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Purification of Hemoglobin by Ion Exchange

Chromatography in Flow-Through Mode

with PEG as an Escort

Xiuling Lu, Dongxu Zhao, and Zhiguo Su&

ESf[a`S^ BWk CSTadSfadk aX 9[aUZW_[US^ <`Y[`WWd[`Y'

@`ef[fgfW aX GdaUWee <`Y[`WWd[`Y'

:Z[`WeW 8USVW_k aX JU[W`UWe' 9W[\[`Y' :Z[`S

ABSTRACT

;WhW^ab_W`f aX ZW_aY^aT[`(TSeWV T^aaV egTef[fgfWe dWcg[dWe

bdaVgUf[a` aX Z[YZ^k bgd[X[WV ZW_aY^aT[`) GdaUWee aX ZW_aY^aT[`

bgd[X[USf[a` Tk [a` WjUZS`YW UZda_SfaYdSbZk [` X^ai(fZdagYZ

_aVW iSe dWeWSdUZWV S`V abf[_[lWV) KZdWW ][`Ve aX _WV[S [`U^gV[`Y'

HD8 JbZWdae[^ CJ $9[aeWbdS' =dS`UW% S`V H JWbZSdaeW 9[Y 9WSVe

$8_WdeZS_ 9[aeU[W`UW' JiWVW`%' S`V S` S`[a` WjUZS`YW _W_TdS`W

Ua^g_`' DgefS`Y H $G8CC' LJ8% iWdW [`hWef[YSfWV S`V Ua_bSdWV)

8VV[`Y ba^kWfZk^W`W Y^kUa^ $G<>% Se S` WeUadf [` [a` WjUZS`YW UZda(

_SfaYdSbZk [_bdahWV fZW bgd[fk S`V dWUahWdk' S`V fZW dWUahWdk [`

fZW UZda_SfaYdSbZk iSe [`UdWSeWV Xda_ 20 fa 40!) KZW _WUZS`[e_

&:addWeba`VW`UW5 QZ[Yga Jg' ESf[a`S^ BWk CSTadSfadk aX 9[aUZW_[US^

<`Y[`WWd[`Y' @`ef[fgfW aX GdaUWee <`Y[`WWd[`Y' :Z[`WeW 8USVW_k aX JU[W`UWe'

G)F) 9aj .0.' 9W[\[`Y ,+++3+' :Z[`S6 =Sj5 ++31(,+(1-01,3,.6 <(_S[^5

lYeg7Za_W)[bW)SU)U`)

209
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aX G<> WXXWUfe a` UZda_SfaYdSbZk iSe V[eUgeeWV) KZW abf[_S^

UZda_SfaYdSbZk efWb' [` Ua_T[`Sf[a` i[fZ Zkbafa`[U V[^gf[a` ZW_a(

^kl[`Y S`V _W_TdS`W eWbSdSf[a`' Xad_WV S` [`fWYdSfWV ZW_aY^aT[`

bgd[X[USf[a` bdaUWee) KZW fafS^ dWUahWdk [` fZW bdaUWee iSe 32)1!) KZW

SUf[h[fk aX ZW_aY^aT[` iSe iW^^ bdWeWdhWV5 G0+ -.)-__?Y' S`V ?[^^

UaWXX[U[W`f -).,) KZW bdaVgUf SbbWSdWV Se S e[`Y^W TS`V [` J;J(

G8><' S`V >=(?GC: eZaiWV a`^k a`W bWS]) KZW bgd[fk aX fZW

bdWbSdWV ZW_aY^aT[` iSe _adW fZS` 44)4!) KZW abf[_[lWV bdaUWee [e

f[_W eSh[`Y S`V eg[fST^W Xad ^SdYW(eUS^W bdWbSdSf[a` aX ZW_aY^aT[` fa

bdah[VW _SfWd[S^e Xad XgdfZWd bdWbSdSf[a` aX T^aaV egTef[fgfWe)

Key Words: ?W_aY^aT[`6 @a` WjUZS`YW UZda_SfaYdSbZk6 GdaUWee

[`fWYdSf[a`6 GdafW[` bgd[X[USf[a`6 9^aaV egTef[fgfWe)

INTRODUCTION

;WhW^ab_W`f aX ZW_aY^aT[`(TSeWV T^aaV egTef[fgfWe dWcg[dWe bda(

VgUf[a` aX Z[YZ^k bgd[X[WV ZW_aY^aT[` Xad XgdfZWd _aV[X[USf[a` aX Udaee(

^[`][`Y' Ua`\gYSf[a`' ba^k_Wd[lSf[a`' S`V W`USbeg^Sf[a` $:ZS`Y' -+++6

N[`e^ai' -+++%) ?W_aY^aT[` $?T% dWe[VWe [` dWV T^aaV UW^^e fZSf US` TW

WSe[^k eWbSdSfWV Xda_ fZW T^aaV fZdagYZ e[_b^W X[^fdSf[a` ad UW`fd[XgYS(

f[a`) 8 USdWXg^ iSeZ[`Y aX fZW UW^^e iag^V dW_ahW b^Se_S bdafW[`e

SVeadTWV fa fZW UW^^e' fZge e[_b^[Xk[`Y XgdfZWd bgd[X[USf[a` aX ZW_aY^aT[`)

KZW Ua`fW`f aX ZW_aY^aT[` [` fZW UW^^e [e dWbadfWV fa TW _adW fZS`

4+! aX fZW fafS^ bdafW[`e $I[YYe' ,43,%) IW^WSeW aX fZW ZW_aY^aT[` Xda_

fZW UW^^e [e efdS[YZfXadiSdV W[fZWd Tk UZW_[US^ _WfZaVe egUZ Se fa^gW`W

S`V b? fdWSf_W`fe ad Tk bZke[US^ _WfZaVe egUZ Se Za_aYW`[lSf[a`'

ea`[USf[a`' S`V ae_ae[e dWYg^Sf[a`) ?kbWdfa`[U eS^f ea^gf[a`e _Sk TW

W_b^akWV fa eiW^^ fZW _W_TdS`W aX dWV T^aaV UW^^e S`V S^^ai fZW

ZW_aY^aT[` fa ^WS] agf YdSVgS^^k' iZ[^W ]WWb[`Y fZW UW^^ _W_TdS`W [`fSUf

$JZWXX[W^V Wf S^)' ,432%)

KZW UZS^^W`YW' ZaiWhWd' [e fa bgd[Xk ZW_aY^aT[` fa WjfdW_W^k Z[YZ

bgd[fk i[fZ ^ai Uaef) KZW Ua`UW`fdSf[a` aX ZW_aY^aT[` [` fZW egTef[fgfW

US` TW Se Z[YZ Se ,+ Y bWd ,++_C S`V fZW VaeSYW aX S T^aaV egTef[fgfW

US` TW _adW fZS` ,+++_C) KdSUW S_ag`f aX efda_S Ua_ba`W`fe S`V

afZWd bdafW[`e _Sk TW VagTfXg^ Xad S`k SVhWdeW WXXWUfe SeeaU[SfWV i[fZ

T^aaV egTef[fgfWe' egUZ Se S`SbZk^SUf[U dWSUf[a`e' [__g`W dWSUf[a`e'

dW`S^ _S^(Xg`Uf[a` S`V hSeUg^Sd UaSYg^Sf[a`) =gdfZWd_adW' _WfZW_aY^a(

T[` i[fZagf SUf[h[fk i[^^ Xad_ e^ai^k SXfWd fZW ZW_aY^aT[` Ta`Ve fa

ajkYW`' WhW` g`VWd ^ai fW_bWdSfgdW $;ad_S` Wf S^)' -++-6 EWV\Sd(

8ddag_W Wf S^)' ,440%) KZW Uaef aX ZW_aY^aT[` [e `a VagTf fZW ^SdYW bSdf
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aX fZW fafS^ Uaef aX S T^aaV egTef[fgfW' iZ[UZ' Sf bdWeW`f' [e _adW fZS`

Zg_S` T^aaV)

