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Protective effect of 2,2,2-trichloroethanol on
peptidoglycan-induced inflammation in murine
macrophages
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!Institute of Nephrology, Affiliated Hospital of Guangdong Medical College, Zhangjiang 524001, PR China.
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The aim of this study was to investigate the effect of 2,2,2-trichloroethanol on peptidoglycan-induced
murine macrophages inflammation. The effect of 2,2,2-trichloroethanol on the production of TNF-a and
IL-6 by murine peritoneal macrophages with peptidoglycan-stimulation were investigated. Also,
RAW264.7 macrophages transfected with a NF-kB luciferase reporter plasmid with the stimulation of
peptidoglycan were used to test the effect of 2,2,2-trichloroethanol on NF-kB activity. Flow cytometry
and Western blotting were used to check the expression levels of toll-like receptor 2 on treated
RAW264.7 macrophages. 2,2,2-Trichloroethanol decreased the unregulated levels of IL-6 and TNF-a
produced by the peritoneal macrophages stimulation with peptidoglycan. The NF-kB activities of the
RAW264.7 macrophages stimulated by peptidoglycan were decreased. 2,2,2-Trichloroethanol decreased
the peptidoglycan-induced murine macrophage inflammation response.

Key words: 2,2,2-Trichloroethanol, peptidoglycan, inflammation, macrophage.

INTRODUCTION

Peptidoglycan is one of the major conserved components
of Gram-positive bacteria walls and can be detected in
the blood of 80% of the serious bacterial infected patients
(Merdink et al., 2008). The mononuclear phagocyte re-
presents an important cell type of the innate immune sys-
tem and plays a key role against infection in the innate
immune system, and murine macrophages are important
models for studying response of immune system to
infection. Many studies reported that after stimulation with
peptidoglycan, nuclear factor kappa-light-chain-enhancer
of activated B cells (NK-kB) which has long been con-
sidered a prototypical proinflammatory signaling pathway

factor becomes activated and then macrophages re-
lease many of the proinflammatory mediators, such as IL-
6 and TNF-a. At the same time, levels of toll-like receptor
2 expression on macrophages become upregulated
(Chen et al., 2009; Lin et al., 2011).

We have shown that chloral hydrate, a well-known se-
dative and anesthetic that is used in pediatric procedures,
can attenuate the inflammation and improve the survival
of lipopolysaccharide/D-galactosamine-induced acute
lethal liver injury mice. These protective function of chlo-
ral hydrate on acute lethal liver injury mice was related to
the inhibitory effects on NF-kB activity and serum levels of
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MCP-1, IL-6 and TNF-a (Pan et al., 2010).

Based on chloral hydrate being rapidly and extensively
metabolized in the liver and erythrocytes by alcohol
dehydrogenase to its major active metabolite, 2,2,2-
trichloroethanol in vivo (Ann et al., 2001) is responsible
for its physiological and psychological effects (Reinhard
et al, 2007). The active metabolite of 2,2,2-
trichloroethanol is 2,2,2-trichloroethanol (TCE). So, its ne-
cessary and very important to use 2,2,2-trichloroethanol
instead of chloral hydrate to study its effect on
inflammatory response of macrophages in vitro. So, here,
we investigate the effect of 2,2,2-trichloroethanol on the
production of the inflammatory cytokines and NF-kB
activity in murine peritoneal macrophages and RAW264.7
macrophages stimulated with peptidoglycan. Also, the
effects of 2,2,2-trichloroethanol treatment on toll-like
receptor 2 expression in murine peritoneal macrophages
andRAW264.7macrophagesstimulatedwith peptidoglycan
were explored.

MATERIALS AND METHODS
Reagents

Peptidoglycan (Staphylococcus aureus, strain DSM346) and 2,2,2-
trichloroethanol were purchased from Sigma-Aldrich (St. Louis, MO,
U.S.A). Fetal bovine serum and Iscove's Modified Dulbecco's
Medium (IMDM) medium were obtained from Gibco (NY, U.S.A). IL-
6 and TNF-a enzyme linked immunosorbent assay (ELISA) kits
were from R&D Systems, Inc. (Minneapolis, USA). The fluorescein
isothiocyanate (FITC)-anti- toll-like receptor 2 antibody (clone
TL2.5), FITC-mouse 1gG1, anti-mouse toll-like receptor 2 antibody
(clone TL2.5), HRP-anti-mouse secondary antibody were obtained
from Ebioscience (San Diego, CA, USA) and Biolegend (San
Diego, CA, USA). The NF-kB-luciferase, B-galactosidase reporter
vectors and the Dual-Luciferase reporter assay system were
purchased from Promega Corporation (Madison, WI, USA). The
immobilon membrane and the Electrochemiluminescence (ECL)
were from Millipore (Watford, UK) and Amersham Life Science Ltd
(Little Chalfont, UK), respectively.

Effects of 2,2,2-trichloroethanol on IL-6 and TNF-a production
by murine peritoneal macrophages with the stimulation of
peptidoglycan (PGN)

After peritoneal macrophages separated from mice (Yin et al.,
2006), the cells were seeded at the levels of 10° cells/well in IMDM
media (5% fetal bovine serum) at 37°C in 5% CO.. At the indicated
time, cells and culture supernatants were collected after stimulated
with PGN (1.5 pg/ml) or PGN (1.5 pg/ml) plus 2,2,2-trichloroethanol
(0.1 and 0.5 mg/ml) and measured with ELISA Kits.

Effects of 2,2,2-trichloroethanol on the activity of NF-kB of
PGN-stimulated RAW264.7 macrophages

RAW?264.7 macrophages were cultured in IMDM media (5% fetal
bovine serum) and maintained at 37°C in 5% CO,. These cells were
digested  with 0.25% trypsin-ethylenediaminetetraacetic ~ acid
(EDTA) (2.5 g/L trypsin, 1 g/L EDTA) at 37°C for five minutes, and
8.2 x 10° RAW 264.7 macrophages were transiently transfected
with 8 ug NF-kB-luciferase and 8 ug B-galactosidase reporter

Pan et al. 257

vectors which was used for normalization of the efficiency of the
transfection in a volume of 640 ul by electroporation at 250 V and
960 uF of capacitance pulse®. Then, RAW264.7 macrophages
were subsequently washed two times in IMDM media and divided
into 40 wells (150 pl/well) and cultured for 24 h in IMDM media (5%
fetal bovine serum) before being stimulated with PGN (1.5 pg/ml)
for 12 or 24 h with or without 2,2,2-trichloroethanol (0.1 or 0.5
mg/ml). For the luciferase activity assays, the transfeced RAW264.7
macrophages were stimulated for 6 or 12 h and subsequently
harvested, and luciferase activity in extracts were analyzed with the
dual-luciferase reporter assay system following manufacturer's
instructions.

Effects of 2,2,2-trichloroethanol on PGN-induced toll-like
receptor 2 expression in RAW264.7 macrophages

Flow cytometry was performed to investigate levels of toll-like
receptor 2 expression on RAW264.7 macrophages. RAW 264.7
macrophages were cultured in IMDM media (5% fetal bovine
serum) for 12 h with PGN (1.5 pg/ml) with or without 2,2,2-
trichloroethanol (0.1 mg/ml). Then, RAW264.7 macrophages were
incubated with FITC-anti-mouse-toll-like receptor 2 (1.0 pg) for thirty
minutes at room temperature after harvested, and FITC-mouse
IgG1 was used as isotype control, the cells were washed two times
with cell staining buffer. Finally, a six-parameter flow cytometer
(FACScan; BD Biosciences, San Jose, CA) was used for data
acquisition and analysis using CellQuest software (BD Bioscienc,
San Jose, CA). Also, toll-like receptor 2 expression in the extracts
of RAW264.7 macrophages stimulated with PGN (1.5 pg/ml) for 12
h with or without 2,2,2-trichloroethanol (0.1 mg/ml) were semi-
guantitatively analyzed by Western blotting using the anti-mouse-
toll-like receptor 2 antibody by band scan software 5.0 (Glyko Inc).
First, the extracts of RAW?264.7 macrophages were analyzed by
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). Then, the immunoblotting was performed with a standard
protocol onto the immobilon membrane. HRP-anti-mouse IgG as
secondary antibody, followed by ECL chemiluminescence which
was used to detect toll-like receptor 2 expression.

Statistical analysis

Data were expressed as the means * standard deviation (SD) and
statistical analysis with statistical package for social sciences
(SPSS) version 15.0 statistical software. The statistical significance
between two groups was determined by the unpaired Student's t-
test. A value of P < 0.05 was considered statistically significant.

RESULTS

2,2,2-Trichloroethanol-treatment decreased the
production of IL-6 and TNF-a by peritoneal
macrophages with the stimulation of peptidoglycan

The production of IL-6 (Figure 1A) and TNF-a (Figure 1B)
increased significantly ~ after  stimulation  with
peptidoglycan (1.5 ug/ml) for 12 and 24 h and decreased
significantly post 2,2,2-trichloroethanol treatment (0.1 and
0.5 mg/ml) (all P < 0.01). Also, the higher concentration
of 2,2,2-trichloroethanol decreased the production of IL-6
significantly compared to the lower concentration (0.1
mg/ml) at 12 h and 24 h time points (all P < 0.05) (Figure
1A), but not for TNF-a.
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Figure 1. 2,2,2-trichloroethanol (TCH) decreased the production of IL-6 and TNF-a by peritoneal macrophages
with stimulation of peptidoglycan (PGN). Effects of 2,2,2-trichloroethanol (0.1 and 0.5 mg/ml) on the levels of
IL-6 (A) and TNF-a (B) produced by peritoneal macrophages (10° cell/well) with PGN stimulation for 12 and 24

h were shown.

Data were expressed as the means + standard deviation (SD) of three independent experiments. *P<0.05,

**P<0.01 and ***P<0.001.

2,2,2-trichloroethanol-treatment decreased the NF-kB
activity of peptidoglycan-stimulated RAW264.7
macrophages

Luciferase activities in the transfected RAW264.7
macrophages were measured after peptidoglycan
stimulation for 6 and 12 h (Figure 2). The results showed
about 3- and 5-fold increase of the luciferase activity post
peptidoglycan stimulated for 6 and 12 h, respectively. But
this increase of luciferase activity was significantly de-
creased by 2,2,2-trichloroethanol treatment (0.1 and 0.5
mg/ml) (all P < 0.01). A higher concentration of 2,2,2-
trichloroethanol (0.5 mg/ml) led to a significantly larger
decrease in the activity of luciferase after 12 h when com-
pared to the lower concentration of 2,2,2-trichloroethanol
(0.2 mg/ml) (P < 0.01).

2,2,2-Trichloroethanol-treatment decreased the
increase of toll-like receptor 2 expression in
peptidoglycan-treated RAW264.7 macrophages

Based on both concentrations (0.1 and 0.5 mg/ml) of
2,2,2-trichloroethanol treatment, it significantly decreased
the inflammatory response of peritoneal macrophages
and RAW264.7 macrophages after PGN-stimulation, so
we tested the effect of 2,2,2-trichloroethanol treatment on
the expression of toll-like receptor 2, the receptor for
PGN, using the lowest effective concentration of 2,2,2-
trichloroethanol (0.1 mg/ml). RAW264.7 macrophages
were cultured in the IMDM media (5% fetal bovine serum)
for 12 h with or without peptidoglycan (1.5 ug/ml) in the

presence or absence of 2,2,2-trichloroethanol (0.1 mg/ml)
(Figure 3A) and harvested, and the levels of toll-like
receptor 2 were measured. In RAW264.7 macrophages
stimulated with PGN (1.5 pg/ml) for 12 h, toll-like receptor
2 expression was significantly increased (Figure 3B), and
treatment of 2,2,2-trichloroethanol (0.1 mg/ml) signifi-
cantly decreased the upregulation of toll-like receptor 2
expression stimulated with peptidoglycan (P < 0.05).
Also, the results of semi quantitative analysis of toll-like
receptor 2 expression in the extracts of RAW264.7 ma-
crophages by Western blotting showed a similar pattern
(Figure 3C). It showed that if the related amounts of toll-
like receptor 2 signal to the signal of a house-keeping
proteins B-actin were similar, the increase and the reduc-
tion of the toll-like receptor 2 signal were not caused by
cell death or variations in the number of cells in the
samples.

DISCUSSION

Over recent years, the mechanisms of bacteria-induced
acute inflammation, anti-cytokines and anti-inflammatory
therapies as therapeutic agents for the treatment of acute
inflammation have been re-evaluated. Large quantities of
reported cases of sepsis-related anti-cytokine therapeutic
trials were unpromising or disappointing (Hall and
Muszynski, 2009; Zeni et al., 1997; Ratsimandresy et al.,
2009). So, recently, the developments of new strategies
for modulating severe sepsis and acute inflammation
have been investigated intensively.

