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MEASUREMENTS OF COMMON ILIAC ARTERIAL BLOOD FLOW
IN ANURANS USING DOPPLER ULTRASOUND
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Abstract: Color Doppler ultrasonography was used to determine time-average mean velocity and cross-sectional
area of the common iliac artery in bullfrogs (Rana catesbeiana) and marine toads (Bufo marinus). Volumetric blood
flow and weight-adjusted blood flow measurements were calculated from this data. Volumetric flow rates of frogs (31.8
ml/min) and toads (23.6 ml/min) did not differ statistically. However, when flow rates were adjusted for body mass,
toads displayed a significantly greater flow rate of 238.1 ml/min/kg compared to 114.4 ml/min/kg for frogs.
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INTRODUCTION

Cutaneous absorption of xenobiotics is consid-
ered a potentially important route of environmental
exposure in amphibians, and blood flow is an im-
portant factor in the cutaneous absorption kinetics
of xenobiotics.1,3,9,14,15,19,20 To characterize cutaneous
absorption of xenobiotics, in vitro models, such as
the two-compartment Teflon flow-through diffusion
cell, allow careful control of key environmental
variables including temperature, humidity, and
pH.22 They can also minimize use of live animals
in experiments. Diffusion cells provide a morpho-
logically complete and intact skin barrier and elim-
inates confounding factors in the analysis of in vivo
cutaneous absorption, including absorption, metab-
olism, or elimination by other routes. Though dif-
fusion cell assays are simple to perform using an-
uran (frogs and toads) skin, they cannot account for
potential effects of variation in blood flow on xe-
nobiotic transport.22

Knowledge of the range of arterial flow dynam-
ics in anurans is important for the development of
appropriate experimental systems to study cutane-
ous absorption of vasoactive compounds. Diagnos-
tic ultrasound is a well-established imaging modal-
ity in mammalian medicine, but its application in
amphibians has been relatively limited. Echo-
Doppler ultrasonography has successfully been
used to study cardiac structure and kinetics, and to
measure blood-flow velocity of the heart and great
vessels of lower vertebrates, including the common
toad (Bufo bufo), and experimentally, pulsed ultra-
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sound has been used to determine the retardant ef-
fects of ultrasound on regeneration of amputated
forelimbs of adult newts (Triturus sp).2,12 The ob-
jective of this study was to establish normal values
for blood flow in vessels responsible for the per-
fusion of the pelvic limb of anurans. This was a
first step in developing a system to investigate the
pharmacokinetics of environmentally important xe-
nobiotic compounds.

MATERIALS AND METHODS

Husbandry

Five wild-caught bullfrogs (Rana catesbeiana),
median weight 278 g, and five wild caught marine
toads (Bufo marinus), median weight 99 g, were
obtained from commercial sources and acclimated
to laboratory holding conditions for at least 3 wk
before evaluation in these studies. Animals were
group housed by species in 61 cm 3 61 cm 3 46
cm deep polyethylene tanks. Bullfrog vivariums
were maintained at a 308 angle to create terrestrial,
shallow-water, and deep-water areas. Marine toad
vivariums consisted of a terrestrial component with
a water bowl. Water and air temperatures were
maintained at 218C. Fluorescent overhead lighting
followed a 12-hr light and 12-hr dark cycle. Com-
plete water changes were conducted every other
day with water filtered through activated carbon.
Animals were fed to satiety daily with crickets that
were allowed to engorge on rodent chow prior to
being offered to the amphibians.

Doppler ultrasonography

Handlers wearing latex-free, powder-free gloves
premoistened with filtered water restrained animals
in dorsal recumbency on a water-moistened cloth
towel for examination. Water-soluble contrast gel
(Aquasonic 100 Ultrasound Transmission Gel,
Parker Laboratories, Inc., Orange, New Jersey
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Table 1. Common iliac arterial values of bullfrogs and marine toads determined by color Doppler ultrasonography.
Values are shown for left and right pelvic limbs of 5 individuals of each species. Median (10–90th percentile) are
given for left, right, and overall values for each species.