8 `g_TWd aX bgd[X[USf[a` eUZW_We ZShW TWW` VWhW^abWV fa bdWbSdW

ZW_aY^aT[`' iZ[UZ [`U^gVW Sf ^WSef ea_W ^kf[U efWb fa ^[TWdSfW fZW

ZW_aY^aT[` Xda_ fZW UW^^g^Sd _Sfd[j' S ^ai(dWea^gf[a` XdSUf[a`Sf[a` efWb

fa dW_ahW ea^gT^W S`V [`ea^gT^W Ua`fS_[`S`fe' Xa^^aiWV Tk ea_W Xad_ aX

UZda_SfaYdSbZ[U bgd[X[USf[a` efWbe) DW_TdS`W eWbSdSf[a` US` TW geWV

Xad ZW_aY^aT[` bdWbSdSf[a`) KZW bdaUWee [e e[_b^W S`V WSek fa eUS^W(

gb' Tgf [f ^SU]e aX eW^WUf[h[fk) JZWXX[W^V Wf S^) $,432% bdWbSdWV ^[b[V(XdWW

Zg_S` ZW_aY^aT[` Tk V[S^ke[e S`V g^fdSX[^fdSf[a` i[fZ S` ShWdSYW 4+!

ZW_aY^aT[` dWUahWdk S`V 44! bgd[fk) :Zda_SfaYdSbZk US` bdaVgUW Z[YZ

bdaVgUf bgd[fk) @f [e S^ea S efWb dWVgU[`Y fZW bdaVgUf dWUahWdk) 8Veadbf[a`

UZda_SfaYdSbZk ZSe TWW` i[VW^k efgV[WV i[fZ bgd[fk _adW fZS` 44!)?e[S

VWhW^abWV SXX[`[fk UZda_SfaYdSbZk i[fZ 8KG(SYSdaeW' iZ[UZ [`UdWSeWV

fZW bgd[fk aX ZW_aY^aT[` e[Y`[X[US`f^k $?e[S' ,441%) OgW Wf S^) dWbadfWV

S`afZWd SXX[`[fk UZda_SfaYdSbZk i[fZ bb[ S`V KakabWSd^ ;<8<(10+D'

iZ[UZ bWdXad_WV iW^^ $OgW Wf S^)' ,443%' Tgf fZW bdWbSdSf[a` iSe a`^k [`

^ST eUS^W' aTfS[`[`Y YdS_e aX bdaVgUf) :Zd[efW`eW` S`V :ZWg`Y Sbb^[WV

[a` WjUZS`YW UZda_SfaYdSbZk fa SVeadT ZW_aY^aT[` i[fZ HD8(8UW^^

$:Zd[efW`eW` Wf S^)' ,433% S`V ;<8<(UW^^g^aeW $:ZWg`Y Wf S^)' ,43/%' iZ[UZ

bdahWV fZSf fZWk iWdW bdSUf[US^ Xad bdWbSdSf[a` aX ZW_aY^aT[` [` ^SdYW

eUS^W) FfZWd _WfZaVe egUZ Se _WfS^ UZW^Sf[`Y UZda_SfaYdSbZk $;W__Wd

S`V EgeeTSg_Wd' ,444% S`V _W_TdS`W SVeadbf[a` UZda_SfaYdSbZk

$DWZY`[` Wf S^)' -+++% iWdW efgV[WV)

;Web[fW _S`k WXXadfe' [f [e ef[^^ V[XX[Ug^f fa aTfS[` Z[YZ bgd[fk S`V Z[YZ

dWUahWdk aX ZW_aY^aT[` e[_g^fS`Wage^k) KZW UZda_SfaYdSbZk _WfZaVe'

[`U^gV[`Y [a` WjUZS`YW S`V SXX[`[fk' SdW abWdSfWV [` SVeadbf[a` _aVW'

[)W)' SVeadbf[a` aX ZW_aY^aT[` Tk fZW ea^[V _WV[S) 8^fZagYZ fZW eSfgdS(

f[a` SVeadbf[a` USbSU[fk US` TW Se Z[YZ Se ,-+_Y bWd _C _WV[g_' fZW

Vk`S_[U ^aSV[`Y USbSU[fk [e gegS^^k ^Wee fZS` 0+_Y_C!, [` adVWd fa

SeegdW Z[YZ SVeadbf[a` WXX[U[W`Uk) JZadd Wf S^) $,44.% VWhW^abWV S X^ai(

fZdagYZ _aVW aX UZda_SfaYdSbZk' iZ[UZ V[V `af SVeadTWV ZW_aY^aT[`

Tgf SVeadTWV [_bgd[f[We) @` Va[`Y ea' [f a_[ffWV fZW SVeadbf[a` S`V

W^gf[a` efWbe' aTfS[`[`Y ^aSV[`Y USbSU[fk Se Z[YZ Se -++m-0+_Y Tah[`W

ZW_aY^aT[` bWd _C _WV[g_ i[fZ S dWUahWdk aX 4+!) ?aiWhWd' fZW

V[eSVhS`fSYW iSe fZSf fZW bgd[fk aX ZW_aY^aT[` iSe a`^k 40!)

:Zda_SfaYdSbZk [` S X^ai(fZdagYZ _aVW egdW^k baeeWeeWe SVhS`(

fSYWe ahWd fZW SVeadbf[a` _aVW [` fWd_ aX bdaUWee ebWWV S`V WSeW aX

abWdSf[a`) @X fZW bdaUWee [e XgdfZWd abf[_[lWV i[fZ dWebWUf fa fZW

UZda_SfaYdSbZ[U _WV[S geWV' fZW X^ai[`Y Ua`V[f[a`e' S`V fZW ea^gf[a`

W`h[da`_W`f' [f [e baee[T^W fa SUZ[WhW Z[YZ bgd[fk S`V Z[YZ dWUahWdk aX

ZW_aY^aT[` e[_g^fS`Wage^k) NW fZWdWXadW VWhW^abWV S X^ai(fZdagYZ
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_aVW aX UZda_SfaYdSbZk i[fZ ba^kWfZk^W`W Y^kUa^ $G<>% Se S` WeUadf)

KZW bdaUWee iSe e[_b^W S`V WXX[U[W`f fa [`UdWSeW fZW bgd[fk S`V dWUahWdk

aX ZW_aY^aT[`) KZ[e X^ai(fZdagYZ UZda_SfaYdSbZk' faYWfZWd i[fZ

Zkbafa`[U dW^WSeW aX ZW_aY^aT[` S`V _W_TdS`W X[^fdSf[a` aX fZW

ZW_a^keSfW' Xad_WV S `ahW^ [`fWYdSfWV bdaUWee fa aTfS[` Z[YZ^k bgd[X[WV

ZW_aY^aT[` i[fZ Z[YZ bdaVgUf dWUahWdk [` S XWi efWbe)

MATERIALS AND METHODS

Release of Hemoglobin from the Red Blood Cells

9ah[`W T^aaV iSe Ua^^WUfWV Xda_ USff^W e^SgYZfWdZageW i[fZ +).!

