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UNITED STATES DISTRICT COURT 
DISTRICT OF NEW JERSEY 

ABRAXIS BIOSCIENCE, LLC and 
CELGENE CORPORATION, 

  Plaintiffs, 

 v. 

ACTAVIS LLC, 

  Defendant. 

 
Civil Action No. ____________________ 
 
COMPLAINT FOR 
PATENT INFRINGEMENT 
 
 
(Filed Electronically) 

 
Plaintiffs Abraxis BioScience, LLC (“Abraxis”) and Celgene Corporation (“Celgene 

Corp.”) (collectively, “Celgene”), by their undersigned attorneys, for their Complaint against 

defendant Actavis LLC (“Actavis”), allege as follows: 

Nature of the Action 

1. This is an action for patent infringement under the patent laws of the United 

States, 35 U.S.C. §100, et seq., arising from Actavis’s filing of Abbreviated New Drug 

Application (“ANDA”) No. 208877 (“Actavis’s ANDA”) with the United States Food and Drug 

Administration (“FDA”) seeking approval to commercially market a generic version of 

Celgene’s ABRAXANE® drug product prior to the expiration of United States Patent Nos. 
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7,820,788 (the “’788 patent”), 7,923,536 (the “’536 patent”), 8,138,229 (the “’229 patent”), and 

8,853,260 (the “’260 patent”), all owned by Abraxis (collectively, the “patents-in-suit”). 

The Parties 

2. Plaintiff Celgene Corp. is a biopharmaceutical company committed to improving 

the lives of patients worldwide.  Celgene Corp. focuses on the discovery and development of 

products for the treatment of cancer and other severe conditions.  Celgene Corp. is organized and 

existing under the laws of the State of Delaware, having a principal place of business at 86 

Morris Avenue, Summit, New Jersey 07901. 

3. Plaintiff Abraxis is a wholly owned subsidiary of Celgene Corp.  Abraxis is a 

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

place of business at 11755 Wilshire Boulevard, 20th Floor, Los Angeles, California 90025. 

4. On information and belief, Defendant Actavis is a limited liability company 

organized and existing under the laws of Delaware, having its principal place of business at 

Morris Corporate Center III, 400 Interpace Parkway, Parsippany, New Jersey. 

Jurisdiction and Venue 

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

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

6. This Court has personal jurisdiction over Actavis because of, inter alia, its 

systematic and continuous contacts with the State of New Jersey.  On information and belief, 

Actavis’ principal place of business is in Parsippany, New Jersey.  On information and belief, 

Actavis is in the business of manufacturing, marketing, importing, and selling pharmaceutical 

products, including generic drug products.  On information and belief, Actavis directly or 

indirectly manufactures, markets, and sells generic drug products throughout the United States 

and in this Judicial District.  This Judicial District is a likely destination for the generic drug 
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product described in Actavis’s ANDA.  On information and belief, Actavis is registered to do 

business in New Jersey and purposefully has conducted and continues to conduct business in this 

Judicial District. 

7. On information and belief, Actavis has previously submitted to the jurisdiction of 

this Court and has availed itself of the legal protections of the State of New Jersey, having 

asserted counterclaims in this jurisdiction, including in the matters of Sanofi-Aventis U.S. LLC, et 

al. v. Actavis LLC, et al., Civil Action No. 15-3107 (MAS)(LHG), D.I. 11 at 5-7, 21-24 (D.N.J. 

May 28, 2015); Novartis Pharmaceuticals Corporation v. Actavis LLC., et al., Civil Action No. 

12-3967 (SDW)(SCM), D.I. 354 at 8, 15-19 (D.N.J. May 16, 2014); and Novartis 

Pharmaceuticals Corporation v. Actavis LLC, et al., Civil Action No. 13-1028 (SDW)(MCA), 

D.I. 119 at 9, 15-18 (D.N.J. Mar. 13, 2013). 

8. Venue is proper in this District pursuant to 28 U.S.C. §§ 1391 and 1400(b). 

The Patents-in-suit 

9. On October 26, 2010, the United States Patent and Trademark Office (“PTO”) 

duly and lawfully issued the ’788 patent, titled “Compositions and Methods of Delivery of 

Pharmacological Agents.”  The ’788 patent is assigned to Abraxis.  A copy of the ’788 patent is 

attached hereto as Exhibit A. 

10. On April, 12, 2011, the PTO duly and lawfully issued the ’536 patent, titled 

“Compositions and Methods of Delivery of Pharmacological Agents.”  The ’536 patent is 

assigned to Abraxis.  A copy of the ’536 patent is attached hereto as Exhibit B. 

11. On March 20, 2012, the PTO duly and lawfully issued the ’229 patent, titled 

“Compositions and Methods of Delivery of Pharmacological Agents.”  The ’229 patent is 

assigned to Abraxis.  A copy of the ’229 patent is attached hereto as Exhibit C. 
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12. On October 7, 2014, the PTO duly and lawfully issued the ’260 patent, titled 

“Formulations of Pharmacological Agents, Methods for the Preparation Thereof and Methods for 

the Use Thereof.”  The ’260 patent is assigned to Abraxis.  A copy of the ’260 patent is attached 

hereto as Exhibit D. 

The ABRAXANE® Drug Product 

13. Celgene Corp. holds an approved New Drug Application (“NDA”) under Section 

505(a) of the Federal Food Drug and Cosmetic Act (“FFDCA”), 21 U.S.C. § 355(a), for 

paclitaxel protein-bound particles for injectable suspension (NDA No. 21-660), which it sells 

under the trade name ABRAXANE®.  ABRAXANE® is an FDA-approved prescription medicine used 

for the treatment of certain hard-to-treat forms of cancer, including (1) metastatic breast cancer 

(after failure of combination chemotherapy for metastatic disease or relapse within six months of 

adjuvant chemotherapy); (2) locally advanced or metastatic non-small cell lung cancer, as first-

line treatment in combination with carboplatin, in patients who are not candidates for curative 

surgery or radiation therapy; and (3) metastatic adenocarcinoma of the pancreas as first-line 

treatment, in combination with gemcitabine.  The claims of the patents-in-suit cover, inter alia, 

pharmaceutical compositions and methods of use and administration of paclitaxel protein-bound 

particles for injection.  Abraxis owns the patents-in-suit. 

14. Pursuant to 21 U.S.C. § 355(b)(1) and attendant FDA regulations, the patents-in-

suit are listed in the FDA publication, “Approved Drug Products with Therapeutic Equivalence 

Evaluations” (the “Orange Book”), with respect to ABRAXANE®. 

15. The labeling for ABRAXANE® instructs and encourages physicians, other 

healthcare workers, and patients to administer ABRAXANE® according to one or more of the 

methods claimed in the patents-in-suit. 
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Acts Giving Rise to This Suit 

16. Pursuant to Section 505 of the FFDCA, Actavis filed Actavis’s ANDA seeking 

approval to engage in the commercial manufacture, use, sale, offer for sale, or importation of 

paclitaxel albumin-bound particles for injectable suspension, 100 mg/ml (“Actavis’s Proposed 

Product”), before the patents-in-suit expire. 

17. On information and belief, in connection with the filing of Actavis’s ANDA as 

described in the preceding paragraph, Actavis provided a written certification to the FDA, as 

called for by Section 505 of the FFDCA, 21 U.S.C. § 355(j)(2)(A)(vii)(IV) (“Actavis’s 

Paragraph IV Certification”), alleging that the claims of the patents-in-suit are invalid, 

unenforceable, and/or will not be infringed by the activities described in Actavis’s ANDA. 

18. No earlier than February 24, 2016, Celgene received written notice of Actavis’s 

Paragraph IV Certification (“Actavis’s Notice Letter”) pursuant to 21 U.S.C. § 355(j)(2)(B).  

Actavis’s Notice Letter alleged that the claims of the patents-in-suit are invalid, unenforceable, 

and/or will not be infringed by the activities described in Actavis’s ANDA.  Actavis’s Notice 

Letter also informed Celgene that Actavis seeks approval to market Actavis’s Proposed Product 

before the patents-in-suit expire.  Actavis specifically directed Actavis’s Notice Letter to 

Celgene Corp.’s headquarters in Summit, New Jersey, in this Judicial District. 

Count I: Infringement of the ’788 Patent 

19. Celgene repeats and realleges the foregoing allegations as if fully set forth herein. 

20. Actavis’s submission of its ANDA to obtain approval to engage in the 

commercial manufacture, use, sale, offer for sale, or importation into the United States of 

Actavis’s Proposed Product, prior to the expiration of the ’788 patent, constitutes infringement of 

one or more of claims 1–12 of that patent under 35 U.S.C. § 271(e)(2)(A). 
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21. There is a justiciable controversy between the parties hereto as to the infringement 

of the ’788 patent. 

22. Unless enjoined by this Court, upon FDA approval of Actavis’s ANDA, Actavis 

will infringe one or more of claims 1–12 of the ’788 patent under 35 U.S.C. § 271(a) by making, 

using, offering to sell, selling, and/or importing Actavis’s Proposed Product in the United States.   

23. Unless enjoined by this Court, upon FDA approval of Actavis’s ANDA, Actavis 

will induce infringement of one or more of claims 1–12 of the ’788 patent under 35 U.S.C. 

§ 271(b) by making, using, offering to sell, selling, and/or importing Actavis’s Proposed Product 

in the United States.  On information and belief, upon FDA approval of Actavis’s ANDA, 

Actavis will intentionally encourage acts of direct infringement with knowledge of the ’788 

patent and knowledge that its acts are encouraging infringement. 

24. Unless enjoined by this Court, upon FDA approval of Actavis’s ANDA, Actavis 

will contributorily infringe one or more of claims 1–12 of the ’788 patent under 35 U.S.C. 

§ 271(c) by making, using, offering to sell, selling, and/or importing Actavis’s Proposed Product 

in the United States.  On information and belief, Actavis has had and continues to have 

knowledge that Actavis’s Proposed Product is especially adapted for a use that infringes one or 

more of claims 1–12 of the ’788 patent and that there is no substantial non-infringing use for 

Actavis’s Proposed Product. 

25. Celgene will be substantially and irreparably damaged and harmed if Actavis’s 

infringement of the ’788 patent is not enjoined. 

26. Celgene does not have an adequate remedy at law. 

27. This case is an exceptional one, and Celgene is entitled to an award of its 

reasonable attorneys’ fees under 35 U.S.C. § 285. 
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Count II: Infringement of the ’536 Patent 

28. Celgene repeats and realleges the foregoing allegations as if fully set forth herein. 

29. Actavis’s submission of its ANDA to obtain approval to engage in the 

commercial manufacture, use, sale, offer for sale, or importation into the United States of 

Actavis’s Proposed Product, prior to the expiration of the ’536 patent, constitutes infringement of 

one or more of claims 1–16 of that patent under 35 U.S.C. § 271(e)(2)(A). 

30. There is a justiciable controversy between the parties hereto as to the infringement 

of the ’536 patent. 

31. Unless enjoined by this Court, upon FDA approval of Actavis’s ANDA, Actavis 

will infringe one or more of claims 1–16 of the ’536 patent under 35 U.S.C. § 271(a) by making, 

using, offering to sell, selling, and/or importing Actavis’s Proposed Product in the United States. 

32. Unless enjoined by this Court, upon FDA approval of Actavis’s ANDA, Actavis 

will induce infringement of one or more of claims 1–16 of the ’536 patent under 35 U.S.C. 

§ 271(b) by making, using, offering to sell, selling, and/or importing Actavis’s Proposed Product 

in the United States.  On information and belief, upon FDA approval of Actavis’s ANDA, 

Actavis will intentionally encourage acts of direct infringement with knowledge of the ’536 

patent and knowledge that its acts are encouraging infringement. 

33. Unless enjoined by this Court, upon FDA approval of Actavis’s ANDA, Actavis 

will contributorily infringe one or more of claims 1–16 of the ’536 patent under 35 U.S.C. 

§ 271(c) by making, using, offering to sell, selling, and/or importing Actavis’s Proposed Product 

in the United States.  On information and belief, Actavis has had and continues to have 

knowledge that Actavis’s Proposed Product is especially adapted for a use that infringes one or 

more of claims 1–16 of the ’536 patent and that there is no substantial non-infringing use for 

Actavis’s Proposed Product. 
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34. Celgene will be substantially and irreparably damaged and harmed if Actavis’s 

infringement of the ’536 patent is not enjoined. 

35. Celgene does not have an adequate remedy at law. 

36. This case is an exceptional one, and Celgene is entitled to an award of its 

reasonable attorneys’ fees under 35 U.S.C. § 285. 

Count III: Infringement of the ’229 Patent 

37. Celgene repeats and realleges the foregoing allegations as if fully set forth herein. 

38. Actavis’s submission of its ANDA to obtain approval to engage in the 

commercial manufacture, use, sale, offer for sale, or importation into the United States of 

Actavis’s Proposed Product, prior to the expiration of the ’229 patent, constitutes infringement of 

one or more of claims 1–48 of that patent under 35 U.S.C. § 271(e)(2)(A). 

39. There is a justiciable controversy between the parties hereto as to the infringement 

of the ’229 patent. 

40. Unless enjoined by this Court, upon FDA approval of Actavis’s ANDA, Actavis 

will infringe one or more of claims 1–48 of the ’229 patent under 35 U.S.C. § 271(a) by making, 

using, offering to sell, selling, and/or importing Actavis’s Proposed Product in the United States. 

41. Unless enjoined by this Court, upon FDA approval of Actavis’s ANDA, Actavis 

will induce infringement of one or more of claims 1–48 of the ’229 patent under 35 U.S.C. 

§ 271(b) by making, using, offering to sell, selling, and/or importing Actavis’s Proposed Product 

in the United States.  On information and belief, upon FDA approval of Actavis’s ANDA, 

Actavis will intentionally encourage acts of direct infringement with knowledge of the ’229 

patent and knowledge that its acts are encouraging infringement. 

42. Unless enjoined by this Court, upon FDA approval of Actavis’s ANDA, Actavis 

will contributorily infringe one or more of claims 1–48 of the ’229 patent under 35 U.S.C. 
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§ 271(c) by making, using, offering to sell, selling, and/or importing Actavis’s Proposed Product 

in the United States.  On information and belief, Actavis has had and continues to have 

knowledge that Actavis’s Proposed Product is especially adapted for a use that infringes one or 

more of claims 1–48 of the ’229 patent and that there is no substantial non-infringing use for 

Actavis’s Proposed Product. 

43. Celgene will be substantially and irreparably damaged and harmed if Actavis’s 

infringement of the ’229 patent is not enjoined. 

44. Celgene does not have an adequate remedy at law. 

45. This case is an exceptional one, and Celgene is entitled to an award of its 

reasonable attorneys’ fees under 35 U.S.C. § 285. 

Count IV: Infringement of the ’260 Patent 

46. Celgene repeats and realleges the foregoing allegations as if fully set forth herein. 

47. Actavis’s submission of its ANDA to obtain approval to engage in the 

commercial manufacture, use, sale, offer for sale, or importation into the United States of 

Actavis’s Proposed Product, prior to the expiration of the ’260 patent, constitutes infringement of 

the one or more of claims 1–27 of that patent under 35 U.S.C. § 271(e)(2)(A). 

48. There is a justiciable controversy between the parties hereto as to the infringement 

of the ’260 patent.  

49. Unless enjoined by this Court, upon FDA approval of Actavis’s ANDA, Actavis 

will infringe one or more of claims 1–27 of the ’260 patent under 35 U.S.C. § 271(a) by making, 

using, offering to sell, selling, and/or importing Actavis’s Proposed Product in the United States. 

50. Unless enjoined by this Court, upon FDA approval of Actavis’s ANDA, Actavis 

will induce infringement of one or more of claims 1–27 of the ’260 patent under 35 U.S.C. 

§ 271(b) by making, using, offering to sell, selling, and/or importing Actavis’s Proposed Product 
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in the United States.  On information and belief, upon FDA approval of Actavis’s ANDA, 

Actavis will intentionally encourage acts of direct infringement with knowledge of the ’260 

patent and knowledge that its acts are encouraging infringement. 

51. Unless enjoined by this Court, upon FDA approval of Actavis’s ANDA, Actavis 

will contributorily infringe one or more of claims 1–27 of the ’260 patent under 35 U.S.C. § 

271(c) by making, using, offering to sell, selling, and/or importing Actavis’s Proposed Product in 

the United States.  On information and belief, Actavis has had and continues to have knowledge 

that Actavis’s Proposed Product is especially adapted for a use that infringes one or more of 

claims 1–27 of the ’260 patent and that there is no substantial non-infringing use for Actavis’s 

Proposed Product. 

52. Celgene will be substantially and irreparably damaged and harmed if Actavis’s 

infringement of the ’260 patent is not enjoined. 

53. Celgene does not have an adequate remedy at law. 

54. This case is an exceptional one, and Celgene is entitled to an award of its 

reasonable attorneys’ fees under 35 U.S.C. § 285. 

PRAYER FOR RELIEF 

WHEREFORE, Celgene respectfully requests the following relief:  

(A)  A Judgment be entered that Actavis has infringed the patents-in-suit by 

submitting ANDA No. 208877; 

(B)  A Judgment be entered that Actavis has infringed, and that Actavis’s making, 

using, offering to sell, selling, or importing Actavis’s Proposed Product, will infringe one or 

more claims of the patents-in-suit; 
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(C)  An Order be entered that the effective date of FDA approval of ANDA No. 

208877 be a date which is not earlier than the later of the expiration of the patents-in-suit, or any 

later expiration of exclusivity to which Celgene is or becomes entitled; 

(D)  Preliminary and permanent injunctions be issued enjoining Actavis and its 

officers, agents, attorneys and employees, and those acting in privity or concert with them, from 

making, using, offering to sell, selling, or importing Actavis’s Proposed Product until after the 

expiration of the patents-in-suit, or any later expiration of exclusivity to which Celgene is or 

becomes entitled; 

(E)  A permanent injunction be issued, pursuant to 35 U.S.C. § 271(e)(4)(B), 

restraining and enjoining Actavis, its officers, agents, attorneys and employees, and those acting 

in privity or concert with them, from practicing any methods as claimed in the patents-in-suit, or 

from actively inducing or contributing to the infringement of any claim of the patents-in-suit, 

until after the expiration of the patents-in-suit, or any later expiration of exclusivity to which 

Celgene is or becomes entitled; 

(F)  A Judgment be issued that the commercial manufacture, use, offer for sale, sale, 

and/or importation into the United States of Actavis’s Proposed Product will directly infringe, 

induce and/or contribute to infringement of the patents-in-suit; 

(G)  To the extent that Actavis has committed any acts with respect to the 

compositions and methods claimed in the patents-in-suit, other than those acts expressly 

exempted by 35 U.S.C. § 271(e)(1), a Judgment be entered awarding Celgene damages for such 

acts; 

(H)  If Actavis engages in the commercial manufacture, use, offer for sale, sale, and/or 

importation into the United States of Actavis’s Proposed Product prior to the expiration of the 
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patents-in-suit, a Judgment be entered awarding damages to Celgene resulting from such 

infringement, together with interest; 

(I)  A Judgment finding this to be an exceptional case pursuant to 35 U.S.C. § 285 

and awarding Celgene its attorneys’ fees incurred in this action;  

(J)  A Judgment be entered awarding Celgene its costs and expenses incurred in this 

action; and  

(K)  Such further and other relief as this Court may deem just and proper.  

 

Dated:  April 6, 2016 
 
 
 
 
 
 
 
 
 
Of Counsel: 
 
F. Dominic Cerrito 
Eric C. Stops 
Evangeline Shih 
Andrew S. Chalson 
Catherine T. Mattes 
QUINN EMANUEL URQUHART & SULLIVAN LLP 
51 Madison Avenue, 22nd Floor 
New York, New York  10010 
(212) 849-7000 

Anthony M. Insogna 
J. Patrick Elsevier, Ph.D. 
Lisamarie LoGiudice, Ph.D. 
JONES DAY 
12265 El Camino Real #200 
San Diego, CA  92130 
(858) 314-1200 

By: s/ Charles M. Lizza   
Charles M. Lizza 
William C. Baton 
SAUL EWING LLP 
One Riverfront Plaza, Suite 1520 
Newark, New Jersey  07102-5426 
(973) 286-6700 
clizza@saul.com 
 
Attorneys for Plaintiffs 
Abraxis BioScience, LLC and 
Celgene Corporation 
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CERTIFICATION PURSUANT TO L. CIV. R. 11.2 

 I hereby certify that, to the best of my knowledge, this matter is not the subject of any 

other action pending in any court or of any pending arbitration or administrative proceeding.   

 

Dated:  April 6, 2016 
 
 
 
 
 
 
 
 
 
Of Counsel: 
 
F. Dominic Cerrito 
Eric C. Stops 
Evangeline Shih 
Andrew S. Chalson 
Catherine T. Mattes 
QUINN EMANUEL URQUHART & SULLIVAN LLP 
51 Madison Avenue, 22nd Floor 
New York, New York  10010 
(212) 849-7000 

Anthony M. Insogna 
J. Patrick Elsevier, Ph.D. 
Lisamarie LoGiudice, Ph.D. 
JONES DAY 
12265 El Camino Real #200 
San Diego, CA  92130 
(858) 314-1200 

By: s/ Charles M. Lizza   
Charles M. Lizza 
William C. Baton 
SAUL EWING LLP 
One Riverfront Plaza, Suite 1520 
Newark, New Jersey  07102-5426 
(973) 286-6700 
clizza@saul.com 
 
Attorneys for Plaintiffs 
Abraxis BioScience, LLC and 
Celgene Corporation 
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COMPOSITIONS AND METHODS OF 
DELIVERY OF PHARMACOLOGICAL 

AGENTS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

This patent application is a continuation of US. applica 
tion Ser. No. 11/553,339, ?led Oct. 26, 2006; Which is a 
continuation of US. patent application Ser. No. 10/731,224, 
?led Dec. 9, 2003; Which claims the bene?t of US. Provi 
sional Patent Application Nos. 60/432,317, ?led Dec. 9, 
2002; 60/526,544, ?led Dec. 3, 2003; 60/526,773, ?led Dec. 
4, 2003 and 60/527,177, ?led Dec. 5, 2003, the contents of 
each of Which is hereby incorporated by reference in their 
entirety. 

FIELD OF THE INVENTION 

This invention pertains to pharmaceutical compositions 
comprising pharmaceutically active agents for parenteral or 
other internal use, Which have the effect of reducing certain 
undesirable side effects upon administration When compared 
With available formulations of similar drugs. 

BACKGROUND OF THE INVENTION 

It is Well recognized that many drugs for parenteral use, 
especially those administered intravenously, cause undesir 
able side effects such as venous irritation, phlebitis, burning 
and pain on injection, venous thrombosis, extravasation, and 
other administration related side effects. Many of these drugs 
are insoluble in Water, and are thus formulated With solubi 
liZing agents, surfactants, solvents, and/or emulsi?ers that are 
irritating, allergenic, or toxic When administered to patients 
(see, e.g., Briggs et al., Anesthesis 37, 1099 (1982), and 
Waugh et al., Am. J. Hosp. Pharmacists, 48, 1520 (1991)). 
Often, the free drug present in the formulation induces pain or 
irritation upon administration. For example, phlebitis Was 
observed in 50% of patients Who received peripheral vein 
administration of ifosfamide and vinorelbine as ?rst-line che 
motherapy for advanced non-small cell lung carcinoma. (see, 
e.g., Vallejo et al., Am. J Clin. Oncol., 19(6), 584-8 (1996)). 
Moreover, vancomycin has been shoWn to induce side effects 
such as phlebitis (see, e. g., Lopes Rocha et al., Braz. J Infect. 
Dis., 6(4), 196-200 (2002)). The use of cisplatin, gemcitab 
ine, and SU5416 in patients With solid tumors has resulted in 
adverse events such as deep venous thromboses and phlebitis 
(see, e.g., Kuenen et al., J. Clin. Oncol., 20(6), 1657-67 
(2002)). In addition, propofol, an anesthetic agent, can induce 
pain on injection, burning and vein irritation, particularly 
When administered as a lecithin-stabilized fat emulsion (see, 
e.g, Tan et al., Anathesia, 53, 468-76, (1998)). Other drugs 
that exhibit admini stration-as sociated side effects include, for 
example, Taxol (paclitaxel) (see, e.g., package insert for 
Taxol I.V.), codarone (amiodarone hydrochloride) (see, e.g., 
package insert for Codarone IV), the thyroid hormone T3 or 
liothyronine (commercially available as Triostat), thiotepa, 
bleomycin, and diagnostic radiocontrast agents. 

Another problem associated With the manufacture of drugs 
for injection, particularly Water insoluble drugs, is the assur 
ance of sterility. Sterile manufacturing of drug emulsions/ 
dispersions can be accomplished by absolute sterilization of 
all the components before manufacture, folloWed by abso 
lutely aseptic technique in all stages of manufacture. HoW 
ever, such methods are time consuming and expensive. In 
addition, the oxidation of drug formulations by exposure to 
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air during manufacture or storage can lead to, for example, 
reduced pH, drug degradation, and discoloration, thereby 
destabiliZing the drug formulation and/or reducing shelf life. 

To circumvent the problems associated With administra 
tion-related side effects of drug formulations, alternate for 
mulations have been attempted. With respect to propofol, for 
example, methods for reducing propofol-induced pain 
include increasing the fat content of the solvent (e.g., long 
chain triglycerides (LCT)), premedication, pretreatment With 
non-steroidal drugs, local anaesthetics, opioids, the addition 
of lidocaine, the addition of cyclodextrin, and micro?ltration 
(see, e.g., Mayer et al., Anaesthesist, 45(11), 1082-4 (1996), 
Davies, et al. Anaesthesia, 57, 557-61 (2002), Doenicke, et 
al., Anaesth. Analg, 82, 472-4 (1996), Larsen et al., Anaes 
thesitis 50, 842-5 (2001), Lilley et al., Anaesthesia, 51, 815-8 
(1996), Bielen et al., Anesth. Analg, 82(5), 920-4 (1996), and 
Knibbe et al., Br. J. Clin. Pharmacol., 47(6), 653-60 (1999)). 
These formulations, hoWever, induce other side effects (e. g., 
cardiovascular complications), or cause destabiliZation of 
propofol emulsions. 

To overcome the problem of bacterial contamination, pro 
pofol formulations have been developed With antibacterial 
agents, such as an EDTA equivalent (e. g., edetate), pentetate, 
or sul?te-containing agents, or they have been have been 
formulated With a loWer pH (see, e.g., US. Pat. Nos. 5,714, 
520, 5,731,355, 5,731,356, 6,028,108, 6,100,302, 6,147,122, 
6,177,477, 6,399,087, 6,469,069, and International Patent 
Application No. WO 99/39696). Since edetate and pentetate 
are metal ion chelators, hoWever, they have the potential to be 
dangerous by scavenging the essential metal ions from the 
body system. Moreover, the addition of sulphites to drug 
formulations presents potential adverse effects to the pediat 
ric population and for those in the general population Who are 
allergic to sulphur. 

