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The Suitability of Propofol Compared with
Urethane for Anesthesia during Urodynamic
Studies in Rats

Adam A Moheban,* Huiyi H Chang,>* and Leif A Havton

Urethane anesthesia preserves many reflex functions and is often the preferred anesthetic for urodynamic studies in rats.
Because of the toxicity profile of urethane, its use as an anesthetic typically is limited to acute and terminal investigations.
Alternative anesthetic options are needed for longitudinal studies of micturition reflexes in rats. In this study, we evaluated
propofol anesthesia administered at constant rate infusion at different planes of anesthesia in rats for combined cystometrog-
raphy and external urethral sphincter (EUS) EMG in rats. No reflex micturition was noted after rats received 100%, 80%, or
60% of a previously reported anesthetic dose of propofol. At40% of the standard propofol dose, a subset of rats showed reflex
voiding, with bladder contractions and associated EUS EMG activity. In contrast, urethane anesthesia at a surgical plane
allowed for reflex voiding with bladder contractions and EUS activation. Latency to leaking or voiding was longer in rats
under propofol anesthesia than in those under urethane anesthesia. In a subset of rats with reflex voiding under propofol
anesthesia, voiding efficiency was decreased compared with that of rats anesthetized with urethane. We conclude that propo-
fol anesthesia suppresses micturition reflexes in rats more efficiently than did urethane. Propofol is a suitable anesthetic for
longitudinal studies in rats, but its use for urodynamic evaluations is limited in these animals due to its marked suppression

of both bladder contractions and EUS EMG activation.

Abbreviation: EUS, external urethral sphincter

Urodynamic studies typically are performed in rats to evalu-
ate micturition reflexes after spinal cord injury and repair and
to evaluate the effects of experimental drugs on lower urinary
tract function.>!>?¢ These urodynamic investigations usually
are performed under general anesthesia and may include both
cystometrography and EMG of the external urethral sphincter
(EUS).>22 However, evoked autonomic and motor responses
are suppressed by anesthetic agents, an aspect that presents
an important technical limitation to consider when design-
ing experimental protocols for lower urinary tract studies
in anesthetized subjects.>”?* Urethane is often the preferred
anesthetic agent for acute urodynamic studies in rats because
of its relatively modest suppression of cystometrography and
EUS EMG,”?! but its use typically is limited to terminal ex-
perimental studies because of its toxicity profile.!>!? Inhalant
anesthetics, such as isoflurane, often are preferred for survival
surgeries and nonterminal experimental procedures in rats,'%15
but they exhibited significantly greater suppression of micturi-
tion reflexes than did urethane in direct comparisons between
the 2 agents in combined cystometrography and EUS EMG in
rats.” It is therefore of interest to investigate the possible use of
alternative anesthetic agents for physiologic studies in rats to
improve longitudinal experimental designs.

Although propofol, an injectable anesthetic agent, is often
used for surgical procedures in humans and described as suit-
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able for intraoperative monitoring of somatosensory evoked
potentials,'3?0 studies using propofol for physiologic studies
in rats are sparse. Therefore, we evaluated the potential util-
ity of propofol as an anesthetic agent for urodynamic studies
in rats. An additional goal was to refine urodynamic proto-
cols for longitudinal studies and consequently decrease the
overall number of rats needed. We developed a protocol to
perform a combination of cystometrography and EUS EMG
in rats under different planes of propofol anesthesia, which
was administered by using constant-rate intravenous infu-
sion to maintain a consistent depth of anesthesia for stable
urodynamic recording. For control purposes, a separate
set of rats underwent urodynamic studies under urethane
anesthesia.

