RAPI D ACTI NG | NJECTABLE | NSULI N COVPOSI Tl ONS
CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
wa@ppbiogsasd on cl ai ms the benefit of U S. Pat ent PCT/US2008/079213
Application No. 11/869, 693, filed in the U S. Patent
and Trademark O fice on Cctober 9, 2007, by Roderi ke
Pohl an B
The i nvgﬁﬁigﬁﬂ?gnﬁﬁ; ?ﬁ‘?ggﬁgg fi ePgNof I Nj ect akl()ﬁg
rapi d acting drug delivery insulin formnul ations.

s a sy BOSHRERRIRGE TR RS i RERRICALIaNG °r

pr oduce qm%fﬂiphaﬁﬂ)nsdm% the bdnkft of ISR RSteRERPplRafibANGLIM
| evel | ucose in their blood at all tines to stay

al | 4&86? 3p Ailadein yhavklin Eptenhangni redemark Qffigy op Qstelse8,
bl o I r on of food. Wen a
per g ca)%'glbg %O%t%nkg%) FHI E&ld%lélﬁg? Sc%gzé rom f ood

di gestion, glucose i s produced fromstores in the
tissue and rel eased the liver. The body's glucose

| evel s are regqul at @‘d QFSU&EﬂN‘fIﬁ@m@H is a peptide
h

M R R e T L R
1pr oveleerp insuliaforsolatomsof energy. When a heal t hy

i ndi vi dual begi I h eases a
nat ural spi ke oﬁzﬁﬁ%@%@@%%ﬁmﬁg’iﬁ{%ﬁa%

i nsul i n gLeaseovmieaddi tion to providing sufficient
insulin to process the glucose coning into the blood

f rom di gédu¢asa iod sitipde sugat psediy aﬁluthscelbm"she bosyubipmoduce
rel ease ac to the liver,to ]

o1 ueBg e Bt PRl Bt et & ppalntSho AR} Beedn it
1Bec sl d B tinleé@ sta§ ald. THe Qi thabhdtGA i Ghe bBEY €

is sufficient additional insulin to process the

gl udsbices Hapd elyests i thronglethp |d¢ﬁ@atz<g1 chf@@é Wé%a@e@pn is
healn%b%?ﬁlg%{h\f glﬂc%s% f{* Zlg?(}o'd di gels u%sg 9'}% ﬂo stores

t he cose Becone
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regulated by insulin. Insulin is a peptide hormone that is naturally secreted
20 by the pancreas. Insulin helps glucose enter the body’s cells to provide a vital
source of energy.

When a healthy individual begins a meal, the pancreas releases a
natural spike of insulin called the first-phase insulin release. In addition to
providing sufficient insulin to process the glucose coming into the blood

25  from digestion of the meal, the first-phase insulin release acts as a signal to
the liver to stop making glucose while digestion of the meal is taking place.
Because the liver is not producing glucose and there is sufficient additional
insulin to process the glucose from digestion, the blood glucose levels of
healthy individuals remain relatively constant and their blood glucose levels

30  do not become too high.

Diabetes is a disease characterized by abnormally high levels of
blood glucose and inadequate levels of insulin. There are two major types of
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insulin. However, this occurs at the time when digestion is almost over and

25  blood glucose levels should begin to fall. This inordinately large amount of
insulin has two detrimental effects. First, it puts an undue extreme demand
on an already compromised pancreas, which may lead to its more rapid
deterioration and eventually render the pancreas unable to produce insulin.
Second, too much insulin after digestion leads to weight gain, which may

30 further exacerbate the disease condition,
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More importantly, even when properly administered, insulin
injections do not replicate the natural time-action profile of insulin, In
particular, the natural spike of the first-phase insulin release in a person
without diabetes results in blood insulin levels rising within several minutes

30  of the entry into the blood of glucose from a meal. By contrast, injected
insulin enters the blood slowly, with peak insulin levels occurring within 80
to 100 minutes following the injection of regular human insulin.
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Because the time-course of insulin delivery to the blood plays such an
25  important role in overall glucose control, there is significant need for insulin
an injectable insulin that reaches the blood more rapidly than the rapid acting
insulin analogs.
Therefore, it is an object of the invention to provide rapid acting
injectable insulin compositions with improved stability and rapid onset of

30  action.
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Figure 2 is a schematic diagram of the transwell device 10 used to
measure insulin absorption from a donor chamber 12 through 4-5 layers of
immortalized oral epithelial cells 14 on a 0.1 micron filter 16 into a receiver

25  chamber 18.