As we all know, the new drug discovery, development
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Figure 2. 2,2,2-trichloroethanol (TCH) treatment decreased the
upregulation of NF-kB activity of RAW264.7 macrophages with
peptidoglycan (PGN) stimulation. 24 h after the RAW?264.7 macrophages
were co-transfected with NF-kB-luciferase- and B-galactosidase- reporter
vectors by electroporation, PGN (1.5 pg/ml) or PGN (1.5 pg/ml) plus 2,2,2-
trichloroethanol (0.1 or 0.5 mg/ml) were added into the medium and
incubated for 6 and 12 h. The luciferase activity of the cell extracts was
expressed as the folds of luciferase-induction over saline-treated controls
of three independent experiments. RLU stands for "Relative Light Unit",
* P<0.05, ** P<0.01 and *** P<0.001.
and approval process of therapeutic programs requires not approved by us Food and Drug

investing significant amounts of time and effort. However,
discovering new uses for the old drugs may accelerate
the development and application of new therapies, take
for example, the bisphosphonate zoledronic acid can
decrease breast cancer metastasis beside treatment of
osteoporosis and similar diseases (Coleman and Gnant,
2009) and thalidomide can treat multiple myeloma in ad-
dition to alleviate nausea and morning sickness (Cavo et
al., 2009). Importantly, protective effect of some local and
gerenral anesthetics and sedatives have reported against
infection, and inflammations (Plachinta et al., 2003;
Gallos et al., 2004; Fuentes et al., 2006; de Klaver et al.,
2002; Liu et al., 2009) are likely to yield new insights into
anti-inflammatory therapies.

Chloral hydrate has been long used as a safe sedative
and hypnotic drug in patients and animal models. Also,
different from isoflurane, which is an inhalation agents
and must be inhaled continuously, chloral hydrate can be
used without control in many countries, but unlike other
sedatives, for example, ketamine is under strictly regu-
lated conditions in China and other countries, also, and is

Administration (USFDA) for patients lower than 16 years
old (Mellon et al., 2007).

In this study, we used 2,2,2-trichloroethanol, which is a
major active metabolite in vivo after chloral hydrate
rapidly and extensively metabolized in the liver and
erythrocytes by alcohol dehydrogenase, to study its
function on inflammatory response with macrophages in
vitro. Here, our studies showed that 2,2,2-trichloroethanol
treatment can decrease the rise of the inflammatory
cytokine levels produced after peptidoglycan stimulation
in murine peritoneal macrophages (Figure 1), indicating
that the effect of 2,2,2-trichloroethanol on inflammation
could be attributed to its inhibition of function of macro-
phages. The TNF-a and IL-6 levels sharply increased at
12 and 24 h after the peptidoglycan-challenge. Similar
studies using peptidoglycan (10 or 25 pjg/ml) were
performed by others (Shirasawa et al., 2004; Wang et al.,
2004), but they only tested 24 h after one challenge.
Also, the treatments with 2,2,2-trichloroethanol signifi-
cantly decreased the rise of inflammatory cytokines
production (Figure 1).
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Figure 3. 2,2,2-trichloroethanol (TCH) treatment reduced the expression of toll-like
receptor 2 (TLR 2) in peptidoglycan (PGN)-stimulated RAW264.7 macrophages. RAW
264.7 macrophages were cultured in IMDM media (5% FBS) for 12 h with PGN (1
pg/ml) with or withought 2,2,2-trichloroethanol (0.1 mg/ml) (A). Flow cytometry was
performed to investigate the expression levels of TLR 2 on the treated RAW?264.7
macrophages represented as dot plots and represented as histograms. The mean
channel fluorescence intensity (MFI) was calculated (B). The semi-quantitative
analysis of the extracts from RAW264.7 macrophages by band scan and the ratio of
TLR 2 to B—actin was shown, showed a western blot of —actin and TLR 2 of Normal,
PGN+NS and PGN+TCH group and showed a quantitation of them (C). The data
were expressed as the means + SD of three independent experiments.

* P<0.05, ** P<0.01 and *** P<0.001.



Next, we examined whether peptidoglycan-induced NF-
KB-dependent gene transcription is regulated by 2,2,2-
trichloroethanol in RAW?264.7 macrophages. The results
of RAW264.7 macrophages transfected with a NF-kB
luciferase  reporter vector showed that 2,2,2-
trichloroethanol treatment can significantly reduce NF-kB
activity (Figure 2). Because NF-kB is a key mediator for
inducible transcription of proinflammatory cytokine
expression, these results suggested that 2,2,2-
trichloroethanol could affect cytokine expression maybe
by influencing the activity of NF-kB. After 6 and 12 h with
the stimulation of peptidoglycan, the respective increase
of NF-kB-induced luciferase activity in RAW264.7 macro-
phages was approximately 3- and 5-fold compared to
control levels. A similar study using peptidoglycan (1.5
pg/ml) was performed by others (Ito et al., 2005), and
they observed the same trend.

Following this, we investigated whether peptidoglycan-
induced upregulation of toll-like receptor 2 expression is
regulated by 2,2,2-trichloroethanol. Flow cytometry was
used to analyze the effect of 2,2,2-trichloroethanol on the
expression of toll-like receptor 2 in RAW264.7
macrophages stimulated with peptidoglycan. The results
showed that the expression of toll-like receptor 2 in
RAW?264.7 macrophages is significantly upregulated after
PGN stimulation. Similar results have been found by
others (Chen, 2009). After 2,2,2-trichloroethanol
treatment, the highly upregulation of the toll-like receptor
2 expression in response to peptidoglycan exposure was
remarkably decreased (Figure 3), which is consistent with
the effect of 2,2,2-trichloroethanol on NF-kB activity and
inflammatory  cytokine production by RAW264.7
macrophages stimulated with peptidoglycan.

Taken together, this is the first time to report that 2,2,2-
trichloroethanol can decrease the upregulation of
peptidoglycan-induced inflammatory  response by
macrophages in a concentration and time-dependent
manner. Also, this decrease was associated with a
decreased upregulation of the peptidoglycan-induced-toll-
like receptor 2 expression in macrophages. By knowing
the effect and mechanisms of 2,2,2-trichloroethanol
treatment in inflammatory response of macrophages may
provide new opportunities to design new therapeutic
strategies to reduce inflammation caused by Gram-
positive bacteria.
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Most of the conventional rheumatoid arthritis (RA) drugs used have severe adverse reactions.
Therefore, natural plant products are continuously being sought for the management of RA. In the
present study, in vitro antioxidant, joint protective and anti-inflammatory activity of aqueous green tea
extract (AGTE) was evaluated in 50 patients with early RA, 30 patients with established RA and 50
healthy control subjects. All patients received 4 to 6 cups/day; 60 to 125 mg catechins of green tea for
24 weeks. The results obtained indicated that green tea possesses potent joint protective and anti-
inflammatory action against RA by lowering disease activity parameters and improving COMP, HA, IL-6,
and TNF-ce. The biochemical observations were supplemented with radiographic analysis of RA
patients. In vitro 1,1-diphenyl-2-picryldrazil (DPPH) radical scavenging and NBT assay tests of the green
tea exhibited a moderate antioxidant activity (90.3 and 87.9%) in both tests used. The possible
mechanism(s) of green tea extract (AGTE) activity may be due to free radical scavenging potential
caused by the presence of antioxidant component(s) in AGTE. Consequently, green tea can be used as
a therapeutic regime in treatment of some RA disorders.

Key words: Cartilage oligomeric matrix protein (COMP), interluken-6 (IL-6), tumor necrosis factor (TNF-ce),
rheumatoid arthritis, green tea, disease activity score (DAS)-28, pain numerical rating score (PNRS), European
League Against Rheumatism Response (EULAR) criteria.

INTRODUCTION

Rheumatoid arthritis (RA) is most prevalent in individuals
aged 40 years or older with the risk of being up to 5 times
higher in women (Brosseau et al., 2004). RA is the most
common form of chronic joint inflammation which leads to
varying degrees of functional impairment and disability. It

is characterized by chronic low-grade inflammation of
multiple joints with periodic flare-ups of great intensity
that lead to severe and irreversible cartilage, bone and
joint destruction (Smith and Haynes, 2002; Lipsky, 2005).
The severity of RA ranges from self-limited swelling in a
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limited number of joints to chronic progressive destruction
of multiple joints with reduced muscle strength and
impaired physical function (Ekdahl and Broman, 1992).
The cytokine network in RA is a complex and dynamic
system in which cellular and humoral cytokines, chemo-
kines, and growth factors regulate the initiation and
perpetuation of inflammation (Choy and Panayi, 2001).

Previously, it has been shown that serum cytokine
levels when screened are useful biomarkers for the
diagnosis and prognosis of early inflammatory arthritis
(Firestein, 2004; Hitchon et al., 2004), a dramatic
increase in the proinflammatory cytokines such as tumour
necrosis factor alpha (TNF-a), interleukin-6 (IL-6),
interleukin-1B (IL-1B), and C-reactive protein (CRP) was
reported in patients with RA (Mclnnes, 2003; Sattar et
al., 2003).

Early confirmation of RA is important because aggres-
sive therapy during the earliest stages of disease can
lead to decreased disease activity and reduced joint da-
mage (Kroot et al., 2002). Molecular-marker technology
reported that cartilage oligomeric matrix protein (COMP)
and hyaluronic acid may aid as promising candidates in
evaluating the disease activity in early RA using immuno-
assay techniques (ELISAs) (Saxne and Mansson, 2000;
Den Broeder et al., 2002; Majeed et al., 2004). It was
reported that serum levels of COMP significantly
correlates with low values of traditional prognostic
markers including erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), rheumatoid factor (Rf) and
disease activity score (DAS) (Skoumal et al., 2003).

Non-steroidal anti-inflammatory drugs have formed the
mainstay of treatment of RA, but their prolonged use is
associated with adverse reactions and discomfort
(Kremers et al., 2004). Therefore, natural plant products
that are beneficial against arthritis are continuously being
sought for the management of RA (Berman, 2004).
However, the mechanisms of action of such products are
largely unexplored.

Multiple studies were conducted on the effect of green
tea (GTPs) in arthritis using in vitro and in vivo animal
models (Ahmed et al., 2002; Singh et al., 2002). These
studies suggest that GTPs given in drinking water of mice
prevented collagen-induced arthritis in the mice, and that
this effect of GTPs was associated with the marked
reduction of collagen-induced inflammatory mediators
such as cyclooxygenase-2 and TNF-a in arthritic joints of
GTP-fed mice (Haqgi et al., 1999). The polyphenolic
compounds isolated from green tea extracts are rich in
antioxidants that possess anti-inflammatory properties
(McKenna et al., 2000; Arab and II'yasova, 2003).

Recently, it was shown that epigallocatechin-3-gallate
(EGCG), a major constituent of GTE, inhibits IL-1b-stimu-
lation CC/CXC chemokine production, MMP-2 activation,
IL-6 synthesis and trans-signalling in human RA synovial
fibroblasts and rat adjuvant-induced arthritis (AlA) model
(Ahmed at al., 2008).

Therefore, this study longitudinally analyzed levels of
serum cartilage biomarkers and some proinflammtory
cytokines during 24 weeks green tea therapy, taking the
composition of aqueous green tea extract (AGTE) and its
in vitro free radical scavenging activity into account to
evaluate the feasibility of biomarkers for monitoring
structural joint damage.

PATIENTS AND METHODS
Controls

In this study, a total of 80 patients were enrolled from the division of
rheumatology and clinical immunology at Mansoura University, and
all patients fulfilled the diagnostic criteria for RA according to
American College of Rheumatology criteria (Arnett et al., 1988).
Fifty patients with arthritis symptoms of 1.6 + 2.21 duration were
classified as having early RA, and 30 patients with disease duration
of 4.17 + 2.21 years were classified as showing established RA.
Demographic and baseline characteristics of patients are shown in
Table 1. All patients had clinically active disease, despite
administration of conventional first-level disease-modifying anti-
rheumatic drugs, and the mean 28-joint disease activity score
(DAS28)-ESR at baseline was 5.4 for early RA and 6.6 for
established RA. Only patients who were not receiving non-steroidal
anti-inflammatory drugs and oral glucocorticoids (prednisolone-
equivalents\10 mg/day) were included in the study. Furthermore, no
intra-articular glucocorticoid injections were given during the study
period or 3 months prior to enrolment. Patients are encouraged to
follow a healthy, balanced diet that fosters a healthy weight. It is
important to avoid elimination diets (Nutrition and Your Health,
1995). Dietary information was obtained from food diaries or by
extensive dietary interviews. Patients were evaluated for
therapeutic response at baseline and 12, and 24 weeks after
starting green tea supplement (4 to 6 cups/day; 60 to 125 mg
catechins). In addition to comparison with the manufacturer’s
reference samples (below) and upper limit of normal, 50 healthy
age matched blood donor volunteers acted as controls. The control
subjects completed standard blood donor health questionnaires, but
were not assessed clinically and did not have acute phase or
immunogenetic studies. At each evaluation, blood samples were
obtained and sera were separated and stored at -80°C until needed
for biomarker analysis. All laboratory investigations were performed
in serum samples regarding informed consent obtained from RA
patients. The study protocol was approved by ethical committee of
Rheumatology and Clinical Immunology department, Mansoura
University, Mansoura, Egypt.

Analysis of phenolic compounds in AGTE

Green tea, a commercial green tea drink produced by Kao Ltd.
(Tokyo, Japan), was purchased from a convenience store. Total
phenolic compounds of 100 mg of GTE water extract were
analyzed at Bio-technology Lab., Plant Pathology Institute,
Agricultural Research Center, Giza, Egypt. Analysis was performed
with a liquid chromatography "HP1050" equipped with a 4.6 x 150
mm ODS Cj5 column with UV detector and the injection volume was
5 pl. The mobile phase yielded results of 40% methanol:60%
distilled water. The wave length in the UV detector was 230 nm,
total run time for the separation was 15 min at a flow rate of 0.60
ml/min according to the proposed method of Waskmundzka et al.
(2007). Green tea has minimum contents of 540 mg of catechins
and 80 mg of caffeine/350 ml.



