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. CONTAI NI NG -A NON- STERA DAL%@ m% AND ~METHODFOR ™~ ~
-PREPARI NG THE SAME 5 FI ELD EY resent | w ﬂmmm | at es
to an injectabl e pharnmaceutical conposition which contgmﬂmm m c acid
class of non-steroidal anti-inflammtonwy drug (N. SAfD), a phgasphate

solution, an isotonic agent, and water; in particular, kctorolac
tromethanmine is the preferred NSAID, sodi um phosphate nonobasic (NaH2PO4) .
or potassi um presphaicT ABPL EUNohRM 4 CEKHIPAL) COMRGSE TUQ NoE O E Al NG at es,

is the preferredaphospdrERGIDAILL ANTIPINFATENGA T OIRY IDORU Gaa¥INaCl is t he

preferred isotonic agent. nfh¢HRIINACeREPAAUNG QIIDSANIEBN i s preferably at
pH 6.0 to S.5 and with osnolarity within 0.5 to 3 Gsm The present

i nvergti on also relates to aﬂi? PP FrTE NS RATiRNt he i njectable )

phar maceutical conposition. T ﬁﬂ—ect‘ag'l'e—%mmceuti cal conposition of
the present i [llven';i on.is 15 stable and suit aﬁj e fort.Cpﬁ}[ﬁelqt)éasrilziaél Ipigetion.
BACKGROUND OF | ¥ PEESFINNARGRIEN NRiAS O 8 Blietfa?'e RRPMACh Ahrat B ey dh HES " ( NSAI Ds)
are a famly of drugs that eneral |y have anal gesic, antlp\Tellc, and

anti - i nf temarms an geetictacidi disss. Hmh@@@‘é&?i“w&ﬂ3é§“3‘2‘()’ Heg(VeMPodm a commmon
mechani sm the inhibition of cycl ooxygenase, which is the critical enzyne
for Dbi osyimishest Solafioprastaghiandtinsandprost mepackdutyr, kndrotderiorrhokanes.is Because
prostagl andins are released in response to inflammatory stinmuli, Which in
turn r eslﬂetpr(i:f@rred NSAID, sodium phosphate monobasic (Nal{;PO4) or potassium phosphate

10 monobasic (KH:POQ, anhydrous or with hydrates, is the preferred phosphate for the
phosphate solution, and NaCl is the preferred isotonic agent. The phanmaceutical
composition is preferably at pH 6.0 to 8.5 and with osmolarity within 0.5 to 3 Osm. The
present invention also relates to a method for preparing the injectable pharmaceutical
composition. The injectable pharmaceutical composition of the present invention is

15 stable and suitable for parenteral injection.

BACKGROUND OF THE INVENTION

Non-steroidal anti-inflammatory drugs (NSAIDs) are a family of drugs that
generally have analgcsic, antipyretic, and anti-inflammatory activities. These activities
20 denive from a commoﬁ mechanisi: the inhibition of cyclooxygenase, which is the critical
enzyme for biosynthesis of prostaglandins, prostacyclin, and thromboxancs. Because
prostaglandins arc relcased in response to inflammatory stimuli, which in lurn'rcsull n
imflammatory responscs (c.g., redness, pain, heat and swelling of tissue), inhibition of
prostaglandins by NSAIDs results in ;u.\:-tlgcsia. In the central nervous system, NSAIDs

23 are antihyperalgesic through a direct action on the spinal cord.
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infl.amasary responses (Lg., realness, pain, heat and swelling of tissue),

inhibition of prostaglandins by NSAIDs results in analgesia. In the

-central nervous system NSAIDs 25 are antihvperllgesic through a direct
action on the spinal cord. 2 Two NSAI Ds, ketorolac and dicl of enac,
bel ong, to the acetic acid class of NSAIDs, are conparable to opioids in

terms of providing in relief. For exanple, the overall analgesic effect of
30 ng of ketorolac is equivalent to that of 6 to 12 nkg of Mrphine. 5
Ketorolac is awdenkXabi veidblapyid dkiofime, wdrrxd behazdcticand dlass of
structurally related to tolnetin and zomepirac. The nost commonly used

form of fﬁt/\%?'%Sf%,?]gKSBF&QBLOgFoidsIihfe&mshﬁtm-cn:minmimh,-lics‘. uctxmyrle tnat er

sol ubl e an the

Fee acl rm of ketorolac. The chem cal nane for

bot h

ketorolac is (=)-5-benzovl.-2, 3-dihydro-. 1 A=k pynhaldrzl 882 the of carboxylic
%1“6%'8?%%‘:&?‘86&%8 dh%/\ng]t{g's C]']l I:L \lalMtﬁ Q C’f% s . 2 0

acid. VWhE&NR thde tr'omet

amne (2-amno-2 10

(h),droxymet hyl)-1, 3-pi opanediol ), Its chem cal structure is as foll ows:

CH20H | Marphing011 Ni, -~--Cti ~O i | / N' i CHO', Ketorolac
tromet ham ne has a pKa of 3.5 and an_n-octanol /wat cr partitL;gl.g g{ficient
of 0.26. The Kohaolikcas adeiighiveOl pkae oo @ELYbhthan Hes'i§13%e 4% The

to tolmetin and zomepirac. The most commonly used form of ketorolac is ketorolac

. . . N . S Oy .
tromethamine, which is much more water soluble than the free acid form of ketorolac.

The chemical name for ketorolac is (£)-5-benzoyl-2.3-dihydro-1H-pyrrolizine-1-
carboxylic acid. When ketorolac is compounded with tromethamine (2-amino-2-

10 (hydroxymethyl)-1,3-propancdiol), its chemical structure is as follows:

CH,0H
N — T i
(/ ” TN COOH + N4y~ =C-—CH,OH
i /T :
Yo ; |
‘3\}/.'\\' - P \\N_ { (_:HzO' 1

K etorolac tromethamine has a pKa of 3.5 and an n-octanol/water parution

coeflicient of 0.26. The molecuiar weight of ketorolac tromethamine is 370.41. The

15 white to off-white crystailine substance of ketorolac tromethamine discolors under

prolonged cxposure to Jight.

There are various dosage forms. formulations foe ketorolac tromethaming. FFor
cxample, U.S. Patent No. 6.090.368 discloses a phannuaceuacal composiion comprising

Lketoroluc tromethamine admixed with an aqueous bioadhesive cellulosic polymer



15 white to off-white crystalline substance of ketorol ac tronetham ne

di scol ors under prolonged exposure to light. There arc various dosage
-forms formufatiu,ns -for ketorolac tronetham ne. For exanple, U S. Patent
No. 6.090.368 discloses a~pil armaceutical conposition conprising ketorolac
tromet ham ne adm xed Wth an aqueous bBoadhesive cellul osic polynmer 3
containing mcrocrystalline particles. The pharmaceutical conposition is
particularly wuseful for use in nasal spray. U S. Patent No. 5,414,011

di scl osescaumifphtiialodhGal ey Hidtd. ong wensieling cehpketiof RlReIAlIaRe or in
combi nation with an antibiotic drug, and a preservative systemhaving a

quat er nar s a[monidm, Rrseas%w@t gvSe m@h @onsmw@n u%l&gkm& giaxlat ed

octylphenol surfactan at ent I scl ses a transdernal
delivery cut oner : (S dr.u ]

Cont ai ne P lfg FaIEGHE: of l\f[wﬁogacfﬂi?% TiRe PR R BuPheely w8l vi vy
of ketorolac is wth the S form An eutoner is the stereoisoner of a
chiral dr%@“%%&&“%%%ﬁ%ﬂ%@“gﬁe%ﬁ%¥mbﬁaﬁﬁﬁh%ﬂ%mé@%e%ﬁﬂfV?W&dﬂﬁ%ﬁ“%ts
counterpart stereoisoner. In this case, the 10 eutomer is the S form of

ket or 81 acroluSeUatehociNphe®) 383a0a. .S FlabmeNoas, okl Bpdistlioses xonposi tion
of the racem c active formof ketorolac (i.e., the S for n), in conbination

with a phaaraasisl delathyopacanbiabl 6 exabpt eRktodsladislausital df@rwitise in
intranasal adm nistration. The parenteral solutions of ketorol ac

t r omet hardgne:; GUREER! YixBRL 1 115 1 JRITKSE forkn. SrEUM BLRaBRBHYLEN! Or i de

(Nadl) and 10/6(MAV) alcohol in the sterlle sol ution” The parenteral

sol uti NS, ¢ n%rgla% 1?{8\"?‘(11 ll(ce§ ?om h}\n %u% c|{ ﬁv\.[hé rs\ereglsomei c%ea fahlraef drl{%’ tth Fe\:hab/?s( W V)

al cohol content oro aren

contraindicated for
greater pharmacecutical activity than its counterpart stereotsomer. In this case, the

10 eutomer is the S form of ketorolac. U.S. Patent No. 6,333,044 discloses a therapeutic
composition of the racemic active form of ketorolac (i.e., the S form), in combination
with a pharmaceuiically acceptable excipient or diluent, for use in intranasal
administration.

