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A Randomized Controlled Study on the Effects of
Gargling with Tea Catechin Extracts on the Prevention
of Influenza Infection in Healthy Adults
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[

Experimental studies have revealed that tea catechins prevent influenza virus infection ; however, the
clinical effects have been inconclusive. At the onset of the influenza season, a randomized, double-blind,
placebo-controlled study was conducted from December 2005 to March 2006 in Japan. A total of 404 healthy
volunteers, 20-65 years of age, were enrolled and randomly assigned to two groups : the catechin group
gargling with tea catechin extract solution (approximately 400 ug/mL catechins) or the placebo group
gargling without tea catechin extracts. In both groups, gargling was performed three times daily for 90 days.
All participants were inoculated with the influenza vaccine before participating in the study. The primary
outcome measure was the incidence rate of influenza infection during the study identified by a rapid assay
for influenza virus antigens. On an intention to treat basis, 195 participants in the catechin group and 200 in
the placebo group who started the intervention were included in the analysis. Of the participants, 6 (1.5%)
were infected with influenza. The incidence rate of influenza infection in the catechin group (1.0%. 2
participants) was half that in the control group (2.0%, 4 participants), but not significant between the two
groups. We could not find significant effects of gargling with tea catechin on prevention of influenza in the
healthy adults inoculated with the influenza vaccine of the 2005-2006 season. However, the effects in more
susceptible groups, i. e., those not vaccinated against the influenza virus, children, elderly or immunosuppres-

sed people remain inconclusive.

Trial registration : ClinicalTrials.gov 1D, NCT00239213

Key words : catechin, gargling, influenza infection, prophylaxis, healthy adults

Introduction

Influenza virus infection occurs as both a pan-
demic and interpandemic, and in all age groups
worldwide®. In order to reduce morbidity and
mortality, several potential strategies such as vac-
cination, antiviral medication, and hygienic proce-
dures are in place. Vaccines are the most widely
used for the prophylaxis of influenza infection, but
the uptake of immunization varies substantially
and vaccine supply continues to be a problem?.
Thus far, evidence for the effects of antivirals, such

as amantadine or neuraminidase inhibitor on the
prophylaxis of influenza infection has not been
established®. Upper respiratory tract infections are
also the most common source of morbidity world-
wide, and they are reported to be expensive for the
healthcare systems®®. Therefore, it is important to
find ways to reduce the frequency of both influenza
infection and common colds.

Catechins are the major components of tea
flavonoids. Experimental studies have demonstrat-
ed that catechins possess various physiological
activities such as antioxidative, anticancer,

Address for correspondence : H. YAMADA. Division of Drug Evaluation & Informatics School of Pharmaceutical Sciences,
University of Shizuoka, 52-1 Yada, Suruga-ku, Shizuoka 422-8526, Japan
(Manuscript received March 30, 2007 : revised May 28, 2007 ; accepted June 8, 2007)
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hypolipidemic, hypoglycemic, hypotensive,
antibacterial, and antiviral effects™®. In vitro
studies have revealed that tea catechin extracts
prevent influenza virus infection and act against a
few respiratory tract viruses, such as respiratory
syncytial virus (RSV), parainfluenza virus, or
adenovirus®'¢. However, apart from those in the
Japanese literature, few reports are available on
the clinical effects of gargling with catechins on the
prevention of influenza or upper respiratory tract
infections'’~!". Recently, in a small prospective
cohort study, we reported that gargling with tea
catechin extracts was effective in preventing influ-
enza infection in elderly nursing home residents'?.
Based on this background, we designed a random-
ized, double-blind study to evaluate the effects of
gargling with catechin extracts on the prevention
of influenza infection.

Methods

1, Study participants

The study was conducted as a randomized,
double-blind, placebo-controlled trial, for 90 days at
the onset of the influenza season from October 2005
to May 2006. It was conducted in central Japan in
three cities, namely, Shizuoka, Hamamatsu, and
Higashi-Murayama city. From the three study
areas, 458 healthy adult volunteers were recruited
for the study that was to be conducted from Octo-
ber 2005 to November 2005. The participants were
initially screened by a self-administered question-
naire for inclusion and exclusion criteria. The
criteria for inclusion comprised the following :
either gender ; age, 20 to 65 years ; subjectively
healthy, and vaccinated against influenza prior to
participation in the study. The criteria for exclu-
sion criteria comprised the following : gargling
with liquids other than water during the study ;
allergy to tea : and medical conditions such as a
low immune state (e.g., collagen diseases, poorly
controlled diabetes, tuberculosis, HIV/AIDS, or
cancer), an allergic state (e. g., bronchial asthma,
severe hay fever, a severe hypersensitivity to food
ingestion), or severe dysfunctions (cardiac, respi-
ratory, renal, or hepatic). Further, participants
were excluded by the study physician responsible
for each area if they were on medication that would
interfere with the evaluation, such as immunosup-
pressive drugs, corticosteroids, antibiotics, or other

herbal products (e.g., echinacea, American gin-
seng) that may interfere with the study.

