Compositions Useful for Reducing Nephrotoxicity and Methods of Use Thereof Background of the
Invention Numerous drugs and other substances are known to be nephrotoxic and can cause renal
failure through a variety of mechanisms including direct toxicity to the renal tubules, allergic interstitial
nephritis, and crystallization of the drug within the renal tubules, which can lead to acute oliguric renal
failure. Nephrotoxic drugs include anticancer agents such as cisplatin methotrexate and doxyrubicin,
non-steroidal antiinflammatories (NSAIDS), s.C |nh|b|t t| iotics

aminoglycosides, amphoterlgméﬂﬁm@fe@; g@éﬁ%ﬁ%&ﬂ% é erase inhibitors,
angiotensin Il receptor blockers (ARBS) éﬁgmﬁgﬁgﬁp@@%gp&@st media. A need exists to
reduce renal damage caused by nephrotoxic drugs. Summary of the Invention The present
invention provides compositions and methods to reduce renal damage caused by nephrotoxic drugs.
lituted oligosaccharide, a

The invention provides compositions Com%{ﬁi@‘@ﬁhﬁ%?&%@% was
nephrotoxic drug and a pharmaceutically acceptable carrier, where the ollgosaecharlde is present in

an amount effective %mmmmﬂmﬁﬂlmﬁfét@@@@ﬁ%éﬁ aepkecttig and oa%so provided are

compositions BangReOHERAHNERIAIONGRIE 6F ERMRHSIRG Mﬁ@ﬂg@@e&@ﬁm@%\e&ompound
having nephrotoxic effect and a poI anionic oligosaccharide where thei‘%lgosaccharlde is present in an

amount effecthfBabieResariznnr EiHaripHib e caEimimR RSP A ctive
compound. reM%Qﬂﬁmﬂ%ﬁﬁl[b@d@d’ﬁ@if&@i&igﬁfﬂi&éu&iﬂfﬂme rre@imﬁ@m effget of a

pharmaceuticall ive.compound comprisin ontactl the com ndW apol anionic
oI|gosaccharld@gﬂgﬁﬁ%’r‘fﬁﬂﬁﬁrﬁ%ﬁmo@%ﬁ@stﬂ'gg%%ﬂo i, ga‘ﬁé)g OC|ated with a

nephrotoxic drsgpitial mﬂnﬂdmmmsn@&ﬂmﬁ)sﬂmm Eﬁhﬁﬁnﬂn&ﬂmahzmbmﬁesl(mg.pomprising a

cyclic polysaccharld sulfate, theﬂ hr%tz kpngag %dr ngmd op lly a pharmaceutically
acceptable cafner Bier urhmzfry o?rt‘ﬁ igures IEQ *Pshows Soltb %Study results with

methotrexate @uTH michasiptisolrinibigerecugiatidiinsi cateptoF ijarkezs{Adiiis xdiblysatrsiogy scores

indicative of tolj;aa(xilé Q d&mgg Xelln oligodendrocyte-glycoprotein (MOG) induced experimental
autoimmune ence e?tls ?é!&g mouse model following treatment with MTX and MTX + captisol.

Figure 3 shows chme‘éﬁ@é@r@éséﬁ@rfﬂ@@@ﬁéﬁﬁl\ﬁﬁﬁlwwm whEPasHE FEAE mice. Figure 4
shows renal pathology scores in kidney sections after single bolus intravenous MTX with or without
concurrent captisol at different molar ratios in normal mice. Figure 5 shows renal pathology scores in
the kidney tissue of mice 24 and 48 hours SterHasHEREIRKEBHSE with or without concurrent captisol

at different molar ratipge Figddie Riehiaivs thevtaeatpathology SeoresHpde gaxetdbigitainduced
nephrotoxic model for each treat roup at the level of superfigial renal cartex. Figure 7 shows
the renal pathSfeRFSCAYES QTB?"F?F@’ 8[?3??1%%@% @@&W&%QB V‘éﬁﬁﬁ SRR bicin + captisol at the
level of superfigiabrangt eneeinicallkigiaifsialigdhedineaiz patbogydeaies imddoxorubicin

induced nephrqgtoxic mode for each treatment group.at the Ieve of. eep.renal cortex + outer medulla.
nduced nephigion achfeatment groun 2t e evel of deen renal cort

?’car?qc ?ﬁ%ﬁ scorg”xén’feof‘ In reate Pﬁeaoxoru Icin or doxorubicin +
captisol at themoéﬁwwwémmmélmmmmuhanﬁ@m@m Sffmiveftﬁ@ frean scores at the

level of the Superficiqhggrﬁe&,;@sd arve compositions having reduced nephrotoxic effect comprising
a pharmaceutically active compound having nephrotoxic effect and a polyanionic
oligosaccharide where the oligosaccharide is present in an amount effective to
substantially reduce the nephrotoxic effect of the pharmaceutically active compound.
-Also disclosed herein are methods of reducing the nephrotoxic effect of a
pharmaceutically active compound comprising confacting the compound with a
polyanionic oligosaccharide. Additionally, methods are disclosed for inhibiting
nephrotoxicity associated with a nephrotoxic drug, the method comprising
administering a pharmaceutical composition comprising a ¢yclic polysaccharide
sulfate, the nephrotoxic inducing drug and optionally a pharmaceutically acceptable

carrier.



cisplatin and cisplatin + captisol treated groups. Figure 11 shows the pathology scores in a cisplatin
induced nephrotoxic model of individual mice in each treatment group at the level of the superficial
renal cortex. Figure 12 shows the mean scores at the level of the deep cortex and outer medulla in
cisplatin and cisplatin + captisol treated groups, Figure 13 shows pathology scores in a cisplatin
induced nephrotoxic model of individual mice in each treatment group at the level of the deep renal
cortex and outer medulla. Detailed DeSC#P{L?@Q&:EQQIJﬂ{FEHWi aresN€ compositions of the present
invention typically comprise an anionically substituted oligosaccharide, a nephrotoxic.drug and
typically a pharmac®igivallyshowselbhslita siboresie Wﬁ%’ﬁ?ﬁl% A, The
oligosaccharide iﬁg)(g&s&g&i@ Afnampunt effective to substantially inhibit the nephrotoxic effect of the

drug. In one énm iment, the oligosaccharides are supstituted with@%ai{élor %h&r %d moieties, such as
ithtea°o igos ¢Charide is a

cationic or anionic sElSSIRGEHRVITEIGC RARPHTE STRE S MOHREIR 5B
polyanionic Oﬂ%ﬁg%@&g&ggg}ng SHHOCeBGNhaeg sperinsmalenanionivisubstituents
selected from the group consisting of su fon%(;ie fate, carbﬁgl%t%tgr]‘ﬁ?@a% d phosphate. In
another emb&#: ol S acoRPS & ?ﬁéﬂ DoteERSHUE Slifaté. Preferably an a, 3 or
y-cyclodextrir&&g{@@e. The present invention also provides compositions having reduced
nephrotoxic effect comprising a pharmagceutically active ¢ ' i aducing effect
and a polyanionic of@%‘é‘ﬁ&ﬁ?ﬁ’r&?ﬁ@é@ﬁ%f)&%@é@rugg%[ﬁ%gﬁgﬂrgﬁg&%?%?%%%ﬁi@g to the
kidney, or anggfitgigemponents. Substituted Oligosaccharides Substituted oligosaccharides
generally refer to oligosaccharides hayi : ' =prafgrably a charged
or polar substituent. %r%%g%‘%g‘rgcrﬁ%%%%n %%gg%%?a%lﬁngﬁﬁi%ﬁsﬁggﬂ Elbou,t 5 to about 10
sugar units afiiatiseensMVEEEwilreighithonhermursb saniea sherans mEsHHAbBut 1300. Where
the oligosacchgrrligg E.ggionically substituted, it is generally preferred that the substituents be selected

from the group conS|s%|ng of sulfonate, sulfate, carboxylate, phosphonate angd S groups and
combinations theredfighie SelnsuerenbRetbiparcieiRy prte %?ﬁ%%@ﬁf@#g%#@%gm of from

about 05 t0 oyt euBsUiuRis AeAeRsAL:Raneilbnpistar e dealposifforssears timse based on
oligosaccharides having about 1 sulfonate substituent per sugar unit. Other preferred compositions are
based on oligt&secharides having from about 2 to about 3 substituents per sugar unit, wherein the
substituents comprisgrfate, stigfianate anddar phihshgtessotostifuentsdoxorbitimsincesierides are
chains of several sugar units sych as glucose units, connegcted thr %&M‘i@ﬁ@ig oxygen atoms. As
used herein, REPBIAEIRGERL ‘Eﬁ&ﬁ?@ 5%%%rﬁ¥%’&°aat?e@%eﬁg%‘§2§%§%gar or jsacch%ride units, as
compared to a mongmgeic Fupaksniiofane pefhatogpstons et imdigevst ragel B53EgsHEEharide
having twenty or mare .of sugar units and high cularueight. Whilealhsuggligosaccharides are
believed to be P EHRTEIRA; ﬂwrg%é%%gec%?%ﬁ%%%%elfm aner%il})n,»the oligosaccharides hereof
preferably have abo@idute @hahos6 shecharide pailelpsst HroREUIR PhidPEREREBEEFSERTS to
unsubstituted sa ch%rlxgces Q&Y'%&%E%ﬁﬁﬂéﬁ' S 2D Fore 2hRut:eRE) wabou dded.
Ollgosaccharlge% avmg%om about 5 to about 10 saccharide units per molecule are sometimes
referred to hereadwdb'simple” or "low molecular weight" oligosaccharides. Oligosaccharides are usually

otained by procedugea,al gogians inn Shalyeiiemey ceboservihithidestihitcotigrsdositaride
fragments in a broad range of sizes. A somewhat relecx)ltﬁe?rd far%ilg of matelr'ials are th
(= COTtex +

glycosaminogRRIEEb TR PTa Ao SHURIEIL s ETRPARIAY o SAccharid Seton. modlfl%cf by a variety
of substituents gapiaining nitrogen, sulfur and oxygen atoms, and comprising various segments such
as glucosamines, iduronates, glucuronates and the like. Their str tyres, &-yatablebetyeen different
samples of the sameF Hetfive 1&&5’8"%@’? 8% Sccr?(r)er?dar%i aeng?‘ééefrr%?atans,‘%yaluronic acid, heparan
sulfates, and hepainsataaskplamily iapthboivmettcdeivemsrogenous, i.e., mixtures of compositions. Their
molecular weight ranges generally between, 10,000 and 25 000,.;....Subsktised Qligesapgharides, and,
in particular, simple ﬁ%lfgmm(%é%ﬁa%w\/ﬁvé?aﬁ%qé’os%%chandesCW| h polar or char tgilg substituents,
possess the ahilifictoDintadiiab hideysHcormatiaemmironsicsisrebp LR areisid St rugs
Anionically substituted cyclodextrinc are preferred, at least in part, because of the relative uniformity
and ease of pr%) &tion of such compounds, thought other Polar substituents such ag OH may be

used.  Anionic subigitrents shoueldxhynarmy SSPERFh e, 185 @ B ABRY T 118 No.
3,426,011. Oligg harj ; foreaulapRligesaccharide-[(0-R-10- (Me)'in

where R is sel%lgtaégéi%r%%rﬁf'%ﬁga g%%%lg %Bgéﬁ%r?gd% {S%Fa?éht chgﬁteg(?or branched C1.10 allcyl, alkenyl or
alkynyl; C3.5 cycloalkyl and C3.5 aryl, each ring optionally containing 1 or more heteroatoms selected
from S, N and 0; and each of the aforementioned groups is optionally substituted with halo (i.e., F, Cl,
Br, 1) or hydroxyl; Y is an acid group such as OH, COOH, SO3, 804,P03H or PO4, or a
phosphorous, phosphinous, phOsphonic, phospb#nic, thiophosphonie, thiophosphinic and sulfonic
acid, Me is a pharmaceutically acceptable anion or cation, such as lithium, sodium, potassium,
calcium, magnesium, or aluminum, or an organic primary, secondary, or tertiary amine such as

methylamine, dimethylamine, trimethylamine, triethylamine, diethylamine, ethylamine, tributlyamine,
nvridinea N N-dimethvianiline Nmethvinineridine N-methvimornholine dicevelohevviamine nrocaine



conical shaped molecules with the primary hydroxyls situated at the small end of the cone and the
secondary hydroxyls situated at the large opening to the cone p-Cyclodextrin Topographically, the
CDs may be represented as a torus, the upper rim of which is lined with primary -CH20H groups, and
the lower rim with secondary hydroxyl groups. Coaxially aligned with the torus is a channel-like cavity
of about 5, 6 or 7.5 A.11. diameter for the a, 13, and y -CDs, respectively. These cavities make the

