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Abstract
Objective: Opuntia humifusa (O. humifusa) Raf. has been used
for the prevention and treatment of rheumatoid arthritis,
inflammation, and cancer. Our study was designed to unveil the
anti-nociceptive and anti-inflammatory effects of the methanolic
extract of O. humifusa Raf stem (OHS).
Materials and Methods: The anti-nociceptive effect was
measured by hot plate, acetic acid-induced writhing, and tail flick
assays in mice and rats. Moreover, the anti-inflammatory effect
was measured by vascular permeability and carrageenan and
serotonin-induced paw edema tests in rats. Furthermore, antiinflammatory effect was also measured using macrophage-like
LPS-induced RAW 264.7 cells.
Results: OHS extract inhibited acetic acid-induced writhing
(p<0.0001), and delayed the reaction time of mice to the hot plateinduced thermal stimulation (p<0.0001) and tail flick tests
(p<0.05). OHS extract attenuated the carrageenan and serotonininduced paw edema in rats (p<0.001). Similarly, OHS extract
significantly decreased Evans blue concentration in acetic acid
induced vascular permeability test (p<0.0001), revealing its strong
anti-inflammatory effect. Finally, among four different fractions of
OHS extract, n-butanol fraction strongly decreased NO production
(p<0.0001) and iNOS expression in LPS-induced RAW 264.7 cells.
Conclusion: Our results suggest that the methanolic extract of O.
humifusa stem can be used to develop a therapeutic or supportive
drug and/or functional food against pain and inflammation related
diseases.
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Introduction
Pain and inflammation are the common
features of several diseases, which affect
millions of people worldwide (Kidd and
Urban, 2001). Chemical stimulants, tissue
damages, and autoimmune conditions
induce the release of inflammatory

mediators,
such
as
bradykinin,
prostaglandins (PGs), histamine, tumor
necrosis factor (TNF)-α, interleukin (IL)1β, and many other factors, at the affected
site, leading to unceasing activation and
sensitization of primary nociceptors, which
are involved in the transmission of
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nociceptive input (Uceyler et al., 2009). As
soon as peripheral pain receptors are
activated, nociceptive pain, which guards
the body against potential injury, is
observed (Stucky et al., 2001). Therefore,
minimizing the inflammation will be an
effective means of interfering with the pain
sensitization. Macrophages play key roles
in important homeostatic functions through
production of various cytokines and
growth factors against pain and
inflammation (Jou et al., 2013). Hence,
lipopolysaccharides
(LPS)-induced
macrophages in cell culture system, that
release several inflammatory mediators,
are the popular models for screening antiinflammatory effects (Sharma et al., 2017).
Modern drugs used for the prevention
and treatment of pain and inflammation
present toxic side effects and secondary
effects (Harirforoosh et al., 2013).
Therefore, scientists have attempted to
explore the mysterious effect of plant
remedies against pain and inflammation.
Plants have been important parts of
therapy since ancient times, because they
contain a wide variety of secondary
metabolites with several biological
activities (Iriti and Faoro, 2009).
Therefore, despite the availability of
synthetic drugs, there is evidence about the
therapeutic value of plants (Koehn and
Carter, 2005). It is reported that plants are
the sources of 25% prescribed medications
(Rates, 2001). Therefore, recent studies are
focused on finding the functional activities
of plants.
Opuntia humifusa (O. humifusa) Raf. a
member of the family cactaceae, is rich in
nutrients, such as minerals, oligo elements,
betalains,
phenolic
compounds,
polysaccharides, and several vitamins
(Sumaya-Martinez et al., 2011). Compared
with other species of Opuntia, O. humifusa
(OH) contains high concentrations of
polyphenols and flavonoids (Yeddes et al.,
2014). It is used as a component of
traditional medicine in Indian, American,
Mexican, and Korean culture (Hahm et al.,
2015). OH has long been used in Korean

Oriental Medicine to treat diabetes,
inflammation, and rheumatoid arthritis
(Park et al., 2013). Therefore, the
cultivation of OH has increased in Korea
(Jun et al., 2013). We previously isolated
five different flavonoids from the
methanolic extract of OH (Park et al.,
2007), and in this study, we endeavored to
delineate the edifying effect of the
methanolic extract of OH on pain and
inflammation using in vitro and in vivo
disease models.

