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LUITPOLD PHARMACEUTICALS, INC., 
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SANKYO COMPANY, LTD., 
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C. A. No. 2:16-cv-02290-WHW-CLW  

FIRST AMENDED COMPLAINT FOR 
PATENT INFRINGEMENT 

FILED UNDER SEAL 

STATEMENT PURSUANT TO L. CIV. R. 10.1 

Plaintiff Par Pharmaceutical, Inc. (“Par”) is a corporation organized and existing under 

the laws of the State of New York, having a principal place of business at 1 Ram Ridge Road, 

Chestnut Ridge, New York 10977.  Plaintiff Par Sterile Products, LLC (“Par Sterile”) is a limited 

liability company organized and existing under the laws of Delaware, having its principal place 

of business at 1 Ram Ridge Road, Chestnut Ridge, New York 10977.  Plaintiff Endo Par 
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Innovation Company, LLC (“EPIC”) is a limited liability company organized and existing under 

the laws of Delaware, having its principal place of business at 1 Ram Ridge Road, Chestnut 

Ridge, New York 10977.  Upon information and belief, Defendant Luitpold Pharmaceuticals, 

Inc. (“Luitpold”) is a corporation organized and existing under the laws of the State of New 

York, having a principal place of business at One Luitpold Drive, Shirley, New York 11967.  

Upon information and belief, Defendant Daiichi Sankyo, Inc. (“Daiichi Sankyo”) is a 

corporation organized under the laws of the State of Delaware, having a principal place of 

business at Two Hilton Court, Parsippany, New Jersey 07054.  Upon information and belief, 

Defendant Daiichi Sankyo Company, Ltd. (“Daiichi Sankyo Co.”) is a public company 

organized under the laws of Japan, having its principal place of business at 3-5-1, Nihonbashi-

honcho Chuo-ku, Tokyo, 103-8426, Japan, and having its global clinical development arm, 

Daiichi Sankyo Pharma Development, at 399 Thornall Street, Edison, New Jersey 08837. 

For their Complaint against Luitpold, Daiichi Sankyo, and Daiichi Sankyo Co. 

(collectively, “Defendants”), Par, Par Sterile, and EPIC (collectively, “Plaintiffs”) allege as 

follows: 

NATURE OF THE ACTION 

1. This is a civil action for infringement of United States Patent Nos. 9,119,876 and 

9,295,657 (collectively, the “Patents-in-Suit”).  This action is based upon the Patent Laws of the 

United States, 35 U.S.C. § 1, et seq. 

PARTIES 

2. Par is a corporation organized and existing under the laws of the State of New 

York, having a principal place of business at 1 Ram Ridge Road, Chestnut Ridge, New York 

10977.  Par is a wholly owned, indirect subsidiary of Endo International PLC.  Par develops, 
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manufactures and markets pharmaceutical products in the United States.  As set forth herein, Par 

is the assignee of the Patents-in-Suit. 

3. Par Sterile is a limited liability company organized and existing under the laws of 

Delaware, having its principal place of business at 1 Ram Ridge Road, Chestnut Ridge, New 

York 10977.  Par Sterile is a wholly owned, indirect subsidiary of Endo International PLC.  Par 

Sterile develops, manufactures and markets injectable products, and provides manufacturing 

services to the biopharmaceutical and pharmaceutical industry. 

4. EPIC is a limited liability company organized and existing under the laws of 

Delaware, having its principal place of business at 1 Ram Ridge Road, Chestnut Ridge, New 

York 10977.  EPIC is a wholly owned subsidiary of Par Pharmaceutical, Inc. and is the exclusive 

licensee of the Patents-in-Suit. 

5. Upon information and belief, Defendant Luitpold is a corporation organized and 

existing under the laws of the State of New York, having a principal place of business at One 

Luitpold Drive, Shirley, New York 11967.  Upon information and belief, Luitpold is a wholly 

owned subsidiary of Daiichi Sankyo Co.  Upon information and belief, Luitpold is in the 

business of manufacturing, distributing, and selling pharmaceutical products throughout the 

United States, either on its own or through its affiliates, and Luitpold regularly conducts business 

in New Jersey.  Upon information and belief, Luitpold also provides contract manufacturing 

services to the biopharmaceutical and pharmaceutical industry. 

6. Upon information and belief, Defendant Daiichi Sankyo is a corporation 

organized under the laws of the State of Delaware, having a principal place of business at Two 

Hilton Court, Parsippany, New Jersey 07054. Upon information and belief, Daiichi Sankyo is the 

US division of Daiichi Sankyo Co. 
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7. Upon information and belief, Defendant Daiichi Sankyo Co. is a public company 

organized under the laws of Japan, having its principal place of business at 3-5-1, Nihonbashi-

honcho Chuo-ku, Tokyo, 103-8426, Japan, and having its global clinical development arm, 

Daiichi Sankyo Pharma Development, at 399 Thornall Street, Edison, New Jersey 08837.  Upon 

information and belief, Luitpold’s parent company, Daiichi Sankyo Co. regularly conducts 

business within New Jersey, and has substantial contacts with the State of New Jersey. 

JURISDICTION AND VENUE 

8. This Court has jurisdiction over the subject matter of this action pursuant to 28 

U.S.C. §§ 1331, 1338(a), 2201, and 2202. 

9. This Court has personal jurisdiction over Defendants for the reasons set forth 

below and for other reasons that will be presented to the Court if such jurisdiction is challenged. 

10. This Court has personal jurisdiction over Luitpold because, inter alia, Luitpold 

has purposefully availed itself of the rights and benefits of New Jersey law by engaging in 

systematic and continuous contacts with New Jersey. 

11. Luitpold is registered as a pharmaceutical manufacturer in the State of New Jersey 

under Business ID Number 0400585757. 

12. Upon information and belief, Luitpold regularly and continuously transacts 

business within the state of New Jersey, either on its own or through its affiliates, including 

selling such pharmaceutical products as DexIron (iron dextran injection, USP) and Venofer (iron 

sucrose injection).  Upon information and belief, Luitpold has agreements with pharmaceutical 

retailers, wholesalers, or distributors providing for the distribution of its products in the State of 

New Jersey. 
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13. Upon information and belief, Luitpold derives substantial revenue from the sale of 

those products in New Jersey and has availed itself of the privilege of conducting business within 

the State of New Jersey. 

14. In addition, Luitpold has purposely availed itself of this forum by filing suit in at 

least the following actions: Luitpold Pharmaceuticals, Inc. v. Amneal Pharmaceuticals, LLC, et 

al., C.A. No. 3-12-05064-JAP (D.N.J.) and Egalet US, Inc. v. Apotex Corp. et al., C.A. No. 1-14-

04409-RMB (D.N.J.). 

15. Upon information and belief, Luitpold’s systematic and continuous business 

contacts within New Jersey render it at home in New Jersey. 

16. This Court has personal jurisdiction over Luitpold insofar as, upon information 

and belief, it is a wholly owned subsidiary of Daiichi Sankyo, which has purposefully availed 

itself of the rights and benefits of New Jersey law by engaging in systematic and continuous 

contacts with New Jersey.  Daiichi Sankyo has its headquarters at Two Hilton Court, Parsippany, 

New Jersey 07054. 

17. Daiichi Sankyo is the U.S. division of Daiichi Sankyo Co.  Daiichi Sankyo Co. 

has its global clinical development arm, Daiichi Sankyo Pharma Development, at 399 Thornall 

Street, Edison, New Jersey 08837.  Upon information and belief, Daiichi Sankyo Co. directly or 

indirectly through Daiichi Sankyo and Luitpold markets, distributes, and sells drug products 

throughout the United States, including the State of New Jersey. 

18. Such significant contacts by Luitpold’s parent company, which parent’s activities 

are clearly directed at the forum, further render Luitpold at home in the forum. 
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19. This Court has personal jurisdiction over Daiichi Sankyo because, inter alia, 

Daiichi Sankyo has purposefully availed itself of the rights and benefits of New Jersey law by 

engaging in systematic and continuous contacts with the State of New Jersey. 

20. Upon information and belief, Daiichi Sankyo is registered in the State of New 

Jersey under Business ID Number 0100693643 with the business purpose of marketing 

pharmaceutical products. 

21. Upon information and belief, Daiichi Sankyo regularly and continuously transacts 

business within the State of New Jersey, either on its own or through its affiliates, including 

marketing pharmaceutical products. 

22. Upon information and belief, Daiichi Sankyo derives substantial revenue from its 

business and marketing activities in the State of New Jersey and has availed itself of the privilege 

of conducting business within the State of New Jersey. 

23. In addition, Daiichi Sankyo has purposely availed itself of this forum by filing 

suit in at least the following actions: Eli Lilly and Company, et al. v. Accord Healthcare, Inc., et 

al., C.A. No. 2-14-01643-CCC (D.N.J.); Eli Lilly and Company, et al. v. Par Pharmaceuticals 

Companies, Inc., et al., C.A. No. 2-14-00508-CCC (D.N.J.); Daiichi Sankyo Company, Limited, 

et al. v. Mylan Pharmaceuticals Inc., et al., C.A. No. 2-07-cv-03039-WJM (D.N.J.); Daiichi 

Sankyo Company, Limited, et al. v. Matrix Laboratories, Ltd., et al., C.A. No. 2-08-cv-02752-

WJM (D.N.J.); Daiichi Sankyo Company, Limited, et al. v. Mylan Pharmaceuticals Inc., et al.,

C.A. No. 2-06-cv-03462-WJM (D.N.J.). 

24. Upon information and belief, Daiichi Sankyo’s systematic and continuous 

business contacts within New Jersey render it at home in the State of New Jersey. 
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25. This Court has personal jurisdiction over Daiichi Sankyo Co. because, inter alia, 

Daiichi Sankyo Co. has purposefully availed itself of the rights and benefits of New Jersey law 

by engaging in systematic and continuous contacts with the State of New Jersey. 

26. Upon information and belief, Daiichi Sankyo Co. regularly and continuously 

transacts business within the State of New Jersey, either on its own or through its affiliates, 

including marketing and developing pharmaceutical products.  Upon information and belief, 

Daiichi Sankyo Co.’s global clinical development arm, Daiichi Sankyo Pharma Development, is 

located at 399 Thornall Street, Edison, New Jersey 08837. 

27. Upon information and belief, Daiichi Sankyo Co. derives substantial revenue 

from its business activities in the State of New Jersey and has availed itself of the privilege of 

conducting business within the State of New Jersey. 

28. In addition, Daiichi Sankyo Co. has purposely availed itself of this forum by 

filing suit in at least the following actions: Eli Lilly and Company, et al. v. Accord Healthcare, 

Inc., et al., C.A. No. 2-14-01643-CCC (D.N.J.); Eli Lilly and Company, et al. v. Par 

Pharmaceuticals Companies, Inc., et al., C.A. No. 2-14-00508-CCC (D.N.J.); Daiichi Sankyo 

Company, Limited, et al. v. Mylan Pharmaceuticals Inc., et al., C.A. No. 2-07-cv-03039-WJM 

(D.N.J.); Daiichi Sankyo Company, Limited, et al. v. Matrix Laboratories, Ltd., et al., C.A. No. 

2-08-cv-02752-WJM (D.N.J.); Daiichi Sankyo Company, Limited, et al. v. Mylan 

Pharmaceuticals Inc., et al., C.A. No. 2-06-cv-03462-WJM (D.N.J.). 

29. Upon information and belief, Daiichi Sankyo Co.’s systematic and continuous 

business contacts within New Jersey render it at home in the State of New Jersey. 

30. In the alternative, should Daiichi Sankyo Co. contest jurisdiction in this forum, 

this Court has personal jurisdiction over Daiichi Sankyo Co. under Fed. R. Civ. P. 4(k)(2) 
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because, on information and belief, Daiichi Sankyo Co. is not subject to jurisdiction in any 

state’s courts of general jurisdiction, and because exercising jurisdiction is nevertheless 

consistent with the United States Constitution given that Daiichi Sankyo Co. has sufficient 

contacts with the United States. 

31. Upon information and belief, this Court has personal jurisdiction over Defendants 

for the reasons stated herein, including, inter alia, Defendants’ activities in the forum, activities 

directed at the forum, and significant contacts with the forum, all of which render Defendants at 

home in the forum. 

32. This Court also has personal jurisdiction over Defendants under FEDERAL RULE

OF CIVIL PROCEDURE 4(k)(2). 

33. Venue is proper in this Court pursuant to 28 U.S.C. § 1391 and 28 U.S.C. § 

1400(b).

THE PATENTS-IN-SUIT 

34. United States Patent No. 9,119,876 (“the ’876 patent”), titled “Epinephrine 

Formulations,” was duly and legally issued by the United States Patent and Trademark Office 

(“PTO”) on September 1, 2015, to Par Pharmaceutical, Inc., the assignee of the named inventors.  

Par has been, and continues to be, the sole assignee of the ’876 patent. 

35. A true and correct copy of the ’876 patent is attached as Exhibit A. 

36. The ’876 patent is directed to pharmaceutical compositions comprising 

epinephrine. 

37. United States Patent No. 9,295,657 (“the ’657 patent”), titled “Epinephrine 

Formulations,” was duly and legally issued by the PTO on March 29, 2016, to Par 

Pharmaceutical, Inc., the assignee of the named inventors.  Par has been, and continues to be, the 

sole assignee of the ’657 patent. 
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38. The ’657 patent is directed to methods of treating various conditions, such as 

anaphylaxis and the induction and maintenance of mydriasis during intraocular surgery, by 

administering pharmaceutical compositions comprising epinephrine. 

39. A true and correct copy of the ’657 patent is attached as Exhibit B. 

ADRENALIN® 

40. Par Sterile holds approved NDA Nos. 204200 and 204640 for ADRENALIN®, 1 

mg base/mL and 30 mg base/30 mL, respectively. ADRENALIN® is the first FDA-approved 

epinephrine injection product for use in a clinical setting available in the United States. The 

prescribing information for ADRENALIN® (“ADRENALIN® Label”) instructs physicians to 

administer ADRENALIN® to patients to treat anaphylaxis.  Upon information and belief 

Defendant Luitpold previously marketed an unapproved epinephrine injection product through 

its subsidiary American Regent and this unapproved epinephrine injection product was the 

subject of a nationwide recall due to “discoloration and small visible particles.”  

41. Around 2007, FDA announced it would take action against these unapproved 

drugs due to concerns about the safety, effectiveness, and manufacturing quality of drugs that 

have not gone through the rigorous FDA-approval process. 

42. ADRENALIN® went through the rigorous FDA-approval process. Plaintiffs’ 

predecessor, JHP Pharmaceuticals (“JHP”), initially applied for FDA approval of the epinephrine 

formulation it had marketed for over 100 years.  FDA then required JHP to meet strict impurity 

level requirements for ADRENALIN®.  In communications with JHP, FDA expressed that 

impurities reduced the potency of the product, which could be pharmaceutically unacceptable to 

patients suffering from emergency anaphylaxis who are in need of potent medication in a short 

amount of time.  JHP undertook a significant initiative to begin developing a new epinephrine 

formulation that could meet FDA’s impurity requirements. 
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43. FDA approved NDA No. 204200 (1 mg base/mL) in December 2012 and NDA 

No. 204640 (30 mg base/30 mL) in December 2013.  FDA conditioned its approval on JHP 

conducting several post-marketing studies and committing to reduce the impurity level of 

ADRENALIN® further.  In particular, because of FDA’s concerns and requirements, FDA 

required JHP to evaluate formulation and process improvements to reduce the levels of 

impurities, and to take steps to further minimize the level of certain impurities. 

