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Analytical Methods

Determination of tolbutamide and 4-hydroxytolbu-
tamide in plasma and urine. The concentrations of
tolbutamide and 4-hydroxytolbutamide in plasma
and urine were measured by high-performance lig-
uid chromatography (HPLC) method of Csillag et al®
with minor modification. Briefly, 0.25 mL of 1 N
hydrochloride and 3 mL of n-hexane:ethyl ether
(7:3, volume/volume [v/v]) were added to the plasma
or urine sample (0.25 mL) containing gliclazide (1 pg)
as internal standard. After being shaken, the mixture
was centrifuged at 3000g for 3 minutes. The organic
phase was transferred to the glass tube and evapo-
rated under nitrogen stream of gas at 40°C in water
bath. The dry residue was dissolved in 200 pL solvent
A (acetonitrile, methanol, and 0.1% acetic acid; 16:4:80
v/v) and used as HPLC sample. The HPLC analysis
was constructed with a pump (CCPS, Tosoh Co,
Tokyo, Japan), a UV detector (UV8020, Tosoh Co)

and injector (AS-8020 Tosoh Co). The analysis was

performed on an ODS analytical column (150 x 4.6-
mm internal diameter) with a 5-pm particle size
(Atlantis dC18, Waters Corp, Milford, Mass}. The
mobile phase for assay consisted of solvent A and
solvent B (acetonitrile and 0.1% acetic acid; 50:50
v/v) at a flow rate of 1 mL/min. The drugs were
eluted from O to 25 minutes by using solvent A, and
then the linear gradient of solvent B from 0% to
100% was applied on the column from 25 to 45 min-
utes. The HPLC column was maintained at 40°C,
and the column eluent was monitored at a wave-
length of 235 nm. The limit of detection was 0.1
pg/mL for tolbutamide and 10 ng/mL for 4-hydroxy-
tolbutamide. Interassay coefficients of variation {CV)
were less than 14.2% for tolbutamide and 14.2% for
4-hydroxytolbutamide.

Determination of midazolam and 1’-hydroxymida-
zolam in plasma. The concentrations of midazolam
and 1 -hydroxymidazolam in plasma were measured
by HPLC as previously described with minor modi-
fication.” Briefly, 1 mL of 1 M sodium phosphate
buffer (pH 9) and 3 mL of diethyl ether:methylene
chloride (7:3, v/v) were added to the plasma sample
(1 mL) containing nitrazepam (1 pg) as internal stan-
dard. After being shaken, the mixture was cen-
trifuged at 3000g for 5 minutes. The organic phase
was transferred to the glass tube and evaporated
under nitrogen stream of gas at 40°C in water bath.
The dry residue was dissolved in 200 pL mobile
phase and used as HPLC sample. The HPLC analysis
was constructed with a pump (CCPS, Tosoh Co), a
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UV detector (8020UV, Tosoh Co), and injector (AS-
8020 Tosoh Co). The analysis was performed on an
ODS analytical column (150 x 4.6-mm internal diam-
eter) with a 5-um particle size (Atlantis dC18, Waters
Corp). The mobile phase for assay consisted of ace-
tonitrile, methanol, 1% sodium acetate, and tethrahy-
drofuran (14:24:60:2, v/v) at a flow rate of 1 mL/min.
The HPLC column was maintained at 40°C, and the
column eluent was monitored at a wavelength of 245
nm. The limit of detection was 1 ng/mL for midazo-
lam and 1*-hydroxymidazolam. Interassay CV were
less than 20.9% for midazolam and 13.8% for 1"-
hydroxymidazolam.

Data Analysis

Pharmacokinetic parameters for tolbutamide, 4-
hydroxytolbutamide, midazolam, and 1’ -hydroxymi-
dazolam were estimated by noncompartmental analysis
from the concentration-time profile in plasma. The
elimination half-life (t,) during the log-linear termi-
nal phase was calculated from the elimination rate
constant determined by linear regression analysis,
and the area under the concentration-versus-time
curve (AUC, ) was calculated by trapezoidal rule for
the observed values and subsequent extrapolation to
infinity. The oral clearance (CL/F) was calculated as
dose/AUC,... The maximum plasma concentration
(C,...) was estimated directly from observed plasma
concentration-time data. The metabolic ratio of
tolbutamide, defined as the ratic of amount for 4-
hydroxytolbutamide to tolbutamide, was estimated
in the 24-hour postdose urine collection. To compare
the pharmacodynamic effect of tolbutamide before
and after the intake of GBE, the area under the
concentration-versus-time curve (AUC,,) for changes
of blood glucose levels was calculated by trape-
zoidal rule from 0 to 120 minutes.

Statistical Analysis

All data are presented as mean + SD or mean with
95% confidence interval (CI) in the text and tables.
In figures, data are presented as mean * SE. Statisti-
cal analysis of all data was performed by paired t
test. The level of statistical significance was accepted
at P < .05.

RESULTS
All subjects completed the study. They experienced

no adverse events, and the oral administration of a
high dose of GBE for 28 days and all blood-drawing
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Figure 1. Plasma concentration versus time curves of tolbutamide (A) and 4-hydroxytolbutamide (B] following single oral administra-

tion of tolbutamide (125 mg) before and after repeated treatiment with Ginkgo biloba extract (360 mg/d) for 28 days in healthy volun-

teers. Each point represents mean + SE of 10 subjects.

procedures were well tolerated. After the completion
of the protocol, all subjects had normal follow-up
laboratory indices.

Effects of GBE on Pharmacokinetics
of Tolbutamide

Figure 1 shows the mean plasma concentration-time
profiles of tolbutamide and 4-hydroxytolbutamide
in healthy volunteers before and after repeated oral
administration of GBE. The plasma concentrations
of tolbutamide reached the maximum at 2 hours
after oral administration of the drug and then grad-
ually decreased (Figure 1A). Plasma level of 4-
hydroxytolbutamide reached the maximum levels at
2 to 4 hours after the administration (Figure 1B).
The pharmacokinetic parameters of tolbutamide and
4-hydroxytolbutamide in plasma were calculated
from these time-concentration profiles. As shown in
Table I, AUC,.. of tolbutamide was decreased sig-
nificantly (16%) by the treatment with GBE. There

DRUG INTERACTIONS

were no significant differences in other phar-
macokinetic parameters. In C . and AUC,, for 4-
hydroxytolbutamide, there were no significant differ-
ences between before and after oral administration
of GBE. The ratio of AUC, ., for tolbutamide to 4-
hydroxytolbutamide in plasma was significantly
(17%) reduced by the treatment with GBE. The
metabolic ratio for tolbutamide in urine was not
altered by the treatment with GBE.

In the subject with CYP2C9*1/*3 genotype, AUC,_,
of tolbutamide was 2-fold higher than that of subjects
with CYP2C9*1/*1, whereas the similar decrease of
AUC,_, after GBE treatment was obtained among
both genotypes of CYP2C9 (data not shown).

Effects of GBE on Pharmacodynamics of
Tolbutamide

To evaluate the influence of repeated oral adminis-
tration of GBE on pharmacodynamics of tolbutamide,
the blood glucose level was measured after oral admin-
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Table I Pharmacokinetic Parameters of Tolbutamide and 4-hydroxytolbutamide Following Single
Oral Administration of Tolbutamide (125 mg) Before and After Repeated Treatment With GBE
(360 mg/d) for 28 Days in Healthy Volunteers

Pharmacokinetic Parameters Before GBE After GBE Mean Difference (95% CI) P
Tolbutamide .
C,.. Mg/mL 16.3 £ 4.6 14.0 + 4.9 ~2.2 (-6.6, 2.9) 2822
ty h 7.70 £ 2.22 7.10 £ 1.20 -0.60 (-1.8, 0.64) .3033
AUCO_”, h‘pg/mL 179 + 65 150 = 35 -29 (=57, 0.2) .0489
CL/F, mL/h/kg 11.1+ 2.9 12.5+ 1.8 1.4 (—0.28, 3.0) .0932
4-hydroxytolbutamide
Craxs Dg/mML 294 = 72 287 + 88 -6.5 (-97, 84) .8747
AUC,.., h-ug/mL 411 % 1.04 4.14 + 0.85 0.02 (~0.73, 0.77) 9472
AUC,gyiamide’ AUC, hyarosytolbutamide 44.7 + 11.9 37.2 £ 9.6 -7.5 (-13.5, —1.5) .0203
Metabolic ratio 155 + 41 177 + 32 21.3 (~19.8, 59.4) .2384

