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neutral pH and improved pharmacokinetic/pharmacodynamic properties, and uses in insulin infu-
sion devices that may provide extended infusion period up to 7-14 days. Also provided are systems
for administering insulin, the system may include a first reservoir, a second reservoir, an insulin
pump configured to administer contents of the first reservoir or the second reservoir, and one or
more hardware processors in communication with the insulin pump.
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INSULIN FORMULATIONS AND USES IN INFUSION DEVICES

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS
[0001] The present disclosure claims the benefit of priority to U.S. Ser. No.
63/085344, filed September 30, 2020 and U.S. Ser. No. 63/136053, filed January 11, 2021,

each of which is hereby incorporated by reference in its entirety.

FIELD OF THE DISCLOSURE
[0002] The general field of this disclosure is insulin formulations and uses in

infusion systems.

BACKGROUND

[0003] Diabetes is a chronic disease that impacts many individuals, both adults
and children. The management of diabetes may include the measurement of glucose within
the interstitial space including blood and/or interstitial fluid of a patient and administration of
insulin to the patient. A closed loop insulin administration system often includes both a
sensor to take glucose measurements from the interstitial space including blood and/or
interstitial fluid of the patient, and an insulin administration device (e.g., an insulin infusion
device) which administers insulin to the patient based on the glucose measurements. Closed
loop insulin administration systems allow individuals impacted by diabetes to go about daily
life with much less worry about their insulin or glucose levels which can vastly improve a
diabetic’s quality of life.

[0004] Insulin infusion devices face many challenges. They may not work
properly or have undesirable side effects due to many reasons, including: catheter failure
(45%), infusion site pain (20%), pull out (20%), adhesive failure (9%), or infection (6%).
Many factors may cause catheter failure, for example, kinking of the catheter may be present
in about 20% cases, and the reduced insulin action encapsulation, local thrombus or
inflammation may be present in the remaining 80% cases. About 36% of insulin infusion
failure is of biochemical nature. See Patel ez al., Diabetes Technol Ther. 2014; 16(1): 15-19.
As such, there remains a need to develop insulin formulations or coformulations with
improved biochemical properties to reduce insulin infusion failures and provide desirable
pharmacokinetic and pharmacodynamic properties for prolonged use of the insulin

administration system.
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SUMMARY

[0005] Some aspects of present disclosure relate to an insulin formulation,
comprising: an effective amount of insulin and one or more insulin adjunctive excipients,
wherein the insulin has a pH between about 6.8 and about 7.4. In some embodiments, the
insulin adjunctive excipients comprise at least one hyaluronidase. In some embodiments, he
insulin adjunctive excipients further comprise one or more insulin dissolution agents. In some
embodiments, the insulin adjunctive excipients further comprise anti-platelet agents, anti-
thrombosis agents, cell self markers, glucagon, glucagon activating agents, insulin inhibiting
agents, or combinations thereof.

[0006] Some aspects of the present disclosure relate to a device for administering
insulin formulation described herein. In particular, a device for administering insulin
comprises: a first reservoir comprising an effective amount of insulin, wherein the insulin has
a pH between about 6.8 and about 7.4; and a second reservoir comprising one or more insulin
adjunctive excipients, wherein the insulin adjunctive excipients comprise at least one
hyaluronidase. In some embodiments, the insulin adjunctive excipients in the second
reservoir may further comprise insulin dissolution agents, anti-platelet agents, anti-
thrombosis agents, cell self markers, glucagon, glucagon activating agents, insulin inhibiting
agents, or combination thereof. In some embodiments, the content in in each of the first
reservoir and the second reservoir may be administered separately and independently. In
other embodiments, the content in each of the first reservoir and the second reservoir may be
administered simultaneously or sequentially. In some embodiments, the insulin administering
device described herein may provide an infusion of insulin for up to 7 days or 14 days.

[0007] Additional aspects of the present disclosure relate to a system for
administering insulin. In some configurations, the system comprising: a device for
administering insulin as described herein; an insulin pump configured to administer contents
from the device to a subject; and one or more hardware processors in communication with the
insulin pump. In some configurations, the one or more hardware processors configured to:
determine a desired insulin response speed; determine, based on the desired insulin response
speed, an infusion or insulin alone or an infusion of a combination of insulin and one or more
insulin adjunctive excipients; and administer, using the insulin pump, the determined
combination. In some embodiments, the insulin adjunctive excipients comprise one or more

hyaluronidases, insulin dissolution agents, anti-platelet agents, anti-thrombosis agents, cell
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sagon, glucagon activating agents, insulin inhibiting agents, or ¢

thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIGs. 1A-1C illustrates an exemplary control system that may be used to
administer insulin or one or more hyaluronidases.

[0009] FIG. 2 illustrates an exemplary control process for administering insulin or
one or more hyaluronidases.

[0010] FIG. 3 illustrates an exemplary disease management system that comprises
an insulin administering device.

[0011] FIG. 4 illustrates an exemplary implementation of a disease management

system described herein.

DETAILED DESCRIPTION

[0012] Aspects of the disclosure will now be set forth in detail with respect to the
figures and various examples. One of skill in the art will appreciate, however, that other
configurations of the devices and methods disclosed herein will still fall within the scope of
this disclosure even if not described in the same detail. Aspects of various configurations
discussed do not limit the scope of the disclosure herein, which is instead defined by the
claims following this description.

[0013] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as is commonly understood by one of ordinary skill in the art. The
use of the term “including” as well as other forms, such as “include”, “includes,” and
“included,” is not limiting. The use of the term “having” as well as other forms, such as
“have”, “has,” and “had,” is not limiting. The terms “comprising,” “including,” “having,”
and the like are synonymous and are used inclusively, in an open-ended fashion, and do not
exclude additional elements, features, acts, operations, and so forth. That is, the above terms
are to be interpreted synonymously with the phrases “having at least” or “including at least.”
For example, when used in the context of a process, the term “comprising” means that the
process includes at least the recited steps, but may include additional steps. When used in the
context of a device, the term “comprising” means that the device includes at least the recited
features or components, but may also include additional features or components. Also, the
term “or” is used in its inclusive sense (and not in its exclusive sense) so that when used, for

example, to connect a list of elements, the term “or” means one, some, or all of the elements
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er, the term “each,” as used herein, in addition to having i
meaning, can mean any subset of a set of elements to which the term “each” is applied.

b4

[0014] Conditional language, such as “can,” “could,” “might,” or “may,” unless
specifically stated otherwise, or otherwise understood within the context as used, is generally
intended to convey that certain embodiments include, while other embodiments do not
include, certain features, elements, or steps. Thus, such conditional language is not generally
intended to imply that features, elements, or steps are in any way required for one or more
embodiments or that one or more embodiments necessarily include logic for deciding, with or
without user input or prompting, whether these features, elements, or steps are included or are
to be performed in any particular embodiment.

[0015] Conjunctive language such as the phrase “at least one of X, Y, and Z,”
unless specifically stated otherwise, is otherwise understood with the context as used in
general to convey that an item, term, etc. may be either X, Y, or Z. Thus, such conjunctive
language is not generally intended to imply that certain embodiments require the presence of
at least one of X, at least one of Y, and at least one of Z.

