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Abstract

We investigated the suppressive effects of 3-O-methylquercetin
5,7,3’4-O-tetraacetate (QMTA), a more-potent phosphodiester-
ase (PDE)3/4 inhibitor than quercetin 3-O-methyl ether (3-MQ),
which has been reported to have the potential for treating asth-
ma, against ovalbumin (OVA)-induced airway hyperresponsive-
ness (AHR). The ICs5, value of QMTA for PDE3 was significantly
less than that for PDE4. According to the Lineweaver-Burk analy-
sis, QMTA (1-10 uM) competitively inhibited PDE3 and PDE4 ac-
tivities. The K; values were 0.9 £ 0.3 (n = 5)and 3.9+ 0.5 (n = 5)
M, respectively, which significantly differed from each other,
suggesting that QMTA has higher affinity for PDE3 than for
PDE4. QMTA (3 -10 uM) concentration-dependently relaxed the
baseline level, and significantly inhibited cumulative OVA (10—
100 pg/mL)-induced contractions in isolated sensitized guinea
pig trachealis suggesting that QMTA has bronchodilator and in-
hibiting effects on mast cell degranulation. After the secondary
challenge, the AHR was measured in unrestrained OVA-sensi-
tized mice, with nebulized methacholine (MCh, 6.25-50 mg/
mL), by barometric plethysmography using a whole-body ple-
thysmograph. In the present results, QMTA (3 - 10 umol/kg, i.p.)
dose-dependently attenuated the enhanced pause (P.,,) value
induced by MCh (25-50mg/mL). QMTA (3-10 umol/kg, i.p.)
also significantly inhibited total inflammatory cells, macropha-
ges, neutrophils, lymphocytes, and eosinophils in BALF after de-

termination of P, values. It also significantly suppressed the re-
lease of interleukin (IL)-2, IL-4, IL-5, IFN-v, and TNF-¢, with the
exception that 3 umol/kg QMTA did not suppress the releases of
IL-5. QMTA even at 1 umol/kg significantly inhibited eosinophils,
IL-2, and TNF-c. In conclusion, our results strongly suggest that
QMTA has greater potential than 3-MQ for the treatment of asth-
ma.
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Introduction

Phosphodiesterases (PDEs) have been classified according to
their primary protein and cDNA sequences, co-factor and sub-
strate specificities, and pharmacological roles. It is now known
that PDEs comprise at least 11 distinct enzyme families that hy-
drolyze adenosine 3”,5’-cyclic monophosphate (cAMP) and/or
guanosine 3%,5’-cyclic monophosphate (cGMP) [1]. PDE1 -5 iso-
zymes, which are calcium/calmodulin-dependent (PDE1),
cGMP-stimulated (PDE2), cGMP-inhibited (PDE3), cAMP-specific
(PDE4), and cGMP-specific (PDE5), have been found to be present
in the human bronchi [2], canine trachea [3], guinea pig lung [4].
PDE3, PDE4, or dual PDE3/4 inhibitors were reported to have po-
tential for use in the treatment of asthma [4].

Quercetin 3-O-methyl ether (3-MQ) is a major constituent of
Rhamnus nakaharai Hayata (Rhamnaceae), which has been used
as a folk medicine in Taiwan for treating constipation, inflamma-
tion, tumors, and asthma [5]. 3-MQ was reported to exhibit dual
inhibition of PDE3/4 (with ICs, values of 1.6 uM and 28.5 uM,
respectively) in our laboratory [6]. Recently, 3-MQ was reported
to exert its anti-inflammatory effect through the inhibition of
iNOS DNA transcription [7], and suppress airway hyperrespon-
siveness (AHR) [8]. Therefore, we were interested in investigat-
ing the suppressive effects of 3-O-methylquercetin 5,7,3°,4-0-
tetraacetate (QMTA; Fig.1), a more-potent PDE3/4 inhibitor
than 3-MQ, on ovalbumin (OVA)-induced airway hyperrespon-
siveness. The rationale of our proposal was based on the preli-
minary observation that quercetin 3,5,7,3’,4’-pentaacetate was
more selective and potent than quercetin in the inhibition of
PDE1-5.