Animal Mass (g) TAM (cm/sec) Radius (mm) Area (cm2)
Volumetric

flow (ml/min) ml/min·kg

Frog1Left 278 5.2 1.4 0.059 18.2 65.5
Frog1Right 278 7.9 1.2 0.045 21.4 76.8
Frog2Left 358 7.0 1.6 0.079 32.9 91.9
Frog2Right 358 7.1 1.6 0.077 33.0 92.2
Frog3Left 278 8.3 1.2 0.043 21.2 76.4
Frog3Right 278 9.1 1.1 0.039 21.3 76.7
Frog4Left 263 10.8 1.4 0.062 40.0 152.2
Frog4Right 263 8.0 1.6 0.077 37.0 140.8
Frog5Left 240 3.7 1.1 0.038 8.4 35.2
Frog5Right 240 6.7 1.0 0.034 13.5 56.4
FrogLeft 278 7.3 (4.5–11.4) 1.6 (1.1–1.8) 0.080 (0.038–0.102) 35.2 126.7
FrogRight 278 8.0 (6.7–8.7) 1.5 (1.2–1.8) 0.071 (0.045–0.102) 33.9 122.0
Frogs 278 7.5 (4.7–11.1) 1.5 (1.1–1.9) .071 (0.038–0.113) 31.8 114.4
Toad1Left 88 9.8 1.2 0.043 25.1 284.9
Toad1Right 88 7.1 1.1 0.040 17.2 195.2
Toad2Left 119 10.6 1.0 0.033 20.7 173.7
Toad2Right 119 4.0 1.1 0.036 8.6 72.1
Toad3Left 114 5.4 1.1 0.040 13.1 114.6
Toad3Right 114 4.2 1.1 0.040 10.2 89.9
Toad4Left 94 9.6 1.4 0.059 33.8 359.7
Toad4Right 94 8.7 1.5 0.069 36.2 385.2
Toad5Left 99 8.8 0.9 0.026 13.9 140.9
Toad5Right 99 6.5 1.0 0.033 12.6 127.3
ToadLeft 99 9.4 (5.5–11.8) 1.4 (1.0–1.6) 0.062 (0.031–0.080) 34.7 350.8
ToadRight 99 5.8 (3.8–8.7) 1.2 (1.1–1.5) 0.045 (0.038–0.071) 15.7 159.0
Toads 99 7.4 (3.9–10.4) 1.3 (1.1–1.7) 0.053 (0.038–0.091) 23.6 238.1

07050, USA) was applied bilaterally to the inguinal
regions. A color Doppler ultrasound machine (Sie-
mens Allegra, Erlangen, Germany) with a 7.5-MHz
linear transducer (Siemens Allegra) was used to re-
cord vascular dimensions. The transducer was gent-
ly applied over the pulsing common iliac artery just
proximal to its bifurcation. Measurements were tak-
en at times when animals were not breath holding.
This minimized the potential impact of increased
intracoelomic pressure due to pulmonary distension
on arterial diameter. Although animals were respir-
ing freely, three successive measurements of max-
imum and minimum elliptical diameter were ob-
tained while imaging in a transverse plane to the
vessel at times when the common iliac artery ap-
peared most nearly circular by visual inspection.
The minimum elliptical radius was used to calculate
vessel cross-sectional area. This was followed by
three successive time-averaged mean velocity mea-
surements (TAM) taken in a longitudinal plane to
the vessel.

Volumetric flow rate (ml/min) for each animal
was calculated from the product of the TAM in cm/

sec and the cross-sectional area of the artery (cm2)
multiplied by 60.10,13 Flow rate per kilogram body
weight was then calculated. A Wilcoxon signed
ranks test was used for nonparametric statistical
comparison between left and right pelvic limb data
and between frog and toad data considering a p
value ,0.05 as significant.

RESULTS

No significant differences (p , 0.05) were noted
between left and right common iliac arterial radii,
TAM values, or resulting volumetric flow rates for
frogs (Table 1). No statistically significant differ-
ences were seen between left and right common
iliac arterial radii for toads. However, median
(10th–90th percentile) TAM values did differ sig-
nificantly (p 5 0.03) with velocity of left common
iliac arteries (9.4 (5.5–11.8) cm/sec) greater than
the right (5.8 [3.8–8.7] cm/sec).

Time-averaged mean velocities did not differ be-
tween frogs and toads, and the median TAMs
(10th–90th percentile) were 7.5 cm/sec (4.7–11.1
cm/sec) and 7.4 cm/sec (3.9–10.4 cm/sec), respec-
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tively. The median radius of the common iliac ar-
tery did not differ between frogs and toads, with
values of 1.5 mm (1.1–1.9 mm) and 1.3 mm (1.1–
1.7 mm), respectively. Volumetric flow rates of
frogs (31.8 ml/min) and toads (23.6 ml/min) did not
differ statistically (p . 0.05). However, when flow
rates were adjusted for body mass, toads displayed
a significantly greater median flow rate (p , 0.05)
of 238.1 ml/min/kg compared to 114.4 ml/min/kg
for frogs.

DISCUSSION

Common iliac volumetric blood flow rates were
comparable in bullfrogs and marine toads. There-
fore, blood flow is not likely to be a source of dif-
ferential cutaneous absorption between these spe-
cies. This makes it convenient to set common per-
fusion rates for in vitro experiments, such as two-
compartment Teflon flow-through diffusion cells.22

No significant differences were noted in the per-
cutaneous absorption kinetics of malathion in bull-
frogs and marine toads using a flow rate of 1 ml/
min.22 Anuran tissue perfused by arterial cannula-
tion would also need to rely on a physiologically
accurate perfusion rate. A flow rate of 1 ml/min is
sufficient to maintain patency of the common iliac
artery of anurans.21 However, the results of this
study show that 1 ml/min may not be a physiolog-
ically relevant perfusion rate.

