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I. INTRODUCTION 

Pursuant to 35 U.S.C. § 311 and 37 C.F.R. § 42.100, Apotex Inc. 

(“Petitioner”) requests inter partes review of all claims of U.S. Patent No. 

7,879,828 (“the ’828 Patent”, Ex. 1001) assigned on its face to Wyeth LLC 

(“Patent Owner”). This Petition demonstrates that there is a reasonable likelihood 

that Petitioner will prevail with respect to at least one of the challenged claims, and 

thus a trial for inter partes review must be instituted.  Evidence in this petition 

establishes that Claims 1-23 of the ’828 Patent are unpatentable under 35 U.S.C. § 

103(a). Petitioner respectfully requests that Claims 1 to 23 of the ’828 Patent be 

judged unpatentable and canceled. 

II. COMPLIANCE WITH  REQUIREMENTS FOR AN INTER PARTES 
REVIEW PETITION 

A. Grounds for Standing 

Pursuant to 37 C.F.R. § 42.104(a), Petitioner certifies that the ʼ828 Patent is 

available for inter partes review and that Petitioner is not barred or estopped from 

requesting an inter partes review challenging the ’828 Patent claims on the 

grounds identified herein. 

B. Payment of Fee for Inter Partes Review 

The Director is authorized to charge the fees specified by 37 C.F.R. § 

42.15(a) to Deposit Account No. 194880.  
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C. Mandatory Notices (37 C.F.R. §42.8(b)) 

1. Real Party-in-Interest (37 C.F.R. §42.8(b)(1)) 

The real parties-in-interest for this petition are Apotex Inc., Apotex Corp., 

and Apotex Holdings, Inc. (collectively referred to as “Apotex”).   

2. Related Matters (37 C.F.R. §42.8(b)(2)) 

On information and belief the ’828 patent was involved in litigation styled 

Wyeth Holdings Corp., et al. v. Sandoz Corp., Civil Action No. 09-955-LPS-CJB 

(D. Del.).  Apotex was not a party to that litigation.  

3. Lead and Backup Counsel (37 C.F.R. §42.8(b)(3)) 

LEAD COUNSEL BACKUP COUNSEL 
Kenneth J. Burchfiel 
Reg. No. 31,333 
Sughrue Mion, PLLC 
2100 Pennsylvania Ave., NW 
Washington, DC 20037 
Phone:  202-293-7060 
Fax:  202-293-7860 
kburchfiel@sughrue.com 

Travis B. Ribar 
Reg. No. 61,446 
Sughrue Mion, PLLC 
2100 Pennsylvania Ave., NW 
Washington, DC 20037 
Phone:  202-293-7060 
Fax: 202-293-7860 
tribar@sughrue.com 

4. Service Information (37 C.F.R. §42.8(b)(4)) 
Petitioner consents to electronic service by e-mail at the e-mail addresses of 

counsel provided above.  

5. Power of Attorney (37 C.F.R. §42.10(b)) 

A power of attorney accompanies this Petition.  
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III. STATEMENT OF PRECISE RELIEF REQUESTED 

Pursuant to 37 C.F.R. §§ 42.22(a)(1) and 42.104(b), claims 1-23 of the ’828 

Patent are unpatentable for the following reasons.  

A. Identification of Prior Art and Challenged Claims 

Ground 1:  Claims 1-23 are unpatentable under 35 U.S.C. § 103(a) as being 

obvious over CN ’550 (Ex. 1002, translation, Ex. 1003).  

Ground 2: Claims 1-23 are unpatentable under 35 U.S.C. § 103(a) as being 

obvious over CN ’550 in view of Pawelczyk (Ex. 1006) and Naggar (Ex. 1007).  

Ground 3: Claims 1-23 are unpatentable under 35 U.S.C. § 103(a) as being 

obvious over CN ’550 in view of Naggar and Zhang (Ex. 1024). 

Ground 4: Claims 1-23 are unpatentable under 35 U.S.C. § 103(a) as being 

obvious over CN ’550 in view of Trivedi (Ex. 1011). 

Ground 5: Claims 1-23 are unpatentable under 35 U.S.C. § 103(a) as being 

obvious over CN ’550 in view of Trivedi, Pawelczyk and Naggar. 

Ground 6: Claims 1-23 are unpatentable under 35 U.S.C. § 103(a) as being 

obvious over CN ’550 in view of Kirsch (Ex 1022) and Herman (Ex. 1023). 

Ground 7:  Claims 1-23 are unpatentable under 35 U.S.C. § 103(a) as being 

obvious over Lawter (Ex. 1019) in view of CN ’550 and Trivedi. 

B. Supporting Evidence Relied Upon 

Pursuant to 37 C.F.R. §§ 42.22(a)(2) and 42.104(b)(4) and (5), a full 

statement of the reasons why each of claims 1–23 of the ’828 patent should be held 
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unpatentable under 35 U.S.C. § 103(a) is provided in Section VII below by 

reference to the supporting evidence, including the exhibits identified above.  

Petitioner relies on the expert Declaration of Mark Nelson, Ph.D. (Ex. 1002, 

“Nelson Decl.”).  Dr. Nelson is the author of  Exhibit 1020. Dr. Nelson has worked 

for 25 years as a research chemist with expertise in tetracycline chemistry, and is 

named as an inventor on over 30 U.S. patents relating to tetracycline-class 

antibiotics, including minocycline and tigecycline derivatives. Ex. 1002, Nelson 

Decl. ¶ 3.  Dr. Nelson’s curriculum vitae is attached to his declaration as Appendix 

A.    

IV. OVERVIEW OF THE  ʼ828 PATENT 

U.S. Patent 7,879,828 (Ex. 1001) issued on February 1, 2011, from 

application Ser. No. 11/374,330, filed March 13, 2006, claiming benefit of 

Provisional Application No. 60/661,030, filed March 14, 2005.   

The ’828 patent relates to pharmaceutical compositions containing 

tigecycline, an antibiotic; lactose, a commonly used pharmaceutical excipient; and 

hydrochloric or gentisic acid to adjust the pH of the composition in a solution. 

Tigecycline is a known member of the tetracycline family of antibiotics and is a 

chemical analog of minocycline. Ex. 1001, 1:23-24.  The ’828 Patent contains the 

following admissions with respect to prior art pharmaceutical compositions 

containing tigecycline: 
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• Tigecycline has historically been administered intravenously, using 

intravenous solutions that have been prepared from lyophilized (i.e., 

freeze-dried) powders, and is currently manufactured as a lyophilized 

powder. Ex. 1001, 1:46-56. 

• Tigecycline degrades rapidly in solution principally by oxidation. Id. at 

1:50-51; 2:23-42. The reason oxidation occurs in water and in saline 

solutions relates to the presence of a phenol moiety in the molecule, as it is 

well known in the art of organic chemistry that phenols are particularly 

prone to oxidation. Id. at 2:28-33. When the drug is dissolved in water, the 

pH is slightly basic (about 7.8), which is higher than the pKa of the 

phenolic group on tigecycline. Consequently, the phenolic group becomes 

deprotonated and more susceptible to oxidation. Id. at 2:33-40.  

• If the pH of the tigecycline solution is reduced to less than the pKa of the 

phenolic group, oxidation occurs to a lesser extent, and it is known that 

tigecycline oxidative degradation does decrease when the pH is lowered.  

Id. at 2:43-48.  

• At low pH, another known degradative process occurs, epimerization, 

which is the most predominant degradation pathway at low pH. Id. at 2:46-

50. Epimerization is a known degradation pathway in tetracyclines. Id. at 

3:31-37. 
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• Epimerization occurs when the N-dimethyl group at the C4-position of the 

tetracyclic compound shifts from being below the plane of the ring 

structure (cis to the adjacent hydrogen, as shown in Formula I) to being 

above the plane of the ring structure (trans to the adjacent hydrogen, as 

shown in Formula II): 

 

 

Id. at 2:51-3:19; Ex. 1002, Nelson Decl’n, ¶¶ 15-16, 35, 66. 

The alleged invention of the ’828 Patent is the discovery that when the pH of 

a solution containing tigecycline is lowered to reduce oxidative degradation, as 

admittedly known in the prior art, “suitable carbohydrates act to stabilize 

tigecycline against epimer formation at acidic pHs.” Ex. 1001, 56-59.  

Suitable carbohydrates include conventional pharmaceutical excipients, such 

as lactose, mannose, sucrose and glucose.  Id. at 5:14-26.  Lactose and sucrose are 
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disaccharides, and it is “therefore expected that disaccharides as a class will work 

according to the invention.” Id.   

A. Summary of Prosecution History  

During prosecution, claims directed to a composition comprising 

tigecycline, lactose, and an acid or buffer were finally rejected as obvious over 

Testa  (Ex. 1032) in view of Applicant's admission of the prior art.  Ex. 1035, 

Office Action of Apr. 5, 2010, 2009, p. 3.  

Testa discloses a pharmaceutical composition containing tigecycline, which 

is preferably administered intravenously. Ex. 1032, ¶ [0076]. Testa also discloses 

that the pharmaceutical composition may contain conventional pharmaceutical 

additives including, among others, saccharides, mannitol, lactose and sucrose. Id. ¶  

[0084].  

In response to the rejections, Wyeth conducted an interview and presented a 

slide show alleged to show “relevant unexpected data.” Ex. 1036. This document 

was not made of record. Wyeth asserted that it was unexpected that lactose can 

reduce the epimerization of tigecycline, and that “neither Testa nor any other 

references of record predicted or made it obvious for one skilled in the art that 

introduction of lactose can reduce the epimerization of tigecycline.” Ex. 1037, 

Amendment of Oct. 5, 2010, p. 11.  Wyeth submitted the declaration of Christian 

Ofslager, who was Director of Parenteral New Products and Development at 
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Wyeth. Ex. 1038.  Mr. Ofslager asserted that “It was discovered that introduction 

of lactose unexpectedly reduces the unwanted epimerization.”  Id., ¶ 23, p. 5.  Mr. 

Ofslager’s declaration relied on two heavily-redacted FDA submissions.  Id., 

Exhibits K and L and ¶¶ 37-38, p. 7.  

V. THE BROADEST REASONABLE CONSTRUCTION OF CLAIM 
TERMS 

Pursuant to 37 C.F.R. §§ 42.104(b)(3) and 42.100(b), Petitioner states that 

the following terms in the challenged claims should be given the broadest 

reasonable interpretation in light of the specification as set forth below.  The 

proposed constructions set forth below are not binding upon Petitioner beyond this 

inter partes review. The proposed constructions are offered only to comply with § 

42.100(b), and do not constitute Petitioner’s interpretation or construction of the 

claims under the different claim construction standard required in federal court 

litigation.   

A. “about” in Claims 1, 4, 5, and 14-17 (pH values) 

Claims 1, 4, 5, 10-12, and 14-17 recite a “composition in a solution” having 

a pH that is “between about 3.0 and about 7.0” (Claims 1 and 12) or within 

overlapping ranges between “about 4.0” and “about 6.0,” shown in Table 1 below. 