Thus, there remains a need for a composition and method 
that reduce or eliminate the side effects associated With the 
parenteral or in vivo administration of drugs. There also is a 
need for a pharmaceutical composition that is sterile, and 
methods of preparing such a composition. In addition, there is 
a need for a pharmaceutical composition and method that 
reduce or eliminate oxidation of pharmaceutical formulations 
to prevent drug destabiliZation. 
The invention provides such compositions and methods. 

These and other advantages of the invention, as Well as addi 
tional inventive features, Will be apparent from the descrip 
tion of the invention provided herein. 

BRIEF SUMMARY OF THE INVENTION 

The invention provides various embodiments of pharma 
ceutical compositions. One, some, or all of the properties of 
the various embodiments can be found in different embodi 
ments of the invention and still fall Within the scope of the 
appended claims. 
The invention provides a pharmaceutical composition 

comprising a pharmaceutical agent and a pharmaceutically 
acceptable carrier, Wherein the pharmaceutically acceptable 
carrier comprises a protein, such as albumin, more preferably 
human serum albumin, in an amount effective to reduce one 
or more side effects of administration of the pharmaceutical 
composition into a human, and Wherein the pharmaceutically 
acceptable carrier comprises deferoxamine in an amount 
effective to inhibit microbial groWth in the pharmaceutical 
composition. The invention also provides a pharmaceutical 
composition comprising a pharmaceutical agent and a phar 
maceutically acceptable carrier, Wherein the pharrnaceuti 
cally acceptable carrier comprises a protein, such as albumin, 
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in an amount effective to reduce one or more side effects of 

administration of the pharmaceutical composition into a 
human, and Wherein the pharmaceutically acceptable carrier 
comprises deferoxamine in an amount effective to inhibit 
oxidation in the pharmaceutical composition. 

The invention provides a method for reducing one or more 
side effects associated With administration of a pharmaceuti 
cal composition to a human comprising (a) administering to a 
human a pharmaceutical composition comprising a pharma 
ceutical agent and a pharmaceutically acceptable carrier, 
Wherein the pharmaceutically acceptable carrier comprises 
albumin and deferoxamine. Also provided are methods for 
inhibiting microbial groWth, or for inhibiting oxidation, or for 
inhibiting microbial groWth and oxidation in a pharmaceuti 
cal composition. These methods comprise preparing a phar 
maceutical composition comprising a pharmaceutical agent 
and a pharmaceutically acceptable carrier, Wherein the phar 
maceutically acceptable carrier comprises deferoxamine in 
an amount effective for inhibiting microbial groWth or in an 
amount effective for inhibiting oxidation in the pharmaceu 
tical composition. 

The invention also provides a method for enhancing trans 
port of a pharmaceutical agent to the site of an in?rmity, 
Which method comprises administering to a human a phar 
maceutical composition comprising a pharmaceutical agent 
and a pharmaceutically acceptable carrier, Wherein the phar 
maceutically acceptable carrier comprises albumin, and 
Wherein the ratio of albumin to pharmaceutical agent in the 
pharmaceutical composition is about 18:1 or less. The inven 
tion further provides a method for enhancing binding of a 
pharmaceutical agent to a cell in vitro or in vivo, Which 
method comprises administering to said cell in vitro or in vivo 
a pharmaceutical composition comprising a pharmaceutical 
agent and a pharmaceutically acceptable carrier, Wherein the 
pharmaceutically acceptable carrier comprises albumin, and 
Wherein the ratio of albumin to pharmaceutical agent in the 
pharmaceutical composition is about 18:1 or less. 

The invention also provides a pharmaceutical composition 
comprising a pharmaceutical agent and a pharmaceutically 
acceptable carrier, Wherein the pharmaceutically acceptable 
carrier comprises albumin in an amount effective to increase 
transport of the drug to the site of in?rmity in a human, and 
Wherein the ratio of albumin to pharmaceutical agent is about 
18:1 or less. 
The invention further provides a method for increasing the 

transport of a pharmaceutical, agent to a cell in vitro or in vivo 
by combining said agent With a protein, Wherein said protein 
binds a speci?c cell-surface receptor on said cell, Wherein 
said binding of the protein-pharmaceutical agent combina 
tion With the said receptor causes the transport to occur, and 
Wherein the ratio of protein to pharmaceutical agent is about 
18:1 or less. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention provides a pharmaceutical composition 
comprising a pharmaceutical agent and a pharmaceutically 
acceptable carrier, Wherein the pharmaceutically acceptable 
carrier comprises a protein such as albumin, preferably 
human serum albumin, in an amount effective to reduce one 
or more side effects of administration of the pharmaceutical 
composition to a human, and Wherein the pharmaceutically 
acceptable carrier comprises deferoxamine in an amount 
effective to inhibit microbial groWth in the pharmaceutical 
composition. The invention also provides a pharmaceutical 
composition comprising a pharmaceutical agent and a phar 
maceutically acceptable carrier, Wherein the pharmaceuti 
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4 
cally acceptable carrier comprises a protein such as albumin 
in an amount effective to reduce one or more side effects of 

administration of the pharmaceutical composition to a 
human, and Wherein the pharmaceutically acceptable carrier 
comprises deferoxamine in an amount effective to inhibit 
oxidation in the pharmaceutical composition. 
Any suitable pharmaceutical agent can be used in the 

inventive pharmaceutical composition. Suitable pharmaceu 
tical agents include, but are not limited to, anticancer agents 
or antineoplastics, antimicrotubule agents, immunosuppres 
sive agents, anesthetics, hormones, agents for use in cardio 
vascular disorders, antiarrythmics, antibiotics, antifungals, 
antihypertensives, antiasthmatics, analgesics, anti-in?amma 
tory agents, anti-arthritic agents, and vasoactive agents. The 
invention is useful With many other drug classes as Well. More 
speci?cally, suitable pharmaceutical agents include, but are 
not limited to, taxanes, (e.g., Taxol® (paclitaxel), and Taxo 
tere® (docetaxel)), epothilones, camptothecin, colchicine, 
amiodarone, thyroid hormones, vasoactive peptides (e.g., 
vasoactive intestinal peptide), amphotericin, corticosteroids, 
propofol, melatonin, cyclosporine, rapamycin (sirolimus), 
tacrolimus, mycophenolic acids, ifosfamide, vinorelbine, 
vancomycin, gemcitabine, SU5416, thiotepa, bleomycin, 
diagnostic radiocontrast agents, and derivatives thereof. 
Other drugs that are useful in the inventive composition are 
described in, for example, US. Pat. No. 5,916,596 and co 
pending US. patent application Ser. No. 09/446,783. Prefer 
ably, the pharmaceutical agent is propofol, paclitaxel, or doc 
etaxel. More preferably, the pharmaceutical agent is propofol 
or paclitaxel. Most preferably, the pharmaceutical agent is 
propofol. 

Taxol® (paclitaxel) (Bristol-Myers Squibb) is active 
against carcinomas of the ovary, breast, lung, esophagus and 
head and neck. Taxol, hoWever, has been shoWn to induce 
toxicities associated With administration, as Well signi?cant 
acute and cumulative toxicity, such as myelosuppression, 
neutropenic fever, anaphylactic reaction, and peripheral neu 
ropathy. Because paclitaxel is poorly soluble in Water, cre 
mophor typically is used as a solvent, requiring large infusion 
volumes and special tubing and ?lters. Cremophor is associ 
ated With side effects that can be severe, including anaphy 
laxis and other hypersensitivity reactions that can require 
pretreatment With corticosteroids, antihistamines, and H2 
blockers (see, e.g., Gelderblom et al., Eur. J. ofCancer, 37, 
1590-1598, (2001)). TaxotereTM (docetaxel) is used in treat 
ment of anthracycline-resistant breast cancer, but also has 
previously been shoWn to induce side effects of hypersensi 
tivity and ?uid retention that can be severe. Epothilone (and 
derivatives thereof) also typically is administered in cremo 
phor, and has been shoWn to induce severe neutropenia, 
hypersensitivity, and neuropathy. 

Propofol (2,6-diisopropylphenol) is a hydrophobic, Water 
insoluble oil, Which is Widely used as an intravenous anes 
thetic agent to induce and maintain general anesthesia and 
sedation of humans and animals. Propofol typically is admin 
istered directly into the bloodstream and crosses the blood 
brain barrier. Pharmaceutical compositions comprising pro 
pofol must have suf?cient lipid solubility to cross this barrier 
and depress the relevant mechanisms of the brain. Propofol 
has a maximum solubility in Water of 1.0+/—0.02 uM at 22.50 
C. (see, e.g., Tonner et al., Anesthesiology, 77, 926-931 
(1992)). As such, propofol is generally formulated as an 
emulsion containing solubiliZing agents, surfactants, sol 
vents, or as an oil-in-Water emulsion (see, e.g., US. Pat. Nos. 
6,150,423, 6,326,406, and 6,362,234). In addition to the 
active pharmaceutical agent, the compositions of the present 
invention include pharmaceutical carriers, or excipients. The 
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choice of carrier is not necessarily critical, and any of the 
carriers known in the art can be used in the composition. The 
choice of carrier is preferably determined, in part, by the 
particular site to Which the pharmaceutical composition is to 
be administered and the particular method used to administer 
the pharmaceutical composition. Preferably, the pharmaceu 
tically acceptable carrier comprises proteins. Any suitable 
protein can be used. Examples of suitable proteins include, 
but are not limited to albumin, immunoglobulins including 
IgA, lipoproteins, apolipoprotein B, beta-2-macroglobulin, 
thyroglobulin and the like. Most preferably, the pharmaceu 
tically acceptable carrier comprises albumin, most preferably 
human serum albumin Proteins, including albumin, suitable 
for the invention may be natural in origin or synthetically 
prepared. 
Human serum albumin (HSA) is a highly soluble globular 

protein of M, 65K and consists of 585 amino acids. HSA is the 
most abundant protein in the plasma and accounts for 70-80% 
of the colloid osmotic pressure of human plasma. The amino 
acid sequence of HSA contains a total of 17 disulphide 
bridges, one free thiol (Cys 34), and a single tryptophan (Trp 
214). Intravenous use of HSA solution has been indicated for 
the prevention and treatment of hypovolumic shock (see, e. g., 
Tullis, JAMA, 237, 355-360, 460-463, (1977)) and Houser et 
al., Surgery, Gynecology and Obstetrics, 150, 811-816 
(1980)) and in conjunction With exchange transfusion in the 
treatment of neonatal hyperbilirubinemia (see, e.g., Finlay 
son, Seminars in Thrombosis and Hemostasis, 6, 85-120, 
(1980)). 
Human serum albumin (HSA) has multiple hydrophobic 

binding sites (a total of eight for fatty acids, an endogenous 
ligand of HSA) and binds a diverse set of drugs, especially 
neutral and negatively charged hydrophobic compounds 
(Goodman et al., The Pharmacological Basis of Therapeu 
tics, 9’h ed, McGraW-Hill NeW York (1996)). TWo high a?in 
ity binding sites have been proposed in subdomains IIA and 
IIIA of HSA, Which are highly elongated hydrophobic pock 
ets With charged lysine and arginine residues near the surface 
Which function as attachment points for polar ligand features 
(see, e.g., Fehske et al., Biochem. Pharmcol., 30, 687-92 
(1981), Vorum, Dan. Med. Bull., 46, 379-99 (1999), Kragh 
Hansen, Dan. Med. Bull., 1441, 131-40 (1990), Curry et al., 
Nat. Struct. Biol., 5, 827-35 (1998), Sugio et al., Protein. 
Eng, 12, 439-46 (1999), He et al., Nature, 358, 209-15 
(1992), and Carter et al., Adv. Protein. Chem., 45, 153-203 
(1994)). Paclitaxel and propofol have been shoWn to bind 
HSA (see, e.g., Paal et al., Eur J. Biochem., 268(7), 2187-91 
(2001), Purcell et al., Biochim. Biophys. Acta, 1478(1), 61-8 
(2000), Altmayer et al., Arzneimittelforschung, 45, 1053-6 
(1995), and Gamido et al., Rev. Esp. Anestestiol. Reanim., 41, 
308-12 (1994)). In addition, docetaxel has been shoWn to bind 
to human plasma proteins (see, e.g., Urien et al., Invest. New 
Drugs, 14(2), 147-51 (1996)). Thus, While not Wishing to be 
bound to any particular theory, it is believed that the inclusion 
of proteins such as albumin in the inventive pharmaceutical 
compositions results in a reduction in side effects associated 
With administration of the pharmaceutical composition that is 
due, at least in part, to the binding of human serum albumin to 
any free drug that is present in the composition. 

The amount of albumin included in the pharmaceutical 
composition of the present invention Will vary depending on 
the pharmaceutical active agent, other excipients, and the 
route and site of intended administration. Desirably, the 
amount of albumin included in the composition is an amount 
effective to reduce one or more side effects the active phar 
maceutical agent due to the of administration of the inventive 
pharmaceutical composition to a human. Typically, the phar 
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6 
maceutical composition is prepared in liquid form, and the 
albumin is then added in solution. Preferably, the pharmaceu 
tical composition, in liquid form, comprises from about 0.1% 
to about 25% by Weight (e. g. about 0.5% by Weight, about 5% 
by Weight, about 10% by Weight, about 15% by Weight, or 
about 20% by Weight) of albumin. Most preferably, the phar 
maceutical composition, in liquid form, comprises about 
0.5% to about 5% by Weight of albumin. The pharmaceutical 
composition can be dehydrated, for example, by lyophiliZa 
tion, spray-drying, ?uidiZed-bed drying, Wet granulation, and 
other suitable methods knoWn in the art. When the composi 
tion is prepared in solid form, such as by Wet granulation, 
?uidized-bed drying, and other methods knoWn to those 
skilled in the art, the albumin preferably is applied to the 
active pharmaceutical agent, and other excipients if present, 
as a solution. The HSA solution preferably is from about 
0.1% to about 25% by Weight (about 0.5% by Weight, about 
5% by Weight, about 10% by Weight, about 15% by Weight, or 
about 20% by Weight) of albumin. 

In addition to albumin, the compositions of the present 
invention preferably comprise deferoxamine. Deferoxamine 
is a natural product isolated from Streptomycespilosus, and is 
capable of forming iron complexes. Deferoxamine mesylate 
for injection USP, for example, is approved by the Food and 
Drug Administration as an iron-chelating agent and is avail 
able for intramuscular, subcutaneous, and intravenous admin 
istration. Deferoxamine mesylate USP is a White to off-White 
poWder. It is freely soluble in Water and its molecular Weight 
is 656.79. The chemical name for deferoxamine mesylate is 
N-[5-[3-[(5-aminopentyl)-hydroxycarbamoyl]-propion 
amido]pentyl] -3 [[5 -((N-hydroxyacetamido)pentyl] -carbam 
oyl]propionohydroxamic acid monomethanesulfonate (salt), 
and its structural formula is C25H48N6O8.CH3SO3H. As 
described in the Examples, deferoxamine, or analogs, deriva 
tives, or salts (e.g., mesylate salts) thereof inhibits microbial 
groWth and oxidation in the pharmaceutical composition, and 
it is believed to bind to free drug in the composition. Defer 
oxamine also has been shoWn to bind to phenolic compounds 
(see, e.g., Juven et al., J. Appl. Bacteriol., 76(6), 626-31 
(1994)). Paclitaxel, docetaxel, propofol, and the like, are 
either phenolic like or have phenolic or phenyl substituents. 
Therefore, it is believed that deferoxamine can bind to or 
reduce the amount of free drug in the inventive pharmaceuti 
cal composition, thereby also reducing or alleviating irrita 
tion or pain upon injection. 
The amount of deferoxamine, or its preferred salt, i.e., a 

mesylate salt of deferoxamine, included in the composition 
Will depend on the active pharmaceutical agent and other 
excipients. Desirably, the amount of deferoxamine, its salts, 
and analogs thereof in the composition is an amount effective 
to inhibit microbial groWth and/or inhibit oxidation. As 
described above, typically the pharmaceutical composition is 
prepared in liquid form, and deferoxamine, it salts, and ana 
logs thereof, is then added in solution. Preferably, the phar 
maceutical composition, in liquid form, comprises from 
about 0.0001% to about 0.5% by Weight (e.g., about 0.005% 
by Weight, about 0.1%, or about 0.25% by Weight) of defer 
oxamine, its salts, or its analogs. More preferably, the com 
position, in liquid form, comprises like amounts of the pre 
ferred deferoxamine salt, deferoxamine mesylate. Most 
preferably, the pharmaceutical composition, in liquid form, 
comprises about 0.1% by Weight of deferoxamine mesylate. 
When the composition is prepared in solid form, as described 
above, such as by Wet granulation, ?uidized-bed drying, and 
other methods knoWn to those skilled in the art, deferoxamine 
mesylate preferably is applied to the active pharmaceutical 
agent, and other excipients if present, as a solution. The 
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deferoxamine mesylate solution preferably is from about 
0.0001% to about 0.5% by Weight (e.g., about 0.005% by 
Weight, about 0.1%, or about 0.25% by Weight) of deferox 
amine. 

In keeping With the invention, the pharmaceutical compo 
sition can include other agents, excipients, or stabilizers to 
improve properties of the composition. For example, to 
increase stability by increasing the negative Zeta potential of 
nanoparticles or nanodroplets, certain negatively charged 
components may be added. Such negatively charged compo 
nents include, but are not limited to bile salts of bile acids 
consisting of glycocholic acid, cholic acid, chenodeoxy 
cholic acid, taurocholic acid, glycochenodeoxycholic acid, 
taurochenodeoxycholic acid, litocholic acid, ursodeoxy 
cholic acid, dehydrocholic acid and others; phospholipids 
including Lecithin (Egg yolk) based phospholipids Which 
include the folloWing phosphatidylcholines: palmitoylo 
leoylphosphatidylcholine, palm itoyllinoleoylphosphatidyl 
choline, stearoyllinoleoylphosphatidylcholine stearoylo 
leoylphosphatidylcholine, 
stearoylarachidoylpho sphatidylcholine, and dipalmi 
toylphosphatidylcholine. Other phospholipids including 
L-ot-dimyristoylphosphatidylcholine (DMPC), dio 
leoylphosphatidylcholine (DOPC), distearyolphosphatidyl 
choline (DSPC), hydrogenated soy phosphatidylcholine 
(HSPC), D-ot-phosphatidylcholine, [3-acetyl-y-O-hexadecyl, 
L-ot-phosphatidylcholine, [3-acetyl-[3-O-hexadecyl, DL-ot 
phosphatidylcholine, [3-acetyl-y-O-hexadecyl, L-ot-phos 
phatidylcholine, [3-acetyl-y-O-octadecyl, L-ot-phosphatidyl 
choline, [3-arachidonoyl-y-O-hexadecyl, L-ot 
phosphatidylcholine, [3-acetyl-y-O-(octadec-9-cis-enyl), 
D-ot-phosphatidylcholine, [3-arachidonoyl-y-O-palmitoyl, 
3-sn-phosphatidylcholine, 2-arachidinoyl-1-stearoyl, L-ot 
phosphatidylcholine, [3-arachidonoyl-y-stearoyl, L-ot-phos 
phatidylcholine, diarachidoyl, L-ot-phosphatidylcholine, 
dibehenoyl, L-ot-phosphatidylcholine, [3-(cis-8,11,14-eico 
satienoyl)-y-O-hexadecyl, L-ot-phosphatidylcholine, [3-ole 
oyl-y-myristoyl, L-ot-phosphatidylcholine, [3-(pyren-1-yl) 
decanoyl-y-palmitoyl, 3-sn-phosphatidyl-N,N 
dimethylethanolamine, 1 ,2-dipalmitoyl, L-ot 
phosphatidylethanolamine, diheptadecanoyl, 3 -sn 
phosphatidylethanolamine, 1 ,2-dilauroyl, 3 -sn 
phosphatidylethanolamine, 1 ,2-dimyri stoyl, 3 -sn 
phosphatidylethanolamine, 1,2-dioleoyl, 3 -sn 
phosphatidylethanolamine, 1 ,2-dipalmitoyl, L-ot 
phosphatidylethanolamine, dip almitoyl, L-ot 
phosphatidylethanolamine, dipalmitoyl, N-dansyl, L-ot 
phosphatidylethanolamine, dipalmitoyl, N,N-dimethyl, L-ot 
dimyristoylphosphatidylglycerol (sodium salt) (DMPG), 
dipalmitoylphosphatidylglycerol (sodium salt) (DPPG), dis 
tearoylphosphatidylglycerol (sodium salt) (DSPG), N-(car 
bonyl-methoxypolyethylene glycol 2000)-1,2-distearoyl-sn 
glycero-3-phosphoethanolamine sodium (MPEG-DSPE), 
L-ot-phosphatidic acid, didecanoyl sodium salt, L-ot-phos 
phatidic acid, diheptadecanoyl sodium salt, 3-sn-phospha 
tidic acid, 1,2-dimyristoyl sodium salt, L-ot-phosphatidic 
acid, dioctanoyl sodium salt, L-ot-phosphatidic acid, dioleoyl 
sodium salt, L-ot-phosphatidic acid, dipalmitoyl sodium salt, 
L-ot-Phosphatidyl-DL-glycerol, dimyristoyl sodium salt, 
L-ot-phosphatidyl-DL-glycerol, dioleoyl sodium salt, L-ot 
phosphatidyl-DL-glycerol, dipalmitoyl ammonium salt, L-ot 
phosphatidyl-DL-glycerol, distearoyl ammonium salt, L-ot 
phosphatidyl-DL-glycerol, [3-oleoyl-y-palmitoyl ammonium 
salt, L-ot-phosphatidylinositol ammonium salt, L-ot-phos 
phatidylinositol sodium salt, L-ot-phosphatidyl-L-serine, 
dioleoyl sodium salt, L-ot-phosphatidyl-L-serine, and 
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dipalmitoyl sodium salt. Negatively charged surfactants of 
emulsi?ers are also suitable as additives, e. g., sodium choles 
teryl sulfate and the like. 
The pharmaceutical agent (e.g., propofol) may be used 

alone or dissolved in a Water-immiscible solvent. A Wide 
range of Water-immiscible solvents such as soybean, saf 
?oWer, cottonseed, corn, sun?ower, arachis, castor, or olive 
oil may be used. The preferred oil is a vegetable oil, Wherein 
soybean oil is most preferred. Soybean oil may be used in a 
range of 1% to 10% by Weight of the composition. Preferably 
soybean oil is present in the pharmaceutical composition in an 
amount of about 3% by Weight. 
The inventive pharmaceutical composition can be stabi 

liZed With a pharmaceutically acceptable surfactant. The term 
“surfactants,” as used herein, refers to surface active group(s) 
of amphiphile molecules. Surfactants can be anionic, cat 
ionic, nonionic, and ZWitterionic. Any suitable surfactant can 
be included in the inventive pharmaceutical composition. 
Suitable surfactant’s include non-ionic surfactants such as 
phosphatides, polyoxyethylene sorbitan esters, and toco 
pheryl polyethylene glycol succinate. Preferable surfactants 
are egg lecithin, tWeen 80, and vitamin E-t d-ot-tocopheryl 
polyethylene glycol-1000 succinate (TPGS). For soybean oil 
containing formulations, egg lecithin is preferred and is no 
more than 1.2% by Weight for a formulation containing 3% 
soybean oil, preferably at 1 . 1% by Weight of the composition. 
For formulations Without soybean oil, tWeen 80 or vitamin 
E-TPGS are the preferred surfactants. Typically, 0.1 to 1.5% 
by Weight of tWeen 80 or 0.5 to 4% by Weight of vitamin 
E-TPGS is suitable. Preferably, 1.5% by Weight of tWeen 80 
or 1% by Weight of vitamin E-TPGS is used. Examples of 
other suitable surfactants are described in, for example, 
Becher, Emulsions Theory and Practice, Robert E. Krieger 
Publishing, Malabar, Fla. (1965). 

There are a Wide variety of suitable formulations of the 
inventive pharmaceutical composition (see, e.g., US. Pat. 
No. 5,916,596). The folloWing formulations and methods are 
merely exemplary and are in no Way limiting. Formulations 
suitable for oral administration can consist of (a) liquid solu 
tions, such as an effective amount of the compound dissolved 
in diluents, such as Water, saline, or orange juice, (b) capsules, 
sachets or tablets, each containing a predetermined amount of 
the active ingredient, as solids or granules, (c) suspensions in 
an appropriate liquid, and (d) suitable emulsions. Tablet 
forms can include one or more of lactose, mannitol, corn 

starch, potato starch, microcrystalline cellulose, acacia, gela 
tin, colloidal silicon dioxide, croscarmellose sodium; talc, 
magnesium stearate, stearic acid, and other excipients, colo 
rants, diluents, buffering agents, moistening agents, preser 
vatives, ?avoring agents, and pharmacologically compatible 
excipients. LoZenge forms can comprise the active ingredient 
in a ?avor, usually sucrose and acacia or tragacanth, as Well as 
pastilles comprising the active ingredient in an inert base, 
such as gelatin and glycerin, or sucrose and acacia, emul 
sions, gels, and the like containing, in addition to the active 
ingredient, such excipients as are knoWn in the art. 

Formulations suitable for parenteral administration 
include aqueous and non-aqueous, isotonic sterile injection 
solutions, Which can contain anti-oxidants, buffers, bacteri 
ostats, and solutes that render the formulation isotonic With 
the blood of the intended recipient, and aqueous and non 
aqueous sterile suspensions that can include suspending 
agents, solubiliZers, thickening agents, stabilizers, and pre 
servatives. The formulations can be presented in unit-dose or 
multi-dose sealed containers, such as ampules and vials, and 
can be stored in a freeZe-dried (lyophiliZed) condition requir 
ing only the addition of the sterile liquid excipient, for 
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example, Water, for injections, immediately prior to use. 
Extemporaneous injection solutions and suspensions can be 
prepared from sterile poWders, granules, and tablets of the 
kind previously described. lnjectable formulations are pre 
ferred. 

Formulations suitable for aerosol administration comprise 
the inventive pharmaceutical composition include aqueous 
and non-aqueous, isotonic sterile solutions, Which can con 

tain anti-oxidants, buffers, bacteriostats, and solutes, as Well 
as aqueous and non-aqueous sterile suspensions that can 
include suspending agents, solubiliZers, thickening agents, 
stabiliZers, and preservatives, alone or in combination With 
other suitable components, Which can be made into aerosol 
formulations to be administered via inhalation. These aerosol 
formulations can be placed into pressuriZed acceptable pro 
pellants, such as dichlorodi?uoromethane, propane, nitrogen, 
and the like. They also can be formulated as pharmaceuticals 
for non-pressured preparations, such as in a nebuliZer or an 
atomiZer. 