Studies of the in vitro antioxidant activity of AGTE

The free radicals scavenging activity of green tea was determined
using the 1,1-diphenyl-2-picryldrazil (DPPH) method (Ohinishi et
al.,1994) and nitro blue tetrazolum (NBT) reduction method
(Ravishankara et al., 2002) as the following.

DPPH free radical scavenging assay

One milliliter of DPPH solution (0.1 mM in ethanol) was mixed with
1 ml of aqueous green tea extract (from 0 to 248 pg/ml) and reacted
for 30 min. After that, absorbance of this mixture was measured at
517 nm against 95% ethanol solution as the blank. Triplicate
measurements were performed and the antioxidant activity was
expressed as the percentage of scavenged DPPH:

Scavenging effect (%) = [(AO -A1)/AQ] x 100

where A0 and Al are the absorbance for the blank and green tea
extract, respectively.

NBT superoxide scavenging assay

The reaction mixture contained: EDTA (6 M), riboflavin (2 pM), NBT
(50 uM), aqueous green tea extract (from 10 to 248 pg/ml) and
phosphate buffer (67 mM, pH 7.8) in a final volume of 3 ml. The
tubes were uniformly illuminated with an incandescent lamp for 15
min, and the optical density was measured at 530 nm before and
after illumination.

Clinical evaluation of therapeutic response

The following clinical and laboratory parameters were longitudinally
examined in each patient: CRP, Rf IgG antibodies, modified health
assessment questionnaire (HAQ) score, pain numerical rating score
(PNRS, 0 to 10) and DAS28-ESR. Scores for DAS28-ESR are re-
ported using the erythrocyte sedimentation rate (Inoue et al., 2007)
and were defined as follows: 24.1, high activity; 2.7 to <4.1, mode-
rate activity; 22.3 to <2.7, low activity; and <2.3, remission. DAS28-
ESR scores were assessed using EULAR response criteria. By
comparing a patient's DAS28 score over multiple time points
improvement or response of RA patients to green tea therapy was
substantiated. The EULAR response criteria are defined as good
(>1.2), moderate (0.6 to 1.2), and no response (>0.6). In terms of
radiographic analysis, radiographs of both hands and feet at
baseline and 24 weeks were available for 43 patients in the early
RA group and 26 patients in the established RA group. Two expert
readers independently scored articular damage and progression in
a blinded fashion according to the modified VDH-Sharp scoring
method. Progression of TSS from baseline to week 24 (DTSS) was
determined, and the proportion of patients with DTSS#0 was
calculated.

Cartilage biomarkers analyses

Serum samples obtained at baseline and after 12 and 24 weeks of
green tea therapy were analysed for COMP by a sandwich ELISA
utilizing two monoclonal antibodies directed against separate
antigenic determinants on the human COMP molecule (AnaMar
Medical, Lund, Sweden). The detection limit is <0.1 w/L and the
intra-assay and inter-assay coefficient of variation is <5%. Serum
HA levels were determined using an HA Assay Kit (IBA method,;
Seikagaku, Tokyo, Japan) utilizing HA-binding protein.

Gabr et al. 265

Statistical analyses

Statistical analysis was carried out with Statistical Package for
Social Science (SPSS) program version 10 for Windows (spss Inc,
Chicago, IL, USA). Comparisons were done by Wilcoxon’s
matched-pairs test, the Mann-W hitney U-test, or the chi-square test
where appropriate and correlations were calculated using
Spearman’s rank correlation coefficient. A P value of <0.05 was
considered significant.

RESULTS

Eighty patients with rheumatoid arthritis (RA) and 50
healthy control subjects were included in this study. Pa-
tients were classified according to the diagnostic criteria
of rheumatology, DAS28-ESR, radiographic analysis, and
RA biomarkers into two groups. Fifty patients with arthritis
symptoms of 1.6 £ 2.21 duration and DAS28-ESR of 5.4
were classified as having early RA, and 30 patients with
disease duration, 4.17+ 2.21 years and DAS28-ESR of
6.6 were classified as showing established RA. The
biochemical profile of rheumatoid and immunological
markers along with HA and COMP cartilage biomarkers
showed a significant (P = 0.01) correlation with the
degree of RA as shown in Table 1.

The varieties of phenolic compounds in green tea
extracts (AGTEs) were estimated using liquid chromate-
graphy. Catechins were the highest amount (540 mg/qg)
followed by caffeine (80 mg/g), chlorogenic acid (22.47
mg/g), and pyrogallol (13.41 mg/g). This was in addition
to small amounts of other phenolic compounds such as
vanillic, synergic, salycillic, benzoic and ferulic acids as
shown in Table 2.

Also, the results of DPPH/NBT scavenging colorimetric
assays confirm a high scavenging activity of AGTE, in
which anti-radical activity is 90.3 and 87.9% at 64 ug/ml
of AGTE against DPPH and NBT radicals, respectively.
The potential decrease of the concentration of DPPH and
NBT free radicals are due to AGTE scavenging activity as
shown in Table 2.

As expected, laboratory indices for RA disease activity,
such as CRP, ESR, Rf, DAS28-ESR, and body mass
index (BMI) had decreased significantly by week 24
green tea supplement in both groups (Table 3). The
decrease in DAS28-ESR was prominent in patients with
early RA, with mean score at week 24 below the level of
clinical remission as compared to baseline data. Also,
mean PNRS score was significantly decreased at week
24 in the early and established RA groups as compared
to baseline group. Similarly, a significant (P=0.0001) de-
crease in BMI as demographic parameter was reported
in both early and established RA groups during 24 week
green tea supplement as compared to the data of
baseline group (Table 3).

When DAS28-ESR scores were assessed using
EULAR response criteria, 96 and 83% of patients were
categorized as showing good or moderate response to
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Table 1. Demographics and baseline characteristics of the patients with early and established rheumatoid

arthritis (RA) enrolled in this study.

Rheumatoid arthritis (RA)

Parameter Control Early RA (<9 months) Established RA (>10 years)
No. of patients 50 50 30
Gender (M/F) (30/20) (15/35) (12/18)
Mean age (Year) 454+ 4.7 45.6 £ 5.32* 55.6 +12.41*
BMI (kg/m?) 23.2+3.2 25.6 + 2.18* 26.9 + 3.20**
Duration of RA (years) - 8.6 + 2.21* 14.17 £ 2.21**
RF 1gG (U/mlz) ELISA 12425 92.8 + 28.5* 110.8 £ 31.4*
ESR (mm/hr) 16.9+7.5 45.26 + 4.7* 56.4 £ 5. 2**
CRP (mg/L) 1.85+0.72 6.3+ 8.3* 8.5 + 5.6*
COMP (ng/ml) ELISA 21.6+4.6 34.86 * 8.85* 459 +11.2*
HA (ng/ml) 23+10.2 42 +9.23* 35+ 4.1*
TNF-0e (pg/ml) 7.4+55 35.35 + 12.56* 42.3 + 6.7*
IL-6 (pg/ml) 10.4+2.3 40.33 + 13.98* 56.36 + 17.6**
DAS28-ESR - 54+0.43 6.6 + 0.65**
Swollen joint counts - 9.8 (0-28) 11.6 (0-28)
Tender joint counts - 7.9 (0-28 8.5 (0-28)
HAQ score - 2.68(0.8-2.9) 3.6 (0.8-4.0)
PNRS - 5.3+1.96 6.2 £ 2.85*

Except where indicated otherwise, values are expressed as the mean. *P < 0.01 versus baseline levels. **P < 0.001
versus baseline levels DAS28= Disease activity score-28; HAQ =Health Assessment Questionnaire score; PNRS=
(Pain Numerical Rating Score;0-10); COMP= Cartilage Oligomeric Matrix Protein; CRP = C-reactive protein; ESR=
erythrocyte sedimentation rate; TNF-ce = Tumor necrosis factor; Rf= Rheumatoid Factor; IL-6= interlukin-6.

Table 2. Phenolic compounds content (mg/g) and free-radical scavenging activities of 350 ml
aqueous green tea extract (AGTE) using liquid chromatography and spectrophotometry analysis.

Parameter

Phenolic content (mg/qg)

Phenolic component
Catechins (EGCG, ECG)
Caffeine

Chlorogenic acid
Pyrogallol

Vanillic

Synergic

Salycillic

POH benzoic

Ferulic

P-Coumatic acid
Coumarin

Naringinin

AGTE scavenging activity
% Inhibition of DPPH reagent
% Inhibition of NBT/Riboflavin reagent

540
80
22.47
13.41
4.69
1.94
1.58
0.54
0.53
0.11
0.09
0.1

Free-radical scavenging activities at 64 ug/ml

90.3%
87.9%

green tea supplement in the early and established RA
groups, respectively, with significant difference apparent
between groups. Also, mean HAQ score was significantly

decreased at week 24 in both the early and the
established RA group (Table 3). Also, a significant
decrease in inflammatory cytokines, such as TNF-ce and



Table 3. Time-course changes in biochemical, clinical, radiographic, and functional measures during 24th week green tea therapy.
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Time after starting green tea supplement (4 to 6 cups/day)

Parameter 0 W (Baseline) 12 W 24 W

Early RA Established RA Early RA Established RA Early RA Established RA
BMI (kg/m?) 25.6 +1.8 26.9+2.8 24.9 + 1.4** 25.6 + 1.7** 23.8 +1.2* 245+ 1.9*
RF 1gG (U/ml%) ELISA 92.8+ 28.5 110.8+31.4 85.8 + 4.6** 98.8 + 17.4* 72.5 £ 22.6%* 85.3 + 18.3**
ESR (mm) 45.26+ 4.7 56.4+5.2 36.2 +6.7** 48.6 +5.2** 25.8 + 2.5* 32.2+2.8*
CRP (mg/L) 6.3+8.3 85+5.6 2.8+ 2.6* 4.8 £ 3.2%* 1.8+1.6* 2.7 +£2.3%
DAS28-ESR 5.4+ 0.43 6.6 £ 0.65 4.3+0.16** 5.3+£0.18* 2.4+ 1.6 2.6+ 2.13*
HAQ score 2.38 3.2 1.96** 2.9* 1.75* 2.88*
TSS (SD) 12.5 (21.7) 217.2 (93.2) n.d. n.d. 16.4 (25.8) 221.5 (98.4)
JNS (SD) 5.7 (8.6) 87.5 (46.3) n.d. n.d. 9.6 (12.7) 91.3 (48.3)
DTSS (mean/median) 4.2/0 5.3/0
Rate of DTSS#0 [%(cases)] 72 (31/43) 77 (20/26)
PNRS 5.3+ 1.96 6.2+2.85 3.36 £ 0.73** 4.9 + 0.53** 2.32 £ 0.83** 3.8 £0.61**

EULAR category of response
Good (>1.2%):

Moderate (0.6 to -1.2%)

No response (> 0.6%)

40 (50); 80%
8 (45); 16%
2 (45); 4%

18 (30); 60%
7 (30); 23%
5 (30); 17%

267

Except where indicated otherwise, values are expressed as the mean. *P < 0.01 versus baseline levels. **P < 0.001 versus baseline levels; DAS28= Disease
Activity Score-28; HAQ =Health Assessment Questionnaire score; PNRS= (Pain Numerical Rating Score;0-10); COMP= Cartilage Oligomeric Matrix Protein; CRP =
C-reactive protein; ESR= erythrocyte sedimentation rate; TNF-ce = Tumor necrosis factor; Rf= Rheumatoid Factor; IL-6= interlukin-6;EULAR= European League

against Rheumatism.

IL-6 were reported in both the early and
established RA groups as compared to baseline
data, suggesting that our clinical study using
green tea yielded successful clinical results (Table
4).

Gradually, there were significant changes in se-
rum levels of HA and COMP cartilage biomarkers
during 24-week green tea therapy were reported
in the early and established RA groups. The levels
of HA and COMP cartilage biomarkers at weeks
12 and 24 were significantly lower than each
base-line level (P = 0.001). The change in
cartilage biomarkers appeared to synchronize with

decreasing CRP, Rf, ESR levels along with DAS-
ESR and PNRS over the 24 weeks of green tea
therapy (Table 4).

Radiographic structural assessment using the
TSS revealed that mean DTSS per 6 month (6
month progression) was 4.2 in the early RA group
and 5.3 in the established RA group, while the
proportion with DTSS#0 exceeded 70% in both
groups, suggesting that our clinical study using
green tea yielded successful clinical results (Table
3).

For both early and established RA groups, cor-
relations between levels of cartilage biomarkers,

biomarkers, inflammatory cytokines, and degree
of RA disease activity (ESR, CRP, RF, and DAS-
28) were investigated according to EULAR
category response at 24 W of green tea therapy.
Several marker pairs with significant correlations
are summarized in Table 5. A significant positive
(P = 0.001) correlation for cartilage HA and COMP
biomarkers towards the decrement of RA disease
activity markers in good and moderate EULAR
response grades was reported; however, negative
significant (P = 0.01) correlation was reported in
non-responder EULAR group which has no
change in RA disease activity markers. Similarly, A
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Table 4. Time-course changes in the levels of cartilage and inflammatory biomarkers during 24th week green tea therapy.

