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SUMMARY : Amphibians ventilated their lungs by buccal pumping mechanism, which was first described in
1969 as a model for studying anurans respiration. Since amphibians do not have alveoli in their lungs, we
calculated to the toad Rhinella schneideri the equivalent lung ventilation from the equation Ve =
(VLCO,RT)/P.CO,. We analyzed buccal and pulmonary pressures, respiratory volumes, lung and buccal
ventilation, and ventilation frequency. [Ve (12,1 + 0,6ml BTPS.min".kg™ ) ; Vgs (164,3 + 2,2ml BTPS.min™.kg"
) ; fz (5,8 £ 0,4min™); buccal frequencies (68,5 + 1,6min™); Tidal volume(Vy = 2.4 ml BTPS-kg™)]. The low
oxygen extraction (17,3 + 2,8%) was used to explain the high frequency of pulmonary and buccal ventilation.

Keywords: Ventilatory pattern, Buccal volumes, Lung volumes, Ventilation pressures.
Lung oxygen extraction.

RESUMO: 0s anfibios ventilam seus pulmdes por meio de bombeamento bucal, mecanismo que foi
primeiramente descrito 1969 como um modelo para a respiracdo de anuros. Como os anfibios ndo possuem
alvéolos em seus pulmdes, foi calculado para o sapo Rhinella schneideri a ventilagdo equivalente do pulmao por
meio da equacdo Verr = (VL.CORT)/PLCO,. Analisamos as pressdes bucais e pulmonares, os volumes
respiratorios, ventilacdo pulmonar e bucal, e frequéncias de ventilacdo. [Ve (12,1 + 0,6 ml BTPS.min™.kg™); Ves
(164,3 + 2,2 ml BTPS.min™.kg™); fz (5,8 + 0,4 min ™); Fregiiéncia bucal (68,5 + 1,6 min™); volume corrente(Vy
= 2,4 BTPS ml « kg™h)]. A baixa extracio de oxigénio (17,3% + 2,8) foi utilizada para explicar a alta freqiiéncia
da ventilacdo pulmonar e bucal.

Palavras-chave: Padrdo de ventilagdo. Volume Bucal. Volume pulmonar. Extracdo de
oxigenio pulmonar.

INTRODUCTION

Reptiles and mammals ventilate their lungs through expansion and retraction of the
chest (ROMER, 1985). The inspiration results from the contraction of specific respiratory
muscles, which expand the pleural space. This generates subatmospheric pressure inside the
lungs and thus the suction of air (HLASTALA; BERGER, 2001). The expiration results from
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natural retraction of elastic fibers and the surface tension of the lungs, in resting state, or
active contraction of the muscles of the chest in situations of exercise (WEST, 1995).

In modern amphibians (Lissamphibia), the expiration is also apparent result from
retraction of elastic and surface tension of lung tissue, however, inspiration is performed by
pumping air into the lungs by positive pressure generated by coordinated movements of the
buccal cavity (HUGHES, 1974). They lost their ribs in evolution (ROMER, 1985).

Amphibians’ lungs develop during metamorphosis from aquatic larvae, concomitantly
with the reabsorption of their gills. Thus, in adults, the lungs are responsible for amphibian’s
buoyancy of aquatic habits, perform gas exchange, maintenance of acid-base balance,
vocalization and defensive behaviors. The lungs have a more important role in the uptake of
O, than elimination of CO,, which is conducted largely through the skin (YEAGER,;
ULTSCH, 1989).

The lungs of frogs are simple, with distinct parenchyma, from where bronchi short
coming to the larynx, which opens to the buccal cavity through the glottis. The trachea can be
undifferentiated and appear extremely short and poorly vascularized (YEAGER; ULTSCH,
1989). The lungs are large and without alveoli, extending for about 2/3 of the body length.

Studies have shown that anurans have a pattern consisting of two ventilation cycles
distinct: one from buccal movements, called oscillatory cycles, and another movements of
pumping air into the lungs, performed by the buccal cavity, called of lung ventilation cycles.
During cycles of buccal moviments, the animal is in apnea with lungs inflated and closed
glottis. With the nostrils open, freely ventilate the buccal cavity, resulting in equilibrium
between the gas composition intrabuccal and external. Then the animal interrupts its buccal
cycles and started to present a more complex ventilatory pattern divided in five stages (DE
JONGH; GANS,1969; GANS et al., 1969):

» Stage 1 - Start by contraction of the sterno-hyoid muscle, which causes further
expansion of the buccal cavity. The reduction of intrabuccal pressure to subatmospheric levels
causes the inspiration of outside air to the buccal cavity. The glottis is closed and retains the
stored air in the lungs.