Other suitable-formulations are possible, for example, sup 
positories can be prepared by use of a variety of bases such as 
emulsifying bases or Water-soluble bases. Formulations suit 
able for vaginal administration can be presented as pessaries, 
tampons, creams, gels, pastes, foams, or spray formulas con 
taining, in addition to the active ingredient, such carriers as 
are knoWn in the art to be appropriate. 

In a preferred embodiment of the invention, the pharma 
ceutical composition is formulated to have a pH range of 4.5 
to 9.0, and more preferably a pH of 5.0 to 8.0. The pharma 
ceutical composition can also be made to be isotonic With 
blood by the addition of a suitable tonicity modi?er, such as 
glycerol. Moreover, the pharmaceutically acceptable carrier 
preferably also comprises pyrogen-free Water or Water for 
injection, USP. Preferably, the inventive pharmaceutical com 
position is prepared as a sterile aqueous formulation, a nano 
particle, an oil-in-Water emulsion, or a Water-in-oil emulsion. 
Most preferably, the pharmaceutical composition is an oil-in 
Water emulsion. 

For a pharmaceutical composition comprising propofol, in 
accordance With the invention, an oil-in-Water emulsion is 
prepared by dissolving propofol in a Water-immiscible sol 
vent alone, and preparing an aqueous phase containing albu 
min, deferoxamine, a surfactant, and other Water-soluble 
ingredients, and mixing the oil With the aqueous phase. The 
crude emulsion is high pressure homogeniZed at pressures of 
10,000 to 25,000 psi and recirculated for 5 to 20 cycles to 
form an ideal emulsion. The preferred pressure is 15,000 to 
20,000 psi., and more preferably 10,000 psi. The crude emul 
sion may be recirculated from 7 to 15 cycles and is preferably 
recirculated at 15 cycles. Alternatively, discrete passes 
through a homogeniZer may be used. 

Preferably, the inventive pharmaceutical composition can 
have a particle or droplet siZe less than about 200 nanometers 
(nm). For example, in the case of paclitaxel, docetaxel, rapa 
mycin, cyclosporine, propofol and others, the mean siZe of 
these dispersions is less than 200 nm. 

The invention further provides a method for reducing one 
or more side effects associated With administration of a phar 
maceutical composition to a human. The method comprises 
administering to a human a pharmaceutical composition 
comprising a pharmaceutical agent and a pharmaceutically 
acceptable carrier, Wherein the pharmaceutically acceptable 
carrier comprises albumin and deferoxamine. Descriptions of 
the pharmaceutical composition, pharmaceutical agent, and 
pharmaceutically acceptable carrier, and components thereof 
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10 
set forth above in connection With the inventive pharmaceu 
tical composition, also are applicable to those same aspects of 
the inventive method. 
The dose of the inventive pharmaceutical composition 

administered to a human, in the context of the invention, Will 
vary With the particular pharmaceutical composition, the 
method of administration, and the particular site being 
treated. The dose should be su?icient to effect a desirable 
response, such as a therapeutic or prophylactic response 
against a particular disease, or, When the pharmaceutical 
agent is an anaesthesia, such as propofol, an anesthetic 
response, Within a desirable time frame. 

While any suitable means of administering the pharmaceu 
tical composition to the human can be used Within the context 
of the invention, preferably the inventive pharmaceutical 
composition is administered to the human via intravenous 
administration, intra-arterial administration, intrapulmonary 
administration, oral administration, inhalation, intravesicular 
administration, intramuscular administration, intra-tracheal 
administration, subcutaneous administration, intraocular 
administration, intrathecal administration, or transdermal 
administration. For example, the inventive pharmaceutical 
composition can be administered by inhalation to treat con 
ditions of the respiratory tract. There are minimal side-effects 
associated With the inhalation of the inventive pharmaceutical 
composition, as albumin is a natural component in the lining 
and secretions of the respiratory tract. The inventive compo 
sition can be used to treat respiratory conditions such as 
pulmonary ?brosis, broncheolitis obliterans, lung cancer, 
bronchoalveolar carcinoma, and the like. 
The inventive method results in the reduction of one or 

more side effects associated With administration of a pharma 
ceutical composition to a human. Such side effects include, 
for example, myelosuppression, neurotoxicity, hypersensi 
tivity, in?ammation, venous irritation, phlebitis, pain, skin 
irritation, and combinations thereof. These side effects, hoW 
ever, are merely exemplary, and other side effects, or combi 
nation of side effects, associated With various pharmaceutical 
agents can be reduced or avoided by the use of the novel 
compositions and methods of the present invention. 
The invention further provides a method for inhibiting 

microbial groWth in a pharmaceutical composition. By 
“inhibiting microbial groWt ” is meant either a complete 
elimination of microbes from the pharmaceutical composi 
tion, or a reduction in the amount or rate of microbial groWth 
in the pharmaceutical composition. The method comprises 
preparing a pharmaceutical composition comprising a phar 
maceutical agent and a pharmaceutically acceptable carrier, 
Wherein the pharmaceutically acceptable carrier comprises 
deferoxamine, its salts, its analogs, and combinations thereof, 
in an amount effective for inhibiting microbial groWth in the 
pharmaceutical composition. In addition, the invention pro 
vides a method for inhibiting oxidation of a pharmaceutical 
composition. This method comprises preparing a pharmaceu 
tical composition comprising a pharmaceutical agent and a 
pharmaceutically acceptable carrier, Wherein the pharmaceu 
tically acceptable carrier comprises deferoxamine, its salts, 
its analogs, and combinations thereof, in an amount effective 
for inhibiting oxidation of the pharmaceutical composition. 
Descriptions of the pharmaceutical composition, pharmaceu 
tical agent, and pharmaceutically acceptable carrier, and 
components thereof set forth above in connection With the 
inventive pharmaceutical composition, also are applicable to 
those same aspects of the inventive method. 
The amount of deferoxamine, or its preferred salt, a mesy 

late salt of deferoxamine, included in the composition Will 
depend on the active pharmaceutical agent and other excipi 
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ents. Desirably, the amount of deferoxamine, its salts, and 
analogs thereof in the composition is an amount effective to 
inhibit microbial growth and/or inhibit oxidation. As 
described above, typically, the pharmaceutical composition is 
prepared in liquid form, and deferoxamine, it salts, and ana 
logs thereof, is then added in solution. Preferably, the phar 
maceutical composition, in liquid form, comprises from 
about 0.0001% to about 0.5% by Weight (e.g., about 0.005% 
by Weight, about 0.1%, or about 0.25% by Weight) of defer 
oxamine, its salts, or its analogs. More preferably, the com 
position, in liquid form, comprises like amounts of the pre 
ferred deferoxamine salt, deferoxamine mesylate. Most 
preferably, the pharmaceutical composition, in liquid form, 
comprises about 0.5% by Weight of deferoxamine mesylate. 
When the composition is prepared in solid form, as described 
above, such as by Wet granulation, ?uidiZed-bed drying, and 
other methods knoWn to those skilled in the art, deferoxamine 
mesylate preferably is applied to the active pharmaceutical 
agent, and other excipients if present, as a solution. The 
deferoxamine mesylate solution preferably is from about 
0.0001% to about 0.5% by Weight (e.g., about 0.005% by 
Weight, about 0.1%, or about 0.25% by Weight) of deferox 
amine. 

The invention also provides a method for enhancing trans 
port of a pharmaceutical agent to the site of an in?rmity, 
Which method comprises administering to a human a phar 
maceutical composition comprising a pharmaceutical agent 
and a pharmaceutically acceptable carrier, Wherein the phar 
maceutically acceptable carrier comprises albumin, and 
Wherein the ratio of albumin to pharmaceutical agent in the 
pharmaceutical composition is about 18:1 or less. The inven 
tion further provides a method for enhancing binding of a 
pharmaceutical agent to a cell in vitro or in vivo, Which 
method comprises administering to said cell in vitro or in vivo 
a pharmaceutical composition comprising a pharmaceutical 
agent and a pharmaceutically acceptable carrier, Wherein the 
pharmaceutically acceptable carrier comprises albumin, and 
Wherein the ratio of albumin to pharmaceutical agent in the 
pharmaceutical composition is about 18:1 or less. Descrip 
tions of the pharmaceutical composition, pharmaceutical 
agent, pharmaceutically acceptable carrier, administration 
routes, and components thereof set forth above in connection 
With the inventive pharmaceutical composition and inventive 
method also are applicable to those same aspects of the trans 
port and binding methods. 

In the methods for enhancing transport of a pharmaceutical 
agent to the site of an in?rmity or for enhancing binding of a 
pharmaceutical agent to a cell, the pharmaceutically accept 
able carrier preferably comprises albumin, most preferably 
human serum albumin. Not to adhere to any one particular 
theory, it is believed that the ratio of protein, e.g., human 
serum albumin, to pharmaceutical agent in the pharmaceuti 
cal composition affects the ability of the pharmaceutical 
agent to bind and transport the pharmaceutical agent to a cell. 
In this regard, higher ratios of protein to pharmaceutical agent 
generally are associated With poor cell binding and transport 
of the pharmaceutical agent, Which possibly is the result of 
competition for receptors at the cell surface. The ratio of 
protein, e.g., albumin, to active pharmaceutical agent must be 
such that a suf?cient amount of pharmaceutical agent binds 
to, or is transported by, the cell. Exemplary ranges for protein 
drug preparations are protein to drug ratios (W/W) of 0.01 : 1 to 
about 100:1. More preferably, the ratios are in the range of 
0.02:1 to about 40:1 . While the ratio of protein to pharmaceu 
tical agent Will have to be optimiZed for different protein and 
pharmaceutical agent combinations, generally the ratio of 
protein, e.g., albumin, to pharmaceutical agent is about 18:1 
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12 
or less (e.g., about 15:1, about 10:1, about 5:1, or about 3:1). 
More preferably, the ratio is about 0.2:1 to about 12: 1. Most 
preferably, the ratio is about 1:1 to about 9:1. Preferably, the 
formulation is essentially free of cremophor, and more pref 
erably free of Cremophor EL® (BASF). Cremophor EL® is 
a non-ionic emulsifying agent that is a polyether of castor oil 
and ethylene oxide. As described above, cremophor typically 
is used as a solvent for paclitaxel, and is associated With side 
effects that can be severe (see, e. g., Gelderblom et al., supra). 
The pharmaceutical agent can be any suitable pharmaceu 

tical agent described herein (e.g., propofol, paclitaxel, or 
docetaxel). In addition, the pharmaceutical agent can be a 
nucleic acid sequence, most preferably a DNA sequence. In 
this regard, the inventive pharmaceutical composition can be 
used to transport genes to a cell by Way of a receptor medi 
ated/caveolar/vescicular transport. In order to transport DNA 
sequences, such as genes or other genetic material, including 
but not limited to plasmids or c-DNA, into a cell (eg an 
endothelial cell or a tumor cell), pharmaceutical composi 
tions comprising albumin in combination With genetic mate 
rial can be prepared. Since tumor cells and other cells in sites 
of in?ammation have high uptake for proteins, the genetic 
material is preferentially taken up into these cell types and 
may be incorporated into the genetic material of the cell for a 
useful therapeutic effect. The use of proteins, such as human 
serum albumin, serves as a non-viral vector for the delivery of 
genetic material Without the risk of virus-associated diseases 
or side effects. For example, a pharmaceutical composition 
comprising the nucleic acid sequence encoding [3-galactosi 
dase or green ?uorescent protein (GFP) and albumin can be 
prepared and contacted With endothelial cells derived from 
human umbilical vein or human lung microvessels to facili 
tate incorporation of the nucleic acid sequence into the endot 
helial cells. Incorporation of the nucleic acid sequence can be 
detected using methods knoWn in the art, such as, for 
example, ?uorescence or staining. 

In the inventive method for enhancing transport of a phar 
maceutical agent to the site of an in?rmity, the in?rmity can 
be any suitable disease or condition. Preferably, the in?rmity 
is cancer, cardiovascular disease, or arthritis. 

In the inventive method for enhancing binding of a phar 
maceutical agent to a cell in vitro or in vivo, the pharmaceu 
tical composition is administered to a cell in vitro or in vivo. 
Desirably, the cell is an animal cell. More preferably the cell 
is a mammalian cell, and most preferably the cell is a human 
cell. The pharmaceutical composition preferably is adminis 
tered to a cell in vivo. The cell can be any suitable cell that is 
a desirable target for administration of the pharmaceutical 
composition. For example, the cell can be located in or 
derived from tissues of the digestive system including, for 
example, the esophagus, stomach, small intestine, colon, rec 
tum, anus, liver, gall bladder, and pancreas. The cell also can 
be located in or derived from tissues of the respiratory system, 
including, for example, the larynx, lung, and bronchus. The 
cell can be located in or derived from, for example, the uterine 
cervix, the uterine corpus, the ovary vulva, the vagina, the 
pro state, the testis, and the penis, Which make up the male and 
female genital systems, and the urinary bladder, kidney, renal 
pelvis, and ureter, Which comprise the urinary system. The 
cell can be located in or derived from tissues of the cardio 
vascular system, including, for example, endothelial cells and 
cardiac muscle cells. The cell also can be located in or derived 
from tissues of the lymphoid system (e.g., lymph cells), the 
nervous system (e.g., neurons or glial cells), and the endo 
crine system (e. g., thyroid cells). Preferably, the cell is 
located in or derived from tissues of the cardiovascular sys 
tem. Most preferably, the cell is an endothelial cell. In the 
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context of the inventive method for enhancing transport and 
enhancing binding of a pharmaceutical agent to a cell, the 
pharmaceutical composition desirably contacts more than 
one cell. 

In another aspect of the invention, the inventive methods 
for enhancing transport and enhancing binding of a pharma 
ceutical agent to a cell can be used to treat tumor cells. Tumor 
cells exhibit an enhanced uptake of proteins including, for 
example, albumin and transferrin, as compared to normal 
cells. Since tumor cells are dividing at a rapid rate, they 
require additional nutrient sources compared to normal cells. 
Tumor studies of the inventive pharmaceutical compositions 
containing paclitaxel and human serum albumin shoWed high 
uptake of albumin-paclitaxel into tumors. This has been 
found to be due to the previously unrecognized phenomenon 
of the albumin-drug transport by glycoprotein 60 (“gp60”) 
receptors, Which are speci?c for albumin. 

Thus, in accordance With another aspect of the present 
invention, the albumin-speci?c gp60 receptor and other pro 
tein transport receptors that are present on tumor cells can be 
used as a target to inhibit tumor groWth. By blocking the gp60 
receptor using antibodies against the gp60 receptor or other 
large or small molecule compounds that bind, block, or inac 
tivate gp60 and other protein transport receptors on tumor 
cells or tumor endothelial cells, it is possible to block the 
transport of proteins to these cells and thereby reduce their 
groWth rate and cause cell death. Blocking of this mechanism 
thus results in the treatment of a subject (e. g., a human) With 
cancer or another disease. Identi?cation of blocking/binding 
of the speci?c protein receptor is done by screening any 
number of compounds against the isolated gp60 or other 
receptors, such as gpl6 orgp30, or by using a Whole cell 
preparation. In addition, suitable animal models also can be 
used for this purpose, such as, for example, mice containing 
“knock-out” mutations of the genes encoding gp60 or caveo 
lin-1, or other proteins that are speci?c for transport. Thus, 
method of identi?cation of compounds that block or bind 
gp60, gpl6, gp30, or other protein receptors are Within the 
scope of the invention. 

In addition, compounds that block or bind the gp60 recep 
tor or other protein receptors can be used in the treatment of 
several diseases, including cancer. With respect to the treat 
ment of cancer, the blocking or binding compound may be 
used as a single agent or in combination With other standard 
chemotherapy or chemotherapies. For example, it is useful to 
treat the cancer With conventional chemotherapy, or With the 
inventive albumin-drug pharmaceutical compositions (Which 
shoW high accumulation in tumors), folloWed by compounds 
that block the transport of proteins to the tumor cell. Blocking 
compounds can be administered prior to, or in conjunction 
With, other chemotherapeutic or anticancer agents. Thus, any 
compounds that can block or bind the gp60 receptor, or other 
protein receptors, are Within the scope of the present inven 
tion. 

The inventive albumin-drug compositions, such as e.g., 
albumin-paclitaxel, albumin-docetaxel, albumin-epothilone, 
albumin-camptothecin, or albumin-rapamycin, and others, 
are useful in the treatment of diseases. It is believed that such 
drug compositions are effective due to increased receptor 
mediated transport of the protein-drug composition to the 
required site, for example a tumor. Without Wishing to be 
bound to any particular theory, the transport of a protein-drug 
composition by receptor mediated transport resulting in a 
therapeutic effect is believed to be the mechanism for trans 
port of for example, albumin-paclitaxel compositions to a 
tumor, as Well as albumin-paclitaxel and albumin-rapamycin 
transport across the lung. Transport is effected by the pres 
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14 
ence of gp60, gpl6, or gp30 in such tissues. Accordingly, 
drugs and protein-drug compositions Whose transport to sites 
of disease, e.g., in?ammation (e.g., arthritis) or tumors is 
associated With gp60, gp1 6, or gp30 receptors and that result 
in a therapeutic effect are contemplated as compositions of 
the present invention. 

In accordance With another aspect of the present invention, 
endothelial cells can be co-cultured With cells having a spe 
ci?c function. Incubation of endothelial cells With other cell 
types such as islet cells, hepatocytes, neuroendocrine cells, 
and others alloWs for required transport of components such 
as proteins and other bene?cial components to these cells. 
The endothelial cells provide for transport of these compo 
nents to the cultured cell types in order to simulate in vivo 
conditions, i.e., Where these cell types Would normally be in 
close proximity to endothelial cells and Would depend on the 
endothelial cells for transport of nutrients, groWth factors, 
hormone signals, etc. that are required for their proper func 
tion. It has previously not been possible to adequately culture 
these different cell types and obtain physiological perfor 
mance When endothelial cells Were absent. The presence of 
endothelial cells in culture With desired cell types alloWs for 
differentiation and proper functioning of islets, hepatocytes, 
or neuroendocrine tissue in vitro or ex vivo. Thus it is found 
that coculture of endothelial cells With islets results in islets 
With improved physiological properties e.g., ability to secrete 
insulin, When compared With those cultured in the absence of 
endothelial cells. This tissue can then be used ex vivo or 
transplanted in vivo to treat diseases caused by lack of 
adequate cellular function (e.g., diabetes in the case of islet 
cells, hepatic dysfunction in the case of hepatocytes, and 
neuroendocrine disorders or pain relief in the case of neu 
roendocrine cells). Cells originating from other tissues and 
organs (as described above) may also be cocultured With 
endothelial cells to provide the same bene?t. In addition, the 
coculture may be utiliZed to incorporate genetic material into 
the target cell types. The presence of albumin in these cultures 
is found to be greatly bene?cial. 
The folloWing examples further illustrate the invention but, 

of course, should not be construed as in any Way limiting its 
scope. 

Example 1 

This example demonstrates the preparation of pharmaceu 
tical compositions comprising paclitaxel and albumin. Prepa 
ration of paclitaxel-albumin compositions is described in 
Us. Pat. Nos. 5,439,686 and 5,916,596, Which are incorpo 
rated in their entirety by reference. Speci?cally, 30 mg of 
paclitaxel Was dissolved in 3.0 ml methylene chloride. The 
solution Was added to 27.0 ml of human serum albumin 
solution (2% W/v). Deferoxamine Was added as necessary. 
The mixture Was homogenized for 5 minutes at loW RPM 
(V itris homogeniZer, model Tempest I.Q.) in order to form a 
crude emulsion, and then transferred into a high pressure 
homogeniZer (Avestin). The emulsi?cation Was performed at 
9000-40,000 psi While recycling the emulsion for at least 5 
cycles. The resulting system Was transferred into a rotary 
evaporator, and methylene chloride Was rapidly removed at 
400 C., at reduced pressure (30 mm Hg) for 20-30 minutes. 
The resulting dispersion Was translucent, and the typical aver 
age diameter of the resulting paclitaxel particles Was in the 
range 50-220 nm (Z-average, Malvem ZetasiZer). The disper 
sion Was further lyophiliZed for 48 hrs. The resulting cake 
could be easily reconstituted to the original dispersion by 
addition of sterile Water or saline. The particle siZe after 
reconstitution Was the same as before lyophiliZation. 
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It should be recognized that the amounts, types and pro 
portions of drug, solvents, proteins used in this example are 
not limiting in any Way. When compared to toxicity of pacli 
taxel dissolved in cremophor formulations, the inventive 
pharmaceutical composition containing albumin shoWed 
substantially loWer toxicity. 

Example 2 

This example demonstrates the preparation of a pharrna 
ceutical composition comprising amiodarone and albumin. 
30 mg of amiodarone Was dissolved in 3.0 ml methylene 
chloride. The solution Was added to 27.0 ml of human serum 
albumin solution (1% W/v). Deferoxamine Was added as nec 
essary. The mixture Was homogenized for 5 minutes at loW 
RPM (Vitris homogenizer, model Tempest IQ.) in order to 
form a crude emulsion, and then transferred into a high pres 
sure homogenizer (Avestin). The emulsi?cation Was per 
formed at 9000-40,000 psi While recycling the emulsion for at 
least 5 cycles. The resulting system Was transferred into a 
rotary evaporator, and methylene chloride Was rapidly 
removed at 400 C., at reduced pressure (30 mm Hg) for 20-30 
minutes. The resulting dispersion Was translucent, and the 
typical average diameter of the resulting amiodarone par 
ticles Was in the range 50-220 nm (Z-average, Malvern Zeta 
sizer). The dispersion Was further lyophilized for 48 hrs. The 
resulting cake Was easily reconstituted to the original disper 
sion by addition of sterile Water or saline. The particle size 
after reconstitution Was the same as before lyophilization. 

It should be recognized that the amounts, types and pro 
portions of drug, solvents, proteins used in this example are 
not limiting in anyWay. When compared to toxicity of amio 
darone dissolved in tWeen formulations, the inventive phar 
maceutical composition With albumin shoWed substantially 
loWer toxicity. 

Example 3 

This example demonstrates the preparation of pharmaceu 
tical compositions comprising liothyronine and albumin 
compositions. Liothyronine (or suitable salt) Was dissolved in 
an aqueous alcoholic solution or alkaline solution at a con 

centration of 05-50 mg/ml. The alcoholic (or alkaline) solu 
tion Was added to an albumin solution (0.1-25% W/v) and 
agitated. Agitation Was loW shear With a stirrer or high shear 
using a sonicator or a homogenizer. At loW concentrations of 
liothyronine, (5-1000 ug/ml) clear solutions Were obtained. 
As the concentration Was increased, a milky stable suspen 
sion Was obtained. These solutions or suspensions Were ?l 
tered through a sterilizing ?lter. Organic solvents Were 
removed by evaporation or other suitable method. 

Example 4 

This example demonstrates the preparation of pharmaceu 
tical compositions comprising rapamycin and albumin. 30 
mg of rapamycin Was dissolved in 2 ml chlorofonn/ethanol. 
The solution Was then added into 27.0 ml of a human serum 
albumin solution (3% W/v). The mixture Was homogenized 
for 5 minutes at loW RPM (Vitris homogenizer model Tem 
pest IQ.) in order to form a crude emulsion, and then trans 
ferred into a high pres sure homogenizer (Avestin). The emul 
si?cation Was performed at 9000-40,000 psi While recycling 
the emulsion for at least 5 cycles. The resulting system Was 
transferred into a Rotavap and solvent Was rapidly removed at 
400 C., at reduced pressure (30 mm Hg) for 20-30 minutes. 
The resulting dispersion Was translucent and the typical aver 
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age diameter of the resulting particles Was in the range 50-220 
nm (Z-average, Malvern Zetasizer). The dispersion Was fur 
ther lyophilized for 48 hours. The resulting cake Was easily 
reconstituted to the original dispersion by addition of sterile 
Water or saline. The particle size after reconstitution Was the 
same as before lyophilization. It should be recognized that the 
amounts, types and proportions of drug, solvents, proteins 
used in this example are not limiting in anyWay. 

Example 5 

This example demonstrates the preparation of a pharrna 
ceutical composition comprising epothilone B and albumin. 
30 mg of epothilone B Was dissolved in 2 ml chloroform/ 
ethanol. The solution Was then added into 27.0 ml of a human 
serum albumin solution (3% W/v). Deferoxamine Was added 
as necessary. The mixture Was homogenized for 5 minutes at 
loW RPM (V itris homogenizer model Tempest IQ.) in order 
to form a crude emulsion, and then transferred into a high 
pressure homogenizer (Avestin). The emulsi?cation Was per 
formed at 9000-40,000 psi While recycling the emulsion for at 
least 5 cycles. The resulting system Was transferred into a 
Rotavap and solvent Was rapidly removed at 400 C., at 
reduced pressure (30 mm Hg) for 20-30 minutes. The result 
ing dispersion Was translucent and the typical average diam 
eter of the resulting particles Was in the range 50-220 nm 
(Z-average, Malvern Zetasizer). The dispersion Was further 
lyophilized for 48 hours. The resulting cake Was easily recon 
stituted to the original dispersion by addition of sterile Water 
or saline. The particle size after reconstitution Was the same as 
before lyophilization. It should be recognized that the 
amounts, types and proportions of drug, solvents, proteins 
used in this example are not limiting. When compared to 
toxicity of epothilone B dissolved in cremophor formula 
tions, the pharmaceutical composition comprising albumin 
shoWed substantially loWer toxicity. 

Example 6 

This example demonstrates the preparation of pharmaceu 
tical compositions comprising colchicine dimer and albumin. 
30 mg of colchicine-dimer Was dissolved in 2 ml chloroform/ 
ethanol. The solution Was then added into 27.0 ml of human 
serum albumin solution (3% W/v). Deferoxamine Was added 
as necessary. The mixture Was homogenized for 5 minutes at 
loW RPM (V itris homogenizer model Tempest IQ.) in order 
to form a crude emulsion, and then transferred into a high 
pressure homogenizer (Avestin). The emulsi?cation Was per 
formed at 9000-40,000 psi While recycling the emulsion for at 
least 5 cycles. The resulting system Was transferred into a 
Rotavap and solvent Was rapidly removed at 400 C., at 
reduced pressure (30 mm Hg) for 20-30 minutes. The result 
ing dispersion Was translucent and the typical average diam 
eter of the resulting particles Was in the range 50-220 nm 
(Z-average, Malvern Zetasizer). The dispersion Was further 
lyophilized for 48 hours. The resulting cake Was easily recon 
stituted to the original dispersion by addition of sterile Water 
or saline. The particle size after reconstitution Was the same as 
before lyophilization. It should be recognized that the 
amounts, types and proportions of drug, solvents, proteins 
used in this example are not limiting. When compared to 
toxicity of the colchicines dimer dissolved in tWeen, the phar 
maceutical composition comprising albumin shoWed sub 
stantially loWer toxicity. 