44. Par Sterile undertook the post-marketing commitment, and completed the 

development of a new formulation with significantly fewer impurities as FDA required.  Based 

on the significant research it had conducted, Par Sterile obtained the Patents-in-Suit, which cover 

the new formulation and methods of using the new formulation to treat various conditions such 

as anaphylaxis and maintenance of mydriasis during intraocular surgery.  In line with its post-

marketing commitments that were a condition of approval of NDA Nos. 204200 and 204640, Par 

Sterile also submitted supplemental NDAs to FDA for approval of the new formulation.  In 

December 2015, FDA approved Par Sterile’s supplemental NDA for NDA No. 204640 (30 mg 

base/30 mL) covering the new formulation.  In September 2016, FDA approved Par Sterile’s 

supplemental NDA for NDA No. 204200 (1 mg base/mL) covering the new formulation.   

45. The publication “Approved Drug Products with Therapeutic Equivalence 

Evaluations” (the “Orange Book”) identifies drug products approved on the basis of safety and 

effectiveness by FDA under the Federal Food, Drug, and Cosmetic Act.  Pursuant to 21 U.S.C. § 

355(b)(1) and attendant FDA regulations, the ’876 and ’657 patents were listed in the Orange 

Book with respect to ADRENALIN®. 

DEFENDANTS’ INFRINGEMENT OF THE PATENTS-IN-SUIT 

46. Upon information and belief, Luitpold submitted ANDA No. 207-568 to FDA, 

under the Federal Food, Drug, and Cosmetic Act (21 U.S.C. § 355(j)), seeking approval to 
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engage in the commercial manufacture, use, sale, offer for sale, and/or importation of a generic 

version of ADRENALIN® (epinephrine injection), prior to the expiration of the Patents-in-Suit. 

47. By a letter dated March 9, 2016 (the “First Notice Letter”), Luitpold stated that it 

had submitted ANDA No. 207-568 seeking approval to engage in the commercial manufacture, 

use, sale, offer for sale, and/or importation of a generic version of ADRENALIN® (epinephrine 

injection) prior to the expiration of the ’876 patent. 

48. The First Notice Letter stated that ANDA No. 207-568 contains a “Paragraph IV” 

certification that alleges the ’876 patent is invalid, unenforceable and/or will not be infringed by 

the manufacture, use, sale, offer for sale, or importation of Defendants’ generic version of 

ADRENALIN® (epinephrine injection).  The First Notice Letter did not include any arguments 

that the ’876 patent is invalid or unenforceable. 

49. By letter dated July 7, 2016 (the “Second Notice Letter”), Luitpold stated that it 

had submitted ANDA No. 207-568 seeking approval to engage in the commercial manufacture, 

use, sale, offer for sale, and/or importation of a generic version of ADRENALIN® (epinephrine 

injection), prior to the expiration of the ’657 patent. 

50. The Second Notice Letter also stated that ANDA No. 207-568 contains a 

“Paragraph IV” certification that alleges the ’657 patent is invalid, unenforceable and/or will not 

be infringed by the manufacture, use, sale, offer for sale, or importation of Defendants’ generic 

version of ADRENALIN® (epinephrine injection).  The Second Notice Letter did not include 

any arguments that the ’657 patent is invalid or unenforceable. 

51. Upon information and belief, Defendants’ reference listed drug (“RLD”) is 

ADRENALIN®, which means that Defendants’ generic version of ADRENALIN® (epinephrine 

injection) will be the pharmaceutical equivalent of ADRENALIN®.  Upon information and 
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belief, Defendants are relying on and incorporating by reference the safety and efficacy 

information that FDA relied upon in making its final determination of approval for 

ADRENALIN®. 

52. In the Hatch-Waxman context, the infringement analysis is dictated by the 

contents of Defendants’ ANDA and ongoing ANDA supplements and/or amendments, as well as 

FDA’s likely requirements for the drug composition and formulation that will be finally 

approved.  The infringement analysis is not dictated by the contents of any of Defendants’ 

manufacturing guidelines, existing products, or Defendants’ “guarantees” of what FDA will 

approve. See Sunovion Pharm., Inc. v. Teva Pharm. USA, Inc., 731 F.3d 1271, 1279 (Fed. Cir. 

2013).  The scope of what Defendants “ask[] for and receive[] approval to market, if within the 

scope of a valid claim, is an infringement.”  Id.

53. Because Defendants’ ANDA has not yet been approved, the infringement inquiry 

necessarily focuses on “what the ANDA applicant will likely market if its application is 

approved, an act that has not yet occurred.”  Bayer AG v. Elan Pharmaceutical Res. Corp., 212 

F.3d 1241, 1248 (Fed. Cir. 2000) (quoting Glaxo, Inc. v. Novopharm, Ltd., 110 F.3d 1562, 1569 

(Fed. Cir. 1997)).  Here, the infringement inquiry necessarily focuses on the product that 

Defendant Luitpold will likely market if its ANDA receives final FDA approval (“Luitpold’s 

Generic Product”). 

54. Upon information and belief, and after a reasonable opportunity for further 

investigation and discovery, Defendants have represented to FDA that Luitpold’s Generic 

Product will have the same active ingredient as ADRENALIN®, the same or equivalent inactive 

ingredients as ADRENALIN®, and the same route of administration as ADRENALIN®.  Upon 

information and belief, and after a reasonable opportunity for further investigation and discovery, 
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Defendants have represented to FDA that Luitpold’s Generic Product will be bioequivalent to 

ADRENALIN®.  Upon information and belief, and after a reasonable opportunity for further 

investigation and discovery, Defendants have represented to FDA that Luitpold’s Generic 

Product will have the same indication as ADRENALIN®. 

55. FDA conditioned approval of ADRENALIN® on its formulation having low 

levels of impurities, and upon JHP’s commitment to perform post-marketing studies and reduce 

the impurity levels further.  Upon information and belief, and upon a reasonable opportunity for 

further investigation and discovery, Luitpold proposed a product to FDA having impurity levels 

higher than the levels in ADRENALIN®.  Upon information and belief, just as it did while 

evaluating ADRENALIN®, FDA will require Luitpold’s Generic Product to have reduced 

impurity levels.  Upon information and belief, FDA will require Luitpold’s Generic Product to 

have the same or equivalent ingredients and, therefore, the same or equivalent formulation as 

ADRENALIN®, to, inter alia, reduce the impurity levels.   

56.   

57. Upon information and belief, Luitpold’s Generic Product will have a formulation 

covered by one or more claims of the ’876 patent and will be administered to practice the 

methods covered by one or more claims of the ’657 patent. 
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58. On information and belief, and after a reasonable opportunity for further 

investigation and discovery, Luitpold’s ANDA essentially copies the ADRENALIN® Label as 

required by FDA under 21 C.F.R. § 314.94(a)(iv), and therefore the label for Luitpold’s Generic 

Product will instruct physicians to administer Luitpold’s Generic Product (epinephrine injection) 

to treat anaphylaxis.  On information and belief, physicians will follow these instructions in the 

label for Luitpold’s Generic Product.  The use of Luitpold’s Generic Product to treat this 

condition is an infringement of the claims of the ’657 patent.  By seeking approval of a label that 

instructs physicians to practice the patented methods, Defendants are actively inducing infringing 

acts with a specific intent to encourage infringement of the ’657 patent. 

59. Defendants have known of the ’657 patent at least as early as the filing of the 

Complaint.  Defendants have known of the ’876 patent at least as early as March 9, 2016, the 

date of the First Notice Letter. 

60. Upon information and belief, Defendants will also contributorily infringe one or 

more claims of the ’657 patent under 35 U.S.C. § 271(c) in that Defendants will make, use, sell, 

offer to sell, and/or import Luitpold’s Generic Product, which Defendants know have no 

substantial non-infringing uses.  Luitpold’s Generic Product will be a material part of practicing 

the methods of treating anaphylaxis claimed in the ’657 patent because Luitpold’s Generic 

Product will be a pharmaceutical equivalent to ADRENALIN®, and ADRENALIN® is 

indicated to treat that condition. 

61. On information and belief, the manufacture, importation, use, offer for sale, or 

sale of Luitpold’s Generic Product will occur at Defendants’ behest, and with their intent, 

knowledge and encouragement. 
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62. Upon information and belief, Defendants Daiichi Sankyo and Daiichi Sankyo Co. 

participated in, contributed to, actively induced, encouraged, aided, or abetted Luitpold’s 

preparation, submission, and filing of ANDA No. 207-568 with a paragraph IV certification. 

63. Defendants Daiichi Sankyo and Daiichi Sankyo Co.’s inducement, 

encouragement, aiding, or abetting of Luitpold’s preparation, submission, and filing of ANDA 

No. 207-568 with a paragraph IV certification constitutes infringement of the Patents-in-Suit 

under 35 U.S.C. § 271(e)(2)(A).  Further, Defendants Daiichi Sankyo and Daiichi Sankyo Co.’s 

manufacture, commercial use, sale, offer for sale, and/or importation of Luitpold’s Generic 

Product would induce and/or contribute to Luitpold’s infringement of the Patents-in-Suit under 

35 U.S.C. § 271(b) and/or 35 U.S.C. § 271(c). 

64. The acts of infringement by Defendants set forth above will cause Plaintiffs 

irreparable harm for which they have no adequate remedy at law, and will continue unless 

enjoined by this Court. 

COUNT I 
(Infringement of the ’876 Patent by Defendants) 

65. Plaintiffs incorporate each of the preceding paragraphs 1 to 64 as if fully set forth 

herein.

66. Defendant Luitpold’s submission of ANDA No. 207-568, including its inclusion 

of section 355(b)(2)(A)(iv) allegations, constitutes infringement of the ’876 patent pursuant to 35 

U.S.C. § 271(e)(2). 

67. On information and belief, upon FDA approval of NDA No. 207-568, Defendants 

will infringe the ’876 patent by making, using, offering to sell, or selling Luitpold’s Generic 

Product in the United States and/or importing Luitpold’s Generic Product into the United States, 
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and by actively inducing and/or contributing to infringement by others, in violation of 35 U.S.C. 

§ 271(a), (b), (c), and/or (g), literally and/or through the doctrine of equivalents. 

68. Defendants Daiichi Sankyo and Daiichi Sankyo Co.’s inducement, 

encouragement, aiding, or abetting of Luitpold’s preparation, submission, and filing of ANDA 

No. 207-568 with a paragraph IV certification constitutes infringement of the Patents-in-Suit 

under 35 U.S.C. § 271(e)(2)(A).  Further, Defendants Daiichi Sankyo and Daiichi Sankyo Co.’s 

actions in encouraging, promoting, contributing to, aiding and/or abetting the manufacture, 

commercial use, sale, offer for sale, and/or importation of Luitpold’s Generic Product would 

infringe or induce and/or contribute to Luitpold’s infringement of the ’876 patent under 35 

U.S.C. § 271(b) and/or 35 U.S.C. § 271(c). 

COUNT II 
(Declaratory Judgment of Infringement of the ’876 Patent by Defendants) 

69. Plaintiffs incorporate each of the preceding paragraphs 1 to 68 as if fully set forth 

herein.

70. This claim arises under the Declaratory Judgment Act, 28 U.S.C. §§ 2201 and 

2202.

71. Plaintiffs are further entitled to a declaration that, if Defendants, prior to patent 

expiry, commercially manufacture, use, offer for sale, or sell Luitpold’s Generic Product within 

the United States, import Luitpold’s Generic Product into the United States, or induce or 

contribute to such conduct, Defendants would infringe the ’876 patent under 35 U.S.C. § 271(a), 

(b), (c), and/or (g), literally and/or through the doctrine of equivalents. 

72. Plaintiffs will be irreparably harmed by Defendants’ infringing activities unless 

those activities are enjoined by this Court.  Plaintiffs do not have an adequate remedy at law. 

COUNT III 
(Infringement of the ’657 Patent by Defendants) 
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73. Plaintiffs incorporate each of the preceding paragraphs 1 to 72 as if fully set forth 

herein.

74. Defendant Luitpold’s submission of ANDA No. 207-568 constitutes infringement 

of the ’657 patent pursuant to 35 U.S.C. § 271(e)(2). 

75. Upon FDA approval of ANDA No. 207-568, Defendants will infringe the ’657 

patent by making, using, offering to sell, or selling Luitpold’s Generic Product in the United 

States and/or importing Luitpold’s Generic Product into the United States, and by actively 

inducing and/or contributing to infringement by others, in violation of 35 U.S.C. § 271(a), (b), 

(c), and/or (g), literally and/or through the doctrine of equivalents. 

76. Defendants Daiichi Sankyo and Daiichi Sankyo Co.’s inducement, 

encouragement, aiding, or abetting of Luitpold’s preparation, submission, and filing of ANDA 

No. 207-568 with a paragraph IV certification constitutes infringement of the Patents-in-Suit 

under 35 U.S.C. § 271(e)(2)(A).  Further, Defendants Daiichi Sankyo and Daiichi Sankyo Co.’s 

actions in encouraging, promoting, contributing to, aiding and/or abetting the manufacture, 

commercial use, sale, offer for sale, and/or importation of Luitpold’s Generic Product would 

induce and/or contribute to Luitpold’s infringement of the ’657 patent under 35 U.S.C. § 271(b) 

and/or 35 U.S.C. § 271(c). 

COUNT IV 
(Declaratory Judgment of Infringement of the ’657 Patent by Defendants) 

77. Plaintiffs incorporate each of the preceding paragraphs 1 to 76 as if fully set forth 

herein.

78. This claim arises under the Declaratory Judgment Act, 28 U.S.C. §§ 2201 and 
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79. Plaintiffs are further entitled to a declaration that, if Defendants, prior to patent 

expiry, commercially manufacture, use, offer for sale, or sell Luitpold’s Generic Product within 

the United States, import Luitpold’s Generic Product into the United States, or induce or 

contribute to such conduct, Defendants will infringe the ’657 patent under 35 U.S.C. § 271(a), 

(b), (c) and/or (g), literally and/or through the doctrine of equivalents. 

80. Plaintiffs will be irreparably harmed by Defendants’ infringing activities unless 

those activities are enjoined by this Court.  Plaintiffs do not have an adequate remedy at law. 