 Stage 2 - The glottis is open, allowing air to leak from the lungs into the buccal
cavity. This results of retractable properties of lung tissue. There is, at this time, the
equalization between intrabuccal pressures and intrapulmonary. The air that reaches the lungs
to the buccal cavity is exhaled through the nostrils which remain open.

* Stage 3 - With the glottis, the air still escapes into small plots and intrapulmonary
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pressure falls below the buccal cavity. Intrabuccal pressure remains above atmospheric,
resulting from the resistance imposed by the nostrils to the air outlet.

* Stage 4 - The nostrils are closed, and thus the buccal cavity, through your muscles
petro-hyoid and omo-hyoid, pumping air into the lungs through the glottis which is still open.
This promotes sharp increase in intrabuccal pressure and intrapulmonary.

o Stage 5 - It is the simultaneous closing of the glottis and nostrils opening,
accompanied by relaxing the muscles of the mouth. There is a fall in pressure in the buccal
cavity to atmospheric levels, thus restarting the cycle mouth again.

These ventilatory sequences of events described for Lithobates catesbeianus have been

identified in other species of anurans,but many differences in patterns were observed (JONES,
1972; WEST,; JONES, 1975; MACINTYRE; TOEWS, 1976; BRETT; SHELTON, 1979;
JONES, 1982, SHELTON; BOUTILIER, 1982; BOUTILIER, 1984; KRUHJFFER et al.,
1987; VITALIS; SHELTON, 1990; WANG, 1994).

We decided to study and describe the ventilatory patterns of the toad Rhinella
schneideri just to contribute in a better way to understand the anuran’s respiration.

MATERIAL AND METHODS

Animals and Surgical procedures.- Specimens of Rhinella schneideri with 210 £ 25
g (mean £ SEM) were captured in Ribeirdo Preto, and kept in the Department of Physiology,
Faculty of Medicine of Ribeirdo Preto. Were kept in tanks (250 liters) with free access to
water, and fed weekly with earthworms. The animals, after being weighed, were anesthetized
by skin contact with 0,5 g / | of benzocaine in a container. We adopted the time of 2 hours to
complete recovery and 24 hours for experiments.

A polyethylene catheter (Pe90) was introduced into the buccal cavity through the
tympanic membrane and in a small portion of the right lung for the withdrawal of air samples,
pressure and volume measurements.

Measures of Respiratory Variables.- Ventilation was evaluated using the technique
of the mask with a pneumotachograph coupled as described for small animals by Glass et al.
(1978).

The animal was kept in a box and his mask was connected by tubes to a differential
pressure transducer (Validyne, model DP45-14-2114), sent to an amplifier (Validyne, Model
CD15), connected to a display data acquisition ( FAC-204.A ). The records of the flows were
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stored and later analyzed using the software Excel and Diaden. All experiments were
performed at 25 ° C during the day.

Were calculated inspiratory and expiratory volumes (including volumes of the first
expiration), tidal volume, respiratory frequencies, buccal and lung ventilation and pressures.
Was maintained, with the aid of a suction pump, a flow (10 ml.min™) constant removal of air
from the anterior region of the mask, thus avoiding a possible hypercapnia. As a result of
intrapulmonary anatomy of toad, it was appropriate in this research called the alveolar
ventilation to effective ventilation (Vgg), this being obtained through the equation of alveolar
ventilation (WEST, 1995):

Ver = (VpCO, . RT)/ PACO; .