Materials and Methods
Plant material
Stems of O. humifusa were harvested
from Jindo, Sinan-gun, South Korea, in
September 2006. The plant specimen was
authenticated by Prof. Hui Kim
(Department of Oriental Medicine
Resources, Mokpo National University),
and a voucher specimen was deposited in
our laboratory. Fresh stems of O. humifusa
(6 kg) were chopped and extracted with
MeOH (10 L, three times). The extract was
concentrated under reduced pressure and
the residue (308 g) was suspended in 2L of
water and successively extracted three
times with 2 L of hexane, EtOAc, and
BuOH.
Chemicals and reagents
RAW 264.7 cells (KCLB 40071) were
purchased from Korean Cell line Bank
(Seoul, Korea), and RPMI 1640 medium
and fetal bovine serum (FBS) were
purchased from Hyclone (Logan, UT,
USA). LPS, thiazolyl blue tetrazolium
bromide (MTT), β-actin (A5441), Evans
blue, acetic acid, indomethacin, aspirin,
codeine, serotonin, and carrageenan were
obtained from Sigma-Aldrich (St. Louis,
MO, USA). iNOS (SC-650) was purchased
from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). All chemicals used in the
experiments were of analytical grade and
obtained from Sigma-Aldrich.
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In vivo assay
Animals
Male Sprague Dawley rats (150-160 g)
and albino mice (30-35 g), purchased from
the Hyochang Science Inc. (Daegu,
Korea), were maintained under standard
light
(12hr/12hr
light/dark)
and
temperature conditions (22 ± 2 °C). The
animals were acclimatized to the
laboratory conditions for one week before
the commencement of the experiment. The
animals were divided into 4 groups (n =
7): Control, vehicle (water)-treated group;
O. humifusa Raf stem (OHS)100, treated
with OHS extract of 100 mg/kg body
weight; OHS200, treated with OHS extract
of 200 mg/kg body weight; and a positive
control group treated with a standard drug.
Animals received daily oral OHS extract
for one or two weeks. To measure acetic
acid-induced vascular permeability, tail
flick, and paw edema tests, animals were
treated once before the respective
induction. The animals were brought to the
laboratory 1 hr before the experiments. All
experiments were approved by the
guidelines of Laboratory Animal Care and
Use Committee of Kyungsung University,
South Korea.
Acetic acid-induced writhing test
Acetic acid-induced writhing test was
used to find the peripheral analgesic
activity of the extract (Witkin et al., 1961).
Writhing was induced by the intraperitoneal injection of 0.7% acetic acid
(0.1 ml/10 g) in saline solution. After
acetic acid induction, the numbers of
muscular contractions in mice were
counted over a period of 20 min. The data
represent the total number of writhes
observed during 20 min, and is expressed
as stretching responses. Aspirin (100
mg/kg) was used as a positive control
(Vittalrao et al., 2011).
Hot plate method
In this test, mice were individually
placed on a hot plate (UGO Basile, Italy)
with temperature adjusted to 54 ± 2 °C.

The hot plate latency to the first sign of
paw licking or jump response to avoid
thermal pain was taken as an index of pain
threshold. Codeine (10 mg/kg) was used as
a positive control (Vittalrao et al., 2011).
Tail flick test
Rats were placed over tail flick unit
(UGO Basile, Italy). Rats’ tails were
adjusted in the flush mounted window.
Then, infrared beam was passed and the
time until flicking was measured. Codeine
(10 mg/kg) was used as a positive control
(Vittalrao et al., 2011).
Acetic acid-induced vascular
permeability
The acetic acid-induced vascular
permeability test was performed with a
little change in an earlier reported method
(Hosseinzadeh et al., 2002). Here, 0.7%
acetic acid (0.1 ml/kg) was injected to each
animal
via
intraperitoneal
route.
Immediately after 30 min of acetic acid
injection, 0.2 ml of 4% Evans blue
solution was injected into the tail vein of
each rat. Rats were then sacrificed after 20
min. Then, 5 ml of saline solution was
injected into the abdominal cavity, and
then washing was collected into test tubes.
Then, the solution was centrifuged for 10
min at 2000 rpm. The amount of Evans
blue leakage into the abdominal cavity
(vascular permeability) was determined by
measuring the absorbance of the
supernatant at 580 nm. The amount of dye
leaking out from the abdominal cavity was
expressed in micrograms. Indomethacin
(10 mg/kg) was used as a positive control.
Serotonin and Carrageenan-induced
edema
Here, 0.1 ml of 1% carrageenan in 0.9%
normal saline was injected into the right
hind paw of rats to induce edema. The
degree of the paw edema was measured by
plethysmometer (UGO Basile, Italy), 1, 2,
3, 4, and 5 hr after carrageenan injection.
The positive control used was Ibuprofen
(100 mg/kg). For the serotonin-induced
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edema test, 0.1 ml of serotonin (1 mg/ml)
was injected in right sub-plantar region,
pedal volume was noted 6, 12, 18, 24 and
30 min after the injection. Indomethacin
(10 mg/kg) was used as a positive control.

