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Enhancement by Grapefruit Juice of Morphine Antinociception
Takashi Oxura,” Tadahiro Ozawa, Yoshihiko Ito, Midori Kivura, Yoshiyuki KaGawa, and

Shizuo YAMADA*

Department of Pharmacokinetics and Pharmacodynamics and Global Center of Excellence (COE) and Clinical
Pharmaceutics, School of Pharmaceutical Sciences, University of Shizuoka; 52-1 Yada, Suruga-ku, Shizuoka 422-8526,
Japan. Received July 8, 2008; accepted September 26, 2008; published online October 2, 2008

The aim of this study was to investigate the effect of grapefruit juice intake on the antinociception of mor-
phine in rats. The antinociception of morphine (30 mg/kg, per os (p.0.)) was significantly enhanced by the oral ad-
ministration of grapefruit juice (2ml/rat). Further, the effect of grapefruit juice was examined in morphine-
tolerant rats. The repeated administration of morphine (100 mg/kg p.o.) for 5d caused a marked decrease in the
antinociception, indicating the development of morphine-tolerance. In the morphine-tolerant rats, oral adminis-
tration of grapefruit juice potentiated significantly the antinociceptive effect of morphine. To examine the phar-
macokinetics of morphine after the repeated treatment with morphine for 5d, microdialysis probes were im-

lanted into the |

gular vein and spinal intrathecal space in rats. The morphine concentrations in the blood

amt intrathecal ceubmspiul fluid (CSF) were gradually decreased by the repeated treatment with morphine.
The grapefruit juice treatment significantly increased the blood concentration of morphine in morphine-tolerant
rats. These results suggest that oral administration of grapefruit juice enhances the morphine antinociception

by increasing the intestinal absorption of this agent.
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Drug-food interactions are increasingly recognized as
noteworthy clinical events that should be considered in order
to avoid adverse effects. Indeed, the intake of grapefruit juice
has been demonstrated to elevate serum concentrations of
several drugs including calcium channel blockers such as
felodipine, nifedipine and nisoldipine, verapamil, cy-
closporine, tacrolimus and midazolam.*—® The main mecha-
nism for the interaction with grapefruit juice is considered
to be the inhibition of cytochrome P450 3A4 (CYP3A4),
the major drug metabolism enzyme in the intestine. Recent
investigations have shown that grapefruit juice inhibits
not only CYP3A4 but also drug transporters like P-glycopro-
tein,” which plays important roles in the intestinal barrier
function in a coordinated manner with CYP3A4."” The in-
hibitory effect of grapefruit juice on the intestinal barrier
function may enhance the oral bioavailability of drugs, which
has been associated with a higher incidence of side effects.
From the point of view of beneficial use of dietary con-
stituents, the enhancement of bioavailability can potentiate
the therapeutic effect of drugs. Until now, few studies have
focused on the beneficial use of interaction between dietary
constituents and drugs.

Morphine is the most commonly used opioid analgesic for
the treatment of cancer pain. Morphine is a substrate of P-
glycoprotein,'” and its antinociceptive effect is enhanced by
knockout of the P-glycoprotein gene in mice and the admin-
istration of P-glycoprotein inhibitor in rats.">~'*) In humans,
it has been reported that the absor?uon of morphine is regu-
lated by intestinal P-glycoprotein.'® Further, P-glycoprotein
may be partially associated with morphine tolerance.'® The
tolerance limits the clinical use of morphine. We speculated
that the intake of grapefruit juice inhibits the intestinal P-gly-
coprotein-mediated efflux of morphine and subsequently en-
hances the antinociceptive effect after an oral administration
by increasing the drug’s bioavailability.

In this study, we examined the effects of grapefruit juice
intake on oral morphine antinociception in morphine-naive

and morphine-tolerant rats. The antinociceptive effect and
concentrations of morphine in the blood and intrathecal cere-
brospinal fluid (CSF) were monitored in rats treated repeat-
edly with morphine.

MATERIALS AND METHODS

Male Sprague-Dawley rats weighing about 250g were
housed three to four per cage with free access to food and
water and maintained on a 12-h light/dark cycle in a room
with controlled temperature (24+1°C) and humidity (55+
5%) throughout a whole experimental period. This study was
conducted according to guidelines approved by the Experi-
mental Animal Ethical Committee of University of Shizuoka.
Morphine hydrochloride was purchased from Takeda Chemi-
cal Industries, Ltd. (Osaka, Japan). All other chemicals were
purchased from commercial sources,

Grapefruit juice (Sunkist®) was orally administered at a
volume of 2ml per rat 30 min prior to the drug administra-
tion in accordance with previous report.'” In the single ad-
ministration experiment, rats received 2ml of water, grape-
fruit juice (Sunkist®) or quinidine (30 mg/kg per os (p.0.)), a
P-glycoprotein inhibitor,'® and 30min later, morphine
(30 mg/kg). The tail-flick latency test was used to quantify
antinociception, with a thermal stimulus being applied to the
tail.'"” Before the drug administration, baseline antinocicep-
tive testing was performed. The antinociceptive testing was
performed at 60, 120 and 180 min after the morphine treat-
ment. A maximum tail-flick latency of 10 s was used to mini-
mize the tissue damage to the tail. The tail-flick latency val-
ues were converted to a percentage of the maximum possible
effect (%MPE): %MPE=(postdrug latency—predrug laten-
cy)/(maximum latency —predrug latency)x100.

In the repeated administration experiment, development of
morphine tolerance was measured according to 2 method™”
described previously with a slight modification. Briefly, rats
received morphine (100 mg/kg) orally once a day for 5d, and
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antinociception was determined by tail-flick test as described
above once a day (120 min after morphine administration) to
avoid tissue damage by repeated measurements. On the day
(day 6) after the last treatment, 2ml of grapefruit juice
(Sunkist®) was orally administered to rats 30 min before an-
other administration of morphine (100 mg/kg p.o.), and the
tail-flick latency test was performed as described above.