Materials and Methods

Reagents and drugs

According to the method described by Ferte et al. [9], QMTA
(Fig.1) was synthesized by acetylation from 3-MQ which was
isolated from R. nakaharai [10], and identified by spectral meth-
ods, including UV, IR, MS, and NMR techniques (spectral data of
QMTA are obtainable on request from the author of correspon-
dence). The purity of QMTA was 98 %. Methacholine (MCh), indo-
methacin, nifedipine, ovalbumin (OVA), dimethyl sulfoxide
(DMSO), Tris-HCl, bis-Tris, dI-dithiothreitol, ethylenediaminete-
traacetic acid (EDTA), bovine serum albumin (BSA), cAMP,
cGMP, calmodulin, Dowex resin, and Crotalus atrox snake venom
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Fig.1 Chemical structure of 3-O-methylquercetin 5,7,3",4-O-tetra-

acetate (QMTA, M.W. 484.23).

were purchased from Sigma Chemical (St. Louis, MO, USA). Vin-
pocetin, erythro-9-(2-hydroxy-3-nonyl) adenine HCl (EHNA),
milrinone, rolipram, 4-(3-butoxy-4-methoxybenzyl)-2-imidazo-
lidinone (Ro 20-1724), and zaprinast were purchased from Bio-
mol (Plymouth Meeting, PA, USA). [3H]-cAMP and [*H]-cGMP
were purchased from Amersham Pharmacia Biotech (Bucking-
hamshire, UK). Freund’s complete adjuvant was purchased from
Pierce Biotechnology (Rockford, IL, USA). Other reagents, such as
CaCl,, MgCl,, and NaCl, were of analytical grade. Ro 20-1724 and
rolipram were dissolved in a mixture of ethyl alcohol and DMSO
(1:1). Ro 20-1724 and EHNA were dissolved in ethyl alcohol.
QMTA and milrinone were dissolved in DMSO. EDTA was dis-
solved in 3 N NaOH. Other drugs were dissolved in distilled wa-
ter. The final concentration of ethyl alcohol or DMSO was <0.1%,
and did not significantly affect the activities of PDE isozymes.

Airway hyperresponsiveness in vivo

Under a protocol approved by the Animal Care and Use Commit-
tee of Taipei Medical University, the following in vivo and in vitro
experiments were performed. Female BALB/c mice at 8 to 12
week of age were obtained from the National Laboratory Animal
Center (Taipei, Taiwan). The mice were housed in ordinary cages
at 22 + 1 °Cwith a humidity of 50-60% under a constant 12/12-h
light/dark cycle and provided with OVA-free food and water ad
libitum. Six mice in each group were sensitized with OVA by an
intraperitoneal (i.p.) injection of 20ug of OVA emulsified in
2.25 mg aluminum hydroxide gel in a total volume of 100 uL on
days 0 and 14. A sham (non-sensitized) group of mice received
saline instead of OVA was used for comparison. Mice were chal-
lenged with 1% OVA in saline for 30 min on days 28, 29, and 30
by ultrasonic nebulization via the airway. Six weeks after the last
of the three primary OVA challenges, mice were exposed to 1%
OVA for 30 min by nebulization as a secondary challenge [11].
AHR was assessed on day 74 (48 h after 1% OVA provocation) in
each group. Each group of mice was intraperitoneally injected
with the vehicle (control), or QMTA (1-10 umol/kg) 2 h before
and 6 and 24 h after the OVA provocation. The vehicle, a mixture
of alcohol: polyethyleneglycol 400:saline (1:14.5:14.5), or
QMTA was injected at a volume of 0.01 mL/g of body weight.
The AHR was measured in unrestrained animals by barometric
plethysmography [12] using a whole-body plethysmograph
(WBP) and analyzed using software of Life Science Suite P3 Anal-
ysis Modules (Gould, LDS Test and Measurement LLC; Valley
View, OH, USA). Mice were placed in the main chamber of the
WBP, and enhanced pause (P.,,) values were determined by
readings of breathing parameters for 3 min before (baseline)
and after nebulization of a phosphate-buffered solution (PBS).
Then the P, values were determined by same method with in-
creasing doses (6.25-50 mg/mL) of methacholine (MCh) for 3
min for each nebulization. Twenty-four hours after the P, de-
termination, these mice were anesthetized with pentobarbital
(50 mg/kg, i.p.), and lavaged via a tracheal tube with PBS (1x1.0
mL, 37 °C). The collected bronchoalveolar lavage fluid (BALF) was
centrifuged at 500 rpm for 5 min, and the pellet was resuspend-
ed in ACK lysing buffer to lyse the residual erythrocytes in each
sample. The number of inflammatory cells was counted using a
hemacytometer (Hausser Scienstific; Horsham, PA, USA). Cytos-
pin slides were stained and differentiated in a blinded fashion by
counting at least 100 cells under the light microscope. After cen-
trifugation, the supernatant was stored at -20 °C until determi-
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nation of cytokines, including interleukin (IL)-2, IL-4, IL-5, tumor
necrosis factor (TNF)-¢, and interferon (IFN)-y by flow cytomet-
ric methods [13] using mouse Th1/Th2 cytokine CBA kits (Phar-
mingen; San Diego, CA, USA) according to the recommendations
of the manufacturer.