hr. The expressed protein was finally
measured by analyzing the signal captured
in
nitrocellulose
membrane
using
chemiluminescent substrate (Sharma et al.,
2015).

In vitro assay
Cell culture and cell viability assay
RAW 264.7 cells were cultured in
RPMI 1640 medium containing 10% fetal
bovine serum. Cell viability was
determined by MTT assay. RAW 264.7
cells were seeded in a 96-well plate at a
density of 2104 cells/well. After 4 hr,
different concentrations of OHS extract
were added to each well and incubated for
24 hr. Then, MTT solution (final
concentration, 0.2 mg/ml) was added to
each well and incubated for 4 hr at 37oC.
Finally, formazan crystals were dissolved
by adding dimethyl sulfoxide. The optical
density was then measured at 540 nm
using a spectrophotometer.

Statistical analyses
GraphPad Prism 6.0 software was used
for data analysis. Data are shown as
mean ± SEM. Statistical significance was
determined by ANOVA (analysis of
variance) and Duncan’s multiple range
tests. p values of 0.05 or less were
considered as statistically significant.

Measurement of NO production
Briefly, after treatment of RAW 264.7
cells with the sample and LPS (1 µg/ml)
for 24 hr in, the culture supernatant was
taken and incubated with Griess reagent
for 5 min. Then, the absorbance was
measured at 540 nm using a
spectrophotometer. (Sharma and Rhyu,
2015).
Western blot analysis
RAW264.7 cell lysate containing 30 µg
of protein was separated using 10%
sodium dodecyl sulfate polyacrylamide gel
electrophoresis. The separated lysate was
then transferred to nitrocellulose sheet in a
western blot apparatus (Bio-Rad, Hercules,
CA, USA). The nitrocellulose sheet was
blocked with 5% skim milk for 1 hr and
rinsed with Tris-buffered-saline with
Tween (1 mol/L Tris, 5 mol/L NaCl, and
0.1% Tween 20). Then, the nitrocellulose
sheet was incubated overnight with iNOS
primary antibody followed by incubation
with secondary antibody (horseradish
peroxidase-conjugated IgG 1:2 000) for 1

Results
Hot plate test
As shown in Figure 1, the hot plate
latency for OHS extract was dose and
time-dependent. The hot plate latency for
OHS100 group mice in one and two weeks
was 12.9 and 14.6 sec, whereas the hot
plate latency for control group mice was
9.19 and 10.1 sec in one and two weeks,
respectively. OHS200 group mice showed
significantly increased hot plate latency in
two weeks by 66.3% compared to control
group mice (p<0.0001). The latency for
codeine was 27.6 and 33.4 sec for one and
two weeks, respectively.
Acetic acid-induced writhing response
As shown in Figure 2, OHS extract
significantly reduced the number of
writhes, which were induced by acetic
acid. OHS200 group mice showed 51.2
and 47.7 stretching responses/20 min in
one and two weeks, whereas control group
mice showed 61.3 and 63.5 stretching
responses/20 min in one and two weeks,
respectively. OHS200 group mice showed
25% inhibition on the writhing responses
compared to control group mice in two
weeks (p<0.0001). Positive control mice
(aspirin administered) showed 22.8 and
16.5 stretching responses/20 min in one
and two weeks.
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Figure 1. Effect of OHS extract on pain threshold
measured by hot plate test. Animals were
individually placed on a hot plate with the
temperature adjusted to 55 ± 2 °C. The latency to
the first sign of paw licking or jump response to
avoid thermal pain was taken as an index of pain
threshold. Control, vehicle (water)-treated group;
OHS100, treated with OHS extract of 100 mg/kg
body weight; OHS200, treated with OHS extract of
200 mg/kg body weight. Codeine 10 mg/kg was
used as positive control. Data are representative of
three independent experiments (mean and SEM).
One-way ANOVA. **p<0.01; ***p<0.001;
****p<0.0001.
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Figure 2. Effect of OHS extract on acetic acidinduced writhing response in mice. The writhes
were induced by the intra-peritoneal injection of
0.7% acetic acid (0.1 ml/10 g) in saline solution.
The numbers of muscular contractions were
counted over a period of 20 min after acetic acid
injection. Control, vehicle (water)-treated group;
OHS100, treated with OHS extract of 100 mg/kg
body weight; OHS200, treated with OHS extract of
200 mg/kg body weight. Aspirin 100 mg/kg was
used as positive control. Data are representative of
three independent experiments (mean and SEM).
One-way ANOVA. ***p<0.001; ****p<0.0001.

