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Ethnopharmacological  relevance:  The  hip  of Rosa multiflora  Thunb.  has  been  traditionally  used as  a dietary
supplement  and  a herbal  remedy  for  the  treatment  of various  diseases  including  cold,  flu,  inflammation,
osteoarthritis,  rheumatoid  arthritis  and  chronic  pain  in  China.
Aims  of the  study:  To  explore  the  anti-inflammatory  ingredient  of the hip  of  R.  multiflora  Thunb.  and  its
mechanism  of  action.
Materials  and  methods:  The  ethanol  extract  of  the  hip  of  R.  multiflora  Thunb.  was  fractioned  with  petroleum
ether,  ethyl  acetate  and  water,  and  each  fraction  was screened  for  anti-inflammatory  activity  in xylene-
induced  mouse  ear  edema  model.  Three  more  models,  acetic  acid-induced  mouse  vascular  permeation,
cotton  pellet-induced  rat  granuloma,  and  carrageenan-induced  rat  hind  paw  edema  were  also  employed
to verify  the  anti-inflammatory  effect  of  the identified  fraction.  To  explore  the  mechanism  of  action,  the
activity  of  inducible  nitric  oxide  synthase  (iNOS)  and  the  level  of  nitric  oxide  (NO)  in  sera,  as  well  as  mRNA
expression  level  of  cyclo-oxygenase-2  (COX-2)  in  inflammatory  tissues  of rats  with  carrageenan-induced
hind  paw  edema  were  measured.  GC–MS  technology  was  applied  to identify  the active  components  in
the active  fraction.
Results and  conclusions:  The  petroleum  ether  fraction  (PEF)  was  identified  to be  the  active  fraction  in
inflammation  animal  models  (i.e.,  oral  administration  of  PEF  (168.48,  42.12  and  10.53  mg/kg)  evoked

a  significantly  (P < 0.001)  dose-dependent  inhibition  of  the xylene-induced  mice  ear  edema).  Down-
regulating  COX-2  expression  (P < 0.001)  and  reducing  NO  production  (P < 0.05)  through  inhibiting  iNOS
activity  (P  <  0.001)  may  be  the  partial  mechanism  of  action  of PEF.  GC–MS  analysis  indicated  that  unsat-
urated  fatty  acids  are  enriched  in  PEF and  may  be responsible  for the  anti-inflammatory  activity  of  PEF
and  this  herb.  The  results  of  this  study  provide  pharmacological  and  chemical  basis  for  the  application  of

unb.  
the hip  of  R.  multiflora  Th

. Introduction

Inflammatory diseases, such as rheumatoid arthritis (RA),
hronic asthma, multiples sclerosis, inflammatory bowel disease

nd psoriasis are common worldwide (Gautam and Jachak, 2009).
o alleviate pain and stiffness in patients with inflammatory dis-
rders, medications such as cyclo-oxygenase inhibitors were often

∗ Corresponding author. Tel.: +852 34112465; fax: +852 34112461.
∗∗ Corresponding author at: State Key Laboratory of Chinese Medicine and Molec-
lar Pharmacology, Department of Applied Biology and Chemical Technology, The
ong Kong Polytechnic University, Shenzhen 518057, PR China.
el.: +86 755 26737182; fax: +86 755 26972852.

E-mail addresses: zlyu@hkbu.edu.hk (Z. Yu), bcsbchen@inet.polyu.edu.hk
S.  Chen).

378-8741/$ – see front matter ©  2011 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.jep.2011.10.010
in  inflammatory  disorders.
© 2011 Elsevier Ireland Ltd. All rights reserved.

applied (Willich et al., 2010). Most of these drugs are expensive and
exhibit side effects (Mukherjee et al., 2001). Therefore, it is urgent to
develop new drugs with lower cost and a minimum of side effects.
Studies have shown that evening primrose oil containing gamma
linolenic acid can reduce morning stiffness and the overall disease
severity in patients with RA, suggesting that aromatic herbs as well
as vegetables may  be a potential resource of new anti-inflammatory
agents (Kjeldsen-Kragh et al., 1991; Leventhal et al., 1994; Zurier
et al., 1996).

