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ABSTRACT

Organson-chips (OoCs) is a rising field that basergedn the last decaded the crossroads of
microfluidic technology and cell biology, managing to become the epitome of biomimetic systems. The
are reliable preclinical models, responding to modern challenges in the field of biomedicine and biologi
research, which are nowawgsl limited to conventional static cell cultures and animal testing. The bone
marrow, due to its vital role in the human body with the process of hematopoiesis, is a key study orge
Thus, the development of bone marmwa-chip (BMoC) is important for darstanding the biology of

the organ itself, mapping related diseases, such as multiple myeloma and leukemia, and finally,
identifying cellsd response to drugs, radi at.i
aims to develop a bonarrowon-achip device for the purdly vitrand scaffoldree generation and
maintenance of the human bone marrow perivascular hematopoietic niche.

First, all stages of the device construction have been developed, from the design to its sealing, which
to a successful and repeatable completion of the device. It consists of two cylindrical
poly(dimethylsiloxandDMS microchambers, one for medium perfusion and one for cell culture, which
communicate with each other through an intervening porous membrane, while the whole assembly
sealed with glass. The primary methods used for its construction were soft littreghaphyolding)

and surfacer@atment using plasma technology. Also, a successful and reproducible PDMS membrar
fabrication protocol was proposed, relying on two main aspects, i.e. chemical surface passivation, &
mechanical strength enhancement. In order to simplify and speedieyice manufacturing process,

the incorporation of a commercial polyethylene terephthalate (PET) polyester membrane was final
chosen.

Aiming to achieve lorgrm cell culture on the BMoC device, astep, simple method of surface
modification of the PDM8ased microdevices prior to collagen coating was suggested, in order to addres
the inherent hydrophobicity of the material. Thag islasma prigeatment, a step already built into the
device manufacturing process at the bonding stage. Testeggnthymal stem celltSC$ culture in
microchambers treated with the proposed method, a task little examined in the research communit
revealed enhanced cell growth and complete surface coveragé' dayhéhd longest in the existing
literature. The abovementioned contribute to the suitability of the plagreatprent method for the
immobilization of collagen in PDNd&sed microdevices, for the purpose ofterg culture of MSCs.

In order to optimize the operation of the microdevice under flow (active perfusion), the phenomenon an
causes of bubble formation at low and high flows were studied, and improvement actions wer
investigated to limit it, but also to eliminate it by incatipg a commercial bubble trap. Overall, bubble
formation is shown to be intrinsic to the operation of a microfluidic system under flow for long periods
of time, and in particular, to the device assembly itself, meaning the device material, itsscamtponent
wiring, but also, to the temperature/pressure gradients between the feed and the device.

For this reason, a passively perfused BMoC device is finally proposed. The device is embedded with
commercial PET membrane, which showed greater uniformity of MSCs growth when compared with th
PDMS membrane. Further, the BMoC devices under flow ssidgbaperfused were compared, both

with the PET membrane incorporated, where a faster and uneven growth of MSCs was demonstrated
the former, and a smoettand more uniform in the latter. Due to bubble formation in microdevices
under flow, passive fpesion of the BMoC was chosen to ensure a uniformly organized supportive
stromal tissue before the HSCs introduclitms, ceculture of MSCsvith hematopoietic stem cells
(HSC3 in the passively perfused BMpGrelyin vitrand scaffoldreelyfor 3 daysdemonstrated the



ability of thedeviceto maintain and proliferate HS@syardsthe generation & hematopoietic bone
marrow organoid.

Finally, design results of a microdevice with three integrated cell culture microchambers are presented,
the parallel conduct of three simultaneous experiments, as part of future plans of the thesis. The geome
of the perfusion microchambers is itigased both analytically and computationally, in order to ensure
the filling and equal operation of all three microchambers.