The concentration of morphine in the blood and spinal
CSF was determined by the microdialysis method. The spinal
intrathecal dialysis probe was constructed from Cuprophan
hollow fibers (inside diameter (i.d.), 0.2mm; MW cut-off,
12500; RENAK-E, RE-10M, Kawasumi Chemical Industries
Ltd., Tokyo, Japan).*'*? The fibers were coated with epoxy
glue, except for a 4-cm region in the middle. A Nichrome
wire (outside diameter (0.d.), 0.1 mm; Unique Medical Co.,
Ltd., Tokyo, Japan) was then passed through the fiber and
both ends of the fiber were attached to pieces of polyethylene
tube (PE-10; Natsume Seisakusho Co., Ltd., Tokyo, Japan).
Rats were anesthetized with ketamine (188 mg/kg intramus-
m injection (i.m.)) and their heads were placed in a stereo-

ic apparatus (SR-6, Narishige Scientific Instrument Lab.,
Tokyo, Japan). The probe was inserted through an incision in
the cisternal membrane and slowly passed caudally 9 cm into
the intrathecal space to leave the uncoated section of the
catheter at the Th11-L2 spinal scgments. The two PE-10
ends of the dialysis probe were externalized on the top of the
head. Rats were allowed to recover from the surgery for 3d.
They were then anesthetized with ether and a dialysis probe
for vessels (TP-100-10, Eicom Corp., Tokyo, Japan) was im-
planted into the jugular vein. The dialysis probes implanted
into the jugular vein and spinal intrathecal space were per-
fused at a constant rate of 5ulmin with Ringers solution
(147 mm NaCl, 4 mm KCI, 2.4 mm CaCl,, pH 7.3) containing
annpynnemarefemoeofprobenoovery“’i\.ﬂudmom]
administration of morphine (100 mg/kg) in rats, collection of
the dialysate was started. The blood and spinal CSF dialysate
samples were collected every 60min for 300 min, and each
sample was kept at —20°C until the analysis. The dialysate
concentration of morphine was measured by HPLC with flu-
orimetric detection.®” The HPLC system consisted of a
pump (880-PU, Japan Spectroscopic Co. (Jasco), Tokyo,
Japan), a fluorescence detector (RF-535, Shimadzu, Tokyo,
Japan) and an integrator (C-R6A, Shimadzu, Tokyo, Japan).
The analytical column was composed of Nucleosil C18 ODS
(4.6 mmx250 mm, 5 um particle size, GL Sciences). Gradi-
ent elution was carried out at room temperature at a constant
flow rate of 1.0ml/min. Solvent A was 0.1% TFA in water
and solvent B was 0.1% TFA in 40% acetonitrile. The initial
concentration of acetonitrile was 6.4%. After the injection of
sample, the system was pumped isocratically for 2 min, fol-
lowed by a gradient from 6.4 to 20% acetonitrile over 10 min,
and then a gradient from 20 to 40% acetonitrile over 2 min to
wash the column, The column elute was monitored fluoro-
metrically at excitation and emission wavelengths of 280 and
335nm, respectively. The concentration of morphine in
blood (Cyoy) Or spinal CSF (Cogp) was estimated from the
dm]ysza:]tc concentration (C,) using antipyrine as a refer-
cnce.

Cioud OF Cosy=Cf {1~ exp( =Ry PA L/ F)}
F is the dialysate flow rate and PA, _ is the in virro perme-
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ability rate constant, which can be estimated from the in vitro
recovery of the microdialysis probe.™ Ry, is the effective
dialysis coefficient of the reference compound, antipyrine,
which is the ratio of the in vivo and in vitro probe recovery.

The statistical analysis of the data was performed with
Student’s t-test for single i Differences were
considered statistically significant at p<<0.05.

RESULTS AND DISCUSSION

In the single administration experiment, the morphine
caused increases in latency in the tail-flick test in rats. The
oral administration of grapefruit juice (2ml/rat p.o. 30 min
before the morphine administration) significantly increased
the antinociception at 60 min after the morphine was admin-
istered (Fig. 1). The arca under the effect-time curve (AUE)
in grapefruit juice-treated rats was 1.5-times greater than that
in control rats. The oral administration of quinidine, a P-gly-
coprotein inhibitor, increased markedly antinociception of
morphine as shown by 2.8-fold greater AUE compared that in
control rats (Fig. 2). On the other hand, the administration of
grapefruit juice without morphine did not cause antinocicep-
tive effects (data not shown). These results suggest that
gnpefmit juice enhances the antinociceptive effect of mor-
phine in rats, though the antinociception increase by grape-
fruit juice was smaller than that by quinidine.

In the repeated administration experiment, the rats re-
ceived morphine (100 mg/kg) orally once a day for 5d. An
antinociception was measured by the tail-flick test 120 min
after receiving morphine. The antinociception was 100%
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MPE on day 1 and 2, and 75, 25 and 14% MPE, respectively,
on day 3, 4 and 5 (Fig. 3). Tolerance developed with the re-
peated oral administration of morphine. The day (day 6) after
the 5-d-treatment with morphine, rats were administered
grapefruit juice (2ml/rat p.o.) 30 min before receiving mor-
phine. The pretreatment with grapefruit juice significantly
enhanced the antinociception of morphine from 14% MPE
(day 5) to 48% MPE.

To determine the pharmacokinetics of morphine during
the development of morphine-tolerance, a microdialysis
method was applied to the jugular vein and spinal intrathecal
space. The concentrations of morphine in blood and spinal
CSF on day | increased with time and reached maximum
levels at 180—240 min in blood and 120—180 min in spinal
CSF, respectively (Fig. 4). The concentrations of morphine in
blood and spinal CSF gradually decreased during the oral
treatment (Fig. 5). The day (day 6) after the 5-d-treatment
with morphine, rats were administered grapefruit juice
(2mlrat p.o.) 30min before receiving morphine. The
AUC,,, was significantly (1.9 times) greater on day 6 than
day 5 (Fig. 5A). The AUC; was increased 1.3 times by the
grapefruit juice, but not significantly (Fig. 5B). The concen-
tration ratio of AUCss 10 AUy, (AUCsf/AUGy0s) Was
0.62, 0.45, 0.67 and 0.50 on day 1, 3, 5 and 6, respectively.
The increases in the plasma concentration of morphine
caused by grapefruit juice may contribute at least partly to
the enhancement of morphine antinociception.

Grapefruit juice and its constituents are considered to af-
fect the functions of drug transporters such as P-glycopro-
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tein,” multidrug resistance protein 2 (MRP2)* and or-
ga.mc anion transporting polypeptide (OATP),”® in addition
to the drug metabolism enzyme CYP3A4. Of these enzymes
and transporters, P-glycoprotein can affect morphine’s dispo-
sition, because morphine is a substrate for P-glycoprotein,
but not CYP3A4 or MRP2.""'9 [t was reported that the in-
hibition of intestinal P-glycoprotein by oral administration of

" quinidine enhances the ahsm]mon and pharmacological ef-

fect of morphine in humans.'” Oral administration of quini-
dine also elevated the antinociception of orally-administered
morphine in rats. Grapefruit juice extracts cause a four-fold
increase in the transport of [*H]vinblastine, a P-glycoprotein
substrate, from apical to basolateral sides across human in-
testinal Caco-2 cells.¥ De Castro er al.”) have reported that
6',7'-epoxybergamottin, 6',7'-dihydroxybergamottin, naringin
and naringenin in grapefruit juice inhibit the P-glycoprotein-
mediated transport of talinolol in human intestinal Caco-2
cells with ICq, values of 0.7, 34, 236 and 2409 pim, respec-
tively. They have suggested that these furanocoumarins and
flavonoids are able to inhibit intestinal P-gtycopmlzin-mcdi-
ated transport because they are present in grapefruit juice in
the same concentration ranges. %) Taken together, oral ad-
ministration of grapefruit juice may potentiate the antinoci-
ceptive effect of morphine by increasing the intestinal ab-
sorption possibly via the inhibition of intestinal P-glycopro-
tein.

