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DESCRIPTION

[0001] The invention is in the general field of injectable rapid acting drug delivery insulin
formulations.

BACKGROUND OF THE INVENTION

Diabetes Overview

[0002] Glucose is a simple sugar used by all the cells of the body to produce energy and
support life. Humans need a minimum level of glucose in their blood at all times to stay alive.
The primary manner in which the body produces blood glucose is through the digestion of
food. When a person is not getting this glucose from food digestion, glucose is produced from
stores in the tissue and released by the liver. The body's glucose levels are regulated by
insulin. Insulin is a peptide hormone that is naturally secreted by the pancreas. Insulin helps
glucose enter the body's cells to provide a vital source of energy.

[0003] 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 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 do not become too high.

[0004] Diabetes is a disease characterized by abnormally high levels of blood glucose and
inadequate levels of insulin. There are two major types of diabetes - Type 1 and Type 2. In
Type 1 diabetes, the body produces no insulin. In the early stages of Type 2 diabetes, although
the pancreas does produce insulin, either the body does not produce the insulin at the right
time or the body's cells ignore the insulin, a condition known as insulin resistance.

[0005] Even before any other symptoms are present, one of the first effects of Type 2
diabetes is the loss of the meal-induced first-phase insulin release. In the absence of the first-
phase insulin release, the liver will not receive its signal to stop making glucose. As a result, the
liver will continue to produce glucose at a time when the body begins to produce new glucose
through the digestion of the meal. As a result, the blood glucose level of patients with diabetes
goes too high after eating, a condition known as hyperglycemia. Hyperglycemia causes
glucose to attach unnaturally to certain proteins in the blood, interfering with the proteins' ability
to perform their normal function of maintaining the integrity of the small blood vessels. With
hyperglycemia occurring after each meal, the tiny blood vessels eventually break down and
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leak. The long-term adverse effects of hyperglycemia include blindness, loss of kidney
function, nerve damage and loss of sensation and poor circulation in the periphery, potentially
requiring amputation of the extremities.

[0006] Between two and three hours after a meal, an untreated diabetic's blood glucose
becomes so elevated that the pancreas receives a signal to secrete an inordinately large
amount of insulin. In a patient with early Type 2 diabetes, the pancreas can still respond and
secretes this large amount of insulin. However, this occurs at the time when digestion is almost
over and 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 further exacerbate the disease condition.

Current Treatments for Diabetes and their Limitations

[0007] Because patients with Type 1 diabetes produce no insulin, the primary treatment for
Type 1 diabetes is daily intensive insulin therapy. The treatment of Type 2 diabetes typically
starts with management of diet and exercise. Although helpful in the short-run, treatment
through diet and exercise alone is not an effective long-term solution for the vast majority of
patients with Type 2 diabetes. When diet and exercise are no longer sufficient, treatment
commences with various non-insulin oral medications. These oral medications act by
increasing the amount of insulin produced by the pancreas, by increasing the sensitivity of
insulin-sensitive cells, by reducing the glucose output of the liver or by some combination of
these mechanisms. These treatments are limited in their ability to manage the disease
effectively and generally have significant side effects, such as weight gain and hypertension.
Because of the limitations of non-insulin treatments, many patients with Type 2 diabetes
deteriorate over time and eventually require insulin therapy to support their metabolism.

[0008] Insulin therapy has been used for more than 80 years to treat diabetes. This therapy
usually involves administering several injections of insulin each day. These injections consist of
administering a long-acting basal injection one or two times per day and an injection of a fast
acting insulin at meal-time. Although this treatment regimen is accepted as effective, it has
limitations. First, patients generally dislike injecting themselves with insulin due to the
inconvenience and pain of needles. As a result, patients tend not to comply adequately with the
prescribed treatment regimens and are often improperly medicated.

[0009] 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
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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[0010] A potential solution is the injection of insulin directly into the vein of diabetic patients
immediately before eating a meal. In studies of intravenous injections of insulin, patients
exhibited better control of their blood glucose for 3 to 6 hours following the meal. However, for
a variety of medical reasons, intravenous injection of insulin before each meal is not a practical
therapy.

[0011] One of the key improvements in insulin treatments was the introduction in the 1990s of
rapid-acting insulin analogs, such as insulin lispro (IL), insulin aspart (IA) and insulin glulisine
(1G). However, even with the rapid-acting insulin analogs, peak insulin levels typically occur
within 50 to 90 minutes following the injection. Because the rapid-acting insulin analogs do not
adequately mimic the first-phase insulin release, diabetics using insulin therapy continue to
have inadequate levels of insulin present at the initiation of a meal and too much insulin
present between meals. This lag in insulin delivery can result in hyperglycemia early after meal
onset. Furthermore, the excessive insulin between meals may result in an abnormally low level
of blood glucose known as hypoglycemia. Hypoglycemia can result in loss of mental acuity,
confusion, increased heart rate, hunger, sweating and faintness. At very low glucose levels,
hypoglycemia can result in loss of consciousness, coma and even death. According to the
American Diabetes Association, or ADA, insulin-using diabetic patients have on average 1.2
serious hypoglycemic events per year, many of which events require hospital emergency room
visits by the patients.

[0012] Because the time-course of insulin delivery to the blood plays such an 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.

[0013] Therefore, it is an object of the invention to provide rapid acting injectable insulin
compositions with improved stability and rapid onset of action.

SUMMARY OF THE INVENTION

[0014] Injectable insulin formulations with improved stability and rapid onset of action are
described herein. The formulations may be for subcutaneous, intradermal or intramuscular
administration. In the preferred embodiment, the formulations are administered via
subcutaneous injection. The formulations contain insulin in combination with a chelator and
dissolution agent, and optionally additional excipients. In the preferred embodiment, the
formulation contains human insulin, a zinc chelator such as EDTA and a dissolution agent such
as citric acid or a salt thereof such as sodium citrate. These formulations are rapidly absorbed
into the blood stream when administered by subcutaneous injection. Examples demonstrate
that one can increase pH to physiological pH and still obtain dissolution and rapid uptake of the
insulin.

[0015] In one embodiment, the insulin is provided as a dry powder in a sterile vial. This is
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mixed with a diluent containing a pharmaceutically acceptable carrier, such as water, and
optionally a zinc chelator such as EDTA and/or a dissolution agent such as citric acid shortly
before or at the time of administration. In another embodiment, the insulin, usually at a pH of
approximately 4, is stored as a frozen mixture, ready for use upon thawing. In the preferred
embodiment, the insulin is provided as an aqueous solution at pH 7, which is stored at 4°C.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Figure 1 is a three dimensional schematic of insulin showing exposed surface charges and
overlaid with molecules ("dissolution and chelating agents") of appropriate size to mask the
charge.

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 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/mI, as a function of acid selected as dissolution agent. EDTA was constant at
0.45 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 0.56 mg/mL), pH range 3.2-3.8. Figure 3b, Maleic
(0.32 mg/ml), Fumaric acid (1.28 mg/mL) and Oxalic acid (0.32 mg/mL), pH range 2-3. Two
time periods (10 and 30 min.) were selected for comparative analysis. Results are mean plus
or minus standard error measured, n= 4.

Figure 4a and 4b are graphs of in vitro insulin transport (cumulative insulin in microunits)
through oral epithelial cells in the transwell system shown in Figure 2, comparing different
dissolution agents, with and without 0.56 mg EDTA/mL and acids at the following equimolar

(1.50x10'3 Mol) concentrations: Aspartic acid (0.20 mg/mL), Glutamic acid (0.22 mg/mL) and
citric acid (0.29mg/ml) (Figure 4a) and Citric acid at 1.80 mg/mL (Figure 4b). Two time periods
(10 and 30 min.) were selected for comparative analysis.