The parenieral solutions of ketorolac tromethamine currently sold in the market
i3 contain sodium chloride (NaCl) and 10% (w/v) alcohol in the sterile sclution. The
parenteral solutions are clear and slightly yellow in color. Because of the 10% (w/v)
alcohol content, the ketorolac tromethamine parenteral sotution is contraindicated for
intrathecal and epidural injections.
Also, ketorolac tromethaminge parenteral solution is.sensitive to light, which is

24 duce partially to the quality of alcohol used in the solution, i.c., the bct.tcr the quality or the
erade of alcohol, the less the sensitivity to light of the solution. However, without the
alcohol, the ketorolac tromethaminge parenteral solution is less stable, particularly for

prolonged storage.



intrathecal and epidural injections. Al so, ketorolac tronethamn ne
parenteral solution is.sensitive to light, which is ~.) due partially to

‘the quality of alcohol used in the solution, i.e., the better the quality
or the L'rade oi-alcohul, the less the sensitivity to |light of the
solution. | |lo~~ ever, without the alg¢ohol, the ketorolac tronetham nc

parenteral solution is |less stable, particularly for prolonged storage. 4
In the invention to be presented in the follow ng sections, an injectable

phar maceuti cgl, 1]?@{61?9&&& [%rbc'ﬁcsgﬁ@%nl'l hedo!dWing sbd’ljoﬁﬁtaabhﬁc@batr ni aceuti cal

conposition is particu design for intravenous or intranuscul ar
injection of an acetic ac f U ATl babgld ef . The
i nj ect ab"@TRHREHHE éH?W8§PO%5H%6 (ﬁog gﬁiggggm H?ﬁﬁ%t“e ggﬁﬁerélally

avai |l abl e ketorol ac tronethanllne par ent er al solutﬂon chaaM<9%g§ not need
to contayﬁ“%ﬁﬁbh@ﬁﬁﬁdp‘§ﬂ5%FW¥FVréHHm§Pf R T R N e Tt

phar maceuti cal contains a phosphate solution at 0.1 to 15. nnhhjeqU|valent
(meq), atSAHD 6o Palgnks foapdnatliclodhptiiectphiesiirpaceicy MK YHFEh are al so
distinctively different fromthe comrercially avail able ketorol ac

t r ongt hamdnenPenenteialy Salluile basrold0r@GuihulfRYaCRCTHE IUIYENTT OfoThe
present invention provides an injectable pllannaceutical conposition which
cont ai nsnd’imxc%c feGhi NS aRERMUNE: QfibifiNeR-Stelivindal Tabtihjettbleammbarytch ug
(NSAI D) ; phosphate sol ution; and water. The NSAIDis an acetic acid class
of NSAI , , t@g-8laend gi cl of enac,
|ndonlet%ﬁ@hwsagﬁﬁPhagéOMﬂgl ?qtéﬁﬁggﬁ% w>§g&qugpat ﬁétln Anmong this

group Ofogwl%efc%slessﬁitgf%ogl %COs?hnC\I\/lgch are also distinctively different from the

commercially available ketorolac tromethamine parenteral solutions.

10

SUMMARY OF THE INVENTION

The prcscﬁ( invention provides an injectable pharmaceutical composition which

contains an effective amoutit of @ non-steroidal anti-inflammatory drug (NSAID); a
phosphate solution; and water. The NSAID is an acetic acid class of NSAID, which

15 include, but are not limited Lo, ketorolac, diclofenac, indomethacin, sulindac, ctodolac,
zomepirac, and tolmetin. Among this group of NSAIDs, ketorolac and/or a
pharmaceutically acceptable salt of ketorolac, such as ketrolac tromethamine, is the
preferred one. The NSAID constitutes about 0.1 lo 15% by weight of the total injectable
pharmaceutical composition. |

20 The injectable pharmaccutical composition is preferred to be at pH of about 6.0 to
2.2, and most favorably, at 6.9 and 7.9. The osmolarity of tie > injectablc pharmaceutical

oy

composition should be about 0.5 1o 3 Osm. The injectable pharmaccutical composition 1s

™
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pharmaceutically acceptable salt of ketorolac, such as ketrol ac
trometharnine, is the preferred one. The NSAID constitutes about 0.1 to
-15% by wei ght of the total injectable pharmaceutical conposition. The

i nj ectabl e pharmaceutical conposition is preferred to be at pl-1 of about
6.0 to any nost favorably, at 6.9 ands7.9. The osnelarity of the

i nj ectabl e pharmaceutical conposition should be about 0.5 to 3 Gsm The
i nj ectabl e pharmaceutical composition is F, 5 admnistered by parenteral

injecti 09@11119@&&'(38%lvgwralfeyndlﬂtlflﬁgﬁ?@p‘rﬁn@ﬂﬁrwW‘S(Faal@\’(ﬁ@ldh@intra‘nmqe@lht ons. The
phosphate sol ution he injectabl e pharmaceutical contains phosphate or

salt. QQ%%Qhate or a conbination thereof at any ratio. The phosphate
or salt oq" 'hosphate 5 can be anhydrous or with hydrat es The salt of

phosphat e inc not mted t. e form
of sodium phoé-gﬁ %ST’E’?B&@ﬁE‘O"§(§8?CIJH465WBL‘&1?3’E”§IC W‘bcﬁg% E? BS pléoqéfm{l&obﬁggphat e
tribasic, potassium phosphate nonobasic, potassium phosphate dibasic, and

pot assi uff phesahaiates a gonkaBsaton trTeo iy @pFated Télawbowflatﬁwowhaf phgsghalg pe
anhydrous or hydrous form of sodi um phosphat e nonobasi ¢ or potassium

phosphat earlBe amrydbasios witfiheydphes pieatseltod bhtspbate irslypiegflan alop latitcdbout
0.1-15 nmeg of said phosphate solution. The pH of the injectable

phar maceutd aqm&dx%%epﬁj(&rb@fo'n% 0@@b&§ﬁﬁﬂ10?g}ha& Abhsidbdiship@sAgent whi ch
includes, but’is not Timted sodi um hydr oxi de, potassi um hydroxi de,

tromet hamo%gas”?@%hrggh sﬁt[fgtg'&lb W%s%%&&&@ﬁé@wohéﬁﬁtchB&Qés@tﬂhne sodi um
15 citrat ‘Ranol & ni , bl car bona ydrochl ori de aci d,
tartari Cpfaosp 1atecdlbasxc ancfpotassmm phosphate tribasic. The preferred salt of phosphate is
the anhydrous or hydrous form of sodium phosphate monobasic or potassium phosphate
10 monobasic. The phosphate solution is preferably at about 0.1-15 meg of said phosphate
solution.

The pH of the injectable pharmaceutical composition is adjusted by a pH-
adjusting agent which includes, but is not limited to, sodium hydroxide, potassium
hydroxide, tromethamine, monoethanolamine, potassium citrate, tricthanolaming, sodium

15 citrate, diethanolamine, sodium bicarbonate, hydrochloride acid, 1artaric acid, citric acid,
lactic acid, and sodium lactate. The preferred pH-adjusting agent is NaOH and/or HCL

The osmolarity of the injectable pharmaceutical composition is adj usted by an
isotonic agent which is sodium chloride or potassium chloride, or a combination of both.

The injectable pharmaceutical composition does not contain alcohol. Optionally,

20 an alcohol or isopropyl alcohol can be added to the in‘ectable pharmacceutical
composition. If isoprenvl aleohol is added 1o the njectable pharmaceutical composition,

the amount of isopropyl alcohol can not exceed 2% by volume.



| actic acid, and sodium |l actate. The preferred plHH adjusting agent is

Nad -1 and/or HCI. The osnolarity of the injectable pharnmaceutica
-conposition is adjusted by an isotonic agent which is sodiumchloride or
pot assium chl oride, or a conbination of both. The injectable

phar maceuti cal conposition does not. cgntain alcohol. Optionally, 20 an

al cohol or isopropyl alcohol can he added to the injectabl e pharnaceuti cal
conposition. |If isopropyl alcohol is added to the injectable.

phar maceutical conposition, the anount .of isopropyl alcohol can not exceed
2% by vol urme. Tig prEhei phesent alsapentdcon nadiswl for preperes BierdieHdRISt or prepari ng
the i njectabl e pharmaceuti cal conposition which includes m xing the acetic

acld cl 355l RontiiioRRasaat RGO ONe atdiie dcitiassiof NyehY, thand t he
water to formthe |njéctable pharmaceutical conposition. 5 Additionally,

the present invention proyvides, 52900 1§ F&RALhBehjpakbients with pain
whi ch idﬁVﬁ@é&“f PP%&éﬁnﬁ%%&”&%gﬁgﬁ%gﬁgééufér|y i&jeéting an effective

amount of the injectable pharmaceutical conposition described above to the
pat i ent sphagnAsquAERhContiREIliofr esent i nvention includes an anal gesi ¢ which
contains an effective anmobunt of the injectable pharmaceutical copposition
as shown abovaddition#iinahd yresanhnveriexerfevidayeREHOE Ph%?%ﬂ@§m§°@f§ﬁﬁg

phar maceuti cal conposition which contains (1) about 0.1 to 15% by wei ght
of an acgiih whadi flcklasmuabemusiyor sttemvisderrinnyecting #n le&FeRat o Yo Uit 85 thensal D) ;
(2) about 0.01 to 10% by wei ght of a phosphate solution; (3) about 0.1 to

10% by el Qb1 Of h @ ak SREAN denRRIK defchbed abaielth clicomticawo Gmilafy.dhpH-
adj usting agent to adjust pH of said stable pharmaceutical conposition to

SgloHﬁm60591_@%?3}\10%1&?%1@1&&\!q{l ?rmlyesﬁt Whicl cénBins aRdfeQiveaediint Of ik to 100% by

injectable pharmaceutical composition as shown above.

10 Finally, the present invention includes a stable pharmaceutical composition which
contains (1) about 0.1 to 15% by weight of an acetic acid class of a non-steroidal anti-
inflammatory drug (NSAID); (2) about 0.01 to 10% by weight of a phosphate solution;
(3) about Q.1 to 10% by weight of an isotonic agent; (4) a sufficient amount of a pH-
adjusting agent to adjust pH of said stable pharmaceutical composition to about 6.0-8.5,

15 most favorably 6.9 to 7.9; and (5) about 0.01 to 100% by volume of water.

The preferred acetic acid class of NSAID is ketorolac, particularly ketorolac
tromethamine. The preferred phosphate solution contains anhydrous or hydrous fonm of
sodium phosphate monobasic (Nal{,POs) or potassium phosphate monobasic (KH,POy).
The preferred isotonic agent is NaCl. The preferred pH—adjusting agent is NaOH or HCL.

20 The stable pharmaceutical composition does not contain alcohol. Optionally, an

alcohol or isopropyl alcohol can be added to the injectable pharma;culicul composilion.
1( isopropyl alcohol is added to the injectable pharmaceutical composition, the amount of

isopropy! alcohol can not exceed 2% by volume.



