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Abstract

Prostaglandin F2a was administered to eight anesthetized cats. The respiratory

response to the prostaglandin was assessed by mass spectrometric analysis of expired

respiratory gases, pulmonary resistance monitoring and systemic blood pressure

determination. Prostaglandin F2a was found to elicit significant decreases in frac-

tional expired carbon dioxide, alveolar carbon dioxide tension, VA/VT, alveolar

ventilation, minute alveolar ventilation, tidal volume, oxygen consumption, carbon

dioxide production, systemic blood pressure and heart rate. Significant increases were
found in fractional expired oxygen, alveolar oxygen tension and pulmonary resistance.

The effects of prostaglandin F2a diminished within 10 min after administration.

Introduction

Various prostaglandins have been shown to affect respiration in

anesthetized animals. Prostaglandin E
x

has been shown to increase

respiratory rates in anesthetized dogs (5). Alveolar ventilation in

anesthetized dogs was reportedly increased by administration of

prostaglandin E.2 or prostaglandin A
1

(9). Administration of prosta-

glandin F (PGF2a) to anesthetized dogs caused decreased alveolar
"a

.

ventilation (11) while PGF2a has been reported to cause an increase in

respiratory frequency in anesthetized cats (8). In other studies with

anesthetized cats, PGF2a was found to increase bronchial resistance

while decreasing systemic blood pressure (2).

With the increasing interest in the respiratory role of PGF2a, we
initiated studies to determine respiratory function values in anesthetized

cats treated with PGF2a. Parameters were measured by means of mass
spectrometric respiratory gas analysis and pulmonary resistance

calculation.

Materials and Methods

Eight cats of both sexes weighing between 2.2 kg and 6.0 kg were

anesthetized by intraperitoneal injection of sodium pentobarbital

(30 mg/kg) and tracheostomized. An L-shaped metal tracheal cannula

was inserted and secured with sutures. An inlet/exhaust valve ar-

rangement permitted the inhalation of ambient fresh air while routing

the expired air to a mixing chamber. A sampling cannula (polyethylene

tubing 1.22 mm o.d.) from the respiratory gas analysis apparatus was
positioned in the tracheal cannula. A second sampling cannula was
placed in the expired air mixing chamber.

To determine respiratory flow rate, tidal volume and transpul-

monary pressure, a Fleisch Number 00 Pneumotachograph was in-

serted between the tracheal cannula and the inlet/exhaust valve system

and connected to a Statham PM-5 pressure transducer. Transpul-

monary pressure was determined by inserting a Reisch Number 20
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cannula through the animal's chest wall at the seventh intercostal

space and positioning one end of the cannula in the intrapleural cavity.

The other end of the cannula was connected to a second PM-5 pressure

transducer. A sidearm connection between the tracheal cannula and the

second pressure transducer completed the system for determining

transpulmonary pressure.

Signals from the flow rate pressure transducer were amplified and

integrated to yield tidal volume values by a Beckman Type R Dyno-
graph. The transpulmonary pressure transducer was also connected to

the dynograph. Pulmonary resistance was calculated using the method
of Amdur and Mead (1).

Analyses of respiratory gases were made with a Medspect MS-8
mass medical spectrometer (Scientific Research Instruments Corpora-

tion, Baltimore, MD). The spectrometer utilizes the tracheal-positioned

sampling cannula to sample end-expired oxygen and carbon dioxide.

The second cannula (positioned in the expired air mixing chamber)
permitted determination of mean mixed-expired oxygen and carbon

dioxide levels. Signals from the spectrometer were also recorded on the

Dynograph. This allowed each gas analysis to be graphically recorded

on an individual channel.

Arterial blood pressure was determined by cannulation of a femoral

artery with saline-filled polyethylene tubing connected to a Statham
P23AA pressure transducer and recorded on the Dynograph. Heart

rate was determined by counting pulse deflections in the blood pressure

tracing.

The cephalic vein was catheterized for drug administration. The
drug dosage was dissolved in 1 cc of physiological saline and injected

over a 30 sec period, followed by a rapid flushing of the cannula with

1 cc of saline.

Prostaglandin F2a (20 /mg/kg) was injected into the animals no

sooner than 30 min after the completion of surgical preparation. Meas-

urements of end-expired oxygen, end-expired carbon dioxide, mean
mixed-expired oxygen, mean mixed-expired carbon dioxide, respiratory

flow rate, tidal volume and transpulmonary pressure were made before

and at 1, 3, 5, 10, 15 and 30 min past the end of PGF2a injection.

Calculations

The following formulas were utilized in determining the various

functional respiratory parameters. Symbols and gas equations conform

to Comroe et al (3).

PB Atmospheric pressure (mm Hg)
PB02 Partial pressure of oxygen in ambient air (mm Hg)
PBN2 Partial pressure of nitrogen in ambient air (mm Hg)
MEP02 Mean mixed-expired oxygen (mm Hg)
MEPC02 Mean mixed-expired carbon dioxide (mm Hg)
AA02 End-expired oxygen (mm Hg)
AAC02 End-expired carbon dioxide (mm Hg)
VT Per breath tidal volume
f Respiratory rate per min
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vr Tidal volume flow rate (cc/sec)

TPP Transpulmonary pressure (cm H
2
0/l/sec)

PBC PB corrected for water vapor pressure

Fractional inspired nitrogen (FIN2)

:

PBN2
PB

Fractional inspired oxygen (FI02):

PB02
PB

Fractional expired oxygen (FE02):