[Vee = Va = alveolar ventilation (ml BTPS.min".kg™"); VeCO, = pulmonary
elimination of CO; (ml STPD.min™.kg™); PACO2 = partial pressure of CO, intrapulmonary
(mmHg); RT = gas constant x absolute temperature (K) = 2.785. (273 K +25 ° C) = 830 mm
Hg. ml (m.STPD™)]

Pulmonary Extraction of Oxygen.- We used the following equations to obtain the
lung extraction of oxygen described by Dejours (1981), which reports the percentage of O;
absorbed by the lung capillaries:

E1=((PiO2-PA02)/PiO,) . 100 % ; E»=1-(1-(PACO/(PiO2 X Rg)) . 100 % ;

[P\O, = partial pressure of inspired oxygen (mmHg); PaO, = partial pressure of
oxygen intrapulmonary (mmHg); PACO, = partial pressure of carbon dioxide intrapulmonary
(mmHQ); Re = respiratory rate].

The equation E2 was used alternative only to confirm the consistency of the
calculation of equation E1.

To calculate the respiratory rate we used the alveolar gas equation (West, 1995): Rg =
PACO, /(145 - PAO,)

Statistics.-The paired t test and analysis of variance one-way ANOVA followed by
Bartlett's test was used. For parametric measures was used Bonferroni test, otherwise the
Kruskal-Wallis test followed by Dunn. All values are expressed as mean £ SEM (p <0.05),
with a total n of 18 animals.

RESULTS

Measures of intrabuccal and intrapulmonary pressures.- Records of intrabuccal
and intrapulmonary pressures did during cycles of buccal and lung of toad Rhinella schneideri
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are shown in Figure 1, that clearly confirmed, as might be expected, the function of the buccal
cavity to pump air to the lungs during the pulmonary cycle like in others anurans.
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Figure 1 - Records of intrabuccal and intrapulmonary pressures during the buccal and
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pulmonary ventilation (cm H;O). Note the difference between the intrabuccal pressures

1
during a cycle of lung (A) and buccal (B)ventilation. During the time intervals, positioned
below the records of the buccal cavity pressure is observed: (1) lung deflation followed by
inflation, (2) lung deflation, (3) lung inflation followed by deflation, (4) lung inflation
followed by deflation , (5) lung inflation followed by deflation. The speed of the records was
0.25 cm.seg™, during the day at 25°C. The green horizontal bar is equivalent to atmospheric
pressure (1 cm H20).

In time interval 1 during a pulmonary cycle, there was a reduction in intrapulmonary
pressure paralleled with increase in intrabuccal pressure. This means the passage of an airflow
through the glottis from lungs to the buccal cavity. However, this flow was followed by an
immediate buccal pumping air into the lungs, evidenced by the simultaneous increase of
intrabuccal and intrapulmonary pressures. In time interval 2 there was only deflation of the
lungs to the buccal cavity, which probably resulted in expiratory flow volume and higher
through the nostrils, without any buccal pumping. In the interval 3 a brief inflate of lungs was
accompanied by deflation of larger volume. In the interval 4, inflation accompanied by
deflation of similar volume. In the time 5 a large volume was pumping from the mouth to the
lungs, as evidenced by simultaneous increases of intrabuccal and intrapulmonary pressures. It
is noteworthy that the inflation of the lungs occurring in successive intervals of filling or

emptying in the case of deflation. The interval 5 also shows the occurrence of a leak of air
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from the lungs during cycles mouth, because there is gradual decrease of intrapulmonary

pressure over time. This can also be seen in Figure 2.
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Figure 2-The record shows a buccal pump during a cycle of ventilation, as evidenced by the
simultaneous increase in intrabuccal and intrapulmonary pressures (cm H;O). The pressure
values are indicated by numbers and arrows. Gradual decrease of intrapulmonary pressure
during buccal cycles(red bar), indicating a possible leak through the glottis. The green bar is
equivalent to atmospheric pressure (1 cm H,0).

0,07

Evidences that the lung inflations occur at intervals of successive fillings are observed
in the records of Figure 3. Intrabuccal pressures are gradually increased and accompanied also

by increasing the intrapulmonary.
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Figure 3 - The record shows a buccal pump during a cycle of lung ventilation in pulmonary
inflations occur at intervals of successive fillings, as evidenced by the simultaneous increase
of intrabuccal and intrapulmonary pressures (cm H;0). The pressure values are indicated by
numbers and arrows. The green bar is equivalent to atmospheric pressure (1 cm H,0).

