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@0 (57) Abstract: A method for separating and purifying the active hematinic species present in iron-saccharidic complexes comprising
% sodium ferric gluconate complex in sucrose, ferric hydroxide-sucrose complex and ferric saccharate complex and others of similar
= form and function, based on separation of the iron-saccharidic complex from one or more excipients and, preferably, lyophilization.

- Separation of the ron-saccharidic complex permits its analytical quantification; further conceniration or purification as a new and
useful product; preparation of redesigned formulations for new and useful pharmaceuticals; and/or lyophilization. The ability to
- separate the iron-saccharidic complex responsible for hematinic function, including its lyophilized form, also provides a means for
preparing analytical material to verify and validate its pharmacological integrity, patient safety and clinical performance, as well as
analytical monitoring, standardization and quality control inspection over hematinic manufacturing processes and establishment of
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standards for use therewith.



sodium ferric gluconate conplex in sucrose, ferric hydroxi de-sucrose
conplex and ferric saccharate conplex and others of simlar form and
function, based on separation of the iron-saccharidic conpl ex fgpﬁ}é%b% or
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prelatlvely low molecular weight non-polymeric composition which

exists slngly under a given set of conditions. This type of complex
hag been referred to as a "primary complex". An alternate manmer in
25  which this term is used is to describe an association or
agglomeration of a plurality of primary complexes into a large
macromolecule, or "secondary complex." For purposes of the present
invention, the latter agglomerates are also referred to herein as
macromolecules. For the purposes of the present invention, such
30 macromolecules or secondary complexes are identified as "complexes"
and are referred to simply as complexes. As an example of the above
distinction, ferrous gluconate is a composition comprising divalent
iron ions and gluconate anions. A divalent 4iron ion and two
gluconate anions form a primary complex of relatively low molecular
35 weight (about 450 Daltons) and primary compleies ef this type do not

become agglomerated into macromolecules when dissolved into an
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: sulfate, ferrous gluconate, ferrous fumarate, ferrous orotate and
others. If the use of such orally administered substances fails to

20 ameliorate iron deficiency, the next 1level of treatment includes
parenteral iron administration. Depending on a patient‘s clinical
status, parenteral administration of polyglucan or dextran-linked
iron may serve as an effective therapeutic iron-delivery wvehicle.
Intramuscular - injection or intravenous routes may be wused to

25 administer these iron dextrans; commercial examples of such products
include those having trade names such as "Imferon®, and "INFeD".
Various clinical conditions that reguire parenteral iron have shown

the practical hematinic value of iron dextrans. The use of iron
dextrans is tempered by idiosyncrasies in their synthesis,

30 manufacturing and patient responses such as hypersensitivity. These
effects may be exhibited as a severe allergic response evident as
anaphylaxis or symptoms as minor as transient itching sensations.
‘Whether such allergic or other adverse effects are due to individual

patient sensitivity to the active ingredient or to byproducts,
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is difficult to accurately interpret}. Furthermore, the commercial
hematinic composition compriseé 20% sucroée, wt./vol. (195 mg/mL) in
water. The chemical name suggests that therapeutic iron (Fe) in this
20 form is pharmacolegically administered as the oxidized ferric form
Fe(III) as opposed to the reduced ferrous Fe(II) form. Owing to the
charged oxidation state of Fe(III} it has been suggested that
gluconic acid (pentahydroxycaproic acid, CgH;;0,) also exists in a
coordination ‘complex or 1ligand form in a sucrose solution. For
25 purposes of the present invention it is to be understood that the
chemistry of gluconate, whether held in a 1ligand complex with |
Fe(III) or not, does not exempt it from interactions with other
carbohydrates that may be present, such as sucrose. Thus, use of the
term iron-saccharidic complex will be understood to indicate the
30 existence of a nonspecific and imprecise structure where ionized
gluconic acid (gluconate) and sucrose molecules are tenucusly
associated by various bonding interactions to give a moleculaxr
scaffolding that incorporates Fe(III). Another non-dextran hematdnic
of the present invention is compositionally described as ferric

35 hvdroxide-sucrose complex  (FHSC) . This parenteral heématinic is
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nonmgrcl ature formati &3l gqofescribed in Zapsalis, C and It. A

The simplest occurrence of the saccharose group is where the two
terminal positions in a standard Fischer molecular projection model
of a molecule appear as an ald- or a keto- group respectively
designated as:

20 (—CH(OH)-CHO) or (—CHO-CH,OH).
This nomenclature format is also described in Zapsalis, C. and R. A.
Beck, 1985, "“Food Chemistry and Nutritional Biochemistry,” Chapter
6, John Wiley & Sons, pp. 315-321 {incorporated herein by reference
to the extent permitted). Such groups and their first oxidation or.

25 reduction products occur in molecules recognized as monosaccharides
that contain carbon atoms with hydrogen and oxygen in the same ratio
as that found in water. By way of example, the aldose sugar known as.
glucose wOuld have gluconic acid as a first oxidation product and
glucitol, also known as sorbitol, as a first reduction product. Both

30 the original monosaccharide represented by the model of glucose and
its possible reaction products retain evidence of the characteristic
saccharide group in an oxidized or reduced form. While these
structural  variations exist, both remain recognized - as
monosaccharides and carbohydrates. In practical nomenclature, the

'35 ‘cixidiZed version of the saccharose group exhibits'a carboxyl group



Beck, 1985, "Food Chem stry and Nutritional Biochem stry," Chapter 6, John
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ket oses. Al doses and ketoseS are respectively represent

nonosacchiit desx sgekben @t@mas@muﬂtucﬁ%ethw tdﬁesnﬁhytmsbb%s of two

carbohydrate classifications, one form being aldoses and the other

20 ketoses. BAldoses and ketoses are <respectively represented by
moncsaccharides such as gluceose or fructose. With many possible
intra- and intermolecular reaction products originating from
monosaccharides, including the glucose oxidation product known as
gluconic acid; efforts to complex iron with saccharates can produce

25 an AHS. For purposes of the present invention, AHS is considered to
be a more chemically complex embodiment of hematinic iron than
suggested by the generic descriptor sodium ferric gluconate complex
in sucrose (SFGCS) or ferric hydroxide-sucrose complex (FHSC), and
therefore, designations including iron-saccharidic complex or

30 saccharidic-iron delivery vehicle or saccharidic-iron are used
interchangeably with AHS. Comsequently, intra- and inter-molecular
reactions or associations from zreactions of monosaccharides with
iron during hematinic syntheses, can coincidentally produce a wide
variety of structural species with hematinic properties that are

35 encompassed within the present invention.



intra- and internol ecul ar reaction products originating from
nonosacchari des, including the glucose oxidation product known as gl uconic
acid, efforts to conplex iron with saccharates can produce 25 agwéy§mxfor
pur poses of the present invention, AHS is considered to be a nore

chem cal I \woGekdsex enbodi ment of hematinic iron than sugggst@dRyaekhe
generic descriptor sodiumferric gluconate conplex in sucrose 8SFGCS) or

ferric hydroxide-sucrose.complex (FHSC), and therefare, desi.gnation

i ncludi ng iron- sacc%zic&ilgyc&r?ﬁfaé er’I%ﬁ BT HF THEES S cf%llq\ygﬁ \?ghilgi e
or sacchaid diow inprFeafiIygedo mateiriwsngeal)y of tinjldSablensegi@nt ¥yereas
intra- and inter-nolecular reactions or _associpatjons fro e 1.0 of
TonosaceHEPASECRRER 41 GIPHNERRG RERREFRY EaSyHO FAba™ cah EorTieh dartal Ty
produce arotude a¥acbemnyrefakiy utdapeakbdspackesingle Aesal | s cmgudeqperadriveof
that are _.35 enconpassed within the present invention. 5 200

001 058326 H08] LT Fazoa=ti At o pUs B Btk st iR oo P ¢ BT OSR 1805y
of up tordlifengcbefténdd? . mdd-hkentkeiniaigxaipilentectablvell| as dsyntdteseias
iron-saccfg%r %dioc cor Ioea(%% can provide 50-120 ng of Fe(ll1l1)/5.0 nL vol une
as comerdPAFLSP pregdrdd <R -a single dose. As made, many of 5 these

I ron-sacchari di ¢ coillex psaskict sevabiminn 1894086 wehght- t an voksmeblished

occurrenc nan- hemati ni.c_exci pi ent.s LI Syr i_S eaction .
by- pr oduce‘%zn.pg{?\chl|1‘1‘0£e1 %oa%shghﬁéfa Fn?iégaag% 5 %%a@@eaggj;% abrg 1:lhaghgd Ph%ro%%or%ﬁ’ =P
st at U8 und@er)t be Wegisadf Foleulary e NSt atiesnPhacerdptiel @onpDeXdiSPaver no

Nat i onal _F N i.ron-s idic )l hav know e
conpenda Iac%é@g# %&r%ee% E%%%gf%'llz ?oecgr%{eg gﬁ f a%%g@g %%??@eécﬁ%l?%%@%rr [ S%I%ECI%G%S’
docunent ettapetecd sivicspeny f fottyentrdquelcgullae sperifécheymiihinge specitds.

Thi s sug : tf}ﬂ% tf@ .1.I 0= jver Y. . yeh] Q. npp-dextran.henat
such as %ggé%eor 15_3 %‘%ﬂlésg pr é&%%usgf%ggeglé:% ag%?q%a;%{ey 68?#?%%1& ‘%%3
separ at edrebiohe minufragt-diexhgan ehempt tnics ssucks Be [(BAGOSt aet Bi$@dhas not

char st epl- 9l oy, GNSLARRLLYery RIS 185 204" S DSAN A% ¢, BRC Had, PANGHIRLK

referencé st andard or an . exci pl% “Free anatytrealo qual ity CORLFol- T ndex
capabl e ekciphentsrt s i s ntp opermidsidedilidefie rharadioemgeritiohr offons dmrenthiavi ng

20 uncer t-aLp. CRALAGLET iikhC Geva1 BEEa DO pERLANIHE 98L s erddll® JFRAME N ot

excipient-free analytical quality coﬁtrol index capable of

characteiizing one desirable hematinic agent from others having

20 uncertain characteristics. Since the 1975 merger of the USP with the

NF to producé the USP-NF compendial guidelines for drugs, standard

identities and analytical protocols have been developed for over

3,800 pharmaceuticals while 35% of marketed pharmaceuticals are

still not included in the USP-NF. Hematinic pharmaceuticals such as

25 SFGCS and FHSC fall within this latter category. This issue has been

recently addressed in “Raising the Bar for Quality Drugs”, pp. 26-

31, Chemical and Engineering News, American Chemical Society, March

19, 2001. As in the case of immune and anaphylactic responses

elicited by specific antigens, a fine line of molecular specificity

30 and compositional differentiation can separate a no-adverse-effect

level for one hematinic’s active molecular structure and excipients

from another that may induce such adverse reactions. Thus, there is

a2 need to identify features that document one hematinic’s safe and

effective characteristics from others where little is known about

35 the iron-delivery vehicle, excipients representing” synthesis reagent



‘NF to produce the USP-NF conpendi al guidelines for drugs, standard
I dentities and anal ytical protocols have been devel oped for over 3,800

pharmaceuti cal s whil e 35% of narketed pharnmaceuticals are stil %91‘200
i ncluded in the USP-NF. Hematinic pharmaceuticals such as 25 SF a FHSC

fall W tRy@obhicgad atter category. This issue has been repepiky adgh essed
I d

in "Raising the Bar for Quality Drugs", pp. 26- 31, Chem cal an

Engi neeri_ng_News, Anerican,Chem.cal . Societ .Gh . 1. '

case of F &1 b&'ﬁgﬁﬁwﬁ%t?g g, 5&%%%359;%%%%%% ed e%gtj"s%%gi fﬁd?%g%ﬁn%g%s a
fine |inehefe ndteeid dongpeetthidutaildd aavplompodivesnet dhda arséngi medern can
separ ate_a_nhgo-adverse-effec evel o] L.ALG' S | ecu
structur%n%ékFﬁﬁé% pfgh §umf%5%#ﬁﬁ%th%géﬁhgﬁe%giﬁafgggge §§%%£§§%§?%% 2
react i onsherfhersl, théngei sof aewvesnd tle i dedesty damnsesslt hiatomteagrbaridhe
hemat i ni ¢! afe an f tiv I risti r where Lj S
knowné ab%ﬂlﬁp '.f}%;et e ?qroor%-o gg%r ve?cfl vghal%gfgg, g%gﬁ%{en?‘? I&%E?Léggnt ?%g 1515%%‘ gsi S
reagent BedvtylriR05SnatW@0200568280RTTH 1486 /28R 05heigv errpequenbypl odiEest of
her_rafu ni fdésﬁ/ ‘tﬂ%%'lﬁ .raesaCEh&Q%es F.’t'llit _hl_%@_, icyi'ers ralkfu «? !o@ngi t €EiMased
detai |l ed”sanpl'e archives or data using nodern analytical instrumentation

t hat nmeaphangiaddlygdhat aegent zhavdhenotc hegrc alderdtidiedof Thy emetirdss apfesthe

par ent er eé'ér&n‘i%%%fig%%ﬁdéaﬁu 3 40Pk € sMapggver, correl ation between

variati ohs 1 n nornma hemati ni ¢ manufacturing conditions and their
consbhuential effe€hs Hukswntfilbleantioncheayeslin trevikeniaml aseiyeicre of
a rel easﬁé’sisohaf@c%09&8&&1%99§rd%\6%%”9tinbe%'}db enthi | dngdRgr fAL hodsy of
the -present invention can address such issues. The present i nvention can
al so pr ovhatacherdasl yiteraisackhar sdicor campbeidne SpEbt ol SFRCHr dEHSEo and
fingerprifjle.and ,ChaLagt efd Zg.isézfﬂﬁk’zﬁ%%‘?hﬂét@éé}a CQRBRLEXESy PHoRudEs SHES.
FHSC and others as well as discrimnate between conpeting products and

st r uct ur st rugtawyef o Erans bergnaginbi exiti iy edn by nafi vindiati dppboeeaducts The need

to cparacterize anpabiS;igq a%é@cr{a]‘%fg'rcﬁgt:?a%iéhtﬂ?s Qualyisky LeRLEOLy dBMBNgs Of

manufacturing processes, particu ere endotherm c conditions and
heat tra@&fleityl ssoesrehn dahnds ofi Manyesiusinguarocyssehat PREEIEheATLY

E;gngﬁzﬁé&iiyg%ﬁgﬂe%nﬁ@c@é%itieﬂéSia@de HIRAL - Grdneai 03 Shie8CKaIn T 2RELLON
final product gquality. Whatever the proprietary synthesis process,
possible Theat-driven or Strecker reaction byproducts in some

20  commercizlly released non-dextran products suggest that hematinic
product formation is contingent on at least some controlled heat-

input during the course of manufacturing. Such excipients would not

occur 1f process temperatures less than about 50°C were unnecessary.

It follows then, that product quality is related, to some extent, to

25 issues of heat transfer rates and duration of heat exposure. Where

products are especlally .sensitive to heat processing conditions,

knowledge of excipient profiles can also provide significant insight

to the product quality of the active pharmacological substance. In

other words, monitoring the safe and effective pharmacological agent

30 can also be indicated by the nature and constancy of excipient
occurrence in a drug as released into the marketplace.

Analytical studies on iron-saccharidic  complexes,

including AHS and its coexisting excipients are hampered by factors

of low concentration, molecular interactions, over-lapping

35 analytical signals and so on. For both SFGCS and’ FHSC, analytical



20 comercially rel eased non-dextran products suggest that hematinic
product formation is contingent on at |east sone controlled heat- input
during the course of manufacturing. Such excipients would not $%yt‘zod5f
process tenperatures |ess than about 50C were unnecessary. It tolfows

t hen, ”Wbo?fe%%‘&t quality is related, to sone extent, to 25 issues of heat
transfer rates and duration of heat exposure. Wiere prod§GYES0aH8205
especially_sensitive to heat processing conditions, know edge of excipient
profil eShedtengeso pretidre bighi froeentratsioght oft ohydeoptradiect exprtad il dryt sOf

t he act iiyg)piaidac Lcal e. ot.her, words, nitoring the safe
and effgc‘t%%ve pSH:r %{gg%%gi C%:éle%ggg 3(5:“121% %F%%tlb%ni nginggt RPBy Si&ture
and conBYBFRINGTS exidiqyl evhtichoddeimemespestavdr Bgsas melveased ipreriichely
mar ket phage. 1 Sl ndd i i-an- sacchari di onpl exes i ncl.udi ng
AHS and its coexit)séidi ;%l ex'tc[i %:tgﬁt gﬂartee arr%grgge%g ?ﬁéf‘g?iua ofPFIRFTELES -
concent RetPmRcenvitéadradsi Aoer Rbetwarsutdvels| appingo3htddal yi galacsigaal s

and so tde@ sbot . SFGEER apg:+ FHESG,  Mhqal 3 Ma 0 02/ 056826
PCT/ US& 1/ 452_0§ chal | enges | ncﬁlﬁgghi gﬂ concg‘%t r%ﬁ%s%g%gﬂgﬂy\gﬁﬁ%l i 8¢
exci pi eMR&LYticRe LY dPA§CEimient ingaepdneblandor éactianifaed podt vhadahtea.

bypr odushiesse fil=0 WHANR nBBLT nEESP i ' % t _previously _been
i sol at ed ore rleported,i r? te?n% %? tﬁ%‘}elér/%lﬁ I vtFl ual %61;&86 fhllgtées“.:l%rl Rf eFBfice
st andarfEKEE HREPRALREt Foal Sapkkidate #tsimpdibycer wéthcahch ppodocodls taat

ar 40r ouidneby aehi Byak %aﬁﬁf&'&ﬁ&%{é@@énwééer?ﬁf ﬁ{ﬁgg!réé&q.ﬁg'rsé%ib&l ity

discrim.nating and able to be verified and va
contin eY?ods and application of the present invention
can facilitate conpliance with such protocols as 10 wel] _as verifying

manuf act uri ng cohdigtashes caribe preseiidnvantianinrpyides a guthadrier GROMHGEIENVENT| ON
ATl rSiEonq%Qafagid% c&ﬂg]leggﬁﬁmk éaﬁﬁl%glg#)gﬂc%ﬁisgﬁs IR SR ARE HRMHhQY 1 NG an

i ron-saccharidic co product, ex conprising at |east one
act L vespheiemtvitirein slibh speriteing ishesiuntedudiningni timei sefpcicsl Gonduled edowuri ng a

ti sel ected fromthe group consisting of. ( dyri t he manuf acturing
pr gt &IS@SHBE Hem ac&@‘tﬁw@”&‘i?ﬁ%?‘éﬁaf‘ﬁ%fm&%&Rﬂ)eat%%%ﬂf%@?ﬁ?l}
Pr 0CeSfe fifhnudRtdhi &% 8Nl Cdonk bt 0D Yo BN ARE Uhdiac@irifiRlod safOPI ex,
sai d ms% hod corrprli%s?% %‘Sl) ane{I yzoi nlg the agcl east oéne active rEggmalti ni c
speci esniplex, said method comprising (1) analyzing the at least one active hematinic species in
said complex to obtain an analytical response characteristic of said complex and (2)
20 comparing the analytical response of said at least one active hematinic species to a standard

corresponding to said at least one species.

Such a standard can be obtained, for example, by punifying a hematinic

composition comprising an iron-saccharidic complex in a diluent, typically water, the

25 _
complex comprising at least one active hematinic species and at least one excipient.
A second aspect of the present invention provides a method for purifying a
composition comprising iron-saccharidic complex and diluent, said complex comprising at
30 least one active hematinic species and at least one excipient, said iron-saccharidic
complex suitable for parenteral administration, comprising substantially separating said at
least one active hematinic species from said at least one excipient,
35



said conplex to obtain an anal ytical response characteristic of said
conplex and (2) 20 conparing the anal ytical response of said at | east one
active hematinic species to a standard corresponding to said aj ?fo%rs one
species. 25 30 35 Such a standard can be obtained, for exanple, My
purifying a hematinic conposition conprising an iron-saccharidic conplex
ina diluent, typically water, the conplex conprising at |east one active
hematinic species and at |east one excipient. A second aspect of the
present invention provides a nethod for purifying a conposition conprising
i ron-sacchari di dd*é]@FFgPWC‘a?fdﬂlﬁlﬂr‘iﬁéﬁt invepfion poivislees Wormd &mpurfyingeast one
activ C n r ridic
conpl :cx sul Elg {‘ gplg eliraldt?lcejsragﬁthahgim ni g&% %lﬁodﬁﬁ%rﬁ Ealcrl |Sc§l|n lek C%E"g? ?Fgl |y
separ aeishgns amniveahemdtmmsipememambal {e@sthenredxicipiant, S@GerQSngf r(qm subbidnadlly east
one exci Ei (fant. glaay 2005 At |rd aspect of t he present invention
provi d¥B*RMRE Kl #F dsashops Aty "d“a“tf’&frrfﬁ?éicﬁl By é%iirﬁ‘F @rhens eepigRicéfhri dic
conpl %tl@ﬁ%ﬂlyd'(i)uﬁ@éze BREbE sHAR! 1825t GREOREL W H@na%tmc Ap%@i&‘f ?elﬁ‘%ﬁidvﬁe&(afmt' ni ¢
speci es and at | east onhe exci pient, conprising: subst ant i
separ wtubﬁgnt@bly depatatllngasmprcsnetraactmg\seldmemaommrcb)smmngsmd coanpsition thﬁougleast
one exm |en t| ona freeze aj.d at Jeast o ctive
hemat i i c()[snf)ie0 raepgm \ﬁﬁé‘% 3 %\9{’8“&% é‘fm“se&baé%/&ﬂ? fgﬁc figmss & 'p]!‘;'(?%tof‘?lﬁ r| ses
treatIﬁh@nslmasn@ﬂﬁmgmlahaﬁelﬁymm&sgpétgessal d conposition through a
chromat ogr aphi ¢ colutm and separating colum eluate into fractions, at
| east one of said fractions conprising said active hematinic species. A
fourth aspect ofAtfeanpragﬁe%%f&ﬁ@fﬁﬁge&nnpéﬁ%q%waew é(l%?ﬂocf [ ﬂéifnwg a
conposi tion conprising iron-saccharidic conplex and | uent,
conpogiompesitien apnpusing irap-sadchasiic ormeplec wid/dlvenatil mbopsytwi esnl(rm-@ atand at
‘| east exci pi ent aid iron conmpl ex. suitabl e for t ent al
adm nllg{]sr atr oaﬁpg%%pmlagpﬁg%pef”fﬁ @@@gtaé'ﬁtga{ﬁ‘%ti OEEﬁ‘é?‘B’tef“r@a@ e ?ﬂccﬁ‘% one
AHS frcempEeﬁIsdltﬂile I ten@nﬂmmtaﬁbm 590(19@%@11@[]3/ AP eQRE 3h N ﬁltglelabnase
and (2) gl ng said at | east one A aration can be acconplished, for
exanpla@e fb&? UsPMsard ehivhoBgeApINint te arawe s Soentsiophs Bhdseatnsld (2nd
pOV\BrdeIJJ(m @%h%{}l‘e&%n lods can be applied to the purified standard, thereby
| owi ng Tor e monitoring of production processes and stability of the
resul ting product, as well as facilitating the devel opnent of new and

i nproved hematl:g Furth&emre, 'a flfth aspect of the present invention
provides an iro CPIHEM AR caceomplidhede Sirperiaginky it usisg & clyemainaranhiee

hemat icBjus PESIRS shﬁygﬂi&teﬂnandapapérﬂhem%ﬂnéﬁ%ars MR TRk b dhEpatinaPout

100, 000 Dal tons, said | east” one active
standard, thereby allovwng for the monitoring of production processes and stability of the

resulting product, as well as facilitating the development of new and improved hematinics.

Furthermore, a fifth aspect of the present invention provides am iron-
saccharidic complex comprising at least one active hematinic species having an
absolute molecular weight of at least about 100,000 Daltons, said at least one active
hematinic species selected from the group consisting of ferric hydroxide complex in sucrose,

sodium ferric gluconate complex in sucrose and ferric saccharate complex wherein

8a



hemat i ni ¢ species selected fromthe group consisting of ferric hydroxide
conplex in sucrose, sodiumferric gluconate conplex in sucrose and ferric
saccharate conplex wherein 8a 3 May 2005 the conplex is substargl{'néalé(]%%free
of excipients. Follow ng manufacturing, the substantially excipi EM- 1T ee
conplex, in a parenteral conposition or as a freeze dried product, may be
storage stable for extended periods; for exanple, up to five years or

mor e. dhesioniplexas pestanodlist frec pf @sipiénts.nvent i on provi des a storage stable
iron- saccharidic conplex conprising at |east one active hematinic species
havi ng an absol ute nol ecul ar wei ght of at |east about 100, 000 Dal t ons,

sai d at |east onEollaxgng vieamdasttiing,ctlepediseantisiéty extipiedtrfiee tdomprouip a

comp! chPedl, pBBb ot a1 BReaCOrE) MehRL ot &% RrerblaRy Condx 1o
subst apdricals] for Et@pIQfupay Eiveiveat or afegk Wat er. A seventh aspect of the present
i nvention provides a reconstituted hematinic conplex produced by the

process of conbining the storage stable conplex as defined in the sixth
aspect and wat erA gixtheisphethofi¢ipeptesenit inventioneprenides v endrage giablei flea- an
articl Q4 harrchUf acture conprisi ng @ seal ed contai ner . havi ng ont ai ned

t her ei AoEFY 5EE i CEMRERal P RPESEHe @l elFast Apf)aclye hagpalinie SPPEEH ALY IMu#R on and

par ent eibablutes folebulti neéifzhasqreat 104stt Msowrr 660001 DUEBLEORARS QVildES 8Re
article of manufacture conprisi 3‘% a seal ed pouch or a sealed vial having

cont ai REHVE HatiG spreigh esalerted dsemgehe @rowr ycoasisting v fatrimihydspadé es

AHS i e i . n arent er.al use. BRI EF.DESCRI PTI ON COF
ThE DRAIRER! ) efthadeC ROMa kit A OO BRR 8 sy ABd Tt e b

i sol at edmpdek phieidin egldAldmpdex BsubBial e et eNeRipisitanswgepl an
iron-saccharidic conplex as isolated in Fraction 1. FIG 2 shows the

chromat ographi ¢ signature obtained for four isolated excipients in
Fraction 2, inclAdevigtlndged: of tegresentintveniddn @ddSides apietomstiyuted hanstite

standard. .FI G .3 sho refractive i.ndex (Rl) and | aser |ight _scattering
(LLS) SRR PodiocP dS\Re BRdse of niPGRht ol Snblindnneler % deahy Goos
conpl esixthakpdct arN@led. Nt 0o Fraction 1 (AHS) and Fraction 2 (excipients)
usi ng high pressure liquid chromatography (HPLC). FIG 4 shows LLS and Rl
data based on HPLC anal ysis of a

An eighth aspect of the present invention provides an article of manufacture
comprising a sealed container having contained therein dry active hematinic species

(AHS) suitable for reconstitution and parenteral use.

A nineth aspect of the present invention provides an article of manufacture
comprising a sealed pouch or a sealed vial having contained therein a single unit dosage

of dry active hematinic species (AHS) suitable for reconstitution and parenteral use.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the chromatographic signature obtained for
isolated and purified AHS or primary reference “standard of an
iron-saccharidic complex as isolated in Fraction 1. )

FIG. 2 shows the chromatographic signature obtained for
four isolated excipients in Fraction 2, including added trace amount
of - AHS or primary reference standard. '

FIG. 3 shows refractive index (RI) and laser light
scattering (LLS) gnaiytical results for a sample of iron-saccharidic

Q2



commerci al sanple of iron-saccharidic conplex and indicating structural
deviations fromAHS or primary reference standard indicated as active
hemat i ni ¢ speci es aggregate peak (AHSAP) FIG 5 shows LLS and R[;Mg%@djs on
HPLC anal ysis of a second commercial sanple of iron-saccharidic conplex
and indicating structural deviations fromAHS or primary reference standard
i ndi cated as active hematini c speci es aggregate peak (AHSAP) FIG 6 shows
LLS and RI data based on HPLC analysis of a sanple of iron-saccharidic
conplex and indicating an iron aggregate peak (AHSAPTAM) by tinme interval
1 after its manufacture, FIG, 7 shows LLS and Rl dat base .on HPLC

anal ysi s OPRRLeXsaRPFtEtEImedr o c ERRFHEMR ¢ LonfifEk ?ﬂana i r?a? 4fPng?an iron
aggr egat e (eﬁ@@kex@%ﬂﬁ@ﬁ]&); iyht prieBsuret Bigubd cBrafategraphy (BBBOf.acture. FIG 8
shove LLS and R dia sfleond BhE ANBlohEA of mSRBA8Ls of

i ron-saccharidi ¢ conpl ex and Indicating an iron aggregate, peak (AHSAPT u)
by time irreerergials spreke | e§ nﬁ%ﬁ’ﬂf%?‘&ﬂrédlqzl GompLled oRBd | | I9SiGRFIRE dat a

based on Hehitanal yaksidion Sﬁmﬂ Bu0f of I PrikAse haeidhefce Omphmdarand

i ndicatin r a ea APT terval 4 after
its nmanuf g&?’tﬁafg 3 %&ﬁﬁg%f%%% ﬁf/soﬁgé%dtﬁ(ﬁ%ﬁségsﬁg% FI G 10 shows
t he chronmat ographl EI%-l gha%hwe 8 Elm R §psesh crh L8| @%H‘?E)F effi3ol ated as

Fraction Lecdn4oRbherzod, saﬁ;g@oaﬁtirbhusadcmddwadomgﬁi 46d NChaltatdng LLS- based
HPLC. DETAI LED DESCRI PTI ON Prior to the_present " gl gsure, .t hd%rd

responsi bEEHEPFT > paRAEF At | PO o1 v8Fy Pi‘féﬂal%t FEUi CABIY Separ at ed
fromits iedicapednabsaatiivéd hepaitindt |seekies equogdardiebberkp (BHSAP) - Such co-mingli ng

of excipients withdhg @ﬁ C}:@ Legedatdiepdame bapampt amlygn@ro@vsd
hemat i ni ¢ products, as we as_characterization of the A In view 10 of

the i npr ovepleethddentiacehasair rerrhen, 2wh fBrISRiRY 2 dFeR a"ﬁ%"r‘-’&&a for
anal yti cabed®nitsabl g Bf tie ihtavabacaftari thscwamitpbexet. 0 gauge product

compliance wi th maphl agt WAN0LAPEE frCald08Ssed 8ndgh® BdiGs:Sladr 29°
stability indices and ba ch conpari son usi ng
sample of iron-saccharidic complex and indicating an :Lron aggregate
peak (BHSAPmu,) by time interval 2 after its manufacture.