[0016] Language of degree used herein, such as the terms “approximately,”

I3 2

“about,” “generally,” and “substantially” as used herein represent a value, amount, or
characteristic close to the stated value, amount, or characteristic that still performs a desired
function or achieves a desired result. For example, the terms “approximately”, “about”,

bl

“generally,” and “substantially” may refer to an amount that is within less than 10% of,
within less than 5% of, within less than 1% of, within less than 0.1% of, and within less than
0.01% of the stated amount.

[0017] The term “and/or” as used herein has its broadest least limiting meaning,
which is the disclosure includes A alone, B alone, both A and B together, or A or B
alternatively, but does not require both A and B or require one of A or one of B. As used
herein, the phrase “at least one of” A, B, “and” C should be construed to mean a logical A or
B or C, using a non-exclusive logical or.

[0018] Any methods disclosed herein need not be performed in the order recited.
The methods disclosed herein include certain actions taken by a practitioner; however, they

can also include any third-party instruction of those actions, either expressly or by

implication.

Insulin Formulations
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The present disclosure relates to insulin formulations for use ir
infusion device with improved pharmacokinetic (PK) and pharmacodynamic (PD) properties.
The insulin formulation may provide fast acting insulin (for example, with a peak time of less
than 15 minutes) with improved solubility and stability. In addition, the insulin formulations
may improve solubility or provide less irritation to patient skin, and reduces the required
hyaluronidase loading, thereby allowing for a high concentration of insulin formulation
which can provide an extended infusion period.

[0020] Some aspects of the present disclosure relate to an insulin formulation
comprising: an effective amount of insulin and one or more insulin adjunctive excipients,
wherein the insulin has a pH between about 6.8 and about 7.4. In some further embodiments,
the insulin formulation described herein has a pH of about 6.8, 6.9, 7.0, 7.1, 7.2, 7.3, or 7.4,
or a range defined by any of the two preceding values. In one embodiment, the insulin

formulation has a pH of about 7.0.

Hyaluronidases

[0021] In some embodiments of the insulin formulation described herein, the
insulin adjunctive excipients comprise at least one hyaluronidase. Hyaluronidases are a
family of hyaluronan-degrading enzymes. Hyaluronidases improves consistency and PK/PD
of insulin dispersion in the dermis by eating away hyaluronic acid (also known as hyaluron or
hyaluronan, the extracellular matrix or fibrinogen build up because of the scar tissue
response). By removing hyaluronic acid or fibrinogen build up, the diffusion of insulin
moves more freely and thus it improves the length of infusion time and the remaining usable
the site of administration. Non-limiting examples of hyaluronidases to be used in insulin
therapy has been reported by Halozyme Therapeutics Inc., for example, in U.S. Patent Nos.
9333244 and 9993529 and U.S. Publications Nos. 2014/0135682, 2017/0290796, and
2013/0022592, each of which is incorporated by reference in its entirety. In some
embodiments, the amount of the hyaluronidase(s) in the insulin formulation provided herein
is between or about between 10 U/mL to 5000 U/mL, 50 U/mL to 4000 U/mL, 100 U/mL to
2000 U/mL, 300 U/mL to 2000 U/mL, 600 U/mL to 2000 U/mL, or 100 U/mL to 1000
U/mL. For example, the amount of one or more hyaluronidases is at least or is about or is 30
U/mL, 35 U/mL, 40 U/mL, 50 U/mL, 100 U/mL, 150 U/mL, 200 U/mL, 250 U/mL, 300
U/mL, 350 U/mL, 400 U/mL, 450 U/mL, 500 U/mL, 600 U/mL, 700 U/mL, 800 U/mL, 900
U/mL, 1000 U/mL or 2000 U/mL. In some embodiments, at least one hyaluronidase is in a
lyophilized form.
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Insulin Dissolution Agents

[0022] In some embodiments of the insulin formulation described herein, the
insulin adjunctive excipients further comprise one or more insulin dissolution agents. In some
cases, fast acting insulins form hexamers at a concentration of 100 IU / mL to ensure the
stability of insulin in the commercial product while promoting the very rapid dissociation of
these hexamers into monomers after injection subcutaneous to obtain rapid action. Human
insulin, when in the form of monomers, it has a very strong propensity to aggregate and may
lose activity and may also presents an immunological risk for the patient. The use of one or
more insulin dissolution agents may facilitate the fast dissolution insulin hexamers into the
active monomeric form. In some such embodiments, the insulin dissolution agents comprise
citric acid, a salt, or a substituted derivative thereof. In some embodiments, the insulin in the
formulation is in a hexameric form and the use of one or more insulin dissolution agents
facilitates or improves the dispersion of insulin from hexameric to monomeric form. In some
such embodiment, the insulin dissolution agents comprise sodium citrate. In some such
embodiment, the insulin dissolution agents comprise a substituted citric acid derivative of the

following structure:

R3 R?

OH , wherein each of R!, R? and R’ is independently OH or AA, at
least one of the R', R? and R® is an AA radical, AA is a radical resulting from a natural or
synthetic aromatic amino acid comprising at least one phenyl group or indole group,
substituted or not substituted, said AA radical having at least one free carboxylic acid
function, and the carboxylic acid functions are in the form of a salt of an alkali metal selected

from Na+ and K+. Additional substituted citric acid derivative may include but not limited to

A OH AA OH
o o
OH R? R? AA AA
HO OH R OH o OH PR OH _and
AN AA

OH , all of which are disclosed in U.S. Publication No. 2017/0136097,
which is incorporated by reference in its entirety. In some embodiments, the insulin

dissolution agents may comprise one or more oligosaccharides. In further embodiments, the
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have an average degree of polymerization between 3 and |
polydispersity index greater than 1.0. In some further embodiments, the oligosaccharides
have partially substituted carboxyl groups, wherein the unsubstituted carboxyl functional
groups are salifiable. In further embodiments, the oligosaccharide is a dextran. Additional
disclosure of the oligosaccharides used as insulin dissolution agent may be found in WO
2013/064787, which is incorporated by reference in its entirety.

