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(57) ABSTRACT

The invention relates to a sterile, ready-to-use, stable aque-
ous solution of ketamine suitable for direct intravenous
infusion to a patient in need thereof, wherein the composi-
tion is disposed within a sealed infusion container as a
premixture. The invention further relates to aqueous solu-
tions of ketamine that are free of antimicrobials such as
benzethonium chloride and are shelf-stable. The pharma-
ceutical compositions can be used, for example, wherein the
subject is in need of anesthesia for a diagnostic or a surgical
procedure.
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In one embodiment, the ketamine product comprises the
composition of Table 1.

TABLE 1
] 1 1 mg/mL
Quantity per
1 mg/mL 250 mg API USP
HCI 1.15 mg/mL
Sodium Chlo city agent USP/NF
Water for olvent USP

Injection
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TABLE 2
Ketamine Hy
Quantity per
Active Ouantitv per Unit (250 mL Reference
Substance(s) U Standard
Ketamine USP
as Ketamine HCI 2.3 mg/mL
Excipient(s)
USP/NF
Usp
Ketan
Ketamine 1 mg/mL 250 mg API USP
(free base)
Fveinient(c
Sodium Chloride { USP/NF
Water for [ e o e e R USP
Injection
In another embodi
prise the compositioi us 1auic .
TABLE 4
Ketalr <<<<< Cadivsomn NUladdda Talaabinme YV mn T
Active Q Reference
Substance(s) Un Standard
Ketamine 2 mg/mL 500 mg API USP
(free base)
Sodium Chloride ! USP/NF
Water for g.s I/mL q.s 250 mL Solvent USP
Injection
- fmoeemtee- =~ template that additional ketamine prod- 54 Tl D G

sl dn Aiffavant valiimac writh tha cama

TAATTALApATIYS waaen e

ketamine may be use
concentration of keta

seneficially do not

y of the ready-to-
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1 the formulations
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TABLE 5

il to 0.5 pH units

ting the quality of

lies

's, as described in
free aqueous ket-
ribed in Table 1 (1

Assay and pH before vs afier sterilization

Product
Formulation 2 mg/ml
Batch Batch 5 Batch 6
ation 100.6 101.5 100.9 100.1
P) 100.5 101.7 100.6 100.6
251 252 251 252 251 252
P) 100.1 100.9 100.2 99.8 101.3 99.7
pre- -0.5 -0.6 -0.7 -0.3 -0.4 -0.3
f 5.2 4.8 5.2 4.9 4.8 5.2
4.6 4.5 4.6 4.6 4.4 4.7
e- -0.6 -0.3 -0.6 -0.3 -0.4 -0.5
For the ketamine j
in Tahle 1 (1 mo/r
ULL UL 1 g vt
he 1 mg/ml and 2
ECtLiUAL SeUSAAU S 4G AMUAY o \e Atamy Aiee) tAEv AAeasisseiiss tiagy i prusuees waiv v s s aweawew o WA 7, respectively.
TABLE 6
A 1S
1sarcn
Ketamine Ketamine Ketamine
Cc T T o - fthe Product of the
ure Disclosure
2 Batch 3
Test (1 1L) (1 mg/mL)
Comply Comply Comply Comply Comply
101.2 101.4 100.5 101.7 100.6

as ketamine)
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TABLE 6-continued

Accelerated Condition 40 + 2° C./<25% RH - 6 month

1

Ketamine
Comr 16 Product of the
Pro Disclosure
Bat Batch 3
Test (I m (I mg/mL)
Impurities:
Specified <0.05 <0.05 <0.05 <0.05 <0.05
Specitied <0.05 <0.05 <0.05 <0.05 <0.05
identified
impurity-
.05 <0.05 <0.05 <0.05 <0.05
.05 <0.05 <0.05 <0.05 <0.05
wuusuULEU
impurity (%)
<0.05
4.8
1 286 296 298 296
Acce
Batch
Comr
Pro
Bat Batch 3
Tact D m (2 mg/mL)
Comply
2.2 100.7 100.4 101.5 100.4
as ketamine)
Impurities:
.05 <0.05 <0.05 <0.05 <0.05
<0.05
impurity-
Tmmnritv R (%)
.05 <0.05 <0.05 <0.05 <0.05
.05 <0.05 <0.05 <0.05 <0.05
).05 <0.05 <0.05 <0.05 <0.05
4.9 4.9 4.6 4.5 4.6
7 288 304 305 304
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TABLE 8
Long
Ketamine
Comr 16 Product of the
Pro Disclosure
Bat Batch 3
Test (I m (I mg/mL)
nply Comply Comply Comply Comply
).9 102.1 100.5 101.9 100.7
).05 <0.05 <0.05 0.05 0.06
opeLLLITU ~.05 <0.05 <0.05 <0.05 <0.05
identified
.05 <0.05 <0.05 <0.05 <0.05
.05 <0.05 <0.05 <0.05 <0.05
Total impurity < 0.06
(%)
pH (pH Units) : 4.8
B t T 290 293 294 295
TARTF Q
Long
Comr
Pro
Batch 3
(2 mg/mL)
.. L. L. L. Comply
2.3 102.3 100.5 101.7 100.6
Impurities:
Specified <0.05 <0.05 <0.05 <0.05 <0.05
identified
.05 <0.05 <0.05 <0.05 <0.05
Specified <0.05 <0.05 <0.05 <0.05 <0.05
identified
impurity-