FIG. 8 shows LLS and RI data based on HPLC analysis of a
sample of iron-saccharidic complex and indicating an iron aggregate
peak (AHSAPrus) by time interval 3 after its manufacture.

FIG. 9 shows LLS and RI data based on HPLC analysis of a
sample of iron-saccharidic complex and indicating an iron aggregate

peak (RHSAPnyq) by time interval 4 after its manufacture.

9a



benchmark reference standard. Such a benchmark reference standard 15 has
not previously been avail able, particularly since the AHS had not been

i sol ated. The nmethods of the present invention allow therapeut é&% I%{
active AHS to be effectively separated and concentrated fromc Ve (?Sng
exci pi ent\so‘,%%gwen to be dried, or |yophilized, if desired. The present

i nvention provides the 20 information, nmethods and anal yt if¢d/UYeH8Fs for

the preparation, characterization and use of sodiumferric gluconate
conpl ex in sucros&ICSFEES, steFFi cth§dr ST taFERrEEEC coAbYraCUERHSE cand arr on

sacchar at esn-Shtecmtigical SoapCeenesldoedr efer red 1988 ir O”If@;?rﬁﬂairée%i ¢
conpl exes or hematinics. It also provides nethods 25 for establishing '
r ef er encESPRTHIHFEdr 8t RRRky 3ask 8FLEY SRE MRd Wébebaped RIfGr e non- exi st ent .

The di schesarermimsecprovrgdges the anal ytical basis for routine

di scrimnation Tn connéction with manufacturing and continued nonitoring

of théese products &FteF Fel Eh8ePTafRNt AHAojOsEsR . ahbe obli®rremndnsddle for

di scl osegaf@iizaiaregerriakhyy 382a80Rbi Cales 005 %%%g?é‘{éc@“ £om itg
conpl exes_incl udi ng,comercial_and generic |ron-§acghar I ¢ conpl exeS "as
wel | as %’Eﬁ’rPéﬁntéo%ﬁEPcFaPtr%J@&wt EERro# B Les pyetawi- dBeckorpimdxed inpabt
per f or m exdigiiinit8i CwifwNaHONAEST i@k 1t Ongley elt@RMEALvOf ot ML A0 G roved

di scl oseig her.ei.n, 3% st andards_for iron-saccharidic conpl exes WEr & not
avai | abl EWHEdEdSe PTGE My 280851 R 9 2F st tPEREUSD 1 PE5 208 AHSF eIna¥inw
net N@d tef separispeovpdl héyhedy Ghanasterhaeihe Esrehi PO MduleY o deq
affecting or_destroying the AHS. However, nondesSfructive characterization
of the R tﬁf:éhl 8P@§§8?%HQI?HUFHECHFWW%¢1M cempbenatP ogange h

| aser | ipghtduscatdompilignbe CoabhN@ahaf REOMHIRy afbaiadihireahs FEEQO%EQE—F%%& ely
and accusrt%trglé characteri zi &9 such aacchari dic-iron conpl exes. Couple

with the “SE885r &t TBH d piPfTi%tat FBR RSCEsEorRaemt IRFeRALSehesing row a
met hod ftemchmavkdirefefkbce efsenragsed St sheiar ds peddhnklf fAUrRehce ORPQRELPL LY
to yse %Lé%h At erials iri sgﬂ%ci fyi r;g Eroducts. 10 According to the present

i nvention, a fretfiod 10r ChalFslt &VP2 1AL E hePAFSIF LAY aHidefcEhsf AHS had

exci pi emo$ i heémdesolated. The methods of the present invention allow

therapeutically active AHS to be effectively separated and
concentrated from coexisting excipients, and then to be dried, or
lyophilized, if desired. The present invention provides the
20 information, methods and analytical details for the preparation,
characterization and use of sodium ferric gluconate complex in
sucrose, SFGCS, ferric hydroxide sucrose complex, FHSC and iron
saccharates. The materials are generally referred to as
iron-saccharidic complexes or hematinics. Tt also provides methods
25 for establishing reference standards for these materials that were
heretofore non-existent. The disclosure also provides the analytical
basis for routine discrimination in connection with manufacturing
and continued monitoring of these products after release. The
| analytical and other methods disclosed herein are generally
30 applicable to iron-saccharidic complexes including commercial and
generic iron-saccharidic complexes as well as current commercial
parenteral irom-saccharidic complexes that perform a hematinic
function.
Prior to development of the methods disclosed herein,

35 .standards for iron-saccharidic complexes were not available because

10



separating the AHS and associ ated excipients into at |least two fractions.
Since the AHS ordinarily exists at very |low concentrations, once
separated, it is also preferable to concentrate 15 the AHS in o
permt its detailed analytical study. Al though AHS are subj ect 3
degradati on, they can be concentrated, provided that hydrophilic
exci pients are substantially absent fromthe conposition prior to or at
the tinme of concentration. Concentration can be effected by drying and,
preferably, by |yophilization, but 20 other nethods can be enpl oyed. Wak
el ectron NEM3ioFd26i nt er acti ons such as hydrogen bondtargshetsween wat er and
exci pients provide challenges in the separation and drying of the AHS. As
rel eased, there wexanpl getibod par esvperatle, f pnmivt led AHSragrréat | the RHEr esent in
an  aqueoys.syst eqni gt f;@%ec@lwmesr wa&e%rcr@mgv' t¥e (Ans.t hagus@l Ut e-free 25

water, i.e., pure, wafer. .S gener al % ﬁ%ted that, solute-free water
has an A, n9’a1%§ér%bV‘%)a€H‘i"—ﬁ§t‘?ﬁ“%W&I tH 4o t Bt GR t PERYSUTE par anet er
correspondn@gdt @ht-beataydiphpbiih | tynbahatior watier 1preesamnght igragtstibgt ance or
conposit i gn %L E’é‘r L&k ?eat' ”Qnéiért.@@é’ S'n%%odg &Qeg’afe% and icalaghgal
processes. er ivity T's reduced as a consequence of the_presence of
wat er sol EM?@CE‘Fr%ny optil  sacckaridionises, coWLEEITi CerRted HESR H&®ing a | ow

mol ecul ar gaﬁxgbion :?lﬂd ﬁﬂeﬁcmbﬂsmoﬁe@@r&alug& aferthe wabtss jmrmna

corr espondi to the ct i e _wat ef Lyesud o

di ssol ve PR&E™Isdi5%t r(?g% 'S %?ﬁerrve\nkes]éen\é%avsg?%bﬁp %&nsg%%eﬁ{?%ﬁ IWat er
activity Qﬁpcmtnmrm’smgsasﬁwheﬂahm@éﬁ imdpesifebwceyadugts-on of substances 11
3 May 18005 WO 02/ 6846, CLb US,Qe/ 15:2&'§=ntd|§§l@hﬁ/ﬁﬂ Ora baienrod Naheases. As
nost often]{ﬁ plled in the _food ar]ja @g ar Imc ut,i cal |ndu%tr|es del evat ed
wat er actF ’1%§ VAFIRS HPe 2HAsED T EXSRITh °EhéiF c B BRE I SFOYIES

degr adat i espagetidgattheatr@s asdl atﬂcwl@te&]yq!ﬂcemrﬂtsclstmsatant@@tarwoadded in

order to @echease thene. value QlusA oraidaRiihe phigeentad nv\eétgi OneySol ut es
and/or colloids, including materjals suspended or dispersed in the aqueous

conposi ti BPPCeRHACd IRy O8RS CRRIFRETL ek ciHPlmt PratTshtaldi FRRCF R kRS,
i nterdbt whd mneaierqrdergtg pehely ate dyrdilphiehalytdeall Béydycadlilywawbgen bond.

Such subsiances Ladiee ihe ﬁr dheide ALy Wakehe MASElral & Aptritehue | ess
than 1.0. So Ton y A9¢ exci pI %nts are pr esent
that hydrophilic exclplents are substantially absent from the

By 256

composition prior to or at the time of concentration. Concentration
can be effected by drying and, preferably, by lyophilization, but
20 other methods can be employed. Weak electron bonding interactions
such as hydrogen bonding bhetween water and excipients provide
challenges in the separation and drying of the AHS. As released, for
example in parenteral form, the AHS typically is present in an
aqueous system that has a ilower water activity (a,) than solute-free
25 water, i.e., pure, water. It is generally accepted that solute-free
wat-er has an B, value approaching or equal to 1.0. Water activity is
a parameter corresponding to the availability of the water present
in a substance or composition for participating in physical,
chemical and biological processes. Water activity is reduced as a
30 consequence of the presence of water soluble or hydrophilic
substances, in particular those having a low molecular weight. In
other words, a portion of the water present corresponding to the
fraction of the water which serves to bond or dissolve the
substances 1is otherwise umavailable. Consequently, water activity

35 diminishes as the number and/oxr concentration of substances
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in water in which the AHS is present, a portion of the water remains bound
to such excipients and renoval of water fromthe conposition conprising
the AHS, acconpanied by its concentration, cannot acceptably bg\@g%(%ved.
Consequently, separation of hydrophilic 15 excipients fromthe

i ncreasesyglSodssyal ue toward 1.0 in the phase or fractio Sjg the
AHS, and faci ?I tates the concentration, drying and anal yglcgmgﬁ{/f'hb

preferred speC|es Sqlute effects on water in_s stem; rising nd
LSt  GEePSLTShirct RO CRET O 970 ASolanFoPELFS | PRk her GBe’ £3g9 and

i ncl udi nghbyepfddrizalli oanaheeaiss | Qéﬂl@l&rbﬁédOfwit&&t r iﬁi:ﬁﬁ&@d Iwadnephl hr@
and exci pi ent, concentrations is accoriﬁmﬂﬁ an creased wg%leé

pr essur e 2&RACLAF o SHhth t SRETere £E 8“‘? e Egﬁ% PG 9] ct’ ??y,
expr essedo@sbts ,or h@@:&pmmhd tsubmahcesi Hrd fad@iaat 1ﬂ86rcﬁélrtt|ft£ cam@aefe En@d
sciezﬁg see, far exa 25 "Principles of Food Science", edite q ¥
Fennetra, Vepagt Of| A & Ehf BEEAEFDI SSVEPLERYd PPLREFYaPROAST MO IREFEF;

al ., pp. iné8daidas, Mtlf&ﬁ]al@ekl@fspehﬂéd 1985; dingerekapedima thEoodq&ew@ce,
edited by M S., Peterson " WAt = Activit |n Rel ation.to Bgood"

D.H Chofo™RRFitdss, 8%7‘C1‘75\§+n$>u%9r°°b@f IFNEXCIRYALS ARG 1B hBF af RS
herei n t entéea@xtvdnh petedtted). ,. tiibge @f@rﬁyﬁﬂ'oipﬁllﬂﬁt or t{e da® &ydrogen

food st oPHE: ALY nE AR Sarth SR, 1B e B oFn Loin A g3 e o & |
pri ntd pl ealwani & aEn ad ot.o set Netigs abshgieeshilic carqmigsicntenarenpwhs et
e ol A AR DR ELERLAS ERctat oty ML Srlteseiladr @
PCT/ USOlbdﬁﬂDEtcotémih/\nesm,lpctantbean@araacbmll zefd vas: efrr efronr umbmm@oeitbmmnd
to excl T arS neoRHS ny | BUSHENSHs Bhn e UEehTB dALaPR necathe:
degree tacadspt(almyhebwatae:rhuesfeboum:l:;nsa@:lleﬂdlylg (ﬁpelrm:ﬁmﬁg cbihe rﬁrdarnpumlcof
unf e He Skl 3o OO LR SR On BELaN 010 ey gL
rreasurenmﬂsa)f mapofrqa:rteimure:omphrésliagtetheteshm quenés pflaefLMtades‘ orthd s
ST ol dneddtERL 8 ELRAG, UBk oo ARl OEYehs S 8028 SpSL . O Of
Solute effects on water in systems comprising SFGCS and
FHSC diréctly impact wupon the drying behavior of these species,
20  including 1lyophilization, because lowering of their released
hydrophilic and excipient concentrations is accompanied by an
increased water vapor pressure and an associated increase in the A,.
The concépt of water activity, expreséed as B,, has found its most
significant use 'in the area of food science (see, for example,
25 "Principles of Food Science', edited by 0.R. Fennema, "Part II,
Physical Principles of Food Preservation", M. Karel, et al., pp.
237-263, Marcel Dekker, Imc. 1975; Enclyclopedia of Food Science,
edited by M.S. Peterson, et al., "Water Activity in Relation to
Food;', D.H. Chou, pp. B852-857, Avi Publ. Co., Inc., 1978, each
30 incorporated herein to the extent permitted). The premise is that
there is a relationship between the chemical and physical processes
that may occur in food storage and the amount and state of water in
the foods. The same principles can be applied to other substances or
compositions in which water is preéent and which can be affected by

35 - water. Water present in a composition, as a solvent, diluent or
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10 conposition or conpound in which water is present, to the vapor

pressure of pure water at a given tenperature. This follows from Raoul t's

Law where water vapor pressure present in a solution (P) S ﬂ?{‘? g
t he vapor pressure of pure water (solute-free,) (P.) t he

I Ncr easi REh ¥2/64:0Rs below 1.0, the A val ue becones 15 sma},&e,i mgpe,\entropy
state for such water decreases, its vapor pressure is Iowerea sumabl y

as a consequence of _increas lute binding interactions, vapor
phase rer?%gsfm(ﬁ ©wafap bﬁec%?‘?erfmcﬁﬁfez%é)f fPcut®=® TH sé"“% tloécnsb?uﬁ%du'éﬂce
dryi ng pvactssesiegyeels as byhahiddmpatnan, ﬂarrtetmm@mee, ihnteenptement xkHees,

ther .20 words, wh hem._cal d t
compl ot ey “HSRUVR B PFodtin VACCR BRAES G0t e SHIAR (on CoREFE Ean

be substastidabreleviat whhshf eha wheet dial b&aall t iisclialingX pleeesmoniandt he

furth tLvit t t th
can abf{ BPOURY - REs BECBIRRUNSBEarTod TRuRI (T BRAGT o5 HORBLE £ onee HaL

transport oc, dmkéssteneraf wat etcidszam mgﬁ:(ﬁt}iﬁn&fﬁsoﬂalnc\ﬁhl cletAmmisatighesft o
one wher can_occu con rar t_ ot her\%se be

At is . ower

oxpect e et CRRReRETar | I IR T D S aRe T KRATUE al e paEEeD5 1)
. It shotkdhalge bis appef—ae:frmdedfo:t hm:s aSmplmqyl ex:r.:cotmxbm tneonocﬂ,s dateﬂ

t he conc h ffe [ees, of intecacti

wi th wat grgu‘?ﬂr}p ex gﬁ%?négﬁé &ae?ee%%k:?eve# dPoggﬁu r‘f;g;tt (%an a ect
i n al0 compiness dndnc mngrcogpovend tmewhbeh i tvyte:o nerrmneastelme waicerthe'l'hvspms a
further | nt_re bstanti_all arat e I spl at active
hemat i ni E%%%%%eso%r%%??hg%g%x% : rﬁqgr }séo%t%ﬁ F‘gg ro r?g % ggig&ﬁ ngm‘“
process Bandii'isoliewcahebe weter malped Bk sgoet pmlalsedt Mtersoﬂataowayp)zow

VO 021 056826, FTLUSOLLI205. oan st Longly RANY Q. sRegl (1. Sites) oy

conpounds, I'ng the 0X gr ou ysaccaarldes
car bonyI thﬂdrammoP/@:r om@ﬁdnglhedsom hhlco).h waoer thanAbevIaEhel bycomes

hydr Mxng 133 e'n?p:ogfypqslt%tgo %:’ Quchl?y g%hgr rea%esntet%Ct%agélg%n

Therefore I'n t'he resent- case, water can bé bound 10 spec(flc Si
t he AHS BheEsuRCi pﬁenl@yezfe@n ervaleblys as rrmolcmyxelequ&]cdﬂ Vet eincagadmst

oo guatenl G b E T fnd Mileral0L 608 AP oot 2k | S8 Mdver

beI ow O t1ona presen as non sol vent
becomes more dlfflcult These condltlons influence drying processes

such as lyophilization. Furthermore, in complex mixtures, in other

20  words, where chemical compounds or complexes may not be completely
dissolved or present in the form of a true solution, there can be
substantial deviations from the ideal Raoult's Law expression and,
furthermore, water activity of the components comprising the
composition can differ. It has also been observed in multiphasic

25 compositions that transport or diffusion of water from a component
in which Aw is higher to one where it is lower, can occur contrary

to what might otherwise be expected based on concentration driving
forces (M. Karel et al., page 251). It should also be appreciated

_ that, as a complex composition is dried, the concentration of
30 solutes having differing degrees of interaction with water, for
example, different levels of hydrogen bonding, can affect, in a

- complex and changing way, the ability to remove the water - This is a
further important reason to substantially separate or isolate the
active hematinic species from their excipients so that appropriate

35 drying process conditions can be determined and -controlled. Water
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present conpositions, water is known to bind strongly to sucrose so 10 t hat
A. Iin a sucrose-containing conposition is depressed. Therefore, drying,
particularly freeze drying (described in detail below, can be ﬁdvgﬁ%ely'
af fected. Wether |yophilized (freeze-dried) or not, the ability fb

prepare puo klossh:AHS as a discrete substance provides signjdicant., 15
capabilities for defining the chem cal and structural features that"

characterize,such hematinic products.. Wth,verifiable an re rodupiblé :
par aret or ST e ST FSRERY 1 BYII YR FHSEHAL P nFtteF 1o SCORGEEAHI elgﬁl‘é%’t%lql?n a
qual ity conireallfyeseyordé eblykatciexamplke, asbaéTh-40-dmtcehbuni f os18 tamiofo
the AHS. Departures from validated 20 strucﬁurg]lgggjg{nité i n_the AHS can
be used &% HRS| ALY SFagE+ B %bi95 77ah8 9 | S IERIRR Rt YAShg PY
cause- ef fieci-dipbhé i ol , poroby vahéakdtesnign iFBEHE ACidHs . NTHREFOESESESin HiR
ability to isolate and __analytically characterize these agents_using nodern
t echngl odF &° eﬁgr FREGT aFRYeY aé%’? b§ ‘i’“‘%d?a'ﬁ 7R e ISiE B0 ettt At“%e and
attri but excigbents sufdr | s0ep3aGChar iadineneeaptexesuct i vt e | Gk aMpradaiHe
the synthesis gé L ron-saccharidic conglexes for hematinic,use becayse such
synt hese$ hdVE GERZFHIT VA&t e d70R°Pr bEPR Bty SRe FREAS ISR M F3HYYY, BetoMe
is littl @anal gtdtalondrifyor Mat icam deaiphrabbrtf 85 fushseDAtexeterThanacheve
phar macol_Qqi 0 hemat.inic species ar iron-del.ivery vehjcle in the
hematini & igg e ?%R&é?ﬁﬁgnﬁe-ng%rt+ﬁ;#??WFetﬁé &aﬁt5§£8E§iNrﬁft%¥°r°se 80
wei ght- byrheol anein reasunresentsnidintisbakospbstisicand s tdepaysbed asThaw asel. 0
percent. hus, J1n.co rcial._products, neasurepent of the characteristics
of the Eﬁgggi’r%¥%%§%l gg F§§F%%| 36§bﬁ%%ﬁffggﬁéoﬁ? %ﬁtﬁﬁ%%ﬁ§é§§n053§5
of a hi gbkepedvemedge aéEehyelk ophilic excipients. Such |ow 14 3 May 2005 WO
02/ 056826 PCT/ USO1 conge r.ati.ons_of the.unique ferrig irqgn-delivery
vehicl e acconpanig§§§§%¥e %ﬁéﬂg%%%e a#éﬁe%ﬂ% ﬁ?ggfoﬁxE?éieﬁﬂ% ¥n§ed
char act eprgpa¥onpefifiml AMSE E&ar ehetisorete neubst &rencerstatwdar gl draid i chaen

not Be T Savared Tor 3eb Berto( BN B GRed, Ahe Cubar D o e FROR
its exci pharactdriced oauche rerhddsidesgriddadtsher giith t hesel fibkidleds aafd be
ext ended 80, 4 di®1deVEL O WOVEL ab1ished for such a hematinic, it is
possible to establish a quality control framework of, for example,
batch-to-batch uniformity of the AHS. Departures from validated
20  structural uniformity in the AHS can be used as an index of storage
stability and to assist in identifying cause-effect relationships of
variables in manufacturing processes. The ability to isolate and
analytically characterize these agents using wmodern technology,
particularly ilaser light scattering, helps to define the attributes
25 of such iron-saccharidic complexes.

Little is known about the synthesis of iron-saccharidic
complexes for hematinic use because such syntheses have generally
relied on proprietary methods. Similarly, there is little analytical
information available for such complexes. The active pharmacological

30 hematinic species or iron-delivery vehicle in the hematinic is
believed to be less than five percent according to weight-by-volume
measurements of total solids and it ﬁay be as low as 1.0 percent. .
Thus, in commercial products, measurement of the characteristics of
the AHS as released has typically been carried out in the presence

35 .of a high percentage of hydrophilic excipients. Such low
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hemati ni c agents al one or adm xed wi th other pharnmacol ogical. agents, For

exanple, purified AHS can be conbined with erythropoietin or 10 other
useful drugs. Access to excipient-free AHS permts closer analytical
moni toring of the AHS and its pharmaceutical performance. Moreot¥ay 20060y

phar maceyy ere excipients account for a high perce f, L he
t ot al soﬁ%ggg\l}\%?g t, the ability to independently . noni torrﬁtg&gﬂgg‘m

excipients is simlarly significant for i s;ues .such, asn_%luy.i tg contehr.ol ,
manuf act GPPAGAERF1O%ni c8F  perteor miRtE e Unditiel pat B G5 AT e ef f9etdcan
be a consedufpse &f B{;e\ﬁeqla&hyemnghirged afioun€ bangfe detd igdirdnast | @nsl lamded
types of - excipients that occur during 2Q insights intﬁ t he byproduct h

i npor t anChaBRFRIAFAEAC Ght £8F BFS pr E%@?Wﬁ alPuFFhg" waruf ~Hg P2for

food systems, ebhgrtameloprEnt and scarPoundaagdudel oetvder oal bef sectimsaable
sacchgri des provides steps. Such issues _Kim US. K Pat, . Nﬁ gav%)%een.
addr essedDbr 38t HERUIS oBBEL Pehy13PLaFed L5483V SHT | "Dt he FEEh&ft S5 TEed
on ther makpyraengy alifedusl deby dbss idkcibiehes dapyrppki Rathans daee iGel

Smal es, 25 D, S. Pepper, and D.C. Janes, 200Q, "Mechanis 0 rotein
nodi fi cabFBR*Hur Fﬁﬁggomﬁéf‘%? aEt8gl 8bLﬁ’?tl?nr‘?ﬁgelSoan??_vitPalr?eW(?gtf’Bt rERE R AT

bi OpL OC e ashaeh riifc \é@{ehaat afohd 6ﬁﬂ%dﬁfi&&&nﬁetlﬁ)fowf mr'zhaBgDc@o:mol' ; ,?.geﬁppl..
Bi ochem _ COct., 3 Pt. 2).109-119. Detection.o canpoun i nked_to

t her mal B?Fe@f‘@mﬁﬁesagﬂﬁé}ﬁfg&?% GAAr ce‘fﬁ“ﬁ’&&'ls"d r?&ﬁ%faec?%h)ﬁrﬁaoé‘é‘hl‘él §9 be
si gnif i capkemhayeguheatugs. a factor in synthesis. Indeed, identification of

nom nalexcipi ent Levels qad . dllLbouli oS b SURLEXe%YEl HnRCaA

monitoring of the AHS and its pharmaceu;ical performance. Moreover,

for pharmaceuticals where excipients account for -a high percentagé

of the total solids weight, the ability to independently monitor

15  such excipients is similarly significant for issues such as quality

control, manufacturing and clinical performance. Unanticipated

clinical effects can be a consequence of previously unnoticed or

changed distributions and types of excipients that occur during

manufacturing. For food systems, the development of byproduct

20  compounds due to thermal effects on saccharides provides important

insights into the adequacy and control of process manufacturing

steps. Such issues have been addressed for other products by H.-J.

Kim, U.S. Pat. No. 5,254,474 while others have focused on thermally

generated aldehydes in biotechnology applications, see C.M., Smales,

25 D. S. Pepper, and D.C. James, 2000, “Mechanisms of protein

modification during model antiviral heat-treatment bioprocessing of

beta-lactoglobulin variant A in the presence of sucrose,”

Biotechnol. Appl. Biochem., Oct., 32 (Pt. 2) 109-119. Detection of

compoﬁnds linked to thermal effects on saccharides in pharmaceutical

30 wanufacturing can alsoc be significant where heat is a factor in

synthesis. Indeed, identification of nominal excipient levels and

distributions in complexes such as FHSC and SFGCS can verify that
propexr synthesis conditions have been eunployed.

The present invention provides methods for separating

35  hematinics including SFGCS, FHSC and iron saccharates into at least

15



proper synthesis conditions have been enpl oyed. The present invention
provi des methods for separating 35 hematinics including SFGCS, FHSC and
iron saccharates into at least 15 3 May 2005 WO 02/ 056826 PCT/ Us@hy bdd205
two distinct- fractions. Furthernore, the nethods are generally applicable

t o producis ozmseddsch iron is supplied as an iron-saccharigéﬁ,ﬁngg( or an
iron delivery vehicle where iron is held in association wth negatively

charged capboxyl Lp Is 5 rbohydrates, |nitially, one
fraction %‘? t)r%sﬁg#rgt [ ﬁ%%,%rtl}égght i]%"lqée{?i}e%%%?h ;EshaeFr é“gf#gﬁsl,arconﬁreﬁngégl}%e

i ron- saccipplidiablecomy expwrduaten- disl i veniclact iven hedat i rfuprdfgedi esss AHS
Anot her {racti.a L.dentif] erej s, Fracti 2, conprises m xt ure. of
subst ant i a]fc?f/ Al IBh%Jf’ t Re ctéé(“%qpe% enoteils n‘?ﬁa:t&éloe%lgp S0 t Hegﬁgi%ﬁgh? nt he*10-°
ori gi nal k®ithddi tdsewcietipn wstisymidwdivedy chansed etadseyl dgbouppi @atrsvéd
Fractison 2. &an npl e, r Ili¢c organic or _Loni.c C ounds.
The sgl utes orcgglg%ﬁn gg)é%r' di slﬁg%égggggbrrpoglﬁen?zs-acptrlé’snen?f itnhﬁ i %%F‘agln“'
Fracti onsidengif2edarhdyeinsens f diragttian| ed anahytises shedyirdissakccharidic
charact erigahi.Qn pUr QOSES AL .cAN Re, further concentrated or used as
starting r?étlt&)eflgal S i % tﬁe‘ﬂe eve ’?Sn%??l% Tﬁlee\%vaﬁjr'%%cucts??c"fﬁ%’ ;)Ar}i.éses:enfmcther

i nvent i orfxficsébpseddenel Bephrimsirhas r BtattEicon @nal ganedlsesr ol esitthate tdiese

fracti ons;,gaRpLay A i L e t S of . benchmar
reference st aﬁdar d%ﬁtphats'L éﬁagggt%ﬁ%ﬁf%@sg&ggm%%ﬁl gm(}ltttﬁlc%ﬁgt gﬁgoﬁ%r%(e in
sucr d8e, SBRGtBalangofpesitiothydresd de saer osentiomgilzed, RHSC, a$romeléssed.

exci pi entgg.;EULLherpr - r i ' | scl.oae .hods _for
preparing gérglcentrat‘ed%acl%gghigl ?%Z %n?éggte%ﬁ%%yq} ecoﬁ’&qﬁégt gggiﬁé:. or
Separ at | 31PP8F EPRPOWRESi-ous conponents is achieved starting with the

as- synt hesi zed or %%ecosmm&@gab&ysag?&@é& Cod' BRI eE b liobl S £OBLDEG, A
and excipients in an aqueous (water) conposition and then-selectivVery
rel ocati i éieid rEaqtignehe exc? prfamtke swethior tdrtaided predgnicah study

substant il | 3h-SARALAE L2 BAUEOHS - ahd eeagsiab 43g FQ&?ceentt\ﬂ:g d or
fractions, each can undergo detal qd anal ytical characteérizaiion, 6
further PSFAfREaFFBRtIRT dextierd@lsadad ddscasvedoboent coanéwfyroducts. The

present invention discloses the separate, but related, analytical
roles that these fractions can play so as to facilitate the
establishment of benchmark reference standards that characterize

20 sodium ferric gluconate complex in sucrose, §8FGCS, and ferric
hydroxide sucrose complex, FHSC, from their excipients. Furthermore,
the present invention discloses methods for preparing concentrated,
lyophilized and optiocnally reconstituted AHS. Separation of the
various components is achieved start:i.rig with the as-synthesized or

25 commercially available hematinic with its combined AHS and
excipients in an aqueous (water) composition and then selectively
relocating or extracting the excipients so that they are present in
a substantially separate agueous phase. After establishing these two
fractions, each can undergo detailed amalytical characterization,

30 further purification if desired, and concentration to satisfy
analytical, synthesis or manufacturing goals.