The preferred acetic acid class of NSAID is ketorolac, particularly
ketorolac trometham ne. The preferred phosphate sol ution contains
-anhydrous or hydrous form of sodi um phosphat e nonobasi ¢ (NaH2PO4) or

pot assi um phosphat e nonobasi c (K112PO4).  The preferred isotonic agent is
NaCl . The preferred pH adjusting agentyis NaOH or I-1Cl. .20 The stable
pharmaceutical conposition does not contain alcohol. Optionally, an

al cohol or 'Soﬁ Os%ﬁhc L&Qfﬁku&aﬂco%)cad%ds bi@phiag by Miigeadloat @has iékeut i cal
conposition |sop opyl al cohol is added to the injectable

pharnace tical, conpo n fveds anatiRi exceed
2% by voI D et ot éig%ﬁgﬁ’b%nﬁﬁﬂggggtlgh\e%gﬁggg? hoﬁ%ﬁgugpg%ared by

m xi ng about 0.1 to 15% by wei ght of the aqut. 0. by

wei ght of 04 fe ! Phdspraieht Qédl\*u’ﬁ)k?ﬁlL f‘aﬁB‘u? spihic ie“P 8”*%%“53‘7‘ Pl%%’%‘?‘”gmm/%
isotonic. agent; a sufficient anount of a pH adjusting agent_to st

pi -1 of - sahdnsﬂahkembmaﬂnab@umpgawa ﬁ@ﬂé%aébﬂéﬁbgé @O@féwgabﬁﬁgg
favorably 6.9 5 to 7.9; and about 0.01 to 100% by vol ume of water. The

st abl & pharmaceytibeal 0.6PPLEIL bproloar dievatsed to treat patients with pain
and as an anal gesic. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10 The

noi i - st eroi dal yantisik phhANKEALQN Yorfipdtason(d¥RAksyd Pavat pamdngesith pain “and

anti pyretic and antl-lnflannatory activities. NSAIDs are wi dely used for
treat ment _ of di sconfort and illness and many di sease conditions such
as cold, AcHe pains, mld fever. ostcoarthritis, rheunmatoid
arthrltls acute or severe pain, etc. NSAIDs can be c::te into

acetyl salicylic acid. propionic acid, acetic acid, fenamate (anth.ranillic

1-5 acid).:,un. and oxic<un grou e of the a licyclic acid
cl ass _of) SETALED %FSCRIP ION OF - erI\vi}’\lﬁ%N y

1< iP alc

10 The non-steroidal anti-inflammatory drugs (NSAIDs) have analgesic, antipyretic
and anti-inflammatory activities. NSAIDs are widely used for treatment of minor
discomfort and illness and many disease conditions such as cold, aches and pains, mild
fever, ostcoarthritis, rheumatoid arthritis, acute or severe pain, etc. NSAIDs can be
czierorized into acetylsalicylic acid, propionic acid, acetic acid, fenamate (anthranillic

15 acid). nonecidic, and oxicam groups. Example of the acetylsalicyclic acid class of
NSAIDs includes, but is not limited to, aspirin. Examples of the propionic acid class of
NSAIDs include, but are not limited to, ibuprofen, ketoprofen, naproxen, oxaprozin.
Exampiles of the acetic acid class of NSAIDs include, but are not limited to, ketorolac,
diclofenac, indomethacin, sulindac, ctodolac, and tolmetin. Examples of the fenamate

20 class of NSAIDs include, but are not limited to, meclofenamate and mefcngmic acid.
Examnle of the non-acidic class of NSAIDs includes, but is not limited to, nabumeione.

Fxamples of the oxicam class of NSAIDs include, but are not limited to piroxicam and



NSAI Ds includes, but is not limted to, aspirin. Exanples of the propionic
acid class of NSAIDs include, but are not limted to, ibuprofen,
-ket opr of en, naproxen, oxaprozin. Exanples of the acetic acid class of

NSAI Ds include, but are not |limted to, ketorolac, diclofenac,

i ndomet haci n, sulindac, etodolac, and gol netin. Exanples of the fenamate

cl ass of NSAIDs include, but are not limted to, mecl ofenamate and

mef enam ¢ acid. 1=xal; isle 01, the non-acidic class of NSAIDs includes,
but is n@ficibkiBhhkitn).i TIRBHIES PRGwated incacingipdses uef NS heDovitasmilaass of

NSAI Ds include, but are not limted to piroxicamand 8 nel oxicam (oxicam.
The drugsg, b4 1Sx]ic{%qt¥le(?1gic51n JEAGA-AliASR Qf phite NPA b5 c shat&csims] ar,  al t hough
not |dent|caY: p ar macokl neti ¢ and phar ni codynam ¢ characteristics. One
agent in the acetic acid group,. ketorelac., has a potent es). tivity
at the opioi ‘W@#@P‘@chg%”Wﬁﬁfﬁé?%ﬁQF%PﬂﬁﬁﬁgbéW%ﬁﬁ(ﬁfﬂﬁggg%%fgfglggvere
acute pain. Though in 5 the managenent of sgv?re pains,‘qpio%gﬁgﬁre very
pot ent p@Aidrierql @péisindicaey (pravenERBCH; o MRdGragt Y sRGE PN ol BYHACE, drug
abuse, physical and nmental dependency, w thdrawal synptons and adverse

ef f ects, twhiaheoake of hevare pses opondsrov eersipalenapdn hilghyg, heglhvr b,

Contrary to opioids, ketorolac is a relatively safe and effective drug for
use in pRistory 6f IE@RPind@IRiR:adrut Sbesd! plepicklyandanuedlcicptddenay avillalodveali n or al
tabl ets, and 10 intravenous and intramnuscul ar injection solutions for quick

onset of S%ﬁ%ﬂ)ﬁls Rk Bd\rré?%\% &tectsT MBicISRANMT G PGS BEKAvicAh] @hd kelhoy Rlcamtddeaches a
peak at about 2.911.8 nutes. A single dose of intranuscular injection of

60 men of ketokol ac reaches a peak.in serumccel ration. .about ;30 to 60
m nutes. Ketor ?&8“?@’%m8hfr%"8?655aﬁﬁﬁﬂg%éﬁpﬁ§g2%%§$31§8°into fWo racenmic

structures, i.e., 15 [-]S and []R keto.rolac. f?rns.,Tqﬁ bi ol ogi cal
act i vi t yPHNYREEHoEOTTIAC sage) dY U feable i oral LEblets, aid

10 intravenous and intramuscular injection solutions for quick onsct of acute pain relief. The
serum concentration of ketorolac reaches a peak at about 2.9£1.8 minutes. A single dose-
of intramuscular injection of 60 mg of ketorolac reaches a peak in serum concqntralion
about 30 to 60 ninutes.

Ketorolac is a chiral druy which can be separated into two racemic structures, 1.c.,

—
(¥4}

[-]S and [+]R ketorolac forms. The biological activity of ketorotac 1s associated with the
S-form. The term “ketorolac” as used herein refers to S-form, R-form, or a racemic
mixture of ketorolac. The racemic mixture of the [-]S and [+]R isomers is currently used
in the marketed oral, ophthalmic, intravenous and intramuscular pharmaceutical products.
The ketorolac frec acid has low water solubility. However, one salt form of
20 ketorolac, 1.c., ketorolac tromcthanine, has deimonstrated enhanced. solubility in water.
Ketorolac tromethamine may cxistin three crvstal forms. All forms are cqually soluble
in water. Ketorolac tromethamine dissociates at the plivsiologic pH to anionic ketorolac.

Pharmacokinetic behavior of ketorolac can be described using either the two- or three-



S-form The term "ketorolac" as used herein refers to S-form R-1l-ors, or a
racem c m xture of ketorolac. The racemc mxture of the [-1S and []R
-isoners is currently used in the narketed oral, ophthal mc, intravenous
and intramuscul ar pharmaceutical products. The ketorolac free acid has | ow
water solubility. However, one salt fogm of 20 ketorolac, i.e., ketorolac
tront et ham ne, has denonstated enhanced olubility in water. Ketorolac
troy;r,etham ne may exist in crystal forns All forms are equally soluble
in water. Ketorola a -l to
ani oni ¢ §8W8?§F83aFmﬁﬂ%ﬁn§ 'ﬁg ?% n kol F ihﬁuﬁﬂﬁ§k9§9@%$kﬁhM

aV|or 0 etorol ac can be descri bed
using either the two- or three 9 conp e Once
ci rcul at iPEHCINBOUBY S R CFBWREF HRM Y | @prgﬁéﬁagggoumﬂgeoun dﬂﬁdn§nth
termnal elimnation half-life of 3.8-6.3 hours in young g}lts a
4.7-8.6 Hohﬁ@llOrmSgle\rguaw|Cd>apal@li8eh1C§f0‘R%WP%‘P%“W%H&%%&HM oligeq %‘Gr‘g‘él y
nmet abolized in the liver to hydroxylated and conjugated netabolites. The
netabol|nﬁ%r&n@@&ﬂmmuuhmhamg@m;ﬁxﬁnu@xame e mett@wliles andesomeiunehaiBié onset
of the anti-inflammatory, analgesic, and antipyretic effects starts within
30-60sm r@i'f'ltlr§§rc%fx&%(cdt ihend Mtr@MHsHsalof admniiishaanheny, daRcsivpxidum ef f ect
is reached ~ hours after the intravenous or intranuscul ar

admi ni str g !ﬁ%n%c CEIIQQS %lqgg ARG 3(96@[ ;n?tﬁéssaffgt lhléerit(szanlns%ﬁldtr %@mmaemone Thast for
4-6 hours. 'y’ commercral ly avail able ket or ol ac tronet ham ne
perenteral sol uti 10 ¢ n abpu t he use of
al cohol ‘H”Pﬁ@“b@ﬂ%hFﬁFaﬁwggrﬁl?BﬁéRﬂéP%% 55 cer'HPHkgﬁg% ens whi ch can
limt the usage of ketorolac tronetha E ectl For xanp
ket or ol agdnrvFsrtRns ddcitkerapaysie eflgds p (1“?‘8 “QHET al‘?@“%@’ﬁ% ?F QM
ketorolac trotmhamne is worsen if the al cohol used in the solution is not
in top qualityThe @mwenHg comhercihkinayailihle Fetoppacgremetbamnastrsrenterasdgiqng t he
i njection solution, the cost for

10 contain about 10% alcohol. However, the use of alcohol in the perenteral solutions

creates certain problems which can limit the usage of ketorolac tromethamine for
injection. FFor example, ketorolac tromethamine is sensitive to light and the sensitivity of
ketorolac tromethamine is worsen if the alcohoi used in the solution is not in top quality.

On the other hand, if a top grade alcohol is used in the injection solution, the cost for

—_—
N

making the ketorolac tromethamine injection sotution increases w hich affects the
competitiveness of the products in the market. In addition, high content of alcohol causes
irritation of skin at the injection site and delay in drug absorption. 1t also induces drug-
drug interactions when ketorolac tromethamine is administered together with other
pharmaccutical products. High content of alcohol in the solution also causcs
20 precipitation of the ketorolac tromcthamine in the solution which affeets the stability and
effectivencss of the products.