SUBJECT AREA:
Bio-microfluidcs (/Microfluidic technology with applications in biology and medicine)

KEYWORDS:
Mi crofluidic devicemhims c ( ©d €% )-aracBjoi;npe O(migaN ar D) w
|l ithography; Plasma technol ogy; Mesenchymal s
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Neurological complications (50%)

Cutaneous and mucosal
complications (70%)

Constitutional symptoms
and fevers (70%)

Pleural effusion
(40%)

Pericarditis
and effusion
(20%)

Renal
complications
(30%)

Gastrointestinal
complications (50%)

Haematological
complications
(50%)

Arthritis and
musculoskeletal
complications

Raynaud (85%)

phenomenon

(20%)
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b. Bone Marrow Cancer Cells
Stem Cells (MSCs) @

Bone Perivascular
Niche-on-a-chip

Bone Matrix & %

\
Endothelial
Cells (ECs)
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QyK30A90DAQg] KAy DOH &o0daKidosa)d KkaeoDf QA DHdz Q&
adziko 494 Dmo DH3Z0GUDmDA 330DA300aUpo K&y DPKk
AgaooggGaes, &300U0p] g] AiDAOg UkkadOe aga kAa
i) | 3ggDABK8HpHPGKU 2

dz V5399_D@j“Dﬂ?QQ§QGI§U,_ 2:3_@} 2010 k 2§ Hg DbP o 3“3 0_5}9568‘83
QgK3IGakuQpPe aga KakaDze30o PPRS g oKGEANG3 GU keazguog o bz
nggqéékaopg. 'RAQQ; :DM%Q'z_j)d)@éﬁ?ébg@ﬂzgéééékbvz@é
dzk g KA 30dz Q303 &0 ®aKoka oa AjJaooggGes. U] ajzocC
Ka&g 0 OgK30GUkaoo] KakkgUzaesegad] DH30GaDA GgKa
T g0 D#HzAK&K3gOUoa, g AzkDmpoUog &3 @0MIEKAD § dzK D7
80 ADz230 A30DK&DAY 0 OgK30GUkaoQo] DEZoQGoAODDA]
QDA QA DHdf &®39K0gopooead o0& @&35gDadzagloxeDAayg OUDDP
KiDp Qz adAake QFK3OPKP 3%H¥A DIAFADIA Smin 4k DAL C
éo@3®@90vﬁ890 Dgj oUaj] a39gDzmKDDHogKu]J DB g3k U9
QY K30 Gak iDAPINS, 0 oQe Qg DYy DDD A HO)] Do dz , UDDE AC
AaKo). OdaAKaK3goUoa, g AgliO&eDxZo] DHdz QygK30Ga
QJK30Gakilioodz bZoGo A9 DAAEAa] 8 mm, &@oA& Kag agad Dn

&
& S| e e s esee e s e e sa
el o> e ==
- % _o=m?®
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Medium perfusion layer

Porous membrane

Cell culture layer

Glass slide

0guoal 8 23D0admDIPYy 3Dy | Dzek § KA =FHeERpROxDm]] Q&K 3D
D 0 DD zEobone@arrdtvgniasshifdBmoC) . dz DF a‘eD;j Ku GUDZ D QIK30G
Q& Dxyo & 39Ga0a@Egkiln, o gikae Dig ¢ KMICKEHMPLR 29 a B & 4 RAzDDH § § e«
QK3 PDMAQKAEAY Dmyo DZOQGoAYDBAEA DDHo lop. dz QxDAQA4

303/4K0d] OQ®OA3log], ®ok o KiDpP QgK30GlIka0o] DB3IA
334880 ®a DAY QUDP PDMEdz @& PO DY KGdrSBzk U PP alz £ 4 DD QU DA
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3.2 OgxAEyjaDDA] Kag KaADADKadzi DPo @KQaa&wsapPo DP
d? KaADADKa&dzi DPo &KQadadopPo &o00aJ 4383aoDmbDmy ag:
PDMS Dmj QK30 A§UDAQg] td0oDaA] KaGg3ebzy Dmy
04 Aa30/A&0 GaoAD @opmpubtpidedDasign DH o @&KQadazxeapPo DDHdf (
k0agDDgKoA D &eAkoaDh] 330K@gQUo0odz 08 dzkd3094gGe
AOKgOUDDgKao DAz OokgKUL Aa40 A§JaGcoszaDlhKU] OQUGoA
&k 2a g AQ&o gl Of € BOMWtaeprgikz ed Numerical Control |
®&KDA3pDf (3D printing).

