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Animal models offer a system that enables a better 
understanding of basic biological questions. With 
animal models, an adequate control of experimen-
tal design is possible and accurate experiments can 
be performed in order to test various hypotheses. 
Bladder cancer is one of the most prevalent forms 
of cancers in the western world (Franekova et al., 
2007). In Europe, urothelial tumours are the fourth 
most frequently occurring cancer among men and 
the eighth among women (Stamouli et al., 2004). 
Moreover, bladder cancer is likely to become more 
prevalent as the average age of the population rises 
(Pashos et al., 2002). To induce the development 
of urothelial tumours or to test therapeutic drugs, 

it is important to correctly select the model that is 
most analogous to the clinical setting. In this way 
research observations can be readily transferred to 
clinical studies for validation. There are many pub-
lished papers describing several protocols that can 
be used to induce urothelial tumours in laboratory 
animals (Raghavan et al., 1986; Crallan et al., 2006; 
Oliveira et al., 2006; Cohen et al., 2007). Depend-
ing on the research aims, bladder tumours can either 
be chemically induced or transplanted. Tumours can 
be induced by oral administration (i.e. N-butyl-N-
(4-hydroxybutyl) nitrosamine or N-[4-(5-nitro-2-
furyl)-2-thiazolyl]formamide) or by the intravesical 
instillation (i.e. N-Methyl-N-nitrosourea) of chemi-
cal carcinogens (Cohen et al., 1976; Fukushima 
et al., 1981; Kunze & Gassner, 1996). Urothelial 
tumour cells, obtained using the in vitro exposure 
of animal cells to chemical carcinogens, can be 
administered in syngeneic models by intravesical 
instillation. However, in this case it is necessary to 
denude urothelial cells by the sequential applica-
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tion of hydrochloric acid and potassium hydroxide, 
using urinary bladder catheterization (Ibrahiem et 
al., 1983.). If the experimental aim is to evaluate 
a drug’s efficacy against human urothelial tumour 
cells, immunodeficient mice are frequently used 
in xenograft models. In these circumstances, hu-
man urothelial tumour cells can be instilled into the 
urinary bladder or administered via a subcutaneous 
route. In all these models, the therapeutic evaluation 
of anticancer drugs is commonplace. These drugs 
can be administered by intravesical instillation or 
by another route. When the tumour is chemically 
induced, it develops in the urinary bladder. In this 
particular case, intravesical drug instillation is nec-
essary to evaluate a drug’s efficacy in the tumour’s 
natural environment. Intravesical instillations are 
only possible in females: anatomical differences ren-
der this technique impossible in males. Other alter-
native routes like intraperitoneal, subcutaneous, or 
gavage can be used to evaluate drug efficacy. Intra-
vesical exposure to chemotherapy agents is easier to 
tolerate than systemic exposure, as the drug is only 
contained within the environment of the urothelium, 
therefore protecting the animals from systemic ex-
posure. Systemic chemotherapy is also considered 
less effective than intravesical chemotherapy for the 
treatment of locally confined superficial bladder tu-
mours. Urinary bladder catheterization is a common 
procedure in models of urothelial tumours and yet 
there is still a need to better describe the technique 
and to learn more about the mechanisms of action 
of the different anaesthetics available. Both these 
factors may profoundly affect experimental results. 
St. Clair & colleagues (1999) described the urinary 
bladder catheterization of female mice and rats and 
referred to an anaesthetic protocol using ketamine 
and xylazine. In this report, we systematically de-
scribe female mice and rat catheterization applied 
to rodent models of bladder cancer, and furthermore 
we also consider the different anaesthesia that can 
be used to perform the technical procedure.
To perform bladder catheterization in rodents it is 
necessary to maintain females under anaesthesia to 
prevent distress, to carry out the technique safely 

