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CHIESI USA, INC., )
CORNERSTONE BIOPHARMA, INC., )
and EKR THERAPEUTICS, LLC, )
)

Plaintiffs, )

V. ) Civil Action No. 1:13-cv-05723-NLH-AMD

)

SANDOZ INC., SANDOZ AG, and )
ACS DOBFAR INFO SA, )
)

Defendants. )

AMENDED COMPLAINT AGAINST
SANDOZ INC., SANDOZ AG, AND ACS DOBFAR INFO SA

Plaintiffs Chiesi USA, Inc. (“Chiesi USA,” formerly known as Comerstone Therapeutics

Inc.), Comerstone BioPharma, Inc., and EKR Therapeutics, LLC (“EKR”) (collectively
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“Chiesi”), by its undersigned attorneys, for its Complaint against defendants Sandoz Inc. and
Sandoz AG (individually and/or collectively “Sandoz™), and ACS Dobfar Info SA (“Dobfar”)
(Sandoz and Dobfar collectively, “Defendants™) herein, allege as follows:

NATURE OF THE ACTION

1. This is an action for patent infringement arising under the patent laws of the
United States, Title 35, United States Code, involving United States Patent No. 7,612,102 (“the
"102 patent”) (attached as Exhibit A hereto), United States Patent No. 7,659,291 (“the 291
patent”) (attached as Exhibit B hereto), United States Patent No. 8,455,524 (“the ’524 patent™)
(attached as Exhibit C hereto), and United States Patent No. 7,659,290 (“the *290 patent™)
(attached as Exhibit D hereto) {collectively “the Patents-in-Suit™).

THE PARTIES

2. Plaintiff Chiesi USA (formerly known as Comerstone Therapeutics Inc.) is a
corporation organized and existing under the laws of the State of Delaware, having a place of
business at 1255 Crescent Green Drive, Suite 250, Cary, North Carolina 27518,

3. Plaintiff Comerstone BioPharma, Inc. is a corporation organized and existing
under the laws of the State of Nevada, having a place of business at 1255 Crescent Green Drive,
Suite 250, Cary, North Carolina 27518.

4. Plaintiff EKR (formerly known as EKR Therapeutics, Inc.) is a wholly-owned
subsidiary of Chiesi USA, organized and existing under the laws of the State of Delaware,
having a place of business at 1255 Crescent Green Drive, Suite 250, Cary, North Carolina 27518.

5. Upon information and belief, Sandoz Inc. is a corporation organized and existing
under the laws of the State of Colorado, having its principal place of business at 506 Carnegie

Center, Suite 400, Princeton, New Jersey 08540.
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6. Upon information and belief, Sandoz AG is a corporation organized and existing

under the laws of Switzerland, having a place of business at LichtstraBe 35 CH 4056 Basel BS

Switzerland.

7. Upon information and belief, Sandoz Inc. is an affiliate of and/or related to
Sandoz AG.

8. Upon information and belief, Sandoz Inc. acts at the direction of, under the

control of, and for the direct benefit of Sandoz AG and is controlled and/or dominated by Sandoz
AG.

9. Upon information and belief, Sandoz develops, manufactures, and distributes
generic drugs throughout the United States, including in New Jersey.

10.  Upon information and belief, Dobfar is a corporation organized and existing
under the laws of Switzerland, having a place of business at CH-7748 Campascio, Switzerland.

JURISDICTION AND VENUE

11.  This Court has jurisdiction over the subject matter of this action pursuant to 28
U.S.C. §§ 1331, 1338(a), 2201, 2202 and/or 35 U.S.C. § 271.

12, This Court has personal jurisdiction over Sandoz because, inter alia: (i) Sandoz
maintains a principal place of business in this judicial district; (ii) Sandoz has committed,
induced, or contributed to acts of patent infringement in this judicial district; (iii) Sandoz resides
and is doing business in this judicial district and maintains continuous, systematic, extensive, and
pervasive contacts with this judicial district; (iv) Sandoz is registered as a drug manufacturer and
wholesale drug distributor in the State of New Jersey under the registration number 5003732; (v)
Sandoz has consented to the jurisdiction of this Court in numerous prior actions; and (vi) Sandoz
has availed itself of the rights, benefits, and privileges of this Court by asserting claims and

counterclaims in numerous prior actions in this judicial district. This Court may also exercise
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personal jurisdiction over Sandoz because, inter alia: (i) Sandoz entered into a Manufacture and
Supply Agreement with Dobfar to manufacture, use, offer for sale, and sell the generic
nicardipine hydrochloride injection products that are the subject of the Abbreviated New Drug
Application (“ANDA”™) giving rise to this action; (ii) Sandoz submitted and filed the ANDA
giving rise to this action; and (iii) Sandoz availed itself of the rights, benefits, and privileges of
this Court and agreed that its agreement with Dobfar is governed by New Jersey law and that the
state and federal courts in New Jersey would have exclusive jurisdiction over disputes,

13. This Court has personal jurisdiction over Dobfar because, inter alia: (i) Dobfar
has committed, induced, or contributed to acts of patent infringement in this judicial district; (ii)
Dobfar entered into a Manufacture and Supply Agreement with Sandoz to manufacture, use,
offer for sale, and sell the generic nicardipine hydrochloride injection products that are the
subject of the ANDA giving rise to this action; (iii) Dobfar availed itself of the rights, benefits,
and privileges of this Court and agreed with Sandoz that their agreement is govemed by New
Jersey law and that the state and federal courts in New Jersey would have exclusive jurisdiction
over disputes; (iv) Dobfar has continuous, systematic, extensive, and pervasive contacts with this
judicial district and markets, sells, and/or distributes pharmaceutical products in this judicial
district, including through Sandoz, and derives substantial revenue from such products; (v)
Dobfar has consented to the jurisdiction of this Court in prior actions; and (vi) Dobfar has
availed itself of the rights, benefits, and privileges of this Court by asserting counterclaims in this
judicial district.

14.  Venue is proper in this judicial district under 28 U.S.C. §§ 1391 and 1400(b).

FACTS ASTO ALL COUNTS

15.  Chiesi USA is the current owner of New Drug Application (“NDA”) No. 19-734,

approved by the U.S. Food and Drug Administration (“FDA”) for the manufacture and sale of
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Cardene® LV. Premixed Injection, 0.1 mg/mL and 0.2 mg/mL. Cardene® LV. is a nicardipine
hydrochloride premixed injection for intravenous administration indicated for the short-term
treatment of hypertension when oral therapy is not feasible or not desirable.

16.  The ’102 patent, titled “Pre-mixed, Ready-to-Use Pharmaceutical! Compositions”
was duly and legally issued on November 3, 2009. The 102 patent is generally directed to
pharmaceutical compositions comprising nicardipine hydrochloride.

17.  The °291 patent, titled “Methods of Treatment with Pre-Mixed, Ready-to-Use
Pharmaceutical Compositions” was duly and legally issued on February 9, 2010. The °291
patent is generally directed to methods of treatment with pharmaceutical compositions
comprising nicardipine hydrochloride.

18. The °524 patent, titled “Methods of Treatment with Pre-mixed, Ready-to-Use
Pharmaceutical Compositions” was duly and legally issued on June 4, 2013. The *524 patent is
generally directed to methods of treatment with pharmaceutical compositions comprising
nicardipine hydrochloride.

19.  The °290 patent, titled “Methods of Preparing Pre-Mixed, Ready-to-Use
Pharmaceutical Compositions™ was duly and legally issued on February 9, 2010. The ’290
patent is generally directed to methods of preparing pharmaceutical compositions comprising
nicardipine hydrochloride. The *290 patent issued from U.S, Patent Application No. 12/407,551,
a division of U.S. Patent Application No. 11/788,076 which issued as the *102 patent.

20.  The Patents-in-Suit all claim priority to U.S. Provisional Application No.
60/793,074, filed on April 18, 2006. EKR has been assigned, and currently owns, all rights, title,

and interest in the Patents-in-Suit.
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21.  Pursuant to 21 U.S.C. § 355(b)(1), the *102 patent, the *291 patent and the *524
patent are listed in FDA’s publication titled “Approved Drug Products with Therapeutic
Equivalence Evaluations” (commonly known as the “Orange Book™) as covering Cardene® LV
Premixed Injection.

22.  Upon information and belief, Sandoz prepared, submitted, and filed Abbreviated
New Drug Application No. 203978 (“Sandoz’s ANDA”) to the FDA under § 505(j) of the
Federal Food, Drug, and Cosmetic Act (“FDCA”) (codified at 21 U.S.C. § 355(j)) seeking
approval to engage in the commercial manufacture, use, sale, offer for sale and/or importation of
generic Nicardipine HCI Intravenous Injection 0.1 mg/mL in sodium chloride and 0.2 mg/mL in
sodium chloride (“Sandoz’s Generic Products™).

23.  Upon information and belief, Sandoz and Dobfar are partners in a cooperative
venture to develop, manufacture, use, distribute, sell, offer to sell, and/or import Sandoz’s
Generic Products.

24.  Upon information and belief, Sandoz and Dobfar entered into a Manufacture and
Supply Agreement dated July 27, 2011 (“the Agreement”), pursuant to which Sandoz manages
the administrative activities related to Sandoz’s ANDA and Dobfar is responsible for all
development work related to Sandoz’s ANDA and Sandoz’s Generic Products. Upon
information and belief, Sandoz has the right to assign its interest in the Agreement fo a Sandoz
affiliate without the consent of Dobfar.

25.  Upon information and belief, Dobfar agreed to provide services, materials and
information to support Sandoz’s ANDA, and which Sandoz is using to obtain FDA approval for
Sandoz’s ANDA and Sandoz’s Generic Products, including sourcing raw materials, formulating,

manufacturing, performing analytical development, preparing and distributing technical
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documents and reports, assembling data necessary for Sandoz’s ANDA, providing responses to
FDA issues, comments or questions, and performing stability studies.

26. Upon information and belief, Dobfar provided to Sandoz information and
materials necessary for the submission, filing, maintenance, and/or approval of Sandoz’s ANDA,
including a current good manufacturing practices certification, a debarment certification and
conviction statement, manufacturing site information, a pharmaceutical development report for
Sandoz’s Generic Products, data concerning Sandoz’s Generic Products including certificates of
analyses, and/or batch records for the manufacture of Sandoz’s Generic Products.

27.  Upon information and belief, Dobfar agreed to commercially manufacture, label,
use, sell, offer for sale, package, ship, deliver and/or import Sandoz’s Generic Products,
including supplying Sandoz’s Generic Products to Sandoz for Sandoz’s exclusive right to
distribute, market and/or sell such products in the United States.

28.  Upon information and belief, Dobfar has the right to request transfer of ownership
of Sandoz’s ANDA to Dobfar.

29.  Upon information and belief, Dobfar is a prime mover in the chain of events
leading to infringement,

30.  Sandoz sent a letter to Comerstone Therapeutics Inc., Cornerstone BioPharma,
Inc., and EKR Therapeutics, LLC purporting to provide notification that Sandoz’s ANDA
contains certifications under 21 U.S.C. § 355()(2)(AXvii)(IV) (a “paragraph IV certification™)
with regard to the 102, *291, and 524 patents (“Sandoz’s Notice Letter™).

31.  Sandoz’s Noticc Letter does not provide non-infringement contentions for any

claim of the *102, 291, or *524 patents.
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FIRST COUNT
(Infringement of the *102 Patent by Defendants)

32.  Chiesi repeats and realleges each of the foregoing paragraphs as if fully set forth
herein.

33.  Upon information and belief, Sandoz seeks FDA approval for the manufacture,
marketing, sale, and/or distribution of Sandoz’s Generic Products.

34.  Upon information and belicf, Sandoz included a paragraph IV certification to the
’102 patent to obtain approval to engage in the commercial manufacture, use, sale, offer for sale
and/or importation of Sandoz’s Generic Products before the expiration of the 102 patent.

35.  Upon information and belief, Sandoz will commercially manufacture, sell, offer
for sale, and/or import Sandoz’s Generic Products upon, or in anticipation of, FDA approval and
before the expiration of the *102 patent.

36.  Upon information and belief, as of the date of Sandoz’s Notice Letter, Sandoz
was aware of the statutory provisions and regulations set forth in 21 U.S.C. § 355G)(2)(B)(iv)(I)
and 21 C.F.R. § 314.95(c)(6).

37.  The inclusion of a paragraph IV certification to the *102 patent in ANDA No.
203978 for the purpose of obtaining approval to engage in the commercial manufacture, use,
sale, offer for sale and/or importation of Sandoz’s Generic Products before the expiration of the
*102 patent is an act of direct and/or indirect infringement (including induced and/or contributory
infringement) by Sandoz of one or more claims of the ’102 patent under 35 U.S.C. §
271(e)(2)(A).

38. Upon information and belief, Sandoz’s commercial manufacture, use, sale, offer

for sale and/or importation into the United States of Sandoz’s Generic Products that are the
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subject of ANDA No. 203978 will infringe one or more claims of the *102 patent under 35
U.S.C. § 271 et seq., including § 271(a), § 271(b), and/or § 271(c).

39.  Upon information and belief, Dobfar’s agreement with Sandoz and Dobfar’s
provision of services, information and materials to support Sandoz’s ANDA and that Sandoz is
using to obtain FDA approval for its ANDA and Sandoz’s Generic Products is an intentional act
of infringement of one or more claims of the *102 patent under 35 U.S.C. § 271(e)(2)(A) directly
and/or indirectly in a cooperative venture, including by inducement and/or contributory
infringement.

40. Upon information and belief, Defendants have planned to commercially
manufacture, sell, offer for sale, and/or import Sandoz’s Generic Products upon, or in
anticipation of, FDA approval and before expiration of the 102 patent.

41.  Upon information and belief, Dobfar’s commercial manufacture, use, sale, offer
for sale and/or importation into the United States of Sandoz’s Generic Products that are the
subject of Sandoz’s ANDA will infringe one or more claims of the *102 patent directly and/or
indirectly under 35 U.S.C. § 271 et seq., including § 271(a), § 271(b), and/or § 271(c).

42.  Upon information and belief, Defendants are partners in a cooperative venture,
and their plan to commercially manufacture, use, sell, offer for sale and/or import Sandoz’s
Generic Products into the United States constitute acts of infringement of one or more claims of
the *102 patent directly and/or indirectly under 35 U.S.C. § 271 ef seq., including § 271(a), §
271(b), and/or § 271(c).

43.  Upon information and belief, Defendants were and are aware of the existence of

the "102 patent and acted without a reasonable basis for believing that they would not be liable
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for infringement of the 102 patent, thus rendering this case “exceptional” under 35 U.S.C. §
285.

44,  Defendants’ infringement of the *102 patent has caused and will cause Chiesi to
suffer irreparable harm. Defendants’ infringement will continue unless enjoined by the Court.
Chiesi has no adequate remedy at law and thus preliminary and permanent injunctions are
appropriate to prohibit Defendants from infringing the *102 patent.

SECOND COUNT
(Infringement of the *291 Patent by Defendants)

45.  Chiesi repeats and realleges each of the foregoing paragraphs as if fully set forth
herein.

46.  Upon information and belief, Sandoz seeks FDA approval for the manufacture,
marketing, sale, and/or distribution of Sandoz’s Generic Products.

47.  Upon information and belief, Sandoz included a paragraph IV certification to the
"291 patent to obtain approval to engage in the commercial manufacture, use, sale, offer for sale
and/or importation of Sandoz’s Generic Products before the expiration of the *291 patent.

48.  Upon information and belief, Sandoz will commercially manufacture, sell, offer
for sale, and/or import Sandoz’s Generic Products upon, or in anticipation of, FDA approval and
before the expiration of the *291 patent.

49.  Upon information and belief, as of the date of Sandoz’s Notice Letter, Sandoz
was aware of the statutory provisions and regulations set forth in 21 U.S.C. § 355()(2)(B)(iv){IT)
and 21 C.F.R. § 314.95(c)(6).

50.  The inclusion of a paragraph IV certification to the 291 patent in ANDA No.
203978 for the purpose of obtaining approval to engage in the commercial manufacture, use,

sale, offer for sale and/or importation of Sandoz’s Generic Products before the expiration of the

10
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"291 patent is an act of direct and/or indirect infringement (including induced and/or contributory
infringement) by Sandoz of one or more claims of the 291 patent under 35 U.S.C. §
271(e}2)(A).

51.  Upon information and belief, Sandoz’s commercial manufacture, use, sale, offer
for sale and/or importation into the United States of Sandoz’s Generic Products that are the
subject of ANDA No. 203978 will infringe one or more claims of the 291 patent under 35
U.S.C. § 271 et seq., including § 271(b) and/or § 271(c).

52.  Upon information and belief, Dobfar’s agreement with Sandoz and Dobfar’s
provision of services, information, and material to support Sandoz’s ANDA and that Sandoz is
using to obtain FDA approval for its ANDA and Sandoz’s Generic Products is an intentional act
of infringement of one or more claims of the *291 patent under 35 U.S.C. § 271(e)}2)(A) directly
and/or indirectly in a cooperative venture, including by inducement and/or contributory
infringement.

53. Upon information and belief, Defendants have planned to commercially
manufacture, sell, offer for sale, and/or import Sandoz’s Generic Products upon, or in
anticipation of, FDA approval and before expiration of the *291 patent.

54.  Upon information and belief, Dobfar’s commercial manufacture, use, sale, offer
for sale and/or importation into the United States of Sandoz’s Generic Products that are the
subject of Sandoz’s ANDA will infringe one or more claims of the *291 patent indirectly under
35U.S.C. § 271 et seq., including § 271(b) and/or § 271(c).

55.  Upon information and belief, Defendants are partners in a cooperative venture,

and their plan to commercially manufacture, use, sell, offer for sale and/or import Sandoz’s

11
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Generic Products into the United States constitute acts of infringement of one or more claims of
the *291 patent indirectly under 35 U.S.C. § 271 et seq., including § 271(b) and/or § 271(c).

56.  Upon information and belief, Defendants were and are aware of the existence of
the °291 patent and acted without a reasonable basis for believing that they would not be liable
for infringement of the *291 patent, thus rendering this case “exceptional” under 35 U.S.C. §
28s.

57.  Defendants’ infringement of the 291 patent has caused and will cause Chiesi to
suffer irreparable harm. Defendants’ infringement will continue unless enjoined by the Court.
Chiesi has no adequate remedy at law and thus preliminary and permanent injunctions are
appropriate to prohibit Defendants from infringing the 291 patent.

THIRD COUNT
(Infringement of the *524 Patent by Defendants)

58.  Chiesi repeats and realleges each of the foregoing paragraphs as if fully set forth
herein.

59.  Upon information and belief, Sandoz secks FDA approval for the manufacture,
marketing, sale, and/or distribution of Sandoz’s Generic Products.

60.  Upon information and belief, Sandoz included a paragraph IV certification to the
’524 patent to obtain approval to engage in the commercial manufacture, use, sale, offer for sale
and/or importation of Sandoz’s Generic Products before the expiration of the ’524 patent.

6l. Upon information and belief, Sandoz will commercially manufacture, sell, offer
for sale, and/or import Sandoz’s Generic Products upon, or in anticipation of, FDA approval and

before the expiration of the *524 patent.

12
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62. Upon information and belief, as of the date of Sandoz’s Notice Letter, Sandoz
was aware of the statutory provisions and regulations set forth in 21 U.S.C. § 355G)(2)(B)(iv)(II)
and 21 C.F.R. § 314.95(c)(6).

63.  The inclusion of a paragraph IV certification to the ’524 patent in ANDA No.
203978 for the purpose of obtaining approval to engage in the commercial manufacture, use,
sale, offer for sale and/or importation of Sandoz’s Generic Products before the expiration of the
>524 patent is an act of direct and/or indirect infringement (including induced and/or contributory
infringement) by Sandoz of one or more claims of the 524 patent under 35 U.S.C. §
271(e)(2)(A).

64.  Upon information and belief, Sandoz’s commercial manufacture, use, sale, offer
for sale and/or importation info the United States of Sandoz’s Generic Products that are the
subject of ANDA No. 203978 will infringe one or more claims of the *524 patent under 35
U.S.C. § 271 et seq., including § 271(b) and/or § 271(c).

65. Upon information and belief, Dobfar’s agreement with Sandoz and Dobfar’s
provision of services, information, and material to support Sandoz’s ANDA and that Sandoz is
using to obtain FDA approval for its ANDA and Sandoz’s Generic Products is an intentional act
of infringement of one or more claims of the *524 patent under 35 U.S.C. § 271(e)(2)(A) directly
and/or indirectly in a cooperative venture, including by inducement and/or contributory
infringement.

66. Upon information and belief, Defendants have planned to commercially
manufacture, sell, offer for sale, and/or import Sandoz’s Generic Products upon, or in

anticipation of, FDA approval and before expiration of the *524 patent.

13
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67.  Upon information and belief, Dobfar’s commercial manufacture, use, sale, offer
for sale and/or importation into the United States of Sandoz’s Generic Products that are the
subject of Sandoz’s ANDA will infringe one or more claims of the *524 patent indirectly under
35 U.S.C. § 271 et seg., including § 271(b) and/or § 271(c).

68.  Upon information and belief, Defendants are partners in a cooperative venture,
and their plan to commercially manufacture, use, sell, offer for sale and/or import Sandoz’s
Generic Products into the United States constitute acts of infringement of one or more claims of
the *524 patent indirectly under 35 U.S.C. § 271 et seq., including § 271(b) and/or § 271(c).

69.  Upon information and belief, Defendants were and are aware of the existence of
the ’524 patent and acted without a reasonable basis for believing that they would not be liable
for infringement of the °524 patent, thus rendering this case “exceptional” under 35 U.S.C. §
28S.

70.  Defendants’ infringement of the *524 patent has caused and will cause Chiesi to
suffer irreparable harm. Defendants® infringement will continue unless enjoined by the Court.
Chiesi has no adequate remedy at law and thus preliminary and permanent injunctions are
appropriate to prohibit Defendants from infringing the *524 patent.

FOURTH COUNT
(Infringement of the *290 Patent by Defendants)

71.  Chiesi repeats and realleges each of the foregoing paragraphs as if fully set forth

herein.

72.  Upon information and belief, Sandoz seeks FDA approval for the manufacture,

marketing, sale, and/or distribution of Sandoz’s Generic Products.

14
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73.  Upon information and belief, Sandoz seeks FDA approval to engage in the
commercial manufacture, use, sale, offer for sale and/or importation of Sandoz’s Generic
Products before the expiration of the 290 patent.

74.  Upon information and belief, Sandoz will commercially manufacture, sell, offer
for sale, and/or import Sandoz’s Generic Products upon, or in anticipation of, FDA approval and
before expiration of the *290 patent.

75. Upon information and belief, the submission and/or filing of ANDA No. 203978
for the purpose of obtaining approval to engage in the commercial manufacture, use, sale, offer
for sale and/or importation of Sandoz’s Generic Products before the expiration of the 290 patent
is an act of direct and/or indirect infringement (including induced and/or contributory
infringement) by Sandoz of one or more claims of the 290 patent under 35 U.S.C. §
271{e)(2)(A).

76.  Upon information and belief, Sandoz’s commercial manufacture, use, sale, offer
for sale and/or importation into the United States of Sandoz’s Generic Products that are the
subject of ANDA No. 203978 before the expiration of the *290 patent will infringe one or more
claims of the 290 patent under 35 U.S.C. § 271 et seq., including § 271(a), § 271(b), § 271(c)

and/or § 271(g).

77.  Upon information and belief, Dobfar’s agreement with Sandoz and Dobfar’s
provision of services, information, and material to support Sandoz’s ANDA and that Sandoz is
using to obtain FDA approval for its ANDA and Sandoz’s Generic Products is an intentional act
of infringement of one or more claims of the *290 patent under 35 U.S.C. § 271(e)(2)(A)

indirectly in a cooperative venture, including by inducement and/or contributory infringement.

15
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78.  Upon information and belief, Defendants have planned to commercially
manufacture, sell, offer for sale, and/or import Sandoz’s Generic Products upon, or in
anticipation of, FDA approval and before expiration of the *290 patent.

79. Upon information and belief, Dobfar’s commercial manufacture, use, sale, offer
for sale and/or importation into the United States of Sandoz’s Generic Products that are the
subject of Sandoz’s ANDA will infringe one or more claims of the *290 patent directly and/or
indirectly under 35 U.S.C. § 271 et seq., including § 271(a), § 271(b), § 271(c), and/or § 271(g).

80.  Upon information and belief, Defendants are partners in a cooperative venture,
and their plan to commercially manufacture, use, sell, offer for sale and/or import Sandoz’s
Generic Products into the United States constitute acts of infringement of one or more claims of
the *290 patent directly and/or indirectly under 35 U.S.C. § 271 ef seq., including § 271(a), §
271(b), § 271(c) and/or § 271(g).

81.  Upon information and belief, Defendants were and are aware of the existence of
the *290 patent and acted without a reasonable basis for believing that they would not be liable
for infringement of the 290 patent, thus rendering this case “exceptional” under 35 U.S.C. §
285.

82.  Defendants’ infringement of the *290 patent has caused and will cause Chiesi to
suffer irreparable harm. Defendants’ infringement will continue unless enjoined by the Court.
Chiesi has no adequate remedy at law and thus preliminary and permanent injunctions are
appropriate to prohibit Defendants from infringing the 290 patent.

PRAYER FOR RELIEF

WHEREFORE, Chiesi respectfully requests the following relief:

i A judgment declaring that the *102 patent is valid and enforceable;

16
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it, A judgment declaring that, pursuant to 35 U.S.C. § 271(e)(2)(A), the submission
to the FDA and filing of ANDA No. 203978 with a paragraph IV certification to obtain approval
for the commercial manufacture, use, sale, offer for sale, and/or importation into the United
States of Sandoz’s Generic Products was an act of infringement of the *102 patent by Defendants
directly and/or indirectly, including by inducement and/or contributory infringement;

iii. A judgment declaring that, pursuant to 35 U.S.C. § 271 et seq., including §
271(e)(2)(A), § 271(a), § 271(b) and/or § 271(c), the commercial manufacture, use, sale, offer
for sale and/or importation into the United States of Sandoz’s Generic Products prior to the
expiration of the *102 patent, including any regulatory extensions, will constitute an act of
infringement by Defendants directly and/or indirectly, including by inducement and/or
contributory infringement;

iv, An order that, pursuant to 35 U.S.C. §§ 271(e)(4)(A), 281, and/or 283, the
effective date of any approval of Sandoz’s Generic Products shall be no earlier than the date on
which the 102 patent expires including any regulatory extensions;

v. A judgment pursuant to 35 U.S.C. §§ 271(e)(4)(B), 281, and/or 283, preliminarily
and permanently enjoining Defendants and their officers, agents, servants, employees, and
attorneys, and those persons in active concert or participation or privity with them or any of
them, from engaging in the commercial manufacture, use, sale, offer for sale, and/or importation
in the United States of the product that is the subject of ANDA No. 203978 until the expiration
of the *102 patent including any regulatory extensions;

Vi. A judgment awarding Chiesi damages or other monetary relief, pursuant to 35

U.S.C. §§ 271(e)}(4)(C) and/or 284, if Defendants commercially manufacture, use, sell, offer to
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sell, and/or import any product that is the subject of ANDA No. 203978 that infringes the *102
patent;

Vii. A judgment declaring that infringement of the *102 patent is willful if Defendants
commercially manufacture, use, sell, offer to sell, and/or import any product that is the subject of
ANDA No. 203978 that infringes the *102 patent;

viii. A judgment declaring that the *291 patent is valid and enforceable;

ix. A judgment declaring that, pursuant to 35 U.S.C. § 271(e)(2)(A), the submission
to the FDA and filing of ANDA No. 203978 with a paragraph IV certification to obtain approval
for the commercial manufacture, use, sale, offer for sale, and/or importation into the United
States of Sandoz’s Generic Products was an act of infringement of the *291 patent by Defendants
directly and/or indirectly, including by inducement and/or contributory infringement;

X. A judgment declaring that, pursuant to 35 U.S.C. § 271 et seq., including §
271(e)(2)(A), § 271(b) and/or § 271(c), the commercial manufacture, use, sale, offer for sale,
and/or importation into the United States of Sandoz’s Generic Products prior to the expiration of
the "291 patent, including any regulatory extensions, will constitute an act of infringement by
Defendants directly and/or indirectly, including by inducement and/or contributory infringement;

Xi. An order that, pursuant to 35 U.S.C. §§ 271(e)(4)(A), 281, and/or 283, the
effective date of any approval of Sandoz’s Generic Products shall be no earlier than the date on
which the *291 patent expires including any regulatory extensions;

xii. A judgment pursuant to 35 U.S.C. §§ 271(e)(4)B), 281, and/or 283, preliminarily
and permanently enjoining Defendants and their officers, agents, servants, employees, and
attorneys, and those persons in active concert or participation or privity with them or any of

them, from engaging in the commercial manufacture, use, sale, offer for sale, and/or importation
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into the United States of the product that is the subject of ANDA No. 203978 until the expiration
of the *291 patent including any regulatory extensions;

Xiii, A judgment awarding Chiesi damages or other monetary relief, pursuant to 35
U.S.C. §§ 271(e)(4)(C) and/or 284, if Defendants commercially manufacture, use, sell, offer to
sell, and/or import any product that is the subject of ANDA No. 203978 that infringes the *291
patent;

xiv, A judgment declaring that infringement of the *291 patent is willful if Defendants
commercially manufacture, use, sell, offer to sell, and/or import any product that is the subject of
ANDA No. 203978 that infringes the *291 patent;

XV. A judgment declaring that the *524 patent is valid and enforceable;

XVi. A judgment declaring that, pursuant to 35 U.S.C. § 271(e)(2)(A), the submission
to the FDA and filing of ANDA No. 203978 with a paragraph IV certification to obtain approval
for the commercial manufacture, use, sale, offer for sale, and/or importation into the United
States of Sandoz’s Generic Products was an act of infringement of the *524 patent by Defendants
directly and/or indirectly, including by inducement and/or contributory infringement;

XVvil. A judgment declaring that, pursuant to 35 U.S.C. § 271 e seq., including §
271(e)(2XA), § 271(b) and/or § 271(c), the commercial manufacture, use, sale, offer for sale,
and/or importation into the United States of Sandoz’s Generic Products prior to the expiration of
the *524 patent, including any regulatory extensions, will constitute an act of infringement by
Defendants directly and/or indirectly, including by inducement and/or contributory infringement;

Xviii, An order that, pursuant to 35 U.S.C. §§ 271(e)(4)(A), 281, and/or 283, the
cffective date of any approval of Sandoz’s Generic Products shall be no earlier than the date on

which the *524 patent expires including any regulatory extensions;
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Xix. A judgment pursuant to 35 U.S.C. §§ 271(e)}(4)(B), 281, and/or 283, preliminarily
and permanently enjoining Defendants and their officers, agents, servants, employees, and
attomeys, and those persons in active concert or participation or privity with them or any of
them, from engaging in the commercial manufacture, use, sale, offer for sale, and/or importation
into the United States of the product that is the subject of ANDA No. 203978 until the expiration
of the *524 patent including any regulatory extensions;

XX. A judgment awarding Chiesi damages or other monetary relief, pursuant to 35
U.S.C. §§ 271(e)(4)XC) and/or 284, if Defendants commercially manufacture, use, sell, offer to
sell, and/or import any product that is the subject of ANDA No. 203978 that infringes the *524
patent;

xxi, A judgment declaring that infringement of the *524 patent is willful if Defendants
commercially manufacture, use, sell, offer to sell, and/or import any product that is the subject of
ANDA No. 203978 that infringes the *524 patent;

Xxii. A judgment declaring that the *290 patent is valid and enforceable;

XXiii. A judgment declaring that, pursuant to 35 U.S.C. § 271(e)(2)(A), the submission
to the FDA and filing of ANDA No. 203978 with a paragraph IV certification to obtain approval
for the commercial manufacture, use, sale, offer for sale, and/or importation into the United
States of Sandoz’s Generic Products was an act of infringement of the *290 patent by Defendants
directly and/or indirectly, including by inducement and/or contributory infringement;

XXiv. A judgment declaring that, pursuant to 35 U.S.C. § 271 et seq., including §
271(e)}2)(A), § 271(a), § 271(b), § 271(c) and/or § 271(g), the commercial manufacture, use,
sale, offer for sale, and/or importation into the United States of Sandoz’s Generic Products prior

to the expiration of the *290 patent, including any regulatory extensions, will constitute an act of
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infringement by Defendants directly and/or indirectly, including by inducement and/or
contributory infringement;

XXV. An order that, pursuant to 35 U.S.C. §§ 271(e){(4)(B), 281 and/or 283, the
effective date of any approval of Sandoz’s Generic Products shall be no earlier than the date on
which the *290 patent expircs including any regulatory extensions;

XXVI. A judgment pursuant to 35 U.S.C. §§ 271(e)(4)(B), 281 and/or 283, preliminarily
and permanently enjoining Defendants and their officers, agents, servants, employees, and
attorneys, and those persons in active concert or participation or privity with them or any of
them, from engaging in the commercial manufacture, use, sale, offer for sale, and/or importation
into the United States of the product that is the subject of ANDA No. 203978 until the expiration
of the *290 patent including any regulatory extensions;

XX Vil A judgment awarding Chiesi damages or other monetary relief, pursuant to 35
U.S.C. §§ 271(e)}(4)(C) and/or 284, if Defendants commercially manufacture, use, sell, offer to
sell, and/or import any product that is the subject of ANDA No. 203978 that infringes the 290
patent;

XXviii. A judgment declaring that infringement of the 290 patent is willful if Defendants
commercially manufacture, use, sell, offer to sell, and/or import any product that is the subject of
ANDA No. 203978 that infringes the *290 patent;

XXix. A judgment declaring that, pursuant to 35 U.S.C. § 285, this is an exceptional
case and awarding Chiesi its attorneys’ fees and costs;

XXX. Such other and further relief as this Court may deem just and proper.
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PRE-MIXED, READY-TO-USE
PHARMACFUTICAL COMPOSITIONS

1. CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims benefit undar 35 US.C, § 115()to
U.S. Provisional application Ser. Mo. 60/793,074, filed Apr.
18, 2006, the contents of which are incorporated berein by
reference.

2, BACRGROUND

Nicardipine hydrochloride {{£)-2-(benzyl-mefthyl amino)
eftryl meﬂiyl 14-dilydro-2,6-dimethyl4-(m-nitrophenyl)-3,
5-pyridinedicarboxylate monohydrochloride} is & caltivm
{on influx inhibitor nseful for the treatment of*cardiovascular
and cershrovaseular disorders (see, 0., U.S. Pat, No. 3,085,
758). Nicardipine hydrochloride is correnfly sold in capsule
form and in an injectable intravenous form. The capsule form
is marketed ss CARDENE® and in available as an immediate
release orel capsule and as an extended release nral capéule.
Theinjectsble intravenons fonm of CARDENE® is marketed
in glass ampuls suiteble for intravenous administration fol-
Jowing dilwtion in a cempatible intravencas finid, such as
dextrose or sodiom chloride (CARDENE® 1.V.). Each mitli-
literof s CARDENE® 1. V. ampul contains 2.5 mg nicardipine
hydrochloride in watet, 48.0 mig sorbitol, buffered to pH 3.5
with 0,525 mg citric acid e and 0.09 mg spdivm
hydroxide. Por infusion, each milliliter of the diluted formn-
Intion containg 0.1 mg of nicandipine hydrochloride, with a
variable pH due to the dilyeot sclected by the end nser. 1.5,
Reissue Pat. No. 34,618 {amnﬂl 5. Pat. No. 4,880,823)
describes 2n injectable of nicardipine
chloride that Is stored in a Hshtmdmthmwnamyul U8,
Pat. No. 5,164,405 describes a buffered pharmacentical com-
position contwining nicardipine designed for paregars]
administration, that is ale6 stored in an ampul.

The requinement for diluting CARDENE® LV, before use
is agociated with & sumber of disadvantages, One disadvan-
tage is that the dilyted aointion is onily stable for 24 hours at
room femsperature, Another disndvantape is that the pH of the
dﬂmdﬁmlmnmmonthechmueofdﬂum
Since CARDENE® 1.V, can. be used under erergency con-
ditions t contro] tlood pressure, dilntion of the concentrated
ampu] formulation consumes valnable time that conld be nsed
o treat g petient. Other diaadviminges agsociated with the
dilution step include the potential for contamination, dosage
errors, and safety hazards assccinted with the use of glass
ampals.

The phammacenticsl compositions and methods described
erein overeome these disadventages. In pasticular, the ready-
‘o-vee, injectsble formulations described herein are siable,
allow medical personal to use prepared containers containing
an injectable formulation off the shelf without additional
preparation, avoid potential contaminstion problems, and
eliminste dosage etrors.

3. SUMMARY
Described hercin -to-use, premixed pharnacen-
ucalmmpumufmmphmmmy et

BoCEpt-
uble ualts thereof, whick are suitable for continticis intrave-
nows infosion, By providing ready-io-use, premixed
pharmacentical compogitions with & buffered pH, these phar-
muceutical compogitions are stable at room temperature forat

10

kN

L

45

§0

‘35

65

2

macentical eompositions exhibit between 1% to about 15%
Joss of drug snd between 0% to about 395 (w/iw) total impurity

formation over an eightesn to twenty four month period.
Additional benefits of the pre-mixes, ready-to-use, inject-
ahle pharmacentical include convenience and
ease of 12 as compared 1o an ampul Sirmulation, improved
safety for patients due to elimination of dosage errors and
solution contamination, reduction of medical waste, end ease

of administration in emergency siztions.
The present disclosnre relates (o premixed pharmacentical
compositions comprising nicerdipine er phanmacentically

mtahlemﬂxﬂmeoﬂmormmmicnymb, and 8
buffer. In some emibodiments, the compositions optionally
somprise one or mose cosolvents. Nicardipine hydrochlonide
can be present at concenteations botween about 0.05 mg/ml tn
about 15 mg/m]. Typically, the concentration range for nica-
rdipine hydrochloride iz between about 0.1 mp/mi to about
O.Zmymlcpﬁmally ﬂnphammemﬂmlmmpumnmm
comprise aoids and

Thaplmmaeeutwalenmpmiﬂnmﬂmm‘bedhammqmm
1o dilution prior to administration and typically have a pH
within the range from about 3.6 fo abont 4.7. The composi-
ticns can be administered by parenieral routes, including,
subcutanecus, intremiscular, inttavenous, imtra-gtrisl, or
intra-arierial continuous infusion te a patient. The composi-
tians are suitsble for the short-term treatment of hypertension
when oral therapy is not feesible or desirable.

Methods for making a premixed nicardipine hydrochloride
formmlation suiteble for intravencus edministration compriss
the steps of providing en effective amonnt of nicardipine

ina solyfion comprising one or more fopicity
agents, a buffer, and optionally, one or more cosalvents, Suf-
ficient wateris added fo make np the finsl vohame, Ifrequired,
the pH of the solution can be adjusted using 2 suitehle pH
adjuster. The compositions are dispensed in
aceeptable comainers for storege snd direct adminisimtion 1o
palients.

4, BRIEF DESCRIFTION OF THE FIGLRES

F1G.1 provides a disgrammatic illustration of the effect of
varicns dilnents on the pH and stabitity of an ampol formu-
Iation post dilution pver u twenty four hour perind at rom

FIGS.ZAandZBpmvideadngmmmaﬂnillusmnufthe
effect of pt on drug Joss (FIG. iA)nndmmlmpnmyfmm
ton (FIG. 2B)in a premixed non-gorbito -aorhito] formulation com-
prising 0.1 mg/m] nicardipine hydrochlorids, 0.1 mM citrc
acid and 5% dexuose at 40° C;

FIGS. aAanda’Bpmwdudmmmmmc illustrationof the
effect of pH v dimg loss (FIG. SA) and total impurity forms-
tion (FIG, 3B) in a premixed non-sorbital formmtation com-
prising 0.] mgfml nicardipine hydrochloride, 0.1 mM citric
acid and 0.9% saline at 40° C;

F1GS. 44 and 4B provide a disgrammutic ilinstration of the
effect of micardipine concenitration on impurity formation in
non-garbital dextrose formulations comprising 0.1 mg/ml
nicardipine hydrochloride, 0.1 mM citrate, 5% daxtross, or
0.2 mg/ml nicardipine hydrochloride, 0.2 mM citrate and 5%
dextoone after six momnths at 40° C. (FIG. 4A); snd, in noo~
sorbitol saline formulations comprising 0.1 mg/m!? nicar-
dipine hydrochloride, 0.1 mM ciirate, 0.9% saline, or 0.2
mg/mi nicardipine hydrochloride, 0.2 mM citrate and 0.5%
salive afier 3 months at 40° C. (FIG. 4B); and

FIGR. £A and 5B provide a diagramnmetic flustation ofthe
effect of incompatitle {FIG. SA} and compatible (F1G. 5B)

least one year. When stored at room temperature, the phar-  plastic film composition on product stability at 40° C. ina
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premixed non-gorbitol fornmulation comprising 0.2 mg/mi
nicardipine HCL, 0.2 mM citric acid, 5% dextrose, at apHof
4010 4.2,

5. DETAILED DESCRIPTION

The premixed pharmacentical compositions described
‘herefn comprise nicardipine ora pharmecenticully soceptable
&alt thereof ag the active ingredient, st least ane tonicity agent
and a buffar. As nsed herein, the term “poe-riixed” refers to 2
pharmaceutics] composition het does nol require reconstitu~
tian or dilution before administration to » patient. I contrast
to empul formwlations comprising nicardipine bydrochloride
that st be diluted prior to nse in a diluent and coniziner
selecmdhyhnupimlpmnnel,ﬁepmixaiphmacmﬁca]
sempositions provided herein are steble at reom temperatars
faor 6 months or longer due to the inclusion of a buffer cepable
of maintaining the pH within an aptimal gH range, which is
typically between 3.6 to abaut 4.7. In some embodimess,
siiitable pH atfvsiers and/or cosolvents are added to the phar-

5.2 Preminced Pharmacentical Compositions

The progduction of stable, ready-to-vse, premixed ghamma-
centical compositions comprising micardipife and/or its phar-
maneuucally acceptable salte ps the active ingredient presents

different development hmrdies than doey the development-of
the concentrated ampnl product sold commercislly as
CARDENE® 1V. As shown in FIG, 1, fhe percent of nicar
dapmemmmngmnoluhcndammesa:ﬁmeﬁunoprm
a twenty-four hour peciod. The percent decrease in nicar-
dipine varigs with the diluent acd conteiner chosen by the
hospital staff.

As described in the Examples, pH (ses, dlso, e.g., FIGS.
2A, 2B, 3A and 3B), the conoentration ofthe aclive ingredient
{Bes, aleo, e.g,, FIGS. 4A and 4B), and the composition of the
container material (see, also, &.g., FIGS. SA and §18) affect the
stability of the active ingredient and the formetion. of Tmpn-
rities, Thus, the dovelopment of a stable, ready-to-nse pre-
mixed sinniltanecus

tion, ae well a8 selection of a pharmacentically compatible
containet. The ready-to-use pharmacentical compositions
tescribed herein exhibit 0% 1o 15% drop in drog concentra-

tion and 0% to 3% formation of impurities when maintainsd
at room temperature for 6 to at lerst 24 monthe. Typically, the
pharmacentical compositions are stable when maintained at
room temperature for at least 6 monthe, &2 least 12 months, at
least 18 months, and et Jeast 24 months, Thecompositions are
alsumﬂewarw:tmdedpmodsnfnma when mainteined at
temperatures from aboit 2% 10 B° C. The term “stable™, asuaed
herein, means remaining ina state oroondition thet ic snitable

for administration to a patient.

Compomds for wee asconding to the compositions and
methods deseribed herein fhei can contain one or more agyi-
Memmmmummm,mmcmm

Bg single enantiomers. Accordingly, the compreitione end
methods described herein are meant 1o comprehend all isp-
metric forms of such compounds.

The premixed pharmacemical compositions described
hergin comprise nicardipine andéor its pharmecputicsity
acceptable salts. Micardipine, its phartscentically sceept-
able zalts, pre ion, and nee are known in the att (ze8, e.g.,
U 8. Pat No, 3,985,758, incorporated herein by reference in

cntiroty). Examples ofphnnmeemmaliy accepteble selte
ofmutd:pine include hydrechlorides, solfates, phosphates,
scetates, fimarates, mateates and tartrates.

Typically, the pramincd ph
comprise 0.05-15 my/m) nicardipine or = pharmaceatically
aceeptable selt thereof. For exenple, snitable concentrations
of nivardipine or a pharmaceutically acceptoable salt thereof,
include, but are not limited to; 0,05-0,1 mg/ml, 0.1-15 mg/nil,
0.1-10 mg/ml, 0.1-5 mg/ml, ©.1-3.0 mg/ml, 0.1-2.0 mp/ml,
0.1-1.0mg/ml, 0.9 mg/ml, 0.8 mg/ml, 0.7 mg/m], 0.5 mg/ml,
0.5 mg/mi, 0.4 ragfml, 0.3 mg/iml, 0.2 mg/m] or 0.1 mg/ml.

embodiments, the premixed

Ingome phameceutical com-
positions ise nicardipine hydrochloride ex the sctive
ingrediant at a conceniration sufficient to it iistravenons

permit

administration. at a concentration between 0.1 m@/ml 1o 0,2
myg/ml. In sore embodiments, the concertration of nicar-
dipine ﬂnlab]cﬁ:rmmﬁcmmpmmmand
methods deseribed herein inclndes, bot is not limited to, at
Jenst about 0.1 mg/ml. In other embodiments, the conoentra-
fion of nicardipine hydmochioride snitable for use in the com-
positions and methods described harein inclndes, but is not
Timited to, at Jeast abowt 0.2 mgfoml.

In some embodiments, the prentixed formulation com-
prizes, in addition to sicardipine and/ar its pharmeceutcslly
kccepable salts, a buffer that hos sofficient bnfferiog capacity
1o mainiein the desired pH range throughont the ghell-life of
the product. As shown in FIGS. 2A acd ZB,pHisimpnrtmt
for the loog term sfebility of nicandipine in the premixed
‘pharmiacentical composifions. Althongh the pH of the pre-
mixed pharmaceutical compositions can rnge from between
abont 3,040 ahout 7.0, phanmacentics] compositions having a
pH within the range of abom 3.6 to ahout 4.7 exhibit a lower
perceninge of dug degradation and totel impurities (See
FIGS. 2A, 2B, 3A and JB). Accondingly, suitable pH ranges
forusein the premixed pharmaceutical compositions inchade,
but &re not Kmited 1o, pF range of at least abont 3.0, at least
about 3.1, st least about 3.2, at least about 3.3, at least sbout
3.4, at Isast abont 3.5, at least aboat 3.6, ut least about 3.7, at
least about 3.8, at least aboat 3.9, at least about 4.0, at least
gbout 4.1, at least sbout 4.2, ut Jeast sbout 4.3, it least about
4.4, gt lpast about 4,5, mt jenst ehout 4.6, at least sbout 4.7, at
leat? about 4.8, at least about 4.9, at least sbout 5.0, at least
abent 5.2, gt leasi shout 5.5, at least abowt 6.0, a1 least about
6.5, at least Abmat 7.0,

Tnsome embodiments, the pH of the premixed pharmacen-
tieal compositions is betwesn shout 3.0 to about 5.0, In other
emboidiments, the pH of the premixed pharmaceutical com-
pmnbdwmahma.smaboutﬂ Int other embodi-
ments, the pH of the preroized pharmacenticel compositions
s between about 4.0 to abont 4.4. In yet other smbodimexts,
the pH of the premixed jeal cempozitions i 4.2,

Buffers suitable for use in the phermacentical composi-
ﬁcmdum’badhnaininchﬂe,hnmnotlimﬁa:im, phar-
magentically scoeptable salts and acids of acetate, itamte,
citrabe, tartrate, benzoate, lactate, histidine or other smino
ecids, gluconate, phospbate, malate, succinate, foymate, pro-
pionate, und carbonate, “Pharmacenticaily acceptable™ is
nndhﬂuninthemofbemgmmpaﬁblemmﬂwoﬁw
ingredients of the formuistion and not deleterions o the
recipient thareaf, Axcordingly, the teem “phamacentically
acceptable salt” references sall forus of the active com~
pmdswh:chmepreparedwnhwminmwlnch Hre non-
toxic under the conditions of use and ars compatible with 2
stable formmlation. The concentration of the buffer in the
formulation can be expressed in mg/ml, g/ or a5 a molar
coneentration. In typical embodiments, fiom about 0.00M
mgfmlmnbout]mmslmlofammblebuﬂ'empmmmthe
phermaccutical compositions. Thus, the premixed pharma-
centical compositions can comprise from ebout 0.0001 1o
ahot 0.001 mglml of a suitable buffer, from about 0,001 10
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about 001 mg/ml of a miteble buffer, from about 0.0! 10
about 0.1 mg/m] of a soitable baffer, from about 0.3 o 1
mgfmlof a suitable buffer, from about 1 to sbout 3 mghul of
asuitable buffer, from ebont 5 to shout 10.mg/mi of 8 auitable
buffes, from sbout 10 to sbout 15 mg/ml of a snitable buffer,
from sbomnt 15 to sbout 20 mg/inl of a suitable buffer, from
sbout20to about 25 pag/ml of a suitahle buffer, from sbout 25
to sbout 50 mgieil of a suitable buffer, from about 50 w sbout
75 mg/ml of a suitable buffer, and from about 75 to sbour 100
mg/m] of & suitable buffer.

Altematively, the buffar cancentration can be expreased a0
molar concentrations. In fypical embodiments, from sbout
0.1 m]meofnnmnblawferuminﬂnpham

veutical compositions. Tius, the premixed pharmacentical
ieourtpositions can comprise a suitahle bnffer erving 8 concen-
tration from about 0.1 o about 100 wM, from akout 0.1 1o
tbote 0.5 mM, from about 0.5 1o dbout 1.0 mM, from about
1.0to abont 5 mM, Srore about 510 abomt 10 mM, from sbont
10 {o about 15 mM, from asbout 15 to abont 25 mbf, from
about 25 to sbout 50 mM, from about 50 to aboot 75 mb, and
from dbout 75 to short 100 mM.