The self-administered questionnaire used to col-
lect the participants’ baseline characteristics in-
cluding yvear of birth, gender, body mass index,
smoking and alcohol consumption, and tea or
health food consumption. Between late October and
early December 2005, prior to participating in the
study, all of the volunteers were vaccinated with an
influenza vaccine from the same batch. In accor-
dance with the recommendations of the World
Health Organization (WHO) for the 2005-2006
northern hemisphere influenza season, the vaccine
used in the study contained the following viral
strains : A/New Caledonia/20/99(IT1N1)-like virus,
A/New York/55/2004 (H3N2)-like virus, and B/
Shanghai/361/2002-like virus. The study was ap-
proved by the Ethics Committee of the University
of Shizuoka and was conducted in accordance with
the Declaration of Helsinki. Written informed con-
sent was obtained from all the participants prior to
conduction of the study.

2. Intervention

Participants were randomly selected to receive
either the catechin extract or placebo. Randomiza-
tion was performed using a scheme that was gener-
ated using the Statistical Analysis System (SAS)
for Windows, version 9.1.3 (SAS institute, Inc.,
Cary, NC, USA). The randomization codes were
not broken until all the data were analyzed.

Participants in both groups were instructed to
gargle three times daily for 90 days from December
2005 to March 2006. The participants were instruct-
ed to dissolve 1.0 g of the tea catechin extract or
placebo in half a cup (approximately 100 mL) of
sterilized tap water and gargle for approximately
15 seconds, three times consecutively, thrice a day.
The final concentration received by the catechin
group was approximately 400 zg/mL catechins,
which is the same as that of commercially sold
common green tea beverages in Japan. The concen-
tration of total catechins was determined by the in
vitro study, to be a sufficient amount for the inhibi-
tion of the infectivity of influenza virus®. The
catechins were formulated as polyphenon 70A
(Mitsui Norin Co., Ltd., Tokyo), and the total
catechin content was 82.8%, including 59.3%
(—)-epigallocatechin gallate, 15.1% (—)-epicate-
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chin gallate, 3.8% (—)-gallocatechin gallate,
1.8% (—)-epicatechin, 1.7% (—)-epigallocate-
chin, 0.5% (—)-catechin gallate, 0.3% (-)-
gallocatechin, and 0.3% (—)-catechin. The
placebo was formulated to be almost the same
color and taste of catechins, and the quality of
double-blinding was ascertained by the clinical
research coordinators before the start of the study.

During the follow-up period, all of the partici-
pants received a 30-day supply of either the cate-
chin extract or placebo, and they were requested to
fill in the prescribed form (gargling diary) every
day. The participants had to report the frequency
of gargling and the severity of their cold-related
symptoms including nasal (rhinorrhea and sneez-
ing), pharyngeal (soreness and itching), bronchial
(cough and phlegm), and general symptoms (fever-
ishness, arthralgia, and malaise) scored on a 4-
point scale according to the Jackson method (0=
no symptoms, l1=mild symptoms, 2=moderate
symptoms, and 3=severe symptoms)?®. This
assessment was further verified by the study physi-
cian of each area or clinical research coordinators
via telephone or e-mail. Each symptom score was
reported at the maximum severity of a cold event,
and the total symptom score was calculated by
adding the symptom scores. Participants were also
asked to report any secondary complications, hos-
pital admission, job absence, or adverse events. The
study physician of each area attended to the
adverse events and identified the causal relation-
ship for each.

During the study of prophylaxis, all participants
were asked not to take any other cold medication,
gargle with povidone iodide or tea, or change their
hygiene related habits such as hand-washing except
for the necessity of use at the treatments. Every
month, during the follow-up period, the study physi-
cian and clinical research coordinator from each
area monitored the participants’ health condition
and compliance with gargling instructions and
encouraged them to maintain the prescribed inter-
vention.

Influenza infection was defined as certified by a
commercially available rapid assay for influenza
virus antigens. The assay could not distinguish
between mere carriage of the virus and the pres-
ence of actual infection. Therefore, the assay was
performed only if a participant had an influenza-
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like illness. The symptoms of an influenza-like
illness were a minimum temperature of 37.8°C
accompanied by a recent or aggravated cough and
one or more of the following signs or symptoms :
chills, myalgia, malaise, sore throat, new or in-
creased rhinorrhea or headache, and loss of appe-
tite or diarrhea. If an influenza infection or
influenza-like illness was detected, antiviral ther-
apy was administered based on the physician’s
decision. Upper respiratory tract infection was
defined by the presence of cold-related symptoms |
but not influenza-like illness.

3. Outcome measures

With regard to the primary outcome, the inci-
dence rates of influenza infection, detected by a
rapid assay for influenza virus antigens, were
measured, and the incidence of infection during the
study was compared between the two groups. Sec-
ondary outcome measures comprised the incidence
rates of upper respiratory tract infections, the
severity of the symptoms and the duration of the
cold among incident cases, and the incidence-free
time for influenza or upper respiratory tract infec-
tions after the intervention. The outcomes were
assessed with a self-administered questionnaire,
and the participants who suffered from influenza or
upper respiratory infections on the first day of
intervention were excluded from the analysis. For
the safety evaluation, adverse events such as throat
and respiratory tract irritation and obstruction or
allergic bronchial spasm were examined at each
gargling session during the study.