Airway hyperresponsiveness in vitro

Male Hartley guinea pigs (500-600 g), obtained from the Na-
tional Laboratory Animal Center (Taipei, Taiwan), were sensi-
tized by intramuscular injections of 0.7 mL of 5% (w/v) OVA in
saline on days 1, 4, and 43, and in adjuvant on days 25 and 39
into each thigh, respectively, according to the method described
by Underwood et al. [4] and modified by us. Three days after the
last injection, the sensitized guinea pigs were sacrificed by cervi-
cal dislocation, and the tracheas were removed. Each trachea was
cut into six segments. Each segment consisted of three cartilage
rings. All segments were cut open opposite the trachealis. After
the segments were randomized to minimize regional variability,
they were tied at one end to holders via silk sutures, placed in
5 mL of normal Krebs solution containing indomethacin (3 uM),
gassed with a 95% O, plus 5% CO, mixture at 37 °C, and attached
by the other end of each segment to force displacement transdu-
cers (Grass FT03; Grass; Quincy, MA, USA) for the isometric re-
cording of tension changes on a polygraph (Gould RS3200;
Gould). The composition of the normal Krebs solution was
(mM): NaCl 118, KCI 4.7, MgSO, 1.2, K,PO, 1.2, CaCl, 2.5, NaHCO;
25, and dextrose 10.1. The tissues were suspended in normal
Krebs solution under an initial tension of 1.5 gand allowed to
equilibrate for at least 1 h with washing at 15-min intervals. After
the tissues were precontracted with KCl (60 mM) and washed
with normal Krebs solution, OVA (0.1 -100 ug/mL) was cumula-
tively added, and contractions were allowed to reach a steady
state at each concentration. To evaluate the suppressive effect of
QMTA on OVA-induced contractions, each tissue was preincubat-
ed with each concentration (1, 3, or 10 uM) of QMTA or its vehicle
for 15 min and then challenged with cumulative OVA again.
Therefore, the log concentration-response curves of OVA were
constructed in the absence and presence of QMTA. The tension
of the precontraction induced by KCl was set as 100%.