Hematinics are a class of pharmaceuticals designed to
convey hematopoietically useful iron and Fraction 1 comprises -from
at least about 75 to about less than about 100%; preferably; from at

35 least about 80 wt. % to about 95.9 wt%; more preferably from at
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anal ytical, synthesis or manufacturing goals. Hematinics are a class of
phar maceuti cal s designed to convey hematopoietically useful iron and
Fraction 1 conprises from at |east about 75 to about |ess than_about 100%
preferably; fromat 35 | east about 80 wt. %to about 99.9 w % niFE2005
prefer abl% fr/%%% 16 3 May 2005 WO 02/056826 PCT/USO /45205 |east about 90
w.%to apolt P2 wi. % nost preferably fromat |east aB&HUEERHS oto0

about 99.9 wt.% of the AHS intended for parenteral delivery, whereas
Fract i onlgagbnpbpiles 28ortespoirdi #ffr T0v0 | Bvets BPSEhBTAHST 2R or EX@EFpFRE,
less thap.aboutpQ.d ¥E. ¥ 8N4, siibtandd al lye 3.l &f the gx6i RneBhSea for

originally present in the hematinic conposition. 1. Substantially
separ at i RgreHeeTANS delbiieroexi ¥ianegSe iiagtéAls 2 AFCTRESIESonECEkRSAPEdingly

hematini g gpecless MSneamude k0 dapbatediorssuhshanbbat | y.separaednfrom
exci pients present in an as-synthesized hematinic or in comercially
avai | abl subgiantiadeétt i @bt s Thathet epFedenssi ron-EdedHr | Breseynpliexeshe

Such sepggation Rasphseni gehi eved by the inventors herein as a

consequence of their determning several significant characteristics 15 of
hemati ni ¢ conposi t tens ®hPERERGIRILYs eSWREATEAIs atehartdi cfrebnplagxisting
i ncl udi ngge{iedcat it is necessary to increase the Aw value of the

AHS- cont ai ning phase or fraction; (2) AHS display at |east one detectable
iron species with &tfoteafta WEFghRCOfVsf r BRPALBIAC FBGCH68. t Phboucan be

3, 00l 0095 Hed e So0r sm&int(i%)lwa@légaﬁawd ngrafdeROisialid | pYed@it alrl 088
can result in nore than one detectable iron- containing, Sﬁam es being
present ; 2§ 2YHALELFFS cont BEMATHGSpeci @5 carl® di sFPAPEAEFiFLlEnt $HFpétdble

€. 9., aSphRAsiHead;by1las@hrhibgbtizarakt erihe-sk8dnde{dild ) =6Rpiaidd .NgsAES
have an el ectrical charge; and (6) Fe(lll) -containing AHS can, have a
det ect abPEPIHAASRI 0A2S5 PEAHCt RERITTREHOPY pdtient iiBVePREFEat ROESH tHR 2

presencec@fsdiehbé okl OReif F@dddrnlinify $&FdrQUS siibARE{ERLE | JharSRRAEALL OB Of
AHS fromits  excipients intg at |least, two fractions may be achi eved, by
usi NP on®t oRSPRIEIS (FRPOSEESRRTg Rt HbdsCOMREi$eor &t t hHEREFRECHATEGES pH

st abi | i zedwgIesd, Nihbeudange @f) ahatti.i@ hecabosty &d imRreheeabhy a, value

of the AHS-containing phase or fraction; (2) ARHS display at least

one detectable iron species with a formula weight of from about

250,000 to about 3,000,000 Daltons or more; (3) manufacturing and

20 stability variations can result in more than one detectable iron-

containing species being present; (4) Fe(III)-containing species can

display different ghapes, e.g., as measured by laser light

scattering; (5) Fe(III)-containing AHS have an electrical charge;

and 7(6) Fe(III)-containing AHS can have a detectable oxidation-

-~ 25 reduction {redox) potential indicative of the presence of ferric

iron, (Fe({III), or ferrous iron (Fe(II). Separation of AHS from its

excipients into at least two fractions may be achieved by using one

or more of the following methods, with or without preliminary pH

stabilization in the range of about 6.0 to about 8.0; preferably

30 about 6.4 to about 7.8, more preferably abouﬁ 6.6 to ébout 7.6 for
example about 6.8 to about 7.4:

1. Electrokinetic migration where AHS concentration

depends on direct electrical current flow that causes electrically

charged AHS to deposit on a charged collection surface or within an

17



30 about 6.4 to about 7.8, nore preferably about 6.6 to about 7.6 for
exanpl e about 6.8 to about 7.4: 1. Electrokinetic mgration where AHS
concentration depends on direct electrical current flow that causes
electrically charged AHS to deposit on a charged coll ection sur Ma¥ 0%y

W t hin a”Woz@s&@X 2005 WO 02/ 056826 PCT/ CS01/ 35205 aqueo%C.ggngﬂgwgn whi ch
a charged surface is present separate from its excipients.” 2. U _

El ect roki neti c- based nmenbrane technol ogy. wherein a cathode and an anode
are pl acetfSeAYS WALBPE syBt BT S par SRRXFT) ST 158 pErEabl e MR n et om
partitiontsAetbigténtdir rent applied over the nenbrane causes the
electrically charged AHS to concentrate on the_ appropriate el ectrode due
to attraction between oppFStFGELRaT HePaseqy AFTAHBRE o FESPALTBN ¥EATEIRI Agl e
el ectr ode-dthoqse aganpar taRide adlel PIndehe idi @ Yedtsrmadiatad J2aRYELd0by a
hydroghi | i c,excipient 10 _carbohydrates thro%gth t he sem tg)lermea‘bl e nmenbrane
into the SHCEGAPIRAHPTEHEEFt REnt 1Rt dr rE T SSENCHEF FRGbRRPR Msith oYieds the

i ncl ude meebkaheseausst | thoselantizbeivcehhthasenmstes ObnéageReeabad the
cellulose. In order to naintain retention of the AHS in one conpartnent
the menbPERECREE S p?i?‘é‘??‘?éjc? noiechP aPtiER gt o xBEHETh 9BPSIRY ANadgsst
90, ?00 tésuaholeH53OBmﬁ)£>éhf 'trﬁﬁ&f‘aﬁl’&ﬁi éa al%@fi@:(tjé5@%@@9ré@e ?hgwneZPcléb ‘tment
Preferre onditjons for.the nethod include e yse._ 0 [stilled, ., .

dei oni ze&l&ﬁ'f"oér {'é a PEOISHEGELFC tOr%vail 9.‘%; &YdﬁPBg‘é{Fr% FEFIEREL. 0
at m 1@nd carbehpdratay e ehrabght 2Zh€ t osahimdrmeaBlI€. Thawrame ofimicl yghs
renoval of hé{dro hilic exci

' be 20 i f N '
PSP RENS P TRBCBr oo BEGE oTHRe < HBT Ry BeLY r PRy o i ehw,

aqueous drar
F = - DA edtlukdse Wherelulosthe aceotak, f | oxlldldsse t hestioAf f ust vitegeaferbed

species in medium e.q. wat er ; is the surface ar ava] | abl e for
di f f usi oﬁ%%#odsce/'dxlifls Of‘fqi%r cotr?ceﬁlﬂﬁﬁlcfh d:regﬁflgﬁ?nofofhg:%gxcglﬁ? erfs ©°7€
throug[l bhepaﬁnﬁm;ﬁné;hé&ﬁ@rf{a@i hbary _pi:etéfmg;mfoelsbﬁlheCfleoétylﬁg)eﬁidl&ts_ion
conc rates rom ¢oe i ng_.excipjients. i Llar el.ectrophoresi s,
conels nee Fer 8 rBEoTD. 40 U1 RSP GO et uP e PR SR deCoR0Ened
i nt roductbout 010 Qoo .ectivetalrkyd chad gednandloyt ehwi hbtiod {ntSedesithecase
Capl||arXfwﬁigkfﬁfgafhdg%%%&ggg water at a pH of about 7.5 to about 9.8; a

pressure of about 1.0 atm; and a temperature of about 2 °C to about

50 °Cc. The rate of dialysis-removal of hydrophilic excipients can be
20 improved by frequent changes in aqueous dialyzing fluid. The process
is generally described by Ficks Law, F = -DA(de/dx), where F = the
%otal flux; D is the diffusivity of the species in the medium, e.g.,
water; A is the surface area available for diffusion and dc/dx is

the concentration gradient of the excipients through the membrane.

25 3. Capillary electrophoresis technology that
concentrates AHS from coexisting excipients. Capillary
electrophoresis, sometimes referred to as capillary zone

electrophoresis, relies on the introduction of an electrically
charged analyte within a fused silica capillary with size dimensions

30 of about 50 to about 75 microns in diameter by about 50 to about 100
cm in length to which is applied a voltage of up to about 30
~kilovolts. The differential electrokinetic migrations of charged
substances in the composition can be detected and recorded by a
variety of methods described herein, includiné Uv-VIS, fluorescence

35 and mass spectroscopy. The final wmigration positions of the
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30 of about 50 to about 75 microns in dianeter by about 50 to about 100 cm
in length to which is applied a voltage of up to about 30 kilovolts. The
differential electrokinetic mgrations of charged substances inp,th
conposition can be detected and recorded by a variety of net ho%@aﬂ%@éri bed
her ei n, i‘p Iglgiéagﬁnww S, fluorescence 35 and mass spectrosco,}@;é. T_t}e_ final

i gration §8 'tions of the 18 3 May 2005 5 WO 02/ 056826 PEFHUSHH+#45205

el ectrically charged substances in the capillary can be docunented as an
el ect r oplfaes§rans 1 ithi ShansefoFdahapBeeHat i Bt afFpLLisePuIcanitTy dmERESS

substant il .gl @¢Lsi£HheSRALER. 0Pl QeAHSAVWLLAI B JdrRAc8asEIMRMIgHG] owing
conpl exes. 4. Col um "chr onat ograghyti which is a particularly referred
Bf

process ftor sthectisWbstapaial i oflefimlias!l onrrRFde tRR  dicr f oMhRAn

wei ght, sizg.diaENsiions. -shgpexand charge of . the AHS in contrast to
coexi sting excipients, AHS engage in different stationary phase

interctions as a I4-qui FOXFR eFhEPIHAUEBRPIYe. gWR1idD) Wit erd tREFISSILEEY hem
over and/ferbProddBracest i dosUnRAkbeithusepadid s ebti alsdi fddsigon ®r the

mgration rates responsible for such -separations reflect relative
el ectri caiseRargelamst GitexHirsi SHMe8F{PRT enERP hakd r EEAFIF opf - the

accel er atpgygeliwt | Qmrebst hese @é&i%@ﬂﬁ%sexé (el , t RersChirgaakoghapily feyehem
Separations can al so be adjusted 15 by nodifying the porosity, electrical

char ge orSta8ERFHY RH2SS odaTPEEieRs t AR quitf of2HHETs 1% iRy pRafe:

Such1ochmﬁe&pg&@9ﬂé%oﬁ§0ﬁ§é@so«ay 61 /eat rddught aatsdisemapeuit3 €nhio,
about 150 C, preferably fromabout 15 Cto about 35 C typically, 25 C

usi ng aq@edhsTeRtifdn- F4bEBTECR oIFenPEI R e¥2ERS cASFRRES RIS X0%si AYGhar
or multipepasgfids Me@WesehesBat iGH @BEEYL @&PNichargar hhll) 6hi ik OfexAiBsiBY be
carried oyt at any pressure- drop over the inflow,andé)l%utflow of .a col um.

The i nt eCAAFSFFEES I THETD| AT Tk Rg & SRR b & ok RESRo SREF RRCES

pressur e theocddly PieSSifchacbataphe sEdin sapdrst 8dndNdy f1has demaligukeédcan

tolerate, Operational 25 pressures above abouyt one atnosphere (0.1 MPa) are
pr ef i?r ed¥ blH‘iO%lﬁ?’é’%%urEEguppPB"ﬁb% 18 985G 458und$ Qesqﬁgre(ﬁﬁé’ﬁpfbé‘“

MPa) may pepeetqdoyedn Elchent ssitfepki ebd 0 the cekHbfbogaty | Nphaske. anguch
sol vent %Lromatographic processes may be carried out at from about 3 °C to
about 150 °C; preferably from about 15 °C to about 35 °C; typically,
25 °C using agueous or non-agqueous solvents supplied to columns in &
20  singular or multipile serial flow scheme. Chromatographic
partitioning of AHS may be carried out at any pressure drop over the
inflow and outflow of a column. The internal pressure of the column
may range from below  atmospheric pressure to any pressure that the
column and stationary phase material can tolerate. Operational
25 pressures above about one atmosphere. (0.1 MPa) are preferred, but
pressures up to about 10,000 pounds per sguare inch (89 MPa) may be
employed. Eluents supplied to the column can include any solvent or
diluent so long as AHS is maintained as an iron-saccharidic complex.
Such éluents include C,;-C¢ alkanols, ethanolamine, dimethylsulfoxide,
30 carbonyl-based solvents, dimethylforamide, water, agqueous buffer
solutions and various admixtures including water-saccharide
solutions. The use of from about 2.0 to about 25 weight percent of a
primary alcochol may be useful for controlling potential microbial

growth. Suitable stationary phase materidls are commercially
15 available including norans silica. crossiinked nolvelucans
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diluent so long as AHS is nmintained as an iron-saccharidic conplex. Such
el uents include Cl-C6 al kanol s, ethanol am ne, dinethyl sul foxi de, 30 '

car bonyl - based sol vents, dinethylforam de, water, aqueous buffesmapadogti ons
and various adm xtures including water-saccharide solutions. The use of
from abouWw@0sssz6about 25 wei ght percent of a prinmary al@mohokeimay,sbe
useful for controlling potential mcrobial. growth: Suitable stationary

phase mat egb@lisiake CREMEr&dald%s15 ayablablge knc yding-norous .S'?Bh%ers,
crosslinked polyglucans (9 3 May 2005 WO 02/ 056826 PCT/USOL/ 4 20 o
i dent i fi eBCRBLYIEREr arff, c?CYdIPake Flysthacraficdat iidlagiEiate. cofsPyRbiBked

ethyl ene gbyealrand, MtNACiY| ahgar&dOS§ei dIkedyc RUHIEY HENGndl ddl hic as
agarose gels, cyclodextrins and cationic as Wwell as anionic exchange
packi ngs Walt béSus&FLoPaFt | BXFREISP 5 PEFELREF edhast ationadisedbhadastisilaniimm

chr omeg 0gp AP U Ge8CRRE AL ditiyObna AES FE0Md e et Bh&Y Srdhiz RePBLLAI&n of
conposition is crosslinked’ polyglucan or dextran avdllable comercially in
vari ous ghBRtieSrels 1% piatfaid eBt$0 10G-al shefat iBigs compreshieR Phar faeFalinked

Bi ot ech. , pofjcaeabavay, dikkrafndvadl SOTATCEShEdrGahYIM sindentlfied A% VP,
having 10 a 13 micron particle dianmeter with pore Sizes of from-about 100

to aboutSHEEHNgKETdms &Fid-%a pBRY nehyPret HESEpharePbctaite (Fdlbech. .

Bi osep, MiHgeawayyittie, aBA) = V@ne2Rh0YbDEmS o ddht3irakhionar ymBlaseaving
paCk'IE)g’ pore di aneter in the_range of from about 30 to about 900
0

Angst'rons® i & grefer @47 abte Bt EbIWithr BRF&LBLESL0RE t B e ROW0 0P 0L 5-0

Angst r omeabolite xbaxt raiysatrahk 0RAMY PhPSEFmetgy1Rathi &) 1dey PEORRITLd (rdin
t he bul k separatjon_of AHS, e.g. usi ng | ow pressure_ chromatography; and
pol ymet hyﬁlr?%eﬁac?‘wsﬁ%“eﬁa{a'&ﬂ;aﬁe PA) pa¥RST #WRYYing, PRl fedCRBIOBAAS \RHaSH
char act erpazingn pbdré heiiMdSere ig. theSirAfge HBECErdR diutTeihogs Modthesgoo
present invention can be used singularly or in conbination with each other

in order TYSSERYST at® PTANSTERAL TEDATTLETRY IO EXFhSORRET PPy P eS| AW

for tlie desisteems phﬁﬂim&ﬁhC%haﬁﬁbﬁﬁ)ﬂ/ aﬁﬁééé&!l;a_%@dtp%ﬁgﬁéglﬁfl}&:&isetﬁ#%
puritie serves as e

subjstantif%l I yé_%](?epar@Jﬁf d and, conseque ,

basi s fort Bst &b s 8 a SFPRRErYPT ef @ e st dhcfhr-d. WHRUr nio¥  pressure
chromatography; and polymethylmethacrylate backbone is particularly
preferred for analytical characterization of the RAHS, e.g., using

HPLC.
20 The methods of the present invention can be used
singularly or in combination with each other in order to separate
AHS that is primarily or substantially responsible for the desired
pharmacological action attributed te FHSC or SFGCS. The
substantially separated and, consequently, purified AHS serves as
25 the basis for establishing a primary reference standard. In turn,
the primary reference standard can then provide a standard for use
in monitoring manufacturing and pharmaceutical gquality contrel. If
desired, the AHS can be subjected to further purification using the
methods taught herein. For example, where analysis of a hematinic
30 composition using HPLC in combination with, for example, LLS and RI,
shows the presence of a shoulder on, or a peak preceding the AHS
primary reference standard, a further separation method can be.
employed. As described herein, such a shoulder or secondary peak may
be present in a hematinic composition as a consequence of departure

35 from nreferred manufacturing cronditiona or acs a result AF storace_nf
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the primary reference standard can then provide a standard for use in

noni tori ng manufacturing and pharnaceutical quality control. if desired,
the AHS can be subjected to further purification using the netglglg)azéogught
herein. For exanple, where analysis of a hematinic 30 conposition using
HPLC i n owmobbosdgston W th, for exanple, LLS and R, shows picha igsence of a
shoul der on, or a peak preceding the AHS primary reference standard, a

further $Rar akhafi iRt NOMoRAS 1S ondPIA¥ed cufer fPSCHEDER LRS! GirscAlEh as
shoul der or secondary peak may be present in a henatinic conposition as a
consequehyérephiddrar efcérdents omPicef ferblehantfRATANIORy esndPeydhisasden

resul t obyshorage: fioAded MakaP00ha O 02LPSBE20PCTLASOLLATIOS e o e

hematini C conpositidn, particularly in the presence of hydrophilic
exci pi enate firathdhies @ygpatfohve rclpiamiat PeaRPRRC PP HEEE usdagpthse §PLC

addi t§ On%ky%éf‘dﬁr 3lge L e TSl bR aeheld edif@tgry: al-of oM Lhe magt %?‘ﬁe g

chromat ographi ¢ col um using the HPLC 5 analytical results or data o

di rect | ycprbiaaiion Svidt ether Drapatabbyhachsemal edraohd cprepiaimat| vir  this

chromat ogg aphy ¢ ol %E?nikﬂcéﬂ' S peFRRACige @ $ INUHSCARE 1 RETLENIAIE @ the
substantially all of The undesirable aggregated AHS. can be separated from

t he pref BRiesizamde waeregatred MHS famde- ANBapabRdi ST pmRellmtp rgrdt AHEL | y

separ at egndfe f pAMiLAE: £ALAGL REd ShEaK ARS RiddiRLY rBlerenaa stapdaid.peak.
substantially all of the aggregated material corresponding to Such a peak
can W sEpAPatlerr f rdmrasEcaestFed ik, FéMmagXanprESTERCEr aTEINERTAL. PMAkre a

shoul der s@ppass a9yt 8€1 PE MBI JRHBEHEPAEE wiandand -AHS:BEaKsi RS W khichea
further discussed bel ow, separation of 15 substantially all of the

undesi r aBf¥ @rgPe sBREYR L THREt ERFafesinll AéSes L% PFARRIe y I TRartigane
of the piefgnéad AHSHOE1aLONYRISAIY on NOle abtimiryt he ROALRAaLed AR ST AR
e

may be renmoved. The extent of separation and purification can be
det er m MPHni t haF ef dldhce R t FOrthpl a GoFEisAsst abebPWi ngSEBATHCL9Tet hodls

of tise p@ﬂﬁ.ﬂiﬁntﬁ.aiﬁ?téPP-onQ:h-Q“%%Egiﬁabié", addi ti aaghags ed@valce@tial, may
substantially all of the |ower nolecular weight, primarily hydrophilic
exci pi eMEEFEELEhY FRATTheVi et iFATe C6n5o8i PEBASTHRA t M fles&iPRVERGRRYI on,

the nmethests 4augbt cher @ighregdt e Suhterik1amAHSE habnbseSUbBIAN LBIAY of
puri i edsgpsar\gl?:lilon \émnxtihpﬁggggcdatti%na%ga;leggt gceitclai‘n?{]necg rrijl.teﬁ( el'séference to the
data generated according to the methods of the present invention.

20 Therefore, in addition to removal of substantially all of the lower
molecular weight, primarily hydrophilic excipients present in the
hematinic compositions of the present inventicn, the methods taught
herein can result in an AHS that is substantially purified as well
with regard to aggregated iron complexes.

25 Applying the teachings of the present invention, a
discrete active hematinic species (AHS) can be separated from
excipients supplied in commercially available parenteral
compositions characterized as iron-saccharidic complexes; the
separated material can serve as a ‘“primary reference standard.” One

30 method of separating the AHS from coexisting excipients employsrlow
pressure gel pe:;meation chromatography (GPC). In the present
invention, low pressure refers to operation of the chromatography
column at about ambient pressure, including at a pressure slightly
above ambient as a consequence of pumping fluid to a packed column

35 to which are attached valved lines and, optionally, other equipment,
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25 Applying the teachings of the present invention, a discrete active
hemati ni c species (AHS) can be separated from excipients supplied in
comercially avail abl e parenteral conpositions characterized aiM 2005

i ron-saccharidic conpl exes; the separated material can serve a 8y %‘h mary

ref er encewstoaaskaegl. © One 30 nethod of separating the AHS fgom.& ép%f ti ng
exci pients enploys |ow pressure gel per nmeat i on chronat ography f(? ?

t he present ; Lnvention, | ow pressure r ti 0
chr omat ogr §pﬁdm%o|°trfr?n @t apoat r?t%?’e ‘fafréélssgrrgg |€rscl 8’% ger’a‘%&q\"zgfrsr esrl:slﬁlrse

sl i ght | y tegbovguanizaant bas taecdonsequemie ofopurqziad.gsﬁlsur@hf t ¢he paeﬂmdated

colum 35 _taq | ch qre at he , ath
equi pnentrfakﬁiy\gi%hy%é%%a\t&\%gozg g%ggﬁ%‘#% (H%/ri%SZB-gEtl nagon%r{%r fr%:re
anal yti cgrepasitiorents oewdpheettrmal Tumpostiechns qUEreﬁmrdidwsemmod;obmhy

for apal th e rted er| b ofr n ul
quant |5]t | )e(D of’g%\HS Emﬁ Eprge‘par thons %ﬁg\:}vnpg%%% Il]{Ie con%C%Lgygt(ilucgng km'th
Pr ef er abldgmotéter dtddu nmoS epatks ngveaghpr s sEgiec hémchlrglxhn ncorosstenksedcs

pol ygl ucans V\é}h N ELenrmn&sbt %t e@ ecg %FSD;ght or %z excjr usroJIQh 'Etiﬁ"e

characteristics greater Yran “about | toRs re pre Yerad
size exekodusiphabacketesisissgr gatatren ha:malaboerbotit; 500 soal tbmstcams are

preferr egisl Sca{eaé)' s E:%Qb%%r%%ie e é”%&%ﬂa%'a?%ﬁ@é&&%ua

Bi ot ech, away, nore, T on- exc ange gel's
propé@t i @sonech af Piatayawdy,oniif ogFaphyevwdnamsian eexaltemgeui gelld ewitFhe&sPAHS

. : |
Fract | onfs e s anc, B EFAGH, MrbofRlat iy nBhil; -1 LUTEREE S chi on
the reference to fFhetiBfS 185 typibmddd opredextt pdmt | Braofiqmt ar i ahd elthieed

from theegol e WED LRELE.d5.PT 9eRL, SUPSI aDt i Aliby alla alslhe oo

preferre primary reference en substanti alTy Separatéd
fromitsfrercilp: esnlsimiOriian raetdw&lﬁnouma@mgmsud:hea redépaente drp oﬁraedmroers

mat ey 4 al ;| er, I a
e ctd o hori e ete S e g anela Ry b
appear antbexd the PrRdmdl pebktantipdaks alddi eét it t heebrmswincer ofpriMdSy

and/ or aggreaalRd AHS (afa.furdfer b(eieﬁcu§§ﬁgt£?tl,i%vf{)ly | 3cBarated from its

excipients. One method for marking such a separation of eluted
material is to observe where the LLS sign_ai closely approaches or
20 returns to the baseline value for the mobile phase following the
appearance of the initial peak or peaks indicating the presence of
AHS and/or aggregated AHS (as further discussed below). In a
preferred method, a solvent reservoir supplies an agueous-based
diluent or solvent by gravity or metered flow to a chromatography
25 column of any selected diameter or length provided that the length
is at least twice the diameter. The column can be constructed of
glass, stainless steel, polycarbonate or another material that is
nonreactive with the composition and diluents or solvents employed
and able to contaln a statiomary chromatographic support material,
30 also referred to as a bed. The bed typically comprises beads having
suitable porosity but other forms of the bed may be manufactured in
sitv within the confines of the column, such as a poured-in-place
porous polymer. In carrying out the process of the present
invention, initially an agqueous-based solvent (or diluent) . referred

35 to as the wmobile phase, is passed over as well as through the
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preferred nethod, a solvent reservoir supplies an aqueous-based diluent or
sol vent by gravity or netered flow to a chromat ography 25 colum of any

sel ected dianeter or length provided that the length is at Iea§R$&96&§ t he
di aneter. The colum can be constructed of gl ass, stainless steel;

pol ycar bgnbHosggganot her material that is nonreactive w },?T}UE&‘U_&Q) osition
and diluents or solvents enployed and able to contain a stationary .

chromat ogr aphi c. suppart terjal, 30 also referred to_as a.bed, The bed
Lypi cal | $PEORTH IS BeBdSoRARAnFOmSHE ABPR To A1t §obhES ol HEH TGI8t SFhe
bed may beusduéaddirtte | dblumint Uivi tiki Rohheceenf i @185, oft HteigholuBAngsSuel as
a poured-in-place porous EO| 1¥ger In carr ingtout t he é)rcgcess of .the,
present CPAVEht T FFHRGEQFFy “57° a?ﬁ‘?g]t?[fse-ﬁ ed-E5f0ett (G 49 mine
referredifd basalSideherpbittephastedtvrpansedbovessasiomeld tas dteh(u:.ioughht he
22 3 2005 02/ 056826 PCT/ USO / 45205 i nterstices of a beade or QusS
supp tyﬁﬁﬁl.e%\/\%‘ﬂ‘é PEqUid3sEr E2MTorol% | g‘?fteeCté’fi t'® tﬁléec&eﬁﬁn,ori £ gplilt

conduct egtreang. £1dwhr@eghal Ui Ghara0 lednem@lt iflee ddetecdorsoditairianal gzent he

streamin order to _determne _its baseline properties. Detectors y. be

p05i £ 1 OnBETTFaeal ERFERC a 5 UGEPI cSTT AR BB LAt & r GFBRe Got GERdT FONE he

next or eoBmdtiricStileamds ommd hatrend .ovBiipabak| eetettibid phee delnpdwed to

noni toring. Such etectora tar(ggt el uate characteristics in terns of.F%fal
e

time volTHERS ¢ Fow 6FCFRe EtFear - Si™ abrEPEEYEET or arkd enpi'6VEd”

neaslfr e andiugdotdysuehest redtamicaperniskdaest isn ppbreaitdatly, i cadfriBtive index
conductiyity,_electrochem cal reductio otential , refractive index 1)
and ot he?’lﬁfdse?%# %%%Efryt‘f%%ﬁcﬁpr g?’fgﬁg‘%. %F/?Qﬁ%laeﬁs'orug{ f\rgé (ak)sorgﬂﬁon ey
refractiaml irefpactRie andepr SiPr ractk detedfetrord fioreqieasuriing sieheurbagethae
properti.es. af. th bile phas I nj.ecti f an iron-saccharidic conpl ex,
for exarrl%fsee énelgrgg%r%%%sf)gl%l gh%v%+ﬁ’3§bﬁ %%SgFént eral conposition, into the
aqueous stream | eawljextiont it hen t Dpomfsadedapadkedcomhlaw, bid essanes tdat

B T e R T ST g ey
theory, stresasm ti;elaidémgd inhat thepappt icdn tdfe tHuekddf tolemt BOdsezsdredetmaal
spect €5 AL LBt AN 8 AERDALLHE: GATR! G0 PLOCRANS 1100 CXRP Saa DY
through the porous chromatographic beads. Without wishing to be
bound by theory, it 1is believed that separation of the different
20 sized chemical species comprising the iron-saccharidic complex
proceeds, for example, by a sieving effect and, potentiélly, with
hydrogen bonding interactions. Chemical species larger than the
pores are excluded from the pores and they first exit the column in
a relatively -small eluate volume {V.;). As the flow of the samplé
25 continues through the column, progressively smaller molecules can
become entrained within the pores and subsequently exit the column
in a relatively larger eluate volume (V.,). Thus, large species such
as AHS within the hematinic elute first (V,,) in Fraction 1 and
smaller excipient chemical species elute later (V.;} in Fraction 2.
30 such a chromatographic separation produces at least two components
or fractioms, the AHS and its excipients, when applied to the
initial parenteral volume of hematinics including components such as
SFGCS, FHSC. As will be described later, larger sized byproduct or
degradation species can also elute with or pridr to the BHS. The AHS

35 separation is substantially complete so that it is separated from
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hydr ogen bondi ng interactions. Chem cal species |larger than the pores are
excluded fromthe pores and they first exit the colum in a relatively
smal | eluate volunme (Ve2). As the flow of the sanple 25 continugga&?&gugh
the col umm, progressively smaller nol ecules can becone entraine thin

the poresy@ughseRsequently exit the colum in a relativelp-f@yggse! vate
vol ume (Ve2). Thus, large species such as AHS within the hematinic elute

first (V in-Fractiopn.1 and. . |l er | Ri c ' ; clges:.al
ater (vEsjsiE e Rt R e R LU B GB SRE TS
| east twendoimpdnenng tbesé rectipdmntst hbat\HSaitviet sliekdnpténe st lwhmiscent

applied cLnitd ter Y . Of i,Ni:CS | dihg
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The epar.atign 1s, suhstantially.co ete.so It 1S separ
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the e Tosily Rke "BNGaThS | IS BIE SRER P ol DPAL (gt TR
subst ant fettherf riegrehsex ¢thgi erfifecasdesedubstmnvohithy 4V:) offorhexsdipiphent S
are pres i gr 5 Fract i.on 2, r i - lLow At .,
cond 11 ortotoraf ROSARE iby diilen GF R <008 SELEELERIEAY BoflHAL
bed nc eErapitieadedt her@elfd ebyivegasi1asen (VnRrdgriameci prent s
Wan chxauelts Poicaded ifg eyl Ut ipdiim (Y i
fromth i ggg\g i ir.sige ] ract Wi h
chr omat g%%gﬁlﬁmcjybg . cgléép %9’&%8%@%’ bgléegbidn |§:gﬁi' n?gﬁéa%’ti%%zé'a%g]agégﬁe% ally
di scusseth byfoaddgbenystyy, "afd R.-MFelsemn EA.978arChhpPelkksr, Nav 'Yoobd pp-
Chemi stryp g0 R Fﬁg\;&g Ed , I K ork - - 96, ..an
Zapsal i s ZC.géér)da i3 A. ggg_k%'w%%{ CﬁFogg éﬁ{éﬁl sN'?%VgghndFoﬁlgt F?tgtln%%%][_}a fna
Bi ochemni¥ibry tiomphpBeechanistaln “Wihepter Sofs, Jphn B8BeW 5&580¢ng eaph. 588-
i ncorporsded ye-nr ef t rpgt ) [ f ,
present | nlve(nti on trﬁ'reo‘%?grgﬁnwguggt g)r%fi'ggfe?ggf ?%ekﬁghgﬁc'ggﬁge%lélrﬁgﬁgg%fén%éft 0
t he sepatdPegeAHSt e Prafsstafovant ot ride dermeteibsbantiaidanSrenat vhere

fracti ongantiai RicR@-Ehee AES LRS! Wdgsrd 19 [iydcahey %
general ly gr elat ere tﬁan 2boutt85 Wt.E %@{%Aﬁ%@ﬁ y grg%tgggg%%gn]\f\% ebugtf 95

W. % rSYePprBERrBEATS ot drbe Hiigction containing ‘the AHS includes from
greater than about 75 wt. %; generally greater than about 85 wt. %;

20 preferably greater than about 95 wt. %; more preferably greater than
about 98 wt. %; still more preferably greater than about 59 wt. %
and most preferably greater than about 59.9 wt. % up toc less than or
egual to about 100 wt. % of the AHS eluted from the column {(in other
words, there -can be present trace amounts of excipients and the

25 amount of eluted AHS may not include a minor or trace amount of AHS
that may be retained in the column, tubing, detectors, or lost.
during processing). Correspondingly, such exXcipients as are
originally present in the composition fed to the chromatographic
column', or possibly generated during processing, are contained in

3.07 the subsequent, excipient fraction, Fraction 2, and is equal in
amount to the above stated values subtracted from a value of 100

' Wt. %. For example, if the AHS fraction comprises greater than about
- 99,9 wt. % AHS, excipients can be present in an amount less than
about 0.1 wt. %. ' ’
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about 98 wt. % still nore preferably greater than about 99 wt. % and nost
preferably greater than about 99.9 wt. % up to less than or equal to about
100 wt. % of the AHS eluted fromthe colum (in other words, ?@é@@gn be
present trace anmounts of excipients and the 25 anount of eluted AHS may not
i ncl ude gvgmARkser trace amount of AHS that may be retaipegykf, &g col um,
tubi ng, detectors, or lost during processing) . Cbrrespondrngly such

excipients as are TﬁEL%L:Qg‘lellageprgsﬁﬂé A the, @%%%S' dd AL d ed, 4 1EQ€S in
chromat ographic col'U or posSrbl'y generate ' ng processi
cont ai nedhe ncBfontadtegsabiéquehtat e xstimEagntcahr aet Pbagredcts oy Z,asand lrLsht

equal | NocBIBUNLSL 0 e AOMG, 8! abad: VAl Has subladhed, fromacyal us; ol 400

W. % For exarrp fraction co r’rses reat er tthan abou
Wt . % AHBHS eapd pemiglezams bzampriss edttdatedn barrmu:nmgl eg® tdramorzbolitf f@rénpt .

