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Ethnopharmacological  relevance:  The  dried  flower  buds  of  Magnolia  biondii  Pamp  (Magnoliaceae)  pos-
sesses significant  anti-inflammatory  activities.
Aim of the study:  Volatile  oil in  Magnolia  biondii  Pamp  (VOMbP)  is considered  to  be  important  pharma-
cologically  active  individuals  against  acute  inflammation,  but  its exact  anti-inflammatory  mechanism
remains  elusive.  In  this  study,  we aimed  to investigate  the  intervention  of VOMbP  on  rats  with  acute
inflammation  and  explore  the  possible  anti-inflammatory  mechanisms  of VOMbP  with  metabonomic
strategy.
Materials  and methods:  Acute  inflammation  was  induced  by subcutaneously  injection  of  carrageenan  in
the rats.  Plasma  was  analyzed  using  gas  chromatography–mass  spectrometry  (GC–MS),  based  on  which
the principal  component  analysis  (PCA)  and  partial  least  squares-discriminate  analysis  (PLS-DA)  models
were  established  for metabonomic  analysis.
Results:  It was  revealed  that the  pretreatment  of  VOMbP  in acute  inflammatory  rats  induces  a  substantial
and  characteristic  change  in  their  metabolic  profiles.  Some  significantly  changed  metabolites,  including

hexadecanoic  acid,  linoleic  acid,  oleic  acid,  stearic  acid,  and  cholesterol,  were  found  to  be reasonable  in
explaining the anti-inflammatory  mechanism  of  VOMbP.
Conclusions:  In  all,  it is likely  that  VOMbP  intervenes  the  metabolic  process  of  inflammatory  rats  by
affecting  the fatty  acid  and  cholesterol  metabolism.  Our work  also  indicated  that  the  metabonomics
method  is  a promising  tool  for performing  intervention  and  mechanism  research  of  traditional  Chinese

medicines.

. Introduction

The dried flower buds of Magnolia biondii Pamp (Magnoli-
ceae), commonly known as Xin-Yi in China, exists in many
hinese medicine prescriptions (The State Commission of Chinese
harmacopoeia, 2010). Pharmacological tests have revealed that
agnolia biondii Pamp possesses significant anti-inflammatory

ctivities (Masayasu et al., 1985; Shen et al., 2008). Volatile oil in
agnolia biondii Pamp (VOMbP), is considered to be one impor-
ant group of the pharmacologically active individuals against acute
nflammation. It can reduce local vascular permeability of the
nflammation, inhibit inflammatory exudation and leukocyte swim,
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harmacy, Second Military Medical University, No. 325 Guohe Road, Shanghai
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and inhibit the production and release of some inflammatory medi-
ators including prostaglandins E2 (PGE2), interleukin-1 (IL-1) and
NO (Lim et al., 2002; Wang et al., 2000, 2005; Xiong et al., 2006).

VOMbP contains tens of volatile components including
monoterpene, sesquiterpene and iridoid, etc.,  some of which
have been qualitatively and quantitatively analyzed by gas
chromatography-mass spectrometry (GC–MS) (Zhao and Liang,
2007). However, complete separation of these chemical compo-
nents is difficult to achieve due to the existence of overlapped or
embedded peaks, even if rigorous conditions are imposed on the
chromatographic separation process. In our previous work, GC–MS
combined with chemometric methods was  applied to identify and
determine the components in VOMbP and a total of 80 compo-
nents were finally identified after the overlapping peak clusters
were resolved by chemometric methods (Qu et al., 2009).