The usc of isopropyl alcohol in the ketorolac tromethamine injection solution also

creates problems. In particular, isopropyl alcohol increascs the osmotic pressurc of the



15 making the ketorolac tronmetham ne injection solution increases which
affects the conpetitiveness of the products in the market. In addition,
-high content of alcohol causes irritation of skin at the injection site
and delay in drug absorption. It also induces drug drug interactions when
ketorolac tronlethamne is adm ni stereg together with other pharnaceutical
products. High content of alcohol in the solution also causes 20
precipitation of the ketorolac tronlethanmine in the solution which affects
t he st abinjdctiyn agidiioehfiaen, iy anessusef pdiher pricdoctesthe phgcius et it sitsopthopy|
al cohol in the ketorolac tronmetham ne injection solution also creates
probl ems; ;d.nopaf M@HA%@ (i RARI9RY koA SRR id BEMEAS ASnA NS NBhbG s ESSUr e
of the 10" Injection orutlon, which, in turn causes pain or irritation to
the patients at the site of the injection. If the concentration of
i sopropy?®'s"Sohol is too high, it may cause hemolysis in patients. I'n the
present invention, a stable and injeg}able h%rnaceutical conposition 5
whi ch cont ai nB BA PErseRtiiBvesdion. 25allg apt IMESKPEs ey L& MPPRECBH val ue of
the injectable pharmaceutical conposition is nmaintained at 6.0-8.5,
pr ef ér abiviiich.cOnt I8 an\heunc adithelaptpiNe$ A iselesartved k Ehopbl wdug 9 ldhet hami ne
solutions are |lower than 6, the NSAID precipitates fromthe sol utions.
When t heinpddidbse ;Eﬂil:ﬁﬁh@dielﬁihalrbo&qﬁsitffohés mainaiinedfat 610eS. S oprafdrang 6.%changésn 10 The
osnolarity of the injectable pharmaceutical conposition is naintained at
0.5- 3 Og,H O0RES o QR IR FSRUNEnREQINEES RAIFWAMh GherSaIDskKi n
irritation at the site of injection. It. may also affect the rate of drug
absor pt | gt%bi el B OFIRLG; ﬁgeﬁ’shléﬁ B £99 heplhgﬁ 8.9 3119%093%@5&@{1%' ysis
enéus Phe S aﬁlty, an

inintra i njectron ens nol
changes.
10 The osmolarity of the injectable pharmaceutical composition is maintained at 0.5-
3 Osm. Higher osmotic pressure produces pain and increases skin irritation at the site of
injection. It may also affect the rate of drug absorption. If the osmotic pressure is 0o
high, it may cause hemolysis in intravenous injection. The term “osmolarity,” and
“osmiolic pressure” are used interchangeably in this application. Also, the term “isotonic”
15 asused herein is referred to as pertaining to a solution characterized by having equal
osmolic pressure as that in the mammalian blood.
Other than the NSAID, the injectable pharmaccutical composition of the present
invention contains the following components:

(.. APHOSPHATE SOLUTION:

20 The phosphate solution contains anhydrous or hydrous phosphate and/or salt of
phosphate. The phosphate solution is preferably maintained at 0.1-10 mitliequivalent
(*meq”). The anhydrous or hydrous form of phosphate and the salt of phosphate include,

but are not limiied to, phosphoric acid (H3POs), sodium phosphate tribasic (Na;POy),



"osnotic pressure" are used interchangeably in this application. Al so, the
tens "isotonic" 15 as used herein is referred to as pertaining to a
‘solution characterized by having equal osnotic pressure as that in the
manmal i an bl ood. O her than the NSAID, the injectable pharnmaceutical
conposition of the present inventionjgontains the follow ng conponents:
(1). A PHCSPHATE SOLUTION:. ' 7?0 The phosphate sol ution contains anhydrous or
hydr ous phosphate and or salt of phosphate. The phosphate solution is
preferably..naintained at .0 1-10,mHhli ' he._ or hydrous
form of pRoSBHIPY'S Srheeki R %ﬂbiogﬂ!a*?@‘“OFE‘ET%%@?S‘EE‘%@‘* ot limted
to, phosphoric acid (H3PO4), sodium phasphate tribasic . )., 11 sodium
bhoshhat BORBHEBAEP S I NEIEE ST LT SO DASL B ar et (LR

pot assi um phosphate tribasic (K PO4), potassium phosphate nloilobaSiC

( KH2P04) polapatiagdipsmaphobpiatie dibasi ¢ (K, 11. P04). (2). PH ADJUSTI NG AGENT:
To maintain the injectable pharmaceutical conposition at pH 6.0 to 8.5, the
fol |l owi n@2)pl - PHAAIDUSISITANG AGENT: are enpl oyed: (A). To increase the pH val ue
of the injectabl e pharmaceutical conposition, an al kaline agent is used,

whi chs i ncl udegio RikhiahS1HRQE) céthift skt QeuEaddMPosiip A AOXH &) (NS tht) |
pot assi um hydr oxi de (KOH), tronethanline, nlonoethanol anline, 10

diethanokaﬂaﬂqppgggég?“pi%%BFﬁg%%ﬁ?%%?kQCIB) and other organic bases. (B)

To decrease the ue abl e pharnmaceutical conposition, an
i . . . . e ‘ .
acidlc agent is us?g). W)Ilocigcrlegs%ltHggﬁ’vaRJ%toflthse inj%gta{)llerghgggactegtlcaqydr ochloric

composition, an alkaline agent is used, which includes, but is not limited to, sodium

hydroxide (NaOH), potassium hydroxide (KOH), tromethamine, monoethanolamine,
10 diethanolamine, sodium bicarbonate (NaH,COj3) and other organic bases.
(B).  To decrease the pH value of the injectable pharmaceutical
composition, an acidic agent is used, which includes, but is not limited to, hydrochloric
acid (HC1), ciuric acid, tartaric acid, lactic acid and other organic acids.

The pl-adjusting agents can be used individually or in combination. The total

—
N

concentrations of the pH adjusting agents are within the range of 0.001-5% by weight.

(3). ANISOTONIC AGENT:

The injectable pharmaceutical composition is adjusted to within 0.5 to 3.0
Osmolarity, which is cquivalent or similar to the osmotic pressure in the mammalian
blood by an isotonic agent. The isotonic agent includes, but is not limit to, sodium
20 chicride, potassium chiloride, and/or other conventionally known isotonic agents.
(4. WATER:
The injectable pharmaccutical composition is preferably dissolved in water,

particularly sterile water. Optionally, cthanol or isopropyl alcohol can be added to the



acid (1-1C1), citric acid, tartaric acid, lactic acid and other organic
acids. The pHadjusting agents can be used individually or in conbination.
-The total 15 concentrations of the pl-I adjusting agents are within the
range of 0.001-5% by weight. (3). AN I SOTONI C AGENT: The injectable
pharmaceutical conposition is adjustedyto within 0.5 to 3.0 Gsnlolarity,
which is equivalent or simlar to the osnotic pressure In the mammali an

bl ood by an isotonic agent. The isotonic agent includes, but is not limt
to, sodi wal@()Thehidditiode, epunalssiisapraihil elcolid is seidh absDulsgeqWorm@ni¢onal | y
known i sotonic agents. (4. \\Al The injectabl e pharmaceutical conposition
i s pref epakugidi 66 elayrcnidnnjeadele phamadrctitial amhjyossioardsldesanditcdnn tiEpt i onal |y,
et hanol or isopropyl alcohol can be added to the 12 water. The addition of
et hanol %ﬁ‘cs'cx%tqm'&mgn. aly Bhgbpﬂoﬁ)’lr&@éolﬁnis%@%|iM§ Brdf@au henBatoh@ntapgioduci ng
the stable and injectable pharnaceutical conposition as described in‘the
present invention. n, i .sQpropyl cohal . i s b b SRl &EST -dshat the
concent rao'? ilsé)ﬁ)mpafl allc\éy]éelrdgﬁif] 'a )‘%Lﬁjo?odggelgé lnsgﬁ logigag%oé{oi% IiIcp [r'? 1#21 ‘lg;fsacg%&sopyl

al cohol cqncentration exceeds. 5 35% it may induce henpolysis in patients.
The inj ecPabllemprdidvae BEMP YAl 12 BH#ESS tion is prepared by the fol |l owing
procedures, which are in conpliance with the Food and Dru? Adm ni stration
of the UnitedIStiajeesbld rygmicegiod cRpnafaet g @riaci e ddiQraesP) : (1). Add
an appropriate anount of the phosphate or the salt of phosphate, 10

anhydr ougprateduies hwhigtraed 8, coasplidescwith € Hoodtahé Dalpidniiphospheatighsol uti on”
section, to an appropriate anount of water, stir until the phosphate is
di ssol vedJnited States Class 1 Good Manufacturing Practice (cGMP):

(1).  Add an appropriate amount of the phosphate or the salt of phosphate,

10 anhydrous or with hydrate, as described in the above “phosphate solution™ section, (o an
appropriate amount of water, stir until the phosphate is dissolved.

(2).  Add an appropriate amount of an acetic acid class of NSAID to the
solution in (1); stir until the NSAID is dissolved.

(3).  Optionally, add an appropriate amount of an isotonic agent. as described

15 in the above “isotonic agent” section, to the soiution in (2); stir until the 1sotonic agent 1S
dissolve.

(4).  Measure the pH of the solution in (3). 1l the pt is below 6.0, add an
appropriate amount of the alkaline agent as described in (A) of the above “pH-adjusting
agent” to the solution. If the pH is above 8.5, add an appropriate amount of the acidic

20 agent as described in (B) of the above “pH-adjusting agent” to the solution. Cloudiness is
observed when the pH of the solution is below 6. The solution wiil become clear after

the pH adjustment to between 6.0-8.5.



(2). Add an appropriate anobunt of an acetic acid class of NSAID to the
solution in (1); stir until the NSAIDis dissolved. (3). Optionally, add an
-appropriate anmount of an isotonic agent, as described 15 in the above
"isotonic agent"” section, to the Solution 111 (2); stir until the isotonic
agent is dissolve. (4). Measure the pBof the solution in (3). If the pl-I
is below 6.0, add an appropriate anmount of the al kaline agent as descri bed

in (A) of the Wov%tmmu lh@%lﬁ'l%d &Y94) 99653;75111Ltll% stohﬁlo§(?l|11‘6t(1l 0.0 2of u‘hhe pl-11is

above 8.5, add ‘an appropriate anmount of the acidic 70 agént as descrlbed in
(B) of t?ﬁﬁabove "pH adj usting agent” to the solution. C oudiness is
observed en the pH ofthc solution is below 6. The solution will become

clear after the pH adjustment to between 6.0-8.5. 13 (5). Sterilize the
sol ution of (49)- by Maparagcrdersonint brelihs slyRrdapenEaA O w Mgt . (b) .

