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ABSTRACT Nonsteroidal anti-inflammatory drugs (NSAIDs) are a primary choice of therapy for diseases with a chronic

inflammatory component. Unfortunately, long-term NSAID therapy is often accompanied by severe side effects, including

cardiovascular and gastrointestinal complications. Because of this, there is critical need for identification of new and safer

treatments for chronic inflammation to circumvent these side effects. Inflammatory diseases have been successfully remedied

with natural herbs by many cultures. To better understand the potential of natural herbs in treating chronic inflammation and to

identify their mechanism of action, we have evaluated the anti-inflammatory activities of 20 medicinal herbs commonly used

in the Hispanic culture. We have established a standardized method for preparing aqueous extracts (teas) from the selected

medicinal herbs and screened for inhibition of tumor necrosis factor-a-induced activation of nuclear factor kB (NF-kB), which

is the central signaling pathway of the inflammatory response. A number of herbal teas were identified that exhibited

significant anti-inflammatory activity. In particular, tea from the herb commonly called laurel was found to be an especially

potent inhibitor of NF-kB-dependent cyclooxygenase-2 gene expression and prostaglandin E2 production in cultured murine

macrophages. These findings indicate that laurel tea extract contains potent anti-inflammatory compounds that function by

inhibiting the major signal transduction pathway responsible for inducing an inflammatory event. Based on these results, laurel

may represent a new, safe therapeutic agent for managing chronic inflammation.
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INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAIDs)
remain at the forefront for treatment of rheumatoid

arthritis and other types of inflammatory conditions.
NSAIDs target cyclooxygenases (COXs), which are the rate-
limiting enzymes involved in the conversion of arachidonic
acid into inflammatory prostaglandins (PGs). In spite of their
potency as anti-inflammatory agents, recent studies suggest
caution in using NSAIDs for long-term therapy1–3 due to
often severe side effects. For example, use of selective COX-
2 inhibitors, such as rofecoxib, can lead to thrombotic
cardiovascular events through inhibition of prostacyclin
formation in the infarcted heart.4 Nevertheless, NSAIDs
remain a primary choice of therapy for individuals afflicted
with severe arthritic conditions, if the clinical benefit of anti-
inflammatory therapy outweighs the risk of cardiovascular
and gastrointestinal complications.

There is interest in identifying new treatments for chronic
inflammation to circumvent the side effects of NSAID
therapy. Herbal teas have been used for centuries in folk
medicine to treat inflammatory ailments, and their use is an
important holistic approach to medical care widely practiced
in Latin American countries and in the southwest region of
the United States. The goal of holistic medicine is to restore
the balance among mind, body, and spirit in their patients to
re-establish health. Of the many substances used by these
holistic healers, herbal medicines are among the most
common. Herbal extracts, especially teas, are widely used
for a variety of ailments, including inflammatory diseases.5

In spite of their widespread acceptance and use, little in-
formation is available describing their mechanism of action.
In light of the significant health risks posed by the use of
NSAIDs, the time-tested use of herbal teas warrants a more
in-depth scientific inquiry to prove or disprove their thera-
peutic potential in treatment of anti-inflammatory disorders.

To address this potential, we have evaluated the anti-
inflammatory activities of herbal teas. Twenty medicinal
herbs commonly used in Hispanic communities were eval-
uated for their capacity to inhibit activation of the nuclear
factor-kB (NF-kB) signaling pathway, which is the central
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signaling pathway of the inflammatory response.6 NF-kB
controls expression of a wide range of pro-inflammatory
cytokines and enzymes.7,8 Because many purified natural
products are known to inhibit the activation of NF-kB, we
hypothesized that potential anti-inflammatory compounds in
Hispanic medicinal herbs may also function through inhi-
bition of this pathway. A standardized method for preparing
teas from the selected medicinal herbs was developed, and
the teas were screened for inhibition of tumor necrosis
factor-a (TNFa)-induced activation of NF-kB using a cell-
based reporter assay. A number of herbal teas were identi-
fied that exhibited significant anti-inflammatory activity.
Tea from the herb commonly called laurel was found to be
an especially potent inhibitor of NF-kB-dependent COX-2
gene expression and PGE2 production in cultured murine
macrophages.