P-glycoprotein at the blood-brain barrier modulates the
antinociceptive effect of morphine by regulating its mspon
from the blood into the central nervous system.'* "% How-
ever, the spinal CSF to blood concentration ratio of morphine
was not changed by grapefruit juice, suggesting little or in-
significant inhibition of P-glycoprotein at the brain barrier.
Although flavonoids and furanocoumarins are partially ab-
sorbed from the intestine, flavonoids such as naringin are
most likely hydrolyzed by intestinal enzymes™>? and berg-
amottin has very low permeability through CYP3Ad-ex-
pressing Caco-2 cell monolayers.*” In addition, bergamottin
and dihydroxybergamottin strongly bind to human serum al-
bumin. These dispositional properties may explain in part
why grapefruit juice inhibits intestinal CYP3A4 rather than
hepatic CYP3A4 in vivo.” The unbound concentrations of
these flavonoids and furanocoumarins in blood may be too
low to inhibit P-glycoprotein at the luminal membrane of the
blood-brain barrier.

Aquilante et al.'® have reported that repeated morphine
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administration causes a two-fold increase in the P-glycopro-
tein level in rat brain associated with the decrease in the
antinociceptive effect. In morphine-tolerant rats, intestinal
P-glycoprotein-mediated transport may be stimulated and
therefore more susceptible to the inhibition of intestinal P-
glycoprotein. Thus, inhibitors of intestinal P-glycoprotein
such as grapefruit juice may partly overcome morphine-toler-
ance, though little clinical evidence has been presently re-
ported on enhancement of effects of morphine by grapefruit
juice. In fact, it may be difficult to control the intestinal P-
glycoprotein activity using grapefruit juice, because the
amounts of flavonoids and furanocoumarins may differ with
area, season, and production process.”?® In addition, it has
been suggested that grapefruit juice-drug interaction is
caused by additive or synergistic effects of several flavonoids
and furanocoumarins in the juiec.m Thus, further quantita-
tive analysis will be required to clarify the mechanism under-
lying enhancement of the antinociception of morphine by
grapefruit juice.

In conclusion, grapefruit juice is suggested to potentiate
the antinociception of morphine associated with an increase
in intestinal absorption. This enhancement may partially

overcome morphine-tolerance.
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Hypericum perforatum extract (St. John's wort, SIW), Harpagophy P bens extract (HPE) and
Grape seed proanthocyanidin extract (GSPE) have a broad spectrum of biological activities including antide-
pressant, anti-inflammatory or anti-oxidant effects. The aim of this study was to clarify antinociceptive proper-
ties of SJW, HPE and GSPE in mice with mechanisms that might potentially underlie these activities. Also, the
effects of these herbal extracts on the antinociception and plasma and brain concentrations of morphine were ex-
amined. Oral pretreatment with SIW (100—1000 mg/kg) and HPE (30—300 mg/kg) attenuated siguificantly
times of licking/biting both first and second phases of formalin injection in mice in the dose-dependent manner,
and GSPE (10—300 mg/kg) suppressed second phase. Naloxone (5 mg/kg, s.c.) significantly attenuated antinoci-
ceptive effect of HPE but not SJW and GSPE. Formalin injection resulted in significant increase in the content of
nitrites/nitrates (NO,) in mouse spinal cord. The rise of spinal NO, content by formalin was significantly attenu-
ated by HPE and SJW. The pretreatment with STW significantly potentiated an antinociceptive effect of mor-
phine (0.3 mg/kg, s.c.), although concentrations of morphine in plasma and brain were not significantly changed
by these herbal extracts. In conclusion, the present study has shown that SIW, HPE and GSPE exert significant
antinociceptive effects in the formalin test of mice. In addition, opicidergic system seems to be involved in the
antinociceptive effect of HPE but not SJW and GSPE. Furthermore, SJW poteatiates morphine-induced anti-

nociception possibly by pharmacodynamic interaction.

Key words antinociceptive effect; St. John's wort; Harpagophytum procumbens extract; Grape seed proanthocyanidin extract;

morphine; interaction

Currently, the consumption of dietary supplement contain-
ing botanical products and foods is growing at a remarkable
speed, in terms of the promotion of health or prevention and
treatment of diseases. The extract from Hypericum perfora-
fum (St. John’s wort, STW) possess clinical efficacy in the
therapy of mild to moderate depression.'” The most impor-
tant constituents of SJW are phloroglucinols such as hyper-
forin and pseudohyperforin, naphthodianthrones such as hy-
pericin and pseudohypericin, in addition to flavonoids such
as rutin, quercetin, quercitrin. Several in vitro studies have
indicated that SJW and hyperforin may act via a blockade of
reuptake of serotonin, noradrenaline and dopamine in similar
manner as most of the current antidepressants such as tri-
cyclic antidepressants,” ™ which have been known to exhibit
antinociceptive properties by monoamine reuptake blockade.

Harpagophytum procumbens extract (HPE) and Grape seed
proanthocyanidins extract (GSPE) have been reported to
exert anti-inflammatory activity in rodents.*® Harpagophy-
tum procumbens commonly known as Devils claw is an
herbaceous plant, growing specifically in Southern Africa
Preparations of its secondary roots contain iridoid glycosides,
mainly harpagoside, harpagogide and procumbide. HPE have
been shown to possess clinical efficacy in the treatment of
degenerative rheumatoid arthritis, osteoarthritis and ten-
donitis.*—* In addition, experimental study has revealed anti-
inflammatory activity of HPE in Freund’s adjuvant-induced
arthritis model.” Proanthocyanidins are naturally occurring
polyphenolic compounds widely available in fruits, vegetables,
nuts, seeds, flowers and bark. Grape seed proanthocyanidins,

a combination of biologically active polyphenolic flavonoids
including oligomeric proanthocyanidins, have been shown to
exert a novel spectrum of biological, pharmacological, thera-
peutic and chemoprotective properties against oxygen free
radicals and oxidative stress. GSPE protects against free radi-
cals models and has exhibited superior antioxidant perfor-
mance as compared to vitamin C, E and f-carotene.'”

