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1
LYOPHILIZED COMPOSITIONS OF

MACULLD LU LWLV AL A 02 L LAY ISIUVLIKL L €Ll S PG GUALL LY

62/903.511, filed on Sep. 20, 2019, which is incorporated by
reference in its entirety.

FIELD OF THE INVENTION

The present disclosure relates 1o compositions of storage-
stable lyophilized Phenobarbital Sodium having high purity
that are essentially void of impurities upon reconstitution in
waler.

BACKGROUND OF THE INVENTION

The background deseription includes information that
may be useful in understanding the present disclosure. It is
not an admission that any of the information provided herein
is prior art or relevant to the presently claimed invention, or
that any publication specifically or implicitly referenced is
prior art.

e e e e o e e [
example. WO 2017/085687 to Parker et al. discloses a liquid
formulation of Phenobarbital Sodium dissolved in water
along with a C1-C4 aleohol and a glycol.

The stability of solubilized Phenobarbital Sodium has
been a recurring problem because it readily hydrolyzes in
water forming various degradation products. In particular, in

drew approval of Pheneturide due to its toxic effects. In
particular, Pheneturide is reported to be a potent liver
enzyme inducer that disrupts both calcium and folate
metabolism. (Nayyar et al., 2012, J. of Appl. Pharm Sci.,

20

25

30

50

65

2
2:230-235.) Prior to its removal as an FDA-approved drug,

LA3 LG ULSTLLMGL VLUV Uy PIVPY VIS BLY UL AU LYV
relative to water alone. Years after Gupta, Parker et al., (WO
2017/085687) focused on minimizing the total amount of
walter lo reduce the hydrolysis and consequently the forma-
tion of the degradation products. Parker addresses the hydro-
lysis issue by limiting the amount of water (e.g.. to no more
than 50 mg/mL) in the liquid formulation. Parker’s mini-
mized water formulations also include a C1-C4 alcohol such
as ethanol and a glycol such as propylene glycol. However.
while the amount of impurities in Parker’s liquid formula-
tion may have decreased compared to prior formulations.
impurities such a PEAU are still present in undesirable
amounts, particularly after extended storage.

In addition to the degradation impurities, the current
marketed liquid formulation of Phenobarbital Sodium (e.g..
Phenobarbital Sodium for Injection USP, 65 mg/mL or130
mg/ml.), includes organic solvents such as alcohol, which
are not desirable in general and indeed not suitable for
administration to newborns as described in the art, e.g..

NS kST UAAG St FP_ltl A1 T

UL R AR MU e smi
phous lyophilized Phenobarbital Sodium with high stability
and purity. The lyophilized composition may include no less
than 98% Phenobarbital Sodium. The amorphous composi-
tion is a storage-stable form of Iyophilized Phenobarbital
Sodium.

The lyophilized amorphous formulation that was pro-

Stability of Drugs in the Solid-State,” Int. J. Pharm. 1990,
62, 87-95). Thus, one of ordinary skill in the art would want
to avoid using amorphous material in pharmaceutical for-
mulations.
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3

Preferably the percentage of the lyophilized formulation

LUU70 \C.l.y LUT0SIUUY0, L270°XI70, GIL. ).
Methads for producing the storage-stable form of lyo-
philized Phenobarbital Sodium composition result in a lyo-

nhilizad nnwdar in whicrh tha imeoareite shanvlathalasato.

for Injection.

In preferred embodiments, the Water for Injection is
sparged with nitrogen prior to adding the Phenobarbital
Sodium. Typically. the Water for Injection is sparged with
nitrogen for at least 30 minutes prior to adding the Pheno-
barbital Sodium. In additional embodiments, the water (e.g..

UL, THE HHCUHIOWU 105 PrOoducing e Storage-stanic 1o o1
Iyophilized Phenobarbital Sodium composition may also
include measuring the pH of the Phenobarbital Sodium
solution, wherein if the pH is higher than 10.2, the adjusting
includes adding hydrochloric acid (HCI).

Typically, the resulting lyophilized Phenobarbital Sodium
forms no more than 0.1% PEAU when reconstituted in an
aqueous solution afier storage of the lyophilized Phenobar-
bital Sodium for up to 6 months both at RT and accelerated
stability conditions, More typically, the resulting lyophilized
Phenobarbital Sodium forms no more than 0.05% PEAU
when reconstituted in an aqueous solution after storage of
the lyophilized Phenobarbital Sodium for up to 6 months at
room temperature (RT) and under accelerated stability con-
ditions (40° C.). Additionally. or alternatively, the resulting
Iyophilized Phenobarbital Sodium forms either an amount
below the quantitative limit (BQL., 0.05%) or no detectable
amount of PEAU, 2-ethyl-2-phenylmalonamide (2EPMM),
or alpha-phenylbutyrylguanidine (PBG) when reconstituted

in the aqueous solution afier storage of the lyophilized 3

Phenobarbital Sodium for up to 6 months at RT and accel-
erated stability conditions.

According to contemplated embodiments as disclosed
herein, the amorphous lyophilized Phenobarbital Sodium

composition is stable up to at least 6 months under accel- 3

erated stability conditions which is equivalent to 24 months

AYUSULD  SUILLIVLL AUU LINADLIINE, WIS QUL UL UL i
presence of phenylethylacetylurea (PEAU), 2-ethyl-2-phe-
nylmalonamide (2EPMM), and/or alpha-phenylbutyrylgua-
nidine (PBG).

Additional embodiments include the method for produc-
ing the storage-stable form of lyophilized Phenobarbital
Sodium composition as disclosed in which the Phenobarbi-
tal Sodium solution is filtered prior to lyophilization.

2
iy

40
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Further embodiments include the method for producing

ICUUCIIE TULILRIUULL U1 USELAUAUULE PIOUUGLY U1 Fucuovaior
tal Sodium reconstituted in an aqueous solution. in which the
method includes adding Phenobarbital Sodium to water to

frarm a Dhannharhital Q@adinm ealitinn adineting tha nl A f

to adding thJe Phen'oharbilai Sodium.
For adjusting the pH of the Phenobarbital Sodium solu-
tion, the method of reducing formation of degradation

5 products of Phenobarbital Sodium reconstituted in an aque-

ous solution may also include measuring the pH of the
Phenobarbital Sodium solution, wherein if the pH is higher

Phenobarbital Sodium reconstituted in an aqueous solution
include phenylethylacetylurea (PEAU), 2-ethyl-2-phenyl-
malonamide (2EPMM). and/or alpha-phenylbutyrylguani-
dine (PBG), and analysis of the formation of the degradation
products includes reconstituting the stable lyophilized Phe-
nobarbital Sodium in an aqueous solution to form a recon-
stituted solution, and quantitating the amouni of or presence
of PEAU, 2 EPMM, and/or PBG in the reconstituted solu-
tion.

In typical embodiments. the method of reducing forma-
tion of degradation products of Phenobarbital Sodium recon-
stituted in an aqueous solution results in the reconstituted
solution having no less than 96% Phenobarbital Sodium. In
more typical embodiments, the reconstituted solution has no
less than 97% Phenobarbital Sodium. In some preferred
embodiments. the reconstituted solution has no less than
98% Phenobarbital Sodium, and in other preferred embodi-
ments between 95% and 105% Phenobarbital Sodium. In
additional or alternative embodiments. the reconstituted
solution has no more than 0.2% PEAU, 2 EPMM. and/or
PBG, and preferably has 0.05% or less PEAU and no
detectable amount of 2 EPMM or PBG.

Further aspects of the present disclosure include methods
of treating an individual in need of Phenobarbital Sodium.
These methods include adding saline or dextrose to the

10§ LGV DA A VAU SEAUISUUGAL SUILIVE W U L=
vidual. In some embodiments, the individual in need of
Phenobarbital Sodium suffers from epilepsy. In particular
embadiments, the individual in need of Phenobarbital
Sodium is a newborn suffering from neonatal epilepsy. In

5 other embodiments, the lyophilized amorphous Phenobar-

bital Sodium is a powder dose of 65 mg, 130 mg. 100 mg or
200 mg. In typical embodiments, the administering of the
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Phenobarbital Sodium reconstituted solution to the indi-

g e e e in e e e
positioned in order to seal the vial under vacuum after
Lyophilization.

Therefore, the inventors also contemplate lyophilized
Phenobarbital Sodium.

Various objects, features, aspects, and advantages will
become more apparent from the following detailed descrip-

Lyophilization microscopy at -50° C., as indicated.

FIG. 1B is a polarized light photomicrograph of the
presently disclosed Phenobarbital Sodium in water during
Lyophilization microscopy at -45.5° C. as indicated.

FIG. 1C is a polarized light photomicrograph of the
presently disclosed Phenobarbital Sodium in water during

=y, T E s e e s e e

LYUPHIZAUON HICTUSCOPY dal —23%.0 L. ds HKacaed,

FIG. 1E is a polarized light photomicrograph of the
presently disclosed Phenobarbital Sodium in water during
Lyophilization microscopy at -39.2° C. as indicated.

FIG. 1F is a polarized light photomicrograph of the
presently disclosed Phenobarbital Sodium in water during
Lyophilization microscopy at -38.8° C. as indicated.

FIG. 2A is a chromatogram from an injection of a “blank
solution™ for assay by high performance liquid chromatog-
raphy (HPLC) at a detection wavelength of 210 nanometers
{nm), as described herein.

FIG. 2B is a chromatogram from an injection of the
“Sensitivity solution™ of Phenobarbital for related sub-
stances by HPLC at a detection wavelength of 210 nm, as
described herein.

FIG. 2C is a chromatogram from an injection of a “related
substance” (RS) working standard at 0.2% impurity level)
for assay of related substances by HPLC at a detection
wavelength of 210 nm, as described herein.

FIG. 2D is a chromatogram from an injection of 2-ethyl- 3

2-phenylmalonamide (2EPMM) for assay of related sub-
stances by HPLC at a detection wavelength of 210 nm, as
described herein.

FIG. 2E is a chromatogram from an injection of alpha-

phenylbutyrylguanidine (PBG) for assay of related sub- s

stances by HPLC at a detection wavelength of 210 nm, as

LILLAL @ G GMGIGULIVIE Wa VI U1 1Y L, a5 UGV UG
herein.

FIG. 2G is a chromatogram from an injection of a “blank
solution™ for assay by HPLC at a detection wavelength of
254 nm, as described herein.

FIG. 2H is a chromatogram from an injection of an “assay
working standard” for assay by HPLC at a detection wave-
length of 254 nm, as described herein.
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FIG. 3A is a chromatogram from an injection of a
e AR AT e W TN L A i e A cu

of 254 nm, as described herein.

FIG. 3C is a chromatogram from an injection of a
marketed liquid formulation of Phenobarbital Sodium at 65
mg/mL at 6 months from initial time point at accelerated
stability conditions (ACC) for assay by HPLC at a detection
wavelength of 254 nm. as described herein.

perature (RT) for related substances by HPLC at a detection
wavelength of 210 nm, as described herein.
FIG. 3F is a chromatogram from an injection of a mar-

s keted liquid formulation of Phenobarbital Sodium at 65

mg/mL at 6 months from initial time point at accelerated
stability conditions (ACC) for related substances by HPLC

THEA LN @ LD LIS POILLE IO assdy DY FrpLG dia aciecuonn
wavelength of 254 nm, as described herein.

FIG. 3H is a chromatogram from an injection of a
marketed liquid formulation of Phenobarbital Sodium at 130
mg/mL at 6 months from initial time point at room tem-
perature (RT) for assay by HPLC at a detection wavelength
of 254 nm, as described herein.

FIG. 31 is a chromatogram from an injection of a mar-
keted liquid formulation of Phenobarbital Sodium at 130

o mg/mL at 6 months from initial time point at accelerated

stability conditions (ACC) for assay by HPLC at a detection
wavelength of 254 nm, as described herein.

FIG. 3] is a chromatogram from an injection of a mar-
keted liquid formulation of Phenobarbital Sodium at 130
mg/mL. at initial time point for related substances by HPLC
at a detection wavelength of 210 nm, as described herein.

FIG. 3K is a chromatogram from an injection of a
marketed liquid formulation of Phenobarbital Sodium at 130
mg/mL at 6 months from initial time point at room tem-
perature (RT) for related substances by HPLC at a detection
wavelength of 210 nm, as described herein.

FIG. 3L is a chromatogram from an injection of a mar-
keted liquid formulation of Phenobarbital Sodium at 130
mg/mL at 6 months from initial time point at accelerated
stability conditions (ACC) for related substances by HPLC
at a detection wavelength of 210 nm, as described herein.

Uy 111 LA AL 8 USIS LULL Wa VSIS UL Lo LU, AU
embodiments of the present invention.

FIG. 4B is a chromatogram from an injection of the
disclosed reconstituted lyophilized formulation of Pheno-
barbital Sodium at 65 mg/mL at 6 months from initial time

5 point at room temperature (RT) for assay by HPLC at a

detection wavelength of 254 nm, according to embodiments
of the present invention.
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FIG. 4C is a chromatogram from an injection of the
disclosed reconstituted lyophilized formulation of Pheno-
barbital Sodium at 65 mg/mL at 6 months from initial time
point at accelerated stability conditions (ACC) for assay by
HPLC at a detection wavelength of 254 nm, according to
embodiments of the present invention.

