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Abstract

Micturition is a complex neuromuscular process. Although control 
mechanisms have been identified at several levels of the central 
nervous system and spinal cord, the final pathway in the control of 
micturition is the autonomic innervation of the urinary bladder and 
related structures. Micturition is ultimately dependent on the ability 
of the urinary bladder to contract, generate intravesical pressure, 
and modify its shape in such a way as to efficiently expel its contents 
without leaving a high residual volume [1,2]. 

In order to understand the various elements involved in regulation 
of bladder function, a wide variety of animal models have been 
published. In many cases, animal models have been utilized to 
describe the effect of specific experimental pathologies on the lower 
urinary tract. One major advantage that the urinary bladder has in the 
study of pathological processes is that the urinary bladder is a relatively 
closed system: that is, specific pathologies can be induced in the bladder 
with little or no damage to other organ systems. 

Oxidative stress has been linked to a wide variety of pathologies of almost 
all organs, neural systems, and brain. Specifically, specific experimental 
oxidative damage to one organ system such as the heart can secondarily 
damage other organ systems such as the kidney, liver, and lung; which 
in turn can further damage the heart. However, specific experimental 
oxidative damage to the urinary bladder is limited only to urinary bladder 
function without these secondary effects on other organ systems.

Key Words: Ganoderma Lucidum; Oxidative Stress; Anti-Ageing ; 
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Introduction

Oxidative stress plays an important role in the etiology of specific 
pathophysiologies and in the ageing process[3,4]. In the history of 
medicine many herbs were (and still are) utilized for disease prevention 

and treatment[5,6]. One important question is:  What is the most useful 
model to study the effects of oxidative stress and the use of medicinal 
herbs to treat and / or prevent specific diseases linked to oxidative stress?

Although there are many species of animals used for medical research; 
and each has advantages and disadvantages, we have found that the rabbit 
urinary bladder has many advantages in the study of oxidative stress. 
Many of the functional changes associated with pathology of human 
urinary bladder can be induced in the rabbit (see reviews [7-9]). Rabbit 
urinary bladders capacity is between 50 to 100 mL. Compliance can be 
evaluated cystometrically using a Foley catheter to catheterize the bladder 
through the urethra (not a surgical procedure). The cystometric curve of 
the rabbit is similar in shape to that of humans: the bladder fills at low 
intravesical pressure until capacity is reached at which time the pressure 
rises sharply.  Similar to humans, bladder emptying occurs during the 
tonic phase of contraction; whereas the rat and mouse urinate during 
the phasic contraction[10,11]. The bladder’s ability to sustain increased 
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pressure in response to stimulation is significantly reduced by partial 
bladder outlet obstruction (PBOO – model for obstructive bladder 
dysfunction secondary to benign prostatic hyperplasia (BPH)) before any 
change in maximal pressure generation occurs. This decreased ability to 
sustain increased pressure during stimulation is the reason that, in rabbits 
and humans, the bladder’s ability to empty is reduced at times when the 
organ is capable of maximal pressure generation. Urethral pressure profiles 
can also be performed without surgical intervention, and is representative 
of urethral pressure profiles in humans.

Major characteristics of the rabbit’s response to PBOO are an increase in 
bladder mass to a stable level, reduced compliance during bladder filling, 
and development of overactive bladder syndrome (unstable bladder 
contractions during filling) [7,8,12], and are similar to changes in bladder 
function secondary to BPH in men.  Ultrasound studies have confirmed 
that not only do men with obstructive uropathies exhibit an increase in 
bladder mass, but bladder wall thickness has been shown to be the most 
accurate non-invasive way to identify men with obstructive bladder 
dysfunction (OBD)[13-15]. Another common feature of obstruction 
in both rabbits and man is denervation which has been demonstrated 
immuno histochemically and biochemically in both rabbits [16-19] and 
in men [16,19,20]. In addition, both obstructed rabbits and men show an 
increase in the density and distribution of connective tissue (CT) within 
the bladder wall resulting, in decreased compliance and higher pressure 
during filling [8,21]. We believe that these CT alterations contribute 
significantly to the contractile failure of the obstructed bladder [22]. 