Each value represents mean = SD of 10 subjects. GBE, Ginkgo biloba extract; CI, confidence interval; G, peak plasma concentration; t,,, elimination
half-life; AUC,.., area under concentration-versus-time curve, CL/F, oral clearance.
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Figure 2. [A) Effects of repeated treatment with Ginkgo biloba extract (GBE) on increases of blood glucose levels after oral intake of
a standardized 75-g glucose solution with and without tolbutamide administration in healthy volunteers. Subjects received glucose in
pretrial phase, and they received glucose after single oral administration of tolbutamide (125 mg) before and after the treatment with
GBE (360 mg/d) for 28 days. (B) Area under concentration-versus-time curve of increase in blood glucose levels in pretrial phase, before
and after the treatment with GBE. The AUCs were calculated from the data in Figure 2A. Each column represents mean = SE of 10
subjects.
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Figure 3. Plasma concentration versus time curves of midazolam (A) and 1’-hydroxymidazolam (B) after single oral administration of

midazolam (8 mg) before and after repeated treatiment with Ginkgo biloba extract (360 mg/d) for 28 days in healthy volunteers. Each

point represents mean + SE of 10 subjects.

istration of tolbutamide in healthy volunteers. In
each phase of this study, the blood glucose level was
increased after the intake of glucose. The glucose
level reached the maximal level at 45 minutes after
the intake and returned to the basal levels at 180 min-
utes (Figure 2A). AUC_, for increase of blood glucose
level from 0 to 120 minutes after the intake of glucose
was 5870 + 1260 min-mg/dL, and AUC of blood glu-
cose level was lowered to 4830 + 1380 min-mg/dL by
the tolbutamide administration {Figure 2B). The GBE
treatment tended to attenuate the AUC of blood glu-
cose lowering effect of tolbutamide (4830 min-mg/dL
vs 5510 min-mg/dL; P = .1012; mean difference, 680
min-mg/dL; 95% CI, —160 to 1540), although it was
not statistically significant.

Effects of GBE on Pharmacokinetics of Midazolam
Figure 3 shows the time courses for plasma con-
centrations of midazolam and its metabolite, 1’-

hydroxymidazolam after repeated oral administration
of GBE in healthy volunteers. The GBE treatment

DRUG INTERACTIONS

caused an increase in the plasma concentration of
midazolam (Figure 3A) but little change in the 1'-
hydroxymidazolam level (Figure 3B). AUC,_ was sig-
nificantly (25%) increased by the GBE treatment and
oral clearance was significantly (26%) decreased
(Table II). The t,, and other parameters were not sig-
nificantly changed by GBE. Furthermore, GBE did
not significantly affect C_, and AUC,_, of 1"-hydrox-
ymidazolam and the AUC,_ ratio of midazolam to
1’-hydroxymidazolam (Table II).

DISCUSSION

The present study was undertaken to investigate the
effects of oral administration of GBE for 28 days on
pharmacokinetics of tolbutamide and midazolam
in healthy volunteers. It has been shown that the
treatment with GBE significantly decreased both
AUC,., of tolbutamide and the ratio of AUC, of
tolbutamide to 4-hydroxytolbutamide. Concomitantly,
the GBE treatment tended to reduce the hypo-
glycemic effect of tolbutamide. In contrast, AUC,_,
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Table II Pharmacokinetic Parameters of Midazolam and 1-hydroxymidazolam Following Single
Oral Administration of Midazolam (8 mg) Before and After Repeated Treatment With GBE
(360 mg/d} for 28 Days in Healthy Volunteers

Pharmacokinetic Parameters Before GBE After GBE Mean Difference (85% CI) P
Midazolam
Cpae N8/ML 28.3+14.1 34.0+9.7 -5.7 (-13.5, 2.03) 1293
ty,, h 2.87 £1.59 3.47 £1.53 —0.47 {~1.56, 0.62) .3540
AUCO_N, h-ng/mL 167 £ 104 208 £ 101 -36 (-60, —13) .0062
CL/F, L/h/kg 0.865 £ 0.357 0.639 + 0.208 0.224 (0.08, 0.37) .0072
1’-hydroxymidazolam
C,. Ng/mL 9.34 + 4.41 8.82 +5.34 0.52 (~1.32, 2.36) 5401
AUC,.., h-ng/mL 41.6+19.4 43.1 +24.5 -1.5 (8.2, 5.2) 6255
AUC, i gsz0t0m! AUC,- s rosymidszolam 5.02 % 3.66 5.94 % 3.67 ~0.91 (-2.00, 0.17) .0885

Each value represents mean = SD of 10 subjects. GBE, Ginkgo biloba extract; CI, confidence interval; C,,,, peak plasma concentration; t,,, elimination

half-life; AUC

(i

of midazolam was significantly increased by the
repeated administration of GBE and oral clearance of
this drug was decreased.

The gingko product chosen for the present study
contained the standardized Gingko Biloba extract,
EGb 761, which has been investigated in published
clinical trials.?*%#5*” To clarify the effect of GBE on
pharmacokinetics and pharmacodynamics of tolbu-
tamide and midazolam, healthy volunteers were
treated with GBE at an oral dose of 360 mg/d for 28
days, being a higher dose and longer period than those
of GBE previously reported.’”?* All subjects toler-
ated GBE well during the study.

Tolbutamide is a first-generation oral sulfonylurea
hypoglycemic agent that is still used frequently for
the treatment of type 2 diabetes mellitus in many
countries. It is metabolized to 4-hydroxytolbutamide
by CYP2C9 in the liver. This is the rate-limiting step
in its metabolism.?®?® In this study, AUC,_, of tolbu-
tamide after GBE intake was significantly lower than
that before GBE intake. In addition, the ratio of AUC,_,
of tolbutamide to 4-hydroxytolbutamide was signifi-
cantly reduced by the treatment with GBE. Such
change of tolbutamide pharmacokinetics appears to
be consistent with our previous animal study that
the activity of CYP2C9 (or CYP2C6 in rats), evalu-
ated by (s)-warfarin 7-hydroxylation in young and
aged rats was significantly (2.1- and 4.7-fold, respec-
tively) increased by repeated oral administration of
GBE for 5 days.*® Thus, there is a possibility that
GBE treatment induces CYP2C9 in healthy volun-
teers as well as in rats, resulting in significant decrease
of AUC,.. of tolbutamide and its AUC,, ratio to 4-
hydroxytolbutamide. In addition, tolbutamide is
highly protein bound, and previous interaction stud-
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, area under concentration-versus-time curve, CL/F, oral clearance.

ies have shown that the mechanism by which oral
clearance was increased was due to an increase in the
percentage unbound.® In this context, additive effects
of other factors such as changes in protein binding
affecting drug disposition cannot be ruled out.

There was a tendency of attenuation of hypo-
glycemic effect of tolbutamide after the long-term
treatment with GBE. In this connection, our previous
study has clearly shown that continuous oral admin-
istration of GBE in rats significantly attenuated the
hypoglycemic action of tolbutamide and that the
influence of GBE was greater in aged rats than that in
young rats.®® These findings, therefore, suggest that
coadministration with GBE could be associated with
decreased plasma concentration of tolbutamide in
patients with diabetes, resulting in a decreased hypo-
glycemic effect. However, we cannot exclude the
possibility that GBE has an independent effect on
glycemic control caused by a possible stimulatory
effect on pancreatic B-cell function and increased
insulin metabolic clearance.”®? Very recently, it has
been reported that GBE did not affect the pharmaco-
kinetics and pharmacodynamics of warfarin and
flurbiprofen,?” which are also predominantly metab-
olized by CYP2C9 in healthy subjects. The flur-
biprofen study involved acute administration of GBE
(3 times of 120 mg), so an inductive effect would not be
detected. However, the warfarin study involved 7
days of GBE administration and found absolutely no
effect on S-warfarin pharmacokinetics. The effect is
also not consistent from pharmacokinetic perspec-
tive with the case reports in which bleeding effects
were reported.?*® The enhanced anticoagulant effect
could be due to other mechanisms such as effects on
platelets. Although the reason for the difference from
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our data is unclear, it may be, in part, due to the
period of treatment and also to the substrate differ-
ence between tolbutamide and these drugs.

In contrast to the pharmacokinetics of tolbutamide,
the metabolism of midazolam might be inhibited by
the repeated treatment with GBE. AUC, of midazo-
lam was significantly increased and oral clearance
was decreased by the treatment with GBE. It is con-
sidered that midazolam is predominantly metabo-
lized to 1”-hydroxymidazolam by CYP3A4 and thus
this drug is referred to as an in vivo marker of
CYP3A4 activity.® It is, therefore, considered that
oral administration of GBE for 28 days may inhibit
CYP3A4, thereby resulting in the increased plasma
concentrations of midazolam. Ohnishi et al®® has
shown that GBE increased oral bioavailability of dil-
tiazem, a typical substrate for CYP3A, in rats by
inhibiting both intestinal and hepatic metabolism
via a mechanism-based manner. In spite of the
increased AUC,, of midazolam, the t, of the drug
was little altered by the treatment with GBE in
healthy volunteers (Table II). Thus, it is considered
that the increase in oral bioavailability of midazolam
and/or the inhibition of CYP3A4 activity may be
induced by the repeated treatment with GBE. An
increase in AUC of midazolam without a change in
half-life after the treatment with grapefruit juice has
also been reported.”” These results should be due to
the inhibition of intestinal metabolism by higher con-
centration of the interacting substance in the intestine.