D spense the desired quantity of the solution nentioned above into a
sterilizegritioed edmainer; steativd ihzeoluhien sothatsicohzédronhenesy ey nlioziedingght ai ner s
by autoclaving at 5 high pressure at 121C for 20 mnutes. (7). If the

sol ut § on high prassare ANRQEt gor BONAES @ methyl ene W test for quality contro
interns of |eakage. This step can be onmitted for products in vials. (S).

Wpe t 0 cl ean J]e C{?ﬂt aloﬂ(?lm s mna% '1(?1(.;;0ut-lh%01%u§” ﬁ%th ']CenL- %ﬁcsl%t%ll @Jlmt(t))n fibers

determ ne mhet par icu d/or forei S, such as c
and crystal s, 10 are in the Vi ouI sing. an automatic |ight

projectlSH“H@ﬂBé?BF‘#6?*éﬁbdﬁmé§wp°C© ¢ o4l ﬁb%ﬁﬁﬁk’ W 4NS store the

finished products. _ S o
(8).  Wipe to clean the containers. Inspect the clarity of the solution to

determinc whether pa:'licul'atc and/or foreign mallers, such as cotton fibers and crystals,
10 arein the vial or ampoule by using an automatic light projection detector for ampoules.

(9).  Label, package and store the fintshed products.

The following equipment arc emploved to determine the quality of the final
products: (1) High performance liquid chromatography (HPLC) is used to dclcm.ﬂne the
amount of NSAID in the injectable pharmaceutical composition; (2) pH imeter is used to

15 determine the pH value of the injectable pharmaceuiical composition; (3) Osmometer is
used to deterniine the osmotic pressure of the injectable pharmaceutical composition; (4)
Atomic Absorption spectrometer is used to determine the Na™ or K™ concentration; and
(5) Automatic Light Projection Detector by EISAL Co., Ltd,, is used to detect impurity

such as cotton fibers and crystuls in the vial or ampoule



The foll ow ng equi pnent are enployed to determ ne the quality of the final
products: (1) Hi gh performance |iquid chrumatography (HPLC) is used to
‘determ ne the anount of NSAID in the injectabl e pharnaceuti cal

conposition; (2) phi neter is used to 15 determ ne the pH value of the

i nj ectabl e pharmaceutical conposition;14(3) Osnoneter is wused to determ ne
the osnotic pressure of the injectable pharmaceutical conposition; (4)

At om ¢ Absorptjon spectraneter dto (

concentrat i on;J”éFn‘éPa“‘(%?“‘ﬂUﬁBHJéF?SdS HL‘ﬁﬁﬁfieW iﬁ ‘{inf’gcﬁloﬁéfl%@tob‘ CIBH (A% co.
Ltd., is used to detect inpurity such as cotton fibers and crystals in the
vial or anpoul®:20 14 The nmanufacturing process is further depicted in the
following flow chart (Table 1): Table 1: Flow Chart of Manufacturing
Process 5 anpoul es wash sterilize containers N ials wash sterilize 10
Water for fornmulate filter dispense seal Linfection |eakage test sterilize

wi pe clean inspect F -quabidy mewtaiek drvhalsuiackagiseg boxing storage

N

ampoules wash sl sterihize |

containers \
vials

wash S, sterilize ||

A4

A 4

water for formulate 3 filter .| dispense > seal
injection '

4

lcakage Lest‘,___?, sterilize s+ Wipe clean —>Il mspect |

qualm_‘

control

label 3! packaging | 5! boxing »| storage




15 The follow ng exanple is illustrative, but not limting the scope of
the present invention. Reasonable variations, such as those occur to
‘reasonabl e artisan, can be nade herein w thout departing fromthe scope of
t he present invention. EXAMPLE 1 5 Preparation of the Pharnaceuti cal
Conmposition of the Present Invention Tge pharnmaceutical conposition of the
present invention was prepared as follows: Ketorolac trometham ne. 18000
KH2PO4 300 g ) nj ection
gs to 60 L oI Ehat iwg 5 o s SRR i A @\%\%)t \eé\?’wgctrffgcﬁhtu
K-1-17PO4 i s .di ssol ve Add, keraorolac tr tlon
of (1) dpicRGh: REeOBE Fér"“ég“ el T et & G Seane adtep gyt A atRkG

the solution of (2); stir until the NaCl is dissolved. (4) Adjust the pH of
the sol utrsi withpwdeparigedran the sgopselihe BIFSAYEY G W anount  of NaOH or HCl .
15 (5) Add the volume of the solution of (1) un to 6i) L using an adequate

anount of water. (6) Filter,the soEXAMALBfl (5) through a 0.22 full filter.
16

5 Preparation of the Pharmaceutical Composition of the Present [nvention

The pharmaceutical composition of the present invention was prepaied as follows:

Ketorolac tromethamine 1800 ¢
KH,PO, 300 g
NaCl ' 26l g
NaOH or HCI Adequate amount
Water for Injection qsto 60 L

Procedures:
nH Add KH,POs to 50 L of water; stir until i3H:P0; is dissolved.
10 (2) Add ketorolac tromethaminc to the solution of (1); stir unul ketorolac
tromethamine is dissolved.
(3) Add NaCl to the solution of (2); stir until the NaCl is dissolved.
4 Adjust the pH of the solution of (3) to 6.9 ~ 7.9 using an adequate amount
of NaOH or HClL
15 (5) Add the volume of the solution of (4) up to 60 L using an adequate
amount of water.

(6) Filter.the solution of (5) through a 0.22 pm filter.



(7) Dispense the filtered solution into a sterile container, such as an
anpoule or vial; seal the container. (8) Sterilize the solution in the
cont ai ner by autoclaving at 121C for 20 mnutes. 5 (9) After the container
is cool down, wi pe clean the container; inspect the container for any
particulate or foreign matters; releasg the product. EXAMPLE 2

Pi _e:pal-ation g the Pharinacefilical Conposition of the Present I|nvention

The phar maceut | 0Si of, t P as

ol | bus: Kot of B ac AT b0 A e 168 "5 R Plesb by e GRpS e
Tromet hami ne or MCI Adequate armunt V\ater for Injection @& to 60 L i
Procc, lirres: (1) Rdd“‘lklscilzlbﬁ)ﬂo'ilﬁ”go L of Water for Injection and; stir
until K. 1-12P04 is dissolved. (2) Add kctorolac tronlethanline to the

sol ution of (1)§) stiSterundeithe kdtiomohales cobtainavythmeiavend ¥ 1dil $sdondd. (3) Add
NaCl to the solution of (2); stir until the NaCl is dissolved. (4) Adjust
the pl-1 of the sol yihgrsof (3) to 6.9 - 7.9 using an adequate anount of

t ronet ham ne or HCL.

5 (9 Afler the container is cool down, wipe clean the container; inspect the
container for any particulate or foreign matters; releasc the product.

EXAMPLE 2

Preparation of the Pharmaceutical Composition of the Present Invention

Tie pharmaceutical composition of the present invention was prepared as follows:

Ketorolac tromethamine 1800 g
KH-PO, 300 g
NaCl 201 ¢
Tromethamine or HCl Adequate amount
Water for Injection Qsto60L

19
Procedures:
(1) Add KH-PO, to 50 L of Water for Injection and; stir until KH,POs is
dissolved.
(2) Add ketorolac tromethamine to the solution of (1); stir until ketorolac

tronicthamine is dissolved.

(4]

(3) Add NaCl to the solution of (2); stir until the NaCl is dissolved.
4 Adjust the pH of the solution of (3) to 6.9 ~ 7.9 using an adequate amount

of tromethamine or HCI.



17 (5) Add the volune of the solution of (4) up to 60 L using an adequate
anmount of water. (6) Filter the solution of (5) through a 0.22 tmfilter.
(7) Dispense the filtered solution into a sterile container, such as an
anpoule 5 or vial; seal the container. (8) Sterilize the containers by
autocl aving at 121C for 20 mnutes. (9Qy After the container is cool down,
W pe clean the container; inspect the container for any particul ate or
foreign matters; release the product. EXAMPLE 3 10 Preparation of the
Phar maceut i cal5)Conpaki hi onlusfe aftibe smltienal (Fhureiet Gk uving aprpdeanrieut i cal
conposition of the present invention was prepared as follows: Ketorolac
tromet ham ne 1800 gni¥adlefl®W&¥r 12H20 360 g NaC 261 g NaOH or HCl adequate
anount Water for Injection qs to 60 L Procedures: (1) Add Na2HPO4 12H20
to 50 L of wafey; ki tHé‘Eélhu&'@@H‘??Fhr@J«%“é?@n sm @igsol ved. 15 (2) Add

ket or ol ac tronethanlne to the solution of ); stir until ketorolac

E I’hngENtafc’l:i'in”: rS]ed:(z)s jzoyl)eynesgihe(t% ercodsoll’\Fic)n mIo a sten cscgrlltlélltl{e(r)nsu ag %) amﬁ&ﬁlé unti|

5 or vial; seal the container.
(8) Sterilize the containers by autoclaving at 121°C for 20 minutes.
9 Afier the container is cool down, wipe clean the container; inspect the

container for any particulate or foreign matters; release the product.
EXAMPLE 3

10 Preparation of the Pharmaceutical Composition of the Present Invention

The pharmaceutical composition of the present invention was prepared as follows:

Ketorolac tromethamine 1800 g
Na,HPO, -12H,0 360 g
NaCl 261 g
NaOH or HCI adequate amount
Water for Injection qsto 60 L

Procedures:
H Add Na,HPO, -12H,0 to 50 L of water; stir until Na,HPO4 -12H,;0 is

dissolved.

—
N

(2) Add ketorolac tromecthamine to the solution of (1); stir until ketorolac
tromethamine is dissolved.

3) Add NaCl to the solution of (2); stir until the NaCl is dissolved.



