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Relaxation of corpus cavernosum and raised intracavernous
pressure by berberine in rabbit
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1 In the present study, we have investigated the effect of berberine in rabbit isolated corpus
cavernosum and measured the intracavernous pressure (ICP) change after intracavernosal injection
of berberine in rabbit.

2 Berberine alone suppressed the basal tone and induced a concentration (0.1—-100 pum)-dependent
relaxation in phenylephrine (PE)-precontracted corpus cavernosum.

3 Tetrodotoxin (0.1 and 1 uM) treatment had no significant effect on the berberine-induced
relaxation. Phentolamine (1 and 10 uM), propranolol (1 and 3 uM) and atropine (1 and 3 uMm) were
also without effect. These results suggest that berberine might cause relaxation of the cavernosal
strip by direct action on the corpus cavernosum, not by a neuronal effect. Furthermore, muscarinic-
and f-adrenoceptors were not involved.

4 Berberine-induced relaxations were significantly reduced by endothelium removal and by
exposure to L-NC-nitro arginine methyl ester (0.1 and 0.3 mM), but not indomethacin (30 um).

5 In endothelium-deprived corpus cavernosal tissues, berberine-induced relaxations were
significantly reduced in high K* medium (KCl=60 mM), by charybdotoxin (ChTX) and 4-
aminopyridine (4-AP) but not by glibenclamide and apamin.

6 After intracavernous injection of berberine (1, 2, 3 and 5 mg kg'), the ICP rose from 12.7+3.6
to 13.2+54, 25.3+6.1, 46.5+8.2, and 63.4+10.2 mmHg, respectively. The duration of tumescence
ranged from 11.5-43.7 min.

7 The results show that berberine possesses a relaxant effect on rabbit corpus cavernosal tissues
which is attributable to both endothelium-dependent and-independent properties. While the former
component is apparently due to the release of NO from sinusoidal endothelium, the endothelium-
independent mechanism involved in berberine relaxation is probably linked to ChTX- and 4-AP-
sensitive K" channel activation in the cavernosal vasculature.
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Introduction

For erection to take place, the penile arteries and sinusoids
have to dilate, thereby increasing the blood flow into the penis.
There is increasing evidence that release of L-arginine-derived
nitric oxide (NO) from nonadrenergic-noncholinergic (NANC)
nerves and from the sinusoidal endothelium, is a major event
in penile smooth muscle relaxation (Holmquist er al., 1991;
Kim ef al., 1991; Rajfer et al., 1992). Since the drugs most often
used, papaverine, phentolamine, and prostaglandin (PG)E,,
are associated with various side effects such as priapism, local
fibrosis and pain (Junemann & Alken, 1989), there has been an
increasing interest in finding effective and safe alternatives. K"
channel openers and drugs acting by liberation of NO have
been shown to effectively relax human isolated corpus
cavernosum (Kim e al., 1991; Giraldi & Wagner, 1990;
Holmquist ez al., 1990a,b; Hedlund et al., 1994) and produce
erection when injected intracorporeally into animals and man.
Therapeutically, there are several drug types that, through
enhancing the NO-cyclic GMP axis of cyclic AMP signal
transduction, may prove beneficial in treating erectile
dysfunction (Jeremy ez al., 1997). One such class of drugs is
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the phosphodiesterase (PDE) inhibitors that prevent the
hydrolysis of cyclic GMP and/or cyclic AMP, thereby
evaluating levels of these cyclic nucleotides. Sildenafil (Viagra),
an inhibitor of cyclic GMP-specific PDE, is currently under-
going evaluation as an oral therapy for the treatment of male
erectile dysfunction (Moreland er al., 1998; Goldstein et al.,
1998). Sildenafil also enhances NO-mediated relaxation of
rabbit corpus cavernosum in vitro (Ballard et al., 1996; Tang et
al., 1996).