Ex. 1001, 14:36-40. 

The specification provides no definition of the range of pH variation 

encompassed by the term “about.”  The specification does not disclose an example 
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including a composition with a pH of about 4.0, or about 4.2.  Compositions 

disclosed in ’828 Patent Table I containing tigecycline and lactose at pHs of about 

4.5, about 5.0, about 5.5 and about 6.0 are said to have tigecycline and epimer 

contents that are indistinguishable after aging the samples for 25 days at 40° 

C/75% RH, e.g., an epimer content of 2.53%, 2.43%, 2.54% and 2.56%, 

respectively.  Ex. 1001, 8:47-67; Ex. 1002, Nelson Decl., ¶ 69.  Based on this 

admission, varying the pH of the composition from 4.5 to 6.0 has no significant 

effect on epimer formation. Id.  Giving the term “about” its broadest reasonable 

construction consistent with the specification, each of the pH range endpoints in 

the ʼ828 Patent claims should be construed to include a value of ±0.5, as shown in 

Table 1 (Ex. 1002, Nelson Decl., ¶ 70):  

Table 1 
Claims Recited pH range Construction (pH within ±0.5) 
1, 12 “between about 3.0 and about 7.0” “between 2.5 and 7.5” 
4, 14 “between about 4.0 and about 5.0” “between 3.5 and 5.5” 
5, 15 “between about 4.2 and about 4.8” “between 3.7 and 5.3” 
10, 16 “between about 4.5 and about 6.0” “between 4.0 and 6.5” 
11, 17 “between about 4.5 and about 5.5” “between 4.0 and 6.0” 

See Central Admixture Pharm. Servs., Inc. v. Advanced Cardiac Solutions, P.C., 

482 F.3d 1347, 1355-56 (Fed. Cir. 2007) (range of about 400-500 mOsmol is 

construed to avoid strict a numerical boundary, and the range extends downward to 

385, where the specification shows that this range is effective).  
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B. “about” in Claims 1, 9, 12 and 14 (molar ratio) 

Claims 1 and 12 recite that the molar ratio of tigecycline to lactose is 

“between about 1:0.2 and about 1:5” and dependent claims 9 and 14 recite that the 

molar ratio of tigecycline to lactose is “between about 1:1.6 and about 1:3.3”.  The 

specification provides no definition of the range of variation encompassed by the 

term “about.”  Example 6 refers to compositions containing “about” 100 mg 

tigecycline and “about 50, 100, 200 and 300 mg” of lactose monohydrate. Ex. 

1001, 13:43-49 and Table 6a. The results stated after aging the samples in Table 6a 

were indistinguishable across this molar range, e.g., a tigecycline content of 

98.53%, 98.73%, 98.69% and 98.64%, respectively. Based on this admission, 

varying the molar ratio of the composition from about 1:0.8 to about 1:4.9 has no 

significant effect on epimer formation. (Ex. 1001, 8:47-67).  Ex. 1002, Nelson 

Decl., ¶ 71.  

Giving the term “about” its broadest reasonable interpretation consistent 

with the specification, the indefinite molar range endpoints should be construed to 

include a value of  ±20%, e.g., a molar ratio “between about 1:0.2 and about 1:5” 

should encompass a range “between 1:0.16 to 1:6.” Ex. 1002, Nelson Decl., ¶  72.  

See Central Admixture Pharm, supra, 482 F.3d at 1355-56. 
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C. “in a solution” in Claims 1, 4-5, 10-12 and 14-17 

Claims 1 and 12 recite a composition containing tigecycline, lactose and an 

acid, where “the pH of the composition in a solution” is between approximate pH 

values. The specification does not provide a definition of “a solution.” The 

specification refers first to a solution that is used in a manufacturing process to 

prepare a lyophilized powder, e.g., in Examples 1 and 2. Ex. 1001, 8:8-26, 9:3-15. 

The specification next refers to reconstituted solutions prepared from lyophilized 

powders, which include a solution that is reconstituted in any pharmaceutically 

acceptable diluent, including water, saline, such as 0.9% saline, Lactated Ringer’s 

Injection solution and dextrose solutions including 5% dextrose (D5W). Id. at  

6:42-49.  The reconstituted solution is then further diluted in a third solution for 

intravenous administration. Id., at 1:61-2:7 and 5:41-47.  The intravenous solution 

may be a pharmaceutically acceptable diluent such as saline solution or dextrose 

solution such as D5W.  Id. at 6:50-56.   

The broadest reasonable interpretation of the term “a solution” also 

encompasses an aqueous fluid or a solution sample in an assay containing the 

recited components, alone or in combination with any other ingredient, where the 

three recited components are complexed.  Ex. 1002, Nelson Decl., ¶ 74. 

In the absence of any definition of “in a solution”, the broadest reasonable 

interpretation of this term consistent with the specification should encompass “any 
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solution comprising any amount of tigecycline, in any form, any amount of lactose, 

in any form, any amount of hydrochloric acid, in any form, and any other 

component.” Id., ¶ 75.  

VI. CHEMISTRY AND DEGRADATION OF TETRACYCLINE 
ANTIBIOTICS 

An understanding of the chemistry and degradation of tetracycline-class 

antibiotics, including tetracycline, minocycline and tigecycline, underlies each of 

the grounds of unpatentability set forth below.  In particular, the understanding of a 

person of ordinary skill in the art of the degradation reactions that are common to 

tetracycline, minocycline and tigecycline, and the relationship of these reactions to 

the pH of a solution containing a tetracycline-class antibiotic, is set forth in this 

section, and in Ex. 1002, Nelson Decl. ¶¶ 18-50.  A person of ordinary skill in the 

art to which the ’828 Patent relates would have been a chemist with at least a M.S. 

degree, with three years of additional experience in pharmaceutical formulation or 

a Ph.D. degree in Pharmaceutical Sciences who is familiar with pharmaceutical 

formulation. Id., ¶ 9. 

As admitted in the ’828 Patent, tigecycline is a widely-used antibiotic that is 

a member of the tetracycline family and an analog of minocycline. Ex. 1001, 1:23-

24). Tetracyclines are a class of compounds having a common four-ring nucleus, 

conventionally designated as rings A through D in the following formula: 
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In the formula, D is an aromatic phenolic ring. Ex. 1020, Nelson 2001, p. 19, Fig. 

10; Ex. 1002, Nelson Decl., ¶ 15 and Fig. 2, ¶ 22.  The stereochemistry of 

substituents shown in the formula is important to antibiotic activity; bonds shown 

by dashed lines extend below the ring structure, and are in the α-conformation.  Id., 

¶ 16. 

Minocycline and tigecycline have the same A and B rings as tetracycline, 

and have a second dimethylamino substituent at position C7 on the D ring. Id. ¶ 19, 

Fig. 3.  Tigecycline differs from minocycline only in the group that is substituted at 

the 9-position of the D-ring in the tetracycline nucleus. Id.; Ex. 1001, 2:51-3:15. 

 

A. Oxidative degradation of tetracyclines was known 

As admitted in the ʼ828 Patent, it has long been known that tetracyclines 

including minocycline and tigecycline undergo oxidative degradation in aqueous 
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solution at a pH that is higher than the pKa of the phenolic group in in ring D of 

the tetracycline structure. Ex. 1001, 2:23-50; Ex. 1002, ¶¶ 22, 28.  If the pH of the 

solution is less than the pKa of the phenolic group, then oxidation occurs to a 

lesser extent, but epimerization occurs at lower pHs. Ex. 1001, 2:43-46.  Oxidation 

is thus the primary degradation pathway at higher pHs, and epimerization is the 

most predominant degradation pathway at lower pHs. Id.  

Specifically with respect to minocycline, Pawelczyk discloses that 

minocycline can epimerize and be oxidized, and that the compound should be 

particularly susceptible to oxidation due to presence of a dimethylaminophenol 

moiety, i.e., in ring D of the molecule. Ex. 1006, p. 409; Ex. 1002, Nelson Decl., ¶ 

23.  Pawelczyk studied the oxidation of minocycline in aqueous solution to 

determine the influence of pH on oxidation, observing that due to the 

dimethylamino substituent at C7, minocycline has four pKa values, and that five 

charged species can exist in equilibria, depending on the pH values, as shown in 

Pawelczyk Fig. 5, Ex. 1006, at 415:   
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Pawelczyk discloses that the minocycline species particularly susceptible to 

oxidation are those where the dimethylamine group at position C7 is not 

protonated, i.e., at a pH above 5.0, which is the pKa of the C7-dimethylamine 

group. Id. at 417; Ex. 1002, Nelson Decl., ¶ 25-27.  Pawelczyk thus concluded that 

“Oxidation is a predominant process of MC degradation above pH 5.  From the 

comparison of stability of MC solutions in the air and nitrogen atmosphere it 

follows, that in the presence of air oxygen these solutions are markedly less stable, 

for example fourfold at pH 2.95, while at pH 6.82 the stability decreases by the 

factor of 120.” Ex. 1006, at 417.  It was thus well-known in the prior art that 

oxidative degradation is a predominant process of minocycline degradation in 

aqueous solution, at a pH above 5. Ex. 1002, Nelson Decl., ¶¶ 25-28.  Tigecycline 

and minocycline have the same dimethylamino group at C7, and a person of 

ordinary skill in the art would expect tigecycline to undergo oxidative degradation 

in solution at pH above about 5. Id., ¶ 29. 

Tigecycline has five ionizable groups, including the four groups of 

minocycline identified by Pawelczyk and an additional C9 basic nitrogen group, in 

which the ionizable groups of the A-ring responsible for epimerization have the 

same pKa values as minocycline:  
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Ex. 1026, pp. 7-8; Ex. 1002, Nelson Decl., ¶¶ 30, 38. A person of ordinary skill in 

the art would therefore expect the epimerization characteristics of tigecycline and 

minocycline in an acid solution to be essentially identical. Id., ¶ 38. 

B. Epimerization of the C4 dimethylamino group was known 

It has also long been known that tetracycline undergoes a reversible 

epimerization at the dimethylamino group at C4 in the A ring in aqueous solution 

at a pH between 2 and 6, and that the epimerization reaction takes place most 

rapidly at a pH between 3 and 4. Naggar, Ex. 1007, at 126;  Kreilgaard, Ex. 1014, 

trans., at 3; Ex. 1002, Nelson Decl., ¶¶ 31-34. 

Remmers also discloses that C4 epimerization of tetracycline occurs at a pH 

from 2.4 to 6.0, and that the equilibrium concentration of the C4 epimer is a 

function of the pH of the solution.  Ex. 1008, at 756.  Remmers studied C4 

epimerization of tetracycline at pH 2.4, 3.2, 4.0, 5.0 and 6.0, and concluded that the 

rate at which epimerization occurs is essentially identical at pH 3.2, 4.0 and 5.0.  

Id. and Fig. 7.  Ritter similarly discloses for minocycline that “under acidic 
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conditions (pH 4.2) at room temperature and below, the major reaction pathway for 

the degradation for the aqueous solution is epimerization and subsequent 

equilibration of minocycline and its C4 epimer.” Ex. 1009 at 7:11-19 and Table 1.  