cyclodextrins capable of forming inclusion compounds witg hydrophobic guest malec f suitable
diameters. A readS8H5bly I%@SMB%FE%%%%&W & al{}go SEeR T reg%ﬁié% lJ"gfﬁglélétla(::-gf.séribed in the
literature, In geRarAudhese chemicalymadifiet O sailevidrofebetserp antd eofehendrinitey or
secondary hydroxyl groups attached to carbons 2, 3 or 6, without disturbing the a (14) hemiacetal
linkages. A reA&W'Gt such preparations is given in Croft et al., (Tetrahedron (1983) 39(9):1417-1474),
incorporated herein by reference. SuliBtitiisnhssctipiopdrb iyt Groeptiosn the glucopyranose units
would include up to 13 for a-CD.. 21 -CD; far. /- T, I be selected
from dextrins of the Ig[oﬁr%cu ar 8?/10 %e%ﬁ%&%@%%ﬂ%%%gp%%ﬁere o Y,%\%H;%dﬁl?r/e as described

above. As wilsblestippateligosashag s Foephon i B oo PIeeeticeD.  Preferably,

the cyclodextrip will,have one o mere.shhsHiusRkS seiecied f#am the qrRLRigenssiaotydroxyl,
sulfonate, sultate, carboxylate, phosphonate and phosphate. According tQ o% %gﬁggtiment, Ris

straight chainsteenbiane aEwed Steefivgl (g rareipmmsiole R fscRsRieai o R PHS hyl, propyl and
butyl, each opiagalty subsiiiashweithhalniessaveiauts Rasibemiycaratersdaate diggsaccharides

where in one or more groups, Y is SO03. Preferred CDsIare sulfate fr %Lélfon%h%qﬁyivatives of a, f3,
and 7-cyclodeRRIRESPTRERAS GBHOBI S oINS SRS U ot s B RS EFBRR < 2 Ad Moditied cyclodextrin
sulfates and syifenates arpsiessaiiorid in dhelpahiGee pfippeaminplde thBpRsingNos. 2,923,704;
4,020,160; 4,247,535; 4,258,180, 4,596,795 and 4,727.064, eac Ich. IS by incorporated by
reference. Thﬁggx%%eigaje R Qi B ARG TS g?grffpﬁcae%/géggoﬁgg}éegpﬁﬁl a physiologically
acceptable cagimsistindstaridingtéo satfathansmrdaimpints pherayizosphgrobps. e BWhathuted with alkyl
ether sulfonates of the formula.-0-(C1-C8, alkyl)-S0-3. | | able
Captisolf4 (Cy%%%&‘n%eyn%?n Ss(%ﬁ/v ic a%dég gé}:o)ﬁcg%f)gﬁgf ‘éﬁeér%/gs%%fagg gigy%%%g%ﬁ?ﬁving an
average of seven-syifolexirireshfatgroups per cyclodextrin molecule (i.e., O-R-Y is -0-(CH2)4-S03-Na)
Captisol does not exiiit{henapbcalexdi fesaalesibodaniviad anmlegmeniAddiional
cyclodextrin derivatives are disclosed in U.S. Patent Nos. 5,134,127, 6,165,995 and 6,060,597, each
of which is herSfsptinonmsisiagtrbhrateratiedly act e ABPRRG R B IBFREY BESRT I maceutical
agent includingggmall moleules A paRtidasihel capse tenrl damadenponadmieistation to a host.
Such drugs include, by way of example, diurgtics, NSAIDs, ACE inhibitors, cyclosporin, tacrolimus,
radiocontrast AEEREITREPEAIISCUALGTRIROHS ANRRYIED e, calcium-channel blockers, minoxidil,
diazoxide), mitornycin C, conjugated estiogens, quinine, 5-fluorouracil, ticlopidine, clopidogrel,
interferon, valacyclovir, gemcitabine, bleomycin, heparin, warfarin, streptokinase, aminoglycosides,
cisplatin, nedaplatin, FHetHoxs (PAERsagehaIS Sine amphotericin B, cephaloridine, streptozocin,
tacrolimus, carbamagepisieyisditéigasagcharideirgsionely foSudmeligpenseharidiidiirifagelioss
garnmaglobulin, fosfaraide, zoledronate, cidofovi Vir Ihmangit extran,
hydroxyethylsf)af?%ﬁ?{i%{\%gfgﬁaﬁf %Haeﬁ%l%’ gﬁ%ﬁ%ﬁbﬁ%ﬁ%ﬁ%@i?ﬁgﬁ%ﬁgm, qui'n(?:\heéf quinidine,

sulfonamides, dighsatabiariidyisompeeéneblyisestieaides of freaprrbaytoino peeretsugRtiRHin ampicillin,
rifampin, sulfopamides, thiazides,..cnetidine Rsoyiokh, FHaRUHBE! ceorbaleweanDs, cytosine

arabinoside, furosemide, interteron, ciprofloxacin, clarithromycin, telithromyc'%n, rafecoxib,
pantoprazole, Bfheprhzcligesesshande isgarenisaHicabsinte & dbib srreTrivuse Fﬁ@%ﬁﬁﬁ%‘%, fenoprofen,

mercury, interfeson. RAMINLABRAIR. {SRGIOIRNRGUS BhalikHo se amBhAc it inetuikiate,

sulfanilamide, triamterene, indinavir, foscarnet, gancicloviy, methysergide, otamine
dilaydroergot@ﬁﬁﬁ?@ﬁéﬁﬁ?@ﬁ{%ﬁ%@ﬂ“ﬁ%@iﬁ?fﬁ@?ﬁ%@? i egrgﬂmem“‘f

B610%1S Tactor,
chlorambucil, iytgdauking.Rigormem stenrisien Burk urakinvibbladihe slaxviibicin, cisplatin and the

like (see, generally, Devasmita et al., Nature Clinica) Practice Nephrology, (20 , 80-91).
Methotrexate SPSABEBIURTG %%%%W@H’t?f%rﬁ%%ﬁo ?(S’llcﬁ ?‘EQ]SE ig"s¥1r1r(1)é?h%()gt;re(§<§f1e, or a derivative
or pharmaceutigiaty.acseniablaal thetedfsifetintmkaticugNrgef[(@gds unit. Other preferred
diamino-6pteridinyl)meth IL%nP thylaming.Thenzoyli-L-glutamigacid ) i = chemotherapeutic
antimetabolite@?g%ofg?‘ﬁ% ;‘%gﬁgﬁf" (5)? ; 8?%&5%%%% ﬁi%g%%a%?%% g??/kgﬁesgﬁphoma. MTX is one
the most widelyubssid-antipanceragehtwimmdisienpboijad:its méé&ﬁéfﬁ@fshé@w%ﬁ@%eases such
as gestational QIIQ(g)Srigaargc,:‘i1 C rg‘%n%steosarcoma, chorioadenoma destruens, hydatidiform mole, acute
lymphocyte ledKertia, breast cancer, epidermoid cancers of the head and neck, advanced mycosis
fangoides, lung cancer, and non-Hodgkins lymphbmas (Physicians Desk Reference (45th ed.),
Medical Economical Co., Inc., 1185-89 (Des Moines, lowa (1991))). MIX is also an effective
immunosuppressive agent, with utility in the prevention of the graft-versus-host reaction that can result

from tissue transplants, as well as in the management of inflammatory diseases. Consequently, MTX
ran he amnlovved in the treatment of cevvere and diceahlina neonriacice and rheairimatnid arthritic




4,043,759, 4,093,607, 4,279,992, 4,376,767, 4,401,592, 4,489,065, 4,622,218, 4,625,014, 4,638,045,
4,671,958, 4,699,784, 4,785,080, 4,816,395, 4,886,780, 4,918,165, 4,925,662, 4,939,240, 4,983,586,
4,997,913, 5,024,998, 5,028,697, 5,030,719, 5,057,313, 5,059,413, 5,082,928, 5,106,950, 5,108,987,
4,106,488, 4,558,690, 4,662,359, 6,559,149, each of which is hereby incorporated by reference.
Other MTX analogs and related antifolate compounds include trimetrexate, edatrexate, AG331,

piritiexim, 18431389,.L.Y 231514, ZD 9331, ralfritrexed, lometr éﬁgﬁ’.@? Takimoto,
Seminars in Oncolo&h&w gﬁc}gsl%tﬂ%? Sggsr%‘geﬁglg}l%ﬁr%ggr%g%% 52%001) 86?121—27); CB
3717, LY 30988ih¢Gedibrougk giasidin Omeofoypris09e)edoerein thrusBi/ siigProgress in

vedChetn. (193088 4 23 odia:AGAINGRIP SRR A dlosGigiei inay be used for

treating cancer orfor inhibiting the growth of cancer; as well as for treating multiple sclerosis, and the
symptoms assuwiateeithsgawihit Thencoisd sigara/mesibEitss. rPESraREaBTHEN or in combination

with other actiye agents such.asdnterferon,fdsditionaliv dhenampasionsrinexbadgsed for treating
autoimmune gsorﬁers such as Iupus“ga%nd rheumato%ljarthritis. B
oligosaccharides are believed to be operable within the scope of the present invention,

the oligosaccharides hereof preferably have about 5 to about 10 saccharide units per
‘molecule. This range corresponds to unsubstituted saccharides having molecular
weights ranging from about 650 to about 1300, Oligosaccharides having from about 5
to about 10 saccharide units per molecule are sometimes referred to herein as "simple”
or "low molecular weight” oligosaccharides, Oligosaccharides are usually obtained
by procedures of degradation of starches or cellulose which result in oligosaccharide
fragments ina broad range of sizes.

A somewhat related family of materials are the glycosaminoglycans. They are
structures comprising a polysaccharide skeleton, modified by a variety of substituents
containing nitrogen, sulfur and oxygen atoms, and coinprising.various segments such

- as glucosamines, iduronates, glucuronates and the like. Their structures are varieble
between different samples of the same name group, such as the chondroitans,
dermatans, hyaluronic acid, heparan sulfates, and heparins, Each family is known to
be heterogenous, 1.e., mixtures of compositions. Their molecular weight ranges
generally between 10,000 and 25,000,

Substituted oligosaccharides, and, in particular, simple and low molecular
weight oligosaccharides with polar or charged substituents, possess the ability to
protect the kidneys from the nephrotoxic effect of certain classes of drugs.
Anionically substitited cyclodextriné are preferred, at least in part, because of the
relative uniformity and ease of production of such compounds, thought other polar
substituents such as OH may be used.

Anionic substitnents include, by way of example, those described in U.S.
Patent No, 3,426,011, Oligosaccherides may be of the general formula:

oligosaccharide-{(O-R-Y) (Me)'Jn

where R is selected from the group consisting of straight chained or branched
Ciy0 alkyl, allcenyl or alkynyl; Cs.g oycloalkyl and Ci.g aryl, each ring optionally

containing 1 or more heteroatoms selected from S, N and O; and each of the



Antibiotics Aminoglycoside antibiotics, such as gentamicins, kanamycins, streptomycins and
tobramycins, are generally utilized as broad spectrum antimicrobials effective against, for example,
gram-positive, grata-negative arid acid-fast bacteria. However, aminoglycosides are often associated
with undesired side-effects such as nephrotoxicity and ototoxicity. Other antibiotics which may used in
the practice of the present invention include vancomicin and cephalosporin, such as Rocephin(r) and
Kefzol. Non-steroidal anti-inflammatory,drugs SAIDsg ... .NSAIDs all present renal toxicity. NSAIDs
typically are L@WWF@HBE@%BW%F}W@W&' %ﬁté% Wﬂa‘ﬁ‘ff?e h%riéaﬁ%gl? 5 widely used NSAIDs
are Indomethagizang Toradol(r) manufactured by Roche Pharmaceuticals. Antifungal Agents
Caspofungin and amphotericjn B are bath k E?Olf—[f toxic,.andfpay be used in practicing the
disclosed inventionﬁfﬁ%i%&%&%@gﬁgﬁéﬁ a3 %)gr%/ an i§§ C%@gggﬁg 8&?% tose limiting renal toxicity
and may be uskskphqrastisingtiecms photihveitiphosghickeatntsosdiods, ByoskssBiaiample,
cisplatin, dox&;{ﬂc@d %Xcél((;)lghosphamide, butasulfane, and the like. Contast Agents Contrast
agents are injecte N0 & patient prior to x-ray scans. Contrast agents are highly concentrated
(50-66% solutions) idflinaterheompoiicdly rrederltdt anshigleanreshenhrmtiRediRat only a

maximum of g JcL 1 0 69BN aS:AE8RHC, URIRHRHINNRLILEG BRESSANCASKARPIEE of the possible

use of cyclodextrin to protect agairist renal damage by contrast agents include lohexol and loversol.