One potential source for novel impotence therapy is the
diverse area of natural products. Berberine is a benzodiozolo-
quinolizine alkaloid widely distributed in nature, particularly in
the various species of berberis plants (such as Berberis aristata
and Berberis vulgaris) and Hydrastis canadensis (Jan, 1941). In
a previous study, it was found that berberine induces a potent
relaxing effect on rat isolated mesenteric arteries (Chiou et al.,
1991). Thus, we speculated that berberine might also have a
relaxing effect on corpus cavernosal smooth muscle.

Before any drug is used in the treatment of erectile
dysfunction, it is desirable to have information on its effects
on penile erectile tissue. Many experimental animals have been
employed in in vivo studies of penile erection, such as dogs,
monkeys, cats, rats and rabbits (Chen et al., 1992; Domer et
al., 1978; Lin et al., 1985; Lue et al., 1983; Stacle et al., 1988).
Lin & Lin (1996) reported that the effects of vasoactive drugs
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on the rabbit corpus cavernosum are similar to those in
humans; thus the rabbit model is a suitable alternative for
further physiological and pharmacological studies of penile
erection.

In this study, we have characterized the effect of berberine
on rabbit corpus cavernosum, and investigated its mechan-
ism(s) of action, using organ bath experiments and measuring
the effect on intracavernous pressure (ICP) in anaesthetized
rabbits.

Methods
Tissue procurement

Male New Zealand White rabbits (2—3 kg) were anaesthetized
with sodium pentobarbital and exsanguinated. Rabbit penises
were surgically removed en bloc, with care being taken to keep
the tunica albuginea intact. The corpus spongiosum and
urethra were excised. The corpus cavernosum tissue was
carefully dissected free from the surrounding tunica albuginea
and mounted in organ baths (see below).

Disruption of endothelium

The endothelium lining the lacunar spaces of rabbit corpus
cavernosum was disrupted and/or removed by detergent
treatment using a modification of a protocol for blood vessels,
described elsewhere (Tesfamariam et al., 1985; Kim et al.,
1991). The intact, isolated penis was placed in a tray
containing chilled physiological salt solution (PSS). A 21-
gauge minicatheter was inserted into each (left and right)
corporal body at the proximal end of the crus of the penis. A
third minicatheter was inserted into the distal end, below the
glans penis, where the right and left corpora communicate.
While the distal and one proximal minicatheter were clamped,
3 ml of 0.3% CHAPS (wt/vol.) in a solution of normal saline
was infused into the remaining proximal catheter. Leakage of
the CHAPS solution through venous drainage was minimal.
After a short interval (~20 s), the clamped minicatheters were
opened and the preparation was extensively washed by
infusion of PSS. This procedure was repeated for the proximal
catheter on the opposite side. The corpora cavernosa were then
removed and tested for endothelial integrity. Of the tissues
treated with CHAPS, 73% did not relax or relaxed poorly
(<10% of maximal relaxation) to acetylcholine (ACh, 1 um)
and were considered to be functionally denuded of endothe-
lium. These tissues were used for this study.

Organ bath experiments

Strips of rabbit corpus cavernosum were mounted with
surgical suture to a fixed metal loop from below and a metal
wire from above, connected to a force transducer (Model
FT03; Grass Instruments, Quincy, MA, U.S.A.). The
preparation was then immersed in 12-ml baths maintained at
37°C and containing Krebs’ solution (aerated with 5% CO,,
95% O, to attain pH 7.4). As previously described (Saenz de
Tejada et al., 1989), optimal isometric tension was achieved by
gradual, incremental stretching. The tissue was periodically
tested by contracting with 3 uM phenylephrine (PE). Tissues
were considered to have reached optimal isometric tension
when two successive contractions were within 10% of each
other. After this determination, tissues were relaxed maximally
with 10 uM sodium nitroprusside (SNP) to determine baseline.
After thorough washout, the tissues were contracted with

either PE or 60 mM KCI and subjected to cumulative additions
of acetylcholine (1 nM—10 uMm), SNP (10 nM—0.1 mM) or
berberine (0.1—100 uMm). Tetrodotoxin, atropine and propra-
nolol were added 20 min prior to PE contraction. In some
experiments, NO or PGI, synthesis in intact corpus
cavernosum tissues was inhibited by addition of the NO
synthase inhibitor L-N-nitro arginine methyl ester (L-NAME)
or cyclo-oxygenase inhibitor indomethacin (Palmer et al.,
1988; Azadzoi et al., 1992) before the addition of vasoactive
agents and then throughout the rest of the experiment.
Responses to berberine were also examined in the absence or
presence of various K™ channel blockers added 45 min before
the contraction with PE. The relaxant responses were
calculated as per cent relaxations of active muscle tone induced
by PE or KCI (running from 0—100%).

