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SUMMARY

Bffects of v and aeroscl administration of 5-hydroxy-
tryptamine (5-HT) on ventilation, pulmonary mechanics
values, pulmonary arterial pressure, and heart rate were
investigated in healthy unsedated Friesian calves.

Minute volume increased significantly, mainly because
of an increase in respiratory rate. Except for total pul-
monary resistance after bolus injection, continuous
administration of 5-HT given by either route caused sig-
nificant alterations of lung dynamic compliance and total
pulmonary resistance, the former decreasing to one-fifth
of its baseline value and the latter increasing twofold.
Pulmonary arterial pressure increased significantly,
whatever the speed or route of administration. Admin-
istration of a bolus did not affect heart rate, whereas con-
tinuous IV administration of 5-HT as well by perfusion or
by aerosol resulted in sustained tachycardia.

It was concluded that 5-HT induces reversible broncho-
constriction and pulmonary vasoconstriction in healthy
unsedated calves, 5-HT-induced functional alterations de-
pend on the speed of administration, and excess of b-HT
production or depression in uptake by the lungs during
bovine respiratory tract diseases could contribute to pul-
monary dysfunction.

Respiratory tract diseases have resulted in economic
losses greater than all other diseases combined.! The
knowledge of the actions and interactions of the auto-
nomic and autacoid agents undoubtedly constitutes a basic
requirement for a better understanding of the patho-
physiologic processes in the development and treatment
of respiratory tract diseases, In this context, the investi-
gation of the reactivity of bovine airways to 5-hydroxy-
{ryptamine (5-HT) may be justified by 3 major arguments.
First, 5-HT has already been shown to have many direct
and indirect actions on smooth muscle and nervous strue-
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tures at numerous levels and in many species.** More-
over, removal of 5-HT from the circulation constitutes one
of the pulmonary capillary endothelium metabolic func-
tions that is depressed early in the course of lung in-
jury.5® Accordingly, the depression of 5-HT uptake leads
to increased concentrations in the circulation, which may
contribute to the pathogenesis of lung dysfunction.® Sec-
ond, 5-HT has been found in the bovine lung. Coupland
and Heath? showed that bovine tissues contain at least 2
different types of mast cells, some containing predomi-
nantly histamine and others possessing monoamines, such
as 5-HT and dopamine. Third, whereas bradykinin and
histamine appear unlikely to be important in cattle,®1?
other studies regarding the mediators involved in hovine
anaphylaxis have led to conflicting results concerning
5-H 821213

In other investigations of the pulmonary effects of 5-
uT on calf lungs, in vitro preparations were used® or
respiratory rate and volumes were measured in vivo.®?
These latter measurements do not necessarily reflect de-
velopment of abnormalities in lung function, whereas in
vitro effects may not parallel in vivo responses. Further-
more, other experiments with 5-HT in cattle or sheep have
been carried out with the animal under the influence of
general anesthesia,®* which may interfere with airway
responses and may alter lung volumes.'® For these rea-
sons, the major objective of the investigation reported here
was to characterize the effects of exogenously adminis-
tered 5-HT on ventilation and pulmonary mechanics of
healthy and unsedated calves. In addition, we menitored
pulmonary arterial pressure and heart rate changes and
determined whether the route and speed of administra-
tion of the mediator causes equal alterations of recorded
values.

Materials and Methods

Animals—Six 7-month-old Friesian calves, weighing 210
+ 15 kg (mean + SE), were used for this study. The calves
were determined to be free from respiratory tract and
cardiovascular disease by a thorough clinical examina-
tion the day of the study. The calves were placed in a
wooden stanchion and were acclimated to our laboratory
conditions for several weeks, Food was withheld 12 hours
before each experiment. An air-conditioning system in
the lahoratory provided quasi-similar temperature and

315




water vapor pressure characteristics of inspired air be-
tween experiments. Neither anesthesia nor sedation was
given,

