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Abstract

Introduction: Bacterial lipopolysaccharide (LPS) initiates several major cellular responses that
play a crucial role in the pathogenesis of inflammation, including activation of neutrophils and produc-
tion of prostaglandin E2 (PGE2) by cyclooxygenase-2 (COX-2).

Material and methods: Recent years have witnessed a growing interest in natural compounds as
promising alternatives to synthetic COX-2 inhibitors. In this study, we sought to investigate the effect
of a proprietary herbal extract from Lippia citriodora and Plantago lanceolata, titred in verbascoside
(= 5%) and aucubin (= 2%), against LPS-stimulated expressions of COX-2 in human neutrophils using
both reverse transcription-polymerase chain reaction (RT-PCR) and a PGE2 immunoassay.

Results: Our main results indicated that: 1. The proprietary herbal extract titred in verbascoside
and aucubin is not significantly cytotoxic as shown by the MTT assay, 2. The extract does not signifi-
cantly inhibit COX-1, whereas it is able to suppress LPS-elicited COX-2 hyperexpression at the mRNA
level in human neutrophils; and 3. The effect of the extract at 5% concentration was comparable to that
elicited celecoxib 1%, although, in terms of absolute and relative reduction of COX-2 mRNA expression
and production of PGE2 in human neutrophils, the drug significantly outperformed the extract.

Conclusions: In general, these results suggest that the proprietary herbal extract titred in verbasco-
side and aucubin is safe and may possess significant anti-inflammatory and analgesic effects by acting
as a specific COX-2 inhibitor. Further studies are required to confirm the clinical efficacy of the extract.
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Introduction

Bacterial lipopolysaccharide (LPS) initiates a num-
ber of major cellular responses that play a crucial role in
the pathogenesis of inflammation, including activation of
neutrophils and production of prostaglandin E2 (PGE2),
a key pro-inflammatory molecule synthesized from ara-
chidonic acid by cyclooxygenase (COX) [1, 2]. There are
two isoforms of the cyclooxygenase enzyme, i.e., cycloo-
xygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) [3].
COX-1 is a constitutively expressed molecule in different
physiologic conditions (including protection of gastric mu-
cosa and platelet hemostasis), whereas COX-2 is markedly
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upregulated upon inflammatory stimuli (in turn, inducing
the production of large PGE2 amounts) [4]. Human neutro-
phils play a crucial role in COX-2 hyperexpression during
inflammatory responses [5]. Although these mechanisms
are essentially defensive, the prolonged or excessive ac-
tivation of COX-2 in neutrophils can result in significant
pain and swelling, such as that occurring in musculoskel-
etal inflammation and arthritis [6]. Consequently, COX-
2 inhibition is an important drug target for counteracting
inflammation and pain perception [7].

Non-selective non-steroidal anti-inflammatory drugs
(NSAIDs) that inhibit the activity of both COX-1 and
COX-2 have become the mainstay of treatment for a va-
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riety of inflammatory conditions [8]. However, traditional
NSAIDs are characterized by numerous potential adverse
effects, including gastrointestinal bleeding, cardiovascular
side effects, and NSAID-induced nephrotoxicity [8]. To
overcome these issues, the use of selective COX-2 inhibi-
tors (coxibs), which offer the advantage of an anti-inflam-
matory, anti-pyretic, and analgesic activity similar to that
of non-selective inhibitor NSAIDs with little or none of
their known adverse effects, has gained momentum [9, 10].

Recent years have witnessed a growing interest in
natural compounds as promising alternatives to synthetic
COX-2 inhibitors [11, 12]. Verbascoside, a natural poly-
phenol known for its high antioxidant power, has been
previously shown to reduce the expression and activity of
inducible pro-inflammatory genes in the human histiocytic
lymphoma cell line U937 [13]. Aucubin, a naturally oc-
curring iridoid glycoside, has been reported to attenuate
tumor necrosis factor-a-induced inflammatory responses
[14]. Moreover, it can reverse elevated gene and protein
expression of several pro-inflammatory molecules, includ-
ing COX-2, following an interleukin-1f challenge in rat
chondrocytes [15].