Animal preparation for recording intracavernous
pressure

Male New Zealand White rabbits weighing 2—3 kg were used
for the investigation. After sedation with an intramuscular
injection of ketamine 10 mg kg~', the rabbits were anaes-
thetized  with  intraperitoneal pentobarbital sodium
(30 mg kg~ ). Anaesthesia was maintained with 10 mg kg~!
as needed. The animals breathed spontaneously. The rabbits
were then placed in the supine position, and the body
temperature was maintained at 37°C using a heating pad and
lamp. The femoral artery on one side was cannulated for
continuous monitoring of systemic arterial pressure (SAP),
mean systemic arterial pressure (MSAP) and heart rate (HR)
via a Gould 23 ID pressure transducer on Gould RS3400
polygraph. Under sterile conditions, the skin overlying the
penis was incised and the corpora cavernosum was exposed at
the root of the penis. A 25-gauge needle was inserted into the
corpus cavernosum for pressure recording (Gould Polygraph
RS3400). The needle was connected to a three-way stopcock,
thus permitting the intracavernous injection of the drugs. The
tube was filled with heparinized saline (50 IU/2-3 h) to
prevent clotting.

Intracavernous injection of vasocative drugs and normal
saline

In eight rabbits, increasing concentrations of berberine (1, 2, 3
and 5 mg kg~!) were injected intracavernously in a volume of
less than 0.15 ml. Normal saline in increasing volumes (0.06,
0.09 and 0.15 ml) was injected in four rabbits as a control
group. The effects of berberine and normal saline on the
intracavernous pressure (ICP) and on the duration of action
were evaluated. In order to minimize the effect of the previous
drug, the cavernous body was flushed with 0.15 ml normal
saline before each injection and the time interval between each
injection was at least 1 h.

Drugs and solutions

Acetylcholine hydrochloride, berberine chloride, atropine
sulphate, propranolol, phentolamine, indomethacin, L-N°-
nitro arginine methyl ester (L-NAME), phenylephrine hydro-
chloride, KCI, sodium nitroprusside (SNP), tetrodotoxin
(TTX) and glibenclamide were obtained from Sigma Chemical
Company (St. Louis, MO, U.S.A.). Apamin, 4-aminopyridine
(4-AP) and charybdotoxin (ChTX) were purchased from
Research Biochemicals International (Natick, MA, U.S.A.).
Phenylephrine HCI was dissolved in 0.9% saline containing
0.1% ascorbic acid and stored frozen at —20°C. On the day of
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the experiments, final dilutions of PE were made with Krebs’
solution. Indomethacin, ChTX and glibenclamide were first
dissolved in 0.1% NaHCO;, ethanol and DMSO, respectively,
and then further diluted with water. Unless stated otherwise,
drugs were prepared by using triple-distilled water. Stock
solutions were prepared and stored at —20°C and further fresh
dilutions were prepared daily. Stock solution (100 mM) of
berberine chloride was dissolved in warm triple-distilled water
and further diluted. The amount of vehicle added did not
produce significant effects on the responsiveness of the tissues
to drugs. The Krebs’ solution used had the following
composition (mM): NaCl 119, KCl1 4.7, CaCl, 1.5, MgCl, 1.2,
KH,PO, 1.2, NaHCO; 24, and glucose 11 (pH 7.3—-7.4). When
a high potassium solution (60 mM) was used, an equimolar
reduction in NaCl was performed.

Analysis of data

The relaxations induced by each concentration of ACh, SNP
and berberine chloride were expressed as a percentage of active
muscle tone induced by PE (3 uM) running from 0—100% and
used in the construction of the concentration-response curves.
The ECs, (the molar concentration required to cause half-
maximal relaxation) was determined by linear interpolation for
each concentration-response curve.

