ses SSIMIXIW DEY-AQH 23 Wolj asea[al 0 jo el iy ‘ohel Su ap
j0 aanoadsaia] ‘[601] QH Jo pUBq O 3 UT wmnnoeds mondiosqe s[qIsla 31 WO
Paseq POUNILIoIP SeM 3sea[al 70 JO 912J Y} PUE A01D3)3p MO uoioyd e yum
1awooydoroads Sunesd-Zuruueds © Sursn paurrojrad sem sqnl MOIIRH
31 WOI asea]as O SY3 JO JUSUWIINSEIUL [2pOLl eIuawLIadxs Jures 3yl uj
(6 ‘S11) 124e] 931
-y [PWSIeW N B UL pajnsal uolsuddsns AQH Y1 JO SUWMIOA gur
-$BAISUT UONIN[OS YSH 21 UI pas1adsip Ajsnoausfowoy seam AQE 0UIS 'p1sad
0STE 219M DY PUL UOHINOS GH Te[O[[27e JO SAIMIXIW SYL, {601 JUSTIUOIIAUS
pareuadixoap ¢ 03 pasodxa (urdgz ‘IiaweElp 1auur) aqni Jomjodod auaj
-Adoxdauapdyia pareuriony sjqeawniad Fo ue y3noIy} sfurut | Jo A1120[3A MO}
surpIaua) Ay Je pasnyiad sea uotsuadsns auy pue ‘YSH %S gurureIued Julfes
stuoost Ut [p/301 = [qH] 12 SODEI 2WN[OA STIOLIRA UL PSXIUL AI3M Aoy ngyd
pie AQH JO 2IMIXIUW 913 Jo widazed MO 3 241350 O ‘[6g] Dy pue AQH
usamlaq tonoeIagul Juedyiudls ou aedipul symsal Ay pue Aysoosta poolq
suTuisiap o3 Juauoduwos utew a1 s DG dI¥-¢€ JO £11502514 © pamoys soner
SUIKIW $T01TeA 12 SAIMXTUI 3Y) PUe ‘POOI JO JeY) O3 JefIUlls SeM Aysoosta
a1 ‘paINSEAW SeM AISOISIA 3Y) PUE POO[q UBIITY M PIxXTIL SEM uonn{os
VSH %¢ ut papuadsns AQH paytpowW-Had ‘[g01] sarreqndes s[oym 01 poo[q
A1ddns o} sy} pue {10 T[NISBACIIN 0} a1nssa1d oy 1wsuen) Asnosuad
-oWOY 0} PUR UOHEXE[210SRA 10F [[eM JE[IISTA 3} UO $S3L1S J83YS 3Y) EXE )iy
01 [e1oyauaq 2q pnom amssaid norstyzad 1oyBiy Sunmsaz sy pue A)S0ISTA
Ioysty 211 et payseBdns uaaq seY 3] “satureudpowtay pue A1s0dsIA pooiq
s\ wappe Aewr e pue a3re) Apueoyrudis aq PMOTS WNOUIE UOISTIUT 51
asnenaq yuetodur sy sa1ared uadixo [eryYnITe Ue Jo £y12doad pemJofoayr ayy,

JoiApyag Buispajay usbAxQ pup Auadoud (p2160j0aYY

(51531 OAIA Uj pue OIMA Uj) AqH Jo K134es

'SAQH PAUYS-Y3]
3yl ATM PIUTEIGO SeM uoneuadAxo 137194 P10ULIYIIN] SUOHN[OS AGH YHM
s3ueypxs poolq SUISEAIdUL YuM paaoxdun aq pmod anssy srxod Ay Twayost
a3 w uoneuafixo sy} ‘WolLNUAUd qH [@103 Ul asgainap ® aydsap eyl
PApPIPUOd 9q WED I SI{NSAT 35} WOTY -afueyoxs poo[q %05 W Iaye PAETNS
-sadsax*(sdnoif 1auz0 pue auraseq 'sa 10°0 >d) %ES THIT pue (10°0 >d) %L
T 217 Swyoea1 ‘0/Xd-0¢AGH PUT 0XQ-STAGH M Uonn{ipotway jo das
0B I131J8 PISEAIIUT Sem M s2Iaym “(S0°0 > d) 0LX T UM afueyoxa pooiq %0¢
a1 12138 %L1 F 171 01 Pastel AQUIIsURI} SBAM UOISUI] uaBixo anssiy, (sdnoid
usomyaq Jueoytudis 10U ‘Buleseq sa 100 > d arerpsur) sdnoxd e un 2ul
-3s58q JO 9$991—0% 171 A[[EWIKET 0} MOY POO[] TE[AISTAOII U aseaIdUL UL
01 P3| UCHIN[IPOMAY ‘FNss]} SIWSYIST I U “SYNSIY UL pub SIUSLISINSDAN

€61 szsten) ualixg pynay se (AQH) sapIseA~UKejFousH

"TOT}RIU20WO) Q[ [210) U] asea1dep [enpeld e Ul paynsat yorgm
‘pattiIoglad ses SWNJOA POOY] [BI0] JO 0405 PUB TH0E 0hST JO Wauraoefdal astm
-da1s v [p/85* £ sem sUOYN[OS 3T JO UONBIUIUO0D qFF 3L "(04X() 0L Tenx2(
%9 ul papuadsns azam (*AqH) JI0L 0¢ pue (FAQH) TIOL ST Jo ®d & @M
sAQH 'saqoidoronu adA3-MIE[D IIM PAINSESM SEM UOISUS) uaBAxXe anssiy
4d02s0I2TIU [BIARIIUT (1M PAIESTISIATT 2TaM SINURUAPOWAYOIN SPOYIa

“UOTNIPOwaY
sratosoutror Jupmp anssy dep 1ajswrey orxodAy pue Onusypst pazife
-1ateq[oo Ut woneuwadixo a1y uo o3ueydxa poolq Jo [IAI] pur SAQI JO
Augre uaB4xo Jo souINUT 21 1531 6) sem ApMIs ST JO WTE YL aAu23/GO

[£0L] AGH Y3m uonnfipoway
Aq anss1y doj4 121SWDH Jiwayds| Ul uoflpuabAxp parosduuy

‘suo pasnyiad poo[q Al URL) Jamo]
seM VSH/AGH PoUIpow-oId 1PIM worsniIad IBMOSEAOIIIUL ) SAIMOH
*ad 41 pagrpowun ay3 01 9ane}RI votstyIad remosesorur Suraoxdun Asoosia
pue uopega188e zemarsa pasnpal Hgd 'setreqdes pue sanuaa ut uonedsidde
pamoUs AQH payrpowun 3y} o[ym aseyd ewseqd s ur pastadsip A[snosu
-afouioy sem AQH PaIpOW-0Td "VSH/AQH PAOIPOWUN 0] JATIR[22 (UOISU3)
ua84xo pue Yajewerp ssaa Aisusp Areqdes [euonouny ‘ajel mop) suon
-1puoo srureudpowsosTur pasordur Apuesyrusis VSH/AQH payipow-0ad
1811 PaMOYS $3IPHIS TE[NISBAOINUI SNOIURITIGNS "3UCTE YSH UYIIM PIAIYoR

UONEUAII0I 2} UT MOJ POOTq JAIA( 0] 3ATaga st iy, -aseqd ewseld
aip ut sapnsed AQH payTpouI-ngd jo uosiadsip snosusSowoy a1 01 Sutmo pausyorlq
st soueqdensed Jo aImyepnoseAordTUE AP qySny PaAlasqo arom sa[nusA urdeqon
T SUrey? pue olq sapisaa pajedaadle sy ‘wer DO PUR AQH UL SIMOdOW GIT
Jo pueq 210§ 3t} J¢ paqIosqe SuTaq ‘WU punole Jo s3uel YIIUI[AALM © 1M UOTIRUINT
-n{[T 49 PaUTEIGO SEM ISBIILOY YA ¥V "VSH %S W papuadsns AqH pegipow-nad 30 AQH
PATIPOLITR YIIM UOISTysuEI) 33UBYDXa 0408 191J8 arnienaseactotar Jo syderforony g o1

JURLRLE L o 433



-1durzo}-N ‘opnded peaarsep A[rer1sioeq a1 pue uesowrdz o3 aswodsax ul SN
uewiny Jo AJANOR S119RI0WSYD Y1 sonpar o) pajiodar uaag savy DIJ YIm
sawrosodi] pazZiiqeis A[[eo1a1s ‘swa1sds L12A19p Snup Jo 3y 31 ul Ajsnojasig
-suagoyied [y A[2AI1983J9 ULY) pUE §331S AIOJRWIWIEYUT 03 33eISIUL O UOLIEA
-n3e aambal sNNd Sunenory “sjuafe snonoagur Jo L1area e ysureSe asuajap
150 Y1 Ul S92 [enuasss a1 (SNJ) spydommnau zespnucydiowdjog
wasds vonendeos poopq
Y1 uo 153j39 uedyudis ou s 13 pue ‘siusuodwos poojq I Jo UOUNQIp
211 o3 anp st uonem3eos padepap ay ], 'sdnoad s usamiaq saauIAJIP JUEIYIU
-B1s OU 31aM 3191) A2AIMOY ‘O1iEl SUIKIW 3U3 JO FSEIIOUL UB YIIM S(¢ IMOQe
0) $OF INOQe IO} pasealsul anfea J L4V Y 'sdnoid s ussmiaq 20uais)
-J1p JuesYuSs ou sem 31213 1aAaMOY fo13ea Burxiwr 3yl Surseaour YPIm s61 0l
SO W0y pasealdu] anpea T4 o4l -durfes pasaynq aeydsoyd pue supes yum
paredwos arem SIMSaT 2YY, A[feonewiome pamseswt aem (LLJY) sun un
-sepdequuory) fennaed paeanioe pue (I.4) 2w urqiuergyoad ay[, aza 9409 pue
%0F 040 JO sOTIE1 U} Je ewse[d UewWnY Yitm PaXTW sem AqQH ‘eurse(d uewmy
PiM Paisal sem (LIJV ‘Ld) swm uonemBeos a3 U0 AQH JO 123J3 9yl
-ewseld Jo aouasaxd o1 ur suonoumy jaysie[d uo s1age
JUBIISQE OU SABK ‘PaTpPTIS SUOTIEIIUAOUOD Y1 18 ‘AQH Jeys 15388ns simsar
2s3YL ‘AGH Jo 27uasaxd ayy ur paueyoun alom Jyd Wolj STLNVY JO S[249]
[eseq oY1 ‘qH Jo [p/8 ¢ 18 AQH WiIs uoljequoui 193uo] Aq pa1dajje 10U sem Jy
wrox) ST NVY JO 29583721 paonipui-uafe[[oo 2y ‘SI0ULIINY -358a[a1 STINVY
poonpui-usde][os 3yt uo $192)15 JurLIaqe ou pey qY jo [p/Sz o dn uonen
-U30U0D 1o AqQH Ui {J¥q) ewserd yora-1a(a3e[d jo uauneanald ayy, ‘unan0)
-s11 pue ‘urquioayy ‘uadeqio> Aq paonput uotreSa188e 1aja1e1d 102558 30U PIP Y
Jo p/8wg's 18 AQH i sispererd jo uonequoui-axd ayyg, ruoneanoe ye[aieid
Jo Iytew & se papiedal s1 Usym ‘s1opmseid woly STINYY Jo sseapaa ay) Sut
-Inseawt Ag ([p/87 pue 1 ‘67°0 *qH) AQH J© suonenusuod ysiy ApAnelsi Jo
ey pue ‘asuodsar uonjedaidde paonpul-1siuode ue Sujurirexs Aq passasse sem
uotoumy 3aaield uo ([p/Aw g's :qH) AQH JO UONBIIUAIUOD MO] JO 133133 YT,
'sangeafjoo siy pue “(oroddes)
I3jUs]) poold §50ID) pay OpPIENOH a1 1& epay] ‘H IJ [PIM UCTIRIOQR[OD
ur paurojrad sem Ayqquedwosorq uo Apnis syl [Z11] onla ur siafaejd
woIf 358331 STLNVY pue asuodsar uonedaidde 1a197e(d paonpm-1stuofe uo
5109 a1a1)) Bunennsa Aq paururexa sesm AQH Jo Aipiqueduiosorq ayy Adur
~P1033Y "UOHE[MUIIS 131Je Pases[al aq 0} UMOYS sem pue siapeld Jo sepnueid
-0 Ul P3I0IS SI U SB UOHEBAMDE 13[ale[d 10§ Ia)Iew [IYasn ® Si ‘Saunjowayd
-0 213 Jo auo (payaadas A[qewnsard pue passaidxa [[99-], [EWLIOU ‘UOIIBATIOR
uodn pajem8ay) SHINVY eoueisqns Aroyeurureyurord jusjed jo Lerre ue
urejuos spele[d ssnesaq sasuodsss Liojewnwreyul Jo uole[mpow pue Uolel
-1uf 0] speat nonealioe [eadojosdyduou Faramoy] foara ur Burpas]q wasald o
A1essaoau s1 woTjRATIOE Ja[Rle|d IAAT] pue Suny ay ur s)afeie[d Jo uonensanbas

§51 s1a11187) Uaix () [e2YIIY SB (AQH) SI[2Is3A-uIqo[Bowa

P pageposse osfe sem saurosodr] 4q pasnes sjumos 3apared w uononpaI
isuen 341, *[911°5TI] sawosody padrey> 4panedau jo uonensiurwpe a0y
Pa4135q0 0s]2 21am 510932 asay 1, *[p01] JueoytuSisur sem a8uerp a1 y3noype
Nmod 1apR3erd paseswsp Apydys e ur paymsa 0s[e sjeI DIZnLIIsaue Ul
(wusuodwoo pidy e se Hagq Bunureyunos) Aqy payIpouItm M :omm&mﬁm.&
adueyoxyg [$11] sjuspor ur sqy parepusdeoua-swrosody| Jo uopsnyur 130
PRAI3SGO $10339 Te[30{0IeWaY JURdYIUBIS 350U Y JO U0 sEM eruadordaog
~HIOI JUSSURIL "350 [edIUI] 03 weriodwr st AQH o Aiiquedwosorq ayy

suonound xcu..ﬂmO‘_OHBEmI uo 5129443

*ApTIS ST U PAULILLOD S Ny 03 Tequits a1e1 Surseatan
*0 syerapour 2y} A[qrssed 0s[e Inq 10198] HOTIEXR[IOSEA PAALIp-UMIai0pua
Ue S8 3PIX0 JLIIU JO UONBATOBUL PONPaT 31 AJuo jou o3 aup ‘motsuarlad Ay
PU® UOLIIISUOI0SEA 20NPUL 10U S0P AQEH] 1BY} PAuLITUO3 apy Tett-t11]
SI9PIOSTP AI0IRMOIIDOIIIWI PUE UOTIOLIISUOIOSLA A1ojemBarome asnes pmom
A1ddns 70 ssa0xa ue yern Surpuy 3usdaz o Burpredar eis1aaonuon st idasuan
St ToasmoH [017] uwopeusfixo anssn Joj snoaGeiueape ST moomm ap
woyy Jurpeorun ¥Q 19188 a1 ey parsaddne ta3q sety 3] *yedsuen) X pajen
“IP9E} 343 103 UOISIYTP J19u3 1091 12y} (U g ‘sa 067) 9218 apnred oy up aoms
~I3JJIp AU} 0} S0P 9q A[UTRW PINOYS UCHIN{OS i JB[T{[398 1} pue uorsuadsns
AGH 31} U33M)2q 35BI[31 0 3 JO H1EI U} UF 3IU1J 1P SUTPUEISING SIY] "woTy
-eusfdxoap Jo ae1 ot pasueyua Apuesyrass Dgy 01 uonnjos qy um?mou.m
%I04 0¢ JO UONIPPE 31 ‘PURY IO 51 U "SUO[e DY WOLJ LR LM IL[IUS

sju 1 = J3100[34 MO 2UT[123020
qp/801 = [qu) fumigz = 3qm a1y} Jo 133wWer AqH Jo souasad oy Jupestpin quaredsuen
“TW3S 210U pue Jarep saureaaq aseyd s213-DY YL AqH jo Junowe Juysesour ST M
paseandur 1ade] 9215-DGY 241 JO SSAINY YL Moy I Jo suoz emSiew 1y w3 m.znabm.ﬁ
01 papua} A3y, ‘umipaw uowuadsns e 0y pasiadsp Apsnoauafowoy a1am mu_,mz.am. \E.m
"3qR MOLIEU ® UT YGH Ut papuadsns DY pue AQH JO 2IMIXAN 3y jo suraped BmE *6°D1g