All analyses were performed by a statistician
under blinded conditions. The data for the partici-
pants who had been randomly assigned to a group
were analyzed, and those who provided only
baseline information on an intention-to-treat basis
were excluded. Participants who withdrew or emi-
grated were censored (i.e., data were included in
analysis up to the point of withdrawal, even though
they did not stay for the complete observational
period).

4, Statistical analysis

Our previous report demonstrated that the inci-
dence of influenza in elderly nursing home residents
was 2% when they gargled with catechin extract
solution and 10% when gargling was not perfor-
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Assessed for efigibility

n= 458
— Excluded n = 54
- Did not meet inclusion critena (n = 8)
- Refused to participate (n = 45)
Randomization
n=404
Catechin group Placebo group
n =200 n=204
Did not start intervention n = 5: — I~Did not start intervention n = 4:
- Refused to participate (n = 5) - Refused to participate (n = 4)
Start intervention Start intervention
n=195 n = 200

Discontinued intervention n = 7:
- Refused to participate (n = 3)
- Severe flu (n = 3)

- Throat irritability (n = 1)

Discontinued intervention n=9:
» Refused to participate (n = 3)
+ Severe flu (n = 5)

- Throat immitability (n = 1)

Data analysis
n=195

" Data analysis
n =200

Fig.1 Flowchart of the study

med. Consequently, the sample size was calculated
as 190 for each group at a power level of .90, and
a significance level of 0.05. Expecting 5% dropouts,
we set the total sample size at 400.

All the statistical analyses were performed using
SAS for Windows, version 9.1.3. The data for
continuous variables was expressed as the mean=+
standard deviation (SD). Differences in quantita-
tive data between the groups were assessed using
the Student’s ¢-test. The Fisher's exact test was
used to compare the differences in the incidence
rates of influenza or upper respiratory infections,
and other qualitative data. The generalized Wil-
coxon test was used to compare the differences in
the incidence-free time of influenza or upper respi-
ratory tract infections, and cumulative incidence
rates at 30, 60, 90 days were determined by the
Kaplan-Meier method. The Wilcoxon test was used
to compare the differences in the ordinal data, such
as the severity of symptoms and duration of the
cold among the incident cases. A P value of less
than 0.05 was used to indicate statistical signifi-
cance.

Results

Figure 1 illustrates the flowchart of the study.
After the screening process, a total of 404 volun-

teers (39.9+11.4 years, meanztstandard devia-
tion ; 88 men, 316 women) were enrolled and ran-
domly assigned to the catechin or placebo group. Of
these, 200 were assigned to receive the catechin
extract and 204, to receive placebo. Of the partici-
pants in the catechin group, 5 did not start treat-
ment, and in the placebo group, 4 did not start their
treatment because of refusal to consent. The 195
participants- in the catechin group and 200 in the
placebo group who started intervention were in-
cluded in the analysis on an intention-to-treat basis.
Treatment was discontinued for 7 participants in
the catechin groixp and 9 in the placebo group for
various reasons such as refusal to participate (6
participants), severe flu (8 participants), or throat
irritation (2 participants).

The baseline characteristics of the participants
are shown in Table1l. Between the two groups,
there were no significant differences in age, gender,
body mass index, smoking and alcohol consump-
tion, and tea and health food consumption.
Although all the participants received an influenza
vaccine, 1.5% of the participants (6 participants)
were infected with influenza that was identified as
type A using the antigen assay. No influenza pan-
demic or related use of antiviral prophylaxis occur-
red during the study.
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Table1l Baseline characteristics of the participants in the group
gargling with tea catechin extracts solution (catechin
group) and the placebo (control) group*®

Catecin giup Corol 00 vane
Age (years) 39.6+11.4 40.2+11.5 0.5849
Men/Women 36/164 52/152 0.0718
Body mass index' 21.1+2.77 21.5+£2.77 0.1476
Smoking (+/past/—) 39/12/149 47/14/143 0.6147
Alcohol (+/past/—) 117/4/79 114/1/89 0.3080
Tea drinking (mL/day) 607+333 591+341 0.6471
Taking health foods (+/-) 33/167 41/159 0.5820

*Plus-minus values are means+SD. There were no significant differences
between the groups.

'The body mass index is the weight in kilograms divided by the square of
the height in meters.

