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RESEARCH ARTICLE

In vivo anti-inflammatory activity of caffeoylquinic acid derivatives from Solidago
virgaurea in rats

Amira Abdel Motaala,b, Shahira M. Ezzata, Mariane G. Tadrosc and Hesham I. El-Askarya

aDepartment of Pharmacognosy, Faculty of Pharmacy, Cairo University, Cairo, Egypt; bPharmaceutical Biology Department, Faculty of Pharmacy
and Biotechnology, GUC, Cairo, Egypt; cDepartment of Pharmacology, Faculty of Pharmacy, Ein Shams University, Cairo, Egypt

ABSTRACT
Context: Solidago virgaurea L. (Asteraceae) is traditionally used as an anti-inflammatory for the treatment
of various symptoms including cystitis. However, little is known concerning the constituents responsible for
this activity and the mechanism of their action.
Objective: To assess the anti-inflammatory activity of the phenolic-rich fraction of S. virgaurea aerial parts
in rats, isolate and assess the activity of the major compounds present.
Materials and methods: An HPLC method was developed for the analysis of the phenolic-rich fraction
(EtFr). The in vivo anti-inflammatory activity of the EtFr and four isolated compounds (at 25 and 50 mg/kg)
were assessed in adult male rats using the carrageenan-induced rat paw oedema model. The levels of the
pro-inflammatory cytokines (TNF-a and IL-1b) were measured using ELISA.
Results: 3,5-O-Dicaffeoylquinic acid (1), 3,4-O-dicaffeoylquinic acid (2), 3,4,5-O-tricaffeoylquinic acid (3) and
4,5-O-dicaffeoylquinic acid (4) were isolated from EtFr. Compound 3 (50 mg/kg) showed a highly significant
activity in inhibiting the oedema volume after 3 h (88% of the activity of indomethacin at 10 mg/kg). The
EtFr and the isolated compounds largely inhibited the excessive production of the inflammatory mediators
TNF-a and IL-1b.
Discussion and conclusion: This is the first report of 3,4,5-tri-O-caffeoylquinic acid (3) in Solidago species.
The tricaffeoylquinic acid (3) showed a significantly higher activity than the other three dicaffeoylquinic
acids (1, 2, 4) and indomethacin in reduction of TNF-a and IL-1b concentrations (8.44 ± 0.62 and
5.83 ± 0.57 pg/mL compared to 12.60 ± 1.30 and 52.91 ± 5.20 pg/mL induced by indomethacin, respectively).
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Introduction

Overproduction of pro-inflammatory cytokines in macrophages is
responsible for many inflammatory diseases, including rheumatoid
arthritis, atherosclerosis, cystitis and hepatitis (Srinivasan et al.
2011). Therefore, inhibiting their production may serve to prevent
or suppress a variety of inflammatory diseases.

The genus Solidago comprises about 130 species of herbaceous
perennial flowering plants, growing in most parts of the world,
that is, Asia, America and Europe. They grow wild or are culti-
vated, usually for decorative purposes (Li et al. 2009). Numerous
secondary metabolites such as flavonoids, triterpenoids, saponins,
phenolic acids, glucosides, polysaccharides, diterpenes and essen-
tial oils were reported for the genus Solidago (Thiem et al. 2001).

Solidago virgaurea L. (Asteraceae), commonly known as gold-
enrod, has been traditionally used as an anti-inflammatory herbal
medicine for the treatment of various symptoms including cystitis
and as a mouth rinse to treat inflammation of the mouth and
throat (Radusiene et al. 2015). Most commonly used in phytother-
apy are the apical shoots of goldenrod which have been applied
in the Middle Ages in the diseases of the urinary tract, nephroli-
thiasis and prostate (Thiem et al. 2001). According to the
European Medicines Agency (EMEA 2008), goldenrod has been
traditionally used in the form of oral comminuted dried herb,
tincture (ethanol–water, 45%), or as a dried extract (5–7:1, etha-
nol–water, 30–60%).

