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(57) ABSTRACT 

Methods and compositions for inhibiting articular cartilage 
degradation. The compositions preferably include multiple 
chondroprotective agents, including at least one agent that 
promotes cartilage anabolic activity and at least one agent 
that inhibits cartilage catabolism. The compositions may 
also include one or more pain and in?ammation inhibitory 
agents. The compositions may be administered systemically, 
such as to treat patients at risk of cartilage degradation at 
multiple joints, and suitably may be formulated in a carrier 
or delivery vehicle that is targeted to the joints. Alternatively 
the compositions may be injected or infused directly into the 
joint. 
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COMPOSITIONS AND METHODS FOR SYSTEMIC 
INHIBITION OF CARTILAGE DEGRADATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of 
copending US. patent application Ser. No. 10/356,649, ?led 
Jan. 21, 2003, Which claims the bene?t of US. Provisional 
Application No. 60/353,552 ?led Feb. 1, 2002 and is a 
continuation-in-part of US. application Ser. No. 10/031,546 
?led Jan. 18, 2002, Which is a US. National phase of 
International Application No. PCT/US00/ 19864 ?led Jul. 
21, 2000 designating the United States, Which claims pri 
ority from US. Provisional Application No. 60/144,904 
?led Jul. 21, 1999, and also is a continuation-in-part of US. 
application Ser. No. 09/839,633 ?led Apr. 20, 2001, Which 
is a continuation-in-part of International Application No. 
PCT/US99/26330 ?led Nov. 5, 1999 designating the United 
States, Which claims priority from US. Provisional Appli 
cation No. 60/107,256 ?led Nov. 5, 1998, and of Intema 
tional Application No. PCT/US99/24625 ?led Oct. 20, 1999 
designating the United States, Which claims priority from 
US. Provisional Application No. 60/ 105,026 ?led Oct. 20, 
1998, the bene?ts of the priority of Which are hereby 
claimed under 35 USC Sections 119(e) and 120. 

FIELD OF THE INVENTION 

[0002] The present invention relates to therapeutic com 
positions and methods for the protection of articular carti 
lage. 

BACKGROUND OF THE INVENTION 

[0003] Diseases and conditions that cause the destruction 
of cartilage Within the joints poses a signi?cant public health 
concern, particularly in vieW of the demographics of an 
aging population. The articular cartilage of the joint repre 
sents a complex system of many different molecules. Mul 
tiple mechanisms are involved in the degradation of articular 
cartilage in arthritides such as rheumatoid arthritis (RA) and 
osteoarthritis (OA). OA, a non-in?ammatory arthritis, is the 
most common form of joint disease, and is second only to 
cardiovascular disease as a cause of early retirement and 
disability. Some individuals exhibit OA in a single or limited 
number of joints, such as may result from traumatic injury 
due to accident or surgery. Many other individuals suffer 
from OA in multiple joints due to Wear and tear associated 
With aging or With athletic or occupational activity over an 
extended period of time. RA is the most common form of 
in?ammatory arthritis, a?fecting 3% of Women and 1% of 
men. The majority of RA patients have symptoms in mul 
tiple joints, especially the small joints of the hand, the 
elboWs, the Wrists and the shoulders. 

[0004] The destruction of hyaline articular cartilage is the 
hallmark of OA and disabling RA. Although various thera 
peutic approaches may provide relief of symptoms, no 
therapeutic regimen has been proven to retard progression of 
articular cartilage degradation. The progressive deterioration 
and loss of articular cartilage leads to an irreversible impair 
ment of joint motion. These changes in cartilage are the ?nal 
pathogenic events that are common to osteoarthritis (OA) 
and rheumatoid arthritis (RA). 

[0005] Cartilage destructive processes may also be asso 
ciated With or initiated by surgical procedures of the joint. 
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Arthroscopy is a surgical procedure in Which a camera, 
attached to a remote light source and video monitor, is 
inserted into an anatomic joint (e.g., knee, shoulder, etc.) 
through a small portal incision in the overlying skin and joint 
capsule. Through similar portal incisions, surgical instru 
ments may be placed in the joint, their use guided by 
arthroscopic visualiZation. As ar‘throscopists’ skills have 
improved, an increasing number of operative procedures, 
once performed by “open” surgical technique, noW can be 
accomplished ar‘throscopically. Such procedures include, for 
example, partial meniscectomies and ligament reconstruc 
tions in the knee, shoulder acromioplasties and rotator cuff 
debridements and elboW synovectomies. As a result of 
Widening surgical indications and the development of small 
diameter arthroscopes, Wrist and ankle arthroscopies also 
have become routine. 

[0006] Throughout each ar‘throscopy, physiologic irriga 
tion ?uid (e.g., normal saline or lactated Ringer’s) is ?ushed 
continuously through the joint, distending the joint capsule 
and removing operative debris, thereby providing clearer 
intra-ar‘ticular visualiZation. US. Pat. No. 4,504,493 to 
Marshall discloses an isomolar solution of glycerol in Water 
for a non-conductive and optically clear irrigation solution 
for ar‘throscopy. Conventional physiologic irrigation ?uids 
do not provide analgesic, anti-in?ammatory or anti-cartilage 
degradation elfects. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides methods and com 
positions for reducing or preventing destruction of articular 
cartilage in a joint, by administering a combination of tWo 
or more metabolically active chondroprotective agents. 
Metabolically active agents include, but are not limited to, 
compounds that act directly or indirectly to modulate or alter 
the biological, biochemical or biophysical state of a cell, 
including agents that alter the electrical potential of the 
plasma membrane, the ligand binding or enzymatic activity 
of cellular receptors, intracellular or extracellularly located 
enZymes, protein-protein interactions, RNA-protein interac 
tions, or DNA-protein interactions. In one aspect of the 
present invention pharmaceutical compositions of metaboli 
cally active chondroprotective agents are provided that are 
based upon a combination of at least tWo agents that act 
simultaneously on distinct molecular targets. 

[0008] Representative chondroprotective agents include, 
for example: (1) antagonists of receptors for the interleu 
kin-1 family of proteins, including, for example, IL-1[3, 
IL-17 and IL-18; (2) antagonists of the tumor necrosis factor 
(TNF) receptor family, including, for example, TNF-Rl; (3) 
agonists for interleukin 4, 10 and 13 receptors; (4) agonists 
for the TGF-[3 receptor superfamily, including, for example, 
BMP-2, BMP-4 and BMP-7; (5) inhibitors of COX-2; (6) 
inhibitors of the MAP kinase family, including, for example, 
p38 MAP kinase; (7) inhibitors of the matrix metallopro 
teinases (MMP) family of proteins, including, for example, 
MMP-3 and MMP-9; (8) inhibitors of the NF-KB family of 
proteins, including, for example, the p50/p65 dimer complex 
With IKB; (9) inhibitors of the nitric oxide synthase (NOS) 
family, including, for example, iNOS; (10) agonists and 
antagonists of integrin receptors, including, for example, 
agonists of (xv[33 integrin; (11) inhibitors of the protein 
kinase C (PKC) family; (12) inhibitors of the protein 
tyrosine kinase family, including, for example, the src sub 
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family; (13) modulators of protein tyrosine phosphatases; 
and (14) inhibitors of protein src homology 2 (SH2) 
domains. Additional chondroprotective agents include other 
growth factors, such as by Way of example insulin-like 
groWth factors (e.g., IGF-1) and ?broblast groWth factors 
(e.g., bFGF). 

[0009] In a preferred embodiment, at least one agent is a 
cytokine or groWth factor receptor agonist that directly 
provides anti-in?ammatory activity and/or promotes carti 
lage anabolic processes, also referenced herein as an “ana 
bolic agent,” and at least a second agent is a receptor 
antagonist or enZyme inhibitor that acts to inhibit cartilage 
catabolic processes and that may also inhibit pro-in?amma 
tory processes, also referenced herein as an “inhibitor of 
cartilage catabolism” or “catabolic inhibitory agent”. As 
used herein, the term “chondroprotective agents” is intended 
to include both anabolic agents and inhibitors of cartilage 
catabolism. 