0.5

0.4

—— Catechin group

Cumulative incident rate
0.3

o~
i
- = - Placebo group
+: Censoring

'°’_ -
(=1
o T T T T T T T T 1

0 10 20 30 40 50 60 70 80 90

Time[Day]

Kaplan-Meier estimate [95% confidencs interval] of cumutative incident rate
Catechin group Placebo group
Cumulative incident rate at 30 day 0.1341[0.0861-0.1820] 0.2350[0.1763-0.2938]
Cumulative incident rate at 60 day 0.3270{0.2607-0.3933] 0.3820{0.3144-0.4485]
Cumulative incident rate at 90 day 0.4374{0.3662-0.4923] 0.4790[0.4094-0.5486]

p-value: 0.1720{Generalized Wilcoxon test)

Fig.2 Kaplan-Meier incidence curves of influenza or upper respiratory
tract infections according to intervention

The incidence rate of influenza infection in the the catechin group vs. 51.5%, 103 participants in

catechin group (1.0%, 2 participants) was half
that in the placebo group (2.0%, 4 participants),
but no significant difference was observed between
the two groups. The incidence rate of upper respira-
tory infections was also not significantly different
between the two groups (48.2%, 94 participants in

the placebo group). Figure 2 shows the cumulative
incidence-free time curves of influenza or upper
respiratory infections in each group. The incidence-
free time was not significantly different (p value,
0.1720). As determined by the Kaplan-Meier
method, the cumulative incidence rate at 30, 60, and
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Table2 The comparison of the incidence rates of influenza and respiratory
tract infection, severity and duration of the respiratory tract infection
between the group gargling with tea catechin extract solution (cate-
chin group) and the placebo (control) group

Catechin group

Control group

(N=195) (N =200) b value
Influenza illness 2 (1.0%) 4 (2.0%) 0.8423
Influenza-like illness 1 1
Upper respiratory infections 94 (48.2%) 103 (51.5%) 0.4515
(1 time) 64 76
(2 times) 26 20
(3 times) 4 7
Severity (total Jackson scores) 0.8934
(1-5) 3 37
(6-10) 44 46
(10<) 19 20
Duration
Median (Quartile} 7 (1D 9 (10) 0.1886
(Min.- Max.) (2-55) (2-41)

90 days was 23.5%, 38.2%, and 47.9%, respective-
ly, in the placebo group. On the other hand, this
value was 13.4%, 32.7%, and 43.7% respectively,
in the catechin group. The severity of the symptoms
and duration of the cold among incident cases did
not differ significantly between the two groups
(Table 2).

In each group, there were no severe complica-
tions such as bronchopneumonia or encephalitis
and no cases that required hospital admission. No
significant differences in job absence were obser-
ved between the groups. The interventions were
well tolerated by the participants. Only 2 partici-
pants experienced an adverse event, i.e., mild
throat irritation. The frequency of throat irritation
was similar in the 2 groups (0.5% in each group),
and the symptoms disappeared after discontinua-
tion of the gargling despite the continued consump-
tion of tea. No serious adverse events such as
respiratory tract irritation and obstruction or aller-
gic bronchial spasm were observed during the
study.

Discussion

The present study is the first randomized, double-
blind, placebo-controlled study to investigate the
effects of gargling with tea catechin extracts on the
prevention of influenza infection in healthy adults.
Contrary to a previous report on elderly nursing
home residents'?, we could not confirm that the

positive effects of catechin extracts on the preven-
tion of influenza infection in healthy adults
inoculated with the influenza vaccine. However, the
discrepancy in the results of the two studies might
be due to the low incidence rate of influenza infec-
tion in our study (1.5%) that was insufficient to
obtain the required statistical power. In a typical
epidemic season, approximately 5%-15% of adults
and children develop symptomatic influenza®". The
2005-2006 season that we studied was interpan-
demic in the United States as well as in Japan, and
no remarkable pandemic outbreak occurred also in
the study areas®*®®. Further, the selection of
healthy adults inoculated with influenza vaccine
lowered the frequency of influenza infection. The
rate of influenza infection is higher in people not
vaccinated against the influenza virus and in chil-
dren, elderly, or immunosuppressed people?**®.
Therefore, it can be speculated that the incidence of
influenza infection is higher if the study population
comprised people who are highly vulnerable to
influenza, and hence, the results would vary.

In experimental studies, catechins bind to the
hemagglutinin of the influenza virus, and they
inhibit viral adsorption to Madin-Darby canine
kidney (MDCK) cells ; these results provide an
insight into the mechanisms by which tea catechin
extracts inhibit the influenza virus®~'4. Although
evidence from basic experiments is accumulating,
data from randomized, controlled clinical trials
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that are linked to the basic experimental results are
not yet established. Further studies are required to
clarify the effects of tea catechins in humans in
order to recommend their use against influenza
infection.

As shown in the results, we did not observe any
significant effects of catechin extracts on the pre-
vention of upper respiratory tract infections,
although the cumulative incidence rate in the cate-
chin group was slightly lower than that in the
control group. In Japan, gargling is generally
recommended as a preventive modality for upper
respiratory tract infections®®. Recently, Satomura
et al reported that mere gargling with water was
effective in preventing upper respiratory tract
infections compared to the usual hygienic care®”.
Therefore, it should be considered that gargling
itself has a placebo effect which is similar to that of
gargling with tea catechin extracts.

Tea catechins are reported to be well tolerated,
except in tea factory workers with occupational
asthma induced by the inhalation of green tea
dust?®-3%, During the three months of gargling, no
serious side effects were observed in the partici-
pants, except for throat irritation in 0.5% of the
participants in each group. The symptoms
disappeared after discontinuation of gargling

despite the continued consumption of tea. There- -

fore, the adverse effects were believed to be related
to the gargling itself, not to catechins.