FIG. 4D is a chromatogram from an injection of the
disclosed reconstituted lyophilized formulation of Pheno-
barbital Sodium at 65 mg/mlL at initial time point for related
substances by HPLC at a detection wavelength of 210 nm,
according to embodiments of the present invention.

FIG. 4E is a chromatogram from an injection of the
disclosed reconstituted lyophilized formulation of Pheno-
barbital Sodium at 65 mg/mL at 6 months from initial time
point at room temperature (RT) for related substances by
HPLC at a detection wavelength of 210 nm, according to
embodiments of the present invention,

FIG. 4F is a chromatogram from an injection of the ,

disclosed reconstituted lyophilized formulation of Pheno-
barbital Sodium at 65 mg/mL at 6 months from initial time
point at accelerated stability conditions (ACC) for related
substances by HPLC at a detection wavelength of 210 nm,
according to embodiments of the present invention.

FIG. 4G is a chromatogram from an injection of the
disclosed reconstituted Ivophilized formulation of Pheno-

e e o o+ e e

FIG. 4H is a chromatogram from an injection of the
disclosed reconstituted lyophilized formulation of Pheno-
barbital Sodium at 130 mg/ml at 6 months from initial time
point at room temperature (RT) for assay by HPLC at a
detection wavelength of 254 nm, according to embodiments

nf the nrecent inventinn

DAroldl HOUINm dat 15U mg/mi. di ikl ume poimnt 10r
related substances by HPLC at a detection wavelength of
210 nm, according to embodiments of the present invention.

FIG. 4K is a chromatogram from an injection of the ~

disclosed reconstituted lyophilized formulation of Pheno-
barbital Sodium at 130 mg/mL at 6 months from initial time
point at room temperature (RT) for related substances by
HPLC at a detection wavelength of 210 nm, according to
embodiments of the present invention.

FIG. 4L is a chromatogram from an injection of the
disclosed reconstituted lyophilized formulation of Pheno-
barbital Sodium at 130 mg/mL at 6 months from initial time
point at accelerated stability conditions (ACC) for related
substances by HPLC at a detection wavelength of 210 nm,
according to embodiments of the present invention.

FIG. 5Ais an X-ray powder diffraction (XRPD) pattern of
Phenobarbital Sodium Grade P

FIG. 5B is an XRPD pattern of Phenobarbital Sodium for
Injection, USP, 65 mg/vial.
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FIG. 5C is an XRPD pattern of Phenobarbital Sodium for
Injection, USP, 130 mg/vial.
FIG. 5D is a stack plot of the XRPD patterns of FIGS. 5A,
5B, and 5C.

DETAILED DESCRIPTION

The inventors have surprisingly discovered a method for
making a storage-stable and highly purified Phenobarbital
Sodium composition that is void of any detectable impurities
in its lyophilized powder form and is essentially void of
impurities upon reconstitution in water. The contemplated
Phenobarbital Sodium composition is a lyophilized powder

* that is no less than 98% Phenobarbital Sodium and is stable

(25° C., 65% RH and 40° C., 75% RH) for up to at least 6
months under accelerated conditions which is equivalent to
24 months at RT. Upon reconstitution (e.g. solubilization/
resuspension) in water, the lyophilized Phenobarbital
Sodium forms no more than 0.05% of 2-ethyl-2-phenylma-
lonamide (2ZEPMM) or alpha-phenylbutyrylguanidine
(PBG). and phenylethylacetylurea (PEAU).

The Phenobarbital Sodium composition as described

25 herein refers to Phenobarbital Sodium having an IUPAC

(International Union of Pure and Applied Chemistry) name
of sodium S-ethvl-4.6-dioxo-5-phenvl-1H-pyrimidin-2-

e e e e e e e e e o e e

therefore the formation of its toxic degradation products, the
inventors have unexpectedly discovered that a lyophilized
Phenobarbital Sodium formed by the methods disclosed
herein results in a storage-stable lyophilized powder of
Phenobarbital Sodium. In particular, with reference to the
nnlarized lioht nhotamicrnoranhe af FIGR 1AAF and the

01 acuon, wme comempldaied  1yopnuzZeda rnenoparolidl
Sodium composition is stable and upon reconstitution in
water, does not form significant (e.g.. not measurable or not
detectable) amounts of the toxic degradation products-
namely PEAU, 2EPMM, or PBG.

The contemplated method for producing a storage-stable
Iyophilized Phenobarbital Sodium composition includes
adding purified Phenobarbital Sodium to water. Preferably
the purified Phenobarbital Sodium solid is purchased from a
chemical supplier that adheres to the United States Pharma-
copeia (USP) manufacturing and synthesis guidelines. The
USP grade of the Phenobarbital Sodium is preferably USP
“purified” or “practical” (P) grade indicating that it is a good
quality chemical. As understood in the art, the USP grade (P)
active pharmaceutical ingredient (API) of Phenobarbital
Sodium is not suitable for administration because it is not
sterile, is hygroscopic, and as such, maintaining anhydrous
conditions of this grade of API is not feasible. Structurally,
the analyzed USP grade P AP is polymorphous—containing
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9
both crystalline and non-crystalline material. With reference
to FIG. 5A, an X-ray powder diflraction (XRPD) pattern is
shown of this compound.

Considering the need to avoid hydrolysis of the Pheno-
barbital Sodium, the Phenobarbital Sodium is preferably
added to Water for Injection and later lyophilized to obtain
a stable lyophilized finished product. In order to remove
dissolved oxygen (O,) gas from the water (e.g.. Water for
Injection). it is also preferred that the water is sparged with
nitrogen (N,) or other inert gas prior to the addition of the
Phenobarbital Sodium solid. For effective sparging, a vol-
ume of about 100-200 ml water is sparged with nitrogen gas
for at least 30 minutes. In exemplary protocols for producing
either 65 mg, 130 mg of lyophilized Phenobarbital Sodium,
100 milliliters (m1) of Water for Injection is nitrogen sparged
for 30 minutes. In additional embodiments, the water may
also be cooled to approximately 2 to 8¢ C. In preferred

embodiments. the water is cooled to approximately 2 to 8°

C:

The addition of the Phenobarbital Sodium solid to the
water (e.g.. deionized nitrogen sparged water cooled 1o 2 to
8% C.) may be carried out using any suitahle mixing.

mixing, any suitable mixing may be used. For example, a
magnetic stir bar may be added to the glass/stainless steel
container. Upon addition of the Phenobarbital Sodium solid
to the water, the mixture is stirred.

An additional consideration for stability of the Phenobar-
bital Sodium is maintaining a pH between 9.2 and 10.2 in the
bulk solution of Phenobarbital Sodium. After dissolution of
the Phenobarbital Sodium solid in the water, the pH is

adinctad ta within thic ranaa af Q2 and 10? Aceardinalu

perween ¥.£ ana 1v.Z Usig d>0amm ryaroxiae (iNaur).
Following the pH measurement and any adjustment, the
Phenobarbital Sedium solution is preferably filtered to

remove any foreign particles. For example, the Phenobar-

bital Sodium solution may be filtered using a 0.2 pm (or 0.22
pm) membrane filter. For example, the membrane filter may

Phenobarbital Sodium solution dissolved in the water {(e.g..
nitrogen sparged Water for Injection cooled to 2 to 8° C.)
having a pH of or between 9.2 and 10.2 and preferably
filtered is ready for Lyophilization. Depending on the
desired amount of the lyophilized Phenobarbital Sodium
product, the Phenobarbital Sodium solution may be lyo-
philized in any amount or the solution may be aliquoted into
sterile containers (e.g., vials). For example, in order to
obtain a measured dose of lyophilized Phenobarbital Sodium
in a container, the glass container, water. and Phenobarbital

=3

-
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Sedium solid are weighed prior to mixing in order to
determine an actual weight of the Phenobarbital Sodium
after pll measurement and adjustment. For example, to
produce 65 mg or 130 mg doses of lyophilized Phenobar-
bital Sodium, a batch may be dissolved, mixed, pH adjusted
if necessary, and filtered and then aliquoted into single use
dose vials for lyophilization. In a specific example, a 50 mL
batch of Phenobarbital Sodium solution may be prepared
where for 65 mg doses, 3.25 grams of Phenobarbital Sodium
solid (e.g., USP Grade P) is added to 40 ml of water (e.g.,
nitrogen sparged Water for Injection cooled to 5 to 8° C.) and
for 130 mg doses. 6.5 grams of the Phenobarbital Sodium is
added to the 40 ml of water. Following dissolution, pH
adjustment if necessary, adjusting final volume to 50.0 mL
and filtering, 1 ml aliquots of this Phenobarbital Sodium
solution are added to open (e.g., unstoppered) vials and then
loosely stoppered (e.g., with lyophilization rubber stoppers)
prior to lyophilization. Following lyophilization, each vial
contains 65 mg or 130 mg of lyophilized Phenobarbital
Sodium.

In further embodiments, following lyophilization, the
vials may he completely closed (e.g., stoppered) under

S — - SR R

that forms no more than 0.2% phenylethylacetylurea
(PEAU) when reconstituted in an aqueous solution. The
method comprising: includes adding Phenobarbital Sodium
to water to form a Phenobarbital Sodium solution, if nec-
essary, adjusting the pH of the Phenobarbital Sodium solu-
tion to or between 9.2 to 10.2; and lyophilizing the Pheno-
barbital Sodium solution,
In one embodiment. the water is Water for Injection.

In anathar amhndimant tha Watar far Tniactinn ic enaraad

£ 1087 L. prior 10 aading 1ne 1rrnenoparoital Hoaim.

In another embodiment, the adjusting includes measuring
the pH of the Phenobarbital Sodium solution. and if the pH
is higher than 10.2, the adjusting includes adding Hydro-
chloric acid (HCI).

In another embodiment, the lyophilized Phenobarbital

months at room temperature (R1) and accelerated stability
conditions (ACC).

In another embodiment, the lyophilized Phenobarbital
Sodium forms no more than 0.05% phenylethylacetylurea
(PEAU) when reconstituted in an aqueous solution after
storage of the lyophilized Phenobarbital Sodium for up to 6
months at room temperature (RT) and accelerated stability

5 conditions (ACC).

In another embodiment. the lyophilized Phenobarbital
Sodium forms no detectable amount of 2-ethyl-2-phenylma-
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11
lonamide (2EPMM) or alpha-phenylbutyrylguanidine
(PBG) when reconstituted in an aqueous solution after
storage of the lyophilized Phenobarbital Sodium for up to 6
months at room temperature (RT) and accelerated stability
conditions (ACC).

In another embodiment. the lyophilized Phenobarbital
Sodium is stable up to at least 6 months at accelerated
stability conditions (ACC) which is equivalent to 24 months
at room temperature (RT).

In anather emhodiment. the stahilitv of the Ivonhilized

LUTLL @ TECUHSUIUIGU Y UPITZSU T HSHUDALTAL OUUIULL a5

analyzing to quantitate the amount of phenylethylacetylurea
(PEAU), 2-ethyl-2-phenylmalonamide (2EPMM), and/or

Another embodiment is directed to a method of treating
an individual in need of Phenobarbital Sodium. The method
includes adding saline or dextrose to a composition contain-
ing lyophilized amorphous Phenobarbital Sodium immedi- 5
ately prior to administration to form a Phenobarbital Sodium
solution: and administering the Phenobarbital Sodium solu-
tion to the individual.

In another embodiment, the individual suffers from epi-
lepsy.

Surprisingly, the inventors have determined that the pres-
ently disclosed method produces a storage-stable lyo-
philized Phenobarbital Sodium that maintains its stability up 3
to at least 6 months under accelerated stability conditions
which is equivalent to 24 months at RT. With reference to
FIGS. 5B-5C, the lyophilized Phenobarbital Sodium is
amorphous. In particular, the lyophilized Phenobarbital
Sodium is non-erystalline unlike the USP grade P API shown 3
comparatively in FIG. 5D. The lyophilized Phenobarbital

quantitation limit of 0.05% phenylethylacetylurea (PEAU),

and no detectable amount of 2-ethyl-2-phenylmalonamide 63

(2EPMM) or alpha-phenylbutyrylguanidine (PBG) when
reconstituted in water afier storage of the lyophilized Phe-

40

wh
=3
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nobarbital Sodium for up to 6 months under accelerated
stability conditions which is equivalent to 24 months at RT.

