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METHOD FOR PRODUCING PURIFIED HEMATINIC IRON-SACCHARIDIC COMPLEX AND
PRODUCT PRODUCED

‘BACKGRQOUND OF THE INVENTION

5 The present invention relates to therapeutically active
iron-containing species including parenteral hematinic
pharmaceuticals. For purposes of the present invention a "hematinic-”
means a compound or composition comprising iron in a form that tends

, to -increase the amount of hemoglobin in the blood of a mammal,
10 particularly in a human. While such compounds can be broadly
characterized as iron-carbohydrate complexes, which can include
dextrans; the present invention is directed to the generic subclass
known as ifon-saccharidic complexes and includes such species as
sodium ferric gJluconate complex in sucrose  (SFGCS), ferric
15 hydroxide-~sucrose complex (FHSC) and/or others characterized as iron
saccharates. For purposes' of the present invention, such active
iron-containing species are referred to generically as
iron-saccharidic complexes or active hematinic species (AHS). The
term “"complex" may have alternate meanings in wvarious contexts in
20 the related art. In one aspect, the term complex may be used to
describe the association between two or more dions to form a
relatively low molecular weight non-peolymeric composition which
exists singly under a given set of conditions. This type of complex
has been referred to as a "primary complex". An alternate manper 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 3jons and gluconate anions. A divalent iron 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

1



formand function, based on separation of the iron-saccharidic conplex from
one or nore excipients and, preferably, lyophilization. Separation of t he
iron-saccharidic conplex permts its analytical quantification;, g
concentration or purification as a new and wuseful product; preparation of
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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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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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sucrose. Thus, u
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
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hydrogen and” oxygen tn the same ratio
such an ald- group while dihydroxyacetone serves as a corresponding

example of a keto- group. Practical extensions of such structures
with six carbon atoms account for the descriptive basis 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.
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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
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not 5 previously Bben putsguat elywentiiohi eshnglsepansvadef raym ABALYRETAF i ng
exci pi e o per ragteri on,Co re
has not n%%en@dggerlt op%d gb‘%t%%naélel?qog?gr e(r':l%e sot%g%gar goor&aﬁgyg%% en%&f?ree
anal yt i celtaxpsileirigec ofemoisaicabiexidiapabberbtxeschanakt és zFRgCDne FHESI ref e
1975 morGrtal e DEB with Che KBS pr Sairet e DBp RS coroangry and ¢
guidelin%%IﬁQhun@ﬁugsan%fQﬁmﬁﬂﬁ@ns|@Rhﬁb#ﬁaésbﬁn@neﬂﬂﬂ??ﬂﬁéal prastustol s have
beerydevel oped for oy Sheed. DAPACKBELH | L2l Sxhld &132760k DRLAR! £ e
pharmaceuticals are StiT1 not 1AClu In the USP-NF. Hematinic
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Drugs" P , Chem ca Engi neeri ng News, American Chem cal
Soci et y, tplchproduct gquality. Whatever the proprietary synthesis process,

possible heat-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




19, 2001. As in the case of immune and anaphyl actic responses elicited by
specific antigens, a fine line of nolecular specificity 30 and
conpositional differentiation can separate a no-adverse-effect Sh\ff%\é?ﬁogor
one hematinic's active nolecular structure and excipients froman er

t hat mywb’b%%%:é“m adverse reactions. Thus, there is a need to identify
features that docunment one hematinic's safe and effecti PETEBRMAsISri stics
fromothers where little is known about 35 the iron-delivery vehicle,

exci pi efR3lI g ehirhifs yhidlesiconrenymiticdsMyf 2898ropdd 102/ 056826 ent s |,
PCT/ USCk 445285,4 oV or ts Qf, he L.hi ¢ synthesis reactions.
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not been i dent i fi%gl.t?Tﬁeérreitﬁh%éd{sn%ég t%%ﬂléﬁégntuigfn%nﬁegho %naté’tf%r e88®such
i ssues. AN Iraddnt diAGEHrint iogn aads @bproioddearvearifliptli aal vhashstéar a

rout i nerj@t Ggolg | 1@k nk Onflig ri aracterize' - . _

i ron-sacchari di,c c‘f)bn]%I gl?(lglslé g%%:ﬂ gépsélzlg&?‘ﬁ%ﬂgg;arﬁ% gdtp ?elrgga%]so%ﬁ ESy

di scri AFHCE hHEBRIRBNHRR | ARCHHI@EEt Sompdiasce uwithabuth ansbosamts ons
exhiobi tvagl 10¥% s et 1k M daho PLSAUGL erjze.,an AHS is
al so reflected i nf%]egjualll?t y cor?tgr %;énggﬁtan é%l(&ng%gé‘g%% usrﬁa%dlﬁl';&esses,
par t i-c HAMREY QRoTHE JAWENRESYH ¢ conditions and heat transfer issues can
affect final product -quality. \Whatever the proprietary synthesis process,
possi bl e heat - dr v&# aspectiof de aresert JBY i BFPYidere taethdd 95 ponitpring an

1 al | L - t h i, cproduct
For mat S B B e B P he
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tenmperatures | t han about 50C.were unnecessary. It follows then,.that
pr oductOngsEIg ?fgfff)sdupgz Sheananyfar IigPTagESE AT Saf C@%ﬂl%éﬁ)e@f ¢ corepletion ofhst er
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sensitive to heat processing conditions, k(nowl edge of excipient profiles
can al®mpheowhidensthghicbinpesing i Hsirghitzing 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



to the product quality of the active pharnmacol ogi cal substance. In other
words, nonitoring the safe and effective pharnacol ogi cal agent 30 can al so
be indicated by the nature and constancy of excipient occurrengg !'15b0§ drug
as released into the nmarketplace. Analytical studies on i ron-sacCharidic
conpl exes, including AHS and its coexisting excipients are hanpered by
factors of |ow concentration, nolecular interactions, over-|apping 35

anal ytical signals and so on. For both SFGCS and' FHSC, analytical 7 3 My
2005 WO 02/ 056826 PCT/ USO 1/ 45205 chal | enges include high concentrations of
hydrophi | i ¢ exci‘bitifd aspect oicthe dresgnioiyerion pyidgh e smaiie dr Edcprufyiaad

post -r i - f i.C I Jar ct S .

previ ousi @dsqgg%%yq%ségﬁgtﬁ gémgrsra?@g}ol@tc ecgm%r%%tgenrd ncgﬁlgkﬁ %Aﬁééi%Pf%Fﬁéic\?l géglflg o

pr operlist one BelRef kmetioe gededandst feast q@lragxoiimytdoagrzineed ) tsabsfahddlpy
practical .. rotqﬁolz?that are routinely aphievabLg using nmet hods that are
anal ytsieeﬁrlaf‘ggoﬁiaé F hFaThOrh Golyfahemmtioig pepies Jiym s3idat A58t 088 P¥aRieR; andrher e
is a coiibhdyl 19 nesd drfing SHahy elhods Jand tinf e OB ,O&he&é]g afd! ft?f@%
invention can facilitate conpliance with suc protocoﬁs as 6 we as

ver i f ysubgjantaHy fepetating ngmponsirsitiop cyidanoppyivaulgt pastiapsdid tymposBlduNIRYgOF THE

| NVENT] A first .aspect of. the present inyention pravides a nmethod.for
moni t o &r?lamg};logr?prhé?ﬁ? Elglgglh%ﬂdi HiPer4 %QOAWBFX%%thOJ%CHOWOWG%& OB%ﬂg?ailii ng at
| east fedeEiodCdompEising 9El bétive heRinkRP6diQ@S, wherein such nonitoring is
conducted during a tinme selected fromthe group consisting of. (a) during

t he manufacturing process for said conplex; (b) at the conpletion of the

facturi f . . . i ' . i f
manuf act uring prRCEash fa8pech Bt e PRRER inva@Rdn (Frdviidd L?x\#etﬁ'(gi[ Tqafglzétﬁwﬂgrd ng o

said conplex, said nethod conprising (1) analyzing one -active
hemat icem@osiper cempiising san-dacsharpliexompieo midaditueaty sadabmpositidn cesponiseat

‘charagteristic,.of said conplex (2) [ aring. the anal ytical.tesponse
of saﬁ%asétonfeagtsly © g‘ﬁglag{gltci R_Pgmﬁ%r@ﬁ%r%i ds%gg?sgg’gf SX%{8’§P‘aﬁa r'§° '%F&’ég‘b‘bndi ng

to saicdmplex|seRsile GiiepafeR@LidasnistABorddmphsing! () sebs@ARNG 8¢ hr£AAg RG] OBt Rlafed, for
exanpl e, purifying a hematinic_ conposition conprising an

b
i ron- é)éléc@aéﬁifaw@ Godnt dsast ana cafipiRnyto prodyce an IAHSweempininghphaseomsl éX)

conpridq,'ilﬁg 3l of BRLHONgs active hematinic species and at |east one
exci pi ent. )

Separation can be accomplished, for example, by using a chromatographic
column. Various sophisticated and powerful analytical tools can be applied to the purified
standard, thereby allowing 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
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A second aspect of the present invention provides a nethod for purifying a
conposition conprising iron-saccharidic conplex and diluent, said conplex
conprising at |east one active hematinic species and at | east e

L . . . . ay 2005
exci pient, said iron-saccharidic conplex suitable for parentera
adm ni stration, conprising substantially separating said at |east one
active hematinic species fromsaid at | east one excipient. 8 3 May 2005 A
third depesiplafis tutstaptigibefite dfeseipiemsn provi des a nmethod for purifying a
conposition conprising iron-saccharidic conplex and diluent, said conplex
conprising at |east one active hematinic species and at |east one
exci pi ent, conprFdiavwgng (mindadstivgt ihel kybstanpldy atxicipders afrek abonipbastinone

active tini.c species fromsaid.at | east one excipient; and optjionally,
(2) fr%ge}g%wg@! 3??‘%8‘)@%?‘6 b 25| b e Zeoﬁﬁef;@{‘?‘@"é%’ HERALOF rﬁt%fg%%é@ibkfs for, GEdeR, sai o
st ep OpericelePil atinpaé, luy 16 ERBKB4rks B nfRAOPr i ses treating said conposition by
passi ng said conposition through a chromatographic colum and separating

colum eluate into fractions, at |east one of said fractions conprising
sai d active hemafi hkib sypecti o theApfasentt imvagpec provfdet e sprrage ndtablev @ohi on

provid nmet.hod for purifying a. gconpositian conprjsing i.ron-saccharidic
conpl e%ag%aa r}fflf uertP e§afﬁlné’\éﬁﬂ%’siatti @ﬁStc8%r%°§Vﬁ3’e§)at‘fﬁl%a? FCIgh aXg B
hermat i pibgolapesiotsulANR ARkt |6ART 20NA $H6j0P0EDLItopd] Daid QP-188&CHAL I di C

conpl ex suitable for parental adm nistration,conprising: (1) substantially
separ atiFHye shamptigc |spagies wiectadrémothes gireumtconsiating onk fered fiydnexido

pr oduc - i pi ; d (2 i.ng.said at. |east one AHS.
Bepar Bt GRRE WIHnPABRE o BNl om Bl Y B feFi e SBReath

col umm coimiléowhetdp Biidtdoagil@dis anisktavaRy ek opa@ipiénts ahd varet.s can be appli ed
to the purified standard, thereby allow ng for the nonitoring of

production processes and stability of the resulting product, as well as
facilitating theAdevastlopspent obthenewscanthvenisropedides matebtnstisutedHemhgricor e, a

fifth aspect of t esent inventi.on provides an . iron- saccharidic, conpl ex
conpr | SRRy hE Py B Finme S HGes Elpmgon R daBu lrtee
ol ec Wih ayRicOiid witedt | east about 100,000 Daltons, said at |east one

active hematinic species selected fromthe group consisting of ferric
hydr oxi de conplex in sucrose, sodiumferric gluconate conplex in sucrose

and ferric sacchgg @%ﬁthc L3 b %F%%xl&l iﬁ@ezﬁio@(?%% u'?gs??ﬁ Qﬁic‘feogfh%ﬁu{’aéture

substantially free of excCipients: OW Nng cturing, _
subst axetipaising @xecilpd epntdingehednp| @ntained ahepar dny eicelve dompofiis ispaciey as a

freez ied. product my. be storage stable for extended periods; for
exanpﬁé‘?fgﬁﬁwéoﬁef ogléece}résg‘?"\g’mf)‘ranﬁé?ﬁré’.rl%ﬁdé‘?%h aspect of the present invention
provides a storage stable iron- saccharidic conplex conprising at |east one
active hematini i sRRA BpebEdf 3 @Bsent 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



absol ute nol ecul ar wei ght of at |east about 100,000 Dal tons, said at |east
one active hematinic species selected fromthe group consisting of ferric
hydroxi de conplex in sucrose, sodiumferric gluconate conpl ex kgya$Ygds0se
and ferric saccharate conplex wherein said conplex is substantially free
of excipients and water. A seventh aspect of the present invention provides
a reconstituted hematinic conplex produced by the process of conbining the
storage stable conplex as defined in the sixth aspect and water. An eighth
aspect of the present invention provides an article of manufacture
conprisi-ng a seal ed conftainer having ¢ontained therei ry active hematinic
speci es  (BHSEXsuPTEHBELYFEr HECONEEFTAPR ot anﬁmﬁgr e?ﬁ%rg?gﬁtsl n Agni net h
aspect of (che&ippemsenisingVicihi espreviidesd ahrewatbgtaphpf (HPRAUSf act ur e
comprising a seal edroychngl, fSeah 8 il phad BY £ob! alnedid hersi n 2
single unit dosage of dry actrve hematinjc species (AHS) suitable for
reconst it wemeRycHRd [FareYf ePhl iroe:sBRITEIRESCRPPYTONEE THELERAWNGS FIG 1
shows t he g£hi@aBi100uaR tEosd gl BuObbai nedniy résaleated samsiapari fied AHS
or primary, teference 'standard of an. iron- har i, di | ex as isol ated
in Fracti &ﬁ‘gfag?—‘fés ?Ctslﬁ%\r/]\'ﬁm? & AP oS oeﬁﬂgﬁ%ﬁaﬁ% g?aglfn %ﬂus%grgbt ai ned for

four isolated exci prents showFr 8kt iaod RI Passddth@drRgdamivsdgecfinbunt  of

AHS or prigaBid E&fREeNae sekRRdaF Girol dEocrhrS O ohfidxa@hd Vimdi eataxg (RI) and
| aser light scatterin §7LLS) analn%él cal results fo

1 od 48 3 fef 2 saml e of 5
i r on- saccHEFYIEI®? 9987 Ry 005 Tonptex “hat ittt ohe d T B Fr ZEFT6R° 1 ( AHS)
and Fract iiofic3teqd excaqrientiehatisingphiigh gugeesanecpéakybREAEhr onat ogr aphy

(HPLO). FIG 4 shopg LS Hls 47 &:basadpesld Bk Gistabyalsidlosa
commerci al sanple of iron-saccharidic conpl ex and indi,cati ng struct ural

devi at i on§2MELENPAHSOBrsasFPaRRALC (ComRYeE e dPGIRPLIRY 30 AL e et i ve
hemat i ni c pspecieshraRyrvgaine perdcvAANSAREr FHE nbnghovwrelLS and Rl based on

HPLC anal ysis of ap;5eqongd, SOMIPLel ah SAMPLE, S ohrdficsatalard diecacomp! ex
and indicating structur al deviat i ons from or primary retference standard
i ndi cat ed samplacef vicoherprrhanidic somples anhriagiedipean (AFSATPTTRE 6 shows
LLS and Rhedatmudaasgd o cHRl Gnadehy 9i srek fos faitherwb. i ron-saccharidic
conpl ex: and indicating_an iron agﬁ%\%ga%{e% gea %AI&%APTAI\QZL 3't.)él Jei e i nt er val
1 after its manufatir &. SHVE LiP RFPREBIRTS BREE 0P HPLC
anal ysi s efmpde 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.
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sanpl e of iron-saccharidic conplex and indicating an iron aggregate peak
(AHSAPT) by tine interval 2 after its manufacture. FIG 8 shows LLS and R
data based on HPLC analysis of a sanple of iron-saccharidic cogmg?? (fsnd
i ndicating an iron aggregate peak (AHSAPT,u) by tine interval 5 its
manuf act Ugg-g2/5idme @ shows LLS and Rl data based on HPLC anal ysis of a

- sanpl e of iron-saccharidic conplex and indicating an iron EJof ¥4t~ peak
(AHSAPTJ,,,) by tine interval 4 after its manufacture. 9a 3 May 2005 5 WD
02/ 056826 PCT/ USOLF45205-9F| GRPBSshbt\® t Fer teFaregi aphFégrigiat urfesf orran
i ron-saceban i eiccrorpliex iceabated asorleeli Qi Lrd¥ephhl i 2ed,1y00n1117eq
reconstituted and anal yzed using R and LLS-based HPLC. DETAI LED '
DESCRI PTFERPHIGiGutEG #RE PR 4sdee Rlrand LA6-hrSeE d8iiéhsi bl e for

par ent er gkTaArien delsicwepyrbad not been suitably separated fromits
excipients wih controlTed, reproducible purity. Such co-m ngling of

exci pﬁ ents with thETAPKS ERaFhenBeeEaiie Hardosphent the RRprosabusdivae fior
pr oduct Spagestidalas KhAERAEGEEFaLEEN ot QARSI 1Y QW a%Qté?@ EDSm its

i mproved met hods di scl osed herein, opportunities are aff8r ed for

anal yt i cEFCTRNTESr FhgRoforREC ksdh- TapEndiicHhle cowpitex Suchacmyeingdodgctt
conpl i aneecipilehteBnif get WHeNgaSPeGnkil CabdONS tH0 H84EI P8 S%}Pr‘%%%roved
stabilit |r]:d| ces an% bat ch-t o-batch conparison using a benchmar
r ef er ence et andar §X°SHERS a2BekhiafR FRIEIURIE Z8tarBard thehdHSpoln view
previloussy tieermpyavkabhethdey tdigehasky BéACH: t b E'%:Hﬁéieé’%treb%%?orded
i sol ated. The nethods of the present invention allow therapeutically
active At té'FFicﬁ%Fﬁrg%%a?%\t Ble apBOR tRARGHIASLEd comBAT® 0bRi SBimy

exci pi enfrayduand ddnen ikacbe wikhedangfactyonly | ig@driichrdesir eds EGEeP&Ex?Q”t
i nventiqn pr gvi des gt.ge 20 i.-néor mation, nmethods and anal ytical details for
the preparatron, &t er P9I n 28 d Ride ot osBREEln IROMPRELEPRIC BN @

conpl ex hemcheaek osefeSERES, stanaied hydneni de rHehReexC aleXncEHSCaRL 4 r on
he materi eil s.are generally referred to as iron-saccharidic

sacq?ar tes. ! .

conp exglsf‘1 ornciwl:‘en%lf&ivrﬁo&?. Y| PSP FVBLGEPLRs RRTHORRIZE ¥ ofinest e Sishghad

ref erencetst heear dsdlatetihesthdmin@théds W¥at tHBr Gresent 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
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her et of ore non-existent. The disclosure also provides the analytical basis
for routine discrimnation in connection with manufacturing and continued
nonitoring of these products after release. The analytical and %h 5

met hods di scl osed herein are generally 30 applicable to iron- sd Hg i
conpl exes including commercial and generic iron-saccharidic conpl exes as
well as current conmmercial parenteral iron -saccharidic conpl exes that
performa hematinic function. Prior to devel opnent of the methods

di scl osed herein, 35 standards for iron-saccharidic conpl exes were not
avai | abl evisx&¥8% 10 3 May 2005 WO 02/ 056826 PCT/ USOATABR062068her e was no
nmet hod to separate, purify and characterize the AHS w thout unduly

af f ect i ngtberedestr oyi nethblietAHSpakheev prrifynendestaractankes chigr adi€eri zat i on

of the AHG; 15,09 Rhah f%ﬁ&rt@ng"sw' dadsB L QRE OJEAPNYatis) CaBhlnation with
| aser light scattering 5 conbine to provide an analytical nethod for safely

and accur BPdeFtrigtdve c FBIRSESG 2_CR SCHSCC%I%ESC V$EH doRpI EXELT Boupl ed
with the is@par abiQihtagehpRilr i i e@:ﬂ:imaztlpno&esls lasghtlidter edcattédiege i s now a

met hod 5T ot LoY! 6 NG R 18! ehentecsl aaidiso Hehbealdirddigbacapportuni ty

to use suChHAFer? &S i speci g produ ording to thé present
i nvent i oncharageetiGdng oF‘u@haﬁa&@E@PFﬂ'ﬁﬁc’% heomRUS* s 1JoEPds SHER dfeit s

exci pi ent sepmtm%ndsg@ﬁma&ata@ltmc% w@nghtIseeint atetxcispirent 8 i nto at

| east two ctions. Si nce AHS ordi nari | i shs, atpye

concent r af'f ?ng fOﬁceprsc’éualrnat @‘gg H§erenchSt or afrgé(abﬁéht%h%o%%%érﬁ%r ate 15 the
AHS i n or derorkuniter be nleﬂtsthlettaaPlrJ@ésa?ﬁ?aﬁmqléﬁingslﬂ{ﬂ%‘ct%l t hough AHS are
subj eqy to degradapiQRaidd€¥oCaghebep E%@nt{ﬁ%ﬁ@,onproéll GRehod habor

hydroph|I| xc ients are_subst t| ab en fromth co ition prior
to or at ?1‘{!.i 2589 cOtfc &Hr r & i %Sﬁ%ceent atlﬁnexcclgherb %tseed by
drying ande;pamaeﬁer aiyley HRY ah@opﬁdmz‘aﬁ orxcibignt20intcheat niﬁalfrd;dsiwean be

enpl oyed. sMeak &l ectd;an. bopdi NGyt %&aﬁa&r@nﬁ SUshe asathydidagen 1ggndi ng
bet ween water and_exci pients provjde chall engf}I in. the separation and

dryi ng of CPHEMEREIoNy PRI ISR TG 1te3f‘aﬁ%)’|’°e eﬁ&]fﬂe%tt«?r%qncf"ﬁrr’iﬁtet he AHS
typi cdbl ythes yusesenirden an peaditedts d&rsibyid khalytheasl athdmerliatugh activity