[0010] In this embodiment of the invention, at least a ?rst 
chondroprotective agent is an anti-in?ammatory/anabolic 
cytokine, Which act functionally to suppress the role of 
pro-in?ammatory cytokines in the joint, promote cartilage 
matrix synthesis and inhibit matrix degradation. These 
receptor agonists include, for example, speci?c anti-in?am 
matory and anabolic cytokines, such as the interleukin (IL) 
agonists (e.g., IL-4, IL-10 and IL-13) and speci?c members 
of the transforming groWth factor-[3 superfamily (e.g., TGFB 
and BMP-7), insulin-like groWth factors (e.g., IGF-1) and 
?broblast groWth factors (e.g., bFGF). At least a second 
chondroprotective agent is draWn from a class of cartilage 
catabolic inhibitors that include receptor antagonists or 
enZyme inhibitors that acts to inhibit and reduce the activity 
or the expression of a pro-in?ammatory molecular target 
(e. g., the IL-1 receptor antagonists, TNF-ot receptor antago 
nists, cyclooxygenase-2 inhibitors, MAP kinase inhibitors, 
nitric oxide synthase (NOS) inhibitors, and nuclear factor 
kappaB (NFKB) inhibitors). The second chondroprotective 
agent may also be selected from inhibitors of matrix met 
alloproteinases that inhibit cartilage catabolism, cell adhe 
sion molecules, including integrin agonists and integrin 
antagonists, that inhibit cartilage catabolism, intracellular 
signaling inhibitors, including protein kinase C inhibitors 
and protein tyrosine kinase inhibitors, that inhibit cartilage 
catabolism, and inhibitors of SH2 domains that inhibit 
cartilage catabolism. 

[0011] Articular cartilage is a specialiZed extracellular 
matrix that is produced and maintained by metabolically 
active articular chondrocytes. The maintenance of a normal, 
healthy extracellular matrix re?ects a dynamic balance 
betWeen the rate of biosynthesis and incorporation of matrix 
components, and the rate of their degradation and subse 
quent loss from the cartilage into the synovial ?uid. While 
the regulatory mechanisms that underlie the matrix homeo 
stasis are not Well understood, they are clearly altered in 
in?ammatory joint diseases and in response to joint trauma 
such that the rate of matrix breakdown exceeds the rate of 
neW synthesis of matrix components. Matrix homeostasis is 
generally regarded to represent a dynamic balance betWeen 
the effects of catabolic cytokines and anabolic cytokines 
(including groWth factors). The optimal combination of 
therapeutic agents useful for cartilage protection shifts the 
dynamic matrix equilibrium through accelerating the syn 
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thetic rate and simultaneously inhibiting the rate of break 
doWn, thus maximiZing anabolic processes and promoting 
repair. 

[0012] Catabolic cytokines, such as IL-1[3 and TNF-ot act 
at speci?c receptors on chondrocytes to induce production of 
MMPs that induce matrix degradation While the degradation 
is inhibited by anabolic cytokines such as TGF-B, BMP-2 
and IGF-1. Hence, a therapeutic approach that is based only 
upon inhibiting catabolic processes (such as a combination 
of an MMP inhibitor and an IL-1 antagonist) is not optimal 
for cartilage repair since anabolic agents are needed to 
induce or accelerate biosynthesis and assembly of compo 
nents for matrix production. Secondly, the multiplicity of 
catabolic cytokines (IL-1, TNF, IL-17, IL-18, LIF) that 
contribute to cartilage matrix destruction indicate it Will not 
be practical to block all the catabolic cytokine activity. 
Conversely, an approach that relies only upon use of ana 
bolic agents, such as IGF-l, BMP-2 or BMP-7, is not 
optimal since it does not address the counter-regulatory role 
of the catabolic cytokines. TGF-B, BMP-2 and IGF-1 also 
act at speci?c receptors to induce chondrocytes to produce 
matrix components, Which is inhibited by IL-1[3, TNF-ot, 
IL-17 and LIF. Therefore, the optimal therapeutic combina 
tion for chondroprotection is believed to be composed of at 
least one anabolic agent and one inhibitor of cartilage 
catabolism. 

[0013] In one aspect of the present invention, a plurality of 
chondroprotective agents are administered via a systemic 
route to a patient at risk of articular cartilage degradation. 
The plurality of agents that are administered systemically 
include at least one agent that promotes cartilage anabolic 
activity and at least one agent that inhibits cartilage catabo 
lism. Each agent is included in a su?icient amount to provide 
a combination that is therapeutically effective When the 
solution is delivered to the joint of a patient to both inhibit 
cartilage catabolic processes and to promote cartilage ana 
bolic processes. Additionally, one or more agents that act to 
inhibit pain and/ or in?ammation may be administered With 
the chondroprotective agents. Systemic administration of the 
plurality of chondroprotective agents may be preferred When 
a patient is at risk of cartilage degradation, or suffers from 
degenerative disease, at multiple joints simultaneously. 

[0014] In order to minimiZe adverse or unWanted systemic 
effects, in one aspect of a systemically delivered embodi 
ment of the invention, a therapeutic strategy is to deliver the 
combination of agents in a carrier or delivery vehicle that is 
targeted to the joint. In a preferred targeted embodiment, the 
at least one anabolic chondroprotective agent and/or the at 
least one catabolic inhibitory chondroprotective agent, and 
preferably both the anabolic and catabolic inhibitory chon 
droprotective agents, may be encapsulated Within a delivery 
vehicle, such as a nanosphere. A targeting antibody or 
antibody fragment is coupled to the nanosphere. The anti 
body or antibody fragment is speci?c to a targeted antigenic 
determinant that is localiZed Within the joint. A therapeutic 
method of the present invention includes systemically 
administering this targeted, encapsulated composition of one 
or more chondroprotective agents to a patient at risk of 
cartilage degradation, preferably by intravascular, intramus 
cular, subcutaneous or inhalational administration. 

[0015] In a further aspect of the present invention, com 
positions for systemic administration are provided that 
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include a plurality of chondroprotective agents, including at 
least one agent that promotes cartilage anabolic activity and 
at least one agent that inhibits cartilage catabolism. Addi 
tionally, one or more agents that act to inhibit pain and/or 
in?ammation may be included in the compositions. All 
agents are included at a dosage su?icient to provide a 
cartilage protective therapeutic effect at a joint or joints 
When administered systemically. Methods of manufacturing 
a medicament including such a composition for use in 
treating a patient at risk of cartilage degradation are also 
provided. 
[0016] In order to target such systemically administered 
compositions to the joint, the at least one anabolic chondro 
protective agent and/or the at least one catabolic inhibitory 
chondroprotective agent, and preferably both the anabolic 
and catabolic inhibitory chondroprotective agents, are 
encapsulated Within a delivery vehicle, such as a nano 
sphere, to Which is coupled an antibody or antibody frag 
ment that is speci?c to an antigenic determinant that is 
localiZed Within the joint. A method is also provided for 
manufacturing such a medicament including an encapsu 
lated chondroprotective agent(s) coupled to an antibody or 
antibody fragment, such antibody or antibody fragment 
being targeted to an antigenic determinant that is localiZed 
Within the joint, for use in treating a patient at risk of 
cartilage degradation. 

[0017] In a different aspect of the invention, a composition 
Which includes one or preferably multiple metabolically 
active chondroprotective agents together With one or more 
agents for the inhibition of pain, in?ammation, or the like, 
or more preferably a multiple agent combination of anabolic 
agents and inhibitors of catabolism, in a pharmaceutically 
e?‘ective carrier may be prepared for intra-articular delivery 
directly to the joint of a patient. While systemic delivery of 
the chondroprotective compositions of the present invention 
may be preferred for diseases or conditions affecting mul 
tiple joints, local delivery of the compositions of the present 
invention may be preferred in other instances. Such 
instances may include the treatment of patients With a 
cartilage degenerative condition or diseases affecting only a 
single or limited number of joints, periprocedural adminis 
tration associated With an operative or interventional proce 
dure at a joint, or in instances Where undesirable side effects 
may be associated With systemic administration. In this local 
delivery aspect of the invention, such compositions are 
delivered locally by intra-articular injection (including for 
the treatment of cartilage degenerative diseases such as 
osteoarthritis or rheumatoid arthritis) or via infusion, includ 
ing administration periprocedurally (i.e., preoperatively and/ 
or intraoperatively and/or postoperatively) during surgical 
arthroscopic procedures. 

