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INSULIN-MIMETIC LOCAL THERAPEUTIC ADJUNCTS
FOR ENHANCING SPINAL FUSION

FIELD OF THE INVENTION
The present invention relates to use of insulin-mimetic agents as therapeutic
adjuncts for eanhancing spinal fusion, bone tissse matenials and methods used for

enhancing spinal fusion in surgical procedures.

BACKGROUND OF THE INVENTION

Spinal fusion is & commeon procedure perfonmed for a vanety of conditions
mclading spondvlosis, disk disorders, and spinal stenosis. The rates of pseudoarthrosis
after single level spinal fusion have been reported up to 35%. The process of osteogenesis
after spinal arthrodesis is stnular to that which occurs during fracture healing and
heterotopic ossification, and agents that increase the rate of fusion have an important role
in decreasing pseudoarthrosis following spinal fusions. Previous studies found that
msulin or insulin-like growth factor treatment can stumuolate fracture heahing m diabetic
and normal ammal models.  Small molecule therapies that can mumic the effects of
insulin or insulin-like growth factor could produce the same beneficial effects on bone

regenaration.

Several studies have validated a posterolateral intertransverse lumbar spinal
fusion model in the rat. This model has been used o study effects of bone morphogenetic
proteins on spmal fusion, and has been used more recently to assess the effects of
pharmacelogic agents on fusion healing. The benefus of this model include low cost and

good reproducibnlity.

Stadies by Dedania et al. analyzed the effects of a time released local insulin
wmplant m 2 rat segmental defect model. {Dedania J, et al., J (hihop. Res. 2011, 29:92-
99.} Defects treated with a time released isolin implant had significantly more new bone
formation and greater quality of bone than those treated with palmitic acid alone seen on
histology and histomorphometry. The local microenvironment and growth factor levels

are critical for any osseous fuston. For example, studies by Verma et al. analyzed the
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tevels of growth factors in the fusion site of diabetics undergoing hindfoot fusion. (Verma
R, et al., Cwrrent Orthopaedic Practice 2011, 220 251-256.) Samples were taken at the
time of fusion, and patients were followed chintcally for signs of fusion. They observed
decreased levels of growth factors, specifically PDGF-AB and VEGFE, in patients that
went on to non~union. To our knowledge, prior to this wvention, no #ir vive evaluation of
therapy on spinal fusion by local administration of an insulin-mimetic agents, such as

zine or vanadium, has been performed.

SUMMARY OF THE INVENTION

The present wvention provides a unique strategy to facilitate spinal fusion
spinal fusion procedures. In one aspect the present mvention provides a bone tissue
material for facilitating fusion of vertebrae in a spinal fusion surgical procedure, the
magterial containmg an msulm-mimetic ggent.  In one embodiment, the bone tissue
material contains autografl bone tissue. In another embodiment, the bone tissue material

contains allograft bone tissue.

o

ke,
o

In another

=

seet the present fnvention movides a swrgical procedure

stabilizing vertebrae in a sping, including the steps off
exposing a portion of each of adjacent vertebrae, and

placing supplementary bone Hasug material and an msulinyminetic

agent within an area betwesn the exposed portions of the adjacent vertebrae

e

and 1 contact with the exposed portions of both vertebrae;

S

wherein the nsubn-mimetic agent is provided in an mpount effective

¢l

© moresse the e of fusion of the two vertehrae with the bone Hasue

material

i one ambodiment, the vertebrae are howbar vertebrag.  In another ewbodiment,
thi vertebwae are cervical verteleae, In one embodiment, the bone tssue matenad contatus
sutograll bone tesue. In apother ombodiment, the bone tssue matertal contan allogratt
bope tssue. In one cmbodimen, the insudin-mimetic agend is muixed with the bone tasue

material, I a specific embodiment, the bone Gissue material i3 amograft bone dssue and

3
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the insuln-mimetic agent is muxed with the bone tissue materiad after harvesting and

hefore being placed between the exposed potions of the two vertebrae,

in another embodiment, the method further includes the step of supporting the two
vertebrae sith a prosthetic plant configured to stabilize the two vertebrae and promote
.

fusion of the two vertebrae with the bone tissue materal. In one embodiment, the bone

tisape copacting surfaces of the prosthoue noplant are coated with the wnsulin-mimetic

in another aspect the present mvention provides a bone tissue kit for moreasing
the rate of fusion of vertebrae in a spingl fuston sorgical procedure, including the
composition containing  an inselin-mimetic agent and a pharmaceutically accepiable
carvier. In an embodiment the kit also contains allografl bone tissue mateniall In ons
smbodiment the insulinemirostic agent and the allografl bone Hssue matenial are provided
w @ mixture. In another embodiment, the insulin-numetic sgont and allograft bone tissue
matenial are provided fr subsequent mapung.  In another aspeot the present wvention

o A o

les & composition for moreasing the rate of spinal fusion in g spinal fusion surgicsl

P
procedure,  wherent the  composiiion  contams  an  msnhinomnmetic agent and a
pharmacentically acceptable carrigr.  In one embodiment, the composition containg

aHograft bone material

In another aspect the present tmvention provides sn wnplandable device for
enhancing spinal fusion, mo which a prosthenc mupdant 1 configored 1o stabnlive and
promote the fusion of two sdiacent vertebrae, wherein the bone tissue contacting suriaces
of the prosthetic tmplant are coated with a compostion comprising an msulin-mimetic

agen.

Examples of nsulin minetic agents suitable

)

for the present mvention inclnde, but
arg not hmited 1o, stitable zine, vanadioy, ongsten, molybdenum, niobium, selemum, o

INANAANCET i:’féi’i‘»’;)fﬁiﬁd:@ .

‘The present invention thus provides a unique method for enhancing spinal fusion

m a patient, preferably mammalian animal and more preferably a human, either diabetic
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or non-diabetic.  Development of an insulin-mimetic therapy of the present invention
would obviate the need for developing specialized methods to deliver complex
molecules, such as growth factors like insulin, and thereby reduce costs, ehmnate
specialized storage, and enhance ease of use. These and other aspects of the presemt
mvention will be better appreciated by reference to the following drawings and detailed

description.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates the transverse processes of L4-L.5 were cleaned of soft tissue,

and decorticated with a high-speed burr

Fig. 2 llustrates the crushed autogeaft was then spread over and between the
fransverse processes at the appropriate level (L4-L3). An equivalent amount of inplant,

or blank was incorporated into the autograft bed

Fig. 3 illustrates radiographs of the vanadium-treated spines in the rat madel in

s:mn;jarisa‘m with those m the control groap.

Fig. 4 1s a graph showing the radiographic test resuls.

i,

Fig. 515 a graph showmg the manuoal palpitation test resulis.