Epimerization of tetracycline, minocycline and tigecycline occurs in a 

solution at acidic pH between about 2 and about 6 because this reaction involves 

the protonation of the C4 dimethylamino group, and the formation of an active 

keto-enol resonance structure, as shown in Ex. 1020, Nelson 2001, p. 23, Fig. 17:  

Nelson Fig. 17, Mechanism of acid-catalysed C4 epimerization of 
tetracyclines to the 4α and 4β epimers: 

 

 

Ex. 1002, Nelson Decl., ¶ 35. The keto-enol resonance structure is outlined in red. 

Id.  
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Naggar describes this reaction scheme for the epimerization process in acid 

media, in which protonation of the C4 amino nitrogen results in tautomeric 

rearrangement of the A ring: 

 

Ex. 1007, Naggar, p. 127; Ex. 1002, Nelson Decl’n, ¶ 36. 

 Because tetracycline, minocycline and tigecycline have identical A and B 

rings, a person of ordinary skill in the art would recognize that these compounds 

undergo epimerization by the same reaction mechanism, under the same acidic pH 

conditions, involving protonation of the C4 dimethylamino group. Ex. 1002, 

Nelson Decl’n, ¶ 37 and Fig. 5.  Because the pKa values of the groups in the A-

ring that are involved in epimerization are the same in tigecycline and minocycline, 

a person of ordinary skill in the art would expect the epimerization characteristics 

of tigecycline and minocycline in an acid solution to be essentially identical. Id., ¶ 

38. 

C. Stabilization of the C4 dimethylamino group against 
epimerization was known 

Naggar also teaches that the C4 epimerization reaction could be inhibited by 

using a solubilizer that acts as a deprotonating agent, which would unfavor the 

rearrangement of ring A. Ex. 1007, p. 127.  Naggar based this conclusion on the 
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observation that although the C4 epimerization of tetracycline proceeds rapidly at 

pH 4, oxytetracycline epimerizes much more slowly than tetracycline because the 

hydroxyl group at position C5 forms a hydrogen bond with the C4 dimethylamino 

group, thus inhibiting the tendency to epimerize. Id. at 126; Ex. 1002, Nelson 

Decl., ¶ 39. This intramolecular hydrogen bond is shown in Fig. 6 of Dr. Nelson’s 

declaration (id.): 

OH O OH O

OH

NH2

O

N(CH3)2

OH

CH3 O
H

HO

A

δ+

δ-

δ-

C4-C5 Hydrogen Bond

Oxytetracycline 2

45

 

Fig. 6 

Unlike tetracycline, minocycline, and tigecycline, oxytetracycline is 

substituted at the 5 position with an α-hydroxyl group. As Naggar recognized, 

stabilization of oxytetracycline against epimerization results from an 

intramolecular interaction, i.e., a hydrogen bond between the C4 nitrogen lone 

electron pair and the partial (δ+) positive charge on the hydrogen atom of the 

adjacent C5 α-hydroxyl group, which is shown in red in Fig. 6 above. Ex. 1002, 

Nelson Decl., ¶ 40.  Doxycycline, which also has an α-hydroxyl group at the 5-
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position, is similarly stabilized against epimerization of the C4 dimethylamino 

group under acidic conditions.  Id., ¶ 41 and Fig. 7: 
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D. Stabilization of the C4 dimethylamino group against 
epimerization by saccharides including lactose was known 

It has thus been known in the art since 1974 that tetracyclines are stabilized 

against epimerization in acid solutions by an intramolecular reaction between the 

C4 dimethylamino group and an adjacent C5 hydroxyl group, and that tetracyclines 

without the C5 hydroxyl group can be stabilized against epimerization by a 

suitable solubilizer that inhibits protonation of the C4 dimethylamino group.  Id., ¶ 

42.  Naggar informs a person skilled in the art that the stabilization of tetracyclines 

including minocycline and tigecycline by saccharides is due to an intermolecular 

interaction between a stabilizer and a tetracycline that may result from hydrogen 

bonding.. Id., ¶ 43; Ex. 1007, at 126-27.  Naggar suggested that suitable 

deprotonating agent solubilizers include polysorbate 20.  Id. at 127.   

In tetracyclines without a C5 hydroxyl group, including tetracycline, 

minocycline and tigecycline, stabilization by saccharides against epimerization 
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occurs via an intermolecular interaction involving a hydrogen bond between the C4 

nitrogen lone electron pair (shown in red), and a partial (δ+) positive charge on the 

hydrogen atom of a saccharide hydroxyl group (shown in green) in Ex. 1002, 

Nelson Decl., ¶¶ 44, 45, Fig. 8:  
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Carbohydrates are effective stabilizers because they have an abundance of 

primary and secondary hydroxyl groups within their spatially oriented scaffolds, as 

shown in red in the figure above.  Id., ¶ 44.  Carbohydrates including 

monosaccharides such as glucose and mannose; disaccharides exemplified by 

lactose and sucrose; and polysaccharides such as dextran, have the ability to form 

hydrogen bonds with functional groups including the C4-dimethylamino groups of 

tetracyclines.  Id., ¶¶ 45-47 and Fig. 8.  

The mechanism of the C4 dimethylamino epimerization reaction is thus the 

same in tetracycline, minocycline, and tigecycline, involving protonation of the 

dimethylamino nitrogen atom lone electron pair. Id. ¶ 48.  Stabilization of 

tetracycline, minocycline and tigecycline by saccharides, including lactose, 
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glucose, sucrose, and dextrose, results from an intermolecular interaction between 

the dimethylamino nitrogen lone base pair and the hydrogen of a saccharide 

hydroxyl group, which has a partial positive charge that forms a hydrogen bond 

with the nitrogen atom lone pair.  Ex. 1002, Nelson Decl., ¶¶ 45-48. The 

stabilization of molecules by intramolecular reactions including hydrogen bonds 

between unstable functional groups in a compound and lactose is well-known in 

the art, and is described, for example, in Zhang, Ex. 1024, at ¶¶ [0028]-[0029]. Ex. 

1002, Nelson Decl., ¶¶ 49, 63-64, discussed below § VII.C (Ground 3). 

For this reason, a person of ordinary skill in the art would expect a lactose 

stabilizer against epimerization of tetracycline or minocycline in an acid solution to 

be effective to stabilize tigecycline against epimerization under the same 

conditions. Id. ¶ 50.    

The discovery that saccharides are effective to stabilize tetracycline 

antibiotics against epimerization in a solution having an acid pH was made long 

before the earliest filing date referenced in the ʼ828 Patent. Id., ¶¶ 56-59.  Prior to 

2005, it was known that conventional pharmaceutical excipients including 

monosaccharides such as glucose, disaccharides such as lactose, and 

polysaccharides such as dextran are effective to stabilize tetracycline antibiotics 

against degradation by epimerization, in lyophilized formulations and in acidic 

solutions, as disclosed, for example, in Ex. 1004, CN ʼ550, trans. 3:32-37 (lactose, 
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glucose, dextran and mannitol); Ex. 1011, Trivedi, pp. 183 (Table II) and 184 

(lactose and mannitol); Ex. 1010, Hill, cols. 1-2 and Example 3 (2:19-24) (lactose 

and glucono delta lactone); Ex. 1014, Kreilgaard, trans., p. 7 (glucose is effective 

to stabilize tetracyclines in aqueous intravenous infusion liquids, at pH 2-7.5 after 

6 hours’ storage at room temperature); Ex. 1017, Pastia, trans. at 455-458 (sucrose 

and glucose are effective to stabilize tetracycline against epimerization in syrup 

formulations after storage for 60 days); Ex. 1007, Naggar, at 127 (polysorbate 20, 

an oligosaccharide composed of sorbitol scaffolds); Ex. 1033, Moreno-Cerezo, at 

422-24 (hydroxyl-propyl cyclodextrin is effective to stabilize formulations 

containing tetracycline). Ex. 1002, Nelson Decl., ¶ 58. 

In all of these carbohydrates there are multiple primary and secondary 

hydroxyl groups, held within rigid frameworks and in distinct spatial orientations, 

capable of hydrogen-bonding to the tetracycline C4 dimethylamine nitrogen 

through intermolecular interactions, as shown in id., ¶ 59, Fig. 9.   
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Fig. 9. Carbohydrates found to inhibit C4 epimerization. Primary and 
secondary hydroxyl groups outlined in red. 

 

 
 

VII. DETAILED EXPLANATION OF GROUNDS FOR OBVIOUSNESS 

A. Ground 1:  Claims 1-23 are Obvious Over CN ’550  

Claims 1-23 are unpatentable under 35 U.S.C. § 103 as being rendered 

obvious by CN ’550. Ex. 1003.  CN ’550 was published on January 15, 2003, more 

than one year before the earliest benefit date claimed in the ’828 patent, and is 

prior art under 35 U.S.C. § 102(b). References to CN ’550 herein are to the 

translation, Ex. 1004, which is certified pursuant to 37 C.F.R. §42.63(b). Ex. 1005.  
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The ’828 Patent refers to CN ’550, but mischaracterizes the teaching of the 

reference. Ex. 1001, 4:22-28.  The ’828 patent asserts that CN ’550 “discloses that 

minocycline could be combined with an acid to increase the stability toward the 

oxidative degradation” but does not suggest “that carbohydrates could be used to 

reduce either oxidation or epimerization in reduced pH environments.” Contrary to 

this representation, CN ’550 expressly discloses that the lyophilized powder 

composition has stable light, thermal, oxygen and water properties, in an acid 

environment at a pH between 0.1 to 7.5 and a pH between 2.0 and 3.5.  Ex. 1004, 

trans., 1:36-37; 2:24-25; 2:34-36.  The ’828 Patent states that CN ’550 “discloses a 

caking agent, such as mannitol” but makes no mention of lactose or the other 

saccharide stabilizers which are also disclosed – glucose and dextran.  Ex. 1004, 

trans., 2:26-29; 3:35-37.  

Wyeth did not provide the examiner with a translation of CN ’550.  Instead, 

Wyeth provided only an abstract of the closest prior art reference. Ex. 1034, IDS, 

p. 1; Ex. 1031, Hang (abstract).  The Hang abstract, however, does not refer to 

mannitol as a “caking agent” but rather to a “freeze-drying supporting agent.” Id.   