[0018] This local delivery aspect of the present invention 
provides a solution constituting a mixture of multiple agents 
in loW concentrations directed at inhibiting locally the 
mediators of pain, in?ammation, and cartilage degradation 
in a physiologic electrolyte carrier ?uid. The invention also 
provides a method for perioperative delivery of the irrigation 
solution containing these agents directly to a surgical site, 
Where it Works locally at the receptor and enZyme levels to 
preemptively limit pain, in?ammation, and cartilage degra 
dation at the site. Due to the local perioperative delivery 
method of the present invention, a desired therapeutic effect 
can be achieved With loWer doses of agents than are neces 
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sary When employing other methods of delivery (i.e., intra 
venous, intramuscular, subcutaneous and oral). 

[0019] The anti-pain and/or anti-in?ammation agents and/ 
or anti-cartilage degradation agents in the solution include 
agents selected from multiple classes of receptor antagonists 
and agonists and enZyme activators and inhibitors, each 
class acting through a differing molecular mechanism of 
action for pain and/or in?ammation inhibition and/or carti 
lage degradation. 

[0020] In addition to the anti-cartilage degradation 
agent(s), the compositions of the inventions may include 
anti-pain and/or anti-in?ammation agents. Representative 
agents for the inhibition of pain and/or in?ammation 
include, for example: (1) serotonin receptor antagonists; (2) 
serotonin receptor agonists; (3) histamine receptor antago 
nists; (4) bradykinin receptor antagonists; (5) kallikrein 
inhibitors; (6) tachykinin receptor antagonists, including 
neurokinin, and neurokinin2 receptor subtype antagonists; 
(7) calcitonin gene-related peptide (CGRP) receptor antago 
nists; (8) interleukin receptor antagonists; (9) inhibitors of 
enZymes active in the synthetic pathWay for arachidonic acid 
metabolites, including (a) phospholipase inhibitors, includ 
ing PLA2 isoform inhibitors and PLC isoform inhibitors, (b) 
cyclooxygenase inhibitors, and (c) lipooxygenase inhibitors; 
(10) prostanoid receptor antagonists including eicosanoid 
EP-l and EP-4 receptor subtype antagonists and thrombox 
ane receptor subtype antagonists; (ll) leukotriene receptor 
antagonists including leukotriene B4 receptor subtype 
antagonists and leukotriene D4 receptor subtype antagonists; 
(l2) opioid receptor agonists, including [3-opioid, o-opioid, 
and K-opioid receptor subtype agonists; (l3) purinoceptor 
antagonists including P2X receptor antagonists and P2Y 
receptor antagonists; and (14) calcium channel antagonists. 
Each of the above agents functions either as an anti-in?am 
matory agent and/or as an anti-nociceptive (i.e., anti-pain or 
analgesic) agent. The selection of agents from these classes 
of compounds is tailored for the particular application. 

[0021] The present invention also provides a method for 
manufacturing a medicament compounded in one aspect of 
the invention as a dilute irrigation solution for use in 
continuously irrigating an operative site, typically at the site 
of a joint of a patient, during an arthroscopic operative 
procedure. In this local delivery embodiment of the inven 
tion, the method entails dissolving in a physiologic electro 
lyte carrier ?uid at least one anti-cartilage degradation agent 
and preferably one or more anti-pain/anti-in?ammatory 
agents, and for some applications anti-cartilage degradation 
agents, each agent included at a concentration of preferably 
no more than about 100,000 nanomolar, more preferably no 
more than about 25,000 nanomolar, and most preferably no 
more than about 10,000 nanomolar. 

[0022] Amethod of the local delivery aspect of the present 
invention provides for the delivery of a dilute combination 
of multiple receptor antagonists and agonists and enZyme 
inhibitors and activators directly to a Wound or operative 
site, during therapeutic or diagnostic procedures for the 
inhibition of cartilage degradation, pain, and/or in?amma 
tion. Since the active ingredients in the solution are being 
locally applied directly to the operative tissues in a continu 
ous fashion, the drugs may be used e?icaciously at 
extremely loW doses relative to those doses required for 
therapeutic e?ect When the same drugs are delivered orally, 
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intramuscularly, subcutaneously or intravenously. As used 
herein, the term “local” encompasses application of a drug 
in and around a Wound or other operative site, and excludes 
oral, subcutaneous, intravenous and intramuscular adminis 
tration. The term “continuous” as used herein encompasses 
uninterrupted application, repeated application at frequent 
intervals, and applications Which are uninterrupted except 
for brief cessations such as to permit the introduction of 
other drugs or agents or procedural equipment, such that a 
substantially constant predetermined concentration is main 
tained locally at the Wound or operative site. 

[0023] The advantages of loW dose applications of agents 
in accordance With this aspect of the invention are three 
fold. The most important is the absence of systemic side 
effects that often limit the usefulness of these agents. Addi 
tionally, the agents selected for particular applications in the 
solutions of the present invention are highly speci?c With 
regard to the mediators and mediation targets on Which they 
Work. This speci?city is maintained by the loW dosages 
utilized. Finally, the cost of these active agents per procedure 
is loW. 

[0024] The advantages of local administration of the 
agents via irrigation or other ?uid application in accordance 
With this aspect of the invention are the following: (1) local 
administration guarantees a knoWn concentration at the 
target site, regardless of interpatient variability in metabo 
lism, blood ?oW, etc.; (2) because of the direct mode of 
delivery, a therapeutic concentration is obtained instanta 
neously and, thus, improved dosage control is provided; and 
(3) local administration of the active agents directly to a 
Wound or operative site also substantially reduces degrada 
tion of the agents through systemic processes (e.g., ?rst- and 
second-pass metabolism) that Would otherWise occur if the 
agents Were given orally, intravenously, subcutaneously or 
intramuscularly. This is particularly true for those active 
agents that are proteins and peptides, Which are metabolized 
rapidly. Thus, local administration permits the use of com 
pounds or agents Which otherWise could not be employed 
therapeutically. For example, some agents in the folloWing 
classes are peptidic: bradykinin receptor antagonists; tachy 
kinin receptor antagonists; opioid receptor agonists; CGRP 
receptor antagonists; and interleukin receptor antagonists, 
TNF-receptor antagonists; TGF-[3 receptor agonists; BMP-2 
and BMP-7 receptor agonists; IL4, ILlO and IL-l3 receptor 
agonists; and integrin receptor agonists and antagonists. 
Local, continuous delivery to the Wound or operative site 
minimizes drug degradation or metabolism While also pro 
viding for the continuous replacement of that portion of the 
agent that may be degraded, to ensure that a local therapeutic 
concentration, su?icient to maintain receptor occupancy or 
enzymatic saturation, is maintained throughout the duration 
of the operative procedure. 

[0025] Local administration of the solution periopera 
tively throughout a surgical procedure in accordance With 
this aspect of the present invention produces a preemptive 
analgesic, anti-in?ammatory and cartilage protective effect. 
As used herein, the term “perioperative” encompasses appli 
cation intraprocedurally, pre- and intraprocedurally, intra 
and postprocedurally, and pre-, intra- and postprocedurally. 
To maximize the preemptive anti-in?ammatory, analgesic 
(for certain applications) and cartilage protective (for certain 
applications) effects, the solutions of the present invention 
are most preferably applied pre-, intra- and postoperatively. 
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By occupying the target receptors or inactivating or activat 
ing targeted enzymes prior to the initiation of signi?cant 
operative trauma locally, the agents of the present solution 
modulate speci?c pathWays to preemptively inhibit the 
targeted pathologic process. If in?ammatory mediators and 
processes are preemptively inhibited in accordance With the 
present invention before they can exert tissue damage, the 
bene?t is more substantial than if given after the damage has 
been initiated. 

[0026] Inhibiting more than one pain, in?ammatory or 
cartilage degradation mediator by application of the multiple 
agent solutions of the present invention has been shoWn to 
dramatically reduce the degree of in?ammation and pain, 
and theoretically should provide a cartilage protective effect. 
The irrigation solutions of the present invention include 
combinations of drugs, each solution acting on multiple 
receptors or enzymes. The drug agents are thus simulta 
neously effective against a combination of pathologic pro 
cesses, including pain and in?ammation, and loss of carti 
lage homeostasis. The action of these agents is considered to 
be synergistic, in that the multiple receptor antagonists and 
inhibitory agonists of the present invention provide a dis 
proportionately increased e?icacy in combination relative to 
the e?icacy of the individual agents. The synergistic action 
of several of the agents of the present invention are dis 
cussed beloW, by Way of example. 