AYGHOGL

BB

3840l /AGH 08 OFHO0S / AGHOS 2dgd 001

> 4

e 32 Texeg [ PSL



PUB UOROLIISTO00SEA T SunnsaI QD spurq Apider sssiq jo soeds 343 Ul qH
JO JUNOWIR $S20X2 373 TAAI} Y} UI J0)IBJ UOTIRXE[SIOSEA B B SPE 0D Y3noy
UsAY “UIqrIINq pue 09 soupoid 03 Z-OHY 4q PIZNOQRISW L[PAISSIIXS ST IWSH
*assi(] 0 3ads 5y} O} Yol PUE ‘WU QR INOGE JO 321 310d € IIM WINIATIOPUd
D3IBIISIUS) I SSOIDR 3JBSBABNXI (WIF/) SI[MOS[OW qH IeM[ade II[[eLus
ayy, '[0e1] %0¢ Aq @oweIsisal JE[MOSEA PISBIIDIUI UOHN{OS GH Y} 1BY} MO
punoj pue ‘AqE PUe UOHT[OS GEf JE[N][38 TR [IIM 134l Je1 ¢ Jo uorsnyzad a3
Pa1PTIS *[E 12 MSJRUIANG “I(] "UONN[OS qF] 991] BUIONS YIIM UostIeduIon ut uolte]
-norpoxotul oieday U AQE] JO §199p8 Y) TLIYUeD 03 A18SS303U ST I (30 Ued
138uomns s3wm (07 1M0qe) 0D [Pim spuIq AJFuons qi 20US [671] Moy poo[q
TemoseAoITIT SuruTelUTRLI 10§ ATRSSADAU ST 38y} JojemBal snouafopus ue se
$3AIas eI OO IIeIauad o} st TondEar QH Y} Jo $3[01 Juelrodul 3y Jo 3UQ
‘Z-OH pu® [-OH wey sy1 Jo uonepexdap s1do[oisdyd 1oy saurdzost HO oml
1523] 1¥ SUTEIUOD ISAT[ SV} ‘SUONIPUOD [BURION J3pu) "QD Pue 0YI-UIPIAqq
arerauad o1 Y] swayojord sasodwossp QH “(OH) dseusdixo away jo uonoe
A Aq swiay Jo SIUNOUIR $S30X3 SIYTXOIAP 1Y) wedI0 JOfeUr B 81 13A1] AL
*$3[MOS[oW GH JUAISPIP Y} JO 313
-1adoxd vosnyp S 03 PIIR[aI ale §135352 ) 1By} 1S SI I SZIS T[N[0
)M 3J2[21100 SIS STJ IDULS 'SIILLTLD 7Y PasEQ-G] JO SUOISUSIUP Je[naajows
a1 03 Teuonuzodoxd sasuodsar a3 pue ‘worsual1ad Al o [243] A1 01 Paje}aIIed
3 01 pUNOJ SeM S3VIALIR SIULISISAI JO UONDLIISTOD) *§19I[3 JTaysds 1o Ie[nd
-SEAQIOTUI OU paonpold puUe [01UOD B SB PIsN SemM VSH Jo uolsnyu] ‘sadueyd
1sappewus oY) Jurmons AqH yHM uorsuladAy pue UOTIILIISUODO0SEA. Tassa] Ul
paynsax az1s Jenoojom 238213 Jo s1ataaed 0 Jo uotsnyu] Apueoyruds afueyd
10U PIP $3[0LIAMIE TD[[EWS JO INIUIEIP AT, “YIOMIIU JBIISLAOIITE 3} IO
-ySno1) 55Ea1I3p 0} MOJ POO[q PasTED YYM (N[eA [BSEq JO 968 T 6L) S[95S34
90UBISISAI AU} JO IIIUIBIP Y} UI 35LAIIIP SMOJUEB)NUIIS B SBM IIIN], "UOIS
-nyut 12y Y ¢ BySig S ET F F€ seM YOIYM JVIY JO 3SBIOUL AjeIpauruIl
ayy pasnes ([p/85) qUTX Jo Sy, jo uorsnyur peoy doy ayy, Apandadsar
WU HZZ PUR §9 ‘7T ¢, IIOM SISNIUILIP JEMOR[OU 119G T, AGH PUe (qHTX-410d)
quTY penizewdiod-spiysprerenid (QUTX-STH) QHTX paleSnfuod-yorels
-[Aqiahxo1pdy (qH-d7d-Dad) qH pareexopudd parednfuox-oId (JHTX)
QU payursso Aremosjow-enu papnpur spnpoad qy 3yl Adoosorpu
[eMARnUl ue Aq parojuouUl alom $3sTWOdSal JB[MISBAOIOTUI PUB ‘I3)3Y1ed
[E1a)re Jepndnf oty YSNoIy) PAIOJIUOUL SI9M )L J5eaY pue 2unssaid [er1alie
UESUL “UraA Tejndnl ot 0)uT Palissur sERYIed [eLIaiTe oy (Sy/[w /) s1onpoad
qH jo uosnyur peol doy sy 1235y "pasn alam uonieredard plOJuUR(s [2SI0p ([IM
s1a)swey uapiod uerIdg snomsuos *[gz1] uonensdeous swrosodyy ten|e> pue
wuoneSnfuoy sswdjed “vonezusurijod Aq pagrpour ss[mosjowl qH Je[I[[3o%
JO 2218 a3 uo juspuadap ST 13JJe B} YoIyM o} WAlX3 Y pue qH IeM[aow
JO UoLjEIISIUIWpE 12)jk UoTsuaIadAY pie (98594 0UR]SISAT JO UONOLNSTOI 1)
usamiaq dTYsUOnIL[2I A1) PaZATeUE am ®)21[FeIu] J014 IPIM UOTBIOGE][0I U]

151 131 usBAXQ) RIYIHY 5 (AQL]) Sa[d1sap-uIqojfowts |y

"[£z1] 1011qTYUT asEIpUAS QN JO UOHEBIIST
-urpe Suismorroy ssuodsar amssaxd syy 01 pate[e110d ARoaIIp os[e sesm[apow
STYL UT S[9SS2A 2OUBISISAT 3§31) JO WONILIISUOY) ‘MO POO[q Jo uonemsal oty
ur ajox Juesyrudis e Suderd <[oz1] Yooys sfeqrioway ur A11andeal 15938313
213 JIqIYXA “S[2SSA IDUEISISAI PIULIA) I)aUTRIP WITI 09T-0€T JO So1191Ie [[etus
181} PUNOJ aM ‘PIOJUR]S [eSIOP B IPIM Py SIAISTUERY STNOISUCY UI SIIPNIs
snotaazd U "92I835 ST PAAJOAUT WIS[UBIIAUI 3T} INOGE SJUIPIAD 153IIp- pue
‘amssald omms}sds Jo sjusmaINSEaW WwroIf paurelqo st asuodsaI Iossaid s
I0J 95USPIA? 1801 *[SOT 00T 66] uotsuai1addy 10 UoTOINSUOI0SEA JATRIS FsTIRD
10u op (qY paremsdeous-surosodi]) AQY Ten[ed pue (SO} S[E2 poclq paa
pue quaragip Lpanemuenb pue Ajaaneimenb st ey vorsuaixadiy asnes smoa
-[oW qH Y3 JO SUOTIBIYIPOW U1 [STTFZ1] Tonuqryut aseipuds QN Ue se
[[2# se sECnN]os qH JE[N[[99% JO UOIPPE 343 SUIMOT[0] PaAlasqo Sem BOTIILIIS
-uo2 219y ‘syeq Ued1o ur s3ULI sl 11qqel PAZIIoNIaNXa. FuIsn ARoaIIpul
pareprjea sem Loayl sty *[e71°2z1] uorsualradAy pue nenstIisucsoses asnes
0} paumsaxd WISIURYDaT 21 ST qH 03 QN Jo Lrumye y3n] s1surnur o snp qi
Aq SurBuaaess (QN) spmo SUNN [1Z1'c1 1] uoneuadixo pue vorsnrad anssi
Sumoage aiojarey) pue “susp Arequdes (euorouny Sulromo] Moy poolq
$IIMPal WOTIDIIISUOD0SEA “12ASMOH *[0Z1] y2oys oifeylioway 03 JUBIMIOD
-uo> uorsuajodAy jo Jmaumesn sy Ul [erdysuaq aq o1 pasodoxd sem (qQUTY)
QU PpeyuI-ssoId> A[IeMmos[oweIul IE[O[328 9T JO UOMDIEAI paugap-[[om
e ‘uorsuaniadAy ‘uonoInsucdosea Jo asneseq Aqewmsaid uworsusiraddy
ST SUOHMOS Qi Je[[{208 jo UoLENSIUrWpPE Y} Ul pajrodor ARuUasISUOd
199 opis [edounid a1 ey juaredde sswrosaq 1 S[ENPIAIPI JO SISQUINU
I381e] 3pN[OUT 0 PAPUIITI 318 SQH PIYTPOU A[[RITUIIYD SY) JO S[BLI} [EIIUT[D 5V

02 PUD ON Y1M UORDI3Y UJ UOIIILIISUOIOSDA PUD UOISUIAAL

*SNJAJ UBLINY JO SUOTIIUTY
Pa1a33La)-dTINT 21 WO SI0fS JURLIIQE OU 2ARY ‘PIIPTS SUOTIERUIIUOD
a1 18 ‘AQI Jet) 15938ns sIMsaI 253Y) ‘SNyL qI [P/SWO8s e AQH JO JUSW
-yeanaid sy Aq paduerpun sem s Jo uononpord sporadns paiad3in
-d'TINZ 573 ‘UONIppe U] ‘[RULIOT stm saMueld A1e111) pue AI1epuodas JO #5ea[al
pRonpur-dTING 3 e Sumsaddng ‘aseapI [(6-dNN) 6-osrutajordofmetpow
ey g sseune[sd g 13y 10U PIP qH [P/AW0SS 1B U AQH YuM
SNJAd Jo Jusuneanazd sy Glownayling ‘s[[e2 patesIiun Jo jed 01 sjqered
-wod sem SN paresnaid-Aq uo spasy (1-2R) 411D jo uonemSsidn
PaOTPUI-JTINT 313 ‘Si[nsad 351 o} [a[reded uf Ajrandpe sndejownayd paeisin
-ITIAF 93 123)e Jou PIp qH jp/Swrgg jo uonenusouod € o1 dn AQH yum
SNINd Jo 1usuneanaxd oy, J[s11] 1stuoSe ue se JT47 0} sasucdsar [emonouny
53 o SUISNo0J “PAIPTIS SI9M OIA UT SNJJ UBWMY U0 AQEH PAHIPOW-5IJd
A jo sjoapie A ‘a10ja1sy] *[811] {JTNY) surrefelduayd-Aona]-fduonpaur

T8 32 [EES 'H 9g1



P1dI 213 JO SUOTIBIIUADUOD 3 [[V *9SBIIDUL UCT] WNIS JNOYIIM PIlLIYLIOD Sem
ULISPISOUISY JO JUNOUIe JUedyrudis e Taaamoy S[243] [BUISLIO 21} 0] pauingal
1 Fom Iaar pue u9a(ds ‘EAInUI Yaam 7 B 131V 'sepnied AqH woxy Ajqescrd
paautap syusuodwos pidi ur sasea1dur JueoyTuSIS PajeIIPUT 51531 AI0IRIOR]
[eotulp wmuiag a8ewep uedio jo udls ou sem 31313 YaAaMOY (Ua3[ds puUB IoAT]
UT voneMUINIIR AQY JuedsyiuSis pajesipur uonearssqo [edrSefoyredolsig
Apueoyrudis paseardwt sYStem JoAr] pue Uss[ds uolsIUUI [EUY Ui I3ye
Kep 2uQ AQH Jo £157es o1 JNOQE (IDUOD SNOLIas AUe IsTel JoU pIp UoNeU
-turexs [eordojomedoisty pue Ansruaypolq poolq wniss 4sa) [estdojoleway
2y Afsnonunuos psseandur JySom Lpoq pue UOISHJUT ) PalRId[O} Sil
2 [TV "[SET] skep $1 1oy Aep/B/uIn] jo 2381 350p 1) 1 pauriojtad sem sper
IEISTM WD AQH] JO uorsnjul pajeadar o1 ‘suomenyeas £197es Jo $a1198 a3 U]
"B/ oz Jo w1 UOISHIUY
snjoq oy 38 suedio Jurpuodsatron a1y 03 s8eurep a[qIsiasalar Aue IMOYIM
saldTeure 1) JO sanjea 3T} PAYTPOUL ATJUSTSURI] UOISTUT AQL] 18U PIpnpuod
2q ue> 31 ‘voneuurex? [esrdojomedolsny Aq wRisAS [ET[PYIOPUA0MONLI 1}
ut Aq Jo wsroqesw ydwoxd 3y o yrodar snotaard a1 Yum uonoumfuod
ul ‘AqH Suiddenua sofeydomem woxy parersqy a1e 1 AQH Jo simauod
-UI0) AUBIGUIIUL 1) WOIJ PIALIAP 39 PMOYs Loy, sABp / 12 [943] [OQUOD 212
0] pauInIal pue ‘sep 7 10 [ Je WNWIXeW ay) SUTMOYS PasLaroul APUSISUTI}
utsjordodip-g pue ‘sprdijoydsoyd ‘sjoraissjoy) -safeydomewr sy ur pazijo
-qEIaUI SEM QY JO JUTIOWTE 23Te] B 1B 108] 91 Jo 23ids UT 9583I5UT JOU PIp UL
pue uqnupq ewse(q seanued aq ur ssfueys [earfojoydiow ou a1am 2181
“aasmoy isaBuet a[qIsiaaal pamoys saytanoe ssed pue sseldwre sy T wsgo
-qejaur Surpaasons et pue Juawrdenus Aqy 1) 10} suedI0 UTRL 31} JO JUO SE
I5AT[ 313 0 38eTUEp 2ANIRIONISP B JO uSIs B MOYS 10U PIp pue ‘saduey lounn
1nq queoyrudis pamoys v pue YTV TIV LSV ‘SUonenuadues swdzug 's914]
-BUE S} U0 19917 33UI3JINTUL 511 PIOAR 0} ISPIO UT AGH 2A0WaI 03 padmyin
-yssenn sem ewseld ) pue ‘uost I2)ye sdep / pue ‘¢ 7 T pue ‘syg v
UMBIPYIIM SeM POO[Q YL (S4/TI 07} SIBT TRISTA S[BUT OJUT Pasmyul A[SIOUIA
-exyut sem uotsuadsns AQH YL *[kg1] serd[eue 67 Jo [e101 € U0 purseld Jo $1831
Arojeroqef Aq suonouny ueio a1 WO AQH JO SOUSNPUL Y1 PIZATRUR M
'ma1a Jo yurod eosiBoporsty o) wolj
suedio sndrofeyd atyy o3 aBewrep s[qIsIasarir Aue asniEd 0) M98 10U SIOP U
“syjaam oM} 10} A1anoe ondooBeyd syl paytpowr AQH Jo HOISTYUT Y3NOY) Uasg
‘shep £ 1® PoAIISQO 9q 10U PNOT JIMIINIIS TB[NOISIA L], “UOISHIUT Iaye Aep
auo sfas rapdny pue saSeydoisewr usayds sy ut paddenua se ssmosoSeyd m
pue ‘sarxeqides W sOQY 10O 0F/1 INOGE JO IS1AUIBIP B YIIM AGH JO 3dmIOnNs Igj
-NOISIA AU pAIeIsuOap A[IE3[D SINSST) AN pUe UI[S 311 JO HOTIBUIUIEXS
sidodsondIw WoIpS[d [PWIUIUI SEM S[SOIapis pue Afpoows papascord
uor voxr 2y Jo Surp4s91 10 VoM ‘wIsTogeieu U a1y Jey) Sunestpu
‘sfep $1 3¢ pateaddesip Loy yBnoti[e ‘uas[ds pue 1aa7 atp ur sdep £ pue