However, the exact anti-inflammatory mechanism of VOMbP

still remains elusive. In 2000, VOMbP was reported to inhibit phos-
pholipases A2 (PLA2) in vivo (Wang et al., 2000), which is an
important enzyme in inflammatory responses. To the best of our
knowledge, no further literatures that focus on anti-inflammatory
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http://www.sciencedirect.com/science/journal/03788741
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echanism of VOMbP appear after that. As was shown in the
evelopment of anti-inflammatory drugs, specific single-target

nhibitors cannot sufficiently control the balance of metabolic net-
ork and may  cause side effects (Khanna et al., 2005), hence VOMbP
ay  find its role in intervening multi-targets and keeping the bal-

nce in inflammation treatment, since it possesses many bioactive
omponents which may  affect various pathways. Nevertheless, due
o its complex constituents, it is not easy to explore the anti-
nflammatory mechanism of VOMbP using traditional ways.

Metabonomics, a new member of systems biology, has nowa-
ays attracted more and more attentions in the fields of disease
iagnosis, biomarker screening, pharmaceutical discovery and tox-

city evaluation (Nicholson et al., 2002; Claudino et al., 2007). It can
eveal various metabolic characteristics of normal, pathological or
rug-administrated subjects and be used to study the mechanism
f drugs action (Zhao et al., 2008; Sun et al., 2010). Since traditional
hinese medicine (TCM) is based on “holism” philosophy instead of
reductionism”, it is philosophically conceivable that metabonomic
echniques may  play some roles in providing important informa-
ion to TCM (Qiu, 2007).

As we all know, NMR  spectroscopy (Liu et al., 2010), LC–MS
Sangster et al., 2007), CE–MS (Ullsten et al., 2006) and GC–MS
Yu et al., 2007) have been widely used in metabonomics studies.
mong them, GC–MS has been proved of high selectivity and repro-
ucibility. Compared with LC–MS and NMR-based metabonomic
pproaches, the availability of many structure databases can be the
dvantage for GC–MS-based metabonomic study (A et al., 2005;
oek et al., 2006). In the present study, GC–MS-based metabo-
omics was applied to investigate the intervention of VOMbP on
etabolic profiles of rats with carrageenan (a pro-inflammatory

gent)-induced acute inflammation, so as to explore the possible
nti-inflammatory mechanisms of VOMbP on acute inflammation,
ased on the significantly altered metabolites revealed in this study.

. Experiment

.1. Materials and preparation of VOMbP

The dried flower buds of Magnolia biondii Pamp were pur-
hased from Lei-Yun-Shang pharmacy (Shanghai, China).
arrageenan, N-Methyl-N-(trimethylsilyl)trifluoroacetamide
MSTFA), trimethylchlorosilane (TMCS), methoxyamine and ribitol
used as internal standard) were purchased from Sigma–Aldrich
St. Louis, MO,  USA). Prednisone was purchased from Yi-Feng
uper drugstore (Shanghai, China). Anhydrous sodium sulphate,
ethanol and pyridine were purchased from Sinopharm Chemical

eagent Co. (Shanghai, China). Tween 80 was purchased from
hanghai Genebase Gene-Tech Co. (Shanghai, China).

The VOMbP used in this study was prepared according to
he Chinese pharmacopoeia (The State Commission of Chinese
harmacopoeia, 2010). 150 g Magnolia biondii Pamp was grounded
nto powder, and then put into extracting apparatus and subjected
o hydro-distillation for 5 h. After that, about 3.6 mL  canary clear
il-like volatile oil was obtained. Next, the volatile oil was  dried
ver anhydrous sodium sulphate until the last traces of water were
emoved to give VOMbP and then stored in a dark glass bottle
t 4 ◦C for analysis. VOMbP was dissolved in Tween 80 (2%, v/v).
rednisone and carrageenan were dissolved in normal saline (0.9%
aCl, w/v).