Figure 5 is a graph of in vitro insulin transport through oral epithelial cells using the transwell
system of Figure 2 to compare efficacy of different chelators. Figure 5 is a graph of the
transport of insulin (1 mg/mL) from a solution containing glutamic acid, citric acid or HCI to

which different chelators at the same molar concentration (4.84x10'3 Mol) were added through
oral epithelial cells was measured (cumulative insulin, micromoles). The chelators were no
chelator (control), EDTA, EGTA, DMSA, CDTA, and TSC.

Figure 6 is a graph of the in vivo pharmacodynamic effect of insulin prepared with citric acid
and EDTA (12 U) in human subjects, compared to IL (12 U) and RHI (12 U), measured as
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mean glucose infusion rate (GIR)/kg.

Figure 7 is a graph of the in vivo pharmacokinetic effect of insulin prepared with citric acid and
EDTA in humans, compared to RHI, insulin concentration (microUnits/ml) over time (minutes).
Mean values (x 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 to RHI and IL, 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.

Figure 9A is a graph of the sedimentation coefficients af RHI at concentrations of 0.17, 0.51,
1.68, and 3.62 mg/ml.

Figure 9B is a graph of the sedimentation coefficients of IL at concentrations of 0.15, 0.56,
1.75, and 3.59 mg/ml.

Figure 9C is a graph of the sedimentation coefficients of IA at concentrations of 0.16, 0.56,
1.66, and 3.56 mg/ml.

Figure 9D is a graph of the sedimentation coefficients of CE100-4 at concentrations of 0.15,
0.55,1.72, and 3.48 mg/ml.

Figure 10A is a graph of the c(s) distributions normalized to the loading concentration for
sedimentation coefficients of RHI at concentrations of 0.18,0.55, and 1.72 mg/ml.

Figure 10B is a graph of the c¢(s) distributions normalized to the loading concentration for
sedimentation coefficients of IL at concentrations of 0.17, 0.57, and 1.82 mg/ml.

Figure 10C is a graph of the c(s) distributions normalized to the loading concentration for
sedimentation coefficients of 1A at concentrations of 0.19, 0.54, and 1.84 mg/ml.

Figure 10D is a graph of the c(s) distributions normalized to the loading concentration for
sedimentation coefficients of CE100-4 at concentrations of 0.18, 0.40, and 0.84 mg/ml.

Figure 11 is a graph of the c(s) distributions normalized to the loading concentration for
sedimentation coefficients of control insulin pH 7 at concentrations of 0.18, 0.57, 1.74 and
3.52. mg/ml.

Figure 12 is a graph of the insulin mean particles size (nm) as a function of dilution for CE 100-
4, CE 100-7, and CES 100-7.

Figure 13 is a graph of the insulin concentration (punits/ml) by ELISA over time (minutes) in
diabetic miniature swine.

DETAILED DESCRIPTION OF THE INVENTION
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[0017] The insulin formulations of injectable human insulin described herein are administered
immediately prior to a meal or at the end of a meal. In the preferred embodiment, the
formulation combines recombinant human insulin with specific ingredients generally regarded
as safe by the FDA. The formulation is designed to be absorbed into the blood faster than the
currently marketed rapid-acting insulin analogs. One of the key features of the formulation of
insulin is that it allows the insulin to disassociate, or separate, from the six molecule, or
hexameric, form of insulin to the monomeric or dimeric form of insulin and deters re-
association to the hexameric form. It is believed that by favoring the monomeric or dimeric
form, this formulation allows for more rapid delivery of insulin into the blood as the human body
requires insulin to be in the form of a single molecule before it can be absorbed into the body
to produce its desired biological effects. Most human insulin that is sold for injection is in the
hexameric form. This makes it more difficult for the body to absorb, as the insulin hexamer
must first disassociate to form dimers and then monomers.

I. Definitions

[0018] As used herein, "insulin" refers to human or non-human, recombinant, purified or
synthetic insulin or insulin analogues, unless otherwise specified.

[0019] 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 the same as
human insulin but from an animal source such as pig or cow.

[0020] 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 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 chemically, for example, by
acetylation. As used herein, human insulin analogues are altered human insulin which is able
to perform the same biological action as human insulin.

[0021] As used herein, a "chelator" or "chelating agent”, refers to a chemical compound that
has the ability to form one or more bonds to zinc ions. The bonds are typically ionic or
coordination bonds. The chelator can be an inorganic or an organic compound. A chelate
complex is a complex in which the metal ion is bound to two or more atoms of the chelating
agent.

[0022] As used herein, a "solubilizing agent", is a compound that increases the solubility of
materials in a solvent, for example, insulin in an aqueous solution. Examples of solubilizing
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agents include surfactants (TWEENS®); solvent, such as ethanol; micelle forming compounds,
such as oxyethylene monostearate; and pH-modifying agents.

[0023] As used herein, a "dissolution agent" is an acid or salt that, when added to insulin and
EDTA, enhances the transport and absorption of insulin relative to HCI and EDTA at the same
pH, as measured using the epithelial cell transwell plate assay described in the examples
below. HCl is not a dissolution agent but may be a solubilizing agent. Citric acid and sodium
citrate are dissolution agents when measured in this assay. It is believed this is achieved at
least in part by masking charges on the insulin, some of which are exposed during dissociation
from the hexamer.

[0024] As used herein, an "excipient" is an inactive substance other 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.

[0025] As used herein, a "physiological pH" is between 6.8 and 7.6, preferably between 7 and
7.5, most preferably about 7.4.

[0026] As used herein, VIAJECT™ is the trademark for a recombinant human insulin
formulated with a dissolution agent such as citric acid and a chelator such as EDTA. Vigject 25
UlmL (CE 25-4) contains 25 U/mL regular recombinant human insulin, 1.8 mg/mL Citric acid,
1.8 mg/mL disodium EDTA, 0.82% NaCl (isotonicity) and 3 mg/mL m-cresol. It is provided as
an aqueous solution which is stored frozen, or in a two part kit consisting of dry powder insulin
and diluent, at least one of which contains citric acid and EDTA. The pH of both reconstituted
mixture and frozen solution is approximately pH 4. Viaject 100U/mL (CE 100-4) contains 100
U/mL regular recombinant human insulin, 1.8 mg/mL citric acid, 1.8 mg/mL disodium EDTA, 22
mg/mL glycerin, 3 mg/mL m-cresol. This is also provided either as a frozen aqueous solution
or two part kit consisting of dry powdered insulin and diluent. The pH of both of the
reconstituted mixture and frozen solution is approximately 4. Viaject 100 U/mL (CE 100-7)
contains 100 U/mL regular recombinant human insulin, 1.8 mg/mL citric acid, 1.8 mg/mL
disodium EDTA., 22 mg/mL glycerin, 3 mg/mL m-cresol. This is provided as an aqueous
solution having a pH of about 7.4, which can be stored at 4°C. ViAject with acid salts (CSE
100-7) is made by adding 1.8 mg/mL of both EDTA and trisodium citrate to water, then adding
100U/mL insulin, reducing pH to 6, then raising pH to 7.4.

Formulations

[0027] 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 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
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efficacy of the system. While many combinations have efficacy, the preferred embodiment is
chosen for many reasons, including safety, stability, regulatory profile, and performance.

[0028] In the preferred embodiment, at least one of the formulation ingredients is selected to
mask charges on the active agent. This may facilitate the transmembrane transport of the
insulin and thereby increase both the onset of action and bioavailability for the insulin. The
ingredients are also selected to form compositions that dissolve rapidly in aqueous medium.
Preferably the insulin is absorbed and transported to the plasma quickly, resulting in a rapid
onset of action (preferably beginning within about 5 minutes following administration and
peaking at about 15-30 minutes following administration).