18 (4) Adjust the pl-1 of the solution of (3) to 6.9 7.9 using an adequate
anmount of NaOH or 1-1Cl. (5) Add the volune of the solution of (4) up to
60 L using an adequate anount of water. 5 (6) Filter the solution of (5)
through a 0.22 mfilter. (7) D spense the filtered solution into a sterile
contai ner, such as an anpoule or vialig seal the container. (8) Sterilize
the containers by autoclaving at 121 C for 20 mnutes. (9) After the

container is cogl dawhst MeRs 6f @@Roluhien 60(0? 8 619F,7.9 1SRLaH all®atclin@mnt ai ner
for any particulate or foreign matters; release the product. EXAMPLE 4

Preparation of the Ppprppcguybpal Coninosition of the Present Invention The
phar maceuti cal conposition o# the present invention was prepared as

foll ows: ketorQl ac tropetham nc 180 0O _ .2 T .Nad 261 NaCOH or
HCl adequate a untAdﬁéFEVQwBF(ﬁHFE?‘H%H%§§Bf8l%§8ﬁfuﬁﬁgiﬂ%é§ ﬂ%es: (1) Add
Na3PO4 to 50 L of water; stir until Na3PO4 is dissolved. (2) Add ketorolac
troi net hami ne to theémesniRlivwHeof (1); stir until ketorolac tmrthaniiUP is
rtlccnly, -rl

5 (6) Filter the solution of (5) through a 0.22 pum filter.
) Dispense the filtercd solution into a sterile container, such as an ampoule
or vial; seal the container.
(8) Sterilize the containers by autociaving at 121°C for 20 minutes.
) After the container is cool down, wipe clean the container; inspect the

10 container for any particulate or foreign matters; release the product.
EXAMPLE 4

Preparation of the Pharmaccutical Composiiion of the Present Invention

The pharmaceutical composition of the present invention was prepared as follows:

ketorolac tromethamine 1800 ¢
Na;PO, 240 ¢
NaCl 26l g
NaOH or HCI adequate amount
Water for Injection gsto 60 L

15 Procedures:
(H Add Na;POy to 50 L. of water; stur untit NaaPOy 1s dissolved.

(2) Add ketorolac tromethamine to the solution of (1); stir until ketorolac

tramethamine 1< dicenlved



19 (3) Add NaC to the solution of (2); stir until the Nad is dissolved.
(4) Adjust the pH of the solution of (3) to 6.9 7.9 using an adequate
-ampunt  of NaCOH or HCI. (5) Add the volune of the solution of (4) up to 60
L using an adequate 5 anpunt of water. (6) Filter the solution of (5)
through a 0.22 mfilter. (7) D spenseibhe filtered solution into a sterile
contai ner, such as an anpoule or vial; seal the container. (8) Sterilize

the contai ners by autocl V|n at 1210 r 20 fter the
container is cOoi %585‘1’1"){‘% oﬂtréff‘ﬁre‘ﬂ E‘F%%bse%fé“?% cont ai ner

for any particul ate or fore n matters; release the product. EXAMPLE 5
Preparation of (Mhe BHishicelt 9 CHE seshpbali B Brb-df thusire a8 @AtAURIRARRYSN The

pharmaceutical conposition of the present invention was prepared as
foll ows: Ketorol acof NeOtidrdiiChc 1800 g Ki-12PO4 300 g Nadl 261 g KOH or
HCl1 adequate amount Water for Injection gs to 60 L 15 Procedures: (1)

Add 1Q -12POA {0 50 Aldd Qe WAL o f Bitel Joluidh ol (45Hd3 REB0 ILsusth & sihddate
5 amount of water.
(6) Filter the solution of (5) through a 0.22 pm filter.
(7) Dispense the filtered solution into a sterile container, such as an ampoule
or vial; seal the container.
(8) Sterilize the containers by autoclaving at 121°C for 20 minutes.
10 9) After the container is cool down, wipe clean the container; inspect the

container for any particulate or foreign matters; release the product.
EXAMPLE 5

Preparation of the Pharmaceutical Comnosition of the Present Invention

The pharmaceutical composition of the present invention was prepared as follows:

Ketorolac tromethamine 1800 g
KH,PO4 300 g
NaCl 201 g
KOH or HCI adequate amount
Water for Injection qsto 60 L

Procedures:

() Add KH,PO4 to 50 L of water; stir until KH,PQ4 1s dissolved.



20 (2) Add ketorolac tronethamine to the solution of (l); stir until
ketorolac tronmethamne is dissolved. (3) Add NaCl to the solution of (2);
stir until the Nad is dissolved. (4) Adjust the pH of the solution of (3)
to 6.9 - 7.9 using an adequate anbunt 5 of KOH or HCl. (5) Add the vol une
of the solution of (4) up to 60 L using an adequate anount of water. (6)

Filter the solution of (5) through a 0.22 pmfilter. (7) D spense the
filtered solution into a s

erile contajner, .such ap_a ul e 0 or vial;
seal the cont &ner .Ad(déjet‘EPL"Fi”loi“keéhafrHBe %’gﬁ?gcilwéqnsc’@;)’éﬁf l(’5‘rc1ETJIi)1avelltonrﬁlaz%lt 121C for
20 mnutes. (9) After the container is cool down, w pe clean the container;
i nspect the cont aitreerctfaspingisdipghtedcul ate or foreign matters; rel ease the
product EXAMPLE 6 15 Preparation ofthe Pharnaceutical Conposition o(the
Present fliveis) on AkkieNphiawnaesutticad§ (2ospositd theiNasfl is Hespvedent i nventi on
was prepared as follows: Ketorolac tronetham ne 1800 g° NaH2PO4 -2H20 342
21 NaCl 261 RaOH of4;HChh e @Y aiasonuRE (3)yaber7.d aginknedeione gsoto 60 L

S5 of KOH or HCL
(5) Add the volume of the solution of (4) up to 60 L using an adequate
amount of water.

6) Filter the solution of (5) through a 0.22 pm filter.

@) Dispense the filtered solution into a sterile container, such as an ampoule
10 or vial; seal the container.

(8) Sterilize the containers by autoclaving at 121°C for 20 minutes.

9 After the container is cool down, wipe clean the container; inspect the

container for any particulate or foreign matters; release the product
EXAMPLE 6

15 Preparation of the Pharmaceutical Composition of the Present [nvention

The pharmaceutical composition of the present invention was prepared as follows:

Ketorolac tromethamine 1800 ¢
NaH,P0O, -2H,0 342 ¢
NaCl 261 ¢
NaOH or HCl adequate amount

Water for Injection qsto 60 L



Procedures: (1) Add NaH2PO4 -2H20 to 50 L of water; stir until NaH/PO4
-2H20 is dissolved. (2) Add ketorolac tronmethamne to the solution of (1);
stir until ketorolac 5 tronetham ne is dissolved. (3) Add Nad to the
solution of (2); stir until the NaCl is dissolved. (4) Adjust the pH of the
solution of (3) to 6.9 - 7.9 using an2adequate amount of NaOH or HCl. (5)
Add the volunme of the solution of (4) up to 60 L using an adequate 10
anount of water. (6) Filter the solution of (5) through a 0.22 "mfilter.
(7) Di spdri€ed®@ filtered solution into a sterile container, such as an
anpoule or vial; seal the container. (S) Sterilize the containers by

aut ocl avi ng at(1121GAddNaBePGi RHLEdo 594 qloyatess stsnntihbaldofPaiZhel Fs cool
down, wi pe clean the container; inspect the container for any particul ate
or foreign matters;dispiwdase the product. EXAVPLE 7 Preparation of the
Phar maceuti cal Coi nposition of the Present |Invention The pharnmaceuti cal

conposi tion of 22)“9 REERAPLIAWYERLLANINRS URIsBRALEHS @T; ftRlun@nsetordigt or ol ac
t romet ham ne 18002 K2HPO 300 g Nad 261 22
5 tromethamine is dissolved.
3) Add NaCl to the solution of (2); stir until the NaCl 1s dissolved.
4) Adjust the pH of the solution of (3) to 6.9 ~ 7.9 using an adequate amount
of NaOH or HCl
) Add the volume of the solution of (4) up to 60 L using an adequate
10 amount of water.
(6) Filter the solution of (5) through a 0.22 um filter.
7 Dispense the filtered solution into a sterile container, such as an ampoule
or vial; seal the container.
(S) Sterilize the containers by autoclaving at 121°C for 20 munutes.
15 9 After the container is cool down, wipe clean the container; inspect the
container for any particulate or foreign matters; release the product.
EXAMPLE 7

Preparation of the Pharmacewtical Composition_of the Present [nvention

The pharmaceutical composition of the present invention was prepared as follows:
ketorolac tromethaminc 1800 ¢
K,HPO: 300 ¢

NaCl 261 ¢



NaOH or citric acid adequate anmount Water for Injection gs to 60 L
Procedures: (1) Add K2ZHPO4 to 50 L of water; stir until K2HPO4 is

di ssolved. (2) Add ketorolac tronethainine to the solution of (1); stir
until ketorolac 5 tromethamine is dissolved. (3) Add NaC to the solution
of (2); stir until the Nad is dissolwed. (4) Adjust the pH of the solution
of (3) to 6.9 - 7.9 using an adequate anmount of NaCH or citric acid. (5)

Add the vol une of(%?éﬁlscﬁ)rlc%gcggidof (4) up to 6%1&1[“ t%iarl][gﬁgl@ adequate 10

anmount of water. ter e solution of ( rough a 0.22 p.mfilter.
(7) Dispense the fj|tered solution into a sterile container, such as an
anpoul e or vial; {s'\ééﬁr fPRlUSHRPai ner. (8) Steriliz® PHE “ontainers by
autoclaving at 121C for 20 mnutes. 15 (9) After the container is cool
down, wi pe clean the container; inspect the container for any particul ate
or foreign matters; rel ease the product EXAMPLE 8 Preparation of the

Phar macedtroedlrdSonposi tion of the Present Invention The pharnmaceuti cal
conposition of the present invention was prepared as follows: ketorolac
tromet hani ne 1800 g\&BK, NGRS b 3Fd@e3Air gntil KoHPO, is dissolved.