Time after starting Green Tea supplement (4-6 cups/day)

Parameter OW (Baseline) 12w 24 W

Early RA Established RA Early RA Established RA Early RA Established RA
COMP (ng/ml) ELISA 34.86 + 8.85 459+ 11.2 28.15+ 2.6** 32.15+ 3.4* 18.5+ 3.22** 23.5+£ 2. 7%
HA(ng/ml) 42 +9.23 35+41 38.5+£6.23 29.4 £4.2 28.5+3.5 22327
TNF-ce (pg/ml) 35.35+12.56 42.3+6.7 26.2+ 3.2* 27.15+ 1.7* 20.4+ 3.65* 16.2+ 2.4**
IL-6 (pg/ml) 40.33 £ 13.98 56.36 + 17.6 24.3+ 2.5 30.27+ 3.5** 20.21+ 4.0** 26.4 + 2.0**

Except where indicated otherwise, values are expressed as the mean. *P < 0.01 versus baseline levels. **P < 0.001 versus baseline levels; COMP= cartilage
oligomeric matrix protein; TNF-ce = tumor necrosis factor; IL-6= interlukin-6.

significant positive (P = 0.01) correlation for
inflammatory cytokines TNF-ce and IL-6 towards
the decrement of RA disease activity markers in
good and moderate EULAR response grades was
reported; however, negative significant (P = 0.01)
correlation was reported in non-responder EULAR
group which has no change in RA disease activity
markers (Table 5).

DISCUSSION

Rheumatoid arthritis (RA) is a chronic inflam-
matory disease characterized by the activation of
synovial tissue lining the joint capsule, which
results in severe morbidity and subsequent
physical disability (Pope, 2002).

The traditional treatments for arthritis improve
the inflammatory component of the disease and
lead to reduced pain and swelling. However, it
lacks activity against degenerative process of
cartilage (Dingle, 1991). Therefore, the identifica-
tion of common dietary substances of natural
plant origin capable of affording beneficial protec-
tion or modulating the onset and severity of
arthritis may have important health implications
(Berman, 2004).

Green tea (Camellia sinensis) has been ex-
tensively evaluated by its potential anti-rheumatic
activity due to its higher content of polyphenols
known as catechins (30 to 36% of dry weight)
including  epigallocatechin-3-gallate  (EGCG),
which constitutes up to 63% of total catechins
(Manning and Roberts, 2003).

In this study before studying the anti-rheumatic
activity of green tea, the polyphenol content and
free radical scavenging activity of aqueous green
tea leave extracts (AGTE) were estimated using
liquid chromatography and DPPH/NBT
scavenging colorimetric assays.

Analysis of AGTE showed higher content of
polyphenols. Catichins amount were the highest
between all phenolic compounds, where it
represented 32.6 mg/g followed by caffeine (25.84
mg/g), chlorogenic acid (22.47 mg/g) and
pyrogallol (13.41 mg/g). This is in addition to small
amounts of other phenolic compounds such as
vanillic, synergic, salycillic, benzoic and ferulic.
Similar levels were shown by Hoff and Singleton
(1997). However, different results of total poly-
phenol content (80.5 to 134.9 mg/g and 65.8 to
106.2 mg/g) in black and green tea leaves were
obtained by Khokhar and Magnusdottir (2002),
this may be related to brewing time, commercial

brand, and producing country.

Also, this study shows higher activity of AGTE,
in which anti-radical activity was about 90.3 and
87.9% at 64 pg/ml of AGTE against DPPH and
NBT radicals, respectively. The potential decrease
in the concentration of DPPH and NBT radicals
are due to the scavenging ability of AGTE. These
results were in accordance with other studies
(Yen and Chen, 1997; Yokozawa et al., 1998),
which reported higher radicals scavenging
efficiency of green tea extract. Also, green tea
polyphenols were widely reported as significant
antioxidant, anti-carcinogenic, anti-inflammatory,
thermogenic,  probiotic, and  antimicrobial
properties (Graham, 1992; Alschuler, 1998).

To study anti-rheumatic activity of green tea, 80
patients with early and established rheumatoid
arthritis were subjected to 12, 24 week green tea
supplement (4 to 6 cups/day), whereas a cup of
green tea typically provides 60 to 125 mg
catechins, including EGCG (Cooper et al., 2005).

In this study, patients with early and established
RA showed an increase in BMI which correlates
significantly with disease activity and pro-inflam-
matory state of RA patients. The association of
BMI with disease activity could be due to physical
inactivity leading to an increase in BMI (Dessein et
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Table 5. Spearman’s correlation coefficients of cartilage and inflammatory biomarkers versus RA disease markers (ESR, Rf, CRP, and
DAS28-ESR) according to EULAR category of response at 24 week of green tea therapy.

EULAR category response at 24 W of green tea therapy

ltem Early RA (Spearman’s r)

Established RA (Spearman’s r)

Good Moderate No Response Good Moderate No Response (n=

(n=40) (n=8) (n=2) (n=18) (n=7) 5)
Cartilage biomarker
COMP vs ESR 0.32* 0.21 ** - 0.35* 0.5** 0.63* - 0.51*
vs Rf 0.12* 0.41 ** - 0.65* 0.25* 0.73* -0.31*
vs CRP 0.42* 0.81 ** - 0.55* 0.45* 0.83* - 0.91*
vs DAS28 0.49* 0.78 ** - 0.95* 0.48* 0.33* - 0.53*
HA vs ESR 0.24* 0.35* - 0.42* 0.34* 0.71* - 0.34*
vs Rf 0.64** 0.55* - 0.62* 0.44* 0.51* -0.37*
vs CRP 0.56** 0.25* - 0.48* 0.53* 0.68** -0.41*
vs DAS28 0.49** 0.75* - 0.32* 0.64* 0.70* - 0.35*
Inflammatory
biomarker
TNF-ce vs ESR 0.37* 0.91* - 0.25** 0.35* 0.75* - 0.59**
vs Rf 0.29* 0.85* - 0.27** 0.45* 0.80* - 0.61**
vs CRP 0.43* 0.75* - 0.23** 0.55* 0.82* - 0.70%*
vs DAS28 0.47* 0.68* - 0.31** 0.25* 0.67* - 0.73**
IL-6 vs ESR 0.45* 0.81* - 0.43* 0.58* 0.25* - 0.68**
vs Rf 0.49* 0.87* - 0.38** 0.52* 0.35* - 0.71*
vs CRP 0.65* 0.79* - 0.36** 0.56* 0.31* - 0.75*
vs DAS28 0.58* 0.72* - 0.40** 0.61* 0.30* - 0.78**

Values are correlation coefficients calculated using Spearman’s rank correlation. P values are expressed in parentheses. P < 0.05 is considered as

statistically significant. * P < 0.01 and **P < 0.001.

(Dessein et al., 2007; Sokka et al., 2008). Therefore, BMI
may consider as a predictor of RA disease activity.

When patients with early and established RA treated
with green tea therapy for 12 and 24 weeks, BMI was
greatly reduced towards normal values compared to
baseline data. The control of higher BMI towards normal
values may be related to green tea’'s thermogenic effect
properties as a result of a synergistic interaction between
caffeine and catechin polyphenols that appears to
prolong sympathetic stimulation of thermogenesis (Dulloo
et al., 2000; Juhel et al., 2000). This matched with Maki
et al. (2009) who reported that, the consumption of 625
mg EGCG-containing catechins daily for 24 weeks cau-
sed a greater loss of body weight and a decrease in the
fasting serum triglyceride levels in the catechin-
administered group. Also data showed that the decrease
in BMI was significantly correlated with reduction in the
parameters of RA disease activity DAS28 and PNRS
during 24 week green tea therapy indicating the anti-
rheumatic activity of green tea and the importance of BMI
as a predictor of RA disease activity (Sokka et al., 2008).

In the present study, patients with early and established
RA treated with green tea therapy for 24 week showed a
significant decrease in clinical measures of disease activity

such as CRP, Rf and ESR as compared to baseline data.
The decrease in disease activity measures exhibited
significant correlation with enhancement of DAS28-ESR
and PNRS criteria. The established pharmacological
properties of green tea are attributed to its high content of
EGCG (Doss et al., 2005; Cooper et al., 2005). The anti-
rheumatic activity of green tea supplement may be
related to certain pathways such as the modulation of
energy balance, endocrine system, food intake, lipid and
carbohydrate metabolism, antiobesity, anti-inflammatory,
and redox status (Yang et al., 2001; Sabu et al., 2010).

Recent understanding of the RA pathogenesis has
clarified the role of cytokines and other inflammatory
mediators in this process and has provided a scientific
rationale in developing targeted therapies (Feldmann and
Maini, 2008), whereas cytokines such as IL-1B, TNF-ce,
and IL-6 promote imbalance between excessive cartilage
destruction and cartilage repair processes via induction of
reactive oxygen species (ROS) and inflammatory
mediators (Malemud, 2004).

Our results showed elevated levels of TNF-a and IL-6
in early and established RA groups which coincided with
previous studies (Dube et al., 2008; Patrick et al., 2010).
These results were reversed by supplementation of green
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tea therapy for 24 week. The reported beneficial effects
of green tea may be related to their antioxidant, anti-
inflammatory and antiproteinase properties of its phenolic
contents (Frei and Higdon, 2003), the anti-inflammatory
effects of green tea may partially be due to its ability to
regulate  TNF—a gene expression, encoding anti-
inflammatory/pro-inflammatory factors (Wahyudi and
Sargowo, 2007). The decrease in the level of TNF-a and
IL-6 was supported with a significant correlation between
disease activity parameters and the improvement of
DAS28-ESR and PNRS criteria, whereas the level of
cytokines and RA disease parameters especially CRP
are interrelated (Hye Soon Parka et al., 2005; Patrick et
al., 2010). The obtained results may be related to the
ROs-scavenging activity of green tea catechins (Chen et
al., 2004; Erba et al., 2005; Riegsecker et al., 2013).

Soon after a discovery that GT polyphenols may inhibit
arthritis in murine model, majority of the studies were
focused on its beneficial effect on progressive cartilage
degradation, a hallmark of OA and RA (Malemud, 2006).

In this study, a significant increase in both serum HA
and COMP levels was reported at baseline stage of
patients with early and established RA. However, patients
with established RA showed a higher HA and COMP
values as compared to early group. This may be related
to the severity of joint damage due to physical activity
(Mundermann et al., 2005). The elevation of serum
COMP and HA showed a significant correlation with the
parameters of RA disease activity, especially DAS28-
ESR and PNRS. The correlation of these parameters in
patients demonstrating low values of traditional
prognostic markers including ESR, CRP, RF and DAS
was greatly reported (Mansson et al., 1999; Skoumal et
al., 2004). Additionally, COMP may be of prognostic value
for radiological outcome and proposed its feasibility in
monitoring articular cartilage damage in RA (Skoumal et
al., 2003; Young-Min et al., 2007; Morozzi et al., 2007).

Also, in the present study, there was a significant
decrease in the level of COMP and HA in both groups
with RA during the initial 6 months of green tea therapy.
This suggests that green tea modifies the release of
COMP and HA from the tissue and supports the
interpretation that this treatment modality retards the
development of joint destruction. Interestingly, some
recent pharmacological studies using EGCG or green tea
to suppress arthritis have focused equally on bone
resorption observed in RA (Lin et al., 2009; Natsume et
al., 2009; Takai et al., 2008).

The EULAR response criteria classify patients as good,
moderate or non-responders, using the individual amount
of change in the DAS28 according to patients responding
for novel treatments or clinical trials (Smolen et al., 2003;
Fransen et al., 2003).

In the present study, the response of RA patients to
green tea treatment at 24 week was reported using
DAS28-ESR and EULAR response criteria. When

DAS28-ESR scores were assessed using EULAR
response criteria, 96 and 83% of patients were
categorized as showing good or moderate response in
the early and established RA groups, respectively with no
significant difference apparent between groups. However,
4 and 17% of patients were non-responders at 24 week
green tea therapy. The data obtained showed a
significant correlation between the decrease in the levels
of CRP, ESR, Rf, IL-6 and TNF-a in good and moderate
green tea RA responders as compared to non-
responders, whereas the disease activity remained
unchanged. These results demonstrated the anti-
rheumatic activity of green tea which may be related to
the antioxidant and anti-inflammatory of its phenolic
compounds, especially catechins (Morinobu et al., 2008;
Lin et al., 2008). Also, many studies reported that
treatment of green tea reduced oxidative stress free
radicals induced production of proinflammatory cytokines
TNF-a, IL-6, CRP and NF-kB activation in a dose
dependent manner (Kim et al, 2000; Wahyudi and
Sargowo, 2007; Ramesh et al., 2009).

Similarly, in the present study radiographic structural
assessment using the TSS revealed that mean DTSS per
6 month (6 month progression) was 4.2 in the early RA
group and 5.3 in the established RA group, while the
proportion with DTSS#0 exceeded 70% in both groups,
suggesting that our clinical study using green tea yielded
successful clinical results comparable to those in a
previous study in Japan (Takeuchi et al., 2008), which
reported the notable efficacy of infliximab therapy in a
rheumatoid arthritis management.

