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Met hods of Use Thereof Background of the Invention
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pharmaceutically acceptable carrier, where the oligosaccharide is present in an

amount effective for substantially inhibiting the nephrotoxic effect of the drug.

Also provided are 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 contacting 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 cyclic polysaccharide
sulfate, the nephrotoxic inducing drug and optionally a pharmaceutically acceptable

carrier, .



adm ni stering a pharmaceutical conposition conprising

a cyclic polysaccharide sulfate, the nephrotoxic
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t4eated wi th doxorubicin or doxorubicin + captisol at

the level of deep renal cortex + outer nedulla. ==
Figure 6 shows the mean pathology scores in a doxorubicin induced

nephrotoxic model for each treatment group at the level of superficial renal cortex.

Figure 7 shows the renal pathology scores for individual mice treated with
doxorubicin or doxorubicin + captisol at the level of superficial renal cortex.

Figure 8 shows the mean pathology scores in a doxorubicin induced
nephrotoxic model 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. .

Figure 10 shows the mean scores at the level of the superficial cortex in
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.
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Substituted Oligosaccharides

Substituted oligosaccharides generally refer to oligosaccharides having at least
one substituent per molecule, preferably a charged or polar substituent. The
oligosaccharides are preferably saccharides of from about 5 to about 10 sugar units
and have molecular weights, when unsubstituted, from about 650 to about 1300.
Where the oligosaccharide is anionically sﬁbstituted, it is generally preferred that the
substituents be selected from the group consisting of sulfonate, sulfate, carboxylate,
phosphonate and phosphate groups and combinations thereof. The substituents are
preferably present in the molecule to an extent of from about 0.5 to about 3
substituents per sugar unit. Especially preferred compositions are those based on
oligosaccharides having about 1 sulfonate substituent per sugar unit. Other preferred
compositions are based on oligosaccharides having from about 2 to about 3

substituents per sugar unit, wherein the substituents comprise sulfate, sulfonate and/or
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one substituent per nolecule, preferably a charged or
pol ar substituent. The oligosaccharides are preferably
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and have nol ecul ar wei ghts, when unsubstituted, from
about 650 to about 1300. Were the oligosaccharide is
anionically substituted it is generally preferred
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Anionically substituted cyclodextrms 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 substituents include, by way of example, those described in U.S.
Patent No. 3,426,011, Oligosaccharides may be of the general formula:

oligosaccharide-[(O-R-Y)” (Me) ],

where R is selected from the group consisting of straight chained or branched

Ci-10alkyl, alkenyl or alkynyl; Cs.5 cycloalkyl and Ci.g aryl, each ring optionally

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

4



bet ween different sanples of the same nane group, such

as the chondroitans, dermatans, hyal uronic acid,
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hydroxyl. Specifically. preferred are oligosaccharides where in one or more groups, Y

is SO3. The resulting preferred, polyanionically substituted oligosaccharides have
molecular weights of from about 1600 to about 4000.

Cyclodextrins

In a preferred embodiment, the.oligosaccharides are cyclic polysaccharides,
preferably cyclodextrins, and more preferably derivatized cyclodexirins.

Cyclodextrins (also referred to as “CD” or “CDs”) are cyclic oligosaccharides
consisting of at least six glucopyranose units. Although CDs with up to twelve
glucopyranose units are known, only the first three homologs have been studied
extensively, a, B, and vy, having 6, 7 and 8 glucopyranose units, respectively. For
example, the B-cyclodextrin molecule is made up of seven o-1,4-linked
glucopyranose units which form a cone-shaped molecule having a hydrophilic outer

surface and a lipophilic cavity in the center. It is bélieved that cyclodextrins exist as
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A reasonably large number of CD derivatives have been prepared and

described in the literature. In general, these chemically modified CDs are formed by
reaction of the primary or secondary hydroxyl groups attached to carbons 2, 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 cyclodextrins may be
selected from dextrins of the formula:
cyclodextrin-[(O-R-Y) (Me)'],

where R, Y, Me and n are as described above. As will be apparent, nis 1 to

18 for a-CD; 1 to 21 for f-CD; and 1 to 24 for y-CD.
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molecules and pept1des that cause renal damage upon administration to a host. Such
drugs include, by way of example, diuretics, NSAIDs, ACE inhibitors, cyclosporin,
tacrolimus, radiocontrast media, interleukin-2, vasodilators (hydralazine, calcium-
channel blockers, minoxidil, diazoxide), mitomycin C, conjugated estrogens, quinine,
5-fluorouracil, ticlopidine, clopidogrel, interferon, valacyclovir, gemcitabine,
bleomycin, heparin, warfarin, streptokinase, aminoglycosides, cisplatin, nedaplatin,
methoxyflurane, tetracycline, amphotericin B, cephaloridine, streptozocin, tacrolimus,
carbamazepine, mithramycin, quinolones, foscarnet, pentamidine, intravenous
gammaglobulin, fosfamide, zoledronate, cidofovir, adefovir, tenofovir, mannitol,
dextran, hydroxyethylstarch, lovastatin, ethanol, codeine, barbiturates, diazepam,
quinine, quinidine, sulfonamides, hydralazine, triamterene, nitrofurantoin,

menhenvtoin. nenicillin. methicillin ampicillin. rifampin. sulfonamides, thiazides,
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commercially available Captisol(r) (Cydex) may be used
which is a sul fobutyl ether derivative of
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deicloeir) msthoth*&‘ékd?sulfaéﬁlﬁrﬂlddﬂ hbi:rﬁt@zreﬁe, m&inhm,;faemmat ganciclovir,

tacroli r adi,oc rast ned, a, terI euki
{pedysere o?rgoteﬁyleﬁa it S 15E2ORIIE TFEHARRE Do Hﬁk@iﬂgalazme;

HeROR1, Yot tﬁ%h@lzﬁ’e?&&f‘s)factg} A EhBucH, 1n‘§é}ﬂiu!éﬂl§t Kl€omycin,
estrogens qui ni ne, 5-fl dorouracii, ticlopidine,
cloppsidi; g'kuerouramlt winblastine, doxdralziyiol cisplatin gachibe likb (see, generally,

P RO ek TR Chbfet P BT RO0GTE 3091

nmet hoxyfl urane, tetracycline, anphotericin B
cephal ori di ne, streptozocin, tacrolinus,
car baMetlegiiesgte ni t hranycin, quinol ones, foscarnet,

pent agi g, téé I%g% ?x%ﬁ@&iﬂx%nﬂ ﬁ{@?e?hz%%ﬁlé Qxiafeﬁlb‘ngﬁate g

zoledrona1 adefovir, teno

dexxtatiza or pbmhmaxglmtﬁw atcapta]bie shlothasdofit Methcmtehatn QN ; [4 [[(2,4-
R M TN s R TG .
Bhdrh Qhsthpdie 'aﬁﬂm@ﬁbé‘ﬁfe u@ed’for HeRrea @i bf barfous neoplasms
nethicillin amtil rifamin. sul fonam des,

phitianladp NG Itmmhdmae M’E;K anytechemont ‘Mdplyr Usad pnticancer agents and

0Si ne .ar.abl nosi de urosen de,
R bR R e e O Rl RNE R S 2 SRSt
tRdridchrcainye, Bsteés@f&ﬁﬁxbﬁbnoﬁwioﬁfarc&éﬁh&s, wnaﬂaiam{ Biole, acute
atazanavir, gold, penicillamne, captopril, lithium