[0027] Used perioperatively, the solution should result in 
a clinically signi?cant decrease in operative site pain and 
in?ammation, and of cartilage degradation, relative to cur 
rently-used irrigation ?uids, thereby decreasing the patient’ s 
postoperative analgesic (i.e., opiate) requirement and, Where 
appropriate, alloWing earlier patient mobilization of the 
operative site. No extra effort on the part of the surgeon and 
operating room personnel is required to use the present 
solution relative to conventional irrigation ?uids. For opti 
mum chondroprotection in accordance With this aspect of 
the invention, the solutions of the invention are administered 
directly to a joint prior to, during and/or after a surgical 
procedure. 
[0028] In a further aspect of the invention, compositions 
for the protection of cartilage including anabolic-promoting 
agents and catabolic inhibitory agents are provided. Such 
combinations such result in a state that is characterized by: 
cartilage anabolic activity equaling or exceeding cartilage 
catabolic activity; the maintenance of cartilage tissue so as 
to either maintain existing, or to increase, cartilage volume; 
or an increase in the synthesis of cartilage matrix by articular 
chondrocytes and in the concomitant reduction in degrada 
tion of the cartilage matrix. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The present invention Will noW be described in 
greater detail, by Way of example, With reference to the 
accompanying draWings in Which: 

[0030] FIG. 1 is a schematic overvieW of a chondrocyte 
cell shoWing molecular targets and ?oW of signaling infor 
mation leading to the production of mediators of in?amma 
tion and shifts in cartilage metabolism. The integration of 
extrinsic signals through several families of cell surface 
receptors, including cytokine receptor such as the interleu 
kin-l (IL-1) receptor family and the tumor necrosis factor 
(TNF) receptor family, the TGF-B receptor superfamily and 
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integrins is shown to converge on common intracellular 
signaling pathways that include major groups of protein 
molecules that are therapeutic targets of drugs included in 
the solutions of the present invention (MAP kinases, PKC, 
tyrosine kinases, SH2 proteins, COX, PLA2 and NF-6B. 
Activation of these signaling pathWays controls chondrocyte 
expression of a number of inducible gene products, includ 
ing IL-1, TNF-ot, IL-6, IL-8 and Stromelysin (MMP-3), and 
other mediators (nitric oxide (NO) and PGE2) Which may 
lead to in?ammation and/or cartilage degradation, or syn 
thesis of matrix molecules and chondrocyte proliferation; 

[0031] FIG. 2 provides a schematic overvieW of a syn 
oviocyte cell shoWing molecular targets and ?oW of signal 
ing information leading to the production of mediators of 
in?ammation and shifts in cartilage metabolism. The inte 
gration of extrinsic signals through several families of cell 
surface receptors, including cytokine receptors Which 
include the interleukin-1 (IL-1) receptor family and the 
tumor necrosis factor (TNF) receptor family, the G-protein 
coupled receptors Which include bradykinin, histamine and 
serotonin subtypes, and integrins is shoWn to converge on 
common intracellular signaling pathWays that include major 
groups of protein molecules that are therapeutic targets of 
drugs included in the solutions of the present invention 
(MAP kinases, PKC, tyrosine kinases, SH2 proteins, COX, 
PLA2 and NF-6B). Activation of these signaling pathWays 
controls synoviocyte expression of a number of inducible 
gene products, including IL-1, TNF-ot, IL-6, IL-8 and 
Stromelysin (MMP-3), Which may lead to in?ammation 
and/or cartilage degradation; 

[0032] FIG. 3 is a diagram of common signaling pathWays 
in both chondrocyte and synoviocyte cells, including key 
signaling proteins responsible for “crosstalk”betWeen GPCR 
activated receptor pathWays and pro-in?ammatory cytokine 
pathWays that lead to in?ammation and or cartilage degra 
dation; 

[0033] FIG. 4 is a diagram of common signaling pathWays 
in both chondrocyte and synoviocyte cells, including key 
signaling proteins responsible for “crosstalk” betWeen 
GPCR activated receptor pathWays and pro-in?ammatory 
cytokine pathWays. Speci?c molecular sites of action for 
some drugs in a preferred chondroprotective solution of the 
present invention are identi?ed; 

[0034] FIG. 5 is a diagram of molecular targets present on 
either chondrocytes or synoviocytes that promote an ana 
bolic response of cartilage. Speci?c sites of action of some 
drugs in the preferred chondroprotective solution of the 
present are identi?ed; 

[0035] FIG. 6 is a diagram of molecular targets present on 
either chondrocytes or synoviocytes that promote a catabolic 
response in cartilage. Speci?c sites of action of some drugs 
in the preferred chondroprotective solution of the present 
invention are identi?ed; 

[0036] FIG. 7 is a graphical representation of the produc 
tion of prostaglandin E2 in synovial cultures by G-protein 
regulatory agonists folloWing overnight priming With inter 
leukin-1 (IL-1, 10 U/ml). The cultures Were stimulated for 
the indicated times With histamine (100 uM, open bars), or 
bradykinin (1 uM, closed bars), and the prostaglandin E2 
released to the culture supernatant Was determined as 
described in Study 1 herein beloW. The values shoWn are the 
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meanithe standard deviation from a representative experi 
ment, and are corrected for basal prostaglandin E2 produc 
tion by unstimulated cultures; 

[0037] FIG. 8 is a graphical representation of the inhibi 
tion of prostaglandin E2 production in synovial cultures by 
ketoprofen. The cultures Were primed overnight With IL-1 
(10 U/ml) in the presence (shoWn as “I”) or absence (shoWn 
as “A” or “V”) of the indicated concentrations of ketoprofen. 
After one day, prostaglandin E2 Was measured in the super 
natants of cultures treated overnight With ketoprofen, and 
the remaining cultures Were Washed, incubated for 10 min 
utes With the indicated concentrations of ketoprofen, and 
then prostaglandin E2 production Was measured in response 
to a subsequent 3 minute challenge With histamine (100 uM, 
V) or bradykinin (1 uM, A) in the continuing presence of the 
indicated amounts of ketoprofen. The data shoWn are nor 
maliZed to the maximum response obtained for each agonist, 
respectively, and represent the meanithe standard deviation 
from three experiments performed on different cell lines; 
and 

[0038] FIG. 9 is a graphical representation of the effect of 
ketoprofen on IL-6 production by synovial cultures at 16 
hours in the presence of the indicated concentrations of IL-1 
plus the added G-protein coupled receptor ligands. Cultures 
Were incubated for 16 hours With IL-1 at the indicated 
concentration (0.3, 1.0 and 3.0 pg/ml) in the absence and 
presence of 0.75 uM ketoprofen in experimental groWth 
medium With one of the folloWing additional receptor 
ligands: 1) isoproterenol (ISO) at 1.0 uM to activate the 
camp pathWay, or 2) histamine (HIS) at 100 uM to activate 
the IP3/calcium pathWay. Culture supematants Were col 
lected and replaced With fresh media aliquots containing the 
same agonist additions at 8 hour intervals. FolloWing treat 
ment, the supernatant medium corresponding to the treat 
ment interval from 8 to 16 hours Was collected and analyZed 
for IL-6. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0039] The present invention provides methods and com 
positions for the protection of cartilage. In a ?rst embodi 
ment, a method is provided for locally administering to a 
joint a composition including at least a ?rst agent that acts 
to promote cartilage anabolic activity and at least a second 
agent that acts to inhibit cartilage catabolism. In a ?rst aspect 
of this embodiment of the invention, such compositions are 
locally delivered by injection of the composition, Which may 
include a sustained release delivery vehicle, into a joint. In 
a second aspect of this embodiment of the invention, the 
composition includes a liquid irrigation carrier and is locally 
and perioperatively delivered to the joint during an operative 
or interventional procedure. 

[0040] In a second embodiment of the invention, a method 
is provided for systemically administering to a patient a 
composition including at least a ?rst agent that acts to 
promote cartilage anabolic activity and at least a second 
agent that acts to inhibit cartilage catabolism. 