Finally, according to EULAR response criteria, elevated
serum levels of HA and COMP were significantly
decreased in all groups of good, moderate and non-
responders to green tea therapy at 24 week. Our results
showed that green tea treatment inhibited the degra-
dation of human cartilage through enhancement of the
serum levels of HA and COMP cartilage biomarkers as
previously  reported (Adcocks et al., 2002
Vankemmelbeke et al., 2003; Ahmed et al., 2004; Niki et
al., 2012). Also, it could be hypothesized that the effect
might be due to the joint protective effect suggested for
green tea polyphenols (Lambert et al., 2007). Our results
further confirm the conclusion that COMP levels are
highly specific markers for the cartilage degradation pro-
cess in RA (Di Cesare et al., 1999), and could be used as
biomarker for clinical treatments.

Conclusion

The pattern of changes of serum cartilage biomarkers
(HA and COMP) and inflammatory cytokines (IL-6, TNF-
ce) in patients with early and established RA, supports
the interpretation that green tea has a joint protective and
anti-inflammatory effect. Serum cartilage biomarkers could



be useful for evaluating tissue effects of novel treatment
modalities in rheumatoid arthritis. Our results suggest
that this promising anti-arthritic activity of green tea
should be further explored as a dietary therapy for the
management of RA in conjunction with conventionally
used drugs.
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The present study was carried out to develop a new natural product reagent which has antimicrobial
and antiviral effect, so we assayed the extract from Korean Arbor vitae (Thuja koraiensis) on
antimicrobial and antiviral in vitro. The antimicrobial activity was assayed at two gram-positive bacteria
(Staphylococcus aureus, Bacillus subtilis); two gram-negative bacteria (Escherichia coli, Salmonella
typhimurium) and the results were measured by the paper disc diffusion assay and minimum inhibitory
concentration (MIC). The antiviral activity of T. koraiensis extract was assayed at the Bovine viral
diarrhoea (BVD) virus which is a RNA virus replication in Madin-Darby bovine kidney (MDBK) cells and
the results were measured by maximum non cytotoxic concentration (MNCC) and maximum non-toxic
dose (MNTD). The result of paper disk diffusion assay showed that extract had the high antimicrobial
effect at S. aureus strain. The MNCC of extract on MDBK cells was 0.031% and the MNTD of extract was
0.0195% on BVD virus. These results suggested that T. koraiensis extract had antimicrobial and antiviral
effect, especially at low concentrations which had a strong antiviral effect at BVD virus. The T.
koraiensis extract could also be useful as disinfectant for bacterial. The study of T. koraiensis function
perhaps would be the first and more research is needed in the future.

Key words: Thuja koraiensis extract, antimicrobial activity, minimum inhibitory concentration, maximum non
cytotoxic concentration, maximum non-toxic dose, antiviral activity.

INTRODUCTION

Arbor vitae is the common name for any of the coniferous
evergreen trees or shrubs comprising the genus Thuja in
the cypress family (William and Jackson, 1967). The
foliage of Thuja is rich in Vitamin C, and was used by
Native Americans and early European explorers as a
cure for scurvy. The leaves have been used as a
treatment for rheumatism. The oil of arbor vitae is often
guoted as a herbal remedy topically used to aid in the

treatment of human papillomavirus (HPV), genital or
common warts (Aljos, 2005). Korean Arbor vitae (Thuja
koraiensis) is a species of Thuja, an evergreen shrub or
small tree growing up to 3 to 10 m tall. The foliage forms
flat sprays with scale-like leaves of about 2 to 4 mm long
(up to 15 mm long on strong-growing shoots), matt dark
green above and with broad and vivid white stomata wax
bands below. The cones are oval, yellow-green ripening
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to red-brown, 7 to 11 mm long and 4 to 5 mm broad
(opening to 6 to 9 mm broad), with 8 to 12 overlapping
scales ("Flora of China" editorial board, 1978).

Thuja is very resistant to most pests (Aljos, 2005). A lot
of research has shown that Arbor vitae exhibits anti-
inflammatory (Kim et al., 2013), antidiuretic (Dubey and
Batra, 2008), antimicrobial (Jain and Garg, 1997), fungi
toxic (Guleria et al., 2008) and antiviral (Loizzo et al.,
2008) activities. However, there are no studies for T.
koraiensis. In this study, we investigate the antimicrobial
and antiviral activities of the extract of T. koraiensis in
order to develop a new natural product reagent. For the
antimicrobial activity, two strains each of Gram-positive
(Staphylococcus aureus, Bacillus subtilis) and Gram-
negative bacteria (Salmonella typhimurium, Escherichia
coli) were selected and the experiment conducted. For
antiviral activity, the Bovine viral diarrhoea (BVD) virus
which resulted in large losses of domestic animals was
selected for the experiment. BVD virus is an enveloped
positive-strand RNA virus that holds generic status in the
family Flaviviridae (Collett et al., 1988). BVD virus causes
major economic losses in domestic ruminants worldwide
(Houe, 1999). It can lead to a variety of clinical outcomes
that range from subclinical infections to the more severe
presentations including abortion, infertility and the fatal
mucosal disease (Baker, 1995).

MATERIALS AND METHODS
Plant

T. koraiensis was purchased from the Natural Space and dissolved
in 100% dimethyl sulfoxide (DMSO).

Solvent extraction

T. koraiensis was extracted by steam distillation method (Cassel et
al., 2009).

Micro-organisms

The bacteria used in this study were two kinds of Gram-positive
bacteria B. subtilis (ATCC11774), S. aureus (KCCM1335) and two
kinds of Gram-negative bacteria E. coli (KCCM12181), S.
typhimurium (KCCM11862). The strains were purchased at the
Korean Culture Center of Microorganisms (KCCM). The medium
used was Muller Hinton Broth (Difco, USA).

Paper disc diffusion assay

Antimicrobial activity of T. koraiensis extract was determined by the
disc diffusion method (Bauer et al., 1966). The bacteria were
cultured in Mueller—Hinton broth. The concentrations of the cultures
were 10° colony forming units (CFU) per ml. The extract to be
tested was dissolved in 100% DMSO. For the purpose of screening,
10 ul of each extract solution was loaded on paper disc (Whatman
no. 6 mm). The disc was placed on the surface of the Mueller—
Hinton agar plate previously inoculated with bacteria. The agar
plates were then inverted and incubated for 24 h at 37°C. The
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antimicrobial activity was recorded by measuring the zone of
inhibition (in mm) around each disc and the diameter zone of
inhibition was measured using a transparent plastic ruler. Each test
was carried out in triplicate. Amoxicillin (10 ug/ml) and collistin
sulfate (10 ug/ml) were used as a positive control and 100% DMSO
as a negative control in the assays.

Minimum inhibitory concentration (MIC) assay

Minimum inhibitory concentration (MIC) assay was determined by
following the micro broth dilution method (Shin and Kim, 2005)
performed with the 96-well plate. A range of two-fold dilution (50 to
0.3%) of the T. koraiensis extract in Muller Hinton Broth (MHB)
containing 100% DMSO was prepared. The extract suspensions
(100 ul) were added to each well. The test bacterial strains were
adjusted with MHB to match the 10° colony forming units (CFU) per
ml. Subsequently, 100 ul volume of the strain medium was added to
each well and the plate were incubated at 37°C for 24 h under
micro plate spectrophotometer (Biotech, Eon, USA) using the
absorbance of 600 nm measured once every 4 h. MHB was used
as a negative control and each strain medium were used as a
positive control. The MIC was defined as the lowest concentration
of a test sample that completely inhibited visible bacterial growth.

Cell and virus cultures

The Madin-Darby bovine kidney (MDBK) cell and Bovine viral
diarrhoea (BVD) virus were purchased at the American Type
Culture Collection (ATCC). MDBK cells were grown in 75T-Flask by
using minimum essential medium (MEMA, Thermo, USA)
supplemented with 5% (v/v) fetal bovine serum (FBS, GIBCO/ BRL,
USA) and 1% (v/v) anti-anti (Antibiotic-Anti mycotic, GIBCO/ USA).
The BVD virus was propagated using MDBK cells and cytopathic
effect (CPE) was observed. Repeated freezing and thawing was
done twice and then centrifuged for 5 min at 2000 rpm. The
aqueous layer was removed and put into cryogenic vials, stored at -
70°C until use. Titer of virus infection was done using the
Spearman-Karrer method (Jung, 2001), 50% tissue culture infective
dose (TCIDsp) was calculated and the result of 1.5 x 10%/ml was
obtained.

Cell cytotoxicity test

The cytotoxicity assay for dimethyl sulfoxide (DMSO) was used to
obtain the cell attachment test. MDBK cells were seeded into 96-
well plate at a density of 3.5 x 10° cell/ml. DMSO was diluted with
MDBK cell growth medium by two fold serial dilutions in 96-well
plate and incubated for 72 h at 37°C in a humidified 5% CO,
atmosphere. After incubation, cytopathic effect (CPE) was
observed. The plate was examined under binocular microscope and
the dead cells in each well were counted. Monolayers of MDBK
cells incubated only with growth medium were used as a control.
The result for DMSO concentration is 0.7% than that of non-
cytotoxic at MDBK cells. For extract cytotoxicity assay, 1% T.
koraiensis extract was diluted in 0.7% DMSO and in the same way
as DMSO cytotoxicity assay to be experimented. CPE was
observed and the maximum non-cytotoxic concentration of extract
was determined.

Antiviral activity test

The antiviral activity of T. koraiensis extract was also assayed in 96-
well plates, since the initial dilution of the extract was done in 0.7%
DMSO and the MNCC of extract in MDBK cells were used. The
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Table 1. Antimicrobial activity of the Korean Arbor vitae (Thuja koraiensis) extract on

several micro-organisms.

Zone of inhibitory (mm)

Strain
*Control Extract 100%
Bacillus subtilis (ATCC11774) 10 13
Gram(+)
Staphylococcus aureus (KCCM1335) 30 17
Gram() Escherichia coli (KCCM12181) 15 15
Salmonella typhimurium (KCCM11862) 15 12

*Control: Gram (+), Amoxicillin; Gram (-), Collistin Sulfate.

Table 2. Minimum inhibitory concentration (MIC) of the Korean Arbor vitae
(Thuja koraiensis) extracts several micro-organisms.

Microorganism

MIC (mg/ml) extract (%)

Staphylococcus aureus

Gram (+) (KCCM1335) 12.5
Bacillus subtilis (ATCC11774) 0.6
Salmonella typhimurium 125

Gram () (KCCM11862) :
Escherichia coli (KCCM12181) 12.5

virus were serially diluted in MEMA containing 1% (v/v) anti-anti and
the virus titer was determined at 104 TCID50/ml. 50 ul of BVD virus
growth medium was placed in each well and 50 ul of extract atserial
dilutions corresponding to MNCC were added. BVD virus
suspension (10* TCIDso/ml) of 50 ul was added in each well,
incubated at 37°C and 5% CO, adsorbed in 90 min. MDBK cells
(35 x 10° cells/well) of 100 ul were added in each well and
incubated at 37°C in a humidified 5% CO, atmosphere, and viral
plaques were counted after 72 h. The BVD virus growth medium
containing the MDBK cells was used as a positive control. The BVD
virus growth medium contained the MDBK cells and virus was used
as a negative control.

RESULTS AND DISCUSSION

The antimicrobial activity of the T. koraiensis extract by
paper disk diffusion assay against the test organisms are
shown in Table 1. The extract inhibited Gram-positive
bacteria S. aureus and B. subtilis, with diameters of
inhibition zone 17 and 13 mm, Gram-negative bacteria E.
coli and S. typhimurium, with diameters of inhibition zone
15 and 12 mm. Particularly, the antimicrobial effect of
extract at the B. subtilis strain was higher than in the
control. Table 2 shows the MIC values of the T.
koraiensis extract against the test organisms. The MIC
values ranged from 0.6 to 12.5% of the extract. The
extract exhibited the highest activity against B. sulbtilis,
with MIC of 0.6%.

The results showed that T. koraiensis extract has
antimicrobial activity both at gram-positive and gram-

negative bacteria. At other studies, the growth of gram-
positive bacteria was inhibited very effectively than gram-
negative bacteria in a study using quercetin and
naringenin which are single compounds in a phenolic
compound (Rauha et al., 2000), while it had similar
analysis results for the T. koraiensis extract single
compound. But accordingly, the results of the T.
koraiensis extract had a good antimicrobial effect at
gram-positive bacteria in this study which may contain
phenolic compound in the T. koraiensis extract. Further
study was done analysing T. koraiensis antimicrobial
effective single compound using high performance liquid
chromatography (HPLC) profiling.

The antiviral activity of 1% T. koraiensis extract against
BVD virus is shown in Table 3. The result showed that
the MNCC of T. koraiensis extract on MDBK cells was
0.031% and the MNTD of extract was 0.0195% on BVD
virus replication in MDBK cells. Especially, the extract at
low concentrations had a strong antiviral effect at BVD
virus; BVD virus is a RNA virus. T. koraiensis extract had
antiviral effect at RNA virus. T. koraiensis extract, which
anti-virus affects, will appear at DNA virus and needs to
be more experimental in the future.

