Pulmonary function changes

and immunomodulation of Th 2 cytokine
expression induced by aminophylline
after sensitization and allergen challenge

In brown Norway rats
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Background and Objective: Evidence has shown that aminophylline has bron-
choprotective, anti-inflammatory, and immunomodulatory effects. Our purpose was
to evaluate the effect of different doses of aminophylline on the late-phase reaction,
bronchial hyperresponsiveness (BHR) and T cell-related cytokine mRNA expres-
sion in brown Norway rats induced by ovalbumin (OA) sensitization.

Methods. Forty rats were equdly divided into four groups. Groups I, I, and Il
animals were sengitized and subsequently provoked with OA. Aminophylline 25 mg/kg
was given intrgperitoneslly to the group | animals and 5 mg/kg to group Il animals.
Group Il animals received intraperitoneal normal saline. Group IV breathed aerosolized
sdine as a control. After OA provocation, the animas were anesthetized. Pulmonary
function tests were performed at basdline and after varying doses of acetylcholine.
Thereafter, bronchoaveolar lavage was performed and the lungs were examined histo-
logically. Total RNA was extracted from lung tissue and reverse transcriptase-poly-
merase chain reaction was performed using primers for interleukin (IL)-2, 1L-4, IL-5,
IL-6, IL-10, interferon--y, inducible nitric oxide synthase, and B-actin.

Results: Group |11 had worse pulmonary function tests, more severe BHR, and
more severe lung inflammation, higher IL-4 and IL-10 cytokine levelsin bronchoal-
veolar lavage fluid, and higher IL-4, IL-5, IL-6, IL-10, tumor necrosis factor-a and
inducible nitric oxide synthase mMRNA expression than the other three groups.
Expression of IL-2 and interferon-y was significantly reduced in group Il1.

Conclusions: Both low and high dose aminophylline are effective in preventing
late-phase bronchoconstriction, BHR, and an inflammatory response. Aminopylline
decreases T helper cell 2-related cytokine mRNA expression but increases T helper
cell 1-related cytokines mRNA expression.
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INTRODUCTION
Bronchial asthma is a common dis-
ease. However, its prevalence and
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mortality rate are increasing.t* Exper-
imental models are needed to help in-
vestigate this disease. Asthma in
brown Norway rats (BNR) has many
similarities to human allergic asthma,
as characterized by early- and late-
phase reactions, bronchial hyperre-
sponsiveness (BHR), and accumula-
tion of eosinophils and activated
T-lymphocytes in the airways after al-
lergen challenge. The BNR has thus
been widely used as an animal model
for asthma.>”

Inflammation is reported to be re-
lated to bronchial asthma, its severity,

and bronchia hyperreactivity.82 T
helper cell 2 (Th 2) but not Th 1 lym-
phocytes have been reported to have
proinflammatory roles by expressing
and generating cytokines that activate
and attract effector cells and release
other cytokines and mediators. There
is also evidence demonstrating that Th
2 cytokines are increased, but Th 1
cytokines decreased in the lung tissue
of ovalbumin (OA)-sensitized and -ex-
posed BNR.2

In the past, bronchodilators played
the most important role in the treat-
ment of bronchia asthma'®**> How-
ever, agents with anti-inflammatory
action are now thought to be more
important in the treatment of bronchial
asthma.'®-°® Theophylline was com-
monly used in the past as a broncho-
dilator to relieve acute and chronic
symptoms of asthma.*® However, some
recent evidence has demonstrated that
the efficacy of theophylline seems to
exceed that expected from its broncho-
dilator effect alone.®° It has been
shown to have both bronchoprotective
and anti-inflammatory, immunomodu-
latory effects, characterized by down-
regulation of inflammatory and im-
mune cell function in vitro and in vivo,
and attenuation of allergen-induced in-
flammatory response in the asthmatic
airway including: blunted late-phase
increase in airway obstruction, de-
creased airway responsiveness to his-
tamine, and decreased migration of ac-
tivated eosinophils into the bronchial
mucosa.6-1°