[0029] The chelator, such as EDTA, chelates the zinc in the insulin, removing the zinc from the
insulin solution. This causes the insulin to take on its dimeric and monomeric form and retards
reassembly into the hexamer state. Studies described in the examples indicate that the overall
size of the dissociating hexamer is larger than the zinc complexed insulin hexamer, which then
forms smaller units. Since the hexamers, dimers and monomers exist in a concentration-driven
equilibrium, as the monomers are absorbed, more monomers are created. Thus, as insulin
monomers are absorbed through the subcutaneous tissue, additional dimers dissemble to form
more monomers. The completely dissociated monomeric form has a molecular weight that is
less than one-sixth the molecular weight of the hexameric form, thereby markedly increasing
both the speed and quantity of insulin 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 bioavailability for insulin.

Insulin

[0030] 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. 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 acid sequence
of human insulin but having one or more amino acids differences, or a chemically modified
insulin or insulin analog.

[0031] The dosages of the insulin depend on its bioavailability and the patient to be treated.

Insulin is generally included in a dosage range of 1.5-100 IU, preferably 3-50 IU per human
dose. Typically, insulin is provided in 100 U vials.

Dissolution agents

[0032] Certain acids, or their salts, appear to mask charges on the insulin, enhancing uptake
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and transport, as shown in Figure 1. Those acids which are effective as dissolution agents
include acetic acid, ascorbic acid, citric acid, glutamic, aspartic, succinic, fumaric, maleic, and
adipic, relative to hydrochloric acid, as measured in the transwell assay described in the
examples below. For example, if the active agent is insulin, a preferred dissolution agent is
citric acid. Hydrochloric acid and sodium hydroxide are preferred agents for pH adjustment.
HCI may be used in combination with any of the formulations, but is not a dissolution agent.
Salts of the acids include sodium acetate, ascorbate, citrate, glutamate, aspartate, succinate,
fumarate, maleate, and adipate. Salts of organic acids can be prepared using a variety of
bases including, but not limited to, metal hydroxides, metal oxides, metal carbonates and
bicarbonates, metal amines, as well as ammonium bases, such as ammonium chloride,
ammonium carbonate, etc. Suitable metals include monovalent and polyvalent metal ions.
Exemplary metals ions include the Group | metals, such as lithium, sodium, and potassium;
Group Il metals, such as barium, magnesium, calcium, and strontium; and metalloids such as
aluminum. Polyvalent metal ions may be desirable for organic acids containing more thant one
carboxylic acid group since these ions can simultaneously complex to more than one
carboxylic acid group.

[0033] The range of dissolution agent corresponds to an effective amount of citric acid in

combination with insulin and EDTA of between 9.37 x 104 M to 9.37 x 10-2M citric acid.

Chelators

[0034] In the preferred embodiment, a zinc chelator is mixed with the insulin. The chelator
may be ionic or non-ionic. Suitable chelators include ethylenediaminetetraacetic 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 gives rise to the formation of citric
acid, which is a dissolution agent.

[0035] In the preferred embodiment, the chelator is EDTA. 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 surrounding the site of administration (e.g.
mucosa, or fatty tissue). In addition, the chelator hydrogen may bond to the active agent,
thereby aiding the charge masking of the insulin monomers and facilitating transmembrane
transport of the insulin monomers.

[0036] The range of chelator corresponds to an effective amount of EDTA in combination with
insulin and citric acid of between 2.42 x 104 M to 9.68 x 102M EDTA.

Excipients
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[0037] Pharmaceutical compositions may be formulated in a conventional manner using one
or more physiologically acceptable carriers comprising excipients and auxiliaries which facilitate
processing of the active compounds into preparations which can be used pharmaceutically.
Formulation of drugs is discussed in, for example, Hoover, John E., Remingtan's
Pharmaceutical Sciences, Mack Publishing Co., Easton, Pennsylvania (1975), and Liberman,
H.A. and Lachman, L., Eds., Pharmaceutical Dosage Forms, Marcel Decker, New York, N.Y.
(1980).

[0038] In the preferred embodiment, one or more solubilizing agents are included with the
insulin agent to promote rapid dissolution in aqueous media. Suitable solubilizing agents
include wetting agents such as polysorbates, glycerin and poloxamers, non-ionic and ionic
surfactants, food acids and bases (e.g. sodium bicarbonate), and alcohols, and buffer salts for
pH control.

[0039] 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; 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; phosphatidic acids; phosphatidylethanolamines; phosphatidylserines such
as distearoyl-phosphatidylserine, dipalmitoylphosphatidylserine and
diarachidoylphospahtidylserine; phosphatidylglycerols; phosphatidylinositols; cardiolipins;
sphingomyelins. In one example, the stabilizer may be a combination of glycerol, bacteriostatic
agents and isotonic agents.

Il. Methods off making the formulations

[0040] The injectable formulation contains insulin, a chelator, and a dissolution agent. In a
preferred embodiment, the injectable formulation contains insulin, EDTA, Citric acid, saline
and/or glycerin.

[0041] In one embodiment, the subcutaneous injectable formulation is produced by mixing
saline and glycerin, citric acid and EDTA to form a solution and sterilizing the solution (referred
to as the "diluent"). The insulin is separately added to sterile water to form a solution, filtered,
and a designated amount is placed into each of a number of separate sterile injection bottles.
The insulin solution is lyophilized to form a powder and should be stored separately from the
diluent to retain its stability. Prior to administration, the diluent is added to the insulin injection
bottle. After the predetermined amount of insulin is subcutaneously injected into the patient,
the remaining insulin solution may be stored, preferably by refrigeration.

[0042] In another embodiment, the insulin is combined with the diluent, pH 4, sterile filtered
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into multi-use injection vials or cartridges and frozen prior to use.

[0043] In a preferred embodiment, the insulin is prepared as an aqueous solution, at pH 7.0,
in vials or cartridges and kept at 4°C.

lll. Methods of Using Formulations

[0044] The formulations may be administered by subcutaneous or intramuscular injection.
The formulation is designed to be rapidly absorbed and transported to the plasma for systemic
delivery.

[0045] Formulations containing insulin as the active agent may be 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 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 enough in the progression of the disease, the subcutaneous insulin
compositions may be able to slow or stop the progression of type 2 diabetes.

[0046] The advantage of the low pH formulation is that it can be mixed with BYETTA®
(exenatide), SYMLIN® (pramlintide acetate), and LANTUS® (long acting insulin analog), none
of which can be mixed with other types of commercially available insulins due to immiscibility
and precipitation.

[0047] The advantage of the higher pH insulin is that it is more stable during storage than the
insulins at lower pH.

[0048] The present invention will be further understood by reference to the following non-
limiting examples. The following insulins were used in the examples.

[0049] HUMULIN® (RHI) is recombinant human insulin. Each mililiter contains 100 units
regular recombinant human insulin, 0.22% m-cresol, 1.4-1.8% glycerin, pH 7. This is available
commercially from several sources.

[0050] HUMALOG® from Eli Lilly (IL), insulin lispro injection, is a recombinant human insulin
analog that is a Lys(B28), Pro(B29) human insulin analog, created when the amino acids at
positions 28 and 29 on the insulin B-chain are reversed. Each milliliter of IL injection contains
insulin lispro 100 units, 16 mg glycerin, 1.88 mg dibasic sodium phosphate, 3.15 mg
metacresol, zinc oxide content adjusted to provide 0.0197 mg zinc ion, trace amounts of
phenol, and water for injection. Insulin lispro has a pH of 7.0 to 7.8. Hydrochloric acid 10%
and/or sodium hydroxide 10% may be added to adjust pH. One unit of IL has the same



DK/EP 2403520 T3

glucose-lowering effect as one unit of Regular human insulin, but its effect is more rapid and of
shorter duration.

[0051] NOVOLOG® (lA) is a recombinant insulin analog available from Novo Nordisk A/S. The
analog contains a single substitution of the amino acid proline by aspartic acid in position B28,
and is produced by recombinant yeast. It is provided in a sterile, aqueous solution containing
100 Units insulin aspart/ml, 16 mg/ml glycerin, 1.50 mg phenol/ml, 1.72 mg

metacresol/ml, 19.6 mg zinc/ml, 1.25 mg disodium hydrogen phosphate dihydrate/ml, 0.58 mg
sodium chloride/ml, having a pH of 7.2 to 7.6, adjusted with 10% HCI or NaOH.