Although a significant interaction was observed
between midazolam and GBE in this study, ginkgo
constituents have been suggested to both inhibit and
paradoxically induce CYP3A4, depending on the study
design.’®® Qur data are agreeable with the prelimi-
nary observation by Smith et al** who showed 53%
increase in the mean plasma concentration of nifedip-
ine at the peak time after the administration in healthy
volunteers receiving repeated treatment with GBE
(120 mg/d) for 18 days, being suggestive of CYP3A4
inhibition. On the other hand, Markowitz et al'®
revealed a tendency toward decrease in AUC of alpra-
zolam after 14 days’ administration of GBE (240 mg/d).
In contrast to these findings, Gurley et al* showed that
repeated treatment with GBE (240 mg/d) for 28 days
produced little significant changes in the ratio of
serum 1’-hydroxymidazolam/midazolam 1 hour after
oral administration of midazolam. However, these
authors have determined serum concentrations of
midazolam and the metabolite only at one time point.
Such distinction in the GBE effect between investiga-
tors may result from the study design (dose and treat-
ment period of GBE), probe drugs used to monitor
CYP3A4 activity, and/or racial difference.

DRUG INTERACTIONS

In conclusion, the present study suggests that the
combination of GBE and drugs should be cautious in
terms of the potential interactions, especially in
elderly patients or patients treated with drugs with
relatively narrow therapeutic windows.
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KER—"" BEMNE" KHEHEED FLLER"
MHERE™  EEET RN RES

(BW) EEEEREN BTG TEEICFICABRNRLE
B0, TR, BREERZUHALEGEEOMEHER
MEBBTERVWEBEE LTS, BEEREIOHEER%
BlERITHREARICIE. AXBI2FEREYRMEER
THDF Mra—5hPas0 (CYP) WEHEEEAEHRTLS
OMBHOD, FEAS DFUEEL CYP3A4 ZHET D I &0
5N TWS, 1 F a DEIFR (Ginkgo biloba extract, GBE)
JIEECHEE  EPRQSORMMEOREZENEL T,
DORETCHFERGERELTHREINTWS, B4
i$ GBE 285 L=y MNFRIZBWT CYP BFEIND
T EEWE L, AT GBE Ak MO CYP IZRITT
HEBEPRLNMITHEHNT, #%¥ A GBE 2HAKSESL
CYP2CY DEETHB ML TH I RBLU CYP3as DHEE
THDHIV/TLOFRANBEBIIDOVWTHRE L,

[FE] BEBH 10BLDNERELZRE L, dREE
DEMIE 249126 (EHELSD). FREIT 68671 TH
D, TNTEBEETH- . HBRATH 22:00 LDk S
L. BH 10:00 I 3—X(75g) & F O 5% 180 2 ET
RIEBMICMBER NV I—AREERE L. 14 B, Rk
KRR L DHET T 9001 MLTH 2 RA2s mp) &R 0#
B, E5I210:00 K2V T LB mg)BLUT I I—A
(75) &R DG L, 5% 24 B & TRIFAIC O P EY
BELNFER NV I—ABELRE L. £z 24 BEOE
RETW, RPEYELZPFE L. ¥HED GBE (360 mg/
AY&E45 3 BEICES L. GBE RS 28 ARICEMKIC LT
IR, ISVILABIOIN IR EHSLOPRES
BELUE. RBMEERBO M TIIRBIUVIFIVS
AMBEVE HPLC BiICL Y. MR Z) a—AREIZETCM
WRESR (JU—ZAF1NFot1) REDBELX.

[#3) GBEREGBIZTBWLWTHEEIMTELA, MiEd ML
7H7 3 RBERBSTAMEMERLE (Fig. 1A). GBE &
BHOMILTY I RO AUC RESHTICHANR 16%8 BICH
MU, WOBEYBHESHNS A —FITITEERERIEIR
DohizMo/z (Table ). £z 4-0H MVTH 2 FONRZ
A—FIBWTIRAERELERD N> %, GREHREE
BT AMEFO RIS I RERBYHO AUC RS

ORMER K FEES AR REE S

T431-3192 WHATHFHIL 1-20-1

2 RAERKZEELENERREREEE S5~
3 BRI FEFIEAFE - COE21

BN RS RIEFT RMBAR M - BURUTFERR

<I$3> B2l AAREREERESSESR 2003FI2B11I~I12R8
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Fig. 1 A FavELFEER (O) BLui28 BHHE
BE% (@) KWBUBRLTHYIR Q) BXUOIFY
4 (B) OmEHRERE. 7— 513 Mean =SD.

Time (hr)

Table 1 1 FavELFRAREGHE 28 ARRSRIIBITS
MV THIRBIVIY S LOEYBEEN /N A—F

Pharmacokinetic parameter GBE &5 GBE #4512
Tolbutamide
AUCp.o (hr* mg/ml) 179 + 65 150 £ 35%*
CLio/F (mi/hr/kg) 111229 125+ 1.8
MRT (hr) 11.2£29 10519
Vd/F (ml/kg) 120 %25 130 £ 28
Midazolam
AUCqy. (hr - mg/ml) 167 + 104 208 + 101**
CLio/F (ml/hr/kg) 0.865 £0.357  0.639 +£0.208**
MRT (hr) 5.33+2.61 5.63 =1.69
Vd/F (ml/kg) 434 x2.19 3.35+0.70

Mean  SD (n=10), *GBE & 58 & OF Ez=. *P<0.05, **P<0.01
AUCy.«: area under concentration-time curve, CLy, : total clearance,

F: bioavailabilityy, MRT: mean residence time, Vd, : volume of
distribution at steady-state

BIIZEE~N 17%8 BICBEEZR L, —H, RPN TH 3
RERBDOHIBEEREZERIIRD NN T2, T5g
TN A—AROREEZEOMIRT 7N I—RED 120 5%
TO VT H I FEEREO AUC R TERIL, GBE &5

(18%IEF) &L EEE (6%KT) TRALE,

GBE 5 BIZBWTRERIZLE~N, MEF ISV LIE
ER#EmL (Fig. 1), F0 AUC IS FIIC R 25%F BT
ML, FREO07UT7S5AR 268 ECHALE

(Table 1) &

[£2]) GBE (360 mg) @ 28 HEEHEIZHBWT CYP2CY
DEBETHEIMNTYIROLBEFRENHALEZ &0
5, GBE®REICLD CYP2CO WIFHEIND T EMREEN
Foo EHI 75g VN D—ARORERIIBIB PN TH I
Rofmigsh 71— ABE EFMEERD GBE REICE
DT HEANBDHENR. —F CYP3A4 DEETH S
255 AOMmEPIEE GBE O 28 HFEHR&IC L DER
KWER U, ZPEORER, CYP2CO BL U 3A4 OEEE
YRESPOBRETBITS GBENERIIR. BEEETDELE
A6NB,
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Pharmacological effects of Saw Palmetto Extract
on urodynamic functions and autonomic receptors in lower urinary tract of rats

Mayumi Suzuki’, Tomomi Oki!, Shuji Maruyama’,
Yukiko Takagi!, Keizo Umegaki?, Yasuhiko Nishioka?,
Akio Yasuda® and Shizuo Yamada'
Department of Biopharmacy, School of Pharmaceutical Sciences & COE Program in the 21st Century,
University of Shizuoka!, National Institute of Health and Nutrition?
and OTC Product R and D Development, Taiho Pharmaceutical Co., Ltd.?

Abstracts

Saw Palmetto Extract (SPE) is approved as a medicine for benign prostatic hyperplasia (BPH) in some European
countries, and is also available as a healthy food product in Japan. Numerous mechanisms of SPE have been proposed,
including 5a-reductase inhibition, and antiandrogenic, antiproliferative, antiinflammatory and antiedema effects.
However, none of these mechanisms for SPE has ever convincingly been shown to be therapeutically relevant in vivo. on-
Adrenoceptor antagonists and muscarinic cholinoceptor antagonists are commonly used in the treatment of lower urinary
tract symptoms in patients with BPH and overactive bladder. Because SPE contains many constituents, it may improve
voiding symptoms due to significant antagonism of a-adrenoceptors and muscarinic cholinoceptors in the lower urinary
tract. The present study was undertaken to clarify pharmacological effects of SPE on urodynamic functions and autonomic
receptors in the lower urinary tract.

The intraduodenal administration of SPE in anesthetized rat cystometry significantly reversed the shortened micturition
interval as well as the decreased micturition volume and bladder capacity induced by the intravesical injection of 0.1%
acetic acid in a dose-dependent manner, and such effect of SPE was dose-dependently observed at relatively lower doses (12
and 20 mg/kg). The improvement of urodynamic pa{rameters was also observed by repeated oral administration of SPE in
SHR/NDinc-cp(cp/cp) rats. SPE (10-1000 pg/mL) inhibited specific binding of [*H]prazosin, FHINMS and (+)— [3H]PN 200-
110 in the rat prostate and bladder in non-competitive manner. The binding activity of SPE based on ICso values of SPE
was 2~ 4 times greater for muscarinic cholinoceptors and 1,4-dihydropyridine (DHP) calcium channel antagonist receptors
than for om-adrenoceptors. Repeated oral administration of SPE (0.6, 6, 60 mg/kg) in rats exerted significant alteration of
Bmax values for prostatic ["H}prazosin binding and also for bladder [*HINMS binding, suggesting significant autonomic
receptor binding activities of SPE in the lower urinary tracts under in vivo condition. Furthermore, the SPE
administration tended to alleviate the increased density of prostatic cs-adrenoceptor binding sites (Bmax) evoked by
repeated injection of testosterone in rats.