Previous studies with antidepressant activity of SJW and
anti-inflammatory effects of HPE and GSPE have led to the
idea that these herbal products exert antinociceptive action.
Thus, the aim of this study was to clarify the antinociceptive
properties of SJW, HPE and GSPE after oral administration
to mice with mechanisms that might potentially underlie
these activities. The effects of these herbal extracis on the
antinociception and plasma and brain concentrations of mor-
phine were also examined.

MATERIALS AND METHODS

Drugs SJW and HPE were kindly donated by Indena
(Milan, Italy), SJW was standardized to the content of hyper-
icin (0.3%) and hyperforin (3.2%) and HPE was also stan-
dardized to the content of harpagoside (1.9%). GSPE was
kindly supplied by Kikkoman Co. (Chiba, Japan), and stan-
dardized to the content of proanthocyanidin (83.9%). Mor-
phine hydrochloride was purchased from Takeda Pharmaceu-
tical Co. (Osaka, Japan). All other drugs and materials were
obtained from commercial source. Morphine, naloxone and
formalin were dissolved in 0.9% NaCl. STW was suspended
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in distilled water and sonicated for 10 min before oral admin-
istration. HPE and GSPE were dissolved in distilled water.

Animals Male ICR mice (Japan SLC Inc., Shizuoka,
Japan) weighting 20—30 g were used. Animals were housed
under a 12-h light/dark cycle in a room with controlled tem-
perature (24+1°C) and humidity (55+5%). They were al-
lowed free access to food and water prior to the experiments.
All animal procedures were in strict accordance with the
guideline approved by the Experimental Animal Ethical
Committee of University of Shizuoka.

Formalin Test In the formalin test, mice were adapted in
open Plexiglas observation cambers at 1h before injection of
formalin. Formalin (20 ! of a 2.5% solution in saline) was
injected subcutancously into the dorsal surface of right hind
paw of mice using a Hamilton microsyringe with a 30-gauge
needle, as previously described.'” Each mouse was immedi-
ately returned to the observation chamber after formalin in-
jection. A mirror was placed behind the chamber to allow the
unhindered observation of formalin-injection paw. The time

nt for licking or biting of injected paw (nociceptive re-

) was measured with stopwatch at 5 min intervals until
40min post formalin injection and considered as a quantita-
tive indication of nociception. The sum of time of licking/
biting from 0 to Smin was considered as the first phase,
whereas the second phase was taken as the sum of time for
licking/biting from 10 to 30 min. SJW (100—1000 mg/kg),
HPE (30—300 mg/kg), GSPE (10—300mg/kg) or vehicle
(control group) were orally administrated to different groups
of mice 60 min before formalin injection. Naloxone (5 mg/kg),
yohimbine (3 mg/kg) and methysergide (3 mg/kg) were sub-
cutaneously administered just before oral administration of
these herbal extracts and the formalin test was performed
60 min after the administration of herbal extracts.

To examine effects of these herbal extracts on the antinoci-
ception of morphine, animals received SJW (300mg/kg),
HPE (30 mg/kg), GSPE (30 mg/kg) or vehicle at 45 min be-
fore the treatment with morphine (0.3 mg/kg, s.c.). Formalin
test was performed at 15 min after morphine administration.

Tail-Flick Test Tail flick latency was measured using the
automated tail flick analgesia meter (MK-330B, Muromachi

ikai, Tokyo, Japan), as previously described'” with minor
modification. A noxious beam of light was focused on the
tail about 4cm from the tip, and the tail flick latency was
recorded automatically to the nearest 0.1s. The intensity of
the radiant heat source was adjusted to yield baseline laten-
cies between 2 and 4 s. Each mouse was given one test to de-
termined baseline latency to tail-flick with a cutoff of 105 set
to avoid tissue damage. Animals were administrated SIW
(1000 mg/kg), HPE (1000 mg/kg), GSPE (1000 mg/kg) or
zvehicle, and tail flick latencies were determined at 30, 60,
90, 120, 150 and 180 min after administration,

Measurement of Locomotor Activity The locomotor
activity of mice was assessed in the open-field test as de-
scribed previously.'” Open field was a 30X30cm acrylic
area with 30 cm high black walls surrounding the field. Thin
black stripes were painted across the floor dividing the field
into 9 squares of equal area and the number of squares
crossed with all paws crossing was counted in a 5-min ses-
s10n.

Determination for Contents of Nitrites/Nitrates (NO,)
in Brain and Spinal Cord SIW (1000mgkg), HPE
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(300 mg/kg), GSPE (300mg/kg) or vehicle was adminis-
trated to mice orally, and thereafter, brain and spinal cord
were dissected 80 min after the administration. Other groups
of animals received herbal extracts at 60 min before formalin
injection in the same way as formalin test, and brain and
spinal cord were removed 20 min after formalin injection.
The content of NO, in mouse brain and spinal cord were de-
termined as previously described with minor modification.'?
Brain and spinal cord of mice were homogenized in 3 vol-
ume distilled water and centrifuged at 15000g for 20min at
4°C. Fifty microliters of supernatant of tissue homogenate
was mixed with 20 ul of 0.31 m potassium phosphate buffer
(pH 7.5), 101 of 0.86mm f-nicotinamide adenine dinu-
cleotide phosphate (S-NADPH), 10 ¢l of 0.11 my flavin ade-
nine dinucleotide (FAD) and 20mU of nitrate reductase.
Samples were incubated for 60 min at room temperature. in
the dark. Then, 5 ul of 1M ZnSO, was added to the sample
and centrifuged at 15000 g for 10 min 4 °C. One hundred mi-
croliters of Griess reagent (1:1 mixture of 1% sulphanil-
amide in 5% H,PO, and 0.1% N-(1-naphytylethylcndi-
amine) was added to 80 ul of supernatant and the mixture in-
cubated for 10min at room temperature. Absorbance was
measured at 550nm by a micro plate reader (Perkin-Elmer
Life Sciences) and converted to NO, content by using a ni-
trate standard curve.