Figure 3a and 3b are graphs comparing in vitro insulin transport
(cumulative insulin in microunits) through oral epithelial cells in the
transwell system of Figure 2, with and without 0.45 mg EDTA/m], as a
function of acid selected as dissolution agent. EDTA was constant at 0.45

30  mg/mL while the acid concentrations were varied as follows: Figure 3a,
Aspartic acid (0.47 mg/mL}, Glutamic acid (0.74 mg/mL), Succinic acid
(0.41 mg/mL), Adipic acid (0.73 mg/mL) and Citric acid (0.29 mg/mL and
5



nmeasure insulin absorption froma donor chanber 12
through 4-5 layers of immortalized oral epithelial

W@edobs48b8 on a 0.1 micron filter 16 into a recRi'WE$2008/079213
chanber 18. Figure 3a and 3b are graphs conparing in
vitro insulin transport (cumulative insulin in

mc r I [ :
Tt aSA L) PHOYR 2216 SPghash, FlalGE(d 5 bl e ymaric
EDTAtid (] .28angnflyrend |Cbmhofac:dc{0 a2 sz@/mﬁ) qu emngdi2sd ol wo itiore

{ A t t at .0, 45 /
condEipTD HE SRERBI VT asleusd foerBRB Aty i Giss Restfis e
As pafidah l@Cdrdninls hndid Beds mEhsutaThe 4acid (0. 74

nmg/ m.), "Succinic acid (0.41 ng/rrL) Adi pic acid (0.73

ﬁg/ m.) addgws teiasd éb it graplmofiig pinto inswl tEEIspeyt frumulpgiye

ran 2-3..8. F| e /m ric
aCI ggsz.l?’lil I%g‘li(}r()}.l}’ﬁ]‘_ %?rz%Yaegﬁfléiia C?}% g‘%nﬁ-’:}r)mel: S% a1}

r anghown 3 ngvm: 2 lo@ﬁlpaﬂng aifferdnt leéﬂdtl&@ag'ﬂnlfb )Nzﬂﬁinﬁ w1th0ut
sel ected for conl‘gar ative anal % a@& Results are

pl ud-WrmaithiAsnla Arrhacdestibs rmplar gl (Pi}@url\éoha
and c%ficei'ir@h@ﬁsa% arik .ab1rd '2brn? /h@%{’%ﬁu% %@ﬁ&lﬁriz mg/mL)

ative |nsu inin rou
16 pi tand Imtab acidl(0.29ing/mhh angnanW/ahd Csyis tieichas h@énng/mL

(IR 0 goig PEROY (H o810 B a5 ST P owi ng

eqwcmsﬁ au(,g.ﬁ%glg 3 Mol) concentrations: Aspartic
acid GQutamc acid (0.22 ng/nL) and

citri c aﬁlgiur(ed 129rggdpﬁ’d€)f i Firguinsulivetyanapett tiroughcorakbépdthalial

i oy ot Sy Bl Rt Sh L iR ecrom?éﬂ‘@acmﬁ?fsw

1'53 a:hl!aﬁﬁ’i‘ Phanbpbrvdit ibSulin (3 Uhg/MIn FRAS B 9sutibh EOMERiRr al
epithelial cells using the transwell system of Figure

2 t lelomprarced sitricegicyordfCldprrhieledifferant Fhalagpss.at the same
Tr anzeaf éon%ex?tre{qsoﬂl (h %3&1&3 ﬁ}%;ll)t ére Aokl %ro‘cﬁ%bé}él%glﬂ\}\ﬁlal ﬁeils

contai ni hg cid ric aC| or

di f f\ﬁfiseﬁéasﬁfwKalirﬁﬁlatl% infsiiién mmn{rﬂésar Taenheltdratveimo
(4. 84x] O-3 I\/bl)1 wer e added thr ou%%laor al dn?FI t hel i al

cel I<kelpiey (prnieoly ER TR At PYBAART Anandy ¢ onol es) .
ohhe AC hel ?Iff&gﬁr% 6‘(’}@ _?%&ﬂﬁl SHEL #1950 ﬁl&?ﬁ%&iyﬁamﬁ@ffést 5S16ulin

