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Preparation and performance evaluation of fast dissolving
polymer microneedles piggybacked with sitagliptin

XUE Qinglong', ZHUANG Jian"", LIU Fengyi', ZHANG Xiaoning', LI Ming',
HUANG Yao', SUN Jingyao', XU Hong', XU Jiawei’

1 Institute of Plastic Machinery and Plastic Engineering (IPME), Beijing University of Chemical Technology,
Beijing 100029, China
2 Haitian Plastics Machinery Group Co., Ltd., Ningbo 315801, Zhejiang, China

Abstract: The dramatic rise in the number of obese/overweight people is a global public health
challenge that urgently requires novel and effective therapies. In this study, we designed a fast
dissolving polymer microneedle array patch (SGN-PVP/PVA-MN) with sitagliptin as a model
drug for treating obesity, focusing on the preparation process of the patch. We then
characterized the morphology and dimensions of SGN-PVP/PVA-MN. Furthermore, we delved
into the mechanical properties, solubility, skin-puncturing capability, and transdermal drug diffusion
and release kinetics of SGN-PVP/PVA-MN. The results demonstrated that SGN-PVP/PVA-MN
exhibited favorable morphology and mechanical properties, effectively penetrating the stratum
corneum and creating microchannels for rapid transdermal drug diffusion. The in vitro
transdermal diffusion assays revealed the release of 64.5% of the drug within 2 min and 95.7%
within 10 min. With rapid dissolution and high drug diffusion efficiency, SGN-PVP/PVA-MN is
poised to serve as an effective and safe treatment option for the individuals with obesity.
Keywords: fast dissolving polymer microneedles; rapid transdermal drug delivery; drug
diffusion properties; obesity
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Figure 1
layered casting method.

&: 010-64807509

Process flow diagram for the preparation of fast dissolving polymer microneedle array patches by

B<: cjb@im.ac.cn



2250 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

I e, RAAS B 5 i AR A W e R 5 I
(PVP/PVA-MN),
1.3.3 SGN-PVP/PVA-MN #Y#| &

et KRG 85 K- Pk B 2t i 1R PG A 51 7T — oK
B AINAE L EFKP, Bl 20 mg/mL
PG LS TT W o K BE T 47 19 PVP/PVA TR A 5L
MERSVEMANTT WL 4:1 (RBLE) B EL 5]
B, o E LG 4k e e = IR T i b
ERMRAE, BRIPME17T 55 4 mg/mL 1)
TREVA R o H I8 1.3.2 PFrid iy =i 28 Tt B 91
W Py, A5 S0 BT A S VT Y T R S W
451 W A (SGN-PVP/PVA-MN), % - SGN-PVP/
PVA-MN W 2544580 4 mg.
1.4 WiX5RAE
1.4.1 SGN-PVP/PVA-MN B9 3R R ~F RAE

T FRAE P R BB I i 2 R
S REE O, SR E WAR EE
TG00 I ol FH 3 F I e R B ) s D o
ZHMEG b, TEHATIRGI & T 25, A
14 ¥ F 2 8% (scanning  electron microscope,
SEM)FE G, SEAAbEE, WP KNG
eAb)E , SRR e SRR 5 2540 R
1.4.2  ECFETIMG K 7S g

¥ IR BT A R TR [ A O R A
A RE AT A A R IR i s 20 g 2k RE,
P R L BTN 0t i A R B AU e
FIREE 12 R RE D, T I 90 s e 32 5
4x4 [, A FTSCE RO ORI B LLET I R
(5 e RS e D R s e m 1 3k |, F AR
AR B SO T 0.5 mm/min B3l
BT AT b 1 il IS8 5 SF- A A SR
32 J1 S5 AL R R
1.4.3 SGN-PVP/PVA-MN R ik 2 %1 i5