651 S191118D UaBAXQ [PIYINY S¢ (AGH) SIIIsaA-TIqorowaty

£ 18 BuTUTe)s ST[q UIEAG M PIWLIU0I Any3ns sem unspisowayy shep £
UM pazi[oqelata sem AQH ey pamoys Suturers Apoquue qp wewng-rue
PUE ‘UTSO3/UTAX0)BWIAY Y1IM UOTRUTUIEYD fext3ojoyredolsty 9y 1, ‘Aqy Jo wIsy
-0QeIaL P3sealIUl 3 0} spuodsarios Aanoe androdeyd PaseaInul mcﬁuu.u
-o1s 3Y I, "Apoq 513 JO UOTIIUNY 2AISUIJD passa1ddns Upz1spduos Joung &.ﬂumm
® $31e3Tpul ANANOE PasvaIdap JUSISUET) [ent sy sdep | e 2491 [eur3tio
SU} 0} PAUTNIAL BT PUE “SALD £ T8 [949] [PUIBIIO 913 201} INOQE JO wrnuTceT
e Juimoys ‘sdep ¢ Je paouequa sem PUE PaIsA0dal I NG “o40f ﬂson_.m Aq
UOISTYUT 13358 Aep 5UO Paseardap Apusisuery Ananoe ondsofeyd sqp .a.oﬁs.ﬁ:
Isyge s{ep p1 pue £ ¢ 1 10 PUE ‘SU I 35UBIRI[D BOQIED JO 2]81 a3 maﬁou.aoﬁm
4Aq pamseaw sem Ananoe snksofeyd s pue B/ 0z pue o1 o m&m.—.umo@
12 (3007) S18T IRISIM STRUW UL PasOyUT A[SOUSARIIUL SEM uotstiadsns AqH oy,
‘[e€1] uenewurexs exndoroyedoisny pue syramwamsesw SOURIES[? UOQIED
[m pa1pnis sem ‘uaa[ds pue 1sa Amuenr ‘s uo AqQH Jo aouangur aqy,
[ze1] resop wondafur a1 jo yuspuadapu; ‘usards pure worreur awoq
I9AT] 3T} 313/ UORMIILD POCT] Y} WOL AGH 0 Luyg, 243 12UTTI)? 0] suedio
Jofew 3] PamMOYs Eep UONNGIISIPOI] ST *Aluy) M PaseaIdur arom usalds
PUE 1241 31 Jo 350y} pue pasea1dsp Afrenpesd sem 11eay a1 3o jood poorq
a3 ut AyrAnoeorpe oy ‘efewr eraures eurured ayy uy PS¢ 99 0) pauIUIIALAp
SeM AQH-21wgs JO SFI-JIeY UOHE[MIID 3YJ SWIIXO SuIle ouuvﬁm.&iﬁu
-wexay 3y Fulsn 4q 1., YNM Pafaqer Anyssecons sem (N g} auraysdo
-owoy pajesdesua-0> AQH Jy[ ‘sexal, jo ANSIdATUR ST Je W&EHE. 014
[} UONBIOQR]I0D Ul AQH P3[9GE[-)Lay, Onbiuy22) Sumaqe[otpes pasn am
‘AQH Jo uonnqInsIpolq pue auasiszad vonemoIr ass1d s surEX? of,
[1€1] (SN ‘wrasds apdooSeyd respnuouowr 10 ‘Say) wrsysds [esYlopuaog
“nonal sy ut sapdoofeyd 4q parnides Ajpemy s1e wreans pociq m& us (sauros
-ody) sapa1sa4 prdyjoydsoyd se fjom se saprired AQH ySnoype ‘TotjoINd [eusI
sassaxddns Apiapdimon qi o wonemsdesus sy ] “mos0 amyrey Hnu.u Afenyuana
pue eunuqo[doway ‘papaacxa st A3upry a1 Jo Lipedes uondiosqear ayp
USYM "PAQI0Sqe AfpaLoR S131 2194Mm L3UpTy o1 ySnory pRI91]y st QY punogun
“ioedes Burpurq wqorSerdey oYy spasoxa womerjussUe) nE 3yl waym
T2a9m0H "sa14>01eday Aq UOnEMOID 21 WOy pasowal pue ‘aiqojSoidey o)
punoq Apidex s1 DY WL Pasea}aa Qi 921 ‘UOHIPUD Hmummo—mummﬁm aq) Uy

uonaung unbip
U0 2uanju] pup ‘AGH 40 WSHOGDIaYY puD UORNQLISIPOIg

MOy poolq
TEOSEAQII JO dURISIUTEW 31 10f 2rerzdordde st AqH Jo azis a1 Jey

pure ‘s13L11ed UaBAx0 Y Jo azfs 3y Jo asuelzodun ayy syesrpur SNSII asay ],
"PIUTEIUTRUT ST 3UE]SIS2T JE[NOSLA JYI PUE “PIOSTIULS 31 UY UTRJUTRL 03 Y3nous
adre st (wrugsy) AQH ‘puey 13710 3y} UQ "IDUE)SISAL TR[NISBA UT 2SBIIOUT R

e 12 Texes 'H 851



AN5IPNUD
Forass(g seatvedsiad amyny pue juasaid samunsqns poojd (g66l) A EPIYOMSL “£1
[ZF-60% 11 wonemsdesuaoisily [ ‘poylews metp-azaal) ¢ £q urqojSomaey
pasemnsdesua-swrosody] Jo uonezlizoeieys pus uoneredard (pesI) L MAwISTOL T T 9T
’ LO5—£8¥F1TT 10UY22101g [IQOTIT] S3Mmnsqng
poold §[120 Jury mqojfomay patemsdesua-smosodl] pezifiqess-A[[earsats jo sonat
-pjocewureyd pue sartradoad pestsdyd doeagy (v661) ¥ 2Swssiag L Suayz ¢ Suagz o1
. TRL-TEL61
[owgR2i01g GO sja0 Iy 1a1ewolg 'uiqoidomay Sunemsdeoua (ssmosodiy) sypeo
ey suerquawr  prdij-taderq uomdmqns  pajerodicour-unydAewixoqIes
JO uoneziaoeRIEYY 20BJINS PUE Uoneiedalg {1661} SWIL mﬁmau ‘W P2QOIN “FI
¥8-6/18L6
vloy sdydorg ungoorg -auapdipadzoensydide pue spisoon(d (0o Sursn sewosedr|
dureuos-uiqeroway jo voneredalg (6361) [¢ 10 ‘MH TWoref ‘A ppid ‘g psdol “¢r
¥97-2L7'ST 480f01q04 1) *im3nisqRs poojq [enuated v
urqodowraty paiensdeous swosody jo uonearasaid patip-azaarg (3861) SV ydiopmy 71
114-80£:£1 sued1Q ynry [ ud{
"N 30 A1[rqe pue sansLImSerey> SYL (8961) T8 12 4T, CIOWENQ ‘X IYoneAIY ©f FIERS “T1
997-19Z£8T WST SFHAT ‘sIaltres-usBixe
a[qe3s se sawosodyy pazirswdJod (5g61) [ 19 “ PIAINaN ‘WA U V[ presdel ‘01
061641691 $9Y 1019 ux) Bo1g *sreSorms 1132 par & jo sapsadosd pue woneredaxd
:sap1saa prdijoydsoyd ur wiqojSowray jo wonemsdesuy (5841) D Jawire] g 12qeH ‘6
166-£86°9 TysTex] nopedey] uoddiN whpiApaurixoqres mus paziqels
s[[@2 poefq pax [epynIe adi-swosodr] (pg61) I OPUOY W BMENRIV V 018 '3
89TI-59TT:0£Z 27UEIG [[20 pad Jebgnxe redHread
B JO UOTJETBAS PUE SISOIULS (SE6T) T8 19 (I 10521008l Sy onduIng “vo uny ‘2
£9519¢ 2014 paq ‘2143013419
suaiuds e se uiqopdowray patepnsdesus prdrl (£LZ61) I 9N ‘T Yowssfprolg 9
899-099'8 101 oW [
"3d0S01U HOXIYS[? L) UT PIAIASqO ST sjuade aanOR-a3eiI0s Aq UONIEIYIPOW A1y
-anus sy pue sprdoydsotd jo Sururels saneSaN ($961) My 2wioy ‘av weySueg ¢
EPI-6 1% ud] 208 way) [mg sajeurdost
4q s[> poolq pai Jo uolesyIpour v (1£61) ¥ opucy ‘M 1goninps W eunfeny b
€1-£:6¢ edey Poofq PRUNIY (5961) L Bpodal ¢
T8T-65T:07 [ouyaajorg
UGTIEZI[IGOWRY] $[[37) JINY IIeWolq 'MIlALAO Uy :Bupyunssord 1o uwopemsdesus
4q paredaxd urqoiSoway pagipour ue paseq saIMISqNS poolg {T661) SWL Sueyy
$9-c¢ dd Fa1sayo1yD ‘suog 3 A3(1m uyof ‘S0 Pal ERYNIY
(P2) T epIyonS [ “sapisas wqojFoway] PATIIRIS (S661) § BYOANEL °F PPIYANSL, *

—

SIUIIARY

“YDIBIS3I 31 0} SUONNQLIILCD PUE SUOISSNISIP [ry3urueat a1y 10§ sanSeaffod
JATIDE JIS[} PUE (ATUN) 2UNYT) epaey N ‘JoIJ pue {{0TUOjuy Ues sexa], ‘Aruf))
sdiryd "L'M Jo1d {(asDN) ene1deru] W Joid (383110 pajq voddiN) emedo
"d J0Id ('AIUQ oleseiny) eYoH °§ Joid ‘(fendsoH yoes exnzerexeiryseSif)
woeel, ‘W I (Al OIf) nsjewang ‘I “Joid (191usD) poofd ssor) pay
OPIe{OH) 8P “H I(I “("AlU]) O1Y]) TWNZ] % I ‘9qeureiepm "W "I TYoNouTIoH

1ot s19TATeD) ULBAX)) [PIIyNIY sB (AQH) $ap1s3A -uIqofdoway]

'H ¥q ‘epsmmomire Afjnjaiead sioqme oy -wede[ ‘areysy pur logey
WPEAH Jo Ansmury sy, pue “ASojouyda), pue 2oualdg s)iodg ‘emym) ‘uon
-eonpy Jo AnSTuIl 9y, Aq portoddns usaq sey diom ST, ‘SIUaWBPaMOUNDY

2anny 3y
UL S[[P2 POO[q Pa1 [DYILIE, [e3PT 1SOW 373 3 PIROM UTIM([R JURUIUICO3T U
Papuadsns §3[21594-qH JUBLIQUION2T JO UOHRUIGUIO? SUT, *S[RLI) [e2TUI] A[jewny
pue [eoruraxd LIS 0} pue “prepuels JWD Jo AP v M AQE sonpoxd
0] IPRUI UI2q 2ARY SHIOJ? IBOGIUSIS SIUIUIARYDE dA0qe 31 0} Furproooy

Amfuy uaddxo pue ‘vorsumsadiy ‘wonoinsuos
-0seA $53] ST 3191 snyy, “monemsdesus Aq paziwnuim 9q Ued ‘UOREADIE
sseusddxostusy pue ‘asespl swiey sevads uaddxo sanoe jo wononpoxd
0D pue ON pm Suppuiq se yons qH jo Arande eoifojorsdyd sy,
) *$305S1) 2MUAYIST Jo woneuadixo 0y ajqeordde
os[e SI )] "UONNIPOUIRY JWSINE3 pue Yroys difeyliowsy wWoy uon
-eIsTsal 10§ DY Iim slqeiedinos Ayoedes Sunprodsuen ualixo ywanyg
-fns pamoys YSHI pue YSH se yons rspuedxs ewseqd e ur papuadsns AqI[ 2
*2U0) JeMoseA 31e[nSal 03 [fEM IP[ISEA ) UO SSINS
1e37s 913 10 jueliodun aq ppnoM 1y ], *pooiq Jo 1ely3 o} Juapeamba pajsalpe
aq ued 4J1S0251A UOLN[OS JJ, SWNJ0A poolq urejurew 0] jueprodun st
[oIgMm “YSH S Yons Sprofjoa ajenbape Jo UOHIppPR 311 [ILM ajqeIsnipe st
mg ‘19z 0} 350 $1 uotsuadsns AQH 3 Jo aInssard sLowso piofjod YL ‘9
"uoTjR[NaIe poolq Ut uorreSaidse wweasid o) aanags s1 pur AJMIqels UOKS
-1adstp 3T saseaIaul suleys HEJ YITM AGH JO UOTRIGIPOUL 238IMs a1, *§
“UoT}eUIZAX0p PUL SUIRY? HFJ [HM UOLEIYIPOU 3I8}IMS
i0q 01 Juimo ‘armeraduiz] WOOI Je $1eak 7 J9A0 10] PaI0ls aq UBI AQH B
*S3[2183A a1} Ul palensdesusos aq ues stuaisds
UOTIonpal 1AW PUR S10)93JJ3 OLISISO[E 1) [HOQ 3SNEIIq PIUTeIIsal
ST UONBIIIO} qHIPW a1 pue pajpstipe Ajpenbape s1 Anuyye uadxo ayy, ¢
‘uorjounysip [euax
Suniuassid ‘AQH woly gH Jo 25BI[2I OU S| 2U9Y] PUE PIUTLIISI ST SISUWIP
01 $I2UI20193 QI JO UOLIBDOSSLT "qf] JO UOTIEITIPOW (eSS OU ST I3[
‘uadnue ad4; pooyq pue
‘UIX0JOPUS ‘SNITA WOJJ 331] pire pagund A[puranixs st Y paremsdeous agy, 'y

o3

o

'SMO[[O] S8 PIZLIBWILINS 3q UBY AQ JR[N[[22 JO sadejueape 2y [, 'pajells
-wowap u3aq 9ArY L1sfes 119y} puw s1aLires usdixo se AqM jo Loeore ayy