(A) thanAﬁé)lalf%e_s&ﬁj%gt to degradation, they can be concentrated, provided
that hydrophilic excipients are substantially absent from the
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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25 water, i.e., pure, water. It is generally accepted that solute-free
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and/or colloids,, including materials _suspended or dispersed.in the agueous
SRR L SRS TP o R Bl s R A RS )
i nt er act intéfaoatudth Qafex, tde). atRehydionhidropholit hey €y hsdr agepoghond.
Such subgt%gceg reduce the A. ve? ue f.or ter g}re ent to a 10 val ue | ess
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than 1.0 B aEHBSF T 1T Ci hite pré&Zentat a9t RERSS i St ch
the WHS walys ebedd , tianp@.bi.0Booflonbie asahgarophsiins exnpiente awehpresent
o P oL et SR D, ST PN FoLRE g LIRS
Consequebtiny] sepauat isnipliehysr apdi remoddl extcivaitent SrfomombeheofbSsition
NS, - ancEPRAIT TR eLiPhelbtoncARITHFERS P nitand ST SrE 10h  nEteer
pref err edesgecivdy. Bel wahiefrbdact sCamsamiearlyn sephensionnpef siygrSHES and
G BB o0 N AL R £ SIS SR, g, 2 e
and exciph®se concefita@tioons dgwpadednpantkbe bgEsn kadredaedlintsrs vaios
orcSour ooARAT.05500 LA NEACRRE g BE 11U SUIGRELLE! el octivi Ly
science (see, for &cxhms® esffects 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,
editgd 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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Mar cel Dekker, Inc. 1975; Enclycl opedia of Food science, edi t(e:,g b}/z%s
Peterson, et al., "Water Activity in Relation to Food", D. H Y
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cont ai ni gge Iolsr trr%n bg é Jeasure ‘?tv Irrucl ear r#g Care

r esonanc i FACEGhA 6‘?5 %n%l%atr’lrg PPopt ¢ °an%l“?§esa’§ure Rt ~BF“¥apor
pressure;:et:hmch:@t tes ptef:ebm‘uraqijefm:s pref eim;e]chd:my i tBn sthpsi aethod] nwabes
Tethod, WRLehs A Welials SeTifed ge the LAl 0L BALLLAl PRSI 8 0lue

wat er conposi Pron~or cofrpoun 'S presen
vapol0 pressesiioh pur ecomp@madtim ghien tvetr@:er asurp:-res'élmlts fmd | gves frapor

R I t' t t

conpar edPt o e EhoBuft HERRL BEC30MI0RR, BRRPLah Rl atly OBpt e Rgron e
ratio P/ F?aommrseaewnghyrdrm:b@tamxlpﬁ;sm Qresahtrelmawrelsutl@nsmal l&s,
the ent rf)B&{%s St € of %eSUS'%‘ %F ss%%‘ér 89 e et of? 0I = 1ugre§§é1er §1%,] °"‘Ered

presumab a consequencte incr ease vvate -
interactt:bﬂsra‘axrd PAporimptraseinghpvéropd helew lbeconbs mnreaaluéfbeudames

Thesﬁecogtqaiie(}ns t:lq'él lé?lgggﬁgryétggeprfo%eség O%Q%Q:éasd Oepagl Li Zzal I Onvapor

Furthernore,” il conpl ex mxtures, in other ere chemc I
conpoundnr%ﬁsmnpllexe%owmgﬁdnot pb&mm@lyet as y a dicssskgednos p:'fesentreanseche

form of Batddi2csBbyt b9 ders Ba1: 06, SUbat ALl e atipns,trom phe.

i deal Raoult's Law expression an urthe I act
conponenbeceafpmicsiengiffié cutbnpbsie cmnda’nmlmé f emfludndeasirglisg peenesses

observedgify MM H{ PYIHG zarion. 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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25 conpositions that transport or diffusion of water froma conponent in
which Aw is higher to one where it is |lower, can occur contrary to what
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bonds, orexaypoeties, sfsongdniiieraelsi enwondbheyef Or such nvdder Scai@f Qfeerﬁré‘s%‘iﬁ
wat er can be bound t epeC|f|c sites on the AHS and exgi gnts for

exanpl e, &s " nbhof a GG - WaPe PSR ahS RIS ERL 3755 S LA dsidver
unl ess te)(prI,‘ahdﬁEBlcaﬁaé.]s_/l gritf icaantdey prekent 8s ChoadshIvaatalateri.t 1garHee
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conpd8i t itdati &, d@@%ﬂiﬁsEheoﬁﬂmg dbmpag;tiaﬁ:r tiisC depl-by s &4 e eme= i AHriag
(descri beg e I can adver ffected. et her
| yophi | i zg’ﬁ'&{kf eé:%[eélcﬁuﬁe%%orf rﬁgfe em(?m ﬁeﬁ rf% Cfip’rlép‘g?"e‘a\‘/]\r‘)lurl?ef%ioé’d ' A98%as
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chem cal and structur e haract r.i such t| ni.c .products.
- i HiePhel CHIOERSBY, (FRSLACBULEE, BE AR o T €S

Wth verifiable and repro e par TErS
hemat i ni Brepare spupbisich| &HS oaesaabiussheae qtsabstg(nmnprmlddsanﬁ@fﬂ{i@:fantf or

exanmps e, . bat ch juni f t he AHS, parture om val i g t ed
20 struct agéfjﬁ[}rﬁtl or%totgf y d:é@ Pﬁ %c%hne lcalsgﬂdag ﬁﬁc?‘ﬁﬁ%x A GFagert
st abi | i t?hamttet;’lagm ssuch | dematfiying causiacesf ectwindd at veﬁsﬁima)f and

A s Lo R S S L
parti cul BpF§ililesdro | egjabldsht taerqmg;.thel:pstr@l def dnrevctrike ot t rﬂdiutee&mple,
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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25 of such iron-saccharidic conplexes. Little is known about the synthesis
of iron-saccharidic conplexes for hematinic use because such syntheses
have generally relied on proprietary nmethods. Simlarly, there is little
anal ytical information available for such conplexes. The acti veMay2005

phar macol\pgi hematini c species or iron-delivery vehi n o the
hemat i ni c\glgé)%gb% leved to be less than five percent accor&):&h-g‘sfig*zn'

wei ght - by-vol ume nmeasurepents of total solids.and jt may.be as |qow.,as 1.0 |
per cent . co?ﬁ%%’frartﬁroé‘&m*ref’g? alt%t?r odbBts;e negfﬁFéﬁentl%?nnt%%&lgﬁy act &rstees
of the AdSomsariieaspd fasciypigaibygbeamotatsi exf ostcipidiie priesiaRcee3ds

of a high_percentage of hydrophilic excipients. Such Low 14 3 My. 2Q0
021 05686 PEAT AU EERA9DS o BBnEHa | DTG uRPqABEPEFFT: TPONAGE) Aobry

vehi cl e paggoBRaghEILHYA I ebat avel ¥ihed ger arRENbeloEvexctpi eat Sochaldrenged

characterization of the AHS. Furthermore, no reference standard heen
establi sHBACT gt AFRLY BB PenakSHatiesy elP 03B %%%ns?hﬁetget ng‘tFaf%cﬂ:l(‘fSul d

not be i sepat&dh droloranaky sirem Wd heddigieht echisl cepacahboiod AdSribem
its exci %igents based on the net hod% descri be herein, these_nethods can be

ext ended PEFEHY t BRGRY ePEHIPHDr 6B PoheHESIHEE Afontd EPorfEVSHCRAM™PEGVSFt h
ot her phaeRBCliQyiaeRhtsagephs,or RFainigsanplien @thdd ipdEdrAEScTadt dzd Goerhined

with erythropoietjn or 10 other useful drugs.. Access.to excipient-free AHS
er i U EPbBRagRATy  PEER L onfES, 70 OF (SR AR Ra T thy e RRELRT b b=
per f 0 maBeBer MyegQuearugéor pharmaceuti cal s where exci pi ents account for a
hi gh percentage of the total saqli.ds | ght he abi.lity _to independent]y
noni tor 15 such engsﬁ?%ﬁt &9 se"s‘:ilﬁilleﬁ}:}l\gr% gﬁ‘f{‘f;i c?fﬁ'f“l*:ﬁr GIE5GEs a&%ﬁﬁgéfa&
qual ity meatidring reEnuhactamsi agdands chhatmatedrchar penfermiinant iMirgated,
clinical _.effects can bgagﬁcgrglsequence of .previously unnaticed aqr IC%%%Qggd

distri buF?Bngh%ﬁ?:Fci%é _ (eff)i et L1HE® ST urfioﬁg'az J'|gnsi1:’geht SN
t he byprofiuche itmpalt andl iddequdepntandheordridlicef tpr otwmd<pavEient agt wonigor
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
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manuf acturi ng. For food systens, the devel opnent of conpounds due to
thermal effects on saccharides provides steps. Such issues Kim U S Pat.
No. have been addressed for other products by H -J. 5,254,474 whigl eo®t hers
have focused on thermally generated al dehydes in, biotechnol ogy
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i denti fied. 38k gL as, R.a ure. of ially al |
of the ex0|cplgents t hat c%tg')%?gt gwcgﬁ@%es%ﬁsgxmné%e’ 1 orﬁp%:iﬁgfg a%ls t9%n,
e.g., as Wﬁ?h@%fﬂ%ﬁld@r as released. Excipients in Fractlon 2 can be, for

exanpl e, hydrophiliz§,e0rQ80kEs0br suspended or dispersed components present

in liquid Fractions 1 or 2 can be used for detailed analytical study

15 or characterization purposes, and can be further concentrated or
used as starting materials in the development of new products. 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 startirig 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 ‘B0 wt. % to about 959.9 wt%; more preferably from at
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i oni c conpounds. The sol utes or suspended or dispersed conponents present
inliquid Fractions 1 or 2 can be used for detailed analytical study 15 or
characterization purposes, and can be further concentrated or used as
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designed to convey hematopoietically useful iron and Fraction 1 conprjses

from at |east abobt 75°a) a8t FESYS hRRAMAHHAC 1GBFEIEFef Rl v S3Pr ofif at

35 | gast 1 3Dt B su%&aqltqlaqmg QQparitdd PEE Ek@i/ﬁiéktﬂsy bramamt 46 gn May
2005 WD 02/ 056826 PCT/ USQl / 45205 | east about 90 wt.%to about 99.9 wt.%

nost . pr eferafitepigptat  peRRindBout 95 wt 1%t o SBBUETSRR BN . vEVEL1ERES AHS

i nt endedphOfma RALERLEE AlcrdehbVeF YzedWNBE €3S ohl 86EERAY 1 1GONMBAISESkes. Such
correspondingly low levels of the AHS, for exanple, |ess than about 0.1

W . % antEPRALCLERNt PEF| y P8R of RIS cii e oriNYCRAPFS pREERMR iFF t R

henat i ni gogmpRetti 80 tlei Subsianthahy YsSRRANALI B EheaHS {0 e0ext s&d Ng
EXCIﬁ%entS; At | east one active hemat] ni.c species, AHS, can be 10 iso|ated

or subst@ht i BFP3FTd5ar AVPOFLEAPRX ci PrET s TREREERE | iffan SRR \ARCREsT 24C
hemat i ni €oflexd) QETRATAR! | (i)avaht abl &s necessary to increase the 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
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phar maceuti cal s characterized as iron-saccharidic conpl exes. Such
separation has been achieved by the inventors herein as a consequence of
their determ ning several significant characteristics 15 of hematjnic
composi tions which conprise an iron-saccharidic conplex, includMiy2095)

that it igdBrsesgry to increase the Aw value of the AHS- gl Nk phase
or fraction; (2§iéAHS display at |east one detectable i ron&glgé%ilgsﬂgﬁth_a

formul a wei ght of from about. K 250,000 to about 3, Q00, 000 Dal tons or nore;
(3) rranufaé%‘t%ﬁ’ilﬁ nJCARBE 262 sVAHTE i  yoRAFISE 1 BHE3CEN 1P SEFESPh ADRE AHFart 5ie
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Fe(l11) -w@Abaknahg AMS GRdchave pidelkactiable wadedatdyytedd JLdUEtEQNbY a
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ferrods ITONPEFRIPIC NERRIAE] BATBICIER ff GRITCE CHEEPBF eRPBLISE GUaT (8ot
two fractreabsan®ychesashiiey egldtiveldyOBRarged "L ©F thecdi®irkowi BE the
met hods, with or without prelimnary pH stapilization in the range of
about 6, GEPECRDIARE 850SCHaiRor Bt y “0 S5EBIEC 60 DR “BRH Lngorhiaraes
pref er ablspchbaiis G6oéndentabetibn7.dn fOr sigydapled cabodde 618 teneabsdtipatttient.
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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

18



cellulose. In order to maintain retention of the AHS in one conpartnent
the nmenbrane has a preferred nol ecul ar wei ght exclusion 15 size of about
90, 000 to about 300, 000; preferably about 150,000 to about 200 @002005
Preferred conditions for the nethod include the use of distill2¥aY

dei oni ze [ a pH of about 7.5 to about 9.8; a presgsure of_’ about 1.0
atm and%%@ﬁﬁg?ﬁ;ture of about 2 Cto about 50 C. The r BF¥UWSHIHRE ysis

removal of hydrophilic excipients can be 20 inproved by fregyent changes in
aqueous FilEChziagl ¥ UFRRTIFRe S36EE38eS | 4N gbRRr &RPYLHREICI99e Py FIERS S EAW,
F = -DA (feidxkiedheitidrogriie tidd alethbiXea® bs dhe iduf bus) Widapuaf okl

species in the medium e.g., water; Ais the surface area available for
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through tihe oenbsans ai258mpfapid | ary el ectrophoresis technol ogy that
concentrates AHS from coexi sting excipients. Capillary, electrophoresis,

sonet Pnes referred 40 aSRIPR | FRYOBHRITBEE et r WPHER ests, F el PHEIGHIEREY
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capillary with size dinmensions 30 of apout 50 to about 75 mcrons in
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m grations of charged substances in the comnposition can be detected and
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18 3 May 2005 5 WO 02/ 056826 PCT/USO1l /15205 electrically c¢charged -

subst anc & LERTERe Adap AL FARSE @han Be WA d 2588 arf SSPEEE I BPher’®dr aftcHhi s
met hod caepheapaddd aélfaeky dseddilveownvgrrienl hthaSybshaarsal selee@xkigaion
charge on,the AHS within iron-saccharidic conpl exes.

) | :
chr omat ofr-apRYERSA cHaS, 2o RRY | Ul ArFSLeTGEEf d°pr 83e§§‘0e{5§?n5§’@5§€f1i:%

separ at i @RrehgHS e OMMtGhalt@gkBphy dévideal. e seph it foei ¢ ,al¥oZ DedialB St O0S,

sha and charge of. the., AHS in contrasft to ,coexisting excipients, AHS
engggé i gfydi f"\ogﬁéﬁ%ng st &P on&PYOphESe | FtETEICRINs C&‘é‘rgel i éfﬁ?d ESPEPELCBr

el uent (@rgpertikdvaten) tuhanspanifacehemovethandseatibiongh ghseodi d such
SUPPOT - L0 codllbhetentala i TSl 9, oL Tignatlen Latkes. eppepeiole {gr
such
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 norone  =ilica. crosslinked = nolvelucans
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-separations reflect relative electrical charge and/or size excl usion
differences that retard or accelerate elution of these substances through
the chronatography system Separations can also be adjusted 15 byapdshisf yi ng
the porosity, electrical charge or adsorption properties on the surface of
the stati Sxeyosprase. Such chromat ographi ¢ processes may mer/gsiivizeg out at
fromabout 3 Cto about 150 C, preferably fromabout 15 C to about 35 C

typi cal | yidek5 fGedSi NEs AqUEGUS-2QE , NON- AGHENUX 0! VEBLSa SHPPIdeLd @16RALUIMS
in.a 20 singular or nultiple serial flow schene. Chromatographic '
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i ncl udi ngpyRda@EwSACCINAN i d@d, SOl dbhiSialheossn faddtQPialBout é.?mﬁ«ﬁg On Pt
25 i.ght percent of a g};lmary al cohol, may be useful for controllin

pot entl al® nttroH=a PGFontte &tamehste “Etht )ié’Bﬁ‘érﬁlﬁ?’Fas‘éf n’é’f‘é‘?‘i%‘l’@marleogo to

comer ci addgntlS oavai Arfdlteohsclandi ng pmwrgﬁlhggaa@%}qsasdé NKE&Raley Ot Hiets
(9 3 May 2005 WO 02/ 056826,ECT/ USOL/ 4 205 identified as _dextrans,
cross| i nKEPSTB hACP YRV  yher 82 - e yFERCYOPIeFRYFEnE B eRAT ARase
met hacr ylgdcking| 0p6té NkEthetRe! Mot YheNeangk UBE NBroR0RSRE BB & about 9000
cycl odextrins and cationic as well as anionic_ exchange Eacklngs may be
used. Parti®cuFarty'% Rﬁ%ﬁéﬂa@d W iRTAFY 2 BhasET GPoE5| ¢RA ERr dRritto i ¢
separlat i amgetrodHS ThoONAditTaeX Gt @BhS r%@aﬁ&%”%lr‘e”'p_%rﬁ@@ﬁ_@ﬁkiﬂ' Opréferred
crossli n?ed %%Ifygl uci%n or dextran available comercially in various grades
as Sephadéx 0, TBHs SARAERLEOR ARE shBHS Phat riici a Wigiechlov RIeSHHRay,
NJ); and,chacoanemratgl; Goldumpdlyfethy nethasyEVPW-bhanbage 19s apd 3 der0n0y
particle _di aneter yth Ror €. Si zes of from about 100 to
preferre ©r ahalytical characterization of the AHS, 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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about 2000 Angstronms and a pol ynet hyl net hacryl at e backbone (Tosoh Bi osep,
Mont goneryville, PA) . Wen enploying solid stationary phase packing, . pore
diameter in the range of from about 30 to about 9000 Angstrons, s 5405
preferred; nore preferably from about 100 to about 8000 15 Angs?ro’(ns. The
dextran swetorosw®iey phases are particularly preferred for pciadauhidens
separation of AHS, e.g.,, using |low pressure chronmatography; and

pol ynet hyhget hageytate bagkhong sich pardaheybaikyiy preher ned f ofreanakbyti gal
characterization of the AHS, e.g., using HPLC %0 The nmethods of the
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reference stiandard can tﬁen provide a standard for use 1n nonitoring
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exanpl e, where anal ysi's of a hematinic 30 conposition using HPLC in
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shoul der yRoye Okna ;p¢RKa Pr eo0ARY bRSK AklS g@é‘s@ﬁ&y 4R eHeNnGe 2 gndapdrafe
further separation nmethod can be "enployed. As described hereih, such a
shouler £69™ s eleith d ARRTBEERTHBYAC hehlst e FTAMATH aTRERBERHE c Tompesrti pAaks a
consequesgesiintdapayt e 3o Jﬂé)@%&é%@é@qﬂd@ﬂfﬂc%&&kggﬁ&%ﬂg.'t:%néuéﬁ &
result of storage of 20 3 May 20 02/ 056826 PCT/ USO1/ 45205 the
hemat i ni Be&OA7Ss PEi §AP2FRATT cHY Efei et HeeDiéSendOToPXargit o [Fraction
exci pi ents. wiléee far thed1SaPaEFHd L% Un PiHd fheatd QN rdHa6eee GOARALSESAnS
addi tional |y separat |,n% the first to elute mterial_fromthe preparative
chr omat ogffphi c*2ol ditdlusitfy t RETHREC 598FRitSASTal PRERY t s SEPa%RIt oLt @f ned
di r et | yssangiabtp g€t eff Aind Ringeeibimal | @ g, t BgbhegRt &PHARLLNET, may
chromat ographi c .colum. In this manner, a significant percentage or

subst ant TIP3 Y oF 2FFe Wifedi raffice OdgGPegREBGeAFES B s SPRVEEEELY r om

the prefwsy edi AHSE YHEr @gaPebsidd ahatNiAHSHLAKe | ScRbESENt TN gi Sid NGE | Y
separate 10 fromthe characteristic AHS primary reference standard peak,
separation and purification can be determined with reference 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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substantially all of the aggregated material corresponding to such a peak
can be separated fromthe desired AHS, for exanple, in Fraction 1. Were a
shoul der appears on the prinmary reference standard AHS peak, 310%) EOJ%e
further discussed below, separation of 15 substantially all of

undesi r abyve,02@sd32¢ aggregated material, may necessarily Caﬁdﬁu%’hmzd\t sone
of the preferred AHS or, conversely, not all of the aggregat mat eri a

may be remoye The_extent of s n L ficati ong :
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epi c{y or ohydrd ns enosc%atcngsgtegﬁ g %&%@ﬁﬂtg RIS ghggﬁgggﬁ%nafwh%hght

or size exclusion characterrstics greater an about ons; nore
pref er abkheys t Bssipresaiic| aebarntiialart eﬂﬂst pPEs Wreeabrefetmd aboutpPrinG@®
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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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10 Biotech, Piscataway, NJ. Furthernore, ion-exchange gels with GPC
properties and affinity chromatography colums are al so suitable. The AHS

is typically present in Fraction 1 and the excipients elute theg?‘\pg%&g%i n

H H . . . F= ) .
Fraction 2. Since material elutes fromthe colum in a continuous shi on,

the refepapghokssf ractions 15 is based on that portion o |3} el uted
fromthe colum 1 n which there is present substantially aFF@%ﬁ{%éJ" :

preferred or primary_ reference AHS that has heen substantiially separated
Prom |t SLRCRER AR B oMt OB Paron A RP e JUEn BobBar bt ati? o TRe b6
mat eri al elGat® @bssy whevhediamhhe ikL3sSicghaliceédsed yg.appmanhas tabindg, to
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and/ or aggs epasert dHPricpert ied haoeticzeussadybpt opdsidivnad poetienl ediprt hod,
a solyent reseryoir suppljes an_agueous-based diluent or solvent_ b ,
gravily BEETER eF b0 f Phw Tk cHEOHat B ARFGF TS e T Unhis! "Ry &8 obt SALLE

di anet er soredeiiidy phavi delowdhaiarizhecliengtitigle @ketkeast monioertihg. Such

di aneter. The columm can be constructed of, | ass, stainless_ steel, .
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Cyp cal 9EEas s S Do aBR o ity SHTER o PROPOETISF bt otier IOFREZSFoT he
bed May btendmruifraciur edectiro@iemi cailt hieduthibox opdtares a0f, teEreckiivea, isdeh as
a poured;in-place Qr ous | ymer.  Ln_carrying .out 2 hrocess _of . the
present ulﬁr}veah #o?ﬁﬁ) rni‘t‘?%ﬁq'll aﬁlﬁagﬁﬁg%gsPﬁé%%lsegl‘vte[%::av-&%o B PrHEhYY, (&)
ref erreda:3b tefracttifre fmbeke(Phasxe imgiassed deerctasswdldr asatchrboghtiide
22 3 May,. 20 826 RCI{ USQO 2 i_nterstices of a beaded, porous
support %atzascfai&s\é\opgééglé%ﬁsd Oéft rté%nﬁn%lérl ee%%ﬁtsg'exi ts the colum, it is
conducted, e.g., thnpghdubiign toromrmoaharbdic detweelar,s fdatemnailyweat he