e
Other contrastesiéfsneminet SHAbE SR mRT odisHRy 1%9@%@&0@% fHelbyaiRtrizoate
meglumine ang.igypgiate. Adminisialitiyandine, pYieesaCH Rt sa betieemplexed with the
nephrotoxic drug, although it'is not believea necessary for aptinephrotoxic pr%ectiv[e effect of the
composition. TFEFARED SSHERLRERG ROyraTs iRTQCAING 0T IS fe drug does

not precipitatexatplibexpigaHyntahiianiind) g ldsineyntbldngdr)NIelibeimtyiethitansiidinhee of the drug
through the kidpey. In_.some cases,. it may he desirable to minimize the amount of.gligosaccharide in
vivo. Simple iﬁt% S W@i&%ﬁ%ﬁ%@ﬁc %aggggﬁf}gaq%ﬁ@pg%arﬁﬁ%’sa?ﬁ%%ﬁggﬁked to

determine theaminimum amount of oligosaccharide needed to effectively protect from renal damage. In

one embodiment, the m |gl;a {Etia%r%% P%%%tiﬂ%ﬂ%ﬁ%%@%@ga% é%&glr&atgarcgwmi‘lchqu may range from

about 1.1:1 to about'50: , preterably from abou to about 25:1; more preferaplx from about
1.75:1 to aboind@yetdatiyuselotad, hetheach substinenthoaekatbe 5ymresr SHEaR pld0 Mt was found

that a mole ra%oead : DoWLadpthnirexals: Garisal ke pwelin keepdRgiheexate in solution in

vitro and provi e desired nephrotoxic effect. Where lower amounts of oligosaccharides are

desired, it is coligesapsbadidank: anardrinsef tliserechyding gl redashed et the amount of
oligosaccharidginhe #emresiionramains fiiciont tereueea renal protective effect. It may be
desirable in some cases tQ have a ratio of.drngéto plﬁosaégﬂarid%éo§er han 1: he{r% for example,
the binding constant/f¢eiBRIE FRBraimErs th fringadprdtatda %éi‘ﬁ ﬁ\ét?g gt a lower rate
than the cyclogextritbilmanfephenafisidbiaipveinopalaniexeassinfaligddeiuibatde. This may be true
for many classes of drugs where the dose of the drug yequired. for a therapeutic effect islow,
therefore, althl?:?ﬁ%W‘tY?e %%’Sf’é ?%[{?61’5? ﬁbeé?s%gc l@ﬁ?aaé%é%ﬁe%\eg%c@ i eeO% Solute ambunt or
concentrationinSdvo TnadsnbiressafyridcredsedoricByshbitincdmpgsiterhamdysdontprise from about
2 to about 50;_fram about .2.t ut 2Q: or fr b bout 10 times molar excess of the
oligosaccharié%@g?lg%?é?%}l% n oemré%cg’]%{ cg)&r%% %&ﬁ?@% about 5:1, and more preferably in the
range of about 2 to dbmirdtirintigosaccharide to drug. Further provided are methods of reducing
the nephrotoxic effeq,of g pAaRBLACAIN AEK i EAMRAALEQDRYBING GARIAEHAGKAE cOmpouNd

a

with a polyanionic oligosaccharide. Methods are inCluded for inhibiting or reducing nephrotoxicity

associated with<&erannerBsisaring, sohprEs RacHIAN SEhtgBaDhaieiediRtal composition

comprising a polyani@ﬁé’gggggmqgn@qgﬁn@@tgg@h(gwgp@mg’pm epdionally-sapitariaaseutically
acceptable carrier, Although it is preferred that administr ion%gr?ﬁr as a single dose, particularly
where the olimﬁ%ﬁéﬁéﬁgﬁﬁ%mﬁﬁ%’ésd}ug{’?ﬁ RSB HRIP TS e effected by

concurrently agipisisianing anRbarsReswicaligamRstiarcaoplsipdiavpdyaniarizdligosaccharide

and a pharmaceutical composition comprising the nephrotoxic inducing drug, i.e., i separate doses.
Where the drfg§ ‘%@S&C&ﬁ%ﬁd%ﬂ ngc%r%igﬁ‘fgg% ﬁﬁ)%ogysrﬁ?aﬁg 8%%%@65 8%%%‘{%%), May be combined
with a pharmagéuiisielihagceriablasariieletolcxamplegaciasedntion grliispersion in an inert

pharmaceutically acceptable solvent or dispersing,agent or, the like.. lternatively,.the
oligosaccharid&’€g %ep%é’lﬂg’fé}r%%%ﬁoﬁﬁf%hﬁ%%gﬁg%%ﬁ?ca?l"{/ma%%ggf% (;ﬁﬂ rﬁca%%ls and
administered segarately adifophitonanitehilyhwittnthe drishelisvithithatvyulodatmbugy dxéfbae or after
administration of the drug. By concurrently, it is meant administration of the separate doses occurs
substantially at the same time such that both the oligosaccharide and the drug are present in vivo.
Alternatively, administration may occur sequentialy provided that the oligosaccharides are present
within the renal environment as the concentration of drug in the kidney increases to levels at which the
toxic effect of the drug may occur. The mode of administration, the dosage and frequency of

dosage is governed by the mode of administration and dosage considerations conventionally
ambnlovved with the nharmaceritical anent Thiie for eavamnle yvariniie ecombinatinne nf the invventinn can




Rate of precipitation of MIX at pH 5.0 in presence and absence of captisol Captisol:MTX molar ratio
1:1 Captl. 1 Tlme_Amount of correction conc. of captisol/ sol afterOD atMTX for dilution MTX MTX
adde d in solution ratio (mM) adding acid 302- 304nm 1:25 dilution (mm) (ug/mL) 1191m1

conical shaped molscuies with the primary hydroxyls situated at the small end of the
cone and the secondary hydroxyls situated at the large opening to the cone,
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B-Cyelodextrin

Topographically, the CDs may be represented as a torus, the upper tim of
which is lined with primary -CH,OH groups, and the lower rim with secondary
hydroxyl groups. Coaxially aligned with the torus is a channel-like cavity of about 5,
6 or 7.5 AU, diameter for the ¢, B, and v -CDs, respectively. These cavities make the
eyelodextrins capable of forming inclusion compounds with hydrophobic guest
molecules of suitable diameters.

A reasonably large number of CD derivatives have been prepared and
described in the Hterature, In general, these chemically modified CDs are formed by
reaction of the primary or sscondary hydroxyl groups attached to carbons Z, 3 or 6,

- without disturbing the o (1 — 4) hemiaéetal linkages. A review of such preparations
is given in Croft et al,, (Tetrahedron (1983) 39(9):1417-1474), incorporated herein by
reference. Substitution via the hydroxyl groups on the glucopyranose units would
include up to 18 for a-CD; 21 for B-CD; and 24 for y-CD. The cyclodextring may be
selected from dextrins of the formula:

cyclodextrin-[(O-R-Y) (Me) I
where R, Y, Me and n are as described above. As will be apparent, nis I to

18 for a-CD; 1 to 21 for B-CD; and 1 to 24 for v-CD.



mglml (Ml 0.002 5 2.71 33.28800989 832.2002 0.8322 0.0018308 1:1 0.002 10 2.291 28.10877627
702.7194 0.702719 0.001546 1:1 0.002 15 2.296 28.17058096 704.2645 0.704265 0.0015494 1:1
0.002 20 2.127 26.0815822 652.0396 0.65204

Preferably, the cyclodextrin will have one or more substituents selected from
the group consisting of hydroxyl, sulfonate, sulfate, carboxylate, phosphonate and
phosphate. According to one embodiment, R is straight chained or branched Cy.1o
alkyl, preferably Cj.4 alkyl selected from methyl, ethyl, propyl and butyl, gach
optionally substituted with halo or hydroxyl. Specifically preferred are
oligosaccharides where in one or more groups, Y is SOs.

Preferred CDs are sulfate or sulfonate derivatives of o, B, and y-cyclodextrins.
Preparation of cycloamylose sulfates and sulfonates, and modifted cyclodextrin
sulfates and sulfonates are described in the art. See, for example, U.8. Pat. Nos.
2,923,704; 4,020,160; 4,247,535; 4,258,180; 4,596,795 and 4,727,064, each of which
is hereby incorporated by reference. These cyclodextrin sulfates and sulfonates are
typically associated with a physiologically acceptable cation. |

According to another embodiment, the hydroxyl groups are substituted with
alkyl ether sulfonates of the formula -0-(Cy-Cg alkyI)-SOs. Inone example,
commercially available Captisol® (Cydex) may be used which is a sulfobutyl ether
derivative of B-cyclodextrin having an average of seven sulfobutyl ether groups per
eyclodextrin molecule (1.e., O-R-Y is -O~(CH;);-S03Na"). Captisol does not exhibit
the nephrotoxicity associated with underivitized p-cyclodextrin, Additional
cyclodextrin derivatives are disclosed in U.S. Patent Nos. 5,134,127; 6,165,995 and
6,060,597, each of which is hereby incorporated by reference.

The nephrotoxic drug may be any pharmaceutical agent including small
molecules and peptides that cause renal damage upon administration to a host. Such
drugs inchude, by way of example, diuretics, NSAIDs, ACE inhibitors, cyclosporin,
tacrolimus, radiocontrast media, interleukin-2, vasodilators (hydralazine, calcium-
channel blockers, minoxidil, diazoxide), mitomyein C, conjugated esirogens, guinine,
5-fluoronracil, ticlopidine, clopidogrel, interferon, valacyclovir, gemeitabine,
bleomyein, heparin, warfarin, streptokinase, aminoglycosides, cisplatin, nedaplatin,
methoxyflurane, tetracycline, amphotericin B, cephaloridine, streptozocin, tacrolinmus,
carbamazepine, mithramyein, quinolones, foscarnet, pentamidine, infravenous
gammaglobulin, fosfamide, zoledronate, cidofovir, adefovir, tenofovir, mannitol,
dextran, hydroxyethylstarch, lovastatin, ethanol, codeine, barbiturates, diazepam,
quinine, quinidine, sulfonamides, hydralazine, triamterene, nitrofurantoin,

mephenytoin, peniciﬂin, methicillin ampicillin, rifampin, sulfonamides, thiazides,



0.0014345 1:1 0.002 30 2.067 25.33992583 633.4981 0.633498 0.0013937 1:1 0.002 40 2.202
27.00865266 675.2163 0.675216 0.0014855 1:1 0.002 0,002 50 2.078 25.47589617 636.8974
0.636897 0.0014012 1:1 1:1 60 2.064 24.56118665 614.0297

cimetidine, phenytoin, allopurinol, cephalosporins, cytosine arabinoside, furosemide,
interferon, ciprofloxacin, clarithromyein, telithromycin, rofecoxib, pantoprazole,
omeprazole, atazanavir, gold, penicillamine, captopril, lithium, mefenamate,
fenoprofen, mereury, interferon, pamidronate, fenclofenac, tolmetin, foscarnet,
aciclovir, methotrexate, sulfanilamide, triamterene, indinavir, foscarnet, ganciclovir,
methysergide, ergotamine, dihydroergotamine, methyldopa, pindolol, hydralazine,
atenolol, taxol, tumor necrosis factor, chlorambucil, interleukins, bleomyein,
etoposide, finorouracil, vinblastine, doxorubicin, cisplatin and the like (see, generally,

Devasmita et al., Nature Clinical Praciice Nephrology (2006) 2, 80-91),

Methotrexate

‘According to one embodiment, the nephrotoxic drug is methotrexate, ora
derivative or pharmaceutically accéptablc salt thereof, Methotrexate (N-[4-[{(2,4-
diamino-6pteridinyDmethyl}methylamino]benzoyl}-L-glutamicacid ) is an S-phase
chemotherapeutic antimetabolite used for the treatment of various neoplasms,
particularty CNS lymphoma, MTX is one the most widely used anticancer agents and
is employed in the treatment of neoplastic diseases such as gestational
choriocarcinoma, osteosarcoma, chorioadenoma destruens, hydatidiform mole, acute
lymphocytic ledkemia, breast cancer, epidermoid cancers of the head and neck, |
advanced mycosis fungoides, lung cancer, and non-Hodgkins lymphomas (Fhysicians
Desk Reference (45th ed.), Medical Economical Co., Inc., 1185-89 (Des Moines,
Towa (1991))). MTX is also an effective immunosuppressive agent, with utility in the
prevention of the grafi-versus-host reaction that can result from tissue transplants, as
well as in the management of inflammatory diseases. Consequently, MTX can be
employed in the treatment of severe and disabling psoriasis and rheumatoid arthritis
(Hoffmeister, The American Journal of Medicine (1983) 30:69-73 ; Jaffe, Arthritis
and Rheumatism (1988) 31: 299).

However, methotrexate is associated with renal and hepatic toxicity when
applied in the "high dose regimen" that is typically required for maximum efficiency
(Barak et al., J. American Coll, Nutr, (1984} 3:93-96).