J T HE—4%E SGN-PVP/PVA-MN ZE 3
FERRRCR , A 4 S ICR /N EUE 51 K kA

http://journals.im.ac.cn/cjben

S B PEAT R o A R AU BEOKE 10%10 (1)
SGN-PVP/PVA-MN [ 41 I 7k I 78 % B 47] ik
FEHLR S L |, )R i A o 3 o Al T
IBE B /N BB R R IR R T 1 mm 24y, R ARk
JESHL R ERS E R E R 10N, FFHLIEAR AR
JE I HUE 7 2 B8 sh St B 91 W e AR . )
(BN /IS RS AR R BR R T 28 ), 28] 3 min J5 R
FEARUET W Bz Ik 2% 1 ) SR A OO0 o X6 Bz Jbk 2% 1T
Be B AT 10% 0K B O 5 S MR A 7 Y £ 3 A 2
B TEL . [FE, kg o /s B A
B R AT R A A o gE, DLk — 2P IR
SGN-PVP/PVA-MN X 7]\ iRz Bk B9 25 il 15 O
1.4.4 SGN-PVP/PVA-MN & 214 6E N

W E EBURAIMA LS TR, HHLET
50 °C# KUMEAS FPEAT 30 min NPV HEHEA 5T,
il A% 30 mg/mL (B IR BHIA W, # LB 6 FLEE
FEMR IR BRI, #1730 min FRHEALIE,
HEI B HEEER , # SGN-PVP/PVA-MN il
R G 4 A\ B B W BE S R 1T, T2 i fll
BERELHAE 1. 5. 10 min B EHA A BB
1.4.5 SGN-PVP/PVA-MN {K5MN25493E K 48X
4 BE

T B9 SGN-PVP/PVA-MN (425435 f
PHrE BE I A ORI B 2, (A
REB 2 9 B AT (RS0 3 Fz 9 Hial B8 . Sk
10x10 ) SGN-PVP/PVA-MN [ 41| If F- 58 4> ) A
4 JAS ICR /NRAEF TR AR, IR REIE K2 91K
ALY Bl 8 Z VW PBS bk, PR OIS
Fy oA = 5= m, ARk AR
I8 T4 #E PBS el . b T HEMAF AR
B A ZIMIREE A, R E R RS L HUOK
WK IRIRIE 37 °C, % F3HE4E 3 360 r/min.

REFF IR E, 2BI7E 025, 0.5, 1, 2, 4,
6. 8. 10 min X% A IEA 7RI T HRURE (4 mL),
FESr RIA N4 i PBS S vl . BURESE ),



BRIE % | SHERIITHEERE AN O & 5T 0

F AN B B E £ AN K 200300 nm {E
Rl P ) 58 A i R P A8 T T A 4

2 ZREM

2.1 SGN-PVP/PVA-MN BT 57 R ~F RAE

oy 2P 155 SGN-PVP/PVA-MN,
Hoe B S T BB R & 2 s
T A HL R AR ) P R F 2 TG 18 30T IR 6 )
FeR B 43 B2 3D 4TERAL, {1 F HTL yellow-5
JEHM AR %, ATEVRSEESN 5 um, /] PDMS
X BEREHEA T B[] Ak B A0 P75 1) PDMS BEH.
1521 PDMS B LG5 = B4 1000 pm,  JIEHR
HAEN 460 um, £REAEN 10 um,

TR NS (P U s o e s A I s e
SGN-PVP/PVA-MN [4: 51 I - (4 5L J5S J2 1 4 %
RAF, RHIEIALEN, AR E5

250 um

RAF, JEEHSI R, WA RIS L5 .

