Effects of pentoxifylline on pulmonary function
and results of cytologic examination

of bronchoalveolar lavage fluid in horses

with recurrent airway obstruction
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Objectives—To determine the effects of pentoxi-
fylline (PTX) administration on lung function and
results of cytologic examination of bronchoalveolar
lavage fluid in horses affected by recurrent airway
obstruction (RAO).

Animals—10 RAO-affected horses.

Procedures—6 horses were orally administered PTX (16
g) mixed with corn syrup, and 4 horses were adminis-
tered corn syrup alone, twice daily for 14 days.
Pulmonary function was evaluated before administration
(day 0) and on days 8 and 15. Bronchoalveolar lavage
(BAL) was performed on days 0 and 15. Reversibility of
airway obstruction was assessed by measuring pul-
monary function before and after administration of
atropine (0.02 mg/kg, V). Serum concentration of PTX
was measured in 4 horses 30 minutes and 2 and 4 hours
after administration of PTX on days 1, 2, 3, 7 and 14.

Results—Administration of PTX to RAO-affected
horses resulted in a decrease in elastance value on
day 8 and on elastance and resistance (R|) values on
days 8 and 15. Results for cytologic examination of
BAL fluid obtained on day 15 did not differ significant-
ly, compared with values for day 0. Values of R_
decreased in all horses following administration of
atropine. When mixed in corn syrup and administered
orally, PTX was poorly absorbed in horses, and there
was noticeable variation in serum PTX concentrations
over time and among horses.

Conclusions and Clinical Relevance—Based on
these results, it can be concluded that administration
of PTX at high doses improved respiratory function of
RAO-affected horses maintained in an unfavorable
environment. (Am J Vet Res 2002;63:459-463)

Recurrent airway obstruction (RAO) is a respirato-
ry condition of horses that is characterized by
bronchospasm, peribronchial cell infiltration, and
accumulation of a predominantly neutrophilic exudate
in the lumen of the small airways." Inflammation of the
small airways in horses with RAO results from inhala-
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tion of airborne particles (mainly molds and fungi);
therefore, control of environmental dust is paramount
to the treatment of horses with RAO.' Because of their
potent anti-inflammatory properties, corticosteroids
are commonly administered to affected horses.
Prolonged parenteral administration of corticosteroids
usually is avoided because of the severe adverse effects
that can be observed with their usage.’

Cyclic nucleotides cAMP and cGMP play an impor-
tant role in the regulation of smooth muscle tone of the
airways and activation of inflammatory cells.
Intracellular concentrations of these nucleotides are
tightly regulated by phosphodiesterases (PDE); thus,
chemical alteration of PDE could potentially be used to
control inflammation of the airways and bronchocon-
striction of the smooth muscles seen in horses with RAO.

Pentoxifylline (PTX) is a methylxanthine deriva-
tive that is a nonselective inhibitor of PDE.’
Pentoxifylline is a more potent inhibitor of contraction
of human bronchi, compared with theophylline,’
another nonselective PDE inhibitor. Theophylline has
been used in horses with RAO because of its bron-
chodilating properties.” In addition to bronchodilation,
PTX has potent anti-inflammatory and immunomodu-
latory properties.”" Of particular interest for the treat-
ment of horses with RAO, PTX inhibits the activation
of neutrophils induced by proinflammatory cytokines,
decreases the production of superoxide radicals by
neutrophils, and reduces granular release of enzymes
by neutrophils."'® The combined bronchodilatory and
anti-inflammatory properties of PTX led us to postu-
late that PTX administration to RAO-affected horses
could improve their pulmonary function as well as
reduce their pulmonary inflammation.