[0023] In some embodiments of the insulin formulation described herein, the
insulin adjunctive excipients further comprise one or more anti-platelet agents. In some such
embodiments, the anti-platelet agents comprise nitric oxide (NO). In some instances, NO is
generated or generatable from one or more nitric oxide donor compounds. Non-limiting
examples of oxide donor compounds include S-nitroso-N-acetylpenicillamine (SNAP), N-
diazeniumdiolate, S-nitrosothiols, metal nitrosyls, organic nitrates, and N-diazeniumdiolates,
and combinations thereof. Chemicals like SNAP (S-nitroso-N-acetylpenicillamine) can
slowly release NO to prevent thrombosis and infection. In some embodiments, the NO donor
is a N-diazeniumdiolate (i.e, a l-amino-substituted deazen-l-lum-1,2-diolate). N-
Diazeniumdiolates are particularly attractive as NO donors due to their ability to generate NO
spontaneously under biological conditions. In the formation of the N-diazeniumdiolate, one
equivalent of amine reacts with two equivalents of nitric oxide under elevated pressure. A
base (e.g., an alkoxide like methoxide) removes a proton from the amine nitrogen to create
the anionic, stabilized [N(O)NO] group. While stable under ambient conditions, N-
diazeniumdiolates decompose spontaneously in aqueous media to generate NO at rates
dependent upon pH, temperature, and/or the structure of the amine moiety. For example, N-
diazeniumdiolate-modified proline (PROLI/NO), 2- (dimethylamino)-ethylputreamlne
(DMAEP/NO), N,N-dimethylhexanediamine (DMHD/NO), and diethylenetriamine
(DETA/NO) have been developed as small molecule NO donors with diverse NO release
half-lives ranging from 2 seconds to 20 hours at pH 7.4 and 37° C. Low molecular weight N-
diazeniumdiolates NO donors, are among the most widely employed NO release compounds
due to straightforward preparation, long-term stability if appropriately packaged/stored, and

spontaneous degradation to NO into solution in physiological media.

Anti-Thrombosis Agents/Anticoagulants

[0024] In some embodiments of the insulin formulation described herein, the
insulin adjunctive excipients further comprise one or more anti-thrombosis agents. In further

embodiments, the anti-thrombosis agents comprise heparin.

-
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Cell Self Markers

[0025] In some embodiments of the insulin formulation described herein, the

insulin adjunctive excipients further comprise one or more cell self markers. In further
embodiments, the cell self marker comprises or is CD47, a specific fragment of CD47, a
specific epitope of CD47, or an analog thereof, or combinations thereof. CD47 is a
ubiquitously expressed protein in all human cells, which function as a marker for identifying
the cells as “self” to the innate immune system. The identification of CD47, a transmembrane
protein that serves as a universal molecular ‘marker-of-self’, has led to its utilization in the
growing development of bio-inspired, immune-evasive devices. Capable of inhibiting
phagocytosis and conferring anti-inflammatory properties through interactions with signal
regulatory protein alpha (SIRPa) expressed by macrophages, CD47 and its analogs have been
found to contribute to the in vivo survival of red blood cells (RBCs), cancer cells, and
viruses. In some embodiments, the cell self marker comprises or is a major histocompatibility
complex (MHC) class I molecule, a specific fragment of a MHC class I molecule, or a
specific epitope of MHC class I molecule, or combinations thereof. a nucleated cells express
MHC class I molecules. It has been observed that self-cells are protected from natural killer
(NK) cells because of their expression of MHC class I molecules that are recognized by the
inhibitory receptors at the surface of NK cells, thus keeping NK cells non-responsive to cells
expressing MHC class I molecules. In contrast, infected, or transformed cells that do not
express sufficient levels of host MHC class I molecules for effective engagement of
inhibitory receptors, are recognized by NK cells as non-self, and are killed.

[0026] In some embodiments of the insulin formulation described herein, the
insulin is separate from the one or more the insulin adjunctive excipients described herein.
For example, insulin is in a chamber or reservoir that is separated from either the insulin
dissolution agent or the hyaluronidase in the formulation. In further embodiments, insulin is
separated from both the insulin dissolution agents and the hyaluronidase in the formulation.
In still further embodiments, insulin is separated from all the insulin adjunctive excipients
described herein. In other embodiments, the insulin is mixed with the one or more the insulin
adjunctive excipients described herein. For example, insulin is mixed with either insulin
dissolution agent or the hyaluronidase in the formulation. In further embodiments, insulin is
mixed with both the insulin dissolution agents and the hyaluronidase in the formulation. In
still further embodiments, insulin is mixed with all the insulin adjunctive excipients described

herein. As used herein, the term “insulin formulation” should be construed to include various

-8-
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ulin may either be in a separate composition from one or more of
adjunctive excipients described herein; or the insulin may be in the same or a single
composition as one or more insulin adjunctive excipients described herein.

[0027] In any embodiments of the insulin formulation described herein, the
insulin may comprise a slow acting insulin. In other embodiments, the insulin comprises a
fast acting insulin. In further embodiments, the insulin is a human insulin. In further
embodiments, the insulin includes but not limited to insulin Lispro (Humalog®), insulin
Aspart (Novolog®, Novorapid®) and insulin Glulisine (Apidra®), and combinations, co-
formulations thereof. In any embodiments of the insulin formulation described herein, the
insulin may be in an aqueous solution. In further embodiments, the insulin has a
concentration of at least 100 U/mL, at least 150 U/mL, at least 200 U/mL, at least 250 U/ml,
or at least 300 U/ml. In any embodiments, the insulin may have a Tmax of less than 20
minutes, less than 15 minutes, or less than 10 minutes when measured at the human
physiological temperature.

[0028] Embodiments of the insulin formulation described herein exhibits greater
hyaluronidase activity than a formulation or composition having the same amount or number
of hyaluronidase(s) but without one or more the insulin dissolution agents (e.g. citric acid,
salts or substituted citrate derivatives described herein), while maintaining a near neutral pH.
The insulin formulation described herein allows for rapid dissociation of hexameric
oligomers to monomeric form even at high concentrations of insulin (e.g., above U-100),
compared similar concentration of insulin with higher pH known in the art. The insulin in the
insulin formulation described herein remains ultra-fast acting (e.g., peak time or Tmax less
than 20 or 15 minutes). Another major benefit of the insulin formulation described herein is
less skin irritation after injection, which is resulted from the improved PK/PD profile and
physiological pH environment.

[0029] Furthermore, the insulin formulation described herein may also improve
the required hyaluronidase loading due to increased enzymatic activity as compared to a
composition without one or more the insulin dissolution agents. For example, the number of
active units of insulin is typically decreased from U-100 to U-85 at least partially resulted
from the addition of hyaluronidase simply due to volume displacement. Typically, high
concentration insulin formulations have a reduced pH to maintain stability of the insulin. As
a result, the displacement situation is worsened in a low pH generic insulin U-200
formulation when the insulin is mixed with hyaluronidase, as hyaluronidase is more active in

near neutral pH. Without being bound by a particular theory, one may speculate that even

9.
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se to be required to achieve the same effect of hyaluron clearan

of hyaluronidase’s reduced activity in a low pH environment. Because hyaluronidase is more
active in near neutral pH of the insulin formulation described herein, it is expected that less
enzyme loading will be required, even at high insulin concentrations. In some embodiments,
the hyaluronidase loading in the insulin formulation described herein is decreased by at least
1%, 2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45% or 50% as compared to a
commercial insulin formulation with the same insulin concentration.