Measurement for Morphine Concentration in Plasma
and Brain SJW (300mg/kg), HPE (30mgkg), GSPE
(30 mg/kg) or vehicle was orally administered to mice 45 min
before the treatment with morphine (0.3 mg/kg, s.c.). Mice
were sacrificed 30 min after morphine administration, and
blood and brain were collected. Plasma was separated by
centrifugation. Morphine concentrations in plasma and brain
were determined by HPLC with electrochemical detector as
previously described.'” Plasma sample (200 ul) was mixed
with 50 ! of 2 ym naloxone (internal standard) and 800 p of
0.5 M ammonium sulfate (pH 9.3). Brain sample was homog-
enized in 4 volumes of saline. The homogenate (1 ml) was
mixed with 50 g1 of 2 uM naloxone and 100 ul of 1M per-
chloric acid and centrifuged at 2000 g for 10 min at 4 °C. The
supernatant was transferred to another tube containing 2 ml
of 0.5 ammonium sulfate (pH 9.3). The mixture from
plasma or brain sample was then applicd to the QOasis HLB
cartridge (Waters, Milford, MA, US.A.), which was pre-
treated with 1ml methanol and I ml distilled water. Mor-
phine was eluted with 1 ml methanol after the cartridge was
washed with 4ml of 15% methanol in 5 mm ammonium sul-
fate (pH 9.3). The elute was evaporated under a stream of ni-
trogen at 40 °C. The residue was dissolved in 200 ul of the
mobile phase and 50 1 of this solution was injected into
HPLC system. The HPLC analysis was constructed with a
pump (LC-20AD, Shimadzu, Kyoto, Japan), an electrochemi-
cal-detector (Coulochem I1I, ESA Inc., Chelmsford, MA,
U.S.A.) and a injector (SIL-20AC, Shimadzu, Kyoto, Japan).
The separation was performed on an analytical column
(CAPCELLPAK SCX UGBS0, 5 um, 1003 mm, Shiseido,
Tokyo, Japan). The mobile phase consisted of 67% acetoni-
trile and 33% 20 mm potassium dihydrogen phosphate (pH
2.1) at a flow rate of 0.5ml/min. The HPLC column was
maintained at 40 °C and the electrochemical detector was set
to +250mV for detector 1, +600mV for detector 2 and

800 mV for the guard cell.
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Statistical Analysis All values are expressed mean=
S.E. Date were analyzed by Student’s t-test or one-way analy-
sis of variance followed by Dunneit’s post hoc test. For all
comparisons, differences were considered statistically signifi-
cant at p<0.05.

RESULTS

Effects on Nociceptive Responses in the Formalin and
Tai-Flick Test The s.c. injection of 2.5% formalin into the
right hind paw of mice induced a biphasic licking/biting no-
ciceptive response. SJIW at doses of 500 and 1000 mg/kg re-
duced significantly the licking/biting time both first phase
(20.0 and 24.9%, respectively) and second phase (37.2 and

b
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Fig. 1. Effects of SJW, HPE and GSPE on Licking and Biting Responscs
in First (a, ¢, ¢) and Second Phases (b, d, f) of Formalin Test in Mice

Mice received omlly SIW (100, 300, 500, 1000mgkg) (x. b), HPE (30, 100,
300 mg/kg) (¢, d) and GSPE (10, 30, 100, 300 mg/kg) (=, 1) 60 min before the formalin
injection to mouse paw. The licking/biting time (s) was measured. Fach value repre-
sents mean=S.E (n=6). Asterisks show a significant differcnce from control mice,
*p<0.05, = p<0.0l.
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56.5%, respectively) in the dose-dependent manner (Figs. la,
b). Similarly, HPE at doses of 100 and 300 mg/kg also re-
duced significantly the licking/biting time in both first phase
(18.1 and 27.1%, respectively) and second phase (42.5 and
59.0%, respectively) (Figs. 1c, d). GSPE at doses of 30, 100
and 300 mg/kg reduced significantly (31.7, 38.3 and 48.1%,
respectively) the licking/biting time in the second phase but
not in the first phase (Figs. le, f).

The effects of naloxone, yohimbine and methysergide on
antinociception of SJW, HPE or GSPE in the formalin test
were examined. Naloxone (5 mg/kg, s.c.) attenuated signifi-
cantly (65.9%) antinociceptive effect in the second phase of
formalin test by HPE (300 mg/kg, p.o.), but not by SIW
(1000 mg/kg, p.o.) and GSPE (300mg/kg, p.o.) (Fig. 2)
None of these agents-induced antinociceptive responses in
the first phase was attenuated by naloxone. In addition,
naloxone at this dose effectively reversed morphine (0.3
mg/kg)-induced antinociceptive response both first and sec-
ond phase. Yohimbine (3 mg/kg, s.c.) and methysergide (3
mg/kg, s.c.) did not significantly influence the antinocicep-
tive effect of SIW (1000 mg/kg) both first and second phase
(data not shown).

In the tail-flick test, there were little significant differences
of tail-flick latencies between vehicle-treated group and each
group treated with STW (1000 mg/kg), HPE (1000 mg/kg)
or GSPE (1000 mg/kg) (Fig. 3). Morphine increased signifi-
cantly the latency at 30 and 60 min afler administration.

Effects on the Locomotor Activity in Mice In open-
field test, the numbers (counts/5min) of crossing in mice
60min after the pretreatment with vehicle, SJW (1000
mg/kg, p.o.), HPE (300 mg/kg, p.0.) and GSPE (300 mg/kg,
p.o.) were 10627, 118%8, 110%7 and 114%8, respectively.
Thus, these herbal extracts had little significant effect on the
locomotor activity.

Effects on the Contents of NO, in Brain and Spinal
Cord The formalin injection induced a significant (1.8
fold) incease of NO, contents in mouse spinal cord but not in
the brain. The formalin-induced increase of NO, content in
the spinal cord was significantly reversed by the pretreatment
with SIW or HPE but not GSPE (Table 1).

Effects on the Antinociceptive Effect and Concentra-
tion in Plasma and Brain of Morphine Morphine at the
dose of 0.3mgkg significantly reduced the licking/biting
time in the first phase (24.8%) and the second phase (36.1%)
of formalin test in mice. The antinociceptive effect (reduc-

-2

of STW, HPE, GSPE and Morphine in First (a) and Second (b) Phases of Formalin Test in Mice

Mice received naloxone (5 mg/kg. 5.c.) before oral administration of herbal extracts (S/W: 1000 mg/ig, HPE: 300 mg/kg, GSPE: 300 mg/kg) and then the formalin test was per-
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Fig. 3. Effects of SJW, HPE, GSPE and Morphine on Nociceptive Re-
spoases in Tail-Flick Test of Mice

Tail-flick latency was measured every 30 min after oral (s.c. for morphine) adminis-
tration of each agent (SJW, 1000 mg/'kg: HPE, 1000 mg/kg, GSPE, 1000 mg/kg; mor-
phine, 3 mg/kg). Each value represents mean2S.E. (n=7—8). Asterisks show a signifi-
cant difference from control mice at the same time, * p<0.05.

Table 1. Effects of Oral Administration of SJW, HPE and GSPE on Con-
tents of NO, in Mouse Brain and Spinal Cord
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Fig. 4. Effects of SIW, HPE and GSPE on Antinociception of Morphinein
in First (a) and Second (b) Phases of Formalin Test in Mice

Mice received onlly berbal extracts (SIW, 300mghkg: HPE, 30mgkg: GSPE,
Jomg/kg) 45 min before morphine administration (0.3 mg/kg. 5.c). The formalin test
was performed at 15min after morphine administration. Each value represents
mean*8 E. (n=6—T). Symbols show a significant difference from control mice (»,**)
or from mice treated with morphine (W), » p<0.05, == p<0.01, mp<0.01.