Igmeunbndimmtn,ﬂ:epmhedphmuﬁwlmm-
positions forther comprisc a pH adjuster, Siitable pH adjust-
ere typicelly include at Ieast er acid or a salt thereof, and/ora
hate or & galt thereaf. Acids and bases can be pdded on gn as
peeded basis in ardertoachieve a destred pH, For exsmple, if
the pH is greater than the desired pH, an acld can be used to
lowetthepﬂ tuthedmmde Adchﬁom suitable for me in
pmmeﬂphmmmﬂwa] include, Tt are not
limited to, hydrachloric a:xd, phospharic acid, eltrio acid,
ambiumﬁ.meﬁcmsmum.mrbomemdmd
nihicamd.hwmeunbodm,]ydmcblmieacidlwwd
10 adjust fhe pFl, By way of apother example, if the pl js less
than the desirad pH, & base can beused to adjnst the pH to the
desired pH. Bases suitable for use in premixed phammecenti-
¢ol compositions include, but are ot limited 10, sodium

ieal campositions
the osmotic pressure of body fuids, such as blood or plaams,
In some embodiments the tonicity of the premixed formutas
tion ean be modified by adjusting the concentration of buifer
and/or other companents present in fhe premixed formula-
tion
Provided thet the compositions are physiclogicslly com-~
le,ﬁecomponhmdnnotmqmwpamcﬂarm
my ‘Tims, the compositiona ean be hypotonic, isotonic or

hypertonic, Typically the premixed pharmacenticel composi-
tions have a tonivity between ahout 250 to abowt 350 mOam/
kg.
Suitshfe tonicity agenfe for use in the premieed pharms-
centical itions inchude, but are nol Emited 1o, anhy-
drows or hydrous forras of sodium chlaride, dextrose, microse,
xylital, ﬁwtoee,glml.mbitol.manﬂml,mshmchh-
ride, mannose, calcium chioride, magnesivm cHeride and
other inorganiz salts. The quantity of the tonicity egent in the
formulstion can be expressed in mg/ml or in g/L, In typical
embodiments, the tonicity ageot(s) is present from ebout 1
m,gfmlto:banmmglm] Thws, the;:miudphmmmml
compositions can comprise one or more agents
about 1-5 mg/m], at about 5-10mg/ml, at about lD-]Sm@'m!,
al abowt 15-25 mp/nd, et about 25-50 mg/m), at ahout S0-60

16
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g/l at sbout 60-70 mg/ml, at about 70-80 mg/ml, and a1
ahout RO to 90 mp/m), as well az combinations of the ahove

Hnges.
Alternatively, the tonicity agent concentration is meaumred
inweight/volnme percent. Intypical embodiments, the tonic-
ity agent(s) is precent from about 0,1% to sbowt 10%. For
examaple, suitable tonicity ageat voncentrations intlude, but
aranot lintited to, from about 0,1% 1o abont 0.2%, fram about
0.2%% to about 0.3%, from abowt 0.3% to about 0.4%, from
sbout 0.4% to about 0.5%, from about 0,5% to about 0.6%,
from ahout 0.6% 1o about 0,7%, from sbomt 0.7% to abont
0.8%, from about 0.8% to about 0.9%, from about 0.9% to
ghout 1%, from about 1% to sbout 2%, from about 2% o
#hout 5%, from about 3% 1o about 4%, from abont 4% to
about 5%, from shout 5% to shout 3, from about 6% to
abous 7%, from shaut 7% to sbout 8%, Fom about 8%
about 994, and fram ahout 9% 1o abont 10%, 25 well as
combinations of the shove ranges.

In some embodiments, the tnnicity agent is dexirose. Typi-
cally, the concentmtion of dextrose mitable for use in the
premixed pharmacentical componitions is between abont
2.5% (wiv) to dbout 7.5%, By way of example, suitable
dexirose concenirations inclode, but are 101 limited 1o, from
abot 2.5% to sibont 3%, from about 3% fo about 3.5%, from
about 3.5% to about 4% (which is equivalent to sbount 40
mg/ml), from shout 4% te about 4.5%, fom about 4.5% to
about 5% (whichis equivalent to about 50 mg/mT), from about
£% 1o abont 5.5%, :&o:;‘!:mg)m 5.5% o a‘l:&g;l 6%;, (which js
equivalent to nbout 50 , from pbot 6% to ebout 5.5%,
from =bont £.5% to about 73, a8 well as combinations of the
abave ranges.

In some embodiments, the tonielty agent is sodim chio-
zide. Typically, the concentration of sodivm chloride suitahle
for upe in the premined pharmsceutical compositions is
between about 0.1% (wiv) o abont 1.8%. Bywayofmle
etitghle sodivm chloride concentrations inclode, but are not
limited to, from zbout 0.1% to sbout 0.2%, from shoatl 0.2%
to nbomﬂB%.:ﬁomahumoa%mMO-ﬂﬁ,ﬁumahm
0.4% to about 0.5%, from sbout 0.5% 1o about 0,6%, from
about 0.6% to abomt 0.736, from shot 0.7% 1o about 0.8%
{which iz equivalent to & mg/ml), from out 0.8% to about
{0.9% (which it equivalent to 9 mg/ml), from about 0.9% to
sibout 1.0%%, frorn aboat 1%6 to ahont 1.23%6, from 1,2% (which
is equivalentto 12 mg/mT) to about 1.4%, from abant 1.4% to
about 1.6%, and from about 1.6% to about 1.8%6.

lnsomemnbodimmu,ﬂ:epmhedphmumﬁealmm
positions comprise twao, thres, four, nrmomtommtyaseuh
In these embodimemn. the concentration of each tomicity
nguﬂistypmﬂymthanﬂlemmmﬁnnmmmadwhm
only asingle agent is present in the premixed formutation, For
example, if the premixed formulation comptises sorbitol st
1.02mp/ml, & snitable concentration of sodiom chietide iz 8.6
mglml By way of ennther example, if the premixed formu-

iation comprises 1.92 mg/ml sorbitol, & suitsble poncemtra-
tion of dextrose is 48 mg/ml.

In some embodiments, the premixed phanmaceutice] come
positions further comprise one or more cosofvents. A “cosol-
verk” is a solvent which is added to the aqueous formulstion
in a weight mmmtwhnh:smmmﬂmefmmdamm
in the solubilizetion ol nicandipine sad/or &
acceplable salt thereof, enhances stability of the premixed
formilation, and/or adjusts the osmolzlity of the premixed
pham:meﬂ:cal compositions. Cosolvents suiteble for nse in

the premined pharmaceutics] compositions include, lm are
ot limited to, glycols (e.g,, polyethylene glycal, propy
glyrol), ethanol, and polyhydric alcobols (e.g., nm-biml,mn.
niiol, xylitol).
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The quartity of the cosolvesit mted in the formulation can
be expressed in mg/m] or in g/T.. In typical embodiments, the
cogo]vent{s) is present from sbout 1 my/mi o about 100
m/ml. Thug, fix premixed phannscentical compositions can
tomprise noe of more cosolveni(s) at about 1 to bout 2
mg/m?, gt about 2 v ghout 3 mg/ml, at sbout 3 to shout 4
mg/mi, at ahowt 4 1o ebout 5 mg/ml, at shout 5 1o about 10
mg/ml, at about 1070 ebout 15 mg/mi, at about 15 to about 2§
mg/ml, at about 25 to about 50 mg/mi, at sbowt 50 10 abost 50
mg/fml, at about 6016 sbout 70 ing/m], at about 7040 dbout 87
mg/ml, at abont 80te 90mg/ml, pud atebout 90 to 100 mg/ml,
as well a2 combination of The shove ranges.

Alternstively, the cosclvent concentration iz measured in
weightvohime percent. In typical embodiments, the cosol-
vent(s) is present from about 0.1% to abont 25%. For
example, uftable cosolvent concentrations inolinde, but ere
1ot [imited to, at least sbout 0.1% to 0.3%, from about 0.3%
to sbout 0.5%, from aboat 0.5% to about 0.7%, from aboat
0.7% to zboot 0.9%, from about 0.9% 1o sbout 1%, frum
abont 1% to sboyt 3%, fom sbont 3% o sbont 5%, from
abant 5% to about 794, from about 7% to shont 5%, fom
sbout 9% 1o about 11%, from about 11% to about 13% from
abont 13% to about 15%, from about 15% to about 20%, 2nd
Trom about 20% to ebout 25%, as well a8 conbination of the
above ranges.

In some embodiments, the premixed pharmacentical com-
‘positions farther comprise one or more oyclodextring. Due to
their structure, cyclodextring have the ability fo form com-
Pplexes, o inclusion camplexes, with a variety of onganic and
inorganic molecules, Complexes of micerdipine with cyclo-
dexirins have been described (zes, 8.g., U.8, Pat. No. 5,079,
237whichdesm‘huanmclusmcomplmofmmd:pinenr
its hydrochloride with slpha-cyclodextrin, beta-cyclodexrin
or gammacyclodextrin; 1.8, Pat Mo. 5,519,012 w:hu:.h
describes inclusion complenes of dibydropyridines, inchid.
ing nicandipine, with hydmxy-alkylated—ﬁ-nyclndeﬂms
and, ULS, Pat, Mo, 5,904,929 wlsich describes mumerons drugs
ina ical composition with per-C2-18 acylated
ryclodextrins). Nane of the sbove references discloses a dihy-
dropyriding in combination with a cyclodextrin comprising a
sulﬁtegmup An gxample of a commercially svailsble sel-

fated cyclodextrin js CAPTISOL®. CAPTISOL® is & polya-
nienic f-cyclodextrin derivative with & sodinm sulfonste salt
that is separated from the lipophilic cavity by & bety! ather
spacer group, ur sulfobntylether, Methods for making the
A ether cyclodextrin derivetives are well known in
the ari and are taught in 1.8, Pat. No. 5,376,545, Methods for
foeming complexes ofthe dertvatives with a drg are alac-well
known in the anl ax disclosed in 1.8. Pat. No. 5,376,645.

Thecyclodextrin concentration can be measured in welght/
valume percent, In typical embodiments, cyc]odexmn(l) is
prosent from ghont .19 to ahont 25%. For axample, suitable
cyclodertrings) concentrations incluse, but are not limited to,
at lenst sbowt 0.1% to 0.3%, from about 0.3% to abowt £,5%,
from about 0.5% to showut 0.7%, from about 0.7% to abont
0.9%, from aboot 0.9% to about 1%, from about 1% to about
3%, from abowt 3% to abowt 5%, from sbout 5% to about 7%,
from abont 7% to about 9%, from abont 936 1o ahout 119,
from abowt 11% w0 gbout 13% from abour 13% to abont 15%,
from ebout 15% to about 20%, and from sbout 20% to abont
25%.

Exampies of stable, premixed pharmuaceutical composi-
tions the sctive ingredient, » fonicity agent,
buffier and optionally, a cosolvent are shown in Table 1.

20

65

8
TABLE1
“Tomicity
Agtive Agrsi(s) Buffor Cowolvent
Togrodient (img/oil) (gl {tmg/mi) PE
i Nal Citrie scid, Borbitol 3.54.7
ide  (R.6mgiml) anhydom (1.92 mg/ml)
(04 mg/mi) {09192
micandipine  Dextrots, Oitiencid,  Sorbil 36437
hydrous anbydrous {1.92 ing/ml)
©imgml}  HEmgm) (00192 my/ml)
nioardipine Nl Cirisaoid,  Nome 2§47
01 mwmnﬂ’ ¢ {0.0192 mg/ml)
nitardipine  Dewirose,  Citris acld, 3547
g-l ﬂl!’mﬂ £0 mefml) (D-Blﬂrlifﬂl)
H Noll Ciivio acid, None 3.6-4.7
wide (P gl
(0.2 mgfml} (0.0364 mg/ml)
Aiowrdiping Dextrogs,  Citrlo acid, Noae 3547
tydroi ndrous aphydzoms
{02mpml)  (Stmpml) (00384 mgh
aicardigine Nall Citric woid, Borbitel 3.6-4.7
hydrochioride (B3 mp/ml)  anhydnom (3.8 pap/nl)
(0.2 mgfml} {0.0384 mg/ml)
vicardipine ~ Dextroge,  Citricack,  Sodiol 3647
ide  hydeoux 5 (3.84 ophnl}
(O2mgoly  @6mpmly (D584 myml)
In pome embodiments, the pharmacentical ftions

COMpPOE
are any-as describied in 11.8, Provisional Application Sen No.
60/793,084, filed Apr. 18, 2006, which is incorporated herein
by reforence,
5.3 Methods
The order in which various components comprising the
compositions is added to the buffered solution is not critical,
provided that the resulting epmpositions are stable and are
suiteble for continnous intravenous infisicn. Accordingly,
the compoaitions desorihed berein can be made by preparcd
in » ommber of different weye, For example, in spme embod-
mens, the compositions can be prepared by adding buffer, a
tonicity agent snd/or a cosalvent towater; adding nicaidipine
to the buffersd water sclution; adding an pH adjuster to
echieve the degired pH; and then sdding sufficient water to
ke up the finel volume. If necessary, the pF can be read-
justed to achieve the desired pH range. By way of another
mlgtbemmpmtmmtepmpmdbylddinghuﬂhr
and nicardipine ara accepinhle salt therect
to water; adding a fonicity agent and/or cosohvent, adjnsting
the pH to achieve the desired pH range; and then adding
sufficient water to make tp the final volume, By way of
another example, a cosolvenl can be added prior to the addi-
tion of nmicendipine or a phanmacenfically acceptable salt
thereof, and e tonicity agent can be added after the addition of
nicardipine or s phermacentically acceptable salt thereof, By
‘way of another example, a fonicity agent cxn be added prior to
the addition of nicardipine or a pharmesentically acceptable
salt thereof, and 8 cosolvent tam be added after the addition of
nicardipine or a pharmaceutically aceeptabls galt theveof, By
wqyofanoﬂ:eruample,ﬂ:ewmpomummbemmdby
sdding buffer, tonicity agent andfor corolvent 1o water;
edjusting the pH to a first pH ranpe spitable fnrd:asolvmg
nicardipine (for example, lees than pH 3.6); adding nicar-
dipine or a fharmacentically acceptable aakt thereof; adjusi-
mgmeplimachmmedesiredﬁmlpHmnge,mdlhm
adding sufficient water 1o mske up the final volyme.
Insomebodimﬂm,phmmmenﬁcalompomom com-
rising nicardipine hydrochloride, dextroze, and citvic buffar
atpHB 6-4.7 cam be prepared by adding ciiric scid to watzr,
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hytlmchluuﬂahtheh:ﬂ‘mdwma-wlmﬁ,ldjmﬂnp!l
if necessary to the renge 5.6-4.7, and adding sufficient water
to meke up the final volume. If necessary, the pH can be
reedjusted to between ahout 3.6 1o about 4.7,

Inmmeembﬂdimmta,phnrmmuum]wmpndﬂmmm-
prising nicardipine sodinm chloride, and cit-
rate burffer ot pH 3.6 to abaut 4.7 can be prepared by adding
citric seid to water; adding nicardipine to the bnffered water
solution, addfing sodium chioride fo the mfered water solu-
tion, edjusting the pH to betwaen about 3.6 10 about 4.7, apd

sutficizmt water to make up the final volume. I sorbi-
ol iwincluded inthe farmmilstion, sorbitol is added &1 the same
time a5 the citric acid.

Inmembnd:mem. the phormaceutical
can be prepared by sdding mnhpmeuraphmmaceuuwlly
mnmqﬂbls enltﬂﬂenﬁoanmdi:mhﬂmnhwmgnplﬂ%ﬂ;

0. For example, theacidic solution can be prepared
adding an acidic compoment of a bulfer system. A buffer, ons
ar feore tanicity agents, end/nr cosolvents cen be added i the
acidic solution before or afier dissolving the picardipine,
Bufficient water is then added to make up the finsl vohmme. If
necovsury; the pH of the composilion tan be adusied 1o
between about 3.6 to about 4.7,

In ponse embodiments, the pharmaceutical compo
can be mude by adding nicerdipine or & phmnmhuny
accepteble salt thereof to a selutinn thay has hean heated 10 8
teraperature greater than 35° C.; adding bufler, ooe or more
tonicity sgents and/or cosclvents to the acidic solutions; and
addmgmﬁsientwmtamakenpthsﬁmlwmﬂm
egsary, the pH of the composition can be adjostad to batween
about 3.6 10 about 4.7.

The pharmaceutical compositions cap be packaged foruse
ina\m«yofwmmml‘heoompmhnmmmfmﬁy
packsged ina pharmaceytically scceptable container, sch as
an intravendus bag or botrles, Dnemunhghtmﬂﬁvhyof

pu:hgucmbemedlhﬁm&welhemuunlof
light which ean reach the Far cxample, in some
embodiments, the coafainer may, optionally, further com-
prise a light barder, such as an Alominnm overpouch or &
carion.

Inmeembod:mmts,ﬁep:medphmmhu!m

positions are dispensed in intavencns bags, such as pre-wix
bags and admix bags. Intrevenous bage ate well known in the
art and commercially availehls, Examples of mmvmnns
bags include, Tt are not limited 1o: GALAXY®, INTRA.
VIA®, BOLOMIX®, STEDIM® 71, STEDIM® 100
VIAFLEX®, EXCEL®, VISIV®, VIAFLG"",
ADDEASE®D, ADD-VAN’J:A(:B@ DUPLEX™, FIRST
CHOICE™, PROPYELE?F"&MBFS“‘

In some embodiments, the components of the beg that
¢oms info contect with the pharmacentical compositions
should not contain polar polymers, soch 2s polyvinyl chloride
(PVC) and ethylens vinyl acetate (EVA). Examples of bags
that do not contain polar palymers and thns, are suitable for
vee in these emhodiments, include, but are pot limited to,
GALAXY®, EXCEL®, VISIV®, and VIAFLO™,

Procedures for filling pharmacentical compositians in

cantainers, and their subsequent

pharmacentically acceptable

processing are known in thear, These procedures canbe ised
to produce stenle phirmacestical drog products often
required forhezlth cave. See, e.g., Center for Drug Evaluation
and Research (CDER) snd Center for Veterinary Medicine
{CVM), “Guidance for Industry for the Submission Docu-
mm:&:rsmﬂmnancmeinApp]imbm
for Human and Drog Products”, (Movember

1654}, Examples of suitable procedines ﬁarpmdm:ing sterile

3
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pharmacentical drug products inchude, but arc not Jimited to,
terminal moigt heai sterilization, ethylene oxide, radiation
ﬁa.mmmbum),mmmnﬁa:;-
nigues oneo sterilization procedures can
o pmdnne%nhﬂ: pharmaceitical compesitions deseribed

In some embodiments, sterile pharmaceuticsl composi-
tiong cen be prepared using aseptic processing techniques,
Sterility is maintained by using sterile materlals 2nd @ con-
trolled working enviromment. Al containers and sppazatos
mﬁmlized.prefmhlyhyheantaibmim.pﬁwmﬁﬂmg
Then, the container is filled nnder aseptic conditions, such
bypanmgmemmpmumﬂmughaﬂlmmdﬁlhngmn

units, Therefore, the compositions can be sterile filled into w
cantainer fo avoid the hest stvess of terminal sterilization,

In some embodiments, the compositions &re terminally
Miudnﬁngmﬁstbut.Tumimhﬁeﬂﬁmionunbemud
hdﬁhuyaﬂviablemimomnimwiﬁintheﬂml. pegled

ixtiostry
terminal slerilization of the fingl product are 121° C. foral
tenst 10 minutes.

The pharmacevtical compositions described herein can be
used for prevention orfreatment pf acuie elovetions of blood
pressure in a boman patient in need thereaf. In some embodi-
ments, the patienis being treated may be volome-restricted
due fo £ co-existing medical condition end thus can benefit
from the administration of higher ¢oncentration and lower
fluid volume of nicardipine. Examples of medical conditions
in which it would be adventageous to pdministerlow volume
formuletions inchude, renal fiilure, Rscites, carebral edema,
conswmhﬁﬁfaﬂma,hmﬁﬂmnram'a‘m Dos-
ages can be individualized depending upon the sevesty of
hypmmdmndﬁexﬂpmeof&ehﬁvﬁnﬂpuﬁmﬁmng

i product,

patient has an elevated blood pressure with 8 lymohceqnl] o
or grwater than 150 mm Hg. In other embodiments, the subject
has an elevated blood pressure with a diastolic value greater

ﬂlmnreqnalmDDmmHg.

In some the pharmaceutical compositions
ean be used o preveat acute elevations of blood preeqmre
assoriated with various medical Examples of

procedures,

medical procedores associnted with acote elevations of blood
pressure include, but are not Hmited to, electroconvilsive
therapy (see, ¢.., Avramoy, ot al,, 1998, T, Clinios) Anesthe-
&in, 10:394-400), carotid {see, &.g., Dorman,
etal,, 2001, J. Clinical Anesthesin, 13:16-19, tracheal intuba-
hon(Song, etal., 2001, Anexth Analg,, BS: 124'?—51) and skin
incision (Song, et al., 2001, Anestis Azalg., BS: 1247-51),

In some embodiments, the pharmacentics! compositions
can be msed fo treat acute elevations in blood pressure due to
certain  cardiovascolar snd cerebrovascular c¢onditions.
Examples of cardiovascular conditions that are associsted
with acute elovations of blood pressure inciude, bntmnm

tions of biood pressure include, but are not Hmited o puimo-
mhypeﬁmsion, cerehral insulficiency and nigraine haad-

In some embodiments, the pharmaceutical compositipna
can be used to treat other conditions that canse hypertension
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inchuding, bt not limited o, renal disorders (2., renn)
&mhymaldumdmurmulvamhdiuuuj,m
ihe aorts,

syndmm:. solid organ mmplant amd drog-related

In some embodiments, the pharmscentical composi
mhnndhmﬁmhypumdmswcﬂpmm
including, tmi not limited to cardiothoracic surgery, spinal
surgeries and heed and neck eurperice.

6. ALTERNATIVE ASPECTS

In an alternative aspect, the present invention relites o
mmud,mdy-mmmjmhhphmmnmmm-
tons comprising a candiae medication or a pharmacentically
acceptuble: palt theveof, end at Jeast one 6f a co-solvent and a
eumplngagant and a buffering agent. The composition

compﬂscnw:dmwagem The compositions are
pnfmblyilomnie 'IhspHoftheeampnnﬁomisgmfmbTy
between 3 and 7. The compositions are preferably packaged
in u pharmageuiically scceptable container, mich as an intra-
venous bag, syringe or vial. Preforahly, the contpositions are
used for the trestment of cardiovasculnr and cerebrovascular
mnditmns mmmmmmmm

phrrmacentical com:
poaiuonlhatisalmdymnmdﬂumthnpnintnfmnuﬁm
and does not require dilution or Rurther processing before
administration. The term “pre-mived” may also mean a phar-
meacentical composition wherein the liquid solution ard fhe
setive phermacsutical ingredient areseparatad from the point
of mannfaciure aad in storage, such a5 when the solution is

srnmdmmnn:muunsha and the sciive pliannacenticsl
ie mdtmdinlwdﬁntnmnnecwd

lyophitized

to the bag, bul not in Anid contact with the snlition until just
before adminisration to o patient. Preferably, the pharmacen-
tcﬂcomyuiﬁmmaqumswluﬂmﬁﬂmaﬂmﬁﬂs
tared by injection. Altemstively, the pharmsceutical compo
ummybelynphﬂ:udmdﬂunfemmﬁhﬂeﬂm:smﬂic
saline, for exarple, before intraverous admirstration,

mwdmaﬂwummephmmmwmﬂmm
ofthnpm invention camprise & candiac

channel , aligiotensin converting inhibi-
tors, divrerics, vnmdihmrs, nitrates, aniti-platelet medica-
tions and anti-coagulants. Prefersbly, the canline rmedication
nsenhmchmatmﬁgumstmaphamwuumﬂyw
ahle et thereof, Muteprei‘embly,tham&acmediuhmua
dihydropyridine derivative or a acceptable
saltﬁnrwf Mot preferebly, the carding meﬂ.muannma-

pharmacenti fions may comprise 0.05-15
mg/ml of nicardipine or 2 pharmacentically accepteble salt
thereof, Preferably, the pharmacewtica] compositions come-
prise 0.15-0.35 mg/ml of nicandipine or &

scceptoble sett thereof. Nicandipvine and :uphmnennmlly
:l;:apub!elalu, their preparation, and their use are known in
art. Por

lo

25

»
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In some embodiments, the pharmacentical compositions
comprize 0.1-15 mg/m nicardipine or o pharmaceutically
scoeptable salt thereof, For example, suitsble concentrations
ol micardipine or & pharmacentically acceptable palt thersof,
M:ﬂe,hltmmt timited to: 0.1-15 mg/ml, 0.1-10 wag/ml,
0.1 ml, 0.1-3.0 0.)-2.0 0.1-1.0
R e o
mg/ml, 0.3 mg/ml, Ozmg'mloro.lmgfml

In this alternative aspect, the pharmacentical compositions
mhmmumtcmmnmmw,mem
positions can he used tn treat conditions that are alleviated by
the administration of calcium channe] antsgonists, puch as
eardiovescalar and cerchrovascular conditions, Cardiovasou-
ar mmiim that can be treated with he phmmmd

bypettension, congestive
ﬁu}urq coronary ariery disease, myocandial infatetion, car-
diec and arteriokclerosis.
Cervbrovascular conditions that can be treated with the phar-
maceutical cumpositlouwfthpmﬂnmmmnlndem
monary hypertension, cercbml isufficiency and migraine,
membly, the compositions are usex! o treat hypertension,

Tn ihiz ellemative aspeci, the pharmacentic:? compositions
of the present invention also comprise &t least onc of 8 cosal-
vent and a complexing agen!. Therafore, the compositions
mey comprise a cosolvent, # complexing agent, moltiple
cosolvents, multiplc complexing egents, a cosolvent and a
camplexing agent, B cosolvent and nwiltiple complexing
agents, a complexing agent and mtiple cosslvents, or mul-
tiple copaivemts and nultiple complexing sgends,

In this dlternetive espact, Nicardipine and its ;harnweu-
tically ecteptable sslic are cnly slighiy soluble in water.
Cosolveals aod F belp salubilize nicar-
dipive in the acquecus solution of the pharmacentical com-

bepeficial when & high copcentration of nicandipine is
pmmt,suchumﬂlewmpmﬁnnsefﬂwpmmnmmn
An edvantage of the compositions of the present invention i
that they heve a high concentration of sicardipine, which
allows the compasition o be administered nsing & lower
volnme of inrevencne fnid, Such compositions can be a
treatment option for s gredter muniber of patients, espegially
volome restricted patients.

In this sitemative aspect, patients and medical conditions
thint may benefit from a higher concentration and lower findd
wvolume of nicardipine incinde, bat ere not limited to, the
Following: acute congestive cardiee fuiture; pediatrics; hyper-
mvecmmeldulypaum:tswhmﬂmdmlmdma
major concern; all sente sroke arees inchuding, A18, 1CH and
SAHmmlhhndpmmmmuedWomm

mdvampaam

In this altemative aspect, in addition to enhancing solobil-
ny.comlvenlsandwmplmngngmbenhmlhembﬂityof

the pharmeceutical compogitions. Furthermore, Ry
be made lo the concentration of cosolvents and complexing
agrots in the phammeccatical compositions in ordor o adjust
the tonicity of the phammaceutical compoesitions. Pharmapen-
uedlqushhlemlvmmhnwn in the art and wre
cummerctally available, Typicel cosolvents include polyeth-

e, they are disclosed in, among other &5 ylens glycol (PEG), (FEG), propylene glycol (P<3), ethancl apd sor-

cxampl
references, U.5, Pat. No. 3,985,758, which is incorpotated lntnl Preferably, the cosolvent concentration 38 0.1-10%

bercin by reference in ite entirety,

percent, which will depend on the pH of the
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composition. More preferably, the cosolvent concentration is
0.1-5%. Most preferably, the cosolvent corcentration is 0.1-
2%. Preferred cosclvents for the pharmacentica] composi-
tons are propylene glycol and sorbitol. Preferably, the con-
centration of propylens glyenl is 0.1-2%. More prefershly,
the concentration of propylene glyeol is 0.1-1%. Most pref-
erably, the concentration of propylene glyeol is 0.3%, A pre-
ferred concentration of sorbitol is 0.1-2%, An even more
pmfmedmm:mnfmmlmol-]% A most pre-
fezred concentration of sorbitol is 0.5%.

In this alterutive aspect, phamaccutically accepisble
pomplexing agents are known in the art and commercially
availsble, Typical complexing a_gm‘h include cyclodextrins,
such as natural and chemically modified cyclo-
textring, Prefirsbly, the complexing agentis abeta cyclodex-

pharmacentical
compositione are 2-hydraxypropyl-B-cyclodesizn  (JHP-
BCD)andmﬂfnhmyleﬂmB-cyanMm(smBCD),me-
erably, the complexing agent congentration is D.1-25%
weighivolume percent, Mnm prefersbly, the complexing
agent concentration §s 0.1-10%. Most preférably, the come
plexing agent concenteation is 0.1-5%. Prefarably, the con-
centration of ZHPBCD is 15-25%. More pwefersbly, the con-
centrafion of ZHPBCD & 20-25%. The prefemed
conceniration of SEEBCD j& 0.1-10%6. An even more pre-
farred concentration of SBEBCD is 0.1-5%. The most pre-
ferred conceniration of SBEBCD is 0.75 to 1%.

In sddition, the pharmaceutical compositions in this alter-
native prpect can comprise & buffering agent. However, the
mmonmmywmpﬂsamlﬂpkbmmgamm
pharmacentical compositions of the present invention are
pnemblyoloaeﬂnphys:ologmlpflmmdemmmzem
incidence of phiehitiz upon adminieteation, However, the pH
of the phamaceufical camposition also affects the solubility
and stability of ticardipine in the composition. Generally, as
the pH of the pharmaceutical compesition increases, the

of ni decreases. As g resulf, it is
drﬂ'l:ultto solubilize nicandipine cloge to physiclogical pH.
mm%mmmmmsmm
capacity sohation does not precipitate mpon
dilutiom with blood when admiristered.

Inﬂmahemum:mpect,typumlhuﬂenngngmkimhde
mw, giotammnte, citrate, tartate, bonzoate, lactate, histi-

dine or other amino acids, glwonste, phosphata and socci-

:ﬁ:mmpﬁfmedbuﬂ’mngamntmmaniszs-%

In this alternstive sspect, preferably, the pharmacentical
compositions of the present invention are isotonic, i.e., inthe
range 0f 270328 mOsm/kg, However, the compositions may
bave a tanicity in fhe range of 2504350 mOsim/kg. Therefore,
the compasitions may be either slightly hypotonic, 250-269
mOum/kg, or sliglitly bypestonic, 325-350 mOsm/kg, Prefer-
ahly, the tenicity of the pharmecentical corpositions s ren-
dered isotonic by adusting the concentration of any one or
more of cosclvent, complexing agent and buffering sgent in
‘the sclution,

In this aliwoative aspect, the pharmatceticel compositions
of the present inveotion may further compeise & tonicity
apent. However, the compositions may further comprise mul-
tiple tonicity agents. Tonicity agents are well known in the ant
and commercially available. Typical tonicity agents include
sodium chlaride and dexirose. The preferred tonicity agent iz
sodium chloride, A prafirred tonicity agent concenteation is
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1-200 mM. A more preferred toncity agent concentration iy
75-125 mM. An even more preferred tonicity agant coricen-
tration #5 90-110 M.

‘The pharmacentical compositions of the present igvention
are preferably peckaged in i con-
tainers in this alternetive aspect. Pharmaceutically acceptable
containers jnclude intrvenous hags, bottles, vialg, and

syringes. Preferred containers include intravenous bags and
ayﬂnges,whch ire preferably polymer-hased, and viais and
intrevencns bottles, which arepreferably made of glass. It 1
aleo ﬂ:atﬁempqmnhnfthecuﬂamwthatme
into contact with the pharmacestical composition donot con-
tain polyvinylchloride (PVC). The most preferred container
is an intravenous bag that does not heve any PVC conteimg
componcats in contact with the phammaceutical composition,
Ttin also desirabletn protect the pharmsceutival compositions
from Yight. Therefore, the container may, optionslly, further
camprizea light berrier. A treferted light barrier js an alumi-
num overpouch.

This dltermative aspect also provides methods as described
shove for preparing the pharmacentical compositions which
are slerile.

7.EXAMPLES

Bxamples 1 throngh § are intandad to be illustrative and not
limiting us to the general disclosore. Examples 7 through 12
disclose specific embodiments of the pharmeceutical compo-
sitions that are principally Ulustrative of the altemative
aspects described herein.

Examples 1 throngh &
Example 1

Effect of Various Dilvents on Stebitity of
Concentrated CARDENE® LV,

Stability results for the concentrated ampul produst dilated
o 0.1 mg/fin] with various commonly nsed intravenous infi-
sion finide in an IV bag ave shown in FIG. 1. pH after mixing
mmmn:admdisrepoﬂeﬂmthe)l—axm.?mdwmabﬂny
was measred by monitoring the % dmg remeaining after
duration of 24 hours by RP-£PLC and is shown cn the'Yoaxdis.

As shown in FIG. 1, the instebility of nisardipine hydro-
chloride is related to the initie} pH of the infusjon fluid and 1o
the final pH of the sclution afier mixing, The of
dmgloss;poatdrhdmnmmuﬁuﬁnﬂ pH of thesolution
afier mixing increasss, for example, 2 very pronounced drog
bn:so‘bhmadw.hmthepﬂis gbove 4.5. Bssed on these
findings, the. product insext for the marketed ampul product
Tequires product dilution be carried out using specific infu-
sion finids. Farthermare, the diluted product mmst be used
within 24 hours,

Example 2
Rifect of pH on Stability

Stubility results for a 0.1 mg/mL nicardipine HCJ, 0.1 mM
eittie aoad, and 59 deactrose formnlation dispensed ina GAT -
AXY® bag are shown in FIGS. 2A and 2B. Sisbility resulis
for & 0.1 mg/nl. nicardipine HCI, 0.1 mM sitric acid, D.9%
ssling formilation diepensed in o GALAXY® bag are shown
in FIGS. 3A and 3B. Stability aseesements are done by mea-
suring the % drug remaining and the totel impurity formation
&9 & fonction of time using RP-HPLC.
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Stebility testing was done at.an accelerated temperature of
40" C, Based on published literature, ectivation energies for
drug decompositions uspally fall i the range of 12 t0 24
Kcal/mal, with typical vilue of 19-20 Kcalimol. Under these
conditions (assomption Ea=19 4 Kcalimal) 15 weeks storage
gt 40° C. 1o a product with approximately 18
months expiration at 25° C. (see, e.g., Connors, K. A, et al,
Chemical Stebifty of Pharmaceuticals, A Handbook for
Phermpcists, Jokn Wiley & Sons, 2d ed, 1586).

As shown in FIGS, 2A and A, Joss in product poteacy
(deopin % drug remgining) dueto degradation and adsorption
ph to the bag surface increased as the forawilation pH was
Inereased. For example, after § months storage at 40° C. for
the dextrage formulations, & clear ivend indicating incressed
drug loss Jor formnletions at pH 4.4 and 4.7 ean be observed.
At pH 33, tbadmgpm%dmgmmng:snﬁn’huteﬂhm
increase in total { (FIGS, 2B and 3B), miher than
drug Jose dye 10 adsotpiion. In addition 1o the observed drug
Yoss, 1he formation of nicandipine-related impiwities (FIGS.
2B and 3B) was also found to be strongly pH dependent. In
‘this case, howeves, the revarse trend was observed; as the pH
was Gecreased, the tolal impurities increased.

The restilts fom s study indicale that the formuilation pH
iz a significant effect on stability of a ready-to-use diluted
product. The findings of this study indicate that the nptimal
formulation pH renge is berween sbout 3.5 1o shout 4.7,
However, depending on the degree of accentable dryg degra-
g:tienandfnrtotal imparity formation, other pH ranges can

Bxample 3
Biffect of Nicardipine Concentration on Impurity
Formation

The effct of nicardipine concentration on impurity forma-
ticn in ready to use premixesd compositions comprising 0.1
mg/mL and 0.2 mg/m] non-sorbitol formmlstions with dex-
trose over § monthe at 40° C. is shown in FIG, 4A., The effect
of nicardipine concentration on imgandty formetion in ready
1o ee premixed compositions ¢ mnpnmqgo.lmymlmdﬂ.z
mg/ml, non-sorbito] frmulations with saline over 3 months
at40° C. is shown in FIG. 4B. The formulations are dispensed
in GALAXY® bags: Stability assessments are done ss
described in Example 2,

As shown in FIGS. 4A and 4B, in addition to pi, prodoct
concentration is another factor that impacts product stability,
in particular the formation of nicerdipine-related impurities.
The concentration depenidence pbserved with respect to tobal
impurity formation is minimjzed a3 the formnlation p¥ is
increaged. Ewm:mple, in FIGS. 4A and B, the offcct of
nmcmmmmﬁMatpH3ABMkmMMHm
pH approaches 4.7

Memﬂbmmtmmwmumismm
the 0.1 mg/ml formulations as compared ta the 0.2 myy/ml
formulations for both the dextrose and saline formulations,
Simufteneous optimization of the drug concentration along
with the visble fornmlation pH range is important in the
development pf ready-to-use premized drog formulations,

Example 4

Stability Comparisan of Sorhitol and Non-Sarbitol
Formuletions

A stability comparieon of sorbitol and non-sorbite] formu-
lations waz condueted wnder accelerated conditions (4 weeks

30
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at 40° C.)ming a 0.1 mg/ml. nicardipise HCI, 1.92 mg/mi.
gorbitnl, 48mydenuou,00192mglmLmtmmd,pH
42 and a 0.1 mg/ml, o HCl, 50 mg/ml. dextrose,
D.Dlﬁzmgij citric acid, pH 4.0. Both formulations weze
dispansed in GALAXY® bage. Stability sscessments were
done by mesauring the % drug remaining and total impurity
formation es @ fimetion of time wping RP-HPLC. The results
are shown in Tables 2 and 3.

TABLE2
D Fommmilsiicn withost Sarhitnl
% Drug % Thstal
Tane Rermainimg T thes
[} 1000 008
4 981 017
TABLE3
Dexirose Formulation with Sarhitnl
% Dt % Toml
Titne Remaining Impuritise
0 1000 NMT 0.05
4 564 0.13

NMT refe to 00 xmone than,

Ag showen in Tables 2 and 3, minimel differences between
fhe two firmnlations were observed in the measured param-
elers, Based on these results, ag well as the reaplts shown in
Examples 1 and 2, the prosence or abscace of sorbitol is not
predicted 1o alter the § of formulation pH and drog
concenivation on the ity ofthe premixed pharmacentical
eampmitiun_smmprimsnmmhpmeﬁm and dexirose or
sodium chioride.

Example 5
‘The Effect af Plastic Film Composition on Stability

maﬁaﬂnfplmﬂcﬂ!mmmoﬁﬂononthembmlyof

ready 1o use premixed compositions comprising .2 mgfml
nicerdipine HCL, 0.2 mM citrate, 5% dextrase, pH 4.0-4.2 for
“incompuiible” bags and “compatible” bage is shown in
PIGS, 5A and 5B respectively. “Incompatible” bage contain
polar polymers, such a2 polyviny! chloride (PVC) and ethyl-

coe vinyl acetats (EVA). “Compafible™ bags do ot contain
poler polymers,

Stubility evaluations were done for the 0.2 me/m!, non-
sorbitol dexirase foemulgtion ip, vaviens commercidily avail-
able IV infusion bag systems. EXCEL®, VIAFLEX®, VIA-
FLO™, INTRAVIA®, md VISIV® bags were dnsed in
weter and covered with aluminum foil over ponchies, The
bags were filled with the above formulation and sutoclaved at
105° C. for 21 minates, STEDIM®71 and GALAXY® bags
were aseptically filled with the above formmlation. Stability
ammdnmhymmﬁngthc%dmgmmng
and fotal inmpurity formation (data not shown) as 8 function of
time using RP-HPLC for samples incubated for up to 24
weeks af 40° C. The % drug remaining was calenlated relative
0 the concentration meamred post-mixing in tank.

AsshawninFlG.sA.mimcmmiaﬂyawﬂableN
bags were not compatible with nicardipine HCJ. Significant
loss in product potancy was ohserved upon storage primarily
dve to product adsorption in bags that cantained the polymer
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PVC (e:8., VIAFLEX® and INTRAVIA®). Nicardipine was mperfemed:tdS“C.mnrdamamulmmeuadm-
alsoincompatiblewith bags containing thepolymer ethylene- ditiors that cause sufficient product degradation in e rela-

vinyl apetate (EVA) in the cantact layer {e.g., STEDIM®71).
PVC and EVA are examples are of polar plastic materials that
are incompatible with nicardipine HCl, Becanse nicardipine
HCl is a weak bese with & pKa of ~7.2, it is incrensingly
hydrophobic a5 the forrulation pH increaes, nd therefiore,
compétibility with polymeric contect surfaces is dependsnt

AsshownioFIG. SB,mmma]dmpinpmductpomncywas
ohuwdwiﬁmmﬂbnycmnpﬁmgmlyﬂfﬂ'(e&
EXCEL®), polyethylens (e.g., GALAXY®), and polyclefin
blends (e.g., VISIV® md VIAFL.O™),

Exoample 6
Effect of CAPTISOL® on Prodnct Stability

MEEectofCAI’IISOImonthsmbdxw of ready o vze
premixed compasitions 03 Nicardipine,
SOmMNlMate,I 8% Captizol, 112 mM NaCL, pH4.5 or
03 mp/m] Nicerdipine, 30 mM NaAcetate, 1.8% Captizol,
3.7% Dextrose, pH 4, 5 dispensed in 100ml GALAX Y® bags
was monitored for 12 weeks nt 5, 25 and 40° C, in (scc, £.5.
Talile 4). Becouse the drog was mbleaﬁ"c. tha daty is not
shown, In.addition, the fornmlations were monitored at 45° C,
in 2 mL glass vialk {see, £.5., Tahle 5). All formulations were
filled eseplically into the vials and bage by Ghering the sulu-
tion through 8 0,22 pm filter.

TARLE 4
% ey Recoulolia 4 25° €. 1340 C. i GALAXY G Beg
% Dimg renmining. % Dz rermaining
o a0 C
Tize N Dextrone Nl ‘Doxtross
{wicks) Torymimtion Fonmplstion TFommiatcn Formmlation
] 100,00 10000 100,00 100.00
3 56.57 LORE P15 SR.B6
2 B9 100.80 .07 10040
4 9545 104,01 PRAS 102,55
12 A 1018 9538 29,00
TABLE S
% Dvug Remaining ot 45° C, in Glaws Viale
sinin,
Time: Tacl
{wecks) Formaltion Dentrome Fornuilation
1} 100,00 100,00
2 107.69 105.78
4 195,18 10522
u 19222 10280
Pharmaceuticsl comprising CAPITSOL®

compositions
exchibited minimal drug loss and inpurity formation {data not
shown) as & fimction of time and temperature. Besed on the
acoelersted stibility dats at 40° and 45° C., formulstions g0
camprising CAPTISOL®, dextrose or MAL] should be stable
&t roomn temperaturs Tor at least 12 months.

Examples 7 throngh 12

Exampler 7-12 illustrate performed. using
specific embodiments. The experiments in Hxamples 7-12

b Iv]
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drug product and, therefore, degradtion hehavior of themol-
ecule is well vnderstood as 8 fimction of temperatire and
tima, Stability data ate available for the marketed product ip
to 36 months et roam temperature, 22-27° C., and 40° C.

Thmﬁnmleuaedinﬂﬁsprelimimtyaemmﬁngmhmﬁm
is thet if the degradation kinelics of the eveiuated formylatinn
prototypes were comparable to the CPF at stressed terapera-
tures, drog procduct stubility would Biksly be comparable or
‘bettar at rocm temperature, The urrent prototype farmnls-
tion js steble for at leest 18 months at 25° C., and therefore it
in prijected that the evaluated formulation protolypes can
heve comparable or better stability.

Bxzmaple 7
Formulation Preparation and Aralysis

Appropriate buffers, such a5 acetate or succinste, contain-
ing the desired cosolvents, such as sorbito! or propylens gly-
%HCD, prepared, Appmprlalem e mg

were tonirity agenis,
i sodium chloride, swere prepared and added to some of the
phennsceutical compositions, Based upon the final formuls-
tioh wlumemdmemrgetdmgmemhmnn,ummy 0203
glass

Tondcity sgent, ifmy,waslbmadded.!hemhhmw&m
somicated for up to 45 mimites fo facilitete dmg dissolution.
Following drog dissolution, the sohution was filtered through
2 D.45 po syringe fiter (Acrodisc LC 13 mm Syringe Alter,
PVDF Membrane from Life Sciences, PN 4452T), When
ﬁlteﬁng.ﬂwﬁmfewdmpswmdiswdedmdﬂmﬁmhin;
solution was collected info another glass contriner, The pre-
pered formulgtions were spbsequently dispensed itto either
vizls or intravenous bags.

The fallowing {sotosic pharmacentical compositions were

made according to the shove protocol:

Pharmaceutical Composition 1 {PC 1): €.2-0.3 mg/mi nica-
rdipine hydrochlosida, 3.7% sarhitol, and 5D mM Na-
acetale, wherein the pH of the composition is 5.0.

Phiarmnceutical Compesition 2 (RC 2):0.2-0.3 sag/mlnica-
rdipine bydrochloride, 1.7% propylene glycol, and 50
!snMNa-aoeme, wherein the pH of the composition ie

0.

Phanmscentical Composition 3 (PC 3): 0.2-0.3 mp/ml nica-
dipine hydrochlaride, 2.8% sorbitol, and 50 mM Na-
soccinste, wherein the pH of the eomposition iz 5.5,

thmwnueaICompoanPCﬂ:u.z-Osmgfm]mcau
ndipine 1,1% propylene glyeol, snd 50
mM Na-mecinate, whenein the pH of the composition is
5.5,

Pharmacentical Compoesition 5 (PC 5): 0.2-0.3 mg/mi nica-
rdipine hydrochioride, 4.1% srbitol, and 50 mM Na-
ocetate, wherein the pId of the camposition is 3.5,

Pharmaceutics] Composition § (PC 6): 0.2-0.3 mg/m] nica-
wipine hydrochloride; 1,.9% propylene glycol, end 50
oM Na-acetate, wherein the pH of the composition is
3.5.

Pharmacenticsl Composifion 7 (PC 7): 0.2-0.3 mg/minica-
rdipine hydrochloride, 4.1% sorbitol, and 50 mM Na-
acetate, wherein the pH of the composition is 4.5,
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Pharmacentical Composition 8 (PCR): 0.2-0.3 mg/m] nica-
rdipine hydrochloride, 1.8% propylene glycol, and 50
mM Na-acetate, wherein the pH of the composition is
4.5.

Phirmaceutical Conposilion 9 {PC2}): 0.2-0.3 mg/mlnicu-

odipine 6.5% pulfobutylether-B-cyclo-
dmnuﬂSOmMmemh,whmmthepH{oy;lﬂm
composition is 5.5,

Pharmaceutics] Composition 10 (PC 10): 0.2-0.3 mag/ml
nicardipine hydrochloride, 6.5% milfabuiylether-f-cy-
clodextrin, and 50:mM Na-snccinate, wherein the pH of
the composition it 6.0.

Phammacentical Composition 11 (PC 11): 0.20.3 m,gfml
nicardipine hydrochloride, 8.5% salfobntylethar-f-cy:
chdﬂ;hm,andiﬂmMNa—the,whﬂdnihepH of
the composition i 5.5,

HﬁmumﬁmlCliZ(PC 12 0.204 mgfml
aicardipine hydmichloride, 8.5% sulfobutylether-B-cy
clodemizin, and SOmMNamc!naIe,whermnMpHof
the composition is 6,0.

Pharmecenfical Composition 13 (RC 13): 0.2.0.3 mg/ml
nicardipine 8.5% sulfobutylether-3-cy-
clodm:n,mdﬁﬂmMNa-amte. whereinthepH of the
comiposition is 5.0.

Phanmacentical Cnmpeumon 14 (PC 14); 0.2-03 myml
nicardipine 8.5% sulfobutylether-f-cy
clodmmn,nndsanNn-cmnla.whmthepHafﬂm
composition is 5.5,

Pharmaceutical Composition 15 (PC 15% 0.2-0.3 mg/ml
nicandipine hydrochlaride, 22.5% 2-hydroxypropyl-§-
cyclodextrin, and 50 mM Ng-avetate, wherein the pE of
the composition is 5.0.

Fharmaceutical Composition 16 (PC 16): 0.2-0.3 mg/ml
nicardipine hydrochlorids, 22.5% 2-hydroxypropyl-B-
eyclodextrin, and 50 mM Na-succinate, whereln the pH
of the ompuosition ie 5.5,

I&m:wuhmlCumponml'?(l'CH). O.!D-Smg’ml
‘micardipine hydrochlarids, 17.5% 2- 1B~
cyclodextrin, and 50 mM Na-acetate, wherein the pH of
the composition is 5,0,

Pharmacentical Corapesition 18 (PC 18): 0.2-03 mg/ml
nicardipine hydrochloride, 17.5% 2-kydroxypropyl-fi-
cycloduttnn,andSOmMNn-ﬁmmwhuunﬁepH
of the composition is 5.5

Commexcial Prodect (Ampul) Formulation (CPF): 2.5
mg/m] nicardipine hydrochloride, 2.5 mM citrate, and
5% sorbitol, wherein the pH of the composition is 3.5.

Contrel Formnlation (CF): 0.3 mg/ml nicardipine hydio-
chloeide, 2.5 tmM citrate, and 5% sorkito], whenein the
pH of the composition is 3.5,

Pharmnacentical Composition 19 (PC 19): 0.3 mg/ml nica-
rdipine hydrochlaride, 50 mM sodium acetate, 50 mM
sodium citrate, end 50.mM disodiom succinate, whercin
the pH of the composition is 3.5,

Pharmaceutics] Compesition 20 (PC 20): 0.2 mg/ml nica-
rdipine hydrochloride, 50 mM sodivm acetate, 50 mM
sndsumciuata,mdiﬂdeuodmmmxﬁe,whuﬁn
the pH of the composition is 4.5.

Pharmacentical Composition 21 {PC 21): 0.3 mg/ml nica-
wdipine hydrochioride, 50 mM sodium acetate, 50 mM
sodinm citrate, and 50 mM disodinm suecinate, whenein
the pH of the composition is 5.0,

Pharmaceutical Composition 22 (PC 22} 0.3 mg/m] nica-
rdipine bydrochilaride, 50 mM sodium acetete, 50 mM
sodium citrate, aud 25 mM disodivms snecltste, wherein
the pH of the composition is 5.5.
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Fharmacentics] Camposition 23 (BC 23): 0.3 mg/im] nica-
rdipine hydrochioride, 4.1% sorbitel, and 50 mM
sodinm acetate, wherein the pH of the composition is
3.5,

Pharmaceutical Composition 24 (PC 24): 0.3 mg/ml
rdipine hydrochloride, 4.1% sorbitol, and S0 mM
sodinm acetate, wherein the pH of the composition is
4.3,

Pharmateutical Compositfon 25 (PC 25): 0.3 mg/in! nica~
riipine hydrochloride, 3.7% sorbifol, and 50 mM
;odmmauetm, wherein the pH of the composition is

0.

Pharmacgutical Composition 26 (PC 26): 0.3 mg/mi nica-
odipine hydrochlaride, 2.8% sorbitol, aod 50 mM
endinm acetate, wherein the pH of the composition is
5.5.

Phatmacentical Composition 27 (PC 27): 0.3 mg/ml nica-
ripine hydrochdetide, 1.9% propylene glyeol, and 50
mM sodium acetate, wherein the pH of the composition
is3.5.

Pharmacenttica] Composition 28 (PC 28): 0.3 mg/ml rica-
rdipine hydrochloride, 1.8% propylene glycol, and S0
?:Muodwmmlm,whmhﬂnepﬂnﬁhempusihm

4.5

Phernincenticsl Composition 29 (PC 29): 0.3 mg/ml nica-
rdipine Hydrochloride, 1.7% propylene glycol, and 50
mM sodinm scetate, wherein the pH of the composition
is 5.0.