Aewwng

"paofdura 28esop Jo 1349] a1 1 AQH JO Arxo) JuedyruSis Jo usis ow sem
8191 ‘symsaz asatj) woly Fudpn{ ‘spaas] w0 211 03 pauaniaa sjusuoduren

Bl Tees 'H 09l



8L-99:0% 9y Ia1epy pawolq { “urqorfowoay Sunemsdesua S3[I1saA

pagipow-{oodiE susdmadiod jo Supstsuos saymnsqRs 33 Pal YnM UOHNEPOWa
0} sasuodsaz TEMISEAGIOIUI SNOSUBINIGNS {8661) B 33 Y 13313y ‘DY TesT, ‘Y exeg
$98-198:Z1

s[ereiewory “ewise(d poojq ur uonrgaa3de swmosed] stuasasid (joad(d suspdpa)ded
Yum sawosodyy Barurepuos-uiqordowsey jo BOLESYIPOW 328G (166T) H BOrgsoy
LET-SET:89T 12T S sowosodi[ 3o awn uolemoIR 3y s3uopord Apanoays sjod4(3
sustdyiadied srpedmpdury (pgg1) I8 13 qA WIYpIoL Y ewednlely “Ty soueqiny
661-1LTETIT

12y sdydorg wipoig “sswosodny pazinqes Apeoniays (z661) Q@ 21587 ‘O 2[poopm
91£-60¢:% Aepor suedip mry "surey? sprreypoesodo

1M sa[Nsas-UIqo]Foway Jo UoLEIYIPOI (S66T) 2 10 ] Sunyy ‘py epesneL ‘H reves
065-585:/7 48010190417 *a1Msgns poorq

¢ ingofdoway paremsdesua-awosody jo sfeross A1 (0661} O B1D ‘sv ydiopny
PGE-63EE 10TQAL ApY Towid[og ‘uonezLamiAod Lei-d pue sapses prdy
PAEILESIN 01 Q1 Jo wonensdeIuy (7661) [2 19 ‘H BureoNof 5 BONEL “H TeES
TT-41°€ 0WY23L, APY 13T4(0g 's9[15aa wiqor3oumey

jo sapmod paterphrp jo woneredaiq (7661) [2 12 ' eppnsy ‘G BOPRE, “T Suep,

PBRSIW-0BSIABE [ OIVSY s2pi1saa pidif-Ajod w pajemnsdeous urgordoway

S[i92 pa1 [BIagNIe JO sousLIaloeeq) (2651) ¢ 12 5 Mpndnps oy Tysedeqoy °f yores
FEC-6TEIIET € $9Y sAyg

SPOUIAIN 1iSU] PN “S[RO Poolq pal [elayre 10 sissyinds o1 o samyxnu pidijogd
~s0td yo vonezpxowrA[od paznpur-uonerpey (£661) T2 33 ) BUIBNY *H N1 ' 10S0K
TIT-L0T5T

sa[>s[owordvly amieradiusy mo] Je sawosodry ejwenan oFre] se sprdryoydsoyd
patemiesun Jo uopezridwrdiod (Z661) e 30 ‘N ernumy g emeBasel] ‘g epIyInsL
B6E9-£6£9°GE

Anstwagoolg -suonipttes smodAy sapun usfdxo punog-urqojdoway woy Iprxo
~1adns jo vononpoig (9661) [= 39 ‘00 03nqy Iq Ueregoweyy euystoferedoeeg
§t-11 dwids y1on-vyqoldn 2014 foyred jojy steatpes-Axq ‘swonipuos omodAg
1apum [estpes aprroladns Jo 301mos e surqoFowaE] (8867} il PURfRY 1 Sweyz °y Las
88-6.:88 1§

ULIEYJ { SUOTIEIYIPOUL PAONPUI-2}8QIO0SE JO TONRZLIAIIEIRT) pue urqojdowey Axasp
Jo sarpmis Lyniqess wiag-3uof pue ajnay (6661) Te 35 7 1o3sody [y SIaNVY Vg UIMIy
8901~7901:48 1§ wrteyq [

"UIqO[BOWaY JURUIGIIOISI B JO 73, 0z 18 5321058 wwial-8uo] pue Aiiqels was-10gs
AMIE UO IS0LIE PUE 08 UISME, JO S99 (8661) [2 18 ‘HS BIAST YN 19TPH Vi Utmaay
8EV~GEF0Z [0WII0NG [IqOWW] S[[2D JNIY

Brewoly (dHd) susidpadxodiod uqodowsy parerexoprrdd pezipdydod] jo uopez
-liapereys pue uononpord smeos 2810 (T661) 12 39 “H DO Y Heareg ‘g BATIWINISIE]A]
TI-8% [OULPDAL, APY JoULdfod (DY) S99 pai [epdynIe jo Lt

-2edes Burdiren-usiixo jo wonempop (7661) [¢ 135 euremyo, °y emezriop “] Suem
L91-791:97

unwuto) s3y sAydorg wayporg ‘wiqojfoiay jo sanradord 115077 213 wo Mdsonp
-A13 weumy auy woy sajegdsoyd omuedro 30122133 30 L (£961) T YosaYag °Y Yrsousg
#9-95°1T way) nfuoderg sed£ emppeoe puE Ie[njjao uaamaq

uosiredwos 3an3(qo s1sired waldxo paseq-urqofdowsy jo sallss B Jo uonez
“HIRIR ERmaonsAqd pire s1saqIuAs (0007) T 38 Y eumUQ Bseng M rexeg
£30S-SE0S™8.T W) (o1 [ Axtanoe eorsdyd pue ‘wsyoqeiows ‘uondumsuos g sayem
-3a1 mqorBowsy jo Aymarge usBixg (£002) Te 35 X P{Mzns ‘W Deznunz] *f, BMESBITYS

€91 s1enue) waddXg ELYIIY 57 (AQH) SHPISIA-UIqo@ouray

L¥

oF

'SP

tF

TSST-LPSTiST

Zo1g [ounpay0tg "UoTSILOX pUe Fuimey)-22301 Fursn saprsoa pidioydsoyd pajjonuon
-3z1s ojut swajord jo wonrmsdeoua 24Ty (5002 [° 32 <L OpUT 4 ONEN N nog
STI-61T:71 Bo1d [ouTpaloly *ssimInsqns T30 pad se s3p

-1594 ulqordowray Jo sanadoad [ea1sAYd (9661) [2 15 °§ BOMEL *Y epeurel ‘g eyes
65L1~5521:71 nmBueT Aquiasse pidioydsoyd e pim TOTFowsY Jo HonIRIAIT

4q sap1san wiqo[Somiay pa[enu03-1348T (9661) I8 19 < 25eIaL L 1ysndqo 'S wjoaeL, -

998-198:2T

[oUy2230ld UORRZIIOWI] SAMINSNS poolg S[PD JUIV -ampaooid wonemsdesua
pue $3pIs2A-qY JO SIUSHLRIRYD (F667) T8 19 Y aseaial, M IeEs ‘S eoaer,
801-£6°1¢ Y woy) [ddy samg 1og omoney [ *(qH) wiqoSoway pue sanq

-wasse pidysoqdsoyd Usamiaq UonIeINU] (F661) [2 19 I Teves Y oseal, ‘S eyoae],
695-996:77 sueB1Q Jury [ udf 'sauprquuattt prdi[ MM pai2A0d SIPISaA-UIqO[S
-OUrsY WEUINY Jo suopucd uoneredald (£661) 18 32 “H 2PTYSIN °H I89ES 'S ToayeL
. , STII-0711:£9 udf oog

WYD [N “$IPISIA-QH B UI PUE LOTITIOS uqofSotray paleudTos B ut suorpeIngg
4q uoneurrop urqepdowapaw Jo uctssazddng (F661) 2 10§, OUTaS G 2Y03YR], °H Teves
&4

~1£°6T 10UTRI01G QO] $9INSqng Poojq S[[2D FIIY “SepIsaA-qy ul wasds uon
~Inpal qHIPW [ELYILIE JO WONINASUOD (£661) T8 12 °H, 1ees 41, ysndyQ ‘s exoaye,
(£661) ¥PS-655:8 Wayy ayednfuosolg 'spong pajemsdesus 4q UQCTIIMPAL PUB SIIISIA
urqofdowsy Ut voneuLoy wqoIfowaIely (£661) [ 19 L 250Y ‘Y TENES 'S eyoIyel
T09FI-S6571:6¢ Ansiuatporg 'wordan 19[o1ABnM-TE21 T UOHEIPRL

4q wigorBowagawr Jo uonanpatoreyd (0007} T8 33 W Bwedawp H RN ‘Y TEYES
9LIT-TLIT1

Wy arednfuedorg ‘ols Ur asereied jo wone(nsdeousos Aq sapisaa qu Jo Aimiqe
Juidares>—ua84xo pafuorosd 3yL (£007) T8 12 *H mAES ‘Y eAMezewey L BIMUIRIAL
LTF—LIFST [OURA]01g TIqoLI]

saNsqng poolg S[PD IV ‘tiqofowamiat Jo walsds womompal snewidzus
3 M (DYN) ST[a2 pa1 03u yo juatdofaa3(] (£661) T2 33 1 BAMWDY H 919D & E1eS0
YSE-LPEET [0UYOR0TY IGOUIT] SAINMSANS POOTT ST[3D JRIV 'S153) 0ALA TN K1o]es
PUE UOHOUNY Mam {(SHYN) S[I22 Pal 03u jo wonezlalerey) (S661) V Iqseqeyer,
: LTI-6Z1 'S66T TSTBY

wedey voddiy “suviqusw pmby uiqojfowsy v w mqoidomayixo o3 urqojdow
-YTAuoqre> 3o tiopoear afweyaxe puedt (s661) v 12 *H Iexes f epEwrRy g[ Sunys
SFI-TFT: SURIO Jurv | -suesquisn eaoue|J Suisn

uonin[os UIQO[F0way WO [eA0al STA (Z00T) e 1 % BPESTI ‘] Iuoming % 0¥eN
LOT-TOT:81 Bo1g [ormajerg “uon

"PANDEU] STUILA 10] JUSTIIEAT} 131 PUB POALI [ESTWLYD-011033 We AQ UOHR[OS I
-ojoway e woy voneusSixesp a13dwoy (Z007) [ 17 H TeNES S ©joaiel, % Sueny
88E-18E:67 TOUPIl0N] TIQOUNL] JMSqng PoO]g SR Juty Jraunesn Jeay 4q von
=N0S WIQO[B0WaT U TONBAIISEUT SNIIA (T00T) T 32 ¥ ecredearH Y Iyonqay ‘] 3qY
L19-TI9TET

GY0lg [ Jatuies waddxo epgne ue 107 saprsas-urqelSoway jo s0mos [erueiod
¥ se Ulqojdowray autacq Jo SHNISLIIEIEYD (TOOT) |2 39 °S ©0MRL X TPESEIN ‘K TeXES
01

-701:¢ suedig v [ 1ojeusidxo swerqueur v Smsn wonnjos mqojdowraydxo Jo
voneiAU0qIes) (Z007) N Yees *T EPIYINSL, ‘H IPTYSIN S B0aEL ‘Y Texes ] Moy
695—£95'F Jung uorssardxy wIe103g Justsiean eIy puT JUAA[OS druedIo

Bursn qpf PaIEALAdTD JO UOKEIYLING (S66T) [¢ 19 ‘H PIIBYONOZ °§ EXOMEL, ‘M TENES

Te 13 EqES 'H

61

‘21

9L



0L71-19C1:¢6 A30[01saisauy wols s uoignyaq yim stapuedxa
ewseld profjos usiayip jo Amqueduod (0007) [ 12 ‘W SueT S UTEIBPIA T SHON 96
167-ZTT TP PO QBT
WA WD 8153 A10JEI0qE]Y UT S0UAIALIAINT JSY) PIOAR O) (SISLLIE UaBAX0) SIPIsaa
-qH Suruteiuos wintas Jojuatmesnald (£007) [2 19 § ePEsEly © eTIRATIIOL, °H T8YES ‘56
TSET-LVETHY WaYD WD
'SucHn{os L) USEAX0 paseq-uIqo[Foway Yim SITPTIS (IITAIRLINNT 152 Smssassn
1o yewrioy aaneraadiaur pagduns (3661) ( NE2IPNOg ‘D NOTIEY g YELIATMZEY b
4% a3 A
P3W Q87 W) UMD 'uonnos JaLixed Uadixo paseq-uiqoj3oulay e WoIj s12359 30T1s)
-1a1ut jo sisdpeue uotssazdor s[dOM (666T) [ 12 TV 1598 ‘Od RONEY g WezoIaTuzey g6
LEET-TEE 107
Way)y ulpy popew sseeydsoyd eumpedE we wr seymusqns poopq uqoidoursy
pezuawdod e jo ssuazopyE Jo wsTreYaw (0002) HIN N0 ‘4 stion [ sxweyn 74
Lell
—TELTER WayD ui) 'siss) A10Jeloqe] [ESTUTY UOWNUOS U0 SIALITes madixo _uummn
~moiqnyiad pue -urqojfoutay Jo 19977 (£661) [® 32 ‘LT YEnoupaoy ‘DI YUON Z B ‘16
£941-T9LT:6¢ WagD Ui “(;mou pa1 Suraas a;nod YuIg: no4 os)
smqe[doway paziNiqels pue sisAfowag :3[qnox JIqRoqt (S661) M 19pAY U PO ‘06
B0ET-70£T°¢ 1 way) Aednfuooelg ‘wonepxorad pidl] pue wonoes Ify uo
sapatsas s vopemsdeota-qi 3o AP (700T) T8 13 °L o1y X wmuresa] g eosye], ‘68
6381 H-038TH 6.7
To18Ayd ST 1aeaY [01sAYq [ WY "QIEAP [[32 [EIFIFOPUS JO 261003 PUE S[3A3] [OTT) SJa)e
aprxosad usBorpdy yum mqorFowsy jo suopdera| (000z) IV ysedery 4 oSy q g8
_ £S0IH-9F0IH S LT
{01844 2310 1rva [O184Yq [ wry UK [A112] 10§ 2[01 B IIMIPIIOPUS PIEMO] SSOT)S 2Any
-BPIXO pRIR[PIW-uIQO[B0WaT IL[[33Y (S661) 12 33 ‘q G3& ‘I [¥ Jadaiq ‘M wemiplon 3
66H-T6H LT
To1s&uq 51O 1Iesy [olsdyg [ wy “uoneusdizosi-errodiy 1ye [3pow (53 [eiayIopEa
UE UT ARIPIULIAUT UIGOIS0WeYALIa) & Jo uonoa1a( (6661) IV GSTARIY “TT POSPI ‘02
F65-£05:89
43¢ [01s4yq surapqord pue ssa18ord ST poolq paa Jo 0uRI85TURS (896T) WIN IED 'c8
TTLL-FT1LTLE Way) To1q [ poo]q vewny [Bul1ow u pe3osiap st miqorSouray [A11s) jo
[eaTpeT 321) paseq-ulqofs AL (£L661) [B19 AS ONUITDYSO[OA W [PTed V(T OUITNISIAS 5§
S6£L-98E 9T DA [01g HIpey 3311 A1nfur nolsnysadar-eumaypst [etpresoim uy uon
-EpIXOINE WQO[30AWK Jo SA0I Fenualod (6661) SM 4ogdnen A yedures iy quny ¢y
115ZI~€0STT:6¢ AusTmayaoly "uonepeISap sway pue uonsnpord apxoadus uig
-o13oway4 1197 em spmxorsd waSorpdy Jo uonsesy (000Z) W( pungTy ‘g nqeqedeN ‘78
TPS-1€5° 1 UOHRMIIRgY]
“Aupqela (20 erpyids pue 9iodsuer s1djo1303]e Kipqesuniad [eunysaym uo sjuep
“T%0 paaLIap-[doxnat Jo 530357 (G66T) 10 12 D 19N1g UOA ‘ST PPWISen ‘gIy WegsKs '1g
£1-£097 W01 [euy
‘Aqdesdorewongy pinby ouewiopad-ygy 4q sppasy ajourosd 1e sopreosadoaply pidy
Jo uonezireeIRy> pUR U0LIA( {(£861) B 19 *Df Iaed ‘H Aspoig ‘X ojowreure; -og
67S-G¥SILT [OUYIRI0NY JEN SIURPEO J0 ‘Suade
Jossaxd “szat1rer uagfxo seyuinsqms poojq paseq-ulqojfouway (6661) IV ysedepy g/
L6T-T6T:86T WAYDOIY [elry “21esA] 1)4Ad0qaLue SHIALIL] PR JUTPLISTY PAZIIqOLILIT
Busn UX0lopUs 107 Aesse ogads (1661) 2 32 ‘L, 9qeUElEp ‘W BIRMEN Aqouly gL
£97-0927¢§ JouydaL, g Wreyq [ V(d “spotait
TV'T aapeiuenb jo woniquyur pwosodiy Surajossy (666T) ATN ZOWTLIRK 9T osud ‘2L