Table 2. Effects of Oral Administration of SIW, HPE and GSPE on
Plasma and Brain Concentration of Morphine in Mice

Contents of NO, Concentration of morphine
Tr Tre
Brain (nmol/g) Spinal cord (nmol/g) Plasma (ng/ml) Brain (ng/g)

Without formalin Vehicle 29.4*29 13.0x12

Vehicle 1226154 89.229.7 SIw 311238 10511

sIw 893%33 91.7+5.0 HPE 333270 15308

HFE 87342 874243 GSPE 33.8%50 13.5%19

GSPE 113.2+204 120.0x7.5
With formalin Morphine (0.3 mg/kg, s.c.) was administrated 10 mice 45 min after oral administra-

Vehicle 1309=73 161.7211.5%* tion of SIW (300 mg/kg), HPE (30 mg/kg) and GSPE (30 mp/kg). Blood and brain sam-

SIW 112.445.1 119.8+13.6" ples :uumﬂ.uﬂn)um afler morphine administration. Each value represents

HPE 1211278 116,029.9° i oy

GSPE 106.6:4.7 152.1£83%*

Formalin (2.5%, 20u1) was injected 60min after oral administration of SIW
(lmmeWﬂme Brain and spinal cond were re-
moved 20min after f i Each value mean=S.E (n=6—8).
wm.nwmammmmmwm-qa
from vehicle group with formalin (¥), ** p<<0.01, »p<0,05.

tion of licking/biting time) of morphine in the second phase
of formalin test was significantly potentiated by pretreatment
with low dose (300mg/kg) of SJIW (Fig. 4). On the other
hand, HPE (30 mg/kg) and GSPE (30 mg/kg) had little signif-
icant effect on the antinociceptive effect of morphine. The
antinociceptive effect of morphine in the first phase was un-
affected by these herbals.

The concentrations of morphine in plasma and brain
30min after s.c. injection of morphie (0.3 mg/kg) in mice
pretreated with SIW, HPE and GSPE were not significantly
different from those in morphine-treated mice without these
herbals (Table 2).

DISCUSSION

In the present study, we investigated antinociceptive prop-
erties of SJW, HPE and GSPE in mice with mechanisms that
might potentially underlie these activities. SJW and HPE at-
tnuated significantly nociceptive (licking/biting) responses in
both first and second phase of formalin test. In contrast,
GSPE was significantly efficacious only against the second
phase. In the formalin test, it is considered that first phase of
formalin-induced behavior reflects direct activation of A-

delta and C afferent fibers while the second phase reflects
both ongoing peripheral sensory input and central sensitiza-
tion. Therefore, it is suggested that antinociceptive effects of
SJW and HPE are mediated through central or both central
and peripheral antinociceptive effects while the effect of
GSPE is mainly due to the peripheral effect,

Antidepressant drugs such as tricyclics have been widely
used in the treatment of patients with chronic pain. The sero-
toninergic and adrenergic neuronal systems in CNS may be
significantly involved in the descending pain-inhibitory path-
ways,'®" and the interference of tricyclic antidepressant
drugs with reuptake of serotonin and noradrenaline may be
responsible for their antinociceptive activity.'® There are ac-
cumulating evidences that antidepressant activity of SJW re-
sults from the suppression of reuptake of synaptic serotonin
and noradrenaline.**'" Therefore, it is plausible that an-
tinociceptive effect of SIW is attributable partly to the activa-
tion of descending serotoninergic and adrenergic pathways.
However, in the current study, the antinociceptive effect of
SJW was little affected by yohimbine (¢, adrenoceptor an-
tagonist) and methysergide (serotonin receptor antagonist).
Chatterjee et al.”) showed that hyperforin inhibited the uptake
of GABA and i-glutamate, with similar ICg; values for
the inhibition of uptake of serotonin, noradrenaline and
dopamine. Thus, there is a possibility that the inhibition of
GABA and r-glutamate uptake may be significantly associ-
ated with the antinociceptive effect of SJW. The antinocicep-
tive effect of SJW was unaffected by naloxone, a non-spe-
cific antagonist of opioid receptors, suggesting that this ef-

._75_



244

fect of SJW is not mediated by opioid receptor system. No-
tably, relatively low dose of SIW significantly potentiated an-
tinociceptive effect of morphine in the sccond phase of for-
malin test. It has been reported that tricyclic antidepressant
drugs potentiate antinociceptive effect of morphine both ani-
mals and human and possess clinical efficacy in the treatment
of chronic pain states such as an adjuvant analgesic.'*
Thus, it might be rational that SJW having antidepressant ef-
fect enhances antinociceptive effect of morphine.

Many botanical dietary supplements contain pharmacolog-
ically active phytochemicals that, when consumed concomi-
tantly with conventional medications, may result in pharma-
cokinetic and/or pharmacodynamic interaction. SJW is a
botanical supplement recognized for interacting with pre-
scription medications. %) SJW has been shown to decrease
significantly blood concentrations of drugs such as indinavir,
cyclosporine and midazolam by inducing particularly cy-
tochrome P450 3A4 activity, thereby reducing the efficacy
of drugs 229 In the present study, there was no significant
change in plasma and brain concentrations of morphine after
oral administration of SJW, in spite that antinociceptive ef-
fect of morphine was effectively enhanced by pretreatment
with SJW (Fig. 4). Therefore, this potentiation by SJW of
morphine effect may be attributable to the pharmacodynamic
interaction rather than pharmacokinetic interaction.

The antinociceptive effect of HPE in the formalin test
(second phase) was significantly antagonized by naloxone,
suggesting the involvement of opioidergic mechanism. There
are three subtypes of opioid receptors (i, 8, x), and p-opioid
receptor activation is mainly involved in the antinociceptive
effect of morphine. Our preliminary radioreceptor binding
study has shown that HPE binds to p-opioid receptors in
mouse brain. Therefore, these results suggest a contribution
of p-opioid receptors in the antinociceptive effect of HPE.

Free radicals are implicated with pain?*?” and some plant
antioxidants have pain alleviating properties.”® Proantho-
cyanidins are major polyphenols in grape seeds and they
have potent antioxidant activities in vitro and in vivo
models.”* " Since GSPE also contain high amount (84%)
of proanthocyanidins, antioxidant activities of proantho-
cyanidins might confribute to the antinociceptive effect of
GSPE. In fact, this notion is supported also by the observa-
tion that Crofon celtidifolius extract containing high amount
of proanthocyanidins (75%) exhibited antinociceptive effect
in the formalin test.’”