Example 7 

This example demonstrates the preparation of pharmaceu 
tical compositions comprising docetaxel and albumin. 30 mg 
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of docetaxel Was dissolved in 2 ml chloroform/ethanol. The 
solution Was then added into 27 .0 ml of human serum albumin 

solution (3% W/v). Deferoxamine Was added as necessary. 
The mixture Was homogenized for 5 minutes at loW RPM 
(Vltris homogenizer model Tempest IQ.) in order to form a 
crude emulsion, and then transferred into a high pressure 
homogenizer (Avestin). The emulsi?cation Was performed at 
9000-40,000 psi While recycling the emulsion for at least 5 
cycles. The resulting system Was transferred into a Rotavap 
and solvent Was rapidly removed at 400 C., at reduced pres 
sure (30 mm Hg) for 20-30 minutes. The resulting dispersion 
Was translucent and the typical average diameter of the result 
ing particles Was in the range 50-220 nm (Z-average, Malvern 
Zetasizer). The dispersion Was further lyophilized for 48 
hours. The resulting cake Was easily reconstituted to the origi 
nal dispersion by addition of sterile Water or saline. The 
particle size after reconstitution Was the same as before lyo 
philization. It should be recognized that the amounts, types 
and proportions of drug, solvents, and proteins used in this 
example are not limiting. When compared to toxicity of the 
docetaxel dissolved in tWeen/ethanol Which is the standard 
solvent for this drug, the pharmaceutical composition com 
prising albumin shoWed substantially loWer toxicity. 

Example 8 

This example demonstrates the preparation of pharmaceu 
tical compositions comprising docetaxel and albumin. 150 
mg of docetaxel Was dissolved in 1 ml ethyl acetate/butyl 
acetate and 0.5 ml of an oil for example soybean oil or vitamin 
E oil. Other ratios of solvents and oils Were used and these 
compositions are also contemplated as part of the invention. A 
small quantity of a negatively charged component Was also 
optionally added, e. g., benzoic acid (0.00l%-0.5%) The solu 
tion Was then added into 27.0 ml of human serum albumin 
solution (5% W/v). Deferoxamine Was added as necessary. 
The mixture Was homogenized for 5 minutes at loW RPM 
(Vltris homogenizer model Tempest IQ.) in order to form a 
crude emulsion, and then transferred into a high pressure 
homogenizer (Avestin). The emulsi?cation Was performed at 
9000-40,000 psi While recycling the emulsion for at least 5 
cycles. The resulting system Was transferred into a Rotavap 
and solvent Was rapidly removed at 400 C., at reduced pres 
sure (30 mm Hg) for 20-30 minutes. The resulting dispersion 
Was translucent and the typical average diameter of the result 
ing particles Was in the range 50-220 nm (Z-average, Malvern 
Zetasizer). The dispersion Was further lyophilized for 48 
hours. The resulting cake Was easily reconstituted to the origi 
nal dispersion by addition of sterile Water or saline. The 
particle size after reconstitution Was the same as before lyo 
philization. It should be recognized that the amounts, types 
and proportions of drug, solvents, proteins used in this 
example are not limiting. When compared to toxicity of the 
docetaxel dissolved in tWeen/ethanol Which is the standard 
solvent for this drug, the pharmaceutical composition com 
prising albumin shoWed substantially loWer toxicity. 

Example 9 

This example demonstrates the preparation of pharmaceu 
tical compositions comprising a taxane IDN5390 and albu 
min. 150 mg of IDN5390 Was dissolved in 1 ml ethyl acetate/ 
butyl acetate and 0.5 ml of an oil for example soybean oil or 
vitamin E oil. Other ratios of solvents and oils Were used and 
these compositions are also contemplated as part of the inven 
tion. A small quantity of a negatively charged component Was 
also optionally added, e.g., benzoic acid (0.00l%-0.5%) The 
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solution Was then added into 27 .0 ml of human serum albumin 
solution (5% W/v). Deferoxamine Was added as necessary. 
The mixture Was homogenized for 5 minutes at loW RPM 
(Vitris homogenizer model Tempest IQ.) in order to form a 
crude emulsion, and then transferred into a high pressure 
homogenizer (Avestin). The emulsi?cation Was performed at 
9000-40,000 psi While recycling the emulsion for at least 5 
cycles. The resulting system Was transferred into a Rotavap 
and solvent Was rapidly removed at 400 C., at reduced pres 
sure (30 mm Hg) for 20-30 minutes. The resulting dispersion 
Was translucent and the typical average diameter of the result 
ing particles Was in the range 50-220 nm (Z-average, Malvern 
Zetasizer). The dispersion Was further lyophilized for 48 
hours. The resulting cake Was easily reconstituted to the origi 
nal dispersion by addition of sterile Water or saline. The 
particle size after reconstitution Was the same as before lyo 
philization. It should be recognized that the amounts, types 
and proportions of drug, solvents, proteins used in this 
example are not limiting. When compared to toxicity of the 
IDN5390 dissolved in tWeen, the pharmaceutical composi 
tion comprising albumin shoWed sub stantially loWer toxicity. 

Example 10 

This example demonstrates the preparation of pharmaceu 
tical compositions comprising a taxane IDN5l09 and albu 
min. 150 mg of IDN5 109 Was dissolved in 2 ml chloroform/ 
ethanol. Other ratios of solvents and oils Were used and these 
compositions are also contemplated as part of the invention. A 
small quantity of a negatively charged component Was also 
optionally added, e. g., benzoic acid (0.00l%-0.5%) The solu 
tion Was then added into 27.0 ml of human serum albumin 
solution (5% W/v). Deferoxamine Was added as necessary. 
The mixture is homogenized for 5 minutes at loW RPM (V itris 
homogenizer model Tempest IQ.) in order to form a crude 
emulsion, and then transferred into a high pressure homog 
enizer (Avestin). The emulsi?cation Was performed at 9000 
40,000 psi While recycling the emulsion for at least 5 cycles. 
The resulting system Was transferred into a Rotavap and 
solvent Was rapidly removed at 400 C., at reduced pressure 
(30 mm Hg) for 20-30 minutes. The resulting dispersion Was 
translucent and the typical average diameter of the resulting 
particles Was in the range 50-220 nm (Z-average, Malvern 
Zetasizer). The dispersion Was further lyophilized for 48 
hours. The resulting cake Was easily reconstituted to the origi 
nal dispersion by addition of sterile Water or saline. The 
particle size after reconstitution Was the same as before lyo 
philization. It should be recognized that the amounts, types 
and proportions of drug, solvents, and proteins used in this 
example are not limiting. When compared to toxicity of the 
IDN5l09 dissolved in tWeen, the pharmaceutical composi 
tion comprising albumin shoWed sub stantially loWer toxicity. 

Example 11 

This example demonstrates the preparation of a pharma 
ceutical composition comprising l0-hydroxy camptothecin 
(l 0HC) and albumin. 30 mg of l 0-HC Was dissolved in 2.0 ml 
DMF/methylene chloride/ soybean oil. The solution Was then 
added into 27.0 ml of a human serum albumin solution (3% 
W/v). The mixture Was homogenized for 5 minutes at loW 
RPM (Vitris homogenizer model Tempest IQ.) in order to 
form a crude emulsion, and then transferred into a high pres 
sure homogenizer (Avestin). The emulsi?cation Was per 
formed at 9000-40,000 psi While recycling the emulsion for at 
least 5 cycles. The resulting system Was transferred into a 
Rotavap and solvent Was rapidly removed at 400 C., at 
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reduced pressure (30 mm Hg) for 20-30 minutes. The result 
ing dispersion Was translucent and the typical average diam 
eter of the resulting particles Was in the range 50-220 nm 
(Z-average, Malvem Zetasizer). The dispersion Was further 
lyophilized for 48 hours. The resulting cake Was easily recon 
stituted to the original dispersion by addition of sterile Water 
or saline. The particle size after reconstitution Was the same as 
before lyophilization. It should be recognized that the 
amounts, types and proportions of drug, solvents, proteins 
used in this example are not limiting in anyWay. 

Example 12 

This example demonstrates the preparation of a pharma 
ceutical composition comprising cyclosporine and albumin. 
30 mg of cyclosporine Was dissolved in 3.0 ml methylene 
chloride. The solution Was then added into 27 .0 ml of a human 
serum albumin solution (1% W/v). The mixture Was homog 
enized for 5 minutes at loW RPM (Vitris homogenizer model 
Tempest IQ.) in order to form a crude emulsion, and then 
transferred into a high pressure homogenizer (Avestin). The 
emulsi?cation Was performed at 9000-40,000 psi While recy 
cling the emulsion for at least 5 cycles. The resulting system 
Was transferred into a Rotavap and methylene chloride Was 
rapidly removed at 400 C., at reduced pressure (30 mm Hg) 
for 20-30 minutes. The resulting dispersion Was translucent 
and the typical average diameter of the resulting particles Was 
in the range 50-220 nm (Z-average, Malvem Zetasizer). The 
dispersion Was further lyophilized for 48 hours. The resulting 
cake Was easily reconstituted to the original dispersion by 
addition of sterile Water or saline. The particle size after 
reconstitution Was the same as before lyophilization. 

Example 13 

This example demonstrates the preparation of a pharma 
ceutical composition containing oil and comprising 
cyclosporine and albumin. 30 mg of cyclosporine Was dis 
solved in 3.0 ml of a suitable oil (sesame oil containing 10% 
orange oil). The solution Was then added into 27.0 ml of a 
human serum albumin solution (1% WW). The mixture Was 
homogenized for 5 minutes at loW RPM (V itris homogenizer, 
model Tempest IQ.) in order to form a crude emulsion, and 
then transferred into a high pressure homo genizer (Avestin). 
The emulsi?cation as performed at 9000-40,000 psi While 
recycling the emulsion for at least 5 cycles. The resulting 
dispersion had a typical average diameter in range of 50-220 
nm (Z-average, Malvem Zetasizer). The dispersion Was used 
directly or lyophilized for 48 hours by optionally adding a 
suitable cryoprotectant. The resulting cake Was easily recon 
stituted to the original dispersion by addition of sterile Water 
or saline. It should be recognized that the amounts, types and 
proportions of drug, solvents, and proteins used in this 
example are not limiting in anyWay. 

Example 14 

This example demonstrates the preparation of a pharma 
ceutical composition comprising amphotericin and albumin. 
30 mg of amphotericin Was dissolved in 3.0 ml methyl pyr 
rolidinone/methylene chloride. The solution Was added to 
27.0 ml of a human serum albumin solution (1% W/v). The 
mixture Was homogenized for 5 minutes at loW RPM (Vitris 
homogenizer, model Tempest IQ.) in order to form a crude 
emulsion, and then transferred into a high pressure homog 
enizer (Avestin). The emulsi?cation Was performed at 9000 
40,000 psi While recycling the emulsion for at least 5 cycles. 
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The resulting system Was transferred into a rotary evaporator, 
and solvent Was rapidly removed at 400 C., at reduced pres 
sure (30 mm Hg) for 20-30 minutes. The resulting dispersion 
Was translucent, and the typical average diameter of the 
resulting amphotericin particles Was betWeen 50-220 nm 
(Z-average, Malvem Zetasizer). The dispersion Was further 
lyophilized for 48 hrs. The resulting cake could be easily 
reconstituted to the original dispersion by addition of sterile 
Water or saline. The particle size after reconstitution Was the 
same as before lyophilization. It should be recognized that the 
amounts, types and proportions of drug, solvents, and pro 
teins used in this example are not limiting in anyWay. Addi 
tion of other components such as lipids, bile salts, etc., also 
resulted in suitable formulations. 

Example 15 

This example demonstrates preclinical pharmacokinetics 
and pharmacodynamics of a pharmaceutical composition 
comprising albumin and paclitaxel. 

Several preclinical pharmacokinetic studies in mice and 
rats Were conducted to evaluate the possible advantages of 
albumin-paclitaxel pharmaceutical compositions over cre 
mophor-paclitaxel (Taxol) pharmaceutical compositions. 
These studies demonstrated: (1) that the pharmacokinetics of 
albumin-paclitaxel in rats Was linear, Whereas Taxol pharma 
cokinetics Were non-linear With respect to dose, (2) pharma 
ceutical compositions comprising albumin and paclitaxel 
exhibited a loWer plasma AUC and Cm“, suggesting more 
rapid distribution of albumin-paclitaxel compositions to tis 
sues compared With Taxol (excretion is similar), (3) pharma 
ceutical compositions comprising albumin and paclitaxel 
exhibited a loWer Cmax, Which possibly accounts for the 
reduced toxicities associated With peak blood levels relative 
to Taxol, (4) the half-life of pharmaceutical compositions 
comprising albumin and paclitaxel exhibited Was approxi 
mately 2-fold higher in rats and 4-fold higher in tumor bear 
ing mice relative to Taxol, and (5) the metabolism of pacli 
taxel in pharmaceutical compositions comprising albumin 
and paclitaxel Was sloWer than in Taxol pharmaceutical com 
positions. At 24 hours post-injection in rats, 44% of total 
radioactivity Was still associated With paclitaxel for pharma 
ceutical compositions comprising albumin and paclitaxel, 
compared to only 22% for Taxol. The ultimate effect of the 
above pharmacodynamics, i.e., enhanced intra-cellular 
uptake, prolonged half-life and sloWer metabolism for phar 
maceutical compositions comprising albumin and paclitaxel 
exhibited resulted in a tumor AUC 1.7-fold higher, tumor 
Cmax 1.2-fold higher, and tumor half-life 1.7-fold longer than 
for Taxol in tumor bearing mice. 

Example 16 

This example demonstrates reduced side effects and 
reduced toxicity associated With pharmaceutical composi 
tions comprising paclitaxel and albumin. 
Due to the unique nature of pharmaceutical compositions 

comprising paclitaxel and albumin in the absence of cremo 
phor, the toxicity of pharmaceutical compositions comprising 
paclitaxel and albumin is substantially loWer than Taxol. In 
preclinical studies in mice and rats, a single dose acute tox 
icity study in mice shoWed an LD5O dose approximately 59 
times greater for pharmaceutical compositions comprising 
paclitaxel and albumin than for Taxol. In a multiple dose 
toxicity study in mice, the LD5O dose Was approximately 
10-fold greater for pharmaceutical compositions comprising 
paclitaxel and albumin than for Taxol. A further study evalu 
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ated the degree of myelo suppression in rats treated With phar 
maceutical compositions comprising paclitaxel and albumin 
and Taxol. The results showed that at equi-dose, pharmaceu 
tical compositions comprising paclitaxel and albumin pro 
duced considerably less myelosuppression in rats than Taxol. 
In an acute toxicity study in rats, cerebral cortical necrosis or 
severe neurotoxicity Was observed in animals receiving Taxol 
at 9 mg/kg but Was absent in animals receiving a pharmaceu 
tical composition comprising paclitaxel and albumin at a dose 
of up to 120 mg/kg. Thus the presence of albumin in a phar 
maceutical composition comprising paclitaxel results in a 
substantial reduction in side effects and toxicity When com 
pared to conventional pharmaceutical compositions compris 
ing paclitaxel. 

Example 17 

This example demonstrates the clinical effects of a phar 
maceutical composition comprising paclitaxel and albumin 
in humans. 

Clinical studies in over 500 human patients to date provide 
evidence supporting the reduction in toxicity and side-effects 
for a pharmaceutical composition comprising paclitaxel and 
albumin (“albumin-paclitaxel”) When compared With cremo 
phor-paclitaxel compositions (Taxol). In a phase I study of 19 
patients, the maximum tolerated dose of albumin-paclitaxel 
given every 3 Weeks Was 300 mg/m2. This is substantially 
higher than the generally administered dose of cremophor 
paclitaxel Which is 175 mg/m2 given once every 3 Weeks. The 
hematological toxicities in these patients Were mild With no 
hypersensitivities, mild neuropathies, and no administration 
related side effects such as venous irritation, etc. 

In another phase I study of 27 patients, the maximum 
tolerated dose of albumin-paclitaxel given on a Weekly sched 
ule Was 125-150 mg/m2. This is substantially higher than the 
generally administered dose of cremophor-paclitaxel Which 
is 80 mg/m2 When given on a Weekly schedule. The hemato 
logical toxicities in these patients Were mild With no hyper 
sensitivities, mild neuropathies, and no administration related 
side effects such as venous irritation, etc. 

In tWo phase II studies of albumin-paclitaxel given at either 
175 or 300 mg/m2 every 3 Weeks in 43 and 63 patients respec 
tively, hematological toxicities Were loW With only 7% and 
24% of patients With ANC<500/mm3 at 175 mg/m2 and 300 
mg/m2 respectively. Severe neuropathy occurred in 0% and 
14% of patients for 175 mg/m2 and 300 mg/m2 respectively. 
There Was no incidence of severe hypersensitivity, and no 
incidence of administration related side effects such as 
venous irritation, pain on injection, etc. These side effects 
Were substantially loWer than experienced With Taxol. 

In phase III trials comparing the albumin-paclitaxel com 
position ABI-007 against Taxol (Which contains cremophor 
paclitaxel), the dose of ABI-007 Was substantially higher 
(260 mg/m2 vs. 175 mg/m2 for Taxol) indicating it Was better 
tolerated. The albumin-paclitaxel compositions also demon 
strated signi?cantly reduced neutropenia When compared to 
cremophor-paclitaxel. 

Example 18 

This example demonstrates enhanced preclinical ef?cacy 
using a pharmaceutical composition comprising albumin and 
paclitaxel. 
An in vitro cytotoxicity study comparing the effect of 

albumin-paclitaxel and Taxol on cervical squamous cell car 
cinoma A431 shoWed an approximately 4-fold increase in 
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22 
cytotoxic activity for albumin-paclitaxel With an IC5O of 
0.0038 and 0.012 ug/ml for albumin-paclitaxel and Taxol 
respectively. 

In ?ve different human xenograft tumor models in athymic 
mice (MX-l mammary, NCI-H522 lung, SK-OV-3 ovarian, 
PC-3 prostate, and HT-29 colon), the MTD or equitoxic dose 
of ABI-007 Was 1.5-3.4-fold higher than for Taxol, and 
resulted in statistically signi?cant improvement in tumor 
groWth delay (p<0.05) in all tumors except the lung tumor 
(p:0.15). 

In the MX 1 mammary model, one hundredpercent (100%) 
of albumin-paclitaxel treated animals survived 103 days, as 
compared to 20-40% surviving in groups treated With equiva 
lent doses of Taxol. 

Example 19 

This example demonstrates enhanced clinical e?icacy 
using a pharmaceutical composition comprising albumin and 
paclitaxel administered intra-arterially. 

In a Phase I/II Study of intra-arterial administration of a 
pharmaceutical composition comprising albumin and pacli 
taxel, as described herein, patients Were enrolled for head & 
neck cancer (N :3 1) and cancer of the anal canal (N :1 2). The 
dose escalated from 120-300 mg/m2 given over 30 minutes by 
percutaneous superselective intra-arterial infusion, q 3-4 Wk. 
Head and neck cancer patients exhibited a response rate of 
76% (N:29), While patients With cancer of the anal canal 
exhibited a response rate 64% (N :1 1). 

Example 20 

This example demonstrates the preparation of a pharma 
ceutical composition containing 3% oil and comprising pro 
pofol and albumin. 
An oil-in-Water emulsion containing 1% (by Weight) of 

propofol Was prepared as folloWs. The aqueous phase Was 
prepared by adding glycerol (2.25% by Weight) and human 
serum albumin (0.5% by Weight) into Water for injection and 
stirred until dissolved. The aqueous phase Was passed 
through a ?lter (0.2 um ?lter). The oil phase Was prepared by 
dissolving egg lecithin (0.4% by Weight) and propofol (1% by 
Weight) into soybean oil (3% by Weight) at about 500 C.-60o 
C. and Was stirred until dissolved. The oil phase Was added to 
the aqueous phase and homogeniZed at 10,000 RPM for 5 
min. The crude emulsion Was high pressure homogenized at 
20,000 psi and recirculated for 15 cycles at 50 C. Alternately, 
discrete passes through the homogeniZer Were used. The ?nal 
emulsion Was ?ltered (0.2 um ?lter) and stored under nitro 
gen. The resulting pharmaceutical composition contained the 
folloWing general ranges of components (Weight %): propo 
fol 0.5-5%; human serum albumin 0.5-3%; soybean oil 0.5 
3.0%; egg lecithin 0.12-1.2%; glycerol 2.25%; Water for 
injection q.s. to 100; pH 5-8. Suitable chelators, e.g.; defer 
oxamine (0.001 -0.1%), Were optionally added. 

Example 21 

This example demonstrates the preparation of a pharma 
ceutical composition containing 5% oil and comprising pro 
pofol and albumin. 
An oil-in-Water emulsion containing 1% (by Weight) of 

propofol Was prepared as folloWs. The aqueous phase Was 
prepared by adding glycerol (2.25% by Weight) and human 
serum albumin (0.5% by Weight) into Water for injection and 
Was stirred until dissolved. The aqueous phase Was passed 
through a ?lter (0.2 um ?lter). The oil phase as prepared by 
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dissolving egg lecithin (0.8% by Weight) and propofol (1 % by 
Weight) into soybean oil (5% by Weight) at about 50° C.-60° 
C. and Was stirred until dissolved. The oil phase Was added to 
the aqueous phase and homogenized at 10,000 RPM for 5 
min. The crude emulsion Was high pressure homogenized at 
20,000 psi and recirculated for 15 cycles at 5° C. Alternately, 
discrete passes through the homogenizer Were used. The ?nal 
emulsion Was ?ltered (0.2 um ?lter) and stored under nitro 
gen. The resulting pharmaceutical composition contained the 
folloWing general ranges of components (Weight %): propo 
fol 0.5-5%; human serum albumin 0.5-3%; soybean oil 0.5 
10.0%; egg lecithin 0.12-1.2%; glycerol 2.25%; Water for 
injection q.s. to 100; pH 5-8. Suitable chelators, e.g., defer 
oxamine (0.001 -0.1%), Were optionally added 

Example 22 

This example demonstrates the preparation of a pharma 
ceutical composition comprising propofol and albumin that is 
free of oil. 

Using the procedure similar to that described in Example 
18, propofol compositions containing albumin and tWeen 80 
Were prepared. The aqueous phase Was prepared by adding 
glycerol (2.25% by Weight), human serum albumin (0.5% by 
Weight), tWeen 80 (1 .5% by Weight) and deferoxamine mesy 
late (0.1% by Weight) into Water for injection and stirred until 
dissolved. The aqueous phase Was passed through a ?lter (0.2 
pm ?lter). Propofol (1 % by Weight) Was added to the aqueous 
phase and homogenized at 10,000 RPM for 5 min. The crude 
emulsion Was high pressure homogenized at 20,000 psi and 
recirculated for 15 cycles at 5° C. Altemately, discrete passes 
through the homogenizer Were used. The ?nal emulsion Was 
?ltered (0.2 um ?lter) and stored under nitrogen. The result 
ing pharmaceutical composition contained the folloWing gen 
eral ranges of components (Weight %): propofol 0.5-5; human 
serum albumin 0.5-3%; tWeen 80 0.1-1 .5%; deferoxamine 
mesylate 0.0001-0.1%; glycerol 2.25%; Water for injection 
q.s. to 100; pH 5-8. 

Example 23 

This example demonstrates the preparation of a pharma 
ceutical composition comprising propofol, albumin, and vita 
min E-TPGS, Which is free of oil. 

Using the procedure similar to that described in Example 
19, propofol compositions containing albumin and vitamin 
E-TPGS Were prepared. The aqueous phase Was prepared by 
adding glycerol (2.25% by Weight), human serum albumin 
(0.5% by Weight), vitamin E-TPGS (1% by Weight) and def 
eroxamine mesylate (0.1% by Weight) into Water for injection 
and Was stirred until dissolved. The aqueous phase Was 
passed through a ?lter (0.2 um ?lter). Propofol (1% by 
Weight) Was added to the aqueous phase and homogenized at 
10,000 RPM for 5 min. The crude emulsion Was high pressure 
homogenized at 20,000 psi and recirculated for 15 cycles at 5° 
C. Altemately, discrete passes through the homo genizer Were 
used. The ?nal emulsion Was ?ltered (0.2 pm ?lter) and stored 
under nitrogen. The resulting pharmaceutical composition 
contained the folloWing general ranges of components 
(Weight %): propofol 0.5-5; human serum albumin 0.5-3%; 
vitamin E-TPGS 0.5-4.0%; optionally deferoxamine mesy 
late 0.0001 -0. 1%; glycerol 2.25%; Water for injection q.s. to 
100; pH 5-8. 

Example 24 

This example demonstrates the preparation of a pharma 
ceutical composition comprising propofol, albumin, vitamin 
E-TPGS, and 1% oil. 
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24 
An emulsion containing 1% (by Weight) of propofol Was 

prepared by the folloWing method. The aqueous phase Was 
prepared by adding glycerol (2.25% by Weight) and human 
serum albumin (0.5% by Weight) into Water for injection and 
stirred until dissolved. The aqueous phase Was passed 
through a ?lter (0.2 pm ?lter). Surfactant, e.g., Vitamin 
E-TPGS (0.5%), Was added to aqueous phase. The oil phase 
consisted of propofol (1% by Weight) and 1% soybean oil. 
The oil phase Was added to the aqueous phase and homog 
enized at 10,000 RPM for 5 min. The crude emulsion Was 
high pressure homogenized at 20,000 psi and recirculated for 
up to 15 cycles at 5° C. Alternatively, discrete passes through 
the homogenizer Were used. The ?nal emulsion Was ?ltered 
(0.2 um ?lter) and stored under nitrogen. 
The resulting pharmaceutical composition contained the 

folloWing general ranges of components (Weight %): propo 
fol 0.5-5%; human serum albumin 0.01-3%; Vitamin 
E-TPGS 0.1-2%; soybean or other oil (0.1%-5%); glycerol 
2.25%; Water for injection q.s. to 100; pH 5-8. Deferoxamine 
Was optionally added (0.001%-0.1% by Weight). 