PRAYER FOR RELIEF 

WHEREFORE, Plaintiffs respectfully request the following relief: 

A. A judgment that Defendants infringed, contributed to, or induced the infringement 

of each of the claims of the Patents-in-Suit, literally and/or through the Doctrine of Equivalents 

by contributing to, inducing the submission of, or submitting ANDA No. 207-568; 

B. A declaration that if Defendants, prior to patent expiry, commercially 

manufacture, use, offer for sale, or sell Luitpold’s Generic Product within the United States, 

import Luitpold’s Generic Product into the United States, or induce or contribute to such 

conduct, Defendants infringe the Patents-in-Suit pursuant to 35 U.S.C. § 271(a), (b), or (c); 

C. An order issued pursuant to 35 U.S.C. § 271(e)(4) that the effective date of any 

approval of ANDA No. 207-568 shall not be earlier than the expiration dates of the Patents-in-

Suit, including any extensions and/or additional periods of exclusivity to which Plaintiffs are or 

become entitled; 

D. An order requiring Luitpold to amend its Paragraph IV certification to a 

Paragraph III certification as provided in 21 C.F.R. § 314.94(a)(12)(viii)(A); 

E. A preliminary and permanent injunction restraining and enjoining Defendants and 

their officers, agents, attorneys and employees, and those acting in privity or concert with them, 
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from engaging in the commercial manufacture, use, offer to sell, or sale within the United States, 

or importation into the United States of Luitpold’s Generic Product until the expiration of the 

Patents-in-Suit, including any extensions and/or additional periods of exclusivity to which 

Plaintiffs are or may become entitled; 

F. That Plaintiffs be awarded monetary relief if Defendants commercially 

manufacture, use, offer for sale, or sell Luitpold’s Generic Product, or any other product that 

infringes or induces or contributes to the infringement of the Patents-in-Suit, within the United 

States before the latest expiration date of any of the Patents-in-Suit, including any extensions 

and/or additional periods of exclusivity to which Plaintiffs are or become entitled; 

G. An award of costs and expenses in this action; and 

H. Such other and further relief as the Court may deem just and proper. 

Dated: October , 2016  /s Loly G. Tor    
Loly G. Tor 
K&L GATES LLP
One Newark Center, Tenth Floor 
Newark, NJ 07102 
P: (973) 848-4000 
F: (973) 848-4001 
loly.tor@klgates.com 

  Peter L. Giunta 
K&L GATES LLP 
599 Lexington Avenue 
New York, NY 10022 
212.536.3900 (T) 
212.536.3901 (F) 
peter.giunta@klgates.com

  Michael J. Freno (pro hac vice)
  Douglas B. Greenswag (pro hac vice)

Theodore J. Angelis (pro hac vice)
K&L GATES LLP 
925 Fourth Avenue, Suite 2900 
Seattle, WA 98104 
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206.623.7580 (T) 
206.623.7022 (F) 
michael.freno@klgates.com 
douglas.greenswag@klgates.com 

  theo.angelis@klgates.com 

Jackson Ho (pro hac vice)
K&L GATES LLP 
630 Hansen Way 
Palo Alto, CA 94304 
650.798.6700 (T) 
650.798.6701 (F) 
jackson.ho@klgates.com

Alan L. Barry (pro hac vice)
K&L GATES LLP 
70 West Madison Street, Suite 3100 
Chicago, IL 60602 
312.372.1121 (T) 
312.827.8000 (F) 
alan.barry@klgates.com 

Attorneys for Plaintiffs Par Pharmaceutical, 
Inc., Par Sterile Products, LLC, and Endo 
Par Innovation Company, LLC 
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LOCAL CIVIL RULE 11.2 CERTIFICATION 

Pursuant to Local Civil Rule 11.2, I hereby certify that infringement of the Patents-in-

Suit in the above-captioned action, to the best of my knowledge, is not the subject of any other 

action pending in any court, or of any pending arbitration or administrative proceeding.  The 

Patents-in-Suit in the above-captioned action were also the subject of the action Par

Pharmaceutical, Inc., et al. v. Luitpold Pharmaceuticals, Inc., Case No. 2:16-cv-01999-AMD-

AKT, which was voluntarily dismissed without prejudice by Par Pharmaceutical, Inc. and Par 

Sterile Products, LLC on July 19, 2016. 

Dated: October , 2016 /s Loly G. Tor    
 Loly G. Tor 

K&L GATES LLP
One Newark Center, Tenth Floor 
Newark, NJ 07102 
P: (973) 848-4000 
F: (973) 848-4001 
loly.tor@klgates.com 
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FIG 1: Chromatogram of the Impurities Marker Solution using isocratic HILIC with 15% water 
Solid trace is 280 nm detection; Dashed trace is 346 nm detection. Flow was set at 1.0 mL/min 
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FIG 2: Chromatogram of the Impurities Marker Solution using isocratic HILIC with 18% water 
Solid trace is 280 nm detection,· Dashed trace is 346 nm detection. Flow was set at 1.0 mL/min 
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FIG 3: Chromatogram of the Impurities Marker Solution using isocratic HILIC with 22% water 
Solid trace is 280 nm detection,· Dashed trace is 346 nm detection. Flow was set at 1.0 mL/min 
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FIG 4: Gradient HILIC separation of individual components of the EpiHILIC Marker Solution 
Labeled peaks are specified degradants, except for AdrS-m and Unk C-m, which are minor 
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isomers ofspecifled degradants. Peaks marked with a "*"are unlabeled minor components in the mixture. 
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EPINEPHRINE FORMULATIONS 

FIELD OF THE INVENTION 

The present invention provides pharmaceutical composi
tions comprising epinephrine, methods of administration, 
and methods of making the same. 

BACKGROUND 

2 
SUMMARY OF THE INVENTION 

The present invention provides a pharmaceutical compo
sition comprising epinephrine. The composition may be use
ful for emergency treatment of allergic reactions (Type 1 ), 
including anaphylaxis, induction and maintenance of mydria
sis during intraocular surgery, treatment of bronchospasm, 
sensitivity reactions, cardiac arrhythmias, GI and renal hem
orrhage, superficial bleeding, premature labor, hypoglyce-

Epinephrine, also known as 4-[ ( 1 R )-1-Hydroxy-2-(methy
lamino)ethyl]-1,2-benzenediol, is the active principle of the 
adrenal medulla and an endogenous catecholamine which 
acts directly on both alpha and beta adrenergic receptors. 
When used in pharmaceutical compositions, epinephrine can 
act as a non-selective alpha and beta adrenergic agonist and 
can work rapidly to improve breathing, stimulate the heart, 
raise dropping blood pressure, reverse hives, and reduce 
swelling of the face, lips, and throat. Uses for epinephrine 
include emergency treatment of allergic reactions (Type 1 ), 
including anaphylaxis, induction and maintenance of mydria-

10 mia, and cardiogenic, hemorrhagic, and traumatic shock. The 
composition may also be used to increase blood flow inACLS 
during CPR, as an adjunct to local anesthesia, and for radio
graphic uses. The composition may be administrable via sub
cutaneous, intracameral, intravenous, and intramuscular 

15 injection, infusion, intra-arterial administration, intracardiac 
injection, endotracheal administration, intraosseous admin
istration, oral inhalation, topical administration, and as oph
thalmic irrigation. 

The present invention also provides for a composition 

sis during intraocular surgery, treatment of bronchospasm, 
sensitivity reactions, cardiac arrhythmias, GI and renal hem
orrhage, superficial bleeding, premature labor, hypoglyce
mia, and cardiogenic, hemorrhagic, and traumatic shock. Epi
nephrine can also be used to increase blood flow in ACLS 
during CPR, as an adjunct to local anesthesia, and for radio
graphic uses. 

20 comprising at least one of an active agent, a pH raising agent, 
an antioxidant, a transition metal complexing agent, a pH 
lowering agent, a tonicity regulating agent, optionally a pre
servative, and optionally a solvent. 

The present invention also provides for compositions with 
25 low levels of D-epinephrine. 

The present invention also provides for compositions with 
low levels of epinephrine sulfonic acid (ESA). 

The present invention also provides for compositions with 
low levels of oxidative degradants. 

The present invention also provides for compositions with 
low levels of total impurities. 

The present invention also provides for compositions com
prising a pH raising agent. 

One example of a pharmaceutical composition with epi- 30 

nephrine as an active agent is Adrenalin®, a sympathomi
metic agent manufactured and distributed by Par Sterile Prod
ucts, LLC. Adrenalin® is an epinephrine injection suitable 
for subcutaneous, intracameral, and intramuscular adminis
tration. When diluted, it may also be administered as oph
thalmic irrigation or intracameral injection. Adrenalin® is 
used primarily as an emergency treatment of allergic reac
tions (Type 1), including anaphylaxis, and for induction and 
maintenance of mydriasis during intraocular surgery. 

The present invention also provides for compositions com-
35 prising an antioxidant. 

Adrenalin® is a clear, colorless solution containing 1 40 

mg/mL epinephrine in a clear glass vial. Adrenalin® is cur
rently available in 1 mL single-dose and 30 mL multi-dose 
formulations. For the 1 mL product, each 1 mL ofAdrenalin® 
contains 1 mg epinephrine, 9.0 mg sodium chloride, 1.0 mg 
sodium metabisulfite, hydrochloric acid to adjust pH, and 45 

water for injection. For the 30 mL product, each 1 mL of 
Adrenalin® solution contains 1 mg epinephrine, 9.0 mg 
sodium chloride, 1.5 mg sodium metabisulfite, hydrochloric 
acid to adjust pH, 5.4 mg chlorobutanol as a preservative and 
water for injection. The pH range of Adrenalin® is 2.2-5.0. 50 

Adrenalin® 1 mL is FDA approved for an 18 month shelf 
life. The Adrenalin® 30 mL product is approved for an even 
shorter shelf life of 14 months. Shelf life is limited by the 
formation of degradants, which mainly comprise epinephrine 
sulfonic acid (ESA) and D-epinephrine, an enantiomer of 55 

L-epinephrine that has insignificant therapeutic activity. The 
currently approved Adrenalin® 1 mL product has a total 
impurity limit of s20%. Adrenalin® 1 mL has a concentration 
limit of s13.5% ESA and s9.5% D-epinephrine. The cur
rently approvedAdrenalin® 30 mL product has a total impu- 60 

rity limit of s20%. Adrenalin®30 mL has a concentration 
limit of s14.5% ESA and s9.5% D-epinephrine. 

There is currently a need in the art for improved epineph
rine-containing pharmaceuticals. It is an object of the present 
invention to provide an epinephrine-containing pharmaceu- 65 

tical composition that addresses some of the limitations of 
present formulations. 

The present invention also provides for compositions that 
may resist significant pH change over shelf life. 

The present invention also provides for a method of making 
such compositions. 

The present invention also provides for a method of treat
ing a medical condition comprising administering to a subject 
in need thereof a composition of the present invention. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a chromatogram of the Impurities Marker Solu
tion using isocratic HILIC with 15% water. 

FIG. 2 is a chromatogram of the Impurities Marker Solu
tion using isocratic HILIC with 18% water. 

FIG. 3 is a chromatogram of the Impurities Marker Solu
tion using isocratic HILIC with 22% water. 

FIG. 4 is a chromatogram of the Impurities Marker Solu
tion using gradient HILIC separation. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a pharmaceutical compo
sition comprising epinephrine. The composition may be use
ful for emergency treatment of allergic reactions (Type 1 ), 
including anaphylaxis, induction and maintenance of mydria
sis during intraocular surgery, treatment of bronchospasm, 
sensitivity reactions, cardiac arrhythmias, GI and renal hem
orrhage, superficial bleeding, premature labor, hypoglyce
mia, and cardiogenic, hemorrhagic, and traumatic shock. The 
composition may also be used to increase blood flow inACLS 
during CPR, as an adjunct to local anesthesia, and for radio
graphic uses. The composition may be administrable via sub-



US 9,119,876 Bl 
3 

cutaneous, intracameral, intravenous, and intramuscular 
injection, infusion, intra-arterial administration, intracardiac 
injection, endotracheal administration, intraosseous admin
istration, oral inhalation, topical administration, and as oph
thalmic irrigation. 

4 
dissociation constant (i.e., the pKa, equal to -log10Ka) of a 
weak acid comprised by the buffer system. 

The present invention provides for a composition compris
ing at least one of an active agent, a pH raising agent, an 
antioxidant, a transition metal complexing agent, a pH low
ering agent, a tonicity regulating agent, optionally a preser
vative, and optionally a solvent. 

In some preferred embodiments, the composition may 
comprise an active agent, a pH raising agent, an antioxidant, 

In some embodiments, the pH raising agent may comprise 
one or more pKa values. In some embodiments, the pH raising 
agent may comprise a pKa value that is within +I -1 unit of the 
initial pH of the pharmaceutical composition in the form of a 
solution without the pH raising agent. In some embodiments, 
the pH raising agent may have a pKa value within the range of 
about 2 to 5, preferably within the range of about 3 to 4.5, 

10 more preferably within the range of about 3.5 to 4.5, and most 
preferably about 4. 

a pH lowering agent, and a tonicity regulating agent. In some 
preferred embodiments, the composition may comprise an 
active agent, an antioxidant, and a tonicity regulating agent. 

In some embodiments, the pH raising agent may have a 
buffer range from a pH of about 2 to 5, preferably from a pH 

15 
of about 3 to 4.5, and most preferably from a pH of about 3.5 
to 4.5. 

In some preferred embodiments, the composition may com
prise an active agent, a transition metal complexing agent, a 
pH raising agent, a pH lowering agent, and a tonicity regu
lating agent. In some preferred embodiments, the composi- 20 

tion may comprise an active agent, a transition metal com
plexing agent, an antioxidant, and a tonicity regulating agent. 
In some preferred embodiments, the composition may com
prise an active agent, a pH raising agent, a pH lowering agent, 
and a tonicity regulating agent. One of ordinary skill will 25 

appreciate that the combination of components in the com
position may be varied in order to obtain compositions with 
desired properties. 

In some embodiments, the active agent comprises epineph
rine and/or salts thereof. Examples of epinephrine salts 30 

include, but are not limited to, acetate, carbonate, citrate, 
hydrochloride, hydrocyanide, hydrofluoride, nitrate, nitrite, 
phosphate, and sulfate salts. Preferably, the salt is a hydro
chloride salt. 

In some embodiments, the pH raising agent may provide a 
resistance to a significant change in pH that other components 
of the composition may otherwise cause in the absence of the 
pH raising agent. In some preferred embodiments, the pH 
raising agent may provide a resistance to the composition's 
pH being significantly lowered by degradants and/or reaction 
products of other components of the composition. For 
example, the pH raising agent may help resist an increase in 
acidity associated with the chemical reaction of an antioxi
dant. 

In some embodiments, the pH raising agent may be present 
at a concentration in the range of about 0.1 and 4 mg/mL, 
preferably in the range of about 1 and 3 mg/mL, preferably in 
the range of about 1.5 and 2.5 mg/mL, and most preferably 
about 2.25 mg/mL. In some embodiments, the pH raising 
agent may be present at a concentration that provides a resis
tance to a significant change in the composition's pH despite 
physical and chemical changes of the composition after a 

In some embodiments, the active agent is present at a 
concentration sufficient for any of the uses described herein. 
In some embodiments, the active agent is present at a con
centration of about 0.1 to 2 mg/mL, preferably about 0.5 to 

35 certain period of shelf life. 
In some embodiments, the pH raising agent is selected such 

that the degradation of other components of the composition 
is slowed or reduced, as compared to a composition in which 
the pH raising agent is not present. For example, the pH 1.5 mg/mL, more preferably about 0.75 to 1.25 mg/mL, and 

most preferably about 1 mg/mL. In some embodiments, the 
active agent is present at a concentration of 1.14 mg/mL. 