[0052] VIAJECT™ is a recombinant human insulin formulated with citric acid and EDTA.
Viaject 25 UImL (CE 25-4) contains 25 U/mL regular recombinant human insulins,1.8 mg/mL
Citric acid, 1.8 mg/mL disodium EDTA, 0.82% NaCl (isotonicity) and 3 mg/mL m-cresol. It is
provided as an aqueous solution which is stored frozen, or in a two part kit consisting of dry
powder insulin and diluent, at least one of which contains citric acid and EDTA. The pH of both
reconstituted mixture and frozen solution is approximately pH 4. The reconstituted powder is
what was used in the examples. Viaject 100U/mL (CE 100-4) contains 100 U/mL regular
recombinant human insulin, 1.8 mg/mL citric acid, 1.8 mg/mL disodium EDTA, 22 mg/mL
glycerin, 3 mg/mL m-cresol. This is also provided either as a frozen aqueous solution or two
part kit consisting of dry powdered insulin and diluent. The pH of both of the reconstituted
mixture and frozen solution is approximately 4. Only the frozen aqueous solution was used in
the analytical centrifuge data and malvern. Viaject 100 U/mL (CE 100-7) contains 100 U/mL
regular recombinant human insulin, 1.8 mg/mL citric acid, 1.8 mg/mL disodium EDTA, 22
mg/mL glycerin, 3 mg/mL m-cresol. This is provided as an aqueous solution having a pH of
about 7.4, which can be stored at 4°C. This was used in the swine study. VIAject with acid salts
(CSE 100-7) is made with 1.8 mg/mL of both EDTA and trisodium citrate in water, with
100U/mL insulin and glycerin (22 mg/mL).. The final pH is adjusted to 7.4 with sodium
hydroxide. This was used in the final example for malvern information.

Examples 1: In Nitro Comparison of Uptake and Transport of Insulin using Epithelial
Cell Transwell Assay as a Function of Dissolution Agent.

Materials and Methods

[0053] Oral epithelial cells were grown on transwell inserts for two weeks until multiple (4-5
layer) cell layers had formed, as shown in Figure 2. The transport studies were conducted by
adding the appropriate solutions to the donor well and removing samples from the receiver well
after 10 minutes. Solutions consisted of water, +/- EDTA (0.45 mg/ml), NaCl (0.85% wi/v), 1
mg/ml insulin and a sufficient amount of acid to maintain the pH at 3.8. Insulin amounts in the
receiver wells were assayed using ELISA.

Results
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[0054] The results shown in Figures 3a and 3b demonstrate that some acids are more
effective at enhancing uptake and transport of insulin through epithelial cells. These can be
readily tested and compared to the results obtained using HCI, thereby providing a standard
against which any acid can be tested and determined to be a dissolution agent (i.e., enhancing
uptake and transport relative to HCI) or not.

[0055] 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.

[0056] 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.

Example 2: In Vitro Comparison of Uptake and Transport of Insulin using Epithelial Cell
Transwell Assay as a function of Concentration of Dissolution Agent.

Materials and Methods

[0057] The materials and methods of Example 1 were used with different concentrations of
reagents. In the study, equimolar concentrations of acid and chelator were added. Solutions
consisted of water, +/- EDTA (0.56 mg/mL), NaCl (0.85% w/v), 1 mg/mL insulin and an acid:
Aspartic acid (0.20 mg/mL), Glutamic acid (0.22 mg/mL) or citric acid (0.20 mg/ml). Citric acid
was tested at a higher concentration of 1.8 mg/mL with and without chelator. This data is
shown at two time periods, 10 and 30 minutes, post dosing of cell donor chambers.

Results

[0058] The results obtained with Aspartic acid (0.20 mg/mL), Glutamic acid (0.22 mg/mL) or
citric acid (0.29 mg/ml) are shown in Figure 4a. In this case, there was no significant difference
seen with the addition of the chelator.

[0059] In contrast, the study using a higher concentration of Citric acid, at 1.80 mg/mL, does
show a significant increase (t-test comparison, one sided) 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
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Materials and Methods

[0060] 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.

[0061] 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% w/v saline and then one of the
following chelators was added to this solution at the concentration shown: EDTA at 1.80 mg/ml,
EGTA at 1.84 mg/ml, DMSA at 0.88 mg/ml and TSC at 1.42 mg/ml. Because CDTA was used in
its liquid form, citric acid was added directly to the CDTA. In each of these cases, the

concentration of chelator was constant at 4.84x103 moles.

[0062] Insulin was then added at 1 mg/ml and the pH was re-adjusted to 3.8 if necessary. A
control set of samples using only HCI for pH adjustment are included for comparison. Transwell
experiments were done by adding 0.2 ml of each solution to the donor wells.

[0063] Insulin amounts in the receiver wells were assayed using ELISA.

Results

[0064] A graph of 30 minute insulin data is shown in Figure 5. There was significantly more
insulin delivered through the cells when citric or glutamic acid was used, except as compared
to results obtained with TSC (trisodium citrate). In the case of TSC, HCl was used for pH
adjustment. The adjustment of pH generated citric acid, explaining these results.

[0065] As demonstrated by these results, enhancement of uptake and transport is dependent
on the choice of chelator.

Example 4: Preclinical evaluation of chelators in a citric acid based insulin formulation
in swine.

Materials and Methods

[0066] In concert with a published study, A. Plum, H. Agerso and L. Andersen.
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Pharmacokinetics of the rapid-acting insulin analog, insulin aspart, in rats, dogs, and pigs, and
pharmacodynamics of insulin aspart in 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 miniature swine study was performed to examine PK and PD
parameters, in particular elimination half life.

[0067] Diabetic swine were injected subcutaneously with one of four formulations of insulin.
Three formulations contained a chelator (EDTA, EGTA or TSC) and fourth control contained
only regular human insulin RHI, no chelator. Citric acid (1.8 mg/ml) was used as the acid in all
the chelator formulations, and NaCl and m-cresol were added for isotonicity and formulation

sterility in all cases. The chelators were all at the same molar concentration of 4.84x103
moles.

[0068] Swine were fasted overnight, and subcutaneously administered a dose of 0.125 U/kg
human insulin containing EDTA (n=3) or 0.08 U/kg human insulin containing EGTA or TSC
(n=2). Doses were reduced due to extreme blood glucose lowering with the higher dose. Blood
glucose and insulin levels were determined at all timepoints, to 8 hours post dose.

[0069] Pharmacokinetic modeling was performed with Win Nonlin, using a noncompartmental
model with uniform weighting. Elimination half lives were compared in Table 1:
Table 1: Comparison of Blood Glucose in Swine as Function of Chelator

Insulin Half life "lamda z" (min. +/- sd) Terminal half
life
RHI/No chelator, 120
Insulin/EDTA 39.1 +/-15.8
Insulin/EGTA 37.5 +/-8.0
Insulin/TSC 30.1 +/-9.0

[0070] 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 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 absorption of regular human insulin, although to
different degrees.

Example 5: Comparison of EDTA-citric acid insulin formulation to regular human insulin
in human clinical trial.

Materials and Methods
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[0071] The aim of this study was to evaluate the pharmacodynamic (PD) properties of a test
formulation containing insulin in combination with citric acid and EDTA, "CE 25-4". Five
euglycemic glucose-clamps (Biostator; target blood glucose 90 mg/dl) were performed in 10

fasting healthy volunteers (mean age 40 (20-62 years range); BMI 22.5 (19.2-24.9) kg/m?).
Using a cross-over design with a fixed treatment order, 12 IU Regular insulin and 12 1U of CE
insulin formulation were injected subcutaneously in the abdominal region.