Numerous patents disclose MTX and MTX analogs, any of which may be
used in practicing the present invention. See, for example, U.S. Pat. Nos. 2,512,572,
3,892,801, 3,989,703, 4,057,548, 4,067,867, 4,079,056, 4,080,325, 4,136,101,
4,224,446, 4,306,064, 4,374,987, 4,421,913, 4,767,859, 3,981,983, 4,043,759,

8



0.6140_3 0.0013509 Catisol.MTX molar ratio 0.5:1 Captis ol added Time after OD at 302 304nm
cp_rrecﬂon for dilution1:600 1:25 dilution conc. of mtx captisol/MT X ratio adding acid AUX in solution
(ifi) (min) nm (ug/mL) Wm! mg/ml (M)

4,093,607, 4,279,992, 4,376,767, 4,401,592, 4,489,065, 4,622,218, 4,625,014,
4,638,045, 4,671,958, 4,699,784, 4,785,080, 4,816,395, 4,886,780, 4,918,165,
4,925,662, 4,939,240, 4,983,586, 4,997,913, 5,024,998, 5,028,697, 5,030,719,
5,057,513, 5,059,413, 5,082,928, 5,106,930, 5,108,987, 4,106,488, 4,558,650,
4,662,359, 6,559,149, each of which is hereby incorporated by reference. Other MTX
analogs and related antifolate compounds include trimetrexate, edatrexate, AG331,
piritrexim, 1843U89, LY 231514, ZD 9331, raltritrexed, lometrexol, MTA. and
AG337 (Takimoto, Seminars in Oncology (1997) 24:518-40-51; Sorbello et al,,
Huematoligica (2001) 86:121-27); CB 3717, LY 309887 (Calvert, Seminars in
Oncology (1999) 26:56, 3-10; Rosowsky, Progress in Med.Chem. (1989) 26:1-237)).

Accordingly, the compositions disclosed herein may be used for treating
cancer or for inhibiting the growth of cancer; as well as for treating multiple sclerosis,
and the symptoms associated therewith. The compositions may be vsed in
conjunction with or in combination with other active agents such as interferon.
Additionally, the compositions may be used for ireating autoimmune disorders such
as lupus and rheumatoid arthritis.

Antibiotics _

Aminoglycoside antibiotics, such as gentamicins, kanamyeips, streptomycins
and tobramycins, are generally utilized as broad spectrum antimicrobials effective
against, for example, gram-positive, gram-negative and acid-fast bacteria. However,
aminoglycosides are often associated with undesired side-effects such as
nephrotoxicity and ototoxicity. Other antibiotics which may used in the practice of
the present invention include vancomicin and cephalosporin, such as Rocephin® and
Kefrol

Non-steroidal anfi-inflammatory drugs (NSAIDs)

NSAIDs all present renal toxicity. NSAIDs typically are used to reduce pain

while avoiding the use of opiate derivatives, Two widely used NSAIDs are

Indomethacin and Toradol® manufactured by Roche Pharmaceuticals.

Antifungal Agents
Caspofungin and amphotericin B are both known to be nephrotoxic, and may

be used in practicing the disclosed invention. .

Anti-cancer agents




0.001 5 1.854 22.70704574 567.6761 0.567676 0.0012489 0.5:1 0.001 10 2.263 27.76266996
694.0667 0.694067 0.0015269 0.5:1 0.001 15 2.594 31.85414091 796.3535 0.796354 0.001752 0.5:1
0.001 20 1.531 18.7144623 467.8616 0.467862 0.0010293 0.5:1

Many anti-cancer agents exhibit dose limiting renal toxicity and may be used
in practicing the present invention. Such agents include, by way of example,
cisplatin, doxyrubicin, cyclophosphamide, butasulfane, and the like.

Conirast Agenis

Contrast agents are injected into a patient prior to x-ray scans. Contrast agents
are highly concentrated (50-66% solutions) iodinated compounds. In view of this
high concentration it is likely that only a maximum of a 1:1 ratio of contrast agent to
cyclodextrin would be necessary. Examples of the possible use of cyclodextrin to
protect against renal damage by contrast agents include Iohexol and Ioversol. Other
contrast agents that may be used in practicing the present invention include diatrizoate

meglumine and ioxaglate.

Administration

The oligosaccharide may be complexed with the nephrotoxic drug, although it
is not believed necessary for antinephrotoxic protective effect of the composition.
The ratio of drug to oligosaccharide is preferably within a range such that the drug
does not precipitate at pH typically found in the kidney, taking into account the transit
‘time of the drug through the kidney. In some cases, it may be desirable to minimize
the amount of oligosaccharide in vivo. Simple in vifro solubility experiments such as
described in the Examples may be used to determine the minimum amount of
oligosaccharide needed to effectively protect from renal damage. In one embodiment,
the molar ratio of drg : oligosaccharide is greater than 1:1, and may range from about
1.1:1 to about 50:1, preferably from about 1.25:1 to about 25:1; more preferably from
about 1.75:1 to about 2:1 to about 10:1. In the case of methotrexate, by way of
example only, it was found that a mole ratio of about 2.1 methotrexate: Capiisol
worked well to keep methotrexate in solution i vitro and provided the desired
nephrotoxic effect. Where lower amounts of oligosaccharides are desired, it is
contemplated that additional solubilizing agents may. be used, provided that the
amount of oligosaccharide in the composition remains sufficient to provide a renal
protective effect.

It may be desirable in some cases to have a ratio of drug to oligosaccharide
Jower than 1:1 where, for example, the binding constant of the drug is low or where
the drug is processed by the kidneys at a lower rate than the cyclodextrin, it may be

beneficial to bave a molar excess of oligosaccharide. This may be true for many
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0.001 30 1,044 12.6946848 317.3571 0.317367 0.0006982 0.5:1 0.001 40 0.959 11.64400494
291.1001 0.2911 0.0006404 0.5:1 0.001 50 0.854 10.4697157 261.7429 0261743 0.0005758 0.5:1
0.001 60 0.861 10.43263288 260.8158 0.250816 0.0005738 0.5:1

classes of drugs where the dose of the drug required for a therapeutic effect is low,
therefore, although the molar ratio of oligosaccharide might be higher, the absolute
amount or concentration iz vivo is not necessarily increased. As such, the
composition may comprise from about 2 to about 5¢; from about 2 to about 24; or
from about 2 to about 10 times molar excess of the oligosaccharide, or preferably in
the range of from about 1 1o about 5:1, and more preferably in the range of about 2 to
about 5:1, oligosaccharfde o drug.

Further provided are methods of reducing the nephrotoxic effect of a
pharmaceutically active compound comprising contacting the compound with a
polyanionic oligosaccharide. Methods are included for inhibiting or reducing
nephrotoxicity associated with a nephrotoxic drug, comprising administering a
pharmaceutical composition comprising a polyanionic oligosaccharide, the
nephrotoxic drug and optionally a pharmaceutically acceptable carrier. Although it is
preferred that administration ocour as asingle dose, particularly where the
oligosaccharide assists in solubolizing the drug, the methods may also be effected by .
concurrently administering a pharmaceutical composition comprising a polyanionic
oligosaccharide and a pharmaceutical composition comprising the nephrotoxic
inducing drug, 7.e., in separate doses. Where the drug and oligosaccharide are
combined into a single dosage unit, they may be combined with a pharmaceutically
acceptable carrier, for example, a cosolution or dispersion in an inert
pharmaceutically acceptable solvent or dispersing agent or the like.

Alternatively, the oligosaccharide can be separately formulated with
pharmaceutically acceptable materials and administered separately; either
concurrently with the drug or within about an hour before or after adminisiration of
the drug. By concurrently, it is meant adminisiration of the separate doses occurs
substantially at the same time such that both the oligosaccharide and the drug are
present in vivo. Alternatively, administration may occur sequentially provided that
the oligosaccharides are present within the renal environment as the concentration of
drug in the kidney increases to levels at which the toxic effect of the drug may oceur.

The mode of administration, the dosage and frequency of dosage is governed
by the mode of administration and dosage considerations conventionally employed
with the pharmaceutical agent. Thus, for example, various combinations of the
invention can be administered intramuscularly or ”mtra{renously, or otherwise, as

dictated by medical and pharmacological practice related to the desired use of the
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Ca tisoi:MTX molar ratio 0.251 OD at CaptisoTime302- iaddedof OD3D4nm cone of MTX dilution1:50
0 molarity of mtx captisol/ MTX ratio (M) min after nm (ug/mL) ug/ml mg/ml (M) addin g acid
0.0005 5 2.363 28,99876391 724.9691 0.724969 0.0015949

particular drug or agent employed. Administration may be achieved orally or
parenterally including, inter alia, topical application, intravenous, intra-arterial or
subcutaneous injection, and including absorption as well as injection and introduction
into body apertures or orifices, '

It will be understood that the specific dose level for any particular patient will
depend upon a variety of factors including the activity of the specific compound
employed, the age, body weight, general health, sex, diet, time of administration,
route of administration, rate of excretion, drug combination and the severity of the
particular disease undergoing therapy. |

The other features of the invention will become apparent in the course of the
Tfollowing descriptions of exemplary embodiments which are given for illustration of

the invention and are not intended to be limiting thereof.

Examples
Example 1. Effect of pH on Solubility of MTX

Solubility studies were performed to determine whether Captisol could
prevent the precipitation of MTX over a time period greater than transit time of MTX
through the kidney (i.e., less than 2 minutes). Solutions were prepared as shown in
the Table 1. Each solution was acidified with HCI, centrifuged and aliquots of the
supernatant removed as a function of time, and the concentration of MTX in sclution
was measured spectrophometrically.

Ag shown in Figure 1, Captisol prevented the precipitation of MTX at a
concentration dependent rate. At a mole ratio of 1:1, the MTX remains in solution
indefinitely. At lower ratios, precipitation occurs at a concentration dependent rate.
At 0.50:1 ratio of Captisol to MTX, MTX remains in solution for at least 13 minutes,
and at a ratio of 0.25:1, much of it remains for 10 minutes. In view of the rapid transit
time of filiration in the kidneys, in vivo experiments to determine the optimal ratio of

MTX to Captisol to prevent kidney damage may be performed.

Table 1.
MTX-captisol solubility
MTX added: 0.81 mg/mi
Concentration of MTX: 0.002 M
Rate of precipitation of MTX at pH 5.0 in presence and absence of captisol
Captisoh MTX molar rafic 1:1 :
Capti { Time Amount of correction conc, of | captisol/
sol  jaier | ODat MTX for dilution MTX MTX

iz



0.25:1 0.0005 10 1.798 22.01483313 550.3708 0.550371 0.0012108 0.25:1 0.0005 15 1.173
14.28924598 357.2311 0.357231 0.0007859 0.25:1 0.0005 20 0.864 10.4697157 261.7429 0.261743
0.0005758 0.25:1 0.0005 30 0.686 8.26946848 206.7367 0.206737 0.0004548 0.25:1

adde in solution ratio
d
adding | 302-
{mM} | acid 304nm 1:25 dilution
{min} {ugimL) ughml melimi an
0.002 5 271 ] 33.28800989 832.2002 0,8322 | 0.0018308 ;| 11
0.002 10 2.201 | 2810877627 702.7184 1 0.702718 0.001546 | 1:1
0.002 15 2.286 | 28,170538096 704.2645 | 0704285 | 0.0015494 { 1:1
0.002 20 2.127 | 26.0B15822 B52.0386 065204 | 0.0014345 | 11
0.002 30 2.067 | 25.33992583 833.4987 | 0.833498 | 0.0013937 1 11
0.002 40 2,202 1 27.00865266 875241683 | 0.875216 1 0.0014858 | 101
0.002 50 20781 2547589617 826.8074 | 0.636897 | 0.0014012 | 1:1
£.002 60 2.004 | 24.56118685 614.0207 | 0.61403 | 0.0013500 | 1:4
Captisol:MTX motlar ratio §.5:1
gorrection
Captis | Time for captisolfMT
of after ODat dilutiont 800 conc, of mix | X ralip
adging | 902~ MTX in
anded  acid 304nm solution 1:25 dilution
i {min} | nm {ugimt) “uglml molml {M)
0,001 5 1.854 | 2270704574 567.6761 1 0.567676 1 (.0012489 | .81
0.001 10 2.263 | 27.76286985 594.0687 | 0.604067 | 0.0015268 | 0.5:1
0.001 15 2504 | 31.85414091 796.3535 | 0.706354 0.001752 | 0.5
0.001 20 1.531 18.7144623 457.8616 | 0.467862 | 00010283 | 8.5:1
0.001 30 1,044 | 12.6546848 317.3671 1 0.3173687 1 0.0006882 | 0.5:1
0.001 40 0.850 | 11.64400454 291.1001 0.2811 ¢ 0.0006404 | 0.5:1
0.001 50 0.884 | 104697167 251.7429 | 0.261743 1 0.0006758 | 0.5:%
0.001 80 0.861 | 10.43263288 260.8158 | 0.260816 | 0.0008738 | 6.5:1
Captisol:MTX molar rafio 8.25:1
OD at . . captisolf
Capliso  gme  302- ' dilution1:50 motarity of | MTX
ladded ofop  304nm concof MEX | 0 mix ratio
T
{M) 1ranflter nm {ug/ml)} ugiml mg/mi (W
acain
g acid
0.0005 5 2.363 | 2809876381 7248601 | 0.724968 | 0.0015949 | 0,25:1
0.0005 10 1.798 | 22.01483313 E50.3708 | 0550871 | 0.0012108 | 0.25:1
0.0005 15 1.473 | 14.28524508 357.2311 | 0,357231 1 0.0007859 | 0.25:1
0.0005 20 0.864 10.4887157 261.7429 1 0.261743 | 0.0005755 | 0.25:1
0.0005 30 0.686 8.26046848 206.7387 | 0.206737 ¢ 0.0004548 | 6.25:1
0.0005 40 06331 7.61433868 180.3685 | (.190388 | 0.0004188 ; 0.25:1
$.0005 50 0.556 | 6.662548354 | - 166.55837 | 0.166564 | 0.0003664 | 0.25:1
0.0005 80 0,556 | 6.662548354 166.5637 | 0.166554 | 0.0003664 | 0.25:1
Captisol:MTX molar ratio 0:1
, ODat captis
Captiso  Type  302- dilution1:50 molatity of .| ol/MT
ladded ofop  304nm conc of MTX [ 0 mix X ratio
mi
M) larer |nm (ug/mL) ug/mi maiml | (W)
addin - -
g acid . )
0 5 0.206 | 3.448702101 £6.21755 | 0,086218 0.0001807 | D:1
] 10 0.22 | 2.6509270705 8273177 | 0082732 0.000138 | 01
] 15 0.274 ¢+ 3176761434 7941904 1 0.079418 0.0001747 1 &1
) 20 0,328 | 3.844252163 96.1063 | 0.006105 0.0002114 | O
0 30 0.325 | 3.807160345 9517823 | 0.095179 0.0002004 | 01
0 40 0.284 | 3.300370828 82.50927 | 0.082509 0.0001815 | 01
0 50 0.203 | 3.411510283 |  B529048 | 0.08529 | 0.0001876 | 1
0 60 0.333 3.90605686 97.65142 | 0.087651 0.0002148 | 0:14
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0.0005 40 0.633 7.61433869 190.3585 0,190358 0.0004188 0.25:1 0.0005 50 0.556 6.662546354
166.5637 0.166564 0.0003664 0.25:1 0.0005 60 0.556 6.662546354 166.5637 0.166564 0.0003664