Inhibition on PDE activities and the Lineweaver-Burk analysis
The activities of PDE1-5, partially separated from guinea pig
lungs and hearts according to the method described by Ko et al.
[6], were measured with a two-step procedure according to the
method of Thompson and Appleman [14], using cAMP with
[3H]-cAMP or cGMP with [2H]-cGMP as substrates. The enzyme
preparation (25 uL) was incubated for 30 min at 37 °C in a total
assay volume of 100 uL containing 50 mM Tris-HCl (pH 7.4),
3 mM MgCl,, 1 mM dithiothreitol, 0.05% BSA, 1 uM cAMP with
0.2 uCi [3H]-cAMP as a substrate alone or in the presence of 0.1
units calmodulin with 10uM CaCl, or 5uM cGMP, and 1uM
c¢GMP with 0.2 uCi [3H]-cGMP as another substrate alone or in
the presence of 0.1 units calmodulin with 10 uM CacCl,. In tests
of enzyme inhibition, the reaction mixture contained 10 uL of ve-
hicle or inhibitors, at various concentrations of QMTA derivatives
or selective PDE1 -5 inhibitors, such as vinpocetin [15], EHNA
[16], milrinone [17], Ro 20- 1724 [18], and zaprinast [ 19] as refer-
ence drugs, respectively. The reagents and homogenate were
mixed on ice, and the reaction was initiated by transferring the
mixture to a water bath at 37 °C. Following 30-min incubation,
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the reaction was stopped by transferring the reaction vessel to a
bath of boiling water for 3 min. After cooling on ice, 20 uL of a
1 mg/mL solution of Crotalus atrox venom was added to the reac-
tion mixture, and the mixture was incubated at 37 °C for 10 min.
Unreacted [>H]-cAMP or [2H]-cGMP was removed by the addition
of 500 uL of a 1-in-1 Tris-HCI (40 mM) buffer suspension of Dow-
ex resin (1x8-200) with incubation on ice for 30 min. Each tube
was then centrifuged for 2 min at 6000 rpm, and 150 uL of the
supernatant were removed for liquid scintillation counting.
Less than 10% of the tritiated cyclic nucleotide was hydrolyzed
in this assay. The total protein in each fraction used was assayed
according to the method described by Bradford [20]. The PDE
activities are shown as nmol/mg/min in the Lineweaver-Burk
analysis.

Statistical analysis

The 1C5y values of QMTA for PDE1-5 were calculated using a
non-linear regression analysis by the software SigmaPlot 10.0
(Sigma Chemical; St. Louis, MO, USA), with the exception that
that for PDE3 was calculated by extrapolation. All values are
given as the mean = SEM. Differences among values were statis-
tically calculated by one-way analysis of variance (ANOVA), and
then determined by Dunnett’s test. The difference between two
values, however, was determined by Student’s t-test. Differen-
ces were considered statistically significant if the p value was
<0.05.

Results

The P, values at the baseline for non-sensitized, control (vehi-
cle), and 1, 3, and 10 umol/kg (i.p.) QMTA administered groups
were 4.40 + 0.66, 4.14 + 0.47, 3.61 + 0.26, 3.46 + 0.50, and 3.93 +
0.29, respectively, and these values did not significantly differ
from each other. The P, values of PBS nebulization for each
group were 4.06 * 0.63, 4.01 £ 0.49, 3.63 + 0.65, 3.60 + 0.30, and
3.78 £ 0.61, respectively, which also did not significantly differ
from each other. Administration of nebulized PBS did not affect
the P.,, value of each baseline group. However, MCh (6.25-
50 mg/mL) concentration-dependently increased P.,, values
from 1.18 + 0.05-fold of PBS exposure to 2.90 + 0.20-fold in con-
trol sensitized and challenged mice (Fig. 2A). The P, value of
MCh (50 mg/mL) in the control sensitized and challenged mice
was significantly greater than that (2.21 £ 0.09-fold) in non-sen-
sitized but challenged (non-sensitized) mice (Fig. 2A). QMTA (3 -
10 umol/kg, i.p.) dose-dependently and significantly attenuated
the enhancement of the P.,, value induced by MCh at 25-
50 mg/mL, as did QMTA (10 umol/kg, i.p.) even at 12.5 mg/mL
MCh (Fig. 2A). The total inflammatory cells, macrophages, lym-
phocytes, neutrophils, and eosinophils from the BALF of control
sensitized and challenged mice significantly increased when
compared to non-sensitized mice (Fig. 2B). QMTA (3 - 10 umol/
kg, i.p.) also significantly suppressed the increase in total inflam-
matory cells, macrophages, lymphocytes, neutrophils, and eosi-
nophils, as did QMTA at 1 umol/kg (i.p.) in eosinophils (Fig. 2B).
IL-2, IL-4, IL-5, TNF-¢, and IFN-y from the BALF of control sensi-
tized and challenged mice significantly increased when compar-
ed to non-sensitized mice (Fig.2C). QMTA (3 -10 umol/kg, i.p.)
also significantly suppressed the increases in these cytokines,
with the exception of IL-5 at a dose of 3 umol/kg (Fig. 2C). How-