DETAILED DESCRIPTHON OF THE INVENTION

In exploiting the binlogical tmpact of insalin-mimetic agenis on bone, we found
that these ageuts play a oritical role i bone healing. The pressnt mvention thus uses an
msulin-mimetic agent, such as g vanadivg or aine compound, © onhance spnal fasion,

o

for the

o

for example i treating spins! wrthvodesis. The tsuli-oimetio agonts suiable

present mvention include, but are not Timited o, zing, vanadinm, tongsten, molvhdenam,

niohihwy, selemam, or manganese metal or compounds,

Thus, in one aspect, the present prvention provides 8 bone tissue matenial, ceramie

hone-graft substitute, or mixturg thereot for fhotdnating fusion of vertebrae m g spinal
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fusion surgical procedure contaiving an insulin-mbmetic agent. Bone ussee material

stitable for nse m the present tnvention includes both actograll and allogralt materials.

in one embodiment of this aspeot, the bone tissue material contains an insalin-

mimet agent selected from zine, vanadium, hagsten, molybdenuwr, nioblum, selenium,

and mangangse compounds,
B another embodiment of thiz aspent, the bone tissue matenal containg an msulin-

nmehc ageat selected fom vanadiun and mine conpounds.

fn another embodiment of this aspect, the bone vssue matenn! further containg &

pharmaceutivally acceptable carrigr.

in another emwbodiment of this aspect, the pharmacsutically acceptable carrier s

an worgame salt,

n another embodiment of this aspect, the pharmaceutically acceptable carrier 18

an iorganic salt selected from sulfites and phosphates.

]

in another embodiment of this aspect, the phanmaceutically acceptable carieris a

caleiwin aalt

]

In anothey aspect, the presswy invention provides a spinal fusion provedurs
uttlicing an insuhy ndmeie agent for enhancing spinal fuston In one embodiment, &
sargtcal procedurs for stabilizing vertelrae i a spme 8 provided, including the steps of
exposing a portion of each of adjacent vertebrae; and placing supplementary bone tissue
material, ceramic bone-graft subsatitute, or mixtore thereof, and an nsulin-mimetic agent
within an area between the exposed portions of the sdigcent vertebrag and in contact with
the exposed portions of both vertebrae; wherain the snhin-mumetic agent s provided in

an amount effsctive © increase the yate of fusion of the two vertebrae with the bone

fissue material,

In one embodimment of this aspect, the insulin-mimetic agent is 8 zine, vanadium,

=

tungsten, molvbdenun, slobium, selonium, or manganese compound.

¥4
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in snother embodiment of this aspect, the insulim-mimetic agent 8 2 xine or

vanadium compound.

in another embodiment of thix aspect, the salin-mimetic agent 15 added 1 the

supplementary bone fisswe matenal andfor ceramme bone-graft sabstitate o provide a

supplementary bone tissue material containing the msulin-mimetic agent,

I another embodiment of ths aspect, the msulm-mimetic sgent s added
separately from the supplemontary bone tissoe material andfor cevamic bone-grafl
sabstitate as a composttion further comprising & pharmaceutically acceptable camier.

According 1o one ewbodiment, the composition 15 an insulin-mimetic calciom snlfate

In another smbodiment of s aspect, the method 18 i combination wath
transplantation of an autogratt bone, allogradt bone or 3 coramie bone-graft substitute.

According to one embodiment, an msalinomumedic agent i$ aduized with the autogralt,

allograft or a ceramic bone-graft substitute

in another ewbodiment of thix aspect, the method &8 1 combdnation with
auplantation of an nterbody device, According o one embodument, the interbody device
is 3 prosthetic implant configured to stabilize two adiscent verfeluae and promote fusion
of the rwo ventebwae.  According o one ambodiment, the intorbody device can be used
coentvination with an autograft bone, allografl bone or a ceranue bone-graft substuute.
According to one smwbodiment, an insulinemimetio ggent 1 admixed with the auwtografl,
alfograll or 2 cermmie bone-grafl sebspinte.  In another embodiment, the bone tssue
contacting surfaces of the prosthetic frmplant are coated with the nsulin-mimetic agent and

may be used with or withont the autografl bone, altograll bone o ceranne bone-grafl

substitute, which may or may not be admixed with an msulin-mimetic agent.

fn another aspett, the pesent mvention provides a bong tssue kit Ky fhoilitading
fuston of veriebvae i g spingl Rasion surgical procedure, mcloding g composition
conplaining an insulin-mimetic agent and a pharmacentically accepiable carrier. o an

embodiment the kit also contamns allogradt bone tissue material anddor covamic bong-graft
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substitgte.  In one embodiment the fnsclinemimetic agent and the allograft bone tissue
magterial andior ceramic bone-grafl spbstitnle are provided in & muxtwre.  In another
embodiment, the wsubo-nmmetic agent and allografl bone tissue material or ceramie

bone-graft substitute are provided for subseguent mixmg.

In one embodiment of this aspect, the msulinomimetic agent is selected fin
vanadium, tungsten, molybdenum, niobium, selevnoy, and mangavese compoands, and
combinations thereo!, The nsulinabmetic agent can be in any form known i the ant

o

that is sunable for use w spoal fusion procedwees

In another aspect, the present mvention provides a composHion COmprising an
nsulin-mimstio agent for enhancing spinal fusion in 3 spinal fasion surgieal procedure,
wherein the composition contaings an msulin-mimeic agent and a phanmaceutically
accepiable carmier. In ome embodiment, the composition contains allograft bone matenial

and for ceramic bone-graft substitute,

in ong embodiment of this sspoct, the insulin-mimetic agent v selected from zing,
angdium, tuagsten, wolvbdenun, wobium, selentnm, and manganese compounds, and

combinations thereof

s,

In snother aspect, the present ipvention provides an muplaptable devics o

cohancing spinal fusion, in which a prosthetic mmplant s configwred to stabilze and
promote the fusion of two adjacent vertebrag, wherein the bone tissue cting surface

of the prosthetic wnplet are the device vosted with 8 composifion comprising an insulin
mimetic agent. The device may also be configured to supply autografl bone, allogratt

V

bone or cerapte bone-praft substinme to the expossd surfaces of the two adjacem

verteben, which bone or bone-grafl substiiute way or may not be admixed with an waulin-

aumetic ¢ ggant

fn one ewmbodiment of this aspect, the insulin-anmetic agent 13 selected from zine,
vanadium, ungsten, molvbdenuny, ntobipm, sclendum, or manganese compounds, angd

combinations thereof
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amples of diseases ur conditions that make a pattent m need of spnal fusion
molude, bot are not hmited to, arthrodesis, degenerative dise disesse, spinal disc
herpiation, discogenic pain, spinal twmor, vertebeal fracture, scohosis, kyphosis {te
Scheuermann's dissase), spondylolisthesis, spondylosis, Posterior Ramt Syndrome, other

degenerative spinad conditions, and any other conditions that caose Justability of the spine.

P

Optionally, the teatment method of the present vention i combied with af
feast one provedure selscted from bone antografl, bone allografl, autologous st cell

4!

treatmeny, allogeneie stem cell treatent, chemical sthudation, electnical stimudation,

Pey

S :
3

mderaal fixation, and soterpal fixation in order 1o stabilize the Hned vertelyae or inoreass

the rate at which the two adjacent veriebrae fuse together,

The iwylinennmetic zine compounds suttable for the present wvention nwelude
wmorganic zine compounds, soch as mineral acid sine salts. Examples of worganic zing
compounds include, bt are not lanited o, zine chlonde, #ing sulfste, zine phosphate,

zive carbonate, and zing nurate, or combinations thereot

The msulinmimete zine componnds can alse be zing salts of organic acids,
Examples of organic acid zine sabts include, but arg not Hmited 10, zinge acstate, zing
formate, wne propionate, wwe gluconate, bwimaliolatolzing, @ine sooxamate, zing
aspartate, bistmaliolstoine(l} ndmalR], bia(l-dwdroxypyridine- Neoxudojinc{ii}
FEn{hpor?], bstallonato el PAadalx)?), bnle-methyvipicolimato ) a{lly [Za{dmpai2],
bis{aspivimatoyzine{il},  bis(pyrole-2-carbogylatowine  {Zadper@],  bis{alpha-furomic
acidatodeine  {Znffa)l], bisithiophene-2-carboxylatolzine  [Ea(ic)?],  bis{thiophene-2-

ainacy],  zmc{iDpobviy-

acetatoyzine  Pn{taiR], (Neacetyl-Leovsteinato) n{il}
ghamic  acid) {21?1{‘;«;3;;;3}}, bis{pyrrohdine-N-dithwcarbamatezine1y  {Znf{pdek:],
zivg{ I} E~dactate Zn{lach ], sine(ih D62 }quanie acid n{gmkd, bis(l6-dimethvl-
3-hvdroxy~-S-methox }fsz*pe‘fityi -1 ﬁ~fi§h vidropyridine-dethionstoyzme(ll)  oltanm2] B~

alanyi-L-hisudinato zine(dl} (AHY), or the bike, or combinations thereotl  In another

smbodiment, the organic aaid of zine salt is a naturally ccournng fatty acid.