[0041] In a third embodiment of the invention, a method 
is provided for systemically administering to a patient a 
composition including at least a ?rst agent that acts to 
promote cartilage anabolic activity and/or at least a second 
agent that acts to inhibit cartilage catabolism, in Which at 
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least one of the agents is targeted to the joint. Before each 
of these embodiments is described in greater detail, and 
Without Wishing to be limited by theory, a rationale for 
chondroprotection in accordance With the present invention 
is set forth. 

I. Chondroprotection Rationale 

[0042] Recent advances in the understanding of the bio 
chemistry and molecular biology of in?ammation and car 
tilage destruction have implicated a role for numerous 
endogenous cytokines. Multiple pro-in?ammatory media 
tors that have been implicated in producing loss of cartilage 
in the in?amed joint are the cytokines, TNF-ot, IL-1, IL-6 
and IL-8. Elevated levels of a number of these pro-in?am 
matory cytokines appear rapidly in the synovial ?uid of 
acutely injured knee joints and remain elevated in patients 
for at least 4 Weeks (Cameron, M. L. et al., “Synovial ?uid 
cytokine concentrations as possible prognostic indicators in 
the ACL-de?cient knee,”Knee Surg. Sports Traumatol. 
Arthroscopy 2:38-44 (1994)). These cytokines are produced 
locally in the joint from several activated cell types, includ 
ing synovial ?broblasts, synovial macrophages, and chon 
drocytes. The locally produced cytokines mediate patho 
physiological events in acute and chronic in?ammatory 
conditions and are important autocrine and paracrine media 
tors of cartilage catabolism. The actions of these cytokines 
are characteriZed by their ability to cause multiple effects on 
distinct cellular targets and by their ability to interact in 
either a positive or negative synergistic manner With other 
cytokines. IL-1 and TNF-ot are particularly important 
because they also initiate chondrodestructive effects by 
disrupting the balance betWeen the normal turnover and 
destruction of cartilage matrix components by modulating 
the activity of endogenous proteins (e.g., matrix metallo 
proteinases (MMPs)) and tissue inhibitor of metalloprotein 
ase (TIMP). Cytokine control of cartilage homeostasis rep 
resents a highly regulated balance betWeen active mediators 
acting on chondrocytes, Which determines Whether matrix 
degradation or repair occurs. 

[0043] Injury to the joint frequently produces an in?am 
matory response Within the joint space that involves the 
synovial tissue and may lead to degradation of articular 
cartilage. Dramatic shifts in synovial and cartilage metabo 
lism of the human knee have been described folloWing joint 
injury and arthroscopic surgery (Cameron, M. L. et al., supra 
(1994) Cameron, M. L. et al., “The natural history of the 
anterior cruciate ligament-de?cient knee: Changes in syn 
ovial ?uid cytokine and keratan sulfate concentrations,”Am. 
J. Sports Med. 25:751-754 (1997)). Speci?c pro-in?amma 
tory cytokine levels increase dramatically (up to 2-4 orders 
of magnitude) in knee joint synovial ?uids during the acute 
in?ammatory phase seen after anterior cruciate ligament 
(ACL) rupture. Signi?cant changes also occur in concentra 
tions of cartilage matrix molecules due to overproduction of 
matrix metalloproteinases (MMPs), such as collagenase and 
stromelysin-1, Which are elevated in the synovial ?uid of 
patients after acute trauma (Lohmander, L. S. et al., “Tem 
poral patterns of stromelysin-1 tissue inhibitor, and pro 
teoglycan fragments in human knee joint ?uid after injury to 
the cruciate ligament or meniscus,”J. Orthopaedic Res. 
12:21-28 (1994)). Temporally, the changes in cytokines and 
cartilage matrix markers (e.g., proteoglycans) in synovial 
?uid, Which are correlated With cartilage degeneration, are 
maximal in the acute injury period but persist for extended 
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periods (3 months to one year), declining sloWly and remain 
ing greater than pre-injury baseline levels. 

[0044] Trauma due to arthroscopic surgery itself causes 
signi?cant post-surgical in?ammation that re?ects addi 
tional in?ammatory activation of cells in the joint, including 
upregulation of cyclooxgenase-2 and other pro-in?amma 
tory cytokines. A signi?cant proportion (60-90%) of patients 
With rupture of the ACL shoW radiographic changes of the 
knee indicative of osteoarthritis (OA) 10-15 years after 
injury (Cameron, M. L. et al., supra (1994)). Thus, the 
combined effects of initial joint injury and surgical trauma 
may induce a sustained in?ammatory state and associated 
changes in cartilage matrix metabolism Which appear to be 
causative factors resulting in the subsequent development of 
degenerative changes in articular cartilage and early devel 
opment of osteoarthritis. The magnitude of this health prob 
lem is substantial since the total estimated number of 
arthroscopic procedures performed in the United States 
alone in 1996 Was 1.8 million With an estimated groWth rate 
of approximately 10% per annum. Thus, it is desirable to 
provide a pharmaceutical method to prevent degradation of 
articular cartilage Within the joint. 

[0045] While post-surgical pain and in?ammation are rec 
ogniZed as signi?cant clinical problems, current pharmaco 
logical treatment regimens for arthroscopic surgery are only 
directed at acute postoperative analgesia. Existing surgical 
treatment modalities do not address the chronic in?amma 
tory state that is induced postoperatively and the need to 
inhibit cartilage destruction of the operatively treated joint. 
There is a clear need, therefore, to develop an effective, 
integrated drug therapy that Will address both the acute and 
chronic aspects of pain and in?ammation, as Well as patho 
logical changes in cartilage metabolism in the injured and 
operatively treated joint. 

[0046] According to a ?rst embodiment of this aspect of 
the invention, a method is provided for reducing or prevent 
ing destruction of articular cartilage in a joint, by adminis 
tering directly to the joint of a patient a composition Which 
includes one or preferably multiple metabolically active 
chondroprotective agents together With one or more agents 
for the inhibition of pain and/or in?ammation, as previously 
described, or preferably a combination of tWo or more 
metabolically active chondroprotective agents, at least one 
of Which promotes cartilage anabolic processes and at least 
one of Which is an inhibitor of cartilage catabolic processes, 
in a pharmaceutically e?‘ective carrier for intra-articular 
delivery. Metabolically active agents include, but are not 
limited to, all compounds that act directly or indirectly to 
modulate or alter the biological, biochemical or biophysical 
state of a cell, including agents that alter the electrical 
potential of the plasma membrane, the ligand binding or 
enZymatic activity of cellular receptors, intracellular or 
extracellularly located enZymes, protein-protein interac 
tions, RNA-proteins interactions, or DNA-protein interac 
tions. For example, such agents may include receptor ago 
nists that initiate signal transduction cascades, antagonists of 
receptors that inhibit signaling pathWays, activators and 
inhibitors of intracellular or extracellular enZymes and 
agents that modulate the binding of transcription factors to 
DNA. 