% 243 Vo, 2005 Y0 821036928 ECILUSAL/ 453709  The pLesence, ofu e Ateacs
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observedfasi rdpel asleraﬂa gbtresmat tler | :ngpraéezbes;tr mesHod Addinte ofietf 4¢qr,oxt hes

elution profil the ,AHS and excip entsc det ted by using. o
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recor dedabiarbanize elagaketstr eand Imc&neﬁ:ef eEr ed ﬁ&bhﬁdntm‘t&cﬂﬁt eechebitise
errployedt at_i.s sensiti to vvavlengh( si,ng a WVIS absorbance
GoF et or THERCRASEREParE LR REREERE o ity yBdePerhsnt oS ad 1ot R S
det extt or fraidnetwbﬁi detmtenﬁmd&me cpnqmﬁsseriglaalis skairao8l{ heseotde cdOr swar e
processed CSE rat recorded ?s t W0 nde;%ﬁE ent ordi nate axes

e

(y- axes)™d tﬁbsa&esc’sa Ee5ki §7% SefOTRClnFPE e (X~
cunul at i axeisal uaxeruelserae fe. gunitsm ldf | Id_uﬁﬂuik)atme slemdl )voa.Slmdl s¢asged
ubst aniTEoHEEFE DT o565 TSRS o £ 861 FOB o SaisSErT i ac i BBt ng
subst anti@éﬂt}ifyab)heﬁé .%dSIGcﬂO(Hd)IF&IatS;LOJEfi £ecaidmpetiyibegsuiss tdcdentpeai nl of
oVl dancey demusLiales il LG ((eelhons ate Ul LLg ol SSRLSLECI,
Accor di rgll oof he:hBeeexd;mﬂths Lae/tfelqtghtelﬁb?nmgbaace Hxperifenednt edifenddie
Concentrégdd% tggtgssgﬁc£f Eelkgggtﬁgggrggém%&; fglently separated in time

so that the AHS can be obtained substanﬁlally free of excipients.
According to the Beer-Lambert Law, light absorbance is
20 related to the concentration of a specific light-absorbing species.

The absorbance (A) of a light absorbing species is expressed as:
A = ghc Equation 5

where ¢ is the concentration of a light absorbing species in moles
 per liter (M/L); b is the light path in centimeters (cm} through the
25 1light absorbing species; and, £ iz a proportionality constant known
as the molar extinction coefficient. This proportiomnality constant
is unigue to a light-absorbing species at a given wavelength of
light. This fundamental law accounts for the fact that 1light
absorbance for a light absorbing species at a specific wavelength
30 (A) converts into a gquantitative measure of its molar concentration.
Hence, positive increases in absorbanee at a prescribed wavelength
.for an analyte corresponds to increases in its molar concentration.

For monitoring the AHS of SFGCS or FHSC in a chromatographic eluant
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The absorbance (A) of a |light absorbing species is expressed as: A = cbc
Equation 5 where c is the concentration of a |ight absorbing species |n
moles per liter (ML) ; bis the |ight path in centimeters (cnj NFE

the 25 light absorbing species; and, s is a proportionality constan knomn

as the nokayoskdpction coefficient. This proportionality g (?P,%F@ﬁ‘{? ol s
unique to a |light-absorbing species at a given wavel ength o t2

fundanent al 4 aseount o, ofdf1eLachoLhal. | LehtsoRDsarhanse %roezflcgem

absor bi ng Specl‘es at ‘a specific wave conver I'nto
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separati oy, A300NLYaLUE 3oLl ALed 03LR! B80! Uy ol uale. Kol g
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consistently shows a positive ratio (+AA/AV) above a solute-free b
el uent sixptab, AHS./ADncehtrat |aonsohctr€e>eﬁ3:@9 |ha:e¢lpa'.tee ebhene cdanedtr atHoON.

For a negati A t.e \her he AA/ ratio
makes a trgltr:\s%{%%?\i‘#rom eaﬁ (- thé;lq"saﬁrorrlg ographcf%nce GEtr 6noBt 1571 hé
AHS is nmmegatzee ﬁst:iao" cmpq/rmﬁ)oghaphppow.ls @ .t iherpOLAE ARPNRI £kt @S

t he chronmatogra flle contln es to display._a ative ratio (-
the AHS 8 ntaPQ:F F'F?Pnlf§ﬂ‘§s fRe ! g e%loﬁﬁjéggﬁ?ﬁ’}élq SEJt‘%tt}(é’I‘f Gt AV)

AHS d6nCeier AHSONS SaxiMigeas aTshei Mﬁ@m&tegﬁpmspéegc asyrpinotica | Yoint
decrease and gpproach an AP4300m 20 value of_about 0.0. As this _neasurenent
signal s an"gh GEF SRR eRE AHD T e ¢ o AEBRMTURT 0FCsefidFhize Ry

detector le@gtHPe ratio (-AA/AV) the BAHS concentration diminishes in the

eluate volume. This is true for AHS concentrations so long as the

Ryenm continues to asymptotically decrease and approach an A 430nm

20 value of about 0.0. As this measurement signals an end to the

elution of the AHS, the concentration sensitive RI detector begins

to respond to increasing amounts of hydrophilic and other excipients

included in the eluate. As above, a positive (+} change in the ratio

of RI with respect to changes 1in volume (+ARI/AV), signals

25 increasing concentration of excipients. At the eluate collection

. volume where An/AV  still displays a negative ratio (-AA/AV)

asymptotically approaching a value of about 0.0 A and RI-detector

begins to signal a +ARI/AV slope, this marks the effective boundary

where Fraction 1 substantially ends and Fraction 2 effectively

30 begins. Fraction 1 comprises the AHS in a high A, environment and
Fraction 2 comprises the hydrophilic and other excipients in low Aw‘

_ gnvironment. In this manner, an elution profile is determined.
The eluate boundaries that define the separation where

| Fraction 1 substantially ends and Fraction 2 effectivaiy begins can
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to respond to increasing anounts of hydrophilic and other excipients

I ncluded in the eluate. As above, a positive (+) change in the ratio of R
with respect to changes in volune (+ARI/AV), signals 25 increaa'%pn% 5
concentration of excipients. At the eluate collection volune Fe %R/AV

still di sapbayssa@rdegative ratio (-AANAV) asynptotically r ing a
val ue of about 0.0 A and Ri-detector begins to signal a iﬁ%(l%%f/n‘s{bpe,
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sui t abl easymsitatigeidlyf crppdoashpsr pose | sexcertol ocQuesndkEat sy shdmtantial
manuf act Hunt ci ates.:lLab [ Vorred NG. n.. VA __lLncreases
in the SE‘IL’II?ﬁgiﬁaiérn a?i’% msgslség%oto? %tlﬁ%llgﬁug% ?Iges*tﬂﬁgé %Héu%e%%%‘g%r%L it the el tate
asynpt ot REattdapomspr cdchids zdnstpestesar mwarks rdiec tegisubsganti dhe eluate

separat i L0 el ut.i t . 1.NC '
R T eaporonits (enBidelfe SRR L 1E £ Binshen AT ROy B e
conpHl si gepanasitpicanbetween anfeyet Forchicmrhaubes aphbatl yresnds anti) Fraction

denarcatio .Er.act,i.on S ' |y e A actio 2
ef fecti v%l &%&%ﬁ%gg%ﬁﬂ%%& e%%rﬁ?ne% bgg%grg{uéﬁadng%ghggiae oar#zgr Ehk i
ant hr onealygsmaeabssedanbecrifandse of] Udtee SituasamstSeate Bothe t het\HShe adHlE t he

exci pi e e : 0 LV D%E n
det e(F:)t a[)%lgd ,@%\Zé g&%&??%ﬁ%%ﬁvﬁ %%é:‘i%ﬂ% %% oes'%“we nggég%:%eoﬁygi) g%:%%fgency,
Fracti ontie drtecsrbiei pl-es Phatzlnederiddobe mhhsmahdbghivwesal Foemtépt 1 have

l|3/§1te grsggfgaﬁg&gg 'E'nTJg E%?%%%’Bﬁgiﬁﬁ %E%&Jl :4‘;;3{15( %’%&?Xgﬁ?c’%%%%
and B. Tavsof resarer , deputidedi ndi oR-of IR&IWoeAg S@yat stapveCar Besty dr&bes, "
\et hods Ganholudiate vohem s 1: 384394 20a(1962) el MOfe. 7. 208AL | V1bYs &
Zapsalis and R A Beck, "Food
© (1%946); J. E. Hodge and B. T. Hofreiter, “Determination of Reducing
Sugars and Carbohydrates,” Methods Carbohydrate Chem., 1:384-394
20 (1962); and more recently by C. Zapsalis and R. A. Beck, “Food
Chemistry and Nutritional Biochemistry,” Chapter 6, John Wiley &
Sons, pp. 353-354 (1985) (each of the disclosures of which are
incorporated herein to the extent permitted).
The methods of the present invention allow for
25 preparation of large production batches (for example, from greater
than about 500 milligrams to greater than or equal to about 1.0
gram; or from about 1.0 gram to about 10 grams or more; from about
1.0 gram to about 100 grams or more; from about 1.0 gram to about 1
kg or more; for example, if desired, hundreds or even thousands of
30 kilograms can be produced by the present method) or small analytical
samples (from about 5.0 to about 500.0 milligrams)' of the AaHS
present in iron-saccharidic complexes of any type can be prepared.
Since the AHS is the preferred component of complexed iron present

of these parenteral compositions, the ability to separate the AHS

35 forms the basis for the primary reference standard. Separation of
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Chem stry and Nutritional Biochemstry," Chapter 6, John Wley & Sons, pp.
353-354 (1985) (each of the disclosures of which are incorporated herein
to the extent permtted). The nmethods of the present invention gjLoygsor
25 preparation of |arge production batches (for exanple, fromgreater than

~about 500w d2lesge@ns to greater than or equal to about 1.0pcHfaN=k from
about 1.0 gramto about 10 grams or nore; fromabout 1.0 gramto about 100
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transfer into a hy ynam c vol une w paysngﬁilgh
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value of the °AHS-contai.ning phase. The operational princip or this

met hod i $HIsSCHALAIPARIt pheRat dhet bPerahi pras sericimlendicoy rtddisi cerbolods

descys bedinghov e Rihct Be shat i APatdeLalum sﬂaf@%g kAl h i

met hod a?@, rmreofi nely divided s?ﬁa(tes to w P’Estan‘ Iga{rﬁgggupfggﬁgé er%'r%lgggut
5,000 to2RB¥HYt AW 0P phafdsongely sqiame bPréhmgbeoialsssiqn tiroHPIED ndthpd)

This resybtsnbfe Stayaly fd oWl €5 Ak @lUaLRnEE Rkt PEEAMM of from about
5,000 to about 10,000 pounds per sqguare inch {about 35 to about 6% M

Pa). This results in slower flow rates of eluate from the column,

20 but it is more than compensated for by the high hydrostatic
pressure. R silica-based stationary bed that depends on adsorptive-
desorptive analyte separation phenomena can be used to produce a
separation of the AHS from its excipients. Such silica-based
separation performances however are difficult to contrel and reguire

25 accurate preparation of an azide-containing aqueous mobile phase;
consequently, they are subject to greater analytical errors.
Furthermore, shedding of particulates from silica-based beds
complicates or can preclude effective use of a LLS detector. Thus, a
polymeric HPLC column, such as a GMPWy brand manufactured by Tosoh

30 Biosep, Montgomeryville, Pa, that employs an aqueous mobile phase is
preferred over silica-based columns. Such HPLC analysis of, for
example, a commercially released form of iron-saccharidic complex
requires preliminary 0.02 micron filtration through, for example, an

Anotop 25 brand inorganic wmembrane (Whatman, Maidstone, UK).
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20 but it is nore than cofrpensat ed for by the high hydrostatic pressure. A
silica-based stationary bed that depends on adsorptive- desorptive anal yte
separati on phenonena can be used to produce a separation of tthéHg,OJSr om
its excipients. Such silica-based separation performances howeVer a7 e
di fficul rol and require 25 accurate preparation -
azi de-coh%ﬁ%\’%ﬁgiﬁaqueous nobi | e phase; consequently, the;’;{jgﬁjegms/fjﬁj"ect to

greater analytical errors. Furthernore, shedding of rticulates from
silica-based beds Z2conpMetiees B‘F’rc?ragga édeéén%f?kéecﬁ%%epﬁ@aﬂ' TATSECE

det ect or stZHESrd andPeoprest tndlRIxGigaknsn, such as a GWW, brand
manuf act ured by Tosoh_30, Bi gsep‘, Mont e

oneryvil| PA, .t hat_ enpl oys
aqueous nobi | e phad@at¥Siyr E% it &?S'Fgg?l FRat P&y t@SFuﬁR@Eﬁ%ﬁ C%glfée
anal ysi s i@bn {@fendo@mYre hefiatONTErRimldsysr ekessdes froroneothighon; shechdiondi ¢
conplex requires prelimnary 0.02 mcron filtration thrcough, for anpl e,
an | Aot GESIEIHEES ORGP hro SCRREE i Ao At OBET LGRS Wy
2005 WO @2¢:B5§§££ Rk dlibsg& igéﬁa@éig'ﬁxt It bedSefﬂslwh&bacthhﬂiat? wthe $ABS
primary reference standard and coexisting excipients. Analysis faor iron
reveal s BRIEEndt € ran *abdOF TR t ﬁéogi ?Bﬂu'grﬁoer’lﬁedff 6P ARt i -

pur poses gt egirgeSabdut hes hingh A td rashitons wtdesi;gaatiedxaspfaact iresifieahave,
generall¥ fromat |east_ about 75 wt. %t}g | ess t han _about 150 wei ght %

pr ef er abEPef 8 b SEECEEOI LG o506t FBRC O < 06T PBr 2ERBRpt e TG MPR
about0 901Wkan %4 analititfi89. BywitomPs dbserpabont sP&rtioscipl 0 (EmEUtbud0 ivbn %

and exci pi ents_resi.de i the low Aw fraction desi gnated as Fraction.2.
Iron at oFESRREEEPEn 19 1 nagé’nauazrﬁifnfogd gﬁgﬁfq‘g agl?;{ﬁso? tigretine

spect r oseopyt {AASE thubfi £ prpfaritisl b atho praseAASiatata drs not

determnative of hegmatinjc functionality of the products_of the presen

i nvention. The rel g'ggnfeiﬁ‘é@atctcg”ﬁrﬁci%srb%lac n%g-ad%'gﬁxﬁzé%tqeiﬁagl@fw f’%e

present the¥enprexents Hasedtdsn i tis albalseBy &0 detsd vetbiaitd5 physi«iliegrcakl y
Fe Vi

ol EnPh R a0 e ot 1 ot O bg BREEL B R
accept abbeesqetilgs tihkatpareseripkesmpaoper Thies dérmir assocatposhttak| dsda An

aSSOCiatﬁgPegtpelrlaqilgr lgcg‘eprte%plréSiQplagcfehsemtﬁg‘l: resembles properties of an

association colloid. BAn association colloid is a reversible chemical

combination due to weak chemical Dbonding £forces wher'ein up to

20  hundreds of molecules or ions aggregate to form colloidal structures

with sizes of from about 1 to about 2000 nanometers or larger. Such

colloids of ferric ions interacting with saccharidic compounds

exhibit directicnal migration in an electric field in addition to

optical activity identified by laser 1light scattering (LLS). LLS

25 properties relevant herein relate to the Tyndall effect where an

incident light beam (I,) passing through a colloid emerges from it at

a 90° angle teo its original path. Light scattering enly occurs. if

~the light interacts with macromolecules such as starches, proteins

or other colleoidal species where the wavelength of incident light

30 approaches size dimensions of the molecules. Light scattering can

occur as destructive interference where the scattered wavelengths

interact to cancel each other out or by constructive interference

where two wavelengths of light reinforce each other. Mathematical

evaluation of LLS data permits size and shape ‘evaluations of various

35 . colloidal species. Size, for example, may be estimated in terms of

29



conbi nati on due to weak chem cal bonding forces wherein up to 20 hundreds
of nol ecules or ions aggregate to formcolloidal structures vm'th si zes of

fromabout 1 to about 2000 nanoneters or |arger. Such coll oids é&rrl C
ions interacting with saccharidic conpounds exhibit directi ona?’ ﬁ'Y Ztion

in an el ggplohisdghe! d in addition to optical activity idepiddigd Byl aser
| ight scattering (LLS) . LLS 25 properties rel evant hereln re ate to the
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evaluatlng i Ton- sacchari-dr ¢ conp | exes- ~ For pur poses Sf
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herei n provides Pa superior a referred analy I cal® et hod
characterizing an iron- saccharldlc complex that is normal, in other
words, . represents the preferred AHS resulting from suitably

20 controlled synthesis, or one that displays evidence of decay or
degradation products. The fundamental mathematical relationships and
operation of HPLC in combination with laser light scattering and
refractive index detectors for the characterization of
macromolecular structures and association <¢olloids has been

25  reported. (see P. Wyatt, Light scattering and absolute
characterization of macromolecules, Analytica Chimica Acta. {(1993)
272:1-40; incorporated by reference to the extent permitted). As
discussed herein, such techniques are applicable to iron-saccharidic
compléxes comprising AHS.

30 Acquisition of LLS data is particularly useful for
identifying AHS in saccharidic-iron complexes, particularly where a
benchmark analytical reference standard is required. LLS data can be
obtained from an individual batch based on an isolated sample or LLS

data can be obtained using in-line analysis of an eluate stream from

.35 a continuous worocess confainjpa the AHS followina its Jliguid
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characterizing an iron-saccharidic conplex that is normal, in other words,
represents the preferred AHS resulting fromsuitably 20 controlled

synt hesis, or one that displays evidence of decay or degradatlf@aspfdagucts.
The fundanental mathematical relationships and operation of HP

conbi nat ivpm oxdshz2d aser light scattering and refractive i pgexsipiggiors for
the characterization of macronol ecul ar structures and associ ation col |l oi ds
has been orted. .( at | eri,ngde.and 9&3&4 ULQs a1l
char act eﬂ%a?a or?rapg%r%c?%rgr% tléﬁ%/ 1inA#a: 3Q/t£| ?% %{;‘II m (EzlaeActa 3¢ )lca Y
272: 1- A0poumt of porit edrby rcefiplencéato Helen moeim:eperamdtt@tﬁ)mlnﬁs‘- k¥ sEbSsed
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i dent i f yhageiAHS bartcsha@@haatcﬂu Cceompar tompl erxfesmarpaﬁatqt@magl ywwhén’él*éy can
benchiar k _anal vt.i r r e and | regyJ_Ln( ta,Laghe

obt ai §r:‘gd ro%‘%%ﬁ'n%ggl v‘?é Cdat ?ﬁ bas r% o%fan I SO at eﬁla?%ﬂn% Zaor ELS ?:I% ta
can be ombzphvsidbaysiafy the Iphae:rralﬂ:aﬂysn-sabf specislsuat@hagrceani taoinB5eh RHS
continuo h wi.ng q 30 3 £MRY, 2005 WO
02/ 05682§§5%T%§§0%P§§§025%€%6n§atg%ﬁ\gg Ri ¢ %gotgt |H{c())%1ﬁt£lr Lll‘}%er wor ds, uonc% a
sacchari dmcaaslsyss bolid foardicti rqmﬂGGm'pl@Rdhéﬁsbe@ﬁm-rldéﬁrcem’amfl@ﬁan%h%d
by LLS % § sl ErG@MRRAtI AR LY N (i Rer aethadS, syeth ascEhRsS d5§ctg§ed
her ei n, ch-to-batch conpari s6ns of ~manufact ur| ng continuity can 5 be

r out el enhanded ¢FLCn Speastibfalflon misa basohht baseiml |skre Fnsy FHGL8§¥CBRLt he
phar maco PegLes. ;oh [IEaen AhsAR 51 ze anthaaapeckeatites
can be u‘lae%l'?%!tr?%m tgr AES ‘?r{anu dgcturl r?g proce?eées '\%q uc © qual ity

and AHS stamsiarid yagpriyal ngrLEBe REgberIsthsRiHatansy esq-maééuedl aWPﬁm@heAHS
oper at i ogalg s0ldianaed! obLSsdfefthanael) HEk b GRS fd:6Aldeterfisnlaughiin
her ein, S|ze ‘and ~di nensi,ona trlbutes for so-called normal AHS (e.qg.
primary sedndagdc Pebyeamderid aemesaral &Y (ORETPEEIBr RELVED) . SuGh RS 0REERS ed
abnofgal (3« ('I%cﬂnol degraded ok.309r sgalad ARR) ) SURMCTANEGS 131 8rdgher niped
froma standard Deb | of" generated by operating software such_as_ ASTRA
15 (Wwat %PW@PEg;ge@&beEdsaﬁt & BaFparta, Eroht . sTpkteleing | andf abaehutm

appl i cat ;o0 (8¢ ERefod NP naMdhbiebh Y . SHALLREERICAN APSIAM €272:1-40

{1993}, incorporated herein by reference to the extent permitted.

Preferred AHS has been observed to have a generally spherical shape
20 and to be about 10 nanometers or smaller in size, whereas degraded
or aggregated  AHS, such as material that elutes from a
chromatogfaphic column before the preferred AHE, tends to be greater
than about 10 nanometers-in gsize, for example from about 10 to about
30 nanometers or more, for example, from about 20 to about 30
25 nanometers or more. Size and shape dimensions can be relevant
factors for physiological and metabolic tolerances as well as for
their tissue disposition of a hematinic. Thus, the application of
LLS methods is preferred for routine characterization (including
after manufacturing and during storage) and manufacturing monitoring
30 for the hematinics of the present invention.

Laser light scattering of AHS provides characterization
parameters in terms of absolute formula weight or absolute molecular
weight. However, since the AHS 1s not a monomolecular species,. but
instead behaves as an association colloid, "the use of absolute

35 molecular weight is particularly preferred. Such LLS-based molecular
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characterization of macronol ecul es. Analytica Chimca Acta, 272:1-40
(1993), incorporated herein by reference to the extent permtted.
Preferred AHS has been observed to have a generally spheri cal sglgigezc%@, and
to be about 10 nanoneters or snaller in size, whereas degraded or

aggr egat edroAidases3sich as material that efutes froma chronpépgg@apRl col um
before the preferred AHS, tends to be greater than about 10 nanoneters in
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and shapgedependent fhysicale 1 e 3eihfNS byl | %El&tw tfl}oﬂrn Aﬁs Oa Ao cRAS! S
for esti rratl ng its welight. Instead, relative nolecul ar rreasurerrents
rely on ShagrRir@rRehiodslgmngi Henege| @eﬁorxelehmﬁatedgﬁaphy a@SEG)ranarto of
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GPC are herel nafter usSed- i nterchangeabl anal ysi s, ective
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wei gi¥ , dgtenad it I | fro bgated.

chr omat ogr aphy (ng%r%nd%ieerﬁéquhtsﬁg rﬂga%@\g/’esél% |%n%%agtﬂrr%n£|t 0 ter%ghB\HS
t hrough &° CHIAIMFOPERANIRE FomRlekr | Wngf L&A ISoREEBR, 8t apecemtration
narrow beeﬂseg%edeeéceeé ogﬁézbeaseweetfegcmeg@nﬁx 11t haefES & Qdes skhe

basi s for assigni n% a relative fornmula weight
used for detection of the AHS and its calibration standards as they

elute from a column. 2As a concentration sensitive detector, RI-
20 measurements rely on the changes in the indices of light refraction
{n) as analyte (for example, solute) concentrations (c} increase or
decrease in their respective flow through the RI-detector cell. At
evenly spaced time intervals, ratios of such changes in refraction
and concentration are recorded as dn/dc values. Each dn/dc value is
25 unique to a specific amalyte or solute and the dn/dc value
characteristic of one substance is not an a priori value u.niversally'
applicable to any othker specific substance. Such dn/dc values
recorded for the elution of known calibration standards and unknown
analytes can be acquired and recorded at precise time intervals.
30  Bach dn/dc measurement in the overall elution profile of a liquid
chromatography column is referred to as a slice (i). The slice
number, its elution time or elution volume can be used to reference
this slice. Elution time of a slice multiplied by the flow rate of
the eluent to the column gives the elution volume. Records of slice

35 numbers in terms of volume or number do not compromise the general
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to the iron-containing conplex. Using this concept, a concentration
sensitive detector such as a refractive index (RI) detector would be used
for detection of the AHS and its calibration standards as they 3ﬁggﬁ rom
a colum. As a concentration sensitive detector, R 20 neasurenents rely on
the changee oemsdshe indices of light refraction (n) as angthetfiohs
exanpl e, solute) concentrations (c) increase or decrease in their

respect i yeqf o Lroygh éﬂl% Rlxdet 8644 el donAlbr _evenky %piﬁég bEMBin /gc
interval s, ratios of such changes in refraction and concentration are-

r ecor ded (a5diRAtEY WeTsEs. Skhch Roikrsy dRBECiEs2E YT Uee Farspeeif RcGPC
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not an a priori val de universa ﬁl cable to any ot S eC|
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time Intervals _do‘ neasurenent 1 n the overa | ution profile of
a I|qU|dln@WﬂUW@FGQraphth%ﬂmﬁnl|s referred to as a sllce (i). The slice
nunber, 1ts el ull OBLLg, O cELid 0N V@UIMEpEGRLdEdisedal O LEE e daeanthl s
slice. Elution tinme of a slice multiplied B %e flowrate o t he g?uent
to the coimifigeRés nweicplt inheNasAtipas R@@@Pﬁs tef adfli dargs makbewrsay nor
terms of -yOlding 10lstRupbeEe4l0 @it @@BEOM%&@&%%@&&Z 23sMB¥e200p 1O
02/ 056826 PCi/C Su t /45205 signi ficance of this data-recording concept.
Thusl® a $FGAS of FESE d T (BERRMatenilay shsmativkchunBars Reabsesesr)indger te he

course Oinéﬁ.y@:’@aln%%%!e%gne!@ﬁrgﬂlé/ﬁ%z%n HubLeBaPESE! kechOhs cald b{xﬂézbfhg to
standards with respect to any unknown substances that may be totally

unr el at ethaTGEeEagR other , shakbe t FA havPdadCadet d6aEBTeS neeBesthei t Ak e

for insigxumenhal A te%lmgge Be¢ auise:st1anshal - HERG . p'hQ%%du'é§§1ngtMs of
recogni ze _ significant phyS|caI interactions common to all [arge nolecul ar

or col IGHEH Vet r RIS, Ve e §HRY eRA 0EPFRARDRY oFPE haeHSdpr évent 21 9P 10
SFGES, RH3GeRt Qldiedats] Md:Aathers! i BES sef@Mt Pfe SUSCRRELP! Snbfys@natytigal
errors. Furthernpre, RI-based GPC methods are unable to characterize™ the
shape artf% ofBFBLEL2AY f dBPEREEEIOE t e AIGenshenadi Mgrirsioexamsl especies

struct ungltinanGhise@iafise, esiidmdd onsnpf #alatiye fogaul geNeight using

Rl - dependent GPC net hods are al so
association colloids, and FHSC and SFGCS in particular, these

features are important because nonsaccharidically aggregated iron

20 atoms can coexist along with the desired iron-saccharidic complex
containing the AHS. Thus, it is important to recognize that RI-based
GPC can provide relative formula weight values for analytes of AHS
with reasonable accuracy and reasonable precision, but the method
overlooks other important characteristics of AHS structure.