0.25:1 Catisol.MTX molar ratio 0:1 OD at CaptisoTime302- | addedof OD304nm cone of MIX dilution
1:50 0 molarity of mtx

Example 2. Protective Effect of Captisel- MTX

A comparison of the effect of MTX 40 mg/kg with and without Captisol®
(molar ratio 1:1) in myelin-oligodendrocyte-glycoprotein (MOG) induced
experimental autoimmune encephalomyelitis (EAE) in C57BL6 mice was performed.
Clinical signs, CNS pathology and renal pathology were measured.

EAE was induced as follows. Mice were anesthetized with Avertin (222
tribromosthanol) and given two subcutaneous injections of 150 pg of MOG in PBS
(total dose 300 pg) that had been emulsified in an equal volume of Freund's
incomplete adjuvant containing 250 pg of M. tuberculosis HyyRA (total dose 500 pg).
One injection was given at the nape and the second was given on the dorsum.
Pertussis toxin (100 ng; i.v. through the tail vein) was administered on days 0, 3, and '
7 following encephalitogen. '

Stock MTX wes used at 25 mg/ml (Bedford lzboratories). MTX stock was
diluted 3.67 times with PBS (2 ml stock +5.34ml PBS) for a total volume of 7.34 ml,
at & conceniration of 6.8 mg/m] (14.9 mM).

3.00 m] of diluted MTX solution was aliquoted and added to 96.6 mg of
Captisol powder, and the solution vortex mixed. The resulting solution was mostly
clear but pale yellow. All solutions were kept at RT in-dark until ready to inject. 96.6
mg/ 3 ml =32.228 mg/ml = 14.9 mM; MTX: Captisol molar ratio 1:1.

The test mixtures were administered to 5 groups of mice (Groups I -V, see

Table 2.
Table 2.
Groups EAE/control Treatment Number of mice
Group 1 EAE PBS 5
Group 1I EAE MTX 40 mglkg | 10
Group 11 EAE MTX 40 mg/kg 10
-+eaptisol (molar
ratio 1:1}
Group IV EAE "Captisol only 10
20125 mgkg

14



captis ol/MT X ratio (M) min after fin, (up/m L) ug/m1l mg/ml (M) addin g acid 050.296
3.448702101 86.21755 0.086218 0.0001897 0:1 10 0.22 2.509270705 62.73177

Group V EAE No treatment 5

Twenty four (24) hours after symptom onset, MTX (40 mg/kg body weight)
was administered via tail vein. Injection volume were between 100 -120 pl. MTX +
Captisol was injected in a volume of 100-120 pl via tail vein, Captisol alone (32.22
mg/ml) was injected via tail vein in a volume of 100-120ul. Leukovorin (20 mg/kg
body weight) was injected via tail Véiu 4 hours after MTX injection and again 24
hours after. Leukovorin, the active metabolite of folic acid, is typically given with
methotrexate in anti-cancer chemotherapy to help protect normal cells,

Animals were weighed and scored daily for clinical signs. Scores were based
on the following on the following signs:

{-normal

1-flacid tail, piloerection, and /or weight loss

2-hind Hmb weakness righting difficulty

3-hind [imb weakness causing righting inability

4-hindlimb paresis, limp walking, and or/incontinence
S-partial hind limb paralysis

6- total hind limb pafaiysis plus forelimb weakness

7- total hind mb paralysis plus forelimb paresis or paralysis
8-death or moribund requiring sacrifice |

Mice were scored daily for disease severity and then sacrificed on day 10 of
disease. Brain, kidney and spleen Wef’e formalin fixed. To assess the infiltration of T
cells into the CNS, CD3+ immunchistochemistry was performed on paraffin
embedded 8 micron thick hind brain sections of untreated EAE mice and EAE mice

" treated concurrently with MTX and captisol. For light microscopic investigation,
kidneys were fixed in 10% buffered formalin and processed routinely for paraffin
embedding. Tissue sections of 5 micron meter were stained with hematoxylin and
eosine and examined under Nikon ceolpix light microscope.

The severity of total kidney damage was evaluated by a semiquantitative
measurement of damage as described. Each tissue section of the kidney was assessed -
for degeneration of glomerular structure, glomerular crowding and congestion,
dilation of bowman space, degeneration of proximal and distal tubules, and dilation of

renal tubules, vascular congestion, and inflammatory cell infiliration. For glomerular
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0.052732 0.000138 0:1 0 15 0.274 3.176761434 79.41904 0.079419 0.0001747 0:1 0 20 0.328
3.344252163 96.1063 0.096106 0.0002114 0:1 0 30 0.325 3.807169345 95.17923 0.095179
0.0002094 0:1 0 40 0.284 3.300370828 82.50927 0.082509

atrophy, glomeruli that contained more than 20 nuclei were scored “07, and those
containing less than 10 nuclei were scored "4." Intermediate stages were 1, 2 and 3.
Other criterion was scored on a 0-3 scale: 0=none; 1=mild; 2=moderate; 3=severe,

The microscopic score of each iissue was calculated as the sum of the scores
given to each criterion and at least 100 nephrons (glomeruli plus surrounding tubules)
were analyzed per section. Data is represented as mean + SEM (see Figure 2).

MOG treated mice developed severe clinical manifestation, startihg on days
10-11, They were maintained until sacrifice at 13 days, All animal were affected.
Partial or complete hind leg paralysis (clinical score).

Efficacy of MTX 40 mg/kg + Captisol was comparable to the efficacy seen
with MTX treatment alone. _

The result of the CNS Pathology — CD3" Immunostaining showed that
untreated EAE mice had extensive infiltration of CD3" T cells in the hind brain and
spinal cord (not shown). EAE mice treated post-symptomatically with concurrently
MTX+Captisol (40 mg/kg + eaptisol 1:1 molar ratio) showed 80-90% reduction in T
cell infiltration (not shown). The efficacy of MTX+Captisol was comparable to the
efficacy with MTX treatment alone,

Renal pathology scores are shown in Figure 3. Kidney sections from 3
different EAE mice treated with MTX 40 mg/kg, showed dilation of renal tubules and
degeneration of proximal tubules. Kidney sections from mice treated concurrently
with MTX-+Captisol showed a protective effect on tubules. A single intravenous
bolus injection of 40 mg/kg MTX produced morphological changes in the kidney
which was mostly restricted to dilation of renal tubules in the cortex. Concurrent
Captisol administration with MTX resulted in reduction in pathology score in the

EAE mice.

Example 3. Captisol - MTX at Various Melar Ratios.

A study of histopathological changes in the kidney after single bolus
intravenous MTX with or without concurrent captisol at different molar ratios was
performed.

MTX solutions were prepared as follows. Solution A (24 mg/ml (53 mM))
was prepared from stock solution of 25 mg/m] (Methotrexate from Bedford
laboratories) in sterile PBS (total volume 6 mL). Solution B was prepared by diluting
3 ml of Solution A to 1:1.33 in PBS to obtain  working ditution of 18 mg/imL. (39.6
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0.0001815 0:1 50 0.293 3.411619283 85.29048 0.08529 0.0001876 0:1 60 0.333 3.90605686
97.65142 0,097651 0.0002148 0:1 Example 2. Protective Effect of Captisol- MTX A comparison of
the effect of MTX 40 mg/kg with and without Captisol(r) (molar ratio 1:1) in
myelin-oligodendrocyte-glycoprotein (MOO) induced experimental autoimmune encephalomyelitis
(EAE) in C57BL6 mice was perfouned. Clinical signs, CNS pathology and renal pathology were
measured.  EAE was induced as follows. Mice.were anesthetized with Ayertin (222 triboromoethanol)
and given twoSYBethAdo RO TSR oS PEBR T o MfesEst 5%50% h&Bszﬁi%(Sopo #5E had been
emulsified in agoeealyekne of Hreyrd.sisgompeigiadivant containing 250 pg of M. tuberculosis

H37RA (total dose 50 )..One injection was given at the pape and the second was given on the
dorsum. Pertussis t %S%Sﬁ% i%?@hwﬁfg PO )a’ﬁvg@g 'ir%gs?f’é%%%e%ﬁ%sa%ié 3, and 7

following encepliatigddeit mg CHaploNT 20 wiagusetiad 26y (Bedfididddboraterixatiy MIX stock was

diluted 3.67 times with (2. ml stock + 5.34.m] PBS) fot.a taq 7 oncentration
of 6.8 mg/ml (T§.’9n%t}€/ﬁfaﬁ'§é%l tﬁgfloﬁ 8{?&%8%%&%0% ogé1 évé@aq%ﬁoggéga}n%ﬁg %g'%ongC&G rag of
Captisol powderution Brgnstiutasiv o exwmsk o) THelntisu| Frasshadornaislintoath) €Re&r but pale
vellow. All solgtionse's KephakToLefaon el asadiioniachi eyl dsmbaciegma/m! = 14.9

mM; IVITX: Captisol molar ratio 1:1. The test mixtures were administered to 5 'gésups of mice
(Groups | - V; Bsgeredhy 2Jdingiid Sme (epsise el sohrbrrrb h RN AL BIGRIES B oup | EAE
PBS made by adding 28.6 mg of Captisol to 1 mL aliquot of solution C.

MTX and Captisol were administered to 8 groups of mice (Groups I-VIL; see
Table 3) via tail vein by a single injection in a volume of 100 - 120pL. Animals were
sacrificed after 48 hours. Clinical symptoms, body weights were recorded. Kidneys
were preserved (one frozen, one formalin fixed) for pathology. Leukovorin was given

at 4 hours and after 18 hours. Urine was not alkalinized.