40 raising agent may at least in part help prevent significant 
degradation of an antioxidant after a certain period of shelf 
life. The present invention provides for a composition that may 

comprise at least one pH raising agent in an amount that raises 
the pH of the composition. In some embodiments, the pH 
raising agent comprises a buffer system. The term "buffer 45 

system" refers to a component present in a composition or 
solution which may provide a resistance to significant change 
in pH caused by a strong acid or base. A buffer system may 
comprise a single agent or more than one agent, such as a 
weak acid and its conjugate base. A buffer system may pro- 50 

vide a resistance to a significant pH change by interacting 
with a strong acid or strong base in a composition or solution, 
thereby at least partially preventing the pH of the composition 
or solution from changing significantly. 

Generally, a buffer system has one or more buffer ranges 55 

wherein the buffer system has the ability to provide resistance 
to significant pH change. When a composition or solution 
comprising the buffer system has a pH inside the buffer sys
tem's buffer range, the pH of the composition or solution will 
not change significantly with the addition of equimolar 60 

amounts of a strong acid or strong base. 
The buffer range of a buffer system is related to the acid 

dissociation constant (Ka) of one or more weak acids com
prised by the buffer system. The term "acid dissociation con
stant" refers to the equilibrium constant of a dissociation 65 

reaction of an acid. The midpoint of a buffer range for a buffer 
system is generally about the logarithmic measure of the acid 

In some embodiments, the pH raising agent is selected such 
that less antioxidant is present, as compared to a composition 
in which the pH raising agent is not present. 

For example, the pH raising agent may be selected such 
that the concentration of antioxidant necessary for preventing 
and/or inhibiting the formation of unacceptable amounts of 
oxidative degradants in the composition after a certain period 
of shelf life is lowered by in the range of about 10% to 90%, 
preferably in the range of about 20% to 80%, more preferably 
in the range of about 25% and 75%, more preferably in the 
range of about 30% and 70%, and most preferably in the range 
of about 40% and 60%, as compared to a composition in 
which the pH raising agent is not present. 

In some embodiments, the pH raising agent and pH raising 
agent concentration is such that compositions conform to the 
limit on total acidity imposed by the United States Pharma
copeia (USP) 37-NF 32, S2, monograph, effective from Dec. 
1, 2014. For example, the pH raising agent may be selected 
such that when 5.0mL of the composition is titrated with 0.01 
N NaOH, the total amount of titrant necessary to reach a pH 
of 7.4 is no more than 25 mL. The pH raising agent may be 
selected such that the composition has a titratable acid con
centration of in the range of about 30 to 70 mM, preferably in 
the range of about 40 and 60 mM, and most preferably about 
50mM. 
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In some embodiments, the pH raising agent is suitable for 
subcutaneous, intracameral, intramuscular, parenteral, and/or 
ophthalmic use. 

Preferably, pH raising agents comprise the acids or salt 
forms of one or more oflactate, tartarate, glutamate, malate, 
citrate, gluconate, benzoate, succinate, acetate, glycine, and 
aspartate, as well as lithium hydroxide, sodium hydroxide, 
potassium hydroxide, rubidium hydroxide, cesium hydrox
ide, calcium hydroxide, strontium hydroxide, and barium 
hydroxide. Preferably, the pH raising agent comprises at least 
one of tartaric acid and sodium hydroxide, and more prefer
ably both of these compounds. 

6 
preferably in the range of about 0.4 and 0.6 mg/mL, and most 
preferably about 0.4 to 0.5 mg/mL. 

In some embodiments, the concentration of antioxidant in 
the composition after a certain period of shelf life may be 
affected by other components of the composition that reduce 
and/or slow the rate of antioxidant degradation. 

In some embodiments, other components of the composi
tion may reduce and/or slow oxidation of the antioxidant after 
a certain period of shelflife. For example, when the antioxi-

10 dant is sodium bisulfite, sodium metabisulfite, or another 
sulfite, other components of the composition may reduce 
and/or slow the oxidation of bisulfite to bisulfate. 

In some embodiments, other components of the composi
tion may reduce and/or slow protonation and/or desolvation 
reactions involving the antioxidant over a certain period of 
shelf life. For example, when the antioxidant is sodium 
bisulfite, sodium metabisulfite, or another sulfite, other com
ponents of the composition may reduce and/or slow the con
version to sulfur dioxide. 

In some embodiments, other components of the composi-
tion may reduce and/or slow the degradation of antioxidant by 
raising the composition's initial pH and/or the pH of the 
composition after a certain period of shelflife, as compared to 
a composition in which the other components are not present. 

The present invention provides for a composition that may 
comprise at least one antioxidant. The term "antioxidant" 

15 
refers to a component in a composition that may prevent 
and/or inhibit the formation of unacceptable amounts of oxi
dative degradants in the composition after a certain period of 
shelf life. In some embodiments, the antioxidant may react 
with oxygen that might otherwise compromise the composi- 20 

tion by producing impurities in the composition. Oxygen may 
originate from the composition's enviroument or the compo
sition itself. For example, oxygen may originate from residual 
oxygen present in the headspace of vials containing the com
position. 25 In some embodiments, the pH raising agent may, at least in 

part, lead to a reduction in the total degradation and/or deg
radation rate of antioxidant in the composition after a certain 
period of shelf life. 

In some embodiments, the oxidative degradants comprise 
one or more of adrenochrome, adrenolutin, and melanins. 

In some embodiments, the antioxidant may limit the for
mation of oxidative degradants in the composition to less than 
about 1%, preferably less than about 0.1 %, more preferably 
less than about 0.05%, more preferably less than about 
0.04%, more preferably less than about 0.03%, more prefer
ably less than about 0.02%, more preferably less than about 
0.01 %, most preferably less than about 0.009%, after a cer
tain period of shelf life. 

In some embodiments, the antioxidant may inhibit and/or 
prevent the composition from undergoing unacceptable 
physical changes. In some embodiments, the antioxidant may 
inhibit and/or prevent unacceptable composition color 
change. In some embodiments, the antioxidant may inhibit 
and/or prevent unacceptable amounts of insoluble particles. 

In some embodiments, the antioxidant may inhibit and/or 
prevent the composition from undergoing unacceptable color 
changes that may be detected by visually examining a portion 
of a sample in a clear, glass test tube against a white back
ground. In some embodiments, the antioxidant may inhibit 
and/or prevent the composition from undergoing unaccept
able color changes that may be detected by comparing the 
absorbance of a sample of the composition in a 1-cm quartz 
cell using a spectrophotometer set at 460 nm with a 0.0004 N 
Iodine Standard Solution that is prepared with water and 
iodine. In some embodiments, the antioxidant may inhibit 
and/or prevent the composition from containing unacceptable 
amounts of particulate matter that may be detected by the 
methods described in USP <788> and/or USP <789>, the 
disclosures of which are included herein by reference. 

In some embodiments, the antioxidant may be present at 
the lowest concentration that will inhibit and/or prevent the 
composition from undergoing unacceptable physical 
changes. In some embodiments, the antioxidant may be 
present at the lowest concentration that will inhibit and/or 
prevent unacceptable oxidation of components of the compo
sition. 

In some embodiments, the antioxidant may be present at a 
concentration of in the range of about 0.1 to 0.9 mg/mL, 
preferably in the range of about 0.2 and 0.8 mg/mL, more 
preferably in the range of about 0.3 and 0.7 mg/mL, more 

In some embodiments, other components are present in the 
30 composition at a concentration that reduces the concentration 

of antioxidant degradation products present in the composi
tion after a certain period of shelflife. In some embodiments, 
other components are present in the composition at a concen
tration that increases the concentration of the antioxidant 

35 present in the composition after a certain period of shelf life, 
as compared to a composition in which the other components 
are not present. In some embodiments, the reduction and/or 
inhibition of unacceptable antioxidant degradation after a 
certain period of shelf life may reduce the initial concentra-

40 tion of antioxidant necessary to inhibit and/or prevent the 
composition from undergoing unacceptable physical changes 
after a certain period of shelflife. In some embodiments, less 
than about 90% of the initial amount of antioxidant is 
degraded after a certain period of shelf life, more preferably 

45 less than about 85%, more preferably less than about 80%, 
more preferably less than about 75%, more preferably less 
than about 70%, more preferably less than about 60%, more 
preferably less than about 50%, more preferably less than 
about 40%, more preferably less than about 30%, more pref-

50 erably less than about 20%, and most preferably less than 
about 10%. 

Preferably, pharmaceutically-acceptable antioxidants 
comprise one or more of an amino acid sulfite (e.g L-lysine 
sulfite), ascorbic acid, ascorbyl palmitate, benzotriazol, 

55 butylhydroxyanisole (BHA), butylhydroxytoluene (BHT), 
citric acid, cysteine, cysteine hydrochloride, disodium cal
cium ethylenediaminetetraacetate, disodium ethylenedi
aminetetraacetate, dithiothreitol, DL-alpha-tocopherol, ery
thorbic acid, ethoxyquin, ethylenediaminetetraacetic acid 

60 salts, fumaric acid, glutathione, guaiac, homocysteine, iso
propyl citrate, L-ascorbate stearate esters, monothioglycerol, 
nordihydroguaiaretic acid (NDGA), palmitic acid ascorbic 
acid, pentaerythrityl-tetrakis[3 -(3, 5-di -t -buty 1-4-hydrox
yphenyl)propionate]2-mercaptobenzimidazole, potassium 

65 dichloroisocyanurate, propyl gallate, rongalite 
(CH20HS02Na), sodium ascorbate, sodium bisulfite, 
sodium edetate, sodium erythorbate, sodium hydrogen 
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sulfite, sodium metabisulfite, sodium pyrosulfite 1,3-buty
lene glycol, sodium sulfite, sodium thioglycolate, sodium 
thiosulfate, soybean lecithin, tert-butyl hydroquinone, 
thioglycerol, thiourea, TPGS (tocopherol polyethylene gly
col succinate), vitamin E and derivatives thereof, a-thioglyc
erin, and/or salts thereof. Preferably, the antioxidant com
prises sodium bisulfite or sodium meta bisulfite. 

The present invention provides a composition that may 
include one or more transition metal complexing agents. 

In some embodiments, the transition metal complexing 
agent may be a chelating agent. The term "chelating agent" 
refers to a substance capable of chelation, i.e, the formation or 
presence of two or more separate coordinate bonds between a 
poly dentate ligand and a single central atom. 

In some embodiments, the transition metal complexing 
agent may reduce the catalytic activity of trace metals present 
in the composition. In some embodiments, the transition 
metal complexing agent may chelate trace metals in the com
position that may otherwise increase and/or accelerate the 
degradation of components in the composition. Examples of 
trace metals include, but are not limited to, iron, magnesium, 
lithium, zinc, copper, chromium, nickel, cobalt, vanadium, 
arsenic, molybdenum, manganese, selenium, and calcium. 

8 
ethylene-diamine-N,N'-dipropionic acid dihydrochloride 
(EDDP), ethylenediamine-N,N'-bis(methylenephosphonic 
acid) hemihydrate (EDDPO), ethylenediamine-N,N,N',N'
tetrakis(methylenephosphonic acid) (EDTPO), N,N'-bis(2-
hydroxybenzyl)ethylene diamine-N,N'-diacetic acid 
(HBED), 1 ,6-hexamethylenediamine-N,N,N' ,N'-tetraacetic 
acid (HDTA, or HEDTA), N-(2-hydroxyethyl)iminodiacetic 
acid (HIDA), iminodiacetic acid (IDA), 1 ,2-diaminopropane
N,N,N',N'-tetraacetic acid (methyl-EDTA), nitriltriacetic 

10 acid (NTA), nitrilotripropionic acid (NTP), nitrilotris (meth
ylenephosphonic acid) trisodium salt (NTPO), triethylenetet
ramine-N,N,N',N",N"-hexaacetic acid (TTHA), bathocu
proine, bathophenanthroline, TETA, citric acid, salicylic 

15 
acid, and/or malic acid, including analogues, derivatives, and 
pharmaceutically acceptable salts thereof. Preferably, the 
metal complexing agent comprises EDTA. 

The present invention provides a composition that may 
include one or more pH lowering agent. The term "pH low-

20 ering agent" refers to a component of a composition selected 
to lower the composition's pH. In some embodiments, the pH 
lowering agent may be present in the composition such that 
the composition's pH is in a pharmaceutically acceptable 
range (i.e., not toxic or producing unacceptable side effects). 

In some embodiments, the pH lowering agent may convert 
the active agent into a salt that is soluble in the composition. 
In some embodiments, the pH lowering agent may convert 
epinephrine into a hydrochloride salt. 

In some embodiments, the pH lowering agent may be 

In some embodiments, the transition metal complexing 
agent may chelate trace metals in the composition that may 25 

otherwise increase and/or accelerate degradant formation in 
the composition. In some embodiments, the transition metal 
complexing agent may inhibit the formation of degradants 
formed from the interaction of epinephrine, bisulfite, and 
oxygen. In some embodiments, these degradants comprise 
one or more oflmpurity A, Impurity B, and Unknown C. 

30 present at a concentration in the composition such that to the 
composition's pH is within the limit on total acidity imposed 
by the USP 3 7-NF 32, S2, monograph. In some embodiments, 
the pH lowering agent may be present in the composition at a 
concentration of in the range of about 0.1 to 1 mg/mL, pref-

In some embodiments, the concentration of the transition 
metal complexing agent present in the composition may be 
such that the concentration of Impurity A, Impurity B, or 
Unknown C is about 1% or less of the composition after a 
certain period of shelf life, preferably about 0.9% or less, 
more preferably about 0.8% or less, more preferably about 
0.7% or less, more preferably about 0.6% or less, more pref
erably about 0.5% or less, more preferably about 0.4% or less, 
more preferably about 0.3% or less, more preferably about 
0.2% or less, and most preferably about 0.1% or less. 

In some embodiments, the transition metal complexing 
agent may be present at the lowest concentration that reduces 
and/or inhibits degradation of other components of the com
position. In some embodiments, the transition metal com
plexing agent may be present in the composition at a concen
tration of about 0.1 and 0.5 mg/mL, preferably in the range of 
about 0.1 and 0.4 mg/mL, more preferably in the range of 
about 0.1 and 0.3 mg/mL, and most preferably about 0.2 
mg/mL. 

35 erably in the range of about 0.1 to 0.5 mg/mL, and most 
preferably about 0.25 mg/mL. 