In a comparison analysis, the presently disclosed lyo-
philized powder of Phenobarbital Sodium at 65 mg or 130
mg doses was reconstituted in water and assayed for impu-
rities and stability along with marketed liuid formulation of
Phenobarbital Sodium for Injection USP, 65 mg/mL or 130
mg/ml.  (Westward Pharmaceuticals). The formulation

1o details for this comparative analysis are presented in Table

1. Representative chromatograms from HPLC analysis are

Formulation Details

Daosage form

U2 I IYUPHIIIZCA FHCHODErondl SOUUIUL COIIpOsSIuuI was
reconstituted in water and compared to the 65 mg Liquid
Phenobarbital Sodium for Injection USP (65 mg/ml. mar-
keted Liquid Formulation) (Table 2) (FIGS. 3A-3F, FIGS.
4A-4F). and the presently disclosed 130 mg lyophilized
Phenobarbital Sodium for Injection USP (130 mg/vial) com-
position was reconstituted in water and compared to the 130
mg liquid Phenobarbital Sodium for Injection USP (130
mg/ml. marketed Liquid Formulation) (Table 3) (FIGS.
3G-3L. FIGS. 4G-41.). In addition to the noted characteris-

e e B e e bk AL SR o AN LS DML Au s
tions was 0.5% and 0.5%, respectively. Comparatively. no
initial amount of PEAU was detected in either the 65 mg or
130 mg lyophilized Phenobarbital Sodium compositions.
Furthermore, after 3 and 6 months from the date of manu-
facture, both the liquid and lyophilized formulations at 65
mg/mL and 130 mg/ml. stored at room temperature (RT)
(25° C.) and under accelerated stability conditions (ACC) at
40° C. were analyzed by HPLC for assay and related
substances. Under these conditions, the amount of PEAU

amount of PEAU assayed at 3 and 6 months for the 65 mg
and the 130 mg lyophilized Phenobarbital Sodium compo-
sitions was below quantitation limit (BQL) (0.05%) both at
RT and ACC stability conditions (Tables 2-3).
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TABLE 2

65 me/ml Liguid Formulation and 65 me/vial Lvophilized Powder

Product Name

Phenobarbital Sodium for Injection USE, Phenobarbital Sodium for Injection USP,
65 mg/mL (Marketed product) 65 mg/Vial (Nivagen formulation- NPH1907)
Formmulation Type
Liquid Lyophilized powder
Stability Data
3 Months 6 Months 3 Months 6 Months 15 Months
ACC RT ACC RT RT ACC RT#4
40° C., 25°C, 4°C, 5%, 250y 259G,
e RS P N fe v s
after
reconstitution
Identification 5 $ § § $ ] & $ $ $ $
nH* 93 98 97 96 96 98 96 96 a1 a7 9R
== - - o = - - - - - -
{4
2EPMM
PRG ND ND ND ND ND ND ND ND ND ND ND
PEAU 0.3 1.0 37 1.4 s8 ND BQL BQL BQL  BQL BQL
Any BQL BQL 0.1 BQL 0.3 BQL BQL BQL 0.07 0.06 0.04
unspecified
degradation
product
Total 0.5 1.0 38 1.4 6.1 BQL BQL BQL 0.07 0.06 0.04
degradation
products
CCVS: Clear Colorless Viscous Solution;

CCS: Clear Colotless Solution;

WLP: White Lyophilized powder

§$: In Assay analysis, the retention time of Phenobarbital in standard and sample solutions should be same.
BQL: Below Quantitation Limat: (QL-0.05%):

N ot Detected

2EPMM: 2-Ethryl-2-Phenylmalonamide, monohydrate;

Notably, the Lyophihized powder was stable even after 15 months, and no significant increase in the impunities was observed, rendering such formulation
superior 1o known liguid formulations and enable easy administration,

TABLE 3

130 mg/mL Liguid Formulation and 130 my hilized formulation

Formulation Tme"

Liguid Lyophilized powder
Stability Data
3 Months 6 Months 3 Months 6 Months 15 Months
RT ACC RT ACC RT ACC RT ACC RT**
25%:Cy A02C; 2820 40005 20, 4000, 25°C, 40°C; 2B C

60% T5% 60% T5% 60% 75% 60% 75% 60%
Test Initial RH RH RH RH  Imitial RO RH RH RH RH
Description CCVS CCVS CCVS CCVS CCVS WLP WLP WLP WLP WLP WLP
Appearance NA NA NA NA NA CCS CCB CCs ccs ccs ccs
after
reconstitution
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TABLE 3-continued
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130 meg/ml. Liguid Formulation and 130 meg/vial Tvophilized formulation

Product Name

Phenobarbital Sodium for Injection USE,
130 mg/mL (Marketed product)

Formulation Type

Phenobarbital Sodium for Injection USPE,
130 mg/vial (Nivagen formulation-NPH1912})

Liquid Lyophilized powder
Stability Data
3 Months 6 Months 3 Mouths 6 Months 15 Months
RT ACC RT ACC RT ACC RT ACC RT®*
25°.C, 40 G, 25°C; 40°C; 25°C., 40°C., 25°C, 40°C

60% T5% 60% 75% 60% 75% 60% 75%
Test Initial RH RH RH RH Initial RH RH RH RH
Identification 3 5 S 3 $ $ ] s b} 5
A as aq aq ag a7 R aR ax ax ax mn
...... — - - I e e - - e e - -
Substances
(% Area)
2EPMM
PRG ND ND ND NI ND ND ND ND ND ND ND

CCVS: Clear Colorless Viscous Solution;
CCS: Clear Colorless Solution;
WLP: White Lyophilized powder

§: In Assay analysis, the retention time of Phenobarbital in standard and sample solutions should be same.

BQL: Below Quantitation Limit; (QL-0.05%};

DX Not Detected

2EPMM: 2-Ethyl-2-Phenylmalonamide, monohydrate;
PBG: c-phenylbutyrylguanidine,

PEALL phenylethylacetylurea or Pheneturide

*pH for liquid formulat
**The samples were stored at 30 £ 2°C, 65% RH £ 5

LML WL USRI AUAUVIL PLUUUGED W LY ORI § LGLV Ul Uital
Sodium composition reconstituted in water results in the
reconstituted solution having no less than 96% Phenobarbi-
tal Sodium. In more typical embodiments, the reconstituted
solution has no less than 97% Phenobarbital Sodium. In
more preferred embodiments, the reconstituted solution has
no less than 98% Phenobarbital Sodium. In additional or
alternative embodiments. the reconstituted solution has no
quantitative amount (e.g.. 0.05% or less) of PEAU, 2
EPMM, or PBG.

According to contemplated embodiments, assaying the
stability of the lyophilized Phenobarbital Sodium composi-
tion includes reconstituting the composition in water at a

herein immediately prior to administration to form a Phe-
nobarbital Sodium reconstituted solution. In particular
embodiments, the individual in need of Phenobarbital
Sodium suffers from epilepsy. In preferred embodiments. the

Page 65
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m i measured at 130 mg/mL and for lyophilized formulation at 100 my/mL dilution

SULIGLULE UL ISULIALAL SPUSESY. 11 ULHGE SHIUGULLIGHD, LS
Iyophilized Phenobarbital Sodium is a powder dose of 65
mg. 100 mg, 130 mg or 200 mg. In typical embodiments. the
administering of the Phenobarbital Sodium reconstituted
solution to the individual includes intramuseular injection or
intravenous injection,

EXAMPLES

Lyophilization Microscopy. Lyophilization microscopy
(FIGS. 1A-1F) was performed using a Leica DM LP micro-
scope equipped with a Linkam FDCS196 stage, TMS93
controller. vacuum pump. LNP unit, and a Spot Insight color

CJ/minute to -32.0° C.

HPLC Assays. High Performance Liguid Chromatogra-
phy (HPLC) was used to assay Phenobarbital Sodium stan-
dards and sample solutions as disclosed herein (e.g.. Tables
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100N SONWAre (IMPOWer 3), equipped Wil UV and rno-
todiode Array Detector (UV and PDA). column thermostat
and auto sampler compartments or equivalent HPLC system

e aadbenes

Standard, Deionized water/Water for Injection, Potassium
Monobasic Phosphate. Acetonitrile.

Preparation of Mobile Phase Solutions: Potassium phos-
phate monobasic (7 mM) and Acetonitrile (70:30) pH 4.5-
6.5 Diluent: Mobile phase as a diluent.

Wash Solvent: Water: Acetonitrile (70:30)

CHROMATOGRAPHIC CONDITIONS: The liquid
chromatography equipped with a

FRIUGIE SIEET 2 [ O SYUIYIRIGH

20

replication injections of related substances standard should
not be more than 6.0%. The related standard deviation of
Phenobarbital peak from five replicate injections in assay

One of these formulations is 200 mg/vial, Phenobarbital
Sodium reconstituted in 10 mL of Water for Injection or 5%
Dextrose 1o obtain a concentration of 20 mg/mL. A second
formulation is 200 mg/vial of Phenobarbital Sodium along
with 90 mg Sodium Chloride reconstituted in 10 mL of
Water for Injection to obtain a concentration of 20 mg/mL
Phenobarbital Sodium for Injection and 9 mg/mL or 0.9%
Sodium Chloride.

TATM T -

Flow rate 0.9-1.2 mL/min. NPH2031 A
Detection Wavelength 254 = 2 nm for assay and 210 = NPH2031 A (Bulk Solution at
2 nm for Related Substances 30 (Bulk Solution at 100 mg - mL

Trlamtiam b 1Nt ana - e ol

A L e IUl VOIME: £.1 ML

Temperature 35

Retention Time About 5 minutes for Phenobarbital mg/mL (after mg/mL (after

Pump Mode Isocratic Ingredients reconstition)  mg/vial  reconstitution) mg/vial
Ve MMM MMMs A AMTLALILMARLATSA Siiw MASUIASY b pNEy meaas maa 4 wavse- - -

substances (2-Ethyl-2-Phenyl malonamide, monohydrate
(2EPMM), Phenylbutyrylguanidine (PBG) and Phenylethy-
lacetylurea (PEAU) in diluent; Phenobarbital Sodium
Sample Solution for Assay: 0.26 mg/mL to 0.78 mg/mL in
diluent

Phenobarbital Sodium related Substances sample solu- .

tion: 0.52 mg/mlL of Phenobarbital Sodium and related
substances  2-Ethyl-2-Phenylmalonamide, monohydrate

wh
=3

Saline or 5% Dextrose.

These formulations along with the previously disclosed
formulations were developed to enable physicians and medi-
cal staff’ at hospitals to easily reconstitute to a desired
concentration (e.g.. 20 mg/mL) and administer the medicine
to patients in need thereof. The reconstituted solution is
stable at 2-8° C. for 24 hrs and 3 10 4 hrs when stored at RT
(see e.g., Tables 7, 8 and 9).

TABLE 7

Reconstituted Solution Stability of Phenobarbital Sodium for Injection USE, 200 mg/vial
(NPH2031 A Phenobarbital Sodium @ 200 mg/vial) (Reconstitution in 10 mL Water)

lLest Spec. Jun. 5, 2020 2-8.C, Kl
Description WLP WLP WLP WLP
Appearance ces CCs ces CCs
pH (20 9.2-10.2 2.9 a.7 9.8
mg/ml)

% Assay 90,0-105.0 100.1 100.1 100.1

Phenobarbital Sodium
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TABLE 7-continued

Reconstituted Solution Stability of Phenobarbital Sodium for Injection USF, 200 mg/vial
NPH2031A Phenobarbital Sodium

200 mg/vial) (Reconstitution in 10 ml Water)

Initial Reconstituted Solution Stability after 20 hrs
DOA: DOA: Jun. 6, 2020

Test Spec. Jum. 5, 2020 28 C. RT
BQL: Below Chmntitation Limit (0.05%)
2EPMM: 2-Ethyl-2-Phenyhmalonamide, monohydrate;

a-Phenylbutyryl guanidine;

: Phenylethylacetylurea

TABLE R TABLE 8-continued
Reconstituted Solution Stability of Phenobarbital Sodium Reconstituted Solution Stability of Phenobarbital Sodium

for Injection USP, 200 mg/v Sodinvm Chloride (NPH2031B
Phenobarbital Sodium @ 200 mg/vial and Sodium Chloride 30
@ 90 megfvial) (Reconstitution in 10 ml. Water)

for Injection USP, 200 mg/vial in Sodium Chloride (¥
Phenobarbital Sedium @ 200 mg/vial and Sodium Chioride
@ 90 mg/vial) (Reconstitution in 10 mL Water)

Reconstituted Solution Stability

i Solution Stability
ahier 90 ha Reconstil “;:;‘::SLI;I:LZ" Stability

FR [ — — - . -

pH (20 mg/mL) ~ 9.2-10.2 9.8 9.7 9.8 degradation

%o Assay 90.0-105.0 103.3 103.4 102.8 products

Phenobarbital 40 Water Content NMT 3.0% 0.84 NA NA

Sodium by Karl Fischer

Related NMT 0.2%  BQL ND BQL

Substances WLEP: White Lyophilized Powder;

(% Area) CCS: Clear Colorless Solution, 1 minute after reconstitution;

2EPMM L

degradation PG a-Phenylbutyrylguanidine;

product PEALU: Phenylethylacetylurea

TABLE 9

Reconstituted Solution Stability of Phenobarbital Sedium for Injection
USP, 130 mg/vial (NPH2030) (20 mg/mL dilution In Water)

Time

Shelf life 2 hrs 4 hrs 24 hrs
Tests Specifications  Imitial  2-8 C, RT 2-8C. RT 2-8C. RT
Appearance ccs s cCs ccs ccs ces ces ccs
pH (20 mg/mL 9.2-10.2 9.5 9.5 9.6 9.6 9.5 9.6 9.5
dilution)
Assay of 90.0%-105.0%  99.8 102.1 100.8 101.7 1013 100.4 100.3
Phenobarbital
Sodium
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TABLE 9-continued

Reconstituted Solution Stability of Phenobarbital Sodinm for Injection
USP, 130 meg/vial (NPH2030) (20 mg/mlL dilution In Water)

PRG: Phenylbutyrylguanidine;

Time

Shelf life 2 hrs 4 hrs 24 hrs

PEAU: Phenylcthylacetylurea

tion, USP, 130 mg/vial is included in Table 11. Three months
stability data for Phenobarbital Sodium for Injection, USP,
200 mg/vial is included in Table 12, Three months stability
data for Phenobarbital Sodium for Injection, USP (Pheno-

barbital Sodium and 9% Saline), 200 mg/vial is included in

Table 13.