Eg

Suitalde orgapovanadivm-based  insulin-numetic agents meluds, but are noi

fnnited o, vanadyl acetviacotonate {(VAQ), vanadyl salfie (VS), vanadyl 3-ethyl
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soeiviacetomate (VET)L and s{maltolsto)oxovanadium (BMOV)Y, and the bke In

preforred  embodimen, the organovanadivm componnd 13 vanady! acervlacetonate
(VALY Vanadyl acetylacetonate (VALY an orgamie vanadinm compound, bas demon-
sirated msulin-mimetic effects in tvpe 1 and tvpe 2 diabetic animals and homan studies
aud prevepied some of the associated comphoations of diabetes W anmmal stodies.
Additional pharmacological activities of VAU, which have been studied, include the
mhibitton of gluconeogenesis, & decrease in ghoaronte dehydrogenase achivity, and
aptilipolysis. Use of ihese vanadiwne-based inzelinemimetic agents to accelerate bowpe
healing ov regeneration, or as therapeutic adjunets for cartilage infury and repair, hay been
previously disclosed by the present mventors m US Provisional Application Nos.

£

O1/295 234 and &II04TTT, and PUT  Application MNos. POTAUSTIZIZSS  and

POTAISIZASTTY whuch ave hereby mcorporated by veference w thewr entirety,

Suttable mngsten, selendury, molvbdennm, ntobiom, or nanganess compounds ag

msulin mimetics for bone hegling or regeneration are also encompassed by the present

e

disclospre, and their forms and admbustration modes are within the grasp of an ordinary

shall in the st

Examples of tungsten compounds include, but are not Hmied 1o, sodivm tungstate
INa; WO <M, tungstophosphonic aod . [HROWOheial - xHB0L alanine complexr of
wngstophosphovic acid (WPA-AY  [HELIPOWO 0L HUHCHIKHCOOH } xHG,

T

fomo-pol

vorotangstates  and  vanadiom  polyvoxotungsiatos,  wngs

PLABOXNG

ey g
’:é.ui i

complexes {e.g., g:ﬂ TWOOhT and (ol WOhhiguin-2-¢}], wherein

D'#]

goanidintum gad © 2-¢7 s guinpline 2wcarboviate), and perowtalioxide of tuagsta

{pWiMolvbdaman ;:{J‘s.\.rzp{mmia imclnde, for example, pormetaliokide of mobvbdate.

Miobtgm compounds inchede, bul are not Hmited to, NB{VY peroxo complaxes,
g, (uuhiNBO:L] and {guRiNMO:{quin-2-), whereln “gu” & guanulinium and

Sguin-2-07 13 quineline 2-carbovlate,

Selentam componnds molude, bt are sot mtted to, sodivm selesate [NagSeDy

«5e(3: - xHLO1

sHZOT and sodiom selenite {Na

9
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Manganese compownds elede, but are not Hmited o, 3-Chosthyl-Dechiro-
mostol -+ manganese chlonde (MnCh), D-chiro-nositol + manganese chloride (MaCh),
manganese sulfate {MnSO04], mositol glycan pseudo-disaccharide Mn{2+) chelate
contatning  D-chiro-mositel 2a {as pinitol) and  galactosamine, oral  manganese,

manganese oxudes, eg, Malh, MaOALG:, and MmD

=
feed

It will be appreciated that actual preferred amounts of a pharmaceutical
composition used in a given therapy will vary depending upon the particular form being
atihized, the particular compositions formuldated, the mode of application, and the
particular site of administration, and other such factors that are recognized by those
skilled in the art including the attendant physician or veterinanian. Optimal administration
rates for a given protocol of administration can be readily determined by those skilted m

the art using conventional dosage determination tests.

Dosages of an insulin-mimetic suitable for the presem invention may vary

depending on the particalar wse envisioped. The deteromination of the appropriate dosage

or route of administration 18 well within the skill of an ordinary physicaan,

The ronte of administration of “local zing™ via “msulin mimetic delivery svatem”
15 m accordsnce with known methods, eg vig imnmediate-release, controlled-release,
sustained-release, and extended-release means. Preferred modes of administration for the
insulin-mimetic delivery system include injection directly info a fusion site and areas
adjacent andfor contiguous 1o these sites, or surgical mplantation of insuhn-mimetic
agent(s) directly into the fusion sites and area adjacent and/or contiguous to these sites.
This type of system will altow temporal control of release as well as location of release as

stated above.

The formulations used hersin may also contain more than one active compound as
necessary for the partiondar indication being treated, preferably those with complement-
ary activities that do not adversely affect cach other. Alternatively, or in addition, the
formulation may comprise a oytoingic agent, ovtokine or growth mhibitory agent. Such
wolecples are present i combinationy and amounts thet ave effective Ror the mtended

PRIPOSE,

10
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Vanadium, which exists in +4 (vanadyl} and +3 (vanadate) compounds in the
biological body, have demonstrated poor absorption rates within the gastromtestinal (GI)
tract and GI side-effects, such as diarrhea and vomiting. As a result, additional orgame
vanadinm compounds, i.e., vanadyl 3-ethylacervlacetonate (VET), bis(maliolatoyoxo-
vanadium (BMOV}Y, and VAC, have been synthesized in order to improve absorption and
safetv. VAC with an organic ligand has been proven to be more effective i its anti-
diabetic function compared with other vanadivm compounds, including BMOV, VS, and

VET.

Therapeutic formulations of vanadium compounds in the vapadium delivery
systems employable i the methods of the present invention are prepared for storage by
mixing the vanadmm compound having the desired degree of punty with optional
pharmaceutically  acceptable carriers, excipients, or  stabilizers  {Remington's
Pharmaceutical Sciences 16th edition, Osol, A, Ed. (1980)). Soch therapeuntic formula-
tions can be in the form of lvophilized formulations or aqueous solutions. Acceptable
biocompatible carriers, excipients, or stabilizers are nontoxic 1o recipients at the dosages
and concentrations emploved, and may include buffers, for example, phosphate, citrate,
and other organic acids; antioxidants including ascorbic acid and methionine;
preservatives {e.g  octadecvlidimethylibenzyl ammonium  chloride;  hexa-methontum
chionde; benzatkonium chloride, benzethonium chioride; phenol, botyl or benzyi alcohol;
alkyl parabens, for example, methyl or propyl paraben; catechol; resorcimol;
cvelohexanol; 3-pentanol, and m-cresol); low molecular weight (less than about 10
residues)  polvpeptides;  protems, for example, serum  albumin, gelatin,  or
mmunoglobuling; hvdrophilic polvmers, for example, polyvinyipyrrolidone; ammeo
acids, for example, glveine, glotamme, asparagine, histidine, arginine, or lvsine;
monosaccharides, disaccharides, and other carbohydrates including glucose, mannose,
dexirins, or hyaluronan, chelating agents, for example, EDTA; sugars, for example,
sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions, for example, sodium;
metal complexes (e.g Zn-protemn complexes); and/or non-tonic surfactants, for example,

TWEENT™ PLURONICS™ or polyethviene glyveol (PEG).