25 Based on well-known principles of 1light scattering
physics, isotropic particles with small dimensions such as
macromolecules and ceolloids, interact with light so as to permit the
calculation of their absolute weight and shape. This is true for the
AHS contained in FHSC and SFGCS. Unlike GPC-RI based analysis, the

30  absolute formula weight for a colloidal species can be determined
independent of any calibration curve that depends on pre-established
graded molecular weight standards (M. J. Vold and R. D. Vold, 1964,
“Colloid Chemistry,” Reinhold, NY:; and Zapsalis, C. and R. A. Beck,
1985, "Food Chemistry and Nutritional Biochemistry,” Chapter 8, John

35 .Wilav & Sons. ©DD. 507-547 hereinafter. Zawsalis- and Beck, 1985)
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15 subject to data variations, are sensitive to mnor analyst errors and
conpletely insensitive to dinensional variations of species wthin

associ ation colloids that have a high density. For associati onﬁ,%&%asds,
and FHSC and SFGCS in particular, these features are inportant because

nonsacchaWiodi2#aéd2zy aggregated i ron 20 atons can coexi st al oWt B, jshe
desired iron-saccharidic conplex containing the AHS. Thus, It s 1nportant

to recogniczent hadeddpohased HPG-OARRIEAVIKe Lhlathyeni onTia vel oht fyalyes
u

for analytes of AHS w th reasonable accuracy and reaso precision,
t he met hGgtagdéphedkshat Hére iimpensary chariatttesicattesedf (AHSbt & Ui i £:1 625
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t hat depgﬁgggo%}?%reeqﬂél’lgg%l t3hed graded nol ecul ar wei ght standards (M J.

Vold and R D. Vold, 1964, "Colloid Chemstry," Reinhold, - NY; and
Zapsalis .. and R Q Beck, = 1985, "Food Chemi stry and Nutritional

Bi ocheni 5t &} + EREPT b= BeV:Jofin B35 iley 8oSpHs. mSuEsAPNS4T) herei naft er .
Zapsal is and Beck, 1985) 33 3 May 2005 WD 02/056826 PCT/U SO I /45205
(eac{hincorporated by reference to the extent permtted) . It is

est abl i sHR%® t493™ tRe (At ensPes2®f LpgHtheschasis edotl edhdy Raypaidh Chatio.

through g% 00l 060 depen t i it f.the incident |ight . beam
(1.), the light pa%hf di st.anggg&?) %l rﬂo%rér%@l?hex?i&gﬁems?@gtt(‘i?i ng 5 val&H’éeand
t he pol aFPHLIANS o apastiqles parth céizesosmahpal athaedthti ghvel begEguati on

is Re (lincicns20)igntey2) L9vas 8nd/ ) Equation (1) 10 The term Re
(1 + cos20) is thegbasi s°)fgrv?'?1e Ra%%t&%%g?a io. Extension of this |ight
scattering nmeasurenent to very dilute solutions of particles with sizes

smaljlser than §.he el ength of, ipgident, light (1.) gives the expression 15
Re = 2 n2 iozﬁ‘g[ (??9_{ lE‘rb)f“;]‘/tr‘ 'Cﬁ")Z//Eng be:M_: Fc%?ré‘éuaﬁ%ﬁte% (2) |

where Ry becomes the Rayleigh ratio (R); n is the refractive index of
a solution containing particulate species, nn is the refractive index
of a solvent without particulate species; C is the concentration of
"20  solute in terms of ‘mass per unit volume; M is the molecular or
formula weight respectively for a molecule or particulate species; L

is Avagadro’s number; A is the wavelength of light; and K+ =2 =° 7]02

[m_ms) , C1?/ LA* is the optical constant. This expression provi-des
a2 basis for establishing the Rayleigh ratio (R) or that fraction of
25 incident light (I,) scattered by a particle when a wavelength (A} of
incident light is comparable to or larger than the size of some
particulate species. Accordingly, R is related to formula weight of
an analyte such as the AHS in SFGCS, FHSC and other iron-saccharidic
complexes by the physics of light scattering phenomena and not
30 relative comparisons to GPC calibration curves based on unrelated
materials. Independent of instrument detector geometry for detecting
the Rayleigh ratico (R} when incident light/ (I,) interacts ﬁith'

particulates, a relationship stands where
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where Re becones the Rayleigh ratio (R); ii is the refractive index of a
solution containing particulate species, 71, is the refractive index of a
sol vent without particulate species; Cis the concentration ofméﬁ s%&%te in
terms of mass per unit volunme; Mis the nol ecul ar or fornula

respecti webyw2heg2@ nol ecul e or particul ate species; L MRS D

nunber; A is the wavel ength of light; and K* =2 ;¢c2 no [ r( 17, ) / C 2
/ LA4 is the optical constant. This expression provides .a basis for
establishing the Rayleigh ratio (R) or that fraction of 25 incident |ight
(1,) scaRterBtCoHy a particle when a wavel endddwatApnof3)incident light is
conparable to or larger than the size of sone particul ate speci es.
Accordingly, Ris related to fornula weight of an analyte such as the AHS
i n SFGCSCoRbiSTentd otiftdr inestmzrochaludte vemplmxentby coheepls siddadfied

i ghts scapheri ngypbenanpaa aaduOot 30 LEALiue FAIPANSARS YA P Gystons.

callbratlon clrves sed on unre erials ependent of 1'nstrurent

detectongEbﬂEgh)Fdﬁ}p déﬂeneasgremﬂm§SRay¢eagﬂuuﬂﬂﬂ éO¢RFamheﬁl4q&nume@¢hErght
i nt S pag Latd O{LShé [8cP4 03

boob Wwo B5FEEesbe Ml BrR EReT FRer PRl O Eqﬁn ti'on (3 Geflof Man

in- streaﬁié¢%aieCﬁE§§Uﬂ@#an céatepmoldentdy edeightabdMe, apér &hdo/déigakues
are acquipgd: f.0r &P§ Bl based systems, Rayleigh ratio (R) neasurenents are
acquired for each slice in other words "i", R, and the Raleigh ratio is
si mpld the product of each slice's concentration (G), nDIecuIar wei ght

(M) and the optical = GQRsh ant (K*) or, 10 R = K*C MI l&ﬁydﬁlog4k4)nght
scattering al so alloms fof characterization of structural consj stency of

the AHS in iron-sadésati dcatEerprexeslshasddowvn sy sharpgtentiatdobet aen
light scatigsad-zat é@ﬂ@lsft%r rdye 1313n0hes 8 andlméuséac%&lagétt dedksi S

Tl
supplenentar angle 1 8 (le/ 1190-e) O all possible I'ight scaftering
angl es, o] 18 @gﬁfymmetry ratios between light scattered at some forward

15 angle 6 and that light scattered at its supplementary angle 180 - 6
(Io / Typ0 - ¢). Of all possible light scattering angles, about 45° and
135° serve as instructive reference points. When a plot of Ig/ Tis - 6

{(ordinate) versus L/A (abscissa) 1is constructed, the structural
dissymmetries for spheres, rods and random coils are readily
20 determined by way of reference to Zapsalis and Beck, 1985, p. 535.

If the AHS is substantially isolated, such as Fraction 1
discussed above, it may be harvested in (a) bulk production amounts
or (b} small analytical amounts typical of that found in liquid
chromatographic eluate streams. In either case, LLS methods offer a

25 preferred analytical method for establishing a routine reference
standard for any iron-saccharidic complex in this pharmaceutical
class. ,
The ability to produce purified AHS or iron-saccharidic
complex using teachings of this disclosure allows it to be
- 30 comprehensively analyzed and characterized, including defining its
'éolloidal and molecular attributes. Suitable analytical and
characterization methods applicable to the AHS, and to SFGCS and
FHSC in particular, include ultraviolet (UV) spectrophotométry,
visible (VISs) spectrophotometry andr gombined Uv-VIs
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135 serve as instructive reference points. Wien a plot of le/ Ilie,
(ordinate) versus L/ X (abscissa) is constructed, the structural _
di ssymmetries for spheres, rods and randomcoils are readily 20 9%%@ ned
by way of reference to Zapsalis and Beck, 1985, p. 535. If the A

subst ant i wig g2/0kéb at ed, such as Fraction 1 discussed abovgetAkyi@yysbe
harvested in (a) bulk production amounts or (b) small anal ytical anounts

typi cal of_that in liquj : ¢ el str, ) Liher
chte, L nsetReRatipfiarty M ENLTRLRN RN © LBt (PPIEL aPrERERD
routine rgffermerde (FRlandped-fwrcopny islmttsavciepindi teeemaesx (BSRHhi spulse

- phar mace | - S. I s . pr odu ur, L.tk ed; AHS ;
i ron- sac%aal%?:& 58£§52hplge-lge [ ng&%ég%%}‘ﬁ%sq%%% hi sahél%ggf'g\su{réea‘fsgl'l oﬁérﬁuﬁ)
be 30 condircddrensinyelGp)araidy zeptad chefiadorsT i deberisaohudiony) deffilvpngsfent

col | oicdal | ar | . Sui alytigal a .

char agt erslp%%gfgggﬁé#hodssé%%ﬁ%gbﬁé topﬁghiﬁgg' andhgg SF O%Sc'ils FHSC T
parti cul sspedtmobodeicl tarmliyeket (Wclsgect naphetiognetegonanis| HpectVbSropy.
spect r ophat . and | 4 : 005 yg 02{ 03

PCT/ DSO ?chs’sf% %%Egjb%gt r%g 0 lorh%t %Eg#ggggﬁfng%%%@t ‘odi©0 gdr r a@%&ﬁi?graphy
met hods, intebrared WiRk spect r spedrosagpyct (Igh-Gi. n masoiranees{ESR) , 1pwse
pol ar ogr 1 " Y -ray. i EDShyn Gt ar | Lsm
(CD) and%%ﬁgF%g%%%o%qégspg?%ison E'(’O?Dr?é’%hfe ?tﬁgr esﬁéﬂepzl'ntcl;JI:[Sﬁg|Boectt?E géﬁg y%é’
pol alPnetanglygye oby sl szimndradirsiopdve Aastopspette byt craaiahgsdes hoetear
magnet i ¢ £298R80Ce SBCGLLARARYK, slishbAEEn! | Yapseanpy N caloshiinlast o (G
l'iqui-d chromatography 1 ntegrat edS w th mass spectroscopy (LGGO), nmatrix
assi st ed ingyeEivefEs W Piniied/ POAFRAL SRAFYHESS IS Fec REOREE r P MMIDPRVBRalYS 1S,

techni qUeSect QAN YSIS Uhihhi2i09 radi Qaghi vegi SeLoPEes; b NGlidisRErage  and
radi oactive iron, antibodies to hematinic substances, capillar
el ect r ophEsrBS Lt un@gtudiaactandel Saxanigce I blopidispdegradeiion afofrhe AHS
absonpti QA ranabysheyidfl GlJRCheRLE R s 20Al 51 %, S ALl |1a@§rsmg§ﬁéi£s Pikeq
storage and stability st'udies and targeted gl ucosidic-degradaiion of t%e
AHS 15 witthigBéeha? i BREFNOGGGELARNAALILE aPd BRIOER - VB iafefrPrght samplsed
matrix into a vacuum system. The method is used to measure the mass
of a wide wvariety of macromolecules in conjunction with wmass
spectrometry.
20 Furthermore, the ability to separate the ARHS into at
least two fractiomns, Fraction 1 ({(high A, fractiom), and Fraction 2
(low A, fraction), also permits independent analysis of excipients
that are concentrated in Fraction 2. Discriminative excipient
fingerprints . can be used to characterize the AHS as well as
25 contribute to product identification and monitoring gquality control
and assurance. The occurrence and verification of typical or
expected excipients supports standardization and monitoring of
manufacturing. This improves the likelihood for favorable patient
use in clinical settings where the hematinic is administered. Since
30 excipients can account for over 75 percent of the total solids in
typical commercial parenteral compositions, excipient verification
and analysis can be an important matter. Moreover, since thermally
treated saccharides are known to produce identifiable chemical
markers that reflect their processing history, these as well as

35 - surplus reactants and Dbyproducts developed .during hematinic
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20 to ionize a macronol ecul ar analyte and desorb its ions froma sanple
matrix into a vacuum system The nethod is used to neasure the nass of a
wi de variety of macronol ecules in conjunction with mass spectropgj soos
Furthernore, the ability to separate the AHS into at |east two fractions,

Fraction wo(taiogés2é. fraction) , and Fraction 2 (low k fr aetd/08)/y=@)<S0O
permts independent analysis of excipients that are concentrated in

Fraction g psepimpatise exelRiet of | AGRI LIl Ga0eResodSedit0 such
characterize the AHS as wel|” as 25 contribute to product identification and
noni t or i MptGFaRLey a&8noeokTabhd dBskHdadceln Thes oeexm r EATRIRARICFEr | fAaTaticon

of typi Calseldl £ SMREGLESY SXE! RLEDLS SUPROH R 1S tedad a2 ahi 00 and PPOHEL QNG

of manufacturing. This inproves the |ikelihood for favorable patient use
in clini ctiedsEpt PREEISFERETM he hematinic is admnistered. Since 30

exci pisents can acCopiirel QireOWRr 16asPeEERDE PbsdNf d QiAli SQkhdSchd wiyhlGAl
commerci al parenteral conpositions, excipient verification and analysis
can be anf§TFp6r t &RPSmatBEPTANDbr e er $*Sithcelt hehFRATLLC r daqoRdS3aekMatdifes
are known:dz1Bkesuce; iHent fﬂ@blpfréz@%%sabriﬂe{ﬂfﬂ Sagdial, refda6t tilidus,

processing history, these as well as 35 surplus reactants and byproducts

devel opedSddVEAg REMatFhi ESFECI2fAIR 2008152WD 022856586 PET/ GHSO | destigedys

manuf act UoRgskEekaPidiR0SES] Bferdhevi RsRNt EAYSMIPN, hakh Stshu1BEL AltS
are gﬁnerally i ncluded in the term"excg‘gl ents”)_ can be used to nonitor
and cHar FECEFPFIEEDHOFIF t FRVHORatirRMc $28n4HBr 8BBsEB8Y WREJ2LE° phodéeE¢IRdn

There ar errab-al pastiddir eeaposiibke ABniaf esbaliBNs WREr ekirphfl I kEcdRNSiaic
interact or exist in_hematinic iron-saccharidic conplexes. Firstly, the
pref er r eFSAFFRRT DaPiARINtLYREQMIFYSt RE AMBEDBERRVERAGLIGHh Hefei tign form
col l oi d &d ikbni gahhBedesini@dwitH ORy hanbdiegcgpl bivies Vi eRifd@ onSecongl y,
hi gh fornula weight 10 aggregates can devel op fromthe AHS and they may
al so be dét BEFEHCULIAHY BEFIeTToh it Sersptasah CORRAE IRPEhDS PP tRoTed,
sacchari disc wel Bagt antscwitd ar)hyppedyss sisdn syuHthes!, s (b§acks Odust efgountli S
form of saccharidic reagents, and (¢} evidence of thermally-dependent
synthesis reaction byproducts. A particularly preferred method for
monitoring such analytes includes the use of ligquid chromatographic
analysis with refractive index (RI) and in-line eluate stream
20 detection wusing at least one of the following: laser light
scattering (LLS), electrochemical detection (ECD), photodiode array
(PDA) . based UV-VIS spectrophotometry, infrared (IR) spectroscopy,
and ligquid chromatography coupled with mass spectrometry (LC-MS},
and, optiomally, one or more of the analytical and characterization
25 methods described above. Whereas RI i1s a concentration sensitive
detector that allows quantification of excipient saccharides, ECD
detectors respond to metal and nonmetal-containing compounds having
characteristic electrochemical oxidation-reduction potentials and
UV-VIS based PDA analysis permits detection of thermally produced
30 saccharidic derivatives in addition to low formula weight iron-
complexed species.
The methods of the present invention further include
methods for characterizing the AHS and its coexisting excipients.
hpplication of HPLC to a previously prepared sample of Fraction 1

35  comprising AHS using the polymeric column described above, in
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of iron can be found with hydrophilic excipients in Fraction 2. It is
particularly preferred that parenteral conpositions be nonitored, 15 as
wel |l as Fraction (2), for (a) iron content, (b) residual anountha?Emm
saccharidic reagents, and (c) evidence of thermally-dependent synthesis

reacti on wypnedsseés. A particularly preferred nethod for ﬂpﬁuﬁq“kng such
anal ytes includes the USe of quuid chromat ographic analysis with-

refractiy c%\'n#ggﬁﬁélélﬁl )u :.h” {:thn ehiaf epst %Sﬁm %)dcf‘étl%%tc'oﬁ?g Yl Q%ﬁ tppgast

one of the oW ng: aser scattering ectrochem c
det ect i orel1EED) proniiarlitige rasuhg/s J(JRM)trbagédlw NS slpedtmgplﬁgg@h%wlgows

spectr omitiey JiETaarES ARy pubtld Rl AGRCOTaLATL W ERU PEok) ke TE,
char act erpreaenbn 25 rﬁattarmdgndescrarbhd dhovberMhee castiRt | Sta tenchme atdfon
sensi ki Veexcﬁ!gigﬁﬁé” M(}ﬁ:% a"i’l' nonmgh%?ﬂré’fﬁxac &%’rréé%@&%ﬁde&r

ECD detectofrs respon contar n ounds
char act er smarmf@ICéum@chemamuommrll@nneedmctm pfmremzf-mpéearad pnwcmcﬁ

based PDa.3palygi syperdn {2 fekecth g, of o 1}9&&1@' Yedd 0duced, 30 ea0eaT IO
rnmu we

derivatives in addition to a I ron- conpl exéd speci es.
met hods ¢hremategraniic m\g@ntumn for t frur |¢?€¢Jl}d@ntﬁ”eph9€1$ntf0¥n Fraction 2

char act ezl iged he S (ad ddns C%l%t'fﬁga@x%kg{rfﬁ'é§ rrAPRldiC3] | 0B, 0f¢ Atih}C

to a previously prepared sanple of "Fraction 5 conprising AHS using
pol yieri &2} uAm sBedér ppednhbefethpnAE? Frvmy F2e05igd D2we568RBentionally

PCT/ USO1/ 45208 &abispab 09::&\&61%:1' nystsgamdyal r%haewe Lb%ﬁ%&sgéoréf of htehe
HPLC eluate provides the results illustrated in FIG 1.7 This figure s '

t he sepafBEERRL&HE phpi ftibed A opeleyr Bphidbssirgaat urld by waéthsotpmsem
in Fract p@gudefnd, fadt Bergmye, oL OAL: dde o SaI‘é e%e@fte§ Gl RLEDE S pySULh &

HPLC el ution signature is a preferred result for a manufactured hematinic
conpri si AR FAHRCPHECeRANMDF 62 S siiEnt ipB| semeirive aropareyl Wersas an

anpow €. 1.EE GaelebtdtISiE ahess t Bons HRMBIROM AR 68 %%EHEetEO?;HE‘O‘E@mn to

excipients present in Fraction 2 obtained fron1€he sane sanpl e
provi ded®kFERI§HN BryERprkes o Thete eofigrfly awfounteasflyt sEoRRISinr §FF. 2

Fracti onyilemas ohiy ent | 0ndld Yamduily 094 CeHArENGRsFTAG! | Q83 SQs RAl Aty e

positions of the
benchmark for relative measurement of excipient elution progress. RI

in this case fails to sense any occurrence of purified AHS yet the
20 LLs signal records its presence as an analytical species. FIG. 3
ﬁurther illustrates that the LLS and RI-based HPLC method using a
polymeric column can be used to analytically separate the AHS from
its excipients. That is, the AHS component is separated into a high
A, hydrodynamic volume, while at the same time the coexisting
25 excipients that originally accompanied the AHS are substantially
separated into hydrodynamic column volumes that elute after slution
of the AHS. These results are consistent with those in FIG. 1 for
the primary reference standard previously isolated as a discrete
entity whereas Figure 3 represents results for a multicomponent
30 initial composition (AHS and excipients). This confirms that the
methods of the present invention can be used to monitor hematinic
compositions such as those produced commercially that comprise AHS ‘

and excipients.
Conditions such as instability and aging of the AHS and

35 lmanufacturinq variabilitv can be wonitored in® iron-saccharidic
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excipients to the AHS could be observed. It is worth noting in Figures 2 .
and 3 that excipients are better nonitored by an RI detector because Rl is
a concentration sensitive property whereas an 15 LLS detector i§g 8805 '
sensitive and responds better to AHS than to excipient carbohydrates.

These ef magbdmo0sag® clearly shown in FIG 2 where only a tpag@sapuf of
pure AHS was added as an internal benchmark for relative neasurenent of

exci pi entobilian REAY efsrc Rinaipsidli 8q68ssed ald sn t 9t Serse any,OCEHT Lance
of purlflce)gi)AHS yet )?ﬁje 20 LLSnzl%;la rggord its presence gs an anal yti cal

speci es. FFERt mager hERrERexRaneat ddS-kasetnBPEE Sart W - BASeEAPEE Wethod

USing a ,PQlafiRLECaCAUd Mt RR USELedibanabydy Cakl kisepaiat get h?se%ﬁstérom
its excipients. That is, the AHS conponent is separat ed into a high

hydr ody nBRILEEQ0| EiFeELCERRLe YR BREOBAMETY | The 1IRPITGEX| GTONG t25T 8RkE i éﬁtﬂs

that ori gk gaddgreACGRPaRhedatiie Abp-Ar evsrsliant akky gepakatgd hﬂt Othe
hydr odynam ¢ col umm volunes that elute after elution of the AHS. These

resul t s BRECRBIRSTSPRNITWIGh thoPaTLACRLE 1Y Wem CORRRBRG ne \Ehass @F‘-‘éﬁééed

st andar dppreyd Qs Sebada0h RS staflhigcd i€ rRNt bt YrWoRL s, HGWEe n3xture
represents results for a multiconponent 30 initial conposition (AHS and

exci pi entB) FIGThE s EHMFIaTiy  t KL -t fe SHAMEhGYE BFeFRRPreSeAl RAVEREY oRHZan

be used £0:10Dh t oA DG 2 cERPPOS LhARS: iSWeh BB ahboserpr 9duaeded that
commercially that conmprise AHS and excipients. Conditions such as

i nstkhi | f15EenePt AGFRGEOFS tFRN AT ERE dslsffﬁﬁﬁm atPERuMRG 1Par | ABF| ieERTRAR- be
moni t or eghd N,z.d-cARRAESNH TG C d38e 3t MYardd A NRoB2LRBEB20 PCEESO: e / #5205

conpl exes using HPLC anal ysis equi pped with at |east LLS as one detector
node. FLﬁl%qfé?%reThEL@%%aﬁPE@ BSBELE Ve - GREETRT ViaTFesa 280nEBREFSE i on

sensi ti venLBitect 8bncaitehtasn RibutCanobe Usedmks, MuMik@r s Yslddbahdentiy
variations in the nom nal chromat o%raphl c peak 5 signature for an AHS. ySuch

vari at i oMRCEEHIEE Wenths the-d t-ogFEph i PRI RS Pasgesd tdekpEhayy V\h%n

conpdr edsduse RalcrPa o athsshyft Eesgétﬂ@é Yid@fe@r @8ce sbadaldhcenokl Ge 4. 0
t he separated mxture in FIG imlarly, FIG 5 shows the presence of

an al t erSYARE PPedl | ﬁr%r?]%’tlr?@tklﬁ‘ﬁnu?%cf‘@lser dafenttitfic prESERt ther 3ES

noted thetimary reference standard. Since the AHS, as illustrated in FIG. 1,

is the desired hematinic substance, the species shown in FIGs. 4 and

5, represent even higher formula weight byproducts that are believed

20 to arise from the AHS. The new peak appears to develop at the
quantitative expense of the preferred RHS.

The methods of the present invention can be used to
monitor storage stability of hematinics comprising an AHS. Like most
organic molecules, AHS is subject to structural instability, such

25 that it can degrade or transform, even within sealed glass delivery
ampoules used for hematinics, to give new species. Such structural
transformations of an AHS are time dependent and may also be
promoted by temperature. Evidence of structural AHS transformation
over time is evident for a series of LLS and RI-based HPLC profiles

30 for iron-saccharidic complexes stored in sealed glass delivery
ampoules at room temperature in the dark for 6, 12, 22 and 25 months
after manufacture. The pertinent chromatographic profiles for these
products correspond, respectively, to Figures 6, 7, 8 and 9.
Evidence of structural change is apparent  when comparing - the

35 runsymmetrical RHS peaks in these figures againét the preferred and
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10 different detectors can provide different information, for exanple, the
LLS- chr omat ogr aphi ¢ detector and the concentration sensitive R - detector.
The concentration sensitive Rl -.detector senses and records anakayeoos
concentration but not its mass, which is independently docunented by the
LLS- det ecwoOro2/o3d48e6, the LLS-based detector can 15 sense i ngreesiigesass of
a species forned as a consequence of, e.g., conplexing or cross-linking of

AHS, t hatgyghblt £schefimat-he rAES efd B dhehepelk Ceph B H. pySidHee aliBe ; AHS,
as illustrated in FIG 1, is the_desired henatinic substance, the species
shown i nFEFGst- 4TRAARSY, epepresEllGARNchP§h&HST SrATRAR W htals) pladgGEed

that arephetieyveth AQst ¢raki 88e f EQMAN @ehbBe dhe Igﬁ\ma&@a%eéepéﬁéé dr@ndaygl op
at the quantitative expense of the preferred AHS. Thé nethods of the

present PHvEHEr oWRish BeSUseP the FOFR tH ShorEiBizasabiTHe eyt SERBY | AREs

conpri si ReairddS. okl kg Miadyy, OrgayL MRGUl efrniflR | SysSilliteClsQcture,
structural instability, such™25 that it can degrade or_ transform even
withi n sESPeEPiiddy derMiéry BRApolBRs usdd -f ofRERRt FRRESSTETY sgilfe nawe

speci es. aSHeimSidaueheEal ont E]i’é‘%féﬂy"éabilgﬂsg&ieﬁ@eﬁHgyafﬁoEje_é@.r%‘%%@d@@%h@nd
may al so be ronoted by tenperature. Evidence of siructural

t r ansf or AERFOH IV &R tRi S ing dRedTRPoPrand et lidvagre LinsoaperriedadedtpLC

profilesi88 tehiphmét,sSaeshardedi & oaptexes ghated T’ébh&ﬁabgﬂ gbass, dekhygry
arrpo#jies at. room tenperature in the dark for 6, 12, 22 and 25 nonths after
manutthct BRFEPETh&Bler BRfe fibec REGRRED ARIFA HiatiPRs deFciihede inpt5a,2P83

cor responflalyesRecthmelos, A Piires16 refer8nedd. adsc Evirders® 66 above.

structural _change is apparent’' when conparing the 35 unsymetrical AHS
peaks i nPERESeP ‘?tg%r%esg’g&ai% ??F@llﬁrlégg?r 8§ 5RA°3513 hEy J0bB WO/ 05B826
PCT/ USO1é4520k tspaMRi EhCabopl WEBAY stifhfd enaRs)Standaddh eaks exhidtiilad (Ry) t he
AHS in FIG 1. The new:.entity indicative of AHS degradation, and detecCted
by LLS, BFRAESTEPGR t RETESFuntt el BF e PHS 5L PR Phr TRt eie st ShRIEF  oF
AHS, 13nhi el Bdiste .calFobe seglrés thes fi gidees rmEhQanew ephdiyatiag 5pheatuies

of a very, deg__sée, hi gh fqrmul a weai}%ht structure, conceptually simlar to
"BB Lot "%+ Hesé ScF3VFEt A8 AFE29FeVRIHT nedibhskR B8R SRE2ERHyERF o0

gener at efim byrher eeesakponditey linghivalgeatéerimg tabaatsyigoiie ASHBAxbE apgl

SOftmreAlilycgzrnp%rI%t.edliQ.st eess than or egual to 10 nm; well below the

practical detection limit of LLS. Thus, the methods of the present

20 invention can be used for monitoring the quaiity and storage
stability of a hematinic composition comprising AHS.

Commercially produced hematinics can be wmonitored for the

AHS, as well as for excipients, during the manufacturing process, at

the conclusion of manufacturing, e.g., at the time of packaging, and

25 after manufacture, e.g., if the product is stored. Similarly, an

iron-saccharidic complex composition comprising the AHS after

separation of the excipients, such composition in the form of an

aqueous composition or after drying, e.g., by freeze drying, can

also be monitored in the same manner. The iron-saccharidic complex

30 comprising the AHS can be monitored not only during manufacturing,

but also as it is stored from shortly after manufacture, such as

from about one week thereafter, as well as after a moderately short

storage period of about 6 months to for as long as about five years

or more after manufacture; extended storage can be from about 1 Year

35 to about five years; or from about 1 year to about' 3 years. In each
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LLS equi pnent, referred to earlier (Watt Technol ogy Corp., Santa 10
Barbara CA), and the nethods and cal cul ati ons described in the 1993
Anal ytica Chimca Acta journal reference, also referred to abovgmaybedye
plots "permt the acquisition of specific LLS data which, in conj unct i on

wi th rootwoeansaguare (rms) or radius of gyration (R9) nMBRIUiRMRHLS,
permt size determ nations of nolecular species or 15 colloids. For Figures

6-9, the srupayal Ue N dieatds gb@a&bhekereaiw%ameﬁ gEvess %}@\é ftege

val ue equal to or greater than 20 nm The “correéespondi ng rns-val ue for t he
chr omat odmapritns| yaatene amalyAHSEln FHoReTEies PesHAisrassed ajaus. t ¢-80.nm

el | bel gyt hﬁlrraageggfgghﬁet §£§;ﬂe€%ﬂe‘ Wile el Sus iHYSuplde sEPINRES Lot sEhe

present 20 invention can be uSed for nonitoring the quality and storage
st abi | i t yWish Blhamet RAi E° coRIgsREYone EORides FRAGRAMSI- Comrmercial |y produced

hematsni cs can be gQNi Lo ff tajia%ve',b‘HSth@S s\,’%ﬁ’ajﬂleés fLQ.é §XCLAULAES, pQHi' ng

t he manuf-acturi ng rocess, at t he concl usi on of manufacturi ng, e. g
t he ti me T&FupbiricagrHe g 2 tiore r o¥mmad b qatd one Qf , the HE mreeeeells

stored. FrELLA |06 AN extEOR BAGORA 'f@&ﬁuf@@éz@htc%%%hkb@” :_Cd%!HE 'fileﬂgl he

AHS after separation of the ‘excipients, such™conposition in the formof an
aqueous E&FPBSI tif0A orsaf aRr AHS) 91?69@"13 Beah edPESAFYI ngTheawubarsbepe

moni t or eéee,eoﬂﬂeﬁa%mer chE@ At ke SAC CRREA K £ £ 0BPlXn30a CRAPLLST Y
the AHS can be nonitored not only during manufacturing, but also as it is
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months to for as |ong as_about five years nor € after manuf act ure;
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/45205 .instance, the AHS can be nonitored by conparison of its properties,
i ncl udi n§CT#R1igus OSARFYIRT al2Spr GpeFPPERIUANGS sOissEBcabdi®, Wighesigheor

chr ONAt OgARRIH G ush 89abHbEa P! aRe hrgdpNdppPhls | Ni el atdone Wl Qe bd S and
to a grl mar.y reference standard. 5 As described above, the snaller

LLS— det eBEattE e aRREBIRERT, ngPEF ord e REdaR 19M dieSvedi f FE@R | 9B ELARDIAHS

ori gi nal B¥partures from preferred manufacturing conditions. The methods of
the present invention can be used to identify the 1levels of
quantitative tolerance ,of the AHSAP in a parenteral hematinic

20 product. The occurrence and detection of an AHSAP at any time after
manufacture (AHSAPr.) of an iron-saccharidic complex can be compared

to the total quantitative HPLC signal for the AHSAP detected after a
pPrescribed storage period of the hematinic while exposed to defined
conditions (RHSAProrm). By way of example, the storage period could

25 cover any convenient period of time, for example from abouf. 6 months
to about 10 years or longer; alternatively from about 1 to about 8
years; or from about 1 to about 5.0 years. If, for example a 5 year
period is used, at 5 years the RAHSAPsyrrorm, Would provide the basis

for establishing the * maximum acceptable decomposition or

30 wmodification of the measured characteristics of the hematinic after
its release. In other words, by the time & years had elapsed the AHS

may have decayed into pharmacologically useless iron aggregate and
compositional residues distinctly unlike the intended embodiment of

the initially released iron-saccharidic complex for parenteral use.