prepared with citric acid and EDTA (12 U) in human subjects, compared to
HUMALOG® (12 U) and HUMULIN R® (12 U), measures as mean
GIR/kg. |
Figure 7 is a graph of the in vivo pharmacokinetic effect of insulin
25  prepared with citric acid and EDTA in humans, compared to HUMULIN
R®, insulin concentration (microUnits/ml) over time (minutes). Mean
values (+ SEM, n=10) Insulin dose was 12 U/subject.
Figure 8 is a graph of the in vivo pharmacodynamics of insulin
prepared with citric acid and EDTA in 16 diabetic type 2 patients; compared
30 to HUMULIN R® and HUMALOG®, plotting blood glucose (mg/dl) over
time (minutes). The dosage used in the patient trial was patient specific,
adjusted for each patient based on their current insulin therapy.
6
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As used herein, “Human insulin” is the human peptide hormone
secreted by the pancreas, whether isolated from a natural source or made by
genetically altered microorganisms. As used herein, “non-human insulin” is
25  the same as human insulin but from an animal source such as pig or cow.
As used herein, an insulin analogue is an altered insulin, different
from the insulin secreted by the pancreas, but still available to the body for
performing the same action as natural insulin. Through genetic engineering
of the underlying DNA, the amino acid sequence of insulin can be changed
30 to alter its ADME (absorption, distribution, metabolism, and excretion)
characteristics. Examples include insulin lispro, insulin glargine, insulin
aspart, insulin glulisine, insulin detemir. The insulin can also be modified
7
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bonds. | TR SROReesr 2sdRsEta egeRbliS ahpeS SRt i o
1§ ORI -and FEEA %ﬁal’fdéﬁ"ﬁ{eeci‘anb}%rﬁarﬁpf{@b@&oh of muﬁﬁl rdiigve
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include surfactants (TWEENS(r)); solvent, such as

et hagent whengesasurefidp fingssabnpounds, such as
28xyet hyl g8, JIRReRIE A2 LipBRe iPkh FRANLBRa ARG than a

chelator or dissolution agent, used as a carrier for the insulin or used to aid

the process by which a product is manufactured. In such cases, the active

substance is dissolved or mixed with an excipient.

25 1L Formulations
Formulations include insulin, a chelator and a dissolution agent(s)
and, optionally, one or more other excipients. In the preferred embodiment,
the formulations are suitable for subcutaneous administration and are rapidly
absorbed into the fatty subcutaneous tissue. The choice of dissolution agent
30  and chelator, the concentration of both the dissolution agent and the chelator,
and the pH that the formulation is adjusted to, all have a profound effect on
the efficacy of the system. While many combinations have efficacy, the
8



As used herein, a "dissolution agent” is an acid that,
when added to insulin and EDTA, enhances the transport
waemoaksesy ption of insulin relative to HO andP@DU#088/079213
the sane pH, as neasured using the epithelial cell
transwel | plate assay described in the exanpl es bel ow
HC i i utd Vi -
sol BETPRS] bataRl Nhen 265k Y ohediB oD Bufbe safety. sibilsy.
whenmegmaenyr gdfilenatdpafassay. As used herein, an
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product is manufactured. In such cases, the active
§ubdtabiet the trdhssohbrede tansppit of the inguliarmnd thérphieimerease
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chosen for many reasons, i1ncluding safety, stabi

r egukmbemy th gifie frem e dngoén Solutramc €his kauseh éhepneflerto edke
enbodi nment, .at | east one_of the formnul ati .

g BiraHerF and BRBERERC Fgmaiaelatls TEmaPaRY iote thpbexamer
13C1 i e AGRRE theddhvo 1T bR Inl d ﬁin@eﬂgﬁ@iohfd@ﬂéﬁéﬁmﬁﬁﬁ&n as

transport of the insulin and thereby increase both the
ons ghe ofonamersare abrdrisidompead inabomens pre geatethe Thyss af ingulin

The ingredients are . also.selected to form I,t§.0n
{ harnHeSat 65 Pagie efReise Stk R AR R 4 RER
t he digseitbidtol formReRE BRorRe. IThRMSERMER HAn hhea Plodsitr
qui ckl yg resulting in a rapid onset of action

(

pr eveigbshyt ipdegh Hrnegewitth e raplstlasveiehiaidbe hatamsiiong
g m i@\kl\ﬁﬁ%@}aegﬁlﬁha?g@gﬁﬁgéﬁ?&g ot Ypeet 2nd YuielY bE hsulin
absorption. To the extent that the chelator (such as EDTA) and/or
dissolution agent (such as citric acid) hydrogen bond with the insulin, it is
believed that it masks the charge on the insulin, facilitating its
transmembrane transport and thereby increasing both the onset of action and
25  bioavailability for insulin.
Insulin
The insulin can be recombinant or purified from a natural source.
The insulin can be human or non-human. Human is preferred. In the most
preferred embodiment, the insulin is human recombinant insulin.