1
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in order for the formulatiems to be used for in vivo administration, they nwst be
sterife.  The formulation may be readily rendered sterile by filtration through sterile
filtration membranes, prior to or following lvophilization and reconstitution.  The
therapeutic formulations herein preferably are placed into a container having a sterile
access port, for example, an intravenous solation bag or vial having a stopper pierceable

by a hypodermic injection needle.

The vanadium may also be entrapped in microcapsules prepared, for example by
cogcervation fechiques or by tmerfacial polvmenzation, tor example, hydroxy-methyl-
celtlulose  or gelatin-microcapsules and  poly-{methyvimethacryvlate)  microcapsules,
respectively.  Such preparations can be administered in colloidal drug delivery systems
{for example, liposomes, albemin microspheres, nvicroemulsions, nano-particles and
nanocapsules) or in macroemulsions.  Such techmgues are disclosed in Remington's

Pharmaceutical Sciences, 16th Edition (or newer), Osol A. Ed. (1980},

Opnionally, the organovanadium agent in the vanadiom delivery systems inchudes
a poroass calenun phosphate, now-porous calctum phosphate, hyvdroxy-apatite, ticaloium
phosphate, tetracalciom phosphate, caloney solfite, caloium mwinerals obtained fom

autural bone, inorgantc bone, organic bone, or g combination thersof.

Where sustained-release or extended-release administration of vanadivm in the
anadium delivery  systems 35 desired, muicroencapsulation s contemplated.
Microencapsulation of recombinant protems for sustained release has been suecessfully
performed with human growth hormone {(thGH), nterferon-a, -B, -y (thIFN-o-B,- v},
interleukin-2, and MN rgp120. Johnson et al,, Nat. Med. 2: 795799 (1996}, Yasada,
Biomed. Ther. 27 1221-1223 (1993); Hora et al., Bio/Technology 8 755-758 (199¢);
Cleland, "Design and Production of Single bmmumnization Vaccines Using Polviactide
Polvalyeolide Microsphere Systems” 1o Vaccine Design: The Subunit and Adjuvant
Approach, Powell and Newman, eds., (Plenum Press: New York, 1993), pp. 439-462;
WO 97/03692, WO 96/40072, WO 96/07399 and U.S. Pat. No. 5,654,010,

Suitable examples of sustained-release preparations inchude semipermeable

matrices of solid hydrophobic polvmers containing the vanadiom i the vanadiom
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deltvery systems, which matrices are in the form of shaped articles, e.g

o

films, or
microcapsules. Examples of sustained-release matrices inclade one or more
polyanhydrides (e.g., U.S. Pat. Nos. 4881225, 4,767 628}, polvesters, for example,
polvglveolides, polvlactides and polviactide-co-glycolides {e.g., 11.S. Pat. No. 3,773 919,
U.S. Pat. No. 4,767,628, UK. Pat. No. 4,530.840; Kalkarni et al., Arch. Surg 93: §39
(19606}, polvamino acids, for example, polylysine, polymers and copolymers of
polyethvlene oxide, polyethylene oxide acrylates, polvacrylates, ethylene-vinyl acetates,
polyamides, polyurethanes, polvorthoesters, polyacetyiniriles, polvphosphazenes, and
polvester hydrogels (for example, poly(Z-hvdroxyethyl-methacrylate), or poly(vinyl-
alcohol)), cellulose, acyl substituted cellulose acetates, non-degradable polvurethanes,
polystyrenes,  polyvinyl  chlonde,  polyvinyl  fluoride,  polvivinvhimidazole),
chlorosulphonated polvoleting, polyethviene oxide, copolymers of L-ghutamic acid and
gamma.-ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic
acid-glycolic acid copolvmers, for example, the LUPRON DEPOT™ (injectable
microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate),
and poly-D-(-3-3-hydroxybutyric acid. While polymers such as ethylene-vinvl scetate and
lactic acid-glyecolic acid enable release for over 100 davs, certain hydrogels release
proteins for shorter time periods. Additional non-biodegradable polymers which may be
employed are polyvethylene, polyvinyl pyrrolidone, ethylene vinylacetate, polvethylene

alvead, cellulose acetate butyrate and cellulose acetate propionate.

o
3 X

Abernatively, sustained-release formulations may be composed of degradable
biological materials, for example, collagen and dertvatives thereof, bioerodible fatty acids
{o.g., palimitio anid, stevie ackd, oleic ackl, and the lke) Brodegradable polymers are
attractive drag foromddations because of thew bocomparibility, bigh responsibility for
speciiic degradation, and case of meorporating the active drug into the biological matux.
Forexample, hvslwronio aord (HAY may be crosslinked and vsed as a swellable podymene
debivery vehicle Tor biological matertals. ULS, Pat. No. 4,987 744, Valle ef al, Polvm
Mater, Sci Eng. 62: T3-735 {1991, HA polvmer grafled with pelyvethyviens ghycol ha
also been prepared as an puproved delivery matiix which redoced both wndesired drug

feakage and the densturing associated with long term storage at physiclogical conditions,

<

X ,

Kazuterp, M., I Controlled Release 38:.77-86 {1999}, Addimonal bindegradable polymers
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which may be wsed are poly{caprolactons), polvashydrides, polvaming  acids,

3 - g k! of e . .
polyorthoesters, pobvovancgcrvlaies, poly{phosphazimes), polv{phosphodiesters), poly-
esteravmdes,  polydioxasones, polvacetals, polvketals, polyvearbonates, polvortho-
carbonates, degradable and nontoxic pobvursthanes, polvhvidroxyibutyrates, ;tsdiyhyiir{}x},c‘v

valerates, polyalkvicns oxalates, polyalbylene succinates, polv(malic acid), chiin, and

chitosan.

Alternatively, biodegradable hydrogels may be used as controlled-release
muatetials for the vanadium compounds tn the vanadivm delivery systems. Through the
appropriate choice of macromers, membranes can be produced with a range of
permeability, pore sizes and degradation rates suitable for different types of vanadium

compounds in the vanadivm delivery systems.