MATERIALS AND METHODS

Source of Hispanic medicinal herbs

Commonly used Hispanic medicinal herbs were pur-
chased from Rio Grande Herb Company, Albuquerque,
NM, USA. Herbs were obtained as dried specimens. The
following herbs were used: Ameranthus (common name
Alegria); Anemopsis californica (Yerba del Manso);
Artemisia franserioides (Altemisa); Carthamus tinctorius
(Azafran); Chenopodium ambros (Epazote); Cinchona
sp. (Copalquin); Ephedra viridis (Canutillo); Hibiscus
sp. (Jamaica); Juglans sp. (Nogal); Laurel nobilis (lau-
rel); Lavandula sp. (Alucema); Linum lewissii (Linasa); Mar-
rubium vulgare (Mastronzo); Meliilotus alba (Trebol); Mentha
spicata (Yerba Buena); Ocimuim basilicum (albacar); Prunus
melanocarpa (Capulin); Rosa sp. (Rosa de Castillo); Ros-
marinus officinalis (Romero); and Rumex hymenosepalus
(Cana Agria).

Standardized preparation of herbal extracts

An often-expressed concern of holistic medicinal treat-
ments is a lack of standardization when preparing herbal
reagents for testing. In order to maintain consistency be-
tween preparations for direct quantitative comparisons in
functional assays, a standard aqueous extraction protocol
was designed. Extracts were prepared by heating dried,
powdered herbs (0.5 g) in ultrapure water (10 mL, >15 MO
resistance) at 858C for 30 minutes. The aqueous fraction was
then filter-sterilized and stored at 48C in the dark until use or
lyophilized for long-term storage at �808C. This extraction
procedure resulted in 9 mg of dry-weight material=mL of tea
extract. Adherence to this standard protocol not only permits
accurate quantitative comparisons between herbal extracts,
but also affords the opportunity to compare different har-
vests of the same teas to account for seasonal variations. In
addition, after freeze-drying and reconstituting the most
active tea, consistent values were obtained in bioactivity
screens, suggesting that the active ingredients in this tea are
stable and that this method is a reliable method for stan-
dardizing teas.

Screening with a NF-kB=luciferase reporter cell line

An NF-kB reporter cell line, constructed using human
293T embryonic kidney cells (293T=NFkB-luc, Panomics,
Inc., Redwood City, CA, USA), was used for initial screen-
ing. NF-kB activation was measured by treating cells with
TNFa for a predetermined period followed by measuring
luciferase activity, which is the reporter gene under control of
a promoter with NF-kB binding sites. Inhibition of NF-kB
activity by a medicinal tea was quantified by measuring the
capacity of the tea extract to inhibit luciferase expression. For
this assay, cells were grown in a humidified atmosphere at
378C in 5% CO2=95% air with Dulbecco’s Modified Eagle’s
Medium (high glucose containing 4 mM glutamine) supple-
mented with 10% fetal bovine serum, 1 mM sodium pyruvate,
100 units=mL penicillin, 100mg=mL streptomycin, and
100mg=mL hygromycin (Gibco=Invitrogen, Carlsbad, CA,
USA). One day prior to treatment, the 293T=NFkB-luc cells
were plated into 24-well cell culture plates (Costar, Cam-
bridge, MA, USA) at approximately 70% confluency in the
above medium without hygromycin. The following day fresh
medium was applied to cells 1 hour prior to treatment.
Medium with or without 20 ng=mL recombinant TNFa (R&D
Biosciences=Clontech, Palo Alto, CA, USA) was then ap-
plied to cells followed by immediate addition with herbal tea
extracts. Cells were then placed in a humidified atmosphere at
378C in 5% CO2=95% air for 7 hours. After this incubation,
wells were gently washed with phosphate-buffered saline
(pH 7.4) and lysed with 1�passive lysis buffer (Promega,
Madison, WI, USA). Lysates were then analyzed with the
luciferase assay system (Promega) using a TD-20=20
luminometer (Turner Designs, Sunnyvale, CA, USA). Luci-
ferase relative light units were normalized to protein as de-
termined with the BCA� protein assay kit (Pierce, Rockford,
IL, USA) and standardized to percentage of control (TNFa
control).