Several compounds such as essential oils, terpenes, sterols, sap-
onins, hydroxybenzoates and phenolic compounds were isolated
from S. virgaurea (Bader et al. 1992, 1995; Thiem et al. 2001;
Choi et al. 2004, 2005; Kalemba & Thiem 2004; Starks et al.
2010). Numerous biological activities of S. virgaurea such as
cytotoxic, antimicrobial, antimutagenic, antifungal, analgesic,
anti-inflammatory and diuretic were attributed to these active con-
stituents (Metzner et al. 1984; Chodera et al. 1985, 1986, 1988, 1991;
Schilcher & Rau 1988; Okpanyi et al. 1989; El Ghazaly et al. 1992;
Strehl et al. 1995; Budzianowski 1999; Bader et al. 2000; Sampson
et al. 2000; Choi et al. 2004; Starks et al. 2010; Kolodziej et al. 2011).

The diuretic activity was reported to the flavonoids present in
S. virgaurea and to the phenolic glycoside leiocarposide (Chodera
et al. 1985, 1986, 1988; Schilcher & Rau 1988; Budzianowski
1999). The anti-inflammatory activity was carried out on the
hydroalcoholic extract and also attributed to leiocarposide
(Metzner et al. 1984; Okpanyi et al. 1989; El Ghazaly et al. 1992;
Strehl et al. 1995).

The present study was carried out in order to study the anti-
inflammatory activity of the ethyl acetate/n-butanol fraction, rich
in phenolic compounds, of S. virgaurea aerial parts in an animal
model and to determine the major constituents present in this
fraction which may be responsible for this activity. The levels of
the pro-inflammatory cytokines, interleukin (IL-1b) and tumour
necrosis factor (TNF-a) were assessed in the inflammatory
exudate.

CONTACT Amira Abdel Motaal a_motaal@hotmail.com; amira.abdelmotaal@guc.edu.eg Department of Pharmacognosy, Faculty of Pharmacy, Cairo University,
Kasr El-Ainy Street, Cairo 11562, Egypt
� 2016 Informa UK Limited, trading as Taylor & Francis Group

PHARMACEUTICAL BIOLOGY, 2016
VOL. 54, NO. 12, 2864–2870
http://dx.doi.org/10.1080/13880209.2016.1190381



Materials and methods

Chemicals

Inflammatory-grade carrageenan was purchased from FMC
(Rockland, ME). All the extracts, isolated compounds and stand-
ard were dissolved in 0.5% carboxymethylcellulose before being
injected into the animals. Indomethacin was purchased from
Sigma-Aldrich (Taufkirchen, Germany). TNF-a and IL-1b were
quantified using enzyme-linked immunosorbent assay kits (Boster
Biological Technology Co., Inc., Valley Ave Pleasanton, CA). All
other chemicals were of the highest available commercial grade.

Fractionation of the extract

S. virgaurea extract (20 g; dried aerial parts; ethanol–water, 30:70;
dry extract, 5–7:1) was bought from Finzelberg
(Vestenbergsgreuth, Germany). It was suspended in 500 mL water
and partitioned successively with hexane, chloroform and ethyl
acetate/n-butanol mixture (2:1) (500 mL � 2, each). The successive
fractions were evaporated (60 �C) under reduced pressure yielding
0.2, 0.7 and 2.9 g, respectively.

HPLC fingerprint of the phenolics rich fraction

An analytical HPLC method was developed for the analysis of the
ethyl acetate/n-butanol fraction (EtFr) and to show the major com-
pounds present. An Agilent Technologies 1100 series HPLC
equipped with an Agilent 1200 series G1322A quaternary pump
and degasser, and a G1314A variable wavelength detector were
used (Agilent, Santa Clara, CA). Isolated compounds and the
mother fraction (EtFr) were injected into a Lichrospher 100 RP-18,
5 lm, 250� 4 mm column (Merck, Darmstadt, Germany) equipped
with a 5 lm, 10� 4 mm guard column and maintained at 25 �C.
The mobile phases used were acetonitrile (solvent A) and 0.3% O-
phosphoric acid in water (solvent B). Gradient elution was carried
out at a flow rate of 1.0 mL/min as follows: 10% solvent A into
solvent B for 25 min until the concentration of solvent A in B
reached 75%. The injection volume was 20 lL and UV detection
was performed at 325 nm.