i) 1 3§9DEEDYGIRKU 1

+§& Dgo A3Y5E0PEKPH9KYDBO0305UGgR a30Kk g DDEK
(CNC) , AOQKJQuUGQ o DAajJ AaQ AgaGQo3eDh Ku dzk g Ku dz3¢
(poly(tetrafluoroethylenB FE8 Q30 3 g KU 000 QaAD®& Tefl on) 60 K
D& U Ag 0 .

£98 DD z3ADDE POB 0B 0000 DEK30AAX 1 Oy . 173 8250 4203
DY &A&JaDDy Kl &3§Gloaeya KindE26ds § bME de 3qG3Kk30Da, k UL
DPo A40 QFK30Gakliopo AJacGUDDdzo Kaxpza$ D PO®H §HaEO C
y . 0U0koj, DDR &3e3@A0 Dodz Q§K3o ®YQNomE KE/kI
mm 3Q0dz DAHAzQ3UGDDH dzg Q& Dany] uK3e DPo QgK3IQKaoak
ADDz 044 DHQaDHA)Dm Godo DA DHOxead AJlUuodoygOg]

D30 GO A0 DA ajJ .

ODgy DazgU§eFa, ¢39DYQBIPARDA]L PR Pz DDpGPat 3 FHB
k 0 &y DDKFICGcAitProa a4 Dmo AaolaopbDf DPo 34d3a30op DI &
®o Dziz3 AGgKao Dz KQgoA dzImkDDZABG K &k § GO 9 o & dz DBZ
Q§K30GUkaQo] KakkgU3za®mgd] GU3mey §ozkzg 3FZHIBED o O
KAKIDGHAU £Aya DDDH DHUASJA DHdz O6ADD 0 OgK30GUkaA:-
Qé@é@@@RfEQ@f_, 2OIWoGiZ o KA PDD J /A0 QU] DD dz Qé__vvé}?é
QdK30Kaogukga Dzx dz &0 A g DAz Qk gKU &3 g ®@m o ajgaaG AP
DH AHO] DPo 0§K3Q Gk IBDMA DPQREKIH S PrgkRA Mo 3:
mm agad DOH OQYIK30GUkaQ)o KakkgUzazga] Kag DoGO
POMSKA4 G0 30 G&DAYg &43A DHo PBEMSEAQ®x00 AAKO 33030k dx
04 &®KO&da®xod 30dz 330UKdzHlAo AgUG&DA0Q 4 Qa&k gbhAa
DHzA KO kkgDfIKi] gKaoADHDMS] AbPol DaardH&ops. 25530
239 GdzOgDHDA AHOdg DPo OgK3Io0GaAkiOpo (0.2 Kag
335040a4GU3GgKe, UDAo A4DXKOoko] 0 &aK3gAlu] 330 DzZEj
AHQdf Do SFEKPOPOPQ OFK3IO
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cell culture 7 markers

microchamber @ 0.7)