Fractionation of laurel tea extract

Lyophilized laurel tea extract (17 mg) was extracted with
boiling methanol (10 mL), cooled, and centrifuged to remove
insoluble material. Methanol was evaporated from superna-
tant, and solids were reconstituted in 1 mL of methanol:water
(1:1 vol=vol) and fractionated using a Sephadex LH-20 col-
umn (1�15 cm; exclusion limit, 4,000–5,000 Mr) and 1:1
(vol=vol) methanol:water solvent phase. Fractions 1–5 (2 mL
each) were collected, pooled, lyophilized, reconstituted in
water (labeled fraction 1, lmax¼ 266 nm), and tested for in-
hibition of NF-kB activity using the Panomics NF-kB re-
porter cell line. Similarly, fractions 6–9 and fractions 10–26
were pooled and tested as fractions labeled 2 (lmax¼ 276 nm)
and 3 (lmax¼ 266 nm with an additional peak at 350 nm),
respectively. The methanol-insoluble material from the
original extraction was used as fraction 4.

Quantitative real-time polymerase chain reaction
(qRT-PCR) analysis of COX-2 mRNA

BV-2 macrophage cells (kindly provided by Dr. Paul M.
Stemmer, Institute of Environmental Health Sciences,
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Wayne State University, Detroit, MI, USA) were grown in
Dulbecco’s Modified Eagle’s Medium supplemented with
10% fetal bovine serum, 100 units=mL penicillin, and
100 mg=mL streptomycin at 378C in 5% CO2=95% air. Cells
were plated in 12-well plates for assay (2�105 cells per
well). When cells reached 80–90% confluency, they were
activated with 0.2 mg=mL lipopolysaccharide (LPS) purified
from Escherichia coli (catalog number L4391; Sigma-
Aldrich, St. Louis, MO, USA) together with various con-
centrations of herbal tea for 16 hours at 378C in 5%
CO2=95% air. Total RNA was purified from cells using
RNeasy (Qiagen, Valencia, CA, USA) and converted to
cDNA using TaqMan� reverse transcriptase (Applied Bio-
systems, Branchburg, NJ, USA). COX-2 and b-actin ex-
pression levels were measured by qRT-PCR analysis of
cDNA samples. Primers specific for COX-2 (GenBank
accession number NM_011198) were designed to amplify a
132-basepair sequence flanking intron 7. Primer sequences
for COX-2 were as follows: upstream, TGGGGTGAT
GAGCAACTATT; downstream, AAGGAGCTCTGGGT
CAAACT. Primers specific for b-actin (GenBank accession
number NM_007393) were designed to amplify 287 base-
pairs flanking intron 3. Primer sequences for b-actin were as
follows: upstream, CCTGAACCCTAAGGCCAACC;
downstream, CAGCTGTGGTGGTGAAGCTG. qRT-PCR
was performed using ABsolute QPCR SYBR Green Mix
(Fisher Scientific, Atlanta, GA, USA) with the following
cycling parameters: one cycle, 958C, 15 minutes; 40 cycles,
958C, 15 seconds; 638C, 1 minute. Because b-actin mRNA
levels are unaffected by LPS treatment, they were quantified
in each sample by applying identical cycling conditions and
used to normalize values obtained for COX-2 expression.
Changes in gene expression were determined by the com-
parative CT method as follows: the amount of COX-2
message in LPS-activated cells incubated with herbal tea
was normalized to the internal reference (b-actin) and
compared to the COX-2 message in activated cells without
herbal tea treatment. Resveratrol, an established inhibitor of
NF-kB activation,9–12 served as the positive control in these
experiments. Values obtained for treatment with herbal teas
were directly compared to those obtained with resveratrol.