U[fdSfW eaV[g_ Se S`f[UaSYg^S` S`V UW`fd[XgYWV Xad ,0_[` Sf 0'+++Y'

/":) IWV T^aaV UW^^e $I9:% iWdW iSeZWV i[fZ ,)-! ES:^ Xad fZdWW f[_We

g`VWd fZW eS_W Ua`V[f[a` $;aUl[' ,421%) ?W_aY^aT[` iSe bdWbSdWV Tk S

Zkbafa`[U V[^gf[a` fWUZ`[cgW $;aUl[' ,421%) :^WS` bSU]WV UW^^e iWdW

eiW^^WV S`V ZW_a^klWV SXfWd TW[`Y V[^gfWV i[fZ [UW(Ua^V -+__a^ C!,

bZaebZSfW TgXXWd ea^gf[a` $G9J% Ua`fS[`[`Y +)1! ES:^ $b? 2)/%' S`V

eZS]W` Xad ,Z Sf /":) KZW` VagT^W I9: ha^g_W aX G9J iSe bg_bWV Sf

fZW dSfW aX ,+! bWd _[`gfW fa ]WWb fZW ae_af[U bdWeegdW aX ea^gf[a`

TWfiWW` ,1+ S`V ,3+_Fe_' fZW` Ua`f[`gWV fa eZS]W Xad , Z fa aTfS[`

fZW ZW_a^keSfW) KZW ae_af[U bdWeegdW aX fZW ^keSfW iSe SV\gefWV fa

.++_Fe_ Tk SVV[`Y ES:^)

Pretreatment of Hemolysate

KZW ZW_a^keSfW iSe bdaUWeeWV fZdagYZ D[^^[badW D,- _W_TdS`W

ekefW_ $D[^^[badW' @`U% fa dW_ahW fZW YZaef S`V UW^^g^Sd VWTd[e) 8^^

X[^fdSf[a`e iWdW Ua`VgUfWV Sf /":) D[UdaX[^fdSf[a` _W_TdS`We i[fZ _WS`

badW e[lW +),' +)--' +)/0' S`V +)10 m_ iWdW fWefWV) KZW U[dUg^Sf[a` dSfW iSe

_S[`fS[`WV TW^ai +)._*e) KZW X[^fdSf[a` dSfW iSe Ua`fda^^WV Tk SV\gef(

[`Y fZW hS^hW a` fZW dWfW`fSfW ^[`W) @` adVWd fa dWVgUW Ua`UW`fdSf[a`

ba^Sd[lSf[a` S`V _W_TdS`W Xag^[`Y' fZW bdWeegdW a` fZW dWfW`fSfW iSe

Ua`fda^^WV `af fa WjUWWV +)+0DGS)

KZW X[^fdSfW iSe fZW` bgf fZdagYZ g^fdSX[^fdSf[a` fa Ua`UW`fdSfW

fZW ZW_aY^aT[` S`V fa dW_ahW ^ai _a^WUg^Sd iW[YZf [_bgd[f[We)

L^fdSX[^fdSf[a` _W_TdS`We i[fZ DN:F 0' ,+' .+' S`V 0+B iWdW

fWefWV) D[^^[badW D,- _W_TdS`W ekefW_ iSe geWV i[fZ fZW g^fdSX[^fdSf[a`

_aVg^We)
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Anion Exchange Chromatography (IEC) in

Flow-Through Mode

:Zda_SfaYdSbZk iSe bWdXad_WV a`NSfWde 10+< GdafW[` Ggd[X[USf[a`

JkefW_) :a__WdU[S^ S`[a` WjUZS`YW _WV[S [`U^gV[`Y HD8 JbZWdae[^ CJ

$9[aeWbdS' =dS`UW% S`V H JWbZSdaeW 9[Y 9WSVe $8_WdeZS_ 9[aeU[W`UW'

JiWVW`%' S`V S` S`[a` WjUZS`YW _W_TdS`W Ua^g_`' DgefS`Y H $G8CC'

LJ8% iWdW geWV Xad Ua_bSd[ea` bgdbaeW) KZW _WV[S iWdW bSU]WV i[fZ

S ha^g_W aX ,+_C [`fa S` OB,1*-+ $-+# ,)1 U_% Ua^g_` Xda_8_WdeZS_

9[aeU[W`UWe $JiWVW`% WjUWbf fZW _W_TdS`W Ua^g_` fZSf ZSV TWW`

bdWbSU]WV Tk fZW _S`gXSUfgdWd $V ' ,+_C%) 8^^ UZda_SfaYdSbZ[U dg`e

iWdW _a`[fadWV Tk a`(^[`W _WSegdW_W`f aX Ua`VgUf[h[fk S`V LM

STeadbf[a` Sf -3+ `_)

KZW UZda_SfaYdSbZ[U abWdSf[a`' Sgfa_Sf[US^^k Ua`fda^^WV Tk fZW

ekefW_' Ua_bd[eWV TSe[US^^k fZW Xa^^ai[`Y efWbe) =[def' fZW Ua^g_`e iWdW

Wcg[^[TdSfWV i[fZ 0 Ua^g_` ha^g_We aX ,+__a^ C!, G9J Sf S X^ai dSfW

aX 20 U_Z!,) KZW b? hS^gW aX ^aSV[`Y S`V d[`e[`Y TgXXWd S`V ZW_aY^aT[`

eS_b^W iSe SV\gefWV fa 1)/' 1)3' 2)/' S`V 2)3 dWebWUf[hW^k i[fZ HD8

JbZWdae[^ CJ' H JWbZSdaeW 9[Y 9WSVe S`V S DgefS`Y H _W_TdS`W

Ua^g_`)

=dSUf[a`e V[dWUf^k X^ai[`Y fZdagYZ Vgd[`Y ^aSV[`Y iWdW Ua^^WUfWV

Xad XgdfZWd S`S^ke[e aX ZW_aY^aT[` Ua`fW`f) @_bgd[f[We iWdW W^gfWV Tk

,+__a^ C!, G9J Ua`fS[`[`Y ,_a^ C!,ES:^ Sf S X^ai dSfW aX ,0+ U_Z!,)

@` ba^kWfZk^W`W Y^kUa^ WeUadf[`Y [a` WjUZS`YW UZda_SfaYdSbZk'

G<>1++ S`V G<>/+++ iWdW SVVWV [`fa fZW Wcg[^[Td[g_ S`V d[`e[`Y

TgXXWd i[fZ Ua`UW`fdSf[a`e aX G<> hSdk[`Y Xda_ +)20 fa 0!' b? 2)3)

Analytical Methods

Fe_af[U bdWeegdW iSe _WSegdWV [` fZW bdaUWee aX I9: eiW^^[`Y S`V

^keSf[`Y Tk =[e]W FE<(K<EKD Fe_a_WfWd $=[e]W 8eeaU[SfWe' LJ8%)

KZW Ua`UW`fdSf[a` aX bdafW[` iSe VWfWd_[`WV SUUadV[`Y fa fZW 9dSVXadV

$,421% _WfZaV) KZW SUf[h[fk aX ZW_aY^aT[`' [` fWd_e aX G0+ S`V ?[^^

UaWXX[U[W`f' iSe _WSegdWV Tk ?W_ajKD 8`S^klWd $9dg`a S`V >[`a'

,43,% $K:J JU[W`f[X[U :adb)' G8%)

?W_aY^aT[` eS_b^We iWdW egT\WUfWV fa eaV[g_ VaVWUk^eg^XSfW(

ba^kSUdk^S_[VW YW^ W^WUfdabZadWe[e $J;J(G8><%) 8 /! efSU][`Y YW^

i[fZ S ,0! dg``[`Y YW^ iSe geWV i[fZ ,+ mC aX ZW_aY^aT[` ea^gf[a` a`

S _[`[hWdf[US^ e^ST YW^ SbbSdSfge $9[a(ISV' LJ8% Sf -++ h Xad Sbbdaj[(

_SfW^k , Z) 8 V[eUa`f[`gage Kd[e(Y^kU[`W(J;J TgXXWd ekefW_ iSe geWV)

8XfWd W^WUfdabZadWe[e' fZW YW^ iSe fZW` efS[`WV i[fZ :aa_See[W T^gW I-0+
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S`V S`S^klWV Tk 9[a(ISV >W^ ;aUg_W`fSf[a` JkefW_e $>W^ ;aU

-+++KD%)

?GC: S`S^ke[e iSe Ua`VgUfWV a` fZW bgd[X[WV ZW_aY^aT[` i[fZ

S` [`efdg_W`f Wcg[bbWV i[fZ S hSd[ST^W iShW^W`YfZ ebWUfdabZafa_Wfd[U

VWfWUfad $9<:BD8E ,-1% a` KJB .+++JN Ua^g_` Sf -3+ `_) C[b[V

iSe VWfWUfWV Tk Z[YZ bWdXad_S`UW fZ[`(^SkWd UZda_SfaYdSbZk $?GKC:%

$;a`S^V' ,442%)