[0030] In any embodiments of the insulin formulation described herein, the
insulin formulation described herein has a insulin concentration of about 10 U/mL, about 20
U/mL, about 30 U/mL, about 40 U/mL, about 50 U/mL, about 60 U/mL, about 70 U/mL,
about 80 U/mL, about 90 U/mL, about 100 U/mL, about 125 U/mL, about 150 U/mL, about
175 U/mL, about 200 U/mL, about 225 U/mL, about 250 U/mL, about 275 U/mL, about 300
U/mL, about 325 U/mL, about 350 U/mL, about 375 U/mL, about 400 U/mL, about 425
U/mL, about 450 U/mL, about 475 U/mL, or about 500 U/mL, or a range defined by any two
of the preceding values, after the insulin is mixed with one or more adjunctive excipients
described herein. In further embodiments, the insulin formulation described herein is at least
100 U/mL, about 125 U/mL, about 150 U/mL, about 175 U/mL, about 200 U/mL, about 225
U/mL, about 250 U/mL, about 275 U/mL, or about 300 U/ml. In further embodiments, the pH
of the insulin formulation is near neutral pH, for example, about 6.5, 6.6, 6.7, 6.8, 6.9, 7.0,
7.1, 72,73, 7.4 or 7.5, or a range defined by any two of the preceding values. In further
embodiments, the insulin formulation described herein may comprise insulin mixed with the
adjunctive excipients described herein in a first reservoir and the one or more hyaluronidases
is in a second reservoir or component. The hyaluronidase may be alone in the second
reservoir or in combination with one or more adjunctive excipients described herein.

[0031] In any embodiments of the insulin formulation described herein, the
insulin formulation may be used in an insulin infusion device. In further embodiments, the

insulin formulation may be used in conjunction with a continuous glucose monitoring device.

Insulin Infusion Devices

[0032] Some aspects of the present disclosure relate to a device for administering
a insulin formulation described herein. In some embodiments, the insulin infusion device
comprises at least one reservoir, containing the insulin formulation described herein. In
further embodiments, the insulin infusion device comprises: a first reservoir comprising an

effective amount of insulin, wherein the insulin has a pH between about 6.8 and about 7.4;

-10-
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ervoir comprising one or more insulin adjunctive excipients, v
insulin adjunctive excipients comprise at least one hyaluronidase.

[0033] In some embodiments of the insulin infusion device described herein, the
insulin adjunctive excipients in the first or second reservoir may further comprise one or
more insulin dissolution agents, anti-platelet agents, anti-thrombosis agents, cell self markers,
glucagon, glucagon activating agents, insulin inhibiting agents, or combination thereof. In
some such embodiments, one or both the first or the second reservoir further comprises one
or more insulin dissolution agents described herein. In further embodiments, the second
reservoir further comprises one or more insulin dissolution agents described herein. In further
embodiments, the insulin dissolution agents comprise citric acid, a salt, or a substituted
derivative thereof. In some embodiments, the insulin in the first reservoir is a fast-acting
insulin. In some embodiments, the insulin in the first reservoir is a slow acting insulin. In
other embodiments, the insulin in the first reservoir is in a hexameric form. In some
embodiments, one or both of the first reservoir and the second reservoir further comprises
one or more anti-platelet agents, one or more anti-thrombosis agents, or one or more cell self
markers, or combination thereof. In further embodiments, the second reservoir further
comprises one or more anti-platelet agents, one or more anti-thrombosis agents, or one or
more cell self markers, or combination thereof.

[0034] In some embodiments of the insulin infusion device described herein, the
device further comprises an administration or delivery mechanism configured to deliver the
insulin from the first reservoir to a subject. In further embodiments, the administration
mechanism comprises a cannula or a syringe. In one embodiment, the administration
mechanism comprises a cannula. In further embodiments, the administration mechanism is
coated with one or more anti-platelet agents, one or more anti-thrombosis agents, or one or
more cell self markers, or combination thereof. Hyaluronidases in the second reservoir help
to breakdown fibrous tissue formed around insulin administration mechanism (e.g., cannula)
as a response to the body recognizing the cannula as “non-self” and mounting a response. As
an alternatively and/or complimentary approach, the insulin administration or delivery
mechanism may be modified to identify itself as “self” to prevent thrombosis and human
innate immunity response mechanism (e.g., macrophages, platelets, mast cells etc.) by using
more anti-platelet agents (e.g., NO or NO donor compound), one or more anti-thrombosis
agents or anticoagulants (e.g., heparin), or one or more cell self markers (e.g., CD47 or MHC
class I compound) as described herein, or combinations thereof. In some further

embodiments, the administration mechanism further comprises one or more hyaluronidases.
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>odiments, the hyaluronidase in the administration mechanism is

to be delivered to the subject prior to the administration of the insulin. For example, the small
volume of hyaluronidase needed to prepare the tissue for action can be housed in a cannula or
syringe (ahead of the insulin infusion). This configuration may provide two benefits: the
hyaluronidase remains unaffected by insulin or other adjunctive excipients, which may make
co-formulation difficult, and the natural order of operation occurs: first the hyaluronidase
treats the tissue to improve kinetics and second the insulin enters the readied tissue. This
could beneficially improve the time of use of an infusion pump beyond 3 days. In some
embodiments, the insulin administering device described herein may provide an infusion of
insulin up to 7 days or 14 days (for example, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days,
10 days, 11 days, 12 days, 13 days, or 14 days).

[0035] In some embodiments of the insulin infusion device described herein, the
content in each of the first reservoir and the second reservoir may be administered separately
and independently. For example, each of the compartment comprising the first or the second
reservoir is a closed loop system. In a first aspect, the insulin in the first reservoir is used
alone (without any adjunctive excipients described herein). When insulin is administered
alone, it acts more slowly to respond to system states that require a slower response. In some
instances, a person can also have unique features that result in personally slower metabolism
kinetics related to their gut biome or genetics. In other cases, food intake containing large
food particles, fibrous food, solid food, and/or oligo/polysaccharides (carbohydrates) that
metabolizes slowly and has a prolonged food response does not necessarily require a very fast
acting insulin. Using slow acting insulin in these situations can create a safer insulin
response. In a second aspect, the hyaluronidase in the second reservoir may be dispensed
alone in order to breakdown a fibrous blockage of the administration mechanism (e.g.
cannula).

[0036] In other embodiments of the insulin infusion device described herein, the
content in each of the first reservoir and the second reservoir may be administered
simultaneously or sequentially. In a third aspect, insulin in the first reservoir can be infused at
the same time or in a duty cycle with hyaluronidase, insulin dissolution agents (e.g., citric
acid, salts thereof, or substituted citrate derivatives described herein) or other enzymes or
adjunctive excipients that are in the second reservoir. This administration method may
increase the insulin PK/PD from standard or fast acting insulin to ultra-fast acting insulin.
This will be very advantageous in situations a quick insulin response is needed. For example,

in certain subject with unique features that result in faster food metabolism related to their gut
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s. It will also be helpful when a subject has food intake i
monomeric sugary liquid (monosaccharides such as glucose, fructose, galactose, or
disaccharides such as sucrose, lactose, maltose) or other type of food that can be easily
metabolized and resulting quick increase of the blood glucose level. The infusion/dispensing
rates of the insulin and the adjunctive excipients may be modulated to obtain a continuous
range of PK/PD response.