(2) Add ketorolac tromethamine to the solution bf(l); stir until ketorolac -
5 tromethamine is dissolved.
3 Add NacCl to the solution of(?_);.stir unti!l the NaCl is dissolved.
4) Adjust the pH of the solution of (3) to 6.9 ~ 7.9 using an adequate amount
of NaOH or citric acid.
(5) Add the volume of the solution of (4) up to 60 L using an adequate
10 amount of water.
6) Filter the solution of (5) through a 0.22 pm filter.
) Dispense the filtered solution into a sterile container, such as an ampoule
or vial; seal the container.
3) Sterilize the containers by autoclaving at 121°C for 20 minutes.
15 9 After the container is cool down, wipc clean the container; inspect the
container for any particulate or foreign matters; releasc the product
EXAMPLE 8

Preparation of the Pharmaceutical Composition of the Present invention

The pharmaceutical composition of the present invention was prepared as follows:

ketorolac tromethamine 1800 g



K} 12PO4 300 g NaCl 522 g NaOH or citric acid adequate anount Water for
Injection gs to 60 L Procedures: (1) Add NaH2ZPO4 2H20 and KH2PO4 to 50 L
of water; stir until NaH2PO4 2H20 and KH2PO4 are di ssolved. 5 (2) Add
ketorolac tronetham ne to the solution of (1); stir until ketorol ac
trometham ne is dissolved. (3) Add NaGh to the solution of (2); stir until
the Nad is dissolved. (4) Adjust the pH of the solution of (3) to 6.9 -

7.9 Using an adequate am)u of NaOH or citric acid. % (5) Add the vol une
of the solution of (’ 251’6060 L using an adequate %1 fint of water. (6)
Filter the solution of (5) through a 0.22 mfilter. 8 Di spense the
filtered solution KitBOa sterile container, such as afV@@poule or vial;
seal the container. 15 (8) Sterilize the containers by autoclaving at 121C
for 20 mnutes. (9NaBfiter the container is cool down, 5% pe clean the .
container; inspect the container for any particulate or foreign matters;

rel ease the produci.éfy oRESMLabR OF EXAMPLES 1-48¢ u‘gl@eanfl&m{rul ations of
EXAMPLES 1-8 are summarized in the follow ng Tab(}

Water for Injection gsto 60 L

Procedures:

-

(1) Add NaH,PO, -2H,0 and KH;PO4 to 50 L of water; stir until NaH,PO,4
-2H,0 and KH,PO, are dissolved.
5 (2) Add ketorolac tromethamine to the solution of (1); stir until ketorolac
tromethamine is dissolved.
(3) Add NaCl to the solution of (2); stir until the NaCl is dissolved.
4 Adjust the pH of the solution of (3) to 6.9 ~ 7.9 using an adequate amount
of NaOH or citric acid.
10 5) Add the volume of the solution of (4) up to 60 L using an adequate
amount of water.
(6) Filter the solution of (5) through a 0.22 pum filter.
@) Dispense the filtered solution into a sterile container, such as an ampoule
or vial; seal the container.
15 )] Sterilize the containers by autoclaving at 121°C for 20 minutes.
9 After the container is cool down, wipe clean the container; inspect the

container for any particulate or foreign matters; relcase the product



Tabl e 2. Formul ati ons of Exanples 1-8 EXAMPLE Conponent 1 2 3 45 6 7 8
Ket orol ac trornctha nine 1800 g 1800 g 1800 g 1800 g 1800 g 1800 g 1800 g
1800 g NaC 261 g g 261 g 261 g 261 g 261 g 261 g 522 g KH PO4 300 g 300

g --- --- 300 g --- --- 300 g NaCH or HCI Adequate adequate adequate ---
Adequate ___ --- ampount anmpount anount zanount tronet ham ne or Adequate ---
--- --- --- --- HCO amount --- --- Na,H'Q,-12H O --- --- 360 g --- --- --
--- --- Na3l"®a --- --- --- 240 g --- -- KHor 1JC __ Adcquat c anount
~-- --- --- NaH: PO, 2HZO ---RESULTSOEEXAMPIES1-8: 342 g K HPO, --- ---
--- ---300 g --- NaOH O citric adequate adequate --- --- --- -- acid

anount anount TNMbHEHuREENOS BXOABPLEGS 1-8 abdsugsnirzedsn tle fQHovogBatleo260 gs to
gs to

Table 2. Formulations of Examples 1-8

EXAMPLE

Component | 5 3 3 5 p . o
Ketorolac - 1800 | 1800 | 1800g | 1800g | 1800 | 1800g | 1800g | 1800 ¢g
tromecthamine ©
NaCl 261 g 261l g 26l g 261 g 261 g 261 g 261 g 522 g
KH,PO, 300 g 300 g e 300 g --- --- 300 g

Adequate adequate | adequate . Adequate . .
NaOH or HCI amount T amount amount amount
tromethamine or Adcquate i . . . L .
HCl o amount -
Na,HPO,-12H-0 --- --- 360 g - --- - --- ---
Na;PO, - --- - 240 g - - -—- ---
Ad

KOH or HCI | fdea
NaH,PO,-2H,0 --- - --- - - 342 ¢ --- 342 g
K,HPO, | 300g |
NaOH or citric adequate | adequate
acid T - o T T T amount amount
Water for qstw0 60 | Qsto 60 | gsto gs to Qsto | gsto60 gs to gs to
Injection L L 60 L 60 L 60 L L 00 L 60 L

W

The following tests were carricd out on the ketorolac tromethamine solutions
prepared as described in the examples: ketorolac tromethamine assay (measured by high
performance liquid chromatography (HPLC)), pH, relative osmotic pressure, sodium
conient (measured by atomic absorption and atomic emission spectroscopy), phosphate
content, manufacturing reject rate, appearance, sterility and pyrogen. The results are

10 suminarized as follows:



Inection L L 60 L 60LG60LLG60LG60L 5 The followng tests were carried
out on the ketorolac tronmetham ne sol utions prepared as described in the
‘exanpl es: ketorol ac trometham ne assay (neasured by high perfornmance

| i quid chromat ography (HPLC)), pH, relative osnptic pressure, sodium
content (measured by atom c absorpti opsand atom ¢ em ssi on spectroscopy),
phosphate content, manufacturing reject rate, appearance, sterility and
pyrogen. The results are 10 sumari zed as follows: 25 Table 3. Test
Resul ts of Exanpl es 1-8. EXANRDBE 3.Tkest Rpsuts 9f Kxgngeg1@. assay (% 99.7 99.1
98.6 99.4 99.5 98.7 98.1 97.9 P11 7.40 7.35 7.47 7.60 7.35 7.51 7,20 7.30
relativeg osnotic 0.9 0.90 0.80 1.02 0.86 exa@ridz 01 1. 05 pressure sodj um

content {0.223I@t 208 P184 03200162 0. 219 0. 172 O 15 Phosphdte 5.0 5.0
6.0 4.05.05.7506Hk.7 cdnt 2ot (w%) ge;_e?‘z.t_Lg,n._sfaLLngn.ﬂe.slz .4%%1.2
1.3 0.5 h@?@?%ance Li ght Yelobqw,| ajsgar| splati ogy steroghty test (Sterd e
Pyrogen gative :

PH 7.40 7.35 7.47 7.60 7.35 7.51 7.20 7.30

relative osmotic 097 0.90 0.80 1.02 0.86 1.10 1.01 1.05

pressure _

z;d)'“mcom‘:“‘ 0223 | 0208 | 0.184 | 0320 | 0.162 | 0.219 | 0.172 | 0.158

Q

Phosphate 5.0 5.0 6.0 4.0 5.0 5.7 5.0 5.7

content (mg) .

RO/C_])CCUOH rate 0 0.5 32 34 35 1.2 1.3 0.5

Appearance Light yellow, clear solution

sterility test Sterile

Pyrogen Negative

Conclusion:
As shown in Table 3, the combined use of different kinds and amounts of
S phosphate/salts of phosphate (anhydrous or with hydrates) in Examples 1-8 results in
similarly safe, stable, and high quality of injectable pharmaceutical composition, as
demonstrated by the clarity of the solutions (i.e., light yellow transparent solution); the
low rejection rates (%), and the quality of the solution (i.e., by sterilization and negative
pyrogen). Among the EXAMPLES, EXAMPLE 1 has the best attributes over the rest of

10 the examples.



Concl usi on: As shown in Table 3, the conbined use of different kinds and
anounts of 5 phosphate/salts of phosphate (anhydrous or with hydrates) in
Exanples 1-8 results in simlarly safe, stable, and high quality of

i nj ectabl e pharmaceutical conposition, as denonstrated by the clarity of
the solutions i.e., light yellow trangparent solution); the |ow rejection
rates (%, and the quality of the solution (i.e., by sterilization and
negati ve pyrogen). Anong the EXAMPLES, EXAMPLE | has the best attributes
over theWedaingf 10 the exanples. 26 W claim 1 An injectable

phar maceuti cal conposition conprising an effective anount of a

non- st er oi dal l1ant i Ainnfjcamirgtpbrymaicuigcal NS I)UONGRBIPEISHIS said NSAID is an
acetic acid class of NSA ID; 5 a phosphate solution; an isotonic agent;
and water; WheEgEdveahduhnhectabiieophbamandutincédry conp 0SS Allh Wheraar a pH
of about 6.0 to 8.5 and an osnolarity of about 0.5 to 3 osm and 10
wherei n_ i SidAEPCLABLEIARAL HRGRHNISzAD, cOMposi tion [ s adri ni stered to

pati ents by parenteraﬁ injection. 2. The injectabl e uharnaceuti cal
conposition accprdhqg tﬂu%hain1l, wherein said acetic acid class of NSAID
is orme sel ect A8 PIORFRE GPoup consisting of ketorolac, 15 dicl of enac,

i ndonet haci n, sulindac, etodolac, zonepirac, and tol netin.
an 1sotonic agent; an¢

water;
wherein said injectable pharmaceutical composition is at a pH of about 6.0 to 8.5
and an osmolarity of about 0.5 to 3 osm; and

10 wherein said injectable pharmaceutical composition is administered to patients by

parenteral injection.

2. The injectable pharmaceutical composition according to claim 1, wherein
said acetic acid class of NSAID is onc selected from the group consisting of ketorolac,

15 diclofenac, indomethacin, sulindac, etodolac, zomepirac, and tolmetin.

3 The injectable pharmaccutical composition according to claim 1, wheremn

said acetic acid class of NSAID comprises ketorolac, a pharmaceutically acceptable salt

of ketorolac, or a combination thercof.

4. The injectable pharmaccutical composition according to claim 3, wherein

said pharmaccutical acceptable salt of ketorolac is ketorolac tromethamine.