Measurement of secreted PGE2 levels by enzyme-linked
immunosorbent assay (ELISA)

BV-2 cells were activated with 0.2mg=mL LPS together
with various concentrations of herbal tea for 24 hours in a
humidified atmosphere at 378C in 5% CO2=95% air. After
this incubation, culture medium was removed, and secreted
PGE2 levels were quantified by competitive ELISA ac-
cording to directions provided by the manufacturer (R&D
Systems, Inc., Minneapolis, MN, USA).

Cytotoxicity assay

The WST-1 assay (Roche Molecular Biologicals, In-
dianapolis, IN, USA) was used to assess cytotoxicity of
selected Hispanic medicinal herbs in BV-2 cells. In this
assay, the WST-1 dye, a tetrazolium-based salt, is reduced

by metabolically active cells, and the resulting intracellular
purple formazan salt that is formed from this reaction
remains soluble within cells and is directly quantified by
spectrophotometric measurements. The following meth-
odology was used to assess cell viability following treat-
ment with herbal teas. Cells were plated into 96-well plates
and allowed to attach for 24 hours. When cells reached
90–100% confluency, they were treated with fresh medium
containing various amounts of herbal teas and incubated in
a humidified atmosphere at 378C in 5% CO2=95% air for
16–24 hours. WST-1 was then added directly to the cul-
tures to a final concentration of 5% (vol=vol), and cells
were incubated at 378C for an additional 60 minutes. Ab-
sorbance was then read at 450 nm (690 nm, reference
wavelength) using a Spectramax plate reader (Molecular
Devices Co., Sunnyvale). Cell viability is reported as
percentage relative to control cells receiving no herbal tea
treatment.

Statistical analyses

All experimental measurements were carried out in trip-
licate. Mean values were determined from these replicate
measurements, and error bars represent SD from mean
values. Two or three independent assays were carried out for
each experimental objective to ensure reproducibility.

RESULTS

Inhibition of NF-kB activation by herbal teas

Twenty commonly used medicinal herbs were selected,
and teas were prepared. Using an NF-kB=luciferase reporter
cell line, the capacity of each tea to inhibit TNFa-induced
activation of the pro-inflammatory transcription factor NF-
kB was measured. Many of the herbal teas demonstrated
NF-kB inhibitory activity, including Copalquin, laurel, Rosa
de Castillo, and Cana Agria (Fig. 1). Notably, laurel and
Rosa de Castillo teas were the most potent of the teas ex-
amined and were studied in greater detail.

The 50% inhibitory concentration (IC50) values of Laurel
and Rosa de Castillo were determined and expressed as
microliters of tea added to 1 mL of standard growth medium.
Laurel demonstrated an IC50 of 15.8mL, and Rosa de Cas-
tillo showed an IC50 of 15mL (Fig. 2). The antioxidant ac-
tivities of these herbal teas were reported previously.13

There was no significant positive correlation between anti-
oxidant activity and inhibition of activation of NF-kB,
suggesting that the antioxidant activity of an herbal tea is not
essential for anti-NF-kB activity. In fact, there was a sig-
nificant negative correlation (r¼�0.47, P¼ .035).

Stability of laurel and Rosa de Castillo teas

The stabilities of laurel tea and Rosa de Castillo tea were
evaluated by retesting the activities of the standardized teas
with the Panomics reporter assay. The standardized teas
were kept at 48C. Laurel tea was stable for months under
these conditions, whereas Rosa de Castillo gradually lost
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FIG. 1. Inhibition of TNFa-induced
activation of NF-kB by Hispanic herbal
teas. Herbal extracts were prepared
according to a standard protocol and
added to cultured NF-kB=luciferase
reporter cells together with TNFa
(20 ng=mL). Herbal extracts were ap-
plied at a final concentration of 50 mL
of extract=1 mL of culture medium.
Following a 7-hour incubation, cell
lysates were prepared and assayed for
luciferase activity as described in
Materials and Methods.