Preferably, the pH lowering agent comprises one or more 
of acetic acid, adipic acid, ascorbic acid, citric acid, hydro
chloric acid, lactic acid, malic acid, monopotassium phos-

40 phate, monosodium phosphate, phosphoric acid, pyrophos
phoric acid, succinic acid, sulfuric acid, and or tartaric acid. 
Preferably, the pH lowering agent comprises hydrochloric 
acid. In certain embodiments, the pH lowering agent may be 
a portion of the buffer system in conjugation with a pH raising 

45 agent. 
The present invention provides for a composition that may 

comprise at least one tonicity regulating agent. The term 
"tonicity" refers to the effective osmotic pressure equivalent 
of a solution or composition. In some embodiments, the 

50 tonicity regulating agent may be present in the composition to 
maintain the tonicity of the composition in a physiological 
acceptable range. In some embodiments, the tonicity regulat
ing agent may be an osmotic pressure regulating agent. 

Preferably, transition metal complexing agents comprise 
one or more of TPA (Tris[(2-pyridyl)methyl]amine), pharr
quinone (4,7-phenanthroline-5,6-dione), clioquinol (PN 
Gerolymatos SA), chloroquinol, penicillamine, trientine, 
N,N'-diethyldithiocarbamate (DDC), 2,3,2'-tetraamine (2,3, 
2'-tet), neocuproine, N,N,N',N'-tetrakis(2-pyridylmethyl) 
ethylenediamine (TPEN), 1,10-phenanthroline (PHE), tetra
ethylenepentamine (TEPA), triethylene tetraamine and tris(2-
carboxyethyl)phosphine (TCEP), bathophenanthroline disul
fonic acid (BPADA), Disodium Edetate Dihydrate (EDTA), 60 

ethylene glycol (bis) aminoethyl ether tetra acetic acid 
(EGTA), nitrilotriacetic acid, TIRON™, N,N-bis(2-hydroxy
ethyl)glycine (bicine ), 0,0'-bis(2-aminophenyl ethylene gly
col) ethylenediamine-N,N,N',N'-tetraacetic acid (BAPTA), 
trans-! ,2-diamino cyclohexane-ethylenediamine-N,N,N' ,N'
tetraacetic acid (CyDTA), 1 ,3-diamino-2-hydroxy-propane
ethylenediamine-N,N,N', N'-tetraacetic acid (DPTA-OH), 

Preferably, the tonicity regulating agent comprises one or 
55 more of glucose, glycerin, hydroxypropyl methyl cellulose, 

mannitol, polysorbate, propylene glycol, sodium bromide, 
sodium chloride, sodium iodide, sorbitol, urea, xylitol, and/or 
combinations thereof. Preferably, the tonicity regulating 
agent comprises sodium chloride. 

In some embodiments, the tonicity regulating agent may be 
present in the composition at a concentration of in the range of 
about 4 and 9 mg/mL, preferably in the range of about 5 and 
8 mg/mL, and most preferably in the range of about 6 and 7.5 
mg/mL. In some embodiments, the tonicity regulating agent 

65 may be present at a concentration of about 7.3 mg/mL. In 
some embodiments, the tonicity regulating agent may be 
present at a concentration of about 6.15 mg/mL. 
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The present invention provides for a composition that may 
optionally comprise one or more preservatives. The term 
"preservative" refers to a substance present in a composition 
which can, at least in part, prevent and/or reduce decomposi
tion of the composition. In some embodiments, the preserva
tive may prevent and/or reduce decomposition of the compo
sition by microbial growth in the composition. Preferably, the 
preservative is pharmaceutically acceptable. 

In some embodiments, the preservative may be present in 
the composition at a concentration that allows for a multi
dose formulation of the composition. In some embodiments, 
the preservative may be present in the composition at a con
centration that prevents and/or reduces decomposition of 
unused portions of the composition in a multi-dose formula
tion. In some embodiments, the preservative may allow for up 
to about 14 days of use, preferably up to about 30 days of use, 
more preferably up to about 60 days of use, and most prefer
ably up to about 90 days of use of a multi -dose formulation of 
the composition. 

In some embodiments, the preservative may be present in 
the composition at a concentration of in the range of about 1 
to 10 mg/mL, preferably in the range of about 3 and 7 mg/mL, 
more preferably in the range of about 4 and 6 mg/mL, more 
preferably in the range of about 4.5 and 5.5 mg/mL, and most 
preferably at about 5 mg/mL. 

Preferably, preservatives comprise one or more of benza
lkonium chloride, benzethonium chloride, benzoic acid, ben
zyl alcohol, benzyl paraben, bronopol, butyl para ben, cetrim
ide, cetylpyridinium chloride, chlorbutanol, chlorhexidine, 
chlorocresol, chloroxylenol, cresol, ethyl alcohol, ethyl para
ben, ethylparaben, glycerin, hexetidine, imidurea, isobutyl 
paraben, meta-cresol, methyl paraben, methylparaben, phe
nol, phenoxyethanol, phenylethyl alcohol, phenylmercuric 
nitrate, p-hydroxybenzoic acid esters, polyhexamethylene 
biguanide ("PHMB"), potassium sorbate, propyl paraben, 
propylene glycol, sodium benzoate, sodium perborate, 
sodium propionate, sorbic acid, stabilized thimerosal, and/or 
thimerosal. Preferably, the preservative comprises chlorobu
tanol. 

The present invention provides for a composition that can 
optionally comprise one or more solvents. In some embodi
ments, the solvent may be acceptable for pharmaceutical 
administration. Examples of methods of pharmaceutical 
administration include, but are not limited to, subcutaneous, 
intracameral, intravenous, and intramuscular injection, infu
sion, intra-arterial administration, intracardiac injection, 
endotracheal administration, intraosseous administration, 
oral inhalation, topical administration, and as ophthalmic 
irrigation. 

Preferably, the solvent comprises one or more of acetic 
acid, acetone, acetonitrile, animal oil, aqueous buffer, ben
zene, bisabolol, butanol, carbon tetrachloride, chloroben
zene, chloroform, dimethylformamide, dioxane, essential oil, 
ethanol, ethyl acetate, ethyl oleate, ethylene chloride, fatty 
acid esters, glycerin, glycofurol, hexane, hydrogenated veg
etable oil, isopropanol, isopropyl alcohol, isopropyl 
myristate, isopropyl palmitate, methanol, methylene chlo
ride, mineral oil, polyethylene glycol, polyol, propylene gly
col, silicone fluid glyceride, squalane, terpene, tetrahydrofu
ran, toluene, triacetin, tributyl citrate, triethyl citrate, 
vegetable oil, and/or water. Preferably the solvent comprises 
water. 

In some embodiments, the solvent may be present in an 
amount that brings the composition to a final volume which is 
suitable for administration. In some embodiments, the final 
volume may be 1 mL. In some embodiments, the final volume 
maybe 30mL. 

10 
The present invention provides for a composition that may 

have a low level of impurities. The term "impurity" refers to 
an undesired substance in a composition. In some embodi
ments, an amount of impurities may be present in an initial 
composition and/or may be formed after a certain period of 
shelflife of a composition. In some embodiments, impurities 
may be formed via degradation of one or more components of 
the composition. Sources of degradation include, but are not 
limited to, oxidation, racemization, sulfite addition, visible 

10 light, ultraviolet light, moisture, heat, changes in pH, and 
composition component interactions. Unless indicated other
wise, the percentages of impurities expressed herein are 
expressed as% w/w of the active agent. 

In some embodiments, the composition may have no more 
15 than about 20% of total impurities after a certain period of 

shelf life, more preferably no more than about 19 .5%, more 
preferably no more than about 19%, more preferably no more 
than about 18.5%, preferably no more than about 18%, more 
preferably no more than about 17 .5%, more preferably no 

20 more than about 17%, more preferably no more than about 
16.5%, more preferably no more than about 16%, more pref
erably no more than about 15.5%, more preferably no more 
than about 15%, more preferably no more than about 14.5%, 
more preferably no more than about 14%, more preferably no 

25 more than about 13.5%, more preferably no more than about 
13%, more preferably no more than about 12.5%, more pref
erably no more than about 12%, more preferably no more 
than about 11.5%, more preferably no more than about 11%, 
more preferably no more than about 1 0.5%, more preferably 

30 no more than about 10%, more preferably no more than about 
9.5%, more preferably no more than about 9%, more prefer
ably no more than about 8.5%, more preferably no more than 
about 8%, more preferably no more than about 7 .5%, more 
preferably no more than about 7%, more preferably no more 

35 than about 6.5%, more preferably no more than about 6%, 
more preferably no more than about 5.5%, and most prefer
ably no more than about 5%. 

In some embodiments, the composition may have no more 
than about 20% of total impurities after a certain period of 

40 shelf life, preferably no more than about 19 .9%, more pref
erably no more than about 19.8%, more preferably no more 
than about 19.7%, more preferably no more than about 
19.6%, more preferably no more than about 19.5%, more 
preferably no more than about 19.4%, more preferably no 

45 more than about 19.3%, more preferably no more than about 
19.2%, more preferably no more than about 19.1%, more 
preferably no more than about 19%, more preferably no more 
than about 18.9%, more preferably no more than about 
18.8%, more preferably no more than about 18.7%, more 

50 preferably no more than about 18.6%, more preferably no 
more than about 18.5%, more preferably no more than about 
18.4%, more preferably no more than about 18.3%, more 
preferably no more than about 18.2%, more preferably no 
more than about 18.1 %, more preferably no more than about 

55 18%, more preferably no more than about 17 .9%, more pref
erably no more than about 17 .8%, more preferably no more 
than about 17.7%, more preferably no more than about 
17.6%, more preferably no more than about 17.5%, more 
preferably no more than about 17 .4%, more preferably no 

60 more than about 17 .3%, more preferably no more than about 
17.2%, more preferably no more than about 17.1%, more 
preferably no more than about 17%, more preferably no more 
than about 16.9%, more preferably no more than about 
16.8%, more preferably no more than about 16.7%, more 

65 preferably no more than about 16.6%, more preferably no 
more than about 16.5%, more preferably no more than about 
16.4%, more preferably no more than about 16.3%, more 
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preferably no more than about 16.2%, more preferably no 
more than about 16.1 %, more preferably no more than about 
16%, more preferably no more than about 15 .9%, more pref
erably no more than about 15.8%, more preferably no more 
than about 15.7%, more preferably no more than about 
15.6%, more preferably no more than about 15.5%, more 
preferably no more than about 15.4%, more preferably no 
more than about 15.3%, more preferably no more than about 
15.2%, more preferably no more than about 15.1%, more 
preferably no more than about 15%, more preferably no more 
than about 14.9%, more preferably no more than about 
14.8%, more preferably no more than about 14.7%, more 
preferably no more than about 14.6%, more preferably no 
more than about 14.5%, more preferably no more than about 
14.4%, more preferably no more than about 14.3%, more 
preferably no more than about 14.2%, more preferably no 
more than about 14.1 %, more preferably no more than about 
14%, more preferably no more than about 13.9%, more pref
erably no more than about 13.8%, more preferably no more 
than about 13.7%, more preferably no more than about 
13.6%, more preferably no more than about 13.5%, more 
preferably no more than about 13.4%, more preferably no 
more than about 13.3%, more preferably no more than about 
13.2%, more preferably no more than about 13.1%, more 
preferably no more than about 13%, more preferably no more 
than about 12.9%, more preferably no more than about 
12.8%, more preferably no more than about 12.7%, more 
preferably no more than about 12.6%, more preferably no 
more than about 12.5%, more preferably no more than about 
12.4%, more preferably no more than about 12.3%, more 
preferably no more than about 12.2%, more preferably no 
more than about 12.1 %, more preferably no more than about 
12%, more preferably no more than about 11.9%, more pref
erably no more than about 11.8%, more preferably no more 
than about 11.7%, more preferably no more than about 
11.6%, more preferably no more than about 11.5%, more 
preferably no more than about 11.4%, more preferably no 
more than about 11.3%, more preferably no more than about 
11.2%, more preferably no more than about 11.1 %, more 
preferably no more than about 11%, more preferably no more 
than about 10.9%, more preferably no more than about 
10.8%, more preferably no more than about 10.7%, more 
preferably no more than about 10.6%, more preferably no 
more than about 10.5%, more preferably no more than about 
10.4%, more preferably no more than about 10.3%, more 
preferably no more than about 10.2%, more preferably no 
more than about 10.1 %, more preferably no more than about 
10%, more preferably no more than about 9.9%, more pref
erably no more than about 9.8%, more preferably no more 
than about 9.7%, more preferably no more than about 9.6%, 
more preferably no more than about 9.5%, more preferably 
no more than about 9 .4%, more preferably no more than about 
9.3%, more preferably no more than about 9.2%, more pref
erably no more than about 9.1 %, more preferably no more 
than about 9%, more preferably no more than about 8.9%, 
more preferably no more than about 8.8%, more preferably 
no more than about 8. 7%, more preferably no more than about 
8.6%, more preferably no more than about 8.5%, more pref
erably no more than about 8.4%, more preferably no more 
than about 8.3%, more preferably no more than about 8.2%, 
more preferably no more than about 8.1%, more preferably 
no more than about 8%, more preferably no more than about 
7 .9%, more preferably no more than about 7 .8%, more pref
erably no more than about 7.7%, more preferably no more 
than about 7 .6%, more preferably no more than about 7 .5%, 
more preferably no more than about 7.4%, more preferably 
no more than about 7 .3%, more preferably no more than about 

12 
7 .2%, more preferably no more than about 7.1 %, more pref
erably no more than about 7%, more preferably no more than 
about 6.9%, more preferably no more than about 6.8%, more 
preferably no more than about 6.7%, more preferably no 
more than about 6.6%, more preferably no more than about 
6.5%, more preferably no more than about 6.4%, more pref
erably no more than about 6.3%, more preferably no more 
than about 6.2%, more preferably no more than about 6.1 %, 
more preferably no more than about 6%, more preferably no 

10 more than about 5.9%, more preferably no more than about 
5.8%, more preferably no more than about 5.7%, more pref
erably no more than about 5.6%, more preferably no more 
than about 5.5%, more preferably no more than about 5.4%, 
more preferably no more than about 5.3%, more preferably 

15 no more than about 5 .2%, more preferably no more than about 
5.1 %, and most preferably no more than about 5%. 

In some embodiments, the concentration of impurities 
present in the composition after a certain period of shelf life 
may be attributed at least partially to degradation of compo-

20 nents of the composition. In some embodiments, the concen
tration of impurities present in the composition at the end of 
shelf life may be attributed at least partially to epinephrine 
degradation. In some embodiments, epinephrine degradation 
may be a result of physical or chemical stress. Examples of 

25 stresses include, but are not limited to, oxygen, pH, bisulfite, 
light, process surface compatibility, and soluble trace metals. 

In some embodiments, components of the composition 
may be present at a concentration that lowers the amount of 
impurities after a certain period of shelf life that would oth-

30 erwise be present in the absence of the components. In some 
embodiments, components of the composition may be 
present at a concentration that at least partially inhibits for
mation of impurities in the composition. 

The present invention provides for a composition that may 
35 have a low level of D-epinephrine. 