Isolation of compounds from the bioactive ethyl acetate/n-
butanol fraction

EtFr (2.3 g) was dissolved in 3% methanol in water and applied
on a vacuum liquid chromatography (VLC) column loaded with

silica gel RP8 (55 mm � 40 mm, 23 g). Elution was carried out by
water followed by increasing percentages of methanol in water.
Successive VLC columns were prepared to isolate compounds
(1–4) according to the scheme in Figure 1. Fractionation and iso-
lation were monitored by HPLC. A Varian Mercury-VX-300
NMR instrument (Palo Alto, CA) was used for 1H NMR
(300 MHz) and 13C NMR (75 MHz) measurements. The NMR
spectra were recorded in DMSO-d6, and chemical shifts were
given in d (ppm) relative to TMS as an internal standard.

In vivo anti-inflammatory activity of the phenolic rich
fraction and the major isolated compounds

Adult male Sprague-Dawley rats (age, 8 weeks; weight, 180–200 g)
were used (Pharmacology and Toxicology Department, Faculty of
Pharmacy, Ain Shams University). They were housed at a tem-
perature of 23 ± 2 �C, relative humidity (60%), alternating 12 h
light–dark cycle and with free access to water and standard food
pellets. All experimental procedures were conducted in accordance
with internationally accepted principles for laboratory animal use
and care, and were approved by the Ethics Committee (No. 9-
031) in accordance with recommendations for the proper care
and use of laboratory animals (NIH Publication No. 80-23;
revised 1978).

Rats were acclimatized in our animal facility for at least 1
week prior to the experiment. They were then randomly divided
into 13 equal groups (1–13), six animals per group. Animals were
fasted, with free access to water, 12 h before the experiment.
Groups 1 and 2 were given the vehicle (0.5% carboxymethylcellu-
lose) using an intragastric tube. Animals in group 3 received indo-
methacin (10 mg/kg) as a standard anti-inflammatory drug,
whereas remaining groups were orally treated with EtFr and the
isolated compounds (1–4) at two dose levels (25 and 50 mg/kg).
The two doses were chosen guided by a previous study carried
out for the evaluation of the anti-inflammatory activity of
Solidago chilensis extracts (Goulart et al. 2007). The dosing vol-
ume was kept constant (10 mL/kg) for all the orally treated
groups. Thirty minutes after oral treatment, group 1 received
0.05 mL of saline, whereas groups 2–13 received 0.05 mL of carra-
geenan (1% solution in saline) subcutaneously on the plantar sur-
face of the right hind paw. The rats were sacrificed 3 h after the
induction of inflammation. The right hind paw volume was
measured immediately after carrageenan injection by water dis-
placement using a plethysmometer (model 7140, Ugo Basile,
Comerio, Italy). The paw volume was re-measured 1, 2 and 3 h

Figure 1. Scheme showing the isolation of compounds 1–4 from the ethyl acetate/n-butanol fraction (EtFr).
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after carrageenan injection (Winter et al. 1962; Matsumoto et al.
2015).

The mean response for increase in the paw oedema after acute
inflammation was calculated

% Oedema ¼Weight of the right paw �Weight of the left paw
Weight of the left paw

� 100

The percentage of inhibition in the mean of the treated group
in comparison with the control non-treated group was estimated
and calculated according to the following equation:

% Inhibition ¼ Paw oedema of control� Paw oedema the treated
Paw oedema of control

� 100

Measurement of TNF-a and IL-1b levels in the rat paw

Right hind paws were removed. A volume of 0.1 mL of saline
containing 10 lM indomethacin was injected to aid removal of
the eicosanoid-containing fluid and to stop further production
of TNF-a and IL-1b. Paws were incised with a scalpel and sus-
pended off the bottom of polypropylene tubes with Eppendorf
pipette tips to facilitate drainage of the inflammatory exudates.
For the purpose of the removal of the inflammatory exudates,
paws were centrifuged at 1800g for 15 min. TNF-a and IL-1b
were quantified in the collected exudates using enzyme-linked
immunosorbent assay kits (Boster Biological Technology Co.,
Inc.) according to the manufacturer’s instructions. Both assays
were based on the sandwich technique in which specific anti-
bodies to TNF-a or IL-1b were pre-coated on to a 96-well
plate. The specific detection antibodies were biotinylated. The
test samples and biotinylated detection antibodies were added
sequentially followed by washing. Avidin–biotin–peroxidase
complex was added and unbound conjugates were washed.