Although the ’828 Patent describes experiments that were allegedly performed 

with a composition containing tigecycline and mannitol, this composition had a pH 

of from about 6.0 to about 7.0 (Ex. 1001, Table 4a, 12:19-21), and thus did not 

follow Example 1 of CN ’550, where hydrochloric acid was used to adjust the pH 
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of a solution containing minocycline hydrochloride and mannitol to a pH of 2.0-

3.5. Ex. 1004, trans, 4:26-30.   

The actual disclosure of  CN ʼ550 of a minocycline composition that is 

stabilized in a solution at acid pHs by lactose and other saccharides, is compared 

with Claims 1-23 as follows:  

Claim Chart 1 

US Patent 7,879,828 Exemplary Disclosure of CN ’550  
(Ex. 1003, trans. Ex. 1004) 

Claim 1  
1. A composition 
comprising tigecycline,  
 
lactose,  
 
and an acid selected 
from hydrochloric acid 
and gentisic acid,  

A lyophilized minocycline hydrochloride powder 
composition containing an excipient and a pH 
adjusting agent. Ex. 1004, 1:32-37.  
The excipient includes lactose, glucose and dextran. 
Id. at 2:26-29; 3:35-37.  
The pH adjusting agent includes hydrochloric acid. Id. 
at 2:30-33 and 4:16-21. 
 

and the pH of the 
composition in a solution 
is between about 3.0 and 
about 7.0, 

The lyophilized powder has a pH value between 0.1 
and 7.5, most preferably between 2.0 and 3.5, and is 
prepared by dissolving minocycline hydrochloride and 
excipient in water and adjusting the pH value of the 
solution with a pH adjusting agent. Id. at 1:35-37; 
2:12-25; 2:34-36; 4:16-30.  
The pH of a solution containing minocycline 
hydrochloride and a excipient (mannitol) is adjusted to 
2.0-3.5 with hydrochloric acid in Example 1. Id. at 
4:16-24. 

wherein the molar ratio 
of tigecycline to lactose 
is between about 1:0.2 
and about 1:5 

In Example 1, the composition contains 108 g of 
minocycline hydrochloride and 210 g of mannitol. Id. 
at 4:16-21. 
In Example 2, the composition contains 108 of 
minocycline hydrochloride and 210 g of dextran. Id. at 
4:38-43. 
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Claim 2  
The composition of 
claim 1 wherein the 
composition is 
lyophilized. 

A lyophilized minocycline hydrochloride powder. Id. 
at 1:31-32; 2:5; 2:9; 2:12; 2:24; 2:26; 2:30; 2:34; 3:8-9; 
3:23-26; 3:32-33.  

Claim 3  
3. The composition of 
claim 1 wherein the 
composition is in solid 
form. 

A lyophilized minocycline hydrochloride powder. Id. 
at 1:31-32; 2:5; 2:9; 2:12; 2:24; 2:26; 2:30; 2:34; 3:8-9; 
3:23-26; 3:32-33. 

Claim 4  
The composition of 
claim 1 wherein the pH 
of the composition in a 
solution is between 
about 4.0 and about 5.0. 

The lyophilized powder has a pH value between 0.1 
and 7.5, most preferably between 2.0 and 3.5, and is 
prepared by dissolving minocycline hydrochloride and 
excipient in water and adjusting the pH value of the 
solution with a pH adjusting agent. Id. at 1:35-37; 
2:12-25; 2:34-36; 4:16-30.  

Claim 5  
5. The composition of 
claim 4 wherein the pH 
of the composition in a 
solution is between 
about 4.2 and about 4.8. 

The lyophilized powder has a pH value between 0.1 
and 7.5, most preferably between 2.0 and 3.5, and is 
prepared by dissolving minocycline hydrochloride and 
excipient in water and adjusting the pH value of the 
solution with a pH adjusting agent. Id. at 1:35-37; 
2:12-25; 2:34-36; 4:16-30. 

Claim 6  
6. The composition of 
claim 1 wherein the acid 
is hydrochloric acid. 

The pH adjusting agent includes hydrochloric acid. Id. 
at 2:30-33 and 4:16-21. 
 

Claim 7  
7. The composition of 
claim 2 wherein the acid 
is hydrochloric acid. 

The pH adjusting agent includes hydrochloric acid. Id. 
at 2:30-33 and 4:16-21. 
 

Claim 8  
8. The composition of 
claim 3 wherein the acid 
is hydrochloric acid. 

The pH adjusting agent includes hydrochloric acid. Id. 
at 2:30-33 and 4:16-21. 
 

Claim 9  
9. The composition of 
claim 1 wherein the 

In Example 1, the composition contains 108 g of 
minocycline hydrochloride and 210 g of mannitol. Id. 
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molar ratio of tigecycline 
to lactose is between 
about 1:1.6 and about 
1:3.3. 

at 4:16-21. 
In Example 2, the composition contains 108 of 
minocycline hydrochloride and 210 g of dextran. Id. at 
4:38-43. 

Claim 10  
10. The composition of 
claim 1 wherein the pH 
of the composition in a 
solution is between 
about 4.5 and about 6.0. 

The lyophilized powder has a pH value between 0.1 
and 7.5, most preferably between 2.0 and 3.5, and is 
prepared by dissolving minocycline hydrochloride and 
excipient in water and adjusting the pH value of the 
solution with a pH adjusting agent. Id. at 1:35-37; 
2:12-25; 2:34-36; 4:16-30. 

Claim 11  
11. The composition of 
claim 1 wherein the pH 
of the composition in a 
solution is between 
about 4.5 and about 5.5. 

The lyophilized powder has a pH value between 0.1 
and 7.5, most preferably between 2.0 and 3.5, and is 
prepared by dissolving minocycline hydrochloride and 
excipient in water and adjusting the pH value of the 
solution with a pH adjusting agent. Id. at 1:35-37; 
2:12-25; 2:34-36; 4:16-30. 

Claim 12  
12. A composition 
comprising tigecycline, 
lactose, and hydrochloric 
acid,  
 
 
wherein the molar ratio 
of tigecycline to lactose 
is between about 1:0.2 
and about 1:5 and  
 
the pH of the 
composition in a solution 
is between about 3.0 and 
about 7.0. 

A lyophilized minocycline hydrochloride powder 
composition containing an excipient and a pH 
adjusting agent. Ex. 1004, 1:32-37. The excipient 
includes lactose, glucose and dextran. Id. at 2:26-29; 
3:35-37. The pH adjusting agent includes hydrochloric 
acid. Id. at 2:30-33 and 4:16-21. 
In Example 1, the composition contains 108 g of 
minocycline hydrochloride and 210 g of mannitol. Id. 
at 4:16-21. In Example 2, the composition contains 
108 of minocycline hydrochloride and 210 g of 
dextran. Id. at 4:38-43. 
The lyophilized powder has a pH value between 0.1 
and 7.5, most preferably between 2.0 and 3.5, and is 
prepared by dissolving minocycline hydrochloride and 
excipient in water and adjusting the pH value of the 
solution with a pH adjusting agent. Id. at 1:35-37; 
2:12-25; 2:34-36; 4:16-30. 

Claim 13  
13. The composition of 
claim 12 wherein the 

In Example 1, the composition contains 108 g of 
minocycline hydrochloride and 210 g of mannitol. Id. 
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molar ratio of 
tigecycline to lactose is 
between about 1:1.6 and 
about 1:3.3. 

at 4:16-21. 
In Example 2, the composition contains 108 of 
minocycline hydrochloride and 210 g of dextran. Id. at 
4:38-43. 

Claim 14  
14. The composition of 
claim 12 wherein the pH 
of the composition in a 
solution is between 
about 4.0 and about 5.0. 

The lyophilized powder has a pH value between 0.1 
and 7.5, most preferably between 2.0 and 3.5, and is 
prepared by dissolving minocycline hydrochloride and 
excipient in water and adjusting the pH value of the 
solution with a pH adjusting agent. Id. at 1:35-37; 
2:12-25; 2:34-36; 4:16-30. 

Claim 15  
15. The composition of 
claim 14 wherein the pH 
of the composition in a 
solution is between 
about 4.2 and about 4.8. 

The lyophilized powder has a pH value between 0.1 
and 7.5, most preferably between 2.0 and 3.5, and is 
prepared by dissolving minocycline hydrochloride and 
excipient in water and adjusting the pH value of the 
solution with a pH adjusting agent. Id. at 1:35-37; 
2:12-25; 2:34-36; 4:16-30. 

Claim 16  
16. The composition of 
claim 12 wherein the pH 
of the composition in a 
solution is between 
about 4.5 and about 6.0. 

The lyophilized powder has a pH value between 0.1 
and 7.5, most preferably between 2.0 and 3.5, and is 
prepared by dissolving minocycline hydrochloride and 
excipient in water and adjusting the pH value of the 
solution with a pH adjusting agent. Id. at 1:35-37; 
2:12-25; 2:34-36; 4:16-30. 

Claim 17  
17. The composition of 
claim 16 wherein the pH 
of the composition in a 
solution is between 
about 4.5 and about 5.5. 

The lyophilized powder has a pH value between 0.1 
and 7.5, most preferably between 2.0 and 3.5, and is 
prepared by dissolving minocycline hydrochloride and 
excipient in water and adjusting the pH value of the 
solution with a pH adjusting agent. Id. at 1:35-37; 
2:12-25; 2:34-36; 4:16-30. 

Claim 18  
18. The composition of 
claim 12 wherein the 
composition is in solid 
form. 

A lyophilized minocycline hydrochloride powder. Id. 
at 1:31-32; 2:5; 2:9; 2:12; 2:24; 2:26; 2:30; 2:34; 3:8-9; 
3:23-26; 3:32-33. 

Claim 19  
19. The composition of A lyophilized minocycline hydrochloride powder. Id. 



 

30 
 

claim 13 wherein the 
composition is in solid 
form. 

at 1:31-32; 2:5; 2:9; 2:12; 2:24; 2:26; 2:30; 2:34; 3:8-9; 
3:23-26; 3:32-33.  

Claim 20  
20. The composition of 
claim 14 wherein the 
composition is in solid 
form. 

A lyophilized minocycline hydrochloride powder. Id. 
at 1:31-32; 2:5; 2:9; 2:12; 2:24; 2:26; 2:30; 2:34; 3:8-9; 
3:23-26; 3:32-33. 

Claim 21  
21. The composition of 
claim 15 wherein the 
composition is in solid 
form. 

A lyophilized minocycline hydrochloride powder. Id. 
at 1:31-32; 2:5; 2:9; 2:12; 2:24; 2:26; 2:30; 2:34; 3:8-9; 
3:23-26; 3:32-33.. 

Claim 22  
22. The composition of 
claim 16 wherein the 
composition is in solid 
form. 

A lyophilized minocycline hydrochloride powder. Id. 
at 1:31-32; 2:5; 2:9; 2:12; 2:24; 2:26; 2:30; 2:34; 3:8-9; 
3:23-26; 3:32-33. 

Claim 23  
23. The composition of 
claim 17 wherein the 
composition is in solid 
form. 

A lyophilized minocycline hydrochloride powder. Id. 
at 1:31-32; 2:5; 2:9; 2:12; 2:24; 2:26; 2:30; 2:34; 3:8-9; 
3:23-26; 3:32-33. 

 

The alleged invention of the ’828 Patent is the discovery that when the pH of 

a solution containing tigecycline is reduced to an acidic level to reduce oxidative 

degradation, as admittedly known in the prior art, “suitable carbohydrates act to 

stabilize tigecycline against epimer formation at acidic pHs.” Ex. 1001, 2:56-59.  