RErRheg#R leukempiaoseast sancerspWamyoid cancers efithmhead and neck,
Q é@ﬂ?&o% Ifuﬁgc?h&f Gande laﬁﬁfn]oHJHJ rlf}ghtilomas (Physmlans

cl clovi re>’<a sulfani eren
D&sk Raferance (453 ad. ))&\t{edlm fcomdnoi¢alrCo. ,rmt;ys&ﬁ-gp dBcs Momes

it BB T Blsp o L s i oo 2o By Witk Glity in the
gtelvem%mé srafieRiub Sl rBsotioR 1188 D CHcBult HoRPSShE Bansplants, as

['uorouracil), vinblastine, doxorubicin, cisplatin and
wied ab ik the (nwggerg@ﬁ of mﬂaynnatory diseases. Consequently, MTX can be

employed in the treatment of severe and disabling psoriasis and rheumatoid arthritis
(Hoftmeister, 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,
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(2006) 2, 80-91). Methotrexate According to one
wenhoderwat , t he nephrotoxic drug i s nmethotrexBCEUSH06/061228

derivative or pharnaceutically acceptable salt

thereof. Methotrexate (N-[4-[[(2, 4-

di am no- 6pt eri di nyl ) net hyl ] met h. yl am no] benzoyl ]-L-glu

A0 SBT, o ooRe e PO YT ST L AR o a1 425014,
meem m,em,@ss; 4;@@1/34,; ACS dsvmqtlms WIBX6730 cmm n%
nost w anti cancer agents an IS e |O
85 S 0B 75 0 A S A 55 o8 e B R &87, 5,050,
95965%1309%}59%9%%?&% X éféﬁﬁg,gagﬁ ﬁ&g&#@%s 488, 4,558,690,

chiori"oadehona des rm nol e
| 44661359y 6569)140kennh af whichas heremyninestpomypsdisr mrehce Other MTX

AT Bk B e e Ry st AGH3L
(FPhuedifl, @@&m mRzﬁemrm 9(s§§tr£1uﬁ9ex)ed 1&4%%&&11 MTA and

cononi cal ., Inc. 1185- Mbi nes

(A6937 @akmw% Semigprsn Qﬂzcelbg:e 6t9|9\7)324 BH8HAOSH p&m@sﬂn etenl.,

JraMrgt ALkl rh 5 B TLABRR b Bt in

t@ﬁd‘d@yé{%%)) 285608 H10; ResdwrklyNBrozpea ge MR ACHRM. (1989) 26:1-237)).
i nfl a%%t ory di seases. Consequently, MIX can

enpl 0 Orfhnglwethﬁ P@tapﬁ%mm&w%@vé h@remasdb%wﬂufwgtreatmg

Rt 85 5 EEDHIRUTBORI oPb bl ok B Lyl cteross,
 Andhhe $yingptamsl aﬂoellatw.tthsrﬂw(thmﬂ&) ca’iﬂposﬁﬁfh}z mayibsarsed in

net hotrexgé_fg i S as qci at ed wi nal and hg patic

(SR HEFHSP W T 3 oSO 4 BasnLy Wigh AR terfargs-

|1§dd1ﬁ&ia¢l | fh¥ cbﬁugaslﬁ&@h l{lﬁr bdTBoel m&tlﬁg Ghid i uhSEEHelsuch

al . merican Col | (1984) 3793-96). Numerous

mtlwgndr@m@dm%md MTX anal ogs, any of which may

be use acticing the present invention. See, for

exarrplégniﬂ%g!%r— Pat. Nos. 2,512,572, 3,892, 801,

3 989, AithoghicO&ide brtihioties Mnéh 86 gentdmdii3, %ﬁmyém@%egﬁﬁlycms
36, 101, 4, 093, 607, 4, 279 992, 4,376,767, 4,401,5
nddePramycing, aspgensally wiiligedashraad spegtgam gatmicrolzls efisgive

S8, e et 640 1.

Mﬁ&lﬁ@a‘&;des aﬁiﬂ“teﬁh@soc&t@B\ﬁtﬂ mﬁdesﬁecoﬁée-éﬂfaqts 5ydhBR, 928,
5rie%) %togx?gty and 0 §to%%17ty 6’th%9 ghtilbloflcs WhSzc%S may used in the practice of
the present invention include vancomicin and cephalosporin, such as Rocephin® and

Kefzol.

Non-steroidal anti-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




4,662, 359, 6,559,149, each of which is hereby

i ncorporated by reference. Other MIX anal ogs and
woebeoezhoant i f ol at e conmpounds i ncl ude tri nmetr eR@TAIS2006/061228

edatrexate, AG331l, piritrexim 1843U89, LY 231514, ZD

9331, raltritrexed, |onetrexol, MIA and AG337

(Taki noto, Sem nars in Oncol ogy (1997) 24:S18-40-51;

Sor bely . ' (2001) 86:,121-.27):. CB

3717, "EyBlenr R A P Kt g 8 voeo
26 pBBticidg 1k pmloigﬁkmlionPr Sﬁuha@smis indiediChe mgybie;&aﬁl %le,
26:1-237)). Accordingly, the conpasitions disclose

AP, Clas%llqu@snha@a% hytaguipaerandihg bie.

i nhi bi@érﬁgsttg%ngsr owth of cancer; as well as for

treati'ng nu ple sclerosis, and the synptons

associGumsmst dgentewiet ihjectet énto @rpatisittprion o xreay doensu Behtiast agents

conj.upction w i.n C i nati.on with other active, ..
S hEB5 s BRenfleted (s SRR Ped PS5 View F his

! icbihtEtfon TRy 1iR6ly WS dnfyd mbXifRil O BYLOHRRtrast agent to
di sorders such as lupus and rheumatoid arthritis.

Anelogexstin seoulhbaesgesran's i Erematesiob thstpassiblesise bf exslodextrin to

I Cd ' 1 i nd
SRR Aol MAUELY o BB TSR o ey e
aohirast agents thhsmey beoded Ve pagticing the freventaemiod.include diatrizoate
ram positive, gramnegative and acid-fast bacteri a.
35%3%\11?&8%%5 osi des are often associated with

undesi red side-effects such as nephrotoxicity and
ototoxicity. Qther antibiotics which nmay used in the

pract i@@iﬁ%ﬂ@ present invention include vanconicin

and cephal.osporin,, such as Rocephi. and Kef zol . .
Ron- o 1 BEGce R b R roR GHthge pREAER Ritaplthoueh it

ad hotﬁfeﬁS\%dtneE@@aH.fb%iﬁbpmptok@‘ﬁr&%cﬁm&‘e@{ bHhAESMPSSshn.
to reduce pain ile avol di n% the use of opiate

deeratia pRdryg toroligaspesharide s prelouahly maithin a range shelt thatthe drug

. P ' _ .
A A T
hintehofikhodmigtthroogh ttepkidnelyofh someacudes iymdebaidattable to minimize

racticing the disclosed invention. . .
LEhe amount o of1gosacchar1de in vivo. 1mp}e in vitro 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 drug : oligosaccharide is greater than 1:1, and may range from about
1.1:1 to about 50:1, preferably from about 1.25:1 fo 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:Captisol
worked well to keep methotrexate in solution in 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
lower 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