ST QR I LS | S IS BLeBes, DRSS TRtebey
next or =skLisyeim tleagiinganmtbowhthabtpaldfovsiep araalkkdl coluhth | peé desersorthat
o O Mg UorBEL SO L85 BB RISUES) o RS A B D01t
measur e @nbugdc orkte spolioss r chmope bpErdpiEs akepld . eWethautcalkishing 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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10 conductivity, electrochem cal reduction potential, refractive index
(RI') and ot her useful analytical properties. W-VIS absorption (A and
refractive index (RI) are preferred detectors for neasuring the;\hasgs ne
properties of the nobile phase, Injection of an iron-saccharidic conplex,

for exanpbv@ofosedly commercially available parenteral conmpogicti @y inio the
aqueous streamleading into the top of the packed col um bed ensures t hat
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and srraflluerheexaumreatsecmem cdlfespévieslotive Vvatwne (VE3) iferFreactipdan®s 30
Such a CH&{E‘&R%H%B rgns%arfédﬁ’loﬂr quCcas. At é |e d%‘ %8@0%6“\5 h %lhe

fractlons itS exclpients, en ap nitra
par eb er giropsitegeapliihe et ml@sxd nbhrddwﬁgl-@@mponlem@rsyc hnheraSREGEES, &HSC.

As will e‘i—%ii&n Hﬁgcﬁéée%r b %roﬁg% éS‘ZZH? %ﬂi %ﬂg"t ggsepar *?sdatdh%téPef' €s

can also elute ro 1oNn IS
subst ant3ml ‘1F3P0éoﬁip¢met1§b "t Pat Ri-t FepnenpHdt.edfakren DS NAWER)O0BIYD PP -

02/ 056826 BET! el | 4520510 10l e CREXL 5! gk X GbBL CNlBooBALLLRHLAL} Vana

hydr ophilic eXC|p|ents ing those eXC|p|ents t
di sti nctlﬂwlﬂiﬂeéibsemhempfl éhapeenséfuedehy  Wikhey AHSSpPes prpﬁucéﬂa'r n a

hi ghsk. aguepusy fiackibeRa: aasg %fém{%@@t tbstﬁgb%&eehtaslexmﬁegdpf For -

exci pients and 5 substantially of the excipients are esent 1n a
second H4REEEsnof FEkrthxnfent dnyeatien ithed Usyma " Fubstant igdydifeesn. wien d

hydr ogensdas § nbi ) n t I
i ncrease ﬁeqélf f%gfgsgéékﬁ?l Sﬁgv%%ﬁg&e{gé m}ﬂ:} o‘fﬁé‘%%ﬁ?gglg %Fn ﬁﬁée Egﬁx um

i n addi t3*s3PLenEheneary Adatnttdeadiiasison t:ﬁniéahvéung 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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10 chromat ographi c bed. Acid hydrogen-base binding interactions are

general ly di scussed by Hodge, J. E. and EM Gsnman, 1976, Chapter 3, in
"Food Chemistry,"” O R Fennema Ed., Marcel Dekkar, New York, QPMa@'ZO‘OgG'
and Zapsalis C. and It. A Beck, 1985, "Food Chem stry and Nutritional

Bi ochem ¢ dovaseddgapt er 10, John Wley & Sons, pp. 588 15 pELut&ashs
i ncor por at.ed by reference to t he extent permtted) For purposes of the

present invention erm subs a f e £ nce_to
t he separated AHS bel néres Stanti aﬁt‘é rée/e % ae%gé &Oen S rreang(i ﬁE “the
fracti ontbentlaimartg:gtrhehAHSeiLnetmdﬂsrefamomangbeabbserm abing 1ZSewt ligfht

general | ycgroaler than ahout, 83 Wbt BO.ALET SLA0LY GLERL §LothaD abouh. 05

w. % nore pre r’ab reater t han nore prefera
gr eat er Nianaa@oaxcagmms %ararimle nistteqredl évahisyngr eateeront henrsabbdifeg@end

WE. 98 Upy ”#3’?4 5P #}é&%t% E 581:@99“% e&h‘%‘is"‘ﬁreo/s%uﬂ;‘gn@éﬁlg %%%grgégm

the colu 1 n ot vvords ere resent trace anount
exci pi enftsr andet hel @& eamsoneanf Ghuted pAHSemagd noethadl uderea Aetrrtcer isace

anount of y.be retained ip the caolum, tuybjin det ector s,

oo o o Bba i8S B ar Ry IR o th] st g obY-vEE
ori gi nal t}lysqmmeet uetgheoﬁon@mr tamotHeed te the ebnegﬂtﬁ@:rﬁﬁhi Gengotivem,
or possi nerate ur rocessin are .contained.in
SUbooucht A ATE e R0 BICERY Mo Sy CONBeREarts gt siopals ne
abovE} st ft@d wvisdasesdsiddtract ead:ef rpnmcaasmaﬂuenaf s]a@arawély YarebordeXaipl evo i f
t he AHS frcgctr n 1(;:o rfrr}%%ﬁ greater,than Ebout % AH exci pi ents
can be pr&EETFHta BT 188 t R 5ho RT3 wt a @DWEQPS 55505 %D
02/ 0568 24xRGT/ LéS@i:éé58&5 The pnisence ofcuidheadiss celrweed teQutnbe {e g ,

exci pi ent 1ii1n chro to% E ic_el ate stream can be 7gl_liserve
laser |ight-1idE8 rroﬁg 3 i b3, ﬁﬁﬂ'ﬁﬁe F1Y- 1% e B i B f‘f
t he AHSzmleycwneeertswmm dehecietl by disiphdsOng Mbmﬁlduﬁ?eaentoﬁ

{he 81 et sERbaf ETHE S ot % Wbt ROT oo Aret ERTGT A 105 Qﬁ%a%%?aﬁﬂif%ﬁf s
sensi tivall oommebengxctn;(ﬂenussi negf fae A VE By a:legmnban@e:p@ehaehml apdiamotder
5 2 COTBRERL 0. SERL L KE ELLRH verd e (B 08! sebary i el
separateﬁqruhecotUedREE;aamabe cbtained substantlally 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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i ndependent ordi nate axes (y-axes) against a comon abscissa (x- axis)
expressed in units of cunulative eluate volunme (e.g., mlliliters) or
slices (i) as discussed earlier. This nmethod can identify vvhergfmgjgh2 | | ed
Fraction 1, conprising substantially all of 15 the AHS effectively’ends and

Fraction o @apddsi ng substantially all of the excipientgse-rpliegbively
begi ns. Experinental evidence denpbnstrates that the fractions are

sufficien eparat in, ti t ined .. .
substanti%‘lr eyaﬁ’r%ea%o%ex% p#%%tesr%%gcg%%a\ggg'%%%@BQ%F%% S8 AN O Fght
absor bancgor $ha20weekhergitt 0 it.ke €ofEat ifom dfom-spedidridic complexes.

| i ght - abs i speci The or, e f | hsor bi speci es
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proporti oxkaitiiop constid whsrenidque. t ordidadtght {mbsxidli ngadpesi emdat eaugtieven
wavel engt light, .This_fu nt al l.aw,ac nts.for the fact that |.ight
absor banc‘cli,\mf%ore “a (% éﬁf‘ ggbggﬁ bgggtr%epégﬁgeasl%astt ae%g:%egﬁqie %'w%\?eldéﬁﬁ‘t’ﬁs%% (17’&@&)'g
converts langera Aifanelvtes vérowasiee ahfrombsopmdrdri ccorwlbumy abéfore beaTker

Cor 1 osportie PAoRRRr cHRotorh 11t norHS GHLHITALRORe (BBF OME (5P FRREE IS

AHS qb SREesges HHISGIhir& wAERY RGN aphi & BluaBhs 2o MR B2/AR6828 positive
PCT/ USOL/ 45205 stream 435 nmis preferred because of hi'gh extinction
coef fi ci emtiof of+4%/atVInwawkbengtah, splwte-Er5e0| bagd€l irfeor ellnent sadghali di xus

conpl exes. pre; i of .. s tially excipient-free AHS usin
chr omat og rogﬁggér%{;]fe)%rgate#%%,@afg %g A%ﬁo%ﬁ%g{éue%?{?%bu#%cee& t&&ﬁﬁ?\’%t ol Lﬁgm
el uat e valegaeivdhtst Lan( e tavansher spgos it i@ chmenategrapbhe ARJAY i Bftio

profile where A43011 qrdi nate ylgi(i s) val ue nd el uate volumes (Xx-axis)

a
are pl ot '€¢5g&i BEAEHOBt FEP! df8cdsdedlet FBTOPEFETaRINS o tHtEEO (Pm
the abroraeog@maphisc mptinizeel:er & svaldopktogxepipi @Sk S0 FR0 ASi A whafge
i n absor bance (AA%FV\A' h res ect to 1%,cha}glgefs, In eluate volunme (AV)_ or
AN AV corf&at dnt | _ sﬁ%ﬁs g E%WS?&P rati C_(#ﬂo&/ ATPEHRRRS a too| BEERIIRe 2
basel i ne iehHeiVe Sir@Rab, AHR/AGONCEANY I Al ORJnREREASESor NaChiiA $hotd! YH® the
concentration. For a
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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negative ratio (-AA/AV) the opposite is true. Wiere the AA/AV ratio nakes
a transition from(+) to (-) the chromatographic elution of 15 the AHS is
maxi m zed as a "chronmat ographic peak.” Fromthis point onward, @Sﬂ)&;%
chromat ographic profile continues to display a negative ratio ? t he
AHS concagblpahidgss di m nishes in the eluate volune. This iP%TM ‘?uiz [ AHS
concentrations so long as the A430nm continues to asynptotically ‘decrease
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subst ant | s _and_Fraction ffe ivel35:§1§0 eqgins. Fraction_1 .
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| t . . . : . y 1 1 ".
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colum eluate at 4 suitable 1 nstrunen r-thrs pur els a
" Col or Qrsthrxme -baged nrhegriaceuradd thsy edmater sAssabi aftsct aboriat by, AHSC. |

Reston, My H&C%%E?Eeﬁé‘s 06 ok ?etﬁéE@Hs%Sie i9hiddle glHatg asyLhe AHS
present 1n the eluate asynptotically approaches zero percent, Can nd cate
subst anttkd dd@sirbipoAcer BR- Mg widlubeoninimihecaAMSenA Feabséqueht and

| NCrigasep ikt iRBh- ESPAnRS ﬂfacﬁpfeg' paLe éﬁé&%@dﬁ”ﬂi'tsh%n%%gt%ﬂg ol -4 0e
eluate volune conprising excrprents. In a further al't ernative enbo |npent,
a 10 derkA%eat i Witthet RGrihiedr e bRr ad®-i orPTEYRDSE ant"Rabl ytapide anBeswr acfdwon

oy Soc SRR ES 000,08 O 000 BY, BRI RO, -9

© (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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and the excipients have notabl e dextrose equival ent (DE) absorbency, the
detect abl e A62". DE-value will be m ninml between Fraction 1 and 15 :
Fraction 2. The principles that underscore this anal ytical concgg,tayz(jb@ve
been described by R Dreywood, "Qualitative Test for Carbohydrate

Material , wo qfbesszs and Eng. Chem, Anal . Ed., 18:499 (1946)¢y/ g sfsodge
"and B. T. Hofreiter, "Determnination of Reducing Sugars and Carbohydrates,

Met hods aydrat e ] : -394 2) o0 r n ) -
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equal sto about 1.0 r fe out .0 am. L ut. 10 AT e;
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about 1 s=R@lérspaieanfoyntexafiphids (frafediesedthamnreads 100 egehot bews andsy of

30 kil ogr, o e odu S hod) _.or I_l._anal ytical
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pri mbPy Aéperxripisnemdaliiis Separits oAnofRHE7 taram;egoo*lﬁw\md?zhmaﬁmaﬁ@’ﬁ{ U
SO /452 i 1 r q ely4 ca :

anal yses Shunh ey che Bt et Rl a R e e are T Y
the AHS, vélge Refactli-&n 1Thss Wéq:ﬂ_fpﬂaﬁé’-ttshe a@%ci premeiereed. intPr ast i bow 2, RBumay
be furthg df@d@&@aﬁ&awmgrhmrﬁ laeQO?t ﬁuqy-e.é.,Thf?QéA &3&% t'hgvsgiﬁgﬁ]faﬁh@' 0

suitable for production of small scal e anpunts of rom | ess '
about 1.8HRTCIHVA@IBIt BAASCabdhEe SPETaARIonPY afindiipnl ehyfopaytidfs treghod is

pressiiregfRi1dv oy ReEf QEMRACE) o Lﬁy'@s%u%r %Hﬁ&&%%%&‘i‘éphg:hoé‘ndes crlg;.éaegHS

appropriate chromatographic solid support can be to separate the
from 10 RPSVexchHi erfts. sthfilpmasyulcedumn ApS raberials | fnw thehRRISH ywediiod

vol ume withi Hof@efﬁiﬂl%im@eddis%plaéystoa '-hitgxlgténd’ r%s&re@%% 98¢
value of 1.0. The excipients are transferred into g ow A
5,000 to about 10,000 pounds per square inch {about 35 to about 65 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 compllex
requires preliminary 0.02 micron filtration through, for example, an

Anotop 25 brand inorganic wmembrane (Whatman, Maidstone, UK).
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hydr odynam ¢ volunme having a |low Al, e.g., less than the value of the
AHS- cont ai ni ng phase. The operational principle for this nmethod is 15
simlar to that of the | ow pressure chromat ographi c net hod desc%i\nbegoo5
above, but the stationary colum bed materials for the HPLC met od’ “are

nore fin bvLgled so as to withstand pressures of from 5,000 to
N S gﬁ}ﬁ%%%/izg"rhi s

about 10, pounds per square inch (about 35 to about 69 _
results in slower flow rates of eluate from.the calu 20.but it is nore
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st ati onakyahegdrd hala dependsiehn adseiphtye- desorptive anal yte separation
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azi de-cont ai,ni ng aqueqQus npbi |l e phase; consequently, they are sybject to
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silica-based bess ticoiplHoGat €so ofe it pr;epkudersffedrioneansetr ofo atlL$ to
detector. Thus, a polyneric HPLC colym, such as a GVPW, brand
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aqueous gpbitkenphese: | 5 Wi eferdecamer s9i hitcashazad estipiwtsSuelkiHPLEn
anal ysi s for a i rel eased form of i ron-fl:acchari dic
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conpl ex tg@qﬁ?‘f’e%ﬂ Fé‘gg?ﬁe’ﬂa ?/SC’& reﬁll g?oﬁr‘??ﬂ%ﬁ -orF=PhRr BEERS ¥br- &cAanpPe,
an Amot apc2h B¢ apthritidiganbg A AndsoYpat sRnspddirdstope, (AkE) b 3rihy

2005 WO 02/ 056826 PCT/ U S01 /J5205 2. Methods for characterizing the ABS
or 'y FBREFCHGE tathnalY d 2R GOBRFst1ho otei PRERTEIShIgEy sob TRAmAELRS
reveal s fhattmf=A ithabfabpetp¥Fcel bthethd matedentehaeshifiam .hemat i ni c
purposes resides ip . the high A fraction b5 designated as Fraction_ 1l abave,
general ly from at &583?631%‘2?&1: fgla\ﬁta.ctt@/ﬁ%tJr%s%gt%é’f?nagSﬁEri%g"%%d‘ﬁtw%?g
pref er abtyef rimmasamut i80entio® tics abkeul 98n9 s %Ubiflétyexampldslifveam a
aboui . 90 . 9% tqQ about 99.9 . 9%. fr.om about 95 .. %to,about_9 . %
ond Beor plisidtddeBddy: soteralle, pmaptt o ReRMRecPEnsr et B o )

| ron at opeeferdilyctvien ddrehteanl baeguant Thiedfbyriat cman abspoptitdon is a
spectroscoggnéeAA )J. but iran g__uanti ficat ;:BQ by AAS :ill one |

det or m naPTV SR I et o P b SRR i emplal il e e ke
i nventi oassociation colleid. An 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
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The rel evant characteristic of a non-dextran hematinic of the present
I nvention is based on its ability to deliver a 15 physiologically
tol erabl e or benign source of ferric iron, Fe(lll), preferably y'a 2005
parenteral neans. This ferric iron conposition is a parenteral V y

accept abhgo9pBSdsss that resenbl es properties of an assompglﬁ%}lﬁm“Lm d. An
assoc_i ation colloid is a reversible chem cal conbination to wea
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(MALLS) ehadasweanglirg aasexorhﬁﬁmtchscaﬂiercugpl(dmmr@)t wonimrma@l, wirt btbhae or
more mMetPOdR Of 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 absoclute
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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HPLC-i ntegrated detector anal ysis can be used for eval uating

I ron-sacchari di ¢ conpl exes. For purposes of the present invention

reference to LLS should be understood to include MALLS, the |atg deging a
preferred type of detector. The use of LLS neasurenents hereln provr es a
superi or waaddeeicer red anal ytical method for characteri zppgap /45205

i ron-saccharidic conplex that is normal, in other words, represents the
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| ndi vi dugl ot Ghebased QAN diaahat ed,ssamihe YoeklBiofidl asEalie obk ajped

usi ng 1 n- ne anal YSI S an el te stream from a conti nuous process
cont H} ni agharredAHSLCo| Epwn@matlsm i i ha8ghs MeyeRDOSS B GESEgEEsional