Claims 1-23 are composition claims, and none contains any limitation relating to 

stability of the compositions, in any medium, or to epimerization or oxidative 

degradation.   
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CN ʼ550 discloses a composition of minocycline, a lyoprotectant, and a pH 

adjusting agent, having a pH in a solution of 2.0 to 3.5, that is stable against 

degradation, which necessarily includes degradation by epimerization in an 

aqueous solution at an acid pH Ex. 1002, Nelson Decl., ¶ 81. 

1. The substitution of tigecycline for minocycline is obvious 

CN ’550 does not disclose tigecycline, but discloses a lyophilized powder 

for injection containing minocycline, a stabilizer including lactose, glucose, and 

dextran and a pH value adjusting agent including hydrochloric acid. Ex. 1004, 

2:24-36. The pH of the solution is adjusted to 0.1 to 7.5, or 2.0 to 3.5. Id., 2:24-25; 

2:34-36. As shown in the chart above, every limitation of Claims 1 and 12 is 

literally disclosed in CN ʼ550, except for tigecycline, which the ʼ828 Patent admits 

is an “analog” of minocycline. Ex. 1001, 1:23-24. 

A person of ordinary skill in the art in 2005 would find reason to substitute 

tigecycline for minocycline in the lyophilized formulation of CN ʼ550, because it 

was known that tigecycline “has been shown to work where other antibiotics have 

failed” and “it has been active against methicillin-resistant Staphylococcus aureus, 

penicillin-resistant Streptococcus pneumoniae, vancomycin resistant 

enterococci…and against organisms carrying either of the two major forms of 

tetracycline resistance: efflux and ribosomal protection”.  Ex. 1001, 1:23-44; Ex. 

1032, Testa, ¶ [0056]; Ex. 1002, Nelson Decl., ¶ 84. 
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CN ʼ550 discloses a stable composition containing minocycline and a 

saccharide excipient having a pH in a solution of 2.0 to 3.5.  Id., ¶ 85.  Minocycline 

and tigecycline are analogs of each other possessing identical A-ring and C4 

position α-dimethylamino groups required for activity, and the mechanism of C4 

epimerization involving protonation of the C4 dimethylamino group is the same for 

both compounds, which have identical A and B rings. Id., ¶ 85. Both minocycline 

and tigecycline undergo C4 epimerization at a pH of 2.0 to 3.5. Id. A person of 

ordinary skill in the art would understand and expect that lactose would be 

effective to stabilize minocycline and tigecycline against C4 epimerization in a 

solution having a pH from 0.1-7.5, including an acid pH of 2.0-3.5, as taught by 

CN ʼ550, based on the exact structural identity of the A and B rings in these 

analogs. Id. ¶ 88.   

A person of ordinary skill in the art would expect each of the saccharide 

excipients disclosed in CN ʼ550 to be effective to stabilize minocycline and 

tigecycline against C4 epimerization in a solution having a pH from 0.1-7.5, 

including an acid pH of 2.0-3.5, because of the structural similarities of glucose (a 

monosaccharide), lactose (a disaccharide), and dextran (a polysaccharide). Id. ¶¶ 

86-87.  It was known in the prior art, including CN ’550, that suitable 

carbohydrates including disaccharides such as lactose, monosaccharides such as 

glucose, and polysaccharides such as dextran, are effective to stabilize 
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tetracyclines against epimerization at acid pHs. Id., ¶¶ 42-50, 56-59, 87, as 

summarized above § VI.D.  

A person of ordinary skill in the art in 2005, seeking to stabilize a 

lyophilized tigecycline composition, including a composition having a pH in a 

solution from 0.1 to 7.5, or a pH from 2.0 to 3.5, would be motivated by CN ʼ550 

to select lactose, which is one of the most commonly-used pharmaceutical 

excipients, to stabilize the lyophilized composition against epimerization. Id., ¶ 89. 

2. The claimed pH ranges are obvious 

The “acidic pHs” recited in independent Claims 1 and 12 are a broad range, 

from between “about 3.0” and “about 7.0”  CN ʼ550 discloses compositions having 

a pH from 0.1 to 7.5, and a preferred pH of 2.0-3.5. Ex. 1004, 2:24-25; 2:34-36; 

4:26-28. The claimed range overlaps the disclosed range of 2.0-3.5, and is within 

the broader disclosed range of 0.1-7.5, and is therefore obvious. See Ormco Corp. 

v. Align Tech., Inc., 463 F.3d 1299, 1311 (Fed. Cir. 2006) (where a claimed range 

overlaps with a prior art range, there is a presumption that the claimed range is 

obvious). 

The broadest reasonable construction of the approximate ranges set forth in 

the ʼ828 Patent claims literally encompasses pH values within ±0.5 of each of the 

recited endpoints, as set forth in Table 1.  Ex. 1002, Nelson Decl., ¶¶ 68-70, 92.  



 

34 
 

Table 1 
Claims Recited pH range Construction (pH within ±0.5) 
4, 14 “between about 4.0 and about 5.0” “between 3.5 and 5.5” 
5, 15 “between about 4.2 and about 4.8” “between 3.7 and 5.3” 
10, 16 “between about 4.5 and about 6.0” “between 4.0 and 6.5” 
11, 17 “between about 4.5 and about 5.5” “between 4.0 and 6.0” 

Each range recited in the dependent claims is within the broadest pH range 

of 0.1-7.5 disclosed by CN ʼ550.  A person of ordinary skill in the art could readily 

determine pH ranges of a solution within the broader range of 0.1 to 7.5 that would 

be effective to stabilize lyophilized compositions containing tigecycline against 

epimerization, including values that overlap the preferred pH range disclosed in 

CN ʼ550, at pH 3.5. Ex. 1002, Nelson Decl., ¶ 93. It would have been obvious to a 

person of ordinary skill in the art to use lactose to stabilize a composition 

containing tigecycline and hydrochloric acid against epimerization, having a pH in 

a solution within any of the mildly acidic pH ranges recited in dependent Claims 4, 

5, 10, 11 and 14-17. Id. ¶ 93.  See Perricone v. Medicis Pharm. Corp., 432 F.3d 

1368,  1377 (Fed. Cir. 2005) (prior art range of concentration from 0.01 to 20% by 

weight anticipates where it encompasses the claimed ranges of up to 10%, about 

0.025% to about 5%, and about 0.025% to about 10%); Medichem S.A. v. Rolabo 

S.L., 437 F.3d 1157, 1168 (Fed. Cir. 2006) (the normal desire to improve on prior 

art provides motivation “to determine where in a disclosed set of percentage ranges 

is the optimum combination of percentages”). 
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The composition disclosed in CN ʼ550 is a lyophilized powder for use in an 

injectable solution, and the pH of “a solution” containing the compound will vary 

depending on the conventional reconstitution solution and the solution that are 

selected for use. Ex. 1002, Nelson Decl., ¶ 94.  A person of ordinary skill in the art 

could readily determine the suitable pH ranges for intravenous administration of a 

lyophilized composition containing tigecycline and lactose to a patient. Id.  A 

person of ordinary skill in the art would understand that commonly used 

pharmaceutical intravenous solutions include saline injection solution and dextrose 

injection solutions. Id.  The U.S. Pharmacopeia (1980) specifies that sodium 

chloride injection solution has a pH between 4.5 and 7.0 (Ex. 1028, at 727), and 

that dextrose injection solution has a pH between 3.5 and 6.5. Ex. 1027, at 218. A 

commercially available 0.9% saline solution has a pH of 5.7 (Ex. 1029), and a 

commercially available 5% dextrose in water solution has a pH of 4.5 (Ex. 1030). 

Ex. 1002, Nelson Decl., ¶ 94. 

Based upon this knowledge, a person of ordinary skill in the art would find it 

obvious that a lyophilized antibiotic composition containing tigecycline and lactose 

will be used in an intravenous solution having a pH within each of the ranges 

recited in the ʼ828 Patent claims, for example, a 0.9% saline solution or 5% 

dextrose in water solution. Ex. 1002, Nelson Decl. ¶ 95.  The pH ranges of “a 

solution” containing the lyophilized composition recited in claims 1, 4, 5, 10-12, 
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and 14-17 merely recite the inherent properties of conventional intravenous 

solutions, which are the only use suggested for the claimed lyophilized 

compositions in the ʼ828 Patent. Id. 

As admitted in the ʼ828 patent, it was well known by persons of ordinary 

skill in the art that the pH of a solution containing tigecycline is desirably reduced 

to an acidic pH to prevent oxidative degradation of the antibiotic in solution. CN 

ʼ550 also informs a person skilled in the art that lactose is a stabilizer that is 

effective to prevent degradation of tigecycline by epimerization in solutions having 

an acidic pH from 0.1 to 7.5, including a range from 2.0 to 7.5. Id., ¶ 96. 

3. The lactose : tigecycline ratios are obvious 

Claims 1 and 12 recite a molar ratio of tigecycline to lactose that is between 

about 1:0.2 and about 1:5.  Under the broadest reasonable construction set forth in 

§ V.B, these approximate terms literally encompass ratios of from 1:0.16 to 1:6, 

i.e., ± 20%. Ex. 1002, Nelson Decl., ¶ 97.  Example 1 of CN ’550 discloses a 

composition containing tetracycline and mannitol in a molar ratio of about 1:5, 

which is within the range literally recited in Claims 1 and 12.  Ex. 1002, Nelson 

Decl., ¶ 98.  

Claims 9 and 13 recite that the molar ratio of tigecycline to lactose is 

between about 1:1.6 and about 1:3.3.  Under the same broadest reasonable claim 
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construction (± 20%), these approximate ranges literally encompass ratios from 

1:1.3-1:3.9.  Id. ¶ 99.  

Claims 1, 9, 12 and 13 each refer to the molar ratio of tigecycline to lactose.  

Example 1 of CN ʼ550 discloses a composition containing 108 g of minocycline 

hydrochloride and 210 g of mannitol. Ex. 1004, 4:17-21.  Example 2 of CN ʼ550 

discloses a composition containing 108 g of minocycline hydrochloride and 210 g 

of dextran, which is a saccharide polymer made of many linked glucose units. Id.,  

at 4:39-43; Ex. 1002, Nelson Decl., ¶ 100.  CN ʼ550 also discloses that lactose, 

which is a disaccharide containing linked glucose and galactose units, and glucose, 

which is a monosaccharide, are effective stabilizers. Id., ¶¶ 45 (Fig. 8), 100. 

A person of ordinary skill in the art considering the weight ratio of 

minocycline hydrochloride to mannitol in Example 1 of CN ʼ550, and the same 

weight ratio of minocycline hydrochloride to dextran in Example 2, would 

consider it obvious to use the same weight ratio of minocycline hydrochloride to 

lactose to stabilize minocycline. Id., ¶ 102. The molar ratio would vary widely for 

the same weight ratios of components, because the molar ratio depends on the 

molecular weight of the specific monosaccharide, disaccharide, or polysaccharide 

that is used. Id., ¶ 102.  For example, the weight ratio of 108:210 of minocycline 

HCl:mannitol in CN ʼ550 Example 1 is a molar ratio of about 1:5, whereas the 

weight ratio of 108:210 minocycline HCl:dextran in Example 2 is about 1:0.02, 
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because pharmaceutical dextran 40 has an average molecular weight of 35000-

40000.  Id.  Despite huge differences in the molar ratios of minocycline : excipient, 

a person of ordinary skill in the art would expect that the same weight ratios for 

each excipient would be equally effective in stabilizing the composition containing 

either minocycline or tigecycline and a lactose stabilizer  Id.  