In summary, we could not find significant effects
of gargling with tea catechin on the prevention of
influenza or upper respiratory tract infections in
the healthy adults who had been inoculated with
the influenza vaccine. However, the effect on more
susceptible groups, i.e., those not vaccinated
against influenza, children, elderly, or immunosup-
pressed people remain inconclusive.
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Muscarinic and Alpha 1-Adrenergic
Receptor Binding Characteristics of Saw
Palmetto Extract in Rat Lower Urinary Tract

Mayumi Suzuki, Tomomi Oki, Tomomi Sugiyama, Keizo Umegaki, Shinya Uchida,
and Shizuo Yamada

OBJECTIVES To elucidate the in vitro and ex vivo effects of saw palmetto extract (SPE) on autonomic
receptors in the rat lower urinary tract.

The in vitro binding affinities for alpha 1-adrenergic, muscarinic, and purinergic receptors in the
rat prostate and bladder were measured by radioligand binding assays. Rats received vehicle or
SPE (0.6 to 60 mg/kg/day) orally for 4 weeks, and alpha 1-adrenergic and muscarinic receptor
binding in tissues of these rats were measured.

Saw palmetto extract inhibited specific binding of [*H]prazosin and [N-methyl-*H]scopol-
amine methyl chloride (NMS) but not alpha, beta-methylene adenosine triphosphate
[2,8->H]tetrasodium salt in the rat prostate and bladder. The binding activity of SPE for
muscarinic receptors was four times greater than that for alpha 1-adrenergic receptors. Scat-
chard analysis revealed that SPE significantly reduced the maximal number of binding sites
(Bpay) for each radioligand in the prostate and bladder under in vitro condition. Repeated oral
administration of SPE to rats brought about significant alteration in By, for prostatic ["H]pra-
zosin binding and for bladder PHINMS binding. Such alteration by SPE was selective to the
receptors in the lower urinary tract.

Saw palmetto extract exerts significant binding activity on autonomic receptors in the lower

METHODS

RESULTS

urinary tract under in vitro and in vivo conditions.
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CONCLUSIONS
n many European countries phytotherapeutic agents,
I including saw palmetto extract (SPE), are widely
used for the treatment of benign prostatic hyperplasia
(BPH) and associated lower urinary tract symptoms
(LUTS), and these herbal remedies represent up to 80%
of all drugs prescribed for these disorders.!2 Some clinical
trials support the efficacy of SPE in improving symptoms
associated with BPH and LUTS3-5
Numerous mechanisms of SPE have been proposed,
including inhibition of 5 alpha-reductase, antiandrogenic
effects, antiproliferative effects, anti-inflammatory effects
(inhibition of cyclo-oxygenase and lipoxygenase), and
anti-edema effects.® However, these pharmacologic ac-
tions of SPE were observed by using relatively high con-
centrations or large dosages.”8 Therefore, it is uncertain
whether the reported modes of action of SPE are thera-
peutically relevant.3# Gutierrez et al.9 showed relatively
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potent smooth muscle relaxant activity by SPE in iso-
lated tissues, such as the urinary bladder of guinea pigs
and rats. Furthermore, our recent study revealed that
intraduodenally administered SPE significantly improves
urodynamic symptoms in hyperactive bladder of rats by
increasing bladder capacity and prolonging micturition
interval.19 Such improvement of urodynamic symptoms
by SPE has been suggested to arise partly from its signif-
icant antagonism of autonomic receptors in the lower
urinary tract.!%11 The aim of this study was to clarify the
in vitro and ex vivo effects of SPE on autonomic (alpha
1-adrenergic, muscarinic, and purinergic) receptors in-
volved in lower urinary function.

MATERIAL AND METHODS

Materials

Saw palmetto extract (Serenoa repens purified extract) was pro-
vided by Indena Japan {Tokyo, Japan). Saw palmetto extract
was obtained with hypercritical CO, (SABAL SELECT, In-
dena S.p.A., Milan, Italy). This extract contained high-molec-
ular-weight compounds, which are esters of long chain alcohol
with fatty acid. Saw palmetto extract was suspended in 0.5%
methylcellulose. [N-methyl->H]scopolamine methyl chloride
(PHINMS, 2.997 TBq/mmol), [7-methoxy-*H]prazosin (2.979

0090-4295/07/$32.00
doi:10.1016/j.urology.2007.02.038

.94.



TBq/mmol), (+)-*H]PN 200-110 (3.180 TBg/mmol), and al-
pha, beta-methylene adenosine wriphosphate [2,8->H]tetrasodium
salt (PHJalpha, beta-MeATP, 580.9 GBg/mmol) were purchased
from PerkinElmer Life Sciences (Boston, Mass). All other
chemicals were purchased from commercial sources.

Animals and Administration of SPE

Male Sprague-Dawley rats weighing 250 to 350 g were pur-
chased from SLC (Hamamatsu, Japan). Rats were housed with
a 12-hour light-dark cycle and fed laboratory food and water ad
libitum. Rats received SPE (0.6, 6, and 60 mg/kg/day) by gavage
once per day for 4 weeks. The control animals received vehicle
alone. The repeated SPE administration had little effect on the
eating and drinking behaviors and on the body weight of rats.
This study was done according to guidelines approved by the
experimental animal ethics committee of the University of

Shizuoka.