PCT! US014 8570000 ORBLOIL DR SOLALIAR. ks Ot T MOr 45410090 etorence

sacchari bound ferric 1ron conplex has bee produced and exam ned
by LLS ara;rrtar@lr nagesonbi Ant FbA REehevrdferAipt s sreRl13sdt RESETHR S cRBSed

herein, bateh-tabakeh SP”PQ"é:.L dOfAH%‘?”HEi‘E&MféEQ a&%mde@é%YnQ@”féorPea

routlnely verified in terms ornmul a wei ght as wel nor phol ogy of the
phar macofeapidead sl%%’é’leeéﬂo@hméﬁﬁiaﬁWoﬁP@FaN@ %?E‘eﬂaelrﬂj Stipea§ eABTRRS

can pe usgeho z@@ﬂhg%gﬁlz&%z@nufsaa&mmaﬁr 0egS §esThANR dY:aduek gueﬁlary
and AHS stability by usin gorithms that are integral with the

oper at i ofRRLISHLRES éie@FrEggi 1(}nen?1an@§dtt}-lPL€1‘315beéFﬂ‘é%ﬂI}E aad ¢ ghgatute
herein, g2 aReidLPERS| HNalacrRibibbiies. (2190162l bodh N Rl eAHS76€1 a0

primary reference standard material or the preferred AHS) , and so-cal | ed
abnormal (13$%3), 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
chromatogi:aphic column before the preferred AHE, tends to be greater
than about 10 nanometers- in size, 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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(e.g., degraded or aggregated ARS) structures are deternined froma
standard Debye p | ot generated by operating software such as ASTRA 15 -
(Watt Technol ogy Corp., Santa Barbara, CA ) . The details of sgjgﬂgyms
application described in P. Watt, Light scattering and absol ute

char act erwopadzio@ss2ef nacronol ecul es. Anal ytica Chim ca Act apceddil=4R
(1993), incorporated herein by reference to the extent permtted.
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col | &P d, marheneiseude Siysdagresste rrmle?éuaaranveﬁgﬁt pet paf-su Eatmulay welght
pref er r ede: Se ol S- fiasede ok 85! Ak Bind Vea 2003 VIO 420568260, 14 rae

PCT/ US01/ 45205 wei ght neasurenments are preferred over other mat?loé)

wei ght E€5roTitdaRPhtatcopumgi ddeacse- tak| aglrsiyei wduvdbac@ndr twanght Of
Rel ative.ppl agyl %rwe%lghg RS WANRRL Sedh t&bs RIS Hogoted %% eglmeat i €
and shape dependent physical interactions of light wth an AHS 5 as alba5|s
for esti ARERERFASt sitwed gheTrownshandl, abeiatante holacutts exrsaied medghtemdnt s
rel yppn shanges donglheds fe si48 ¢ %w%ds%ﬁﬁﬁ%%%gg%@?@a é@.ﬁl@é e%.%&
sonetimes referred to as gel perneation tography (GP ot h and
GPC are RerBrfafier- apséainingr enEpyeabYsingn tope #9algbts, 2t henedfiaatiipn

size Of Zendfd RRCLAPBLESH &, X AJYW QRLESUG Auan AP deegceéé dEuba
wei ght, determines its elution volune and exit froma calib

chr omat oYf#phiPT SlaffrtireneE, thherHe| a4 it |l idwagaant F‘éﬁ%@%ﬂ%ﬁ as they

elute from a column. As 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 compromisé the general
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the AHS through a GPC colum relative to a series of calibration standards
in a narrow band above and bel ow t he expected wei ght of 15 the AHS provi des
the basis for assigning a relative formula weight to the iron- gm&g'@j ng
conplex. Using this concept, a concentration sensitive detector s as a
refracti weoiopdss2{ RI) detector woul d be wused for detecti @grafsoihie.AHS and
its calibration standards as they elute froma colum. As a concentration

sensitive; gﬁ%a%e Rz %Qnrge%%%egs@éﬁfr@ yc&f&etpkae %aegeﬁ Aot hg sl pdi/ges

of light action (n) as analyte (for "exanple, solute) c ncentratlons
(c) incr éaE‘éHEﬁfte)dé@rréﬁ§eSﬂ-hC@ heymberes geberiesd) owehridigtrameeRpEdat §8€or
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t he el ut iestomeatodnuenl t¢¥iad.on st andar ds and unknown anal ytes can be

acqui red and recorded. @l pr@Eéé%ﬁd Mgt e{ﬂa{% Sawrtl EaghH d%e'c TRasyneen!

in the overall elution profi |1 quid romat ogr aphy col um |
ref erredsignidsicans| pdwsiryl FRecmaqtdensnaepepn ites adilutiagaet magesrlial ueton

vol ume C@éﬂltlﬁ.déie@ttr‘acfﬁ{@é er@;ﬂ: welight Seiva@uat] dd Ofbot IvTR QsapskbeRe in
nultiplied by the flowrate of the eluent to the colum gives the el ution

vol dsFBEC s|grc eo By ABBELRY nheBrEkR YIS volaRe Ry  RAusdrptiddenoto
corrprom SR8 cHeN@Labrd2 Sudbye2R%, WP-82£036826 Rgl._ﬁgd§ua1'e/ &ﬁgﬁﬁe to

significancé of this data-recording concept. Thus, g
(or di nat @RApSCEES28| | EBenufBePe (bscikARPLAIEr1t héeé vES® o¢fa tjm: AHS

neasur enBil udiivgs FHoreldudam@hepr b bh& 1 cabdiatigng astandacdsmsd idhs of
respect to any unknown substances that may be totally unrelated to 5 each

other, YERIAHEF heEmds desitectabie RasSEBeRIFRabFBCT dlethpAst mmsenabso

noni 1_tsor | Sfh eeecwedég@n@fﬁt@eﬁsfﬂ acedugs; doy00tor ggRgNI %ﬁalfé@l nLiiGAnt
physical interactions common to all |arge nolecular or colloidal

structur®s epPrletght dparmsttisins For dimenAficnpl esamiataony SEGCSPeFHST or

ot her siyitrah hemiddike€$on CaBobtosUscaptdbl endr apal ﬁ&{;ﬁm déhd v For
Furt her nor e, Rl - based GPC nethods are unable to characferize' the shape

and topcﬁ%@ca'&r‘l?%at?ﬁﬂe]é”tﬁiﬁ t h@RAHEHSC 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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including, for exanple, structural branching. Al so, estimati ons of
relative fornmula wei ght using RI-dependent GPC nethods are al so 15 subj ect

to data variations, are sensitive to mnor analyst errors and g(mg%&sel y
insensitive to dinmensional variations of species wthin association

col | oi ds Wld2/0he82¢ a hi gh density. For association coll oigsy;ands5ESC and
SFGCS in particular, these features are inportant because T

nonsacchaldadhcal hibragakegat g i ron20-at o ¢ CQEEhe! 2LQ00, whih the
desired iron-saccharidic conplex containing the AHS. Tﬁus, |F s’ i rrpor]t ant
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particles wi tri s)(r)ral [ di rrgglrl\jgl gﬁgﬁsﬁgé%g%sces (’i gérrl%l{z}glggl g}sééaggg%%l Tt " ing
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Unl i ke &%%Fa%g%ee é_"?l:alﬂl}sf , the 30 absolute formula weight for a

col | oi dal species can be determ ned independent of any calibration curve

t hat deps?r;daDon greéestablgshed graded nol ecul ar_wei ght standards (M J.
Vol d and™R ‘D G6FE°! toda’:"/ 1ogl 180 o 1cheRPs?fly, » Bwiathord (2NY: and
Zapsalis, C. and R- A Beck, 1985, "Food Chemi stry and Nutritional

Bi oc&em’ stry,"” Chapter B, John 35 Wlev & Sons. no. 507-547 hereinafter.
Zapsdl i sTRAId 18Tk, Re1985) +33cgsiHy 2603:haNb89i956826 RET/ BaGleigh 452050 .
(each i negpoyided by r to nt_permtted) It is X

est abl i shed t hat tﬁg i%ltﬂeﬁs??%ﬁ%f T"}g teﬁégttgg%édlﬁmgfgbytg pETY cddlute

t hrough @™ AL oreepsics onltthesizrensitlleaf then i nhédeavelbghtn beam

(1.), thendightr pathcdist agﬁ@egyehet %QQES;L&? i ght scattering 5 vol ume and
(0} C .

the polarizability (a) e parti or unpolarized |I|ight the equation
is Re (1 + cos20) = 1ley2/ 1o = 8n4/(1 + cos20) Equation (1) 10 The term Re

(1 #4s5c0s20) ig the i2s; £ or _t,he Llejigh ratio,  Extension of this | i ght
scattering rre%surerrgﬁﬁc’ t{omv'epy di Fﬁz{é L of Lf?‘fdnéi Of p&pERe’ Rk h sizes
smal l er than the wavel ength of incident light (l1.) gives the expression

where Ry becomes the Rayleigh ratio (R); n is the refractive index of

a solution containing particulate species, n-n 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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15 Re =2n2i02[ (r(_no) / © 2/ LAa CM= K*CM Equation (2) where Re

becones the Rayleigh ratio (R); ii is the refractive index of asolution
containing particulate species, 71, is the refractive index é ent
wi t hout particul ate species; Cis the concentration of 20 sol ut%

of mass peo obidsavol une; Mis the nolecular or fornmula wcqms(,q,ggpgctl veI y
for a nolecule or particulate species; L is Avagadro's nunber; t he
wavel ength of light; and K* =2 ;c2 no [ (r( _11,) / © .2/ LA4 |s the
optical constant. This expression provides a basis for establishing the
Rayl ei ghRrat KoC¥ R) or that fraction of 25 irduggnen| {ght (I1,) scattered by
a particle when a wavel ength (A) of incident light is conparable to or

| arger than the size of sone particulate species. Accordingly, Ris

rel ated Conkbsmaita weitght infstmarmnalyeesusdasi arirat AHSORACSRGCSIetREg€dand
othergir cc t f erd
phenorreng'gaﬁ ngtﬁégg (S?r&?égﬁp%@?s%ﬁgﬁm@%@oga diﬁtg‘ggt&l (?%%%Erv faséd
on unrel aam;lewlatmlal 4R) | neepurad@mt sofre natquimedt Lot eecbrslgmstnr pther
detectin € | i g a n t acts h
particul g?gég aB?é lg'l rcilrlllgi ft%gst&lgzr% \geﬁhgérlgf%gf% SI\}arA&%O HEV\B%)%}JEEGE% CE
K*CM PCTEL iSO 8 fasariEaEdaat i Gh) ( 3pobenyiat eH@lQ\'ﬁﬂ-’c h (Mp- ser@afhel @@ttécal
neasur enppl.cONCER:g detailed 5 above, where do/dc values are acquired for
GPC-Rl baséd systems, Rayleigh ratio (R) neasurenents are acquired for each

slicin other words "i", R, and the Raleigh ratio is sinply the product
of each slice's cgnaerjg*rca,ril on (G), nolecular vvei ght (M) d£ilke optical
constant (K*) or, 10 Ri K¥C; M i Equation (4) Light scattefing al so

al lows for char act Biobat |SWtERTERG uCALAAl 2 fYs stiarcy chrraptepRtion  of
iron- Sacgbﬂﬁégix%lcoeaﬁﬁg%%nc aS@@' edi SRy MIBE My, 5ald QS phel ueen Adn@)'%xes

scattered at sone forward 15 angle 8 and that light scattered at
suppl enmehtery @hglissyggetry raigjos logiwepnoiight pestieyed |atgrﬂorr@c§prerarﬁg

anglﬁ§ 9&@&% éu%ﬁﬁuihat 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
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met hods, intefrared WiRh syt r epedimoscabyct (I6hGPi. n matoirmnges {(ESA) , 1pwwse
POl ar 09" a1y pENGE Aol SRGES! VGl OVe Al iRl EDShunsBL ] 2 cefhghugbom
(CD) and opt Fgalg rg%/ag ory él sp_ersisqn (ORD), a uorescent 5 spectroscopy, ’
pol arm_rretaﬂ)a}Ypyﬁ oby&lszimmdrapiicsiopdive ABSSOPSPettrbtiol craakiahysEss hoetear
magnet i c L23QRA0CE IRCCLLQIIARY. dsﬂ:!sfcfaﬁEQQ:[ I @l i‘i%{%n%l%%‘c%%cﬁ@ﬁés\is( DA -
l'iqui-d chromatography integrated wth nmass spectroscopy (LCGTGC), matrix
assi st ed Jr4SEFIVEEA PG/ POAFRAL PRAT TTESS tEfec BFOWETE r yPIMRIBPRVBRalYSis,
techni qUeSect QAN YSIS Uhihhi2i09 radi Qaghi vegi SeLoPEes; b NGlidisRErage  and
radi oactive iron, antibodies to hematinic substances, capillar
el ect r oplisrEsI st an@tudagectandel yaraisidedI plamridispéepraddtian at ofbe AHS
absorpti QA tANaLYSheridfl GJRCRERG R, s ANAl Y518 IS ee] '1a§.§rsﬁ?§§1!1€ ' £s pnk&%d_
storage and stability st'udies_and targeted glucosidic-degradation of the
AHS 15 witthisaéeha? i TRE O3 EGELa B3 A te apA NRICEP - MB iapfefrpight samplised
20 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 B2AHS 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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to ionize a macronol ecul ar anal yte 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 arerpat-al pastidd eeapossdiBte AMNiaf esbti NS wiBEr ehirphl &S dic
interact or exist in_hematinic iron-saccharidic conplexes. Firstly, the

pr ef er r eFSHFFARE DafiH RNt DYREAC) St RE AMBELBERRVERR G Ofh Hedfei Kiien form
col | oi d &Fd iirbni gahhBedesih@dwitH Oy hanbdiegcgpl bivies Vi eRifd@ onSecongl y,
hi gh fornula weight 10 aggregates can devel op fromthe AHS and they may

al so be dét BETeCulagy, BEGLIererh hat Sareptatal cIRASSE LRREND URPH-HieTed,

sacchfri disC well Bagh aptgciindl )by peedyss siedn sydeesi, S (heagkk dust effountdl S
form of iron can bg,found wi th hydrophilic excipients in Fraction 2. It
is parti &6l a?arc'y"%&Fé &F r §§2FRBES parBht el EBHYTEIS | Bhs WETRBALY oiREndent

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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15 as well as Fraction (2), for (a) iron content, (b) residual anobunts of
saccharidic reagents, and (c) evidence of thernally-dependent synthesis
reaction byproducts. A particularly preferred nethod for nonitg§izpgoguch
anal ytes includes the use of liquid chromatographic analysis with

refracti vwwoimaess2¢ RI) and in-line eluate stream 20 det ectighrp§in@@&t | east
one of the followng: laser light scattering (LLS), el ectrochem cal

det ecti on, Lt i B0OL2EL04E BE . SEDN pPaged WM S SReCLEOPRA QIR Myp: o
Cl an%’%? P ?e W@?ﬁe

i nfrared spectroscopy, i qui'd chromat ography coup W mass
spect r ongtlupt ¢ prdvB)des diig, repuional Iyuistangedr inoFEG of1 t Mrigndkguieashearad
char act erd,zat | theds,dessrddpe . as.. ' C rat.ion
sensiti veth%de% ct%r%etgﬁat al ?ng%issﬁ%'qe&an 1T %&%igg\é\ggige%é%?%‘?ﬁeasggghgrﬂl’%dggsl}jso
ECD det @#¢esestresporRractivst al amet .norfwethlerwontai iheg cdtpoundsttesi mf
char act erd.sti.c ctd.pahem ox4{,dat |_on-:r Lon_ pot entd V,
basengDfx%%%F?/g#%‘ psrérm% er %F%Cﬂ%do %tlﬁgqu‘r%%ﬂeyyspr% %ggqggdgg%%%lgiéf?c
deri vat i wegnanmufagtitrédnhevat bvid oronprd siegglan iAHs- Tonpdemed es pecpresiucthe

met hods Q‘feléggecﬁ)r e§r?ntai teidon fl'a-{gghegraﬁg\ﬂéjde nga.t hgds i g{lstrates f t‘ﬁﬁ_c

characterizing the AHS and iIts cdexisting excipients. Application o

to a pre¢hsaBRiogranidicedigaapure of orrr it srxcirg®ntenpresemy AHF umitignt 12e
pol ymer i eregl Hom desqr idhed SRV esaddy «37; 13 VBy, 2095 MNO02 &3@# 26 ;
PCT/ US01/ 45205 conbi nation with ?%-%re%m%gr R%)é%nd %Lés et ect orI_é1 otfhltshe
HPLClO el Gg6®. pro¥Maéd BReurksaft she| RHEt £aped FracFiar 1. wFAi $ofenuienaiions

the sepakatedadich PUkichi efr Sy iuat agré@h!&lﬁgf}%& Levd Ozﬁcts!l%i@‘k@ DE esgpt

in Fraction 1 and, furthernore, that It is free of 5 excipients. Such an
HPLC el uEKeHP:$Rfifat tiP e the RHH ef@rtddbrefiiserivgd. dtnahuf Herth edohéndt iimi ¢

conpri si pgg@PeAHS, L8 oxarmite axP ot 5%6%%%@&%%&%@%%@ ?Jufén RI

anpoule. FTG 2 illustrates the chromatographic signature _
exci pi enfetpredeeqaiser Bét £ Hna XCoRnErasdonr 8eRe Hal vea PEORETEY evhdrgas an

provigledifgagbiffcdr 18 hhis 10ndAStee AR Blds AMRUNGLLELNe AR 1 to
Fraction 1 was |ntent|onallg introduced into"Fraction 2 so that relative
posi t i on&*SIPI4E EREPEREEes o ThesArS enliad aee obeamded shpwni §nwdEeh 2

nNoting ifhefd ounes 2 anchcd ARluRXCLPI BOLS aRR DRld eLqami Lored BBy

detector because R is a concentration sensitive property whereas an
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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15 LLS detector is mass sensitive and responds better to AHS than to
exci pi ent carbohydrates. These effects are clearly showmn in FIG 2 where
only a trace anpunt of pure AHS was added as an internal benchgppl 268y

rel ati ve neasurenent of excipient elution progress. Rl in this case fails
t o sensevamy/@egar rence of purified AHS yet the 20 LLS sipaplyshpgefds its
presence as an anal ytical species. FIG 3 further illustrates that the LLS

and Ri -basgad) HRLC aeilodupist Nans voOd YEBALGo&O! 4k CaP headsed O as one
analytically separate the AHS from its exmg AHS

lents. That is, the. _
conponenfet&ctuEpaiasiced FntBeEndiggh LiIAvbRFER odYHanteed o nINEatd cat Wi hb

sane ting the eaexhsidd0sdns SX4GP1 8Bt Scddiat gudgi al Int, acconpari egddre. AHS
are substantially separated into hydrodynam c colum vol unes that elute

after el BERHEPT ofL¥UEUARS, VEFd3EipBEylits Hite RUHIIRIt TR RITRPRES | REFK G,

1 fors thespiiymry doef epgncenst andaed previnushy i gehat gd aseandi sgretge
entity whereas Figure 3 represents results for a nulticonponent 30 initial

conposi t FeROsISTaAl &X cF Bt erftys PArtERR32EBAMheHs CORBRTthet© iddo @3 c8ncefe

present LpveRd ineap Perdisetel QrARALLQT i NGRS | i or €ROPASIdARRY RYEP, 88
those produced ‘commercially that conprise AHS and excipients. Conditions
such as #RsFEBi | Bt ySHNERTAYi ngI6F CthebaMS &R6 PISSARFRIf bt B8R AGLRRI abHEFi ty

can be npait of@dahdbndy MireReebRridi & B8nad My 2008,M0 02 0968268t ECTLLTO |
/ 45205 conpl exes using HPLC anal ysis equi pped with at |east LLS as one

det et or ShbkREenEy deREFReT R, cant SREele HPEeEsRY IRETHIt RS | SATwiSKATDAS .
concent r gd Ofy.Segbhh ¥ irgel Qbre8HED A% Rhe BRCEEE HHGIhd GenBRRELOM T -

structural variations in the nom nal chromat ograEﬁl 1g@:ﬁ}})eak 5 signature for
£

an AHS. RkaFheEri IR oRncefitrEisReAenfliHe Rhfs afhsSes pRG rgcords

parti cul agd -rehefosiiraiaedoh 0 Hutat npeodieedmaby, t RviRL MBE Y ihRf@L8RER 1y
standard_ in FIG 1 or the separated mxture in FIG 3. Simlarly, FIG™ 5

shows t RPPIEDEREe Bt Hhe aFbBreRFSAIST -peBiS n Hifot HEF -hASAF afetREios can

hematsi ni gefqfe0dueleatind mdddt 8¢ hhapedfedi fd@lantsdgt @&ié@%eﬁ@@ BEOVEAES .
different information, for exanple, the LLS-chronmatographic detector and
the concEMIREFTBE BnsFYPRR REK1AS: ett oAHSThERadnceHireR | BREQER sittiey eRES

Rl -. det eftifaryensesraitt (26ARESd. a8ahod & HOREENt sat i Didytaragt 1ht §1EBSS,

whi ch iS:i.si ntq:e‘ep%ggggécliyhematinic 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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docunented by the LLS-detector. Thus, the LLS-based detector can 15 sense
i ncreasi ng mass of a species fornmed as a consequence of, e.g., conplexing
or cross-linking of AHS, that elutes before the AHS prinmary refeaepos
standard. Since the AHS, as illustrated in FIG 1, is the desired

hemat i ni cwoWbes@ace, the species shown in FIG. 4 and 5, gEpr@sardseven
hi gher fornmula wei ght byproducts that are believed 20 to arise fromthe

AHS. The sRaie PEAk 1ARRARLSy! @EE¥EhOD AlarnldRes guaRt bkRibMe£ensk qhst he
preferred AHS. The nmet hodS of the present invention can be used to nonitor

storage $8bi it R8T PAENBRF AT ESIRGARATIIPnGTaRHAHIoERRR FRISL 3Rt (ifitiested
nol ecul egy AHS, | S1tl eebmt Onst E40IM derbhst abi ?Iltj}{nar%uggfglgeﬁé@tsdahdﬁ%?
e a

degrade or transform even within sealed glass delivery npoul es used for
hemat i ni €%, 2§ gFB&Chedt SPetiRsbe SERFR st ukltir BlTungsan G st SIS 16Y BAS AHS

are tsnesdgpeadent oand By hso Bghsdr ORI Db tRREr afdirgh: Evdidenea -f
structural AHS transformation over tine i's evident for aseries of LLS and
R - based SPPEEPHOLY e$188125r FPon BRicchtbi'di c TESAPI esBIratorddtiigsseared

gl ass dekby&iinARAYLEScAL tEOBRIRTRER A Y& feddt dahBydabk-£08::8; 12 12nand
25 nonths after manufacture. The pertinent chromat 0graphic profiles for

these pPERLRESordadSpdiid iy édse STHREIHrand sifies sincprrgrahgd dn the

Evi dencerné shhughetil £denged ssapearent WRRtCOMRMNIBgyNec8B., santa
rical AHS peaks in these figures against the preferred and 39 3 May

unsy t L ) .