30 Recombinant human insulin is available from a number of sources. The

insulin may also be an insulin analogue which may be based on the amino



The chel ator, such as EDTA, chelates the zinc in the
insulin, thereby renoving the zinc fromthe insulin

W 2l000439/ Thi s causes the insulin to take on PEBUS2008/079213

di meric and nononeric formand retards reassenbly into
the hexaner state. Since these two fornms exist in a

CONGERIsEqidn@d ofhhHSNind G bt&tt?fabhﬁ@oné%r e SRR are
absorbed, nore nononers are created. Thus, as I nsulin
mnd@r@@ﬁ,@r@@QHMymcbﬁ@mem sibsuinamelvgs ti ssue,

addi ti on isse e to form NnoNe The
NDNONET i ?1 oro?na egggge%n‘ggﬁpg@%péﬁ?? ﬁﬁ @‘W@@é‘ﬂ

t hapatiie 16 b irbatéd) elﬂmﬂlzeﬁléeﬁéralw ihide@fin b B8sdpeX rdf q 5-
for prt her eby markedly increasing both the spee

quant? dy. petarapdy Brip Bbreshymasdoseto t he ext ent that the
chel at or pf;sueh o"?zsa;.Fz;??;A) and/ or dissol ution agent (such
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dosg, 9 Bhssef h&ncgﬁqgnts Certain acids appear to mask
charges on the insul'in, enhancing uptake and
transporQhehﬂo:shovm in Figure 1. Those acids which are

effectiv? aj %sol ut | on a ents |nc ude acetic, acid,
ascor bi c IhiiEePreterred Fﬂaﬂ t@zlﬁ tor is mixed with the active

20 agent. The chelator may be ionic or non-ionic. Suitable chelators include

ethyleﬁediaminetetraacetic acid (EDTA), EGTA, alginic acid, alpha lipoic
acid, dimercaptosuccinic acid (DMSA), CDTA (1,2-
diaminocyclohexanetetraacetic acid), trisodium citrate (TSC). Hydrochloric
acid is used in conjunction with TSC to adjust the pH, and in the process

25  givesrise to the formation of citric acid, which is a dissolution agent.

In the preferred embodiment, the chelator is EDTA. For example,
when the active agent is insulin, it is known that the chelator captures the
zinc from the insulin, thereby favoring the dimeric form of the insulin over
the hexameric form and facilitating absorption of the insulin by the tissues

30 surrounding the site of administration (e.g. mucosa, or fatty tissue). In

addition, the chelator hydrogen may bond to the active agent, thereby aiding
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aspartic, succinic, fumaric, maleic, and adipic,
relative to hydrochloric acid, as neasured in the
W@ e@poysesd assay described in the exanpl es bel RUT/USNS/079213
exanple, if the active agent is insulin, a preferred
di ssolution agent is citric acid. The hydrochloric
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ffect EDTA | th I
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2M BEokAorbaes] y&mnsanafwwm&w h6RhorBOMMPDhid B cEBY, 28d

formul'ated in convent i onal
acids and bases (e g. sodium bicarbonate), and alcohols, and buffer salts for

20 pH control.

Stabilizers are used to inhibit or retard drug decomposition reactions
which include, by way of example, oxidative reactions. A number of
stabilizers may be used. Suitable stabilizers include polysaccharides, such as
cellulose and cellulose derivatives, and simple alcohols, such as glycerol;

25  bacteriostatic agents such as phenol, m-cresol and methylparaben; isotonic
agents, such as sodium chloride, glycerol, and glucose; lecithins, such as
example natural lecithins (e.g. egg yolk lecithin or soya bean lecithin) and
synthetic or semisynthetic lecithins (e.g. dimyristoylphosphatidylcholine,
dipalmitoylphosphatidylcholine or distearoyl-phosphatidylcholine;

30  phosphatidic acids; phosphatidylethanolamines; phosphatidylserines such as
distearoyl-phosphatidylserine, dipalmitoylphosphatidylserine and
diarachidoylphospahtidylserine; phosphatidylglycerols;

11



manner using one or nore physiologically acceptable
carriers conprising excipients and auxiliaries which

WO 209048981 e processi ng of the active conpoundsPCTUS2008/079213
preparati ons which can be used pharnaceutically.
Fornulation of drugs is discussed in, for exanple,

oSy SRR, SRR 5 AP,
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Dosage Forns, Marcel Decker, New York, N. Y. (1980). In
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chlo cero and ucose; lecit
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be | hi
oo PRt St GBI ROLHRAS TR SlPHAY. Prior to
181 PaaRihi s?fétﬁﬁlo SRk %@&éd‘ 8 Qhepﬁlsuhn injection bottle. After the

di stearo hosphat i dyl chol i ne; phosphati de aci ds
phoqphhﬂmﬁyn@imamnﬂaﬁumd@;mﬁhbspME@udyMQeM£meﬁoﬁ@qﬁuﬁﬁ,

g: ; t ﬁf%%ﬁ“ﬁ gH’ lf”i ﬁ{wﬁ)g sgoﬁgd preferably by refrigeration.

di ar achi deyhpitesaabsdifhehs @id ingilinak esmbaki dyihathy aBESILS
phosphati dyl i nositols; cardlollplns sphi ngonyel i ns.