Binding Assay of [*H]Prazosin, [*H]NMS, and
[*H]Alpha, Beta-MeATP

The radioligand binding assays for alpha 1-adrenergic, musca-
rinic, and purinergic receptors were performed using [?H]prazo-
sin,!2 PHINMS,!3 and [*HJalpha, beta-MeATP,# respectively.
The bladder, prostate, submaxillary gland, heart, and spleen
were dissected from rats under temporary anesthesia, and the
tissues were minced with scissors. In the case of binding assays
of PHlprazosin, each tissue was homogenized by a Kinematica
Polytron homogenizer (Kinematica, PT 10-35) in ice-cold 50
mmol/L Tris-HCl buffer (pH 7.5). The homogenates were then
centrifuged at 40,000g for 20 minutes at 4°C. The pellet, after
suspension in the cold buffer, was centrifuged further at 40,000g
for 20 minutes at 4°C, and the resulting pellet was finally
resuspended in the cold buffer to use in the radioligand binding
assay. In the case of PHINMS binding assay, the bladder and
submaxillary gland were similarly homogenized in 30 mmol/L
Na*/N-(2-hydroxyethyl)-piperazine-N'-2-ethanesulfonic acid
(pH 7.5). The homogenate was then centrifuged at 40,000g for
20 minutes at 4°C. The suspension of the resulting pellet was
used. In the case of [*Hlalpha, beta-MeATP binding assay, the
bladder homogenate in 50 mmol/L TrisfHCI buffer was centri-
fuged at 2000g for 10 minutes at 4°C. The pellet suspension was
further centrifuged at 2000g for 10 minutes at 4°C, and the
supernatant was combined with the original supernatant. The
supernatant was centrifuged at 48,000g for 20 minutes at 4°C,
and the suspension of the resulting pellet was used.

In in vitro displacement experiments, the rat tissue homog-
enates were incubated with [*H]prazosin (500 pmol/L, prostate
and spleen), PHINMS (460 pmol/L, bladder and submaxillary
gland), and [PH]alpha, beta-MeATP (4.5 nmol/L, bladder) in
the presence of various concentrations (10 to 1000 ug/mL) of
SPE. In in vitro and ex vivo saturation experiments, the rat
tissue homogenates were incubated with PH]prazosin (0.03 to
0.5 nmol/L, prostate, submaxillary gland, heart, and spleen) and
PHINMS (0.06 to 1.0 nmol/L, bladder and submaxillary gland).
Thus, Scatchard analysis with a full range of radioligands was
conducted to estimate apparent dissociation constant (K,) and
maximal number of binding sites (B_,,) values.

Incubation was carried out for 60 minutes at 25°C (4°C in
[PHlalpha, beta-MeATP). The reaction was terminated by rapid
filtration through Whatman GF/B glass fiber filters, and the
filters were rinsed with ice-cold buffer. Tissue-bound radicac-
tivity was extracted from the filters by immersion in scintilla-
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tion fluid, and radioactivity was determined by a liquid scintil-
lation counter. Specific binding of [*H]prazosin, [PHINMS, and
[PHlalpha, beta-MeATP was determined experimentally from
the difference between counts in the absence and presence of
10 pmol/L phentolamine, 1 pmol/L atropine, and 3 pmol/L
alpha, beta-MeATP, respectively.

Data Analysis

The K, and B,,, for radioligands were estimated by Scatchard
analysis of the saturation data.!’ The binding activities of SPE
to each receptor were estimated by IC,, values, which are the
concentrations of SPE necessary to displace 50% of specific
binding of each radioligand. Statistical analysis of the data was
performed by a one-way analysis of variance followed by Dun-
nett’s test for multiple comparisons.

RESULTS

In Vitro Effects on Alpha 1-Adrenergic, Muscarinic,
and Purinergic Receptors
Saw palmetto extract (50 to 200 pg/mL) inhibited specific
PHlprazosin binding in the prostate and spleen (Fig. 1A),
and their ICs, values were 169 * 24 and 188 * 47
pg/mL, respectively. Similarly, SPE (10 to 1000 ug/mL)
inhibited specific PHINMS binding in the bladder and
submaxillary gland of rats in a concentration-dependent
manner (Fig. 1B), and the ICs, values were 40.0 * 4.1
and 52.3 * 4.4 pg/mL, respectively. Thus, the inhibitory
effect by SPE of bladder PHJNMS binding was signifi-
cantly (4.2 times, P <0.001) more potent than that of
prostatic [PH]prazosin binding. It had little effect on
bladder [PHJalpha, beta-MeATP binding (Fig. 1C).
Scatchard analysis revealed that SPE (150 ug/mL)
significantly reduced B, values for specific [*H]prazosin
binding in the rat prostate (55.3%), compared with the
corresponding control value (Table 1). Similarly, in the
presence of SPE (50 ug/mL), there was a significant
decrease of B, values for specific PHINMS binding in
the bladder (55.2%). There was little change in K values
for specific binding of each radioligand in rat tissues,
except for a significant (32.0%) decrease of the Ky value
for prostatic [*H]prazosin binding.

