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Background and purpose: Natural compounds are used for prevention of inflammation.

Curcumin has antioxidant and anti-inflammatory properties, and loading it into nano-phytosomes

may improve its efficiency. The present study investigates the effects of curcumin and its nano-

phytosome on behavioral and biochemical responses in carrageenan-induced inflammation in the

mice model.

Methods: The mice were divided into six groups and received oral administration of

curcumin or its nano-phytosome at a dose of 15 mg/kg for seven days before the adminis-

tration of carrageenan. Acute inflammation in the mice was induced by administration of

carrageenan (1%) into the subplantar region of the left paw. Antioxidant activity and

behavioral responses were then evaluated.

Results: The results showed that the serum concentrations of antioxidant enzymes were

significantly higher in the sal+sal group compared to the cara+sal group (P<0.05). Using

nanophytosome, separately and in combination with indomethacin, increased the levels of

antioxidant enzymes compared to the cara+sal group (P<0.05). Latency was significantly

lower in the cara+sal group compared to the cara+sal group (P<0.05), but it was considerably

higher in other groups, especially in the cara+nano.ph.cur+indo group (P<0.05).

Conclusion: It can be stated that the nano-phytosome of curcumin could improve antiox-

idant and behavioral responses in inflamed mice.
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Introduction
Inflammation is a defensive response that is marked with increased pro-inflammatory

cytokines.1 Some compounds are extensively used for inducing inflammation.

Carrageenan, a sulfated polysaccharide, is broadly applied as a food additive and

induces inflammation in animal models.2 Carrageenan is used for induction of inflam-

mation, evaluation of inflammation mediators, and some assessment of anti-

inflammation compounds.3 Inflammation induced by carrageenan comprises cascade

from Toll-like receptor, activates B-cell leukemia/lymphoma (BCL)10-dependent and

increases the production of IL-8.2 It was reported that inflammation and oxidative stress

mutually boost each other's effect in the vasculature system and visceral fat.4

Inflammation also increases the production of leukocytes.4 Activated leukocytes pro-

duce an enzyme and a biomarker that increases reactive oxygen species (ROS).5

Increased ROS causes tissue damage, lipid peroxidation, and inflammatory cycle.5

There is a relationship between inflammation and oxidative stress. Natural compounds
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are used for prevention of inflammation. One of these natural

compounds is curcumin which is an active ingredient in

turmeric and is responsible for its yellow color.6 Curcumin

has antioxidant and anti-inflammatory properties. Anti-

inflammatory activity of curcumin is due to its mediator

effect that regulates the action of some signaling mediators

such as downregulation of COX-2 properties, mitogen-

activated and Janus kinases, and preventing the production

of the TNF-alpha and interleukins.7,8 Antioxidant activity of

curcumin can be due to its ability in scavenging radicals

produced in peroxidation processes and also protecting the

cell membrane against oxidative damage.9,10 However,

active compounds are volatile and may be degraded during

utilization. It is thus required to design structures that help

absorption of the phytonutrients. Phytosome is a novel tech-

nology that is used for production of lipid-compatible mole-

cular complexes and increases absorption and bioavailability

of the nutrients.11 Phytosome is produced by combining the

soy phospholipids with the selected derivatives in

a convenient solvent. Chemophysical and spectroscopic

properties were observed in the phytosome.12 Inflammation

has a strong relation with antioxidant properties, and antiox-

idant agents can seemingly be used as safe agents for improv-

ing antioxidant properties in mice that are suffering from

inflammation. The aim of the present study is to investigate

the effects of curcumin and its nano-phytosomes on beha-

vioral and biochemical responses in carrageenan-induced

inflammation in mice.

Materials and Methods
Reagents
Curcumin (EC No. 2072805) and carrageenan (EC No. 1001

198493) were purchased from Sigma-Aldrich Co. (St Louis,

MO, USA). Indomethacin was prepared from Temad

Pharmaceutical Company (Tehran, Karaj, Iran).

Animals
Swiss albino mice with initial weights of 25±5 g, were pre-

pared from the Pasteur Institute (Amole, Iran). The study was

conducted in the Faculty of Basic Sciences, University of

Mazandaran (Mazandaran, Iran). All the experimental proce-

dures were performed on the basis of the local Ethics

Committee of the University of Mazandaran (IR.UMZ.

REC.1397.048). The animals were grouped in a spacious

indoor cage and kept in the animal room under standard

conditions (12 h light-dark cycle; temperature 22 ± 2°C;

moderate humidity 60 ± 5%) with ad libitum access to

standard pellets. The mice were adapted with laboratory con-

ditions for 10 days.

Preparation of Curcumin

Nano-Phytosome
To load curcumin into phytosom, ethanol was used as

reported by previous studies.13

Summary, 6 g curcumin was dissolved in 120 mL of

warm ethanol at 55°C with 6 g of EYPC and 4.32 g of

Tween 80. A syringe was used for administration of the

ethanol solution into 120 mL of hydration media

(0.01 M phosphate buffer solution, 150 mM NaCl, PBS,

pH 7.4) in 55°C in a water bath with a magnetic stirrer.