.2. In vivo experiments protocol
Sprague–Dawley rats (180–210 g, male) were purchased from
he Sippr-Bk Lab. Animal Ltd. Co. (Shanghai, China) and fed with
ertified standard diet and tap water ad libitum. Temperature and
acology 137 (2011) 487– 494

humidity were regulated at 21–23 ◦C and 40–60%, respectively. A
12 h light/dark cycle was  established. The study protocol was  in
accordance with the Guide for the Care and Use of Laboratory Ani-
mals as adopted by the United States National Institute of Health
and was approved by the Animal Ethic Review Committees of Sec-
ond Military Medical University. After one week of acclimatization,
the rats were randomly divided into five groups (each consists of 5
rats): (A) control group; (B) acute inflammation group; (C) low dose
group of VOMbP; (D) high dose group of VOMbP; (E) prednisone
group. Group A and B received vehicle (Tween 80), Groups C and
D received VOMbP (0.07 mL/kg/day and 0.14 mL/kg/day, respec-
tively) and Group E received prednisone (5 mg/kg/day). Drugs and
vehicle were orally administrated one time for 3 successive days.
Acute inflammation was  induced 0.5 h after gavage at day three.
Rats in group B, C, D and E were injected subcutaneously with
0.1 mL  1.0% carrageenan in the sub-plantar region of right hind paw.
Oedema of the paw was calculated by the difference of its volume
before and 3 h after carrageenan injection (Arumugam et al., 2008).
After that, 1.0 mL  blood samples of group A to D were collected into
heparinized tubes, and then centrifugated at 3000 × g for 10 min.
Then the plasma was  separated and stored at −80 ◦C until use.

2.3. Sample preparation

Prior to analysis, the plasma samples were thawed at room tem-
perature. A 900 �L methanol was added into 100 �L of plasma to
precipitate the protein, and the mixture was shaken vigorously for
60 s. A 20 �L ribitol solution (0.2 mg/mL) as the internal standard
was added into the mixed sample. The mixture was  then ultrason-
ically extracted for 10 min, followed by centrifugation (3000 × g)
for another 10 min. Then, 400 �L supernatant was  transferred to
the GC vial and evaporated to dryness under a stream of nitrogen
gas. The chemical derivatization of the plasma metabolites was  car-
ried out using the combination of methoxymation and silylation. A
100 �L aliquot of methoxyamine pyridine solution (15 �g/�L) was
added to the vial. The methoxymation was performed at 70 ◦C for
1 h. Then, 180 �L of MSTFA with 1% TMCS as catalyst was added to
the vial. After the silylation at 70 ◦C for 1 h, the sample solution was
transferred to the GC microvial for GC–MS analysis after filtration.
The derivatization procedure, according to the reference (Yu et al.,
2007) and with minor revision, had been validated on other known
chemicals (results not shown).

2.4. GC–MS analysis

The GC–MS analysis was carried out on a Varian 450 GC
connected to a 240 MSD  iron trap mass spectrometer (Varian Cor-
poration, Palo Alto, USA) equipped with a VF-5 MS  capillary column
(30 m × 0.15 mm I.D.; 0.15 �m).  The injector temperature was  set
at 270 ◦C. Helium was used as carrier gas at a constant flow rate of
1 mL/min through the column. The column temperature was  ini-
tially kept at 70 ◦C for 2 min, and then increased from 70 to 300 ◦C
at 10 ◦C/min, where it was held for 10 min. The MS  trap tempera-
ture was  set at 200 ◦C and the ion source temperature was 220 ◦C.
Full-scan mass range of 50–600 m/z was  acquired. The mass accu-
racy of the instrument was  0.1 atomic mass unit (amu). GC-MSD
workstation software was  used for auto-acquisition of GC total
ion current (TIC) chromatograms and mass fragmentation patterns
composed of split molecular ions. Identification of the metabolites
in the GC–MS spectra was  based on the comparison of the experi-
mental mass spectrum with that in the NIST (National Institute of
Standards and Technology) mass spectra library.
2.5. Data processing and pattern recognition

The acquired GC–MS data was first converted into NetCDF for-
mat  and then subjected to noise reduction and baseline correction