Alternatively, sustained-release delivery systems for vanadiwm in the vanadium
delivery systemis can be composed of dispersions. Dispersions may further be classified
as eiher suspensions or emulsions. In the context of delivery vehicles for a vanadiom
compound, suspensions are 3 mixture of very small solid particles which are dispersed
{more or less uwniformly) in a hguid medium.  The solid particles of a suspension can
range in size from a few nanometers to hundreds of microns, and mclnde microspheres,
microcapsules and vnavospheres, Emulsions, on the other hand, are a muxture of two or
more unmiscible Hquids held in suspension by small quantities of emulsifiers.
Emulsifiers form an interfacial film between the immiscible Hguids and are also known
as surfactants or detergents. Emulsion formulations can be both oil in waler {o/w)
wherein water is in a continuous phase while the oil or fat is dispersed, as well as water in
oil {wio), wherein the o1l 18 10 a continuons phase while the water 18 dispersed. One
example of a suitable sustained-release formulation is disclosed in WO 97/23563.
Additionally, emulsions for use with a vanadiurn compound in the present invention
inclade multuple emulsions, microemulsions, microdroplets and liposomes.  Micro-
droplets are unilamellar phospholipid vesicles that consist of a spherical lipid layer with
an oif phase inside. B¢ U.S Pat. No. 4,622 219 and U.S. Pat. No. 4,725 442, Liposomes
are phospholipid vesicles prepared by mixing water-insoluble polar lpids with an

agqueous solution.
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Alternatively, the sustained-release formulations of vanadium in the vanadium
debivery systems may be developed using poly-lactic-coglyeolic acid (PLGA), a polvmer
exhibiting a strong degree of biocompatibihity and a wide range of biodegradable
properties.  The degradation products of PLGA, lactic and glycolic acids, are cleared
quickly from the human body. Moreover, the degradability of this polymer can be
adjusted from months to vears depending on its molecular weight and composition. For
further information see Lewis, "Controlled Release of Bioactive Agents from
Lactide/Glycolide polvmer," in Biogradable Polvmers as Drug Delivery Systems M.

Chasin and R. Langeer, editors (Marcel Dekker: New York, 1990}, pp. 1-41.

The route of administration of “local vanadiom”™ via a “delivery system” is in
accordance with known methods, eg. via imumnediate-release, controlled-release,
sustained-release, and extended-release means. Preferred modes of administration for the
organovanadium delivery system include mjection directly into afflicted site and areas
adjacent and/or contiguous to these site or surgical implantation of the organovanadium
delivery system directly into aftlicted sites and area adjacent and/or contignous to these
sites. This type of system may allow temporal control of release as well as location of

release as stated gbove.

When an implantable device coated by ¢ composite surface coating comprising an
organovanadium compound is used, the coating can be formed by any methods known in

the relevant art, for example, without hnutation, those disclosed in Petrova, R, and

Suwattananont, N., J_Flecrr. Mar, 345x8 (2005). For example, satable methods
include chemical vapor deposition (CVD), physical vapor deposition (PVD),
thermochemical treatment, oxidation, and plasma spraving (Fischer, R.C. Mer. Progr.
(1986Y, Habig, K H., T¥bol Ini, 22:65 {1889)). A suitable coating of the present
mvention may also comprise combinations of multiple, preferably two or three, layers
obtained by formung first boron ditfusion coating followed by CVD {Z. Zakhaney, 7., et
al., Surf. Coating Technol , 31:265 (1987)). Thermochemical freatment techniqoes have
been well investigated and used widely in the industry. This 13 & method by which

nonmetals or metals are penetrated by thermodiffusion followed by chenucal reaction
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into the surface. By thermochemical treatment, the swrface laver changes its composition,

structure, and properties.

Other suitable coating techniques may include, but are not mited to, carburizing,
ntiriding, carbonittiding, chromizing, and alaminizing. Among these coating techmques,
boronizing, being a thermochemical process, is used to produce hard and wear-resistant
sarfaces. As a person of ordinary skill 1o the art would understand, different coating
techniques may be used to make the vanadinm-based coatings and coated devices of the

present mvention in order 1o have desired properties suitable for specific purposes.

This studv demonstrates the potential role of insulin-mimetics as bone graft
enhancers using a rat posterolateral intertransverse lumbar fusion model.  Significant
differences between groups were demonstrated for radiographic snalysis and manual
palpation compared to controls. To our knowledge this is the fivst study of vanadiom and

zine effects on spinal fusion.

Multiple studies have explored the effects of lecal insuln application on bone
formation, for example, observation of more advanced healing microscopically i a rabbit
fibula osteotomy model for animals injected with intravenous mnsulin, most notably in
ammals sacrificed between two and fowr weeks after surgery; observation of significant
increase in bone formation mdices in insulin-treated hemicalvariae after injecting insubin
over the right hemicalvariae of adult muice for five days compared with the noninjected
hemicalvariae; and observation that locally delivered Ultralente insulin mereased callus
mechanical strength in a non-diabetic rat femur fracture model. These studies, however,
do not address the problem of systemic administration of msulm, or the short halfdife of

insulin when injected locally at the site of interest.

Because insulin without a carvier has a short half-life, the palmitic acid Linplant
was proposed as a potential vehicle to deliver insulin at the appropriate site of action for
an extended period of time. In an analysis of the effects of a time released local msulin
mmplant in a rat segmental detect model, defects treated with the time released wsulin
implant had sigmficantly more new bone formation and greater guality of bone than those

treated with paloutic acid alone seen on histology and histomorphometry. In owr studies

16
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we have confirmed the potential benefits of a time-released substance using a rat
posterolateral transverse process fusion model. Significant differences were found with
radiographs, manual palpation, and microCT 1 the nsulin freatment groups versus

controls. This study found similar vesults with inselin-mimetic agents of VAC and zinc.

The local environment is altered with the apphcation of local insulin, as seen m
our study. We found a significant mncrease 1 the matio of IGF-L, an important growth
factor in bone healing, o total protein at day four in the insulin treatment group. FGF-{
has been studied previously as. Alteration of the local fracture environment (specitically
mncreases of PDGE, TGF-B1, IGF-I and VEGE), has been seen with a local insulin depot
system in the DM femur fracture model. Studies bave demonsirated that 1GF-T stmulates
pre-osteoblastic cells, wereases collagen expression while decreasing Hs degradation, and
enhances fracture healing. When mfused continuously into the arterial supply of a rat
hind limb, a significant mcrease in cortical bone formation has been observed In
addition, it has been found that locally delivered IGF-1 increased callus mechanical
strength in a non-diabetic rat tibia fracture model. However, when mfused mto an
estrogen replete rat model, continuous systemic infusion stimulated bone resorption
rather than bone formation., These studies demonstrate the benefits of a local implant

versus systemic administration.

Multiple studies have demonstrated the beneficial effects of osteoinductive
growth factors such as thBMP-2, thBMP-7, and demineralized bone matrix on spinal
fustons i an animal model. Our study also demonstrated increased rates of fusion based
on the gualitative megsures of radiographs and manual palpation with the addition of

msulin-nimetics.

One potential issue using insulin-mimetics Hes m s hypoglycemic action.
Systemic blood glucose levels and hypoglycenmia are concerning when applying an
msulin-mimetic. However, previous studies have demonstrated that a time released
insulin implant does not affect the systemic insulin, glucose, or glycosylated hemoglobin

values. QOur data supports this with listle, if any, impact upon the systemic ghucose values.

o
~d
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. Osteoinductive growth factors, such as thBMP-2 and thBMP-7 add significant
cost to sorgical procedures, and concerns have been raised about the possibility of
antoward effects. Insulin has also been studied extensively, and may serve as an
mexpensive alternative 10 adjuncts of bone healing and fusion procedures. This study is
the first to examine the effects msulin-mimetics in a rat spinal fusion model. Owr results
provide strong evidence that local insulin-mimetic agent dehivery at the fusion site

increases the rate of fusion and amount of bone formed 1n healthy normoglycemic rats.

Qur study has demonstrated that local insuline-numetics, such as vanadium and
zing compounds, enhance spinal fusion. Preliminary data has indicated that local msulin-
mimetic treatment s an effective method to enhance spinal fusion in non-diabetic
patients. Therefore, the mvention can be used as a treatment regimen o increase fusion

rates in patients undergoing spinal arthrodesis.