[0047] Suitable chondroprotective agents include, for 
example, (1) antagonists of receptors for the interleukin-1 
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family of proteins, including, for example, IL-1 [3, IL-l7 and 
IL-l8; (2) antagonists of the tumor necrosis factor (TNF) 
receptor family, including, for example, TNF-Rl; (3) ago 
nists for interleukin 4, l0 and 13 receptors; (4) agonists for 
the TGF-[3 receptor superfamily, including, for example, 
BMP-2, BMP-4 and BMP-7; (5) inhibitors of COX-2; (6) 
inhibitors of the MAP kinase family, including, for example, 
p38 MAP kinase; (7) inhibitors of the matrix metallopro 
teinases (MMP) family of proteins, including, for example, 
MMP-3 and MMP-9; (8) inhibitors of the NF-KB family of 
proteins, including, for example, the p50/p65 dimer complex 
With IKB; (9) inhibitors of the nitric oxide synthase (NOS) 
family, including, for example, iNOS; (l0) agonists and 
antagonists of integrin receptors, including, for example, 
agonists of (xv[33 integrin; (ll) inhibitors of the protein 
kinase C (PKC) family; (12) inhibitors of the protein 
tyrosine kinase family, including, for example, the src sub 
family; (13) modulators of protein tyrosine phosphatases; 
and (14) inhibitors of protein src homology 2 (SH2) 
domains. Other suitable chondroprotective agents for use in 
the invention include other groWth factors, such as by Way 
of example insulin-like groWth factors (e.g., IGF-I) and 
?broblast groWth factors (e.g., bFGF). 
[0048] A ?rst embodiment of the present invention pro 
vides a pharmacological method of treating the injured or 
operatively treated joint using a combination of cartilage 
protective agents delivered locally to achieve maximal 
therapeutic bene?t. A second embodiment of the present 
invention provides a pharmacological method of providing 
therapeutic treatment by systemically administering a com 
bination of cartilage protective agents. The use of a combi 
nation of chondroprotective agents overcomes the limita 
tions of existing therapeutic approaches that rely upon on the 
use of a single agent to block a multifactorial cartilage 
destructive process in Which a shift betWeen synthesis and 
degradation, in favor of catabolic processes has occurred. 
This aspect of the invention uniquely utiliZes the approach 
of combining of agents that act simultaneously on distinct 
molecular targets to promote cartilage anabolism and inhibit 
unregulated or excess cartilage catabolic processes to 
achieve maximum inhibition of in?ammatory processes and 
maintain cartilage homeostasis, thereby achieving a chon 
droprotective effect within the joint. Inhibition of a single 
molecular target or biochemical mechanism knoWn to 
induce cartilage destruction (catabolism), such as inhibiting 
interleukin-1(IL-l) binding to the IL-1 receptor, Will likely 
not be optimal, since, for example, the actions of TNF-ot 
mediated through its unique receptor shares many overlap 
ping pro-in?ammatory and cartilage catabolic functions 
with IL-1 and is also recogniZed as a major mediator of 
cartilage destruction in the joint. Similarly, utiliZing phar 
maceutical agents that only enhance cartilage anabolic pro 
cesses in the absence of inhibiting catabolic processes Will 
not optimally counteract catabolic factors present Within the 
injured joint. 
[0049] Speci?cally, one aspect of the present invention 
provides pharmaceutical compositions of metabolically 
active chondroprotective agents that are based upon a com 
bination of at least tWo agents that act simultaneously on 
distinct molecular targets. In a representative embodiment, 
at least one agent is a cytokine or groWth factor receptor 
agonist Which directly provides anti-in?ammatory activity 
and/or promotes cartilage anabolic processes and at least a 
second agent is a receptor antagonist or enZyme inhibitor 
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that acts to inhibit pro-in?ammatory and/or cartilage cata 
bolic processes. Arepresentative drug combination includes 
at least one agent draWn from a class of anti-in?ammatory/ 
anabolic cytokines that act functionally to suppress the role 
of pro-in?ammatory cytokines in the joint, promote cartilage 
matrix synthesis and inhibit matrix degradation. These 
receptor agonists include, but are not limited to, speci?c 
anti-in?ammatory and anabolic cytokines, such as the inter 
leukin (IL) agonists (e.g., IL-4, IL-lO and IL-l3) and 
speci?c members of the transforming groWth factor-[3 super 
family (e.g., TGFB and BMP-7), insulin-like groWth factors 
(e.g., IGF-I) and ?broblast groWth factors (e.g., bFGF). At 
least a second agent is draWn from a class of receptor 
antagonists or enZyme inhibitors that acts to inhibit and 
reduce the activity or the expression of a pro-in?ammatory 
molecular target (e.g., the IL-1 receptor antagonists, TNF-ot 
receptor antagonists, cyclooxygenase-2 inhibitors, MAP 
kinase inhibitors, nitric oxide synthase (NOS) inhibitors, and 
nuclear factor kappaB (NFKB) inhibitors). The metaboli 
cally active agents include both functional agonists and 
antagonists of receptors located on the surfaces of cells, as 
Well as inhibitors of membrane bound or extracellularly 
secreted enZymes (e.g., stromelysin and collagenase). In 
addition, many of the agents are directed at novel targets that 
are the intracellularly localiZed enZymes and transcription 
factors that transduce and integrate the signals of the surface 
receptors, including inhibitors of the enZymes NOS, COX-2, 
and mitogen-activated protein kinases (MAPK) and inhibi 
tors of protein-DNA interactions such as the transcription 
factor NFKB. This method alloWs the integrity of cartilage to 
be maintained by simultaneously promoting cytokine-driven 
anabolic processes and inhibiting catabolic processes. 

[0050] The compositions of preferred embodiments of the 
present invention constitute a novel therapeutic approach by 
combining multiple pharmacologic agents acting at distinct 
receptor and/or enZyme molecular targets. To date, pharma 
cologic strategies have focused on the development of 
highly speci?c drugs that are selective for individual recep 
tor subtypes and enZyme isoforms that mediate responses to 
individual signaling neurotransmitters and hormones. Fur 
thermore, despite inactivation of a single receptor subtype or 
enZyme, activation of other receptor subtypes or enZymes 
and the resultant signal transduction often can trigger a 
cascade effect. This explains the signi?cant di?iculty in 
employing a single receptor-speci?c drug to block a patho 
physiologic process in Which multiple signaling mediators 
(e.g., cytokines, groWth factors or eicosonoids) play a role. 
Therefore, targeting only a speci?c individual receptor sub 
type or isotype is likely to be ineffective. 

[0051] In contrast to the standard approach to pharmaco 
logic therapy, the therapeutic approach of the present com 
positions is based on the rationale that a combination of 
drugs acting simultaneously on distinct molecular targets is 
highly effective in the inhibition of the full spectrum of 
events that underlie the development of a pathophysiologic 
state. Furthermore, instead of targeting a speci?c receptor 
subtype alone, the compositions include drugs that target 
common molecular mechanisms operating in different cel 
lular physiologic processes involved in the development of 
pain, in?ammation, and cartilage degradation (see FIG. 1). 
In this Way, the cascading of additional receptors and 
enZymes in the nociceptive, in?ammatory, and cartilage 
degradation pathWays is minimiZed. In these pathophysi 
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ologic pathways, the compositions inhibit the cascade effect 
both “upstream” and “downstream”. 

[0052] An example of “upstream” inhibition is the 
cyclooxygenase antagonists in the setting of pain and 
in?ammation. The cyclooxygenase enZymes (COXl and 
COX2) catalyze the conversion of arachidonic acid to pros 
taglandin H that is an intermediate in the biosynthesis of 
in?ammatory and nociceptive mediators including prostag 
landins, leukotrienes, and thromboxanes. The cyclooxyge 
nase inhibitors block “upstream” the formation of these 
in?ammatory and nociceptive mediators. This strategy pre 
cludes the need to block the interactions of the seven 
described subtypes of prostanoid receptors with prostanoid 
products of the COX biochemical pathway. A similar 
“upstream” inhibitor is aprotinin, a kallikrein inhibitor. The 
enZyme kallikrein, a serine protease, cleaves the high 
molecular weight kininogens in plasma to produce brady 
kinins, important mediators of pain and in?ammation. By 
inhibition of kallikrein, aprotinin e?‘ectively inhibits the 
synthesis of bradykinins, thereby providing an effective 
“upstream” inhibition of these in?ammatory mediators. 

[0053] The compositions of the invention may also make 
use of “downstream” inhibitors to control the pathophysi 
ologic pathways. In synoviocyte and chondrocyte prepara 
tions that have been treated with a variety of in?ammatory 
cytokines (e.g., lL-1[3 and TNFO.) implicated in progressive 
articular cartilage degeneration, MAP kinase inhibitors pro 
duce a cartilage protective effect. The p38 MAP kinase is a 
point of conveyance in signaling pathways for multiple 
catabolic cytokines, and its inhibition prevents upregulation 
of multiple cellular products mediating cartilage degrada 
tion. The MAP kinase inhibitors, therefore, provide a sig 
ni?cant advantage in the setting of joint in?ammation by 
providing “downstream” cartilage protective effects that are 
independent of the physiologic combination of cytokine 
receptor agonists initiating the shift cartilage homeostasis. 

11. Local Delivery of Chondroprotective 
Compositions 

[0054] Speci?c preferred embodiments of the solution of 
the present invention for use in chondroprotection and 
surgical procedures preferably include a combination of 
agents that act simultaneously on distinct molecular targets 
to promote cartilage anabolism and inhibit unregulated or 
excess cartilage catabolic processes to achieve maximum 
inhibition of in?ammatory processes and maintain cartilage 
homeostasis, thereby achieving a chondroprotective effect 
within the joint. 