RESULTS AND DISCUSSION

Release of Hemoglobin from the Red Blood Cells

@` fZ[e bdaUWee' iW Xag`V fZSf UW^^ iSeZ S`V ae_af[U dWYg^Sf[a` iWdW

fia ]Wk efWbe) 8f ^WSef fZdWW f[_We aX iSeZ iWdW `WUWeeSdk fa YWf d[V aX

^Wg]aUkfWe' b^SfW^Wfe' ^[b[Ve S`V b^Se_S bdafW[`e fZSf SVeadTWV fa fZW

UW^^e) <jfW`e[hW iSeZ US` dW_ahW fdSUW Ua`fS_[`S`fe Xda_ fZW b^Se_S'

Tgf fZW dgbfgdW aX fZW UW^^e [e S bdaT^W_) C[cg[V eZWSd Uag^V TW fZW USgeW

aX UW^^ TdWS]SYW' iZ[UZ SbbWSde [` fZW dW(egebW`e[a` aX fZW UW^^ bSefW)

>W`f^W eZS][`Y iSe Xag`V fa S^^Wh[SfW fZW bdaT^W_)

=ad dW^WSeW aX ZW_aY^aT[`' iW SVabfWV fZW _WfZaV aX ae_af[U

dWYg^Sf[a` $;W^aSUZ Wf S^)' ,4316 ;aVYW Wf S^)' ,41.%) ?kbWdfa`[U eS^f

ea^gf[a` iSe W_b^akWV fa dS[eW fZW ae_af[U bdWeegdW fa ,1+m,3+_Fe_)

?W_aY^aT[` iSe dW^WSeWV Xda_ fZW UW^^e iZ[^W fZW UW^^ _W_TdS`We iWdW

[`fSUf) KZW ZW_a^keSfW' W)Y)' fZW egebW`e[a` SXfWd ZW_aY^aT[` dW^WSeW' iSe

fZW` SV\gefWV fa .++_Fe_ fa bdWeWdhW fZW SUf[h[fk aX ZW_aY^aT[`' fZW

^SffWd TW[`Y fZW ae_af[U bdWeegdW Sf iZ[UZ ZW_aY^aT[` Wj[efWV [` [fe

ad[Y[`S^ W`h[da`_W`f)

KZW dW_ahS^ aX fZW [`fSUf UW^^ _W_TdS`We' ]`ai` Se fZW YZaef' US`

TW Va`W W[fZWd Tk Z[YZ ebWWV UW`fd[XgYSf[a` ad Tk _W_TdS`W X[^fdSf[a`)

@` fZ[e WjbWd[_W`f' iW geWV fia _W_TdS`W efWbe) KZW X[def a`W iSe

_[UdaX[^fdSf[a` i[fZ _W_TdS`We aX _WS` badW e[lW +),' +)--' +)/0' S`V

+)10 m_) KZW eWUa`V _W_TdS`W efWb iSe g^fdSX[^fdSf[a` i[fZ g^fdSX[^fdS(

f[a` _W_TdS`We aX DN:F 0' ,+' .+' S`V 0+B) KST^W , Y[hWe fZW dWeg^fe

aX fia Ua_T[`Sf[a`e aX fZW _W_TdS`W bdaUWee) KZW eWUa`V Ua_T[`Sf[a`'

[)W)' X[^fdSf[a` i[fZ S +)/0m_ _W_TdS`W Xa^^aiWV Tk g^fdSX[^fdSf[a` i[fZ

S ,+ ]; _W_TdS`W YShW S TWffWd bWdXad_S`UW a` fZW bdaUWee ebWWV'

dWUahWdk S`V T[aSUf[h[fk) CSdYWd _W_TdS`W badW Se +)10 m_ iag^V dWeg^f

[` bSeeSYW aX ea_W e_S^^ VWTd[e aX fZW _W_TdS`W) =ad g^fdSX[^fdSf[a`'

,+ S`V .+ ]; bdaVgUWV e[_[^Sd dWeg^fe [` bgd[fk' iZ[^W fZW dWUahWdk iSe

Z[YZWd i[fZ ,+ ]; _W_TdS`W) =[YgdW , VW_a`efdSfWe fZW J;J(G8><

dWeg^f aX fZW ZW_a^keSfW SXfWd fZW fia _W_TdS`W efWbe) KZW _S[` TS`V aX
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DN ,1]; [e fZW egTg`[f aX ZW_aY^aT[`) KZWdW iWdW USdTa`[U S`ZkVdSeW

i[fZ S DN aX ., ]; S`V afZWd e_S^^ S_ag`f aX [_bgd[f[We i[fZ

_a^WUg^Sd iW[YZfe aX 1/ S`V 42 ];' iZ[UZ [`V[USfWe fZW `WUWee[fk aX

XgdfZWd bgd[X[USf[a`)

Optimization of Ion Exchange Chromatography

in Flow-Through Mode

8UUadV[`Y fa fZW V[XXWdW`f UZSdSUfWd[ef[Ue TWfiWW` ZW_aY^aT[` S`V

fZW _S[` [_bgd[f[We' Se iW^^ Se fZW dWcg[dW_W`f aX XSef bdWbSdSf[a` aX

1 2 3 4 5 

97400 —
66200 —

43000 —

31000 —

20100 —

14000 —

Da

Figure 1. J;J(G8>< <^WUfdabZadWfaYdS_ aX ZW_aY^aT[` [` [_bdahWV bdW(

fdWSf_W`f bdaUWee) ,) 9ah[`W ZW_aY^aT[` efS`VSdV $J[Y_S%' -) DN _Sd]Wd' .)

^keSfW' /) X[^fdSfW aX +)/0 m_ _W_TdS`We' 0) dWfW`fSfW aX .+B; _W_TdS`We)

Table 1. :a_bSd[ea` aX fia bdWfdWSf_W`f _WfZaVe)

GdWfdWSf_W`f

_WfZaVe

GWd[aV $,C

^keSfW i[fZ

0+ U_-

_W_TdS`W%

G0+ ?[^^ UaWXX[U[W`f

IWUahWdk

$!%CkeSfW KdWSfWV CkeSfW KdWSfWV

+), m_*.+ ]; /Z -0)+- -/)+1 -)04 -)/+ 30)1!

+)/0 m_*,+ ]; -)0 Z -0),3 -/)-1 -)02 -)/3 4.),!
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ZW_aY^aT[` [` ^SdYW eUS^W' fZdWW ][`Ve aX S`[a` WjUZS`YW _WV[S' HD8

JbZWdae[^ CJ S`V H JWbZSdaeW 9[Y 9WSVe' S`V DgefS`Y H iWdW eW^WUfWV

fa Y[hW Ua_bSd[ea`) KZW b? [e a`W aX _aef [_badfS`f bSdS_WfWde [`

VWfWd_[`[`Y bdafW[` T[`V[`Y' Se [f VWfWd_[`We fZW UZS`YW a` TafZ fZW

bdafW[` S`V fZW [a` WjUZS`YWd) FfZWd bSdS_WfWde' egUZ Se Ua`UW`fdSf[a` aX

[a`e' fZW X^ai dSfW' eS_b^W ^aSV[`Y USbSU[fk S`V fW_bWdSfgdW SdW dW^SfWV fa

fZW dWea^gf[a` aX UZda_SfaYdSbZk S`V T[aSUf[h[fk aX ZW_aY^aT[`) Ja fZW

b? iSe X[def abf[_[lWV dWebWUf[hW^k [` fZW UZda_SfaYdSbZk i[fZ fZW fZdWW

V[XXWdW`f _WV[S Xad Ua_bSd[ea`' S`V _SVW fZW afZWd Ua`V[f[a`e TW fZW

eS_W) Fgd bdWh[age dWeWSdUZWe eZaiWV fZSf fZW Xad_Sf[a` aX _WfZW_a(

Y^aT[` iSe VWUdWSeWV Sf ^ai fW_bWdSfgdW S`V ^ai Ua`UW`fdSf[a` aX TgXXWd

$Cg Wf S^)' -++.%) KZWdWXadW' fZW UZda_SfaYdSbZk iSe bWdXad_WV Sf /":