Qi Yunpeng
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Fig. 1. Effect of oral treatment with VOMbP and prednisone on carrageenan-
induced hind paw oedema in rats (mL  ± SD). Oedema of the paw was calculated
by  the difference of its volume before and 3 h after carrageenan injection. Group
B  (acute inflammatory group) received vehicle, Groups C and D received VOMbP

F
(

Y. Qi et al. / Journal of Ethnop

sing our custom scripts in MATLAB (version 6.5, MathWorks, Inc.,
SA). The peaks with intensities higher than threefold of the signal-

o-noise (S/N) ratio and consistently present in each sample were
ecorded. All known artifact peaks, such as peaks due to column
leed and MSTFA artifact peaks, were excluded and not into the
ollowing data analysis.

Then, for every sample, the relative intensity of each selected
eak was normalized against that of the internal standard so that
ach sample was represented by a collection of the variables to
haracterize its biochemical pattern. Next, a data matrix of relative
ntensities of the commensal peaks from all samples was  generated
nd then mean-centered and pareto-scaled prior to multivariate
tatistical analysis. The mean-centering procedure subtracts the
olumn mean from each value in the column so that each column
f the matrix can be given a mean of zero; the pareto-scaling pro-
edure divides the values in each column by the square root of its
tandard deviation, which amplifies the contribution of lower con-
entration metabolites. The obtained matrix was  then employed
or pattern recognition. The unsupervised (principal component
nalysis, PCA) and supervised (partial least squares-discriminate
nalysis, PLS-DA) statistical methods were applied to investigate
he metabolic profiles of the rats. T-test was employed to ana-
yze the metabolite levels among different groups, and a p-value
f <0.05 was taken to indicate statistical significance. All the above
ere performed with in-house algorithms running on Matlab and

LS-Toolbox 4.2 (Eigenvector Research, Inc., Copyright (C) 2008).

. Results and discussion

.1. Evaluation of the anti-inflammatory activities of VOMbP

Fig. 1 shows the anti-inflammatory effects of VOMbP on
arrageenan-induced hind paw oedema in rats. It can be seen that

hough the strongest inhibition was found in prednisone group,
OMbP administration of 0.07 and 0.14 mL/kg inhibit the paw
edema positively as they caused significant reductions in paw
edema (p < 0.05 and p < 0.01, respectively).

ig. 2. Representative GC–MS TIC chromatograms of the plasma samples from the th
0.14  mL/kg/day).
(0.07 mL/kg/day and 0.14 mL/kg/day, respectively) and Group E received prednisone
(5  mg/kg/day). Significant differences were based on two-detailed T-test *p < 0.05
and  **p < 0.01 with respect to Group B.

3.2. GC–MS analysis

Typical GC–MS TIC chromatograms of the plasma samples from
control, acute inflammation and VOMbP groups were shown in
Fig. 2. After peak picking and alignment, 49 endogenous metabo-
lites in the plasma samples were identified by NIST library. These
metabolites, including fatty acids, organic acids, carbohydrates and
amino acids, etc., are known to be involved in multiple biochemical
processes (Postic et al., 2004), as will be discussed later.

Precision and repeatability of the applied GC–MS method was

evaluated prior to the analysis of the experimental samples. Preci-
sion of this method was  evaluated by analyzing six independently
processed replicates and then calculating the relative standard
deviations (R.S.D) of retention times and peak areas for each peak

ree groups. (A) Control group, (B) acute inflammation group, (C) VOMbP group
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ig. 3. Score plot from PCA model classifying control group ( ) and acute inflam-

ation group ( ).

n these injections. The R.S.D ranged from 0.17% to 0.86% for the
etention times and ranged from 1.43% to 4.95% for the peak areas.
epeatability of this method was investigated by preparing six par-
llel samples using the same preparation protocol, and then the
.S.D of the retention times and peak areas were calculated. The
.S.D. of metabolites’ retention times and peak areas ranged from
.36% to 1.24% and from 3.22% to 7.04%, respectively.

