolish
carrageenan-induced hyperalgesia (Littlejohn and Guymer
2018; Mizokami et al. 2016). Hence, we suppose that sup-
pression of MPO activity, reducing IL-1f, IL-6 and TNF-a
secretion, are crucial determinant of milnacipran analgesic
and anti-inflammatory influences.

Oxidative and nitrosative stress in the tissue is a piv-
otal parameter in the carrageenan paw inflammation (Miz-
okami et al. 2016). Since milnacipran prevented inflamma-
tion induced by carrageenan, it was convincing to define
whether milnacipran also prevents oxidative stress. There-
fore, another factor in the carrageenan-induced inflamma-
tion pathway is malondialdehyde that it increased during
the oxidative stress reaction. Neutrophils create a lot of
the anions of superoxide, thereby participating in several
of the harmful consequences of inflammation, including
hyperalgesia following tissue damage and oxidative stress
(Littlejohn and Guymer 2018). In accordance with this, the
level of MDA as a lipid peroxidation marker increased sub-
sequent to carrageenan injection in the hind paw tissue in
the current study, which proves the involvement of oxidative
stress in the carrageenan-induced inflammation. According
to the study of Bilici et al. (2002) intraplantar injection of
carrageenan can increase the level of MDA and oxidative
stress significantly which is in agreement with the findings
of the present study. Furthermore, in the present study, it
has revealed that milnacipran in all doses attenuated oxi-
dative stress level as measured by MDA level in the hind
paw tissue. In accordance with these findings, Hammody
et al. examined the effect of pregabalin and amitriptyline on
patients with fibromyalgia and concluded that amitriptyline
can decrease MDA level and oxidative stress (Hammody
et al. 2015).

Furthermore, in the present study, carrageenan
increased the level of NO, as a nitrosative stress hallmark,
in the inflamed paw tissue. NO is a crucial mediator in
the first and second phases of carrageenan-induced rat
paw inflammation, which contributes to edema progres-
sion and augmentation of hyperalgesia (Namgyal and Sar-
wat 2020; Sharma et al. 2020). The results of this study
are totally in agreement with the previous reports on the
increasing of NO production following carrageenan injec-
tion in the paw tissue (Mizokami et al. 2016; Namgyal
and Sarwat 2020; Sharma et al. 2020). On the other hand,
milnacipran in the doses of 20 and 40 mg/kg prevented

from carrageenan-induced NO generation in the paw tis-
sue. Macrophages and neutrophils are the potential origins
of NO in the course of inflammation (Guay et al. 2004;
Morris 2003), hence, a possible goal of milnacipran effect.
Therefore, the attenuation in the recruitment of neutrophil
in the paw tissue may be responsible for the milnacipran
suppression of carrageenan-induced NO creation in the
paw tissue.

It is outstanding to notice that, in the current study,
total antioxidant capacity in the paw tissue attenuated after
carrageenan injection. Also, we demonstrated that mil-
nacipran in all doses prevented the carrageenan-induced
peripheral reduction in total antioxidant capacity in paw
tissue. Hence, the effect of milnacipran in restricting
MDA and NO secretion and enhancing of TAC may be
as a result of the reduction of tissue injuries concurrently
with the decrease of oxidative stress. It can be assumed
that antioxidative effect of milnacipran in this study may
be exerted via its oxidative/nitrosative stress factors reduc-
tion, as appraised by MDA and NO level attenuation as
well as TAC augmentation. However, more investigations
are essential to clarify the effects of milnacipran on RNS/
ROS production.

Conclusion

Based on the findings of the current study, it can be con-
cluded that milnacipran has had analgesic and anti-inflam-
matory effects on carrageenan-induced pain and inflamma-
tion, and proposes some possible mechanisms of action. We
suppose that suppression of MDA and NO production and
MPO activity inhibition, reducing IL-1f, IL-6 and TNF-a
secretion, and enhancement of TAC are crucial determinant
of milnacipran analgesic and anti-inflammatory influences in
the injured site. It seems that milnacipran can be considered
as an alternative or combination therapy for the treatment of
pain and inflammation in the future. But there is a need for
some clinical trials study to confirm this statement.
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