medium perfusion

microchamber

Og i QA ®DY UGBPDD 0 QFJK30Gakliopo KakkgU3zaaega] Kag Do
43G9 DzekBEp®Ky], RK30dz Ake] i b)AYE DD DFEHGo & 3drFe Hnzy A
Kogoga aga Da &KQaa&oea DPo A3d) QgKI3ZIFGakuQpo A3D]
TV3§9[73/EQDZ§J“ PHbR ﬁfﬁﬁémﬁl@@ﬂa@ g DZJg.wa?iDg?fsQagDZ; C
lfékkéyéé?éééi DD GM@Q%ZS%DEQWZ}@&8‘83@@@@@29%1 D
K & DA DK &dzli ] . aa(BDEg KOgpleGEERB Y DDHA kD& UDEY 0dz3 ADDEZ P Oa o
Ag & DDA Dﬁa{)(@63ﬁ1m 430dz 3@3 9 A0k k DA §mni(3BAG Uilhoddg DK & ot
239 Gl oremix®H6.3n0). .4 ljiGe OgK30GUkaoog] KakkgUzaegaj
D7 ] 33©5Qévf{é3/&oaedoéed?zae3f@a®@md)@‘e®1D@dbéf“ﬁﬁ@?odgi DPo
a Hoj D dz 3kagbDad9gdz DP9 &KQaaaesapPo ('33 Dzx K. 0a 8
130] KakéabDz3g KaDh§adypHDIDBADAEG) UIDA] 3 DH QU] @0
KakkgUsaegad], A30dz GasoaDA g DD quQA AH0] DD dz
ODDH 0§86 0aGa>.0400DAg DA @®KQadaseod DPo OJKPIFBEGA Kk G O
| QKgOQADDy KU §30Df DPo @KQadazxepPo &I P3a 3503daDEAlik
eQGaol KAOQ3AkpDh, &oA kAap DD dz EIFE 3038V nDE)fd]Dzek &l
Dz DHUDZ Oa D51 BW/kndkKdaQpedokyloa P( 8 8DD) dz K 3] §8z040 [5g B o
83agDDaQ®00Q] ¢3A0oPDME ] &K amapo eRROIKGOZEIEER DA , DB dz0 e«
DD dz 3k &g Dd)dz D KT &pd oDIDPFo PDZRY Q& DDH & HO
Kak &Dze30 Uk®ad§o DZDHdz 22BDREREY O OFIzd 28 &£z 3 BDH G20 § dz
PDMS | AR® A&dzpdi AOp), A3p] &d0&aGU3GgKe Kag 343a
0003000 3Gea
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i) 1 3GGDAK®HHGKU 2

ODA 3kasDLhad DAR=@F N DERA § Q& DPa REewRBA FIKGL jg Q8
KaDaAaDKea&dzi DPo &KQaazespPo 0OFKStapdaalkhieGR &GP W§H Y ¢ D& Ad
Dy QUK3LI DEAGADIDA] DPo Ao DL REDOIOANG igHOk s
DHUA§EA DPo OJK30GaklioOpo Kayg DA @&@KQadazead 30dz 3
53PD] 3434Dm 3eo DA JIDRPABROPIAQEPA 8. e DIy] Aak DI A
AHI0] KiGe OgKMMGa&d QdHm UDFbAa®DBOdz DPo &KOQAEaae
2359 POMD dz5330] KaAkAaDz30 UkaagA DHdz gDDH, DD 3k
A% o DK DA, DIEEY 0DH5dz QJ K3 0 Garknd O @iz 4By ®F EDEEHAE |3 (K
PDMSO§ K30 GakliQodz Do GO A0 DB A] dzi38aao03a4dxDAg a3A
adDH & 334a0aDH30F=®eDAY g ®3§KoJopPpoad Q& Dmy OFl
Dz mn5 A§aDmy 3 A9 DA] DDA Gl A3PDH]| 3&ddDk o DD dZed PHAD @
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QJK30GAODMEOpHgad DHo KiGae QJK30GUkaQo, KAaDaADK®dz
KogoA dz3ADDzxpoOa AgabDDAiDzZPo 143 mm x 85 mm K2
KakkgUzaaegad] Kag DZOGOAODDA], 40D DDDHJJa.