Materials and Methods

Horses—Ten horses with RAO (9 mares and 1 gelding)
that weighed between 390 and 498 kg (mean + SEM, 444 + 54
kg) were included in the study. Horses comprised 2 Quarter
Horses, 1 Arabian, 4 Standardbreds, and 3 mixed-breed horses.
Recurrent airway obstruction was diagnosed in all horses on
the basis of medical history, clinical findings during physical
examinations, and results of pulmonary function tests and
cytologic examination of fluid obtained during bronchoalveo-
lar lavage (BAL). Criteria for inclusion were a history of chron-
ic recurrent coughing, maximal changes in transpulmonary
pressure(AP;) > 15cm H,0, > 10% neutrophils in BAL fluid,
and results for CBC and serum biochemical analyses within the
reference ranges. Endoscopy of the pharynx and trachea was
performed to exclude obstructive abnormalities. None of the
horses had received treatments for RAO during the 3 months
preceding the study.
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Horses were housed in the same barn for at least 1
month before and during the study. They were fed mainte-
nance amounts of hay and grain and were bedded on straw.
Management of the horses remained the same throughout the
study. The study was approved by the Animal Welfare
Committee of the University of Montreal.

Collection and analysis of BAL fluid—Bronchoalveolar
lavage was performed as described elsewhere."” Briefly, hors-
es were administered xylazine hydrochloride® (0.3 to 0.5
mg/kg, IV) and butorphanol tartrate’ (10 mg, IV). A fiberop-
tic endoscope (190 cm in length, 14 mm in diameter) was
inserted in the left nostril and progressively passed until its
tip was wedged against the wall of a bronchus in the left lung.
During insertion of the endoscope through the airways, sev-
eral small boluses of a 0.5% solution of lidocaine hydrochlo-
ride® were administered to desensitize the bronchial mucosa,
but only a small amount of lidocaine reached the portion of
the lung that was lavaged. Two boluses (250 ml/bolus) of
sterile isotonic saline (0.9% NaCl) solution were rapidly
instilled in the bronchus and then immediately aspirated via
the endoscope biopsy channel by use of a suction pump.
Lavage fluid was recovered into a siliconized glass vessel and
kept on ice until analysis, which was performed within 1
hour after sample collection.

Total nucleated cells in BAL fluid were counted by using
a hemacytometer. Slides were prepared by use of 100 ul of
BAL fluid, which was centrifuged (90 X g for 5 minutes);
supernatant was decanted, and the pellet was spread on a
slide and stained with modified Wright stain. A differential
count was performed on at least 400 cells; epithelial cells
were not included in the differential count.

Pulmonary function tests—Pulmonary function tests
were performed as described elsewhere.'” Flow rate (V) was
obtained by use of a heated pneumotachograph® and associ-
ated differential pressure transducer® that was fitted to a mask
placed and sealed over the nose of each horse. Electronic
integration of the flow signal provided tidal volume (V).
For each experiment, the system was calibrated by forcing air
at known flow rates (between 0 and 10 L/s) through the
pneumotachograph by use of a blower-rotameter equipment.
Transpulmonary pressure (Py) was obtained by use of a dif-
ferential pressure transducer' by subtracting esophageal pres-
sure from mask pressure. Esophageal pressure was measured
with a balloon sealed over the end of a polyethylene catheter
(inside diameter, 4.8 mm; outside diameter, 7.9 mm) placed
in the distal third of the esophagus and distended with 3 ml
of air. Distance between the nares and distal third of the
esophagus was visually approximated and marked on the
esophageal balloon catheter. Pressure tracings were moni-
tored, and position of the esophageal balloon catheter was
modified, if necessary, to obtain the maximalchanges in PL
during a respiratory cycle (AP;) and to eliminate cardiac arti-
facts. Length of the inserted tubing was recorded for each
horse, and the same length was always used in each horse
during subsequent measurements. The pressure transducer
was calibrated by use of a water manometer. Signals from the
transducers were amplified and passed through a digital-ana-
logue converter to a computer equipped with a program for
data acquisition® and analysis." The program provided values
of V1, minute expiratory ventilation, respiratory rate, expira-
tory and inspiratory times, and AP; for each breath. Values of
pulmonary resistance (R;) and pulmonary elastance (E;)
were obtained by use of the following multiple regression
equation for a single-compartment model of the lungs:

P =(E XV)+ (R X V)+K

where V is the volume, and K is the transpulmonary end-
expiratory pressure. The coefficient of determination for the

fit of the equation was calculated for each breath. Signals
were sampled at a frequency of 120 Hz for 100 seconds, and
all valid breaths were used for analysis.