A substrate solution was added to the wells to determine the
bound enzyme activity. The colour development was stopped,
and the absorbance was read at 450 nm using an ELISA micro-
plate reader (ChroMate-4300, Palm City, FL). The intensity of
the colour was directly proportional to the concentration of
TNF-a or IL-1b in the sample.

Statistical analysis

Data were expressed as the means ± SEM. The differences between
groups were tested by one-way analyses of variance followed by
the Tukey post hoc test. All statistical analyses were performed
using Graph Pad Instat software version 3 (ISI software, Marina
del Rey, CA). The probability of p< 0.05 was considered statistic-
ally significant.

Results and discussion

HPLC chromatographic profiling and isolation of major
compounds

Several previous reports stated that the phenolic constituents of S.
virgaurea were responsible for the anti-inflammatory activity of
the aerial parts (Radusiene et al. 2015). An HPLC method was
developed for the analysis of the phenolic rich bioactive EtFr and
an HPLC chromatographic profile was established (Figure 2).
Four major compounds (1–4) were monitored at Rt 10.2, 10.6.
16.2 and 17.0 min, respectively. The four compounds were puri-
fied using successive VLC columns as mentioned in Figure 1.
They were identified based on their spectral data analyses
(Tables 1 and 2) as 3,5-O-dicaffeoylquinic acid (1), 3,4-O-dicaf-
feoylquinic acid (2), 3,4,5-O-tricaffeoylquinic acid (3) and 4,5-O-
dicaffeoylquinic acid (4) (Figure 3).

Compounds 1–4 were obtained as yellowish white powder, 1H
and 13C NMR spectral data indicated the presence of two trans-
caffeoyl groups in compounds 1, 2 and 4. 13C NMR spectral data

Figure 2. HPLC chromatographic profile of the bioactive ethyl acetate/n-butanol fraction (EtFr), showing major compounds (1–4) at Rt 10.2, 10.6. 16.2 and 17.0 min,
respectively.

2866 A. A. MOTAAL ET AL.



of compounds 1–4 showed two methylene carbons, four oxygen-
ated carbons and a carbonyl carbon typical for a quinic acid
(Lee et al. 2004). 1H and 13C NMR spectral data of compounds
1, 2 and 4 were typical of dicaffeoylquinic acid derivatives
(Clifford 1986). The position of the two caffeic acid groups
was established in 1H NMR by the downfield shift of H-3 and
H-5 (d 5.47 and 5.44, respectively) in compound 1, the down-
field shift of H-3 and H-4 (d 5.35 and 4.94, respectively) in

compound 2, and the downfield shift of H-4 and H-5 (d 4.95
and 5.27, respectively) in compound 4. The position of the two
caffeic acid groups was confirmed from the 13C NMR spectral
data from the downfield shift of C-3 and C-5 (d 72.5 and
71.9, respectively) in compound 1, the downfield shift of C-3
and C-4 (d 72.1 and 75.1, respectively) in compound 2, and
the downfield shift of C-4 and C-5 (d 75.7 and 71.9, respect-
ively) in compound 4. The assignments of the protons and car-
bons were established by the aid of correlations in the COSY,
HSQC and HMBC. From the aforementioned data compounds

Table 1. 1H NMR chemical shifts (d in ppm) for compounds (1–4) (DMSO, 300 MHZ, J in Hz).