Example 25 

This example demonstrates the preparation of a pharma 
ceutical composition comprising propofol, albumin, vitamin 
E-TPGS, 1% oil, and a negatively charged component. 
An emulsion containing 1% (by Weight) of propofol Was 

prepared by the folloWing method. The aqueous phase Was 
prepared by adding glycerol (2.25% by Weight) and human 
serum albumin (0.5% by Weight) into Water for injection and 
Was stirred until dissolved. The aqueous phase Was passed 
through a ?lter (0.2 pm ?lter). Surfactant, e.g., Vitamin 
E-TPGS (0.5%), Was added to aqueous phase. The oil phase 
consisted of propofol (1% by Weight) and 1% soybean oil. A 
small quantity of negatively charged component (0.001% 
1%), e.g., a phospholipid or bile salt Was added. The oil phase 
Was added to the aqueous phase and homogenized at 10,000 
RPM for 5 min. The crude emulsion Was high pressure 
homogenized at 20,000 psi and recirculated for up to 15 
cycles at 5° C. Alternatively, discrete passes through the 
homogenizer Were used. The ?nal emulsion Was ?ltered (0.2 
pm ?lter) and stored under nitrogen. 
The resulting pharmaceutical composition contained the 

folloWing general ranges of components (Weight %): propo 
fol 0.5-5%; human serum albumin 0.01-3%; Vitamin 
E-TPGS 0.1-2%; soybean or other oil (0.1%-5%); glycerol 
2.25%; Water for injection q.s. to 100; pH 5-8. Deferoxamine 
Was optionally added (0.001%-0.1% by Weight). 

Example 26 

This example demonstrates the preparation of a pharma 
ceutical composition comprising propofol, albumin, vitamin 
E-TPGS, 1% oil, and a negatively charged component (so 
dium deoxycholate). 
An emulsion containing 1% (by Weight) of propofol Was 

prepared by the folloWing method. The aqueous phase Was 
prepared by adding glycerol (2.25% by Weight) and human 
serum albumin (0.5% by Weight) into Water for injection and 
stirred until dissolved. The aqueous phase Was passed 
through a ?lter (0.2 pm ?lter). Surfactant, e.g., Vitamin 
E-TPGS (0.5%), Was added to aqueous phase. The oil phase 
consisted of propofol (1% by Weight) and 1% soybean oil. A 
small quantity of negatively charged component (0.001% 
1%), e.g., sodium deoxycholate Was added. The oil phase Was 
added to the aqueous phase and homogenized at 10,000 RPM 
for 5 min. The crude emulsion Was high pressure homog 
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eniZed at 20,000 psi and recirculated for up to 15 cycles at 5° 
C. Altemately, discrete passes through the homo geniZer Were 
used. The ?nal emulsion Was ?ltered (0.2 pm ?lter) and stored 
under nitrogen. 

The resulting pharmaceutical composition contained the 
folloWing general ranges of components (Weight %): propo 
fol 0.5-5%; human serum albumin 0.01-3%; Vitamin 
E-TPGS 0.1-2%; soybean or other oil (0.1%-5%); glycerol 
2.25%; Water for injection q.s. to 100; pH 5-8. Deferoxamine 
Was optionally added (0.001%-0.1% by Weight). 

Example 27 

This example demonstrates the preparation of a pharma 
ceutical composition comprising propofol, albumin, vitamin 
E-TPGS, 1% oil, and a negatively charged component (phos 
pholipids, bile salts, polyaminoacids etc). 
An emulsion containing 1% (by Weight) of propofol Was 

prepared as folloWs. The aqueous phase Was prepared by 
adding glycerol (225% by Weight) and human serum albumin 
(0.5% by Weight) into Water for injection and stirred until 
dissolved. The aqueous phase Was passed through a ?lter (0.2 
pm ?lter). Surfactant, e.g., Vitamin E-TPGS (0.5%), Was 
added to aqueous phase. The oil phase consisted of propofol 
(1% by Weight) and 1% soybean oil. A small quantity of 
negatively charged component (0.001%-1%), e.g., phos 
phatidyl choline Was added. The oil phase Was added to the 
aqueous phase and homogeniZed at 10,000 RPM for 5 min. 
The crude emulsion Was high pressure homogeniZed at 
20,000 psi and recirculated for up to 15 cycles at 5° C. Alter 
natively, discrete passes through the homogeniZer Were used. 
The ?nal emulsion Was ?ltered (0.2 pm ?lter) and stored 
under nitrogen. 

The resulting pharmaceutical composition contained the 
folloWing general ranges of components (Weight %): propo 
fol 0.5-5%; human serum albumin 0.01-3%; Vitamin 
E-TPGS 0.1-2%; soybean or other oil (0.1%-5%); glycerol 
2.25%; Water for injection q.s. to 100; pH 5-8. Deferoxamine 
Was optionally added (0.001%-0.1% by Weight). 

Example 28 

This example demonstrates the binding of propofol to albu 
min. 

The binding of propofol to albumin Was determined as 
folloWs. Solubility of propofol Was tested in Water and in 
solutions containing albumin. 250 ML of propofol Was added 
to 10 mL of a Water or albumin solution and stirred for 2 hours 
in a scintillation vial. The solution Was then transferred to a 15 
mL polyethylene centrifuge tube and kept at 40° C. for about 
16 hours. Samples of Water and albumin solutions Were 
assayed for propofol. Solubility of propofol in Water Was 
determined to be 0.12 mg/ml. Solubility of propofol in albu 
min solutions Was dependent on the concentration of albumin 
and increased to 0.44 mg/ml When the albumin concentration 
Was 2% (20 mg/ml). The solutions Were ultra?ltered through 
a 30 kD MWCO ?lter and the ?ltrates Were assayed for 
propofol. It Was found that for the propofol/Water solution, 
61% of the propofol could be recovered in the ?ltrate Whereas 
for the propofol/albumin solution, only 14% Was recovered in 
the ?ltrate, indicating a substantial binding of propofol With 
albumin. Based on these results, addition of albumin to phar 
maceutical compositions comprising propofol result in a 
decrease in the amount of free propofol due to albumin bind 
ing of the propofol. 
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26 
Example 29 

This example demonstrates the reduction of free propofol 
in a pharmaceutical composition by ?ltration/membrane con 
tact. 

As observed in the experiments described in Example 28, 
?ltration or ultra?ltration of pharmaceutical compositions 
comprising propofol results in a reduction in the amount of 
free propofol. Diprivan and a pharmaceutical composition 
prepared in accordance With the present invention containing 
albumin, each of Which contained 1% propofol (10 mg/ml), 
Were ultra?ltered using a 30 kD membrane. The amount of 
free propofol Was measured in the ?ltrate using HPLC. The 
concentration of free propofol in the ?ltrate Was about 17 
ug/ml for Diprivan, While the concentration of free propofol 
in the ?ltrate Was about 7 ug/ml for the inventive pharmaceu 
tical composition. The results correspond to an effective 
reduction of free propofol by greater than a factor of 2 for 
pharmaceutical composition comprising propofol and albu 
min. 

Example 30 

This example demonstrates administration of a pharma 
ceutical composition comprising propofol and albumin to 
humans. 
A randomiZed, double-blind clinical trial Was conducted to 

compare adverse skin sensations of a pharmaceutical compo 
sition comprising propofol and albumin With that of a com 
mercially available propofol formulation, Diprivan. Trials 
Were conducted in compliance With Good Clinical Practices 
and informed consent Was taken from the subjects. Adult 
human subjects of either sex Were eligible for participation if 
they had unbroken, apparently normal skin of dorsal side of 
their hands. 
The formulations originally stored in a refrigerator Were 

brought to room temperature and then 10 ML of the formula 
tions Was placed sloWly on the back side of both the hands of 
a subject simultaneously. The overall reaction and feel on 
their hands for the formulations Were noted. The results of this 
study are set forth in Table 1. 

TABLE 1 

% of subj ects With ABI- % of subjects With Diprivan 
Order of Propofol sensation sensation 

a test on Mild Warm or No Mild Warm or No 

a subject stinging or biting sensation stinging or biting sensation 

1st 0.0 100.0 75 25 
incidence 

Example 31 

This example demonstrates the use of deferoxamine as 
antioxidant in a pharmaceutical composition comprising pro 
pofol. 

Pharmaceutical compositions comprising propofol and 
deferoxamine mesylate, and containing tWeen or TPGS Were 
stored at 4°, 25°, or 40° C. to test the effect of deferoxamine 
mesylate in preventing oxidation of propofol. The concentra 
tion of propofol Was measured for these formulations over 
time to determine the antioxidant activity of deferoxamine. 
The data is reported beloW in Tables 2 and 3 as % potency 
relative to time Zero. 
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TABLE 2 

Albumin/tween formulation 

1 month Storage 

28 
For all rats, the maximum concentration of tritium in blood 

Was observed at 5 min (0.0833 hr) post dosing. The elimina 
tion half-life of tritium, determined over the time interval 
from 4 h to 24 h, ranged from 19.73 h to 43.02 h. It should be 
noted that this interval includes only three data points, Which 
may account for the variability in this parameter. The appar Temp 4° c. 25° c. 40° c. _ _ 
ent clearance of tr1t1um from blood Was on the order of 0.04 

CONTROL 100% 33% 43% L/h. The results of these experiments are set forth beloW in 
0.01% Def 101% 89% 61% Table 4. 
0.1% Def 103% 89% 64% 

10 
TABLE 4 

TABLE 3 Noncompartmental Analysis of Blood Tritium Concentration (mg-eq/L) 
vs. Time Pro?les in Rats After Intratracheal Instillation of [3HlABI—007 

AlbuInin/TPGS formulation 
15 Parameter Mean +/— SD 

1 month Storage cm (mg-eq/L) 1.615 +/- 0.279 
o o o m ) 0.0833 +/- 0.0 

Twp 4 C' 25 C' 40 0 11/2 beta (hr) 33.02 +/- 1.99 

CONTROL 99% 73% 42% AUClast (mg-eq x hr/L) 7.051 +/— 1.535 
001% DEF 99% 87% 55% 20 Cl/F (IL/hr). I I 0.0442 +/— 0.0070 
01% DEF 99% 85% 58% Pa (B1oava1lab1l1ty) 1.229 +/— 0.268 

Under these conditions, deferoxamine Was e?icient in 
reducing the level of oxidation of propofol. The effect Was 
more pronounced at higher temperatures. No signi?cant oxi 
dation occurred at 40 C. This study Was conducted using 
stoppers that Were not inert or Te?on coated. 

Example 32 

This example demonstrates intrapulmonary delivery of a 
pharmaceutical composition comprising paclitaxel and albu 
min (AB1-007). 

The purpose of this study Was to determine the time course 
of [3H]ABI-007 in blood and select tissues folloWing intratra 
cheal instillation to Sprague DaWley rats. 

The target volume of the intratracheal dose formulation to 
be administered to the animals Was calculated based on a dose 
volume of 1.5 mL per kg body Weight. The dosing apparatus 
consisted of a Penn-Century microsprayer (Model 1A-1B; 
Penn-Century, Inc., Philadelphia, Pa.; purchased from 
DeLong Distributors, Long Branch, N.J.) attached to a 1-mL 
gas-tight, luer-lock syringe. The appropriate volume of dose 
preparation Was draWn into the dosing apparatus, the ?lled 
apparatus Was Weighed and the Weight-recorded. A catheter 
Was placed in the trachea of the anesthetized animal, the 
microsprayer portion of the dosing apparatus Was placed into 
the trachea through the catheter, and the dose Was adminis 
tered. After dose administration the empty dosing apparatus 
Was reWeighed and the administered dose Was calculated as 
the difference in the Weights of the dosing apparatus before 
and after dosing. The average dose for all animals Was 
4.7738100060 (CV 1.5059) mg paclitaxel per kg body 
Weight. 

Blood samples of approximately 250 pL Were collected 
from the indWelling jugular cannulas of JVC rats at the fol 
loWing predetermined post-dosing time points: 1, 5, 10, 15, 
30, and 45 minutes (min), and 1, 4, 8, and 24 hours (b). The 
24-h blood samples, as Well as blood samples collected from 
animals sacri?ced at 10 min, 45 min, and 2 h, Were collected 
via cardiac puncture from anesthetized rats at sacri?ce. All 
blood samples analyZed for total radioactivity Were dispensed 
into pre-Weighed sample tubes, and the sample tubes Were 
reWeighed, and the Weight of each sample Was calculated by 
subtraction. The blood samples collected from the jugular 
vein as Well as the 250-11L aliquots of blood collected from 
each animal at sacri?ce Were assayed for total tritium content. 
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The mean blood concentration of [3H]ABI-007-derived 
radioactivity after an intravenous dose to rats Was analyZed as 
a function of time in order to evaluate the bioavailability of 
tritium derived from an intratracheal dose of [3H]ABI-007. 
This analysis resulted in a 24-hourAUC (AUClast) of 6.1354 
mg-eq B hr/L. Based on these data, radioactivity derived 
from the intratracheal dose of [3H]ABI-007 is highly bio 
available. These analyses are based on total radioactivity. 

Tritium derived from [3H]ABI-007 is rapidly absorbed 
after intratracheal instillation. The average absorption and 
elimination half-lives (k01 half-life and k10 half-life, respec 
tively) for tritium in blood after an intratracheal dose of [3 H] 
ABI-007 (mean+/—SD) Were 0.0155+/—0.0058 hr and 
4.738+/—0.366 hr, respectively. The average apparent clear 
ance of tritium from blood Was 0.1235+/—0.0180 L/hr (see 
Table 4 above). 

Tritium derived from [3H]ABI-007 Was absorbed and dis 
tributed after intratracheal administration. The time course of 
tritium in blood Was Well described by a tWo-compartment 
model, With mean absorption and elimination half-lives of 
0.0155 and 4.738 hr, respectively. Approximately 28% of the 
administered dose Was recovered in the lung at 10 min after 
the intratracheal dose. A maximum of less than 1% of the dose 
Was recovered in other tissues, excluding the gastrointestinal 
tract, at all time points examined. 

Based on results from a previously conducted intravenous 
dose study With [3 H] CapxolTM, the bioavailability of tritium 
derived from the intratracheal dose Was 122910.268 
(meanzSD) for the three animals in this dose group. It should 
be noted, hoWever, that this estimate of bioavailability is 
based on total radioactivity. Surprisingly, paclitaxel delivered 
by the pulmonary route using invention compositions With 
albumin Was rapidly bioavailable indicating excellent trans 
port across pulmonary endothelium. No toxicity in the ani 
mals Was noted, Which Was surprising since pulmonary deliv 
ery of cytotoxics is knoWn to cause lung toxicities. 
A fair amount of radioactivity Was present in the gas 

trointestinal tract (including contents) at 24 hr post dosing 
(27% for the intratracheal dose). The presence of tritium in 
the gastrointestinal tract may be due to biliary excretion or 
clearance of tritium from the respiratory tract via mucociliary 
clearance With subsequent sWalloWing. 

Example 33 

This example demonstrates an investigation of Aerotech II 
and Pan nebuliZers for pulmonary delivery of pharmaceutical 
compositions comprising paclitaxel and albumin. 
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The study Was carried out using the paclitaxel-albumin 
pharmaceutical composition ABI-007 under the following 
conditions: room temperature (20-230 C.), relative humidity 
(48-54%), ambient pressure (629 mmHg), nebuliZer ?oWrate 
(10 L/min for Aerotech II; 7 L/min for Pari), total ?oWrate 
(28.3 L/min), nebuliZer pressure drop (23 lb/in2 for Aerotech 
II; 32 lb/in2 for Pari), run time (15 to 60 seconds), sample 
volume (1.5 mL), ABI-007 paclitaxel concentration (5, 10, 15 
and 20 mg/mL). 

Both Aerotech II and Pari nebuliZers provided acceptable 
overall ef?ciency (30%-60%) When ABI-007 Was reconsti 
tuted at a concentration range of 5-15 mg/mL. The Pari nebu 
liZer ef?ciency had higher nebuliZer ef?ciency than the Aero 
tech II nebuliZer. The Pari nebuliZer e?iciency decreased 
someWhat as ABI-007 concentration increased. Excellent 
?ne particle fraction Was observed (74%-96%). The Aerotech 
II nebuliZer had higher ?ne particle fraction than the Pari 
nebuliZer. The ?ne particle fraction Was independent of con 
centration. 

The Pari nebuliZer delivered 100 mg of paclitaxel in less 
than 30 minutes using a 15 mg/mL solution of ABI-007. The 
Aerotech II nebuliZer delivered 100 mg of paclitaxel in about 
65 min using either a 10 mg/mL or 15 mg/mL solution of 
ABI-007. Performance stability Was tested for both Aerotech 
II and Pari nebuliZers. Aerosol concentration and ef?ciency of 
both nebuliZers Were stable until the drug Was exhausted. At 
15 mg/mL, the Pari nebuliZer consumed the drug at tWice the 
rate of the Aerotech II nebuliZer and produced higher aerosol 
concentrations than that of the Aerotech II nebuliZer. 

In conclusion, the nanoparticle/ albumin formulation of 
paclitaxel (ABI-007) shoWs excellent bioavailability in rats 
When administered by the pulmonary route. There Were no 
overt signs of early toxicity at the administered dose. Pulmo 
nary delivery of nanoparticle paclitaxel (ABI-007) may be 
achieved using conventional nebuliZers. 

Example 34 

This example describes intrapulmonary delivery of a phar 
maceutical composition comprising albumin and rapamycin. 
The purpose of this study Was to determine the pulmonary 
absorption of rapamycin in blood folloWing intratracheal 
instillation to Sprague DaWley rats as compared to intrave 
nous installation. 

The target volume of the intratracheal dose formulation 
that Was administered to the animals Was calculated based on 
a dose volume of 1 mL per kg body. The intratracheal dosing 
apparatus consisted of a Penn-Century microsprayer (Model 
1A-1B; Penn-Century, Inc., Philadelphia, Pa.; purchased 
from DeLong Distributors, Long Branch, N.J.) attached to a 1 
mL gas-tight, luer-lock syringe. The appropriate volume of 
dose preparation Was draWn into the dosing apparatus, the 
?lled apparatus Was Weighed and the Weight-recorded. A 
catheter Was placed in the trachea of the anesthetiZed animal, 
the microsprayer portion of the dosing apparatus Was placed 
into the trachea through the catheter, and the dose Was admin 
istered. After dose administration the empty dosing apparatus 
Was reWeighed and the administered dose Was calculated as 
the difference in the Weights of the dosing apparatus before 
and after dosing. 

250 pL samples Were collected from the indWelling jugular 
cannulas of rats at the folloWing predetermined post-dosing 
time points: 1, 5, 10, 15, 30, and 45 minutes (min) and 1, 4, 8, 
and 24 hours (h). All blood samples analyZed Were dispensed 
into pre-Weighed sample tubes, and the sample tubes Were 
reWeighed, and the Weight of each sample Was calculated by 
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subtraction. The blood samples collected Were assayed for 
total rapamycin concentration using LC/MS/MS. 

Surprisingly, the results shoWed no signi?cant difference 
in the blood concentration of rapamycin delivered via pulmo 
nary route versus intravenously. The bioavailability of rapa 
mycin delivered by the pulmonary route using a pharmaceu 
tical composition comprising albumin Was calculated to be 
109%, indicating excellent transport across pulmonary 
endothelium. 

Example 35 

This example demonstrates tissue distribution of albumin 
rapamycin after intrapulmonary administration of a pharma 
ceutical composition comprising rapamycin and albumin pre 
pared in accordance With the present invention. The purpose 
of this study Was to determine the pulmonary absorption of 
rapamycin in tissue folloWing intratracheal instillation to 
Sprague DaWley rats as compared to intravenous installation. 
The target volume of the intratracheal dose formulation 

that Was administered to the animals Was calculated based on 

a dose volume of 1 mL per kg body. The dosing apparatus 
consisted of a Penn-Century microsprayer (Model 1A-1B; 
Penn-Century, Inc., Philadelphia, Pa.; purchased from 
DeLong Distributors, Long Branch, N.J.) attached to a 1-mL 
gas-tight, luer-lock syringe. The appropriate volume of dose 
preparation Was draWn into the dosing apparatus, the ?lled 
apparatus Was Weighed and the Weight-recorded. A catheter 
Was placed in the trachea of the anesthetized animal, the 
microsprayer portion of the dosing apparatus Was placed into 
the trachea through the catheter, and the dose Was adminis 
tered. After dose administration the empty dosing apparatus 
Was reWeighed and the administered dose Was calculated as 
the difference in the Weights of the dosing apparatus before 
and after dosing. 

Samples Were collected from the brain, lung, and, liver of 
three rats per group per time point at 10 minutes, 45 minutes, 
2 hours, and 24 hours. The samples Were collected and ana 
lyZed for total rapamycin concentration using LC/MS/MS. 
The results indicate that rapamycin concentration is greater in 
lung tissue When delivered via pulmonary as compared to 
intravenous delivery. HoWever, the total concentration of 
rapamycin in the brain is loWer When delivered via intratra 
cheal (IT) as compared to intravenous (IV). In the liver, there 
appears to be no difference in the concentration of rapamycin 
Whether delivered IT or IV. Based on these results, pulmonary 
delivery of rapamycin may be suitable for the treatment of a 
condition (i.e., lung transplantation), Wherein high local con 
centration of rapamycin Would be bene?cial. 

Example 36 

This example demonstrates oral delivery of a pharmaceu 
tical composition comprising paclitaxel and albumin (ABI 
007). 

Tritiated ABI-007 Was utiliZed to determine oral bioavail 
ability of paclitaxel folloWing oral gavage in rats. FolloWing 
overnight fasting, 5 rats Were given 5.5 mg/kg paclitaxel in 
ABI-007 (Group A) and another 5 rats (Group B) Were pre 
treated With cyclosporine (5 .0 mg/kg) folloWed by 5 .6 mg/kg 
paclitaxel in ABI-007. A pharmacokinetic analysis of blood 
samples draWn at 0.5, 1, 2, 3, 4, 5, 6, 8, 12, and 24 hours Was 
performed after determination of radioactivity in the blood 
samples by combustion. Oral bioavailability Was determined 
by comparison With intravenous data previously obtained. 
The results are set forth beloW in Table 5. 
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diameter of less than about 1 micron. The use of speci?c 
composition and preparation conditions (e.g., addition of a 
polar solvent to the organic phase), and careful selection of 
the proper organic phase and phase fraction, enables the 
reproducible production of unusually small nanoparticles of 
less than 200 nm diameter, which can be sterile-?ltered. The 
particulate system produced according to the invention can be 
converted into a redispersible dry powder comprising nano 
particles of water-insoluble drug coated with a protein, and 
free protein to which molecules of the pharmacological agent 
are bound. This results in a unique delivery system, in which 
part of the pharmacologically active agent is readily bioavail 
able (in the form of molecules bound to the protein), and part 
of the agent is present within particles without any polymeric 
matrix therein. 
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FORMULATIONS OF PHARMACOLOGICAL 
AGENTS, METHODS FOR THE 

PREPARATION THEREOF AND METHODS 
FOR THE USE THEREOF 

FIELD OF THE INVENTION 

The present invention relates to methods for the production 
of particulate vehicles for the intravenous administration of 
pharmacologically active agents, as well as novel composi 
tions produced thereby. In a particular aspect, the invention 
relates to methods for the in vivo delivery of substantially 
water insoluble pharmacologically active agents (e.g., the 
anticancer drug Taxol®). In another aspect, dispersible col 
loidal systems containing water insoluble pharmacologically 
active agents are provided. The suspended particles may be 
formed of 100% active agent, or may be encased in a poly 
meric shell formulated from a biocompatible polymer, and 
have a diameter of less than about 1 micron. Invention col 
loidal systems may be prepared without the use of conven 
tional surfactant or any polymeric core matrix. In a presently 
preferred aspect of the invention, there is provided a method 
for preparation of extremely small particles which can be 
sterile-?ltered. The polymeric shell contains particles of 
pharmacologically active agent, and optionally a biocompat 
ible dispersing agent in which pharmacologically active agent 
can be either dissolved or suspended. Thus, the invention 
provides a drug delivery system in either liquid form or in the 
form of a redispersible powder. Either form provides both 
immediately bioavailable drug molecules (i.e., drug mol 
ecules which are molecularly bound to a protein), and pure 
drug particles coated with a protein. 

FIELD OF THE INVENTION 

The invention also relates to the method of use and prepa 
ration of compositions (formulations) of drugs such as the 
anticancer agent paclitaxel. In one aspect, the formulation of 
paclitaxel, known as Capxol, is signi?cantly less toxic and 
more ef?cacious than Taxol®, a commercially available for 
mulation of paclitaxel. In another aspect, the novel formula 
tion Capxol, localizes in certain tissues after parenteral 
administration thereby increasing the ef?cacy of treatment of 
cancers associated with such tissues. 

BACKGROUND OF THE INVENTION 

Intravenous drug delivery permits rapid and direct equili 
bration with the blood stream which carries the medication to 
the rest of the body. To avoid the peak serum levels which are 
achieved within a short time after intravascular injection, 
administration of drugs carried within stable carriers would 
allow gradual release of the drugs inside the intravascular 
compartment following a bolus intravenous injection of the 
therapeutic nanoparticles. 

Injectable controlled-release nanoparticles can provide a 
pre-programmed duration of action, ranging from days to 
weeks to months from a single injection. They also can offer 
several profound advantages over conventionally adminis 
tered medicaments, including automatic assured patient com 
pliance with the dose regimen, as well as drug targeting to 
speci?c tissues or organs (Tice and Gilley, Journal afCon 
trolled Release 21343-352 (1985)). 

Microparticles and foreign bodies present in the blood are 
generally cleared from the circulation by the “blood ?ltering 
organs”, namely the spleen, lungs and liver. The particulate 
matter contained in normal whole blood comprises red blood 
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2 
cells (typically 8 microns in diameter), white blood cells 
(typically 6-8 microns in diameter), and platelets (typically 
1-3 microns in diameter). The microcirculation in most 
organs and tissues allows the free passage of these blood cells. 
When microthrombii (blood clots) of size greater than 10-15 
microns are present in circulation, a risk of infarction or 
blockage of the capillaries results, leading to ischemia or 
oxygen deprivation and possible tissue death. Injection into 
the circulation of particles greater than 10-15 microns in 
diameter, therefore, must be avoided. A suspension of par 
ticles less than 7-8 microns, is however, relatively safe and 
has been used for the delivery of pharmacologically active 
agents in the form of liposomes and emulsions, nutritional 
agents, and contrast media for imaging applications. 
The size of particles and their mode of delivery determines 

their biological behavior. Strand et al. (in Micraspheres-Bio 
medical Applications, ed. A. Rembaum, pp 193-227, CRC 
Press (1988)) have described the fate of particles to be depen 
dent on their size. Particles in the size range of a few nanom 
eters (nm) to 100 nm enter the lymphatic capillaries following 
interstitial injection, and phagocytosis may occur within the 
lymph nodes. After intravenous/intraarterial injection, par 
ticles less than about 2 microns will be rapidly cleared from 
the blood stream by the reticuloendothelial system (RES), 
also known as the mononuclear phagocyte system (MPS). 
Particles larger than about 7 microns will, after intravenous 
injection, be trapped in the lung capillaries. After intraarterial 
injection, particles are trapped in the ?rst capillary bed 
reached. Inhaled particles are trapped by the alveolar mac 
rophages. 