Impurity C (%)
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TABLE 9-continued
Long
Comr
Pro
Batch Bat pawu >
Test (2m (2 mg/mL)
Comply
<0.05
J.05 <0.05 <0.05 <0.05 <0.05
4.8
303
(mOsmol/kg)
preservative in the
ure.
was no observed r .
A D Example 4: Stress Studies
1) without addition
‘ion
20>
plank  Test Batch
Test Specifications ~ Unit sample (1 mg/ml) A
Appearance of Colorless to — Complies Complies —
solution - Co
Appearance ¢ Clear —
solution - Cle
pH 4 458 -0.16
270-330 mOsmol/Kg 296 295 -1
95.0-105.0 % 100.0 99.6 -0.4
Ketamine related NMT 0.20 % <0.05 <0.05 0

compound A
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Oxidat
250 m
ch
Test i) A
Unspecified NMT 0.20 % <0.05 <0.05 0
NMT 1.0 % <0.05 <0.05 0
=10 micron 0
=25 micron 0
Oxidat
500 m
ch
Test i) A
Completeness of m —
Solution :
s
Appearance of s —
solution - Color
) P =0.04
Osmolality +9
Assay -0.1
Impurities: R
NMT 0.20 % <0.05 <0.05 0
0
0
Particulate matter:
=10 micron NMT 23 No part/mL 0 0 0
=25 micron NMT 3 0 0 0
Tha racnlte chawmn in Tahlac 1N_11 dAamananctrata that tha TABLE 12
Oxidative degradation results of ketamine solution
250 mg/250 mL (1 mg/ml) in ratio 1:10 with H,O,
peroxide in stoichiometric ratio 1:1. Blank Test Batch
Test Specifications ~ Unit sample (1 mg/ml) A
50
2 99.2 -1.0
Iaviaiie Lvivas veew v .05 <0.05 0
tively) treated with h alated
. 05 0.13  +0.13
unidentified

impurity RT 5.3
05 0.14  +0.14

with addition of hy:
05 027 4027

I"Dﬂl\?"’l){‘ AQfQ wrac p'}xxvvtvu TU LIV ULD QAL GUILIVIL UL W
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35 36
TABLE 13 TABLE 13-continued
ne solution
Oxidative deg H,0,
500 mg/250 mL in ratio 1:10 with H,O, 5

