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Antihypertensive activity of KR-31081, an orally active nonpeptide
AT1 receptor antagonist
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Abstract  The pharmacological profile of KR-31081, a newly synthesized AT receptor antagonist, was
evaluated in pithed rats, conscious renal hypertensive rats (RHRs) and conscious furosemide-treated beagle dogs.
In pithed rats, KR-31081 (i.v.) induced a non-parallel right shift in the dose-pressor response curve to
angiotensin II (ID50: 0.05 mg/kg) with a dose-dependent reduction in the maximum responses; this antagonistic
effect was about 40 times more potent than losartan (ID50: 1.74 mg/kg) which showed competitive antagonism.
KR-31081 did not alter the responses induced by other agonists such as norepinephrine and vasopressin. In
RHRs, orally given KR-31081 produced a dose-dependent and long-lasting (>24 h) antihypertensive effect with a
higher potency to losartan (ED20: 0.30 and 3.36 mg/kg, respectively). In furosemide-treated dogs, orally given
KR-31081 produced a dose-dependent and long-lasting (>8h) antihypertensive effect with a rapid onset of action
(time to Emax: 1-1.5 h) and 20-fold greater potency than losartan (ED20: 0.41 and 8.13 mg/kg, respectively).
These results suggest that KR-31081 is a potent, orally active ATI1 receptor antagonist useful for the research
and diagnostic tools as an added exploratory potential.
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1. Introduction cardiovascular tissues, are mediated by the AT, subtype

[1, 2]. Therefore, All receptor antagonists with selectivity

It is well known that the major pharmacologic actions for the AT, subtype are considered to be useful for the
of angiotensin I (AIl), such as contraction of vascular treatment of patients with hypertension accompanying
smooth muscle, aldosterone release from the adrenal cardiac hypertrophy and vascular thickening. Since the

gland, and cell proliferation and hypertrophy of discovery of losartan, the first drug developed and
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marketed as an AT, receptor antagonist [3, 4], a growing
number of angiotensin receptor antagonists have been
introduced. A numerous studies have reported that
losartan is an orally active competitive All receptor
antagonist with selectivity for AT, subtype in animals [5,
6] and humans [7, 8]. Losartan and its metabolite
EXP3174 have been reported to antagonize All in
different ways, showing surmountable and insurmountable
antagonism, respectively [4, 9].

Recently, the application of AIl receptor antagonists
has expanded to ongoing trials for noninvasive diagnostics
as in positron emission tomography imaging [10-12],
therefore upcoming AT, receptor antagonist candidates are
important developments as new diagnostic tools in future.

In the present study, the pharmacological profile of
KR-31081 was examined in various in vivo systems
including pithed rats, conscious renal hypertensive rats

(RHRs), and conscious furosemide-treated dogs.

2. Materials and Methods

2.1 Chemicals

KR-31081(2-butyl-5-dimethoxymethyl-6- (pyridyn-2-yl)
-3-[[2'-(1H-tetrazol-5-yl)biphenyl ~ -4-yl|methyl]-3H-imidazo
[4,5-b]pyridine, US patent #5691348) and losartan [3]
were synthesized at the Bio-Organic Science Division,
KRICT, and were dissolved in 0.05 N KOH in saline and
suspended in Tween 80 for intravenous and oral
administration, respectively. Ketamine hydrochloride was
purchased from Yuhan Co. (Seoul, Korea), and All
acetate from Sigma Chemical Co. (St. Louis, MO,

U.S.A).

2.2 In vivo potency and specificity as All
antagonist in pithed rats
Male Sprague-Dawley rats (350-450 g, KRICT) were
anesthetized with sodium pentobarbital (35 mg/kg, ip.).
After a tracheotomy was performed, artificial ventilation
with room air was initiated with rodent ventilator (model
7025, Ugo Basile, Varese, Italy; frequency: 60 cycles/min;
ml/100 g body weight). Two
to PE-10

catheter that were filled with heparinized saline solution

stroke volume: 1

polyethylene (PE-50) catheters connected

(20 IU/ml) were inserted into the left femoral artery and
vein for recording arterial blood pressure and drug
administration, respectively. The arterial catheter was
connected to an Isotec pressure transducer (Healthdyne,
Georgia, U.S.A.) coupled to a Graphtec Linearcorder
(model 3310, Graphtec Corp., Japan). Subsequently, the
animals were pithed by inserting and driving a steel rod
(2 mm in diameter) via the orbit and the foramen
magnum down into the whole length of the spinal canal
[13]. The animals were kept warm at 37°C by means of
Arterial blood

pressure and heart rate were continuously recorded

a thermostat-controlled heating pad.

through the whole experiment.