Pharmaceuticals that are water-insoluble or poorly water 
soluble and sensitive to acid environments in the stomach 
cannot be conventionally administered (e.g., by intravenous 
injection or oral administration). The parenteral administra 
tion of such pharmaceuticals has been achieved by emulsi? 
cation of the oil solubilized drug with an aqueous liquid (such 
as normal saline) in the presence of surfactants or emulsion 
stabilizers to produce stable microemulsions. These emul 
sions may be injected intravenously, provided the compo 
nents of the emulsion are pharmacologically inert. US. Pat. 
No. 4,073,943 describes the administration of water-in 
soluble pharmacologically active agents dissolved in oils and 
emulsi?ed with water in the presence of surfactants such as 
egg phosphatides, pluronics (copolymers of polypropylene 
glycol and polyethylene glycol), polyglycerol oleate, etc. 
PCT International Publication No. WO85/00011 describes 
pharmaceutical microdroplets of an anaesthetic coated with a 
phospholipid such as dimyristoyl phosphatidylcholine hav 
ing suitable dimensions for intradermal or intravenous inj ec 
tion. 
An example of a water-insoluble drug is Taxol®, a natural 

product ?rst isolated from the Paci?c Yew tree, Taxus brevi 
folia, by Wani et al. (J. Am. Chem. Soc. 9312325 (1971)). 
Among the antimitotic agents, Taxol, which contains a diter 
pene carbon skeleton, exhibits a unique mode of action on 
microtubule proteins responsible for the formation of the 
mitotic spindle. In contrast with other antimitotic agents such 
as vinblastine or colchicine, which prevent the assembly of 
tubulin, Taxol is the only plant product known to inhibit the 
depolymerization process of tubulin, thus preventing the cell 
replication process. 

Taxol, a naturally occurring diterpenoid, has been shown to 
have signi?cant antineoplastic and anticancer effects in drug 
refractory ovarian cancer. Taxol has shown excellent antitu 
mor activity in a wide variety of tumor models such as the B16 
melanoma, L1210 leukemias, MX-l mammary tumors, and 
CS-l colon tumor xenografts. Several recent press releases 
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have termed Taxol as the new anticancer wonder-drug. 
Indeed, Taxol has recently been approved by the Federal Drug 
Administration for treatment of ovarian cancer. The poor 

aqueous solubility of Taxol, however, presents a problem for 
human administration. Indeed, the delivery of drugs that are 
inherently insoluble or poorly soluble in an aqueous medium 
can be seriously impaired if oral delivery is not effective. 
Accordingly, currently used Taxol formulations require a 
cremaphor to solubilize the drug. The human clinical dose 
range is 200-500 mg. This dose is dissolved in a 1:1 solution 
of ethanolzcremaphor and diluted with saline of about 300 
1000 ml of ?uid given intravenously. The cremaphor cur 
rently used is polyethoxylated castor oil. The presence of 
cremaphor in this formulation has been linked to severe 
hypersensitivity reactions in animals (Lorenz et al., Agents 
Actions 1987, 7, 63-67) and humans (Weiss et al., J. Clin. 
Oncol. 1990, 8, 1263-68) and consequently requires premedi 
cation of patients with corticosteroids (dexamethasone) and 
antihistamines. The large dilution results in large volumes of 
infusion (typical dose 175 mg/m2) up to 1 liter and infusion 
times ranging from 3 hours to 24 hours. Thus, there is a need 
for an alternative less toxic formulation for paclitaxel. 

In phase I clinical trials, Taxol® itself did not show exces 
sive toxic effects, but severe allergic reactions were caused by 
the emulsi?ers employed to solubilize the drug. The current 
regimen of administration involves treatment of the patient 
with antihistamines and steroids prior to injection of the drug 
to reduce the allergic side effects of the cremaphor. 

In an effort to improve the water solubility of Taxol, several 
investigators have modi?ed its chemical structure with func 
tional groups that impart enhanced water-solubility. Among 
them are the sulfonated derivatives (Kingston et al., US. Pat. 
No. 5,059,699 (1991)), and amino acid esters (Mathew et al., 
J. Med. Chem. 35:145-151 (1992)) which show signi?cant 
biological activity. Modi?cations to produce a water-soluble 
derivative facilitate the intravenous delivery of Taxol dis 
solved in an innocuous carrier such as normal saline. Such 
modi?cations, however, add to the cost of drug preparation, 
may induce undesired side-reactions and/or allergic reac 
tions, and/or may decrease the ef?ciency of the drug. 

Protein micro spheres have been reported in the literature as 
carriers of pharmacological or diagnostic agents. Micro 
spheres of albumin have been prepared by either heat dena 
turation or chemical crosslinking. Heat denatured micro 
spheres are produced from an emulsi?ed mixture (e.g., 
albumin, the agent to be incorporated, and a suitable oil) at 
temperatures between 100° C. and 150° C. The microspheres 
are then washed with a suitable solvent and stored. Leucuta et 
al. (International Journal of Pharmaceutics 411213-217 
(1988)) describe the method of preparation of heat denatured 
microspheres. 

The procedure for preparing chemically crosslinked 
microspheres involves treating the emulsion with glutaralde 
hyde to crosslink the protein, followed by washing and stor 
age. Lee et al. (Science 213:233-235 (1981)) and US. Pat. 
No. 4,671,954 teach this method of preparation. 

The above techniques for the preparation of protein micro 
spheres as carriers of pharmacologically active agents, 
although suitable for the delivery of water-soluble agents, are 
incapable of entrapping water-insoluble ones. This limitation 
is inherent in the technique of preparation which relies on 
crosslinking or heat denaturation of the protein component in 
the aqueous phase of a water-in-oil emulsion. Any aqueous 
soluble agent dissolved in the protein-containing aqueous 
phase may be entrapped within the resultant crosslinked or 
heat-denatured protein matrix, but a poorly aqueous-soluble 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
or oil-soluble agent cannot be incorporated into a protein 
matrix formed by these techniques. 
One conventional method for manufacturing drug-contain 

ing nanoparticles comprises dissolving polylactic acid (or 
other biocompatible, water insoluble polymers) in a water 
immiscible solvent (such as methylene chloride or other chlo 
rinated, aliphatic, or aromatic solvent), dissolving the phar 
maceutically active agent in the polymer solution, adding a 
surfactant to the oil phase or the aqueous phase, forming an 
oil-in-water emulsion by suitable means, and evaporating the 
emulsion slowly under vacuum. If the oil droplets are suf? 
ciently small and stable during evaporation, a suspension of 
the polymer in water is obtained. Since the drug is initially 
present in the polymer solution, it is possible to obtain by this 
method, a composition in which the drug molecules are 
entrapped within particles composed of a polymeric matrix. 
The formation of microspheres and nanoparticles by using 
the solvent evaporation method has been reported by several 
researchers (see, for example, Tice and Gilley, in Journal of 
Controlled Release 2:343-352 (1985); Bodmeier and McGin 
ity, in Int. J. Pharmaceutics 43:179 (1988); Cavalier et al., in 
J. Pharm. Pharmacol. 38:249 (1985); and D’Souza et al., W0 
94/ 10980) while using various drugs. 

Bazile et. al., in Biomaterials 13:1093 (1992), and Spen 
lehauer et al., in Fr Patent 2 660 556, have reported the 
formation of nanoparticles by using two biocompatible poly 
mers, one (e.g., polylactide) is dissolved in the organic phase, 
together with an active component such as a drug, and the 
other polymer, such as albumin, is used as the surface active 
agent. After emulsi?cation and removal of the solvent; nano 
particles are formed, in which the drug is present inside the 
polymeric matrix of the polylactide particles. 
The properties of the polymer solution from which the 

polymeric matrix is formed are very important to obtain the 
proper emulsion in the ?rst stage. For example, polylactide 
(the polymer commonly used in the preparation of injectable 
nanoparticles), has a surface activity which causes the rapid 
adsorption thereof at the dichloromethane-water interface, 
causing reduced interfacial tension (see, for example, Boury 
et al., in Langmuir 1111636 (1995)), which in turn improves 
the emulsi?cation process. In addition, the same researchers 
found that Bovine Serum Albumin (BSA) interacts with the 
polylactide, and penetrates into the polylactide monolayer 
present at the oil-water interface. Therefore, it is expected, 
based on the above reference, that emulsi?cation during the 
conventional solvent evaporation method is greatly favored 
by the presence of the surface active polymer (polylactide) in 
the nonaqueous organic phase. In fact, the presence of poly 
lactide is not only a suf?cient condition, but it is actually 
necessary for the formation of nanoparticles of suitable size. 

Another process which is based on the solvent evaporation 
method comprises dissolving the drug in a hydrophobic sol 
vent (e.g., toluene or cyclohexane), without any polymer 
dissolved in the organic solvent, adding a conventional sur 
factant to the mixture as an emulsi?er, forming an oil-in 
water emulsion by use of sonication on high-shear equip 
ment, and then evaporating the solvent to obtain dry particles 
of the drug (see, for example, Sjostrom et al., in J. Dispersion 
Science and Technology 15:89-117 (1 994)). Upon removal of 
the nonpolar solvent, precipitation of the drug inside the 
solvent droplets occurs, and submicron particles are obtained. 

It has been found that the size of the particles is mainly 
controlled by the initial size of the emulsion droplets. In 
addition, it is interesting to note that the ?nal particle size is 
reported to decrease with a decrease in the drug concentration 
in the organic phase. This ?nding is contrary to the results 
reported herein, wherein no conventional surfactant is used 
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for the preparation of nanoparticles (in same embodiments of 
the invention). In addition, it is noted by the authors of the 
Sjostrom paper that the drug used, cholesteryl acetate, is 
surface active in toluene, and hence may be oriented at the 
oil-water interface; therefore the concentration of drug at the 
interface is higher, thus increasing the potential for precipi 
tation. 

Formation of submicron particles has also been achieved 
by a precipitation process, as described by Calvo et al. in J. 
Pharm. Sci. 851530 (1996). The process is based on dissolv 
ing the drug (e.g., indomethacin) and the polymer (poly 
caprolactone) in methylene chloride and acetone, and then 
pouring the solution into an aqueous phase containing a sur 
factant (Poloxamer 188), to yield submicron size particles 
(216 nm). However, the process is performed at solvent con 
centrations at which no emulsion is formed. 

BACKGROUND OF THE INVENTION 

Taxol is a naturally occurring compound which has shown 
great promise as an anti-cancer drug. For example, Taxol has 
been found to be an active agent against drug-refractory ova 
rian cancer by McGuire et al. See “Taxol: A Unique Anti 
Neoplastic Agent With Signi?cant Activity Against 
Advanced Ovarian Epithelial Neoplasms.” Ann. Int. Med., 
111, 273-279 (1 989). All patents, scienti?c articles, and other 
documents mentioned herein are incorporated by reference as 
if reproduced in full below. 

Unfortunately, Taxol has extremely low solubility in water, 
which makes it dif?cult to provide a suitable dosage form. In 
fact, in Phase I clinical trials, severe allergic reactions were 
caused by the emulsi?ers administered in conjunction with 
Taxol to compensate for Taxol’s low water solubility; at least 
one patient’s death was caused by an allergic reaction induced 
by the emulsi?ers. Dose limiting toxicities include neutrope 
nia, peripheral neuropathy, and hypersensitivity reactions. 
Brown et al., in “A Phase I Trial of Taxol Given by A 

6-Hour Intravenous Infusion” J of Clin Oncol, Vol. 9 No. 7, 
pp. 1261-1267 (July 1991) report on a Phase I Trial in which 
Taxol was provided as a 6-hour IV infusion every 21 days 
without premedication. 31 patients received 64 assessable 
courses of Taxol. One patient had a severe (or acute) hyper 
sensitivity reaction, which required discontinuation of the 
infusion and immediate treatment to save the patient’s life. 
Another patient experienced a hypersensitivity reaction, but it 
was not so severe as to require discontinuing the infusion. 
Myelosuppression was dose-limiting, with 2 fatalities due to 
sepsis. Non-hematologic toxicity was of Grade 1 and 2, 
except for one patient with Grade 3 mucositis and 2 patients 
with Grade 3 neuropathy. The neuropathy consisted of revers 
ible painful paresthesias, requiring discontinuation of Taxol 
in two patients. Fourpartial responses were seen (3 in patients 
with non-small-cell lung cancer, and one in a patient with 
adenocarcinoma of unknown primary). The maximum toler 
ated dose reported was 275 mg/m2, and the recommended 
Phase II starting dose was 225 mg/m2. The incidence of 
hypersensitivity reaction was reported to be schedule-depen 
dent, with 6 to 24-hour infusions of drug having a 0% to 8% 
incidence of hypersensitivity reactions. It was also reported 
that hypersensitivity reactions persist with or without pre 
medication despite prolongation of infusion times. Since 
these Phase I studies were conducted on terminally ill patients 
suffering from a variety of cancers, the ef?cacy of the Taxol 
treatments could not be determined. 

In a study by Kris et al., Taxol formulated with Cremaphor 
EL in dehydrated alcohol was given as a 3-hour IV infusion 
every 21 days, with the administered do sage ranging from 15 
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6 
to 230 mg/m2 in nine escalation steps. Kris et al. concluded 
that “with the severity and unpredictability of the hypersen 
sitivity reactions, further usage of Taxol is not indicated with 
this drug formulation on this administration schedule.” See 
Cancer Treat. Rep., Vol. 70, No. 5, May 1986. 

Since early trials using a bolus injection or short (1 -3 hour) 
infusions induced anaphylactic reactions or other hypersen 
sitivity responses, further studies were carried out in which 
Taxol was administered only after premedication with ste 
roids (such as dexamethasone), antihistamines (such as 
diphenhydramine), and H2-antagonists (such as cimetidine 
or ranitidine), and the infusion time was extended to 24 hours 
in an attempt to eliminate the most serious allergic reactions. 
Various Phase I and Phase II study results have been pub 
lished utiliZing 24-hour infusions of Taxol with maximum 
total dosages of 250 mg/m2, generally with the course being 
repeated every 3 weeks. Patients were pre-treated with dex 
amethasone, diphenhydramine, and cimetidine to offset aller 
gic reactions. See EinZig, et al., “Phase II Trial of Taxol in 
Patients with Metastatic Renal Cell Carcinoma,” Cancer-In 
vestigation, 9(2) 133-136 (1991), and A. B. Miller et al., 
“Reporting Results of Cancer Treatment,” Cancer, Vol 47, 
207-214 (1981). 

Koeller et al., in “A Phase I Pharmacokinetic Study of 
Taxol Given By a Prolonged Infusion Without Premedica 
tion,” Proceedings of ASCO, Vol. 8 (March, 1989), recom 
mends routine premedication in order to avoid the signi?cant 
number of allergic reactions believed to be caused by the 
cremophor (polyethoxylated castor oil) vehicle used for 
Taxol infusions. Patients received dosages ranging from 175 
mg/m2 to 275 mg/m2. 

Wiernik et al. in “Phase I Clinical and Pharmacokinetic 
Study of Taxol,” Cancer Research, 47, 2486-2493 (May 1, 
1987), also report the administration of Taxol in a cremophor 
vehicle by IV infusion over a 6-hour period in a Phase I study. 
Grade 3-4 hypersensitivity reactions incurred in 4 of 13 
courses. The starting dose for the study was 15 mg/m2 (one 
third of the lowest toxic dose in dogs). Doses were escalated, 
and a minimum of 3 patients were treated at each dose level 
until toxicity was identi?ed, and then 4-6 patients were 
treated at each subsequent level. The study concluded that 
neurotoxicity and leukopenia were dose-limiting, and the 
recommended Phase II trial dose was 250 mg/m2 with pre 
medication. 

Other exemplary studies on Taxol include: Legha et al., 
“Phase II Trial of Taxol in Metastatic Melanoma,” Vol. 65 
(June 1990) pp. 2478-2481; Rowinsky et al., “Phase I and 
Pharmacodynamic Study of Taxol in Refractory Acute Leu 
kemias,” Cancer Research, 49, 4640-4647 (Aug. 15, 1989); 
Grem et al., “Phase I Study of Taxol Administered as a Short 
IV Infusion Daily For 5 Days,” Cancer Treatment Reports, 
Vol. 71 No. 12, (December, 1987); Donehower et al., “Phase 
I Trial of Taxol in Patients With Advanced Cancer,” Cancer 
Treatment Reports, Vol. 71, No. 12, (December, 1987); 
Holmes et al., “Phase II Study of Taxol in Patients (PT) with 
Metastatic-Breast Cancer (MBC),” Proceedings of the 
American Society of Clinical Oncology, Vol. 10, (March, 
1991), pp. 60. See also Suffness. “Development of Antitumor 
Natural Products at the National Cancer Institute,” Gann 
Monograph or Cancer Research, 31 (1989) pp. 21-44 (which 
recommends that Taxol only be given as a 24-hour infusion). 

Weiss et al., in “Hypersensitivity Reactions from Taxol,” 
Journal of Clinical Oncology, Vol. 8, No. 7 (July 1990) pp. 
1263-1268, reported that it was dif?cult to determine a reli 
able overall incidence of hypersensitivity reactions, HSRs, 
because of the wide variations in Taxol doses and schedules 
used, and the unknown degree of in?uence that changing the 
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infusion schedule and using premedication has on HSR inci 
dents. For example, of ?ve patients who received Taxol in a 3 
-hour infusion at greater than 190 mg/m2 with no premedi 
cation, three had reactions, while only one out of 30 patients 
administered even higher doses over a 6-hour infusion with 

no premedication had a reaction. Therefore, this suggests that 
prolonging the infusion to beyond 6 hours is suf?cient to 
reduce HSR incidents. Nevertheless, Weiss et al. found that 
patients receiving 250 mg/m2 of Taxol administered via a 24 
-hour infusion still had de?nite HSRs. Thus, while prolong 
ing drug infusion to 6 or 24-hours may reduce the risk for an 
acute reaction, this conclusion can not be con?rmed, since 
78% of the HSR reactions occurred within ten minutes of 
initiating the Taxol infusion, which indicates that the length of 
time planned for the total infusion would have no bearing. 
Further, concentration of Taxol in the infusion may also not 
make a difference since substantial numbers of patients had 
reactions to various small Taxol dosages. Finally, not only is 
the mechanism of Taxol HSR unknown, it is also not clear 
whether Taxol itself is inducing HSRS, or if the HSRs are due 
to the excipient (Cremaphor EL; Badische Anilin und Soda 
Fabrik AG [BASF], Ludwigshafen, Federal Republic of Ger 
many). Despite the uncertainty as to whether or not premedi 
cation had any in?uence on reducing the severity or number 
of HSRs, prophylactic therapy was recommended, since there 
is no known danger from its use. 

The con?icting recommendations in the prior art concem 
ing whether premedication should be used to avoid hypersen 
sitivity reactions when using prolonged infusion durations, 
and the lack of ef?cacy data for infusions done over a six-hour 
period has led to the use of a 24-hour infusion of high doses 
(above 170 mg/m2) of Taxol in a Cremaphor EL emulsion as 
an accepted cancer treatment protocol. 

Although it appears possible to minimize the side effects of 
administering Taxol in an emulsion by use of a long infusion 
duration, the long infusion duration is inconvenient for 
patients, and is expensive due to the need to monitor the 
patients for the entire 6 to 24-hour infusion duration. Further, 
the long infusion duration requires that patients spend at least 
one night in a hospital or treatment clinic. 

Higher doses of paclitaxel have also been described in the 
literature. To determine the maximal-tolerated dose (MTD) 
of paclitaxel in combination with high-dose cyclophospha 
mide and cisplatin followed by autologous hematopoietic 
progenitor-cell support (AHPCS), Stemmer et al (Stemmer S 
M, Cagnoni P J, Shpall E J, et al: High-dose paclitaxel, 
cyclophosphamide, and cisplatin with autologous hemato 
poietic progenitor-cell support: A phase I trial. J Clin Oncol 
14:1463-1472, 1996) have conducted a phase I trial in forty 
nine patients with poor-prognosis breast cancer, non 
Hodgkin’s lymphoma (NHL) or ovarian cancer with escalat 
ing doses of paclitaxel infused over 24 hours, followed by 
cyclophosphamide (5,625 mg/m2) and cisplatin (165 mg/m2) 
and AHPCS. Dose-limiting toxicity was encountered in two 
patients at 825 mg/m2 of paclitaxel; one patient died of multi 
organ failure and the other developed grade 3 respiratory, 
CNS, and renal toxicity, which resolved. Grade 3 polyneur 
opathy and grade 4 CNS toxicity were also observed. The 
MTD of this combination was determined to be paclitaxel 
(775 mg/m2), cyclophosphamide (5,625 mg/m2), and cispl 
atin (165 mg/m2) followed byAHPCS. Sensory polyneuropa 
thy and mucositis were prominent toxicities, but both were 
reversible and tolerable. Eighteen of 33 patients (54%) with 
breast cancer achieved a partial response. Responses were 
also observed in patients with NHL (four of ?ve patients) and 
ovarian cancer (two of two patients). 
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US. Pat. No. 5,641,803 reports the use of Taxol at doses 

175 and 135 mg/m2 administered in a 3 hour infusion. The 
infusion protocols require the use premedication and reports 
the incidences of hypersensitivity reactions in 35% of the 
patients. Neurotoxicity was reported in 51% of patients with 
66% of patients experiencing neurotoxicity in the high dose 
group and 37% in the low dose group. Furthermore, it was 
noted that 48% of patients experienced neurotoxicity for 
longer infusion times of 24 hours while 54% of patients 
experienced neurotoxicity for the shorter 3 hour infusion. 

There is evidence in the literature that higher doses of 
paclitaxel result in a higher response rate. The optimal doses 
and schedules for paclitaxel are still under investigation. To 
assess the possibility that paclitaxel dose intensity may be 
important in the induction of disease response, Reed et al of 
NCI (Reed E, Bitton R, Sarosy G, Kohn E: Paclitaxel dose 
intensity. Journal of Infusional Chemotherapy 6:59-63, 1996) 
analyzed the available phase II trial data in the treatment of 
ovarian cancer and breast cancer. Their results suggest that 
the relationship between objective disease response and 
paclitaxel dose intensity in recurrent ovarian cancer is highly 
statistically signi?cant with two-side p value of 0.022. The 
relationship in breast cancer is even stronger, with a two-sided 
p value of 0.004. At 135 mg/m2/21 days, the objective 
response rate was 13.2%; and at 250 mg/m2/21 days, the 
objective response rate was 35.9%. The response rate seen at 
the intermediate dose of 175 mg/m2 was linear with the 135 
mg/m2 and 250 mg/m2 results and the linear regression analy 
sis shows a correlation coef?cient for these data of 0.946 

(Reed et al, 1996). 
In a study by Holmes (Holmes F A, Walters R S, Theriault 

R L, et al: Phase II trial of Taxol, an active drug in the 
treatment of metastatic breast cancer. J Natl Cancer Inst 

83:1797-1805, 1991), and at MSKCC (Reichman B S, 
SeidmanA D, Crown J P A, et al: Paclitaxel and recombinant 
human granulocyte colony-stimulating factor as initial che 
motherapy for metastatic breast cancer. J Clin Oncol 
11:1943-1951, 1993), it was shown that higher doses of 
TAXOL up to 250 mg/m2 produced greater responses (60%) 
than the 175 mg/m2 dose (26%) currently approved for 
TAXOL. These results however, have not been reproduced 
due to higher toxicity at these higher doses. These studies, 
however, bear proof to the potential increase in response rate 
at increased doses of paclitaxel. 

Since premedication is required for Taxol, that often neces 
sitates overnight stays of the patient at the hospital, it is highly 
desirable to develop a formulation of paclitaxel that obviates 
the need for premedication. 

Since premedication is required for Taxol, due to HSR’s 
associated with administration of the drug, it is highly desir 
able to develop a formulation of paclitaxel that does not cause 
hypersensitivity reactions. It is also desirable to develop a 
formulation of paclitaxel that does not cause neurotoxicity. 

Since Taxol infusions are generally preceded by remedica 
tion, and require post-infusion monitoring and record keep 
ing, that often necessitates overnight stays of the patient at the 
hospital, it is highly desirable to develop a formulation of 
paclitaxel which would allow for recipients to be treated on an 
out-patient basis. 

Since it has been demonstrated that higher doses of Taxol 
achieve improved clinical responses albeit with higher toxic 
ity, it is desirable to develop a formulation of paclitaxel which 
can achieve these doses without this toxicity. 

Since it has been demonstrated that the dose limiting tox 
icity of Taxol is cerebral and neurotoxicity, it is desirable to 
develop a formulation of paclitaxel that decreases such tox 
icity. 
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It is also desirable to eliminate premedication since this 
increases patient discomfort and increases the expense and 
duration of treatment. 

It is also desirable to shorten the duration of infusion of 
Taxol, currently administered in 3 hours-24 hours to mini 
mize patient stay at the hospital or clinic. 

Since Taxol is currently approved for administration at 
concentrations between 0.6-1.2 mg/ml and a typical dose in 
humans is about 250-350 mg, this results in infusion volumes 
typically greater than 300 ml. It is desirable to reduce these 
infusion volumes, by developing formulations of paclitaxel 
that are stable at higher concentrations so as to reduce the time 
of administration. 

Since infusion of Taxol is limited to the use of special I.V. 
tubing and bags or bottles due to the leaching of plasticizers 
by the cremaphor in the Taxol formulaton, it is desirable to 
develop a formulation of paclitaxel that does not have crema 
phor and does not leach potentially toxic materials from the 
conventionally used plastic tubings or bags used for intrave 
nous infusion. 

BRIEF DESCRIPTION OF THE INVENTION 

Thus it is an object of this invention to deliver pharmaco 
logically active agents (e.g., Taxol, taxane, Taxotere, and the 
like) in unmodi?ed form in a composition that does not cause 
allergic reactions due to:the presence of added emulsi?ers 
and solubilizing agents, as are currently employed in drug 
delivery. 

It is a further object of the present invention to deliver 
pharmacologically active agents in a composition of micro 
particles or nanoparticles, optionally suspended in a suitable 
biocompatible liquid. 

It is yet another object of the present invention to provide 
methods for the formation of submicron particles (nanopar 
ticles) of pharmacologically active agents by a solvent evapo 
ration technique from an oil-in-water emulsion. Some meth 
ods use proteins as stabilizing agents. Some methods are 
performed in the absence of any conventional surfactants, and 
in the absence of any polymeric core material. 

These and other objects of the invention will become 
apparent upon review of the speci?cation and claims. 

In accordance with the present invention, we have discov 
ered that substantially water insoluble pharmacologically 
active agents can be delivered in the form of microparticles or 
nanoparticles that are suitable for parenteral administration in 
aqueous suspension. This mode of delivery obviates the 
necessity for administration of substantially water insoluble 
harmacologically active agents (e.g., Taxol) in an emulsion 
containing, for example, ethanol and polyethoxylated castor 
oil, diluted in normal saline (see, for example, Norton et al., in 
Abstracts ofthe 2nd National Cancer Institute Workshop on 
Taxol & Taxus, Sep. 23-24, 1992). A disadvantage of such 
known compositions is their propensity to produce allergic 
side effects. 