Measurement of variables—Respiratory airflow (V) was
measured by use of a heated pneumotachograph adapted
to the head of the animal by a snug-fitting mask and
coupled to a differential pressure transducer® with iden-
tical polyethylene catheter.'® The V signal was subse-
quently integrated with respect to time to give tidal volume
(V). Calibration procedures were performed before and
after each experiment with a rotameter for the V and by
forcing known volumes of air through the pneumotacho-
graph for the volume. The air tightness of the mask had
been checked previously by the closed-circuit helium-di-
lution method.'® Esophageal pressure was measured by
means of an esophageal balloon catheter made from a
condom sealed over the end of a polyethylene catheter
with a wide bore distal end in the part covered by the
condom. The balloon tubing system was inflated with a
minimum of air, within the range of high compliance of
the balloon wall.’” After lubrication, the catheter was in-
troduced into the esophagus via a nostril and was posi-
tioned between the crossing point with the aorta and the
caudal mediastinal lymph nodes according to the stan-
dardization procedure previously described for estimating
pleural pressure in cattle,’” The balloon catheter unit was
then connected to a pressure transducer.? A hole made in
the mask near the nostrils allowed the recording of air-
way opening pressure via a second similar catheter-trans-
ducer unit. All pressure transducers were calibrated
against a water column and their responses were linear
from —50 to 50 cm of H,0. Frequency characteristics and
phase compatibility of the recording systems (ie, pneu-
motachograph and pressure transducers) were satisfac-
tory up to 6 Hz.'® Transpulmonary pressure was electrically
obtained by subtracting esophageal pressure from airway
opening pressure and was used for the subsequent cal-
culations. All signals (transpulmonary pressure, V, V,)
were fed into a computer,® which derived mean pulmo-
nary function values from measurements made on 15 reg-
ular, successive, and artifact-free respiratory cycles.
Respiratory rate and V, were measured by the software,
whereas minute volume (Vy), dynamic lung compliance
(Cayn), and total lung resistance (Ry) were calculated by
use of the method described by Rodarte and Rehder.1® For
the pulmonary function tests performed during 5-HT ne-
bulization, the heated pneumotachograph was interposed
between the mask and a nonrebreathing valve.d Two plastic
tubes were connected to the inspiratory line of the valve
via a “Y" tube. The first tube allowed the connection with
a constant-flow nebulizer (0.4 ml of 5-HT solution/min)
and the other was connected to the atmosphere. The di-
ameter and length of this latter tube were carefully cho-
sen to avoid an increase in flow resistance and leakage
of nebulized 5-HT in the atmosphere during expirations.
Expired air containing 5-HT was, in turn, captured in a
meteorologic balloon. Pulmonary arterial pressure was
obtained by using a fluid-filled catheter® connected to an

# Validyne MP435, Gould, Wauthier-Braine, Belgium.
b Bentley Trantec M500, ACEC, Charleroi, Belgium.
¢ Heres, ACEC, Charlerci, Belgium.

4 Hans-Rudolph, mode! 7200, Kansas City, Mo.

* Swan Ganz, 7F, Gould, Wauthier-Braine, Belgium.
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extravascular pressure transducerf and an amplifier.s Po.
sition of the transducer was carefully adjusted to the leve]
of the left atrium, that is, the scapulohumeral joint. The
catheter was brought to its pulmonary arterial position
by use of pressure monitoring via an introducer® placeq
in the right jugular vein. Calibrations were performed
against a water column. An ECG was recorded by means
of a single-channel electrocardiograph machine,’ using g
base-apex bipolar lead for heart rate calculation. A sec.
ond catheter’ was inserted into the left Jjugular vein for
drug infusions 1 hour before investigation ®