nk Test Batch
ple (2mg/ml) A

Blank Test Batch

Unspecified NMT 0.20 % <0.05 0.08 0.08
Test Spec
)5 0.16 0.16
Assay 95.0 —_—
Impurities: 10nstrate that there
Ketamine NMT 0.20 % <0.05 <0.05 0
15
related
compound A
T R T 0.20 % <0.05 0.08 0.08
nupuricy K1 2.0 20
UL 1uiiuuiauullr a
Vo x
TABLE 14
Degrada H 2.5
1 t=72h t=1M
Free from —
yellow
ear — Clear — — Clear —
Clarity
pH NA* pH Units 4.7 — — 2.5 —
Osmolality 270-220 mOemAlZ e 702 300 —
Assay 95.0- 100.2 100.4
Ketamine NMT <0.05 <0.05
e .- 0.20 % <0.05 <0.05 <0.05 <0.05 <0.05
unidentified
impurity
Total NMT 1.0 % <0.05 <0.05  <0.05 <0.05 <0.05
impurities
Particulate
matter:
=10 micron NM' 0 0
=25 micron NM 0 0
TABLE 15
Degrada H 3.5
Test Specifi 1 t=72h t=1M
Completeness Free Free from —
yellow i i
ear — Clear — — Clear —
Clarity
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Degradat i35
Blank
Test Specifications Unit sample t=24h t=48h t=72h t=1M
pH NA* W TTnite A7 3.5
Osmolality 270-3 294 —
Assay 95.0-1 100.1 100.2
0.20 % <0.05 <0.05  <0.05 <0.05 <0.05
0.20 % <0.05 <0.05  <0.05 <0.05 <0.05
Lotal NMT 1.0 % <0.05 <0.05  <0.05 <0.05 <0.05
impurities
Particulate
123 No part/mL 0 — — 0 0
220 uucon il 3 0 0 0
TABLE 16
Degradat d5.5
articles visible
particles
285 to — Complies — —
yellow
ar — Clear — — Clear —
3.5 —
294 —
Assay Y>3.0-1U0d.0 Yo 100.2 100.1 100.2 100.1 100.2
Impurities
Ketamine NMT 0.20 % <0.05 <0.05  <0.05 <0.05 <0.05
related
0.20 % <0.05 <0.05  <0.05 <0.05 <0.05
impurity
Total NMT 1.0 % <0.05 <0.05  <0.05 <0.05 <0.05
impurities
Particulate
matter:
123 No part/mL 0 — — 0 0
T3 0 0 0
TABLE 17
Degradat 16.5
sations Unit sample t=24h t=48h
from — Free from — —
yellow i i
ar — Clear — — Clear —
Clarity
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TABLE 17-continued
Degradat d16.5
Blank
Test Specifications Unit sample t=24h t=48h t=72h t=1M
pH NA* W TTnite A7 6.5
Osmolality 270-3 295 —
Assay 95.0-1 100.4 100.1
0.20 % <0.05 <0.05  <0.05 <0.05 <0.05
0.20 % <0.05 <0.05  <0.05 <0.05 <0.05
lotal NMI 1.0 % <0.05 <0.05  <0.05 <0.05 <0.05
impurities
Particulate
123 No part/mL 0 — — 0 0
220 uucon il 3 0 0 0
TABLE 18
Degradat 125
articles visible
particles
285 to — Complies — —
yellow
ar — Clear — — Clear —
2.48 —
309 —
Assay Y>3.0-10>.0 Yo 100.1 100.7 100.3 100.2 100.5
Impurities
Ketamine NMT 0.20 % <0.05 <0.05  <0.05 <0.05 <0.05
related
0.20 % <0.05 <0.05  <0.05 <0.05 <0.05
impurity
Total NMT 1.0 % <0.05 <0.05  <0.05 <0.05 <0.05
impurities
Particulate
matter:
=10 micron NMT 23 No part/mL 0 — — 0 0
=25 micron NMT 3 0 0 0
TADT T 10
Degradat 135
Test Specific . t=72h t=1IM
from — Free from — — Free from —
articles visible Sl
particles
288 to — Complies — —