Effects of Repeated Oral Administration of SPE on
Autonomic Receptors
Repeated oral administration of SPE brought about a sig-
nificant increase in B, values for specific [PH]prazosin
binding in the prostate and spleen of rats, compared with
the corresponding control values (Table 2). The enhance-
ment in B, values was significant in the prostate (23.6%
and 36.7%, respectively) at the dose of 6 and 60 mg/kg/day
and in the spleen (26.1%) at the dose of 60 mg/kg/day.
Thus, the enhancement in B, values in the prostate was
exerted by a relatively low dose (6 mg/kg/day) of SPE. In the
submaxillary gland and heart, there was little change in
PHlprazosin binding parameters, except a significant
(30.5%) increase in the heart at the dose of 60 mg/kg.
After repeated oral administration of SPE (0.6, 6, and
60 mg/kg/day), there was a significant (31.8% to 41.2%)
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Figure 1. Inhibition by SPE of specific binding of (A)
[®H]prazosin, (B) [3HINMS, and (C) [H]alpha, beta-
MeATP in rat tissues. Specific binding of [3H]prazosin
(500 pmol/L), [PHINMS (460 pmol/L), and [®H]alpha,
beta-MeATP (4.5 nmol/L) in rat tissues was measured in
the absence and presence of four or five different con-
centrations (10 to 1000 ug/miL) of SPE. Each point
represents the mean * standard error of 5 to 8 ([°H]pra-
zosin), 8 to 9 ([3HINMS), and 3 ([3H]alpha, beta-MeATP)
determinations.
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decrease of B, values for specific PH]NMS binding in
the rat bladder compared with the corresponding control
value (Table 2). Similarly, the B, value was signifi-
cantly (17.9%) reduced in the submaxillary gland by SPE
only at the high dose (60 mg/kg/day). Thus, the decrease
of B, values in the bladder compared with the submax-
illary gland was seen by relatively low doses (0.6 and 6
mg/kg/day) of SPE. There was little change in K; values
for PHINMS, except a slight (13.8%) increase in the
submaxillary gland at the dose of 0.6 mg/kg.

COMMENT
In the majority of men with BPH and LUTS, the major

goal of pharmacologic treatment is the relief of irritative
and obstructive symptoms. These symptoms are effec-
tively alleviated by alpha 1-adrenergic and muscarinic
receptor antagonists. The in vitro and in vivo binding
activities of SPE on autonomic receptors expressing in
the rat lower urinary tract were examined. The adminis-
tered oral doses of SPE were determined on the basis of in
vivo pharmacologic doses in reducing detrusor contractility
and number of micturition in rats.’® In fact, it may be of
pharmacologic significance that oral doses (0.6 to 60 mg/
kg/day) of SPE were considerably lower than those previ-
ously reported for pharmacologic effects such as inhibition
(100 to 640 mg/kg/day) of rat prostatic hyperplasia induced
by hyperprolactinemia!é and reduction (50, 100 mg/kg/day)
of mast cell accumulation in the rat prostate.l? '

The in vitro experiment has shown that SPE inhibited
specific binding of [PH]prasozin and PH]NMS but not
[PHlalpha, beta-MeATP in the prostate, bladder, and
other tissues of rats, in a concentration—dependent man-
ner. According to ICsy values, the binding activity of
SPE for muscarinic receptors was shown to be four times
greater than that for alpha 1-adrenergic receptors. These
receptor-binding affinities of SPE for autonomic receptors
were nearly comparable to or greater than in vitro phar-
macologic potencies of this extract (eg, inhibition of 5
alpha-reductase [ICsy: 71 pg/ml], anti-inflammatory ef-
fect [inhibition of cyclo-oxygenase and 5-lipoxygenase,
ICsp: 28.1 and 18.0 pg/mlL, respectively], and antiandro-
genic effect [ICso: 1004 pg/mL]) previously reported.!8.19
Furthermore, Scatchard analysis revealed that SPE
caused a significant decrease of B_,, values for specific
binding of [*H]prazosin and PHJNMS in the prostate and
bladder of rats. Therefore, it could be presumed that SPE
binds noncompetitively to alpha 1-adrenergic and mus-
carinic receptors in rat tissues.

To clarify whether SPE has some effects on neurotrans-
mitter receptors under in vivo conditions, we investi-
gated the effect of oral administration of SPE on auto-
nomic receptors in the lower urinary tract of rats.
Repeated oral administration of SPE produced a signifi-
cant decrease of B, values for specific PHINMS bind-
ing in the rat bladder and submaxillary gland. Notably,
such reduction in the number of PH]NMS binding sites
was observed with relatively lower doses (0.6 and 6

UROLOGY 69 (6), 2007
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Table 1. Effects of SPE on K, and B,,... for specific binding of [ *H]prazosin and {“HINMS in the rat prostate and bladder

Radioligands Tissues

K, {(pmol/L) 8,... (fmol/mg protein)

[®H]prazosin Prostate

Control

SPE (150 ug/mL)
[BHJNMS Bladder

Control

SPE (50 pg/mlL)

SPE - saw palmetio extract; K, dissociation constant; B, .
inethyi chloride.