S`V ,+__a^ C!, G9J iSe UZaeW` Se TS^S`UW S`V d[`e[`Y TgXXWd) Cai

eS_b^W ^aSV[`Y S`V ^ai X^ai dSfW iWdW Sbb^[WV Xad TWffWd dWea^gf[a`' iZ[UZ

iSe -+_Y bdafW[` S`V 20 U_Z!, dWebWUf[hW^k)

8_a`Y fZW fZdWW _WV[S fWefWV [` fZ[e Sdf[U^W' fZW [a` WjUZS`YW

_W_TdS`W _aVg^W DgefS`Y H iSe S `ahW^ UZda_SfaYdSbZ[U egbbadf) @f

iSe S efSU] aX X^Sf eZWWf _W_TdS`We ZSh[`Y S `a_[`S^ +)3 m badW e[lW)

8UUadV[`Y fa fZW _S`gXSUfgdWd' fZW _W_TdS`We iWdW ba^kWfZWdeg^Xa`W

_W_TdS`We UZW_[US^^k _aV[X[WV i[fZ UZSdYWV' ZkVdabZ[^[U _a`a_Wde'

iZ[UZ iWdW Udaee(^[`]WV fa bdaVgUW cgSfWd`Sdk S_[`W egdXSUW) KZ[e

abW` badW efdgUfgdW bdah[VWV S ^SdYW' SUUWee[T^W egdXSUW SdWS Xad bdafW[`

T[`V[`Y i[fZagf fZW bdaT^W_ aX V[XXge[a`S^ ^[_[fSf[a` fZSf aXfW` aUUgde

[` fZW _WV[S aX badage TWSVe)

Fgd WjbWd[_W`fe bdahWV fZSf fZ[e _W_TdS`W _aVg^W Uag^V TW

abWdSfWV Sf hWdk Z[YZ X^ai dSfW i[fZagf eSUd[X[UW aX [fe dWea^gf[a`) KZW

bdWeegdW Vdab iSe e_S^^) N[fZ fZ[e _W_TdS`W Ua^g_`' 44! aX ZW_a(

Y^aT[` iSe dWUahWdWV) ?aiWhWd' fZW bgd[fk aX fZW bdaVgUf iSe S bdaT^W_)

=[YgdW - [e S b[UfgdW aX J;J(G8>< aX fZW ZW_aY^aT[` XdSUf[a` Xda_

fZW _W_TdS`W _aVg^W) CS`W ,' -' S`V . eZaiWV fZdWW eS_b^We Xda_ fZdWW

dg`e i[fZ hSd[WV b?) 8^^ [`V[USfWe fZW bdWeW`UW aX [_bgd[fk TS`Ve' iZ[UZ

_[YZf Sffd[TgfW fa fZW T[Y badW efdgUfgdW aX fZW _W_TdS`We) KZW `a_[`S^

+)3 m badW e[lW [e _adW fZS` a`W Zg`VdWV f[_We fZW e[lW aX _aef bdafW[`

_a^WUg^We) 8e fZW XWWV X^ai[`Y fZdagYZ fZW _W_TdS`W' [_bgd[f[We

fZdagYZ fZW UW`fdS^ bSdf aX fZW badW _[YZf `af TW SVeadTWV Tk fZW [a`

Ydagbe a` fZW iS^^e aX fZW _W_TdS`W) 8e S Ua`eWcgW`UW' fZWk iWdW

USdd[WV SiSk i[fZ fZW ZW_aY^aT[` XdSUf[a` X^ai[`Y fZagYZ fZW Ua^g_`)

KZW eWUa`V _WV[g_ iSe HD8 JbZWdae[^ CJ' S Ua_bae[fW UZda(

_SfaYdSbZ[U _WV[g_ i[fZ badage e[^[US Se fZW TSU]Ta`We S`V ZkVda(

bZ[^[U ba^k_Wd Se fZW UaSf[`Y ^SkWd) @a` WjUZS`YW Ydagbe iWdW Ua`\gYSfWV

fa fZW ba^k_Wd egdXSUW) KZ[e eadTW`f bdah[VWe TafZ [a`[U S`V e^[YZf^k

ZkVdabZaT[U bdabWdf[We) KZ[e g`[cgW _[j _aVW UZda_SfaYdSbZk S^^aie
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fZW bgd[X[USf[a` aX bdafW[`e V[XX[Ug^f fa [ea^SfW a` U^See[US^ _WV[S)

<jbWd[_W`fS^ dWeg^fe bdahWV fZSf [f iSe WXX[U[W`f [` dW_ah[`Y [_bgd[f[We

egUZ Se USdTa`[U S`ZkVdSeW S`V fZW bgd[fk aX ZW_aY^aT[` iSe _adW fZS`

44! $=[Y) . ^S`W 2%) ?aiWhWd' ZW_aY^aT[` SVeadbf[a` iSe S bdaT^W_)

@f iSe Xag`V fZSf S badf[a` aX ZW_aY^aT[` iSe dWfS[`WV Tk fZW SVeadTW`f

baee[T^k VgW fa ZkVdabZaT[U [`fWdSUf[a`) 8e S dWeg^f' fZW dWUahWdk aX

ZW_aY^aT[` iSe Se ^ai Se 0+!)

H JWbZSdaeW 9[Y 9WSVe' S ][`V aX cgSfWd`Sdk S__a`[g_ efda`Y

S`[a` WjUZS`YWd' [e TSeWV a` ,++m.++m_ SYSdaeW TWSVe) ;gW fa [fe

WjUW^^W`f bZke[US^ efST[^[fk S`V ^SdYW TWSV e[lW' H JWbZSdaeW 9[Y 9WSVe

US` TW dg` Sf Z[YZ X^ai dSfWe WhW` i[fZ h[eUage XWWVe) KZW WjbWd[_W`f

dWeg^fe eZaiWV fZSf Sf b? 2)3' _aef [_bgd[f[We SVeadTWV a`fa fZW _WV[g_

iZ[^W ZW_aY^aT[` X^aiWV fZdagYZ fZW Ua^g_` i[fZagf TW[`Y dWfS[`WV)

KZW bgd[fk aX ZW_aY^aT[` iSe ahWd 44! $=[Y) . ^S`W /%) KZW dWUahWdk aX

ZW_aY^aT[` iSe 20!) NW S^ea fWefWV ;<8< JWbZSdaeW =Sef =^ai) @f V[V

`af Y[hW S TWffWd dWeg^f fZS` H JWbZSdaeW 9[Y 9WSVe) @fe X^ai dSfW iSe

^aiWd S`V bdWeegdW Vdab iSe Z[YZWd) 8_a`Y fZW UZda_SfaYdSbZ[U _WV[S

fWefWV' H JWbZSdaeW 9[Y 9WSVe SbbWSdWV fa TW fZW TWef UZa[UW)

@` ZW_aY^aT[` bgd[X[USf[a`' S^Tg_[` S`V USdTa`[U S`ZkVdSeW $:8%

iWdW fZW fia _S[` Ua`fS_[`S`fe) 8^Tg_[` US_W Xda_ b^Se_S S`V iSe

1 2 3 4 5 

—97400

—66200

—43000

—31000

—20100

—14000

Da

Figure 2. J;J(G8>< W^WUfdabZadWfaYdS_ aX ZW_aY^aT[` UZda_SfaYdSbZk i[fZ

H DgefS`Y Sf hSd[age b? hS^gWe) ,) b? 2)36 -) b? 2)16 .) b? 2)/6 /) DN _Sd]Wd6

0) 9ah[`W ZW_aY^aT[` efS`VSdV $J[Y_S%)
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VgW fa [`Ua_b^WfW iSeZ[`Y aX fZW dWV T^aaV UW^^e) @X USdWXg^ S`V WjfW`e[hW

iSeZ iSe USdd[WV agf' fZW S^Tg_[` Ua`fS_[`S`f Uag^V TW _[`[_S^) :8'

a` fZW afZWd ZS`V' [e V[XX[Ug^f fa dW_ahW) @` dWV T^aaV UW^^e' :8 Ta`Ve fa

ZW_aY^aT[` f[YZf^k fa See[ef ZW_aY^aT[` [` ajkYW` ^[TWdSf[a` S`V USdTa`

ajkYW` VW^[hWdk) NZW` ZW_aY^aT[` iSe dW^WSeWV g`VWd ae_af[U bdWeegdW'