In some embodiments, the concentration ofD-epinephrine 
in the composition after a certain period of shelf life may be 
no more than about 9.5%, preferably no more than about 9%, 
more preferably no more than about 8.5%, more preferably 

40 no more than about 8%, more preferably no more than about 
7 .5%, more preferably no more than about 7%, more prefer
ably no more than about 6.5%, more preferably no more than 
about 6%, more preferably no more than about 5.5%, more 
preferably no more than about 5%, more preferably no more 

45 than about 4.5%, more preferably no more than about 4%, 
more preferably no more than about 3.5%, more preferably 
no more than about 3%, more preferably no more than about 
2.5%, more preferably no more than about 2%, more prefer
ably no more than about 1.5%, more preferably no more than 

50 about 1%, and most preferably no more than about 0.5%. 
In some embodiments, the concentration ofD-epinephrine 

in the composition after a period of shelflife may be no more 
than about 9.5%, preferably no more than about 9.4%, more 
preferably no more than about 9.3%, more preferably no 

55 more than about 9.2%, more preferably no more than about 
9.1 %, more preferably no more than about 9%, more prefer
ably no more than about 8.9%, more preferably no more than 
about 8.8%, more preferably no more than about 8.7%, more 
preferably no more than about 8.6%, more preferably no 

60 more than about 8.5%, more preferably no more than about 
8.4%, more preferably no more than about 8.3%, more pref
erably no more than about 8.2%, more preferably no more 
than about 8.1 %, more preferably no more than about 8%, 
more preferably no more than about 7 .9%, more preferably 

65 no more than about 7 .8%, more preferably no more than about 
7 .7%, more preferably no more than about 7 .6%, more pref
erably no more than about 7.5%, more preferably no more 
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than about 7.4%, more preferably no more than about 7.3%, 
more preferably no more than about 7 .2%, more preferably 
no more than about 7.1 %, more preferably no more than about 
7%, more preferably no more than about 6.9%, more prefer
ably no more than about 6.8%, more preferably no more than 
about 6.7%, more preferably no more than about 6.6%, more 
preferably no more than about 6.5%, more preferably no 
more than about 6.4%, more preferably no more than about 
6.3%, more preferably no more than about 6.2%, more pref
erably no more than about 6.1 %, more preferably no more 
than about 6%, more preferably no more than about 5.9%, 
more preferably no more than about 5.8%, more preferably 
no more than about 5. 7%, more preferably no more than about 
5.6%, more preferably no more than about 5.5%, more pref
erably no more than about 5.4%, more preferably no more 
than about 5.3%, more preferably no more than about 5.2%, 
more preferably no more than about 5.1%, more preferably 
no more than about 5%, more preferably no more than about 
4.9%, more preferably no more than about 4.8%, more pref
erably no more than about 4.7%, more preferably no more 
than about 4.6%, more preferably no more than about 4.5%, 
more preferably no more than about 4.4%, more preferably 

14 
sition may reduce D-epinephrine formation by raising the 
initial pH of the composition and/or by increasing the pH 
range of the composition over shelf life. In some embodi
ments, the pH of the composition may be raised at least 
partially by the pH raising agent. Preferably, the raised pH of 
the composition does not result in large increases of other 
degradants of epinephrine. 

The present invention provides for a composition that may 
have a low level of epinephrine sulfonic acid (ESA). In some 

10 embodiments, the concentration of ESA in the composition 
after a certain period of shelf life may be no more than about 
14.5%, preferably no more than about 14%, more preferably 
no more than about 13.5%, more preferably no more than 
about 13%, more preferably no more than about 12.5%, more 

15 preferably no more than about 12%, more preferably no more 
than about 11.5%, more preferably no more than about 11%, 
more preferably no more than about 1 0.5%, more preferably 
no more than about 10%, more preferably no more than about 
9.5%, more preferably no more than about 9%, more prefer-

20 ably no more than about 8.5%, more preferably no more than 
about 8%, more preferably no more than about 7 .5%, more 
preferably no more than about 7%, more preferably no more 
than about 6.5%, more preferably no more than about 6%, and no more than about 4.3%, more preferably no more than about 

4.2%, more preferably no more than about 4.1 %, more pref
erably no more than about 4%, more preferably no more than 25 

about 3 .9%, more preferably no more than about 3 .8%, more 
preferably no more than about 3.7%, more preferably no 
more than about 3.6%, more preferably no more than about 
3.5%, more preferably no more than about 3.4%, more pref
erably no more than about 3.3%, more preferably no more 
than about 3.2%, more preferably no more than about 3.1 %, 
more preferably no more than about 3%, more preferably no 
more than about 2.9%, more preferably no more than about 
2.8%, more preferably no more than about 2.7%, more pref
erably no more than about 2.6%, more preferably no more 
than about 2.5%, more preferably no more than about 2.4%, 
more preferably no more than about 2.3%, more preferably 

most preferably no more than about 5.5%. 
In some embodiments, the concentration of ESA in the 

composition after a certain period of shelflife may be no more 
than about 14.5%, preferably no more than about 14.4%, 
more preferably no more than about 14.3%, more preferably 
no more than about 14.2%, more preferably no more than 

30 about 14.1 %, more preferably no more than about 14%, more 
preferably no more than about 13.9%, more preferably no 
more than about 13.8%, more preferably no more than about 
13.7%, more preferably no more than about 13.6%, more 
preferably no more than about 13.5%, more preferably no 

35 more than about 13.4%, more preferably no more than about 
13.3%, more preferably no more than about 13.2%, more 
preferably no more than about 13.1 %, more preferably no 
more than about 13%, more preferably no more than about 
12.9%, more preferably no more than about 12.8%, more 

no more than about 2.2%, more preferably no more than about 
2.1 %, more preferably no more than about 2%, more prefer
ably no more than about 1.9%, more preferably no more than 
about 1.8%, more preferably no more than about 1.7%, more 
preferably no more than about 1.6%, more preferably no 
more than about 1.5%, more preferably no more than about 
1.4%, more preferably no more than about 1.3%, more pref
erably no more than about 1.2%, more preferably no more 
than about 1.1 %, more preferably no more than about 1%, 
more preferably no more than about 0.9%, more preferably 
no more than about 0.8%, more preferably no more than about 
0.7%, more preferably no more than about 0.6%, and most 
preferably no more than about 0.5%. 

In some embodiments, the initial concentration of D-epi
nephrine in the composition may be no more than about 2.5%, 
preferably no more than about 2%, more preferably no more 
than about 1.5%, more preferably no more than about 1%, and 
most preferably no more than about 0.5%. 

In some embodiments, components of the composition 
may be present at concentrations that reduce the formation of 
D-epinephrine that would otherwise occur in the absence of 
the components. In some embodiments, components of the 
composition may be present at concentrations that reduce 
D-epinephrine formation by at least about 15%, more prefer
ably at least about 33%, and most preferably at least about 
50%. 

In some embodiments, components of the composition 
may be present at a concentration that reduces the rate and/or 
extent of D-epinephrine formation after a certain period of 
shelflife. In some embodiments, components of the campo-

40 preferably no more than about 12.7%, more preferably no 
more than about 12.6%, more preferably no more than about 
12.5%, more preferably no more than about 12.4%, more 
preferably no more than about 12.3%, more preferably no 
more than about 12.2%, more preferably no more than about 

45 12.1%, more preferably no more than about 12%, more pref
erably no more than about 11.9%, more preferably no more 
than about 11.8%, more preferably no more than about 
11. 7%, more preferably no more than about 11.6%, more 
preferably no more than about 11.5%, more preferably no 

50 more than about 11.4%, more preferably no more than about 
11.3%, more preferably no more than about 11.2%, more 
preferably no more than about 11.1 %, more preferably no 
more than about 11%, more preferably no more than about 
10.9%, more preferably no more than about 10.8%, more 

55 preferably no more than about 10.7%, more preferably no 
more than about 1 0.6%, more preferably no more than about 
10.5%, more preferably no more than about 10.4%, more 
preferably no more than about 10.3%, more preferably no 
more than about 1 0.2%, more preferably no more than about 

60 10.1 %, more preferably no more than about 10%, more pref
erably no more than about 9.9%, more preferably no more 
than about 9.8%, more preferably no more than about 9.7%, 
more preferably no more than about 9.6%, more preferably 
no more than about 9 .5%, more preferably no more than about 

65 9.4%, more preferably no more than about 9.3%, more pref
erably no more than about 9.2%, more preferably no more 
than about 9.1 %, more preferably no more than about 9%, 
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more preferably no more than about 8.9%, more preferably 
no more than about 8.8%, more preferably no more than about 
8.7%, more preferably no more than about 8.6%, more pref
erably no more than about 8.5%, more preferably no more 
than about 8.4%, more preferably no more than about 8.3%, 
more preferably no more than about 8.2%, more preferably 
no more than about 8.1 %, more preferably no more than about 
8%, more preferably no more than about 7 .9%, more prefer
ably no more than about 7 .8%, more preferably no more than 
about 7 .7%, more preferably no more than about 7 .6%, more 10 

preferably no more than about 7 .5%, more preferably no 
more than about 7.4%, more preferably no more than about 
7 .3%, more preferably no more than about 7 .2%, more pref
erably no more than about 7.1%, more preferably no more 

15 
than about 7%, more preferably no more than about 6.9%, 
more preferably no more than about 6.8%, more preferably 
no more than about 6. 7%, more preferably no more than about 
6.6%, more preferably no more than about 6.5%, more pref
erably no more than about 6.4%, more preferably no more 20 

than about 6.3%, more preferably no more than about 6.2%, 
more preferably no more than about 6.1%, more preferably 
no more than about 6%, more preferably no more than about 
5.9%, more preferably no more than about 5.8%, more pref
erably no more than about 5.7%, more preferably no more 25 

than about 5.6%, and most preferably no more than about 
5.5%. 

16 
certain period of shelf life, as compared to a composition in 
which the certain components are not present. 

The present invention provides for a composition that may 
have a low level of oxidative degradants. The term "oxidative 
degradant" refers to any impurity that may be at least partially 
attributed to an oxidation reaction involving one or more 
components of the composition. In some embodiments, the 
oxidative degradants may be formed via oxidation of epi
nephrine. Examples of oxidative degradants include, but are 
not limited to, adrenochrome, adrenolutin, melanins, and ana
logs thereof. 

In some embodiments, the concentration of oxidative 
degradants in the composition after a certain period of shelf 
life may be no more than about 1 ')/0, preferably no more than 
about 0.1 %, more preferably no more than about 0.05%, more 
preferably no more than about 0.04%, more preferably no 
more than about 0.03%, more preferably no more than about 
0.02%, and most preferably no more than about 0.01 %, after 
a certain period of shelf life. 

In some embodiments, the concentration of oxidative 
degradants present in the composition after a certain period of 
shelf life may be such that the composition does not undergo 
a physical change. Examples of physical change include, but 
are not limited to, color change and insoluble particle forma
tion. 

In some embodiments, the rate of formation and/or the 
concentration of oxidative degradants in the composition may 
be reduced after a certain period of shelf life by other com
ponents of the composition. In some embodiments, the rate of 
formation and/or the concentration of oxidative degradants in 

In some embodiments, the initial concentration of ESA in 
the composition may be no more than about 0.5%, preferably 
no more than about 0.2%, more preferably no more than about 
0.1 %, more preferably no more than about 0.05%, and most 
preferably no more than about 0.025%. 

In some embodiments, ESA formation may be influenced 
by an oxygen-dependent mechanism such that reducing oxy
gen accessible to the composition may reduce the rate ofESA 
formation. In some embodiments, oxygen present in the 
headspace of a vial containing the composition may be 
reduced by replacing some or all of the oxygen with a gas 
other than oxygen, preferably an inert gas, thereby at least 
partially reducing the rate of ESA production. In some 
embodiments, some or all of the oxygen present in the head
space of a vial containing the composition may be replaced 
with nitrogen and/or argon. 

30 
the composition may be reduced by the antioxidant. In some 
embodiments, the rate of formation and/or the concentration 
of oxidative degradants in the composition may be reduced by 
reducing the amount of oxygen accessible to the composition. 
In some embodiments, the rate of formation and/or the con
centration of oxidative degradants in the composition may be 

35 reduced by replacing some or all of the oxygen in the head
space of a vial containing the composition with non-oxygen 
gas, preferably an inert gas such as nitrogen and/or argon. 

In some embodiments, the present invention may have low 
levels of degradants Impurity A, Impurity B, and/or Unknown 

40 C. 

In some embodiments, the headspace gas of the composi
tion is manipulated such that degradation of components in 45 

the composition is minimized. The term "headspace" refers to 
the gas space above the product in a container. The headspace 
gas may be manipulated in order to reduce the amount of 
oxygen present therein. In some embodiments, the amount of 
oxygen in the headspace gas is no more than about 15% v/v of 50 

the total gas, preferably no more than about 13%, more pref
erably no more than about 10%, more preferably no more 
than about 5%, more preferably no more than about 2.5%, 
more preferably no more than about 1%, and most preferably 
about 0%. 55 

In some embodiments of the present invention, the concen
trations of certain components of the composition may be 
reduced such that the concentration of ESA in the composi
tion after a period of shelf life is reduced. In some embodi
ments, the concentration of ESA present in the composition 60 

after a period of shelf life is reduced at least partially by 
reducing the initial concentration of antioxidant in the com
position. In some embodiments, the concentrations of certain 
components of the composition, such as initial concentration 
of antioxidant, are reduced such that the rate ofESA produc- 65 

tion is reduced by at least about 25%, more preferably at least 
about 50%, and most preferably at least about 75% after a 

In some embodiments, Impurity A may be a compound 
with the following structure: 

OH 

HO 

OH 

NH 

I 
Me 

In some embodiments, Impurity B may be a compound 
with the following structure: 

HO 

0 
0 I! 

HO ~S'-. 

NH 
\ 
Me 
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In some embodiments, Unknown C may be characterized 
by a "-max of about 380 nm. 

In some embodiments, Unknown C may be characterized 
by its elution peak using HILIC (Hydrophilic Interaction 
Liquid Chromatography), which differs from one substance 
to another. 

In some embodiments, Unknown C may be characterized 
using an isocratic HILIC separation of mixtures according to 
the conditions described in Tables 1-3. 

Table 1 lists the compositions of the mobile phases that 10 

may be used for isocratic HILIC separations. 

TABLE 1 

C.omposition oflsocratic Mobile Phases 

Mobile Phase A 

Mobile Phase B 

100 mLArnmoniurn Formate Buffer 
900 mL Acetonitrile 
100 mLArnmoniurn Formate Buffer 
400mLWater 
500 mL Acetonitrile 

15 

20 

The Ammonium Formate Buffer of Table 1 may be pre
pared as follows: 1.5 g of Sodium Chloride, 5.0 mL ofFormic 
Acid, and 3.0 mL of 6N Ammonium Hydroxide is added to 
1.0 L of water. The solution may be vacuum filtered through 25 

a 0.45 fllll nylon membrane. The preparation may be scaled up 
where necessary. 

Table 2 lists different conditions that may be used for 
isocratic HILIC separations. 