XF 10 1l £ i SGN-PVP/PVA-MN [ 41| If;
FriEAT RSF I, AR = B R (950420) pm,
I EAZ A(450+10) um, £TMEAEA(20+10) um,
I £ BE (2642)°, AHARHLEF AT A 800 pum.,
2.2 SGN-PVP/PVA-MN B4 /1 F 148

R T W ORI BB AR T A2 3 R 45 2 I S AR
K, RIS 200 DLZE I B Rk A )2, TR
AL 2B R ALY, T A SO [ A N
WA — B R, DA S AR 7E A
Bz R AT AR B BeR & AR AR . Rk, A
R BERCE I o T il 25 9 PVP/PVA-MN
F1 SGN-PVP/PVA-MN 75t B4 ik 47 5 41
Aty 1) e 0 DU OV S48 . 48 2o A v PR R L
I BENI R AR AR S R an & 3 B, il
R TT UG U 19 T A2 B G s 7 0% 38 Jn i 1 K

100 um

2 SGN-PVP/PVA-MN B9F35 R~ A—C 43518 MN FESDGE SRS iR . L. BTl D-F 43

52 MN S 3 1 S B I L ARFRL . iR A

Figure 2 Form factor of SGN-PVP/PVA-MN. A-C are the side view, top view, and front view of the MN
array optical microscope, respectively. D-F are the side view, top view, and front view of the MN array

scanning electron microscope, respectively.
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Figure 3 The force-displacement curve of a single
microneedle compression test.
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Figure 4 Characterization of microneedle skin puncture performance. A: Overall view of the test area after
microneedle puncture of the skin. B: Local magnification after microneedle puncture of the skin. C: Stained
tissue section of the skin after microneedle puncture of the skin.
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Figure 5 Characterization of SGN-PVP/PVA-MN
dissolution properties. Initial status (A) and dissolution

states after 1 min (B), 5 min (C) and 10 min (D) of
stabbing of SGN-PVP/PVA-MN.
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Figure 6 Characterization of in vitro drug transdermal diffusion properties of SGN-PVP/PVA-MN. A: UV
chromatogram of sitagliptin solution. B: Plot of sitagliptin absorbance versus solution concentration and
fitted standard curve. C: Ultraviolet chromatogram of sitagliptin transdermal diffusion samples. D:
Comparison of drug diffusion properties of two transdermal drug delivery methods.

3.616 mg ¥, 290 WS EEERY 90.4%; &
7E 10 min YR 3.826 mg 254, 249 i 25 44 3
Y 95.7%; X RIS BRSO R,

76 10 min PRSI 0.192 mg, 2952545 2k
1 4.8%. Z5RE/x, #il SGN-PVP/PVA-MN
HEAT 250 HURCR AR R T Rz Jok 3% A1 B2 i

http://journals.im.ac.cn/cjben

07k BA KT, SGN-PVP/PVA-MN 7E 10 min
WIS B 2 R BU 0 20 %,
45 B SGN-PVP/PVA-MN H AT Ky He ik
BRaPERE . BEASTE 10 min N5E 259 099 8,
HATHE 258 95.7%REWAT Ry B8 i R 41
gl



HAE F | SHEGITHRAIEBESYRME R & 5158820 2255

3 WREER

P, i RSO SR A
FRAH S5 G 1 T Bt DR S b V5 VA 70 40 3B e 88 s 5
FIBRACUL, A AL A IR U BRSO AR
BT AR R R )2 ¥ TO 8% B A A

TERMBEBE I, T I 5 BB i
il MON B PR AR R BT 1 RS A R
PVP. HPMC Y PVA 77K Ff HLAT 55 55 A0 7 i ok
FIFET RS T HA RAFA 122k RE . kbt
Rz 0 T R 2GR, ik AR S K AN
INFFHERSS, B B AR A A

T Se22 it 8 ] PVP 5 HPMC il 85 4 7
AT, 4 ML) PVP/HPMC-MN 4471 B
SREF USSR HAT, (H i F HPMC ARk K
o, FT45 B9 PVP/HPMC-MN 441 I Fr 7 23
SR EMR 2 [ PVP-HPMC 3k i W 4
ARV AT — K& PR & W W5 il 25 30 2h
TR SIS e, TR RS B2 AT B
RV 51 7T LAk AR 3 BT [ 0 I e 2 i
AL