Forty minutes after surgery, when consistent control
values for blood pressure and heart rate were possible to
obtain, the experiment was commenced. To construct the
dose-pressor response curve for All, AIl (0.01-1000 p
g/kg/0.1 ml, iv.) was injected cumulatively with each
successive injection given immediately after the maximal
effect of the preceding dose was reached (10-20 sec).
After each injection, the catheter was flushed with 0.2 ml
of saline. Only one full dose-response curve was obtained
in each rat. Fifteen minutes before injection of All, the
animal was pretreated with a single i.v. dose of KR-31081
(0.03, 0.06, and 0.1 mg/kg), losartan (1, 3 and 10 mg/kg)
and vehicle (0.05 N KOH, 1 ml/kg). A similar protocol
was also carried out with norepinephrine, and
vassopressin to determine specificity of KR-31081. Full
dose-pressor response curves for norepinephrine (0.01 -
300 pg/kg, iv.) and vasopressin (0.01 - 30 IU/kg, iv.)
were determined in pithed rats pretreated with KR-31081
(0.1 mg/kg, i.v.) or vehicle (0.05 N KOH, 1 ml/kg). The
results were expressed as mmHg of diastolic arterial blood
pressure. The doses (IDsp) of compounds that inhibited by
50% the pressor response to AIl (10 ug/kg, iv.) were
calculated by linear regression as an indirect measure of

antagonism.

2.3 Antihypertensive effects in conscious

RHRs

For preparing RHRs, the left renal artery of
Sprague-Dawley rats (300-350 g, KRICT) was completely
ligated under ketamine (125 mg/kg, i.p.) anesthesia. They

were fed normal diet and water ad libitum for one week

3474



Antihypertensive activity of KR-31081, an orally active nonpeptide AT receptor antagonist

in plastic cages in rooms maintained on 12 hour-light/dark
cycles. To measure the arterial blood pressure from
RHRs, the animals were prepared as described above and
kept moving free in individual cages in a quiet room on
the day of the experiment. Then, the arterial catheter was
connected to a pressure transducer (CDX-III, Modular
Ins., Malvern, PA, U.S.A.) coupled to a physiograph
(Modular 8000 Signal processor, Modular Ins.), and
resulting parameters being analyzed and stored by
blood

monitored for 6 h after single oral

Biowindow program (Modular Ins.). Arterial
pressure  was
administration of KR-31081 (0.3, 1, 3 mg/kg) and losartan
(3 and 10 mg/kg). Results were expressed as percentage
change from control mean arterial pressure (MAP). The
EDy values of compounds, doses that decreased the
maximal MAP by 20%, were obtained from linear

regression of log dose-response data.

2.4 Antihypertensive effects in furosemide
—treated dogs

Male beagle dogs (8-12 kg, Samyook Experimental

Animal Co., Suwon, Korea) were anesthetized by
intravenous injection of sodium pentobarbital (30 mg/kg)
into the left cephalic vein. Under the aseptic conditions,
the left femoral artery was cannulated with a special
chronic catheter device filled with heparin (1,000 1U/ml).
The catheter was exteriorized through a subcutaneous
tunnel at the back of neck. Two days after catheter
implantation, animals were trained to stand in a sling
(Daejong Co., Seoul, Korea) for continuous measurement
of arterial blood pressure via a Grass P23XL pressure
transducer (Grass Ins., Quincy, MA, U.S.A.) followed by
continuous recording on a Gould 2000 physiograph
(Gould Inc., Cleveland, OH, U.S.A.). To elevate their
plasma renin activity, animals were treated with
furosemide at 10 mg/kg twice 18 (given im.) and 2 h
(given i.v.) before the experiment, as previously described
by Wong et al. [5]. Food and water were withdrawn from
these dogs after the first dose of furosemide. Arterial
blood pressure was monitored for 8 h after single oral
administration of KR-31081 (0.3, 1, 3 mg/kg) and losartan
(3, 10, 30 mg/kg). Results were expressed as percentage
MAP. The EDx

compounds, doses that decreased the maximal MAP by

change from control values of
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20%, were calculated by applying linear regression

analysis to log dose-response data.