Tail flick test
In tail flick test, OHS extract at only
200 mg/kg body weight significantly
increased the intensity response compared
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Vascular permeability test
The amounts of Evans blue leaked in
peritoneum during acetic acid-induced
vascular permeability represented the
efficacy of the extracts against exudation
of fluid from blood vessels. As shown in
Figure 3B, Evans blue concentration in
control group mice was 8.5 µg/ml.
OHS200 group mice showed significantly
decreased Evans blue concentration (that is
by 26.9%) compared to control group mice
(p<0.0001). Indomethacin, the positive
control used in the experiment effectively
decreased Evans blue concentration to 3.27
µg/ml.
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to the control group rats. OHS200
produced 25.4 % (reached 2.96 from 2.36)
elongation of tail flicking time compared
to control group rats. Codeine (positive
control) produced elongation of tail
flicking time by 131% compared to control
group rats (p<0.05) (Figure 3A).
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Figure 3. Effect of OHS extract on tail flick test (A)
and acetic acid-induced vascular permeability (B).
To perform tail flick test, rats were placed over tail
flick unit. Rats’ tail was adjusted in the flush
mounted window. Then, IRI energy was passed and
the time to flicking was measured. For vascular
permeability test, the amount of Evans blue leakage
in the abdominal cavity was measured as an
indicator of inflammation degree. Control, vehicle
(water) treated group; OHS100, treated with OHS
extract of 100 mg/kg body weight; OHS200,
treated with OHS extract of 200 mg/kg body
weight. Codeine 10 mg/kg was used as a positive
control. Data are representative of three
independent experiments (mean and SEM). Oneway
ANOVA.
*p<0.05;
***p<0.001;
****p<0.0001.
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Table 1. Effect of OHS extract on serotonin-induced paw edema test. Data are representative of three
independent experiments (mean and SEM). One-way ANOVA. ***p<0.001; ****p<0.0001. Indomethacin (10
mg/kg body weight) was used as a positive control.
Swelling thickness ( 10-3ml)
Group
6 min

12 min

18 min

24 min

30 min

Control

6.3±0.05

12.8±0.06

19.3±0.08

26.9±0.05

21.8±0.04

OHS100

6.2±0.04***

12.2±0.08****

18.7±0.05****

25.3±0.03****

20.6±0.04****

OHS200

6.0±0.04****

12.1±0.08****

18.6±0.06****

24.6±0.05****

19.3±0.04****

Indomethacin

5.4±0.04****

10.9±0.04****

13.6±0.04****

15.9±0.03****

12.8±0.03****

Table 2. Effect of OHS extract on carrageenan-induced paw edema test. Data are representative of three
independent experiments (mean and SEM). One-way ANOVA. *p<0.06; **p<0.01; ***p<0.001;
****p<0.0001; ns, not statistically significant. Ibuprofen (100 mg/kg body weight) was used as a positive
control.
-3

Swelling thickness ( 10 ml)