Table 3.
GROUP rTREATMENT Molarity | Molarity | Molar {#of
S of MTX | of ratio mice
Captisol MTX:.C
aptisol
Group! | Normal | MTX only, 80 mg/kg, 26.4 mM 3
mice iv bolus. Solution A _
Group I MTX only, 120 mgkg, | 39.6 mM 3
Normal | iv, bolus. Solution B
mice
Group MTX only, 160 mg/kg, | 53 mM i
i Nommal | iv, bolus. Solution C
mice
Group Normal | MTX, 80 mg/kg, iv+ | 264mM | 264mM | 1:1 3
v mice Captisol 382 mg/kg
body weight. Solution
D
Group V | Normal | MTX, 120 mg/kg, iv+ {39.6mM | 39.6mM [ Ll 3
mice Captisol 570 mg/kg.
Solution E
Group Nommal | MTX, 160 mg/kg, v+ | 53 mM 53 mM I:1 1
VI mice Captisol 764 mg/kg :
body weight. Solution
4 F
Group Nomal | MTX, 80 mg/kg, iv+ | 264mM | 132mM | LOS 3
VIl mice Captisol 191 mg/kg.
Solution G
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5 Crroup Il EAE MTX 40 mg/kg 10 Group HI EAE MTX 40 mg/kg +captisol (molar ratio 1:1) 10 Group
IV EAE Captisol only 20125 mg/kg 10 Group V LAB No treatment 5 Twenty four (24) hours after
symptom onset, MTX (40 mg/kg body weight) was administered via tail vein. Injection volume were
between 100 -120 pl. MTX + Captisol was injected in a volume of 100-120 41 via tail vein, Captisol
alone (32.22 mg/m1) was injected via tail vein in a volume of 100-12041. Leulcovorin (20 mg/kg body
weight) was injestee-viarigitvein-t-hatirs-after Mxinieetiog-angagaimg - figurs afigr—tepkovorin, the
active metabdifé Dffolid ﬁ%ﬁ% ty% 2L ek iy JI—eth(’).:"tét?lt'egﬁza ein ainti-cancer cfilﬁémotherapy tp help
ﬁ? 1ice Aptiso Juzlke. ) s )
protect normalj cells.  Animals ng‘%ﬂgﬁ ! scored daily for clinical signk. Scores were hHased

4

on the following-en-the-foltowing-stgns-O=normat-t=ftacidtait,pitoerection; and 7or weight 1055 2-hind
imb weakness righting difiuly &indimb aaiaeprieaysngIONI A INabilLy drbingiinb paresis,
limp walking, and or/incontinence 5-partial hind limb parélysis 6- total hind limb pair;g/as plus forelimb

weakness 7- tébahbiig, lA{bopgkalyaid phesfeiretiien 3 dyEstsof prita) gl 8l de@thratiftoribund requiring
sacrifice M}ﬁ%éﬁ’ ?%ﬁé&?f%%ﬂé%%{ diseasesaveiirandthensacrificest oo ARy kaRfdisease.
an

Brain, kidney spleen were formalin fixed. To assess the infiltration of T cells intp the CNS, CD3+

immunohistochernReHyasS o Fews i she SRp mbeaax g miabrrafaeHiRB Biin sections of
untreated LAB,gpiee-anchEABRigR:Y Srlet saRsH ianthysadth Mpéanctieansisehdf antight microscopic
investigation, kidneys were fixed in 10% buffered formalip ag\ﬁ/ praocessed ro ggeiljy f% %])araffin
embedding. TREGSBEEHEASIRALSN HbteP re Nairel Wﬁ%’f&%‘ﬁ fd'€d8he and
examined undgaMikerhepoiix dightsicrtseenss in tHibgrsayerity of total kidney damage was evaluated
by a semiquantitative, measurement of.dam as described. Each tissue section of t jdney was
assessed for degeniﬁ‘ﬁ‘of‘@%‘?ﬁ%rﬁ% tricIare, S%r%eé%u a"‘ttrgcar}%)evxxj;1 |ﬁ}g{yglﬁldagg?|%0es§%2§f§éilation of
bowman spacshcegesisrationhaf piindpsdtandiistad tuiisies; hbe Wit oK baddiliigre ofvascular
congestion, a%%@@g”&%%ﬁ%ﬂn%eellcﬁ‘smg%t'%nth%%gxk?@,eﬁ%rfceuulaﬁty in the glomerulus and

atypical collection of interstitial cells and copvulated tubules, Kidneys from mice

administered 80 mg/kg MTX + Captisol at MTX to Captisol molar ratio 1:1, and 80

mg/kg MTX + Captisol at MTX to Captisol molar ratio -1:0.5, showed milder

degeneration of tubules, normal glomerulus, and no infiltration of inflammatory cell,
However, the degree of kidney protection was much higher when the molar ratio of
MTX to Captisol was 1:0.5.

Paraffin sections of kidney stained with hematoxylin and eosin (not shown)
showed that kidneys from mice administered 120 mg/kg MTX, IV had glomerular
atrophy, degeneration of basement membrane on bowman capsule, degenerative
changes in the tubules, hypercellularity in the glomerulus and infiltration of
mononuclear cells. Kidneys from mice administered 120 mg/kg MTX + captisol at

" MTX to Captisol molar ratic of 1:1, and 120 mg/kg MTX + captisol at MTX to
Captisol molar ratio of 1:0.5, showed mostly normal glomerulus, protection of

proximal and distal tubules and no infiltration of inflammatory cells.
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atrophy, glomeruli that contained more than 20 nuclei were scored "0", and those containing less than
10 nuclei were scored "4." Intermediate stages were 1,2 and 3. Other criterion was scored on a 0-3
scale: 0-none; 1-mild; 2-moderate; 3-severe.  The microscopic score of each tissue was calculated
as the sum of the scores given to each criterion and at least 100 nephrons (glomeruli plus surrounding
- tubules) were analyzed per section. Data is represented as mean + SEM (see Figure 2). MOG
trea_tted mice veIo§ gvggiesoqll @lxmﬂ ifesta (ﬁ% starting on days 10-11. They were maintained
until sacrifice af 1304 ays. anlma were a ecte Partial or complete hind leg paralysis (clinical
score).  Efficacy dMVIXX @ptisglaiwCptes addsmph s rth@ by seen with MTX
treatment alone.  The result of the CNS Pathology - CD31 Immunostaining showed that untreated
EAE mice had extensive infiltration of CD3+ T cells in the hind brain and spinal cord (not shown). BAD
mice treated post-syfapternatically with concurrently MTX+Captisol (40 mg/kg + captisol 1:1 molar
ratio) showed 80-90% reduction in T cell infiltration (not shown). The efficacy of MIX+Captisol was
comparable to the efficacy with MTX treatment alone.  Renal pathology scores are shown in Figure
3. Kidney se; mﬁwqmammswnn MR8 cagiieg, Showedrdfiation of renal
tubules and dagreneraion of proximal tubules. KidrelySectiongHerftihice tre e concu({:ently with
MTX+Captispl showeql ZBFtEE BT B les. A single intravenous Holus injectioh of 40 mg/kg
MTX produced morphologlcal changes in the kidney which wias mostly restr|cted to dilation of renal
tubules in the cortex. Concurrent Captisol administration with MTX resulted jn reductioniin pathology
score in the PAL micerExarppteisCaptisot~MTX@hyarouy MplarRatios. | 4 A study of
histopathological changes in the kidney after singledisteistintfavenous MTX with or withqut concurrent
captisol at different molar ratios was performed. z’i\yﬁ'%ol tions.were nmnargd,as_fgugws_ Solution
A (24 mg/ml {53 mM))| Wa3 [Fatsdes epaveshl @tﬁ&’?&gsoﬁaﬂﬁﬁ@foﬁﬁ) Fhg/ml (Methdtrexate from| Bedford
laboratories)|in sterile PBS (total volume 6 mL) Seblutlon B was prepared by diluting 3 mliof Solution A
to 1:1.33 in ABS to obta WO 3 mg/mL (39'6:d5 mM), pH[ £.4. Solution C was
prepared by diluting 2|mL of solutlon A 1 2 to obtcun a working dilution of 12{mg/mL (26.4 mM), pH 7.2.
MTX + Captisol solutigns were prepared. as follows. Solution D-was-made-b 'gﬂd:ng 5732 mg Captisol
to an aliquot lof 500 midrH ité? BrEsERiEh Al FHial ratio 1:1, nelitral pH). Sollifion E was made by
adding 85.6 mg Captisol to 1 mL aliquot of solution B (molar fatio 1:1, neutral pH). Solution F was
made by addmg; a7 IO WkGARERe T0 L ML aliquat of solutior @ (molar ratio}%:1, neutral|p1-1).

Solution G wasiprepared by adding 42.8 mg Captigék ! td1a L aliquot of solution B. Solutjon H was
made by adding 28.6 mg of Captisol ta.1 nil_alig@f of seluticn-C——wrx antCaptisotwere
administered|to 8 groud@%flﬁqf&%k%tf%ﬁf) 7?4\‘7‘Igfklg seeelable 3 {illa tail vein by a single injection in a
volume of 10D - 120uLl. Animals were sacrificed afteF#8"Srs. Clinical symptoms, bodyiweights were
recorded. Kidneys welgfitese nid-@nscimazenione formalin fixed) for pathojdgy. Leulcoyvorin was

given at 4 hours and after 18 hours. Urine was not alkalinized. Table 3. GRQUP S TREATMENT

Molarity of MTX MolarM@WTX:C aptisgh#-ef-miee-GrogptNermahmice MTX
only, 80 mg/Kg, iv bolus. SoItishR 3’8.91 m Group 1.1 ' ’
Normal | MTX 160 mgfkg 4
Wice
Kidnay
WX 160 meke+ caplisol 764 mglkg | Coheored afier 4
drug 1:1
edministration

For light microscopic investigation, kidneys were fixed in 10% buffered

formalin and processed routinely for paraffin embedding. Tissue sections ef S micron
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‘Normal mice MTX only, 120 mg/kg, iv, bolus. Solution B 39.6 mM  Grou [

: , 12 L1V, ) . p 11l Normal mice MTX only,
160 mg/kg, iv, bplus. Solu_tlon C 53 mM Group IV Normal mice MTX, 80 mg/kg, iv + Captisol 382 /
nag/kg body weight. Solution D 26.4 mM 26.4 mM 1:1 3 Group V Normal mice MTX, 120 mg/Icg, iv +

Captisol 570 nag/kg. Solution E 39.6 mM 39.6 niM 1:1 3 Grou [ i
i . . : p VI Normal mice MTX, 160
Captisol 764 mg/kg body weight. Solution F Mok

meter were stained with hematoxylin and eosine and examined under a Nikon coolpix
light microscope, photography was done with a Nicon Coolpix camera. The severity
of total kidney damage was evaluated by a semiquantitative measurement of damage
as described below, Each tissue section of the kidney was assessed for degeneration
of glomerular structure, glomerular crowding and congestion, dilation of bowman
space, degeneration of proximal and distal tubules, and dilation of renal tubules,
vascular congestion, and inflammatory cell infiliration. For glomerular atrophy,
glomeruli that contained more than 20 nuclei were scored "0", and those containing
less than 10 nuclei were scored "4." Intermediate stages were 1,2 and 3. Other
criterion was scored on a 0-3 scale: O=none; 1=mild; 2=moderate; and 3=severe.

The microsccpic score of cach tissue was calculated as the sum of the scores
given 1o each criterion and at least 100 nephrons (glomeruli plus surrounding tubules)
were analyzed per section. See, e.g., Bhat et al,, PNAS (2003) 100( 7); Sener et al,
Cell Biol Toxicol {2006} 22:470-60.

Referring to Figure 5, kidney tissue of MTX treated mice shows extensive
histopathological changes after 24 and 48 hours. At 24 hours and 48 hours there was
atrophy of the glomerulus, degeneration and dilation of Bowmans space, and
inflammatory cell infiltration in the interstitium and tubuiar degeneration, The
Captisol + MTX treated group showed milder glomerular and tubular changes and
less infiltration of inflammatery célls. However, some of the changes seen after 24
houss appeared io be reversible since the cumulative pathological score was less at 48
hours compared to 24 hours.

Histopathological changes in the kidney were studied at 24 hours post MTX
injection with or without captisol coadministration. Mice were sacrificed after 24
hours following MTX or MTX + Captisol coadministration. Paraffin sections of
kidney were stained with hematoxylin and eosin (not shown). MTX 160 mg/kg
administration resulted in degeneration of glomerular structure and dilation of
Bowman’s space, degeneration of proximal and distal tubules and inflammatory cell
infiltration. Milder glomernlar and tubular denegation was observed for MTX 160
mg/kg + Captisol at MTX to Captisol molar ratio of 1:1, MTX 160 mg/kg + Captisol
at MTX to Captisol molar ratio of 1:0.5 were most effective in the preservation of
glomerular and tubular structures. Infiltration of inflarumatory cells was completely -
absent. MTX 160 mg/kg + Captisol used in molar ratio of 1:0.25 did not protect |
against kidney damage. '
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53 mM 53 mM 1:1 1 Group VII Normal mice MTX, 80 mg/kg, iv + Captisol 191 mg/kg. Solution G 26.4
mM 13.2 mM 1:0.5 3 Group VIII Normal mice MTX, 120 mg/kg, iv + Captisol 285 mg/kg. Solution H
39.6 m/v119.8In_M1:0.53 Semi quantitative estimates of total kidney damage in mice treated
with MTX 80 mg/kg, 120 mg/kg, and a combination of MTX + Captisol at MTX to Captisol molar ratio of
1:1 and 1:0.5, are shown in Figure 4. The scores for the control kidney were between 3-4 (not shown

in the graph). Hematoxylin and eosin sections of paraffi d.kidney, were analyzed
microscopically for tERP %&‘P raf acflﬁaél S B%%I%C%}'égrggse?@ gé%g(%gg +'SEM.%ata for MTX 160
mg/kg is not inkstied inithergritbbua & shisel namitysaasion SMirsusesrapidigedaper 48 paraffin sections

of the kidneys stained with in-andeasin (nol sAoun.showadihatkidnas diesm mice
administeredsgﬂuﬁée?lﬂgwwgﬁﬁg%@oﬁ%es, degenerative changes in the tubules,

hypercellularitysire tiemdnishiieeatneyiny pdsceltaichoriets M CEn W FEsHTated tubules.
Kidneys from g Wﬁ%&%ﬂmﬁ:@smﬂ{&%\ﬁ Yo dupRPHSRl b MA@ Gaplisalimataioniig 1:1, and 80

mg/kg MTX + Captisol atMTX to Captisol molar ratio 1:0.5, showed mijlder, d%ggneratio of tubules,

normal glomefERtnmeBB RRR aRNo Fitiom Al aoRi el s P e eI BFRIuREY protection
was much highegwheniaimalaniadi.al MEX4e Saptisyl wakrddb. Mild aghifinrstntions of kidney