Experimental procedure—Horses were randomly
assigned to 2 groups. Six horses were orally administered
PTX suspension by using 16 g of PTX homogenized in corn
syrup (volume for administration, 100 ml). The remaining 4
horses (control horses) were orally administered 100 ml of
corn syrup. Treatments were administered twice daily at 8 am
and 8 pM for 14 days; horses were fed daily at 8:30 am and
4:30 p™.

Pulmonary function measurements and BAL were per-
formed prior to initial drug administration (day 0) and on
day 15. Pulmonary function also was determined on day 8.
Pulmonary function testing preceded BAL when both proce-
dures were conducted on the same day. The reversibility of
airway obstruction was determined by pulmonary function
testing performed 20 minutes after the administration of
atropine’ (0.020 mg/kg, IV) 4 to 6 weeks after the last day of
treatment.

Blood samples were collected 30 minutes and 2 and 4
hours after treatment on days 1, 2, 3, 7, and 14 from 4 hors-
es administered PTX. Blood samples were collected into evac-
uated collection tubes® and allowed to clot. Tubes then were
centrifuged, and serum was aspirated and stored frozen at
—40 C within 3 hours after collection. Serum concentration
of PTX was evaluated by use of high-performance liquid
chromatography. Concentrations of PTX measured in serum
samples obtained on a single day were averaged and adjusted
on the basis of the body weight of each horse.

Statistical analysis—Differences between groups for
selected pulmonary function tests and BAL variables on day
0 were evaluated by use of a Mann-Whitney test. Results of
pulmonary function tests and cytologic examination of BAL
fluid for each time period were compared by use of a
Wilcoxon signed-rank test. Results of pulmonary function
tests before and after atropine administration, on day 15, and
after the atropine response test were compared by use of a
Wilcoxon signed-rank test. For all tests, a value of P < 0.05
was considered significant.

Table T—Mean + SEM values of selected variables of pulmonary
function in horses affected with recurrent airway obstruction
before and after oral administration of 16 g of pentoxifylline to 6
horses or oral administration of corn syrup to 4 horses (control
horses) twice daily for 14 days

Day
Variable 0 8 15
Pentoxifylline
AP, (cm H,0) 437 = 46 249 = 1.3* 18.9 = 1.6*1
R, (cm H,0/L/s) 2.85 +0.34 2.16 = 0.37 1.61 = 0.18*t
E (cm H,0/L) 5.74 = 1.57 2.09 + 0.36* 1.79 = 0.33*
fkbreaths/min) 237 54 192 + 4.0 19.7 + 3.6
V(L) 51+08 59+09 52+05
T, 150 = 0.11 122 = 0.0 128 = 0.06
Control
AP (cm H,0) 36.3 = 106 404 = 8.7 393 = 126
R, (cm H,0/L/s) 2.48 + 0.36 2.80 = 0.24 267 = 0.58
E. (cm H,0/L) 3.29 = 1.00 3.67 = 0.93 321 =094
f (breaths/min) 18.0 =23 16.7 = 2.2 16.6 = 2.3
V(L) 53+ 0.1 56 =04 5704
TeT, 1.29 = 0.09 1.51 = 0.15 1.39 +0.13

*Within a row, value differs significantly (P < 0.05) from value for day 0.
tWithin a row, value differs significantly (P < 0.05) from value for day 8.