591 sIa111ey walAx0 [ERYNIY s (AQH) SaPIsoA -UIquBoway

9PT-6£1:057 War0lg TeUy “sewosody] woxy uxo)

-OpU? JO UOTI31P PUR 9SBAPX AL (£66T) [¢ 39 v P93 0 A[ITI-TE2qe) | UOULIPH "9/
"SI "Gge~-TEEIET [OUYRslorg [IQOTIW] sImlsqng
Pooig s[20 iy "mqorSouwnsy pajensdeona swosodi U 1Xoj0pua JO JIATHAINSBAWE

" semore ap jo Apms saneredwod v (5661) SV yd[opny A piroqisemy ‘OF JIO-'SL

THIP-££THR0T WAl [ g 'y pidi| pue aprreysresdodod]] [2H22q0
-12yu2 M vrqopdoritay Jo TORORIANN] (100Z) T8 33 {HW Yoo ‘W BMK D suadm[ L
1TE-0TE€6 1§ WIeT | Jwetoeyms jo yuaunesnsid pue sieAreue umop .
123 2InapIqInI-onoT WM 359} ajesd] s1droqaume snmury Aq sopisaa-TIqofdowmay
w1 sprregmesdjododn jo wondatad (F00T) T2 3@ T MU ‘g 010WSTH H EYPS “6L
T6ET-S8ET'6E
wnwwy 1apuy *sa3drogeotme snumaydAjod snpnorr quis v prdy parerosse-smosody
pue y pidn jo suopderanu (g861) e 3¢ [ DY PpI9s g thaueq “OF UOSPIRRTH TL
§87-¥92:197 #7Y sdydorg wiyoorg erieioeq sanedsu-ureld woyy v pidy pue
saprieypoesijododn pagrnd 4q paonpur ayesd] [[92 poolq snmagdifod snnuor 36 uon
-B[20) UXOClOpUA 10§ Aesst aaTisuas-ure1doold (7761) 032G Aysury ‘o soupen ‘LI wx 17
. $I6~616:€€ HOISTYSTEL], “HONEUIUILII0)
UIXOI0pUS JO UOHPUTWIRNRP aapeiienb Jo 2jor ay) sasn wewiny 10§ WqojSowoy 225
-[12> pavUT[SSOID PAYTPOW JO HOUINPOId (£661) T8 12 ‘MM wewdeq)y  was] ‘I [od 0L
¥805T-8L0ST69T
woyy joig [ hwanoe eordoorg 47 seouequa ey wppjerd Bupwg-(SdT)
aprreyposijododry pazruBooes Ajmau e wqojdowal] (F661) [ WIAST T [OY ‘M #ITY 69
909-000:¢h NI 12T "SOUBIUIAT 3143
~o1qid1a 1qqer M uenorIaym apuegoesdjododr] ($861) D UOSTIION I O 118D 89
{osauede( 1T) OpE-ZES:01T FysseZ nxjednyex 1qqes @ seNLAROE J1uad
-o14d 01 uonepe1 s pue yusSeal 153} snmwry dyads uxojopus ue Susn sjonpord
POCIq U7 UIXO0PUS Jo JARInsesy (0661} T¢ 12 ‘L P{EZEWIYS ‘S eprys] ‘H eiemiing /9
F£Z-C9TS11 [eutdsoy surydors sugof Mg "poolq snmuw
J0 uonESecy IEMIPIRIITS 3@ Ul UXOIOPUI Jo 3[o1 54l ($961) €1 Sueq [ urset 99
SIIAIP [eIPaU pue ‘sppnpord
221301019 “s8nup [eramared rewrue pue UemNY J0J 1531 WIXOl0pUS 1npord-pus we se
1521 3esA] #4>0qaTTe STUNU] 24) JO WOREPI[EA UO JUTIPMD (/86]) NOTRNSIUTIDY
Sn( pue poog 9OTAISS YITEIT] N[N $IOTAIG Tewn}] pue [fEsH Jo watmedaq sy "co
70Z-961:55 1073ed [0W dxd "[oyosfe
4q paswne Lypixojoredsy uolopuy (I661) M eexeN ‘S eyesy % ewredeqr(s '§9
8056672 20ys 21170 *sBop m wonedaidie vpieid paonpui-rmxolopus
pue yaoys urotopus wo uradoeisord Jo swoays oYy, (08561) Md 2wy [ PYMRYT €9
7£9-67H: 11 wayy) aieSn(uodorg s1e1s pmbiy e uy 111
-1e2 UsB4x0 5% sapisas-mqoBoway Jo uoneatssard wirs-Fuof sjqeus uoneuaFixosp
pue uonedn(uos-(josd[8 susdm2)Aod (000z) [ 12 < Nog Y eWRATWOL H reyes 79
LT9ST-1296 1367 WYD [01 [ "3pniodponuodno 0] sIoriies se (0343
ajdradiod qim pereon samosodi] dtuoner) (g661) T8 12 Suol ‘g mmodmy ‘0 143N "19
£E-EF765 95892} PA[ONIU0]) [ JuIIEAL 190UED UT uduretpe Jo
101enualed e se sswosody] sisuawowr |@reaIs (6661) 1L TosoR[ <[V snopIag ‘I yus 09
0£9-599:88T 241
dxg wireyq [ -ammsqns (o pal Sunemond Juoj e :mnqojfomey paremsdesua-owmos
-ady] payrpom-(juad]8 2usAT2)40d (6661) T2 12 0A Fpsemy ‘Mo 1oddipg Ly sdTrd 65
0¢-£7:8 WA s123n(uooorg ‘s1el paznaYlsae UY HotsTysien) afweToXa-%06
Suranp mof poorq pue disodsia ‘uonedardde uo syrepe pue (102418 sustdma)djed yim
s3[o1594 iqo]SowIay] JO UOTIEOYIPOUI-20BLING (Z661) T8 12 IS H1ed ‘S eONEL, ‘M Teyes 8¢

TREES'H  #91



0860T-94601-88 V5[l [°§ PEOY PEN 2014 "JIqqel paziaqt

-saue Ue ul ulqojSotay paremsderts-otmosodt] PAoqe[-0 Ly, PHENSqS Poolq pajq
-R[OTPPI € JO WOLNIISIPOIY 0ALA U] {1661) T2 32 4 sutop ‘my 12ddiry sy qdiopmy
T19-F09° 101 152AU[ U |

‘UOTIEXE[21 1BMISEAOIIU PAIRIPATI-3PIXOUOHI UogTed 10] siseq srydeiSodar -1aar 181
uf suLI0Jost aseuaiixo sway jo uonnquIsI (8661) [E 12 W 03BN Y IRZOS N BpOn
Tr-7eec AFororedapysaseastp aarsusirod Ly [errod M syuenied Jo s1aap o w T
-aseusBAxo sway jo uosssardxa pazayyy (100Z) [e 10§ eInidng Wy NSIEWANG N OUTEN
ST6H~806H:6.T 01544 2117 1183}

Toisdgq [ wy "uoisusyadAy pue salisiie OUEISISII JO UOMIIISUCY JUNNISAP 519
-143ed 7 paseq-qH JO SUOUIWIP JBMII[O}Y (000T) ¢ 12 ‘W ©seny ‘H BreH ‘H teyes
LT-1Z:09

S3Y ISBAOIIA ‘]oPOLI IMSUIRY SNOWSUOY e ul uosuaradAy paonpur-gWvN-T
SIUIULINSP $3LIILIE IIULISISAI JO UOTIDUISHOD) (Q00Z) B 13 ‘OV 1esL °H eIel] ‘L 1exes
16H~€9SH 9LT 10184y

3117y 1789 [01S4Y{ [ Ury "[SPOT i21STIRY SNOIISUOT UT UOHRIIISNSAI PUE Y2oys HFe
-70tmay BULINp Sjassea axuelstsal ut safuey) (6661) TE 32 OV Tes[, ‘H eIl ‘H ‘Teyes
£Z1-STI:8T [0OBULIBYJ ISEAOIPIRY) { "SUIO[BOUIat] JE[N[32 PUE SIALEALIZP UIq
-o3ouwray Jem[[a0e Usamiaq uostieduwrod :sdrns an1oe J1qqer ut wqojJoway 4q vone
*Xe[al Juapusdsp-wni[ayIopua Jo UOMIQIYU] (9661) T8 19 ] BUMAES ‘L BIYO Y TeyeN
: ¥65-£95:67 [orRULIRy J5BAOIPIE) [ $8uULl J1j10E

PAIR[OST HQQRL U] SIOUOP SPDIO J1ITH 4Q Paldi]o UOHBXE[IIOSEA SHAIUUL APANISS
(1°1qH1) wqordourey uewmy JUewIqmodsy (S661) J NesaIely ‘0 neadexdq g ‘xnorg
[£1-60T:c¥ A3 [0oeutreyg ASojooeureyd pue

“AZoroisdydoned “Jojoisiyd aprxo 10N (1661) ¥ ST (AT JW[ed S “EPROUOIY
9/9-7£9°9T [ougaaotg eN uIqoiSoway 331-T[80 Jo 123332 aatsualadiy

Y3 S3UNULLIIIP SPLXO JLIMU YILM UOLIBAT JO 212y (886T) T8 19 AN o140 ‘HA “rizqog
T6F=985GT UOISUaIad A} ‘SPIX0 I PAALIIP-WNI[PIOPUD

4gq moy poolq feuoidaz jo [onuod (0s61) I8 32 T, Nauuag ‘v uoidwo) WS 13tHpIRD)
0T9~€09:621 PIW UL qeT [ 'stet ul wiqo[Boway paymy-s501 UINdseIp Jo TONIE JAIS
-unaadAy i wo uoneziiawijod 30 11T (£661) ¢ 10 Y 1Z20latd S qOI0Y 7 1$seqy
LEF-LTHET TOU

-133101g IGOTFW] Nsqng poolg s7e Jury -on ut srydonneu seapnuoydiouidod
3o sasuodsar pasaput-suruere{uayd-[dona-piuorpawm-jAwiof-N Uo sapoisas uiqor3
-0ty pagipoue-([oriidausjdmaldted jo 519907 (1002) 18 18 FH 2qY ‘W Breqing ‘L o3
669-€69°€9 195 AT “ontA U sIxeowY Sydonnau uewmy 38

-nuzne spidrjoydsoyd pazimiqess A[Teorms (8661) T 12 °S [eliap ‘X 0v0 0 niBoditey
10Z-16T:6T [OTY>3101g [IQOWIL] SqNS Poold ST[#D NIV 0IA

uf asea[21 STINVY pue uenedaidse wpieid psonput-ystuoe uo sapisaa uiqojFoursy
payTpow-([odd[3auaidyia)iiod jo s10ag7 (1007) T8 18 *H QY ‘W ereqiny °§ ojoweyesm
96£-76¢:19 IS0 quoIy], ‘sawosodry Jo uotsnyur Sur

-MOT]0) S1GqRI Ul uolngiusIp 19PMeld (6861) I8 32 ‘G ATIPE ‘T 219 ‘WD Ynys1soq
9Ll

~Z419 1sowdey quoiyy, yusweidmos Aq paserpawr si siapare(d je1 0} sawosody
Toas4[31Apueydsoyd jo Burpurq sy, (0661) T8 32 MT USTIISY G Afed ‘OH 4arqdnog
SH-TERIE

ypoys 211 wswuodejue gvq v Aq peacidunr are (HyT) wiqeiSowsy paiemsdesus
-swrosodi] o) sesuodsar eaBoroig (0661) T8 32 “I1 ang ‘sv ydjopnyg g wiAcwmqey
172

=551 dd worsog wssmeyng £oesye Jo swseq eddojorsiyd isenunsqns pooqg

291 smvpue) ualixQ ELYNIY sB (AQH) SIIIsIA-uiqo[Sowayy

Tel

gl

6Tl

‘821

LTl

YL

€Tl

4A |

611

811

LT

911

hal!