In two major studies we demonstrated that the level of contractile 
dysfunction in rabbits subjected to PBOO correlated with the degree 
of ultra structural damage to nerves, synapses, mitochondria, and 
sarcoplasmic reticulum (SR) [16,17]. Similarly, men with significant 
obstructive symptoms had structural damage to the same cellular and 
subcellular membranes as did the obstructed rabbits [16,17]. 

A second part of these studies directly correlated the effect of PBOO in 
rabbits with obstructive dysfunction in men secondary to BPH.  In these 
studies, we compared the enzyme activities of citrate synthase (CS), a 
marker for mitochondrial function; sarco-endoplasmic calcium ATPase 
(SERCA), a marker for SR function; and choline acetyltransferase (ChAT), 
a marker for acetylcholine synthesis and cholinergic innervations, in 
smooth muscle (SM) biopsies from men with significant obstructed 
bladder dysfunction with biopsies and tissue samples from age-matched 
men with no bladder dysfunction (organ donors). These studies 
demonstrated that although men and rabbits had very different basal 
activities of these three enzymes, obstructive dysfunction in both species 
significantly reduced these marker enzyme activities to approximately the 
same extent [16,19].

An additional extremely important relevant aspect of the obstructive 
bladder model to study the effectiveness of the nanopreparations of 

resveratrol is the relatively closed system of the rabbit urinary bladder. 
This means that the oxidative stress aspects of OBD are limited almost 
exclusively to the urinary bladder, and did not directly involve other organ 
systems. This may not true with oxidative stress dysfunction of other 
organ systems, for example, congestive heart failure (CHF) or chronic 
kidney disease (CKD); where both CHF and CKD significantly affect 
other organ systems leading to widespread dysfunctions, which can in 
turn significantly increase the severity of CHF and CKD. It is primarily 
for this reason we propose that the rabbit urinary bladder is an excellent 
model to study oxidative stress, and the effects of potential treatments.

As mentioned above, oxidative stress has been found to be a major factor 
in a number of human health problems including heart disease [23-
25], diabetes [26,27], intestinal diseases [28-30], liver disease [31], renal 
disease [32,33], and obstructive bladder dysfunction[34-37]. In virtually 
all of these oxidative stress-linked dysfunctions, antioxidants have proven 
to be very valuable in their treatment [35,38-41]. In addition to specific 
antioxidants such as coenzyme Q10, alpha lipoic acid, vitamins C, E, and 
D; certain natural products have been shown to be effective for treatment 
of these specific diseases [42-46].

Several clinical studies have demonstrated that purified antioxidants 
were not as effective as originally believed in the treatment of a variety 
of diseases [47-50].  We compared the beneficial effects of a whole grape 
preparation with pure resveratrol, which is believed to be the major 
beneficial component in grapes [51,52], our results clearly demonstrated 
that although resveratrol had over 100 times antioxidant activity of that of 
grape suspension, the grape suspension (freeze dried preparation made 
from all varieties of California grapes) was significantly more effective 
in preventing oxidative stress induced in the rabbit bladder using a 
variety of oxidative stress models [51,52].Two reasons for this may be: 1)
natural products have many components that may work synergistically 
in the treatment of the pathology; and 2)many of the individual active 
components of natural products have significantly better solubility, 
bioavailability, and pharmacokinetic properties than that of the purified 
“active ingredient”.

In many ways, congestive heart failure (CHF) is very similar to obstructive 
bladder function (OBF)[53,54]. In CHF models, arterial blood flow is 
restricted causing an increase in the muscle strength needed to maintain 
blood flow, resulting in cardiac muscle hypertrophy and ischemic 
dysfunctionsthat can lead to death[55,56]. Similarly,OBFresults in 
increased resistance to urine flow (by placing a ring or suture loosely 
around the urethra to increase resistance), resulting in compensated 
increase in smooth muscle thickness, ischemia and decreased bladder 
contractile function[57,58]. One major difference is that CHFresults in 
altered blood flow throughout the entire body resulting in the failure of 
other organs[59,60], leading to death; whereas OBF can result in urinary 
retention (which can be relieved easily by catheterization through the 
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urethra). Other organ systems are not affected, and thus the ischemic 
disease is limited to the bladder and can be more easily and specifically 
studied than other organ-models of ischemia / reperfusion (I/R).