In renal transplant patients, the-
ophylline also decreases the CD4/CD8
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T-cell ratio and increases T suppressor
cell function that inhibits graft-versus-
host response and reduces the dose of
corticosteroids required to control re-
jection.® In asthmatic patients, theo-
phylline can restore T-suppressor lym-
phocyte number and function toward
normal.? Theophylline inhibits eosin-
ophil recruitment into the airway after
bronchial challenge?? It also reduces
the number of eosinophil-granule—pos-
itive eosinophils in bronchia biopsies
after bronchial challenge. Pauwels®
demonstrated that a single intravenous
dose of theophylline abolishes the late
asthmatic response to allergen with lit-
tle effect on the early asthmatic re-
sponse. All these effects may be re-
sponsible for aminophylline’s clinical
efficacy in the treatment of chronic
asthma_lG—lQ

The purpose of this study was to
evaluate the effect of aminophylline on
the late-phase reaction and BHR in
BNR after OA sensitization. We aso
examined its effect on Th 2- and Th
1-related cytokine mRNA expression
patterns in BNR lung tissue.

MATERIALS AND METHODS
Forty BNR (weight ranging from 250
to 350 g) were divided into four
groups. Each group consisted of 10
weight-matched male animals. The
mean weight of group | was 290 *=
26 g; group I, 297 = 24 g; group I11,
294 + 21 g; and group 1V, 296 = 18g.
Aerosol sensitization and challenge
with OA were performed on groups I,
[1, and I11, whereas group 1V served as
normal controls.

Each group 1, I, and 111 BNR was
put into a closed chamber (30 X 30 X
16 cm plastic box) with two small
holes. One served asagasinlet and the
other as agas outlet. Two milliliters of
1% OA was aerosolized by nebulizer
and delivered continuously into the
closed chamber a a flow of 8
L/minute. The animal was exposed to
the OA in the chamber for 10 minutes.

A second sensitization was per-
formed 7 days later using the same
procedure. Another 7 days later, a
provocation test was performed. Be-
fore provocation, aminophylline 25

mg/kg was given intraperitonealy to
group | animals, aminophylline 5
mg/kg to group Il animals, and normal
salineto group |11 animals. Thirty min-
utes later, 3 mL of 4% aerosolized OA
was delivered by nebulizer for 10 min-
utes into the closed chamber.

Control animals in group IV
breathed aerosolized saline rather than
OA under the same conditions as
group | animals.

Sudy Protocol, Procedure, and
Pulmonary Function Tests (PFT)

PFT and acetylcholine (Ach) provoca-
tion tests were carried out under gen-
eral anesthesia (sodium pentobarbi-
tone, 50 mg/kg via intraperitonea
injection), using whole-body plethys-
mographic methods as previously de-
scribed.?*2 For groups I, I, and Il1,
this was done 24 hours after the OA
provocation test, and for group 1V, 24
hours after the final saline aerosoliza-
tion. Animals were paralyzed with an
intravenous injection of gallamine tri-
ethiodide (10 mg/kg) and artificially
ventilated with a small animal ventila-
tor at atidal volume of 6 mL/kg and a
frequency of 60 breaths/minute. All
animals were stable without spontane-
ous breathing 5 minutes after gal-
lamine was given. PFT including air-
way opening pressure (PaO) during
ventilator breathing, total respiratory
system compliance (Crs), total respira-
tory system resistance, and a maximal
forced expiratory maneuver (MFEM)
were measured at baseline. Thereafter,
25, 50, 75, and 100 wg/kg of Ach were
given intravenously at 30-minute inter-

vals. PFT were done 5 seconds after
each dose of Ach.?*? Before each suc-
cessive dose of Ach, the flow volume
(FV) loop returned to baseline. For the
MFEM, the lungs were inflated to total
lung capacity (TLC, lung volume at
PaO = 30 cm H,0) three times; the
inflation was regulated by a solenoid
valve. At peak volume during the third
inflation, the inflation valve was shut
off and another solenoid valve was
opened immediately for deflation. The
deflation valve was connected to a
20-L container, with a pressure of —30
cm H,O (subatmospheric). The nega-
tive pressure of 30 cm H,O produced
maximal expiratory flow. The param-
eters of the FV loop, including peak
flow (the maximal flow rate of the FV
loop), MFEF ., (the maximal forced
expiratory flow rate a 75% TLC),
MFEFsy, (the maximal forced expira-
tory flow rae a 50% TLC), and
MFEF,s, (the maximal forced expira-
tory flow rate at 25% TL C) were record-
ed.?% PD,MFEF.y,Ach was the dose
of Ach required to produce adecreasein
MFEFgy, of 20% from basdline.