The results are expressed as means +s.c.mean. N designates
the number of rabbits and »n the number of corpus cavernosal
strips examined in each experiment. Student’s f-test (two-
tailed) for paired or unpaired observations where appropriate.
A value of P<0.05 was considered to be statistically
significant.

Results
Responses to berberine

Berberine alone produced a concentration (1-30 uM)-depen-
dent inhibition of the stretch-evoked passive tension in rabbit
corpus cavernosum in the absence of constrictors (Figure la).
When corporeal smooth muscle strips were pre-contracted by
phenylephrine (PE), berberine applied to the plateau phase
caused a concentration-dependent relaxation (Figures 1b and
2). The induction of relaxation was immediate upon
application of berberine. To investigate whether the relaxant
response of the cavernosal smooth muscle to berberine is due
to direct action of berberine or due to the neuronal effect on
the cavernosal smooth muscle, tetrodotoxin (0.1 and 1 uMm),

a
berberine
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®
Figure 1

phentolamine (1 and 10 uM), propranolol (1 and 30 puM) and
atropine (1 and 30 uM) were employed. When pretreated with
tetrodotoxin to block neuronal transmission, relaxation was
still induced by berberine (Figure 2). Propranolol and atropine
treatment also failed to affect the berberine-induced relaxation
(Table 1).

Role of endothelium on berberine-induced relaxation

To evaluate endothelium-dependency, isolated corpus caver-
nosal strips with and without endothelium were contracted
with PE to similar magnitude and then exposed to increasing
concentrations of berberine (0.1-100 uM). The amplitude of
the contractile response to PE was not significantly changed by
previous endothelium deprivation. However, the relaxant
effect of berberine was reduced significantly in endothelium-
deprived preparations (Figure 3), thus implicating that a
partially endothelium-dependent mechanism was contributing
to its effect. Consequently, L-NAME and indomethacin were
employed in the following experiment to examine the possible
involvement of NO and PGI,. In endothelium-intact caverno-
sal tissue, L-NAME (0.1 and 0.3 mM) induced an increase in
basal tension. The contraction to PE was also increased in the
presence of L-NAME and the concentration of PE was reduced
to 0.5 uM to obtain contractions comparable to those in
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Figure 2 Relaxation effects of berberine on phenylephrine-precon-
tracted endothelium-intact rabbit corpus cavernosum in the absence
(control) and presence of TTX (0.1 and 1 uM). Results are expressed
as per cent relaxation according to concentration in logarithmic scale
and given as means+s.e.mean (n=6-9).
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Relaxation effects of berberine (1—30 pum) against (a) stretch-evoked passive tension and (b) phenylephrine (PE, 1 um)-

evoked contraction in endothelium-intact rabbit corpus cavernosum.
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Table 1 Effects of phentolamine, propranolol, and atropine
treatment on berberine-induced relaxation in rabbit corpus
cavernosum

EC50 (HM) Emu.v (%)
Control 3.264+0.17 100
Phentolamine (10 um) 2.8440.26 100
Propranolol (3 um) 3.5240.23 100
Atropine (3 um) 3.4540.19 100

Results are expressed as means+s.e.mean (n=6-9).
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Figure 3 Relaxation effects of berberine in endothelium-intact
(+EC) and -denuded (—EC) rabbit corpus cavernosum. Results
are expressed as per cent relaxation according to concentration in
logarithmic scale and given as means+s.emean (n=5-7).
(**P<0.01 as compared with control).