.3. Intervention of VOMbP on metabolic pattern of acute
nflammatory rats

At first, we carried out a PCA analysis on the data of control and
cute inflammation groups, to visualize general clustering, trends,
r outliers among the observations, and also to know whether these
wo groups could be distinguished based on their metabolic profiles
rovided by GC–MS. As shown in the PCA score plot (Fig. 3), even
rom this unsupervised analysis, a separation between the control
nd acute inflammation group was clearly seen, indicating that they
ad completely different metabolic profiles.

Next, in order to examine whether VOMbP was  possible to
nfluence the metabolic pattern of acute inflammation model, and
o further refine the metabolites differentially produced by car-
ageenan or VOMbP, PLS-DA was conducted. PLS-DA is a supervised
ethod based on PLS in which a “dummy” Y-variable containing

lass membership information is correlated to the GC–MS data
atrix (X-variable), and the resulting projection model gives latent

ariables (LVs) that focus on maximum separation (discrimination)
Eriksson et al., 2004). In order to establish a reliable PLS-DA model,
e used leave-one-out cross validation procedure to select the
umber of LVs. According to the root-mean-square error of cross

alidation (RMSECV) curve, it was revealed that three LVs were
ufficient to understand 96.04% of the variation in Y using 92.06%
f the GC–MS data (Table 1), hence three LVs were selected in our
odel. In order to validate the prediction accuracy of the model, we

able 1
ercent variance captured by the PLS-DA model.

LVs Vx (%) Vx (cum, %) VY (%) VY (cum, %)

1 61.32 61.32 46.92 46.92
2 27.17 88.49 47.52 94.44
3 3.57 92.06 1.60 96.04

x , VY: variation explained by each LV; Vx (cum), VY (cum): cumulative variation
xplained.
Fig. 4. Score plot from PLS-DA model classifying control ( ), acute inflammation

(  ) and VOMbP group (high dose) ( ).

performed a 4-fold cross-validation where in each trial 75% of the
samples were used as calibration data set to construct a model, and
the remaining 25% were applied as the independent test data set.
This process was  repeated until every sample served as an indepen-
dent test sample once and only once. No misclassified samples were
returned from the predicted Y values, which further guaranteed the
models.

From the score plot (Fig. 4) of the PLS-DA model, a clear sepa-
ration among the control, acute inflammation and VOMbP group
was easily seen, where LV1 and LV2 explains 61.32% and 27.17%
of the variance in the data, respectively. All the samples fell inside
the 95% confidence interval, which was represented by an ellipse
in Fig. 4. VOMbP group was located at the opposite direction along
LV1 comparing to the other two  groups (without VOMbP pretreat-
ment); moreover, this group was even showing a trend to return to
the control group, as both the VOMbP group and the control group
were at the same side on LV2, opposite to the acute inflammation
group. The above results, which were also in accordance with the
results in Fig. 1, indicated that there is really no doubt that the pre-
treatment of VOMbP in acute inflammatory rats induces substantial
and characteristic changes in their metabolic profiles.

3.4. Alteration of the marker metabolites in acute inflammation
group

In PCA loading plot (Fig. 5), the individual metabolites were
prioritized according to their respective contributions to the dis-
crimination between control and acute inflammation group. A
number of metabolites, which were the furthest from the ori-
gin by visual inspection, were thus found to possibly contribute
to the separation. Importantly, directions in the score plot cor-
respond to directions in the loading plot (Trygg et al., 2007).
Therefore, it can be seen that in acute inflammation group,
levels of urea (9.508 min), cadaverine (9.742 min), lactic acid
(10.559 min), furanose (16.875 min  and 16.969 min) and arachi-
donic acid (AA, 21.621 min) increased significantly since they
were positively covariant to the acute inflammation group as
shown in Fig. 3. Conversely, metabolites such as hexadecanoic
acid (18.759 min), cholesterol (28.273 min), l-altrose (15.308 min),

linoleic acid (20.276 min) and stearic acid (20.543 min) had remark-
ably reduced levels comparing to the control group. The alteration
in levels of these metabolites in acute inflammation group man-
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ig. 5. Loading plot from PCA model classifying control and acute inflammation
roup.

fested the characteristics of metabolic profile in inflammatory
esponses.