The values obtained for volumetric flow in both
species were high in comparison to mammals.10,13

Comparable results for systemic and pulmocuta-
neous blood flow have been reported in R. cates-
beiana and B. marinus using other diagnostic meth-
ods.4,11 Pulmocutaneous arterial blood flow (24.5
ml/min) has been described in anesthetized R. ca-
tesbeiana (compared to common iliac arterial blood
flow of 31.8 ml/min in our study).11 Another study
measured systemic (77.2 ml/min/kg) and pulmo-
cutaneous arterial blood flow (26.2 ml/min/kg) in
B. marinus at 258C (compared to common iliac ar-
terial blood flow of 238.1 ml/min/kg in our study).4

The values obtained in our study could also be ex-
plained by apparent resistance to manual restraint.
Stress and strenuous exercise may increase the met-
abolic rate by as much as nine times that of resting
amphibians.5 Higher volumetric flow rates in toads
could be explained by persistent struggling. One
study demonstrated that B. marinus has greater
maximal (exercised) blood flow rates due to higher
heart rates, increased pulse volumes and lower pe-
ripheral resistance than R. catesbeiana, although
the toads in their study were only 60% as large as
the bullfrogs.8

In addition, breath holding in toads could not be

completely prevented during the study. Measure-
ments obtained between episodes of breath holding
likely reflect a rebound increase in peripheral blood
flow due to a concurrent decrease intracoelomic
pressure. In future studies, this effect could be re-
duced by eliminating manual restraint. Aquatic and
semiaquatic amphibians, such as bullfrogs, can be
placed in a water-filled container and ultrasonog-
raphy performed across the barrier.18 Use of an an-
esthetic, such as tricaine methanosulfonate, is an-
other alternative to manual restraint. Though these
techniques have not been used traditionally for am-
phibians, they provide the promise to improve the
health management of amphibians. Ultrasound
could be used for detecting vascular perfusion
changes in common diseases, such as bacterial sep-
ticemias and mycotic dermatitis, as a possible ad-
junct in establishing prognosis for valuable speci-
mens.

Manual restraint and design of the data-collec-
tion sequence could explain the higher TAM values
for left versus right common iliac arteries in toads.
Left-sided values were always obtained first fol-
lowed by evaluation of the right common iliac ar-
tery. It is possible that animals accommodated to
being held over time and had reduced cardiac rate
and output.

Study design, level of activity, species physiol-
ogy, and human error (variation in angle of the
transducer in relation to blood flow) are sources of
variability. Even small permutations in arterial ra-
dius (r) and errors in measurement have a large
effect on cross-sectional area (pr2) and resultant
volumetric flow calculations because of an incre-
mental increase in radius resulting in a second pow-
er increase in area.

Sustained flow rates of 25–30 ml/min could cre-
ate a high perfusion pressure and subsequent ex-
travasation of the perfusate.17 Isolated pelvic limb
perfusions of nude rats are conducted with the use
of a flow rate of 4 ml/min.23 Capillary filtration
rates and coefficients in R. catesbeiana and B. mar-
inus are considerably greater than those found in
mammals, predisposing them to plasma and lym-
phatic fluid shifts at high flow volumes.6 Anurans
are able to compensate for fluid flux between the
vascular and lymphatic compartments and prevent
tissue damage.7 A pressure gradient created by
compartmentalization of hind-limb lymph spaces
into sacs is assisted by skeletal muscle contractions
to move lymph cranially.7

Flow rates of 25 ml/min are logistically difficult
to achieve in vitro considering the constraints of
most peristaltic pumps. A perfusion rate of 1 ml/
min would conform to peristaltic pump capabilities
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while maintaining vessel patency and preventing
extravasation of perfusate fluid. This rate also cor-
responds to the perfusion rate used in isolated per-
fused porcine skin flaps used to model absorption
by human skin.16 The perfusion rate of subsequent
anuran in vitro perfusion studies should be depen-
dent on the objective of the study. If the goal is to
standardize technique with that of existing mam-
malian protocols, then a flow rate of 1 ml/min is
appropriate, with the understanding that the rate
does not approximate physiological blood flow in
anurans.21 However, if the objective is to achieve
physiologically relevant pharmacokinetic data for
amphibians, higher flow rates should be employed.
It is important to determine normal blood flow be-
cause vascular perfusion directly impacts the per-
cutaneous absorption of pharmaceuticals and tox-
ins. Extravasation and lymphatic drainage of per-
fusate have potential implications on recovery and
partitioning effects of xenobiotics, and models
working with amphibians should take these factors
into account when establishing perfusion flow
rates.21
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