controls: the contractions to PE were 2.2+4+0.3g and
2.540.2 g in the absence and the presence of L-NAME,
respectively. We initially confirmed the previous observation
that ACh-mediated relaxation in rabbit cavernosal tissue is
mediated through an NO pathway (Kim et al., 1991). ACh
(1 nM—10 uMm) produced a relaxation of the contracted
cavernosal tissue. Cavernosal tissue was first exposed to L-
NAME (0.1 mMm) for 20 min, followed by PE and then ACh.
The addition of L-NAME at optimal isometric tension blocked
fully the ACh-induced relaxation (<98%, n=4, P<0.01).
However, the same concentration of L-NAME (0.1 mM) only
moderately attenuated berberine-induced relaxation (Figure 4,
W) when compared with control groups (Figure 4). A higher
concentration of L-NAME (0.3 mMm) still failed to block
completely the berberine-evoked response (Figure 4). The
concentration-relaxant effect curve to berberine obtained in
the presence of 0.3 mM L-NAME was almost completely
superimposable on those observed in endothelium-deprived
preparations. Indomethacin, a cyclo-oxygenase inhibitor,
influenced neither the basal tension nor the PE-induced
contraction, and had no effect on berberine (Figure 4).

Effects of external K* concentration on
berberine-induced relaxation

The observation that a consistent part of the berberine
relaxant effect was still present in endothelium-deprived corpus
cavernosum, suggested that berberine has a direct effect on
corpus cavernosal smooth musculature. The following experi-
ments were conducted to evaluate the endothelium-resistant
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Figure 4 Relaxation effects of berberine on phenylephrine-precon-
tracted endothelium-intact rabbit corpus cavernosum in the absence
(control) and presence of L-NAME (0.1 and 0.3 mM) or indometha-
cin (30 um). Results are expressed as per cent relaxation according to
concentration in logarithmic scale and given as means+s.e.mean
(m=8-11). (*P<0.05, **P<0.01 as compared with control).

response in endothelium deprived corpus cavernosum. First,
the role of K* permeability in the action of berberine was
studied in high K" medium (60 mm). The amplitude of
contractile response to KCI (60 mM) was not significantly
different from that induced by PE (2.4+0.5 vs 2.6+03 g
contractile force, n=8—11). However, the relaxant activity of
berberine was greatly reduced (Figure 5a, ll). The degree of
relaxation observed with the higher concentration of berberine
(100 um) was reduced from 61.1+3.8 to 6.8+4.5%. In
contrast to berberine, the relaxant response to SNP was not
affected in high K™ medium (Figure 5b).

Effects of K* channel blockers

In order to ascertain further the contribution of membrane K
channels to berberine-induced relaxation, we test the effect of
several K*-channel blockers (glibenclamide, apamin, char-
ybdotoxin, and 4-AP) on the residual relaxation to berberine.
In endothelium-deprived corpus cavernosum precontracted by
PE, berberine (0.1-100 um)-evoked relaxation was signifi-
cantly reduced both by charybdotoxin (ChTX, 0.1 uM) and 4-
AP (0.3 mM) treatment for 45 min, with the maximum
responses being reduced from 60.2+4.0 to 32.6+3.1% and
44.5+2.7%, respectively (Figure 6, n=5-7; P<0.05). How-
ever, exposure to glibenclamide (0.1 uM) and apamin (1 uM)
did not attenuate significantly the berbering-evoked relaxation
(Figure 6). Concentration-response curves for berberine-
induced relaxation in the absence and presence of different
concentration of ChTX (50 nM and 0.1 uM) and 4-AP (0.1 and
0.5 mM) are shown in Figure 7. The degree of relaxation
observed with the highest concentration of berberine was
reduced to 48.6+3.7 and 32.1+2.6% by 50 nM and by 0.1 uM
ChTX treatment, respectively (Figure 7a). Likewise, the degree
of relaxation observed with the higher concentration of
berberine was reduced to 55.6+4.1 and 39.74+2.8% by 0.1
and 0.3 mM 4-AP treatment, respectively (Figure 7b).