T2 N R F B 2R A R AE K Th s g e,
W DR RO AT, FEAR T P A s T 7E TR
BN R R, T s i R TR R A
T BRI, VY A A T R A A R 2R kPR
SRR, N R AT o R e R,
HPMC fifi A F /K G A T8 BUR RSB PVA
PR, RIS 38 A B AT TR B | 3 T M i
IRV W PE A ST v B R T b
W TFBE %19 SGN-PVP/PVA-MN [ 41| lIf;
g T P SITT S5 ST A R, e Ah,
F PVA 1t 57 0 BRI A B HPMC A4 9 i
Kk, B4 SGN-PVP/PVA-MN 441 il F
TE2S S YRR E Pt A i It

ASCHRGE T B B R A W  i me  &

&: 010-64807509

T, BT R AR ORI
RELR) A ) 3 )2 e 1 VA ) A U M RS W IR
GG R 73 o il 545 2] 1) SGN-PVP/PVA-MN
FEF I A LR 0 122 e S5 2 i Bk
fE. J17APERRI R W st BB K32 0.89 N (1Y
TR KW 2, [FE, SGN-PVP/PVA-MN [
GG R ELAT PR e AL R 933 B 2
PR RE o PR HD I Bz 25 W47 Fck R DN IS SR R
SGN-PVP/PVA-MN B4 R 7E 2 min R
2.579 mg 251, 29 5 23S R 1) 64.5%; 7E 6 min
RS 3.616 mg 2454, 29,5 25 W52 1 90.4%;
B ZAE 10 min R 3.826 mg 254, 20,5 259
FERRAEN 95.7%. 10 min PJ SGN-PVP/PVA-MN
23 HE 29 R IR A 20 £, 25 F
frids, AR %) SGN-PVP/PVA-MN H.A
VoS R A S 2 i R, A D [ I R
Y355 e 25 2R T SR Bt TR T %

REFERENCES

[1] BUSEBEE B, GHUSN W, CIFUENTES L, ACOSTA
A. Obesity: a review of pathophysiology and
classification[J]. Mayo Clinic Proceedings, 2023,
98(12): 1842-1857.

[2] BINDLISH S, NG J, GHUSN W, FITCH A, BAYS HE.
Obesity, thrombosis, venous disease, lymphatic disease,
and lipedema: an obesity medicine association (OMA)
clinical practice statement (CPS) 2023[J]. Obesity
Pillars, 2023, 8: 100092.

[3] AKPINAR EO, GHAFERI AA, LIEM RSL, BONHAM
AJ, NIENHUIJS SW, GREVE JWM, de MHEEN
PJMV, Dutch Audit for Treatment of Obesity Research
Group. Predicting serious complication risks after
bariatric surgery: external validation of the Michigan
Bariatric Surgery Collaborative risk prediction model
using the Dutch Audit for Treatment of Obesity[J].
Surgery for Obesity and Related Diseases: Official
Journal of the American Society for Bariatric Surgery,
2023, 19(3): 212-221.

[4] ANAYANSI EA, YESENIA MC M, MAHADY GAIL
B, LUNA-VITAL DIEGO A, GUTIERREZ-URIBE
JANET A, CRISTINA CH. Consumption of dietary

B<: cjb@im.ac.cn



2256 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

[10]

(1]

[13]

anthocyanins and their association with a reduction in
obesity biomarkers and the prevention of obesity[J].
Trends in Food Science & Technology, 2023, 140:
104140.

LI Q, WANG M, ZHANG Y, LI YB, ZHOU HX.
Pectin-derived oligogalacturonic acids ameliorate
high-fat diet-induced obesity in mice by regulating gut
microbiota and inflammation[J]. Journal of Functional
Foods, 2023, 112: 105928.