Pharmaceuticel Composition 30 (PC36): 0.3 mg/mi tice-
rdipine kydroctiloride, 1.1% propylens glycol, and 50
mM soditm soccinate, wherein the pH of the composi-
tion is 5.5,

Pharmacevtice] Composition 31 (PC 31): 0.3 mg/ml nice-
rdipine hydrchloride, 6.5% sulfolutylether-B-cyclo-
dexivin, and 5¢mM sodium suecinste, wherein the pH of!
the composition is 5.5.

Phnmmﬁcaltnmpomﬁunsz(msz) 0.3 mg/m] nica-
ndipins hydrochloride, 5.5% salfobatylether-f-cyclo-
dmnn.mdsomh{mdmnmmte,whmnﬁapﬂof
theenmpontmn 6.0,
riesn CmomonSs':;‘(PCSBJ : 0.3 mg/iml nica-

i 22.5% 2-hydroxypropyl-f-cy-
clpdmmn,mdﬂmb[mdnmnmwhnmthepﬂ
of the eomposition is 5.0,

Phsrmneuhcal(:mmommu(?csé) 0.3 mg/m] pica-
rdipine 17% 2-hydroxypropyl-g-cyclo-
dextrin, and 50 mM digodium succinate, wherein the pH
of the jon is 5.5.

Pharmacentical Composition 35 (PC 35): 0.3 mg/m] nica-
mdipine hydrochloride, 03% propylene glycol, 0.3%
sorbitol, 30 mM sodium acetate, and 90 mM NaCl,
wherein the pH of the is 5.2,

Pharmacentical Composition 36 (PC 36): 0.3 mg/ml nica-
rdipine hydrachloride, 0.3% propylene glycol, 2.08
sorbitol, 30 mM sodium acetate, 45 mb NaCl, wherein
the pll of the compesition is 5.2,

Pharmaceutica] Composition 37 (PC 37): 1.5 mg/in) nica-
rdipine hydrochloride, 9% sulfobunyiether-B-cyclodex-
trin, and 30 niM sodipm acetate, wherein the pH of the
composilion is 4.5.

Pharmeceutical Compoaition 38 (PC 38): 1.5 mg/ml nica-
rdipine hydrochloride, 9% sulfobutylether--cyclodex-
trin, and 30 mM sodium acetate, wherein the pH of the
composition is 5.0.

Phemeceuticel Composition 39 (PC 39): 0.3 mp/m] nica-
rdipine hydrochloride, and 30 mM sodiom acetate,

wherein the pH of the romposition is 3.5.

nice-
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Tharmaceutical Composition 40 (PC 40): 0.3 mp/ml aica-
rdipipe hiydrochioride, and 30 mg):sndmm acetate,
wherein the pH of the composition is 4.0.

Phammacemical Cemposition 41 (PC 41): 0.3 mg/m nica-
rlipine hydrochloride, and 30 wM sodium acetate, 3
wherein the pH of the composition is 4.5,

Phanpaceutics! Composition 42 {PC42): 0.3 mg/m] nica-
niipine hydrochloride, 1.8% sulfobutylether-B-cyclo-
dextrin, 30 M sodium acetate, and 110 mM NeCJ,
wharein the pl of the composition is 5.0,

Pharmaceutical Composition 43 (PC 43): 0.3 mg/m! nice-
rdipine hydrochloride, 1.8% sulfobutyletherf-cyalo-
dexdrin, 0.3% propylene glyec], 30 mM sodium acatate,
a.n‘;iSSmMNaa,whﬁdnﬁapHofﬂmmnponﬁonm
5

Hmmceuhcalﬂamposmonﬂ (PC 44): 0.3 mp/ml nica-
rdipine hydrochlavide, 1.8% suHolmtylethey-B-cycio-
dextrin, 30 mM srxtinm apetate, and 110 mM NaCl,
wherein the pHof the coraposition is 4.5,

Pharmacentical Composition 45 (PC 45 0.3 mg/ml pice-
wdipine hydrochiloride, 1.8% sulfobmylether-B-eycio-
dextrin, 30 mM sodinm acetate, and 200 mM dextrose,
wherein the pH ©f the composition is 4.5.

Pharmacentical Composition 46 (PC 46); 0.3 mg/l nica-
rdipine hydrochilaride, 0,.75% sulfobutylether-B-cyelo-
dextrin, 30 mM sodimn acetats, and 125 mM NaCL
whezein the pH of the is 4.5,

P‘hmuaceuucal Composition 47 (PC 47): 0.3 mg/m! nica-

ndipine hydrochloride, 1.0% sulfobmtylethen-f-cyclo-
dextrin, 30 mM sodiom acetste, and 125 mM NaCl,
wherein the pH of the composition is 4.5.

Phumceulical{:ompusmﬂ (PC 48): 0.3 mg/mi nica-
rdipine: hydrochlotids, 3.4% swrbitol, and 50 mM
;u;l:ummuinnla,whmﬁepl-lnfthamposﬂmm

Phatmacenticsl Compasition 49 (PC 49): 0.3 mg/mi nica-
rdipine hydrochloride, 1.3% propylene glyenl, and 50
mM sndinm acetate, wherein the pH of the composition
15 5.5,

Pamna:ﬁcnlCamposiﬁonSﬂ(PCSﬂ):ﬂamgfmlmm-
ndipine hydrochloride, 1.8% sulfobutylether-B-cyclo-
dextiin, 30 mM sodinm ecetate, md 110 mM NaCl,
whuninﬂmpHofﬂnoampmiﬁmiss.o

Composition 51 (PC 51): 03 mg/ml nica-

rdipine hydrochloride, 0,75% sulfobmtyletharf-cyclo- 45
dextrin, 30 mM sodium acetate, and 125 mM NaCl,
wherein the pH of the isd5

memunlc»mmmschcsz) 0.3 mg/m] nice-
rdipine hydrochloride, 1.09% sulfobutylether-B-cyclo-
dextrin, 30 mM sodiun aceinate, and 125 mM N&Cl, 50
‘wherein the pH of the coumposition is 4.5.

Phamuhmlﬂumposﬂonﬂ(‘l?(?ﬁ) 0.3 mg/m] nica-
Tdipine hydrochloride, 0.5% sarbitol, 0.3% propylene
glyeol, 30 mM sodium scetste, and 90 mM NaCl,
whergin the pH of the compoaition is 5.2.

Pharmaceutical Composition 54 (PC 54); 0.3 mg/ml nica-
rdipine bydroclioride, 1.0% sulfsbutylether-f-cyclo-
dexirin, 30 mM sodium acetate, and 125 mM NaCl,
wherein the pH of the composition is 4.5.

Phermacentical Composition 55 (PC 55): 0.3 mg/ml nica- 5o
rdipine hydrochlaride, 0.75% sulfobutylether-f-cyclo-
dedrin, 30 mM sodium acetste, and 125 mM NaCl,
wherein the pH of the composition is 4.5.

Pharmacentical Composition 56 (PC 56): 0.3 mg/m! nica-
rdipine hydrochioride, 0.5% sorbitol, 0.3% propylene 55
glycul,SOmMmdi:mamhata,mdQOmM NaCl,
wherein the pH of the composition is 5.2.
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The excipient concentration in the control formulstion
(CT) in identical o the commercial product formulstion
{CPF), Candene® 1.V (ampul). However, the concentyation of
is different. In the comimervia! product formulation (CPF),
the concentration of nicardipine hydrochioride inthe ampul is
2.5 mg/mT, before ditution, and 0.1 mg/ml after dihition with
appropriste IV fluids before adminisiration. The control fir-
nmlation (CP), which is designed for premized ready-to-nse
intravenous bags snch that ro further dilation with intrave-
nos fuids is required, has a njcerdipine hydrmchloride con-
centration of 0.3 mg/inl.. The purpose of tha contro] formn-
letion was to help assess the degradation propensity of the
evalvated formulations, Compamble degredation profiles at
stressed conditions is indicative of compareble fermmlation

stability.
Example 8

Vial Etability Data with Sorhitol and Propylens
Giyeol Formidlations

The etability in vials cfphermaceytical compositions of the
present jnvention comprising @ co-solvent and a buffering
agent were compared to the control formulation and the com-
mercial product formmlation. Stability was determined by
comparing the dmg concentrition over thne for the below
compesiions. Specifically, the below compositions wers pre-
pered aprording to the method in Example 7:

50 oM Na-acetate, pH 3.5, 4.1% sorbitol (PC 5),

50 mM Ne-acetats, pH 3.5. 1.9% propylene glycol (PT 6),

50 mM Na-acetate, pH 4.5, 4.1% sorbital (PC 7),

50 mM Na-acetate, pH 4.5, 1.8% propylene glycol (PC 8),

50 mM Na-ncetate, pH 5.0, 3.75% sorbitol (PC 1),

50 mM Na-acetate, pH 5.0, 1.7% propylene glyedl (PC 2),

Control formulation: 0.3 mg/ml., 2.5 mM citrate, 5% sor-
bitol, 5H 3.5 (CF), and

Commercial product foromulation: 2.5 mg/m, 2.5 mM cit-
tate, 5% sorbitol, pH 3.5 (CPF).

These stability stodies were performed in 2 ml glass visls
2pd at plevated temperaiore conditions, in this case 45° C.
Formylstion stability was monitored by messuring the drmg
concentration by RP-HPLC against & standard curve, The
drug concentration meastrements were taken at the start of
the experiment, 7 days and 21 days, except for the commen-
cial product formulgtion, which megsuremente were {aken at
the start of the experiment and 46 days. These measurements
were then converted into a percentage.in order fo show the
pescentage of drug remaining after a period of time,

Dug Drug
Cong, Cope,
DmgCore % (el % gl %
B (up/ml) Dnug E=7 Doy t=31 Dmg
# t=0  Remaining diy? Romainmg days Remaini
5 n4 100 312 9 229 2
[ ] 302 100 508 101 282 2
7 3 e 303 100 283 9
] 304 100 304 100 282 n
1 298 160 nd o8 2 92
2 20 100 a2 04 204 1]
CF 02 190 301 100 277 o2
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Dimg Cong, L] D Conoa, %
(ugimi) Drog {ugmly Dmg : Drug Cangz. % Drug Cong. %
e =0 Rerining  t=d5dayn  Remalniug (ug/mb) Drug {ngfmi) Dimg
CPF 2553 190 2268 me (2] Remaining  te46dsys  Remainmg
'Ihechlashnwihﬂﬂsem]:ﬂhyinviah,dmgmmmﬁon CHF 2585 100 2265 ®

pver titne, of the oompasitions of the prezent

invention that contsin co-zolvetils are comparsble 1o bath the

roatrol formmlation (CF) and the current prodoct formulation

{CPF}. In addition, the compositions bad no additional deg-

wmmﬂaﬁwmﬂemmlmﬁm(&mmt
D).

Example 9
Vial Stability Data with SBEBCD Formnlations

The stability in visls of) pRacmanmpticnl composliions o ths
present invention comprising a complexing agent and a buff-
ering agent were compared to the control formulation and the
cammercial product fommulation, Stebility was determined
by comparing the dmg concentertion over tims for the befow
compositions. Specifically, the below compositions were pre-
pered according to the method in Example 7:
50 mM Na-acetate, 8.5% SBE-bets cyclodextrin, pH 5.0
(PC 13),
50 &M Ne-citrate, 8.5% SBE-beta cyclodextrin, pH 5.5
143,
50 mM Na-succinate, B.5% SBE-beta cyclodexirin, pH 5.5
(PC 11,
50 mM Na-succinete, B.5% SBE-beta cycledentrin, pH 6.0 35

pmductfomhﬁon.z.smslnﬂ 2.5 mM cit-
nh,ﬂmhﬁo],pﬂs.s (CFER).

These stability studies were perfonned in 2 ml glass vials
and at vials and at élevated teperature conditions, in this
case 45° C, Fonmuletion stability waz monitored by measur-
ing the drug concentration by RP-HPLL apminst & stendand
curve. The drug concentration measurements were taken at
the start of the experiment, 6 days, 13 days and 30 days,
except for the commercial product farmiulation, which mea-
surements were token gt the start of the experiment and 46
daye. These meagurements were then converted into a par-
centrgein nrderto show a percentage of drug remaining after
a period of time.

The deta fram these stability studies are shown in the
following Tebles,

10

30
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The data show that the stsbility in vials, drug concentration
over lime, of the pharmaceutical compositions of the present
invention thet contain SBEBCD ave comparatle ta both the
conﬁnlfomulaﬁon(CFjandﬂxemmmalMctfomm
Istion (CPE). In additinn, the compo#itions had no sdditional
degradatinn protiocts relative to the control formuletion (data
not ghown). It is also worth noting that the target concentre-
tion of 0,2-0.2 mg/ml could be readily atteined in the pres-
ence of sulfobutlyether-f-cycladexirin.

BExemple 10

Propylene Glycol Formplations

The steibility in intravencus bags of pharmaceutical com-
positions of the presert invention comprising & co-zolvent
avd a buffering agent werecompared toa control formnlation.
Smbimymdminadbymmpaﬁngﬂndmgwm—
tion over lime for the below compositions, Specificlly, the
belowwmpociﬂonsmmmdwmnhngmmemeﬂmd
in Bxaniple 7:

50 mM Na-acctate, pH 3.5, 4.1% sorbitol {I'C 5),

50 mM Ne-sceinte, pH 3.5, 1.9% propylene giycol (PC 6),

and

Control formulation: 0.3 mp/mL, 2.5 mM citrate, 5% sor-
itol, pH 3.5 (C).

These stability studies were performed in 50 ml infyave-
noys bugs and at elevated tempersturs copditions, in this case
#5° C. Formmlation stability wae monitored by meesuring the
dmg concentration by RP-HPLC against a standard corve.
The drug concentration megsurements were taken at the start
of the experiment, 7 deys and 21 days. These messurements
weve then converted into a perceninge in nider to show the
percentage of divg remaining after a period of time.

The deiz from these stability studies are shown in the Teble
below.

[Drug] L [Dug) % [Dmg] - % [Dng] %

Wginl) Dmg  (@fml) Drg  (gm) Dmg (igim) Dmg
PC# t=0 Romanimg t=6d Remaining tel3d Femaining E=30d Remainlog
13 381 100 387 i 413 108 0 w2
14 334 100 339 10 352 105 333 100
11 354 100 378 ic4 3045 109 364 100
12 s 100 341 107 a55 12 26 103

CF e 52 104 363

100
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Dmg Dmg
Sone. Cone,
Tmg Conc. % (gmh % (i) W

PC (ugmly Dmg t=7 Dmg =21 Dmp
#® ‘tell  Romiting deys Remaining cdeys Remaining
3 314 100 317 1 e 102
[ 02 100 3n 103 297 2
CF 302 100 26 52 204 £

The dats show that the stability in intravencus bags, drag

concentration over time, of the phermacetieal compositions 4

of the present invention that contain co-sclvents are conpa-
rableto the control formulation. In addition, the compositions
had no additions] degradation products relative to the control
formmistion (data not shown). Fiaally, drug sdsorption on the
bag surfzce was minimal ot pH 3.5,

Exemple 11

Intravenous Bag Stebility Data with HPCD
Formilatiohs

The stmbility of a pharmaceutionl composition of the 20

present invention compriving a vomplexing agent and & bull-
ering apent was evaluated in both vials and iniravencoms hags.
Stability wap detenmined by comparing the drug concentra-

tion over time for the below composition. Specificatly, the ;.

below composition was prepared scconding to the method in
Example 7.
50 mM Na-acctate, pH 5.0, 22.5% HPCD (PC 15).
These stability sfudies were perfortned in 50 ml intrave-

nons bags and st alevated temperatire conditions, i this case 40

45° C, The stability evaluations wers dons with a 10 ml, £
volume in both the upright and fvertzd bag configneetions.
These evalnations were done relative to the seme fatmislation
in 2 2 mL glass visl, ex a conirl. Formulation stability was
monitored by measuring the drg concentration by RP-HPLC
against s siendard curve. The drug concentration measure-
ments were taken et the start of'the experiment, 1 day, 2 days,
6 days, 9 days and 15 days.

below.

26
The data show that the stability, drug concentration over
time, of the phammacentical composition of the present inven-
Hon that contains complexing agent is more promising in the
upright configneation of the bag, The deta slso show that the
recovery of drug product was peorer in the inverted bag
canfigaration.

In order t determine whry the composition was more stable
hmmmmw:mamdmmmm
bags, additional oxperiments were conducted. The drop in
drog concentration was not doe o axny pew degradation prod-
twct (date not shown), We beliove that the drop in drug con-
centration was dueto dmg adscicption on the bag surfce, For
nany hydrophobic drugs, adsorption o PVC surdaced is a
commonly reparted concern. Therefore, it is likely fhat we
obearved significant adsorption in the inverted configuration
bocause the drog is in conteet with PVC surfiaces, These
results suggest the use of nonPVC bags and/or the carefil
evalmation of the beg size {solution volume) as feasible
pptions o minimize drug adsorption in onder to achieve
adequate dmg product recovery.

Example 12

Intravenons Bag Stebility Data with Sorbito]
Formulations

The stability of a pharmaceutical composition of the
present invertion comprising a cosolvent and & buffering
agent was evaluated in bath vials and intravenous hegs. Ste-
‘bility wan determined by comparing the dmg conceniration
over tima for the below composition. Specificaily, the below
compasition was prepared according to the method in
Example 7;

50 miM Na-acetats, pH 5.0, 3.7 sorbitel (PC 1),

Thesge stability studies were performed in 50 ml intave-
nous hags and at elevated tepiperatore conditions, in this case
45 C, The gtability evalustions were done with both 10 and
50 mL 81 volumes in both the npright and inverted bag
configurations. These evaluations wete done relative 1o fhe
same formuiation in 8 2 ml. glass viel, &8 & control. Fommu-
Intion stability was monitored by messuring the drug concen-
teation by RP-HPLC against a stendard curve. The drug con-
centration measwrements were taken 8f the start of the
experiment, 1 day, 2 days, 5 days, 9 days and 15 days,

.

The date from these stability studies areshown inthe Table so  Thedsta from these stability studies are éhown in the below

Drmg  Dmig  Dmg

Cohe. Cane, Cone, Cone, Cooc,  Drug Come.
)  (pgiml)  Gml) (i) (il (egim)
imD tmlday tw2days tmbdrys t=Ydays teifdeye
Vial m m 263 260 269 274
Upright 2R 266 24 2654 270 301
Bag
Tivoried m m 23 175 172 150
Hag
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Drug Dyg Dmg

Gait)  {sgimf)  (wfml)  Gwm)  Gaghol)  (uphal)

=0 t=ldey tmldayr tebdiys t=9dgys t=16dey
Vil 100 102 plr 110 104 106
Upright 100 :x 8 S BS a7
Bag
10 il
Thpright 100 o8 9§ 114 7 a8
Bag
Sml
Tmverted 100 45 43 38 21 13
Beag
10ml
Tnrverind 100 1] a7 1] 86 &5
Bag

ml

@

The data show that the stebility, drog concentration aver 2 the aquecus sofution contained in @ phammacetically

time, of the phearmacentical composition of the present inven-
tion that contains cosolvent is more promising in the upright
configuration of the bag. The data alsa show that the recovery
of drug product was poorer in the inveriad hag configuration.

In order to determing why the compositicn wes more stable
mupﬂghtmvemus bags compared to inverted intravenous
bags, additional expetiments were conducted. The drop in
trug concentration was ool due to eny new degradation prxd-
uct {data not shown), We believe that the drop in drug con-
cenkation was due to drug adeorption on the beg surfbee. For
many hydrophobic drugg, adsorption on PYC surfeces is 3
commanty reporied concens, Therefore, it is likely that we
nbsemedsigniﬁcantaﬂsmphmmthehveﬁuﬂmnﬁgumﬁm

accepleble container such that the sclution does not
come into éontaet with poler palymers;

the syuecns solution when stored in the conleiner for at
least one year 2t room temperainre exhibiting (i) less
than & 10% decrease in the concentration of nicardipine
hydrochlaride and (ii) a totsl impurity formation of Jess
then sbout 3%.

2. The composition of claim 1, fimther comprising at leasi

30 9ne pH adiuster selected from the gronp consisting of bydro-

chloric acid, sodium hydroxide antl a mixture thereof,

3, The composition of claim 1, further comprising from
shomt 1 mg/mul to about 4 mghm sorbitol.

4. The composition af laim 1, wherein the container com-

beceuse the drug s in contact with PVC surfaces. This betief ,, prises copolyester, polyethylene or polyclefin.

is further supported by the fact that we chserved poorer recov-
myofﬂ:edrvgmﬁelomﬁneonﬁgmummhﬁwmﬁeﬁﬂ
ml fill this pooret recovery may be
partly dus to the fact that the 10 mL £11 hssa
higher surface area to wolumsa ratto, which advessely impacts
dmg adsorption and recovery. In conclusion, these results
suggest the-use of non-PVC bags and/or the canefl] evalua-
tion of the bag size {solntian valume) as feasible options 1o
minimize drug adsorption in order to achieve adequate dmg
product recoviry.

All publications, patents, patent spplications and other
documents cited in this application are hereby incotporated
by reference in. their entireties for al) parposes to the same
extent as if each individnal publication, patent, patent appli-
cstion ar other document were individuafly indicated to be
incorporated by reference for all pirposes.

‘While various specific embodiments have heen ilfustretad
and described, it will be apprecisted that various changes can
be made withou! depﬂ:ﬁngﬁamthespixitanﬂswpeuﬁh:
invention{s),

‘What is claimed is:
LAphannaenmcalmpoﬂm for perenteral adminis-
iration comypwising e pre-roixed aquecus sohition with a pH
from shont 3.6 to about 4.7 comprising:

from aboxt0.1 to 0.4 mg/mL nicerdipine hydrochloride;

a tonicity sgent selected from (i) about 4.5% ta sbout 5%
dextrose or (i) abont 0.8%6 to sbout 0.9% sodium chlo-
ride; and

+ tuffer in an axount to maintain pH from about 3.6 to
about 4.7;

S.Aﬂamamﬁcalmpoﬂﬁm ﬂ)rparmal adminis-
tration comprising 8 aquegus solution with & pEl
from shout 3.6 1o sbout 4.7 compristng:

ﬁn;;bamﬂ.i to about 0.2 mp/ml, nicardipine hydrochlo-

a tonicity agent selected fom (i) sbout 45 1o abont S0
mg/mL dextrase or {if) zbomt B.3 30 sbout 9 mginl,
sodium chloride; and

a buffer in an armoupl to maintain pIl from abont 3.6 o
sbout 4,7;

the aqueous soltion conteined in a pharmacentically
sccepteble containes comprising eopolyester, polyethyl-
ene or polyoiefin;

the aqueous solution when stored in the container for at
Jeast one year at room temperature exhibiting (i) Jess
than a 10% decrease in the concentration of nicardipine
hydrochloride and (i) a tote] impority formation of less
than about 3%.

6. A pharmaceytical composition for parenterel adminis-

tmuuncompmmgapmmduqumusmﬂmpmng:
from aboutD.1 1o ibout 0.2 mg/mL. nicaxdipine hydrochio-
ride;
nmmﬂyagﬂnselectedﬁnmﬁ)nbmnﬁhabomso
nmg/ml, dextrase or (ii) about 83 to shout § mg/mi
sodinm chloride;

from 0 mg/nil. to about 4 mg/ml. sarbitol; and

2 buffer in an amount o roaintain pH from about 3.6 to
abput 4.7;

the aquecus solution contained in & phammacentically
acceptable container comprising copolyestes, polyethyi-
ene or polyolefin;



Case 1:13-cv-05723-NLH-AMD Document 167 Filed 08/14/14 Page 45 of 112 PagelD: 2789

US 7,612,102 B2

29 30
the aquecns sckition when stored in the container for at 9, The pharmacentical camnposition for parenteral admmi-
leest one year af room tempersiure exhibiting (i) less  istrationof'claim7, wherein theaqueous sohition whea stared
than 4 10% dectesse in the concentration of nicardipine  in the contuiner for three mordhs at mom temperatre exhikbits
hydrechloride and (1) 2 total impority fomation of less & total imparity formation of less than about 3%,
than 3%, 3 10, The pharmaceutical composition for parenteral admin-
7. A pharmacetical composition for parenteral adminis-  istrationof claim 7, wherein the squaons snlirtion whan stored
fration comprising & pre-mixed aquecns selufioncomprising:  inthe container for nneyaarntmmmpm'eenln‘h& less
ﬁo:xd:;buml).l o about 0.2 mp/m nicardipine hydrochlo-  than a 10% decrease in the concenttion of nicardipine
a tonicity agent selected from (@) about 46 to sbout 50 10 11, The pharmacentical componition far patenteral admin-

mg/ml dextroge or {{i) about 8.3 to dbout 9 mg/ml.  istrationofcldm ¥, wherein the aqueous solution when stored
sodium chioride; in the contsiner for one year st room tetpetafure exhibsits &
frotr O mg/ml. 1o ghout 4 me/mi sarbitol; and total impurity formetion of legs than abomt 3%.
A buffer in an ameunt to maintain pH fom sbout 3.6 1o 12, The pharmacentical composition for parenteral admnin-
ghout 4.7; 15 istration of claim 1, whenein the buffer is citric acid.

the aqueons solution contained in a pharmeceutically 13. Thephmmeuumlnmnpnnumforpamntnrﬂndmin-
acceptable container comprising copolyester, polyethyl-  istration of eleim §, wherein the bulfer is cifric aoid.

ane or polyolsfin, 14. Thephmmmdm ition for parenters] admin-
8. The pharmacentical composition. for parenterel admin-  istration of claim 6, whemnﬂm'bnﬂé:iam“ud
istration of clpim 7. whereinthe aquecus solutionwhen stored 20 15.The compnuhonforpnmntualndmm
in the contriner for three months at room tempershreexhibits istration of claim 7, wherein the buffer is citric acid.

* * &k 2 B

less than @ 10% detrease in the concentration of nicardipine
Tydrochloride,
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Figure 3A
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Figure 4A
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METHODS OF TREATMENT WITH maoeitical compositions ate stable st room temperature for st
PRE-MIXED, READY-TO-USE least one year. When stored at mom temperature, the phar-
PHARMACEUTICAL COMPOSITIONS macentics] compositions exhibit Betwess. 0% to sbout 15%
Joss of drog and betwean 0% to sboot 3% (w/w) total impurity
1. CROSS REFERENCE T0 RELATED 5 formation over an eighteen to twenly fonr month period.
- APPLICATIONS Aﬂdlbnmlbmeﬂlofﬁcwmimd,m-toﬂwe,mjﬂl-
. able pharmecentical compositions inclode convenience and
This application is divisional of U.S. patent applicstion  ease of use as compared to an ampi fornmilation, improved
Ser, No. 11/788,076, filed Apr. 18, 2007, and claims bencfit  safefy for patients due to elimination of dosage errors and
under 35 U1.8.C. §119() 1o TS, Provisional application Ber. 10 soluiion coninimninasion, rducton of medical wasie, and sasa
Ne. 60/793,074, filed Ape. 18, 2005, the contents of both of  of a jon in coergency aitogtions.
Mmmﬂwﬁﬂﬂ vl mmmdhdmmmmmhedphmmﬁal
sompositions comprising
2 BACKGRGUND acceptable salis theren, mnrmwmcnyngmh,anda

Nicandipine hydrocklcride ((2)-2-{benzyl-methy] amino)
ettiyl methyl 1,4-dihydo-2,6-dimethyl-4-{m-nitrophenyl)-3,
Spyridinodicarboxylate mono hydrochloride) is a calcium
fon influx inhibitor neeful for the frestment ofwdmmculnr
and pevebrovascular disordese. (508, 8,8, U5, Pat. No., 3,985,
758). Nicandinine hydrochlaride ig cusrently sold in capsule
form and i1 an injactable intravenous forn. The capsle form,
s marketed as CARDENE® and i availsble as an immediste
release oral capsule imd as an extended release oral capsmle,
The injectable intravensmie fiorm o FCARDENE® is matkated
in glass ampule suftable for intravenous administration. fol-
Jowing dihrljon in 8 conpatible intmvenouy finid, such a3
textroge ot sodium chloride (CARDENE® 1 V.). Each milli-
Bterofa CARDENE® LV, ampul cottaing 2.5 mg
hydrachloride in water, 48,0 mg sarbitol, buffered 1o pH 3.5
with 0.525 mg citric acid monchydrave and 0.09 mg sodium
hydroxide, For infosion, each millifiter of the dihed formu-
lation conming 0.1 mg of nicandipine hydrochlogide, with a
variablepH due to the dilnent selected by fiie enduser, United
States Reissoc Patent No. RE. 34,61R (a reissue. of U.8. Pat.
No. 4,880,823) describes an injectsble composition of nica-
rdipine bydrochloride that is stored in a light resistant Brown
nm;ul 8, Pat, No. 5,164,405 describes & buffered pharma-

centical composition containing micerdipine designed for
parenters) administration, that is also atored in sn ampol.

The requirement for dihmngCARDENB@IV beforense
is aesociated with & mumber af di . One disadvan-
mnthﬂﬁnﬁhhdwlmnmmbﬂnﬁ:fwﬁhamd
rnam temperature. Another disadvantage is that fhe pH of the
dihsted formmiation varies depending onthechoice ofdilueng,
Since CARDENE® 1.V. can be wed unier emergency con-
ditions to contro) bleod pressre, dilntion of the concentrted
ampul formulation consumes valuable time that conld be uped
to treat & patient, Other disadvaniages asspcioted with the
dilurion step inclnde the potemtial for contamination, dose
mnndnfmhmdlammmdmthﬁamnfglus
ampuls,

hereinovercomethesedisadvintages. In particulas, theready~
to-1me, injectable formulations described herein are stable,
nﬂuwmndinlpqnmaltommmdmnminmoontaining
an injectabls formulation off the shelf without additional
preparation, avold potentisl contamination problems, and
eliminate dosage exrors,

3. SUMMARY

able salts thereof, which are suitable for contimious inteave-
pous infusion. By providing ready-to-use, premixed
pharmeceutical conzpositions with a buffered pH, these pher-

15

a

ge 50

35

buffer. In some embodiments, the compositions optionally
wmpnnunenrmme-wlmmmﬂ:pmehydxmhhnde
muwammmmmnm mg/ml to
about 15 mg/ml, Typically, the conceritration range fot nica-
mdipmubydmchlmdeilbmm about 0.1 mgfmlmabout
0.2 mg/ml. Gpiicaully, the phasmacentical compositions ckn
comprise acids and bases,

The pharmacentical doscribod hervin require
no dihtion prior to administration and typically have a pH
within the renge from ahout 3.6 10 shont 4.7. The componi-
tions can be sdminisiered by parenteral routes, incloding,
stboutaneous, intrammscular, Miravenous, intre-airiel, or
intra-arterial continons infision to e patient. The composi-
Hans are suitable for the shost-ferm treatment of hypertension
when oral therepy is not feasible or desirsble.

Methods for making e precrixed nicardipine hydrochloride
fhe sizps of providing an sffective amount of nicardipine
hydrochleride in a sofution comprizing ane or more ignicity
sgents, a buffer, md nptionaly, one or more cosclvents. Suf-
ficient water isadded to make np the final vohime. Y reqyired,
the pH of the solution cam be adjusted nsing s suitable pH
sadinster, The compositions aredispensed in; y
acceptable containers fir storage and direct adeministretion to

petieats,
4, BRIEF DESCRIPTICN OF THE FIGURES

FIG.1 dizgrammatis ilostimtion of fhe effect of
varigus diluents on the pH and stability of an smpu fermn.
Iaton post dilotion over 2 twenty four hour period at room
temperature.

F1GS. 2A and 2B providea illustration ofthe
effpct of pH on drug loss (FIG. 2A) and total imparity forma-
tion (FIG. 2B) in a premixed nos-sotbitol formulation cont-

0.1 mg/ml nj hydrochloride, 0.1 mM citric
#cid and 5% dextrose at 40° C.;

FIGS. 3A and 3B provide a diagrammntic jliustration of the
effect of pH ondrug loes (FIG. 3A) and total inrpurity fogma-
fion (FIG. 3B) in a premixed non-sorbitol formulation com-
prising 0.1 mg/ml nicardipine hydrochioride, 0.1 mM eitrie
a¢id end 0.9% saline at 40° C,;

FIGS. 44 and 4B provide a disgrammatic illuistration of the
effect of nlcardipine concentration on impurity formation in
nen-sarbitol dextrase Joromlations comprising 0.1 myol
nivendipine hydrochlaride, 0.1 mM citrate, 5% dextrose, or
0.2 mg/ral micandipine kydrochloride, 0.2 mM citrete and 5%
dextmyse after six months at 40° C, (FIG. JA),and,mmn-
sarbitol seling fopmulstions comprising 0.1 mg/ml nicar-
dipine hydrochloride, 0.1 mMcltmie,OB% saline, or 0.2

0.2 mM citrate and 0.9%

nicardipine
saline after3 months at 40° C. (FIG. 4B); and
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FIGS,5A and SBprovidead) ic liustration of the
offctaf compatibl (FIG. 54) xo3 sorpettie (F0 55
plestic film composition on prodinet stability €1 40° C. in 2
premixed pon-sorbitol formulation comprising 02 mgfml

‘nicardipine HCT., 0.2 mM citric acid, 5% dextrose, ata pHof 5

40t04.2,
5, DETAILED DESCRIFTION

The premixed pharmacevtics] tompositions described
herein cemprise nicardipine ar a pharmacenticelly acceptable
selt thereof na the active ingredient, st legst one fonicity agent
and a buffer. As nsed herein, the tenm “pre-mixed" refers to a
pharmnceutical compositinn thet does not require recanstitu-
tion ar dilution before administration to » patient. In contrast
0 ampul formulations comprising nieardipine hydrochlaride
that must be diluted prior 1o use in a ditvent md coutainer
compositichs provided herein are stabile at oom tamperature
for6 monthe orlonger due to the inclusion of a buffer capsble
of maintaiping the pH within en opfimal pH mnge, which is
typiullybuwem 3.6 w sbout 4.7. In some embodiments,
suitatle pIl adjusters andfor cosolvents are added to the phar-
maceutica] compoaitions.

5.2 Premixed Pharmacestical Compozifions

lhepmdwﬂonnfmble,mqv-m-m.mxedﬂ:ma
ceutical vompositions comprising nicardipine und/or its phar-
macentically aceepinble salts as the aciive ingradient presents
different development hnrdles than does the development of
the concentreted ampul product sold commercially s
CARDENE® ],V. Ag shown in FIG. 1, the peroent of nicar-
tﬁpmemm.qgmmlﬂhmdpmsufnnuﬁmofﬂlw
a twenty-$our honr period. The percent decrease in nicar-
dipine varies with the dilsent and container ¢hosen by the
hospital stedf.

As described in the Examples, pH (eee, also, £.8., FIGE,
24,28, 3A and 38), the cancentration of the sctive ingredieat
(see, aluo, e.g., FIGS. 4A and 4B), and the pompogition of the
contajner matesial (see, xlvo, e g., FIGS. 5A and 513) affect the
mﬂwwmt;cwﬁwwa:fmﬁmemmmﬁm-
rities. Thus, the development of a sta e, ready-to-use pre-
mized pharmucentical composifion requires simultaneons
optimization of Hondmmdmnsmdﬂmdeoumm
tiom, a5 well as salection of 2 pharmeceutically compatible
coniginer, The ready-to-mse phérmacentical eompositions
deseribed herein. cxhibit 0% fo 15% drop in dmg concentra-
tion and 084 to 3% formation ofimpmiﬁuwbanmmmmed
gt room temaperature for 6 1o at least 24 months, Typlically, the
pharmacentica] compositions are stable when msintsined ar
fogm for atleast § monthy, at Jesst 12 months, at
Jeant 1 Bmonths, and &t 1east 24 months, The compositions are
alea siable over extended periods of tive when meintained st
temperxtures fromabout 2° 1o 8° C. Thetetwn “sinble™, asused
hereln, means remaining in 2 state or condition that is suitable
for administmtion to a patient.

Corapoursls for use according to the compositions and
methods deseribed hersin that can contain one or more 2sym-
melric centers can accur as racemates, reeamiic mixhires, and
as eingle enntiomers. Accordingly, the compositions apd
methods described herein are meant to comprehend all iso-
maric forms of pich compomds,

The premixed phammacentical compositions described
herein eomprise nicardipine endior its phermaceutically
acceptable salie. Nicardipine, its pharmaceuticaily acoept-

salts, preparation, snd use are known in the art (see, e.g.,
.S, Pat, No. 3,985,758, incorparated herein by reference in
its entirety). Exarnples of phammaceutically acceptable salts

s
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of nicardipine inchxie hydrothlorides, sulfites, phosphates,
ocetates, fumarates, maleates and tastrates.
oomprize 0.05-15 mg/nil nicardipine or 8 pharmeceutically
ofmmd;l;:f W'm m;aphh!eul ﬂmaf,
ora i

jnchude, bt are not to: 0.05-0.1 mg/ml, 0.1-15 mg/inl,
0.1-10 mg/ml, 0.1-5 mgfml, 0.1-3.0 mg/ml, 0.1-2,0 mginl,
0.1-1.0 mg/ml, 0.9 mg/mi, 0,8 mg/ml, 0.7 mg/mi, 0.6 mp/ml,
0.5 mg/ml, 04mg'ml,03mglml,02msfmlor01mdm]

Ingomeambnd:mem. premixed pharmaceutical com-

administration at a concentration between 0. mg/md to 0.2
mg/ml. In eome embodimmmts, the concentration of micar-
{fipine hydrochlotide suitable for vse in the compositions and
methinds described harein inciodes, ut is not Yimited 1o, at
Jeast abont 0.1 mg/inl. In other embodiments, the concentra-
tion of nicardipine hydrochloride suitable for use n the com-
positions and methods desciibed herein includes, but s not
Henited to, at leest about 0.2 mp/m].

In soms embodiments, the prewixed formulation, com-
prises, in addition lo nicardipine andfor ils phamacoutically
acceptzble salts, s buffer that has sufficient buffering capacity
to maintein the desired pH mnge throughont the dheli-life of
the product, Az shevwn in FIGE, 2A and 2B, pH is important
ﬁrthekmsm stability ufnican’n‘pineinﬂwpmmed
phammaceutical compositions. Althongh the pH of the pre-
mixed nﬁomwnmngeﬁnmbuwam
about 3.0 to sbout 7.0,

compoiifions

pH within the rangs of about 3. ﬁm?mtﬂeﬂn'bna]nw
peecentage of dmg degradetion apd total impuritien (See
FIGS 2A,213,3Amd3]3).Am1dtB5ly,sﬁhblap}!nnga
formseinthe pharmacetical compositions inchide,
but are not limited to, pH range of at leest abont 3.0, at least
ma.l,athanabumaz.arhmsbumas.aﬂunm
3.4, #t leasl zbout 3.5, a1 Jeast aboul 3.6, 21 least about 3.7, ut
least about 3.8, at least about 3,9, #t Joast about 4.0, &t Jeast
abowt 4.1, at least abont 4.2, at Jeast sbout 4.3, at least aboirt
4.4, 5t lenst about 4,5, at least about 4.6, at Jeast shant 4.7, at
Jeast sbout 4.8, at least aboul 4.9, st least about 5.0, at loast
abaut 5.2, st least shout 5.5, at least about 6.0, at least about
6.5, ut lonst sbout 7.0,

mmemhumu,&epﬂnfﬁepmedphm
umlcumposmomuhetwemabmnsmoams.o.lnm
embodiments, the pH of the premixed pharmacentical com:
pozitions is between abont 3.6 to sbout 4.7. Inoﬂnremhndi
sriemts, the pH of the premixed pharouicetical compositions
jo between about 4.0 to shout 44. In yet other embodiments,
the pH of the premived compositions is 4.2.

Buffers suiteble for use in the ical composi-
tions described herein include, it are not limited Yo, phar-
mamhmﬂyamepﬂblesalismdmﬂlnfmdﬂe,smm
citrate, tartrate, benzoate, Iactete, histidine or other aming
acids, g!mnnatgphosphme,mxlate,nwdmm,ﬁxmte,pm-

picnate, and carbonate. *“Pharmacentically accepteble™ is

usedhmnmthemwofbmmp&ﬁb]em&hthauthu
ingredients of the formulation and not deleterions w the
recipient thereof. Accordingly, the term “pharmaceutically
acceplable sall” references sall forms of the aclive com-
pmdawﬁdnmmmmmmwhqhmm-
toxic under the conditions of use and ame compatible with a
sisble formnistion. The concentretion of the tmffer in the
formulation can be expressed in mp/ml, /L. or &s & molar
eoncentration. In typical embodiments, fiom shout 0.0001
mg/ml to sbout 100mg/ml of a snitable bufferis preseat in the
phopmsceutical compositions. Thus, the premixed pharmme-
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ceutical co ran comprize from sbout 0.0001 to
about 0,001 mg/ml of & suitable buffer, from about 0.001 20
about 0.01 mg/m] of a sniteble buifer, fiom sbout 0.01 o
shont 0.1 mg/ ml of & switible buffer, from sboxt 0.1 10 1
mg/m} of & suiteble buffer, from abowt ] to sbout § mg/m]of
& auitnble buffer, from sbout 5 toabout 10 mg/ ml of a miteble
buffer, from sbeut 10 o abowt 15 mg/ mi of 8 suitable buffer,
Trom about 15 fo about 20 mg/ ml of a suitable buffer, from
gbout 20to abowt 25 mg/ mlnfs snitable buffer, from sbout 25
o0 abont 50 mg/ml of & snitable butfer, from about 50 to about
75 mg/ ml of a suitable buffer, and from about 75 to about 100
mg/m] of a suitabls bufler.

Mhmﬁﬁxﬂmhﬁrmomﬂmhnmbeeupmadn
molar concertrations. In typical emhodiments, from about
0.1 to 300 mM of & suitable buffer is prescat in the pharma-
ceutical compositions, Thus, the premixed
mmponﬁnnsmnnmpmeammlehnﬂ'erhavmgnm
tration from about 0.1 o about 100 mM, from sbout 0.1 ©
sbout 0.5 toM, from sbout 0.5 1o about 1.0 M, from abont
1.0 tosbout 5 oM, fram about 5 to sbout 10mM, Ffrom ebout
10 to about 15 mM, from about 15 to sbeiut 25 mM, from
about 25 1o sbout 50 mM, from sbant 50 1o sbont 75 mM, and
from about 75 1o dbont 100 mM.

In some embodiments, the premixad pharmaccotical com-
posmmsfnrlhueompﬁneanaﬂm Suitable: pH adfosi-
em include at Jenst an acid or 2 salt thereof, and/or a
base or a salt theveof. Actds and bases can be added on e s
needed banis in orderfo achieve a desired pH, For exarnple, if
the pH is greater than the desired pH, an acid can be nsed to
bwerﬂzethnthedeurede.Amdn suiteble for use in
o e e

to,
amﬁiewﬁ.acaﬁcnud,m]phmcaeld,wbmicmdud
snitric acid. In some embodineents, o acid is meed
to adjust the pH. Bywqofmaﬂummple,ifﬁepﬂulm
Than the desired pH, & base can be used fo adjust the pH o the
desired pH. Bases suitable for nse in premixed pharmacenti-
cal eompoitions include, but are not l:mind o, sndmm

premmﬂd phamncauﬂm] compoxitions to bring it closer to
the namotic pressure of body fluids, such as blood or plasma.,
In soroe embodiments the tonicity of the premixed formula-
tion can bemodified by adjusting the concentration of buffe:
and/or other comtponents present in the premized formula-
tion.

Provided that the compositions are physiologically cam-
patible, the compositions dv not require sny particnfar csmo-
1=tity. Jhns.ﬂlemmpoﬂhm_nmhmrpome,mmmcm

hypertonic. Typically the premixed pharmacautical composi-
tiens have 8 fonicity betwean about 250 to about 350 mOsm/

ke,

Snitable tonicity sgente for use in the premixed pharme-
centical compositions include, but are not Kmited 10, anky-
drous orhydrous formus of sodivm ehioride, dextrose, suctose,
:qhtnl,ﬁ'mc,glml,mnol,mmmhl potzasium chlo-
ride, mannose, caleium chloride, chlaride and
other inorgenic salts. The quantity af the tonicity agend in the
formmlation can be expressed in mg/m) or in /L. In typical
embodiments, the tonicity a;uu(s)nplumtﬁnmnbontl
mgimhnabm:tﬁ)mgfml Thus, the premixed pharmaceutical
compogitions can comprise one or more fonicity agents at

5
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shout 1-5mg/ml, atebout 5-10 mg/ml, atabout 10-15 mg/ml,
at gbont 15-25 mp/ml, at about 25-50 mg/ml, at shout 5050
mg/ml, at sbont 60-70 mg/ml, at shont 70-80 mgfm), ghd at
about 80 to 90 mg/ml, as well ax combinations of the sbove

MR,

Alematively, the tonicity sgent contentration is measured

in welght/volume percent. In typical embodiments, the tonic-
ity agept(s) is present from about 0.1% to sbout 109, For
example, miteble tonieity agent concentrations inclode, but
are not limited to, from sbont 0,19 to about 0.2%, from about
0.2% io about 0.3%, from about 0.3% to about 0A4%, fom
abowt 0.4% fo sbout 0.5%, fiom about 0.5% to abont 0.6%,
from aboit 0,656 to abont 0,7%, fiom sbomt 0,7% to about
0,895, fram shaurt 0.8% to sbout 0.9%, from sbout 0.9% io
about 19, fram sbout 1% to sbont 2%, from about 2% 1o
about 3%, from. ebout 3% to zbout 4%, from about 4% o
about 5%, from about 3% o about 6%, from sbout 6%
about 7%, from about 7% to about 8%, from sbont 8% 3o
about 9%, and from abowi 9% fo gbout 10%, a8 well as
combinations of the sbove ranges.

In some embodiments, the jomicity agent is dextrose, Typl-
cally, e mmmofmmmﬂeﬁrminﬂn
premixed pharmaccutical ions is hotween about
2.5% (wiv) to abont 7.5%. By way of example, suitable
dextrose concentretions include, but are not limited to, from
about 2.5 % to about 3%, from sbott 3% to abonr 3.5%, from
about 3.5% o about 4 % {which is equivalent to sbout 40
mg/ml), from abont 4% to ghout 4.5%, from aboul 4.5% to
about 5% (which is ecuivalent to sbout S0mg/mI), from about
5% to about 5,5%, from abopt 3,.5% o shout 5% (which js
eyyivalent toabout $0mg/ml), from sbout 6% teaboul 5.5%,
fram wbout 5.5% ta sbout 744, as well as combinations of the
above ranges.

In some embodiments, the tonicity agent is sodivm chip-
tide. Typically, the concenization of sodinm chioride suitshle
for we in the premixed pharmaceutical comporiticns s
between sbout 0.1% (w/v) 1o shout 1.8%. By way of example,
ewiteble sodinm chilpride congentrations inclade, but are not
Yimited to, from abont §,1% to about 0,2%, from about 0.2%
fo abont 0.3%, From about 0.3% to about 0.4%, from sbout
0.4% to about 0.5%, from about 0.5% to about 0.6%, fiom
about £.6% to about 0.7%, from shout 0.7% tn shout 0.8%
{whith s equivelest to 8 mghnl), from ot 0.8% to sboyt
0.9% (which iz equivalent to 9 mg/ml), from about 0.9% to

sbout 1.0%, from sbont 1% to shont 1.2%, from 1.2% (which
is equivalent 1 12 mg/ml) o whowt 1.4%, from about 1.4% ko
ebout 1.5%, and from sbout 1,6% to about 1.8%.

In some embodiments, the premixed pharmuceutioa] com-
positions comprise two, ihree, four, or mose tanicity agents,

In these emboditnents, the concentration of each toniciy
ageﬂquuﬁymmnmmmhmmedwhm
onlyasingle agent js pregsent in the premixed formulation. For
examiple, if the premixed formmistion comprises sorbito] at
1.92mg/ml, asuitable conceatration of sodiom chiloride in 8.6
mg/ml, By way of another example, if the premixed formy-
lation comprises 1.92 mg/mi sorbitol, a suitable cancentra-
tion of dexttose is 48 mg/ml,

In some embodimenis, the pregmiixed pharmaceutical com-
positions further comprise one ar more cosolvents. A “cosol-
vent” is & solvent which is sdded 1o the aqueous formulation
in & weight amount which ix less than that of water and assisis
in the solubilization of nicandipine and/or a phanmaceutically
acceptable salt thereof, echances sability of the premixed
formuletion, end/or pdjusts the oxmolality of the prewixed

campositions. Cosalvents suiteble for nse in
the premixed pharmacentical compositions include, tut are
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nothmiudtb.ﬂycola (.2, polysthylene glyeel, propylene
glyeol), sthann] audpolyhydmnlmhnll(e.g.,sorhiml man-
nitol, xylitol).

The quantity of the cosolvent usad in the formulation can
e expressed in mg/m] or in.g/L.. In typical embodiments, the
cosolveni(s) 1spmm:ﬁomabm1mgmltnnbom 100
mg/ail. Thus, the premixed pharmacentical ons can
COMPOIRS 0DE Of MOLe Co80] €} st about 3 to abont 2
mg/ml, gt gbout 2 to abont 3 fg/ml, &t sbout 3 to about &
mg/ml, 8! about 4 1o about 5 mg/mi, at about 5 1o about 10
mg/ml, at about 1010 ebowt 15 mg/ml, at aboxt 15 to sbout 25
mp/ml, stwbout 25 to ebout 50 mg/ml, at about 50 to sbout 60
mg/ml, at shout 60to about 70 mg/ml, at ebout 70 to about 80
ing/ml, atebout 8010 90 my/m), and at sbout 90 to 100 mp/ml,
a8 well s contbination of the Above ranges.

Altemnetively, the cogolvent unnoanuum is meammed in
weight/volnme percent, In typical embadiments, the cosol
vent(s) is present from sbowt 0.1 % o about 25%. Far
exemple, suitable cosolvent conbentmtions inctode, bat ars
ot limited to, mt lesst ebout 0,1% tn 0.3%, from shout 0.3%
to about 0.5%, from phout 0.5% to about 0.7%, from about
7% to shout 0.3%, from about 0.9% to about 1%6, from
about 1% to-sboul 3%, fom pboa! 3% fo gbonl 5%, fom
sbout 5% to shout 7%, from abowt 7% io abont 9%, from
ebout 5% to aboot 1194, from sbont 11% to eboui 13% from
about 13% 10 sbout 15%, from sbout 15% to abowmt 20%, and
fram abeut 20% to sbout 25%, as well as combination of the
above mnges.