Materials and Methods

Atotal of 19 female naive and pathogen-free Sprague-Dawley
rats (weight, 210 to 260 g; Charles River Labs, Wilmington, MA)
were included in the study. Female rats were used to facilitate
comparison with urodynamic data collected from our ongoing
urodynamic studies in neurologically intact rats and in rats after
cauda equina injury and repair.®515 The rats were divided into 2
groups: those that underwent urethane anesthesia (n = 10) and
those that received propofol anesthesia (n = 10). The animal
procedures, including rat surgeries, postoperative care, and
termination of experiments, were performed at an AAALAC-
accredited institution and according to the standards established
by the Guide for the Care and Use of Laboratory Animals.'® The
experimental protocols were approved by the IACUC at the
University of California-Irvine. The rats were housed in pairs
in cages and had free access to food and water. All rats were
housed in a room with a 12:12-h light:dark cycle. All efforts
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were made to minimize any animal suffering and the number
of rats used for the study.

Surgical preparations. To allow for urodynamic recording, all
rats underwent a brief surgical procedure for the placement of
a bladder catheter and EUS EMG electrodes. Accordingly, 9 of
the 19 rats in the study were anesthetized by using urethane
(1.2 g/kg SC; Sigma—Aldrich, St Louis, MO) for placement of
the catheter and electrodes as well as subsequent urodynamic
recording. The remaining 10 rats anesthetized by using isoflu-
rane (2% to 2.5%, Phoenix Pharmaceuticals, Burlingame, CA)
for the placement of the EMG electrodes, bladder catheter, and
intravenous catheter for propofol infusion.

Amidline abdominal incision was made to expose the urinary
bladder. A catheter with a flared tip (PE-50, Instech Laboratories,
Plymouth Meeting, PA) was inserted through the top of the
bladder dome, and the tip was positioned inside the bladder.
The opposite end of the bladder catheter was attached to a
3-way connector connected to both a programmable infusion
pump (World Precision Instruments, Sarasota, FL) and a pres-
sure transducer (Biopac Systems, Santa Barbara, CA) to support
bladder infusion and cystometrography, respectively. Next, 2
epoxy-coated 50-um platinum-iridium wire electrodes (A-M
Systems, Sequim, WA) were hooked at the tip of a 27-gauge
needle and inserted into the EUS bilaterally under direct micro-
scopic visualization. The needle then was withdrawn, leaving
the electrodes embedded in the muscle. The electrodes were
connected to a data acquisition system (MP150; Biopac Systems,
CA), and the abdominal incision was closed. For the subset of
rats in the propofol group, the left jugular vein was exposed,
and an intravenous catheter (PE-50, Instech Laboratories) was
placed and connected to a programmable infusion pump for
subsequent drug administration.

The toe-pinch reflex was used to determine the level of
anesthesia in all rats and was abolished in all animals during
catheter and electrode placement under urethane or isoflurane
anesthesia. The surgical preparation took approximately 30 min
for each rat. At the completion of the surgical procedures, the
isoflurane was discontinued. For the propofol group, an anesthe-
tized state was maintained by using a continuous intravenous
infusion of propofol (Abbott Laboratories, Abbott Park, IL) at a
rate of 1 mg/kg/min. This rate of infusion was defined for the
propofol group as a 100% dosage owing to a previous study,
which showed that this dose reliably abolished the rectifying
response and allowed the placement of a clip-on pulse oximeter
in rats.?” The urethane-anesthetized group remained at a surgi-
cal level of anesthesia, confirmed by a negative toe-pinch reflex,
during urodynamic recording.

Urodynamic recording. Cystometrograms and EUS EMG
were obtained at a 1-kHz sampling rate during continuous
bladder infusion with saline (0.12 mL/min) in rats maintained
on either urethane or propofol anesthesia. No filter was used for
cystometrography; filters between 100 and 500 Hz were used
for the EUS EMG activity. For rats anesthetized with propofol,
separate urodynamic recordings were obtained at infusion rates
of 100%, 40% (0.4 mg/kg), 60% (0.6 mg/kg), and 80% (0.8 mg/
kg) of the maximal dosage (1 mg/kg/min). The duration of
propofol infusion was 30 min for each dosage, and the urody-
namic data for analysis were obtained during the last 15 min of
each dose of propofol. The rationale for this aspect of the experi-
mental design reflects the rapid onset and washout of propofol
after intravenous infusion, given that the half-time for brain
turnover of propofol in rats is 2.4 min." A total of 3 consecutive
voiding cycles within the first hour of urodynamic recording
were collected and analyzed for urethane-anesthetized rats.