ZAID ALKILANI A, NIMRAWI S, AL-NEMRAWI
NK, NASEREDDIN J. Microneedle-assisted transdermal
delivery of amlodipine besylate loaded nanoparticles[J].
Drug Development and Industrial Pharmacy, 2022,
48(7): 322-332.

LARRANETA E, LUTTON RE, WOOLFSON AD,
DONNELLY RF. Microneedle arrays as transdermal
and intradermal drug delivery systems: materials
science, manufacture and commercial development[J].
Materials Science & Engineering: R: Reports (A
Review Journal), 2016: 1-32.

SALONEE S, ATUL PS, YADAV RAJESH K. A
review on polymer hydrogel and polymer microneedle
based transdermal drug delivery system[J]. Materials
Today: Proceedings, 2022, 61(P3): 1061-1066.

JIA BL, XIA TD, WANG XH, XU YT, GUO ZY.
Morphology design of polymer microneedle arrays:
key factors from the application perspective[J]. Journal
of Drug Delivery Science and Technology, 2023, 88:
104883.

KIM HK, LEE SH, LEE BY, KIM SJ, SUNG CY,
JANG NK, KIM JD, JEONG DH, RYU HY, LEE S. A
comparative study of dissolving hyaluronic acid
microneedles with trehalose and poly(vinyl pyrrolidone)
for efficient peptide drug delivery[J]. Biomaterials
Science, 2018, 6(10): 2566-2570.

ZHUANG JL, WU DM, XU H, HUANG Y, LIU Y,
SUN JY. Edge effect in hot embossing and its
influence on  global pattern replication of
polymer-based microneedles[J]. International Polymer
Processing, 2019, 34(2): 231-238.

WANG BR, LIU H, ZHANG SH, CHENG AG, YAN
CX, XU B, GAO YH. Aspirin microcrystals deposited
on high-density microneedle tips for the preparation of
soluble polymer microneedles[J]. Drug Delivery and
Translational Research, 2023, 13(10): 2639-2652.
LOBITA MC, EL-SAYED N, PINTO JF, SANTOS
HA. Development of fast dissolving polymer-based

microneedles for delivery of an antigenic melanoma

http://journals.im.ac.cn/cjben

[16]

[17]

[19]

(20]

cell membrane[J].  International  Journal of
Pharmaceutics, 2023, 642: 123143.

CHENG AG, SUN WT, XING MZ, ZHANG SH, GAO
YH. The hygroscopicity of polymer microneedles on
the performance of dissolving behavior for transdermal
delivery[J]. International Journal
Materials, 2020, 71(1): 1-7.
RAMADON D, SUTRISNA LFP, HARAHAP Y,
PUTRI KSS, ULAYYA F, HARTRIANTI P, ANJANI
QK, DONNELLY RF. Enhancing intradermal delivery

of lidocaine by dissolving microneedles: comparison

of  Polymeric

between hyaluronic acid and poly(vinyl pyrrolidone)
backbone polymers[J]. Pharmaceutics, 2023, 15(1):
289.

QIU KJ, WANG HL, CHANG XF. Combination
treatment of motion sickness with scopolamine-loaded
soluble microneedle patch and conventional training[J].
Journal of Drug Delivery Science and Technology,
2022, 79(11): 104097.

MAURYA A, RANGAPPA S, BAE J, DHAWAN T,
AJJARAPU SS, MURTHY SN. Evaluation of soluble
fentanyl microneedles for loco-regional anti-nociceptive
activity[J]. International Journal of Pharmaceutics,
2019, 564: 485-491.

KHALID A, SHOAIB SARWAR H, SARFRAZ M,
FARHAN SOHAIL M, JALIL A, BIN JARDAN YA,
ARSHAD R, TAHIR I, AHMAD Z. Formulation and
characterization of thiolated chitosan/polyvinyl acetate
based microneedle patch for transdermal delivery of
dydrogesterone[J]. Saudi Pharmaceutical Journal, 2023,
31(5): 669-677.