In some embodiments, the premixed pharmaceutical com-
positions forther coniprise one or mare cyclodextring, Dueto
their structure, cyclodextrins beve the ability to fort com-
plmwgorlnclumeomﬂw.w:ﬂuwﬁmufmsmiund
inorganic melacules. Complenes of nicardipine with cyclo-
dextring hatve bean described (seo, e.5., U.S. Pat. No. 5,079,
ﬂ?whmmwmmmmplunfmmﬂimnr
its hydrochloride with alpha-cyclodexirin, beta-cyclkodexirin
or gemma-cyclodexiring 1.8, Put, No. 5,519 012 which
degeribes inclesion complexes of jnctugd-
ing nicardipine, with hydroxy -f-cyclodentrins;
and, 1.5, Pel. No. 5,904,920 which describes numerous drogs
in a pharmacentical composition ‘with per-C2-18 noylated
cyclodextring). Nane of theabove references discloses adihy-
dropyridine in combination with a cyclodexirin comprising @
sulfite gronp. An exemple of a commerdially available sul-
fatedcydodmrmu CAPTISOL®. camaom:-aplyn-
ninnic B~cyclodextrin derivative with a endinm sulfonate sait
that is separated from the lipophilic cavity by & buiyl ether
spacer group, -ar sulfobutylether, Methnds for making the
sutoaikyl ether cyclodexirip dexivatives ate well known in
the axt sod are teught inU.S, Pat. No. 5,376,645, Methods for
Torming coniplexes of the darivatives with » drug arc glso well
known in the art a5 discloaed in U.S. Pat, No. 5,376,645,

Thecyclodextrin conceniration can be:meszured in weight/
volume percent. In typical embodiments, cyclodextrings) iz
prezent from about 0.1% 10 about 25%. For example, suitable
cyclodextrin{s) concentrations include, tast ave not limited to,
nt least about 0.1% to 0.3%, from shout 11.3% 1o about 0.5%,
from sibout 0.5% to sbom 0.79%, from about 0:7% to about
0.9%, from about 0.9% to aboxt 1%, from about 196 1o sbout
3%, from aboul 3% to wbont 5%, fram shout 5% to abowt 7%,
from abont 7% to about %, from sbowut 9% to about 11%,
from sbou 11% to sbout 13% from ebout 13% to sbout 15%,
gmabnut 15% to about 209, and from sbont 20% to abont

%6,

Examples of stalils, pmnnd pharmacentical composi-
tione comprising the active ingredient, a tonicity agent, o
bui¥er and optionally, a eosolvent are shown in Tabla 1.

w0

i3

45
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TABLE1

Tork
Agtive ul.;""&".) Buffer Cosolvant
Ingredieat {mgfnl}  (mginl) {rog/mi) PH
icandiping Nl Citrip acid, 164,7
hydrocklozide  (R6mpfml} anbydros .92 mgfml)
{01 mg'al) (00093 mpint)
nicardipine Dextrose,  Citrin asid, Snorbits] 3647
Dydrochlords hydrova anbydrons {1,592 mg/ml)
(0.1 mg/ml) B mg/md)  D.0192mg/mi)
candipinn ol Cltede: s, 3647
(ﬂlmmfml; : (a.o!mmyml)
cufips  Dentoms,  Citdoaeld,  None 3447

Jydrou anhydrons
0.Lmgml) Goognl) {00152 mg/mi)
icard; Falt Ciric sold,  None 1647
hydocklonide  Smglml)  anhydows
D2 myml} | {00398 mgll)
alcendipine Dextrose,  Cisicasid,  Nowe 1647
Tl o

(3 mgmd) alydowr  DMmgml)
02 mp/ml) (00084 mgiml)
sicerdiping Dextrose,  Clbdoanid, Sozbital 35.64.7
bydrochloride  Tydrong wbyydoons {284 mg/ml)
0.2 mg/ml) @omg/ml) (00384

In some embodiments, the pharmacentical compositions
fire any 8¢ described in 1.8, Provisions] Applicetion Ser. No.

60/793,084, filed Apr. 18, 2006, which ie incorporated herein
by refirence

5.3 Methods

"The order in which various components compeising the
compositions is added fn the buffered solution is not critical,
provided that the resuiting compositions are stable and sre
suitable for contimous intavencus infiislon. Accardingly,
the compositions described herein can be made by prepared
in 5 number of different ways. For exemple, in some smmbodi-
medg!heeonmodﬁzmmbapmpreﬂhynﬂdingh:ﬂh;a
onicity agent and/or a cosolvent o waler; adding nicardipine
wmabuﬁ‘mdwnmloluﬁnn,addinsanpﬂndgmm
schieve the desired pH; and then adding sufficient water
ke up the final volume. If nevessary, the pH can be read-
Justed to achieve the desired pH range. By way of another
example, the compositions can be prepared by adding buffer
and nicardiping ora phanmacentically acteptable salt thereof
bvmﬁ-aﬂmgnmﬁtyamtmdlmwolvmt,a@m
the pH to achjeve the desired pH range; and then adding
sufficient weter 10 meke up the final volume, By way of
another example, 3 cosolvent can be atkded prior to the addi-
Hon of nicardipine or a pharmaceotically accoptable salt
thereof, and  tonicity sgent can be added after the addition of
ﬁmﬂﬂmmammmmnyamuanhhmﬂy
wxyofamthwmmple,nmmynmmbeaddndpmrm
the addition of i acceptable
mtmmﬂmdawnnIanbeaddedaﬂs‘ﬂe&u;ngf
nicardipine or a pharmsceutically accapteble ly
‘way of anofher exemple, thecompositions can be prepared by
adding buffer, tomicity agent and/or cosolvent fo water;
edjosting the pi to a first pH range suiteble for dissolving
nicardipine (for example, less than 3 3.6); sdding nicar-
dipine orn acceptable salt thereof; adjust-
ing the pH 10 echieve the desired final pH range; and then
adding sufficlent water to meke up the final volume,

In someembodiments, pharmacentical compositions com-
pnﬁnsmeaxd:pmehydmuhlonde dextrose, and cjtric mifer
at pH 3.6-4.7 can be prepared by adding eitric arcid to water,
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ndding dextrose to the buffered water, adding nicardipine
hydrochikoride to the buffered watee solotion, adjusting the pH
if necesgavy 1o the range 3.6-4.7, and sdding sufficient water
1o male vp the fine] volome, If necessary, the pH can be
readjusted 1o betwoen about 3.6 to ebout 4.7,
!naumcembodinm!s,pMmmm:cal
priring
mhﬂfeatpl—la.smabeutﬂunbepmmd adding
citric acid 1o water, adding nicardipine 1o the buffered water
solution, adding sodiym chiode to the tuffered water solue
Hiom, adjusting the pH to betvween about 3.5 1o about 4.7, and
adding anficient water to make up the final volune, I sarbi-
tol is included in the formulation, sorbito] is added at the same
hmutbanmcacid.

some embodiments,

mb:pmparedby nim:ﬂ:pmnuphmuﬁuﬂy
sccepieble salt thereof to an acidic sotution heving a pH less
then 5.0, For exampie, the acidic sohtion can be prepared by
adding an acidic component of a buffer system, A buffer, one
ormore tonicity agents, and/or cosolvents can be added to the
acidic echution before or sfter dissolving the nicerdipine.
Suifictent water it then added o make up the final valume, If
oecessary, the pH of the compesition can be adjusied to
between about 3,6 to about 4.7,

Tn some the pharmacentien] compesitions
czm be made by adding nicardipine ar a pharmacentically
acceptable saft theteoT to a solution that has beent hested o a
tempemtone preater than 35° C.; adding buifer, one or more
tonicity agents and/or cosolvents to the acidic rolutions; and

sufficient water to maie ng the final volume. If nec-
casary, the pH of the composition can be adjosted to between
shou 3.6 to ahont 4.7.

ttione comm-
and cit-

pharmaceuticalty accepteble
minnuvmnshgm‘bmﬂw Due tn the light sensitivity of
mmwcmwmmmmMMor
{ight which can reach the campesition. For example, insome
embodiments, i container may, optionally, further com-
prise 2 light barrier, such az an aluminpm overpouch or &
carion,

In some embodiments, the premixed pharmacentical com.
positions e dispensed in intvivenous bags, such as pre-mix
hags and sdmix bage. Intravenous bage are well known in the
art and availeble. Examples of intravenous
bage inchode, B are not limited t0: GALAXY®, INTRA-
VIA®, SOLOMIX®, STEDIM® 71, STEDIME® 100,
VIAFLEX®, EXCEL®, VISIV@ VIAFLO™,
ADDEABE®, ADD-VANTAGH®, DUPLEX™, FIRST
CHOICE™, PHJPYFLEX'“M&BFS"

In some embodiments, the components of the bag that
carpe inty contnet with the phermecentical compositions
should not contain polar polymers, such as polyvinyl chloride
{PVC) and ethylene vinyl scefete (EVA). Examples of bags
that do not contein poler polymers and thus, are snitable for
use in these embodiments, inclode, bat are pot liited to,
GALAXY®, EXCEL®, VISIV®, and VIAFLO™,

Procedures for filling pharmaceutical compositions in
pharmecenticaily acceptable confeiners, and theirsubeequent
provessing are knoemin the erl, These proceduros cen be nsed
to prodnee sterile phenmaceutical dmg prodocts offen
required for health care. See, e.g., Center for Drog Evaloation
and Research (CDER) and Center for Veierinary Medicine

(CVM], “‘Guidance for Industry for the Submission Dotu-
mentation for Sterilization Process Vilidation In Applicaticons

Veterinary Dmg Produets™, (November
1994), Examples of suitable me&m-es fnrpmducing sterile

1
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ln some embodiments, sterile pharmacentival composi-
tinus a0 be prepared TEing aseptic processing techniques,
Sterillty i3 maintained by using sterile materials and a con-
trolled working environment. All containers and appaeatus
are sterilized, preforsbly by heat sterilization, prior to filling,
Then, the conainer is flled vader asepiic conditions, such a8
bymmeeomnmmmmammmﬁmngm
the compasitions can be sterile filled into a
onnimnertomﬂthehmtmmofm:nalatu-iﬂmtm
In some embodiments, the compositions sre teeminally
sterilived vaing moist heal . Termtinal sterilizution can bensed

antoclave js typically veed to sceommpli
ilization of dmg products ii their final peckaging. Typical

autoclsve cycles in the pharmacetical o achieve
{erminal steritization of the st prodoct are 121° C. for sl
least 10 mitmtes,

The pharmeceutica] compositions described herein can be
used for peevention or treatment of acute elevations of tlood
pressure in a toman patient in seed theveaf, In some embodi-
mente, the patients being treated may be velume-restricted
due o & co-siating madical condition end thus can beasfit
from the administration of higher cancentration and lower
fluid vohune of nicardipine, Examples of medical conditions
in which it wonld be advantageons tq administer low volume
formulations include, renal faihore, nacites, corcbral edems,
congeutive heart fajlure, liver failure, or a CHE snjury. Dos-
sges can be individuslieed depending spon the uvmty of

and the respanse
dosing, Tpically, thedm;mudmhﬂshedasuconhmu
infusion of & pre-mixed prodoot, In pome erbodiments, the
patient has an elevated blood pressure with a systolic equal o
orgreater then 150 mm He. Incther embodiments, the sulject
has an elovated bood pressore with a diastolic value greater
then ot equal to 90 mm Hg,.

In somme smbodiments, the phammaceutical compositiona
hwﬁmpmmﬂmﬁmdblmdm
asspcisted with varions medicel procedures. Bxamples of
madica) provedinres associated with asuie elevations of blood

pressure inchude, but ere nat limited to, electroconvalsive
ﬂ:empy(:ee.e.s.,&vmmaw etel, 1998,1 ClinicalAnesﬂm-
sia, 10:394-400), camtid endarterectomy (see, Dm:man.
etal.,, 200], J. Clinicat Anesthesis, 13;16-19, tmchad
ticn {Song, ef al M,AnuﬂxAnalg.,SS'uﬂ-Si)mdahn
incixinn (Song, etnl.,mm Anosth Analg., 85:1247-51),

In some embodiments, The phacnaceutical compositions
mnhauwdmm:mteelevammmhloodmmduem
certein cand@ovascolar and ceyebrovascular tonditions,
Examples of cardiovascnlar conditions that are sesocisted
‘with acute elevations of blnod preasure inchade, but are oot

mehmmhtcomwmmmomtadmthmu!eelm
tiens of blood presmure include, but are not limited 1o pulmo-
nary Iiypertension, cerebral insulficiency and mipraine head-
athe,
In some embodimants, the phammaceutical compasitions
can beused to treat other conditions that cavse bypentension
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incleding, bui not limited to, renal disordess (e.g., renzl
parenchymial disorders or renal vasculer disesce), coaretation
of the sorta, phenchromocyiotmn, hyperthyroidism, meta-
bolic syndroms, solid crgan trensplant and drop-related

incheding, ¥mt nof Jimited to cardiothoratit surgery, spinal
surgeries and head and neck surgeries.

6. ALTERNATIVE ASPECTS

In an alternative aspect, the present lovention relates to
pre-mixed, ready-to-use, igjectable pharmaccutics] camposi-
tinns comprising & candisc medication or a
acceptable salt thereof, and af least one of a co-solvent and a

i aceepal

venous bag, syringe or vial, Preferably, tha corpositions sre
nsed Jor the freatment of cardiovascular and serebrovascular

ronuditions. The present invention also relatos to mefbods for
preparing such compositions. In this other sspect, the term
“pre-niixed”, a5 meed hevein, means 8 pharmaceutical com-
position that is already mixed from the point of manufactre
end does not require dilution or farther processing before
administration. The term “pre-mixed” may also mean a phar-
mﬁmlmmumwhemﬁeﬁquidmlmnmdﬁe
#ctive pharmaceutieal ingredient are separated fiom the point
of munsFaciore and in siorage, such ag when 1he solutfonis
mmdh!nmnammhagmd&nmﬂamml
imgrediant is lyophilized and stored in o vind that s connectad
1o the hep, but not in Soid contact with the sohmtien it just
bufomad:mnhmuonmapaﬂant.hafmﬂy.tkﬂ:mm
tical compositions an aquecus sclutions fhat are adeinds-
tered by injection, Alternatively, the pharmaceutieal compa-
sitions may be lyophilized and then reconstituted in isotonic
saline, for example, before inravencns administration,

In this aternative agpect, the phanuacetutical compesitions
of the present invention comprize a cardiac medication ot &
pharmecentically acceptable salt thereof. les of
damofmuiwm&uﬁmnﬁuﬂet&-bhdus,mlmm

Prefecebly, the carding
amiagenistor 3 pharmacentically accept-
able sslt thereof, Mare preferably, the curdizc medication iz a
dihydropyriding derivative or a accepinble
snkﬂﬂauf Mutprﬁuabhr,thewrdmmedicaﬁunumw—

oo e

mg/ml] of nicardipine or a pharmacentically pcoepteble zalt
thereof, Preferably, the phermacentical compositions com-
prise 6.15-035 my/ml of nicardipine or a pharmacentically
sccepishle salt thercof. More preferably, ﬂmcnmpnsmm
camprise 0.2-0.3 mg/m] of nicardipine or

acceplable salt thereof. Nicandipioe and its pharmacentically
acceptable salts, their preparstion, and thelr use are known in
the art, For example, they are distlosed in, emong other
references, U.8. Pat. No. 3,985,758, which 1s inoorparated
‘herein by reforence in its entigety.
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phamacentical ftiona
comprise Ql-ll’;mmglml vicardipine or & phnmmtnallym
acceptible galt thereed, For example, suiteble concentrations
of nicandipine ar a pharmaceutically acoeptable sait thereof,
jochude, tut are not Emited to: 0.1-15 mg/mi, 0:1-10 mg/ml,
0.1-5 mg/ml, 0.1-3,0 mg/m), 0.1-2.00 mp/m, 0,1-1,0 mg/ml,
0.9 mg/ml, n.smsfml.o.vwml.om 0.5 mg/ml, 0.4

mglml,o.Bmgfml, 0.2 mg/m] ar 0,1
this alternative aspect, the phanmacentical compositjons
mbemedmuaatmdiawandtﬁom Preferably, the com-
positions can he used to treat conditions thatare allevinted by
the pdministration of calchum channe] aniagoniste, such as

Cercbravascnlar conditions that can be treated w:mﬂ:ephnr-
magettioal compositions nfﬁupmmmemmmdudepul-
monary hypertension, cerebral insufficiency and nyigraine,
Hbﬁmbm&ammhmmhndmmmm
In this allemative aspec, the pharmaceulical
of the presert invexdtion also comprise at lesst oo of a cosnl-
vent and 3 comiplexing ggent, Thesefare, the compowitions
msy comprise a tosolvent, & complexing agent, multiple
cosolvents, multiple complexing agents, a cosolvent and a
complexing agent, a cosplvent and multiple complexing
lelrllanmmpladngamandmﬂﬁplammhm. or myl-
fiple cosnlvents and complexing agents.
hﬁtsalmmpect. Nicardipine and jts pharmaceu-
tically aweptahle salts are qnly slightly soluble n water.

preseni, such as in the compositions of the present invention,
An of the coraponsitions of the present invention i
that thay have a bigh concentration of nicardipine, which
sliows the composition t be administered nsiag a fowar
volume of intravenous finid, Such compositions can be a
treatment option for a greater sumber of paticnts, espectally
volume regtricted patients.

In ¢hiz sltemative sspect, patients and medical conditions
thai may benefit from a higher concentration and Jower fiuid
volame of nicavdipine inclnde, but sre not limited to, the
following; acute congentive cardiac fallure; pediatrics; hyper-
fenaive crises in elderly patienis where finid cveroad is £
major cancern; all acute stroke aress inclnding AIS, ICH and
BAH 1 control blood pressure; soniroliad hypotensinn dns-
ing wugical procedures i candiothoracic surpery
{CABG, coarctution of the aorin, etc,), spins! surgerics, and
head and neck surgeries; and neurosurgery for the control of
breakibrongh hyperiengionpostcarotid endasterentamy, trau-
matic brain injury and potentia] treatment of hypertension
and vasospasm,

In this alternative aspect, in addition to enhansing solubil-
ity, cosolvents and complexing sgents enhance the stabilify of
the pharmecentical compositions. Furthermore, changes may
hmmnwmmnmormvmmmlm
agents in the pharmaceutieal compositions in onder to adjust
the tonicity of the phammaceatical conpogitions. Phammaceu-
tically acceptahle cosnlvents sre known in the art and are
commercially svailable. Typical cosolvents inclnde polyeth-
Yleae glycal (PEG), propylens glycol (PQ), efhanol and sor-

bital. ;h'efﬂnbly the cosolvent concentration iz 0,1-10%
weight/volume percent, whick will depend on the pH of the
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composition. More prefirably, the cosolvent concentration is
01-5% Most preferbly, themnlmwmm&nhmnﬂl-
2%, Preferred cosalvents for the phanusceitical compos

tinns are propyiene glycol and sarbitol, Preﬁuably ﬁ:eum—
ceniration of prepylene glycol is 0.1-2%. More preferably,
the concentration of propylene glycol is 0.1-1%. Most peef-
esiibly, the concentration of propylene glycol is 0.3%. A pre-
ferred concentration of sorbito] is 10.1-2%. An even more
preferred concentration of sorbito] is 0.1-1%. A most pre-
ferred concentretion of sbebitol is 0,5%,

campositions are 2. -B-cyelodextdn
Bﬂ))andwﬂbhnyhﬂu\ﬁ-cyclodm(SBEBCD)
, the complexing agemt copcentration is 01-25%
weighﬂvnluma peacenl, More prefarably, the complexing
mtmnonuﬂ.l-l(m Most preferably, the com-
plexing agent concentration iz 0.1-5%. Prefa-ah!y,ﬂ!em-
centration of 2HPBCD is 15-25%, More prefarably, the con-
centration of 2HPBCD is 20-25%. The prefered
concentration of SBEBCD is 0.1-10%. An even more pre-
ferzed concentration of SREBCD iy 0,1-5%, The mast pre-
ferred conceptrtion of SBEBCD is 0.75 to 1%.

In podition, the pharmaceuticnl compositions in this alter-
nutive aspect can comprise & buifering agent, However, the
mponﬁmsmwmpximmﬂﬂplebnﬂ‘ﬂinsmm

such that ﬂxe sn]nﬁnn does not precipitte wpon
dilution with blood when adwinistered.

In this aliesnative aspect, typical Taffaring agents inchule
acetate, ghutamete, citsale, tartmatn, henzoate, iactate, histi-
dine or other amino acids, gloconate, phosphatie spd sueci-
nzte. The preferred buffering agents are scetate and succinste.
A preferred buffering agent concentration Iz 1-100 mM. A,
more preforred bnffering agent congentration is 1-50wmM, An
mmpﬁﬁmﬂbﬁuﬁgwmmﬁmhzs-as

In this alternutive aspect, prefersbly, the pharmacentical
compositions of the presint jovention are ieotonic, ie., in the
range of 270-328 mOem/kg. However, the compositions may
mammnym&emamammmm
tho compositions may be either slightly hypotonic, 250-269
mOm/kg, orslightly hypertonic, 329-350 mOsm/kg, Prefer.
ably, the fonicity of the pharmacentical compositions is ren-
dered] isotonic by adjusting the concenttation of any one or
mwre of cosolvent, complexing apen! and Inffering agent in
the solution.

In this aherative aspect, the pharmaceutical compositions
of the present invention may farther comprise a tonicity
agent. However, the compositions may further comprase muol-
tiple tonicity agents, Tonicity agents ane well known in the art
and commercisily available. Typical tonicity sgeats include
sodium chioride and dextrose. The preferred tonicity agent is
podium chloride. A preferved tonicity agent concentestion is

10

/]

&0

14
1200 mM. A more preferred fondcity agent conceatration i
75-125 mM. An even more preferred tonicity agent conoen-
tration is 90-170 mM.

The cal compowitions of the present ivention
are prefecably packaged in pharmeceuficeTy ton.
#iners in this slternative aspect. ible

sytinges, Preferred containers include intravencue hags and
syringes, which are prefersbly polymer-based, and vials and
intravenons botfles, which are prefersbly made of glass. It iz
ﬂmprd‘enedﬂntﬂwmpomtwfhmmﬁntm
into cootact with the phapnacenticn] donot con-
tzin polyvinylkhloride (PVC), The most preferred container
hummmmmmmwcmm
compmmmnmﬂ:ﬂwphnmammmmpomm.
Ris alpo desirabletoprotect the compositions

from Tipht. Therefore, the container may, optionslly, farther
ccmprisewu;‘:{ﬂ barrier. A peeforred lipht barrieris an alumi-

‘This alternptive espect also provides methods ey described
bove for preparing the pharmacestical compositions which
are stedle,

7. EXAMPLES

Examples 1 throngh 6 are intended tobe iltoswretiveand not
Iimitiog es to the genera] disclomre. Examples 1tbraugh 12
discloseepecific cembodiments ofthe al compo-
sitions that sre principally illustrative of the alternative
aspeete described herein,

Examples 1 Through 6
Bxanmple 1

Eifect of Varions Diluents on Stability of
Concenfrated CARDENEST.V.

Stabitity resutis for the concentrated ampa] product diluted
wil with varions commonly nsed intravenous infi-
slon fluide in g TV bag are shown in FIG. 1. pH after mixing
'waa measmred and is reported on the X-axis, Prodoct spability
was mearored by the % dmg after
dnration af 24 hows by RP-HPLC sid iu shown onnthe Yosxis,

As shows in FIG. 1, the instability of nicardipine hydrm-
chiaride is relatod io the fnitial pE of the infusion fluid and 1o
the final pH of the solution after mixing, The magnitwde of
drug s post dilution increaces ag the final pH of the sabation
after mixing incresiees, for example, a very pronounced drog
Joss i» obiained when the pH s above 4.5, Based on thess
findings, the product invert for the marketed ampul product
Tequires product difution be catried out using spiscific infia-
gion fiuids. Forthermore, the diluted product must be vwed
within 24 hours.

Exaple 2
Effect of pH on Stability

Subility results for 2 0.1 tug/ml, picardipine HCI, 0.1 mM
<itxic acid, and 5% dextrose formulation dispensed in e GAL~
AXY® bag are shown in FIGS. 1A amd 2B. Stabifity results
fora 8.1 mg/mi, nicardipine ACI, 0.1 mM citric scid, 0.9%
saline fonmulation digpensed in 8 GALAXY® bag ere shawn
in FIGS. 3A snd 3B. Stebility assessments are done by mea-
guring the % drog remaining and the 1otal impurity formation
5 a function of time uging RP-HPLL,
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Stability testing was done at an ecoelerated tempersture of
40° C, Based on published literature, activation eozigies for
drug decompositions o fall in the rmge of 12 to 24
Keallmol, with typical valve o 19-20 Kcalimol, Under these
conditions (ezsnmption Ea=19 4 K¢almol) 15 wesks storage
8t 40° C. ux to & product with epproximately 18
mopths expiration st 25° C. (see, e.g,, Conoors, KA., £t al.,
Chemical Stsbilily of Phannsceuticals, A Hgndbook for
Phermacists, John Wiley & Sons, 2d ed. 1986).

Az shown in FJGS, 2A and 34, loss in praduct potency
(crop in'% drug remaining) due to degmdation and sdsorption
on ta the bag mrface incressed ¢ the formulation pH was
increased. For example, afler 6 months storape at 40° C. for
the dextrose formulations, a cleer irend indicating increased
drag loss for formulations ot pH 4.4 and 4.7 can be observed.
At pH 3.3, the drwop in % drog remaining is stiributed o an
increase in tota) impwities (FIGS, 2B and 3B), rather than
drog Jogs due 3o sdratption. In addition o the cheerved dmg
Joes, the formation of nicardipine-related fnpurities (FIGS,
2B and 3B) was also found to be strongly 1 depaadest, Tn
this case, however, fhe reverse trend was observed: as thepH
was Gecrensed, the tofel impurifies increased,

The resulis from iy study indicsto thet {he formulation pH
has a sipnificant effect on stability of a ready-to-use ditmied
product. The findings of this study indicate that the optimal
fomulntion pE range is between sbout 3.6 Jo sbout 4.7,
However, depending on the degree of scceptsble drog degra-
dation and/or 1otal impurity formation, other pH ranges can
be chosen.

Example 3
Effect of Nicardipine Corcentration on Jmpurity
Focmetion

mmmdnica:dhmemmmuﬁmonlmpnﬂtymal
tion in ready to nse premixed compositions comprising 0.
mg/mL and 0.2 mg/m] non-sorbitol formmalatione with dex-
trose over 5 montiie st 40° C. is shown in FIG. 4A. The effect
of nicardipine conceatration on fepurity formation in reedy
1o e premixed compositions comprising {.1 mg/mi and 0.2
mg/ml, non-sorbito] formuletions with saling over 3 manths
at40° C, 35 shown in FIG. 4B. The formulations are dispetised
in GALAXY® bags. Stbility ssscasments are dons as
described in Fxample 2

As shown in FIGS, 4A and 4B, in addition to pH, product
mmkaﬁonismlbatﬁcmrtntmpmpmdnmmhmy

— = depeodence "
imputity formation ic minimized s the formulation hH is
increased. For comiple, in G, 4A and B, the cfieet of
concentration is significant at pH 3.3 and i minimized a6 the
pH approaches 4.7.

These results indicatz that impurity formation is grester for

50

the 0.1 mg/ml fomaylations sz compared to the 0.2 mg/mli 55

Sirmltansons optimization of the dmg concentmtion along
with the viable formulation pH range is importent in the
development of ready-to-use premixed drog foramlations.

Bampled
Stability Comparisan of Sorbito] and Non-Sorbitol
Formulations

A stebility comparison of eorbitol and non-sorbite] formu-
Intions was conducted under accelerated conditions (4 weeks

®

65

16
&t AD° C.) using a 0.1 mg/m?, nicardipine HC, 1.92 mg/ml.
sorbital, 48 mgfml, dextroze, (.0192 mp/mi. eitric acid, pH
4.2mdnﬂlmqul..mcudspmeﬂcl, SBmslmLtkmne

done by meamzing the % drug remaining imparity
formation as » famction of time mingRP-HPIE The reenlis
are shown in Tiibles 2 andl 3.

TABLE 2

INMT refic to 50 mate thee,

Az shown in Tables 2 aod 3, minimal differences botwean
The two formulations were obsexved in the messyred pamm-
eters, Bazed on these resulis, 83 well as the mosalts ghown in
Examples 1 and 2, the presence cr sbsence of sorbitol i not
predicted to alter the impact of fonmulation pH and dreg
omemhahononihembaﬂtyofthemixadphmemﬁul
sodinm chl hma =

Example 5
The Bfféct of Plestic Film Composition on Stability

The effect of plastic film composition on the stability of
ready to nss premixed compositions comprising 0.2 mg/mL
nicardipine FCL, 0.2 mM citrate, 5% dextrose, pH 4.0-4.2 for
*incompatible™ bage and “compatible™ bags &t shown in
FIGS. SA end 5B respeciively. “Incompstible” bags contain
polar polymets, such 2x polyviny! chloriie {FVC) and ethyl-
ene vinyl acetate {EVA). “Compatible™ bags da not contain
polar polymers.

Stability evatuations were done fuor the 0.2 mg/ml. non-
parbitol dextrose formulation in varions commercially avail-
gble IV infosion bag syslems, EXCEL®, VIAFLEX®, VIA-
FLO™, INTRAVIA®, and VISIVE® bny west xinsed in
water and covered with alumimum foil over pouches. The
bags were filled with the sbove formulatian and awtoclaved st
105° C, for 21 minutes. STEDIM®7] and GALAXY® bags
were ageptically filled with the ébove formulation. Siability
assosaments were dope by measuring the % drog remaining
and total impurity (datn not shown) as & function of
time vsing RP-HPLC fbr samples incubated for up 10 24
weoks ul 40° C, The % dmg remsining was calculdted relative
to the concentration measured post-mixing in tank.

As shown in FIG. SA, varions commercially available IV
lose iz product potency was observed upon stomge primarily
due 1o product adsarption in bage thet conteined the pelymer
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PVC {p.g., VIAFLEX® and INTRAVIA®). Nicardipine was  ditions that cause sufficient prodoct degradation in a rela-
also incompatiblewith bags containing the polymersthylane- tively short pariod of time, Stability comparisons were done

vimyl acetate (HVA) in the contaet Inyer (e.g., STEDIM®71).
PVC sind EVA are examples gre of polar plnstic materisls that
are incompstible with nicandipine HCI. Bechuse nicardipine
HC] is a weak base with a pKa of ~7.2, it is increasingly
hydrophobic as the formmlation pH increases, and thersfore,
mpaﬁbiﬁiy with polymetic contact mrfhees js dependent

chavge-related properties.

AuslmwanIG 5B, minirnal drop in product potency was
nbmdwﬂmmmmﬂbapmpﬂmmlsutw(ag,
EXCEL®), polyethylene (e.5., GALAXY®), znd p

blends {e.g., VISIV® and VIAFLO™),

Example 6
Effect of CAPTISOL® on Product Stability

The efiect of CAPTISOL® ou tire stebility of ready 1o use
premixed compositions 0.3 mp/ml Nicanlipine,
30 mb} NuAcetate, 1.8% Captivo, 112 aM Nall, pH 4.5 or
0.3 mgfinl Nicardipipe, 30 mM NaAcstate, 1.8% Captiso],
3.7% Dextrose, i 4.5 dispensed in 100 ml GALAXY® bags
wis monitored for 12 weeks at 5, 25 and 40° C. in (gee, e.g,,
Table4). Becauss the drug was stable &t 5° C,, the data s not
shown, In addition, fhe formiulations were monitored at 45°C.
in 2 ml. glass vinls (ses, &.¢., Table 5). All formulations were
filled aseptically into the vials and bags by filicring the solu-
tion through a 0.22 pn filter.

TABLE 4
o~k Dug Boominine a2 25° C.and 30° C in GALAXY @ Bag
—% Dip romaining gt J5*C. % Ding remaiving b 40° L
T Dextrom NaCl Tuatror
(weeks) Fonmolofion Fammubston  Fommistion — Formistion
] 100.060 100.00 100.00 100.00
1 9657 9985 #1715 SRAG
2 2809 100.80 9707 10040
4 WAS 104.01 oE46 10286
12 9733 100.18 9536 9200
TABLE S
% Drug Remuining 145" C. in Glae Vil
Time Nal’l
{woaks) Formulstion Dextirosd Feamlaticn
b 100,00 100.00
2 107.69 105,78
4 105,18 108.22
14 10232 10230
Pharmacentical compositions camprising CAFITSOL®

exhibited mintmal drug loss end impuority farmation (date not
shown) a3 a function of ime and temperatnre. Based on the
nmeletmdmhﬂil}'damat‘io"md45° C., formuletions
comprising CAPTISOL®, dextrose or NACI shovld bestable 50
&t room tempermture for at least 12 months.

Examples 7 Throngh 12
Examples 7-12 illustretc experiments pedformed nsing

specific embodiments, The experdments in Examples 7-12
were performed at 45° C. in order tb simulate streased con-

5
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25

a0
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55
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appinst the contro] forrmlstion (CF) and/or the commeércial
product frmalation {CPF) in order fo assess relative differ-
eaces in their degradation profiles. The CPF is a marketed
drug preductarid, therefore, degradation behaviar of the mol -
ecule in well wmderstood as a fonetion of temperature end
time. Stability «ata are avaiiable for the marketed product up
10 36 months at room temperatore, 22-27° C., and 40° C.

The rationsleysed in this preliminary screening svalnation
is that ifthe degradafion kinefics of the evaluated Sommmlation
profoiypes were compamahile to the CPF at stressed tenypara-
turss, drog prothuct stahalnywoﬂd]ikalyhemmpnmblam
better Bt room The eurrent prototype formula-
hmisshblefwathnﬁllmnﬁsntwc and therefons it
is projected that the evaluated formulation prototypes can
heve comparible or hetter stability.

Example 7
Formulafion Preparation sud Analysis

Approptiate buffers, such s acetate of suceinate, contain-
ing the desired rosolvents, suth as sorbitol or propylene gly-
col, endfor complexing agents, swch as SEEBCD or
mcn were prepared. A, tonicity agents, such
nmdimndﬂmdqwmpmpamdmdadﬂedmmanﬂhe
pharmacentical compositicns, Based apon the final formla-
tion volume gnd the target drag concenttation, usually 0.2-0.3
mg/ml., nicardipine was weighed into an appropriate glass
container snd preparcd buffer was ﬂddedmdmlveﬁeamg,
Tonicity agent, if any, wee then added. The solution was then
snniuledi‘mup 1o 45 minutes (o facilitate dmg dissolition,
Fol dmg dissolution, the solution was fillared throngh
a 0.45 pm syringe filter (Acrodise LC 13 mm Syringe filter,
PVDF Membrane from Life Sciences, PN 4452T). When
filtering, the first few drops were discarded and the remuining
mhﬁmwscd%dhﬁomuthﬁrghumntam The pre-
pared formulations were subsequently dispensed into cither
vials or intravenous bags.
made accarding to the above protocok:

Pharmeceytics] Composition 1 (PC 1): 0.2-0.3 mg/mlnica-
rdipine bydrdhlaride, 3.7% sorbitol, and 50 mM Na-acstals,
wherein the pH of the composition it 5.0

Pharmaceutical Compesitian 2 (PC 2): 0.2-0.3 mg/m] nice-
rdipine hydrochloride, 1.79 propylene glyeol, and 50 mM
Na-acelate, wherein the pH oftheeomposmonuso

Pharmacentical Composition 3 (RC3):0.2-D.3 mg/ml nica-
1dipine hydrochloride, 2.8% sorbitol, amd S0 mM Na-succi-
nete, wherein the pH of the composition is 5.5.

thnoeuﬁcu]()umpoﬂﬁm#(l’cﬂ'ﬂz-ﬂamymlm-
rdipine 1.1% propylene glycol, ind 50 mM
Ne-snccinate, wherein fhe pH of the composition is 5.5.

Pharmacenticsl Composition 5 (PC 5): 0.2-0.3 mg/mi nica-
xdipine hydrachleride, 4.1% sorbitol, atd 50 mM Ne-scetate,
wherein the pH of the composition i5 3.5,

Pharmeesmwtical Composition 6 (PC §): 01.2-0.3 mg/ml nice-
rdipine hydrochloride, l.wapmpyleneglymi and 50 mM
Na-acetate, whepein the pH of the composition s 3.5.

Pharmacenticsl Composition 7 (P 7): 0.2-0.3 mg/ml nica-
wdipine hydrachloeide, 4.1% sorbitol, and 50 mM Na-acetete,
wherein the pH of the coniposition is 4.5

Pharmacrutical Composition 8 (PC B): 0.2-0.3 mg/ml nica-
rlipine hydrochloride, 1.8% propylens glycol, and 50 mM
Na-acetats, wherein the pH of the composition ie 4.5.



Case 1:13-cv-05723-NLH-AMD Document 167 Filed 08/14/14 Page 63 of 112 PagelD: 2807

US 7,659,201 B2
20
Hmmcunnml(lompoamo 9 9):0.2-03mg/mlnica-  Pharmaceutical Compoeition 24 (PC 24): 0.3 mg/ml nice-
wipine bydrochiotide, 6.5% sulf n yl’ethar-ﬂqdadmﬁc:. mpmhym41%°:um§o1,mdm:mdnm

snrlSOmMNaaumxte, wherein the pH of {he composition
is5s.
Pharmaceutical Composition 10 (PC 10 0.2-0.3 mgfial

6.5% 1
st itk O ity
compogition i 5.0,

Phaymacentical Composition 11 {PC 11} 0.2-0.3 mg/m]
nicardipine hydrochloride, 8,5% sulfobutylether-B-cyclo-
dextrin, and 50 mM Na-succinate, wherein flie pH of the
compoasition is 5.5,

Pharroncentica! Composition 12 (PC 12} 0.2-0.3 mg/mi
nicardipine hydrochloride, 8.5% sulfobutylether-f-cyclo-
mmmmﬂammﬂgm&pﬂﬁm
composidon is 6.0,

Pharmacentical Composition 13 (PC 13): 0.2-0.3:‘!:&'1!1]
nicardipine Iydrochloride, 8.5% wolfobutylether-B-cyclo
dq:tdn,andsanNn-aome,wheremthepanﬂncm
position iz 5.0,

Hnmmmal(moﬁﬁonu(mm} 0.2-0.3 mp/ml
micardipine 8.5% sulfobityletherfi-cycio-
dexirin, and 50 mM Na-citrate, wherein the pH of the com-

poaiticn i 5.5. my
Phermacentical Composition. 15 (PC.'IS):O.2~0.3 ml]

nicardipine hydrochloride, 22.5% 2-hydroxypropyl-§

dextnn,mdﬂlmMNa@dﬂa,whﬂdnfhepBofﬂncnm

position is 5.0,
Composition 16 (PC 16): 0.2-03 mg/ml 5

nmmgmmnmz-hydmxymy
dextrin, and 50 mM Ne-succinate, wheren the :gﬁ

composition i 5.5.

Phsrmaceutieal Composition 17 (PC 17} 0.2-0.3 mg/ml

nicardipine hydrochloride, 17-5% 2-hydroxypropyl-f-cyclo-

dextrin, and 50 mM Na-acetate, wherein the pH of the com-
position is 5.0

Phamaceutical Composition 18 (PC 18); 0.2-03 mgiml
nicardipine hydrochloride, 17.5% 2-hydroxypropyl-f-cyclo-
dexctrin, and 50 mM Na-succinste, wherein the pH of the 40
contpogition is 3.5,

Comemalhudmt(Ampul)qulmontCPF] 25
2.5 mM citrate, and 5%

mg/m nicandipine hydrochloride,
safbitol, wherein the pH of fhe composition is 3.5,

Contral Formmlation (CF): 0.3 mg/ml nicardipine hydro-
chlaride, 2.5 mM citrate, smd 5% sorbitol, wherein the pH of
the eomposition 5 3.5.

Phnmwuﬁml(}nmposﬂ:mw(?cw) 0.3 mg/ml pica-
mlipine hydrochloride, 50 mM sodivm acetite, SO mM
sodinm citrate, and 50 mM disodium saccinate, wherein the
pH of the compoaition is 3.5.

Phamaceutical Composition 20 (PC 20): 0.3 mg/mi nica-
rdipine hydrochloride, 50 mM sodinwa scetate, 50 mM
sodiom citrate, and 50 mM disodium siccinate, wherein the
pH of the camposition is 4.5,

thoeuﬁcalcnmpm:ﬁonzlﬂ’czl) 0.3 my/ml nica-
rdipine hydrochlorids, 50 mM sodium ncetste, 50 mM
mﬁmmmsommmmmmmb,whmm
pH of the coreposition is 5.0,

PhnnmwuﬁulCompmmnnzz”(!:fn) 0.3 mg/m] nica-
rdipine 50 mM um acetste, 50 mM
md:m?kﬂ%ﬂd:w&m%wbmﬁe
pHofﬂ:ccompomiss.s

_Phannamnml

ndipine
acetaic, wherein the pH of the: composition is 3.5,

acetate, wherein the pH of the covaposition is 4.5.
Composition 25 {PC 25}: 0.3 mg/m} nica-

Pharmacentical
5 rdipine hydrochloride, 3.7% sorbitol, e 50 mM sodivm

wﬂah,whmnﬂ;epﬂnfﬁuampnnhnnns.n
Pharmacentical 26 (PC26): 0.3 mg/ml nice-
rifipine hydrochioride, 2.8% sorbitol, and 50 mM sodinm
aeptate, wherein the pH of the composition is 5.5,
Phanmaseutical Compogition 27 (PC 27): 0.3 mg/m] nica-
sdipine hydrochlaride, 1.9% propylene glycol, and 50 mM
podium acetate, wherein the pH of the conposition i 3.5,
thmulcampommzaaczs)osmymlm-
1,8% propylens glycol. and 50 mM

15 godinm eacetate, wherein the pEH of the composition is 4.5.

Pharmaceutical Compusition 20 (PC 29): 0.3 mg/mi nica-
slipive hydrochloride, 1.7% propylene glycol, and 50 mM
godinm scetate, wherein the pH of the composition iz 5.0,

40 ydipine hydrochioride, 1. 1'%“”%%@ 50"5:
propy!
sudit suocinate, wherein 1he pH of the camposition is 5.5,

Pharmeecutical Composition 31 Wslymélgh!m-
ilipine hydrochlaride, 6.5% sulfi lodextrin,
and 50 mM sodium miccinate, wherein the pH of the compo-

theemicnl(hmpoﬂumn(PCBZ).o.Smsfmlniu-
rdipine hydrochloride, 6.5% sulfobatylether-f-cyclodextrin,
aﬁmﬁlﬁmﬁmmﬁnﬂwb&mﬁepHd&emmpo-
sition is

Pha?&mmmmusamzs (PC33): 0.3 mp/m] mica~
xidiping hydrochioride, 22.5% 2-hydroxypropyl-f-cyclodes-
trin, snd 50 mM sodium ecetate, wherein the pH of the com-

posltion is 5.0.
Phsrmacenitical Composition, 34 (PC 34): O.Smymlmu

¥ gitionie 5.5,

¥ pdipine hydwchloride, 17% 2-hydroxypropyl-B-cyclodax

mmmmﬁmﬂmmu,wmmpﬂofﬁe
compesition is 5.5,

i ot 8 384 propyoe gl 0.5k sl
i #0!
m?ﬁmdhmamte, and 90 mM NaCl, wherein the pH of
ﬁampoddmks 2,

CmfmSﬁmﬁMz&qmlm
adipine hydrochloride, 0.3% propylene sothitol,
30mM sodivm acetste, 45 mM NeCl, wherein the pH of the
composition is 5.2.

Pharmecentical Composition 37 (PC 37) 1.5 mg/ml nica.
wdipine hydrockloride, 9% sulfobutylether-p-cyvlodextrin,
aod 30 mM sodium acetate, wherein the pH of the: composi-

o Honisd5.

Fharmaceuticst Compaaition 38 (PC 38): 1.5 mg/ml nics-
ndipine hydrochloride, 9% snlfhbutyleﬂm-ﬁ-cydndm:l.
andSﬂmMmdmmie,whumnﬂ::pHafﬂxwmpm
Liom i8 5.0,

Phermaceutical Composition 3% {PC 39): 8.3 mg/m] nica-
rdipine hydrochloride, snd 30 mM sodinm acetate, whenein
the pH of the composition is 3.5.

Phamaceutics] Composition 40 (PC 40): 0.3 ma/ml nica-
wdipine hydrochloride, apd 30 mM sodinm acetate, wherein

g the pH of the composition is 4.0,

Pharmaceutica] Composition 41 (PC 41); 0.3 mg/m nica-
xﬂxmnehydmch!mde, and 30 mM sodium acetate, wherein
the pH of the compesition is 4.5,

thnneu&ealCumpomhmﬂ{PCﬂ)'oamwmlmI:’

jon 23 (PC 23): 0.3 mg/ml nica- 65 rdipine hydmchloride,
4.1 % sorbitol, mud 50 mM sodinm  30mMsodium acetate; and 110 mM NaCl, wherein the pH of

the composition is 5.0.
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Pharmaceutical Composition 43 (PC 43): 0.3 mg/ml nicz-
rdipine hydrochloride, 1.6% mlfobmylm-ﬂ-cw]odntm,
0.3% propylesie glyeol, 30 mM sodium seetate, and

SSmMNaCl.whaelnMpHoftheemposiﬁonhs.D.

Pharmacentical Composition 44 (PC 44): 03 mg/m! nica-
xdipine hydmchlaride, 1,8% salfobutyletherf-cyclodexirin,
30mM sodium agetate, and 110mM NaCl, wherein the pfl of

ﬁemponiﬁmia 4.5,

Pharmacentica) Composition 45 (PC 45): 0.3 mg/ml nics-
2dipine hrydrockloride, 1.8% sulfobutylether-f-cyclodextsin,
30 mM sodinm acetate, end 200 mM dextrose, wherein the
pH of the composition ix 4.5,

Pharmacenrtica] Composition 46 (PC 46): 03 mg/m] nica-
#dipine hydsmchlocide, 0.75% sulfcbutylether-f-cycipdax-
tm,ZOmMnodmmaeume,deZSmMNnCl,whmmthe
pH of the eomposition is 4.5,

Pharmaceutical Compozition 47 (PC 47): 0.3 mg/m! nice-
riipine hydrochloride, 1.0% sulfobntylether-f-cyclodextrin,
30mM sodivmacetute, and 125 mM NaCl, wherein the pH of
ﬂmcmnpomtmnih&ﬁ

Phennaceical Composition 48 (PC 4B): 03 mg/mi nica-
rdipine hydroghloride, 3.4% sorbitol, and 50 M sodium
sucoinete, wherein the pH of the omposition iz 5.6,

Phanpacentical Composition 4% {PC 49): 0.3 mg/mi nica-
rdipine hydrochloride, 1.3% propylane glycol, and 50 mM
sodiumn acetate, wherein the pH of the composition is 5.6.

Pharmacentical Composition 50 (PC 50): 0.3 mg/ml nica-
rdipine hydrochloride, 1.8% sulfobutylether-B-cyclodextrin,
30mM sodinm acetate, and 110.mW NaCl, wherein the pH of
the composition is 5.0,

Phamaceutical Composition 51 (PC 51): 0.3 mg/m! nica-
rdiplne hydrochloride, 0.75% sulfobutylether-f-cyclodex-
Irin, 30 mM sodiom acetate, smd 125 mM Na(Cl, wherein the
pH of the composition is 4.5,

Phamacentical Composition 52 (PC 52} 0.3 mg/ml nica-
ndipine hydrochloride, 1.0% mlfobutylether-f-cyclodextrin,
30 M sodium acelste, and 125 mM NaCl, wherein the pHof
the componition is 4.5.

Pharmaceuticel Composition 53 (PC 53} 0.3 mg/ml nice-

rdipine hydmchloride, D.5% sorkitol, 0.3% prpylesie glycol, 46

30 mM sodinm acetste, and 50 M NaCl, wherein the pH of
the composition is 5.2.

Pharmaceutical Composition 54 (PC $4): 0.3 mg/m nice-
relipine hydrochloride, 1.0% sulfobutylether f

-cyclodextin,
20mM sodinm scetate, and 125 mM NaC), wherein he pHof 45

lhemponﬂmh 4.5,

Pharmacettical Composition 55 {PC 55): 0.3 mg/ml nica-
rdipine Irydrochloride, 0.75% snlfobitylsther-f-cyclode-
trin, 30 mM sodium scetnte, and 125 mM NaCl, wherein the
pH of thi: composition is 4.5.

PhumuhulComponthS(PCSG)rn.Smymlmm-
rdipine hydrochleride, 0.5% sorbitol, 0.3% propy.

50 mM sodium acetate, andDGmMNﬂ,whamthepan
the composition is 5.2,

The excipient concentration in the cotirol formulstion
(CI) is identical o the commercial peoduct formylation
(ﬂPF).Mem@LV(mzyul) However, the concantration of
active i in the commercial and control farmulations
it diffetent. In the commercial product formulation (CPF),
the concentration of micardipine hydrochlaride in the ampul
2.5 mg/mL before dilution, and 0.} mghn] after dilution with

iate IV finids before administration. The contro] for-
mulation {CF), whick is designed for premixed ready-in-use
{mravenous bags euch that no farther dilotion with intrave-
noys fnide is has & nicandipine hydrockloride con-
centration of 0,3 mg/ml., The purpose of the control forom-
lation was to belp nesess the degradstion propensity of the

22
evaluated formmlations, Comparsble degradation profiles at
m?;:lmdmﬁlmdmuveufmmpmuafmamhum
stahility.