The present invention also hinds wide apphication in veterinary medicines to
enhance spinal fusion in a mammalian animal, including but not limited to, horses, dogs,
cats, or any other domestic or wild mammalian animals. A particular useful application

may be found, for example, in treating an myured race horse.

The following non-limiting examples illustrate certain aspects of the invention.

EXAMPLES
Increased fuston rates were observed in a ral posterolateral lumbar spinal fosion
model when treated with a tune-released insalin implant in comparison with controls.
The effects of insulin-mimetic agents were analyzed as an adjunct to spinal fusion i the
rat posterolateral lumbar fusion model. Vanadyl acetylacetonate {VACQ), or Zme were
made into a peller with Calcium Sulfate, and applied to the fusion bed with autograft in a
rat posterolataeral lambar fusion. These were compared with a control group treated with

autograft and a palnutic acid pellet.

Materials and Methods
Sty Design
The protocol was approved by the animal Institutional Care and Use Conuuittee

at UMDNI-New Jersey Medical School, Fifty skeletally mature Sprague-Dawley rats

18
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weighing approxumately 500 grams each underwent posterolateral intertransverse lumbar
fasions with ihac crest autograft from L4-LS wtilizing a Wiltse-type approach. After
exposure of the transverse processes and hgh-speed buwrr decortication, one of five pellets
were added o the fusion site; a low dose Vanadium Calenum Sulfate pellet (0.75 mg'kg),
a high dose Vanadium Calciam Solfate pellet (1.3 mg/kg). a low dose Zine Calcium
Sulfate pellet (0.5 mg'kg), a high dose Zine Calciom Sulfate pellet (1.0 mg'ky), and a
control of micro-recrystalized palmitic acid pellet.  An equal amount of ihac crest
autograft {approximately 0.3g per side) was harvested and implanted with each pellet.
The rats were sacrtficed at § weeks, and gpines were harvested, removed of soft tissue,
and tested by manual palpation, radiographs and MicroCT.  All cutcome parameters
were independently reviewed by two separate individuals in a blinded manner and the

lower grade of fusion was accepted when there was a discrepancy.

Nurgical Procedure

After obtaining general anaesthesta with intraperitoneal Ketamine (40mg'kg) and
Xylamine (5 mg'ke}, the hunbar regron of the rat was shaved and cleansed with povidone
iodine soaked gauze. A dorsal midine incision was made from L3 to the sacrum. Two
paramedian mcisions were made through the lumbar fascia Smm from the midiine.
Dissection was taken fo the iliac crest, and approximately 8.3g of bone was bharvested
with small rongeurs. The barvested awtograll was measored on a sterile scale in order to
obtatn 0.3g per side. Blunt dissection was carried down posterolaterally, reflecting the
paraspinal muscles lateral to the facet joints on each side. The reflected paraspinal
muscles were held in place with retractors. The transverse processes of L4-1.5 were
cleaned of soft tissue, and decorticated with a high-speed burr {(See Fig. 1) The croshed
autograft was then spread over and between the transverse processes at the appropriate
level (L4-L5) An equivalent amount of implant, or blapk was incorporated into the
autograft bed (See Fig. 2). Retractors were removed and the paraspinal muscles were
allowed to cover the fusion bed. The dorsal lumbar fascia was closed using a nnning 4-0
resorbable suture and the skin was closed with interrupied 4-0 resorbable sutures. The
surgical site was treated with antibiotic ointment, and the rats were given a dose of

Enrofloxacin anuibiotic {10 mg'kg). Radiographs were taken immediatelv after surgery.

18
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Blood glucose levels were taken before surgery, and 12 and 24 hours after surgery. See

Table 1.

Table 1. Svystemic Blood Glucose Levels {(m

Group ' Before surgery 12 hours 24 hours
Controls 91 4
VAC-low 103.5 2134 117.7
VAC-high 1029 1532 90 7
Zn-low L 106.0 122.8 101.8
Zn-high 1003 120.0 89 0

Pellet Preparation

In order 1o prepare the pellets, 0.2 mL of each stock solution was mixed with 0.4

g of CaSO, to obtain the appropriate consistency of the carrier in a 1 mb syringe. It was

then be mjected into 2mm diameter clear Tvgon laboratory tubing and allowed to harden

overnight

Once set, peliets were sectioned into Tron pleces and awtoclaved (o sterthize),

prior to implantation.

Assumption: Weight of SD rat= 045 kg

Yo (0. TSmgkg)

P

Vo (1.5 meke)

Zn (0.5 mgikg)

Zu {1.0 mgky)

Mass of
treatment for

each rat

.33 mg

0.225 mg

045 my

in order to prepare the stock selution, the volume of solution in each pellet was

calculated by using the volume ratio of solution to mixture.
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Volume of CaSOy in each mixture

o D {aSQy =296 glom”

(08¢ CaS0O,)2.96-E) = 0.135em’ = 0.135ml

a o
Volme of mixture and ratio
3 & (.138mb CaSOy + 02mL solution = 0. 33%5mL mixture

= (1 2ml solution/ 0.335ml. mixture x 100% = 39.7% solution per mixtare

“olume of each pellet, o radins, T helghe
Volume of each pellet, Imm radius, 7mm height

o Pty wowloon Y (Teem) 22me’ = 0.022mi
Volume of solution m each pellet

10 = (L022ml x 59.7% = (.0131 mi sohation per pellet

Stock Solution (10 mi)
« Because bilateral surgery is performed, mass of treatment (X) must be halved for

each pellet.

fa g/” ‘:v A ™,
tf f;’m 0013 0nl <10
& ,\\ b ,-'; ;
15
Vo (0 7Smgke) | Vo (1.5 mgkg) | 2o 05 medkgd | Fn (L0 me'ke)
Mass of 129 0mg 2538 0 my {38 mg 1718 mg

freativent in
each stock

solution (10mi}

Radiographiv Analbysiy
Postercanterior radtographs at 35 kV for 90 seconds were taken at 8 weeks after
20 sacrifice and harvest. All soft ssue was removed prior to radiographic exam. Two

blinded independent observers graded the radingraphs as solid fuion mass bilaterally
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{A), unilateral fusion mass (B), small fusion mass bilaterally (C), and graft resorption

{1}, based on previously published radiographic scales.

Manual Palpation
After removal of all soft tissue, two blinded independent observers manually
palpated and stressed across the fusion site (L4-1.5). Specimens were graded as fused (A},

partially fused (B}, and not fused (C).

anritative MicroCT analysis

Spines harvested at 8 weeks also uaderwent a micro-CT analyvsis to quantitatively
calculate new bone formation. Areas of mterest were demarcated from the top of the L4
transverse process cephalad to the bottom of the LS wansverse process caundally,
mcluding any bowe lateral to a vertical ling connecting the pairs of the involved vertebrae.
The cubic millimeters of bone In these areas of interest (bilaterally} for each specimen
were quantified using micro-CT. A Skyscan 1172 High Resolution MicroCT {Skyscan,

Kontich, Belgiom) was vsed with a pixel size of 17.4 micrometers.

Statisvical Analysis

A two-sample ©test was performed to determine the significance of blood glacose
levels, and bone volume on micreCT. A Mann-Whitney Rank Test was performed tor
analysis of radiographs and manual palpation. Kappa values were calculated for inter-

rater agreement. Statistical analysis was performed using SigmaStat.