5-Hydroxytrypiamine challenges —b5-Hydroxytrypta-
mine hydrochloride' was used and the weights mentioned
hereafter are expressed as active base of 5-HT. To make
the calves familiar with the equipment, the mask and
esophageal balloon were mounted at least 5 minutes be-
fore pulmonary function values were registered. The ex-
periment was divided in 3 protocols, which were performed
randomly at 2- or 3-day intervals (Table 1). The concen-
tration of 5-HT into the nebulizer was selected for each
calf to ensure quasi-similar delivery (0.05 mg/kg/min). In
each study, control values were first measured before and
during administration of saline solution. Subsequently, a
challenge with 5-HT was performed during which R, Cayns
V., respiratory rate, Vg, pulmonary arterial pressure and
heart rate data were collected continuously from the be-
ginning of administration to 20 minutes after.

Analysis of data—Pulmonary function values were de-
rived from computations made on 15 successive regular
respiratory cycles and are presented as mean + sD before
saline solution administration, during saline solution
administration and 1, 2, 3, 4, 5, 10, 15, and 20 minutes
after start of challenge exposure. A two-way analysis of
variance was applied to the data. The differences between
all pairs of means were tested by Duncan’s multiple-range
test.

Results

Clinicel values—The experimental procedure was well
tolerated by the 6 calves. Administration of saline solu-
tion by either route or speed did not induce any observ-
able adverse effect. The response to 5-HT, consisting of
congestion of conjunctiva, lacrimation, and tachypnea, was
similar for any route or speed of administration. Apnea
of 45 seconds’ duration appeared 5 seconds after the 5-HT
bolus injection. Also, 5 of the 6 calves defecated liquid
feces 3 to 4 minutes after end of 5-HT perfusion.

f Btatham, model P23D, Gould, Wauthier-Braine, Belgium.
£ Sirecust, Siemens, Brussels, Belgium,

b Desilet 8F, Vygon, Brussels, Belgium.

i Cardiofax GEM, Nihon Kchden Corp, Tokyo, Japan.

i 16@, Vygon, Brussels, Belgium,

¥ Imed Litd 960 velumetric infusion pump, San Diego, Calif,
! Sigma Chemieal Co, St Louis, Mo,

Table T—Description of the 5-hydroxytryptamine challenges performed in
calves :

Protocol n Route Mode Dasage Buration
A ] ™ Bolus 0.050 mg/kg bs
B 6 v Continuzous  0.050 mg/kg min 5 min
[ 4 Aerosol Continwous  0.050 mg/kg min b min
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Functional values—Intravenous and aerosol adminis-
tration of saline solution had no significant effect on res-
piratory rate, V,, Vg, Cyym, Re, pulmonary arterial pressure
and heart rate, which averaged 32 * 8 breaths/min (mean
+ sn), 1.9 + 0.8 L, 58,7 = 17.2 L/min, 0.48 + 0.03 Lfcm
of H,0, 1.5 = 0.8 em H,0-s/L, 29 = 4.8 mm of Hg, and
87 =+ 16 beats/min, respectively (Fig 1-3; Table 2}.
5-Hydroxytryptamine administration induced significant
changes of all the functional values. However, the pattern
of these modifications was different, depending on the
speed of administration. Continuous administrations of
5-HT (ie, protocols B and C} resulted in initial exponen-
tial-like modifications of most of the studied values, which
were followed by plateaus. On the other hand, bolus
administrations were characterized by strong, but short-
lasting, alterations of functional values. The time course
of functional changes was slightly different according to
the route of administration. They appeared significantly
earlier (R;) and disappeared later (Cg;,) during the aer-
osol protocol than during perfusion. Except for Cq,, after
aerosol, all values returned to baseline within 20 minutes
after end of challenge exposure. Hyperventilation was al-
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Figure 1—Effect of 5-hydroxylryptamine (5-HT) on minute ventilation (vE)
in healthy calves. Ali values are means * se. Measurements periods are
displayed on the horizontal axis and include: control value, effect of saline
solution, and 1, 2, 3, 4, 5, 10, 15, 20 minutes elapsed time after start of
challenge. (M) 5-HT bolus Injection, (7)) 5-HT perfusion, and (O) 5-HT aer-
osol. = Significantly different from baseline at P < 0.05 level. T Significantly
different from aerosol at P < 0.05 level.
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Figure 2—Effect of 5-HT on lung dynamic compliance (Cuy) in healthy
calves. See Figure 1 for key.
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Figure 3—Effect of 5-HT on total pulmonary resistance (RJ in healthy calves.
See Figure 1 for key. .