TABLE2 

!socratic Mobile Phases for HILIC Separation 

!socratic 
Water% 

15 
18 
22 

Mobile 
Phase A% 

87.5 
80 
70 

Mobile 
Phase B% 

12.5 
20 
30 

30 

35 

40 

An Epinephrine HILIC Impurities Marker Solution (Epi
HILIC IMS) may be prepared by first preparing an Epineph
rine/Degradant Bulk Solution as follows: In a clean, clear, 2 L 
glass bottle, dissolving sodium chloride ( 6.14 7 g) and tartaric 
acid (2.251 g) in about 800 mL of water, adding sodium 45 

hydroxide 5. ON ( 6.25 mL) to the solution and mixing, adding 
sodium metabisulfite (1.425 g) to the solution and mixing to 
dissolve, adding epinephrine (1.1334 g) as a solution in HCl 
l.ON (6.6 mL) to the solution, and then adding water to a final 
solution weight of 1005.9, and mixing thoroughly. The Epi- 50 

nephrine/Degradant Bulk Solution may then be allowed to sit 
in a capped bottle in the hood, under fluorescent light with a 
light exposure at about 1000 lux, for 12 days with lights 
continuously on. 

18 
TABLE3 

Chromatographic Conditions for isocratic HILIC Separation 

Column 

Flow Rate 
Injection Volume 
Colunm Temperature 
Sample preparation 

Detector 

Run Time 
Data Acquisition 

SeQuant ZIC HILIC PEEK, 
150 x 4.6 mm, 3.5 f1II1 particle size, 
100 A pore size 
1 mL/min 
25 f1L 
35° C. 
Dilute exactly 1 volume of sample 
(nominal strength of 1 mg/mL 
epinephrine) with exactly 3 volumes 
of acetonitrile. 
Signal-280 nm, Bandwidth-10 nm; 
Reference-Off 
Signal-346 nm, Bandwidth-10 nm; 
Reference-Off 
Signal-380 nm, Bandwidth-10 nm; 
Reference-Off 
Signal-292 nm, Bandwidth-10 nm; 
Reference-Off 
35 minutes 
Integrate impmities between 0 and 
30 minutes 

Tables 4 lists the relevant characteristic peaks of isocratic 
HILIC separation according to the above specifications at a 
detection wavelength of 346 nm using the 15% isocratic 
water preparation according to Table 2. 

TABLE4 

Chromatography of the Impurities Marker Solution using 
isocratic HILIC with 15% water and 346 nM Detection 

Time (Minutes) Absorbance (AU) 

UnknownC approx. 21 approx. 0.001 

Tables 5 lists the relevant characteristic peaks of isocratic 
HILIC separation according to the above specifications at a 
detection wavelength of 346 nm using the 18% isocratic 
water preparation according to Table 2. 

TABLES 

Chromatography of the Impurities Marker Solution using 
isocratic HILIC with 18% water and 346 nM Detection 

Time (Minutes) Absorbance (AU) 

UnknownC approx. 14 approx. 0.002 

Table 6 lists the relevant characteristic peaks of isocratic 
HILIC separation according to the above specifications at a 
detection wavelength of 346 nm using the 22% isocratic 
water preparation according to Table 2. 

TABLE6 

Chromatography of the Impurities Marker Solution using 
isocratic HILIC with 22% water and 346 nM Detection 

Time (Minutes) Absorbance (AU) 

The Epinephrine HILIC Impurities Marker Solution (Epi- 55 

HILIC IMS) may then be prepared in a 500 mL clear glass 
bottle as follows: adding Epinephrine/Degradant Bulk Solu
tion (500 mL), adding HCl 1.0 N (6.0 mL) and then mixing 
(with a final pH at 3.2), adding ESA (9.5 mg) and mixing to 
dissolve, adding adrenochrome (5.6 mg) and mixing to dis
solve, preparing adrenalone stock mixture by withdrawing 10 
mL of the solution then adding and dissolving adrenalone 
HCl ( 4. 7 mg), adding adrenalone stock mixture (0.8 mL) back 
into the bulk mixture, and mixing thoroughly. 

60 
Unknown C approx. 8.5 approx. 0.002 

An Epinephrine HILIC Impurities Marker Solution (Epi- 65 

HILIC IMS) which comprises Unknown C may be analyzed 
using the conditions listed in Table 3. 

The chromatography outputs of the Impurities Marker 
Solution using isocratic HILIC as described is also shown in 
FIG. 1 (15% water), FIG. 2 (18% water), and FIG. 3 (22% 
water). 

In some embodiments, Unknown C may be characterized 
using a gradient HILIC method. An Epinephrine HILIC 
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Impurities Marker Solution (EpiHILIC IMS) which com
prises Unknown C may be analyzed using the conditions 
listed in Table 7 and 8. 

Table 7 lists the compositions of the mobile phases that 
may be used for gradient HILIC separations. 

TABLE 7 

Composition of Gradient Mobile Phases 

Mobile Phase A 

Mobile Phase A 

100 mLAmmonium Formate Buffer 
900 mL Acetonitrile 
100 mLAmmonium Formate Buffer 
400mLWater 
500 mL Acetonitrile 

Table 8 lists the solvent program for the gradient HILIC 
method. 

TABLES 

Solvent program for the gradient HILIC method. 

Mobile Phase Composition 

Time(min) Flow (mL/min) Water% A% B% 

Initial 1.0 15.2 87 13 
12 1.0 15.2 87 13 
22 1.0 22 70 30 
25 1.0 22 70 30 
28 1.0 15.2 87 13 
35 1.0 15.2 87 13 

The chromatographic conditions for the gradient HILIC 
are the same as those listed in Table 3. 

The chromatography outputs of the Impurities Marker 
Solution using gradient HILIC according to the above speci
fications at detection wavelengths of 280 nm, 292 nm, 346 
nm, and 380 nm are shown in FIG. 4. 

In some embodiments, the concentration Impurity A, 
Impurity B, and Unknown C together in the composition after 

10 

20 
than about 1.3%, more preferably no more than about 1.2%, 
more preferably no more than about 1.1 %, more preferably 
no more than about 1%, more preferably no more than about 
0.9%, more preferably no more than about 0.8%, more pref
erably no more than about 0.7%, more preferably no more 
than about 0.6%, more preferably no more than about 0.5%, 
more preferably no more than about 0.4%, more preferably 
no more than about 0.3%, more preferably no more than about 
0.2%, and most preferably no more than about 0.1 %. 

In some embodiments, the concentration of Unknown C in 
the composition after a certain period of shelf life may be no 
more than about 2%, preferably no more than about 1.9%, 
more preferably no more than about 1.8%, more preferably 
no more than about 1.7%, more preferably no more than about 

15 1.6%, more preferably no more than about 1.5%, more pref
erably no more than about 1.4%, more preferably no more 
than about 1.3%, more preferably no more than about 1.2%, 
more preferably no more than about 1.1 %, more preferably 
no more than about 1%, more preferably no more than about 

20 0.9%, more preferably no more than about 0.8%, more pref
erably no more than about 0.7%, more preferably no more 
than about 0.6%, more preferably no more than about 0.5%, 
more preferably no more than about 0.4%, more preferably 
no more than about 0.3%, more preferably no more than about 
0.2%, and most preferably no more than about 0.1 %. 25 

30 

In some embodiments, the presence oflmpurity A, Impu
rity B, and/or Unknown C in the composition may be at least 
partially related to the presence of oxygen such that reducing 
oxygen accessible to the composition may reduce the amount 
oflmpurity A, Impurity B, and/or Unknown C present in the 
composition. In some embodiments, oxygen present in the 
headspace of a vial containing the composition may be 
reduced by replacing some or all of the oxygen a gas other 
than oxygen, preferably an inert gas, thereby at least partially 

35 reducing the amount of Impurity A, Impurity B, and/or 
Unknown C present in the composition. In some embodi
ments, some or all of the oxygen present in the headspace of 
a vial containing the composition may be replaced with nitro-
gen and/or argon. 

a certain period of shelf life is no more than about 5%, 40 

preferably no more than about 4%, more preferably no more 
than about 3%, more preferably no more than about 2%, more 
preferably no more than about 1%, and most preferably no 
more than about 0.5%. 

In some embodiments, other components of the composi-
tion may be present at a concentration that reduces the amount 
oflmpurity A, Impurity B, and/or Unknown C present in the 
composition after a certain period of shelflife and/or reduces 
the rate of Impurity A, Impurity B, and/or Unknown C for-

In some embodiments, the concentration of Impurity A in 
the composition after a certain period of shelf life may be no 
more than about 2%, preferably no more than about 1.9%, 
more preferably no more than about 1.8%, more preferably 
no more than about 1. 7%, more preferably no more than about 
1.6%, more preferably no more than about 1.5%, more pref
erably no more than about 1.4%, more preferably no more 
than about 1.3%, more preferably no more than about 1.2%, 
more preferably no more than about 1.1 %, more preferably 
no more than about 1%, more preferably no more than about 
0.9%, more preferably no more than about 0.8%, more pref
erably no more than about 0.7%, more preferably no more 
than about 0.6%, more preferably no more than about 0.5%, 
more preferably no more than about 0.4%, more preferably 
no more than about 0.3%, more preferably no more than about 
0.2%, and most preferably no more than about 0.1 %. 

In some embodiments, the concentration of Impurity B in 
the composition after a certain period of shelf life may be no 
more than about 2%, preferably no more than about 1.9%, 
more preferably no more than about 1.8%, more preferably 
no more than about 1. 7%, more preferably no more than about 
1.6%, more preferably no more than about 1.5%, more pref
erably no more than about 1.4%, more preferably no more 

45 mation. In some embodiments, other components of the com
position may reduce the amount of Impurity A, Impurity B, 
and/or Unknown C present in the composition after a certain 
period of shelf life by interfering with an interaction involv
ing other components of the composition. In some embodi-

50 ments, other components of the composition may reduce the 
amount of Impurity A, Impurity B, and/or Unknown C 
present in the composition after a certain period of shelf life 
by interfering with an oxidative processes involving epineph
rine. In some embodiments, other components of the campo-

55 sition may reduce the presence of Impurity A, Impurity B, 
and/or Unknown C in the composition after a certain period of 
shelf life by interacting with a trace metal present in the 
composition. In some embodiments, the transition metal 
complexing agent may reduce the amount of Impurity A, 

60 Impurity B, and/or Unknown C present in the composition 
after a certain period of shelf life. 

The present invention provides for compositions that may 
have an extended shelflife. As used throughout this applica
tion, the term "shelf life" refers to the length of time that a 

65 product may be stored without becoming unfit for medical 
use. Examples of compositions which are unfit for medical 
use include, but are not limited to, compositions with unac-
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ceptably high impurity levels and/or the presence of physical 
changes described herein, such as color change and/or the 
presence of insoluble particles. 

In some embodiments, the period of shelflife of the com
position may be 1 month, preferably 2 months, more prefer
ably 3 months, more preferably 4 months, more preferably 5 
months, more preferably 6 months, more preferably 7 
months, more preferably 8 months, more preferably 9 
months, more preferably 10 months, more preferably 11 
months, more 12 months, preferably 13 months, more pref
erably 14 months, more preferably 15 months, more prefer
ably 16 months, more preferably 17 months, more preferably 

22 
pH of the composition may be such that the rate of formation 
of D-epinephrine is minimized after a certain period of shelf 
life. In some embodiments, the initial pH range of the com
position may be in the range of about 3.5 and 4.5, preferably 
in the range of about 3.6 and 4.4, more preferably in the range 
of about 3.7 and 4.3, more preferably in the range of about 3.8 
and 4.2, more preferably in the range of about 3.9 and 4.1, and 
most preferably about 4.0. 

In some embodiments, components of the composition 
10 may be selected such that the pH of the composition is within 

a preferred range. For example, in some embodiments, the pH 
raising agent may be present in the composition such that the 
pH of the composition is higher than what it would otherwise 18 months, more preferably 19 months, more preferably 20 

months, more preferably 21 months, more preferably 22 
months, more preferably 23 months, more preferably 24 15 

months, more preferably 25 months, more preferably 26 
months, more preferably 27 months, more preferably 28 
months, more preferably 29 months, more preferably 30 
months, more preferably 31 months, more preferably 32 
months, more preferably 33 months, more preferably 34 
months, more preferably 35 months, and most preferably 36 
months. In some embodiments, the period of shelf life may 
vary based on product presentation. 

be without the presence of the pH raising agent. 
In some embodiments, the initial pH may be such that the 

composition conforms to industry requirements, such as the 
limit on total acidity imposed by the USP 37-NF 32, S2, 
monograph. 

The present invention also provides for compositions that 
20 may resist significant pH change after a certain period of shelf 

life. In some embodiments, the pH range after a certain period 
of shelf life of the composition may be in the range of about 
2.5 and 5, preferably in the range of about 2.6 and 4.9, more 
preferably in the range of about 2.7 and 4.8, more preferably In some embodiments, shelf life may be determined by 

measuring certain characteristics of the composition that may 
indicate that the composition is unfit for medical use. In some 
embodiments, shelflife may be determined by measuring the 
concentration of impurities in the composition after storage at 
25° C. and 60% relative humidity. In some embodiments, 
shelflife may be determined by measuring the concentration 
of impurities in the composition after storage at 3 7° C. and 
65% relative humidity. 

In some embodiments, shelf life may be determined by 
measuring the concentration of impurities in the composition 
using the guidelines as outlined in the ICH Harmonised Tri
partite Guideline: Stability Testing of New Drug Substances 
and Products Q1A(R2), dated Feb. 6, 2003, the disclosure of 
which is incorporated by reference herein in its entirety. 

25 in the range of about 2.8 and 4.7, more preferably in the range 
of about 2.9 and 4.6, more preferably in the range of about 3.0 
and 4.5, more preferably in the range of about 3.1 and 4.4, 
more preferably in the range of about 3.2 and 4.3, more 
preferably in the range of about 3.3 and 4.2, more preferably 

30 in the range of about 3.4 and 4.1, and most preferably in the 
range of about 3.5 and 4.0. 

In some embodiments, components of the composition 
may be selected such that the pH range after a certain period 
of shelflife of the composition is within a preferred range. For 

35 example, in some embodiments, the pH raising agent may be 
present in the composition such that the pH range after a 
certain period of shelf life of the composition is higher than 
what it would otherwise be without the presence of the pH 

For example, shelf life may be determined for long term, 
accelerated, and, where appropriate, intermediate storage 40 

conditions by measuring the concentration of impurities after 
storage in the following conditions, wherein the composition 

raising agent. 
In some embodiments, the pH range after a certain period 

of shelf life of the composition may be such that the degra
dation of components of the composition is reduced. In some 
embodiments, the pH range after a certain period of shelflife 
of the composition may be such that the formation ofD-epi-

is packaged in a container closure system that is the same as 
or simulates the packaging proposed for storage and distribu
tion. 