Toe-pinch reflex responses were categorized as absent or pre-
sent in response to the use of nonlocking forceps to pinch the
hindlimb toes throughout the urodynamic recording sessions.
The withdrawal of the ipsilateral hindlimb in response to the
applied toe-pinch was determined as a positive reflex response.

Endpoint. After urodynamic recording, the propofol-anes-
thetized rats received the 100% dose for an additional 15 min
until the toe-pinch reflex was abolished. In addition, absence
of the toe-pinch reflex was confirmed in urethane-anesthetized
rats. Thereafter, all rats underwent euthanasia by cardiac inci-
sion, according to recommendations provided by the American
Veterinary Medical Association.

Outcome measures. Several functional outcome measures
were studied. Latency to first urine leak or void was defined
as the time between the start of bladder infusion until the first
leakage of urine and was used to calculate bladder capacity as
the infusion rate multiplied by time. Voiding efficiency was
calculated from the difference between the bladder capacity
and residual volume divided by the bladder capacity. Maximal
intravesical pressure, intercontraction interval, pressure thresh-
old, resting pressure, expulsion time, and contraction duration
were determined according to established criteria.”?* For EUS
EMG recording, the peak amplitudes of EUS tonic and bursting
activity during bladder filling and voiding were measured.®’
The cystometrograms and EUS EMG activity were analyzed by
using AcqKnowledge 4.1 (Biopac Systems).

Statistical analysis. Quantitative data are expressed as means
+ SE. The 6 experimental groups analyzed were rats receiving
urethane, 100% propofol, 80% propofol, 60% propofol, and 40%
propofol with or without voiding contractions. For all param-
eters pertinent to voiding contractions, a total of 3 measurements
were averaged to create a mean value for each rate. One-way
ANOVA and post t tests (Newman—Keuls multiple-comparison
test; Prism 4.0, GraphPad Software, La Jolla, CA) were applied to
the data to compare the latency to the first leak or void and the
voiding efficiency. The ¢ test allowed for comparisons between
the group demonstrating voiding contractions during the 40%
propofol dose and rats under urethane anesthesia. We regarded
a P value of less than 0.05 to indicate a statistically significant
difference between groups.

Results

Urodynamic studies were performed to compare the effects
of urethane and propofol anesthesia on lower urinary tract
function in rats (Figure 1). For this purpose, cystometrogra-
phy and EUS EMG were investigated after a standard dose
of urethane and after various doses of propofol. Each group
initially comprised 10 rats. One subject in the urethane group
was lost before the start of recordings, and this subject was not
replaced. A surgical plane of anesthesia was obtained by us-
ing a standard dose of urethane (1.2 g/kg SC) and maintained
during recording in adult female rats (n = 9). The toe-pinch
reflex was abolished in all rats after the urethane administra-
tion. Subsequent urodynamic recordings were performed, and
evoked micturition reflexes were demonstrated in all animals.
In response to continuous bladder filling, all rats showed reflex
bladder contractions associated with EUS EMG activity, includ-
ing signs of EUS bursting during voiding.

We also used a previously reported dose of propofol (1 mg/
kg/min continuous intravenous infusion)? as an anesthetic
agent for urodynamic recording in adult female rats (1 = 10).
However, no micturition reflexes could be evoked in any of
the subjects after this dose of propofol. The dose of propofol
subsequently was reduced to 80%, 60%, and 40% of the original
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Figure 1. Representative examples of cystometrographic and EUS
EMG activity in a rat under urethane anesthesia. Two consequent
voiding contractions (A, upper tracing) by saline infusion associated
with EUS EMG activity (A, lower tracing) are shown. A more rapid
time scale indicates the expulsion time (ET) during voiding (B, upper
tracing) as well as the tonic and bursting EUS activity (B, lower trac-
ing); RP, resting pressure: PT, pressure threshold; ET, expulsion time;
ICI, intercontraction interval; CD, contraction duration; max IVP, max-
imal intravesical pressure.