The same applies to lung deflation, which shows sequence of successive reduction of

intrapulmonary pressure, accompanied by increases in intrabuccal (Figure 4).
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Figure 4 - The record shows a lung deflation during a cycle of ventilation, as evidenced by
the decrease of intrapulmonary pressure accompanied by the simultaneous increase of
intrabuccal pressure (cm H,O). The pressure values are indicated by numbers and arrows.
The green bar is equivalent to atmospheric pressure (1 cm H,0).

It was common in respiratory pattern observations of inflation accompanied by

immediate deflation of the lungs, as can be seen in Figure 5.
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Figure 5- The record shows inflation immediately followed by a lung deflation during a cycle
of ventilation, as evidenced by changes in intrabuccal and intrapulmonary pressures (cm
H,0). The pressure values are indicated by numbers and arrows. The green bar is equivalent
to atmospheric pressure (1 cm H;0).

During buccal cycles, the intrabuccal pressures and intrapulmonary remained uniform.
Intrabuccal pressures fluctuated continuously above and below atmospheric values, equal to
0.06 cm H,0O £ 0.007(mean = SEM), with no statistic differences. With the air trapped in the
lungs during the oscillatory cycles, the intrapulmonary pressure remained relatively stable,
with a slight decline (Figure 2), equal to 1.0 £ 0.1 cm H,O (mean + SEM). During pulmonary
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cycles, pressures reached positive values 0.65 = 0.1 cm H,O(mean = SEM). But the
subatmospheric pressure remained with the same amplitudes of the oscillatory cycles.

Intrapulmonary pressures ranging from 0.25 to 1.84 cm of water, with a mean £ SEM
equal to 1.2 £+ 0.1 cm H,O, and is always above the intrabuccal pressure, with statistic
significance.

Measures of inspiratory and expiratory volumes through the nostrils.- The
records of inspiratory and expiratory flows and their respective volumes were obtained from a
pneumotachograph mask, during cycles of buccal and lung ventilation of the toad rhinella
schneideri and are shown in figures 6, 7, 8 and 9.

In figure 6 we can see two sequences of flow achieved during the buccal cycles (with a
mean = sem of 0.7 = 0.2 ml). observe that buccal ventilation could be increased briefly with

larger flows. the inspiratory and expiratory flows were uniform through the nostrils even in
large flows.

Volumes (ml):
J
A=0,5 F=1,6
338,24 (Hsf:; 6 AInspiration
D=0.36 I=1,5 i
E=0,19 J=1,2
H
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B E\
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P
............................................................... s

Figure 6- The record shows inspiratory and expiratory flows and their respective volumes
obtained from pneumotachography mask during buccal cycles. The ventilatory volumes are
indicated by letters and arrows and their respective values in the legends. The horizontal bar
(s) below the record corresponds to the interval in seconds.
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In figures 7, 8 and 9, we can see a large flow resulting from a lung deflation, called for
us to peak of the first expiration after apnea. these flows show greater volume in the
beginning of a pulmonary cycle, interrupting abruptly the mouth movements. peak expiratory
was accompanied by an increase in respiratory rate, and were not observed inspiratory flow

volumes equivalent to these peaks. the tidal volumes increase only slightly.

A Inspiration B D F\ N

v Expiration

Volumes (ml):

A=11 c
B=1,0

C=188,9

D=1,3

E= 0,1

F=1,0

G=23

H=1,3

1=3,2

Figure 7- The record shows inspiratory and expiratory flows and their respective volumes,
obtained from a pneumotachograph mask, during the transition from buccal to lung cicle. The
peak expiratory flows, a large volume, were accompanied by an increase in respiratory rate.
The tidal volumes were hardly changed. The ventilatory volumes are indicated by letters and
arrows and their respective values in the legends. The horizontal bar (s) below the record
corresponds to the interval in seconds.
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Figure 8- The record shows inspiratory and expiratory flows and their respective volumes,
obtained from a pneumotachograph mask, during the transition from buccal to lung cicle. The
peak expiratory flows, a large volume, were accompanied by an increase in respiratory rate.
The tidal volumes were hardly changed. The ventilatory volumes are indicated by letters and
arrows and their respective values in the legends. The horizontal bar (s) below the record

corresponds to the interval in seconds.