ways observed and was attributable to tachypnea, whereas
V, remained stable. However, R;, and heart rate were not
modified by the bolus, except for a short-lasting period of
severe bradycardia (42 + 4 beats/min) occurring approx-
imately 30 seconds after injection.

Discussion

Baseline values for ventilation and lung mechanics
measured in this study did not differ from reference data
for calves of the same breed and size (24.5 breaths/min,
1.89 L, 49.13 L/min, 0.44 L/cm of H;0, and 1.4 cm of
H,0-s/L for respiratory rate, V,, Vi, Cy4yn, and Ry, respec-
tively).2® Resting pulmonary arterial pressure values in
our conscious calves were in agreement with data given
by Gross et al?! (28 + 4 [mean = SE] mm of Hg) and
Manohar et al?? (34 = 3 mm of Hg). Heart rates at rest
were smaller, compared with those found by Gross et al
(110 * 10 beats/min), but confirmed those found by Ma-
nohar et al (90 = 5 beats/min).

The observed increase in Vg, mainly attributable to
tachypnea, is in accordance with previous investigations
of the ventilatory effects of 5-HT on calves,® dogs, and
cats.?? The potent carotid body-stimulating effects of Iv
injection of 5-HT have been demonstrated in dogs and cats.?®
However, in other reports on 5-HT effects on the carotid
bodies, 5-HT is excluded as an important neuroregulator
in the mechanisms of chemoreception.?* Furthermore,
Aitken and Sanford,® in their study on the effects of me-
diators of anaphylaxis in calves, have precluded the pos-
sibility that 5-HT acts by stimulating chemoreflexes. Thus,
although 5-HT appears to have an important effect on the
regulation of ventilatory timing, the precise mechanism
involved remains unknown. Furthermore, as suggested
by Mills and Widdicombe,?® there might also be species
differences in the relative importance of different reac-
tion pathways to 5-HT.

To our knowledge, the effects of 5-HT on pulmonary
mechanic values of bovine lungs have not been previously
determined. Experiments in vitro identified 5-aT activity
on bovine airway or pulmonary vascular smooth muscle
preparations.}42627 The reversible decrease in Cgy,, to ap-
proximately 20% of its baseline value observed here may
have been induced by several factors. First, it is possible
that a form of compliance frequency-dependency was
measured, Indeed, a sinuscidally driven system of mul-
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Table 2—Mean respiratory rate (RR), tidal volume (V), pulmonary arterial pressure (rae) and heart rate (HR} changes induced by 5-hydroxytryptamine