Urinary bladder dysfunction secondary to benign prostatic hyperplasia 
(BPH) is a major affliction of ageing men. As the prostate gradually 
enlarges, the response to increased urethral resistance results in increase 
in bladder mass via mucosal hyperplasia, hypertrophy of the smooth 
muscle layer and a net increase in bladder-wall thickness[16,61,62]. In 
turn, the increased wall thickness results in ischemia/reperfusion (I/R) 
injury, characterized by damage to nerves, synapses and smooth muscle 
cells within the bladder wall which leads to generation of reactive oxygen 
species (ROS) and reactive nitrogen species (RNOS), that oxidize cellular 
and subcellular membrane proteins and lipids[34,63,64], resulting in lipid 
peroxidation. The damage to the cellular and subcellular membraneslead 
to dysregulation of Ca+2 homeostasis, which results in a net increase 
of intracellular Ca+2due to increased release from the sarcoplasmic 
reticulum (SR) and mitochondria[65-68]. The high intracellular 
Ca+2concentrationsactivate Ca+2-dependent hydrolytic enzymes such 
as calpain and phospholipase A2[67,68]. The hydrolytic activity of these 
enzymes, is responsible fordamagesof neurons and synapses, resulting 
in the observed denervation and damaged membranes of the SR and 
mitochondria[34,63,64,69].

Two major advantages of using the rabbit bladder model of I/R are: 1) 
I/R leads to a direct oxidative damage to the bladder smooth muscle 
and mucosa whereas the model of PBOO in addition to I/R also induces 
progressive hypertrophy, hyperplasia, angiogenesis, connective tissue 
synthesis and inflammation; making linking treatments to relieving 
oxidative stress complicated. 2)As mentioned previously the rabbit 
bladder is a relatively closed system. That is inducing specific pathologies 
of the bladder such as I/R and PBOO have little or no effects on other 
organ systems; unlike pathological models of cardiac, liver, lung, kidney 
and other organ systems that have significant secondary effects on other 
organ systems, which can feed back and induce tertiary damage to the 
organ system under investigation; thus significantly complicating analysis.

As mentioned above, the cellular dysfunctions and disease etiologies 
are very similar to those of other organ systems, especially to congestive 
heart failure. Thus we believe that the bladder is an excellent organ 
system to study the etiology of cellular dysfunctions induced by ischemia, 
obstruction, and reperfusion without the complications of other organ 
failures, which can result in additional damage to the primary organ 
system. 

Antioxidants have been proven to be very effective in protecting the 
rabbit bladder from oxidative damage mediated by I/R induced by 
partial bladder outlet obstruction (PBOO)[35,38, 41,70,71].PBOO, as 
demonstrated above, induces a variety of bladder dysfunctions in addition 
to ischemia / reperfusion. In order to eliminate these other effects, we have 
developed an in-vivo model of bladder I/R in the rabbit by exposing the 

bladder and placing vascular clamps on the vesical arteries for 2 hours 
(ischemia) and then releasing the clamps to initiate reperfusion for a 
variable period of time [72-75]. Using this method, we have demonstrated 
that the reperfusion period induces the formation of both ROS and 
RNOS resulting in oxidative stress and contractile and biochemical 
dysfunctions[74,76].

One of our most interesting studies using this model of I/R evaluated the 
effects of Ganoderma Lucidum (GL) on oxidative stress. GL has been 
shown by Chinese pharmaceutical studies and clinical research to be 
useful in preventing certain types of discomfort and helps in prolonging 
human life in part by acting as an antioxidant. The popular ancient 
Chinese medical dictionary written in the Ming Dynasty provides detailed 
descriptions of the effects of GL, showing that it has been used effectively 
for several thousand years[77].

Chinese scientific studies have confirmed that the polysaccharides and 
triterpenes in GL are key ingredients needed to maintain a physiological 
balance within the human body and  also help prolonging life[78-80]. 
There are numerous scientific publications (both basic science and clinical 
studies) demonstrating the strong antioxidant properties of GL which 
make this the perfect natural product to utilize in these studies [77, 81-86].

The preparation of GL that we used for these studies were broken spore 
shell extracts which have been demonstrated to have the greatest beneficial 
effects in the treatment of a variety of pathologies, especially those relating 
to I/R [87-89], which was carried out in a rabbit urinary bladder model 
for I/R.