Day 0 = First day of oral administration. AP, = Maximal change in transpul-
monary pressure. R, = Pulmonary resistance. E_ = Pulmonary elastance. f =
Respiratory rate. V1 = Tidal volume. Tg:T, = Expiratory time-to-inspiratory time
ratio.
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Results

Horses from both groups had a similar degree of
airway obstruction and inflammation on day 0, as
indicated by a lack of significant differences between
the groups for APy, Ry, E;, respiratory rate, and the
expiratory time-to-inspiratory time ratio (Table 1) as
well as for total and differential cell counts of BAL
fluid (Table 2). In contrast to control horses, PTX-
treated horses had improved airway function, as
indicated by significant decreases in AP; and E; in
the PTX-treated group on day 8 and in APy, E;, and
Ry on day 15 (Fig 1 and 2). Lung function in horses
treated with PTX continued to improve during the

Table 2—Mean + SEM values of selected variables for bron-
choalveolar lavage fluid obtained from horses affected with
recurrent airway obstruction before and after oral administration
of 16 g of pentoxifylline to 6 horses or oral administration of corn
syrup to 4 horses (control horses) twice daily for 14 days

Day

Variable 0 15

Pentoxifylline
Fluid volume (ml) 145 + 18 151+ 11
Nucleated cells (X 10°/L) 0.13 = 0.04 0.29 = 0.1
Neutrophils (%) 54.8 +13.23 42.0 +11.99
Lymphocytes (%) 2162 = 8.02 2133 + 492
Macrophages (%) 23.54 + 8.04 36.04 +7.93
Eosinophils (%) 0.25 +0.19 1.25 = 0.25

Control
Fluid volume (ml) 160 = 24 142 + 12
Nucleated cells (X 10%L) 0.29 = 0.14 0.13 = 0.04
Neutrophils (%) 58.5 + 16.31 458 + 13.20
Lymphocytes (%) 15.49 + 11.70 20.69 = 8.74
Macrophages (%) 25.62 + 8.50 31.94 = 11.39
Eosinophils (%) 0.62 + 0.37 1.42 = 0.30
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Figure 1—Mean + SEM maximal changes in transpulmonary
pressure in horses affected with recurrent airway obstruction
(RAQO) before and after oral administration of 16 g of pentoxi-
fylline (PTX) to 6 horses (black bar) or oral administration of corn
syrup to 4 horses (control horses, white bar) twice daily for 14
days (left panel). Four to 6 weeks after end of PTX administra-
tion, maximal change in transpulmonary pressure also was mea-
sured before and after administration of atropine (0.02 mg/kg,
IV) in 5 RAO-affected PTX-treated horses and 4 RAO-affected
untreated horses (right panel). *Value differs significantly
(P < 0.05) from value for day 0. tValue differs significantly (P <
0.05) from value recorded on day 8. Day O = First day of oral
administration.

second week of treatment, as indicated by a signifi-
cant reduction in AP; and R; between days 8 and 15.
There was not a significant change in results of cyto-
logic examination of BAL fluid in either group (Table
2). Values of R decreased in 9 of 9 horses following
administration of atropine, indicating that the airway
obstruction was reversible.

Administration of PTX was tolerated well by all 6
horses, and adverse effects were not detected during
the study. There was a noticeable variation in serum
concentration of PTX over time and among horses (Fig
3). Mean + SEM serum concentration of PTX 0.5 hours
after administration was 2.82 + 0.12 pg/ml. Mean daily
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Figure 2—Mean + SEM changes in pulmonary resistance before
and after oral administration of PTX to 6 RAO-affected horses and
oral administration of corn syrup to 4 RAO-affected horses (con-
trol group) twice daily for 14 days (left panel). Four to 6 weeks
after end of PTX administration, pulmonary resistance also was
measured before and after administration of atropine (0.02 mg/kg,
IV) in 5 RAO-affected PTX-treated horses and 4 RAO-affected
untreated horses (right panel). See Figure 1 for key.

100 7

10

PTX concentration (mg/L)

0.1

L—— T T
01 2 3 7 14
Days

Figure 3—Mean + SEM daily serum concentration of PTX mea-
sured in 4 RAO-affected horses that were orally administered 16 g
of PTX mixed in corn syrup twice daily for 14 days. Values were
corrected on the basis of body weight of each horse. Each sym-
bol represents values for 1 horse. Day 0 = First day of oral
administration.
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serum concentrations of PTX increased markedly for
the first 3 days of treatment in 3 horses.