dose and was administered by continuous intravenous infusion.
All rats remained sedated and demonstrated no spontaneous
extremity or head movements at the original or any of the re-
duced doses. Micturition reflexes could be detected only in the
subset of rats maintained on 40% of the original propofol dose
(Figure 2). Specifically, 6 of the 10 rats exhibited voiding contrac-
tions with associated EUS EMG activity at 40% of the standard
dose of propofol. Although all rats were immobilized by the
administered propofol, all rats receiving 40% of the standard
dose of propofol demonstrated ipsilateral limb withdrawal after
toe pinching, and subsets of the rats also showed a positive toe-
pinch response at the higher doses of propofol (Table 1). Even
at 100% of the standard dose of propofol, 4 of 10 rats showed a
positive toe-pinch reflex.

Next, the latency between the start of bladder infusion with
saline and sign of the first bladder leak or voiding was deter-
mined in rats under either urethane or propofol anesthesia
(Figure 3). The urethane group showed a latency to first void
of 120 + 31 s (n = 9). When compared with the urethane group,
rats (n = 10) under 100%, 80%, and 60% of the standard dose of
propofol showed significantly (P < 0.05) prolonged latency to
first urine leak at 272 + 52, 356 + 64, and 330 + 53 s, respectively.
At 40% of the standard propofol dose, the latency to first leak
was prolonged at 393 +76 s (P < 0.05; nn = 4), and the latency to
first void was prolonged at 243 + 51 s (P < 0.05; n = 6) compared
with the urethane group.

Voiding efficiency was determined as an indicator of overall
lower urinary tract function (Figure 3). Under urethane anesthe-
sia, the voiding efficiency was 78 + 5% (1 = 9). When compared
with the urethane group, rats (1 = 10) under 100%, 80%, and 60%
of the standard dose of propofol demonstrated a significantly
(P < 0.001) decreased voiding efficiency of 28% * 7%, 29% +
6%, and 21% *+ 4%, respectively. At 40% of the standard dose of
propofol, rats without and with voiding contractions showed a
decreased voiding efficiency of 36% + 7%; (P < 0.001; n = 4) and
52 £ 9% (P < 0.05; n = 6), respectively, when compared with the
urethane-anesthetized rats.

For a more detailed assessment of the anesthetic agents on
the contractile properties of the bladder and EUS function, we

Suitability of propofol anesthesia for rat urodynamic studies

compared cystometrographic and EUS recordings between the
urethane group (1 = 9) and the propofol group exhibiting reflex
bladder contractions at 40% of the standard dose of propofol (1
= 6). The urethane and propofol groups did not differ in regard
to resting pressure, pressure threshold, maximal intravesical
pressure, contraction duration, intercontraction interval, and
expulsion time as determined from the cystometrograms. Simi-
larly the 2 groups did not differ in regard to the peak EUS tonic
and bursting activity or the duration of EUS bursting (Table 2).

Discussion

In this study, we established a protocol that enables the
evaluation of lower urinary tract function in rats under
propofol anesthesia administered by continuous intravenous
infusion. Reflex micturition was evaluated by using concurrent
cystometrography and EUS EMG. Rats anesthetized with a
standard dose of propofol did not show any reflex bladder con-
tractions in response to saline infusion into the bladder. When
80% or 60% of a standard dose of propofol was administered,
no reflex bladder contractions were elicited, but all rats showed
limb withdrawal to toe pinch, indicative of a decreased plane
of anesthesia. At 40% of a standard dose of propofol, all rats
remained immobilized with a positive response to toe pinch, and
a subset of 6 of 10 subjects demonstrated reflex bladder contrac-
tions. When the propofol administered was reduced to less than
40% of a standard dose, sedation could not be maintained, and
urodynamic recording was not performed. For control purposes,
a separate group of rats was placed under a surgical plane of
anesthesia provided by a single subcutaneous dose of urethane,
and all subjects in this group showed reflex bladder contractions.
We recognize that there are some differences between the ure-
thane and propofol groups with regard to surgical preparation
and administration routes for the 2 anesthetic agents, and these
differences were not controlled for, because an overall goal was
to compare experimentally relevant protocols. We conclude that
micturition reflexes are markedly more suppressed by propofol
than by urethane under the test conditions.