[0055] The irrigation and injectable solutions of one 
embodiment of the present invention are dilute solutions of 
one or preferably more chondroprotective agents and, 
optionally, one or more pain and/or in?ammation inhibitory 
agents in a physiologic carrier. The carrier is a liquid 
solution, which as used herein is intended to encompass 
biocompatible solvents, suspensions, polymeriZable and 
non-polymeriZable gels, pastes and salves, as well as sus 
tained release delivery vehicles, such as microparticles, 
microspheres or nanoparticles composed of proteins, lipo 
somes, carbohydrates, synthetic organic compounds, or 
inorganic compounds. Preferably the carrier is an aqueous 
solution that may include physiologic electrolytes, such as 
normal saline or lactated Ringer’s solution. 
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[0056] In each of the surgical solutions of a locally deliv 
ered embodiment of the present invention, the agents are 
included in low concentrations in a liquid or ?uid solution 
and are delivered locally in low doses relative to concen 
trations and doses required with systemic methods of drug 
administration to achieve the desired therapeutic effect. As 
used herein, “liquid” or “?uid” is intended to encompass 
pharmaceutically acceptable, biocompatible solvents, sus 
pensions, polymeriZable and non-polymeriZable gels, pastes 
and salves. Preferably the carrier is an aqueous solution that 
may include physiologic electrolytes, such as normal saline 
or lactated Ringer’s solution. It is impossible or not practical 
to obtain an equivalent therapeutic effect by delivering 
similarly dosed agents via other (i.e., intravenous, subcuta 
neous, intramuscular or oral) routes of drug administration 
since drugs given systemically are subject to ?rst- and 
second-pass metabolism. The concentration of each agent is 
determined in part based on its receptor dissociation con 
stant, KG1 or enZyme inhibition constant, K. As used herein, 
the term dissociation constant is intended to encompass both 
the equilibrium dissociation constant for its respective ago 
nist-receptor or antagonist-receptor interaction and the equi 
librium inhibitory constant for its respective activator-en 
Zyme or inhibitor-enzyme interaction. Each agent is 
preferably included at a low concentration of 0.1 to 10,000 
times KG1 or K. Preferably, each agent is included at a 
concentration of 1.0 to 1,000 times KG1 or Ki and most 
preferably at approximately 100 times KG1 or K. These 
concentrations are adjusted as needed to account for dilution 
in the absence of metabolic transformation at the local 
delivery site. The exact agents selected for use in the 
solution, and the concentration of the agents, varies in 
accordance with the particular application, as described 
below. 

[0057] A solution in accordance with an aspect of the 
present invention can include just a single or multiple 
chondroprotective agent(s), preferably multiple chondropro 
tective agents at least one of which is an anabolic chondro 
protective agent and at least one of which is an inhibitor of 
cartilage catabolism, or a combination of both chondropro 
tective agent(s) and pain and/or in?ammation inhibitory 
agents, at low concentration. However, due to the aforemen 
tioned synergistic effect of multiple agents, and the desire to 
broadly inhibit cartilage destruction, and optionally to block 
pain and in?ammation, and it is preferred that multiple 
agents be utiliZed. 

[0058] The multiple drug combination can be delivered 
locally by intra-articular injection or via infusion, including 
administration periprocedurally (i.e., preoperatively and/or 
intraoperatively and/or postoperatively) during surgical 
arthroscopic procedures, alone or coupled with postopera 
tive sustained delivery, such as by a regulated pump or use 
of a sustained release delivery vehicle. Sustained release 
delivery vehicles may include, but are not limited to, micro 
particles, microspheres or nanoparticles composed of pro 
teins, liposomes, carbohydrates, synthetic organic com 
pounds, or inorganic compounds. Thus, in some 
embodiments, the invention provides for a combination of 
agents to be delivered via injection or infusion, alone or 
together with analgesic and/or anti-in?ammatory agents. 
The rapid onset of action achieved by direct, local delivery 
of the chondroprotective agents at or closely following the 
time of injury (e.g., perioperatively) has the potential to 
inhibit initial processes before they can trigger subsequent 
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responses and thereby preemptively limit local tissue dam 
age and the subsequent loss of cartilage. 

[0059] Advantages of the present invention include: 1) a 
combination drug therapy directed to the multifactorial 
causes of cartilage destruction during acute and/or chronic 
conditions; 2) the combination of chondroprotective agents 
may be combined With anti-in?ammatory and analgesic 
agents; 3) local delivery of the drug combination (Where 
applicable) achieves an instantaneous therapeutic concen 
tration of chondroprotective agents Within the joint; 4) using 
an irrigation solution periprocedurally (Where applicable) 
provides continuous maintenance of drug levels Within the 
joint in a therapeutically desirable range during an arthro 
scopic surgical procedure; 5) local delivery (for this embodi 
ment of the invention) permits a reduction in total drug dose 
and dosing frequency compared to systemic delivery; 6) 
local site-directed delivery to the joint (for this embodiment 
of the invention) avoids systemic toxicity and reduces 
adverse effects; and 7) direct, local delivery to the joint (for 
this embodiment of the invention) enables use of novel, 
pharmaceutically active peptides and proteins, including 
cytokines and groWth factors, Which may not be therapeu 
tically useful if limited to systemic routes of administration. 

[0060] From the molecular and cellular mechanisms of 
action de?ned for these chondroprotective agents, these 
compounds are expected to exhibit chondroprotective action 
When applied perioperatively in an irrigation solution (in 
combination With other chondroprotective agents or in com 
bination With other anti-pain and anti-in?ammation agents 
described herein) or otherWise administered directly to the 
joint via infusion or injection. In particular, these agents are 
expected to be effective drugs When delivered by an irriga 
tion solution during an arthroscopic surgical procedure. 
Each metabolically active chondroprotective agent may 
preferably be delivered in combination With one or more 
other chondroprotective agents, including small molecule 
drugs, peptides, proteins, recombinant chimeric proteins, 
antibodies, oligonucleotides or gene therapy vectors (viral 
and nonviral), to the spaces of the joint. For example, a drug 
such as a MAPK inhibitor can exert its actions on any cells 
associated With the ?uid spaces of the joint and structures 
comprising the joint that are involved in the normal function 
of the joint or are present due to a pathological condition. 
These cells and structures include, but are not limited to: 
synovial cells, including both Type A ?broblast and Type B 
macrophage cells; the cartilaginous components of the joint 
such as chondroblasts and chondrocytes; cells associated 
With bone, including periosteal cells, osteocytes, osteoblasts, 
osteoclasts; in?ammatory cells including lymphocytes, mac 
rophages, mast cells, monocytes, eosinophils; and other cells 
including endothelial cells, smooth muscle cells, ?broblasts 
and neural cells; and combinations of the above. 

[0061] This aspect of the present invention also provides 
for formulations of the active therapeutic agent(s) that may 
be delivered in a formulation useful for introduction and 
administration of the drug into the joint that Would enhance 
the delivery, uptake, stability or pharmacokinetics of the 
chondroprotective agent(s). Such a formulation may 
include, but is not limited to, microparticles, microspheres, 
nanospheres or nanoparticles composed of proteins, lipo 
somes, carbohydrates, synthetic organic compounds, or 
inorganic compounds. The present invention provides for 
the delivery of a combination of chondroprotective agents, 
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or one or preferably multiple chondroprotective agents With 
one or more anti-pain and/or anti-in?ammation agents 
present either as multiple pharmaceutically active sub 
stances Within a homogeneous vehicle (e.g., a single encap 
sulated microsphere) or as a discrete mixture of individual 
delivery vehicles (e.g., a group of microspheres encapsulat 
ing one or more agents). Examples of formulation molecules 
include, but are not limited to, hydrophilic polymers, poly 
cations (e.g. protamine, spermidine, polylysine), peptide or 
synthetic ligands and antibodies capable of targeting mate 
rials to speci?c cell types, gels, sloW release matrices (i.e., 
sustained delivery vehicles, soluble and insoluble particles) 
as Well as formulation elements not listed. 