Bxamgle 8

Vil Stehility Deta with Sorbiin] and Propylene
Glyeol Formulations

The riebility in vials of pharmaceutical compositions of the
present inventicn comprising a co-solvent and a buffering
ageni were compared fothe coatrol formulstion and the com-
mercie] profuct formulation. Stability was determined by
compering the drag conceatration over time for the below
15 compositions. Specifically, the below compoeitions were pre-
pered accoxding to the methord in Bxample 7;

50 mM Ne-avetats, pH 3.5, 4,1% sobitel (PC 5),

50 mM Na-scetate, pH 3.5. 1.9% propylens glveol (PC 8),

50 mM Na-acetate, pH 4.5, 4.1% sorbitel (PC Ty,

50 mM Na-acetate, pH 4,5, 1.8% propylene glycol (PC B),

50 M Na-acetate, pH 5.0, 3.7% sorbitol (C 1),

50 mM Na-acetate, pH 4.0, 1.7% propylene glycol {(PC2),

Control formulstion: 0.3 mp/mi, 2.5 mM citmate, 5% sor
25 bitol, pH 3.5 (CF), and

Commerial product formulation; 2.5 mg/ml, 2.5 mM «it-
rate, 5% strbitol, pH 3.5 (CEF).
These stability studies were performed in 2 ml glass visls

and st elevated temperature conditions, in this cese 45° C,
30 Fomluuonmhhtymmmmadbymmrmgﬂwdmg

concentration by RP-HFLC spsinst » staadand corve, The

drug congeniration measurements were ttken ot the etat of

the expeghinent, 7 days and 21 days, except for the commer-

cial prxinet fornulmion, which measurements were taken at

35 fhe start of the experiment and 46 dzye, These measurerpens

were then converted into & percentage in order to show the
percantage of dmg remainig after a period of time.

pin)

0

Drg Dmg
Deg Coat, Canc.
v wcm % Dpmd % w;n) %
Drug =7 Dug = Dy
# =l Remixing dsys  Resnaining diys  Remaining
5 3 i ] 312 9% 209 rd
6 302 100 305 101 202 L]
7 M 100 303 100 83 1]
] 304 100 304 100 282 95
1 298 100 x4 98 274 2
2 250 100 302 104 254 ol
N o wm 100 01 100 1L ”
35 Drug Cons, Drusg Cono.
[Ra/m) % Dimg {uglamly % Drug
CH =0 Remeining  rt=4§days  Remaiving
CPF 2553 100 22635 1]

i 0

mmmmmmlgﬁtymmmwm
over time, of the pharmaceutical compositions present
mvmhnn'ﬁmtnqpmmcn-mlveuhmcompmablemhnﬁ:du

mdmlonpmducuxolahvn mﬂ;emulibm!umn(dmnm
shown).
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Example 9 istion (CPF). In eddition, the compositiona had no additianal
" ) . degradation products relutive to the control formmlation (dzta
Vial Stahility Data with SBEBCD Formiistions not shown), It is also worth noting thiat the target soncentra-

5 9 ; \ tion 0 0.2-0.3 mg/mL could be readily attained in the pres-

Thestability fnvials of phurmaceutical compositions ofthe. 5 oo et o8 0 50 S Y pres
present inverdion comprising s complexing agent nnd a buff-
ering agent were campared to the cantrol fsrmmlation and the
commercisl product formnlation. Stebility was determined e 10
by comparing the dmp concenteation vver time for the below Examp
vompositions. Specifieally, the hélow compositions wepe pre- 10 - . i
parad:wdingmﬂnmlgﬂmdinl%mmple‘h L Inttavenons Bag Swbility Data with Sorbiiol xd

50 mM Na-acstate, 8.5% SBE-bets cyclodextrin, pH 5.0 Propylene Glyeol Farmulations
(PC 13), i
(Pgnl :;M Na-citrata, 8.5% SBH-beta cyclodextrin, pH 5.5 The stability in intravenous bags of pharmocentical com-
15 PR T 3
3 ) ‘ positions of the present invention comprising a co-solvent
{Ks.ol?)MN"'“m 8.5% SBE-betacyclodextrin, pH5.5 g g bffering agent were compared 1o & contro] formulation,
A . . . Stability wes determined by comparing the drug concentra-
oy mosiast, 5% SBE beth yelodextrit, PRS0 o over time fur the below compositians, Specifcaly, the
Control formplation: 0.3 mg/mL, 2.5 mM citrats, 5% sor- 20 beluw compusitions were prepared accordipg, to the method
bitol, pH 3.5 (CF), and in Example 7: :

Commercial produet fonuistion: 2,5 mpfml, 2.5 mbf cii- 50 mM Na-acetate, pH 3.5. 4.1% sorbitol (FC 5),
rele, 5% sorbitol, pH 3.5 (CPF). 50 mM Na-acetate, pH 3 5. 1.9% propyiene glyoo] (PC6),
These stability studies were performed in 2 mi glass vials  and Control formulstion: 0.3 mg/mlL, 2.5 mM citrate, 5%

and gt vials-and at clevated fetuperstore vonditions, in this 25 sorbitol, pE 3.5 (CP).

xﬁﬁwmmﬁ&mmﬁwm These stability stidies were performed in 50 ml intravo-
conceniration 1 HPLC agdinstu standard g0, and at elevated temperature conditions, in this case
curve. The drp concentration messurements were taken at 45°Cg§mnhﬁmmﬁﬁly-wmmonﬂmdbym;asuﬁngthe
the start of the experiment, & dayz, 13 days and 30 days, drog iom by RP-HPLC apaiust a standend curve
except for the commercial product fommilation, which mes- 30 L SV a :
The drug concentmation measurements were faken at the sart

surements were taken at the start of the experiment and 46 . )
days. These measirements were then converted into & per-  OF the sxperiment, 7 days and 21 days. These meesurements

centege in orderto show a percentage of drug remaining sfter ~ Wewe then converted into a percentage it order to show the

@ period of tine, perceniage of g remaining after a period of time,
The dein from these siability studies are shown in the 35 Thedata from these stability studies are shown in the Table
following Tables. Delow. '

gl % gl % [Drug] % [Drug] %
(gml} Dwg fefl) Deg (@) Dmg  (wml) Dug
PC# =0 Remslving fm&d Rameining tw)3d Remaining 1=30d Reowining

13 3|1 100 387 an 413 108 k] 102
14 334 100 an 101 352 0¥ 333 100
I 354 100 e 104 96 108 364 100
12 313 100 k] 107 355 112 326 103
CF i3 100 2 104 363 107 338 10p

35

Drug Cane, D Cone:
Gl NDrg  (gm)  %Dwg g e b
PC# 1. Remaining  t=4fdeys  Remeloing = P, % ) % (rgim]) .
CPE 2553 100 2268 89 P (uimD Dmg t=7 Dg  1e21 Dﬂ:’lﬁ

t=0 Rameimhy diys Romaining dsys Rominmg

#
The data show that the siability in vials, drug concemiration 5 54 100 7 101 319 2
6 a0 100 a1 108 ) 54
CF

over time, of the pharmaceutical compositions of the preseat 302 100 276 02 254 B
invention thet contain SBEBCT are comparsble to both the
eontrol formuletion (CF) and the commercial product formn-
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Ihsdatu‘howwmembiﬂty in.mhmmmbags, drug
mhhonmnme,ufthaphmmtmlmﬁm

fwmnluban(dmnouhuwn). Fmal!y, idlmphunonma

bag surfuce was minimal =t pH 3.5
Example 11
Iatravenone Bag Stability Dats with HPCD
Formmlations

The :h'bi]ity of = pharmacentical ¢ of the
ptumt invention comyprising 8 comp! ammdnbuﬂ'
wuﬂmﬁdmboﬁmmmm
smmgmmwwm;mmmwm
tion over time for ihe below eomposition. Specifically, the
below composition was prepared acconding to the method in
Exemple 7:

50 mM Na-acetate, pH 5,0, 22.5% HPCD (BC 15).

Thess sinbility studies were parformed in 50 m] intrave-
nous bags and at elevated temperatnre conditions, in this case
45°C. The evaluations were done with a 10 mL §ill
valume in hoth the npright and inverted bag configurations.
These evaluations were donarelative to the same formnfation
in a 2 ml, glass viel, as a conirol. Fammwlation stability was
monitored by measuring the drug concentration by RP-HPLC
against » atandard curve. The dmyg concentration measure-
ments were taken at the start ofthe sxperiment, 1 day, 2 days,
6 dzy%, 9 days and 16 duys.
Hmmmmmmmtymdimmmhem

oW,

Drog Dnug Dig Dmg Dng
Dmg Come, Camn  CTomo, Cooe.  Onoe.
Gt GglmD)  (piml)  (gml) Qpiol) (agmd
(pfnl)  tal t=2 1=6 t=D  t=1f
[ ) fay dop dmz  dey dayw
Vil m m 263 260 69 27
T!.Eidu M 6 244 264 m 30l
Inverted an 33 203 115 12 150
Bag
'I‘he data show that the stability, concentration over

i in the
q::ghtmnﬁmﬁonofﬁahg Thethha‘lmihnwﬂ:gﬂw
recavery of drog product was poorer is the inveried bap
configuration

In arder o determine why the composition wes morestable
in npright intrevenous bags compared 1o iiverted intravencus
bags, additional experiments were condurted. The drop in
dmg concentration was not doe to apy nes dagradation prod-
uet (data npi shown). We believe thet the drop in dmg con-

because the drug ie in contect with PVC surfaces. These
rerulis guggest the use of non-PVC bage and/or the careful
evaloation of the bag size (solution volume) as fessible
optons to minimize drog adeorption in crder to echieve
edequeie drug product recovery.

10

50

35

o3 higher
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Examplp 12

Intravencns Bag Stability Data with Sarbito]
Formiilations

invention compri
evuluamdinbothwﬂsnﬂmﬂmugs Stebility was
determined by comparing the drug conceniration over time
for the below composition. Specifically, the below composi-
tion was prepared according to the method in Example 7:

50 mM Na-aretate, pH 5.0, 3.7% sorbitol (PC 1).

‘These stability stodies were perfonved in 50 ml intrave-
nous bags and st clevated temperstuce conditions, in this cose
45° C. The stability evaluations were doae with both 10 and
50 ml, fill volames in both the upright sand inverted hig
confignrations. These evalumiions were done relative to. the

same formulation in a 2 ml gless vial, as a contro]. Formiu-
Intion szability was monitored by meesuring the dnag concen-
tahonbyRP—HPLCmstashndszdm'lhedmgm-
centrplinn messwements were teken at the start of the
expeviment, 1 day, 2 days, 5 days, 9 daye and 16 days.
m‘ll!mdamﬁ'nmthﬂemmm are shown inthabelow
e

Drg Dmg Dmg  Dnyg nrug
Dmg CGoor.  Coms, oo Comn,
Cone (nginl) {gfml) (pfml) (gl {uaA'nI}
(pghml)  1m3 [T [ 2T t=f  L=36
t=0 Ay dys  deys  days
Visl 100 102 100 o 04 106
Upright 109 93 & o8 85 7
Bap
10ml
Upright 100 o8 ] 114 97 o8
Bag
Soml
Investad 100 46 FiL] 18 21 1
ot
Tnveeted 100 (7] 57 102 73 &
Bag

%

ml

The data ehow thet the stebility, drug concantration over
time, of the phenmacentical compasition of the present inven-
tion that conteing cosolvent is more promising in the upright
configuration of the bag, The duia slso show That the recovery
of dmg product was poorer in the inverted bag configuration,

Inorderio determine wity the composition was more stable
mupnmmbupmmpnﬁmmww
hags, additional experiments were condncted. The drop in
drug conentration was not due to any new degradation prog-
wct {data not shown). We helieve thai the drop in drog con-
centration was due & drug adscrption on the bag marface. For
many hydrophobic drogs, adsorption on PVC surfuces is a

‘becunse the drug is in conlacl with PVC surlbces. This belief
is farthor supported by the faci thatwe observed poorar recov.
ery of the drug in the 10ml.. fill configurstion relativeto the 50
ml, fill confignration, althongh this poarer recovery may be
partly due to the fact that fhe 20 ml 6l configuration has &
surfice area to volume ratio, which adversely impacts
dmg adsorption and recovery, In conclugion, these resulis
suggest the nee of non-PVC bags and/or the carefi] evalua-
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tion of the bag size (solution volume) ex feasible options to
- minimizs dnig adsorption in arder to achieve sdequate drug

product recovery

A!ipubﬁmions, pateat applications and other
dmmmuhdmthiuppimhunmhuebymmpmﬁd
by refetence in their entireties for all purpopes to the sanie
extent as if each individoa] publicstion, patent, patant appli-
cation or other document were individnally indicated fo be
incorporated by refarence for all purposes,

‘While various specific embodiments have been illustrated
and described, it will be appreciated that various chenges can
be made without departing from the spirit and scope of the
isvention(s).

What is claimed is;

1, A method for treating acote clovations of blood pressure 15
in a human subject in need thereof, said method compricing
parenters]ly udministering a composition comprising from
about 0.1 10 0.4 mg/ml, nicandipine or a
acceptable salt thereof; a tonicity spent; and & buffer; wharein
the composition requires oo dilution before administration
and has 3 pH fiom zbout 3.5 10 shout 4.7, the compasition
when stozed in conininer for at Jeast theee months at room
wmpmumvﬂhﬂnimsoim!hmnlﬂ%dmnmﬂn

concentration of nicandipine or accepiable
mwﬂm@)-mwmmﬂm
shout 3

&Amﬁndﬁrindnﬁnzmoninahmnmhjm
mneedﬂ:exeof;uidmeﬂmdmmpdaing admin-
istering & composition comprizing frem ohowr 0.1 to 04
mg/ml, nicardipine or a pharmeceutically acceptable salt
thereof; 5 tonicity agent; snd a boffer; wherein the compogi-
tion requires no dilntion befre administration and bas = pE
from sbont 3.6 to about 4.7, the composition when stared in 2
containerfior st least three monthis atrocm exhib-

mgﬁ)hsthnaimmmﬁcmmmmnnfss

nicardipine or acceptable salt thereof and
(ii) @ total impurity formation of Jess than sbout 3%.
3. A methodl for tregting acte elevations of blood pressure
in a luman subject in need thereof, said method compriting
parenterally administering 1o 2 subject in need thereof, a
pre-mixed agusous saltion with a pH from about 3.6 to sbovt
4.7 comprising:
from about 0,1 10 0.4 mghnl. nicandipine hydenchloride;
r fonicity agent selected frown (f) about 4.5% to gbout 5%
fextrose or (@) ebout D.8% to ehout 0.9% sodiom chio-

from about 0.01 1o about 0.1 mp/siL citric acid;

the sgueous eolvtion comained n 3 pharmacentically
acpeptahle container such that the solotion does not
came info contsct with polar polymen;

fie aqueous solotion when stored in the conteiner for at
leagt one yeer et room temeperature exhibiting () less
than a lmmemthemhatmofmu:ﬂqme
bydrochloride and {ii) a total impurity formation of less
than abaut 3%;

18
aqneous solution prior to admindstration, *
4, The method of claim 3, finther compricing st Jenst one
pﬂujuﬁwuwﬁnmlbemupmsﬁngofhydmﬂo
5 yic aojd, soiium kydroxide and a mbaure thereof,
S, The method of claim 3, firther comprising from sbout 3
Mhaboﬂlimgﬁnllmﬁhl
6. The method of clsim 3, wherein the contsiner comprises
copolyester, polyethylene or polyolefio.
7. The method of ¢laim 3, wherein the pre-anixed aqueous
solution comprises:
ﬁnma'boutﬂ 1 to about 0.2 mg/ml, nicandipine hydrochio-

E‘m selected from () sbout 46 ta about 50
ar (i) :hautsstoahouwmyml.
audmmchhnde;md

froan ahoat 0.0152 10 aboui 0,0384 mg/mL vitric acid.
8.A method for inducing hypotwension in a human subject
2 mmdmifn;udmm pamﬂwallyadlmn
istering to a subjeot thoreof, a pre-mixed aquecns
npluﬂnnwﬁhapliﬂnmahoma.ﬁhahm47eomdm
firom abost 0.1 o 6.4 mg/ml. nicandipine hydrochlozide;
w tonicity sgent sefacted from (f) abour 4.5% to ahout $%
dextrose or (if) about 0.8% to about 0.99% xodinm chko-
7ids; end
from about 0.01 to about 9.1 mg/m. citric acid; _
the aqueous solution contained in & pharmacentically
aoceplable container euch thet the sclution does not
comg inio contact with polar polymers;
the aqueous solution when siored in the contuiner Sor at
kanomwnatmommumexhibihng(i)ku
than a 10% decresse in the conceniration of nicardipine
hydrochlotide and (3i) a total impurity formation of Jess
than gbout 39%;

aqueous solution prior to adminigtration,
9. The method of claim 8, firthar comprising at least one
pH adjuster selected from ﬂ:emmnmﬁngofhwmnme
% tic acid, sodium hyrdroxide and 4 miture thereof,
19, The mefhod of cluim 8, forther comprising from about
1 mp/ml to shout 4 mg/m1 sorhitol.
11, The methed of ¢laim 8, wharein the comisiner com-
45 Frises copolyester, palyettylene or polyolefia.
12. Themeﬂmdofdmmﬂ,whmﬂrpm—mixﬂdnqnm
solution comprises:
mwo.1 t about 0,2 mg/mL. nicantipine hydrochlo-

a tooicity agent selected from (@) ghont 46 fo ebout 50
mﬂdeenmmnr(ii)abmlssmahomgmglmL
sodium chiloride; and

from abowt 0.0192 to sbowt 041384 mg/ml. citric acid.

1

50
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Figure 4A
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1
METHODS OF TREATMENT WITH
FRE-MIXED, READY-TO-USE
FHARMACEUTICAL COMPOSITIONS

1. CROSS REFERENCE TO RELATRD
AFPLICATIONS

Thiz s & comtinmation of 1,5, patem applica-
tion Ser. Mo, 12/645,169, filed Dec, 22, 2009 which 15 a
contimvgtion of U.S. Pet. No. 7,659,291, fled Mar. 15, 2009
whichisadivisional of U.S. Pat. No, 7,612,102, filed Apr. 18,
2007, and clmims beaedit wnder 35 USLC. §115(e) 1o US.
Provisinoal Ser. No, 6(U/793,074, filed Apr. 18,
2006, the coptents of 2l of whick are- incorporated herein by

2 BACKGROUND

Nicardipine hydrochlaride ((2)-2-(benzyl-methy] smino)
aﬂurlmelbyli 4-dihydro-2,&-dimetyl-4-{m ﬂews
S-pyridinedicarboxylate a caleium
fon infhux inhibitor ueafl fhr the troatment of cardiovascular
andmehummﬁarﬂmﬂm(m,ng,vs Pat. No, 3,985,
758), Nicardipine hydrochloride i cnrrently sold in coprule
fiorm and i1 an injecteble intraverons furm, The capanle form 25
is metketed s CARDENBE® snd it availsble ssan immedisie
relonse oral apsile and a5 an extended releaze vre] capamla.
Theigjectzble inftravenous form of CARDENE® is nuketed
in glese ampels snitdble for jntrevenous edministration fol-
lowing dilution in 2 compartible inrvenons fuid, mch es
mwmﬁmmmmmwxmwm
terofaCARDENB®1 Y, ampul eonteins 2.5 mgicardipine
inwah-,&ﬂmgnbiml. buifered to pH 3.5
with 0525 mg citric acid monohydeate and 0.09 mg sodiom
hydroxide, For infuzinn, sach milliliter of the diluted formn-
Intion containg 0.1 mg of nicardipine hydrochloride, with 2
verizhle pH due to te dilwent selected by the end user, U.S.
Reiswe Pat. No. RE. 34,518 {a reissne of U5, Pat. No.
4,880,823) desciibes an of ricar-

dipine hydpochlnride
ampwl. LLE, Pat. No. 5,164,405 deseribes & baffered pharma.

ie ghlp phanmecentical

15

subcutamecni,
) mmmm:nfuummapm The composi-
3 the

injectable omposition
that i stored it u Eght recistant teown 48 adjmter.

2
ahle palts thereof, which are muitsble for continuous intreve-
novs infusion. By providing reedy-fo-use, premived
pharmacentical compositions with s offesed pH, these phar-
macentical compoitions sre siable st room temperature for at
5 least one year. When stored at moom temperztie, the phar-
maceotical compositions exhilit between 0% 1o about 15%
Soss of drvg and betwoen 0% toabon 3% (sw) Yotal impurity
formetion uver an eighteen {o twenty four morlh period.
Addlﬁmnlbmﬁuoﬂbemnﬂmd,mu!y%mqmﬁ
compositions inchude convenience and
ease of use 05 compared %o an supul formmlation, improved
safety for petioats doe to eliniination af dossge crore and
salotion contannation, reduction of medics] waste, and ease:
of administration i eitegency Steations,
mmmtdmhg?nnlnmto'plmhuiphmwunnl

rdipine Dydrochloride s hetwnon shout 0.1 ﬁmm
02 mg/ml, Dphmny,thcphmmm compositions can

eunp:rlpemds
mﬂlyoﬁmbnﬁdhmhmqum
mﬁhhmpmhaﬂm:hnﬁnnmﬂtypnﬂthayﬂ
within the yange finm aboyt 3.6 fo sbont 4.7, The composi-
tions van be adminictarsd by parenter routes, inclnding,
intrwmosenlar, imtravenous, ingra-atrial

] or

tions are suitible for the short-term trestmant of hypertenrion
when cral therwpy is not feasihie of decirable.
Meﬂndsﬁrmhngummdmudwm
formulption suitahle:
of providing an effective amouni of nicurdipine
Lydrochloride in 2 sohotion compsising ane or mere fonicity
agents, s buffer, and optionslly, one ar more cosclvents. Suf-
Ticient water is added to meke up the final volume. ¥ requined,
the pH of the sclution can be adinsted uEing a mitable pH
Thecompositionyare dispensed inpharmacentically
mmhwmmm@m

ceutical composition conigining nicardipine desigued for
parenter] sdminisiration, thet 5 als stored in sn ampnl,
Therequirement for diluting CARDENE® LV, hefire use 4, BRIFF DRSCRIPTION OF THE FIGURES
i# sssociated with 2 number of disadvantages. One dissdvan- 45
tage is that the diluted silution is only stable for 20 hoursel ~ FIG, 1 providesa illustration of the effect of

room temperature. Another disadvertage & that the pH of the
dilmifmnmﬂmmudmdmganﬂwmﬂnfdﬂm
Sinee CARDENE® 1.V. can be twsed under

ditions o control Hnudpmmﬂmmuncfmemmd n

disgrammatic
various diluents on the pH and stshifity of gn gmpl formm-
Tetion post dilution over n twenty Jour honr pariod Bt room

temperalnre.
FIGS. 2A and 2B provide s diagrammalic iluirefion of the

amgwil formmlation consnmes valnsbile time that could be used eﬁudpﬂmﬁ'ﬂshslﬂ’lﬁ za)udmmnnqm

o ireat 8 patient, Other disadvantages asaociaied with the
dilution step itchade the porestis) for contamipation, dosage

frmuilsiion com-

ficm (FIG. ZB)mnplumHl
hydrochlcrde, 0.1 mM ciivic

prising 0.1 mp/ml cicardipiy

errors, and safety hazards associated with the vse of glase mdmii%darmawc.,

55 FIGB, 3A.and 3B provide adiagmmmatic Toviration of the

ampils.
The pharmaceutical compositionk snd metbods described  effect of pH on drog loss (FIG. 3A) aud total impurity forma-

ﬁmﬂlﬁmm

heréinovercomethese In the Hon (FIG. 3B)
disadvantages. In perticolaz, the ready- mapmn]xedm e

1o-use, imjeciable formulations described hevein are steble,
allow medics] personal to ass prepared contrinery contsining

prising 0.1 mg/ml
acid and 0.5% saline xt 40° C,;

an injestedle formulation off the shelf withoot addidonsl 60 FIGS. Muﬂﬂmﬂudmsmmmmiﬂummdﬂu
prapanlhon. aveid potential cooteminetion problems, and  effct of nicardipine concentration on imparity fwmation in

eliminate dosage ewrors.
3. SUMMARY

Described herein are ready-to-use, presixed phemacen.
tical compouitions of micand ipine nrpharmacentically toept-

noo-sorbitol dentrose formulations vomprising 0.1 mg/ml

nicandiping
0.2 mg/m| picardipine

65 dextrosc efier vix months ot 40° C. (FIG. 4A); snd, in non-

sarbito] saline formulations comprising 0.1 me/m] icar-
dipdne tydrochloride, 0.1 mM citoge, 0.9% seline, or 0.2



Case 1:13-cv-05723-NLH-AMD Document 167 Filed 08/14/14 Page 77 of 112 PagelD: 2821

US 8,455,524 B2

3 4
mp/m] sicandigine hydrochlorids, 02 M titnle 2d 05%  US, Pae. No. 3,985,758, incotparsted hetein by sefireace in
ldineslhﬂmuﬂnﬂﬂ“ﬂ{lﬂﬁ 4B}, and ity mircty), Bxamples of pharmecentically acomptatle satts
FIOS,5A snd SB providen diagrammatic Sustration ofthe  of nicerdipine inchode hydrochlarides, sulfites, phosphates,
effect of ncompatible (FIG. SA) and compatible (FIG. 5B) mmmlﬂlm
plastic film compositien on product swbility 3t 40° C.ing ¢ Typically, the promixed pharscantical compositions
premixed non-sorbitol formulation vomprising 02 mg/ml  comprise 0:05-15 mg/ml xicardipine or a phamacentioally
‘nicardipine HCL, D.2 mM citriv acid, 5% dextrose, atapHof ~ @cvepiable salt thereof. For example, snitable concentrations
401042, of nicandipine or 2 pharmacentically acceptable salt thereof,
inchude, It ave not limited tn; 0.05-0.1 mpfml, 0.1-15 mg/m],
5. DRTAILED DESCRIPTION 10 0.1-10 mg/nl, 0.1-5 mg/mi, 0.1-3.0 mp/m], 0.1-2.0 mg/ml,
0.1-1.0 mg/m3, 0.9 mg/ml, 0.8 mg/mi, 0,7 mg/iot, 0.6 mg/ml,
The premixed pheemaceutical compositions describad o.swm,::snmgmmaﬂ:mn,zmymlmmmym
‘harein obmprise nicardiping or a phammoentically acoeptable Insome diments, pmmdphnumﬁed
salt froofas tho activeingrodient, ot Joast ono oticity sgent positians compriss nicandipine hydrcbloride s the active
end s budfir; Asused hoyein, the term “pre-miked” refeirion 15 Wuammmupﬂmhm
pharmaceutical composition thatdoes not require reconstitu-  administration af 8 concentmtion betwean 0.1 mg/ml to 02
fion or dilution before administration Jo apatient. Inotitredd ~ mg/ml In some embodiments, the concentration of nivar-
mmmmn{mmm d@mhy&omenﬁpbhﬁwmhﬂnmdhmmd

welected by bospital sicemined pharmacentionl 20 least bont 0.1 mp/ml. In uther embodizeny, tho cancentr-
muﬁmwﬂgm‘m’ herein are stable atroom temperstige. Hon of nicandipine hyfdrochtoride sitable for nee in the com-
k6mnmlnrhmdnamﬂmmlwmufahﬁuqnble positions and methode deecribed hereln inclndes, but is got
of maintuining the pH within an optims) pH mege, whichis  Hmited to, at Jeast absut 0.2 mg/m],
typically between 3.6 to shout 4.7, In some embodiments, In some embodiments, the premixed formulation ¢om-
wulteble pH adjosters andforcosolvents ere sdded 1o the phar- 25 prises, in addition fo nicarcipine andor itr ghammacewtically
acentica] compnsitions, accepteblesatte, a buffer fhat hes sulficient buffering capacity
5.2 Premixed Phamieceutical Compositians to meintain the desired pH sange thmaghout the shelf-dife of
The production of stable, ready-to-use, premited gharme.  the product, As shown in FIGS. 24 end 28, pH is important
peutical compositions comywising nicerdipine and/oritephaex  for the Jong term stebilify of nicandipine in the premixed
mmﬁuﬂquhﬂambmﬁemﬁmmmm 30 phasmpcentical compositions, Althengh the pH of the pre-
dwe!npmenthﬂesmmﬁu&uhpmanof mixed pharmaretical compositions can range fromt betvreen
the copcentraled ampul product scld u aboet 30t abont 7.0, pharmaceutical lavinga
CARDENE® LV. As shown in FIG, 1, the perceatof nicar-  pH within the range of shout 3.6 to.about 4.7 exhibit a fowee
dipine remniving in solution decreases us functionofpHover  pereentage of drug degradation and totel impuities (Sze
a fwenty-four hour peciod. The peroent decrease in nicat- 35 FIGS. 24, 2B, AA and 38). Accordingly, suitable pH renges
dipine waries with the dilemt smd coedeiner chosen by the  forimeinthe premived pharmaceotics] compotitions include,
hospital staff. tutare not Fimited 1o, pH range of at Jeast about 3.0, et Jess!
As flexcribed in the Examples, pH (soe, 2w, .5, FIGS.  ahowut 3.1, of loast abont 3.2, st leastabont 3.3, at feest shout
24, 7R, 3A and 3B), the conceatration ofhesctivelaptedient 3.4, at et abomt 3.5, at Jaast abomt 3.6, i beast shout 3.7, at
(se, also, 6.8, FIGS. 4A and 4B), and the composition of fie 40 Jeast sbout 3.8, &8 least about 3.9, st least sbout 4.0, a1 least
containee materisl {pee, alio, .8, F1GS,5A and SB) affectthe  about 4.1, ot Jeast sbont 4.2, st Jeast #bovt 4.3, at beastsbont
etability of the active ingredient and the formation of impa- 4.4, at Jesst aliour 4.5, ut least sbout 4.5, at Jesst wbout 4.7, a1
rities, Thus, the developmeni of & stable, ready-fo-wse pre-  least gbout 4.2, =t lenst about 4.9, et loast sbout 5,0, ar lesit
mixed phermacentical requires simubaneous  about 5.2, gt Jeest abomt 5.5, at lenst sbout 6.0, ot least abont
npﬂmnuono:ryﬂmﬂmﬂipmelwﬂmdﬂnﬂdemm 85 6.5, it least shout 7.0,
Yon, 83 well as celection of a phannacentically compatible In eome embodiments, the pE of the preamixed pharmacen-
containar, The ready+o-nse pharmacentios] combositions hmlmmmm:bmmabwtsnmabunsn.mm
Jesceibed herein extibit 0% to 15% drop indrug concentra-  emibocliments, the pH of the prentixed
tion xnd 0% (0 3% formation of impurities when meintined  positions is between zbout 3.6 1 rbout 4,7, lnolhu'amhotﬁ
#t room {emperalure for 6 1o 2t least 24 months, Typically, the s¢ ments, the pH of e presnixed phermucentical compoei
pharmaceutical compositians arc stebile whea mainteinedat i between sbout 4,010 about 4.4 Inyetodﬂemhndim
soom temperature fior £ Jeast 6 monibs, o) Jesst 12months, af  the pH ol'he premixed pharmaceutice] compositions is 4.2.
Teast 18 momths, snd e Jeesi 24 momths, The comporitions ars Buffarw guitable for wse in the phansceutics] composi-
&lso stableover extended periods of fime when maintinedst ooy described herein inclode, Tut ate not mited to, phar-
temperatures fromshonst 2° i 8°C, Theterm"siable”, nyused s5 mwﬁdbmuemuuﬂd&dmgnm
‘therein, mears remsining in a state orconditionthet is soitsble citrate, tarimte, benzoate, lactate, histidine or other amino
for administestion o = patient, 2cids, Mmmmmm
Componmdds far vse according to he compositions and pieme,md ‘“Pharmacentically acceplable”
methods described herein fhat can contein one ormereesym-  ged herein in the sense of being wmpm‘bhwﬂhihem
metrie comers can oecr 25 mommAtes, tacemic mixtures, aod 60 ingredients of the formulation wnd ot deleterions fo the
&5 gingle ensntiomers. Accordingly, the compositions and  recipient thereof. Accordingly, the term *phammacettically
niethods described herein arc meant to comprehond ol iso~  scocptable sl refersuces sult fooms of the active oam-
merje farms of such compounds. pountls which are prepared with counter fons which are nen-
Mmmdphmmﬂml compositions doscribed  toie under the conditions of ese end are compatible with &
se picerdiping sndior e phermaceutically 65 stable foomulation. The concentrution of the tuffer in the
nwephblunh Nicardipine, its pharmacentically apcept-  formulation cam be expressed in mg/mt, g/ or ps & molar
able saits, preparation, and vuse are koown in the art (see, g,  concentration, In typial embodiments, Trom about 0.0001
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mg/ml toabont 100 mg/m] of a mitable bufferis presentinthe  mp/m1to.about 20 mg/ml, T, the premixed pharsncentical
pharmacemtical compositions, Thus, the premixsd pharma-  coripesitions can comprise one or more fonicity agents at
weutical compowitions can compeire from about 0.0001 1w abontl-ﬁms'ml,anbonti-mmjml,nabmtlo-lsw
nbomomlmymloramiumhﬂr, from sbeat D001 1ol abont 15-25 wmg/ml, ot about 25-50 wmg/mi, at about 50-60
sbont 0.01 my/ral of & snitable buffer, from about 001 o 5 my/ml, &t abont €0-70 mgfnl, at sbout 70-80 mgfm), and at
about 0.1 mgim? of a sniteble buffor, fom about 0.1 0 1 about 80 to 90 myfml, a3 well a3 combinaticns of the sbove
mg/ml of a woitsble buffer, from sbowt 1 %o shoet Smg/miof  renpes.
asuitshls buffer, from sbout S o abomt 10mg/m] of aspitable Altetnatively, the tonicity agent conceatration is measured
‘TarfTir, From about 10 to bt 15 mp/ml of & mitable buffer, i weightvolume percent, In typical embodimerts, the tonic-
ﬁnmaboﬂlﬁhabmxtﬂmgfnﬂqfuumﬂ:buﬂ’a ﬁm 10 ity agent(n) uwﬁmmm%m{m 10%. For
ahoat 2010 sbout 25 mg/ml of w suitable bufier, from abont exemple, suitable tonicity ageat concentrations include, tut
toabont 50 mg'mlof n suiteble boffer, ﬁmubmxtsowllml arenottimited jo, froen abot {1,154 to about 2%, from about
TS5 mpfeal of 8 sojtable bnffer, and fiom showt 75 1o about 100 0.2% fo abougz 3%, from whoat 0.3% to shout 0.4%, from
mgjin] of w suitsbie buffer, about 9.4% w sbopt 0.5%, from oot 0.5% 1o about 0.6%,

Alematively, the buffer concemtestion cen be cxpressed s 15 from about 0.6% to sboul 0,7%, from sbeut 0.7% 1o sbout
molar concentrtions. In typics] embodiments, from sbout  0.8%, froe about 0,8% 1o about 0.9%, from abont 0.9% ©
0.1 % 100 mbf of a suitable buffer is present in the pheema-  sbout 1%, from about 1% to pbout 25, from about 2% to
cenﬁmleampomm- Thus, the premixed pharmaceutionl  sbout 3%, finm about 3% 1o sbout 4%, from abom 4% to
catttpositions can comtprisea sufteble buffer kaving g concen-  about 5%, from about % o shout 6%, Fom shont £% to
tration from abozt 0.1 1o about 106 mM, from shout . o 20 about 7%, from about 74 o showt 8%, from shout 836 1o
about 0.5 mM, from sboat 0.5 10 sbout 1.0.mM, from about ~ about 8%, mnd from about 9% to about 0%, oz well as
1,010 about 5 M, from shont 510 about 10mM, fromsbowt  combinatians of the above reamges,
10 to abaut 15 mM, from shout 15 to about 25 mM, from Insome embodiments, the tonicity agant is dextrose. Typi-
smﬁbahﬁwmmﬁnmﬁnﬁwbnhmﬁmm cally, the concentration of dextrose suitshle for nee in the

Trozn about 75 fo about 100 mML 25 premived pharmaceutical compositions is between sbout
hmmhoim,ﬁepmﬂdﬂmmﬂulm- 2.5% (w'v) 10 sbout 75%. By way of example, suitsble
poxitions farfhercomprise a pH adjuster. Sniteble pH dextroge boncentrations includs, but ane pot hmited to, from
mtypm]lymludeat]mtanmdunultw fora  about2.5% to wbout 3%, from about 3% to abort 3,5%, from

‘base or ayalt thereof, Acids and bages tan beaddedon fnas  sboul 3.5% to ebout 4% {which ic equivaient o ghoot 40
needed bagis it ordertoachieve a desired pFT Forexattiple, if 30 mg/ml), from about 4% 1 abowut 4.5%, from shout 4.5% to
the pH is greater than the destred pH, macidcan beusedio  about 5% (wirich ix squivalent to sbout 50 mg/ml), from abont
Tower the pH 1o the dedred pH. Acids soiteble for usein 5% o abomt 5.5%, from about 5.5% 1o sbaut 6% (which is
premixed pharmacentical compesitions nclude, bt are 0ot equivalent i sbont 60:mg/ml), fom Abont £% to about 6.5%,
limuited %0, hydeochloric acid, phosphoric ecid, gitric acid, from shout 5,5% 1o shont 794, ex well #s combinations of the
Evcorbic scid, acetic acid, mlphuric acid, carbonic acid end 35 zbove rimges.
niteie acid. In some smbodiments, kydrochloric acid ix med In some embodimagty, the tonicdty agent is eodium chlo-
1o ndjust the pH. By way of anofher example, if the pFlisJess side. wmﬁewmmnafmdlmcwdnﬁuble
fhan the desired pEL & base con be sad inadjustthepHtothe for use in fhe premived pharmacentical
desired pH. Pasos suitable far use in premixed pharmacenti-  betweensbont 0.1% (wiv) toabout 1L8%. Bymynfamnple,
cal emmosiﬁm intinde, bt mmlmmd to, scdium 40 suiteble sodfum chloride concentrytions inchnde, but #re not
Tydroide, potsssivmn hydroxide, caleinm hydroxide, sodium  Timited to, from abowt 0,19 to abaout 0.2%, from about 0.2%6
carbonaie, sodfum cifrate, sodiym scetate, and magnpsium  to ghowt 0,396, from eboyt 0.3% o shout 0.4%, from ebout
‘hydroxide, n some embodiments, sodiom hydroxideis wed  0.4% to sbout 0.5%, from sbow 0.5% o about 0.6%, fom
to adjust the pH. ahout 0.6% to 2bont 0,79, from gbout 0.7% to shont 0.8%
hmmmhpmhdphmmwm 45 (which s equivalent to £ mg/ml), from oot 0.8% to about
‘poxitizas Turfer camprise ane ar more tonickly agenis. Typi-  0.9% (which is equivelent o 9 mg/ml), fiom ahoot 0.9% o
cally, tooiclty agents ave used to sdjust the nsmolality of the  abowt 1.0%, from about 1% to about 1.2%, from 1.2% (which
compositions o hnug:t closerfo s equivalent o 12 mp/m) 1o about 1.4%, from sbout 1.4%to
The cxmotie pressuee ol body fnids, soch s blood or plukma. — dbout 1,.6%, and from about 1,6% to sbout 1.8%.
In some exibodimente the topicily of the prentixed formuls- 50 In some embodiments, the premived pharmaceuticl com-
tion can be modified by adjusting fhe concentration of buffer podﬁmcompmemﬁree,fm, or mane ety agets,
mﬁmu&umpmﬂpmwnmlh:mmdfnmh- Inﬁmmbodmm:, ounceniretion. of euch fonisity
agentis Toss than the coneantration (it isused when

I'mwkd that the compositions are physialogicslly com~  onlyaginglesgent i present in the premixed formuletion, For
patible, the compositions do not require any particular osmo- 33 example, if the pramived fomulation comprises surbitol at
Jutity. Thus, the compositions can be hypofonic, fsstonje or  1.92mg/ml, asuitshle coacentration af sodium chlorideis 8.6
hypertomic. 'Epnﬂyhmmdﬁmdmmu- mg/ml. By way of ancsher sxamyple, if the premixed fiormn-
tioos have 8 tonicity between sbout 250 to sbont 350 mOsm/  Istivn comprises 1.92 mg/m) soebitol, 5 suitable concentn-
Ly tion of dextrose is 48 mg/ml,

Suiteble fonicity ageats for use in the premixed pharma- &0 Insome embpdimenty, the premized pharmacentical com-
ceatical pompositions include, but are not imited 10, anhy-  positions further comprise one or mare cosclvents. A ¥cosol-
drons orbydrous forms of sodium chiloride, dextross, spcross,  vent™ is a polvant which is adkled 1o the aqueows formmletion
aylital, fructoee, glycami, serbitol, mannitol, potessium chlo- in a woight amoumt which is Jess than thet of water and sselsts
ride, mepnose, caleium chloridr, magnesivm chiaride and i tho solubilizntion ofnimetdipin: and/ar a pharmaccatically
other inorganiic seltv. The qnantityof the tonicity agentinthe 45 acospinblc sait thereof, cahences stability of the premixed
fermnlaticn can be expreased in mg/mil orin g/1.. In typical ﬁmmhlmn,mdhad;umhm]ﬂyoﬂhepmm
embodiments, the tomicity agent(s) is present from abowt 1 phermacentical compositions. Cosolvents suitable for usoin



Case 1:13-cv-05723-NLH-AMD Document 167 Filed 08/14/14 Page 79 of 112 PagelD: 2823

US 8,455,524 B2

7
the premixexd phermacentical compositions inciude, ot are
not limited 1o, glycals {22, polyetylens glyedd, propylens
glycol), ethanc], and polyhydric afoohnls {e.g., sorhiinl, man-
nitol, xylol).

The quantity of the cosolvent used in the formubsting van
be expressed i mg/imi or in g/L. in typical embodimands, fhe
m]vuﬂ(;]upmﬁmnwlmgfmlmlbmlﬂo

sompositions can
s) ot sbout 1 fo pbout 2
mg/ml, at sbout 2 o sbout 3 mg/ml, st about 3 to shout 4
mg/m), at abort 4 to about 5 mg/ml, at shout § 10 tbomt 10
mg/m}, At sbout 1040 zbout 15 mp/mil, at shout 25 tosbout 25
mg/m}, at zbout 25 to sbout 50 mp/ml, xt ahoot 5040 sbout 60
migral, gt gbout 6040 ibont 70 mygfm, st zhoul 7010 dboul 80
m/ml, ptabout 80 1o S0mg/fmi, kind et abont 91 10K rog/nl,
a5 well as combination of fhe gbove ranges.

Alematively, the cosoivent conoastration is mexmred in
weightvolume percent. In typieal embodiments, the ensal-

vent(r) is present fiom about 0,1% fo sbout 25%. For x

example, soitahle cosalvent concentrations include, but are
1wt limited to, &t Teast abont 0.1% to 0.3%, from about 3%
to shout 0,5%, fiom abont 0.5% 1o about 0,736, from about
1.7% 1o sbont 0.9%, from dhout 0,9% 1o abour 1%, from

about 1% to about 3%, from abost 3% to about %, fam 25

sbout 5% to about 7%, fram about 7% to sbout 58, from
about 9% 10 sbhout 11%, from about 11% to about 13% fhom
#bout 13% 10 sibou 15%, fram about 15% fo abont 20%, und
from about 20% to aboit 25%, uwallmmmbimunnofﬂm
#bove ranges,

In some exnbodiments, the presmixei phammacentical com-
pocitiong further comprive 0oe cr mom cyclodextrins, Duato
Peelr strocture, cyclodextring have the ahility ty form com-
plexes, or inchaion complexes, with a varisty of organic and
inorganic molevules. Complexes nfniwﬂzpmewxﬂ:mio—
dextring have been decribed (see, 0., U5. Pat. No. 5,679,
237 which fhegeribes an intinsion complex of nicandipine or
its ydrochlocide withi alpha-cyclodecrin, bets-cyclndextrin

ar gamma-cyslodextrin; 1.5, Pat. No. 5519,012 which 4

describes inclusion complexes of dilydropyridines, includ-
ing nicardiping, with Hydeoxy-alkylated-f-cyclodmdring;
and,Us, Pﬂ.ﬂmﬁﬂ“ﬂwhnbdaaibummmm

a pharpceiticol compoxition
wdodﬂnim) Hmmmmamum&m- 5

dropyridine in combinition with s cyclodextrin compriring

sulfaie group, An example of ¢ mnmuﬁallymhhlem!-
fmdmiodmﬂninmmsom CAFTISOL® s a polya-
nionie f-cytlodextrin derivative with 8 sodium yulfonate salt

that s sepaneted fivm the Gpophilic cavity by a byl ether 50

Fpacar grotp, or sulfobntylether, Methods for meking the
rulfbalicyl elher cyclodexirin derivatives are well known in
the arl poed are taught in U.8, Put. No. 5,376,645, Methods for
forming complexes of the derivetives with a drog s also well

Tenyoen i the ol us disclosed ip 13,9, Pat. No, 5,376,645,
Thecyslodexdtdinconcentration can be measured in weight/
volime pervent, In typieal embodiments, cyclodestrins) is
present from about 0.1% to sbout 25%. For exampls, suitable
in(s) soncentmtions inclide, bt ave not fimited 1,

cyclodextzin(s
at least shaout 0.195 to 0.3%, from ahoot 0.3% to abont 0,5%, &

from abot 0.5% to about 0,786, from about D.7% to sbout
0.9%, from about 0.9% 10 gbout 196, from about 19 1o sbout
3%, from abam 336 10 about 595, from sbout 5% o sbout 796,
from sbout 7% % aboot 9%, from pbout 9% o showr 11%,

fromabout 11% to about 13% from about 13% tonbowt 15%, &

From ghout 15% to about 2056, and from about 20% to ahout
25%.

8
Exeruples of steble, premixed pharmaceutics] canposi-
tions ¢onmrising the sotive ingrodiend, a loniciy agent, &
uffer nod optionsity, 4 cosolvent are shown in Table 1.

TABLE1

Acivehgrediont (mghl)  (mphol) {raponl) FE

slcandipine Nl Citioschl,  Bortitol 547

{0} myim) ¥ 0192 mp/mt) =

nivandipine Dextrear, el i, ::gm 647

{0 mgfmd) ¢8 mg/ml) (omszmm

Ioandipine Nl Citricasid,  Mome 1647

hydrochloride  (9mg/ml)  anhydrous

(0] mpfml) {0.M92mghni)

mondipine Detrowg,  Clinjracid, Nooe 3647

Yydrocklolds  hydtom  aeipdor

01 mgml) (Umghnd) {00192 pygiml)

wmudm gﬁl‘ﬂﬂ Citrio aeld, Nope AFAT

02 mgll) {0.0384 mg/m])

lewlpine Dextions,  Cltrodald,  Nom 3647

my/iml) 150 mg/ml} 44 mg/ml)

uif.;d@nl :{:;: gﬂ:m E::ul 3647

S B,
Iydocklorids  hydmos m (4 oyl e

mm @Smghnly (DL mafuly

in some embodiments, the pharmaceutics] compositions
are gy ey deweribed in 1.5, Provisional Application Sec. No,
G793,084, fled Apz. 18, 2006, which s incorpossted heicin
by referenss,
53 Methods
The onder in which varions components comprising the
maddedhﬂnbuﬂnﬁnlnhnni:mﬁﬁn],

to fhe buffered water sohnian; n:lﬂmg an pH adjuster to
achleve the dezired pH; and then adding sufflcient warer to
make vp the final volnme, If necessary, the pH e40 be resd-
emm:plm ﬂm- m:;iﬂom papmaybrmshﬁu
i, the co a0 ed

and nicardipine or a phermeceutically sceepiable salt theseof
o witker;, 2ilding 2 tonicity agent and/or cosolven, adjusting
the pH to achieve the desired pH range; aod then edding
sufficient waler 0 make up the finsl volime By wey of
amﬂ:wmnmle,awmluuimbcaddedpiurwmudﬁ—
tion of nicardipine or a pharmecentically acceptuble zalt
thereof, and a fnicity agend can be sdded after the addition of
nicandipineora acceptable s2lt theseof. By
way ofmwother exampls, & tonicity agent canbe sddod prioc o
the addition of nicardipine or & phermacentically accepiahle
salt thereof, sutd & cosdlvent can be sdded after the sdditionof
nicerdipine or 8 pharmaceutically acceptebife salt theveof. By
wary of mother erample, the compositions can be prepared by
adding buffer; tomicity agent and/or cosclveat to waer;
mmpﬂma&dpﬂmmmdﬁm
nicardipme {for cxample, jess than pH 3.6); sdding nicar-
dipine or a pharmacentically acoepteble walt thirsof; adjust-
ing the pH 1o achicve the desired final pH range; and then
edding sufficient water to make up fhe finel volvme.
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In some embodimests, pharmacentical compraitions com-
prising nicardipine , dexirosee, and citrle boffr
ﬂpHSM?Mbemwmmmmm
adding dextrose 10 the brffered water, adding i

bydrochloride to the buffered water solution, adjusting thepH s

i necessary to the ampe 3.6-4.7, and adding sufficient water
o make up the final volame, If necessary, the pH can be
readjusted to between abous 3.6 1o vbout 4.7.
prising nicandipide hydrochloride,

zate buffer ot pH 3.5 1o abont 4.7 van be prepared by adding
citrio acid w water, adding icerdipine o the tuffered water
mm%;mdhmchbﬁdahﬂmmm
ﬁon,nﬂmﬂngﬂ:opl—ltohtwmnbontlﬁmlbumﬂ,

sufficient woter o mako nprihe finnl volume, K sorbi- 15

tol is inchaidad in the formulntion, sorbitol is added at the rame
mjummm the phannscenticsl compositions

S0Ime
mbepnpueﬁhyaﬂﬁngmmdspmnﬁpbammﬂmﬂy

salt therenf toam wckdic solution having a pH less 20

than 5.0. Fot example, the scidic schition can be prepared by
adding an arldic componant of a bl system. A buffer; one
ormare fonicily agents, and/orcosstvents can beadded to the
acific solotion before of after dissolving the nicandipine.

Sufficient water is then.added to make up the fina] volume, I 25

necesgry, the pH of the composition can be adfusted to
between about 3,6 to about 4.7,

In snvte embodimants, the pharmacentical compositions
can be made by adding nicardipine or a

pharmacentically
acceptahle salt thareof f0 & sehytion thet hag bees heatedfo 2 30

temperature greater than 35° C,; adding buffer, ooz or more

tonicity agents snd/or cosclvents to he acidic solutions; and
aﬁﬁmmﬁ:hﬂmmmhnpﬂmﬁm]whm&lfm
essary, the pH of the composition can be adjusted 1o between
shout 3.5 o ebout 4.7,

The phermaceutics] compositions can be packaged fornae
in a variaty of conteiners. The sompositions sre prefersbly
packageding acoeptable contriner, such s
an intravenons bag ar botfes, Dna 1o the light sensitivity of

packages can be ueed tht reduee the smonnt of 40

nicardiping,

Tight which canreach the compusition. For rample, in some
embodiments, the container may, optinnelly, forther com-
prise a light barder, soch asan aluminum overpouth or
carion.

Inszome the premixed
positions are dispensed in intravenons bags, such as pre-mix
bage and admix begs. Intravenons bags are welt known in the

in uum:anbnﬂmmts, the mpmem of the bag that
come into contect with the pharmaceutical
£hould niot contain polir palymens, such as polyvioyl ciloride
{PVC) and ethylene vinyl aceinte (EVA), Examples of bags
that do 101 contain poler polymers and thms, ave snitsble for
use in these embpdiments, inclode, but are not limited 1o,
GALAXY®, EXCEL®, VISIVD, and VIAFLO™,

Procednres for filling phermaceutical compositions in
pharmacentically acespfehle contuiners, and their subseqoint
processing are knownin theart, These procedares can bewsod
W produce sterilc phanmaccutical drog products often

soidium chleride, end cit- 10

pharmaceutica) com- 45

sitions 35

10

egiation Tor Sterlization Process Vhlidation in Applications
Jor Human and Velgrinary Drug Producis™, (November
lm}mnmyleufmblewwmuﬁ:rpmmmgmﬂe
phammaceutical drug products include, but sre not Jimited to,
terminal meist hear perlization, adylens tide, radiation
(3., gamuns snd electeon beant), and ssepiic prosessing tech-
niques. Any on= of thees setilization procedures san be nged
1o proiuce the sterile pharmaoentical compositions deseribed
herein,

tions cxm bo prepared uing lmpﬁcpwmghduﬁquu
Myhmmhﬁbym;zuﬂemhmdam-
trolled working envirnment. All conteinat: and apparats
are fetilized, prefembly by beat stesilizatioq, prior to Glling,
Then, the contsiner is filed imder aseptic conditions, sch as
by passing the composition throvgh & filler and filing the
mity, Therefore, the compoafiions can be eterile fllad into a
conteiner to svwaid the hest xtness of tarminal sterflization.