solution - Color slightly yellow
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TABLE 19-continued
Degradat i35
Blank
Test Specifications Unit sample t=24h t=48h t=72h t=1M
Appearance of Clear Clear Clear
solution -
3.51 —
305 —
Assay 95.0-105.0 % 100.1 100.4 100.1 100.0 100.1
Impurities
0.20 % <0.05 <0.05 <0.05 <0.05 <0.05
0.20 % <0.05 <0.05 <0.05 <0.05 <0.05
1.0 % <0.05 <0.05 <0.05 <0.05 <0.05
Hiauer:
=10 micron NMT 23 No part/mL 0 — — 0 1
=25 micron NMT 3 0 — — 0 0
25
TABLE 20
Degradat 155
Blank
Test Specifications Unit sample t=24h t=48h t=72h t=1M
Completeness Free from — Free from — — Free from —
articles visible visible
particles particles
Appearance of Colorless to — Complies — — Complies —
yellow
ar — Clear — — Clear —
solution -
Clarity
i tttT R - 5.51 —
303 —
ooay PERVERVERY ‘o FRVVIN RS 1uvee 100.2 100.1
Impurities
Ketamine NMT <0.05 <0.05
related
0.20 % <0.05 <0.05 <0.05 <0.05 <0.05
unidentified
impurity
Total NMT 1.0 % <0.05 <0.05  <0.05 <0.05 <0.05
impurities
Particulate
matter:
123 No part/mL 0 — — 0 0
I3 0 0 0
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TABLE 21
Degradat d16.5
Blank
Test Specifications Unit sample t=24h t=48h t=72h t=1M
Coamnlatanace Frea from Free from Free from
articles visible visible
particles particles
Appearance of Colorless to Complies — — Complies —
solution - Color slightly yellow
ar Clear — — Clear —
6.50 —
304 —
100.1 100.2
Ketamine NMT <0.05 <0.05
0.20 % <0.05 <0.05 <0.05 <0.05 <0.05
"1.0 % <0.05 <0.05 <0.05 <0.05 <0.05
nupuLiues
Particulate
matter:
=10 micron NMT 23 No part/mL 0 — — 0 0
=25 micron NMT 3 0 0 0
1 but it remained
>sults demonstrate
L assay or impurity
Ther 250 mL
Double
sterilization
Test St Fo15 A
Free from —
visible
Clear — Clear Clear Clear —
pH 43 ~0.4
Osmolality 294 -2
Assay 98.9 -1.2
Impurities
Ketamine NMT 0.20 % <0.05 <0.05 <0.05 0
related
compound A
Unspecified NMT 0.20 % <0.05 <0.05 <0.05 0
unidentified
impurity
Total NMT 1.0 % <0.05 <0.05 <0.05 0
impurities
Particulate
matter:
=10 micron 1 +1
=25 micron 0 0
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TABLE 23
Thermal st 1L
Double
rilization
Test Specific F015 A
Completeness Free from — Free from  Free from Free from —
visible
articles
omplies —
Clear —
4.1 -0.5
300 +1
Assay 95.0- 99.0 -0.7
O T uL2Y Yo <U.Ud <u.Ud <0.05 0
0.20 % <0.05 <0.05 <0.05 0
1utal vt 1.0 % <0.05 <0.05 <0.05 0
impurities
Particulate
matter:
1 +1
0 0
Example 5: Ma
SUIUUULL dUd 15 ICHILIUANLY SICHUZCU.  1UC LAaUUuLIdaoiul iy A1 SICLIIZALOLL a5
process involved dissolution of ketamine HCI in water for
TABLE 23
Test results of Dissolution
1 ma/mT fac in Tahla 11 7 ma/ml fac in Tahla N

Tect

Bulk
solution
Density

T.imite TTnite

slightly
yellowish
solution free

(for

information
only)

1.002-1.005 g/mL
(for

information

15

min

min
min
min
min
min
min
min
min
min

sly  comply comply
. o . sly  comply comply
comply comply comply comply comply comply

5.0 4.8 5.3 5.1 4.8 52
5.0 4.8 5.2 4.9 4.8 53
5.0 4.7 5.2 5.0 4.8 5.2

15.3 15.3 153 15.1 15.1 15.0
15.3 15.2 153 15.2 15.0 15.0
15.3 15.2 15.3 14.7 15.0 14.9

n/a n/a n/a n/a n/a n/a
na n/a na n/e == ==
1.004 1.004  1.004 1.C
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: solution was formulated as in Table 1

A /A JREE AN

Filling

stop

duration  Test

1 rT
Assay

2 pH

Hours (20-25° C.)
Ketamine
Assay

20700 provies

QS N_1NS N 04 AF

JJJJJJ par s

base

herein the aqueous
; o

0. 1he Ketamine product oI claim 4, »

PR wt Amammcmaaia A A tmane

cu 1 1
1 mg/mL 2 mg/mL

Batch 5
J.2 “+./ “+.7 4.8
5.3 4.7 4.9 4.8
5.3 4.7 4.9 4.8
1nn 7 1n1 | 0a o 101.3
101.7
101.6
e o - 4.9
5.3 4.8 4.9 4.8
4.8
101.6
101.6
100.3 1014  100.1 101.5

SOty e e

owing claims.
med is:

1. A ketamine pro

the closure.

n 1

1ilncrne wnlernlafRe

1 dallu SLYICLC DIVCK

herein the closure

herein the infusion

Tyttt p Tyt

copolymers, and a

at least one layer
:opolymer.
herein the infusion

, wherein the ket-
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aqueous ketamine
dDouL J.0 LU dpoUL J.. . Tt :
contained in a termi
container, and where

> ketamine product

C uldll dIA 1O
1perature between

of storage at 25°
40%+5%.

21, wherein the
ble salt thereof is

muous 1nIusion. ® ook ok k0%
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