(spa) W eneTi3eug Y JII3apIreA ‘W MOTSULA (U] "UTQO[30UIY-00 [IIM UOHTIHSGNS
poojq jo sacusnbesmed A101eMOIPODIN (S661) I eHRNEniul | 1081y DV Tesy
PEITI

~EITIELT Way) [0 [ "3PIXO DLW MM UOHIEII 91 pue swonnjos ulqojfowsy
231-T[72 0 sasuodsa1 aanssard poolq [eHALIY (8661) I8 12 °Y My *F Jaunag [y sfyoy
TSLI-PRLIPLT (018444 [euay [orskyyg [wy

‘4oupry pastyiad stxodAy wi wonduMy IeMqn) pue remisneo[ uo A1IAT[p pue LyArs
-uypip Yo Surdyrpow yo 10877 (8661) [E 10 I R{sMoyRarafop D uoswrepy (VY ssurRg
99-F5:5C 53 ISBAOINN aoueurioyiad 1at1res wadixe

paseq-uiqordoway Jo [3pow v 58 Atpqdes oIa ur me ul saImixmw uonnpoes wqors
-oway fardsomdas Aq yrodsuen waddzo (8661) [ 12 ‘gD L2oI UM WS O o8eg
TSSTH~EFSTHICST [015AUJ 211D 12e3f] [o1sug { wry sqiy

Je[njjace pue sHM PLM uosuedmod aqn sjgeeuniad-t0 molzeu epUIE e Jursn
pAIEN{RAS $3[IISoA QI WOy I5BI[RL 7)) (§00T) [v 12 ‘W BIYSOUTY X DNZNg “H reyes
££7-67T-8¢ ASojoayzorg 1933in woisnyrad s1p Futramor aoj ping

uonmsal sumjop sispuedxe emseld Lrsoosia qS (1007) W enaTSey Oy res,
LPTTH-OVLTH S8 101844 211D 3reaf] [o1sAY{ [ my shruyge 'p mom

PUE $3189A QI M UOHN[IPOWSY SUISLaIaw] (Iim Paie[aliod s1 enssy dey aswey
SIYIST Ul uoneusBAxo pascsdurf {£007) [B 12 Y WIPISIIAM S LEUTEIYIS ) OP[RITOD
60LTH-T0LIHF8T [015AYd 9117 1782 [o1s4Yd |

wy -enssn dep aaisurey srureypst ut erzod4y ssjenuaie uonnjos apisaa-wqoSowsy
itM HOLN[IPOUISY STUIS[CAOUTION {£007) [B 18 ‘S WIS “f ul)suapm q mig
T9SH-€5SH:9.LT [o1SATd

*2017) MERY [O1sAYF [ Wy “K)Umye 70 JO S3OUAN[UT [SIINISNS [[32 PaI Se SaPIssA-qH
1M HOUN[IPOWY 0] Saswodsar IeuseAo NN (6661) [E 12 14 $I[Y0Y OV [BSL ‘I rexes
L6T-68T¢F [

OIVSY “[Ppout uotsnysuey sJuerpxa 184 e Ul 19111e Ua34X0 [PDYNIE Ue Se 2[I[$3A UIq
-ofdowaq] e Jo saniqedes ) jo woneneag (/661) ¢ 19 S BYOAMEL, °H Teyes ‘X ranz]
99E-LSE:GT [oUs10lg IqowIIy sanins

-qng poofd S[D JILEY S[PPOTT Uolstysuel) 33ueyIxa 185 UI Paten[eaa sapisas uiqeld
-ouwrat) jo Ayiqedes Surdares uaBixo [ (£661) 12 13V NZISOX X TRMZ] Y FYseARQOY
98-18:¢ Poo[g JIV "SIBT Ol noistyswe) s3ueyoxa Aq sapisea mqors

-owaq Jo 1odsuen wadixo Jo woneneag ($661) [2 19 ‘L BIRYRWEL ‘% TWMZ[ ‘H TEES
£L8T-698THC

PA 21D NID "uolsua) uaddxo [ednlod peuar pue ainssaid pertaiie weatm oy sedueyd
iSel PRZIISIsoUR UT I9LLIED uadixo [erumie te se sspisap wiqo(Soway yyum Tors
-wysuen a8ueyoxa 0) sasuodsay s18o1o1544g (9661 [B 12 Y UPRUIRH ‘H IEYRS & TUmz]
SPS-6ES:TE PRI 238D 1T 51w paznatisale

ut 3jooys SISeYIIOWSY WO UOHEIDSNSaI JOf UTIUNQ[E WTIaS ey JUBUIqII0naT
ur papuadsns s3pa1saa-uIqo[SowaH ($002) [® 19 X BPESE “H IYoNOWLIOH ‘H Ieyes
661 TH-161 TH:€8? {o1s4yd

2317 }aEaH [O18AYd [ WY *S9pIsaA-H YIM GOTIBIISOSAI PUR POYS 32 LI0maY 21 03
sasu0dsal IEOSRACIIN PUR SMIIsAS (Z00Z) T2 12 “J WIAISUaM <G eoel ‘Y 1eyes
(pannuqus)

[ oIvsy (0 ANL) eyd[e loje] swomeu ewseld uy aseardur sy ssssarddns pue
uarsnyiad [eonsaul surerem (AqH) #Pis3A wqodomay Iatireo wadixo [elvyne
UR {M UONERISASAT Yo0ys JdeqLIoway ($007) ¢ 39 ‘IS YIrd & Tumz] ‘y nzigsox
TT-81:¢ POO[d JUIV Ppow

poys 218ey1I0WaY JBI B UL PAIENIeAs Uaiired usBixo [eryriae ue ‘9psaa miqorSowmay
Jo Anqiqedes Surpodsuwen wsBixo o] (£661) e 12 4 UMz <], BlEUEWeEL ‘Y NZIYSOX

e 19 TeeS "H

RN

TH

011

601

801

L0T

901

‘501

‘€01

"To1

01

001

L6

991



(ensqy)

TL411 poord Jury Apms Aayes Arenqurasd v infEam 0M1 10] SIRT TRISTM 00 (AqH)
sTa9183A-QH Jo uotsnjm payeadar Aftect {£007) 18 12 *H TYSMOUTIOH ‘% Bpesely ‘H 1eyes ‘SE1

STEP-LISHCT SBLIANEW

-01g "[2POW 387 ® UT SUOTIoUN] Uedio Uo 20usnyul ;21 pue (sIa1rres uadixoe Eerognae)
sap1saa-wqojSoway Jo WSToqeIRW (F00T) Te 12 4 epese “H IPnoutio ‘H 1exes $el

880I-6£0T:65T [oTIEd [ ury ‘maisds [eraqiop

-uaonoyar ut sedueys [exdoroyedoisty pue Aanse sndrofeqd o sousny s1ar1
-xes wadAxo se sapisar-u1qo[Sowmay (1007) [2 39 9 vmeiiud], ‘i IGonouLIo ‘*H 1eyes "¢l

(1e1sqy) L1111 POOTH JHIV 'S18l 1 (AQH)
$3PTSAA-URQO[SOWSY 91 JO SHNSUPOIETAIRIF (£007) T8 312 g suton 4 Iaddipy %y nog 7¢1

‘T8 12 IE{ES 'H 891



0022-3565/04/3113-874-884$20.00
THE JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS

Copyright © 2004 by The American Society for Pharmacology and Experimental Therapeutics

JPET 311:874-884, 2004

Vol. 311, No. 3
T3049/1179358
Printed in USA.

Physiological Capacity of the Reticuloendothelial System for
the Degradation of Hemoglobin Vesicles (Artificial Oxygen
Carriers) after Massive Intravenous Doses by Daily Repeated

Infusions for 14 Days

Hiromi Sakai, Yohei Masada, Hirohisa Horinouchi, Eiji lkeda, Keitaro Sou, Shinji Takeoka,
Makoto Suematsu, Masuhiko Takaori, Koichi Kobayashi, and Eishun Tsuchida
Advanced Research Institute for Science and Engineering (H.S., Y.M., K.S., S.T., E.T.), Waseda University, Tokyo, Japan;

Departments of Surgery (H.H., K.K.), Pathology (E.l), and Biochemistry (M.S.), School of Medicine, Keio University, Tokyo,
Japan; and East Takarazuka Satoh Hospital (M.T.), Takarazuka, Japan

Received June 21, 2004; accepted August 4, 2004

ABSTRACT

A hemoglobin vesicle (HbV; diameter 252 * 53 nm) or lipo-
some-encapsulated Hb is an artificial oxygen carrier developed
for use as a transfusion altemnative, and its oxygen-transporting
capacity has been well characterized, although critical physio-
logical compartments for the Hb degradation after a massive
infusion of HbV and the safety outcome remain unknown. In this
study, we aimed to examine the compartments for its degra-
dation by daily repeated infusions (DRI} of HbV, focusing on its
influence on the reticuloendothefial system (RES). Male Wistar
rats intravenously received the HbV suspension at 10 ml/kg/day
for 14 consecutive days. The cumulative infusion volume (140
ml/kg) was equal to 2.5 times the whole bloed volume (56
mVkg). The animals tolerated the DRI well and survived, and
body weights continuously increased. One day after DRI, hep-

atosplenomegaly occurred significantly through the accumufa-
tion of large amounts of HbV. Plasma clinical chemistry was
overall normal, except for a transient elevation of lipid compo-
nents derived from HbV. These symptoms subsided 14 days
after DRI. Hemosiderin deposition and up-regulation of heme
oxygenase-1 coincided in the liver and spleen but were not
evident in the parenchyma of these organs. Furthermore, the
plasma iron and bilirubin levels remained unchanged, suggest-
ing that the heme-degrading capacity of the RES did not sur-
pass the ability to eliminate bilirubin. In conclusion, phospho-
lipid vesicles for the encapsulation of Hb would be beneficial for
heme detoxification through their preferential delivery to the
RES, a physiological compartment for degradation of senes-
cent RBCs, even at doses greater than putative clinical doses.

Phospholipid vesicles or liposomes have been extensively
studied as a carrier of functional (macro)molecules for a drug
delivery system, and some are now approved for clinical use
as antifungal or anticancer therapies (Lian and Ho, 2001).
Vesicles encapsulating concentrated hemoglobin (Hb), so-
called Hb vesicles (HbV) or liposome-encapsulated Hb, have
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been developed as artificial oxygen carriers, and their suffi-
cient ability to transport oxygen comparable with blood has
been well clarified (Djordjevich et al, 1987; Chang et al.,
1992; Izumi et al., 1997; Phillips et al., 1999; Sakai et al.,
2004c¢). The advantages of an artificial oxygen carrier are the
absence of blood-type antigens and transfusion-related trans-
mission of infections, and stability during long-term storage.
In this sense, the infusion of oxygen carriers becomes supe-
rior to the conventional blood transfusion that still has the
potential of mismatching, the risk of infections secondary to
the infusion of contaminated blood, and the problem of only a
few weeks' storage life.

In a series of safety studies of HbV, it has been clarified
that the cellular structure and the size of the HbV are ad-
vantageous for maintaining a steady blood circulation with-

ABBREVIATIONS: HbV, Hb vesicle(s}); Hct, hematocrit; RES, reticuloendothelial system; PEG, poly(ethylens glycol); RBC, red blood cell; DRI, dalty
repeated Infusion(s); DPPC, 1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine; DHSG, 1,5-O-dihexadexyl-N-syccynyl-L-glutamate; MAP, mean
arterial pressure; HR, heart rate; UA, uric acid; BUN, urea nitrogen; CRE, creatinine; PT, prothrombin time; APTT, activated partial thromboplastin

time; HO-1, heme oxygenase-1.
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out vasoconstriction and hypertension (Sakai et al., 2000a)
and that the surface modification of HbV with polyethylene
glycol (PEQ) is beneficial not only for a lenger circulation
time (Phillips et al., 1999) but also for suppression of interve-
sicular aggregation of HbV during preservation for years and
in the plasma phase in the peripheral tissues after intrave-
nous infusion (Sakai et al., 1998, 2000b). In our previous
report on the histopathological analysis of rats receiving a
bolus HbV infusion (20 ml/kg), the HbV particles are recog-
nized ag foreign materials and finally captured mainly by the
reticuloendothelial system (RES, or mononuclear phagocytic
system) in the spleen and liver, and they are promptly de-
graded (Sakai et al., 2001). These are outstanding character-
istics in comparison with molecular Hb that shows a shorter
circulation time because it is filtered through the kidneys
when the Hb concentration exceeds the haptoglobin concen-
tration and induces hemoglobinuria and eventually renal
failure, and it extravasates across the fenestrated endothe-
lium in the liver and induces excess heme catabolism in the
hepatocytes and marked sinusoidal constriction (Goda et al.,
1998, Kyokane et al., 2001). However, it is not clear whether
the physiological capacity of the RES for the degradation and
excretion of the components of HbV would be sufficient even
after a massive infusion of HbV. The circulation half-life of
HbLV is within a few days, which is significantly shorter than
that of red blood cells (RBCs), and it is anticipated that a
massive infusion of HbV would burden the RES and result in
abrupt heme degradation and iron overload having the po-
tential to cause deleterious effects.

One of the safety studies of a new drug in the preclinical
stage should be a massive dose by daily repeated infusions
(DRI) in rodents and nonrodents for at least 14 days at three
different dosages; a guideline decided by the International
Conference on Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use, However,
the documentation of the DRI studies to the public is scarce,
especially in the research field of artificial oxygen carriers
(Biro and Greenburg, 1999). In a clinical setting, the amount
of an artificial oxygen carrier to be infused should be at least
several hundred milliliters, which is significantly greater
than the dose of conventional drugs; therefore, it is not clear
whether a preclinical protocol for a conventional drug is
appropriate for the safety evaluation of artificial oxygen car-
riers. On the other hand, there may be a need for a repetitive
infusion of an oxygen carrier in a clinical situation, such as
chronic anemia (Hamilton et al., 2001} or cancer therapy
(Teicher et al., 1997). Based on these backgrounds, we tested
the DRI of HbV into Wistar rats at one dose rate as a
preliminary study to confirm the safety of HbV. Because the
dose amount of phospholipid vesicles for use as an oxygen
carrier is significantly greater than that used for conven-
tional drugs, the influence of a massive infusicn of HbV on
the RES and the excretion of the components, especially after
heme degradation, are of great concern.

Materials and Methods

Preparation of HbV Suspension. The test fluid, the HbV sus-
pension, was prepared under sterile conditions as reported previ-
ously (Sakai et al., 2000b; Sou et al,, 2000, 2003). Human Hb was
purified from outdated, donated blood provided by the Hokkaido Red
Cross Blood Center (Sapporo, Japan) and the Japanese Red Cross
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Society (Tokyo, Japan). The encapsulated Hb (38 g/dl) contained 14.7
mM pyridoxal 5'-phosphate (Aldrich Chemical Co., Milwaukee, WI)
as an allosteric effector at a molar ratio of pyridoxal 5°-phosphate/
Hb = 2.5. The lipid bilayer was composed of a mixture of 1,2-
dipalmitoyl-sn-glycero-3-phosphatidylcholine (DPPC), cholesterol,
and 1,5-O-dihexadecyl-N-succynyl-L-glutamate (DHSG) at a molar
ratio of 5:5:1 (Nippon Fine Chemicals Co., Osaka, Japan), and 1,2-
distearoyl-sn-glycero-3-phosphatidylethanolamine-N-PEG;q,, (NOF
Co., Tokyo, Japan), Thus, the vesicular surface is covered with PEG
chains, The molar composition of DPPC/cholestercl/DHSG/1,2-dis-
tearoyl-sn-glycero-3-phosphatidylethanclamine-N-PEGyggq, was 5:5:
1:0.033. HhVs were suspended in a physiological salt solution, ster-
ilized using filters (pore size, 0.45 pum, Dismic; Toyo Roshi Co.,
Tokyo, Japan), and deoxygenated with bubbling N, for storage (Sa-
kai et al., 2000b). The physicochemical parameters of the HbV are ag
follows: particle diameter, 252 * 53 nm; [Hb], 9.5 g/dl; [metHb],
2.3%; [HbCO], <2%; [lipids], 5.3 g/d}; and oxygen affinity (P;,), 30
Torr. The endotoxin content was measured by a modified Limulus
amehocyte lysate gel-clotting analysis (Wako Pure Chemicals, To-
kyo, Japan) and was less than 0.2 endotoxin unit/ml (Sakai et al.,
2004a).

In our previous reports on resuscitation from hemorrhagic shock
or extreme hemodilution, the HbV was suspended in a 5-g/dl albu-
min solution as a plasma expander to regulate the colloid osmotic
pressure to 20 mm Hg (Sakai et al., 2004¢). However, it is anticipated
that the DRI of HbV suspended in albumin would result in enhanced
hypervolemia. Because the main purpose of this DRI study was to
clarify the safety of HbV and not albumin, HbV was simply sus-
pended in a physiological saline solution.

Daily Repeated Infusion of HbV. All animal studies were ap-
proved by the Animal Subject Committee of the Keio University
School of Medicine and performed according to National Institutes of
Health Guidelines for the Care and Use of Laboratory Animals (NITH
Publication #85-23 rev, 1985).