These data suggest that SPE significantly alleviates lower urinary tract symptoms in patients with BPH or overactive
bladder by acting on autonomic receptors in the prostate and bladdex.

Key words: Saw Palmetto Extract (SPE), urodynamic parameters, prostatic os-adrenoceptors, bladder muscarinic
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cholinoceptors

BE!

JaF Y BRI (Saw palmetto extract: SPE) OYHREERER O T MRS B MHIZH§ 2 VEH & P72,

BRI v PV A MA M) =IZBWT SPE W+ ZiglAKSIZLY,

KB AGRE KT L7z,
ERERDESTAILIIL o TLRED 6N,
DFFRAYFE S % W EERTFAY I L
BWERRIIHL 2 - 4 EEW T LETITEZTHMRICH
TLTHREED o KUFAZ A

SLRIZBWTRD o SEEE

, =@ SPE OEBEKEAT

EE

i LIERIA B AR T L G A
D R RICHESEEERT Z EATRBEE N
DI LIpHMEm % 77 L7z,

B 5

PHRRERR, —ERRERVBEREELFEIIHNSE, &

CORNT A — 53T A SPE OREHYER MR @ SHR/NDme-cp (cp/cp) F v 2 SPE
SPE (3Bl [*H]prazosin, Bk

[FHINMS RO (+)-[PHIPN 200-110
o FEREIN L AN R EHRY 14-DHP # Ca B
I o7z, SPE & in vivo iZBW

SPE ORAHKS 17 A b A7 0 iESEIKRT

Do RS, SPE ERAR BT THREZEE~

DOUEVER X AR LRI K ORI B ZE O MRS BIFETIE N QI 4 & OIEBEIER 2 R4 C L AT S s,

F—J— K axXy vy EEMBIR (SPE),

&

il

RIAMRAEREE (BPH) &, BISZIRAEMSOMKIC & 5%
WAOBIZER, BILIRTEHD o XBERBERITEZ L 1
BERYRAZEIC & D HEIREERIRIR 2 EA RO LN ARETH

V), FOHFFRIZEL, MiGE L bicwEmd 2. BPH X
GRS EIZ 60RO B TIA50% L 1T, 85 E TIZH90%
uﬂwbﬂ FOVAIERERSHET A, RIFTB

WTh, EEEREIEHICIE, 22 F/ICBT2
BPH OE#ARZHIE, 199041225605 A, 984EIZ1460.17
ANEESNTE Y2, Sigl, £EHFRNOBKILE TR
FRARORBSICL A BEREORE L EbN L, BEHDE
MABEDOLNSD.

BPH DIEMEFICIZ,
0y YEAERENTYS

A

e

— RIS on EWTEERT ¥ B
52 7%, BPH & &0 HHREE

KA LT, BHECEHDHE CHRFEZBRIRTAZLLZ
W XY YRE V2RO aXy v REMEE (Saw

palmetto extract: SPE)® |&, I —0 v/ 3Tik BPH 124
THEHEEE LTHYLN, TRRETHREAMRELT
EHSNMLTwa. SPE 0 FEMEA L L T, Sa-
reductase FREER®, 7 ¥ Fus v SEMENERD, #i
KEEVERY, MEREIEERY, o SEMENERY 23
in vitro ERIZBWTHRES N TS, E£ERIC
SPE (320mg/day, Permixon®) ® 6 + k5L b,
BPH ZFNICHEIBRIZEMTHL L OIMENH B,
L L,SPE O in vivo 6:‘Bbi%?ﬂ?ﬁ#ﬂ%ﬁ‘éblﬂ?‘é’f'ﬁm@,
BPH R USBIEDhEN % & OEMIERICE W TEMNI &
B TEHREM o SHEERTLAAY VIEZEFIIHNTS
TEFZoWTIE, TRAEBLRIZESN Ty, RPFET
(3, TEREICHT S SPE OEIMEMFHEOL»IITHH
BT, YAMAM)—FEEFRAVYERERICNT SERR
UTHRESEMHRIITT HIER 2R L.

7 g

. S Es LUHE
[(7-Methoxy-H]prazosin ([3H]lprazosin,

2.979TBqg/mmol), [N-methyl-*H]scopolamine methyl

PRIST A—5, FILIR o THEE, BA R 7D VHEEER

chloride ([BHINMS, 2.997TBq/mmol), (+)-[5-methyl-
SHIPN 200-110 ((+)-[*H]PN 200-110, 3.180TBq/mmol)
B.U° o, pmethylene ATP [2.8H]tetrasodium salt ([*H]
af-MeATP, 580.9GBq/mmol) (& PerkinElmer Life
Sciences (Boston, MA) # X hEA L. 2 aF )T ¥
B (SPE, SABALSELECTT™) (& Indena®
(Italy) #t& 5 &Nn7:. SPE 1205% A F Vel o—2
WARE L TRV, g@ﬂﬂ)ufi 2T RO SRS
BEEHA LA &8, SPE &, MEFRMLEIC L 0 HIE
SNWIRYE T, SRS R RLIRL 2,

0. RERENY

FEERDE LT, YA M A MY —FERBRITIE 8 - 981
(< : 250-350g) @» SD FHEET v , SPE2 BMRIE
W5 FEBICIE 7 BES (IRE © 250-310g) @ SHR/NDmec-cp
(ep/cp) MM v l~, SPE4 B RMERK SERITIE S 11
M (AKE : 250-430g) @ SD RS v+, FAMAT
T PG ERTIIS6RE (RE | 550-800g) @ SD R
vk (BRZAZVY—) 2EHAL, 7 v FEEES
B (MF, #+Uxry VgRTHEERE) EUICyRkE A
HCE 2T, B4+ 2 CTHF L.

M. PRAMA MY —ICEBEMRERVREBHBEOR
E
oLy v (Llg/kg BTHRS sc) BET, v b2
UPEARL B E LIGEIER I - T, i”ﬂﬁt%é“x'ﬁf&f
(Rza—3) 2 BL0HALBHUMBLEESLRTHEIE
FE L7 (SPE +ZHBEARSFHAT—T V). KIZ, T

Bt LCENZ B &8, BERIESS /NI ZMmR,
BRI RK)ZF L Fa—7 (PESO: BANS b7
47#///%)%ﬁkbf IpREs & AEAE L, BRI
WAL F2a—TOMWREENF VY AFa—Y— (F4 A
R—WIVEE=5Y) ¥ 7B54 7%y b DX-360: H
A ICEHEL.
7v%&ﬁ—»7>7~9(77uw%ﬁﬁﬁ:
@) WK ICEZE L.
(ﬁﬂi*’(‘ﬁf L7-®

T4
A IRATEIK & BV id0.1%HE
SEREEE (FAEYY Y 30ml) %
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BHEAR (FLT7a—Varyy) YUKy T STC
521 1 FVEM) CEHF L. 3TCICRE L -RIRERE
(BLOODWATER TM-90 ! B L « A7« ANV &L
T, BHACERBIEKRD 52 WIF0.1%ERERE
40mL/hr TEHEEALRZYSG, EA7 7 (AXRER=E
FH) X0 BEBPE Rl L, MacLab/8s ¥
AT b (F—5iLsk, EHY 7 PowerLab/MacLab
Chart v3.6s (ADInstrument Pty Lyd)) T¥ A MA bD
FoakEELE. T, SREBET VS VR (HF-
200, T— 7Y K.« F4E) I 100mm ¥v— L EKE
L, REO,» SRS NL T BRAICHIRL, FO0EE
{b% MacLab/8s ¥ A F & T L. ERAENEE
PEREBLAD S, UT085 A—5  HERMIE (min),
—EPRE (mL), BENEE (EARE < PR, ml),
B AL MEREEE (mmHe), $ERBMEE (mmHg), &AM
PBeitsEE (mmHg) ZEHB L. RE LRSS —
HE SNz, SPE BEAEOHR/ST A —F 2L
7z,

V. JERREET TOHRBIHRUHHREORE

SHR/NDmc-cp (cp/cp) v bafiMtr—7
(NALGENE) (zA41, SPE (6mg/kg) % 2B REZED
wE L7, LT, SPE &5/ H» 5 RERSHE P,
WISHEL» LR M I TORMIZEBRIIBIT S
SHR/NDmec-cp (cp/cp) T v M OPERE % BHAVIEIR
Lz, HEREE, WIS 74 &2 ANCREBNEHES
7Yy VKRR (HF-200, T— - 72 8- FA4H) 0L
HEBL, REEBRHWCERLTCToOEELEL.
MacLabh/8S ¥ A5 4 (F— 58k, ZHAMKY 7 b
PowerLab/MacLab Chart v3.6s (ADInstruments Pty
Ltd)) TE&HLA. MEF— 72 oPRME (min), B
RES (E/ZEI2EH), —EERE (ml), @9HRE
(mL) #3Rk&r7-.