:8 iSe dW^WSeWV faa) KZW [ea[a`[U ba[`f $b@% aX Tah[`W :8 [e 1)+ S`V fZW

b@ aX S^Tg_[` [e /)4' iZ[UZ iWdW ^aiWd fZS` fZSf aX ZW_aY^aT[`)

KZWdWXadW' dW_ahS^ aX :8 S`V S^Tg_[` Uag^V TW baee[T^W fZdagYZ [a`

WjUZS`YW eW^WUf[a`)

KZW b@ aX Tah[`W ZW_aY^aT[` $?T% [e 1)4) KZWadWf[US^^k' [X b? [e

eW^WUfWV TWfiWW` 1), S`V 1)3' ?T iag^V X^ai fZdagYZ S` S`[a` WjUZS`YW

Ua^g_` VgW fa [fe bae[f[hW UZS`YW' iZ[^W S^Tg_[` S`V :8 iag^V TW

dWfS[`WV VgW fa fZW[d `WYSf[hW UZS`YWe) ?aiWhWd' hSd[WV S_ag`f aX :8

SbbWSdWV [` fZW XdSUf[a` aX X^ai fZdagYZ i[fZ fZW ?T [` fZW b? dS`YW aX

1),m1)3) @`UdWSe[`Y b? fa fZW hS^gW STahW 2)+ Uag^V XgdfZWd VWUdWSeW fZW

Ua`fS_[`Sf[a` aX :8 [` ?T XdSUf[a`) KZ[e US` TW eWW` Xda_ =[Y) - S`V

=[Y) . iZWdW Z[YZWd b? fZS` fZW b@ aX ?T Se 2)/m2)3 [_bdahWV fZW bgd[fk'

Tgf fZW dWUahWdk aX ?T VWUdWSeWV faa) @` fZW USeW aX HD8 JbZWdae[^' ?T

dWUahWdk iSe Se ^ai Se 0+! Sf b? 2)/) @f [e g`VWdefS`VST^W fZSf Sf egUZ

S b? ?T iSe `WYSf[hW^k UZS`YWV' S`V iSe SVeadTWV Tk fZW _WV[g_

fZdagYZ [a` WjUZS`YW [`fWdSUf[a`) NW S^ea fd[WV fa Ua`fda^ fZW [a`[U

1 2 3 4 5 6 7 8 9 

—97400
—66200

—43000

—31000

—20100

—14000

Da

Figure 3. J;J(G8>< W^WUfdabZadWfaYdS_ aX ZW_aY^aT[` UZda_SfaYdSbZk i[fZ

HD8 JbZWdae[^ CJ S`V H JWbZSdaeW 9[Y 9WSVe Sf hSd[age b? hS^gWe) ,) H 9[Y

9WSVe b? 1)/6 -) H 9[Y 9WSVe b? 1)36 .) H 9[Y 9WSVe b? 2)/6 /) H 9[Y 9WSVe b?

2)36 0) ^keSfW6 1) g^fdSX[^fdSfWV i[fZ .+B; _W_TdS`W6 2) HD8 b? 2)/6 3) HD8

b? 1)36 4) DSd]Wd)
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efdW`YfZ aX fZW TgXXWd [` adVWd fa _[`[_[lW ?T SVeadbf[a` Sf Z[YZ b?

iZ[^W S^^ai[`Y :8' iZ[UZ ZSe S efda`YWd `WYSf[hW UZS`YW fZS` ?T Sf fZW

b? XSd Xda_ [fe b@' ZSV S Z[YZ fW`VW`Uk fa TW SVeadTWV) GZaebZSfW TgXXWd

Ua`fS[`[`Y ,0' .+' S`V 0+__a^ C!, ES:^ $b? 2)3% iSe Sbb^[WV fa

UZda_SfaYdSbZk i[fZ H JWbZSdaeW 9[Y 9WSVe) KZWdW iSe S` [_bdahW(

_W`f [` dWUahWdk' gb fa 4+!' Se fZW [a`[U efdW`YfZ [`UdWSeWV' Tgf fZW

Ua`fW`fe aX :8 [`UdWSeWV faa)

@f eWW_e fZSf fZW eW^WUf[a` aX S b? `af XSd Xda_ S bdafW[`oe b@ US``af

bdaVgUW S U^WSd Ugf fa bdaVgUW S Ua_b^WfW eWbSdSf[a` aX fZW bdafW[` [`

fZ[e X^ai(fZdagYZ UZda_SfaYdSbZk) KZWdW iSe S fdSVW(aXX TWfiWW` fZW

bgd[fk S`V fZW dWUahWdk) 8e iW ZSV Ua`e[VWdWV TafZ fZW b? S`V [a`[U

efdW`YfZ' fZW `Wjf baee[T^W abf[_[lSf[a` efdSfWYk eZag^V TW fZW [`X^gW`UW

aX `a`[a`[U S`V `a`UZSdYW XSUfade) =ad fZ[e SebWUf' iW [`hWef[YSfWV fZW

SVV[f[a` aX S Uaea^hW`f' ba^kWfZk^W`W Y^kUa^' fa [_bdahW fZW bgd[fk S`V

fZW dWUahWdk)

Ion Exchange Chromatography in the Presence of PEG

Ga^kWfZk^W`W Y^kUa^ $G<>% ZSe TWW` i[VW^k geWV [` bdafW[` XdSU(

f[a`Sf[a`' UdkefS^^[lSf[a` S`V fia(ScgWage( bZSeW WjfdSUf[a`' WebWU[S^^k

Xad UZW_[US^ _aV[X[USf[a` $@`SVS' ,440%' W)Y)' Ua``WUf[`Y i[fZ bdafW[`e)

G<>' iZ[UZ [e e^[YZf^k ZkVdabZaT[U' US` [`Z[T[f bdafW[` SYYdWYSf[a`' S`V

ZW^b bdafW[` Xa^V[`Y S`V dWXa^V[`Y $:^W^S`V S`V IS`Va^bZ' ,44-%' fZge

eWdh[`Y Se S bdafW[` efST[^[lSf[a` dWSYW`f) @` YW^ X[^fdSf[a` UZda_SfaY(

dSbZk S`V ZkVdabZaT[U [`fWdSUf[a` UZda_SfaYdSbZk' G<> US` [_bdahW

fZW bSdf[f[a` UaWXX[U[W`f $PS` Wf S^)' ,43/6 QZSa Wf S^)' -++-%) IWUW`f

dWeWSdUZ eZaiWV fZSf G<> [` [a` WjUZS`YW UZda_SfaYdSbZk Uag^V

UZS`YW fZW ba^Sd[fk aX ea^gf[a` S`V fZW bSdf[f[a` UaWXX[U[W`f $:SY`a`

Wf S^)' ,4416 K[_SeZWXX' ,44-%)

G<>1++ S`V G<>/+++ iWdW Sbb^[WV Sf Ua`UW`fdSf[a`e hSdk[`Y

Xda_ +)20 fa 0! Xad fZW X^ai fZdagYZ UZda_SfaYdSbZ[U bgd[X[USf[a`

aX ZW_aY^aT[`) =[YgdW / [e fZW dWeg^f) KZW W^WUfdabZadWfaYdS_ eZaiWV

fZSf fZW bgd[fk aX ZW_aY^aT[` iSe YW`WdS^^k [_bdahWV' WebWU[S^^k iZW`

+)20!G<>1++ $b? 2)3% iSe SVVWV) KZWdW iSe a`^k S e[`Y^W TS`V [`

J;J(G8><) KZW dWUahWdk iSe [_bdahWV fa 40! Se eZai` [` =[Y) 0)