Cadaverine, a foul-smelling biogenic diamine, is synthesized by
acterial decarboxylation of lysine during protein hydrolysis, e.g.
uring putrefaction of animal tissue (Osborne and Seidel, 1990).

n a recent report, 5-aminovaleric acid, a production from the
etabolism of cadaverine, was found to have elevated level in

he urine of interleukin-10-deficient (IL10−/−) mice that were with
ntestinal inflammation. The authors suspected that this may be
aused by inflammation-induced tissue damage that increases the
evels of lysine, resulting in enhanced synthesis of cadaverine (Lin
t al., 2010).

Urea is the principal end product of protein catabolism. The
ncreased urea level in acute inflammation group may  be related
o the protein accumulation and the interference of amino acid

etabolism. Ning et al. (2007) also reported an increased urea level
n plasma of rabbits during the stage of early inflammatory reaction
fter traumatic hemorrhagic shock.

AA, a polyunsaturated essential fatty acid, is well known for
ediating inflammation. Dietary linoleic acid (another unsatu-

ated essential fatty acid) is lengthened and desaturated to form
A, and then the latter is present in the phospholipid fats in the
ell membrane. In response to many (e.g. carrageenan-induced)
nflammatory stimuli, particular phospholipase (PLA2) specifically
ecognizes the sn-2 acyl bond of phospholipids and catalytically
ydrolyzes the bond releasing AA. AA can then be oxygenated
nd further modified to form eicosanoids including prostaglandins,
hromboxanes and leukotrienes which act as regulators of inflam-

ation process (Dennis, 1994; Baynes and Dominiczak, 2005). In
ur study, an increased level of AA and decreased level of linoleic
cid were observed in acute inflammatory group, this may  be
ttributed to a large amount of linoleic acid consumption in form-
ng AA. Pacheco et al. (1987) also reported higher level of AA and
ower level of oleic acid (another mono-unsaturated fatty acid) in
he colon mucosa of inflammatory bowel disease (IBD) patients
ompared with that of healthy subjects, which was  quite consistent
ith our findings.

In the present study, cholesterol was found to have notably
educed level in acute inflammatory group. Cholesterol accounts
or 99% of all sterols in mammals and plays multiple important bio-

ogical roles. It is a major constituent of cell membranes where it is
equired to establish proper membrane permeability and fluidity.
n healthy individuals, about thirty percent of blood cholesterol is
arried by high-density lipoprotein (HDL) (Berrougui et al., 2007).
Fig. 6. Loading plot from PLS-DA model classifying control, acute inflammation and
VOMbP group.

Recently, it was  reported that inflammation impairs reverse choles-
terol transport (RCT), a major atheroprotective function of HDL,
where cholesterol movement from macrophage to plasma was
reduced, leading to decreased cholesterol level in the plasma of
inflammation model (McGillicuddy et al., 2009). According to the
authors, this may  reflect reduced capacity of inflammatory HDL
particles to efficiently accept cholesterol from macrophages.

As to other metabolites marked in Fig. 5, the decline in level of
l-altrose in acute inflammation group may  be related to increased
energy requirement and temporary imbalance between catabolism
and anabolism in acute inflammation state. �-(�-) and �-(�-
)Furanose, however, simultaneously had elevated levels in acute
inflammation group, though the configurations of these two carbo-
hydrates could not be determined using the current MS  as they have
identical mass spectra. Lactic acid, an important organic acid, also
had increased level in acute inflammation group. All the above still
need further investigations. The two  metabolites in 17.159 min  and
17.338 min  failed to be identified after searching the NIST library,
whose poor matching results may  be caused by some coeluting
peaks or impurities within them. However, it seems that they have
quite similar mass spectra with those of glucose and galactose,
respectively, and further studies are still awaited on their iden-
tification and explanation.