35 _ Thus, the AHSAPrw quantified at any time up to AHSAP:yrrom, €Xpressed
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present is an extrenely high forrmula wei ght substance, identified in
Figures 6-9 as an AHS aggregate peak (AHSAP). The substance responsible
for this characteristic AHSAP has a fornula weight in 10 the ragg,gy%osfrom
about 350,000 to about 3,000,000 Daltons or nore based on |ight

scatteri ngo obrodestd t racentrifugati on and other nethods capcghg@iRegsused to
establish the high fornmula weight of this species. It is believed that the

AHSAP i s aHnEgl Btesr+eh@X Gia¥igNt $arE8Rs MRl MEeRCUL LLDD, 38ad SERERRUENGE of
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of the hematinic after .its release. .In other wards e tine ears
had el apS¥® e TREE M iadhdls GELEA | HRER r%o’?%‘{%&ﬁ”ﬂﬂ%@%& i Pon

aggr egateelaage CONPOSitheONalarkespIhes disti Bewparatnl idee theni ndwngdedthan
enbodi ment_of _t initically released iron-saccharidic.conplex for

par ent er s “TU§ECC %rﬁ‘ghlju% ‘?%IEA{HS%IQ?) f?‘?’maaﬁn%FFFe(?ratunQﬁyggl MECRpOF o 1zron
AHSABsyzérgg%lgatexprtﬂmﬁfbwlamdvamg%@étéml@%{taﬁﬁ&ﬁf PGH UJSBcSﬁd 1 maasaan.
occurrence ratl HSAPTA Al an _provide a tine-
dependent ot §5| é’lé\ ol %ﬁ@ﬁgﬁxg’aﬂgﬁrfbéﬁ?é??&t]l nf - iLafPRYORRES 2
act ual periment cxfonmlmuttl orv.af, | nhast AHS rermis-ogiud achenasénre & oduct.

There is.currentl Do, such sta dar di zed, to 5 quantitativel ddr ess
agi ng adgl 85§£0 %%ﬁﬁ% Tole éF@réBﬁbfagg ensur rh the manufactured

product will have at least 50% of its iron-saccharidic complex still

20 intact, as intended for initial release. Although the basis for
quantitatively gauging the shelf life of hematinics here cites a
value of 50% survival for iron-complexation in an AHS, practical
gquality standards higher than 50% are more desirable; as a practical
matter, from about 0.5 to about 0.98; preferably from about 0.75 to

25 about 0.95; more preferably from about 0.80 to about 0.99; for
example, any single value between about 0.5 and less than or equal

to about 1.0 (and correspondingly, for iron other than
 iron-saccharidic complex, AHS, values of from 0.02 to less than
about 0.5; from about 0.05 to abount 0.25; and from about 0.01 to

30 about 0.20; for example, any single value from equal to or greater
than about 0 to less tharn or equal to about 0.5) may be established

- by a standards setting organization or by the manufacturer. Such an
established ratio of [AHSAPry]/AHSAPromu] 1is particularly useful for
purposes of indexing, warranting or standardizing the clinical

35 efficacy, performance and safety of such hematinics. Prior to the

42



once they are released into comrerce. It should be appreciated that the
occurrence ratiois not limted to use of the 5 year el apsed tine
interval, but, rather, as noted above, it applies to any convemng Moos

el apsed tine interval selected. It can be useful to gauge 10

i ron- sacohankdiseconpl ex aging and stability against defi peg aapgihions
where, for exanple 50 percent of the iron saccharidic conplex renains in

its ori gggalsegL Ig}enﬁ:hgntl e, of . mnuf a Ur%a% rebgasg L r91 T8 or

mar ket 45 conpareéd to Fron other t |ron sacchari
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val ue of g d yak é,gecr%glcgri gggg%gm {0 %fl D.an AR practical  quality

st andar ds han are no as a practl cal matter, from
about 0.5 to about SOnes; tpeefiHbl yEEﬁﬁune@ibms:t 8s75hen PFimbownt J@f%'en:mre

preferably.fsom abgut I(?n%)- Q. -2024k; 0- 9pm exagghe Qﬁ:y siyngl %e%@‘lagg

bet ween about 0.5 and [ess than or equa out
cor réspordergly , afar | syethoskier Qmamanufmf-tmchhr canc ad@mplr@( ugeS1l vabues

of {1 oM 0e02: 1] &9 %L laardbYlle Beice @%ﬁ&?&t 050! rggtitpgyt 048 end

from-about 0.01 to 30 about~0 exa any s rom equal
to or greéseerdamyhagiabeue Fteadagds lﬁhé’ﬁséﬁ equahemeh#oute CBurpgpcpeot

est abl i shegl, aﬁq 5&@”&'@51%&5%Fk%gh9r9é‘ﬂ] AH§1APT ﬁlpys%w&égﬁ GL-u e£o

Such an est ed rat1 o of PTAM s particalar
useful , Feg t?ﬁﬂlpég@gnéfom@é@armgwﬁantcﬁngbb@ o altmsa;gjnzalwgsteﬁeb}zl thecal

35 ofsfi caoysvderf-QLiRnce et S h P he
Vay 3005- T 05/ GSae5t PCT%%S%%%SZ%I%@%F oot %&%ﬁ%ﬁs g ke fe S

for assiPeRTFHFEHEREI Of %:ltﬂﬂpl$%ﬁﬁsa§t€anmrd's}stl@afiﬁrd)nfgac@fr&ﬁbm@hms‘e&les
using Stiddaifisis! Mok R10ENUA % ARP! LEADI & t Ariloydsey ASaleS Gebiedse
herein, the use of the HPLC et%romalt ograp Ic meth og' re?erargcfy |nc %i}r,]g
LLS and hgcause detectable iron aggregate levels are formed at the expense
of the primary reference standard. The [AHSAP. ]/ [AHSAPqymi] ratio
20 plotted versus time after iron-saccharidic complex manufacturing or
commercial release, provides an index of product storage stability.
The time zrequired to reach an arbitrary or performance-related
ratio, e.g., 0.5, based on the HPLC signal quotient of
[AHSAPyy) / [AHSAProm] can be especially useful, although any ratio
25 can be selected as a guardrail to ensure active hematinic species
product quality. Whatever ratio is selected to serve as a minimum
acceptable standard to monitor clinical efficacy, utility and safety
based on historical use will set the compositional standard for the
secondary reference standard. Such a primary reference standard or a
30 secondary reference standard, can be pfepared ags practical
analytical standards for use in monitoring inter- and intra-
laboratory or manufacturing performance and as a product gquality

index and product standardization tool.
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5 based detectors allows inplenentation of such indices. Furthernore, the
ability to isolate the AHS present in these iron-conpl exes reinforces the
practical application of the nethod. Since the AHS, referred to As %&s
primary reference standard for iron-saccharidic conpl exes, can B SY o]

degrade wWOoshwsid y after synthesis or manufacture it canP@I,-ﬁg(,pg,hgseful to
establish a secondary reference standard. |In practical terins, the

secondary ref er ence,st apdard ey bag edcamam@n%e'@suxspvo%msﬂrreﬂcaectqﬁe i {on
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i ron- sacegieaddist cwns ed@ﬁﬁxm@ﬂaet whepgcad cromemiai ads rekthses prokidisy an

d f t
it rar ﬁ"%‘é‘?ﬁ%ﬁ%ﬁ’%ﬁ P TTes o Bons Shasel ol Th e
B

si gnal Rddd zgfl AFAHSAPmNgrttaI[mm’new nrpncaacﬁmxasﬂpec cambyexsefane

al t houghsanediat iQ, Z%é‘sa&tﬁ%%%%ﬂ ed Aleli ohO 203408 l‘?ggtlell'?m.r

henatlnlc species product quality. at ever tio s selec serveée as
m ¥ msimtdesd gt abret seakeayy w@wcﬂ:orcompﬂnxeal refidizaty, a udiludnt and

Saf ety PARAG O 3LRNLER, U§Gedid | éﬂr oshidanal Slandard Tl the

secondary teference standard. ~Such a primary reference st'an

secondar§At efér epeerad arfdar dexeepdese pecpoded aofs pimeti cm!refeszﬁézﬂyt ital a
st andar dgoifs@hrdSerdd) IBAHARRIRY | Qﬁgfud:ﬁ@d se@ﬁéa cbROO A yF‘a.rrth%rmore

manuf act uri n%éperformance and as a product qual Ity 1 ndex and produ
st andar dit¥at &A=t oolStakd ewocoppbse8ZEn3 Ray czwenlaetrmso:lﬂams@oswﬁe and

sepasat eIt EORt &l NiAGnCOIRRRIL | 99, thka dﬂf% Lo CQIRY T SLAG |
ref erence standard can be dried for exten storage and reconstit ut eg for

par ent ersitegddngdndtadgirabdhaty supkil Jjust Prlor to use. For example, the

dried AHS can be sealed in moisture proof containers such as metal
foil pouches or glass containers, and stored at ambient temperature
{about 20 °C to about 25 °C) or below for extended periods of time.
20 For example, the dried complex can be stored from shortly after
manufacture, such as from about one week thereafter, as well as
after a moderately short storage period of about 6 months to for as
long as apout five years or more after manufacture; extended storage
can be from about 1 year to about five years; or from about 1 year
25 to about 3 years.' Dﬁring such post-manufacture storage, the AHS can
be monitored for stability by comparisen of the analytical
broperties, e.g., the chromatographic signature obtained using HPLC
in combination with LLS and RI, of a reconstituted sample to a
primary reference standard.
30 The isolated AHS (Fraction 1), as initially made or at
' any particular time thereafter, can be freeze dried (lyophilized)
and reconstituted for ease of storage and transportation as well as
for additional study. As a prerequisite to lyophilizatiom, the iron-
delivery vehicle or AHS present as an iron-saccharidic complex is

35 preferably separated from its coexisting hydroPhilie and other
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Dried and/or reconstituted AHS can be stored for purposes 5 of advanced
anal ytical characterization, for exanple, in order to establish nore
definitive chemcal criteria, as well as archiving AHS sanples Imgr %Léture
reference. Storage of the separated and |yophilized AHS is irrp?) Ao

because iwoo26aeghari dic conpl exes are subject to destabjp Jr,@(;]l,gq,-and
deconposition following their 10 synthesis, particularly en such

conpl exe LD LN ' ' | p c ueg carrier. In
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peri od ofrapbisn Bolrmﬂp@snblémrlmswhﬂqhngtassabuasem N@-Iyemterowome tlid er
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years; or from about 1 year out years. “DUring such
postlonanuf acture sFseage, ff‘em’enAHSt%dﬁloll@aYrmm;t oredd fbnownabunl i thebyfood

conpari sga,ods 41g Jéﬂr&gLagdjrﬂé)@rEig ' bEef- ’em%nﬁsfylgc{ij g 1 g, of

si gnature obtained usin I n conbi nation
reconsti Phﬁ’@%ﬁ%lcélﬁo "éhe prearmeyogef & é}‘}@écgtlémdamﬂlémem Quﬁareido Al-iSf
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be freeze dried (lyophilized reconstit ut for ease 0 orage a d
t r anspor BaE§ R 1Es @Bl |salsitesorthatdi BFonadispeadpd Aw adpserkerd site dther
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I ron-saccharidic cong ex I's 35 pre erably separated fromits c
hydr ophi ¥#%&%and2®d hehald4 age Vgprs2epsibisD 02/ 656826 @m‘imﬁomeﬂr&mﬁlgxcmleent S

as descrébRebaargwhoys! ¥roAe N &XC1 Pl S+ LPE! BOS 84CR%% 1y below 0 °C and

subjected to a low absolute pressure, in other words, a high vacuum.
Heat is carefully introduced in order to cause the ice to sublime.
20 The process has been used to protect heat sensitive materials from
thermal damage as well as to prevent shrinkage of porous materials
during drying, so that they can be quickly and fully rehydrated. The
present invention provides a method £for the separation and
lyophilization or freeze drying concentration of active hematinic

25 species manufactured for use as parenteral iron delivery vehicles.
During freeze drying, a changing state of unbalance
exists between ice in the frozen composition, referred to as product
ice, and system pressure and temperature conditions. The migration
of water vapor from the product ice interface occurs only if this
30 state of unbalance exists and the product ice is at a higher energy
level than the rest of the system. Freeze drying equipment is
designed to present a set of controlled conditions effecting and
maintaining the preferred temperature and pressure differences for a

given product, thereby causing the product to be dried in the least

35 amount of time.
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synthesis reactants, reaction byproducts, waste glucans, polyglucans,
saccharidic | actones, degradation byproducts and ot her substances In a
preferred enbodi nent, the AHS is separated, in the 5 manner R Bhbdrary
ref erence standard species, conprising Fraction 1. By V|rtue o] sgparatlng
t he AHS fwom2@me&r2é sting hydrophilic substances, there is mma@enease in
the Aw value of the fraction or conposition in which it is present; in

ot her words, the &nevaiuﬁl@pransoaﬁhﬁaaﬂmg I{gth@té\ﬂ&ﬁwt@ynlﬂﬁefrn@&tmqa
10 Freeze drylng t echnol ogy is well known in the food processing industry
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si gni fi caRFFycdel v lcdaride 4a8) EREWFC6 -a ThonrapsRIRRE s SBce AXYANGE her

words, agsBhgh vasHpitidAl 4S5 CaAfihky | nbpeducediikn orgerrhes. caugesthe
ice to sublinme. 20 The process has been used to protect heat sensitive
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The ng esent invent:ion provides a_nethod for the separation an
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speci es BRI A6t UsesbdDr WRe 1asePatephesr! witon Haldwereavedhiceke$roaltt i NY
freeze dr ‘_Otg a_chang |n% state of unbal ance exists between ice’in the
frozen céﬁﬁ 9% | SACE%ef BELEECIRT akhPr BHDEESS | 48, B EFEEemtprEdiait ehanl

t enper at gherpon@iphiieasto ThHee MB@datt Oflce Ofantblc@i-r¥ @R0kwAY OBy tdhe Rii@gHEincCe
I nterface occurs .onl ﬁ_glf this 30 state of unbal ance exists and the product

ice is al?BPHi/ghér engPgyed| el tPRancPtEassdt SRIFRESEYSt¥m S¥FEERe dBYi ng

equi Iﬁrenﬁlaiﬁtaldﬁillgg Red.dw0 dUrRSaBér ar S&fferfcugent Wakkedvepndi tiongaghé@ching
and nmintaini nﬂg_ ?e preferrege eg;perature and glr_essure di fferences for a
gi ven protRicPAEREIEDy ERUsFREETHISHY o RICVES bETOR i &dS nSYHET ealheray

amount ofedidihg 4nd NH&pQﬂQ&ngV\QI&Z/ VRARZ0 Rerlf 1420 £4208ement . Air and

other noncondensible molecules within the chamber, as well as

mechanical restrictions located between the product ice and the

20 condenser, offer additionai resistance to the movement of vapors
migrating towards the condenser.

Four conditions are generally considered essential for
freeze drying. These process conditions are as follows: (1) the
product is solidly  frozen below its eutectic point or glass

25 transition temperature; {2) a condensing surface capable of reaching
temperatures approximately 20 °C colder than the ice interface
temperature is provided, typically less than about -40 °C; (3) the
vacuum system is capable of evacuation to an absolute pressure of
from about 5 to about 65 microns of Hg (about 0.5 to about 10 Pa;

30 preferably from about 1 to about 8 Pa); and, (4) a source of heat
input to the product, controlled at from about -60 °C to about
+65 °C; preferably from about ~40 °C to about +65 °C; more
preferably from about -30 °C to about +55 °C; most preferably from
about -25 °C to about +25 °C; typically, a ‘temperature of about

35 420 °C is employed to provide the heat required to. drive water from
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The limt of unbal ance is determ ned by the maxi num anount of heat which
can be applied to the product w thout causing a change fromsolid to
liquid state (referred to as nelt-back) . This nmay occur even §hglghst he
chanber pressure is | ow since the product 5 dries fromthe surface closest
~to the anvp@opésskmwest pressure; this surface is called therich dhierface.
The arrangenent of the drying, solid conposition or particles above this
interfac
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extent permitted). -
. The effectiveness of freeze drying processes is partially
20 dictated by the triple point curve for water where solid water in

the form of ice undergoes a direct transformation into the vapor
phase at temperatures of less than 0° C, and pressures of less than
4.58 Toxxr (610.5 Pascals). Efficient freeze drying is conducted
under a pressure (vacuum) of from about 10 microns to about 200
25  microns Hg; preferably from about 40 to 100 microns; more preferably
from about 40 to about 80 microns; typically a pressure of about 60
microns is used. The removal of water molecules existing as (a) ice
within a hydrated physical matrix or (b) ice that develops from
freezing simple aqueocus solutions, ideally gives a dry residual
30 physical matrix free of water or a residue of some desired water-
free solute. However, where  hydrophilic solutes, colleids,
suspensions or dispersions exist within an ice system, such as
saccharidic excipients, they can concentrate within the -ice
structure é.s the ice is subjected to the freeze drying process and

35 '_the volume of solvent or diluent water is reduced. Since such
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WO 02/ 056826 PCT/ USO1/ 45205 the solid to the vapor state (i.e., the heat of
sublimation). The physical arrangenent of equi pnment designed to satisfy
these four conditions varies wdely, and includes individual fé@,g)k doseeze
dryi ng apparatus and batch process freeze dryi ng appar at us. Freeze% rying
processeswane/nsegpi cal |y carried out in chanbers on a bat clprcTR&81/$s201€EN
exacting control of the process is required, such as in the chem cal and

phar maceyldieah 21 Ddpstdne mdtes Anl-QUE- ALLRE! AR rRezBDBEYPAS ChSsYe<GREL I Ol
what occurs to the product being sublinmed. Suitable equipnent is
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referencedi@et heofXtomie 1 RETHB 5L au I RETa SHd 11804 C UHBRIREALL EA¥h P RL

and process 15 conditi ons are described i n detail in the section entitled
"Freeze ORGFAYY, tPantBMsbrafgrsedSciieness | €TERey cPGpEEFa, i gkt EIESEDR,

pages 1338xl3¢Zon LIVYniACORROL AL b iabehis Y ikl QeRcat Sollte, $XLeRis
pernitted). The effectiveness of freeze drying processes is partially 20
di ct at ed 1By PREGFINGde pBi nR cE¥FAET oStRAter SHRSTERSHRLHY watrsMEEdre€heby or m

of ice undargoesi & disbeite ! rANRAREMERDN IALO 1 WAPOR: FRIASE: Alo-remove
terrpg(ﬁatures of less than 0 C, and pressureS of less than 4.58 Torr (610.5
Pascal s) WateF i BPeht FEBEZRRERALIYY 3 cCRftRict BFCAIFEee aifhesh erES abasim

of from abeytrdibvlaCHPNSub il .200 25 microns Hg; preferably from about
40 to 100 microns; _nore preferably from about 40 to about 80 m crons;

typically a pressuf8®oPrsh8titeb0tT967s FHY g ffedleTHES ehbvaicEPLaakesd

mol ecul esnexighi Acars (Bdrt CeasWat Ndauar hydr alird Piwtsi £l offkhEX fohcfPIn i CE
t hat dev?l 8£S from freezing, sinple aqueous solutions, 1deally gives a dry
resi dual ‘S5RPHASR chl  RETPT XSRS s hAtarley 21t eSitdudiof LSS agespridic

wat er5 f eegpBsal ubeighiiaver prabadie Ay drophi sd61%0! Ueseh Cehbol fsates  its
suspensi ons, or dlﬁp%l’Sl opns exist within an ice system such as saccharidic
exci pi enf8* H&FIda TEBRTRAL PR R ¢ FBSI BRI IS (AR EIDENeOF cBOPS
subj ect edther tfierdd-eemendi ¥hay PELERSNiaGdthat ensures a high surface to

volume ratio for the frozen fraction. The more efficiently that
shell-freezing occurs, the better the quality .of the lyophilized

20 product. Freezing is typically carried out at temperatures of from
about -160 °C to about -10 °C; preferably from about -80 °C to about

-20 °C; for example about -60 °C. When the AHS is present in a
frozen composition where the water displays an A, value approaching

1.0, pressures below about 4.58 Torr (610.5 Pa) result in iuncreased

25 water vapor pressure and temperature conditions as described can
result in an increased water ~vapor pressure and efficient
sublimation. Water is removed from ice byrmaintaining the pressure
surrounding the frozen AHS below the vapor pressure on the surface

of remaining ice, removing the water vapor with a vacuum pump and

30 condensing it on refrigerated surfaces held at temperatures of from.
about -120 °C to about -25 °C; preferably from about -80 °C to about

-50 °C; typically -60 °C. In particular, the high 2, of the

- previously separated AHS facilitates the migration rate of. the
sublimation front throughout the frozen product. In the absence of

35 removing the excipients, particularlv hvdrophilic. excipients. from
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35 the volunme of solvent or diluent water is reduced. Since such 47 3 My
2005 WD 02/056826 PCT/ US01/ 45205 materials becone nore concentrated as

the freeze drying progresses, this increasingly depresses the gl\r,lﬁ%ogg
poi nt of the frozen aqueous system As this condition proceeds, the

col l'i gat m@opsseprrties of solute interaction with water gafaligki se
above the eutectic 5 point, contributing to or, causing a nelt-bac
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-80 ©tosabaxated 2ra® thy AEnptembout frezeC digia :t nreflESably pgesayrr i n
a froze Ltio e ter. di y % e .apn chi

1.0, pregggges glttowggﬁgu%§4%g§5%ﬁ§rglﬁg?%gg§P%%}’e%§l tg‘}:ﬁ [ ncré’gg’ed ©

vat er vapoeigrandyurareatent ehper aakre- cddi t Fohsl agodesorrbetalzin grestsn in
an i ncrepggd Wi Vaper HRpsUpfAndushl| clenle, SUBLLMRLIOR WELEL i
renoved fromice by nmalntaining the pressure surrounding the frozen S
bel ow t heewesst: pfessurEapplehe Hin f 286 doF r eapendtrf | deow ehydiephi e

wat e{s vapoki a u n i L+ O fliger :

U ceaRe e B ERoer aturEeuar FTOMY aboat. T35°E rodp gt e 58t fencs

pr ef er abRye fREAFERBOLR LVO-Cameuabdut -50 C, typically -60 C. In

partitcul ar, Ehe PitﬁﬁrA’p&Eoggg dJir eviOUBkyssppanabed: A fanl! idates Ahe
mgration rate O e ’
g residue comprises the pharmacologically useful iron-saccharidic

complex. Thus, the separated and dried AHS is suitable for further
20  amalytical study or, optiomally, reconstitution, in order to meet
other investigative analytical or pharmacological uses. Typically,
the methods of the present invention are suitable for drying AHS,
from which excipients have been substantially removed, such that
from about 85% to at. least about 9%9%; preferably from about 90% to
25 at least about 97%; most preferably from about 92% to at least about
95% of the water has been removed. It should be appreciated that a
small percentage of the water originally present in the separated
- AuS may be associated, or strongly bound, to the AHS and attempts to
remove such bound water may pose a danger of unnecessarily degrading
30‘ the AHS. A sample of post-lyophilized and reconstituted AHS
subjected to LLS and RI-based HPLC analysis, is illustrated in FIG.
10. The figure shows a chromatographic signature substantially
identical to that in FIG. 1, which serves as the primary reference

standard. Moreover, the analytes depicted im FIGs. 1 and 10 are
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sublimation front throughout the frozen product. In the absence of 35
renovi ng the excipients, particularly hydrophilic- excipients. from48 WO
02/ 056826 PCT/ USO 1/452(15 the AHS or iron-saccharidic conplex, ;jfe-M3S is
subject to nmelt-back during the freeze drying process. In other rds, the
presence Wbﬁzmyﬁﬁpphr lic substances results in water being tg‘url,gg,eat ly
bound or retained by the. AHS conposition in which such hydrophil
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scattering data when chromatographic profiles appear as those seen

in FIGs. 4-9. When a desirable freshly prepared AHS corresponding to
20 the primary reference standard of iron-saccharidic complexes is
present, the morphology of the lyophilized product is
characteristically different in that there is an absence of columnar
structure.
Preservation of the lyophilized product can be maintained
25 in a vacuum or under any inert gas, including, for example,
nitrogen, argon and helium {as well as any gas that is not reactive
with the lyophilized product)} before it is reconstituted for
analysis or use. Also, since the lyophilization process alone does
not compromise the structure of iron-saccharidic complexes, use of
30 . the process has value for maintaining these hematinic agents at
various time intervals so as to document the hematinic species
present at a given point in time when 1lyophilization was
implemented. This provides a method for archival storage  and
documenting of product manufacture and quality. In other cases,

35 lyophilization can be specifically used to stabjlize and store
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ildentical to that in FIG 1, which serves as the primary reference
standard. Moreover, the analytes depicted in FIG. 1 and 10 are 49 3 My
2005 WD 02/056826 PCT/ US411/ 43205 essentially identical to the A 9 nin
FIG 3 where excipients were allowed to remain. A hematinic et SFT & i t h

an HPLC pyohbhgsidat is different fromthe primary refergpgg.cs rd such
as.in FIG 1, or 5in FIG 10, is one that al so shows ev?geﬁ’g’ebﬁg‘f‘he
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magni fi C%idpmlgegahhﬁaerzancg@ Qﬁéﬁfl@édr%dd%%‘ﬁﬂbﬁ@e@édawiéﬁ) e oyrdyype
structure. It displays red-brown pdrallel bands or wales of ferric iron

uni f or Mof | Mkanigpaact Apgirdatanspatetbebnndduef. RiithesaPbBhyHhat Brpdustes.
The red-farq r I n g [ | Sid ;

shapd, po a1 & aosncr o hor Trar oty SRRt et o e
t hi ckneskoatitdphayegndy angenbenny shaned twdAdpakeriedar Fohydhace pliaces
that aregepeatedl yog | NEEL SPAGRA fstaveen, L hem eHhicsa@Seieed 1 CrosEOpiC
form has structural™ analytical significance that corresponds to HPLC I'i ght
scat t er igRFRiLashp@n cEPBraesgFaphi c prof i F¥FSPRpped asPTPOEE seBRePayed

FI Gs. 4-Qc Mhengacdeshs apladnreshlunbi&patad iH3eeehesR0BAR DG L9140, the
primary reference standard of iron-saccharidic conplexes is present, the

nor ol APRPrEPTipkely oprPtected mesadcconsaipeey acketienmda) |5prpeff akéht & n

that thefishandfla PHS CRGEs QfreC FrdaNamers!t IJ4Gt UnG e PLOSHF&BY | 0Ll $ASIuct
| yophi l'i zed product™ can be maintained 25 in a vacuum or ‘under any inert

gas, inclaidikRy, sSeetedxafpie natiads ok, BRYBh Bhd2heNamRitas Weitabas £9F gas
that is Rbneedchi MRy Wi the | yoRRjill zedpepeed) befode it di. The
reconstituted for analysis or use. Al so, since the |yophilization process
al one dOEST-ABECRAMSHGM SERIFEESt rIRAUTE DIt r Bhe s REERATEEi L oRpREXedO use
of 38 thecilieeeparE@Seal URnhOAn B BbRHIE-NG thasea el iR yagentisoat to
various tinme interval s_so as to _docunent the hematinic species present at
a gi ven YBRRE PR GAMiEadfied™ FEERi ISNEREPEn RgSe iron complexes generally

oceur in a form such that iron can be parenterally and benignly

administered to augment hematopeoietic mechanisms required for the
management of numerous clinical conditions in mammals, particularly
20  in human beings in need thereof.

The term *about" when used as a modifier for, or in
conjunction with, a variable is intended to convey that the numbers
and ranges disclosed herein are flexible and that practice of the
present invention by these skilled in the art using temperatures,

25 concentrations, amounts, contents, carbon numbers, properties such
as molecular weight, viscosity, solubility, etc., that are outside
of the range or different from a single value will achieve the
desired result, namely preparation of a hematinic iron-saccharidic
complex suitable for freeze drying, the highly purified hematinic

30 irom-saccharidic complex produced thereby and methods for its use..
Furthermore, where a range of values is expressed, it is to be
understood, unless otherwise expressed, that the present invention
.contemplates the use of the other ranges that are subsumed within
the broadest range.