Bronchoalveolar Lavage (BAL)

After completion of the PFT, BAL was
performed using 10 mL normal saline
twice (total 20 mL). The BAL fluid
was collected into plastic flasks and
then strained through one layer of surgi-
cal gauze and centrifuged at 500 g for 5
minutes. The cell pellet was washed
three times with sterile saline solution
and resuspended in RPM1-1640. A small
portion was taken for evaluation of cell

Table 1. Comparison of Mean Peak Expiratory Flow Rate, MFEF,5,,, MFEF504,, MFEF 54, Crs,
PaO at Tidal Breathing, and TLC Among All Groups at Baseline

Group | Group Il Group Il Group IV

Peak expiratory flow rate, 105.4 = 4.6 101.9 £ 5.2 1049 £5.9 103.2 £5.3
mL/sec

MFEF 54, mL/sec 103.2 +4.8 100.8 = 4.1 101.8 46 101.2+5.8
MFEFsq4,, mL/sec 85.9 + 4.2 82.7 + 4.6 73.2 £ 5.1* 86.7 = 4.6
MFEF 554, mL/sec 458 = 4.7 423 45 32.3 +4.8* 46.3 + 4.5
Crs, mL/cmH20 0.46 + 0.05 045=*0.06 0.42+0.05 0.48 =0.06
PaO, cm H20 35*+05 3.7*+0.6 39=*+05 3.6 +0.5
TLC, mL 142 + 0.5 14.7 £ 0.5 141 + 0.5 143+ 0.5

ANOVA test and Scheffe test were used.

* The comparison of MFEF,s,, and MFEF;,,, between groups | and lll, groups Il and lll, and
groups Ill and IV showed significant difference (P < 0.05).
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number and viability, as evaluated by
trypan blue exclusion.

Cytokine Levels in BAL Fluid

The concentrations of interleukin
(IL)-2, IL-4, 1L-10, and interferon
(IFN)-vy in the BAL fluid were mea-
sured in duplicate, in ablinded fashion,
using a commercialy available rat-
specific 1L-2, 1L-4, IL-10, and IFN-vy
enzyme-linked immunoadsorbent as-
say kit (Biosource International, Cam-
arillo, CA) with a detection limit of
<10 pg/mL for IL-2, <5 pg/mL for
IL-4, <10 pg/mL for IL-10, and <10
pag/mL for IFN-y. A microplate reader
(Spectra Reader, SLT Labinstruments,
Grodig, Austria) was used to measure
absorbance at 450 nm. Background ab-
sorbance of blank wells was subtracted
from the standards and unknowns be-
fore determination of the sample con-
centrations. Total protein was mea-
sured using a commercial reagent
(Bio-Rad, Hercules, CA) and concen-
tration was calculated using a standard
curve constructed with bovine serum
albumin (Bio-Rad).

Histologic Examination

After BAL, each animal’s chest was
opened and the lungs were removed.
Histologic specimens (six specimens
per animal consisting of trachea and
five lobes of the lung) were prepared.
The trachea and each lobe were fixed
in 10% formaldehyde, dehydrated by

—
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Figure 1. The dose-response curve of MFEF in groups I, 1, I11, and V. The percentage change of
MFEFgy, from baseline in group |11 was higher than in groups |, 11, and 1V when Ach doses higher than

25 uglkg were given.

different concentrations of alcohol,
embedded in paraffin, cut into 4-um
thicknesses, stained with hematoxylin
and eosin (H&E), and examined by
light microscope to evaluate the sever-
ity of the inflammation. Each section
of trachea and lung parenchyma was
blindly assigned a total inflammatory
score by two pathologists: 0 = normal;
1 = inflammatory infiltrate of eosino-
phils, lymphocytes, and neutrophils in
<20% of the whole section; 2 = in-
flammatory infiltrate of eosinophils,

Table 2. Total Differential Cell Counts in BAL Fluid (= SD)

lymphocytes, and neutrophils in 20 to
40% of the whole section; 3 = inflam-
matory infiltrate of eosinophils, lym-
phocytes, and neutrophils in >50% of
the whole section. The total inflamma
tion score for each animal was calcu-
lated as the mean of the scores for five
lung sections and trachea.