Vial Make 2 mL Clear Glass Vial: 13 mm L

e
by

o mbber stopper; Seal: 13 mm Flip off plastic with Al seal.
APIL: Phenobarbital Sodium, USP Grade P
Configuration Inverted Stability 25° C., 60% RH (RT) & 40° C., 75% RH (ACC)

RS-
pH (65 mg/mL)
% Assay
Phenobarbital
Sodium

Related
Substances

(% Area)

Any
unspecified
degradation
product
Total
degradation
products

Initial 1 Month 3 Months 6 Months

DOA: DOA: Mar. 23, 2020 DOA: May 20, 2020 DOA: Sep. 4, 2020
9.2-10,2 9.9 9.9 2.9 2.9 9.9 9.6 9.6
90.0%-105.0% O8.6 101.6 101.5 1013 100.5 100.0 101.2
NMT 0.2% BQL ND ND ND ND ND ND
NMT 0.2% ND ND ND ND ND ND ND
NMT 0.2% BQL BQL BQL BQL BQL BQL BQL
NMT 0.2% BQL BQL BQL BQL BQL BQL BQL
NMT 1.5% BQL BQL BQL BQL BQL BQL BQL
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TABLE 10-continued
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Product Name Phenobarbital Sodium for Injection USP, 65 mg/vial
Batch#NPH2020 Fill Volume: 1.05 mL Date Manufactured: Jan. 20, 2020

Vial Make 2 mL Clear Glass Vial: 13 mm Lyo nibber stopper; Seal: 13 mm Flip off plastic with Al seal.

API: Phenobarbital Sodium, USP Grade P
Configurmation Inverted Stability 25° C., 60% RH (RT) & 40° C,, 75% RH (ACC)

Initial 1 Month 3 Months 6 Months

DOA: DOA: Mar. 23, 2020 DOA: May 20, 2020 DOA: Sep. 4, 2020
Test Spee. Feb. 18, 2020 RT ACC RT ACC RT ACC
Water Content NMT 3.0% 0.6 09 1.3 1.4 1.5 1.5 21

DOA: Date of Analysis;
WLP: White Lyophilized Powder;
cc

Clear Colorless Solution, 1 minute after reconstitution;

SEFIVLYE & GUIYImS TSRy Al

MG, KRR S
PBG: a-Phenylbutyrylguanidine;
PEAL: Phenylethylacetylurca;

: nﬁgu_r.;nm: Inverted Stability 25° C.. 60% RH (RT) & 40° C.. 75% RH (ACC)

HLU AISY INUUVEL SUPPS] AU A OIS 10 LI § I WL S 9t

1 Month 3 Months 6 Months 24 Months
Initial DOA: DOA: DOA: DOA:
DOA; Mar. 23, 2020 _May 20, 2020 _Sep. 4. 2020 18 Mar.
Test Spec. Feb. 18, 2020 RT ACC RT ACC RT ACC RT
Description WLP WLP WLP WLP WLP WLP WLP WLP
Appearance ccs CcCs cCs  CCs CCs CCs ccs
pH (100 mg/mL}) 9.2-10.2 10.0 10.0 10.0 10.0 9.7 9.7 9.8
% Assay 90.0%-105.0% 100.3 957 993 9.6 991 983 99.8
Phenobarbital
Sodium
Related NMT 0.2% BQL ND ND ND ND' ND ND ND
Substances
2EPMM
NMT 0.2% ND ND ND ND ND ND ND ND
NMT 0.2% BQL BQL BQL BQL BQL BQL BQL BQL
y NMT 0.2 BQL BQL BQL BQL BQL BQL BQL BQL
unspecified
degradation
product
Total NMT 1.5% BQL BQL BQL BQL BQL BQL BQL BQL
degradation
products
Water Content NMT 3.0% 0.7 0.7 0.9 0.9 11 1o 13 14
by Karl Fischer
Note Book Reference 192039-1350 192045- 23 192045-135 192051-84 192099-
to 158 o 45 o 151 to 122 157, 159, 167. 170

DOA: Date of Analysis;

WLP: White Lyophilized Powder;

CCS: Clear Colorless Solution, 1 minute after reconstitution,
ND: Not Detected:

NMT: Not More Tham;

BOL: Below Quantitation Limit (0.05%)

2EPMM: 2-Ethryl-2-Phenylmalonamide, monohydrate;

PRG: a-Phenylbutyrylguanidine;

PEAL: Phenylethylacetylurea;
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TABLE 12

APl Mig. Phenobarbital Sodium, USE Grade P, C-1v:,
Stopper Used 20 mm Igloo Bromobutyl Lyophilization
Rubber stopper Flip Off Seals: 20 mm Red Plastic
top flip off with Aluminum I, Lot#224203
Configuration Inverted Stability 25° C..

60% RH (RT) & 40° C., 75% RH (ACC)

26
TABLE 12-continued

A1 Mlg. Fhenobarbital Sodiim, USE Grade F, C-1vz,
Stopper Used 20 mm Igloo Bromobutyl Lyophilization
Rubber stopper Flip Off Seals: 20 mm Red Plastic
top flip off with Aluminum Seal, Lot#224203
Configuration Inverted Stability 25° C.,

60% RH (RT) & 40° C.. 75% RH (ACC)

10

Initial 3 Months Initial 3 Months

DOA: DOA: Sep. 4, 2020 DOA: DOA: Sep. 4. 2020
Test Spee. Jun. 5, 2020 RT ACC Test Spec. Jun. 5, 2020 RT ACC
Tiacsrintinn wit » wrn» w1 B wi » Trtal WAAT 1 K0 T fne nns
Ay NVLL T "L wuo wwa TS
unspecified 25 BQL: Below Quantitation Limit (0.05%)
degradation 2EPMM: 2-Ethyl-2- ic byl
product PBG: a-Phenylbutyrylguamidine;
@RRT 0,37 PEAU: Phenylethylacetylurea

TABLE 13

Product Name Phenobarbital Sodium for Injection USP, 200 mg/vial (Phenobarbital Sodium
and 9% Saline/vial) Batch#NPH2031B Fill Volum 1 mL Date Manufactured: Jun. 3, 2020
Vial Make 10 mL Tubular Serum Bottle clear Date Initiated: Jun. 9, 2020

Initial 3 Months 6 Months 12 months
DOA: DOA: Sep. 4, 2020 _DOA: Dec. 11, 2020 DOA: 11 Apr. 2022

Test Spee.  Junm 5,200  RT ACC RT Acc RT
Description WLP WLP WLP WLP WLP WLP WLP
Appearance ces ccs CCs ces ces ccs CCs
pH (20 mg/mL) 9.2-10.2 9.8 95 9.5 9.6 9.6 9.3
% Assay 90,0-105.0 103.3 102.8 103.6 104.0 103.7 99.9
Phenobarbital Sodium

Related Substances NMT 0.2% BQL ND ND ND ND ND
(% Area)

2EPMM

PBG NMT 0.2% ND ND ND ND ND ND
PEAU NMT 0.2% BQL BQL BQL BOQL 0.05 (BQL)
Any unspecified NMT 0.2% BQL 0,06 0,05 0.06 0.05 (BQL)
degradation product

@RRT 0.37

Total degradation NMT 1.5% BQL 0.06 005 006 0,10 BQL

L s Lyupaes s,
CCS; Clear Colorless Soll
ND: Not Detected;

NMT: Nat More Than;
BQL: Below Quantitation Limit (0.05%)

JEPMM: 2-Ethyl-2-Phenylmalonamide, monohydrate;
PBG: a-Phenylbutyrylguanidine;

PEAU: Phenylethylacetylurea

on, | minute after reconstitution;
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TABLE 14

Phenobarbital Sodium for Injection, USP, 200 mg/vial in Water or Sodium
Chloride - Osmolality, Panticulate Matter and Assay for Sodium Chloride.

Assay of Sodium

Osmolality® Particulate Matter Chlonde

(mOsmol/Kg)  (By Light Obscuration method}  (titrimetric; Ref

(Specification: Ref: USP<788> USP monograph

To be reported) =10 uM =25 M for Sodium

Reconstitution  Specification:  Specification: Chloride Injection

in 10 mL (NMT 6000 (NMT 600 Specification:

Batch No (20 mg/mL)  particles/vial)  particles/vial  (95.0%-105.0%)
0.9% Sodium Chloride 270 NAa NA NA

Iyophilization parameters used for the 65 mg/vial, 100 23
mg/vial, 130 mg/vial and 200 mg/vial are disclosed in Table

15.
LyUPAIIGII Ay LI s
Lyophilization Cycle 1* Lyophilization Cycle 2**
Condenser Hold  Condenser Hold
set point  Vacuum Temperature Time  set point Vacuum Temperature Time
Section Phase G [mTorr] s [mm] e [mTorr] C [mm]
1 Loading off 5 n.a, off -5 na
2 Freezing off -5 5 off =5 10
3 Freezing off =50 60 off =52 120
(Ramp)
4 Freezing off =10 30 off =52 180
(Hold)
5  Freezing off =50 120 Ba. n.a. n.a.
6 Evacuation =50 75 =50 30 -60 50 -45 30
7  Primary 75 =50 400 50 =42 100
drying {Hold) (Ramp)
8 Primary 75 -45 350 50 -42 1120
drying (Hold} (Hold)
9 Primary 75 =43 300 na. I.a. n.a.
drying (Hold)
10 Primary 75 =35 250 n.a. n.a. n.a.
drying (Hold)
11 Primary 75 =20 60 i, it na.
drying (Hold)
12 Primary 75 0 120 na. n.a. na.
drving (Hold)
13 secondary 75 50 120 50 35 100
drying (Hold) (Ramp)
14 secondary 75 25 120 30 35 420
drying (Hold) (Hold)

Lyophilization Cyele 1% 65 mg/vial, 130 mg/vial and 100 mgiial samples disclosed in Tables 1, 2, 3, 16 and 17

Lyophilization Cycle 2**: NPH2021A (200 mg/vial Phenobarbstal Sodium) and NFH2021B (200 mg/vial in Phepobarbital Sodium and 90
mgvial Sodium Chloride, NPH2020 (65 mg/vial) and NPH2021 (130 mg/vial)
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Six months stability data for Phenobarbital Sodium for
Injection USP, 100 mg/vial is included in Table 16.

30

TABLE 16

Product Name Phenobarbital Sodium for Injection USP, 100 mg/vial Batch#NPH1980 Fill Volume: 1.0 mL Date Manufactured: Sep. 25, 2019
Vial Make 5 mL Clear Untreated 5 mL Clear Treated Date Initiated: Sep. 30, 2019
API Mfg. Phenobarbital Sodium, USP Grade P. C-IV:, Re test Date:
Stopper Used 13 mm Grey Bromobutyl 2 leg Lyophilization Rubber stopper Flip Off Seals: 13 mm Red Plastic top flip off with Aluminum Seal
Configuration Inverted Stability 25° €., 60% RH (RT) & 40° C., 75% RH (ACC)

1 Month 3 Months 4 Months
DOA: Oct, 31, 2019 DOA: Jan. 10. 2020 DOA: Apr. 8, 2020

DOA: Sep. 27, 2019 RT ACC RT ACC RT ACC
Test Spec. uT T uT T ur T ur T uT T ur T uTt T
Vo ASSAY WM LUONT YD VLD OYED  YYN WWU LUUE WML YW WU YO WAL B MiE YO
Phenobarbital
Sodium
% Impurity NMT 0.2% ND ND ND ND ND ND BQL BQL BQL BQL ND ND ND ND

ATDAAL

TABLE 17

Phenobarbital Sodium for Injection,
USP, 100 meg/vial Formulation Details.

NPH1980 (Bulk Selution at 100
mg - mL Phenobarbital Sodium)
Compounding at 2-8°
Fill Vol 1.0 mL

Dilucnts that can be used: Water for Injection, 0.9% Saline or 5% Dextrose
Proposed Recomstitution Volume: 5 mlL

Representative chromatograms and/or corresponding cal-
culations are shown in FIGS. 2A-2H, 3A-3L, 4A-4L, and
Tables 2 and 3.

The results for further extended stability studies are
presented below in which commercially available pheno-
barbital sodium, USP Grade P was dissolved in water to
produce an aqueous solution having a pH of between 9.2 and
10.2, and in which the aqueous solution was then filled into
Iyophilization vials in an amount of between 65 mg per vial
and 200 mg per vial at a maximum concentration of phe-

40

w
o

&

o
)

nobarbital of 100 mg/ml. Lyophilization was performed as
in Table 15 noted above. Stability studies were then per-
formed at standard conditions (RT: 25° C., 60% relative
humidity) and accelerated conditions (ACC: 40° C., 75%
relative humidity) for a period of up to 37 months.