Aqueous phase was milky color that is a marker for produc-

tion of liposome. The liposomal system was agitated for 0.5

h and then moved into a round-bottom flask attached to

a rotary evaporator at 55°C. To remove ethanol, the pressure

was decreased. To prepare the nanophytosom, the phytosom

suspension was then exposed to a probe sonication process

in an ice bath for 0.5 h in 240 W with a sequence of 1 s of

sonication and 1 s of rest by a sonicator (Sonics &

Materials, Inc., 20 kHz, Newtown, Connecticut, USA).

The final sample was packed in vials and maintained in

the refrigerator (about 4°C in the dark). A scanning electron

microscope (SEM; KYKY- EM3200, KYKY Technology

Development Ltd, Zhongguancun Beijing, China) was used

for evaluation of the size and morphology of samples.

Images were taken under a voltage of 26 kV.

Experimental Design
Animals received oral administrations of indomethacin, cur-

cumin, or nano-phytosome of curcumin at a dose of 15mg/kg

for one week before administration of carrageenan. In many

studies, curcumin was administered in different doses

(10–50 mg/kg), but we tried to use curcumin in a lower

dosage and the dose of curcumin and its nano-phytosome

were selected on the basis of our previous study (15 mg/kg).

To induce inflammation, 0.1 mL carrageenan 1% was admi-

nistrated into the sub-plantar region of the left hind paw of

eachmouse.14,15 A total number of 48mice were divided into

six groups as follows; 1) negative control that received saline

(sal+sal); 2) positive control that administrated with carra-

geenan and received saline (cara+sal); 3) indomethacin group

that received carrageenan and indomethacin (cara+indo); 4)

curcumin group that administrated with carrageenan and

received curcumin (cara+cur); 5) nano-phytosome group

that administrated with carrageenan and received nano-

Baradaran et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Journal of Inflammation Research 2020:1346

http://www.dovepress.com
http://www.dovepress.com


phytosome of curcumin (cara+nano.ph.cur); and 6) indo-

methacin+nano-phytosome group that administrated with

carrageenan and received nano-phytosome of curcumin

+indomethacin (cara+nano.ph.cur+indo). The diagram of

groups and administration of carrageenan is illustrated in

Figure 1.

Behavioral Responses
Behavioral responses were measured at 0.5, 2, and 24 h after

administration of carrageenan. All the mice were tested for

behavioral responses. To conduct the hot plate test, an alumi-

num hot plate surface was heated up to 55°C. A glass cylinder

was used to ensure that animals stayed in the heated region but

the mice had free movement in the space.16 In this test, latency

to withdrawal of the paw was recorded. Paw withdrawal

latencies were assessed in 0.5, 2, and 24 h after the treatment.

To perform the tail-pinch test, the animals’ tail was marked by

a felt tip pen in a diameter by 4 mm. A standard metal caliper

was used for this work. The mice were then positioned in the

test chamber and the tail-pinch latency was recorded.

Biochemical Responses
Twenty-four hours after administration of carrageenan, the

mice (n=4 mice per group) were euthanized, blood samples

were collected, and the serums were separated. The samples

were used for evaluation of the activities of superoxide dis-

mutase (SOD), catalase (CAT), glutathione peroxidase (GPX)

and glutathione reductase (GRx). The activities of SOD and

CATwere evaluated by using Genet procedure as reported by

Genet et al.17 Summary, a mixture of 50 mM sodium

phosphate with EDTA (0.0018 mM), pyrogallol (0.003 mM),

and 20 μL enzymatic extract was prepared. Decreased absor-

bance was then continued in 420 nm for 180 s in 25°C against

a blank containing all the compounds without the tissue homo-

genate. To evaluate the CAT, the mixture consisted of 50 mM

sodium phosphate buffer, 10 mM hydrogen peroxide and 20

μL of the enzymatic extract. A spectrophotometer was used

for evaluation of the absorbance of the supernatant in 240 nm

for 5 min at 25°C against a blank without tissue homogenate.

Enzymatic activity was reported as μmole/H2O2 consumed

per min per mg protein.17 GPX activity was assessed as

reported by Rotruck.18 Summary, the reaction mixture was

made up of phosphate buffer (0.4 M, pH 7.0) containing

EDTA (0.4 mm), NaN3 (5 mM) and GSH (4 mM) and 200

μL of supernatant was placed in 37°C for 5 min. H2O2 was

added it and incubated at 37°C for a further one min. The

absorbance was investigated at 340 nm. GRx activity was

evaluated as reported by Pinto and Bartley.19 Summary, the

reactionmixture was containing 0.1mMphosphate buffer (pH

7.0), 125 mM NADPH, and 20 μL of the enzyme solution in

a final part of 1 mL in 30°C. The absorbance was assessed in

340 nm. One unit of the enzyme was reported as 1 μmol of

NADPH oxidized per min per mg protein.