The experiments were carried out using 34 male Wistar rats
(145 * 4 g; Saitama Experimental Animals, Kawagoe, Japan), All
the rats were housed in cages and provided with food and water ad
libitum in a temperature-controlled room on a 12-h dark/light cycle.
At first, the rats were anesthetized lightly with diethyl ether inha-
lation and then 1.5% sevoflurene (Maruishi Pharmaceutical Co.,
Osaka, Japan) using a vaporizer (model TK-4 Biomachinery; Kimura
Medical, Tokyo, Japan} to immobilize them for every infugion. Every
day for 14 days, the rats received HbV (n = 12) or saline (n = 12) via
the tail vein using an indwelling needle (24-gauge; Nipro Co., Osaka,
Japan) at a dose rate of 10 ml/kg with an injection rate of 1 ml/min.
The total volume of the infused HbV into a rat for 14 days reached
140 ml/kg, which was equal to 2.5 times the actual blood volume of
the rat (56 ml/kg), The infused total solid material (IIb and Lpids) is
calculated to be 20,689 mg/kg (1478 mg/kg/day X 14 days). The rats
were weighed every day just before every infusion to calculate the
amount of the infusion. After every infusion, the needle was imme-
diately removed and the bleeding was stopped by applying pressure
for a short time, The two groups (n = 12) were divided in half (n =
6 X 2), and six rats were sacrificed 1 day after the final 14th infusion.
The remaining six rats were sacrificed at 14 days after the final
infusion. Ten animals without the infusions were used to obtain
control values.

Hematological Test. A hematological examination was per-
formed at 1, 3, 7, 9, and 12 days during the DRI and at 1, 7, and 14
days afer the final infusion. About 200 ul of blood was collected from
a tail vein when an indwelling needle was inserted for HbV infusion.
Seventy microliters was immediately diluted with 200 pl of citrate
solution for a blood cell counter (Sysmexz KX-21, Kobe, Japan), and
the rest of the blood was inserted into a glass capillary (Terume Co.,
Tokyo, Japan) for hematocrit (Het) measurements, In this study, Het
indicates the volume of RBC and does not include the volume of HbV.
The concentration of HbV in the plasma was measured by a cya-
nomethemoglobin method.
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Hemodynamic and Blood Gas Parameters, Blood Glucose
Level, and Urinalysis. One day or 2 weeks after the final infusion,
the rats were anesthetized with 1.5% sevoflurene inhalation. A poly-
ethylene tube (PE-50; Natsume Co., Tokyo, Japan) was inserted into
the carotid artery for measurement of the mean arterial pressure
(MAP), the heart rate (HR) by a recording system (Polygraph system
1000; Nippon Koden, Tokyo, Japan) and for withdrawing blood for
various measurements. For the blood gas analysis, blood samples
were collected in 70 IU/m] heparinized microtubes (125 ul, Clini-
tubes; Radiometer Nederland, Copenhagen, Denmark) and injected
into a pH/blood gas analyzer (model ABL 555; Radiometer Neder-
land) for analyses of the arterial blood O, tension, arterial blood
carbon dioxide tension, pll, base excess, and lactate. The blood
glucose level was measured with a Medisafe Reader (GR-101;
Terumo Co., Tokyo, Japan). Urinalysis was performed by dip-stick-
testing (UA-LOSM; Terumo Co.) as a qualitative measurement. A
urine specimen of a rat was collected in a transparent plastic bag
when the rat was lightly anesthetized with diethyl ether, and a test
stick was dipped in the collected urine. In each item, the levels were
judged by visual examination of the color identification after a spe-
cific time of exposure according to the instructions, in the order of
protein (10 8), pH (10 s), occult blood (20 s), ketone body (20 s),
urobilinogen (20 s), glucose (30 8), nitrite (30 s), and bilirubin (40 &).

Plasma Clinical Chemistry. A part of the withdrawn blood (6
ml) was centrifuged to obtain plasma that was turbid and red/brown
colored due to the presence of PEG-modified HbV particles, espe-
cially in the samples taken one day after DRI. The plasma was
ultracentrifuged (50,000g; 20 min) to remove the HbV particles (Sa-
kai et al., 2003). The obtained transparent plasma specimens were
stored in a freezer at —80°C until the clinical chemistry tests (BML,
Kawagoe, Japan). The selected analytes were total protein, albumin,
total bilirubin, aspartate aminotransferase, alanine aminotransfer-
ase, y-glutamyltransferase, alkaline phosphatase, cholinesterase,
leucine amino peptidase, creatine phosphokinase, amylase, lipase,
aldosterone, total cholesterol, cholesterol ester, free cholesterol,
HDL-cholesterol, 8-lipoprotein, triglyceride, free fatty acid, phospho-
lipids, total lipids, urie acid (UA), urea nitrogen (BUN), creatinine
(CRE), K*, Ca?*, inorganic phosphate, unsaturated iron binding
capacity, and Fe®*. All the analytical methods were described in our
previous articles {Sakai et al., 2003, 2004b).

Blood Coagulation Test and Fibrinogen Concentration. For
the blood coagulation test at 1 and 14 days after the final infusion of
HbV or saline, 1.8 m! of the withdrawn blood was immediately mixed
with 0.2 ml of 3.8% sodium citrate solution. The plasma fraction,
obtained by gentle centrifugation, was analyzed for prothrombin
time (PT), activated partial thromboplastin time (APTT), and fibrin-
ogen (BML).

Histopathoelogical Examination. The animals were finally
laparotomized and sacrificed by acute bleeding from the abdominal
aorta, and the liver, spleen, and kidney were resected for weight
measurements and also all the other organs were obtained for a
histopathological study. They were fixed in 10% buffered formalin
(Wako Pure Chemicals} immediately after removal, and the paraffin
sections were stained with hematoxylin & eosin, and Berlin blue.

Immunchistochemistry was performed to detect rat heme oxygen-
ase-1 (HO-1) and human Hb from the injected HBV in the rat splesn
and liver. Four-micrometer-thick paraffin sections were mounted on
3-aminopropyl triethoxysilane-coated glasses. The sections were
treated with 0.03% H,0, in methanol for 10 min at room tempera-
ture to block the endogenous peroxidase activity. For antigen re-
trieval, the sections were also treated with proteinase K {0.4 mg/ml;
DakoCytomation California Inc., Carpinteria, CA) for 10 min at room
temperature. After blocking the nonspecific binding with 5% normal
goat serum, they were incubated with mouse monoclonal antibody
against rat HO-1 (20 ug/ml; GTS-3, TaKaRa, Tokyo, Japan) at 4°C
overnight, They were then incubated for 30 min at room temperature
with goat antibodies against mouse immunoglobulins conjugated to
the amino acid polymer {no dilution; Histofine Simple Stain MAX-

PO(M), Nichirei Co., Tokyo, Japan]. Color was developed with 3,3'-
diaminobenzidine tetrahydrochloride {0.2 mg/ml; Dojindo Laborato-
ries, Kumamoto, Japan) in 0.05 M Tris-HCl, pH 7.4, containing
0.003% hydrogen peroxide. Subsequently, the sections were treated
with 5% normal swine serum for 30 min at room temperature and
reacted with rabbit polyclonal antibodies against human Hb (1:500
dilution; DakoCytomation A/S, Glostrup, Denmark) for 60 min at
room temperature. They were further incubated with alkaline phos-
phatase-conjugated swine antibodies against rabbit immunoglobu-
ling (1:100 dilution; DakoCytomation A/S). Color development was
performed using a New Fuchsin Substrate kit (Nichirei Co.), and the
sections were counterstained with hematoxylin.

Data Analysis, Differences between the control and the treat-
ment group were analyzed using a one-way analysis of variance
followed by Fisher’s protected least significant difference test. The
changes were considered statistically significant if p < 0.05. All the
data are shown as mean * S.D. For the results of the plasma clinical
chemistry, the allowance of twice the standard deviation (2X 5.D.) of
the baseline values is indicated in the figures in econsidering the
variable nature of these parameters.

Results

Body Weight. The body weight of rats in the HbV group
(baseline, 144 * 3 g) showed a monotonous increase during
the 14 days of the DRI period and reached 195 *+ 12 g (Fig. 1);
however, this was slightly but significantly suppressed (p <
0.05) in comparison with the control saline group (220 +
13 g). The body weight in the HbV group increased to 265 +
14 g at 14 days after DRI. No significant difference was noted
in the body weight compared with that of the saline control
group (280 * 22 g). :

Hematological Changes and Concentration of HbV
in Blood. The Hct of the HbV group (baseline, 41.7 * 2.1%)
tended to decrease to 37.5 * 0.9% 1 day after DRI, which was
lower than that of the saline group (44.7 * 2.0%) (Fig. 2).
However, after 14 days, the Het of the HbV group increased
to 45.1 * 1.9%, which was comparable with that of the saline
group (47.8 = 2.7%). The numbers of white blood cells and
platelets were comparable with those of the saline control
group throughout the observation period.

The concentration of HbV immediately after every infusion
was estimated from the volumes of the whole blood (56 ml/kg)
and the infused volume of HbV (10 mlkg) and was plotted

3507
300
250

HbY [ saline

3
S

150 1WA

Body weight (g}

8

21 28

Fig. 1. Time course of the gain in body weight during and after DRI of
HbLV and saline for 14 days at a dose rate of 10 ml/kg/day. Both groups
showed monotonous increases; however, after the 5th day, a significant
difference was observed, Seven days after the final infusion, there were
no significant differences between the two groups, The values are mean *
5.D. =, significantly different hetween the groups (p < 0.05).
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with open circles, and the measured concentration of HbV
just before every infusion was plotted with solid eircles (Fig.
3). The concentration of HbV just after the first infusion was
estimated to be about 3 g/dl, and 1 day later, it decreased to
1.3 g/d], with a halflife of about 22 h. The half-life of the
second infusion seemed to become shorter, The DRI resulted
in the accumulation of HbV in the plasma and it increased to
5.2 g/dl 1 day after the 14th infusion. However, 1 week after
the final infusion, no HbV was confirmed in the plasma,
indicating that all of the HbV was captured by the RES.
Coagulation Test. A coagulation test indicated that the
HbV group showed a slight prolongation in APTT from
24.3 = 1.3 s at the baseline to 36.0 = 11.8 s 1 day after the
DRI but changed to 40.3 £ 20.3 s after 14 days with marked
individual variations. On the other hand, there was no no-
ticeable change in the PT for the HbV group (Fig. 4). The
fibrinegen concentration (baseline, 223 *+ 12 mg/dl) signifi-
cantly increased for all groups (HbV group, 1 day after DRI,

 calculated
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)
=
=2
[o]
E
[}
«
[=9
£
> \
z '
olé T . .
1 7 14 21

Days

Fig. 8. Time course of the HbV concentration in the plasma phase during
and after DRI of HbV for 14 days at a dose rate of 10 ml/kg/day. It is
assumed that immediately after the first infusion, the concentration
should be around 38 g/dl, and 1 day later, it decreased to about 1.2 g/dl.
Immediately after the second infusion, the concentration should be about
4.3 g/dl and decreased to 2 g/dl 1 day later. The half'life of the HbV
apparently decreases with multiple infusions, The concentration tended
to reach a plateau. The final HbV concentration reached 5.3 g/dl, and this
completely disappeared 7 days after DRI.

14 2 28
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80
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Fig. 4. Parameters for blood coagulation, APTT and PT, and fibrinogen
concentration after DRI of HbV and saline for 14 days at a dose rate of 10
ml/kg/day. The values are mean * S.D. #, significantly different versus
the bageline group {p < 0.05),

14 days
after DRI

289 * 22 mg/dl; 14 days after DRI, 255 * 11 mg/dl), probably
due to the stress of infusion and influence on the liver func-
tion.

Blood Pressure, Heart Rate, and Blood Gas Parame-
ters. Table 1 summarizes the blocd gas parameters, blood
glucose level, MAP, and HR 1 day after the DRI of HbV.
There is no abnormal value except for an increase in MAP of
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TABLE 1

Blood gas parameters, blood glucose level, MAP, and HR 1 and 14 days
after DRI of HbV

Baseline values are also listed. The values are mean * 5D,

Sakat et al.

Parameters 1 Day after DRI 14 Days after DRI Baseline
pH 7.44 *0.03 743 £ 0.03 7.48 = 0.30
PaCO;, (torr) 41x3 44+ 4 374
Pa0, (torr) 764 /7 8217
Lactate (mM) 0.93 £ 0.12 0.58 = 0.38 1569 £ 0.45
Base excess (mM) 31x13 4008 45+13
Glucose (mg/dl) 147 £ 24 127+ 9 146 = 10
MAP (mm Hg) 125 * 4* 111 * 12 101 =8
HR (beata/min) 419 = 10 402 = 33 404 % 42

* Significantly different versus the bascline group (p < 0.05).

the HbV group 1 day after DRI (125 *+ 4 mm Hg) in compar-
ison with the baseline value (101 = 8 mm Hg).

Urinalysis. The color of the urine was normal for all
groups, and there was no sign of hemoglobinurea. Table 2
summarizes the results of the urinalysis. The HbV group
showed a slight increase in the protein concentration, There
were no significant signs of any organ damage. Urobilinogen
and bilirubin were within the normal range in spite of the
large amount of HbV infusion.

TABLE 2

Organ Weights. The liver and spleen are thought to be
the main organs that trap and degrade HbV. As shown in Fig.
5, significant splenomegaly and hepatomegaly were con-
firmed 1 day after DRI. The percentage of spleen weight
relative to the body weight increased from 0.33 = 0.04% at
the baseline to 0.94 * 0.07 1 day after DRI, about 2.9 times
the baseline value. This returned to 0.41 * 0.03% after 14
days. The percentage of liver weight relative to the body
weight increased from 4.81 * 0.15% at the baseline to 5.83 =
0.37% 1 day after DRI; and it returned to 4.33 * 0.20%,
comparable with the baseline after 14 days. The color of the
liver was darkened just after DRI, however, it returned to its
normal color 14 days after DRI. The kidney weight did not
show any significant increase but tended to show a slight
decrease for all groups.

Plasma Clinical Chemistry. A significant amount of the
HbV particles was present in the plasma one day after DRI.
However, they could be easily removed from the plasma by
ultracentrifugation (50,000g; 20 min) (Sakai et al., 2003), and
we could avoid any interference effect of HhV in the colori-
metric and turbidimetric analyses in the plasma clinical
chemistry. The parameters affecting the liver function (total

The results of urinalysis for the HbV and saline control groups 1 and 14 days after DRI {n = 6}

The numbers indicate the counts of rats. Interpretation of judgtent for the reading levels: protein (mg/di), ~ (negative), * (15), + (303, ++ (100), +++ (250), and ++++
(1000}; occult bload (counta/ul), ~ (negative), + (10), + + (50), and ++ + (250); ketone body (mg/dl), — (negative), + (10), ++ (50), and + ++ (100); urobilinogen {mg/dp), —

(negative), + (0.5}, + (2), ++ (4), and +++ {8); glucose {mg/dl), — (negative), * (50),

bilirubin {mg/dl), - (negative}, + (0.5), ++ (1), and + ++ (2.5},

+ (150}, ++ (500), and + + + (2000); nitrite, — {negative), and + (0.03—0.2 mg/dl); and

1 Day after DRI

14 Days after DRI

Parameters Levels Bageline
HLY Saline HhV Saline”
Protein - 1] 1 2 0 2
* 4 5 1 2 4
+ 2 0 2 2 0
++ 0 0 1 1 ]
+++ i 0 0 0 0
++++ 0 Q ] 4] 0
pH 5 0 2 0 o 0
[ 6 2 2 2 0
7 0 1 4 2 5
8 0 1 0 1 1
9 0 0 0 0 0
Qccult blood - 3 2 4 3 4
+ 3 4 2 1 1
++ 0 0 0 1 1
++4 0 0 0 0 0
Ketone body - 0 0 0 0 0
+ [ 6 5 5 6
++ 0 4] 1 o] Q
+++ 0 [+ 0 0 a
Urohilinogen - 0 0 0 0 0
* 6 6 ] 5 6
+ 0 0 4] 0 1]
++ 0 0 0 0 0
Glucose - 6 6 6 5 6
+ 0 1] 0 0 0
+ 4] 1] 0 0 0
++ 0 0 1] 0 0
Nitrite - [ 6 6 5 B
+ 0 )} o] 0 0
Bilirubin - 6 6 6 5 5
* 0 0 0 0 1
+ 1] 0 0 0 0
++ 1] 0 0 0 0
+++ 1] 0 0 [4] 0
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Fig. 5. Changes in organ weights (spleen, liver, and kidney) after DRI of
HbV and saline for 14 days at a dese rate of 10 ml/kg/day. The values are
mean * 8D, *, significantly different versus the baseline group (p <
0.05).

protein, albumin, aspartate aminotransferase, alanine ami-
notransferase, leucine amino peptidase, alkaline phospha-
tase, y-glutamyltransferase, and cholinesterase) did not
show any noteworthy changes in the HbV group (Fig. 6).