Downloaded by: Chinese University of Hong Kong. Copyrighted material.



4 1 —9— Control

—e— Non-sensitized
—A— QMTA 1 pmol/kg
—¥— QMTA 3 pmol/kg
—&— QMTA 10 umol/kg

P, (folds of the PBS)
N

0 - .
10 100
B MCh (mg/mL)
4000 —— Control
mmmm Non-sensitized
3500 | QMTA 1 pmol/kg

QMTA 3 pmol/kg
B QMTA 10 umol/kg

Number of cells (x 103/mL)

ES I

AN

Cc —— Control

40 - mmmm Non-sensitized
QMTA 1 umol/kg
QMTA 3 pmol/kg

:)E\ & QMTA 10 pmol/kg
& 30

£ 20

[}

E

o

S

10 %

Fig.2 Effects of 3-O-methylquercetin 5,7,3%,4-O-tetraacetate (QMTA)
(1-10umol/kg, i.p.) on the enhanced pause (P,,) (A), inflammatory
cells (B), and cytokines (C) in sensitized mice which received aerosolized
methacholine (MCh, 6.25-50 mg/mL) 2 days after secondary allergen
challenge. * p < 0.05, ** p<0.01, *** p < 0.001 when compared with
the vehicle (control). The number in each group of mice was 6. Total =
total cells; Mac = macrophages; Lym = lymphocytes; Neu = neutro-
phils; Eos = eosinophils.

ever, QMTA at the smallest dose (1 umol/kg, i.p.) even signifi-
cantly suppressed the increases in IL-2 and TNF-« (Fig. 2C).

In isolated sensitized guinea pig trachea, 60 mM KCI evoked a
contraction and increased tension to 0.59 £ 0.09 g (n = 5), which
was set as 100%. OVA (0.01 - 100 ug/mL) alone concentration-de-
pendently enhanced tension from the baseline to 90.5% + 16.8%
(n=5)or 111.1% £ 7.0% (n = 5) of the 60 mM KCl-induced con-
traction, respectively (Fig.3A, B). The log concentration-re-
sponse curve of OVA was unaltered by 1 uM nifedipine, a selec-
tive voltage-dependent calcium channel blocker [21] (data not
shown). The vehicle of QMTA or Ro 20- 1724 did not affect OVA
(100 pug/mL)-induced maximal contractions. However, QMTA (1,

A
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g 100 ~ —&— QMTA 10 uM
Z 80+
f =3
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L 60 A
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Fig.3 Effects of 3-O-methylquercetin 5,7,3",4-O-tetraacetate (QMTA)
(A) and Ro 20-1724 (B) on cumulative ovalbumin (OVA)-induced con-
tractions in isolated sensitized guinea pig trachealis. The number of ex-
periments was 5. * p<0.05, ** p<0.01, *** p<0.001 when compared
with the vehicle (control).

3 and 10 uM) concentration-dependently relaxed 0.02 + 0.02 g
(n=15),0.08+0.04¢g(n = 5)and 0.15+0.06 g(n = 5) of the rest-
ing tension, respectively. QMTA at 10 uM exerted a significant re-
laxation of the resting tension. Nifedipine at 1 uM also signifi-
cantly relaxed 0.24 + 0.08 g (n = 3) of the resting tension. QMITA
(3-10 uM) significantly inhibited OVA (10-100 ug/mL)-induced
contractions, when compared to the vehicle (Fig. 3A). The same
was true for Ro 20-1724 (3-30 uM) with the exception that Ro
20-1724 (3 uM) did not inhibit the contraction induced by OVA
at 100 ug/mL (Fig. 3B).