20051410 BEFORFEIR PCRROSEBE4BSBEOLy i 1SS IBF i 7R ot SAEHRSc 4 CHR AP 7
peak exhhbblwghddy ¢AveiMES Adta Hdarnkl TheepreneeNt kidol Rdiceatéyerof aAbR: |
degradation, and detected by LLS, elutes fromthe colum before the
primary PEPYT Pt SiRGTR Chy agBisthieR sfssreshibe LEEndrhat WBiFHgui®s.

The new eaijuntcthas witRatrvbesmehnasyBiye deAss, d¥ dhadQinba Wighon (ry)
structure, conceptually simlar tQ "BB Lot". These characteristics aré

det er m NBEBHSEFGR - t RETPEby & 1A%t GeHrRLEIORY FfocBRE TR FheSPeGfs oF

scatlri aglrtalas .usireg t regASIRA- brand uef t Wakevhneor pordi &t ing t RartiéH
eqU|pne23 referred to earlier %%yatt Technol ogy Corp., Santa 10 Barbara
CA), and*1IELRSt RIFESafdVES & AYCGRES dBBLET bedUdh FReCTogacaReR| FEdR a20

Chi m ca #a! arHeoworakspef @I atns -#hsae S6ermed dhecale¥§rapbabE phelise of
permt in conjunction with

acquj.sjtion. of specific LLS data_which

r oot rrea%'ifpiqﬁﬁrg:&?rnsﬁ 6F rEdifustRn gff atRUAt (RS 1o nm; well below the
practical detection limit of ILS. 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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measurenents, permt size determ nations of nolecul ar species or 15
colloids. For Figures 6-9, the rns-value indicating particle dianeter
sizes gives an average value equal to or greater than 20 nm Thfay 2008
correspondi ng rns-val ue for the chromatographic signature of AHS Iin FIG 1
Is |less tWa)mzmsﬁsequal to 10 nm well below the practical det/eedheaeki mt of
LLS. Thus, the nmethods of the present 20 invention can be used for

moni t or i &QasEQEcéluaéHet oLt 2Lags Bni AR 18 Yocpal s BBIALE NL £ GAMASILLAD
ore

conprising AHS. Commercially produced henatii nics can be nonit or the
AHS, as wdicluging ova@mqm@mﬁ@tmlu RFoPRELAafupactdirSoNgsphloassye. at -t he

concl usi Q&eOch&RHE@?{'%ﬂﬂ@r s Iganur%t LS itHee @élr@acﬁgﬂé ng.n A RaRE LEr

manuf act ur e ) is stored. Sim/larl
i r on- sac&f&hi JéﬁJ% a@@rTBFfeRO @rm’@gﬁWoﬁeEWesﬁﬁgn@ﬁ%dAHS af ter separation

of thg excipients, ,3UCR.COPRAN {18 kN tb@efognmlq ra”LL'S‘qHQQé&a%QQPOEEB:O”

or after drying, e.g., by freeze drying, can also be nonitored in the sane
manner. TREUIEEE sé%@hariﬁm@dﬁfdr@@l exr SGO@WEE@% ehetheiS AdEN WFd ipalivr ed

not only duEing fga@,w‘ QLUELED, niyH RAIRQ1 &Swd fgteS s%&a@esﬂcéroméﬁ% Ly after

manuf acture such as from about 'one week thereafter, as as a?tera
rmderateF}g?xh%?t §-8t oRBgeaPeriiR] ¢logaBoate 6 MARH hel PESRP br a"éhq ograsanpeut

five yeargspOfsiake @t amiBnufAGIHEe: seX! eRES SHOL age reafube fEognaboyt 1
year 35 to about five years; or fromabout 1 year to about 3 years. In each

40 3%y t2eosangs 07 O5EBREHACT BSO- §0F 45208PORhst afftdy,04%h DaAKGne aft hEore

moni t or edabyg ma@hgoacgétéfﬁlgor eRer hh@:?aceﬂﬂiqlfughegoﬂaéﬁ@t&xﬁ&a'm&hsag
propertles as di scussed above, Rﬂ%lw he chromat ographi ¢ si gnature
1

obt ai ned<&8i A¢SPPIRS | RSESntPn AT Hhe shigld ReTmyla pisissey 9fef Bhénce

standar dgpc A% degcridege phong dihe SRl leisabl Sdahacdiabls Reakxchipsuhisng
from degradation or nodification of the AHS orlo%u nal |y M'FI)TIEesent I s”an

ext r enel PORFHYHY o PREFECIRE gitS s @bsCORERIUGRENt (°Fi e81FN guiYeshgss 550N

AHS pOOr fgRl e Reakng dss T%é‘#@%@.@nﬁﬁpeéﬁpoﬁ@a@ f @l 4RI $elated to
characteristic AHSAP has a fornula weight in 10 the range of from about

350, 000 BB AFHEE PRERPGIP Dal PBRs Hr HBYe 2biRedsEHiiti ghtonc&lioBifaganbut
ul t racenaépiﬁgﬁtelsoﬁz%md ekliefra@t ReESra @i 1ahSe et USRS, t eneshabldsh the

hlghfornyla wei of this

pres nt invention can be used to identify the levels 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

41



species. It is believed that the AHSAP is unrelated to excipients normally
occurring as a consequence of the AHS synthesis or 15 manufacturing
process. The AHSAP appears, instead, to be related to an agi ng3&§?gwnon,
but it may also result fromsignificant departures frompreferre

manuf act woogozerdi ti ons. The nethods of the present i nveghi@ngansbe used
to identify the levels of quantitative tolerance of the AHSAP in a :

parenter ak BenBbifkfer2Q Fduct [aRBEP.QOUREBREE, ANd] detact basvife an ARRAP
at any time after manufacture (AHSAPTA, é of an Iron-saccharidi c conpl ex
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detect edagfd£r PerddmBscésladistionage perked ofist E%ﬂath'ﬁnii@ whi hnRATed
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coul d 25PEQWRGE any TR R enitént PEFEBELBI e, SYR eXRARERF4+35% abbRY 6t°

nmonths  gRaabiddci181yeansr8ds |01a6r andl secdpt by el dofIQr-ahoidid danakaut B
years; or from about 1 to about 5.0 years. If, for exanple a 5 year eriod
i s used, OBE® S-RBarF Y FE LAASARS YRTOTHISAGE- d Ihr S¥PHedt Re BRRTRCIAGE that
est abl i shhdgot ferfEndemim@Aece abklte URGAEI0SId | @ 0bf 30nADEI fictat irpRkdt he
nmeasur ed. characteri s{ LC}Iugf the hematinic after _ its release. .In other
wor ds, by The TFREVEL yedE  ha P BEApsetf t RETAAS 2RAKF have FEPAyET TR o2nY
phar macotegraadleny 43ebees iind) iaggreght £tk e0NROSRLI BOahsdREI AL Fauge
di Stfdmtl unl i kg t-he, i ntended enbodi nent of the jnitial Ig/ rel eased,
i r on-sacttitiSGCEBoNpt ex FOFPIR eRErE AR 38FMUS ) hIRATRPT) Sistined
quanti f i eshdlt iahy tWheRelp fcd AHSABS¥7 TObApereptessedtid Srdfys200:V8ic
02/ 056826 PCTI US01/ 15205 _as,an _occurrence ratio, AHSAPTAt\Ir\/] /
[ AHSAPSYHGF, FEEERTPr oV dEsaoﬁwalde%E’i‘Ueﬁﬁ) Rt 1% P BRI EGEEEREeRTf or
gaugi ng heneisieni tngplal iiey aMHkepsidtad, PaECEBbmSOrDSitd Obreh iddmat ARSn
remaining in a hgmat'ni e roduct. There is currently no sych standardi zed
way to 5 FEFEIRT YRty SURE 49Fn§¥aRaL8ela§eorTi MOROERE cAEPRdPE 1Ton
conplsex esggregaeel heyheredyr ehEEREthg NiE: OfIRitGon | &f Sheul trdbe- appnestiated
that the occurrence.ratio is pot limted to use of the 5 year el apsed
tine intervar> t}tﬁr%“'rlé‘%ﬁer ,Asas&ﬁ%t ééﬂ]ﬁﬁgv@}) AHSREsesil e T30 ANGPPE efit
el apsed tdlme i nifer vlowzel ectsed. thtiscan.be waefiylvibugaugen 10serve as a
i ron-sacgharidig.conmpl ex ing and_s abi%it agai nst_defined conditions
wher e, fpg-lra e%ﬁcr’r%f‘%?t Jp}%‘feg(er#dofguﬁﬁérﬂ nggaﬁ}gﬁ’é’f? dgfiat c%ff'pl“@? SFEPRES n
its ori gimalctownlathdte 44 Meast sBAUSBCILY € @n-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
~ lron-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
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rel ease into the marketplace, as conpared to iron other than

i ron-saccharidic conplex; for exanple free or unbound iron or iron 15
aggregate, thereby allow ng determ nation of an iron- saccharldl g | ex
half-life. As the [ AHSAPTAM /AHSAPTCOTAV] rati o approaches a Mu

about 0. Syobhwssts 5 rati o-val ue can serve as a pharnacok@@ﬁdghugggx and
guardrail to ensure that the manufactured. product w Il have at |east 50%
of its irton ch conplex st|II 2 | Nt as_pnt d f r i ni_ti.al,
rel ease. 5%FP %ﬁ rfﬁdéitgggis or- quan |3%t|ve y gaéalkngg 4%a9e%gf
henatlnlcsmpéxanqatsﬁanﬂardalma ahxﬁe%&suharw@dcfcmmphamﬁsconpkeyeﬁuandardsan
AHS, pra a t i ghe 0%.ar, ira
practlcaiEEllag % F%%% %ﬁh 1?09abér§Q% d§%C&%e éggﬁeh %%%1 h%uP%g.75
to 25 abgﬁttDeQEPLGnnﬂ;OQaE¢grayM:¢ hm@huéboyteihﬁﬁblwolabbuﬂlﬁyEKLS fagid RI-

- examye, Bagxdsaggé&o\z@' 4S1B6L VeGP aROULdcr 8R0S hRNO! SHAleralOe,
about™ 1. and correspondi ngly iron ot her than “1ron-Saccharidic

conpl ex, thHS ahﬁé-lluES tgf fsomt@® 0Rhe o AHSssprésent aboutti®se fromahedexes05
to about d L2heu Jpr exanple, any
single Va ]fcca)e% g%a oq%r lg?gé%igaé%a%%a%outg%l} odol ess than or equal
to about O. 5) may Beénest abki SRRl byfarseandardsssdﬂuingromgaﬂlzaﬁEGRnoe by
the mMnULACMLE! . £3HCNiA, LYA050Ed (athRals [ A %PT&% A ARAPTILRLL
particularly useful, for purposes of in i ng, ‘warrant or sta |2|ng
the ¥ i nfkaftBs efféxasynthssisoremnuenafatisuicet jt ofaguch seertd | nbesul PEoor
to the 425§ax9ﬁysh20a05sé/¥3n%%ég5@%%@r€9&U%Q;ﬁééf—% Eﬁeg%gktaeﬁnuaeﬁs, theLe
was no basis for assigning gualit I'Tance stand

i ron- sacBERNHITY F6APrenes aisindgrét dsddrdsd phathar éeb%?ﬂéﬁalqc%ﬁua’p‘phﬂ@abfe
to drugs; &s shbedadishelan erbfiectse obfelefr; CNLOIBL 0T ARR od,
preferabT§ I ncl"ud |ng LLS an F 5 Baseﬁcgé?%ggbrgka f wg I npl enme ?gtﬁgkgof
such i ndtestotair Bferrbrel ixde zfgu€gafet capsblatef thrintHI Peasedt bynthtese
i ronsconpliexes hehaf phees stpfg@lega%h&@% o | %%5&9&&3&%4@ Rqde S Age
the AHS, referred to as the primary reference stand for iron-saccharidic
conpl exe%ea%ﬁ?ﬁﬂﬁégl it olxRigrz@regeyeshd t ypshified s{nr hestebdbishimuf aechr e
it can aﬂ:é&:ﬂ?ﬁﬂ@efé% tRcesbablddt 13 19COpJAL ¥s T 6hRLEREEy StANAapk Ny ty

practical terns,
because 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.

43



secondary reference standard is based on the relative occurrence of iron
aggregate derived fromthe active hematinic species conpared to the total
anount of iron aggregate capable of being released by the 15 acghve 05
hemat i ni ¢ speci es under set conditions over tine. The neasurenen?y%ﬂ i ron
aggregat evo92/paestd fied for establishing such benchmarks ebraghiy8us

hemati nic species integrity and stability . because detectable iron

aggregate | evel s arg.fo t hg, & ; t Is r

Sfandard. The [ AHBART, JoT TATRAPTOTA oty oSt e e terte b ter
i r on- sacehBrPY i ingc shgl eximamif seferdntg standandrera abe rdtisss dorpravedd@sd an

i ndex of praduct St o il T ' | :

arbitraripér per grn%ﬁ%§§?% af%h%xfa_?{EhQ§%§ELE%Q§?&§3§§§t%§&%Eéﬂﬁﬁﬁc

si gnal quoti ent prr{¢¢£ﬁwaﬁqunEcpnﬁﬁiwmuanmﬁp can be espexni dlory puspbsks

al t houhoANYalahith 2on AR NEISAURLLRA2 8 GHA! B | LB BRSUNE, B61dAE o
hematini c species product quality. atever ratio i s s6l ected to Serve as
a m ni nueFtAcEHt avive sdefhidardveo amenical crimexial, eff i waty, ast mrchivang
safety pased_ ppi1dd stLic e W Sele t gggﬁos' i I rd far.the
secondar refg[gnce g?%ndg%agééuﬁﬁkéfprlnaritre ere%%qugadﬁggl %Fgaégﬁi
secondari;Y?Ré'flé{léﬁégAgSaﬂgaﬁdyctﬁﬁlﬂoé?qﬂﬁ@ﬁar édonsspreivtiicddl camnlgrécaire
standar duf QieiSed n dEUHEAY DG B ©F andN ol Alifts +3BAT AR Yoflug  their
manuf act uri'ng performance ané as a product quality 1 ndex and pf%duc

st an@ar dF ZHHeGA St 0BRTE AU 02/ WBBB B MRyPRe8ss PETE LSOl 452651 0Hne  or
separ at egi ARG CYLRLRLA LLhON, Ghione 1, 0. Si the .ori
referencetﬁ%%ndggh can %gggpgggé%%$'e§%é%'ed rks%ocr:age éﬁd ?%fbﬁ%?%%u?ggyfor
par ent er@® ude aREPERAI tiognakxterdsd  beréedand/for timeonsprefisredlpHSizar be
stored f; RUEROSESe SnPirAALARCed,anad iy %hlEHaEQEEﬂ A Mt hOfnore
exanple, in order to establish nore definitive chemcal criteria, as Vel |
as ar chi¥fithg TARS SFHARES f 6PTPLENr €anef be erpevesiontye dfranisposbedr ssy
and 15 yopiidnszeguddd WhehMUdant because 1di0R- saechard di &%@Jg) e e
subject to é%stabLlizatFon and decpnppsitﬁ%ﬁ??bl?%m?%%'th%?r 1 syntlggﬁs,
part i cul SRS 158cRtEBAplER et bhal ¥eh PBlaH | teneser Fe¥ qekample, the
particul@filey agdeeHs, pealdeh@bd kA GONLERSY plddde UdnediALS. Gath b sidv-8d

for extended perjods of tinme, preferably in a
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 wéll 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 hydrophilié and other
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noi sture-free environnent, including sealed containers. Furthernore, the
dried,' stable conplex can be conveniently transported and 15 reconstituted

when needed at the point of use, thereby further extending its &lt a%ﬁity
until just prior to use. For exanple, the dried AHS can be seaf &88Y ¥

noi st ur e wp 0prbsegnt ai ners such as netal foil pouches or gragg,cR%Y\<aI ners,
and stored at anbient tenperature (about 20 C to about 25 C) or Dbeiow for

ext ended L | f.Li r Le, t r.ed. QHRI. ex .be stored
from shoretgﬁec\)}‘bgg?teg a%ra%?%%?%elrzée),mggﬁﬁmggyfr%%lgbgggllcg)lne \feelﬁl%t% ﬂg?egf{ ters as
wel | as sabtbesas npdeeatwantsshor tresicoiage pbypoetwftsaboutwatront lzdutens or

as |long i VE ) fter n cture: e ed_sto e
can be (PO aRoRY gt iaRt TR S R A R B BPE R BERTE
about 3 yuhstanfksi i U@rgiesteduenifatimene, stbe ag®ds ihesdildSatad, be the
nmoni tore st api l ] ; arisen._of the . analytical roperties, e.g.,
t he cﬁroqn% oéfapﬁ?c {élil%nggﬂlﬁn% bt g?%%r s ngsﬁaﬁﬁi#éo ?%e%%er%i nat ﬁiﬁ;}?%
LLS and Rracbiom rleco®sti vatede sanpl eeperating i riwey RESerénme sbardaring The

i sol at ed,, Gl i intially [ . a ticular fi
t her eaftgﬁs!a@%élg{%g fsgfg)es%nagg'eﬂ%ffopﬁ Ialg?ggfge%%% Jfl_leci;%r%\ésatalli“t ﬁ%g Ef%%r tgg%e
of st or agwaghion rethspopesttben adn wilichadt fier paddent ormal othedy woAds a' the

prerequi gi tgtQ LyppbiliZati gniyt iAngn-Og@%%ﬁ/iq{gy f¥§9£ﬂc’j§' or AHS present
as an iron-saccharidic conplex I's 35 pre?era y Separated fromits
coexi&ting hydrophFEpezandixtingr f4cialegy2005 wWAQI02k056826nPCERESOideE205

exci pi enpeodss JRCr IRRLLALEVLRLISY, SHCH BEELP' gﬁé LACLHAGEXCE A ng of
synthesis reactants, reaction byproducts, waste Uans, pol yglucars,
sacchar i BRRIMIREGHE8 L s d eBradardhon Lbgyr bl dors caddy oepr¥ied Uppsbadersto ldra

pref er 1 edofindismRa it AHS LacSPRAAt Sholdhdhne S TBNNRL-0f1 L he primry
ref erence standard speci.es, conprising raction 1. By virtue of separating
t he AHS TN EdEXi ST eplubpdr optatl | ersubtispecesy tdwer dissolved ndéneasthdm
the 1AW vad Ug.fs the JJsaehion qr mg@si §on 4 pch it s nr nt; 4
ot her words, thse A Svaﬁrgielhgbp%&gglges 1.%£1i n%&t“%}ecwgté’ céftr?faier#rrflgﬁgrac‘fzito%n.
10 FreezZ®%R%i ngRd cEhabl 659 isyseePtildrowke | Airedee f dogingr oGewsialdyi, ndust ry

and has @s>eenerR! e¥eded Ned he £gﬁﬂé¥1t8£e significantly 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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pharmaceuticals. The technology is typically applied in order to dry
conpositions that are water-wet, although it is feasible to dry materials
or solutes that are dispersed or dissolved in other 15 diluents,Qf.  »005
solvents, alone or in adm xture, for exanple, with water, and theﬁy are
suscept i bW@ esdeeeze drying. Cenerally, the conposition p(smgg@z.m,t 0 a
tenperature significantly below 0 C and subjected to a | ow absolute -

pressure, in other fpRrdsimee hicgh MagUUAte Heat gbsefaigbal lny | Mhé ORISR RN
order to cause the ice to subline. 20 _The process has been used to protect

heat sen$fPive ‘hfatltﬁﬁtaP%llFFoﬁ?ntrr?era@ﬁFl%n%@;é:% RreduchsvE Bhiteres ing &

shrinkagenghgPOross SRR 1@ Skl BYads Vi POfeSed N Aélea{eﬁa&a@)qurrﬁklsy
and fully re% drated. The Eresent invention provides a nethod for the

separ at i @ﬁYaﬁacu’F oSt 16 Gher CRahere PACFFHES cHRCcERY r B o aFoduet

hemat kni gr2es SPEGH SshdBAMRACLUEESY tdSR KRS aPRLCBEC Bhedt Ok ARNIKET ¥his
vehicles. During freeze drying, a changing state of unbal ance_ exists

bet ween SBELRFE tHe $31d26h tEGnPES| LIERELACET efPed 2t 5aRESTHIHd REt thiec &XYaRd.