Rose hips, the pseudo-fruits of aromatic rose plants such as Rosa
canina L. (Family Rosaceae), have been commonly used as a dietary

supplement (Chrubasik et al., 2008) and a herbal remedy for the
treatment of various diseases including cold, flu, inflammation,
osteoarthritis, rheumatoid arthritis and chronic pain (Chrubasik
et al., 2006, 2007). The hip of R. multiflora Thunb. (HRM), one

dx.doi.org/10.1016/j.jep.2011.10.010
http://www.sciencedirect.com/science/journal/03788741
http://www.elsevier.com/locate/jethpharm
mailto:zlyu@hkbu.edu.hk
mailto:bcsbchen@inet.polyu.edu.hk
dx.doi.org/10.1016/j.jep.2011.10.010
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f the sources of rose hips native to Asia, has been tradition-
lly used in Chinese society for dietary and medicinal purposes
Takagi et al., 1976; Huang, 2001; Zhang et al., 2008). Our pre-
ious study revealed that an ethanol extract of HRM possesses
nalgesic and anti-inflammatory effects and has no obvious acute
oxicity in animals (Zhang et al., 2008). In the present study, fur-
her pharmacological as well as bioactivity-guided phytochemical
nvestigations were performed to explore the mechanisms of action
or the anti-inflammatory activity and active fractions of HRM.

. Material and methods

.1. Chemicals and reagents

Nitric oxide (NO) and inducible nitric oxide synthase (iNOS)
easurement kits were purchased from Nanjing Keygen Biotech.

o. Ltd. Aspirin was provided by Bayer Schering Pharma. Evens Blue
as purchased from Sigma. Total RNA extraction kit was obtained

rom Invitrogen (CA). RevertAidTM First Strand cDNA Synthesis kit
as purchased from Fermentas (MBI, Fermentas, USA). iQ SYBR
reen Supermix was from BIO-RAD (Hercules, CA). The primers

or cyclo-oxygenase-2 (COX-2) and Glyceraldehyde-3-phosphate
ehydrogenase (GAPDH) were purchased from TaKaRa Biotechnol-
gy (Dalian) Co. Ltd. (Table 1). All the other chemicals used were of
nalytical grade.

.2. Herbal materials

HRM was collected at Bozhou county, Anhui province, China
stretching from longitudes 115◦53′ to 116◦ 49′ east and latitudes
2◦51′ to 35◦05′ north), in July 2009, and was authenticated by Dr.
ibao Chen. A voucher specimen (YIS20091) has been deposited at
he State Key Laboratory of Chinese Medicine and Molecular Phar-

acology, the Hong Kong Polytechnic University. Ground air-dried
RM (450 g) were macerated for 24 h with 1.2 L of 95% ethanol
t room temperature (25 ± 2 ◦C), the extract was filtered and the
esidue was then refluxed for 2 times (2× 1 h) with 1 L of same solu-
ion. The extracts were combined and evaporated under reduced
ressure to afford 25.6 g of residue extract. The residue was  dis-
olved in water (200 mL)  to produce an aqueous solution, then
artitioned in turn with petroleum ether (3×  200 mL)  and ethyl
cetate (3×  200 mL)  to afford petroleum ether- (PEF, 5.5 g), ethyl
cetate- (EAF, 5.2 g), and water-soluble (WF, 12.0 g) fractions after
rying. All fractions and aspirin were dissolved in 2% (v/v) aqueous
ween 80 before each experiment and were delivered to animals
y intragastric administration.

.3. Animals

Special pathogen free grade (SPF) animals were obtained from
he Guangdong medical laboratory animal center (Guangzhou,
hina) and were kept in SPF grade animal facility, where tempera-
ure is within the range of 22 ± 2 ◦C and the humidity ranged from
0% to 70%. The diurnal lighting and darkness cycle is 12 h. The
ir change per hour is in the range of 10–20 times. The chow was
he SPF-grade full pellet for rats and mice. Antiseptic water was
iven ad libitum. After acclimation for 5 days, animals were ran-
omly divided into 5 or 6 groups of 10 mice or 5–7 rats per group
o conduct the experiments. All experiments were approved by the
thical Committee of the Hong Kong Polytechnic University.

.4. Xylene-induced ear edema in mice
Male Balb/c mice, 20–24 g, were used to evaluate the effect on
cute topical inflammation with a method described previously
Olajide et al., 2000; Hosseinzadeh and Younesi, 2002). Briefly,
acology 138 (2011) 717– 722

0.02 mL  xylene was applied to both surfaces of right ear to induce
ear edema. The left ear was used as a control. After 1 h of xylene
treatment, mice were sacrificed by cervical dislocation. Both ear
disks of 9.0 mm in diameter were punched out and weighed. The
ear edema was  measured by the weight difference between the
right (treated) and the left (control) ear disks of the same animal. To
screen for the active fraction, mice of each group were treated with
PEF (42.12, 10.53 mg/kg body weight), EAF (63.16, 15.70 mg/kg),
WF (280.72, 70.18 mg/kg), or aspirin (500 mg/kg) for 7 days before
the ear edema induction. To further validate the effect of PEF, one
more dose of PEF (168.48 mg/kg) was included in assays using this
model and the following models.