Compound

Position 1 2 3 4

2 2.22 (2H, m) 2.11 (2H, m) 2.20 (2H, m) 2.22 (2H, m)
3 5.47 (1H, m) 5.35 (1H, m) 5.42 (1H, m) 4.13 (1H, m)
4 4.01 (1H, dd, 8.1, 3.1) 4.94 (1H, dd, 8.1, 3.1) 4.97 (1H, dd, 8.1, 3.1) 4.95 (1H, dd, 8.1, 3.1)
5 5.44 (1H, m) 4.10 (1H, m) 5.20 (1H, m) 5.27 (1H, m)
6 2.12 (2H, m) 1.99 (m, 6 ax) and 2.03 (m, 6 eq) 2.02 (2H, m) 1.87 (m, 6 ax) and 1.91 (m, 6 eq)
20 7.07 (1H, d, 2.0) 7.73 (1H, d, 2.0) 7.04 (1H, d, 2.0) 7.73 (1H, d, 2.0)
50 6.79 (1H, d, 8.1) 6.73 (1H, d, 8.1) 6.78 (1H, d, 8.1) 6.74 (1H, d, 8.1)
60 6.96 (dd, 8.1, 2.0) 7.02 (dd, 8.1, 2.0) 6.94 (dd, 8.1, 2.0) 7.69 (dd, 8.1, 2.0)
70 7.62 (d, 15.9) 7.70 (d, 15.9) 7.46 (d, 15.9) 7.49 (d, 15.9)
80 6.34 (d, 15.9) 6.22 (d, 15.9) 6.24 (d, 15.9) 6.24 (d, 15.9)
200 7.07 (1H, d, 2.0) 7.73 (1H, d, 2.0) 7.04 (1H, d, 2.0) 7.73 (1H, d, 2.0)
500 6.79 (1H, d, 8.1) 6.73 (1H, d, 8.1) 6.78 (1H, d, 8.1) 6.74 (1H, d, 8.1)
600 6.96 (dd, 8.1, 2.0) 7.02 (dd, 8.1, 2.0) 6.94 (dd, 8.1, 2.0) 6.96 (dd, 8.1, 2.0)
700 7.60 (d, 15.9) 7.66 (d, 15.9) 7.45 (d, 15.9) 7.40 (d, 15.9)
800 6.30 (d, 15.9) 6.13 (d, 15.9) 6.16 (d, 15.9) 6.10 (d, 15.9)
2000 6.97 (1H, d, 2.0)
5000 6.73 (1H, d, 8.1)
6000 6.97 (dd, 8.1, 2.0)
7000 7.41 (d, 15.9)
8000 6.11 (d, 15.9)

Table 2. 13C NMR chemical shifts (d in ppm) for compounds (1–4) (DMSO,
75 MHz).

Compound

Position 1 2 3 4

1 74.7 76.5 76.3 76.0
2 35.9 36.9 36.7 38.4
3 72.5 72.1 72.1 69.3
4 70.8 75.1 75.7 75.7
5 71.9 65.7 71.9 71.9
6 37.7 41.9 41.7 39.5
COOH 177.4 177.9 177.6 176.8
10 127.8 127.5 127.8 127.6
20 115.2 115.2 115.1 115.1
30 146.5 146.7 146.5 146.6
40 149.3 149.5 149.7 149.6
50 116.4 116.5 116.5 116.4
60 122.9 122.0 122.1 123.1
70 147.0 147.3 147.2 147.5
80 115.3 114.9 115.1 114.7
90 168.8 168.5 168.3 168.2
100 127.7 127.6 127.7 127.7
200 115.1 115.1 115.2 115.2
300 146.5 146.7 146.6 146.7
400 149.4 149.5 149.4 149.6
500 116.4 116.4 116.5 116.4
600 123.0 123.2 123.3 123.2
700 147.1 147.3 147.1 147.7
800 115.0 114.9 115.0 114.7
900 168.4 168.6 168.6 168.5
1000 127.4
2000 115.3
3000 146.6
4000 149.4
5000 116.3
6000 123.6
7000 147.4
8000 114.8
9000 168.5

OH

HOOC

OR1

OR2

OR3

Quinic acid moiety

Compound R1 R2 R3
1 Caf. H Caf
2 Caf. Caf . H
3 Caf. Caf. Caf .
4 H Caf. Caf.

1

2

3
4

5
6

HO

HO

O

OH

Caf.=caffeic acid moiety

Figure 3. The four compounds isolated from S. virgaurea; 3,5-di-O-caffeoylquinic
acid (1), 3,4-di-O-caffeoylquinic acid (2), 3,4,5-tri-O-caffeoylquinic acid (3) and 4,5-
di-O-caffeoylquinic acid (4).