Values are mean - stancdard error of 3 rats.

~ P 0.05 vs. control.

" P-.0.01 vs. control.

Table 2. K, and B

SRR

Organs Dose (mg/kg)

Specific [3H]prazosin binding
Prostate

Control
0.6
6
60
Control
0.6
6
60
Control
0.6
6

Submaxillary gland

Spleen

Heart

60
Specific [*HINMS binding

Bladder Control

0.6
6
60

Submaxillary gland Control

Ks = dissociation constant: B,,,, =
SPE - saw palmetto extract.

Vatues are mean * standard error of 3 to 7 rats.
P 0.01 vs. control.

P 0.001 vs. control.

" P -.0.05 vs. control.

mg/kg/day) of SPE in the bladder and only with a high
dose (60 mg/kg/day) in the submaxillary gland. Similarly,
a significant enhancement of B,,, values for specific
PHlprazosin binding was observed in the rat prostate by
repeated treatment with the low dose (6 mg/kg/day) of
SPE, but not in the submaxillary gland, spleen, and heart.
On the other hand, in vitro experiment has shown that
SPE exhibits little tissue selectivity in binding activities
of each receptor. We have no clear explanation for such
receptor binding selectivity by oral administration of SPE
in the rat lower urinary tract. The most plausible reason
may be preferential distribution of receptor binding con-
stituents in the lower urinary tract after systemic admin-

UROLOGY 69 (6), 2007

maximal nurnber of binding sites: [ H|NMS

maximal number of binding sites: | 'HINMS -

59.2+7.1 22618
40.3 * 1.6* 10.1 £ 0.6
256 = 77 192 + 27
190 + 14 86.1 £ 11.7*

{N-nethyl "Hiscopolamine

for specific binding of [ *H]prazosin and [ *H]NMS in rat tissues after repeated oral administration of
SPE at doses of 0.6. 6. and 60 mg/kg

B, (fMol/mg protein)

49.7+2.4 26.7 £ 0.5
431+ 20 30.1*+1.8
519+ 4.8 33.0 £ 1.3*
54.6 + 2.8 36.5+1.27
53.7 £ 3.0 165+ 8
50.7 + 2.5 160 £ 5
54.8 2.2 162+ 7
60.6 + 2.1 164+ 8
26.4+28 68.3+4.0
288 2.2 751+ 3.8
275*15 65.7 5.1
301+1.2 86.1 +4.3"
26.6*+1.6 68.7 + 4.4
271 +1.4 72.4+6.9
26.0+1.5 772+ 48
34.7 + 1.4* 77.3+19
157 £ 10 144 + 12
127 + 13 84.7 + 811
135+ 11 98.2 + 3.87
1375 97.5 +2.7"
984 +3.8 145+ 3
112 + 37 149 + 10
101 =2 149+8
105+ 2 119 * 2*

[N-methyl- Hiscopolamine methyl chioride:

istration of SPE. It is reported that SPE contains a com-
plex mixture of free fatty acids and their esters, small
quantities of phytosterols (eg, beta-sitosterol), aliphatic
alcohols, and various polyprenic compounds.?® A sys-
temic distribution study in rats administered [**Cloleic
acid or [**CJsitosterol-supplemented SPE has shown that
these components are accumulated in the prostate to a
greater extent compared with other tissues.?! Because the
prostate is particularly rich in free fatty acids, it would be
expected that greater amounts of lipophilic substances
accumulate in the prostate than in other tissues.

It is well known that chronic treatment with agonists
and antagonists induces compensatory alteration of au-
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tonomic receptor expression.!32223 Saw palmetto extract
has been shown to exert inhibitory effects against phen-
ylephrine-induced formation of [’Hlinositol phosphate
formation, which is suggestive of an alpha 1-adrenocep-
tor antagonistic effect.!! Thus, it is plausible that a sig-
nificant enhancement of [°’H]prazosin binding sites in the
rat prostate after repeated administration of SPE reflects
alpha 1-adrenoceptor upregulation due to the sustained
receptor blockade. In fact, Kersting et al.24 have shown
that chronic treatment with prazosin may cause upregu-
lation of alpha 1-adrenoceptors in patients with conges-
tive heart failure. Furthermore, it is considered that a
significant decrease of bladder PH]NMS binding sites in
SPE-treated rats may represent downregulation of mus-
carinic receptors, resulting from the continuous receptor
stimulation. Alternatively, there is a possibility that SPE
contains slowly dissociating muscarinic antagonists, as
previously suggested in the underlying mechanism for
unsurmountable receptor antagonists.25 It may be con-
ceivable that apparent inverse compensation of auto-
nomic receptors occurs, because SPE may be present as a
mixture in agonists and antagonists for autonomic recep-
tors.

CONCLUSIONS

The present study has revealed that SPE exerts significant
binding activities on alpha 1-adrenergic and muscarinic
receptors in the rat lower urinary tract. Thus, our data
may contribute significantly to the further understanding
of the pharmacologic effects of SPE in the treatment of
patients with BPH and LUTS.
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