2.5. Acetic acid-induced vascular permeability in mice

The modified method of Whittle (1964) was used to evaluate
the anti-vascular permeability of PEF. Briefly, after pre-treatment
for 7 days, mice received 0.5% Evans Blue solution at 0.1 mL/10 g
by intravenous injection. Five minutes later, the mice were treated
with 0.1 mL/10 g of 0.6% acetic acid by intraperitoneal injection.
Thirty minutes later, animals were sacrificed by cervical disloca-
tion, and the abdominal cavity of each mouse was opened and
washed three times with a total of 10 mL  saline. The collected saline
was centrifuged for 10 min  at 1200 rpm. The absorption at 590 nm
of the resultant supernatant was  measured with an ELISA reader
(POLAR star, BMG, Germany). Evans Blue was  dissolved in serum
and diluted to 2, 4, 6, 8, 10 �g/mL to establish the standard curve.
The amount of Evans Blue permeated into the abdominal cavity was
calculated with the standard curve.

2.6. Carrageenan-induced hind paw edema in rats

Rat paw edema was  induced by carrageenan injection using a
modified method (Salvemini et al., 1996). After pre-treatment for
7 days, except control animals, each male SD (180 ± 20 g) rat was
injected with 0.1 mL  of carrageenan (1% in normal saline) at the
plantar side of right hind paw. Paw edema values were measured
with a digital caliper before and 1, 2, 3, 4 or 5 h after carrageenan
injection. Effect of inhibition on paw edema was calculated using
the following formula:

Swelling rate (%) =
(

Tt − T0

T0

)
× 100,

where T0 is the thickness of paw before carrageenan injection, Tt

presents the paw thickness after carrageenan injection, t = 1, 2, 3,
4, 5 h.

After last measurement of the paw thickness, rats were sacri-
ficed by cervical dislocation. Blood was  collected and the serum was
isolated for the test of NO production and iNOS activity following
the instructions of the kits (KeyGEN Biotech).

The edema plantar tissue of right hind paw was  isolated and
the total RNA was extracted using Trizol reagent (Invitrogen, CA).
3.5 �g of total RNA was reversely transcribed into cDNA using
RevertAidTM first strand cDNA synthesis kit (Fermentas). Real-time
PCR was  performed by an Bio-Rad C1000TM Thermal Cycler with iQ
SYBR®Green Supermix (Bio-RAD) in 25 �L of total reaction mixture.
Expression levels of the cDNA of interest were normalized with an
internal standard, GAPDH. The data were analyzed with Bio-RAD,
CFX96TM Real-Time System software.

2.7. Cotton pellet-induced granuloma formation in rats
A previously described method (Winter and Porter, 1957;
Cygielman and Robson, 1963) was  used to evaluate the inhibitory
effect of PEF on chronic inflammation. Briefly, after treatment for 7
days, each male Wistar rat (170 ± 10 g) was  ether-anesthetized and
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Table 1
The primers used for real-time PCR.

Gene Forward primer Reverse primer Product size (bp)

5′-CAGCTCAGTTGAACGCCTTT-3′ 117
5′-AGTGGATGCAGGGATGATGT-3′ 180
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Fig. 1. Effect of HRM extracts on xylene-induced mice ear edema. (a) Effect of dif-
ferent fractions of HRM. (b) Effect of PEF at various doses. Results are expressed

To explore the mechanism of action of PEF, we first examined
the impact of PEF on iNOS activity and NO levels in the sera of
rats treated with carrageenan. The activity of iNOS significantly
increased after carrageenan injection for 5 h in the model group
COX-2 5′-TTCAATGTGCAAGACCCGC-3′

GAPDH 5′-TGCACCACCAACTGCTTAG-3′

nserted a 10 mg  sterile cotton pellet into each axilla. Rats were sac-
ificed by cervical dislocation after administration of PEF, vehicle or
spirin for additional 7 days. The cotton pellets were dissected out,
reed of surrounding tissues, dried overnight at 60 ◦C and weighted.
he inhibitory effect on granuloma tissue formation was calculated
ith the following formula:

nhibition (%) =
(

Wt − Wc

W

)
× 100

here Wt = weight of granuloma tissue of the treatment group;
c = weight of granuloma tissue of the control group.