Because COX-2 is an inducible enzyme and is critical-
ly involved in inflammation, we sought to investigate the
effect of a proprietary herbal extract from Lippia citriodo-
ra and Plantago lanceolata, titred in verbascoside (> 5%)
and aucubin (= 2%), against LPS-stimulated expressions of
COX-2 in human neutrophils using both reverse transcrip-
tion-polymerase chain reaction (RT-PCR) and a PGE2
immunoassay. The rationale behind the potential inhibi-
tory activity against COX-2 of this specific extract from
two plant species was as follows. First, there is in vitro
evidence that verboscoside can effectively inhibit COX-2
[13, 16]. Second, extracts from Plantago lanceolata have
been reported to exert anti-inflammatory effects in a mu-
rine macrophage cell line [17] and to inhibit COX-2 in
a murine model of carrageenan-induced paw edema [18].

Material and methods

Isolation of neutrophils

Human neutrophils were isolated from whole blood
samples collected from 10 healthy volunteers (5 males
and 5 females; mean age, 34.1 £3.7 years) using EasySep
direct human neutrophil isolation kit (STEMCELL Tech-
nologies, Vancouver, Canada). After isolation, neutrophils
were resuspended at a concentration of 5 x 106 cells/ml in
Hank’s balanced salt solution (37°C), containing 10 mM
HEPES pH 7.4, 1.6 mM Ca*, and no Mg**.

Materials

LPS was purchased from InvivoGen (Toulouse, France).
The proprietary herbal extract (VERBAScox®) titred in ver-
bascoside (> 5%) and aucubin (> 2%) was obtained from
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LaBiotre S.r.1. (Tavarnelle Val di Pesa, Italy). Celecoloxib
(a known pharmacological inhibitor of COX-2) was pur-
chased from Sigma-Aldrich (St. Louis, MO, USA).

Cell viability

Cell viability was determined using MTT assay kit
(Promega, Madison, WI, USA) according to the manufac-
turer’s instruction. In order to determine the cytotoxicity
of the proprietary extract, cells were incubated with aque-
ous solutions of the verbascoside/aucubin extract at three
different concentrations (1%, 3%, and 5%) for 24 hours.
Cultures of the control group were left untreated and their
viability was set at 100%. For comparison purposes, cells
were also treated for 24 hours with 1% celecoxib solution,
which was prepared as previously described [19]. After
incubation, ten microliters of MTT labeling reagent were
added to each well. After 4 hours, a 100-ul aliquot of sol-
ubilization solution was added, followed by 12 hours of
incubation. Absorbance was subsequently measured with
a microtiter plate reader (Bio-Tek, Winooski, VT, USA) at
a test wavelength of 595 nm and a reference wavelength of
690 nm. Optical density (OD) was calculated as the differ-
ence between the absorbance at the reference wavelength
and that at the test wavelength. Percent viability was cal-
culated using the following formula: (OD of the treated
sample/control OD) x 100.

Incubations with LPS at different experimental
conditions

Experiments were conducted in RPMI medium supple-
mented with 1% fetal bovine serum (37°C, 5% CO,, 95%
humidity), after seeding neutrophils (5 x 103 cells/well)
in a 96-well plate. Table 1 summarizes the six different
experimental conditions tested in the study.