After the storage conditions indicated in the tables below,
the lyophilized product was then dissolved in water (or

auu pusLyISuLy
unspecified degradation products. Remarkably, and as can
be seen from the data below. the lyophilized amorphous
phenobarbital had a storage stability at 25° C. and 60%
relative humidity for up to and beyond three years and did
readily dissolve upon reconstitution,

Table 18 depicts exemplary results for 65 mg per vial
phenobarbital sodium stored at standard and accelerated
conditions where under all tested conditions 2EPMM, PBG,
and PEAU remained undetectable or below quantitation
limit (0.05%). Likewise, unspecified degradation products
and total degradation products remained below quantitation
limit (0.05%).

LALELYIEa (1 LIS )y ad WELL an uuiel
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TABLE 18

32

St

(65 1 ial, up to 24 months)
Product Name Phenobarbital S m for Injection USP, 65 mg/vial Bateh#NPH2020
Fill Volume: 1.05 mL Date Manufacture
Vial Make 2 mL Fiolax Clear Blow Back Vial Date Initiated: Feb. 14, 2020
API Mfg. Phenobarbital Sodium, USP Grade P, C-IV:
opper Used 13 mm Grey Bromobutyl 2 leg Lyophilization Rubber stopper Flip Off Seals:
13 mm Red Plastic top flip off with Aluminum Seal

Configuration Inverted Stability 25° C.. 60% RH (RT) & 40° C.. 75% RH (ACC)

1 Month 3 Months 6 Months 24 Month
Tnitial DOA: DOA: DOA: DOA:
DOA: Mar. 23, 2020 May 20, 2020 Sep. 4. 2020 18 Mar. 2022
Test Spec. Feb, 18,2020 RT ACC RT ACC RT ACC RT
Phenobarbital Sodium
Related Substances NMT 0.2% BQL ND ND ND ND ND ND ND
2EPMM
PR NMT (2% N NI ND N NTY ND Ny ND
B T Tt S U S S S e —
Water Content by Karl NMT 3.0% 0.7 09 13 14 15 1.6 21 1.8
Fischer
Note Book Reference 192039- 19204523 192045-135 192051-84 192099-157,
150 to 158 to 45 to 151 to 122 159, 167, 170

DOA: Date of Analysis;

WLP: White Lyophilized Powder;
€CS: Clear Colorless Solution, 1 minute after reconstitution;

ND: Not Detected;
NMT: Not More Than;
BQL: Below Quantitation

Limit (0.05%)

2EPMM: 2-Ethyl-2-Phenylmalonamide, monohydrate;

PBG: a-Phenylbutyrylguar

nidine;

PEAU: Phenylcthylacetylurcs;

Table 19 depicts exemplary results for 65 mg per vial
phenobarbital sodium stored at standard and accelerated

conditions where

under all tested conditions 2EPMM, PBG,

40

and PEAU remained undetectable or below quantitation
limit (0.05%). Likewise, unspecified degradation products
and total degradation products remained below quantitation
Timit (0.05%) or harelv above anantitation limit.
e ape n Ave L A n e n na
Description ‘White to + + + + + + + +

almost

white

Iyophilized

powder
Appearatice ces ces ces ces ces ces ces ces
pH (65 mg/mL) 9.2-10.2 9.8 100 10.1 9.6 9.6 9.7 9.8
% Assay 90,0W%- 99.1 98.4 99.1 98.7 97.4 100.0 99.3 96.0
Phenobarbital 105.0%
Sodium
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TABLE 19-continued

(65 mgfvial, up to 37 months)
Product Name Phenobarbital Sodium for Injection USP, 65 mg/vial Batch#NPH1%07 Date Manufactured: Feb. 21, 2019
/ial Make 2 mL Fiolax Clear Blow Back Vial Date Initiated: Feb. 25, 2019
API Mfg. Phenobarbital Sodium, USP Grade P, C-IV:
Stopper Used 13 mm Grey Bromobutyl 2 leg Lyophilization Rubber stopper
Flip Off Seals: 13 mm Red Plastic top flip off with Aluminum Seal
Configuration Inverted Stability 25° C. = 2° C.. 60% RH = 5% (RT) & 40° C.. £ 2° C.. 75% RH = 5% (ACC)

15 Months
Initial 1 Month 3 Months 6 Months DOA: 37
DOA: DOA: Mar, 28, 2019 DOA: May 24, 2019 _DOA: Aug . 28, 2019 Jun. 12, 2020 Months
Test Spec.  Feb. 25, 2019 RT ACC RT ACC RT ACC *RT #ERT
Related Substances  NMT 0.2% ND ND ND ND ND ND ND ND
2EPMM
PBG NMT 0.2% ND ND ND ND ND ND ND ND
PEAU NMT 0.2% ND BQL BQL BQL BQL BQL BOL BQL
Any unspecified NMT 0.2% BQL BOL BQL BQL BQL 0.7 0.6 0.04
degradation product
Total degradation NMT 1.5% BQL BQL BQL BQL BQL 0.7 0.6 0.04
products
Water Content by NMT 3.0% 0.8 1.1 1.3 1.6 L7 1.2 23 20

Karl Fischer

WLP: White Lyophilized Powder;

CCS: Clear Colorless Solution, | minute after reconstitution;

NI Not Detected;

NMT: Not More Than;

BQL: Below Quantitation Lirmt (0.05%)

2EPMM: 2-Etiryl-2-Phenylmalonamide, monohydrate:

PBO: a-Phenylbutyrylguanidine;

PEAU: Phenylethylacetyhurca;

*The samples were stored at 30° C. & 2° C. 65% (RH) = 3%:

**The samples were moved from 30° C. = 2° C. 65% (RH) = 3% and stored at 23° C. £ 2° C, 60% (RH) = 5% at 15 month time poim.

Table 20 depicts exemplary results for 100 mg per vial 15
phenobarbital sodium stored at standard and accelerated
conditions where under all tested conditions 2EPMM, PBG,
and PEAU remained undetectable or below quantitation
limit (0.05%). Likewise. unspecified degradation products
and total degradation products remained below quantitation
Timit (0 05%) or harelv abhove anantitation limit

LU M VAL Up 10 U IMOnums j
Product Name Phenobarbital Sodium for Injection USP. 100 mg/vial
Batch#NPH1980 Fill Volume: 1.0 mL Date Manufactured: Sep. 25, 2019
Vial Make SmL Clear Untreated 5 mL Clear Treated Date Initiated: Sep. 30, 2019
API Mfg. Phenobarbital Sodium, USP Grade P, C-IV:

Stopper Used 13 mm Grey Bromobutyl 2 leg Lyophilization Rubber stopper

Flip Off Seals: 13 mm Red Plastic top flip off with Aluminum Seal Lot# NA
Configuration Inverted Stability 25° C.. 60% RH (RT) & 40° C., 75% RH (ACC)

1 Month 3 Months
Initial DOA: Oct. 31, 2019 DOA: Jan. 10, 2020

DOA: Sep. 27, 2019 RT ACC RT ACC
Test Spec. uT T ur T ur T ur T uT T
% Impurity NMT 0,2% ND ND ND ND ND ND BQL BQL BQL BQL
2EPMM
PBG NMT 0.2% ND ND ND ND ND ND ND ND ND ND
PEAU NMT 0.2% BQLL.  BQL ND ND BQL BQL BQL BQL BQL BQL
Any unspecified NMT 0.2% .03 0.06 0.05 005 0.05 0.05 BQL BQL BQL BQL
degradation product
(@RRT0.37
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TABLE 20-continued

(100 mg/vial, up to 30 months)
Product Name Phenobarbital Sodium for Injection USP, 100 mg/vial
Batch#NPH1980 Fill Volume: 1.0 mL Date Mamufactured: Sep. 25, 2019

DOA: Api 0 DOA: 18 Mar. 2022
RT ACC RT
Test Spec, uT T ur oy uT T
Description WLP WLP WLP WLP WLP WLP WLP
Annearance ces Ces or8 008 00s ces [aa
- Note Book Reference 192045-46 192039-
to 83 157, 159, 167, 170157,

139, 167, 170

DOA: Date of Analysis:
WLP: White Lyophilized Powder;
CCS: Clear Colorless Solution, 1 minute after reconstitution;

BQL: Below Quantitation Limat (0.05%)

2EPMM: 2-Ethyl-2-Phenylmalonamide, monohydrate;
PBG: a-Phenylbutyrylguanidine;

PEAL: Phenylethylacetylurea

Table 21 depicts exemplary results for 130 mg per vial
phenobarbital sodium stored at standard and accelerated 4
conditions where under all tested conditions 2EPMM, PBG.

BRSPS T (R S S, s

AL YL FHGHMUBLUIGG QUL LaE LIS T LY.
Stopper Used 13 mm Grey Bromobutyl 2 leg Lyophilization Rubber stopper
Flip Off Seals: 13 mm Red Plastic top flip off with Aluminum Seal
Configuration Inverted Stability 25° C. = 2° C., 60% RH = 5% (RT) & 40° C., = 2° C,, 75% RH = 5% (ACC)

liest Spec. DOA: Feb. 2¥, 2019 KI ACC R1 ACC
Description WLP WLP WLP WLP wWLP WLP
Appearance ccs ccs cCs cCs ccs ccs
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{130 mg/vial, up to 37 months)
Product Name Phenobarbital Sodium for Injection USP, 130
mg/vial Batch#NPH1912 Date Manufactured: Feb, 23, 2019

Configuration Inverted Stability 25° C. & 2° C., 60% RH + 5% (RT) & 40° C., = 2° €., 75% RH = 5% (ACC)

pH (100 mg/mL})

% Assay
Phenobarbital Sodium

Related Substances
2EPMM

PBG
PEAU

Any unspecified
degradation preduct

Total Degradation products

Water Content by Karl
Fischer

9.2-10.2

90,0%-103,0%

NMT 0.2%

NMT 0.2%

NMT 0.2%

NMT 0.2%

NMT 1.5%

NMT 4.0%

9.8

98.3

ND

ND

ND

0.6

10.0

97.1

ND

ND

BQL

BQL

BQL

9.9

98.3

ND

NI

BQL

BQL

BQL

2020 DO:\-: I-S;-:

9.8

100,1

ND

ND

BQL

BQL

BQL

9.8

979

ND

2022

Test Spec. RT ACC RT RT
Description WLP WLP WLP WLP WLP
Appearance ccs ccs cCs ccs ccs
PH (100 mg/mL}) 9.2-10.2 9.8 9.8 10.0 9.8
EPMM o o B B o
PRG NMT 0.2% ND ND ND ND
Ay unsprunau riva vesw ingis . g g
degradation product
Total Degmdation products NMT 1.5% BQL 0.05 BQL BQL
Water Content by Karl NMT 4.0% 19 14 1.4 i
Fischer

Note Book Reference 192031- 192051-2 192099

DL BEIOW WHSHEHON LT

uuave)

2EPMM; 2-Etiyl-2-Phenylmalonamide. monohydrate;

PBG: a-Phenylbutyrylguanidine;
PEAL: Phenylethylacetylurea

38
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and total degradation products remained below quantitation

limit (0.05%).