QMTA (1-100 uM) concentration-dependently inhibited PDE1 -
5 activities (Fig. 4), with respective ICsy values of 3.1 £ 0.5 (n = 4),
85+0.2(n =3),08+0.5(n =3),3920.6(n =3),and 111+ 1.6
(n = 3)uM. The ICsq value of QMTA for PDE4 was significantly
greater than that for PDE3, but less than those for PDE2 and
PDES5, although it did not differ from that for PDE1. However,
the ICsy value of QMTA for PDE4 was significantly less than that
of 3-MQ for the same previously reported isozyme [6]. According
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Fig.4 Log concentration-inhibition curves of 3-O-
methylquercetin 5,7,3",4-O-tetraaetate (QMTA) on

A D phosphodiesterase (PDE)1 (A), PDE2 (B), PDE3 (C),
120 - 120 4 PDE4 (D), and PDES5 (E). Their ICs, values are shown
100] 3.1+05(n=4)uM 1004 3.9+06 (n=3)puM . in each respective graph. Each point represents the

—_ mean = SEM (n = 3 or 4).
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to the Lineweaver-Burk analysis, QMTA (1-10uM) and milri-
none (0.3 -3 uM), a selective PDE3 inhibitor, competitively inhib-
ited PDE3 activity (Fig. 5) because the 1/V,,, values were not sig-
nificantly affected by various concentrations of QMTA (A) or mil-
rinone (B). Their K; values were calculated to be 0.9 + 0.3 (n = 5)
and 2.5 + 0.4 (n = 7)uM, respectively (Fig.5 insert). Similarly,
QMTA (1-10uM) and rolipram (1-10uM), a selective PDE4
inhibitor, competitively inhibited PDE4 activity (Fig. 6). Their K;
values were calculated to be 3.9 + 0.5 (n =5) and 44 + 1.8
(n = 5)uM, respectively (Fig. 6 insert). The K; value of QMTA for
PDE3 was significantly less than that for PDE4, suggesting that
QMTA has higher affinity for PDE3 than for PDE4.

Discussion

Allergic asthma is a chronic respiratory disease characterized by
AHR, mucus hypersecretion, bronchial inflammation, and elevat-
ed serum immunoglobulin-E (IgE). T helper type 2 (Th2) cells, to-
gether with other inflammatory cells such as eosinophils, B cells,
and mast cells have been proposed to play critical roles in the in-
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Log [QMTA] (M)

itiation, development, and chronicity of this disease [22]. One
hypothesis emphasizes an imbalance in the helper lymphocyte
population favoring expression of Th2 over Th1 cells. Cytokines
released from Th2 lymphocytes are IL-4, 5, 6, 9, and 13, and
TNF-c¢, and those from Th1 lymphocytes are IL-2, and 12, and
IFN-y [23]. In the present results, QMTA suppressed IL-2, 4, and
5, IFN-y, and TNF-¢, suggesting that QMTA selectively suppresses
neither Th1 nor Th2 lymphocytes. QMTA also suppressed all
types of inflammatory cells examined, including total inflamma-
tory cells, macrophages, lymphocytes, neutrophils, and eosino-
phils from the BALF of sensitized and challenged mice. Even the
eosinophils were abolished by QMTA at the various doses used.