-

C

V. SRHEARRICET D SPE DRSS

SPE OREHRSERTIE, %5 » bOF4A, control
B O(05% A FME N O—ARO%S po), SPE (06, 6
60mg/kg/day, p.o.) FEEICHT, 4BREORS L7
FlFAMATOUFERENIRERET VS v F DA,
sham # (v ¥ ill, sc. &05% X F )N+ )a—2A, po),
control ¥t (¥ b A5 0 ¥, 3mg/kg/day, sc. £05% X
FNuEua—2A, po), SPE BE5¥ (FAMATT Y,
3mg/kg, sc. & SPE @ 6 %\ L 60mg/kg/day, p.o) 29
W, 4GB RERORS L.

V. SEHEROHELE

5y b EI—7 VBT CHRIEL, IEETATABIRE Y
AR I L TR L, B L7, 7oA bIctE
MK L, BEME, BTN, BT MR O % fit

L.

oo SEMNE T, AR (EZEER) K ORI 306
#0 50mM Tris-HC! buffer (pH 7.5) #fiz, FVJ bo
YHRETFAF-THhEVF4 AL, HHT 40000xg T
205 MO A iE L7z, &% Tris-HCL buffer THRE L,
BIERD - THEAE LA, L% Tris-HCl buffer
BB L CTERMESR 33-67%) & L7k,

LAN ) YHEZFERNE T, BB L OFETIRIC19%E
20 30mM Na*/HEPES buffer (pH 75) #z, KV
fOVYEREVFAF-THFREYFAZL, BHT
40,000xg T2 HE LA H L7, hiE% Na*/HEPES

buffer THH L TEXEMHER (33%) & L7

14-Dihydropyridine (DHP) % Ca HEH¥EZAMFMET
3, BERIC194% & 50mM Tris-HCL buffer (pH 75) #
mz, By barvikeVrF-ThEVF AL 5K, HH
F 40,000xg TISHHEAAY LA, LiET 19 ED Tris-
HCI buffer TS LRBO LI THEZOOHEL .
LiE% Tris-HCl buffer THES L TZEHER (5%)

L7,
P2X ZAMAME T, BEWIC10EE® 50mM Tris-HCI
buffer (pH 74) =i, K rarREIF 4 HF—Tk

EVFA A, HHT 2000xg TODEEOOMEL LiEE
SR L7z, hiE%10%ED Tris-HCL buffer THESH L
O TRODHR EEE 2R L2, 2BES D LE
wabY, 3TCTHMA v Fa—Ta sk, wHT
48,000xg T207- M 00 MEL, L% Tris-HCl buffer T
Bl L TR (5%) & L7

$& G

bl

VI.L 50F LT E8—-Tvtd

o, AAA ) ¥, 14-DHP & Ca BHIER U P2X 0%
SEEOMETE, E#) ¥y FELT, #hFEn [fH]
prazosin!®, [BHINMSM™, (+).[3H]PN 200-110"% RT¥
(*H]oB-MeATP® 235 Ud Le T8 —F v 44 ik
WZfto7z. BiL, HIEBOSAEKES %, [3Hlprazosin
HEAER T 50mM Tris-HC! buffer (pH 7.5) # T [*H]
prazosin (0.03-0050M) &25C, 304°F, [BHINMS #4
EIR T 30mM Na*/HEPES buffer (pH 7.5) #T [*H]
NMS (0.06-1.0nM) &25C, 604F, (+)-[BHIPN 200-
110 #EEFEETIE 50mM Tris-HCl buffer (pH 75) #T
(+)-[BH]PN 200-110 (0.025-05nM) &25T, 604/, [*H]
of-MeATP & EERTIX 50mM Tris-HC! buffer (pH 7.4)
BT [PH)afMeATP (50M) & 4T, 604 ¥ Fan
— 3 3 7%, Receptor Binding Assay ] Cell Harvester
(CREl Brandel #8) 2B TRISE % 7T A M 80
(Whatman GF/B) LC&8EBESIHE L. EHITHEMNE
50mM Na/K phosphate buffer 3mL T3 EP & LA &
DUWHE /A 7 M) b2y vy FL—5— (25-
diphenyloxazole: 5g, 14-Bis-(5-phenyl-2-oxazol) benzene:
0.1g, Triton X-100: 333mL, toluene: 666mL) %MZ T, &
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B 6 BRI B %, FORSEREIREY v FL—
vavhory—TlELR ZO¥4E, displacer & L
T, 10uM phentolamine ([*H]prazosin), 1uM atropine
([*HINMS), 1uM nifedipine ((+)-[*HJPN 200-110),
3uM oF-MeATP ([H]afMeATP) %\, displacer O
EFEETRUGEET B s NG TN EFhaEs
EIEEBRMEAL L, MEOELZFEORENES
TELA, MFIXTT duplicate TiTo 7. &8,
(+)-[*HIPN 200-110 # W72 ERIGEE (F UYL
7)) FTiToi.

VI. BEEEE/NTA—FOEE

FAER) A Y FEBWTHEONIHEERDEROMRT
i3, Bennett 57 B L Yamada 5% OFEICHE - TIT
ol REB)F Y FORKEEHBME Bmax), fFiE
FH (Kd) BEERVT Y FOMHADREIZBIT AR
BiEETMNEL, 0 Scatchard i (1)) KL HE
L7

Scatchard equation :
[RL]e/[L]r=—1/Kd - [RL]e+ [R]1/Kd (1)

[RL]e : FHUIRAEIC BT BEH) 7Y FERBHRE DH
EEOMRE (fmol/mg protein)

(L7 #EEERREOER) 7> FORE (pM)

Kd : A2 offutei (pM) ‘

[R]r (Bmax) @ |AMEAEME (fmol/mg protein)

Z0ERIIBWT [RLYS[L]r 2 YHC, [RLIe % X il
KENLEFRTOY T A LI Lo THRLNLEFRERD
DY —1/Kd, XThEIF 2% Bmax IZHHET 5.

7 37 #id Lowry 59 OFEIIHE, FMETNT I
VEIZEHENE L LTHE L.

K. Invitro IISIxE A ORE

Lol & EIARIC AR U Az AT SR, DRI, Bl X ONEAT R
FHWT, 10-1000ug/mL @ SPE FAET T, RisLliE
T U~ [3H]prazosin (0.5nM), BEEB L AT
~O [FHINMS (050M), BE~® (+)-[FHIPN 200-110
(20M) RO [PH]af-MeATP (50M) Q4FREES % il
%L, log probit analysis 2#o CTHIZHY &' FOEE
% 50%¥l5 5 SPE i, BlH ICo fEZ R, B,
SPE &, 05% A F N kb — AWEBIC B, &)
A PO buffer THIML THW:.

X. MEETALE

TR T £ IR (mean=SE) THIRLT.
HEZEMREE, Dunnett’s test ZHWTITY, BRES%
R FEEDH LHELL.

& R

1. SPE OBHRIEEEICXT 21 _

HEHEIEREAT Y POVAMA MY —IZBWT, SPE
(6mg/kg) & TZBAKS Lz 25, HUREE, —
BIHERE, BEWAE, BEMREERE, PHREEELURKR
BEIGEE S SRR THER L EW 2o 2. RIZ, SPE
(60mg/kg) ¥H5T LY, HERMME, —BIFRE R URELE
BREVTNLIY40%FEIIEM, FKREFDUELIEFE
2 (#10%) KTLA: (K1B, ®£2). :

KT, Q1%BEERISIE 5 v FIERPICEANT A Z &I
XY, HREME (864%073min—6.22+0.57min), —EH
RE (0.60+0.05mL—+0.42+0.04mL) RUBEREE
(0.57 £0.05mL—0.42=0.04mL) ZEF T v FOBHEITL
~EFEC (PL005) WAL, TOBHREFNVTI Y MO
YAPRAFY—=ZBWT, SPE (12mg/kg) 2HkEFLAE
ZA, PERME, —EHRERLVEREEEZVTREH
15%F B\, SARBERIUGEEIZEEIC (12%) &TL
7z. %7, SPE (20mg/kg) #&5Z LY, HERER, —E
PFRERVBMERBEFEIC (Fheh48, 65, 48%)
m, ErERFEEREEEEC (5%) BTLAE (B1C, %
2). ¥eERMME, —AEfRERLVEREEICS VT, SPE
OEREEERFUIED LN, B, 05%AFvEla
— AQO+TTIRBRES BV T, BRI ATHRTHHR/ T A
— S DEELRELEEO b o7 (F1 A).