In some embodiments, the tompoeitions are terminzlly
sterilied using meist hest, Terminal sterilizalion ean bevsed
10 destroy &l visble microorpanisms within the fingl, sezled
confeiner ommaining the pharmacentical romposition. An
attoclsve is typically used to necomplish forminsl Leat-ster-
ﬂm&drngmdnﬁmihurﬁnalmw&
sutochove cycles in the indowry 1o achieve
serminal sterilization of the fioal product sre 121* C. Sor at
Jems! 10 minules.

The pharmacentical compositinns described hwrein can be
need fhr preverdion or ireatmest of acwiz sievations of blood
pressure in almman patient in need thereof, In seme embodi-
ments, the patients being irested ziay be vohape-restricled
dne t0 # co-existing medical condifion and thm can henefit
from the administration of higher concentration and Jower
foid wolums of nicardipine, Exemgiles of medicel conditians
In which it would be adventagecs to administer low volume
formulations fuclude, rensl faflvre, sacites, cercbml edema,
congestive heart Sidture, Yver fiilure, or a CNB lnjury. Dos-
eges ¢an be individudlized depending upos the sevetity of
Typestension and the response of the individus! patient during
dosing, Typirally, the dosage is edministered as 4 continuous
infinion of b pre-mixed , 1n some embodiments, the
paticot hias on eloyated b mwiﬁnmm!icaqmlm
orgregier thim 150 mm Hg. Inotherembodiments, the subjecs
ies an eleveted blood pressure with a disstolic valoe greater

than o equal to 90 mm Hy,
In poree smbodiments, the pharmacentical compositions
can be weed to prevent acute elevations of bleod pressure

anu_mwdwilhwmmmednl Examples of

mm;u(m,e.g,.m wtel, 1998, 1. CMulAnsthu-
sig, 10:394-400), carotid endatterectamy (Ese, €.4., Dorman,
etel, 2001, J. Chinical Aneathesia, 13*16-19.h-nchmlimha-
Yien (Song, el &l 2001, Anceth Analg,, 85:1247-51) and skin
inclsian (Song, etal., 2001, Anceth Analg,, 35:1247-51),

1n some auhodiments, the plammacenticsl compositions
can be used o treat acote elevations in blood pressure doe to
cortein cardiovascnlar Bnd cercbrovascular conditions,
Examples of cardiovaseular conditions that arc asanciated
with sczic: elevetions of blood presmure includs, but are not
limited to, esstntin] hypertensioa, nngul, acole
symwmualkypm lﬂﬂ‘ﬁﬂﬂﬂ,m-

required fir hoalth care. See, ¢.g,, Ceaterfor Drug Evaluation és sary artery discasc, mybmniill infarction, cardiac archyth-

and Research (CDER) and Center for Veserinary Medicine
(CVM), "Guidance for Tndustry for the Submission Docg-

mins, candiomyopethies and artedoscleronis, Examples of
cerebrovascylar pondifions are essocisled with acute eleva-
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tions of bivod pressure inchude, but are not Himited fo pulmo-  scceptehs palt thercof. Micardipioe and its phermaceutically
nrry hyperimsion, cersbral innufficiency and prigraine hepd- anmblnﬂu,ﬂnrmhqmﬂmmhmnm
ache, the art. For example, they are disclosed in, mmong
In some ambodiments, The phermasentics] compositions mu&mms,sss,vss,mmwm
¢2n be nsed 1o treet other congitions that eause hypertension 3 hiesein by reference in its cntirely,
incloding, bt net Hmited 1o, renal disorders (e:g., renal Ja soms embodiments, the plemmacentical comporitions
perenchyms] disorders or rend] vasculer disssse), coarviation  comprise 0.1-15 mg/ml sicardipine or & pharmscostically
of the zorta, pheochronmocyloma, byperbyroidiem, mela-  aceagible selt thereof, For example, suitsble concenbations
bolic syndrome, solid orgen tremuplan and drog-related  ofnicandipine or a pharmaceutically acceptable ealt thereaf,
hypertension, » mclgde,t:l’mwlmmmto.ﬂl-lswmomumyml
In some pmbodinents, the pharomcentical compositions  0.1-5 mg/ml, 0.1-3.0 0,1-2.0 mg/mt, 0.1-1.0 mg/ml,
mhmmmmmmwm 0.9 mg/ml, 0.8 mg/ml, 0.7 mg/ml, 0.8 mpfmi, 0.5 mg/ml, 0.4
incinding, bt not limited to cardioturacic supery, spint mgfml,oamgml,ozmymmmmym:

wirgerics #ad bead end nack sorgaries, In thiz sitemative {he phamimcestical compositions
15 can bo used to freat candinc canditions, Preferably, the com-
6. ALTERMATIVE ASPECTS pmbmmbemdmumwnﬁmﬂm“ﬂhmdhy

the pdministretion of caloium channel antagonists, such g
In en sltemative aspect, the prosent invention relites o cardiovascular pnd cershrovaseniar candifions, Cardiovasen-
pwe-mixed, ready-to-ute, injectable pharmaceuticel composi-  lar conditions thay cen be treated with the pharmacentics]
tione comprising a tardiac medivation of p phamaceutically 20 pomponitions of the present fovemtion incnde znging,
mmblanluhawi;andnthutmuhmm:nﬂn ischensia, systemic erteria] hypertension, congestive heert
emnplmnsmf,mdshﬂmnsm The vompoeition  faflire, corannry artery discase, mynoandial infirction, cor-
fither comprise a tonicity aget, The compositionsare ~ dizc anchythrnisg, cacdipmynpathies and arieriosclerogis,
m&bmmpﬂdﬁemupﬁmﬂy Creebeovsocular condititnms that can be trested with the phar-
between 3 and 7. The compositions efe prefersbly packeged 25 mapsutioa] compositions of fhe presend invention inchude pui.
in & pharmaceutically accepiable comteitiey, soch @i an inirs-  monary hypertenzion, cerelire] ingufficency and migraine.
venous bag, syringe orvidl. Prefershly, the compositions sre Pmﬁablxﬂ:ewmmmmmdtomhpmﬂn
weed fur the treatment of cardiovesculer and cetsbrovascular Inthis alemative aspect, (he compositions
conditionz. The present invention aleo relates to mefhods for ~ of fhe prosent fvention also comprise gt Jeast one of a vosol-
prepating such compositions. In this other aspect, the ferm 31 vant and & complixing sgent. Therefore, the campositions
“pre-mixed", a5 uaed hereln, means p pharmaceutical com- mympﬁu.;;;:snlvml,amhingmnnlﬁple

‘ - ipl :
adminjstmtion. The term “pre-suixed” may also mesna phar-  agents, 8 complexing agent end aultiple cosolvents, or sl
maceutical composition wherein the figus solation and the 35 fiple cosclvenis end multiple compleing sgeats.
sctive pharmaceutical ingradient are separated from the point In thix alternative aspect, Nicardipine and ifs
of mamfactom and in storsge, such a6 When fhe salubon s fically acoepisble salts are only sfighily sahible in water,
stored in an intrvenots bag and the gotive pharmacentiosl  Cosolvents and complexing agents help solnbifize nicar-
ingredient is tyophiltized and stored in a vidl thatisconnacted  dipime in fhe acquecus solution of the pharmaceutical com-
o the bag, but not in floid contact with the solution until jmt 40 posltion, Cosalvents and comilexing agenis are cxporially
‘bmadmnmﬂmpmmy.hphm benaficial when & high poncentmtion of nfcatdipine Is
tical compositions are aqneows solutions thet ere wdminis-  present, such as in the compasitions of'the presest irvention.
meﬂ&::qlwﬁmﬂmnﬂuly the pharmacenticel campo- An advantape of the compasitions of the present invention is
sitions may be fyoplifized and then reconstiosted in fsotnrds  that they have 8 high conceninton of picardipine, which
seline, fir example, before intravenons sdministeation. 45 allows the composition 10 be sdminimered using 4 Jower
Inthis alterzative aspect, the pharmecenticsl eompositions ~ volume of intravenons uid, Such compositions can be o
of'the presont invention comprise & cardine medication oc @ frestmont opiion for a gresier muoher of pationts, especially
pharmaseutioally zcceptsble sl thereof Exsmples of  vojume reatdcted patients,
clagses of cardise needicationy inclode beta-blockers, calcium ]nﬂ:hallmahwupw;uﬁmmmmmm
chennel anlignrivts, angiolensin cimverting envyme inhibi- 5o ihaimsy beneli! from = higher conrentration snd lower Suid
Torg, dinretics, vasodilators, nitretes, anti-plaalet medica-  volume of nicardipine inclode, tul sre not Hmited 1o, the
lions and anfi-conglants, Prefexsbly, the arBac medication  following: scute congestive cerdiac fihire; pediatrics; fyper-
is aaleinm chanoel aningonivt ora pharmsceutically ncoepr- lmuwmineldulypnm where fluid ovedoad is a
sble salt thereof. More prefivably, the cardine medicationisa  majorconcent, 2l acute strole ereas incloding AIS, X°H and
diydropysidine dexivative or s pharmacentically acoeptable 55 SAH to contrm! blood pressure; contralled bypotension dor-
walt thereof, Moz prefersbly, the cardine medication s pica-  ing mugical procedures including cavdisthorecic sorgery
rdipiee of u pharmaceutically accepimble salt fhemeof  {CABG, coarctetion of the aorta, eis.), spinel surgedies, and
Examples of pharmacetically acceptable seils of nicardipine ~ head and neck surperies; and neurosnrgery for the control of
mlwdm:l:ﬂel, mkihies, ﬁplmpbms, acetales, ﬁma:;?; bmkﬂ::ghhypm:hmm nsmlidenda:;?wwny  traw-
mafeates tartarates. preferred  pharmacenti #0 matic injury and potential trestment of hypestension
aoeephbkaltofmmﬁpm:unmd:pmhydmd:mde uxd vapospamn.
The pharmaceatical compositions may comprise 0.05-1.5 In this alfernative sspect, in sddition 1o enhancing solubil-
mg!ml of mieadipine or 8 pharmacentically scocplable sali iy, oossivents and complmdng agents erihance the stability of
thereof. Prefershly, the pharmacentical compositions com-  thepharmacentical conpositions, Furtharmore, changes may
pnubls-nzswmlofmﬁpmcuraphammuny ¢ e made to the coscentretion of cosolvents and complexing
wﬁkmﬁﬁmﬁmmﬁnhm agenty in the plummaceutical composttions in order to ndjust
comprie 02-0.3 mg/m} of nicardipine or phammaceutically  he toniclty of the pharmeceutical campoitions. Phamacen-
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tically accepiable cosoivenis ate known in the wrt and mve
svailahle. Typical cosolvents inchude polyeth-

commercislly
¥lene glycol (PEG), propylens glycol (FG), ethanol and sor-
bival. the cosolvent concentrafion i 0.1-10%

14
tiple tonicity agents. Tonicity agents are-well kocwn in the art
od ialty avaflabi, Typic fomict inchyd
sodinm chloride and dextrose. The preferved tontcity agent is
sodium chioride, A prefirred tonfolty agent concentention is

Preferably,
welghtivahme percent, which will depend on the pHofthe S 1.500 wM, A more profizred inaicity agent concentration is

camposition. More prefecably, the cosolvent concentration is
0.1.5%, Most prefarably, the costlvent concentration is 0.1-
2%. Prefarred cosalvents for the pharmacoutical composi-
ticns ere propylene glyool and socbitol, Prefersbly, the con-
oentration of prapyleas glyeol is 4.1-295. More preferably,
the concentration of lemg'lymlilm-l%. Most pref-
enhly, cmmﬂnﬂd‘mopylmeglynﬂmﬂﬁ%Apm-

fermed concentration of sorbito] i 0.1-2%. An even more
prefared concentration of sorbilol & 0.1-1%. A. most pre-

75-125 mM. Ar even mose preferted tonicity sgent conesn-

tration i 90-1 10 mM,
Ihephmmdwmponﬁm:nfmllmmtm
‘packaged in pharmarentically sccepiahle con-

10 inimninﬂunllmw aspect. Phermareulically accepteble

conieimers jncinde intmm bags, bottles, vial, end
sycinges. Preferred coutpiners inehuds inteavencus bags and
syringes, which are preferzbly polymer-based, and viaks snd
intravenons bottles, which are prefecably made of glasa. It iz

Terred concentration of sorbitol Ix 0.5%. 15 alup prefarred fhat the components of the opmisiner that shme
In this alternative aspect, phammaceutically scoeptable  j4n contact with the phamiacentical epmposition do not con-
canplexing bgents aro known i the et end commersially i potyvinylehiloride (PYC). The most preferred comtainer
available. Typical complening rgents include cyclodentrins, i# an intravencs bag thet docs oot have any PVC contairing
‘such ps naturet eyclodextrins and chemically modifiedoytlo-  pomponents in contact with the pharmaceutical cmpositian.
dextrins. Prefizably, thecamplexing agent is e beta cyclodex- 20 khﬂ»demablemmmtﬂwﬂummﬂnﬂmyum
mmﬁmwmm sharmaceutiel o fight Therefore, the comainer suay, optionally, forther

chmdsﬂﬁbmyhﬁmﬁeydodmfsm
exably, the complexing sgent concentration is Ol—ﬁ%
percent, More preferably, the complexing
ngent concentration is 0.1-1036. Most prefitably, the com-
plexing sgent conventration is 0,1-5%. Preferably, the con-
centratinn of 2HPBCD is 15-25%. More preferabily, the cox-
centration of 2HPBCD is 20-25%. The prefened

voncentration of SBEBCD is 0.1-10%. An even more pre- 34

farred conceniration of SBEBCD is 0,1-5%. The most pre-
ferved conventration of SBEBCD is 0.75 o 1%.

In additien, the pharmaceuticsl compositions in this alter-
native aspect can comprise a buffering agent. However, the
cmmnﬁﬁnmmaympisnmﬂﬁpbhﬁemgm
phatmacentical compositions of the presest jnvention m
preferably closa to physiclogical pH in arder fo mirimize the
incidance of phiehitis npon sdwministration, However, the pH

of the phamurentieal composition also afiects the sofiibility

andmbﬂnyofﬂcwﬁmhﬁnwpﬁmﬁuuﬁyﬂu: 40

the pH of the phammacentical composition Increasas,
aqueous solubitity of nicardinine decreases. Ag o result, it is
difficutt 10 sohibilize nicandipine cfose to fhysiclogical pH.

mﬁmmAmmmmanﬂmh
Thiz slemtive sspect also provides methods as deserfbed

% ghove far prepering the pharmacenticel contpositions which

are sherile,

7. EXAMPLES

Earmples 1 through § ere infended to be illnstrative and not
lnwiting &€ 1o the general disclosure, Exemples 7 through 12
disclose specific embodiments of the pharmaceatical compo-
sitions that ave principelly illustrative of the altemative
upmhdelmhedhm

Bxamplez 1 Through 6
Example 1

ffect of Various Diluents on Stability of
Concentrated CARDENESL.V.

Stzhility resnlts for the congenitrated amprd product difnted

In edition, the componition shonld heave spfficien: mifformg mulmgfmlwnhwﬁmmmnﬂymedmw:mﬁh
capachly such thet the solution docs not precipitate upon 4% sjon finide in an TV hag are shown in FIG. 1. pH aifer mixing

dilotion with blood when adeginistered.
hﬂusﬂmﬁmmwmmgmaimlude

acetete, ghitsmate, citrate, tartrate, benzogte, lactate, histi-

dine or cther wmino ecids, gluiconste, phosphate apd socci-

was measured and is reported on the X-axis. Produt stability
wats meastred by monitoring the % drg remaining after
curation of 24 hours by RP-HPLL spd is shown on the Y-mds.

As shown in FIG. 1, the instability of nicardipine bydro-

mmmfmadbuﬂumam’mmme L dalmdeumknﬁmtpmlﬁalpﬂ of the infusion fluld and o

A preferred buffering agent concentration is 1-100 mM. A
‘more preferred uffering agent concentvation is 1-50mM. An
even more prefinred buifering agent conceniration ix 25-35
mM,

the final pH of the solution after mixing. The magnitude of
dmglossyoutdﬂunonmmauﬂwﬂnﬂpﬂofﬂnnhdm
after m seg, for example, a very pronounced drog
lumsobtahulwbnﬂaapﬂmabm#.s Based on these

Iu this shemative espect, preferably, the phamascentical $5 findings, the product imsert for the marketed ampul prodact
compogitions of the present invention are sotoniic, e, inthe  requires product dilition be carried out vsing specific infir-

tasgeof 270-328 mOsm/kg, However,
haves tonicity i the mnge of 250-350 mOsm/kg, Therefore,
the compositions may be either slightly hypotonie, 250-269

Ost/kg, or slightly hypectonic, 329-350 mOsm/kg, Prefier- &0

i8 ren-
dered Rotumic by adjnsting

mecnwmumofmymm
mmofmnlvmt,oump!mngm buffiering agent in

theccompositions may  sion fnids. Parthermors, the diloted product must be ued

within 24 hours;
Example 2
Bffect of pH on Stability
Stabifity rosults Sor s 0.1 mgfmL zicardipins HCY, 0.1 mM

& citricachd, and 5% dextrose formulation dispensed m a GAL-

nfﬂ:spmmt:mmmmayﬁrﬂmmmpmeammty AXY®bag are shown i FIGS. 24 end 2B, Riability results
agent. Howeeer, the compositinps may firther compriserml-  Jor a 0.1 mgfmL nicardipine HCI, 0.1 mM citrie acid, 0.5%
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saline formulation dispensed ina GALAXY® beg are shown at 40° C.) wing 2 0.1 mg/ml. nicardipine HCl, 1.92 mg/mL,
in TIGS, JA and 3B. Stsbility assessments arc dono by mea-  sorbilol, 48 mg/ml, desirowe, $.0192 mpfml. citric acid, pH
m*wthwm 4.2 snd a 0.] mg/ml. picandipine HC, 50 mg/ml dextroge,
using RP-HIPLC. 0.0192 vitde seid, pH 4.0. Both formulationy were
Stability testing was done &t en accalecated temperpture of 5 ﬁm%mhﬁ Stehility Easeesments wete
f@cuwmi:mm%mﬁmmmg done by measuring the % drog remaining and tofal impority
Kealuol,withtypica vatue f 19.20 Kealinal, Uder hese  Tomation g5 8 foncion of time wong RR HPLC, The resulis
conditioms (aeeumption Fa=19,4Kexlimol) ISMW are shown 1o Tables 2 and 3.
8t 40° C. coresponds 10 & product with approxinately 18
mnnths expiration a1 23° C, {sex, £.g,, Connoes, . A, etal,, TABLE2
of Phermacenticals, A Handbook

Chemical Stability for
Pharmegysts, John Wiley & Soms, 2d ¢4 19;5) —_— Dertyem Foqmuition withoot Socbitel

As shown in FIGE. 2A and A, loss in product potency %Dup %Tonal
{divoyy in % drug remaining) due o degradatien and adsorption Thenn Baraining Impukles
mtﬂﬂleg:s surface incresscd as the formulation pH was 18 . — e

e Somiaons, e e iduing factaes 2 ) ]
drog loss for formmiations st pF 44 and 4.7 can bo observed.
At pH 3.3, the drop in % drog someining 3a ttrilatod o an
mhtﬁdmpmﬁm(ﬂﬁs 2B snd 3B), rather than 20 TABLE3

drug Joss due to adsorption. In addifion to the drug

Inss, the fonrustion of nicandipine-related impurities (FIGS. . Destoue Fommistice withSorbieol
2B and 3B) wes also-found o be strongly pH dependent. In 2
tbm:mhmmemumdmnhﬂwd,uﬂmpﬂ o Drug SRl
was decreased, the total impurities increased, ‘ ul
‘lhezelulmﬁomthiumdymdimmm:efmnﬂnmnpﬁ o 1000 NMT0.05
T T R R M
e .
fmm&ﬂaumpﬂrangesa;oﬂ;fmn;bantaﬁmm47 T
However, depenfing on fhe degree of scceptatle dmg degra- ,,  Ag shown in Tables 2 and 3, minima! differences betweea
dation anfVor tfe] impurity Sormation, ot pH ranges can *° the two formulatiens wese observed i the measured parem-
a a eters. Based on these revults, is well a3 the roguls shown in
Example 3 Bxantples ) and 2, the presence or sheence of sorbitol is not
i, , ) predicied fo alter the impact of fommlation pE and drug
Effoct of Nicardipine Concentration e Inpucity 35 congentration on the stability efths peeunived pharmaceutical
Foemation pompositions comprising nicardipine HCl end dextrose or

m%dmemmwﬁn?ﬁ sodiom chlaide.
fion in mnnepmmmedcmpulimuaumpmng Examp!
e an Ty ’
mmﬁg;mmﬁmhxﬁ The Effect of Plastic Film Composition on Stability
hm“ﬁ“m@mmmmwwmﬁﬁmmn 2 The effntof plastic i composition on the smbility of
at40° C. is shown inFIG, 4B. The formulaticug ere dispemsed.  restly to s promiwect composiitians compising 0.2 me/ml.
in GALAXY® bags. Stability assescments are done es 45 nicardipine HCL, 0.2 mM citmtz, 5% dextrose, pH 4.0-4.2 far
ducﬁbademmplez. hags and “compaiible” bags i shown in
As ghown i FIGS, 44 and 4B, in sddition to pH, prodoct  FIGB. 5A end 5B respectively. “Incompatibls” bags romain
concetriration is another fhctor that finpacts product stebility,  polat polymess, snchas polyvinyl chiloride (PVIC) 2nd ethyl-
in part icardipine-related impurities.  ene vinyl acetste (EVA). “Compatible™ bags do not contain
The concentration dependence obscrved with respect fo totel 59 polar polymezs,
impurity foration is minimized as the PHis swbilhy evaltions wers dooe f the 0.2 mg/mL. non-
increasad. For example, in FIGS, Mm&h@ﬁﬁﬂf mhlolduhmfmmulnﬁmmmmwmmmﬂy

WsmﬁMﬂpHSSmdnmmmdutbe able IV infhelon bag systems. E(CH.O,VIAF[EK@,WA—
mpproaches 4.7 FLO™, INTRAVIA®, and VISIV® were dinsed i

Mmﬂmuﬂhmﬂm:mpnrﬂyﬁomﬂonngﬂmﬁn 55 water 208 covered with ghiminum ﬁ,nbﬁa pouches. Tl:
the 0.1 mg/m! fiormulations as compered fo the 0.2 mphnd ™ y,os e fillexd with the sbove formuletion and sutoclaved st

formutations for both the dextroee End saline formulations, .
105° C. for 21 orimptes. STEDIM®7] and GALAXY® bags
Simotaneous uptimization of (o drug coweulmion sW0 g agepticaly filed with the above formmlation. Stabilty
with the viable formlation pH range is importect in the assesancots Were don by measuring the % drug remaining
developmest of ready-to-use premixed dreg formnletions. 60 and botal impurity formation {data not shown) 258 fasctionof
Example 4 time nging RP-HPLC for samples incubeted for up to 24
weeks st 40°C. The % drog remaining was caloulgted relative

Stability Comparison of Sorbito] and Non-Sorbitol to fhe concestration measurod post-mixing in tank.

Formanletions Az shown in FIG. $A, verions commetciatly available IV
5 bags wers not compatible with sickrdipine BCI. Significant
A stability comparison of sorbito] and non-sorbitol fornar-  Toss in product potency was observed upon storege primarily
Intinne whs conducted onder acoslergted conditions (4wesks  fine o prodoct edsorption in bags thet contained the polymer
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PVC (g, VIAFLEX® and INTRAVIA®). Nicsnlipinewas  were performed a1 45° C. in order o sinndate siressed con-
silso inconpetiblewith bags ontrining the prlymerethylenc-  difiaos het cavse sufficient product segradation in s rda-
viny) acetate (EVA) in the contact layer {e.g., STEDIM®71).  tively shori peciod of time. Sizbility comparisons were done-
PVC end EVA arc exemnples ere of palar plastic msterislsthal  pgainat the control ferolation (CF) andlor the comrnercial
are incompatible with nicardipine FCL. Becanse nicardipine ¢ prodnot formmilation (CPFY in order 1 agsess telative differ-
HC1 is & wesk bese with & pKz of ~7.2, it is increasingly  00ces in fhair degradation profiles. The CPF is 2 marketed
m! mﬁh‘ "mm,m WPH sufaces mww' &“ﬁmﬁm iincu:: amﬂtﬁ"ﬁ
i ] n
ol withp Fepertics, * fime, Stability dila are availible fwzﬂ:wmw&mpmdmwc p
Auhuwn:nFIG 5B, minimal &mp in product potency was ' 10 36 mouths ot room temperture,

Baervecwith commenial The rationsls nsed in this preliminary screening evaluation
henod ot bogs compeisiogoupalyraler (o, i adation kiostios of he ealuated Foraulation

HXCEL), polyethylens {o.g., GALAXY®), and polyolefin
comparible 1o the CPF at strossed ¢ .
blends {e.z, VISIV® and VIAFLOTS), ) Wm b o Hicty be m
: tion is steble for at icast 18 mumthe at 25° C., and therefore it
Effect of CAPTISOL® on Product Stahifity is projected that the evalusied formulstion profolypes can
have comparsble or better stability.
mm&mmmwofmdy e
30mM NaAcetste, 1.8% wl.iffmumcl 41?9’ '
) or ) -
namymwmmmmml Pnpm]. Formnlution Preparation and Anslysis
3.79% Dextwose, pH 4.5 dispensed in 100 m] GALAXY® bags e sochas ot voccs o

was monitored for 12 weeks 2t 5, 25 and 40° C. 1n (see, 0g,  , -APproptiste c

Thible 4). Beczvse the drog wes stsbleat 5° C., the data a0t 25 ing the desired cosolvents, such an sorbitol or propylene ply-

shown, Inwddition, the formulations were monitoredat45°C, S0k ndior complexing agents, wuch es SBEBCD or

102 mal, gnes vials (see, e, Table 3), All fornmlations were ~ 2HPBCD), wete prepared. Apwopriste toticity ageuts, such

[filled axeplically info the vials and bags by filieriog the volv- asndmmd:lmde,wuipmpmdmdadddtomnfﬂn

ton fhrongh a 0.2 pza filter. phamacentics] campositions. Based upon the final Jormlo-
30 ﬁmwlmzmﬂﬁnhmﬂdmzcmtmon.nmmm 203

pig/ml, nicardipine was weighed indo an appropriate glass

AR comteiner and prepared buffer was added fo dissolve the drug.

s D Romabig 1 29 C. (A C B ONAXY OBg mmmfmmmmmmﬁmwm
sonicated For np to 45 mimmies to facilitate deug Gssclition.

9 Dic; ropaiai *w 35 Bellowing drg dissolution, the sahntion svas Gitered theugh

LG 1 0.45 pm syringe filter (Arrodise .C 13 mm Syringe Siter,

Nkl Deciroee PVDF Memhrane from Life Sciences, PN 44527}, When

('ul'J Formlstion rmmiﬂu W Fpoprelrtion fiftering. the first few drops were discanded and the remslning
) 10000 100,00 10000 10000 soltion was poliected into another glacs cortainer. The pre-
1 8557 036 v1as D86 40 pared formulations were subsequently dispansed intn either
A T T S
2 o wilia Py 200 mmwwmm
Phansacentical Comporition 1 (PC 1):0.2-0,3 mg/ml nics-
4 rdipine hydrochloride, 3.7% raebitol, and 50 mM Na-
TABLE 5 scelste, wherein the pH of the composition ie 5.0,

Pharmacenutical Composition 10.2-0.3 mp/minice-
% Drug Remaning a 45° {2, {u (Hios Viels tdipine kydrochlorids, IJ‘?‘TN??W glyel, mﬂ%

6. i " N . .
mM Na-acetste, wherein the pH of the composilion is

Tims X L] 50.
{woels) Fozmubtion Ditirosy Farmulaion Pharmaceutical Composition3 (PC3); 0.2-0,3 mg/mi nice-
ps 10000 10000 ndipine hydrochloride, 2.8% sarbiiol, and 50 mM Na-
2 10769 s succinaie, whevein the nH of the composition is 3.5

4 e wsa Phammmmmpmﬁmd (PC4)0.2-0.3 mg/mlnica-

4 1wz 10220 55 rdipine hydrochioride, 1.1% propylens plyeal, and 50

mMNlmmwhmnﬂprofﬁ: composition is
Pharmeceutical compositions compuising CAPITSOL® 5 .
eithibited aisimal drg loss and impurity fomation (dats no1 wwsmsyozwwm-
shown) as a function of time and temperutre, Based on the rdipine hydrochloride, 4.1% sothitol, and 50 M Ne-
scceletured susbility data at 40° sad 45° C,, fornmilations & ascetnte, whesein the pH of the compositioa is 3.5,
ing CAPTISOL®, dextrose or NAC] should bestable Pharmacentical Composition & (PC 6).0.2-0.3 mg/mlaica-

compriting
1.9% and 50
st roum tempecsture for aft least 12 mounths, f:hmnehymehhnk hmm 2
Exemples 7 Through 12 ;
& thnuenhulﬂmnponhm?(PC?):D.MSmymllﬂu

Examplps 712 iltustrate experiments performed ueing rdipine hydrochloride, 4.1% sarbitol, and S0 mM Na-
specific entbodiments, The experiments ip Examples 7-12 acetate, wherein the pIT of the composition is 4.5,
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Pharmacentical Composition 8 (PC8); 02-0.3 mg/m} nica-
reipine hydrochloride, 1.8% propylene glyeol, sod 50
mM Ne-acetate, wherein the pH of the composition i
435

ﬁmmhmlcmnpmidongﬂtﬂ):MWmIni- 3
rdipine , 55% sulfol cyclo-
amnn.mdmmuﬂmmﬂmﬁepﬂdﬂ
eompogition i 5.5.

Phermaceuticnl Composition 10 (PC 10} 0.2-0.3 mgfm! "
nicardipine hydrmchlnrde, §.5% subichutylether-B.cy-
glodgttin, and 50 mM Na-snccinate, wheyein the pH of
fhe composition is 6.0,

Pimrmscentical Comporition 11 {PC 11} 0.2-03 mg/ml
micardipine hydrochlaride, 8.5% solfobutyletherfcy- |
clodextein, aod 50 mM Na-suceinate, wherein the p of
the eomaposition is 5.5,

Fharmaceutical Composition 12 (PC 12): 0.2-0.3 mp/ml
nicardiping hydrochloride, 8.5% sulfobatyletheryl-cy-
clodestrin, and 50 mM Na-suecinste, wherein the pHof 20
the composition js £.0,

Pharmaceitical Composition 13 (PC 13); 0.2-0.3 mg/ml
nicandipine hydmchloride, 8.5% milfohutyletber-B-cy-
clodextrin, and 30 mM Ne-acetute, wherein thepH of the
composition is 5.0. b

Pharmaceutical Composttion 14 (FC 14} 0:2-03 mygficl
nicardipine hydrochloride, 8,55 ether-fi-cy-
n‘hﬂutﬁn,nnﬂSDmMNn-ahule,whmmthufﬂu
compoaltion in 5.5.

Hmmmw&mmmlsmlsxumsmlml 30

bydsochlaide, 22.5% 2-hydroypropyl-B-

nicardipine
cyclodemirin, and 50 mM Na-acetate, whersin the pH of
the composition 15 5.0.

Phanmacentical Composition 16 (PC 16} 0.2-0.3 mgfml
nicardipine bydrochloride, 22.5% z-hydmxypmpy]-ﬁ s

eyclodaxtrin, and 50.mM Na-soecinie, whenain the i
ofthe composition is 5.5

Plasrmaceatical Composition 11 (llc 17 0203 myml
pricardipine hydrochforide, 17

:ydm,aﬂSDmMMwbmithuf 4“0
tha composition is 5.0,
Phammacetical Composition 18 {PC 18): D203 myg

Mmmmm«m wherein the pH
of the camposition is 5.5. &
Commercial Prodnct Formulation (i 25

l Podac (Arpu) Formidatin (CPF):
my/m! nicardipine hydrochloride, 2.5 mM citrate, und
5% sorbitol, wherein the pH of the commposition is 3.5,

GanuoiPomnhhon(CE) 0.3 mg/ml nicardipine hydro-
chioride, 2.5 mM citrate, and 5% scrbitol, wherein the 50
pH of the composition is 3.5,

Pharmaceutical Composition 19 (PC 15); 0.3 mg/mi nica-
rﬂ:pinehydmd:]mﬂc.SOliudmmweMa,SﬂmM
sodivm citrate, end 50 mM disodinm swecinste, wherein
the pH of the composition js 3,5. 55

Pliarmacentics] Composition 20 (PC 20): 0.3 mg/mi nira-
xdipine hydmochioride, 50 mM sodinm acetats, 50 mM
soidium ciirxte, and 50 mM disodium snocinate, wherein
mpnnrgmpmmu ¥

Pharmacenticat Composition 21 (PC 21% 0.3 mg/ml nica- 60
rdipine bydrochloride, 50 mM sodium acetste, S0 mM
sodjum cjtrate, and S0.mM disodiom mccinsle, wherein
the 1l of the composition 3s $1.

Phermacetical Composition 22 (PC 22): 03 mg/m] nica-
sdipine hydrochloride, 50 mM sodinm scctate, 50 mM &5
sodinm eitrate, and 25 mM disodivm soccinate, whersin
the pH of the compnsition is 5.5,

20
Pharmscentical Composition 23 (PC 23): 0.3 mg/m] pica-
rdipine lydrochloride, 4.1% sorbifol, and 50 mM
ndtmmh,whudnﬂ:cpﬂnfﬂuwmpmnmu

thewtul(:anpuihmﬂﬂ’czﬂcﬂ.s:nghdm-
ndipine 4.1% soubifol, end 50 mM
:o.sdhmmwhﬂmhpﬂﬁkmmu
Pharmacentical Conponition 25 0.3 mg/ml nica-
wdiphue M?mm md 50 mM
sodhun acetate, wherein the pH of the camposition is

dipine
;nclimn.5 mmﬁcpﬁnfﬂ:mmﬁnnu

Phurmacenticat Compogition 27 (PC 27) 03 mg/ml nica-
dipine hydmckioride, 1.9% end 50
M sodivm acelate, wherein fhe pH of the comporition
835

Pharmacentical Composition 26 (BC 28): 0.3 mg/ml nive-
rdipine hydroehloride, 1.8% propylene glycol, sud 50
%ﬁmmm&nﬁepﬂdﬁcmﬁm
%80,

Phammecertical Compodition 29 {PC 29); O3 mghnl rica-
rdipine hydmchloride, 1.7% propylene glyol, and 50
mM sodium acstate, wherein the pH of the somposiiion
50,

l‘h:mmnﬁmfrumpmiﬁnnsnmcsu): 0.3 mg/ml nica-
xrdipine hydrochloride, 1.1% propylene glycol, pnd 50
miM soditem snccinste, wheseln the pH of the composi-
fion.is 5.5

Phatmucentical Coamposition 31 (PCSI):OI.Smglmlm-
wipine hydrochloeide, 6.5% mutfohuyletherf-cyclo-
mmwmmmmmn%mepﬂof
the composition is 5.5,

Phartnwcenlical Compositi ::53“?[1’(352): 0.3 mg/tnl nica.

} : sulfobatylether-§-cyclo-

dipine

dextrin, and 50 mM aodino roccioste, whessinthepHof

the composition 7 60,
mmmwcmaﬁmssmcssxnsmymlm

rdipine hydrochloride, 225% 2-liydroxypropyl--cy-

Glodestrin, and 50 mM eodium acetats, whentin the pH

ofthe composition 1 5.0.

Pharaseuticl Composition 34 (PC 34): 0.3 mpfmi sice-
rdipine 17% 2-hydroxypropyl-$-cyelo-
deoxtrin, and 50 mM disodinm guccinate, wherein thepH
of the composition is 5.5,

W@Cmmmss{l’css): 0.3 mg/mi nica-
sdipine hydrochloride, 0.3% pomylens glyerl, 05%
sorbitol, 30 mM woiium acetatr, a0d ¢ mM NaCl,
wherein tha pH of the 8352

Pharmaceutical Compsition 36 (PC 36): 0.3 mp/ml mica-
dipine hydrochlonide, 3% propylens glycol, 2.0%
sorbitel, 30 mM sodium ecetate, 45 mM NaCl, whetein
1he pH of the composition s 52.

Pharmegevtical Compesition 37 (PC 37): 1.5 mg/m] nica-
wipine hydrochloride, $36 autfobotylether-B-cyclodex-
trin, md 30 mM sodium acetate, wherein the pH of the
composition is 4.5,

Pharmacentical Compositian 38 (PC 38): 1.5 mg/ml nica-
ndipine bydrochloride, 9% mifobutylether f-oyclodex-
trin, and 30.mM sodium acotate, wherein the pH of the
vomposition ia 5.0. e

Phmeceutical Composition 30 (FC 39): 0.3 mg/m] nica-
rdipine hydrochloride, and 30 mM sodium acetnte,

wherein the pH of the composition is 3.5,
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Phapmaceutical Componition 40 {PC 40): 0.3 myy/ml nica- The excipient concetration in the comtrol formulation
mdipine bydrochloride, and 30 mM sodium scetate,  (CF) is Klenticel %o the commercial product formulstion
wherein the pH of the composition is 4.0, (CPF), Cardene® 1.V (empul). Howsver, the concentration of

Pharmaceutical Compesition 1 (PC41): 03 mghn] mica-  active ingredient in the pomnercial and contro] formulations

sdipine hydrocharide, and 30 piM sodinm avetete, 5 is diffisent. Tn the commercial peodnct fommilation (CPF),
wherein the pH of the composition is 4.5, theconcentmition of micendipine hydrochloride in theampalis
Fharmaccoticel Composition 42 (PC 42k nswmlmn- 2.5mg/ml, bedore ditntion, aed 0.5 mp/mi after dilotion with

nfipine hydrochloride, 1.8% sulfobutylelher-f-cyck-  appropriste IV fivids before sdministrstion. The control for-
dmmwmblsodmmﬂdlmmum smlation (CF), which i designed for premixed ready-to-nse
whevein the pH of the compoitian is 5. 10 imravenons hags yuch thst po further dilotion with intrave-

Pharmaceutical 4 (PC43% 03 nica- Brids o
Cnmptmhm {PC 43): 03 mg/ml = Do ‘:Ftd?rﬂmd, &mw
mmm«gmmmumm hummml:dpamlhedegﬂmmmmynfﬂn

evalupted
15 stressed conditions is indicetive of sompamble formmilation

Companshle profiles at
BSmMNaCI whesein the pH of the composition is 5.0,

Emmuﬁhcal&mm“G’CH)co.Smymlniu- gtability,
sdipine hydrochioride, 1.8% sulfobulylether-fi-cyolo-
dextrin, 30 mM sodivm acetste, end 110 M NoCl Example §
whierein the pH of the composition iy 4.5,

Fharmacentical Composition 45 03 mym! pica- 20
rdipine hydrochloride, Jguenmww msmnymmmmwu
deatrin, 30 mM godiom acetate, and 200 mM doxirose, Giycol Formulations
wherein the pH of the composition is 4.5,

Phamuceutical Compogition 46 (PC 48): 0.3 sop/ml nire- Thestshility in vials of gheomacentical compoesjtions of the
ndipine hydrochioride, 0,75% sulfo! 25 present tovenfian comprising & co-solvimt mad 2 buffering
dextin, 30 mM sodinm acetate, end 125 mM NaCl,  agentwere cumpared o the control formuiation aud the com-
wherein the pH of the composition iz 4.5, mereig] prodoct foromlation. Stability was detenmived by

Hmnnmmﬁeﬂtompﬁﬁunﬂ(l’CdﬂMmgfm?m» comparing the dmyg conicantration over time for the below

niipine hydrochloride, 1.0% wmifobutyletherf-cycio-  compositions, Specifically, the balow Weze pre-
dexttin, 30 mM sodinm acetue, and 125 mM NeCl, 30 pared acording 1o the method in Rxanple 7:
whwnﬂwpﬂoﬂhm‘;séma:;; :3 " 50 mM Ne-ucetate, pH 3.5, 4.1% sorbitcl (PC 5),
Pramaceutical Compesition mg/mi nica- 50 1M No-acetate, pH 3.5, 1.9% propylene glycol (PC 6),
hydrochioride, 3% sorbito], ad 50 mM 50 mM Na-acetate, pH 4.5, 4.1% sorbital (PC 7),

niipine
;n'gmmwmne , wherein the pH of the composition is

Phenmacestical Camposition 49 (PC 49): 0:3 mog/io] via-
sdipive hydrochlonde, 1.3% propylene glycal, md 50
M sodium eretwie, wherein fhe pH of the comporition

50 mM Ne-ncetate, pli 4.5, 1.8% propylene glyen] (PC8),
50 :mM No-oeetate, pH 5.0, 3.7% sorbitol (PC 1),

50 mM Na-sootste, pH 5.0, 1.7 peopylane glycol (PC 3),
Contra] foemulation: 0.3 mg/ml, 2.5 mM citvate, 5% sor.

mzﬁmumcmﬁmso@cmosmm «  bitohpHAS () and
riipine hydrochlorids, 1,8% sulobutyleerpoyuio.  Commerisl peoduot formiation: 2.5 mgfar, 2.5 mM cit-
destrin, 30 mM sodium ncetete, m:omﬁnm. rale, 5% sorbitol, pH 3.5 (CPF).
whersin the pH ofthe corposition i 5.0, 'ﬂlﬂsmbﬁwmd:ﬁmpaﬁmdmzmlghnm

Pharmacestical Composition 51 {PC 51): 0.3 mg/m] nica-
niipine hydrochlorids, 0.75% sulfobutyletherf-cyclo- a5 Formulaton stibility was monitored by measuring the drog
dextrin, 30 mM sodiom acetate, sod 125 M NeCl,  coscenirstion by RP-HPLC sgainst 2 stendsrd curve. The

mhpﬂofﬂmmmps;sggnsi;;ia ﬁmm;mmn?%msmd
Pharmareytical Composition ng/m nica- experiment, ys, except for the commey-
hydrochloride, 1.0% sullobotylether-Boycio-  oinl product Sommulsfion, which meesurements wen: tiken at

nlipine
dexizin, 30 M sodinm scetute, and 125 md NaCl, 5o the siact ofthe experiment and 46 diys. These messurements
werz then converted into & parcantege in order tn show fhe

wherein the pB of the composition iz 4.5,
thamhul&mmmmﬂ(rcsﬂkosinymlmw- percenispr of drug remaining afler 2 period of time,
ripine hydrschloride, 0.5% sorbitol, 0,3% propylens
glyeol 30 mM sodinm ecetste; and 90 mM NaCl,
wherein the pH of the composition is 5.2, 55
Pharmaceutical Couposition 54 (PC $4). 0.3 mp/nd nice- - g_ﬁ g::
Kiipioe hydrochloride, 10% sulfobtyiethensp-cyck- o % e % LA %
mmmmmmmmm Ggml) Dng b7 Dmg  te2l  Dng
Pharmacentical Domporition 55 - 0 7T g w0 w2 W w m
adipine bydrochloride, 0.75% lﬂlfﬂbﬂ?mw 6 32 W0 WS W M2 @
dextrin, 30 mM sodinm acetate, and 125 mM NaCl, 7 34 w 1w m %
wherein the pi of the composition s 4.5, g 34 o oW 0 m W
Pharmaceutial Composition 56 (PC56) 03 m/mlnica- ;58 10 2w M@
rdipine hydrochloride, 0.5% sorbiol, 03% propylene 65 ¢ 3@ 10 0 w0 om0 ®

glycol, 50 mM eodium goetate, s0d 90 mM NaCl,
wherein the pH of the composition js 5.2.
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Dy Conc. % Ty Cone, %
e Doy Gem)  Dnx DogCoum. % Duglwe %
PCy =l m t-dsdm Remaining s w M w Dug
[nJd a5 100 2265 ] K t=0 Bemulning  1~4Sdayr  Ecomiming

Thedatahow that the stability in vials, drog concentration. T 39 100 2265 ®

pver time, af fhe phaymacentical compositions of the present
inveation thet contain co-solvents are comparable tn both the 10
conteolformmltion (CF) and the catves produet formulation The data show that the stahility in vials, Srog concentration
(Ci'FJ In addition, the composifions bad oo sdditions] deg-  over time, of the pharmacentical compositions of the prosent
radetion products relativeto the control formlation {daanot  jyeryion thet contain SBRBCD are conparshle to both the

) 15 enabol frmmlation {CF) snd the commervial prodnct formu-
Exompla 9 Ietion (CPF). In sddition, the cornpositions had no sdditions]
3 tlegredation prodects relative ta the conte] formmulation (data

Thestebdlity in visls of pharmaceativa supositions of fye 20 00 0f0,2-0.3 mg/ml. could be readily attsined in the pres-
presen invonlion comprising 8 complexing agentanda buf-  ance of sulfobntiy=gher-f-cyclodextrin.
ering apnat were conpared 1o the contro! formplation ad the
commercial formulation.

prodoct Btability wes detarmined
by camparing the drg conoentration aver time for the below Exmmple 10
puadumﬁngloﬂnmﬂﬁ Example 7: v &
in Tntrevencns Bag Stability Detu with Serbitol and
mggmsmmqummsu Propylme Glyool Fopmulst
50 M Na-citrate, 8.5% SBE-beta cyclodextrin, pH 5.5
(PC 14), pl X The stability in inteavenom hags of phermacenticel com-

50 mM Na-sucoinate, 8,59 SBE-bein cyclodextrin, pH 5.5 mmofmprmmmmmgammm
{rC11), andntuffering agent were conpared foa control formmulation,
50mM Na-mecinate, 8.5% SBE-beta eyclodextrin, pi 6.0 Staility was determined by comparing the drmg soncentra-

PLC 12), tion over Sme for the below compositinns, Specifically, the
%amﬁmyml,umMMMm % below compositions were prepared acoarding o the methiod
h in Bxample %
Commersial product formlation: 2.5 mghnl, 2.5mMUil- gy g e peotnie o1 3,5, 4,19 sosbite] (FCS),

nh,S%mhﬁoLpHS.S(a'F) :
These stabilily stodies were performed in 2 ol glass vials 50 mM Na-acetate, pH 3.5, 1.9% propylene giyeo] (FC 6),

i ot vials and gt elevated tempersture eonditions, in this 40 and
mdS'C.anhﬁmmhihlywmnmdhyw Castrol formalecion: 0.8 mgAnl, 2.5 mM citrate, 5%
?h?“mmmbﬁmw;ma biol, pH 3.5 (CF). -
on

the start of the experimat, 55‘,,’135!?5“30&“ These stability studies were petforned in 50 ml intrave-
except for the commercial prodoct forewisson, which mea- 45 nous bags snd st efevated temperatore conditions, in i case
surements were teken mﬂnmﬂufthwmﬂ“ 45° . Formuilation siability wes monilared by measering the
days. These measorements wers ther: converied into a per.  Grug concentration by RP-HPLC ngainet & standard curve.
entage itionder to show apercentage of drug remaining sfter  Thedtug concentration mesmremants were taken at the start

& peviod of time. of the experiment, 7 days and 2) dayx. These messurements
The dain from these sability stndies e shown i the 30 were then converted intp # percentage in apder to show the
Following Tabies. percentoge of duig remsining after s period of Gme.

[Pog] %  [Demg] % [Pug % De  ¥

(i) Drg (el Dmg (@) Dmg gpim) Dng
FCH# twD Remabiyg tfd Remelning t=130 Remsining t=30d Recnaining
13w M M BT 415 108 B0 2
¥4 W0 3® 0 M2 WS 331w
i1 3 W I ¥ 19 3 0
12 3 W M WP 3 m 2 I
CF I W ¥ W My W07 bYW
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Thedita from these stability studics are shown iu the Teble

g, Drig
Deug Conc, Cowc.
Dane. % (g) W Gghal} %
(g} Dmg t=% Dmg =21 Dng
FCK  tel Rendning dape  Remainicg days  Remelning
5 s 100 nz Ly e 162
L] 2 100 31 103 o1 ]
or e 100 7% 5 264 a8

“The dats show that the stabiity in iniravennus bags, drag

concentrafion over time, of the phermecentical compositions
of the present invention that conisin co-solveats are compa-

rableto fhe contro] Ewnmilation, In addition, the compositions
had no additionat degradation prodincts relative to the comeol

2

upright confignration of the bag. The dutz also show that the
yerovery of drug product was poorer in the inveried bag
configuration.

srug concentration was nol due i a1y new degradation prod-
et (data not shown), We believe that the drop it drug con-

1o Ceniration was dus to dg mdsoepion an the bag surfhce. For

many hydrophohic drugs, sdsorption on PVC sarfaces is 2
commonly reported copoern. Therefure, it is likely that we
obsarved significant adsorption in the inverted configuration
becanse the dmp, is in contact with PVC surfaces. Thess

15 results voggest the nee of pon-FVIC bags undlor fhe carefnl

evalyation of the bag size {solotion wolume) es Sewible
options to minimize drog adscxption in arder 10 achieve
adeguets drug product recovery,

formuedation (data not shown), Finally, drog adsorption on the =

bag surfie was minimel at pH 3.5,
Fxample 11 Example 12
Intrevonous Bag Stebitity Data with HPCD Inirmvenes Bag, Sability Data with Sorbitol
Formulsticng = Formulstions
IhegubﬁanaW%:fbg The sakility of a o sica) itloa of the

exing agesst Was cvaluated in both vials and intravenous bags,  Present imyetion comprising & oosolvent xud a buifering

Stability was determined by comparing the drg concentra- ¥ agent was eviluated in botk: vials and intrevenous bags, Sta-

tion over time for the below composition. Specifically, the  fifity was determined by compering the drog concratration

below composition was preparod acsueding 10 BemeOdif  oyer e o the el crampoaiton. Spnifclly, e below
These stability studies were performed in 50 mi intove- 35 Example7:

noun bags and st slevated vanditicns, in thix case

lemperature:
45°C. The stability cvalnations were done with 2 10 mL fill
vohuae in both the upright and inveried bag 50 mM Nr-noetats, pH 5,0, 3,7% sathitol (PC 1),

Thisc evehuations were done relative 1o the same formulation  Thesa sishility stodies were performed in 50 ml intrave-
in a2 L, gles vial, % 5 control. Fermulation siability was 40 nons bage and ut elevated fempemture conditions, in this case
motitored by meastring the drug enncenimtion by RP-HPLL  45° C, The stability evalustiozs wers done with both 10 and
mwﬁemnm&d&ﬁmmmy 2days, 39 k. A valurmis I bof che mprigit sl suvectod Rag
6 days, D deysand 16 days. ? mnﬁmﬁml‘hsemhhmmdmcmm&a

The data from thesc stebility studica are shownin the Takle 45 ame fomnlation in s 2 ml. glass vial, as a comtral. Formy-
below. Intion stability was monitored by measoring the drog concen-

Drg  Dmg
Canc. ©Cox.  DmgCone. DrigCone. DrugCoos. T Cone.