Effect of berberine on ICP

The baseline ICP recorded was 12.7+3.6 mmHg. Although
transient rises or an unstable ICP following needle insertion
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Figure 5 Relaxation effects of (a) berberine and (b) sodium
nitroprusside against phenylephrine- and 60 mm KCl-evoked con-
traction in endothelium-deprived rabbit corpus cavernosum. Results
are expressed as per cent relaxation according to concentration in
logarithmic scale and given as means+s.e.mean (n=7-10).
(*P<0.05, **P<0.01 as compared with PE-precontracted tissues).
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Figure 6 Relaxation effects of berberine on phenylephrine-precon-
tracted endothelium-deprived rabbit corpus cavernosum in the
absence (control) and presence of ChTX (0.1 um), 4-AP (0.3 mm),
glibenclamide (10 M) or apamin (1 um). Results are expressed as per
cent relaxation according to concentration in logarithmic scale and
given as meansts.emean (n=5-7). (*P<0.05, **P<0.01 as
compared with control).

were found occasionally, the ICP restabilized within 10—
20 min. In all rabbits studied, intrapenile injection of
berberine induced tumescence as documented by a sustained
increase in ICP. Figure 8a shows the time-course changes in
ICP after intracavernous injection of berberine (3 mg kg™!).
During the injection periods, the SAP, MSAP and HR were
unchanged. Intracavernous injection of normal saline
induced a transient rise in ICP in a volume-dependent
manner (Figure 8b). Nevertheless, the pressure rises often
returned to the resting level within 1 min and the spike-like
pressure tracing curves were different from those of
berberine. We believe that the transient rise in ICP was
due to the volume effect of injection of normal saline.
Administration of berberine in increasing dose (1, 2, 3, and
5mg kg~!) induced a dose-dependent elevation in ICP
(Figure 9). The ICP was increased respectively from basal
to 13.2+5.4, 253+6.1, 46.54+8.2, and 63.4+10.2 mmHg,
with a duration of 11.5-43.7 min. We also found in some
cases tumescence of the penile shaft, but not full erection.
Intracavernous injection of the highest dose of berberine
(5 mg kg"') induced a slight and transient reduction of SAP
(data not shown).
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Figure 7 Relaxation effects of berberine on phenylephrine-precon-
tracted endothelium-deprived rabbit corpus cavernosum in the
absence (control) and presence of (a) ChTX (50 nm) or (b) 4-AP
(0.1 and 0.5 mMm). Results are expressed as per cent relaxation
according to concentration in logarithmic scale and given as
means+s.e.mean (n=6-10). (*P<0.05, ¥**P<0.01 as compared with
control).
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Figure 8 Representative intracavernosal pressure (ICP) change after
intracavernous injections of (a) berberine (3 mg kg~') and (b)
normal saline in different doses (0.06, 0.09, and 0.15 ml).
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Figure 9 Administration of berberine (I, 2, 3, and 5 mgkg™")
induced a dose-dependent elevation in intracavernosal pressure (ICP).
Results are expressed as means+s.e.mean. (N=5-8).

Discussion

The present study, which represents the first attempt to
describe the corpus cavernosum vascular effects of berberine,
demonstrates that the drug has concentration-dependent
relaxant activity in the isolated rabbit corpus cavernosum. In
corpus cavernosum precontracted by phenylephrine (PE), the
relaxant effect of berberine is attributable to both an
endothelium-dependent and -independent mechanism of
action. The conclusion is based chiefly upon results showing
that the relaxant effect of berberine was significantly reduced
by removing endothelium from the preparations. The
endothelium-dependent component of the effect of berberine
seems to be completely attributable to the production of NO-
like substances by the endothelial cells. In fact, berberine-
induced relaxation was concentration-dependently inhibited by
nitric oxide synthase inhibitor, L-NAME (Palmer ez al., 1988).
The degree of relaxation induced by berberine in the presence
of L-NAME was almost completely superimposable on that

observed in endothelium-deprived corpus cavernosal prepara-
tions. Although cyclo-oxygenase products (especially PGIL,), as
well as NO, play important roles in modulating corpus
cavernosum smooth muscle tone (Azadzoi et al., 1992),
indomethacin treatment did not influence the berberine-
induced relaxing effect in intact preparation, indicating that
the PGI,-pathway is not implicated in the endothelium-
dependent component.