Results

[0072] The results are shown in Figures 6 and 7. SC injection of CE 25-4 resulted in a time-
action profile that produced a significantly more rapid rise in glucose consumption regular
human insulin (Figure 6). The mean pharmacokinetic data confirm the PD results (Figure 7).

[0073] This study shows that addition of citric acid and EDTA to regular human insulin
improves the rate of absorption of insulin as demonstrated by a faster time to maximal
concentration (Figure 7) and a more rapid onset of action (Figure 6) compared to regular
human insulin alone.

Example 6: Pharmacokinetics and Pharmacodynamics of CE Insulin, Insulin Lispro and
Regular Human Insulin When Injected Subcutaneously Immediately Before a Meal in
Patients with Type 1 Diabetes.

Background and aims:

[0074] The aim of this study was to determine the action of CE 25-4, RHI, and IL on
postprandial blood glucose (BG) excursions after a standard meal in patients with Type 1
diabetes.

Materials and Methods

[0075] BG of 9 patients (5 males and 4 females; age 40+10 yrs, BMI 24.0+2.0 kg/m?) were
stabilized by means of a glucose clamp (target BG 120 mg/dl) prior to meal ingestion. The
glucose infusion was turned off prior to the standard meal and insulin dosing. Using a cross-
over study design with fixed treatment order, the same patient specific dose of VIAject™
(CE25-4) IL or RHI was injected s.c. immediately before the meal. Subsequently, postprandial
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glucose excursions were continuously monitored for 8 hours and glucose infusion was re-
initiated if BG was less than 60 mg/dl. Plasma insulin levels were determined throughout the
study.

Results

[0076] The results shown in Table 2 as the mean plus or minus standard deviation compare
insulin Tmax after subcutaneous injection to type 2 diabetic patients after a meal, regular
human insulin, insulin plus citric acid and EDTA (CE) and lispro. The results in Table 3 compare
blood glucose for the same test subjects.

Table 2: Comparison of Insulin Tmax(min)

Pharmacokinetics RHI IL (CE25-4)
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 min.) RHI IL CE 254
BG TMax (min.) 93 + 56* 47128 41126*
BG Max (mg/dL) 185144 158+33 157127
BG Min (mg/dL) 103121 73131 87124
BG Max-BG Min (mg/dL) 82130 84+11* 70+18*
*p<0.05, paired t-test

[0077] The total number of hypoglycemic events (hours requiring glucose infusion) 3 to 8
hours post injection were 13 with RHI, 11 with IL and 4 with the CE 25-4 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 IL than with CE 25-4. The areas above and below the normal
glycemic target zone (BG AUC above 140 and below 80mg/dL) summed for all patients per
group was 81,895 for RHI, 57,423 for IL and 38,740 mg/dL*min for CE 25-4. The mean blood
glucose levels are shown in Figure 8.

[0078] CE 25-4 was the fastest in reversing the rise in blood glucose following the standard
meal. Patients treated with CE 25-4 experienced reduced post prandial glucose excursions. In
contrast, RHI had the highest glucose excursion, which is consistent with its slower absorption
rate. Variability of the glucose levels (mean difference between maximal and minimal values)
was significantly less for CE 25-4 than IL, demonstrating the better glycemic control of CE 25-4
in these patients with Type 1 diabetes.

Example 7: Characterization of Size of Insulins by Light Scattering:
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[0079] CE 100-4 has a very rapid onset of action in patients. To understand the basis for the
rapid absorption profile, in vitro experiments were performed with CE 100-4 in comparison to
other commercially available recombinant human insulins and rapid acting analogs of insulin.
Light scattering techniques were applied to the original products as well as a dilution series in
synthetic extracellular fluid buffer. The results show that unlike regular recombinant insulin and
the rapid acting analogs, CE 100-4 reduces in size to approximately that of a dimer after a 1:3
dilution, which is consistent with its rapid absorption profile.

Materials and Methods

[0080] In order to elucidate the mechanism of this rapid onset of action, in vitro experiments
were designed to study the effect of dilution of the traditional formulation in a synthetic
extracellular fluid buffer as a means to simulate what naturally occurs following subcutaneous
injection. A light scattering technique was used to assess the mean size distribution (nm).
Commercial rapid acting or prandial insulin formulations that were used for comparison in
these in vitro experiments were: IL, 1A, RHI and CE 100-4. For size comparison, standard
preparations of monomeric (pH 2.0) and hexameric zinc insulins (pH 7) were used for
standards.

[0081] Commercial insulins were characterized for size with the Zetasizer nano (Malvern Inst,
UK). One mL samples were placed in a glass cuvette and were analyzed to determine a mean
average volumetric size distribution (nm) of the insulin in solution. The mean of 3 samples
(each sample had several runs) was used as a basis for comparison. Following the initial full
strength analysis, a dilution series was performed from 1:2 to 1:16 in buffer having similar pH
and buffering capacity of extracellular fluid (ECF, 0.7 mN Much, 1.2 mM CaCl,, 0.2 mM KCI,

0.5 mM NaySQ04,104 mM NaCl, 28.3 mM NaHCOs3). The mean size was determined for all

dilutions with each of the commercially available insulins and CE 100-4, to understand the
monomer/dimer/hexamer size distribution for each formulation.

Insulins

[0082] RHI, IL, IA, and CE 100-4.

Diluents

[0083] ECF, 0.7mM MgCly, 1.2mM CaCly, 2mM KHoPOy4, 2mM KCI, 0.5mM NagSO4, 104 mM
NaCl, 28.3 mM NaHCOj in sterile water.

Results
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[0084] In the size measurement studies, undiluted CE 100-4 is larger than IL, IA and RHI.
However, with a 1:3 dilution, the mean size of CE 100-4 was reduced by 2 nm to the
monomeric/dimeric size while the other insulins studied remained at the hexameric size of
approximately 5 nm. CE 100-4 but not IL, IA and RHI was further reduced with increased
dilution. Undiluted RHI appears smaller but grows in size to greater than 5 nm once diluted 1:1
and remains in this size range out to a dilution of 1:16.

[0085] Undiluted CE 100-4 initially appears larger than the other insulins studied, possibly due
to citric acid and EDTA being weakly attracted to the surface, which may serve to further
increase the rate of absorption from subcutaneous sites by masking the surface charge.
Charge can be an impediment to absorption. Shortly after subcutaneous administration, as the
injected material is diluted by ECF, CE 100-4 has a smaller mean size than rapid acting insulin
analogs and RHI at identical dilutions.

Example 8: Analytical Ultracentrifugation of insulin

Materials and Methods

[0086] A set of experiments was developed using analytical ultracentrifugation, which
determines an estimate of the weight averaged sedimentation coefficient (Svedbergs 20°C,
water S(20,w)), which is proportional to the buoyant effective molar weight. The procedure for
this analysis was somewhat different than the light scattering size determination. First, each
sample is diluted with a diluent that is identical in composition to that of the commercial
product. To obtain this, a Centriprep® Ultracel-3 membrane filter unit (Millipore Inc, MA, USA)
with a 3kDa MW cutoff was used to separate the insulin from the diluent. The original diluent
was recovered and analyzed for the presence of any insulin content. Confirmed insulin free
diluents were used to dilute the commercial product.

[0087] These first data sets were used to characterize the insulin as either a stable single
species, or one that changes from hexamer, dimer, monomer in its own diluent. Two sets of
data were derived using analytical ultracentrifugation. The first set of data was obtained by
dilution with exactly the diluent of the formulation. In the cases of the commercial preparations,
this was obtained by centiprep tubes which separate the insulin or analogue from the diluent.
The filtrate was checked for protein content and post confirmation was used for the diluent in
the first round of experiments.

[0088] The second set of samples was prepared substituting ECF buffer instead of diluent. In
order for this to work, the most concentrated sample was diluted first with ECF 1:2. Further
dilutions were then done with ECF. In the case of CE 100-4, the initial dilution with ECF was 1:4
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to assure that the isoelectric point was crossed to eliminate any precipitated matter. These
experiments were intended to mimic the post subcutaneous injection environment.