[0037] In further embodiments of the insulin infusion device described herein, the
second reservoir may further comprise glucagon or a glucagon activating agent. Glucagon is
a peptide hormone, produced by alpha cells of the pancreas. Contrary to the function of
insulin, it is released to stop blood sugar levels dropping too low (hypoglycemia). A glucagon
activating agent is an enzyme or a compound that can stimulate the production and secretion
of glucagon (e.g., epinephrine (via B2, a2, and al adrenergic receptors), arginine, alanine
(often from muscle-derived pyruvate/glutamate  transamination),  acetylcholine,
cholecystokinin, or gastric inhibitory polypeptides). In such embodiments, a glucagon
activating agent (a compound) in the second reservoir to activate the glucagon may be used to
increase the responsiveness of a closed loop system even further. This may also be
advantageously used in the three scenarios described herein. In a fourth aspect, the addition
of the glucagon activating agent in the second reservoir, (or from a third reservoir by itself)
would be helpful when a subject has hypoglycemia. This could also be used in conjunction
with a control system that has an additional stimulus as input to the system. The addition of
glucagon or a glucagon activating agent may also be used to inhibit or antagonize the insulin
that has been administered.

[0038] In any embodiments of the insulin infusion device described herein, the
insulin may comprise a slow acting insulin. In other embodiments, the insulin comprises a
fast acting insulin. In further embodiments, the insulin is a human insulin. In further
embodiments, the insulin includes but not limited to insulin Lispro (Humalog®), insulin
Aspart (Novolog®, Novorapid®) and insulin Glulisine (Apidra®), and combinations, co-
formulations thereof. In any embodiments of the insulin formulation described herein, the
insulin may be in an aqueous solution. In further embodiments, the insulin in the first
reservoir has a concentration of at least about 100 U/mL, at least about 125 U/mL, at least
150 U/mL, at least about 175 U/mL, at least about 200 U/mL, at least about 225 U/mL, at
least about 250 U/mL, at least about 275 U/mL, or at least about 300 U/mL. In any

embodiments, the insulin may have a Tmax of less than about 30 minutes, 25 minutes, 20
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ites, 10 minutes, or 5 minutes when measured at the human ph

temperature.

Insulin Infusion Systems

[0039] Additional aspects of the present disclosure relate to a system for
administering insulin. In some configurations, the system comprising:

a device for administering insulin, the device comprises:

a first reservoir comprising an effective amount of insulin with a pH between
about 6.8 and about 7.4; and

a second reservoir comprising one or more insulin adjunctive excipients,
wherein the insulin adjunctive excipients comprise at least one hyaluronidase as
described herein;

an insulin pump configured to administer contents from the device to a
subject; and

one or more hardware processors in communication with the insulin pump.

[0040] In some embodiments of the configurations, the one or more hardware
processors is configured to: determine a desired insulin response speed; determine, based on
the desired insulin response speed, an infusion or insulin alone or an infusion of a
combination of insulin and one or more insulin adjunctive excipients, and administer, using
the insulin pump, the determined combination. In some embodiments, the insulin adjunctive
excipients comprise a hyaluronidases, insulin dissolution agents, anti-platelet agents, anti-
thrombosis agents, cell self markers, glucagon, glucagon activating agents, insulin inhibiting
agents, or combinations thereof, as described herien. In further embodiments, the device
described herein comprises a third reservoir comprising glucagon or a glucagon activating
agent.

[0041] In some embodiments, the insulin pump administers insulin in the first
reservoir by itself. In some embodiments, the insulin pump administers the hyaluronidase in
the second reservoir by itself. In some other embodiments, the insulin pump administers the
insulin and the hyaluronidase simultaneously or consecutively (e.g., hyaluronidase is
administered first and immediately followed by insulin). In still other embodiments, the
insulin pump is administering glucagon from the second or third reservoir when the software
detects low blood glucose level in a subject. In still other embodiments, glucagon is
administered simultaneously or consecutively with insulin when the system detects the blood

glucose level is dropping too fast after insulin administration.
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Hyaluronidase Adsorption

[0042] In any embodiments of the device and system described herein,
hyaluronidase can also be used as a surface treatment to either cannulas, or a continuous
glucose monitor (CGM) protectant coating as a final layer component. Hyaluronidase may
be adsorbed onto the surface of a cannula or CGM protectant as a coating that can be
dispersed once in vivo. Depending on the affinity of binding to its base material the
desorption can be from hours to days. Adsorption should be considered as another method of
administration that helps prevent the need of having another reservoir for infusion.

[0043] It is also worth noting, especially for diffusion control of the CGM
protectant layer, a bound hyaluronidase through amide crosslinking may prevent formation of
the immediate nanometer-scale encapsulation layer around a CGM. This may
advantageously reduce the noise due to drift over a 7 — 14 period of a CGM sensor.

[0044] Additional non-limiting embodiments of the insulin infusion device and

systems are described in details below.

A. Control System Components

[0045] FIGS. 1A-1C illustrates an example closed loop environment 100 in which
the administration of an insulin formulation described herein may occur. For example, a
closed loop environment 100 may include a user 101, one or more sensor devices 110, one or
more user devices 102, a network 104, and a backend system 106.

[0046] A user 101 may interact with the one or more sensor devices 110 directly
or through one or more user devices 102. The one or more user devices 102 may include a
smart device, such as a smart watch, smart phone, tablet, computer, the like or a combination
thereof. It should be noted that a user’s mobile device, such as a smart phone, may or may
not be considered a permanent communication line. In some examples, a user’s mobile
device, such as a phone, may not be required by the embedded closed loop system to keep the
user in tight glycemic control.

[0047] In some examples, the one or more user devices 102 may communicate
with a sensor device 110 and/or a backend system 106 through a network 104. For example,
a user device 102 may receive data from a user 101, such as a time and composition of a user
intake of food. The user device 102 may communicate the data, through the network, to the
backend system 106. The backend system 106 may then transmit information based on the

received data to the user device 102. In some examples, a user device 102 may directly
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h a sensor device 110 through wires or wirelessly. In some e
wireless mode of communication can include, but is not limited to, WiFi, NFC or Bluetooth
connection.

[0048] In some examples, one or more components of a closed loop system may
include at least one sensor device 110. A sensor device 110 may be configured to upload
and/or receive data through the user device 102 or the network 104 As illustrated in FIG.
1B, in some examples, one or more hardware components may include two sensor devices
110A, 110B, such as a pair of continuous glucose monitors. In some examples, sensor
devices 110 may include a primary sensor device 110A and a secondary sensor device 110B.
Advantageously, this may allow for redundancy and staggered active use of glucose sensors
so as to allow for at least one glucose sensor 110 to be active and calibrated at any given time
during use of the redundant staggered system. In some examples, one or more sensor devices
110A, 110B may include a single sensor device and an insulin pump. In some examples, one
or more sensor devices 110A, 110B may include a combined glucose sensor and insulin
dosage system 111, such as illustrated in FIG. 1C and as described in U.S. Publication No.
2021/0236729, which is incorporated by reference in its entirety.

[0049] In some examples, one or more sensor devices 110A, 110B may include a
plurality of reservoirs. For example, each of one or more sensor devices 110A, 110B may
include two reservoirs. The first reservoir may be configured to hold insulin. The second
reservoir may be configured to hold one or more insulin adjunctive excipients described
herein. The one or more sensor devices 110A, 110B may be configured to dispense one or

more of the contents of the plurality of reservoirs separately or simultaneously.