Cytokine mRNA Analysis

Total RNA was extracted from lung
tissue samples by a method described
previously?® and reverse transcriptase-

Group | Group Il Group 1l Group IV
Total cell count (X 10%/mL 3.9 = 0.4% 5.2 = 0.5t 104 = 1.6* 0.7 £ 0.2
Macrophages (X 10%)/mL 3+ 0.3t 3.65 = 0.3t 5.8 = 0.6* 0.60 = 0.02
Percentage of total cell count (%) 77 £ 4.7% 701 = 4.1¢ 55.4 = 5.7 86.2 = 2.8
Lymphocytes (X 10%/mL 0.36 + 0.08% 0.64 = 0.21t 1.9 + 04" 0.05 = 0.01
Percentage of total cell count (%) 9.3 = 1.6% 12.3 = 2.61 18.3 = 3.7* 6.5+ 1.8
Neutrophils (X 10%)/mL 0.06 + 0.02% 0.07 = 0.03 0.19 + 0.05* 0.01 + 0.002
Percentage of total cell count (%) 1.5+05 1.3+05 1.8+0.5 2.00 = 0.7
Eosinophils (X 10%)/mL 0.48 + 0.11% 0.85 = 0.21t 2.5+ 0.43* 0.04 + 0.01
Percentage of total cell count (%) 12.2 £ 2.2% 16.3 = 3.21 245 = 4.2 53x21

ANOVA test and Scheffe test were used.

* Differences between groups | and lll, groups Il and lll, and groups Il and IV were significant for all parameters (P < 0.05) except percentage of
total neutrophil cell count to total cell count.

T Differences between groups | and Il were significant for the parameters of total cell count, total macrophage count, total lymphocyte cell count,
total eosinophil cell count and percentage of total macrophage count, total lymphocyte cell count, and total eosinophil cell count to total cell count
(P < 0.05).

1 Differences between groups | and IV were significant for all parameters (P < 0.05) except percentage of total neutrophil cell count to total cell
count.
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Table 3. Concentrations of IL-2, IL-4, IL-10, IFN-vy, and Total Protein in BAL Fluid (= SD)

Group | Group Il Group Il Group IV
IL-2, pg/mL 113.4 £ 213t 102.3 £ 152 61.8 = 14.3* 1443 £21.6
IL-4, pg/mL 96.2 = 23.4t 166.0 = 15.7t 234.1 = 24.7* 32.6 = 10.2
IL-10, pg/mL 136.5 = 18.2t 173.1 = 22,5t 230.3 + 32.8* 67.2 = 11.7
IFN-vy, pg/mL 10.2 + 3.1% 5.46 = 1.21 3.41 +1.1* 175+ 5.8
Total protein, ug/mL 18.6 + 4.4t 28.4 = 5.5t 491 = 5.7* 10.6 £ 2.9

ANOVA test and Scheffe test were used.

* Differences between groups | and lll, groups Il and Ill, and groups Il and IV were significant

for all parameters (P < 0.05).

T Differences between groups | and Il were significant for IL-4, IL-10, IFN-+y, and total protein

(P < 0.05).

1 Differences between groups | and IV were significant for all parameters (P < 0.05).

polymerase chain reaction (RT-PCR)
was performed using an RT-PCR kit
(Clontech, Palo Alto, CA). Thefollow-
ing T cell-related cytokines were eval-
uated by measuring their mRNA ex-
pression: IL-2, IFN-y (Th 1-related),
IL-4, IL-5, and IL-10 (al Th 2-relat-
ed), and inducible nitric oxide synthase
(iNOS) with a PCR kit (Kevin Science
Technology, Brea, CA).