35 EXAMPLES
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I npl emented. This provides a nethod for archival storage and docunenting
of product manufacture and quality. In other cases, 35 lyophilization can
be specifically used to stabilize and store 50 3 May 2005 WO 024626

PCT/U SO | /45205 primary and/ or secondary reference standards of these

hemat i ni cwoonrees3stions. Furthernore, suitably prepared angfpdlaizeed
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condilf; orﬁlﬁﬁlﬁﬁwnﬁlli%sta}ﬁrltailéw SKFYPigy -ifrenubi®. BB gEpdai fisedpphiécaofon
The termgabay,’ g@@gs&?@d ge1 a efa't§5nf Ofnrdiatld a?ﬂﬂj unghhpn it hpa
variable is intended to convey the nunmbers . and es di'sclosed

her ei n ar%PfaFféﬁF‘Bqleea‘ﬁélofﬁatcrﬁﬁaéﬂﬂé%i oPOlYESLUCprlesecm dm@mm&ndbyplm
skilled igp1leBa1af t welsdmg éﬁm&&%hurcﬁira&?eﬁ%@‘i‘égté Jr;z?é‘é tﬁgﬁg%&t 5,000

contents, carbon nunbers, properties such as nol ar. wel ght, viscdsity,
sol ubi | i 3RS @referanky Ireatest Siga abput hb FHngelsend f Fheentatiamny sragl e
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I ron-saccharidic _conplex suitable for freeze drying, i ghl'y purlfa ed
hemat i ni &930 fr 8Pl &Rt Fasedveis orprbissr sdueckile Héﬁ@l@yOénéle@t foade fuatelrt s

use. FumbyheeaPi®y WL e eBARYSwW Of o VERAIARS cbBufX pécﬁﬁ:sdq_%’:l.n'gt the gQa@:’.ebnary

dextran phase. The column is constructed of glass having a 2.0 cm

diameter and a length of 25 cm. The stathionary phase 1s prepared
20 according to manufacturer recommendations including hydration of the
dextran and vacuum degassing before use. A 400 microliter sample
volume of the hematinic solution, including the iron-saccharidic
complex, for example, as released by its manufacturer in sealed
glass ampoules, is fed to the top of the GPC column and allowed to
25 vpermeste into the stationary phase. Once the highly colored
hematinic solution has penetrated into the stationary phase, HPLC
grade water is supplied manually or by pump at 1-4 mL per minute so
as to emsure its elution as a well-defined color band through the
column. When the characteristically colored AHS has eluted from the
30 column as determined by miniwmal spectrophotometric absorption at 430
nm this marks the end of elution for Fractionm 1. A more refined
analytical method for finding a separation point for Fraction 1 and
the beginning of the subsequent fraction identified herein as
Fraction 2 wuses the anthrome reaction (Dreywood, 1946 cited

35 | previously). The eluate boundary between the two- Fractions can be
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under st ood, unl ess ot herw se expressed, that the present invention

contenpl ates the use of the other ranges that are subsunmed within the.

br oadest range. 35 EXAMPLES 51 WD 02/056826 3 May 2005 PCT/USOléf,ISZ%SO5 For
purposes of the present invention, reference to water content o undri ed
subst anceworozosspeosi tion, in ot her words, prior to being pgfihedis428< gi ven
as a percentage of the total weight of the undried substance or
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per megt | Qe ﬁ?&&@%@%&ﬂhyﬂ(ﬂ@éﬁe f AU AESHgS @R 3l AUbseBLAYS ¢EOsekbiked.

pol ygl ucans or dextrans displaying nolecular weight exclusion
char act effhst Feé-kprava epleheth BifsHLoB, éown’%ﬁ#dlsprté‘ﬁeﬁﬁﬁl ?/ulgﬁfé’é’ttéﬁliﬁa#%out
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(Arrersham Phar I'a Bi otech, Piscatawa A sol vent reservair
suppl i es caenbiftdd® Wilkhs Bhef AHPIas g’ﬁé&ésﬂét &emwlﬁﬂaW%Wﬁ)reW@r EBOF | BRF t o

a GPC col AN OfY dizREed Nes %tzgtctggﬁlry dextran phase. The colum is
constructed of glas§ having a 2.0 cm dianeter and a | ength of 25 cm The
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25 permece into the stationary phase. Once the highly colored hematinic
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elution as a wel I-defined col or band t hrough the colum. Wen the :
char act eFPEFREEIVEy AT etRIBHS R s 18FET e('}lﬁPB mSc@Rstering  (LLS) analys is.

Specifically, the method uses a Waters 550 pump (Waters Corporation,
Milford MA) to supply an aqueous mobile phase to a 7.8 mm diameter
by 30 cm long GMPWy column {Tosoh Biosep, Montgomeryville, PA)}. The
20 internal column suppozrt material is_ comprised of
polymethylmethacrylate backbone eliminate polymer beads having a 13
micron diameter particle size with a various pore sizes in the range
of from less than about 100 Angstroms to about 2000 angstroms. The
column eluant stream is monitored by a Wyatt miniDawn multi-angle
25 light scattering detector in combination with an Optilab DSP
interfercmetric refractcmeter (both from Wyatt Technology, Inc.,
Santa Barbara, CA). The column heater and refractometer operating
temperatures were held at 35 °C. The aqueous mobile phase included
200 parts per million sodium azide, pH was adjusted to 6.0 and was
30 subjected to 0.02 micron wvacuum filtration and an ebullient helium
sparge before being used. The mobile agqueous phase was supplied to
the system at a flow rate of 1.0 mlL per minute with a pressure of
150 pounds per square inch. Preparation of a sample for testing
requires 0.02 micron filtration through a -membrane filter (for

35 example, "Anotop" filters, Whatman, Maidstone, England). A&s
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30 colum as determ ned by mnimal spectrophotonetric absorption at 430 nm
this marks the end of elution for Fraction 1. A nore refined analytical
met hod for finding a separation point for Fraction 1 and the bﬁgl nﬂioﬁg of
the subsequent fraction identified herein as Fraction 2 uses th&% rone
reaction whreeyweesl, 1946 cited 35 previously). The el uat e pegunganyz bet ween
the two Fractions can be 52 3 May 2005 WO 02/ 056826 PCT/ U SO 1 /45205

defi ned BRGRNSELNC BRIt 600CeNLIALLo0-0 nt#rfurg@ LUCLR0 components

carbohydrates i the overall e u OW 0 | oni ng proc
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conposi ti rstributed for use in clinical pp ications or sa
pr epar ed thﬁorrﬁ&bﬁceﬁ!ﬂftﬁf@d firgl umpelpéis Fr ey onrultiphel usiimpie e@rmd-mseat ed

conposi t i,apsnbassd QN e &'ﬁgtgér é:i;ﬁJsreegfe"ﬁé%’%l% gngafgxsg%j;éﬁ,gﬁ{od@aw;ed

with the use of HPLC- based tive index
scat 1@ri AYit£e:s}. 3Mdl-ysis. Specifically, the nethod uses a Waters 590 punp

(Waters Corporatio t Qesuppl y. €0 e
7.8 nmm di anet er b?hﬁo“%ﬁm&%%ﬂé)“vpm?if cg un% ng%h E?ngé)i&? R HBr.8

Mont gonek§valrlshema) an TiRbszd ut at arardionedEOwas upsdght rra“-togr i ahalyresonphased.
of pol ypebyddres h@;@faﬁaacto%rggﬁlf@oﬂ@a]@'agﬂ AL e Rol yngl,Deads @gsaagg %Aé

mcron diameter particle Size Wth a various pore sizes In th
from | es3adhemh Wow 2160 As§srrohste Rsatoradiosocangstatdmn (Rge - @‘blaumns

el uaryg . §£I@@”\:b§ 100 LERd JBY o Bty alet 4 55]?1{" %ﬂ% E% ﬁn%lr%v%?eg g.lﬂ.gltlght

scattering detect or in conbination w t interferonetr
refract oh%‘"'tcért?%oﬁh@?%n?ﬁ'\yéwhqeémﬁi}%ylg |Species Sagueh Bagbards . CApilThe

col um hegi&¥eANdyr iy RGL OMBLET ORPRHBLI Rkight of the AHS and shape of
specific iron-saccharidic complexes can be used for various
monitoring purposes.
20 +The freeze drying process used for the examples of the
present invention is as follows:

Fraction 1, identified above, serves as the starting
material for freeze drying. Using the method described below,
volumes as small as 10 mL or as large as 100 mL and comprising the

25 AHS can be readily freeze dried provided that the sample is
substantially free of saccharidic substances that tend to decrease
the emntropy of water and its vapor pressure; These veolumes can be
contained in any glass container that will withstand the physical
stress of shell freezing, which method is used to expedite the

30 overall dehydration and concentration of the AHS. The preferred
ratio of liquid vo_lume to the container volume for shell freezing is

- from about 1 to about 5, but other ratios are feasible. After liquid
containing the substantially excipient-free AHS is introduced .into
the container, the container is rotated at about 50 revolutions per

35 minute in a cryogenic bath. The bath can be made by mixing dry ice -
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tenperatures were held at 35 C. The aqueous nobil e phase included 200
parts per mllion sodium azide, pH was adjusted to 6.0 and was 30 subjected
to 0.02 micron vacuumfiltration and an ebullient helium spar gﬁnbe&%re
bei ng used. The nobile aqueous phase was supplied to the systemaf2®5f| ow

rate of wOowbseggs mnute with a pressure of 150 pounds pefSauaLR& | nch.
Preparation of a sanple for testing requires 0.02 mcron filtration

t hrough a_- e fil : ex " filter Wh T
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required ’n Tenoveé [arger particulates wthout crogging. are not

el i m nat ednfagmmanadgeétsl  waiiee sotaf ofke 5wahjecriortiant cortmingR.C Byt em

HPLC anal yi.] for ]| rely.c ’
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sanpl e voblwee | soi nfectted expeditchewsPtC spdilimatfiom.anatysy s pregesaulandl e
sanpl e apal g g fraGial i " er..s a er",
rodel 7100 G MRS of, e rAkBtby Log 0 HRhs e R e

HPLC essaht ihedmahanbeedwlte -macr onol ecul ar wei ght for anal ytes that

produce a chromat oghaphit RRAk agWehindS a JroOLy DRAN: PR € LhBBit I Gl us
value also referred to as a radius of gyration (Rg) . The rns 15 val ue

couplled @pPuRrimissl vadefeiaght At e ndltiveiepr ovi desshaldi gatthipnto ffreze

shapes Ofy{dght a9 Cahkehhdlh S PAGIESas SHChASLE Qe £0L | 0oL PPASRRSG Ok odiSCS.
The fornmul'a wei ght of the AHS and shape of specific iron-saccharidic
conpl exeSFrearagebidedl? ofS VatGasdd nerpnNY br $31y Jeurisese$or20hpePyRese A

dryi ng prasRss 34568 hoErdhle £XaEPl9Ss Ofajt Res REESENINdMEN LN St &S ana
follows: Fraction 1, identified above, serves as the starting

a condenser temperature of at least about -60 °C or colder was

15 maintained. A preferred freeze drying cycle was as follows: initial

shelf holding temperature of -50 °C for 2 hours; temperature ramped

up to 25 °C over a 12 hours; sample soak at 25 °C for an additional

24 hours. Preferably the dried product should be stored under

dessicating storage conditions, for example under a dry, inert gas

20 such as érgon or nitrogen. The dried RHS can be reconstituted with a

desired aguecus volume whereupon it readily goes into a solution and

can be readily filtered through a 0.02 micron membrane, as described
above.

HPLC analysis using RI and LLS detection is demonstrated

25 in 'the following 10 examples using iron-saccharidic complexes. The

results fpr each of samples 1 through 10 corresponds to Figures 1

through 10. The hematinic samples 1-4 and 6-10 are the

iron-saccharidic complex identified as sodium ferric gluconate

complex in sucrose (SFGCS), so0ld under the brand name Ferrlecit®

.'30 (manufactured by Rhdne-Poulenc Rorer, Dagenham, Essex, England).

Sample 5, and its corresponding FIG. 5, is ferric hydroxide sucrose

complex (FHSC), sdld undexr the brand name Venofer® (manufactured by

Luitpold Pharmaceuticals, Shirley, NY). Samples used for HPLC

analysis were taken from newly opened glass ampoules stored at room

35 temperature conditions. Additionally, samples 6, 7, 8, and 9 were
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material for freeze drying. Using the nethod described bel ow, volunes as
small as 3,0 mL or as large as 100 nL and conprising the 25 AHS can be
readily freeze dried provided that the sanple is substantially free of
saccharidi ¢ substances that tend to decrease the entropy of wat¥AY2¥& its

vapor pr ewpupfsesihiese vol unes can be contained in any gl aggae@pidpher that
will withstand the physical stress of shell freezing, which nmethod is used

to expedi e.3Q.overall hy r,at d nt ¢ at-i f
pr ef errecfgz‘alggEEd SEC 9 3éld ggl u%e t%)IQ 2 n&%gli%erfc\?}o OQ‘{]'n%f oriﬁhé{_ﬁ‘%urms
freezing ne@eateocmﬁ @bomo@ucb difmste 5,1mbupemd1ﬁ§r arat lreéearedftaamel@deen Akt er
liquid g i t st a I e f tro.flM&:ed to
t he cont a?gérg E%Egrcgﬁ %%Jsﬁeer P%b?o%ﬂ% %ﬁl %%t Ego rev’dl ﬁ éh's per 3 3118

m nut e i MANxCcriodéri exbaphes Theatmatds cwmreberepgecedybyn Ki r‘hg tdr 20 ¢d184i8nMay
2005 WD _02/ 8 0l 0 acet r t I i, d
nit roaenagénggg ﬁ%% C{l; lér\?i 3@6 §%h§?ﬂgrgetse(rége$§ ﬁgedlﬂ ea"*;set\g%a3133(1511‘-31%L &9%6 C
or | ower biysthaiHRlgl n\edhoderfadﬂfriedshbwaand rot ation of the container
freezes the AHS- i o |_u h s aqf ntai ner.
This 5 increases t%gelg‘g%f? ace %%Lev%%ﬂlr?gcsra io o?w%lhg \Aﬁéhco?\'t altI}rl]\l%ng%gaqg*éo
vol ume seras hapegxpedi thenater subl HRACT ofithOt Rer pvbcéds adek c@quinpneat
variati 0%&9&&1@4@3&!‘2{ %&d‘irs%lﬁil@dbﬁnuﬁffg %Paéﬁlto%' N (60 e 3ATR QL %h”hLﬂ
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wat et0 an@r%mem toat aremsugesh@P¢ windhi & edmpdezeofdr yeen- mcmvsidmnt
such as i oQL” | e ES: . ( er,
N can BOUEGH For HrRed FEon ot FAUNAER Rt BRERIE Ninoke el STAgLS
was nmai nwaitheélefquhe:m@aéngamlca nyoidéasérrt thpebhfusdandl aand eblst Rbout
-60 C or r n r rred z Vs y S:.as
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t enper at the runifddd wptexiads C over a 12 hours; sanple soak at 25 C for an
addi t4 onal 24 hougg.ndyefer ably; dhe, dr i adpr qg;;%zéhoy' drpe sLoffd upder

dessicating storage conditions, for exanple un dry, Inert gas 20 such
as ar gonPasedi en usﬁhe"%rﬁiw A R g dédédnsidtagtdgnnifion evadustingl

aqueous VRL UBRISWHEIAURRR i 4in ' @2 | ¥ L4088ni ™ 0e8u3Pb UdiRD 138 from using

preparative low pressure GPC and the iron-saccharidic complex of

Example 1. It is clear from these two results that the excipients

20 and AHS are separated or isolated in distinct fractions. 15
microliters of AHS from Fraction 1, Example 1 was added to the
Fraction 2 eluant as an intermal standard in order to identify where
its elution position would appear relative to that of the
excipients. ,

235 Example 3 results are shown in FIG. 3. The results are
based on the use of HPLC with RI and LLS detection, applied to the
same hematinic sample as in Example 1, to substantially separate
Fraction 1 with its characteristic AHS, from excipients usually
.observed in Fraction 2. The HPLC method can discern the various

30 iron-saccharidic complex constituents of a hematinic composition on
a single chromatographic profile. While HPLC is particularly suited
te rapid analytic:al testing, 1low pressure chromatography is .
'pafrticularly suited as a preparative method for the preferred AHS.

The LLS signal for the RHS corresponds to the observed RI signal.
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can be readily filtered through a 0.02 m cron nenbrane, as descri bed

above. HPLC analysis using RI and LLS detection is denonstrated 25 in the
foll owi ng 10 exanpl es using iron-saccharidic conpl exes. The res%{ltﬁ ﬁc%r
each of sanples 1 through 10 corresponds to Figures 1 through . %

hemat i ni cwoanpiedss 1-4 and 6-10 are the iron-saccharidic epfiplkgrydheentified
as sodiumferric gluconate conplex in sucrose (SFGCS), sold under the

brand nanme Ferrl eci rrp?;@l(enqnq %ggeqrpysgggﬂe goghgnc sRorgl, r@gg@gga%e

Essex, Engl and). Its correspondl ng FIG 5, 1s ferric
hydrOX| déasgdr owe tdenpleg (FHSChe sprefemgsr HREC bregidiadangoreffftecting

(ranuf actde bey Loy 00U UENALSRCAIN GaLSna Shistd Chn WAL SAMPLAR 136 OF
taken T ed g
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1 to 20 dilution 5’and™200 mcroliters sanple volunes of these I lutions
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LLS detection for evaluating an AHS isolated in the Fraction el uate
obt athedPgakngdiebnpr@patati wE | B pRBS s pramapC afﬁéeﬁe@a?rplséa@‘ﬁard This

| ron- sacelafhAl CJ.sCOIHH:L%ﬁ%eOQ*f agpedl 4 9‘%@9&@ g#ééﬁeglﬁ rd bé&ﬂs%&u@ﬁ@é’%@

The single well defined, chronatog ra profiTe for the LLS signal and
the R 3E§ndsosiatdicse 5e AbHSUR uﬂtqewﬁ%a@s nehet PrRICEX digsike Ats 2APPEREVE

the puri higgh MRlerdleield aEx20PI & Hda&SUREBARS Cus i HiGetlon Thee is

results are based on the USe of HPLC with R and LLS detection for

eval uat i RBTEiHE AT (RfrecEdhyn HIRE MHet i prrlR éFudlcd obResnved fusdmcusRhg
pr epas at hueedioWPLEesgHre GPC and the iron-saccharidic conplex of Exanple
. It is clear fromthese two results that the excipients 20 and AHS are

separ ated or isol a3 PHe dF sEPRRILY raks | Ywn 182 FIG. 5. The results are

based on the use of HPLC equipped with RI and LLS detectors. This

figure also shows structural changes in the AHS, or primary

reference standard peak, of hematinic comprising FHSC. The sample of

20  this product included a manufacturing date of December 1999 on the

ampoule and an expiration date of December 2002. In this example,

the AHSAP appears as a shoulder on the BAHS peak, suggesting a

. different degree of change compared with the sample studied in

Example 4. While LLS and RI chromatographic profiles generally

125 overlap, only the LLS signal detects evidence of iron aggregates in

the parenteral hematinic. As in each previous example, the sample

for this study was obtained directly from a sealed glass ampoule
used for clinical distribution.

Examples 6-9. Readily detectable departures in the HPLC

30 based RI and LLS elution profiles from the expected chromatographic

profile for an AHS reflect either a departure from preferred

manufacturing conditions or degradation of AHS due to aging and

destabilization while still sealed in glass delivery ampoules. The

destabilization reflects itself in the aggregation of iron normally

35 embodied as a constituent of the desirable AHS structure. Although
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microliters of AHS from Fraction 1, Exanple 1 was added to the Fraction 2
eluant- as an internal standard in order to identify where its eI ution

position woul d appear relative to that of the excipients. . EE“\ g@ﬁ
results are shown in FIG 3. The results are based on the use o?‘ p th

Rl and LLSodelossszéon, applied to the same henmatini c sanplggAsel Rskxanpl e
1, to substantially separate Fraction 1 with its characteristic AHS, from

excl pi eniguisually ebseined i Fraction 2 HiectPLG AP hodean digoerp.the
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hemat i ni éoreaipiesi tipnobirmiadehsdi et ¥BLT r moniatogdabhier peanpdetet athdas
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in the expected Not e t he appearance of a
obsel%abﬁ@%ﬂkﬁl@:ﬁﬂ@gﬁ&ﬁﬁﬁc meonf\@lraw,reﬁo qyeak thej Gionreg pﬁatseaﬁrahemmsls

primry peferance standagg. t-e[\thlg»_?r dg heehd aﬂgéﬁgé'y@ 1fg U aﬂgaqgﬁﬁ

speci-es as a consequence of ation. Ur 6 iodenti T 85t
second p¥Ek WECUNFieEsi kaowhefat ﬁﬁrés%p‘e@ e%t%hjd-rlégatoé &k PEARSAR) uh%hg

LLS detegddQy Lh '&el&aréwég Ay oﬂPése"‘D&'BQY éa!ﬁ@:tletsh'rﬁe:%eag 5§ nQt o

observed using RI 15 detection al one. results are shown in
S. The rie¥iRarstayre ipashd eark mndisfter FiPL@-?eq%pfp@%I 3G tenRhsafglle®ing

det epf or ghe ki fanhk S &ral SOnsNOMSHREE UGL UralhotRaRg8Gk en Bﬁeenéad_'s’a A the
primary reference standard peak, of hematinic conprising FHSC e sanple
of contents analyzed by HPLC with RI and LLS, as dGescribed. None of the
stored product samples had reached its stated expiration date stated
on the packaging material. The sample with the shortest TAM wvalue of
6.0 months was designated as TAM,, and that with the longest storage
20 of 25 months TAM,. The results of HPLC studies applied to this range
of successively aged hematinic examples are shown in FIGS. 6-9. The
key area of analytical interest in the chromatographic profiles
presented in FIGS. 6-9 1s the region where the BAHS signature
appears, thus. only that specific elution range pertinent to the RI
25 and LLS analytical profile is shown.
Taken as a group in sequence from TAM#1l (FIG. 6) through
TaM#4 - (FIG. 9.), it is apparent that the RI signal from these
samples show 1little effect of sample aging by way of B&HS
decomposition and iron aggregation. On the other hand, evidence of
30 RHS destabilization with iron aggregation is prominently seen by the
AHSAP shoulder or a secondary peak, which was detected by using LLS
in all four-sampleé.
By way of these examples, it is evident that . the
preferred HPLC based RI and LLS method provides an ability to verify

35 the presence of an BHS or its coexistence with normally occurring
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20 this product included a manufacturing date of Decenber 1999 on the

anpoul e and an expiration date of Decenber 2002. In this exanple, the
AHSAP appears as a shoul der on the AHS peak, suggesting a di ffg&len&gﬁegree
of change conpared with the sanple studied in Exanple 4. Wil e 'B5“GRd R
chromat ogy@phésesr of i | es generally 25 overlap, only the L ,gg‘qmﬁguadet ects
evi dence of .iron aggregates in the parenteral hematinic. ¢
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resp%ctlvé re op ehed Cofte ana
and LLS, faEtd:escrItbehlas N:mmocﬁbstdmadstt@;aeddptﬁduﬂtmnplmstﬁwad)mhbdryt S

stat ed °E géar#m{‘ dciaﬁt %ﬁ%gdfo:?r&-lﬁﬂ.e AAHPURGFRE L S ene NG RATEE Wi

t he shor
preferred method correspond with the occurrence of the highest

levels of AHSAP. The wmeasurable and quantitative .entrainment of iron

20 aggregates over a membrane filter surface can provide another,

albeit cursory, method for evaluating the unintended degree of
hematinc breakdown. However, application of such a filtration method

to a hematinic before parenteral use would be impractical and,

furthermore, -it would not have any effect on degraded RHS that had
25 not progressed to the filterable iron aggregate stage. When
significant amounts of irom aggregates develop in samples and
hematinic analysis is essential, sample filtratiom is necessary for
HPLC instrument performance and maintenance. 2Also, it should be
noted that if a residue of iron aggregate or other particulate
30 material is entrained on a membrane filter as a result of preparing
AHS for HPLC analysis, the quantitative amount of aggregate on the
filter should be considered together with HPLC analysis as
complementary indicators of product decay. Where 1ittle or no
evidence of filterable material is present in ‘hematiniecs and

35 particulates have dimensions of less than 10 nm. in diameter, the
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6.0 nont hs was desi gnat ed as TAM¥, and that W|th the | ongest storage 20 of
25 nmonths TAM¢,. The results of HPLC studies applied to this range of
successi vely aged hemat i ni c exanples are shown in FIGS. 6-9. The area
of analytical interest in the chromatographic profiles pr esent%M ¥ﬁ}6l5

6-9 is thwporgies Where the AHS signature appears, thus.pcpiby dhat
specific elution range pertinent to the R 25 and LLS analytical profile

i s shown a ou yen rom TA (EL t hro 4
(i a0 Freee el e Rk SRR e P RS e e BV
little efbettoning hephblaif nglaliy.tway of AHS deconposition and iron
aggregation. On th%x%;gfé hand, Ml %e”a%% °£h%A;§ dea3tapy || %ﬁiéo%x‘é’tntg

i ron aggregation i S pr ent I’y seen th shoul der or a secon ary
peak, whiioholesd dElteecatm:dllwtusnngle;Ee pne%drtreﬁometmdplfes HBUCwagsefl Rhese
examples ot s GYlqg01 L hal Lheundr eherr gds MeLE based, Ry andhd LS meLhod
provi des®an a |I|aty o verify he presence of *ah coéxrstence
Wi th nor dakég sitﬁcnﬂriwhglsm l\zbgom{eﬁ f¥@n 02 056826 aPERA LB m&aex has
OO Pl enhautL ! BPBLED ekl SAELERNET LT AONALETAl HE: e RRYRNd ) Subhe
met hod aftords ST gni |ca t 0 noni as weII as to nves |gate
and devekeponstaiattefi edtbased d@nompwtgmc hateigdirdat tompbexesons agggegape |t
can be segp ihaf, t :.blﬁma ' i's LBlet

dest abi |1 gat I on re‘ts}gl %gﬁ?ﬁmlar a%%?%%%t%s t %Q?ngh%%m ng’l e“(]JL vms?ﬁp-tl%e
prefdtr eaob#mmmﬁrﬁlromﬂsacwwﬁm@msxueedIEWQW—dat 9IRSt ERBedefeeotmi an
as well ti e C o] o] ggtg{ a

unnot i cegél%tﬂ%ags%he tolur%lgc v%%ehgég%%@e%e%%% bgﬁ oc\?/lgaiv\ﬁe% ?:5?(?%/}%% %ut
t he pref@¢eetfling0 Seet Hird b@wmrsswmﬁen@mmmatgawppbx aeghedutpnelpyepbrring ed
through g,n&02 on d xpembrane. £ ter r 0
problenms wth tﬁgh?‘z}a eéf?%r gi"x]%{é |Ag§| n?ect edidl nfocgr%aaﬁgkg CRE' 2k DL

| ron- sac%ﬁ%ﬁﬁﬁjldélsénw e%e-"tq%ttbeﬁh@%oﬁé e aiecl of t ARSI eRsc Wrvéngeit cwas be
readid y tt&argt%qutgdpwpﬁ’sataﬂglhgt o Hthe fw gotnﬂ?rwfém g;-itataia' tﬁtew th
great difficulty or_not at all “even using O m cron t haS been
observed®t RAP BEFFPEAASY e'éolwet hef ptepakat orn;a mcmsatt@md)fsghm@@s Wag

HPLC St UgheAGRALEEATd 024 NP niPeGHl 286 M oliters of this was injected for
HPLC based RI and LLS analysis as described. The resulting

chromatographic profile is shown in FIG. 10. It is noted that both

20 the LLS and RI signals not only overlap, consistent with the
chromatographic profiles observed in FIG.1l, but there is no evidence
of any iron aggregate formation or AHSAP as observed in FIGS. 6-9.
By way of this example, HPLC with RI and LLS detection is also shown
to be useful for monitoring the quality of freeze dried AHS.