FIG. 2. Laurel and Rosa de Castillo teas inhibit NF-kB activation in a dose-dependent manner. NF-kB=luciferase reporter cells were incubated
with TNFa (20 ng=mL) together with the indicated amounts of (A) laurel or (B) Rosa de Castillo teas. Following a 7-hour incubation, cell lysates
were prepared and assayed for luciferase activity as described in Materials and Methods. IC50 values were assigned as the amount of tea (in mL=mL
of culture medium) that reduced luciferase activity to 50% of values obtained from cells treated with TNFa alone.
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activity over a similar time period (data not shown). In
addition, laurel tea could be freeze-dried and reconstituted
without loss of activity. Because of these observations,
laurel tea was used for subsequent studies.

Fractionation of the activity of laurel tea

An important concept in complementary and alternative
medicine is that complex mixtures, such as herbal teas, may
be more active than any single component of the mixture
and that there may be synergy among active components. To
begin to explore this concept with laurel tea, the extract was
fractionated by size exclusion chromatography. As shown
in Figure 3, inhibitory activity for NF-kB activation was
spread among multiple fractions, suggesting that multiple
components contribute to the activity of laurel tea.

We also examined the partitioning of laurel’s anti-
inflammatory activity between aqueous and organic phases
to better understand its chemical composition. A methanol
extraction of the lyophilized aqueous extract isolated only a
small fraction of the anti-inflammatory activity, indicating
that this activity is found almost exclusively in the tea
(Fig. 3). This observation was confirmed with an extract
prepared from powdered laurel herb using ethyl acetate
(data not shown). Laurel tea inhibits COX-2 expression

in a macrophage cell line

Because laurel tea proved to be a potent inhibitor of NF-
kB activation and was stable following long-term storage,
this tea was examined in more detail for its ability to in-
hibit expression of COX-2, which is an endogenous pro-
inflammatory gene that is known to be regulated by NF-kB.
For this analysis, the effect of laurel tea on COX-2 gene
expression was measured in a murine macrophage cell line
(BV-2). The NF-kB-dependent inflammatory response in
BV-2 cells was stimulated using bacterial LPS. In parallel,
cells were incubated for 24 hours without or with various
amounts of tea or 50mM resveratrol (positive control for
NF-kB inhibition9–12). Similar to our previous findings,12

50mM resveratrol inhibited COX-2 gene expression by 70%.
Laurel tea was a potent inhibitor of COX-2 expression, with
an IC50 value of 0.02mL=mL of culture medium (Fig. 4).
Interestingly, this value is far below the IC50 value measured
in the cell-based reporter assay (Fig. 2; IC50¼ 15.8mL=mL),
which may indicate that BV-2 cells are more sensitive to the
effects of laurel tea than the reporter cell line or that laurel tea
may be inhibiting COX-2 gene expression through alterna-
tive pathways in addition to inhibition of NF-kB activation.

Since effects on transcriptional levels do not always
reflect comparable changes in protein levels, the anti-
inflammatory properties of laurel tea were also assessed by
examining levels of PGE2, the downstream product of COX-
2 gene activity. The inflammatory response in BV-2 cells
was once again induced by LPS treatment, and, in parallel,
cells were incubated with varying amounts of laurel tea.
PGE2 levels in the culture medium were measured by a
competitive ELISA. As shown in Figure 5, laurel tea re-
duced PGE2 levels in a dose-dependent manner with an IC50

value of 8 mL=mL of culture medium.

FIG. 3. Fractionation of laurel tea demonstrates the presence of
multiple active fractions. Components in laurel tea were separated
into multiple fractions using size exclusion chromatography, and each
fraction was tested for inhibition of NF-kB activity. Fractionated
materials were applied at a final concentration of 50 mL of extract=
1 mL of culture medium to NF-kB=luciferase reporter cells together
with TNFa (20 ng=mL). Following a 7-hour incubation, cell lysates
were prepared and assayed for luciferase activity as described in
Materials and Methods. Insoluble material remaining after methanol
extraction of the lyophilized laurel tea extract was also tested
(fraction 4).