Group
1 hr
Control

2 hr

1.5±0.05
ns

OHS100

1.4±0.04

OHS200

1.3±0.04

Ibuprofen

1.0±0.03

****

****

3 hr

2.7±0.07

4 hr

3.3±0.06

****

2.5±0.05

3.1±0.05

Serotonin- and carrageenan-induced
edema
The rat hind paw injected with
serotonin was used as a model of acute
inflammation. As shown in Table 1,
OHS100 and OHS200 group rats showed
significant inhibition on the hind paw
volume from 12 to 30 min. The maximum
inhibitory effect of the extract at 200
mg/kg body weight (11.4%) was recorded
at 30 min, whereas the standard drug,
indomethacin, reduced edema by 41.1% at
30 min. Carrageenan-induced edema was
measured up to 5 hr with one-hour
interval. As shown in Table 2, OHS100
and OHS200 group rats showed significant
inhibition on the pedal volume from 2 to 5
hr. The maximum inhibitory effect of the
extract at 200 mg/kg body weight (19.8%)
was recorded at 3 hr, whereas the standard
drug, ibuprofen reduced pedal volume by
47.3% at 3 hr.

**

2.4±0.04
****

2.6±0.05

****

1.2±0.04

2.5±0.04
****

****

2.5±0.04

5 hr

****

2.3±0.03
****

1.6±0.05

****

1.2±0.03

2.0±0.04
*

1.9±0.03
****

1.8±0.03
****

1.0±0.06

NO inhibition and iNOS expression in
RAW264.7 cells
Firstly, we measured cell cytotoxicity of
each fraction using MTT assay. No
toxicity was observed up to a dose of 100µg/ml for each fraction (data not shown).
As shown in Figure 4, among different
fractions of OHS extract, n-butanol
fraction strongly inhibited NO production
(p<0.0001) and iNOS expression in LPSinduced RAW264.7 cells. The n-butanol
fraction inhibited NO production by 67%
compared
with
only
LPS-treated
RAW264.7 cells.
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Figure 4. Effect of different fractions of OHS
extract on NO production (A) and iNOS expression
(B) in RAW264.7 cells. Normal, untreated cells;
Control, addition of 1 µg/ml LPS only; Hex,
addition of 1 µg/ml LPS plus hexane fraction at
100 µg/ml. EA, addition of 1 µg/ml LPS plus
ethylacetate fraction at 100 µg/ml. n-BuOH,
addition of 1 µg/ml LPS plus butanol fraction at
100 µg/ml. H2O, addition of 1 µg/ml LPS plus
water fraction at 100 µg/ml. EtOAc, butanol, and
water fractions were dissolved in water and the
hexane fraction was first dissolved in DMSO and
then diluted with water. Data are representative of
three independent experiments (mean and SEM).
One-way
ANOVA.
*p<0.05;
***p<0.001;
****p<0.0001; ns, not statistically significant.

Discussion
Inflammation is associated with many
diseases and affects millions of people
worldwide (Kidd and Urban, 2001).
Therefore, the prevention and treatment of
inflammation will have promising effects
in treating those diseases. However,
currently available analgesic and antiinflammatory drugs, such as nonsteroidal
anti-inflammatory drugs (NSAIDs) and
opiates, are associated with side effects
following
their
long
term
uses
(Harirforoosh et al., 2013). Herein, we
found that the methanolic extract of OHS