Thus, in accordance with the present invention, there are 
provided methods for the formation of nanoparticles of phar 
macologically active agents by a solvent evaporation tech 
nique from an oil-in-water emulsion prepared under a variety 
of conditions. For example, high shear forces (e.g., sonica 
tion, high pressure homogenization, or the like) may be used 
in the absence of any conventional surfactants, and without 
the use of any polymeric core material to form the matrix of 
the nanoparticle. Instead, proteins (e.g., human serum albu 
min) are employed as a stabilizing agent. In an alternative 
method, nanoparticles may be formed without the need for 
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10 
any high shear forces, simply by selecting materials that 
spontaneously form microemulsions. 
The invention further provides a method for the reproduc 

ible formation of unusually small nanoparticles (less than 200 
nm diameter), which can be sterile-?ltered through a 0.22 
micron ?lter. This is achieved by addition of a water soluble 
solvent (e.g. ethanol) to the organic phase and by carefully 
selecting the type of organic phase, the phase fraction and the 
drug concentration in the organic phase. The ability to form 
nanoparticles of a size that is ?lterable by 0.22 micron ?lters 
is of great importance and signi?cance, since formulations 
which contain a signi?cant amount of any protein (e.g., albu 
min), cannot be sterilized by conventional methods such as 
autoclaving, due to the heat coagulation of the protein. 

In accordance with another embodiment of the present 
invention, we have developed compositions useful for in vivo 
delivery of substantially water insoluble pharmacologically 
active agents. Invention compositions comprise substantially 
water insoluble pharmacologically active agents (as a solid or 
liquid) contained within a polymeric shell. The polymeric 
shell is a crosslinked biocompatible polymer. The polymeric 
shell, containing substantially water insoluble pharmacologi 
cally active agents therein, can then be suspended in a bio 
compatible aqueous liquid for administration. 
The invention further provides a drug delivery system in 

which part of the molecules of pharmacologically active 
agent are bound to the protein. (e. g., human serum albumin), 
and are therefore immediately bioavailable upon admini stra 
tion to a mammal. The other portion of the pharmacologically 
active agent is contained within nanoparticles coated by pro 
tein. The nanoparticles containing the pharmacologically 
active agent are present as a pure active component, without 
dilution by any polymeric matrix. 
A large number of conventional pharmacologically active 

agents circulate in the blood stream bound to carrier proteins 
(through hydrophobic or ionic interactions) of which the mo st 
common example is serum albumin. Invention methods and 
compositions produced thereby provide for a pharmacologi 
cally active agent that is “pre-bound” to a protein (through 
hydrophobic or ionic interactions) prior to administration. 
The present disclosure demonstrates both of the above 

described modes of bioavailability for Taxol (Paclitaxel), an 
anticancer drug capable of binding to human serum albumin 
(see, for example, Kumar et al., in Research Communications 
in Chemical Pathology and Pharmacology 801337 (1993)). 
The high concentration of albumin in invention particles, 
compared to Taxol, provides a signi?cant amount of the drug 
in the form of molecules bound to albumin, which is also the 
natural carrier of the drug in the blood stream. 

In addition, advantage is taken of the capability of human 
serum albumin to bind Taxol, as well as other drugs, which 
enhances the capability of Taxol to absorb on the surface of 
the particles. Since albumin is present on the colloidal drug 
particles (formed upon removal of the organic solvent), for 
mation of a colloidal dispersion which is stable for prolonged 
periods is facilitated, due to a combination of electrical repul 
sion and steric stabilization. 

In accordance with the present invention, there are also 
provided submicron particles in powder form, which can 
easily be reconstituted in water or saline. The powder is 
obtained after removal of water by lyophilization. Human 
serum albumin serves as the structural component of some 

invention nanoparticles, and also as a cryoprotectant and 
reconstitution aid. The preparation of particles ?lterable 
through a 0.22 micron ?lter according to the invention 
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method as described herein, followed by drying or lyophiliza 
tion, produces a sterile solid formulation useful for intrave 
nous injection. 

The invention provides, in a particular aspect, a composi 
tion of anti-cancer drugs, e.g., Taxol, in the form of nanopar 
ticles in a liquid dispersion or as a solid which can be easily 
reconstituted for administration. Due to speci?c properties of 
certain drugs, e.g., Taxol, such compositions can not be 
obtained by conventional solvent evaporation methods that 
rely on the use of surfactants. In the presence of various 
surfactants, very large drug crystals (e. g., size of about 5 
microns to several hundred microns) are formed within a few 
minutes of storage, after the preparation process. The size of 
such crystals is typically much greater than the allowed size 
for intravenous injection. 

While it is recognized that particles produced according to 
the invention can be either crystalline, amorphous, or a mix 
ture thereof, it is generally preferred that the drug be present 
in the formulation in an amorphous form. This would lead to 
greater ease of dissolution and absorption, resulting in better 
bioavailability. 

BRIEF DESCRIPTION OF THE INVENTION 

The anticancer agent paclitaxel (TAXOL, Bristol Myers 
Squibb, BMS,) has remarkable clinical activity in a number of 
human cancers including cancers of the ovary, breast, lung, 
esophagus, head and neck region, bladder and lymphomas. It 
is currently approved for the treatment of ovarian carcinoma 
where it is used in combination with cisplatin and for meta 
static breast cancer that has failed prior treatment with one 
combination chemotherapy regimen. The major limitation of 
Taxol is its poor solubility and consequently the BMS formu 
lation contains 50% Cremaphor EL and 50% ethanol as the 
solubilizing vehicle. Each vial of this formulation contains 30 
mg of paclitaxel dissolved at a concentration of 6 mg/ml. 
Prior to intravenous administration, this formulation must be 
diluted 1 : 10 in saline for a ?nal dosing solution containing 0.6 
mg/ml of paclitaxel. This formulation has been linked to 
severe hypersensitivity reactions in animals (Lorenz et al., 
Agents Actions 1987, 7, 63-67) and humans (Weiss et al., J. 
Clin. Oncol. 1990, 8, 1263-68) and consequently requires 
premedication of patients with corticosteroids (dexametha 
sone) and antihistamines. The large dilution results in large 
volumes of infusion (typical dose 175 mg/m2) upto 1 liter and 
infusion times ranging from 3 hours to 24 hours. Thus, there 
is a need for an alternative less toxic formulation for pacli 
taxel. 

CapxolTM is a novel, cremophor-free formulation of the 
anticancer drug paclitaxel. The inventors, based on animal 
studies, believe that a cremophor-free formulation will be 
signi?cantly less toxic and will not require premedication of 
patients. Premedication is necessary to reduce the hypersen 
sitivity and anaphylaxis that occurs as a result of cremophor 
in the currently approved and marketed BMS (Bristol Myers 
Squibb) formulation of paclitaxel. CapxolTM is a lyophilized 
powder for reconstitution and intravenous administration. 
When reconstituted with a suitable aqueous medium such as 
0.9% sodium chloride injection or 5% dextrose injection, 
CapxolTM forms a stable colloidal solution of paclitaxel. The 
size of the colloidal suspension may range from 20 nm to 8 
microns with a preferred range of about 20-400 nm. The two 
major components of CapxolTM are unmodi?ed paclitaxel 
and human serum albumin (HSA). Since HSA is freely 
soluble in water, CapxolTM can be reconstituted to any desired 
concentration of paclitaxel limited only by the solubility lim 
its for HSA. Thus CapxolTM can be reconstituted in a wide 
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12 
range of concentrations ranging from dilute (0.1 mg/ml acli 
taxel) to concentrated (20 mg/ml paclitaxel). This can result 
in fairly small volumes of administration. 

In accordance with the present invention, there are pro 
vided compositions and methods useful for in vivo delivery of 
biologics, in the form of nanoparticles that are suitable for 
parenteral administration in aqueous suspension. Invention 
compositions comprise stabilized by a polymer. The polymer 
is a biocompatible material, such as the protein albumin. Use 
of invention compositions for the delivery of biologics obvi 
ates the necessity for administration of biologics in toxic 
diluents of vehicles, for example, ethanol and polyethoxy 
lated castor oil, diluted in normal saline (see, for example, 
Norton et al., in Ab stracts of the 2nd National Cancer Institute 
Workshop on Taxol & Taxus, September 23-24, 1992). A 
disadvantage of such known compositions is their propensity 
to produce severe allergic and other side effects. 

It is known that the delivery of biologics in the form of a 
particulate suspension allows targeting to organs such as the 
liver, lungs, spleen, lymphatic circulation, and the like, due to 
the uptake in these organs, of the particles by the reticuloen 
dothelial (RES) system of cells. Targeting to the RES con 
taining organs may be controlled through the use of particles 
of varying size, and through administration by different 
routes. But when administered to rats, Capxol was unexpect 
edly and surprisingly found to accumulate in tissues other 
than those containing the RES such as the prostate, pancreas, 
testes, seminiferous tubules, bone, etc. to a signi?cantly 
greater level than Taxol at similar doses. 

Thus, it is very surprising that the invention formulation of 
paclitaxel, Capxol, a nanoparticle formulation, concentrates 
in tissues such as the prostate, pancreas, testes, seminiferous 
tubules, bone, etc., i.e., in organs not containing the RES, at a 
signi?cantly higher level than a non-particulate formulation 
of paclitaxel such as Taxol. Thus, Capxol may be utilized to 
treat cancers of these tissues with a higher ef?cacy than Taxol. 
However, the distribution to many other tissues is similar for 
Capxol and Taxol, therefore Capxol is expected to maintain 
anticancer activity at least equal to that of TAXOL in other 
tissues. 
The basis for the localization within the prostate could be a 

result of the particle size of the formulation (2.0-400 nm), or 
the presence the protein albumin in the formulation which 
may cause localization into the prostatic tissue through spe 
ci?c membrane receptors (gp 60, gp l8, gp l3 and the like). It 
is also likely that other biocompatible, biodegradable poly 
mers other than albumin may show speci?city to certain tis 
sues such as the prostate resulting in high local concentration 
of paclitaxel in these tissues as a result of the properties 
described above. Such biocompatible materials are contem 
plated within the scope of this invention. A preferred embodi 
ment of a composition to achieve high local concentrations of 
paclitaxel in the prostate is a formulation containing pacli 
taxel and albumin with a particle size in the range of 20-400 
nm, and free of cremophor. This embodiment has also been 
demonstrated to result in higher level concentrations of pacli 
taxel in the, pancreas, kidney, lung, heart, bone, and spleen 
when compared to Taxol at equivalent do ses. These properties 
provide novel applications of this formulation of paclitaxel 
including methods of lowering testosterone levels, achieving 
medical orchiectomy, providing high local concentrations to 
coronary vasculature for the treatment of restenosis. 

It is also very surprising that paclitaxel is metabolized into 
its metabolites at a much slower rate than Taxol when admin 
istered as Capxol. This represents increased anticancer activ 
ity for longer periods with similar doses of paclitaxel. 
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It is also very surprising that when Capxol and Taxol are 
administered to rats at equivalent doses of paclitaxel, a much 
higher degree of myelosuppression results for the Taxol 
group compared to the Capxol group. This can result in lower 
incidences of infections and fever episodes (e.g., febrile neu 
tropenia). It can also reduce the cycle time in between treat 
ment s which is currently 21 days. Thus the use of Capxol may 
provide substantial advantage over Taxol. 

It was surprisingly found that the Taxol vehicle, Cremo 
phor/Ethanol diluted in saline, alone caused strong myelo 
suppression and caused severe hypersensitivity reactions and 
death in several dose groups of mice. No such reactions were 
observed for the Capxol groups at equivalent and higher 
doses. Thus Capxol, a formulation of paclitaxel that is free of 
the Taxol vehicle is of substantial advantage. 

It is also very surprising that when Capxol and Taxol are 
administered to rats at equivalent doses of paclitaxel, a much 
lower toxicity is seen for the Capxol compared to Taxol as 
evidenced by signi?cantly higher LD50 values. This may 
allow for higher more therapeutically effective doses of pacli 
taxel to be administered to patients. There is evidence in the 
literature showing increases response rates to higher doses of 
paclitaxel. The Capxol formulation may allow the adminis 
tration of these higher doses due to lower toxicity and thereby 
exploit the full potential of this drug. 

It is also surprising that Capxol, a formulation of the sub 
stantially water-insoluble drug, paclitaxel, is stable when 
reconstituted in an aqueous medium at several different con 
centrations ranging from, but not limited to 01-20 mg/ml. 
This offers substantial advantage over Taxol during adminis 
tration of the drug as it results in smaller infusion olumes, 
overcomes instability issues known for Taxol, such as recipi 
tation, and avoids the use of an in-line ?lter in the infusion 
line. Thus Capxol greatly simpli?es and improves the admin 
istration of paclitaxel to patients. 

It is also surprising that Capxol when administered to rats 
at equivalent doses of paclitaxel as Taxol, shows no sign of 
neurotoxicity while Taxol even at low doses shows neuro 
toxic effects. 

The invention formulation further allows the administra 
tion of paclitaxel, and other substantially water insoluble 
pharmacologically active agents, employing a much smaller 
volume of liquid and requiring greatly reduced administra 
tion time relative to administration volumes and times 
required by prior art delivery systems. 

In combination with a biocompatible polymer matrix, the 
invention formulation (Capxol) allows for local sustained 
delivery of paclitaxel with lower toxicity and prolonged activ 
ity. 

The above surprising ?ndings for Capxol offer the poten 
tial to substantially improve the quality of life of patients 
receiving paclitaxel. 
Potential Advantages of the CapxolTM Formulation for Pacli 
taxel: 

CapxolTM is a lyophilized powder containing only pacli 
taxel and human serum albumin. Due to the nature of the 
colloidal solution formed upon reconstitution of the lyo 
philized powder toxic emulsi?ers such as cremophor (in 
the BMS formulation of paclitaxel) orpolysorbate 80 (as 
in the Rhone Poulenc formulation of docetaxel) and 
solvents such as ethanol to solubilize the drug are not 
required. Removing toxic emulsifers will reduce the 
incidences of severe hypersensitivity and anaphylactic 
reactions that are known to occur in products TAXOL. 

In addition, no premedication with steroids and antihista 
mines are anticipated prior to administration of the drug. 
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14 
Due to reduced toxicities, as evidenced by the LD 10/LD50 

studies, higher doses may be employed for greater e?i 
cacy. 

The reduction in myelosuppression (as compared with the 
BMS formulation) is expected to reduce the period of the 
treatment cycle (currently 3 weeks) and improve the 
therapeutic outcomes. 

CapxolTM can be administered at much higher concentra 
tions (upto 20 mg/ml) compared with the BMS formu 
lation (0.6 mg/ml), allowing much lower volume infu 
sions, and administration as an intravenous bolus. 

TAXOL may be infused only with nitroglycerin polyole?n 
infusion sets due to leaching of plasticizers from stan 
dard infusion tubing into the formulation. Capxol shows 
no leaching and may be utilized with any standard infu 
sion tubing. In addition, only glass or polyole?n con 
tainers are to be used for storing all cremophor contain 
ing solutions. The Capxol formulation has no such 
limitations. 

A recognized problem with TAXOL formulation is the 
precipitation of paclitaxel in indwelling catheters. This 
results in erratic and poorly controlled dosing. Due to the 
inherent stability of the colloidal solution of the new 
formulation, CapxolTM, the problem of precipitation is 
alleviated. 

The administration of Taxol requires the use of in line 
?lters to remove precipitates and other particulate mat 
ter. Capxol has no such requirement due to inherent 
stability. 

The literature suggests that particles in the low hundred 
nanometer size range preferentially partition into tumors 
through leaky blood vessels at the tumor site. The col 
loidal particles of paclitaxel in the CapxolTM formula 
tion may therefore show a preferential targeting effect, 
greatly reducing the side effects of paclitaxel adminis 
tered in the BMS formulation. 

Therefore, it is a primary object of the present invention to 
provide a new formulation of paclitaxel that provides the 
above desirable characteristics. 

It is another object of the present invention to provide a new 
formulation of paclitaxel that localizes paclitaxel in certain 
tissues, thereby providing higher anticancer activity at these 
sites. 

It is another object of the invention to administer paclitaxel 
at concentrations greater than about 2 mg/ml in order to 
reduce infusion volumes. 

It is also an object of the invention to provide a formulation 
of paclitaxel that is free of the Taxol vehicle. 

It is yet another object of the invention to provide a formu 
lation of paclitaxel that improves the quality of life of patients 
receiving Taxol for the treatment of cancer. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 presents the results of intravenous administration of 
paclitaxel nanoparticles to tumor bearing mice (n:5 in each 
group), showing a complete regression of tumor in the treat 
ment group (I) compared with a control group receiving 
saline (Q). Virtually uncontrolled tumor growth is seen in the 
control group. Dose for the treatment group is 20 mg/kg of 
paclitaxel administered as an intravenous bolus for ?ve con 
secutive days. 

FIG. 2 presents the results of intraperitoneal administration 
of paclitaxel nanoparticles in rats that have developed arthritis 
in their paws following intradermal injection of collagen. Paw 
volumes are measured and indicate the severity of the disease. 
The paw volumes are normalized to 100% at the beginning of 
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treatment. Day 0 represents the initiation of treatment. There 
are 3 groupsicontrol group receiving saline (n:2, shown as 
a thin line and labelled in the ?gure a “non-treatment”); a ?rst 
treatment group receiving paclitaxel nanoparticles at a dose 
of 1 mg/kg (n:4, shown as a heavy line and labelled in the 
?gure as “paclitaxel nanoparticles 1.0 mg/kg”), and a second 
treatment group receiving combination therapy of paclitaxel 
nanoparticles at a dose of 0.5 mg/kg and prednisone at a dose 
of 0.2 mg/kg (n:4, shown as a heavy line and labelled in the 
?gure as “prednisone 0.2 mg/kg+paclitaxel nanoparticles 0.5 
mg/kg”). The two treatment groups show a dramatic reduc 
tion in paw volume with time, indicating a regression of 
arthritis, while the control group showed an increase in paw 
volume over the same period. 

FIG. 3 provides results for a pilot myelosuppression hema 
tologic toxicity study. 

FIG. 4 provides results for a pilot study of antitumor e?i 
cacy. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the present invention, there are pro 
vided methods for reducing the hematologic toxicity of pacli 
taxel in a subject undergoing treatment with paclitaxel, said 
method comprising systemically administering said pacli 
taxel to said subject in a pharmaceutically acceptable formu 
lation at a does of at least 175 mg/m2 over an administration 
period of no greater than two hours. 

[[also parrot other independent claims]] 
In accordance with the present invention, there are also 

provided methods for the preparation of substantially water 
insoluble pharmacologically active agents for in vivo deliv 
ery, said method comprising: 

a) combining 
i) an organic solvent having said active agent dissolved 

therein; 
ii) water or an aqueous solution; 
iii) a surfactant; and 
iv) a cosurfactant that spontaneously form a microemul 

sion; and 
b) removing said organic solvent to yield a suspension of 

nanoparticles of said active agent in said water. 
In accordance with a still further embodiment of the 

present invention, there is provided a drug delivery system 
comprising particles of a solid or liquid, substantially water 
insoluble pharmacologically active agent, coated with a pro 
tein, 

wherein said protein coating has free protein associated 
therewith, 

wherein a portion of said pharmacologically active agent is 
contained within said protein coating and a portion of said 
pharmacologically active agent is associated with said free 
protein, and 

wherein the average diameter of said particles is no greater 
than about 1 micron. 

Compositions produced by the above-described methods 
are particularly advantageous as they have been observed to 
provide a very low toxicity form of a variety of pharmaco 
logically active agents. Also described herein are other meth 
ods of making low toxicity forms of pharmacologically active 
agents, e.g., paclitaxel. 

In a preferred embodiment, the average diameter of the 
above-described particles is no greater than about 200 nm. 
Such particles are particularly advantageous as they can be 
subjected to sterile ?ltration, thereby obviating the need for 
more vigorous treatment to achieve sterilization of solutions 
containing the desired pharmacologically active agent. 
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As used herein, unless speci?ed to the contrary, the term 

“paclitaxel” encompasses all forms, modi?cations and 
derivatives of paclitaxel, e.g., taxotere, and the like. 

CapxolTM is the trademark for the paclitaxel formulation to 
be marketed by Applicants’ assignees. As used herein, 
CapxolTM is merely a shorthand means of reference to pro 
tein-coated paclitaxel nanoparticles produced by the method 
of Example 1 . CapxolTM is a proprietary new, cremaphor-free 
formulation of the anticancer drug paclitaxel. Inventors, 
based on animal studies, believe that a cremaphor-free for 
mulation will be signi?cantly less toxic and will not require 
premedication of patients. Premedication is necessary to 
reduce the hypersensitivity and anaphylaxis that occurs as a 
result of cremaphor in the currently approved and marketed 
BMS (Bristol Myers Squibb) formulation of paclitaxel. 
CapxolTM is a lyophilized powder for reconstitution and intra 
venous administration. Each vial of CapxolTM contains 30 mg 
of paclitaxel and approximately 400 mg of human serum 
albumin. When reconstituted with a suitable aqueous medium 
such as 0.9% sodium chloride injection or 5% dextrose injec 
tion, CapxolTM forms a stable colloidal solution of paclitaxel. 
The size of the colloidal nanoparticles is typically less than 
400 nm. The nanoparticles are prepared by high pressure 
homogenization of a solution of USP human serum albumin 
and a solution of paclitaxel in an organic solvent. The solvent 
is then removed to generate the colloidal suspension or solu 
tion of paclitaxel in human albumin. This suspension is sterile 
?ltered and lyophilized to obtain CapxolTM. The formulation 
contains no other added excipients or stabilizers. The sterility 
of the product is assured by an aseptic manufacturing process 
and/or by sterile ?ltration. The two major components of 
CapxolTM are unmodi?ed paclitaxel and human serum albu 
min (HSA). Since HSA is freely soluble in water, CapxolTM 
can be reconstituted to any desired concentration of paclitaxel 
limited only by the solubility limits for HSA. Thus CapxolTM 
can be reconstituted in a wide range of concentrations ranging 
from dilute (0.1 mg/ml paclitaxel) to concentrated (20 mg/ml 
paclitaxel). This can result in fairly small volumes of admin 
istration. 
As used herein, the term “in vivo delivery” refers to deliv 

ery of a pharmacologically active agent by such routes of 
administration as oral, intravenous, subcutaneous, intraperi 
toneal, intrathecal, intramuscular, inhalational, topical, trans 
dermal, suppository (rectal), pessary (vaginal), intra urethral, 
intraportal, intrahepatic, intra-arterial, intraumoral, and the 
like. 
As used herein, the term “micron” refers to a unit of mea 

sure of one one-thousandth of a millimeter. 

As used herein, the term “biocompatible” describes a sub 
stance that does not appreciably alter or affect in any adverse 
way, the biological system into which it is introduced. 