MA YY, LIU YC, WANG YC, GAO P. Transdermal
codelivery system of resveratrol nanocrystals and
fluorouracil@ HP-B-CD by dissolving microneedles
for cutaneous melanoma treatment[J]. Journal of Drug
Delivery Science and Technology, 2024, 91: 105257.
GE WH, GAO YJ, HE LM, ZENG YY, LIUJH, YUY,
XIE XY, XU RN. Combination
multifunctional dissolvable hyaluronic acid microneedles

therapy using

for oral ulcers[J]. International Journal of Biological
Macromolecules, 2023, 251: 126333.

ZHENG W, WANG F, TAO NP, WANG XC, JIN X,
ZHANG C, XU CH. An androgenetic alopecia remedy
based on marine collagen peptide-incorporated
dissolving microneedles[J]. International Journal of
Pharmaceutics, 2024, 650: 123629.

TRUJILLO ME, SCHERER PE. Adipose tissue-

derived factors: impact on health and disease[J].



HAE F | SHEGITHRAIEBESYRME R & 5158820 2257

[25]

[26]

Endocrine Reviews, 2006, 27(7): 762-778.
POURVALI-TALATAPPEH P, ALIPOOR E. Visfatin;
a potential novel mediator of brown adipose tissue[J].
Obesity Medicine, 2019, 15(Pt 1): 100122.

BARGUT TCL, MARTINS FF, SANTOS LP,
AGUILA MB, MANDARIM-DE-LACERDA CA.
Administration of eicosapentaenoic and docosahexaenoic
acids may improve the remodeling and browning in
subcutaneous white adipose tissue and thermogenic
markers in brown adipose tissue in mice[J]. Molecular
and Cellular Endocrinology, 2019, 482: 18-27.
DODANGEH M, DODANGEH M. Metabolic regulation
and the anti-obesity perspectives of brown adipose
tissue (BAT); a systematic Obesity
Medicine, 2020, 17: 100163.

0z 0O, KiYiICi S, ERSOY C, CANDER S,
YORULMAZ H, GUL CB, UNAL OK, SARANDOL E,
KiRHAN E, SiGiRL1 D, ERTURK E, TUNCEL E,
IMAMOGLU S. Effect of sitagliptin monotherapy on
serum total ghrelin levels in people with type 2

review[J].

diabetes[J]. Diabetes Research and Clinical Practice,
2011, 94(2): 212-216.

&: 010-64807509

[29]

KHUSHWAHA S, BEHL T, PANDEY RK, KAMBOJ
A, BABU A, GOYAL A. Beneficial effect of
sitagliptin on high fat diet induced obesity in wistar
rats[J]. Obesity Medicine, 2019, 14: 100084.
PICATOSTE B, RAMIREZ E, CARO-VADILLO A,
IBORRA C, ARES-CARRASCO S, EGIDO J, TUNON
J, LORENZO O. Sitagliptin reduces cardiac apoptosis,
hypertrophy and fibrosis primarily by
insulin-dependent mechanisms in experimental type-II
diabetes. Potential roles of GLP-1 isoforms[J]. PLoS
One, 2013, 8(10): ¢78330.

PRAKASH S, RAI U, UNIYAL A, TIWARI V,
SINGH S. Sitagliptin mitigates oxidative stress and
up-regulates mitochondrial biogenesis markers in
Brown adipose tissues of high-fat diet fed obese mice
through AMPK phosphorylation[J]. Obesity Medicine,
2020, 19: 100265.

EBRAHIMINEJAD V, FARAJI RAD Z, PREWETT
PD, DAVIES GJ. Fabrication and testing of polymer
microneedles transdermal

for drug delivery[J].

Beilstein Journal 2022, 13:

629-640.

of Nanotechnology,

(KX 529  AETTT)

B<: cjb@im.ac.cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