showed
anti-nociceptive
and
antiinflammatory effects. Moreover, among
different fractions of OHS extract, nbutanol fraction strongly decreased NO
production and iNOS expression in LPSinduced RAW264.7 cells.
The hot plate test is a suitable method
for evaluating the effects of centrally
acting, but not peripherally acting,
analgesics. The tail flick test is an acute
spinally-mediated reflex to noxious
thermal stimuli. It is worthy to note that
thermal effectiveness of analgesics in the
tail flick pain model is highly correlated
with the relief of human pain (Kothari et
al., 2013). Numerous folk medicines used
for the treatment of inflammation-related
diseases, have shown strong stress
tolerance capacity in both hot plate and tail
flick models of nociception (Vittalrao et
al., 2011). Similar to what had been
mentioned in the literatures, in our study,
OHS extract prolonged the stress tolerance
capacity of the rats in both hot plate and
tail flick test, which indicates that the antinociceptive activity of the OHS extract
possibly resulted from its central and
peripheral mechanism. We used two
different doses of OHS just to investigate
its analgesic and anti-inflammatory effects,
and we did not find much difference
between these doses in both one and two
week treatment. However, in hot plate test,
OHS demonstrated stronger effect in twoweek group compared to one-week group.
These results suggested that the
administration of OHS for longer period
might prevent the occurrences of
nociceptive pain. Codeine, which was used
as a positive control, in hot plate and tail
flick tests exhibited stronger effect
compared to OHS200.
Intraperitoneal injection of acetic acid
stimulates the tissues to produce PG,
mainly PGE2 and PGF2α, and some other
endogenous substances, which then excite
the pain nerve endings and produce
peritoneal inflammation that causes the
contraction of the abdominal muscles by
extending the rat’s forelimbs and
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elongating the body (Ricciotti and
Fitzgerald,
2011).
The
abdominal
constriction is related to the sensitization
of the nociceptive receptors to endogenous
substances (Vinegar et al., 1969). Our
results demonstrated that acetic acidinduced writhing responses are strongly
decreased in two-week treated rats
compared with untreated control group
rats. Herein, we can speculate that the
intake of OHS for a longer period might
prevent the occurrences of inflammatory
consequences in different diseases.
Aspirin-treated group (the positive control
group) showed strongly decreased writhing
response in both one week and two weeks
groups.
Carrageenan, serotonin, and acetic acidinduced animal models are commonly
used animal models to evaluate the antiinflammatory and anti-edemas effects of
the natural products (Eddouks et al., 2012).
Edema developed in the paw of the rat
after carrageenan injection is a biphasic
event (Vinegar et al., 1969). Histamine and
serotonin are released in the initial phase
during the first hour of injection, and PG is
released in the second phase of edema.
Serotonin is one of the important
inflammatory mediators and a potent
vasodilator. Thus, carrageenan, serotonin,
and acetic acid-induced inflammatory
models can also stimulate nociceptors
(Eddouks et al., 2012). OHS extract at both
doses, significantly decreased swelling at
different time points compared to control
group rats in both the serotonin- and
carrageenan-induced inflammation, in rats.
Indomethacin, used as a standard drug in
serotonin-induced inflammatory models
strongly decreased swelling by 42% at 24
min. Similarly, Ibuprofen, which was used
as a positive control, in our carrageenaninduced inflammatory model, decreased
swelling by 50% at 5 hr. OHS extract also
decreased the Evans blue concentration in
acetic acid-induced vascular permeability
test. Therefore, we speculate that the antiinflammatory effects of OHS extract might

be related to the inhibition, synthesis, and
release of inflammatory mediators.
Macrophages play an important role in
the initiation and amplification of various
inflammatory diseases (Jou et al., 2013).
They secrete excessive pro-inflammatory
molecules, including NO, which are upregulated by inducible nitric oxide
synthase (iNOS) over-expression during
inflammation (Sharma et al., 2017).
Murine RAW264.7 macrophages are
popular cellular model to screen the antiinflammatory effects of natural compounds
(Park et al., 2005). To find effective antiinflammatory components, we fractionated
OHS extract to n-hexane, ethyl acetate, nbutanol, and water fractions. Only the nbutanol fraction decreased NO production
in LPS-induced RAW 264.7 cells. Our
results agree with previous findings, in
which NO inhibitors were isolated from
the n-butanol fraction of O. humifusa fruit
extract (Kang et al., 2014). We isolated
five different isorhamnetin flavonoids
from the n-butanol fraction of OHS extract
(Park et al., 2007). Anti-nociceptive and
anti-inflammatory effects of isorhamnetin
flavonoid had already been reported
(Aquino et al., 2014). Therefore, we
believed that isorhamnetin flavonoids in
the methanolic extract of OHS might be
responsible for the anti-nociceptive and
anti-inflammatory effects of OHS extract.
In conclusion, our results validate the
use of O. humifusa in Korean Oriental
Medicine against inflammation and
rheumatoid arthritis as an analgesic and
anti-inflammatory agent. Moreover, our
results suggested that the methanolic
extract of OHS exhibits anti-nociceptive
and anti-inflammatory effects via both the
central and peripheral systems. However,
isolation of chemical components and their
mechanism of action remain to be
elucidated.
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