TABLE 22

(130 mg/vial, up to 24 months)

Product Name Phenobarbital Sodium for Injection USP, 130 mg/vial
Barch#NPH2021 Fill Volume: 1.05 mL Date Manufactured: Jan, 20, 2020
Vial Make 2 mL Fiolax Clear Blow Back Vial Date Initiated: 14, 2020

API Mfg. Phenobarbital Sodium, USP Grade P, C-
Stopper Used 13 mm Grey Bromobutyl 2 leg Lyophilization Rubber stopper
Flip Off Seals: 13 mm Red Plastic top fip off with Aluminum Seal

Configuration Inverted Stability 25° C.. 60% RH (RT) & 40° C., 75% RH (ACC)

I Month 3 Months 6 Months 24 Months
Initial DOA: DOA: DOA: DOA:
BOA: Mar, 23, 2020 _May 20. 2020 _Sep. 4, 2020 18 Mar. 2022
Test Spec. Feb. 18, 2020 RT ACC RT ACC  RT  ACC RT
Phenobarbital Sodium
Related Substances NMT 0.2% BQL ND ND ND ND ND ND ND
2EPMM
PRG NMT 0.2% ND ND ND NIy ND ND ND ND
Water Comtent by Karl  NMT 4.0% o7 07 0 o9 L1 10 13 vy
Fischer
Note Book Reference 192039-150 192045- 23 192045-135 192051-84 192099-
to 158 to 45 to 151 to 122 157, 159, 167, 170

DOA; Date of Analysis;

WLP: White Lyophilized Powder:

CCS: Clear Colorless Solation, | minute after reconstitution;
NI Not Detected;
NMT: Not More Thy
BQL: Below Quantitation Limat (0.05%)

JEPMM: 2-Etliyl-2-Phenylmialonamide, mionohydrate:
PBG: a-Phenylbutyrylguanidine;

PEAU: Phenylethylacetylurea;

Table 22 depicts exemplary results for 200 mg per vial
phenobarbital sodium stored at standard and accelerated 4
conditions where under all tested conditions 2EPMM, PBG.

g e o e e e

TABLE 22

Stopper Used 20 mm Igloa Bromobutyl Lyophilization Rubber stopper

(200 me/vial. un ta 22 monthe)

AARL RS EUSHULRLUIGE QUUILILL, WOT WUIEIE LY.
Off Seals: 20 mum Red Plastic top flip off with Aluminum Seal
Configuration Inverted Stability 25° C.. 60% RH (RT) & 40° C., 75% RH (ACC)

3 Months 6 months 11 mouths
Initial DOA: Sep. 4, 2020 _ DOA: Dec. 11, 2020 DOA: 11 Apr. 2022
Test Spec. DOA: Jun. §, 2020 RT ACC RT ACC RT
Description WLP WLP WLP WLP WwLP WLP WLP
Appearance ces cCs cCs cCcs ces ces ccs
pH (20 mg/mL) 9.2-10.2 9.9 9.6 87 L) o7 9.5
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TABLE 22-continued

(200 megfvial, up to 22 months)
Product Name Phenobay Sodium for Injection USP, 200 mg/vial
Bateh#NPH2031A Fill Volume: 2.1 mL Date Manufactured: Jun. 3, 2020
Vial Make 10 mL Tubular Serum Bottle clear Date Initiated: Jun. 9, 2020
API Mfg. Phenobarbital Sodium, USP Grade P, C-IV:
Stopper Used 20 mm Igloo Bromobutyl Lyophilization Rubber stopper Flip Off Seals: 20 mm Red Plastic top flip off with Aluminum Seal
Configuration Inverted Stability 25° C.. 60% RH (RT) & 40° C., 75% RH (ACC)

3 Months 6 months L1 mouths
Initial DOA: Sep. 4. 2020 _DOA: Dec. 11, 2020 DOA: 11 Apr. 2022

WLP: White Lyophilized Powder;

CCS: Clear Colorless Solution, | minute after reconstitution;
NI Not Detected;

NMT: Not More Than;

BQL: Below Quantitation Lirmt (0.05%)

2EPMM: 2-Etiryl-2-Phenylmalonamide, monohydrate:

PBG: a-Phenylbutyrylguanidine;

PEAL: Phenylethylacetyhurca

PUSHUUALLIMAL DPULLILLUL DIWVISA Al DALV Al AA-SITLateul
conditions where under all tested conditions 2EPMM, PBG.
and PEAU remained undetectable or below quantitation
limit (0.05%). Likewise, unspecified degradation products
and total degradation products remained near or below
quantitation limit (0.05%). In contrast to Table 22, this
formulation was filled into the vial using a 9% saline 4
solution. The final concentration of the saline after recon-
stitution in 10 mL of water for injection will be 0.9%.

e
by

TABLE 23

(200 mg/vial, up 10 12 months)
Product Name Phenobarbital Sodium for Injection USP, 200 mg/vial (Phenobarbital Sodium
and 9% Saline/vial) Batch#NPH2031B Fill Volume: 2.1 mL Date Manufactured: Jun. 3, 2020

3 Months 6 Months 12 months
Initial DOA: Sep. 4, 2020 _DOA: Dec. 11, 2020  DOA: 11 Apr. 2022
PEAU NMT 0.2% BQL BQL BQL BQL 0.05 (BQL)
Any unspecified NMT 0,2% BQL 0.06 0.05 0.06 0.05 (BQL)
degradation product @RRT 0.37
Total degradation products NMT 1.5% BQL 0.06 0.05 0.06 0.10 BQL
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TABLE 23-continued

(200 meg/vial, up to 12 months)

Product Name Phenobarbital Sodi

for Injection USP, 200 mg/vial (Phenobarbital Sodium

and 9% Saline/vial) Batch#NPH2031B Fill Volume: 2.1 mL Date Manufactured: Jun. 3, 2020

Vial Make 10 mL Tubular Serum Bottle clear Date

ated: Jun. 9, 2020

API Mfg. Phenobarbital Solution, USP Grade P, C-IV:
Stopper Used 20 mm Igloo Bromobutyl Lyophilization Rubber stopper Flip Off Seals: 20 mm Red Plastic top flip off with Aluminum Seal
Configuration Inverted Stability 25° C.. 60% RH (RT) & 40° C., 75% RH (ACC)

3 Months
DOA: Sep. 4, 2020

Initial

6 Months
DOA: Dec. 11, 2020

12 months
DOA: 11 Apr. 2022

de, monohydrate;

N
s

To further investigate if the nature of the reconstitution
solution would have an adverse effect on stability after

e e gy e

ments, the inventors used 130 mg of lyophilized amorphous
phenobarbital in a vial and dissolved the lyophilized mate-
rial with 0.9% or 5% dextrose or water to a final concen-
tration of 20 mg/ml. The so reconstituted solutions were then
kept under refrigeration (2-8° C.) or at standard conditions
(25° C.) for the indicated times in the tables below. The

S

e
by

nylmalonamide (2EPMM), alpha-phenylbutyrylguanidine
(PBG), and phenylethylacetylurea (PEAU), as well as other

Table 24 depicts exemplary results for 65 mg per vial
phenobarbital sodium reconstituted with 5% dextrose to 1
mg/ml that was stored under refrigeration or at standard
conditions. Under all tested conditions 2EPMM. PBG. and
PEAU remained undetectable or below quantitation limit
(0.05%). Likewise, unspecified degradation products and

(65 mg/vial, reconstituted to 1 mg/ml in 5% dextrose, up to 24 hrs)
Admixture Study of Phenobarbital Sodium for Injection USP. 65 mg/vial (NPB2020) (1 mg/mL dilution in 5% Dextrose)

Time
1 br 25 hr 4 lws 6 hrs 9 hrs 24 hrs
28 28 28 2-8 28 2.8
Initial 5 RT € RT C RT Ci RT Lo RT c. RT

Specifications Tests

NMT0.2% (% Area) 2EPMM

PEG PBG ND ND XD ND
NMT0.2%

PEAU PEAU ND ND BQL BQL
PrOsIUCT [T SRTRC

Any unspecified 0.01 0.01 001 0,01
degradation product
@ RRT 0.37

NMT 0.2%

Page 79

ND ND ND ND ND ND ND ND ND

BQL ND BQL BQL ND BQL BQL BQL BQL

0.01 0.01 0.02 001 0.02 0.01 0.03 0.02 0.05
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TABLE 24-continued

46

(65 mg/vial, reconstituted to 1 mg/ml in 3% dextrose, up to 24 hrs)

Admixture Study of Phenobarbital Sodium for Injection L mg/vial (NPB2020) {1

Time
1 hr 2.5 hr 4 hrs 6 hrs 9 hrs 24 hrs
1w ue ULy VI g
NMT 1.5% Total degradation BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 0.08
products
OO Clear calorleee enhitian:
2 ide monohyd
PBG: Phenylbutyrylguanidine;
PEAU! Phenylethylacetylurea
HIZ/HL Wl WS SLOMed. UNUer FErgerauon or au stanaard.
conditions. Under all tested conditions 2EPMM, PBG, and
PEAU remained undetectable or below quantitation limit
(0.05%). Likewise, unspecified degradation products and
total degradation products remained near or below quanti-
tation limit (0.05%).
TABLE 25
(65 mg/vial, reconstituted to 1 mg/ml in 0.9% saline, up to 24 hrs)
Admixture study of Phenobarbital Sodium for Injection
USP. 65 mg/vial (NPH2020) (1 mg/mL) dilution in 0.9% Saline)
Time
1 hr 2.5 hrs 4 hrs 6 hrs 9 hrs 24 hrs
2.8 2.8 28 28 2.8 2-8

Specifications Test Initial C. RT L 42 RT s RT (#3 RT of RT C. RT
Complies Description ccs CCs CCs CCs CCS CCS CCs CCs CCs CCs CCs ccs cCs
pH pH (1 mg/mL 9.0 LR 89 9.0 9.0 B9 8.9 B9 B9 87 8.8 8.3 B4
To be reported dilution)
Assay Assay of 958 96 943 954 0936 0955 952 958 939 046 964 95.2 953
90%-105% Phenobarbital

Sodium
2EPMM Related Substances ND ND ND ND ND ND BQL ND ND ND BQL ND BQL
NMT 0.2% (% Area) 2EPMM
PBG PBG ND ND ND ND ND ND ND ND ND ND ND ND ND

PEAU BQL ND BQL BQL BQL BQL BQL BQL ND BQL BQL BQL BQL

Any unspecitied 0.0z 002 003 0oz 003 002 004 002 004 Q03 005 003 0.1

degradation product

@ RRT 0.037
NMT Total degradation BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 005 BQL 0.1
1.5% products
Osmolality Osmolality 288 NP NP NP NP NP NP NP NP NP NP 286 287
To be reported (mOsmol/Kg)

Clear colorless solution;

N ot detected;

BQL: Below Quantitation limit;

NP: Not performed:

2EPMM: 2-ethylphenylnzl de monohydrate;
PBG: Phenylbutyrylguanidine;

PEALL Phenylethylacetylurea

BQL: Below Quantitation limit (0.05%)
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Table 26 depicts exemplary results for 130 mg per vial PEAU remained undetectable or below quantitation limit
Appearance cCs ccs CCS ccs cCs cCs cCs
pH (20 mg/mL dilution) 9.4 9.4 0.3 94 9.3 2.4 9.4

170 SALTH) £V

PBG ND ND ND ND ND ND ND
PEAU BQL BQL BQL BQL BQL BQL BQL
Jnar uegiauauun g v e T v v oy
products
Osmolality (mOsmol/Kg) 418 NP NP NP NP NP NP
Time
6 hrs 9.5 lus 24 hrs
Tests 2:8C. RT 28 C. RT B C. RT
Appearance cCs ccs CCs CcCs ccs ccs
pH (20 mg/mL dilution) v4 94 94 92 94 a3
Asgay of Phenobarbital 103.4 1029 99,5 103.3 103.3 101.3
Sodium
Related Substances ND BQL ND BOQL ND BQL
(% Area) 2EPMM
PBG ND ND ND ND ND ND
PEAU BQL BQL BQL BQL BQL BQL
Any unspecified 0.03 0.09 003 0.13 0.04 0.24

degradation product
@ RRT 0.37

Total degradation 0,03 0.09 0.03 0.13 0.04 0.24
products
Osmalality (mOsmol/Kg) NP NP 420 418 417 419

C Clear colorless solution;

ND: Not detected;

BOL: Below Quantitation limit;

NP: Not performed:

2EPMM: 2-ethylphenylmalonamide monohydrate;
PBG: Phenylbutyrylguanidine;

PEAL: Phenylethylacetylurea

80 Table 27 depicts exemplary results for 130 mg per vial

phenobarbital sodium reconstituted with 5% dextrose to 20
mg/ml that was stored under refrigeration or at standard
conditions. Under all tested conditions 2EPMM, PBG. and
PEAU remained undetectable or below quantitation limit
(0.05%). Likewise, unspecified degradation products and
total degradation products remained near or below quanti-
tation limit (0.05%).

o
)

Sun Ex. 1002



Page 82

US 11,878,076 B2

49
TABLE 27

(130 mg/vial, reconstituted to 20 mg/ml in 5% saline, up to 24 hrs)

Admixture study of Phenobarbi

odium for Injection TSP,

130 mg/vial (NPH2030) (20 mg/mL dilution In 5% Dextrose)

Til

me
30 min 90 min 4 hrs
AL S IR GO o > 2 Zor Zor ner e
Assay of Phenobarbital 101 102 100 101,35 102 1009 101.1
Sodium
Related Substances (% Area) ND ND ND ND ND ND BQL
2EPMM
PBG ND ND ND ND ND ND ND
PEAU BQL  BQL  BQL BQL BQL BQL BQL
Any unspecified 0.02 0.02 0.03 0.03 0.0 0.03 0.06
degradation product
@ RRT 0.37
Total degradation products 0.02 0.02 0.03 0.03 0.04 0,03 0.06
Osmolality (mOsmol/Kg) 3719 NP NP NP NP NP NP
Time
6 hrs 9.5 hrs 14 hrs
@ RRT 037
Total degradation products 0.03 0.08 0.03 0.11 0.04 0.19
Osmolality (mOsmol/Kg) NP NP 379 380 377 379
CCS8: Clear colorless solution;
ND: Not detected;
BQL: Below Quantitation limit;
NP: Not performed;
2EPMM: 2-cthy de hych
PBG: Phenylbutyrylguanidine;
PEAU: Phenylethylacetylurca
AL Wad JMACU LUVCL ISLLRSTIAUUEL VI Al DAl U ULV LIS LY .
Under all tested conditions 2EPMM., PBG. and PEAU
remained undetectable or below quantitation limit (0.05%).
Likewise, unspecified degradation products and total deg- so0
radation products remained near or below quantitation limit
(0.05%).
TABLE 28
(130 mg/vial, reconstituted to 20 mg/ml in water, up to 24 hrs)
Admixture study of Phenobarbital Sodium for Injection USP, 130 mg/vial (NPH2030)
(20 mg/mL dilution In Water)
Time
2 hrs 4 hrs 24 hrs
Tests Tnitial 2-8C. RT 2-8C RT 2-8C. RT
Appearance cCs cCs cCs CCs CcCs cCs
pH (20 mg/mL dilution) 9.5 9.5 9.6 9.6 9.6 9.5
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TABLE 28-continued