=gdfZWd_adW' fZW SUf[h[fk aX ZW_aY^aT[` iSe iW^^ bdWeWdhWV Vgd[`Y

UZda_SfaYdSbZk i[fZ G0+ aX -.)-__ ?Y' S`V ?[^^ UaWXX[U[W`f aX -).,'

Se Ua_bSdWV fa fZW Ua`fda^ aX G0+ aX -/)-1__?Y' S`V ?[^^ UaWXX[U[W`f

aX -)/3 TWXadW UZda_SfaYdSbZk $=[Y) 1%) @` fZW eUS``[`Y bdaX[^W aX

J;J(G8>< W^WUfdabZadWfaYdS_' fZW bgd[X[WV ZW_aY^aT[` SbbWSdWV a`^k

Se a`W bWS] SXfWd bgd[X[USf[a` $=[Y) 2%' fZW eS_W Se fZW dWeg^f [` >=(?GC:

Purification of Hemoglobin by Ion Exchange Chromatography 219

Hugel Ex. 1007 - Page 12
Hugel Inc v. Medytox Inc.

IPR2023-00604 - U.S. Patent No. 11,331,598



%'!"'                        '"&'#$)(

$=[Y) 3%) Ea bZaebZSf[Vk^WfZS`a^ $G<% S`V bZaebZSf[Vk^eWd[`W $GJ% iSe

VWfWUfWV Tk ?GKC:) KZW bgd[fk iSe S`S^klWV fa TW _adW fZS` 44)4!)

IWeg^fe iWdW fZW eS_W iZW` fZW eS_b^W ^aSV[`Y iSe [_bdahWV fa .++_Y

ZW_aY^aT[` bWd _C _WV[S S`V fZW X^ai dSfW dS[eWV fa ,0+ U_Z!,)

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

97400 —
66200 —

43000 —

31000 —

20100 —

14000 —

97400 —
66200 —

43000 —

31000 —

20100 —

14000 —

Da 

Da

A 

B 

, 9ah[`W ZW_aY^aT[` efS`VSdV $J[Y_S% , 9ah[`W ZW_aY^aT[` efS`VSdV $J[Y_S%

- GdWfdWSfWV ZW_aY^aT[` ea^gf[a` - DN _Sd]Wd

. DN _Sd]Wd . GdWfdWSfWV ZW_aY^aT[` ea^gf[a`

/m2 G<> WeUadf[`Y UZda_SfaYdSbZk /m2 G<> WeUadf[`Y UZda_SfaYdSbZk

/ i[fZagf G<> / i[fZagf G<>

0 +)20!G<>1++ 0 ,!G<>/+++

1 ,)0!G<>1++ 1 ,)0!G<>/+++

2 0!G<>1++ 2 ,)0!G<>/+++

Figure 4. J;J(G8>< <^WUfdabZadWfaYdS_ aX ZW_aY^aT[` i[fZ G<> WeUadf[`Y

UZda_SfaYdSbZk)
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chromatography escorting with

0.75% PEG600

chromatography without PEG
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Figure 5. GdaX[^W aX ZW_aY^aT[` i[fZ G<>1++ WeUadf[`Y UZda_SfaYdSbZk)

:Zda_SfaYdSbZ[U Ua^g_` iSe bSU]WV i[fZ ,+_C H JWbZSdaeW 9[Y 9WSVe6

Wcg[^[Td[g_ TgXXWd5 ,+__a^ C!, G9J' b? 2)36 ^aSV[`Y cgS`f[fk5 ,++ mC bdafW[`

i[fZ S Ua`UW`fdSf[a` aX -++_Y_C!,6 ^aSV[`Y dSfW5 -0 U_Z!,' 0_[` ^SfWd fZW X^ai

dSfW iSe dS[eWV fa 20 U_Z!,' d[`eWV g`f[^ ZW_aY^aT[` X^ai fZdagYZ Ua_b^WfW^k

$/0_[` ^SfWd%' STeadTWV ZW_aY^aT[` S`V [_bgd[f[We iWdW W^gfWV Tk ,+__a^C!,

G9J Ua`fS[`[`Y ,_a^ C!, ES:^ Sf S X^ai dSfW aX ,0+ U_Z!,)
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Figure 6. 9[aSUf[h[fk aX ZW_aY^aT[` SXfWd G<> WeUadf[`Y UZda_SfaYdSbZk)
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>SY`a` Wf S^) $,441% aTeWdhWV fZSf fZW SVV[f[a` aX G<> fa fZW _aT[^W

bZSeW aX [a` WjUZS`YW UZda_SfaYdSbZk Uag^V S^fWd fZW dWfW`f[a` TWZSh[ad

aX S `g_TWd aX bdafW[`e) KZW WjbWd[_W`fe iWdW Ua`VgUfWV i[fZ bgdUZSeWV

bgdW bdafW[`e) =W`Y Wf S^) $,443% USdd[WV agf [`hWef[YSf[a`e i[fZ dWS^

bgd[X[USf[a` aX dWUa_T[`S`f Zg_S` fg_ad `WUdae[e XSUfad(! S`V Xag`V

fZSf iZW` G<> -++' 1++' ad /+++ iWdW SVVWV fa fZW TgXXWd' `WSd^k a`W(

Xa^V [`UdWSeW [` fZW bgd[X[USf[a` S`V STagf ,++! dWUahWdk iSe aTfS[`WV

0 5 10 15 20 25

0.00

0.02

0.04

0.06

0.08

0.10

0.12

O
D

time/min

Figure 8. ?[YZ bWdXad_S`UW YW^ X[^fdSf[a` ^[cg[V UZda_SfaYdSbZk S`S^ke[e aX

bgd[X[WV ZW_aY^aT[`) :Zda_SfaYdSbZk Ua^g_`5 KJB .+++JN' 2 m_'

-0+# /)0__6 _aT[^W bZSeW5 0+__a^ C!, G9J Ua`fS[`[`Y ,++__a^C!, ES:^'

b? 2)-5 ^aSV[`Y cgS`f[fk5 -+ mC' X^ai dSfW5 ,)+_C_[`!,' VWfWUfWV Sf -3+ `_)

0
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Figure 7. JUS``[`Y bdaX[^W aX J;J(G8>< W^WUfdabZadWfaYdS_ Xad bgd[X[WV

ZW_aY^aT[`) (View this art in color at www.dekker.com.)
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Vgd[`Y S`[a`(WjUZS`YW UZda_SfaYdSbZk) ?aiWhWd' fZW _WUZS`[e_ aX

G<> WXXWUf a` UZda_SfaYdSbZk ZSe `af TWW` iW^^ g`VWdefaaV) 8UUadV[`Y

fa K[_SeZWXX oe $,44-% bdWXWdW`f[S^ ZkVdSf[a` ZkbafZWe[e' iZW` G<> [e

bdWeW`f [` S bdafW[` ea^gf[a`' G<> _a^WUg^W V[V `af egddag`V fZW bdafW[`

_a^WUg^W fa Xad_ S ea(US^^WV nnG<> bdafWUf[`Y ^SkWdoo ad UahWd fZW

efdgUfgdW Va_S[` aX bdafW[`) @`efWSV' G<> S`V bdafW[` Ua_bWfW Xad iSfWd

_a^WUg^We fa Xad_ fZW[d [`V[h[VgS^ ZkVdSf[a` ^SkWd) KZW ZkVdSf[a` ^SkWd [e

Ua_baeWV aX adVWdWV iSfWd _a^WUg^We) :a`eWcgW`f^k' fZW iZa^W ekefW_

Seeg_WV Sek__Wfdk fZWd_aVk`S_[US^^k' S`V bdafW[` _a^WUg^W ]Wbf

Ua_bSUf[`Y fa dWVgUW [fe e[lW S`V SbbSdW`f SdWS) 8e S dWeg^f' fZW egdXSUW

bdabWdfk aX fZW bdafW[`' [`U^gV[`Y [fe [`fWdSUf[a` ST[^[fk i[fZ ea^[V [a`

WjUZS`YW _WV[S' _Sk TW UZS`YWV) JgUZ S UZS`YW iag^V WjWdf V[XXWdW`f

WXXWUfe a` V[XXWdW`f bdafW[`e' ea fZSf fZW[d [a` WjUZS`YW TWZSh[ade Uag^V

TW UZS`YWV)