FIG. 4. Laurel tea reduces LPS-induced COX-2 gene expression in
a murine macrophage cell line. BV-2 cells were incubated without (–)
or with (þ) LPS (0.2 mg=mL) together with the indicated amounts
of laurel tea. After 24 hours COX-2 mRNA was quantified by
qRT-PCR. *P< .05.
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Cytotoxicity measurements for laurel tea

To examine the safety of laurel tea treatment at a cellular
level, metabolic activity was measured in BV-2 cells fol-
lowing incubation with various amounts of tea for 24 hours
using the tetrazolium salt-based WST-1 assay. Laurel tea
showed minimal effects on BV-2 cells even when cells were
exposed to amounts up to 40 mL=mL of culture medium
(Fig. 6). Toxicity became measurable when cells were in-
cubated with >50mL=mL of culture medium, notably

higher than the dose required to inhibit COX-2 gene
expression and reduce secreted levels of PGE2.

DISCUSSION

Use of herbs and other medicinal plant materials is
widespread and continues to increase in popularity, espe-
cially in light of many recent examples of failed pharma-
ceuticals. The use of herbs is seldom monitored by
practitioners of Western medicine, and as such their use
can present unexpected complications due to adverse in-
teractions with contemporary drugs or side effects, because
of dosage errors or a poor understanding of their mecha-
nism of action.14,15 Contributing to these complications
is a serious lack of standardization. Standardization is
necessary for comparing the mechanistic properties of
herbal products and is important for monitoring potency
for correct dosages.16

In the present study, a method of standardization was
developed that begins with a defined procedure to prepare
the tea extracts and includes a routine reporter-screening
assay designed to identify inhibitors of NF-kB signal
transduction. This screening assay can easily be adapted to
assess batch-to-batch heterogeneity and standardize dosage
regimens. From this procedure, laurel and Rosa de Castilla
teas were identified as the most potent inhibitors of NF-kB
activation from a survey of 20 Hispanic medicinal herbs.
Laurel, but not Rosa de Castilla, was stable after repeated
freeze-thawing and long-term storage. Because of this,
attention was focused on laurel tea to examine its anti-
inflammatory properties in greater depth. These studies
revealed that laurel tea functions as a potent inhibitor of
NF-kB signaling, which in turn reduces COX-2 gene ex-
pression and subsequent PGE2 production.

There is a long history supporting the use of laurel and
Rosa de Castillo in herbal medicine. Laurel is the common
name for L. nobilis of the Lauraceae family, but is also
commonly referred to as bay laurel, bay leaf, Greek bay,
sweet bay, and poet’s laurel. Laurel is native to the southern
Mediterranean region, where it is both wild and cultivated.
Laurel is a commercial source of essential oils in Turkey,
Algeria, Morocco, Portugal, Spain, Italy, Central America,
the southern United States, and Mexico. The essential oils
from the leaves and berries are used in perfumes, candles,
and soaps.17,18 Laurel is commonly used in cooking or as an
herbal treatment for a variety of ailments in the Hispanic
culture. There are numerous biologically active families of
compounds that have been identified from leaves and berries
of laurel, including sesquiterpene lactones, alkaloids, gly-
cosylated flavonoids, and monoterpene alcohols.19–22 The
biological activities reported for isolated compounds in-
clude inhibition of gastric emptying,23 induction of apo-
ptosis in leukemia cells,24 and trypanocidal activity.25 More
complex mixtures, including essential oils, have been
reported to exhibit anticonvulsant,26 antibacterial,27 and
anti-inflammatory activity.28 Until the present study, there
has been little information attempting to define a mechanism
to explain any of these observed activities. One study

FIG. 5. Laurel tea reduces secreted levels of PGE2. BV-2 cells were
incubated with LPS (0.2mg=mL) together with the indicated amounts
of laurel tea (�). After 16 hours culture medium was removed, and
PGE2 levels were quantified by a competitive ELISA. The basal level
of PGE2 in the absence of LPS treatment is also given (~).