SJW, HPE and GSPE did not change latencies in the tail-
flick test. It is considerd that tail-flick test is spinally medi-
ated reflex to noxious stimuli. It is widely considered that
analgesic effectiveness depended on the nociceptive stimu-
lus, and that chemical stimulus (formalin test) is more sensi-
tive than thermal one (tail-flick test).

There are considerable evidences to indicate that NO plays
an important role in the processing of nociceptive transmis-
sion.?**" These include an increase in the release of excita-
tory neurotransmitter such as glutamate in the spinal cord
following peripheral inflammation and an increase in the
Ca?* influx by glutamate resulting in the production of NO,
due to the activation of NO synthase. It was found that inhi-
bition of NO synthase produced antinociception in the for-
malin test>—7 In this study, it was shown that formalin in-
jection into one hind paw increased the content of NO, in

Vol. 31, No. 2

spinal cord, in accord with previously reports using micro-
dialysis method***) Moreover, oral administration of SJW
and HPE significantly inhibited the formalin evoked increase
of NO, content in the spinal cord. Thus, this result suggests
that antinociceptive activity of SJW and HPE is related partly
to the suppression of spinal NO pathway.

In conclusion, the present study has shown that SJW, HPE
and GSPE exert significant antinociceptive effects in the for-
malin test in mice. In addition, opioidergic system seems to
be involved in the antinociceptive effect of HPE but not SIW
and GSPE. Furthermore, SIW potentiates morphine-induced
antinociception possibility by pharmacodynamic interaction.
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tract
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Sawpalmeuoextm:l{SPE),mexu'aclfwmmedpehuriesolmemmdwarfpa]mhasbmwiddymdasathem-
peutic remedy for urinary dysfunction due to benign prostatic hyperplasia (BPH) in Europe. Numerous mechanisms of
action have been proposed for SPE, including the inhibition of 5a-reductase. Today, a;-adrenoceptor antagonists and
muscarinic cholinoceptor antagonists are commonly used in the treatment of men with voiding symptoms secondary to
BPH. The improvement of voiding symptoms in patients taking SPE may arise from its binding to pharmacologically rel-
evant receptors in the lower urinary tract, such as a-adrenoceptors, muscarinic cholinoceptors, 1,4-dihyropyridine recep-
tors and vanilloid receptors. Furthermore, oral administration of SPE has been shown to attenuate the up-regulation of
ay-adrenoceptors in the rat prostate induced by testosterone. Thus, SPE at clinically relevant doses may exert a direct effect
on the pharmacological receptors in the lower urinary tract, thereby improving urinary dysfunction in patients with BPH
and an overactive bladder. SPE does not have interactions with co-administered drugs or serious adverse events in blood
biochemical parameters, suggestive of its relative safety, even with long-term intake. Clinical trials (placebo-controlled and
active-controlled trials) of SPE conducted in men with BPH were also reviewed. This review should contribute to the under-
standing of the pharmacological effects of SPE in the treatment of patients with BPH and LUTS.

Keywords: Saw palmetto extract, Pharmacological effects, Lower urinary tract receptors
Acta Pharmacologica Sinica advance online publication, 1st January 2009; doi: 10.1038/aps.2009.1

Introduction

Benign prostatic hyperplasia (BPH) and associated lower
urinary tract symptoms (LUTS) are very common disorders
in aging men. The prevalence of histopathologic BPH is
age dependent, with initial development usually occurring
after 40 years of age'L. By 60 years of age, its prevalence is
greater than 50% and by age 85, the prevalence is as high
as 90%. Similar to histological evidence, the prevalence of
bothersome symptoms also increases with age. The two
main forms of internationally accepted medical treatment
for BPH are inhibitors of Sa-reductase, such as finasteride
and a-adrenoceptor antagonists, with the latter being more
effective®. In addition to these medications, the ripe berries
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of the American dwarf palm (Serenoa repens, saw palmetto)
have been traditionally used to treat genitourinary problems;
to enhance sperm production, breast size, or libido; and as
a mild diuretic”. In many European countries, phytothera-
peutic agents, including saw palmetto, are very popular. Phy-
totherapeutic agents represent nearly half of the medications
dispensed for the treatment of BPH in Italy, compared with
5% for a-blockers and 5% for Sa-reductase inhibitors'*). In
Germany and Austria, phytotherapy is the first-line treatment
for mild to moderate lower urinary tract symptoms and rep-
resents more than 90% of all drugs prescribed for the treat-
ment of BPH*®., Saw palmetto is a dwarf palm tree of the
family Arecaceae and is indigenous to the southeastern parts
of the United States. Saw palmetto berries have tradition-
ally been used by American Indians to cure genitourinary
disturbances, relieve mucous membrane irritations, increase
testicular function, or increase breast size™®, In the United
States, the use of phytotherapy for LUTS has grown rapidly,
and approximately 2.5 million men use saw palmetto extract

1
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(SPE), although a guideline panel did not recommend
phytotherapy as a treatment for BPH"""., In Japan, SPE is
not a prescribed medication; however, it has been receiving
increasing attention recently among patients with BPH.

The mechanisms of pharmacological action of SPE are
not fully understood, although numerous proposals have
been made, including inhibition of Sa-reductase, anti-an-
drogenic effects, anti-proliferative effects, anti-inflammatory
effects and anti-edema effects!®. However, most of these
pharmacological effects were observed at relatively high
concentrations or large doses of SPE™ '), and it is uncertain
whether the reported modes of action of SPE are therapeu-
tically relevant!' ], As described above, a;-adrenoceptor
antagonists are commonly used in the treatment of men with
voiding symptoms (urinary obstruction, pollakiuria and uri-
nary incontinence) secondary to BPH. Goepel et al™ have
shown that SPE may have a,-adrenoceptor inhibitory prop-
erties. SPE significantly affects pharmacological receptors,
such as the a,-adrenoceptor and the muscarinic receptor in
the lower urinary tract, to relieve the irritative and obstruc-
tive symptoms of dysuria due to BPH and LUTS™, In addi-
tion to traditionally used medications, like a,-adrenoceptor
antagonists, antimuscarinics, Sa-reductase inhibitors, and
phytotherapy, several new therapeutic agents, such as selec-
tive By-adrenoceptor agonists, are potentially useful for treat-
ing LUTS suggestive of BPH, particularly for storage symp-
toms secondary to outflow obstruction®*], ‘Thus, the effects
of SPE on these receptors in the lower urinary tract might be
pharmacologically relevant.