Inflammatory mediators released during allergic airway inflam-
mation play a role in the development of AHR. IL-4 and -13 have
been shown to induce AHR in mouse asthma models [24]. IL-4
has three primary effects. First, IL-4 promotes B cell differentia-
tion to plasma cells that secrete antigen-specific IgE antibodies.
Second, IL-4 promotes mast cell proliferation. Third, increased
IL-4 upregulates endothelial cellular expression of adhesion mol-
ecules for eosinophils [25]. IL-5 mobilizes and activates eosino-
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Fig.5 Inhibition of phosphodiesterase (PDE)3-induced cAMP hydroly-

sis by 3-O-methylquercetin 5,7,3",4-O-tetraacetate (QMTA) (A) and
milrinone (B). The activities of PDE3 in the presence of various concen-
trations of QMTA or milrinone, and the substrate (cAMP) were plotted
according to the Lineweaver-Burk analysis. K; was determined from the
equation of the apparent K, as a function of the inhibitor concentra-
tion (insert). Each value represents the mean + SEM (n = 5-7).

phils, leading to the release of a major basic protein, cysteinyl-
leukotrienes, and eosinophil peroxidase both of which contrib-
ute to tissue damage and AHR [26]. The calcium channels in
mast cell membranes have been proposed to differ from those
in cardiovascular and other smooth muscle tissues [27], which
are sensitive to nifedipine. In the present in vitro results, QMTA
concentration-dependently inhibited the cumulative OVA-in-
duced contractions of isolated sensitized guinea pig trachealis,
which were unaffected by 1uM nifedipine, suggesting that
QMTA inhibits degranulation and activation of mast cells [4].
Therefore, this inhibition by QMTA, an acetate of 3-MQ, may be
related to the non-specific property of quercetin as a protein ki-
nase inhibitor [28]. In the isolated sensitized guinea pig trachea-
lis, however, QMTA as well as nifedipine concentration-depen-
dently relaxed the baseline, suggesting that QMTA has a broncho-
dilator effect.
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Fig.6 Inhibition of phosphodiesterase (PDE)4-induced cAMP hydroly-

sis by 3-O-methylquercetin 5,7,3%,4"-O-tetraacetate (QMTA) (A) and ro-
lipram (B). The activities of PDE4 in the presence of various concentra-
tions of QMTA or rolipram, and the substrate (CAMP) were plotted ac-
cording to the Lineweaver-Burk analysis. K; was determined from the
equation of the apparent K, as a function of the inhibitor concentra-
tion (insert). Each value represents the mean + SEM (n = 5).

Cyclic AMP, a 3",5’-cyclic nucleotide, has important regulatory
roles in the process of inflammation. Selective PDE4 inhibitors
specifically prevent the hydrolysis of cAMP, and therefore have
broad anti-inflammatory effects such as inhibition of cell traf-
ficking, and cytokine and chemokine release from inflammatory
cells. The effectiveness of these PDE4 inhibitors may be limited
by their clinical potency when using doses that have minimal ef-
fects on nausea and vomiting [29]. Development of inhibitors of
other PDE classes, combined with PDE4 inhibition, may be an-
other way forward. A dual PDE3/4 inhibitory compound may
provide more bronchodilator effects in addition to the beneficial
effects of PDE4 [30]. Although QMTA, as well as 3-MQ [6], had
higher affinity for PDE3 than for PDE4, and had more selective in-
hibitory effects on PDE3 than on PDE4 in the present results,
QMTA had more potency than 3-MQ and even at 1 umol/kg (i.p.)
significantly suppressed the increases in IL-2, TNF-« and eosino-
phils from the BALF of control mice. It is possible that the liposo-
lubility of QMTA is greater than that of 3-MQ. Therefore QMTA
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more easily penetrates cell membranes than 3-MQ, because 3-
MQ has four hydroxyl groups at C-5, -7, -3’, and -4’ in the chemi-
cal structure. It is well known that the absorption of polyphenols,
such as flavonoids, by the body is very poor, therefore the total
intracellular amount of QMTA may have been greater than that
of 3-MQ at the same dose after absorption, although QMTA may
have been hydrolyzed by esterase to form 3-MQ. The target of the
anti-inflammatory effects of both compounds in vivo was PDE3/4
and appeared different from that in vitro, especially in inhibiting
the effect on the degranulation of mast cells, but appeared the
same to that in vitro in relaxing baseline tension.

In conclusion, the above results strongly suggest that QMTA has
greater potency and a higher potential than 3-MQ for use in the
treatment of allergic asthma.
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