Methods

All studies were approved by the Institutional Animal Use and Care 
Committeeand the Research and Development Committee of the Stratton 
VA Medical Center, Albany, NY.

Twenty four adult male New Zealand White rabbits were divided into 
4groups (6 rabbits in each group). Group 1:control rabbits (control rabbits 
received sham operations),Group 2:control rabbits receivingGL (100 mg/
kg body weight/dayby gavage for 2 weeks prior to sham surgery and for 
4 weeks following sham surgery, Group 3:rabbits who received bilateral 
ischemia by clamping the vesicular arteries (arteries entering the bladder) 
for 2 hours and then having the clamps removed and allowing the rabbits 
to recover for 4 weeks(reperfusion period) and Group 4:rabbits were given 
a suspension of GL (100 mg/kg body weight/day)by gavage daily for 2 
weeks prior to surgery and for 4 weeks following surgery. Previous studies 
demonstrated that two weeks pre-treatment showed a maximal effect of 
antioxidants[71,90]. 

Cystometry

Before surgery and at the end of the reperfusion period, each rabbit was 
sedated using ketamine/xylazine(10mg / 4 mg / kg). The bladder was 
catheterized with an 8French Foley catheter and the bladder emptied. A 
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filling cystometrogram was performed using warmed saline at a filling rate 
of 1 mL per minute until a micturition contraction occurred. The French 
scale or French gauge system is commonly used to measure the size of a 
catheter. It is most often abbreviated as Fr. The French size is three times 
the diameter in millimeters. A round catheter of 1 French has an external 
diameter of  1⁄3  mm, and therefore the diameter of a round catheter in 
millimeters can be determined by dividing the French size by 3:

Surgery

Each rabbit was sedated with ketamine/xylazine (10mg/4mg / kg,im) 
while surgical anesthesia was maintained with isoflurane (1-3%). Under 
sterile conditions, the urinary bladder was catheterized with an 8 French. 
Foley catheter, emptied, and exposed through a midline incision. Ischemia 
was initiated by placing vascular clamps on both vesicular arteries at the 
point of entranceto the bladder. Reperfusion was mediated by removing 
the clamps after 2 h of ischemia and allowing the rabbit to recover for 4 
weeks. Sham surgeries were performed as controls: each sham-operated 
rabbit underwent the same procedures (catheterization, anesthesia, and 
surgery) except no vascular clamps were applied.

Contractile Studies

After the 4 week reperfusion period, the rabbits were anesthetized, and 
their bladders were excised intact. Three full thickness longitudinal strips 
were then cut from the mid-bladder and placed in individual isolated baths 
containing 15 ml of an oxygenated Tyrode’s physiological solution  (137 
mMNaCl, 2.7 mM KCl, 1 mM MgCl2, 1.8 mM CaCl2,0.2 mM Na2HPO4, 
and 12 mM NaHCO3) containing 1 mg/mL glucose. During a 30 minute 
period of equilibrium at 37o C, 2 gof tension were placed on each strip 
and they were then stimulated as follows: field stimulation at 2, 8, and 32 
Hz; carbachol; ATP; and KCl. After each drug stimulation, the bladder 
strips were rinsed with fresh warmed, oxygenatedTyrode’s three timesat 
15 minute intervals. Tension was recorded continually using a Grass 
Polygraph and the signal digitized using a Polyview system.Maximal 
contractile responses were recorded from the digital recording. 

The balance of the bladder was separated into smooth muscle and mucosal 
tissues by blunt dissection, frozen by directly dipping the tissues under 
liquid nitrogen and stored at -80°C for biochemical studies.

Citrate Synthase Assay [52, 91, 92]

Frozen tissue samples were homogenized in 0.05M Tris buffer (100 mg/
mL). Samples were then centrifuged at 800g for10 min and supernatant 
was separated. 0.9mL of supernatant was added to 0.1mL of Triton X-100 
in a 10 mL test tube for each sample. Samples (40 μL) were added to  3 
mL cuvettes, along with 1.1mL 0.05M Tris buffer (pH 7.6), 30μL 24.6mM 
acetyl-coenzyme A, and 100 μL 1mM 5.5’- dithiobis-2-nitrobenzoic acid 
(DTNB). The final volume in each cuvette was 1.4 mL excluding the 
50 μL oxaloacetate (10 mM- substrate) used to start the reaction. The 
activity was read every 2 minutes for 30 minutes in a Hitachi U-2001 
spectrophotometer at 412 nm. 