1 g0 DHzaAK&®K3gQUod, DA &doDihy AJaQaDxzZ gKli OgK3oKlGoa
AH0 ] Jnmx15mx05mma ga DO QI K30 Gl k & prox 1knink K5nthd § &g D ,
QgK30Glikao)o DZoGoAIDAA] ODD) OQJgK30GUlkaoo KA&akk
Qg K3oKaoakg A'EQV @y DA AQ dmrp?((“‘@g aé@pb_/ﬁz‘p@{néwdzzeg@g %@wﬂz@c
GK3® DPo OQOQyK30KaAoakyAo @yDAAGdz Kayg &0QOA£0dz DI
3o pPEBa AAKO] DHdz QyK30GaAkliOQodz KakkgU3aaega] o
830/ £A0oDA] DAz OkgKA AaK) OgK30GakliOodz QAaGs
QyK30Glikaoo DZoGoAODAA], 0 AaKoh DDHdz Z2ZoDAQL 25
Dze DHlizook gKA AaKo 29.5 OL.

ODA OglUOKBDRd, B3R 30dDHUGO0oDA Y DA &KDEKBAZ D BAD dz
DZ Q&Y P G@s ADE 3350 D KIDFHIDWA Qe d] |, K a5 KORHRKIEDH Y
AGgu3sKaga Dmyj] oagbaj, 330Ka&gQUoodz ga e&QabDZ&ak gDz
KaQ34kpDgy)] DDA dz530DDzz £AQaDA KabDdi Dmg GU30Q&0 D&,
®&KQada®eod, 3J3&39030GoDmDA AaG@&DZjKamékaP@@q;uqaéga% UK
GU3% Q4o Dl DD dPDRISOM¥ED kadrO@EsaHaAg a 0 /Al 4 g DZe PDEASAE54Adz;DAO <
@&KQada&eod DPo OgK3IOGAKkIOpo KaAkkgUzazega], 39GAac
0k 0 Kk i 3 pDKdzORE3ds PN DR d4 & oD QeDzE3§ DY 4 dzDD 4,
GGo3lo0G3aKA ga40Qgkl] &®3gGaoaegaKi] @eoU3zaxga] oUI
-CHR) 30dz A @dzK Ak dzo @DM™y o0 DA GH K A & 8z0288 , DHDDPA &KOQA
DZ 0G0 A0 DdA] 343aDm30GgKae DDAAJAKU &430KAKkkgDbDag
g3uDzg)] . dz 430dzDa & & dzDi DzDQcQgKBQKQR/EQ[)Q @o0Q4a
O AQKYQU DZzd KAk k g DZPPMSDYR (i &® & RERE QHDRRDME3 § BAYED Q-
QaDadi 43A 4009gAded UKG&DA DoHdj Dz 3kiDDH& aU034,
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O0g i Q&5 38 .04 UEADADZDDA 3 Do &0 DY 83 1 GPK 3 gaerakaliagpeop)o
QI K30GakuQpo KakaUBaaéQé] DDD o Ay 0 vldzd ODE P
deaazaGAQ&o®] g aDDRIDEYY g DIRoch ZARY KIBHO e & 280D @d)
O§K30Gakliopo KakkgUzamga] Oz Dm OUGQAd Dmyj
gaQgku] Dgagabgbaj. ODhH @ )Qaﬁﬁwa@.ﬂwﬁ%w """ k31
QJK30KOk Ao OxDdl 43A Dmg ¢g3iDxy DD dz
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Nj& ¢ 3UDg dz30k ¢ &g DDF K UCN&k =BogRAGORRIDIA KOsy KDELbkQDgj 4, & ogg |
Dze 4k 9dzQa09§ 9 O& Ko gmmi 85daf A1IDBzKpaaEs DEKgeadRITRIDaEKDaco 1/
aga KiGae @oA0] DOfKEN @A KkOPRP) dzeK Pada &> P o Kag g
32830d2DH 0 GO0 DA g DDAD Oqua 3.6.

