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INTRODUCTION
Background

Voiding urgency and frequency are symptoms of lower urinary 
tract dysfunctions in both men and women. In men these symptoms 
originate from responses to Benign Prostatic Hyperplasia (BPH) [1,2]. 
In women these symptoms can arise from postmenopausal changes 
in the urinary bladder, and also from various forms of cystitis [3,4]. 
Chemical cystitis may result from oral therapy with drugs such as 
ketamine, cyclophosphamide, protamine sulfate, acetone, and from 
vesicle instillation of various other chemical agents [5-9]. Cystitis is 
the most common urological pathology of women. Th e incidence 
increases with age, especially following menopause [10-14]. One 
major hypothesis concerning the etiology of various forms of cystitis 
or cystitis-like symptoms relates to a defunctionalized and damaged 
bladder urothelial surface with subsequent penetration of substances 
in the urine into the bladder wall causing infl ammation and increased 
permeability [15-17]. Ketamine and Protamine sulfate has been used 
to eff ectively damage the mucin layer and urothelium of the bladder 
inducing cystitis [5,18,19]. Th e addition of uric acid enhances the 
severity of the cystitis [20,21]. 

Th e major etiology of the damage to the urothelium in chemical 
cystitis is oxidative stress [5,7,22-25]. Natural products showing 
antioxidant activity in several types of chemical cystitis have been 
shown to be eff ective in their treatment [24,25]. Canavalia ensiformis: 
common name Jack bean (JB) is a legume which is used for human 
nutrition. Two components of JB are urease and concanavalin A 
which are mildly toxic. Th e toxic properties of these two components 
have been completely eliminated by a proprietary methodology. Our 
JB preparation was supplied by: Well strong Biotech Co., Taipei 
Taiwan. JB has been shown to have signifi cant antioxidant activity 
using a variety of both in-vivo and in-vitro techniques [26,27]. JB 
preparations have been utilized in traditional Chinese medicine to 
treat a number of conditions including cancer and diseases associated 
with oxidative stress with no side eff ects [28].

Methods

All methods were approved by the IACUC and R&D Committees 
of the Stratton VA Medical Center, Albany, NY. 18 adult male NZW 
rabbits were divided into 3 groups of 6 rabbits each. 

Group 1 were control rabbits. Each rabbit received cystometry 
before entering into the study and also at 1 and 2 weeks (end of the 

study). Group 2 were rabbits given a placebo by gavage daily for 2 
weeks prior to inducing cystitis and for 2 weeks following cystitis. 
Each rabbit received cystometry prior to entering into the study, 
immediately prior to inducing the cystitis, and at 1 and 2 weeks (end 
of the study) post cystitis. Group 3 were rabbits given a suspension 
of the Jack Bean preparation (100 mg/ ml) at 1 ml/ kg by gavage 
daily for 2 weeks prior to inducing chemical cystitis and for 2 weeks 
following chemical cystitis. Each rabbit received cystometry prior to 
entering the study, immediately prior to inducing the cystitis, and at 
1 and 2 weeks (end of the study) post cystitis. Th e dose of JB was 
chosen based on its use in animal studies and consultation with the 
manufacturer.  

Cystometry

Before chemical cystitis and also at 1 and 2 weeks following 
chemical cystitis each rabbit was sedated using ketamine/xylazine 
(25 mg/ 10 mg, im). Th e bladder was then catheterized under sterile 
conditions with an 8F Foley catheter and the bladder emptied. A 
fi lling cystometrogram was performed using warmed saline at a 
fi lling rate of 2ml per minute until a micturition contraction or 
overfl ow incontinence occurred. In general, each cystometry took 
approximately 30 minutes. Each cystometry was set to the volume 
at micturition = 100% so that compliances could be normalized for 
diff erences in volume. Th e compliance is calculated as the rise in 
intravesical pressure over 20% of the curve on the plateau region. 

Cystitis

Immediately following cystometry, each rabbit was sedated with 
ketamine/xylazine (25 mg/10 mg, im). Under sterile conditions, 
the urinary bladder was catheterized with an 8 Fr. Foley catheter, 
emptied, and then fi lled with 25 ml of a saline solution containing 
protamine sulfate (10 mg/ ml) + uric acid (100 mg/ ml). Th e solution 
remained in the bladder for 30 minutes; the bladder was drained, 
and then washed three times with 50 ml of saline. Th e rabbits were 
allowed to recover for two weeks.

Contractile studies

Aft er 2 weeks, each rabbit received a fi nal cystometry under 
sedation. Aft er cystometry, each rabbit was then euthanized and the 
bladder excised intact. Four full thickness longitudinal strips were 
then cut from the mid-bladder and placed in individual isolated 
baths containing 15 ml of an oxygenated tyrodes physiological 
solution containing 1 mg/ml glucose. During a 30 minute period of 
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equilibrium, 2 grams of tension were placed on each strip and they 
were then stimulated as follows: fi eld stimulation at 2, 8, and 32 
Hz (5 seconds at 80 volts and 1 ms duration), carbachol (20 mM), 
ATP (1 mM) and KCl (120 mM). Aft er each drug stimulation, the 
bladder strips were rinsed with oxygenated warmed Tyrodes 3X at 
15 minute intervals. Maximal contractile responses were recorded. 
All contractile responses were recorded using a Grass model D 
polygraph, and digitized using the Grass Poly view System. 