Sarco / endoplasmic reticular calcium ATPase (SERCA)Assay [92, 
93]

40 mg samples of frozen tissue were homogenized at 10 mg/mL in 50mM 
TRIS buffer (pH 7.4). The sample was then centrifuged at 800g for 10 
min.  The supernatant (sample) was saved and the pellet discarded. The 
conditions were sample (1 mL) plus thapsigargin (10 µM), sample minus 
thapsigargin, control with no homogenate, and control with no ATP. 
Sample and control tubes were incubated at 37°C for 40 min. At the end 
of the incubation, 0.5mLtrichloroacetic acid (TCA) was added to stop 
the reaction after which the tubes were vortexed. 0.5mL ferrous sulfate 
molybdate was then added to all tubes and the phosphate levels were 
measured spectrophotometrically at 650nm.  

The values for SERCA were determined by subtracting the values of 
sample with thapsigargin from the values of sample without thapsigargin. 
This was done to differentiate between the enzyme activity of plasma 
Ca2+ATPase and SERCA. Thapsigargin is a non-competitive inhibitor 
of SERCA [94], thus total ATPase activity – activity in the presence of 
thapsigargin = SERCA activity.

Antioxidant Activities:

The antioxidant activity of the GL preparation was performed using 
the CUPRAC test for total antioxidant activity with ascorbic acid as the 
standard. The CUPRAC working solution consisted of 10 mM copper 
(II)chloride dihydrate, 1 M ammonium acetate, and7.5 mMneocuproine. 
Volumes of 0.15 ml of the

above three solutions were added to 0.15 ml of each sample and allowed to 
react for 30 min at room temperature, after which the absorbance was read 
at450 nm in a Hitachi U-2001 spectrophotometer. The standard curve 
utilized in this assay was ascorbic acid with the following concentrations 
(mg/ml): 20, 10, 5, 2.5, 1.25, 0. The antioxidant activity of the GL was 
calculated as the mg ascorbic acid equivalents.. 

Protein Concentration

The protein concentration was performed using the bicinchoninic acid 
(BCA) method (Eliza kit from Thermo Fisher Scientific). Specifically, the 
BCA Protein Assay combines the well-known reduction of Cu2+ to Cu1+ 
by protein in an alkaline medium with the highly sensitive and selective 
colorimetric detection of the cuprous cation (Cu1+) by bicinchoninic 
acid. The first step is the chelation of copper with protein in an alkaline 
environment to form a light blue complex. In this reaction, known 
as the biuret reaction, peptides containing three or more amino acid 
residues form a colored chelate complex with cupric ions in an alkaline 
environment containing sodium potassium tartrate.

In the second step of the color development reaction, bicinchoninic 
acid (BCA) reacts with the reduced (cuprous) cation that was formed 
in step one. The intense purple-colored reaction product results from 
the chelation of two molecules of BCA with one cuprous ion. The BCA/

https://en.wikipedia.org/wiki/Catheter
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copper complex is water-soluble and exhibits a strong linear absorbance 
at 562 nm with increasing protein concentrations. The BCA reagent is 
approximately 100 times more sensitive (lower limit of detection) than the 
pale blue color of the first reaction..[95].

Statistics

We utilized one way Analysis of Variance followed by the Tukey test 
for comparison among individual groups (Sigmastat). A P< 0.05 was 
considered statistically significant.

Results

Bladder Weight

Theischemia / reperfusion (I/R)bladders showed a small but significant 
increase in bladder weight compared to the control group.

Cystometry

Figure 1 displays a control cystometry from the study. It has the same shape 
and characteristics of a cystometrogram from humans. The compliance is 
given as cm H2O / 20% of capacity taken from the plateau portion of the 
curve. In the case of the curve shown it was between 20% and 40%. 