PHARMACEUTICAL BIOLOGY 2867



1, 2 and 4 were identified as 3,5-di-O-caffeoylquinic acid, 3,4-
di-O-caffeoylquinic acid and 4,5-di-O-dicaffeoylquinic acid,
respectively (Tables 1 and 2).

1H and 13C NMR spectral data of compound 3 were typical of
tricaffeoylquinic acid derivatives (Soliman et al. 2008). The pos-
ition of the three caffeic acid groups was established in 1H NMR
by the downfield shift of H-3, H-4 and H-5 (d 5.42, 4.97 and
5.20, respectively). The position of the three caffeic acid groups
was confirmed from the 13C NMR spectral data from the down-
field shift of C-3, C-4 and C-5 (d 72.1, 75.7 and 71.9, respect-
ively). This compound was identified as 3,4,5-tri-O-caffeoylquinic
acid (Tables 1 and 2).

This is the first report of 3,4,5-tri-O-caffeoylquinic acid (3) in
Solidago species. 3,5-Di-O-caffeoylquinic acid (1) was previously
isolated from S. virgaurea (Thiem et al. 2001; Choi et al. 2004),
while 3,4-di-O-caffeoylquinic acid (2) and 4,5-di-O-caffeoylquinic
acid (4) were previously reported in other Solidago species
(Bradette-Hebert et al. 2008).

In vivo anti-inflammatory activity

The carrageenan-induced rat paw oedema model is a reprodu-
cible experimental model used for evaluating the activities of
anti-inflammatory drugs. Carrageenan stimulates the release of
inflammatory and pro-inflammatory mediators including inter-
leukin (IL-1b) and tumour necrosis factor (TNF-a) (Matsumoto
et al. 2015). Those pro-inflammatory cytokines are crucial in
inflammation as they are involved in its initiation and amplifi-
cation. An injection of carrageenan into the hind paw induced
progressive oedema that reached its maximum within 3 h
(Matsumoto et al. 2015). The intraplantar injection of carra-
geenan into adult male rats resulted in a severe inflammation
and significant increase in the mean volume of the right hind
paw compared to that of the untreated paws after 2 and 3 h of
injection (Table 3). Pretreatment with EtFr and the major iso-
lated compounds (1–4) at dose levels of 25 and 50 mg/kg
showed a significant inhibition in the carrageenan-induced
oedema after 3 h of carrageenan injection (Table 3). However,
the tricaffeoylquinic acid (3), at a dose level of 50 mg/kg,
showed a highly significant activity which was about 70% and
88% of the activity of the standard drug indomethacin (10 mg/
kg) after 2 and 3 h of injection, respectively, while the EtFr and
the other three dicaffeoylquinic acids (1, 2 and 4) exhibited an

average oedema inhibition of 58% of that of indomethacin at
50 mg/kg after 3 h (Table 3).

Injection of carrageenan into the rat hind paw induced a sig-
nificant increase in the hind paw TNF-a and IL-1b concentra-
tions, 3 h after injection, compared to those found after saline
injection. Pretreatment with tricaffeoylquinic acid (3) caused a
significant reduction in the high concentration of TNF-a gener-
ated by carrageenan to 12.81 ± 1.2 and 8.44 ± 0.62 pg/mL at 25
and 50 mg/kg, respectively, compared to 12.60 ± 1.30 pg/mL
induced by indomethacin (Table 4). Compound 3 showed a
highly significant activity in reducing the carrageenan increased
concentration of the pro-inflammatory interleukin IL-1b at the
two dose levels to 20.36 ± 1.69 and 5.83 ± 0.57 pg/mL, respectively.
It was far more active in decreasing the concentration of IL-1b in
the inflammatory exudate than indomethacin (Table 4), while the
treatments with EtFr and the three dicaffeoylquinic acids (1, 2
and 4) displayed moderate reduction in TNF-a concentration
and significant reduction in the concentration of IL-1b (Tables 4
and 5).