10



Anti - cancer agentsMany anti-cancer agents exhibit dose

limting renal toxicity and may be used in practicing
woheo7mez®ant i nventi on. Such agents include, bycwag2mb/061228

exanpl e, cisplatin, doxyrubicin, cyclophospham de,

but asul fane, and the l|ike. Contrast Agents Contrast

agents are injected into a patient prior to x-ray

cans. ntrast .a nts hi ntrat
JERORStAEEE WHSH R 86 Rh SRl P E TR R
&%ﬁ&etm&t@m indl& rb’dxdﬂ@f Mlgbbtfﬂch&[ﬂeym@hﬂﬁe(hl@héﬂ tife aasolute
1:1 ratio o ontrast agent to cycl odextrin woul d be

areQuat OB SCeIEAliop | e ¥iva s R @cErssilh insrepsed. ops such, the
RSB S DR Ao BERL S 8 o 28000 Bt o o

feontabasit agboiis] 0t thaés meldr becsssefdhé oligosamhbkda) gr plederably in

T T M T O e
SRIP58X81 o‘%&cﬁaﬁ&eto rotoxic drug, although it is

not belieVved necessary for anti nephrot oxi c protective
ef f ecFurtifer prayidedmpogiethodnol Tdecingthe @ephrotﬂmxgeffe@t ofa

Pt S Caliaste bomPami s fRinkoafid e B pSHE el

pdifarkibde QH%'O sh@ihhﬂﬂe | Method€ &6 Widludddeot ndilsiing éﬂ rﬁ&u@ﬁg

t he drug rough the kidney. In sone cases,_ it.my be
merqt%préy @s(somtﬁd iithe neﬁbmém% ﬁwgwomn%%ﬁ&@ﬁérqr@é 3j n
I
YiokfacoibRcBrlpBoithh EApRiHPL b GHE i ORRl RN 25

mphrdtuxm drogLanid oq»hondllygqslmrntmuhe@lymeemnble oarrier. Although it is
fectivel Xmg)r otect fromr ena‘l

@rﬁ%mdﬁ%aﬁta THsiralign QFCyr 25 p Singte %Fﬁ}rlm%fs ther i de
bl?go%&ﬁ&ﬁde <8RR 114 sdlubdshg Y dﬁ%nﬂl% ﬁétﬁé’ﬁs%&“élsé—bé—eﬂect&l by .

about 50:1, pref erablyfromabout 25:1 to about
Qcmcurremtbrraeinpn@fe@ngblphamaamtwbbmmnosvt@nlcomprrémapql_?yalnomc
t.0 abo of et hot r exat

e binide g o Wb ep il o ooy R Pl tns R
AiddcifB Gh@ f extepirartdossl Wiirkad dieg bnd ohgfcs@ahande are

nmet hotrexate in solution in vitro and provided th

ersabinediingep pinsle slopageamitelbey map de sombinse mmmagmé@uhcally
Qéglal?ﬁﬁl%% E’prle%( p?e,q%ﬁéd’l%n bridid E)s‘f&{]ﬁ‘l%gﬂhérted t hat

trona Z|ng agents nm e use provi ded
plizatatdutically 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 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 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 occur.

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 intravenously, or otherwise, as

11



anmount of oligosaccharide in the conposition remains

sufficient to provide a renal protective effect. It
wory7we24esi rabl e in sone cases to have a rati BCofuseioags1228

to oligosaccharide |ower than 1:1 where, for exanple,

the binding constant of the drug is | ow or where the

drug is processed by the kidneys at a |ower rate than

RSICTF RIS bt iR, AP R P B AT R S
| parentdril®y tRkhg, adrdiagivpicaBapplication, altta@eus, intra-arterial or

ol i gosaccharide m ght be hi gher, the absol ute amunt .
SHbeuianeans mischon and iRglyding abseemtionas ssdlpsinigetionand arfeaguction
Liion may conprise fromabout 2 to
g%tgﬁ#‘ag@?érﬁg%sfn&ar%{g%tbgé to about 20; or fromabout 2 to
about Ii@ilt beresleradaal thenthe secific ddse lavkl £0 ame particulakepationt will

eferably in th ange of frqm ahout to about 5:1,
e e el PR HulRaAGacoT epDhe St copmotind
Rmbloyel! Ge98EHaaY : ?%htcgeﬁérﬂgheaﬁﬂ,r deRClieD Gl ot %Qrgﬁ{iﬁration,

methods’ of reducing the nephrotoxic effect of '

phte 9 sdminisratipy, ratetof excreidon dorgkondhipatiosi ang theoseverdty iofi ghe

t he. ound wi,t h a ppl yani oni c ol i gosacchari de.

W@‘ﬁhcglgagﬁg%seiuﬁ'g?rl%@g%eﬁp}f'nhi biting or reducing

nephr athetiesr faatass 6Ctha irdentdd WilbbétoRiR@bshiGindhid burse of the

conpri sing adm nistering a ghar maceuti cal conposjtion,

deowing deserintiony Qlarewnlaey enbodimsaisiaichiere givea for illustration of
[ ]ﬁgat : ?ﬂl@ maceutical ly

g@%g%%g{ﬁe&g%?%et?&g tﬁggg?n%l%{n S %?gferred t hat

adm ni stration occur as a single dose, particularly

where the oligosaccharide asi{ sts in solubolizing the

drug, the nethods may also b xapynles; ed by concurrently

FAHEIE 1 TG 6€ i Dn'Bohilitycéd MIXMPOSIi ti on conpri sing

a polyani oni c ol'i gosacchari'de and a pharmaceuti cal

conposiclubdlity sewdssividra perforamed dp Hetorming evhetherCppiisotivandd

} . h d o\ e
o7 5o R0 oS el 55 bR el g gme e
tinjoigh the&ydreRYi.cleaiiibn D atdnided)D Salpidas wRepitpaed dshown in
acceptable carrier, f a cosol ution or

& BRHE F o Rasthicliaras nciasch R G o smpyoge et aiapess of th
S R R AR e i s oo
fvasnudastred spactthplodwaetrieadyut i cal |y acceptable material s

and a rgl s?lim?vtnei‘rrl %qu%eR%a%tﬁgcll)gre\%in%egecﬁe 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 conceniration dependent rate.
At 0.50:1 ratio of Captisol to MTX, MTX remains in solution for at least 15 minutes,
and at a ratio 0of 0.25:1, much of it remains for 10 minutes. In view of the rapid transit
time of filtration 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: 0.91 mg/m|
Concentration of MTX: 0.002 M
Rate of precipitation of MTX at pH 5.0 in presence and absence of captisol
Captisol:MTX molar ratio 1:1

| Capti | Time | [ Amountof | correction | | [ conc.of | captisol/
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concurrently with the drug or within about an hour

before or after adm nistration of the drug. By
woamowez4nt |y, it is nmeant administration of tRET/US2006/061228

separate doses occurs substantially at the sane tine

such that both the oligosaccharide and the drug are

present in vivo. Al ternat ively, adm nistration may

accH coalant g quIL hat +Inln
i ratio

\ ad Al Anoe la HE |

A\ AvaTy ) SCYTEiTT™ YT CuU Tt Ot guosaglilialr T ucos
e ral-hympeed

aﬂd present wi t hin P'ﬁ renal | environment as tihe

conc 'éldalﬂé Gpp. 0T Urug I_ll thre krdnmey TTcreases 1o
I@WI Sl \N@bgfpnthe t oxi c ef f ped gigfiort he drug may