Statistical Analysis
Normality was investigated and one-way ANOVAwas used

for evaluating the differences between groups. Tukey's post

hoc test was used for evaluation of the significant difference

among groups. To investigate the behavioral responses,

repeated measures ANOVA test was applied.

Figure 1 Experimental design and stages.
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Results
SEM Image
The image for SEM is shown in Figure 2. Particles are small

and adjoining. The smaller sized curcumin nano-phytosome

the higher interfacial surface area for drug absorption.

Antioxidant Properties
The data for activities of antioxidant enzymes are shown in

Figure 3(A–D). Regarding all the enzymes, antioxidant activity

in the cara+sal group was significantly lower compared to the

control group (P<0.05). However, those which received curcu-

min nano-phytosome had higher activity compared to the cara

+sal group (P<0.05). Using indomethacin could not augment

the nano-phytosome efficiency. Significant difference between

indomethacin and curcumin groups was not observed for GRx

(P>0.05). The CAT and SOD activities were significantly

higher in the indomethacin group compared to the curcumin

group (P<0.05). In sum, the nano-phytosome group showed

higher antioxidant activity compared to the curcumin group

(P<0.05).

Behavioral Responses
Behavioral responses for hot plate and tail-pinch tests are

respectively shown in Figures 4 and 5. In both tests and at all

Figure 2 SEM image for nano-phytosome of curcumin.

Figure 3 The serum concentrations of antioxidant enzymes in the mice that received carrageenan and treated with curcumin and its nano-phytosome. (A) CAT, (B) GRx,
(C) GPX and (D) SOD.
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times, the latencywas significantly lower in the cara+sal group

compared to the sal+sal group (P<0.05). Oral administration of

all the agents increased latency time compared to the cara+sal

group (P<0.05). Curcumin group showed lower latency time

compared to the nano-phytosome groups (P<0.05).

Indomethacin decreased latency time compared to those

which received indomethacin and nano-phytosome (P<0.05).

Discussion
In this study, we investigated the effects of curcumin and its

nano-phytosome in the mice with carrageenan-induced

inflammation. The results showed that nano-phytosome of

curcumin improved antioxidant and behavioral responses in

the mice with carrageenan-induced inflammation. There is

a link between inflammation and antioxidant properties, as

mice which received carrageenan showed lower antioxidant

activity. Oxidative stress is induced due to an imbalance

between oxidant and antioxidant systems. Glutathione has

a protective role against toxic effects. Antioxidant enzymes

eliminate free radicals and modulate in repairing radicals that

are produced by biological damage. SOD and CAT are essen-

tial enzymes that eliminate free radicals.20 Decreased activity

of the antioxidant enzymes is expected during some

disorders.21 SOD has key roles in the conversion of super-

oxide radicals into H2O2 and molecular oxygen.20 CAT

protects tissues against reactive radicals produced during cat-

alyzing the hydrogen peroxide.22 Decreased activity level of

antioxidant enzymes is due to increased consumption during

oxidative stress and inflammation. Comparing negative and

positive groups shows that antioxidant enzymes are signifi-

cantly consumed by oxidative stress after administration of

carrageenan. However, mice in the curcumin nano-phytosome

group showed higher levels of antioxidant enzymes.

Antioxidant activity of curcumin is due to H-atom donation

in the phenolic group.23,24 Antioxidant activity of curcumin

can be attributed to its ability in eliminating free radicals in

Figure 4 The behavioral responses in the hot plate test in mice which received carrageenan and were treated with curcumin and its nano-phytosome.

Figure 5 The behavioral responses for tail-pinch in the mice that received carrageenan and were treated with curcumin and its nano-phytosome.
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peroxidation processes and also preventing the cell membrane

against oxidative damage.9,10 Using nano-phytosome can

upgrade the antioxidant properties. Nano-phytosomes protect

curcumin and increase its absorption. Seemingly, curcumin

nano-phytosome increases activities of antioxidant enzymes

and/or decreases oxidative stress. Curcumin and its nano-phy

tosome showed antinociceptive activity by increasing the

latency time of responses. Opioid receptors are involved in

such activities. Spinal, supraspinal, and peripheral analgesia

are related to the activation of opioid receptors.25 Curcumin

and especially its nano-phytosome can have analgesic activity.

Curcumin and its nano-phytosome show analgesic activity by

activating opioid receptors in the central nervous system.

However, such statements require further investigation by

conducting mechanistic studies.

Conclusion
In conclusion, the administration of carrageenan decreased

activities of antioxidant enzymes and latency time in behavioral

responses. Using nano-phytosome curcumin couldmaintain the

levels of antioxidant enzymes and increase the behavioral

latency time. It can be recommended to apply the curcumin

nano-phytosome in patients suffering from inflammation.
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