B. Separate Reservoirs of Insulin and Excipient(s) and/or Modifier(s)

[0050] FIG. 2 illustrates an example control process 200 for administering insulin
and one or more insulin adjunctive excipients from separate reservoirs. For example, in a
block 202, a hardware processor associated with an insulin administration device may
determine a desired insulin response. For example, a desired insulin response may include a
slower response because of intake of fibrous foods, such as in the first situation above. In
another example, a desired insulin response may include a faster response because of intake
of a faster acting meal, such as in the second situation above or as a result of personally faster
food kinetics. In another example, a desired insulin response may be associated with a

desired breakdown of a fibrous blockage of the cannula, such as in the third situation above.
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hardware processor may determine a combination of insulin and «
administer. For example, a combination may include insulin alone, a mix of insulin and
excipient, or excipient alone. In some examples, excipient may be combined with another
chemical compounds, such as glucagon. In a block 206, a hardware processor may

administer the combination.

C. Example Disease Management System

[0051] FIG. 3 shows a block diagram of an example disease management system
(e.g., prediabetes, Type 1 diabetes, or Type 2 diabetes) 1101, which includes the insulin
formulation described herein. In some examples, the disease management system 1101 may
be part of a disease management environment, such as described above. A disease
management system 1101 may be configured to measure one or more physiological
parameters of a patient (such as pulse, skin temperature, or other values), measure one or
more analytes present in the blood of a patient (such as glucose, lipids, or other analyte) and
administer medication (such as insulin, glucagon, or other medication). In some examples, a
disease management system 1101 may be configured to communicate with one or more
hardware processors that may be external to the disease management system 1101, such as a
cloud based processor or user device. A disease management system 1101 may include an
NFC tag to support authentication and pairing with a user device (for example, smart phone
or smart watch), Bluetooth communication with additional disease management systems or
devices, and Bluetooth communication with a paired user device running an associated
control application. To support ease of use and safe interaction with the patient, the system
may incorporate user input through a tap-detecting accelerometer and provide feedback via
an audio speaker, haptic vibration, and/or optical indicators. The system may operate on
battery power and support both shelf-life and reliable operation once applied to the patient.
Battery life may be managed through control of several planned levels of sleep and power
consumption. To support this reliability, a controller can monitor several system-health
parameters, and monitor temperatures of the included medication, and ambient temperature
for the life of the device.

[0052] As illustrated in FIG. 3, a controller 1138 of the disease management
system 1101 may be configured to communicate and control one or more components of the
disease management system 1101. The controller 1138 may include one or more hardware

processors, such as a printed circuit board (PCB) or the like. The controller 1138 may be
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nmunicate with peripheral devices or components to support tl

measurement of physiological parameters and blood analytes, such as patient pulse,
temperature, and blood glucose, using detector electronics. The controller 1138 may
subsequently calculate dose or receive a calculated dose value and administer medication,
such as a insulin formulation described herein, by actuation of an actuated pump. The
controller 1138 may record device activity and transfer the recorded data to non-volatile
secure memory space. At the end of the life of a device or system, the controller can be
configured to lock operation, and create a data recovery module to permit authenticated
access to the recorded data if needed.

[0053] A disease management system 1101 may include an analyte sensor 1120.
The analyte sensor 1120 may be configured to detect analytes in the patient’s blood. For
example, an analyte sensor 1120 can include a glucose sensing probe configured to pierce the
surface of the skin 1121. In some examples, a disease management system 1101 may include
a plurality of analyte sensors 1120 to detect one or more analytes. In some examples, an
analyte sensor 1120 may be configured to detect a plurality of analytes. Sensed analytes may
include, but are not limited to, glucose, insulin, and other analytes. An analyte sensor 1120
may be configured to communicate with an analyte detector 1126. The analyte detector 1126
may be configured to receive a signal of one or more analyte sensors 1120 in order to
measure one or more analytes in the blood of the patient. The analyte detector 1126 may be
configured to communicate with the controller 1138. For example, the analyte detector 1126
may be configured to, for example, send analyte values to the controller 1138 and receive
control signals from the controller.

[0054] A disease management system 1101 may include a medication catheter
1122. The medication catheter 1122 may be configured to administer medication, including,
but not limited to insulin, to the patient. The medication catheter 1122 may receive
medication from a medication bladder 1128 configured to contain medication to be
administered. The medication bladder 1128 may be configured to contain medication for a
prolonged period, such as 1 day, 3 days, 6 days, or more. The medication bladder 1128 may
be configured to contain certain medication types, such as insulin. In some examples, a
disease management system 1101 may include a plurality of medication bladders 1128 for
one or more reservoirs of the same or different medications. In some examples, a disease
management system 1101 may be configured to mix medications from medication bladders
1128 prior to administration to the patient. A pump 1130 may be configured to cause

medication to be administered from the bladder 1128 to the patient through the insulin
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. pump 1130 may include, but is not limited to, a pump such a
herein.

[0055] A disease management system 1101 may optionally include a
physiological sensor 1124. The physiological sensor 1124 may include a pulse rate sensor,
temperature sensor, pulse oximeter, the like or a combination thereof. In some examples, a
disease management system 1101 may be configured to include a plurality of physiological
sensors. The physiological sensor 1124 may be configured to communicate with a
physiological detector 1134. The physiological detector 1134 may be configured to receive a
signals of the physiological sensor 1124. The physiological detector 1134 may be configured
to measure or determine and communicate a physiological value from the signal. The
physiological detector 1134 may be configured to communicate with the controller 1138. For
example, the physiological detector 1134 may be configured to, for example, send measured
physiological values to the controller 1138 and receive control signals from the controller.

[0056] A disease management system 1101 may include one or more local user
interfacing components 1136. For example, a local user interfacing component 1136 may
include, but is not limited to one or more optical displays, haptic motors, audio speakers, and
user input detectors. In some examples, an optical display may include an LED light
configured to display a plurality of colors. In some examples, an optical display may include
a digital display of information associated with the disease management system 1101,
including, but not limited to, device status, medication status, patient status, measured analyte
or physiological values, the like or a combination thereof. In some examples, a user input
detector may include an inertial measurement unit, tap detector, touch display, or other
component configured to accept and receive user input. In some examples, audio speakers
may be configured to communicate audible alarms related to device status, medication status
user status, the like or a combination thereof. A controller 1138 may be configured to
communicate with the one or more local interfacing components 1136 by, for example,
receiving user input from the one or more user input components or sending control signals
to, for example, activate a haptic motor, generate an output to the optical display, generate an
audible output, or otherwise control one or more of the local user interfacing components
1136.

[0057] A disease management system 1101 may include one or more
communication components 1140. A communication component 1140 can include, but is not
limited to one or more radios configured to emit Bluetooth, cellular, Wi-Fi, or other wireless

signals. In some examples, a communication component 1140 can include a port for a wired
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itionally, a disease management system 1101 may include an NF

to facilitate in communicating with one or more hardware processors. The one or more
communication components 1140 and NFC tag 1142 may be configured to communicate with
the controller 1138 in order to send and/or receive information associated with the disease
management system 1101. For example, a controller 1138 may communicate medication
information and measured values through the one or more communication components 1140
to an external device. Additionally, the controller 1138 may receive instructions associated
with measurement sampling rates, medication delivery, or other information associated with
operation of the management system 1101 through the one or more communication
components 1140 from one or more external devices.