Study 

Long term 

Intermediate 

Accelerated 

Storage condition 

25° C.± 2° C./60% 
RH±5%RH 
or 
30° C.± 2° C./65% 
RH±5%RH 
30° C.± 2° C./65% 
RH±5%RH 
40° C.± 2° C./75% 
RH±5%RH 

Minimwn time 
period covered 

12 months 

6 months 

6 months 

In some embodiments, shelf life may be attributed at least 
in part to the concentration of impurities in the composition 
such that the reduction of impurity concentration and/or rate 
of impurity formation lengthens the composition's shelf life. 

The present invention provides for compositions that may 
have an initial pH which at least partially influences any of the 
mechanisms described herein. In some embodiments, the 
initial pH of the composition may be such that the rate of 
component degradation is minimized. For example, the initial 

45 nephrine is reduced. In some embodiments, the pH range 
after a certain period of shelf life of the composition may be 
such that the amount ofD-epinephrine present in the compo
sition is in a preferred range described herein. 

In some embodiments, the pH range after a certain period 
50 of shelf life may be such that the degradation of the antioxi

dant is reduced. For example, the conversion of bisulfite to 
sulfer dioxide may be reduced. The reduction of the conver
sion of bisulfite to sulfer dioxide may at least in part lead to a 
higher proportion of antioxidant present in the composition 

55 after a certain period of shelf life compared to compositions 
outside of the preferred pH range. 

In some embodiments, the pH range of the composition 
after a certain period of shelf life does not change signifi
cantly from the initial pH of the composition. In some 

60 embodiments, the change in pH range may be no more than 
about 1 unit different than the initial pH of the composition, 
preferably no more than about 0.9 units, more preferably no 
more than about 0.8 units, more preferably no more than 
about 0. 7 units, more preferably no more than about 0.6 units, 

65 more preferably no more than about 0.5 units, more prefer
ably no more than about 0.4 units, more preferably no more 
than about 0.3 units, more preferably no more than about 0.2 
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units, most preferably no more than about 0.1 units. In some 
embodiments, the pH after a certain period of shelf life may 
not fall below 3.5. 

In some embodiments, the pH range may be such that the 
composition conforms to the limit on total acidity imposed by 
the USP 37-NF 32, S2, monograph. 

The present invention provides for compositions in single
dose and/or multi-dose formulations. In some embodiments, 
the composition may be contained in vials. In some embodi
ments, the vials may comprise clear glass, amber glass, or 10 

plastic. In some embodiments, the vials may be in the range of 
about 0.1 to 500 mL in volume, preferably in the range of 
about 0.5 to 250 mL, more preferably in the range of about 1 
to 100 mL, and most preferably in the range of about 10 to 50 
mL. In some embodiments, the composition may exist in a 1 15 

mL vial. In some embodiments, the composition may exist in 
a 30 mL vial. In some embodiments, the 1 mL vial may be a 
single-dose formulation. In some embodiments, the 30 mL 
vial may be a multi -dose formulation. In some embodiments, 
the same vial may be used for multiple applications of the 
composition for up to about 10 days after initial use, prefer
ably up to about 15 days, more preferably up to about 30 days, 
more preferably up to about 45 days, and most preferably up 
to about 60 days. In some embodiments, the composition may 
be lyophilized. 

In some embodiments, the composition may be contained 
in an autoinjector. 

20 

25 

24 
injection, endotracheal administration, intraosseous admin
istration, oral inhalation, topical administration, and as oph
thalmic irrigation. 

Unless otherwise noted, all concentrations herein (other 
than percentage of impurities) are expressed as weight/vol
ume percent (w/v %) of the composition. 

The present invention is further described by way of the 
following non-limiting Examples that are given for illustra
tive purposes only. 

Examples 1-18 represent example compositions according 
to the present invention. 

Example 1 

Ingredient Concentration (mM) 

Epinephrine 1-10 
Tonicity regnlating agent 75-150 
Antioxidant 1-10 
pH lowering agent 2-11 

Transition metal complexing agent 0.1-15 

Water Fill to final total volume 

Example 2 

Ingredient Concentration (mM) 

Epinephrine 

The present invention also provides for methods of making 
pharmaceutical compositions of the present invention. In 
some embodiments of carrying out a method of making the 30 

present composition, a bulk solution may be produced as 
follows: water for injections, whose dissolved oxygen con
tent is in an acceptable range as measured by a WFI USP/EP 
0 2 probe, may be added to a manufacturing tank kept under 
nitrogen pressure. Then, a tonicity regulating agent may be 
added and mixed. Then, a pH raising agent may be added to 
the solution while mixing. Then, a metal complexing agent 
may then be added to the solution while mixing. An antioxi
dant may then be added while mixing. 

35 Tonicity regnlating agent 
Antioxidant 

4-8 
90-140 

2-6 
4-8 

In another container equipped with a stir bar, a pH lowering 40 

agent may be combined with an active agent. The pH lower
ing agent and the active agent together may then be stirred 
using the stir bar in the separate container before the mixture 
is added to the manufacturing tank under nitrogen. 

Then, the separate container may be rinsed with water for 45 

injections, whose dissolved oxygen content is in an accept
able range as measured by a WFI USP/EP 02 probe, using a 
pipet and added to the manufacturing tank. This rinsing step 
may be repeated 1 to 3 more times. The solution may then mix 
before the final net weight of the solution is adjusted using 50 

water for injections. 
The present invention also provides for methods of treating 

or reducing the symptoms associated with a medical condi
tion, comprising administering to a subject in need thereof the 
pharmaceutical composition of the present invention. 55 

Examples of conditions to be treated comprise broncho
spasm, sensitivity reactions, cardiac arrhythmias, GI and 
renal hemorrhage, superficial bleeding, premature labor, 
hypoglycemia, and cardiogenic, hemorrhagic, and traumatic 
shock. In some embodiments, the present invention provides 60 

for methods for reducing the symptoms associated with aller
gic reactions (Type 1 ), including anaphylaxis, and/or for the 
induction and maintenance of mydriasis during intraocular 
surgery. 

Examples of methods of administration comprise subcuta- 65 

neous, intracameral, intravenous, and intramuscular injec
tion, infusion, intra-arterial administration, intracardiac 

pH lowering agent 
Transition metal complexing agent 
Water 

Example 3 

Ingredient 

Epinephrine 
Sodium Chloride 
Sodium Metabisulfite 
Hydrochloric Acid 4% Solution 
Tetraethylenepentamine 
Water 

Example 4 

Ingredient 

Epinephrine 
Sodium Chloride 
Sodium Metabisulfite 
Hydrochloric Acid 4% Solution 
Disodium Edetate Dihydrate 
Water 

0.2-2 
Fill to final total volume 

Concentration (mM) 

1-10 
75-150 

1-10 
2-11 

0.1-15 
Fill to final total volume 

Concentration (mM) 

1-10 
75-150 

1-10 
2-11 

0.1-15 
Fill to final total volume 
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Example 5 

Ingredient Concentration (mM) 

Epinephrine 1-10 
Tonicity regulating agent 75-150 
pH raising agent 10-70 
Antioxidant 1-10 
pH lowering agent 2-11 
Water Fill to final total volume 

Example 6 

Ingredient 

Epinephrine 
Tonicity regulating agent 
pH raising agent 
Antioxidant 

Concentration (mM) 

4-8 
90-140 
30-50 

2-6 
4-8 pH lowering agent 

Water Fill to final total volume 

Example 7 

Ingredient 

Epinephrine 
Sodium Chloride 
Tartaric Acid 
Sodium Hydroxide 
Sodium Metabisulfite 
Hydrochloric Acid 4% Solution 
Water 

Example 8 

Ingredient 

Epinephrine 
Sodium Chloride 
Tartaric Acid 
Sodium Hydroxide 
Sodium Metabisulfite 
Hydrochloric Acid 4% Solution 
Water 

Example 9 

Ingredient 

Epinephrine 
Sodium Chloride 
Lactic Acid 
Sodium Hydroxide 
Sodium Metabisulfite 
Hydrochloric Acid 4% Solution 
Water 

Concentration (mM) 

3-11 
80-160 
7-21 

15-30 
1-10 
1-10 

Fill to final total volume 

Concentration (mg/mL) 

1-9 
1-10 
2-15 
1-5 
1-12 

0-6 (mL/mL) 
Fill to final total volume 

Concentration (mM) 

1-15 
75-150 

5-25 
15-30 

1-10 
1-10 

Fill to final total volume 

26 
Example 10 

Ingredient Concentration (mM) 

Epinephrine 1-10 
Tonicity regulating agent 75-150 
pH raising agent 10-70 
Antioxidant 1-10 

10 
pH lowering agent 2-11 
Transition metal complexing agent 0.1-15 
Water Fill to final total volume 

15 

Ingredient 

20 Epinephrine 
Tonicity regulating agent 
pH raising agent 
Antioxidant 
pH lowering agent 

Example 11 

Concentration (mM) 

4-8 
90-140 
30-50 

2-6 
4-8 

0.2-2 Transition metal complexing agent 

25 Water Fill to final total volume 

30 

35 

40 

45 

50 

55 

60 

65 

Example 12 

Ingredient 

Epinephrine 
Sodium Chloride 
Tartaric Acid 
Sodium Hydroxide 
Sodium Metabisulfite 
Hydrochloric Acid 4% Solution 
Disodium Edetate Dihydrate 
Water 

Example 13 

Ingredient 

Epinephrine 
Sodium Chloride 
Lactic Acid 
Sodium Hydroxide 
Sodium Metabisulfite 
Hydrochloric Acid 4% Solution 
Disodium Edetate Dihydrate 
Water 

Example 14 

Ingredient 

Epinephrine 
Sodium Chloride 
Tartaric Acid 
Sodium Hydroxide 
Sodium Metabisulfite 
Hydrochloric Acid 4% Solution 

Concentration (mM) 

3-11 
80-160 
7-21 

15-30 
1-10 
1-10 
0-5 

Fill to final total volume 

Concentration (mM) 

1-15 
75-150 

5-25 
15-30 

1-10 
1-10 

0.5-8.5 
Fill to final total volume 

Concentration (mM) 

1-15 
50-150 

5-20 
15-30 
3-18 
1-10 
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Ingredient 

Tetraethylenepentamine 
Water 

27 
-continued 

Example 15 

Ingredient 

Epinephrine 
Tonicity regulating agent 
pH raising agent 
Antioxidant 
Preservative 
pH lowering agent 

Concentration (mM) 

0.5-10.5 
Fill to final total volume 

Concentration (mM) 

1-10 
75-150 
10-70 

1-10 
10-50 

2-11 
0.1-15 Transition metal complexing agent 

Water Fill to final total volume 

Ingredient 

Epinephrine 
Tonicity regulating agent 
pH raising agent 
Antioxidant 
Preservative 
pH lowering agent 

Example 16 

Concentration (mM) 

4-8 
90-140 
30-50 

2-6 
20-40 
4-8 

0.2-2 Transition metal complexing agent 
Water Fill to final total volume 

Example 17 

Ingredient 

Epinephrine 
Sodium Chloride 
Lactic Acid 
Sodium Hydroxide 
Sodium Metabisulfite 
Chlorobutanol, hydrous 
Hydrochloric Acid 4% Solution 
Disodium Edetate Dihydrate 
Water 

Example 18 

Ingredient 

Epinephrine 
Sodium Chloride 
Tartaric Acid 
Sodium Hydroxide 
Sodium Metabisulfite 
Chlorobutanol, hydrous 
Hydrochloric Acid 4% Solution 
Tetraethylenepentamine 
Water 

Concentration (mg/mL) 

1-10 
4-12 

0.5-15 
1-5 

0.1-10.1 
3-12 

0.1-5 (mL/mL) 
1-15 

Fill to final total volume 

Concentration (mM) 

1-15 
50-150 

5-20 
15-30 
3-18 

10-30 
1-10 

0.5-10.5 
Fill to final total volume 

10 

15 

20 

25 

28 
What is claimed is: 
1. A composition comprising: 
in the range of about 0.5 to 1.5 mg/mL of epinephrine 

and/or salts thereof, 
in the range of about 6 to 8 mg/mL of a tonicity regulating 

agent, 
in the range of about 2.8 to 3.8 mg/mL of a pH raising 

agent, 
in the range of about 0.1 to 1.1 mg/mL of an antioxidant, 
in the range of about 0.001 to 0.010 mL/mL of a pH 

lowering agent, and 
in the range of about 0.01 to 0.4 mg/mL of a transition 

metal complexing agent, 
wherein the antioxidant comprises sodium bisulfite and/or 

sodium meta bisulfite. 
2. The composition of claim 1, wherein the tonicity regu

lating agent comprises sodium chloride. 
3. The composition of claim 1, wherein the pH raising 

agent comprises a buffer system comprising at least two com
pounds. 

4. The composition of claim 1, wherein the pH raising 
agent comprises at least one of tartaric acid and sodium 
hydroxide. 

5. The composition of claim 1, wherein the pH lowering 
agent comprises hydrochloric acid. 

6. The composition of claim 1, wherein the transition metal 
complexing agent comprises EDTA. 

7. The composition of claim 1, further comprising a pre
servative. 

8. The composition of claim 7, wherein the preservative 
30 comprises chlorobutanol. 

9. The composition of claim 8, wherein the preservative is 
present at a concentration of in the range of about 4.75 to 5.75 
mg/mL. 

10. The composition of claim 1, further comprising a sol-
35 vent. 

40 

45 

50 

11. The composition of claim 10, wherein the solvent com
prises water. 

12. The composition according to claim 1, wherein the 
composition comprises about 17% or less total impurities 
after 18 months of storage at between 23° C. and 32° C. and 
between 55% RH and 70% RH, 

wherein the impurities comprise epinephrine sulfonic acid 
(ESA), D-epinephrine, Impurity A, Impurity B, and 
Unknown C. 

13. The composition according to claim 1, wherein the 
composition comprises about 16% or less total impurities 
after 18 months of storage at between 23° C. and 32° C. and 
between 55% RH and 70% RH, 

wherein the impurities comprise epinephrine sulfonic acid 
(ESA), D-epinephrine, Impurity A, Impurity B, and 
Unknown C. 

14. The composition of claim 1, wherein the composition 
comprises about 11% or less of ESA after 18 months of 
storage at between 23° C. and 32° C. and between 55% RH 

55 and 70% RH. 
15. The composition of claim 1, wherein the composition 

comprises about 3% or less ofD-Epinephrine after 18 months 
of storage at between 23 o C. and 32° C. and between 55% RH 
and 70%RH. 

60 16. The composition of claim 1, wherein the composition 
comprises about 1% or less oflmpurity A after 18 months of 
storage at between 23° C. and 32° C. and between 55% RH 
and 70%RH. 

17. The composition of claim 1, wherein the composition 
65 comprises about 1% or less oflmpurity B after 18 months of 

storage at between 23° C. and 32° C. and between 55% RH 
and 70%RH. 
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18. The composition of claim 1, wherein the composition 
comprises about 1% or less of Unknown C after 18 months of 
storage at between 23° C. and 32° C. and between 55% RH 
and 70%RH. 

19. The composition of claim 1, wherein the composition 5 

does not undergo unacceptable color change after 18 months 
of storage atbetween23° C. and32° C. and between 55% RH 
and 70%RH. 

* * * * * 

30 
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