T S it eeen oo o e I g adoed 120
degene.rative g{mg@ﬁdr@)memummx,1@pﬁgﬂ@&lﬁﬁ@tih@lthﬁlg€hgﬁﬂ&@lﬁtﬂ%@bﬁﬁiﬂdéﬂbn of monqnuclear
and 120 o/l AT GBI R WIS (5 BRI ESR s b Db e ey mormal
glomerulus, pisfaetiaatofypreliinat ao st ehberibsidid déﬁnﬁﬁﬂs&_iﬁﬁ@ﬂhﬂbﬁ%ﬁé&ﬁp&ns. Example
R R M A A se et ol T ¢
damage. The greatest protection was seen when MTX to Captisol molar ratio was
1:0.5.
Histopathological changes were also studied for the kidney after 1 week post
MTX administration. Mice were sacrificed after 1 week following MTX 160 mg/kg,
single i.v. bolus injection. Paraffin sections of kidney were stained with hematoxylin
and eosin (not showﬁ). MTX administration alone resulted mainly in degeneration of
proximal and distal tubﬁles with oceasional glomerular atrophy or crowding.
Degenerating cells with swollen nuclei were seen liming the proximal and distal
, tubules. Occasionally some tubules were seen to be lined by double cell layer. Some
tubules were congested with eosinophilic materials, The pathological changes were
mostly found in the éoﬁical areas of the kidney. Most of the glomerular structures
were normal.
Histopathological changes were recorded for the kidney after 1 week post
MTX + Captisol injection. Mice wers sacrificed after [ week following MTX +
Captisol coadministration. Paraffin sections of kidney were stained with hematoxylin
and eosin from four separate mice (not shown). Kidneys of mice coadministered with
MTX 160 mglkg + Captisol at MTX to Captisol molar ratio of 1:1 showed
significantly less glomerular disruption and greater preservation of the tubules.

Infiltration of inflammatory cells was absent.
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MTX:Cgptisc_)l molar ratio Number of mice MTX 160 mg/kg kidney collected at 24 Firs after
admginistration 1:0 4 MTX 160 mg/kg+ captisol 764 mg/kg 1:1 MTX 160 mg/kg+ captisol 382 mg/kg

1:0.54 MTX 160 mg/kg+captisol 191 mg/kg 1:0.25 4 Norm al Mice MTX 160 mg/kg kidney collected
at 4dr8uhgrs after administration 1:0 4

Example 5. Evaluation of the Nephroprotective Effect of Captisol in
Doxorubicin Induced Nephrotoxicity Model in Mice.

Female C57BL/6 mice were injected intravenously with a single doss of (10
mg/kg) doxorubicin. The mice were sacrificed afier 72 hours. The development of
glumerular and tubulointerstitial injury after doxorubicin and doxorubicin + Captisol
was evaluated by means of renal histology. Paraffin sections of 5 uM were cot and
stained with H&E and periodic acid Schiff (PAS). They were examined by light
microscopy and scored ir a blinded fashion. Thirty glomeruli and neighboring
tubules were scored at superficial cortes (near the surface of the capsule). One
hundred glomeruli and neighboring tubules were scored at the level of deep renal
cortex and around the outer strips of the outer medulla.

Figure 6 shows the mean pathology scores for each treatment group at the
level of superficial renal cortex. Figure 7 shows the renal pathology scores for
individuél mice treated with doxorubicin or doxorubicin + Captisol at the level of
superficial renal cortex. Figure 8 shows the mean pathology scores for each treatment
group at the level of deep renal cortex + outer medulla. Figure 9 shows the renal
pathology scores for individual mice treated with doxorubicin or doxorubicin +
Captisol at the level of deep renal cortex - outer medulla.

Nons of the control or Captisol treated mice had any tubulointerstitial changes.
The doxorubicin treated group showed tubular casts, abundant dilated tubules and
moderate loss of brush border in the some proximal tubules. Some of the glomeruli
were collapsed and at various stages of degeneration, The pathology was found to be
more prominent in the outer periphery of the renal cortex. Tubular atrophy or
neutrophils infiltration was not seen. In doxorubicin + captisol treated mice there was
almost 71% reduction of degeneration and almost 72% reduction in tubular dilatation.
At deeper renal cortex and medulla, there was a 90% reduction in glomerular

degeneration and a 50% reduction in fubular. dilatation.
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TX 160 mg/kg+ captisol 764 mg/kg 1:1 4 MTX 160 mg/kg-I- captsol 382 mgikg 1:0.5 MTX 160
mg/kg+captsol 191 mg/kg 1:0.25 Normal Mice MTX 160 mg/kg Kidney nvileeeetkedafteaftrer drug
administration 1:1 4 MTX 160 mg/kg+ captisol 764 mg/kg 4

Example 6. Evaluation of the Nephroprotective Effect of Captisol in Cisplatin
Induced Nephrotoxicity Model in Mice

Female C57BL/6 mice were injected intravenously with a single dose of (10
mg/kg) cisplatin (N = 5) or cisplatin + Captisol at cisplatin to Captisol molar ratio of
1:1, 1:0.5 and 1:0.25 (N =5, N =4'and N = 6, respectively). The animals were
sacrificed after 72 hours. |

The development of glumerular and tubulointerstitial injury after cisplatin and
protection by cisplatin + Captisol was evaluated by means of renal histology. Paraffin
sections of 5 uM were cut and stained with H&E and periodic acid Schiff (PAS).
They were examined by light microécopy and scored in & blinded fashion. Thirty
glomeruli and neighboring tubules were scored at the superficial cortex (near the
surface of the capsule). One hundred glomeruli and neighboring tubules were scored
at the level of deep renal cortex and around the outer strips of the outer medulla.

Figure 10 shows the mean scores at the level of the superficial cortex in
cisplatin and cisplatin + Captisol treated groups (cisplatin to Captisol molar ratio 1:1,
1:0.5 and 1:0.25). Figure 11 shows the pathology scores of individual mice in each
treatment groﬁp at the level of the superficial renal cortex. Figt;rs 12 shows the mean
scores at the level of the deep cortex and outer medulla in cisplatin and cisplatin +
Captisol treated groups (cisplatin to Captisol molar ratio 1:1, 1:0.5 and 1:0.25).
Figure 13 shows pathology scores of individual mice in each treatment group at the
level of the deep renal cortex and outer medulla.

None of the control mice had any tubulointerstitial changes. The cisplatin
treated mice showed necrosis, sloughing of tubular epithelial cells and loss of brush
border in the some proximal tubules. Abundant presence of dilated tubules was a
prominent feature of cigplatin induced nephrotoxicity. Some of the glomerull were
collapsed and some showed carly degenerative changes, All of these changes were
significantly less pronounced by treatrment with cisplatin + Captisol, demonstrating
that Captisol protected the kidney at both cigplatin:Captisol 1:1 and cisplatin:Captisol
1:0.5. ' '
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For light microscopic investigation, kidneys were fixed in 10% buffered formalin and processed
routinely for paraffin embedding. Tissue sections of 5 micron meter were stained with hematoxylin and
cosine and examined under a Nikon eoolpix light microscope, photography was done with a Nicon
Coolpix camera. The severity of total kidney damage was evaluated by a semiquantitative
measurement of damage as described below. Each tissue section of the kidney was assessed for
degeneration of glomerular structure, gloraerular crowding and congestion, dilation of bowman space,
degeneration of proximal and distal tubules, and diI@t!%ﬁlgf renal tubules, vascular congestion, and
inflammatory cell infiltration. For glomerular atrophy, glomeruli that contained more than 20 nuclei were
scored "0", anéf¢ldseacontaining less than 10 nuclei were scored "4." Intermediate stages were 1,2
and 3. Other criterion was ;gggﬁ%m@égrﬁﬁg@iéafmgm@@am@@ wphrSesavere. The
microscopic score of1 each tissue was calculated as the sujrin w%fgg;gﬁ%g%g% %g{gn to ea%:h criterion and

at least 100 némisrand 3 ghermatvital sasrapiablin garisn s SREoN. Bee, e.g., Bhat
et al., PNAS (2003). 100696 R sabhnGel, BinirTioadent (206)122:5Be600f sailRéfegring to Figure 5,

kidney tissue of MTX treated mice shows extensiv h(]!%o athalogical chanoes asgﬁg t@ﬁ'd 48 hours.
At 24 hours and 48 Rours tﬁé@%%ﬁﬁé@?ﬁiﬁ g?u?ﬁis% C&%%Oesﬁ%?a |gir% an dE| ation of Bow/nazis
space, and inflammaienaeel Hfifradiemiaiie interstitium and tubular degeneration. The Captisol +

cels However, some-of i ERTBER GRS B LR 8 B BT e the

A& 24 Rouirs appeared to be reversible since the
cumulative patholegipaisstninyasesonyldS:Honnt confarearte et phosphopaiRéhathological
changes in the kidney were studied at 24 hours post MTX injection with or without captisol
coadministratibr, Nice were sacrificed after 24 hours following MTX or MTX + Captisol
coadministration. Pafaffin SBaticrssikidney oleire %Mmmmﬁmm#%ﬁﬁg%in (not shown).
MTX 160 mg/%glﬂgi inistration resulted in degeneration of glomerular structure and dilation of
Bowman's space, degeneration of proximal and distal tubules and inflammatory cell infiltration. Milder
glomerular and tubular denegation welizaprsshasidad R L 6B fkg + Captisol at MIX to Captisol

molar ratio of 1:1. MTX 160 mg/kg + Captisol at MTX to Captisol molar ratio of 1:0.5 were most

effective in the preservation of glomerular and tubular structures, Infiltration of inf ry cells was
completely absent. Mbra B HAEAcES B 8%%%%???%%%@ cr%Slgaé %8%%4& %é%%?gt%eg;t against

kidney damagg, ,, aikHisieathelagisalthengesloskeracbieciy taehkitigaydentéhours post MTX
injection with or without Capfisol coadministration. Mice [ficed after 48 hours following MTX
or MTX + Cap?@?fff‘ﬁ’éf?ﬁi?‘l@%ﬁ&%b%%fpﬁfﬁggesgﬁt%tﬁ%ﬁ%r\géil/@w%?;@ §t§]?neog)with 1E\yematoxylin and eosin
(not shown). Afya8ikaedsyibdidectigdrduiyX 160 mg/kg administration (i.v.) resulted in degeneration of
glomerular structure, dilation of Bowman' " {ﬂg | %foﬁgﬁi%ﬁgﬂ,cﬁﬁ@jﬁggwgs, degeneration
of proximal and dista tﬁbaﬁllélglgﬁrcf’ Frﬁl%%r%r%gs%?)%y%e i?%li tration. Milder glomerular and tubular
denegation walapRestechfoPrfiX 160 mg/kg + Captisol (MTX to Captisol molar ratio of 1:1). MTX 160
mg/kg + Captisol in 1; 2.0 iarratiogeskt ggpqgigggggmlpgggﬁigﬁ@gggvaﬂon of glomerular and tabula:
structure. Infiltration]%%n?lar%matory cells §v‘\?f'%s completely absent. MTX 160 mg/kg + Captisol used in
molar ratio of 1:0.25 wisreWbelemEEta %%F@tg&ihb the kidney from MTX induced damage. The
greatest protection was seepnwhenMiXéa craplisohmakairasiodeiigdsibdarideldistopathological
changes were also studied for the kidney after 1 week post MIX administration. Mice were sacrificed
after 1 week fdlY@W*‘ile‘WiTX 160 mg/kg, single ix. bolus injection. Paraffin sections of kidney were
stained with hematoxylin angheesinpmnstishen) i Xiaeiisis4tion Alyhepbsoiéd mainly in
degeneration of Erqxim?l and distal tubules with occasional glomerular atrophy or crowding.
Degenerating & S Qn?fé?g &re’ seen lining the proximal and distal tubules. Occasionally
some tubules were sgen to Phelineshbyittoubieleit RyberdomistenirtshirdsashgEsdPRith
eosinophilic materials. The patholggical ch re mostly found in the cortical areas of the kidney.
Most of the glo%?e%{ﬂ%%% rlsjgs%}%ggvgé eh r%rfolg@ae%@topgthological changes were recorded for the
kidney after 1 week phst MIXhe @aptisititnjefubimMivdarirdpmeircatifer Teek following MIX +

Captisol coadmijnistrati C) In:segligns of kidney were stained with hematoxylin and eosin from
four separate r%ill%’g(ar%gt%s}f%%wé%qa%gneys of mice coadministered with MTX 160 mg/kg + Captisol at