I'n cﬂﬁ@llé ilétﬁwﬂentmm@tlgtsa tied) pcrtw@randégozmpﬁorctémw nation of
y r| and isotonic agents.
ZI%I C‘ﬁ,ﬁ or QR ? *‘?]r SBBE

rmkl n 8riul at i ons
The formulatwns may be subcutaneously administration or

intramuscularly injection. The formulation is designed to be rapidly
absorbed and transported to the plasma for systemic delivery.
Formulations containing insulin as the active agent may be
25  administered to a type 1 or type 2 diabetic patient before or during a meal.
Due to the rapid absorption, the compositions can shut off the conversion of
glycogen to glucose in the liver, thereby preventing hyperglycemia, the main
cause of complications from diabetes and the first symptom of type 2
diabetes. Currently available, standard, subcutaneous injections of human
30  insulin must be administered about one half to one hour prior to eating to
provide a less than desired effect, because the insulin is absorbed too slowly
to shut off the production of glucose in the liver. Additionally, if given early
12



The injectable formulation contains insulin, a

chel ator, and a dissolution agent. In a preferred
wenivddssyent, the injectable formul ati on cont ai PGI/US2008/079213

insulin, EDTA, Citric acid and saline and/or glycerol.

In the preferred enbodi nent, the subcutaneous
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admi epithelesl edllnbbrase errebhieendily tysied entheenped &1 thegesults

t i . .
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p r odbicieitef aff dgiaasetd b 4 dissdlutivdragesidtlel bglmaking uptdke and
gi ven earlyenough_in the progreSS|on of the disease,

t he tanseeit siabiesoitHsl) Py pot.
Results obtained with acids with pH range of 3.2-3.8 are grouped in

Figure 3a. Stronger acids (pH <3) are grouped in Figure 3b.
25 The results establish that the choice of acid with the same
concentration of chelator has a substantial effect on the transport of insulin

through cell culture. The preferred acid is citric acid.
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conpositions may be able to slow or stop the

progression of type 2 diabetes. The present invention
wawRdob/oks9sF ur t her under st ood by reference to theCT/US2008/079213

following non-limting exanples. Exanple 1: In Vitro

Conpari son of Uptake and Transport of Insulin using

Epi /hahi@t 2Celz, ﬂfr@%ins%i k@aE&‘ﬁ?Bbé}ﬂ)rPEf Insulin

Di ssol utiion Agent. Materials and Met hods
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for#rﬁ%o éons‘{% *in Figure 2. The transport studies

wer e conaygsiesidlin ENRNEIst he appropriate solutions to
t he donor_welT and renovi ng sanples fromthe receiver
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vvereg Lgyed using k’HSA Resul ts, The results shown in
748

Fi gingelaaNald 0% néfffﬁ'é‘i“é IpHlin 288 4B agidr AsPate addr e

ef f ba I in
©hr S52h B/ RONARGH AR ANBR 5 A of R AR 10,50 mdBML |
1and Gompriddat @stet et 1 bighbt @nobttaitior df USi mg;/nﬂl()wth and
there rovi di .a, standard ai nst whi

o Rl st R TR o e peeco) G, & ires
(1. §ost RRLBNFICEN dYRGAKEMBAd. transport relative to HA)

or not Resul ts obtained with acids with pH range of
3.2-3.8 Mouped in Figure 3a. Stronger acids (pH

<3) are b, The.r ts e

St e R AR sPrael RO Sl (0 b BR R g
16h6|(@.QQrm%ﬂﬁJ) ar SHHS b (0.29 n@f/ﬁz?@re SHovidhig Rig@@ gpOorTh 1913
insulin through cell culture preferred acid is

Ci t rpEe, émr@waawlg@lf@anq diffeziepeeoseen N'bﬁirfhg addiden opthgke
and Cﬂgﬁﬂ%port of Insulin using Epithelial Cell

Transwe Assay as a function of Concentration of

Di ssol ut ilaroAgentthe study using a higher concentration of Citric acid, at

1.80 mg/mL, does show a significant increase (i-test comparison, one sided)
20 upon addition of the chelator to the solution. See Figure 4b. This
demonstrates that concentration of both components is important in
optimizing uptake and transport.
Example 3: In Vitro Comparison of Uptake and Transport of Insulin
using Epithelial Cell Transwell Assay as a function of Chelator
25 Materials and Methods

Oral epithelial cells were grown on transwell inserts for two weeks

until multiple (4-5 layer) cell layers had formed. The transport studies were
conducted by adding the appropriate solutions to the donor well and
removing samples from the receiver well after 10, 20 and 30 minutes.