In summary, T. koraiensis extract had good anti-
bacterial and antiviral effect. And we had first identified
that Korean Arbor vitae (Thujakoraiensis)extract has both
effect about antibacterial and antiviral. We suggest that
the Korean Arbor vitae (Thuja koraiensis) extract will be
useful as disinfectant for gram positive bacterial. Future
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Table 3. Antiviral activity of Korean Arbor vitae (Thuja koraiensis) extracts 1%

against BVD virus.

Solvent

*MNCC (%) TMINTD (%)

Korean Arbor vitae (Thuja koraiensis) extract

Control (P.C)
Control (N.C)

0.031 0.0195
nag nag

*MNCC: maximum non cytotoxic concentration, TMNTD: maximum non-toxic dose,
PC: Positive control, N.C: Negative control, 1% extract dissolved 0.7% DMSO

study, Korean Arbor vitae idendtifie effective single
compound about antibacterial and antiviral, also another
single compound will confirm pharmacology function.
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The aim of this study was to determine knowledge and awareness regarding epilepsy among under
graduate pharmacy students in Karachi, Pakistan. The questionnaire was distributed to the pharmacy
students of 4th and 5th year in three different universities of Karachi, Pakistan from August to
September, 2013 and the data was assessed using descriptive analysis. Five hundred questionnaires
were distributed among the students and 467 were returned (93.4% response rate) after filling. Majority
of the students were female (n = 380, 81.4%). It was found that all the students were aware about
epilepsy (100%) while (71.9%) were aware of its types. It was also found that printed information was the
main information source regarding epilepsy apart from class lectures. Overall responsiveness for most
of the questions was in affirmative. The result of this study indicates a satisfactory level of awareness
and knowledge of epilepsy among undergraduate pharmacy students in Karachi but it is necessary to
advance understanding of the disease and its treatment among all the pharmacy students as they
represent a well-informed fraction of society and healthcare system regarding the drug use.

Key words: Epilepsy, awareness, pharmacy students.

INTRODUCTION

Epilepsy or recurring seizures is one of the most common
and non-communicable brain disease world-wide (Scott
et al.,, 2001). Patients with epilepsy also face stigma
placed upon them by the people in addition to their
disease which deprives patients of disclosing their
condition and seeking proper treatment (World Health
Organization (WHO), 1999). Knowledge and approach
worldwide regarding epilepsy differs broadly but has
improved very much than before ensuing more favorable
social environment (Mirnics et al., 2001; Jacoby, 2002).
Surveys are also conducted to raise the awareness of the
extent of social recognition of epilepsy (Jacoby et al.,
2004).

In the urban areas, civic stance towards epilepsy has
very much enhanced over the years (Jacoby, 2002). Stu-
dies have reported that more educated people present
more positive attitude and (Jensen et al., 1992; Chung et
al., 1995) proper perception of epilepsy but fallacy still
continues in some areas (Nyame et al.,, 1997). In
countries like United States and Denmark, enhanced
public knowledge and approach about epilepsy have
been seen due to sturdy public education and
understanding (Caveness and Gallup, 1980; Canger and
Cornagsia, 1985; Jensen and Dam Me, 1992) whereas
inadequate studies are offered in developing countries
(Radhakrishnan et al., 2000; Gambhir et al., 1995). On
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the other hand, the awareness about epilepsy is revealed
to be enhanced in a number of studies from developing
as well as developed countries (Jensen and Dam M,
1992; Radhakrishnan et al., 2000; Cuong et al., 1995;
Choi et al., 2004; Rwiza et al., 1993).

The pharmacist is a reliable and easy to get to health
care professional. Community pharmacists present a
significant role in educating patients about their drugs
and diseases hence providing medication therapy
management (Bluml, 2005). There is an optimistic impact
of pharmaceutical care services provided in various
clinical settings in developed countries; findings regarding
developing countries are still deficient (Awad et al.,
2006). The pharmacists are more seen as provider of
pharmaceutical care service now (Lawrence et al., 2004)
as they take direct responsibility for patients’ drug related
needs (Dugan, 2006; Pearson, 2007). The provision of
pharmaceutical care in community pharmacy is still
emerging in different parts of world like in Europe
(Germany, Sweden), Canada and USA (Christensen and
Farris, 2006; Hughes et al., 2010; Jones et al., 2005;
Eickhoff, 2006; Westerlund and Bjork, 2006).

Awareness and stance among the general population
regarding epilepsy differ extensively worldwide. In the
urbanized areas, civic attitude towards epilepsy has
significantly been enhanced, leading to more constructive
social milieu (Mirnics et al., 2001; Jacoby, 2002). Studies
have shown that primary care physicians desire to have
community pharmacists to manage a whole medication
report and screening for drug interactions for patients
with epilepsy (McAuley et al.,, 1999; 2009). It was
observed in England (Tinelli et al., 2007) after
experiencing a pharmacy-led medication management
service that patients had an attitudinal swing towards the
pharmacists. In turn, this would enhance pharmacist job
satisfaction as they dedicate more time in consultation
and drug use management (Schommer et al., 2006).

Pharmacists should continue to be involved in the care
of patients with epilepsy because it was observed that
specialized sessions given by pharmacists increased
caregiver's knowledge about epilepsy and medication
adherence (Chen et al., 2013). Studies have shown that
patient education is essential to develop compliance and
to raise contentment levels in patients during critical
therapies (Rafique et al., 2006; Saeed and Ibrahim, 2005)
but unfortunately, this is hardly ever acknowledged by
even major health care institutions (Rafique et al., 2006)
in Pakistan. The burden of epilepsy on the whole is not
fully calculated and valid information regarding this is
stumpy (Khatri et al., 2003). There are about 50 million
epilepsy patients known worldwide among which
approximately 85% are existing in developing countries.

The healthcare professionals have found it alarming
that Pakistan is having high prevalence of epilepsy (Aziz
et al., 2005). According to WHO, approximately 50% of
epilepsy cases start at youth and 70 to 80% could have
normal lives after appropriate treatment (Aziz et al., 2005).
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This necessitates the education and practice of
pharmacists since it was found that treatment condition
for epilepsy was pitiable with short rate of improvement in
rural as compared with optimum therapeutic effect in
urban persons receiving the treatment at same time
(Patsalos et al., 1993). Hence, pharmacists have an
important role for the patients with epilepsy providing best
possible care to them (McAuley et al., 1999). Since phar-
macists are involved in counseling and communication
with the patients therefore the patients also preferred that
their pharmacist correspond to their epileptologist about
drug interactions and adverse effects (James et al.,
2009). Carole Brown reported that there are complexities
with diagnosis, counseling and prescribing of antiepileptic
drugs and the participation of a pharmacist practitioner
with a particular interest in epilepsy (PwSI epilepsy)
within the neurology team can maximize the skill blend
with general practitioners (Carole, 2012).

This study was conducted to assess the level of
knowledge of pharmacy students of 4th and 5th year
about epilepsy and its management as they are eminent
part of the healthcare system. Their contribution as
healthcare professional in the future regarding epilepsy
can play a distinguished role in improving the quality of
life for such patients.

METHODOLOGY

The questionnaires were distributed to the pharmacy students of
4th and 5th year in three different universities of Karachi, Pakistan,
conducting Pharm.D courses, from August to September, 2013.
The students of higher classes were recruited for this study as they
have been taught about the basics of the disease and its
management in pharmacy curriculum up to satisfactory extent. The
guestionnaire comprised of a series of questions to assess the level
of information and understanding of under graduate pharmacy
students regarding epilepsy. Most of the questions were adapted
from previous studies (Mielke et al., 1997; Kankirawatana, 1999;
Rahman, 2005). It took about 15 minutes for each student to
complete a single questionnaire and the questionnaires were
returned to the researchers on the same day after filling. The data
obtained was analyzed via descriptive statistics.

RESULTS AND DISCUSSION

The analysis of students’ awareness regarding disease
and their management is essential as it permits the
deterrence of inadequate information of future health care
providers. Consequently, this may result in improved
health support and quality of life of one suffering from
various diseases. This study included questions on
awareness of epilepsy. The respondents were of age
group between 23 to 25 years and majority were female
(n = 380, 81.4%). All the respondents had basic
awareness of epilepsy while (71.9%) were aware of its
kinds (Table 1). About one fourth of the students (21.8%)
claimed that they have excellent awareness regarding
epilepsy (Table 1). Books and leaflets were found as the
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Table 1. Basic Knowledge Regarding Epilepsy

S/No Question Yes (%) No (%) Don’t Know (%)
1 Do you know what epilepsy is? 467 (100) 0 (0) -
Your awareness regarding epilepsy is
5 Excellent 102 (21.8)
Adequate 166 (35.5) - -
Average 163 (34.9)
3 Do you know someone suffering from epilepsy? 147 (31.5) 320 (68.5) -
4 Have you ever seen someone having a seizure/fit? 282 (60.4) 185(39.6) -
5 Do you know how to help a patient with epilepsy during the seizure? 220 (47.1) 247 (52.9) -
6 Do you know how many types of seizures are there? 336 (71.9) 131 (28.1) -
7 Do you think epilepsy is a contagious disease? 29 (6.2) 393 (84.2) 45 (9.6)
8 Do you think epilepsy is a chronic brain disease that cannot be cured or controlled? 127 (27.2) 314 (67.2) 26 (5.6)
9 Do you think all epileptic patients have the same symptoms? 96 (20.6) 316 (67.7) 55 (11.8)
10 Do you think all epileptics have to use an anti seizure drug? 265 (56.7) 134 (28.7) 68 (14.6)
11 Do you think people suffering from epilepsy need lifelong drug treatment? 339 (72.6) 72 (15.4) 56 (12)

as the major source of information (Figure 1)
regarding epilepsy (n = 425, 91%) besides the
lectures that are taught in their Pharmacy
institutes according to the approved curriculum.
Since university students symbolize a better-
educated part of the population, therefore it is
important that the students studying pharmacy in
various universities should have the proper know-
ledge and suitable approach towards healthcare
issues like epilepsy as the disease has
considerable social implications. Earlier reports
have also shown that there is a sturdy association
between the age, level of education, etc towards
epilepsy (Caveness and Gallup, 1980; Kim et al.,
1994).

Among the respondents, (31.5%) knew some
epilepsy patients personally and (60.4%) had
witnessed the onset of an epileptic attack. Majority
of the students (84.2%) were aware that epilepsy

is not contagious and (67.7%) students had know-
ledge that patients with epilepsy show different
signs and symptoms (Table 1). Almost half of the
respondents (47.1%) claimed that they knew how
to help patients with epilepsy during attack and
(67.2%) students knew that epilepsy is not
chronic/uncontrollable (Table 1). The students
were asked to choose main manifestation of
epilepsy and according to (60.4%) students it was
convulsions (Figure 2). Convulsions were found
as the most common cause of mortality in
epilepsy patients (Mac and Tran, 2007).

The results of the study have shown that
(73.8%) students knew that treatment of epilepsy
(Figure 3) is mainly medication. More than half
(56.7%) of the students thought that all patients
with epilepsy should use medication and most of
them (72.6%) emphasized on treatment for ex-
tended time period (Table 1). Antiepileptic agents

can successfully manage epilepsy (World Health
Organization, 2003) hence improving quality of life
in patients with epilepsy. It has been observed
that many patients with epilepsy have inadequate
seizure control due to poor medication compliance
(Jones and Butler, 2006). To help end a seizure,
some respondents thought that eau de cologne
(1.9%), shoe smell (47.3%) or onions (7.3%)
would be helpful.

Conclusion

The Pharmacy students stand for a better-
educated group in the healthcare system as they
have more knowledge regarding the use of drugs,
hence it is essential for them to clasp proper infor-
mation of the disease and drug use. There is a
need to improve certain aspects of knowledge and
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Figure 1. Source of knowledge about epilepsy.
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Figure 2. Manifestations of epilepsy.

understanding of epilepsy among pharmacy students
especially for those selecting their career as clinical phar-
macist. Besides, well-organized educational programs
are required to develop proper public awareness about

epilepsy.

STUDY LIMITATIONS AND SUGGESTIONS

This study covered only few universities in Karachi con-
ducting pharmacy curriculum so in future studies, more

loss of  momentary suffocation

salivation from reality conscious (n=6) by tongue
(n=26) (n=127) swallowing
(n=3)

more pharmacy schools could be enrolled, even outside
Karachi so as to have a comparison of knowledge among
the students and identifying areas for improvement.
Public knowledge and attitude towards epilepsy should
also be assessed and students should be taught in the
universities  accordingly. The organizations like
International League Against Epilepsy (ILAE) can play an
important role in advancing and spreading knowledge
about epilepsy. Such kind of organizations should also be
founded in our country to promote research, education
and training regarding epilepsy.
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Figure 3. Treatment of epilepsy.
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Urera baccifera (Urticaceae) is a shrub used in folk medicine for rheumatic diseases and mycosis. This
study aimed to test the antiviral, antinociceptive, anti-inflammatory and antimicrobial activities of U.
baccifera leaves and roots. The cytotoxic and antiviral activity was evaluated against Herpes virus type
1, in vitro. The antimicrobial activity was determined by the broth microdilution method based on
Clinical and Laboratory Standards Institute (CLSI) M27-A3, M38-A2 and M7-A6 standardized reference
method. In vivo anti-inflammatory and antinociceptive activity were evaluated in ear edema
measurement, complete Freund’s adjuvant-induced nociception, measurement of cold allodynia and
spontaneous nociception in male adult Swiss mice. U. baccifera roots and leaves presented anti-
herpetic activity. The plant extract, predominantly the ethyl acetate and butanol fractions, also inhibit
Klebsiella pneumoniae, Prototheca zopfii and Saccharomyces cerevisiae and did not show
antinociceptive and anti-inflammatory effect on the tested experiments. The presence of biologically
active products and the low cytotoxicity demonstrated by the extract and fractions of U. baccifera
makes these extracts promising antiviral candidates. This nettle can also be considered a moderated
antimicrobial agent against K. pneumoniae, P. zopfii and S. cerevisiae. However, antinociceptive and
anti-inflammatory effects to the samples in this study were not observed.