CUPRAC assay for total antioxidants

Th e CUPRAC assay was utilized to determine the total antioxidant 
capacity. Th is assay relies on the electron donating capabilities 
of antioxidants to reduce the copper ion. Th e CUPRAC working 
solution consisted of 10 mM copper (II) chloride dihydrate, 1M 
ammonium acetate, and 7.5 mM neocuproine. 0.15 mL of the above 
three solutions were added to 0.15 mL of each sample and allowed to 
react for 30 minutes at room temperature, aft er which the absorbance 
was read at 450 nm in a Hitachi U-2001 spectrophotometer [29,30]. 

Statistical analysis

Each set of data was analyzed individually. One way analysis 
of variance was used followed by the TUKEY test for individual 
diff erences among the groups; p < 0.05 was required for statistical 
signifi cance.

RESULTS
Figure 1 displays the bladder weights for the 3 groups. Th ere 

were no signifi cant diff erences among the groups. Figure 2 presents 
the cystometries for control rabbits (no JB), and at 1 and 2 weeks 
following cystitis. Th ere were no statistical analyses for these curves. 
Th e compliance for each curve was calculated and the statistical 
diff erences in compliance are displayed in fi gure 4. Figure 3 presents 
the cystometries for no cystitis, and at 1 and 2 weeks following 
cystitis (+ JB). Th ere were no statistical analyses for these curves. 
Th e compliance for each curve was calculated and the statistical 
diff erences displayed in fi gure 4. Figure 4 shows the compliance for 
all groups. It should be noted that an increase in the compliance 
number represents an increase in the stiff ness of the bladder and thus 
a decrease in the true compliance. For the no JB group there were 
signifi cant decreases in compliance at both 1 and 2 weeks post cystitis. 
Compared to the no JB group, the compliances of the JB group were 

similar prior to cystitis. However, they were signifi cantly lower (more 
compliant for both post cystitis groups). Although the compliances 
were signifi cantly lower than those of no JB, they were slightly but 
signifi cantly higher than JB without cystitis. 

Figures 5,6 displays the contractile responses all forms of Figure 1: 

Figure 2: 

Figure 3: 

Figure 4: 
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stimulation. At 2 weeks post cystitis, the contractile responses to all 
forms of stimulation were signifi cantly reduced from the no cystitis 
no JB group. For all forms of stimulation, the cystitis + JB group 
showed no signifi cant decreases in the contractile responses. 

Figure 7 displays the total antioxidant activity for the ascorbic 
acid standard and for the JB preparation. Both curves were linear. 
Figure 8 displays the antioxidant values for ascorbic acid and JB. Th e 
ascorbic acid standard had approximately 10 times the antioxidant 
activity of the JB preparation per 10 mg. 

 Th ese studies clearly demonstrate that our hypothesis that JB 
would be protective against chemical cystitis was proven to be true 
[10].

DISCUSSION
Cystitis relates to the infl ammation of the bladder. Most 

commonly, the infl ammation is caused by a bacterial infection 
(Urinary Tract Infection - UTI). A bladder infection can be painful 
and annoying, and it can become a serious health problem if the 
infection spreads to your kidneys. Other forms of cystitis occur as 
a reaction to certain drugs, radiation therapy or irritants within the 
bladder. Cystitis of all etiologies is one of the most common medical 
problems [10,31]. 3.6% of adults over 20 self-reported having cystitis 

in the US. Th is indicates that 6.2 million adults self-reported having 
cystitis in the US (prevalence and incidence of cystitis, right diagnosis.
com).

As mentioned previously, one of the major hypothesis 
concerning the etiology of virtually all forms of cystitis relates to a 
damaged bladder urothelial surface, and subsequent penetration of 
caustic substances in the urine into the bladder wall with a resultant 
infl ammation, increased permeability, decreased compliance, and 
decreased contractility [15-17]. 

Th e symptoms of cystitis include: Bladder (Abdominal) pain, painful 
urination, frequent and diffi  culty in urination, urinary urgency (feeling 
that you need to urinate) (prevalence and incidence of cystitis, right 
diagnosis.com). In rabbits, there is an increased frequency of urination 
and a decreased volume per urination. Using in-vivo cystometry, 
there is also a decreased compliance (increased bladder stiff ness) and 
a decreased volume at micturition. In addition, there is a decreased 
contractile response of the bladder smooth muscle to various forms 
of stimulation [32-34]. 