Ogim) (emd (emd  Gm) (D (el

tml tmldsy t=ldi  twEigys  teOde U= 16diw
Vial m m 3 260 ® 214
Upeight 271 256 4 24 0 01
Bag
Iperind 371 23 ] m 172 180
By

The dats show thut the stability, drug concentration over g5 tration by RP-HPLC agpingt o standard turve. The drog cat-
time, of the pharmecectical composition of fhe precentinven-  cestretion Measureménts were taken arthe start of tha experi-
tion that contains complexing sgent i more promising inthe  Ment, | day, 2 days, 5 days, 9 days and 16 days.
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The duta froem these stahility studies zre showninthebelow  the squeons sohution when stored in the container for at Jeast
three monfhs at room fempensture exbibifing () lew than a

Drg  Doog

Cosc.  Cone,  DiwgOost. DrupOome.  DyogComs.  Deng Do,

(efml}  (eind) Gl laghad) (] {xg/nl)
t=ldsy te2dsm  imbzyr j=Bdgyr twldiys

teft

Vaal w1 100 110 164 106
Dpight 100 o3 » " 5 8
Bag

e w oo 9 1 o o
Uright 114

Beg

0=l

Ivered 300 46 Py ) a 13
Beg

10ml

hveted 100 B n 102 % "
Pog

Soml

, The data show that fhe stebility, drag concentretion over  10% decrease in the conocatration of nieandipine or plarma-

In ardler to determine why the composition wes meresisble  jgtering » pre-mixed aqueous solution comprising .
innpﬁghinﬁlmbagumpmdhimﬂedinuavmm 01 hoimm[' ﬁm':rwx
begs, addtionl experiments wrere conducted. The drop i ghie it thereof, a toricity agent; and a buffer; wherein the
vet {dafz not shown), We believe that the deop in drog con~ 13000 o83 o gt 3,6 80 about .7, fhe aqueons soluion
eantrstion wes doe to drog adearption on the beg surface, For G iy aaayag
sy Hrydrophobie dmgz, sdsoeption on PVC surfices is glored In & conteiner soch that the aqueons sclution is in
commeanly reperted concers, Therefre, it is Bkely that we coatact wifl non-poler polymers, the aqueous sclirtion when
ohwerved significent adsorption in the inverted confignmation, 5 #10rod in the container for at Jeast three manths st room
becange the dmg s in canlact with PVC sucfuces. Thisbelief  Superturs exhibifing (1) loss than & 10% decrease in the
is further mpported by the fict that we cbserved poorerrecov.  S0GCEAtion of nicadipice of pharmacestically aceeptsble
:yLo;uhdmgintheleLﬁ]]mnﬁmﬁmrehﬁwmﬂmm w and (§i) & total impurity formation of lew than

configuration, although thiv poorer ecovery may be &8 h

partly due to the fact that hlﬂﬂﬂmﬁmﬂun a0 !.Amdhndfaumﬂngmdmﬁmnmnndmm
mmmmwm?mmm ::ﬂ”ﬂﬂ;mh mlynft mdlhm‘li;m

TECOVETY, 8 subject in [
sogpest the use of non-PVC bags andfor the sarefill evalun-  pre-mixed squeonz solstion with apH fromabont 3,60 about
tion of the bag size (sofnticn volums) as fenshle optionate 4.7 comprising: from about 0.1 10 04 mpfml. ncanfpine
mininyizs ding adeoeption b oeder to achieve edequate dmg 45 %m;ammmﬂmm (i) mbomt 4, 5%
prodict recovery. to 5% dexctrose 0.3% 10 2bout 0.9% sodiom

All publications, patents, patent spplications and other Mm.u&fgmﬁ:ﬁmmﬂm
documents ched in this applivation. are hareby incorporated  phermucentioally acceptable container mach that the agueces
by refirence in their entiratien for all putposes to the same yoiuting ju in contact with a0n-poler polymess, the squeoos
eacient & if each {ndividnal publication, patent, patent eppli- 50 1. z ’

. = e dndivh A ] solution when stored in the containkr o #f Ieant throe motith
Satian G ‘;‘m forall dually indicated nlmmqumqﬁmgﬁ}hﬂma 10% decreasein
Wil veioepuc b e e 8 0ESin of o o hnemacecaly s
and doscbed, i will boappreciated that vations changes can 2400 H @ totel imprrity
P!m&!:;fhomdcpnﬁngfmmhm:ndmpeofmSS o The inethod of claig 3, it r———

i claleaed is: tic B mix

1. A znethod for tresting acute slevatinns of blood pressure §. The methad of clrim 3, frther comprising from abowi 1
in 2 human subject in need thereof] seid mefhod comprising & m/md to about 4 mg/md sorbitol,
Mm :n%;-mlmd aquoous aulminn &T{aamahdofﬂm!,whmﬂnmn-pularpolymm
COmposIng m/ml. nicardipine or 2 comprise copolyester, polyefhylene af polyolefin.
Mphmnmhﬂm fﬂwawe,plable salt muwf'm&n tonicity agent; 7. The method of claim 3, wherria the pro-mixed aqueans

a whesein the aquecus solution requireeso diln-  schution comprises: from sbout 0.1 1o abou 0.2 mg/mL nica-
tion bofore ndmiristration and hes n pH from sbont 3.6 10 & ndipine ydrochloride; and a tonicity agent sslectsd from (i)
about 4.7, the aqueans soltion stared in a comainer schthat  about46 to shont 50mg/mL dextrose or (i) ehont 8.3 to about
the aqueows polution is in contact with not-poler polymess, 5 my/ml. sofdiom chloside.
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8, A method for inducing hypotesion in o mnue subject 19, The method of cinim 1, wherein the us schuti
in need thereof suid metind comprising parenterally dmin- stored in {he container e -
istering to & subject in nead thereof, a pre-mixed aquenus m&ammﬁ?ﬁ?’ﬁ”&m
solution with & pH from about 3.6 1o shout 4.7 comprising:  centretion of nicenipine Mamm_“mwum i
from sbont 0.1 to 0.4 mg/ml. nicantipine hydrochloride; 5 s wmm?)l,mumwm- furmaty =
tomicity agent selocted from () sbout 4.5% to abont 5% 3% ' o
daxtrose or (i) shoat 0.8% to dbout 0.9% sodinm chlos 0, The method of clsim 2, wherein squecus solution
m;hﬁw;i:qmsnhﬁmmimdinam ZD.'Ihemua SERiar2 e
soally acoeptable container mch fhat e sohtion sincontect. o 210red i the cantainer for o least ans yeur &t room
with non:polarpolymets, the aqucons sobution whea storedin 10 "Perarn® exltbils §) s than s 10% decceasein the con-
mncomﬁwﬁxulunthumﬂnntmmmmn W“W“M““?m"“""
qhﬁiﬁqsmh;ﬁmalﬂ%dmohﬂeméf thereof and {i) a totl impurity formation of Jew then about
nicandigie or ph scceptable sall Gereofand 3% :
() & total imparity farmstion of Jess than sbout 3%, ll.lbsma_modofnluma,wheﬁnﬂxmmnluﬁm
’.mm&dﬁmtmm‘twm _”whmmudmﬂlomuhxfeut!nuuymltmm
pE adinsterselepted from the group comiating of hydrochlo-  *uperture exibit ) losa thap & 10% decrease in the cup-
sic acid, sochiom hydroide wnd a mtxture thezec, centration of nicardipine or pharmaceatically scceptable pat
19, The msthod of claim 8, further comprising from abowt  erec mnd (i) a total énipurity formation of Jees than pbout
1n1:1ymmabnmmymmm o 3’;-2m —
Themethod ofclaim &, whivein the nan, - The method of cleion 8, wherein the solotian
ise copelyesas, polyciod Iwmﬁm”mumahﬁgmmmummmnm
wolution conprises; ut 0.1 to about 0 21mig/rel niga-  SS0tTatian of nicandiping or phammacetioally avcoptable salt
abaut 46 tosbout 39 mg/L. dextroseor (§)ahout. 3 toabent 25 3%:
9 mg/ml. sodnm chioride, ﬂ.l'hammdofclaiml,ﬁlrﬂmcmhhgﬁnmo
e oot of e 1, wheea the e e s gl o bt 4 mpinl, AT e
: povierag ! im 2, farfher comprising from 0
i R Copolyeses polehAe bl gt to sbout 4 mgiol sabi,
14, The method of olsim 2, wherein the wherein the noo- sp _ 25- The method of claim 3, furtber compeising from 0

polar polymers comprise copolyester, polyetliylene orpoly- @&/l 1o sbout 4 mg/mL gorbitol,

olefin e or poly 26. The method of claim 8, further compeising fom D
15. Themethod of claim 1, wherein thenon-polarpolymers. T/ 3o aboot 4 mg/mL scsbitol '

compise polyethylene 27. Themethod of claim 1, wherein the pee-mived aqueons
16, Themethod of clatm 2, wherein fhe nca poler polymens 35 '@ﬁmmdﬁ:nnmmmmumwmww

compeise polyethylens.
17. Themethod of cleim 3, wherein tievon-polarpalymers 2. Themethod of claim 2, wherein the pre-miusd aquecns
cumprise polyethylene, solution comprives from zbomt (1.1 o sbout 0.2 mg/mL. gica-
18, Thespethodofclaim &, whertin the non-polar polymers  ipine bydrochloride,

pomprise polyethylene. F s w8
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1
METHODS OF FREPARING PRE-MIXED,
READY-TO-USE PHARMACEUTICAL

1. CROSS REFERENCE TO RELATED
APPLICATIONS

This spplication is & divisionst of U.S. patent application
Ser. No. 11/7BR,076, filed Apr 18, 2007, and claims benefit
mmder 35 11.8.C, §119{c) to U.B. Provisions] application Ses
No. 60/753,074, filed Ape. 18, 2006, the conterts of both of
whchammmrpnmedbﬂumbymferm

2. BACKGROUND

d:;lwnd:pm;.- hydmchlorztde ((:}zmamﬁhyl amlﬁ)
-pyridinedicarborylate mono hydrochloride) is a caleinm
iunmﬂuxmhihiwuuﬁllﬁ:rﬂmlnammofcmdhmwlm
undmhnvamﬂarrluordm(see,a.g U.B. Pat. No. 3,985,
758). Nicardipioe hydmchloride is cnmﬂylnldmcapiula
form and in an injectable intravesous farm, The capsule form
1s marketed as CARDENE® and i availablsas an immediate
release nral capsule end as an exteivled rolease oral capsule.
mwmmmummwﬁmnfcmm&mw
in plass ampuls sudiable for tutrevenous admintstration fol-
lowing dilution in 8 compatible intravenous finid, nuch as
dextrose or sodium clilorids (CARDENE® 1'V.). Bach milfi-
literofa CARDENB® LV, ampul containg 2.5 mg nicardipine
hydroctlorde in water, 48.0 mg sorhitol, buffered to pH 3.5
with 0.525 mg citric acid and 0.09 mg sodivm
hyd:mnde Far infusion, each milliliter of the diluted fornm-~
lation contains 0.1 mg of nicardipine hydrochloride, with a
wnablepHduelnﬂmdth:tseh:bdbyﬁemdnmU.S
Reissue Pat. No. RE. 34,618 (a tefssue of U.S. Pat. No.
4,880,823) déscifbes an injectablé composifien of nicar-
dipine hrydrochlndide thet i3 atored in a Hight resistant brown
ampul U.E. Pat. No. 5,154,405 describes a boffered pharma-
centical compaosition containing nisardipine designed for
parentera] administration, that is alen stored in an ampul.

The requirement for diluting CARDENE® 1.V, before nge
1z nasoelited with a umber of One disattvan-
tage iz thit tha diluted solution is only stable for 24 hous at
mnmhanpemtnte.Annﬂmd:mduntagemthatﬂupHofﬂu
diluted formulation varies onthe choice of diluent.
Since CARDENE® 1.V, can be used under cmergency con-
ditions to contro} blood pressure, dilution af the concentrated
ampul formulation consumen valigble time that could beused
1o treat a patient. Other disadvantages associated with the
dilntion step inchude the potential for contamination,
exrors, and sefety hezards associated with the use of glass
ampuls.

The pharmacentical co and meithods described
hmnvmmeﬂmedmdmtagm Inparticulss, the ready-
1o-mse, injectable formulations descelbed herein are stable,
atlow medica] perzonal to nse prepared containezs containing
&n injectabie formulation off the shelf wirhout sdditions]
preparation, avoid potential contaminetion problems, and
eliminate dosege ervors,

3. SUMMARY

Desoribed herein are ready-io-ose, premixed pharmacen-
tical compositions of nicardipine or pharmagsutically accept-
able salis thereof, which. anc svitable for contimons intoave-
oous infosion. By providing ready-to-use, premined
phanmzceutical compositions with a buffered pH, these phar-

10

15

H

a5

dosage s

§0

65

2

maceutical compositions ate stable &t foom temparsture forat
least one year, When stoted at room tempezature, the phar-
ioacentics] compositions exhibit between 096 to about 15%
hssofdrugmdhetwamm&mabmﬂ%(wfw)malmpmly
formation over an cighteen to twenty four monih period.

Adtﬁnomlbmﬁlsofﬂmpu-mmi, ready-4o-use, injoct-
2ble pharmacentical compositions include comvemence and
xme.of use as compared 1o az ampol formulation, impnoved
safety for putients dpe to elimination of dosage emors and
sdlmmnmlammaum,mdumufmedwal wasle, and case
of administration in emergency titnstions

nemmtd:sdqmmhmmmixeﬂphamnmﬂ}
compositions comprising nicerdipine or pharmsceitically
lwqhbbﬂhsﬁﬂmﬂmmmehNanb, and a
buifez. In same embodiments, the compositicns optionelly
conaprise onc or more cosolvents. Nicardipine hydrochloride
wan be present at concentrations between about 0.05 mg/ml to
shout 15 mg/m]. Typically, the concentration range for pics-
rdipine hydrochloride is between sbout 0.1 mslmlnoabout
O.ngfml.Ophunnﬂy. 1be phermacentical compositions can
compriee aeids and hages,

Ithhmwmﬁlmmmmwhmmme
1o dilution prior to administration and typically have a pH
within the range fram sbhout 3.6 to sbout 4.7, The composi-
tiops can be adminisiered by pavenieral mutes, incloding,
suboutaneons, mtmmusm:lnr, imiravenions, intra-atrisl, or
mna-nxtmalconhmmnsmfummtnapmm The composi-
tions are suifable for the short-term treatment cThypeitension
when oral therapy is not feasible or desirable,

Methods for malking a premined nicardipine hydrochloride
Wmﬁhﬁnm&iﬁmaﬂmﬂﬂmm

stepy of providing an effective ammmt of nicaridipine

Tydrochlorids in a soltion eemprising one or more tomicity
agents, 5 huffer, and optionaily, cne or more cosolvents. Sof-
ficient water is added to mnke up the final volume. I required,
the pH of the solution can be adjusted using a saitable pH
adjuster, The compositions are dispenged in
acceptable containars for storage and divect administration to
patients.

4, BRIEF DESCRIFTION OF THE FIGURES

FIG. 1 provides a disgrammatic illustmtion of the effect of
variouw diluents on the pH and stability of an smptl forpm-
Iation post dilution over a twenty four hour period st room
Temperattre,

FIGS. 2A end 2B provide adingranmmatic illusteation of the
effect of pH on dmg loss (FIG, 2A) and totel impurity forme-
tion (FIG. 2B) in & premixed non-porbito] formuletion com-
prising 0,1 mg/m] nicardipine kydrochioride, 0.1 mM citie
acid and 5% dextrose at 40° C,;

F1GS. 3A and 3B provide £ diagrammatic ilmstration of the
effect of pH oo drug loss (FIGR, 3A) and totsl impurity forms-
tion (FIG. SB)mapmmednnn-MJtolfumuﬂaﬁnncom

0.l nicardipine hydrochlorida, 0.1 mM citeic
acid and 0.9% saline at 40°C.;

FI1GS. 4A end 4Bprovide s diagrammatic iflustration of the
eﬂ:‘wtnfmenrdminamncenmﬁonmmpwnyﬁmnﬁmm
non-sorbite] dextrose formmlations comyprising 0.1 mg/ml
nigardipine hydrochloride, DlmMcﬂate,ﬁ%dmtume,m
Qﬂmymlmnrdxpine 0.2 mM citrete and 5%

dextrse after six months st 40° C. (FIG. 4A); and, in non-

sntbiln‘l saling formulations comprising 0.1 mg/m] nicar-

dipine hydrochloride, 0.1 mM citrate, 0.9% saline, or 0.2

mg/ml nicardipine hydrochicride, 0.2 mM citrate ard 0.9%
unline after 3 months at 40° C. (FIG. 4B); and
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FIGS.5A and 5B providea disgrammatic ithiatration of the
effect of incompatible (FIG. SA) and competible (FIG, 5B)
plnmeﬁlmwmpmmonpmdnct:mbﬂi(ymwama
premixed non-sorhitol fonmuletion camprising 02 mg/mt
Teadipin HCL, 0.2 mM citric acid, 5% dextrose, ata pH of

5. DETATLED DESCRIPTION

The promixed pharmscentical compositions describad
huunmmpnmnicnﬂlpumaraphmmﬁcﬂlympmble
galt therepfasthe active ingredient, at leest one tonictty agent
and a buffer. As used herein, the term “pre-mibced” refers 1o &
phepmaceatical composition Gt does not require reconstiin-
tion or dilution before admisistration to a patient. In contrast
ta amgul formuletions comprising nicardipine hydmchlaride
mmbyhﬁlmedpﬂormmmadmxgﬂmdww
selectod by hospitsl personne], the premixed pharmpacetionl
componsitions provided herein are stable n1 roon) temperature
fnrﬁmontborlonserduetu the inclosion of a buffer capable
of maintaining the pH within an optimal pH zenge, which js
typically beiween 3.6 to sbout 4.7. In some embodiments,
mhﬂeplin@mfndformlmmaﬁedmﬁepm

5.2 Pramixed Pharmacenticsl Contpositions
The production.of stable, ready-to-use, premixed gharma-
centical vompriging nicardipine and/or its phar-
macentically scceptable sslts asthe active ingrediont pecscats
&:ﬂ'umtd:velupmmthmdlesﬂlmdneumdmlopmmtuf
the concentrated ampul pmduct sold commercially as
CARDBNEOIKMsMwan!G.J,ﬁBpMnfmm
mﬁﬁngmmlmmufunﬂmofpﬂm
& twenty-four bour period. The percent decrease in nicar-
&mwmmmmmmwu

hogpital staff.
Asﬂemﬂ:edlnﬁneﬂmmplu,pli(ue,ﬂw,e.g.,ms
2A, 28, 3A end 30), the concentration of the active inpredicnt
(vee, alao, &g, FIGS. 4A and 4B), and the composition of the
cantainer materizl (gee, also, &.g., FIGE. SA and SH)affect the
stability of ﬂ;;:me mgmdla:tf and d:;o, formation of impu-
rities. Thus, the development of & stable, rendy-to-use pre-
mixed phamaceutical compasition regitires eimaltrmeous

optimizationof pH and nicardipine hydrochloride concentra-
ton, 2s well as selection of a pharmaceuticslly compatible
containgr. The rezdy-to-use ! compositions
described hersin exhibit 0% to 15% drop in drug concentra-
tion and 0% to 3% foemation of impurities when meintained
at room temperature for 6 to at leact 24 months, Typically, the
pharmacentical compositions are stable when maintainsd at

room temperature for 1l lezs! G monihs, vl Jeast 12 monilis, 51
Jcast 18 months, end at least 24 monthe. Thecompositions are
also stabjeover extended periods of time when mnainteined at
terpenttures from about 2° to B° C. The term “‘stable”, as usct
‘*herein, means yemaining in a state or condition that is suitable
for administration to a patient.

Compounds for usc secording o the compositions and
methods described herein that can econtuin nnam&omauym
etric centers tan oocur as racemates, racamic mixtures, and
as sivgle enantiomers. Accordingly, the compasitions and
methods described herein are meant to compchend all iso-

meric forms of such compounds,

The premixed ical compogitions described
hesei gl Vor its pl < cal
scceptable salis. Nicerdipine, its pharmacentically sccepr-

U8, Put. No. 3,985,758, incorporated herein by refarence in
its entirety). Examples of pharmaceutically aceeptahle salts

5
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of nicardipine inchods hydmchhndes, sulfates, phosphstes,
goetates, fumearates, maleates and

“Typicselly, the premixed phmanmﬁml campositions
somprise 0.05-15 mpfmi nicardipise or & cert
acotptable salt thereof, For example, suitshie conomtrations
of nicardipine or a pharmacentically acoeptable salt thereof,
inchade, but are not limited o: 0.05-0.1 mg/ail, 0,1-15 mg/ml,
0,110 mg/ml, n.1-5mym1,01-somgim1 0.1-2.0 mg/ml,
0.1-1.0 mg/ml, .5 mg/ml, 0.8 mg/iml, €.7 mg/mi, 0.6 mig/ml,
DSm,gfml,04mgfmi,03mgIml,O.2mgIm]or01mgIm1

In some embodinents, the premixed pharmecentical com-
positions comprise nicardipine hydrochloride as the active
itigreiient ot & concentration yyificiant 1o permoit intravenons
adminim&matammhmmoiwmwoa
myg/ml. In some embodiments, fhe copceptratian of nicar-
dipine hydrochloride suitable foruse in the compositions and
methods described herein inclndes, but iz not limited 1o, at
Jeaet abount 0.1 mg/m, In other embodiments, the concentra-
tion of picardipine hydrocklorids suitable for ee in the com-
positions and methods desceibed herein includes, but is not
mmm,atmmoaw

In rome embodiments, the premixed formmlstion
pﬂmmadﬁmmmmﬁymmﬂwm;ﬁxmwy
acoepiable salts, abuffer that has sufficient baffering capacity
to majntein the desired pH sange throughout the shelf-Jifo of
the As shown in FIGS. 2A and 2B, pH is impartant
ﬁnrﬂ:nlnngtem mhi!xty of micandipine in the premixad

range

about 3.0 to about 7.0, pharmacentical commporitions
priihmﬂ:emngsofahoWB.SmabmH‘?adnbnnhwer
percentage of dmg degradation end total impuritiee (See
TIGS. 2A, 2R, SAandSBJAmoldingly suitable pH manges
ﬂarnsemihepmmmadphmmaﬂmpoﬂhmumﬂude.
but ane nof limited to, pH range of at lesst about 3.0, at least
abort 3.1, at least sbomt 3.2, at least sbout 3.3, a1 least about
3.4, al Jeast about 3.5, &l leas) abont 3.6, al lexst aboul 3.7, at
Jeast showt'3.8, ot leant abovt 3.9, t least about 4.0, st Joast
about4.1, st least about 4.2, at Jeast abont 4.3, at lenst about
4.4, at Jeast about 4.5, gt least about 4,6, at 1east aboot 4.7, at
least about 4.8, at least about 4.9, 8t least abant 5.0, ar Jeast
abont 5,2, at beast about 5.5, at Jeast sbout 6.0, at least sbout
6.5, ot Josst shout 7.0,

Tn some embodiments, the pH of the premixed pharmacey-
tical compositions is between shout 3.0 to aboitt 5.0, In other
embndiments, the pH of the premixed phavmaceutical com-
positians is between abaut 3.5 ip about 4.7, In other embodi-
meants, the pil of the pramixed pharmaceutical
is between abont 4.0 1o sbout 4.4. In yet ofher embodiments,
mwﬁmmﬁdwmmhu

Bu suilsblc for use in the pharmscevtical composis
tiona described herein includs, bt are not limited 10, pher-
mmnmnymmhlemhtndmdwfam,
citcabe, tertreie, benzpate, lactale, histidine or other smino
agids, gloconste, phosphats, malate, succinate, formats, pro-
pionste, and carbomate, *Pharmaceutically acceptedle” is
ueed herein in the sanse of being compatible with the niher
ingredients of the formulstion and not deleterions to the
recipient thereof, Accordingly, the term “phrrmacentically
sccepiable sal™ references salt forms of the active com-
pounds which are prepared with counter ions which are non-
toxic under the conditiony of use and are compatible with 5
stable fonmulation. The concentration of the boffer in the
formulaion can be expressed in mpfinl, ¥/L or a2 & moler
concentration. In typical embodiments, from 2bout 0,0001
mg/ml 1o abowrt 100 mg/mi of s suiteble taffer is present in the
pharmaceutical compositiane, Thus, the premixed pharma-
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ceutical compositions can comprise from abont 0.0001 1o
about 0.001 mg/m} of a suitable uffer, from about 0.001 10
zbout 0.01 mp/ml of a suitable buffer, from about 0.01 to
about 0.1 mg/mi of a suitable buffer, from dbout 0.1 10 1

mgfmil of a sujtable buffer, fram about 1 10 sbont 5 mg/m! of s

n suitahile buffer, from shout 5 to aboit 10 mg/ml of 8 suitable
buffe, from sbot 1010 sbout 15 mg/ml of a suitsble buffer,
from sbout 15 #n about 20 mg/ml of » suitable toffer, from
gbout 20 to sbout 25 mg/ml of asuitable buffer, fiom about 25
fo about 50 mg/ml of & suitable buffer, from abont 5010 nbowt
75mgfmlofasmb1ebuﬂ'a;mdﬁ-nmabaut75mabmnwﬂ
mg/ml of a snitahle buffer.

Altesnatively, the buffer conceniration can be expressed as
molar concentrations, [n typical embodiments, from sbout
0.1 ' 100 mM of & mitetile buffer is preacat in the pharma-
enmpositions can comprise a suitehle ludfer having a coneen-
tration from about 0.1 to sbout 100 mM, from sbout 0.1 to
ebout 0.5 miM, from about 0.5 to about 1.0 mM, fram about
1.0t0 about § mM, from abont §Toabout 10 mM, frova gbout
10 to shont 15 mM, from sbout 15 to sbout 25 mM, from
about 25 to aboui 50 mM, from ebout 50to about 75 mb, and
from about 75 10 2boul 100 mbL

Inn some cinbodimets, the premixed pharmacentical ponz-
positions furthar comprise » pH adjuster. Suitsble pH adjust-
ezs typically inclode gt Jeast an acid or a sali thereof, andfora
base or a salt thereof. Acids zmd bases can be added on an as
needed basis in order to achicvea desired pE. For example, if
the pH is grester than the desired pH, an seid can be tsed to
lower the pH to the desired pH. Arids suitable for use in

limited to, hydrochloric acid, phosphoric acid, citric acid,
muxhcmd.a@cmd,mﬁﬁmmd,mmm
nitric acid. In some acid iz usad
1o adjust the pH. By way of another example, if the pH is less
than the desived pH, a base can be nsed to adjust the pH 1o the
desired pH. Bases suilable for use in premixed pharmaceuti-
cal compositions include, but are not limited to, sodium
carbonate, soditm citrete, sodium scetate, and megnesinm
hydroxide. In some embodiments, sodium hydroxide is wed

comprise one or more tonicity agents

cally, mmwmuﬁmadjwmenmhhwdm

phamaceutical to bring it ¢loser to
the camotic pressure of body fuids, such as blood or plasma.
In somme embodiments the tonicity of the premixed formnla-
tion can be modified by adjusting the concentration of buffer
and/or other components present in the premived formula-
tion.

Provided that the compositions ere physiclogically com-
patible, the compositioans do oot require any particular osma-
lality. 'nms.ﬂwcomponuouzmbehypommc,uotomcnr
hypertonic. Typically the premixed pharmaceytical
uomhsvoainmmybﬂwemabmnzsnioammww
kg.
Suiteble wopicity sgents for nee in the premixed pharma-
eeytical compogitions inchde, bt are not limitad 1o, rnhy-
drous orhydrous forms of sedium chiloride, dextrose, suctose,
nyl:ml ﬂmn,slyoml,mbml,mnmiml potessium chio-
vids, mannogs, calcinm chlorids, megnesium chlodda and
other inorganic galtx, Theqlmmyoﬁbematyagmtmﬂie
fonnulanonanbemdmmg(mloringﬂ. To typdeal
wmbodiments, the tanicity sgent(s) is present from about 1
mglmltuabmﬂ%msfml Thus, the premixed phammaceutical
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abourt 1-5 mg/ml, atabout 5-10 mg/m), st sbont 10-15 mg/ml,
at aboyt 15-25 mp/ml, #t ebout 25-50 mg/mi, at about 50-50
mghml, at about 60-70 mg/mi, at about 70-80 tap/ml, and at
about 80 %0 90 mg/m), s well as combinetions of the above

Tanges.
Altennatively, the tooicity egest concentration is mezsured

in weight/volume percent. In typical the tonic-
nylsanm(ljispmmﬁomabamom»abmlms.lfw
example, suitsble tonicily sgent concentrations inclnde, but

arenot limited to, from ebout 0.19% to.about 0,2%, from about
omm;mmmmmommmmmm
about 0.4% 10 about 0.5%6, from sbout 0.5% to sbout 0,6%,
fron sbout 0.6% to sbout 0.7%4, fom shout 0.7% to abont
0.8%, from sbont 0.8% %o about 0,9%, from shout 0.9% o
about 1%, from about 1% to about 2%, from ebont 2%
about 3%, from about 3% ta about 4%, from abont 4% o
about 5%, from about 5% to about 5%, from about 6% 1o
about 7%, from abet 7% to shout B%, from shout 8% to
2bout 9%, and from sbout 934 1o about 1096, as well as
combinations of the abovi ranges,

In some embodiments, thetonicity agent is dextrose, Typl-
cally, the concentration of dextrose suitable for vse in the

phermaceutical ir between shont
2,5% {wiv) to ebout 7.5%6. By way of example, sniteble
dextrose toncentrations include, but arc oot limfted fo, from
about 2.5%: to about 3%, from abont 3% o sbout 3.5%, from
sbout 3.5% 1o about 4% (whick is equivalent to about 40
mg/ml), from ebout 4% 1o about 4.5%, from about 4.5% w
abont §9% (whichis equivalent foabout 50.mg/mT), frae sbout
5% to ubout 5.5%, from abont 5.5% 1o sbout 6% (which is
equivalent to about 60 mg/mi), from ahout §% to sbout 6.5%,
from sbont 6.5% to abowt 736, as well ss combinations of the
above ranges.

In seme embodiments, the tonicity agent in sodiom chlo~
zide, Typically, ﬁememtﬂﬁnnofwdimnhhndenﬁtnble
for yse in the premixed pharmacentics] compositions i
between about 0.1% (w/v) to about 1.8%. By way of example,
suileble sodinm chloride concentrations include, hat sre not
fimited to, from shout 0.1% 1o gboat 0.2%, from abont 0.2%
1o pbout 0.3%, from about 0.3% to abowt 0.4%, from about
0.4% 1o about 0,5%, from abomt 0.5% o sbout 0.6%, from
about 0.6% to about 0,73, from about 0.7% to shouot 0,.8%
(which is equivelcat to 8 mg/ml), from out 0.3% o sbout
0.9% (which is equivalert tv 9 mg/mi), from sbout 0.9% to
abant 1.0%, from shout 1% to about 1.2%, from 1.2% (which
i3 exprivalent to 12 myy/ral) to abont 1.4%, fromm sbous 1.4% 10
about 1,6%, and from sbout 1.6% 1o ebout 1.8%.

hwmeemboduuuuts. the presmixed phaxmacentical com-
positions camprige two, three, fan, or more onicity agents,
In thoee embodiments, the comcenteation of each tonicity
sgaﬂntypnaﬂy]essﬂmmhemmﬂaﬁmthntmm&lm
only a singleagent iz present in the premized formmuiation. For
example, if the premixed formulation comprises sarbitol at
1.92 mp/mi, s suitable concentration of sodivm chioride is 8.6
mg/ml. By way of another example, if the premixed formu-
Istion comprises 1.92 mgial sorbitol, & mitable concentra-
tion of dextrose i5 48 mp/ml.

In some embaodiiments, the premixed pharmacentical com-
positions further comprise one or more cosolvents, A “cosol-
veot™ is a solvent which i added to the aqueons Fformulation
in & weight amount which iz less then that of water and assiste
in the solnbilization of nicardipine and/or £ phaomecentically
accepiable salt theveof, enhances stability of the premiwed
formulation, and/or adjusts the osmolality of the premixed

componitions. Cosolvents suitsble for use in

pharmacentical
compositians can cOmprise ons or more tonicity agents 51 the premixed phammecentical compositions include, but are
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not limited to, slyonl.l(t.g.. palyethylene glycol, propylene
glycol), ethanod, and polyitydric sleohols (e.g., socbitol, raan-
nitnl, sylitol).

The quantity of the cosolvent used in the formulstion ean
be expressed in mg/mi or iz g/L. In typical embodiments, the
cosolveni(s) is present fram sbout 1 mg/ml to sbout 100
mg/ml. Tims, the premixed phurmaceutica] compositions can
comprise one or more cosofvent(s) at about 1 o about 2
mg/ml, #i ahott 2 to sbont 3 mp/ml, st sbout 3 10 aboe §
mg/ml, nt ahout 4 1o sbont 5 mg/ml, at sbowt 5 fo about 10
mg/mi, atabout 10toabout 15 mg/m), atebout 35 to about 25
mg/ml, at about 25 Yo about 50 mp/ml, at sbout 50 i ahout 60
mgfenl, at about 600 about 70 mg/m], at sbowt 70 1o about 80
mg/ml, atabout 80t 90 my/rml, &nd st ebout 90t 100 mg/m),
as well as combingtion of' the ahove ranges,

Alternatively, the cosolvest concentration is measured in
weight/volume percent. In typical embodiments, the cosol-
vent(s) is present from sbont 01% to mbout 25%. For

suitsble cosolvant concentrations inchide, but are
not fimited to, at Teast abont 0,19 to 0.3%4, from ubozt 0,3%
0 sboot 0.5%, fom about 0.5% to ebout 0.7%, from about
0.7% to sbout 0.9%, from sbowr 0.9% o shout 1%, from
about 1% 10 abaul 3%, from shout 3% o sboul 5%, from
ebont 5% to about 7%, from shoud 7% to about 595, fom
about 2% to zbout 11%, from sbout 11% 1o abont 13% from
aMﬂtlB%tnaboutiS%,ﬁnmabmﬂlS%toabmﬂMaﬁﬁ
from about 2006 1o about 25%, 28 well as comibitustion of the
T et e
some cam-
poaitions further comprise one or more cyclodextring, Due to
their strochuse, cyclodextring have the dbility to form com-
plexes, mimilﬁmummlm.mt}lumudm
inorgariic molecsles. Cotnplexes of niszrdipine
dextrins have been described {see, 8.5., U.S, Pat, No. 5,079,
B?whwhdumbummdummmplmnfmwﬁmmnr
ite hydrockloride with slpha-cyclodextrin, beta-cyclodextrin
or gamma-cychdexirin; US. Pat, No. 5,519,012 which
describes inclmion complexes ofdlhydmpyndmm,mhd
ing micandipine, with hydroxy-slkylated-fi-eyclodextring;
and,'Us Pat. Na. 5,904,920 which describes mumerons dmgs
a phamacenticsl enmposition with perC2-18 acylated
M}Nmm-mmm clihy-
dropyridine in combinetion with a cyclodextrin comprising &
snlflteynnp An example of a commercially available sul-

18 CAPTISOL®. CAPTISCL® is a polys-
m derivative with & sodinm sulfonzie salt
that ix separabed from the Gpophilic cavity by & butyl ether

spacer group, or sulfobuiylether. Methods for making the
sylfoalkyl ether cycladextrin derivatives are well known in
theart and are taught in U.S, Pat, Nb, 5,376,645, Methods for
fmmingmmplmnf&eﬂmatmuwthadmgmalmwd!
known in the art as disclosed in U.S. Pat. No, 5,376,645,

mmwmmmmhmmmwa@ﬂ
volume percent, In typical emibodiments, eyclodextrin(s) is
present from sbout 0.1% to about 25%. For example, suttable
cyclodexirin/s) concentrafions inchide, bt are not Emited to,
&t Jeast about 0.1% to 0.3%%, from sbout 0.3% 10 about 0.5%,
from shout 0.5% to about 0.7%, from about 0.7% 1o abow
0.9%, from about 0.8% o sbout 1%, from about 195 to abom
3%, from sbowl 3% to sbout 594, from sbowt 5% 1o sbout 7%,
from mboot 7% to sbout 9%, from showt 9% to dbowt 11%,
Trom sbout 11% to aboot 13% from sbout 13% to about 15%,
from abeut 15% to about 20%, and from about 2084 to abont
25%.

Examples oflll.ble, premined pharmacetical composi-
tions the active ingredieat, a tonicity agent, o
boffer and optionzlly, a cosolvent are shown in Table 1,

15
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TABLE ]
Tanlekty

Active m) Bafftr Cosalvam
Ingrodient (mgiol) (gl pH
micardiping NaCi Citric anid, Saorbial 3.54.7
Epdrochlogide (6.6 mp/ml) azhydrom (192 1ogiml)
1 mp/ml) (0.0152 mg/mb
sicaxdiplne Dextrene, Citrie ach, Borbito] 3.6-4.7
Wydrochiorde  hydnnm anfyrirous (1.92 mgfusl)
0.1 mg/ml) 8mpinl)  {0.0152 mg/ml)
picardiping it jo anid, None 3647
hydrochloskle (0 mg/ml)
©.1 mp/'ml) {0.0192 mg/ml)
nleardiping Denttose,  Cltrio reid, None 3647
hydmocklodide  hydoews
{0.1 mp/ml) G0mgimt}  [0.0192 mg/mb
sicardiplng Na] Citric zcld, Nane 3,647
bytroghloride  (Pmpnl)  enbyedrous
-2 mpimt) (0.0984 rug/ml)
nicardipine Dextreme,  Citricacid, None 3647
Jydrochlaride tydrom anydmes
{82 mg/mi) (50mghnl) {084 mpiml)

cardiping Hatl Citriozedd, Barhite! 3647

®3mpiml) sabydrons (.84 mghnl)

{02 mp/ml) (00584 mg/mi)
niendipmo“' Dextrose,  Citicacld, ?;aiml 3.547
02 mg/ml) @“Smginl) (U084 mpfm)

In some embodiments, the phammacastical )
are uny st described in US. Provisional Application Ser. No.
£0/793,084, fited Apr. 18, 2006, which is incarporated betein
by reforence.

5.3 Methods

The order in which varions romponenis comprizing the
compositions is added 1o the buffered sofition ie not caitical,
provided thet the pesulting compesitlons are steble and ure
suiteble for contirmons intrevencus infision. Accordingty,
the compositions described herein can he made by prepared
in & mumber of different ways. For examiple, in somb embodi-
ments, the compositions can be prepared by adding bufler, 2
mdiymn:andfmnnnolvmmwmaddhgnimﬁplm
to the buffered waler solution; nddmganpﬂadjmh
achieve the desired pH; and theq adding sufficiznt water to
tnake up the final volnme, If nacessary, the pH can be read-
justed to achieve the desired pH range, By way of another
example, the compositions can be prepared by adding tnffer
Mmm@pmmaphmwmmndlymbbhukw
mwataraddingatummyammdlnrmlmt,m
the pH to achieve the desired pH range; and then adding
sufficient water to make up the final volume, By way of
m?mnmlq:mhmtmbeaddedmiwm&;:d‘ﬁ
tien of nicerdipine or 2 phammacentically Becepta
thereof, and s tonicity sgeat can be added after the addition of
mmrﬂpmmaphammﬁaﬂymmhlesaltﬂmmim
wayofmhumnmle,aimidwasmtmbeadddpﬂmm
the addition of ni ara acceptable
palt thereof, and a cosolvent can be edded after the addition of
nicardipine or & pharmaceutically scceptahle eslt thereof. By
way of atother example, the campositions can be prepared by
adding buffer, tonicity agent and/or cpsolvent to watar;
adjmﬂngﬂzepﬂmaﬁMpHmngembhfordiunlm
mﬁpxu(brmmpk Jore than pH 3.6); sdding micar-
dipine ora acceptable salt therend: adjmst-
mgthethoachwethedmradﬂnnlpHmnge end then
adding sufficient water %o make up fhe final vohune,

Insomeembodiments, phemacentical compositions com-

demorose, and citric bufikr

prising nicardipine
ntp}l3.6-47mhep:epmedhyaddmgmlﬂcncdwmmr,
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adding dexirose to the buffered waler, adding nicardipine
Trydrochloride to the tnffered water solution, sdjnsting the pH
if necesnary 1o the range 3.6-4.7, and sdding sufficient water
to meke np the final volume, If the pH can be
mdjuﬂdhbﬁmabonts.smlbuuﬂ'l

mabuﬂ'eulp}la 6 1o about 4.7 can be prepared by adding
cltric acid 1o water, adding nicardinine 1o the buffered water
solution, adding sodivm chloride to the bufTorsd water solu-
fion, adjusting the pil to hetween abom: 3.6 o about 4.7, aad
adding suificient water to meke up the final volume, If sorbi-
tolis included intheformulation, sorbitol is added at the spms
time ax the citric acid.

In some embodiments, the compositions
can be prepared by adding nicardipioe ora teally
Bcceptable salt thereof to an acidie sohition havirg a pH less
than 5,0. For example, the acidic sohdion can be prepared by
adﬂiuanacldmumponmtnf-h:ﬂ'u:ymalhﬁmm
or moze tonicify sgents, snd/ar cozolvents canbe sdded (o the
acidic solution before or after dissolving the nicardipine.
Sufficient water is then added to make up the final volume. If
necessary, ibe pH of the composition can be adjusted 10
between about 3.6 to shout 4.7

It same i the poxmpasitions
can be made by adding nicardipine or & phama
mepmblemhthumfmammwhalbﬁnheaﬁha
temperature greatsr than 35° C.; adding boffer, one or more
topivity agents and/or cosolvents to the acidic sohrtions; and
adding sufficient water to make up the fival volume. If nec-
eesary, the pH of the composition can be adjusted to between
about 3,6 to about 4.7.

The campositions can be packaged foruse
in & varisty of cantaineye. The compositions are prefzably
pockeged ina pharmacentically accepteble containes, suchas
21 intravenous bag or bottles. Due to the light sensitivity of
nigerdipine, puckages can he used that redoce the smoun! of
Tight which can reach the composition. For: in some
embodiments, the container may, optionally, further com-
prise & light besier, snch as an shminum overpouch or a

cartoi

In gomne embodiments, the premixed pharmacentical com-
positions nre diepensed in intravenous bags, mch 25 pre-mix
bags and admix bags. Intravenons bags are well known in the
art and inlly aveilshle. Exargples of intravenous
bags include, but are not limited 10; GALAXY®, INTRA-
VIA®, SOLOMIX®, STEDIM® 71, STEDIM® 100,
VIAFLEX®, EXCHL®, VISIV®, VIAFLO™,
ADDEASE@, ADD-VAN'EAGE@ DUPLEX"‘M FlRS’.l
CHOICE"" PHDPYFLEXW and BFS™,

manmtennrampularpnlymmandmammbhﬁr
wwe in these embodiments, inchude, but ate not Emited to,
GALAXY®, EXCHL®, VISIV®, and VIAFLO™,
Procedures fior filling pharmacentical compositions. in
phmweuﬁcallqumhlecm,andtheirmbﬂquﬂn
processing are known in the art. These procedures can be tsed
o pmdncc sterile pharmacentical drug products ofien
required for healih care, See, e, Cester for Drog Evalustion
and Research (CDRR) and Center for Veterinary Medicine
(CVM), “Guidance for Industry for the Submission Docy-
mentation for Sterilization Prooess Validation i tions
for Buman md Veterinery Drup Products”, (November
1994). Examplesofmblemw&mihrpmdumngﬂwﬂe
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phmmmw!&ugpm&mmﬂnde,hnmnmlmmﬂb
moist heat sterilization, ethylee oxide, radistion
(i.e \ Bamma s electron beamm), and aseptic proceaging tech-
nigues, Any one-of these sterilization procedures can beused
w;mﬂumhcl ek oal sticng desczibed

In some embodiments, sterile pharmaceutical composi-
tions can be naing aseptic processing techniqnes.
Sterﬂnyi:mmﬂhymlngsmlemmﬂallmdawn-
trolled environment. All conipiness and apparatns
are sterilized, preferably by heet sterilization, priorto Slling.
"Then, the container i3 fllled onder pseptic conditions, such as
by pagsing the composition fhrongh a filer and flling the
units, Therefore, the compositions van be slerle filled into &

conlaina 0 wvoid the heet stress of forminal sterifization.
In some embodimenis, the compositions sre fexminalty
sterilized using moist heat, Terminal sterilization can beused
mdmwd!vuuemmwmmtbeﬁnd.wmd
the phapnaceutical composition. An

autochva_iuypicallywedm ‘termina] heat-gter-
itization of drug produets in their final packaging. Typical
auoclave cycles in the i to achieve

termine] stevilization of the final product g 121° C, for al
least 10 mimmtes.

The phanmacentical compositions described herein con be
usad for prevention or treatment of acule elevations of hlond
pressure in a horman patient in need thereof. In some embuodi-
ments, the patients befng treated may be volume-restricted
due fo & co-existing medical condition and thns can benafit
from the administration of higher concentration and lower
finid volume of nicardipine. Examples of medical conditions
inwhich it wonld be advaniageous to administer ow volume
formuilations inclode, renal failure, ascites, cercbral edema,
emgmﬁvahmfaﬂmmerﬁlme.oramsm.m-
2328 can be individualized depending upon the sevatity of

paximth:melewmdhhodpmmmﬂm:yanuaIm
orgreater than 150mm Hg. Innther embodinents, thesnbject
has an elevated Wood pressure with 8 dinstolic value greaier

icdl compositions
can be yeed fo prevent acyte elevetions of blood pressure
aasociated with varions medics] procedures. Examples of
medieal procedures essociated with acute alevations of blood
pressure include, but are not limited to, dleciroconvalsive
therapy (see, e.g., Avmmov, ot al., 1998, 1. Clinical Aneethe-
sia, 10:394-400), carotid endertereciomy (ses, 8.5, Dorman,
etal., 2001, J. Chinicel Anesthesia, 13:16-19, mhﬂl intuba-
unn(Song, et al., 2001, Anesth Analg,, B5:124°7-51) and skin
incizion (Song, et al., 2001, Anesth Analg,, 85:1247-51),
Inmmlndmts,ﬂwphmcwﬁmlmpnﬁhms
czn be used to ireat acute elevations in blood pressure due fo
cortain  catdiovasculer end cerebrovasonler conditions.
Bxmmples of cardiovascular conditions that are associated
withmmeelevaﬁonsofuoodpmeimluda, but are ot
limitedtu,mmﬂal angina, acate ischemia,
ve heart Sailure, coro-

tione of hiond pressare inchide, but are not limited {0 pulmo-
nery hypettension, cerebral insufficlency and migraine head-
ache,

In some embadiments, the phaymaceutical compositions
can be used to treat other conditicns that cause hypertension
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incloding, but not limited to, renal disorders (.., renal
disprders or 7enal vascnlsr disesse), counttation
af the morts, pheochromocytnma, hyperthyroidizr, meta-
bolic syndrome, zolid organ transplant and drug-relsted
hypertension,

Iliem the pharmacentical compoxi

can usedmmdwelm:omon&mngsmgimlpmadmu
inchuding, bt not limited to cardiothoracic surgery, spinal
surgeries and head and neck surgeries,

6. AUTERNATIVE ASPECTS

tions compsising a cardiae madwaﬁnnoruphmaoenﬁeal!y
Bocepﬁblenhﬂnecﬁmdaﬂeﬂmofnmmmmda
camplexing apgent, and a bulfering ageni. The compositinn
may further comprise 8 tonicity agent. The compositions are
pn&nhh-imm.ml;ﬂofthemmpmmﬂapefuﬁly
between 3 and 7. necanponhmsaepreﬁnbbrpwhgpd
in » pharmacenticelly acceptable
venons bag, syringe or visl, Prefershly, tha compositions are
veed for the treatment of candiovascular and cerchrovascular
conditions, The present invention £lso relates to methods for
preparing uch compositions, In this pther aspect, the term
“pre-mixed”, 88 used herein, means a pharmacentical com:
position thet is slresdy mixed from the poﬁntofmxfoctm
2 does not require dihriion or finther befare
ndopinistration. The term * pee-mixed” muy aleo mean § phar-
maceuticel compogition whessin the fiquid aplution and the
tctive pharmacentical ingredient are separsted from the point
of munufacture avd in sioruge, such a5 when the solution is
ntored in en intravenous bag and the active pharmaceutical
ingredien is lycphilized and stored in e visl that is connectad
1o the bag, but sot in fivid contact with the solutian until just
hefomndlﬂnllm;mioapm Prefernbly, the ghagisceu-
erc i AreSly B s o
by injection. the pharmacentica] compo-
sitions may Ye Iyophifized and then reconstitutad in isofonic
#gline, for example, befure intravenous adminfstration.

In this altemstive azpect, the pharmacestical compositions
of the present invention comprise a cardiac medication or 4
pharmucenticelly ncceptable salt thereof of
classes of cardiac medieations inchude beta-blockess, calcium
channe] antagomists, converting enzyme inhibi-
o, diuretics, vasedilators, nitrates, anfisplateler medica-
hmandmt:-coagulm Preferably, the candise medication
is a caleinm channel antagonist ora ically atospt-
able saft thereof, Mnrepmﬁmhly,ﬁ:acatducmadmﬁmin
dihydeopyridine derivative or & aeceptable
sali thereof, Most preferably, the cardise medication s nica-
rdipimhor @ phormaceutically aom‘l;llz salt thamsof.
Exanples of pharmaceutically seceptable ofnismdplne
are hydrochlorides, sulfides, phosphates, agetates, famatetes,

malostes and iartarates, The prefened phamaceutically
lwephblenaltof.unmﬂapmnnmtﬁﬁnehyﬂlmhhﬁde,

The pharmaceutical
mpfml nfnmdxpmemsyhmmhmﬂyaﬂhphblﬂnh
thereof. hmly,mephmmnﬁnlmmnﬁmm
prise 0.15-0.35 mg/m] of nicandipine or s phavmaceuiically
tmcphble salt thereof. Moreprufembly, the compositions
iprize 0.2-03 mg/m]1 of nicardipine or pharmacentically
weepmhleuhiha-mtwmrdipmeandimphmmmlly
mepmbhmmﬁmrpmmandthmrmmlmmm
the art. For they are disclosed in, among other
references, U.S, Pat. Ne. 3,985,758, which i incorpornted
herein by reference in its entirety.
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In some e ihe pheymaceutical eompositions
eomprise 0.1-15 mym] nicardipioe or a pharmacentically
mocepinble salt thereof. For example, siitable concentrations
of picardipine or & pharmaceutically soceptable salt therpof,
include, but are not Jimited to: 01-.}’5mgiml,:11—mmg!ml
0.1-5 mp/ml, 0.1-3.0 mg/ml, 0.1-2.0 mg/m}, 0.1-1.0 mg/ml,
0.9 mg/ml, 0.8 mg/ml, 0.7 mgfml, 0.6 osmyml.o.a
mgm: 0.3 mg/m], nzmworo.l

phammﬁealeompwm
canhemedtokeﬂuﬂmc

, the pom-
pnnhmmbeumdmmmmﬂmtm nted by

the administration of calciwn channe] antagonists, such as
conditions, Cardiovascy-

Caebmmdm-mimthnmhemdm&phar
mmﬁw!cm@omufﬂuepmm!mmninﬂudapul-
mensry hypartension, cerehrs] snd migraine,
the compositicns are used t0 trest hyperteosion.
I this allermative aspect, the phammpceutical compositions
ofthe present invention alsa comptise at Jeast one af a cosol-
vent and a compiexing agent, Therciore, the compositions
may compries 8 cosolvent, s complexibg agent, muitiple
cosolvents, riltiple ams.aemhutanda
wmplexmg agent, a cosclvent and rmliipl
s complexing agent and mouMiple cosolvents, or ool
uplnmsolvamsmdmulupkmplmngngem
In this altemative aspect, Nicardipine and its pharmacen-
uedlymmﬂeummw:hghﬂymmbhinm
Cosolvents and complexing agents heip solubilize nicar-
dipine in the aquesus soluticn of the pharmaocegtival compo-
sition. Cosolvents and compledng agents are expecially ben-
eficial when & bigh concentration of nicardipine is present,
such s in the compositions of the present iavention. Ag
advantags ofthe compositions of the present invention i fhat
they have a high concemiration of nicandipine, which alfows
the composition to be admiristered wsing & Yower volome of
intravenona fiuid. Such compositions can be & treatment
optnunfara Mnmnhunfmmmmyvdm

restricted patients.