[0062] In one aspect, the present invention provides for 
the local delivery of a combination of tWo or more chon 
droprotective agents, or one or preferably multiple chondro 
protective agents in combination With one or more anti-pain 
and/or anti-in?ammation agents, alone or in combination 
With one or more anti-pain and/or anti-in?ammatory agents, 
via an irrigation solution, an infusion containing the drugs 
Which are present at therapeutically effective loW concen 
trations and Which enables the drugs to be delivered directly 
to the affected tissue or joint. The drug-containing infusion 
or irrigation solution may be employed preoperatively and/ 
or intraoperatively and/or postoperatively in connection 
With a surgical procedure or may be administered at other 
times not related to surgical procedures. Systemic methods 
of drug delivery (e.g., intramuscular, intravenous, subcuta 
neous) have required higher concentrations of drugs (and 
higher total dose) to be administered to the patient in order 
to achieve signi?cant therapeutic concentrations in the tar 
geted joint. Systemic administration may also result in high 
concentrations in tissues other than the targeted joint, Which 
is undesirable and, depending on the dose, may result in 
adverse side effects. These systemic methods subject the 
drug to second-pass metabolism and rapid degradation, 
thereby limiting the duration of the effective therapeutic 
concentration. Because the combination of chondroprotec 
tive agents (With or Without one or more anti-pain and/or 
anti-in?ammatory agents) are administered directly to the 
joint by infusion or by irrigation, vascular perfusion is not 
required to carry the drug to the targeted tissue. This 
signi?cant advantage alloWs for the local delivery of a loWer 
therapeutically effective total dose for a variety of chondro 
protective drugs. 

A. Local Delivery Methods 

[0063] The solutions of the present invention have appli 
cation for a variety of operative/interventional procedures, 
including surgical, diagnostic and therapeutic techniques. 
The combination of chondroprotective agents of the inven 
tion may be administered by injection or by irrigation. For 
solutions for injection, the amount of active ingredient that 
may be combined With the carrier materials to produce a 
single dosage form Will vary depending upon the patient to 
be treated, the nature of the active agents in the solution and 
the particular mode of administration. It Will be understood, 
hoWever, that the speci?c dose level for any particular 
patient Will depend upon a variety of factors including the 
activity of the speci?c compound employed, the age, body 
Weight, general health, sex and diet of the patient, time of 
administration, route of administration, rate of excretion of 
the drug combination, and the severity of the particular 
disease undergoing therapy. 
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[0064] lnjectable preparations, for example, sterile inject 
able aqueous or oleagenous suspensions may be formulated 
according to the knoWn art using suitable dispersing or 
Wetting agents and suspending agents. The sterile injectable 
preparation may also be a sterile injectable solution or 
suspension in a nontoxic parenterally acceptable diluent or 
solvent, for example, as a solution in propanediol. Among 
the acceptable vehicles and solvents that may be employed 
are Water, Ringer’s solution, and isotonic sodium chloride 
solution. In addition, sterile, ?xed oils are conventionally 
employed as a solvent or suspending medium. For this 
purpose any biocompatible oil may be employed including 
synthetic mono- or diglycerides. In addition, fatty acids such 
as oleic acid ?nd use in the preparation of injectables. 

[0065] The solutions for injection of the invention may be 
administered in connection With an arthroscopic surgical 
procedure or at any time determined to be desirable by a 
physician directing patient care. 

[0066] The irrigation solutions of the invention may be 
perioperatively applied during arthroscopic surgery of ana 
tomic joints. As used herein, the term “perioperative” 
encompasses application intraprocedurally, pre- and intra 
procedurally, intra- and postprocedurally, and pre-, intra 
and postprocedurally. Preferably the solution is applied 
preprocedurally and/ or postprocedurally as Well as intrapro 
cedurally. Such procedures conventionally utiliZe physi 
ologic irrigation ?uids, such as normal saline or lactated 
Ringer’s, applied to the surgical site by techniques Well 
knoWn to those of ordinary skill in the art. The method of the 
present invention involves substituting the anti-pain/anti 
in?ammatory/chondroprotective irrigation solutions of the 
present invention for conventionally applied irrigation ?u 
ids. The irrigation solution is applied to the Wound or 
surgical site prior to the initiation of the procedure, prefer 
ably before tissue trauma, and continuously throughout the 
duration of the procedure, to preemptively block pain and 
in?ammation, and cartilage degradation. As used herein 
throughout, the term “irrigation” is intended to mean the 
?ushing of a Wound or anatomic structure With a stream of 
liquid. The term “application” is intended to encompass 
irrigation and other methods of locally introducing the 
solution of the present invention, such as introducing a 
gellable version of the solution to the operative site, With the 
gelled solution then remaining at the site throughout the 
procedure. As used herein throughout, the term “continu 
ously” is intended to also include situations in Which there 
is repeated and frequent irrigation of Wounds at a frequency 
su?icient to maintain a predetermined therapeutic local 
concentration of the applied agents, and applications in 
Which there may be intermittent cessation of irrigation ?uid 
?oW necessitated by operating technique. 

[0067] The concentrations listed above for each of the 
agents Within the solutions of the present invention are the 
concentrations of the agents delivered locally, in the absence 
of metabolic transformation, to the operative site in order to 
achieve a predetermined level of effect at the operative site. 
It is understood that the drug concentrations in a given 
solution may need to be adjusted to account for local dilution 
upon delivery. Solution concentrations in the above embodi 
ments are not adjusted to account for metabolic transforma 
tions or dilution by total body distribution because these 
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circumstances are avoided by local delivery, as opposed to 
oral, intravenous, subcutaneous or intramuscular applica 
tion. 

[0068] Arthroscopic techniques for Which the present 
solution may be employed include, by Way of non-limiting 
example, partial meniscectomies and ligament reconstruc 
tions in the knee, shoulder acromioplasties, rotator cuff 
debridements, elboW synovectomies, and Wrist and ankle 
arthroscopies. The irrigation solution is continuously sup 
plied intraoperatively to the joint at a ?oW rate su?icient to 
distend the joint capsule, to remove operative debris, and to 
enable unobstructed intra-articular visualiZation. 

[0069] Suitable arthroscopic irrigation solutions for inhi 
bition of cartilage degradation and control of pain and 
in?ammation during such arthroscopic techniques are pro 
vided in Examples 1-3 herein beloW. 

[0070] In each of the solutions of the present invention 
intended for local delivery, the agents are included in loW 
concentrations and are delivered locally in loW doses rela 
tive to concentrations and doses required With systemic 
methods of drug administration to achieve the desired thera 
peutic effect. It is impossible to obtain an equivalent thera 
peutic effect by delivering similarly dosed agents via other 
(i.e., intravenous, subcutaneous, intramuscular or oral) 
routes of drug administration since drugs given systemically 
are subject to ?rst- and second-pass metabolism and are 
often rapidly cleared from the system circulation. 

[0071] Practice of the present invention should be distin 
guished from conventional intra-ar‘ticular injections of opi 
ates and/or local anesthetics at the completion of arthro 
scopic or “open” joint (e.g., knee, shoulder, etc.) procedures. 
The solutions of this aspect of the present invention are used 
for continuous infusion throughout the surgical procedure to 
provide preemptive inhibition of pain and in?ammation. In 
contrast, the high concentrations necessary to achieve thera 
peutic e?icacy With a constant infusion of currently used 
local anesthetics can result in profound systemic toxicity. 

[0072] Upon completion of the procedure of the present 
invention, it may be desirable to inject or otherWise apply a 
higher concentration of the same chondroprotective agent(s) 
and/or pain and/or in?ammation inhibitors as used in the 
irrigation solution at the operative site, as an alternative or 
supplement to opiates. It may also be desirable to deliver a 
su?icient amount of the solution to the joint after the surgical 
procedure so that a bolus of the solution remains in the 
synovial capsule of the patient folloWing the surgical pro 
cedure. 

[0073] As noted previously, the compositions of the 
present invention including multiple chondroprotective 
agents, including preferably at least one catabolic inhibitory 
agent and at least one anabolic-promoting agent, may also be 
adapted for direct injection into an atomic joint. Preferably 
the agents are selected and each agent is included in a 
su?icient amount to provide a combination that is therapeu 
tically effective When the solution is delivered locally to the 
joint of a patient to both inhibit cartilage catabolic processes 
and to promote cartilage anabolic processes. Such compo 
sitions may be locally injected to provide a chondroprotec 
tive effect to a patient suffering from a chronic condition, 
such as osteoarthritis or rheumatoid arthritis, or an acute 
condition such as trauma from surgery or accidental injury. 
One suitable composition for local injection is provided in 
Example 4 beloW. 
























































