A person of ordinary skill in the art would expect that monosaccharides, 

disaccharides, and polysaccharides would be effective to stabilize the composition 

against C4 epimerization, in the weight ratios disclosed in CN ʼ550 Examples 1 

and 2. Id. ¶ 103.  For this reason, a person of ordinary skill in the art would find it 

obvious to stabilize a composition containing tigecycline and the disaccharide 

lactose in a weight ratio of approximately 108:210, based on the disclosure of 

minocycline and the polysaccharide dextran in this weight ratio in Example 2.  Id. 

The molar ratio of tigecycline:lactose corresponding to a weight ratio of 108:210 is 

about 1:3.4, within the literal scope of Claims 9 and 13, given their broadest 

reasonable construction. Id.  The molar ratios of tigecycline:lactose recited in 

Claims 1, 9, 12 and 13 are thus obvious in view of the weight ratios of minocycline 

hydrochloride to stabilizers including lactose, glucose and dextran, disclosed in CN 

ʼ550. Id.  

This conclusion is supported by the comparison of lactose, other 

disaccharides and monosaccharides (including glucose and mannose), and 
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mannitol, disclosed in Tables 4a, 4b and 4c of the ʼ828 Patent. To the extent that 

these tables present a meaningful illustration of “the effect of suitable carbo-

hydrates such as lactose on the invention” as stated in Example 4 (Ex. 1001, 11:65-

67), this example uses the same weight ration of tigecycline to lactose, the other 

saccharides and mannitol, regardless of the different molar ratios for the various 

disaccharides, monosaccharides, and mannitol. Ex. 1002, Nelson Decl., ¶ 104. 

Based on this showing, Petitioner is likely to succeed in establishing that 

each of Claims 1-23 is invalid under 35 U.S.C. § 103(a).  The claimed composition 

in which tigecycline is stabilized by lactose against degradation in acidic solutions, 

involves no more than the simple substitution of tigecycline for its known analog 

minocycline, in the prior art CH ’550 composition, that is ready for this predictable 

improvement. Id., ¶ 105.  See KSR Int’l Co. v. Teleflex, Inc., 550 U.S. 398, 417 

(2007). A person of ordinary skill in the art would recognize the that technique for 

stabilizing minocycline disclosed in CN ’550 by using lactose, would similarly 

stabilize and improve a composition containing the analog antibiotic tigecycline, 

and a person of ordinary skill in the art could easily implement this predictable 

variation to improve the stability of a lyophilized tigecycline composition having 

an acid pH in an aqueous solution. Id. See KSR, 550 U.S. at 417 ( “If a technique 

has been used to improve one device, and a person of ordinary skill in the art 

would recognize that it would improve similar devices in the same way, using the 
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technique is obvious unless its actual application is beyond his or her skill.” ).  

B. Ground 2:  Claims 1-23 are Obvious Over CN ’550 in View of 
Pawelczyk and Naggar 

Claims 1-23 are unpatentable under 35 U.S.C. § 103 as being rendered 

obvious by CN ’550 (Ex. 1002) in combination with Naggar (Ex. 1007), and 

Pawelczyk (Ex. 1006).   

For the reasons stated above (Ground 1), CN ʼ550 discloses a lyophilized 

composition containing minocycline, which is an analog of tigecycline,  lactose, 

glucose, or dextran, and hydrochloric acid. CN ʼ550 discloses that the lyophilized 

powder is stabilized against light, heat, oxygen and water, in a solution at a pH 

between 0.1 and 7.5, including an acidic pH between 2 and 3.5. Ex. 1004 (trans.), 

at 4:26-30; 2:24-25; 2:34-36. 

Claims 1 and 12 recite that the pH of the composition “in a solution” is 

between “about 3.0 and about 7.0”.  Dependent claims recite overlapping pH 

ranges from "about 4.0" to "about 6.0," as follows. For the reasons set forth in § 

V.A, the broadest reasonable construction of these ranges is as follows: 

Table 1 
Claims Recited pH range Construction (pH within ±0.5) 
1, 12 “between about 3.0 and about 7.0” “between 2.5 and 7.5” 
4, 14 “between about 4.0 and about 5.0” “between 3.5 and 5.5” 
5, 15 “between about 4.2 and about 4.8” “between 3.7 and 5.3” 
10, 16 “between about 4.5 and about 6.0” “between 4.0 and 6.5” 
11, 17 “between about 4.5 and about 5.5” “between 4.0 and 6.0” 
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Each of the pH ranges set forth in Claims 1, 4, 5, 10-12, and 14-17 is 

obvious in view of CN ʼ550, for the reasons set forth above (Ground 1). 

1. A tigecycline composition having a pH between about 4.0 and about 6.0 
in a solution is obvious 

CN ’550 does not expressly disclose a composition having a pH in a solution 

between 4.0 and 6.0, although a person of ordinary skill in the art would 

understand that the composition in an intravenous solution would have a pH within 

the recited ranges. Ex. 1002, Nelson Decl., ¶¶ 94-95, 110. A composition 

containing tigecycline, lactose and hydrochloric acid having a pH in a solution 

within each of the ranges recited in Claims 1, 4, 5, 10-12, and 14-17 would also 

have been obvious in view of the combination of CN ’550 with Pawelczyk (Ex. 

1006) and Naggar (Ex. 1007), which disclose minocycline and tetracycline 

compositions that are stable against oxidative degradation and epimerization in 

solutions having a pH between 4 and 5.  Ex. 1002, Nelson Decl., ¶ 110.  

Pawelczyk  expressly teaches that oxidation of a solution containing a 

tetracycline such as minocycline is reduced if the pH is reduced to below 5.0, and 

discloses aqueous solutions of pH 4.2 and 5.2. (Ex. 1006, p. 409) as well as pH 

4.38, 4.86, and 5.42. (id. at 413, Table 1). Pawelczyk concludes that “oxidation is a 

predominant process of MC degradation above pH 5.” (id. at 417). Pawelczyk thus 

clearly teaches that a pH range below 5 is preferable to avoid oxidative degradation 

of minocycline “in a solution.” Ex. 1002, Nelson Decl., ¶ 111.  The “water-evoked 
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spontaneous reaction” of oxidative degradation and its rate depends on the charge 

of the minocycline molecule, and thus on the pH of the solution. (Ex. 1006, at 

415). Pawelczyk thus teaches a person skilled in the art that to avoid oxidative 

degradation of minocycline in an aqueous solution, the pH of the solution is 

preferably below about pH 5. Ex. 1002, Nelson Decl., ¶ 111.     

With respect to degradation of tetracyclines by epimerization of the C4 

dimethylamino substituent, Naggar  discloses that the tetracycline antibiotics 

undergo a reversible isomerization reaction under pH conditions in the range of 2-

6, which is an epimerization occurring at the dimethylamino group on C4. Ex. 

1007, at 126; Ex. 1002, Nelson Decl., ¶ 112. Naggar further discloses that the C4 

epimerization takes place most rapidly at a pH between 3 and 4, and that 

tetracycline formulations have maximum stability in weak acid media (pH = 4-5). 

Id. Naggar thus informs a person skilled in the art that C4 epimerization of 

tetracycline and minocycline is the major degradation pathway at a pH less than 

about 4. Ex. 1002, Nelson Decl., ¶ 112.  

Based on the teachings of Pawelczyk, a person of ordinary skill in the art 

would reduce the pH of an aqueous solution of tetracycline, minocycline or 

tigecycline to less than about 5 to avoid oxidative degradation. Id., at ¶ 113.  Based 

on the teachings of Naggar, a person of ordinary skill in the art would adjust the 

pH of a solution of tetracycline, minocycline or tigecycline to a mildly acidic range 
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of about 4-5, to limit degradation by C4 epimerization. Id. The pH ranges recited in 

Claims 1, 4, 5, 10-12 and 14-17 all encompass values within the range of 4-5 

taught by Pawelczyk and Naggar to reduce degradation by oxidation and 

epimerization, and each of these claims would have been obvious in view of CN 

ʼ550, in combination with Pawelczyk and Naggar. Id.  See Perricone, supra, 432 

F.3d at 1377;  Medichem, supra, 437 F.3d at 1168; and Ormco, supra, 463 F.3d at 

1311. 

2. Stabilizing an acidic solution containing tigecycline with lactose is 
obvious 

Naggar (Ex. 1007) provides motivation and direction for a person skilled in 

the art to stabilize a composition against epimerization containing tetracycline, 

minocycline or tigecycline, having a pH in a solution between 4 and 5, by adding a 

deprotonating agent, such as the saccharide stabilizers disclosed by CN ’550. Ex. 

1002, Nelson Decl., ¶ 114.  

Naggar teaches the stabilizing effect of protonation inhibitors against C4 

epimerization, including polysorbate 20, having polar hydroxyl groups which form 

a hydrogen bond with the C4 dimethylamino group.  Ex. 1007, at 126-127.  CN 

ʼ550 teaches stabilization of minocycline against C4 epimerization in a solution at 

pH 2.0-3.5 using the saccharides lactose, glucose, and dextran. Ex. 1004, at p. 2. 

Each of these stabilizers has polar hydroxyl groups that form a hydrogen bond with 

the nitrogen of C4 dimethylamino group, stabilizing minocycline against 
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epimerization by inhibiting protonation of the dimethylamino group, as shown 

above, §§ VI.C and VI.D, and Ex. 1002, Nelson Decl., ¶¶ 45-59 and Figs. 8-9.   

Naggar informs a person skilled in the art that the stabilization of 

tetracyclines including minocycline and tigecycline by saccharides involves a 

hydrogen bond between an excipient such as lactose and a tetracycline such as 

minocycline or tigecycline that may result from hydrogen bonding. Id., ¶ 116. 

Because tetracycline, minocycline and tigecycline have the same A and B 

ring structures, and undergo C4 epimerization by the same reaction, a person of 

ordinary skill in the art would understand and expect that lactose disclosed in CN 

ʼ550 would also be effective to stabilize tigecycline against epimerization in 

solutions having a pH in the range from 4 to 6 taught as optimal by Naggar. Id., ¶ 

117.  For these additional reasons, each of Claims 1-23 is obvious over CN ʼ550, 

further in view of the optimal solution pH range of about 4-5 for tetracycline 

stability in a solution, as taught by Naggar and Pawelczyk. Id., ¶ 118. 

C. Ground 3: Claims 1-23 are Obvious Over CN ’550 in view of 
Naggar and Zhang  

Claims 1-23 would have been obvious to a person of ordinary skill in the art 

in view of CN ’550 (Ex. 1004) in combination with Naggar (Ex. 1007)  and U.S. 