Syst em pLessar € capfod HIRBY atdy € LOoRdich LONS aphhe Meghal | G QEa ¥Rt €L rYapor
fromthe product ice interface occurs only if this 30 staté of unbal ance

exi sts aRBStPeodiRt tieeVRROER LEUsRgREr TaRBr Pplovevdiierghy TRé&SiRSt the

the syst9ﬂbd£é@e§§e§hmﬁéﬁga&mamﬁth§e desi ghedat AktesaBk, ansst @her
controll ed conditions effecting and maintaining the preferred tenperafure

and PP esEBre IF fRRRERCeL o Ghea Prafveh Phasdddt aPPH@FEW%Saus‘%Wg rRSSFRBHYICt

to be drigdsifot hexdaast tnid ;ameunt Qhilkh MPardd Bl RQRARs WR02,-836826
PCT/ USO / 45205 The |imt of unbal ance is determ ned by the nmaxi num anount

of heat WRPEIFTah2bPhppEieating  Hee pPBAGRES wifhothe cEatendta WkdhgBe®E om

sol i d toehéfi} dipphata toetrs IRdduet agcdeldndaclried Thirsy BRYEHRCGHEGrEY e
t hough the chanber pressure i s | ow since the product 5 dries fromthe

surface UFRESt 46 t RETAVER dFY | SREst CorRnsste; TehFigetatFodte SYSLERL | eBY t he

ice 15t entateainihe ar riARgeitidensér t Denghntthge, $Akkd ¢APBOSiEi BBapped as
particles above this interface offers resistance to the vapors rel eased

from bel 0% tpr‘?EFéB;e? aid g ot FrE b iyRd Y u ctemvEss uF BO%n ¢ e nBET ERr e EREBREY oj d
nel t - backedieialy eaed g¥id®11Raing ScaPPd At %ﬁrh%rﬁj odeghi £du@@lY Air and

o on! TRbRS: HopeBRSLAIAN Y GRfSMT: CUEERS: R T ThSBe M) VALY 43P
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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Anot her factor affecting the process is the rate at which heat energy
applied to the product ice (and carried away by the mgrating vapors) IS
renoved by the condenser refrigeration system By 15 maintaining %&)\g
condenser tenperature, water vapor is trapped as .ice particl es a¥1

~effectivelyot/gugpyed fromthe system thereby r educi ng anptﬁ,brmwﬁgtw ng the
vacuum punpi ng requi rement. Air and other noncondensi ble nolecules within

t he cha n | restric n cat.e he
pr oduct n?%% 3?1%‘4? Zgﬁco‘g%eogegrt%acof f@r tea(ﬁldlttlth ?ozla ELQr %EI %t"]gﬁgégg{fsfo%)h'e The
novenent plofs ikgior srrayviggmabf ngft Cﬂmn@menhe desndenderte Fmmisdyndiltdsenstane
gener al | i dere en re n pr C d ons
are as %?:?81}%091%1 Q?Iflfés mgélc% isanéiol ?é?l&?ér@ozgr? d%@f%\%ﬂ“g‘ig%? ec?f%é%)m nt
or gl assd2ping amgiariagnst en@ebatm epr¢Xss Mnsim’gnsuabaeeatmabrseaﬁe

reachy ng, [88 < 2RRL OX| 2 .COl t e nter ce
terrp?r at ut}éﬁ%e%f%:\% %ES, g?ﬁ%pi{gg?{:%i%esgaﬁ%% a c?utﬂ??l'a&%&ef% q 1g/%cuum
syst em i sagpatiien exaetangatémiralo cdn tdlss glngcespr essueeuufed,f rsambatmsutnﬁ to
about 65.y1 C ( e}_q%g P Rrgkerab out
lto aboulgg' B&%r&?;c ggnggd( (yglggg%?%%&of t}gl n%% tohg %?oé%%%%t%? W
cont r ol | eereat pradimedyoront 69l Cvhat abooers +66 Che ppébéwaﬂal Pefrpnsapbined.40 C
to aboutg# ferab bo abguty; +55

pref er ab y%ﬂbgren n@%ﬁﬁ EgSqéat%é(sé%oﬂ{gdi%f% ?’83 a Iy?ﬂautsgrrpgrgt%fégsof
aboul0 35(asxioBefstenphoyiidtis Pivovsinn tdfe Sh@at Indegiitied. t dncdr i ¥eY ataed

f rom 46 3 82005 é/a@be%Z/ QRE826, PCE/SUSQ%H%% fzggséﬂg d Lo tﬂscﬂap%oﬁt ate
(i.e., the heat of sublimation physi cal arfangement of “equi pment

desi gned-henisary skypdt Mesoitimel SdmebemdRETYarlRes wi deireTard Dol [ide@6

I ndi vi dugly f l@J‘?kwﬂ%cenezgz:e diﬂ&él%o%@é&athlé%ei‘ﬂd tf‘e!?fe%ﬂéiés%of e’ & e#tt)‘:
apparatus. Freeze 5 dryi'ng processes are typic carried out i n chanbers
on a batrE¥rmisssiy. whOhhexacshhgaiont r opmpgraind prmmi; r GG r@m@@i@h as
N Ishe Cletghs ande PABLORGRU! GAladdadySULY chlNit RLLAWEA RN ARET Ahlc k0.
more precisely control what occurs to the product being su uirtabl e
equi prrerﬁrﬁﬁlélgdesc‘fﬁ}lbeﬂosﬁﬁndé)ﬁanﬁﬂ’-‘eenmﬁlg Sngyclppedds, 1Eighssi ilidios.t he
Virtis Qages Oﬂspa‘ 1248, | st rigs, &CatggN Nede 8 dpyl ef&FHNCRE Cidedpe

therein, as well as Zapsalis and Bec
'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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Chem stry and Nutritional Biochemstry, 1985, Chapter 1, pp 23-26 (all of

which are incorporated herein by reference to the extent permtted). CIher
sui tabl e comercial equi pment and process 15 conditions are desg g P

detail in the section entitled "Freeze Drying", van Nostrand' s Sc entlflc
Encycl opewtoazofisght h Edition, pages 1338-1342, 1995 (i ncegparsal/gdeherein
by reference to the extent permtted). The effectiveness of freeze drying

b 0CesSeaata-Rall! slddne Aol WAeH By ddGd ikl @-RALE! aeYiNg Qg e,
where solid water in the formof ice undergoes a direct transformation

into the t\haﬁo#ncbﬁ%%ﬂé@éﬁf denpersgurtds drepeind taadmtoof, thAdIHrays H@soBs
less thany4end £grrth(1§1%o'§ldp%§sal i):oceﬁé'cﬁl?é“céi %%1%y'ﬂ}9>8|e§t§9£'d5§t ed

under a pressure (vacuum from about m crons to about 200 25 m crons
Hg; pref é©3dBEG flrl&ﬁra%%l‘?ﬂ4071ﬁ5§ TG0 cqa%rnsalﬁ@r Eligeef B yther GtaEBAE 40

to abgut p%qnm CE:QHEruSﬁﬁ%fga'é&’ @rpesééw Qfm@mﬂac@ pHENCHeASH | STHSEd; s The

renoval of water nol ecul es existing as ice wthin a hydrated physi cal
mat ri x oﬂopﬁfaFEetPha@MﬁePéP69§r¢¢oﬁfe¢?%e§Fﬁ§m$|@Epéeaauéﬁhstéﬁlﬁﬁﬁéﬁst

i deal 1y givest fodlrih heSkdUshe 3PP EBLaIRLS Iohe 'ﬁ%@l?édv@éﬁ{té)r thel ggEdUE
of some desired water- free solute. However,” where hydrophilic ‘sol ut es,

col | oi ds is sﬂ%iﬁﬁﬂﬁnﬁﬁs bR dRrspEFeF®ths SERESt \WULNLANERSIEE sYBHEBRLTSAchbAs

sacchar i giarexei ﬁcengaauweysﬁ&egonem r 3G WA Jad ham@@cuﬁm&c&%svés
e is subjected to the freeze drying process and 35 the vol une of

t he
sol vie‘ﬁt YRLET u@ﬁ‘fl:\l/\/aﬁéPsFén‘F%é’eoallsl W%mﬁ%aﬁe%wlmamw@%ﬁy bE5326

PCT/ US01£48% Ofemd®ie bl ok Sn PREABNOr € concentrated as the freeze drying
progresses, this |ncrea5|ngly depresses the free2|nq¥§P|ntof the frozen

aqueous system AIREhPEIEEBREFE i BFEGROEYESS e W6 AEFatit S TPeiehed, of

sol ute i mhesaghioncamd hoxed er a6l ates@1ti & ahRVenidle BUL6£L tBeb fRAEPLon
contrlbutln% to or, causing a nelt-back phenonenon. This is contrary to

the pref &FFetF¥Peell HP@PWW%C%%ESWtﬂﬁél}Sré%nPf i Rfent FRT %ar?C%ﬁFbﬁl‘f he
i ce E&COBB@;BWé}flgoi‘f@:LmSﬂ}f e I§Qéxktt eint RMeAHSmplles NRAIMIAI BEE: 1 Nt s 0ZEen

state, subst nt| I alred hydroghlllc sol ute species that may
i ncl ude aizl}ﬁnf lt\g/r onto plate he walls of a containe:r or some
other three dimensional scaffolding that 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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10 water, until substantially all water associated with the AHS has been
renoved by sublimtion. The preferred freeze drying of the AHS is
acconplished, in significant part, as a result of the high A 8h%%
fraction (Fraction 1) conprising substantially all of the iron-saccharidic

15 conpl exo e1és@éRal |y present in the sanple, which faC| I | b BSuilkm<rapid
shel | -freezing onto a plate, the malls of a contain: sone ot her

three. di manshonal. scallqlding Ll ensties A ah igrgeﬁf O yglyme ratio

for the frozen fraction e nore e cieh reezi ng occurs,
t he bett @urtihe qblal Etgend Gieidg gpirideiszed I20 q@tihsdumoz:dﬁr etkengresenggpical |y

o ef er abity FOBH SRb LG e FeBanT Togeetr B s o B et B Shen
the AHS irstpieskrity itihea AHEr coupr<idripositi ond atherueht heduapkilidi syhaysnass A,
val ues ap%&%%%@@ 1. Qs FH 2H &3m ?8&9 %Ouére ?ﬁ?e Hda (810ip-Fa)sd esplt

in increaSed Fer vapo pressu nmper a condr ti ons as
descri bedapan pressite | in aan i ebfedsdad vmn@rvevaﬂpmh proesdurwetand efig cabsw

subl i mat 0. gL et | S LRUDKed. [ URdkce BY WALOLALNLAG Lhe BLESSULE ney

surroundi- ng the frozen ow t he vapor pressure on t surface
remai ni nghereby riompirigat Azeers efryiagor CansrgeenEcUUMty R rerde8oed that

condensi it., O f f S t f ut
S000 & t Bl br B G818 81 LU BOECH R il L OIRELRI RS 1] LR AR A
typi Ll | pepSoatEd |frquarthe UAEE , pYinr Highiveeast dihwlngr ariedeskylsepreatted

A5 aci LAl eshotibe BLGT 264 OBibake Bficlig 23Ul JmonaLs oferkdiauanply { he

frozen pro I'n the absence o enovi exci prents, particularly
hydr ophi Prefexatdivpi gsraat.exf G 8B 1029 BB68 51 T HOS0 DragetdBlyt hergdSor

L ron-sacehadi dibufOnphex. ddie Abt mré}a%‘i J egfeégemlthapaclﬁ?/cgg;r'9999$heare

freeze dryi ng process. 1n oth he™presence o philic
subst ancssmeessul t £orn wAEBP1Dei rgresufAfiSci éat | yebaumitedr fuoat ahwddopyl tie

AHS conpashil QitisN WLE N S %é})dédaepm G, SYRSEANERS OnAf %&&eéﬁgi%léﬁts

hi gher tenperatures are enplo to I nctrease the vapor pressure |
effort t8reHRFENSush b’éﬁ:ﬁﬁja\mﬂéiis this also can have the undesirable

effect Of SaUSiNg 452 hexabase dr OBl tprebBAY ClkwbiPALL | NEE SE384IIIN0

Consequent | y is preferred that all stant | of the
hydr ophi F&* | ﬁp@ﬁggsg@ ridfpvéagmpacelogically 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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10 separated fromthe AHS prior to freeze drying: preferably greater than
about 95% of those originally present are renoved; nore preferably greater
t han about 98% still nore preferably greater than about 99% ﬂ?@t
preferably greater than about 99.9% are renoved; for exanple, i?—?g S

separ at edwbreaardiyslr ophilic 15 excipients prior to freeze ¢ofi@L&khe
extent that such exci pients  -are present I n trace anounts. For purposes of

the pr esegése Iﬁgg‘ u%xplcad_{l go S IAE;ESISQ:%S (fl_es tvngﬁre exc1

phar macol 0gi ca I FOn-sacc conple hus e separ T8 %and
dri ed AHSwese sﬂﬂbabﬁetd agremeant her 20 anal yti cal st udy or, optionall y,

reconstitution, in or neet I tigati nal | or .
phar macol ogi cal use}g. qlleypa'lttg(ftlﬁf: mart IQ% tﬁygﬁ t hﬁe/ﬁ‘ca r%% ?%ve%ﬁ%n Hre
sui t abl e doffedepinrékiSshe fpma\myr q:hfexmcrﬂ aua&dhadesbelenasuixzstMJ al.l yor

r enov C h f 59 a from
about %SO‘V%I?OPE(LS' Z‘%% ezgigt ag glag7é§'gr%0§%mlp§e era% %éfggmocggog\%{% % )ﬁo a

| east abolgerid34zed pheiwed éraviiag baemmsmivemb.rphblsgyul ﬁhttxe telps r S At ek
that a s I rgen e i nal l the separ

AHS may b%@assogl gtct%e %ggggesetngng ound‘gig 11}‘?‘ht hXH%-l%ﬁ atter}rﬁtes 0 }%Lecd
renove sugtrddeand thhat aicnegcqmise a@péangme opf uhh@c@ﬁ%ﬂ:;zeueg%&'dratg B -t he

and Rf*. o el Bl e P Bek | PERR® e A%y MABSEEEL fenes
chr ot ogramgikey styprmt areustubst.-antt aﬂhyplamntedabrqvm t patalleF| Bands wihi ch
T oo e B PR S R e A RS s A TR e B
essent i althini gaybobyliraee t péapes sBhp FRIFPGWIE RAttblekcbphént ©f viewric
aljoned t0oheHRlE. A AYLLE SRl el alnild N ALkE ROTdAR tated S

different fromthe primry reference st uch |n
FIG 10, 3¥¢ @fe tagat dwdoeshibas dévi desrc eohf thmetmmasn ct:rwllayephbm
prodyet hawkng, Al 4nu %}EEJ.{QI ol ogy. AP 1S . O

present as gag% agn éy H?Qltehe cor?rh?ggg'fg %L?E@stutE I es, Qt%ﬁ g%érgcseco i C

appear ancléltGFSPih%eq yd{ﬂﬂwerezled EARS. atTHGD fadisgrrragni fi cao$ eopiand imghehascan
be vi Sua@t!(-ug@éﬂl bed, 1%3.11051% QUELYaL VPRaSt LUELUESandd £ SRIEA%S light

red- brown parallel bands
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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wal es of ferric iron uniformy interspaced with transparent bands of thin
carbohydrate plates. The red-brown parallel bands of ferric iron have a
di stinct columar shape, parallel to each other, that are at l?%&zﬁd@ ce
the di --ter of the thickness displayed by the 15 | ong planar transparent

car bohydngb@pigies that are repeatedly interspaced bet \A@??,L,Isnﬁ;g,“;Thi S
observed mcroscopic formhas structural analytical significance that

corresp HEL &y dd _glétac?%cgﬂyz egg@%&%@ WBeRaLOMBEOGE RN C BRI RS

appear as those seen in F en a desirable freshI% prepared AHS
cor r espofRiinRFitdony. t h&Wpthaargre.of esdhbabkY an®ieH25ed | r GiiSacPRaPF#ined

conpl exes, d.S.4 e r Y, h pPhLLiZed d IS ris
:%dﬁilln%gé gg? fréggnﬁ@ e  relih@rkYOPHELEZEAWRERIUE 1S risk

char act rcall t inthat there is an absence of col umar

struct uref Frauidivant ofegfadatdony ofhithi zpHodaiducturEasTBOT rai FiGi RERALCKS n
a vaguum,ore pnder ARy, 88" be 98Snvd NiEntdlNGnif00a AT RyraPnl EQUEP: rSHHAY
and helium (as well as any gas that is hot reactive™ with the |yophilized
product )1dsftgoasi tand rasegRsi¢Rtited stered arkiibidi sneedede. M syhisindemehe

| yophi | i;%ta'ng 1PLESESS ahonendaas: »inot COMPromse e Styddct ure ofeagity
iron-saccharidic conpl exes, use of 30 the process has value for maintaining
t hese haraompiléshe@nt sSFar @ARFBLS ti Fei nt¥PRhal 5Lzed asPTedWRic unBhEDalasl

hemat i NiL$RBEhESto PEES Ehtetintd iGLYRRI B dn I tdcdReuNen Luophs | §Zald Qt was
i npl emented. This provides a nmethod for archival storage and docunmenting
of pPodARPTRRALABRIIr BratRFtgdametal |CPnbRheeT Taseeiedsylyosiibpiedatiish Gan

be specidizabhy; #5aH 01 Staki e and st ope 5012 May: 2006, WRA2/

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

hemat i niSEN RFpHeRI¢DdNEN Rumstednofell skeUdbl §2 pre MBS 14Nd SHitbarnder

| yophi | i;2e4nAHS: gamde saf el v St Qidiunt i bapegded it haddd {1 e disk e
significant degradation of the product. Furthernore, the product 5 in such

a form cERBpE2ETRRRHiEnt FOTRIERESe dr 2P TFe8gr eHhPESI IRrePaFste 11 0€AEEBNS Cand
convsni eliicst gheentdtdl MRAded: cabobi &hed i 1B dRCNStivd RE tien to
hematinic for parenteral use is _readily_acconplished. For exanple, the
| yophi | FP8&"Br 6ducPipréBarad negtc SPEFRRE t 0 TRARS piESRNFOTRYEFRS opeRa? 3¢
stored idgzcagalied Hl 86emOkudl) 2RAEORKoAl &lah MOt Sotad JrRlaly GHY abddighly
preferably topped with a L ) ,
administered to augment hematopoietic 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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substantially noisture free inert gas. Alternatively, such product can be
sealed in a netal foil pouch in a quantity suitable for reconstituting as
a single parenteral dose, etc. The iron-saccharidic conplexes gghessRd to
are prepared in order to 15 produce parenteral hematinic conplexes for the

del ivery wio d2f08¢826 0 humans or aninmals in need thereof. ThgseudyiQ%has
conpl exes generally occur in a formsuch that iron can be parenterally and

beni gnly adm ni st eggd @ﬁy_g[ge l.ati. hani s ired for the
managenent of numnerous % I'ni cal %tgoﬁggﬁg%%nﬁ:n l(r%%?rg %9 pg%%lgeg]%aer I%ﬁ 50T n
human bei Aggtent nekdaphapubfiedTheulisdamet alygut Complosri tdsed aisn aonbel f iverdd or

or in copj td, 1,53 ar :ab LS Lot nvey a rs
and rangegi%{iﬁgct:'%;beegrﬁgrdg?ﬁ&ér EeLgf Fg‘;{a@l éégaﬁgg%%ég{n%gggc;é?cgﬁ%f R:tc’tk{%g% g%g%%t
i nvent i onchythhovedsked | subdtenchke @ tcarpongt tompeiattar esont2t of a dried
conceny r at NS -anoint S, s gcar n ers rtiescs

nol eClrJBIt argwei gﬁltC% Vi sc%gﬁngggéﬁnubﬁi tg?/?grét clégb a{hgtegé%g@%%% s?’ge%i%f ?%téal
range or WeIghir @it Afy omattesi oghe. vekaiading abtmessurke desired resul t,
nanmely preparation tisnd C | ”']?:ﬁﬁﬁ.r&%g' di compl ex | | e for
freeze drying, the lﬁ‘{’]glﬁ‘i“;}?‘ uri anI edﬁ é(;mat Inic 8 [ &gﬁ-s;&g% ar %?%:ﬁ%c?rrplgeexl
produced RHEIEES}CANGhIENADAZTARdY itsedisin prRpattisgnite siweplesa fangéioth
val ues i st £40res8eds LfpdS 4 ef st | e | essed,
that the present ' hven Ii)éoa% l%o??gurrglggtie's ‘f%gldugg'ofé?ﬁieé%{%ep%%p %g{e]é hat
are d8bsupiEd fiethi pubstRNtHrddde SKC RIS - £35¢ EMM/PLES Spand 102/ @56B26 3 dvhy