Key words: Stinging nettle, herpes simplex type 1, Urticaceae, Klebsiella pneumonia, Prototheca zopfii,
Saccharomyces cerevisiae.

INTRODUCTION

Urera baccifera (L.) Gaudich Ex. Wedd is a shrub with the plant gave it its folk names as nettles in English and
one meter and a half of height, having many stinging ortigas in Spanish. This shrub is popularly used for
trichomes on the stem and leaves. The stinging hairs of inflammatory diseases, where leaves or roots are prepared
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by infusion to oral or topic use (Badilla et al., 1999a), and
the rubefacient effect is also used for rheumatic pains
and arthritis (Badilla et al., 1999a; Valadeau et al., 2009).
By topic use, this plant is also used for dermal diseases.
There are no references concerning the compounds of U.
baccifera in the literature.

Herpes simplex type 1 is a pathogen of children and
adults responsible for several disorders, including
gingivostomatitis, pharyngitis, keratoconjunctivitis and
encephalitis (Whitley, 2001). Despite the symptoms
caused by herpes infections are self-limiting in healthy
individuals, these can be extensive and prolonged in
immunocompromised patients (Chen et al.,, 2000).
Nucleoside analogues such as acyclovir and penciclovir
are some drugs licensed for the treatment of Herpes sim-
plex virus (Whitley, 2001). However, these agents may
cause a variety of toxic side effects, and the emergence
of viral strains resistant to these compounds have
become a growing problem, especially in immuno-
compromised patients (Van De Perre et al., 2008). Thus,
there is an increasing need for the discovery of more
specific antiviral agents effective against the herpes
simplex virus.

Natural products like plant extracts are very promising
sources of compounds with antiviral activity, due to the
very low toxicity that they show for cells, and also due to
the great variety of chemical constituents they have
(Jassin and Naji, 2003). Fractions obtained from aerial
parts of U. baccifera showed a significant activity against
HSV-1-ACVr (Martins et al., 2009). Moreover, studies of
other species of Urticaceae also have demonstrated anti-
HSV activity (Silva et al., 2010; Uncini et al., 2005).

The anti-inflammatory (Badilla et al., 1999a, b) tests
already been performed with the aerial parts of U.
baccifera obtained good results in the dosage of 25 to
100 and 500 mg/kg intraperitoneally administrated.
Besides, U. baccifera aqueous extract in 250 and 500
mg/kg was capable of reducing the edema caused in
mice by a snake venom intraperitoneally (Badilla et al.,
2006). The roots and leaves of this nettle showed antimi-
crobial effect against Escherichia coli, Pseudomonas
aeruginosa and Staphylococcus aureus (Onofre and
Herkert, 2012), although the metanolic extract of leaves
did not show effect against E. coli and S. aureus in other
studies (Melendez and Capriles, 2006). Therefore, the
aim of this study was a screening of cytotoxicity and
antiviral activity against HSV-1, in vitro, besides that to
test the antiviral, anti-inflammatory and antimicrobial
activities of crude extract and chloroformic, ethyl acetate
and butanol fractions from the roots and leaves of U.
baccifera.

METHODS AND MATERIALS
Preparation of the sample extracts and fractions

The leaves and the roots of U. baccifera were collected in Sao
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Francisco de Assis, RS, Brazil (S 29° 37.115" W 054° 53. 970/
precision: 2.5 m; altitude 150 m) in May, 2010. Prof. Dr. Renato
Agquino Zachia identified the plant and a voucher deposited on the
University Herbarium under number 13.070. The material (1,000 g
of roots and 400 g of leaves) was dried, milled and taken to
maceration with ethanol 70% (30 g of plant in 100 ml solvent), for
28 days, with daily agitation. Once every week, each extract were
filtrated, giving the respective hydro-ethanolic extract and fresh
extraction solvents were added. The extracts were pooled and the
ethanol was eliminated on rotary evaporator, giving the aqueous
extracts (roots and leaves separately). Part of the aqueous extract
was totally dried, becoming the crude extract (CE), and part was
fractionated with solvents of crescent polarity: chloroform (CHCls),
ethyl acetate (EtOAc) and butanol (BuOH). In the fractionation
process, to each 400 ml of aqueous extract, 200 ml of solvent were
added, which was renovated many times until the exhaustion of the
extract, when the next solvent is added in crescent order of polarity.
The fractions were equally dried. The income of the leaves and
roots were, respectively: CE: 31.5 and 22.3%; CHCls: 2.2 and
0.54%; EtOAc: 1.1 and 0.3%; BuOH: 2.1 and 1.8%.

Animals

Male adult Swiss mice (25 to 35 g), 56 animals, maintained in home
cages under a 12:12 h light-dark cycle (lights on 06:00 h) and
constant room temperature (22 + 2°C) were used. The animals
were acclimatized in the laboratory for at least 1 h before testing.
The experiments were performed with the agreement of Ethics
Committee of the Federal University of Santa Maria (Protocol
number 67/2010) and were carried out in accordance with current
guidelines for the care of laboratory animals and ethical guidelines
for investigations of experiments in conscious animals
(Zimmermann, 1983). The number of animals and intensity of
noxious stimuli were the minimum necessary to demonstrate
consistent effects of drug treatments.

Cells and viruses

HEp-2 cells were maintained in minimum essential medium (MEM —
GIBCO Invitrogen Corporation, Grand Island, NY, USA) containing
10% fetal bovine serum (SFB — GIBCO Invitrogen Corporation,
Grand Island, NY, USA), penicillin (100 U/ml), streptomicin (100
pug/ml) and amphotericin B (2.5 pyg/ml). For the cytotoxicity and
antiviral activity tests, cell cultures were prepared in 96 well plates
and incubated at 37°C and 5% CO,. The strain KOS of HSV-1 was
kindly provided by Dr. Paulo Roehe from the Federal University of
Rio Grande do Sul (UFRGS). The virus stocks were prepared and
titrated as previously described (Simdes et al., 1999), and the
aliquots were kept at -70°C.

Cytotoxicity assay

The cytotoxic and antiviral tests were performed through the MTT
colorimetric assay [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide] according to Freitas et al. (2009), with minor
modifications. HEp-2 cells were seeded into 96-well plates (2 x 10°
cells/well) and incubated for 24 h at 37°C. After that, the minimum
essential medium with 10% of fetal bovine serum and 200 pl/well of
different concentrations of the crude extracts and fractions (1.95 to
250 pg/ml) was added onto subconfluent cells in six replicates for
each concentration of the samples. Control wells without the
extracts, containing only the culture medium, and the culture
medium plus 1% ethanol were included. After 3 days of incubation
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at 37°C and 5% CO,, the growth medium was removed and 50 pl of
MTT solution (1 mg/ml) was added. The plates were re-incubated
for 4 h and after removal of the MTT solution, dimethyl sulfoxide
(DMSO) was added to dissolve formazan crystals (100 pliwell). The
supernatant was transferred to a new plate and the readings
performed in the enzyme linked immunosorbent assay (ELISA)
reader at a wavelength of 540 nm. The viable cells percentage for
each compound was calculated according to the formula:
absorbance of the compound/absorbance of the cell control x
100%. The cytotoxic concentration of the sample that reduced the
viable cell number by 50% (CCsg) was determined from dose-
response curves. Additionally the maximum noncytotoxic
concentration (MNCC) of each compound was determined for
subsequent use in antiviral tests (Freitas et al., 2009).

Antiviral evaluation

Briefly, 100 pl/well of MNCC of the compounds were added to
preformed monolayers of HEp-2 cells and diluted 1:2 in 96 well
plates. After that, a suspension of 100 pliwell containing 10*
TCIDso/ml of virus was added to all the wells with the exception of
the cell control. Control virus wells were kept without addition of the
compound. After 72 h of incubation at 37°C and 5%, MTT was
added following the procedure described. Acyclovir (10 pg/ml) was
used as positive control for HSV-1 inhibition. The inhibition for each
compound was calculated according to the formula: (compound
absorbance — viral control absorbance) / (cell control absorbance —
viral control absorbance) x 100%. The 50% inhibitory concentration
(ICs0) was defined as the concentration that inhibited 50% of viral
replication when compared to virus controls and was determined
from dose-response curves. The selectivity index (SI) was
calculated as CCsq/ ICs (Freitas et al., 2009).

Antimicrobial activity

The crude extract and the chloroform, ethyl acetate and butanol
fractions were individually evaluated against Aspergillus flavus
(clinical isolate), Candida parapsilosis (American Type Culture
Collection - ATCC 90018), Candida tropicalis (ATCC 750), Candida
glabrata (ATCC 2301), Candida dubliniensis (clinical isolate),
Candida albicans (ATCC 28967), Saccharomyces cerevisiae
(ATCC 2601), Cryptococcus neoformans (ATCC 2857),
Cryptococcus gattii (ATCC 56990), Malassezia pachi (clinical
isolate), Prototheca zopfii (clinical isolate), Micrococcus sp. (ATCC
7468), Proteus mirabilis (ATCC 7002), Klebsiella pneumoniae
(ATCC 700603), Pseudomonas aeruginosa (ATCC 27853),
Aeromonas sp. (clinical isolate), Enterococcus faecalis (ATCC
51299), Staphylococcus aureus (ATCC 29213), Staphylococcus
agalactiae (clinical isolate) and Escherichia coli (clinical isolate).
The minimal inhibitory concentration (MIC) of each fraction against
the tested microorganisms was determined by the broth
microdilution method based on CLSI M27-A3, M38-A2 and M7-A6
standardized reference method. The experiments were performed
in duplicate. Each extract and fraction was serially diluted in DMSO
to generate stock solutions. After that, it was serially diluted in RPMI
1640 broth for fungi and Brain Heart Infusion (BHI) broth for
bacteria, to obtain final concentrations ranging from 2000 to 15.625
pg/ml. The inoculums of bacteria were prepared from 24 h-culture
in BHI agar; filamentous fungi from 7-day-culture in potato dextrose
agar; yeasts from 48-h-culture in Sabouraud dextrose agar. After 24
h of incubation at 37°C for bacteria and 48 h at 30°C for fungi, MIC
endpoint was considered the lowest concentration of extract and
fraction that inhibited 100% growth. The results of the samples

were compared to the standard antibiotic amphotericin B.

In vivo anti-inflammatory and antinociceptive activity

Only the crude extracts of leaves and roots of U. baccifera were
used in the in vivo anti-inflammatory and antinociceptive assays.

Ear edema measurement

Edema was expressed as an increase in ear thickness, which was
measured before and after induction of the inflammatory response,
using a digital micrometer (Starret Series 734) in animals anesthe-
tized with isoflurane. The micrometer was applied near the tip of the
ear just distal to the cartilaginous ridges. The thickness was recor-
ded in pm. To minimize variation, a single investigator performed
the measurements throughout each experiment. The root (10 to
10000 pgl/ear) or leaf (1000 to 10000 pg/ear) of U. baccifera or
vehicle (acetone) was applied to the right ear by topical
administration according to the method described previously, with
some modifications (Silva et al., 2011).

Nociceptive parameters
CFA- induced nociception

To produce a nociceptive response, mice were lightly anaesthetized
with 2% halothane via a nose cone and received 20 pl of complete
Freund’s adjuvant [CFA-1 mg/ml of heat killed Mycobacterium
tuberculosis in paraffin oil (85%) and mannide monoleate (15%)]
subcutaneously on the plantar surface (intraplantar, i.pl.) of the right
hind paw (Ferreira et al., 2001). To evaluate the nociceptive
response, 48 h after CFA administration, the animals received oral
administration of leaf and root extract of U. baccifera (100 mg/kg) or
saline (10 ml/kg) used as vehicle.

Measurement of cold allodynia

Cold allodynia was used as a parameter of nociception, which was
characterized by a nocifensive reaction of animals after evaporative
cooling of topically applied acetone (Caspani and Heppenstall,
2009). For this, 20 ul of acetone was applied on the dorsal hind
paw, ipsilateral to the injury, and the behavior was assigned as an
arbitrary score. The nociceptive score was assigned as follows: 0 =
no behavioral response, 0.5 = licking response, 1 = flinching and
brushing of the paw, 2 = strong flinching, 3 = strong flinching and
licking. Behavior was observed during the first 30 s after acetone
application and evaluated before (basal) and several times after
treatments or CFA injection.

Spontaneous nociception

Briefly, the animals that received previous injection of CFA were
placed individually in chambers (transparent glass cylinders of 20
cm in diameter) for an adaptation period before treatment, and
spontaneous nociception induced by only CFA was observed as
described. The behavior of spontaneous nociception was observed
during 30 s before (basal) and at 0.5, 1 and 2 h after treatment with
leaf and root extract of U. baccifera (100 mg/kg) or saline
solution(10 ml/kg).
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Table 1. Results of cytotoxicity and antiviral activity of the roots and leaves.