Preparation of cDNA and

PCR Analysis

Briefly, 2 ug RNA in a25-uL volume
was first primed with 2 uL oligo-(dT) _
primer, 20 uM, at 70° C for 2 minutes
and then kept on ice for 5 minutes.
After the reaction, a mixture contain-
ing 8 uL of five times reaction buffer;
2 plL, deoxyribonucleotide triphos-
phate mix 10 uM (each); 1 uL recom-
binant ribonuclease inhibitor, 40 units/
pl; and 2 uL Moloney murine
leukemia virus RT, 200 units/ul was
added to synthesize cDNA. cDNA was
amplified by 40 PCR cycles in a ther-
mal cycler (Hybaid Omnigene, Mid-
dlesex, UK), each cycle consisting of a
denaturation step (94° C for 1 minute),
an annealing step (65° to 55° C for 1
minute, 0.5° C/cycle touch down,
55° C for 19 cycles), and an extension
step (72° C for 1 minute). During the
last cycle, the 72° C step was extended
to 5 minutes. The PCR product was
analyzed with 2% agarose gel electro-
phoresis. The identity of each cytokine
cDNA was determined by the PCR
product obtained by electrophoresis,
and confirmed by DNA sequencing of
the PCR products. The quantities of
target messages were determined

where the ratio of target band intensi-
ties were analyzed by equations of the
B-actin line.?

Serum Theophylline Level

Serum theophylline levels, determined
from 1 mL of blood taken from lateral
taill vein of the BNR were measured
before and 30 minutes, 2 hours, and 24
hours after aminophylline was givenin
groups | and II.

Data Analysis

The Student’ st test and the analysis of
variance test were used for statistical
analysis where appropriate. If the anal-

ysis of variance test showed statistical
significance, the Scheffe test was also
performed. All values were expressed
asthe mean * standard deviation, with
significance accepted when P < 0.05.
Simple linear regression was used for
correlation analysis.

RESULTS

PFT Data

The mean data at baseline of peak expi-
ratory flow rate, MFEF,,, MFEFy,,
and MFEF,,, of the FV loop for dl four
groups are shown in Table 1. There was
no difference in peak expiratory flow
rae, MFEF,,, Crs, PaO, and TLC
among the four groups. The MFEFy,
and MFEF,g,, were significantly lower
in group Il than in the other three
groups (P < 0.05), but did not differ
significantly among groups I, I, and
IV (Table 1).

In group 11, the percentage change
of MFEFgy,, TLC (Fig 1) was signifi-
cantly higher than the other three
groups at doses of Ach higher than 25
po/kg (P < 0.05). The PD,, Ach
MFEFsy, TLC was significantly lower
in group I11 than the other three groups

= SRR L - -

Figure 2. (A) The histology of lung tissue and bronchi from a representative group | anima (H&E
stain 200X), demonstrating a mild inflammatory reaction, characterized by mild hyperemia, interstitial
edema, and inflammatory cell infiltration (score 1) in the lung tissue and bronchi. (B) The histology of
lung tissue and bronchi from a representative group Il animal (H& E stain 200X), demonstrating a mild
to moderate inflammatory reaction, characterized by mild hyperemia, interstitial edema and inflamma-
tory cell infiltration (score 2) in the lung tissue and bronchi. (C) The histology of Iung tissue and bronchi
from arepresentative group |11 animal (H& E stain 200X ), demonstrating a severe inflammatory reaction,
characterized by hyperemia, interstitial edema, and inflammatory cell infiltration (score 3). (D) The
histology of lung tissue and bronchi from a representative group IV anima (H&E stain 200X),
demonstrating absence of hyperemia, interstitial edema, and inflammatory cells infiltration (score 0) in
the lung tissue and bronchi.
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Figure 3. The mean ratio of IL-4, IL-5, IL-10, and iINOS mRNA levelsto B-actin in groups |, I, and
IV were lower than in group |11 as measured by densitometry.

(55 ng vs 37 ug vs 13 ug vs 75 ug;
P < 0.05; Fig 1).