PBC(MEP02)
PB

Fractional expired carbon dioxide (FEC02):

PBC(MEPC02)
PB

Alveolar oxygen tension in mm Hg (PALV02)

:

[FI02 (PBC) - PALVC02] [FI02 +
1-FI02

]

R
Alveolar carbon dioxide tension in mm Hg (PALVC02)

:

PBC(AAC02)

Oxygen consumption cc per breath (V02)

:

[FI02(1-FEC02) - FE02]
VT

(1-FI02)

Carbon dioxide production cc per breath (VC02)

:

FEC02(1-FI02)
VT

(1-FI02)

Respiratory quotient (R):

VC02
V02

Per breath alveolar ventilation in cc (VA)

:

R
PBC VT

PAC02
Percent alveolar ventilation (VA/VT)

:

VA/VT
Minute alveolar ventilation in cc (VA)

:

f(VA)

Pulmonary resistance cm H 2
0/l/sec

TPP

vr
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Results

Respiratory function values obtained before and after PGF2a
administration are summarized in Table 1. After one minute (following

the end of drug injection) significant decreases were noted in frac-

tional expired carbon dioxide, alveolar carbon dioxide tension, VA/VT,
alveolar ventilation, minute alveolar ventilation, tidal volume, oxygen
consumption, carbon dioxide production, systemic blood pressure, and
heart rate. These decreases were observed to remain constant through
the ten minute post injection point. Gradual return of the respiratory

parameters toward the pre-injection levels occurred between the 10 min
and 30 min post injection points. Similarly, the fractional expired

oxygen, alveolar oxygen tension and pulmonary resistance were seen to

increase significantly at the one minute post injection point and remain
elevated to the ten minute post injection point. After ten minutes these

values began to decrease toward control levels. Respiratory rate and re-

spiratory quotient values did not change significantly following PGF2a
administration.

Discussion

Other workers have reported that administration of PGF2a to

anesthetized animals precipitates respiratory impairment. The respira-

tory dysfunction was characterized by an increase of airways resistance,

a decrease in alveolar ventilation, and a drop in systemic blood pressure

(9,11).

The respiratory and blood pressure effects of PGF2a have been linked

to the substance's action on smooth muscle. Bronchoconstriction results

from bronchial smooth muscle contraction. Response of vascular smooth
muscle is specific to the location of the vessel and can result in either

constriction or dilation. The effects of PGF2a on smooth muscle are

thought to be direct and without neuronal mediation (4).

Although the exact mechanism of action of PGF2a at the cellular

level is not known, a great deal of data indicate that the effects are

the result of an influence on cellular cyclic AMP. Depending on the

tissue in question PGF2a can either increase or decrease the cyclic AMP
level (4).

The data derived from our study would indicate that PGF2a acts

as a bronchoconstricting agent eliciting a generalized contraction of

the bronchial smooth muscle. The reduction of airway caliber is ac-

companied by a reduction of tidal volume with a concomitant decrease in

both VA/VT and alveolar ventilation. The reduction in minute alveolar

ventilation is due to reduced per breath alveolar ventilation, since

respiration rate was unaltered. Additionally, the measurements of

alveolar gas exchange (fractional expired oxygen, fractional expired

carbon dioxide, alveolar oxygen tension, and alveolar carbon dioxide

tension) suggest a reduction in the number of alveoli being ventilated.

This reduction in total alveolar surface results in an overventilation

of those alveoli with patent airways. With a decreased alveolar air

demand (a lessened number of functional alveoli as a consequence of

constricted airways) the composition of expired and alveolar air is found

to be altered. Less oxygen is being extracted from inspired air and less
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carbon dioxide is being released into exhaled air so that the oxygen
component of expired air is increased. Similarly, the oxygen tension of

the ventilated alveoli is found to be increased due to the nearly maximal
ventilation of the remaining open alveoli while the alveolar carbon

dioxide tension is reduced.

With the presumed reduction of total oxygen absorbing (and carbon

dioxide liberating) alveolar surface, the oxygen consumption and carbon

dioxide production of the animals dropped significantly. The decreases

in both parameters were proportional so that no resulting significant

change was noted in the respiratory quotient.

The deleterious pulmonary actions induced by the administration

of PGF2a were accompanied by a precipitous drop in systemic blood

pressure and bradycardia. These reductions remained throughout the

length of the post drug observation time. Two possible mechanisms
operating singularly or in combination may be responsible for the

observed cardiovascular effects.

Injection of PGF2a in anesthetized dogs has been shown to

increase pulmonary arterial pressure (6). Similarly an increase in right

ventricular pressure was noted in anesthetized cats upon PGF2a
administration (2). With the description of lobar artery contraction in

anesthetized dogs subjected to PGF2a administration (6), it would
appear that the congestion resulting from constriction of the pulmonary

arteries would precipitate a systemic blood pressure drop and heart

rate decline.

A second possible mechanism for the systemic blood pressure

reduction involves peripheral vasodilation. A report states that PGF2a
has shown vasodilator qualities in specific instances (2). With extensive

vasodilation a fall in systemic blood pressure of the magnitude observed

could occur.

Conclusion

Based on the data derived from respiratory gas analysis and

pulmonary resistance calculation, it would appear that PGF2a acts

as a bronchoconstricting agent. Administration of PGF2a induced

within one minute significant bronchoconstriction in the anesthetized

cat. Accompanying the bronchoconstriction was a significant depression

in systemic blood pressure and bradycardia. These reactions to PGF2a
began to gradually diminish 10 min after prostaglandin administration.
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