Zhang (Ex. 1024).  For the reasons set forth above (Ground 1), each of Claims 1-

23 would have been obvious in view of the disclosure of CN ʼ550 alone.  CN ʼ550 

discloses a lyophilized composition containing minocycline, which is an analog of 
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tigecycline; a carbohydrate stabilizer including lactose, glucose, and dextran or 

mannitol; and hydrochloric acid.  CN ʼ550 does not express a preference for any of 

these carbohydrate excipients, and does not include an example in which 

minocycline is stabilized with lactose. For the reasons set forth above, a person of 

ordinary skill in the art would expect that a lyophilized composition containing 

tigecycline could be effectively stabilized by saccharides as a class, including 

dextran, lactose, and glucose, as well as by mannitol. Ex. 1002, Nelson Decl., ¶ 

120.  

For the reasons set forth above (Ground 2), Naggar provides motivation and 

direction for a person skilled in the art to stabilize a composition containing a 

tetracycline, having a pH in a solution between 4 and 5, by adding a deprotonating 

agent to reduce epimerization. Id., ¶ 121. Naggar teaches the stabilizing effect of 

protonation inhibitors against C4 epimerization, including polysorbate 20, a poly-

meric saccharide derivative having polar hydroxyl groups which form a hydrogen 

bond with the C4 dimethylamino group. Ex. 1002, Nelson Decl., ¶¶ 36-43, 121. 

Zhang describes the stabilization of a lyophilized composition containing 

tetrodotoxin by a lactose-drug intramolecular interaction. Ex. 1024.  Tetrodotoxin 

is degraded by epimerization in a dilute acid aqueous solution.  Id. ¶¶ [0014]-

[0016]. Epimerization of the hydroxyl group at the C4 position of the molecule 

occurs when the electronegative oxygen of the hydroxyl group is protonated in 
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acidic solution, leading to molecular rearrangement of the C4 substituent. Id. ¶¶ 

[0023]-[0026].  Zhang discloses that the molecule is protected against C4 

epimerization by lactose, which forms hydrogen bonds with the C4 hydroxyl group 

and the proton on the adjacent nitrogen atom of tetrodotoxin. Id. ¶ [0029].  

Forming of the hydrogen bonds between these protons and glucosidic oxygen atom 

of lactose results in an intermolecular interaction that “locks” the C4 hydroxyl 

group in place, by fixing the three-dimensional position of the C4 hydroxyl group, 

as shown in the following figure. Id. 

 

Ex. 1002, Nelson Decl’n, ¶ 122. 
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More broadly, Zhang teaches that the addition of a disaccharide like lactose, 

sucrose, cellobiose and maltose stabilizes a freeze-dried tetrodotoxin powder 

formulation. Ex. 1024, ¶ [0029].  Based on the mechanism of stabilization through 

an intermolecular interaction involving hydrogen bonds, Zhang considers that 

tetrodotoxin should also be stabilized by other compounds having a glucosidic 

bond, including dextrans or analogs like hydroxypropyl cyclodextrin. Id., ¶ [0030].  

Moreno-Cerezo confirms that hydroxypropyl cyclodextrin is effective to stabilize 

formulations containing tetracycline against epimerization. Ex. 1033, at 422-24.  

Zhang thus specifically directs a person of ordinary skill in the art who is 

seeking a suitable protonation inhibitor to stabilize a tetracycline against C4 

epimerization, as taught by Naggar, to select lactose among the lyophilization 

stabilizers disclosed in CN ʼ550.  Ex. 1002, Nelson Decl., ¶ 124. 

The stabilization of tetrodotoxin involves the formation of hydrogen bonds 

between partially positively charged hydrogens in the tetrodotoxin, and the 

negatively charged glycosidic oxygen of lactose.  A person of ordinary skill in the 

art would understand that lactose is advantageously used to inhibit epimerization of 

tigecycline by the mechanism described by Zhang, involving hydrogen bonds 

between partially positively charged hydrogens in the lactose molecule and the 

negatively charged nitrogen of the C4 dimethylamino moiety. Ex. 1002, Nelson 

Decl., ¶¶ 44-50, 126.  Zhang teaches that lactose is advantageously used to inhibit 
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epimerization because lactose provides groups that form hydrogen bonds with 

tetrodotoxin, and has a stable scaffold that fixes the three dimensional position of 

the epimerizable substituent, thereby “locking” it in the desired conformation. Ex. 

1024, ¶ [29]. This teaching of Zhang would motivate a person of ordinary skill in 

the art to use lactose to stabilize a lyophilized composition containing tigecycline, 

by similarly locking the epimerizable C4 dimethylamino group in the desired 

conformation by fixing the three-dimensional position of the epimerizable 

substituent, by intramolecular hydrogen bonds. Ex. 1002, Nelson Decl., ¶ 125. 

D. Ground 4:  Claims 1-23 are Obvious Over CN ’550 in View of 
Trivedi  

Claims 1-23 are unpatentable under 35 U.S.C. § 103 as being rendered 

obvious by CN ’550 (Ex. 1004) in combination with Trivedi (Ex. 1011).  For the 

reasons stated above (Ground 1), CN ʼ550 discloses a lyophilized composition 

containing minocycline, which is an analog of tigecycline; a stabilizer including 

lactose, glucose, or dextran; and hydrochloric acid.  CN ʼ550 does not include an 

example in which minocycline is stabilized with lactose in a molar ratio between 

about 1:1.6 and about 1:3.3 (Claims 9 and 13).   

Trivedi teaches that lactose is an effective stabilizer for tetracycline, and 

discloses dry capsule compositions containing 100 mg. tetracycline hydrochloride 

(480.9 g/mol)  and 200 mg. lactose (342 g/mol) (p. 177, “blank”). The blank 

capsules thus contained tetracycline and lactose in a molar ratio of 1:2.9, within the 
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molar ratio recited in each of Claims 1, 9, 12 and 13 of the ’828 Patent.  Ex. 1002, 

Nelson Decl., ¶ 127. The weight ratio of  tetracycline hydrochloride to lactose in 

Trivedi (1:2) is the same weight ratio as the weight ratio of tigecycline to lactose in 

Examples 1 and 2 of the ’828 patent. Ex. 1001, 8:1-3; 9:4-6; Ex. 1002, Nelson 

Decl., ¶ 127. 

The capsules were tested for potency of tetracycline hydrochloride at 

intervals of 3, 6, 9, 12, 15, 30, 45 and 60 days, under varying conditions: 5°/30% 

relative humidity, 5°/40% RH, room temperature, 37°/30% RH, 50°C/30% RH, 

and 37°/45% RH. (Ex. 1011, p. 179 and Fig. 4, p. 181). The content of biologically 

active tetracycline hydrochloride was determined microbiologically, by dissolving 

capsule content equivalent to 50 mg of tetracycline hydrochloride in a sterile buffer 

solution at pH 4.5. Ex. 1011, at 181; Ex. 1002, Nelson Decl., ¶ 128. 

The half-life of tetracycline hydrochloride was determined under the various 

storage conditions, as shown in Table II.  As regards the stability of tetracycline 

hydrochloride, mannitol was found to be the best preservative (76.61 day half-life 

at room temperature), followed by lactose (72.33 day half-life at room 

temperature), except at 50° where lactose was a better stabilizer. (Ex. 1011, at 

184).  In view of the biological assay methods used by Trivedi, these results 

indicate that both lactose and mannitol were highly effective preservatives. Ex. 

1002, Nelson Decl., ¶ 129. 
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Trivedi thus provides further direction for a person of ordinary skill in the art 

to use lactose as a stabilizer for the lyophilized composition disclosed in CN ʼ550, 

in the molar ratios claimed in Claims 1, 9, 12 and 13, with the reasonable 

expectation that lactose would be effective to stabilize the composition against 

degradation, as a powder or in a solution having a pH such as 4.5 that is within the 

ranges recited in Claims 1, 4, 5, 10-12 and 14-17.  Ex. 1002, Nelson Decl., ¶ 130.  

Claims 1-23 are thus obvious over CN ʼ550 in view of Trivedi. Id., ¶ 131. 

E. Ground 5:  Claims 1-23 are Obvious Over CN ’550 in View of 
Trivedi, Pawelczyk and Naggar  

Claims 1-23 are unpatentable under 35 U.S.C. § 103 as being rendered 

obvious by CN ’550 (Ex. 1002), in combination with Trivedi (Ex. 1011), 

Pawelczyk (Ex. 1006) and Naggar (Ex. 1007). As shown above (Ground 4), 

Claims 1-23 are obvious in view of CN ʼ550 in view of Trivedi.  With respect to 

the pH ranges recited in dependent Claims 4, 10, 11 and 14-17 in Table 1, CN ’550 

does not disclose an example in which the solution has a pH between 4.0 and 6.0, 

although the pH ranges of “a solution” containing the lyophilized composition in 

the dependent claims are merely the inherent properties of conventional 

intravenous solutions, which are the only use suggested for the claimed lyophilized 

compositions in the ʼ828 Patent. Ex. 1002, Nelson Decl., ¶ 132.  Trivedi discloses 

a composition of tetracycline and lactose that is disclosed to be stable against 
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degradation under high temperature and humidity conditions, as well as a solution 

of tetracycline and lactose at a pH of 4.5.  Ex. 1011, at 189. 

For the additional reasons stated above (Ground 2), it would have been 

obvious to use lactose as a stabilizer in an aqueous solution containing minocycline 

or tigecycline, as taught by CN ’550 and Trivedi, at a pH below about 5 as taught 

by Pawelcyzk to reduce oxidative degradation of minocycline (Ex. 1006, p. 417) 

and at a pH between 4-5 as taught by Naggar to reduce epimerization of 

tetracycline. Ex. 1007, p. 126.  Ex. 1002, Nelson Decl., ¶ 133.  The solution of 

tetracycline and lactose disclosed by Trivedi has a pH of 4.5, within these ranges.  

Ex. 1011, p. 181. Ex. 1002, Nelson Decl., ¶¶ 128, 130.  Each of dependent Claims 

4, 5, 10, 11, and 14-17 is obvious because the claims encompass the solution pH 

disclosed by Trivedi and overlap the optimal pH range from about 4 to about 5 

taught by Pawelczyk and Naggar. Ex. 1002, Nelson Decl., ¶ 133.  

F. Ground 6: Claims 1-23 are Obvious CN ’550 in view of Kirsch 
and Herman 

Claims 1-23 would have been obvious to a person of ordinary skill in the art 

in view of CN ’550 (Ex. 1004), Kirsch (Ex. 1022), and Herman (Ex. 1023). 