30 The solutions were prepared immediately before the transwell
experiments in the following way: Citric acid at 1.8 mg/ml was dissolved in
0.85% wiv saline and then one of the following chelators was added to this
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Materials and Methods The materials and net hods of
Exanple 1 were used with different concentrations of

WO 2@des989 I n the study, equinolar concentr atiRPCEUSF008/079213
acid and chel ator were added. Sol utions consisted of
water, +/- EDTA (0.56 ng/nL), NaC (0.85%wv), 1ng/nL

i nsyli (o b L id

Gt e BEERe R i ir AR BT £ 10 SR T o 184
ng/ mg/ml, MVISAcat A8 Zmpés! and StS€tatet 42ambpingh Because CDTA was
concenjration, 1.8 ng/ with and without chelator.
Thi $5¢5pd's; hﬂﬂéﬂﬁ%«m» gifrig %%W%d%gﬂlraa%x tofihe SR A3gn cach of
M NYW&RS cak@She SOREAGa1R FRhblaBPNAS cGRRTRE! £ 8488FULbRs.
The results obtained wth Aspartic acid (0.20 ng/nL),

5 ut ami c Tesodid w=6.t1R¢h agledria) | org/io] and tbe pbi whas(10-a@istrg/trri3)8

.shown i [ 4a.. | hi s.
21 ot TReERAD o RO e rsanis SR PR HhLRY Pel iy R e
cheligdl@ded thcsRitrisas! At bles 8 hlthic B&H RElidi, Ah€ Fherefore,
concentration of Ctric acid, at 1.80 ng/nL, does show

a sivgsinpt wghided Aurcemperigan indhis esamplar Tsanwell ssperineny
it f 1 t h ' S
2P o PRI R D Yo, 507

1bot h comnsidintadndudits iAPles teagitved welBpldrohgsang! wh@akelsmd
transport. Exanple 3: In Vitro Conparison of Uptake
and Trand¥sB¥s of | nsulin using Epithelial Cell

Transvel lA %‘?)‘l’f 3§ nﬂn{lfé 1 .iﬁ B fis gb%ﬁqui%&@t‘j.e r"ﬂ‘l‘%keswas
and Met hod al "epithelial cells were grown on
t r angfidanilp sene mstibn deliveradetbkeaiglinite dellwitenplteic 4 ghitamic

S ek b ST ol ATERE . Wik
e I o Y e er e
pr epdivstméntot dtHagestptedeitvr acidhexplainmgwedsk resafer i ment s
:jln Sg glevg%s: %e%&%tr\é\{%g .by%és[a iré:su g,ieglhgr}cer%égt 0 /pggkeva\@xa
transport is dependent on the choice of chelator.
Example 4: Preclinical evaluation of chelators in a citric acid based
20  insulin formulation in swine.
Materials and Methods
In concert with a published study, A. Plum, H. Agerso and L.
Andersen. Pharmacokinetics of the rapid-acting insulin analog, insulin
aspart, in rats, dogs, and pigs, and pharmacodynamics of insulin aspart in
25  pigs. Drug Metab. Dispos., 28(2):155-60 (2000), it was determined that the
elimination half life was a good determinant of the absorption of insulin,
since a delay in the elimination implies slower absorption from the injection
site. Therefore, a non-compartmental analysis of a small swine study was
performed to examine PK and PD parameters, in particular elimination half
30 life.
Diabetic swine were injected subcutaneously with one of four

formulations of insulin. Three formulations contained a chelator (EDTA,
15



0.85% w v saline and then one of the foll ow ng
chel ators was added to thissolution at the
W@ wgessat i on shown: EDTA at 1.80 ng/m, EGTAPGK/US20881079213
ng/ M, DMSA at 0.88 ng/m and TSC at 1.42 ny/m.
Because CDTA was used in its liquid form citric acid
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Pr estereéarapared/al Tebie bn of chelators in a citric acid
based insulin formulation in swine. Materials and

Met hods In concert with a published study, A Plum H
15gerspiand L. (ﬁﬁﬂfﬁﬁ% of 186 dBIRkIsP 5if 56 s Pdifetion of
rapi d-acting insulin analog, insulin aspart, in rats,
dogi}hedatdr pi gs, and phar rracodynam CS of | nsul | n aspart