Results
Of the 30 ammals, one of the control rats died on postoperative day one, likely
due to anaesthesia, The remaining 49 rats had no complications and were sacrifived as

planned (0.02% pertoperative mortality rate).

Rachiagraphic Analwiy
u

Based on radiographs, examples of which are shown in Fig. 3, in the high doge

vanadivm group 5/10 had solid fusion mass bilaterallv, 3/10 had unilateral fuston, 1710

%

g
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had small fusion mass bilaterally, and 1710 had graft resorption {p=0.270, kappa=0.667).
The low dose vanadinm group had 3710 solid fusion mass bilaterally, 3/10 had unilateral
fusion, 0/10 had small fuston mass bilaterally, and 4/10 had graft resorption {(p=0.807,
kappa=0.583). The high dose zinc group had 7/10 solid fusion mass bilaterally, 3/10 had
unifateral fuston, 0910 bad small fusion mass bilaterally, and (/10 had graft resorption
{(p=0.05, kappa=1.0). The low dose zinc group had 7/10 solid fusion mass hilaterally,
1710 had unilateral fusion, 2710 had small fusion mass bilaterally, and 0/10 had grafi
resorption {(p=0.066, kappa=0.512). The control group had 2/9 solid fusion mass
bilaterally, 3/9 unilateral fusion, | small fusion mass bilaterally, and 3/9 had graft

resorption{kappa=0.297). See Table 2 and Fig. 4.

Table 2. Radiographs

L

o
[

Group A B C D Kappa P Value
Controls | 2 3 1 3 1 6.297

VAC-low |3 3 {} 4 {1.383 3.807
VAC-high | 5 3 ] i 0.667 0.270
Zn-fow 7 1 2 {} 0512 £.066
Zn-high 7 3 0 0 1.0 0.050
A= sohd fusion mass bilaterally

B=wmilateral fuston magss
C=small fusion mass bilaterally
D= Graft resorplion

Manua! Palpation Test

Based on manual palpation, i the high dose Vanadium group 6/10 had solid
fusion, 2710 were partially fused, and 2/10 were not figed (p=0.002, kappa=(1412}. In
the low dose vanadium group, 1190 had solid fusion, 47180 were partially fused, and 510

were not fused {(p=0.072, kappa=0.130). In the high dose Zinc group, 4/10 had solid

=

fusion, 1/10 had partially fused, and 3/10 were not fused (p=0.008, kappa=0.306). In the
low dose Zinc group, 3710 bad solid fusion, 4/10 had partially fosed, and 3710 were not
fused {p=0.035, kappa=(.565). In the control group, 09 had solid fusion, 179 had

artially fused, and &% were not fused (kappa=0.156). See Table 3 gnd Fig. 5.
¥ RapH : E
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Table 3. Manual Palpation

Group A B C Kappa P Value
Controls { 1 3 0.156

VAC-low i 4 3 {130 Q072
VAC-high ) 2 2 0.412 0.002
Zn-low 3 4 3 ) 565 0,035
Zu-high 4 1 5 0.306 0.008
Asfused

Lr

Be=partially fused
C=not fused
Chantitative Micro-CT analysis

Based on MicroCT analysis, the mean bone volume of the L4/L.3 transverse
10 processes and fusion mass for controls was 126.7 num’. The high dose Vanadivm group
had mean 170.8 mm’, and in the low dose Vanadium group had mean 167.4 may’. The
high dose Zine group had a mean of 172.7 nun’, and the low dese Zine group had a mean

of 172.9 mum” {see iable 4).

15 Table 4: Mean Bone Volume (mm3} on Micro(CT

Group Mean Bone Volume Std Dey P value

mm
Table 4a ANOVA p=0.006
Vi high dose 1708 371 <0.01 vs control
{n=10)
Vi low dose 167.4 23.5 <003 vs controd
(n=10)
Controls 126.7 26.3
(=0}
Table 4h ANOVA p=0.002
Zun high dose 1727 204 {131 vs control
(=1
Zn low dose 172.9 316 <001 vs control
{10}
Controls 1267 263
{n=9}
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Sununary of Results

Compared with contvols, the high dose zine group demonstrated a stgnificantdy
higher nianual palpation grade {p=008), radiographic score {p=0.03}, and bone formation
on microCT (1727 mm’ vs. 1267 mm’ for controls) (p<0.01). The low dose zinc
trended fowards significantly higher manual palpation {(p=0.0558}, and radiographic scores
{p=0.066} and had significantly more bone formed on micreCT (172.9 mm'} {p<Q.01)
compared with controls.  The high dose vanadium had significantly higher manual
palpation scores {p=0.002) and bone formation on MicroCT {170.8 mny') {p=<0.01), and
no difference in radiographic scores {(p=0.270). Low dose vanadiom had significantly
more bone on microCT (172.9 mm') {p=0.05}, trended towards higher scores on manual

palpation {(p=0.072} and had no difference on radiographic scores (p=0.807},

Discussion of Resulis

Pseadarthrosis folowing spingal fusion proceduores is an undesirable outcome, and
focal adjuncts to help prevent this complication are of significant interest.  This study
demonstrates the potential benefit of a local insnlin-mimetic agent applied to the fusion
bed in a rat posterolateral intertransverse lumbar fusion model. To our knowledge, this 13
the first study 1o examing the effects of local zine or vanadium to tlumbar spinal fusion n

a rat model.

Several studies have demoustrated the insulin-hike effects of vanadinen and ang,
inclading the effects of oral administration. The majority of these animal studies have
demonstrated some beneftt of oral vanadiom on bone guality in diabetic animals,
hewever, not all studies are in agreement. The results of the various studies may
demonstrate some benefit to oral administration of vasadium compounds, mostly
diabetic rats. The focas of our investigation, however, was to examine the local effects of

vanadium on bone formation in spinal fusion in non-diabetic rats.

The effects of vanadium on fracture healing and cartilage formanon have also
been studted. The wechanism by which vanadium exerts its insubn-like properties is
believed to inclode activation of key components of the insulin signaling pathway, in

addition to enhancing msulin sensitivity and prolonging insuhin action, (Vardatsikos, G,
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et al. (2009) "Bis{Maltolato}-Oxovanadium (IVi-Induced Phosphorylation Of PKEB,
GSK-3 And FOXO1 Contributes To Its Glucoreguiatory Responses {review)." Int J Mol
Med 243} 303-309). While our study did not vestigate the mechanism by which

vanadium influences spinal fusion, it may exent similar effects as msulin, which has also

been demonstraied to improve fracture healing and spinal fusion m rat models.

The potential toxic effects of vanadiom are conceming, and have been studied.
Local administration conld avoid some of the concerans of toxicity 1o other organs, Local

administration to a fracture or fuston site could decrease accumulation in other tissues

seen after oral administration, however to our knowledge, this has not been stadied.