Discussion

Pentoxifylline is a nonspecific inhibitor of PDE
that has numerous pharmaceutical properties."'**
Rheologic and anti-inflammatory effects of PTX have
led to its use as a therapeutic agent for various diseases
in horses, including navicular disease,” exercise-
induced pulmonary hemorrhage,”* and endotox-
emia.”?* Pentoxifylline is approved in Canada for use
in the treatment of horses with navicular disease.'

Pentoxifylline also has bronchodilatator proper-
ties.”” In the study reported here, the degree of
improvement in airway function of RAO-affected hors-
es treated with PTX was of the same magnitude as that
obtained with atropine, a potent bronchodilator in
horses.** It has been reported’ that PTX is a more
potent inhibitor of contraction of the bronchi of
humans, compared with the effects of theophylline,
and that substantial bronchorelaxation can be obtained
in vitro with PTX at concentrations as low as 1.4
lg/ml, a concentration achieved in most of the serum
samples evaluated in our study (Fig 3). Airway func-
tion continued to improve during the second week of
treatment with PTX, suggesting that additional
improvement could possibly have resulted from a
longer duration of treatment.

The dose of PTX evaluated in the study here was
higher than those previously proposed for the treat-
ment of diseases of horses.”**** It was selected on the
basis that the oral absorption of PTX in horses is poor”
and that high drug concentrations are required to
achieve a substantial reduction in neutrophil activa-
tion.™” The dose of PTX used in the study reported
here was tolerated well by the horses, a finding that is
in agreement with another study” in which investiga-
tors did not detect adverse effects when horses were
administered 30 g of PTX daily for 6 weeks. Despite its
poor absorption, the serum concentration of PTX mea-
sured in this study is similar to concentrations consid-
ered appropriate for the treatment of people with acute
respiratory distress syndrome and asthma."”’* The
minimal dose of PTX required for improvement of air-
way function in horses with RAO is not known, but it
may be less than that used in this study, as suggested
by the reversibility of airway obstruction in 1 horse
that had a serum concentration of PTX < 3 ug/ml. It is
possible that despite low serum concentrations of PTX,
potent metabolites of PTX may have contributed to
clinical efficacy, similar to the situation described in
people.””

Lack of a reduction in neutrophilia in BAL fluid in
the study reported here suggested that PTX did not
have a measurable anti-inflammatory effect on the lung
parenchyma. However, other studies'”>™" conducted
by our laboratory group have revealed that cortico
steroids, which are potent anti-inflammatory drugs
devoid of direct bronchodilating properties, also may
improve lung function of RAO-affected horses without
a substantial reduction in pulmonary neutrophilia.
This suggests that an anti-inflammatory effect of PTX
cannot be completely ruled out in the horses reported

here. The sequence of events that leads to inflamma-
tion of the small airways in RAO-affected horses is
poorly defined, but arachidonate metabolites® and
chemokines such as interleukin-8""° and macrophage
inhibitory peptide-2”" may contribute to neutrophil
chemotaxis and activation. Decrease in production of
inflammatory mediators by PTX without inhibition of
neutrophil chemotaxis could potentially attenuate pul-
monary inflammation without reducing pulmonary
neutrophilia. Support for this hypothesis is the fact
that in some circumstances, PTX may enhance neu-
trophil migration and accumulation in lung tissues at
concentrations sufficient to induce an anti-inflamma-
tory effect.”®” The concentration of PTX required for
inhibition of cytokine production in live horses is
unknown, but PTX concentrations lower than those
obtained in the study reported here have inhibited the
production of proinflammatory cytokines in several
in vitro equine models."”

Based on results of the study reported here, it can
be concluded that the administration of PTX improves
respiratory function of RAO-affected horses. Dose-
titration studies would be required to determine the
lowest dose required to achieve therapeutic effects in
RAO-affected horses. Additional studies are necessary
to determine whether the effects observed were solely
the result of bronchodilation or were also attributable
to a decrease in airway inflammation as a result of
treatment with PTX.
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