B= 0,062
€=75
D=0,13

E= 0,086
F=0,19
G=0,19

A Inspiration g

Figure 9- The record shows inspiratory and expiratory flows and their respective volumes,
obtained from a pneumotachograph mask, during the transition from buccal to lung cicle.
The peak expiratory flows, a large volume, were accompanied by an increase in respiratory
rate. The tidal volumes were hardly changed. The ventilatory volumes are indicated by
letters and arrows and their respective values in the legends. The horizontal bar (s) below

the record corresponds to the interval in seconds.
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Ventilatory measures obtained by pneumotachography.- The mean + SEM of
ventilatory measures, obtained by pneumotachography such as buccal ventilation, total
pulmonary ventilation, effective ventilation, frequencies of buccal and lung ventilation and
tidal volume are presented in Table 1.

Table 1 - Ventilatory measures obtained by pneumotachography: buccal ventilation

(Ves), total pulmonary ventilation (Ve ), effective ventilation (Veg), Frequency of lung
and buccal ventilation, Tidal volume. Mean + SEM

Média SEM

Ver (Ml BTPS.min" kg ™) 7,0% 1,3

Ve (ml BTPS.min™.kg™) 12,1 0,6

Ves (Ml BTPS.min".kg™) 164,3* 2,2

Frequency of lung ventilation (min™") 5,8 0,4
Frequency of buccal ventilation (min™) 68,5# 1,6

Tidal volume in buccal cicles (ml BTPS.kg™) 2,4 0,4

(*) significant difference in pulmonary ventilation (p <0.05), n = 6.
Kruskal-Wallis, Dunn. (#) Significant difference in respiratory lung.
Paired t test (p <0.05), n = 6.

Buccal ventilation, lung ventilation and effective ventilation show significantly
differences. The buccal ventilations were significantly larger than the lung, as already noted in
the records of pressure and ventilatory pattern, confirming that the buccal cycles are much
more frequent than the lung ventilations. The effective ventilation shows a ventilatory pattern
efficient.

The frequency of buccal ventilation was almost 12 times greater than the lung
ventilation, confirming the records of pressures and flows.

The tidal volumes also confirm the flow records, showing relatively small during
buccal cycles.

Measures of pulmonary O2 extraction (E1 and E2.).- Regarding the equations E1
and E2, representing the pulmonary extraction of O,, the consistency of E1 was confirmed by
E2, since both result in same values with means + SEM equal to 17.3 + 2.8%. An extraction
of O, low when compared to other animals (Dejours, 1981). The mean = SEM ratio of

pulmonary respiration (Rg), used in equation E2, was equal to 0.48 + 0.07.
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DISCUSSION

The records of buccal and intrapulmonary pressures confirmed the role of the buccal
cavity to mediate between his own and ventilation of the lungs in the toad Rhinella
schneideri, as observed by other authors.

Foxon (1964) suggested that the buccal ventilation cycles have only olfactory
function, but we suggest that something else would be behind the mouth movements. Even
thought small tidal volumes (2.4 + 0.4 ml BTPS.kg™) were observed through the nostrils
during the cycles, these are present in high frequency (68.5+ 1.6 min), resulting in high
buccal ventilation (164.3 + 2.2ml BTPS.min™.kg™), a fact which should result in high energy
cost. The buccal cavity of Rhinella schneideri is very large in proportion to the body (93.5
0.01ml.kg™) (FERNANDES et al., 2005) and we confirmed and observed that buccal cycles
are much more frequent than lung, data that corroborate the hypothesis of high energy
expenditure.

Vitalis and Shelton (1990) suggested that the buccal cavity could be responsible for
renewing the air residual resulting from the last expiration, preparing it for the next cycle
lung. Dates of PO, of buccal cavity (141.7 + 0.8 mmHg) obtained for Rhinella schneideri
supports the hypothesis of Vitalis and Shelton, they are very close to the atmospheric air of
the study area (145 mmHg), confirming that the oral cavity is well ventilated. The expiratory
gas often has low PCO, and we also observed an abrupt increase in buccal ventilation rate
after the first expiration in Rhinella schneideri, corroborating in the same way for this
hypothesis.

How long would it take for the wash of buccal cavity of possible residual air, coming
from lung ventilation? We suggest by ours dates that there is a constant leak of air from the
lungs by glottis. A subtle drop in intrapulmonary pressure during buccal cycles corroborated
this hypothesis. Ours results corroborate the hypothesis of Jones (1982), who observes the
same pattern in the toad Bufo marinus.