However, the observation that a consistent part of the
berberine relaxant effect was still present in endothelium
deprived preparations and in those treated with a nitric oxide
synthase inhibitor, suggests that berberine has a direct effect on
vascular smooth muscle cells. This finding prompted us to
study the response to berberine of endothelium-deprived
preparations exposed to molecules able to interfere with
smooth muscle relaxation. In corpus cavernosum the relaxant
activity of berberine is strongly reduced in a high K* medium.
Since the increase in tonic tension obtained in this experi-
mental condition is due to the opening of calcium channels
(Spedding & Cavero, 1984), the reduced effectiveness of
berberine in relaxing corpus cavernosum demonstrates that
the drug does not block voltage operated calcium channels.
This was consistent with our previous finding that berberine
had only a slight effect on high K "-induced contraction in rat
mesenteric artery when compared with PE-induced contraction
(Chiou et al., 1991). However, the present result was opposed
to the finding in guinea-pig ventricular myocytes that berberine
antagonizes the L- and T-type calcium channels (Xu ez al.,
1997). It is possible that the interaction between berberine and
calcium channel may vary from tissue to tissue.

Christ et al. (1993) examined the role of K™ channels in
regulating corporeal smooth muscle cell tone, and demon-
strated that K™ channels play a significant role in corporeal
smooth muscle tone. These authors further suggested that
impairment in K™ channel activity may contribute to erectile
dysfunction. Thus, the possibility of K* channel activation by
berberine was further investigated. The first evidence of the
importance of K™ channel-mediated hyperpolarization in the
actions of berberine was provided by the differential potency of
berberine in relaxing PE-induced contraction versus 60 mM
KCl-induced contraction. Vasodilators dependent on the K*
channel mechanism lose their effects when exposed to high K*
solutions because an increase in extracellular K* attenuates
the K gradient across the plasma membrane, thus rendering
the K" channel-activating mechanism ineffective (Adeagbo &
Triggle, 1993; Amedee et al., 1990; Khan et al., 1998).
Berberine is believed to produce relaxation in this way since
its effect was almost completely blunted in high K* (60 mm)
condition. At 60 mM KCl, inhibition was so pronounced that
even a 30 fold increase in the berberine concentration could
not restore maximal relaxations (data not shown).

Because the high K™ condition can produce multiple effects,
a more direct pharmacological approach was taken by the use
of Ca**-activated K" channel (K¢, channel) blockers. ChTX
is a highly selective blocker that inhibit high-conductance K¢,
in smooth muscle and neuroendocrine tissues (Jones et al.,
1990; Hamaguchi et al., 1992). In a concentration range of
berberine (10—100 uM), a significant relaxant component
appears to be highly sensitive to blockade by the K¢, channel
blocker. On the other hand, the relaxant effect of berberine in
endothelium-deprived preparations was effectively antago-
nized by 4-AP (an inhibitor of voltage-dependent K™
channels) (Okabe et al., 1987, Beech & Bolton, 1989;
Robertson & Nelson, 1994). However, berberine induced
relaxation was not attenuated by a K,rp channel blocker,
glibenclamide (Standen ez al., 1989), or by a small conductance
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Ca?"-activated K* channel blocker, apamin (Kolb, 1990). The
lack of an effect of glibenclamide or apamin on berberine-
induced relaxations also demonstrates the pharmacological
selectivity of the former K* channel blockers. These data
collectively identify ChTX- and 4-AP-sensitive K* channels as
the possible mechanisms involved in the direct effect exerted by
berberine on corpus cavernosal vasculature.

In the present study, intracavernous injection of berberine
resulted in a rise of ICP without significant change in blood
pressure, although a transient hypotensive action of berberine
has been noticed (Fukuda et al., 1969). Ko & Lim (1980)
reported that intravenous administration of berberine to
anaesthetized rabbits at doses of 0.5, 1.5 and 5.0 mg kg™',
resulted in dose-related decrements in blood pressure, ranging
from 6.6+0.4 to 23.44+0.9 mmHg. However, the observed
duration was transient and blood pressure returned to the
original level within 3—10 min. At the dose used (1, 2 and
3mgkg™") in our study, intrapenile administration of
berberine did not cause any significant hypotensive effects. It
is therefore reasonable to assume that the local penile effect of
berberine observed in the present study was not influenced by
any systemic haemodynamic changes.
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