K2, SHR/NDmc-cp (cp/cp) § v M DERET TO
W (Q28R) HERR/SS A —%IIxT 5 SPE ORERSE
DB E W L7, SHR/NDmc-cp (cp/cp) 7 v b
SPE (6mg/kg) # 4B REAOKSTH I LIZLY,
BERR IR L SPE HEAMICH_NTHRSH—IFAICHZITRH
B Uiz, #5400 8 BRI CHERRICHEM L2
(B2 A). FREWIERESE, SPE RS ATIC AR
5 fm—Racin Lo, BRmcEd L ("2 C).
—7, W/85 A—%i, SPE #%&5 9 — 14A B TS w

%1 Saw Palmetto Extract (SPE) DML
Content Fatty alcohols Content

Fatty acids

(%) and sterols (%)

Total fatty acids 93.5 Fatty alcohols 0.20
Saturated - 59.8 Hexacosanol 0.017

Caproic acid 1.5 Octacosanol 0.146

Caprylic acid ' 2.3 Tetracosanol 0.004

Capric acid 2.5 Triacontanol 0.033

Lauric acid 30.2

Mynristic acid 12.0 Sterols 0.32

Palmitic acid 9.5 Campesterol 0.07

Stearic acid 1.8 Stigmasterol 0.03
Unsaturated 33.7 f-Sitosterol 0.22

Oleic acid 28.5

Linoleic acid 4.6

Linolenic acid 0.6
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(A)

a0 L Veh:c}e 10 min

I

R

B (min)

4
MV ] E
(mbL) 2 4

B Fsl (min)

ﬁ

SPE (60 mg/kg) 10 min

i

)

B fél (min)
s —
4 4 ;"“"‘”*"
MV 4 e
(mL) 7 - _J_‘____fﬂm_“‘:
. —
B R (min)
(C)
a0 L SPE(ZO mg/kg) 10 min

=g T

Ny

8% i (min)

MV

mu 2T

L~

e

B ) (min)

BT I v b (A, B ABREREASY M, C101%
BEWMBHEEAT v ) YA PA MY —ITBT A SPE &5
BOYANA MDY S A

(A), (B) RV (C) &, ZRAFNOS%AF LN O—
A, SPE 60mg/kg, SPE 20mg/kg O+ _15HMxSE 0
W . BP: Bladder pressure (JEMME), MV:
Micturition volume (JERE).

EENR o7, —EPHREE, SPE RS HIREAEMT
HUEE (B2 B), 72, @¥REF 9 -14HRIIBVT
BELZEmM RBONL (B2D). RIZ, 58HE
(60mg/kg) @ SPE % 4B MREROHKSTEILICE
h, BERMEMEIE SPE RS MNICE~IES 1 - 5 BHET—R
P L, 58 -1BAHTHEREIHA LA (K2 A).
RN FRBEIE, REAICEARS TR
ML, #5 8 - 14ABTCHAELEMIED L (H2
C). 11T, #%5 10, 13A#%OWRALIL, 6me/kg D
FeFEIZENLL, —EIREE, SPE &5 HH
FEMERICH Y, RE11, 13EH%IZBW T 6me/kg
DFELLEAEHEMDLE: (B2B). £, RE
IZBWTh SPE &5 MaHED SWIMERIZH Y, &S 2-
5, 12A#IIBWTIE 6meg/kg DA L L_EE LM
MREDLNA (B2 D). SPE OREHRSITLY, KR
BMERRSIELEITEAEEPRD N o7,

I. invitro IZ$H\7 % SPE ORBRBAICHT 2/EH

SPE 3 10—1000ug/mL DEIZBWT, J v ML
RO~ O [3H]prazosin SFEBMEE T IRERTFENIC
L, ICso fEILZNFIL 169=24, 188+47ug/mL TH
o7z (B3 A). REKICSy MERELUHETIR~O [H]
NMS R A %IRRT L, ICs ﬁt;t%n»
N 404+41, 523+ 44ug/mL THo72 (F3 B). i
SPE (30-200ug/mL) &5 v MER~D (+)- [3H]PN
200-110 4FEAEA T IRERFNICEMIL 72 (ICs fEIL
973x17.1ug/mL) (B3 C). —7, SPE &7 v MEA
O [PHlapMeATP IFRGBEICBIRERE L5 2 2h o
- (K3 D).

SPE (150ug/mL) FFFET @ Scatchard Miric k), 7
v PRI R O o> [3H]prazosin 45 BAHES O Bmax
fE I3 BRI RIS (5545%) WA L7z (3R3). £
7o, WSRO Kd EOFEZHAPLRDH O 17z, SPE
(50ug/mL) DHEETIZEWT, BEREUETRO [BH]
NMS §F219#E4A 0 Bmax fEIEFRBMICIL~FEIC (55,
30%) WA L7, 72, SPE (100ug/mL) DOFETICE
W, BRO (+)-[SHIPN 200-110 24 AD Bmax
MR BMEILFREIC (67%) WA L.

I. 5y hOERESERIINT S SPE REROBSD
23

S v M2 SPE (0.6, 6, 60mg/kg) %= ¢ ;BREIREROHK
54528k, [BHlprazosin €0 Kd EIINRE
EENRL oA, Bmax EIERIALRIIE T SPE @ 6,
60mg/kg 5 ILL Y FREFN24, 37%, BEICBWT
60mg/kg HS5T6%EFICHEMLA (E4). [3H]NMS
A0 Kd i, FTIRICBWT 0.6meg/kg &5 TR
EHREFELBMSED b, T2, BHINMS #e0
Bmax fEid, BHIZBWT 0.6-60mg/kg FTEIT L D 32-
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£2 METIy FYAMAMY—IIBITA SPE (6-60mg/kg) S RBOPER/IIT A—5

Doses of SPE Micturition interval (min)

Mean micturition volume (mL)

Bladder capacity (mL)

(mg/kg) Pre Post Pre Post, Pre Post
Saline infused anesthetized rats
6 9.93+1.07 9.07%1.09 0.69%0.07 0.66=0.09 0.65+0.06 0.60=0.07
60 7.71£0.90  10.8=1.77 (140%)*  0.54+0.06  0.77+0.13 (143%)* 0.51+0.06 0.72%0.12 (141%)*

0.1% acetic acid infused anesthetized rats
12 6.44+1.10 7.41%1.25 (115%)*
20 5.99+0.47  8.85%1.07 (148%)*

0.44+0.08
0.40+0.04

0.51%0.08 (116%)*
0.66+0.08 (165%)*

0.43=0.07
0.40+0.03

0.49=0.08 (114%)*
0.59+0.07 (148%)*

Baseline pressure
Doses of SPE

Threshold pressure

Maximum micturition pressure

(mmHg) (mmHg) (mmHg)
(mg/kg)
Pre Post Pre Post Pre Post
Saline infused anesthetized rats
-8 3.35+0.19 3.20+0.22 5.02+0.13 4.78+0.13 26.1+2.2 23.9x2.0
60 3.17+0.10 2.93+0.21 4.74%0.16 4.81%0.15 28.3+0.8 26.0+0.7 (91.9%)*
0.1% acetic acid infused anesthetized rats
12 3.99+0.26 3.69+0.23 5.06+0.31 5.13%0.27 29.3+1.7 25.7£2.0 (87.7%)**
20 3.54%=0.16 3.37%0.11 (95.2%)* 4.44=0.19 4.62+0.25 25.6x1.4 23.0%0.5

Mean=SE, n=5 (6, 12, 20mg/kg), n=7 (60mg/kg), The values in parentheses represent the percentages when compared with the
values (Pre) before SPE administration.
Asterisks show a significant difference from the pre-treatment values using Student’s paired #test, *P<0.05, **P<0.0L

(A)

(min)
1001 201

@ 6 mg/kg
A 60 mglkg

80
60

40

207

0

0.0
14 (Day) 0 2 4 ] 8 10 12
(Pre-treatment)

0 2 4 6 8 10 12
(Pre-treatment)

14 (Day)

(C)

(Number)
307

0 2 4 6 8 10 12

0
14 (Day) 0 2 4 6 8 10 12
(Pre-treatment) ’

(Pre-treatment)

SHR/NDmc-cp (cp/cp) T v bDPERIST A — 2% 5 SPE (6, 60mg/kg) RifiikE oz

(A) HERMIR, (B) —EYRE, (C) HHREH/WHE1206H, (D) £HRE

Mean + S.E., n=23. Asterisks show significant difference from pre-treatment values (0 day) using Student’s paired t-test, *P<0.05,
*+P<001. Symbols show significant difference from each value at the dose of 6 mg/kg using Student’s paired t-test, TP<0.05,
HP<0.01.