in healthy calvas

Functional
value C s 1 2 4 5 10 15 20
RR A 32zx7 3370 B8+ 2Qb* 68 = 150 63120 49x 1250 49 12%b 37+7 32+6° 30+60
(/min) B 33zxT EREL 38+ 108 53+ 120 53=100 AE:TE 53x10° 45+ 7ab 35=x7 32+ 7e
C  3xe 29+6° 29+ 142 56+ 2280 56+120 56120 52+ 14" 3682 30=8 30«68
Vi A 1LBx05e 1.9+0.52 1.8+0.22 1.3+0.20 1.2+028 1.3+0.2° 1,.3+0.2b 1.6+0,2 1.8+0.,52 18+05"
(L) B 1.Bx056* 1905 1.6+0.2® 1.6+0.28 1.7+0.5* 1.8+0,52 1L.7+02" 1.6+05* 1.6+0.54 1.7+0.52
C  L9x(0.22 1.9+0,20 1+0.4b 1.3+0.4> 1.4 +0.4% 1.1+0.40 1.1+0,4b 1.9+0.4° 1.7x0.42 1.8+0.4s
PAP A 3125+ 292+29%¢ 43.9+102 37.9 4.7 37659 349459 36.1+6.9° 3L7+8.3° 27.9+2.6%d 27.9+2 54
{torr) B 30.2:+25° 29+2.9¢ 29,1+2.5¢ a7T.8x4.20 41,151 425+51* 43.3+6.6¢ 30.7+6.6° 27.6+5.4° 276+5.4¢
C 30.2+x2¢ 29.7=24 38.9+32 39.7x49 37.7+32* 40.1+2.4 37.8+3.4= 364365  33.1x2be 33.1+2ed
HR A 87x10° 81+10" 71+ 254 B2 Tl 76+ 120* T8+ 15 T8 £ 1o 82 £ 10ab* &7+ 128k 89+ 12eb
{/min) B 9370 95+ 10° 1107 119+ 128 122+ 102 118+ 1020 115+ 158 9B+ 12° 91x13° 91x12°
C a0+ g+ 878l 101 =82 13183122 113+62 110+ 10# 110 =80 100+12b BBx12b LEESEY
* Bignificantly different from values recorded during continuous administrations (B and C, P < 0.01).
Moasurement perioda include: C = control value, 8 = effects of saline solution, and 1, 2, 3, 4, 5, 10, 15, and 20 minutes: elapsed time after start of challenge,
Within each protocol, only those values with different superscripts are significantly different (P < 0.08).

tiple parallel pathways can be considered as a single
pathway only if the time constants of the individual path-
ways are the same.®® However, C,,, was shown to in-
crease with respiratory frequency in cattle.2® This
phenomenon was shown to be attributable to the length
of the bovine extrathoracic airways, according to which
inertia of the lungs and gas stream induces a significant
overestimation of C4y,, in animals with a high respiratory
rate, masking its tendency to decrease with respiratory
rate during ventilatory asynchrony. On the other hand,
one must consider that a significantly decreased C,,, was
still recorded when respiratory rate, V,, and Vg had re-
turned to control values (Table 2; Fig 1 and 2). Although
the increase in respiratory rate could be one explanation
of Cg,, changes recorded during 5-HT administration, it
is probably not the most important factor. The decrease
of Cy4yn could also be attributable to constriction of the
small airways.?® Moreover, the decrease of Cyy, could have
been associated with a diminution of lung volume by al-
veolar flooding or disturbances of elastic properties of the
lungs by interstitial edema,?! This hypothesis is strength-
ened by the observation that 5-HT has been shown to in-
crease vascular permeability and protein extravasation
in laboratory animals.®? However, previous studies re-
ported that pulmonary edema was absent from Iungs of
calves to which 5-HT had been administered.® Even lethal
doses of 5-HT were found to induce only minimal patchy
pulmonary congestion.? The rapid induction as well as
the complete and fast reversibility of the Cg, changes
recorded in this study suggest that bronchoconstriction
was the main pathophysiologic feature, but the presence
of edema or important bronchial hypersecretion cannot
be ruled out.

The twofold increase in Ry, during 5-Hr perfusion and
aerosolization showed that there was also bronchocon-
striction in the large airways. Indeed, Slocombe and
Robinson®® stated that small airways contribute only to
a small fraction of the total resistance to V and Lekeux
et al* further assumed that resistance of the peripheral
airways accounts for only 10 to 20% of Ry, in Friesian
calves. Thus, the simultaneous decrease of Cg,, and in-
crease in R; to, respectively, one-fifth and twice their
baseline value could result from a narrowing of central
and peripheral airways, which is probably caused by dif-
fuse bronchoconstriction. These findings are consistent
with those of in vitro studies in which it was shown that

318

5-HT stimulates contraction of isolated bovine trachealis,
bronchial, and bronchiolar muscles as it does in other
mammalian species,'® The healthy calf lung response to
5-HF adminigtration is similar to those in healthy rats,®®
mice,?® cats and dogs.* In contrast with continuous
administration, the bolus injection did not increase R;.