In this alternative aspect, putients and mediea) conditions
that may benefit from a higher conceniration and Jower fluid
wvolume of nicardipine fncinde, ut uem:hnﬂtedm,the
Tollowing: acute congestive cardiac fajlune; pediatrics;
bmwemmaﬂuiypahenmwhueﬂundwu{mdna
major concern; all seute shroke areas ncluding A1S, ICH and
SAH 10 cortrol blood pressure; santrolled hypotension dur-

ing sorgical procedures including cardiothoracic surgery
(CABG coarctation of the aorta, ¢tc.), spinal surgeries, and
hndmdneckmmen,mdnmmmyforﬂ:smmlof
bmkﬁmughhjmmmpoﬂmdmnuecwm
matic brain injury and potential treatment of hypestension.
ad vasospasn.

In fhiy altemative aspect, in addition to erhancing soiubil-
ity, cosolvente and complexing agents enlance the stability of
the pharmacentical compositions. Furthermaore, changes may
be made lo the concentrztion of cosolvents snd complexing
agents in the pharmaceutical compositions in order to ndjust
the tonicity of the pharmaceutical compositions. Pharmaceu-
tically accepiable cosnlvents are known in the art and are
commercislly evailable, Typical cosctvents include polyeth-
ymslyml(l’EG),mylmeslml(PG),ﬂmlmdm
bitol. Preferably, the cosolvent concentration is 0.1-10%
i percent, which will depend oi; the pH of the



Case 1:13-cv-05723-NLH-AMD Document 167 Filed 08/14/14 Page 105 of 112 PagelD: 2849

US 7,659,290 B2

13

composition, More preferably, the cosolvent concentration is
0.1-5%. Mowt preferably, the cozolvent concentretion je 0.1 -
2%. Preferred cosclvents for the pharmacentical composi-
tions are propylens glycol and sorbitol, Preferably, the con-
mﬂwufpmyimalywluOl-z%.Mnmpmfznuy
the concentration of propylens glyeo] is 0,)-1%. Most pref-
erably, the concentration of propylene glycol is (L3%. A pre-
ferred concentration of earbitol ie 0.1-2%, An even maore
preferred contentration of sorbitol s 0,1-1%. A most pre-
feared concentration of sorbitol is 0.5%.

In this aliermative aspect, pharmaceutically scceptable
complexing ageats are known in the art uod commercially
mmwwmm&pumqmm

as patral cyclodexiring and chemically modified cyclo-
dextrins, Preferably, the complexing agent is 8 bete cyclodex-
irin. Preferred complexing agents for the phamaccuticat
compasitions are 2-hydroxypropyl in (2HP-
BCD) and sulfobutylether-f-eyciodextrin (SEEBCD). Pref-
erably, the complexing agemt concentration iz 0.1-29%
weight/volume percent. More prefarubly, the complexing
egent copomntretion is 0.1-10%. Most prefessbly, the com-
plexing agent conventration is 0.1-5%, Preferably, the con-
centration of ZHPBCD is 15-25%. More preferably, the con-
centration of 2HPBCD is 20-25%. The prefeoed
concontration of SBEBCD is 0.1-10%. An even more pre-
ferred concentration of SBEBCD ix 0.1-5%. The most pre-
ferred concentration of SBEBCD i 0.75 to 1%.

In addition, the pharmaceutical compaositions in this alter-
native aspect can comp-ue A buffering agent. However, the
compositions tdy camprise multiple buffering sgents. The
pharmaceutical compesitions of the present invention are
pefemb!yclmlnphy!iu!ugmly&mmﬂﬂwﬂm
incidence of phlebitis npon: administration. Rowever, the pH
of the phaamacentical camposition £lso sffects the solubikity
gﬁﬂ?gﬂﬁmmﬁemdﬁm Gmlly a5

o pharmacentical contposition Increases, the
aquecns solubility of nicardipine decreases. Az & result, it is
difficult to solubiliznmnaxdxphwc]onehphym]@mlpﬁ

sufficient buffering

capacity mch that the sabution does pot precipitate upon
difution with blood when administered.

In this alternative aspect, typical buffering agents inchude
acctate, glitemale, citmin, tartraty, benzogte, tnctate, histi-
dine or vther emino acids, glnconate, phosphute and smeei-
nate, The preferred bufforing agents are acetate and succinets,
A preferred buffering ngent concentrstion i 1-100 mM. A
more preferred buffering agent concentration is 1-50 mM. An
mmnrepmﬁmdhnﬂ‘wmgagmtmmﬁmiszsas

In this altetnative axpect, preferably, the pharmaceutical
compositions of the present invention are iscionic, ie., in the
rangepf270-328 mOsm/kg. However, the compositions may
Mamhyhﬁamufmammm

the compositions mey be either slightly 250-269
mOsm/kg, or hypertonic; 329-350 mOsuvkg, Prefer-
ably, the tonicity of the itians is ren-

dered isotonic by adjusting the copcentration of any cne or
mo‘;mmm.cmmmmmmamm
on.

m&ua!wmammﬁcphmmmm

mmmcul!ymﬂable Tiypical tonicity agents include
sodium chloride and dextrose. The preferred tonieity agent is
sodium chioride, A preferred tonicity ageut concentration is

i)

40

55
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1-200 mM. A more preferred tonicity agent concentration je
75-125::&&.Anmmmpmfmdmcny agent coficen-
tration is 90-110 mM.

The phannacentical mmpontlons of the present, invention
are preferably packaped in pharmaceutically accoptable cons
ininers in this atternative aspect Pharmaseutically scoeptable
containers inchule intravenous bags, bottles, vials, and
syringes. Prefeared containers include intravenous begs and
syringes, which are preferably polymer-based, and vials and
intravenous bottles, which ae preferahly made of glas, It is
also preferned that the components of the conteiner that come
into contact with: the phamaceutical composition do not con-
is wn intravencus bag thai does not have any PVC containing
components in contact with the pharmacentical composition.
Itis also desimble toprotect the pharmeceutical compositions
from light. Therefore, the conainer may, optionally, further
comprise a Bght batrier. A preferred light banrier is an glumi-
mui overpouch.

This elternative aspect also provides methods ns described
a‘bmc:ﬂf;r preparing the pharmacesticsl compositions which
ae (B

7. EXAMPLES

Examples 1 through § are intended to be ilfustrative and pot
HmmmuwhmleWTﬁmghn
disclose specific embodiments of the pharmaceutical compo
sitions thet ere principally llusteative of the nllamalive
aspecis described herein,

Examples 1 Tirough 6
Example 1

Effect of Various Diluents un Stability of
Concentrated CARDENBRLY.

Siability results forthe concentrated ampy] product diluted
1o 0.1 mg/m) with various commonly tised intravenotyy infh-
slon finids in an TV bag are shown in FIG. 1. pH after mixing
was measured and is reporied on the X-axis. Product sabifity
wes messmred by monitoring the % dug remaiaing efter
duration of 24 howrs by RP-HPLC and is shown on the Yeaxis,

As ghown in FIG. 1, the jnstability of nicardipine liydro-
chloride i related 1o the initisl pHof the irfosion finid and 1o
the final pH of the soltion after mixing. The magnitude of
drug lose post dilution increases re the final pH of the gohation
after imixing incresses, for example, 8 very pronounced drg
Ioas s obtrined when the pH 1 sbove 4.5. Based on these
findings, the product insert for the marketed ampul product
requires product dilution be camied out nsing specific infi-
sion fuids, Porthenmore, the dilsted product nmst be used
within 24 hoors,

Exemple 2
Effect of pH an Stability

Stability resulis fora0.] mg/mi. nicerdipine HIC], 0.1 mM
citric acid, and 5% dextross formulation dispenned ina GAL-
AXY® bag are shown in FIGS, 2A and 1B, Stebility resulis
for & 0.1 mg/mT. nicardipine HCI, B.1 mM citric acid, 0.9%
saline formulation dispensed in # GALAXY® bag are shown
in FIGS. A and 3B. 8 assessments are done by mes-
suring the % dmg remaining and the total impurity fonmation
85 a function of time using RP-HPLC.
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Stabilfty testing was done at an scoelarated temperature of
40° C, Based an published literature, activation snergies for

dmy, decompositions usnaity fall in the range of 12 to 24
Keal/mol, with typical value of 19-20 Kealinaol, Under those
wndtﬁons(umpm&—luxnhol)lsmmnge
st 40P C, ton
mnnlb:upim:mat?&“&(m:,e.g..cmnm,x..ﬂ_ etnl.,
Chemical Stability of Pharmacenticals, A Handbook for
Phermacists, Johm Wiley & Sons, 2d ed, 1986).

As shown in FIGE. 24 =nd 3A, Joss in product potency
(Grop in % dmp reensining) dueto dagradation and adsorption
on to the bag suface increased ag the foranlation pH was
increastd, For sxample, after § morths storage at 40° C. for
the dextrose formuilations, a clear trend indicnting incressed
frag logs for formmlations at pH 4.4 and 4.7 can be observed.
At pH 33, the drop in % drog remaining is attributed to s
increase in total i (FIGR8, 28 and 3B), rather than
drug Joss due 1o adsorption, In addivion to the obsarved drug
loss, fhe formation of nicardipine-related impurities (FIGS.
2B and 3B) was also fonnd to be strongly pH depandent, In
this case, howeves, the reverss trend was obeerved; as the pH
was decreased, the tots! impurities increased.

Theresulis from this siudy indicate that the formulation pH
has » significant effect on stability of a ready<to-nse diluted
product, The findings of this stody indicate that the optimal
farrmlztion pH renge s between sbout 3.6 1o sbout 4.7,
However, depeoding on the degree of acceptable drg degre-
dal:-i;andlormtahmpnrityfmmnum,nﬁnrpﬂmgum
be chosen.

Example 3
Effect of Nieandipine Concentration on Impurity
Formation

‘The effect of nicardipine concentration on impurity fwran.-
tion in ready 0 use premixed compositions comprising 0.1
mg/mL and 0.2 mp/mi nan-sarbite] formudetions with dex-
trose over &months at 40° C. i showm in FIG. 4A. The effiect
ofnlmﬂqmeonmuﬂmnmnnimpuﬁlyﬁmmﬁuninmdy

use premixed compositions comprising 0.1 mg/mt and 0.2
msmemwﬂﬁm!ﬁ)mnlﬂmmuhmwﬂm
&t 40° C, 3s shown in FI. 4B, The formulations are dispensed
in GALAXY® bags. Stebility ascespments are done ae
denctibed [n Example 2.

As shown in FIGS. 4A and 4B, in adiition to pH, prodoct
copcentration iy another factor that impacts product stability,
in partitular the formetion of nicardipine-related impurities.
The concentration dependence observed with respect to fotal
impurity formation 38 minimized ap the formulation pH is
increased. For example, in FIGE. 4A and B, the effect of
cancaniration is sigrificant at pH 3.3 and is minimized ne the
pH approaches 4.7,

These resulis indicate that impurity formation is greater for
the 0.1 mg/ml formulations as compared 1 the 0.2 my/mi
formuletions for bofh the dextrose and saline formulations.
Simulianeous optimization of the drug consentration akng
with the vigble formulation pH range is important in the
development of ready-to-use premixed drug formulations,

Example 4
Stability Camparisan of Sorbitol snd Non-Sorbitol
Formulations

A stability comparison of sorbitol and non-sorbito] formu-
lations was conducted vnder accelerated conditions (4 weeks

30

35
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at 40° C.) ming & 0.1 mg/mE, nicardipine HCI, 1.92 mp/mL
sorbitol, 48 mg/mL dextrose, 0.0192 my/ml. citric acid, pH
4.2 and a 0.1 mg/ml. nicardipine HCI, 50 mg/ml. dextrose,
0.0192 mg/ml citrc scid, pH 4.0, Both formmilations were
d:spmsedeALAXYh ® begs, Smbihtymd-mmhw were
doue by messuring the % remaining impurity
m»:fmcﬁmofmumgﬂmmm
are ghown in Tebles 2 and 3,

TABLE 2
4% Drug % Total
Tima Reanaini Ionpperi
0 1000 0.08
4 9.1 o7
TABLE 3
D Fommuletinn with Brgbitg]
9 Total
Time B-mhug Impurities
0 1000 NMT! 0,05
4 <L) 013
INMIT refore toy o e thin,

As shown in Tables 2 and 3, minimal differences hetween
the two formnfations were observed in the measured param-
eters. Based on these results, ac well as fhe results shiwn in
Exsmples 1 and 2, the presence or slsence of sorbito] is not
predicted to slter the impact of formulation pH and drug
concemtration on the stability of the premixed phanpacentical
compositions compriging nicardipine HC) and dextrose ar
sodinm chieride.

Example 5
The Bffect of Plsatic Film Composition on Stability

The effect of plestic flm compositon on the stability of
teady to nse premixed compositions comprising 0,2 mg/wl
HC1, 0.2 mM citrate, 5% dextrose, pH 4.0-4.2 for
“incompatible” bags and "compatible™ bags i shown n
FIGS, 5A and 5B respectively. “Incompatible” bags contain
polar polymets, such as polyvinyl chioride (FYC) and ethyl-
woe vigyl acetate (BVA), “Compstible™ bags do not contain
polar polymers,

Stability svaluations were done for the 0.2 mg/ml, nox-
sovhitol dextrose formulation in various commercially avails
ahle IV infision bag systems. EXCEL®, VIAFLBX®, V1A-
FLO™, INTRAVIA®, eml VISIV® bags were rinsed in
water gnd ooveved with alominnm feil over pouches, The
‘bags were filled with the above formulstion and autoolzved at
105° C for 21 minntes, STEDIM®7] and GALAXY® bags
were aseptically filled with the above formulation. Stahility
assessments were done by measuring the % drug remaining
and totel imprity farmation {data aot shown) as a function of
time using RP-HPLC for samples incubated for up o 24
weeks at 40° C. The % drug remsining was cakeulsted relniive
1o the concertration measured post-mixing in tank.

Aw ¢hown in FIG. SA, varions commircially aveilable IV
bmwmnntwmpaﬁblemﬂxmmﬂmm!—lc&. SBignificant
Toss in product potency was observed wpon storage primarily
due to product adsorption in bags that contained the polymer
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PVC (eg., VIAFLEX® and INTRAVIA®), Nicardipine wan
also incompatible with bags containing the polymer ethylene-
vieyl acetste (EVA) in the contact layer (e.g., STEDIM®7]).
FVCand Mmmmplesmofpollrplnﬁsmnmﬂlm
are with nicardipine BCI. Because nicandipine
HCl is nwukbmwnhaplcnnf-‘o‘.z, It is increasingly

a¢ the formulation pH incresses, mdﬁmﬁ'me,

Asshown in FIG. SB,mmmmldm inproduct potoncy was
obmwdwi&mmmﬂbassmpmingwpolym(e&
EXCEL®), plyethyiane {e.g. GALAXY®), snd palyalefin
blends {8.g., VISIV® and VIAPLO™),

Example &
Eifect of CAPTISOL® on Product Swbifity

Iheaﬁeﬁofwnsm.@mhmbiﬁtynfmdywm
premixed comphsitions comprising 0.3 mgiml Ni
EOmMNaAoﬁa'le 1.8% Captisol, 112 mM NaCl, pH 4.5 or

0.3 mg/m! Nicenfipine, 30 mM NaAoetats, 1,8% Captisol,
3.7% Dieactmse, pH 4.5 dispensed in 100 m! GALAXY® bags
was monitored for 12 weeks 5t 5,25 snd 40° C. in (pee, e.g.,
Table ). Bmseﬂmdmgwasﬂnbbat?(t., the data fsnot
shown. In edditicn, the formulations were manilored at 43° .
in 2 m, glass viels (poe, &.g.. Table 5), All formulations were
filled eseptically into the vials and bags by filtering the sou-

tion through a 0,22 pm filter,
TABRLE 4
it Dl Revtalning a1 25° C, and 40° C I GALAKY @ Bag
56 Diig yeqajisg &t 35°C. faing o 407 (2
Time Nart Dexrsige Nall Dextros:
{woeks)  Foarmulation Formulstion  Fomnulation  Fommilatien
0 100,00 100,00 100:00 160.00
1 5657 99,86 LAt 9826
2 oR0S 10n.50 n07 10040
4 Po4s 040 846 102,56
12 7.1 10138 9536 £9.00
TABLE 5
% Trug Reroaining st 45° £, in Dlues Viaks
Time NaCl
{orecks) Forulation Deatrowe Fopnulatinn
0 100.00 100,00
2 107.69 10578
4 108.18 10522
" 102.22 102,80
Pharmaceutical compositions comprising CAPITSOL®
exhibited minime] drug loas end impurity formetion (data net
shown) ax u function of time and . Baged on the

Temperature,
accelerated swbility dmte at 40° and 45° C,, formulations
comprising CAPTISOL®, dextrose or NAC) shovld be stables
atroom tempeegture for af least 12 months,

Bxamples 7 Through 12
Bxamples 7-12 ilhstrate

specific embodimaats, The sinExmylas‘l—lz
waepufamsdatﬁ'c.mmdumlmuhmmdm
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ditions thet canse sufficient product degradation in a rela~
tively sbart period of fime, Smbﬂhymmpmsnmmdme-

ecule is well yndersiood ae 8 fuction of temperstare and
tins, Stabifity dzta are svatleble for the marketed product up
to 36 months st room temiperature, 22-27° C., and 40° C,

Thsrauonaleu:edmihmp:ﬂ;mummngwulmﬁm
is that if the degradation kinetics of the evelvated forrmlation
protatypeds were to the CPF ot streenwd tempers-
tures, drug prodoct stability wonld tikely be comparable or
berter t room temperature. The cusrent prototype formmia-
tion i stable for at leust 18 months at 25° C., and therefore it
is projected that the cvalusied fonmnlstion prototypes can
have camparable or better stability.

Example 7
Formmiation Preparation and Anslysis

Appropriate buifers, such as acetats ar succinate, contain-
ing the desired cosolvents, such as sarbiiod or propylene gly-
<o), and/or complexing agents, such es SBEBCD or
ZHPBC:D, were prepured, Appropriste tonicity ageats, such
as sodium chloride, wero prepered and added to rome of the
pharmacentical compositions. Based upon the: final Tormmuils.
ﬁmwmmmdﬂnmﬁugmgmn,mﬂlyo.:ﬁf
mg/ml.,, nicardipine was weighed into an
container and prepared tnffer was added to diseolve the drig,
Tonicity agent, if any, was then added, The solution was then
sonicated for up to 45 mirmtee to facilitate dmg dizsolution,
045 "“"“"EL."“““"(M"?.;:';’“*‘?;"' e Syinge i
2 .45 pm syzinge isc LC 13 mm Syringe filter,
filtering, the el dxmdegN s ping

first few drops were and the remni
solution was collecied into another glass contriner. The pre-
pared fonmulations wete pubsequently digpensed into either
visls or inteavenous haga.

The following isotonic pharmacentical coampositions were
made sccarding to tha sbave prototol:

Pharmacentical Compozition 1 (PC1):0.2-0.3 mg/m] nice-

ndiping hydrochlozide, 3.7% oshitol, and 50 M Na-
scetate, wherein the pH of the camposition is 5.0,
Pharmacentical Composition 2 (PC 2):0.2-0.3 mg/ml nicas
rdipine hydrochlorida, 1.7% propylene glycol, and 50
?MNameme, whetein fhie pH of the composition is
0
Pharmacentical Compesition 3 (PC3); 0.2-0.3 mg/miniea-
rdipine hydrochloride, 2.8% sorbitol, and 50 mM Na-
succinate, wherein the pH of the composition is 5.5.
Phermecentical Composition 4 (PC4); 0.2-0.3 mg/m] nice~
sdipine hydrochloride, 1.1% propylene glycol, and 50
mM Ne-succinate, wherein the pH of the composition is
3.5,
Phwrmaceutical Composition 5 (PC 5): 0.2-0.3 mg/il niva-
rdipine hydrochloride, 4.1% sorbitol, and 50 mM Na-
soetate, wherein the pH of the composition is 3.5,
Pharmsceutica] Comporition 6 (PC §): 0.2-0,3 mg/m]nica-
ripine hydmehloride, 1.9% propylene glycol, and 50
mM Ne-acetats, wherein the pH of the composition is
as.
Pharmacentics] Camposition 7 (PC 7): 0.2-0.9 mg/minica-
rdipine hydrochloride, 4.1% sorbitol, and 50 mM Ne-
acetute, wherein the pH of the composition is 4.5,
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I‘limhualCumpomonS{PCB)comelmn-
ndipine hydrochloride, 1.8% propylene glyeal, and 50
mM Na-acetate, wherein the pH of the composition is
4.5,

Phnrmnmualomnpomm{‘n;ém?o ;.i—y?ﬁmgbﬂm ]
dextrin, and 50 mM Na-gucginate, whenein the pH of the
composition ix 5.5,

Pharmeceutical Composition 10 (PC 10); 0.2-0.3 mg/ml
micardipine hydrochloride, 5.5% suifobutylethenfi-gy- 10
clodextrin, and SDmMNa-aucmaMwhmdnthepHof
the pomposition is 6.0

Phammsicentical Composition 11 (PC 11): 0.203 mglm‘l
nicandipine hydrochloride, 8.5
clodexim,mdsomb[m-smm,whm Ilpro!‘ 15
the composition is 5.5.

thmmulcumpumon 12 (PC 12): 0.2-0.3 mg/m!

ipine kydrochloride, 8.5% mlfobutyletherfi-cy-
clodmmn,mdSOmMNa-nm wherein the pH of
The composition is 6.0. o
nmmmcmpmnams;o,z-oamdﬂ
pine hydrochloride, 8.5% sulfobuiylether.f-cy-
chdamdmmd”mummm,mmpﬂofﬂm
compogitien is 5.0.
Pharmaceutical Composition 14 (PC 14): 0.2-0.3 mg/ml 25

nicardipine 8.5% lether-P-cy-
clodemm, and 50 mM Na-citrate, wherein the pH of the
composition is 5.5,

Pharmaceutical Composition 15 (PC 15} 0.2-0.3 mg/ml
nicardipine hydrochloride, 22.5% 2-hydroxypropylg- *°
oyclodextrin, end 50 mM Na-acetate, wherein the pH of
the somposition is 5.0.

Pharmacentical Composition 16 (PC 16): 0.240.3 mg/m]
nicardipine hydmchloride, 22.5% 2-hydmxypropyl-f»
cyclodumh,andmmMNn-m:dnnte,whumﬂ:epH b
of the composition ix 5.5. -

Pharmaceutical Composition 17 (PC 17): 0.2-0.3 mdml
sicardipine hydrochlerids, 17.5%
qdodummsanNamm,whmthanof "
the composgition is 5.0.

thamueﬂﬂonmnntnnla(l’c 18) 0.2-03 my/ml
vicardipine hydrochlaride, 17.5% 2-hydroxypropyl<B-
uyclodm:n,anﬂSOmMNa-ummﬂe,MﬁapH
of the composition is 5.5. P

Commamial Product (Ampul) Formulstion (CPF): 2.5
mg/ml nicardipine kydrochipride, 2.5 mM citrate, and
S%SMLwhmﬂxcpHofthemmponmiaas

Cantrol Formulation (CF): 0.3 mg/ml nicardipine hydm-
ch!mde,zsmMcimm,mdS%w‘lﬂol,whmﬂm 5
pH of the composition is 3.5, .

Phamnacewtical Composition 19 (PC 19%: 0.3 mg/n] nica-
rdipine hydrochlarids, 50 mM sodium acetete, 50 mM
soding citrate, md 50 mM disodinm soccinate, wherein
the pH of the composition is 3.5, 5

thuuhmlf:omposﬁm‘m(?cm) 0.3 mg/ml nica-
mipine hydrochiaride, 50 mM sodivm acefate, 50 mM
sodinm citrete, and 50 mM disodium snocinate, wherein
the pH of the composition is 4.5.

Pharmaceutics] Composition 23 (PC 21): 0.3 mg/ml aica- ¢

dipine hydrochlacide, 50 M sodiom acetste, 50 mM
sodium citrate, and 50 mM disodium succinste, wherein
the pH of the caraposition is 5.0.

Pharmaceuheal(:onlposmmzz(?czz):Mmgfmlniu-
dipine hydrochloride, 50 mM sodium acetate, 50 mM 63
mdmmmtrate,nulzsdemodmmtmcimle,whem
the pH of the composition i 5.5.

20
Pharmecentical Composition 23 (PC 23) 0.3 mg/m nica.
ndipine hydrochloride, 4.195% md 50 mM
sodnmaemte,whmmp[-lofﬁu cumposition is
3.5,
Pharmaceutical Composition 24 (PC 24): 03 mg/ml nica-
sdipine hydrochloride, 4.1% pochitol, and SO mM
sodinm acetate, wherein the pH of the composition is
4.5,
Fharmaceutical Compositfon 25 (PC 25); 0.3 myy/m] nica-
wdipine hydrochloride, 3.7% sarbitol, and 50 mM
sodmmo' acetate, wherein the pH of the pomposition 1s
-4
Pharmaceutical Composition 26 (PC 26): 0.3 mg/ml nica-
rdipine hydrochloride, 2.8% sorbifol, and 50 mM
;':sdmm:a,whmﬂwpﬂ of the ecomposition is
Pharmacentical Composition 27 (PC 27): 0.3 me/m aica-
pipies hydochloride, 1.9% propylene glycol, and 50
mmmmﬁapﬁafﬁcmﬁm
ia 3.5,
Pharmacentical Compoesition 28 (PC 28): 0.3 mg/nl nice-
sdipine hydrochloride, 1.8% propylene glycol, and 50
mMsudmmaewe,whﬂehmenHoflhempoﬁum
in 4.5,
Pharmaceutics] Camposition 29 {PC 29): 0.3 mg/m] nica-
rdipine hyrdrochloride, 1.7% propylene glycol, and 50
m!;!;odhm acetate, wherein the pH of the composition
1] 4
Phermaceutical Composition 30 (PC 36): 0.3 mg/ml nica-
ndipine hydrochlocide, 1.1% p(lr';:cpyle{eglyml sudmn;l)
::Miogigmmdmw,wkmnthepl‘lufmwmpoﬁ
it
pm::mxumcmmmsl (PC 31): 0.3 mp/ml nica-
wdipine hydrochloride, 6,5% sulfolutylether-f-cyclo-
dexirin, and 50 mM sodium suecinate, wherein the pH of
the composition is 5.5.
Pharmsceutical Composition 32 (PC 32k 03 mg/ml nicp-
wlipine hydrochloride, 6.5% selfotutylotheng
dextrin, and 50 mb sodivm swcinate, wherein the pH of
the composition is 5.0,
thambeanmpnﬁ&mSS(PCﬁ):DSmymlm
22.5% 2-trydroxypropyl

rdipine hydrochloride, 8-ty
clodexirin, and 50 mM sodium scetete, wherein the pH
of the composition is 5.0.

thmﬁm&mpminmu(l’cy) 03 mg/ml nics-
ndipine hydrochloride, 17% 2-hydrexypropyl-f-cyclo-
dexdrin, and 50 mM disodium succingte, wherein the pH
of the iticn ig 5.5,

Pharmapeutical Composition 35 (PE 35): 0.3 mg/m] nica-
rdipine hydrochioride, 03% propylene glycol, 0.5%
sorbitol, 30 mM sodium ncetste, and 50 mM NaCl,
wherein the pI of the ion is 5.2.

Pharmecentical Comporition 36 (PC 36): 0.3 mg/ml nica-
rdipine hydrochloride, 0.3% propylene glyeol, 2.0%
sarbito], 30 mM sodium goetste, 45 mM NeCl, wherein
the pH of the coumposition is 5.2,

thnmnealCmpomth‘?(PCS’l)' 1.5 mg/m] nice-
rdipine 99 sulfisbutylether-f-cyclodex-
1rin, and 30 mM sodinm acetate, wherein the pH of the
composition is 4.5,

Pharmacentical Composition 3B (PC 38): 1.5 mg/ml nica-
ndipine hydrochloride, 9% sulfolayletherfi-cyclodex-
1rin, and 30 mM godinm aceinte, whenein the pH of the
composition is 5.0

thmem]ﬂompusium”(l’caﬂ 0.3 mg/ml nica-
rdipine and 30 mM podium acetste,

whierein the pH of the composition is 3.5,
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Pharmaceptical Composition 40 (PC 40): 0.3 mg/mi nica-
rdipine hydrochloride, and 30 mM sodium acetste,
wherein the pH of the compositinn is 4.0.
Pharmacoutics) Composition 41 (PC 41): 03 mg/ml nlea-
wdipinc hydrochloride, znd 30 mM sodium acetate, 5
jtipn is 4.5,
i'hmuwhml Cnmponm;n 42 (:;lelz): 03 mg/ml nica~
rdipine bydrochloride, 1.8% sulfobutylether-B-cyclo-
dextrin, 30 mM sodium, acetyte, and 110 mM NaCl,
wherein the pI{ of the composition is 5.0.
Pharmeceutical Composition 43 (PC 43): 0.3 mg/mi pica-
rdipine hydrochlaride, 1.8% sulfobutyletherf-cyeio-
dnmm, 0.3% propylene glyool, 30 mM sodium ecetate,

ssmMNacﬁ whercin the pH of the composition is 5.0,
Pharmaceuﬁml

mdipine hydmchloride, 1.8% sbobutylethenf-cyc
dextrin, 30 mM sodiom acetate, and 110 miM NaCl,
wherein the pH of the composition is 4.5,
Phavmarentice] Composition 45 (PC 45): 0.3 mg/m] nica-
rdipine hydrochloride, 1.8% sulfobutyletherfi-cyclo-
dextrin, 30 mivl soxlivm acetate, 2nd 200 mM dextoose,
wherﬁnthepﬂofthemmpmninnisti.s
l’hnnmmﬁu! Compoeition 46 (PC 46): 0.3 mg/m] sica-
rdipine hydrochloride, 0.75% salfobutylether-B
dextrin, 30 mM eodinm scetate, and 12SmMNnCI,
wherein the pH of the is 4.5,
Phammceuhmlﬂompt;ﬁn‘o:z @C&b?;;)lsmymlnim
rdipine hydrochieri M etherf
dextrin, 30 mM zodium acetate, and 125 mM-cl'!Irg:l,
wherein the pH of the composition is 4.5,
thaowﬁulCompomaﬂ(PCtiB):os mg/ml nics-
rdipine hiydrochioride, 34% sarbitol, and SO mM
mdmmlcdnmwhﬂmﬂmpnufﬂlempoﬁumil

a:mmmoompmmpcm: 0.3 mg/ml nica-
wdipine hydrochlaride, 1,3% propylene glycel, and 3D
mls{mdmmamﬂmmnﬂwpﬁofﬁempmﬁim
18 5.6
i Tydtotionda, 1% aatobophes e
oride, 1.8 lether-f-cyelo-
dexntrin, 30 M podium zoetate, and 110 mM NaCl,
whesein the pH of the composition is 5.0.
PhnmﬁulCnmpoﬁuSl (PC 51): 03 mg/ml nica~
riipine hydrochloride, 0.75% sulfobutylether-p-cyclo-
dexizrin, 30 mM zodium acetste, and 125 mM NaCl,
wherein the pH of the composition i 4.5,
Pharmareutics] Composition 52 (C 52): 0.3 miy'm] ndca-
rdipine hydrochloride, 1.0% sulfobutylether-B-cyeko-
dextrin, 30 mM sodium apetate, and 125 mM Nacl, so
wherein the pH of the composition is 4.5.
Pharmacentical Composition 53 (PC 53): 0.3 mg/m] nica-
xdipine hydmechioride, 0.5% sarbitcl, 0.3% propylene
glyeol, 30 mM sodinm scetate, apd 90 mM NeCl,
wherein the pH of the composition ix 5.2,
Pharmacentical Composition 54 {PC 54) 0.3 mg/m) njca-
ndipine hydrochloride, 1.0% sulfobutylether-B-cyclo-
dextrin, 30 mM soditm scetate, and 125 mM NaCl,
whmnﬂmp}luflhemmposmonu 4.5.
Pharmaceutical Composition 55 (PC 55) 03 myg/ml aica-
rdipine hydrochlaride, 0.75% sulfobutylether-B-cyclo-
dm::,BDmMmdmmsmw,md 125 mM NaCl,
wherein the pH of the i 45,
icaf Composition §6 (PC 56) 0.3 mg/m] nica-
ndipine hydrochloride, 0.5% eotbitol, 0.3% propylene 65
plycol, 50 mM sodiurg scetote, and 90 mM NeCl,
wherein the pH of the compogition iz 52.

- 25
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The exciplent concentration in the coatrol formulstion
(CF) is identical to the commmercial product formmilation
(CPV), Candened®]1.V (ampul). However, the coricantration of
active ingredient in the commercial and coniro) fhrmulations
in differont, In the commercisl product formuletion {CPR),
theconceniration of nicmrdipine oride in the ampu] is
2.5 mg/ml. before dilution, and 0.1 mg/m? after difution with
sppropriate IV fuids before sdminisimtion, The contro] for-
milation (CF), which is designed for premixed ready-to-use

10 hmmbagsm&nmﬁnﬂgudihﬁmwhh_m

nous Huids is required, hae & nicardipine cob-
centration of 0.3 mgfinl.. The puepose of the contro] formmu-
Intion was to help asseos the degradation propensity of the

evaluated formulations. Comparable degradation profiles st
formulation

15 stressed conditions ja mdicative of comparshle

stability.

Example 8

Vial Stability Duta with Sorbiiol and Propylenc
(Hyeol Formulations

Thestability in visls of pharmaceytical compositions of the
present iovention comprising a co-solvent and & buffering
agent were compared to the control formmilation and the coms
mereial product formulation. Stebility was detenmined by
comparing the drug concentration over fime for the below
canmpositicns. Specifically, the below compositions werepre-
pared sceonding to the method in Bxample 7:

50 mM Nes-acetate, pH 3.5, 4.1% sorbiiol (PG 5),

50 mM Na-acetete, pH 3.5, 1.9% propylene glycal {PC 6),

50 mM Na-acetate, pH 4.5, 4.1% sorbitol (PC 7),

50 mM Na-scetate, pH 4.5, 1.8% propylene glyeol (PC 8),

50 mM Ne-acetate, pH 5.0, 3.7% sosbitol (PC 1),

5) mM Na-acetate, pH 5.0, 1.7% propylene glycol (PC 2),

Contyol formnlation: 0.3 mg/ml, 2.5 mM citrate, 5% sor-
bitol, pH 3.5 (CF), and

Commencial product formulation: 2.5 mg/ml, 2.5 M cit-
rate, 5% sorhitol, pki 3.5 (CPF),

mmﬁhwm&csmpc&mcdiﬂmlglmﬁm
and at elevated femperature conditions, in this cage 45° C.
Formmlation stehility was monitored by measuring the drog
concentraiion by RP-HPLC sgainst & standard curve, The
Grug eoncentration measurements were taken at the start of
the experiment, 7 days and 21 days, except for the pommer-
ciz] produst formulation, which measurements were taken at
the start of the experiment and 46 days. Thése measirements
were then converted inte a percentage In order to show the
percentape of dimg remaining after & period of time.

Dmg Doug
Drug Conc, Cone,
Cone. % Gepnh) %  Jpm) %
T ifpgil) Drug t=? Diug  1=21  Dmg
# t=0 Remaining days Remainiop dsys  Remwbving
5 4 160 31 % 289 5%
6 2 100 305 0l 282 L]
7 304 100 303 100 283 ]
B 304 100 304 100 m )
1 28 100 04 98 o) 52
2 0 100 302 104 64 9
CF 2 103 301 100 m ]
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Poba)  %Dms  ond  wDmg Leind i
P ot 1=0 Benmisitg  tedSdeyy  Bemainig Owinl) g {rgfmi) % Drug
— — _— = - p T t=0 Roouising  t=46dmx  Remaiaing
CPF 2553 100 2265 »

The data show that the stability in vials, drog eoncentration
over time, of the pharmeceutical vompositions of the present
invention that contain co-solvents ano comparable io both fhe
control foraulation (CF) and the cucrent product formulation
{CFF). In addition, fhe compogitions had no additionai deg-
ndﬁonmmmnmmm&umﬂnﬁm(mm

Example 9
Vial Stability Data with SBEBCD Formuiletions

Thestabilityin vialk of pharmacentiosl compositions of the
Tresent inveation conprising & complexing agent and a buff-
ering agent wese conpared to the control formulation and the
cammercial product formulation, Stehility was defermined
by compering the drag concentration over time for the below
compositions, Specifically, the below compositions were pre-
pared sccording to the mathod in Bxample 7:
{PéﬂmMNamw,sj%SBE-hmq’elodmuin,pHSO

13)
o2 ;l‘:)!i( Na-citrate, 8.5% SBE-beta cyclodoxtrin, pH 5.5
(Péol:;:;imammss% SBB-beta cyclodextrin, pH 5.5
m:gom)fammmum,msn&m cyclodextrin, pH 6.0
12

Control formulation: 0.3 mg/mL, 2.5 niM eitrate, 5% sor-
bitol, pH 3.5 (CF), and

Commercial prosluct formuletion: 2.5 mg/ml, 2.5 mM cit-

raln,S%lnrbiml,pHBS(CPF)
These siebility studies were performed in 2 mi glass vials 40
and gt vials and at elevated conditions, in this

emperature
case 45° C, Pormxlation stability was motitored by measur-
ing the drag, concentration by RP-HPLC apainat « standard
carve. The dmg concentmtion meagmrements ware taken at
the siart of the experiment, § days, 13 days and 30 davs,
except for the commercial produet formulation, which mea-
surements were taken at the stact of the experiment and 46
4days. These measuremonts wero thon converted into a pep-
centage ju order to ehow a2 parcantage of drug remeining after

1
The date show that the stability in visls, drug concentration
oves time, of the fharmacentical compositions of ths present
invention that contain SBEBCD ere conparable to both the
5 vontrol formulation (CF) and the commercisl producs formu-
h&m(@?}hnﬁhmhmnﬁm hed no additionsd
fegradationproducts relative to the contral formulation {data
nof showi). Tt is aleo worth noting that the target concentra-
tion of 0.2-0.3 mg/ml., could be readily attained it the pros-

20 ence of sulfobutylether-f-cyclodextrin,

Example 10

Intravenous Bag Stebility Duta with Sorbitol and
Propylene Glycol Formulations

"The stability in intravenons bags of pharmaceutical com-
positions of the preseat invention comprising a co-solvent
30 and abuifering agent wepe compared to s control forranlation,
Stability was determined by comparing the drag concentra-
tion bver time for the below compogitions. Specifically, the
below compositions were prepared secording: fo the method
35 in Exenple 7:

50 mM Ne-ucetste, pH 3.5. 4.1% sorbitol (PC 5),

50 mM Na-acetute, pH 3.5, 1.9% propylene glycol (PC 6),
and

Control formuilation: 0.3 mg/mL, 2.5 md] citrate, 5% sor-
bitol, pH 3.5 (CF).

These stabifity studies were performed in 50 m) intrave-
nous bags and at elevaicd temperatire conditions, in this case
#5° C. Formplaticn stability was monitored by measaring fhe

45 drug eoncentration by RP-HPLC against = standard carve.
The drug concentration meastrements were taken at the start
of the experiment, 7 days and 21 days. These messurements
were then converted into a percentage in order o show the

s parceninge of drug remmining afier a period of time.

a period of time,
The data from these stebility studiee are ghown in the The data from thess stability stodics are shewn in the Tublc
following Tables. below.
[Drug) & [Dmg} % [Dnag} % Lug] %
(ig/ml) Drag (i) (g/m) Dmg (ugfml) Drug
PCH tw0 Remaluing t=54 Rﬁnl.lnhm tw13d Remalning t=30d Remalning
13 m 100 387 101 413 108 390 102
14 100 39 1} 2 105 13 100
1 2 100 m 104 308 e 364 100
12 3 100 341 107 EL 1z 26 103

p 100 352 104 363 107

38




Case 1:13-cv-05723-NLH-AMD Document 167 Filed 08/14/14 Page 111 of 112 PagelD: 2855

US 7,659,290 B2

25

Dmg Deug
g Comp. Cone.
- mj % {pg/ml) % (pptol) %
Dnug =7 D =21 Deng
# tm0 DRominlng doyr Remsining diye  Remaining
3 3 10 a7 10 g do2
[ 302 100 311 m 27 13
CF 302 100 276 n 264 Sk

The data show that the etability in intravenous bags, drg
conceniration over time, of the pharmaceutical compositions
of the presend invention that contain co-solvents are compa-
rablato the control formulation. Inaddition, the compositions
had no additions] degradation prodncts relstive to the confral
fmnuhﬁon(dxhnntnhnwn).lﬂnully dimg adsorption on the
bag surface wes minimal at pE

BExample 11
lotravenous Bag Stability Data with HPCD
Formulations

The stability of a phemmaceutice] composition of the
Mmmnnmpnmgamlexmpmmdabnﬂ'
ering agent wes evaluated in both vials and imravenous bags,
Stability was determined by comparing the drug concanira-
mmmforﬁebdowwmposiﬁon Specifically, the
hduweompmtmwsmmdmmﬂqgmﬁemﬂhndm
Examaple 7:

50 mM Ne-acotate, pH 5.0, 22.5% HPCD (PC 15).

These stability studies wese performed tn 50 m! intrave-
nous bags end at elevated temperature conditions, m this case
45° . The siability evaloations were done with @ §0-mL il
woliime int both the opright and inverted bag configurations.
These evaluations were Jone relative to the same formutation
ina 2 ml glass vinl, 5 a contral. Fermulation stability was

ments were m:tﬂnsémnfﬂmexpeumut,,! day, 2 days,
6 days, 9 days and 16 days.
The dats from these stakility sindies are shown in the Table

Drug Dmp Dnsp Dmg Dng

Dryg  Coms.  Come.  Coos,  Cone.  Comc.

Cnze.  {pp/ml)  (wimD Qpiol)  (upiol) (upimD

{gml) t=1 te2 tef t=9 i=if

twd dey days deye dys  deym
Vial 2n 2n 283 260 259 274
BUzinht m 256 244 264 m an
Tvortsd an 233 203 175 12 150

The date show that the stability, drug concentration over
time, of the phamacentical composition of the present inven-
tion thet contains complexing agent is more promising in the

uptight configiyetion of the bag. The data also show that the
recovery of drug prodoct was poorer in the iaverted bug
corfigumtion.

Inordet o determine why the composition was more stable
in upripht intravenons bags compared to inverted iutravenous
additiona] experiments were conducted, The drop in

35

60
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conpentrati not due to degredati
wct i ot e, o bl i e deop i oy oo
ommmnwmdnem&ugadmphmnnﬂ:ebagmd'me.l?ar
many hydrophobic drugs, adsorption on PVC surfaces is

commoaly reported
ohemdmgmﬁmntndmﬁmmﬂwimemdmnﬁsmum
because the drog is in contact with PVC surfaces, These
restlts suggest the nse of non-PVC bags end/or the careful
tvaluation of the bag size (solution voiume) &5 feasible
options to minimize drug advarption in onder to achieve
adeguate dmg product recovery.

Exemple 12
Intravenous Bag Stehility Data with Sorbito]
Formulations

The stzhility of a pharmaceutical compngifion of the
present invention comprising s cosclvent and a buffering
agent was ovalueted in both vials and intravenons bags. Ste~
Lility was determined by comparing the dmg concentration
ower time for the below composition. Specifically, the heloy
compogition was prepared sccording o the method in
Example 7:

50 M No-acelate, pH 5.0, 3.7% sorbital (PC 1),

These stability stadien were performed in 50 ml intrave-

nous begs and et elevated temperature conditions, in this case
45° C, The stability evaluations were done with both 10 and
50 mL fi1] volvmes in both the npright and inverted bag
configurations. These evaluntions were done relative to the
same formulation in a 2 mL glass ¥ial, a¢ a control, Foom-
mmbihywmmmdhymmnngﬂadmsm
tration by RP-HPLC agpinst & standand curve, The drug con-
centration imeasnrements were tiken st the siart of the
experiment, 1 day, 2 days, 5 dsys, 9 days and 16 dayz.
nb'.l;hedahﬁmthmﬁhilﬂylhﬂm areshowninthe below
-9

Dug Dmg  Dmg Dmg Doy

Drg  Cons.  Uose Conc.  Cooce  Ooi

Cone.  (pg/mf) fpml} GemD  Qehml) i)

(e/ml) i-1 t=2 t=6 t=9 talf

t=0 i diys dam  duyr  dmp

il 100 w02 100 10 04 104

Upnght 100 o3 ] o5 s ]
e
10 ml

Unright 100 )] 96 114 97 ]
Bag
5Dl

Ivasted 100 % 4 B 2 13
Bag
0w

Tarvenind 100 87 102 LT s
Hag

Inmdehdmmmwllymummpnmmwnmmmﬂe
b sdditional s u:;ductad. The in
were
mmnmmnmehmm thyadaho‘::fod
net {data not shown). We believe that the drop in dreg con-
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5. The method according to claim 2, whersin providing the
solmmnmﬂwmp! ol providing an initiel sohotion
comprising weter and at k=it one buffer at & pH less then
about 5.0, and theresfier adding at least one active ingrediant

27
cenfration was due to drug adsarption on the bag surface, For
many bydrophobic dmgc,adsorpuonnnl'vc surfaces is B

ubnmedngmﬂcm:dsmphoninﬂnmvmedmnﬁmhun
becaure the drug is in contwet with PVC surfaces. This belief s to the initisl sofntion,

iz further supported by the fict that we observed poorer recav- 6. Tha method according to claim 8§, whevein the initial

ey of thedmp inthe 10mL i1l configurationrelativetathe 50 solution hes a pH less than about 3.5.

mL filt configuration, although thit poorer recovery may be 7. A method for meking & i ition for

partly due to the fact that the 10 mL £ill configurationhes 2 intravenous administration compristng: packaging in a phar-

bigher surface areg to volume ratio, which adversely impacts 10 mnﬁuﬂymeptﬁhcnﬂmwapm-nﬁ'mdaqmmh-
i mthhapﬂﬁumahuutﬂn.ﬁhabum47mmmsmg'

dmyz adsorption and recovety, In conclusion, these resuits

soggest the nse of non-PVC bags and/or thie carefil evalua-
tion of the bag size (solution volume) as feasible options to
mﬁmmdmgaﬂsmphmmmdnrmanh:mnﬂuqmledmg

product recovery.
Allpubheaﬁuns,pam pateutapphcauomsndeﬁw

from about 0.1 tp 0.4 mgfml, hydrochloride;
& tonicity agent selected fiom (i) about 4.5% to sboit 5%
t?:xt:uwor(ﬁ)abontﬂﬂ%mabomo.?%sodnm:hlo

ride; and
from sbout 001 1o abomt 0.1 wg/ml. citric acid;

such that the aqmeons sohition coptained in thepharmacen-

documents cited in this applicafion are hereby incorporated
tically acceptahle container does not come into contact

bym:ﬁmnmmmeirmﬂmﬁufnranpmpnmmthem

extent as if cach individual publication, patent, patent appli- with polar polymers;

cation or other document were individually indicated 1o be 20 hmﬂﬁmw@mﬂmﬁemﬂmﬁrm

incntporated by refermnce for all purposes. least one year st room temperahre exhibiting (i) less
than a 10% decrease in the concentration of nicandipine

‘While varions specific embodiments have been illusteated
anddum"bed,:lml]beapmawdthatvammuhmmm
be made without departing from the spirdt end scope of the
invention(s).

hydrochlaride #nd (i} & total impurity formation of Jegs
then bout 39,

25 8. The method of clzim 7, farther comprising et least one

What is claimed is:
1. Ameﬂndfnrmlungapbamamﬂmlmmpmmfor

Intravenous adminigtration

comprizing:

providing a solution conprising a tonicity agent, a buffer,
and st leastone active ingredient sefected from the group 30
consisting of nicardipine end/or pharmaceutically
ecceptable salts thereof;

nd:umngthepﬂnfﬂ:cmonumasmmmnﬂum
a pH within the renge of from about 3.6 to 4.7;

further dilming the composition uﬁnnlar:liveingmmm
concentration from about 0,1 o 0.4 mg/nl; and

filling pharmacentically accepiable containers with the
pre-mixed composition;

the aqueous solution when stored in the container for at
least soe year 21 room temperature exhibiting () less 4
then 1 10% decresse in the concentration of nicardipine
hydmd:lmde and (i) a total impwity formation of less

zmmemodmm&ngmclaiml.inwhmhtbemnicity
agent is selected fram the gronp consisting of dextrose and *°
sodinm chinride.

3. The mathod according to claim 1, fiurther comprising
aflding at least one cosclvent to the buffared solution.

4, The method according to claim 3, in which the eosalvent
ig sorbital,

3s

pH adfuster selected from the group consisting of hydrochin-
ric acid, sodium hydroxide and & mixture thereof.
9, The method of claim 7, forther comprising from about 1
mgfmlleabunt-tmymlwrhml
19. The method of claim 7, wherein the conlainer com-
prises copolyester, polyetiylane or polyolefi.
11. A method for making a pharmacentical composition for
Mmadmimmmmnnng:pa&asmgmaphu-
scceptable containera pre-mixed squeous soln-
tion with & pH from about 2.5 te about 4.7 comprising:
Trom abowt0,1 to about 0.2 mp/ml . icardipine hydrochio-
Tide;
a tonicity sgont selected from (i) sbont 46 o about S0
mslml.dmoae:d(ﬁ)abnut83wabm9mdmL

fram about 0.0192 e about 0.0384 me/m1. citric ecid;

such fhat fhe aquects solution contaiied in thepharmacen-
ticaily acceptable container does not came into contact
with polar polymers;

the aqueons scintion when stored in the container for at
lesst one yewr a1 room temperature exhibiting (i) Jess
than & 10% decrease in the concentration of nicardipine
hydrochloride and (3) a total impurity formation of legs
than about 3%.
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