14 (Day)

X2
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s 5 4 3 5 -5 4 -3
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ey log[SPE] (g/mL) 0] log[SPE] (g/mL)

G

&

w

3 (A) T PRMBEUMEIZBITS (BHlprazosin $FRAEAICH T 5 SPE OHIIER (n=5-8)
(BY oy PEMEUCHTRICBT S PHINMS §F8£09#428 12 SPE OWll{ER (n=89)
(C)  Fv bEBERICBITS (+)-[PHIPN 200-110 4FRA95A1CH T2 SPE OIH{ER (n=5)
(D) 7w MEMICBTS FH]ofMeATP HRWEES AT 2 SPE OMER (n=2)
%3 [*H]Prazosin, [FHINMS KU (+)-[*HIPN 200-110 O4F R E 3T A — 51T 5 SPE @ in vitro TORY
’ Kd (pM) Bmax (fimol/mg protein) Kd (pM) Bmax (fmol/mg protein)
(*H]Prazosin
Prostate Spleen
Control 80.2+9.6 17.6%1.4 58.4+3.8 39.5x19
SPE (150u g/mL) 51.3+2.1% 7.86=0.49 (44.7%)** 82.0%12.5 21.9%4.0 (55.4%)*
CHINMS
Bladder Submazxillary gland
Control 25677 19227 101+9 1015
SPE (50u g/mL) 190+ 14 86.1%11.7 (44.8%)* 149+26 70.5+4.6 (69.8%)*
(+)-[*H]PN 200-110
Bladder
Control 200£17 188+12
SPE (100x g/mL) 15140 62.7%11.8 (33.4%)***

Mean =SE, n=3 ([*H]prazosin, [PHINMS), n=8 ((+)-[3H]PN200-110). The values in parentheses represent the percentages when

compared with control values in the presence of vehicle (05%methylcellulose).
Asterisks show a significant difference from control values, *P<0.05, **P<001, ***P<0.001.
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=4

5y PATILIR,

T, BEDE R OSRTIRICEB S [PHlprazosin UM PHINMS HEMEE/NT A — 51087 5 SPE KEEORS

DR
Doses of SPE (mg/kg) Kd (pM) Bmax (fmol/mg protein)
[*H)Prazosin ’
Prostate Control 49.7+€2.4 26.7%£0.5
0.6 481%20 30.1%1.6
6 51.9%4.8 33.0x1.3 (124%)**
60 54.6%2.8 36.5£1.2 (137%)***
Spleen Control 264+2.8 68.3+4.0
0.6 98.8%2.2 75.1+3.8
6 27.5%15 65.7%5.1
60 30.1%1.2 86.1+4.3 (126%)*
[PHINMS
" Bladder Control 157+10 144+12
0.6 127+13 84.7+8.1 (58.8%)***
6 18511 98.23.8 (68.2%)***
60 1375 97.5+2.7 (67.7%)***
Submazxillary gland Control 98.4+3.8 145+ 3
0.6 112+ 3% 149%10
6 1012 1498
60 1052 1192 (82.1%)**

Mean + SE., n=6-7. The values in parentheses represent the percentages when compared with control values.
Asterisks show a significant difference from control values, *P<0.05, **P<0.01, ***P<0.001.

25 s ) Sham

& Control

SPE (6 mg/kg)
20

SPE {60 mg/kg)

05

Prostate weight (g/kg body weight)

::::

0 2
Dorsolateral lobe

Anterjor lobe Ventral lobe
4 FAMRAFORUAES v ORI (BT, BE, TN
TEICHT A SPE HERDRS DY
Mean=SE, n=5.
Asterisks show a significant difference from sham values,
*P<0.05, **P<0.01.
41%, FTRICBWTIE 60mg/kg &5 T18%H BT
L7,
V. SILIEAEFILS v FRSROBSER LR

AICH T D SPE REIREDEE

Sy MIFAMATOY (Bmg/kyg) T 4BAMETRS
THIEIED, BMROMNE, BERUEAUEOERS,
sham BEIZHAZRZIT9, 77, 69%FEHEML A (H
4). ¥72, 6 R 60mg/kg ® SPE # 7 A MATF U/ &
EDICAEBRORS LoBE, IIZRERLOER,
control (FAMATF O VEMIEE) OB, B
FEIIBWTRAEREDPED NS00, WTRLORAT

5 FAMAFOCAUES v OFMM [PH]prazosin FRAY
BRSNS A—FII3T 5 SPE LERDHKE ORY
[®H]Prazosin (Prostate)
Kd (pM) Bmax (fmol/mg protein)

Sham 52.6=3.1 14.8+0.7
Control 71.0%11.5 24.0+2.1 (162%)**
SPE (6mg/kg) 586%7.9 21.4%2.2 (145%)*
SPE (60mg/kg)  46.7+3.3 20.4+1.2

Mean*S.E, n=5. The values in parentheses represent the
percentages when compared with the sham values.

Asterisks show a significant difference from sham values, *P<
0.05, **P<0.01.

EBEZIRDN D o7

FAMATE Y (Bmgrkg) ET#HE 5 » b (control)
BB A [PHlprazosin #&® Bmax {#iZ sham
BICHG2%FEICHMLA (F5). FAMAFOVE
SPE OWx5-# Tk, [*Hlprazosin 4@ Bmax fEid
SPE 6mg/kg #55T sham B & 4% B ZIHEML,
60mg/kg 5K TIL38% DBIAM AR birsz. [*H]
Prazosin @ Kd iz WOz Ty sham FEE il
REEGEIRDO N o,

42
=

=

SPE DHER/$F A — 5 RUTHRBEEERIIN T HE
AEBRE LA 9, BEBRLAZEES Yy POV X PA LMY
— IR BT, SPE & 6mg/kg O+ i8GNS T
HERST A —F IR EREB L b o724, 60me/kg 108
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e

WTHER R, —BIEER 2R U EREE A BTN ¢,
FRBEVARIE 2 AEIET Lz, $£72, BEoBRPTE
A X BBRFES v MICBWTHREBEZ, SPE 12Kk
U 20mg/kg DIEET, JHURMME, —REPERERUBERL
AEERSEIEE L THARICHEM S, RARBERIUEE
FHEBIETLAE. 2hdh, SPE BRIy oY 2
FAMY - BV THERUEVERZRT I EMFAL IR
oz, 20 SPE OERIEIEE T v MIHLREEEE AR
Fv MIBWTERBETERLAZ 0L, HEEENT
HATREEIRIBEING, EZAT, SPE dEAY Y4,
JNVIERTY YRUTEFNAY LB T v MERT
B OIUE 2 I3 222 Z L 26, in vive 2BV
TEEBFR A ORI X Y BRSECEEREZRTEE LN

7z. F7z, SPE OELZEHFMS TH HEHNEIIRIE, K,
Na*, Ca** REDAF ¥ F ¥ 2 NVERELHBEER Y

= %

OHEIMBREICT U THE e RITT 2 &2 ECITERRESE
PR LSRR E MR OB (™ 2 &h b, SPE
T ERRIE MR ICVER T L bitEES L/

K42, SHR/NDmc-cp (cp/cp) T v b & ROk
Rx3 5% SPE REKOKSORE TR L .
SHR/NDmc-cp (cp/ep) T v M, TIEPERFETIET
FAmY &L TS S BARRESMLE/NIH EHEE
S5y FTHAEH BMEZRT SHR/NDmccp (cp/cp) T
v ME, JEMERFESR SHR 5 v b & BB ENER L&
FLTWAM, SHR B W Tid—ARAIZ 3 B sE 7T
HDTTE IE DOFJE & HEFFITBES LT\ 5 %%, SHR DB
123 BB D Wistar-Kyoto T v b (WKY) 12 L@FEL &
BoTWwhIENRESNTWESN, X612, Clemow
52 4k, SHR OB B 2 R0 B UNE E MR 5
A5 WKY OB AW LEE 2 (neuronal
hypertrophy) R LI &S, IR SMREROZEL
KX BPREFOTMEERIZLTVE., RYERITH T,
SHR/NDmec-cp (cp/cp) T v MZ SPE (6mg/kg) %K
BRETHILILLY, JHRMBO—BHEDERRIZBIT
AR RER, WOKHHRBROBFEZBIPHESN
oo Iy, ISy bOYAPA MY =BT
SPE O EBEKX S THE S N SRUCEEIEERDR
WL o THRBT B EWRENS. 2D SPE O1EH
A% SHR/NDmec-cp (cp/ep) T v b~D 9 HELU EORE
W o TS LABEIIOWTIEHR L TR WY, SPE
DMREGEVERC M S 2O EA Uiz, $ 5 WIEHE
REREMMENT v AR EIHT 25N EHERPREBR
LizZ &g a /. SPE BHREAZRTEVIE
IRSEISMIME IR v, L MCBWTER»2RIRAR
TIRTIENMOENTWABE, FERRIZ, FIFEEIZBWTYH
60mg/kg @ SPE % {UEHSTAHZ LTy, —EYHRE
BUEPREFPAEICHMLAZZ 25, SPE 2L 5
IRYEF 2SR S 7z,

KA, PERBEEEFIEOVERIBAL L 72 5 T ERIRIE B AL

REBERIINTRERZMFIL2ET A, invitro FERIC
BWT, SPEW, 7 v M ORLIREUMEM o ZEFE~D

(Hlprazosin #4&, BEMEUBETRAANY Y HZEAE
~O [PHINMS #4, kBl 14DHP & Ca BIEREK

Bede A5 Sl

A@ (+)-[FHIPN 200-110 #&% WL i EARFI
L7, SPE 2% on RAREAESZETH Z & B
Goepel 519 H e b7 o—rRI|MARZRETAVTREDTY

B, ARG o RERY TS A TORHEENR

%A 7y PR (oaa SEEPEN) EBIE (o FF
HAERD) WWBWT SPE @ o) SEMABEEEEHL,
2L, OIS TO SPE O#ESHMMEICIZERY 2
WZ EERLE. $/, SPE UL, 2 AN ) Y EREER
U 1,4-DHP % Ca BMESFFRIHESERLZRL, ME
BREEEM 1Co EOLIELY, o ZREEOBEELY
2 - 4BV ENRENS, ZD SPE LEBAADY
SRR E 14DHP R Ca BREZEFOMEATHK
DWTHEHINE THENE L, MR THWDOTHE LM
RTHAH. INLOEFEMFIINTE SPE OERIZS v
N HIIBRERN RUS v MERSENRR ("1, &
2) OEBCHESTIHLEZ LN, 4%, BHEE~NOK
BIEERD O HEE I REREVEETH 5.