BAL

There was no difference in recovery
rate of BAL fluid among the four
groups (84.3 + 2.3% vs 85.8 = 2.7%
vs85.5 + 3.2% vs 84.9 * 3.4%) (P >
0.05). Group IIl had higher total cell
counts and higher absolute counts of
each cell type than any other group.
The percentage of eosinophils and
lymphocytes in group 111 was higher
than in the other groups. In contrast,
the percentage of macrophages was
lower in group I11. Group Il had higher
total cell counts, higher absolute
counts of macrophages, eosinophils
and lymphocytes, higher percentage of
eosinophils and lymphocytes than
group |, whereas the percentage of
macrophages in group Il was lower
than in group | (Table 2). Group | had
higher total cell counts and higher ab-
solute counts of each cell type than
group 1V. The percentage of eosino-
phils and lymphocytes in group | was
higher than in group IV, whereas the
percentage of macrophages was lower
in group | (Table 2). The group Il
BNR had higher IL-4, IL-10, and total
protein, but lower IL-2 and IFN-vy cy-
tokine levelsin BAL fluid when com-

pared with the groups | and Il ami-
nophylline-pretreated BNR and group
IV norma controls. Group |l had
higher IL-4, I1L-10, and total protein,
but lower IFN-y cytokine levels in
BAL fluid when compared with group
I. Group | had higher IL-4, IL-10, and

cytokine levels in BAL fluid when
compared with group IV (Table 3).

Histology of Lung Tissue

There was only mild or mild-to-mod-
erate hyperemia, interstitial edema,
and inflammatory cell infiltration in
the lung tissue and bronchi of the
groups | and Il (Fig 2, A and B). The
lung tissue and bronchi of group Il
OA-sensitized BNR demonstrated a
severe inflammatory reaction, charac-
terized by hyperemia, interstitia
edema, and inflammatory cell (espe-
cialy lymphocytes and eosinophils)
infiltration (Fig 2C). In contrast, there
was absence of hyperemia, interstitial
edema, and inflammatory cell infiltra-
tion in the lung tissue and bronchi of
the group IV (Fig 2D). The mean tota
inflammatory scores of the group 111
were significantly higher than the other
three groups (P < 0.05). The mean
total inflammatory scores is group |,
1.1 = 0.2; group I, 1.8 = 0.2; group
11, 2.5 = 0.3; and group 1V, O.

Cytokine mRNA Profile Using
RT-PCR

The mean ratios of IL-4, IL-5, IL-10,
IL-6, TNF-o, and iINOS mRNA levels

total protein, but lower IL-2 and IFN-y to B-actin in groups I, 11, and IV were
IFNr, IL-6, TNF o
2.0 : . — ' .
18 ] group ! r—
' group Ii = - 0.09
1.6 4 group I dcos
14 | B oowp V. 1 oor
| | Q L
12 N
- % 4 00e
0 l—* \ 4 0.05
: \
21 - \ ~0.04
0 - 7\
1 — B /% 4 003
B AN
“1 .8 AN 4 0.02
3 AN
21 5 é% 4 oot
0.0 4 X é& : 0.00

IFNr IL-6

TNF L-2

Figure 4. The expression of mean ratio of IFN-y and IL-2 were significantly reduced in group I11
compared with groups|, 11, and IV. The mean ratio of IL-6 and TNF-a mRNA levelsto B-actin in groups
I, 1, and IV were lower than in group |1l as measured by densitometry.
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lower than in group Il (Figs 3 and 4).
The mean ratios of IFN-y and IL-2
MRNA levels to B-actin (Fig 4) were
significantly lower in group Il com-
pared with groups I, Il, and 1V. The
mean ratios of IL-4, IL-5, IL-10, and
iINOS mRNA levels to B-actin in
groups | were lower than in group Il
(Figs 3 and 4). The mean ratios of
IFN-y mRNA levels to B-actin were
significantly lower in group Il com-
pared with group | (Fig 4). The mean
ratios of I1L-4, IL-5, IL-10, TNF-«, and
iNOS mRNA levelsto B-actinin group
| were higher than in group 1V (Figs 3
and 4). The mean ratios of IL-2 and
IFN-y mRNA levels to B-actin were
significantly increased in group 1V
compared with group | (Fig 4). Figure
5 shows an example of these results.
Group |11 had higher IL-4, IL-5, IL-6,
IL-10, iINOS, and TNF-a mRNA ex-
pression, but lower IL-2 and IFN-vy
MRNA expression when compared
with the other three groups. Group |
BNR with a higher dose aminophylline
had lower IL-4, IL-5, IL-6, IL-10,
iNOS, and TNF-«, but higher IL-2 and
IFN-y mRNA expression when com-
pared with the group Il animals treated
with a lower dose of aminophylline.