Although rats and mice have been extensively used in research 
because of the amenability of genetic manipulations [35-37], they 
are not the best species to study the eff ects of chemical cystitis in the 
lower urinary tract because of the extremely diff erent micturition 

Figure 5: 

Figure 6: 

Figure 7: 

Figure 8: 
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mechanisms in rats and mice compared to those of rabbits and 
humans. Rabbit bladder capacity is between 50 and 100 ml. Bladder 
compliance can be evaluated in vivo by cystometry using an 8 Fr. 
Foley catheter to catheterize the rabbit bladder through the urethra. 
Th e cystometric curve of the rabbit is similar in shape to that of 
humans: the bladder fi lls at low intravesical pressure until capacity is 
reached at which time a micturition contraction occurs (Functional 
Capacity). Th e rabbit urinates approximately 4-6 times per day which 
is similar to humans and very diff erent from mice or rats [38-40]. 
Similar to man, bladder emptying occurs during the tonic phase of 
the contractile response of the bladder (Unlike the Mouse and Rat 
where Emptying occurs during the Phasic Contraction) [39,41]. Th e 
rabbit has been used extensively as a model for Benign Prostatic 
Hyperplasia (BPH), obstructive bladder dysfunction, and ischemic 
bladder dysfunction [41-44,45,46].

Th e bladder is composed of two major structures, the urothelium, 
which is specifi c to the urinary bladder, and is highly elastic. Th e 
urothelium consists of approximately 4 cell layer and is covered 
by a layer of protective [47,48]. Th e urothelium along with the 
glycosaminoglycan layer represents the fi rst line of defense against 
both the attachment of bacteria (Anti-Bladder Infection) and is 
generally impermeable to the contents of the urine, providing a 
protective surface against irritants and materials that can induce 
infl ammation [49-51]. Both the anti-adherence and permeability 
barrier of the urothelium can be damaged by both ischemia and 
cystitis which can be caused by infection and chemicals within the 
urine [49-51].

Th e second structure is the bladder smooth muscle wall, which 
provides the coordinated contraction required for urination [52-54]. 
Th ere is excellent evidence that the urothelium can communicate 
with the bladder smooth muscle via stretch (Bladder Filling) through 
the release of intracellular mediators from the urothelium which 
can infl uence smooth muscle tension and contraction, especially via 
interacting with the autonomic nerves and synapses [50,55-57]. 

Two intracellular organelles play major roles (but Diff erent 
Roles) in the physiology and pathophysiology of both the urothelium 
and smooth muscle components of the bladder. Th ey are the 
mitochondria, and sarcoplasmic reticulum. 

Sarcoplasmic reticular control of calcium storage and release 
in the urothelium plays a major role in the process of angiogenesis 
stimulation by ischemia [58-61]. Although most of these studies 
were not performed using the urothelium, there is considerable data 
showing that ischemia of the urothelium induces a highly signifi cant 
stimulation of angiogenesis [62].

In the current study, we evaluated JB extracts (CavatideR) in its 
ability to reduce or prevent the dysfunctions induced by chemical 
cystitis. We induced the chemical cystitis by placing 25 ml saline 
containing protamine sulfate (10 mg/ ml) + uric acid (100 mg/ ml) 
in the bladder via 8 F catheter for 30 minutes [20,21]. Rabbits were 
treated for 2 weeks prior to cystitis and for two weeks following 
cystitis with JB. Th e control group had no treatment. Cystitis induced 
a signifi cant decrease in compliance in the control group at both 1 
and 2 weeks, there were no changes in the compliance in the JB group 
at either 1 or 2 weeks following cystitis. 

Another natural product that has benefi cial eff ects in the 
treatment of cystitis are (Cyperaceae) which is a medicinal herb 
traditionally used to treat various clinical conditions such as diarrhea, 

diabetes, and cystitis [63]. Cranberry juice has long been used to treat 
or prevent cystitis, although most studies are clinical trials and the 
data does not show detailed physiological or urological responses as 
demonstrated in the current study [64,65].

 In regard to the contractility studies, control cystitis induced 
signifi cant decreases in the responses to all forms of stimulation. Field 
stimulation requires the following sequence of events: 

1. Stimulation of postsynaptic membranes to release acetylcholine 
and ATP [66-70]. 

2. Diff usion across the synaptic cleft  and stimulation of the 
postsynaptic muscarinic cholinergic and purinergic receptors. 

3. Stimulated release of Ca++ from the sarcoplasmic reticulum 
and from extracellular sites through calcium channels into 
the smooth muscle cell. 

4. Activation of the smooth muscle components to contract.

5. Both muscarinic receptor activation and smooth muscle 
contraction require energy from the breakdown of ATP to 
ADP + P. Interference with any of these 5 factors would result 
in a decrease in the contractile force. 

At 2 weeks post cystitis, the contractile responses to all forms of 
stimulation in cystitis+ JB group showed no decreased contractile 
responses. Th us the six mechanisms related to contractile responses 
were not aff ected by cystitis in the JB treated group.

Th ese studies support fully the use of this JB extract to protect the 
urinary bladder from the pathophysiologies associated with chemical 
cystitis. In addition JB has signifi cant antioxidant activity to support 
the idea that this protection is due to its antioxidant activity. Future 
studies are being designed to study whether JB can be used to treat 
chemical cystitis rather than protect the bladder from the cystitis.
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