25 Example 11 was carried out to compare the response to
freeze drying of untreated versus treated hematinic. Three samples
of an iron-saccharidic complex, SFGCS, as manufactured and
comprising AHS, sucrose and residual excipients were subjected to
freeze drying. All three samples originated from the same production

30 Dbatch as released in different glass ampoules. The freeze drying
~method used was the same as that applied to the hematinic in Example
10, but contrary to that example, the AHS was allowed to remain with
its excipients during the course of freeze drying. The experimental
objective was to observe whether or not there were any weight

35 disvarities in the final freeze dried product due to the presence of
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preferred nmethod correspond with the occurrence of the highest |evels of
AHSAP. The neasurable and quantitative entrai nnent of iron 20 aggregates
over a nmenbrane filter surface can provide another, albeit curaﬁ%g mﬂFthOd
for evaluating the unintended degree of henmatinc breakdown. Ho ¢

applicatiwp 9hsagbeh a filtration nethod to a hematinic bg&qy@"pgsrz@ni eral
use woul d be inpractical and, furthernore, it would not have any effect.on

degr aded h@'d%&ﬁﬁa.éﬁaéh%%u@%speeﬂwﬁéﬁ%t Qnkhgakt! 5%@@&@ ff&ﬂ:ea%&@gaﬁ.ﬁ

stage. Wién significant anmounts iron aggregates develop in sanples and
hemat i ni ¢hgnabyspee | sfesyeht ilﬁ@romrﬁilce SPCLPLBEE DN ReSWHeEe T ySUF“B’ranFIPEC

I nstrumend, pefi MGG i 8NE- 1B RRRAREE. eﬂl%ﬁentg shotdibe . noted that if a
residue of iron aggregate or other particulate 30 material is entrained on
a nenbrane filter as a result of preparing AHS for HPLC analysis, the
guantitative anount of aggregate on the filter should be considered
together with HPLC anal ysis as conplenentary indicators of product decay.
Where little or no evidence of filterable nmaterial is present in
hematini cs and 35 particul ates have di nensions of less than 10 nm in

di aneter, the 59 3 May 2005 WO 02/056826 PCT/ US01/ 45205 HPLC net hod nore
accurately serves as the preferred nethod for nonitoring hematinic
quality. Exanple 10 results are shown in FIG 10. This exanple involved the
application of the preferred method for HPLC based RI s and LLS analysis to
an AHS that was reconstituted froma freeze dried state. \Wile AHS
isolated froman iron-saccharidic conplex has never before been reported,
its ability to be freeze dried and reconstituted w thout deconposition,
degradation or iron-aggregate formation was particularly uncertain. An
original 2.5 nL sanple 10 volune of iron-saccharidic conplex as rel eased,
SFCCS, taken froma sealed glass anpoule was separated into Fraction 1 and
Fraction 2 according to the | ow pressure chromatography method for
preparing - substantially excipient free AHS. Fraction 1 containing the AHS
was freeze dried as described above. One week after freeze drying it was
15 reconstituted to its original volune (2.5 nL) with HPLC grade water. A
500 microliter volune of the 2.5 nL reconstituted sol uti on was
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then diluted to 20.0 nL and 200 mcroliters of this was injected for HPLC
based RI and LLS analysis as described. The resulting chromatographic
profile is shown in FIG 10. It is noted that both 20 the LLS and R
signals not only overlap, consistent with the chronatographic PMSYEP®s
observed 4 but there is no evidence of any iron <
forrrationw(@)’rdi}AogH%Ssklg as observed in FIGS. 6-9. By way of tﬁ%ggﬁ%ghnﬁoé, HPLC
with Rl and LLS detection is also showg, %8 pe useful for monitoring the
quality of freeze dried AHS. 25 Exanple E was carried out to conpare the

response e eezeTth Ao —untreatetd_yers treategerati1m ENS

& anpld weight Wats ved (%) * Freeze driéq

sanpl es jof ,Sa F’TI r op-Eac éarl e cSpl ex, gl—%ﬂéf as (ﬁ'Zanact Leg,an j
3 an H LM + wor o ol =

I 1 VVICT O U T

o 3 - : g
conpri si Ng—ARS—suet-ose—ang—FegHdual—exei-prents stheeted—F feez
dryi ng. Aﬁu-h%-ee—;&upbes—]e 5 @na* ed 4emthchﬁs°3rm p+edyetd c.’.éﬁgas*c. &
rel eased [-n—didfere] : Sgu-l-es—-lh-e—f—r-eﬁé YR _net_he&‘&ggd WaS
the sane lasthat apblied t3-#%b hemmtinic |
t hat exanphean tth@dAHS st HoRedi2io temni A8wk t?h 1-ilt s exXci p? etfi‘s TdAr LR t he

course of freeze drying. The experinental objective was to observe whet her
or not there weExprmspedeaght B3 cdintpafieiiasinad shwepi¢ meichieeze dried

products dug.f.Q Ta*&%iEF'LSﬁ&i'C&a@l Q0 o Max Q03 YO Q@i&f@%&&@%ﬁ.@ﬂe | 305
hydr ophi | i'c exci pi'ent'S conpared to the sane proguct reeze dried in the
absence ofsaygehk Mairepsd | iz Seblpi éntwerReshtained efxepmeét firuentf ginapnrned

hemat i ni c i ith its D] S hn T 1 3; My .200 A0QB26
PCT/ US01/ f%%(ggqﬂa%ﬂbl gall}f{ Sa%pé{aggésg%pl et\%/ei Sﬁ%%ﬁev‘@t erl%/gno%edgﬁéé/\;)* %eze

dri ed No.wdirghetegyaphiy 4p4Rnpn32as 3¢S iPeBE3erove 2. IGrtiond 8178, o2clo ArmvEEn
sd10. 075 Qxé@11§i§g 1¢ g'zgés,o'ﬂ@@ without the associated hydrophilic

10 excipients, including sucrose) was then subjected to freeze drying

as described above; results are summarized in Table B:

Table B
Sample Sample weight (g) | Water removed (%)* Freeze dried
"~ No. weight (g)
1 9.500 $3.50 0.613
2 7.840 ' 93.70 0.488
3 3.200 91.47 0.273
Mean = sd 6.847 £ 2.687 92.85 * 0.10 0.461 + 0.140
15 = Expressed as a percent of original sample weight

The test results clearly show that a significantly higher percentage
of water is removed from the samples subjected to column separation
and identical conditions of freeze drying.
Although the invention herein has been described with reference to
20 particular ewmbodiments, it is to ©be understood that these
embodiments are merely illustrative of the principles and
applications of the present invention. It is therefore to be
understood that numerous modifications may be made to the
illustrative embodiments and that other arrangements may be devised
25 without departing from the spirit and scope of the present invention

as defined by the appended claims.
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* Expressed as a percent of original sanple weight 5 Three additional
sanpl es of the same hematinic batch fromthe same source as used in Table

A were obtained fromdifferent unopened anpoules and subjected ¥
X . . ay 2005
treatment in a |l ow pressure chromatographic colum as descrlbe% above.

Fracti onClhimd¢ each sanple (conprising the AHS, but w thout the associated

hydrophilic 10 exci pients, inc¢luding sucrose) was, then subjected to freeze
drytng #&s 3@ etk dbovehor Lkdl fE &F€Qﬂﬁﬁéﬁn%ﬁiﬁﬁqlq%mﬁ “B: PTapl'e" B

B
Sa S 8 \Wei-ght, ;) g renoved (% *Freeze dried No.weight (g)
19n§%8332§@%.?1302$&55053. 60. 498 33.20091. 470. 273 Mean sd6. 847

0. 6BZ92L8Pne). 1001461 healdin ik5 SpExpressadiene B peREEntTH T githal Ssanpl e
wei ght ' The test results clearly show.that a significant | ghet . pgEcent age
of aﬁPQchgdr B f o tife %%%%?%%dsgﬁfﬁ%téﬁgt8E8%%uﬁ%%§%%araﬁ?oﬁk'and

i denh) caluenngdi thensnofufdeazeidyyipi®cald haugh ddiel | ovaplean h@sei athas
been described with reference to 20 particular enbodinents, it is to be

| t
undehst SR IRELehesd  BRBomATHIAC E L MEr BPGaSFUst PRt iS7d f CPRBIEX:
E;' 0g5Pl gs) @ 1t1%QHd§ahhﬁﬁ%a%ft&ﬂ%90f B¥eNLak AV iOex | t daSd hgeehene to

under st oo at nunmerous nodifications may be made to the illustrative
enbodinpentingnd (Lhat apehgriagr ahhenents hapsbe deei sadt28ew hawatideparti ng

fromthe spirit and scope t he_present .inventio | ne

o ERBEAeE! aitfe, B RGNS CFal mePur it il ot Ere Sat ofehEohge

i rophsageharidicG cCHP! £xi@r edupl exsaih COPpl ouPFihicsitilge ahnkeasicabe
active hematinic species, wherein said nmonitoring iis, conducfed during a
ti neesppreeedef r githealr olgreonsig i agtéfe paTelbRLAg TRRCHRHUMECt Bri ng

Progesgabeh 2al eggfzp.]'a%g (R @lia the fop! eshonspicihg. manufacturing.

process t1or sal conpl ex;
2. The method of <¢laim 1 wherein said time following
manufactﬁring of gaid complex is from about oné week to about
five years.
3. The method of claim 1 wherein said analytical respeonse is
obtained using at least one analytical wmethod selected from
the group consisting of: light scattering enhanced liquid
chyomatography; - uitraviolet spectroséopy; visible
sjpedtroscopy; combined ultraviclet and vieible spectroscopy;:
ultraviolet spectroscopy "using photodiode arrays, visible
spectroscopy using photodiode arrays and combined ultraviolet
and 'vieiﬂle specﬁrcscoPY each usging photodiode arrays}
infrared iqbectrpscopy{_ electron spin resonance; pulse
polarography; energy - dispersive X-ray analysis; cixculaxr
dichroism and - optical rotatory dispefsioﬁ; fluorescent
spectrosgopy; polarimetry; pyrolysie -~mass spectroscopy;

. nuclear magnetic resonance spectroscopy; differential secanning
calorimetry; 1liquid chromatography-mass spectroscopy; watrix
asgisted laser desorption/ionization-mass .- spectrometxy;
capillary electrophoresisa;. inductively-coupled ‘plasma
spectrometry; atomic. absorption; .electrochemical aﬁalyaiék
analysis utilizing radioactive isotopss including radicactive

iren; antibodies to hematinic substances; retained -solids
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and (c) follow ng manufacturing of said conpl ek, said nethod conprising
(1) analyzing the at | east one active hematinic species in said conplex to

obtain an anal ytical response characteristic of said conplex aﬂﬁﬁg@%
conparing the analytical response of said at |east one active I nic
species to a standard corresponding to said at | east one species. 2. The
‘nethod of claiml wherein said tine following manufacturing of said

conpl ex féliseahgb@utlt%%lwktﬁ&@gpu; méanﬂ@aﬂgamtér Ffae,f% @Qrgéle{,a' m

1 whereipn said anal ytical response s obtained using ast™ on

anal yti ciP fEEhotPRet eCeFFFONPLEHE f-dlf %‘bn§P§t1|tn90 0“?5 Fﬁlg%ﬂo%at?bﬁhng
enhancedpté gghirfle ahrqmzrimd l(ﬁj—]iﬁ@hyﬂfogﬂrhﬁﬂyl &lo&Eaﬁ.&ﬂeG&jmcgayghW@d,@&@eﬂn
spect r osgopy ine trayi.ol et, and_vi si bl e spectrosc vi ol et .
spectrosagopy us‘%wO phot od’ﬂ 0d& *FHHEY s ‘qﬁ“s“i"1 PdreR Ect?%%’g%é ugﬁhé Tighe
phot odi cﬁﬂea%t?f??ayscfamdc@nbinédnal Br awisel elensand vel sidilssssgect roscopy each

usi ng phot odi ode arrays; infrared spectroscopy el ectron spin resonance;
pul se ol ar GRapAFEDBAeIRfy AlepEr § véhseehy énaﬁyﬂf?lrﬁ¥%ﬁlafnet&°@hrﬂeﬁ sm

and opt ilcatht Qi L4 Of 3 hS penBafaedf LughesceRrctpeer@seapy; pol arinetry;
pyrol ysis mass spectroscopy; nuclear magnetic resonance spectroscopy;
di ffered-i al Weanmehbodcatior Fimtimy 1 | Werdishseist ogr apjleagmsene active

Spect r O$feRiyi W I | e&%% stied LRzgl Aesor &Ts&?;@/ | aRizat b%d@%% liquid -
spect roggJF CEHP,ﬁ | ary el ectrophoresis;. 1 ndluctivély-Cou pl asta
spectro F%‘a 13,04 aS%BPbFfioﬁ’lthelJe’c@?'bcﬁ@ﬁFESF&ﬁal"y‘ﬁ yeigngrydiigh
utilizi pg-emﬁhx@aacliqﬁlﬂseﬂmaﬁﬁﬁdg&aﬁumg coagiledCtvyeh ITidht aRd=Redrand O
hemat i n ed so L ds  -63: AI\/ENDED HEET l\/a 2005

foll ow h%a?'pllét ﬁsg{%%?z tlﬁ"rlg% I?%%%tfaﬁer ﬁ%{ﬁ;n§ or (5i§|t'[y Th the
range ot _fronhabauthd0sft @laabmutl 0. Abrinher onsclhdghg mh@ssaﬂ@ |d Ul O s t-

chr omat ogr aphy coupl ed vmth | i ght scatterin and high pressure liquid
chr omat 68?38% L%"P’e‘él Wit ht FRght D%EcaFFEFW%g bERRTIRTGdISRES FRs Y %Ore

sensiti obtdénéugorsanﬁ dhelyeitsll ofespicaism,3 whereim saild amal Yeaeal omet hod
I'S active hematinic species im selected from the group consisting
of sodium ferric gluconate complex in sucrose, ferrlic-

hydroxide sucrose complex and ferric saccharate complex.

7. The method of c<claim 1 wheredin said monitoring is
conducted using at least one method selected from the group
consisting of light ecattering analysis in combination with a
. concentration sensitive detector, atomic absorption, X-ray
analysis, electrochemical analysis, electron spin rescnance,
mass spectroscopy and ultracentrifugation, said monitoring

being capable of indicating the presence of iron aggregate.

8. The method of claim 7 wherein said iron aggregate is
comprised substantially of iron other than iron-saccharidic
complex.

9. The method of claim 8 wherein sald iron aggregate has a
average formula weight of £from about. 200,000 to about
3,000,000 Daltons. '

10. The method of claim 7 wherein gaid menitoring is used to

calculate an ocourrence ratio foxr irem other than

—5d4 -
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| ight scattering enhanced |iquid chromatography. 5. The nmethod of claiml
wherein said at | east one active hematinic species is nonitored using high
pressure liquid chromatography coupled with |light scattering a:?lﬁl fdo or
high pressure liquid chromatography coupled with Iight scatter ﬁ‘y

anal ysis and including a concentration sensitive detector. 6. The nethod of
claim1, further including the step of first isolating said at | east one
active hematinic species before obtaining said analytical response,

wher ei i rsai-Gaatchensdi oneom@dtey e meb eneéns Faci e soFSugErEscted- F b £HFe

group gQnsi sting oneﬁ%?Qi“@bf g%ghg_ gl wuconate conplex in sucrose, ferric-

hydr oxi'de "suCrose co ex and ferric saccharate conplex. 7. The nethod of
clai m } jwhepei n s 1onidnr i Ngurs Fyaeucted usiipaicieast onepieshngd
selected fromthe grou consgi sting. of,,light scattferin nal ysi s i .
conbi nétFF‘Bﬁ‘3\‘7bict‘:ljf‘a‘rfgl‘SC)JO‘EcEﬁf“?’itei"or1a n‘g?#}“%ﬁ“detse%tdgrfmg?grﬁ%!c %%“é%?%ﬁ%ﬁ,
X-ray aanalyaiss, elrectrochens cahenaniyses, spkedeson agpi n Efizasoltmﬁq%:'é, CPAsS
Spect [ 920RY 80 Ul IIAGeNI 11 LU0ALL 00n o SRLECTONELARIAG. Dasiige gpabl ecof

i ndi caf ng € presence of Tron aggregate. 8. The nethod of claim7 wherein
sai d i pAR-AGEF LU @i sCRNTIdrsedcaipksbanti abbyrefitiabhy otdardthiary said
iron-saccharidic conplex. 9. The nethod of claim8 wherei n%ai qt iionS
*aggr eg4t d Gt a Ol ePagel Yor MA Weldht BPEFASH abd ™ 60,006 %t ot 866\t
3,000, 900 %Jc'?ﬂeﬁtz 10. The method of claim 7 wherein said nonitoring is
used to Tcalcufate an occurrence ratio for iron other than -64 3 May 2005

i ron-saccharidic conplex and wherein said occurrence ratio is |ess than or
equal 12.abBme Omsthbr fofetaddivor Lpur MhEnfg ™ c¥RdBsi Biton J&HHTr i PRy

i ron-saecharidicceampliveand il Uehhat 52l datogphex iseidmpagenat | east .one
active henmatinic species and at | east one excipient, said iron-saecharidic
conpl exs suitadl endtthod paifenskealh adni whetrdt osaidomr i Siemgtsubseamarat | y

separating said_;at |gast Qne active femati nig 3nacies £ram said ardgast
congisting of iron-saccharidic complex synthesis reaction
by-products, unreacted iron-saccharidic complex synthesis
starting materials, iron—séccharidic compiliex degradation by-
product, waste glucans, polyglucans, saccharidic lactones,

solvent and diluent.

14, The method.of claim 11 further including the step of freeze

. drying said at least one active hematinic species.

15. The method of claim 14 wherein said diluent is water and
freeze drying comprises the following steps:
n said compoéition comprising said active hematinic
species and diluent is frozen to a -temperature of less than its

" eutectic point or less than its glass transition temperature

thereby forming ice and providing an ice interface temperature;

(2) an ice condensing surface capable of reaching
temperatures at least about 20 °C colder than said ice
interface temperature is provided;

(3) said frozen compositibn,is present in an enclosure
in which there is provided a wvacuum capable of evacuation teo
an absolute pressure of from about 0.5 to about 10 Pa; and, -

(4) ,Eaid frozen composition is exposed to a sourades of

thermal energy sufficient to cause frozen water"presant .to

-65 -
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one excipient. 12. The nmethod of claim 11 wherein said at |east one
exci pi ent conprises a non-hematinically active conponent. 13 The nethod of
claim 12 wherein said at | east one non- hematinically active cogwgn?ﬁé S
selected fromthe group consisting of iron-saccharidic conplex sy% Sis
reaction Dby-products, unreacted iron- saccharidic conplex synthesis
starting materials, iron-saccharidic conplex degradation by- product, waste
gl ucan8ubpdmgg| teafsie S@RIArFEREe| a@tdo%s?ezgolﬂvlerﬁaﬂaﬁd igie (randensginghe
met hodgu@kggkai m 11 further including the step of freeze drying said at

| east one active hematinic species. 15. The nethod of claim 14 wherein said

di l uentei s ThAkemetitbd fafezath yisgwiconpihses the follow ng steps: (1) said
conposition mprj_sing sai d active hemati.ni.c species and dilyent is frozen
to a terrpeféggre E"J'o *e escéa%h%éar%%lltog A& o nstalocr? Iae‘%sl‘f%alrfﬁ% %Gt dss

t r ansi #Poniegnpeadatdiraentharse iy dammi gl deeibadepteditdiongpairtce interface

tenperaturez)(2)sAM | £8c CRBAGASLAG S ULEASL-£aRaP] £: Ofs I BARBEBELUre of
tenperatures at | east about 20 C colder than said ice interface

t enperttif et'll“§np|3§\ﬂ”d"ed';4°( 3)/sai d frozen conposition is present in an

encl osure {3 whisalid herauins iy et ded abgatuta qapadseref ofviewat adulto- an

absol uf e, pressuge.@f &f %I_Ql%ut 0.5 to about 10 pa; and, (4) said frozen
conposition is exposed td a sdurce of thermal energy sufficient to cause

frozen wat ef4breseit -aprep-ah-thegpalgmresdy 1368 Frxollairat3fvep 2005

subl i rdix theoVvapokoSh@dimiranésf eeze on said ice condensing surface. 16.
The met hod of claim 15 wherein: (1) said conposition conprising said active

hemat i7i.c Tpecmeshadd off |dlenim i1 fwiheeaihebawd te:epit@ft babpabntiafl2)y said
| ce congRnsl Pn SULLAEE st Al R AMRP T A VA 0 Bhpickd 33 'Yy, APUL 124055 a
composition through a chromatographic column and separating

column eluate into fracticons.

18. The method of claim 17 wherein said column is selected
from the group consisting of a high pressure liguid
chromatography column and a size exclusion chromatography

column, each column comprizing a stationary phase.

12. The method of claim 18 wherein said staticonary phase in
said size exclusion chromategraphy column compriges

crosslinked dextran.

20. The method of claim 1% wherein in addition to said at
- least one active hematinic species said composition further
comprises an iron aggregate having a molecular weight higher
than paid at least one active hematinic species and saigd
eeparating further comprises: {1) identifying an elution
composition profile of said composition, =aid elution profile
_comprising at least a first eluate comprising said iren
aggregate, a second eluate comprising the at least one active
hematinic species of said iron-saccharidic complex and a third
eluate comprising excipients having a molecular weight lower
than said at least one active hematinic species; and (2)
separating said first and third eluates from said second
eluate. 7
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(3) said vacuumis at an absolute pressure of fromabout 1 Pa to about 8
Pa; and, (4) said source of thermal energy is controlled at from about -60
Cto about +65 C. 17. The nmethod of claim 11 wherein said step Qha 2005
substantially separating conprises treating said conposition by p535|ng
said conposition through a chromatographic colum and separating columm
eluate into fractions. 18. The nmethod of claim 17 wherein said colum is

sel ected fromthe group consisting of a high pressure quyid ‘o
~ chr @fat oFtephpetBpdmeianelaisi 28 XRFHEibn b Bh+8Bhy" @ BRI “Bach
COLémﬁQ@r L8 NGeBeshahbanaiyiphase: 12astheonet hskeétokai sel8cwhdrein

sai d_statignary phase in said size_exclusion chro raphy.
co FF@%S185?osggFHRedQﬁgﬁﬁ%ﬁﬁn%o.o$heﬁnﬂ%ﬁﬁfof g?%ﬁ%llgn%hggé?ﬂn?n

adddeitentionr ,saan afl trsgdst]l onevbeib Ve RSB nixenpeise3osa P EBFPOEI ti on

fur gh%si%ol@rﬁgﬁt ARk LR AW SJaLE DaviBE Al acubar mesighdehigber than
said at | east one active hematinic¢c species and said separating further

conPRVedenstip iAehtd MATAER BF utPOR* E6hE65 Fi-on profile of said
CO”BB?'Fhonme§§'08 ety RLAfile CopphLhsing Al berastigibhrstapiugte
conprising sard’rron aggregate,” a second eluate conprising the at | east
oneiagkbved bBepmhbai etsperieg obisal dher onibadchdér rdiyc ccenplfexcladdsa third
el uate conpri si_ng excipients having a nol ecul ar weight |lower than said at

| east BRECHH IS/ 1RemBt IS S¢PEci es; and (2) separating said first and
t higd. el nat es rormomaitth:SietioNd cehpake. 'cErpridhdy rasdl MikaZztvhyom05 21.
The thod.of claim 20 _wherei id_el uti Sit] ofile

det3Fhfed thes“fafltglréltc I gggflgﬁeq&%{%’g ora%se eﬁ%ggpgf F‘E)Anlgét]%%fér oJJp _ok?ltsi sting
of @f| aserleaght aboartt ek ? Mgl 0 BetliFct s ansahel.ti oleRsE sPBEe AGHHHE :

tr sk 6$h08 dpbeghar seldM&d bEgohi ght delRg! Hoddis€ohgchiroreairiane or

o rh?y rerl;nlcgsg c\g%%legcn g:ErrL’| S s%gg—oas er,efsrc?' :I.xln}xl ef Ieg-gg)é: dgel.t?ccch(ljéte complex

in . pucrose and ferric saccharate complex wherein saild complex

is substantially free of excipienta.

24, The complex of c¢laim 23 wherein said excipients are

pregent at less than about & WEight percent,

25. The complex of claim 24 wherein said excipients are

present at lesgs than about 2 weight percent.

26. .The complex of oclaim 23 further comprieing a ‘liquid
selected from the group consisting of solvents and diluents

for maid complex and mixturss of said solvents and diluents.

' 27. The complex of claitm 26 wherein said liquid comprises

water.

28. The comﬁlex of claim 27 pguitable for parenteral
administration. ' L

29. A storage gtable’ lron-saccharidic complex comprising at
least one active hematinic 's'pecies having an absolute
molecular weight of at least about 100,000 Daltons, said at
least one active hematinic species selected from the group
consisting of ferrie hydroxide complex in sucrose, s=sodium

ferric gluconate complex in sucrose and ferrie saccharate
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22. A nmethod for producing a hematinic conposition having inproved storage
stability using the nethod of any one of clains 11 through claim 16 .
i nclusive. 23. An iron-saccharidi e conplex conprising at |east NGy 2 @ctive
hemati ni c speci es having an absol ute nol ecul ar weight of at |east a%out
100, 000 Daltons, said at |east one active hematinic species selected from
the group consisting of ferric hydroxide conplex in sucrose, sodiumferric
gl uconate conplex in sucrose and ferric saccharate conplex wherein said
conpl e¥ompS egUbSEROLESH| Y fA18F OfoRXELRI €RLS. LdnsdhatcaMilex ofegl aign 23
wherein said excipients are present at |ess than about 5 wei ght percent.
25. Th%xﬁbﬁﬁFﬁﬁaoF“E?éFﬁﬁﬁﬁ'mherein said excipients are present at |ess

t han ut [ rcent.. 26, .The_ conplex of claim 23_f her. conpri si ng
a quﬁgg' S%Pégtg%EFggﬁitﬁg gFgﬁﬁlcoﬁgig¥?%ﬁe%% s%%%ght§x§%3L3$VﬁEn 5< for
sai d cRrpseRtanl Aessutdnrofabsaitd Sotsdaitts ekt uents. 27. The conpl ex of
claim26 wherein said liquid conprises water. 28. The conpl ex of claim 27
sui t ab?®: f of PBar EATRLEK 9dni At&tFat I ®n. wireimsifide SEgppPdents are

| ron- geeehatit dhe Easpl enaGOMpcud 20 wiligHtegsdradies acti ve hematini ¢ speci es
havi ng an absol ute nolecul ar weight of at |east about 100,000 Daltons, -
sai d at2. | gasreonnsadtinech dreta triittl s pevimpes ep retud e dry t hlee gpoupess

oY

- consi sif N1 h OR&T enbydeexkbde cRURheX dohpiWed 0% 500k usy Lk h&tgé@qconate

conplex in sucrose-and ferric aaccharate 67 AAAWDEDSFRW 3" May 20

conpl ex3 wherte: n neailibd ongt exclissinsulast aRtiralhy fteeiah=texenpi esrs sungd

wat er . o] cl.aim2 erein sai d excipient e resent at
| ess t %g%%%gg?is%%ﬁ? tspe%l%en 13119 %%L\?eq’het%o?répﬁ%&r%%g%l a?trg‘n 30%%hear €7 sai d
exci pi pis2aFerigrésemt a2 hewsstindn atsowosdhisightopprising Iurified
reconsirénit €gcBRARE HREC U B Pr@dueRd bynkhe (RQeESSture of said

composition and at the time of completion of manufacturing

said composition and, optieonally, at one ‘or more times

tl*_xexea'fter to verify that said at least one characteristic of

said composition is substantially unchangedat the time of
 completion of manufacturing or at one or more times thereafter
. is subst:f'antially unchinged from a value or appearancé of maid

- characteristic during manufacturing of said composition.

34. A method for purifying a composition compriging
iron-saccharidic complex and diluent, said complex ocomprising
at least one active hematinic species - and at least one
excipient, comprising: (1) substantially separating said at
‘least one active hem_atinic species from said at least one
excipient; and optionally, (2) freeze drying sald at least one
. active hematinic sespecies, wherein said step of substa.ntialli(
separatixig.comprise_s treating said composition by passing said
composition through a chromatographic column and separating
column eluate into fractions, at least one of said fractions
comprisipg sald active hematinic species.
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of conbining the storage stable conplex of claim?29 and water. 33. The
nmet hod of claim 3 wherein at | east one of said analytical nethods is
enpl oyed to determine at |east one characteristic of a hematin
conposition conprising purified iron-saccharidic conplex durinBRPM@OOS
manuf acture of said conposition and at the tinme of conpletion of

manuf acturing said conposition and, optionally, at one or nore tines
thereafter to verify that said at | east one characteristic of said
conposition is substantially unchangedat the tine of conpletion of
manuf acturi ngsor @& onethednmibe tduresyther eaft@ipodis isubsdoaptiabhy iron-
unchanged from a val ue or appearance of said_ characteristic during
nanufacﬁﬁFFh@rH$‘éaF8m86ﬁﬁo§FF*oﬁ?l@%ﬁ%A FRtHodF FHOSPGE PR yiaedrE icdRgositi on

conpri silR@sti r gRe=Sageharkdi g-LPPheX ag@eéi%égtenfmss)ai dy PRl ex 1eQrRri A9

at |east one active henmatinic species - an east one excipi ent,
conpri siergipiadt substaht | Btdy-sseparatdhy sedublx |sdshbdae &otivearental

hemat i ni peci es.from sai.d.at_ J.east one .excipient; _and optionall )
froese dipPhewatathy bRt B T aRbp e Rly P P b 1BE, SR e L df
step of osebsaaBt idmddy sseRarati ngLonpbnseseidBtdg sai ¢reampesidd oanhy
passi ng said, conposition through a chromatographic colum and separating
col um éPa&eériRgoPhraet i dns, (& JieHdty eiddoft skiadtf prRtAfSns Conpri si ng

said active hRgmatinfiC SPERLAS oA R1G8 ANEND, S, 4,3 My, 2005 33, A ngfpod

for purifying a conposition conprising iron- saccharidic conpléex and

di | uent exsapdesbonpesat nom-lcanprirsicad 1t ackeast conpoaet i v lertetd HiromSpaci es

(AHS) and at | east one e c%gient, aid_iron-saccharidic conplex suitable
on,

for par @nPaP C887 RS at ORGIFEF hGL € 17 o8RBT aPY 1 a5y Ssdpachi PRgP¥ai d

at | eastpro@R€c AHS dhmaind atroheastcng @XxCi Riogpliet 0 PYOANLS san APt ing
contai ni ng phase; and (2) drying said at |east one AHS.” 36. The nethod oOf

cl ai m 38ahhBielfy sdir@nasasemtidoge caxwign edegirsdat on- hemtodictal | waatei ve

conponent .56} ectien frouahoe é&%’eloricd%sﬁﬁgké‘xges"f shignysagghary dic conpl ex

synt hesi’s reaction 6§- products, unreacte P on- Saccharidic coﬁ%ﬁéx

synthesis starlinghe method of claim 35 wherein step (2) comprises freeze
drying. |

38. The method of claim 35 wherein said step of
substantially separating comprises treating said composition by
passing saild composition through a chromatographic column and
separating the column eluate into fractions.

39. The method of claim 38 wherein in addition to said at
least one AHS, said composition further comprises an iron
aggregate having a molecular weight higher than said at least
one AHS and separating further comprises: (1) identifying an elution
composition profile of said composition, said elution profile
comprising at least a first eluate comprising said iron
aggregate, a second eluate comprising the at least one AHS
of said iron-saccharidic complex and a third eluate
comprising excipients having a molecular weight lower than
said at least one AHS; and (2) separating said first and

third eluates from said second eluate
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materials, iron-saccharidic conpl ex degradation by-product, waste gl ucans,
pol ygl ucans, saccharidic | actones, solvent and diluent. 37. The nethod of
claim 35 wherein step (2) conprises freeze drying. 38. The et bod, 9fopsC! @i m
35 wherein said step of substantially separating conprises treatl ?%g sai d
conposition by passing said conmposition through a chromatographi c col umm
and separating the colum eluate into fractions. 39. The nethod of claim
38 wherein in addition to said at |east one AHS, said conposition further
conprises an iron aggregate having a nol ecul ar wei ght higher than said at
| east one AHR andAseparatidige f us £ hemagomprdiaess (dompdentinfyyi g afe£lafi on
conposition profile of said conposition, said elution profile conprising
at | eastcod“ﬁ‘qplr%?rel Bavd "ot #gPedi d Hlegie itaggf hat 8Ctd Veecomemet iat e
conpr i Sigie 4 11es atah ©ASSn ONGH AHF 010 380+ QR3S Cghﬁrégkgnﬁﬁmr exsand a
third eluate conprising excipients having a nolecular weight Tower than
sai d at |east4lone AHSardricl?)ofepamatbiacyga dediwstsamg at hieallel upbesh
from saio(:!: saecsgéléj eluate.69 3 .May 2005 40. AP article of, nuf acIurg

conpri sidhg b TEated V&St AN &R tORT af REdSt Refeitrt dtityetosage
hemat i nicE spESH es AAHS)e suiHabltei d D regoasibtuti pogand pagenptsial usgc
41. An article of manufacture conprising a seal ed pouch or a sealed vial
havi ng & Hetttherei ARE BRFRfM e tm} tUtfdsage of dry active hematinic
speci es (AHS)y»HsUI t e : congti j ar.ent L US 42 .. The.
article of rrgrzlijf ac?ﬁ%e %?E%F%igm Qg %%Fg?ﬁ%ﬁgﬁndgi%gligk%el 'g(?:f eﬁm?%?nl?he
group conrsidt Al ofi sf eselecthydr bxbde sher aseocpnpt@axsisoadingm berrierric

gl uconathe £9 lex and ferric s%ccharate C.or’gl)l x. 70
vydroxide sucrose complex, sodium ferric gluconate complex

and ferric saccharate complex.
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