Serum Theophylline Levels

The highest serum theophylline level
was 30 minutes after aminophylline
was given in both groups | and Il ani-
mals. Group | had higher serum the-
ophylline levels than group Il at 30
minutes and 2 hours after aminophyl-
line was given. The serum theophyl-
line level was very low 24 hours after
aminophylline was given for both
groups | and Il animals (Table 4).

DISCUSSION

Although several mechanisms have
been proposed to explain the actions of
theophylline, nonspecific inhibition of
phosphodiesterase  isoenzymes and
nonselective antagonism of specific
cell-surface receptors for adenosine are
the only ones known to occur at clini-
cally relevant drug concentrations. Its
actions include inhibition of phospho-
diesterase resulting in increased intra-
cellular cyclic adenosine monophos-

phate; inhibition of types Il and IV
isoenzymes resulting in relaxation of
smooth muscles in pulmonary arteries
and airways, inhibition of type IV
isoenzymes resulting in anti-inflamma-

tory and immunomodulatory effects;
and inhibition of unknown types of
isoenzymes resulting in central respi-
ratory stimulation.?”-? In this study us-
ing MFEM, we demonstrated that pre-

o

?. - —

o -] -

S0 W44 Sw v =,

A M Z = T
0.A.+Aminophylline (25 mg/kg)

0.A.+Aminophylline (S mg/kg)

c O.A.

T — 0

0.

Figure 5. An example of cytokine results. Group Il had increased IL-4, IL-5, IL-10, iNOS, and
TNF-a mRNA expression, but decreased IL-2 and IFN-y mRNA expression when compared with the
other three groups. The group | animals treated with a higher dose aminophylline had lower IL-4, IL-5,
IL-10, iNOS, and TNF-e, but higher 1L-2 and IFN-y mRNA expression when compared with group |1
animals treated with a lower dose of aminophylline.
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Table 4. Mean Serum Theophylline Levels before and 30 Minutes, 2 Hours, and 24 Hours
after Aminophylline Was Given to Groups | and Il Animals

Mean serum theophylline level, ng/mL

Before aminophylline

30 minutes after aminophylline was given

2 hours after aminophylline was given
24 hours after aminophylline was given

Group | Group Il
undetectable undetectable
31.2 £ 2.2 7112
26.5 + 1.4* 5.0 0.8

0.2 = 0.1 0.1 £ 0.1

Student’s t test was used.
Data are presented as mean = SD.

* The mean serum theophylline levels 30 minutes and 2 hours after aminophylline was given of
the group | animals were significantly higher than the group Il animals (P < 0.05).

treatment with either a single low or
large dose of aminophylline prevented
late-phase  bronchoconstriction 24
hours after OA challenge in sensitized
BNR. It aso decreased the BHR induced
by Ach. However, the serum aminoph-
ylline level was very low at 24 hours
after aminophylline was given for both
groups | and Il animds. Therefore, the
apparent bronchoprotective effect prob-
ably depended on some mechanism
other than direct bronchodilation.