FIG. 6. Laurel tea treatment shows little cytotoxicity. BV-2 cells
were incubated with the indicated amounts of tea extracts for 24
hours. The tetrazolium salt, WST-1, was added to cells followed by
incubation for 1 hour. Soluble formazan was quantified by spectro-
photometry (450 nm, 690 nm reference wavelength). Cells receiving
no treatment generated a formazan reading of 1.55� 0.1 absorbance
units.
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showed that sesquiterpene lactones from bay leaf inhibited
nitric oxide production in LPS-stimulated macrophage cells
and, as a result, induced heat shock protein HSP72.29 It was
suggested that HSP72 prevented activation of NF-kB, which
is known to regulate expression of pro-inflammatory in-
hibitory nitric oxide synthase.

There are numerous biologically active compounds in
extracts of rose fruit (rose hips) and petals from over 100
species of rose, including Rosa de Castillo. However, as
with laurel, little information has been reported defining
their mechanisms of action. R. canina extract is high in
polyphenols as well as vitamin C and has been shown to
inhibit the respiratory burst in neutrophils.30 R. canina ex-
tract also contains an anti-inflammatory galactolipid that
inhibits neutrophil chemotaxis.31 Hips from a wide variety
of rose species contains ellagic acid, an anticarcinogen and
anti-inflammatory agent.32 Extracts of rose hip inhibit COX-1
and COX-2 gene expression, which may explain the efficacy
of rose hip in treatment of arthritis.33 Subjects who take rose
hip powder have lower levels of circulating C-reactive
protein, consistent with the general view that rose species
possess anti-inflammatory compounds.34 In addition, anti-
microbial activities in rose hip extracts have been demon-
strated.35 Monoterpenyl fatty acid esters and flavanol
glycosides from rose petals contribute to the fragrance of
roses but also to the antioxidant properties of rose petal tea
and to the biological activities of rose essential oils.36–38

The common traditional approach would take a reduc-
tionist path to carry out complex isolation procedures to
identify the component or components that are responsible
for the measurable bioactivity. Although this is a logical and
appealing approach for drug discovery, one must proceed
cautiously so as not to lose the benefits of synergy, which
often can only be found when using whole plant extracts.
The use of whole or partially purified plant extracts can offer
significant advantages over a single isolated component
because of the inherent chemical complexity that is found in
these extracts. Because of this chemical diversity, many
biologically important targets can be affected simulta-
neously, providing the basis for synergy. This reasoning is
an important consideration for use of herbal medicines and
other plant-derived medicines in complementary and alter-
native medicine. Proponents of complementary and alter-
native medicine can cite many examples where a whole
extract is more bioactive than any single component isolated
from the extract. There are many possible explanations for
this form of synergy.39–42 For example, an herbal extract
may contain an inhibitor of an enzyme that degrades the
active substance, thereby protecting the active substance and
providing a therapeutic improvement in its biological ac-
tivity. Alternatively, the herbal extract may contain a com-
ponent that facilitates transport of the active substance into
the target cell or may contain an inhibitor of an ATP-
dependent xenobiotic transporter that normally would pump
the active ingredient out of the cell. There is also the pos-
sibility that synergy results from the presence of several
active components that inhibit different targets in a complex
signaling pathway.

In summary, we present and validate a method for bio-
chemical standardization that should prove useful for future
studies comparing various tea extracts for bioactive prop-
erties. We also provide evidence that teas of laurel and Rosa
de Castilla are inhibitors of the activation of NF-kB, which
is an important transcription factor responsible for the in-
duction of the inflammatory response. Laurel tea, selected
because of its stability, was able to inhibit transcription of
the NF-kB-dependent COX-2 gene and COX-2 activity, as
determined by measuring PGE2.
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