(130 mg/vial, reconstituted to 20 mg/ml in water, up to 24 hrs)
Admixture study of Phenobarbital Sodium for Injection USP, 130 mg/vial (NPH2030)

(20 mg/mlL dilution In Water)

Time

2 hrs 4 hrs 24 hrs
Tests Initial 28 C. RT 28C RT 28C, RT
Assay of Phenobarbital Sodium 99.8 102.1 100.8 1017 101.2 100.4 100.3
Related Substances (% Area) ND ND ND ND ND ND BQL
2EPMM
PBG ND ND ND ND ND ND ND
PEAU BQL BQL BQL BQL BQL BQL BQL
Any unspecified degradation 0.02 0.02 0.04 0.02 0.06 0.04 0.18
product @ RRT 0.37
Total degradation products 0.02 0.02 0.04 0.02 0.06 0.04 0.18
Osmolality mOsmol/Kg 158 NP NP NP NP 159 158

CCS: Clear colourless sol
ND: Not detected;

BQL: Below Quantitation limit;

NP: Not performed;
2EPMM: 2 4 hydrate;
PBG: Phenylbutyrylguamdine;
PEAU: Phenylethylacetylurea

In further experiments, the inventors investigated if stable 30 even higher. For example. and as shown in more detail
et mm e e n e e en o e e o e e e e et e e e e e <o e e
the inventors tested isopropanol, tert-butanol. ethanol, and 35 used in the lyophilization and stability experiments. Two
acetonitrile as co-solvents. Most typically, the co-solvent(s) formulations were prepared for each strength (65 mg and
will be present in an amount of at least 1.0%, or at least 130 mg), one with 5% Isopropanol and the other with 5%
1.5%, or at least 2.0%, or at least 2.5%, or at least 3.0%, or Tertiary Butanol, and other co-solvents (here acetonitrile
at least 3.5%, or at least 4.0%, or at least 4.5%, or at least 40 and ethanol) were also evaluated. The organic solvent was
5.0%, or at least 5.5%, or at least 6.0%, or at least 7.0%, or added after the Phenobarbital Sodium was dissolved in
al least 8.0%, or at least 9.0%. or at least 10%, or at least water, mixed well and adjusted to final volume with water.
25%, or at least 50%. or at least 75%. Therefore. suitable Later the bulk solution is filled in vials and Ivophilized using

Bulk CAS Total volume
Ingredients Solution  Number Concentration in mL (50 mL)
Phenobarbital 65 mg/mL NA 6573 mg (~65 mg 3.287 g
Sodium, USP C-1V Phenobarbital Sodium
after LOD correction)
130 mg/mL 131.469 mg (~130 mg 6.573 g

I

DI Water/Water for N/A

Injection

W e e g s wn e gr

QS.to 1 mL
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TABLE 30-continued

o riveemy v -u ou
Phenobarbital 130 mg/mL 1338 g 1338 g 6 Evacuation 30 —~30 75
Sodium 10 7 Primary dryi S
ry drying 400 =50 75
Ethanol — S al
1BEEd Qs v 8 Primary drying 350 a5 75
s 15 12 Primary drying 120 0 75
Dipiter 13 Secondary drying 120 50 75
14 Secondary drying 120 25 75
TABLE 30 . . . .
5o lable 31 depicts results for 65 mg and 130 mg per vial
Lyvophilization protocol phenobarbital sodium (from a bulk solution containing 5%
Hold Thug: TempestuE  VAEwiG tert-butanol) stored at slanfiz_ard anq acce]emtel_:i cond]t‘mus
Section  Phase [mm] ol [mTorr] where under all tested conditions 2EPMM, PBG. and PEAU
3 . = remained undetectable or below quantitation limit (0.05%).
- (5} . N 7y .
2 _5 off 25 Likewise, unspecified degradation products :md total deg-
3 Freezing -50 off radation produets remained near or below quantitation limit
(0.05%).
TABLE 31
(65/130 mg/vial, 3% tert-butanol, up to 3 months)
Product Name Phenobarbital Sodium for Injection, USP Lyophilized Powder. Bulk solution
prepared in 5% Tertiary Butanol Date Manufactured: Feb. 21, 2019 Date Initiated: Sep. 5. 2019
Configuration Inverted Stability 25° C., 60% RH (RT) & 40° C.. 75% RH (ACC)
Test Spec. DOA: Sep. 7, 2019 RT ACC DOA: Dec. 20, 2019 RT ACC
Description WLP WLP WLP WLP WLP WLP WLP
Appearance ccs ces ces (oo} ces ces ccs
pH (65 mg/mL) 9.2-10.2 9.7 97 8.1 9.8 98 9.8
pH (100 mg/mL) for 130
ACIICH SuUsLLIES i vz N v s i s s
2EPMM
PBG NMT 0,2% ND ND ND ND ND ND
PEAU NMT 0.2% BOL BOL BQL BOL BQL BQL
butanol) reported
Note Book Reference 192031-46 192039-9 19203146 192039-9
to 52 to 23 to 52 to 23

LP: White Lyophilized Powder;
CCS: Clear Colorless Solution, 1
DOA: Date of analysis

BNl DEIW AZUBINESUIGI B |

minute after reconstitution;

UATEELH]

JEPMM: 2-Ethyl-2-Phenylmmlonamide, monohydrate;

PBG: o-Phenylbutylguanidine;
PEAL: Phenylethylacetylurea
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Likewise, unspecified degradation products and total deg-
radation products remained near or below quantitation limit
(0.05).
TABLE 32
(65/130 mg/vial, 5% isopropanol, up to 3 months)
Product Name Phenobarbital Sodium for Injection, USP Lyophilized Powder. Bulk solution
prepared in 5% Isopropanol Date Manufactured: Feb. 21, 2019 Date Initiated: Sep. 5, 2019
Configuration Inverted Stability 25° C.. 60% RH (RT) & 40° C.. 75% RH (ACC)
NPHI966 (65 mg/vial) NPHI1968 (130 me/vial)
3 Months 3 Months

Initial DOA: Dec, 20, 2019 Initial DOA: Dec, 29, 2019
70 Amy Pt Lua e we o0 s ery rere wra
Phenobarbital Sodium
Related Substances NMT 0.2% ND ND ND ND ND ND
2EPMM
ve AT 902 LU N wnh EUN T N
A o Uy d o v s . i e o o
% Residual Solvent To be 1.7 0.7 0.7 1.7 14 1.4
(Isopropanol) reported

Note Book Reference 192031-46 192039-9 192031-46 192039-9

tn %2 ta 73 tn 99 23

ZIE_P\IM: 2. Fll‘lyl-l-Pklcrlylln.\lnnnmldc. moenohydrate;

PBG: c-Phenylbutyrylguanidine;
PEALL: Phenylethylacetylurea

SOIULONS CONEAINIME €inanol or acelonirue as co-so1vent (1o

obtain 65 mg/vial. 0.5 mL of the bulk solution was filled in onspecthed degmachtion: ‘praducts and ot depmiistion

the vials and for 130 mg/vial strength, 1 ml of the bulk products also remained undetectable or below quantitation
solution was filled in the vials prior to Ivophilization). For all limit (0.05%).
AU 1 SvsaaT
Acetonitrile:Water Ethanol:Water
65 mg 130 mg 65 mg 130 mg
Fill volume  Fill Volume  Fill volume  Fill Volume
Test Spec. (0.5 mL) (1 mL} (0.5 mL) (1 mL)
Description WLP WLP WLP WLP WLP
Appearance ccs cCs ccs cCs ccs
pH (65 mg/mL) 9.2-10.2 NA NA NA NA
% Assay 90.0%-105.0% 103.6 101.2 100.2 98.3

Phenobarbital Sodium
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TABLE 33-continued

Initial
- NPH22035

Acetonitrile:Water

2EPMM

PBG NMT 0.2% ND ND
PEAU NMT 0.2% BQL BQL
Anv unonasifiad NNAT 1304 NTY NTY

2EPMM; 2-Etiryl-2-Phenylmalonamide, monohydrate;
PBG: a-Phenylbutyrylguanidine;

PEAU: Phenylethylacetylurea

NA: Not available

gy

residual solvents tertiary butanol and isopropanol were not
completely removed after the first cycle of secondary drying.
Tertiary butanol and isopropanol were observed above 0.5%
in the 65 mg and 130 mg strength products. The same vials
were then subjected Lo additional secondary drying at 25° C.
for 30 min and 50° C. for 120 min, and the samples were

Al mrmeirma fe e sansag Rt as Aarees wuissramagy seas

Initial

NPH22834
Formulation in
Ethanol:Water

s
ND
BQL

T

35

&

analyzed for residual solvent after the second cycle of

secondary drying.
After the addmoml secondary drying eteps remdual fert-

b s Ui SMEES LS LR e Seiets U geE o
vents could form a bond in the crystal lattice of phenobar-
bital. However. further process modifications may possibly
result in additional reduction of residual co-solvent, requir-
ing extensive experimentation. Similar formulations were
prepared in organic solvents ethanol and acetonitrile. Here
as well, the residual solvent ethanol was not completely
removed, but further process modifications may possibly

result in additional reduction of residual co-solvent, requir- 3

ing extensive experimentation.

QUL ISUPIUPGIUE WIS USGU a3 WUTSULYGLILS @t o /U L1 oiv
stability data for the formulation with IPA and tert-butanol
indicates that although no known degradation products were
observed above guantitation limit, the residual solvents
could not be removed completely after lyophilization. When
ethanol was used as a co solvent similar results were
observed. In view of the fact that organic solvents are toxic
to all age groups, and in particular to neonates and because

w
=3

L
o

wu

SA-5D, XRPD was periormed unmg the Rigaku Sman Lab

X-ray diffraction system configured for reflection Bragg-
Brentano geometry using a line source X-ray beam. The
X-ray source is a Cu Long Fine Focus tube that was operated
at 40 kV and 44 mA. That source provides an incident beam
profile at the sample that changes from a narrow line at high
angles o a broad rectangle at low angles. Beam conditioning
slits were used on the line X-ray source to ensure that the
maximum beam size is less th'm 10 mm both along the lme

B AP TRNE SR R T v SR R s R F

A AL AU AR A ke AR I L e
of Bragg-Brentano geometry is governed in part by the
diffractometer radius and the width of the receiving slit used.
Typically, the Rigaku Smart-Lab is operated to give peak
widths of 0.1 20 or less. The axial divergence of the X-ray
beam is controlled by 5.0-degree Soller slits in both the
incident and diffracted beam paths. The samples were placed
in a low-background, silicon holder using light manual
pressure to keep the sample surfaces flat and level with the
re]erence surface of the lmlder The mmples were analyzed

LIGLIMEA 10 UL Ve A3 G SHULLLKIIN LIS UL LS ISR, L
vidually to each separate value falling within the range.
Unless otherwise indicated herein, each individual value is
incorporated into the specification as if it were individually
recited herein. All methods described herein can be per-
formed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use
of any and all examples, or exemplary language (e.g., “such
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as™) provided with respect to certain embodiments herein is
AL A A T A e

aa - ra

fore. is not to be restricted except in the scope of the
appended claims. Moreover, in interpreting both the speci-
fication and the claims, all terms should be interpreted in the

e R

refers to at least one of something selected from the group
consisting of A, B. C . . . and N, the text should be
interpreted as requiring only one element from the group,
not A plus N, or B plus N, etc.

What is claimed is:

1. A storage stable pharmaceutical product, comprising:

SOUIULLL, 11 UIC SHIRZIC USC UOse Vidl,

wherein the composition is sterile and lyophilized. and

wherein the composition comprises no less than 98%

phenobarbital sodium,

2. The pharmaceutical product of claim 1. wherein the
composition has the property that when the composition is
stored at 40° C. for 6 months and then reconstituted for
injection with 10 mL of an aqueous solution to form a
reconstituted composition, the reconstituted composition
contains no more than 0.1% PEAU.,

Tuted 10T 1Njection WIth 1V ML 0T an aqueous SoIution 10 Torm
a reconstituted composition, the reconstituted composition
contains no more than 0.05% PEAU.

4. The pharmaceutical product of claim 1. wherein the
composition has the property that when the composition is
stored at 40° C. for 6 months and then reconstituted for
injection with 10 mL of an aqueous solution to form a
reconstituted composition, the reconstituted composition
contains no more than 0.05% of 2-ethyl-2-phenylmalona-
mide (2EPMM) or alpha-phenylbutyrylguanidine (PBG).