To date, more than 11 placebo-controlled trials and
4 active-controlled trials with SPE in men with BPH have
been conducted. Most of these were reported in the 1980s.
Patient numbers were usually limited and the evaluation peri-
ods were relatively short, so it would be difficult to evaluate
the effect of SPE and ascertain the efficacy of SPE in BPH
patients. However, some placebo-controlled studies and com-
parisons to a,-blockers have recently been conducted with
relatively long-term treatments and sufficient numbers of
pal:lcnts“ 18, u']_

Herbal products, including SPE, are often used with other
prescription medications, and most patients with BPH are
aged men. Elderly individuals frequently take dietary supple-
ments with prescription drugs, and such a tendency will
continue to increase in the near future. In such cases, 2 major
concern is adverse events caused by a large excess intake or
interactions between dietary supplements and drugs. Thus,
the safety, as well as the efficacy, of these natural products
and of their active ingredients remains to be analyzed at a
scientific level. This review introduces newly revealed phar-

2

macological actions of SPE, as well as some well-known
mechanisms of action of SPE, and also summarizes clinical
trials of SPE in comparison with currently used medicines,

Chemical composition

SABALSELECT™, manufactured by Indena S.p.A.
(Milano, Italy), was used for the animal experiments!'% 1% 19,
Indena S.p.A. explains the extraction of saw palmetto in the
brochure as follows: the fruits of S repens are extracted with
supercritical CO,. This extractive procedure, conducted at
45 *C/220 bar, directly produces a pharmacological product
(SABALSELECT™), which can be used without further
purification. Table 1 shows the chemical composition of
SABALSELECT™. It consists of fatty acids, alcohols and
sterols (Brochure of Sabalselect™: Indena S.p.A.). Habib
and Wyllie™! reported that the contents of different brands
of SPE were markedly different; for example, free fatty acids
ranged from 40.7 to 80.7% (mean %), methyl and ethyl
esters from 1.5 to 16.7% (mean %), and glycerides from 6.8
to 52.2% (mean %). In the United States, herbal products
are regulated under the Dietary Supplement Health and
Education Act (DSHEA); however, approval for launching
products onto the market is not required except in cases of
a new dietary ingredient. Therefore, herbal products that
existed before October 15, 1994, can remain with different
ingredients™), Levin and Das™ issued a warning that each

Table 1. Chemical Composition of SPE (Brochure of SabalselectTM:
Indena S. p. A. http://www.indenait/pdf/sabalselect.pdf).

Fatty acids Content Fatty alcohols Content
(%) and sterols (%)
Total fatty acids 935 Fatty alcohols 0.20
Hexacosanol 0,017
Saturated 59.8 Octacosanol 0.146
Caproic acid LS Tetracosanol 0.004
Caprylic acid 23 Triacontanol 0.003
Capric acid 25
Lauric acid 302 Sterols 032
Myristic acid 120 Campesteral 0.07
Palmitic acid 9.5 Stigmasterol 0.03
Stearic acid 18 p-Sitosterol 022
Unsaturated 3T
Oleic acid 285
Linoleic acid 4.6
Linolenic acid 0.6

*: Brochure of SabalselectTM: Indena §. p. A. hup://www.indena.it/
pdf/sabalselect.pdf
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preparation must be considered individually because of dif-
ferences in extraction techniques, preparation of products,
composition, and biological activities.

Pharmacological properties

BPH causes dysuria and residual urine via a mechanical
stoppage due to hypertrophy of prostatic tissue and via a
functional stoppage caused by a,-adrenoceptor hypertonia of
prostatic smooth muscle. Previous studies have demonstrated
that SPE has a number of pharmacological effects: 1) an anti-
androgenic effect — inhibition of Sa-reductase T and IT and
inhibition of binding of dihydrotestosterone (DHT) to the
cytosolic androgen receptors, 2) an anti-inflammatory effect, 3)
an anti-proliferative effect, (Figure 1), and 4) significant bind-
ing of pharmacological receptors existing in the lower urinary
tract.

Anti-androgenic effects

The development and growth of the prostate gland
depend on androgen stimulation™ ], DHT is one of sev-
eral factors regulating this development and growth™** and
is converted from testosterone by Sa-reductase. This enzyme
has two isoforms (Sa-reductase | and 2)/®), The respective
roles of these Sa-reductases in BPH development have not
yet been elucidated). SPE inhibited both isozymes in a
noncompetitive manner'”*), whereas finasteride inhibited
only Sa-reductase 2 in a competitive manner®, Among
the many components of SPE, lauric acid and linoleic acid
showed inhibition of both isozymes, oleic acid was active
only against Sa-reductase 1 and myristic acid was active
only against Sa-reductase 2. However, palmitic acid, stearic

acid, esterified fatty acids, sterols, and alcohols were inactive
against both™L

Di Silverio et al™ reported a significant decrease in DHT
and increase in testosterone in the periurethral region of
prostate tissue from BPH patients receiving Permixon™ (320
mg/day) for 3 months and thus suggested that SPE could
inhibit Sa-reductase in the human prostate in vivo. Sultan et
al® investigated the interaction of SPE with the intercellular
androgen-receptor complex. SPE inhibited [*H]dihydrotes-
tosterone from binding to its receptor. The affinity of SPE
was higher for cytosol receptors than for nuclear receptors.
Competitive interference with the binding of [*H]methyl-
trienolone to cytosolic androgen receptors was also shown in
rat prostate cells *'7,

Anti-inflammatory effects

Inflammation was frequently observed in hormonally
induced hypertrophied prostates of dogs[‘“] and in a study of
human BPHP. Mahapokai et af*” concluded that the devel-
opment of hyperplasia preceded inflammatory infiltration. An
anti-inflammatory effect was indicated as one of the mecha-
nisms of action of SPE. In fact, it is plausible that SPE affects
several inflammatory mediators. SPE showed anti-inflamma-
tory and anti-edematous effects in viva™., The production of
S-lipoxygenase metabolites was inhibited by SPE (Permixon®)
at a concentration of 5 pg/mL ", Breu et a**! demonstrated
that acid lipophilic compounds of SPE inhibited the biosynthe-
sis of cyclooxygenase and S-lipoxygenase metabolites with the
same intensity as SPE.

Vela Navarrete et al'*® conducted a multicenter open
pilot clinical study to make a comparison between a control
group and an SPE (Permixon®) group in BPH patients. After

Testosterone

X

f

(5a-DHT)

Dibydrotesterone  58-DHT - Androgea receptor
(DHT-AR) Complex

Prostate cell

Proliferation
of
|‘rn\-l.\lr cell

Figure 1. Mechanisms of pharma-
cological action of saw palmetto extract
(SPE). They include antiandrogenic
effects, such as inhibition of $a-reductase
1 and Il and inhibition of binding of

Saw palmetto extract (SPE)

dihydrotestosterone (DHT) to the cyto-
solic androgen receptors, anti-proliferative
effects and anti-inflammatory effects.
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