Figure 2 shows the quantitative comparison of the compliance of the 
4 groups. The GL group showed significantly increased compliance 
compared to the Control + I/R group. GL + I/Rreturned the cystometric 
curve to control levels; thus showing a significant beneficial effect for the 
GL + I/Rgroup.There were no significant differences in the functional 
bladder volume (bladder volume at micturition)[96].

The contractile responses to all forms of stimulation were statistically 
lower for the I/R group compared to the control–no GL group (Figure 
3). Pretreatment with GL completely inhibited the dysfunctional effects 
of I/R on the contractile responses to all forms of stimulation[96].  There 
were no significant differences between the control – no GL group and the 
control GL group, thus the Control GL group is not shown on the figure to 
avoid crowding the figure. 

Field stimulated contraction represents neurotransmission responses 
and is a consequence of neurotransmitter release, postsynaptic receptor 
activation, calcium induced calcium release (CICR) and smooth muscle 
contraction. Carbachol contracts smooth muscle  by direct muscarinic 
receptor activation resulting in CICR. ATP contracts smooth muscle 
by direct purinergic receptor activation. KCl depolarizes the smooth 
muscle membrane resulting in calcium entry into the cytoplasm of the 
smooth muscle and smooth muscle contraction; no CICR or receptor 
stimulation is involved. The fact that all forms of stimulation were reduced 
to approximately the same degree indicates that the major contractile 
dysfunction was in the smooth muscle rather than in the synapses, 
receptors or smooth muscle membranes. 
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Figure 4 displays the citrate synthase activity (CS) for both muscle and 
mucosa. CS is involved in the rate limiting step in the mitochondrial citric 
acid cycle; and is a biomarker for mitochondrial health and activity. 

As has been previously demonstrated the mucosa has a 5 fold higher 
activity than the muscle (in the control tissues [97, 98]. After I/R, the CS 
activity of the mucosa was reduced significantly by approximately 60% 
whereas the CS activity of the muscle remained the same as control. 
Pre-feeding rabbits with GL significantly prevented the the decrease in 
mucosal CS activity. 

Figure 5 displays the SERCA activity. SERCA is the enzyme localized on the 
membrane of the sarcoplasmic reticulum responsible for the uptake and 
subsequent storage of intracellular calcium following a contraction. It is 
essential in the maintenance of intracellular calcium balance. An increase 
in intracellular free calcium would result in decreased compliance and 
decreased contraction. I/R resulted in significant decreases in the activities 
of SERCA in both muscle and mucosa; being reduced in a significantly 
greater extent in the muscle than in the mucosa. Pre-treatment with GL 

prevented reduction in SERCA activity and actually increased the SERCA 
activity of the muscle above control. These results would contribute 
significantly to the protective effect of GL on the contractile responses 
presented above. 

The Cuprac test for total antioxidant activity for the ascorbic acid 
(standard) and for the GL is presented in Figure 6.  The antioxidant activity 
for both ascorbic acid (AA) and GL are calculated as AA in mg per optical 
density reading (mg AA / mOD). The ascorbic acid standard curvewas 
linear with an antioxidant value of 27 +/- 1.7 mg  AA per mOD.The GL 
has an antioxidant value of 4.6 +/- 0.3 mg AA equivalents per mg GL. At 
100 mg / day GL,eachrabbit received 460 mg ascorbic acid equivalents of 
antioxidant activity per day. 

The protein concentration of the was 213 µg protein per mg GL. Thus the 
rabbits received 10.8 mg ascorbic acid equivalents of antioxidant activity 
per mg protein.

Discussion

Oxidative stress plays important roles in a variety of specific 
pathophysiologies and in theageing process. Urinary bladder outlet 
obstruction is a common medical problem in men: More than 80% of 
males older than 50 years of age have varying degrees of bladder outlet 
obstruction secondary to benign prostatic hyperplasia (BPH) [99,100]. 
Although it is common knowledge that in man progressive bladder 
dysfunction occurs in association with ageing, there is also excellent 
evidence that in rabbits both bladder physiological dysfunctions and 
biochemical dysfunctions occur [73,101-103]. We have strong evidence 
that progression of obstructive bladder dysfunction (OBD) in men is very 
similar to the progression of OBD in rabbits subjected to partial bladder 
outlet obstruction (PBOO) [16,17,19]. Results of our recent studies 
provided direct evidence that one of the major etiologies for OBD in 
both men and rabbits is ischemia followed by reperfusion (I/R). Ischemia 
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resulting from significantly decreased blood flow during contraction 
followed by reperfusion resulting in the generation of free radicals and 
the resulting oxidative damage to muscle and mucosal cellular and 
subcellular membranes [7,8,34,64,104,105]. Indirect evidence for an I/R 
etiology of OBD includes a series of published studies demonstrating that 
several specific natural antioxidant products can protect the bladder from 
oxidative stress [38,41,106-108]. 