OCCUT].(mA1€ [MDUE 07 | @gwNi ST T piighon, T Heng@0Sage (and

fa@ayency5of ddszge 38.888009%8 ned3H00RNe nbeR22gf 0.0018308

ad62ni st nati on2.291d| 88468762Lons 78T H¢i|loAg02719 0.001546

02Nt | 60al | y2.e9p| BAA05RPIG 1 184 A nATBIAE5]a10.004540d

_'IEhQI-@. f 0ROdxanpl?y | 280815822 hnisb7d396dn < 0.6p204 e 0.0014345

b g [ ed [ o | ol [ |
es e« |am|luelan |leuiue jou
— | e | ] e § e | e } e

t i 080¢an $ACTH @@ﬁ@é@% 633.4 g%@ﬁ%QB $.0013937

IQ’IQQ'Q vendfdl v 2.202 f\ig _aﬁﬁig%&bu! 675215871 . 0.0014855

crdPdvad20784L:28:425 - 638 8 0036 5 00014012

a% ,e' Bhgyo ool pr e oo Gicttacs
|

™ T LAYT B .I ,.I Tl al ., U[J |
MIX'm ”Eﬂ}lﬂﬂ s',v i ntra-arterial or
tmeOLs i njection, and REI udi ng absorpti on as | captisoWMT
aeri njje@®tai on and i ntr odpdivficohs®nt o _body | sqeeptmix esX ratio

or Orlaﬁdhﬂﬁq 302¢ wi | Mmba undefstood tHat the $pecific
chdded | asigo| f@Hﬁmﬂny splptien oyl a,___&ﬂ}fﬂé’hf will-—dépend—up

RN
I 0.0012489 | 0.5:1

5% ,
’gﬁ“é’:
q

M ar I(gﬁ!gz agfntmf ?Et ot I Il 1y PP et ro—dooTT
Hi lf f | o Parmoad: o 17Q 4 q-?ébz Z\mv

Ty A0 T 2263 1 27,06266996 | 694 H687 | 0694087 | 20.0015269 | 0.5:1
TOQ1 | . 151 25094 1:31.85414091 | ' 796.3535" 0.7963 2;‘““0’051752 0.5:1
0.001. of o9 11y 839 T B 144693 T U7 8616 [C0 1é7362 A8 H010293 [ 0.511
O’U(H nat13g —any oh ATt 5 ¥E1dshy [ 01317 36571PF8. 817387 ¢ 0.H00E68E £0.5:1
15 90T 149 1L TTER 9By | 1418440049F TRANHEES @208 € 0.0006404 | 0.5:1

W' OThoW T 101865 PR 0 ABPABENT J6N 743 G.08H748 | 00.0605258 | 0.5:1

®bd oW NGEoJESTHIgPT | Olox308326X € NMea.BYse b osbisne Nt 6.0005788)) 0.5:1

agy ﬂédﬁMf)@hdle@EdOEZ@!‘ of the invention and are

not | nt endedgho¢be TTmM T Ng tfhereof - EXanpl eS| Exanpl e | captisol/

1cadsbd eqt,, of 3gdd on Sol ubi I'i t Y autiok¥0 $ol ubi | i fiyolarity of | MTX
sntaddéoesofwaresmhf or ngelc bidet e i ne_whet her Camtxi sol | ratio

oan MIX over al Lij.ne

c bmevemnt t he rec tati
&’H' ool Ebat B thar j@ﬁ'—é—l—%—ﬂ?—‘#@ﬁ%‘w 0 o {I‘:}I)fhc
ut es)

Ki dney| fhei€!, | ess {than 2 m | utions| were

0c085 £d_ a8 | Shcabhai [n28.hes el le 124.@@¢h 05124069 brp.6048949 | 0.25:1

@808 [ ed 10vi t h K38 | 82A146B318gled 5587 ORIl i GAREBE! nf0.q04A108 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

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

Captisol:MTX molar ratio 0:1

. oD at captis
Captiso Tjme  302- dilution1:50 molarity of .| ol/MT
ladded ofoD  304nm concof MTX | 0 mix X ratio
M) |aer | nm (ug/mL) ug/ml mgiml | ()

ad H . : .
0 5 0.206 | 3.448702101 86.21755 | 0.086218 0.0001897 | 0:1
0 10 0.22 | 2.509270705 62.73177 | 0.062732 0.000138 | 0:1
0 15 0.274 | 3.176761434 79.41904 | 0.079419 0.0001747 { 0:1
0 20 0.328 | 3.844252163 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 0.0001815 | 0:1
n =5} nna2 | FA41R102R2 | - RR 2004R N NRR20 0 0NNMR76 | 021
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supernatant renoved as a function of tine, and the

concentration of MIX in solution was neasured
weoepetoepphonetrically. As shown in Figure 1, Capriusei06/061228

prevented the precipitation of MIX at a concentration

dependent rate. At a nole ratio of 1:1, the MIX

remains in solution indefinitely. At |ower ratios,

precipitation occurs at a concentration dependent

rate. At 0.50:1 ratio of Captisol to MIX, MIX remains

in solution for at |l east 15 mnutes, and at a ratio of
Bxamplei2. Ryetective EffectoffiaptisoloMTX i nutes. In view of

| nvi o Bep B G M B R b o SRR or®
(20} sttt pop o

@Kp@mwgtahﬁuteﬁm@m ?@?Pl%ﬁlpféffe it EAR) bp65 Tl micegyas performed.
lﬁﬁhﬂlg ftho Cﬁé %ﬁiiml ?atﬂol gﬁ&@&g&&@d absence

{ 1 t
Ti mia]gAlE v@amndﬂ&cedfas foltoovst ddice overg ariegﬂ:mm,d wafh Evclartm (222
Bt St B o ST g s
gﬁ% ggs%l%?b )u%§ tl'ME ?ﬁaﬁeeﬁ%ﬁlﬁ% 1%& ﬁ a%%‘éluéﬂ' ‘}olﬂﬁﬁg of Freund’s

mésinpwt@idﬂmlea&mﬁmg%gwm qhmreulbm7m duedose 500 pg).
experinental autoinmmne encephal onyelitis (EAE) in

(¢514 Bu@ctwno@asm%enpﬁé tlieotape and tejsasand| wasi giyes ondiygsdorsum.

PEOEL e Y S8 RIS RSy B . nd

Z\\f@lﬂdwlﬁg(eﬂ&%hﬂitbgémnoet hanol) and given two

dose. SHSRRIX tw#gtusvé%”% i i rd b eoraR. QAT s

uﬂﬁﬂég'; 6@ftinke e{)s BS' (DE29RLELS AOLYPBRS fo‘f‘a%ﬁl \Fﬂlﬁkﬁe 35@ 34 ml,
my of M tu ercu OSIS H37RA (total dose 5 ny) .

191 ecutcemmmasfgl&mg/ndt(l‘i feixpe and t he second vvas

gi ven Ussi s t.oxin, (100, .ng: 4. ¥.