[0089] The values obtained for the weight average sedimentation coefficient for each loading
concentration, corrected to standard conditions, is given in the table below. Velocity analysis
was conducted at 20°C and 55,000 RPM using interference optics with a Beckman-Coulter XL-
analytical ultracentrifuge. Double sector synthetic boundary cells equipped with sapphire
windows were used to match the sample and reference menisci. The rotor was equilibrated
under vacuum at 20°C and after a period of approximately 1 hour at 20°C the rotor was
accelerated to 55,000 RPM. Interference scans were acquired at 60 second intervals for 5
hours

[0090] Several analytical programs were run on the data (DcDt+ vers. 2.1.02, and Sedfit, vers
11.3b3) to extract information specific to each sample. The data from the Sedfit program is
shown in the results below. DcDt is a model independent, sedimentation coefficient distribution
g(s*) which uses the time derivative of the concentration profile. If there is no shift to higher
values of S with an increase in concentration, it is strong evidence that there are no reversible
reactions occurring (i.e. monomer, dimer hexamer). If the size and shape change on dilution
(shifting from hexamer to dimer to monomer), it is not possible to determine an estimate of the
molecular weight, but useful information can be obtained from the Sedfit program on the
sedimentation coefficient S(w). In addition, this program produces a direct boundary model for

the individual data sets using a model based numerical solution to the Lamm equation. 3 It
plots the continuous sedimentation coefficient c(s) versus sedimentation coefficient (s) to
produce curves that describe relative sizes of the sedimenting species.

Dilution of each insulin with insulin-specific diluent:

[0091] RHI was submitted for analysis by sedimentation velocity ultracentrifugation. The
estimated stock concentration was 3.745 mg/ml. The diluent was as described above.

[0092] The following physical constants were calculated from the amino acid compositions for

the protein using the program Sednterp.®

RHI: MWsgeq = 5792 Da. Nage = 0.726 ml/g

[0093] The diluent density and viscosity were calculated to be 1.00231 g/ml and 0.01041
poise at 20°C, respectively, using Sednterp.
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Results

[0094] Figure 9A shows a plot of the c(s) distributions normalized to the loading concentration
of RHI™. The data shown for the normalized c(s) plot is consistent with the g(s*) data from the
DcDt+. There is a marked shift to lower values of S in the sedimentation with an increase in
concentration.

[0095] The values obtained for the weight average sedimentation coefficient for each loading
concentration, corrected to standard conditions, is given in the table below.

Cell # S(20,w) (Svedbergs) Conc. (mg/ml)
1 3.05 0.168
2 3.00 0.561
3 3.00 1.678
4 2.84 3.624

Conclusion:

[0096] These analyses indicate that RHI under the conditions of the experiment exists
primarily as a hexamer. There is a small amount of slower sedimenting material present in the
lower concentration samples, as well as what appears to be dimers of the hexamers.

B.IL

[0097] Materials and methods were as described above.

Results

[0098] Figure 9B is a plot of the weight average sedimentation coefficients for each
concentration. The protein dissociates upon dilution. In addition, there appears to be a small
amount (<5%) of faster sedimenting species that is probably a dimer of the hexamer.

[0099] The values obtained for the weight average sedimentation coefficient for each loading
concentration, corrected to standard conditions, is given in the table below.

Cell # S(20,w) (Svedbergs) Conc. (mg/ml)
1 2.78 0.151
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Cell # S(20,w) (Svedbergs) Conc. (mg/ml)
2 3.02 0.558
3 3.09 1.755
4 3.10 3.595

Conclusions:

[0100] These analyses indicate that the protein sample, IL, under the conditions of this
experiment, exists primarily as a hexamer. There is evidence of the dissociation of IL upon
dilution, and there is a small amount of what appears to be dimers of the hexamers present.
The concentrations studied were approximately 30pym, 100um, 300um, and 600um (monomer
units).

C.1A

[0101] Materials and Methods are as described above.

Results

[0102] Figure 9C shows a plot of the c(s) distributions normalized to the loading
concentration. The data shown for the normalized c(s) plot is consistent with the g(s*) data
from DcDt+. The c¢(s) curves at low concentrations show a contribution of a smaller species
(monomer) which decreases as the concentration is increased. There is also a slight shift to
lower values of S in the sedimentation with an increase in concentration... There appears to be
a small amount (<5%) of faster sedimenting species that is probably a dimer of the hexamer.

[0103] The values obtained for the weight average sedimentation coefficient for each loading
concentration, corrected to standard conditions, is given in the table below.

Cell # S(20,w) (Svedbergs) Conc. (mg/ml)
1 2.72 0.158
2 3.05 0.561
3 3.19 1.655
4 3.14 3.563

Conclusions:
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[0104] These analyses indicate that IA, under the conditions of this experiment, exists
primarily as a hexamer. There is evidence of the dissociation of IA upon dilution, and there is a
small amount of what appears to be dimers of the hexamers present.. The concentrations
studies were approximately 30um, 100um, 300um, and 600um (monomer units).

D. CE-100 4

[0105] Materials and Methods were as described above.

Results

[0106] The databases for CE-100 4 were analyzed using Sedfit and the c(s) model. Strictly
speaking this model is only applicable to non-interacting mixtures but in the case of interacting
species it can still yield an idea of which species are present in solution. Figure 9D shows a plot
of the c¢(s) distribution normalized in the loading concentration. The c(s) plot is consistent with
the g(s*) data from DcDt+ in that there is a marked shift towards lower S values upon dilution.
The c(s) plots from the higher concentrations clearly show that CE 100-4 may be larger than a
hexamer.

[0107] The value obtained for the weight average sedimentation coefficient for each loading
concentration, corrected to standard conditions, is given in the table below.

Cell # S(20,w) (Svedbergs) Conc. (mg/ml)
1 1.85 0.153
2 2.41 0.548
3 3.05 1.722
4 3.56 3.484

Conclusions:

[0108] These analyses indicate that the protein sample, CE 100-4, under the conditions of this
experiment, exists in an equilibrium between monomers, dimers, hexamers, and possibly
larger oligomers. The concentrations studies were approximately 30um, 100pm, 300um, and
600um (monomer units).

Dilution with ECF buffer:
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[0109] Commercial preparations were first diluted 1:2 with ECF, with the exception of CE 100-
4, which was diluted 1:4. This had to be treated differently to avoid precipitation through the
isoelectric point, since it starts at pH 4. The other commercial insulins were already at pH 7, so
initial dilution was to 1:2.

A. RHI

[0110] RHIwas submitted for analysis by sedimentation velocity ultracentrifugatian. The
estimated stock concentration was 1.87 mg/ml after dilution with an equal volume of the
supplied ECF.

[0111] The following physical constants were calculated from the amino acid composition for

the protein using the program Sednterg.5

RHI: MWsgeq = 5792 Da, Nage = 0. 726 ml/g

[0112] The diluent density and viscosity were calculated to be 1.00273 g/ml and 0.01043
poise at 20°C, respectively, using Sednterp.

[0113] The dilution scheme, using the stock solution, for the three cells used in the analysis is
shown in the following table:

Cell # Vol. Stock (ul) Vol. Buffer (ul) Est. Conc. (mg/ml)
1 45 405 0.19
2 150 300 0.62
3 450 -- 1.87

[0114] Sedfit, version 11.71, was used with direct boundary modeling program for individual

data sets using model based numerical solutions to the Lamm equation.3

[0115] Continuous sedimentation coefficient distribution, c(s), model was calculated. The c(s)
distribution plots are sharpened, relative to other analysis methods, because the broadening
effects of diffusion are removed by use of an average value for the frictional coefficient.