2.5 Statistical analysis

All values are expressed as mean + S.E.M. Data were
analyzed by one-way analysis of variance (ANOVA)
followed by the Dunnett's test for multiple comparisons
(Sigma Stat, Jandel Co., San Rafael, CA, U.S.A.). In all
considered to be

comparisons, the difference was

statistically significant at p < 0.05.

3. Results

3.1 /n vivo potency and specificity of All
antagonist in pithed rats

In pithed rats treated with vehicle (control group)

under the experimental conditions used, the mean diastolic

arterial pressure was 30.9 + 4.8 mmHg.
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[Fig. 1] Effects of intravenously administered KR-31081
(A) and losartan (B) on the log dose-pressor
response curve to All in anesthetized pithed rat.
KR-31081: Vehicle (open circles), 0.03 (solid
circles), 0.06 (open triangles) and 0.1 mg/kg
(solid triangles). Losartan: Vehicle (open circles),
1.0 (solid circles), 3.0 (open triangles) and 10.0
mg/kg (solid triangles). The data points represent
the mean + S.EM. (n=6).
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The baseline values for diastolic arterial pressure were

similar in all groups of pithed rats. Cumulatively
administered All induced a gradual increase in diastolic
arterial pressure with dose (Ema: 112.0 £ 7.5 mmHg;
EDso: 0.68 + 0.05 pg/kg, Fig. 1A). The pretreatment with
KR-31081 (0.03, 0.06 and 0.1 mg/kg, iv.) did not
significantly affect diastolic arterial pressure (30.3 + 5.1,
30.4 £ 3.1 and 30.5 + 5.1 mmHg, respectively). However,
KR-31081 not only caused a dose-dependent rightward
shift in the dose-pressor response curve to All with IDso
value of 0.06 mg/kg, but also significantly decreased the
maximal pressor response to All (Ema: 89.0 £ 9.9, 44.8
+ 10.3 and 25.0 + 4.1 mmHg at 0.03, 0.06 and 0.1 mg/kg,
respectively). Losartan (1.0, 3.0 and 10.0 mg/kg, iv.)
slightly lowered diastolic arterial pressure (33.9 £+ 3.2,
30.4 £ 1.3 and 23.0 £ 1.4 mmHg, respectively). Losartan
dose-dependently shifted to the right the dose-pressor
response curve to All in a parallel manner with IDsy value
of 1.74 mg/kg, but without any change in the maximal
response to All unlike KR-31081 (Fig. 1B). At a dose of
0.1 mg/kg iv., KR-31081 did not alter the dose-response

curves to norepinephrine, vasopressin (Fig. 2).
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[Fig. 2] Effects of intravenously administered vehicle
(open circles) and KR-31081 at 0.1 mg/kg (solid
circles) on the log dose-pressor response curve
to norepinephrine (A) and vasopressin (B) in
anesthetized pithed rat. The data points
represent the mean * S.E.M. (n=5-6).

3.2 Antihypertensive effects in conscious
RHRs

The effects of the orally administered KR-31081 (0.3,
1 and 3 mg/kg) on MAP in conscious RHRs were shown
in Fig. 3A.

KR-31081 produced a dose-dependent decrease in
MAP with a gradual onset of the effect (10 min), the
maximum being reached 4-6 h postdose depending on the
dose used (Emax: 38.8% at 3 mg/kg). The antihypertensive
effects of KR-31081 persisted even at 24 h postdose at all
doses although not significant (EDy value: 0.30  0.18
mg/kg). Any significant change in HR was not noted
during the period of antihypertensive effect (data not
shown). The effects of the orally administered losartan (3
and 10 mg/kg) on MAP in conscious RHRs were shown
in Fig. 3B. Losartan produced a dose-dependent decrease
in MAP (EDy value: 3.36 = 1.02 mg/kg) with a similar
pattern of time course to KR-31081 (time to the onset of
the effect and the maximum). At 24 h postdose the
antihypertensive effects of losartan were maintained even

at a more significant level.