We also demonstrated that aminoph-
ylline pretreatment resulted in a much
less severe inflammatory response after
OA challenge than occurred in the un-
treated sensitized rats. The group |11 OA
treated BNR had higher 1L-4 and IL-10,
but lower IL-2 and IFN-y cytokine lev-
els in BAL fluid when compared with
the groups | and Il aminophylline-pre-
trested BNR. We aso found that in-
creased lung tissue IL-4, IL-5, and IL-10
MRNA levels in non-aminophylline-
treated sengitized animals. Expression
of IFN-y was dgnificantly reduced in
OA-senditized but non-aminophylline—
treated rats. TNF-« is considered an im-
portant proinflammatory cytokine that
may play a role in the development of
the late-phase asthmatic reaction. Gosset
et a? showed that production of TNF-a
by macrophages after an antigen chal-
lenge wasincreased only in patients who
developed a late asthmatic response.
Similar to TNF-q, IL-6 is a proinflam-
matory cytokine, and iNOS is consid-
ered an inflammatory marker. In this
study, expresson of TNF-«, IL-6, and
iINOS mRNA were significantly reduced
in OA-sendgitized but aminophylline-
treated rats. These results suggest that
aminophylline had bronchoprotective,

anti-inflammatory,and immunomodula-
tory effects which were at least partially
mediated by changes in Th 2- and Th
1-related cytokines.

An unexpected finding of our study
is that the cytokine levels were much
higher than in comparable human data.
We do not know whether this repre-
sents a species difference. To our
knowledge, no studies have been pub-
lished of BAL cytokine levels in the
BNR. Zangrilli et a® did sequentia
antigen challenge in 20 atopic asth-
matic patients, finding that BAL fluid
IL-4 increased from 51.7 = 17.7 a
baseline to 150.1 + 58.8 pg/mL 24
hours after challenge. Of the 20 atopic
asthmatic patients, 10 had a dual re-
sponse, and their BAL fluid mean IL-4
level increased to >250 pg/mL 24
hours after challenge. Tomkinson et
al®! evauated cytokine kinetics in
BAL fluid after asingle OA challenge.
An increase in the Th 2 cytokine IL-4
was observed at 8 hours, reaching a
maximum at 24 hours (119 *= 29 pg/
mL), but returning to baseline by 96
hours. Trifilieff et a® aso demon-
strated that an increase in IL-4 was
observed, reaching a maximum at 24
hours ( >500 pg/mL) even higher than
our data. Borish et al** demonstrated
that the mean IL-10 concentration in
BAL fluid of norma subjects was
130 + 61 pg/mL. Different commer-
cial reagents may also produce differ-
ent results. BAL fluid assays are notor-
iously difficult to standardize because
of the lipoproteins, mucoproteins, and
other materials which can interfere
with determination of low cytokine
levels by enzyme-linked immunoad-
sorbent assay techniques. Some inves-

tigators control their assays using BAL
fluid authentic protein of interest. This
important step ensures that interfering
substances are identified. In this study,
the cytokines were measured using a
commercial reagent; total protein was
measured using a commercial reagent;
and concentration was cal culated using
a standard curve constructed with bo-
vine serum albumin.

Antigen-induced bronchoconstriction
causing air-flow obstruction and acute
airway inflammation is the most com-
monly used model to study the anti-in-
flammatory effect of theophylline in an-
imals. Mogt studies have used only one
dosage of theophylline, usually much
higher than those used clinicaly. There
is one reported study of theophylline in
animal models using a dose similar to
that administered in man.?” The authors
demonstrated that theophylline and the
more specific phosphodiesterase inhibi-
tor benzafentrine caused inhibition of
pulmonary eosinophil infiltration in the
guinea pig airway after platelet activat-
ing factor and alergen challenge. In this
study, we used 2 dosages of theophyl-
line, one similar to that administered in
man (5 mg/kg), and the other much
higher than that used clinicaly (25 mg/
kg). We found that either dose was &f-
fective in decreasing the severity of air-
way inflammation and decreasing the
MRNA of Th 2-related cytokines (IL-4,
IL-5), IL-6, TNF-a, and iNOS expres-
sion while preventing some of the reduc-
tion in the mRNA of Th 1-related cyto-
kines (IL-2, IFN-y) seen in the untreated
group. This effect was most prominent
with high-dose aminophylline.

CONCLUSION

We have demonstrated a protective ef-
fect of aminophylline at both low and
high doses against |ate-phase broncho-
constriction induced by OA. Our re-
sults support the hypothesis that the
drug exertsthis effect at least in part by
affecting T cell cytokine production.
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