Phr oudDepteBRIea e sSn Sk ehiford P8R 25 et
aRptiso] eIV MDhe 8618ABRYdrtekdBTXed. 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 I EAE PBS 5
Group II EAE MTX 40 mghkg | 10
Group I EAE MTX 40 mg/kg 10
+captisol (molar
ratio 1:1)
Group IV . EAE “Captisol only 10
ANT NE v AN
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Stock MIX was used at 25 ng/m (Bedford | aboratories).
MIX stock was diluted 3.67 times with PBS (2 nml stock
we 2607882408 PBS) for a total volune of 7.34 nl, Par/ua2006/061228
concentration of 6.8 ng/m (14.9 niM. 3.00 m of

di luted MIX solution was aliquoted and added to 96.6
nmg of Captisol powder, and the solution vortex m xed.
f g o was nNosti-y - tlear—butTrate
yéﬁP{éﬁlﬁuAl | soljiiSns ver o kepjt\loifeaﬁﬂenitn dafk unti |
neady to inject]. 96.6 ng/ 3 n 32.228 ng/m |= 14.9 nM
MIX: Captisol nolar ratio 1:1. The test m xtures were
adm nistered to 5 groups of mce (Goups | - V, see

Tabl e Dyentyriiwr €4 Tpusiftpr $mnt01ﬁzmyethwr>§(@fme/kgbygpwoight)
MEX_ (40 o/ kg hody..wei ght i ni Vi
SOpere i B vt SRS Pk s oot 138y Mix +
NTabizol GARLAR Ok d WRS vbIRin@ ©ir 860190 glz v%aigg?ig{ )c%gzgsgi&l%ngbz.zz

via tail vein. Captisol alone (
img/ed) wels mjeatedaiia tailaiein inm alwod offE00e120000L duldotin (20 mg/kg

eukovorin (20, ng/ kg body. wej ght)_was_injected vja .,
Y ) weigise dg(g%feﬁ ipd Hjreaitsrdi T raicaigen sndzagain 24
hfsSafRt t BEukob 84K ANOhdtive ntdiboRfd 6%1%’5&%*39 lt)gﬁc%llgfgiven with
folic acid, is typically given wth nmethotrexate ™ in
angthoteexatsdn anheamteh eheatherapyhiel helppoteet tomed palls. cel | s.

Ani mal s . e wei ghed.and sco il.y.for, clinical
e AngliBlsSetE w0 ARSI sGR Gyt ttpignist, S Were based
fonl the Rl logvisd Gthe fOHAGILERIgnd:- f 1 acid tail, piloerection,

and /or weight loss 2-hind Iinb weakness righting

di ffi &merpaB_hind 1imb weakness causing righting

i nabi [{i_f1Y.; 40 i v ' ] | ki ng, and

or/i nclo%%(ciu?;feaﬂégﬁgsel-]r ép?glro ?gé\%s/hfvﬁ%lg*‘ﬁﬁ%%ar alysis 6- total
hi nd 12-lihd piavbavgedinesspighting diffitultyo weakness 7- t ot al

hind 1 aral ysis plus faqrel|inb resis or paralysis
5 eathio DA RS RS RHa et Fce

4-hindlimb paresis, limp walking, and or/incontinence

5-partial hind limb paralysis
6- total hind limb paralysis plus forelimb weakness
7- total hind limb 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 were formalin fixed. To assess the infiltration of T
cells into the CNS, CD3+ immunohistochemistry 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 coolpix 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
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M ce were scored daily for disease severity and then
wo D¢fdcbidsced on day 10 of disease. Brain, ki dpy @B6he061228
spleen were formalin fixed. To assess the infi (tratl on
of T cells into the CNS, CD3+ imunohi stochem stry was
performed on paraffin enbedded 8 micron thick hind
brai n sections of untreat®fBAE ni ce and EAE nice

t r tly. w.th X d captisol. For |igh

R I GABUE okl et R e R mererserisd "0 andobose

breinfoaring ldsothan 10 musletwpre 366128 @4l " I R BGLY o a%res Rt by s
r er were '

e@%eddl ng. Tissue sections of 5 mcron net

s °"n‘3&e‘a?’{ Wahserirdsna -8 seale: Gowherel =amitt]; Sxamvidaatt; BageEwe,

Ni kon RehR s ] ! ... The, severity of total

ki dney d arriggaéd\’ﬂ%g Eee"\?gf’ﬁ%t%g 319%3 V&“s“é%ﬁug%‘zi{&*i%%iwef the scores
rESYRIP eadneritefiondanien deasts] (damphidas ggloﬁeﬁm PisS§MSunding tubules)

' of, the kidn was assessed for degeneration
S’Feg%eh‘?ﬁ 56 DSE ¥ ?%r@,gta@? BrEssented axmesnit SEM e Figure 2).
congeMOOreattid mick @ degenerati on of

rgﬁgrﬁil and di st al 8\{6‘3663&9 gﬁ@%ﬁ@%@ﬁ%@%ﬁ‘a ?rétsfagwn days
QP- Y WeRbmagenecd untid sawifiee thEhdA8. MICARInaMRER affected.

SO h i Ni | h 10 |
PERIEPO: clhple M R el enseh wer o 12 and 5
O her Efiéaceof MTX46 2 ¢aphiso? wis %oﬁgﬁjaﬁlé £§ ﬁﬁ%@ﬁéacy seen

=m.ld., 2=noderate; 3 SeV r The m croScopic score o
@@Mﬁ&%ﬁ@%éﬂ’@ﬁi cul ated as the sum of the scores
gi venThe [ ' X st 100, nephrons
(gl oner ulmf?’a%%gksdulﬁ g%ﬁ%?’ﬁg té'5 %%ﬁa&?mmwlﬁgg\}w&h%er
yaizeafedEABaiee hasl oy dnfiledti@soNEDS” T cMn (BEGNT LAY Snd
%nal @rgsaht ed nggg devel oped severe clinical

T est At on it iiGe HRatgdpest-symptomatipaldy witk encurrently
NEDOGrptiss] (40t Btk o8/ re .
af f.e f(fg Fgart iglgfgsgr ﬁct:%bpﬁcle?{ed%i%ﬁg@r%auﬁr@gﬁy 9% dliction in T
& IPﬁ takipn §acs slagwn)fThe efiisacy bf MIDK-4Captigé ks cofdptdbib the
ﬂfﬁ@a@%@m@&&e#@eﬁﬁ‘ﬁ?ﬁf“ cacy seen with MIX treat nment

0

al oné. The resu ¢ CNS Pat hol ogy - CD3+
| munRetabpatholggys onedré Mawiintrigat od G/
(g r%nfc,%%g i .nf Hg} r(gt ion of CD3+ @gel I's | teﬁgorﬁﬁoén 3
i Tuge egted with M h&1409ngflie) shomai ditatiom dfirexal @dbules and
Ster ORI TPRRLi e Pl ' rreptly MIX+Capti sol
d?f?iloﬁ fm/ke * capt Bl KT b P it o sowmemsntly
Mot pitlﬂol'BXwad a pmft?dtitve afféafmn(tﬂlﬂiéelsﬁ h@‘@ﬂ%ﬁﬁ if&venous
: 0 + 0 s, conparable to the
b%ilfs'lﬁj%&}'on gf 4ng/g§ R/H‘)% proci?:%ed mo%ological 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 Molar 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/ml (Methotrexate from Bedford

lahnratariac) in ctarila DDQ fiadnl oo — 7 TN ~ 1 s -
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efficacy wwth MIX treatnent al one. Renal pathol ogy

scores are shown in Figure 3. Kidney sections from3
wdi2bd7@ess EAE mce treated with MIX 40 ng/ kg, Penmseme/061228

dilati on of renal tubules and degeneration of proximal

tubul es. Kidney sections frommce treated

concurrently with MTX+Capt i sol showed a protective

ef f gé}h 22 %p leggﬁjgw 'm&%(gmbgw emp}&é%é 1:2 to obtain a

%ﬁggaﬂhﬁbﬂmzkmgmy mﬁmw?ﬁmstly restricted to

| atton of renal "tubules In"the cortex. Conqurrent
Capt i MTXadaptisel soamonm weie prepatod assollbwedSolutipr Bugas oade by