3.3 Antihypertensive effects in furosemide
—treated dogs

The effects of the orally administered KR-31081 (0.1,
0.3 and 1 mg/kg) on MAP in furosemide-treated dogs
4A. KR-31081

dose-dependent decrease in MAP with a gradual onset of

were shown in Fig. produced a
the effect (10 min), the maximal effect being reached
1-1.5 h postdose (Emax: 17.1 £ 7.1, 27.4 + 8.6 and 34.4
+ 1.3% at 0.1, 0.3 and 1 mg/kg, respectively). The
antihypertensive effects of KR-31081 (EDx: 0.41 + 0.17
mg/kg) lasted over 8 h postdose (p<0.05), and these
effects were not accompanied by any significant changes
in HR at all doses used (data not shown). The effects of
the orally administered losartan (3, 10 and 30 mg/kg) on
MAP in furosemide-treated dogs were shown in Fig. 4B.
Losartan produced a dose-dependent decrease in MAP
with a gradual onset of action (within 10 min), the
maximum effects occurring at 1 h at doses of 3 and 10
mg/kg and at 5 h postdose at 30 mg/kg (Emax: 10.7 + 2.5,
229 £ 25 and 28.7 £ 1.2% at 3, 10 and 30 mg/kg,
respectively.). The antihypertensive effects of losartan
(EDyo: 8.13 + 1.02 mg/kg) persisted at a significant level
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at 8 h postdose (p<0.05).
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[Fig. 3] Effects of orally administered KR-31081 (A) and
losartan (B) on mean arterial pressure (MAP) in
conscious renal hypertensive rat. KR-31081:
Vehicle (open circles), 0.3 (solid circles), 1.0
(open triangles) and 3.0 mg/kg (solid triangles).
Losartan: Vehicle (open circles), 3.0 (solid
circles), 10.0 (open triangles) mg/kg. The data
points represent mean percentage change from
control £ SEM (n=4-7). p<0.05, significantly
different from the control.

4. Discussion
The results from the present study indicate that
KR-31081, a structurally novel nonpeptide AT; receptor
antagonist, is an orally active, potent antihypertensive
agent with long-lasting activity in rats and dogs. In this
study, the hemodynamic profile and the in vivo potencies
of KR-31081 and losartan were compared in several
animal models of hypertension where the activated
renin-angiotensin system was known to play an important
role in the development and the maintenance of the blood

pressure.
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[Fig. 4] Effects of orally administered KR-31081 (A) and
losartan (B) on mean arterial pressure (MAP) in
conscious furosemide-treated dog. KR-31081:
Vehicle (open circles), 0.1 (solid circles), 0.3
(open triangles) and 1.0 (solid triangles) mg/kg.
Losartan: Vehicle (open circles), 3.0 (solid
circles), 10.0 (open triangles) and 30.0 (solid
triangles) mg/kg. The data points represent mean
percentage change from control + SEM (n=4-7).
p<0.05, significantly different from the control.

The results from studies with anesthetized pithed rat,
KR-31081 caused a rightward shift in the dose-pressor
response curve to All with a dose-dependent reduction in
the maximum pressor response to All. By contrast,
losartan produced a rightward parallel shift in
dose-pressor response curve to All without reduction in
the maximum response in pithed rat as reported by others
[6, 14].

In the second series of experiments, the potential of
KR-31081 as
evaluated in two different animal models; two-kidney,
one-ligated RHRs, a high
furosemide-treated conscious
KR-31081  and

dose-dependent antihypertensive effects with a similar

a novel antihypertensive agent was
renin model, and the
In RHRs,

produced

dogs. orally

administered losartan
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hemodynamic profile (gradual onset of the effect, time to
of >24 h). The oral
antihypertensive effects of KR-31081 were greater than

Emx and long duration
that of losartan in RHRs. The antihypertensive effects of
KR-31081 were further studied in furosemide-treated
conscious dogs, another animal model with high plasma
renin level [5], to compare the results with those from the
rat model of hypertension. In furosemide-treated dogs,
KR-31081 was about 20-fold more potent than losartan in
its antihypertensive activity in furosemide-treated dogs,
probably due to much better bioavailability in dogs (p.o.
ED»: 0.41 and 8.13 mg/kg, respectively).