OdzaK&eK3g0QUoa, A3p)Ja GHao &B@agDDOamgeg PDg KOLH 23 &K 04 4
oD DDHygGga KAag DPo OgK30GaAkiOpo 0QaGe Q& DA 0F
DDgy AgiQ&DZ 0 DPo Kdk §o A3JK AN QYK aK G kb Pepggal
DPo 330DA300aUpo 0dz ®@39gkUgGgKao (Ak i 43. 3
Q“ﬁ?@ngR/EqéeI ﬁ@,ééﬂwﬁdi@@@dﬂéivo@ﬁﬂiéq@révvv @0 ek DK & G«
QLKag P8.8oDPpDDDHJJ A +ga AaAK) OgK30GakiUOQodz Kak
330DGUKg DPo AadKpo DPo Aaq QY K30 Ka o& kxR ¢4 .
ODxy Ogb®a3 ddzbfguGooDa g Da &KQaaa&sa DPo /an &9
8k0dzQe g9 Pp] dzkgKA Oaxadlkg] &aKaOQHea] /gaDa 3gD:
AjaK3soeoo&eDAg @&®0Gaol] DZAaAgaADmDA Aja adoQoold GG
(Ogu @A, 3603004 Axo &39304aDz DADMBHzAAKHPK k gaDREKKUA &
l4304a34Go 3. 3

| 3SA DD DZAoQko DPo AQKFQabmDUopo &KQaa=mepPo, 330
kg a3agDzs 330az&oUDDz:3qgq KabDz3aabDsda 3300 Dz
Qxa adk ADze3 0 D#zo Dz=k DDA G&PDH K @&k U § § pHH O Az BZAHDA, D
cDDf, Kag agad Dxy] A40 4339gDzmKDDHogKU], &@39kU0gG
Qg K3 o GRDME QP o
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3.3 l|jADADKa&dzi QgK30GaklioQpo 30kdz( £§Q0&Gdzk 0 DO Kk 0 Q
dz K& DA DK &dzli DPOMSRDIXKZOLEBAEIDPPGCGgKae O& DayeplicdDzed o ¢
a 830d2DH Ui GaeDA g &0akdDhy Kl DDDH

moldind REM)[6,7] g 030 o a
PDMSDZe 4048k oaoai '

dz 10: 1 (AGDZ: A§a DDA dz3 p D] )

87



100C & § & & a%Gmin [8]. | 0 K&4A3DHdzo UDDE, D gQabDnH308gOQU
D2zQ3kg3pPQADhyKU] Ao0QU] DPo &KOQOdazxespPo DDHdZ O DA
KakkgU3saaegad] Kag DZBoGOAODBA], 3530233AQ&0ad a3A
49 OJK3PDMBAHRMOHKIA000DAYg O a‘edzRQRaé a3A DA &K
?/E?,éio(p?,v(gegDai Dz j 239 Glo®gaj DHdz &k EDM;SgD,upmdz
a3909gDzeRBEQ G| 3230d2DPY U0 Godzg 2QGag U Dz‘g3(g 38Goa
GokADg DA, K&y 0GaokaeDAg DDIy] ¢a3aDDAOQzoe] Aga
DPo OYKPodAk DApD Oz DHn PDMS, ADDH Kag Oz D»H ad
doUALk2g O U HpED@A Oka Do 2pza KAk kgD, a30A29Ko4&d
d0Q&k gbd 3.

a b

Og Ul O&ANBK3 (O GRDVMBSMD @GO /) DB 5
a)lglKabpzzJaaéQgﬂ] A3Dp] U
(replicamolding.

3.4 | &DA DX &m0 ABARNAAES dgjo k dz( £§ Q&Gdzk ¢ DG k o Oliog] )
+§a Dmo KAaDA DK adzli POIMB] &KW g kokEx@z C Died Al 053 p DAK ) k
Huhetal[9]ld? Aga AyJKaDsrad 3239kaOQAloxy Dm DIHzQ30 &DF &
k®3Ddl ®3aDDZpPDLYy PDMS DHdz &3§GdzQgbna 30¢g0dg
QIK30KokAopo a§a Dm AJlo0d0Qg 0340 DHy] REOAIIIC
OggQabDy Kl &0a3a4a30DDADAH Dm] 3EJgaAgKAaADDA] 3&30 dzD:



W
a PDMS carrier o, Spin-coaled POMS b // \\

. (uncured)

.