We observed 2 opposed effects of 5-HT on heart rate,
depending on the speed of drug administration. First, the
1v bolus did not affect heart rate, except for a short-last-
ing episode of bradycardia immediately after administra-
tion. Second, continuous administration, as well by
perfusion as by aerosol, resulted in sustained tachycardia
{Table 2). Such conflicting effects on the heart have been
described.3"-3® They could be related to the wide spectrum
of pathways through which 5-HT influences cardiac fune-
tion. 5-Hydroxytryptamine has positive inotropic and
chronotropic effects, which result from direct actions on
cardiac tissue and indirect actions mediated by the re-
lease of norepinephrine from sympathetic nerve termi-
nals. 3738 Furthermore, these effects may be amplified or
overshadowed by autonomic reflexes arising from the ef-
fect of 5-HT on systemic pressure. Unfortunately, we did
not measure the arterial systemiec pressure and cannot
substantiate the assumption that tachycardia occurring
during continucus administration was secondary to sys-
temic hypotension primarily generated by 5-1IT. Never-
theless, this pathophysiologic process has been described
as well in calves as in guinea pigs.?*® Tachycardia oc-
curring during perfusions and aerosols in this study may
be explained by direct chronetropic effect and reflex cate-
cholamine release, the relative importance of each process
being undetermined. The immediate and short-lasting
bradycardia observed after bolus may be explained, in
turn, by the fact that 5-HT is known to have direct action
on chemoreceptors in the coronary bed (Bezold-Jarisch
reflex), because it may inhibit the sympathetic outflow
and stimulate the activity of the cardiac vagus.373% It
must be emphasized that bradycardia occurred before the
increase in pulmonary arterial pressure (vide infra), sug-
geating a direct action of 5-HT on the heart, rather than
a hypertension-induced reflex effect. In contrast with con-
tinucus administrations, the bolus injections did not in-
crease heart rate. This fact could be explained by the
absence of direct chronotropie or indirect catecholamine-
mediated effect on the heart,

Pulmonary arterial pressure increased significantly,
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whatever the speed or route of administration. This result
is consistent with results in earlier studies performed in
vivo in calves,? dogs, and cats,?”%® as with in vitro inves-
tigations that have demonstrated that 5-HT stimulates
contraction of isclated bovine pulmonary arteries and
veins, %13

It is obvious that the total dose given as a bolus was
one-fifth as large as the continuous infusion or inhaled
dose {Table 1). It might appear that the speed of admin-
istration could not be discussed because the total dose
given was not equal, However, the comparison of values
recorded 1 minute after start of challenges A, B, and C
is appropriate because the total dose administered is equal
for the 3 protocols at this time. From a pharmacokinetic
point of view, it can be predicted that the blood values
would be significantly greater, but of shorter duration,
for the bolus injection, compared with those for 1 minute
of continuous administration. Hence, it could be predicted
that responses would be greater in magnitude but shorter
in duration, for the bolus injections. This was true for Vg,
Cayn» and pulmonary arterial pressure, but not for By, and
heart rate, perhaps because duration of the drug'’s pres-
ence in the blood was too short to allow diffusion to re-
ceptor sites in the large airway smooth muscle. This
conclusion seems to be corroborated by the observation
that R;, changes were significatively delayed during per-
fusion, compared with aerosol (Fig 3). Therefore, it can
be suggested that 5-HT receptor sites could be more rap-
idly reached from the airway lumen than from blood ves-
sels. In turn, the absence of tachycardia could result
because 5-HT was not in the blood long enough to allow
its diffusion to receptor sites in the myocardium (direct
chronotropic action) or to trigger a reflex catecholamine
release attributable to systemic hypotension. Alse, the
decrease in Cg,, after bolus injections in the ahsence of
R, changes may have some importance. Indeed, many of
the effects of 5-HT are known to be dose-dependent.®® Hence,
Cayn could have been modified by 5-1T blood values keep-
ing R; unaltered. This hypothesis is consistent with our
observation that Cg,, changes occurred significantly ear-
lier than Ry, changes during continuous perfusions (Fig 2
and 8). Therefore, it can be suggested from these data
that affinity or concentration of 5-HT receptor sites could
be higher in smooth muscle of peripheral airways than
in smooth muscle of central airways.