Zine has been recognized to be insulin-mimetic in the form of zine chlonide in s
ability to stimulate lipogenesis in rat adipocyies, (Coulston, L. and P. Dandona (1980}
"Insulin-Like Effect Of Zinc On Adipocytes.” Diabetes 29(8): 665-667) and numerous
studies have been done since demonstrating its relation to diabetes. Vardatsikos et al
recently performed an in depth review of the insulin-mimetic and anti-diabetic effects of

zing. (Vardatsikos, G, et al. {(2012). "lnsulinoe-Mimetic And Anti-Diabetic Effects Of

Zme” § Inorg Brochem 120C: 8-17). The mechanism by which zinc exerts insulin-like
effects is believe to include activation of insulin signaling pathways including
extraceliular signal-related kinase 1/2 | and phosphatidylinositol 3-kinase/protein kinase
B/Akt pathwavs, {Vardatsikos et al. 2012). These may be similar mechanisms to which

zing enhances spinal fusion m a rat model, however our study did not wvestigate this,

A limitation of this study is that the mechanism by which zine and vanadium
etfect spinal fusion was not examined. Also, the interobserver reliability for radiographic
and manual palpation scoring was lower in the control group compared to each of the test
groups. The low interobserver reliability may be due to difficulty w scoring specimens
that were either “partially fused” or "not fused™. A scoring systemy with only two grades,
“fused” or “not fused” may have provided higher mterobserver reliability. While we
tested two different insubin-mimetic agents at two dosages, we are umable to make
definitive conclusions for which group was superior. At the time of harvest, some of the

pellets had not completely dissolved, and some were partially incorporated into the fusion
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site.  The clinical effects of this observation are unknown, and future studies will

determine the optimal carrier and dosage.

Based on this study, both zine and vanadium demonstrated better fusion rates
compared to controls at both dosages tested. While the fusion rate of our control group
was {ow, this is comparable to other awtograft fusion rates in a rat model.  (Dimar, J. R.,
2nd, et al (1996). "The LEffects OF Nonsteroidal Anti-Inflammatory Drugs On Postenior

Spinal Fusions In The Rat.” Spine (Phila Pa 19763 21(16) 1870-1876); {(Wang, J. C., et

al. {2003). "Effect Of Regtonal Gene Therapy With Bone Morphogenetic Protein-2-

Producing Bone Mamrow Cells On Spinal Fusion In Rats” J Bone Joint Swrg A 83-

ALRY 905-911 Y (Graner, J. N et al. (2004). "Posterolateral Lumbar Fustons In Athymic

LE

Rats: Characterization Of A Model.” The Spine Joumnal © Official Journal Of The North

American Spine Society 4(3); 281-286) and {Drespe, L H., et al. {2005}, "Ammal Models

For Spinal Fusion.” The Spine Journal ; Official Journal Of The North American Spine

Society 3{6 Suppl) 20958-2168), Radiographically, both zinc groups had significantly
higher fusion rates, and mterobserver rehability was high. Manual palpation i3 often
considerad the gold standard to determme fusion in soxall animal models, and the high
dose vanadiwm group performed best in this test. In an effort to eliminate some of the
subjective nature of radiographic and manual palpation scormg, MicroCT was used to
quantitatively determine new bone formation. Each test group scored significantly higher

than the conirol group.

This study is the first to exanune the effects of local insulin-mimetics w a rat
spmal fusion model, The results are pronusing, and future work will focus on the optimal
dosage and carrier, as well as examiming the mechamsm by which insubin-mimetics affect

e

spinal fusion.

The foregoing examples and description of the preferred embodiments should be
taken as dlustrating, rather than as imiting the present invention as defined by the claims.
As will be readily appreciated, numerous vanations and combinations of the features set
forth above can be utilized without departing from the present invention as set forth in the

claims. Such variations are not regarded as a departure from the spudt and script of the

Fa
3
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invention, and all such variations are intended to be included within the scope of the

following claims.

All references cited hereby are tncorporated by reference in their entirety.
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CLAIMS
L. A bone tissue material for facilitating fusion of vertebrae in a spinal fusion

sargical procedure, the material comprising an msulin-mimetic agent.

2. The bone tissue material of claim 1, wherem said msulin-munetic agentis a

zine, vanadium, tongsten, molyvbdenum, niobium, selenium, or manganese compound.

3. The bone tissue material of claim 1, wherein said insubin-mimetic agent is a

anadium or zine compound.

4. The bone tissue material according 1o claim 1, the material further

comprising a pharmaceutically acceptable carrier,

s The bone tissue material of clanm 4, wherein said pharmaceutically

acceptable carrier 1s an morganic salt.

6. The bone tissue material of clamm 4, wherein said pharmaceutically

acceptable carner 1s an morganic salt selected from sulfates and phosphates.

7. The bone tissue material of claim 4, wherein said pharmaceutically

acceptable carrier is a calcium salt.

8. A method of enhancing spinal fusion in g spinal fusion surgical procedure,
the method comprising the steps oft
cxposing a portion of cach of sdjacent vertebrae; aud
placing supplementary bone tssue matenal and an msulin-mimetic
agent within an area betwesn the exposed portions of the adjacent vertebrae

and  contact with the exposed portions of both vertebrae;

S,

whorein the wsalivmmetio agent s provided 1o an amount effective
fo morease the rate of Tusion of the rwo vertebras with the bone Hssue

material,

9, The method of claim 8, wherein the insulin-mimetic agent is a zing,

vanadivm, tungsten, molybdenum, niobium, selenium, or manganese compound.
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10, The method of claim 8, wherein the mnsulm-mimetic agent is a zinc or

vanadium compound.

11, The method according to claim 8, wherein the insulin-mimetic agent is

added to the fusion site.

12. The method according to claim &, wherein the insubin-mimetic agent 18

added in a form of boue tissue material formulated to be suttabde for implantation,

13, The method according to claim &, wherein the insulin-mimetic agent is

added as a composition further comprising a surgically acceptable carrier,

14, The method of claim 13, wherein the composition is an insulin-nimetic

calcium sulfate pellet,

15 The method according to clann 8 in combmation with transplantation of

an allografi or a ceramic bone-graft substitute,

16, The method according to claim § in combination with implantation of an

mierbody device.

17. A bone tissue kit for facilitating fosion of vertebrae in a spinal fusion
surgical procedure, comprising a composition formudated for factle application in a spinal
fusion procedure comprising an nsplin-mimetic agent and a pharmaceutically acceptable

carrier.

18, The bone tssue kit of claim 17, further comprising allograft bone tissue

material andfor ceramic bone-gratt substitute.

19. The bone tissue kit of clamm 18, wherein the insulin-mimetic agent and the

allograft bone tissee matenial or ceramic bone-graft substitute are provided 1n a mixture.

20. The bone tissue kit of claim I8, wherein the msulin-mimetic agent and
allograft bone tissue material or cevamic bone-graft substitute are provided for

sabsequent mixing. .

L
e
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21, The bone tissue kit of claim 17, wherein said insulin-mimetic agent is
selected from the group consisting of zine, vanadium, tungsten, molvbdenum, niobiom,

selenium, or manganese compounds, and combinations thereof.

22. A composition for enhancing spinal fusion in a spmal fusion surgical
procedure comprising an insulin-mimetic agent and a pharmaceutically acceptable

carrier.

23, The composition of claim 22, wherein said insulin-nuimetic ggent is
selected from the group consisting of zine, vanadinm, tungsten, molybdenum, niobium,

selenium, or manganese compounds, and combinations thereof

24, An iplantable device for enbancing spinal tusion, comprising a
prosthetic implant configured to stabilize and promote the fusion of two adjacent
vertebrae, wherein the bone tissue contacting surfaces of the prosthetic implant are coated

with a composition comprising an msulin-mimetic agent.

25, The device of claim 24, configured to supply autografi bone, allograft

bone or ceramic bone-graft substitute to exposed surfaces of the two adjacent vertebrae.

26, The unplantable device of claim 24, wherem said msulin-mimetic agent is
selected from the groap consisting of zing, vanadium, tungsten, molvbdenum, niobioam,

selenium, or manganese compounds, and combinations thereofl

(¥
o
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