5. The pharmaceutical product of claim 1, wherein the
composition is amorphous,

6. The pharmaceutical product of claim 1. wherein the

LULLL 6 1EA VLIS VULLPUSIUIULL LIS EA UL A=
sition contains at most 0.1% phenylethylacetylurea (PEAU),
7. A pharmaceutical product, comprising:
a single use dose vial, and
a composition comprising a 65 mg dose, a 100 mg dose,
a 130 mg dose, or a 200 mg dose of phenobarbital
sodium. in the single use dose vial,
wherein the composition is sterile and lyophilized.

1
w

a5

40

50
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wherein the composition comprises no less than 98%

SUULLAL @1 FUVLIL WLPRLAUI G 101 U LU @ I I
tuted for injection with 10 mL of an aqueous solution to form

a reconstituted composition, the reconstituted composition
rontaing na mare than 0 05% PEATI

mide (2EPMM).

10. The pharmaceutical product of claim 7, wherein the
composition has the property that when the composition is
stored at room temperature for 6 months and then reconsti-
tuted for injection with 10 mL of an aqueous solution to form
a reconstituted composition, the reconstituted composition

composition has the property that when the composition is
stored at room temperature for 6 months and then reconsti-
tuted for injection with 10 mL of an aqueous solution to form
a reconstituted composition, the reconstituted composition
contains no more than 0.05% of 2-ethyl-2-phenylmalona-
mide (2EPMM).

12. The pharmaceutical product of claim 7. wherein the
composition is amorphous.

13. The pharmaceutical product of claim 12, wherein the

a reconstmied comMposition, Me reconsumed Composiion
contains no more than 0.05% of alpha-phenylbutyrylguani-
dine (PBG).

14. The pharmaceutical product of claim 1, wherein the
composition has the property that when the composition is
stored at room temperature for 6 months and then reconsti-
tuted for injection with 10 mL of an agqueous solution to form
a reconstituted composition, the reconstituted composition
contains no more than 0.05% PEAU. and wherein the
reconstituted composition contains no more than 0.05% of
2-ethyl-2-phenylmalonamide (2EPMM) or alpha-phenylbu-
tyrylguanidine (PBG).

15. The pharmaceutical product of claim 14, wherein the

viai.

17. The pharmaceutical product of claim 7, wherein the
product comprises the 100 mg dose in the single use dose
vial.

18. The pharmaceutical product of claim 8. wherein the
composition has the property that when the composition is
stored at room temperature for 6 months and then reconsti-
tuted for injection with 10 mL of an aqueous solution to form
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a reconstituted composition. the reconstituted composition
contains no more than 0.05% of 2-ethyl-2-phenylmalona-
mide (2EPMM).

19. The pharmaceutical product of claim 8, wherein the

ramnacition hac the nranortr that when the comnacition ic <

contains no more than 0.05% of alpha-phenylbutyrylguani-
dine (PBG). 10

20. The pharmaceutical product of claim 8, wherein the
composition is amorphous.

* ¥ ¥ ¥ ok

62
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[ ] An Address is being provided for the correspondence Information of this application.
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[00130] Table 11
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[00131] Table 12
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[00133] Data for Osmolality, Particulate matter and assay for Sodium Chloride is disclosed in
Table 14.
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[00135] Lyophilization parameters used for the 65 mg/vial, 100 mg/vial, 130 mg/vial and 200

mg/vial are disclosed in Table 15.
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[00138] Table 16
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quantitation limit (0.05%).

[00177] Table 33 (65/130 mg/vial, acetonitrile or ethanol as co-solvents)
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Fig. 1A
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Fig. 1C
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Fig. 2A
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Fig. 2B
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Fig. 2C
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Fig. 2D
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Fig. 2E
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Fig. 2F
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Fig. 2G
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Fig. 2H
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Fig. 3A
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Fig. 3B
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Fig. 3C
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Fig. 3D
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Fig. 3F
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Fig. 3F
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Fig. 3G

76

Page 181 Sun Ex. 1002



Fig. 3H
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Fig. 3I
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Fig. 3]
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Fig. 3K
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Fig. 3L
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Fig. 4A
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Fig. 4B
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Fig. 4C
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Fig. 4D
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Fig. 4F
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Fig. 4F
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Fig. 4G
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Fig. 4H
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Fig. 4l
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Fig. 4
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Fig. 4K

92

Page 197 Sun Ex. 1002



Fig. 4L
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Fig. SA
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Fig. 5B
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Fig. 50

U TELT0600 R 4E8T |
{ R TCLIB0Z RX1-24258) |

S fe i y A ARSAG Ve Aanasd b

97

Page 202 Sun Ex. 1002



Page 203 Sun Ex. 1002



Page 204 Sun Ex. 1002



Fig. 1E
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Fig. 2A
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Fig. 2B
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Fig. 2C
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Fig. 2D
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Fig. 2E
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Fig. 2F
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Fig. 2H
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Fig. 3A
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Fig. 4B
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Fig. 4C
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Fig. 4D
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Fig. 4E
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Fig. 4F
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Fig. 5B
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Fig. 5C
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Fig. 5D
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File History Content Report

The following content is missing from the original file history record obtained from the

United States Patent and Trademark Office. No additional information is available.

Document Date -  2023-01-24

Document Title -  Applicant Communication Re: Entity Status Set to Undiscounted
(Initial Default Setting or Status Change)

This page is not part of the officia2 USPTO record. It has been determined that content
identified on this document is missing from the original file history record.
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File History Content Report

The following content is missing from the original file history record obtained from the

United States Patent and Trademark Office. No additional information is available.

Document Date -  2023-02-14

Document Title -  Applicant Communication Re: Verified Statement of Small Entity
Status in Compliance with 37 CFR 1.27

This page is not part of the official USPTO record. It has been determined that content
identified on this document is missing from the original file history record.
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ordinary skill in the artat the time of filing over Parker in view of FDA_7/93.

Conclusion

No claims are allowed.
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o Claim amendments begin on page 2.
e Remarks begin on page 5.

o An Interview Summary is attached to this paper.
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e Remarks begin on page 3.

o 11 Replacement Pages are attached to this paper.
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[00148] Table 20 (100 mg/vial, up to 30 months)
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o Claim amendments begin on page 2.
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Family 1/1

1 record(s) per family

Record 1/1 US11878076B2 Lyophilized compositions of phenobarbital sodium salt

Title: Lyophilized compositions of phenobarbital sodium salt

Title - DWPI: Pharmaceutical product, comprises container enclosing single dose of lyophilized
phenobarbital sodium powder; where phenobarbital sodium powder contains residual quantities of
tert-butanol, isopropanol, ethanol, acetonitrile and phenobarbital sodium powder otherwise does
not contain organic solvent

Priority Number: US62903511P | US17025881A | US17854914A

Priority Date: 2019-09-20 | 2020-09-18 | 2022-06-30

Application Number: US18100804A

Application Date: 2023-01-24

Publication Date: 2024-01-23

IPC Class Table:

IPC Section Class Subclass Class Group Subgroup
A61K000919 A A61 A61K AB1K0009 A61K000919
A61K0031515 A A61 A61K A61K0031 A61K0031515
AB1K004702 A AG1 AB1K AB1K0047 A61K004702

IPC Class Table - DWPI:

IPC - DWPI Section - DWPI Class - DWPI Subclass - DWPI  Class Group - Subgroup - DWPI
DWPI

AB1K0031515 A AB1 AB1K AB61K0031 AB61K0031515

AB1K004702 A A61 AB1K A61K0047 AB61K004702

AB1K000919 A A61 AB1K A61K0009 AB61K000919

Assignee/Applicant: NIVAGEN PHARMACEUTICALS INC.,Sacramento,CA,US
JP F Terms:

JP Fl Codes:

Assignee - Original: NIVAGEN PHARMACEUTICALS INC.

Any CPC Table:
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Type

Current
Current
Current
Current
Original

Original
Original

ECLA:
Abstract:

A composition of, method for producing, and use of an amorphous lyophilized Phenobarbital

Sodium having high purity are presented. The amorphous lyophilized Phenobarbital Sodium is

CPC - Current -
Invention

A61K 9/19
A61K 31/515

AG1K 9/0019

AB1K 47/02

A61K 9/19

ABG1K 31/515
AB1K 47/02

CPC - Current -
Additional

Version

20130101

20130101

20130101

20130101

20130101

20130101
20130101

Office
EP; US
EP; US
EP
us
us

us
us

storage-stable being essentially void of impurities (e.g., phenylethylacetylurea (PEAU), 2-ethyl-2-

phenylmalonamide (2EPMM), and/or alpha-phenylbutyrylguanidine (PBG)) upon reconstitution in

water.

Language of Publication: EN
INPADOC Legal Status Table:

Gazette Date

2024-01-03

Code

STCF

INPADOC Legal Status Impact

Description: INFORMATION ON STATUS: PATENT GRANT PATENTED CASE

2023-12-12

Description: INFORMATION ON STATUS: PATENT APPLICATION AND GRANTING PROCEDURE IN GENERAL

STPP

PUBLICATIONS -- ISSUE FEE PAYMENT VERIFIED

2023-12-05

Description: INFORMATION ON STATUS: PATENT APPLICATION AND GRANTING PROCEDURE IN GENERAL

STPP

PUBLICATIONS -- ISSUE FEE PAYMENT VERIFIED

2023-12-01

Description: INFORMATION ON STATUS: PATENT APPLICATION AND GRANTING PROCEDURE IN GENERAL

STPP

AWAITING TC RESP, ISSUE FEE PAYMENT VERIFIED
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2023-11-24 STPP -

Description: INFORMATION ON STATUS: PATENT APPLICATION AND GRANTING PROCEDURE IN GENERAL
PUBLICATIONS -- ISSUE FEE PAYMENT RECEIVED

2023-11-08 STPP -

Description: INFORMATION ON STATUS: PATENT APPLICATION AND GRANTING PROCEDURE IN GENERAL
NOTICE OF ALLOWANCE MAILED -- APPLICATION RECEIVED IN OFFICE OF PUBLICATIONS

2023-10-12 STPP -

Description: INFORMATION ON STATUS: PATENT APPLICATION AND GRANTING PROCEDURE IN GENERAL
NOTICE OF ALLOWANCE MAILED -- APPLICATION RECEIVED IN OFFICE OF PUBLICATIONS

2023-09-27 STPP -

Description: INFORMATION ON STATUS: PATENT APPLICATION AND GRANTING PROCEDURE IN GENERAL
RESPONSE TO NON-FINAL OFFICE ACTION ENTERED AND FORWARDED TO EXAMINER

2023-06-21 STPP -

Description: INFORMATION ON STATUS: PATENT APPLICATION AND GRANTING PROCEDURE IN GENERAL NON
FINAL ACTION MAILED

2023-02-14 FEPP i

Description: FEE PAYMENT PROCEDURE ENTITY STATUS SET TO SMALL (ORIGINAL EVENT CODE: SMAL);
ENTITY STATUS OF PATENT OWNER: SMALL ENTITY

2023-01-24 FEPP -

Description: FEE PAYMENT PROCEDURE ENTITY STATUS SET TO UNDISCOUNTED (ORIGINAL EVENT CODE:
BIG.); ENTITY STATUS OF PATENT OWNER: SMALL ENTITY

2023-01-24 AS -

Description: ASSIGNMENT NIVAGEN PHARMACEUTICALS, INC., CALIFORNIA ASSIGNMENT OF ASSIGNORS

INTEREST; ASSIGNORS:CHODAVARAPU, BALA TRIPURA SUNDARI; MANGALI, THIRUPATHI; SHUKLA, JAY; AND
OTHERS; REEL/FRAME:062469/0169 2019-09-20

Post-Issuance (US):

Reassignment (US) Table:

Maintenance Status (US):

Litigation (US): 2024-01-23 2024 Nivagen Inc. Sun Pharma Advanced Research Company Ltd.

Sun Pharmaceutical Industries Ltd. Sun Pharmaceutical Medicare Ltd. Sun Pharmaceuticals
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Industries Inc. Texas Eastern District Court 2:24-cv-00036
Opposition (EP):

License (EP):

EPO Procedural Status:

Front Page Drawing:

Priority Number - DWPI: US2019903511P | US202025881A | US2022854914A |
US2023100804A

Priority Date - DWPI: 2019-09-20 | 2020-09-18 | 2022-06-30 | 2023-01-24
Assignee - Current US: NIVAGEN PHARMACEUTICALS INC.

Copyright 2007-2025 CLARIVATE
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Lyophilized Compositions of Phenobarbital Sodium Salt

PATENT # APPLICATION # FILING DATE ISSUE DATE
11878076 18100804 01/24/2023 01/23/2024

Payment Window Status

WINDOW STATUS FEES

3.5 Year Not Open Not Due
Window First Day to Pay Surcharge Starts Last Day to Pay Status Fees
3.5 Year 01/23/2027 07/24/2027 01/24/2028 Not Open Not Due
7.5 Year 01/23/2031 07/24/2031 01/23/2032 Not Open Not Due
11.5 Year 01/23/2035 07/24/2035 01/23/2036 Not Open Not Due

Patent Holder Information

Customer # 149344

Entity Status SMALL

Phone Number 9496790052
Address Umberg Zipser LLP

1920 Main Street Suite 750
Irvine, CA 92614
UNITED STATES

No maintenance
fees are due at this
time. 3.5 year window
opens on 01/23/2027.
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