[0058] A disease management system 1101 may include one or more power
components 1144. The power components may include, but are not limited to one or more
batteries and power management components, such as a voltage regulator. Power from the
one or more power components 1144 may be accessed by the controller and/or other
components of the disease management system 1101 to operate the disease management
system 1101.

[0059] A disease management system 1101 may have one or more power and
sleep modes to help regulate power usage. For example, a disease management system 1101
may have a sleep mode. The sleep mode may be a very low power mode with minimal
functions, such as the RTC (or real time clock) and alarms to wake the system and take a
temperature measurement of the system, or the like. In another example, a disease
management system 1101 may include a measure temperature mode which may correspond
to a low power mode with reduced functions. The measure temperature mode may be
triggered by the RTC where the system is configured to take a temperature measurement,
save the value, and return the system to a sleep mode. In another example, a disease
management system 1101 may include a wake up mode. The wake up mode may be
triggered by an NFC device and allow the system to pair with an external device with, for
example, Bluetooth. If a pairing event does not occur, the system may return to sleep mode.
In another example, a disease management system 1101 may include a pairing mode. The
pairing mode may be triggered by an NFC device. When a controlling application is
recognized, the system may proceed to pair with the application and set the system to an on
condition and communicate to the cloud or other external device to establish initial data
movement. In another example, a disease management system 1101 may include a rest mode

where the system is configured to enter a lower power mode between measurements. In
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a disease management system 1101 may include a data acquis

where the system is configured to enter a medium power mode where data acquisition takes
place. In another example, a disease management system 1101 may include a parameter
calculation mode where the system is configured to enter a medium power mode where
parameter calculations, such as a blood glucose calculations, are performed and data is
communicated to an external device and/or the cloud. In another example, a disease
management system 1101 may include a pump mode where the system is configured to enter
a higher power mode where the pump draws power to deliver medication to the patient.

[0060] A disease management system 1101 may include one or more connector
test points 1146. The connecter test points may be configured to aid in programming,
debugging, testing or other accessing of the disease management system 1101. In some
examples, connector test points 1146 may include, for example, a GPIO spare, UART
receiver or transmitter, the like or a combination thereof.

[0061] FIG. 4 illustrates an example implementation of a disease management
system 1103 and applicator 1190 for applying a disease management system 1103 to a
patient. Disease management system 1103 can include any one or more of the features
discussed above with respect to the disease management system 1101 in addition to the
features described below. In the illustrated example, an applicator 1190 may be configured to
mate with the disease management system 1103. In some examples, an applicator 1190 may
include a safety button 1192 for release or other interaction with the applicator 1190. In the
illustrated example, a disease management system 1103 may include one or more LEDs 1160
that may be configured to output information using one or more of color, frequency, and
length of display. In some examples, the disease management system 1103 may include a
buzzer 1176, haptic actuator 1170, or other feedback mechanism, such as a speaker to output
information to the patient, such as an alarm. In some examples, a disease management
system 1103 may include a battery 1174, controller 1172. In some examples, a disease
management system 1103 may include aspects of a medication administration system (e.g. an
insulin administration system), such as a bladder 1180, a bladder pressure applicator 1178 to
provide pressure on the bladder (such as a component of a pump), actuator 1182, pump gears
1184, and a pump 1186. In some examples, a disease management system 1103 may include
one or more needles 1158 that may include one or more analyte sensors (such as a glucose
sensor) 1156. In some examples, a disease management system 1103 may include one or
more needles 1162 that may include one or more cannulas 1164 configured to administer

medication to the patient (e.g., an insulin formulation described herein). In some examples, a
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ent system 1103 may include an air bubble sensor 1152 configur:

the presence of air bubbles in the medication prior to delivery to the patient. In some
examples, a glucose control system 1103 may include one or more physiological sensors
1154, such as a non-invasive physiological sensor including but not limited to a pulse sensor.
In some examples, the discase management system 1103 may include a base plate 1106 and
an adhesive layer 1168 below the base plate 1106 to provide adhesion of the disease
management system 1103 to the patient’s skin. As described below, a housing of the disease
management system 1103 may consist of a combination of flexible and rigid material so as to
both provide support for the components of the disease management system 1103 and allow
conforming, at least in part, of the disease management system 1103 to the skin of the patient.

[0062] The adhesive layer 1168 may be configured to provide adhesion for a
prolonged period. For example, the adhesive layer 1168 may be configured to adhere the
disease management system 1103 to the skin of a patient for a period of 1 day, 3 days, 6 days,
or more or fewer days or hours. In some examples, the adhesive layer may be configured to
have an adhesive force sufficient to prevent accidental removal or movement of the disease
management system 1103 during the intended period of use of the disease management
system 1103. In some examples, the adhesive layer 1168 may be a single layer of adhesive
across at least a portion of a surface the disease management system 1103 that is configured
to interface with the patient. In some examples, the adhesive layer 1168 may include a
plurality of adhesive areas on a surface of the disease management system 1103 that is
configured to interface with the patient. In some examples, the adhesive layer 1168 may be
configured to be breathable, adhere to the patient’s skin after wetting by humidity or liquids
such as tap water, saltwater, and chlorinated water. A thickness of the adhesive may be, for
example, in a range of 0.1 to 0.5 mm or in a range of more or less thickness.

[0063] In some examples, a needle 1158, 1162 may be inserted at different depths
based on a patient age, weight, or other parameter. For example, a depth of insertion of a
medication cannula may be approximately 3 mm for 7 to 12 year olds. In another example, a
depth of insertion of a medication cannula may be approximately 4 mm for 13 year olds and
older. In another example, a depth of insertion of a medication needle may be approximately
4 to 4.5 mm for 7 to 12 year olds. In another example, a depth of insertion of a medication
needle may be approximately 5 to 5.5 mm for 13 year olds and older. In another example, a
depth of insertion of an analyte sensor may be approximately 3 mm for 7 to 12 year olds. In
another example, a depth of insertion of an analyte sensor may be approximately 4 mm for 13

year olds and older. In another example, a depth of insertion for a needle associated with an

20



WO 2022/072383 PCT/US2021/052474

1y be approximately 4 to 4.5 mm for 7 to 12 year olds. In anothe
a depth of insertion for a needle associated with an analyte sensor may be approximately 5 to
5.5 mm for 13 year olds and older. However, other values or ranges for any of the inserted
components are also possible.

[0064] While the above detailed description has shown, described, and pointed
out novel features, it can be understood that various omissions, substitutions, and changes in
the form and details of the devices or algorithms illustrated can be made without departing
from the spirit of the disclosure. As can be recognized, certain portions of the description
herein can be embodied within a form that does not provide all of the features and benefits set
forth herein, as some features can be used or practiced separately from others. The scope of
certain implementations disclosed herein is indicated by the appended claims rather than by
the foregoing description. All changes which come within the meaning and range of

equivalency of the claims are to be embraced within their scope.
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vAED IS:
1. An insulin formulation, comprising:
an effective amount of insulin;
one or more insulin dissolution agents; and
at least one hyaluronidase;
wherein the insulin has a pH between about 6.8 and about 7 4.