The parameters affecting the function of the kidneys (CRE,
uric acid, and BUN) varied within the normal ranges. The
parameter reflecting the heart and skeletal muscle, creatine
phosphokinase, did not show any noticeable change. Aldoste-
rone, released from adrenal gland to regulate ionic balance,
did not show noticeable change. A significant change was
observed for the parameters of pancreatic function. In the
HbV group, the lipase activity (baseline, 8.5 + 1.4 U/) in-
creased to 48.6 + 16.8 U/l 1 day after DRI and tended to
decrease to 33.2 * 29.4 U/ after 14 days. On the contrary,
amylase activity (baseline, 1613 + 74 UM did not show an
increase but a slight decrease to 1455 + 28 U/ 1 day after
DRI and returned to 1546 + 77 U/l after 14 days.

The concentrations of the cholesterol components (total
and free cholesterols, and cholestero! ester) and lipids (8-
lipoprotein, total lipids, and phospholipids) significantly in-
creased 1 day after the final infusion (Fig. 7). For example,
total cholesterol (baseline, 72.6 + 7.5 mg/dl) increased to
182.2 * 22.6 mg/dl after DRI. However, they returned to the
original values 14 days after DRL These increases should
indicate that cholestero! and phospholipid (probably DPPC)
are released from the RES after entrapping the HbV parti-
cles, Bilirubin and ferric iron, which should be released from
the Hb decornposition, were minimal. Unsaturated iron bind-
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ing capacity did not show noticeable changes. The electrolyte
concentrations varied within the normal range,

Histopathological Examination, Histopathological ex-
amination 1 day after DRI showed a significant amount of
HbV accumulated in the red pulp zone in the spleen, and very
few RBCs were seen (Fig. 8a). In the liver, the presence of
Rupffer cells that captured a large amount of HbV was seen
(Fig. 8b). In the kidneys, the mesangial cells in the renal
glomerulus seemed to entrap HbV (Fig. 8c). These organs and
the adrenal gland were slightly stained with Berlin blue
(data not shown), indicating that the decomposition of heme
should have already started. No morphological change was
noted in the myocardium; however, some slightly stained
particles were observed (Fig. 8d). The pancreas (Fig., 8e),
lungs (Fig. 8f), intestine, stomach, brain, thymus, testis, and
skin did not show significant abnormalities.

Fourteen days after DRI, the images of the accumulated
HbV almost disappeared in all organs. However, there were
materials that were moderately stained with Berlin blue in
the red pulp zone of the spleen (Fig. 9a), liver (Fig. 9b), bone
marrow (Fig. 9¢), and slightly in the kidney (Fig. 9d) and
adrenal gland (Fig. 9e)

Immunohistochemical analysis of the liver and the spleen
clarified the presence of human Hb in HbV as pink-colored
areas that were stained with anti-human Hb-antibedy 1 day
after DRI (Fig. 10, a and b). In the spleen, the presence of
HO-1 was confirmed as brown-colored stains in the cyto-
plasm of the macrophages in the red pulp zone both at 1 and
14 days after DRI (Fig. 10, a and c), In the liver, the presence
of HO-1 wag confirmed in the Kupffer cells only at 14 days
after DRI (Fig. 10d). No HO-1 was confirmed in the paren-
chyma of these organs.

Daily Repeated Infusions of Hb Vesicles as 0, Carriers

Discussion

Our primary finding is that all the rats tolerated the DRI
of HbV well for 14 days with no deteriorative signs in organ
funections, due to the preferable effect of Hb encapsulation in
phospholipid vesicles that minimizes the toxicity of molecu-
lar Hbs and delivers them to the RES as a physiological
compartment for degradation and detoxification of foreign
materials. The RES had sufficient capacity for the degrada-
tion of HbV, even though the total infused volume reached
140 mlkg, which was equal to 2.5 times the actual blood
volume of the rat (56 mI/kg) and was significantly larger than
the dose of multiple infusions of liposomes for antifungal and
antitumor targeting (Fielding et al, 1999; Charrois and
Allen, 2003).

The body weight of the HbV group monotonously in-
creased, whereas the rate was slightly slower than that of the
saline control group. It is speculated that the infusion of
HbV, which could not be excreted easily in the urine and
remain in circulation, could 1) disturb physiological functions
and suppress the growth of the animals, 2) put the animals
under stress and reduce their appetite, or 3) tend to aceeler-
ate the catabolism. In spite of such a condition, the compo-
nents of HbV could be used as a part of the cellular compo-
nents for the growth of rats. One and 2 weeks after DRI,
there was no significant difference in the body weight be-
tween the groups.

The numbers of RBCs, whole bloed cells, and platelets
showed moderate changes, even though there were some



Fig. 8. Plasma clinical chemis-
try tests reflecting the organ
functions such as liver, pan-
creas, and kidneys and the me-
tabolism of Hb after DRI of HbV

or saline, The values are mean =
S.D. *, significantly different
versus the baseline group (p <
0.05), The dotted lines indicate
the levels of 2% 8.D. LAP, leucin
amino peptidase; AST, aspartate
aminctransferase; ALT, alanine

aminotransferase; ChE, cho-

linesterase; ALP, alkaline phos-
phatase; y-GTP, y-glutamyl-
transferase; CPK, c¢reatine
phosphokinase; CRE, creati-
nine; UA, uric acid; BUN, urea
nitrogen,
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significant differences between the HbV and the saline
groups. Het and RBC counts decreased significantly for the
HbV group, probably due to the dilution of blood by hyper-
volemia, or suppression of erythropoiesis (release of erythro-
poietin} because the renal cortex would be exposed to the
increased oxygen content in the blood during DRI of HbV as
oxygen carriers. The slight hypertension 1 day after DRI
would be related to the blood hyperviscosity or hypervolemia
due to the presence of HbV. However, the Het and RBC
counts returned to levels similar to those of the saline group
14 days after DRI. The time course of the HbV concentration
in plasma indicates that the rate of HbV clearance gradually
increased and the concentration reached a plateau, probably
due to the nonspecific phagocytic activation of the RES that
was clarified previously by a carbon clearance measurement
(Sakai et al., 2001). The accelerated liposome clearance of the
second infusion was well characterized (Claassen et al., 1988;
Laverman et al., 2001); however, its mechanism, antibody
formation or complement activation is controversial (Dams et
al,, 2000; Ishida et al., 2003).

In our previous report, the bolus HbV infusion (20 ml/kg)
resulted in significant splenomegaly (about 100% increase)
and hepatomegaly (13%) (Sakai et al., 2004b). In the present

base-

P—
line 1 day

14 days
after DRI after DRI

DRI study, splenomegaly was enhanced (190%), whereas
hepatomegaly was similar {14%), indicating that the spleen
had a larger capacity for HbV clearance. A large amount of
HbV accumulated in the red pulp zone of the spleen and in
Kupffer cells of the liver; however, 14 days later it disap-
peared and the splenohepatomegaly completely subsided.
The spleen and the liver showed significant hemosiderin
deposition; however, the enzyme concentrations that reflect
the liver function did not show any abnormal values.

One day after DRI, the mesangial cells in the renal glo-
merulus seemed to entrap HbV in their intracellular spaces,
and the same portion was stained with Berlin blue 1 and 14
days after DRI. In our previcus report on the bolus HbV
infusion, there was no abnormality in the kidneys (Sakai et
al., 2004b). According to Rudolph et al. (1995), liposome-
encapsulated Hb without PEG-modification aggregated in
the plasma and showed a slight accumulation in the kidneys.
Even though our PEG-modified HbV does not induce interve-
sicular aggregation, HbV would tend to be aggregated during
the longer circulation time due to the DRI, No abnormal
value was noted for UA, BUN, and CRE, although urinalysis
showed a slight increase in protein levels.

Lipase activity, but not that of amylase, significantly in-
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Fig. 7. Plasma clinical chemis-
try tests reflecting the metabo-
lism of lipids and Hb and electro-
lytea 1 or 14 days after DRI of
HbY or saline. The values are
mean * 8.D. », significantly dif-
ferent versus the baseline group.
The dotted lines indicata the lev-
els of 2% S.D. TG, triglyceride;
FFA, free fatty acid; UIBC, un-
saturated iron-binding capacity;
[P, inorganic phosphate.
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Fig. 8. Histology of spleen (a}, liver (b), kidneys (¢}, heart (d), pancreas (&), and lungs (D) 1 day after DRI of HbV. A significant amount of HbV was
accumulated in the red pulp zone of the spleen. The invasion of a significant number of Kupffer cells with HbV was seen in the liver. In the kidneys,
the mesangial cells in the renal glomeruli seemed to entrap HbV. The myocardium showed slight staining with Berlin blue. No significant pathological
changes are noted in the pancreas and lungs. Scale bar, 100 um. Hematoxylin and eosin stains (a, b, ¢, e, and f) and Berlin blue stain (d).
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.

Fig. 9. Histology of spleen (a), liver (b), bone marrow (¢), kidneys (d), and adrenal gland {(e) 14 days after DRI. Berlin blue staining was performed to

examine the presence of hemesiderin. Scale bar, 100 um.

R A
A R e .
Fig. 10. Double immunohistochemical staining for HO-1 and human Hb
in HbV in the rat spleen (a and ¢) and liver (b and d), 1 (a and b} and 14
days (c and d) after DRI of HbV. The tissues were stained with anti-rat
HO-1 monoclonal antibedy (GTS-3). The brown-colored portions (a, ¢, and
d) indicate the presence of HO-1, and the pink or gray-heige areas (a and
b) indicate the presence of a large amount of HbV, Scale bar, 100 pm.
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creased in the HbV group, whereas there was no histopatho-
logical abnormality in the pancreas. A similar tendency was
observed after the bolus HbV infusion (20 ml/kg) (Sakai et al.,
2004b). This level of increment was significantly smaller
than the value for the Wistar rats with acute necrotizing
pancreatitis that increased the lipase activity from 10 to 475
to 5430 TU/ (Hofbauer et al., 1996). One possible reason for
the mederate and specific increase in lipase activity would be
related to the enzyme induction in the pancreas by the pres-
ence of a large amount of lipids from the liposomes (Stueck-
lin-Utsch et al.,, 2002), because pancreatic lipase hydrolyzes
not only triglyceride but also phosphatidylcholine (Rowland
and Woodley, 1980). However, the mechanism is not clear,

and the pancreatic function should be carefully monitored in
the ongoing safety studies.

The plasma lipid components significantly increased after
the DRI of HbV. They should be derived from HbV because it
contains a large amount of cholesterol and DPPC, and they
would be liberated after the HbV particles are captured and
degraded in the RES. It is reported that once liposome is
captured in the Kupffer cells, the diacylphosphatidylcheline
is metabolized and is reused as a cell membrane compenent
or excreted in the bile (Dijkstra et al., 1985; Verkade et al.,
1991). Cholesterol is finally catabolized as bile acids in the
parenchymal hepatocytes. There should be no direct contact
of HbV and the hepatocytes because HbV (diameter, 250 nm)
cannot diffuse across the fenestrated endothelium into the
space of Disse (Goda et al., 1998). Cholesterol of the vesicles
should reappear in the blood mainly as lipoprotein choles-
terol after entrapment in the Kupffer cells and should then
be excreted in the bile after entrapment of the lipoprotein
cholesterol by the hepatocytes (Kuipers et al,, 1986). Judging
from the results showing that the increases in the plasma
lipid components were transient, the lipid components of
HbV would gradually be redistributed, metabolized, and ex-
creted in the same manner within 14 days after DRI. How-
ever, the details have to be confirmed by the bicdistribution
of the radiolabeled components.

In spite of the massive HbV infusions, the plasma bilirubin
and iron levels did not increase. Urinalysis also showed no
increase in the urobilinogen and bilirubin. The anti-human Hb
antibody staining detected temporal distributions of HbV in the
spleen and liver. The excess amount of heme from Hb in HbV
should be metabolized by the inducible form of HO-1 in the
spleen macrophages and the liver Kupffer cells, as shown in
Fig. 10 (Braggins et al, 1986; Goda et al., 1998). Bilirubin
should be excreted in the bile as a normal physiological path-
way even during the massive doses of HbV. No increase in the
plasma bilirubin level indicated that there was no obstruction
or stasis of bile in the biliary tree and that the heme-degrading
capacity of the RES did not surpass the ability to eliminate



bilirubin. Berlin blue staining revealed the presence of hemo-
siderin in the liver, spleen, kidneys, adrenal gland, and bone
marrow 14 days after DRI and also in the myocardium 1 day
after DRI. Both ferritin and hemosiderein store and release iron
molecules, and they are anticipated to induce hydroxyl radical
production and succeeding lipid peroxidation. However, iron
release from hemosiderin is substantially less than that from
ferritin, thus iron molecules in hemosiderin are relatively inert
{O’Connell et al., 1989). Multiple blood transfusions often in-
duce hemosiderosis in many organs. Accordingly, Hb encapsu-
lation in the phospholipid vesicles would guarantee the smooth
metabolic route of HbV that is similar to the well characterized
metabolic route of senegcent RBCs in the liver Kupffer cells and
spleen macrophages (Bennett and Kay, 1981; Hirano et al,,
2001). This would be a great advantage over molecular Hb that
ineurs not only filtration across the fenestrated endothelium of
the glomerular capillary in the kidneys resulting in shorter
circulation time and renal failure but also extravasation from
the sinusoidal caliber in the liver, causing cancellation of the
CO-mediated fail-safe mechanism for conserving sinusocidal pa-
tency and bile formation (Kyokane et al., 2001).

In conclusion, all the rats tolerated the DRI of HbV with no
deteriorative signs of the organ functions. The phospholipid
vesicles for Hb encapsulation would be beneficial for heme
detoxification through their preferential delivery to the RES,
a physiological compartment for degradation of not only for-
eign materials but also the senescent RBCa. However, it has
to be considered that in humans the circutation time of HbV
and its degradation rate in the RES would be different com-
pared with those in rats, because the circulation time of
stealth liposomes and the life span of RBCs are different
between rodents and humans (Landaw, 1988; Gabizon et al.,
2003). A shock condition may also influence on the RES
function.

Our results would provide important information not only
for the ongoing safety studies of HbV but also for the overall
research on lipesomal drugs, because this study is the first
attempt to infuse repetitively such a large amount of phos-
pholipid vesicles.
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