2005 PCT/4450 L/ 45205 esERE e pgg@psepseﬁfeawsnpr&ﬁ%?&at!og,\fsgﬁkon,( b&f ergiice Lo,
wat er cont ent Of an undri e substance or COfT'pOSItI n, 1 otﬁer WOr as,
prior to FEFXGLHPE eGUPLSYHi VERSaS1Bker pelcanf tdre dexbramei ghsplafinghe

undri ed SiIsbanse 9bigamoaliidln WALELoCANLRILS Obr@a il oindy SUDSLANCS o

conposition is %I ven as a percentage of the total ™ weight of dry matt'er

only, exd@WdPF§Earsbhni Saater toiapoRPaAat | 5, $0fe Devldondur Ehkost & DiPTRIYS QRCe

gel 1iper 0N < N5 QERLRE-APHY1 d4S € Qad b JU-GP B he f Qr '

t est resgif&t%s appear in Figures 1, g andgq‘{lao, ?é\%‘%ﬁ nggg%\%%?’at ?Edﬁ%a%y,
NJ) . A solvent reservoir supplies a mobile phase of HPLC grade water

by gravity or metered flow to a GPC column containing the stationary
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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10 purified, substantially excipient-free AHS. The specific application of
| ow pressure gel perneation chromatography (GPC) for AHS separation .
enpl oys crosslinked pol yglucans or dextrans displaying nolecul %f/la\’\%(%ht
excl usion characteristics greater than about 5,000 and prefera yygreat er

t han abouvolk2b&s24al t ons. The stationary GPC 15 phase is "pggahagess 10"
(Amer sham Phar maci a Bi otech, Piscataway, NJ) . A solvent reservoir

suppl i es Q:0Rbi! 6, Aase OfndPLG #-ade (wateht rdbh e avkt Y iRFsumiieredshtong t o
a GPC colum containing the stationary dextran phase. The columm is
const r uctcegbotydfizgses Ravihg @veradlcMluatanktdt Andhs PRt B IsPERTEShe

stati onary QPass.d sodi eRAr 8ds20nACERE Ghng JRopRRubacip &t & eqanpRagat §ONS

s
i ncl udi ng hydration of the_ dextran and vacuum degassu_;l{g]1 before use. A 400
microl it é00smiptelinas gampdes t o Henerlivdite $oPHt #oR, SFTRYaHI AGaFhed with

| ron- $aCEhRbidle +EORSYand MneXAlRIIRin8S 608! S Ubavrlhe= MaBULashHAGE | N
seal ed gl ass anpoul®es, is fed to the top of the GPC colum and allowed to
25 per meGaei ned-hivrs cal pordrErasidor. 1 opertaiE HhghPYS corttedtiRehat FFee

sol ution OQashlpﬁbnpthriqggd imgo h&?ﬁﬁt al) QRBEYpPRASSciHRbEt s Or@de Wabehed Sy
supplied manually or by punp at 1-4 nL per mnute so as to ensure its
el uti on goesaisked wishi hbe %I @S FEAG2EET o RATIRENICHPLIAE aAMERdt REOM the

charact erd,shigald ¥-eRh-8e8h AP 2BaSoLI 2t ed from the 30 colum as determ ned
by m ni mal spectrophotonetric absorption at 430 nmthis marks the end of

el uti®n for Fracti GRel. AES npidaiBeRnedtoanAX¥APEEr nET P FGCEEPRdI hg 2

separati gRsPRI{ ¥y fMovier agti 8ot SiMbildsheRedl aRiragtBf £hn YiRsequ@pbules
fraction 1 dentified herein as, Fraction 2 uses _the anthrone reaction,
(Dreywoo®f 19wgagindd 35°PPetitdwdisy) dimfeisntste HEENd#HSE betheefittRedho
Fract i ongpgefcdigdd 3oMays200% WOp03L0B6826; RAT/ WoSEkit 1A4RR05 veehkeed of

because the | owest concentration of furfural -producing carbohydrates in

the over &FRCEiQftle APSHPERd FEPREELERRA MpTosLEdens BetRBePHSE HE AHS

and i{s hydeoscepitinEXCil e Studthe a6lalgeed #QOnNtgEOLsbebtSaMRLesasddt he
eluate flow are sanpled, reacted with 5 anthrone reagent and the resu]ting

620 nm aB&EFAMAE | S04 ofRPd. 2nGhdaFRH- Bighh SHRSEEHIRY adbPBh FRELREHS ns

the AHS sgbsipitdiall,yrhe eferitfa ikdE0RMAE & AN dNipgRbY (MY EEQ5 CeRberation,
excipients that formerly coexisted with the AHS as rel eased. Renmmi nin
vol ume eMatESEFd 8 thfe Supply an aqueous mobile phase to a 7.8 mm dlameter

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 aagstroms. 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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colum is regarded as Fraction 2. 10 The AHS obtai ned, for exanple, from
Fraction 1 as described above, or from sanples taken directly from gl ass
anpoul es of hematinic conpositions distributed for use in clinj
applications or sanples prepared from concentrated vol unes of a-£4%n 1,

i ncl udi nowbagMRsks t ut ed conpositions based on the use of Ferif®esdryi ng,
can be further anal yzed with the use of HPLC based refractive index (Rl)
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and an ebul 1 ent helium sparge before being use gueous pﬁase
was SippliMetfexd, M6 .system at a flow rate of 1.0 nL per mnute with a

pressure of 150 peypds-pgkisaudLe LRCchg Prgzpdar%:t Sondg @tf&fmlvﬁ. Bor
testing regwres 0.02 mcron fi tratlonthroug nbrane filte or
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conpl exes or conponent s 1 her sof age, der"to particul ates
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into the shapes of light scattering species, such as rods, coils,
spheres or discs. The formula weight 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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5 injection into the HPLC system HPLC anal ytical performance wll be
severely corrupted. Sanples are diluted as desired up to 2.5% wei ght by
wei ght and a 80 to 200 microliter sanple volunme is injected intgwI tglo%sHPLC
system for analysis. For nultiple sanple anal yses, automation i y

facilitatwdobysegse of "Water's autosanpler”, nodel 717 1@ctMshipnek M) .
The conbination of RI and LLS det ection with HPLC establishes an absol ute

macr ool eyl ae LN {95 BNAl LRS! el Bl lies, P S4LAPLE.PRR, a8

well as a roo nmean square édlu val ue a SO s a radi us
of gyrat i:bnt(ngempemurnsoma‘valwtccmmuad -APt 1 apsclawes Wi ghtntained.
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exanp present Invention 1s as
above, supVeme a§0t has sttar t expeditet ewibdr f gublinaidendr yPhger Usinegeshe amst hod

descr | bedebehauy VoLUTESngS oS Mahl; 2%, el OFs sl alG840% A0 ;N

conpri sin e 25 AHS can rea eeze dried provided that sanpl e
is subssame i [sjprilas pEswWaschari d| c substances that tend to decrease the

entropy of water apdei Sy vVapale PLBRBHfarsTNeFe UPLINES GAR b%omﬁQQi@i&f‘sd in
any gl ass container that will withstand the physical stress of shell
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cont ai ner volune for shell freezing from about to about 5, but ot her
rati os alBrgazgsicbrée A?t%"liwddneéonv‘él a7y heheisedbEpanthas | yurpose. A

exci pi enfs & AHBo! Bt AdAOGICag '(E‘té’ Pat)h‘%va‘éoﬂkf’ﬁ% ed N8 €08t 8 86dn Isha

rotated at about 50 revolutions per 35 mnute in a cryogenic bath. The bath
can be nMadECBEERFST nGeHPGTICE S4B Rhy Lot akpuy2/ 05885 PTT/CglSer /MB205

and 1acet githiQinedl t & pakiyvalen ﬂzle%ed dgyiﬁgga;u%am;aee a¥sedi1p6oVi ged ; hat
a tenperature of at |east about - C or lower 1s maintained. The

i mrer si ofRekd W{déFBoﬁeBmeaffélr@oﬁtfal B8r “Fr Bl el My SAHS PSR ENTR MRTRRSeoUsS
vol ume og ocd hes Wal loveff ot N8 £OMAI NREp1INESak 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 a'rgon or nitrogen. The dried RHS can be reconstituted with a
desired aguecus volume whereupon it readily goes into a solution and
can be readlly 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 f_or 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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5 increases the surface to volume ratio of the AHS-contai ni ng aqueous

vol ume so as to expedite water sublimtion. Other process and equi pnent
variations of this procedure can be used to obtain the same or_sim|ar
results. One or nore containers of shell-frozen conpositions 19Ma8Hai sing
wat er andwéhi®osdses Si tuated on a shelf within a freeze dryefr,udigdpst rument
such as.a "Virtis Unitop 600L" |inked to a "Freezenobile 12 ES" (Gardi ner,

NY) can a%a‘:ﬂgggdf%{fﬁe@ p“iﬁ’osgz %nyaggu%% Q0 FICrong 0 fl(ac’t ?%}é
was mai ntain € system and” a condenser errpera ure of east ~about
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as argon or r Ogén hé d can be reconsti
aqueous oyl the WwpqulsPacaddﬁﬁyag@es into a solution and can be

readily filtered tg&gyﬁﬁ% Fgg'f n}gglﬁr):srrear{% ?‘?3’?23 dgggrl lg_ed ?fvgulyPLC

anal ysis using R ion 1's denons in the ol Tow ng 10
exanpl es agsi ﬁgasadonosadﬂiﬁarudec Q;ﬁ)rrﬁilPéQesmt'ﬁheRI eguict sLL8r @efrdrtofonsahpt es

1 throug% %gué:é)fﬂ %910’391% tl%oE'aQH&eﬁ 1enk NED ;%rlélh th%a %"Béﬂt%i eﬁaH?}LE
an i fon-saccharid i ¢ conplex FdentTTIed as sodram Tertic
gI ucdhat @ren%mqﬂlerﬁ [ hogumuquFCﬁB; agd| da urrkamplieheobr abtomarmechRerifeci t

30 (manuggﬁﬁg}gdasbyou?aqagg%y&gn&BO fles fa%%@grom ﬁsﬁﬁvmﬁ@gl 3ad) 1ngQ‘flérp| e

5, and its correspon erric rose COpr
(FHSC), weld @lﬁ@é’ﬁdt w@rbrnahqgn@pmwmr@rfeﬁe(ﬁanuihcti;nbédsmgnaluanqbot@b RI

Phar macegg ﬂﬁ Sc dleek’or g %%H}%llga %ﬁ%dngo tgg!rcexég !'Lgﬁﬁé %@é}%l{l ons

from neV\Ay opene g ass anpoul es stored at room terrpe ature
Addi t i onbhe purifiphenaterinl.g, and 9 were 55 3 May 2005 WO 02/ 056826

PCT/ 15 SOL/ 45205 angkyged af t fés@ltsl%rezzi] 23, PRl hs, f ol oWing e s

manuf acturin rel ease of the product ese time periods are referre %o
herei n aB2sed o &1 Sisq P aBRBEC WM d awst rlidSpoirt et iPAMECr BARERat T3

and  TAMfe | ipshe; &xarRkeSin SaR! esrNRHenPr£PAL 8L bY dbehi1h@a20: i ULl any
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 analytical testing, 1low pressure chromatography is .
'particularly 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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5 and 200 mcroliters sanple volunmes of these dilutions were anal yzed by
the HPLC net hod specified above. Exanple 1 test results are shown in FIG

1. The results are based on the use of HPLC with Rl and LLS de tb% for
eval uating an AHS isolated in the Fraction 1 eluate obtained u3| ng

pr epar at iwe ockowsps essure GPC and a sanpl e of iron-sacchar ipgirg:se0RI£X as

obtained fromits glass distribution anpoule. The.single well defined,

chr omat Ograph' C Prafi1£0n LhehES abgnabogndibhesRl  4Signal I%gh@e]gdgrteor
AHS el ution but no othér excipients appear in the purified materia
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Exanple 3 results are Shown in e results are based on"the use of
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AHS, from exci pl ents usual observed in Fraction 2 C net hod can
di scéfn E’ﬁékvﬁldﬂewl%iﬂ) |t|héﬁ sfcchizg | 4HE PIAPREX @ehstPRoentsardar heFai$nic

conposi tir@Re @k & SidMil@cGhEOoBRt %@%#e@%ﬁ&' Eﬁec:\./c\!k! | & HPLGds®quence of
particularly suited to rapid analytic festing ressure

chr omat o§H&phRsegasiatisn i é'ﬁﬁaﬁl?u%%l Jtdéﬂlta§las p‘Flé'?Jaﬁi%th oRefhed RBrachive

pref erreﬂeﬂﬁﬁ.nlc-r eleli@sSh ?f‘é pdig AHRcESS r§§ﬂ§:§"%§ Qdhec9hser¥ed; R
si gnal . 3 May 2005 WO O 5%826 PCT/ U SO1 /45 Exanple 4 results are

shown i nPF‘r”GC‘ﬂ-aritﬁe RASRHATE Y EhAFasdd sorpPeHe G5e tot t PspVEertEdoHRT
met hogl f et detgel isAgneStructural deviations fromthe original AHS. Inits

undegraded form the AHS serves as a quality benchmark al so denoted in
t hese Fi gures Example 5 results are shown in 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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5 as a "primary reference standard". HPLC analysis using Rl and LLS was
carried out on a hematinic conposition obtained directly from its delivery

anpoul e and conprising an iron-saccharidic conplex. The figure g%ogﬁ
i nconsi stencies in the expected, or ideal, AHS peak. Note the APéaPhee

of a new,wolwersabl e chronatographi c secondary 10 peak adjpeiiidagifat of
the AHS primary reference standard. This feature is indicative of iron

aggr egat gpSpeci,gs, asy C%}%%%Sﬂcefﬂls ARQ degradatiog. The fjgure, .y
peak a
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AHSAP ap r S op,,tk ng}g sggg k a differ ree
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chr omat o§eaptiionprif | Pesemaderad | Y2 SHRNVEr ¢hgpmagobyaphic LpSilsi gepdtatbt @t s
evi denceaplad [ ON AAGHAGRLES | Marigs PAT BB €T dLoBelRl i, 18 '%oﬁgﬁgm,
previ ous exanple, the sanple 0 tﬁl s study was obtal ne i rect roma
seal HY gﬁm@rgm@é&bfe SFGEed menrufadtiusall afiedt ihigutdoymse Exdmslerrsral OmoRehadi | y
detecta r [ h S ang. | Uk kO rof|

fromt h%%(%g%?fe l‘_hc%r%or%togg?gp %%t%%o??ll gﬂﬁl}bqn A%_ﬂLSO%r %Jllég%t leﬁt %fé{r:il‘g?t
depar t ur @ r FREYFHSAOESr dgowRahaf &6L88$ nghe oPitARileny of ddgr adathons oFhiMS

due to agingandy Oﬁféﬂbiéi;@éi%pkﬁﬁiése. Sl ls%%@ah%g e a§§e£?'aitvg§é’om'

anpoul es.. The destabilization reflects itself in the aggregation I ron

nor mal | y-@peEssdrednasha daristandiafitesf 6t hé2ded? rand e NHSShsuépltewing
Al 't hpughe i AN0RQ24 826820 PCILY SQdpe¢ D205 JabbGi vkt mﬁel_d%%%g%d oRnpfai g to

detect the changes in the iron-saccharidic conplexes, L_ ectlon
cl earl y FAANGEs 283t Heed Y GIPLSuehthr BHRRA déSt aBF| fesenided. THenadebnteyes

of the isnvaRld gRodlict asaRSNAM ol rBRBLEP 110 dtheedt 8k e iRnh 8HRLT Bifted
product éﬁ”ﬁﬂg %ggﬁaging 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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5 iron-saccharidic complex is illustrated where HPLC is coupled with R
and LLS detectors in order to detect evidence of degradation of the AHS as
i ndicated by iron aggregate formation. Iron aggregate formatiop is
observed as the HPLC chronmat ographi c peak denoted as AHSAP. In M3y &RP31

sanpl es Qfo bassaccharidic conpl exes, 10 specifically SHES shpawsactured
over the course of several nonths were stored at roomtenperature in the

absence of light and w thout. any excursions, kpown to sire he s Llity
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(FI G109. methbdi 8f appas ebhvértdtont, hesaRblses gaat foomrndigseilsampieshsbhaoyh a
little effect of sanple I ng _by -wa f_AHS _d sitign.and _iron.
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preferred method correspond with the occurrence of the highest
levels of AHSAP. The weasurable and quantitative.entfainment 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 hemétinic 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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comngled with the preferred or normal AHS. Unless HPLC is used wth at

| east LLS detection as well as Rl detection, the occurrence of_jro
aggregates can go unnoticed in these hematinic agents. As descr‘?@@ﬂﬂg’ﬁove,
when car myo ogosastls the preferred 10 nmethod of this inventpepusEdIples are
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hemags ni £5.804G 1 rd t LJ&Rsi 9n I t '
di anet er éct he %gﬁﬁgﬁaéé %Hosg ﬁvﬁggé%og%B% FS%TIS’ U%%!L/ ﬁg%ghﬁl&égrargt@ hgég?rro'r e
accur at ek yS8@r ésTakiteie Yrlme rell keehédsf Bk nesekRsbitutedeselitian was

qual i1y cherph@dl £ 16 il GndNayh dibdchGelds JBI SnEX AR GnjbBYOL VS, the
application of the preferred nmethod for HPLC based R
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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s and LLS analysis to an AHS that was reconstituted froma freeze dried
state. Wiile AHS isolated froman iron-saccharidic conplex has never
before been reported, its ability to be freeze dried and recong&%tg&ﬁp
wi t hout deconposition, degradation or iron aggregate fornmation

particul awbysgestain. An original 2.5 nL sanple 10 vol ugerAfseiusaos
iron-saccharidic conplex as rel eased, SFGCS, taken froma sealed glass .

anmpoul e MRS -SERAY Al Q-'Q:dl@)tl%nEE a@%ﬁlﬂi&e]d and tﬁéagﬁhgn%}godwoffgéﬁ ts@:thehow
pressur e chronat ogr aphy net hod preparing. substantially excipient free

AHS. Fr adfeoRbseremt aﬁnﬁﬁght hEdresiidds ercaBienty | cRE Sl tdestlY bEthvapaved
One veek m@ftefe fieRA8 ndbYhPged twit@S il LRGQASLELULRArdd tas Ori gi nal vol ume
(2.5 nL) wwth HPLC grade water. A 500 mcroliter volunme of the 2.5 nL
reconstituted solution was 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 Rl signals not only overlap, consistent with the
chromat ographic profiles observed in FIG 1, but there is no evidence of
any iron aggregate formati on or AHSAP as observed in FIGS. 6-9. By way of
this exanple, HPLC with Rl and LLS detection is also shown to be useful
for nonitoring the quality of freeze dried AHS. 25 Exanple 11 was carried
out to conpare the response to freeze drying of untreated versus treated
hematinic. Three sanples of, an iron-saccharidic conplex, SFGCS, as

manuf actured and conprising AHS, sucrose and residual excipients were
subjected to freeze drying. Al three sanples originated fromthe sane
production 30 batch as released in different glass anpoules. The freeze
drying nethod used was the same as that applied to the hematinic in
Exanple 10, but contrary to that exanple, the AHS was allowed to remain
with its excipients during the course of freeze drying. The experi nental
obj ective was to observe whether or not there were any wei ght 35
disparities in the final freeze dried product due to the presence of 60 3
May 2005 WD 02/056826 PCT/U SO | /45205 hydrophilic excipients conpared to
the sane product freeze dried in the absence of such hydrophilic
excipients. Results are summarized for the hematinic dried with its
excipients in Table A 61
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3 May 2005 WO 02/ 056826 PCT/ US01/ 45205 Tabl e A Sanpl e Sanpl e wei ght

(g) Water

210. 33079. 92. 169 39.48178. 22. 070 Mean

renmoved (% *Freeze dried No.weight (g) 110.41477.32.373

* Expressed as a percent of original sanple weight 5 Three addit M3hapos

sanpl es o@otdm,&?gns hematinic batch fromthe sane
A were obtained

treat nent

Fraction
hydr ophi |

e J.U Ot T 1 lTbI UI < O hI . U] CL
drying as §§ |be § 51\;8 i e%h (sgﬂar Wétg% fem}%?e t ) %%bg 2 (?IIEE?? ﬂ
Sanpl e Sappte v"ve1—gT. (g)‘“‘tc* rcrm”'"‘ {“A*Frc Ze—eh ed i@—w—g%ﬂ-igﬁ—*.
19. 50093. 500 643 27/ 84003 Fhd 498 33 20001 47! 73 Moan-sd6—847>
2.66792. 82 OQ'IOQ 461 0. Ty 3P8 « Exps sss-ed—ay—i-pement _g#_origilﬁu! SaHp!
wei ght T test reshlts. cl gaf@jﬂ thw that. _y_ru_g,h.&jag;_ggm_&gie
of water Tﬂemrtowéd f r 5fn e 3 ArpRes Subj e@8el #t d-dol um sedagt i*ofl - 13Ad

i denti cal

been descri bed Wnﬁesrseﬂeaerm@etr@enZOCJ@awfigiuﬂlaér sanbbeliwedghs,

under stsoodhat these erbodi

princi pl es an
under stvodet et wedr d0s Taddef ifcavexmsobipadird rrﬁmntéliwemtl | wrenensdy e

be

enbodi rrenteg.n ggqeghat i her,

fromthe

10

15

25

source gd<J,@ Table
arrpoul es and subjlgaé%' ot , _

E EC colum as descri bed above
e AHS but mnthout t he associ at ed

romdi fferent unopened
chromat ogig

(corrprl sing't

in a low pressure
1 of each sanpl e

sd10. 075 0.42178.5 1.12.204 0.126

conditions of freeze drying. Al though the invention herein has
it is to be

fart%err%ra‘ﬁlley hel’nLaEﬂl{r.at é’t?cl‘pf"’ e game

the present i nventi on. Is t ere oreto

appl i cations "o

A ment.s VI S 25 w thaut n
sp|r|t and scope S?Stéﬁg&gres@gnt%%%ﬁe?%n gg % lBQ m"{r‘e

chromatographic column as described above. Fraction 1 of each sample

{comprising the AHS, but without . the associated hydrophilic

excipients, including sucrose) was then subjected to freeze drying

as described above; results are summarized in Table B:

<

g

Table B
Sanple Sample weight (g) | Water removed (%)* Freeze dried
"~ No. weight (g)
i 9.500 $3.50 0.613
2 7.840 93.70 0.498
3 3.200 91.47 0.273
Mean + sd 6.847 = 2.667 92.89 + 0.10 0.461 = 0.140

* 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
it be that
of principles
it to be
the

understood these

the

particular embodiments, is to

embodiments are merely illustrative and

applications of the present invention. is therefore

understood that numerous modifications may be made to

illustrative embodiments and that other arrangements may be devised
without departing from the spirit and scope of the present invention

as defined by the appended claims.
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as defined by the appended clainms. 62 3 May 2005 Clains 1. A nmethod for

nmoni toring an iron-saccharidic conplex product said conplex conprising at
| east one active hematinic species, wherein said nonitoring is 33@29&%ted
during a time selected fromthe group consisting of: (a) during e
manuf act Gtaimg process for said conplex; (b) at the conpletion of the

manuf acturing process for said conplex; and (c) follow ng. manufacturing of
saiH-conﬁI@@,h%%(ﬁQﬁnTﬁﬁltﬁﬁhﬁﬂi§Pndﬁ?ﬂ‘%ﬁﬁé§%ﬁ¥é}qkﬁpﬁﬁl?ﬁagfo HEEactive

hengg&gigomﬁgg%i%%ﬂ :saikd, cqmpl ex to obtain an anal ytical response
characteristic of said corplex and (2) conparing the analytical response

of taadtatorecasttove dvimiaterhemaspaictespecriesre i asaddantfatid @ortespdndi ng
to said at least one species. 2 The thod of claim1 wherejn saidc:tinme
ol FRIPHGE s End GF S3TIPChRpl Gr s FromraBan s Seeitf oS Sbou
fiveayealisriny tThe neimothof uel g mpk-odeyLi Bosaidhiahaktyinptak; r egponse i s
obt ai ned using at | east one anal ytical nethod selected from the group
conkhst iGNkt 19HhO Ls chle e Mg | PERAES S ht ShatBgraphgrptex:

ul Lo of&f Sﬁ%ﬁl%ﬁsffgopmﬁn\a'f%dc*eﬁi@e%r 0S50RY ;c&fimi-ned Julily aybehet and

vi sibl'e spectroscopy;” ultraviolet. "spectroscopy using photodi ode arrays,
vi stbinprispegt r d3¢copgnadiyagnghotbdi odé aleagps andeconbbawd uhematislet and

vi si_ bl e, spect.r oscopy, each i ng phot odi ode arrays;.  _4 d copy,
ol CERFBHEBpi 17 cetibhoc BT SR Bal Py rdihy wonariyt o LGeF s SRSEhhEE
anagysiacteiricyliar o €@ sBn@ndxoRincal 2§ oty itios peisi analftiosescent
spect roscopy; Eola[inetry; pyrol ysis mass spectroscopy; nuclear nmagnetic
r esbhapeBsspeet r Gsdshyatdi ¥¢asentans §€§ﬁﬁﬁhg?eEéFbPFﬁEt?@?C%¢ﬁuFﬂ’ a
Chr OFRAQGLAPRY: RSB RRACH RICWia MBI 11 da s @SShS ! L Aoer N
desorption/ioni zation-nmass spectronetry; capillary el ectrophoresis;.

i ndaict i vEby- couptlhed - ptasnel spect Lomedratefat onkegidabsomgt | dmllowing

:e'rﬁ&m@%emﬁﬁg Rl Y51 $) coPALYSsS, UEiLhZAgradlQackiyR k30teRRs.
including radioactive iron; antibodies to hematinic substances;. retained

solfyee 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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-63- AVENDED SHEET 3 May 2005 follow ng fi ltration t hrough a nenbrane
filter having porosity in the range of from about 0.02 to about O0.45

m crons; high pressure |iquid chronmatography coupled with Iigh% 205
scattering; and high pressure liquid chromatography coupled w M Y
scattering and including a mass sensitive detector. 4. The nethod of cIaim
'3 wherein said analytical nmethod is |ight scattering enhanced liquid

chr omat 0g68Phs ng £ AFRLRO eﬁralaar%lmmﬁ%@ Si‘h@ei-t Ay ngsrag&e

hematinic species i s nonitored usi ng pressure ui t ogr aphy
coupl ed Wt FBE ghtnS aPferiFR aRBPYS s’"-d’r2 h?‘ghabB’F%ssQJf%SI Pgxpne; high
chr omat ograpiyreolfleed an &Hm_-d;m@hégﬁaphpe o1 ednakits Slé@@;tl r@éyﬂt 881y ;

concentr 0Q, ;S Si ti ve et egt.q he t hod of clai
i ncl udi n%%% &pFof i q" 15 %1 at i ﬁﬁrgréla O%FaFgﬁstc%ﬁgaﬁgt i Végﬂenlaﬁl?ﬁc
speci es mtﬁ@mn@t Andi ngr:éaddnanal yEissalsenegs povee dewhsredn. sai d at | east

one active hematinic species is selected fromthe group consisting of

sodi um fér ri CRF UBBREPE HnpfeRiTn *sufhesein f EFifcATildrioksdd Swshese is

conpl ex Zaintht efdd e SALshasaheneoapleyuid chbengetheddfy claim 1 wherein
said nonitoring is conducted using at |east one net hog’ selected fromthe

group d&onsi sthegmethbighmt scaeter ilngwhaakysi said canbilwisononet hative
concent hRlki-QR SeNSidiaed et 6 Ol a3t | gy h>< &%sar@é YSiSmuia

el ect rochem cal anall_}m s, electran Spl n resonance, ectroscopy and
ul trace %aF g RoRAt ity b%‘i‘?\gseab*aﬁ%ngf ¥atFngrt fdab

presencpr@bsm:@] hgqnegatce;rcﬁnaﬂ'@a@mﬁod:o&blélaalmt?hV\Athtﬂ St HelrQhhgy
aggr ega o]y1] d nt| on_ot her han i Qn- accharldlc
conpl exggsll%?ﬁe dhslgl o]T%'H:}*‘)’f"E ée/?rgﬁf:ﬁaéza? |‘F"r6ni A9Gr ec{ga S%

averageef ornpha wekgbt off fd‘lmnnatno,utfuﬂiﬂlﬁ)ef)ODntmuabﬁgt th3;, GGG 000 Eﬂlﬁ@tﬂ

0. met hod of _cl ai rq]? wherein said nonitoring is used to _calcul ate

an occuf?8ﬁ8§lf‘§tl%a*%r 359 oh=Bfherrthaficre¥e3 MaipweEe species before

obtaining said analytical response, wherein sald at least one
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 absgorption, 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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i ron-saccharidi c conplex and wherein said occurrence ratio is |ess than or
equal to about O S. 11. A nethod for purifying a conposition conprising

i ron-saccharidic conplex and diluent, said conplex conprising t | t one
active hematinic species and at | east one excipient, said iroﬁf¥3%§ﬁ ridic
conplex suitable for parenteral adm nistration, conprising substantially
separating said at |east one active hematinic species fromsaid at |east
one excipient. 12. The nmethod of claim 11 wherein said at |'east one

exci pi dnoncerprdlsesidi norompiet mwdl Wieaet by sadichpeoAeHE T eRFe Phethet ASd of

clain1a§ég?%%§%ﬂ<§9ig 1! gastp8ne @Qgiihenatinically active conponent is

sel ecté e grotp consisting o ron-saccharidi c conpl ex synthesis
reactigq, by- pra@du4aiss umgact ehdirfeimpacehar iclnp GOl 6 Sysbthesising

starting materials,, jron-sacchari di onpl ex degragdation-.by- prod ' ste
gIucan%FOBGPﬁéFﬁﬁﬁﬁﬁﬁl%a58ﬁﬁ F&ié“Fgcgbﬂgg?“'56%Vb tcﬁma%ﬁ%LéEWPyﬁé%nﬁﬁe
met hodatof 1ehaitm Lind urddeivé nchadinimihe spepiek f mewke 2Wr yiggEsai dnat

| east gpe.act| ye he?glifcpi C sPecies.-Ad-idbe ne;:gg,g)l(éfx cl aim 4, Wher egpy-sai d

di | uenf™sFwater an reeze drying conprises the follow ng steps: (1) said
CONPOSHhi-@At ELAP 4 §h NG Sai Lt iR, | wenpeiBihgi eubspest sl andseibpd wmntng ssdizen
to a tenperature of less than its eutectic paint %r | ess t.han itsl g%%§
transi Bltor a@mpercditr @<t Hee eB\eNdF iPAG | EREAAE Dr it ngGoa! i 8§ i ntérface
t enper re;. . n i ce condensing surface capabl e of reaching ‘
tenper?%%?é?“ﬁ%gkggét about 20 C colder than said ice interface

tenperature is provided; (3) said frozen conposition is present in an
encl oskze Thewhielthdier eofs pteiidedla VASHFHTtapeBdLe oftfeva@rdy orP19- an

absol L. Pr eSSHI 8ol 3D UK Drdd @i abest 140 apai vantdoddnant d frozen
conposition is exposed to a source of thermal energy sufficient to cause

frozeniyat erh@r esttodt @f Jotapm, THgwhgPpinx lvd JE8 8$7tlEad1B] vhe3 vy~ 2005
hematinically active ccompenent 1is selected “from the group
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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sublinme to the vapor state and freeze on said ice condensing surface. 16.
The nmethod of claim 15 wherein: (1) said conposition conprising said active
hematinic species and diluent is frozen belowits eutectic poigk% %%% sai d
i ce condensing surface is at a tenperature of |ess than about - V¢, (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 C

t o aboB¥PlgBeC tQ7thehe’aRIhoft 2t e ckaidm dnesper 6in Swald scep pmdensing
subst apthi-abky . separating conprises treating said conposition by passing
said conposition.through a chromatographic colum and separating colum
el uat e1&nt oTheastdtonsd diB. cIdin e heidepé il ai m 17 wherein said colum is

selected fr t Qr 0 onsi.sting of a_.hi.gh pressure liguid -
chr omat ogr af)}g?/n coeaulgr{h %%3‘ éjrééitilgnexgloﬂgr&rf 1%?% or?ﬁlo%r gﬁﬁg%olhffrnn%"‘élé’c%

col urmeeenpesiang glishmrtoniar £ yirase. bdYow Thesnetthed tafc apaims 48 wher ei n
said statiopgsy RRase ike %@h@eﬁgﬁq‘erxg&yﬁae@ GhY ogRt QOr aRhYeCRLUPR of
conprises crosslinked dextran. 20. The nethod of claim 19 wherein in

addi t i DTPT o-B&Pd 3euY 648 Grie active hematinic species said composition
further co(Pyi sesian vac@nunagoy egat &€nhabsb@uz ey Boid @re Weif gliit-ol gherat t han

said af 4e C& gggm@ctai \b%_heagpéi nic species and said separating further
conpri ses:af g i'dentifyidg an ‘el ution _conpositi on profile of said
conposi ti ont4kai 2ECutSBVH R o3F | Bherpagr ienengat iFeasmtrelled atuirem

conprizHAg Sasd FHORo ABHRIAER, <& .second el uate conprising the at | east
one active hematinic species of said iron-saccharidic conplex and a third

el uat econrhisi ngtéxed pfentlsaimuingesereiacekhdd wightof opebsthhahadaid at

| east | Pl 9% and; £2 . ti ' brst_ag

i SRea e ¥FoR g2, WA Tg, M AT bonBERALIC G fpdst L' 5E80
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

—-6Ee-
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21. The nethod of claim 20 wherein said elution conposition profileis
determ ned using at | east one detector selected fromthe group consisting
of a laser light scattering detector, an ultraviolet-visible léﬁQ%ZWE
transm ssion detector, a visible light detector for detection a ne or
nore defined wavel engths and a refractive index detector. 22. A nethod for
produci ng a hematinic conposition having inproved storage stability using
t he net hod of anﬁ@one of clainms 11 through Qlaig116 i ncl usi ve.

: 3. An
i r oRlsac @ | Bethe8msifexctad®r ix nyharetBas® Ghes _uﬁéf’f‘\/ec%’%?ﬁﬂ%fgnspeci es
havg&ga:arleabsgl UhEt 8Phesularyehghtat oflealat! cast abowwcdod, 09Ol Batedns,
said at | east one active_ he I ni c_gpecies, s ct om
cond®&M nd'ot fEFPPR . AYEO cf'én%onﬁ?exai ns'.l'sauf’gér]:gse,i(_il %&i urrﬁ1I er?%%y’g uconat e
conpegectiar,s uen 058 tamor ifcdreat o satichar atahtonpraxewheFePR sHEEEBRPtex s

subst tdially {188 OheXGLRLLNES: 2dredhecronR! &hof o8l didRe23ashenedn said
exclpients are TPpresent at less than about 5 weight percent. 25. The
conBRER1lERSERS MY AT BIAr Y 2REFY BRTEEPE - present at | ess than about

2 mgbghtAPQ£ggﬁhd 26, The LoIPl &x af ﬁéﬁ%gﬁggcfu£$ﬂ§55§9@BEJSﬁggiﬁg!'qU|d
sel ecfed fromthe group consisting of solvents and diluents for said
comphexoand Bkxkugessabhbsat dy sokveat shandedhbdentsan27on®hefconpliex of
claim 26 wherein said J]iquid conprises water. 28. The conpl ex of claim 27
sui LabFRr PN sdrdht &F at iA@Y Ai st ration. 29. A storage stabl e’

| r op3 sacaRar iiGioe: -GCRARYIR-IGIWPr | 6bRfglak |leaghrigimdctave RerdtH nianespeci es
havi ng.an absol ut e nopl ecul ar | f a ' 0 ns,
sai%'-:gfvel o one ActPve fénd |‘ﬁ?€§s%§c?£é}§£§g\§%%t gﬁéﬁf?%‘?ny?%eqbr _uﬁptp

corsf saitnglefst epbicaithylP OxP e dBat xS i negddr.cite, 188Ftun?P eGSR uconat e

CONPL Gt § A1 SUSpHRsE «aNE HRIHH & 2866RAEALE gr@hpAABNRERSERVY 30 £Mae 3405
N e U R R L A s e S
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 com@lei of claim 27 pguitable for parenteral
adminigtration. ' L
29. A storage gtable’ lron-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 A
consisting of ferrie hydroxide complex in sucrose, s=sodium
ferric gluconate complex in pucrose and ferric saccharate
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30. The conplex of claim?29 wherein said excipients are present at |ess

t han about 5 weight percent. 31. The conplex of claim30 wherein said .
exci pients are present at |ess than about 2 weight percent. 32 L_hﬁg},zoof) :
reconstituted hematinic conpl ex produced by the process of COH%IH ng the
storage stable conplex of claim?29 and water. 33. The nethod of claim3
wherein at | east one of said analytical nethods is enployed to determ ne
at | east one characteristic of a hematinic conposition conprising purified
i ron- saempakidi CicOPPLEX Y thgpTRRUf 3Gt Ureuebr8akd a1aqPOSEEEON ANd at
the tine of conpletion of manufacturing said conposition and, optionally,
at oneSBFIRHFELE AR “AkS%after to verify that said at |east one
characigrisiigc O%or#éﬁ“e?{ coupoghLign L Ssybstantial Xd”“%%&%’}%%%ﬁtté he L me
of conpletion o nufacturing or at " one or nore fines théreafter S
subst ap¥¢aehy afcRargedHarombputa| Levorghdppeearesree- of said characteristic
during_manuf acturing_of said conmposition. 34. A nethod for purifying a
conpositi onT@BNpFPEPAGX | PEn- SageRar? 8i et Rx Smicdi FEEAPIe84Ed 88/pl ex
conpr istegenat ak easbs0kbadC HictitheTald It Racd«as: - and at | east one

exci pient, conprising: (1) substantially separating said at |east one

acti vedhenst i neconpbétateldt damsdiithial ¢ousteneroduciedi it ;thandrocess

- opti onad | domtb a1 b eERE HEvhigesairdrale lRaghAN&r a0fd¥e BEMBLhiNLGraReci es,

wherein said step of substantially separating conprises treating said
CONposBsi oy pasticr) saf d claadaposi t wWharkbfhough aieheenmabagr apfi csL£phum
and se j (of0) lLua into.fractions,.at least one of sad
fracti %ﬁg%%i s‘%‘%gﬂgglsd %gti%“f_sg hevati e sdp%tpl”rens‘fnﬁ p'-“-§.68ie NOSE . 3
May 208%ABECtariethsd Flora phemayingca commpessitiicon comprisiimy ipwrified '
sacChaliéhcss00RbexaaRd Udmedx S@:LiLONPRRE! | QR GOFPEESERT Y I £A81 one
acti vecgtgrrgéi nic specc?es t( and at | east one _excipient, said
i ron-sac 27t €8 c ot eRTsuF PEbITE For ChareiitRt <t F 5t M GRcturing
conpr i&r¥dy: (IymBebEtanti akind, sepatdldrad lgai d =t |@ast oone méhis f dmesai d at
| east e -xGidEeBb LRAMAUNE AN AHS- 2£0RLALR NhPNAREra2RA L) 0 Wed
said at- Ic{aast one AHS. ] . _
sai 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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36. The nethod of claim35 wherein said at | east one excipient is a

non- hematinically active conponent selected fromthe group consisting of
i ron-saccharidic conpl ex synthesis reaction by- products, unreag@ﬁp

i ron-saccharidic conplex synthesis starting materials, iron-sa %PP&R ¢
conpl ex degradation by-product, waste glucans, polyglucans, saccharidic
| act ones, solvent and diluent. 37. The nethod of claim 35 wherein step (2)
conprises freeze drying. 38. The nethod of claim 35 wherein said step of
substantially separating conprises treating said conposition by passing
sai d conposi t3bon thr omgbhad clibemptuedEg@phi C ac ot atipb sAnd onsepapat sggt Neon-
col um eluahe into fractions. 39. The nmethod of claim38 wherein in

addi ti orf 685U Gt COMBASY el AfiSLUuenid ééﬁ‘éos‘iqﬁlpé’ﬁlﬁjimﬁ héron@éﬁﬁrllngesa’én

iron ag@%%gat%n@av%@gl%ennh@ﬁgkﬁﬁlﬁe'9€§ Qhegéﬁ dan 54| d at lheastk gne

AHS and separating further conprises Identifying an el ution
conp05|ﬁﬁ@npp¢@tlIeS@idsenIbnnﬂmpoéatu@ng sadreb led:ut isori tpboti | €or copgransiahg

t | t, t . el uat t
o et T SR SR I10 BB A0 203 2050 80,2 30500 o uate
third elowat eaHgonprdmsi BE iQXCh Pi Bdas thayhBg @xdD) LG at o Wir@Rlckowar hhan

said at | east one AHS; and éz separating said first and third eluates
from sai’@i$@dBRaIePhaEe;: 6an ueaifnabrkgasitecnt Avdnuf act ure

conpri sing a3§ea|%%EAHggkgh?SQ%FZ%?QﬂJFO@%a'Pﬁ?rggﬁre§§19r¥. LYE: one

hematinic species recons ution and parenteéral” use:
41. An axtiipliendf isaauhacthemes cionprildiyngcaiseatedpposech sdlrec esiedired thal
havi ng contained_therein single un|t psa of drg active hematinic

Speci os ICAE) COFLEDIM 19 L7 ORGTASEREnifbon AREP B oft Biigs ids & Cagb10mh By

articl e pebaneay!f acinmed @edCl air@h40; c WETiGIHR %%mgléézls En SR A6t ed drempthe
group consisting of ferric hydroxide sucrose conplex, sodiumferric

gl uconafiétephplex iamd- ﬁ@@@h&i%ﬁm@ch@@@ﬂkﬁ&:oﬁpge&daﬂibn by-product, waste

glucans, polyglucans, saccharidic lactones, solvent and diluent.

37. The 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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40. An article of manufacture comprising a sealed
containei having contained therein dry active hematinic
species (AHS) suitable for reconstitution and parenteral use.

4]1. 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.

42. The article of manufacture of claim 40, wherein
said AHS is selected from the group consisting of ferric
hydroxide sucrose complex, sodium ﬁerric gluconate complex

and ferric saccharate complex.

70