Protection of Hemoglobin Bioactivity in Lyophilizing

CkabZ[^[lSf[a` [e S YaaV iSk Xad bdafW[` bdWeWdhSf[a`) CkabZ[^[lWV

ZW_aY^aT[` US` TW ]Wbf Sf daa_ fW_bWdSfgdW Xad ZS^X S kWSd ad efadWV

Sf /": Xad fia kWSde i[fZagf ^ae[`Y SUf[h[fk $AS`ea` S`V IkVW`' ,442%)

9WXadW ^kabZ[^[lSf[a`' eS^f S`V G<>1++ eZag^V TW dW_ahWV Tk

g^fdSX[^fdSf[a` i[fZ .+ ]; _W_TdS`We) Ea G<> iSe VWfWUfWV Tk f[fdSf[a`

_WfZaV [` fZW ZW_aY^aT[` ea^gf[a` SXfWd fZW g^fdSX[^fdSf[a` $@`YZS_ S`V

9geTk' ,43+%) @` fZW bdaUWee aX ^kabZ[^[lSf[a`' fZW efdgUfgdW aX bdafW[`

i[^^ TW SXXWUfWV fa ea_W WjfW`f) KZW bdafWUf[a` WXXWUfe aX hSd[age Ua`fW`f

aX Y^gUaeW' egUdaeW S`V _kUaeW SdW Ua_bSdWV [` KST^W - $fZW Ua`UW`(

fdSf[a` aX ZW_aY^aT[` [e .++m/++_Y*_C%) @f ZSe TWW` ]`ai` fZSf bdafW[`

SUf[h[fk US` TW bdWeWdhWV [` ^kabZ[^[lSf[a` Tk SVV[`Y egYSd $AS`ea` S`V

IkVW`' ,442%) KST^W - VW_a`efdSfWV fZSf .! egUdaeW S`V .! _kUaeW

iWdW fZW fia YaaV bdafWUfS`fe) KS][`Y fZW Uaef [`fa Ua`e[VWdSf[a`' .!

egUdaeW [e X[`S^^k UZaeW` Se fZW bdafWUf[a` dWSYW`f Xad ^kabZ[^[l[`Y

ZW_aY^aT[`)

CONCLUSION

8 X^ai(fZdagYZ _aVW aX [a` WjUZS`YW UZda_SfaYdSbZk' [` Ua_T[`S(

f[a` i[fZ Zkbafa`[U V[^gf[a` ZW_a^ke[`Y S`V _W_TdS`W eWbSdSf[a`

efWbe' Xad_WV S` [`fWYdSfWV ZW_aY^aT[` bgd[X[USf[a` bdaUWee) ?W_a^keSfW

aX dWV T^aaV iSe bdWfdWSfWV i[fZ S +)/0m_ _W_TdS`W Xa^^aiWV Tk

S` g^fdSX[^fdSf[a` _W_TdS`W ZSh[`Y S Ugf(aXX _a^WUg^Sd e[lW aX ,+ ];)
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@` Ua_bSd[ea` aX fZW fZdWW _WV[S' [`U^gV[`Y HD8 JbZWdae[^ CJ' H

JWbZSdaeW 9[Y 9WSVe' S`V DgefS`Y H' fZW bgd[fk aX ZW_aY^aT[` iSe

fZW Z[YZWef iZW` H JWbZSdaeW 9[Y 9WSVe iSe geWV i[fZ ,+__a^ C!,

bZaebZSfW TgXXWd ea^gf[a` $b? 2)3%' Tgf fZW dWUahWdk iSe a`^k 20!) KZ[e

Table 3. 9[aSUf[h[fk' bgd[fk S`V dWUahWdk aX ZW_aY^aT[` [` fZW abf[_S^ bdaUWee)

GdaUWee*abWdSf[a` g`[f

G0+

$__?Y%

?[^^

UaWXX[U[W`f

Ggd[fk

$!%

IWUahWdk

aX g`[f $!%

KafS^

dWUahWdk $!%

IWV T^aaV UW^^e -3),1 -)2, 4.)- ,++ ,++

%

CkeSfW -/).. -)02 4.)- ,++ ,++

%

=[^fdSfWV i[fZ

+)/0 m_ _W_TdS`We

-/)/1 -)0, 4/)0 43 43

%

L^fdSX[^fdSfWV i[fZ

,+B; _W_TdS`W

-/)-1 -)/3 40)- 40 4.),

%

@<: i[fZ H eWbZSdaeW

T[Y TWSVe

-.)- -)., 44)4 40 33)/

%

;WeS^fWV S`V ^kabZ[^[lWV --)/ -)-- 44)4 44 32)1

Table 2. GdafWUf[a` WXXWUf aX hSd[age egYSd a` ZW_aY^aT[` SUf[h[fk [`

^kabZ[^[l[`Y)

GdafWUf[a` dWSYW`f

8Uf[h[fk aX ZW_aY^aT[`

$G0+*fadd%

:aabWdSf[a` aX

ZW_aY^aT[` $?[^^%

L`^kabZ[^[lWV -.)-+ -).,

CkabZ[^[lWV i[fZagf bdafWUf[a` 0)4+ ,)-/

>^gUaeW ,! ,/)/+ ,)/+

.! -+)33 -).2

0! -+)24 -),2

JgUdaeW ,! ,0)0+ ,)1,

.! --).0 -)--

0! --)+3 -)-1

DkUaeW ,! ,0),0 ,)/4

.! -.),- -)-/

0! -,)+4 -),.
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bdaT^W_ iSe iW^^ ea^hWV Tk ge[`Y +)20! G<>1++ Se S` WeUadf [` fZW

UZda_SfaYdSbZk) KZW dWUahWdk iSe [`UdWSeWV fa 40!) KZW bgd[fk aX

fZW ZW_aY^aT[` bdWbSdWV iSe _adW fZS` 44)4!) KZW SUf[h[fk $G0+% aX

ZW_aY^aT[` iSe iW^^ bdWeWdhWV) KZW ^aSV[`Y USbSU[fk dWSUZWV .++_Y ?T

bWd _C _WV[g_ [` fZW X^ai(fZdagYZ _aVW aX UZda_SfaYdSbZk) 8XfWd

UZda_SfaYdSbZk' fZW ZW_aY^aT[` ea^gf[a` iSe VW(eS^fWV S`V fZW G<>

iSe dW_ahWV Tk g^fdSX[^fdSf[a`' S`V fZW` ^kabZ[^[lWV i[fZ .! egUdaeW Se

S bdafWUf[a` dWSYW`f) ?[YZ SUf[h[fk aX ZW_aY^aT[` baiVWd $G0+ --)/__

?Y' ?[^^ UaWXX[U[W`f -)--% iSe aTfS[`WV S`V fZW fafS^ dWUahWdk dWSUZWV

32)1!) KZW T[aSUf[h[fk' bgd[fk S`V dWUahWdk aX ZW_aY^aT[` [` S`

abf[_[lWV bdaUWee SdW eZai` [` KST^W .)

KZW abf[_[lWV bdaUWee `WWVe ^Wee f[_W fa bdaVgUW Z[YZ^k bgd[X[WV

ZW_aY^aT[` i[fZ Z[YZ dWUahWdk' S`V [f [e eg[fST^W Xad ^SdYW(eUS^W bdWbS(

dSf[a` aX ZW_aY^aT[` fa bdah[VW _SfWd[S^e Xad T^aaV egTef[fgfWe)
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