5-Hydroxytryptamine is known to be removed from blood
and accumulated in pulmonary endothelial cells by a car-
rier-mediated, saturable, and temperature-dependent
transport process.® Unfortunately, the kinetic analysis of
this mechanism, giving Michaelis constant or maximal
velocity, has been performed, to our knowledge, only in
isolated perfused rat*®*! and rabbit*'*? lungs. However,
other ways of expressing the extent of this process are by
the percentage of extraction when the outflow concentra-
tion of 5-HT is related to its inflow concentration. From
this kind of approach made in vivo in dogs, it was con-
cluded that little or no 5-HT survives a single passage
through the pulmonary circulation (up to 98% removed),
suggesting a protective mechanism that prevents the
amine from reaching the arterial circulation where it may
have substantial cardiovascular effects.*® Furthermore,
radioactive techniques have shown that 5-HT is specifi-
cally taken up into cells that do not contain monoam-
ineoxydase.*® Accordingly, it was suggested that 5-HT could
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be stored to be metabolized later at a slower rate. If stor-
age is involved, it is possible that administration of large
amounts of 5-HT temporarily exceeds its capacity, some
5-HT escaping in the systemic circulation. This hypothesis
could explain why a dose = 40 pg of 5-H1/kg has no effect,
whereas a dose of 70 pg of 5-HT/kg is lethal in cattle.® In
the study reported here, a dose of 50 g of 5-H1/kg was
administered for the bolus injection after a 1-minute in-
fusion. At this time, the observation of a decrease in Cgyy,
without a concomitant increase in R;, which could be
functionally related to airway constriction primarily caused
by changes in the peripheral airways (vide supra), is con-
sistent with the hypothesis that the only tissues that can
be reached by 5-HT are those perfused by the pulmonary
circulation. On the other hand, changes in the conducting
airways (bronchial circulation), and intestinal function
occurred only when the administered dosage of 50 ng/kg
was increased further (from the second to the fifth min-
ute), suggesting that the maximal storage capacity was
exceeded allowing 5-HT to escape.

Thus, pharmacokinetic features, 5-HT receptor site
characteristics, and pulmonary endothelial 5-07 clear-
ance function could account for the different spectrum of
physiologic actions related to the speed of administration.

In all calves, Cqy,, returned to baseline value more rap-
idly after perfusion than after aerosolization (Fig 2). This
discrepancy in the time course of recovery between per-
fusion and aerosolization could reflect a lesser efficiency
of the pulmonary endothelial cells for taking up and me-
tabolizing 5-HT from airway surfaces than directly from
blood. On the other hand, increases in R,, pulmonary
arterial pressure and heart rate were reversed more rap-
idly than the decrease in Cgy, after challenge exposure
was stopped (Table 2; Fig 3). This can be explained by
the fact that the lack of collateral ventilation and the
limited interdependence between lobules in cattle could
have delayed the recovery of Cyy, from the bronchocon-
strictive process.

It was concluded that administration of exogenous
5-HT induces reversible bronchoconstriction and pulmo-
nary vasoconstriction in healthy unsedated calves, 5-HT-
induced functional alterations depend on the speed of
administration, and excess of 5-HT production or depres-
sion of its uptake by the lungs during bovine respiratory
tract diseases could contribute to pulmonary dysfunction.
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