PBOO induces a variety of bladder responses in addition to I/R including 
hypertrophy of the smooth muscle [37,109], hyperplasia of the mucosa 
[110,111], angiogenesis [112,113], and connective tissue replacement of 
smooth muscle which reduce the compliance of the bladder [22], and 
inflammation[114,115]. In order to eliminate these other effects, we 
have developed an in vivo model of bladder I/R in the rabbit by exposing 
the bladder and placing vascular clamps on the vesical arteries entering 
the bladder for 2 hours (ischemia) and then releasing the clamps to 
initiate reperfusion for a variable period of time [72-75]. Bladder mass 
was increased in the Control + I/R group. Although the magnitude of 
this increase was considerably lower than that seen following PBOO, it 
could be due to increased inflammation of the bladder  [114,115] and 
/ or hypertrophy of the smooth muscle[37,109] to compensate for the 
decreased contractile responses. 

Although we did not quantitate either oxidative stress bio-markers such 
as DNP or nitrotyrosine; or the cellular antioxidant enzymes such as 
superoxide dismutase (SOD) and Catalase (CAT) in the present study; 
other published studies utilizing the in vivo bilateral ischemia / reperfusion 
(I/R) model have demonstrated that the I/R resulted in similar decrease 
in contraction and compliancewhich correlated with increased DNP and 
nitrotyrosine concentrations, and decreased activities of SOD and CAT. 
In addition, in a study in which AntrodiaCamphorata (AC) pre-treatment 
was used in similar studies, it was shown that AC pre-treatment was 
effective in protecting against I/R induced contractile and compliance 
dysfunction, decreased citrate synthase activity, decreased nerve density, 
and increased apoptosis[45,71,72,74, 76,90].

Pre-treatment of rabbits for two weeks with GLprior to subjecting them to 
ischemia followed by reperfusion completely inhibited the dysfunctional 
effects of I/R on both the compliance and contractile responses. We have 
performed similar studies with both specific antioxidant supplements 
(vitamin E, coenzyme Q10, and alpha lipoic acid) [35,38,71,116,117] and 
natural products (whole grape preparations, Antrodia camphorate and 
pygeumafricanum)[45,72,118, 119]. Based on these studies, GL provided 
equal or better protection. We have clearly identified that the primary 
etiology of the pathological effects of I/R is due to the oxidative stress due 
to higher generation of free radicals[72-75]; thus the beneficial effects of 
GL would be due to strong antioxidant effects as demonstrated by the 
CUPRAC assays [120,121].

Decreased compliance (increased stiffness) is a function of two 

intracellular processes within the bladder. The first is an increase in the 
connective tissue within and between the smooth muscle cells which 
restricts the ability of the bladder to fill and thus increases the intravesical 
pressure during bladder filling[110,122-125].The second is an increase 
in intracellular free calcium during bladder filling which results in an 
increase in baseline contraction during filling, andalso leadsto decreased 
compliance [67,68,126,127].Antioxidants have been shown to have 
antifibrotic activity in several biological systems [128-130].This action 
explainsin part for positive effect of GL on bladder compliance.

Although specific antioxidants and natural products have been shown to 
protect bladder contractile responses to I/R and PBOO [35,38,70,71], not 
all antioxidants have this effect[51, 52, 131]. This was best observed when 
we compared the effects of a freeze dried preparation of whole grapes with 
the effects of pure resveratrol. These studies demonstrated that although 
resveratrol (the proposed major antioxidant of grapes) had an extremely 
potent in vitro antioxidant activity although it was not nearly as effective as 
the whole grape preparation was in protecting the bladder from deleterious 
effects of oxidative stress [51,52]. As mentioned previously, several clinical 
studies on the effectiveness of specific antioxidants on specific diseases 
linked to oxidative stress have been disappointing[47-50].