P8 4> I F3E P longtial whgin B Ao By gpoter v
ht 5 hewedl e OSbkidbn @mma By ddamghg sy Gptissl 16 it Al eliquot of

bol us i ntravenous MIX with or w thout concurrent

salvtips Bl (melargptiq bl eputrgbpld). YhwtionsF was made by pdding STarfkme
%%k)ﬁdl ?cgg %@B{ EPRNGRHn?S gL@Lul Q1 15%&}4[1 35@1) Asbi fiog G was

prepare rom st oék so tron o
medpated (byedinter42@me Cfalptlml Be d i alkqud of mﬂmn@ Solbtion Hrwas

SHa Py 20 TRE PR b m¢ af Pablisshibol mEmlige i sobon oy ok

7. 2. NI En§aaplis Me?@é&ﬁlh&%ed’@r?r@ﬁﬂ@’rﬁi@e Qénré)ups I-VIIL; see

follows. Solution D was nade b
Tapleil3 ofa tad vain tyl 4 sqngie igéctivBlin mvolmnel oﬁl@ﬂ -dR20gll Animals were

1:1 t E de,
oot RGeS v CUEA spRpioBisy edSai S fvey FEGIER: Birers
(WER Brlesdrod gmé frbzed) 9HS fdmaBhlfixedHotbAtRSlofy. WBSLER6En WMs given
addi ng 57.1 ngslho ptisol to 1nL al i quot of solution C

(aﬁﬁhamrslaa@aﬁe urre Uting waH)ot allislinizPdn G was pr epar ed
@yab%o%dl ng 42.8 ng Captisol to 1nL aliquot of solution
ol'uti on H was nade by adding 28.6 ng of Capti sol

{ QROWP a) i quot PTREATMENT C. MIX MoHrifapt iM@lhrit\yaer EMolar | # of
agm ni stered tol 8 groups of mce |(fBMERS oYl |1 1; Sefio mice
Table 3){via tafl vein by a singlle injecti hp ﬁgbia MTX:C
\ol urre of lOO - 120rrL Animal s were sacrifi ced aft Shptisol
ul 1TU I II U Ib UUU VW ©
l?}g%‘%p ed N.bK: of e‘ \/§ B?o (% grfroj'en, one 3
formalin ?1@1“9(1\ %S %IQE | glll{n\lmLh was—ai-veh
Group II 7T ‘only, 120 mg/kg 39.6 mM N 3
Normal | iv, bolus. Solution B
mice
Group MTX only, 160 mg/kg, | 53 mM 1
111 Normal | iv, bolus. Solution C
mice
Group Normal | MTX, 80 mg/kg, iv+ |{264mM |{264mM |11 3
v mice Captisol 382 mg/kg
body weight. Solution
D
Group V | Normal | MTX, 120 mg/kg,iv+ |39.6mM |39.6mM | 1:1 3
mice Captisol 570 mg/kg.
Solution E
Group Normal | MTX, 160 mg/kg, iv+ | 53 mM 53 mM I:1 1
V1 mice Captisol 764 mg/kg :
body weight. Solution
| F
Group Normal | MTX, 80 mg/kg,iv+ | 264mM | 132mM | 1:0.5 3
VII mice Captisol 191 mg/kg.
Solution G
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at 4 hours and after 18 hours. Urine was not

al kal i ni zed. Table 3. G oup Normal MIX, 120 ngy/kg, iv +
w0206/06240819. 8 mM 1: 0.5 VIII mce Captisol 285rag/isgnoe/061228

Solution H Sem quantitative estimates of total kidney

damage in mce treated with MrX 80 ng/ kg, 120 ng/ kg,

and a conbi nati on of MTX + Captlsol at Mrx to Captlsol

far—ra SHEN Syory 4
T%ls’%or( géf%?l ‘? lEfney %?%@iﬁet é"ﬁ?ﬁM4 105
(not" show'fh th lju: toxyl i n and |eosin
dectionslof para UHOB dded ki dney were lanal yzed

m croscopically for extent of renal damage. Data is
ex pr essed quantitative estiSERs oDmtal kidiey MEXNagsm mige krgatied withtMTX

O Db A AR EALES Uil DK o CRIES
&ﬁﬂhmdo\&fﬂh ANGEd. §)6rd iHbvard F@%\i‘rbﬁ @hetsc&e@fw}hescfb%%ﬁmdney
t hat _ ki dnegs fromm ce adm nistered

kg
owqrabmwe@ -4 (@t sheown il thpegranint Hﬁ@&t@@h@@gd epsin B@tlons of

g{i&'ﬂlilg g co ec‘ﬂ gn geg él%alrf%igg g{lpli% (%p%m %r C%(ﬁedl@ of renal damage.

doute isl expredsedids mheas . +I SEMIn&Yasa for Méﬂ;m 166 n'laagikg Pln‘@t picR@edth the
isQl at MIX to Captisol nolar ratio
@%g@%rg@aﬁﬁgfygﬂmg@mowl@@gr%p MIX to Capti sol
nol ar f :
ool JSAUER s oS8R, S50 URR T A9E o osin o

|Sh@\rv@)mh¢\®¢@/th@éhdneylﬂdbm arige adneinibeged 80 nfg/lkg i8¢ had dilation of
B ree i Tafon o B wPRER BEFRnlint Biepd elgméritts and

Sawdae@om&f@nhﬁrmte@sﬁihl Belﬁnﬁldeétﬁivﬁla€dao¥ubﬁié§’wﬁ1d§ vmn mice

t hat ki dneys from m ce adm nistered 120

REeBIYigiedr B/katMEKth Capliggd ﬁéWXé%C@pﬂggm%@mﬁo 1:1, and 80

?xﬁ%ﬁ% 3@8‘ oq Eﬁ ?ﬁﬁ %o @a%%@&ehl%ia{rvﬁughﬁp %esshbged milder

per ce arity*int [ 'oner u
idagéretatiahiof mulmﬂesrmnmmh @lemerulue) drgl ndﬁxﬂimt%tﬁ)nfdf Qﬁﬂiﬂlm@tory cell,

I ni st d 120 MIX + captisaql at
BB e2 1 it 5 PO o 5305 e motr o of
q\q(pklt§@a ggollwgg(lt(ps Captisol nolar ratio of 1:0.5,

showed rmst y normal glomerul us, protection of
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 ratio 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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proxi mal and distal tubules and no infiltration of

inflammatory cells. Exanple 4. Capti sol MIX Ti me
w308 X - Capti sol m xtures were adm ni st BCEASAW6/061228

set forth in Table 4. Table 4. For light mcroscopic
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For light microscopic investigation, kidneys were fixed in 10% buffered
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hours followi ng MI'X or MI'X + Capti sol

coadm ni stration. Paraffin sections of kidney were
weoeei7ezhosd t h hemat oxylin and eosin (not shownpPCTNE2006/061228