SPE DA T T® Scatchard AFIZBWVWT, SPE i3,
[®H]prazosin, [PFHINMS R (+)-[BH]PN 200-110 #&
® Kd I3RSk [BH]prazosin A UIHITRA &Y
%5 %%, Bmax HEHFEIIMA L. SPE i2d 5 [H]
prazosin #&? Bmax HO AL Goepel ¥ 2L 5T
LRODLNTVE, SVFLETI—-Ty A EHRIILD
FRAEE/NT A~ § OED) & B OREHHR L IR
g L7z Yamada 52 O#fifsd 5, SPE HFET TOHER
VA ¥ Bmax HOERWBAEL, SPE OIERAN
LR ERESOEREE L L TRENESHROBEINE:
T EDTRME N, E/z, v MI SPE & REEDORS
TAHIEWLY, B EPIEICBT S [PHlprazosin i
&0 Bmax EOH E 2 BMIETITEN & 38T MW [*H]
NMS #&® Bmax HOFERZEIPROLNIZ &
5, SPE & invivo 1ZBWTEMED oo FBHERRUV LA
A YESBERCEAT A EMNRB IR, MEEERK
DEEL, BIBRE BRI B THOMSRICLNERE
(0.6, 6mg/kg) THIALZI L2 5, SPE I TEHRES
BRI LBRE AR T EMWEZ bRk, '

Ty MITAMATOVE AMETRETAZLITE
D, BISMEARAMOERIIL7 - 18 HBMLE. 20T
APATFOES Sy PRIZRICEBWT, [*H]lprazosin
EAD Bmax EAHEECENLAZZ 20, o TEEE
OWMATREN L, Thid, FHEIC L YD LRIk
ar BEGDTFAMAT O ORERSCE ) REICE
BFTAIEN P MNERMIZMRO o EEFEIEMTS
ZEW ERLEUHOME L FETLIRRETHA. 6%
WL 60mg/kg @ SPE & 572 bAFurE 4RMKER

2

FIXVY
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L7595y PRIMLIRERE, TAMATOVEHRRES T v
FOBE LN, HERIBWTETRAIEDERLED
OO, WTRNORNTOFELRHAEROL N Eh o7k,
B IRIERICH 95 SPE OERICDWTIE, T v baAD
SPE (100, 320mg/kg) 30H M52 LB AWV EY FIHSE
BUIZBRAR AR, SPE (50mg/kg) 60HMR5I1Z L5 7
A MATF U YHRELIREROIHN 2R LREDDH
B, AHIETHINGOREFMETE hdoBHE L
T, SPE OESEMEBRSIEMPBEr o EWFEL
SNA. FEBIL, W7 v Foy VNS BET S R SLARAEKH
BRI 2 — 3 7 AMOMHERS 2 ET 52 L2
LRTVBE®, L L%k 5, Rhodes ¥ i, FALMA
FO YRSy MR EAEE (180, 1800mg/day)
SPE ONBEHREGIZL o ThE&EEINLEVWI EERL
TWwh, REBRTHWE6%2WL 60mg/kg &9 SPE
AR, ¢ P TORRE (320mg/day) EEEL LL
EZOHIVEETH 722 05, SPE DR TOIEL)
HREICELWEFZI LN,
FAMAFOYE SPE OWKEE 5 v bORIUR o %
B4 ([*H]lprazosin & Bmax f8) X, SPE
6mg/kg WEBTIZF A P AT O VIERGHIZLACFEC
(42%) WML LO0, FAPAFOVvEMEEEROF
N (62%) &L, WINBOBRL VRO LN, S5,
FRAMAFO Y EBERAE (60mg/kg) SPE ZSHIIBW
TR o REFREOBELZEMMR SN kol &
75, SPE ORBEHEGEFTFAINATu &SI BT Y
NETILMR o1 BEARE O E IIHT B W AR S
7z. SPE i3, o F TOWFEL D, Soreductase HEE
AT v Fay AERAL ST CRIREROEIC
LY, BPH OBEMMMEL G LIREELZHETALT
ENELBBEHERLELONTWAY, 0L RE
HEERIZIZ, 5 v MERBIER O TEREZEMAE NE
L7=ARWigeE L b, WKHEE®D SPE 3 TEHREZBMEK~D
EFEVERNC & 5 BT SLIRAE A O 86 N9 B ZE O IR I 0 R I TS
Ve Hifl 2 & Oz 2 JEHERH 2 ¢ A ReiE R s
7z,

HEd
Wl

3 A

SPE &, EEREESEHRT v P YA M A MY —IZBWTC,
YERMEFE, —EPERERCIEREEOFEREMETICR
KIEVIUGEEOHERET 23R/ L. R IEBERL,
SHR/NDmc-cp {cp/cp) T v biZ SPE # IEROKRSES T
A EIoThBOLNE SVALET =T v A
IZ& D, SPE WBHIZIR on IXBEHERUIEROL AN ik

ZHMRE 1, 4DHP & Ca BHEXSMRIIN LEEEET
AT EDHEON Lo, F2, TRAMATOVERLE

KBTI on ZEFBROBEIMIH LIMFMEE 2R L.
LLED#ERP» S, SPE BIRKRAZIZB W TTEHREXSE
PAOEBRAIEAI & A AT LIRIER OFRREM BAZE ORIk 258

EDEMOWH 2 EORBERERYT I LATRIRS L.
AWFEAERIE, SPE OTFERREEICH T 5 ¥ 727 ZEHAER
TRNTHDDT, 4% SPE OREEIZ BT 5 RAKE
ReZ2b LTHERZMARIRAEEDNS.
AN OE FIIHEILE B AYEREREFE RIS THRERL L.
(20054F 5 A 17H 34%, 20054 7 A10H %)
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1 EC®IC

S, bAEICBNTE, REEROEREEBEA
OOEImc Yy, BEESERESOFY - hReENE
LTRERENOHELIEE > TV 5, FokTid, B
B UTERENTERAT 4 AN—T EEROTIE
EBWTEBNICIEALTRY, A TLEERREL
TESKAFTETH S, HICEHETE, EERLL
LICBEEROBRENEL, TOERIESEIEL N
THEFEEND, —HICBVTRESSOEREED
BRTBIREL, TOREERC & 3 REREVERS
LHB LS EOEESERMREINTVE, LhLE
BE, AF 4 HUN—TEEDVDDHBEERKICEL
TRERFOFEELELT, BRI DOWTFDRAS
LR EDREARIEIRE T LI ER T, BF
BRTNEEROEEERVERR L OHEEBIELT
EETEIBHOBELTONTVEY, 2T, Vb
D2 BEAROEELEAERET 3 dIIRENER
UCELMICE T 2R EMRIOETINER L VA B, &
BT, EEBCEEENATVIBERRDS S, T
BRIEAIC & 3 SEREROSUEENCERE NS/ axY
TV EERHE L MGERRDEE LR BT 5 BN
TEAEN TV R F 3 VELFXERD £F, Thb
DAY, TEMERCEREL OEEER - HEHEC
DV, BRL OBEDHRZHDCHENT 3,
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2 /ARy BEHER

2.1 FINZRREEAAEL / OF U VRN

BEEOUHKERERE AODEIMC R, FAE
KEEEDNEHE LTS, HMUIBEAERIREECE
RESTHEBTHBY, COEMBEIEE o, B
ORIV EVRIDAEENS, ChODEERTEE
TR R AR E OBWER SIS L ko TH
D, F I EEAE BE ORI BV TS BRER
LHETBC LA, HOV VELEAThBEELS
Ve BT AAZEOWREBNICREET 5 BERE TN
SIREERRSOEREPBE L LTS, 3024
RO BEIIEORER BIIC/ IR YR
DAL OREERRREEAL TV 2R D,
WRERESOERICBNT, RBEERESAIERLT
WBCE, EREBRRENBICONTOERRLEES
LRELTVS Y,

YRV uED/ aX) Y VRERHEE (Serenoca
repens, Saw palmetto extract : SPE) &, JEREEDE
BAT, EREOEEE OB EORMCER LTV 3,
BEFEIN TV / aF VY vV EEMEROEEER
ELTR, 5a-VEIZ—EHERT TV Fud U{E
Bz ¥ EIH RO EAENE T A ERMRE S ATY
%72, UL, /aFy vy EEmigodirgsscst