.8. Statistical analysis

All data are expressed as means ± S.E.M., where applicable, anal-
sis of variance was used for statistical evaluation of significant
ifferences among the multiple groups with One-way ANOVA,
ukey’s Multiple Comparison test. Differences were considered sig-
ificant when P values of <0.001, <0.01, and <0.05. All statistical
nalysis tests were performed by GraphPad Prism 4.02 for Windows
GraphPad Software, San Diego California).

.9. GC/MS analysis of PEF

GC/MS analysis was performed on Agilent 6890/5973N cou-
led with G2614A mass selective detector, Agilent 19091S-433
P-5MS capillary column (30 m × 0.25 mm i.d. 0.25 �m film coat-

ng), and an Agilent ChemStation data system. The carrier gas was
elium with a column head pressure of 0.56 bar and flow rate of
.0 mL/min. Inlet temperature was 220 ◦C and detector tempera-
ure was 250 ◦C. The GC oven temperature program was  used as
ollows: 60 ◦C initial temperature increased at 30 ◦C/min to 180 ◦C;
ncreased at 1.5 ◦C/min to 195 ◦C; then increased at 0.5 ◦C/min to
00 ◦C; hold for 5 min. The sample was dissolved in CH2Cl2. The MS
ere recorded under EI conditions (70 eV) with split mode 10:1.

ample components were identified by matching their mass spec-
ra with those recorded in NIST database/ChemStation data system
nd comparing the literature data and comparing with GC retention
ndices.

. Results

.1. PEF inhibited xylene-induced mice ear edema

PEF and aspirin significantly (P < 0.01 and P < 0.001) inhibited the
ylene-induced mice ear edema (Fig. 1a); whereas WF  and EAF did
ot exert significant effect. Therefore, PEF was further investigated
or its effects and mechanisms of action.

Further assays showed that PEF significantly reduced xylene-
nduced mice ear edema in a dose-dependent manner (Fig. 1b). PEF
n an oral dose of 168.48 mg/kg showed similar inhibitory effect

ith that of the positive control drug.

.2. PEF inhibited acetic acid-induced vascular permeability in
ice
To further validate the effect of PEF on acute inflammation, the
cetic acid-induced vascular permeability mouse model was used.
esults showed that PEF exerted a dose-dependent inhibitory effect
as  mean ± S.E.M. (n = 10). Compared with model groups ***P < 0.001, **P  < 0.01.
HRM-hips of Rosa multiflora Thunb., WF-water fraction, EAF-ethyl acetate fraction,
PEF-petroleum ether fraction.

on dye extrusion into the peritoneal cavity induced by acetic acid
(Fig. 2). The significant (P < 0.001) inhibition rates of PEF at high
and middle doses were observed, which were 49.11% and 36.24%,
respectively. Aspirin also showed similar inhibitory effect.

3.3. Effects of PEF in an inflammatory rat model induced by
carrageenan

The effect of PEF on acute inflammation was also examined in a
rat model. PEF at 168.48 mg/kg significantly decreased the swelling
of hind paw in inflammatory rats from 1 to 5 h after carrageenan
injection (Fig. 3). It was interested that the inhibition effect was  the
strongest at 1 h, and abated gradually later (Fig. 4).
Fig. 2. Effect of PEF on acetic acid-induced vascular permeability in mice. Results
are expressed as mean ± S.E.M. (n = 10). Compared with the Control, ###P < 0.001;
compared with the model, ***P < 0.001. PEF-petroleum ether fraction.
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Fig. 3. Effect of PEF on the hind paw swelling rate (%) in inflammatory rats induced
by  carrageenan. Results are expressed as mean ± S.E.M. (n = 6–7). Compared with
the model, ***P < 0.001, **P < 0.01, *P < 0.05. PEF-petroleum ether fraction.

Fig. 4. Effect of PEF on the inducible nitric oxide synthase (iNOS) activity in sera of
inflammatory rats induced by carrageenan. Results are expressed as mean ± S.E.M
(
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Fig. 6. Effect of PEF on the expression of cyclo-oxygenase-2 (COX-2) mRNA in
inflammatory rats induced by carrageenan. Results are expressed as mean ± S.E.M
n  = 6–7). ##P < 0.001; compared with the model, **P < 0.01. PEF-petroleum ether
raction.

ompared to that in the control group (Fig. 5). Aspirin and high
ose PEF both significantly attenuated the elevation of iNOS activity

nduced by carrageenan. Similarly, the NO production in serum was
ignificantly reduced by aspirin and high dose PEF in carrageenan-
reated rats.