N (cured)
/\>

> K

Passivated
PDMS

uQéB 3.0 Qa DA K U a3zA /EQ D4 D o DDza AAsADMS KEN]EEDEEIZ(MUQ] 5%,
0 30k ROMSPDDH] G 3 U4 g DD don( DQAKM DD dj &9 & DD UGxDA §
DhH)EJIoa § DZizQ3gUGaeDzag DAQO0Q 3Ga gPp&p Dy a3 &Ga

Q) .| Ddl &4 3A _GLVJV3_QaQD@V @Mﬁo@a@a@gé(@a@a@ig a&a
303 A/AQd7 POMS) DDMYEI[0DZ 0 50 3 OHugeday[9)a 3 A DD dZ

% ABzZDg 3 éal
g MOk gaSKAQRAL

1§90 &0 &k dzDhy KADMSES333000 3k AeQe®all] A£Ja 3233DDZQGU] DT
Dz @3 g DK k gPpMedm Hk G034 1 5 :x 2.5cnAH &y DEiDgss DD 25p3E §50

' KekoaGpy, ?PM@@@@@DU{QY&P@_@UG%DBQ Shop BDD O
KéQ,QaéDZiKb(Q%de&(DQS@WQ@rE’B 3kliKa) o &30 DEDDEDZGR 3Ry
g DAQO)03Gg &3aGl OQ& DI aeKQééa’eaQ Kag g Ag @o DZEdz
ODmy DAHzoUgaxgad, Akg g DDHaAd DH30Ga @&Dzed DA § &0 DA
QkQKku3spDg Dxmgj Ge3®kaDD @IED 5%@“33@@ F@ o OB Fo 43 A
d? AJ4AJKaDhda &dzDdl KADAkUaa&y FDRS DEIOE)00Iz3da) s, & 3D
SuQp DDA 60303 Dz J . ) ) ) o 5
LA 330323 03 DDoyDDze ADh DADD o Go30aj, ADD K
A3p] ®QgazeDAg§ k&3DH QeI A 343&4KIDPHP. OdAKEK3IGQ
AgQGodz3aad] Dmy] OQx@AKAEEK DY Dm ke QRPAFGIED 4§ A
Q& DB &303&A) DHdz Q§K30GakiQodz KakkgU3za=gaj

j3a3aapau] Dg] OQ&QA3UQQ], Qa 0Q303&® Qa a3Q0QakKsg
K3p@Z DO aga DDo _8'639?115{5“1?[0@@35%9323'9@@\_ gy &gt
aAk3a003009gDfy DHdz Go3z3Ua Ga 33U329 oa &esogag ab
DDAl £§0 Dmy] &4300Q0GK3dzoDf] DHdz Go3Ua A3A D &KOQA&:
383840x002) B kGwk@ad AUAaAaga, g 4A380035009gD8y DD
Q4 430QaK3doG®e g Q&QA3log DDDH &3AQxQ(o DD AfQ
60ko], &QaG&y o4& DYOQ&YpGas [ DADHANLERGE DENGz g3 330003
PDMS o9a @ ®o0ag 3ugodz 10 Om Kag aoakodoaesaj 10:1



330Dzeo 0 6CO DEBAXA 01y 6.0 T 3SAK&egDAg aga DIy] DaizoGlKa
AgabDzggAli, akkili AQp] DDmo 303&08 DZ03030§UGgKAacC
AdzDK ok g Ao, 30dz aG0304DAo KA3ga DDmy OggaogKu a
3.4.1 0gaAjaDDA] @®KQadazepPo Dmyj 303/&A£0dj OQ&xQA3
& 330DZE§039DDA] Ddpdz DH&Asodz D] 303 AA0d] Q&OQA;
AyDDA] 3Ako] Dmyj, AgkadALl g ®AKADADDADG DPo Kc
dzk §Koa &3A DO QFK3QGilka @k Rz B3R €0 B% § KU PDDHD OF B
33U323 oa :§95$8?!3@8§E3@F§3®D@§1K_33§ ADA¥ZR | o #EY U g dzDZ |
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