For the reasons set forth above (Ground 1), each of Claims 1-23 would have 

been obvious in view of the disclosure of CN ʼ550 alone.  CN ʼ550 discloses a 

lyophilized composition containing minocycline, which is an analog of tigecycline; 

a carbohydrate stabilizer including lactose, glucose, dextran or mannitol; and 
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hydrochloric acid.  CN ʼ550 does not express a preference for any of these 

carbohydrate excipients, and does not include an example in which minocycline is 

stabilized with lactose. Ex. 1002, Nelson Decl., ¶ 135.  In Example 1, CN ʼ550 

discloses a composition that is stabilized with mannitol. In Example 2, CN ʼ550 

discloses a composition that is stabilized with dextran, a polysaccharide. Id. A 

person of ordinary skill in the art would expect that a lyophilized composition 

containing tigecycline could be effectively stabilized by saccharides as a class, 

including dextran, lactose, and glucose, as well as by mannitol.  Ex. 1002, Nelson 

Decl., ¶ 135.  

A person of ordinary skill in the art, considering the lyophilization 

excipients disclosed in CN ʼ550, would seek to develop a formulation that is stable, 

considering that tigecycline is known to degrade in aqueous environments, in a 

solution or in a lyophilized composition.  Ex. 1001, 3:23-31.  Ex. 1002, Nelson 

Decl., ¶ 137. A person of ordinary skill in the art would clearly seek a 

lyophilization excipient that stabilizes tigecycline against degradation resulting 

from moisture in the lyophilized composition. Id., ¶ 137. Among the excipients 

disclosed in CN ʼ550, two of the most commonly used lyophilization excipients in 

injectable formulations are lactose and mannitol.  Herman, Ex. 1023, at 1467. 

Kirsch investigated the effects of diluents and residual moisture on the 

stability of (R,R)-formoterol in a lyophilized dosage form, suggested by the 
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aqueous instability of the compound. Ex. 1022, p. 89, Abstract.  The drug and 

various excipients, including lactose and mannitol, were lyophilized and placed in 

humidity chambers (0 to 90% relative humidity) at 25° to 50 ° C.  Id. Stability was 

characterized by time-dependent changes using HPLC, pH, and XRD. Id. Kirsch 

determined that the residual moisture content of the mannitol formulation was ≤1% 

at all humidity levels (Fig. 3, lot B), which was lower than the residual moisture 

content of the lactose formulation (Fig. 3, lot A). Id. at 93-94.  

Kirsch found that “the degradation of formoterol in mannitol (lot B) was 

significantly greater than that in lactose formulations (lot A) despite the much 

lower residual moisture content of mannitol based formulations.  This may be 

attributed to the intimate contact of drug and moisture on the surface of crystalline 

mannitol.  Thus, although the total residual moisture for these formulations is low, 

the effective moisture content in the vicinity of the drug is high.”  Id. at 94. 

Herman investigated the effects of mannitol and lactose on the stability of 

methylprednisolone sodium succinate as a freeze dried solid. Ex. 1023. This 

prodrug is known to be unstable in aqueous solution. Id., at 1467. Herman 

compared the stability against degradation (hydrolysis) of lyophilized 

compositions containing 125 mg drug in mannitol, 40 mg drug in mannitol, and 40 

mg drug in lactose.  Id. at 1468, Fig. 1. The residual moisture levels were less than 
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1% in all samples tested, with no significant difference in residual moisture among 

different formulations.  Id. 

With respect to stability of these lyophilized formulations at 40° C after 6 

months’ storage, Herman found that the rate of hydrolysis of the drug with 

mannitol as the excipient is markedly faster than when lactose is used, and that the 

rate of hydrolysis increases as the ratio of mannitol to drug increases.  Id., at 1468. 

Herman concluded that in formulations containing mannitol as the excipient, the 

mannitol crystallizes either during the freeze dry process or with time during 

storage, depending on the ratio of mannitol to drug. Id. at 1472.   In either case, 

there is not a significant amount of water associated with the crystalline mannitol.  

Id.  Mannitol, however, “adsorbs very little moisture for the relative humidity 

range examined.  This is consistent with crystalline material, where the only 

surface available for water vapor sorption is the surface of crystals.” Id.  Herman 

further considers that “Crystallization of mannitol with time would result in a 

redistribution of water in the freeze dried matrix and an increase in the amount of 

water in the drug microenvironment.” Id. 

Herman concluded that “In contrast to the mannitol formulations, those 

containing lactose are markedly more stable because lactose remains amorphous, 

resulting in a more uniform distribution of water in the freeze dried matrix.  . . . 
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The similar water vapor adsorption isotherms support the idea that lactose could 

act, in part, as an internal desiccant by competing for the available water.” Id. 

A person of ordinary skill in the art, seeking to develop a stable lyophilized 

formulation of minocycline or tigecycline, using the lyophilization excipients 

disclosed in CN ʼ550, would be directed by Kirsch and Herman to use lactose in 

the formulation to reduce degradation of the drug associated with water in the 

lyophilized composition, rather than mannitol or another disclosed lyophilization 

excipient.  Ex 1002, Nelson Decl., ¶ 146.  

G. Ground 7: Claims 1-23 are Obvious Over Lawter in View of CN 
’550 and Trivedi 

Claims 1-23 would have been obvious over Lawter (Ex. 1019) in view of 

CN ’550 (Ex.1005) and Trivedi (Ex. 1011).  

Lawter teaches a composition containing a tetracycline antibiotic including 

minocycline (Ex. 1019, at 5:24) and 9-((substituted)amido) tetracyclines (id., at 

6:22-25). Tigecycline is a 9-((substituted) amido) minocycline derivative. Ex. 

1002, Nelson Decl., ¶ 148. Lawter teaches that tetracyclines in general may not be 

sufficiently stable in aqueous solutions to permit formulations with long shelf lives 

at room temperature, (Ex. 1019, at  8, ll. 1-3), and discloses that the stability of 

tetracyclines in aqueous solution is pH dependent. (Id., at 8. ll. 11-12). Lawter 

discloses solutions used as mouthwashes having a pH of 3.5 to 8, and preferably of 

4 to 6.5. (id., at 8, ll. 20-21). The pH may be buffered to provide the appropriate 
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pH, and any buffer system commonly used for preparing medicinal compositions 

can be used. (id., at 8, ll. 27-30).    

Suitable solid dosage forms include powders that are rapidly dissolved to 

prepare a liquid dosage form prior to administration, including freeze-dried 

powders. (p. 10, ll. 1-9).  Liquid formulations preferably include a viscosity 

modifying agent such as gellan gum. (p. 9, ll. 11-14). Gellan gum is a water-

soluble polysaccharide. Ex. 1002, Nelson Decl., ¶ 149.  The disclosure of Lawter is 

compared with ’828 Patent Claim 1 as follows: 

Claim Chart 2 

US Patent 7,879,828 Exemplary Disclosure of Lawter 
(Ex. 1019) 

Claim 1  
1. A composition 
comprising tigecycline,  
 
lactose,  
and an acid selected 
from hydrochloric acid 
and gentisic acid,  

A composition containing a tetracycline antibiotic 
including minocycline (p. 5, l. 24) and 9-
((substituted)amido) tetracyclines (6:22-25) 
gellan gum (9:11-14) 
The pH is buffered to a desired pH using any buffer 
system commonly used for preparing medicinal 
compositions. (6:27-30).   

and the pH of the 
composition in a solution 
is between about 3.0 and 
about 7.0, 

Solutions used as mouthwashes having a pH of 3.5 to 
8, and preferably of 4 to 6.5.  (6:20-21). 
 

wherein the molar ratio 
of tigecycline to lactose 
is between about 1:0.2 
and about 1:5 

not disclosed 

A solution containing tigecycline is obvious in view of Lawter’s disclosure 

of a mouthwash containing  minocycline or a 9-((substituted)amido) tetracycline.  
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Ex. 1002, Nelson Decl., ¶ 151.  A person of ordinary skill in the art would 

understand that a tetracycline such as minocycline and tigecycline would undergo 

C4 epimerization in the aqueous composition disclosed by Lawter, having a pH of 

4 to 6.5.  Id.  Lawter discloses a composition containing a polysaccharide gellan 

gum, but does not disclose a lactose excipient. Id.  

CN ’550 teaches that saccharides including lactose, glucose and dextran (a 

polysaccharide), can be used to stabilize a lyophilized powder containing 

minocycline, having a pH in a solution of 0.1 to 7.5, or from 2.0 to 3.5. Ex. 1002, 

Nelson Decl., ¶ 152. A person of ordinary skill in the art would understand that the 

saccharides disclosed in CN ’550, including lactose, could advantageously be used 

to stabilize the freeze-dried powders and aqueous solutions containing minocycline 

and 9-((substituted)amido) tetracyclines disclosed in Lawter. Id.  A person of 

ordinary skill in the art would find reason to stabilize the unstable aqueous acidic 

tetracycline compositions disclosed in Lawter, using the saccharide stabilizers 

disclosed in CN ’550, including lactose. Id.   

It is further obvious to select lactose to stabilize the compositions disclosed 

in Lawter, based on the disclosure of Trivedi that lactose is effective to stabilize 

tetracycline during storage at high temperature and humidity, in compositions 

containing tetracycline and lactose in a weight ratio of  1:2.9, for the reasons set 

forth above (Ground 4).  Id., ¶¶ 127-130, 153.  
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Lawter does not disclose that hydrochloric acid is used to adjust the pH of 

the solution, but Lawter discloses that the pH of the solution is buffered to a 

desired pH using any buffer system commonly used for preparing medicinal 

compositions can be used. (Ex. 1019, at 6:27-30).  It would have been obvious to 

use hydrochloric acid as disclosed in CN ’550 to adjust the pH of the solution to 

the ranges disclosed in Lawter.  Ex. 1002, Nelson Decl., ¶ 154.  Claims 1 and 4-17 

are thus obvious over Lawter in combination with CN ʼ550 and Trivedi. Id. 

Lawter discloses that the dosage form includes lyophilized (freeze-dried) 

powders that are rapidly dissolved to prepare a liquid dosage form prior to 

administration, including freeze-dried powders. (Ex. 1019, at 10:1-9).  Lawter 

discloses solid lyophilized dosage forms, and dependent Claims 2, 3, and 18-23 are 

thus obvious over Lawter in view of  CN ’550 and Trivedi.  Ex. 1002, Nelson 

Decl., ¶ 155.  

Lawter discloses an unstable composition of tetracyclines, including 9-

((substituted)amido) tetracyclines such as tigecycline, that has a pH in a solution 

preferably from 4.5 to 6.0, that is ready for stabilization using the prior art 

stabilizers disclosed in CN ʼ550, and specifically the lactose stabilizer disclosed in 

Trivedi, for the reasons set forth above (Ground 4). For these reasons, each of 

Claims 1-23 is obvious over Lawter in view of CN ʼ550 and Trivedi. Nelson Decl., 

¶ 156.  
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VIII. CONCLUSION 

Petitioner has established a reasonable likelihood that it will prevail in its 

challenge that claims 1-23 of the ’828 patent are unpatentable under 35 U.S.C. § 

103(a), on the grounds set forth above.  It is respectfully requested that a trial for 

inter partes review of the ’828 Patent claims 1-23 be instituted, and that claims 1-

23 of the ’828 Patent be judged unpatentable and canceled. 
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