The involvement of COX-2 in the anti-inflammatory activity of
EF was then examined in this rat model. Results showed that the
RNA expression of COX-2 was significantly increased in inflam-
atory tissues of model animals than that in normal tissues of

ontrol animals. Aspirin and PEF at each dose significantly reduced

arrageenan-induced up-regulation of COX-2 mRNA expression.
EF and aspirin exhibited similar inhibitory effectiveness (Fig. 6).

ig. 5. Effect of PEF on the nitric oxide (NO) production in inflammatory rats induced
y  carrageenan. Results are expressed as mean ± S.E.M (n = 6–7). #P < 0.05; compared
ith the model, *P < 0.05. PEF-petroleum ether fraction.
(n  = 6–7). Compared with the control, ###P < 0.001; compared with the model,
***P  < 0.001, **P < 0.01. PEF-petroleum ether fraction, GAPDH-Glyceraldehyde-3-
phosphate dehydrogenase.

3.4. PEF inhibited granuloma formation in rats implanted with
cotton pellets

We also tested the effect of PEF in a chronic inflammation rat
model. PEF exhibited significant inhibitory effect on granuloma for-
mation in rats implanted with cotton pellets in a dose-dependent
manner, and the inhibition rates changed from 49.16% to 20.68%
(Fig. 7).

3.5. GC/MS analysis of PEF

Results revealed that PEF is made up largely of fatty acid
(Table 2), mainly including dodecanoic acid (8.72%), hexadecanoic
acid (9.24%), pentadecanoic acid (1.58%), linoleic acid (26.04%), oleic
acid (22.58%) and octadecanoic acid (6.3%). And two  unsaturated
fatty acid, linoleic acid and oleic acid contributed over 49.62% of
PEF.

4. Discussion and conclusion

In this study, PEF was identified to be the main active fraction
responding to the anti-inflammatory activity of HRM in the xylene-
induced ear edema mouse model. The anti-inflammatory effects of
PEF were further validated in different acute and chronic inflam-
mation animal models. Preliminary mechanistic studies using an
acute inflammation model demonstrated that inhibition of NO
production and COX-2 expression potentially contributes, at least
in part, to the anti-inflammatory effects of PEF. Concerning anti-
inflammatory activity of rose hips, Rosa canina L. has been attracted
more attention. Previous researches indicated ethanol extracts of R.

canina L. possess significant inhibitory activity against inflamma-
tory models in vivo (i.e., carrageenan-induced and Prostaglandin
E1-induced hind paw edema models, as well as on acetic acid-
induced increase in a capillary permeability model) (Deliorman

Fig. 7. Effect of PEF on the granuloma in inflammatory rats induced by cotton pel-
let. Results are expressed as mean ± S.E.M. (n = 5–7). Compared with the model,
***P  < 0.001, **P < 0.01, *P < 0.05. PEF-petroleum ether fraction.
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Table 2
Chemical composition of the petroleum ether fraction of R. multiflora Thunb. hips.

Retention time (min) Compounds Composition (%)

5.31 Linalool 2.33
5.61  Undecane 0.55
5.68 Hexadecane 0.78
6.43 Dodecanoic acid 8.72
6.72  Dodecane 2.45
7.81  Docosan 1.05
8.82  Methyl eugenol 1.86
9.10  Heptane,2,6,6-trimethyl 1.36
9.30 2-Pentadecanone,6,10,14-trimethyl 0.84
9.87 1-Heptadecene 0.50

10.97 Heptadecane 1.10
11.54  Benzyl benzoate 0.72
11.89 8,15-Hexadecadienal 1.65
12.30  Hexadecanoic acid 9.24
16.23 1-Nonadecene 1.58
17.27  Linoleic acid 26.04
17.46  Oleic acid 22.58
17.67  Eicosane 1.59
18.48 Octadecanoic acid 6.30
22.46  1-Heneicosene 1.74
26.21  Heneicosane 4.07
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review on the Rosa canina effect and efficacy profiles. Phytotherapy Research
28.89  Tricosane 0.80

rhan et al., 2007; Lattanzio et al., 2011); meanwhile, the n-hexane
nd the dichloromethane extracts of hips of Rosa canina L. were
ound to inhibit COX-1, COX-2 (Wenziga et al., 2008). However,
he active constituent(s) in the extract as well as the mechanism
f action still remain unclear. The present study provides further
esearches on the active components and their mechanism of anti-
nflammation of rose hips.