When investigating the effects of anesthetic agents on physi-
ologic functions, the interpretability of the results depends on
the ability to determine and compare levels of anesthesia. For
the present control group, an established dose of urethane was
used to provide a surgical plane of anesthesia, and all rats under
urethane anesthesia lacked detectable withdrawal responses
to noxious toe pinch. Continuous infusion of saline into the
bladder resulted in evoked bladder contractions detected by
cystometrography and EUS tonic and phasic activity, including
voiding-associated bursting in rodents, demonstrated by EUS
EMG. The urodynamic data obtained in rats anesthetized with
urethane were in agreement with previous functional studies
under similar conditions.”?* In the experimental group, uro-
dynamic studies were performed in rats anesthetized with a
previously reported dose of propofol.” The selected propofol
dose has been shown previously to abolish the rectifying reflex
and to allow placement of a clip-on pulse-oximeter.”” In the
present series, the standard dose of propofol infusion produced
sedation and immobilized all rats, but 40% of the subjects
showed limb withdrawal in response to a noxious toe pinch.
Neither reflex micturition nor voiding occurred in rats sedated
with the standard propofol dose in response to continuous
bladder infusion of saline. We therefore conclude that the rats
anesthetized with our standard propofol dose were at a lighter
plane of anesthesia than were those under urethane anesthesia
but their micturition reflexes were suppressed more.
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Figure 2. Representative examples of micturition reflexes in urethane and propofol groups. The graphs show the cystometrograms from 6 ex-
perimental conditions during the infusion of saline into the bladder of rats anesthetized by using (A) urethane, (B)100% propofol dose, (C) 80%
propofol dose, (D) 60% propofol dose, (E) 40% propofol without voiding contractions, and (F) 40% propofol dose with voiding contractions.
Note the onset of reflex voiding in the urethane group (A) and in the subgroup of rats under 40% propofol dose with voiding contractions (F);
the other groups lack reflex micturition but instead show a bladder leak response at a later time of onset (B through E).

Table 1. Toe-pinch reflexes during urodynamic recording

Propofol (% relative to full dose)

Urethane 100% 80%" 60%" 40%"Y 40%V
No. of rats 9 10 10 10 4 6
Toe-pinch reflex
positive 0 4 5 9 4 6
negative 9 6 5 1 0 0

nv, nonvoiding response to bladder filling; v, voiding response to bladder filling

Toe-pinch responses were detected in subsets of rats under propofol anesthesia at 100%, 80%, and 60% doses, whereas all subjects showed posi-
tive toe-pinch reflexes at 40% of the full propofol dose. At the 40% propofol dose, a subset of rats (1 = 6) showed reflex voiding (v), whereas the
rest of the rats (1 = 4) had nonvoiding (nv) responses to bladder filling. All rats under urethane anesthesia showed reflex voiding.

In a prior study on the effect of different anesthetic agentson  in suppression of micturition reflexes in male Sprague-Dawley
micturition reflexes, bolus administration (10 mg/kg) followed  rats.?* A more recent study reported the ability to obtain reflex
by intravenous infusion (0.2 mg/kg/min) of propofol resulted  micturition in propofol-anesthetized female Wistar rats, in
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which bladder pressures associated with the resting and mic-
turition periods did not differ from corresponding pressures in
unanesthetized rats.?’ In the present study, we explored whether
a reflex bladder contraction and associated EUS EMG activity
could be elicited during constant-rate intravenous infusion
of different doses of propofol. Although no reflex micturition
could be evoked in rats anesthetized by our standard dose of
propofol, both bladder contractions and EUS activity occurred
in a subset of subjects when the propofol dose was decreased to
40% of the standard dose, which maintained the sedative and
immobilizing effects of the drug. The latency to void was pro-
longed and the voiding efficiency was reduced in the propofol
group when the drug was administered at 40% of the standard
dose, but several outcome measures related to cystometrogra-
phy and EUS EMG did not differ from those obtained in rats
under urethane anesthesia. Therefore, even the subset of rats
showing micturition reflexes and voiding at the lowest sedating
dose of propofol demonstrated increased urine retention, as
indicated by the prolonged latency to first void. The impaired
detrusor contractility also may have contributed to the associ-
ated decreased voiding efficiency.