3. The injectable pharmaceutical conposition according to claim1, wherein
said acetic acid class of NSAID conprises ketorolac, a pharnmaceutically
acceptabl e salt of ketorolac, or a conbination thereof. 20 4. The

i nj ect abl e pharrmaceutical conposition according to claim3, wherein said
pharmaceuti cal acceptable salt of ketgvolac is ketorolac tronetham ne. 27
5. The injectabl e pharmaceutical conposition according to claim1, wherein
sai d pharmaceutical conposition conprises 0.1 to 15% Db iﬁqt %f sai d
acetic acid chass Tginsmbly pigirgacepigalicRmeay iR 59K Pﬁé%\é\@f’ cal”"€6i¥posi ti on
according to claim1, wherein said phosphate solution conprises aphydrous
or hydrcusiwowmmoﬁn@hbspha@émOﬂO@ahﬁﬁd$1“pHﬁébM&ﬁé?“@fsﬁdéﬁﬁﬁiﬁa@Fgﬁs
thereof. 7. The injectable pharmaceutical conposition according to claim®6,
wherei n of0S&eDd anhydrous or hydrous form of salt of phosphate is at | east
one selected fromthe group consisting of sodi um phosphate di basic, sodium
phosphat e nonobasi c, sodium phosphate tribasic, potassium phosphate
nonobasi ¢, potassi um phosphate di basic, and potassi um phosphate tri basic.

15 S.; The injgctabl.e phar hGalueARABbLEIOR «AE@NGitH G140 16 ke,
mheré%n saidgphosﬁ %Bgaégﬁﬁﬁﬁ%ﬁﬁg%%%rise éﬁhyérous gr h;Hrous f or m of

sodi um phosphat e nopnobasi ¢ or potassi umphosphat e no i The
injectab?@jHH&PHﬁEéﬁ?PE%FmBBﬂﬁ6§1@¥%ﬁmﬁ¥g%95w§%)Ibogqgﬁﬁﬁ%?%ﬂﬁ%F%?n 20
sai d pharmaceutical conposition conprises about 0.1-15 nmeg of said
phosphat ghasphaie.iasm, combination thereof.

7. The injectable pharmaceutical composition according to claim 6, wherein
10 said anhydrous or hydrous form of salt of phosphate is at least one selected from the
aroup consisting of sodium phosphate dibasic, sodium phosphate monobasic, sodium
phosphate tribasic, potassium phosphate monobasic, potassium phosphate dibasic, and

potassium phosphate tribasic.

15 S. The injectable pharmaceutical composition according to claim 1, wherem
said phosphate solution comprises anhydrous or hydrous form of sodium phosphate

monobasic or potassium phosphate monobasic.

9. The injectable pharmaceutical composition according to claim 1, wherein

20 said pharmaceutical composition comprises about 0.1-15 meg of said phosphate solution.

10. The injectable pharmaceutical composition according to claim 1, wherein

said pH of said pharmaccutical composition is adjusted by a pH-adjusting agent which 1s



10. The injectable pharmaceutical conposition according to claim1, wherein
said pl-1 of said pharmaceutical conposition is adjusted by a pH adjusting
agent which is 28 at |east one selected fromthe group consisting of

sodi um hydr oxi de, potassium hydroxi de, tronetham ne, nonoet hanol am ne,
potassiumcitrate, tnethanolam ne, soggum citrate, diethanolarnine, sodium
bi carbonate, hydrochloride acid, citric acid, tartaric acid, lactic acid,
and sodiumlactate. 5 11. The |njectable har maceuti cal conposition

accor di ngt teestainaismieticd kiven iergrowntansishng of watebyfrexigeghfiastiian 12, The

i nj ectabl e pharmaceutical conposition according to claim9, wherein 10

sai d pH agjitesiddgoaganinihg nNadkihanolki@ine, acBaSSThneculrn}eemﬁalbm@hphla? radewt i cal
conposition according to claim1l, wherein said an isotonic agent is at

| east ongiiské eGdigshdifaMet #1211 0hH BHRANRARS] ISidratdl@fde S0, titic editl oritaiéc anid -
potaSS|un1chIor|de 15 14. The i nj ectabl e pharmaceutical conposition

accordin | said i njectabl e pharnaceuti cal composition
Wa @, ( J p conp
is adnlngg%gfgl ﬁ%%%%%ngég%y or intramuscularly. 20 15. The injectable

phar maceut i cal conposition according to claiml does not contain al cohol.
29 16. A nmethod for preparing an injectable phannaceutical composition

1. The injectable pharmaceutical composition according to claim 1, whercin

said pH is between 6.9 and 7.9.

12. The injectable pharmaceutical composition according to claim 9, wherein

10 said pH-adjusting agent is NaOH or HCl.

13. The injectable pharmaceutical composition according to claim 1, wherein
said an isotonic agent is at least one selected from the group consisting of sodium

chloride and potassium chloride.

15
14. The injectable pharmaceutical composition according to claim I, wherein
said injectable pharmaceutical composition is administercd intravenously or
intramuscularly.
20 15. The injectable pharmaccutical composition according to claim 1 does not

contain alcohol.



conprising: mxing said acetic acid class of NSAI D, said phosphate
solution; said isotonic agent, and said water according to claiml to form
said injectabl e phannaceutical 5 conposition. 17. The nethod according to
claim 16, wherein said injectabl e phannaceutical conposition conprises
about 0.1-15% by weight of said acetig acid class of NSAID. 10 18. The

nmet hod according to claim 17, wherein said injectabl e pharmaceutical
conposition conprises about 0. 1 ineq to 15 neq of said phosphate sol ution.
19. A net hod fféor tAeatthoryfopardpentsaninesiahda rhaspmgstiiet! f§MPREF8lenousl y or
intramuscularly injecting an effective amobunt of said injectable

phar macewhipglngl5 conposition according to claim1l to said patients. 20. An
anal gesi c conprising an effective anount of said injectable pharnmaceutical

conposi tion aaeekALNGad@icalril st of REAID; skl pliaphac phlanomceit isctahic
conposition conprising: about 0.1 to 15% by wei ght of an acetic acid class

of "a non.sfer ol Weiaecdr B b AVERERT Yo HirkiGaldNRRLRbIe HaaHEciBd to 10% by
wei ght gﬁéﬁv%ﬁ£§§ §?§%§8Fﬁgwan; Sgﬁla%out 5.1 o] 15¢6by w%iéht of an

i sotqQnic agent; a sufficient amount of a pH adjusting agent which adjusts
pH of sdi W6'e  pharmaceutical conposition to about 6.0-8.5; and about
0.01 to 100% by vol une of water. 5 -

17. The method according to claim 16, wherein said njectable pharmaceutical

composition comprises about 0.1-15% by weight of said acetic acid class of NSAID.

10 18. The mecthod according to claim 17, wherein said injectable pharmaceutical

composition comprises about 0.1 meq to 15 meq of said phosphate solution.

19. A method for treating patients with pain comprising intravenously or
intramuscularly injecting an effective amount of said injectable pharmaceutical

15 composition according to claim 1 to said patients.

20. An analgesic comprising an effective amount of said injectable

pharmaceutical composition according to claim 1.

20 21. A stable pharmaceutical composition comprising:
about 0.1 1o 15% by weight of an acctic acid class of a non-steroidal anti-
inflammatory drug (NSAID);

about 0.01 to 10% by weight of a phosphate solution;



22. The stabl e pharmaceutical conposition according to claim 21, wherein
said acetic acid class of NSAID is ketorolac, a pharnaceutically acceptable
salt of ketorolac, or a conbination thereof. 10 23. The stable
pharmaceutical conposition according to claim2l, wherein said
pharmaceutically acceptable salt of keporolac is ketorolac tronetham ne.

24. The stabl e pharnmaceutical conposition according to claim21, wherein

sai d phosphat tl, Q8o CNTREI S S, ANENEFiOYseRr hydrous form of sodi um
phosphat e 1§%ﬁ§ﬁ%g§é?9/?%ﬁaH§Po4) or pdtagziun1phosphate nonobasi ¢

(K1-12P04). 25. The st abl ha fi TROSH: t ' to claim
21, wherein %%ﬂ‘CWEBTBWV@°£68%¢3P§¥kﬁ%?&“ggﬂgkgh%%ﬁﬁgﬁggﬁgggﬁg?naceutica
conposition according to claim?2 %, iger in said pH adjusting agent is
NaOH or mhermacguticd zompeaition AbrROUSALIr @it i cal conposition according to
claim?21l, wherein said pHis between 6.9 and 7.9. 28. The stable
phar maceut i calboocofpdsé i DY tecodyrds agweler-cl aim 2 1 does not 5 contain
al cohol. 29. A nethod for preparing a stable pharnaceutical conposition
conpri sing: mxing the NSAID;, the phosphate solution; the isotonic agent;
the pH adjusting agent; and the water according to claim21. 10 30. A
nmethod for treating,pabhRphsmdckitiRAAEdERMVNIa8digingi o iclaAveNoudkseior
intranmuscularly injecting an effective anount of said stable

said acetic acid class of NSAID is ketorolac, a pharmaceutically acceptable salt of

ketorolac, or a combination thereof.

10 23. The stable pharmaceutical composition according to claim 21, wherein

said pharmaceutically acceptable salt of ketorolac is ketorolac tromethamine.

24. The stable pharmaceutical composition according to claim 21, wherein
said phosphate solution comprises anhydrous or hydrous form of sodium phosphate

15  monobasic (NaH,PQOys) or potassium phosphate monobasic (KH;PO,).
25. The stable pharmaceutical composition according to claim 21, wherein
said isotonic agent is NaCl.

20 26. The stable pharmaceutical composition according to claim 21, wherein

said pH-adjusting agent is NaOH or HCL



pharmaceutical conposition according to claim2l to said patients. 15 31.
An anal gesic conprising an effective anmount of said stable pharmaceutical
conposition according to claim21.

31

27. The stable pharmaceutical composition according to claim 21, wherein

said pH is between 6.9 and 7.9.

28.  The stable pharmaceutical composition according to claim 21 does not

S contain alcohol.

29. A method for preparing a stable pharmaceutical composition comprising:

mixing the NSAID; the phosphate solution; the isotonic agent; the pH-adjusting

agent; and the water according to claim 21.

10
30. A method for treating paticnts with pain comprising:
intravenously or intramuscularly injecting an effective amount of said stable
pharmaceutical composition according to claim 21 to said patients.
15 31. An analgesic comprising an effective amount of said stable

pharmacecutical composition according to claim 21.