Xylene, a common inflammatory agent, can induce mouse
ar edema which involves inflammatory mediators such as his-
amine, kinin and fibrinolysin (Carlson et al., 1985). Acetic acid
an increase vascular permeability in mice by promoting the
evel of prostaglandin E2, prostaglandin F2�,  histamine and sero-
onin in peritoneal fluids (Deraedt et al., 1980; Choi et al., 2006).
arrageenan-induced rat paw edema involves three phases of

nflammatory mediator release in an orderly sequence in 5 h
Vinegar et al., 1969; Di Rosa, 1972; Olajide et al., 2000). Cotton
ellet-induced granuloma formation in rats is a classic chronic

nflammation model which is used to measure the transuda-
ive, exudative and proliferative components of inflammation
Swingle and Shideman, 1972; Ismail et al., 1997). The dry weights
f cotton pellets have a high correlation with the amount of
ranulomatous tissue. PEF showed significant anti-inflammatory
ffects in the animal models prepared with the mentioned agents.
herefore, mechanisms of action of PEF may  involve multiple anti-
nflammatory factors and mediators.

NO is a short-lived small molecule which plays a significant role
n a variety of physiological progresses (Moncada et al., 1991). How-
ver, over production of NO can activate nuclear factor (NF)-kappa

 to induce the expression of pro-inflammatory mediators, and can
romote inflammation by increasing cGMP level and vascular per-
eability (Moncada et al., 1991; Salvemini et al., 1996; Adams et al.,

002). The inhibitory effect of PEF on NO production in the sera of
ats treated with carrageenan suggests that inhibition of NO pro-
uction is one of the mechanisms of the anti-inflammatory activity
f PEF.

NO production is mainly catalyzed by nitric oxide synthase
NOS) which exists in three isoforms, neuronal NOS (nNOS),
ndothelial NOS (eNOS), and inducible NOS (iNOS). eNOS and
NOS are constitutively expressed and play an important role
n normal physiological activities (Moncada et al., 1991). The
NOS-mediated NO production can promote pathological inflam-

ation (Kolios et al., 2004). Therefore, selective inhibition on iNOS
acology 138 (2011) 717– 722 721

activity has been established as a therapeutic approach for treating
inflammation (Pelletier et al., 1998; Vallance and Leiper, 2002). Our
results demonstrated that PEF could inhibit iNOS activity, which
may  explain the inhibitory effect of PEF on NO production associ-
ated with the anti-inflammatory effect of PEF.

NO can activate COX which in turn leads to the produc-
tion of pro-inflammatory mediators, such as prostaglandins (PGs)
(Salvemine et al., 1993). COX exists in two  isoforms, COX-1 and
COX-2. Selective inhibition of COX-2 has been suggested to be
an approach for treating inflammatory disorders (Seibert and
Masferrer, 1994). In our study, the mRNA expression of COX-2
in inflammatory tissues was  significantly down-regulated by PEF,
suggesting that inhibition of COX-2 expression, which may  lead
to the reduction of COX-2 activity, is another potential mecha-
nism responsible for the anti-inflammatory activity of PEF. It is
warranted to determine whether PEF can inhibit COX-2 activity
in further research.

In order to investigate the potential active components of PEF,
GC–MS was employed to identify the chemical components; results
indicated that the dominant components in PEF are fatty acid,
especially unsaturated fatty acid, including linoleic and oleic acid.
Unsaturated fatty acids have been reported to be inhibitors of COX-
2 (Liu et al., 1998; Reininger and Bauer, 2006; Wenziga et al., 2008)
as well as to be responsible for the in vitro COX-inhibitory activity
of an extract from the hip of R. canina L. (Jäger et al., 2008). There-
fore, unsaturated fatty acids are the potential anti-inflammatory
components of PEF.

In conclusion, PEF was verified to be the anti-inflammatory frac-
tion of HRM on several animal models. Down-regulating COX-2
expression and reducing NO production through inhibiting iNOS
activity may  be the partial mechanism of the action of PEF. GC–MS
analysis indicated enriched unsaturated fatty acids may  be respon-
sible for the anti-inflammatory activity of PEF and this herb. This
study provided pharmacological and chemical basis for the appli-
cation of the hip of R. multiflora Thunb. in inflammatory disorders.
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