and to avoid animal pain. In intravesical treatment, 
micturition should be induced before catheteriza-
tion, allowing a longer and better contact between 
the chemical compound (carcinogenic compound or 
anticancer drug) and urothelial cells. Consequently, 
it is necessary for the anaesthesia to inhibit mic-
turition. Some anaesthetics such as pentobarbital 
sodium, propofol and isoflurane are more suitable 
because they have a substantial depressant effect on 
micturition (Matsuura & Downie, 2000). Sodium 
pentobarbital is an anaesthetic with low pain con-
trol, however it inhibits diuresis via the release of 
antidiuretic hormone from the pituitary gland (Hall, 
2001). Therefore, pentobarbital sodium is a fre-
quently used anaesthetic in this type of procedure. 
It has also been described that this compound has a 
narrow safety margin in small rodents and induces 
severe visceral pain after intraperitoneal administra-
tion. For this reason, some countries have forbidden 
the use of pentobarbital sodium as an anaesthetic 
drug (Hellebrecken et al., 2001; Richardson & 
Flecknell, 2005). Propofol can be used to induce se-
dation and anaesthesia in rats and mice when admin-
istered intravenously. The duration of anaesthesia is 
short and recovery is rapid and smooth with mini-
mal cardiac and respiratory depression (Glowaski 
& Wetmore, 1999). Furthermore, it can suppress 
micturition at sedative or light anaesthetic levels 
(Matsuura & Downie, 2000). Volatile anaesthesia 
with isoflurane is an alternative anaesthetic protocol 
that can be applied if specific equipment (anaes-
thetic machine, breathing systems and vaporizer) 
is available to perform this procedure. Isoflurane is 
a potent anaesthetic that produces rapid induction 
and recovery from anaesthesia and an easy control 
of the depth of anaesthesia; it can therefore provide 
safe and effective anaesthesia in all laboratory ani-
mal species (Hellebrekers et al., 2001; Matthews, 
2007). Isoflurane has also been shown to abolish 
the micturition reflex (Matsuura & Downie, 2000). 
Anaesthetic combinations using alpha-2-adrenergic 
agonist agents, such ketamine/medetomidine or 
ketamine/xylazine, are often used in rodents stud-
ies because they provide good sedation and analge-
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sia, and can be reversed with a specific antagonist 
(atipamezole), thereby considerably reducing the 
duration of the recovery (Hellebrekers et al., 2001; 
Murrel, 2007). However, this combination is con-
traindicated for carrying out intravesical instilla-
tion, as alpha-2 agonist increases urine production 
due to a reduction in vasopressin and renin secretion 
(Cabral et al., 1997; Sinclair, 2003; Murrel, 2007). 
This diuretic effect consequently decreases contact 
between the instilled compound and urothelial cells. 
In our experiments with rodent models of bladder 
cancer we have used sodium pentobarbital, because 
in preliminary studies we observed that the combi-
nation of ketamine and medetomidine induces in-
tense diuresis and epiphora.
To execute bladder catheterization we use standard 
sterilized endovenous catheters and surgical gloves. 
The catheter diameter is selected according to ani-
mal size; in female mice we use 24 Gauge catheters 
while in female rats 18 Gauge catheters are used. The 
diameter of the urinary catheter should be the maxi-
mum that can be inserted into the urethra. Proce-
dures for urinary catheterization are similar for both 
female mice and rats. After beginning anaesthesia, 
the animal is positioned in dorsal recumbence, and 
before performing urethra catheterization micturi-
tion must be induced through mild caudal abdomi-
nal massage (Figure 1). When the bladder is empty, 
contact with urothelial cells is more intimate and the 
urine lubricates the urethra, helping catheterization. 
Then, animals are held by the base of the tail and 
hind limbs are clasped by index finger and thumb on 
both sides to better expose the urinary papillae (Fig-
ure 2). The endovenous catheter is held by the free 
hand as if it were a pen, while taking care to do not 
touch the tip of the catheter. The annular finger from 
the same hand is used to make a mild compression 
near the vulva to permit a better visualization of the 
external urinary meatus. The endovenous catheter is 
carefully introduced into the urethra, firstly perpen-
dicular to the urethra (Figure 3) and latterly paral-
lel to spinal cord (Figure 4). If correctly performed 
there should be no obstacles during catheter inser-
tion, if some difficulties in insertion are felt then 

the catheter must be removed to avoid injuring the 
urethra. Minimal resistance is usually noted during 
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Figure 1. Induced micturition by mild caudal ab-
dominal massage in a female mouse.

Figure 3. Endovenous catheter is introduced per-
pendicular to urinary meatus in a female rat.

Figure 2. Female rat contention.
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catheterization of female mice. However, female 
rats may present moderate resistance, and in this sit-
uation we would apply, via the catheter, a few drops 
of lidocaine into the urethra. The chemical com-
pound should now be administered into the urinary 
bladder and then generally the catheter is removed. 
Depending on the aims of the experiment, the sub-
stance may be retained in the urinary bladder lumen 
for a greater or lesser period of time. During this 
period animals must be frequently rotated in order 
to facilitate whole bladder exposure to the substance 
instilled. At the end, micturition should be again in-
duced by soft abdominal compression to remove 
bladder content and to promote a constant time of 
contact. During anaesthesia the body temperature 
most be controlled. For this reason we wrap animals 
in a homeothermic bandage to prevent hypothermia. 
Some side effects may appear after urinary bladder 
catheterization such as irritation, haematuria and 
bladder inflammation. As in all invasive techniques, 
these unpleasant side effects may vary widely.

The influence of the technique used should never be 
underestimated, even when performing simple stud-
ies. During intravesical instillation, it is important 
to fully understand the anatomy and physiology of 
the animal model chosen as well as the limitations 
of animals and anaesthesia in this procedure. Fe-
males are commonly used due to the relative ease of 
performing bladder catheterization, as the urinary 

orifice is external and slightly anterior to the vaginal 
opening. 
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