Our experience suggests that the degree of suppression of
micturition reflexes is not necessarily related to the route of drug
administration but rather to the pharmacologic properties of the
individual agents. In the rat, injectable urethane is markedly less
suppressive of micturition reflexes compared with a volatile
anesthetic, isoflurane.” However, the injectable administration

Suitability of propofol anesthesia for rat urodynamic studies

Table 2. Findings from cystometrography and external urethral sphinc-
ter EMG of anesthetized rats

Propofol
Urethane (40% dose)
n=9 n=6
Cystometrography
Resting pressure (cm H,0) 5.3+0.9 6.9+0.9
Pressure threshold (cm H,O) 164+1.6 24.1+4.54
Maximal intravesical pressure (cm  33.8+1.8 35.9+4.0
H,0)
Contraction duration (s) 204+2.3 19.9+4.2
Intercontraction interval (s) 104.1+18.2 115.4+24.7
Expulsion time (s) 58+0.7 79+26
External urethral sphincter EMG
Amplitude of tonic activity (mV)  0.063+0.016  0.066 = 0.020
Amplitude of bursting activity 0.130+£0.026  0.134 +£0.041
(mV)
Bursting period (s) 3.8%0.7 43+1.0

Data are given as mean * SEM.

of propofol in the present study suppressed reflex voiding to
a greater extent than did by isoflurane in our prior studies,
in that a sedating and immobilizing dose of isoflurane in rats
allowed for reflex voiding with bladder contractions and EUS
EMG activation in all subjects.”

Propofol has been used in urodynamic studies in dogs. A
direct comparison between the volatile anesthetic, sevoflurane,
and propofol at a wide range of infusion rates showed that
both anesthetics are suitable for urethral pressure recording in
female dogs.2 Additional studies have validated that propofol
anesthesia is suitable for the evaluation of urethra function dur-
ing different rates of bladder infusion and for the evaluation of
various experimental drug effects on the urethral pressure.*'4

The effects of individual anesthetic agents on lower urinary
tract functions can vary between species. Some species may be
particularly sensitive to an agent and show depressed func-
tion at low doses. The present study showed a high degree of
suppression of lower urinary tract reflex function in rats, even
at the minimally sedative and nonsurgical planes provided by
propofol anesthesia. The specific mechanisms for the observed
discrepancies between anesthetic agents are not well under-
stood. However, genomic variations in the GABA receptor,
which propofol acts on, may be one possible explanation for
the different effects of propofol between species.!!8 In addition,
propofol is metabolized by phase II uridine diphosphate gly-
cosyl transferance, and possible enzyme polymorphisms may
exist between different species and organ systems.17

Insummary, we developed a protocol to evaluate of the effects
of propofol on micturition reflexes in rats. We demonstrated that
propofol highly suppresses lower urinary-tract function, with
impaired bladder contractions and EUS EMG activation, in rats
over a broad range of anesthetic dosing. In addition, when reflex
micturition was achieved in a subset of rats at a minimally se-
dating dose of propofol, voiding efficiency was markedly lower
than that in rats anesthetized by urethane at a surgical plane. We
conclude that propofol offers only limited use for urodynamic
studies in rats. Propofol may have some utility in experimental
studies in rats, in part because of the possibility to perform lon-
gitudinal studies under propofol anesthesia, but its pronounced
suppressive effect on reflex micturition must be considered when
designing investigations of lower urinary tract function.
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