Expression analysis of COX-1 and COX-2 mRNA

To identify expressions of COX-1 and COX-2 mRNA,
RT-PCR was performed. Total RNA was isolated from
neutrophils using RNAzol™B (TEL-TEST, Friendswood,
TX, USA). Two micrograms of RNA and 2 pl of random
hexamers (Promega) were added together, and the mix-
ture was heated at 65°C for 10 minutes. One microliter
of AMV reverse transcriptase (Promega), 5 ul of 10 mM
dNTP (Promega), 1 ul of RNasin (Promega), and 5 ul of
10 x AMV RT buffer (Promega) were then added to the
mixture. The final volume was brought up to 50 pl with di-
ethyl pyrocarbonate-treated water, and the reaction mixture
was then incubated at 42°C for 1 hour. PCR amplification
was performed in a reaction volume of 40 ul containing
1 ul of the appropriate cDNA, 1 ul of each set of primers at
a concentration of 10 pM, 4 pl of 10 x RT buffer, 1 ul of
2.5 mM dNTP, and 2 units of Taq DNA polymerase (Prome-
ga). The primers sequence for human COX-1 were as fol-
lows: forward: 5’- CGCCAGTGAATCCCTGTTGTT-3’
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and reverse 5’-AAGGTGGCATTGACAAACTCC-3".
The primer sequence for human COX-2 included: for-
ward: 5’-CTGGCGCTCAGCCATACAG-3’ and reverse
5’-CGCACTTATACTGGTCAAATCCC-3’. The primers
sequence for glyceraldehyde 3-phosphate dehydrogenase
(GAPDH; housekeeping gene) were as follows: forward
5’-GGAGCGAGATCCCTCCAAAAT-3’ and reverse
5’-GGCTGTTGTCATACTTCTCATGG-3’. PCR amplifi-
cations were carried out using GeneAmp 9600 PCR system
(Perkin Elmer, Norwalk, CT, USA) in subsequent condi-
tions: initial denaturation at 94°C for 5 minutes, followed
by 40 cycles, each consisting of denaturation at 94°C for
30 seconds, annealing at 58°C for 30 seconds, and extension
at 72°C for 30 seconds, with a final extension step at the
end of the procedure at 72°C for 5 minutes. The amounts
of RT-PCR products for each of the mRNA species at the
six different experimental conditions outlined above were
calculated densitometrically using Molecular Analyst™
software (Bio-Rad, Hercules, CA, USA). Experiments were
conducted in triplicate, and quantitative gene expression
data were normalized to the expression levels of GAPDH.

Assessment of PGE2 concentrations

Assessment of PGE2 concentrations in each well in
the six different experimental conditions was performed
using a commercially available PGE2 competitive enzyme
immunoassay kit (GE Healthcare, Milwaukee, WI, USA).
All experiments were performed in triplicate.

Data analysis

Statistical calculations were performed using Graph-
Pad 7.0 (GraphPad Inc., San Diego, CA, USA). Results
were expressed as the means +standard deviations. Data
were analyzed by one-way ANOVA, followed by post-hoc
Dunn’s tests. A two-tailed p-value < 0.05 was considered
statistically significant.

Results

Cell viability

Based on the results of MTT assay, the viabilities of
cells incubated for 24 hours with the verbascoside/aucubin
extract solubilized at 1%, 3%, and 5% concentrations were
91 +3%, 87 5%, and 81 £7% of the control value (100%)
observed in untreated cells. The cell viability of cells incu-
bated with celecoxib 1% was 90 +2%. Altogether, the re-
sults of MTT assay revealed that the verbascoside/aucubin
extract exerted no major cytotoxicity in human neutrophils.

COX-1 and COX-2 expression analysis by RT-PCR

RT-PCR analysis of mRNA levels of COX-1 and
COX-2 was performed in order to provide an estimate
of the relative levels of expressions of these genes in the
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of cyclooxygenase-2 in human neutrophils

Table 1. Experimental conditions used in the study

Condition Protocol
1 Untreated cells (control)
2 Cells exposed to 5 pg/ml LPS for 24 h
3 Cells exposed to 5 ng/ml LPS plus verbascoside/

aucubin extract in 1% solution for 24 h

4 Cells exposed to 5 ng/ml LPS plus verbascoside/
aucubin extract in 3% solution for 24 h

5 Cells exposed to 5 pg/ml LPS plus verbascoside/
aucubin extract in 5% solution for 24 h

6 Cells exposed to 5 pg/ml LPS plus celecoxib in 1%
solution for 24 h
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Fig. 1. Quantitative expression of COX-2 mRNA mea-
sured in the six different experimental conditions reported
in Table 1. Experiments were conducted in triplicate, and
quantitative gene expression data were normalized to the
expression levels of GAPDH. All p values < 0.001 for con-
ditions 3, 4, 5, and 6 vs. condition 2; p value < 0.001 for
condition 6 vs. conditions 3, 4, and 5
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Fig. 2. PGE2 concentrations measured in the six different
experimental conditions reported in Table 1. All p values
< 0.001 for conditions 3, 4, 5, and 6 vs. condition 2; p value
< 0.001 for condition 6 vs. conditions 3, 4, and 5
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six different experimental conditions outlined above. The
mRNA levels of COX-1 and COX-2 in untreated cells
were used as the control value and set at 100 arbitrary
units (a.u.). After treatment with 5 ug/ml LPS for 24 hours,
the expression of COX-1 was 108 +10 a.u. The levels of
COX-1 mRNA, following the exposure to 5 ug/ml LPS
plus verbascoside/aucubin extract at 1%, 3%, and 5% con-
centrations for 24 hours were 111 +8, 96 =11, and 91 +9
a.u., respectively. Expression levels of cells exposed to
5 pg/ml LPS plus celecoxib at 1% for 24 hours were
116 +4 a.u. All these changes were not statistically signif-
icant, suggesting that treatments did not influence COX-1
expression.