Despite the potent antihypertensive activity of
KR-31081 in rats and dogs, reflex tachycardia was not
observed unlike other types of antihypertensive drugs
including  [3-adrenoceptor calcium

blocking agents,

channel blockers and potassium channel activators

[15-17]. Although the lack of reflex tachycardia in the
presence of reduced blood pressure is also observed with
of the

angiotensin-converting enzyme inhibitors and All receptor

blockers renin-angiotensin  system such as
antagonists [6, 18-19], the underlying mechanism is still
unclear except the possibilities of venous dilatation, the
enhanced vagal tone or reduction of the sympathetic
baroreceptor response [18]. Together with in vitro
experimental results, KR-31081 can be an important
ligand to study rennin-angiotensin -aldosterone system and
for the development of diagnostic tools labeled by
fluorescence or radioactive molecules.

In summary, the results from the present study indicate
that orally administered KR-31081 exerted significant
long-lasting antihypertensive effects in conscious RHRs
with higher potency and similar pattern of time course to
losartan. In furosemide-treated conscious dogs, orally
administered KR-31081 was over 20-fold more potent
than losartan in lowering blood pressure with a long
duration of action at least up to 8 h postdose. All these
pharmacologic profiles of KR-31081 indicate that
KR-31081 is a potent, orally active AT selective receptor
antagonist. The research and diagnostic potential of the
compound as a novel AT, receptor ligand awaits further

evaluation in upcoming exploratory studies.

Acknowledgement

The author would like to thank research teams at
Bio-organic science division and pharmacology research

center at KRICT for their excellent cooperation.

References

[1] P. B. Timmermans, P. C. Wong, A. T. Chiu, W. F.
Herblin, P. Benfield, D. J. Carini, R. J. Lee, R. R.
Wexler, J. A. Saye, and R. D. Smith, "Angiotensin II
receptors and angiotensin Il receptor antagonists",
Pharmacol Rev, 45, pp. 205-51, 1993.

[2] K. K. Griendling, B. Lassegue, T. J. Murphy, and R.
W. Alexander, "Angiotensin II receptor pharmacology",
Adv Pharmacol, 28, pp. 269-306, 1994.

[31 A. T. Chiu, D. E. McCall, W. A. Price, P. C.
Wong, D. J. Carini, J. V. Duncia, R. R. Wexler, S.
E. Yoo, A. L. Johnson, and P. B. Timmermans,
"Nonpeptide angiotensin II receptor antagonists. VII.
Cellular and biochemical pharmacology of DuP 753,
an orally active antihypertensive agent”, J Pharmacol
Exp Ther, 252, pp. 711-8, 1990.

[4] P. C. Wong, W. A. Price, A. T. Chiu, J. V. Duncia,
D. J. Carini, R. R. Wexler, A. L. Johnson, and P. B.

"Nonpeptide angiotensin 11

Timmermans, receptor

antagonists.  VIII.  Characterization of functional
antagonism displayed by DuP 753, an orally active
antihypertensive agent", J Pharmacol Exp Ther, 252,
pp. 719-25, 1990.

[5] P. C. Wong, S. D. Hart, J. V. Duncia, and P. B.
Timmermans, "Nonpeptide angiotensin II receptor
antagonists. Studies with DuP 753 and EXP3174 in
dogs", Eur J Pharmacol, 202, pp. 323-30, 1991.

[6] P. C. Wong, W. A. Price, Jr., A. T. Chiu, J. V.
Duncia, D. J. Carini, R. R. Wexler, A. L. Johnson,
and P. B. Timmermans, "In vivo pharmacology of
DuP 753", Am J Hypertens, 4, pp. 288S-298S, 1991.

[7]1 B. Dahlof, S. E. Keller, L. Makris, A. 1. Goldberg,
C. S. and N. Y. Lim,

tolerability of losartan potassium and atenolol in

Sweet, "Efficacy and

patients  with mild  to moderate essential
hypertension", Am J Hypertens, 8, pp. 578-83, 1995.
[8] J. M. Mallion, and A. 1. Goldberg, "Global efficacy
and tolerability of losartan, an angiotensin II subtype

1-receptor antagonist, in the treatment of hypertension",

3478



Antihypertensive activity of KR-31081, an orally active nonpeptide AT1 receptor antagonist

Blood Press Suppl, 2, pp. 82-6, 1996.