It has been reported that several quinic acid derivatives from
Pimpinella brachycarpa (Apiaceae) exerted anti-neuroinflamma-
tory activity in lipopolysaccharide-induced microglia (Lee et al.
2013), and caffeoyl glucosides from Nandina domestica
(Berberidaceae)inhibited LPS-induced endothelial inflammatory
responses (Kulkarni et al., 2015). In addition, an extract rich in
flavonoids and caffeoylquinic acids from Gnaphalium affine
(Asteraceae), traditionally used for the treatment of rheumatoid
arthritis, significantly reduced the paw volume in carrageenan
induced rat paw oedema and the levels of TNF-a and IL-1b
(Huang et al. 2015).

Anticancer activities against several cell lines were reported
for 3,5-di-O-caffeoyl quinate isolated from the aerial parts of
S. virgaurea (Choi et al. 2004). The anti-inflammatory activity of
S. virgaurea was attributed to leiocarposide in previous reports
(Metzner et al. 1984; Okpanyi et al. 1989). However, this is the
first report for the anti-inflammatory activity of caffeoylquinic
acid derivatives from S. virgaurea, and the isolation of 3,4,5-tri-
O-caffeoylquinic acid (3) possessing a significantly high in vivo
anti-inflammatory activity compared to indomethacin.
Indomethacin is a cycloxygenase inhibitor (Kumari et al. 2012),
thus compounds (1–4) might possess the same mechanism of
action. Furthermore our findings provide evidence that com-
pounds (1–4) exert the anti-inflammatory activity by inhibiting
the most prominent pro-inflammatory cytokines TNF-a and
IL-1b.

Table 3. The effect of the bioactive fraction and isolated compounds (1–4) on rat paw volume in carrageenan-induced rat paw oedema model.

1 h 2 h 3 h

Group Paw Vol. (mL) % Oedema Inhibition Paw vol. (mL) % Oedema inhibition Paw vol. (mL) % Oedema Inhibition

Control 0.66 ± 0.07 – 0.48 ± 0.05 – 0.45 ± 0.04 –
Carrageenan 0.72 ± 0.14 – 0.70a±0.10 – 0.81a±0.10 –
Indomethacin (10 mg/kg) 0.69 ± 0.04 40.0 0.59 ± 0.08 50.7 0.56b±0.04 68.5
4 (25 mg/kg) 0.72 ± 0.04 2.8 0.68a±0.05 8.5 0.718a,b±0.05 27.6
4 (50 mg/kg) 0.71 ± 0.04 5.7 0.67a±0.03 13.8 0.67a,b±0.02 38.3
3 (25 mg/kg) 0.71 ± 0.08 8.5 0.65a±0.04 21.5 0.64a,b±0.03 46.6
3 (50 mg/kg) 0.71 ± 0.06 14.3 0.62 ± 0.07 36.1 0.59a,b±0.03 60.7
2 (25 mg/kg) 0.72 ± 0.03 2.8 0.68a±0.03 7.7 0.67a,b±0.02 30.1
2 (50 mg/kg) 0.71 ± 0.03 8.5 0.66a±0.04 19.2 0.66a,b±0.02 42.9
1 (25 mg/kg) 0.72 ± 0.04 2.8 0.68a±0.05 10.7 0.69a,b±0.05 34.7
1 (50 mg/kg) 0.72 ± 0.04 8.6 0.65a±0.04 19.2 0.67a,b±0.03 43.9
EtFr (25 mg/kg) 0.71 ± 0.04 4.3 0.67a±0.03 15.7 0.65a,b±0.05 32.7
EtFr (50 mg/kg) 0.71 ± 0.03 9.5 0.66a±0.05 18.20 0.67a,b±0.03 37.8

Notes: Data are presented as mean ± SEM, n¼ 6. EtFr: ethyl acetate/n-butanol fraction.
aSignificantly different from the corresponding control group at p< 0.05.
bSignificantly different from the corresponding carrageenan-treated group at p< 0.05.
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Conclusion

The ethyl acetate/n-butanol fraction of S. vigaurea, rich in phen-
olic compounds, showed significant in vivo anti-inflammatory
activity comparable to that of indomethacin and reduced the lev-
els of the pro-inflammatory mediators TNF-a and IL-1b. Our
study correlated the anti-inflammatory activity of S. virgaurea to
four major caffeoylquinic acids, where the tricaffeoylquinic acid
(3) showed significantly higher activities than the three dicaffeoyl-
quinic acids (1, 2 and 4).
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