I n 1oy I\Ilni-

was | ot er m nedlHGE he- o1 s mi fayRORETPAdRYS GElE: §- 0
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delay in the elinnation inpliles slower absorption

from t he Hopadin/No chetatr Therefore a 126
noni-eerpar-trert-al—anatyst-s—of sAaH We-ﬁ-t—uédy—ms——
Insulin/EDTA ¥/-15
Insulin/EGTA 37.5+/- 8.0
Insulin/TSC 30.1 +/-9.0

The elimination half life of regular human insulin (120 min.) in this
pilot study in swine was consistent with that seen in the literature and was
20  used as a test point to validate the data. As this is considerably longer than
following intravenous administration, this confirms there is continued slow
absorption from the injection site following injection. The chelators in the
citric acid formulation clearly show a reduction in this parameter,
demonstrating that these three chelators are effective in enhancing the

25  absorption of regular human insulin, although to different degrees.
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perfornmed to exam ne PK and PD paraneters, in
particular elimnation half life. D abetic swi ne were
WO 202048980 subcut aneously with one of four fornRACEUS2908079213
of insulin. Three fornul ati ons contai ned a chel at or
(EDTA, EGTA or TSC) and fourth control contained onIy
reg _ )
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SRR P, R PR ST HRoS bl o
W bl @hitoahsy md0spwoldl el GbdnOEang: liarky ivﬁlluh%\éﬁl s
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dos reTeHdaaers s SOl P13 e hatimiay Dping a
I
el SRR ler ddSiENShafh PAOGOIRALLIRANA 1TRSR bl bl i 12

1Tabl@ of CETaklli formUatipmmiesonjeofed Bhisahrebustp aethie rab&mhinal
as Function of Chelator The elimnation half |ife of
regtE®™ human insulin (120 min.) in this pilot study
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t he dat aThéAsesuhs arelshownmsF@reatﬂ qxxdlbrﬂjémjtdmn of CE resulted
followi.ng intraveno ni str.at. is canfirns

{ he et PasHipn BTGHE Lo OABG b PO R SRR on
18it gw‘ceéé s it l%gmapﬁum&hﬁlsﬁm@tmg@é $). Thé ﬁ@aﬁ' tric
aci d formul atloncear y show a reduction in th

par ah@n@ucokidetrrm«ﬁm eenfirnythe B reptbdEigum B chel at o rs

are eff e n.enh h [ Ly
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to regular human insulin in human clinical trial.
Vat efasierdinegtp meximsgsoncentration (Figure 7) and a more rapid onset of

20  action (Figure 6) compared to reguiar human insulin alone.
Example 6: Pharmacokinetics and Pharmacodynamics of CE Insualin,
Insulin Lispro and Regular Human Insulin When Injected
Subcutaneously Immediately Before a Meal in Patients with Type 1
Diabetes.

25 Background and aims:

The aim of this study was to determine the action of VIAject™ (a
very rapid acting formulation of regular human insulin (RHI) combined with
citric acid and EDTA, referred to above as CE), RHI, and insulin lispro
(Lispro) on postprandial blood glucose (BG) excursions after a standard meal

30  in patients with Type 1 diabetes.
Materials and Methods
BG of 9 patients (5 males and 4 females; age 40+10 yrs, BMI
17




The aimof this study was to eval uate the

phar macodynam c (PD) properties of a test fornulation
WQ@09/24895Ng i nsulin in conbination with citri cP@rUSR0881079213

EDTA, "CE". Five euglycem c glucose-cl anps (Bi ostator;

target bl ood glucose 90 ng/dl) were perfornmed in 10

fastj al t vol .ee nean. .a 40 Q-
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Jr oblisprdoreRIS1 gas fnjased.o/ immrediatapbeford the niaal. Gubsemently,
consunptign regular human insulin (Fjigure 6 T nmean
phaPPRIERTIAkEINEOsa SX A rRgRY WF%CPHBH‘E%SirYé%‘EW{%g‘% fﬂfg wrs
7). i ; . hat; ik A it id:
EDT%@@?@SS%?’%E%# ?ﬁgﬁtlé?? i %Q?g\%%&f h%é%a?%g‘%%@ﬁ%ls
absweent daermofied thewighoutdke sledpnstrated by a faster tine

to maxi my| ncentration (Figure 7) and a nore rapid
onset o&%@&on (Figure 6) conpared to regular hunman