[91 P. C. Wong, W. A. Price, Jr., A. T. Chiu, J. V.
Duncia, D. J. Carini, R. R. Wexler, A. L. Johnson,
and P. B. Timmermans, "Nonpeptide angiotensin II
receptor antagonists. XI. Pharmacology of EXP3174:
an active metabolite of DuP 753, an orally active
antihypertensive agent", J Pharmacol Exp Ther, 255,
pp. 211-7, 1990.

[10] W. B. Mathews, S. E. Yoo, S. H. Lee, U. Scheffel,
P. A. Rauseo, T. G. Zober, G. Gocco, K. Sandberg,
H. T. Ravert, R. F. Dannals, and Z. Szabo, "A novel
radioligand for imaging the ATI angiotensin receptor
with PET", Nucl Med Biol, 31, pp. 571-4, 2004.

[11] J. Xia, E. Seckin, Y. Xiang, M. Vranesic, W. B.
Mathews, K. Hong, D. A. Bluemke, L. O. Lerman,
and Z. Szabo, "Positron-emission tomography imaging
of the angiotensin II subtype 1 receptor in swine
renal artery stenosis", Hypertension, 51, pp. 466-73,
2008.

[12] T. G. Zober, W. B. Mathews, E. Seckin, S. E. Yoo,
J. Hilton, J. Xia, K. Sandberg, H. T. Ravert, R. F.
Dannals, and Z. Szabo, "PET Imaging of the ATI
receptor with [11C]JKR31173", Nucl Med Biol, 33,
pp. 5-13, 2006.

[13] J. S. Gillespie, and T. C. Muir, "A method of
stimulating the complete sympathetic outflow from
the spinal cord to blood vessels in the pithed rat",
Br J Pharmacol Chemother, 30, pp. 78-87, 1967.

[14] M. Cazes, D. Provost, A. Versigny, and A. Cloarec,
"In vivo pharmacological characterization of UP
269-6, a novel nonpeptide angiotensin II receptor
antagonist”, Eur J Pharmacol, 284, pp. 157-70, 1995.

[15] R. Zacest, and J. Koch-Weser,

"Treatment of essential hypertension with combined

E. Gilmore,

vasodilation and beta-adrenergic blockade", N Engl J
Med, 286, pp. 617-22, 1972.

[16] E. M. Sorkin, and S. P. Clissold, "Nicardipine. A
review of its pharmacodynamic and pharmacokinetic
properties, and therapeutic efficacy, in the treatment
of angina pectoris, hypertension and related
cardiovascular disorders", Drugs, 33, pp. 296-345,
1987.

[17] S. D. Longman, J. C. Clapham, C. Wilson, and T.
C. Hamilton, channel

"Cromakalim, a potassium

activator: a comparison of its cardiovascular

haemodynamic profile and tissue specificity with
those of pinacidil

Pharmacol, 12, pp. 535-42, 1988.

and nicorandil", J Cardiovasc

3479

[18] R. J. Cody, "Haemodynamic responses to specific
renin-angiotensin  inhibitors in  hypertension  and
congestive heart failure. A review", Drugs, 28, pp.
144-69, 1984.

[19] A. Hilditch, A. A. Hunt, A. Travers, J. Polley, G.
M. Drew, D. Middlemiss, D. B. Judd, B. C. Ross,
and M. J. Robertson, "Pharmacological effects of
GR138950, a receptor
antagonist”, J Pharmacol Exp Ther, 272, pp. 750-7,

1995.

novel angiotensin  ATI1

Sunghou Lee [Regular member]

® Feb. 1990 : Fairleigh Dickinson
Univ., Dept. of Biochem., MS

e May 2001 : Georgetown Univ.,

Dept. of Physiology, PhD

July 1990 ~ Aug. 2004 :

KRICT, Sr. Res. Scientist

e Sep. 2004 ~
Sangmyung  Univ.,

current
Dept.  of
Biomed. Technology, Professor

<Research Interests>

High throughput screening, GPCR biochemistry




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