Parameter CCso pg/ml (£SD) ICso pg/ml (xSD) Sl (CCso/ICsp)
CE >1083.32+102.34 27.39+4.52 39.55
Roots EtOAC 283.54+10.93 8.08+2.37 35.09
CHCls 131.36+8.43 9.23+3.58 14.23
BuOH >385.55+9.85 25.97+3.26 14.85
CE 162.04+6.79 17.97+£2.54 9.02
Leaves EtOAc 176.04+8.54 25.30+4.69 6.96
CHCls 98.72+6.48 10.59+3.22 9.32
BuOH 181.63+6.81 6.21+2.41 29.25
ACV (10 pg/ml) >138.23 1.25+0.32 >110.58

CE: Crude extract; CHCIs: Chloroform fraction; EtOAc: Ethyl acetate fraction; BuOH: butanol

fraction; ACV: acyclovir.

Statistical analysis

Statistical analysis was carried out by Student’s t-test or one-way or
two-way analysis of variance (ANOVA) followed by Student-
Newman-Keuls’ or Bonferroni post tests when appropriate, using
GraphPad Software 4.0 (GraphPad, USA).

RESULTS
Antiviral activity

The results of the cytotoxicity and viral inhibition tests are
shown in Table 1. U. baccifera best results was obtained
with the CE and EtOAc fraction of the roots, and the
BuOH fractions of the leaves. The BUOH fraction of the
roots showed very low toxicity to the cells, however its
ICso was high, implying a lower S| as compared to the
fractions already cited. The cytotoxicity of this fraction
was even lower than the cytotoxicity of the ACV.
Although the remaining fractions of both the roots and the
leaves showed higher cytotoxicity, they also demon-
strated antiviral activity (Table 1). The cytotoxicity in this
method can be evaluated by the CCsy (cytotoxic effects
on 50% of cultured cells) value, such that the lower it
gets, the more toxicity the extract brings to the cells.
Thus, the CE of roots can be considered a promising
candidate of an antiviral phytochemical, due its high CCsg
(>1083.32 + 102.34) and moderate I1Cs, (27.39 £ 4.52)
which resulted in the higher Sl of the samples (39.55).

Antimicrobial activity

The large amount of microorganisms tested in this study
have the finality of making a screening analysis, to verify
the possible action of U. baccifera extracts against a
specific microbe. The serial dilution has the objective of
evaluation, which is the smaller concentration that

was effective against the microorganisms. Usually,
guantitative MIC determination is well accepted for proper
evaluation of the antimicrobial activity of a plant extract
(being the MIC of a plant extract below 1000 pg/ml) con-
sidered as significant (Rios and Recio, 2005). Therefore,
only the samples that showed minimal inhibitory
concentration (MIC) lower or equal to 1000 pg/ml for
most of the microorganisms were listed on Table 2. The
fractions obtained from the leaves were the only samples
that have action against K. pneumoniae. EtOAc of the
roots was the only sample that inhibited S. cerevisae.
However, to the alga P. zopfii, the fractions BUuOH and
EtOAc from both parts of the plant presented a MIC value
considered significant, similarly to the roots CE.

Anti-inflammatory activity

On the ear edema evaluation, a graphic with time-course
and dose-response curves of mouse ear edema induced
by topical application of the plant was obtained (Figure
1). The data show that there is no occurrence of
edematogenic effect, suggesting that U. baccifera leaves
and roots does not have irritating effect. In the CFA-
induced nociception test, it was observed that the roots
and the leaves of the plant was not capable to reduce the
paw withdrawal threshold induced by CFA at all time
tested (data not shown). Therefore, U. baccifera did not
present antinociceptive effect in this model of
inflammatory pain. The antinociceptive pain against
allodynia induced by acetone is shown in the Figure 2.
The plant extract was not capable to revert the nocicep-
tion induced by acetone on the animals who received
CFA. In the spontaneous nociception experiment, the
animals did not present spontaneous pain (Figure 3). The
test shown that the crude extracts of the plant did not de-
crease the spontaneous pain of the mice in comparison
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Table 2. Results of antimicrobial activity.

Parameter CE (pg/ml) CHCI3 (ug/ml)  EtOAc (ug/ml)  BuOH (ug/ml)
Leaf

S. cerevisiae >1000 >1000 >1000 >1000

P. zopfii >1000 >1000 250 250

K. pneumoniae >1000 312 312 156
Root

S. cerevisiae >1000 >1000 250 >1000

P. zopfii 500 >1000 500 250

K. pneumoniae >1000 >1000 >1000 >1000

CE: Crude extract; CHCIs: Chloroform fraction; EtOAc: Ethyl acetate fraction; BuOH: butanol
fraction.
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Figure 1. Time-course and dose-response curves of mouse ear edema induced by
topical application of root and leaf of the Urera baccifera. The effects of these extracts
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with the vehicle.

DISCUSSION
Antiviral activity

The MTT method allows the evaluation of cytotoxicity of
the samples in parallel with their antiviral activity, what is
particularly important, since cytotoxic compounds
sometimes behave as if they were active (Takeuchi et al.,
1991). All samples tested showed anti-herpetic activity
according to the parameters proposed by Amoros et al.
(1992) and Cos et al. (2006) in order to consider a
product as a potential antiviral candidate. U. baccifera is
a plant classified in the Urticaceae family. The antiviral
activity of other Urticaceae species has been confirmed
in several studies (Silva et al., 2010; Uncini et al., 2005).
The crude extract and the fractions methanol and butanol
of Cecropia glaziovii Sneth leaves showed high activity
against HSV-1 and HSV-2 (Silva et al., 2010). In addition,
another study has shown that the species Urtica dioica
was very effective to inhibit the syncytium formation by
the feline immunodeficiency virus (FIV), which is
regarded as a model for HIV (Uncini et al., 2005).

The plants have a wide variety and complexity of
chemicals that are responsible for various biological
effects, such as flavonoids, terpenoids, lignans,
polyphenols, coumarins, saponins, alkaloids, thiophenes,
proteins, peptides, and others (Jassin and Naji, 2003).
The presence of phenolic compounds and flavonoids was
previously confirmed in qualitative and quantitative tests
for the roots and leaves of U. baccifera (Mannion and
Menezes, 2010). The samples tested in this study have
their content analyzed in a previous work (Gindri et al.,
2014). The results showed 29.98 + 1.27, 35.54 + 0.45
and 49.05 £ 0.88 mg/g of poly-phenols and 16.13 + 0.22,
15.38 £ 0.75 and 26.61 + 0.25 of flavonoids, to the CE
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CE and EtOAc of the roots, and the BUOH of the leaves,
respectively. The phenolic compounds (Hudson, 1990;
Sakagami et al., 1995; Van Den Berghe et al., 1986),
particularly the flavones and flavonoids (Amoros et al.,
1992), have been reported as having antiviral activity.

The proposed mechanisms by which the plant extracts
and its compounds act on the viruses are variable,
however several studies has shown that polyphenols act
before virus entry, directly on the virus particle or
avoiding the virus binding to the cells (Hudson, 1990;
Sakagami et al., 1995; Van Den Berghe et al., 1986).

According to Hudson (1990), the viral inactivation is
due to the in vitro binding of the polyphenols to the virus
coat proteins. There are also studies showing that the
antiviral activities of many natural products may occur by
polyphenols binding either to the virus or to the proteins
of the host cell membrane, thus preventing viral
adsorption (Van Den Berghe et al., 1986). This view is
reinforced by studies performed by Sakagami et al.
(1995) which suggests that polyphenols act through
direct inactivation of the virus and/or inhibition of the
binding of the virus to the cells. Thus, the polyphenols
may have an important role in the antiviral activity of the
extracts of U. baccifera, although further studies are
necessary to identify the mechanisms.

Furthermore, in our conditions, the BuOH fraction of the
leaves of U. baccifera showed high antiviral activity
against HSV-1, differently from the other fractions of the
leaves (Table 1). Similar results have been observed by
Martins et al. (2009) who reported that the butanol
fractions of the aerial parts of U. baccifera showed high
antiviral activity against HSV-1- ACVr (99.4%) in vitro,
although in the same study the extracts did not show
expressive percentage of viral inhibition against HSV-2-
ACVr. It is important to highlight that in the Urera genus,
there is the unique study available concerning the antiviral
activity. Afterward, the probable presence of biologically
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active compounds and the low cytotoxicity demonstrated
by the extract and fractions of U. baccifera make this
plant a promising antiviral candidate. Even though the
indication for treatment is not yet possible, the observed
activity justify further studies on the elucidation of the
mechanisms of virus inhibition. Moreover, the relatively
high toxicity of the drugs approved for the treatment of
herpetic infections and the continuous propagation of
resistant viral strains emphasize the need for new
antiviral agents (Van De Perre et al., 2008).

Antimicrobial activity

CHClI3, EtOAc and BuOH fractions of the leaves showed
a good activity against Klebsiella pneumoniae, gram-
negative bacteria with a prominent polysaccharide
capsule, which can cause important hospital infections
among adult and pediatric populations, showing that the
fractionation of the crude extract can evidence very
important antimicrobial activities, not accessible when
only crude extracts are tested. The best value was
obtained for BUOH (MIC: 156 pg/ml), and based on the
criteria mentioned earlier, the fractions of the extracts of
U. baccifera leaves could be considered active against
this important pathogen. Being a well-known raw material
in the baking and brewing industry, Saccharomyces
cerevisiae is also used as a probiotic in humans. How-
ever, this fungus can be a singular cause of infections in
humans by different forms of invasive infection after
ingestion (Sidrim et al., 2003). Taking this to account,
EtOAc and BUOH fractions of the roots can be a
promising inhibitor of this microorganism, reaffirming the
importance of fractionation of the crude extract.

In the same way, the EtOAc and BuOH fractions of
leaves and roots and the crude extract of roots presented
activity against Prototheca zopfii, algae, particularly
difficult to eradicate with drugs and without protocol to
treatment (Sidrim et al., 2003). Many plant constituents
are related to antimicrobial activities as phenolics and
polyphenols, terpenoids and essential oils, alkaloids,
lectins and polypeptides (Cowan, 1999). The flavonoids
are described to possess antifungal, antiviral and antibac-
terial activity in several studies (Cowan, 1999; Cushnie
and Lamb, 2005; Hernandez, Tereschuk and Abdala,
2000; Oh et al., 2011) and can be responsible of the U.
baccifera activity against K. pneumonia, S. cerevisiae
and P. zopfii.

Anti-inflammatory activity

In this study were tested the anti-nociceptive and anti-
inflammatory activity of U. baccifera in rats, using the
concentrations of 100 and 10 to 1000 mg/kg of animal

weight administered orally, to the roots and the leaves,
respectively, and these extracts did not show
antinociceptive and anti-inflammatory effect in these
experiments. Conversely, the plant showed anti-inflam-
matory and antinociceptive effects (Badilla et al., 1999a,
b, 2006) only when the extracts were administered
intraperitoneally, and in the last two studies, the dosages
used were higher than those used in the present work,
indicating that the plant can display anti-inflammatory and
antinociceptive activities, but only when administrated
intraperitoneally and in high concentrations. Alkaloids
(Barbosa-Filho et al., 2006; Matu and Staden, 2003) and
diterpenes (Matu and Staden, 2003), as well as
flavonoids (Ferrandiz and Alcaraz, 1991; Guardia et al.,
2001), were cited as anti-inflammatory constituents of
plants. Alkaloids and flavonoids were quantified in this
plant, even though U. baccifera did not show anti-
inflammatory and antinociceptive activities.

This study tested the antiviral, antinociceptive, anti-
inflammatory and antimicrobial activities of U. baccifera
leaves and roots. The antinociceptive and anti-
inflammatory effects were not evidenced when orally
administrated at the tested doses. On the other hand, this
work provides new information about the antimicrobial
activity of U. baccifera, showing that the fractions of this
plant could be considered active against K. pneumoniae,
P. zopfii and S. cerevisiae. Additionally, the plant showed
a very good anti-herpetic activity, and the best results
were obtained with the crude extract and ethyl acetate
fractions of the roots and the butanol fractions of the
leaves. The probable presence of biologically active com-
pounds and the low cytotoxicity displayed by the extract
and fractions of U. baccifera make these compounds pro-
mising antiviral candidates. This study became important
due to the the fact that there are few studies concerning
the pharmacological activities of U. baccifera, and no
study regarding activities of other species of Urera genus,
which makes the genus a promising source of study.
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ACV, Acyclovir; ATCC, american type culture collection; BUuOH,
butanol fraction; CCso, cytotoxic concentration 50% (ug/ml); CE,
crude extract; CFA, complete freund’s adjuvant; CHClIs,
chloroform fraction; DMSO, dimethyl sulfoxide; EtOAc, ethyl
acetate fraction; FBS, fetal bovine serum; HSV, herpes
simplex virus; HSV-1, Herpes simplex type 1; HSV-1-ACVR,
acyclovir- resistant Herpes simplex virus type 1; ICsp, inhibitory
concentration; (pg/ml); i.pl., intraplantar (plantar surface);
MNCC, maximum noncytotoxic concentration; SD, standard
deviation; Sl, selectivityindex; TCIDso, 50%tissuecultureinfectious
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