MIX to Captisol molaPratio &t woBmorEarsid YISy fand greater
preservation of the Whules: Jafilration.ghinfiammatory cells was absent. Example 5. Evaluation of the
Nephroprotective Effect of Captisol in Doxorubicin Induced Nephrotoxicity Model in Mice.  Female
C57BL/6 mice were injected intravenously with a single dose of (10 mg/kg) doxorubicin. The mice
were sacrificed after 72 hours. The development of gliimerular and tubulointerstitial injury after
doxorubicin and doxorubicin + Captisol was evalthted by means of renal histology. Paraffin section S
of 5 p.M were cut and stained with H&E and periodic acid Schiff (PAS). They were examined by light
microscopy and scored in a blinded fashion. Thirty glomeruli and neighboring tubules were scored at

superficial cortes (near the surface of the capsule). One hundred glomeruli and neighboring tubules
ware ccnrad at the levvael of deen renal corfeay and aroirind the niriter etrine of the Nniiter meadiilla




The development of glumerular and tubulointerstitial injury after cisplatin and protection by cisplatin +
Captisol was evaluated by means of renal histology. Paraffin sections of 5 uM were out and stained
with H&E and periodic acid Schiff (PAS). They were examined by light microscopy and scored in a
blinded fashion. Thirty glomeruli and neighboring tubules were scored at the superficial cortex (near
the surface of the capsule). One hundred glomeruli and neighboring tubules were scored at the level of
deep renal cortex ar}fﬂa?rou?gethg > Quiar. sirins. of the guteE g%u&ﬁg is a%&?ﬁ%&@cﬂ&%’éﬁ the mean
scores at the level of the superﬁm cortex In cisplatin and cisplatin + Captisol treated groups (cisplatin
to Captisol malearnaisutitalzgesiand 1:0.25). Figure 11 shows the pathology scores of individual mice
in each treatment groyp at e leyelaf g sepsrficielwapRks oRleX oEigwW anlRshowstheienean scores at
the level of the deep cortex and outer medulla in cisplatin and cisplatin + Captiso| treated groups
(cisplatin to Captisol ¥holar fefistEor Lipdpaha horspirprtire et AbMRIFEIRSIHydores of individual
mice in each t£@@$€@diﬁgéeh@o%{}3ﬁéﬁg%ﬁiﬂbﬁn§%§ﬁ B0l seHer@antobermedulla.  None of the

control mice had any tubulointerstitial changes. The cisplatin treated '1ce shog/a%\%aﬁcrosis, sloughing

of tubular epitRBEIAcEETHIFRISSS HRASFITSRIE AR THERNS AT ST oS QUBIGES: #aRt presence of
dilated tubulesaaspraminant iEaitie.abeispatinintueaduephiditityicSimtfet tfe glomeruli were

collapsed and some showed early degenerative,changes. All of these changes were.significantly less
pronounced b%l?éﬁ?ﬁ‘@ﬁf%ﬁﬁ%%ﬁ%l‘l% S-OEQBH@%I f’%@,%%%&%ﬁé%% t%’gtrﬁg%ﬁ%o?ﬂﬁg?gﬁe the kidney at
both cisplatin:Sap#iggect. 1 and cisplatin:Captisol 1:0.5. Claims We Claim: 1. A composition comprising

a substituted oIigos_afé:hari% aﬂ%@%ﬁ%&@%@#@e@ﬂ%@ﬁ%@%@&ﬁ ' W(ﬁ@mﬁgrrier, said

oligosaccharide being present in an amount effective stantially inhibiting’ the nephrotoxic effect
of said drug. Zndiméngoinym sisonethaiaimprishereincyaend iosHottiennz! fited with one or

more Chafgedﬁﬁb&l&%%&gﬁﬂ&%%%Q@@&%E&(&%ﬁéﬂgm&éﬁﬁmiaz@%%mﬁaewa selected from the

group consisting of hydroxyl, sulfonate, sulfate, Carboxylate, phosphonate and phosphate groups. 4.

The compositigiataseamical GrreperitionaosnpéYas SamrRrbTe e i odyrRE E8tigosaccharide-[(O-R-YY

(Me)1,,  where R igselecigd framdhaaroppiaansisting @f sieishi-chaitestherdieanched C1_10 alkyl,
alke,nyl or alkynyl; C3-8 CYClOalkyl and C3.6 aryl, each ring optionally containing 1 or more
heteroatoms s@éﬁ%ﬁ%@%@@%@%ﬁ&%ﬁ%iﬁ@tﬁﬂgﬁ ted with halo or hydroxyl; Y is an acid
group selected from {e grortR eengistingQHIC G348 QhsBOBH dhddR@Ushde is a
pharmaceutically acce tab%cation or anion; and n is a whole number greater than 1. 5. The
composition ofﬁﬁgﬁ? Bfkin said oligosaccharide is cyclodextrin. 6. The composition of claim 5
wherein R is Clio allcyl, optionally substituted with halo or hydroxyl. 7. The composition of claim 6
wherein said cyclodextrin is selected from,the .gr. sisting-of a, i3 or y cyclodextrin. 8. The
composition of claim 1 wherein the rﬁgé?c}gﬁ%%%“%@% accharide is greater than 1:1. 9. The
composition of claim | wherein the molar ratio of drug : oligosaccharide is at least about 2:1.

where R is selected from the group consisting of straight-chained or branched Ci.y
alkyl, alkenyl or alkynyl; Ca.gcycloalkyl and Csgaryl, each ring optionally containing
I or more heteroatoms selected from S, N and O; and optionally substimtéd with halo
or hydroxyl;

Y is an acid group selected from the group consisting of OH, COOH, SO,
8§03, POsH and POy;

Me is a pharmaceutically acceptable cation or anion; and

n is a whole number greater than 1.

16.  The composition of claim 15 wherein said cyclodextrin is f-
cyclodextring (O-R-YY (Me)" is -O~(CHy)s-8OyNa', and n is about 7.

17. A method of treating the symptoms associated with multiple sclerosis
comprising administering to a patient in need thereof a therapeutically effective

amount of the composition of claim 13.
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10. The composition of claim 1 wherein said drug is a positively charged pharmaceutical agent. 11.
The composition of claim 10 wherein said agent is an aminoglycoside. 12. A method of reducing
the nephrotoxic effect of a pharmaceutically active compound comprising combining said compound
with a substituted oligosaccharide and a pharmaceutically acceptable carrier, said oligosaccharide
being present in an amount effective for substantially reducing said nephrotoxic effect of said
pharmaceutically actjye compound; and administering the resulting.composition.tg a subject. 13..A
method of inhibitingi 'phr(;go%% da 155%?5%0 \%ﬁfﬁré%% ﬂ?%‘ffg%grl%ﬁﬁé%% }g?ﬂ%?ﬁ%e%maethod
comprising cdastfremsb schreisist drirapsotaibpdtctphammat efititataopastiitiod deinpliSing a
substituted oligosaccharide,and.a phat 'c;c %I 0 £iﬁg§gé&% ;}%B%{otoxic inducing
drug. 14. The co%bosiﬁ%ﬁn 8@8%%’%}‘3/8@@%@ gS%id %ru&l %}lrﬁet otrexate or a defivative or
pharmaceuticafiységeptaterdaistiercot. thereaba Hiseeporipalitisieot amorat whdgein said substituted
oIigosaccthig ' 1;15 SBQW:Igycloolextrin-[(O-R-YY (Me)410 where R is selected from the group
consisting of st‘%%?%t-c%ained or brénched'Ci.a, alkyl, alkenyl or alkynyl; Cmcycloallcyl and C3-8 aryl,
each ring optionally 88ntairdngethed nidrastiatero atdpisBEneisgHsns: Mo ITBPEFHaptionally
substituted Wiéﬁzﬂﬁlgteﬁifg/w%dst in N6d8 Al:a6iG AeMpseiagieddem thenaialpoassisting of OH,
COOH, S04, SO3, PO3H and PO4; Me is a pharmaceutically acceptable cation or anion; and n is a
whole numbef§reRHeRA 42im 196 The composition of claim 15 wherein said cyclodextrin is (3-
cyclodextrin; (0-R-Y)}{Me) igheDelaind QS0 | athiiis alipditug is cishlatiA snethod of treating the
symptoms assg@ciated wjth multiple sclergsjs comprising administering to a patient in need thereof a
therapeuticalI?g@ﬁgéﬁ%ﬁﬁﬂ%&‘ff?ﬁ%% 3??51% E)n of claim 15. 18. A method of treating cancer in
a host comprising administetiagdamditch infnkéd fHendefdntbeitapbsiicaty effactiveharidsunt of the

composition af Clﬁﬁ" .19. A method of inhibiting the growth of cancer in a host comprising

S.
administeringltgo a %g?ll.ﬁi%%éd thereof a therapeutically effective amount of the composition of claim
15. 20. A method of treating an autoinunune disorder in a host comprising administering to a host
in need _thereof a t_herapeutice_:llly eff%ggy&my_r@ktjaﬁ@ggﬁfition _of claim 15. 21. The
composition of claim 1 wherein said drug is cisplatin or a pharmaceutically acceptable salt thereof.

22. The composition of claim 21 wherein said substituted oligosaccharide is of the formula:

cyclodextrin-[(QsR=Y7 1AM MAGHER insaleciadiamtiearaubaeRaisting.afidaight-chained or

branched Ci-io alkyl, alkenyl or alk gé/l; C3-gc cloalkﬁ and 03-3 aryl, each ring optionally containing 1
Xﬂi‘i; ; £l

or more heterbkini BB gBalk W IPHRERP O baaAsy @shLing hER B 8roxyl; Y

is an acid groyRsleeaekérentoie saTd ensis|iNoa el OHhrd OfdionH0 4utsdil @abl land PO4; Me is a
pharmaceutically acceptable cation or anion; and n is a whole number greater than 1. 23. The
composition PSP wherein said cyclodextrin is 13- cyclodextrin; (0-R-Y)-(Me)+ is
-0-(CH2)4-S03INa+, aikn ssidpentp/seiecic frofunietbndmedrasting cBOEErIVEHOSOeomprising
administering §8a985f-1in “iﬁﬁi thereof a therapeutically effective amount of the composition of claim
21. 25. A'méthod of inhibitfhg the growth of cancer in a host comprising administering to a host in
need thereof a therapBuiticatlyeafiestiiiedinecarpiiiiedbmposiion etélaim 21. 26. The

composition of c:Iair'nnJi ein mgg&g&g&g%rypicin or a pharmaceutically acceptable salt thereof.
27. The composition of claim 26 wherein said substituted oligosaccharide is of the formula:
23,  The composition of claim 22 wherein said cyclodextrin is p-

cyclodextrin; (O-R-YY(Me)"* is -O-(CHy)4-SOy Na', and 1 is about 7.

24. A method of treating cancer in a host comprising administering to a
host in need thereof a therapeutically effective amount of the composition of claim 21.

25. A method of inhibiting the growth of cancer in a host comprising
administering to a host in need thereof a therapeutically effective amount of the
composition of claim 21,

26.  The composition of claim 1 wherein said drug is doxorubicin ora

pharmaceutically accepiable salt thereof.
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cyclodextin-RO-R-Yy (Me)+1,, where R is selected from the group consisting of straight-chained or
branched Ci_lo allcyl, alkenyl or alkynyl; C34 cycloalkyl and C34 aryl, each ring optionally containing 1
or more heteroatoms selected from S,N and 0; and optionally substituted with halo or hydroxyl; Y is an
acid group selected from the group consisting of OH, COOH, S04, 503, PO3H and PO4; Me is a
pharmaceutically acceptable cation or anion; and n is a whole number greater than 1. 28. The

composition of claim 27 wherein saidﬂqyglécgdextrin is 13- cyclodextrin;, (0-R-¥ e Jﬁi?d
-0-(CH2)4-S03Nat ad n islApaEposiio .Gﬁ\?me%ﬁé’a%%ﬁsﬁﬁfﬁuc%égﬁ$ﬁh (5&50)'[c comprising
administering; o gghosiAaieed thereof a therapeutically effective amount of the composition of claim
26. 30, A method of inhibiting the growth of cancer in a host comprising administering to a host in

need thereof a therapeutically effective amount of the compog,rition of claim 26.
cyclodextrin-[(O-R-YY (Me) ks

where R is selected from the group consisting of straight-chained or branched Ci.10
alkyl, alkeny! or alkynyl; Cygoycloalkyl and Cs.g aryl, each ring optionally containing
1 or more heteroatoms selected from S, N and O; and optionally substitited with halo
or hydroxyl; _

Y is an acid group selected from the group consisting of OH, COOH, 50y,
SOs, PO;H and POq;

Me is a pharmaceuticelly aceeptable cation or anion; and

n is 2 whole mmmber greater than 1.

28,  The composition of claim 27 wherein said cyclodextrin is P~
cyclodextring (O—}:'{—\.’)'(l\dejfr is -O»(CH2)4-803Na+, and n is about 7.

79. A method of treating cancer in a host comprising administering t0
host in need thereof a therapeutically effective amount of the composition of claim 26.

30. A method of inhibiting the growth of cancer in a host comprising
administering to a host in need thereof a therapeutically effective amount of the

composition of claim 26. -
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