2. The insulin formulation of claim 1, wherein the insulin dissolution agents
comprise citric acid, a salt, or a substituted derivative thereof; oligosaccharides; or
combinations thereof.

3. The insulin formulation of claim 1 or 2, wherein the insulin is a fast-acting
insulin.

4. The insulin formulation of any one of claims 1 to 3, wherein the insulin is in
the form of a hexamer.

5. The insulin formulation of any one of claims 1 to 4, wherein the insulin has a
concentration of at least 100 U/mL, at least 150 U/mL, or at least 200 U/mL.

6. The insulin formulation of any one of claims 1 to 5, wherein the insulin has a
Tmax of less than 20 minutes, less than 15 minutes, or less than 10 minutes.

7. The insulin formulation of any one of claims 1 to 6, wherein the insulin is

separate from the one or more insulin dissolution agents and/or the hyaluronidase in the

formulation.

8. The insulin formulation of claim 7, wherein the hyaluronidase is in a
lyophilized form.

9. The insulin formulation of any one of claims 1 to 6, wherein the insulin is

mixed with the one or more insulin dissolution agents and/or the hyaluronidase in the
formulation.
10. The insulin formulation of any one of claims 1 to 9, further comprising one or

more anti-platelet agents.

11. The insulin formulation of claim 10, wherein the anti-platelet agent comprises
nitric oxide (NO).
12. The insulin formulation of claim 11, wherein nitric oxide is generated from

one or more nitric oxide donor compounds.
13. The insulin formulation of claim 12, wherein in the nitric oxide donor

compounds are selected from the group consisting of S-nitroso-N-acetylpenicillamine
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:niumdiolate, S-nitrosothiols, metal nitrosyls, organic nitrate
diazeniumdiolates, and combinations thereof.

14. The insulin formulation of any one of claims 1 to 13, further comprising one
or more anti-thrombosis agents.

15. The insulin formulation of claim 14, wherein the anti-thrombosis agents
comprise heparin.

16. The insulin formulation of any one of claims 1 to 15, further comprising one
or more cell self markers.

17. The insulin formulation of claim 16, wherein the cell self markers comprise
CD47, a specific fragment of CD47, a specific epitope of CD47, or an analog thereof, or
combinations thereof.

18. The insulin formulation of claim 16, wherein the cell self markers comprise a
major histocompatibility complex (MHC) class I molecule, a specific fragment of a MHC
class I molecule, or a specific epitope of MHC class I molecule, or combinations thereof.

19. The insulin formulation of any one of claims 1 to 18, wherein the insulin has a
pH of about 7.0.

20. The insulin formulation of any one of claims 1 to 19, wherein the formulation
is for use in connection with a continuous glucose monitoring device.

21. A device for administering insulin, comprising an insulin formulation
according to any one of claims 1 to 19.

22. A device for administering insulin, comprising:

a first reservoir comprising an effective amount of insulin, wherein the insulin
has a pH between about 6.8 and about 7.4; and

a second reservoir comprising one or more insulin adjunctive excipients,
wherein the insulin adjunctive excipients comprise at least one hyaluronidase.

23, The device of claim 22, wherein one or both the first or the second reservoir
further comprises one or more insulin dissolution agents.

24, The device of claim 23, wherein the insulin dissolution agents comprise citric
acid, a salt, or a substituted derivative thereof; oligosaccharides; or combinations thereof

25.  The device of any one of claims 22 to 24, wherein the insulin is a slow-acting
insulin, a fast-acting insulin, or is in the form of a hexamer.

26. The device of any one of claims 22 to 25, wherein the insulin in the first

reservoir has a concentration of at least 100 U/mL, at least 150 U/mL, or at least 200 U/mL.
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e device of any one of claims 22 to 26, wherein one or both
reservoir and the second reservoir further comprises one or more anti-platelet agents, one or
more anti-thrombosis agents, or one or more cell self markers, or combination thereof.

28.  The device of any one of claims 22 to 26, further comprising an administration
mechanism configured to deliver the insulin from the first reservoir to a subject.

29. The device of claim 28, wherein the administration mechanism comprises a
cannula or a syringe.

30. The device of claim 28 or 29, wherein the administration mechanism is coated
with one or more anti-platelet agents, one or more anti-thrombosis agents, or one or more cell
self markers, or combination thereof.

31. The device of any one of claims 27 to 30, wherein the anti-platelet agent
comprises nitric oxide (NO).

32. The device of claim 31, wherein nitric oxide is generated from one or more
nitric oxide donor compounds selected from the group consisting of S-nitroso-N-
acetylpenicillamine (SNAP), N-diazeniumdiolate, S-nitrosothiols, metal nitrosyls, organic
nitrates, and N-diazeniumdiolates, and combinations thereof.

33. The device of any one of claims 27 to 32, wherein the anti-thrombosis agents
comprise heparin.

34. The device of any one of claims 27 to 33, wherein the cell self-markers
comprise CD47, a specific fragment of CD47, a specific epitope of CD47 or an analog
thereof, or combinations thereof.

35.  The device of any one of claims 27 to 34, wherein the cell self-markers
comprise a major histocompatibility complex (MHC) class I molecule, a specific fragment of
a MHC class I molecule, or a specific epitope of MHC class I molecule, or combinations
thereof.

36. The device of any one of claims 28 to 35, wherein the administration
mechanism further comprises one or more hyaluronidases.

37.  The device of claim 36, wherein the hyaluronidase in the administration
mechanism is configured to be delivered to the subject prior to the administration of the
insulin.

38.  The device of any one of claims 22 to 37, wherein the second reservoir further
comprises glucagon or a glucagon activating agent.

39.  The device of any one of claims 22 to 38, wherein the content in each of the

first reservoir and the second reservoir may be administered independently.
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1e device of any one of claims 22 to 38, wherein the content in
first reservoir and the second reservoir may be administered simultaneously.

41. The device of any one of claims 22 to 40, wherein the device provides an
infusion of insulin for up to 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days,
12 days, 13 days or 14 days.

42, A system for administering insulin, the system comprising:

a device for administering insulin according to any one of claims 22 to 41,
an insulin pump configured to administer contents from the device to a
subject;
one or more hardware processors in communication with the insulin pump, the
one or more hardware processors configured to:
determine a desired insulin response speed;
determine, based on the desired insulin response speed, an infusion or
insulin alone or an infusion of a combination of insulin and one or more insulin
adjunctive excipients; and
administer, using the insulin pump, the determined combination.

43, The system of claim 42, wherein the insulin adjunctive excipients comprise a
hyaluronidases, insulin dissolution agents, anti-platelet agents, anti-thrombosis agents, cell
self markers, glucagon, glucagon activating agents, insulin inhibiting agents, or combination

thereof.
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