The level of COX-2 mRNA after the treatment with
5 pg/ml LPS for 24 hours significantly increased to
971 +49 a.u. The levels of COX-2 mRNA following the
exposure to 5 ug/ml LPS plus verbascoside/aucubin ex-
tract at 1%, 3%, and 5% concentrations for 24 hours were
702 +£51, 536 +63, and 449 +46 a.u., respectively (all
p <0.001 vs. treatment with 5 pg/ml LPS). Expression
levels of cells exposed to 5 ug/ml LPS plus celecoxib at
1% for 24 hours were 283 +37 a.u. (Fig. 1; p < 0.001 vs.
verbascoside/aucubin extract at 5%).

PGE2 immunoassay

The results of PGE2 immunoassay revealed that, af-
ter 24 hours of exposure to LPS, the amount of PGE2 in-
creased from 5.12 £1.24 pg/well to 66.21 +3.67 pg/well.
The levels of PGE2 following the exposure to 5 ug/ml LPS
plus verbascoside/aucubin extract at 1%, 3%, and 5% con-
centrations for 24 hours were 46.29 +3.10 pg/well, 39.83
+2.97 pg/well, and 32.11 +£3.89 pg/well (all p < 0.001 vs.
treatment with 5 ug/ml LPS). Concentrations of PGE2 to
5 pg/ml LPS plus celecoxib at 1% for 24 hours were 19.21
+2.39 pg/well (Fig. 2; p < 0.001 vs. verbascoside/aucubin
extract at 5%).

Discussion

An increased COX-2 expression leads to an enhanced
production of PGE2, which is strongly associated with the
onset of inflammation and pain [8, 9]. The main results of
this study are as follows: 1. The proprietary herbal extract
titred in verbascoside (= 5%) and aucubin (= 2%) was not
significantly cytotoxic as shown by MTT assay; 2. The
extract did not significantly inhibit COX-1, whereas it was
able to suppress LPS-elicited COX-2 hyperexpression at
the mRNA level in human neutrophils; 3. In an experimen-
tal inflammatory in vitro model, the effect of the extract at
5% concentration was comparable to that elicited celecox-
ib 1%, although, in terms of absolute and relative reduction
of COX-2 mRNA expression and production of PGE2 in
human neutrophils, the drug significantly outperformed the
extract. Overall, these results suggest that the proprietary
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herbal extract titred in verbascoside and aucubin is safe
and may exert significant clinical anti-inflammatory and
analgesic effects by acting as a specific COX-2 inhibitor.
However, further studies are required to confirm the clini-
cal utility of the extract.

Pesce et al. [13] have previously reported that verbas-
coside inhibited PGE2 synthesis in the activated human
histiocytic lymphoma U937 cell line, an effect mediat-
ed by COX2 inactivation. Similarly, Esposito et al. [20]
demonstrated that verbascoside prevented the activation
of COX-2 in glioma cells without simultaneous inhibition
of COX-1 enzyme. Our findings confirm and expand these
observations by showing that the extract in our study was
able to inhibit both COX-2 expression and PGE2 synthe-
sis in a cell type (human neutrophils), which plays a key
role in acute inflammation. As far as aucubin is concerned,
Park et al. [21] reported that a hydrolyzed-aucubin product
was able to exert a moderate inhibition on COX-2 without
affecting COX-1 expression. Although subject to future
confirmation, it can be speculated that verbascoside and
aucubin might exert synergistic effects against COX-2 ex-
pression and ultimately, serving as natural coxibs.

Conclusions

In summary, our current data provided an evidence to
understand the anti-inflammatory action of herbal extract
titred in verbascoside and aucubin, and indicated a thera-
peutic potential in various inflammatory diseases, where
COX-2 hyperexpression and overproduction of PGE2 have
been proven to play a role.
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