3.5. Possible anti-inflammatory mechanisms of VOMbP

The loading plot from PLS-DA model was  shown in Fig. 6. Simi-
larly, the metabolites which are far from the origin are regarded as
important variables. Altogether, the marker metabolites revealed in
this study were listed in Table 2, where relative intensities of these
metabolites were subjected to pair-wise comparison by calculat-
ing the p-values between control and acute inflammation group,
and between VOMbP and acute inflammation group, respectively.
In VOMbP group, as expected, all the metabolites listed in Table 2
had reversed levels comparing to those in the acute inflammation
group. The recovery of these metabolites after VOMbP pretreat-
ment was possibly involved in the anti-inflammatory activation of
VOMbP.

Among these marker metabolites, five metabolites, namely hex-

adecanoic acid, linoleic acid, oleic acid, stearic acid, and cholesterol,
may  be mostly related to the anti-inflammatory activity of VOMbP,
as in the PLS-DA loading plot (Fig. 6), they positively covariant to
the VOMbP pretreatment group as shown in the score plot (Fig. 4).
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Table  2
Summary of the marker metabolites revealed in this study.*

Metabolites R.T. (min) Match percent (%) Chemical class Acute Inflammation group VOMbP group Pathways

Urea 9.508 90 Others ↑## ↓** Purine metabolism
Cadaverine 9.742 86 Polyamines ↑# ↓* Lysine degradation
Lactic  acid 10.559 83 Organic acids ↑## ↓** Pyruvate metabolism
l-Altrose 15.308 92 Carbohydrates ↓# ↑** Unknown
�-(�-)Furanose 16.875 88 Carbohydrates ↑## ↓** Unknown
�-(�-)Furanose 16.969 86 Carbohydrates ↑# ↓** Unknown
Hexadecanoic acid 18.759 96 Saturated fatty acids ↓## ↑** Fatty acid biosynthesis
Linoleic acid 20.276 91 Unsaturated fatty acids ↓## ↑** Linoleic acid metabolism
Oleic acid 20.318 86 Unsaturated fatty acids ↓# ↑** Fatty acid biosynthesis
Stearic acid 20.543 92 Saturated fatty acids ↓## ↑** Fatty acid biosynthesis
Arachidonic acid 21.621 85 Unsaturated fatty acids ↑## ↓** Arachidonic acid metabolism
Cholesterol 28.273 95 Lipids ↓## ↑** Steroid biosynthesis

* The up-(or down-) regulation of the arrows represent the relatively increased (or decreased) levels of the metabolites in acute inflammation group or VOMbP  group.
Significant differences compared with control group (#p < 0.05, ##p < 0.01); significant differences compared with acute inflammation group (*p < 0.05, **p < 0.01).

Fig. 7. Relative contents of the marker metabolites possibly related with anti-inflammatory activity of VOMbP. CG: control group, IG: acute inflammation group, VG: VOMbP
group.  The data were expressed as mean ± SD. Significant differences compared with CG (#p < 0.05, ##p < 0.01), significant differences compared with IG (*p < 0.05, **p  < 0.01).
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ased on these findings, it is likely that the anti-inflammatory activ-
ty of VOMbP is related to the fatty acid metabolism and cholesterol
iosynthesis and transport. As described above, AA plays a central
ole in inflammation related to injury and many diseased states;
inoleic acid is a polyunsaturated fatty acid used in the biosyn-
hesis of AA. As to the other three fatty acids, stearic acid is the
aturated derivative from hydrogenation of double bond of oleic
cid (Dangi et al., 2010), and hexadecanoic acid is one of the
ost common saturated fatty acids found in animals and plants