Substantially water insoluble pharmacologically active 
agents contemplated for use in the practice of the present 
invention include pharmaceutically active agents, diagnostic 
agents, agents of nutritional value, and the like. Examples of 
pharmaceutically active agents include: 

analgesics/antipyretics (e.g., aspirin, acetaminophen, ibu 
profen, naproxen sodium, buprenorphine hydrochlo 
ride, propoxyphene hydrochloride, propoxyphene nap 
sylate, meperidine hydrochloride, hydromorphone 
hydrochloride, morphine sulfate, oxycodone hydrochlo 
ride, codeine phosphate, dihydrocodeine bitartrate, pen 
tazocine hydrochloride, hydrocodone bitartrate, levor 
phanol tartrate, di?unisal, trolamine salicylate, 
nalbuphine hydrochloride, mefenamic acid, butorpha 
nol tartrate, choline salicylate, butalbital, phenyltolox 
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amine citrate, diphenhydramine citrate, methotrimepra 
Zine, cinnamedrine hydrochloride, meprobamate, and 
the like); 

anesthetics (e.g., cyclopropane, en?urane, halothane, isof 
lurane, methoxy?urane, nitrous oxide, propofol, and the 
like); 

antiasthmatics (e.g., Azelastine, Ketotifen, Traxanox, 
Amlexanox, Cromolyn, lbudilast, Montelukast, 
Nedocromil, Oxatomide, Pranlukast, Seratrodast, 
Suplatast Tosylate, Tiaramide, Za?rlukast, Zileuton, 
Beclomethasone, Budesonide, Dexamethasone, 
Flunisolide, Trimcinolone Acetonide, and the like); 

antibiotics (e.g., neomycin, streptomycin, chlorampheni 
col, cephalosporin, ampicillin, penicillin, tetracycline, 
and the like); 

antidepressants (e.g., nefopam, oxypertine, doxepin 
hydrochloride, amoxapine, trazodone hydrochloride, 
amitriptyline hydrochloride, maprotiline hydrochloride, 
phenelZine sulfate, desipramine hydrochloride, nortrip 
tyline hydrochloride, tranylcypromine sulfate, ?uoxet 
ine hydrochloride, doxepin hydrochloride, imipramine 
hydrochloride, imipramine pamoate, nortriptyline, ami 
triptyline hydrochloride, isocarbovaid, desipramine 
hydrochloride, trimipramine maleate, protriptyline 
hydrochloride, and the like); 

antidiabetics (e.g., biguanides, hormones, sulfonylurea 
derivatives, and the like); 

antifungal agents (e.g., griseofulvin, keloconazole, 
amphotericin B, Nystatin, candicidin, and the like); 

antihypertensive agents (e.g., propanolol, propafenone, 
oxyprenolol, Nifedipine, reserpine, trimethaphan cam 
sylate, phenoxybenzamine hydrochloride, pargyline 
hydrochloride, deserpidine, diazoxide, guanethidine 
monosulfate, minoxidil, rescinnamine, sodium nitro 
prusside, rauwol?a serpentina, alseroxylon, phentola 
mine mesylate, reserpine, and the like); 

anti-in?ammatories (e.g., (non-steroidal) indomethacin, 
naproxen, ibuprofen, ramifenazone, piroxicam, (steroi 
dal) cortisone, dexamethasone, ?uazacort, hydrocorti 
sone, prednisolone, prednisone, and the like); 

antineoplastics (e.g., adriamycin, cyclophosphamide, acti 
nomycin, bleomycin, duanorubicin, doxorubicin, epiru 
bicin, mitomycin, methotrexate, ?uorouracil, carbopl 
atin, carmustine (BCNU), methyl-CCNU, cisplatin, 
etoposide, interferons, camptothecin and derivatives 
thereof, phenesterine, Taxol and derivatives thereof, 
taxotere and derivatives thereof, vinblastine, vincristine, 
tamoxifen, etoposide, piposulfan, and the like); 

antianxiety agents (e.g., lorazepam, buspirone hydrochlo 
ride, prazepam, chlordiazepoxide hydrochloride, 
oxazepam, clorazepate dipotassium, diazepam, hydrox 
yZine pamoate, hydroxyZine hydrochloride, alprazolam, 
droperidol, halazepam, chlormezanone, dantrolene, and 
the like); 

immunosuppressive agents (e.g., cyclosporine, azathio 
prine, mizoribine, FK506 (tacrolimus), and the like); 

antimigraine agents (e.g., ergotamine tartrate, propanolol 
hydrochloride, isometheptene mucate, dichloral 
phenazone, and the like); 

sedatives/hypnotics (e.g., barbiturates (e.g., pentobarbital, 
pentobarbital sodium, secobarbital sodium), benzodi 
azapines (e.g., ?urazepam hydrochloride, triazolam, 
tomazeparm, midazolam hydrochloride, and the like); 

antianginal agents (e.g., beta-adrenergic blockers, calcium 
channel blockers (e.g., nifedipine, diltiazem hydrochlo 
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ride, and the like), nitrates (e.g., nitroglycerin, isosor 
bide dinitrate, pentaerythritol tetranitrate, erythrityl tet 
ranitrate, and the like)); 

antipsychotic agents (e.g., haloperidol, loxapine succinate, 
loxapine hydrochloride, thioridaZine, thioridaZine 
hydrochloride, thiothixene, ?uphenaZine hydrochlo 
ride, ?uphenaZine decanoate, ?uphenaZine enanthate, 
tri?uoperaZine hydrochloride, chlorpromaZine hydro 
chloride, perphenaZine, lithium citrate, prochlorpera 
Zine, and the like); 

antimanic agents (e.g., lithium carbonate); 
antiarrhythmics (e.g., bretylium tosylate, esmolol hydro 

chloride, verapamil hydrochloride, amiodarone, encain 
ide hydrochloride, digoxin, digitoxin, mexiletine hydro 
chloride, disopyramide phosphate, procainamide 
hydrochloride, quinidine sulfate, quinidine gluconate, 
quinidine polygalacturonate, ?ecainide acetate, tocain 
ide hydrochloride, lidocaine hydrochloride, and the 
like); 

antiarthritic agents (e.g., phenylbutazone, sulindac, peni 
cillamine, salsalate, piroxicam, azathioprine, 
indomethacin, meclofenamate sodium, gold sodium thi 
omalate, ketoprofen, aurano?n, aurothioglucose, tol 
metin sodium, and the like); 

antigout agents (e.g., colchicine, allopurinol, and the like); 
anticoagulants (e.g., heparin, heparin sodium, warfarin 

sodium, and the like); 
thrombolytic agents (e.g., urokinase, streptokinase, alto 

plase, and the like); 
anti?brinolytic agents (e.g., aminocaproic acid); 
hemorheologic agents (e.g., pentoxifylline); 
antiplatelet agents (e.g., aspirin, empirin, ascriptin, and the 

like); 
anticonvulsants (e.g., valproic acid, divalproate sodium, 

phenytoin, phenytoin sodium, clonazepam, primidone, 
phenobarbitol, phenobarbitol sodium, carbamazepine, 
amobarbital sodium, methsuximide, metharbital, 
mephobarbital, mephenytoin, phensuximide, 
paramethadione, ethotoin, phenacemide, secobarbitol 
sodium, clorazepate dipotassium, trimethadione, and 
the like); 

antiparkinson agents (e.g., ethosuximide, and the like); 
antihistamines/antipruritics (e.g., hydroxyZine hydrochlo 

ride, diphenhydramine hydrochloride, chlorphe 
niramine maleate, brompheniramine maleate, cypro 
heptadine hydrochloride, terfenadine, clemastine 
fumarate, triprolidine hydrochloride, carbinoxamine 
maleate, diphenylpyraline hydrochloride, phenin 
damine tartrate, azatadine maleate, tripelennamine 
hydrochloride, dexchlorpheniramine maleate, methdila 
Zine hydrochloride, trimpraZine tartrate and the like); 

agents useful for calcium regulation (e.g., calcitonin, par 
athyroid hormone, and the like); 

antibacterial agents (e.g., amikacin sulfate, aZtreonam, 
chloramphenicol, chloramphenicol palmitate, chloram 
phenicol sodium succinate, cipro?oxacin hydrochlo 
ride, clindamycin hydrochloride, clindamycin palmi 
tate, clindamycin phosphate, metronidazole, 
metronidazole hydrochloride, gentamicin sulfate, linco 
mycin hydrochloride, tobramycin sulfate, vancomycin 
hydrochloride, polymyxin B sulfate, colistimethate 
sodium, colistin sulfate, and the like); 

antiviral agents (e.g., interferon gamma, Zidovudine, 
amantadine hydrochloride, ribavirin, acyclovir, and the 
like); 

antimicrobials (e.g., cephalosporins (e.g., cefazolin 
sodium, cephradine, cefaclor, cephapirin sodium, cefti 
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zoxime sodium, cefoperazone sodium, cefotetan diso 
dium, cefutoxime azotil, cefotaxime sodium, cefadroxil 
monohydrate, ceftaZidime, cephalexin, cephalothin 
sodium, cephalexin hydrochloride monohydrate, cefa 
mandole nafate, cefoxitin sodium, cefonicid sodium, 
ceforanide, ceftriaxone sodium, ceftaZidime, cefadroxil, 
cephradine, cefuroxime sodium, and the like), penicil 
lins (e.g., ampicillin, amoxicillin, penicillin G benza 
thine, cyclacillin, ampicillin sodium, penicillin G potas 
sium, penicillin V potassium, piperacillin sodium, 
oxacillin sodium, bacampicillin hydrochloride, clox 
acillin sodium, ticarcillin disodium, aZlocillin sodium, 
carbenicillin indanyl sodium, penicillin G potassium, 
penicillin G procaine, methicillin sodium, nafcillin 
sodium, and the like), erythromycins (e.g., erythromy 
cin ethylsuccinate, erythromycin, erythromycin esto 
late, erythromycin lactobionate, erythromycin siearate, 
erythromycin ethyl succinate, and the like), tetracyclines 
(e.g., tetracycline hydrochloride, doxycycline hyclate, 
minocycline hydrochloride, and the like), and the like); 

anti-infectives (e.g., GM-CSF); 
bronchodialators (e.g., sympathomimetics (e.g., epineph 

rine hydrochloride, metaproterenol sulfate, terbutaline 
sulfate, isoetharine, isoetharine mesylate, isoetharine 
hydrochloride, albuterol sulfate, albuterol, bitolterol, 
mesylate isoproterenol hydrochloride, terbutaline sul 
fate, epinephrine bitartrate, metaproterenol sulfate, epi 
nephrine, epinephrine bitartrate), anticholinergic agents 
(e.g., ipratropium bromide), xanthines (e.g., aminophyl 
line, dyphylline, metaproterenol sulfate, aminophyl 
line), mast cell stabilizers (e.g., cromolyn sodium), 
inhalant corticosteroids (e.g., ?urisolidebeclometha 
sone dipropionate, beclomethasone dipropionate mono 
hydrate), salbutamol, beclomethasone dipropionate 
(BDP), ipratropium bromide, budesonide, ketotifen, sal 
meterol, xinafoate, terbutaline sulfate, triamcinolone, 
theophylline, nedocromil sodium, metaproterenol sul 
fate, albuterol, ?unisolide, and the like); 

hormones (e.g., androgens (e.g., danazol, testosterone 
cypionate, ?uoxymesterone, ethyltostosterone, test 
osterone enanihate, methyltestosterone, ?uoxymester 
one, testosterone cypionate), estrogens (e.g., estradiol, 
estropipate, conjugated estrogens), progestins (e.g., 
methoxyprogesterone acetate, norethindrone acetate), 
corticosteroids (e.g., triamcinolone, betamethasone, 
betamethasone sodium phosphate, dexamethasone, dex 
amethasone sodium phosphate, dexamethasone acetate, 
prednisone, methylprednisolone acetate suspension, tri 
amcinolone acetonide, methylprednisolone, predniso 
lone sodium phosphate methylprednisolone sodium 
succinate, hydrocortisone sodium succinate, methyl 
prednisolone sodium succinate, triamcinolone hexaca 
tonide, hydrocortisone, hydrocortisone cypionate, pred 
nisolone, ?uorocortisone acetate, paramethasone 
acetate, prednisolone tebulate, prednisolone acetate, 
prednisolone sodium phosphate, hydrocortisone sodium 
succinate, and the like), thyroid hormones (e. g., levothy 
roxine sodium) and the like), and the like; 

hypoglycemic agents (e.g., human insulin, puri?ed beef 
insulin, puri?ed pork insulin, glyburide, chlorpropam 
ide, glipiZide, tolbutamide, tolazamide, and the like); 

hypolipidemic agents (e.g., clo?brate, dextrothyroxine 
sodium, probucol, lovastatin, niacin, and the like); 

proteins (e.g., DNase, alginase, superoxide dismutase, 
lipase, and the like); 
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nucleic acids (e. g., sense or anti-sense nucleic acids encod 

ing any therapeutically useful protein, including any of 
the proteins described herein, and the like); 

agents useful for erythropoiesis stimulation (e.g., erythro 
poietin); 

antiulcer/antire?ux agents (e.g., famotidine, cimetidine, 
ranitidine hydrochloride, and the like); 

antinauseants/antiemetics (e.g., mecliZine hydrochloride, 
nabilone, prochlorperaZine, dimenhydrinate, promet 
haZine hydrochloride, thiethylperaZine, scopolamine, 
and the like); 

oil-soluble vitamins (e.g., vitamins A, D, E, K, and the 
like); and 

as well as other drugs such as mitotane, visadine, haloni 
trosoureas, anthrocyclines, ellipticine, and the like. 

Examples of diagnostic agents contemplated for use in the 
practice of the present invention include ultrasound contrast 
agents, radiocontrast agents (e. g., iodo-octanes, halocarbons, 
renogra?n, and the like), magnetic contrast agents (e. g., ?uo 
rocarbons, lipid soluble paramagnetic compounds, and the 
like), as well as other diagnostic agents which cannot readily 
be delivered without some physical and/ or chemical modi? 
cation to accommodate the substantially water insoluble 
nature thereof. 

Examples of agents of nutritional value contemplated for 
use in the practice of the present invention include amino 
acids, sugars, proteins, carbohydrates, fat-soluble vitamins 
(e. g., vitamins A, D, E, K, and the like) or fat, or combinations 
of any two or more thereof. 
A. Formation of Nanoparticles Using High Shear Homogeni 
zation 
Key differences between the pharmacologically active 

agents contained in a polymeric shell according to the inven 
tion and protein micro spheres of the prior art are in the nature 
of formation and the ?nal state of the protein after formation 
of the particle, and its ability to carry poorly aqueous-soluble 
or substantially aqueous-insoluble agents. In accordance with 
the present invention, the polymer. (e.g., a protein) may be 
crosslinked as a result of exposure to high shear conditions in 
a high pressure homogenizer. High shear is used to disperse a 
dispersing agent containing dissolved or suspended pharma 
cologically active agent into an aqueous solution of a biocom 
patible polymer, optionally bearing sulfhydryl or disul?de 
groups (e.g., albumin) whereby a shell of crosslinked poly 
mer is formed around ?ne droplets of non-aqueous medium. 
The high shear conditions produce cavitation in the liquid that 
causes tremendous local heating and results in the formation 
of superoxide ions that are capable of crosslinking the poly 
mer, for example, by oxidiZing the sulfhydryl residues (and/ 
or disrupting existing disul?de bonds) to form new, crosslink 
ing disul?de bonds. 

In contrast to the invention process, the prior art method of 
glutaraldehyde crosslinking is nonspeci?c and essentially 
reactive with any nucleophilic group present in the protein 
structure (e.g., amines and hydroxyls). Heat denaturation as 
taught by the prior art signi?cantly and irreversibly alters 
protein structure. In contrast, disul?de formation contem 
plated by the present invention does not substantially dena 
ture the protein. In addition, particles of substantially water 
insoluble pharmacologically active agents contained within a 
shell differ from crosslinked or heat denatured protein micro 
spheres of the prior art because the polymeric shell produced 
by the invention process is relatively thin compared to the 
diameter of the coated particle. It has been determined (by 
transmission electron microscopy) that the “shell thickness” 
of the polymeric coat is approximately 25 nanometers for a 
coated particle having a diameter of 1 micron (1000 nanom 
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eters). In contrast, microspheres of the prior art do not have 
protein shells, but rather, have protein dispersed throughout 
the volume of the microsphere. 

Thus, in accordance with the present invention, a pharma 
cologically active agent is dissolved in a suitable solvent (e.g., 
chloroform, methylene chloride, ethyl acetate, ethanol, tet 
rahydrofuran, dioxane, butanol, butyl acetate, acetonitrile, 
acetone, dimethyl sulfoxide, dimethyl formamide, methyl 
pyrrolidinone, or the like, as well as mixtures of any two or 
more thereof). Additional solvents contemplated for use in 
the practice of the present invention include soybean oil, 
coconut oil, olive oil, sa?Tower oil, cotton seed oil, sesame oil, 
orange oil, limonene oil, C1-C20 alcohols, C2-C20 esters, 
C3 -C20 ketones, polyethylene glycols, aliphatic hydrocar 
bons, aromatic hydrocarbons, halogenated hydrocarbons and 
combinations thereof. 

Unlike conventional methods for nanoparticle formation, a 
polymer (e.g. polylactic acid) is not dissolved in the solvent. 
The oil phase employed in the preparation of invention com 
positions typically contains only the pharmacologically 
active agent dissolved in solvent. 

Next, a protein (e.g., human serum albumin) is added (into 
the aqueous phase) to act as a stabilizing agent for the forma 
tion of stable nanodroplets. Protein is added at a concentra 
tion in the range of about 0.05 to 25% (w/v), more preferably 
in the range of about 0.5%-5% (w/v). Unlike conventional 
methods for nanoparticle formation, no surfactant (e.g. 
sodium lauryl sulfate, lecithin, tween 80, pluronic F-68 and 
the like) is added to the mixture. 

Next, an emulsion is formed by homogenization under 
high pressure and high shear forces. Such homogenization is 
conveniently carried out in a high pressure homogenizer, 
typically operated at pressures in the range of about 3,000 up 
to 60,000 psi. Preferably, such processes are carried out at 
pressures in the range of about 6,000 up to 40,000 psi. The 
resulting emulsion comprises very small nanodroplets of the 
nonaqueous solvent (containing the dissolved pharmacologi 
cally active agent) and very small nanodroplets of the protein 
stabilizing agent. Acceptable methods of homogenization 
include processes imparting high shear and cavitation such as 
high pressure homogenization, high shear mixers, sonication, 
high shear impellers, and the like. 

Finally, the solvent is evaporated under reduced pressure to 
yield a colloidal system composed of protein coated nanopar 
ticles of pharmacologically active agent and protein. Accept 
able methods of evaporation include the use of rotary evapo 
rators, falling ?lm evaporators, spray driers, freeze driers, and 
the like. Ultra?ltration may also be used for solvent removal. 

Following evaporation of solvent, the liquid suspension 
may be dried to obtain a powder containing the pharmaco 
logically active agent and protein. The resulting powder can 
be redispersed at any convenient time into a suitable aqueous 
medium such as saline, buffered saline, water, buffered aque 
ous-media, solutions of amino acids, solutions of vitamins, 
solutions of carbohydrates, or the like, as well as combina 
tions of any two or more thereof, to obtain a suspension that 
can be administered to mammals. Methods contemplated for 
obtaining this powder include freeze-drying, spray drying, 
and the like. 

In accordance with another embodiment of the present 
invention, there is provided an alternative method for the 
formation of unusually small submicron particles (nanopar 
ticles), i.e., particles which are less than 200 nanometers in 
diameter. Such particles are capable of being sterile-?ltered 
before use in the form of a liquid suspension. The ability to 
sterile-?lter the end product of the invention formulation 
process (i.e., the drug particles) is of great importance since it 
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22 
is impossible to sterilize dispersions which contain high con 
centrations of protein (e.g., serum albumin) by conventional 
means such as autoclaving. 

In order to obtain sterile-?lterable particles (i.e., particles 
<200 nm), the pharmacologically active agent is initially 
dissolved in a substantially water immiscible organic solvent 
(e.g., a solvent having less than about 5% solubility in water, 
such as, for example, chloroform) at high concentration, 
thereby forming an oil phase containing the pharmacologi 
cally active agent. Suitable solvents are set forth above. 
Unlike conventional methods for nanoparticle formation, a 
polymer (e.g. polylactic acid) is not dissolved in the solvent. 
The oil phase employed in the process of the present invention 
contains only the pharmacologically active agent dissolved in 
solvent. 

Next, a water miscible organic solvent (e.g., a solvent 
having greater than about 10% solubility in water, such as, for 
example, ethanol) is added to the oil phase at a ?nal concen 
tration in the range of about 1%-99% v/v, more preferably in 
the range of about 5%-25% v/v of the total organic phase. The 
water miscible organic solvent can be selected from such 
solvents as ethyl acetate, ethanol, tetrahydrofuran, dioxane, 
acetonitrile, gutanol, acetone, propylene glycol, glycerol, 
dimethyl sulfoxide, dimethyl formamide, methyl pyrrolidi 
none, and the like. Alternatively, the mixture of water immis 
cible solvent with the water miscible solvent is prepared ?rst, 
followed by dissolution of the pharmaceutically active agent 
in the mixture. 

Next, human serum albumin or any other suitable stabiliz 
ing agent as described above is dissolved in aqueous media. 
This component acts as a stabilizing agent for the formation 
of stable nanodroplets. Optionally, a suf?cient amount of the 
?rst organic solvent (e.g. chloroform) is dissolved in the 
aqueous phase to bring it close to the saturation concentra 
tion. A separate, measured amount of the organic phase 
(which now contains the pharmacologically active agent, the 
?rst organic solvent and the second organic solvent) is added 
to the saturated aqueous phase, so that the phase fraction of 
the organic phase is between about 0.5%-15% v/v, and more 
preferably between 1% and 8% v/v. 

Next, a mixture composed of micro and nanodroplets is 
formed by homogenization at low shear forces. This can be 
accomplished in a variety of ways, as can readily be identi?ed 
by those of skill in the art, employing, for example, a conven 
tional laboratory homogenizer operated in the range of about 
2,000 up to about 15,000 rpm. This is followed by homog 
enization under high pressure (i.e., in the range of about 3,000 
up to 60,000 psi). The resulting mixture comprises an aque 
ous protein solution (e.g., human serum albumin), the water 
insoluble pharmacologically active agent, the ?rst solvent 
and the second solvent. Finally, solvent is rapidly evaporated 
under vacuum to yield a colloidal dispersion system (phar 
macologically active agent and protein) in the form of 
extremely small nanoparticles (i.e., particles in the range of 
about 10 nm-200 nm diameter) that can be sterile-?ltered. 
The preferred size range of the particles is between about 50 
nm-170 nm, depending on the formulation and operational 
parameters. 

Colloidal systems prepared in accordance with the present 
invention may be further converted into powder form by 
removal of the water therefrom, e.g., by lyophilization or 
spray drying at a suitable temperature-time pro?le. The pro 
tein (e.g., human serum albumin) itself acts as a cryopro 
tectant or lyoprotectant, and the powder is easily reconsti 
tuted by addition of water, saline or buffer, without the need to 
use such conventional cryoprotectants as mannitol, sucrose, 
glycine, and the like. While not required, it is of course 
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understood that conventional cryoprotectants may be added 
to invention formulations if so desired. 

The colloidal system of pharmacologically active agent 
allows for the delivery of high doses of the pharmacologically 
active agent in relatively small volumes. This minimizes 
patient discomfort at receiving large volumes of ?uid and 
minimizes hospital stay. In addition, the walls of the poly 
meric shell or coating are generally completely degradable in 
vivo by proteolytic enzymes (e.g., when the polymer is a 
protein), resulting in substantially no side effects from the 
delivery system, which is in sharp contrast to the signi?cant 
side effects caused by current formulations. 
A number of biocompatible polymers may be employed in 

the practice of the present invention for the formation of the 
polymeric shell which surrounds the substantially water 
insoluble pharmacologically active agents. Essentially any 
polymer, natural or synthetic, optionally bearing sulfhydryl 
groups or disul?de bonds within its structure may be utilized 
for the preparation of a disul?de crosslinked shell about par 
ticles of substantially water insoluble pharmacologically 
active agents. The sulfhydryl groups or disul?de linkages 
may be preexisting within the polymer structure or they may 
be introduced by a suitable chemical modi?cation. For 
example, natural polymers such as proteins, peptides, poly 
nucleic acids, polysaccharides (e.g., starch, cellulose, dex 
trans, alginates, chitosan, pectin, hyaluronic acid, and the 
like), proteoglycans, lipoproteins, and so on, are candidates 
for such modi?cation. 

Proteins contemplated for use as stabilizing agents in 
accordance with the present invention include albumins 
(which contain 35 cysteine residues), immunoglobulins, 
caseins, insulins (which contain 6 cysteines), hemoglobins 
(which contain 6 cysteine residues per a2[32 unit), lysozymes 
(which contain 8 cysteine residues), immunoglobulins, 
alpah-2-macroglobulin, ?bronectins, vitronectins, ?brino 
gens, lipases, and the like. Proteins, peptides, enzymes, anti 
bodies and combinations thereof, are general classes of sta 
bilizers contemplated for use in the present invention. 
A presently preferred protein for use as a stabilizing agent 

is albumin. Optionally, proteins such as alpha-2-macroglobu 
lin, a known opsonin, could be used to enhance uptake of the 
shell encased particles of substantially water insoluble phar 
macologically active agents by macrophage-like cells, or to 
enhance the uptake of the shell encased particles into the liver 
and spleen. Speci?c antibodies may also be utilized to target 
the nanoparticles to speci?c locations. 

Other functional proteins, such as antibodies or enzymes, 
which could facilitate targeting of biologic to a desired site, 
can also be used as components of the stabilizing protein. 

Similarly, synthetic polymers are also good candidates for 
formation of particles having a polymeric shell. In addition, 
polyalkylene glycols (e. g., linear or branched chain), polyvi 
nyl alcohol, polyacrylates, polyhydroxyethyl methacrylate, 
polyacrylic acid, polyethyloxazoline, polyacrylamides, poly 
isopropyl acrylamides, polyvinyl pyrrolidinone, polylactide/ 
glycolide and the like, and combinations thereof, are good 
candidates for the biocompatible polymer in the invention 
formulation. 

Similarly, synthetic polypeptides are also good candidates 
for stabilizing agents for the substantially water insoluble 
pharmacologically active agents. In addition, contemplated 
for use in the practice of the present invention are such mate 
rials as synthetic polyamino acids containing cysteine resi 
dues and/or disul?de groups; polyvinyl alcohol modi?ed to 
contain free sulfhydryl groups and/ or disul?de groups; poly 
hydroxyethyl methacrylate modi?ed to contain free sulfhy 
dryl groups and/or disul?de groups; polyacrylic acid modi 
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?ed to contain free sulfhydryl groups and/ or disul?de groups; 
polyethyloxazoline modi?ed to contain free sulfhydryl 
groups and/or disul?de groups; polyacrylamide modi?ed to 
contain free sulfhydryl groups and/ or disul?de groups; poly 
vinyl pyrrolidinone modi?ed to contain free sulfhydryl 
groups and/or disul?de groups; polyalkylene glycols modi 
?ed to contain free sulfhydryl groups and/ or disul?de groups; 
polylactides, polyglycolides, polycaprolactones, or copoly 
mers thereof, modi?ed to contain free sulfhydryl groups and/ 
or disul?de groups; as well as mixtures of any two or more 

thereof. 
In the preparation of invention compositions, a wide vari 

ety of organic media can be employed to suspend or dissolve 
the substantially water insoluble pharmacologically active 
agent. Organic media contemplated for use in the practice of 
the present invention include any nonaqueous liquid that is 
capable of suspending or dissolving the pharmacologically 
active agent, but does not chemically react with either the 
olymer employed to produce the shell, or the pharmacologi 
cally active agent itself. Examples include vegetable oils 
(e.g., soybean oil, olive oil, and the like), coconut oil, saf 
?ower oil, cotton seed oil, sesame oil, orange oil, limonene 
oil, aliphatic, cycloaliphatic, or aromatic hydrocarbons hav 
ing 4-30 carbon atoms (e.g., n-dodecane, n-decane, n-hexane, 
cyclohexane, toluene, benzene, and the like), aliphatic or 
aromatic alcohols having 2-30 carbon atoms (e.g., octanol, 
and the like), aliphatic or aromatic esters having 2-30 carbon 
atoms (e.g., ethyl caprylate (octanoate), and the like), alkyl, 
aryl, or cyclic ethers having 2-30 carbon atoms (e.g., diethyl 
ether, tetrahydrofuran, and the like), alkyl or aryl halides 
having 1-30 carbon atoms (and optionally more than one 
halogen substituent, e.g., CH3C1, CH2C12, CH2CliCH2Cl, 
and the like), ketones having 3-30 carbon atoms (e.g., 
acetone, methyl ethyl ketone, and the like), polyalkylene 
glycols (e.g., polyethylene glycol, and the like), or combina 
tions of any two or more thereof. 

Especially preferred combinations of organic media con 
templated for use in the practice of the present invention 
typically have a boiling point of no greater than about 200° C., 
and include volatile liquids such as dichloromethane, chloro 
form, ethyl acetate, benzene, ethanol, butanol, butyl acetate, 
and the like (i.e., solvents that have a high degree of solubility 
for the pharmacologically active agent, and are soluble in the 
other organic medium employed), along with a higher 
molecular weight (less volatile) organic medium. When 
added to the other organic medium, these volatile additives 
help to drive the solubility of the pharmacologically active 
agent into the organic medium. This is desirable since this 
step is usually time consuming. Following dissolution, the 
volatile component may be removed by evaporation (option 
ally under vacuum). 

Particles of pharmacologically active agent associated with 
a polymeric shell, prepared as described above, are delivered 
as a suspension in a biocompatible aqueous liquid. This liquid 
may be selected from water, saline, a solution containing 
appropriate buffers, a solution containing nutritional agents 
such as amino acids, sugars, proteins, carbohydrates, vita 
mins or fat, and the like. 

These biocompatible materials may also be employed in 
several physical forms such as gels, crosslinked or 
uncrosslinked to provide matrices from which the pharmaco 
logically active ingredient, for example paclitaxel, may be 
released by diffusion and/or degradation of the matrix. Tem 
perature sensitive materials may also be utilized as the dis 
persing matrix for the invention formulation. Thus for 
example, the Capxol may be injected in a liquid formulation 
of the temperature sensitive material (e.g., copolymers of 
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