 GL has been demonstrated to have a variety of properties 
that may be useful in the treatment of a number of diseases such as 
cancer, diabetes, cardiac, inflammatory and oxidative stress related 
diseases[132-137]. In a related study, GL has been shown to be effective 
in the treatment of ischemic heart disease in an isolated rat heart 
model[138,139], presumably via its antioxidant effects. This model has 
many similarities to the functional isolated whole bladder model[21,140, 
141].

 A second physiological property of Ganoderma is the protection 
of cardiac capillary permeability against penetration of small particles that 
can damage underlying cardiac muscle, and similar protection of the gut 
lining against increased permeability[142,143]. Urothelial permeability 
can be easily evaluated in our in vivo and in vitro bladder models using 
a variety of methodologies[144-146]. Thus, the rabbit urinary bladder is 
an excellent model to study the beneficial effects of GL on the response 
of organ system to oxidative stress. Oxidative stress has significant 
negative effects on mucosal linings and mucosal permeability, vascular 
permeability, muscle contractile activity, and smooth muscle responses to 
a variety of forms of stimulation. It has the advantage of being a closed 
system; that is, there are no dysfunctions of other organ systems which can 
significantly complicate the evaluation of bladder studies. 

As can be observed in the above references, GL has a variety of bioactive 
components, and the bio-activity of one specific component would not 
give the same beneficial effects as that of a preparation of the whole GL 
preparation. We have completed one additional study on GL using an in 
vitro model of I/R[147-149]
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In this study, 8New Zealand White rabbits were divided into 2 groups. 
One group was fed Ganoderma Lucidum (GL) (100 mg/Kg) daily for 3 
weeks while the second group received water. The GL preparation was a 
powder suspension in water. At the end of the 3 week period, each rabbit 
was euthanized and the bladder separated into six strips and mounted 
in individual baths. Each strip was stimulated with field stimulation 
(FS) (Please see page 12, last paragraph for description), Carbachol, 
potassium chloride (KCl), and adenosine triphosphate (ATP). After the 
control stimulations, the oxygenated baths were subjected to nitrogen 
gas equilibration (replacing the oxygen in the bath and was at 37o C)in 
the absence of glucose (ischemia) for 1 h while being stimulated at 32Hz 
at 5 min intervals. After 1 h of ischemia the buffer was changed back to 
normal oxygenated Tyrode’s with glucose and allowed to recover for 2 h. 
After this time period, the strips were stimulated as described earlier. The 
results are summarized as follows: 1)There was a rapid and near complete 
inhibition of the contractile responses during the ischemic period for both 
control and GL groups, 2) For the control group, following I/R there was 
a 86% decrease in the response to FS, 11% decrease in the response to 
ATP, 17% decrease in the response to carbachol, and 20% decrease in the 
response to KCl. For the GL group, there was a significantly less decrease 
in the response to FS, and no decrease in the responses to ATP, carbachol, 
or KCl. Thus, pretreatment of rabbits for three weeks with GL prior to 
subjecting them to in vitro ischemia/reperfusion significantly protected 
the bladder strips from all forms of contractile dysfunctions. 

One additional interesting observation is that GL has been shown in several 
studies to have significant anti-ageing properties. Proposed mechanisms 
for these anti-ageing effects are neuroprotection against age-related 
neural-degeneration [150,151], age-related oxidative stress (antioxidant) 
[152], novel ergo sterols shown to have anti-ageing properties [153,154], 
and ageing effects on mitochondrial function [155,156].These studies are 
extremely relevant to continued studies of GL in ageing studies in the 
bladder.

We know that the progressive bladder dysfunction in during ageing in both 
man and rabbit involve the progressive decrease in antioxidant defense 
mechanisms [157,158], progressive mitochondrial damage[102,159], 
progressive synaptic degeneration[160,161], and increased content 
of collagen and decreased content of smooth muscle in response to 
progressive smooth muscle apoptosis and degeneration[101,160]. Thus, 
the anti-ageing properties of GL would make this an excellent candidate 
to determine its anti-ageing effects in a closed organ system such as the 
rabbit urinary bladder. 
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