160 ng/ kg adm nistration resulted in degeneration of

gl omerul ar structure and dilation of Bowran's space,

degeneration of proximal and dist aI tubul es and

fl t fil ti | &gy .
R R e P T
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(ckitetion wWaB Stbre@dn k10-31 QRN e&adsﬂeo n=@fldgl-anedevateyand 3=severe.
structure,. dilation of Bowran's space, dilation of

pr oxi P MHAPSeADS worq oftRarkk Hssug sge ﬁélpahateéﬁs &te el the peores

| | | f
ieadb Bach crhthil 0 oF 10 100 RERRRORonk Pl bbb fibules)
fomete h@@z@d@eﬂ@bﬁgn.ﬂ@amgi,mht ¢l XPNAS (2083) $00( HpSearer et al,,

ratj o 1: 1) ) /kg + Captisol in 1:0.5 nol ar
r@ﬁ@ ?i“ﬁﬁ‘%é%ooggﬁ é?&x?ggel y better preservation of

gl omemRek&fing RAE ?Hféuﬂ }dnSY biskule WF RATX Rehiel ks %V\%fextenswe
i nflammatory cells was conpl etely absent. MIX 1

r’ﬂyﬁ%@;ﬂflmw ichasigesiafiet 2AranddB JoursatAt@ddiouns amd 48 hn@rSethere was
fr
AREPEL G5 e loR (R ERIAIR b B SRR LR e, o

WMiftarh@atcapédisialiltamiba in thatintersitéiem hind tdbular degeneratlon The
Hi stopat hol ogi ca] changes were al so studied for the

Kragtieg) +ayldey ﬁmomgltowwﬁ%ﬁmglﬂ%%f ashiubyies ghapgeseand
& 'ir}ﬁl’tr&t?&l @{)hﬁﬁmﬁ‘ta{/&? 5?1 o'I—i ar é %ﬁéo@ﬁl@ cﬁgﬂégg ?en after 24

si ng us 1 njection. I'n sectio
Kiodneppeuzedtoeatvesible sidve isnamodgtiverpadindogiod iscorg mas less at 48

JBB RGBT 10 Of TBVSi mal and di St al tubules with
occasipfdhatfibiegRaIthahgeatih HKIAR vdr® ¥RHTRE 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 glomerular 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 inflammatory cells was completely -
absent. MTX 160 mg/kg + Captisol used in molar ratio of 1:0.25 did not protect |
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Degenerating cells with swollen nuclei were seen

lining the proximl and distal tubules. Cccasionally
weang/obeosll es were seen to be |ined by doubl e eerius2006/061228
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reat ment group at eep rena
, twbnulexx OccagidrenllyrsedielthiaulesRivea seentto b dinsd b domlﬂa atll layer. Some

tubules were congested with eosinophilic materials. The pathological changes were
mostly found in the cortical 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 were sacrificed after 1 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 mg/kg + 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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pat hol ogy scores for individual mce treated with
doxor ubi cin or doxorubicin + Captisol at the |evel of
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Figure 10 shows the nmean scores at the level of th

su per Nosg af the sprtssl arCaptisn) trgetpd miprihad aé»pnt&bulwntprstmal changes.

P PRt e ol LS
ﬁﬁﬁbt@td)l@ys cpughshbapdieriin tievsoshie proxiimabtubnlegalbme pétiegorheruli

p{egel%y%tgyt gﬁg {ﬂquer%,%lg %@%%eofs de enrefralttﬁ)lna IThre %n&llolo%g%as)%ound to be

more prominent in the outer periphery of the renal cortex. Tubular atrophy or

U.’:’

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 tubular dilatation.
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scores at the level of the deep cortex and outer

medulla in cisplatin and cisplatin + Captisol treated
wanrorps2408i spl atin to Captisol nolar ratio 1:1pCT/US26/061228

and 1:0.25). Figure 13 shows pathol ogy scores of

i ndividual mce in each treatnent group at the |evel

of the deep renal cortex and outer nedulla. None of
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said drug. 2. The conposition of claim1l wherein sai
Slogerytican aeichboring whiss werassorediat thesnperfieiaheartsx (near the

Letles. hilon of.cl.aim2
SREAPSHIBLANIES o S OB LeTp gl Pl wer e
cab tisd Is vl of) dedp reyalrcoxyt andsarbinaiiat utes biribabLethe outer medulla.
car boxy!l at hosphonat e and phosphat e groups. 4. The
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3%) %ﬁrg%xlé |gr(§(}:1:;3>a§ tlf:eylce:\lfe? %lf ﬁ}élsuger}%ciggfegalacrowek. ﬁ%%ll?e {i Ql%ws 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 cisplatin induced nephrotoxicity. Some of the glomeruli were
collapsed and some showed early degenerative changes. All of these changes were
significantly less pronounced by treatment with cisplatin + Captisol, demonstrating
that Captisol protected the kidney at both cisplatin:Captisol 1:1 and cisplatin:Captisol
1:0.5. '
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containing 1 or nore heteroatons selected fromsS, N
and O and optionally substituted with halo or

waypd7oe4o3 Y is an acid group sel ected from t hecgmusawe/061228
consi sting of OH COOH, SO SO3, PG8H and PO4; Me is a
pharmaceutically acceptable cation or anion; and nis
a whol e nunber greater than 1. 5. The conposition of
claim4 wherein said oligosaccharide is cyclodextrin.
6. The conposition of claim5 wherein Ris C Cal kyl,
optional Iy substituted with h&®™ hydroxyl. 7. The
OREPYShe:1 on of claim6 wherein said cyclodextrin is
sel ected fromthe group consisting of a,
cycl odext r i/ncogpositian eosmsisiieta %abstuﬂtedloagmagcm%p,ea pephrotoxic

3, o 02 35 S B s
nlagdounpéifeetiot fatsubstantially @ﬂﬁlﬁﬁﬁ? fHeir@Phiofoxid eff@AsE said drug
about 2:1.10. The caqnp 05|t| on of claim 1l wherein said

dr ug i%s a ﬂ&se.cpmewy% AbflaEy! ﬁﬂlﬁ%%?é@f’ 1gospccligefe 1s systituted
&%rmq&drg Hé}g&%m%g fn 10 wherein said agent is an
am nogly

cosi met hod of reducing the
nephr & oxi dhefchmpbsitibn af glhiar Prederein sad inpieics anesselected from

q N i igie , d wit
IERRRND GoB ] bidobiamand Skt AAPRAES, MosPpdatc and
Hhe§Matdrgussar ri er, said ol i gosaccharide being present
i'n an anount effect ive for substanti al Iggredum ng said

nephr ¢t oxi clhefcpappsitien eb¢lainp havhereéesaid ehgaspeaderify s of the
nd; and adninistering the resulting conposition

to a subject. 13. A nethod of inhibiting

nephr ot oxi city assdsliziosdceharitlet [(OR-¥pMMOtRXi ¢ i nduci ng

drug, the nethod conprising concurrently adm nistering

to a subject a pharmaceutical conposition conprising a

subst iypieR Qb AesPESHHd SBufBShsBting of straight-chained or branched
Ci-10 alkyl, alkenyl or alkynyl; Cs_s cycloalkyl and Cs_g aryl, each ring optionally
containing 1 or more heteroatoms selected from S, N and O; and optionally
substituted with halo or hydroxyl;
Y is an acid group selected from the group consisting of OH, COOH, SOy,
SO3, PO3;H and POy;
Me is a pharmaceutically acceptable cation or anion; and
n is a whole number greater than 1. |
5. The composition of claim 4 wherein said oligosaccharide is
cyclodextrin.
6. The composition of claim 5 wherein R is Ci.j0 alkyl, optionally
substituted with halo or hydroxyl.
7. The composition of claim 6 wherein said cyclodextrin is selected from
the group consisting of o, p or y cyclodextrin.
8. The composition of claim 1 wherein the molar ratio of drug :
oligosaccharide is greater than 1:1.
9. The composition of claim 1 wherein the molar ratio of drug :

oligosaccharide is at least about 2:1.
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phar maceuti cal conposition conprising the nephrotoxic

i nduci ng drug. 14. The conposition of claim1l wherein
weabw/odz40g i s nethotrexate or a derivative or PCT/US2006/061228

pharmaceutically acceptable salt thereof. 15. The

conposition of claim 14 wherein said substituted

ol i gosaccharide is of the fornul a:

I trigq-[ (O R-.Y ; e R, | ect.ed .f
the orshp corsPReCon bt BFLT sieRih st el » B uftslshiie
@harhthcalifigal agatkenyl or al kynyl; C3- cycloal kyl and C

- aryl, each ring optional]ly containing 1 or nore i
het er ddt onsl IserEwREHon phelrig) 10 whpringaidgenbistan sminegfycoside.
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SCBve d@YIduad doB@sinlyeombiningaal congeuind edfhl asubsittardabl e
cation or.anion; and n is_.a whol e nunper ater tha ]
Phizgrgcerpride enl A sLrmagrtisAlE pEEPRiels Safi Pl Qigogeccharide being
GY&eadesh abfbuhfefBscti¢y flr QBN rdddeRy sdill deMbioxiSeftect of
-0 (CH2) 4-SGB "Na+, and n is about 7.7 17. A nethod of
tspidatiatigpoehecadly motivnepmepwind; aatled ministering theirpsudting composition
stglaglrﬂg &s conprising admnistering to a patient in

nee ereof a therapeutically effective anmount of the
conpodit i oA afetlRldaif hiBitiAS nephrokidY agbciatedatiti @nephrotoxic
Q’g(g@er n a host conprisjng adm nisterj n% to a host in

A ln&é?%dbe wethodicapprising sengpepty admipisierngine sypieetfe

L e e A TEE the
SRR Al gl oimbrihd SRR ool b0 S
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amount. ,of e conpasiti of .claim 15, .20., A pet hod of
Creat Iy ar K SPBPRATHGORTESH b oSl sid 08¢ is Biefhoteriig or
VA veloR phidehdcButiallp 8écepAbRYGH tH&sreof a o
therapeutically effective anmount of the conposition of

cl ai mi®s. The composition of claim 14 wherein said substituted oligosaccharide

is of the formula:
cyclodextrin-[(O-R-Y) (Me)'],

where R is selected from the group consisting of straight-chained or branched Cj.1o
alkyl, alkenyl or alkynyl; Csgcycloalkyl and Cs_garyl, each ring optionally containing
1 or more heteroatoms selected from S, N and O; and optionally substituted with halo
or hydroxyl;

Y is an acid group selected from the group consisting of OH, COOH, SO,
SO3, PO3H 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 -
cyclodextrin; (O-R-Y)'(Me)" is -O-(CH,)4-S03Na’, 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 15.

25



2 1. The conposition of claim1l wherein said drug is

cisplatin or a pharnmaceutically acceptable salt
wOher7@e240322. The conposition of claim2 1 wheperTwss@bde1228

substituted oligosaccharide is of the fornula:

cyclodextrin-[(O-RY) (M)+]n where Ris selected from

t he group consisting of straight chai ned or branched

Cl1- 10 | k k | K I I . and
oy 18 achamaho i resfine Rorothiahas yu Tt i tne B o
h&dk &f RtqRgresTal iﬁgﬂaﬁaﬂca@fm&'wva ARl ot EREE @R8Nl of claim 15.

substituted with hal o or hydroxyl; Y is an _acid group

sel ecl®d f Acmthwbo@mbwnrgd & Zeowmth g ences-in adosy gorguysing
%chii’ngsge? Q& %8?1&41 he%éethel%of"a ﬁ%ﬁg{%ﬁt‘f&ﬂkﬁ%&g g ea%? %ﬁt!% €

dom mowcte@liﬁpl@si tion of claim 22 V\herei n said

cycl odextrin is b-_cyclodextrin; (O Y). (a,lﬁ%;is“
-0 ( cm) 4- é@?th&dro tE7dng anguts%wwdw@&ler IR BOShemIgfsing
LafrRidMheG8 9 H Etl el QﬁBfﬁ Sk&ﬁd&ﬂ ?f%b Ve HnShinP o e
A host T nee ereo a thera euticg effective
eompmﬁticmfoﬁctvémcﬁrrpo& tion of claim2 1. 25. A nethod

bit] h f
conpr bi ng THRFTATTAR Gig'et L uee sl fuel Samlpiagr &
bﬁ@ﬁ@@ﬁtﬂfchl%dcﬁg_tﬁiﬁf@@@& inégeomount of the conposition of

claim2 1 he composi tion of claimlwherein said

dr ug 2% doXbe cwrnpasitiasyoflaimaliuleseiniseid|sulstiieted ptigaspecharide

% §5§ﬁ 27. The conposition of claim 26 wherein
tuted oligosaccharide is of the fornul a:

cyclodextrin [(ORY) (Me)+ n where Ris selected from

the group consisting of straight.- i.hed or branched

C1- 10 al kyl, al keF¥d odgats i@n@ﬂ}) @1& E’ycl oal kyl and C3

8aryl, each ring optionally containing

where R is selected from the group consisting of straight-chained or branched Ci.19
alkyl, alkenyl or alkynyl; Cs.s cycloalkyl and Cs.garyl, each ring optionally containing
1 or more heteroatoms sélected from S, N and O; and optionally substituted with halo
or hydroxyl;

Y is an acid group selected from the group consisting of OH, COOH, SOy,
SO;, PO3H and POy;

Me is a pharmaceutically acceptable cation or anion; and

n is a whole number greater than 1.

23.  The composition of claim 22 wherein said cyclodextrin is -
cyclodextrin; (O-R-Y)'(Me)" is -O-(CH;):-SO5 Na', and n 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 or a

pharmaceutically acceptable salt thereof.
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1 or nore heteroatons selected fromS, N and O and

optionally substituted with halo or hydroxyl; Y is an
weacehw/oge4osp sel ected fromthe group consi sti ngPoT/US2006/061228

OH3COOH, SO, S8, PBH and PO4; Me is a

pharmaceutically acceptable cation or anion; and nis

a whol e nunber greater than 1. 28. The conposition of

claim.27 rein said cycl.odextrin is,b-,cyclodextrin; .
(0-R-¥)- ( iCP’QPQ@Y@éﬁ%%WL?@P,”MbﬁYW@S Qggﬁﬁac‘g‘.mde
295 1hs TRlhed of treating cancer in a host conprising
admnistering to a host in need thereof a

therapeutically effective anmount of the conposition of
claim26. 30. A nethod of inhjhiting+the growth of

cancer in a host 83%8%’%%’5@%%@%% ng to a host in
need thereof a therapeutically effective anount of the

conposi tion of claim 26. . ) )
where R is selected from the group consisting of straight-chained or branched C;.10

alkyl, alkeny! or alkynyl; Cs.s cycloalkyl and Cs.garyl, each ring optionally containing
1 or more heteroatoms selected from S, N and O; and optionally substituted with halo
or hydroxyl;

Y is an acid group selected from the group consisting of OH, COOH, SOy,
SO3, POsH and POy;

Me is a pharmaceutically acceptable cation or anion; and

n is a whole number greater than 1.

28.  The composition of claim 27 wherein said cyclodexirin is p-
cyclodextrin; (O-R-Y)(Me)" is -O-(CHy)4-SO3Na*, and n is about 7.

29. 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 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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