Results

[0116] Figure 10A shows a plot of the c(s) distributions normalized to the loading
concentration. The data shown for the normalized c(s) plot is consistent with the g(s*) data
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from DcDt+. The c(s) plots are nearly coincidental but there is a small shift to lower values of S
in the sedimentation with an increase in concentration.

[0117] There appears to be a small amount (<1%) of slower sedimenting material in the two
lowest concentration samples, and a small amount (<3%) of faster sedimenting species that is
probably a dimer of the hexamer. The decrease in the slower species and an increase in the
faster species with increasing concentration implies that there is only a very slight shift in the
self-association of RHI over the concentration range studies.

[0118] The values obtained for the weight average sedimentation coefficient for each loading
concentration, corrected to standard conditions, is given in the table below:

Cell # S(20,w) (Svedbergs) Conc. (mg/ml)
1 3.25 0.176
2 3.24 0.552
3 3.35 1.721

Conclusions:

[0119] These analyses indicate that the RHI, under the conditions of this experiment, exists
primarily as a hexamer. There is a very small amount of slower sedimenting material present in
the lower concentration samples, as well as what appears to be dimers of the hexamers. The
concentration studies were approximately 30uM, 100y, and 300uM (monomer units).

IL

[0120] Methods described above.

Results

[0121] Figure 10B shows a plot of the c(s) distributions normalized to the loading
concentration. The data shown for the normalized c(s) plot is consistent with the g(s*) data
from DcDt+. The c¢(s) curves at low concentration show a significant contribution of a smaller
species (perhaps dimer) which decreases as the concentration is increased. There is also a
slight shift to lower values of S in the sedimentation with an increase in concentration.

[0122] There appears to be a small amount (<2%) of faster sedimenting species, especially
evident in the two higher concentration samples.
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[0123] The values obtained for the weight average sedimentation coefficient for each loading
concentration, corrected to standard conditions, is given in the table below:

Cell # S(20,w) (Svedbergs) Conc. (mg/ml)
1 3.17 0.167
2 3.12 0.568
3 3.17 1.820

Conclusions:

[0124] These analyses indicate that IL, under the conditions of this experiment, exists
primarily as a hexamer. There is evidence of the dissociation of IL upon dilution, and there is a
small amount of what appears to be dimers of the hexamers present. The concentrations
studies were approximately 30uM, 100y, and 300uM (monomer units).

Insulin aspart (l1A)

[0125] Methods described above.

Results

[0126] Figure 10C shows a plot of c(s) distributions normalized to the loading concentration.
The data shown for the normalized c¢(s) plot is consistent with the g(s*) data from DcDt+. The
c(s) curves at low concentrations show a small amount of a smaller species (monomer/dimer)
which decreases as the concentration is increased. There is also a slight shift to lower values
of S in the sedimentation with an increase in concentration. The graph clearly shows that the
protein is slightly dissociating upon dilution. In addition, there appears to be a small amount
(approximately 3% in the highest concentration sample) of a faster sedimenting species that is
may be a dimer of the hexamer.

[0127] The values obtained for the weight average sedimentation coefficient for each loading
concentration, corrected to standard conditions, is given in the table below:

Cell # S(20,w) (Svedbergs) Conc. (mg/ml)
1 3.10 0.186
2 3.23 0.544
3 3.24 1.848
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Conclusion:

[0128] These analyses indicate that the IA, under the conditions of this experiment, exists
primarily as a hexamer. There is evidence of the dissociation of IA upon dilution, and there is a
small amount of what appears to bedimers of the hexamers present. The concentrations
studies were approximately 30uM, 100y, and 300uM (monomer units).

D. CE 100-4

Materials

[0129] The estimated stock concentration was 0.936 mg/ml after diluting one volume of the
solution with three volumes of the supplied ECF.

Method

[0130] The dilution scheme, using the stock solution, for the four cells used in the analysis is
shown in the following table:

Cell # Vol. Stock (ul) Vol. Buffer (ul) Est. Conc. (mg/ml)
1 90 360 0.19
2 200 250 0.42
3 450 -- 0.94
Results

[0131] The datasets for CE 100-4 were analyzed using Sedfit and the c(s) model. Strictly
speaking this model is only applicable to non-interacting mixtures but in the case of interacting
species it can still yield an idea of what species are present in solution. Figure 10D shows a
plot of the c(s) distributions normalized to the loading concentration. The ¢(s) plot is consistent
with the g(s*) data from DcDt+ in that there is a marked shift towards lower S values upon
dilution. The c(s) plot from the highest concentration clearly shows that CE 100-4 may be
larger than a hexamer.

[0132] The values obtained for the weight average sedimentation coefficient for each loading
concentration, corrected to standard conditions, is given in the table below:
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Cell # S(20,w) (Svedbergs) Conc. (mg/ml)
1 1.61 0.178
2 1.95 0.40
3 3.14 0.84

[0133] These analyses indicate that the CE 100-4, under the conditions of this experiment,
exists in equilibrium between monomers, dimers, hexamers, and possibly larger oligomers at
the highest concentration. The concentrations studied were approximately 30uM, 70uM, and
145uM (monomer units).

Controls in water adjusted with HCl pH 2 or NaOH pH 7

[0134] The following physical constants were calculated for the amino acid composition for the

protein using the program Sednterg.5

IC-pH7: MWseq = 5792 Da, Nyge = 0.726 ml/g

[0135] The diluent density and viscosity were calculated to be 0.99823 g/ml and 0.01002
poise at 20°C, respectively, using Sednterp.

Internal Control IC pH7

Method

[0136] The dilution scheme, using water with NaOH, pH 7 as the diluent for the four cells used
in the analysis is shown in the following table:

Cell # Vol. Stock (ul) Vol. Buffer (ul) Est. Conc. (mg/ml)
1 25 475 0.19
2 75 375 0.62
3 250 250 1.87
3 450 -- 3.745

[0137] Continuous sedimentation coefficient distribution, c(s).
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[0138] The c(s) distribution plots are sharpened, relative to other analysis methods, because
the broadening effects of diffusion are removed by use of an average value for the frictional
coefficient.

Results

[0139] The datasets for IC-pH7 were analyzed using Sedfit and the c(s) model. Strictly
speaking this model is only applicable to non-interacting mixtures but in the case of interacting
species it can still yield an idea of what species are present in solution. Figure 11 shows a plot
of the ¢(s) distributions normalized to the loading concentration. The ¢(s) plot is consistent with
the g(s*) data from DcDt+ in that there is a marked shift towards lower S values upon dilution.

[0140] The values obtained for the weight average sedimentation coefficient for each loading
concentration, corrected to standard conditions, is given in the table below.

Cell # S(20,w) (Svedbergs) Conc. (mg/ml)
1 2.43 0.18
2 2.90 0.57
3 3.04 1.74
4 3.10 3.52

[0141] The analyses indicate that the sample, IC-pH7, under the conditions of this experiment,
exists in a dimer-hexamer equilibrium at the lowest dilution, strongly favoring the hexameric
state at the three highest concentrations used here. The concentrations studies were
approximately 30uM, 100uM, 305uM, and 620uM (monomer units).

Internal Control IC pH 2

Method:

[0142] Insulin was diluted with 0.01N HCI as described above.

Results:

[0143] The datasets for IC-pH2 were analyzed using Sedfit and the c(s) model primarily to
obtain a good estimate of the loading concentrations. The values obtained for the weight
average sedimentation coefficient for each loading concentration agreed fairly well with the
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values determined using DcDt+. A table of the Sog ., values as determined using Sedfit is given

below.
Cell # S(20,w) (Svedbergs) Conc. (mg/ml)
1 1.26 0.17
2 1.28 0.56
3 1.28 1.77
4 1.28 3.61

[0144] These analyses indicate that the IC-pH2, under the conditions of this experiment,
exists primarily as a single species (presumably the insulin monomer) showing no tendency
toward further self-association. The solvent conditions were highly non-ideal due to the lack of
any supporting electrolyte. The concentrations studied were 30uM, 97uM, 305uM, and 620uM
(monomer units).