Beare-Rogers et al., 2001). These are not only the main energy
ource as nutrients, but also signaling molecules in various cellu-
ar processes. In all, the alteration in the fatty acid profile in acute
nflammation group may  partly explain the increased synthesis of
icosanoids in acute inflammatory group; and after administration
f VOMbP, however, the AA level was significantly decreased, so
t could be expected that the pro-inflammatory eicosanoids lev-
ls were reduced which results in a reduction in inflammation. At
he same time, the administration of VOMbP leads to an increase
n cholesterol level, indicating recovered synthesis and transport
f cholesterol that may  be related to recovered RCT as described
bove. Fig. 7 displayed the relative intensities of the above five
etabolites together with AA in all the three groups, which shows

hat after the administration of VOMbP, the levels of these metabo-
ites had tendency to come back from the model group to the control
roup.

As mentioned above, the exact mechanisms by which VOMbP
nhibits inflammation remain incompletely characterized up to
ow. Fortunately, our findings from the view of metabonomics
ay  provide some clues for future research. Firstly, it is likely that
OMbP leads to a restore of the fatty acids metabolism network to

he normal state, by regulating some key enzymes including PLA2
Wang’s report of VOMbP inhibiting PLA2 activitiy (Wang et al.,
000) is quite supportive to our results on AA metabolism). Also,
yeloperoxidase (MPO), the abundant phagocyte-derived hemo-

rotein released during phagocyte activation, was recently found
o play important role in modulating biologically active AA and
inoleic acid metabolites during acute inflammation (Kubala et al.,
010). In an earlier study, a marked increase of MPO  was induced
y carrageenan injection to the footpad of the mice; and the admin-

stration of geranium oils, another essential oil which is also known
or treating inflammatory diseases, suppressed the increase of MPO
alue in the inflammation group significantly (Maruyama et al.,
006). Therefore, our findings to some extent indicate the impor-
ance of fatty acid metabolism in examining the anti-inflammatory

echanism of VOMbP.
In addition, liver X receptors (LXRs), a super-family of ligand-

ctivated transcription factors, were found to play an important
ole in the regulation of lipid metabolism and inflammatory
esponse (Torocsik et al., 2009). It has been revealed that activa-
ion of LXRs reduces inflammation (Fowler et al., 2003), inhibits
nflammatory gene expression (Joseph et al., 2002), and affects the
roduction and secretion of inflammatory mediators (Ogawa et al.,
005). In our study, the levels of some fatty acids including hexade-
anoic acid, linoleic acid, oleic acid and stearic acid increased in the
OMbP pretreated group; we thus assume that these metabolites
ay  be regarded to act as LXRs activators, since endogenous acti-

ators derived from the metabolism of unsaturated fatty acids can
ctivate LXRs (Torocsik et al., 2009). Remarkably, the activation of
XRs results in cholesterol efflux from macrophages, and the LXRs
arget genes are known to transport lipid molecules across the cell

embrane and are involved in RCT (Torocsik et al., 2009); hence
he elevation of cholesterol level in VOMbP pretreated group may
e related to the activation of LXRs as well. Therefore, according to
ur results, the LXRs signaling pathway should also be paid enough

ttention in carrying out investigations on the anti-inflammatory
echanism of VOMbP.
cology 137 (2011) 487– 494 493

4. Conclusion

In this study, a GC–MS based metabonomics method was
employed to evaluate the intervention of VOMbP on rat model
of acute inflammation. VOMbP was  confirmed to influence the
metabolic pattern of acute inflammation model, and the VOMbP
pretreated group even exhibited a tendency of recovering to
healthy state. A couple of fatty acids together with cholesterol
were considered to be mostly involved in the anti-inflammatory
mechanism of VOMbP. Fatty acid metabolism as well as choles-
terol synthesis and transport pathway, seem to be important in
anti-inflammatory mechanism of VOMbP. This work also indicated
that the metabonomics method is a promising tool for perform-
ing intervention and mechanism research of traditional Chinese
medicines.
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