10 hsuli n ahopauitExRWaI i@ BblPhay thBeRkh Fiﬁisicﬁ_%niﬁﬁﬂstandard
Phar macodynam cs of CE Insulin, Insulin Lispro and
Regdédaticaerarparaingilim Tovas alipmjubestaneoge by etipnde (eney2

I di at el y. Bef ar | ti ith. T 1. .
i aBepBIChbichR e Trelh i auddd tERb I Vol MBS et acia
was ah OEDGA(CH)ad iRproacllicatsultk in/Tdple Gtebtphre ovdgcose

rapid acting fornulation of regular human insulin
( RHEYT tho samaiest SHPiCRSci tric acid and EDTA referred to
bo .CE), ] | ' (Li spro) on
1%os;atglrbge§2di al gl%omo%a%ﬁ%gcdggé& g“@i@ﬁ?‘%. ons after a

st aPHamehcoBaktidsn REI i ent Eisprd hVIxjeet™ (GFabet es.
Materials—and.-Mat-hods
Ins Tmax (min) | 143£29% | 62+37 | 43+36*

*p<.001, paired t-test

Table 3: Comparison of Insulin Pharmacokinetics Blood Glucose
Pharmacodynamics (0-180 | RHI Lispro | VIAject™ (CE)
min.)
BG TMax (min.) 93+ 4728 | 414£26%
56%
BG Max (mg/dL) 185444 | 158433 | 15727
BG Min (mg/dL) 103221 | 73+£31 | 87+24
BG Max-BG Min (mg/dL) | 82430 | 84+11% | 70x18*

*p<0.05, paired t-test
The total number of hypoglycemic events (hours requiring glucose
20  infusion) 3 to 8 hours post injection were 13 with RHI, 11 with Lispro and 4
with the CE formulation. The mean total amount of glucose infused to
prevent hypoglycemia during this time was six times higher for RHI and

twice as much for Lispro than with VIAject™ (CE). The areas above and
18
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six times higher, for .RH —and twice as juch for . Lispro
© hatp BT DI Behq B opees Topiehd fedBrlbboul Shapkibi o
13 he cHak KBthiDihg G8FPeCotltRE AffendQN@ailiBG AUC above 140 and
bel ow 80ng/ dL) sumred for all patients per group was
81,895 for RH, 57,423 for Lispro and 38,740 ng/dL*nmin
for VIAject(tm. The nean bl ood gl ucose |evels are
shown in Figure 8. In conclusion, VIAject(tm) (CE) was

the fastest in reversing the rise in blood glucose
followi ng the standard nmeal. Patients treated with

VIA ect(tm
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experienced reduced post prandial glucose excursions.

In contrast, RH had the highest glucose excursion,
WaR00ek048989 consi stent with its sl ower absorpti oPCT/HSM08/079213

Variability of the glucose levels (nmean difference

bet ween maxi mal and m ni mal val ues) was significantly

Méesdaifwor VI Aject(tm than Lispro, denonstrating
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The conposition _of claim2, wherejn t nt. |.s, human
thesgpymcongisting of g g@i@ﬁﬁ&fﬂ%@ﬂ&%%@@ﬂﬁ%&éﬁﬁﬁe

0 ol lrec . ' i i . .
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DM, GRTA (I 2edengitsg)clohakaatétmasticdicidl pha | i poi c

aci d, .dinercaptosucei ni ¢ aci .

(5 5. i am OEEgHG AR oF AR o BRI e elAr isrp e
COTRAS HiahPRet@fasct@d 40id(EMNAY.ei n the chelator is

et hyl enedi am net etraacetic acid (EDTA). 6. The .
conpo$i t i orThsfcoaipapifirn of gladn di whemsim the diseplutionagead rn
i S..an;.agi C h 0 - ST
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7. The conmposition of clajmé6 erein the_dissolutjon.
agent s cithecompesigiongf clpla 60‘%?}&&@9 %ﬁso&‘fﬁ"é’i AR 1§ citric
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8. The composition of claim 1 wherein the chelator is present in a
concentration range corresponding to between 2.42 x 10 M and 9.68 x 10°M
EDTA.

9. The composition of claim 1 wherein the dissolution agent is
present in a concentration range corresponding to between 9.37 x 10* M and 9.37
x 10”M citric acid.

10.  The composition of claim 1 wherein the zinc chelator is EDTA
and the dissolution agent is citric acid and the chelator is present in a
concentration of between 2.42 x 10™ M and 9.68 x 10”°M EDTA and the
dissolution agent is present in a concentration of between 9.37 x 10* M and 9.37

x 10”M citric acid.
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concentration range corresponding to between 2.42 x 10
4 Mand 9.68 x 10 2M EDTA. 9. The conposition of claim
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