Overall Conclusions, Sedimentation analysis

[0145] Estimation af RHI molecular weight, using DcDt software, established that its molecular
weight is consistent with a hexamer (35.6+1.6 kDa) over the entire dilution range. The control
values for pH 2 insulin, which is the standard for monomeric insulin (2.29 nm), has a
sedimentation coefficient value of 1.28 S(20,w) that remains essentially unchanged over the
dilution series, confirming its monomeric state. The control unstabilized insulin, pH 7 at full
concentration is hexameric, but is in dynamic equilibrium with smaller dimer forms, as
demonstrated by the reduction in size on dilution in pH 7 diluent. IA and IL start in the hexamer
size range and has a small population of monomer/dimer forms after dilution to 1:16 in ECF. A
higher proportion of monomeric/dimeric particles with CE 100-4 is consistent with its more
rapid absorption profile.

Example 10: Determination of Effect on Insulin Size by Addition of sodium citrate and
EDTA to insulin, pH 7.4

[0146] Since the elevation in pH to 7 of the CES 100-4 showed rapid absorption in the swine
model and a reduction in size by Malvern, an alternative method was designed to see if a
substitution of the citric acid for trisodium citrate would also work at pH 7.4.

Materials and Methods

[0147] Disodium EDTA (1.8 mg/mL) and trisodium citrate (1.8 mg/mL) were dissolved in water
with glycerin (22mg/mL). Insulin was added to the solution at a concentration of 3.8 mg/mL.
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Sodium Hydroxide was added dropwise to elevate the pH to 7.4. The undiluted material was
then analyzed on the Malvern for mean particle size, and then diluted with extracellular fluid
buffer (ECF) and sized at each point along the dilution series.

Results

[0148] CSE 100-7, Sodium Citrate Insulin pH 7.4, diluted with ECF buffer was compared to a
citric acid formulation in an acid and neutral environment. The results are shown in Figure 12.
Figure 12 is a graph of the insulin mean particles size (nm) as a function of dilution for CE 100-
7 pH 7.5, and CSE 100-7 containing sodium citrate instead of citric acid, pH 7.4.

[0149] The results demonstrate that a rapidly dissociating insulin may be created by mixing
sodium citrate, EDTA and insulin in solution at a neutral pH. The mean particle size initially is
larger than a typical hexamer, presumably indicating that the hexamer is dissociating and is in
the form of a loosely associated multimer of insulin molecules. On 1:2 dilution in a post
injection environment (dilution in ECF), the insulin rapidly dissociates into smaller units, most
likely insulin dimers. The new formulation behaves exactly as a citric acid/EDTA insulin
formulation initially made at pH 4 and then brought to pH 7.

Example 11: Citric acid EDTA Insulin pH 7 in diabetic miniature swine

Materials and Methods

[0150] Insulin was prepared by mixing Insulin (3.8 mg/ml), disodium EDTA (1.8 mg/mL), Citric
Acid (1.8 mg/mL), glycerin and m-cresol (3mg/mL) and adjusting the pH to 4 with HCI. The pH
of the solution was then raised to pH 7 by addition of NaOH. This briefly brought the
formulation through the isoelectric point of the insulin creating a cloudy mixture that clarified
when the final pH of 7.4 was reached. The CE 100-7 was given as a prandial insulin to swine
before a meal.

[0151] Six male diabetic miniature swine (30-50 kg) were first administered 0.25 U/kg of the
test insulin, then immediately fed 500g standard pig food. Blood samples were obtained before
feeding at -30, -20, -10, 0 minutes, then 5, 10, 15, 20, 30, 45, 60, 75, 90, 120, 150, 180, 240,
300, 360, 420, 480 min. post dose. Two mL blood samples were obtained via a jugular vein
catheter of which one drop was used to check glucose measurement using a standard glucose
strip method and the remaining sample was treated with KoEDTA and plasma sample was

frozen for future analysis.

Results
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[0152] Pharmacokinetic profile of the pH 7 formulation is shown in Figure 13. This very rapid
profile is consistent with data shown in patients with diabetes in Example 6. The elevation of
the pH to 7 of the acid formulation containing citric acid and EDTA performed very well in
miniature diabetic swine. This pH change resulted in the citric acid becoming sodium citrate.
Therefore, the salt form of the acid works should work as well as the acid.
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Patentkrav

1. Insulinformulering omfattende insulin, oplgsningsmiddel og zinkchelator,
hvor formuleringen har en pH-veerdi pa over 7,0 og 7,6 og er en klar vandig
oplgsning, og hvor insulinet har en forbedret transport og adsorption i forhold
til insulin i kombination med HCI og zinkchelatoren, hvor formuleringen ikke
omfatter noget hyaluronan-nedbrydende enzym.

2. Formulering ifglge krav 1, hvor formuleringen bestar af insulin, oplgsnings-
middel, zinkchelator og et eller flere hjaelpestoffer.

3. Formulering ifglge krav 1 eller 2, hvor formuleringen har en pH-veerdi pa 7,2
til 7,6.

4. Formulering ifalge et af de foregaende krav, hvor formuleringen har en pH-
veerdi pa 7,4 eller 7,5.

5. Formulering ifglge krav 1, hvor zinkchelatoren er udvalgt fra gruppen besta-
ende af ethylendiamintetraeddikesyre (EDTA), EGTA, trinatriumcitrat (TSC),
alginsyre, alphaliponsyre, dimercaptoravsyre (DMSA) og CDTA (1,2-diamino-
cyclohexantetraeddikesyre).

6. Formulering ifalge krav 5, hvor zinkchelatoren er ethylendiamintetraeddike-
syre (EDTA).

7. Formulering ifglge krav 1, hvor oplgsningsmidlet er en syre, der er udvalgt
fra gruppen bestaende af eddikesyre, ascorbinsyre, citronsyre, glutamin-, rav-
, asparagin-, malein-, fumar- og adipinsyre, eller et salt deraf, fortrinsvis citron-
syre eller natriumcitrat eller et salt udvalgt fra gruppen bestdende af acetat,
ascorbat, citrat, glutamat, aspartat, succinatflumarat, maleat og adipat og et
metal Gruppe | Gruppe Il metal, fortrinsvis natrium eller kaliumascorbat, citrat,
glutamat, aspartat, succinat, fumarat, maleat og adipat.

8. Formulering ifglge krav 7, hvor oplgsningsmidlet er et salt af magnesium.
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9. Formulering ifglge et af de foregaende krav, hvor formuleringen fremstilles
ved at heeve pH-veerdien af en insulinoplgsning fra ca. pH-veerdi 4 til en pH-
veerdi mellem en pH pa over 7,0 og 7,6.

10. Formulering ifglge krav 1, hvor insulinet er udvalgt fra gruppen bestaende
af humant insulin, insulinanaloger og kombinationer deraf.

11. Formulering ifglge krav 10, hvor insulinet er rekombinant humant insulin.

12. Formulering ifglge krav 1, hvor insulinet er tilvejebragt i et tart pulver i en
farste beholder og mindst et af zinkchelatoren og opl@sningsmidlet er tilveje-
bragt i en anden beholder indeholdende et fortyndingsmiddel.

13. Formulering ifalge krav 1 tilvejebragt som en frossen farmaceutisk accep-
tabel formulering til behandling af en diabetiker.

14. Formulering ifglge krav 1 tilvejebragt som en klar vandig oplgsning ved
4°C.

15. Injicerbar insulinformulering ifglge et af de foregaende krav omfattende in-
sulin og en virksom maengde af et oplasningsmiddel og en zinkchelator til an-
vendelse til at forbedre optagelsen og transporten af insulinet gennem epitel-
celler, sammenlignet med insulin i kombination med zinkchelatoren og HCI, til
behandling af et individ med diabetes.
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