Further evidence of this leak came from the observation of movements on the flanks of
the animal, suggesting that this leak could be due to compression of the intrapulmonary air by
the muscles of the body, a procedure that would force the air against the walls of the lungs
and glottis. This could result in leakage of air into the oral cavity and subsequent reduction in
intrapulmonary pressure during cycles of mouth. Our results also corroborate the studies of
Baker and Smatresk (2003), who observed decrease in intrapulmonary pressure, and
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movements on the flanks in Bufo marinus. The authors suggested that these movements could
be responsible for mixing the intrapulmonary air stagnant during the apnea cycles mouth.

Intrabuccal and intrapulmonary pressures in Rhinella schneideri have shown to be
lower than those obtained by other authors. This could reflect differences between species, or
different situations during the experiments for each author.

Cycles of pulmonary ventilation begin by abrupt, starting by expiratory flow of greater
volume. It was also noted successive peaks of decrease in pressure of buccal cavity. What it
should reflect?

One hypothesis is the resistance of the nostrils to the passage of a massive flow
briefly, stemming from the sudden opening of the glottis. This flow of the lungs, to enter the
buccal cavity find the volume of air in the buccal space itself, raising the pressure in the oral
cavity. Thus, this air would be expelled through the nostrils with greater speed. It seems that
the buccal cavity at this time serves as a safety valve: a sudden increase in pressure in the
buccal cavity in the time interval 2, Figure 1, is accompanied by three successive pulses of
elimination of air very fast. The abrupt increase of mouth pressure forces the air against the
nostrils that are open at that time, resulting in large expiratory flow.

The procedures of the lungs inflate and deflate them immediately in a partial manner,
like a sigh, is observed in some situations (figure 5). In Figure 4, a lung emptying is followed
by a subtle and immediate oral pumping air into the lungs.

These patterns could reflect perhaps part of an animal's behavior.

Another hypothesis, which seems more logical, is the renewal of the air that is stored in the
lungs. These pumping could contribute to the oxygenation of the lungs, even without large
flow of air.

The pumping of air into the lungs by the buccal cavity is for intermittent inspiratory
flows, resembling the pattern described by Macintyre and Toews (1976) for the toad Bufo
marinus. The nasal flow during the pulmonary cycle of Rhinella schneideri remained without
interruption, confirming the results of Jones (1982) and Baker and Smatresk (2003), which
suggested that there is no complete closure of the nostrils during pumping air into the lungs.

We don’t observe in Rhinella schneideri pattern similar to that described by Kruh@ffer
et al., (1987) and Wang (1994), characterized by several initial expirations, being gradually
replaced by inspiration. The data obtained by these authors resulted from animals under
conditions of hypoxia, which may have been responsible for such patterns. A small tidal

volume during inspiration could contribute to lower air mixture inside the cavity, as suggested
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by Jones (1982) and Fernandes et al., (2005) in the analysis of the Jet Stream model for the
toad Rhinella schneideri.

Like in other amphibians (DEJOURS, 1981), we observed a low lung oxygen
extraction. We suggest the animal meets this low lung oxygen extraction by high pulmonary
ventilation. This hypothesis was reflected analyzing VO, related to lung oxygen extraction
according to the equation described by Dejours (1981):

[Vo2=VEe.Eo2.Cloz = Eo2=Vo2/ (Ve . Cloy)] ; Eoz = extracdo de O, (%);

Vo2 = consumo de O, (ml BTPS. min™.kg™); Ve = ventilagdo pulmonar

(mL.BTPS. min™.kg™); Cloz = concentracéo fracional inspirada de O; (%)

With Eo, = 17,3%; Ve = 12,1 ml.BTPS. min™.kg™; Clo, = 0,21 we obtained

Vo2 = 43,9 ml BTPS. min™.kg™. This value is consistent with that obtained by Glass et
al (1997) for Rhinella schneideri at 25 ° C (44.4 + 5.1 ml BTPS.kg. *.min™).

It became clear why the low lung extraction of O, of the animal should be
compensated by increased pulmonary ventilation.

With this study we contributed to clarify a bit more this complex ventilatory pattern

between anurans.
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